


Temporal distortion in pulses

-.After the development of
the lasers, researchers
realized that the lasers
were not very useful if their
beam spatial quality was
poor. And it was.
Variations in the light
intensity from place to
place in the beam made

Inten5|ty experiments noisy and
Intensntv Phase phase applications unreliable.
-. After developing short
pulse laser system, they
learned that unstructured
pulse shapes in time are
Time —> Time —> equally important for the

Same reasons.

Top left: Photograph of a complex, poor-quality laser beam. Top right: Photograph of a simple, high-
quality laser beam, which is much more useful. Bottom left: Plot of the intensity and phase vs. time of a
complex, poor-quality laser pulse. Bottom right: Plot of the intensity and phase vs. time of a simple, high-
quality laser pulse, which is also much more useful. (Beam images from Molecular Imaging Center, UC
Berkeley.)



GVD means that the group velocity will be different for
different wavelengths in the pulse.
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Because ultrashort pulses have such large bandwidths, GVD is a
bigger issue than for cw light.



Experimental continuum spectrum in a fiber

due to the nonlinear processes
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The Dilemma

In order to measure
an event in time,
you need a shorter one.




Intensity Autocorrelation, A)(7)

A (1) = [ 1)1 (t -7) e







Intensity

™T T T

T T T

Autocorrelation

| | | o

Intensity _
—— Ambiguous Intensity

| | |

40 -

30 20 -10 0

Time

10 20 30 .

o

Autocorrelation
Ambiguous Autocorrelation




Intensity

Autocorrelation

Autocorrelation
Intensity [ - Ambig Autocor

Ambiguous Intensity : x  Gaussian

80 -60 -40 20 0 20
Time




Frequency-Resolved Optical Gating
(FROG)

II Spec-
trometer




Spec-
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The Fresnel biprism

Pulse #1 XT

Here, pulse #1 arrives
earlier than pulse #2

Here, the pulses
arrive simultaneously

Here, pulse #1 arrives
later than pulse #2

\ Pulse #2 \—y—’

Delay range

Fresnel biprism

alignment-free single-shot




The Fresnel biprism

alignment-free single-shot




The thick crystal




Top view
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GRENOUILLE GRENOUILLE
measurements
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Polarization Gate (PG) FROG

Self Diffraction (SD) FROG

Transient Gating (TG) FROG










Ultrasimple TG FROG  op view

Side view
(slightly above)
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Side view (slightly above) A\ ( /
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The simple input mask splits three replicas from input beam, and the output mask
Isolates the signal from the three beams.

The home brew spectrometer makes the device simpler.
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Double pulse Autocorrelation
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Pulse Train

Nonrandom train
Pulse length = 126t
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Simulation conclusions

Both techniques work well for the nonrandom pulse train.

For all three pulse trains, SPIDER retrieves only the nonrandom
(coherent) pulse component, 12dt long, and exhibits decreasing
fringe visibility (100%, 98%, and 90%, respectively).

Multi-shot SPIDER measures only the coherent artifact and does
not see the full pulse. Reduced fringe visibility indicates this but could
also be due to device misalignment. Worse, even a 98% fringe
visibility corresponds to an under-estimate of the pulse length by
more than a factor of 2.

SPIDER gives no indication of the correct pulse length.

FROG also does not see the pulse structure, but it does yield the
correct durations.

Also, for unstable pulse trains, FROG shows a large disagreement
between measured and retrieved traces and a large rms
difference (G error).



Analytical SPIDER calculation

Sumoen 0 {| E@) + Heo+ Q) exp(00T) + Epg(@)+ @+ ) exp( T’ )

Sspiper U <| E(w)|2 +| How+ 56«))|2 +| Fond (w)|2 +| I‘I:’olnd(w+ 56‘))|2 +

2RE{E' (&) E(w+ o) exp(iaT)} + 2 ReLEef Eral(a) +

2Re{E' () Bl SR(10T)} + 2Re{ E (04 0 Pl Ty ()} +
2RE{E' (& FMRrrtTIT 00} + 2Re{ Elgp (@) (0 ) eXp(icT )} )

Any term containing only one random field will sum to zero in the
average over many pulses due to zerot-order phase variations.

Sepogn 0 (| B +| Heot 00 +| By (f +| By 00 +
2Re{ E" () E(w+ 0w) exp(iaT) + B4 (@) E, (@ ) exp( iwT)})



Expressing in terms of the spectra, Sa) and S, (a), and the spectral
phases, ¢(a) and @, (:

Sepiper = JW) + W+ Aw) +< Rhd (w)> +< sal@W+ 50))> +
2\/S()/ Sw+ dw) cos p(ew+ dw) = p(ed) + w T +
2<\/Srand (w) \/ Sand (C()'l' 50)) COS[¢ rand(a)+ 50)) — ¢ rand(a)) + wT]>

Rewriting in terms of the group delay vs. frequency for the two pulse

components, 7{a) = d¢/dwand 7. (@) = d@,, Jdw
Sum of

—+— spectra
S = Jw) + $W+5CU)+< §nd(w)>+< mSnd(w+5CU)>+

SPIDER
SRIDER fringe term
forLt]he nonrandom
component

2./S(w) ] Sw+ dw) cosdw T(w) + wT)+ ——

rand

2([S,a (@) 8, (@+ &) cosfdw 7, (@) + )

SPIDER fringe term for the random component (goes
to zero for variations in pulse arrival time of >217 o)



