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Beamline layout and experiment stations
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8 SASE1 vacuum system and controls were
successfully commissioned in early 2017
and are in operation since then

Photon beamlines

I B 0 European XFEL
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SASE1 photon beamline

M2 bendable
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SASE1 photon beamline
SASE1 Photon Beam Transport

Dr. Jan Grunert, X-ray Photon Diagnostics, European XFEL
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SASEL1 photon beamline XTD2, Attenuator, CRL

I B 0 European XFEL
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SASE1 photon beamline XTD2, Mirror M1

I B 0 European XFEL
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SASE1 photon beamline

Dr. Jan Grunert, X-ray Photon Diagnostics, European XFEL

XTD2, Mirror M2

I B 0 European XFEL
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SASE1 photon beamline

Dr. Jan Grunert, X-ray Photon Diagnostics, European XFEL

XTD9, Hirex

I B 0 European XFEL
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SASE1 photon beamline

Dr. Jan Grunert, X-ray Photon Diagnostics, European XFEL

XTD9, M3

I B 0 European XFEL
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SASE1 photon beamline

Dr. Jan Grinert, X-ray Photon Diagnostics, European XFEL

XTD9, 500 m pipes

I B 0 European XFEL
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SASE1 photon beamline

I B 0 European XFEL

Dr. Jan Grinert, X-ray Photon Diagnostics, European XFEL

XTD9, XGM
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SASE1 photon beamline

] | European XFEL

Dr. Jan Grinert, X-ray Photon Diagnostics, European XFEL

XTD9, CRL, Shutters,
Pop-in Monitors
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Beam transport SASEL1 - readiness

Installation of mirrors

Installation of mechanical bender system at M2
I BN 0 European XFEL

Harald Sinn, SAC meeting 23.3.2017

T
Flat mirror system M3

16



Beam transport SASEL1 - readiness Harald Sinn, SAC meeting 23.3.2017

Installation of mirrors

T
Flat mirror system M3

M2, M3 have to drive £30 mm for
adjustable offset

(collision with cooling system)

=>» no cooling on M2,3 initially
available

Installation of mechanical bender system at M2
I BN 0 European XFEL 35 mm

17
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Dr. Jan Grinert, X-ray Photon Diagnostics, European XFEL

Photon diagnostics: prepare, support & observe lasi ng

I B 0 European XFEL

18



Photon Beamlines Commissioning Dr. Jan Grunert, X-ray Photon Diagnostics, European XFEL

SASE1 photon diagnostics — XTD2

W all SASE1 diagnostics systems (XTD2 and XTD9) commissioned

I B 0 European XFEL
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SASE1 photon diagnostics — XTD9

W all SASE1 diagnostics systems (XTD2 and XTD9) commissioned

grating
chamber S8
1= i

o A

HIREX diagnostic
spectrometer system

XGM@XTD9 HIREX crystal chamber

I B 0 European XFEL
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Commissioning with X-rays

I B 0 European XFEL

Dr. Jan Grinert, X-ray Photon Diagnostics, European XFEL

DESY BKR, May 24, 2017

21

Photon Commissioning Team
(14 people from several groups)

Device Experts

Visiting scientists
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SASE1 photon commissioning time line
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Imagers in SASE1

Transmissive Imager 2D-imager-SR 2D-imager-FEL

(IMGTR) = “OTRC” (IMGSR) (IMGFEL)

for undulator commissioning with SR-radiation / &
for First Lasing and FEL analysis / .

for beam finding, alignment & tuning

I BN 0 European XFEL Ref.: A.Koch, XPD

Dr. Jan Griine|

rt, X-ray Photon Diagnostics, European XFEL
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MCP*-based detector

Invasive diagnostics device for beam commissioning:
B intensity monitoring from nJ up to mJ SASE level

B gain studies

2 manipulators with 3 regular MCPs, 1 photodiode,
1 intensified imager (BOS-MCP)

Commissioned Capabilities

Bl Regular MCP signal peak intensity sent
from karabo to DOOCS for SASE tuning

Bl Intensified imager not often used
due to good performance of IMGFEL

* multi-channel plate

] | European XFEL

Dr. Jan Grunert, X-ray Photon Diagnostics, European XFEL
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First Lasing

] | European XFEL

Dr. Jan Grinert, X-ray Photon Diagnostics, European XFEL
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2 May 2017—first lasing!

] | European XFEL

Dr. Jan Grinert, X-ray Photon Diagnostics, European XFEL

First lasing of European XFEL at 1.5keV

26
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SASE tuning at 6keV — search for lasing

SASE1 Imager FEL

DipwicelD S

] | European XFEL

Dr. Jan Grinert, X-ray Photon Diagnostics, European XFEL

8 undulators closed

24.05.2017 20:32
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SASE tuning at 6keV — search for lasing

SASE1 Imager FEL ACOUIRING
XTDT IMCFE

DevictD %A EAMMEAMYVIEW

Dr. Jan Grinert, X-ray Photon Diagnostics, European XFEL

10 undulators closed

] | European XFEL

24.05.2017 20:39
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SASE tuning at 6keV — search for lasing

SASE1 Imager FEL ACQUIRING

DeviceiDd SA1_KTDI_IMGFEL/CAMBEAMVIEW

Dr. Jan Grinert, X-ray Photon Diagnostics, European XFEL

14 undulators closed

] | European XFEL

24.05.2017 20:51
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LASING !l

SASE1 imager FEL

Dewicell = B

TR A 21 undulators closed

First Hard X-ray lasing at
European XFEL

European XFEL 24.05.2017 21:19
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Higher intensity

SASE1 Imager FEL ACDUIRING

Devicell 581 XTD? WAGFEL/CAM/BEAMVIEW

SRA closed around beam

Xray-intensity so high,
that scintillator saturates

European XFEL 24.05.2017 23:53
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Photon beamlines

I B 0 European XFEL

Dr. Jan Grunert, X-ray Photon Diagnostics, European XFEL
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First time at the end of the beamline:
Performance of X-ray mirrors (May 27, 6.2 keV SASE)

theoretical value

Beam distortions rather from cut-
offs than mirror profiles

No dust particles

Large horizontal beam size large
due to bender

I Vertical beamsize close to

First beam at the end of XTD9, SPB screen, 650 m behind M2

] | European XFEL
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Dr. Jan Grunert, X-ray Photon Diagnostics, European XFEL 34

Temperature in the XTD2 tunnel

29

28 |

27

26

Temperature, C

24

23

22 +

European XFEL

Values from 2017-05-10 10:21:14.124320

25+

0"

e o SAl XTD2_ATT-TSENS-AS.txt

May June July August
2I0 4b 60 80 100

days, starting from 10/5/2017

Initial temperature
in XTD2 tunnel

<€

M2 bender now ‘just’

in operation range
<€

Temperature

metrology lab
<€
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X-ray laser beam quality

Fresnel pattern recorded on
30 June 2017

Diffraction pattern shows
an interference pattern

that is classic

for high quality laser beams

] | European XFEL
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Online diagnostics

W.Freund, J.Liu, A.Koch, J.Grilinert

] | European XFEL
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Online diagnostics: X-ray gas monitor (XGM)

B Intensity & beam position
B Indestructible

B Pulse resolved

B Capable of 4.5 MHz rate
B Operation 24 /7

8 5 XGMs in tunnels — 2 in operation
B Developed and built by
K.Tiedtke group at DESY/FLASH
B Temp. protection by UPS
Bl Special cables (>50), crates, grounding
B Technical Commissioning with DESY
» HV-tests / -conditioning

1 DAQ
g | a) in DOOCS (server by DESY)
I BN 0 European XFEL | fi- ; » d b) in karabo (CAS / ITDM)
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XGM electronics
0 Crates:
B MTCA
B HV crate
B ADAM&FEMTO crate
B UPS
B PLC/Beckhoff: vac,mov,eps

W Cables
B Vacuum (gauges and pumps, to controllers)
B Vacuum and gas supply (to Beckhoff)
B Serial DOOCS control cables
 HV
B Fast Signals (to ADC)
B Network connections
B Power lines (to UPS and regular)

B8 Grounding T ASaE ek

I B 0 European XFEL

. =

e Y
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Gas Supply System (for the tunnels, XGM/PES)

XGM.3261_92m

XHEXP south

XGM.2595_109m || PES.2676_79m XGM.3312_75m

A
il

g—

T
XTD 2

XTD 9

XTD 10

XGM.2643_176m XGM.3130_225m

XHEXP north

PES.2654_166m PES.3140 215m GasAtt.3168m_186m

Legende:

I B 0 European XFEL [Gerat].[LA Z-Koordinate]_[Entfernung Schrank]m
XX = max. Entfernung Verbraucher bis nachstes Gebaude

39
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Gas Supply System (for the tunnels)

"% by Drager and DERU, coordinated by XPD

8 Some numbers:
B ~4km of stainless steel pipes
B 4 gas cabinets
B 9 consumer points / distribution panels

I Construction
B Contractual start: 7.1.2016
B Actual handover 2.3.2017

I B 0 European XFEL

Dr. Jan Grunert, X-ray Photon Diagnostics, European XFEL

| Panel @XTD6

Distribution Panel at XGM@XTD2

40
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Online diagnostics: X-ray gas monitor (XGM)

Isvn/XFEL/diag/photons/XFEL_xgmd_sase_viewer.xml| XFEL FEL/XGM,PHOTONFLUX/XGM,2643,T9/*

g [ UE 2026600 @ 9.18 keV 135 A ==

Long Term SASE In... [J] Short Term SASE In...
1400

800

400

0

16 h 21 h 22:56 23:05
27.8.2017 27.8.2017 27.8.2017 27.8.2017

Pulse energy intra train
1600

1200, g
800
400

0
0.0 25 5.0 7.5 10.0 15.0 20.0 25.0

] | European XFEL

B Intensity & beam position
B Indestructible

B Pulse resolved

B Capable of 4.5 MHz rate
B Operation 24 /7

-
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Typical operation of both XGMs in SASE1
(here : single bunch mode)

) - agmed_saze wieweraomd WFEL. FEL/XGMPHOTONFLLG M GRAIB43. T = ||1E=

478.78p) @  8.27 keV 1.50 A

u
Long Term SASE Intensity [uJ] Short Term SASE Intensity
[~ Phetentiuz g | [ 10007

8007

" llh Egu
(P ey : e NP W Ve e W o PPt prminp
' 400

200
Ot 0 . ; :
16 24. 7. 16:43 16:46 16:49 16:52
23.7.2017 2017 24.7.2017 24.7.2017 24.7.2017 24.7.2017 247.2017  24.7.2017
Pulse energy intra train
20007

1000

Full beam to SPB

Dr. Jan Grunert, X-ray Photon Diagnostics, European XFEL 42

white: XGM @XTD2
red: XGM @ XTD9

Single bunch mode
Xe at 5E-5 mbar (both)

Less intensity at XTD9 because
beam was splitto FXE / SPB

640uJ
at 1.5A/ 8.27keV

24h delivery
(July 2017)

24.07.2017 20:12
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Typical operation of the pulse resolved and highly sensiti ve XGM-detector HAMP
(here: single bunch mode)

. WFEL sgrdd_ hampopam| SFELFELASGM. PREPROCESSING XGM. 2543, T9.CHO/ = | = Slngle bunch mode
g XGM raw Devoded -:cr‘h;.u:'-'." i iy
et Xe at 5E-5 mbar
Metutiplier vodags: 121V ¢ 1MV sl new SP
0 001 479uJ at 1.5A/ 8.27keV

0 0005

Can detect already spontaneous radiation

Main applications of HAMPs:

» Standard tuning tool for operators for Tuning
from spontaneous to SASE

= XGM operation at hard X-rays
beyond 12keV

-0 0065+

] | European XFEL
24.07.2017 16:52
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Dr. Jan Grin

¥ X-ray Photon Diagnostics, European XFEL

lons (HAMP) and electrons (XGMD) at 1.12 MHz rep ra te

ADC SPDEVDMA /XGM.2643.T9.1/CH00

44

1700

1650

1600-JNTYH N

1550

1500

1450

1400

1350+

1300

1250+

1200

1150+

1100

1050

hori 1; Buf=1441491396
vert 1, Buf=1441491385

E

T T T T T T T T T
9.0 800.0 801.0 802.0 803.0 804.0 805.0 806.0 807.0 808.0

I B 0 European XFEL

T
809.0

T
810.0

T
811.0

T T T T T
812.0 813.0 814.0 815.0 816.0 817.0 818.0

27.07.2017 10:26

T
819.0

820.0
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Multibunch-mode
(30 bunches)

[svn/XFEL/diag/photons/XFEL xgmd_sase views KFEL.FEL/XGM.PHOTOMFLUX/XGM, 2643, TO/*

e | SASE viewer 202.66 i) @ 9.18 keV 1.35 A “
L ]

Long Term SASE In... [uJ] Short Term SASE In...
Photonflux [uJ] 1400

800

400

1200 pJ per pulse !
0

16 h 21 h 22:96 L2 9 30 pulses per train

10 trains per second

- 360mwW

at 1.35A/ 9.18keV

27.8.2017 27.8.2017 27.8.2017 27.8.2017
Pulse energy intra train

0.0 25 5.0 7.5 10.0

27.08.2017 23:04
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Multibunch-mode
(120 bunches)

XFEL_xgmd_sase_viewerml TONFLUX/XGM 2643.T9/ o e

SASE viewer 686.60 pJ @ 9.30kev 1.33 A

L — XGM ok?
XFEL | WelESERE - ettt

Long Term SASE Intensity [LJ] Short Term SASE Intensity
Photonfiux [uJ]) 720.0

.
n

1 4 dats Laas b s
"“ﬂ\J.‘1|".|JI|,‘.'r]jl‘”“n'u""‘ J'”ijw'lli 'JII‘\‘[ 700.0 °

| "W | ' i 690.01°
600 680.0- « f/‘l\
W'

400- 670.0

2001 0. 120 pulses
| eo0.0 per train !!

0 640.0 ‘
4h 7h 10 h 12 h 11:41.33 11:42.03 11:42.33 11:43.23
20112017 27.11.2017 27.11.2017 27.11.2017 27.11.2017 27.11.2017 27. 11 2017 27.11.2017

a.u.] Pulse Energy Intra Train SN EDE JU O

16001 0] : 1200 pulses
12001 4'—- . per second

1000 |

Cuihinnunig - o

00 10.0 I 110.0 130.0 . < PRI , 06.12.2017
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HIREX diagnostic spectrometer for SASE1

Bl Shot-to-shot spectral measuement

Bl Si(111) crystal + one grating commissioned

Bl Cross-calibration with FXE spectrometer
at 8980eV

B Determined SASE bandwidth

Detector Unit

I BN 0 European XFEL

Dr. Jan Grunert, X-ray Photon Diagnostics, European XFEL

Ref.: N. Kujala / W.Freund, XPD
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Photon Beamlines Commissioning

HIREX diagnostic spectrometer for SASE1

Bl Shot-to-shot spectral measuement
Bl Si(111) crystal + one grating commissioned
Bl Cross-calibration with FXE spectrometer
at 8980eV
B Determined SASE bandwidth (20eV FWHM)

grating

HIREX diagnostic
spectrometer
system @ XTD9

I B 0 European XFEL

Dr. Jan Grunert, X-ray Photon Diagnostics, European XFEL

Ref.: N. Kujala / W.Freund, XPD
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K-monochromator studies

Photon-based commissioning
of the undulators
using spontaneous radiation

W.Freund, J.Liu, A.Koch, J.Grilinert

] | European XFEL
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K-Mono system

Filter chamber SR imager

o K-mono on
for energy calibration :
( 9y : ) adjustment table

Aluminum (light 2.5 um (1560 eV)
blocker)

Chromium 5um 5989 eV
Copper 10 pm 7709 eV
Nickel 5 um 8333 eV
Molybdenum 20 pm 20 keV

I B 0 European XFEL
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SR-Imager

Scientific CMOS camera
“— Mpixel
- 0.9 e- readout noise
Dark current 0.5 e-/pixel/s
Scintillator holder
YAG / GOS scintillators / PIN diode
(Gadolinium
oxysulfide)

Tandem lens system
magnification factor 0.47
Effective f co -number 0.95

—
J—

CAD model of the SR imager

I B 0 European XFEL
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Kick electrons and

T

dipole
kick

I B 0 European XFEL

Dr. Jan Grunert, X-ray Photon Diagnostics, European XFEL

Image SR

”
— S )

Mono

Pairwise undulator segment tuning “with kick”

o0
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Simulation

3000
2000
1000

0

Y (um)

-1000

-2000

-3000 .
-6000 -4000 -2000 0 2000 4000 6000

<107 <10

2
o
15|

Simulation of kick method (14.32GeV / 8.1keV) /\ |

Simulation data calculated by W.Freund
using SPECTRA 10.1.0 (T.Tanaka / H.Kitamura)

0.5

0" 0
-4000 -2000 O 2000 4000 0 10 20 30 40

X (um)

] | European XFEL
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Bragg scan, twevo undulator segments closed

IMG-SR pixel

European XFEL

-100

-200

-300

Run 207: cells 34/33

300

200

100

-600 -400 -200 0 200 400 600
IMG-SR pixel
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Summary

8 Achievements
B Commissioning of SASE1 photon system (May-Sep.2017) reached all goals for early user operation
B Mirrors perform well (slope errors & stability), CRLs in XTD2 can focus beam in 2D over 600 m
B Online Diagnostics and Imagers are reliable workhorses (24/7 since months)

B Advanced diagnostics such as HIREX is operating
Bl Special studies started (K-mono, Gain Studies)
B First User Run was successfully completed

I B 0 European XFEL
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Teaser — what's coming up (2018 and beyond)

More SASE1 (FXE, SPB/SFX) Early User Experiments
B 2nd call, allocation May to June 2018

SASE?2 and SASE3
Bl First lasing

Bl Early User Experiments starting end of 2018 .
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Welcome to the European XFEL user facility.
Thank you for your attention.
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