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In this work, we used University of Colorado facilities to calculate new experimental 
values of β for Si and to expand existing measurements for Fe. Additionally, we 
reanalyzed existing experimental data for Al. Si particles were accelerated to velocities 
between 10 and 50 km/s in air and N2, while Fe particles were accelerated between 8 to 
20 km/s. The data obtained were compared with previous models and previous 
experimental measurements. These new measurements improve the accuracy of β 
models and provide a better understanding of the ablation process. These results will 
improve the radar detection models and enhance the characterization of micrometeorids 
entering Earth’s atmosphere.

A key parameter in the ablation process is the ionization coefficient, . This parameter 
characterizes the ionization produced during meteoroid-atmosphere collisions.  can be 
used to estimate meteoroid mass, flux, density and height distribution from radar 
observations. Studies made with radar observations assumed that the composition of 
most meteoroids is chondritic [4]. This implies that the principal elements that 
constitute a meteoroid are Fe, Mg, Si, O and C. Laboratory measurements of  for those 
elements, particularly at low velocity conditions (10 - 20 km/s) are needed to improve 
model accuracy. Improved β values will help reconcile the discrepancy between radar-
detected meteoroid fluxes and theoretical model predictions [2].

β
β

β

Figure 1. The open access ablation facility operated at the University of Colorado. 
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Figure 3. β measurements for Fe in Air as a 
function of velocity.

Figure 2. A) Example of the DET3 signal. B) 
Example of the signal obtained from the 16 charge 
collectors.

Figure 4. β measurements for Si in Air as a 
function of velocity.

Figure 6. Two regime binned fit for Si in Air.

Figure 9. Two-regime ionization coefficient (β) 
comparison for Fe in air, Si in air, and Si in N2 
and Al in Air using Binned Fitting (BF) method.

Table 1. Threshold velocity (v0), fitted parameters c and n for the ionization coefficient model 
for Fe and Si in air reported in previous studies. († Units of c are . ‡ Units of c are 

)
(s/km)2.8

(s/km)2.4

1. We made measurements of the ionization coefficient using the Dust Accelerator at 
the University of Colorado (Fig. 1).
2.  was obtained for Si in N2 and Air, and new  measurements for Fe in Air were 
collected using Eq 1.
3. The empirical models (Eq. 2 and Eq. 3) were fitted to the data using a weighted 
iterative method to obtain the best fit parameters c and n.
4. A two-regime Binned fitting approach was proposed to better represent  across 
the full velocity range for Fe, Si and Al.
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Table 2. Fitted parameters c and n, and  for the ionization coefficient model (Eq. 3) obtained 
from the two-regime split approach for Fe and Si in Air and N2 and Al in Air. The velocity 
ranges are defined as Low v regime (v ≤ 20 km/s) and High v regime (v > 20 km/s)..

r2

• New measurements of  in Air and N2 were presented alongside extended velocity 
range measurements for Fe.  was found to be one order of magnitude lower than Fe, 
with c values lower than previous theoretical estimates and higher in Air than in N2.

• A two-velocity regime analysis was proposed for low (v ≤ 20 km/s) and high (v > 20 
km/s) velocities, improving past model estimates. The parameter n is consistently 
higher at high velocities across all elements, suggesting rapid ionization increase 
possibly due to secondary ionization.

• The obtained c and n values can be incorporated into major ablation models such as 
CABMOD/ELINDEN [1, 4], improving our understanding of meteor ablation and the 
accuracy of meteor radar detection.
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Figure 5. β measurements for Si in N2 as a 
function of velocity. 

• The expected models consistently deviate across 
the full velocity range (Figs. 4–5): Eq. 2 
underes t imates a t low veloci t ies and 
overestimates at high velocities, while Eq. 3 
overestimates in the whole range of velocities

• Fitted models also show systematic deviations 
(Figs. 3–5): fixing n = 1.6 in Eq. 3 
underestimates high velocity measurements, 
while allowing both c and n to vary 
underestimates across low and high velocity 
regimes

Voltage drop is used to calculate 
initial velocity ( ) and initial 
charge ( ) from horizontal and 
vertical difference respectively
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c(X) = c(Fe) × ( ψ(Fe)
ψ(X) )

2

(Eq 3)(Eq 2)

(Eq 4)

Since no single model can explain the full velocity range, we propose a two-regime 
approach dividing the data into a low velocity regime (  km/s) and a high velocity 
regime (  km/s).

v ≤ 20
v > 20

Figure 7. Two regime binned fit for Si in N2.

Figure 8. Two-regime  binned fit for Fe in Air.
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