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Linear Accelerator based Self Amplification of Spontaneous Emission
(SASE) Free Electron Lasers (FELS) in the hard X-Ray regime (~0.5 - 60 A)
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> 68 publications (plus ~10 submitted) on photon science at FLASH:
1 Nature, 1 Nature Physics, 4 Nature Photonics, 12 PRL, 5 PRA/E, 5 APL
Optics Express, 1 Opt. Lett., 2 JPB ...
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Linear Accelerator based Self Amplification of Spontaneous Emission
(SASE) Free Electron Lasers (FELS) in the hard X-Ray regime (~0.5 - 60 A)
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Normal-conducting RF photo injector provides high quality electron bunches

3 stage bunch compression allows for wide range of compression scenarios while
minimizing sensitivities to RF-regulation imperfections and electron beam driven
instabilities

Pulsed superconducting linear accelerator allows efficient beam acceleration with
high average beam power while maintaining the beam quality

Flexible beam distribution system allows for quasi-simultaneous operation of two
primary electron beam lines

Long undulator(-tunnel)s ensure saturation at 1 A and leave room for more options
and improvements

30.06.2010, CANDLE-PSI-DESY Workshop, Yerevan -@:’HE..-H:.LT:
W. Decking, DESY, XFEL Machine Layout Coordinator e
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Normal-conducting photo injector provides high quality electron bunches

3 stage bunch compression allows for wide range of compression scenarios
while minimizing sensitivities to RF-regulation imperfections and electron

beam driven instabilities

Pulsed superconducting linear accelerator allows efficient beam acceleration
with high average beam power while maintaining the beam quality

Flexible beam distribution system allows for quasi-simultaneous operation of
two primary electron beam lines

Five long undulator(-tunnel)s ensure saturation at 1 A and leave room
for more options and improvements
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XFEL | XFEL Milestones .

Oct 2002: XFEL supplement to TESLA TDR

Feb 2003: approval by German government as European
project with at least 40% funding contributions from
partners

July 2006: completion of XFEL TDR, approved by
International Steering Committee

June 2007: Official project start announced on basis of
Initially de-scoped start version at 850M€/y2005
construction cost

Early 2009: Start of construction. Duration: 5.5 years

30.11.2009: Involved countries sign international state treaty
which provides the basis for the foundation of the European
XFEL GmbH in charge of the construction and operation of
the XFEL facility.

30.06.2010, CANDLE-PSI-DESY Workshop, Yerevan @'HE.FH:.LT:
W. Decking, DESY, XFEL Machine Layout Coordinator BESOCIATION



Status European XFEL

Very coarse accelerator construction schedule

First Beam Injector end 2013
First Beam Main Linac end 2014
First SASE operation mid 2015
Beam to Users beginning 2016

30.06.2010, CANDLE-PSI-DESY Workshop, Yerevan
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European XFEL in Hamburg
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European XFEL Construction started January 2009
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European XFEL Construction — about 6 km tunnel
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XFEL and FLASH use TESLA Modules

Superconducting RF cavities have little wall
losses

Most of input power can be transmitted to beam
Long pulses (or even CW operation) possible
Larger beam power, larger average brightness

XFEL time structure:
10 Hz bursts
2700 bunches/burst
220 ns bunch spacing

30.06.2010, CANDLE-PSI-DESY Workshop, Yerevan
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Accelerator modules — collaborative effort

Vessel & cryostat RF power coupler Superferric magnet
IHEP/Beijing
DESY o= PESY
| LAL/Orsay CIEMAT/Madrid
CEA/Saclay
INFN/Milano
BPM
DESY
CEA/Saclay
PSI/Villigen
Freq. tuner HOM absorber
DESY .C. Viti
S.C. cavities Soltan Inst/Swierk
INFN/Milano DESY
INFN/Milano
30.06.2010, CANDLE-PSI-DESY Workshop, Yerevan
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European XFEL — Start-up version

Baseline
Electron Energy 17.5 GeV
Bunch charge 1nC
Peak current 5 kA
Slice emittance < 1.4 mm mrad
Slice energy spread 1.5 MeV
Shortest SASE wavelength | 0.1 nm
Pulse repetition rate 10 Hz
Bunches per pulse 3000
. Decking, DESY, XFEL Machine Layout Coordmato
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PITZ Results

hoto-Injector Test Stand in DESY-/euthen Measured projected emittance
Photo injector R&D 1.6 VETSUS bunch charge 1
Test and pre-conditioning of FLASH and P romnalworkng pot |

XFEL photo injectors

Collaborations with MBI (lasers), _
Rossendorf, HZB & others (cw-gun) € 1
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Results from LCLS

Courtesy P. Emma, H.D. Nuhn, et al

0.25 nC 20 pC

Saturation at 65 m X-ray pulse should be < 10 fs (no
measurement possible yet)
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Consequences for the European XFEL

SASE with beam parameters as simulated => reduce safety margins
Operation at low charges and strong compression feasible => include from beginning

30.06.2010, CANDLE-PSI-DESY Workshop, Yerevan
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European XFEL — New Parameters

Baseline New Parameter Set
Electron Energy 17.5 GeV 14/17.5 GeV
Bunch charge 1nC 0.02-1nC
Peak current 5 kA 2-5KA
Slice emittance < 1.4 mm mrad 0.4 -1.0 mm mrad
Slice energy spread 1.5 MeV 4 -2 MeV
Shortest SASE wavelength | 0.1 nm 0.05 nm
Pulse repetition rate 10 Hz 10 Hz
Bunches per pulse 3000 2700
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European XFEL
Summary

The European XFEL will be a unigue synchrotron radiation
facility, combining the peak power of the SASE FEL with the

average power provided by a superconducting linear
accelerator

Early technology studies started in the beginning of the 90s,
first beam at the European XFEL is expected in 2014

It takes enthusiasm, hard work, intelligence and
lasting support to make a (scientists) dream come true

Thank you for your attention
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