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X-ray astronomy

And how to observe it
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Crab Nebula in the visual light

(NASA/STScl)
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Crab nebula in the X-rays

(NASA/CXC/SAO)



Reflectivity

=AU SixTe

Reflectivity of X-rays

Reflectivity of 30 nm iridium as a function of energy Reflectivity of 30 nm iridium as a function of angle
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Wolter Type 1 Telescope

Paraboloid mirror

Hyperboloid mirror

Parabola Hyperbola
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Wolter Type 1 Telescope
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eRosita as one Wolter 1 implementation
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Simulation of X-ray telescopes

Orinshort: SIXTE

SIXTE
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Modular end-to-end simulation software for X-ray detectors

eROSTIAE

= 100

Athena X-IFU

XRISM Resolve

« Athena
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SIXTE Architecture

Source data Imaging

Source Photon Photon Ray - Event Event

Catalog Generation List Detection File

tracing

arrival time arrival time read-out time

enefg_y energy recon. energy
position (RA, Dec) position (X, Y) position (RAWX, RAWY)

T. Dauser
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Measured PSFs (point spread functions) from telesope
calibration

20 arcmin off axis angle

0.3 keV 3.0 keV
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Results

So far...

SIXTE
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PSF - Evaluation

Sensor Simulation: Accumulated Photon Hits
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Radial distribution histogram
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Energy-dependent reflections

Sensor Simulation: Accumulated Photon Hits Sensor Simulation: Accumulated Photon Hits Sensor Simulation: Accumulated Photon Hits
' ' [ F 107 —F 10
L 100 100
L lo—] = lO_l
] T O]
© o °
w [=) W
(5] v (%2
on on zn
o =) =]
i &8 i
= = =
= = =
(=] [=] (=]
(9] (] J

11 12 13 14
x [mm] ¥ [mm] x [mm]

Energy independent 0.3 keV 3.0 keV



=AU
Cassiopeia A (Cas A)

Perfect reflection model Vlicrotacet reflection model
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Physics-based ray tracing of X-ray
telescopes
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SIXTE Architecture - revised

Source
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T. Dauser
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Madsein=t al. 2017
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Wolter Type 1 Telescope

Paraboloid mirror Omax Omin

—

Parabola

(Based on M. J. Pivovaroff and T. Okajima 2023)
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Single Reflection Patterns
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Other surface simulation models

Sensor Simulation: Accumulated Photon Hits
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