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Heliosphere – Interstellar Medium

@ 1 AU ?
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1) Composition and properties of the local interstellar medium.

2) The boundary region where the solar wind interacts with the interstellar medium.

3) Interactions between the Sun's magnetic field and the interstellar medium.

4) Injection and acceleration processes near the Sun and within the heliosphere.

IMAP Science
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1) Composition and properties of the local interstellar medium.

2) The boundary region where the solar wind interacts with the interstellar medium.

3) Interactions between the Sun's magnetic field and the interstellar medium.

4) Injection and acceleration processes near the Sun and within the heliosphere.

IMAP/IDEX Science
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1) What is the size distribution and composition of interstellar dust (ISD)?
 

2) Is ISD destroyed and created throughout the ISM, or does it carry the 
imprint of its origins?

3) Do cometary dust grains all show signs of thermal or aqueous 
processing?

4) Do organics share a common source or indicate distinct reservoirs?

IMAP/IDEX Science
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1 Introduction72

The Interstellar Dust Experiment (IDEX), shown in Figure 1, is part of the payload73

of the Interstellar Mapping and Acceleration Probe (IMAP) mission (McComas74

et al. 2018; McComas et al. 2025). One of the primary scientific objectives of75

IMAP is to enhance our understanding of the composition and properties of the76

local interstellar medium (LISM). Dust is part of the LISM, it plays a role in its77

chemistry and dynamics, and it is critical for forming stars (Draine 2011; Szalay78

et al. 2025).79

IDEX is an impact ionization Time-of-Flight (TOF) dust analyzer that con-80

strains the elemental and isotopic composition, as well as the mass distributions81

of interplanetary (IDP) and interstellar dust (ISD) particles.82

Fig. 1 Photo of the IDEX Flight Model before shipment from LASP to APL (left), and after
integration with the IMAP observatory during a door deployment test, led by Mechanical
Engineer Mr. Bollendonk (right).

IDEX observes the annual variability of the flux and composition of ISD and83

IDP. During extended mission phases, IDEX will observe the predicted variability84

of ISD fluxes throughout a solar cycle (Strub et al. 2019). ISD represents only85

about 1% of the mass in the interstellar medium. However, it enables surface86

chemistry, absorbs stellar ultraviolet, and emits infrared radiation (Draine 2011).87

IDEX observations will link the interstellar gas-phase composition measurements88

of low-energy neutral atoms by the IMAP-Lo instrument (Schwadron et al. 2025),89

as well as the detection of pickup ions (PUI) by the CoDICE (Livi et al. 2025) and90

SWAPI (Rankin 2025) instruments, with the makeup of ISD particles. IDEX will91

contribute to the IMAP science goal of improving our understanding of the local92

interstellar medium (Szalay et al. 2025).93
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IDEX Sensor Head Signal Overview
Operational Overview:
1. Interstellar dust enters instrument
2. Dust hits target creating an impact 

plasma
3. Ions are focused onto the detector
4. Ions converted to electrons at converter 

plate in detector
5. Detector multiplies electron signal 
6. Detector analog signal connected to 3x 

Buffer amplifiers (high, mid, & low gain)

Science Signals:
1. Impact charge from target CSA

a. Target has high and low gain 
channels

2. Ion charge from ion grid CSA located 
above detector

3. TOF mass spectrum from ion detector

Ions

Incoming Dust

Ion Grid Signal

TOF Mass Spectrum

IDEX Instrument

Analog Signals:

Target Signal

High
Mid

Low

High
Low

t1

t2
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Mg FeSi

Fig. 18 Segments of the TOF record of an olivine particle with mass of 7.93·10→18 kg and
impact speed 15.3 km/s, showing the isotopes of magnesium, silica, and iron, recorded by the
IDEX FM. The measured isotopic abundance ratios are listed in Table 5. The isotopes of Mg,
Si, and Fe contributed to the total charge content of the TOF record (QTOF = 22 pC), 71%,
10%, and 4%, respectively.

Isotope Abundance [%] Reference [%]

24,25,26Mg 80±6; 10±2; 10±3 78.99; 10.00; 11.01
28,29,30Si 89±4; 6±1; 5±2 92.23; 4.67; 3.10

54,56,57,58Fe 4±2; 94±7; 2±1; 0.2±0.2 5.8; 91.75; 2.12; 0.28

Table 5 The abundances of Mg, Si, and Fe isotopes from the impact event in Figure 18
compared to their terrestrial reference values (Faure and Mensing 2005) indicate that minor
constituents that contribute at least 0.1% of the total charge content of a TOF spectrum can
be reliably identified by IDEX.

4.1.3 TOF Mass Resolution905

The resolution of an individual mass line is m/ωm, where ωm is its full width at906

half maximum (FWHM). The variation of mass resolution with ion mass is shown907

in Figure 19. The resolution is consistent across all impact locations on the target908

and asymptotically approaches a value of R0 = m/ωm → 220.The mass resolution909

is determined by the instrument’s ion optics and by the initial energy and angular910

distributions of ions produced during the impact ionization process. In principle,911

the mass resolution of a TOF instrument is independent of ion mass; however, the912

decrease in resolution at low ion masses ( Figure 19) is due to the finite pulse width913

of the electron multiplier (Section 3.2.5). Using Eq. 2 and the relationship between914

mass and time resolution, m/ωm = 1
2 t/ωt, the mass resolution as a function of915

ion mass is916

m
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where ωtdet is the single-ion pulse width of the detector, and R0 is the asymptotic917

mass resolution determined by the instrument geometry and the expansion char-918

acteristics of the impact plasma cloud (e.g., its energy and angular distributions).919
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September 24, 2025, at 7:30 a.m. EDT.
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Data Review 
Pulser Data from IDEX Low Voltage Checkout: looks nominal!
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Data Review 
Target temperature drop indicates 
successful door deployment  on 
11/03/2025
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IDEX Commissioning Timeline
Completed Date BOT (UTC) BOT (MT) Activity Name Activity

Yes! Wed 10/01/25 14:40:00 08:40:00 IDX.001 (60m) IDEX Aliveness

Yes! Sun 10/18/25 9:45:00 3:45:00 TCM-3 Power off & Power ON Trajectory Correction Manuever

11/2/25 Daylight Savings Ends (UTC – 7Hrs = MT)

Yes! Mon 11/3/25 13:30:00 06:30:00 IDX.002 (3h) IDEX Cover Deployment

Yes! Tues 11/4/25 13:25:00 06:25:00 IDX.003 (2h) & PT IDEX Instrument Checkout (CTDB after activities are over)

In Progress Wed 11/5/25 13:20:00 6:20:00 IDX.006 (7h) IDEX Decontamination

Thurs 11/6/25 13:30:00 6:30:00 IDX.004 (4h) & IDX.005 (2h) IDEX HVPS Checkout & Full Science Checkout

TBD TBD TBD IDX.007 (2h) IDEX Repeat Full Science Checkout (run IDX.005 again)

Fri 11/21/25 13:10:00 6:10:00 IDX.008 (1h), IDX.009 (30m) IDX Re-run Commissioning Transmits, IDEX Erase AIDs from 
Commissioning

Fri 11/21/25 18:20:00 11:20:00 IDX.010 (1.5h), IDX.011 (30m) IDEX Update Limits and SCSs, IDEX Update Flight Parameter Table

Sun 11/23/25 18:20:00 11:20:00 TCM-4 Power off & Power On 22:15z SWF via TT, 00:45z Power on Instruments

Mon 12/9/25 End of Commissioning

Tues 12/9/25 Start of Science Performance Demo When IDEX Science Data will start

Sat 12/20/25 14:20:00 7:20:00 TCM-5 Power off & Power On Power on start time 18:05

1/4/2026 End of Science Performance Demo IDEX will be powered off until LOI

1/9/2026 to 1/10/2026 LOI (LOI Correction Maneuver on 1/16-1/17)
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our current models; and b) it contradicts optical observations
[17]. The seven candidates for ISD of the Stardust mission are
diverse in elemental composition, crystal structure, and size,
indicating that individual ISD particles diverge from any one
representative model inferred from astronomical observations
and theory [15]. Cassini’s 36 ISD are all Mg-rich grains
of silicate and oxide composition with major rock-forming
elements (Mg, Si, Fe, Ca) present with only small grain-to-
grain variations.

Interplanetary Dust— Comets have been frozen since the
planet formation epoch, and so are expected to preserve
ices and organic material from that time with little alter-
ation. Composition measurements in situ and on returned
samples have been made for just three comets: Halley in
1986 by the Giotto and Vega-1 and -2 spacecraft [18], Wild
2 in 2004 by the Stardust sample return mission [19], and
67P/Churyumov-Gerasimenko in 2014 by the Rosetta probe
[20]. The Halley measurements revealed organic particles
with elemental abundances comparable to the insoluble or-
ganic matter found in carbonaceous chondrites, meteorites
from the most primitive asteroids. The Wild 2 samples
showed a rocky fraction that is a mix of primitive silicates
and minerals that condensed in the hot inner solar nebula,
suggesting long-distance radial transport of some kind in the
early solar system. Churyumov-Gerasimenko’s D/H ratio
was reported to be approximately three times the terrestrial
value, which combined with previous cometary measure-
ments, suggests a wide range of D/H ratios within Jupiter
family comets [21]. These are among the findings motivating
the most recent planetary science Decadal Survey’s statement
that “Obtaining presolar grains and organic matter from
additional comet sampling missions and from interplanetary
dust particles would allow researchers to understand how
these materials were distributed in the solar nebula and
preserved in solar system solids.”

Interplanetary dust provides an inexpensive way to sam-
ple a large numbers of comets, since it originates mostly
from particles shed by the short-period or Jupiter-family
comets, whose orbits are influenced near aphelion by the
gravity of our solar system’s largest planet. Perhaps 10%
of the interplanetary dust flux comes from asteroids, and a
poorly-known but likely smaller fraction from the long-period
comets [22][23]. FOSSIL would be the first mission to fully
exploit the information on comets and asteroids available
from their interplanetary fragments. Its measurements of
the particles’ orbits and compositions would enable robustly
tying each to a group of parent bodies, making it possible
to determine how much Jupiter-family comets as a group
preserve unprocessed pre-solar molecular cloud particles in
their fine-grained components. Similarly, FOSSIL would
enable side-by-side comparison of comets’ and asteroids’ or-
ganic components, to determine whether they are genetically
related or formed from distinct reservoirs.

Expected IDP and ISD fluxes at 1 AU— FOSSIL impact
rate predictions of IDP/ISD at 1 AU are based on Zodiacal
Cloud observations, decades of ground-based radar measure-
ments of meteor speeds and directions[24], the lunar micro-
cratering record [25], observations by dust detectors onboard
spacecraft [26], [27], [28], atmospheric chemistry of ablating
meteorites [29][30][23], ocean sediments and ice core sam-
ples[31][32], and dynamical modeling of the orbital evolution
of dust in the solar system that is tuned to match the available
diverse set of observations [22][33][34], and the engineering
Interplanetary Meteoroid Environment Model (IMEM) [35].
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Figure 3. Sky map of the predicted IDP (top) and ISD
(bottom) for a single DT with an effective detector area of
600 cm2. The IDP families identified are: Jupiter Family
Comets (JFC), Halley Type Comets (HTC), Oort Cloud

Comets (OCC) and asteroidal dust (AST). While the IDP
fluxes remain constant due to the (assumed) azimuthal

symmetry of the sporadic meteoroids, the ISD fluxes show a
strong seasonal variation due to the orbital motion of the

spacecraft around the Sun combined with the set
directionality of the ISD flux.
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our current models; and b) it contradicts optical observations
[17]. The seven candidates for ISD of the Stardust mission are
diverse in elemental composition, crystal structure, and size,
indicating that individual ISD particles diverge from any one
representative model inferred from astronomical observations
and theory [15]. Cassini’s 36 ISD are all Mg-rich grains
of silicate and oxide composition with major rock-forming
elements (Mg, Si, Fe, Ca) present with only small grain-to-
grain variations.

Interplanetary Dust— Comets have been frozen since the
planet formation epoch, and so are expected to preserve
ices and organic material from that time with little alter-
ation. Composition measurements in situ and on returned
samples have been made for just three comets: Halley in
1986 by the Giotto and Vega-1 and -2 spacecraft [18], Wild
2 in 2004 by the Stardust sample return mission [19], and
67P/Churyumov-Gerasimenko in 2014 by the Rosetta probe
[20]. The Halley measurements revealed organic particles
with elemental abundances comparable to the insoluble or-
ganic matter found in carbonaceous chondrites, meteorites
from the most primitive asteroids. The Wild 2 samples
showed a rocky fraction that is a mix of primitive silicates
and minerals that condensed in the hot inner solar nebula,
suggesting long-distance radial transport of some kind in the
early solar system. Churyumov-Gerasimenko’s D/H ratio
was reported to be approximately three times the terrestrial
value, which combined with previous cometary measure-
ments, suggests a wide range of D/H ratios within Jupiter
family comets [21]. These are among the findings motivating
the most recent planetary science Decadal Survey’s statement
that “Obtaining presolar grains and organic matter from
additional comet sampling missions and from interplanetary
dust particles would allow researchers to understand how
these materials were distributed in the solar nebula and
preserved in solar system solids.”

Interplanetary dust provides an inexpensive way to sam-
ple a large numbers of comets, since it originates mostly
from particles shed by the short-period or Jupiter-family
comets, whose orbits are influenced near aphelion by the
gravity of our solar system’s largest planet. Perhaps 10%
of the interplanetary dust flux comes from asteroids, and a
poorly-known but likely smaller fraction from the long-period
comets [22][23]. FOSSIL would be the first mission to fully
exploit the information on comets and asteroids available
from their interplanetary fragments. Its measurements of
the particles’ orbits and compositions would enable robustly
tying each to a group of parent bodies, making it possible
to determine how much Jupiter-family comets as a group
preserve unprocessed pre-solar molecular cloud particles in
their fine-grained components. Similarly, FOSSIL would
enable side-by-side comparison of comets’ and asteroids’ or-
ganic components, to determine whether they are genetically
related or formed from distinct reservoirs.

Expected IDP and ISD fluxes at 1 AU— FOSSIL impact
rate predictions of IDP/ISD at 1 AU are based on Zodiacal
Cloud observations, decades of ground-based radar measure-
ments of meteor speeds and directions[24], the lunar micro-
cratering record [25], observations by dust detectors onboard
spacecraft [26], [27], [28], atmospheric chemistry of ablating
meteorites [29][30][23], ocean sediments and ice core sam-
ples[31][32], and dynamical modeling of the orbital evolution
of dust in the solar system that is tuned to match the available
diverse set of observations [22][33][34], and the engineering
Interplanetary Meteoroid Environment Model (IMEM) [35].
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Figure 3. Sky map of the predicted IDP (top) and ISD
(bottom) for a single DT with an effective detector area of
600 cm2. The IDP families identified are: Jupiter Family
Comets (JFC), Halley Type Comets (HTC), Oort Cloud

Comets (OCC) and asteroidal dust (AST). While the IDP
fluxes remain constant due to the (assumed) azimuthal

symmetry of the sporadic meteoroids, the ISD fluxes show a
strong seasonal variation due to the orbital motion of the

spacecraft around the Sun combined with the set
directionality of the ISD flux.
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Fig. 2 Sky map of the predicted impact rates of ISD (left) and IDP (right) grains for IDEX,
with typical grain radii of a = 0.3 µm, and a = 0.5 & 1 µm, respectively. The IDP fami-
lies identified are the Jupiter Family Comets (JFC), Halley-type comets (HTC), Oort Cloud
Comets (OCC) and asteroidal dust (AST). While the IDP fluxes remain constant due to the
anticipated azimuthal symmetry of the sporadic meteoroids, the ISD fluxes show a strong
seasonal variation (see Figure 3) due to the orbital motion of the spacecraft around the Sun
combined with the set directionality of the ISD flux (Horányi et al. 2019).

Source # Samples

Jupiter Family Comets (JFC) 1000

Halley Type Comets (HTC) 100

Oort Cloud Comets (OTC) 100

Asteroids (AST) 50

Interstellar Dust (ISD) 200

Table 1 Order of magnitude estimate of dust detections from various sources during the two-
year primary mission (2026–2028).

best models, Table 1 summarizes the predicted ISD and IDP detections during232

the two-year primary IMAP mission.233

IDEX predict:
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Interstellar Dust Experiment (IDEX) 9

Fig. 3 The direction and impact speed of dust particles that IDEX will see: ISD (top left) can
only be detected from April through September, but the IDP fluxes from JFC (top right), the
Long Period Halley-type and Oort Cloud Comets (bottom left), hence their combined fluxes
(bottom right) remain constant throughout the year (see Figure 2) . The orange circle marks
the ISD harvest’s peak period (→ 1 month).
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Fig. 4 The predicted flux of ISD silicate dust with radii ↑ 0.3 µm (Strub et al. 2019). The
yearly variability is due to the IMAP’s orbital motion around the Sun. During extended mission
phases, IDEX will also observe the predicted variability of the ISD fluxes throughout a solar
cycle, an increase through 2030 as the current cycle approaches its minima with a south-
pointing solar magnetic dipole axis.
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