4 s e . -
- - s
A * - > 5 i - y
- < P . ; i e, - -
- i [ b 4 d - 5™ o
v ; - " ; ! . . - 5
Ry y i ¥ 1 g ! P 3 = Ty ¢
ol o e ~ = . » * -~ z " y - %
S 3 i 5 B » . oY s - ’ » vy # K - [
s . £ " g -ty o J F . . - - - » n v s
) D AR v £ W i : te ! i : ? ¥ s
o % L s
-
4t
4
i
»~
v
& -
|' ad
& <
'
C
L)
an
., &
R '
i
.
.
1‘ .

g . .
“
& -
"‘
. -
=
=
= P . ' v = - 3
- — o P — - : o e

UNIVERSITY OF William Coulton with Adri Duivenvoorden,
CAMBRIDSE 1 Ucas Kuhn, Zack Li and the ACT collaboration




2007 - 2022

165 150 135 120 105 920 75 60
75
60
45
BOSS
K Deep 5

Sky Coverage

-75

-90

-105 -120 -135

BOSS
s

Frequency Coverage

IIIIIIII]IIIITIIIII‘IIIII'

f030
f040
f090
f150

| I I

III"I]I]I

f220

20 40 80 160
Frequency (GHz)

75 ¢ ’ ’

70 iy CITA
'2.2’ ICAT . """

Argqnner?

320




Frequency dependence
of the sky components
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* The aim is to isolate signal
of interest
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o Utilize different spatial and
frequency dependence of
signals
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e Combine different
experiments with different
noise/resolution etc

e Challenge:
how to exploit different
spatial properties of each

component? _ _
Map of the signal of interest
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(2016), ESA
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e Caused by inverse Compton
scattering of CMB photons
of hot electrons  frequency Response
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Coulton et al (2023)




e The usual tSZ formula:

ol(n,v) = g(v)y(m)

assumes non-relativistic
electron (T, < < m,c*/kp)

e X-ray measurements show
that 7, 2 few keV !

e For relativistic electrons:
olm,v,T,) =g, T,)y(n)

g(v, T.) (Jy/Sr)

Relativistic SZ signature for electrons at
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Dec (degrees)

Done with Lucas Kuhn
and Zack Li

A simulated ~40 degree? patch of the (web)-sky
Non-relativistic tSZ rSZ -(tSZ+kSZ)
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Expand around a mean temperature, 1°

Al(n,v) = Z 8w, T)(T,—T) y(n)
=0

The zeroth order term is:

Al(n,v) = g,(v, T)y(n) with y(n) = JneTedl

Whilst the first order term is now:
AI'Y(m,v) = y(n) X (T,(m) — T)g,v, T)
Can use this to do “spectroscopy’!

Current SNR per object is low, so we do this for a stack of clusters
Remazeilles and Chluba (2020)



Measure: y(n)( T,(n) — Te) where T, is a trial temperature

y(Te T Te )
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The 1D y(T, — T,) profiles for 4690 ACT clusters
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The mean temperature of the 4690 ACT clusters compared to other measurements
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Posterior PDF (keV~1)

Test of different analysis choices
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Test for biases from radio sources
(similar test was done for CIB)
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Instead of measuring the entire stack, we can subdivide and search for evolution

Spectral Index,
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Forecast constraints for how well Simons Observatory can
constrain the mean temperature for stacks of clusters
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Mass dep., a

Redshift dep., /

Forecast constraints on temperature-mass-
redshift relations with Simons Observatory

rSZ measurements only
With X-ray prior
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A comparison of forecast SO measurements vs instrumental systematics uncertainties
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Small-scale screening

A schematic of the patchy screening effect
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Schutt et al including WRC (2024)




Filtered Electron Density
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Comparison of measured 1D profile to a set of theoretical models
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Shape of curve:
1) Profile of free electrons
2) Filtering applied to CMB data



Publicly available ACT+Planck Compton-y map here

Measuring the rSZ is hard!

* Requires high resolution, low noise measurements
... especially at high frequencies

* A very precise characterisation of the instrument!
We have made a ~ 40 measurement of the effect

SO will dramatically improve this to > 200 and provide interesting
constraints on temperature evolution!

* Providing we can constrain the systematics

e Can we be smarter about mitigating the CIB?


https://lambda.gsfc.nasa.gov/product/act/actadv_dr6_compton_maps_info.html

