














X-ray FEL (XFEL)

“Soft” x-rays begin around 100 eV.

1 – 100 keV photons are x-ray (below 1 nm).

Gamma rays are above that.

From: xdb.lbl.gov/Section2/Sec_2-2.html

“1stgeneration” x-ray sources – accelerators and synchrotrons designed for particle research,

but supporting x-ray generation “parasitically”.

2nd generation – systems designed with x-ray generation in mind.

3rd generation – storage rings with undulators.

4th generation – linear accelerators with very long undulators, using self-amplified spontaneous emission (SASE).

SASE-FELs use a single pass through the undulator.

(Some of the following notes taken from: www.slac.stanford.edu/pubs/beamline/32/1/32-1-pellegrini.pdf,

A non-mathematical tutorial from the LCLS = Linac Coherent Light Source. Linac = linear accelerator.)

From: www.gcpd.de/publication/gcpd00/shiwenlong.pdf.

ESRF = European Synchrotron Radiation Facility.



So, here’s where we are:

(emittance is a measure for the average spread of particle coordinates in position-and-momentum phase space)

How does SASE work? An electron pulse is injected into the undulator.

Initially you get spontaneous emission, which then follows its electron bunch.

(Note in the figure below that the EM field has a smaller wavelength than the

wiggler period.) That’s the spontaneous emission part of SASE.

The electric field will act to slow some electrons down and speed others up.

Where the electrons lose energy, the field gains it.

(This is stimulated emission. The mechanism whereby the field gains energy

via the electron emission .)

For example, the middle arrow in each case below shows an electron moving

in the direction of the field (opposite to the force), and so is slowing. The left arrow points to an electron that is

accelerating. Thus, the electrons tend to bunch with a wavelength matching that of the light: microbunching.



The electron pulse, after microbunching, looks something like:

So, initially we had an electron pulse incoherently emitting x-rays all across the pulse.

The incoherent sum of N emissions just goes as N.

After microbunching, we have emission primarily from the regularly spaced bunches and they are phased with each

other. Now we have a coherent sum going as N2. This drives the microbunching more strongly, and so forth.

The incoherent electron pulse and the incoherent spontaneous emission “pick” out a coherent response from each

other. That’s the “self-amplification” part of SASE. You need the initial electron pulse or emission to be noisy enough

that it will contain, among the many modes present, one that can start this process and amplify up. The electron beam

must initially be fairly monoenergetic, or dispersion will smear the bunches out. There are many restrictions and it’s

hard than this sketch makes it sound.

This process saturates when the electrons are all well-phased. This happens in ~1000 undulator periods.


