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universe

▸ CMB also tells us about the Late-time 
Universe through weak lensing

TO PROBE CLUSTERS

Credit: ESA, Planck
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PUBLICATION AND THE COLLABORATORS

arXiv: 2307.11711, 
JCAP 01 (2024) 024

Julien Carron Louis Legrand
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https://arxiv.org/abs/2307.11711
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MOTIVATION BEHIND COSMOLOGY WITH CLUSTERS

▸ Cluster abundances Cosmology 

( dN
dMdVdz ) COSMOLOGICAL  

CONSTRAINTS

▸ This history sets bounds on how small 
and how large a collapsed object can be. 

▸ Uncertainties in cluster mass 
measurements affects our understanding 
of the cosmic expansion history
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Bleem et al. 
(2020) 
[SPTPol]
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HOW MASS OF CLUSTERS COMES TO THE PICTURE?

▸ The gravitational lensing signature 
is directly sensitive to the mass of 
clusters.  

Image credit: Karen Teramura

galaxy cluster SMACS 0723 
Credits: NASA, ESA, CSA, and STScI

▸ The mass profile of the clusters can be 
studied through: 

1. Strong Lensing distortions of Galaxies 

2. Weak Lensing distortions of Galaxies 

3. CMB Lensing by the galaxy clusters
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CMB LENSING BY GALAXY CLUSTERS

▸ The lensing of CMB conserves the surface brightness. 

       So if CMB is uniform, the lensing cannot be detected. 
        Lensing can only be detected if there is anisotropies 

▸ In case of a 1D CMB gradient that is lensed by a cluster

BLACK - UNLENSED 
BLUE- LENSED

Seljak & Zaldarriaga 2001
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CMB LENSING BY NFW PROFILE

Lensit
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QUADRATIC ESTIMATOR (QE)?

Observed CMB Map

QE
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QUADRATIC ESTIMATOR (QE)?

∝ ×

α̂QE( ̂n) X̄( ̂n) ∇XWF( ̂n)
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QUADRATIC ESTIMATOR (QE)?

SMALL-SCALE 
FILTERED ANISOTROPY

GRADIENT OF THE UNLENSED 
FIELD

∝ ×

α̂QE( ̂n) X̄( ̂n) ∇XWF( ̂n)
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MAXIMUM-A-POSTERIORI (MAP) ESTIMATOR

▸ The Maximum a Posterior (MAP) Estimator by Carron et al 
2017 

▸ We maximize the log posterior: 

 

▸ Using Gradients: 

 

▸ We use these gradients iteratively to reach the maximum 
to get  

ln p(ϕ |Xdat) = ln p(Xdat |ϕ) −
1
2 ∑

L

ϕ2
L

Cϕϕ
L

gϕ =
δ ln p(Xdat |ϕ)

δϕ
= gQD − gMF + gPR

̂ϕMAP
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MAXIMUM-A-POSTERIORI (MAP) ESTIMATOR

▸ The Maximum a Posterior (MAP) Estimator by Carron et al 
2017 

▸ We maximize the log posterior: 

 

▸ Using Gradients: 

 

▸ We use these gradients iteratively to reach the maximum 
to get  

ln p(ϕ |Xdat) = ln p(Xdat |ϕ) −
1
2 ∑

L

ϕ2
L

Cϕϕ
L

gϕ =
δ ln p(Xdat |ϕ)

δϕ
= gQD − gMF + gPR

̂ϕMAP
-arcmin


Beam = 1 arcmin
ΔT = ΔP / 2 = 1μK
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LIKE CLEANING SMUDGES OFF THE GLASS
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LIKE CLEANING SMUDGES OFF THE GLASS

QE MAP
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ESTIMATOR OF MASS

̂κ0 =
∫ d2 ⃗L κt( ⃗L ) ̂κ( ⃗L )

NL⃗

∫ d2 ⃗L |κt( ⃗L ) |2

NL⃗
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ESTIMATOR OF MASS
 = convergence estimated from data


 = Noise of the estimation 

= 

̂κl
Nl

Cκκ
l + Nκ

0 + Nκ
1

̂κ0 =
∫ d2 ⃗L κt( ⃗L ) ̂κ( ⃗L )

NL⃗

∫ d2 ⃗L |κt( ⃗L ) |2

NL⃗

You can use any estimator you want 

QE, or MAP 
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BIAS IN TEMPERATURE QE

QE

HERE’S THE 
MASS
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CLUSTER MASS CONSTRAINTS
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RESEARCH GOALS

▸ Using weights to the clusters while stacking 
according to the strength of gradient 

▸ Implementation on curved sky (full and 
partial) 

▸ Robustness against contaminations of tSZ 
and kSZ 

▸ Robustness against systematics 

▸ Implementations on Websky Simulations
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https://github.com/carronj/LensIt

mailto:sayan.saha@students.iiserpune.ac.in
https://github.com/carronj/LensIt

