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OUTLINE

o SZ effects as tracers of baryons in the intergalactic medium

o kSZ & tSZ detection with CMB obs and LSS surveys

o From observables to models: likelihood definition

o Results from ACT DR5 + Planck x BOSS

o Future outlook



Sunyaev-Zel’dovich effects

Probes of gas density, pressure, temperature; independent of redshift
Uniquely suited to probe low-density regions

Mroczkowski+19
Graphic by Luca Di Mascolo

Carlstrom+02



BOSS/CMASS
~400k objects
Galaxy groups, 1013M⊙
Spectroscopic sample, z = 0.4 - 0.7

ACT + Planck: 90, 150 GHz (Naess+20)
tSZ: T decrement
kSZ: l.o.s. velocity - weighted T

“velocity reconstruction”
(Planck15, Schaan+16)

Herschel H-ATLAS: 600, 850, 1200 GHz  
dust contamination (see back-up slides)
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Fig: Schaan, Ferraro et al. 2021



In [23]: ts.RApArcmin 
Out[23]: array([1.   , 1.625, 2.25 , 2.875, 3.5  , 4.125, 4.75 , 5.375, 6.   ])

cutout sides are dx, dy = 17.25 , 17.25 arcmin 
cutout pixel dimensions are (69, 69) 
hence a cutout resolution of 0.25 , 0.25 arcmin per pixel 
(requested 0.25 arcmin per pixel)

✓d = 60✓d = 3.50✓d = 10

17.250 and 69 pixels on the side, 0.250 per pixel

tSZ:  T decrement (includes dust thermal emission)

kSZ:  l.o.s. velocity - weighted T
“velocity reconstruction” method
(Planck15, Schaan Ferraro+16)

Stack CMB temperature maps
at the galaxies’ positions 

Aperture photometry filtering

ThumbStack pipeline
EmmanuelSchaan/ThumbStack

CMB

BOSS

(you are here)

SZ cross correlation measurements 

Schaan, Ferraro et al. 2021

https://github.com/EmmanuelSchaan/ThumbStack


SZ cross correlation measurements 



Model-to-observable projection code 

for Galaxy Thermodynamics

S. Amodeo, N.Battaglia
https://github.com/samodeo/Mop-c-GT

(implement line-of-sight projection, 
instrumental beam convolution, 
aperture photometry filter, …)

Models
Pth, !gas

From observables to models

1 - 4 Rvir

Schaan+21; Amodeo+21 

https://github.com/samodeo/Mop-c-GT


Mop-c-GT: Model-to-observable projection code for Galaxy Thermodynamics

S. Amodeo, N.Battaglia
https://github.com/samodeo/Mop-c-GT

https://github.com/samodeo/Mop-c-GT


Modeling choices matter

Moser, SA et al. 2021 

• Including neighboring galaxies (2-halo term) 

• Matching the mass distribution of the sample

• Sample selection: Total mass vs Stellar Mass 

Model CMASS using IllustrisTNG



Feedback & Non-Thermal Pressure
Joint kSZ + tSZ (+ dust) fit to a polytropic gas model                   (Ostriker et al. 2005)

Amodeo+21 

30% of total binding energy
is injected by feedback

<20% of total pressure 
within R200 is non thermal
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Amodeo+21 

Gas temperature profile

Baryon profiles

of group-sized halos

(Mvir ~ 3x1013 M⊙)

beyond the viral radius
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Comparison to Cosmological Simulations
Tests of sub-grid feedback models

Less steep, more extended than the dark matter profile (NFW rejected at > 90σ)

Hydro sims (IllustrisTNG, Battaglia) under-predict the amount of pressure

Sub-grid stellar and AGN feedback models implemented in sims do not go that far

Amodeo+21 
Amodeo+21 



Comparison to Cosmological Simulations

Amodeo+21 



Comparison to Cosmological Simulations
CAMELS: Cosmology and Astrophysics with MachinE Learning Simulations

Moser et al. 2022 
Vary ‘’wind speed’’ parameter (ASN2)

Simulated tSZ profiles cannot reproduce ACT observations



Galaxy-galaxy lensing

Lensing halo models that fit the large scale clustering of galaxies 
are discrepant with weak-lensing observations of the same galaxies

Baryons do not trace the DM on small scales

Baryon physics is much richer than DM

Implications for the matter power spectrum

Our observations directly probe baryon profiles in the mass range (CMASS) 
relevant for matter power spectrum



Implications for lensing observations

“Lensing is low” (Leauthaud+17)
Including our gas density model from kSZ reduce the model vs data discrepancy by half
Full reconciliation is probably a combination of many effects

Amodeo+21

From Leathaud et al. 2017 
decreased by the baryon fraction 

From our kSZ measurements and 
projected to 2 dimensions



Future observations
Big improvement expected from:

More detectors 

Wider frequency coverage

Higher resolution

Larger samples



Forecasts for CMB-S4 x DESI

kSZ (~200!) + tSZ (~500!)

~3x106 galaxies

<5% constraints!

Combining tSZ & kSZ measurements forecasts



Feedback forecasts from CAMELS 
DESI-like galaxy sample observed by the Simons Observatory

Moser et al. 2022 

Fisher analysis

Constraints on all 
four feedback 
parameters, 

some within 10% 

Astrophysical parameters: amplitudes of stellar and AGN feedback models



New observational window in the properties of the IGM gas

with kSZ & tSZ cross-correlation measurements

o Probe baryon profiles in low-density environments and out to the outskirts

o Constrain feedback, non-thermal pressure, gas temperature

o Tests of hydrodynamical simulations

o Improvements from new LSS surveys (e.g., DESI, PFS, Euclid) and future CMB exp. 
(e.g. SO, CCAT_Prime, CMB-S4)

o Refine binning in mass, galaxy property, redshift, etc.



Thank you!

stefania.amodeo@astro.unistra.fr

samodeo

stefaniamodeo89

mailto:stefania.amodeo@astro.unistra.fr
https://github.com/samodeo
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SZ cross correlation measurements 

kSZ tSZ

Schaan, Ferraro et al. 2021



Model I: kSZ fit to gNFW gas density profile

Amodeo+21, Schaan+21

ACT DR5 x CMASS



Model II: tSZ fit to gNFW thermal pressure

ACT DR5 x CMASS

ACT DR4 x CMASS

dust correction 
included in the 
model

dust-deprojected
map

Amodeo+21, Schaan+21



Dust emission

Amodeo+21



Model III: Joint kSZ + tSZ fit to a polytropic gas model (“OBB”)
with energy injection due to feedback, and a non-thermal pressure component

Ostriker, Bode & Babul 2005, Shaw et al. 2010

Caveat: model for ICM, 
we apply it to groups 

(IGM)


