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From molecular cloud to life on Earth
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Presence of prebiotic molecules in comets and meteorites

Image Credit: ESA / Rosetta / MPS for OSIRIS Team;
MPS/UPD/LAM/IAA/SSO/INTA/UPM/DASP/IDA
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Detected in comet 67P/CG: Detected in meteorites:
« Examples: H.CO, HCN, * A!nlno acids
CHsCOOH, glycine ...  Ribose

* Nucleobases
 Fatty acids
« Phosphates



Physics and chemistry on interstellar dust grains
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Some research topics
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Grain surface chemistry
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First experiment setup in the Origins Lab
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Advantage of molecular beam

Molecular beam deposition

Direct dosing

QMS signal

Molecular Beam deposition

Temperature




Analyzing techniques: FTIR and TPD
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Reaction on substrate to form a mixed ice
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Sticking of molecules on water ice
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Sticking of molecules on water ice
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Comparing Lab data with Astronomical Observations
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Phase transition of interstellar CO ice

CO ice

Compact amorphous water ice

Gold substrate

Norm.
2 ML 5 ML 7 ML 9 ML 11 ML |ntens.
1.0
18 T 1 T |
¥ 161 | | | J 0.75
b ™
g
2 144 T T T |
© 0.50
2124 1 T 1 1
5
= 10 - . 1 1 1 0.25
gl | | | J
0

q}b‘% 'L'\,D‘Qq}b‘c) q}b‘gq}b‘c) q}b‘g q}b‘c) ']}D‘QQ}D‘% q}b‘g
Wavenumber / cm~1

An important mechanism to form complex organic molecules in the ice.
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The new setup in Origins Lab (in construction)

FTIR

Features of the new setup:

*Electrons or UV processing of ice mixtures at
~10K

*In situ measurement of ice composition using
FTIR

*Measure desorbed molecules using QMS
sLaser desorption ionization (IR + UV lasers)
«Sample replacing without breaking vacuum of
main chamber

*Very high sensitivity and mass resolution using

Orbitrap mass spectrometer.



Laser desorption ionization + Orbitrap

lon guide and Orbitrap

N / UV ionization laser
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3D drawing of the setup

lon guiding system (coming soon!)



Load lock
chamber

—anhil
. UV laser

Tushar Suhasaria 2



Comparison between two setups

Setup-1

Setup-2




Part-Ii



Origins of life
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Processing of interstellar ices
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Infrared
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Advantage of molecular beam

Direct dosing

Molecular beam depos

ition
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QMS signal

Direct dosin
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Phase transition of interstellar CO ice
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Setup-2
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Desorption+ionization (2 steps)
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Laser systems

ns pulsed-UV ns pulsed tunable IR

Specifications Inacar

Pulse Energy

1064 M OPO
Wavelength range 2500-4400 nm
SEANIL Output pulse energy !
Linewidth ¥ <10 em™
Scanning step 1 nm
Typical pulse duration *
Typical beam diameter ¥ 6 mm
Pulse Width Polarization horizontal
Divergence PUMP LASER ™
Pump wavelength 1064 nm
Beam Diameter Y <8mm Max pump pulse energy 300 m)
Timing Jitter 0.5 ns Pulse duration 4-6ns
Energy Stability (rms) 0.7% Beam qua\ity "Hat-Top" in near field
Beam divergence < 0.5 mrad
Pointing Stabi“ty 50 mrad Pulse energy stability (StdDev) <1%
) at beam exit Pulse repetition rate 10 or 20 Hz

Tushar Suhasaria

SPECIFICATIONS ¥
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IR spectroscopy

sample holder
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Load lock chamber
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lon guide
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lon guide
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Comparison between two setups

Setup-1

Setup-2
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Thank you!
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