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ARTICLE INFO ABSTRACT

Keywords: The Aditya Solarwind Particle EXperiment (ASPEX) is one of the seven scientific payloads onboard the Aditya-L1
Sun-Earth L1 point mission (the forthcoming Indian solar mission), to be placed in a halo orbit around the L1 Lagrangian point of the
Aditya-L1 Sun-Earth system, at a distance of 1.5 million km from the Earth, along the Sun-Earth line. ASPEX will carry out
ASPEX the in-situ, multi-directional measurements of the slow and fast solar wind; suprathermal particles and solar
:?;Iss energetic particles in the energy range of 100 eV/n to 20 MeV/n. Multi-directional measurements from ASPEX

will help in understanding the anisotropy in the energy distribution of particles arriving from different directions.
The ASPEX payload will play a significant role in the understanding of the acceleration mechanism and generation
of these energetic particles in the interplanetary medium. The ASPEX instrument has been configured as two sub-
systems viz. the Solar Wind Ion Spectrometer and the SupraThermal & Energetic Particle Spectrometer. This paper
presents the configuration details of both the sub-systems along with preliminary results obtained from the

breadboard models.

1. Introduction

The solar corona, outer atmosphere of our nearest star, remains an
enigma in terms of its temperature that is many orders of magnitude
higher than the photospheric temperature. Closer to the surface of the
Sun, the solar atmosphere is dominated by Sun's own magnetic field,
which is about 10° nT. The plasma here is regarded as collisional with a
density of about 108-10° particles per cc. However, the further we go out
from the surface of the Sun, its atmosphere becomes tenuous and fluid
forces start to dominate over magnetic forces. Close to the Earth's orbit at
about 200 solar radii (~1 AU), the magnetic field is of the order of
nanoTeslas. Plasma in this region is tenuous with a density of about ~10
particles per cc and is naturally regarded as collisionless. Clearly,
different physics prevails in the lower and upper corona of the Sun. In
particular, a fluid description may suffice to describe the plasma dy-
namics close to the surface of the Sun, but a particle description is
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necessary for describing the plasma at 1 AU.

As stated earlier, one of the main mysteries about the solar corona is
the million-degree atmosphere above the relatively cooler (~5780K)
solar surface. Several remote sensing observations are being made from
the ground as well as space to solve this puzzle. Space-borne instruments
like the Transition Region and Coronal Explorer (TRACE) (Strong et al.,
1994), the Solar and Heliospheric Observatory (SOHO) (Domingo et al.,
1995), the Solar Dynamic Observatory (SDO) (Lemen et al., 2012) have
been deployed and have contributed enormously towards understanding
such issues. The Sun also emanates solar wind due to its million-degree
corona (Parker, 1958; Snyder and Neugebauer, 1964) and understand-
ing the acceleration mechanism of the solar wind is yet another major
challenge in the space physics. Theory predicts that (Isenberg, 2001;
Isenberg and Vasquez Bernard, 2007) wave particle interaction may play
a significant role in accelerating the solar wind, but one needs in-situ
observations of solar-wind particles to confirm this hypothesis.
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Predicting space weather accurately is also becoming important
day-by-day. Solar Energetic Particles (SEP) ejected during solar flares or
Coronal Mass Ejections (CME) may affect spacecraft or satellites (Feyn-
man and Gabriel, 2000). Prediction of such SEPs rely on in-situ as well as
on remote sensing observations.

Over the past three decades, a large suite of instruments onboard
dedicated solar missions like the Helios 1 & 2 (Leinert et al., 1977),
Ulysses (Phillips et al., 1995), WIND (Ogilvie and Desch, 1997), the
Advanced Composition Explorer (ACE) (Stone et al., 1998), the Solar and
Heliospheric Observatory (SOHO) etc. have contributed significantly to
our understanding of the various solar wind properties such as particle
flux, composition, velocity distribution etc. along with the interplanetary
magnetic field (IMF). Upcoming missions like the Parker Solar Probe (Fox
et al., 2016), due for launch in 2018 and the Solar Orbiter (Muller et al.,
2013), due for launch in 2019 will also enhance our knowledge about the
Sun and heliosphere. India's first solar mission, Aditya-L1, due for launch
in 2019-2020 (Seetha and Megala, 2017) is going to contribute signifi-
cantly to enhance our knowledge in solar physics by monitoring the Sun
through in-situ measurements along with remote sensing observations
from the L1 vantage point. Several studies in recent times (Janardhan
et al., 2010; Janardhan et al., 2011; Bisoi et al., 2014; Janardhan et al.,
2015a, 2015b) have shown that solar photospheric magnetic fields have
been steadily declining over the past 2 decades or more along with a
corresponding decline in the solar wind micro-turbulence levels. Given
that Aditya-L1 is likely is be launched in 2019-2020, the expected min-
imum of the current solar cycle, it will be an ideal time to study particle
fluxes both in and out of the ecliptic plane as the solar cycle gradually
rises to its next maximum and see if more insights can be gained on the
effects of the declining solar photospheric field. One of seven experi-
ments onboard the Aditya-L1, ASPEX will constantly monitor helio-
spheric ions from solar wind as well as energetic phenomena such as
flares, CMEs etc. (Janardhan et al., 2017). ASPEX consists of two sub-
systems: The Solar Wind Ion Spectrometer (SWIS) and the Supra Thermal
& Energetic Particle Spectrometer (STEPS) covering an energy range of
100 eV/n to 20 MeV/n.

In the following sections, section 2 describes the overall configuration
of the ASPEX payload. Details of the SWIS and STEPS subsystems are
covered in sections 3 and 4 respectively while a comprehensive summary
is provided in section 5.

2. Aditya Solarwind & Particle EXperiment

During the last few decades, the existence of primarily two types of
solar wind (Feldman et al., 2005) has been broadly identified. One is the
slow solar wind (speed ~400 km/s) in which the physical properties are
highly variable and the other is the fast solar wind (speed ~700 km/s)
which is much less variable. Parker's theory of solar wind (Parker, 1958)
can explain the existence of the slow solar wind in the interplanetary
medium. However, understanding the origin of the fast solar wind,
emanating from large, cool open field regions called coronal holes re-
mains unclear and cannot be explained by this theory. As the solar wind
plasma accelerates through the heliospheric medium, its density drops
off very rapidly with the radial distance from the Sun and this greatly
reduces the ionization and recombination processes. Helium abundance
in the solar wind is often used to determine the origin of the solar wind
structure. Variations in the He™"/H™ ratio is generally steady and close
to 5% in high speed streams whereas, it tends to be lower and more
variable in the slow solar wind.

Solar wind plasma in the interplanetary medium is hot (T > 10°K)
and poorly collisional (mean free path ~1 AU). Therefore, kinetic effects
prevail in the solar wind leading to wave fluctuations that transfer energy
to smaller scales through a cascading process. As the Coulomb collisions
become secondary and wave particle interactions become dominant,
heating of the particles begins to take place. This process is believed to
play an important role in the generation of the suprathermal or non-
Maxwellian particle population in the solar wind, although the exact
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generation processes are still not clear. Therefore, the distribution of
charged particles in the solar wind comprises of two distinctly different
components. The low energy thermal particles and a suprathermal halo
component are believed to be isotropically distributed at all pitch angles,
although detailed investigations in this regard are extremely sparse.
Suprathermal ions (e.g. H, He'" etc.) are distinctively present in the
solar wind (Chotoo et al., 2000). In the fast solar wind, the suprathermal
electrons consist of a magnetic field-aligned strahl population, which is
highly energetic and usually moves in the anti sunward direction. In
addition to the suprathermal ions, there are other important sources of
energetic ions close to 1 AU with energies ranging from less than 100 keV
to several tens of MeVs. These energetic ions can be generated, during
solar flares or coronal shock events (e.g. SEPs) or by the interplanetary
(IP) shocks driven by Interplanetary CMEs (ICMEs), co-rotating interac-
tion regions (CIRs) or in many cases, possibly by the Earth's bow shock.

The primary focus of the ASPEX payload on-board the ADITYA-L1
satellite is to understand the solar and interplanetary processes (like
shock effects, wave-particle interactions etc.) in the acceleration and
energization of solar wind particles. In order to achieve this, it is
necessary that ASPEX measures low as well as high energy particles that
are associated with both the slow and fast components of solar wind,
suprathermal population, shocks associated with CME and CIR and SEPs.
Among these, it is expected that the slow and fast components of the solar
wind and some part of the suprathermal population can be measured in a
predominantly radial direction. In addition, a part of the suprathermal
population, CME and CIR-accelerated particles and SEPs are expected to
arrive at the detectors along the Parker spiral.

It is known that He™ " /H ™ ratio is an important proxy that can be used
to determine the arrival of a CME driven shock front at 1 AU (Steiger and
von Richardson, 2006). ASPEX will use the He™"/H™ ratio as a compo-
sitional “flag” to differentiate (and identify) the arrivals of CME, CIR,
SEP-related particles from those of the quiet solar wind origin. Therefore,
it is necessary that the measurements are planned suitably so that all the
science objectives are fulfilled. The major science objectives of the ASPEX
payload are as follow:

Can we get insights into the generation mechanism(s) of supra-

thermal and other energetic ions in the interplanetary space?

How are these ions associated with the solar processes?

e Can the particles associated with interplanetary shock processes
(associated with CME, CIR etc.) be identified and the shock related
processes be addressed?

e Does anisotropy in the energy distribution of particles exist in the
direction of the Parker spiral vis-a-vis other directions?

e How does the He""/H" number density ratio change corresponding

to various solar events (Flares, CME's, CIR's) and what is the range of

values for this ratio?

What is physical mechanism responsible for the increase in the He

H* number density ratio?

e What is the importance of the above-mentioned processes for the

impact on the near-earth space weather?

+t

Addressing the above mentioned issues require systematic observa-
tions of particle fluxes at selected energy ranges as well as measurements
of the He" " /H" number density ratio at the L1 Lagrangian point. Keeping
this in mind, the ASPEX payload has been configured as two independent
subsystems. The SWIS subsystem consisting of two independent units will
have the capability of measuring solar wind particles in the energy range
of 100 eV to 20 keV in the plane of the ecliptic and normal to the plane of
the ecliptic, using an electrostatic analyzer (ESA) coupled to a micro
channel plate (MCP) detector. While one of the SWIS units, referred to as
Top Hat 1 (THA-1) will receive and differentiate particles (H" and He™"
ions) in the ecliptic plane (species differentiation mode), the second SWIS
unit, referred to as Top Hat 2 (THA-2) will measure the total flux irre-
spective of types of species across the ecliptic plane (species integrated
mode). The STEPS subsystem will measure the particle flux in the 20
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keV/n to 20 MeV/n energy range in the Sunward, anti-Sunward, Parker,
ecliptic North and ecliptic South directions, using custom designed sili-
con detectors. Three STEPS units (Sunward, Parker and anti-Sunward)
are designed to operate in the species differentiation mode while the
remaining three STEPS units (between Sunward and Parker, ecliptic
North and ecliptic South) will operate in the species-integrated mode
(Goyal et al., 2016).

The directional details of the THA-1, THA-2 of the SWIS and their
capability for the separation of the He™" and H' particles are covered in
section 3. The details of the STEPS-1 package, STEPS-2 package, their
detector units, directional information and capability of separation of the
species are covered in section 4. Table 1 provides details of the various
packages of the ASPEX payload.

3. Solar Wind & Ion Spectrometer

The SWIS subsystem is a low energy ion spectrometer operating in the
energy range of 100 eV-20 keV. This energy range of the SWIS instrument
will measure the mass, energy and direction of the fast and slow com-
ponents of solar wind particles. Table 2 provides the details of the sci-
entific, observation and instrument requirements for the SWIS.

3.1. SWIS configuration

The SWIS instrument is configured to have two units having FOVs in
the ecliptic plane and perpendicular to it. It comprises of two top-hat
analyzers, THA-1 and THA-2 each having an FOV of 2n along the
analyzer azimuthal plane and +2deg along the analyzer elevation plane.
The analyzer unit having FOV along the ecliptic plane (THA-1) comprises
of a hemispherical energy analyzer and a magnetic mass analyzer
(MMA). The other SWIS unit, THA-2 having an FOV perpendicular to the
plane of ecliptic does not contain the MMA. The ESA scans the energy of
the incoming particles in the instrument FOV. The MMA deflects incident
ions based on the Lorentz force. The geometry of the incident ions and
the magnetic field pattern inside the MMA results in radial deflection of
the particles on the detector plane. These ions are detected by an MCP
(chevron stack) followed by a position sensitive detector which gives the
information on mass and direction of the incident particle. The instru-
ment details are presented in Table 3.

3.2. ESA design and configuration

The electrostatic analyzers used in both the THA-1 and THA-2 consist
of two concentric hemispheres with a radial field inside the channel. The
incoming particle is energy scanned using an appropriate field inside this
channel. Simulations using the SIMION software (Simion, 2008) were
performed to understand the performance of the ESA and to finalize an
optimized geometry of the analyzer. The model used for the study of the
ESA section using SIMION is shown in Fig. 1.

The geometric factor of the SWIS instrument was also determined
from these simulations. A focusing grid assembly to focus the ion beam
just after the ESA section was designed and the beam footprint on the

Table 1
Overall specifications of the ASPEX instrument.

Table 2
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SWIS scientific, observation and instrument requirements.

Scientific Requirement

Observation Requirement

Instrument Requirement

Continuous in-situ
measurement of solar
wind particles

Study of angular
distribution of solar
wind particles to
understand origin of
supra-thermal ions

Investigate energy
dependence of alpha
(He*")/proton (H")
ratio

To investigate the
temperature anisotropy
of solar wind particles

Measure energy spectrum
of protons, alpha and
heavier particles in energy
range of 100 eV to 20 keV
Measure energy and mass
spectrum of solar wind
particles in and across the
ecliptic plane

Measure proton and alpha
particle flux at different
energy

Measure velocity
components of particles in
direction parallel and
perpendicular to the inter-
planetary magnetic field

Electrostatic energy
analyzer combined with
amagnetic mass analyzer

2 Field of View (FOV)
each in and across
ecliptic plane and
position sensitive
detection

Mass separator with
sufficient resolution to
separate alpha and
proton in the desired
energy range

2n FOV each in and
across ecliptic plane and
position sensitive
detection

Table 3
SWIS instrument details.

Parameters

Values

Sensor units

Two (THA-1: FOV in the ecliptic plane and with MMA, THA-

2: FOV in the plane perpendicular to ecliptic without MMA)

Energy range

Energy Resolution
(AE/E)

Analyser constant

100 eV to 20 keV
10% for both THA-1 and THA-2

18 for both THA-1 and THA-2

FOv 2x for both the sensors

Detector

SEensors

Magnets

80 mm Chevron MCP with position sensitive anode for both

16 Sm-Co magnets to be used in THA-1

detector was also characterized based on these simulations.

3.3. Magnetic Mass Analyzer

Energy selected ions from the ESA section are subjected to mass dif-

ferentiation using the MMA which consists of 16 thin Sm-Co permanent
magnets arranged in a circular fashion. This constitutes a circular mag-
netic field inside the MMA region which deflects incident particles
radially inwards with a force proportional to the mass of the particles.
The field inside this region was characterized using MATLAB (Matlab,
2016). The typical field pattern at Z = 0 plane is shown in Fig. 2.

3.4. Resistive Anode Encoder

The in-house development of a position sensitive detector based on
the concept of charge division was undertaken for this instrument. Since
the instrument primarily looks for proton and alpha particles, a simple

SWIS STEPS

Energy range
Detectors

Front End Electronics (FEE)/High  Total packages

Voltage (HV) package Weight
Processing electronics (PE) Total packages
Weight

Harness + local potting
SWIS elevated structure
Total weight
Total raw power

1.5 kg (THA-1) + 0.75 kg (THA-2) + 0.6 kg (THA-1-FEE) + 1.15 kg (HV unit)

100 eV to 20 keV 20 keV/n to 20 MeV/n
ESA + MCP Silicon detectors and Scintillators
Four Two
2 kg (STEPS-1) + 1 kg (STEPS-2)
One (common for SWIS & STEPS)
3 kg (FPGA based PE)
1kg
1.6kg
12.6 kg
~35W




S.K. Goyal et al.

Ions

Planetary and Space Science xxx (2018) 1-14

Top Plate (0V)
Outer Hemisphere (0V)

Analyser Plate (0 to -2.5 kV)
Focusing Grid (0 to -7 kV)

Magnetic sector (-2.5 kV)

MCP (2.5 kV)

(b

Fig. 1. (a) Potential energy view in SIMION of THA-1, (b) Various potential arrays used in the simulation with bias voltages applied to different electrodes.

Magnetic field intensity (in arb units) at z = 0 plane

Magnetic Field Intensity (B, in Gauss)

Magnetic field strength vs radial distance
1800 T T T T

1600 -

1400 ~

1200

1000

800

600

400 -

200 - (b)

] 10 20 30 40 50 60 70
Radial Distance from Centre (in mm)

Fig. 2. (a) Magnetic field pattern inside MMA region due to circular arrangement of 16 permanent magnets, (b) Magnetic field variation as a function of

radial distance.

yet robust scheme for position determination was worked out. The po-
sition information is obtained using a resistive anode encoder (RAE),
which consists of multiple metallic tracks printed on a PCB material. Each
of the tracks is in turn connected through known resistances resulting in a
resistive chain, which is readout across its two ends. The charge collected
by the front-end electronics from the two readouts of a resistive chain in
turn depends on the position of the incident particle. In THA-1, the RAE
consists of 4 such resistive chains consisting of 114 equally spaced tracks.
Each resistive chain has four sectors resulting in an angular resolution of
22.5°. In THA-2, since the MMA is not present, the footprints of the
particles on the detector are limited to an annular region around the
mean radius of the ESA. Accordingly, the RAE in THA-2 consists of thin

annular strip of a single resistive chain having 16 sectors resulting in an
angular resolution of 22.5°. Schematic representations of the RAEs used
in both the analyzers are shown in Fig. 3.

The laboratory models for both THA-1 and THA-2 have been designed
and the CAD models are shown in Fig. 4.

3.5. Block schematic of the SWIS electronics

The charge collected across each resistive chain in both RAEs is
processed by respective FEE channels. The output charge from the RAE is
converted into voltage pulse using the charge sensitive preamplifier
(CSPA) followed by the pulse shaping amplifier. The output of the

Fig. 3. Schematic representation of the resistive anode encoder employed in SWIS: (a) RAE used in THA-1 having one pair of readout per quadrant and (b) RAE used

in THA-2.
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Fig. 4. CAD models of the top hat analysers: (a) THA-1 with MMA, (b) THA-2.

shaping amplifier is the Gaussian shape pulse in which the peak ampli-
tude is proportional to the amount of the charge detected. The peak
detector detects the peak, which is further digitized using analog to
digital converter (ADC) to the digital numbers. The processing elec-
tronics processes these pulses to generate the position histogram as per
the following equation (Leo, 1994).

V1 and V2 are the voltages detected at both the ends of the track. Pro-
cessing electronics also controls the ADCs, the peak detectors and the
high voltage supplies. The block schematic of the SWIS instrument is
shown in Fig. 5.

3.6. Lab experiments

X = V—2 X Length of resistive channel
V1+V2 Laboratory experiments have been carried out using THA-1 along
RAE-2 FEE Processing Electronics
.mﬁx
e Peak Detector
/_ 4 } -
B
Peak Detector
FEE-1
ADC DH
Event tigpe ~—>] Sub
Peak Detector Core Lo
FEE-2 ADC S
Event trigger
RAE-1 .
Q< 77 Peak Detector TR TC/T™
Q FEE-3 ADC
=/ N — Event wigger
Peak Detector
FEE-4 ADC
Event trigger
ToESA
To MCP (5)
Power
To various Sub
Subsystems LDO Regulators ﬂ DC-DC Converters System
SWIS SPACECRAFT

Fig. 5. Block schematic of the SWIS electronics.
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Fig. 6. Lab model of the THA-1.

with MMA as shown in Fig. 6. A Nier-type ion gun was used as an ion
source for these experiments. The THA-1 was mounted on a rotating
flange so as to cover each sector of the RAE.

The energy response of the ESA and mass deflection by the MMA were
measured in these experiments. The results for the same are shown in the
Fig. 7. The energy resolution obtained with the simulation matches well
with the experimental results. The magnetic deflection values were also
obtained at different energies for both proton and alpha particles and are
shown in Fig. 7. Based on these experiments and ion trajectory simula-
tions for the ESA and MMA, engineering model (EM) design of these
analysers is in progress. The performance of the designed FEE for the
experiments conducted on the lab model is satisfactory and the engi-
neering model design for the same is under progress.

4. SupraThermal & Energetic Particle Spectrometer

The scientific objective of STEPS is to investigate the origin of the

Deflection for 2keV ions [oc (E)/2]

Table 4
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STEPS scientific, observation and instrument requirements.

Scientific requirement

Observation requirement

Instrument requirement

Study of suprathermal
particles as well as
SEP ions

Study of angular
distribution of
suprathermal and
high energy particles

Investigate energy
dependence of He' "/
H+

Attempt to investigate
the temperature
anisotropy of solar
wind particles

Measure energy spectrum
of He**, H' in the energy
range of 20 keV to 20 MeV/
n

Measure energy spectrum
from multiple directions

Measure energy spectrum
of He"* and H" separately

Measure velocity
components of particles in
direction parallel and
perpendicular to the
interplanetary magnetic
field

Solid state detector
(magnetically deflect
electrons)

Narrow conical FOV, six
independent units of
STEPS

Two detectors in each unit
of STEPS. Each detector
with different dead-layer
thickness

One STEPS viewing the
general direction of
Parker's spiral magnetic
field. Other units viewing
local zenith and nadir
directions

14
T H - Simulated
12 )‘ 2 xperimental
‘\“
€ 10 !‘
£ % He*
€ 8 x.
o g
o 6 SS
g e Ne*
4 e Ar*
""""""" o«
2
(@
0 . . .
0 10 20 30 40
Mass/charge

suprathermal particles and their relationship with the primary solar wind
constituents. This will be addressed by measuring the spectrum of H* and
He™ particles from multiple directions in the energy range 20 keV/n to
20 MeV/n with a relatively narrow conical field of view. Table 4 provides
the details on the scientific, observation and the instrument requirements
for the STEPS.

4.1. STEPS configuration

The accommodation of 6 viewing directions on a single package of the
STEPS subsystem is not possible. Hence, STEPS has been configured into
two different packages viz. STEPS-1 & STEPS-2. The STEPS-1 package
will be mounted on the Aditya-L1 spacecraft in the Sun viewing direction,
while the STEPS-2 package will be mounted in the anti-Sun direction of
the spacecraft. The CAD models of the STEPS packages are shown in
Fig. 8.

The STEPS-1 package has four detector units and a stack of 3 PCBs for
the FEE while the STEPS-2 package has two detector units and a stack of 3
PCBs for the FEE. The rectangular shaped detector unit (two units in
STEPS-1 and one unit in STEPS-2) provides species differentiated energy
spectra and uses a custom designed Si-PIN detector and a scintillation
detector for the measurement of the energy and the type of incident
particle. The circularly shaped detector unit (two units in STEPS-1 and
one unit in STEPS-2) uses a single window Si-PIN detector for the inte-
grated energy spectra. Table 5 provides the details for the FOVs and
pointing directions of all detector units.

Analyser Response

——Experimental|
—Fitted curve |

Intensity (arb units)
n
o
o

~21 0 -460 -390 -380 -370 -360 -350
Analyser Voltage (V)

Fig. 7. (a) Typical values of radial deflection obtained for different ions using lab model of THA-1, (b) Energy analyser response of the ESA at one set value of energy

and fixed beam to instrument aperture angle.
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Fig. 8. (a) STEPS-1 package, (b) STEPS-2 package.

Table 5

FOV and pointing direction of each detector unit.
Type Direction FOV axis FOV
Species separated Sunward Radial (SR) 12° W of Sun- +10.5°

spectra (rectangular
detector units)

spacecraft line, in

ecliptic plane

52.5° W of Sun- +15°
spacecraft line, in
ecliptic plane

24° W of Earth-
spacecraft line, in
ecliptic plane

30° W of Sun- +7.5°
spacecraft line, in

ecliptic plane

Perpendicular to +14°
ecliptic plane,

towards north

Perpendicular to +14°
ecliptic plane,

towards south

Parker Spiral (PS)

Earth Pointing (EP) +18.5°

Intermediate,
between Sun and
Parker spiral (IM)
North Pointing (NP)

Species integrated
spectra (Circular
detector units)

South Pointing (SP)

4.2. Detector configuration for species separated spectra unit

The STEPS subsystem will measure proton and alpha particles sepa-
rately for energies > 20 keV. However, it is not possible to achieve this
low energy threshold using either a single silicon detector or with the AE-
E configuration because these particles get absorbed within top few mi-
crons of the detector. To get the separation of the protons and alpha
particles, we are using two detectors on a common silicon substrate, with
each detector having a different entrance window thickness of high Z
material.

The schematic arrangement shown in Fig. 9 (a) is for particle type
identification in AE-E configuration. A permanent magnet assembly with
SmCo magnets and Mu metal shielding is used for deflecting electrons.
The dual window detector shown in Fig. 9 (b) is a custom designed Si-PIN
detector from Micron semiconductor, UK. The inner section of the de-
tector is 9 mm in diameter while the outer section of the detector extends
in an annular strip from 9 mm to 18 mm. The inner detector has a very
thin dead-layer window with a thickness of ~0.1 pm, which allows both
protons and alpha particles of energy >20 keV to pass through while only
slightly modifying their energy spectra. The outer detector has a thicker
dead-layer window with a thickness of ~1 pm, which blocks alpha par-
ticles up to an energy of ~1MeV but allows protons of the energy
>150keV as shown in Fig. 10. The lower cutoff energy of protons and
alpha particles is dependent on the window thickness (0.1 pm, 1.0 pm)
while the higher energy cutoff is dependent on the thickness of the silicon
detector (300 pm). A plastic scintillation detector is placed below the

silicon detector so that high energy particles (protons > 6 MeV) deposit a
fraction of their energy in the silicon detector and then rest of their en-
ergy is deposited in the plastic scintillator. The readout of the plastic
scintillator detector is done using an array of Silicon Photomultipliers
(SiPMs), mounted on one of the sides of the scintillator (Fig. 9 (c)).
The CAD model of the species separated spectra unit is shown in
Fig. 11. There are total 3 of such units labeled as Sunward Radial (SR),
Parker Spiral (PS) and Earth Pointing (EP) in STEPS. The number of
collimators used in the each detector unit is as per the FOV requirements
which also affects the electron cutoff energy. The CSPA PCB for all 3
detectors (Inner detector of Si-PIN, outer detector of Si-PIN and SiPM) is
placed in each detector unit to achieve better signal to noise ratio.

4.3. Design of magnetic assembly for species separated spectra unit

The solar wind contains protons, alpha, electrons and other heavier
particles. The flux of electrons is much more variable than other types of
particles. The solid-state detectors are also sensitive to the electron in-
teractions and thus this interferes with the energy of the protons and
other heavier particles being measured. In fact, during episodes of very
large electron flux, the silicon detector can get fully saturated due to
these electron interactions. To avoid this, a magnetic assembly using
permanent magnets is used in each detector unit to completely deflect the
electrons up to a certain energy. This is a well proven technique and is
used in most of the instruments which are sensitive in this energy range.
Fig. 12 (a) shows the CAD model design of the magnetic assembly using
two SmCo magnets of size 24 x 3 x 10mm°>. The magnetic field is
aligned to be across the 3 mm thick section of the magnet. The Mu metal
used for shielding is 3 mm thick. Fig. 12 (b) (c) & (d) show a simulation of
the magnetic fields obtained using COMSOL software (Comsol Inc.). The
magnetic field leakage outside the magnetic assembly is ~100nT at a
distance of 12 cm. Using this design, electrons up to the energy of 2 MeV
are deflected and they do not reach to the Si-PIN detector.

4.4. Detector configuration for species integrated spectra unit

There are three detector units for the species integrated energy
spectra labeled as Intermediate (IM), North Pointing (NP) and South
Pointing (SP). Two of these units (IM and NP) are in the STEPS-1 package
while the SP unit is in the STEPS-2 package. These detector units measure
the energy spectra without particle identification. Fig. 13 (a) shows the
Si-PIN detector and Fig. 13 (b) is the CAD model design of the species
integrated energy spectra unit. The single window Si-PIN detector has
been procured from the Micron semiconductor, UK. The active area
diameter is 8mm, made on a substrate having an area of
10.2 x 10.2 mm? on a circular PCB of 36 mm in diameter. The number of
collimators in each detector unit is decided based upon the FOV
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the magnetic assembly, (d) magnetic field inside the assembly.

requirements which also affects the cutoff energy for the electron

deflection.

4.5. Design of magnetic assembly for species integrated spectra unit

The species integrated spectra unit consists of a magnetic assembly
designed using SmCo permanent magnets and Mu metal shielding.
Fig. 14 (a) shows the CAD model design of the magnetic assembly.

The size of the SmCo magnet is 12 x 2 x 10 mm®. The magnetic field
is aligned across the 2 mm thick section of the magnet. The Mu metal
shield is 2mm thick. The magnetic simulation using COMSOL multi-
physics software is shown in Fig. 14 (b) (c) & (d). The magnetic field
leakage outside the assembly is ~100 nT at a distance of 10 cm. Electrons
up to the energy of 1.4 MeV are deflected and they do not reach to the Si-
PIN detector.
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4.6. Block schematic of the STEPS electronics

As discussed in the earlier subsections, there are total 6 detector units
in the STEPS with three units having particle identification capability and
other three units for integrated energy spectra. Si-PIN detectors are
operated in the reverse bias mode, where particle interaction takes place
in the depletion region. The amount of output charge from the detector is
linearly proportional to the deposited energy. The scintillator detector
gives visible light photon output after the interaction of the particle with
the scintillation material. The number of the output photons is linearly
proportional to the amount of the energy deposited. SiPM is a new de-
vice, used for the detection of the photons. In STEPS, the output photons
from from the scintillator are read using SiPMs. The advantages of SiPM
over conventional photo multiplier tube are: its compactness, low biasing
voltage requirement and insensitivity to the magnetic field. The block
schematic of the STEPS readout system is shown in Fig. 15.

Three independent FEE chains are essential to acquire the signal from
the dual window Si-PIN detector and the plastic scintillator for the par-
ticle identification. For integrated energy spectrum, only one FEE chain is
used. The readout chain consists of a CSPA for charge to voltage con-
version followed by a shaping amplifier, which provides the necessary
gain with Gaussian pulse shaping for improved signal to noise ratio. The
shaping amplifier is designed with two gain chains to cover the energy
range of 20 keV/n to 20 MeV/n. The output of the shaping amplifier is
interfaced to an FPGA based processing and control system to hold the
peak signal amplitude, using peak-hold detector and then converted to
digital numbers using ADC. The same readout technique is adapted for all
the detectors. The total energy of the incoming particle is calculated
based on the energy deposited in the silicon detector and the plastic
scintillator.
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4.7. Experimental setup and results for dual window Si-PIN detector and
scintillator detector

The dual window Si-PIN detector has been tested with X-ray sources
Y Am & 1%°cd). Fig. 16 (a) shows the dual window detector with the
FEE. The detector is biased to +60 Vdc and its output is AC coupled to the
CSPA. The CSPA is designed using 2N4416 FET and LM6172 op-amp. The
CSPA output is further amplified using pulse shaping amplifier with pulse
peaking time of 3 ps. The shaping amplifier output is acquired using
multi-channel analyzer. Fig. 16 (b) shows the setup where both the inner
window detector and the outer window detector are read simultaneously.
Fig. 16 (c) shows the spectrum output, acquired for 1800s. It is seen from
the figure that the desired energy threshold of ~10 keV can be achieved
with this detector, which is essential for the STEPS. The testing of the
setup was carried out in a light tight box to minimize the noise due to
external light.

Fig. 17 (a) shows the plastic scintillator and SiPM array PCB. The
SiPM PCB is mounted on one of the sides of the plastic scintillator. The
assembly is wrapped with the aluminum foil, for the internal light
reflection and to avoid any stray light leakage. The assembly is further
covered with black paper to ensure that it is light tight. The BC408 plastic
scintillator has been procured from M/s Saint Gobain crystals and the
SiPM (MicroC series SiPM) has been procured from the SensL. The SiPM
is biased to +27 Vdc. The output of the SiPM is AC coupled to the RC
feedback type CSPA. LM6172 op-amp is used for both CSPA and shaping
amplifier. The shaping amplifier peaking time is set to 0.3 ps. Fig. 17 (b)
shows the output of the setup. The result shows that 22 keV energy line
from the 1°°Cd radioactive source can be detected.
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4.8. Experimental setup and results for single window Si-PIN detector

The single window Si-PIN detector has been biased to +27 Vdc. The
output of the detector is AC coupled to the CSPA. The design of the CSPA
for both single window and dual window Si-PIN detectors is identical.
The Si PIN detector and the readout electronics are kept inside a light
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tight box during the experiment to minimize the external stray light ef-
fects. A photographic view of the experimental setup is shown in Fig. 18
(a). Fig. 18 (b) is the energy spectrum output obtained using 241 Am and
109¢d sources.

Fig. 18 shows that energy threshold obtained is ~10 keV, which is
essential for the STEPS subsystem. In all these setups, the testing was
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Fig. 18. (a) Single window Si-PIN detector FEE, (b) Energy spectrum output.

carried out for each detector using X-ray sources (1%°cd, 2" Am).

In the next phase, for the rectangular shaped detector unit, the scin-
tillator detector will be placed below the dual window Si-PIN detector
and simultaneous outputs from all three detectors (viz. inner window
detector, outer window detector and scintillator detector) will be ac-
quired and analyzed. The testing for both types of detector units (rect-
angular shaped detector units and circular shaped detector units) will be
carried out using protons and alpha particles in near future. The per-
formance of the magnet assembly will be evaluated by using electron
source (9OSr).

FPGA based processing electronics is used for the ASPEX. The SWIS
and the STEPS are having two independent FPGA based processing cards.
The power card consisting of relays, relay drivers, DC-DC converters, EMI
filters and Low dropout voltage (LDO) regulators is common for both
SWIS and STEPS. All these three cards (SWIS FPGA, STEPS FPGA and
Power card) are packaged in a single box labeled as ASPEX processing
electronics. The processing electronics also has the interface for telem-
etry and tele-command. The data from the ASPEX processing electronics
is transmitted to the base line data handling (BDH) system through low
voltage differential signal (LVDS) interface. The design of the data
pipeline software is under progress.

The circuits for the SWIS, STEPS and the processing electronics have
been designed and tested successfully. The layout design for the PCBs for
the engineering model of ASPEX is under progress. The performance of
the engineering model will be evaluated inside the thermo-vacuum sys-
tem. The design for the qualified model and the flight model will be
initiated after the performance evaluation of the engineering model.

5. Summary

India's first space-based solar observatory, Aditya-L1, will continu-
ously monitor the Sun with its seven payloads from the L1 vantage point.
The ASPEX instrument onboard Aditya-L1 mission has two independent
sub-systems viz. SWIS and STEPS. The THA-1 of SWIS will work in species

13

Planetary and Space Science xxx (2018) 1-14

differentiated mode and will measure the He™ " and H ions separately in
27 radians in the ecliptic plane while THA-2 of SWIS will work in the
species integrated mode in 2n radians across the ecliptic plane. The 3
units of the STEPS viz. SR, PS and EP will work in the species differen-
tiated mode and will measure the He"™ and H" in the Sunward radial,
Parker Spiral direction and Earthward directions respectively. The other
3 units of STEPS viz. IM, NP and SP will work in the species integrated
mode in the intermediate (in between Sunward radial and Parker Spiral
directions) and across the ecliptic plane in the northward and southward
directions respectively.

By combining the measurements of solar wind particles from these
subsystems in the energy range of 100 eV/n to 20 MeV/n in ecliptic and
out of the ecliptic planes from the Sun-Earth L1 Lagrangian point, ASPEX
onboard the Aditya-L1 mission will enable to comprehensively address
the directional as well as the energy anisotropy of the solar wind particles
in the interplanetary medium. Based on the variations of the He™"/H"
ratio in different directions obtained from the ASPEX measurements, the
efficacy of this ratio to mark the arrival of solar (e.g. CME) and inter-
planetary disturbances (e.g. CIR) at the L1 point will be evaluated. ASPEX
measurements will have the potential to throw light on the role of shocks
in the generation of energetic particles in the interplanetary medium.
Combining ASPEX measurements with the measurements from other
payloads, the origin and spatio-temporal distribution of low and high
energy solar wind and energetic particles vis-a-vis solar events can be
investigated. This in turn, will help in understanding the solar processes
and its impact on space weather from the L1 point.
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