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Meteors in Earth and Space Science

* Atmospheric and Oceanic Effects

* Deposit metals such as Fe, Na, K in upper atmosphere

* Produces metal layers in atmosphere
* Consequences for models of upper-atmospheric dynamics
* Bio-available Fe filters down into the ocean

Image from earthobservatory.nasa.gov

e Dust in the Solar System
* Models of source bodies (comets and asteroids)

e Meteoroid distribution in the near-Earth
environment
e Poses danger to spacecraft

Image from apod.nasa.gov



Problem: What is the total mass of cosmic dust
entering Earth’s atmosphere from space?
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* Mass input estimates range from 5 to

‘T% IDPs Huge impactors
270 metric tons/day (Plane, 2012) 85 _Radars i
* Most of this mass is in small particles S 4-
that ablate in the mesosphere S I
* Mass distribution peaks at 10> g o, | Salite Y § Vieval meteors
* Radars are sensitive to 10° g-103¢g ;f . )
é Meteorites
8| ol

1015 1010 105 100 1090 1010 1015
Mass of particle / g
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Impact Ionization
Detector

Figure by J. Simolka (2013)

Charge Detectors

Image from impact.colorado.edu

Particles shot into ablation
chamber:

Speed: 10-70 km/s

Type: Fe or Al

Radius: fraction of a micron
Gas: N,, air, O,, or CO, at p
=0.01-0.5Torr



lonization Coefficient /

A=number of electrons /number of ablated atoms =(A¢/e) /(Am/mlatom)

Jones (1997):
£I0 =c(v—v40 )72 v10.8 /1+c(v—vI0 )T2 v70.8




Past: Iron Ablation Experiments

* Charge measurements for Fe dust particles in CO,, O,, N,, air
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Figure by Thomas, et al (2016)




Present: Aluminum Ablation Experiments

* Charge measurements for Al dust in air
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Aluminum Beta Results

Aluminum g Values

1:0000 : ' ' ' = Fit to Power Law gives:

- 5 £=4.491x107-5 v72.131
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- ] Fit to Jones gives:

no.o1oo§— 5 E c=6.6911x107—6
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Light Measurements

Exterior Wall of Tube

Interior Wall of Charge Collection Cylinder

e Four 16-Channel PMT’s

FOV spacing at beam line=4.1in /16 =0.25 in
At 70 km/s, 0.25 in is traversed in 100 ns
Need 10 MHz pling / ~5 MHz bandwidtt
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PMT Channels for Exp 10, Run 15, Event 11 (p = 65 mtorr, r, = 97 nm)
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PMT Velocity Fit for Exp 10, Run 15, Event 11 (p = 65 mtorr, r, = 97 nm)

IS L B I BB 1 1

B ® OPMT Pulses 7

I~ |—— PMTV = 16.7799 kps A n
—— Entry V = 18.8624 kps ]

L ]

8 18 20




PMT Channels for Exp 10, Run 15, Event 11 (p = 65 mtorr, r, = 97 nm)
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PMT Channels for Exp 10, Run 17, Event 15 (p = 90 mtorr, r, = 103 nm)

LI L
L ,1 -
— | ]
L N ]
1L )
C L H \ A ]
1
O T W
20
Time (us)

PMT Channels for Exp 10, Run 17, Event 183 (p = 90 mtorr, r, = 125 nm)
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PMT Velocity Fit for Exp 10, Run 17, Event 183 (p = 90 mtorr, r, = 125 nm)
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PMT Channels for Exp 10, Run 19, Event 78 (p = 200 mtorr, r, = 177 nm)
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PMT Channels for Exp 10, Run 22, Event 24 (p = 70 mtorr, r, = 47 nm)
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PMT Channels for Exp 10, Run 24, Event 65 (p = 100 mtorr, r, = 104 nm)
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PMT Velocity Fit for Exp 10, Run 19, Event 78 (p = 200 mtorr, r, = 177 nm)
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Summary and Next Steps

Aluminum g Values

* Ablation Experiments with Aluminum

* Determined B for particles from 10.8 km/s to
73-4 km/S 0.1000

* Fit B to Power Law and Jones Curve
* Tracked Particle using PMT’s
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* Next Steps:
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* Measure slowdown with a new pickup-tube Velosty (kms)
detector

e Model the ablation of Aluminum
micrometeoroids
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