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Page 13Mihaly Horanyi

Milestones:
PDR                                   6/2003
Heidelberg tests                 7/2003
CDR                                 10/2003
PER                                   6/2004
PSR                                   8/2004
Ship                                   9/2004

Identical requirements to any other 
flight instrument!



Key Properties
Active Area of 0.1 m2

Consists of Three Assemblies:
1. Detector Assembly (18’’ x 12’’)
2. Electronics Box (5.4’’x8.25’’x1.825’’)
3. Intra-Harness 

Mass:   1.6 kg
Power: 5    w
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FIG. 6. Impact signals for the etched PVDF detector. Errors on the impact signal
are the combination of RMS electronic noise and errors incurred during calibration
of the electronics. Shown are the 1-σ error bars accounting for propagation of
the error for the term N/m, where N is the signal amplitude in electrons, m is
the dust grain mass in g, and v is the dust grain velocity in km/s. Impact signals
from each angle and dust grain density display reasonable agreement. Reprinted
with permission from M. Piquette, “In-situ observations of the interplanetary dust
population from Earth to the Edgeworth-Kuiper Belt,” Ph.D. dissertation (University
of Colorado at Boulder, 2019).35

where Ni and σi are the measured impact signal and its uncertainty,
respectively, and Nmodel ,i is the model predicted impact signal for an
assumed a, b, and c. χ2 was minimized by generating 100 000 ran-
dom triplets of a, b, and c within an initial range. For each triplet,

FIG. 7. Contour of χ2 values for the 10○ data centered around the best fit values
showing the high correlation of the three parameters, described in Eq. (1). Colors
indicate the ratio of χ2�χ2min. Additionally, the 2, 10, 100, and 1000 contour levels
are shown with solid white lines.

χ2 was calculated and the range for each parameter was reduced to
reflect the 0.01% of minimum χ2 values. This was repeated until the
range of each parameter reached a 0.01% deviation between themax-
imum and minimum values. Figure 7 shows 2-D contour cuts of χ2
assessed at the best fit values found to be a = 0.88, b = 1.48, and
c = 1.97 × 1014 for iron particles with an impact angle of 10○. Param-
eters are highly correlated with χ2 sharply increasing with increasing
c and decreasing a parameters. Conversely, χ2 approaches a constant
value for decreasing c and increasing a due to the diminishing value
of Nmodel ,i in Eq. (2). χ2 is less sensitive to b and remains relatively
constant for a given a and c, except the nearest the best fit.

B. Uncertainty
The error on each parameter fit was assessed with an iterative

bootstrap approach. Once the best fit was achieved, the process was
repeated 1 000 times with representative unique datasets selected via
random sampling with replacement as described in the work of Press
et al.31 Figure 8 shows histograms of parameter fits for iron par-
ticles with an impact angle of 10○. The histograms are normalized
to represent the probability distribution function for each parame-
ter and are nearly Gaussian. The most probable values obtained by
the bootstrap procedure are in good agreement with best fit values
calculated for the un-sampled dataset. The 95% confidence inter-
val (CI) for each parameter was bounded by values that represent
a cumulative probability of 0.025% and 0.975%. The 95% CIs for the
10○ data are a: 0.78–0.99, b: 1.16–1.81, and log(c): 13.26–15.24. The
bootstrap histograms for each impact angle and particle density fol-
low similar trends except those using iron particles at 0○ and 50○
which show much wider and even double peaked distributions. The
bootstrap histograms for the 0○ data are shown in Fig. 9, resulting
in much wider 95% CIs. We have explored the possibility that the
bimodal distribution of Fig. 9 is due to low- vs high-energy particles

FIG. 8. Distribution of parameter fits from the bootstrap procedure for the 10○ data.
The solid black vertical line is the fit of the un-sampled dataset. Distributions are
nearly Gaussian.

Rev. Sci. Instrum. 91, 023307 (2020); doi: 10.1063/1.5125448 91, 023307-6
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Measurements of the Interplanetary Dust Population by the Venetia 
Burney Student Dust Counter on the New Horizons Mission

A. Poppe, D. James, B. Jacobsmeyer and M. Horányi
Laboratory for Atmospheric and Space Physics (LASP), Boulder, CO

Dept. of Physics, University of Colorado, Boulder, CO

Introduction

The Venetia Burney Student Dust Counter (SDC) on the New Horizons mission is an
instrument designed to measure the spatial density of interplanetary dust particles with mass, m
> 10-12 g, on a radial profile throughout the solar system [1]. The instrument consists of fourteen
permanently-polarized polyvinylidene fluoride (PVDF) detectors that register a charge when
impacted by a hypervelocity (v > 1 km/sec) dust particle. PVDF-style dust detectors have
previously flown on the Vega 1 and 2 [2] and Cassini spacecraft [3]. The instrument has a total
surface area of 0.11 m2, a one-second time resolution and a factor of two in mass resolution.
When impacted by a hypervelocity dust particle, the instrument records the time, charge,
threshold and detector number. SDC is part of the Education and Public Outreach program of
New Horizons, and as such, was designed, tested, integrated and is now operated solely by
students.

Instrument
New Horizons was launched on January 19, 2006 and encountered Jupiter on February 28,

2007. Prior to the Jupiter encounter, SDC took measurements in two main periods of the inner
solar system: 2.66-3.55 AU and 3.99-4.67 AU. The spacecraft is now on a solar system escape
trajectory, with a Pluto-Charon fly-by targeted for July 14, 2015. During the long cruise phase in
between Jupiter and Pluto-Charon, SDC routinely takes measurements of the interplanetary dust
density. Shown in Figure 2 is the New Horizons flight path through January 1, 2010.

The scientific goals of SDC are to: (a) measure the interplanetary dust density radially
throughout the entire solar system; (b) place limits on the dust production rate from the
Edgeworth-Kuiper Belt (EKB); and (c) validate various models of the interplanetary dust
distribution [4]. Grains that are produced in the EKB, either as ejecta from cosmic dust impacts or
from mutual EKB-object collisions, slowly migrate inwards under the influence of gravity and
Poynting-Robertson drag. The particles are gravitationally influenced by the giant planets and are
thought to occasionally become trapped in mean-motional resonances (MMR). These MMRs can
drastically increase the local interplanetary dust density. Shown in Figure 3, the interplanetary
dust density has been predicted to sharply increase near the orbit of Neptune [4], in a region that
New Horizons will cross in 2013-2016.
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Results
I. Comparison to Measurements Inside 5 AU

Previous interplanetary dust density measurements have been made by a variety of instruments, including the Pioneer 10 and 11 meteoroid
experiments [5] and the Galileo and Ulysses Dust Detection Systems (DDS) [6,7]. Figure 4 shows the trajectories of several dust detecting
spacecraft. The Pioneer instruments made measurements out to 18 AU for grains greater than approximately 10-10 g while the DDS instruments made
measurements inside 5 AU for grains greater than approximately 10-18 g. In order to validate the SDC measurements, we calculate an effective flux
for SDC based on the Galileo and Ulysses measurements inside 5 AU. We first isolate the Galileo and Ulysses data that overlaps with the periods
that SDC measured in the inner solar system. Due to the presence of the interstellar dust stream in our solar system, we also characterize each
Galileo or Ulysses hit as either interplanetary or interstellar, using previous analysis [8, 9]. Having identified each grain as either interplanetary or
interstellar, we transform the velocity vector of each grain from the Galileo or Ulysses frame into the New Horizons frame in order to determine the
grain impact velocity into SDC. With the impact velocity and the grain mass, the theoretical charge production by impact into the SDC PVDF detectors
for each grain can be calculated. If this charge is greater than the minimum SDC charge detection threshold of 8x105 electrons, then the grain would
have registered on SDC. Figure 5 shows the impact velocity and mass of the Galileo and Ulysses hits, as well as the minimum SDC threshold. By
taking only the grains with charge greater than the SDC threshold and factoring in the Galileo and Ulysses viewing times and areas, we can calculate
the fluxes SDC would have measured flying on the Galileo and Ulysses spacecraft.

The SDC fluxes are straightforwardly calculated by subtracting the average impact rate on the reference (noise) detectors from the average
impact rate on the science detectors. Events that are coincident within one second of one another are removed from the dataset since the expected
impact rate of 1/week implies that these events are extremely unlikely to be dust. The SDC viewing time and area are divided out to obtain the flux.
Comparisons between the SDC flux and the Galileo and Ulysses predicted fluxes show good agreement, depicted in Figure 6.

Figure 4: Trajectories for spacecraft 
with dust instrumentation, including 
New Horizons. The red dot indicates 

the current position of SDC.

Figure 5: The SDC-apparent mass and 
velocity of Ulysses and Galileo grains 
measured in the inner solar system. The 
solid line indicates the minimum SDC 

detection threshold.

Figure 6: Comparable fluxes for 
Ulysses, Galileo and SDC based on 

the analysis described above.

Figure 7: SDC measured fluxes in the 
outer solar system as a function of 
heliocentric distance for grains with m > 

2x10-12 g.
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Figure 3: The modeled relative
interplanetary dust density in a
Neptune co-rotating frame [4]. The
outer planets are in their July 2015
positions and the New Horizons

flightpath is overlaid in green.

Figure 1: The SDC instrument,
including the (1) detector assembly,
(2) intraharness connection and (3)

electronics box.

Figure 2: The New Horizons
flightpath as of January 1, 2010.
Thicker portions indicate SDC

observation periods.

II. Measurements Outside 5 AU
Since the Jupiter fly-by in February 2007, New Horizons has been quietly cruising through the outer solar system. During this period, the

spacecraft shuts down all instruments and non-critical systems, with the exception of SDC. To date, SDC has made measurements from 6.76-7.10
AU, 9.02-9.91 AU, 10.01-10.80 AU, 11.91-13.84 AU and 14.29-15.51 AU. SDC has measured a fairly consistent flux of dust grains in the outer
solar system with m > 2x10-12 g of approximately 2x10-4 m-2 s-1, shown in Figure 7.

Only the Pioneer detectors and the Voyager 1 and 2 PWS instruments have made measurements at these distances from the Sun. The
Pioneer meteoroid detectors measured fluxes of 2x10-6 m-2 s-1 and 8x10-7m-2 s-1 at thresholds of 8.3x10-10 and 6x10-9 g [5], respectively, however,
SDC has measured no impacts for these grains. Poisson statistics indicates that this is highly statistically unlikely and therefore, we are searching
for a possible bias in the calibration against large grains. The Voyager PWS instruments measured a dust grain density of 10-8 m-3 in the outer
solar system [10], however, the large uncertainly in minimum detectable mass (10-12 to 10-10 g) prevents a precise comparison between the two
instruments. Nevertheless, within error bars, the SDC and Voyager measurements agree.

Poppe et al., 2010

be determined for each particle. SDC is a much simpler,
lighter and lower!power instrument with a minimum
threshold of approximately 10!12 g, but lacks the ability to
obtain independent speed and impact velocity measurements.
The diversity of dust instrumentation, sensitivities, pointing
and trajectories prevents a straightforward comparison of
impact fluxes between these instruments. However, an in!
depth analysis of the Ulysses and Galileo datasets can provide
a robust comparison to the SDC measurements.
[8] In order to compare the Ulysses and Galileo DDS

measurements with SDC measurements, we derive an effec-
tive flux by adjusting the Ulysses and Galileo data to the
sensitivity, pointing and trajectory of SDC. We use the two
periods of SDC measurements inside 5 AU: 2.66–3.55 AU
and 3.99–4.69 AU. After selecting data in this range from
the Ulysses and Galileo datasets, the impacts were divided
into interplanetary and interstellar dust impacts. To distin-
guish these two populations, we used criteria established
previously [Grün et al., 1994; Landgraf et al., 2000]. First
discovered by Ulysses [Grün et al., 1994] and later observed
by Galileo, interstellar dust travels through the solar system
at "26 km/sec from an ecliptic longitude of approximately
252°. Before the Jupiter gravity assist, the New Horizons
spacecraft was on a trajectory varying from ecliptic longi-
tude 215° to 250° and therefore SDC, with a viewing cone
angle of 45°, was exposed to the interstellar dust flow.
SDC’s assumption that all particles are on circular Kepler
orbits causes the mass of interstellar dust particles to be mis!
interpreted. Once the Ulysses and Galileo dust impacts were
properly sorted, the theoretical DDS impact velocity for all
impacts was calculated and along with the DDS calibration
curves, used to re!calculate the grain mass [Altobelli et al.,
2005]. The DDS impact velocity for each grain was trans-
formed into the New Horizons frame to determine the the-
oretical impact speed of the grain into SDC. With the impact
speed and mass, the amount of charge generated for each
grain by the SDC detectors was calculated, using the SDC

calibration curve (adjusted for a detector temperature of
!95°C):

N ! 5:078" 1014m1:052v2:883; #1$

where N is the number of electrons generated, m is the
particle mass in grams, and v is the impact velocity in
km/sec [James et al., 2010]. The minimum sensitivity of
SDC during this time in number of electrons was 8 ! 105 e.
Figure 2 shows the SDC!apparent impact velocity and mass
of the Ulysses and Galileo hits used in this analysis. Addi-
tionally, the SDC threshold as a function of mass and impact
velocity is shown as the solid line. In order to calculate an
effective flux for SDC based on the SDC!observable hits,
the Ulysses and Galileo instrument viewing times and areas
were also taken into account. To establish error bars for the
Ulysses and Galileo fluxes, the analysis was repeated with
the mass and velocity scaled both high and low by the
multiplicative error factors.
[9] The SDC fluxes for this period were calculated in a

straightforward manner. Coincident events are first removed
from the dataset and the average dust impact rate is then
determined for both the exposed science detectors and the
covered reference detectors. Eleven of the twelve science
detectors are used, as detector #11 has degraded signifi-
cantly since launch [Horányi et al., 2007]. The dust impact
flux is found by subtracting the raw reference rate from the
raw science rate for all hits with mass greater than 2 ! 10!12 g
and dividing by the detector area and integration time. The
error bars are calculated by adding the standard deviation for
the science and reference channels in quadrature. Table 1
compares the calculated fluxes for all three instruments
over the two periods selected. Within error bars, all three
measurements agree. This agreement validates the SDC
dataset and allows us to confidently report on the measured
fluxes in the outer solar system.

3.2. Measurements Outside 5 AU
[10] As of January 7, 2010, measurements of dust fluxes

by SDC have extended to approximately 15.5 AU. Figure 3
shows the cumulative average number of hits for the science
and reference detectors as a function of time and heliocentric
distance, while Figure 4 shows the SDC measured flux for
grains with mass, m > 2 ! 10!12 g (radius, r > 0.58 mm,
assuming a grain density, r = 2.5 g/cm!3), as a function of
heliocentric distance. Fluxes for SDC are calculated in the
same manner described in Section 3.1 and remain fairly
constant out to 15 AU, at about 2.5 ! 10!4 m!2 s!1. The
interplanetary dust measurements in the outer solar system
suitable for comparison are the Pioneer 10 and 11 meteoroid
detection experiments and the Voyager 1 and 2 plasma wave
instruments (PWS). The Voyager PWS instruments mea-
sured an average interplanetary dust density in the outer
solar system of 2 ! 10!8 m!3 for grains with mass,m > 10!11 g.

Figure 2. The SDC!apparent mass and impact velocity of
Ulysses! and Galileo!measured dust particles along with the
SDC threshold curve. Particles above the line would register
above the minimum threshold on SDC.

Table 1. Fluxes Inside 5 AUa

Distance (AU) Ulysses Galileo SDC

2.66–3.55 0.40.0
1.2 1.50.7

1.8 1.10.0
3.2

3.99–4.67 0.20.0
0.7 1.30.3

1.7 1.10.0
4.1

am > 1.5 ! 10!12 g, [10!4 sec!1 m2].

POPPE ET AL.: FIRST STUDENT DUST COUNTER MEASUREMENTS L11101L11101

3 of 5

-



7

Dust production in the Kuiper Belt 

9 Han et al., GRL (2011)

Total EKB dust production 
 in the size range of 0.5 – 10 µm:  

    g/s 

The production power-law index:  

 
             

(8.9 ± 0.5) ! 105

[9] In order to convert the measured fluxes into densities,
the dust grain impact velocity must be calculated as a func-
tion of heliocentric distance. To calculate the dust grain
impact velocity onto each instrument, we subtracted the
spacecraft velocity from the local dust grain velocity for
grains on circular orbits, including the effect of solar radia-
tion pressure. In order to check the validity of the assump-
tion of circular orbits, we also used the position and velocity
information from the model to compute impact velocities
for individual dust grain trajectories that crossed the New
Horizons and Pioneer 10 trajectories. This analysis showed
that while the presence of slightly non-circular orbits does
cause the impact velocity of any individual grain to be above
or below the local circular impact speed, it does not cause a
significant bias in average grain impact speeds.

3.2. Comparison to Model
[10] Having established both model-predicted relative

densities for each radius bin and cumulative density mea-
surements for both spacecraft, we can now establish overall
dust production parameters for the EKB. In order to provide
the best comparison to previous theoretical calculations
[Stern, 1996; Yamamoto and Mukai, 1998], we assume that
global dust production in the EKB is described by a power-
law distribution in mass, d _M=dm ! _Mo m=mo" #$a=3 , where
d _M=dm is the differential mass production rate of dust
grains between m and m + dm in the EKB, _Mo is a normali-
zation constant and mo = 10$11 g. The net mass production
rate in the EKB, _M [g/s], is then found by integrating the
distribution from mmin = 10$14 g (ad = 0.1 mm) to mmax =
10$8 g (ad = 10 mm). (We emphasize here that _M and a do
not represent the instantaneous mass distribution at any
specific point in the solar system, but rather the overall
production of grains summed over the EKB.) To determine
the best-fit _M and a, we vary the two parameters over a wide
range and for each pair of _M ; a

! "
, first calculate a model-

predicted cumulative density for both SDC and Pioneer 10
along their trajectories from each instrument’s minimum
threshold up to ad = 10 mm by co-adding the relative densities
for each size bin according to the power-law distribution. We
then calculate a two-parameter c2 goodness-of-fit function
between the model-predicted densities and the in-situ mea-
surements, with each measurement inversely weighted by
its respective error [Press et al., 2007]. SDC and Pioneer 10
c2 values are computed separately and combined with equal
weight.
[11] Figure 2a shows the relative log10c2 value as a

function of both the mass production rate, _M, and the
power law index, a. The minimum c2 value occurs at _M !
8:9% 0:5" # & 105 g/s and a = 3.02 % 0.04, with the mass
production rate well within previous theoretical estimates
[Stern, 1996; Yamamoto and Mukai, 1998]. The error bars
represent a 10% deviation in c2 along the associated mini-
mum contour. Figures 2b and 2c show the c2 contours along
each of the minimum values for both _M and a, respectively,
demonstrating that the fits for both parameters are robust.
Previous work has typically assumed a power law index of
a = 2.5 [Moro-Martin and Malhotra, 2003; Kuchner and
Stark, 2010], which can be compared with this work using
Figure 2c. Along the a = 2.5 contour, the associated mini-
mum mass production rate is approximately 5.2 & 105 g/s,

Figure 2. (a) The log10c2 goodness-of-fit parameter as a
function of the mass production rate, _M, and the power law
exponent, a, where warm colors indicate higher log10c2

values and colder colors indicate lower log10c2 values. The
two dashed white lines indicate the mass production rate
and power law exponent corresponding to the minimum c2

value. (b) c2 trace as a function of the power law exponent,
a, along the minimum mass production rate. (c) c2 trace as a
function of the mass production rate, _M , along the minimum
power law exponent. Also shown as the dotted line is the c2

trace as a function of _M for a = 2.5.

HAN ET AL.: KUIPER BELT DUST PRODUCTION L24102L24102
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Dust production in the Kuiper Belt 



8



9

0 10 20 30 40 50 60 70
0.1

0.5

1

5

10

Heliocentric Distance (AU)

Fl
ux

(1
0-
4
m

-2
s
-1
)

Flux Measurements (>0.63 μm)

Model
Poppe 2016

Vitense 2014



10



11Janes, Gurnett, Kurth, Granroth, Persoon, 2020 

Voyager
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I. Heliospheric science goals
Continue mapping the dust size and density distributions 
Support analysis and interpretation of  IMAP/IDEX measurements of ISD
Support the development of ISP science goals/payload

II. Feasibility  
Continuous operations of VBSDC
VBSDC is designed, via its autonomy rules & large memory, to remain standalone 
for > 2 years without s/c commands or data dumps (data volume: 100 Kbyte/year)

III. No flight or ground tests and/or flight software developments are needed

IV. Open issues: 
lack of large (>> 1 micron radius ) particle “seen” by the Pioneers 

a) oblique impacts 
(The response of varying particle density and incidence angle on    
Polyvinylidene Fluoride dust detector,  M. Piquette et al., RSI, 2020)

b) revisit calibration/penetration of Pioneer beer can detectors

Conclusion
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Conclusion

?


