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ATHENA X-ray telescope
The second L-class (large) mission in ESA’s
Cosmic Vision programme will be an Xray telescope named Athena, planned
to operate at the L2 Lagrange point of
the Sun-Earth system.
Athena is an ambitious observatory envisioned to provide high resolution X-ray
imaging, timing and spectroscopy capabilities that are far beyond those of any
existing facilities.
Athena is designed to address key open
topics in modern astrophysics, from physical conditions in hot plasmas in a wide
range of astrophysical environments,
through the physics of accretion, supermassive black hole growth and galaxy
evolution, to cosmologically relevant properties of hot baryons in galaxy clusters.

Soft proton background in X-ray telescopes

XMM-Newton EPIC-pn background rate
before and during soft proton flare [1].

In particular, desired observations of warm
and hot intergalactic plasma, galaxy cluster
outskirts and distant active galactic nuclei
drive requirement of low background.
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Additionally, soft proton flux
measurements
outside
of
Earth’s magnetosphere are
performed by a number of
spacecraft positioned around
the L1 point on the Sun-ward
side of Earth, including ACE,
Wind, and SOHO.

XMM-Newton EPIC-MOS images with
low/high soft proton background [2]

Soft protons can pass through the silicon pore optics
and scatter towards X-ray detectors.

Particle environment at L2

Soft proton measurements by space probes
The environment of the Earth’s
distant magnetotail was surveyed in 1992-1994 by the
NASA/ISAS Geotail spacecraft, and in 2009-2011 by the
twin NASA Artemis probes.

Current large X-ray space telescopes XMM-Newton and Chandra have encountered in their detectors high back-ground as well as radiation damage from protons in energy ranges between
10 keV and 1 MeV. These “soft protons” are funnelled through the focusing Wolter-I type grazing
incidence optics of X-ray observatories more efficiently than was initially expected.
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No X-ray telescope was deployed at L2 so far and the soft proton environment there is
poorly known. In particular their flux and spatial distribution around this region are not well
characterised on long timescales relevant for the duration of space missions.
Possible sources of soft protons include active regions on the Sun, solar particle events
and acceleration events in Earth’s magnetosphere. The flux is known to be extremely variable, often occurring in form of flares.
Inside Earth’s magnetotail, which extends in the direction and beyond the L2 point, the
region with typically the highest fluxes of soft protons is the plasma sheet. The tail is a
highly dynamic structure and plasma sheet encounters with spacecraft at L2 are likely.

Solar wind
thermal
spectrum

Artemis
ACE

Plasma sheet crossings
Solar particle events
power-law spectrum

Soft protons affecting
X-ray observations
Geotail

Average solar proton spectrum based on ACE data.

Geotail magnetic and particle measurements during
plasma-sheet crossings [3]

Data used in this work were
provided by the following instruments:
Instrument

Energy range

Description

Geotail
60 keV to 1.35 MeV
EPIC/ICS [5]
Artemis P1
30 keV to 6 MeV
& P2 SST [6]

Solid state telescopes, covering
~37° above and below ecliptic

ACE EPAM
47 keV to 4.75 MeV
LEMS120 [7]

Low Energy Magnetic Spectrometer, covering ±30° around
120° direction from the Sun

ACE ULEIS
[8]

Ultra Low Energy Isotope Spectrometer pointing 60° from the
Sun direction

160 keV to 7.2 MeV

Solid state telescopes, covering
almost 4π solid angle

SST
ICS

Cross section of Earth’s magnetosphere and magnetotail [4]
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Data were downloaded from [9, 10].

Variability of soft proton fluxes
The plot on the left shows 67 keV
ion flux measured by Geotail in
about 100 s cadence over a period of one day. Such high timevariability is observed also in soft
proton flares e.g. in XMM-Newton background.

Soft proton spectra
The plots below compare average spectra from the Artemis probes inside and outside the
magnetosphere/magnetotail taken over a period from May 2010 to July 2011 with an average spectrum from Geotail from 1994 (left) and with ACE spectra from two different instruments taken over a similar period as the Artemis data (right).
The Artemis data show an increase of flux below ~80 keV inside the magnetosheath and
magnetotail compared to the outside of Earth’s magnetosphere. The Artemis fluxes outside
the magnetosphere are compatible with the ACE measurements, while the two ACE instruments show some differences which could be perhaps related to their different look directions. The flux measured by Geotail is clearly higher, especially at ~100-200 keV energies.

Daily average fluxes in three
energy bands measured by
Geotail during 1994. Colourcoding represents approximate location of the probe in
different magnetospheric regions and days affected by
solar particle events (SPE). No
obvious correlation of fluxes
with the regions is apparent.
Daily average fluxes in two
energy bands measured
by Artemis P1 and P2 probes over about a year in
2010/2011. Periods of SPE
and during the part of the
orbit spent outside Earth’s
magnetosphere (in solar
wind) are highlighted.
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Summary and outlook
The presented analysis is part of an ongoing work to characterise the soft proton environment that will be encountered by the Athena X-ray telescope. The preliminary results show
the high variability of soft proton flux in time, an enhancement of the flux at low energies in
Earth’s magnetotail compared to outside of it, but no obvious dependence on the magnetospheric region encountered.
The analysis will be further extended with improved magnetospheric region identification,
and comparison with additional data from these and other instruments/spacecraft.
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