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Abstract— This paper provides a detailed description of the
Energetic Particle Telescope (EPT) accommodated dyoard the
PROBA-V satellite launched on May 7th, 2013 on a L&, 820 km
altitude, 98.7° inclination and a 10:30 — 11:30 Lad Time at
Descending Node. The EPT is an ionizing particle sptrometer
that was designed based on a new concept and theshadvanced
signal processing technologies: it performs in-fligt electron and
ion discrimination and classifies each detected p#cle in its
corresponding physical channels from which the indent
spectrum can be readily reconstructed. The detectomeasures
electron fluxes in the energy range 0.5 - 20 MeVrgton fluxes in
the energy range 9.5 - 300 MeV and He-ion fluxes tveeen 38 and
1200 MeV. The EPT is a modular configurable instrurent with
customizable maximum energy, field of view angle,epmetrical
factor and angular resolution. Therefore, the featwes of the
currently flying instrument may slightly differ fro m those
described in past or future configurations. After adescription of
the instrument along with the data acquisition and analysis
procedures, the first particle fluxes measured byhte EPT will be
shown and discussed. @The web-site located
http://web.csr.ucl.ac.be/csr_web/probav/ which dayl displays
measured fluxes and other related studies will alste briefly
described.

at

Index Terms—Energetic particle detector, instrumentation,
particle spectrometer, space radiation environment

. INTRODUCTION

SPACECRAFTS in near-Earth orbits as well as in deep space,
are exposed to a complex radiation environment hvhsc
highly variable and at times very harsh. This emwinent
consists of low energy ionospheric and plasmasplptaisma,
magnetospheric particles of intermediate energietuding
those forming the Ring Current during geomagnetcnss or
Substorm Injection Boundary Layers, but it is diled with
energetic particles from solar events, of trappadigle belts,
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and of high-energy cosmic rays originating fromagéc and
extra-galactic sources [1]. Particle species entavad include
electrons, protons, and heavy ions. This radiagoknown to
induce gradual material degradation and malfunctain
critical electronic parts in space systems [2][BH# but

recent spacecraft failures and disturbances hase foeind to
result also from prompt single particle events odng with

variable probability at various positions in theasp radiation
environment [6][7][8].

Radiation monitors are carried on board space ie=hic

where they operate as radiation safety devices aed
systems. The data that they record are relatedadation
doses or flux variations and can be used to takegation
measures against radiation effects on crew andpeugrit
whenever critical conditions are arising. Radiatimonitors
are compact, light and require a few watts of poimedget.
Sometimes, their measured quantities (counts,
voltage, etc...) are converted into particle fluxeng rather
complex procedures, the developments of which sptered
by the need to make the most of every radiationitopgiven
that the latter had more flight opportunities. Hoee limited
particle discrimination capabilities, uncertaintiesshielding
effectiveness, poorly defined Field-Of-View (FOWge and
the resulting inaccurate detection efficienciesn sip to affect
the level of confidence that users have, parthewtirely, in
the final flux data. As a consequence, radiatiomitoos flux

data sets are assumed to be valid when they agite w 1.

validated radiation models, but they do usually heatd to
model questionings or to challenging of space taia
science, when discrepancies are revealed.

On the other hand, science-class space radiatiEﬁl

spectrometers are developed to perform the absdlutke
measurements required for scientific studies, tliclgl among
others, particle acceleration mechanisms, angugdrilglition

variations, conditions for generation of new radiatoelts and
particle precipitation rates. The data acquirecdsibgh kind of
spectrometers are also used to validate spacdicadiaodels
and in cross-calibration of radiation monitors. édde-class
instruments are required to cover wide energy range
achieve absolute particle type identification, tovide high
energy resolution and to feature a good FOV angfaition,

with less severeconstraints on mass, volume and powe

consumption budgets. The instrument suites on e Mlen
Probes (VAP) satellites perfectly illustrate whaayrbe the
targeted performances of science-class spectrosneter

The Energetic Particle Telescope (EPT) was designed

achieve performances of science-class spectromeibile
requiring no more resources than earlier radiatimmitors. It
applies a concept [9] that allows measurements
contamination-free fluxes of particles over a igkdy wide
energy range, whereas the instrument fits into avelepe

volume of 127.5 X 162 X 211.5 nimhas a mass of 4.6 kg

and a power consumption of 5.6 Watt. Fig. 1 shovcaure
of the EPT Flight Model (FM) where the stack of s&n
modules can be clearly identified.

A detailed description of the EPT is provided irct&en 2,

icyrre

which also contains quantitative information on itgtrument
performances, its calibration, the data acquisifiorcess and
the flux extraction method. In section 3, the ressof in-flight
flux measurements are presented and compared tousar
radiation environment models. Access to the ER& aopen
to the space science community under conditions &ne
explained in section 4. A concluding section cortgdethis
presentation of the spectrometer and its operatizn®oard
PROBA-V (PRoject for OnBoard Autonomy — Vegetation)

Fig. 1. Picture of the EPT FM instrument with coxemoved.

THE EPTSPECTROMETER

A. Sensor Setup

The Energetic Particle Telescope (EPT) is a charged
article spectrometer comprising 23 Passivated dntpt
anar Silicon (PISP) detectors (~4.5 mm total khéss)
mainly operating in digital mode to achieve dirgerticle
identification and energy measurement [9]. All thetectors
have a thickness of 374&m. A cross section view of the EPT
is shown in Fig. 2, where twelve sensor modules ban
clearly identified. The diameter of S1 is 3.5 mnd &ne outer
diameter of S3 (surrounding S1) is 35 mm. S2 hdmmeter
of 20 mm. The front sensor modules, S1/S3 and %2
separated by a 50 mm long serrated collimator thas
designed to optimize the FOV angle definition. Roost of

e EPT operations, a sensor is considered as Hmnwt
records at least 100 keV deposited energy. The e330s
serves as a trigger for all particle events reabrbg the
instrument.

The S1/S3 and S2 sensor combination constitutesdhe
called Low Energy Section (LES) operated as a idakAE-E
telescope for the detection of low energy particlébe

alogue signals from these sensors are pre-peatdss a

harge Sensitive Amplifier (CSA) and a Pulse Shgpin
Amplifier (PSA), then digitized at 20-i8amples per second
using a 12-bit Analog-to-Digital Converter (ADC) cattheir
pulse height is extracted and recorded by a destidatmware
stored in a Field Programmable Gate Array (FPGAneN
deposited energy intervals are defined for S2 (fs®€ and
for each of these, four deposited energy interaag¢sdefined
in S1/S3 sensors enabling identification of eletdtgrotons,

ar
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Fig. 2. Cross section view of the EPT instrumérvging the collimator and the sensor layout. TheS2land S3 detectors that define the 52° F.O.\eang
are highlighted, as well as the 10 DAM detectorfindgy the High Energy Section (HES).

He-ions and any heavier ions (Z>2) respectively.e Thparticles detected through S3. These 152 channeldedined
S1/S3and S2 sensors also define the 52° FOV amgle fhrough deposited energy limit settings (for S1,a88 S3) or
protons (E<13 MeV) since any particle has to hihtgensors by DAM absorber material selection and thus cédlRlaysical
in order to trigger the classification process. Channels” (PC). Operational parameters (integratiome,
The High Energy Section (HES) comprises the S2a@ensenergy channel limits, etc...) are uploaded to ti@ &id then
and the stack of so-called Digital and Absorber Med loaded into the instrument registers at measurestarittime.
(DAM). Each DAM is made of a central 35 mm diametefhe EPT functional performances are described witre
sensor (Fig. 2) surrounded by an anticoincidenog (AC) of details in the next section.
10 mm width; an energy degrader material (tungsben
aluminum) is accommodated in front of the centealsor. In .
order to perform the identification of incident ficles along 1) Maximumflux _
with energy channel determination, the energy désbsin Ong _of the most important reqqlrements for the @Tfs.
S1/S3 and S2 as well as the bit pattern generatéit DAMs ~ capability  to  measure  particle  fluxes as  high
are used. In principle, the energy deposited in®2Id be as107 particles /(cm?s). Based on efficiency calculations
sufficient for particle identification, but in ordéo provide full  Performed using GEANT4 [10], it was estimated thath a
contamination-free spectra, a particle is recordgdhe EPT flux corresponds to a0° particles /s hit rate on the front
HES only if its identification by S2 is confirmed 151/S3. Sensors S1/S3 if flux isotropy is assumed. Theréig,PSA
Each of the 10 possible uninterrupted series ofCMs Were designed to provide 10 ps pulse width, which ensures
defines a HES channel (when registering the lasMD#, all ~ that the pile-up rate is kept 10% for the above mentioned
the preceding DAMs need also to be hit). For plesic hitrate [11].
detected by the HES, the FOV angle decreases mdteasing ~ The validation of the EPT capabilities for high xlu
number of hit DAMs, down to 24° for protons (E>2K@V) Measurements was carried-out using a 103 MeV prioéam
hitting up to the last DAM. at the Proton Irradiation Facility (PIF) - PSI Ziri The 103
The front window of the EPT is composed of a 208 MeV protons were used because they depestd0 keV in
aluminum foil, which in addition to the S1/S3 thimss, sets the 375 umthick S1/S3 sensors, generating pulses that are
the lower limits of incident energies to 0.5 Me\V5MeV and typically similar to that of electrons, which oftetominate
38 MeV, for electrons, protons and He-ions, respelit The high count measurements in space environment.
upper limits of incident particle energies are tmifined by ~ The experimental setup used during the EPT FM icldn
the number of DAMs and their corresponding absorbénd validation is shown in Fig. 3. It is comprisefida set of
characteristics (thickness and material). Copper-based energy degraders followed by a diadech
For practical applications, the EPT user needsefine the intensity monitor, a 7 cm thick, 1 cm inner dianetéu
instrument as a spectrometer equipped with 76 ynergommator and the EPT. Before each data acqurBIWIIh a
channels (19 channels for four types of particfes)particles ~selected energy (defined by the thickness of thygatier), the
detected through S1 and the same number of chafmels diode-based intenSity monitor is calibrated by mtslator-

B. Performances
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based detector that is placed at the locatione@&RT. For the can be used if a rugged thin scintillator technglaguld be
data acquisition at 103 MeV protons, no degradenrewsed. qualified for space applications.

2) Theenergy calibration

The energy calibration of the sensors was performitid a
proton beam of energy 202.5 MeV and intensity of
approximately 2.5x10p/cnf/s (Beam current: 0.2 nA, initial
proton beam energy: 230 MeV, degrader: 10 mm of Cu,
temperature: 25°C).

The energy deposited by 203 MeV protons in the ERIT
sensors was obtained by GEANT4 simulation and dsvshin
Fig. 5 for the three front sensors. For the S1,aBd S3
sensors these values are 260+20 keV, 27020 ke\260H20
keV, respectively. It is assumed that at 203 Md¥\, énergy
deposited is practically the same in all the analexgsors, and
. g that the observed 270 keV in S2 is due to stadistic
Fig. 3. Image of the eximental-éet:up showiregdiode-based intensity fluctuations rather than to its position down.Strem.the
monitor, the 7 cm thick collimator and the EPT. beam. Thereby, an average value of 263 keV is densil as

deposited energy in the analog sensors. For S2y#hie was

The variation of the intensity of detected 103 MgMtons compared to the experimental pulse height histogrésue)
as a function of the incident beam intensity (meadiby the shown in Fig. 6. The Most Probable Value (MPV) ofise
calibrated diode-based intensity monitor) is showifrig. 4. height in S2 is estimated to be 253 ADC unitshy tandau
The measured counting rate follows a straight lipeto an distribution fit (black), though the experimentaagk occurs at

incident intensity of about $@rotons per second. higher value. Based on these results, it can beleded that
the lower limit of the calibration constant is 26320.095
300000 - +10% ADC LBS/keV.
——S1
—t—S3
~ 250000 - - $1/83 s2
2 ——S1+53 " suss | s
S| e bisector < 3500p e oo < @
5 200000 - i T 3 3000k g 3000F
& 25001
£ 150000 2500
8 — MPV: 0.26(2) MeV — MPV: 0.27(2) MeV
= 100000 - 15005 15001
‘g 1000F 1000
& 50000 - 500 500
. — 0 Ll Ty v 0 AN
0 T T T 1 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0 50000 100000 150000 200000 250000 300000 Deposited energy (MeV) Deposited energy (MeV)

Protasbeam Insinsiy (pratane/s) Fig. 5. Histograms of counts as a function of epetgposited in S1/S3

Fig. 4. EI_DT me_asured counts {5@ercentile) as a function of 103 MeV and S2 sensors (blue) with fits by a Landau distidm (red): The Most
proton beam intensity. Probable Value (MPV) is shown in the insets aloiityp their uncertainties.

As the S3 detector has a surface 100 times lahger the

$2

S1 sensor, the impact rate that it registers irsatmopic field £ 80F e nE
is about 2 orders of magnitude higher than theira®1 and 3 ;g%:

therefore it is more sgnsVuve to pile-up thgn Smngequently 50 — \PV: 25(3) MeV |

under extreme conditions when the particle fluxident on 40E-

the instrument aperture exceeds 10& particles /s limit, a 30%

correction factor which is a function of S1 couater should 20E-

be applied to derive the final total S1+S3 couté far use in e J | | . ‘

the flux extraction procedure. Even though excedgihigh % 15 20 25 30 35 40 45 50

fluxes have not been encountered during the one E8d ) ) ) ) ADC value
Fig. 6. Experimental deposited energy histogramepfor S2, in terms of

operations, the Curre_m margin_on noise CO_U|d bed us counts as a function of pulse height ADC value. Thadau distribution fit
decrease the pulse width at the PSA level, so m&tease the (plack) of the experimental histogram defines tHewM

EPT upper flux limit if deemed necessary in othéssions.
Indeed, the EPT modularity also allows that fasntitator- The same 203 MeV beam was used to find the caliprat

based S1/S3 modules (ensuriggl00 ns PSA pulse width) constant for the DAM and AC detectors. It was meadu
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using a differential method (instead of pulse heigttraction)
that allows better statistics. This method is ingzb®y the
instrument, as the DAM signals are not convertéd digital
values by an ADC but only give a digital pulse ortbeir
height exceeds a preset threshold given by a DAGitdD to
Analogue Converter). Fig. 7 shows as an exampledhelts

The GEANT4 tool was used to evaluate the intrinsic
detection efficiency matrix (i.e. the probabilityrfa particle
from a given virtual channel to be detected in\&egiphysical
channel provided that it has crossed the detegpertare
towards EPT). About one billion events of each ipkrttype
(electrons in the energy range 0.1 — 20 MeV, ptionthe

obtained for DAM3. As a result of this measuremengénergy range 5 — 300 MeV and He-ions in the enexgge 20

campaign the calibration constant for the DAM d&tecwas
found to be23 DAC LSB/100 keV.

DAM3

1000
900
800
700
600
500
400
300
200
100

t

MPV: 63(6) DAC LSB

counts per DAC un

T[T T[T T[T T

- ndh

10 20 30 40 50

s b b b ey
60 70 80 90
DAC value
Fig. 7. Experimental spectrum (red line, blue dogpresenting differential
counts as a function of energy deposited by 203 Mtons in the DAM-3
(expressed in DAC value) with Landau distributidgr{lflack).

o

The possible variation of calibration constantsdanction
of temperature was investigated using the S2 seffrsdact,
the EPT is equipped with three sensors that redbs
temperatures a few millimetres above the S2 se(etothe
bottom layer of the PSA PCB), on the Power Conditig
Unit (PCU) board
instrument and on the Data Processing Unit (DPUardo
beside the DAM stack. The EPT was introduced in
thermostatic bath and the calibration constantewegasured
at three temperature values in the -10°C to 30¥@ealt was
found that the temperature effect on the energysored by
the S2 analogue channel is <10 keV/40°C, whicactsially
considered as negligible, since the in-flight EBmperature is
within the 0°C to 25°C range.

In-flight calibration of the EPT is possible forettthree
analogue channels through the determination ofrtagimum
energy deposited by protons in the LES sensoraaff not

in the bottom compartment of the

— 1600 MeV) were tracked from the 78 mm diametefl EP
aperture defined as the base of the Al cone usefit the
instrument into the through hole in the satellig@m@l. The flux
of energetic particles at LEO is highly anisotrodit2]
[13][14]. However, in order to extract zero ordeuxf
approximations [15] to be compared with existingadset or
models, the detection efficiency calculations wpegformed
for particle fluxes assumed to be isotropic ovee timalf-
hemisphere in front of the EPT and the impact posit were
uniformly distributed over the aperture [16][9]. &gses of
angle-dependent fluxes are underway [17] and their
description is outside the scope of this paper.

TABLE |
ENERGY LIMITS (IN MEV) OF THE VIRTUAL CHANNELS(VC) FOR EACH
PARTICLE TYPE

VC Electrons Protons He-ions
1 0.5-0.6 9.5-13 38-51
2 0.6-0.7 13-29 51-116
3 0.7-0.8 29-61 116-245
4 0.8-1.0 61-92 245-365
5 1.0-2.4 92-126 365-500
6 2.4-8.0 126-155 500-615
7 8.0-20 155-182 615-720
8 182-205 720-815

a 9 205-227 815-900
10 227-248 900-980
11 >248 >980

Graphical representations of the particle efficien@trices
are shown in Fig. 8. For electrons only 13 physatennels
(PC) are shown as it was observed that there areveots
registered in the upper channels. The first 9 chinfor each
particle which correspond to the LES, were defisedhat the
first and last channel should always be empty &mheparticle

found necessary to provide the DAM channels with rdYPe.

calibration functions since these sensors are heakielded
and it was noticed that slight drift of their gaflves not
significantly affect the EPT efficiencies.

3) The detection efficiency of EPT channels

Each EPT physical channel contains only one type
particle. For that particle, the efficiency matrprovides
guantitative information on the contribution of dven
incident energy interval to the counts observea iphysical
channel. Such energy intervals are called “ViriGhkhnnels”
(VC) and serve as a basis to define the abscissenefgy
spectra. They are shown in Table | for each of fhticle
species that the EPT can identify.

Copyright (c) 2014 IEEE. Personal use is permitted. For any other purposes, permission must be obtained from the IEEE by emailing pubs-permissions@ieee

The energy limits of the virtual channels (VC) welefined
so as to match the best with the physical charimgesed by
the instrument characteristics. The matrices fatgrs and
He-ions are highly diagonal which allows a quick
interpretation of the counts observed in their jdaischannels
and a quasi-straightforward conversion to fluxes.
of The intrinsic detection efficiency of protons was
qualitatively assessed through the measurementbeam
particle spectra obtained at various incident eesrbetween
22 and 202 MeV. Even though the accelerator beartd gt
mimic an isotropic flux, the performed measurements
demonstrated that protons were counted in theidigtex
channels.
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respectively. For 105 MeV protons, the contentlodnnel

O E
B 10° 3231 and 30 (see Fig. 9) were recorded at varimgies,
10 whereas the content of channel 29 was recordedf@sction
ab 8 10+ of incidence angles for protons with incident eryeod 21.8
F MeV. Fig. 10 shows the variations of the measurdil E
B counts for both incident energies as a functiothefincidence
4F 10% angle. For these energies, the determination oF®¥ angle
- by GEANT4 simulations predicts that 99% of the et
E. . detected come from trajectories where the incideanmge is
% L below 16 or 21 degrees for 105 MeV or 22 MeV prston
respectively, which is in good agreement with the
9 18F measurements.
16 -3
14 10 3600
121 L 202MeV I ms1
H o 1800 | —
: 0 T R R S S S AT .|J|J| =l
10° R I
180 MeV s
1500 | —
10-6 0 [ 1 1 1 1 1 1 1 1 1 1 1 M IIJIJI ll 1 1
(b) ve 3000
o L 140MeV msi
a 18 1500 J ms3
16¢ 10° ' J
14 :_ o 1 1 1 1 1 1 1 1 1 1 sl ll 1 1 1 1 1 1
12 2 . 103 MeV I
E = -4
10 =10 £ a0 e msi
8 0 I J ms3
9 [
6 5 0 1 1 1 1 1 1 1 1 1 1 1 M 1 1 1 1 1 1
. 10 6000 [
2 L 77 MeV I msi
0 . o’ 3000
0 2 4 6 8 10 i J ms3
VC P R T S ST T T SR S N 1T P S SR SR T N
© 6000
Fig. 8. Graphical representation of the particticiency matrices: a) [ 46 MeV I ms1
electrons, b) protons, c) He-ions. 3000 i J e
Fig. 9 shows the detection of protons with différecident 0 ——————
: : . 6000
energies in the corresponding EPT channels. As .
energies ir [ 22Mev | -
illustration, it can be observed that almost ak #6 MeV 3000
protons (proton VC=3, Table I) are detected in 18 PC [ J s
(EPT channel 30) as predicted by the efficiencycuation == ———————

results shown in Fig. 8b. Not only the same chann o e . 2; - |32 & A 08
correspondence has been validated for the othddeinic EPT channe
energies, but also the capability of the EPT toenesount Fig. 9. Detection of protons with various incidemergies in the different
protons in the electron and heavy ion channelsasasirmed EPT channels.
[9]. . ,

An equivalent validation campaign was conductedh Wie- This measurement confirms that protons that arenbye
ions at KVI — Groningen and the results were geitailar: ~than 26 degrees off-axis (LES) are not detectednbyEPT
particles are detected in their dedicated channelre inter- @nd that the high energy protons (HES) which deeply

particle contamination was observed. penetrate into the EPT are detected from a muclerdd®V.
For protons and ions, the EPT can be consideredh as
4) The EPT Field Of View angle directional spectrometer, in spite of its capaletitto measure

In order to validate its angular opening, the EFEQN) omnidirectional fluxes in specific conditions (faxample
was rotated around an horizontal axis drawn onoatperture When the angular distribution is not too narrow &l is
plane. The angle between the proton beam and tHE Ejpoking towards the direction c_)f maximum flux ingty).
principal symmetry axis was varied from 0 to 30°stgps of However, for the electrons it was calculated [9]dan
2° or 5° for 105 MeV or 21.8 MeV incident Iorotons,quahta‘uvely observed (with a strontium electrmuce) that
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they may be detected even with 55° incidence asiglkee they
are scattered by the entrance window sheet. Fotretss, the
detection FOV also decreases with increasing energy

Finally, by rotating and shifting the EPT, it waswn that
203 MeV protons impinging the instrument througk gides
are not counted in the particle channels.

1.20
4-E=21.8 MeV

°°_ 1.00 L WE=105 MeV
£
2 0.80
2
S 0.60 \\
3 E
o L
E 0.40
s
£ 0.20
o
2 5
0.00 : ; ST - —a
0 5 10 15 20 25 30

Incidence angle (deg)

Fig. 10. Angular variation of EPT counts for 2ai@& 105 MeV protons.

5) The configuration file
The EPT operations are driven by parameters tleastared
in a configuration file and uploaded to PROBA-Viigt pass

over the Mission Control Center in Redu, BelgiumheT

configuration file is transferred to the EPT at teginning of
every measurement, which has a typical duratiomwdsen 1
and 10 hours. The configuration file contains ovi0
parameters defining the deposited energy limits ffarticle
selection and energy channel identification, thesee bias
high voltages, a sensor validity mask that indicatefective
DAMs, the deposited energy thresholds for the ssndbe

integration time (normally set to 2 seconds) fortada
processingeéla
reconfigurabl:

acquisition, as well as some signal
parameters. This makes of the EPT a
instrument that can be kept operational even ie cdsensor
degradation or complete failure, or in case of eg@ noise
increaseDuring the commissioning phase that lasted from
May to 3 July 2013 the configuration file was optied so as
to guarantee the best particle discrimination c#ipatand
channel definition, and since 24 June 2013 the data
acquired with this optimized configuration.

6) Health check of the instrument

While the detection of coincident signals in thexsms
allows accurate particle classification, the sige@iinting rate
from each individual sensor is used to check tredityuof the
measurement. In fact, these counting rates allodetermine
when saturation of the sensors needs to be takeragtount
for data analysis or when registered measurementtdde
rejected due to abnormal noise. In fact, while qmoflux
measurements are immune to most of the
disturbances, electron flux measurements in presevic
intense flux of high LET particles (dominated bwl@nergy
protons mainly in the SAA and during SEP event) fzasd
to be disturbed sometimes: The origin is an in@éa%lectric
current induced by the high LET particles and gatieg

transient baseline variations. Such baseline vanstmake
that some signals in the analogue sensors arepiated as
valid events during a few tens of microsecondsh@lgh the
duration of the transient noise is negligible aspared to the
2 seconds nominal integration time of the EPT, éhegents
result in anomalous count rates. Finally, any mesament in
which disturbances occur on sensor counting ratebs an
baseline levels is discarded at data analysis time.

C. The EPT on-board PROBA-V

The PROBA-V satellite with the EPT as technology
demonstration instrument on board was launchedhen?t
May 2013 by a Vega Rocket from Kourou — French Gaya
(Fig. 11). The satellite primary mission is Eartegetation
imaging, it is three-axis stabilized and it circles a Sun-
synchronous LEO polar orbit with the following
characteristics: altitude: 820 km, inclination: 9&8Ad local
time at the descending node: 10:30 — 11:30 AM,qokerl01
min.

EPT aperture

1c

[NCERRESE ¢
Fig. 11. View of the PROBA-V satellite mounted the launcher with
tagged EPT aperture.

The EPT on board the PROBA-V satellite is oriented
WEST when in daylight and oriented EAST when inpsd.
The angle between its boresight direction and theall
magnetic field varies between 60° and 120°, i.euad 90°,
when no off-pointing of PROBA-V is performed foresjific
operational reasons or some scientific investigatias for
example pitch angle distribution studies. The argtéveen
the instrument boresight direction and the locagnedic field

instrument

is assumed to give the average particle pitch-angtr the
FOV in the inertial reference system and it canobtained
through two methods: i) The PROBA-V onboard
magnetometer measures the three components ofotad |
magnetic field in the spacecraft fixed body of fa(BOF). In
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orbit, the satellite X-axis is oriented in the diien of its
velocity vector, its Z-axis is oriented towards terth and the
Y-axis is oriented perpendicular to X and Z in tiesction
according to the right-hand rule. The boresightction of the
EPT is parallel to the Y-axis and therefore itsrage pitch-
angle can be readily evaluated. ii) The EPT dafzogation
team has access to the commanded attitude datanms tof
quaternions and using the calculated magnetic {ieéded on
extrapolated IGRF2010 and external magnetic fieldo®-
Pfitzer quiet) the average pitch angle can be detexd. Both
methods are generally in good agreement with eahkro
except during commanded attitude changes.

As consequence of its Low Earth Orbit, the EPT damp
the Radiation Belts near their low altitude edgEry. 12
shows the location of the radiation belts as defimg>1 MeV
electrons on an invariant coordinate map [18]. Tagion
covered by the PROBA-V satellite is indicated imsitle thick
black contour (Note that a more adequate invacgantdinate
system should be used to map the steep flux gradierthe
LEO region with better resolution [19]). For comigan, the
region covered by the Van Allen Probes (launchedugust

series comprised of measured counts along withllisate
coordinates and EPT housekeeping information. Upon
successful validation, the LO data are transmittethe EPT
Data Center at UCL - Center for Space RadiatiorGL{CSR)
for a final validation and flux extraction. The edted fluxes
are stored as L1 data files at UCL and B.USOC frohere
they can be accessed for use in science and erngigee
related studies that are performed in parallel Viithher data
quality control. The data extraction procedure eésatibed in
more details in the following section. A high degref
autonomy is built into the EPT operations, allowmgximum
flexibility for the user, while providing maximumperational
availability. Although, the EPT data acquisitiontésnporarily
interrupted before data transmission (which resuftsa
reduced number of data around the Redu statioe) ERIT is
active for > 96.5% of the time.

E. The flux extraction

Inside the 2x76 EPT channels that register couttts,
identification of particle types is already perfadnand the
information from a set of 19 physical channels (R&h be

2012) is also shown. The particle flux measuremengdtributed to each type for incident spectra exiwaq(VC).

performed on board PROBA-V and the Van Allen Protes
be considered as complementary, but also are usectdss-
validation of fluxes measured in the overlappingjoas.

log,,(FLUX(cm™s)) AES E>1 MeV Solar MAX

-—

100}
o F
o
~
o
10}
L (Re)
Fig. 12. Invariant coordinate map (L, B)JBof the AE-8 MAX integral

electron flux >1 MeV. The position of the belt of 20 MeV protons is
indicated in red. The region covered by the PROBAa¥kllite is indicated in
black. For comparison the region covered by the X#en Probes (blue) is
also shown.

D. Thedata acquisition

The EPT data are continuously acquired and starethe
PROBA-V host memory from where they are downloatied
the ESA satellite Mission Control Center (MCC) ired®,
Belgium at S-band passes every 1h30-3h30 or 8h-IHf.
EPT data are then complemented with the ephematésahd
transmitted to the Belgian User Support and Opamnafienter
(B.USOC) for decommutation and primary validatidhe so-
called LO data which undergo a primary validatioe &me
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Converting the measured counts in PCs into inteftiraés
over the VCs amounts to searching for an approxmat
solution of the system of linear equations:

Qo a(N—l)O Vo Po
()
Ay(k 1) An-1y(k-1) VN -1 PK -1
whereg;; is the efficiency to detect a particle of ihth VC
(labelledVy) in j-th PC (labelledP,). For the labelling of an
elementa; in the efficiency matrixj refers to the column
number ang to the line number. The total number of PCs is
equal to K and the total number of VCs is equaNtalt is
clear that a unique solution of the system canooed when
row rank of the matrixA=[a;] is greater or equal to N. But if
there are 2 or more VCs that are not distinguighableast in
a single PC, a unique solution cannot be found.

If the best solution of equation (1) is known, thvemen it is
multiplied by A and subtracted from the P vectbg tesidual
values will be very small and in the ideal caseagtm 0. Saf
we find some estimation of V that will decrease tesiduals
|P-Rstimatedy @nd we repeat it many times until the residoéls
P reach minimum value at a given precision, thenstt of all
the estimations obtained during iterative procefk he the
best solution of the system.

Since there is no a-priori knowledge of V, one musé
only the efficiency matrix A and the measurementa Brder
to provide such an estimation. For the first estiomit is
assumed that the valudsare equal (one to each other) but
unknown. They can then be independently estimateth f

every equation (i.e. with the use of every PC mesament). v
the estimation from the j-th equation is then gibgn
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Vvi= (2

P
23

Since the elements of the matrix A are all différghis is a
requirement for spectra measurement), one can thaie a
given VC will have more important contribution tertain
PCs than to the others. So, by calculating a wewjtmhean

value for every element of V with the use of estieoa\/ (2),

an initial and realistic spectrum estimation candixained.
The weight is based on the relative contributiom gfiven VC
(i) to a PC (j) (first factor in (3)) and on thesaitute capability
of the instrument to count particles belonging G ) in the

Moreover, this algorithm was extensively tested hwit
simulated and experimental data and no severeligtabsue
was found, while it was confirmed that the procetsays
converges to a solution (residual counts stead#grehsing)
when statistical fluctuations are small. However,order to
avoid any negative solutions for flux values in ®oMCs,
which is possible in case of low statistics, oneusity
condition was set: if the estimated flux in a VCaagiven
iteration is negative and its absolute value ishéigthan the
sum of the estimations before the current iteratitrs
estimation is set equal to the sum of the estimatiabtained
before but with the negative sign, and the itemfivocess is
continued. So in the worst case the final solution some

PC (j) (proportional to efficiencg;). Such a two-component VCs may become zero.

weighting factor allows to extract the flux in a \ftbm the
information contained in the PCs where the contidvufrom
that VC is dominant. It is expressed as:

a; B
j

®)

W =

DX
i
Then the initial spectrum estimatidlv is expressed as

follows:
2V,
oy =_J

i ZVV”
|

This expression has two key properties: (i) in cks#\,
and A is a diagonal matrix {20 if i#j), estimation (4) gives
immediately the exact solution of the system (1), the

(4)

When the efficiency matrix A is explicitly knownne can
use its properties (e.g. if some of its elemengsegual to zero
or some of them are significantly higher than othén order
to impose some constraints and define immediatdtjchv
members of V will be equal to zero or negligibleheT
efficiency matrices of EPT instrument for differekind of
particles are presented in Fig. 8 and they arewof tiypes:
guasi-diagonal matrix for protons and He-ions, drighly
triangular matrix for electrons.

Electrons present the most complicated situatiai Wwigh
overlapping tails in the efficiency matrix, i.e.tlvithe VC
number incremented by one, the corresponding higher
becomes efficient, but the sensitivity of lower PiSsnot
necessarily affected. This is reflected in thetetecefficiency
matrix (Fig. 8) by its rather triangular shape, eptcfor PC
number 10 (which corresponds to DAML1 that is inddigig a

estimated values of ;Vare automatically non-negative aSyide energy range, but in any case has the h|g§‘fﬁs[ency

expected for fluxes.
Equation (1) can be rewritten as follows:

80 dV,+°V, R
= .. (5)

F)Kl

An-10

Aok - A(N-1)(K-1) d]VN—l"'OVN—l
Or, in matrix form: AEﬁd]\/+°V): P, where d'V is the

first order correction, that is now unknown. Eqaati(5) can
be easily brought to the same form as (1):

Al =d'P (6)
whered'P is expressed as follows:
'R =P - >3V ()

Under this form, equation (6) can be treated astou (1),
and this process can be repeated many times. Actulaé
algorithm will converge after a certain number tefations if

the absolute value ofi"P; is lower than the previous one

d”‘le (nis the number of iterations).

It was tested with a large amount of trial spetirat after
the first iteration, the residual counts are desiren if
statistical fluctuations are negligible.
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for VC=5). It means that low PCs are expected talpeays

hit, while the highest non-zero PC can define tighdst VC

that will have a non-zero value.

In practice, for optimization of the system, théommation
in the first physical channel for each particlegyp not used,
as well as terms in the efficiency matrices that lzelow 10.
For electron spectrum extraction, counts registaredectron-
PC 2, 3, 4, 5, 10, 11 and 12 are used. For prop@ctgim
reconstruction, counts registered in proton-PC & EHhto 18
are used and counts recorded in He-ions-PC 7 and 18 are
exploited to obtain He-ions spectra.

Based on the above-defined parameters and varjahles
spectrum reconstruction algorithm includes the ofelhg
steps:

1) Highest non-zero PC is found; according to thishighest
VC to be reconstructed is defined.

2) Lowest non-zero PC is found; according to thisltdveest
VC to be reconstructed is defined.

3) Weights for spectrum estimations are calculatedgushis
restricted PC and VC range.

4) Spectrum estimation according to (4) is performed.

5) (for iterations after the first one) If some of theé
components are negative and their absolute valbigler
than the sum of the solutions preceding this itenastep
(V9), its value is set to -V
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6) Residual counts in PCs according to (7) are cdledla

7) Correction is added to the initial estimation tat gee

solution vector V.

Operations (4 — 7) are repeated with the only diffee

that instead of measured counts, residual couetsised.

The iterative process is stopped if at least onethef

following conditions is satisfied:

a) y%is less than a threshold valyé is equal to the sum
of squares of residual counts divided by statitcenr
of initial counts), this value is set to 0.01.

b) At least 10 iterations are made gyfds not decreasing
anymore with the minimum required

n=x2,lx? (n = iteration number). During

adjustment of the algorithm the optimal valuefoxas
found to be 0.9999.

8)

<)

exceeded.

The statistical uncertainties on estimated fluxes maot
calculated during the spectrum unfolding procegscesthe

implied intermediate values are correlated and n‘é

straightforward information on their covarianceisilable. In
the meanwhile, flux error estimations are based an
simplified approach that is presented hereafter.

Upon completion of the iterative flux extractioropedure,
the expected contributions of a given VC to countany PC
are calculated using the efficiency matrix. Thetdbation to
the statistical error of the measurements from NS in
different PCs is obtained as a square root of thesets.
Then, the relative error on a given VC value isokdted as
weighted mean value of relative errors on countthén PCs.
Weights are equal to the respective efficiencigs,the most
efficient PCs contributes the most to the total &@or, while
PCs with low efficiency and/or with low statistiesll affect
the overall statistical error in a limited way. Tregative error
on the extracted flukE(V;) may be expressed as follows:

z‘%

a'l]l
E(V) = (12)
Z% Zaj
The above-described approach leads to reasonal

estimations of the statistical errorsffvalues are low, i.e. if

the residual counts are low. These estimations Ignain

represent the statistical part of the errors, wiplessible
systematic errors originating from the proceduselftare not
taken into account. As consequence, if a given flax
estimated as zero due to insufficient counts iategel PCs (not
zero, but not sufficient compared to the neighbchannels),
its error is also estimated to be exactly zerosTnawback of
the method will be addressed later, even thoughdst of the
cases this approach gives reasonable estimationsheof
accuracy of the obtained results. Therefore speutita

alternating high and zero errors should be consitleas
inaccurate. Moreover it should be noted that ireafshighy?,

the resulting spectra should be considered withtiqaar
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The maximum allowed number of iterations (1000) |

attention because the flux extraction is not pebgatself.

This flux extraction procedure has been tested with
simulated data. In order to simulate the respofslesoEPT to
the particle fluxes along the PROBA-V orbit, the ap
Environment Information System (SPENVIS) tool [20&s
used to generate the expected fluxes. A sun synobsoorbit
at 820 km altitude and 10:30 AM local time at desltierg
node was calculated by the orbit generator forréogeof 15
days starting on *1L April 2013. The time resolution in the
generated orbit file is 1 minute. The AP8MAX and 3\EAX
radiation belt models were used for proton andtedacflux

speedkestimations, respectively. The flux output filesrfr SPENVIS

give integral spectra in (cfms') units for various threshold
energies as a function of time. These fluxes wemverted
into a number of hits on the EPT aperture from e€d€hby
takmg into account the geometrical factor of thdrance

indow (149 crfsr), the integral flux of each VC and the
mtegratlon time of the instrument (1 second arsg&nds, for
electrons and protons, respectively). The converfiom VC
counts to PC counts was readily performed by applyhe
fficiency matrix. Statistical fluctuations, accorg to a
oisson distribution, were added to the simulat€dcBunts
and the reconstruction of the primary spectra wased-out
from these realistically fluctuated counts. Fig. d&&l Fig. 14
show comparisons between original simulated spdbieck
dots) and reconstructed spectra (red trianglesyahst from
PC counts with statistical fluctuations. The totalmber of
counts available for spectrum reconstruction isciaigd on
top of each graph as well as the sum of the fldizina of the
counts in channels with regard to a poissoniamidigion.

Tot. counts: 415 Tot. fluctuations: 35

10*

: ® simulated
> L2 A reconstructed
—,E 10° z ¢
2
o e
g 10?
o
x 10
=
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1 =t ‘ + e 1
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Tot. counts: 2711  Tot. fluctuations: 96
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Fig. 13. Examples of comparison between origidatteon spectra as
given by the SPENVIS tool (black dots) and recarcterd spectra (red
triangles) as deduced from PC counts. The totalbeurof counts available
for spectrum reconstruction is indicated on topea€h graph as well as the
sum of the fluctuations of the counts in channeath wegard to a poissonian
distribution.
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The quality of the reconstruction procedure incesasith L=4.52-4.63, B=0.288-0.289 E———
increasing number of total counts in all the chdmnia case 1000 = 4/10/2013 06:47:19

™ 4/10/2013 06:47:21
™ 4/10/2013 06:47:23

of electrons if a spectrum is deduced from a totahore than
™ 4/10/2013 06:47:25
™ 4/10/2013 06:47:27

500 counts in the PCs, then it can be reconstrueitid an 100
overall relative error of about 20%. For protonsl &fe-ions, <

as the efficiency matrices are quasi-diagonal, tr -
reconstruction precision is highly related to theumting
statistics and the number of counts in each chadariek main
parameter that determines the precision on thenstaated o

flux. PC10 PC11 PC12

Count rate (s})
o

[

Tot. counts: 201  Tot. fluctuations: 30 Physlcal channel

@ simulated (a)
A _ reconstructed

L % L=4.52-4.63, B=0.288-0.289 G

#‘#: 106 ¥ 4/10/2013 06:47:17
% ™ 4/10/2013 06:47:19

Flux (s "cm2sr-'MeV ™)

§ — ™ 4/10/2013 06:47:21
C —I‘ﬁ 104 W 4/10/2013 06:47:23
- - - N ™ 4/10/2013 06:47:25
I~ % 10 W 4/10/2013 06:47:27
a2l s 102
10" = b
1 i i i i ' i 1 i1 i p— w
o 10
10 10° E (MeV) £
(@ S 100
x
Tot. counts: 436  Tot. fluctuations: 38 & 10
= P~ 05-0.6 0.6-07 0708 0810 1024 2480 8.0-20
- - simu
% 10 ::"_._' A~ reconstructed Energy bin (MeV)
__E E == — (b)
& L e : Fig. 15. a) Physical channel spectrum and b) eneiffgrential spectrum
£ 1L =?= (virtual channel spectra) as measured in the catdiation belt (Geographic
2 E %ﬁ location: longitude= 47.00.2°, latitude=-55.620.8kitude= 831.2 km).
N =
x - . . . .
2 8- Fig. 16 shows a comparison between differentiakeffu
10" = redicte an e uniolded spectrum ir
= = ; = dicted by AEBMAX and th folded t frime
10 102 E (MeV) EPT datg. The agreement is quite good taking ictmant
(b) that the instantaneous spectrum may vary by ovarder of

Fig. 14. Same as in Fig. 13 but in case of protoomparison between Magnitude with geomagnetic activity conditions ahét the
original simulated proton spectra (black dots) amcbnstructed spectra (red AE8 model gives an average spectrum taken from many
triangles). measurements over a large period of time [21]his tegion,
during the period from 22 May to 24 November 20fb8,the
energy bin 0.5 — 0.6 MeV, the electron flux hasrbearying

The following section is dedicated to differentiialxes that (only) between about fGnd 5 16 (cm? s* sr* MeV™) with
are obtained from the EPT measurements on-boardBRRO most frequent values around 841@Em? s* sf* MeV?).
V. The data are compared to AP8/AE8 MAX modellhereby, for that position and geomagnetic actiVéyel, it
predictions in order to draw preliminary conclusiomn can be concluded that the electron fluxes obseoyedPT are
circumstances (positions, orientation, data actioisi reasonably compatible with AE8 Max predictions.
configuration, etc...) under which good agreement c 10°

. IN-FLIGHT FLUX MEASUREMENTRESULTS

discrepancies between the EPT data and modelbaesved.  _ 4 | | —AESmaxi  SERRear
E 10*
A. Electron spectra P
Fig. 15 shows in the upper panel the count ratethén :m 10?
electron physical channels that have been takenaictountto g 10t
reconstruct the differential spectra representedhn lower % ‘
panel. Five consecutive measurements are showngatea * | f

-1
time in a position bin located in the outer baitthis case, the 10

total number of counts/second exceeds 500 and t Electron energy (MeV)
reconstruction of the incident spectra is quitblsta Fig. 16. Comparison between the differential flas predicted by

AE8BMAX model and EPT results on 4th October 2018d@Faphic location:
longitude= 46.9°, latitude=-55.8°; altitude= 83kiR).
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Fig. 17 shows the count rates in the electron glaysi

The situation only becomes critical when the totamber

channels (upper panel) and the corresponding uedoldof counts/second becomes close to 100 and wheR@4eor

differential spectra (lower panel), for 4 conseeiti
measurements at indicated times in a positiondziated close
to the slot region.
counts/second is around 200 and the reconstruafothe
incident spectra may show some non-natural fluzinat(see
red histogram and the energy bin 0.6 — 0.7 MeV).
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Fig. 17. Physical channel spectrum a) and eneiffgrential spectrum
(virtual channel spectra) b) as measured closaecslot region (Geographic
location: latitude= -56.3°+0.2°, longitude= 12.3°+altitude= 829.6km).
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PC5 measures a count rate below 5 counts/secorttiaso
occasionally these channels are not even filledllatiue to

In this case, the number ofaltot statistical fluctuation. The reconstructed spectmnmay then

have an unphysical shape and in such cases onlgvérage
value over many passes in the area will be consileBuch
situation is often observed at the edges of therawatdiation
belt or the South Atlantic Anomaly (SAA).

While the strongly fluctuating spectra observedriiba slot
region have to be averaged before comparison wibldein
predictions, they are quite suitable as single nmessents for
investigations of the physical processes involvedtlieir
dynamics and which affect their lifetimes.

Fig. 18 shows the time evolution of the differehfiax for
0.5-0.6 MeV electrons, between 21 May and 23 Nowwmb
2013, for the indicated (L,B) range. The L, B capnates were
calculated with UNILIB v2.20 library
(http://itrend.aeronomie.be/NEEDLE/unilib.html). Théeld
strength B is calculated using internal and exteffield
models. The internal magnetic field component ikwdated
using the IGRF-2010 coefficients extrapolated te tlate of
measurement. To calculate the external field corapbithe
“Olsen-Pfitzer quiet” model was adopted. The Mcilwa
parameter L was determined using a magnetic dipament
of M=0.311653 GR&

It can be observed that after significant flux emtement
and the absence of strong geomagnetic activitynduthe
following days, the flux decreases steadily follogian
exponential variation. Based on these flux datactedbn
lifetimes can be deduced as in [22] and compargahtsical
model predictions. Rough estimates based on boflet qu
periods in June and July give lifetimes of 4.5 dasch is in
agreement with T=4.8+1.5 days at L=3.4 — 3.6, B26-2).46
G and E=0.52 — 0.61 MeV from reference [22].

+ measured data A Dst event <-44nT A SEP event

AT TR T LXORPN| x o
wore Y4 - PPt AR YK P
- e o8 o8 4 e o 3+ 37 2s e
S5 % * v es F2H “ *%
bR, W Jathaic o1 50045
* * o " ot o %® % e
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> * -
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. .
. . - *
.
At — ia A A A——Thl
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Time (UT)

Fig. 18. Differential flux in the energy bin 0.560MeV (blue dots) as a function of time for anigaded (L,B) bin. No averaging was done. The spirad
data is mainly due to the spread of the counthénunfolded spectra. The green triangles showirttiee @f occurrence of a solar energetic particleneead the
red triangles show the time of Dst minimum whereargagnetic event occurred (only if Dst was beloén).
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A more detailed analysis of electron lifetimes atrious
positions is outside the scope of this paper. idifet
calculation examples are provided herein to dennatesthat
the quality of the EPT data, even in conditiondasf count
rates, makes these data suitable for detailed ten
investigations beyond the average
purposes.

where the EPT single measurement is lower than AP8

predictions. The measured spectrum has also aestségpe
for energies above 150 MeV. The statistical fluthres are
very high (see Fig. 19 upper panel) for these éesrdput the
quoted uncertainties on the EPT measurements eatiet

radiation modelirconclusion that AP8 overestimates E>150 MeV protdrtbat

position.

B. Proton Spectra More details about comparisons of measured prqtectsa
) with models and RPS/Van Allen Probes data can badan
Fig. 19 shows the measured counts in PCs and fletded  [17]. Cross-validation of existing radiation moddélased on
differential spectra for 4 consecutive measuremeTile a the EPT data and data from other science-classiments is

spatial bin Iocated_ inside the SAA. The data werquaed _part of the data exploitation plan implemented @LICSR in
with an EPT looking eastwards and an average Wesi cqjlaboration with partners worldwide.
orientation of 91° with respect to the local magnéeld. The

count rates in the original proton spectra rarelgeeds 400

100
counts/second as the proton flux is generally Vevwy at that
position of the proton radiation belt. Nevertheléasthe case : 0
of protons and He-ions, the spectra unfolding aflgor can = t : .
cope with much lower statistics than in the caselettrons, 7% : :
due to the fact that the ion matrices are hightdnal. o t : i
-57<lon< -56.9,-21.5< lat < -21, alt=831.3 km t os + EPT data
L=1.28,B=0.1647G = 26/07/2013 02:47:08 —:— —AP8max (UNI) PA=90°
1000 m 26/07/2013 02:47:10 E
26/07/2013 02:47:12 0.01
_ 100 i m 26/07/2013 02:47:14 10 100
K i I 2 Proton Energy (MeV)
g 10 i I , Fig. 20. Single proton spectrum measured by th€ &® 26 July 2013
€ with 91° average pitch angle, as compared to ptiedicof AP8-MAX
§ 1 I | . ‘ i ‘ il| nli Il‘ Unidirectional for position: -21.5°LAT, -56.9°LON31.3km ALT).
01 Fig. 21 shows measured count rates and unfoldetbrpro
PC6 PC10 PC11 PC12 PC13 PCl4 PC15 PC16 PC17 PC18 spectra acquired at high latitude (14°+3° LON, B215°
Physical channel LAT, 832.7 ALT), during a SEP event that started @h
(2) January 2014. Even though most of the detectedmsdtave
-57 <lon < -56.9, -21.5 < lat < -21, alt=831.3 km an energy E<61 MeV, the flux of low energy protatsigh
- 1=1.28, B=0.1647 G e et latitude was found to be an order of magnitude diigian
K 10 i . ) 26/07/2013 02:47:12 that of protons stably trapped in the SAA. Thesat@rs are
3 i ; SEEEII also found to be isotropically distributed i.e. difference in
_? . l . 1 intensity is observed for various instrument oréions. They
o II 'l l lI are suitable for use in cross-calibrations of unstents that
£ i have different boresight directions as they fly hivit the
3 o1 above-indicated position.

C. He-ion spectra

The EPT physical channels dedicated to He-ions albo
usually record high statistics and the total nundferounts in
all the 11 considered He-ion physical channelgss khan 10.
Counts are only registered in the SAA, except dustrong
SEP events, when at high latitude, the number ohtomay

Proton fluxes in the SAA are known to be relativetgble get as high as 10 in each of the two physical cblann
and instantaneous measurements can be compareddel mcorresponding to the 38 — 116 MeV incident energyge.
predictions, provided that uncertainties on singldhe long-term flux level maps are drawn by single
measurements are quoted. Fig. 20 shows a comparigsopasurement averaging over many passes acrossusrario
between a measured spectrum with predictions fteenAP8- position bins.

MAX unidirectional (PA=90°) model accessed through Fig. 22 shows a typical world map of the 615 — K&V
SPENVIS. A rather good agreement is observed betwekle-ion fluxes averaged over a bin of 1° latitude®Xongitude
measurements and AP8 model for ~100 MeV protong THor the time period 21 May — 20 November 2013.dh be
agreement is less satisfactory in the 10 — 20 Medfgy range observed that in the SAA the highest averaged dlo&s not

9.5-13
13-29
29-61
61-92
2-126

()]
Energy bin (MeV)

(b)

Fig. 19. (a) Counts in the EPT physical channeld eorresponding (b)
energy differential spectra as measured in thenaomtpart of the SAA.

155-182
182-205
227-248

126-155
205-227
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exceed 18 cm? s' sr! MeV?, which corresponds to an
average of about 0.4 count/second in the dedicktedon
physical channel n°7.

13.7<lon< 14.3,-72.3<lat <-72.0, alt=832.7 km
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Fig. 21. Physical channel spectrum and energyemdifitial spectrum

(virtual channel spectra) as measured at highutigiluring a SEP event.
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Fig. 22. World map (bin resolution 1°x1°) of avgeaHe-ion flux in the
615-720 MeV energy range measured by the EPT frbrividy 2013 to 20
November 2013.

IV. THEEPTDATA ACCESS

The HTTP web page at the EPT Data Cent
http://web.csr.ucl.ac.be/csr_web/probav/provides  public
access to a set of plots (particle spectra, gebgralpposition,
B-L parameters and instrument boresight orientatimin
measurements (FOV direction with respect to magrfetid
giving the average particle pitch angle). It is amncally
updated and includes 6 tabs that can be selectesin@mes
and the corresponding contents of each of thess &b
described hereatfter:

1) “Home”: on the right side of the page an artistiew of

PROBA-V satellite with EPT aperture window highligd

Copyright (c) 2014 IEEE. Personal use is permitted. For any other purposes, permission must be obtained from the IEEE by emailing pubs-permissions@ieee

appears, and on the left side the following infaiioraare
given: selected particle type, its energy, theentreatellite
position in geographical coordinate system and # B
coordinate system, for the given particle mean @ugr all
data measured at that position before, decay tifhe o
particle flux at current position (to be calculgted TC
time. Every 30 seconds this information is updatia:
displayed particle and its energy are randomly ctetk
while the satellite position is updated accordimghte orbit
predictions.
“Radiation Models™ This page will contain steadiats
flux maps for electrons and protons, as well astitife
maps (for details about these two products pleef® to
[23]). Comparisons to the existing radiation belbdels
AE-8, AP-8 and IRENE (INternational Radiation
Environment Near Earth) will be presented as wRight
now all these links are not active yet, but workins
progress.
“Space Weather”: This tab will be active by the efidhe
year 2014 upon completion of the space weathetegtla
activities scheduled in the EPT data exploitatidenp It
will provide access to time series of fluxes folestable
position, particle and energy; as well as to flaretasting
for the next few days, based on flux lifetime madel
“Event catalog”: will contain information about sgal
events that has occurred in the space radiatiomogment
during EPT flight period.
“QL data” tab shows a set of Quick Look (QL) plots:
electron, proton and alpha-particle fluxes, averpgeh
angle, geographical and B-L coordinates of measengsn
(the type of data to display can be selected in“8edect
data to display:” menu). Only the ten latest measuant
periods are selectable and this tab is updatedreaitcally
every time a new EPT data file is validated anccessed
at the EPT Data Center at UCL/CSR.
6) “Contacts” tab shows a list of contact persons wha
provide further information on the EPT data.

2)

3)

4)

There are 3 subsections at the bottom of each“E®T
news”, “Proba-V news”, “Data Access”. “EPT news"dapes
periodically the link to one of the PDF documentsitaining
latest information on EPT operations. “Proba-V nepgints
to the homepage of Proba-Vegetation instrumerp:/fitoba-
v.vgt.vito.be. “Data Access” is linked to the “Qlatd” tab that
has been described above. Clicking on the EPT Ingihe
right top corner gives access to a web page thks lio the

PT “instrument concept” article [9].

On request access can be given to numerical flax siet
(L1 data) as well as to the full set of QL ploteng series
plots of fluxes and other parameters including éeample
housekeeping data).

V. CONCLUSION

Within this paper the characteristics and the fiomet
performances of the PROBA-V EPT have been presemitbd
as many details as may be required by the useheofEPT
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data. The provided information should allow therusebe [2]
aware not only of the unprecedented EPT capakilitie
identify particle species, to cover wide energyges) to
define accurate FOV, but also of the instrumenttétions
when count statistics become extremely low or whery
high fluxes need slight corrections due to pul$e-pp.

In-flight particle discrimination capabilities mak#éux
extractions so easy that the ready-to-use real-flme data
acquired by the EPT can be exploited to forecastighe
fluxes in space, making of the instrument an imguartool for
space-weather services.

The above-evoked cross-validation of the EPT dath w
radiation belt models and other science-classungnts like [7]
the ECT (Energetic particle, Composition and Thérma
plasma) and RPS (Relativistic Proton Spectrometeripoard (8]
the Van Allen Probes will also be pursued in thetegt of the
IRENE model collaboration as well as in other catgaimed
at improving space radiation models.

Combined with data from other instruments thateateially
flying in space onboard various satellites, like Wan Allen
Probes, Cluster, THEMIS, Giove-B, Proba-1, etc..e BEPT
data are analyzed so as to contribute to furthénsfic
understanding of the radiation dynamics processereir-
earth space.

(3]
[4]

(5]

(6]

[9]

[10]
[11]
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