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cosmic shear & cosmic magnification

. 7@ coherent change in galaxy shape: cosmic shear
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* Bartelmann & Schneider 2001, Munshi et al. 2008 change in galaxy number density



Cosmic Shear v.s. Cosmic Magnification
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* Intrinsic alignment * Intrinsic clustering
« cosmic shear « cosmic magnification
« shape noise  shot noise
dInn(F)
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g=2a-1), a dIn F
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Cosmic Shear v.s. Cosmic Magnification
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Magnification History

« Cross correlate two Gal/QSO samples far from each other:
SDSS QSO X SDSS LRG, Scranton et al. 2005
CFHTLS X LBG 2.5<z<5, Hildebrandt et al. 2009, 2013

SDSS X HerMES submillimetre galaxies, z~2, Wang et al. 2011; Gonzalez-Nuevo et al. 2014;
Bonavera et al. 2021; Gonzalez-Nuevo et al. 2021

(\\.
((\6
DES SV X DES SV Garcia-Fernandez et al. 2018 &"0@ S
PN
. X \O
<8;6,>> <8¢k, >, suffer from galaxy bias (\6\‘?’(' (.\&c:b"
W
« HSC cosmic shear ->convergence X HSC galaxy Liu et al. 2021 A\

<K;Op>—> <K¢;Kp>, free from galaxy bias



Magnification History

« Separate the lensing signal using the known dependence on the prefactor g

dInn(F)
L S =2(a-1), a=- -1
0" = b0y, + gk + 0 g =2(a—1) dInF
observable
1 ] Proposed in Zhang & Pen 2005
i i Analytically validated in Yang & Zhang (2011); Yang
0.5 | - et al. (2015)
:,? Analytic Blind Separation Yang et al. 2017; Zhang et
2 °F E al. 2018)
0.5 |- _
: ] We want a
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12 8 4 s magnification map!
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Cosmic Magnification v.s. CMB observation

L __ S obs
5 — 59 _|_ gk _I_ 5 T — Tfore + TCMB + Tnoise
* Intrinsic clustering  foreground contanimation
« cosmic magnification - CMB
known dependence on g known dependence on frequency
« shot noise « Instrument noise

e K BB BRI



foreground removal

857 GHz

« template fitting
 internal linear combination (ILC)

e IR B



Cosmic Magnification: Modified ILC

0% =8, + gk + 6°

5% — 59,1 + glﬁ‘i‘ 5?

0y

59,2 + gQﬁ—i‘ 55

05 = 6y + gnk + 65

Divide into subsamples according

Modified internal linear combination

If gi is known, we can construct an estimator

m B suppress the
Z wi =0 » intrinsic clustering
i

— waig,,; =1 » unbiased estimator
i

2
<<Zwi5iL> > » minimize the noise

minimized



Cosmic Magnification: Modified ILC

If g; is known, we can construct an estimator

B _ suppress the Z S » additive bias

Zwi — » intrinsic clustering wWidg,i 7 0

0 i
- sz’gi = » unbiased estimator E w;g; 7= 1 » multiplicative bias
' i
2

<<Zwi5f> > » minimize the noise » statistical uncertainty

minimized




Numerical Validation

We use FASTPM to generate 200 halo catalogue at z=1, each spanning 10*10 deg?.
For each halo we randomly pick galaxies with same halo mass from CosmoDC2 catalogue.
We generate Gaussian lensing fields according to nonlinear lensing power spectrum at z=1.

Lensed galaxy catalogue with 7, /, g band photometry, n ~ 12 arcmin-2for 0.8 < zP < 1.2.
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measure lensing prefactor g obtain the weighting w k= Z w; 0¥
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Numerical Validation

How much true kappa is contained in the reconstructed kappa map
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« Narrow photo-z bin Az=0.2,
No obvious bias

5% level uncertainty in cross-
correlation for LSST-like survey



How to improve ?

5L:59+g/<;+55 ot =06, + gk + 6°

intrinsic deterministic

shot noise stochasticity

clustering bias
Y wi =0 > wib; =0
1 )
Zwicsgﬂ; =+ 0 » systematic bias if bias is known ...
i
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C — — 1 > Pm k
( P12(k) P22(k) > ( b1b2 b% ( ) Bonoli & Pen 2009

In ideal case, the relative bias
can be measured.




Numerical Validation

0.0 true kappa

« CosmicGrowth Suite (Jing 2019)
L = 1200 Mpc/h

N, = 30723

FoF halo

lightcone 8.2*8.2 deg?

20 lightcones

00 16 3.2 48 6.4 8.0

« CosmoDC2 (Korytov et al. 2019)

Photometry band u g r i Z Y
440 deg? Magnitude cut 260 273 274 266 261 249
>y ii of each band(arcmin™2) 127 9.14 1397 984 728 2.04
A Number of flux bins 2 5 7 6 4 2
N s = 26

(8 o O KR B



Galaxy subsamples
» Auto and cross powers to form correlation matrix C= (

» Eigen decomposition to obtain the first eigen vector EZ-<1> X b;

» Use this condition Z’quEi(l) =0 tofind W;
i Error budget

» /%:sz‘@lj //%:/{Zwigi+5mzwibi—|‘ZUJi5zs A

=K + €0y, + Zwi(sis

\_ Additive bias Weighzted shot noise )




Numerical Validation
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Error Budget

107109 -

08<z.,<1.2

single band shot noise

measured noise
- -3 -—-3-—-D-QD -9 - -G -0

multi-band shot noise

108

107

Ll

/%:/1+e5m+2wi5f

Cza(f) = Cru(£) + N(£)

x>

signal dominated at ell < 200
noise dominated at ell > 200
noise is dominated by shot noise

multiband is useful



08<z,<1.2

1078-

107°4

10—10__

true kappa reconstructed kappa

0.0

The reconstructed kappa map is noisy.
The cross correlation with external lensing field will be much cleaner.
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Cross with External

0.8<z,<1.2
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Optimal weighting v.s. Modified ILC
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DECaLS DR9 galaxy distribution DECaLS DR8 shape catalogue
for lensing magnification (MILC) for cosmic shear
8365 deg? 8960 deg?



Application in observation

5 5 3

Sample Magnitude Range Galaxy Number ﬁ(arcmin_z) a g w  band
1 (22.8, 23.0) 5590717 0.19 0.51(0.99|-0.09 ¢
2 (22.6, 22.8) 5590717 0.19 1.20{/0.40|-0.00 g
——m ———m —— 3 (22.3, 22.6) 5590717 0.19 1.83(|]1.65| 0.09 ¢
4 (,22.3) 5590717 0.19 2.57(|3.14|1 020 g
5 (22.0, 22.2) 7740929 0.26 0.941+0.12| 0.04 r
6 (21.7, 22.0) 7740929 0.26 1.101|0.20| 0.07 r
7 (21.4,21.7) 7740929 0.26 1.47((0.94( 0.06 r
RN il e 8 (,21.4) 7740929 0.26 2.111|12.2210.03 r
-1 1.64698 -1 1.38465 -1 1.33924
9 (21.3, 21.6) 9882012 0.33 0.64|-0.72(-0.08 =z
10 (21.0, 21.3) 9882012 0.33 0.65(+0.70(-0.11 =z
11 (20.5, 21.0) 9882012 0.33 1.011/0.02(-0.11 =z
12 (,20.5) 9882012 0.33 1.76)\1.51) -0.09 z
& _ 1e6 : a 1leb6 . x : leb6
—_— L o & : Lo 3r e \ e &
-1 1.71075 -1 1.3542 2 . ) \:\ 10 1o omsam g\\\\ 13 1 g:2(a_1)‘\\\‘ 3
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_ e[y n)ar) e [RETE nevar) || o = 2 (g — 1)

a 2log(1+26F)




Application in observation

Z,=0.3~0.35

- fit

Z,=0.35~0.4 —- s,

—

Z,=0.4~0.45

Z,=0.45~0.5

10T

10T

———
= ; catalog |]

\ T

n(z)

Imaging systematics not corrected
Imaging systematics corrected by RF

— Abestﬁt §K‘y + ebestﬁt é-my

d.o.f =52
19.10 from null

10.70 from fitting




Application in observation

bestfit __ 4 bestfit #« bestfit ~m
o = ATTNESY + 7MY

i Om Zwibi + sz5§

Multiplicative bias  Additive bias

0.02|
0.00f
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—0.04F
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« We are developping the various approaches to extract the cosmic magnification signal.
« MILC, weighting using estimated bias, ...

« The intrinsic clustering is greatly suppressed (~100x) by these methods.
« The reconstructed kappa map is generally noisy.

* The numerical validation shows very promising results. The predicted S/N for z,~z,~1
cross correlation can reach ~ 200 for ell < 2000 and LSST-like survey.

« The MILC method has been applied on multi-band observational data. We obtain a
~100 detection using DECaLS galaxies and shapes over 8365 deg?.
 First direct lensing map over such a large sky area.
« Multiplicative bias is identified, largely due to the g measurement.
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