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What are characteristic scales in quantum systems?

classical approach
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General Considerations Beam Properties

What do we want?

Confine energy in small spatial region!
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General Considerations [EEEIRENERITT]

Ti:Sapphire, (Ti*" : ALO3)

Fluorescence intensity (arb. units)

Fluorescence intensity

(arb. units)
T=300K T=4K
4 Inm IF1A

620 625 630 635
J (nm)

1000
A (nm)

600 700 800 900

Ti:Sa parameters
n=1.76 Thuo = 3.2uS FWHM =~ 200nm Amax =~ 7190nm

— lIssues: temporal & spatial coherence, dispersion
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Chirp
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fs-Techniques Mode-locking
Basic ldeas
ov
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—— Longitudinal modes
Gain curve
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fs-Techniques Mode-locking

Basic Ideas, visualised

Electric field of

individual waveform
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Opticallcerizsec i SRMAES SN
Optical Kerr-effect

high intensities > 1 104 W oz M=no+n-l
_|_(10—16 0—15)%
new wave vector kni = k(wo) + 2 % |g(t)]

time-dependent response — Self-Phase-Modulation, SPM

intensity {a. u.)

change of instantaneous frequency (a. u.)

-1

-3 -2.5 -z -1.5 -1 -0.5 a 0.5 1 1.5 2 2.5 3
time (a. u.)

Figure: RP Encyclopedia of Laser Physics and Technology
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Qpifezl [Kaiefitzsi, S, SN
+ Self-Amplitude-Modulation, SAM

beam intensity e

Refractive Index:  n=no+n;J(rt)

Self phase modulation:

AD(t) = Z5Ln, I(t)
A

Figure: Ferenc Krausz, Photonics Il Lecture
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ICCSINIEIIEO  Optical Kerr-effect, SPM, SAM

State of affairs

\ pulse \ rep. rate \ crystal \ energy/pulse \ € ‘
commercial | 7fs | 80 MHz | Ti:Sa 2-1079J [ 120.000
commercial | 25 fs 3 kHz Ti:Sa 7-107%J 500.000
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labs: single cycle regime reached

— as-pulses require different technique
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as-Technique High Harmonic Generation

3-Step-Model

1. Laser field suppresses Cou- 2. Free eleclron gains momen- 3. Electron can recombine with

lomb barrier, thus electron tum in laser electric field parent ion and emit a photon
can tunnel out of the atom of higher energy
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o Time /
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Turnelling
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Figure: Corkum, Phys. Rev. Lett. 71, 1994 (1993)
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bighlarmeniclGensiation
Experimental setup

XUV flat field grating
{removable)

Focussing mirror Target pressure:
(ROC = -800 mm) Ne @ 350 mbar

!

HH-Meter

450 nm Zr filter

e .

Autocorrelator 150 nm Pd filter

few cycle
laser pulse
(phase-stabilized)

Figure: Cavalieri, New Journal of Physics 9 (2007) 242
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(ilih bimire Cami
HHG, results

lli\\ll 1

Harmonic Signal (Rel. Units)

L

T
51 81 111
Harmonic Number

Figure: Macklin, Phys. Rev. Lett. 70, 766 (1993)
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BighlasponcGensrarion
3-Step-Model, Remarks

@ nonlinear response is not instantaneous

@ nonlinear response almost constant at high orders

2
@ maximum electron energy 3.17 Up = 3.17 4%’2
e up to 1000™" order — keV
XUV pulses reach
E=90eV t=250as I =102
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ampling

fs-MIR-pulses, setup

polarizer photodiodes
/\ ZnTe /

13 fs
780 nm \ M

Figure: Q. Wu and X.-C. Zhang, Appl. Phys. Lett. 70 (14), 7 April 1997

1 :
i =sin(l) T oc Er(t)

Christoph Feest () Ultrafast Optics December 10, 2007 16 / 25



[(VEEETL I THz-Sampling

THz Results
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Figure: Q. Wu and X.-C. Zhang, Appl. Phys. Lett. 70 (14), 7 April 1997
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Next Step: XUV Probe

Electron

\ detector'

N Laser light

field, E,(f)

Xuv 7
&4/’"'59 Electrons

o
TIVAN
tom: ~

Field-induced change
of electron momentum, p(t)

K

electron counts [arb. u.]

Electron kinetic energy (eV)

Time delay (fs)

Figures: E. Goulielmakis, et al., Science 305 1267 (2004)

Christoph Feest ()

Ultrafast Optics

December 10, 2007 18 / 25



sub-10-fs-Methods
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Figure: Stibenz, Steinmeyer et al., Appl. Phys. B 83, 511-519 (2006)
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Measurement SEA-SPIDER
Sea-Spider, schematic

Spatially Encoded Arrangement for
Spectral Phase Interferometry for Direct Electric-field Reconstruction

Signal 2D imaging
spectrometer
pulses
_7_7_7:——-—"7'_'_7_l_7_ l b ————
¢ —— Focusing —§ X

Spatial
mirrors filter v

Figure: A. S. Wyatt, I. A. Walmsley, G. Stibenz, and G. Steinmeyer, Opt. Lett. 31,
1914-1916 (2006)
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Measurement SEA-SPIDER
Sea-Spider, schematic

Spatially Encoded Arrangement for
Spectral Phase Interferometry for Direct Electric-field Reconstruction

Signal 2D imaging
spectrometer
pulses
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Figure: A. S. Wyatt, I. A. Walmsley, G. Stibenz, and G. Steinmeyer, Opt. Lett. 31,
1914-1916 (2006)

S(x,w) = |E(x,w + wo) > + |E(x,w + wo + Q)|* +
2|E(x,w 4+ wo)| - |E(x,w + wo + Q)| cos(d(x,w + wp) — d(x,w + wo + Q) + Kx)|
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WSERENI SEA-SPIDER

Sea-Spider, results

Position /mm

Position /mm

| | I I | |
380 400 420 440 460 380 400 420 440 460
Wavelength /nm Wavelength /nm

Figure: A. S. Wyatt, I. A. Walmsley, G. Stibenz, and G. Steinmeyer, Opt. Lett. 31,
1914-1916 (2006)
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(VECENTEL I SEA-SPIDER

Sea-Spider, processing the results

X

2D
K
FFT

‘0
-K

0] 0 t

57 (x,m) :‘E~(x,a)+a)o)HE(x,a)+a)a +Q)‘
xexp[i(¢(x,w+a)o) —P(x,0+w,+Q) +Kx)]

Figure: Ellen M. Kosik, Aleksander S. Radunsky, lan A. Walmsley, and Christophe
Dorrer, Opt. Lett., 30 (3), 326-328, (2005)
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WSERENI SEA-SPIDER

Sea-Spider, enjoying the results

——Laser spectrum
——measured phase —|
—— calculated phase
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Figure: A. S. Wyatt, |. A. Walmsley, G. Stibenz, and G. Steinmeyer, Opt. Lett. 31,
1914-1916 (2006))
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Applications & Conclusions

Applications

communications (1,4um gap)

THz-Imaging & -Sampling (low absorption)

medical & biological microscopy (increased resolution)

structuring & cutting (no heat diffusion)

ultrafast metrology (exiting and probing with short pulses, dynamics)

control of chemical reactions (valence electrons, shaped pulses)



Applications & Conclusions

Applications

communications (1,4um gap)

THz-Imaging & -Sampling (low absorption)

medical & biological microscopy (increased resolution)
structuring & cutting (no heat diffusion)

ultrafast metrology (exiting and probing with short pulses, dynamics)

control of chemical reactions (valence electrons, shaped pulses)
Conclusion

Ultrafast optics breaks new ground in
@ high-field science
o frequency and time metrology

@ industrial, medical and biological technologies
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