
Chapter 17. Time-Resolved Laser Spectroscopy

The investigation of fast processes, such as radiative or collision-induced decays

of excited levels, isomerization of excited molecules, or the relaxation of an

optically pumped system toward thermal equilibrium, opens the way to study in

details the dynamic properties of excited atoms and molecules. A thorough

knowledge of dynamical processes is of fundamental importance for many

branches of physics, chemistry, or biology.

In order to study these processes experimentally, one needs a sufficiently good

time resolution, which means that the resolvable minimum time interval t must

be shorter than the time scale T of the process under investigation. Thus, this

chapter emphasizes the high time resolution.

The development of ultra-short laser pulses and of new detection techniques has

allowed a very high time resolution in the study of fast processes. The achievable

time resolution has been pushed into the femtosecond range (1 fs = 10-15 s). The

spectral resolution of most time-resolved techniques is confined by the Fourier

limit  = a / T, where T is the duration of the short laser pulse and the factor

a  1 depends on the profile I(t) of the pulse.
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Femtosecond Fluorescence Up-conversion Setup
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Generation of Short Laser Pulse

1. Short laser pulse introduced by gain material

About μs

2. Q-Switched laser (Q quality factor)

Keep low Q, prevent laser power build up.

Suddenly increase Q in a very short period, build up laser.

Spinning mirror, Pockels cell…

About ns

3. Cavity Dumping

Keep high Q, keep high power lasing.

Kick out the laser in a very short period.

Pockels cell, Acoustic-optical Switch…

About ns
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4. Mode Locking Laser

Active, Passive,

Synchronous Pumping

About ps

5. Create femtosecond laser

pulse (optical process)

Colliding-pulse mode

locking

Kerr lens Mode locking

10-fs full width at half-

maximum Gaussian pulse

centered at 800nm has a

bandwidth of 94nm
P625  Table 11.1 P630 Fig.11.21





Refractive index versus

wavelength data for some

common materials: (A) fused

silica, (B) Schott BK7, (C)

Schott SF10 and (D)

sapphire.

(Negative Dispersion)

Causing by Group delay

dispersion.
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Femtosecond Laser Pulse Amplification

Ultra Short Time Duration

Ultra High Peak Intensity  

1w CW 1

1w 100fs 1kHz       10,000,000,000



QUANTRONIX Titan Ti:Sapphire Amplifier

Ahmed H. Zewail’s Dye Femtosecond Laser 



Measurement of Ultrashort Pulse
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White-Light Lidar
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