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• Cosmic shear & magnification

• Modified internal linear 
combination method

• Optimal Weighting method

• Application of MILC on observation

• Summary
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cosmic shear & cosmic magnification

Bartelmann & Schneider 2001, Munshi et al. 2008

coherent change in galaxy shape: cosmic shear

(de)magnify the galaxy image/sky area: cosmic magnification

change in galaxy number density
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Cosmic Shear v.s. Cosmic Magnification

<latexit sha1_base64="PJL1P0K44RMCD0T8HlW5h4juI74=">AAACC3icbZDLSsNAFIYnXmu9RV26CS2CUCiJiLoRim5cuKhoL9DEcDKZpEMnF2YmQgndu/FV3LhQxK0v4M63cdpmoa0HBj7+/xzOnN9LGRXSNL+1hcWl5ZXV0lp5fWNza1vf2W2LJOOYtHDCEt71QBBGY9KSVDLSTTmByGOk4w0ux37ngXBBk/hODlPiRBDGNKAYpJJcvWL7hEm4vz6fghvWQnsAaQq1wrl19apZNydlzINVQBUV1XT1L9tPcBaRWGIGQvQsM5VODlxSzMiobGeCpIAHEJKewhgiIpx8csvIOFCKbwQJVy+WxkT9PZFDJMQw8lRnBLIvZr2x+J/Xy2Rw5uQ0TjNJYjxdFGTMkIkxDsbwKSdYsqECwJyqvxq4DxywVPGVVQjW7Mnz0D6qWyd16+a42rgo4iihfVRBh8hCp6iBrlATtRBGj+gZvaI37Ul70d61j2nrglbM7KE/pX3+AIlYmrs=</latexit>

�L = �g + g+ �S

• intrinsic alignment

• cosmic shear

• shape noise

<latexit sha1_base64="R2IaBlDCaphFZeEfAhZHF7Pmuss=">AAACB3icbVBNS8NAEN3Ur1q/qh4FCRZBKJRERL0IVS8KHiraD2jSsNlO26W7SdjdCCX05sW/4sWDIl79C978N27bHLT1wcDjvRlm5vkRo1JZ1reRmZtfWFzKLudWVtfWN/KbWzUZxoJAlYQsFA0fS2A0gKqiikEjEoC5z6Du9y9Hfv0BhKRhcK8GEbgcdwPaoQQrLXn5XWjdnIGXOByrnuDJ9flwWHS6mHNchNadly9YJWsMc5bYKSmgFBUv/+W0QxJzCBRhWMqmbUXKTbBQlDAY5pxYQoRJH3ehqWmAOUg3Gf8xNPe10jY7odAVKHOs/p5IMJdywH3dOTpXTnsj8T+vGavOqZvQIIoVBGSyqBMzU4XmKBSzTQUQxQaaYCKovtUkPSwwUTq6nA7Bnn55ltQOS/Zxyb49KpQv0jiyaAftoQNkoxNURleogqqIoEf0jF7Rm/FkvBjvxsekNWOkM9voD4zPH4blmRc=</latexit>

eL = eIA + � + eS

• intrinsic clustering

• cosmic magnification

• shot noise

observable observable
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Cosmic Shear v.s. Cosmic Magnification

<latexit sha1_base64="PJL1P0K44RMCD0T8HlW5h4juI74=">AAACC3icbZDLSsNAFIYnXmu9RV26CS2CUCiJiLoRim5cuKhoL9DEcDKZpEMnF2YmQgndu/FV3LhQxK0v4M63cdpmoa0HBj7+/xzOnN9LGRXSNL+1hcWl5ZXV0lp5fWNza1vf2W2LJOOYtHDCEt71QBBGY9KSVDLSTTmByGOk4w0ux37ngXBBk/hODlPiRBDGNKAYpJJcvWL7hEm4vz6fghvWQnsAaQq1wrl19apZNydlzINVQBUV1XT1L9tPcBaRWGIGQvQsM5VODlxSzMiobGeCpIAHEJKewhgiIpx8csvIOFCKbwQJVy+WxkT9PZFDJMQw8lRnBLIvZr2x+J/Xy2Rw5uQ0TjNJYjxdFGTMkIkxDsbwKSdYsqECwJyqvxq4DxywVPGVVQjW7Mnz0D6qWyd16+a42rgo4iihfVRBh8hCp6iBrlATtRBGj+gZvaI37Ul70d61j2nrglbM7KE/pX3+AIlYmrs=</latexit>

�L = �g + g+ �S

• intrinsic alignment

• cosmic shear

• shape noise

<latexit sha1_base64="R2IaBlDCaphFZeEfAhZHF7Pmuss=">AAACB3icbVBNS8NAEN3Ur1q/qh4FCRZBKJRERL0IVS8KHiraD2jSsNlO26W7SdjdCCX05sW/4sWDIl79C978N27bHLT1wcDjvRlm5vkRo1JZ1reRmZtfWFzKLudWVtfWN/KbWzUZxoJAlYQsFA0fS2A0gKqiikEjEoC5z6Du9y9Hfv0BhKRhcK8GEbgcdwPaoQQrLXn5XWjdnIGXOByrnuDJ9flwWHS6mHNchNadly9YJWsMc5bYKSmgFBUv/+W0QxJzCBRhWMqmbUXKTbBQlDAY5pxYQoRJH3ehqWmAOUg3Gf8xNPe10jY7odAVKHOs/p5IMJdywH3dOTpXTnsj8T+vGavOqZvQIIoVBGSyqBMzU4XmKBSzTQUQxQaaYCKovtUkPSwwUTq6nA7Bnn55ltQOS/Zxyb49KpQv0jiyaAftoQNkoxNURleogqqIoEf0jF7Rm/FkvBjvxsekNWOkM9voD4zPH4blmRc=</latexit>

eL = eIA + � + eS

• intrinsic clustering

• cosmic magnification

• shot noise

intrinsic clustering

lensing signal

shot noise

Yang et al. 2017

lensing signal

Bridle & King 2007

intrinsic alignment

Much more challenge !
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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; Gonza ́lez-Nuevo et al. 2014; 
Bonavera et al. 2021; Gonza ́lez-Nuevo et al. 2021 

DES SV X DES SV Garcia-Fernandez et al. 2018

<δf δb>à<δf κb>, suffer from galaxy bias

• HSC cosmic shear ->convergence X HSC galaxy  Liu et al. 2021

<κf δb>à <κf κb>, free from galaxy bias

Indire
ct 

measurement

No m
agnific

atio
n m

ap
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Magnification History

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

<latexit sha1_base64="i1NNjvfrkCioAvfHlz9QebKJ3kA=">AAACDHicbVDLSgMxFM3UV62vqks3g0UQCmVGRN0IRTcuXFS0D+iM5U4mbUOTmZBkhDL0A9z4K25cKOLWD3Dn35i2s9DWA4HDOedyc08gGFXacb6t3MLi0vJKfrWwtr6xuVXc3mmoOJGY1HHMYtkKQBFGI1LXVDPSEpIADxhpBoPLsd98IFLROLrTQ0F8Dr2IdikGbaROseSFhGm4vz4PpqzDyz1vAEJAObNuTcqpOBPY88TNSAllqHWKX14Y44STSGMGSrVdR2g/BakpZmRU8BJFBOAB9Ejb0Ag4UX46OWZkHxgltLuxNC/S9kT9PZECV2rIA5PkoPtq1huL/3ntRHfP/JRGItEkwtNF3YTZOrbHzdghlQRrNjQEsKTmrzbugwSsTX8FU4I7e/I8aRxV3JOKe3Ncql5kdeTRHtpHh8hFp6iKrlAN1RFGj+gZvaI368l6sd6tj2k0Z2Uzu+gPrM8fWZGbLQ==</latexit>

�L = b�m + g+ �S

Proposed in Zhang & Pen 2005

Analytically validated in Yang & Zhang (2011); Yang 
et al. (2015)

Analytic Blind Separation Yang et al. 2017; Zhang et 
al. 2018) 

…

We want a 
magnification map!

observable
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• Cosmic shear & magnification

• Modified internal linear 
combination method

• Weighting using estimated bias

• Application of MILC on observation

• Summary

arXiv: 2106.09970
Shutong HOU +
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Cosmic Magnification v.s. CMB observation

<latexit sha1_base64="PJL1P0K44RMCD0T8HlW5h4juI74=">AAACC3icbZDLSsNAFIYnXmu9RV26CS2CUCiJiLoRim5cuKhoL9DEcDKZpEMnF2YmQgndu/FV3LhQxK0v4M63cdpmoa0HBj7+/xzOnN9LGRXSNL+1hcWl5ZXV0lp5fWNza1vf2W2LJOOYtHDCEt71QBBGY9KSVDLSTTmByGOk4w0ux37ngXBBk/hODlPiRBDGNKAYpJJcvWL7hEm4vz6fghvWQnsAaQq1wrl19apZNydlzINVQBUV1XT1L9tPcBaRWGIGQvQsM5VODlxSzMiobGeCpIAHEJKewhgiIpx8csvIOFCKbwQJVy+WxkT9PZFDJMQw8lRnBLIvZr2x+J/Xy2Rw5uQ0TjNJYjxdFGTMkIkxDsbwKSdYsqECwJyqvxq4DxywVPGVVQjW7Mnz0D6qWyd16+a42rgo4iihfVRBh8hCp6iBrlATtRBGj+gZvaI37Ul70d61j2nrglbM7KE/pX3+AIlYmrs=</latexit>

�L = �g + g+ �S

• intrinsic clustering

• cosmic magnification

• shot noise

<latexit sha1_base64="dbFBJR+4y3QPM5LiJMKfaK7hnmE=">AAACL3icbZDLSsNAFIYnXmu9RV26CRZBEEoiom6E0oK4ESr0Bm0Mk+m0HTqZCTMToYS8kRtfpRsRRdz6Fk7aIL34w8DPd85hzvn9kBKpbPvdWFldW9/YzG3lt3d29/bNg8OG5JFAuI445aLlQ4kpYbiuiKK4FQoMA5/ipj+spPXmMxaScFZToxC7Aewz0iMIKo088672FHcCqAYiiLkvk+S25v2BHhc4Sc5nSOWhPA8YJ1L3eGbBLtoTWcvGyUwBZKp65rjT5SgKMFOIQinbjh0qN4ZCEURxku9EEocQDWEft7VlMMDSjSf3JtapJl1Lb6cfU9aEzk7EMJByFPi6M11TLtZS+F+tHanejRsTFkYKMzT9qBdRS3ErDc/qEoGRoiNtIBJE72qhARQQKR1xXofgLJ68bBoXReeq6DxeFkrlLI4cOAYn4Aw44BqUwD2ogjpA4AWMwQf4NF6NN+PL+J62rhjZzBGYk/HzC9vRq/8=</latexit>

T obs = Tfore + TCMB + Tnoise

• foreground contanimation

• CMB

• instrument noise

known dependence on g known dependence on frequency
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foreground removal in CMB

• template fitting
• internal linear combination (ILC)
• …
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Cosmic Magnification: Modified ILC

<latexit sha1_base64="PJL1P0K44RMCD0T8HlW5h4juI74=">AAACC3icbZDLSsNAFIYnXmu9RV26CS2CUCiJiLoRim5cuKhoL9DEcDKZpEMnF2YmQgndu/FV3LhQxK0v4M63cdpmoa0HBj7+/xzOnN9LGRXSNL+1hcWl5ZXV0lp5fWNza1vf2W2LJOOYtHDCEt71QBBGY9KSVDLSTTmByGOk4w0ux37ngXBBk/hODlPiRBDGNKAYpJJcvWL7hEm4vz6fghvWQnsAaQq1wrl19apZNydlzINVQBUV1XT1L9tPcBaRWGIGQvQsM5VODlxSzMiobGeCpIAHEJKewhgiIpx8csvIOFCKbwQJVy+WxkT9PZFDJMQw8lRnBLIvZr2x+J/Xy2Rw5uQ0TjNJYjxdFGTMkIkxDsbwKSdYsqECwJyqvxq4DxywVPGVVQjW7Mnz0D6qWyd16+a42rgo4iihfVRBh8hCp6iBrlATtRBGj+gZvaI37Ul70d61j2nrglbM7KE/pX3+AIlYmrs=</latexit>

�L = �g + g+ �S

<latexit sha1_base64="egQ3FOavbWjynfjmwH+FTKY6LiE=">AAACFXicbVC7SgNBFJ2Nrxhfq5Y2i0EQEsKOiNoIQRsLi4jmAdl1uTuZJENmH8zMCmHJT9j4KzYWitgKdv6Nk2QLTTwwcDjnXO7c48ecSWXb30ZuYXFpeSW/Wlhb39jcMrd3GjJKBKF1EvFItHyQlLOQ1hVTnLZiQSHwOW36g8ux33ygQrIovFPDmLoB9ELWZQSUljyz7HQoV3B/7eHzKfXSXhmPSj0POwOIYyhliVsPe2bRrtgTWPMEZ6SIMtQ888vpRCQJaKgIBynb2I6Vm4JQjHA6KjiJpDGQAfRoW9MQAirddHLVyDrQSsfqRkK/UFkT9fdECoGUw8DXyQBUX856Y/E/r52o7pmbsjBOFA3JdFE34ZaKrHFFVocJShQfagJEMP1Xi/RBAFG6yIIuAc+ePE8aRxV8UsE3x8XqRVZHHu2hfXSIMDpFVXSFaqiOCHpEz+gVvRlPxovxbnxMozkjm9lFf2B8/gAVu54k</latexit>

�L1 = �g,1 + g1+ �S1
<latexit sha1_base64="qneb1Dv97juuiDPCCzR/8GspA5A=">AAACFXicbVDLSsNAFJ3UV62vqEs3wSIILSUJom6EohsXLiraVmhquJlO0qGTBzMToYT+hBt/xY0LRdwK7vwbp20W2npg4HDOudy5x0sYFdI0v7XCwuLS8kpxtbS2vrG5pW/vtEScckyaOGYxv/NAEEYj0pRUMnKXcAKhx0jbG1yM/fYD4YLG0a0cJqQbQhBRn2KQSnL1qtMjTML9lWufTambBVV7VAlc2xlAkkAlT9y4tquXzZo5gTFPrJyUUY6Gq385vRinIYkkZiBExzIT2c2AS4oZGZWcVJAE8AAC0lE0gpCIbja5amQcKKVn+DFXL5LGRP09kUEoxDD0VDIE2Rez3lj8z+uk0j/tZjRKUkkiPF3kp8yQsTGuyOhRTrBkQ0UAc6r+auA+cMBSFVlSJVizJ8+Tll2zjmvW9VG5fp7XUUR7aB8dIgudoDq6RA3URBg9omf0it60J+1Fe9c+ptGCls/soj/QPn8AHBSeKA==</latexit>

�L2 = �g,2 + g2+ �S2

<latexit sha1_base64="x7WPN6pqdyyS77F9ciPUwTb+8Lc=">AAACFXicbVDLSsNAFJ3UV62vqks3wSIILSURUTdC0Y0LFxXtA5oabqaTdOhkEmYmQgn9CTf+ihsXirgV3Pk3TtsstPXAwOGcc7lzjxczKpVlfRu5hcWl5ZX8amFtfWNzq7i905RRIjBp4IhFou2BJIxy0lBUMdKOBYHQY6TlDS7HfuuBCEkjfqeGMemGEHDqUwxKS26x4vQIU3B/7fLzKXXToMJH5cDlzgDiGMpZ4tbV8ZJVtSYw54mdkRLKUHeLX04vwklIuMIMpOzYVqy6KQhFMSOjgpNIEgMeQEA6mnIIieymk6tG5oFWeqYfCf24Mifq74kUQimHoaeTIai+nPXG4n9eJ1H+WTelPE4U4Xi6yE+YqSJzXJHZo4JgxYaaABZU/9XEfRCAlS6yoEuwZ0+eJ82jqn1StW+OS7WLrI482kP76BDZ6BTV0BWqowbC6BE9o1f0ZjwZL8a78TGN5oxsZhf9gfH5A5j/nxg=</latexit>

�Ln = �g,n + gn+ �Sn

Divide into subsamples according
to some galaxy property

If gi is known, we can construct an estimator

<latexit sha1_base64="sObJxKNl8HuzvcasdD9MkUwT8Ow="></latexit>

̂ =
X

i

wi�
L
i =

X

i

wi�g,i + 
X

i

wigi +
X

i

wi�
S
i

<latexit sha1_base64="T3yrbZu4cHjhyMI5dP5lGLWCTP8=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJ4KomIehGKXjxWsB/QhrDZbtqlu5uwu6mU0H/ixYMiXv0n3vw3btsctPXBwOO9GWbmRSln2njet7Oyura+sVnaKm/v7O7tuweHTZ1kitAGSXii2hHWlDNJG4YZTtupolhEnLai4d3Ub42o0iyRj2ac0kDgvmQxI9hYKXTdrs5EyNBTyPohu/FR6Fa8qjcDWiZ+QSpQoB66X91eQjJBpSEca93xvdQEOVaGEU4n5W6maYrJEPdpx1KJBdVBPrt8gk6t0kNxomxJg2bq74kcC63HIrKdApuBXvSm4n9eJzPxdZAzmWaGSjJfFGccmQRNY0A9pigxfGwJJorZWxEZYIWJsWGVbQj+4svLpHle9S+r/sNFpXZbxFGCYziBM/DhCmpwD3VoAIERPMMrvDm58+K8Ox/z1hWnmDmCP3A+fwB5ApLm</latexit>X

i

wigi = 1

<latexit sha1_base64="z8ElukZqtxib2UqtfhbjSyCRXvY=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6kYounFZwT6gCWEynbRDZ5IwD6WE/oYbF4q49Wfc+TdO2yy09cCFwzn3cu89UcaZ0q777ZRWVtfWN8qbla3tnd296v5BW6VGEtoiKU9lN8KKcpbQlmaa024mKRYRp51odDv1O49UKpYmD3qc0UDgQcJiRrC2ku8rI0KGnkJ27YbVmlt3Z0DLxCtIDQo0w+qX30+JETTRhGOlep6b6SDHUjPC6aTiG0UzTEZ4QHuWJlhQFeSzmyfoxCp9FKfSVqLRTP09kWOh1FhEtlNgPVSL3lT8z+sZHV8FOUsyo2lC5otiw5FO0TQA1GeSEs3HlmAimb0VkSGWmGgbU8WG4C2+vEzaZ3Xvou7dn9caN0UcZTiCYzgFDy6hAXfQhBYQyOAZXuHNMc6L8+58zFtLTjFzCH/gfP4AW0WRPQ==</latexit>X

i

wi = 0

minimized

suppress the
intrinsic clustering

unbiased estimator

minimize the noise

<latexit sha1_base64="xT+7/UmrSJK38h7vrD0UvlWQ/CE=">AAACJXicbZA9SwNBEIb3/DZ+RS1tFoOgTbgTUQuLoI2FRQSTCLl47G3mkiV7e8funBKCf8bGv2JjYRDByr/i5pJCjS8sPLwzw+y8YSqFQdf9dGZm5+YXFpeWCyura+sbxc2tukkyzaHGE5no25AZkEJBDQVKuE01sDiU0Ah7F6N64x60EYm6wX4KrZh1lIgEZ2itoHjmS4jQl0x1JOS875ssDgR9CITfBoksEHdXvhadLh7cHY7B13l/UCy5ZTcXnQZvAiUyUTUoDv12wrMYFHLJjGl6boqtAdMouITHgp8ZSBnvsQ40LSoWg2kN8isf6Z512jRKtH0Kae7+nBiw2Jh+HNrOmGHX/K2NzP9qzQyj09ZAqDRDUHy8KMokxYSOIqNtoYGj7FtgXAv7V8q7TDOONtiCDcH7e/I01A/L3nHZuz4qVc4ncSyRHbJL9olHTkiFXJIqqRFOnsgLeSND59l5dd6dj3HrjDOZ2Sa/5Hx9Ax4upkA=</latexit>* 
X

i

wi�
L
i

!2+

Modified internal linear combination
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Cosmic Magnification: Modified ILC

If gi is known, we can construct an estimator

<latexit sha1_base64="sObJxKNl8HuzvcasdD9MkUwT8Ow="></latexit>

̂ =
X

i

wi�
L
i =

X

i

wi�g,i + 
X

i

wigi +
X

i

wi�
S
i

<latexit sha1_base64="T3yrbZu4cHjhyMI5dP5lGLWCTP8=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJ4KomIehGKXjxWsB/QhrDZbtqlu5uwu6mU0H/ixYMiXv0n3vw3btsctPXBwOO9GWbmRSln2njet7Oyura+sVnaKm/v7O7tuweHTZ1kitAGSXii2hHWlDNJG4YZTtupolhEnLai4d3Ub42o0iyRj2ac0kDgvmQxI9hYKXTdrs5EyNBTyPohu/FR6Fa8qjcDWiZ+QSpQoB66X91eQjJBpSEca93xvdQEOVaGEU4n5W6maYrJEPdpx1KJBdVBPrt8gk6t0kNxomxJg2bq74kcC63HIrKdApuBXvSm4n9eJzPxdZAzmWaGSjJfFGccmQRNY0A9pigxfGwJJorZWxEZYIWJsWGVbQj+4svLpHle9S+r/sNFpXZbxFGCYziBM/DhCmpwD3VoAIERPMMrvDm58+K8Ox/z1hWnmDmCP3A+fwB5ApLm</latexit>X

i

wigi = 1

<latexit sha1_base64="z8ElukZqtxib2UqtfhbjSyCRXvY=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6kYounFZwT6gCWEynbRDZ5IwD6WE/oYbF4q49Wfc+TdO2yy09cCFwzn3cu89UcaZ0q777ZRWVtfWN8qbla3tnd296v5BW6VGEtoiKU9lN8KKcpbQlmaa024mKRYRp51odDv1O49UKpYmD3qc0UDgQcJiRrC2ku8rI0KGnkJ27YbVmlt3Z0DLxCtIDQo0w+qX30+JETTRhGOlep6b6SDHUjPC6aTiG0UzTEZ4QHuWJlhQFeSzmyfoxCp9FKfSVqLRTP09kWOh1FhEtlNgPVSL3lT8z+sZHV8FOUsyo2lC5otiw5FO0TQA1GeSEs3HlmAimb0VkSGWmGgbU8WG4C2+vEzaZ3Xvou7dn9caN0UcZTiCYzgFDy6hAXfQhBYQyOAZXuHNMc6L8+58zFtLTjFzCH/gfP4AW0WRPQ==</latexit>X

i

wi = 0
suppress the

intrinsic clustering

unbiased estimator

minimize the noise

additive bias

statistical uncertainty

<latexit sha1_base64="xYARofKh20lAqFPinb4PjCAvWnQ=">AAACBXicbVBNS8NAEN3Ur1q/oh71sFgED1ISEfVY9OKxgv2AJoTNdtou3Wzi7kYpoRcv/hUvHhTx6n/w5r9x2+agrQ8GHu/NMDMvTDhT2nG+rcLC4tLySnG1tLa+sbllb+80VJxKCnUa81i2QqKAMwF1zTSHViKBRCGHZji4GvvNe5CKxeJWDxPwI9ITrMso0UYK7H1PpVHA8EPAvA5wTYKsd8xGnoA77AR22ak4E+B54uakjHLUAvvL68Q0jUBoyolSbddJtJ8RqRnlMCp5qYKE0AHpQdtQQSJQfjb5YoQPjdLB3ViaEhpP1N8TGYmUGkah6YyI7qtZbyz+57VT3b3wMyaSVIOg00XdlGMd43EkuMMkUM2HhhAqmbkV0z6RhGoTXMmE4M6+PE8aJxX3rOLenJarl3kcRbSHDtARctE5qqJrVEN1RNEjekav6M16sl6sd+tj2lqw8pld9AfW5w8SFphK</latexit>X

i

wi�g,i 6= 0

minimized

<latexit sha1_base64="xT+7/UmrSJK38h7vrD0UvlWQ/CE=">AAACJXicbZA9SwNBEIb3/DZ+RS1tFoOgTbgTUQuLoI2FRQSTCLl47G3mkiV7e8funBKCf8bGv2JjYRDByr/i5pJCjS8sPLwzw+y8YSqFQdf9dGZm5+YXFpeWCyura+sbxc2tukkyzaHGE5no25AZkEJBDQVKuE01sDiU0Ah7F6N64x60EYm6wX4KrZh1lIgEZ2itoHjmS4jQl0x1JOS875ssDgR9CITfBoksEHdXvhadLh7cHY7B13l/UCy5ZTcXnQZvAiUyUTUoDv12wrMYFHLJjGl6boqtAdMouITHgp8ZSBnvsQ40LSoWg2kN8isf6Z512jRKtH0Kae7+nBiw2Jh+HNrOmGHX/K2NzP9qzQyj09ZAqDRDUHy8KMokxYSOIqNtoYGj7FtgXAv7V8q7TDOONtiCDcH7e/I01A/L3nHZuz4qVc4ncSyRHbJL9olHTkiFXJIqqRFOnsgLeSND59l5dd6dj3HrjDOZ2Sa/5Hx9Ax4upkA=</latexit>* 
X

i

wi�
L
i

!2+

<latexit sha1_base64="VeHMLNDT4Te2DK1VJ3LAYUjk6ow=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURUZdFNy4r2Ac0IUymk3boZBJmJkoNxV9x40IRt/6HO//GaZuFth643MM59zJ3TphyprTjfFulpeWV1bXyemVjc2t7x97da6kkk4Q2ScIT2QmxopwJ2tRMc9pJJcVxyGk7HF5P/PY9lYol4k6PUurHuC9YxAjWRgrsA09lccDQQ8D6pnmCIhcFdtWpOVOgReIWpAoFGoH95fUSksVUaMKxUl3XSbWfY6kZ4XRc8TJFU0yGuE+7hgocU+Xn0+vH6NgoPRQl0pTQaKr+3shxrNQoDs1kjPVAzXsT8T+vm+no0s+ZSDNNBZk9FGUc6QRNokA9JinRfGQIJpKZWxEZYImJNoFVTAju/JcXSeu05p7X3Nuzav2qiKMMh3AEJ+DCBdThBhrQBAKP8Ayv8GY9WS/Wu/UxGy1Zxc4+/IH1+QP2zZRA</latexit>X

i

wigi 6= 1 multiplicative bias
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Numerical Validation

We use FASTPM to generate 200 halo catalogue at z=1, each spanning 10*10 deg2.

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 r, i, g band photometry, n ~ 12 arcmin-2 for 0.8 < zP < 1.2.

measure lensing prefactor g obtain the weighting w
<latexit sha1_base64="sObJxKNl8HuzvcasdD9MkUwT8Ow="></latexit>

̂ =
X

i

wi�
L
i =

X

i

wi�g,i + 
X

i

wigi +
X

i

wi�
S
i

<latexit sha1_base64="sObJxKNl8HuzvcasdD9MkUwT8Ow="></latexit>

̂ =
X

i

wi�
L
i =

X

i

wi�g,i + 
X

i

wigi +
X

i

wi�
S
i

map
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Numerical Validation

• Narrow photo-z bin Δz=0.2,

No obvious bias

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

How much true kappa is contained in the reconstructed kappa map
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<latexit sha1_base64="i1NNjvfrkCioAvfHlz9QebKJ3kA=">AAACDHicbVDLSgMxFM3UV62vqks3g0UQCmVGRN0IRTcuXFS0D+iM5U4mbUOTmZBkhDL0A9z4K25cKOLWD3Dn35i2s9DWA4HDOedyc08gGFXacb6t3MLi0vJKfrWwtr6xuVXc3mmoOJGY1HHMYtkKQBFGI1LXVDPSEpIADxhpBoPLsd98IFLROLrTQ0F8Dr2IdikGbaROseSFhGm4vz4PpqzDyz1vAEJAObNuTcqpOBPY88TNSAllqHWKX14Y44STSGMGSrVdR2g/BakpZmRU8BJFBOAB9Ejb0Ag4UX46OWZkHxgltLuxNC/S9kT9PZECV2rIA5PkoPtq1huL/3ntRHfP/JRGItEkwtNF3YTZOrbHzdghlQRrNjQEsKTmrzbugwSsTX8FU4I7e/I8aRxV3JOKe3Ncql5kdeTRHtpHh8hFp6iKrlAN1RFGj+gZvaI368l6sd6tj2k0Z2Uzu+gPrM8fWZGbLQ==</latexit>

�L = b�m + g+ �S

How to improve ?

if bias is known …

deterministic
bias stochasticity

<latexit sha1_base64="PJL1P0K44RMCD0T8HlW5h4juI74=">AAACC3icbZDLSsNAFIYnXmu9RV26CS2CUCiJiLoRim5cuKhoL9DEcDKZpEMnF2YmQgndu/FV3LhQxK0v4M63cdpmoa0HBj7+/xzOnN9LGRXSNL+1hcWl5ZXV0lp5fWNza1vf2W2LJOOYtHDCEt71QBBGY9KSVDLSTTmByGOk4w0ux37ngXBBk/hODlPiRBDGNKAYpJJcvWL7hEm4vz6fghvWQnsAaQq1wrl19apZNydlzINVQBUV1XT1L9tPcBaRWGIGQvQsM5VODlxSzMiobGeCpIAHEJKewhgiIpx8csvIOFCKbwQJVy+WxkT9PZFDJMQw8lRnBLIvZr2x+J/Xy2Rw5uQ0TjNJYjxdFGTMkIkxDsbwKSdYsqECwJyqvxq4DxywVPGVVQjW7Mnz0D6qWyd16+a42rgo4iihfVRBh8hCp6iBrlATtRBGj+gZvaI37Ul70d61j2nrglbM7KE/pX3+AIlYmrs=</latexit>

�L = �g + g+ �S

shot noise
intrinsic

clustering

systematic bias
<latexit sha1_base64="xYARofKh20lAqFPinb4PjCAvWnQ=">AAACBXicbVBNS8NAEN3Ur1q/oh71sFgED1ISEfVY9OKxgv2AJoTNdtou3Wzi7kYpoRcv/hUvHhTx6n/w5r9x2+agrQ8GHu/NMDMvTDhT2nG+rcLC4tLySnG1tLa+sbllb+80VJxKCnUa81i2QqKAMwF1zTSHViKBRCGHZji4GvvNe5CKxeJWDxPwI9ITrMso0UYK7H1PpVHA8EPAvA5wTYKsd8xGnoA77AR22ak4E+B54uakjHLUAvvL68Q0jUBoyolSbddJtJ8RqRnlMCp5qYKE0AHpQdtQQSJQfjb5YoQPjdLB3ViaEhpP1N8TGYmUGkah6YyI7qtZbyz+57VT3b3wMyaSVIOg00XdlGMd43EkuMMkUM2HhhAqmbkV0z6RhGoTXMmE4M6+PE8aJxX3rOLenJarl3kcRbSHDtARctE5qqJrVEN1RNEjekav6M16sl6sd+tj2lqw8pld9AfW5w8SFphK</latexit>X

i

wi�g,i 6= 0

<latexit sha1_base64="RWkukP1gkaVGicBfFf+7+DkIgL4=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuiHoRgl48RjAPSJZldjJJhszsLvNQ4pIv8eJBEa9+ijf/xkmyB00saCiquunuilLOlPa8b6ewsrq2vlHcLG1t7+yW3b39pkqMJLRBEp7IdoQV5SymDc00p+1UUiwiTlvR6Gbqtx6oVCyJ7/U4pYHAg5j1GcHaSqFb7iojQoYeQxaF7MoL3YpX9WZAy8TPSQVy1EP3q9tLiBE01oRjpTq+l+ogw1Izwumk1DWKppiM8IB2LI2xoCrIZodP0LFVeqifSFuxRjP190SGhVJjEdlOgfVQLXpT8T+vY3T/MshYnBpNYzJf1Dcc6QRNU0A9JinRfGwJJpLZWxEZYomJtlmVbAj+4svLpHla9c+r/t1ZpXadx1GEQziCE/DhAmpwC3VoAAEDz/AKb86T8+K8Ox/z1oKTzxzAHzifPxTCkrY=</latexit>X

i

wibi = 0
<latexit sha1_base64="z8ElukZqtxib2UqtfhbjSyCRXvY=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6kYounFZwT6gCWEynbRDZ5IwD6WE/oYbF4q49Wfc+TdO2yy09cCFwzn3cu89UcaZ0q777ZRWVtfWN8qbla3tnd296v5BW6VGEtoiKU9lN8KKcpbQlmaa024mKRYRp51odDv1O49UKpYmD3qc0UDgQcJiRrC2ku8rI0KGnkJ27YbVmlt3Z0DLxCtIDQo0w+qX30+JETTRhGOlep6b6SDHUjPC6aTiG0UzTEZ4QHuWJlhQFeSzmyfoxCp9FKfSVqLRTP09kWOh1FhEtlNgPVSL3lT8z+sZHV8FOUsyo2lC5otiw5FO0TQA1GeSEs3HlmAimb0VkSGWmGgbU8WG4C2+vEzaZ3Xvou7dn9caN0UcZTiCYzgFDy6hAXfQhBYQyOAZXuHNMc6L8+58zFtLTjFzCH/gfP4AW0WRPQ==</latexit>X

i

wi = 0
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• Cosmic shear & magnification

• Modified internal linear 
combination method

• Weighting using estimated bias

• Application of MILC on observation

• Summary

arXiv: 2306.15177
Ruijie MA +
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Bias
<latexit sha1_base64="c+D2d4xCAARdgFplHwGFkfmyJe8=">AAACAXicbVDLSgMxFM34rPU16kZwEyyCCykTEXUjFN24rGAf0A5DJpNpQ5PMkGSEMtSNv+LGhSJu/Qt3/o1pOwttPXDh5Jx7yb0nTDnTxvO+nYXFpeWV1dJaeX1jc2vb3dlt6iRThDZIwhPVDrGmnEnaMMxw2k4VxSLktBUObsZ+64EqzRJ5b4Yp9QXuSRYzgo2VAne/G1FucJD3TtDoKgxQ8RaBW/Gq3gRwnqCCVECBeuB+daOEZIJKQzjWuoO81Pg5VoYRTkflbqZpiskA92jHUokF1X4+uWAEj6wSwThRtqSBE/X3RI6F1kMR2k6BTV/PemPxP6+TmfjSz5lMM0MlmX4UZxyaBI7jgBFTlBg+tAQTxeyukPSxwsTY0Mo2BDR78jxpnlbReRXdnVVq10UcJXAADsExQOAC1MAtqIMGIOARPINX8OY8OS/Ou/MxbV1wipk98AfO5w/bOpaD</latexit>

�g,1 = b1�m
<latexit sha1_base64="R7St4bxUJr586XJaQsir+mSnD10=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAILqQkRdSNUHTjsoJ9QBvCZDJth85MwsyNUELd+CtuXCji1r9w5984bbPQ1gMXzpxzL3PvCRPONLjut1VYWl5ZXSuulzY2t7Z37N29po5TRWiDxDxW7RBrypmkDWDAaTtRFIuQ01Y4vJn4rQeqNIvlPYwS6gvcl6zHCAYjBfZBN6IccJD1T6vjqzCo5m8R2GW34k7hLBIvJ2WUox7YX90oJqmgEgjHWnc8NwE/wwoY4XRc6qaaJpgMcZ92DJVYUO1n0wvGzrFRIqcXK1MSnKn6eyLDQuuRCE2nwDDQ895E/M/rpNC79DMmkxSoJLOPeil3IHYmcTgRU5QAHxmCiWJmV4cMsMIETGglE4I3f/IiaVYr3nnFuzsr167zOIroEB2hE+ShC1RDt6iOGoigR/SMXtGb9WS9WO/Wx6y1YOUz++gPrM8f3leWhQ==</latexit>

�g,2 = b2�m
<latexit sha1_base64="6CKrm+3aoARa0cjrWnNkxNZkrgA="></latexit>

C =

✓
P11(k) P12(k)
P12(k) P22(k)

◆
=

✓
b21 b1b2
b1b2 b22

◆
Pm(k)

<latexit sha1_base64="WMrnFc1zwJqPjFLnZJtIfUwnWlw=">AAACF3icbVDLSgMxFM3UV62vUZdugkVoUcpkEHUjFEVwWcE+oNMOmTTThmYeJhmhDPMXbvwVNy4Ucas7/8b0sdDqgcC559zLzT1ezJlUlvVl5BYWl5ZX8quFtfWNzS1ze6cho0QQWicRj0TLw5JyFtK6YorTViwoDjxOm97wcuw376mQLApv1SimnQD3Q+YzgpWWXLNy1U1LqJydO77AJEVZ6sg7oVLPRV370HPtrp1lJV0dQV2UXbNoVawJ4F+CZqQIZqi55qfTi0gS0FARjqVsIytWnRQLxQinWcFJJI0xGeI+bWsa4oDKTjq5K4MHWulBPxL6hQpO1J8TKQ6kHAWe7gywGsh5byz+57UT5Z91UhbGiaIhmS7yEw5VBMchwR4TlCg+0gQTwfRfIRlgHZDSURZ0CGj+5L+kYVfQSQXdHBerF7M48mAP7IMSQOAUVME1qIE6IOABPIEX8Go8Gs/Gm/E+bc0Zs5ld8AvGxze9Jp3A</latexit>

E(1) =
1p

b21 + b22
(b1, b2)

In ideal case, the relative bias 
can be measured.

<latexit sha1_base64="RWkukP1gkaVGicBfFf+7+DkIgL4=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuiHoRgl48RjAPSJZldjJJhszsLvNQ4pIv8eJBEa9+ijf/xkmyB00saCiquunuilLOlPa8b6ewsrq2vlHcLG1t7+yW3b39pkqMJLRBEp7IdoQV5SymDc00p+1UUiwiTlvR6Gbqtx6oVCyJ7/U4pYHAg5j1GcHaSqFb7iojQoYeQxaF7MoL3YpX9WZAy8TPSQVy1EP3q9tLiBE01oRjpTq+l+ogw1Izwumk1DWKppiM8IB2LI2xoCrIZodP0LFVeqifSFuxRjP190SGhVJjEdlOgfVQLXpT8T+vY3T/MshYnBpNYzJf1Dcc6QRNU0A9JinRfGwJJpLZWxEZYomJtlmVbAj+4svLpHla9c+r/t1ZpXadx1GEQziCE/DhAmpwC3VoAAEDz/AKb86T8+K8Ox/z1oKTzxzAHzifPxTCkrY=</latexit>X

i

wibi = 0

Bonoli & Pen 2009

First
 Eigenvecto

r

First Eigenvector

<latexit sha1_base64="E4GbY8cZ820rGinoQnPAmvYECS4=">AAACA3icbVBPS8MwHE3nvzn/Vb3pJTiE7TJaEfU4FMGLMMFtwlZLmqVbWNqEJBVGGXjxq3jxoIhXv4Q3v41Z14NuPgi8vPf7kbwXCEaVdpxvq7CwuLS8Ulwtra1vbG7Z2zstxROJSRNzxuVdgBRhNCZNTTUjd0ISFAWMtIPhxcRvPxCpKI9v9UgQL0L9mIYUI20k3967vE8rbnXs08p1tSskF5rDILv5dtmpORngPHFzUgY5Gr791e1xnEQk1pghpTquI7SXIqkpZmRc6iaKCISHqE86hsYoIspLswxjeGiUHgy5NCfWMFN/b6QoUmoUBWYyQnqgZr2J+J/XSXR45qU0FokmMZ4+FCYMmpyTQmCPSoI1GxmCsKTmrxAPkERYm9pKpgR3NvI8aR3V3JOae3Ncrp/ndRTBPjgAFeCCU1AHV6ABmgCDR/AMXsGb9WS9WO/Wx3S0YOU7u+APrM8fdFOWIA==</latexit>

E(1)
i (M) / bi(M)
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Numerical Validation

• CosmicGrowth Suite (Jing 2019)

L = 1200 Mpc/h

Np = 30723

FoF halo

lightcone 8.2*8.2 deg2

20 lightcones 

• CosmoDC2 (Korytov et al. 2019)

440 deg2

ugrizY

NF = 26
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Road map

<latexit sha1_base64="pOBh28zv4IXAyzf+FTdj17dxAkY=">AAAB/3icbVBNS8NAEJ34WetXVPDiZbEI9VISEfUiFEXwWMF+QBvDZrttl+4mYXejlNiDf8WLB0W8+je8+W/ctjlo64OBx3szzMwLYs6Udpxva25+YXFpObeSX11b39i0t7ZrKkokoVUS8Ug2AqwoZyGtaqY5bcSSYhFwWg/6lyO/fk+lYlF4qwcx9QTuhqzDCNZG8u3dlkqEz9CDqau7tOgeDn127vh2wSk5Y6BZ4makABkqvv3VakckETTUhGOlmq4Tay/FUjPC6TDfShSNMenjLm0aGmJBlZeO7x+iA6O0USeSpkKNxurviRQLpQYiMJ0C656a9kbif14z0Z0zL2VhnGgaksmiTsKRjtAoDNRmkhLNB4ZgIpm5FZEelphoE1nehOBOvzxLakcl96Tk3hwXyhdZHDnYg30oggunUIZrqEAVCDzCM7zCm/VkvVjv1sekdc7KZnbgD6zPHxKElNc=</latexit>X

i

wiE
(1)
i = 0

<latexit sha1_base64="9oLv3v6J87Gf5uuJZLylULyfe+Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E6WE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VNP9MoVt+rOQJaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5udOiEnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2nZEPwFl9eJs2zqndR9e7OK7XrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBhAo3d</latexit>wi

Galaxy subsamples

Auto and cross powers to form correlation matrix

Eigen decomposition to obtain the first eigen vector

<latexit sha1_base64="6CKrm+3aoARa0cjrWnNkxNZkrgA="></latexit>

C =

✓
P11(k) P12(k)
P12(k) P22(k)

◆
=

✓
b21 b1b2
b1b2 b22

◆
Pm(k)

Use this condition                                to find 

<latexit sha1_base64="sObJxKNl8HuzvcasdD9MkUwT8Ow="></latexit>

̂ =
X

i

wi�
L
i =

X

i

wi�g,i + 
X

i

wigi +
X

i

wi�
S
i

<latexit sha1_base64="ejsfoz3Ua7bMJFaGKr0txrGoUKA="></latexit>

̂ = 
X

i

wigi + �m
X

i

wibi +
X

i

wi�
S
i

Additive bias Weighted shot noise

<latexit sha1_base64="YoXNHFyealBgba+Zjub3SMbUXl8=">AAACG3icbZDLSgMxFIYz3q23qks3wSIIQpkRUTdC0Y3LirYKnTqcSU81NMmEJKOU4nu48VXcuFDEleDCtzG9LLz9EPj5zjmcnD/VglsXhp/B2PjE5NT0zGxhbn5hcam4vFK3WW4Y1lgmMnORgkXBFdYcdwIvtEGQqcDztHPUr5/foLE8U2euq7Ep4UrxNmfgPEqK2wdxB7QGukVj1JaLTNG4hcJBImkf2lwm/DbhQ3h5mvCkWArL4UD0r4lGpkRGqibF97iVsVyickyAtY0o1K7ZA+M4E3hXiHOLGlgHrrDhrQKJttkb3HZHNzxp0XZm/FOODuj3iR5Ia7sy9Z0S3LX9XevD/2qN3LX3mz2udO5QseGidi6oy2g/KNriBpkTXW+AGe7/Stk1GGDOx1nwIUS/T/5r6tvlaLccneyUKoejOGbIGlknmyQie6RCjkmV1Agj9+SRPJOX4CF4Cl6Dt2HrWDCaWSU/FHx8AYK/oIA=</latexit>

= + ✏�m +
X

i

wi�
S
i

<latexit sha1_base64="YoXNHFyealBgba+Zjub3SMbUXl8=">AAACG3icbZDLSgMxFIYz3q23qks3wSIIQpkRUTdC0Y3LirYKnTqcSU81NMmEJKOU4nu48VXcuFDEleDCtzG9LLz9EPj5zjmcnD/VglsXhp/B2PjE5NT0zGxhbn5hcam4vFK3WW4Y1lgmMnORgkXBFdYcdwIvtEGQqcDztHPUr5/foLE8U2euq7Ep4UrxNmfgPEqK2wdxB7QGukVj1JaLTNG4hcJBImkf2lwm/DbhQ3h5mvCkWArL4UD0r4lGpkRGqibF97iVsVyickyAtY0o1K7ZA+M4E3hXiHOLGlgHrrDhrQKJttkb3HZHNzxp0XZm/FOODuj3iR5Ia7sy9Z0S3LX9XevD/2qN3LX3mz2udO5QseGidi6oy2g/KNriBpkTXW+AGe7/Stk1GGDOx1nwIUS/T/5r6tvlaLccneyUKoejOGbIGlknmyQie6RCjkmV1Agj9+SRPJOX4CF4Cl6Dt2HrWDCaWSU/FHx8AYK/oIA=</latexit>

= + ✏�m +
X

i

wi�
S
i

<latexit sha1_base64="YoXNHFyealBgba+Zjub3SMbUXl8=">AAACG3icbZDLSgMxFIYz3q23qks3wSIIQpkRUTdC0Y3LirYKnTqcSU81NMmEJKOU4nu48VXcuFDEleDCtzG9LLz9EPj5zjmcnD/VglsXhp/B2PjE5NT0zGxhbn5hcam4vFK3WW4Y1lgmMnORgkXBFdYcdwIvtEGQqcDztHPUr5/foLE8U2euq7Ep4UrxNmfgPEqK2wdxB7QGukVj1JaLTNG4hcJBImkf2lwm/DbhQ3h5mvCkWArL4UD0r4lGpkRGqibF97iVsVyickyAtY0o1K7ZA+M4E3hXiHOLGlgHrrDhrQKJttkb3HZHNzxp0XZm/FOODuj3iR5Ia7sy9Z0S3LX9XevD/2qN3LX3mz2udO5QseGidi6oy2g/KNriBpkTXW+AGe7/Stk1GGDOx1nwIUS/T/5r6tvlaLccneyUKoejOGbIGlknmyQie6RCjkmV1Agj9+SRPJOX4CF4Cl6Dt2HrWDCaWSU/FHx8AYK/oIA=</latexit>

= + ✏�m +
X

i

wi�
S
i

Error budget

<latexit sha1_base64="WU0SdpgR4nLXMAEvaqJIp9jHKlQ=">AAAB/XicbVDLSgMxFM34rPU1PnZugkWomzIjoi6LIrisYB/QjkMmzbShmSQkGaEOxV9x40IRt/6HO//GtJ2Fth64cDjnXu69J5KMauN5387C4tLyymphrbi+sbm17e7sNrRIFSZ1LJhQrQhpwigndUMNIy2pCEoiRprR4GrsNx+I0lTwOzOUJEhQj9OYYmSsFLr71/dZ2T8ehbQjlZBGwCikoVvyKt4EcJ74OSmBHLXQ/ep0BU4Twg1mSOu270kTZEgZihkZFTupJhLhAeqRtqUcJUQH2eT6ETyyShfGQtniBk7U3xMZSrQeJpHtTJDp61lvLP7ntVMTXwQZ5TI1hOPpojhl0D45jgJ2qSLYsKElCCtqb4W4jxTCxgZWtCH4sy/Pk8ZJxT+r+LenpeplHkcBHIBDUAY+OAdVcANqoA4weATP4BW8OU/Oi/PufExbF5x8Zg/8gfP5A44IlKg=</latexit>

E(1)
i / bi

<latexit sha1_base64="MCT7sqr9AphH4H1BiVxkcykyVik=">AAACB3icbVBNS8NAEN34WetX1KMgi0XwVBIR9SIUvXisYD+gCWGznbRLN5uwu1FK6M2Lf8WLB0W8+he8+W/ctjlo64OBx3szzMwLU86Udpxva2FxaXlltbRWXt/Y3Nq2d3abKskkhQZNeCLbIVHAmYCGZppDO5VA4pBDKxxcj/3WPUjFEnGnhyn4MekJFjFKtJEC+8CDVDGeCHyJPZXFAcMPpsKAeQKwE9gVp+pMgOeJW5AKKlAP7C+vm9AsBqEpJ0p1XCfVfk6kZpTDqOxlClJCB6QHHUMFiUH5+eSPET4yShdHiTQlNJ6ovydyEis1jEPTGRPdV7PeWPzP62Q6uvBzJtJMg6DTRVHGsU7wOBTcZRKo5kNDCJXM3Ippn0hCtYmubEJwZ1+eJ82TqntWdW9PK7WrIo4S2keH6Bi56BzV0A2qowai6BE9o1f0Zj1ZL9a79TFtXbCKmT30B9bnD1RcmFE=</latexit>

✏ =
X

i

wibi 6= 0
<latexit sha1_base64="WU0SdpgR4nLXMAEvaqJIp9jHKlQ=">AAAB/XicbVDLSgMxFM34rPU1PnZugkWomzIjoi6LIrisYB/QjkMmzbShmSQkGaEOxV9x40IRt/6HO//GtJ2Fth64cDjnXu69J5KMauN5387C4tLyymphrbi+sbm17e7sNrRIFSZ1LJhQrQhpwigndUMNIy2pCEoiRprR4GrsNx+I0lTwOzOUJEhQj9OYYmSsFLr71/dZ2T8ehbQjlZBGwCikoVvyKt4EcJ74OSmBHLXQ/ep0BU4Twg1mSOu270kTZEgZihkZFTupJhLhAeqRtqUcJUQH2eT6ETyyShfGQtniBk7U3xMZSrQeJpHtTJDp61lvLP7ntVMTXwQZ5TI1hOPpojhl0D45jgJ2qSLYsKElCCtqb4W4jxTCxgZWtCH4sy/Pk8ZJxT+r+LenpeplHkcBHIBDUAY+OAdVcANqoA4weATP4BW8OU/Oi/PufExbF5x8Zg/8gfP5A44IlKg=</latexit>

E(1)
i / bi

? ?
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Numerical Validation

<latexit sha1_base64="ZtFJBLvi4a01q5VeAxKMK87gyiI="></latexit>

̂ = + ✏�m +
X

i

wi�
S
i

Intrinsic clustering is greatly suppressed
by an order of 100 for ell < 2000.

<latexit sha1_base64="MCT7sqr9AphH4H1BiVxkcykyVik=">AAACB3icbVBNS8NAEN34WetX1KMgi0XwVBIR9SIUvXisYD+gCWGznbRLN5uwu1FK6M2Lf8WLB0W8+he8+W/ctjlo64OBx3szzMwLU86Udpxva2FxaXlltbRWXt/Y3Nq2d3abKskkhQZNeCLbIVHAmYCGZppDO5VA4pBDKxxcj/3WPUjFEnGnhyn4MekJFjFKtJEC+8CDVDGeCHyJPZXFAcMPpsKAeQKwE9gVp+pMgOeJW5AKKlAP7C+vm9AsBqEpJ0p1XCfVfk6kZpTDqOxlClJCB6QHHUMFiUH5+eSPET4yShdHiTQlNJ6ovydyEis1jEPTGRPdV7PeWPzP62Q6uvBzJtJMg6DTRVHGsU7wOBTcZRKo5kNDCJXM3Ippn0hCtYmubEJwZ1+eJ82TqntWdW9PK7WrIo4S2keH6Bi56BzV0A2qowai6BE9o1f0Zj1ZL9a79TFtXbCKmT30B9bnD1RcmFE=</latexit>

✏ =
X

i

wibi 6= 0
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Error Budget

• signal dominated at ell < 200

• noise dominated at ell > 200

• noise is dominated by shot noise

• multiband is useful

<latexit sha1_base64="cWq5UEzLDn1efUmMLxuOddQFsTQ=">AAACLHicbVDLSgMxFM34rPU16tJNsAgVocyIqBuh2I0rqWAf0CnlTpppQzMPkoxQhvkgN/6KIC4s4tbvMNPOorZeCDk551xu7nEjzqSyrImxsrq2vrFZ2Cpu7+zu7ZsHh00ZxoLQBgl5KNouSMpZQBuKKU7bkaDgu5y23FEt01vPVEgWBk9qHNGuD4OAeYyA0lTPrNV6iTMElTgjiCJI8fwjLTuU87PbzDNlcC7M+POH2d0zS1bFmhZeBnYOSiives98d/ohiX0aKMJByo5tRaqbgFCMcJoWnVjSCMgIBrSjYQA+ld1kumyKTzXTx14o9AkUnrLzHQn4Uo59Vzt9UEO5qGXkf1onVt5NN2FBFCsakNkgL+ZYhThLDveZoETxsQZABNN/xWQIAojS+RZ1CPbiysugeVGxryr242WpepfHUUDH6ASVkY2uURXdozpqIIJe0Bv6RBPj1fgwvozvmXXFyHuO0J8yfn4B/W6n/Q==</latexit>

C̂̂(`) = C(`) +N(`)

<latexit sha1_base64="ZtFJBLvi4a01q5VeAxKMK87gyiI="></latexit>

̂ = + ✏�m +
X

i

wi�
S
isingle band shot noise

measured noise

multi-band shot noise

signal term
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noise term

signal term

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

for zκ~zγ~1, LSST-like survey
using ell < 2000

cosmic magnification X cosmic shear
has

S/N ~ 200
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Optimal weighting v.s. Modified ILC

<latexit sha1_base64="RWkukP1gkaVGicBfFf+7+DkIgL4=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuiHoRgl48RjAPSJZldjJJhszsLvNQ4pIv8eJBEa9+ijf/xkmyB00saCiquunuilLOlPa8b6ewsrq2vlHcLG1t7+yW3b39pkqMJLRBEp7IdoQV5SymDc00p+1UUiwiTlvR6Gbqtx6oVCyJ7/U4pYHAg5j1GcHaSqFb7iojQoYeQxaF7MoL3YpX9WZAy8TPSQVy1EP3q9tLiBE01oRjpTq+l+ogw1Izwumk1DWKppiM8IB2LI2xoCrIZodP0LFVeqifSFuxRjP190SGhVJjEdlOgfVQLXpT8T+vY3T/MshYnBpNYzJf1Dcc6QRNU0A9JinRfGwJJpLZWxEZYomJtlmVbAj+4svLpHla9c+r/t1ZpXadx1GEQziCE/DhAmpwC3VoAAEDz/AKb86T8+K8Ox/z1oKTzxzAHzifPxTCkrY=</latexit>X

i

wibi = 0
<latexit sha1_base64="z8ElukZqtxib2UqtfhbjSyCRXvY=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6kYounFZwT6gCWEynbRDZ5IwD6WE/oYbF4q49Wfc+TdO2yy09cCFwzn3cu89UcaZ0q777ZRWVtfWN8qbla3tnd296v5BW6VGEtoiKU9lN8KKcpbQlmaa024mKRYRp51odDv1O49UKpYmD3qc0UDgQcJiRrC2ku8rI0KGnkJ27YbVmlt3Z0DLxCtIDQo0w+qX30+JETTRhGOlep6b6SDHUjPC6aTiG0UzTEZ4QHuWJlhQFeSzmyfoxCp9FKfSVqLRTP09kWOh1FhEtlNgPVSL3lT8z+sZHV8FOUsyo2lC5otiw5FO0TQA1GeSEs3HlmAimb0VkSGWmGgbU8WG4C2+vEzaZ3Xvou7dn9caN0UcZTiCYzgFDy6hAXfQhBYQyOAZXuHNMc6L8+58zFtLTjFzCH/gfP4AW0WRPQ==</latexit>X

i

wi = 0

<latexit sha1_base64="T3yrbZu4cHjhyMI5dP5lGLWCTP8=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJ4KomIehGKXjxWsB/QhrDZbtqlu5uwu6mU0H/ixYMiXv0n3vw3btsctPXBwOO9GWbmRSln2njet7Oyura+sVnaKm/v7O7tuweHTZ1kitAGSXii2hHWlDNJG4YZTtupolhEnLai4d3Ub42o0iyRj2ac0kDgvmQxI9hYKXTdrs5EyNBTyPohu/FR6Fa8qjcDWiZ+QSpQoB66X91eQjJBpSEca93xvdQEOVaGEU4n5W6maYrJEPdpx1KJBdVBPrt8gk6t0kNxomxJg2bq74kcC63HIrKdApuBXvSm4n9eJzPxdZAzmWaGSjJfFGccmQRNY0A9pigxfGwJJorZWxEZYIWJsWGVbQj+4svLpHle9S+r/sNFpXZbxFGCYziBM/DhCmpwD3VoAIERPMMrvDm58+K8Ox/z1hWnmDmCP3A+fwB5ApLm</latexit>X

i

wigi = 1

Condition required by MILC
is approximately satisfied



饮水思源·爱国荣校25

• Cosmic shear & magnification

• Modified internal linear 
combination method

• Weighting using estimated bias

• Application of MILC on observation

• Summary

arXiv: 2310.15053
Jian QIN +
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Application in observation

DECaLS DR9 galaxy distribution
for lensing magnification (MILC)

8365 deg2

DECaLS DR8 shape catalogue
for cosmic shear

8960 deg2
<latexit sha1_base64="o2dprkCowKSLl47xGG8k6ixnaEg=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRbBU0lE1GPRi8cK9gOaWCbbTbt0dxN2N9IS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8MGFUadf9tkpr6xubW+Xtys7u3v6BfVhtqziVmLRwzGLZDUERRgVpaaoZ6SaSAA8Z6YTj25nfeSJS0Vg86GlCAg5DQSOKQRupb1f9CX3M/DEkCfhD4Bzyvl1z6+4czirxClJDBZp9+8sfxDjlRGjMQKme5yY6yEBqihnJK36qSAJ4DEPSM1QAJyrI5rfnzqlRBk4US1NCO3P190QGXKkpD00nBz1Sy95M/M/rpTq6DjIqklQTgReLopQ5OnZmQTgDKgnWbGoIYEnNrQ4egQSsTVwVE4K3/PIqaZ/Xvcu6d39Ra9wUcZTRMTpBZ8hDV6iB7lATtRBGE/SMXtGblVsv1rv1sWgtWcXMEfoD6/MHg3aUwA==</latexit>

⇠�
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Application in observation
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Application in observation

Imaging systematics not corrected
Imaging systematics corrected by RF

d.o.f = 52

χ2
null = 367.6

χ2
min = 59

19.1σ from null

10.7σ from fitting
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Application in observation

<latexit sha1_base64="ejsfoz3Ua7bMJFaGKr0txrGoUKA="></latexit>

̂ = 
X

i

wigi + �m
X

i

wibi +
X

i

wi�
S
i

Multiplicative bias Additive bias
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• Cosmic shear & magnification

• Modified internal linear 
combination method

• Weighting using estimated bias

• Application of MILC on observation

• Summary
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Summary

• 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 zγ~zκ~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 
~10σ detection using DECaLS galaxies and shapes over 8365 deg2.
• First direct lensing map over such a large sky area.
• Multiplicative bias is identified, largely due to the g measurement.
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