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Abstract: MATROSHKA (MTR) is an ESA experiment facility under the science and project lead of DLR
Cologne. The radiation exposure inside a human phantom is measured by active and passive radiation detectors.
The DOSimetry TELescope (DOSTEL), built at CAU Kiel in cooperation with DLR Cologne, is a particle
telescope consisting of two Si-semiconductor detectors. Count rates as well as energy deposition spectra are
measured by this instrument. The DOSTEL was operating during the first MATROSHKA mission phase (MTR-
1) where the phantom was mounted outside the Zvezda module (Service Module SM) of the ISS from Feb. 2004
to Aug. 2005. The DOSTEL count rate measurements showed the expected dependence on the geomagnetic
vertical cutoff rigidity (Rc). In this work a time correction method for the DOSTEL data using this Rc dependence
will be presented.
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1 Introduction
The MATROSHKA (MTR) experiment [1] was mounted
outside the ISS during its first mission phase from Feb.
2004 to Aug. 2005. It consists of a human phantom e-
quipped with passive [2] [3] and active detectors. One of
the active detectors is the Dosimetry Telescope (DOSTEL)
[4] which is mounted on top of the head of the MTR phan-
tom. The DOSTEL is a particle telescope based on semi-
conductor technology. The telescope, which is the main
part, is built of two passivated implanted planar silicon de-
tectors manufactured by Canberra Semiconductors. Both
detectors have a sensitive area of 6.93cm2. The nominal
thicknesses of the detectors are 150µm and 300µm. The
detectors are mounted in a distance of 1.5 cm, which lead-
s to a telescope with an opening angle of 120◦ [5]. In ad-
dition to former DOSTELs, the MTR-DOSTEL has two
Hamamatsu PIN diodes with a sensitive area of 2.31cm2

and a thicknes of 300µm mounted perpendicular to the
telescope. The DOSTEL count rate is the sum trigger of
the instrument. Sum trigger means the number of particles
hitting one of the four mentioned detectors without any co-
incidence condition. The sum trigger is used to avoid direc-
tional influence on the count rate.
In this work a time correction of the DOSTEL data pack-
ages will be described. The relative time in the data has to
be converted in an absolute time. The absolute time can be
roughly calculated by using the download time of the data
packages (download from DOSTEL to MTR data process-
ing unit). The download of the data file should start exact-
ly 6 hours after the start of the data package. The problem
with this method is, that the download of the packages s-
tarts not exactly 6 hours after the start of the data package.
Every data package has a different time offset, which can
be positive or negative. This means the download of the
data package can start after exactly 6 hours of data collec-
tion, but also after 6 hours± time offset. To determine the
time offset for every DOSTEL data package, a method us-
ing the count rate dependence of the vertical geomagnetic
cutoff rigity (Rc) is used. A particle which wants to pen-
etrate Earth’s magnetic field has to have a certain rigidity.

This rigidity depends on the geographic location (latitude
and longitude) and on the altitude [6].

2 Count rate dependence on geomagnetic
cutoff values

Fig. 1: This figure shows a theoretical energy (E) / rigidity
(R) spectrum of the GCR protons, which are the dominat-
ing species inside the GCR. The Y-axis shows the logarith-
mic flux and the X-axis shows the energy respectively the
rigidity. In black the energy spectrum is shown. This has
the shape off lux = E−2.7. In red you can see the rigidity
spectrum. For this the energy was converted to rigidity by
usingR =

√

(E +0.94)2−0.942, where the E is given in
GeV and the R is given in GV.

The number of Galactic Cosmic Rays (GCR) detected
in Low Earth orbit (LEO) depends strongly on the geomag-
netic cutoff rigidity and so on the position of the measure-
ment in LEO. At locations with a high cutoff rigidity, less
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particles of the GCR are able to reach this position and so
a lower count rate is measured as for locations with a low-
er cutoff rigidity. This effect can be seen in the count rate
data of the MTR-DOSTEL. The ISS is orbiting the Earth
at an altitude of around 400 km with an orbital inclination
of 51◦. So the orbit of the ISS is covering regions with a
vertical cutoff rigidity from 1 to 15 GV.
For this investigation vertical cutoff rigidities calculated
by K. Herbst [7] are used. The vertical cutoff rigidity was
calculated for 400 km altitude for the year 2004 using the
International Geomagnetic Reference Field (IGRF). In a
certain position inside the IGRF, particles with differen-
t rigidities and negative charge are shot vertical upwards.
The rigidity which negative particles need to leave the mag-
netic field is the same as for positive particles which want
to enter the magnetic field from outside. The found rigidity
is then the vertical geomagnetic cutoff rigidity. A detailed
description of this method can be found in [8].
By using a theoretical energy respectively rigidity spec-
trum of GCR protons like in figure 1, a theoretical depen-
dence of count rates on the geomagnetic cutoff rigidity can
be calculated. The result of this calculation can be seen in
figure 2. This figure shows the integrated flux for differ-
ent cutoff rigidities. The expected relation of higher count
rates at lower geomagnetic cutoff rigidities can be clearly
seen.

Fig. 2: This figure shows a theoretical count rate cutoff
rigidity dependence. You can see the integrated flux plot-
ted over the rigidity. To get this curve, the rigidity spectrum
from figure 1 was used. The flux was integrated over all
rigidities greater than a certain rigidity. This means the in-
tegrated flux for the rigidity of 5 GV means an integration
over all rigidity greater than 5 GV in the rigidity spectrum.
This figure shows qualitively the count rate Rc dependence
one would expect for a GCR proton spectrum with a spec-
tral index of -2.7.

3 Count rate dependence on cutoff rigidity
for MTR-DOSTEL

The shown count rate dependence on the geomagnetic cut-
off rigidity can be used to apply a time correction method
for the MTR-DOSTEL data. The relation between count
rate and Rc can be plotted for every 6-hour data file, which

covers four 90 minutes orbits of the ISS. To do this, orbit
data of the ISS were used to get the corresponding loca-
tion for each 100 second count rate interval. The Rc val-
ues, mentioned above, were used to get the Rc value for
this position. With this approach it is possible to plot the
measured count rate against the vertical geomagnetic cut-
off rigidity. As an example, figure 3 shows the count rate
Rc relation for a +5 minutes time corrected 6 hour DOS-
TEL data package. As you can see this plot shows a broad
distribution and the telation between count rate and Rc is
not comparable with the theoretical one shown in figure 2.

Fig. 3: This figure shows the count rate cutoff relation mea-
sured by DOSTEL. You can see a broad distribution, which
is not comparable with the theoretical relation from figure
2. For this data package an offset time of +5 minutes was
used. In red you can see a fit through the data points.

By applying a different time offset to the same DOS-
TEL data package you can shift the orbital position and
so the cutoff rigidity belonging to each measured count
rate. Figure 4 shows the same data package for a time off-
set of -5 minutes. The narrow distribution shows that the
choosen time offset changes the cutoff rigidity belonging
to each count rate measurement in a way, that the broad
distribution narrows and is comparable to the theoretical
one shown in figure 2. For not sufficient time offset like in
figure 3 (+5 minutes) the distribution is very broad. To get
a measure for the narrowness of the distribution, the data
was fitted by a function (in red in figure 3 and 4 )and the
mean distance of the data points in respect to the fit were
used as a degree of narrowness.
The fitting function which was used has the form:

N = x−36.94∗ log(Rc)+11.66∗ (log(Rc))
2 (1)

N = counts per second

Rc = vertical cutoff rigidity

The used function is not the theoretical one shown in fig-
ure 2. The count rate Rc relation measured with DOSTEL
is qualitively comparable with the theoretical one. But due
to secondary particle production in the complex structure
of the ISS the count rate Rc relation shows differences in
respect to the theoretical one.
The function was fitted through the data points for time off-
sets between +30 and -30 minutes in one minute steps. For
every data package 61 time offsets were used to plot the
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Fig. 4: This figure shows the same count rate cutoff rela-
tion as the previous figure. This time an offset time of -5
minutes was used. You can see that the distribution is nar-
row in comparison to the previous plot. This narrow distri-
bution shows the expected behavior of higher count rates at
lower cutoff rigidities. The narrow distribution shows that
the time offset of -5 minutes is the correct time offset for
this data package. In red you can see again a fit through the
data points.

count rates against the cutoff rigidity. For each plot the nar-
rowness was measured by the sum of the distance of all da-
ta points with Rc greater 3 to the fitting function. A result
of this narrowness over time offset can be seen in figure
5.The time offset with the lowest sigma is the one with the
narrowest distribution. This time offset was then used for
the correction of the absolute DOSTEL data time of this
package. Producing the plot shown in figure 5 with larger
time offsets in positive and negative direction would show
multiple minima every 45 minutes. 45 minutes is half of
the time of one ISS orbit and by applying an 45 minutes
offset you would mirror the ISS track at the equator. This
time offset would also show a narrow distribution. Never-
theless the distribution should be broader as for the correct
time offset, due to the non symmetric magnetic field of the
Earth.

4 Corrected count rate profiles measured
by MTR-DOSTEL

To get an overview about the goodness of the time correc-
tion method, the time corrected DOSTEL data can be plot-
ted as a geographic distribution. For this the time correct-
ed count rate data and ISS orbit data is used to find the
position corresponding to each count rate value. The geo-
graphic distribution for all count rates from May 2004 dur-
ing MTR-1 mission phase is shown in figure 6. The de-
pence on the geomagnetic cutoff can be nicely seen in this
plot. The lowest count rates are at the geomagnetic equator
and the highest count rates can be seen closest to the geo-
magnetic poles over North America and south of Australia.
Also the passages through the inner radiation belt in the re-
gion of the South Atlantic Anomaly (SAA) can nicely be
seen. The count rates in this region are more than one order
of magitude higher as the count rates close to the magnet-
ic poles. The non symmetric structure of Earth’s magnet-

Fig. 5: In this figure the result of fit goodness is plotted a-
gainst the used time offset. You can clearly see a minimum
at -5 minutes, which means with a time offset of -5 min-
utes you get the distribution which is closest to the fitting
function. This time offset was used to get the absolut time
of the data package.

ic field can be seen in this plot. The count rates at the geo-
magnetic equator are also depending on the longitude. The
count rates over India are lower than the ones on the oppo-
site side of the Earth. This is due to the shift of magnetic
dipole axis towards India. Due to the 11◦ tilt of the mag-
netic dipole axis the magnetic poles are over North Amer-
ica and south of Australia and the geomagnetic equator is
north of the geographic equator for eastern longitudes and
south of the geographic equator for western longitudes.

5 Conclusions
In this work a time correction method for particle mea-
surements in Low Earth Orbit (LEO) was presented. By
using orbital information and geomagnetic vertical cutof-
f rigidity values, the count rate Rc dependence can be in-
vestigated. By applying a time offset to the count rate da-
ta the distribution of the count rate Rc dependence can be
changed. By finding the narrowest distribution, which is
then comparable with the theoretical behaviour, the correc-
t time offset which has to be applied to the data can be
found. This method was used to correct the time for the
MTR-DOSTEL data. The result can be seen in figure 6.
This figure shows the geographic count rate distribution for
the MTR-DOSTEL in May 2004. All significant features,
like the structure of Earth’s magnetic field and the cross-
ing of the inner radiation belt in the region of the South At-
lantic Anomaly, can be seen in this distribution. This mean-
s the count rate Rc dependence can be used for a time cor-
rection of particle measurements in LEO.
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Fig. 6: This figure shows the geographical count rate distributionfor May 2004 during the MTR-1 mission phase. The
shown count rate is the sum trigger mentioned in the introduction. This means all particles hitting any of the four detectors
are counted. Due to this fact it is not possible to calculate the number of counts per cm2 nor the particle flux.
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