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The CMB is a LSS probe
A
C
T
P
o
l

P
la
n
c
k

Figure 1: A 45 square degree subset of the map in full resolution in T showing ACTPol 150 GHz

(top) and Planck 143 GHz (bottom), both filtered as in figure Foo. This region covers the transition

from deep (top left, ⇠ 10µK · arcmin) to shallow (right, ⇠ 16µK · arcmin) exposure, and represents

about 8% of the usable area in D56. The two maps are in good agreement. Several point sources

and SZ clusters (circled) are visible.
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The CMB is a LSS probe

Emmanuel Schaan

~5% of CMB photons are scattered, all are lensed!



Lensing                                                         → Total density profile 

Thermal SZ                                                   → Thermal pressure profile 

Kinematic SZ                                                → Gas density profile (but also 
                                                                          velocities, reionization, ULSS) 

Scattering                                                     → Gas density profile 

Polarized SZ                                                  → Gas density (but also ULSS) 

Moving lens                                                  → velocities 

…

LSS imprints on the CMB
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Key parameters:

→ Many observables with complementary information :

✓lensing ⇠ 10, ⌧ ⇠ 10�3,
vthermal

c
⇠ 0.1,

vbulk
c

⇠ 10�3

{



CMB-S4 x LSS science goals

Emmanuel Schaan

Primordial non-Gaussianity 
fNL from LSS & CMB lensing/kSZ, with sample variance cancellation 

Neutrino masses / Dark energy EOS / z-dependent growth of structure 
CMB-S4 lensing probes higher z than LSS surveys, breaking degeneracies 
No galaxy bias, different systematics from shear 
Cross-correlations remove noise biases 

Detect and characterize clusters at high z➞ session run by S Raghunathan & H Wu 
Large mass-complete sample out to z=3 
CMB lensing mass calibration 

Galaxy evolution & feedback ➞ session run by S Ferraro & A Leauthaud 
Constrain baryonic effects in shear 
Weigh in on S8 tension 

Getting ready ➞ Systematics, simulations, new methods (AI), new science cases?
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Contemporary & Precursor experiments

Emmanuel Schaan

SPHEREx



DESI has started!

Emmanuel Schaan

Commissioning complete, main survey ongoing until 2025 
5k fiber spectrograph on 4m Mayall telescope 
35M redshifts over 14k deg2 

In 2.5 months, DESI gathered as many redshifts as BOSS+eBOSS in 10 years!



SPHEREx is launching soon!

Emmanuel Schaan

Launch date June 17 2024 
First all-sky spectral survey 
Large spec-z samples 
Clean sampling of large scales (fNL)



Pacific Time

Session Schedule

Followed by Andrina’s summary tomorrow!


