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Experimental methods for the observation of
ultrafast dynamics

- real time observation of molecular processes

- pump-probe spectroscopy

- group velocity dispersion and mismatch

- pulse compression

- transient absorption: single colour and broadband

- fluorescence detection

- ionisation detection

- time resolved photoelectron spectroscopy

- fluorescence up-conversion

- degenerate four-wave-mixing

- free induction decay and photon echo
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Group Velocitv Dispersion
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Femtosecond Excite-and-Probe Spectrometer
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Potential Energy (103 cnrr1)

Time Delay (fs)

R.M.Bowman, M. Dantus, und A.H.Zewail, Chem.Phys.Lett. 161, 297 (1989)



Detection of Wavepacket Motion by lonisation
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Time-Resolved Configuration Analysis by Photoelectron Spectroscopy

• Core does not like to rearrange during photoionization (frozen core).

• Excited neutral states correlate to a specific ion states upon removal of an electron.
Ionization to other ion states is generally less favourable.

• Non-adiabatic effects should cause a switching of the electronic ionization channel.

=> Disentangling of coupled nuclear and electronic dynamics is possible.



Fluorescence Up-Conversion
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Degenerate Four-Wave-Mixing (FWM)
Using Femtosecond Pulses

Nonlinear third-order polarization :

u>i = u>2 = ^3 = ^ degenerate FWM

Diffracted intensity : IFWM(VJ>) oc|P^(w,t))2

Phase-matching : k^= 2k2 - ki, 2ki - k2

Ensemble of independent two-level systems :

Homogeneous broadening : IFWM^U) OC exp(- Ti2/(T2/2))

Inhomogeneous broadening : IFWM^U) OC exp(- Ti2/(T2/4))



Experimental Setup for DFWM
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Phase-matching: KJ = 2kj - k,


