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COSMOLOGY WITH GALAXY-CMB LENSING 
CROSS-CORRELATIONS

Yuuki Omori in collaboration with Donnacha Kirk (UCL)  
Tommaso Giannantonio (Cambridge), Pablo Fosalba (ICE-CSIC/IEEC) 
                              and many others from DES and SPT collaborations
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CROSS-CORRELATIONS

Making two independent measurements that at least in 
part, probe the same underlying signal and checking the 

overlap 

(+) Noise and systematics are not correlated between 
the two methods and hence measurements are less 

susceptible to systematic errors
 

(-) Usually has less constraining power than auto-
correlations, because the two “measurements” are not 

exactly the same 

BACKGROUND
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CROSS-CORRELATIONS > COSMOLOGY (LSS)

Making two independent measurements that at least in 
part probe the same underlying signal and 

checking the overlap 
 

BACKGROUND

Matter distribution

CMB lensing & Galaxy density 

Cross-correlation

CMB lensing & Galaxy lensing
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GALAXY LENSING 
Galaxies

Le
ns

ed
 g

ala
xie

s
U

nle
ns

ed
 g

ala
xie

s

BACKGROUND

LSS



7

—

GALAXY LENSING 
Le

ns
ed

 g
ala

xie
s

U
nle

ns
ed

 g
ala

xie
s

BACKGROUND



8

—

GALAXY DENSITY 
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Boylan Kolchin et al. (2009)
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GALAXY LENSING - CMB LENSING
 CROSS-CORRELATION

kernels matter power 
spectrum

BACKGROUND
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GALAXY LENSING - CMB LENSING
 CROSS-CORRELATION

kernels matter power 
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GALAXY LENSING - CMB LENSING
 CROSS-CORRELATION

kernels matter power 
spectrum

BACKGROUND
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DATA

CMB Lensing from SPT SZ
(CMB Lensing from Planck 2013/2015)

DATA

Galaxy number density
 from DES SV

Galaxy weak lensing
 from DES SV
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COSMOLOGY WITH GALAXY -CMB LENSING 
CROSS-CORRELATIONS

Yuuki Omori

SOUTH POLE TELESCOPE (SPT)
South pole Telescope 10m 
SPT SZ survey (2008-2011) 
Tri-band (90,150,220 GHz) 
Footprint 2500deg2 

Moving on to SPT-3G soon

13DATA: SOUTH POLE TELESCOPE



—

DARK ENERGY SURVEY (DES)
CTIO Blanco Telescope 4m 
grizY (5 filters) 
Footprint  ~140   deg2  (SV data) 
                ~1000 deg2  (Y1 data) 
                ~5000 deg2  (Y5 data)  

14DATA: DARK ENERGY SURVEY
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FOOTPRINT 

SPT OVERLAP

DES SV

DATA: DARK ENERGY SURVEY
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SPT OVERLAP

DES Y1

DATA: DARK ENERGY SURVEY

FOOTPRINT 
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SPT OVERLAP

DES Y5

DATA: DARK ENERGY SURVEY

FOOTPRINT 
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DATA

CMB Lensing from SPT SZ
(CMB Lensing from Planck 2013/2015)

DATA

Galaxy number density
 from DES SV

Galaxy weak lensing
 from DES SV

Giannantonio & Fosalba et al.
 (arxiv:1507.05551)

Kirk & Omori et al.
 (arxiv:1512.04535)

work in progress
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DATA
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Giannantonio & Fosalba et al.
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GALAXY DENSITY - CMB LENSING
 CROSS-CORRELATION

Auto
cross

cross

RESULTS: GALAXY DENSITY - CMB LENSING CROSS-CORRELATION (arxiv:1507.05551)
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GALAXY DENSITY - CMB LENSING
 CROSS-CORRELATION

LSS

CMB
z-slice

RESULTS: GALAXY DENSITY - CMB LENSING CROSS-CORRELATION (arxiv:1507.05551)
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GALAXY DENSITY - CMB LENSING
 CROSS-CORRELATION

RESULTS: GALAXY DENSITY - CMB LENSING CROSS-CORRELATION (arxiv:1507.05551)

Tests
Cross-correlation with 

 external datasets  

Covariance estimation

Real/harmonic space  
analyses 

CMB lensing systematics 
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DATA

CMB Lensing from SPT SZ
(CMB Lensing from Planck 2013/2015)

DATA

Galaxy number density
 from DES SV

Galaxy weak lensing
 from DES SV

Kirk & Omori et al.
 (arxiv:1512.04535)

work in progress

Giannantonio & Fosalba et al.
 (arxiv:1507.0555
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GALAXY LENSING - CMB LENSING
 CROSS-CORRELATION

RESULTS: GALAXY LENSING - CMB LENSING CROSS-CORRELATION (arxiv: 1512.04535)
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GALAXY LENSING - CMB LENSING
 CROSS-CORRELATION
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RESULTS: GALAXY LENSING - CMB LENSING CROSS-CORRELATION (arxiv: 1512.04535)

spherical
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GALAXY LENSING - CMB LENSING
 CROSS-CORRELATION

RESULTS: GALAXY LENSING - CMB LENSING CROSS-CORRELATION (arxiv: 1512.04535)
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GALAXY LENSING - CMB LENSING
 CROSS-CORRELATION

RESULTS: GALAXY LENSING - CMB LENSING CROSS-CORRELATION (arxiv: 1512.04535)
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GALAXY LENSING - CMB LENSING
 CROSS-CORRELATION

B-mode test 
Covariance estimation 

Shape codes: ngmix/im3shape 
Pipeline: spherical vs flatsky  
Photo-z codes: TPZ, BPZ,  

ANNz2, skynet2 
CMB lensing systematics 

RESULTS: GALAXY LENSING - CMB LENSING CROSS-CORRELATION (arxiv: 1512.04535)

Tests
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FUTURE WORK

SPT OVERLAP

FUTURE WORK

DES Y5
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FUTURE WORK

FUTURE WORK

Galaxy density x CMB lensing forecast Galaxy lensing x CMB lensing forecast 
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SUMMARY

SUMMARY

We have made initial measurements of scientifically interesting 
quantities. 

In the upcoming data releases, we will have much better signal 
Higher signal> better constraints + better tomography + higher order 

statistics  

 Will be able to constrain neutrino mass, growth of structure, intrinsic 
alignment 

Many other cross-correlation projects are in progress in and out of DES 
x SPT constraining other cosmological and astrophysical parameters.
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