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Laserintensitat

aser |=1020 W/cm? E,= 1012 V/m
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L aser charakterisieren

Pulsdauer

= Ultrakurz (10 fs — 1 fs)
= Kurz (ps - 100 fs)

= Lang (ns)

Energie im Puls
"= mJ

= J

= kJ bis MJ

Wiederholrate
= kHz to MHz
= Hz

= 1/h bis 1/Tag
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Spitzenleistung und Durchschnittsleistung

»

peak
P . Epulse Paverage
peak
pulse
I:)average — Epulsefrepetition

DRACO Laser am HZDR

= Wiederholrate frepetition = 10 HZ
= Pulsenergie Epyee =30 o
= Pulsdauer Touie =30 TS g
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Laserparameter a, — Relativistische Intensitaten

eE A, 9
a'O — an i;ser O 85X10 \/Ilaser[chm ]X%‘Iaser[um]
a,=1=>eE\, ., ~mc° = |,~1.38x10"°W/cm?
/ \ Mager =Lum \
~ kinetische Energie Ruheenergie Intensitat, bei der Elektronen
im Laserfeld eines Elektrons relativistisch werden
a _ mion a
0,ion 0,electron
melectron

7\‘Iaser ~ 1Hm

| raco =10°W/cm? .. 10°*W/cm? O o ==
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Laserverstarkung

Dreilevelsystem

= Pumpwellenlange (grin)

= Schneller Zerfall in
langlebigen Zustand
= Populationsinversion

= Stimulierte Emission (Lasing)

Energy

upper pump state

E T,, short . .
2 . stimulated absorption

(2". pumping process
= upper laser state
T,, long metastable

g\ radiationless transition

. stimulated emission
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M. Siebold et. al., Opt.Lett. 32 p.1818 (2007).
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Laserberstarkung
100% partially
reflecting laser pump reflecting
mirror source mirror

laser
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Kurzpulserzeugung durch Interferenz in Resonator

100% partially
reflecting laser pump reflecting
mirror source mirror
q="1 q=3 l | m '.

laser
output
beam

¥

cooling

I \ resonator length I optical resonator /

\ Resonator modes Gain spectrum /

Intensity Intensity
q= 1 q= 2
_ g +
>
Frequency Frequency
_ ¢ speed of light
Intensity - v frequency
A wavelength
g mode number
the broader the spectrum L resonator length
the shorter the pulse
(“ = =
AN o VA [
Frequency e
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Kurzpulserzeugung durch phasenrichtige Addition
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Chirped Pulse Amplification (CPA)
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Pump Light
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Todessternlaser: kJ, ns, wenige Schisse pro Tag

Dotiertes Glas als Lasermedium
= |sotrop

; : . SPI ’ Amplifier chain of the SHIVA
Geringe Warmeleitfahigkeit laser at LLNL. late 1970°s

(Nd:Glass 10 kJ, 1 ns)

= Breites Emissionsspektrum

Glass type I 5 l

Silicate ' Phosphate

First laser glass
(1961)

NIF/Beamlet
‘Nova/Novette (1992)
(1983 to 1987)

Continuous
melting
(1997) (NIF)
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Ultrakurzpulslaser — mJ to J, fs, Hz to kHz

Dotierte Kristalle als Lasermedium
= Hohe Verstarkung

= Hohe Warmeleitfahigkeit

= Geringe optische Qualitat

Multi-pass amplifier of the
DRACO laser at HZDR, 2008
(Ti:Sa 3 J, 30 fs)

- i
=B il P20 O
| e

DRACO Ti:Sa crystal,
cooled, Brewster angle
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DRACQAI-I-QChIeletungsIa.ér
25 x 10715 S;ekunHen S E

2 x-101°> Watt Spitzenleistung

100% worldwide power consumption






Star Trek Into Darkness vs. National Ignition Facility
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Die Lorentzkraft

—e(E+\7xl§) (B, =E,/c)

Lorentz ~—
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Beil hohen Feldstarken wird das Magnetfeld wichtig
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Relativistische Bewegung

Labor Ruhesystem des Elektrons
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Ponderomotive (zeitgemittelte) Krafte

Laserpulipropagation

([ 2
m.C 2
d<|_5> - —— v<a‘0> hase f
= phase focus | a;—0 4 phase focus
|:Ponderomot\/e — ) 2
dt - mgc
— V<aO> haseg f
8, —>00 \/E phase focus

Elektronenenergie ~ MeV IO A

CCCCC pt "‘
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Plasmen
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Ponderomotive Kraft im Plasma
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Target-normal sheath acceleration (TNSA)

e, =
el radm
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Protonentherapie von Krebs

8 Rontgenstrahlen 2 lonenstrahlen
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Damaging living Cells by laser-driven Proton Beams
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Cell sample
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Kompakt = Preiswerter
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Simulationen
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© Miguel Claro Night Sky Photography www.miguelclaro.com



“-Wir sehen nuf das Lichtder Steme = &, 2 i
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Aber unsere Teleskope werden immer besser
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X-Ray: NASA/CXC/J.Hester (A‘SU);-OpticaI: NASA/ESA/J.Hester & A.Loll (ASU); Infrared: NASA/JPL-Caltech/R.Gehrz (Univ. Minn.)
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Physiker und Informatiker arbeiten zusammen
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Wenn Menschen zusammenarbeiten
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Laserlonenbeschleunlgung auf Supercomputern

= F{nf 3D Simulationenen
= 100 ng, Apjasma Auflosung

1 ps Dauer @ as Auflosung
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Dateien schreiben und lesen wird zum Problem
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