Can we neglect relativistic temperature corrections in
the Planck SZ analysis?
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Uniqueness of CMB Spectral Distortion Science
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Classical SZ effects
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« SZ clusters are a great cosmological probe

* Many years of developments since its first
prediction by Zeldovich & Sunyaev, 1969
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New Comprehensive Review of SZ effects
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Astrophysics with the Spatially and Spectrally Resolved
Sunyaev-Zeldovich Effects

A Millimetre/Submillimetre Probe of the Warm and Hot Universe
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* Connection to simulations

See arXiv:1811.02310 — To appear as Space Science Reviews



Thermal SZ effect is now routinely observed!
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All-sky Compton y-map from Planck
NILC tSZ map

Planck Collaboration, 2013, paper XXI
Planck Collaboration, 2015, paper XXlI

Map was produced by
Mathieu Remazeilles




Planck SZ analysis
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What is the role of relativistic SZ (rSZ) in this?
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Systematic shift upwards
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A lot of information

— about rSZ from high
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Classical formula
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High frequencies are crucial for rSZ!

Relativistic correction signal only
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High-frequency spectrum has to be computed carefully...
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Clusters seen by Planck are pretty hot!
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Stacked Planck tSZ signal + foregrounds

Wavelength (mm)

» Matched filter approach
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« Combination of data
« /72 clusters (PSZ2)
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= typical y-weighted temperature
of ~ 4-7 keV quite reasonable




Theoretical SZ power spectrum computations

Computation with CLASS-SZ (Bolliet et al., 2017) 10
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How is the y-map obtained?



SZ Compton-y signal reconstruction: ILC
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Miscalibrated Compton-y signal reconstruction

—— kT, =0 keV (non-relativistic)
d(v,0) =Y(v,T,) y(8) + N(v,0) i B
o _ D —— o ' D - 010/ — KTe=15 keV
Planck frequency signal foregrounds 5 005 Y(v,Te)
data of interest + noise Ng‘ =+
« |LC = weighted linear combination of frequency maps: N
B B 10 30 V[g)gz] 300 600 1000
y(0) =X, wv)d(v,0)
/\2 — t t . . 1 X | -
such that (y ) w' (dd') w minimum (1) s | +
dow(v) =1 (2) , 3
. . t _ C_l _ t A s ~<z?
* ILC weights : w" = — — (C = (dd")) :
~( c1 Y(T,) n i 60
d y(H) = -1 y(H) +w'N A
- Planck 2015 results XXII
Bias <1

nderestimati -y Si !
Courtesy Mathieu Remazeilles Underestimation of Compton y SIQnaI



Al [ MJy sr']

0.2

0.15

0.1

&
-
v

-

-0.05

-0.1

What is the net effect on the y-parameter?

Total tSZ signal

non-relativistic
kT =3 keV y low
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« Obtained y-parameter is
underestimated by ~7%
for kTe ~ 5 keV for Planck

 This is consistent with
353 GHz channel driving
the effect for Planck data

* Also consistent with Erler
et al. 2018 ILC analysis

« Total effect generally
depends on frequency
configuration and ability

to subtract foregrounds
(Rotti et al., in prep.)

Remazelilles, Bolliet, Rotti & JC, MNRAS, 2019



Updating the Planck y-map power spectrum
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Planck € increases with average cluster temperature T,

vy 8.1 Aog kTe ~ 10 increase
Lp” xog™ = og 0.019 (5 keV) forT, ~ 5 keV !

Remazeilles, Bolliet, Rotti, Chluba (2018)
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Which effective electron temperature should be used?

 Single cluster / stacking — y-weighted temperature is relevant

R (ETey) [ KT2N.di
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« SZ power spectrum analysis — y2-weighted temperature is relevant
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« Can be efficiently computed based on the halo model using CLASS-S7Z
« Higher mass systems are up-weighted — higher effective temperature expected
« Scale-dependent quantity (but fixed temperature captures leading order effect)!

Remazelilles, Bolliet, Rotti & JC, MNRAS, 2019



k Tg [keV]

Theoretical estimate for the y2 -weighted temperature

CLASS-SZ computation
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« Significant uncertainties...

« Contributions from diffuse y
become important at large

angular scales
(e.g., Hansen et al., 2005)

* Assuming kTe ~ 5 keV for
Planck appears conservative

 Effective temperature is
roughly constant for scales
relevant to Planck

* rSZ plays a part in the os tension, alleviating it
* rSZ leads to systematic shift + increase of errors

Remazeilles, Bolliet, Rotti & JC, MNRAS, 2019



Effect of r'SZ on cluster number counts

120 A MMF3_EXT (482)  Rescaled S/N increases
® + ' +— SNR =6.0
1004 | —#*— SNR =7.0 » Effect of rSZ pushes some

*— SNR =8.5 systems above S/N threshold
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« Caveats regarding noise
rescaling

40 A _
— filter scale also changed

20 1 « shape of N(z) seems better

o Still work in progress....

0.2 0.4 0.6 0.8 1.0

* r1SZ again moves og into the right direction
* Preliminary effect found at ~10 level

Rotti, Bolliet, Remazeilles & JC, in prep.



Future opportunities for rSZ studies

 Tens of thousands of clusters will be detected through the tSZ effect

» Unprecedented sensitivity, frequency coverage and angular resolution
(e.g., SO, CCAT-prime, Millimetron, PICO...)

« Complements X-ray and lensing measurements

Individual systems Stacking analysis Statistical analysis
* y-maps, Te-maps & * rSZ in mass bins * rSZ power spectrum
locity (? G .
veloctly (2) maps - Self-calibration of SZ * Cluster number counts in
: RleC?”StrUC]f_tl'O” of temperature-mass relation ~ mass and redshift bins
cluster protiles  Cosmology with new SZ - Higher order statistics
* Non-thermal SZ observables (<> moments) (<= non-Gaussianity)

(cosmic rays and

turbulence) ‘

Highly relevant when using SZ clusters as a cosmological tool
(<= neutrino masses, o0s, dark energy)
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Conclusions

» rSZ still hard to see for individual clusters or in stacking analysis
(e.g., Erler et al., 2017)

* rSZ causes an underestimation of the y-parameter for Planck
* r1SZ plays a role in the og tension (shift upwards + increase of error)
« Careful analysis marginalizing over model uncertainties is required

* Net effect on SZ number counts still work in progress...
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