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AMS, or the Alpha Mass Spectrometer, has been measuring the flux of protons and 
Alpha particles on the ISS since its launch in 2011. Using the data, we can understand 
the fine time variability of cosmic rays across many energy ranges. Knowing these 
values is import to determine what the particle background should look like. The 
Geant4 simulations used a single value for the expected flux, but the changes over 
time can greatly affect results if not accounted for.

The Athena mission will help answer:
• how galaxy groups and clusters form and evolve
• how hot "baryons," or subatomic particles, evolve
• missing baryons in the intergalactic medium, or plasma between 

galaxies
• how black holes and supermassive black holes grow over time
• how black holes influence "active" galaxies (those galaxies that 

produce an extraordinary amount of energy)
• the effects of active galactic nuclei on galactic clusters and star 

formation.
More information at: www.space.com/35708-esa-athena-facts.html

Athena (Advanced Telescope for High ENergy Astrophysics) is a 
European Space Agency  X-ray observatory mission due for 
launch in 2028. Among the instruments on board will be the 
Wide Field Imager (WFI) which provides simultaneous high-time 
resolution and high count rate capabilities for the observation of 
bright sources with low pile-up and high efficiency.

Apart from the expected X-rays, a background of highly energetic 
particles (cosmic rays) can introduce an unwanted signal that
obscure the measurements. Based off observed patterns in this 
background, methods can be created to identify and then 
remove this unwanted background.

This plot shows the 
percent change in flux 
between measurements. 

These values can reach 
as high as 20%. This is 
very high compared to 
the WFI requirement on 
background knowledge. 

Understanding what the X-ray signal
should look like helps to better 
understand the background. There are a 
set of patterns defined by previous 
missions to be likely to be caused by the 
desired X-rays. Any other pattern is said to
likely come from the particle background.

Using Geant4 
Simulations and AMS 
Observations to Reduce 
the Particle Background 
on the Athena X-ray 
Observatory Wide Field 
Imager
Brian Avendano
Eric Miller, Mark Bautz, Catherine 
Grant, and Rick Foster

ABSTRACT

The Wide Field Imager (WFI) aboard the Athena X-ray 
Observatory is designed to detect X-rays, but noise is 
introduced into the signal by other energetic particles 
(cosmic rays) that hit the detector. The method for 
addressing this studied here involves using Geant4 particle 
simulation data to produce a simulated WFI background 
observation. The accuracy of the simulation depends on 
knowledge of the particle flux which the AMS data provides. 
The AMS data is used to correlate that amount of 
background with the solar cycle and find small time scale 
variability in expected background. Based off of these 
sources, I created simulated images capturing the effects of 
cosmic ray interactions and an analysis of the time and 
spectral (or energy) variability of the cosmic ray flux. By 
studying both simulated and real observations, methods to 
better characterize and then remove this particle 
background can be evaluated and applied. Figure 5. Various particle tracks produced from the Geant4 simulation data

Unwanted background can be introduced into the signal by cosmic rays, mostly highly 
energetic protons, in two main ways. The first is when the particles directly hit the 
detector directly and deposit unwanted charge that leads to a signal. This usually leads 
to the easily identified tracks such as in image 1-4 of Figure 5. The second way is when 
the cosmic rays interact with other parts of the camera or the detector itself and 
produce a shower of secondary particles. These secondary particles can go on to interact 
again, make streaks on the detector, or produce signals that look like (or are) X-rays. 
Images 10 and 11 in Figure 5 are examples of this and are the hardest kind to identify.

Figure 2. Athena Wide Field Imager

Figure 1. Athena model.

Figure 2. Wide Field Imager camera
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I developed a script to convert Geant4 output into simulated WFI observations. The 
script creates observation frames, identifies and categorizes the resulting signal into
patterns, and stores it in FITS files for later use. The output will be the basis of future 
work to develop background reduction algorithms.

Figure 4. XMM-Newton EPIC  pn good patterns

This plot shows the 
energy spectra of
protons at various stages
of the solar cycle. 

At solar minimum, the 
most particles were 
detected, but the higher 
energies seem to be 
unaffected by it.

This plot shows the flux 
of protons in different 
energy bins over a solar 
cycle.

There are many more 
low energy particles than 
high energy particles.


