FLASH — the first XUV — Soft X-Ray Free-Electron Laser

Start of user operation 2005
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FLASH — FLASH1 and FLASH?2

Soft X-ray
sFLASH Undulators

FLASH1

Photon
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RF Stations Accelerating Structures

RF Gun  Bunch Compressors
Lasers
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Beam Dump
FLASH2

FEL Experiments

315 m

Photon energy range (1st Harmonic): 30-300eV tunable
up to 8000 pulses/s, pulse energy up to 500uJ

> Only high repetition rate XUV and soft x-ray FEL world-wide
» Starting 2016 two independent FEL lines for users in parallel
» Very short FEL pulses (3fs-200fs)

> Fully optically synchronised

> Integrated THz sources
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SASE free-electron lasers
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Extreme brillance — ultrashort pulses
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Ulrike Frihling et al.
Nat. Photonics 3, 523, (2009)
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Coherence properties of FLASH
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Detector ~1010 photonS

collaboration with the group of I.A. Vartanyants
A. Singer et al., Optics Express 16, 17480 (2012)
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FLASH - 10 years of operation as a user facility
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free-electron laser CCD
H.N. Chapman et al., Nature Physics 2 {2006) 839
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User runs

2 proposal rounds per year (https://door.desy.de/door/)
- April 15t 2016 — beamtime first half of 2017
- Oct. 15t 2016 — beamtime second half of 2017

Facility-operated (fixed) endstations:
CAMP@BL1

Raman spectrometer@PG1
TR-PhotoElectron Spectroscopy@PG2
REactionMIcroscope @FLASH2

and flexible open ports
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ciﬂp FLASH1: Beamlines
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laser beamlines

optical laser
systems

THz beamline

high resolution
monochromator

beamline http://photon-science.desy.de/facilities/
) flash/beamlines/index_eng.html

fast shutter

online spectrometer

Synchrotron radiation

FEL beamlines beamline

gas monitor detector

gas-filled attenuator
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CAMP@FLASH:

KB focusing large-area
pnCCD

detectors

T -
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XUV split & delay unit
(DESC)

electron-ion

> large delays: -10ps to Permanent laser (| =k coincidence
60095 setup for pump- spectrometers

> multilayer based probe
design opt. laser

» time resolution < 20 fs (800nm,266nm)
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FLASHZ2

» First photons in Kai Siegbahn hall 11.06.2015

» Beamlines FL24 (open port) and FL26 (Reaction Microscope) close to
finished

» Commissioning until 3/2016
» Tuning of wavelength in minutes

» First user experiments ~4/2016
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FLASHZ - tunability
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FLASH1 Operation Statistics 2015

Scheduled maintenance 1.1% 98 h

Studies and
user preparation
37.0% 3244 h

Shutdowns 10.7% 937 h

Uptime 95.6%

SASE delivery 78.3%
3508 h

Tuning + Set-up
17.3% 776 h

Katja Honkavaara

/ Down 3.1%
139 h

Down due to a lightning strike
1.3% 58 h | DESY_XFEL_Turkey_workshop | Jan26t™, 2016 | Page 12



Science@FLASH

Average over last three calls

Methods and
Instr. AMO
13% 15%

WDM Chemistry
8% 17%

Life Sci

Condensed
Matter
28%

10%

~80 % time-resolved (pump-probe) experiments
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FLASH Recent Scientific Highlights
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Single Shot Imaging

3D Imaging of Silver Nanoparticles XUV pulses A=13.5nm
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AMO physics — XUV Pump — XUV probe

Electron rearrangement in dissociating molecules
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K. Schnorr et al. PRL 113, 073001 (2014)
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Extreme States of Matter — ,, Astrophysics in the Lab“

Ultrafast Heating of Dense Cryogenic Hydrogen
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FLASH Mid term upgrade plans

» Variable gap undulators for
FLASH1

» variable polarization

» external seeding FLASH2
up to 100kHz
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FLASH2020 — The Future

FLASH2020
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» CW operation with up to 1MHz repetition rate

» Extended energy range ~30-550eV 15t harmonic (chemistry and biology
driven: C-, N-,0-K edges, “water window" )
- complementary to XFEL

> up to 1keV 2"d harmonic (materials science driven: 3d transition metals)

» operation of multiple FEL lines with 100kHz
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