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Appendix

Commentson thelock-in detection

In chapter 6.3.4, pump-probe experiments on C1F/Kr with the detection of the Kr;” F~ emission
are presented. Wavelengths A\, < 278 nm probe al F' atoms in Kr, including the thermally
equilibrated fragments. This gives rise to a strong background signal, which is independent of the
time delay between pump and probe pulse. In addition, the concentration of F' fragments changes at
the time delay zero of a pump-probe signal due to the photochemical equilibrium discussed in chapter
5.4.2. The solution to the problem isa”lock-in" technique, which uses a light beam chopper to block
every second pump-pulse A\, = 387 nm. The fluorescence, which is recorded when only A, ope
is present, measures the entire unwanted background signal at the right equilibrium concentration.
The concentration does not change significantly with a single pulse, but rather on a "timescale’ of
1000 pulses. This background is subtracted from the signal measured with A ,,,,,,, and A, present,
yielding the desired pump-probe signal that is sensitive only to the wave packet that was triggered
with the last pump pulse.

If the signal is measured without the lock-in technique, a pump-probe scan started at negativetime
delays, i.e. A, first, looks as follows. A high signal is measured at negative time delays, which
correspondsto the concentration of cold F' fragmentsin the lattice for equilibrium A. When the pump-
probe scan passes the time zero, the signal rises since the hot £ fragments are detected with higher
efficiency and in addition according to the new photochemical equilibrium B. The photochemical
equilibrium changes with time delay At and the rate of change depends on the number of photons
absorbed during a time step of At. Therefore, the measured curve depends on the number of shots
averaged to obtain one data point, especially near At = 0. In afast scan, a slow rise with At is
measured, and in aslow scan the rise with At isfast.

The lock-in detection not only greatly improves the signal-to-noise ratio, it also cancels this un-
wanted change in the signal at At = 0, since the F' concentration is equal for the pump-probe se-
guence and the background measurement with the probe pulse only. Also the dependence of the
measured signal on how thetime delay At isconnected to real time cancels out. Note that thislock-in
technique locks the signal to an external chopper, i.e. to afunction of the repetition rate. It is not the
time delay At which isvaried with a frequency, and therefore, the lock-in signal is not the derivative
of the signal without lock-in.
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