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The European XFEL Project

European | INtroduction

XFEL

Proposal Oct. 2002 —X-ray FEL
user facility with 20 GeV
superconducting linear accelerator
In WESLA technology

Approval by German government
Feb. 2003 as European Project

Commitment for 50% of funding +
10% by Hamburg & Schleswig-
Holstein, 40% European &
International partners (23% Russia)
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European

XFEL|]Time schedule

March 2006: Review of Accelerator
& Infrastructure parts

Civil Construction started 2009

Christmas 2009:

XFEL Company founded (GmbH)
In-kind Contributions
Negotiations and Contracts

First beam 2014

Start of user operation 2015
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European

XFEL| Politics — how to built an accelerator

i

German Minister of Science and the
Town Mayor of Hamburg
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European

XFEL

Politics — how to built an accelerator

The Prime Minister of Schleswig-Holstein
wants to join ....
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European

XFEL|] Politics — how to built an accelerator

This way?
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European

Politics — how to built an accelerator

No, more precise, please
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European

XFEL| Politics — how to built an accelerator

Ufff, we got it, it was so easy.
And this physicists want 1 Billion Euros for this?
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European | CONvention concerning the Construction of a
XFEL | European X-ray Free-Electron Laser Facility

30t November 2009, 10:15 am in the banquet room of Hamburg’s town hall
Representatives from Denmark, Germany, Greece, Hungary, Italy, Poland, Russia,
Slovak Republik, Swedenand Switzerland (Spain and France), China; UK plans
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European

XFEL
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European

XFEL| Russian Contribution to XFEL

IHEFP Pratving

AMTF Cryogenics system

Cryogenics

Beam dump

Baam diagnostics

NIIEFA 31 Petersburg (Effemoy Instilule)

77 dipoles

397 guadrupoles

389 sextupolas

206 comaction magnats

EIMF Movosibirsk [(Budker Institute)

Connector cables for pulse transformers

127 guadrupole magnets

Cold vacuum

VWA YaCcuum

3 test benches for cryomodules at AMTF

INR Moscow (+DESY)

3 Transverse Deflecting Structures
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European

XFEL | Politics — spending money

European XFEL budget profile

250,000 -

200,000 -

150,000 |2 Opesation
E O Commissioning |
> _ 5
E m Construction

AR | @ Preparation

50,000 -
0

o AN B W i o S
,,;E; hﬁhhﬁhhhh
FFFFFe TS FF &

QFTHEP Conference, Moscow, 9. — 15. September 2010 s ﬁ HELMHOLTZ
Martin Sachwitz, DESY ‘8 ASSOCIATION



1 I
European _ . I
XFEL | Still Money and Politics =

Project preparation 38.8 M€

Project construction, capital investment 736.3 M€
Project construction, personnel 250.1 M€

Total construction cost 986.4 M€

Beam commissioning 56.4 M€

Total project construction cost 1,081.6 M€

The European XFEL will be constructed

and operated by the European XFEL GmbH,

a non-profit Company of Limited Liability under German law.
This company was founded on 28 September 2009
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European

XFEL | Hierarchy of XFEL GmbH

European XFEL GmbH

Council {(Shareholders)
Accelerator Chair: H. Dosch

Consortium > Management Board

Coordinator: ¥ Managing Directors Advisory
R. Brinkmann, M.Altarelli, Chair Committees
DESY K. Witte, Admin. Director SAC
Institutes from L), Science Directors
F I GH PL ES. MAC
RU CN SE 5. Molodtsov
; 1 AFC
A Schwarz
Other In-kKind T Tschentscher IKRC
Contributors
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European

XFEL | Accelerator Layout

17.5 GeV superconducting LINAC

RF photoinjector, two bunch compression
stages

3 SASE undulators plus 1 spontaneous
source, extension possible

KFEL
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European

XFEL|Bi rs Vievy
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Actual position of tunnel boring machines.
The positions are updated every morning
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European

XFEL| WEBCAMS: http://www.xfel.eu/project/webcams
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European
XFEL | Bahrenfeld — Injector Complex

_‘ .
i e Injector complex

lengths: 95 m
depths: 38 mund 32 m

ground area: ~ 1500 m?

modulator hall
ground area: 46 m x41 m

- *.—r - ) S
B T SE i e main entrance building
- _( i * height: 13 m

injector entrance hall
height: 11m

linac tunnel
soil above tunnel; ~ 35 m
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European

XFEL

WEBCAMS: http://lwww.xfel.eu/project/webcams
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European
XFEL | The Gun — PITZ in DESY - Zeuthen
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European

XFEL| WEBCAMS: http://www.xfel.eu/project/webcams
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European

XFEL

Osdorfer Born

pupa®
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European

XFEL| WEBCAMS: http://www.xfel.eu/project/webcams
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European

XFEL| Schenefeld site - before
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European

XFEL| Schenefeld site in future
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European

Schenefeld
Experimental

Hall
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European

XFEL| Experimental Hall in Schenefeld
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European
XFpEL Tunnels with Experimental Hall

- ’4" o

=

=

Laboratory and
office building

Experimental Hall

Photon lines
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European

XFEL

Tunnel boring machine
(called TULA =
TUnnel for LAser)
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European

XFEL]| The Tunnel
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European

XFEL | First Day of Operation
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European

Tunnel Boring Progress
today:
8.4% (see www.xfel.eu)
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European

XFEL

The Accelerator

type of accelerating
structure

accelerating mode
fundamental frequency
active length

nominal gradient

quality factor
cell-to-cell coupling
iris diameter

Foe [MHZ]
L [m]
E,.. [MVim]
Qy
K [%]
[rrwm]

standing wave

TWMO10, mamode
1,300

1.038

23.6 (35)

=10'"

1.87

70
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European

XFEL
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European

XFEL| News from 7th September 2010

50 MEuro

a German and
an Italian firm
produce each
300 cavities
between 2012
and 2014
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European

XFEL

Superconductiong Cavities

100 8-Cavity modules, 1.4 km,
17.5 GeV Electron Energy

Module: 8 X
Cavities

Niobium Cavities

QFTHEP Conference, Moscow, 9. — 15. September 2010 . /ﬁ' HHHHHHHHH
Martin Sachwitz, DESY ‘8 ASSOCIATIO



I

European

XFEL]PXFEL1 — First Prototyp for XFEL
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European

XFEL] Cavities Iin Cryogenic Module

cold mass with 8 cavities, magnet ! BPM, HOM abs . beam pipe, valve

F::{FEL-1 —— PL&G I SRl iy e

— T g il (OWS
B berbrewiad i Ddons
T 3 TV i
BT i

dil PXFEL1 I{J‘:FEL F"FDth‘y’DE}
i Average maximum gradient is
F¥- 32.5 MV/m.
&
%;E FXFELT will be installed at FLASH
o and can be cperated there with an
- average gradient of 30 MV/m.
'5_ The XFEL waveguide
: i ; ; distribution will be used.
ol J-80HE J-ACTDS L.714% A2 G-M3 72000 8- A1 o |
iy ELTF1]
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European

XFEL | Tesla Technology — Prototyp PXFEL1
' A
' ' f China

France

ermany
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European

XFEL]Accelerator Module Test Facility

101 accelerator modules to be built

Civil construction started, First series
modules on teststands mid 2011

i Wroclaw Univ., INF Cracow
DESY

- BINPINovosibirsk, IHEP/Protvino
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European

XFEL|How to Create Light?

Electron source
and accelerator

Magnetic structure

Electron trap

Light beam

Experiment
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European

XFEL]|] Flexible Undulators

Gap Measurement
Accuracy *1pum

Special Attention:
1. Shear deformation and compressive deformation
2. Material pairing / Bimetallic bending
3. Four point support of girders
4. Four Motors, electronic gears
5. Forced girder guiding
B. Precision measurement of gap / Motor feedback to +1pum, avoiding Abbé errors
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European

XFEL ]l Undulators at the End of the Linac

17.5 GeV create 0.1 nm Laser
Variation (0.1 — 1.6 nm) possible

SASE 2

tunable, planar
0.1 - 0.4 nm

electrons
17.5 GeV

-
SASE1
tunable, planar SASE 3

0.1 nm tunable, helical
0.4 — 1.6 nm

Experiments

QFTHEP Conference, Moscow, 9. — 15. September 2010
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European

XFEL | XFEL Time Structure: High Duty Cycle

I, Duty cycle ~ XFEL 0.65%
. i v cycle ~ 65%
Repetition rate 1-SmA ‘I}@_ ‘ ‘ ‘
Macro pulse I, ~ " XFELG0Ops  ™-.
:l“““l T IIIIIIIIIIIIIII]““‘“
Tation ‘
i ||||||||||||||u||||||||||||||||
I a-"-d T
- XFEL 222ns N
Bunch r bunch spacing
. r[
I :-5'13. I._.--\.-"\-\__ __..-"'l 1 I“:-
Slice ,' | |100-500 &5
| ]

_

FLASH and E-XFEL will have the same time structure
Up to 27000 Bunches/s

QFTHEP Conference, Moscow, 9. — 15. September 2010 s ﬁ HELMHOLTZ
Martin Sachwitz, DESY ‘8 ASSOCIATION



European I
XFEL]And, what now? =

Hat can we do with this?
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European

XFEL | Exploring the nanoworld in 3D

The next generation of magnetic
storage devices, for instance, will
comprise structures that are smaller
than 100 nanometres. At this level,
materials exhibit astonishing new
properties: copper becomes
transparent, aluminium inflammable,
gold liguid, silicon conductive.
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European

XFEL

Deciphering the structure of biomolecules

Ribosomes are large molecular
complexes that act as "protein
factories" and occur in every cell.
The X-ray laser opens up
completely new opportunities to
Interpret such biological
structures with atomic resolution

Remember: — Ada Yonath
Nobel prize Chemistry 2009
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European

XFEL | Unravelling magnetization

Understanding better how magnetization is created and
how it can be reversed is especially interesting for the
miniaturization of electronic devices

When materials reverse

MFM images of the dot samplilj

th e | r m ag n et| Zatl O n . Micromagnetic MFM image (simulation) MFM image (experiment)

simulation

this is due to a complex
interplay of the electrons
In the materials.

Using the X-ray flashes
these incredibly fast
processes can be studied
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European

XFEL | Observing small objects in strong fields

Clusters are tiny
collections of atoms or
molecules. The picture
shows the model
calculation of a copper
particle with the size of

17000 atoms - a cluster
which plays a role in
catalytic processes
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European

XFEL | Investigating extreme states of matter

The X-ray flashes are so intense that
they can be used to create pressures
and temperatures

similar to those in the

Interior of planets. Target
(e.g. gold foil)

+
T Q
AN\N\P Ao e
+ + ¥
+

X-ray laser §

Time ty Time ty + T
create plasma investigate plasma
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European

XFEL| The scientific dream — slow motion

Rolecukar Beam

1. Laser flash

soers reactio -.-- :
ATRHIEES T EMCLAN] 2. Laser flash takes

instananeous “snapshots” _r
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European

XFEL

The End
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