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 Normal conducting photo-cathode gun
 CsTe-Cathode, 60 MV/m gradient
 Peak power ~ 6 MW, Average ~ 100 kW

(2700 bunches with 10 Hz)
 In operation at FLASH and PITZ
 New best values for emittance achieved 2011
 Ongoing R&D on the drive laser to enhance 

flexibility and stability
 ‘Laser Bouncer’ in developement

4Injector

Yb:Yag Laser with 
pulse stacker
UV pulses matched to 
XFEL bunch pattern
10 μJ per pulse
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XFEL – New Parameter Set

Baseline New Parameter Set

Electron Energy 17.5 GeV 10.5/14/17.5 GeV

Bunch charge 1 nC 0.02 - 1 nC 

Peak current 5 kA 5 kA

Slice emittance < 1.4 mm mrad 0.4 - 1.0 mm mrad

Slice energy spread 1.5 MeV 4 - 2 MeV

Shortest SASE wavelength 0.1 nm 0.05 nm
Pulse repetition rate 10 Hz 10 Hz 

Bunches per pulse 3000 2700

5
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6Injector

Level 7 of injector building

Injector schematic layout
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 Low remanence focusing quadrupoles produced
 Prototype of transverse deflecting structure produced, to 

be installed at PITZ
 3.9 GHz accelerator module (for bunch length control), 

design finished, prototype cavities in test

 Laser heater mechanical design matured, first components tendered

7Injector
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17.5 GeV Linac

100 accelerator 
modules

800 accelerating cavities
1.3 GHz / 23.6 MV/m

25 RF stations 
5.2 MW each

8

Pulse structure: 
 10 Hz rep. rate
 600 μs flat top
 800 μs filling time
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9Bunch Compression

R56=
60-120mm

σσ = 2 mm
Ipeak= 50 A
σΕ = 0 %
E = 130 MeV

σσ = 1 mm
Ipeak= 100 A
σΕ = 1.5 %
E = 130 MeV

σσ = 0.1 mm
Ipeak= 1 kA
σΕ = 1 %
E = 500 MeV

σσ = 0.02 mm
Ipeak= 5 kA
σΕ = 0.3 %
E = 2000 MeV

3 stage bunch compression for wide range of compression scenarios and minimized 
sensitivities to RF-regulation imperfections and electron beam driven instabilities
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 Fixed wide vacuum chamber for variable R56
 No moving vacuum parts in the vicinity of 

superconducting structure
 No wake from bellows
 Fast changes of R56 via beam energy

 First dipole magnets for the chicane produced
 Challenging field quality requirements will be 

achieved by individual pole shimming

10Bunch Compression Chicanes
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Calculation of BC Working Points: Criteria and Constraints

peak current

projected emittance

slice emittance

uncorrelated
energy spread

remaining chirp

µ-bunch stability

rf parameter sensitivity

arrival time stability
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Calculation of BC Working Points

total compression to stage n:

LINAC parameters (x):
amplitudes and phases

compressor parameters (p):
magnet strengths or R56

BC energies

compression factors

higher derivatives
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two stage compression:

working point parameters (y)

For a simplified model, inverse function can be calculated:

With: s = initial long. Position and
sn = long. position after stage n

( ),g=x y p
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higher derivatives of total compression are used to specify bunch shape 
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Example: XFEL – BC working point vs. rf Sensitivity

1200 =S 1.0<Δ
C
C 00083.0

120
1.0

0

0 ≈<Δ→
A
A

compression of BC0

co
m

pr
es

si
on

 o
f B

C
1

inv. tolerance of L0

 

 

2 3 4 5 6 7

2

3

4

5

6

7

8

9

10

120

140

160

180

200

220

240

Sensitivity  L0

compression of BC0
co

m
pr

es
si

on
 o

f B
C

1

rms inv. tolerance

 

 

2 3 4 5 6 7

2

3

4

5

6

7

8

9

10

120

140

160

180

200

220

240

RMS Sensitivity (rf system)

compression in BC0

co
m

pr
es

si
on

 in
 B

C
1

compression in BC0
co

m
pr

es
si

on
 in

 B
C

1



European XFEL Working Point Optimization and Status 

FEL 2012, Nara
Torsten Limberg, DESY

15
Micro-Bunching Instability Gain Curves
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Micro-Bunching Instability Gain
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17

L →0 “BC0” BC1 BC2L 0→1 L 1→2 L-main

130 MeV 500 MeV 2 GeV 17.5 GeV

three stage compression (E-XFEL)

BC energies: pre defined

compression factors: free, but total compression fixed (=100)

higher derivatives of total compression: pre defined

compression parameter: R56, from rf stability and micro-bunching gain optimization,
constraints from RF, BC, maximal ΔE

European XFEL Working Point for 1 nC, 5 kA,
Total Compression Factor: 100 
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1 130 MeVE =1,1M

Gun

1,3M

2M 3M 4M

LH

DL 1BC 2BC 3BC
2 700 MeVE = 3 2400 MeVE =

Full 3D simulation method (200 CPU, ~10 hours)

High Level Simulation

ASTRA (tracking with 3D SC) since 2011: ASTRA with wakes

CSRtrack (tracking with CSR, “projected” model)
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Iterative Process to find Working Point 

(use low level inverse function)

( )( )1 , ,nn ng f+ = − + xyx py p

( ), ,n nQf Q= x py

I.Zagorodnov, M.Dohlus: A Semi-Analytical Modeling of Multistage
Bunch Compression with Collective Effects, Phys. Rev.  STAB, 2011.
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20

European XFEL BC Exit: 1 nC, 5 kA,
Total Compression Factor: 100 
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21
Q = 20 pC
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Fast Model for longitudinal Phase Space
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 Further understanding of the physics high density electron bunches; 
comparison of detailed phase space measurements at FLASH with 
simulations

23FLASH Compression Studies
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24Stabilization

Gun ACC1 3rd ACC2 ACC3 ACC4 ACC7
~ ~

BAM BCM BCM
BAM

BAM

Laser

LLRF LLRF LLRF

A φ A φ

BC2 BC3
R56=180mm R56=43mm

R56=0.8mm FLASH 1

FLASH 2FLASH 3

LLF + BLC + MIMO + BBF at ACC1/ACC23
(act still on setpoint)

< 20fs rms arrival jitter

< 75fs pkpk

with adaptive SP correction

without adaptive SP correction

Beam Based Feedbacks for control of longitudinal parameters
 Measurements of beam arrival time (BAM) and bunch compression (BCM) 

feedback on RF parameters
 Concept implemented and tested at FLASH (intra-train arrival time and slow 5x5)
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Beam Diagnostics 25

Beam Position Monitor

Current Monitor Dark Current Monitor
(also very sensitive 
charge monitor)

Coherent Radiation Diagnostics
(peak current)

Beam Arrival Time Monitor
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Collimation & Beam Distribution

Collimation

Feedback

Distribution

Dump

Undulators

26

• Collimation system for beam halo 
cleaning and emergency beam stop

• Transvers Intra-Bunch Feedback

• Flexible beam distribution system for 
quasi-simultaneous operation of two 
primary electron beam lines
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 Downstream equipment protection: 
survival of direct hit of up to 100 
bunches

 Collimation of up to 12 kW average 
power in beam halo (over short 
time)

 50 cm long collimator blocks with 
different radii (2mm smallest)

27Collimation
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28Beam Distribution
 Development of ultra-stable flat-top pulser
 Pre-Series production 2012

 Design of vacuum system

Stabiltity measurements at FLASH

 Design of septum magnet
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Beam Distribution Shaft – XS1 29
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Beam Distribution Shaft – XS1 30
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31Simultaneous operation of many instruments

 Within the bunchtrain
 2 e--beamlines
 5(+) undulators
 15(+) instruments

 

e-  

e-  

SQS SCS

SPB FXE

MID HED

Boxes only placeholders !Sophisticated electron bunch distribution
 27.000 bunches/sec to 5 beamlines
 in average 10-20 Hz and ~500 pulses/train
 using kicking methods to make bunches lase only in dedicated undulator 

On trajectory  lases
Off trajectory  only SR
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Electron bunch distribution to 2 BL / 5 undulators

 e-beam distribution to 2 beamlines
 Slots for feedback & switching
 Equal splitting on both e--BL 

 Equal splitting on 3 undulators

 Equal splitting on 5 und. (future)

 Asymetric splitting

 Specific electron bunch properties

32

SASE 2 SASE 1 SASE 3

SASE 2 SASE 1 & 3

SASE 2 SASE 1 SASE 3SASE 4 SASE 5

SASE 2 SASE 1 SASE 3

SASE 2 SASE 1 SASE 3
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33Pulse Distribution
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34Energy Variation – Within Pulse

E0

E0+1.5%

E0-1.5%
280 μs
1350 bunches
SASE1, SASE3

280 μs
1350 bunches
SASE2, UN1, UN2

E0

E0+1.5%

E0-1.5%
300 μs
1350 bunches
SASE1, SASE3

300 μs
1350 bunches
SASE2, UN1, UN2

20 μs

20 μs

ΔE/E = + 10-4 / μs
- 10-3 / μs

ΔE/Emax = 3 %
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Multiple – gradient/phase operation
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 Preparation of software for FLASH 1 & 2 & 3 operation!

FLASH 1 FLASH 2 FLASH 3

 Used gradient steps -2% and + 3% with 40us transient time
 Set-up time < 10 sec
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36

Pre-series arrived &measured, series ordered (total 35+35+22)

European XFEL – Undulators
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injector dumps
130 MeV
Pave= 12 kW 
max. beam power

Beam Dumps

main beam dumps
up to 25 GeV
Pave= 300 kW 
1/2 max beam power

bunch compressor diagnostic dumps
0.5 and 2.5 GeV
small fraction of max. beam power

37

Production readiness reviews for all beam dumps finished
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Schedule

 Construction, infrastructure planning and ramp up of accelerator 
component fabrication on track

 Working hard to finish installation in time for
 start of injector commissioning mid 2014
 start of linac commissioning mid 2015
 observe first SASE by end of 2015

38

Civil Construction
XTL
Halls XHEE, XHE1

LINAC Fabrication
Cavity Production
String Assembly
Module Assembly

XTL Installation & Commissioning
Infrastructure
Machine
final installation & cool down

first bem in Injector
first beam in LINAC
ready for SASE

2012 2013 2014 2015

Overview XFEL Accelerator Schedule 17.5 GeV
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39

Status of Civil Construction, 
Andreas S. Schwarz, European XFEL

Thank you for your attention!
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 cryo-losses:

 rf system:

 dump:

40Repetition Rate Variation Limits

௟ܲ௢௦௦ ൎ ܰ௠௢ௗ௨௟௘௦ሺ ௦ܲ௧௔௧௜௖ ൅ ܿ	 ௥݂௘௣ ௧ܶ௢௧௔௟ ௔ܸ௖௖ଶሻ ൏ 2	kW	for	all,	൏ 30	W	single	module
௞ܲ௟௬,௣௘௔௞ ൎ ௕ܰ௨௡௖௛௘௦ܥ௕௨௡௖௛௣ܶ௨௟௦௘ ௔ܸ௖௖#௠௢ௗ௨௟௘௦	 ௥݂௘௚ ൏ 10	MW
௞ܲ௟௬,௔௩௘ ൎ ௞ܲ௟௬,௣௘௔௞ ௥݂௘௣ ௧ܶ௢௧௔௟ ൏ 150	kW
௕ܲ௘௔௠ ൌ ௥݂௘௣ ௕ܰ௨௡௖௛௘௦ܥ௕௨௡௖௛ܧ௕௘௔௠ ൏ 300	kW
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41Repetition rate variations

௞ܲ௟௬,௣௘௔௞ ൎ ௕ܰ௨௡௖௛௘௦ܥ௕௨௡௖௛௣ܶ௨௟௦௘ ௔ܸ௖௖#௠௢ௗ௨௟௘௦	 ௥݂௘௚ ൏ ܹܯ	8
௞ܲ௟௬,௔௩௘ ൎ ௞ܲ௟௬,௣௘௔௞ ௥݂௘௣ ௧ܶ௢௧௔௟ ൏ 150	ܹ݇

Gun limit
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 From dump 

 From Cryo-plant 

 From new IOT (inductive output tube) based RF system

42CW or Near CW Operation

௕ܲ௘௔௠ ൌ ௥݂௘௣ ௕ܰ௨௡௖௛௘௦ܥ௕௨௡௖௛ܧ௕௘௔௠ ൏ 300	kW
௟ܲ௢௦௦ ൎ #௠௢ௗ௨௟௘௦ሺ ௦ܲ௧௔௧௜௖ ൅ ܿ	 ௥݂௘௣ ௧ܶ௢௧௔௟ ௔ܸ௖௖ଶሻ ൏ 2	ܹ݇
௞ܲ௟௬ ൎ ௕ܰ௨௡௖௛௘௦ܥ௕௨௡௖௛௧ܶ௢௧௔௟ ௔ܸ௖௖#௠௢ௗ௨௟௘௦	 ௥݂௘௚ ൏ 120	ܹ݇
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Beam Diagnostics: Screens and Wires
Beam Size Measurements
 ~ 50 Screens 
 12 Wire scanners

43

 2nd design iteration for wire scanners
 Issue with Coherent OTR from compressed bunches:
 gated camera
 spatial separation 

 Screen material tests at MAMI performed

Ti fork/bellow unit with 
3 wires for fast scan
2 diagonal wires

OTR/Wire Scanner prototype
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