)

i

the
united nations ' b d s s al
educational, scientific a u a m
and cultural
organization

international centre for theoretical physics
&)

international atomic
energy agency

SMR 1302 - 11

WINTER SCHOOL ON LASER SPECTROSCOPY AND APPLICATIONS

19 February - 2 March 2001

Experimental Methods for the
Observation of Ultrafast Dynamics

Lecture I

E. RIEDLE
Ludwig-Maximilians-Universitaet Munich
Lehrstuhl fuer Biomolekular Optik - Sektion Physik
Munich, Germany

These are preliminary lecture notes, intended only for distribution to participants.

strada costiera, | | - 34014 trieste italy - tel. +39 04022401 | | fax +39 040224163 - sci_info@ictp.trieste.it - www.ictp.trieste.it






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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Interaction of Light and Matter
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molecule: potential curves

atom: energy levels
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How Long is One Femtosecond?
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Group Velocity Dispersion
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Lengthening of pulses in 10 mm material
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Femtosecond Excite-and-Probe Spectrometer

PUAG 40

j-wuywd 8 €° 2948
- [WO $3 Z1L0°0 $25end)

YPy 2 BWISU]
—_—IX—f=
«ﬁ .L u’
—-E———.EO Sjo'L
W/ 009 = W
gsoo o
T )
J-Wu . ud s] 9°¢Y (94§
- W0 S] $°T- JZIen) ¢
P 2 o——
..-MMW. X ﬂl ="dAD et
vwx'aao=w IPIYOSINUMIIZING ]

uoisIddsIpsiydipuimydsaduaddnan)



EA

excess energy dep

endence

of the radiationless relaxation

of S ;- azulene

2 ~ \)/{A - -~
_I — w—
82 - fluorescence probe
375 nm 720 - 470 nm

w

700 - 470 nm

sp

pump

- - = - - =

absorption

ectrum \

S pump
0 wavelength
’ 450 5'00 5I50 6lOO 6'50 7I00 \ 750
. wavelength (nm robe wavelength
reaction gth (nm) P 9
coordinate

Ultraschneller exponentieller Zerfall

des angeregten Azulens

interne
Konversion

t=800fs

I v ) ' J ’ ! o
1 2 3
Verzdgerungszeit (ps)



Potential Energy (10% cm™Y)
& b} R & & 3

0
S
— 0l
S
—1 G5

— 300 fs _I —", 2ps |<—

620/310 (340)

Y T " T T T T T T

620/390 (426)

1 I I 2 2 L

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.
lonization 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
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Nonlinear third-order polarization :

PO (w1, ws, ws) = x©: Ej(w1) Ez(wz) Es(ws)

w) =ws =ws=w degenerate FWM

Diffracted intensity : Ipwar(w,t) «<|P®(w,t))?
Phase-matching : ks= 2ks - ky, 2k; - ko

Ensemble of independent two-level systems :
Homogeneous broadening : Ipwa(Ti2) o exp(- Ty2/(T2/2))

Inhomogeneous broadening : Ipw(Th2) o exp(- Ti2/(T2/4))



Experimental Setup for DFWM
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Freier Induktionszerfall (FID) und Spinecho
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