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Abstract

A Hard X-ray Self-Seeding setup is currently under re-

alization at the European XFEL, and will be ready for in-

stallation in 2018. The setup consists of two single-crystal

monochromators that will be installed at the SASE2 undula-

tor line. In this contribution, after a short summary of the

physical principles and of the design, we will discuss the

present status of the project including both electron beam

and X-ray optics hardware. We will also briefly discuss

the expected performance of the setup, which should pro-

duce nearly Fourier-limited pulses of X-ray radiation with

increased brightness compared to the baseline of the Euro-

pean XFEL, as well as possible complementary uses of the

two electron chicanes.

THE HARD X-RAY SELF-SEEDING

PROJECT AT THE EUROPEAN XFEL

Hard X-ray Self-Seeding (HXRSS) setups based on single-

crystal monochromators [1] are active filtering systems al-

lowing for the production of nearly Fourier-limited Hard

X-ray radiation pulses at XFELs. They take advantage of

the specific impulse response function of single thin crystals

in transmission geometry, usually diamond crystals with a

thickness around 100 µm, which is constituted by a first

response similar to a Dirac δ-function followed by a long

tail. The principle was first demonstrated at the LCLS [2].

A Hard X-ray Self-Seeding setup is currently under real-

ization at the European XFEL, and will be ready for instal-

lation in 2018.

Double-Chicane Design and Performance

The specific characteristics of the European XFEL, com-

pared to other XFELs, are the high-repetition rate and the

availability of long, variable-gap undulators [3]. The latter

allows for efficient tapering of the self-seeded signal, and

the former for an increase of the average signal brightness,

compared to low repetition-rate machines.

In order to increase the signal-to-noise ratio between seed

signal and competing SASE (which constitutes, in this case,

noise) we rely on a double magnetic chicane design, as

sketched in Fig. 1.
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We illustrate the advantages of the double-chicane design

in Fig. 2, in which we show the filtering stages, Stage 2 and

Stage 4, where the C004 reflection from a 100 µm-thick dia-

mond crystal, symmetrically cut, is used. The two undulator

parts in Stage 1 and Stage 3 have the same magnetic length.

As it can be seen, Stage 4 suffers from poor signal-to-noise

ratio. If one proceed with amplification, the seed signal

would be lost due to a rapidly growing SASE signal. How-

ever, at the filtering position the signal is still almost Fourier

limited and therefore the spectral density is higher than that

at Stage 2. As a result, the seed signal in the time-domain

is larger in Stage 4, compared to Stage 2 of a factor about

equal to the ratio between the SASE and the seeded signal

bandwidths. The scheme will therefore be highly beneficial

in the increase of the signal-to-noise ratio of the seed.

Crystal reflections are available starting from about 3 keV,

and although heat loading will likely limit the repetition rate

at these very low seed energies, the double-chicane setup will

help to improve the situation (see the next subsection). Simu-

lations show that reaching to 14.4 keV should be possible on

the high-energy side of the spectrum. The long undulators

available at the European XFEL allow for increasing the

final output power via tapering. The energy-range around

9 keV is expected to yield optimal performance. Previous

studies [4] show that, for a nominal 250 pC electron beam

(calculated by s2e simulations [5]) at 17.5 GeV electron en-

ergy, combining seeding and tapering one could obtain TW

class beams with about 1eV bandwidth, with 7 ·1012 photons

per pulse. Owing to the high-repetition rate of the European

XFEL, an average spectral flux of about 2 · 1014 ph/s/meV

can be expected.

Heat Loading Issues

The high-repetition rate of the European XFEL is also

related with an increase of heat-loading of the crystals be-

cause of impinging X-rays due both to spontaneous emission

and SASE/seeded radiation pulses. For both cases, the burst

pattern of the European XFEL will lead to a steady tem-

perature increase during a given bunch train, followed by

a temperature decrease between one train and the next. If

the temperature increase is associated to a shift of the seed

frequency of the crystal well beyond a Darwin width, an

overall deterioration of the bandwidth is to be expected.
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