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Abstract

In the following we introduce the basic theory of autocorrelation for pulse du-
ration measurements, and present a standard method on how to integrate the
Avesta autocorrelator into DOOCS using a Basler acA-1300 60g camera. With
the introduced changes there is a unified interface for the cameras, which now can
be remote controlled.
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1 Introduction

There are several equipment for pulse diagnostic, including pulse duration measurement
too. Using a one-shot autocorrelator is a good choice for that. Nowadays in DESY these
Avesta autocorrelator’s cameras are not part of the Distributed Object Oriented Control
System (DOOCS), and their software only runns under Windows. My work was to
change a camera for a new one, to Basler acA-1300-60g, which is already included in the
DOOCS. For that I had to make an adepter, to attach the camera to the autocorrelator’s
housing, create a DOOCS panel, and take measurements with it. After the changes, the
remote control of the camera is now available, and we can use only one DOOCS panel
to access all of the same cameras.
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2 Theory

2.1 Chirp, pulse stretch and compression

To represent the attributes of an ultrashort laser pulse, it is a good choice if we take the
most commonly present pulse shape. Let us consider a complex Gaussian impulse with
A0 amplitude and ω0 mean carrier frequency. We can describe it - neglecting the spatial
coordinates - as the follos [6]:

E(t) =
1

2
Ê(t)ejω0t + c.c =

=
1

2
A0e

(at2)ej(ω0t+bt2) + c.c =
1

2
A0e

(−rt2+jω0t) + c.c

where r = a− ib is the complex Gaussian parameter. The quantity which determine the
pulse duration and the frequency modulation is a and b respectively. The third term’s
argument of the equation describes the current phase. The time derivative of that gives
us the current frequency:

ω(t) =
d

dt
(ω0t+ bt2) = ω0t+ 2bt

The b parameter describes a linear frequency modulation in the pulse. When b 6= 0, the
carrier frequency varies with time, and the corresponding pulse is said to be frequency
modulated or chirped. For b < (>) 0, the carrier frequency decreases (increases) along
the pulse, which then is called down (up) chirped. In Figure 1 a positively chirped pulse
is shown.

Figure 1: Positively chirped pulse [1]

The optical substances usually have positive dispersion, so they cause positive chirp in
the pulse, and because of that the pulse duration gets longer. To compensate this effect,
we can use optical elements which has angular dispersion, such as gratings. With the
angular dispersion we send the lower frequency components on a longer distance, thus
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we can create a fourier limited (non chirped) pulse. In Figure 2 a pulse compressor is
shown.

Figure 2: Pulse compressor [2]

For pulse stretching we need an angular magnification element (which is behaves as a
telescope), between the gratings. In the case of Figure 3 (L < f) the setups acts as a
positive-dispersion stretcher.

Figure 3: Pulse stretcher [3]

2.2 Second order nonlinearity

Non-linear optical processes occurs when the induced polarization in the material is not
a linear function of the (external) electric field. This occurs in cases where the external
field (E) has a high intensity . In this case the polarization can be described by it’s
Taylor series[8]:
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P (E) = ε0(χ
(1)E + χ(2)E2 + ...) = P (1) + P (2) + ... = P (1) + P (NL)

where χ(n) is the nth-order susceptibility, which is an n + 1 th rank tensor, which has
3n component. In these cases, the wave equation looks like this:

∇2E − n2
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Let us consider that the external electric field has two different frequency components:

E(t) =
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then, the second order nonlinear response can describe as the following equation:
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Between the brackets the first two terms is the two different frequency second harmonic
(SHG) respectively, the third term describes the sum of the frequencies (SFG), the fourth
the difference of them (DFG), while the last one is the optical rectification (OR).

Figure 4: Second order nonlinear processes [4]

2.3 Autocorrelation

For pulse duration measurements the first commonly used process was the autocorre-
lation. With that technique we have no information about the spectral phase and we
have only limited information about the pulse shape. As we can see in Figure 5 the,
so called second order intensity autocorrelator, has five main parts. The two (splited)
pulse is focused to the SHG crystal in every possible delay between the two pulse, and
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the detector measures the second harmonic intensity as the function of the delay. The
measured sigal can be written as [9]:

A(2)(τ) =

∫ ∞
−∞

I(t)I(t− τ)dt

Figure 5: Schematic of the second order intensity autocorrelator [5]

The single-shot autocorrelation is an elegant solution to eliminate the (usage of the)
delay line. Here we first need to do a calibration, which determinate how long is a pixel
of the CCD camera in time. We can do that by changing the delay and record the
deviation of the signal’s mean. Than we can give the time factor (F ) of one pixel with
the next equation:

TF =
τ

c|m2 −m1|
where τ is the delay in longitude, c is the speed of light and mx is the mean of the signal
in pixel. After we done the calibration we can easily calculate the pulse duration at
every shot, if we guess the autocorrelation shape for the deconvolution factor:

Tp = TF ∗ 2σ ∗DF

where TF is the time, DF is the deconvolution factor and 2σ is the variance of the fitted
function. For the deconvolution factors see Table 1.

I(x) Rectangle Gaussian Sech2 Lorentzian
τp
τA

1 1√
2

0.6482 1
2

Table 1: Deconvolution factors for different autocorrelation signals [7]
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3 Results

3.1 Camera adapter

To attach the camera for the autocorrelator’s housing I needed to design an adapter.
This adapter includes three parts. A bracket for the camera, a transformer between the
bracket and the housing, and a lens tube. In Figure 6 and 7 the old and the new setup
is shown.

Figure 6: Picture from the original design

Figure 7: Picture from the new design

I made the design in Solid Edge, the drawing (.dft) files are shown in the followings:
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3.2 DOOCS camera panel

Distributed Object Oriented Control System panel.

Figure 8: Calibration tab

Figure 9: Measurement tab

3.3 Mesurements

From the autocorrelation signal we can easily get the pulse duration if we assume a
pulse shape, in this case a Gaussian. The deconvolution factor is 1√

2
. As we can see in

Figure 11 we got the same pulse duration with the new setup.
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Figure 10: Image of the old (left) and the new (right) camera

Figure 11: Autocorrelation signals at different compressor stages with the old (left) and
new (right) camera.

4 Conclusion

Using a few new parts there is a standard method to change the autocorrelator’s camera.
With the new setup there is no change in the measurement, but we can remote control
it using the DOOCS panel, furthermore we can reach all of the new cameras from one
panel.
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