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The macroscopic parameters of the physical environment surrounding a target system affect
the microscopic quantum states of the constituent molecules within the system. For example,
the quantum statistics of atomic or molecular states in thermal equilibrium are dictated by a
Boltzmann distribution function that is characterized by the temperature of the environment.
Usually, an electromagnetic field can strongly interact with those microscopic states locally
without affecting the macroscopic property of the system. Thus, laser probes for measuring
the population distribution have been very widely used to achieve accurate nonintrusive ther-
mometry. With the advent of new laser sources with shorter pulse durations [up to a few
femtoseconds (fs)], along with the availability of high-power lasers and the ability to cont-
rol accurately the phase properties required for obtaining pulses of arbitrary shape, ultrafast
techniques have become indispensable diagnostic tools [1].

The ultra-short pulses have an extremely wide bandwidth for simultaneous coupling of
a number of internal states of a target system for a very short time duration (a few to 100
fs), causing multiple coherent excitations that are all in the same phase [2]; e.g., a 532-nm
laser with a 100-fs pulse duration has a bandwidth of 350 cm-1 that typically couples many
molecular states in the target system. Those coherence excitations function in much the same
way as a group of classical coupled harmonic oscillators with slightly different characteristic
frequencies. The higher the temperature, the greater is the number of oscillators. Once the
pulse ceases, the initial coherence begins to randomize. This decoherence process contains
the thermometric information that is extracted by coupling a suitable combination of lasers to
generate and measure the coherent anti-Stokes Raman scattering signal [3]. However, thermo-
metric measurements become complicated by multiple interfering molecular coherences that
are generated by different pairs of photons from the wide bandwidth of the pump beam.

We will focus on revisiting the effect of quantum coherence on thermometry in the ultra-
fast regime using the ultra-short laser beams. We will discuss the advantages and challenges
involved in ultrafast thermometry and present some recent exciting diagnostic results obtained
by our group using phase-manipulated shaped pulses [4].
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