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Abstract: Galactic cosmic rays (GCRs) and solar particles of energies> 100 MeV/n penetrate and charge the
test-masses of the Lisa Pathfinder (LISA-PF) mission. LISA-PF is the technology testing mission of eLISA/NGO,
the first interferometer devoted to gravitational wave detection in space. Radiation monitors will be placed on
board LISA-PF for GCR and solar energetic particle (SEP) fluxmeasurements above a few tens of MeV/n. Here
we show that, despite the limited capabilities of these particle detectors, we will be able to estimate the test-mass
charging process at the occurrence of SEP events of any intensity. In this respect, we have simulated the radiation
monitor performance during the strong SEP event of 23 February 1956 with the Fluka Monte Carlo package.
SEP energy and spatial distributions during the event evolution were considered. The results of this work can be
extended to other space missions carrying devices for SEP detection.
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1 Introduction
The eLISA/NGO [1] interferometer will be the first de-
vice devoted to gravitational wave detection in space in the
frequency range 10−4-10−1 Hz. LISA Pathfinder (LISA-
PF; [2]), the technology testing mission for eLISA/NGO,
consists of one satellite carrying two gold-platinum free-
floating test-masses. LISA-PF is scheduled for launch dur-
ing the second half of 2015 and is supposed to take data
for six months orbiting around L1.

One of the main sources of noise for the LISA mission-
s is represented by the test-masses charging due to galac-
tic and solar energetic particles (SEPs) [3, 4]. The mini-
mum energy of ions penetrating and charging the test mass-
es is 100 MeV/n. The test-mass charging process induces
spurious forces that, under peculiar conditions of the inter-
planetary medium, may mimic genuine gravitational wave
signals in the experiment frequency bandwidth [5]. More-
over, during intense and magnetically well connected SEP
events, the noise induced on the test masses overcomes the
whole mission noise budget in the lowest frequency range
[6].

The integral fluxes of galactic and solar protons and he-
lium nuclei at energies above the nominal cut-off energy
of 75 MeV/n will be monitored with a particle detector
on board LISA-PF [7, 8, 9]. This conservative choice was
made in order not to underestimate the overall particle flux
charging the test-masses. In a previous paper [10] we stud-
ied the proton fluence of SEP events occurred during the
solar cycles 22-23 [11]. In particular, we considered those
events overcoming the background of galactic cosmic rays
expected at the time of LISA-PF data taking. We found that
solar proton energy integral fluxes between 75 MeV/n and
100 MeV/n are, on average, a fraction of 45% of the inte-
grated intensities at energies larger than 100 MeV/n. This
average fraction results from very different values ranging
from a few per cent to more than 80% depending on the

proton integral energy spectrum of each event. Analogous
variations characterize the proton energy differential flux-
es associated with the evolution of SEP events of differ-
ent intensities. These findings impose a detailed study of
SEP events for the radiation monitor measurements and
test-mass charging correlation. Some attempts to study the
effects of SEPs on LISA-PF were carried out in the past,
however approximations were adopted in considering SEP
isotropic fluxes [12] or only peak fluxes associated with
SEP events [13].

We report here the results of a simulation work carried
out with the Fluka Monte Carlo package [14, 15] of the
LISA-PF radiation monitor performance. In particular, we
studied the evolution of the SEP event of 23 February
1956. For the first time we considered the proton energy
and pitch angle distributions (PADs) associated with the
event dynamics [16]. We recall that the SEP pitch angle is
defined as the angle between the particle velocity and the
interplanetary magnetic field vector. The SEP event of 23
February 1956 was also studied by assuming an isotropic
particle spatial distribution for comparison.

We point out that only proton fluxes are studied in this
work. Protons constitute approximately 90% of the bulk of
both solar and galactic cosmic rays. The role of nuclei and
electrons of galactic origin in charging the LISA-PF test-
masses with respect to protons was described in [4]. We es-
timated that analogous results, normalized to solar proton
fluxes, provide an upper limit to the test-mass charging due
to solar nuclei and electrons. An upper limit should be con-
sidered since solar particle energy spectra are poorly popu-
lated at high energies with respect to those of galactic ori-
gin.
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Fig. 1: Sketch of the LISA-PF radiation monitor orienta-
tion. Oblique lines represent the trajectories of incidentso-
lar protons at the onset of the SEP event of 23 February
1956.

2 Radiation detector on board LISA-PF
A particle detector for proton and helium nucleus monitor-
ing will be hosted on LISA-PF [7]. This particle monitor
will be placed behind the spacecraft solar panels and ori-
ented along the Sun-Earth direction as it is shown in figure
1. The LISA-PF radiation monitor consists of two, 1.4 x
1.05 cm2 area silicon wafers of 300µm thickness, placed
in a telescopic arrangement at a distance of 2 cm between
themselves. The silicon wafers are located inside a shield-
ing, copper box. The box thickness is 6.4 mm. The radia-
tion monitors will provide the counting rate of protons and
helium nuclei crossing each silicon layer and ionization en-
ergy losses of particles traversing both silicon wafers (co-
incidence mode). Electron and heavy ion monitoring will
not be allowed on LISA-PF. In [6] we presented a prelimi-
nary discussion to improve the present design of the LISA-
PF radiation monitor for eLISA/NGO in order to detect so-
lar electrons for SEP event forecasting.

Above 100 MeV/n the radiation monitor geometrical
factor is found energy independent and equal to 9 cm2

sr for particle isotropic incidence on each silicon wafer.
In coincidence mode the geometrical factor is about one
tenth of this value. Below 100 MeV/n the radiation mon-
itor geometrical acceptance decreases as a function of en-
ergy. Analogously, the count rate in each silicon wafer de-
creases as the particle traversed slant depths in the detector
increase. In figure 2 we have reported the radiation monitor
count rate normalized to an incident proton beam. Beam
normal incidence and incidence angle of 25 degrees with
respect to the silicon wafer normal are considered [17].
Monte Carlo simulations of the radiation monitor perfor-
mance during the SEP event of 23 February 1956 reveal
that at the onset no protons below 75 MeV are counted
while during the rest of the evolution of the same SEP even-

Fig. 2: Proton energy cut-off due to radiation monitor
shield for particle incidence along the Sun-Earth direction
(continuous line) and for incidence angles of 25 degrees
(dashed line) with respect to the same direction.

t the fraction of particles below 75 MeV measured by the
radiation monitors must be considered of 5% at most.

The radiation monitors data will be stored in the form
of histograms over periods of 600 seconds and then sent to
the LISA-PF on board computer.

The maximum allowed radiation monitor counting rate
is 6500 counts/s, corresponding to an event integrated pro-
ton fluence of 108 protons/cm2 at energies> 100 MeV. In
coincidence mode up to 5000 energy deposits per second
can be stored in the histogram. Only extreme SEP events
will lead to bin saturation. The occurrence of proton events
with fluence> 108 protons/cm2 at energies> 30 MeV, for
instance, is estimated to be less than 1 per year [18]. Al-
though the occurrence of such events during the LISA-PF
data taking is unlikely, we present here a method to follow
the dynamics of SEP events even in the case of detector
saturation.

3 SEP characteristics and radiation
monitor performance

The SEP event of 23 February 1956 is one of the most
intense occurred since the invention of neutron monitors.
Proton differential fluxes and pitch angle distributions
were estimated during this SEP event evolution at ener-
gies> 400 MeV/n [16]. We have parametrized the pro-
ton energy spectra extrapolated down to 75 MeV/n. Spec-
tra parametrizations are reported in Table 1 and appear in
figure 3 where the expected background of galactic cosmic
rays at the time of the LISA-PF are shown for comparison
[10]. This approach may lead to overestimate the solar pro-
ton fluxes at low energies but it results compatible with our
aim to study a worst case event. Proton energy spectra dur-
ing the evolution of the SEP event of 23 February 1956 and
corresponding pitch angle distributions are indicated with
the same numbers in figures 3 and 4 and in Table 1. Dur-
ing the prompt phase of the event the spectral shape is due
to the particle velocity dispersion effect. We point out that
also the PADs reported in figure 4 represent an upper limit
to the anisotropy of SEPs at energies> 75 MeV.
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Fig. 3: Minimum (dashed line) and maximum (continuous
line) GCR proton flux projections at the time of LISA-
PF (second half of 2015). We show for comparison the
proton differential fluxes associated with the SEP event of
23 February 1956 at the onset (flux 1), at the peak (flux 2)
and during the late phases of the event (fluxes 3 and 4).

In order to detect a SEP event on board LISA-PF, solar
particle fluxes should overcome the galactic cosmic-ray
(GCR) background. GCR projections at the time of LISA-
PF [10] indicate a minimum and maximum expected count
rates of 2 counts/s and 5 counts/s, respectively, in each
radiation monitor silicon wafer [19]. For this estimate, the
GCR spatial distribution was reasonably assumed isotropic
[20]. The simulated LISA-PF radiation monitor count rates
during the 23 February 1956 event are reported in Table
2. Due to detector saturation, only the onset and the final
phases of events of this intensity would be monitored on
LISA-PF.

In order to estimate how the SEP spatial distribution
affects the radiation monitor observations, we have com-
pared the radiation monitor performance using the actual
proton PAD to that obtained by assuming an isotropic spa-
tial distribution. Results are reported in figure 5: assuming
the real SEP PAD, the radiation monitor count rate ranges
between +40% and +20% with respect to the assumption
of SEP isotropic incidence while the events in coincidence
mode at the onset are approximately -40% compared to
the SEP isotropic distribution. During the late phases of
the event no major difference is observed in the number of
events in coincidence mode because the SEP spatial distri-
bution becomes more isotropic as it can be observed in fig-
ure 4. In other words, it is of primary importance to take
into account the correct SEP spatial distribution to corre-
late the radiation monitor measurements to the test-mass
charging mainly during the initial phases of SEP events
when they are expected to be highly anisotropic. In figure
6 we have reported the fraction of protons above 100 MeV
charging the test masses with respect to those counted by
the radiation monitors. At the SEP event onset the proton
flux measured by the radiation monitors is basically the
same with respect to that penetrating the test-masses. Con-
versely, during the late phases of the events only a fraction
of the protons crossing the radiation monitors, ranging be-
tween 37% and 42%, penetrates the test masses. The SEP

Fig. 4: PADs during the dynamics of the SEP event of 23
February 1956. Numbers indicate the associated proton
fluxes shown in figure 3.

spatial distribution is not found to affect these results. How-
ever, a wrong assumption on the solar proton PAD would
lead to an overestimated incident proton flux.

At the time of LISA-PF data taking it will be mandato-
ry to benefit of SEP differential flux observations gathered
by independent experiments. We may initially consider the
proton PAD inferred from theoretical models [21] and then
optimize the input data until simulation results match the
radiation monitor observations when saturation does not
occur. Simulation will help to infer the test-mass charging
even in case of detector saturation. We point out that at
at the time of LISA-PF data taking, the AMS and, hope-
fully, the PAMELA experiments will be in orbit (see [22]
and references therein). These experiments carry magnet-
ic spectrometers in space for the separation of positive and
negative particles and for particle rigidity (momentum per
unit charge) measurements. PAMELA and AMS will pro-
vide absolute differential flux observations of both galactic
and solar cosmic rays up to hundreds of GeV. We point out
that PAMELA was launched in 2006 and the experimen-
t data taking will be likely extended beyond 2013. The w-
hole mission duration is unknown at this time. The AMS
experiment on the space station is expected to remain in or-
bit for about twenty years.

SEP Event Proton Flux
23 February 1956 (m2 sr s GeV)−1

0400 UT - Flux 1 850880 e−
E

1.13

0430 UT - Flux 2 3688100 E−5.30

0500 UT - Flux 3 1026400 E−5.24

0600 UT - Flux 4 295420 E−4.56

Table 1: Interpolation of solar energetic proton spectra ob-
served during the evolution of the SEP event of 23 Febru-
ary 1956.
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Fig. 5: Radiation monitor count rate (dotted line) and pro-
tons in coincidence mode (continuous line) when the re-
al pitch angle distribution (SEP PAD) and an isotropic dis-
tribution (SEP isotropic) of SEPs during the 23 February
1956 event are compared.

SEP Event Radiation monitor count rate
23 February 1956 counts s−1

0400 UT - Flux 1 1.37×103

0430 UT - Flux 2 5.12×107

0500 UT - Flux 3 1.27×107

0600 UT - Flux 4 6.96×105

Table 2: LISA-PF radiation monitor count rates during the
dynamics of the 23 February 1956 SEP event.

4 Conclusions
Particle detectors on board interferometers for gravitation-
al wave detection in space are devoted to galactic and solar
ion monitoring above a few tens of MeV/n. Monte Carlo
simulations of the radiation monitor performance indicate
that we will be able to carry out a good correlation of radi-
ation monitor measurements and test-mass charging even
in case of radiation monitor saturation. Independent obser-
vations of absolute differential fluxes of galactic and so-
lar energetic particles will be needed at the time of LISA-
Pathfinder. A good knowledge of SEP spatial distribution
will be mandatory as well. We may benefit of theoretical
estimates of particle PADs. Optimization of input data will
be obtained matching Monte Carlo simulations and radia-
tion monitor observations.
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