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European XFEL at a Glance
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Project History

1993: Start of TESLA technology development
2000: First lasing at 109 nm at the TESLA Test Facility (TTF), now FLASH

16 Years
Preparation
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Superconducting Technology

B Superconducting radiofrequency (SRF) accelerators are a
figurecheadof DESYO0Os engagement in they
operation of accelerators for science.

" The used TESLA technology was developed since the early 90ies.
FLASH is the first result of this R&D and can be seen as the prototype.

® The successful construction and commissioning of the European XFEL
was the result of excellent cooperation within the DESY coordinated
Accelerator Consortium consisting of 16 institutes.

" With the European XFEL the fully successful technology transfer to
industry reached an important point. Other worldwide projects
(LCLS-II, ESS, new SRF based FELs at e.g. SINAP, China)
are profiting greatly from DESY efforts.
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FLASH: the pioneering soft x-ray SASE FEL
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Project History

1993: Start of TESLA technology development
2000: First lasing at 109 nm at the TESLA Test Facility (TTF), now FLASH
2001: TESLA Linear Collider TDR with XFEL appendix
2006: European XFEL TDR

2009: Foundation of the European XFEL GmbH - I]5=I]=

European

Start of underground construction XFEL| i i 0 o D

2010: Formation of the Accelerator Consortium:
16 accelerator institutes under the coordination of DESY

16 Years
Preparation
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X-Ray FELs around the world 1 2009
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Project History

1993: Start of TESLA technology development
2000: First lasing at 109 nm at the TESLA Test Facility (TTF), now FLASH
2001: TESLA Linear Collider TDR with XFEL appendix
2006: European XFEL TDR

2009: Foundation of the European XFEL GmbH - I]5=l]=

European

Start of underground construction XFEL| i i 0 o D

2010: Formation of the Accelerator Consortium:
16 accelerator institutes under the coordination of DESY
2012: End of tunnel construction, start of underground installation

16 Years
Preparation
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X-Ray FELs around the world 17 2012




(1Y
N

European XFEL W. Decking, UK Accelerator Institutes Seminar Series, 25.11.2021 12

Project History

1993: Start of TESLA technology development
2000: First lasing at 109 nm at the TESLA Test Facility (TTF), now FLASH
2001: TESLA Linear Collider TDR with XFEL appendix
2006: European XFEL TDR

2009: Foundation of the European XFEL GmbH o I]5=l]=

European

Start of underground construction XFEL| i i 0 o D

2010: Formation of the Accelerator Consortium:

16 Years
Preparation

16 accelerator institutes under the coordination of DESY
2012: End of tunnel construction, start of underground installation
2016: Finish of accelerator installation, start of commissioning
2017: First lasing SASEL1, start of early user program
2018: First lasing SASE3 & SASE?2, parallel operation of all 3 FELs
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X-Ray FELs around the world 7 2018
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XFEL FACILITY ORGANIZATION SCIENCE NEWS AND EVENTS

News Events Press Office Media database In the news Flyers and brochures Corporate design Arts Projects
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€ Back 2018/11/21

UK now European XFEL shareholder

On Wednesday 21 November, UK Research and
Innovation (UKRI), an organization funded by the
United Kingdom’s Department for Business,
Energy and Industrial Strategy, officially became
a shareholder of European XFEL GmbH, the
company that builds and runs the world’s largest

X-ray laser in Schenefeld near Hamburg.

Back in March 2018, at the British Embassy in

Berlin, UK representatives signed the
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Superconducting Accelerators Offer Flexible Operation Parameters

Injector L1 L2 L3

E e "
gl (A3 [ A&l ) A5 1/\‘5145; poveo 1A2S] ] i
n.c.Gun Dogr:g, BCO BC1 BC2 CoIIimation?’u0 " . 4

2.4 GeV 6...17.5 GeV

electron beam energy 8/125/14/17.5 GeV
macro pulse repetition rate 10 Hz
RF pulse length (flat top) 600 ns
# of bunches/second 27,000
bunch charge 0.027 1 nC
electron bunch length after compression (FWHM) 21 180 fs
normalized slice emittance 0.4 mm mrad @ 0.25 nC
simultaneously operated SASE undulators 3
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Commissioning L I Tl First Lasiig SASE2 [V 13, B First Lasing SASE
AC h i evem ents :—:1: s:wm% % 5 10‘2;”002;;\"3981M9V : .',_ = 2018 @ 9 A |

May 2-3, 2017

Dec 12, 2015: 130 MeV Feb 2, 2017: 600 MeV
Mar 19 ,2016: Feb 22, 2017: 2.5 GeV
2700 bunches/RF pulse

Jan 15, 2017: 130 MeV July 12, 2018: 17.6 GeV
Jan 19, 2017: 600 MeV Nov 2, 2018:

2699 bunches/RF pulse

Feb 25, 2017: 2.5 GeV

May 2, 2018
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The European XFEL Accelerator (RF station)
One RF station comprises*:

B 1x 10 MW Kklystron

B 32x TESLA-type 1,3-GHz cavities housed in 4 cryomodules
B 32x motorized power couplers

B 32x motorized tuners

B 64x piezo (actuator actuator / sensor) 25 RF Stations
Bl 36x motorized phase shifters (1/ cav + 1/ cryomodule) - 25Klystrons

- 97 Cryomodules
B 100+ LLRF channels (probe, forward, reflected) - 776 1.3 GHz cavities

CM1 (8 cav.) CM2 (8 cav.) CM3 (8 cav.) CM4 (8cav.)
T o S -~ 7] KLYSTRON —

PS/Diagn. T 80m LLRF I RF LLRFE Il Vacuum

35m
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SRF LINAC operations 99 9%

95 -

Maintaining HA remains operations focus

90+ e
r 1 W Week
4 M User Run

" SRF linac maintains High Availability (RF)

I 16.3 GeV High Voltage (higher radiation)
operation not significantly worse

LINAC RF Availability (%)

85

" Weekly Routine Maintenance to check / reset
(mostly) LLRF state
B Calibration
B Phase alignment
B System issues etc

W BUT! HA doesndt come for
B8 Diligence!
M Big team effort oO0behind
B LinacOps meetings (ops review)

what you see

what 6s going on
the scenes
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EuXFEL - Injector
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3 Bunch Qpression Stages

130 MeV 700 MeV 2400 MeV 6-17.5 GeV
130 MeV FWHM ~ 4 ps FWHM ~ 1 ps FWHM ~ 22 fs FWHM ~ 22 fs /
FWHM ~ 17 ps ‘/ J v l
48 H 4x8 H 48 4x8 N 4x8 |- 4x8 H 4x8

AB A7 ... A24 A25

A3 A4 A5 BC2
Gun ¥ A1 AH1 LH

3 main dumps
300 kW each

I B W European XFEL
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Superconducting Accelerators Offer Flexible Operation Parameters

Injector L1 12 13 Long RF pulses

offer high
Z flexibility wrt.
1 Module (A3 TAal ) A5l ) A6 )--((IAd5) 300kW time structure
B A “ Lo /\:ﬁ » (already in pulsed
n.c.Gun Dogleg, BCO BC1 BC2 Collimation . 4 mode).
2.4 GeV 6...17.5 GeV
electron beam energy 8/12.5/14/17.5 GeV Parallel operation
"y of undulator lines.
macro pulse repetition rate 10 Hz
RF pulse length (flat top) 600 s %
# of bunches/second 27,000 L] e ' l
bunch charge 0.027 1 nC | m I i | '
electron bunch length after compression (FWHM) 27 180 fs ' l
normalized slice emittance 0.4 mm mrad @ 0.25 nC g
simultaneously operated SASE undulators 3 AT T

v
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Bunch Patterns and Beam Distribution SASE2 bunches }

4x8 H 4x8 H 4x8

4x8 H 4x8 |- 4x8 H 4x8

A3 Ad A5 BC2 AB A7 ... A24 A25
B1D B2D
Linac: Full bunch train Linacdump:Non-l asi ng Adudo bunch
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Usage of electron bunches in delivery weeks
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On average only about 15% of the available electrons are used for photon production

Has several reasons, have to tackle where possible
B Photon beam intensity safety limits

Bl Detector performance

B Sample delivery

B Set-up & alignment of experiments

mé
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SASE3 Undulator Section
with Climate Enclosure

DESY
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