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Introduction
• Every day, billions of micrometeoroids ablate in Earth’s upper 

atmosphere. 

• The ablated materials affect a variety of phenomena: 

• Formation of layers of metal atoms and ions in the 
atmosphere  

• Nucleation of noctilucent clouds 

• Effects on stratospheric aerosols and O3 chemistry 

• Informs us about the dust environment of the solar system



Introduction

• First laboratory measurements of the complete ablation 
process. 

• Spatial and temporal resolution 

• Extended measurements to relevant velocities. 

• First measurements address ionization efficiency (β) 

• Long term goal is detailed validation of ablation models.



Meteors Ionize the Air
• The meteor collides with gas molecules and begins to heat. 

• Sputtering 

• The meteor melts and the most volatile elements begin to evaporate. 

• Evaporated atoms collide with gas molecules and can form ion/
electron pairs. 

• Amount of ionization given by β. 

• As meteor continues to heat, less volatile elements evaporate, etc. 

• This process is modeled in meteor models, such as the Chemical 
Ablation Model (CABMOD, Vondrak et al. 2008).



Ionization (β) is Uncertain Quantity in 
Models

• Jones (1997) model of 
ionization coefficient is 
used in CABMOD. 

• Very few measurements at 
low velocity. 

• β is crucial for interpreting 
radar measurements of 
meteors.

[Vondrak et al., 2008]



Experiment: Measure β
• Using a 3MV hypervelocity dust accelerator (Shu, 2012), we can simulate 

ablating micrometeoroids in the lab. 
• This experiment used micron and sub-micron sized iron particles.
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Experimental Apparatus
• The dust enters the experimental apparatus, shown 

below.
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• The dust moves through two stages of differential 
pumping.
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• The dust enters the ablation chamber with biased charge sensitive 
amplifiers (CSAs) above and below it. 

• The ablation gas used was N2.
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• Ions and electrons are collected separately on the top 
and bottom CSAs.
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• If the particle survives, whatever is left of the particle strikes the 
impact detector. 

• We looked for particles with no impact signal.
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Signals Spatially/Temporally Separated

• Each CSA 
channel collects 
the charge 
which is 
produced near 
its  collector. 

• This results in 
temporally and 
spatially 
separated 
charge signals.



Charge Per Channel Shows 
Ablation Process

• The peak of each 
CSA signal gives the 
total charge for that 
channel. 

•  β is calculated by 
summing up all 
charge across 16 
channels and 
dividing by the 
number of atoms in 
the particle.



First Result: β Measurements 
Extended to Lower Velocities

• The experimental 
β(v) fits the 
Jones model for 
iron. 

• First 
measurements 
below 20 km/s 
for Fe+N2 

• Data can also be 
used to verify 
ablation models



Compare Experiments to Ablation Models



Slow Speeds Present Unique 
Challenges

• Due to slowing 
of particle, 
used β(v) from 
Jones (1997) 

• Jones theory 
apparently 
requires 
adjusting at 
slow speeds.



Conclusions & Future Work
• Our results corroborate the Jones model for iron particles at high 

speeds and suggest it may need adjustment at slow speeds. 

• We have already run experiments with different gases (O2, air, 
He, CO2) and those results are coming soon. 

• We plan to use different meteor analogs (like olivine) instead of 
just using iron. 

• Potentially observe differential ablation. 

• Future measurements are planned of the luminous efficiency. 

• Useful for visual meteors.



Meteor Radars Sensitive in Most 
Important Mass Range
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particles after ejection from these sources. The model is
constrained by observations of the zodiacal cloud in the
infrared at 25 mm, made by the Infrared Astronomical Satellite
(IRAS). The ZCM predicts that 85–95% of the dust in the
inner solar system comes from Jupiter family comets, which
are comets with short orbital periods (typically 20 years) and
an aphelion close to the orbit of Jupiter. The remaining dust
comes from the asteroid belt and Halley family and Oort cloud
comets. Most of the dust, which drifts into the inner solar
system under the influence of Poynting-Robertson drag (solar
photon pressure, which causes the orbital velocities of IDPs
with a radius larger than B1 mm to decelerate), has a mass in
the range 1–10 mg and provides a continuous input of sporadic
meteoroids. The model predicts that these IDPs should enter
the terrestrial atmosphere from a near-prograde orbit with a
mean speed of B14 km s!1, producing a global mass input
around 270 t d!1, the highest estimate in Table 1.

The input flux of meteoroids into the atmosphere is so
uncertain because no single technique can observe particles
over the mass range from about 10!12 to 1 g which make up
the bulk of the incoming material.3 Fig. 2 shows that the
particle mass can vary by 30 orders of magnitude, although
the largest contribution of mass entering the atmosphere on
a daily basis comes from particles around 10 mg. Assuming a
meteoroid density of B2.8 g cm!3, these particles will have a
diameter of B200 mm. There is a population of huge impac-
tors with masses greater than 1010 g which make a significant
contribution, but only on a geological timescale! Any single
measurement technique will only sample a subset of this size
distribution. For instance, optical camera networks which
observe visible meteors detect particles larger than about
1 mg in mass, or 1 mm in radius. Larger particles (approaching
1 g in mass) are much rarer, so that counting statistics on a
time scale of months start to matter.

Meteor radars measure particles with masses between about
10!9 and 10!3 g, and therefore cover the most important mass
range (Fig. 2). Meteor radar data was used to produce a much-
quoted estimate of 44 t d!1 for the global input, although this
involved artificially increasing the size distribution to match visual
meteor observations.11 The evaporating atoms, particularly metals,

ionize through hyperthermal collisions with air molecules.5

This creates a trail of electrons behind the meteoroid, which
can be detected by radar. The mass and speed of the meteoroid
then have to be estimated indirectly.22 Furthermore, the
wavelength of the radar only samples a subset of the mass/
velocity/altitude distribution of the meteoroids, so that some
extrapolation is required to estimate the total mass input.11

In the past two decades, high-powered large aperture
(HPLA) radars, such as the Arecibo Observatory and the
EISCAT radars in the Arctic, have been able to detect by
incoherent scatter the meteor head echo (i.e. the ball of plasma
around the ablating particle as it descends through the atmo-
sphere). This enables measurements of the direction of origin,
velocity, deceleration and (indirectly) mass to be made.10,23–25

While initially the mean entry velocity seemed to be significantly
higher, around 40–50 km s!1, than the velocity measured with
conventional meteor radars, it has now been realised that there
is a sampling bias towards high-speed meteors.26 Conventional
meteor radars do not efficiently detect meteors which occur at
higher altitudes (>100 km), because of the rapid diffusion of
the ionized trails. Since faster meteors generally occur at
higher altitudes, distributions measured by meteor radars are
biased towards the lower speeds. In fact, it has now been
shown27 that HPLA radars observe the same population of
meteors as observed by meteor radars, and in addition detect a
population of faster meteors that ablate at altitudes where
trails are not efficiently detected. However, the magnitude of
the head echo still depends on the meteoroid mass and
velocity, and each HPLA radar is sensitive to a particular
mass range.27 This implies that the velocity distribution of the
smallest particles measured by an HPLA radar will be biased
towards faster speeds: small and slow particles will not have
sufficient kinetic energy to ablate, and hence will not produce
sufficient electrons to be detected. The average entry speeds are
now thought to be between 25 and 30 km s!1.28 It should be
noted that particles which originate within the solar system
must have entry velocities that range from 11.5 km s!1 for a
particle in the same prograde orbit as the Earth (i.e. orbiting in
the same direction), to 72 km s!1 for a particle in a retrograde
orbit.2

The population of IDPs smaller than 10!9 g can only be
measured by impact detectors on satellites. An important
estimate of the IDP input was provided by the Long Duration
Exposure Facility (LDEF), an orbital impact detector placed
on a spacecraft for several years, which yielded an estimate of
110 t d!1.9 However, the LDEF experiment measured crater
size, which was treated as a proxy for particle kinetic energy.
Hence, the particle velocity distribution had to be assumed in
order to determine the mass distribution. If the average velocity
is higher (see above) than the value of only 18 km s!1 that was
employed in the LDEF analysis, then the corresponding mass
distribution would be shifted down by more than an order of
magnitude.10

Because of their very high entry velocities, meteoroids undergo
rapid frictional heating by collision with air molecules. If the
particles reach melting point (B1800 K), their constituent
minerals will then rapidly vaporize – the process termed
meteoric ablation. Ablation tends to occur where the atmo-
spheric pressure is around 1 mbar. In the case of the Earth,

Fig. 2 Mass influx (per decade of mass) plotted against particle mass

[data taken from Flynn21].

O
pe

n 
A

cc
es

s A
rti

cl
e.

 P
ub

lis
he

d 
on

 0
7 

Ju
ne

 2
01

2.
 D

ow
nl

oa
de

d 
on

 0
3/

11
/2

01
4 

01
:2

0:
52

. 

View Article Online

[Plane, 2012]



Radar Data Use Meteor Models

• Radar infers 
meteor 
characteristics 
from meteor 
plasma.

[Janches et al., 2009]
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CABMOD


