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The European X-ray free-electron laser
European XFEL
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XFEL = X-ray free-electron laser

3.4 km long research facility in the Metropolitan Region of Hamburg,
Germany

European XFEL GmbH (non-profit organization with shareholders)
Construction started in 2009, start of commissioning is planned for 2014

Construction costs (incl. commissioning): 1082 million Euro
11 international partners incl. Germany 54 % and Russia 23 %

Later research campus in Schenefeld (Schleswig-Holstein)
Close cooperation with DESY

Dr. Frank Poppe, European XFEL GmbH
14 September 2010, IWAA 2010
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ﬁ HELMHOLTZ
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DESY and the European XFEL

DESY...

...developed initial plans for the
European XFEL

...initiated the plan approval procedure

...Is the awarding authority for civil and
underground engineering work

...Is constructing the superconducting
accelerator (accelerator consortium)

...Is the main shareholder (>50%)

...operates FLASH (Free-electron
LASer in Hamburg) since 2005

Dr. Frank Poppe, European XFEL GmbH
14 September 2010, IWAA 2010



Vorführender
Präsentationsnotizen
Connection between DESY and European XFEL

Further light sources: DORIS and PETRA III
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The European XFEL GmbH

Foundation of a non-profit limited liability
company under German law (30 November
2009)

Organs:

= Council (shareholders’ assembly)

= Management Board

Scientific Advisory Committee (SAC)
Machine Advisory Committee (MAC)
= |n-kind Review Committee (IKRC)

8 shareholders at present :

= DASTI (Denmark)

= DESY (Germany)

= NKTH (Hungary)

= |PJ (Poland)

= RUSNANO (Russia)

= Slovak Republic/Ministry of Education
(Slovakia)

= Swedish Research Council (Sweden)

= Swiss Confederation/ Staatssekretariat fur
Bildung und Forschung (Switzerland)

Signing convention Nov. 2009

Dr. Frank Poppe, European XFEL GmbH
14 September 2010, IWAA 2010
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Photo 1: On 05 June 2007 German Federal Minister for Education and Research Dr. Annette Schavan officially launched the European X-ray laser facility XFEL

Photo 2: Representatives of 10 partner countries signed the international European XFEL convention in the Hamburg town hall on 30 November 2009
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XFEL | Basic research using X-ray flashes

Map the atomic details
of viruses

Decipher the molecular
composition of cells

Take three-dimensional
images of the nanoworld

Film chemical reactions

Study processes such as
those occurring deep
inside planets

=» Tiny structures, ultrafast
processes, extreme states

.ﬁ

Dr. Frank Poppe, European XFEL GmbH
14 September 2010, IWAA 2010
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XFEL | Properties of X-ray flashes

Flashes per second:

Vlecular beam 2 7 O O O
X \ ‘

Wavelengths:
0.1 to 6 nm

1. Laser flash triggers reaction

Duration:
< 100 femtoseconds

Peak brilliance:
5x1033 photons/s
/mm?2/mrad?/0.1%
bandwidth

Coherence:
yes

Dr. Frank Poppe, European XFEL GmbH
14 September 2010, IWAA 2010
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XFEL | Beamline layout & experiment stations

The European XFEL Project: An Introduction

S clcctron tunnel € electron switch
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linear accelerator SASE 2 SASE 1 SASE 3 experiment
for electrons (17.5 GeV) 0.1 nm = 0.4 nm 0.1 nm 0.4 nm = 1.6 nm stations

Dr. Frank Poppe, European XFEL GmbH
14 September 2010, IWAA 2010
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3 beamlines fully equipped with two experiments each

Undulators force electron bunches to emit X-ray flashes (SASE)
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XFEL ] The facility in overview

Dr. Frank Poppe, European XFEL GmbH
14 September 2010, IWAA 2010
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XFEL ] The facility in overview
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Schenefeld (15 hectares)
» Research with X-ray flashes

Dr. Frank Poppe, European XFEL GmbH
14 September 2010, IWAA 2010

Osdorfer Born (1.5 hectares)
= beginning of the tunnel fan
DESY-Bahrenfeld (2 hectares)
4 = the beginning
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DESY-Bahrenfeld: injector, start of the electrons

Electron accelerator (TBM under residental area!)

Osdorfer Born: tunnel distribution building (close to residental area), beginning of the tunnel fan and photon tunnels

Photos tunnels: generation of X-ray flashes

Schenefeld: research campus, experimental hall
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Dr. Frank Poppe, European XFEL GmbH
14 September 2010, IWAA 2010
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Longitudinal section


Dr. Frank Poppe, European XFEL GmbH
14 September 2010, IWAA 2010
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Start of the construction on site DESY-Bahrenfeld in December 2008

Diaphragm walls with bentonite to prevent soil walls to collapse

Concrete diaphragm walls with reinforcemets

Excavation of soil, underground water prevent concrete walls to collapse

Underwater concrete bottom

Pumping out water
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DESY-Bahrenfeld — Injector complex building pit

17 May 2010

o2

Dr. Frank Poppe, European XFEL GmbH
14 September 2010, IWAA 2010
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Diaphragm walls injector complex with concrete bottom

Empty building pit

Underground building
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XFEL|] Construction site DESY-Bahrenfeld

Dr. Frank Poppe, European XFEL GmbH
14 September 2010, IWAA 2010
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Aerial view with construction site DESY-Bahrenfeld in the forground

DESY site with PETRA III and FLASH

AER19 (European XFEL headquarters, offices) in the background
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Site DESY-Bahrenfeld — 2014

Dr. Frank Poppe, European XFEL GmbH
14 September 2010, IWAA 2010
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Präsentationsnotizen
Same picture in 2014 with the European XFEL site DESY-Bahrenfeld in the foreground


Modulator hall

Area: 46 x 41 m
Height: 10 m

Main entrance bulding

Area: 27 x 24 m
Height: 13 m

e - 88 | Depth: 38 m

Injector entrance
building

Area: 28 x 16 m
Height: 11m
Depth: 32 m

=>» Injector complex

Length: 95 m

Depth: 38 and 32 m
Architectural example

Dr. Frank Poppe, European XFEL GmbH
14 September 2010, IWAA 2010
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Montage of the injector complex

2 injectors

7 underground floors

Beginning of the accelerator tunnel (linac), superconducting accelerator technology, energy 17.5 billion electron volts
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Construction sites Osdorfer Born & Schenefeld

17 June 2009

Dr. Frank Poppe, European XFEL GmbH
14 September 2010, IWAA 2010
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Aerial view from Osdorfer Born to Schenefeld
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XFEL | Construction site Osdorfer Born

09 September 2009

Dr. Frank Poppe, European XFEL GmbH
14 September 2010, IWAA 2010
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Aerial view construction site Osdorfer Born

Very close to neighbours (25-30 m from site fence)

Construction of diaphragm walls with enclosed separation plant
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XFEL | Site Osdorfer Born — 2014

Dr. Frank Poppe, European XFEL GmbH
14 September 2010, IWAA 2010
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Tunnel distribution building Osdorfer Born in 2014
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XFEL|] Tunnel distribution Osdorfer Born — 2014

Tunnel distribution
building

Area: 49 x 21 m
Height: 9 and 12 m
Depth: 19 and 27 m

~ Architectural example

Dr. Frank Poppe, European XFEL GmbH
14 September 2010, IWAA 2010
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Montage of the building

Linac arrives on the right

Two photon tunnels with undulators in direction to Schenefeld on the left
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XFEL] Construction site Schenefeld

09 September 2009

Dr. Frank Poppe, European XFEL GmbH
14 September 2010, IWAA 2010
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Aerial view of the construction site Schenefeld

Experimental hall in the foreground
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XFEL | Research campus Schenefeld — 2014

—————— _N®lyy

Dr. Frank Poppe, European XFEL GmbH
14 September 2010, IWAA 2010
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Visualisation of the research campus in Schenefeld in 2014

Main bulding and supply halls in the foreground
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XFEL | Main building Schenefeld — 2014

Offices,
laboratories,
library, seminar
rooms etc.

From 2014/2015:
scientific operation

with 300-350
= persons
XFEL|
Above the
underground

experimental hall

=

rchitectural example

Dr. Frank Poppe, European XFEL GmbH
14 September 2010, IWAA 2010



Main building

Height: 12 m
U-shape, 3 floors

Experimental hall
with connection to 5
tunnels for X-ray flashes

Area: 90 x 50 m
Depth: 14 m

Architectural example ~— =

Dr. Frank Poppe, European XFEL GmbH
14 September 2010, IWAA 2010
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Montage of underground experimental hall and main building on top

One open tunnel with beamlines for X-ray flashes
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XFEL ] Construction site webcams 24 August 2010

& N ooV Bahrenfeld

-

Dr. Frank Poppe, European XFEL GmbH
14 September 2010, IWAA 2010
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XFEL|] Tunnel construction

Schenefeld => Osdorfer Born
Osdorfer Born = DESY-Bahrenfeld (Linac, arrival TBM in June 2011)
JFan® with 5 tunnels under Schenefeld area

5777 m of tunnels in total, depths: 6 m — 38 m

2 tunnel boring machines:
= TBM 1 (6,17 m outer G - 5,30 m tunnel inner &)
= TBM 2 (5,48 m outer & - 4,60 m tunnel inner &)

Dr. Frank Poppe, European XFEL GmbH
14 September 2010, IWAA 2010
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July 2010
Starting excavation

May 2010
Arrival of TBM 1
at construction
site Schenefeld

Fall 2010
Arrival of TEM 2 at
site Schenefeld

A=XTDS..544 m
B -XTD10.220m
C - XTD4_.300m
D—XTD&..361m

E - XTD7?..
F-XTDS..
G- XTD3..
H-XTD6...

The European XFEL Project: An Introduction

Tunnel construction progress

of tunnel sections
bebtween Schenefeld
and Osdorfer Bom
{(XDT1, XTD2)

' ... 2011 -

141 m
200 m
267 m
6860 m

Beginning of 2011
Starting excavation
of main tunnel
between Osdorfer
Born and DESY-
Bahrenfeld (XTL)

Beginning of 2011
Starting excavation
(ATDD, XTOHO, XTD4, ...

] F@" l;;lEl_:___
o i o
[EP FI_._ ;,;-5.:.".'_'.1?'-':5"-"’.-;-'::' fff
= g——
dHI" 2

Summer 2011
Arrival at DESY-Bahrenfeld, disassembly

{3} t =% 1 _ XTD1..480m

Sequence of excavations (TBM 1) 2 - XTD2..594m

Boring direction === 3 — XTL...2010m

TBM 1
2012
Summer 2012 TBM 2
Arrival at final shaft, disassembly
- n =

Sequence of excavations (TBM 2)
Boring direction ===

Dr. Frank Poppe, European XFEL GmbH

14 September 2010, IWAA 2010
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2 TBMs

TBM 1 started in July 2010: 2 tunnel sections between Schenefeld and Osdorfer Born and main tunnel to DESY-Bahrenfeld

TBM 2 starts in beginning of 2011: photon tunnels in Schenefeld, arrival at DESY in Summer 2012
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TBM S-544 — Technical approval in factory

n | Enlightening Science
L | Licht der Zukunft

Dr. Frank Poppe, European XFEL GmbH
14 September 2010, IWAA 2010



Vorführender
Präsentationsnotizen
Technical approval of first TBM at factory of Herrenknecht in Schwanau

Cutting wheel

Breaking up bigger stones


T

European

The European XFEL Project: An Introduction

XFEL

TBM S-544 — Arrival at Hamburg port

29 March 2010

Dr. Frank Poppe, European XFEL GmbH
14 September 2010, IWAA 2010
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Transport to Hamburg with a ship
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XFEL| TBM S-544 — Transport to Schenefeld

19 May 2010

Dr. Frank Poppe, European XFEL GmbH
14 September 2010, IWAA 2010



Vorführender
Präsentationsnotizen
Transport through the city in the night
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XFEL|] TBM S-544 - Installation in start shaft
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26 May 2010

Dr. Frank Poppe, European XFEL GmbH
14 September 2010, IWAA 2010
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XFEL]., TULA“ — Christening ceremony

Dr. Frank Poppe, European XFEL GmbH
14 September 2010, IWAA 2010
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Christening ceremony of the first TBM at the start shaft in Schenefeld

Godmothers of the tunnel and the machine
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XFEL|],, TULA” in action after 100 m

i
View to the end of the tunnel boring machine on 27 July 2010

Dr. Frank Poppe, European XFEL GmbH
14 September 2010, IWAA 2010
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Tunnel train for supplying the tunnel wall segments
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XFEL ] 1st through-cut of ,TULA”
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03 September 2010

Dr. Frank Poppe, European XFEL GmbH
14 September 2010, IWAA 2010
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First milestone of TULA

Arrival in Osdorfer Born

Two godmothers and the tunnel construction workers (Hamburg’s State Minister for science Dr. Herlind Gundelach)
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XFEL | www.xfel.eu

Home

verview - —
esearc h UNNEL BORING PROGRESS
rganization

onstruction Project

08 September 2010 Mews

ews Foland joins the company | More

08 September 2010 | Announcement
Job offer: (Postelnctoral) scientist for

t time-resolved Xeray scattering (fm) | Mare

06 Saptember 2010)] Mews
Second tunnel boring machine inspected at
the manufacturer's | Mare

J o b Offe rs 03 Septermber 2010 News
TULA reaches first milestone | More

27 puagist 2010 Construction news

Media database Rl .

27 pugust 2010 Announcement
= Job offer: (Postdoctoral) scientist in gas

Construction sites webcams i s
30 iy 2010 | Announcement
Job offer: Three detector scientists (fm) | Mm’ﬂ’*
Mare

=
German/ Eng lish
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Cross of Mert | More
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(fim) | More

European
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Participating countries

Dr. Frank Poppe, European XFEL GmbH
14 September 2010, IWAA 2010
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Have a good construction site
visitation in Schenefeld!

Dr. Frank Poppe, European XFEL GmbH
14 September 2010, IWAA 2010
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