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Abstract

The Comet Interceptor space mission, selected by ESA in June 2019 as the first F-Class mission, will study a dynamically new comet
or an interstellar object by a unique multi-point ’snapshot’ measurement. The mission design will allow to complement previous single
spacecraft’s fly-by cometary observations. The Dust Impact Sensor and Counter (DISC), devoted to the dust coma characterization, is
part of the payload selected for Comet Interceptor. It will be mounted on-board two of the three spacecraft, as part of the Dust-Fields-
Plasma (DFP) suite, dedicated to understand further: 1) dust in the coma; 2) magnetic field; 3) plasma and energetic neutral atoms. DISC
architecture originates from the Impact Sensor subsystems, part of the Grain Impact Analyzer and Dust Accumulator (GIADA) that
successfully flew on-board the ESA/Rosetta spacecraft. DISC main scientific objectives are: 1) to define the dust mass distribution
for particles in the mass range 10�15 � 10�8 kg ejected from the cometary nucleus; 2) to count dust particles with mass > 10�15 kg;
3) to constrain dust particle density/structure.
https://doi.org/10.1016/j.asr.2023.01.049
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In this paper, we describe DISC design, aims, methods, feasibility and performances evaluations, carried out by real and simulated
dust impacts and by retrieving the number of particles, and their corresponding momentum, using the Comet Interceptor’s Engineering
Dust Coma Model.
� 2023 Published by Elsevier B.V. on behalf of COSPAR. This is an open access article under the CC BY license (http://creativecommons.org/
licenses/by/4.0/).
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1. Introduction

Giotto, the first deep space ESA mission [Reinhard,
1986], returned the most detailed images of comet 1P/Hal-
ley ‘‘small and dark” nucleus, characterized by intense
activity from discrete areas [Keller et al. 2020]. Three dec-
ades later, the Rosetta/ESA space mission observed comet
67P/Churyumov-Gerasimenko, continuously for two
years, inbound to and outbound from perihelion, con-
tributing to a major advance in comet science and plane-
tary formation processes [Taylor et al., 2017]. The
forthcoming ESA/Comet Interceptor space mission, which
will be launched in 2029, will study a Dynamically New
Comet (DNC) providing a critical connection with come-
tary dust ejection observed by Rosetta [Della Corte et al.,
2015; 2016a; 2019]. DNCs, a subset of the long-term
comets that originate from the Oort cloud, are more pris-
tine than those visited so far by previous space missions
[Weissman 1990]. Exploring DNCs in situ is a challenging
task: they are generally discovered close to perihelion, i.e.
from a few months to a year earlier, a time lapse incompat-
ible with standard mission planning timelines. Targeting
them for the following perihelion passage would not be fea-
sible due to their orbital periods of thousands of years.
Comet Interceptor solves this issue because, after launch,
the spacecraft will be inserted in a ‘‘parking orbit” to L2
of the Sun-Earth system, awaiting target discovery and
selection. This mission profile is designed thanks to a pow-
erful ground-based telescope, the Vera Rubin Large
Synoptic Survey Telescope (VR-LSST) that from 2023 will
continuously monitor the sky and will identify incoming
DNCs with a few years’ notice [Jones et al., 2020].

Comet Interceptor is composed of a primary spacecraft,
S/C A, which also acts as a communication hub, and two
sub-spacecraft, housed on S/C A during the L2 parking
and cruise phases, S/C B1 (provided by JAXA) and S/C
B2 (provided by ESA). This configuration will allow
multi-point observations of the DNC and its surrounding
environment [Snodgrass et al., 2019]. After DNC detection,
the multiprobe will move from L2 towards the selected tar-
get. When close to the target, the three S/C will separate,
with S/C A remaining at larger distance (flyby closest
approach at about 1000 km) and S/Cs B1 and B2 will flyby
closer (at about 300 km) to the DNC.

The payload on-board the three S/C includes:
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- S/C A: CoCa (Comet Camera), DFP (Dust, Field and
Plasma), MANIaC (Mass Analyzer for Neutrals and
Ions at Comets), MIRMIS (Multispectral InfraRed
Molecular and Ices Sensor);

- S/C B1: HI (Hydrogen Imager), PS (Plasma Suite),
WAC (Wide Angle Camera);

- S/C B2: DFP (Dust, Field, and Plasma), EnVisS (Entire
Visible Sky coma mapper), OPIC (Optical Imager for
Comets).

The suite Dust, Field and Plasma (DFP) is designed
to characterize: the cometary dust environment, charged
gases, energetic neutral atoms and magnetic fields. Dust
Impact Sensor and Counter (DISC), part of the DFP
suite and housed on the RAM direction panel of both
S/C A and S/C B2, will characterize the DNC coma dust
environment. DISC, during the DNC fly-by that will
occur at a not yet defined speed in the range 10 –
70 km/s, will count individual dust particles and measure
their momentum. DISC on S/C A, due to the large dis-
tance from the DNC nucleus is expected to detect a
smaller dust flux. Thanks to the reduced number of dust
impacts and less restriction on data volume for S/C A,
DISC data will be more informative: downloading com-
plete data acquisition will allow a deep post-download
analysis of PZT signals that will provide additional infor-
mation on dust physical properties (e.g. density, porosity,
tensile strength).

2. Comet Interceptor high-level scientific and measurements

requirements for dust characterization

Previous cometary missions (in particular Rosetta)
raised new important fundamental questions:

– What cometary properties are primordial and reflect the
process of comet formation, and what are evolutionary
features?

– How do these properties control cometary activity?
– Are the differences in composition seen in the coma and
solar wind interaction spatial or temporal in origin?

Comet Interceptor is designed to address these open
questions by making unique multi-point measurements in
the coma of a pristine comet.

http://creativecommons.org/licenses/by/4.0/
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Table 1
Dust related science traceability matrix listing DISC measurement requirements and expected performances, partially depending on the speed of the fly-by,
still to be defined in the range 10–70 km/s.

High level scientific requirement Dust measurement requirements DISC requirements

Characterise the dust in the coma
and how it interacts with
plasma.

Determine dust fluxes and particles’
mass and size.

Dust particle mass: 10-15 – 10-8 kg; Dust particle size: 2–200 mm.

Determine the dust spatial
distribution and coma structures.

Dust detection rate up to 200 particles/second.

Compare electron, ion and dust
densities, to constrain dust
charging.

Dust flux and dust spatial distribution. At max flyby speed (70 km/s) the
spatial resolution will be 70 m, at lowest flyby speed (10 km/s) it will be 10 m.
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Cometary activity will be investigated by combining
detailed observations of the nucleus surface and of the
coma, potentially linking the coma structures to nucleus
surface features. The scientific theme on cometary activity
focuses on the following questions:

1) What is the composition of the gas and dust in the
coma?

2) How does the coma connect to the nucleus, i.e. how
does cometary activity work?

3) What is the nature of coma- solar wind interaction?

To answer these questions, the high-level scientific
requirement is to characterize the dust in the coma and
to determine how it interacts with plasma.

DISC will contribute to these scientific aims by means of
measurement requirements and with expected perfor-
mances reported in the dust related science traceability
matrix (Table 1).

3. DISC design

DISC, designed to count individual dust particles and
measure their momentum, consists of a single
parallelepiped-shaped aluminum box (121 � 115,5 �
46 mm3) containing two electronic boards, housed at the
bottom of the mechanical box, and the sensing plate,
located at the top of the box and exposed to the dust envi-
ronment (Fig. 1). A dust shield is mounted between the
sensing plate and the electronics to protect it from hyperve-
locity dust particles, possibly crossing the DISC sensing
plate. To save mass and improve efficiency, the dust shield
is made of an aerogel layer (2 cm thick) installed within a
lightweight aluminum frame. The dust shield, as demon-
strated by real hyper-speed dust impacts [Ferretti et al.,
2022], is able to protect the undermounted electronic
boards from dust impacts with kinetic energy up to 400
Joule. The aerogel capability to slow down and stop
hyper-speed particles was demonstrated by the NASA/
Stardust space mission [Brownlee et al., 2006]. The use of
an aerogel dust shield allowed us to maintain DISC mass
(0.5 kg) within the allowed budget, saving about 90 % of
mass with respect to a conventional dust shield design.
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The design of the DISC sensing device is inherited by the
GIADA-IS (Grain Impact Analyser and Dust
Accumulator-Impact Sensor), flown successfully on-board
the ESA/Rosetta space probe [Della Corte et al., 2014;
Rotundi et al. 2015.,]. While on the GIADA-IS five piezo-
electric transducers (PZTs) were mounted underneath the
aluminum sensing plate, for DISC the sensing aluminum
plate (0.5 mm thick, with a sensitive area of
84 � 84 mm2) is equipped with three PZTs, glued at the
plate corners (Fig. 1C). Three PZTs mounted in the
selected configuration is the minimum number of PZTs
to measure position and momentum of the dust impact.
A larger number of PZTs, e.g. as for GIADA-IS, would
have guarantee measurement redundancy, which is not
mandatory for Comet Interceptor mission concept. The
PZTs detect the bending Lamb waves, i.e. elastic waves
whose particle motion lies in the plane that contains the
direction of wave propagation and the direction perpendic-
ular to the plate [Lamb, 1917], generated by the dust
impact and propagating across the plate. The resulting
electrical signal has an amplitude proportional to the
momentum of the impacting particle by a restitution coef-
ficient derived by calibration [Della Corte et al., 2016b]. An
additional PZT transducer is glued under the fourth corner
of the DISC aluminum plate to act as a calibrator. When
powered, the calibrator produces a repeatable excitation
of the sensing plate allowing to monitor DISC responsivity
during in-flight operations.

DISC electronics (Fig. 2) consist of two boards: one for
the digital processing and the other for the sensor’s analog
signal conditioning. The latter is dedicated to the signal fil-
tering and amplification, it can be adapted to the flyby
speed in order to maintain constant the measurable particle
mass range. The digital board manages the settings for: sig-
nal elaboration, power distribution and data interface with
the DFP control unit. The control logic is implemented in
ad hoc FPGA firmware. DISC continuously acquires signal
from the PZTs, when the digitized signal becomes higher
than a settable value, the event (impact) acquisition is
enabled and registered. The signal from the PZTs is
acquired for 200 microseconds at 1 MHz sampling rate.
From signal analysis it is possible to retrieve the impact
position and the particle momentum.



Fig. 1. A) DISC instrument 3D CAD model; B) DISC exploded view: sensing plate equipped with piezoelectric transducers, aerogel dust shield, electronic
boards, external housing; C) DISC sensing plate with 3 PZT glued at the corners.

Fig. 2. DISC electronics functional blocks diagram.
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Table 2
Dust particle momentum calculated for max and min flyby speeds and for different dust particle sizes, with an average density of � 800 kg m�3 [Fulle et al.
2017].

Dust Particle Size [micron] Dust Particle Momentum [kg m/s] (flyby speed = 10 km/s) Dust Particle Momentum [kg m/s] (flyby speed = 70 km/s)

1 3,35E-11 2,35E-10
2 2,68E-10 1,88E-09
5 4.18E-09 2,93E-08
10 3,35E-08 2,35E-07
20 2,68E-07 1,88E-06
50 4.18E-06 2,93E-05
100 3,35E-05 2,35E-04
200 2,68E-04 1,88E-03
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4. DISC aims and methods

DISC is a monitoring instrument: the instrument is con-
tinuously ON and data acquisition is triggered by the dust
impacts; when the PZT signal (impact momentum) is above
DISC sensitivity, the acquisition of the dust event is
enabled.

DISC main scientific objectives are:

� to map the dust distribution along the spacecraft trajec-
tory in the selected DNC coma and to retrieve a 3D dust
map, combining DISC measurements with dust coma
model [Zakharov et al., 2021a; Zakharov et al., 2021b];

� to determine the dust mass distribution combining
momentum measurements with the dust speed, that
coincides with the spacecraft speed;

� to disentangle two dust particle populations in the DNC
coma: 1) those ejected from the nucleus and directly
impacting DISC (direct particles); and 2) those impact-
ing DISC after deflection due to solar radiation pressure
and/or gravity (reflected particles). This will be possible
as DISC will measure the dust mass distribution con-
temporarily at different distances from the nucleus
(DISC on S/C A and DISC on S/C B). Combining
DISC data with the spacecraft trajectories, it will be pos-
sible to disentangle the reflected and the direct dust par-
ticle populations, providing the global cometary dust
flux with no bias due to their mixing;

� to retrieve information on dust density and structural
properties analysing the PZTs signal acquired inflight
with the signal obtained with laboratory DISC calibra-
tion performed with cometary analogue particles
[Ferrari et al., 2014].

DISC measurements during/after the close encounter
will:

� provide the dust mass distribution for particles with
mass in the range 10-15 – 10-8 kg, corresponding to par-
ticle sizes from approximately 1 lm up to 200 lm;

� count impacting dust particles with mass > 10-15 kg;
� characterize DISC sensing surface damages, after the
DNC close encounter, using the internal calibrator
and considering the modification in wave propagation
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as done for aeronautical structures failures monitoring
[Chinchilla et al., 2021, De Fenza et al., 2015, Wan
et al., 2014].

In Table 2 we report the momentum values expected to
be measured by DISC; they are calculated for maximum
and minimum values of the dust speed (corresponding to
the upper and lower speed limits foreseen for the spacecraft
during the flyby, the actual value will depend on the
selected target), for dust particles with sizes of 1 –
200 lm and a dust average density of � 800 kg m�3 (ob-
tained by GIADA on-board Rosetta [Fulle et al. 2017]).
Particle momentum that DISC will measure, combined
with the actual spacecraft speed, will provide individual
dust particle mass.
5. DISC expected performances

In order to define DISC expected performances in terms
of detectable events, sensitivity limits and measurement
capabilities, we used the Engineering Dust Coma Model
(EDCM), developed to predict the hazard for Comet Inter-
ceptor during the flyby due to the dust environment
[Zakharov et al., 2021a; Zakharov et al., 2021b;
Marschall et al., 2022]. EDCM is composed of three
modules:

� a dust dynamical module, to calculate the dust spatial
distribution, considering the expanding nature and
asymmetry of the gas coma and the dust dynamics, dri-
ven by the gas drag force, the gravity and the solar radi-
ation pressure;

� a module to scale the dust volume densities, which per-
forms dust column integration, considering the dust
scattering and a size distribution, to obtain the bright-
ness Afq (defined by A’Hearn et al., 1984);

� a payload module, to extract the number dust density
encountered along a specific spacecraft trajectory.

By means of the EDCM many possible dust environ-
ments, with different levels of activity and dust production,
have been simulated; among these, we used two cases to
estimate DISC performances: the average and the maxi-
mum level of cometary activity foreseen for a DNC consid-
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ered feasible for Comet Interceptor. We estimated the total
number of particles hitting the DISC sensing surface
(84x84 mm2) along the whole flyby, considering, as closest
flyby distances for the S/C A and S/C B2, 1000 km and
300 km, respectively (Fig. 3). Starting from the GIADA
heritage, the lower limit of the sensitivity varies over the
sensing area and the maximum sensitivity is focused on a
reduced area [Rotundi et al., 2015.]. Thus, to estimate the
number of particles that will be actually measured by
DISC, it is necessary to rescale by a factor of 10 the num-
ber of particles foreseen to impact DISC sensing surface,
reported in Fig. 3. For DISC on-board S/C B2 we esti-
mated approximately 106 and 5x105 particle detections
for the maximum and average level of cometary activity,
respectively. For DISC on-board S/C A, due to the larger
fly-by distance, we expect a factor of 10 fewer events.

The maximum impact rate detectable by DISC, evalu-
ated by HIV impact numerical simulation, is about 200
particles/s (see next paragraph). We compared this intrinsic
DISC performance with the expected dust environment.
From the derived dust spatial density (Fig. 4) expected
along the fly-by (S/C A and S/C B2), we can conclude that:
1) for S/C A the resulting number of dust impacts per sec-
ond is far from the DISC limit (200 particles/s), even in the
case of the maximum flyby speed (70 km/s); 2) for S/C B2
the number of particles per second is close to the DISC
limit only when the maximum flyby speed is considered.
We can conclude that DISC performances are suitable
for the predicted dust environment.
3462
6. DISC feasibility study and performances evaluation

To study the feasibility of using the GIADA Impact
Sensor working principle, designed and tested in a low
speed impact regime, to the Hyper Velocity Impact regime
in which DISC is expected to work, we ideated a multi-
methodology study. The study allowed us also to evaluate
DISC performances in the frame of Comet Interceptor fly-
by.

Comet Interceptor flyby speed will depend on DNC
selection, but for sure it will be within the range 10–
70 km/s, thus coinciding with dust speed; DISC is designed
to measure the momentum of particles between 1 and
200 lm in size. These speed and size intervals result in par-
ticle momenta to be measured by DISC ranging between
10-11–10-3 kg m/s. These momentum values imply that
the DISC sensing plate will be impacted by particles with
energies up to 103 J [Di Paolo et al., 2021]. These high
energy impacts prevent making a DISC performances eval-
uation and calibration in laboratory. For this reason, we
have devised a performance evaluation approach implying
different techniques/methods:

1. Hyper Velocity Impacts of real projectiles on the DISC
breadboard at accelerator facilities.

2. Hyper Velocity Impacts simulated by means of a high-
power laser on the DISC breadboard.

3. Numerical simulation of Hyper Velocity Impacts on a
simulated DISC sensing plate.
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This approach allows to: 1) overcome the unfeasibility of
performing in laboratory HVI in the speed range foreseen
for Comet Interceptor; 2) anticipate DISC performances;
and 3) consider the processes involved in HVI regime, e.g.
light flash, ionization, formation of ejecta, that can modify
the momentum transfer to the DISC sensing element.
6.1. Hyper velocity impacts with real projectiles on the DISC

breadboard at accelerator facilities

Hyper Velocity Impact tests are performed on the DISC
breadboard using two different accelerator facilities at the
Open University, UK: i) a Light Gas Gun (LGG), achiev-
ing impact velocities up to 7 km/s [e.g., McDonnell 2006;
Hibbert et al., 2017] and ii) a Van de Graaff accelerator
(VdG), achieving impact velocities up to 20 km/s [e.g.,
Friichtenicht, 1962]. While the former facility is used
mainly to verify DISC mechanical performances, e.g. to
investigate the dust shield efficiency, the latter is used
Table 3
Particle parameters used as projectiles at the Light Gas Gun and Van de Gr
velocity regime. For the reported particle compositions, individual particles ca
particles at the LGG accelerator a buckshot projectile configuration must be

Radius (lm) Density

LGG 50–1500 1000 (p
VdG 3–5 7874 (ir
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mainly to verify DISC-PZTs performances in an HVI
regime, in combination with the other two methods listed
above. Table 3 summaries physical parameters of dust par-
ticles that can be shot with the abovementioned facilities.
Both accelerators are well suited to perform the tests
needed for our scopes. The former was already used to sup-
port the NASA Stardust mission to comet 81/P-Wild-2
[Hörz et al., 2006] and the latter was employed to simulate
interplanetary dust impacts on satellites [Mocker et al.,
2011]. By considering different projectile densities and sizes
for the two accelerators, DISC response is characterized in
the lower part of the hyper velocity regime.

With respect to the LGG, at the VdG facility smaller
particles (close to the lower limit of DISC measurement
range) can be used, the projectiles have to be denser than
� 800 kg m�3, i.e. than those expected for cometary dust
[Fulle et al., 2017]. The combination of particle physical
properties results in a particle momentum regime well sui-
ted for DISC performance. We use the outcome of these
Hyper Velocity Impact tests as a benchmark for the simu-
lated impacts approach. In addition, these tests are used to
verify the effectiveness of the DISC dust shield (see the
DISC design section).
6.2. Hyper velocity impacts simulated by means of a high-
power laser on the DISC breadboard

In the frame of DISC performances evaluation, in order
to extend the range of impact parameters, e.g. momentum,
aaff accelerators to study DISC response in the lower range of the hyper
n only be shot for diameters down to � few hundred-microns. For smaller
used and only multiple particle impacts can be tested.

(kg/m3) Velocity (km/s)

olystyrene) 7800 (stainless steel) 5–7
on) 5–20



Fig. 6. Momentum and mass ranges for: particles simulated by a Nd:
YAG laser (gray); real particles shot with by LGG (magenta) and VdG
(green).
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speed, energy, we designed and realized an experimental set
up exploiting laser-simulated Hyper Velocity Impacts. This
approach takes advantage of the late stage equivalence
[Pirri, 1977]: by choosing appropriate laser intensity, beam
radius, and pulse duration, the effect of HVIs on a DISC
breadboard is reproduced. By means of a Nd:YAG (wave-
length 1064 nm) pulsed laser, energies up to about 1.2 J and
pulses around 3–6 ns can be reached, reproducing HVI of
particles with different velocities, sizes and contact times.
In Fig. 5 we report the results of the study we performed
to identify particle speed and radius ranges to reproduce
hyper velocity dust impacts by means a Nd:YAG pulsed
laser. We identified the velocity/radius ranges at different
particle densities, representative of cometary dust: fluffy
aggregates (in blue) [Fulle et al., 2015]; porous aggregates
Fig. 7. Example of SPH simulation of a hyper velocity impact (60 km/s) of a 0.
plate. The simulation involves only the vicinity of the impact point at 5x 10-6 s a
impact with the formation of ejecta from the sensing plate.
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(in cyan and red) [Flynn et al., 2013]; and olivine grains
with zero porosity (in black) [Marsh, 1980].

We determined, considering the particle density interval
1–3214 kg/m3, the ranges of particle momentum and mass
that can be simulated by a Nd:YAG pulsed laser. We
report these ranges in Fig. 6 (gray area) together with the
corresponding momentum and mass values of real particles
used for HVIs at the LGG (magenta) and VdG (green)
facilities. It is noticeable that the laser-simulated HVI
and the VdG real particle impacts cover a common range
of particle parameters; by this superposition we can con-
firm the capability of the high-power pulsed laser technique
in simulating dust hypervelocity impacts.
6.3. Numerical simulation of hyper velocity impacts on a

simulated DISC sensing plate

We setup a dedicated numerical simulations chain able
to characterize the effects of an HVI on a surface, describ-
ing in details the impact mechanical process and retrieving
the simulated PZTs signal. Combining particle-based
Smoothed-Particle Hydrodynamics (SPH) and element-
based Finite Elements (FE), the chain provides a balanced
model configuration to guarantee both calculation effi-
ciency and results accuracy. In fact, SPH alone can well
characterize the material distortion and compression
induced by HVI, but it would lead to unmanageable calcu-
lation time. The strategy we followed implies to apply: 1)
SPH to the region close to the impact, characterized by
heavy distortion and compression of the impacted mate-
rial; 2) FE for the discretization of the whole impacted sur-
face with linear elastic response. The DISC response to
HVI was analyzed applying in cascade SPH and FE by
means of AUTODYNTM and ANSYSTM platforms,
2 mm in diameter projectile impacting a simulated DISC aluminum sensing
fter the impact. The numerical simulation well reproduces the hyper speed
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respectively. The effect of a particle impacting on the DISC
sensing plate is simulated in two steps:

1. As a first step we apply SPH to simulate dust particle
impact in a region very close to the impact point,
starting from the contact time up to about 10-6 s after
it. The simulation reproduces the impact and the con-
sequent changes of the impacted surface due to the
shockwaves. Large deformations and material detach-
ments occur until, relatively far from the impact
point, Lamb waves form and the elastic regime is set
(Fig. 7).

2. The second step foresees the FE simulation for the tran-
sient structural analysis, applied from 0 s up to 3x10-4 s
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Fig. 8. Comparison between Lamb waves generated by: a 1 mm sphere impactin
a laser simulated HVI on the DISC breadboard sensing plate (laser energy 50
numerical simulated HVI (25 mm particle at 15 km/s), on the DISC simulated
different distances from the PZT of the real or simulated impact.
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after the HVI. The output of the first step is used as
input for this second one, which is applied to the whole
DISC sensing plate in order to obtain the HVI effects till
to the edges, where the PZTs are placed. In order to sim-
ulate DISC output, i.e. the expected PZT signal pro-
cessed by the DISC proximity electronics, FE
simulation includes the PZTs characteristics.

The simulations were also used to evaluate the dead time
of the DISC sensing plate. We carried out simulation till
when the signal registered at PZT extinguished. With this
procedure we obtained, for the upper limit of particles
momentum, a maximum extinction time of about 2 ms.
DISC dead time is linked to the extinction time of the
40 50 60 70 80
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g on the DISC breadboard sensing plate at about 0.01 km/s (upper panel);
mJ corresponding to a 50 mm particle at about 8 km/s) (middle panel); a
sensing plate (lower panel). Signals start at different time because of the
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Lamb waves, i.e. the time needed to extinguish the vibra-
tion in the sensing plate after each impact.

In Fig. 8 we report the comparison between Lamb waves
generated with different methods: 1) registered by a PZT
after a real low velocity dust impact (<10 m/s) on the DISC
sensing plate (upper panel); 2) induced on the DISC sens-
ing plate by a HVI simulated by means of a high power
laser pulse (middle panel); and 3) resulting from simulated
HVI on the DISC sensing plate. The comparison confirms
that the DISC sensing plate has a similar elastic behavior
for simulated HVI (far from the impact point) and for
low-speed impacts [Liu et al., 2016; Piccirillo et al.,
2021.]. The comparison of signals from GIADA Impact
Sensor measurements with those obtained by simulated
Hyper Velocity Impacts (HVI) on the DISC sensing plate
shows the suitability of the GIADA Impact Sensor work-
ing principle in the frame of Comet Interceptor
requirements.

7. Conclusions

The DISC instrument is dedicated to the in-situ dust
characterization of the coma environment of a Dynami-
cally New Comet, the target of the Comet Interceptor/
ESA space mission. DISC is a direct evolution of the
GIADA-Impact Sensor subsystem, successfully flown on-
board the ESA/Rosetta space probe. In this paper, we
showed that the working principle conceived for the
GIADA-Impact Sensor, foreseen and tested for slow to
medium velocity impacts, is valid also in the Hyper Veloc-
ity Impacts (HVI) regime. We report the DISC expected
performances, in terms of detectable events, sensitivity lim-
its and measurement capabilities, that we derived by means
of the Engineering Dust Coma Model. In addition, we
evaluated the DISC performances, concluding that they
fulfill the main scientific requirements to obtain the coma
dust mass distribution of a Dynamically New Comet, with
a multi-methods strategy:

1) HVI tests firing real particles onto the DISC bread-
board sensing plate by means of two laboratory facil-
ities, a Light Gas Gun providing impact velocities up
to 7 km/s and a Van de Graaff accelerator providing
impact velocities up to 20 km/s;

2) HVI on the DISC breadboard sensing plate where the
impact effects are simulated by a Nd:YAG laser;

3) Numerical simulations, that foresees the coupling of
SPH and FE methods, of HVI on a modelled DISC
sensing plate.

The comparison between DISC PZT signals induced
with different methods:

i) real low speed dust impact;
ii) high power laser pulse;
iii) numerically simulated;
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confirms that the DISC sensing plate has an elastic
behavior for Hyper Velocity Impacts similar to low/med-
ium speed particle impacts. The latter already successfully
applied for the GIADA Impact Sensor measurements in
the 67P/ Churyumov–Gerasimenko coma. These results
demonstrate that the Impact Sensor design used for
GIADA is still valid for DISC in the frame of Comet Inter-
ceptor. The only difference will be in the restitution coeffi-
cient, necessary to retrieve the particle momentum from the
PZT signal, which will be defined by on ground DISC
calibrations.
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