Mapping matter jointly with
CMB lensing and Large Scale Structure

Kevin Huffenberger
Felipe Maldonado
Aditya Rotti




Overdensity
0

Convergence

” How to combine

measurements?



snd 'Y o DESI
HSC ultra de%ESl DESI H5Cwide

e-C0sSMos MES HSC wide
HSC wide  CFHTLS ”ﬁ':f;'?b.l SDSS stripe 82

GAMX - ‘--u‘]Lu,,KlDS CFHTLS Herschel Atlas

—_—

CFHTLS /*

HSC ultra deep

XXM-=XXL
ukidss

A)s 9]1qeAIaSqO
LOVAPY

~South Pole l
observable sky—
\J

0.0 o S 0.10 mK RJ
FDS dust emission




Typical: make slices

and cross-correlate Overdensity
0

Convergence Y2: Ross Cawthon

K Allison+ 2015; Planck+ 2014, 2015; Ade+ 2014; van
Engelen+ 2014; Hanson+ 201 3; Holder+ 2013; ...



x(n)=| dr F(r) (r,n) is linear operation



Simon (201 3);
Simon, Taylor,
Hartlap (2009)

Ro+n

Matrix interpretation

d =

bias, Poisson
L gal . .
window 5 noise
lensing lensing

K
obs kernel noise



Matrix solutions

Weiner filter minimizes reconstruction errors
(ST+R'N'RYO =R'N''d

(today)

Mapmaking equation minimizes X*wrt noise

(R'N''R)o =R"N''d



LSS noise
diagonal in
3d-pixel space

CMB lensing
(mostly)
diagonal in
ell-space
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Overdensity J(x)
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transverse distance (comoving Mpc)

Simulated noisy observation: d; . =9 +n;
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Sim. CMB lensing x(n)
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Sim. CMB lensing obs. d,_ =~ +n,
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Matrix solution: practicalities

Modest resolution tests: 96 x 96 x 288; ~100 sq deg.
"Isometric" approximation for lines of sight

Conjugate gradient descent method:
~ 0.]s / iteration on desktop

Convergence in 100s of iterations w/out
preconditioner

Does it work? Yes*
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Minimizing \°

. x* =(d—R3)" N"' (d—Ro)

CG iteration



transverse distance (comoving Mpc)

Impact of mapmaking equation: dLSS—S
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sSummary

Demonstrated "optimal” method for
incorporating lensing information into 3d
matter map.

Next steps: more careful evaluation of S/N for
realistic surveys; application to systematics;
Wiener filter.

Method is extensible: cosmic shear, large scale
peculiar velocities, anything linear.
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