Spatio-Temporal Characteristics of
Light Pulses and How to Model Them
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Angular dispersion is a
spatio-temporal distortion.
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Is a spatio-temporal distortion In
which the color varies spatially across the beam.

Spatially chirped output
pulse




Spatial chirp can be difficult to avoid.

tilted
slab of
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spatially chirped
output pulse




How to think about
spatial chirp

Suppose we send the pulse
through a set of monochromatic
filters and find the beam center
position, x,, for each frequency, w.

E(x,y,z, w) —

E[ DyDZ?a)]

where x, is the center of
the beam component of
frequency w.




phase fronts










Diffraction gratings also yield pulse-front tilt.

Angularly dispersed
: pulse with pulse
front tilt :
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Very tilted pulse
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Modeling
pulse-front tilt /







Spatially

Dispersive chirped pulse
medium with pulse-front tilt,
but no angular

dispersion

Spatially chirped

input pulse v,(red) > v (blue)




It's best to make a movie of such a pulse (coming at you):

We'll need a
nice
formalism for
calculating
these
distortions.

X [mm]

WEe'll also need a nice technique for measuring them. The above pulse
was measured using a technique called STRIPED FISH.






This pulse has all of
these distortions!
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Propagation in space and time:
Ray-pulse Kostenbauder matrices

Kostenbauder matrices are a generalization of the 2x2 ray matrices
that we discussed earlier. They are 4x4 matrices that multiply 4-vectors
comprising the position, slope, time (group delay), and frequency.

A J\

where each vector

Optical system < 4x4 Ray-pulse matrix component
corresponds to the
deviation from a
mean value for the
ray or pulse.

A Kostenbauder matrix requires five additional parameters, E, F, G, H, 1.




Kostenbauder matrix elements
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Passive optical components don't change with time, so nothing but ¢

out
depends on ;,. So this column must be zero, except for the 3rd element,
which must be 1.

E
F
1
1

.up 1S always equal to the input frequency, v, .
So these elements are always zero, and the last element must be 1.

The output frequency, v
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Apply the free-space propagation matrix to an input vector:

The position varies
in the usual way,

X, +(L/n)9m and the beam angle
0,

t, +2xLk"v,

V.

mn

I remains the same.

The group delay
increases by k"Lw,,

The frequency
remains the same.

Because the group delay depends on frequency, the pulse broadens.

This approach works in much more complex situations, too.
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Kostenbauder matrix for a general prism

9 e All new elements are
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This matrix takes into account all that we
need to know for pulse compression.

When the pulse reaches the two inverted
prisms, this effect becomes very important,
yielding longer group delay for longer
wavelengths (<7 < 0; and use the minus
sign for inverted prisms).

Brewster angle
incidence and exit

changes the
beam angle.

yields GDD.




Chirped input pulse Compressed output pulse
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Free space propagation in a pulse compressor

Chirped input pulse Compressed output pulse
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K-matrix for a prism pulse compressor




What does the pulse look like inside a
pulse compressor?

If we send an unchirped pulse
Into a pulse compressor, it
emerges with negative chirp.

Note all the spatio-temporal distortions.
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An example: spatio-temporal distortions
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Attosecond Spatially separated *

pulses have attosecond pulses
XUV '

wavelengths.

Intense laser pulse
\.with wavefront rotation
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Vacuum XUV wavelengths
diverge much
Plasma




phase

The dynamic rotation of the wave front need not be the
same for all frequencies.

L.

Plots of the
electric field
vS. x and z
for different
colors.

This distortion is called Wave-Front-Tilt Dispersion.




Table 1. Intensity and phase couplings in different domains.

Domain

(x,1)
(x, w)
(k, w)
(k, 1)

Intensity coupling

Pulse-front tilt
Spatial chirp
Angular dispersion
Time versus angle

Phase coupling

Wavefront rotation
Wavefront tilt dispersion
Angular spectral chirp
Angular temporal chirp




