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Double Slit Interference Patterns

ODbjective

FEL theory predicts that electrons in each mode
radiate in phase, i.e. they emit coherent radiation. The
transverse coherence was measured with double slits

The contrast of this pattern can be used to measure
the transverse coherence at the various slit distances.
Measurements have been taken at various operating
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- for each maximum: determine the
modulation

- smooth the curve with a
butterworth filter

The following analysis steps were
done:

Note: due to the finite length of the
slits, there is also a diffraction

_ find maxima and minima of the pattern in horizontal direction.

smoothed curve

- project along horizontal direction = (max+min)/(max-min)

(Use the mean of the two adjacend
minima)

Data Acquisition and Processing

The images are transferred via a fibre optical cable to
the data acquisition system, located in the control
room. They are stored with a synchronized time stamp,
allowing for correlations with the data from the
accelerator.

Pre-Processing of the images will include:

- take into account the response of the screen

- deconvolute with the blur of the imaging system
- take into account the effects of the screen

Circular Apertures Crossed Slits

Currently, these steps are not implemented.

3 bunches

CCD image: bunch(es), , aperture, aperture_3__3_bunches__0077.tif - average.mat 03-May-2002

Calibration and Resolution
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in the middle: -9.1387 um,  at the right edge: -8.99 ¢

The calibration of the pixel
size was done with the images
of an aperture at various
known positions.

Horizontal pixel size: -13.1416 pm the left edge: -9.2779 um,
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Due to the tilt of the screen to
the optical axis of the camera,
the vertical pixel size changes
across the image. The

horizontal resolution is oo - . I
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To estimate the blurring effects
of the screen and the lens, two
known objects were imaged:

=0, w0 e ' In principle, the crossed slits can be regarded as double slits with
varying distance.
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CCD image: bunch(es), , aperture, aperture_5__3_bunches__0067.tif - average.mat, 03-May-2002

a screen equipped with sine One could try to track the modulation along the diagonal.

wave modulated fields,
illuminated by an ordinary
tungsten lamp.
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the image of a circular aperture
directly in front of the screen,
illuminated by the FEL. This
takes into account the effects of
the screen as well.
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Open Questions
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What is the response curve of the screen?

The observed contrast of the sine
wave patterns decreases with a
higher spatial frequency.

The decrease is approximated by an

exponential curve, which
corresponds to a Lorentz-shaped
resolution function in the spatial
domain.

A circular disk of the predicted
size, convoluted with a two-
dimensional Gaussian was fitted
to the images.

The standard deviation of the
gaussian is around 100 um, much
higher than expected.

circular disk folded with a gaussian

Intensity [Counts/Pixel]

Does it show saturation?
What is the effect of averaging several images?

What is the resolution of the screen and the imaging system?
Can we unfold the images with this resolution function?

Why does the modulation decrease towards the outer parts of the
image and then increase again?

What can we extract from the images of the circular apertures?
How can we process the crossed slits?
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spatial frequency / lines per mm

position on the screen / mm

predicted Nr
9.2
25.5

aperture
3 mm
5 mm

observed Nr

9
24

...can be obtained from our web site (available only within the
DESY network):

http://hasy361.desy.de/www/
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