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Exercise 7.1: Interferometric autocorrelation

Consider a Michelson-type interferometer that produces two delayed replicas of an
ultrashort pulse:

E(t) = Ey(t)e™ (1)

Both pulses are focused collinearly into a nonlinear crystal and give rise to second-
harmonic generation (SHG).

Which setup is it?

What are the experimental parameters to be considered in order to measure
the duration of few-fs laser pulses (resolution of the delay stage, vibrations,
thermal effects)?

Derive the expression of the SHG signal.

For both cases of intensity and interferometric autocorrelation (A;(7) and
Ainter£(T) respectively), determine the ratio between the SHG-signal at zero
delay and at large delays:
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Determine the same ratio for the intensity term in the interferometric auto-
correlation. What do we learn from this?

Exercise 7.2: Intensity autocorrelation
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Consider a gaussian pulse E(t) = e2s? with a duration of 10 fs (FWHM).



e Determine the duration (o or FWHM) of the intensity autocorrelation A;(7).
Derive the duration of A;(7) by using the general expression of the integral
of a gaussian function:
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e Consider the general cross-correlation integral I, = fj;o L(t) I (t — T)dt.

Determine the duration of the cross-correlation, o.., with respect to the
duration of [(t) and I,(t), i.e. o1 and oy respectively.

e Consider the 2n-order autocorrelation A?'(7) = ["°° I"(t)I"(t — 7)dt. De-
termine the duration of A#*(7), i.e. 0 p2n, With respect to the duration of
I(t). For which value of n has A?*(7) the same duration as I(t)?

Challenge: Single-cycle pulses
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Consider the pulse E(t) = Eoe%cos(wot + ¢). The electric field oscillates period-
ically, with a period T' : wyT' = 2w. When 20 ~ T', the pulse envelope contains
mainly one cycle of the electric field. At the limit of extremely short pulses, the os-
cillatory part of the electric field is rather small and one could write the expression

for such a pulse as:
2

E(t) = Egeo? (5)

e Is the the expression of physical? How to prove it?



