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Light of the future
DESY is the main shareholder of
the next generation X-ray laser

| RESEARCH | NEWS | ABOUT DESY | CAREER | CONTACT

World's largest )
generates first laser light

N
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17/05/04 - Press-Release

Biggest X-ray laser in the world generates its
first laser light

In the metropolitan region of Hamburg, the
European XFEL, the biggest X-ray laserin the
world, has reached the last major milestone before
the official opening in September. The 3.4 km long
facility,...

The super X-ray laser
: More about the European XFEL
in DESY's research magazine!
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1 ] Commissioning and First Lasing of the European XFEL

European

XFEL | One Kilometer of Cold Linac
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1 ] Commissioning and First Lasing of the European XFEL

European
XFpEL With almost 800 Superconducting Cavities
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Commissioning and First Lasing of the European XFEL

euwropean | 1€ EUuropean XFEL
XFEL ] Built by Research Institutes from 12 European Nations

3.4km

—

Some specifications o R N e cpeon xrey lasor profoct FEL
Photon energy 03 _ 24 keV bera aisty Planning status October, 2003
Pulse duration ~ 10 - 100 fs
Pulse energy few mJ
Superconducting linac 17.5 GeV \ | .
10 Hz (27 000 b/s) AN

5 beam lines / 10 instruments N
= Start version with 3 beam lines : =y
e A
k‘@@ gMuu | S <=

wewws  XFEL site *50 m l
===+ Options for expansion ]

Ee tsches
Elektrohen-Synchrotron
gt

and 6 instruments
Several extensions possible:

= More undulators n
= More instruments SASE?2 =

: Q
- e (= SASE1) ___— W =
[ 'q:J
' b =
. 17.5GeV  SASE1, A= 40 mm \ —me | W

0.2 -0.05 nm SASE3, A,= 68 mm
1.7-0.4 nm
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1 ] Commissioning and First Lasing of the European XFEL

European

XFEL | European XFEL Layout

Injector at

Experiment Hall  MEame MENESRIIISE DESY campus
in Schenefeld ~ o

Llnear Accelerator
1 9 km 17 5 GeV
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1 ] Commissioning and First Lasing of the European XFEL

Accelerator Complex

European
XFEL | with Challenging Parameter Set
electron beam energy 8/12.5/14/17.5 GeV
macro pulse repetition rate 10 Hz
RF pulse length (flat top) 600 us
# of bunches/second 27,000
bunch charge 0.02-1nC
electron bunch length after compression (FWHM) 2-180fs
normalized slice emittance’ 0.4 -1.0 mm mrad
beam power 500 kW
simultaneously operated SASE undulators 3
doi 20 - 2‘;;2_; : 500 * normalized emittance: &, = Y& = y\/(x2)<p2 ) + (xpx )2
Colmaten 3 .%h""““-”’*».-.«. = 3500
Beam distribution\§ i ‘.
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1 ] Commissioning and First Lasing of the European XFEL

European

XFEL | State of the Art 3 Stage Bunch Compression

3 stage bunch compression: flexible and less sensitive to noise from RF system

4 accelerator modules 12 accelerator modules
34 harm. ’;u}.L- -’-? ) | | ; : ..| } -
36 . . . .
module ; 6160_720 R 6d|agnost!cs R56_30_100mm diagnostics
° 56= -
i I P ”.’l dOgIeg h"’) I60_1 ng/m// . OTRB 224.B1

R56 = 40 mm bunch
compression g

chicane i
o, =2mm o, =1mm o, =0.1mm
lpeak= 50 A lheak= 100 A lheak= 1 KA
op =0% op =1.5% op =1%

E =130 MeV E =130 MeV E =600 MeV

-

harmonic system bunch compressor beam diagnostics
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1 ] Commissioning and First Lasing of the European XFEL

X-ray Beamlines for Different Wavelengths

European

XFEL | with Different Time Structures

(s clectron tunnel € electron switch

0 photon tunnel ® electron bend HIIE[I))
I undulator 1 electron dump
N
SASE 2 —
3 — 24 keV ]
“\\\\\\\\\\\\\\" e
ll_chu|||||||||||||||—o§ FXE
LINAC SASE 1 "”"lu,,:. I .
17.5/14/10.5 GeV 3-24 keV SASE 3 — oS
05 m j:: 0.26 — 3 keV
i 2 hard x-ray undulators
vl 11 and beam transport with ~ sise2 =] e e
B I 4 instruments =
| Iif Ii p | > 1 soft x-ray undulator Loz {
and beam transport with o
4 > 2 instruments e 1
all undulators planar and ~ sases —] [ses ses
D, L all undulators p [
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Commissioning and First Lasing of the European XFEL

European

XFEL

The Suite of Instruments

Femtosecond w\K o 57
SASE 2 X-ray
Experiments ﬂ\‘f’
High Energy
Density Science
Materials Imaging &
SASE 1 Dynamics
Small Quantum {0
Systems - |
SASE 3 y 2o
Spectroscopy &
Coherent Scattering
More about experiments: http://www.xfel.eu
FEL 2017 Conference —
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1 ] Commissioning and First Lasing of the European XFEL

European

XFEL | First Proposals are using FXE Experiment

FXE will serve for

European

XFEL ENLIGHTENING SCIENCE Chemical dynamics

Photovoltaic

| applications
SCIENTIFIC INSTRUMENT FXE | Photosynthesis

Possibilities

The FXE instrument will enable ultrafast pump—probe Ees

experiments on ultrafast timescales—below 100 e Cata'YtIC prOCGSSGS

Beamlines
femtoseconds—for a broad scientific user community.

Instruments H H
— Material physics
The instrument comprises two independent secondary X-ray emission =
spectrometers next to a 1-Mpx detector for scattering studies. Its main research ﬁ
is devoted to dynamic studies of chemical and biochemical reactions in liquids s0s

2]
(5]

next to different solid-state applications. With a powerful laser as pump source, it C:

will permit studies with femtosecond time resolution exploiting different EXE U ItrafaSt p um p-p ro be
observables via a suite of hard X-ray tools (which may be further expanded over m on <1 OOfs ti me sca I e

time): Technical Design
Group Members
Workshops and

A

B Y-ray diffraction (XRD)

B X-ray diffuse scattering (XDS), or wide-angle X-ray scattering (WAXS) Megtings
B -ray emission spectroscopies (XESY. non-resonant, or resonant inelastic Links Start In 201 7
X-ray scattering (RIXS) Theory group

Data handling

B -ray absorption spectroscopies: X-ray absorption near-edge structure
(XANES), or extended X-ray absorption fine structure (EXAFS)
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I Commissioning and First Lasing of the European XFEL courtesy of XFEL.EU

European

XFEL ] SASE1 - Femtosecond X-ray Experiment (FXE)
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1 ] Commissioning and First Lasing of the European XFEL

European
XFEL Project History

2000: First lasing at 109 nm at the Tesla Test Facility (TTF), now FLASH
2001: TESLA Linear Collider TDR with XFEL appendix

2002: TESLA TDR supplement with stand-alone XFEL

2006: European XFEL TDR

2009: Foundation of the European XFEL GmbH — | IRT 1M =21 1
XFEL | e o FE T

Start of underground construction

2010: Formation of the Accelerator Consortium

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
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Commissioning and First Lasing of the European XFEL

European

XFEL Injector in Operatlon 2015 / 2016

Dlagnostlc Section d
Transverse Deflectlng Str

Photoinjector conditioned and characterized at PITZ, DESY-Zeuthen
Injector cool-down 12 /2015
First Beam on Dec 18t 2015 - commissioning till Q2/2016

Full bunch train length (27,000 bunches/s) reached for 20pC - 1000pC
bunch charges

Photocathode laser with excellent up-time
(Yb:YAG laser from Max-Born Institute Berlin; 257 nm <4 uJ; 3 ps)

3.9 GHz system operational from day 2
Laser heater commissioned
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1 ] Commissioning and First Lasing of the European XFEL

European

XFEL ] View along L3 accelerator section
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1 ] Commissioning and First Lasing of the European XFEL

European

XFEL | Accelerator Overview

Injector L1 L2 L3
1.3 GHz module 4 modules 12 modules 80 modules
= 150 MeV (1 RF station) (3 RF stations) (20 RF stations)
3.9 GHz 3 harm.
= 25 MeV
T v T8 aCIR S ]/_\As- o[ A5 2001w
odule A3 | A4 | A5
DA ' \
0.24 kW 5 kw
9 kw . 300 kw \
n.c.Gun LH, Dogleg, BCO BC1 BC2 Collimation
300 kw
1.3 GHz
6 MeV 130 MeV 600 MeV 2.4 GeV 6to 17.5 GeV
| | | | | | | | |
o ) % > %, % % %, %
Y %, 2 2 %, °, o, °, 9,

s.c. linac with 97 1.3 GHz superconducting modules + 1 third harmonic module
design gradient: 23.6 MV/m; pulsed with 1.4ms pulse length; 600 ps flat top

4 modules / 32 s.c. cavities are connected to one 10 MW klystron (“RF station”)
12 modules form a cryogenic string

Down to app. 50m behind the last module the complete beam vacuum is “particle
free”
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Commissioning and First Lasing of the European XFEL

European

XFEL

All Accelerator Modules Installed

| Injector | Dogleg
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Commissioning and First Lasing of the European XFEL

European

XFEL | XFEL Module Performance

Module performance

""" i Nm PR f*(f'% | e

w
o

improvement with
time

Tunnel installation
used sorting of

modules based on
AMTF performance

[
o

XFEL Spec
20l 23.6 MV/m 1

Average cavity gradient (MVV/m)

—_
o

10

NFFN(')VLOLDV\COCDDV—NK')V NONONOTNNTVONONOTNNTNONONOTNMNTOVONDNO=NMTVONDNOTNMFNONDNOTNMFNONONOTNMIFNONDNOTNMTNONONO
1SSSSSSSSSrrrrrrrrrr NONONN NNNNNNmmmmmmmmmmvvvvvvvvvvmmmmmmmmmmwwowwmowwwhhhnNnnhhhmmwwmmmwwmmmmmmmmmmmo
§§><><><><><><><><><2 pp SS55553 SS333555S5S <
XX ><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><)< aS Scavenger

vertical test (clipped at 31 MV/m) module

Remark - Average m

Clipping at 31 MV/m is done due 815 28.3 MV/m

to max. available RF power; limit
given by waveguide distribution. CM 815 27.5 MV/m 4.8
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Energy (GeV)

European

XFEL ] Energy Reach of European XFEL Modules

Commissioning and First Lasing of the European XFEL

20f:

o
T

1 7.5GeV

14 GeV achieved (22 June 2017 00:30)

— e e ] e G e )

ﬂ“'lrmf'l:'lllll'! I:MV)

maximum energy reach

after tunnel installation and
according to accelerator module test

Installed (GeV) Module (GeV)
CS1 1. 1.05
CSs2 3.89 4.06
CS3 6.29 6.72
Cs4 8.91 9.49
CS5 11.38 12.09
CS6 13.92 14.76
Cs7 16.63 17.62
Cs8 19.42 20.44
CS9 21.09 22.23

A2 A3 A4 AD A6 AT AB A9 A10 A11 A12 A13 Al4

A15 A16 A1T A18 A19 AZ20 AZ1 AZ2 AZ3 A24 AZ5

1 CS2 CS3 Cs4 CS5

CS6 Cs7 CS8 CSs9

BC1 BC2

2.4 GeV

15.1 17.9 19.5

the maximum energy during
FEL operation needs to respect
the bunch compressor (BC)
working points
2.4 GeV nominal BC2 energy
leads to approx. 19.5 GeV

higher BC2 energy (e.g. 3.3 GeV)
allows for > 20 GeV

increased max. energy
assures higher availability

FEL 2017 Conference
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1 ] Commissioning and First Lasing of the European XFEL

European
XFpEL Linac performance (as of summer 2017)

Expected average accelerating gradient is ~26 MV/m
- after AMTF module test,

- module waveguide tailoring,
- ignoring bunch compressor set-points.
e Tunnel waveguide distribution and calibrations under investigation
gmi iy : _: —|__ :__--5] I _1 o 5--_;__L'___:'- :___ : _
U 150 ot Sl ' ot LD - TH
3] | A1
RF stations parallel to lasing operation.
More cavities than in AMTF test needed short Multipacting processing.
RF conditioning was not easily possible
Preliminary:

Some gradient reduction observed

Operation of RF stations “off beam” allows commissioning/investigation of single
So far 4 couplers were disconnected due to temperature rise at warm window;
Average Q-value is >101° estimated from the dynamic cryo losses at 12-14 GeV
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1 ] Commissioning and First Lasing of the European XFEL

European

XFEL | Overview of XFEL Cryogenic Equipment

Cryo plant with cold compressors and
extended distribution system

Cooling capacity:

2K :>1.9 KW

5/8K 4 kW

40/80K : 24 kW
Linac is one 1.5 km long cryo-string
Required 2K pressure stability 2% peak

FEL 2017 Conference ,:Ei P HELMHoLTZ
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1 ] Commissioning and First Lasing of the European XFEL

European

XFEL|] L3 RF Stations on the Status Pannel

= L3/CL/TLD

Operation Mode: TLD Beam Mode: Short Personal Interlock: XTL Beam Permission

Magnets Permission In Operatlon

LINAC Mode: @® -~ .

1@98 % 1@98 % 1@98 %
A6 A7 A8 || (A9 WAT0 A1) [A120A13) A14) [A15A16 0 A17)) fA18) A19)1 A20) [A21)1A22 11 A23 l?z:?!.?zs‘. 22 14096 MeV dlto- bUt Shlfted

. 1 — off beam

14116 MeV.Z->

1@99 %

00 O

00.

“‘ e || |
2100. z[znn

0. .
m]

All RF stations including CS8 are commissioned at moderate gradients.

Operation automized and handed over by experts; energy goal for 2017/2018 reached.
Detailed measurements will show the path towards higher beam energies.

The last two stations (CS9) require still longer tunnel access.

FEL 2017 Conference ,f? (7 weLmroOLTZ
Hans Weise, DESY (3 ASSOCIATION




Commissioning and First Lasing of the European XFEL

European

XFEL | LLRF Commissioning included...

Commissioning milestones

» [Initial checks (LLRF system ready for commissioning)
= Cold coupler conditioning (optional)

= Cavity Forward and Reflected RF signal integrity (cabling issues? signal saturation?)
» Frequency tuning (from parking position)

= Cavity Probe RF signal integrity (cabling issues? signal saturation?)

= Coupler tuning (target QL) L st s
= Power-based gradient calibration (coarse)

= Cavity phasing (using waveguide phase shifters)

» Closed-loop operation (feedback, learning feedforward)
= Beam-based gradient calibration (fine)

-
wwww

Ca
Ca
Ca
108} Cavity 4 |
Cavi
Ca
Ca
Ca

Reached goals by now
= Handed over to operations and controlled via FSM PO e wonoenSAe o
Example: beam induced transient during cavity phasing
* |nner loop RF stability <0.01 deg, < 0.01%
=  Preliminary measurements of beam energy jitter = 0.25 x 10+

L s L L
9500 10000 10500 11000 11500
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1 ] Commissioning and First Lasing of the European XFEL

European
XFEL | Beamline Commissioning Progress

System Overview

L3

At Eemen - eses L, Y -

g

480m  1430m 2100m 3100m —

13/01° 15/01 @ 130 MeV
* Beam permission on 13/01 19/01 @ 600 Mev

02/02 @ 600 MeV
22/02 @ 2.5 GeV

27/04 Beam spot before dump

peration Mode: SASE1/3,TLD = Beam Mode: : Short Cryo: Inj;

25/02 @ 2.5 GeV
19/03 @ 6 GeV
08/04 @ 12 GeV

27/04

* Beam permission on 26/04
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Commissioning and First Lasing of the European XFEL

European

XFEL

SASE Operation
SASE spot

First lasing (0.9 nm) reached on May on YAG screen

2nd/3rd. T

Commissioning of the photon beam
diagnostics and transport was next.

Beam based alignment in the SASA1
undulator section followed. And gave good
results.

First laser light at 2 A on May 24th.

On May 27th we reached an energy of up to oy !
1 mJd Ii.e. close to saturation. ;

600

GMD intensity
signal (calibrated)

Safety authorities handed out the ODerati:’”' —
permission for the SASE1 hutches on Ju
21st.

>
On June 23rd we lased at 1.5 A . SASE spot on

I FEL imager
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Commissioning and First Lasing of the European XFEL

European

%

XFEL | Laser light for FXE and SPB on June 23rd

STOPPED  Frame Rate 0.0

SPB Pop-in XTD9
DevicelD SPB_XT

STOPPED & v

D9_IMGPI/CAM/BEAMVIEW

Acquire|

SASE1 M3

FXE
Ry (pitch)
Ty SPB
Rx T
Rz Tx (moves into beam)

SASE1 M3 RY (pitch)

ppppppp

—
Setup Off
SA1_XTD9_MIRR/MOTOR/HMRY
Hi limit O 20.0 X
Position 2516 mimcod 58e+07
TargetPos 2.4 mm | K Move
StepDown | 0.002 mm 0.00: m A StepUp
W Lim
Warr Warning: After image storage, uncheck write flag! Lo limit O ~ cow tim g
. SASE1 M3 TX STOPPED
monitt Monol  Mono2 analyser monitor ~ FXE Setup Off
SA1_XTD9_MIRR/MOTOR/HMTX
Hi limit O 0 A
XT3 Position 0684  mimcoder 6289
Pop-i
Beam loss W e Beamloss Pul p-in Sh tter i 1025 i P
monitor s monitor XGM Pi k Attenuator Screen CRL2 monltor Targers 283 < i X
|:| D D |:| |:| StepDown | 0.01 mm 01 m X StepUp
| L D B B imt @ 20 3¢ cwim N

-@I

ccwiim 0

Ty, Rx, Rz (vertical)

Both SASE1 hutches (FXE and SPB) got first beam.

Photon beam diagnostics and transport operated form the DESY
accelerator control room.

Next steps / experiments controlled from experimental hall in
Schenefeld.
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Commissioning and First Lasing of the European XFEL

Courtesy XFEL.EU

European

XFEL] First Data

SPB/SFX Scientific Instrument

Fresnel diffraction from
coherent XFEL beam

XFEL beam:
Photon energy 8.3 keV,
Pulse energy 1 mJ

--| F". eﬁ- o

“» Sy, i w, B & 71"»'#* LR
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1 ] Commissioning and First Lasing of the European XFEL

Courtesy XFEL.EU

European

XFEL ]| User Operation European XFEL

1st Call for proposals (SASE1) 1/2017
63 proposals received March 20 / 2017
First lasing in SASE1 May 2 / 2017
First beam in hutches June 23 /2017
Commissioning SASE1 and instruments 5—-9/2017
Start of users operation FXE, SPB/SFX Sept. 14 / 2017

(7 weeks in 2017)
2nd call for proposals (SASE1) Late Summer 2017
Lasing SASE3 Late Summer 2017
Lasing SASE2 End 2017

Start users operation SASE2 and SASES3 Mid 2018
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