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Commissioning of the European XFEL Injector
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I - Commissioning of the European XFEL Injector

European

Vlew into the |njector tunnel

Transverse deflec.
structure

Fast kickers and

Beam dum )
P screen stations ‘

Diagnostic section
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I - Commissioning of the European XFEL Injector

European . . . . . . .
XFEL Stepwise commissioning during installation

In order to gain valuable experiences with the different systems at an early stage the
commissioning started already end of 2013 with the gun.

UV Laser
beamline

4 circulators to the
10MW Klystron

Faraday cup

Dark current
monitor

exchange system

Toroid

Gun body

~J
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Commissioning of the European XFEL Injector

European

XFEL | First photo electrons

After RF operation of the gun in Dec 2013 and Sept. 2014 the UV-laser installation was finished
beginning 2015 :

February 10th 2015 First photo electrons from the XFEL Gun!:

1.3 GHz, 1.5 cells

Q,= 20000

Gradient on cathode: 50 — 60 MV/m
650 us pulse length , 10 Hz rep. rate
Max. average RF Power: 42 kW
Emittance ( InC ) : <0.9 mm mrad
Cs,Te Cathode

Screen picture of the first photo electrons at XFEL —
3mm Aperture, 20 Bunche, 10 Hz, ca. 2nC
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Commissioning of the European XFEL Injector

Operations panel of the laser system ( MBI, Berlin )
Here : 30 Laser pulses

Laser controls

European

XFEL

Output power diagnostics
32510.

Toroid 3GUN [mA] : Mean=3 250e+04, SD91.788

325D?.:
325054
325034
325014
324997 T T T T T T
5h Th 9h
2422015 2422015 2422015

Burst diagnostics
32775.5

European

XFEL

T T T T
11h 13h 15 h 17h
2422015 2422015 2422015 2422015

Pulse
energy

Amplifier Status

N T

Reset

327253

Gun Laser
Status/Control

32675.

810,
[ws]

Oscillator
state:

Highest oscillator @
state to reach: (2)

Oscillator

control Beam profile at gun

Virtual cathode beam profile Near field beam profile

Beam profile at aperture
Far field beam profile

Near field beam profile

e

Laser profile
before the
aperture

E—

Pump current
[0...20A]:

s

Far field CCD &g Mear field CCD control Virtual cathode control Near field GCD gun

Main

| System Overview

Optional

RPC Utility DOOCS Watchdog

and on the

virtual
cathode

streis

Oscilator PC1

IPAC 2016, £ A2 % Al (Busan), May 10 2016

Frank Brinker

X-correlator

PCF fiber
amplifier

Optical
fiber link

Balanced

Aperture
XY

Attenuator

Booster F ;m

Amplifier Il

Booster

Amplifier | =

To beamling
Pulse and gun

Heater Diagnostics diagnostic
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1 Commissioning of the European XFEL Injector

November 2015 : complete Installation is

European

XFEL flnlshed W|th the 3rd harmonlc module (INFN)

=

September 23 2015
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1 Commissioning of the European XFEL Injector

European

XFEL| Installation of the XFEL cryo plant finished:

»~ Distribution

box(BINR)

Cold compressor
<pox (Linde) .7~

4

S A O .
IPAC 2016 ,,,,, Al (Busan), May 10t 2016 O # vemoLrz
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I - Commlssmnm%of the European XFEL Injector

echnical commissioning of the modules :
E
XFEL | Injector cooldown

December 9

Plotting Data .
! = Starting cooldown of the
1o the injector for the first
time.
= First cooldown of AH1
Y module at all !
:; December 14
iiz * Injector is at 2K
© 45K December 15
: = Stable 2 K in the injector
M 2K with cold compressors.
> 08:00 16:00 00:00 Time

| O HI1FCTTC1251 temp K |

IPAC 2016, &+ Al (Busan), May 10" 2016 (29 ueLmmoirz
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I - Commissioning of the European XFEL Injector

European

XFEL | Accelerating 1.3 GHz module A1

Cavities were tuned to resonance
between December 16. - 18.

December 18.
= Rough calibration of all cavity signals

= All loaded Q were adjusted to 4.6e6
using the automatic QI adjustment
tool.

= All feedback loops were closed and
module was running with nominal
amplitude.

/svn/XFEL/LLRF/SC_modules /Injector/XLLRF_inj_diag_cav.xml XFEL.RF/LLRF.DIAGNOSTICS/AL.IL/

Diagnostic server readouts f... MAIN.M12.A1.11
c1 c2 c3 c4 Cc5 Ccé c7 cs8
0
dA/A pulse2p 0.0040 0.0053 0.0127 0.0017 0.0029 0.0060 0.0104 0.0126 %
dP pulse2p 0.2359 0.2024 0.1343 0.1609 0.1214 0.1344 0.0958 0.1849 deg
loaded Q 4.49E6 4.57E6 4.59E6 4.5TE6 4.62E6 4.52E6 4.62E6 4.60E6
Detuning -100 -145 17 -97 -259 -91 -167 -179 Hz

Cavity phasing of A1 was achieved Januéry 92, 201l6.

IPAC 2016, 2 AF2 S Al (Busan), May 10t 2016 02\ Z peLmuoLTz
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I - Commissioning of the European XFEL Injector

European

XFEL]18.12.2015 - First Beam into the Injector Dump

fsvn/XFEL/BeamLines/XFEL_inj_beamline.xml XFEL.DIAG/TIMER.CENTRAL/MASTER /SASE

11 Injector
XFEL

_Laser |

e ﬁT“ R %}m; uaser e |

D’/} o j—‘ -0.901 0.000 0.029 0.454 Contr. ‘ "—‘

| : mrj : Py - N -E - T O 1 um Ogyoo— s e ol L@ N u
m-m° | ©0 II'l; o I DL"'JLMJDD %,.H DD'ﬁ;zJ'""'DD DDLJ 2 DLJ DLJ{% - m L L {} : {} &
I

D O a o | Coupler Cougler LA | - | m.«| ............ ‘
Busking Goil e -
Solenoid = = Klystron Klystron

0.000 i
water | Kiystron s r—‘ preres) =T \5_2"25
Temperature | LLRF %MJ ' 1,552

KR 1.12.2015

Test BPMs

|’ @

x| BPMA.63.11D SA1 o 2 _ -6.318 0275 X Dipole BB.62.11D X o
i Comre - 200 m . 0.000 Y= 0.000 Q= o, nC injector spectrometer dipole None

Main | Current | Expert

BPMA.63.11D/X.TD; Buf=934573858 P e[ TR0
/L DRI AAAAA AAA 600  Comrois | M sunrsen
] Deflection angle: — 28.100 deg n
P R VIVINE S A 22
; 1 Nominal momentum: 130.00] MeV/c
uuraeas (RN = ad v Current RBV: 156.727 A [0.0A..S00.0A]
a] status: [
S = L S B A [ Magnet needs cycling Cycle menu ﬂ
16:11 16:25 700 8bo o 1100 1300 1500 1600
18132015 18122015 18.12.2015 [us]

mm) (mm) BPMA.63.11D/Y.TD; Buf=934573858
5. x| Screen Controls TIMER.CENTRAL/OTRC.64.... i
Amplitude Phase 34
q 7 1: off-axis LYSO 2: standard LYSO 3: Calibration
| 1203 - gl
1204 S N | 3 I e move IN 1 move OUT ion:
] 60, vy [P 4] Position: 1210000
80 I . = move IN 2
w 603 : l N3
1203 T e P e __movenNs |
16:11 16:25 700 800 900 1100 1300 1500 1600
T Aﬁn T xﬁn I“z‘ﬂﬂ T |E‘ﬂn ‘znnn ~180.- T Aﬁﬂ T ﬂﬁu T |2‘ﬂn T e 18.° |210|5 18.12.2015 18.12.2015 [us] LED on
[ i Device OK

=~ 1% of accelerator length

=~ 1% of final energy

~ 1% of electrons/second

but all accelerator sub-systems needed and functional

IPAC 2016, £ 4t2 < Al (Busan), May 10t 2016
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1 Commissioning of the European XFEL Injector

European

XFEL ] Third harmonic module AH1 (INFN, Milano)

18 December 2015: First rough calibration

Nominal pulse structure Fill Time:
750 us

Flat Top: 650 us

Gradient well above nominal 30 MV
of VS voltage

First quench > 45 MV
10 February 2016 :

QL aligned well within the 10%
requirement

Phases within 15°

XLLRF_RFstation_inl_mainxml XFEL RF’/LL‘:.CDQOLLER"AHT,H /sun/global/LLRF/Includes/cav_signals.xml XFEL.RF/LLRF.CONTROLLER/M1.AH1.I1/PROBE 16 February 2016 . BaCk on beam
= [HGV.‘m] Amplitude °
- Moved to -180° (wrt on-crest),
Main Control Subsystems . . .
wose *§5.00m | toame e calibration with beam energy
BT MPS. rpclest |
. An Rack
Phase t;gg.gg m C:Ilmer
A75.97 deg =
v/ Feed-Forward Probe | Gy
¥| Output vector correction 22y o2l 1. T 7 T 7 T 7 T 7
¥/ Feedback VForw <3 a. |d0. Zdﬂ. ada. wda. Edﬂ. Gdﬂ. 7&0. Bdﬂ. Sdﬂ. 1000 1200 1400 1600 1800
v Feed-Forward correction  Rst| PVS ;5‘ 1
v crorsaen || 2 & togg Fhase
N c: .
o . For details on SC modules
15. -174,
s ' see D.Reschke’s talk on
5.2 R N PR PSP —
V Thursday on
15, y 177
14.9-
178,
bt / ' Performance of
14.6- . g
M ol 1o " 130 o ot - a5 sbo | 1000 | 1400 o0 'w'u. 100. 200. 300. 4do. 500. 600. 700. 0. sdo. 1100 | 1300 | 1500 1700 1aouo Superconductlng CaVltleS

for the European XFEL
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Commissioning of the European XFEL Injector

European

XFEL ] Reduced energy spread

Beam in the dump line with
large dispersion

3 harmonic off 3™ harmonic at -16 MV

1.3GHz 1.3GHz+3.9GHz
P A
-0.2 0 0.2 -0.2 0 0.2
[ns] [ns]

IPAC 2016, A2 Al (Busan), May 10t 2016 ;E‘S; ﬁ HELMHOLTZ
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Commissioning of the European XFEL Injector

Optics checks:

European

XFEL | Trajectory responses and magnet model

Measurement Results

Trajectory response measurements e — T T
show good matching with theoretical D e D N E R R
predictions.

[ | 1 [ | 1 | | 1
25 30 35 40 45 50 55 60 65
Vertical Trajectory

= The optics model used in the
optics server is correct.

[ The magnetlc flelds Of the Horizontal BPM Response
quadrupole magnets are well

known.

dx/d(actuator) (m/rad)

i i i i i i i i i
25 30 35 40 45 50 55 60 65

dy/d(actuator) (m/rad)
| o
- o

I I I I I I I I
25 30 35 40 45 50 55 60 65

Beamline
l:ll:l[:ll:ll:ll:ll:ll:l. OD?DDDDDDD ool %IIO |
| | | | | | | | |
25 30 35 40 45 50 55 60 65
z (m)
IPAC 2016, 5 A+2:% Al (Busan), May 10t 2016 8 weLmnotz
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Commissioning of the European XFEL Injector

I
european | B€AM Position Monitor Performance
XFEL | (PSI, CEA/IRFU)

Newly developed BPM system (DESY/PSI/CEA)
Performs smoothly and beyond specs Resolution of the diagnostics
. . at 20 pC at 500 pC
Slngle shot resolution : 1-5 ym at 500 pC button BPM 10 um 5 um
10 — 50 ym at 20 pC cavity BPM 10 um <2 um
re-entrant BPM 50 pym 5um
__w - Toroid 0.3 pC 0.3pC
£
E 500 pC
c 101_____________________JQ_”_”_] _____________________________________________ e -
i) o
‘5 e L ° [ ] o e
6 e e
[ I T R e e e e
q) L ]
| .
5
— — 1 — : — : —
-"(% 107 = - °
o ¥ = 20 pC °
- c X .
& & 2 10 pm . .
2 101-1—————;—‘- —————————————————————————————— L Q————‘ ———————————————
o L]
N
)
~ .
C
9
= 10 — — : : '
D o =3 =z = == = ag
e o 332 g8 £ 53 F sz
o 5 $ s £8 & EFF  so
(a8 # weLmnoLrz
(?‘/- ‘ ASSOCIATION
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I - Commissioning of the European XFEL Injector

European
XFEL Long Bunch Trains

macropulse < 600 us

111 11

0.22-10 ps 100 ms (10 Hz time
(4.5 - 0.1 MHz)

charge

1 to 2700 bunches per train at a 10Hz repetition rate

2 W to 3.5 kW beam power at 130MeV and 1nC (10-472kW at 17.5GeV)
Expected dark current of up to about 30 W at 130MeV and 600 us
Commissioning of Machine protection has first priority!

The machine protection system MPS sets the bunch numbers depending on:
Status of magnets, screens, valves
Status of cryogenics and modules
Losses along the machine ( measured with scintillators )

IPAC 2016, 5 A+2:% Al (Busan), May 10t 2016 (29 ueLmmoirz
Frank Brinker ) | ASSOCIATION



Commissioning of the European XFEL Injector

European

XFEL | Long Bunch Train Operation

J/svn/XFEL/diag/toroid /(XFELToroidInjectorDisplay.xml XFEL.DIAG/CHARGE.ML//

MarCh 19th Operatlon XFEL INJECTOR TRANSMISSION
Of fUIl bunCh tra|n at Inc)_Charge data from Charge ML

/CHARGE.ML/TOR*/CHARGE.SA1 [nC] \ZI
/CHARGE.ML/EPM*/CHARGE.SA1 |nC]\q
250 pC!
pL !
0.26—
Low losses
0.22+
) .
Low activation
0.18+
0.1 T T T T T T T T T
20 25 30 35 40 45 50 55 60 65 [T][l
m
Select Beamline Selected: SA1 BPMs m
[+ ]
B - (— — - o @ o oo °
o o
98.4
%‘
Close
Details for: BPMA.55.11 2700 #bunches 0.269 nC 0 #bunches 0.000 nC 0 #bunches 0.000 nC
Transmission [%]: 0.00 {0200 ) Transmission [%]: 0.00 { 0.00 ) Transmission [%]: 0.00 { 0.00 )
Inc)
[=charge time domain at toroid BPMA.55.11; Bu=1014786734 [nC] |
0.25+
0.2+
0.15-
0.1
0.05
| | |
600, 650 700 750 1400
[us]
S ALRIA th ey
IPAC 2016, £ AZ % Al (Busan), May 10t 2016 (48 weLmwoLtz
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Commissioning of the European XFEL Injector

European

XFEL | Long bunch train: Issues

Fine tuning of low-level RF
Feedback and Feedforward o e
systems to control RF flat top e
with beam loading _

=™ Detalls for BPM BPMA 63.HD

0,000 mm 0.000 mm 0.000 nC

Adjustment of laser o s oz
parameters to avoid charge e
and trajectory variations R ETE TR TR R TE TR TR e
] Bunch Currents - yonopnonazsi o] o ... Variation of orbit after gun and in dispersive
e — section
- Charge stability much better after laser
=026 W adjustment
025+ See also the talk from
022 0.24 K.P.Przygoda on Thursday
0.235 on
0'21550. 700. 750. BO0D. ©50. 900, 930 1000 1050 1100 1150 1200 1250 1300 1350 1[321]]
IPAC 2016, £ 4&t& S Al (Busan), May 10t 2016 ;g; ﬁHELMHOLTZ
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I - Commissioning of the European XFEL Injector

European

XFEL | Injector operation with 2000 bunches, 0.5 nC

J/svn/XFEL/diag/toroid /XFELToroidInjectorDisplay.xml XFEL.DIAG/CHARGE.ML//

XFEL INJECTOR TRANSMISSION

[nC] Charge data from Charge ML
Ik

: . IS

Transmission i | S oy

" . 0.7
through the injector -
beamline. N

o
GZEI 2‘5 3b 3|5 4‘0 4‘5 5‘0 5‘5 Sb 6‘5 70
Select Beamline Selected: SA1 BPMs | Hide sr[::v]v
o
B o | | - - o e o oo o
o o 883
%
®
. . . - Details for: TORA.25.11 2000 #bunches 0.488 nC 0#bunches  0.000 nC 0#bunches  0.000 nC
C h a rg e d IStrI b u‘tlo n Transmission [%]: 100.00 (100.00) Transm ission [%]: 100.00 { 0.00 ) Transmission [%]: 100.00 (000 )
. lsc} - Buf=1030642582 [nC]
over the pu Ise train I = ‘
— corrected with the
Injector laser power
=
IPAC 2016, 2 AF2 S Al (Busan), May 10t 2016 O jeLmuoLtz

. ( DESY
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Commissioning of the European XFEL Injector

European

XFEL | Injector operation with 2700 bunches

... History from March 15t — 21

MASTER/NUMBER_BUNCHES.1

. Number of bunches

el

Losses during long
bunch train operation

b e mm Me=r=

IPAC 2016, £ 4&t& S Al (Busan), May 10t 2016
Frank Brinker

The operation of the injector with 2700
bunches did not increase the losses.

= The losses are dark current
dominated.

Integrated charge so far is ~1.5 C.
¢] Integrated Charge @ 25.1
16

1Integrated charge since
124

Jdanuary 1
0.8
0.6+
0.4+
0.2+

n

1.1, 91 131 261 32 122, 20,2, 28.2, ?3 153 243
2016 2016 2016 2016 2016 2016 2016 2016 2016 2016 2016 34.2016 244.2016

{Best ) ﬁ HELMHOLTZ
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I - Commissioning of the European XFEL Injector

Automatic optics matching and emittance

European

XFEL | measurement

Projected emittances of ~1.2 mm mrad could
be achieved with a 500 pC bunch charge.

e.g.
1 \\_,/
) [
Plane Emittance BMAG R Calculallted
. i normalized
horizontal 1.3 mm mrad 1.16 0; T emittances
vertical 1.1 mm mrad 1.04 : ST

The BMAG parameter is a measure for the beta function error

0008
Tesin Caen
OTRC.5611(123.5054um
§
2
z
H
]
OTRC 5911104 6509um
¥
H
2
5
H
g

IPAC 2016, £ 4&t& S Al (Busan), May 10t 2016 ,;?S;\] ﬁ HELMHOLTZ
Frank Brinker oY/ | ASSOCIATION

=X

A link to the optics server allows the
automatic matching of the optic with
a chosen set of quads

The deformations of the bunch
shapes indicate distortions which
need further investigations.




I - Commissioning of the European XFEL Injector

European | EMittance measurement with kickers and off-axis screens
XFEL | in the diagnostic section

Off-axis screens and fast kickers in the diagnostic section allow to measure
emittances of single bunches during operation with long bunch trains.

KickerTlgo l \ O—T / O‘ \ OQuad/ Bear;

Screen

These measurements are fast and allow
also to measure the emittance and
mismatch evolution over the bunch train.

IPAC 2016, 5 A+2:% Al (Busan), May 10t 2016 (29 ueLmmoirz
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I - Commissioning of the European XFEL Injector

European

XFEL | Emittance measurements with off-axis screens

OTRC.ESN OTRC.56.11 bunch no. 1
— T T T T T T T T
E L SR e et LRI EELE SLTLRILLED r ----------------------------- e har, j
e | : : vett
50 E glissdana o b, SRS s =
E ; =
,E 1.4 N e R ST S TLLr STTEEE -
100 E == : : :
[ = 13 " [ e .
o : ] ik
15[' E 12 -------- - T £ - ------ Il--- <) -.‘ ] : -]
@ i : i i i i i i
20 40 B0 &0 100 120 50 100 150 ] 200 400 G600 ana 10an 1200 1400 1600 1800
bunch no.
OTRCEEN OTRC 21
T T T T T T T T
L, SRR P SRS R S FHE R LT £ haor. ?
: : : : : H . wett, ¢
o et e b e T
R L Sy
on = i ; ; . : ; : i !
o 1448 S s T o v v = 2 TEEEEE LR P prina S
150 RRITITT =t R N
1. ................................ E. ............................................... adl
1 1 1 1 1 1 1 1 1
200 40 6O &0 100 120 ] 200 400 G600 ano 10ao 1200 1400 1600 1800
bunch no.

Evolution of the projected emittance, the mismatch and the beam

shape over the bunch train.
Courtesy of B. Beutner

IPAC 2016, £ 4&t& S Al (Busan), May 10t 2016 ;E‘S; ﬁ HELMHOLTZ
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I - Commissioning of the European XFEL Injector

Further automated procedures in operation and

European

XFEL | developement

Phase scans of Gun and modules
Charge feedback

Generic scan tool ( QE-Map, dipole scans, gun
alignment, ... )

Orbit stabilization
Dispersion correction

IPAC 2016, &+ Al (Busan), May 10" 2016 (29 ueLmmoirz
Frank Brinker oY/ | ASSOCIATION



Commissioning of the European XFEL Injector

European

XFEL ] Injector laser stacker ( Lyot type )

Investigate influence and operation of flat top laser pulses.

Intra burst 4.5 MHz, 3 MHz,
repetition 1MHz, 100 kHz

- - rate
PBS 45° PBS 45° PBS 45° PBS Pulse width Phase 1 (MBI):
/\ \ /N \ /\ A 3 (FWHM) Short pulse: < 3 ps
\/ / \/ \/ ‘ to amplifier: Long pulse: ~12 ps
and FHG Phase 2 (DESY):
S5mm YVO4 10mm YVO4 20mm YVO4 Shaped 26 ps with
Y \J \J Y 2 ps rising edges
N .\ 2 " ‘4-
j : A ',".\ : {‘{\ Energy per >0.7 ud pP @ 3 ps
‘ \f | V \ ulse in >3 uJpP @ 10 ps
WAV LY WLV - 1pP @10

burst

Courtesy of L.Winkelmann, | Hartl
The laser pulse stacker can be used since April15.

Max. Pulse length is 26 ps (FWHM) at the moment.

The reduced space charge effects should lead to a smaller emittance as shown at
the test facility PITZ.

This effect could not be seen yet. We need more time for further studies.

IPAC 2016, £ 4&t& S Al (Busan), May 10t 2016 ;g; ﬁ HELMHOLTZ
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Commissioning of the European XFEL Injector

e Preliminary results :
XFEL | Bunch length measurements with EOD

Jsvn/global/diag/eod_proc_images.xml XFEL.SDIAG/EODDMA/EODDMA/

A laser passes through a crystal which is
KALYPSO images placed near to the beam. The electrical
e bunch field influence the outcoming laser
= pulse.

b e !

Better suited for measurements after the first
bunch compressors — in the injector the
bunches are too long for a clear signal.

04

Signal of one bunch

Bunch number

R T R e g T A BT T o3 TRl ot Bt T b A
R N e N e

modulation

1 1 1 1
10 i 10 20 30 40
time [ps]

TR LR T
A T e ".‘ e I. i

time - courtesy of C.Gerth, P.Peier, B.Steffen

IPAC 2016, £ 4&t& S Al (Busan), May 10t 2016 55‘5\7 ﬁ HELMHOLTZ
Frank Brinker oY/ | ASSOCIATION



1 Commissioning of the European XFEL Injector

European

XFEL | Next Steps: TDS System (INR, Moscow)
3.0 GHz, 3 MW, < 3 us pulse length
RF-station is operational

Structure will be connected these days

Technical commissioning planned for this
month

Beam commissioning:

= Establish procedures for automated
measurement of slice parameters within

bunch train
FODO section Energy t :
specirometer .
1 Kicker 5 5 (Igcal dump) |
] ]

IPAC 2016, 2 A2 S Al (Busan), May 10t 2016 (a® -
Frank Brinker ey | ASSOCIATION



Commissioning of the European XFEL Injector

European NeXt Steps:
XFEL ] Laser Heater (Univ. Uppsala)

To avoid micro bunch instabilities a moderate increase of the energy spread
is foreseen by means of a laser heater.

A part of the IR laser which drives the Gun laser is coupled out and will be
brought to overlap with the electrons in a wiggler magnet

Courtesy of Y.Kot

The IR laser is successfully aligned through the laser bealr]nline (~40m) and \[/:I/L'iggler
vacuum chamber.
Next steps:

Find transverse and longitudinal overlap

Investigate laser-beam interaction, find optimal working points

IPAC 2016, 2 4t2 A Al (Busan), May 10™ 2016 (a8 # weLmnorz
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Commissioning of the European XFEL Injector

European

XFEL ] Conclusion & Outlook

Injector commissioning goals:

Quantity Value

Macro pulse repetition rate 10 Hz 10 Hz

RF pulse length (flat top) 600 ps >600 us
Bunch repetition frequency within pulse 4.5 MHz 4.5 MHz
Bunch charge 20pC-1nC 20 pC-1nC
Slice emittance 0.4 - 1.0 mm mrad TDS by May

Full injector commissioning started Dec. 2015 and will continue until end of July ‘16
Sub-systems operate reliably, often beyond specs

Minimum goal for emittance reached, sufficient for first lasing at XFEL

Extensive emittance studies needed to investigate the full potential

TDS and Laser Heater to be commissioned in May

“Frequency ramping” of the gun in preparation
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The started operation of the injector is the result of the tremendous
effort of all partners of this project from design, fabrication and testing

of the components to installation and commissioning over the last
years.

Many thanks to all the colleagues who contributed to this success.
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