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Peak brilliance
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With an FEL one gets in a pulse of
~25 fs duration
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Two seminal accelerator science papers:

A.M. Kondratenko, E.L. Saldin
“Generation of Coherent Radiation by a Relativistic Electron Beam in an Undulator”

Part. Accelerators 10, 207 (1980)

R. Bonifacio, C. Pellegrini, L.M. Narduci
“Collective Instabilities and High-Gain Regime in a Free-Electron Laser”

Opt. Communications 50, 373 (1984)
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The First Experiments
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Updated scientific case for soft X-rays (2010):

Baseline Pre-conceptional Design for a ,,Next Generation Light Source*
Lawrence Berkeley National Laboratory, Berkeley, USA
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early
expectation

time (fs)

Temporal profile of a SASE radiation pulse,
generated by an electron bunch of ¢,= 250 fs

GENESIS - simulation for FLASH parameters
Courtesy - Sven Reiche (PSI)

Improvements by seeding or reducing
electron bunch length
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demodulated
electron beam bypass electron beam

1st undulator |
| & &

SASE FEL
(linear regime)

grazing
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mirrors

FEL amplifier
(steady-state regime)
grating

electron beam monochromatic
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Feldhaus J, Saldin E L, Schneider J R,
Schneidmiller E A, and Yurkov M V

Opt. Communications 140, 341-352 ( )
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two undulator configuration

4 m-long
magnetic

chicane
SASE OUIPLL el seeqed

undulator _ .
¢ : e- undulator X-fay pulse

/' single
’ crystal
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Profile Monitor XPP:OPAL1K:1 09-Jan-2012 19:36:24

Diamond OUT

Monitor XPP:OPAL1K:1 10-Jan-2012 01:45:53

Diamond IN

FWHM BW ~20 eV
(0.2%)

-0.1

FWHM BW ~0.5 eV
(0.005%)

XFEL radiation: From ,,laser-like* to ,,very, very much laser-like*
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Linac Coherent Light Source at SLAC

X-FEL based on last 1-km of existing linac
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y (mm)

Lasing at 0.15 nm

X (mm)
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JooheenR. Sitimeider

jofcivérsshmeddtn@iesy. de
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LUSI I

—

LCLS I . hard X-ray
soft x-ray

Workshop focus is on LUSI II:

e science opportunities
e enabling capabilities and capacities,
e.g beam parameters and instrumentation
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100pC, 110m SXR undulator Large uncertainties in seeded
50pC, 250m HXR undulator optimization and sensitivity
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‘ ﬁ\& 1) Broadband (SX) BL
2 2) Single ID
3) Spontaneous radiation
: ¢ in the entrance of optics hutch
N I
1) Soft X-ray FEL (100 ~ 1000 eV)
2) Seeded FEL
| + independent accelerator
-

v

~»

Jochen R. Schneider

April 12, 2012
jochen.schneider@desy.de

FEL — WE Heraeus Seminar




Realization as European Facility in 2 steps

1. step: 3 radiators with 6 experimental stations (1150 M€ in 2011 prices)
2. step: Full facility (TDR) with 5 radiators and 10 experimental stations

April 12, 2012 JdobtieenRR. Stimeider
FEL — WE Heraeus Seminar Jjoglvtwrs ehineddbn@rliesy.de




April 12, 2012 Jochen R. Schneider
FEL — WE Heraeus Seminar Jochen.schneider@desy.de




April 12, 2012 Jochen R. Schneider
FEL — WE Heraeus Seminar Jochen.schneider@desy.de




* intra-train feedback - stabilization (x, t, E)
e two sub-trains going to two e  beam lines
e gaps for switching between beam lines

single pulses
medium repetition rate (10 — 100 kHz)
high repetition rates (0.1 21 - 5 MHz)
special fills

— logarithmic distribution

— shorter distances (~700 ps — 200 ns)

April 12, 2012 Jochen R. Schneider
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* 5 VUV beamlines + 1 THz beamline
» focused and unfocused beamlines available

* plane grating monochromator (PG beamlines)
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BL3 - sub-10 um focus,
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http://hasylab.desy.de/facilities/flash/publications/selected_publications/

>

In addition numerous papers on accelerator and FEL physics
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Hemispherical Electron
Analyser Scienta SES2002
at magic angle 54.6"

700nm Al filter

Intensity
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Cu 3d photoemission Pulse energy
photon energy 38.29 eV from sample
pass energy 500 charge (pJ)

1>15
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30 40
Electron kinetic energ

A. Pietzsch, A. Féhlisch, M. Nagasono, W. Wurth
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Number of

Hemispherical Electron
Analyser Scienta SES2002
Facility
gas monitor
detector
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Q Refocussing

MCP detector

(3rd harmonic)

200 600

Number

Electron kinetic energy (eV) of spectra

A. Pietzsch et al., New Journal of Physics
10 (2008) 033004
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" X-ray emission spectroscopy

30 bunches @ 1MHz, 117eV in 0.order |

MCP
with
fluorescence CCD

~ 10 pJ Entrance Grating screen ~Camera

Slit
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pulse energy
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110 120
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photon energy (eV) M. Beye, A. Féhlisch et al.
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"shape of electrons" SXD
FSazEr

electricity
(conductivity)

courtesy N. Pontius
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800 nm

fs-laser
pulse

courtesy N. Pontius
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K. Rossnagel, W. Wurth
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(space-charge and
rep-rate limited)
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8000 pulses/s

Space charge and LCLS
rep.rate limited 120 Hz

space charge limit
FLASH exp. single pulse !

HHG adapted from

T. Pfeifer, C. Spielmann,

G. Gerber, Rep. Prog. Phys.
69 (2006) 443-505
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