). Heyrovsky
Institute of Physical Chemistry

Academy of Schences of the Coech Republic
Chemical Physics  Catalysis  Electrochemistry

High Power Lasers in Astrobiology and
Physics of Rydberg States

Svatopluk Civis

J.Heyrovsky Institute of Physical Chemistry
AV CR, Praha 8, Czech Republic



YV V VY

Outline

Rydberg States

High-l (orbital momentum) atomic Rydberg states, n-| levels
Quantum defects for high-| states

The development of the new experimental technigques based on
application of high resolution time-resolved Fourier-transform
infrared spectroscopy

Time resolved laboratory spectra of radicals, ions (discharge
experiments)

Fourier transform infrared spectroscopy together with Laser
ablation technique - infrared spectra of atoms

PALS

Application in Astronomy and Astrochemistry

Atomic spectroscopy-review

Formation of basic molecules of the RNA world during
Heavy bombardment period

High power laser experiments ( PALS)

Chemistry of stable and unstable products



High-l atomic Rydberg states studied by high resolution time-
resolved Fourier-transform infrared spectroscopy



Atomic Nl levels: an example (Na)
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Why the high-| states are interesting?

Measuring the properties of atoms that control their long-range
interactions, such as quadrupole moments and dipole
polarizabilities

Challenge to experiment: for He- and Li-like ions, theoretical
predictions of high-l fine structure appear to be more precise
than existing measurements

Challenge to theory: to extend these studies to heavier atoms
and ions, where the theoretical calculation of measurable core
properties becomes increasingly difficult because of many-body
and relativistic effects

IR astronomy: studies of dust-obscured objects and interstellar
clouds, cool objects such as dwarfs, disks, or planets and the
extended atmospheres of evolved stars, including objects at
cosmological distances from the Earth



Quantum defects for high-| states

The discrete spectrum is given by Rydberg formula
with the quantum defect 4 which is to be
determined from the experimental spectra

EnI :Vion - F\; :Vion ! 2
Vil (n _/ul)

R is Rydberg constant, V. is the ionisation threshold
A simple model — polarisation potential Uc(r) — aC/r4,
where 0., is the atomic core polarisability

_ ZOCC [3-'(' +1)/n2] Rapidly
11+ =D +D)21+3)

:unl



Fine structure of high-| states

The simplest fine- Ra 2 Z:'ff Rapidly
structure correction — Nl — 3 decreases
spin-orbital splitting Vn|| (I +1) with n, |

& ~1/137 is the fine structure constant, Z :: is an effective core charge
Fine splitting for different | states of Cs atom, cm™

4 - - 0.18 - -
5 - 98 0.15 0.0028 -
6 554 43 0.11 0.016 ?
7 181 21 0.74 0.001 ?
3 33 12 0.053 0.0009 ?
9 45 7.1 0.039 0.013 ?

10 27 4.7 0.029 0.0009 ?



Time resolved FTIR measurement in the discharge plasma
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Data collection ?
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Fourier transformation

Interierogram SHectrum
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He + H, discharge plasma

He +H H,*
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Chemistry of H;* formation using time
resolved spectra acquisition
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Arb. Units.
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Time resolved FTIR measurement in the laser spark
(laser ablation)

Vacuum and barotron

Filter for
\/ ArF laser line

Bruker IFS 120 HR

PC

spectrometer




Timing diagram for the interleaved sampling. During the scan, the laser pulse

and the AD trigger sampling are induced with a rate of 1/n times of the HeNe

laser fringe frequency. The complete interferograms are obtained after n scans.
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Intensity (Arb. Units)

Example of spectra: Cs
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IR astronomy: drawbacks

Much lower number of atomic and ionic lines available (relative to the
visible and ultraviolet ranges)

Modern laboratory spectral features are lacking for most elements with
wavelengths longer than 1 micron

Atlases of stellar spectra often provide only a short list of identified lines.
Even in the solar IR atlases there are a number of lines with doubtful or
missing identifications.

The reliability of astrophysical calculations cannot be improved without
the inclusion of additional atomic lines and higher energy levels

The above IR astronomy facilities cannot be fully utilized without detailed
spectroscopic information on atomic line features (line identification,
excited (including the high-l) level energies, wavelengths and oscillator
strengths) in the IR region

Reporting high-resolution laboratory data for atomic spectral features
(new IR atomic line wavelengths and identifications, highly-excited levels,
and oscillator strengths) is important!
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InfraCervené spektrum horciku

Emisni intenzita (arb. units)
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Emisni intenzita (arb. units)
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ACE Solar transmission spectrum
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Comparison of Arcturus spectrum with FTIR emission spectrum

Arcturus (SAO 100944)
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Conclusions

Lines References
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James Webb Space Telescope nasa

Integrated Science B Primary Mirror

Instrument Module (ISIM)
6.6m Telescope

Successor to Hubble & Spitzer.

~
Demonstrator of deployed optics. y
. Secondary
4 Instruments: 0.6 to 28.5 ym Mirror

Passively cooled to < 50 K.
Named for 2" NASA Administrator

5 Layer Sunshield
Spacecraft Bus

« Complementary to WFIRST, ELT, ALMA, etc
7 * NASA+ ESA+ CSA: 14 countries
| o). 'Ié""‘j « Lead: Goddard Space Flight Center
g{ » Prime: Northrop Grumman
.+ Operations: STScl
_ «  Senior Project Scientist:
Nobel Laureate John Mather




SCIENCE

Webb Telescope Science Themes
The James Webb Space Telescope will be a giant leap forward in our quest to

understand the Universe and our origin cosmic history: from the first luminous|

glows after the Big Bang to the formation of galaxies, stars, and planets to the
evolution of our own solar system.

» First Light & Reionization

JWST will be a powerful time machine with infrared vision that will 4 R

. ) _ ) ; SUN FORMS® . * T o
peer back over 13.5 billion years to see the first stars and galaxies forming ; R o s s
out of the darkness of the early universe. o33 : . :

» Assembly of Galaxies

JWST's unprecedented infrared sensitivity will help astronomers
to compare the faintest, earliest galaxies to today's

grand spirals and ellipticals, helping us to understand how galaxies
assemble over billions of years.

» Birth of Stars & Protoplanetary Systems *

. QUASAR ERA
JWST will be able to see right through and into massive clouds of dust

.. . . . HELIUM REIONIZATION
that are opaque to visible-light observatories like Hubble, where stars
and planetary systems are being born.

» Planets & Origins of Life

FIRST GALAXIES
WYDROGEN REIONIZATION

JWST will tell us more about the atmospheres of extrasolar planets,
and perhaps even find the building blocks of life elsewhere in the universe.

In addition to other planetary systems, JWST will also study objects within

DARK AGES
our own Solar System.

BIG BANG
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RNA World — the Bases

I red = guanine
I blue = cytosine
W orange = uracil
BB gray = adenine
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Early and Late Heavy Bombardment
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Planetary orbits and disk particle positions in the Nice model.
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Research on Chemical Consequences
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High Power Lasers

Impact Laboratory simulation L aser beam direction




High Power Laser Mimics an Impact Plasma

Chemical Laser (C5F, + Ar), A=1315nm, E=1kJ/0.5ns
2 ml HCONH, + Nitrogen, Irradiated by 15 Pulses

-

Ar + C;F;l  laser tube Laser Shot =150 J {

/‘\!W

m G
J / \ ss25p° 2P,
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Monitorig of Stable Molecules
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Monitoring of Unstable Radical Species
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Concentration (cm™)

Model of Plasma Chemistry
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Biomolecules Detection
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Chemical Model — Formation of Nucleic Bases
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Recent observation — Formation of Sugars

Glycolaldehyde D-threose D - arabinose D - ribose D - xylose
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ligh-energy chemistry of formamide: A unified
nechanism of nucleobase formation
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ekl a5 theoretcal (akulations. we present h proposal that farmumide could be the parent compound of the
nMMMMMNMMﬂ-nh compooents of the G ink fooal polymens (21). Saadi
udied impact chemistry. Our findings thus that 1, extetsively studied the formsumideused dhensatry that can

wmm.-uuchdnwm
undant during the LHE period than beform and after, could not ealy
stroy the existing ancient ife forms, but could Wso contriterte %0
e creation of biogenic molecules.

gin of Ide | steross impact | iomclecudn | L0

s the Sun formed from its molecular cloud. & wis accom-
ped by o disk of material that comssted of gas and ymuldl
s particles. Over several ters of millioms of years, these dust
rtichos accumulated and formed the plascts we see today. This
ooess occurred in severnl stages in the terrestrial planct xme,
entually culmimating in massive. potentially moon-forming
pucts on the proto-Earth (1), Then, following the solidificution
the Moon =45 Ga, the instinlly heavy impacton flus Seclined
) and iscreased agaln Juring the Lute Heavy Bombordment
HB) soome ~4-385 Ga (2 Our best models for the origes of
¢ LHB link the LHB w & dvmamic mstubility in the outer solar
wem (1he socalled Nice model) (3, &), when Jupiter's oehic
aezed s o resall of dose encountens with ioe gants and small
metary boclies. These changes resulted in the release of
puctors froen their previoushy stable asteroidal sod cometary
servoirs. The synthesis of observition and theoretical con-
ainls indicases tat the imparctor Dux om Earth wiss ~H) times
gher at the LHE than in the period mmediately preceding the
HIB anid that this flux domdy decoved afterwand (5-T) At the
ak. the LHB most likely involved an impacs frequency of 117
ns of maderial per yeur (ref, 5 and Fig 14) The typacal impact
eocs are otimaled %0 have increaved from <9 s =21 ks
wo the LHB began. The ratio of the gravitational eroms-sections
Earth and the Moon is found w be <170 Thus, for every
par basin, such s Orientale or lebram, <17 i shouk)
we formed on Earth (81
Such husgzo impact activity sk had extessve implications for
¢ evolution of early Earth (sclected milestones in carly
wrih’s history arc showm in Fig. 18) (%) The phore wiss

lead fn the symthesis of macheabases and mscleotides and their
metabolie produces (22-24). By choosing 1he appropeiate cita-
Iy, purine, adenime, gusmine, und Cytosene (Catalyzed by lime-
stope. kaolin, silica. aaming, or zeolite), thymime (irradissod by
sunlight amd cutalysed by TiOk), and hyposstthise and urocl (o
the preseoce of montmonllonites) were obtaned (23-27),

Our recent studies repoeted the formation of the canonscal
nuckootuses, s well us parine and glycine. daring the diclecteic
breakdown induced by the hagh-power Eser Asterix in the
peesone of catalytic materaly (metcorines, TiOw, clay) (17, 18)
Formamide-bosed symthess in the high-density encrzy event
(impace plasma) cun solve the loag-stinding enigma of the <i-
multancoos formation of all four secloobases. The muin objoc-
tive of the present stuchy is to demonstrnte o usified mechunism
of the formation of the nuckobases hrough the action of
formamide snd its dissaciation products in 2 high-cnergy impoct
event rekevant 10 LHR.

Significance

This p h-ﬁﬂ-ﬁn&dhdﬁ
dhuudn hu-hlmmﬂ
impact s dm Likwaisa, 1
mm m mm
the universe, The work Is therefors highty actusl and.
tnredscipilinary. It cocid be interesting for 2 v-yhdv&t-
shign, trom pliysical and organk dweists 1o syrithetl okogsty

and specisiivh in mtroblology.
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atly eroded amd trunsformed (10, 1), 2nd the hydrosphere
v ennched by water {12 13). Crucially, these impaci-related
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Impact synthesis of the RNA bases

Andro C. Rios'

Exotavfogy Mianch, Spoce Scamce and Astratrology Divemon, MASA Anes Besearch Conter,

Maffet? Fela CA 84035

Any discussion related 1o how e began oo
this plaset incvitably mnokes the quostion as
to the argin af bio-ongani molecules, a fidd
valled prebuictic chenstry (1) How & or-
panic compounds come o populate the carly
Earth? Before 1953, this question lisell was
not widdy comidered withm the realm of
experimental sciooe. However, siowe the pin-
oeering results of the Miller-Urey experi-
ment that produced amine scxls from
dectrical discharges pasaing through simpde
gases 120, the tiekd of prebiotic chemistry has
been extremely peodigious in demonstrating
shiotic symtheses for multitodes of oeganic
compounds, However, i bocame apparent
that prebiotic chemistry wins faced with
» mare challengmg question. How did the
blomsclecules of fife gt sdecsed ot of such
comphex, peebiotac mixtures?

Particubir significance has boen plced on
understanding the sehction of the nucko-
basas adeniine (A), cytosine (C) guanine
(G, wnd wracil (L), gven their role in the
RNA workd hypothess (30, The hypothesis is
o peenise that life may have emerged with
penetic and enzymatic function besed excly-
shvely oo RNA (1), Some research  has
poinsed 10 the possibality that sehcton crite-
ria may have refied on nudecbases that were
bl 10 persist the Jongest In the prebiotic
emironment. Others have considersd the
possibiliny that early KNA Jile usad 4 wide
raoge of nuckootuses, and over time undgue
sclection pressures emenged that Evared the
extant bases 1 terms of using 4 synthetic
otign or avalabiry argument. it has boen
foursd that varying comdtions are needed to
demonstrate the prodoction of all of the
RNA bases. Involang mubiple stage and mul
gy environmental soenarios for the selectie
prebiotic syvhesis of the nudecbases seeny
extremcly unlikely. What woedd bo intriguing
wondd be the demonsteation that all of the
RNA bases are selectively produced under the
save conditions, and that those mhnm
might be coosiderad plasibie 10 prs

Fornumide appears 10 be widepread n
the umiverse. Astronomers have recently
reporied its presence in ver solar system
Sound within the atmospheres of camets (6,
and sece the 1970s, foemamide hay been
detected in multiple regaons in the interstel
Lar medium (7}, The known chemistry and
ubiquity of formamide has made it an at-
tractive  primondal  foedstock  coenpond
for the peodaction of many prebiotic mole
cuiles {8), Experiments on the prebiotic syn-
thesis of puckeobases using formamide have

Simulated impact or
shock synthesis of
organic compounds has
remained a plausible
model for the
production of organic
compounds needed for
prebiotic chemistry.

boen an active ares of vesearch (9-11), baat
swome disheartening cbservalioon were (0
tnely made. At best, oy three of the four
HNA bases bave been observad in a singhe
experiment, The missing hase typically
wan guanme However, when the prebiotx
systhesis of guanioe coudd be demaon-
arned, owoudd be ar the exclusion of
other bases, often a pyvimidise, such as
cytosine or wracll. Howewer, these studies
weere Important because they demonstrated
that for ide condd be o foedd-
stock for each RNA base. What remained
was the tak of finding plawsible con-
ditsons thas could access all of the bases in
one experinwent (8)

n & peevious pubbcaton, Feras o al bad
waladarad that o formamide were expusal %0
much higher emergies t woulid be able w0
acoess seacton pathways thet produce the
nudenbise prodacts {12). Thus, a ceweral
modd i their current work {3) Is the wb-

chemistry and the um Fath
This s what Ferus ot al. set out 50 do in their
et recent conteibwtion, and they begin with
& saple ongank conpound called formumide
(Fig, 1) (5%

o gt orphgation 1018 Dpree 1AM

section of f¢ ide 10 expeciments that
stmulite the encrgy owtput resuhting from an
extraterrestrial wnpact, Simulatad inpoct or
shock synthesin of ongank: campounds bas
remained & phiusible model for the producion

of ongante compounds needad Sor pecbiotic
chomusary and the orign of Me (13, 14) A
tantalizing argument for this scenario hes
with the colncidence of estimates for when
life might have originated (4.4-3.5 billion y
ago) and the Late Heavy Boebardment
(4.0-3.8 bllion y agn), a peried when the
early Earth recelved 4 pronounced Increase
in the bmpact rate of asteroadal and com-
ctary material (15),

Fenas e al (5) folkow the alermagh of the
amubited impact, which cases the breakdovn
af formsansde Into a variety of sample gases.
and radical onermsediates (soe Fig 1) The
authors show bow the formution of these
radicals, mainly CNe and He, combase with
formambde o ncrease the molecular oo
plexity of the mixture leading to stable and
previceady shadod chemical intermadiates. In
combination with thesr previcas woek, Fens
o al. detail how the radicals CNe, He, and
NHye, contioue o drive the chemistry 1o
produce the panees and pyvinadines (12,
161, A wnifying oucome, and of particular
Iterest 10 prebiotic chemistry, &s Ferus
et al.’s {3) demonstration that 2. 3. diami
noenaleonitrile (DAMNY s & common pre-
cursor to all of the RNA bases under these
conndgions. DAMN has loeg been knoven 10
he & key chemicdl peecursor to the purine
nucioobases (1, 9-11), but this is the first re.
port that DAMN has beens implicated i the

thesis of pyrmid; The ge of
dx- CNe radical from the breskudown o
for ide and its subecy reactions has

heen calodated 0 be the explamation for how
DAMN cans access bogh reaction patbmays of
pyomidines and purines.

The prebiotic synthesis of nucleobases
helps address only one of 4 long list of
questions. The angin-of life community also
needs convincing reports to demonstrate
how the hases cookl have realistically acco
mudated in the early Farth esvironment. How
prebiotic coganics escaped degradation by the
widespread occurmence of water on the early
Earth is an example of such a question
In the late 1990s, Stanley Mier amd co
workers investigated the hydrobytic stabd)
ties of pucleobases at high temperatures 10
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| FS 1 2 5 H R Parameters

o Spectral range: 50,000 - 5 cm™?
o Ultimate resolution: < 0.001 cm-1
e R o Wavenumber accuracy: <5 x 107 times
- il wavenumber (absolute)
Design
o Vacuum system: < 2x10-2 hPa (mbar)
o Up to 3 internal source and 6 detectors
Accessories
o Gas cell (3,6 —40m)
o Bolometer
Cena
o 13 mil. K¢ bez DPH
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Spektrograf ESA 4000-LAB

High Performance

ECHELLE SPECTRA ANALYZE]

Bt VV, PO AN W Sl V)

LLA Instruments GmbH



Technical specification Echelle
spektrograph ESA 4000-LAB

Spectral range at simultaneous detection 200—-780 nmor 191 —420 nm
0.005 nm (200 nm)
Linear dispersion per pixel (24 um) 0.010 nm (400 nm)

0.019 nm (780 nm)
Resolution with respect to one pixel (A / AA) 40000

Diffraction orders 30—1200r58-126
Focal length 25cm
Aperture 1:10

Flat image plane 24.5 x 24.5 mm?



The Echelle spectra analyzer ESA 4000 is a compact spectrograph for simultaneous detection of compiex spectra within
the UV/VIS range. It consists of the Echelle spectrograph and the electronic control unit for camera control and synchro-
nisation of data acquisition with external devices like a pulsed laser system.

Echelle spectrograph

The tetrahedral mounting of the Echelle spectro-
graph is characierized by a simple, but effective ab-
erration correction of the whole optical system. The
Echelle grating generates up to hundred overiap-
ping difiraction orders separated by the quartz prism
in front of the grating as a two-dimensional pattermn.
Thus the compact spectrograph covers a total spec-
trum length of over one meter on a one square inch
focal plane. A high spectral resolution and simuita-
neous broad spectral range detection of nearly all
analytical lines of interest and their spectral back-

ground are achieved.

smmmmmmuv - VIS rangs

ICCD camera

The CCD-camera detector head is integrated in the spectrograph to ensure proper operation also in a rough environment.
It is equipped with a gated MCP-image intensifier for measurement of very weak light sources as well as for short light

pulses.

The analog signal processing uses a circuitry with fime correlated double sampling.

Subtracting the dark current signal from the spectral signal minimizes the noise of the detector output stage.
Uninteresting spectral ranges may be summarized and removed to increase data processing speed (hardware binning).
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Electronic control unit

The 19 -electronic-rack inciudes

power supplies for the camera,
the frame grabber board with a 16

bit ADC, an industrial PC and in-
terfaces.

The integrated fast puise genera-
tor board is developed for time re-
solved measurements and can be

friggered intemally or extemally.

In case of internal triggering the

generator board allows controfling

measurements with a time resolu-
tion of 20 ns.

Additional control pulses ars

available for external triggering of
pulsed light sources.
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Applications
The Echelle system covers almost every application in atomic speciroscopy.

Atomic emission spectroscopy

Laser induced emission spec-
trum of tool steel

Data visualisation via ESAWIN soft-
ware - camera picture, calculated
wavelengths spectrum, selection of
analysis fines and element classifi-
cation

i ] olw

The broad spectral range detection combined with a high speciral resolution ensures a simuitaneous multi-element ana-
lysis of almost every chemical element. Measurements of steel confirm the high quality of the spectra.
In spite of the extremely large number of iron lines, a largely undisturbed spectral line structure is visible.

Molecular spectroscopy

Echelle picture

and wavelengths
spectrum of a CN-
molecular emissi-
on - violet bands
system

Laser induced emis-
sion spectrum of a
wood sample in air

The high spectral resolution enables investigations of reaction products in plasma processes like radicals and molecules.
Additionally to the excited atomic lines, molecular bands were monitored during piasma generation by laser ablation.
The pictures show fime-resolved measurements of CN-emission bands which occur in case of vaporization of carbon
containing samples in air.

Measurement of air absorpti-
on in the UV range

Echelie picture and speciral de-
tail of the O, absorption bands
- = ] below 200 nm

— — = - \ ! ; Light source: deuterium lamp

The combination of the ESA 4000 with a wide band light source permits the simuitaneous measurement of broad range
absorption spectra. Real-time monitoring of atmospheric impurities (aerosols) is a practical application. The example
demonstrates the fine speciral features of O, absorption bands in the UV spectral region marking the end of the meas-
urement range in air.

helle Spectra Analyzer



Technical specification

(Spectrograph )
Echelle optics
Speciral range at simultaneous detection 200 - 780 nm or 191 - 420 nm
Linear dispersion per pixel (24 ym) 0.005 nm (200 nm), 0.010 nm (400 nm), 0.019 nm (780 nm)
Resolution with respect to one pixe! (A AA) 40000
Diffraction orders 30-1200or 58 - 126
Focal fength 25 cm
Aperiure 1:-10
Fiat image plane 245 x24 5 mm¥
Entrance slit Single fiber input, SMA connector
Camera Integrated, with closed water cooiling system
Size 300 x 200 x S00 mm (482 x 258 x 585 mm OEM version)
\Weight 13 kg (15 kg OEM version) )
KICCD camera B
CCD Kodak KAF-1001 frame fransfer CCD (1024 x 1024 pixels)

Pixel size 24 x 24 pym
TE stabifization of temperature
Programmabile line binning (on-chip)
Image intensifier Proxitronic image intensifier with microchannel plate
UV enhanced S20 photocathode
Fiber optic coupling to CCD

Aol Gateable from20nsto 16 s i
(Electronic control unit )
Frame grabber board Readout rate seilectable 0.5, 1, 2 or 4 MHz=z
16 bit ADC, 2 MB memory, PCI bus with 90 MByte/s
Line and pixel binning
Fast pulse generator board Repetition rate up to 200 Hz
4 channels adjustable in steps of 10 ns
Industriai-PC CPU CP306 intel Pentium M, 1.86 GHz, 1 GB RAM
Interfaces 6 x USB 2.0, 2 x BNC for external tnggering, process control
Keyboard, RS 232 senal, VGA, Fast / Gigabit Ethermnet
Periphery Hard disk min. 80 GB, DVD-R/RW, power supplies
Ccoling unit Integrated water-to-air cooled heat exchanger, pump unit
Power requiresments 110/220/230V~, 50 /60 H=z, 4/2 A
Operating environment conditions Temperature 10 - 30 °C, relative humidity 20 - 80 %
Camera Integrated, with closed water cooling system
Size 560 x 220 x 420 mm (482 x 180 x 350 mm OEM version)
@dght 21 kg (14 kg OEM version) =
[Softwame =)
ESAWIN Executable on Windows XP »
Automatic hardware control of all measuring parameters
Control of external light sources like pulsed laser systems o
Analysis of data, spectral line recognition tools s =
Atomic iine data base g i
Diatogue controiled gualitative and quantitative analysis a
Special tools for LIBS measurements 2 g
Plasma temperature calculation LS
S Remote control mode J

Justus—von-Liebig-Str. 2 12480 Berlin

ﬁ LLA Instruments GmbH com mail@iade




@ LLA Instruments GmbH

Process

Analytical Equipment

Chemical Imaging of Matenal Streama

LLA Instruments GmbH, Justus-von-Lisbig-Str. Y11, 12483 Berin, Germany

J. Heyrovsky Institute of Physical Chemistry

ofthe ASCR, v. v. i. i
Prok. Svatooiak Civis Quotation
DolejSkova 2155/3 Number
Document No. 2014-12680
CzECH REPUBLIC o Sl
Customer No. 356
Please quote on further Inquiry !
Reference Kind of Dispatch Contact Olaf Krenz
Order Inquiry Temns of Delivery  ex works Phone 030 622079046, 48
Date 26.02.2014 Your VAT-No E-mail o.krenz@lia.de
Sir,
Thank you for your inguiry. We are pleased to offer you the following:
item Article No Description Quantity Unit Price  Total Amount
1 92100020 Echelle Spactra Analyzer ESA 4000-LAB 1 pes 53.004,00 53.004,00
Echelle-spectrograph with ICCD camera for 3
wavelength range of 200 to 780 nm
MCP-intensifier and fiber plate coupling with CCD
detector array KAF 1001, fiber optical input, SMA-
connector, standard UV fiber cabie 1.5 m long
Control unit: 19" alectronic chassis with power supply,
Industrial PC with Intel Core2LV 2,26 GHz, Fast pulse
delay generator, Frame grabber with 16 bit ADC and
selectable readout rate up to 4 MHz, DVD-R/RW,
Keyboard and Mouse
Interfaces: RS232, Fast / Gigabit Ethemet, VGA, 5x
USB, 10-pin process control connector, Laser Sync
output
Power supply: 230V /50 Hz
consisting of
41030130 LCD-Monitor 19" TFT 1280 x 1024 Pixel 1 pes
2 84200020 ESAWIN Software 1 pes 3.780,00 3.780,00
« Software for system control
- Software for spectra processing
3 60120004  Aluminium box 1 pes 1.038.50 1.038,50
Adapted box for the device.
4 60500001 Installation and instruction 1P 1.820,00 1.860,00
of ESA 4000 by LLA staff, one day at final customer's
site including travel expenses for LLA staff
Subtotal 50.713.50 58.713.50
minus 10,00 % 597135

Balance to next page 53.742,15



IR astronomy facilities: space-born IR
spectrographs for investigating objects
other than the Sun

Spitzer Space Telescope: resolution of R ~600 in the A = 10-
37 u range
AKARI satellite: Far-Infrared Surveyor (FTS with resolution Av

= 0.19 cm) and a near- and mid-IR camera with a resolution
of up to AA =0.0097 p (R ~100-1000).

Airborne Stratospheric Observatory for Infrared Astronomy
(SOFIA): Echelon-cross-Echelle Spectrograph (EXES) with a
resolution of R ~10° in the 4.5-28.3 1 range

Space Infrared telescope for Cosmology and Astrophysics
(SPICA): mid-IR high resolution spectrometer (MIRHES) with
a spectral resolution of R ~3 x 10* in the 4-18 1 range



Sketch of the experimental setup
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The setup parameters

* A high repetition rate
ArF laser ExciStar S-
Industrial V2.0 1000
(A=193 nm) laser
pulse width 12 ns,
frequency 1 kHz) with
15 mlJ pulse energy

e Bruker IFS 120 HR
spectrometer,
resolution 0.02 cm1

e Overall spectrum
range: 800-7000 cm™!



Dependence of the time profile on
the distance L between the
probed area and the target surface

2864.52 cm™! line

. 35x10’
S 3.0x10’
2.5x 107
2.0 x 107
1.5x 107
1.0 x 107
5.0 x 10°

u

Emission intensity (a

Time after laser shot (us)
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