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,Wise man“
(Pablo Picasso, 1899)
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80 000 tons of meteoroids every year
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Gonsequences?

Take it

DAS ENDE DER WELT \

(wie wir sie kennen)

Chemical consequences of impacts for chemistry of early Earth and its evolution:

Is it source of energy for synthesis? is it destructive event preventing synthesis?




WHY Meteors?

"All theory, dear friend, is grey, but the golden tree of life springs ever green."
Johann Wolfgang von Goethe
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Experimental Data Observation Classification




How to trap impact plasma in a test tube?
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High speed projectiles fired by Shock Tubes simulate chemical consequences,

Hypersonic guns (n/o )airglow, up to interaction with a target and its ablation?
10 km/s).



LIBS using Laboratory La ASers

Both interaction with the target as well as airglow plasma. -
Simultaneous recording by lab+astro devices. —

Rotation optical stage Si coated lens 5

1064 nm

or
| 532nm
| | 256 nm

Compex Excimer Laser 200 m)J
ArF -193 nm

Astro-spectrograph
res. 0.5 nm

Echelle ESA WIN Spectrograph Ocean Optics CCD Spectrograph
200-780 nm, roz. 0.005 - 0.019 nm 200—-1100 nm, res. 0.5 nm



LIBS using Laboratory L

Vacuum Chamber - controlled pressure _\

and composition of the atmosphere

Lad




Simulation using Terawatt Laser

Impact Laboratory simulation Laser beam direction




Large Laser Fireballs — Asterix Sy

Chemical Laser (C;F, + Ar), A=1315 nm, Emax 1kJ /0.5 ns

-

Ar + C3F7| laser tube Laser Shot = 150 J
Q i

P =250 2P,
I‘C

1.315 um

5s25p° 2P, ,

_50t0 — 20 °C Photodissociation of C3F7I

Emission of laser light from deexcitation of iodine atom.



Origin of Biomolecules started in 2004

2004: Civis et al.: Chemical Physics Letters 386 (2004) 169-173.
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Ferus, Civis, Saitta
et al. PNAS

2017. 114 (17)
4306-4311

Ferus, Civis, et

\al. (2015)
PNAS*112:657—-
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Does'it change'a’global

driven’chemistry on’early;planets?
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A Absorption Spectra for CH,:CO:H,0 exposed to laser plasma
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Spectral Camera






Echelle Collimator Astronomical Spectrograph
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https://en.wikipedia.org/wiki/Magnesium
https://en.wikipedia.org/wiki/Iron
https://en.wikipedia.org/wiki/Silicon
https://en.wikipedia.org/wiki/Oxygen
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Qualitative Comparative Catalogue
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Emission Intensity (Counts)

Perseids
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CF analysis: Determination of Chemistry
Leonide Meteor Spectrum |
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Spectrum Fe Na Mg Si Ca Cr Mn Ni
Micrometeorites 0.9 0.06 1 1.2 0.03 0.02 0.04
C1 group 08 005 1 09 01 001 001
CM group 08 003 1 10 007 001 0.04
L6 Sahara 98222 L6 0.9 1 12 01 0.02 0.02
H5 Kogice 21 01 1 13 01 003 002 0.04
CV3Dhofar 1764 12 0003 1 08 01 002 001 006
LL4 Dhofar 1709 1.4 002 1 12 02 005 0.02 0.09
L4 Porangaba 15 003 1 16 02 005 003 0.1
Halley dust 05 01 1 18 01 001 o0.01
Wild 2 1 0.005 0.006 0.005 0.028

05 005 1 0.03 0.005 0.01
Perseid 0 L0 1125 r

05 005 1 0.03 7001 0.01

0.9 1 1.8
Perseid 1 0.8 O'%Oi” 1 09 004 001 0.002
Perseid 2 0.8 0(')0308 1 11 00 001 0.003
Perseid 3 1.0 ,0"(’30‘147 1 12 003 001 001
Perseid 4 1.1 0"(’30352 1 10 01 001 001
Leonide 1.0 01 1 0.03 0.005 0.01

. 0.0008 0.0260

Perseid 2015 1.0 1 3.0 0.001 0.086 0.02
0.0166 0.52

Leonide 2015 10 2% 4 93 2% 5001 0081 002
0.0125 0.12




Intensity (arb. u.)

Simulation: Determination of Ch
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Famous ,,Hungarian” April Bolide Observation _Reference

Fel | Fel Fel

Ca Cr Fe Mg Mn Na
SPO 20180408 184733 0.01 001 29 1 0.002 001
PER 20150812 232102 0.4 0.001 1 0.08 0.02
LEO 20151119 034504 0.1 0.001 1 1 0.08 0.01
Nal TAU 20151028 202739 0 0 2.5 1 0 0.03
Fel Experiment Reference Ca Cr Fe Mg Mn Na
Pallasit Ahumada  0.001 0 2.5 1 0.002 0
Fel & Mesosiderit Patwar 0.9 002 14 1 0.04 0.05
LIBS Porangaba (L4) 0.2 005 15 1 0.03 0.03
Fel Dhofar 1764 (CV3) 0.1 0.02 12 1 0.00  0.003
Dhofar 1709 (LL4) 0.2 0.05 14 1 0.02 0.02
NI Bolide 20180408 184733
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Ternary Diagram: Observed and experimental

Bolide 20180408_184733 00, 10
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Meteor Spectrum and ranges for several molecular species

Emission Intensity (Arb. Units)
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Intensity (Arb. U.)

CF analysis: Determ

ination of Chemistry

A Perseid Meteor Spectrum
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