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Abstract

During the observation of bright X-ray sources with the XRISM Resolve instrument, the
rate of events that can be processed by the CPU is limited. This affects the processing
of the data and can result in unwanted event loss. To simulate this effect in the SIXTE
end-to-end simulator, I design a model of the CPU, which tracks the unprocessed events.
This model implements the fair scheduling of the pixels in queues based on a round-robin
algorithm. Afterwards, I analyze the current output of SIXTE and the functionality of
the algorithm by simulating sources at various fluxes. Using these results, I discuss
methods to reduce the impact of the CPU limit on observations of bright sources and
give an outlook on further improvements of the scheduling.
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1. Introduction

The universe, viewed through human eyes, seems to be an overall cold and dark place.
This is not the case in regards to the X-ray spectrum, where previously invisible structures
and colors are revealed. Earth’s atmosphere absorbs these X-rays at a high extent, which
is why space missions are required. XRISM (X-ray Imaging and Spectroscopy Mission)
is one of these spacecraft missions by the space agencies JAXA from Japan, NASA from
the United States and the European ESA (XRISM Science Team, 2020).
“The primary purpose of the mission is to recover the science that was lost after the
Astro-H/Hitomi mission failed in 2016, approximately one month after launch (XRISM
Science Team, 2020).” The XRISM spacecraft, shown in Figure 1, launched on 2023
September 7 Japan Standard Time1.
The two instruments onboard are the soft X-ray spectrometer (SXS) Resolve and the
soft X-ray imager Xtend, whereby the focus in this thesis lies on Resolve.
Resolve enables non-dispersive X-ray spectroscopy and operates in the soft X-ray bandpass
in the energy range of � 0:3 – 12 keV with an expected energy resolution of 7 eV (XRISM
Science Team, 2020).

Figure 1: The XRISM satellite, where the two instruments (Resolve and Xtend) are
located inside the lower-right area of the main corpus (XRISM Science Team,
2020).

The first data of XRISM published by NASA is shown in Figure 2. The supernova-
remnant N132D in the Large Magellanic Cloud that has been created by an explosion
of “a star roughly 15 times the Sun’s mass” was observed2.

1https://heasarc.gsfc.nasa.gov/docs/xrism/
2https://science.nasa.gov/missions/xrism/nasa-jaxa-xrism-mission-reveals-its-first

-look-at-x-ray-cosmos/,
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In the spectrum detected by Resolve, multiple elements can be identified through their
emission lines. From these lines, physical properties like temperatures or densities,
which provide more insight into the explosion process can be deduced. The first results
promise an energy resolution of 5 eV representing an improvement over Hitomi. Further
measurements are planned in 2024, which address a broad field of topics2.

Figure 2: The spectrum for the supernova remnant N132D that was measured by
Resolve. It shows peaks that are linked to specific elements. The image on the
right was taken by Xtend (JAXA/NASA/XRISM Resolve and Xtend).

Potential topics in addition to the exploration of supernova remnants are black holes
and galaxy clusters. Resolve enables studies of the surroundings of the event horizon and
the black hole’s growth through mass accretion. The vicinity of a black hole is shaped by
its radiation field and outflowing winds. The study of these gas-containing winds from
black holes can yield detailed insights into the mass outflow, the driving mechanism,
and their impact on the accretion of black holes. Narrow emission and absorption lines
can be detected due to Resolve’s high resolution.
Furthermore, emission lines from hot gas in galaxy clusters can be measured and might
reveal more details about the biggest objects in the universe. The turbulent gas can be
heated by merging clusters, mass accretion or the influence of active galactic nuclei and
flows characteristically. Therefore, the investigations made by Resolve might increase
our understanding of the cluster’s development (XRISM Science Team, 2022).
Brief and quickly fluctuating phenomena, for instance, the disk winds, can best be
studied in bright sources with a sufficiently high count rate (Hodges-Kluck, 2023). One
potential object is the Crab supernova remnant and nebula, which is a bright source
with a X-ray flux of 2:4 � 10�8 erg=s=cm2 defined as 1 Crab3.
An image of the Crab nebula is shown in Figure 3. The Crab nebula was created through

3https://heasarc.gsfc.nasa.gov/docs/heasarc/headates/brightest.html

5

https://heasarc.gsfc.nasa.gov/docs/heasarc/headates/brightest.html


https://chandra.harvard.edu/photo/2018/crab/
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