Ultrashort Laser
Pulses |

Description of pulses

Intensity and phase

The instantaneaus frequency and group delay

Zero!h and first-order phase

The linearly chirped Gaussian pulse




Pulses can be complicated

These two pulses have the same spectra.
But they are obviously not the same.
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In optics, measuring the spectrum of a light source is easy.
But that doesn't distinguish between these two pulses.

In ultrafast optics, measuring these sorts of properties of your
laser pulse is often very important, and also very challenging.

Today, we will lay the groundwork for how to understand
these pulse distortions.
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The pulse length




The rms pulse width




The Full-Width-
Half-Maximum







The Time-Bandwidth Product

For a given wave, the product of the time-domain width (Az) and
the frequency-domain width (Av) is the

Av At

IBP

sometimes people use
Aw instead of Av.

A pulse's TBP will always be greater than the theoretical minimum
given by the Uncertainty Principle (for the appropriate width definition).

The TBP is a measure of how complex a wave or pulse is.

Even though every pulse's time-domain and frequency-domain
functions are related by the Fourier Transform, a wave whose TBP is
the theoretical minimum is called "Fourier-Transform Limited."



A complicated
pulse
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The real and complex
pulse amplitudes

Electric field <« (¢)

complex
amplitude, E(7),

Time [fs]

real amplitude, A(?),




For many calculations, a nice first approximation for an
ultrashort pulse is a

E(t) = Eyexp| —(t/ Ty )’ |
=F, exp[—Z In2(t/ 7, ) ]
= F, exp [—1 38(t/ TFWHM)2:|

where 7,4, IS the field half-width at 1/e of its maximum,
and 7z, is the intensity full-width-half-maximum.

The intensity is: [ () oc ‘Eo ‘2 exp[—4 2@/ 7., )2]

oC ‘EO ‘2 exp [—2.76 (t] Trppny )’ ]
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The phase
of this pulse
is constant,
#1) = 0,

and is not
plotted
here.










The frequency-domain electric field

The frequency-domain equivalents of the intensity and phase
are the spectrum and spectral phase.

Fourier-transforming the pulse electric field:

E(1) = 21(t) expli[wyt - /¢(t)]} +cec.

yields: Note that ¢ and ¢ are different!

E (@) = $S(0-,) exp{-i[p(®—w,)]} +
L JS(~o-a,) exp{+i[p(-0 - w,)]}

The frequency-domain electric field has both positive- and negative-
frequency components. (Recall that the Fourier transform of cos(wt)
is the sum of two delta functions at frequencies m and —w.)






-

3 e,
S D
= A
S 3
-E &

N
o

0.0 0.2
Frequency (1/fs)







Intensity and Phase
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Intensity and Phase
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The spectral phase is the phase of each frequency in the wave-form.




By the Shift Theorem, a linear spectral phase is just a delay in time.

And this cartoon shows why that occurs!




Transforming between wavelength and
frequency

0,(A) = 9, (27c/ A)

S.(A) = S,(2zcl A) %
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Bandwidth in various units

frequency

ov = ~1/2 THz

wave numbers

S1/2) =17 cm’!

wavelength




The Instantaneous frequency

The temporal phase, ¢(7), contains frequency-vs.-time information.

The pulse instantaneous angular frequency, o,
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(?), is defined as:

a)inst (t) = a)O -

This is easy to see. At some time, 7, consider the total phase of the
wave. Call this quantity ¢,:

9y = Ot — P(2)

Exactly one period, T, later, the total phase will (by definition) increase
to ¢, + 2m:

O +2r=w, [t+T]—-@(+T)

where #t+7) is the slowly varying phase at the time, t+7. Subtracting
these two equations:

270 = 0,7 ~[§(t +T)— $(1)]



Vi) = Vo — (dp /) | 2
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When the intensity is zero, the phase is
meaningless.

When the intensity is nearly zero, the
phase is nearly meaningless.

Phase-blanking involves simply not plotting
the phase when the intensity is close to zero.
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The only problem with phase-blanking is that you have to decide the
intensity level below which the phase is meaningless.



Phase Taylor Series expansions







