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A Schematic Outline of the Cosmic History

Time since the .
Big Bang (years) <-The Big Bang

The Universe filled
with ionized gas

~ 300 thousand <-The Universe becomes

neutral and opaque
The Dark Ages start

. Galaxies and Quasars
begin to form
~ 500 million The Reionization starts

The Cosmic Renaissance
The Dark Ages end

~ 1 billion <-Reionization complete,
the Universe becomes

transparent again

Cosmic
Reionization

Galaxies evolve

~ 9 billi S : 3
9 billion _ \ » The Solar System forms

o Today: Astronomers
' figure it all out!

S.G. Djorgovski et al. & Digital Media Center, Caltech

~ 13 billion
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Gravity Theories



According to GR, Ilights from distant sources are

deflected by gravity, causing the lensing effect. This
visible effect can be wused to probe the cosmic
structures on large scales, leading to <clues for
possible new physics !!




Application of Weak Lensing

Image credit:
Wittman et al. (2000)

* probing the density growth history
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» probing the distance-redshift relation

* probing the nature of dark matter/energy
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* Testing the theory of GR on cosmic scales
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Shear TEsting Program |

Shear TEsting Program i

Author Key  Method s ol e
Berge JB  Shapelets (Massey & Refregier 2005)
Bridle & Hudelot  SB Im2shape (Brudle et al. 2001) Clowe Cl1  KSB- (same PSF model used for all galaxies)
Brows MB KSB+ [Bacon et al. (2000) pipeline] Clowe A C2  KSB+ (PSF weight size matched to galaxies’)
Hetterscheidt MH KSB-
Clowe Ci1&C2 KSB+ Hoekstra HH  KSB-
Dable HD K2K (Kaiser 2000) Jarvis M Bemstem & Janis (2002)
— Jarvis MJ2  Bemstem & Janvis (2002) (new weighting scheme)
Hetterscheidt MH KSB+ [Erben et al. (2001) pipelme] Kuijken KK Shapelets (Kuijken 2006)
Nakajima RN  Bemstemn & Janvis (2002) (deconvolution fiting)
Hoelstra HH KSB+ Paulin-Hennksson SP_ KSB-
Tarvis M Bemstein & Jarvis (2002) Schirmer MS1 _KSB+ (scalar shear susceptibility)
Rounding kemnel method Schirmer MS2  KSB-+ (tensor shear susceptibility)
- == Schrabback TS KSB-
Kuijken KK ms’” 12" order Sembolon: ES1 _ KSB- (shear susceptibility fitted from population)
Kuuken (2006) Sembolon: ES?  KSB- (shear susceptibility for mdividual galaxies)
Margoniner ™ Wittman et al. (2001)
Nakajima RN Bemstein & Jarvis (2002)
Deconvolution fitting method
Schrabback TS KSB+
[Exben et al. (2001) + modifications]
Van Waerbeke LV KSB+

Heymans et al., 2006, MNRAS, 368, 1323

Massey et al., 2007, MNRAS, 376, 13

Bridle et al., 2009, Annals of Applied Statistics, 3, 6
Kitching et al., 2011, Annals of Applied Statistics, 5, 2231
Mandelbaum et al., 2014, ApJS, 212, 5




KSB+ Method:
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Shapelets Method:
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T MeWilliam:

8 The Scottisl Problems with KiDS

!_’:Hub ble Fellc

George Efstathiou and Pablo Lemos
Kauli Institute for Cosmology Cambridge and Institute of Asts y, Madingley Road, |

4 July 2017

ABSTRACT

The Kilo-Degree Survey (KiDS) has been use
straints on the amplitude of the matter powe
redshift. Some of these analyses have claimed
mology at the ~ 2 — 3o level, perhaps indic:
is consistent with other low redshift probes ¢
redshift space distortions and the combined

spectra. Here we perform consistency tests of ¢
for various cuts of the data at Z 3o signific:
understood, we argue that it is premature to
KiDS.

O] 3 Jul 2017
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Figure 4. A plot of fluctuation scale Sg (a robust functional form of og) vs. matter density O,
from the DES Cosmology results - Figure 10 of the paper. Assumed here is a likelihood model
with ACDM (w=-1), with darker contours depicting 68% confidence level intervals. DES Y1
results (weak lensing, clustering, blue) are a 'slight’ departure from the Planck results (CMB, no
lensing, green), but with combined datasets one can see stronger constraints on the

cosmological parameters.
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e The Fourier Quad method



The Fourier Quad Method

Zhang, Luo, Foucaud, 2015



Test Results

gl]fnftasu.red _ (1 4 ?nl)gim}ut + e

measured __ input
9 = (L+ma)gy ™ +c2

/ Case 1 Case 2 Case 3\

SNR=20 my(1073): —02+02 —02+0.1 —0.08=+0.05
c1(1075): =1.0£0.7 —0.6+04 00402

SNR= 10 —0.6 £ 0.6 —04+04 —-01=+0.1
—26+21 —-1.6+1.2 0.0+04

SNR=5 —224+23 —1.14+1.2 0.0+£0.2
—79+79 —46+4.1 0.1+0.8

SNR=20 m»(103): 02+02 —03+01 —03+0.05
2(1075):14+£07 11404 03402

SNR= 10 —0.3+£0.6 —04+£04 -04+£0.1
3.7£21 26+1.2 0.6 04
SNR=5 —0.7+£23 —09+12 -0.6+0.2

\ 106 = 7.9 6.6 £4.1 1.2+ Gy

Zhang, Luo, Foucaud, 2015

Case 2
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Some Recent Progress
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Method g1(—0.018)  g2(0.011)
Direct Averaging —0.017(2) 0.011(2)
&(T&) re PDF-5YM (2 bins) —0.01798(3) 0.01100(2)
PDF-SYM (4 bins) —0.01799(2) 0.01102(2)
PDF-SYM (8 bins) —0.01800(2) 0.01101(2)
Li & Zhang, 2016, ApJ, 830, 116

JZ, Zhang, Luo, 2017, ApJ, 834, 8



APPROACHING THE CRAMER-RAO BOUND IN WEAK LENSING
WITH PDF SYMMETRIZATION

/

N

@amples

C-R BOUND
d Py (z) ! e p( IE)
. 1(x)= Xp| ——
0= 2 0P —0) < 2) Nrod(Ave)=1, Nyod(CR)=1,

. 8%1n P(z; — §) Po(x)= ;{1 + x2) 2 Nro3(Ave)=1, Ngo3(CR) = 0.5,
O — _Z 952 |T|_2/3 |ﬂ‘|2’r3 NTJE(AW) =195, NT(J'g(CR) — ()

i Pulr)=1Z -

K j 3(2) I3V 2w (—‘Xp( 2 )

\_

The results of signal recovery (input value is 0.01) for 107 data points of three types of PDF’s

Results:  Averaging PDF-SYM (2 bins) PDF-SYM (8 bins) PDF-SYM (16 bins) PDF-SYM (32 bins)
P, 0.0102(3) _ 0.0104(4) 0.0101(3) 0.0100(4) 0.0102(3)

2 0.0099(3)  0.0101(2) 0.0101(2) 0.0100(2) 0.0101(2)

Py 0.011(1 0.0099999998( 2 0.0099999998(1 0.0099999998(1 0.0099999999(2

Npo?: Averaging PDF-SYM (2 bins) PDF-SYM (8 bins) PDF-SYM (16 bins) PDF-SYM (32 bins)
P 1.0 1.6 1.1 1.2 0.96
Py 0.99 0.61 0.52 0.50 0.57

15 5x 10718 2 x 10~ 13 2 x 10— 12 3x 10713

-/

JZ, Zhang, Luo, 2017, ApJ, 834, 8




APPROACHING THE CRAMER-RAO BOUND IN WEAK LENSING
WITH PDF SYMMETRIZATION

—0.02 —0.01 X . L .. —S.(KM- —0003  —000? —0.001 0000 0.001 0.002 10.003 0.004
; G
g1 = 0.02277, g2 = —0.01386
Results of [g1,g2]:  10° RW Galaxies 9 x 10* RW+10* Ring
Averaging [0.0226(6), —0.0130(6)]  [0.0231(6), —0.0132(6)]

PDF-SYM (8 bins 0.0225(7), —0.0129(6 0.02278(8), —0.01392(7

JZ, Zhang, Luo, 2017, ApJ, 834, 8



APPROACHING THE CRAMER-RAO BOUND IN WEAK LENSING
WITH PDF SYMMETRIZATION
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The recovered shear-shear correlations. The inputs are {ggljgig}} = 10" and {gg{ngf}} = 1014,

Results of |{g;

Dot h (g gt 10—y - Averaging PDF-SYM (8x8 bins)

1 % 107 RW Gal. Pairs [1.09(8), —1.00(8)] [1.09(8), —1.01(9)]
4 x 107 Ring Gal. Pairs [1.05(7), —1.08(7)] [1.002(5), —1.002(5)]
1 x 107 Gal. Pairs with 90% RW and 10% Ring [1.09(8), —1.02(8)] _[0.99(3), —1.00(3)]
1.6 x 10° Ring Gal. Pairs with noise and 10% stars  [0.97(4), —1.05(4)] [1.000(3), —1.001(3)]

JZ, Zhang, Luo, 2017, ApJ, 834, 8



Qutline:

* Application on the CFHTlens data



Application on the CFHTlens data

e CFHT lens

Table 1. Characteristics of the final CFHTLenS co-added science data (see
the text for an explanation of the columns).
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http://www.cfhtlens.org
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Miller et al (2012)



Application on the CFHTlens data
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Test with Field Distortion
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Test with Field Distortion
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Application on the CFHTlens data

THELI Processed Original Image We Processed



Application on the CFHTlens data

Stacked Source PS

Mask Image Source Distribution



Application on the CFHTlens data
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Interpolation

About PSF




DEC

About PSF Interpolation
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