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Coherence Double Slit Diffraction Patterns
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The interaction between electrons and the photon from the gun to the end of the accelerator,

field results in the development of a micro-structure - the RF regulation concept to stabilise the field

on the electron bunch. A large number of electrons amplitude and phase,
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From the measurements shown above, the
transverse coherence function is
determined. It is shown in the following , , , 1
plot as a function of slit separation. : E | | l

FresnEI DiffraCtion at a Dou ble Slit From the generic value of 1 in the origin,

the coherence function drops to values
below 0.7 at 1 mm separation. For
distances above 2 mm, it is as low as 0.2.
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The intensity distribution behind a double slit can be Electric field amplitude of the left slit only (blue line)

calculated in the far field (or Fraunhofer) region by the well- and of the right slit only (red line) Systematic uncertainties of the presented
known equation 1 | analysis procedures are due to the

formation of the near field diffraction
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mwz/(AL) AL | crystal, the limited resolution of the optical

The visibility of the diffraction fringes system and to noise in the CCD image.
These can be quantified with the

V — Imax — Iiin simulations, which include these effects.
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If the far field condition L >> 7d®/) is not fulfilled, Fresnel amplitude modulation (red line)
theory has to be employed. Generally, the diffraction patterns and double slit diffraction pattern (blue line) - S - I -
have to be computed numerically, However, at intermediate EVO u t I O n O C O e re n Ce I I I l u at I O n S
distances where mw?/\ < L < nd*/)\ the diffraction pattern
of the single slits can be computed in the far field

approximation. R T aI O n g th e U n d u IatO r The formation of the FEL radiation in the undulator, the

The intensity distribution can then be computed as follows: IO I R diffraction at the double slits and the propagation to the
; fluorescent crystal, the conversion of VUV photons to visible
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0 with the evolution of the FEL pulse

x/ mm along the undulator.
visibility of the double slit interference fringes,
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The resulting images are subjected to the same analysis
routines as the measured data. The amplitude and phase of the
computed electromagnetic field are precisely known. Thus, the
theoretical value for the coherence function can be compared

ntial grov | | | | | | with the coherence that is determined from the images with
because the amplification in an FEL T T the two analysis routines.

favours the central mode TEMy,,
due to its best overlap with the
electron beam.
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That way, it is possible to gain information on the accuracy of
the analysis.

The situation is changed in the last
part of the undulator, as the
amplification process for the
central mode begins to saturate.
Other radiation modes,
uncorrelated to the central mode,
gain importance and a decreasing
transverse coherence is expected.
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The total energy of the photon
pulse and the energy fluctuations

. _ _ o _ indicate an onset of the saturation
The images have to be corrected for the non-linear There are two main factors that limit the resolution of after 11m.

response of the fluorescent Ce:YAG crystal and the the measured diffraction patterns: the fluorescent
finite resolution of the set-up. crystal and the optical system of the camera.

The response of the Ce:YAG crystal has been measured Measurements to determine their point spread function
with the FEL: the light output has been compared to a  Nave been done. In the TTF FEL, it is not possible to
multichannel plate detector, which has been calibrated There are methods to reconstruct images that have extract the radiation from a given
previously. been acquired with a limited resolution. The Lucy- point in the undulator. The ‘ . . . .
Response of the Ce:YAG crystal Richardson algorithm is described and tested on effective length of the undulator is 9 10 11 12

’ ’ ’ ’ ’ ’ images acquired in a laboratory set-up. The careful use varied as follows. The generation Undulator length / m
of this procedure allows to improve the images. of FEL radiation depends critically

on the overlap of electron and

Spatial resolution of the camera photon beam. quadrupoles
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) By operating one of the horizontal doviation electron trajectory l

steering magnets at maximum undulator
strength, the electron beam is = 10um

kicked away from the ideal MAMMascecstses essssecn “hoton
trajectory. Behind the selected T trajectory % T
steerer, the overlap of the electron bgﬁfjt:ﬁz

and photon beams is too small to activated
contribute to the FEL process. steerer
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- g Conclusion

The transverse coherence of the TTF The highest transverse coherence is
VUV Free Electron Laser has been achieved at the end of the exponential
measured directly with a double-slit growth regime, before the onset of
experiment. saturation in the FEL process. A
further increase of the effective
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To determine the evolution of the _
coherence as a function of the FEL undulator length beyond saturation

s . e —— ; ; ; ; ; amplification process, it has been degrades the coherence.

150 100 50 O 50 100 150 005 01 015 02 025 measured as a function of the For user operation of the FEL, one has
positionym longitudinal position in the undulator. to weigh up the highest peak power

with the best coherence properties.
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