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The Athena/X-~IFU

e Athena is the next X-ray observatory, to be launched in the mid 2030’s

* The X-IFU is its cryogenic imaging spectrometer based on a TES microcalorimeter array of ~3k pixels

Athena/X-IFU
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Science goal ~ Turbulence/Bulk motion in galaxy clusters

* Galaxy clusters = most massive gravitationally-bound objects in the Universe

— Key to further understanding our universe

* Often assumed in hydrostatic equilibrium, but strong hints part of gas pressure provided by bulk and turbulent motions
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Energy transfer through turbulences (Credit: derived from Humbert, 2014)

Perseus clusters in X-ray (Credit: Simionescu et al, 2019)



End-to~End simulation

In order to assess the capability of measuring turbulence in galaxy clusters with X-IFU, we perform E2E simulations

Aim : 1. Recover the turbulence parameters (i.e. injection & dissipation scales, slope and normalization)
2. Find optimum observation strategy to recover those parameters

Work in continuity with previous work from P. Peille and E. Cucchetti

Simulation using the SIXTE (Simulation of X-ray Telescopes) simulator
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Photon list generation

Chose not to use SIXTE for the photon generation

|, generated independently, to allow parallelization and reduce computational time

First : choosing the parameterization of the galaxy cluster

>> Toy model ~ non-cool core galaxy clusters at z=0.1, Rgp = 1.3 Mpc

>> Temperature, abundance and electron density following :
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>> Redshift adjusted with a component from the speed along line-of-sight

>> X-ray emission spectra described by phabs*bapec model

>> simplest model for turbulence (Kolmogorov)
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Photon list generation

* Then, defining a 3D cube to represent the cluster... X
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* Cube split into cells (or particles) of 2 X-IFU pixel size (i.e 2.365 ")
* Simulated velocity grid -> 6480 x 810 x 810
Input tables (1 pointing at a time) -> 6480 x 142 x 142

* To each cell (~40 million per pointing) will be associated a value of turbulent velocity => turbulent velocity cube
and redshift, T, abundance, and emissivity => input table



Photon list generation

e Turbulent velocity field .
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Edit cell:

Spectra (and flux) needed for each cell

l, using precomputed tables of spectra for range of Tand Z, @ z = 0.1 (fix)
l, correct T, Z interpolated, then z adjusted by shifting the spectra

From input table cut in parts, generation of the photon list for each cells



Photon imaging & detection with SIXTE / xifupipeline

Photon Imaging in SIXTE Photon Detection in SIXTE
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Post-~-processing

e Simulation ran 19 times, for different pointings

* For each pointing:
e Parallelization ~ 40 CPUs
* Runtime ~ 30 hours
e Disk space ~ 5to 25 Go

e All files merged together
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Post-~-processing
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Analysis

Use of the structure function as diagnostic, calculated from the measurements of emission line centroid shifts

<> spatial correlation function
SF can also be calculated from a theoretical model (Clerc et al 2019)

Goal : assuming turbulence parameters (injection, dissipation, slope and normalization) not known, we try to recover
them through MCMC fits, using modeled SF for prediction
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Conclusions

SIXTE simulator allowed us to perform end-to-end simulations of galaxy cluster representative of what will be

observed with Athena/X-IFU and investigate the bulk motion in those clusters
So far, we performed:
> multiple simulations of the central pointing
> 2 full simulations with 19 pointings each, 500 ks exposure per pointing :
l, each full simulation runs in ~10 days on 2*48 CPUs

Full datasets taking ~1.5 Tb of disk space

Follow up analysis on-going
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