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Motivation

* Number of galaxy clusters
IS very sensitive to

cosmology
* Facilities like eRosita, LSST

and Simons Observatory
Increase the number of
known clusters by two
orders of magnitude

* SyStematiCS Iimited With ) B R;Lshm(inmgm)_'

New surveys _ _ Borm+ 14
* Numerical simulations provide a “truth”, allowing us

to explore potential systematics

Examine systematics that potentially limit
cosmology



Barnes+ in prep.



MOCK-X

700 kp¢ :

700 kpc z=0.1" 700 kp

z=0.1

* Synthetic datacubes for all clusters present in
lllustrisTNG, BAHAMAS and MACSIS simulation

« M,,, > 10 Mg, 6 projections, 11,000+ atz =10

* Derive properties via observational methods



Mass bias - X-ray

—— BAHAMAS 15.1 <l0g10(Ms00/Mo) = 15.4

—— MACSIS
— TNG300_L1
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* Find typical mass bias of b = 0.2, however bias
Increases for largest clusters

 Result of fitting a single temperature model to
diverse temperature distribution



Mass bias - X-ray + SZ

TNG300 —— y=0.066
| BAHAMAS — y=0.115 |
MACSIS — y=0.086
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Mass Bias

Kannan, DJB+ in




Scaling relations

Single power law 4 . Smooth broken power law with free pivot

o Xpivot =1.5%1014

10 . 1 XO —9:8x 1013
/1 B

X2/ dof = 1.50 7 | x?/ dof = 0.03

L0.5 — 2keV
X, < Rso0c, spEC

—— All sample: a = 1.89 : —— All sample: a; = 3.00, a; = 1.37, 6 = 1.49
—-- Relaxed: a=1.98 7] —-- Relaxed: a; =2.34,a,=1.81,6=0.93
—== Unrelaxed: a = 1.87 ——== Unrelaxed: a; = 2.94, a, = 1.38,6 = 1.26

1014
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Pop, DJB+ in prep.

* High-mass slope depends on fitting method

* |Issue for the relative mass calibration required for
cosmology from future surveys



Observational covariance
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TNG300 z=0.3
Power law - clusters
Power law - medians
SBPL - medians

BAHAMAS z=0.3
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- For small samples fit“Has a negligible impact, but
becomes important for large samples of objects

* Critical for characterizing scatter and covariance



Relaxed clusters?

|091o[5x/(erg/5/cm2/a_ Iog1o[Sx/(erg/s/cm2/a_
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Halo 11-B z=1.00 Halo 11-7 2=1.00

* Visual classification impractical in the future, but
how do image features perform?

 Explore a range of observational and theoretical
criteria for classifying clusters as relaxed



Relaxation comparlson

Simulation: TNG300 L1
BAHAMAS z=0.3, 5592 projs

MACSIS z=0.3, 2271 projs A = 7=0.1, 141 halos:
TNG300 L1 z=0.3, 632 projs 4 = 7=0.3, 106 halos
Maughan+ 2012, 114 halos ’ / z=0.5, 70 halos
Mantz+ 2015, 237 halos = 7=1.0, 25 halos
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l = = BF log-normal cdf . = = BF log-normal cdf
I —— best fitted u = —— best fitted u
=+ RLX threshold 1 =+ RLX threshold

Ekin /Etherm

* Simulated and observed distributions agree

 All criteria evolve with both redshift and numerical
choices



Parameter correlation

TNG300 L1 z=0.3, 632 projs BAHAMAS z=0.3, 5592 projs
a prf fslub E(at (W) P

Spearman i Spearman i
Cao, DJB+ in prep.
* All criteria are generally correlated with each other,

though it weakens for theory-observation
comparison

* Currently exploring the “best” combination via



Conclusions

Will be systematics limited in 5 years time

Numerical simulations have matured to the point
that they can be used to explore systematics

Mass bias does not evolve with redshift, but non-
thermal pressure fraction increases. Haloes at high
redshift are over-pressured due to accretion

Scaling relation slopes, scatter and observable
covariance are sensitive to fitting method

Relaxation parameters evolve with redshift and
numerical choices, but are well matched to low-
redshift observations
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