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SASE tuning Matthias Scholz, XFEL Operator Training, November 19, 2019

What is the aim of this operator training?

We will discuss how to find and maximize the SASE signal in all
beamlines of European XFEL.
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Assumed starting conditions

The electron beam can be transported through the undulator beamline.

It was verified that the electron beam quality is prepared/sufficient for SASE. A few critical items are:
beam optics matching in the injector.
correct magnet setup along the beamline.
closed dispersion in the injector.
proper compression settings in 11, L1 and L2.

All kind of feedbacks have to be operational e.g. trajectory and compression FB, IBFB etc.
There are no hardware errors from any undulator component.

The photon diagnostics in the respective beamline works (especially the FEL imager and the XGM
including the HAMP).
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Assumed starting conditions

These steps were covert in the operator training
Start-up procedure
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Crucial photon diagnostics devices,

itps el -xfel desy.de/jddd (XPEL/SASE M EL_FELImMagerviaDOOCE ol XEL FELICAM. 5AZ 13A2_KTDL MGFELD

If you have nOSIQnaI at a”’ you WI” FEL Imager (Karabo -> DOOCS) CAM.SA2
need the FEL imager for sure.

YAG:

Ka s AFEL

The FEL imager is the device that will
show you even the first glow of your
signal.

Karabo addruss: AFEL

rans:

In addition, the position on the screen
gives a first indication on how to
continue tuning with orbit modifications
(launch). .. S

DOOCE nddrass: XFEL FE! 1_MGFELE

The XGM will still show only noise when
you have already a clear signal on the
FEL imager like shown on the picture on
the right hand side.
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Crucial photon diagnostics devices,

The HAMP detector is also very sensitive to small SASE pulse energies.

XFEL_xgmd_hampopaux.xml XFEL.FEL/XGM.PREPROCESSING /XGM.2595.T6.CH2 /*

odz@afeluser? XFELM — M, A0GRRME XXTDEMM raw aux :c..nm :n; D i:::;::;ﬂynﬂﬂm]ﬂ (0.0 o]
e : 2 Keep in mind that the maximum current of the HAMP

O W el ours] P must not exceed 7 mA!

o

Global Cantrals via DOOCS

That is also indicated by the red line at the bottom of
the plot.

Air Call Cantrols

Screens

| o The maximum voltage setpoint is 1700!

N Please do not forget to reduce the voltage when you
windos | Pulse Resof g8 are finished.

SASE Viewar Intensity & PosERTYS

Watchdog Overview

EASE il for ~maratarg

SVr Varsions
HAMP operator Irensiy operater
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Crucial photon diagnostics devices,

SE VIEWER SASE1 UPSTREAM (2643.T9) v ALL |SA1 SA3 9.301 keV

[) FEL Energy per Pulse 3003.7 pJ ota o 296.03m W
3100 0.298 73 e e

W ] : Meane Thid, SO0m8.

o

a\/" hah VPV ;--""\kﬂ\//

22:54.14 22:54.54
1.4.2019  11.4.2019 11.4.2019

10 bunches

EEC"J/\
22:48 22:50
11.4.2019 11.4.2019

a-Train Pulse Energy

20|

o0 700 ED) 00
(4] fminj

finished /homendeloperiuserbrinker/pythons i 20% Frint to «fellog | Frint to file || Save Data | | Save config Load config 2018 11 _18_20-32-54
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You can start using the following tools as soon as you have
a decent SASE signal (>40 uJd).

SASE fast timing series

« It shows fast signals (crucial for tuning).

*  You can follow all three beamlines which is helpful
e.g. during compression tuning.

* Itis possible to show the SASE signals in
normalized mode. That helps when the hard X-ray
beamlines and SASE3 are at completely different
levels.

JDDD SASE viewer,

» Fast signals are shown in the bar plot bottom left.
Change the repetition rate of this plot to 10 Hz!

* You can see the impact on the different bunches
along the pulse train when you use more than 2
bunches.
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Groups of actuators for SASE tuning

Launch corrector and aircoil settings

Bunch compression

Undulator taper settings

Phase shifter settings

Trajectory in the injector section up to L1 (dispersion?)
Settings of matching quads (beam optics)

Intensity and position of the IR laser in the laser heater
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SASE tuning

Trajectory in the undulator

Matthias Scholz, XFEL Operator Training, November 19, 2019

Case one: you have already a trajectory stored for the same (or for a higher) photon energy.

E JRY STORAGE SERVER

PEEr

Load the trajectory to the
golden and to the
reference orbit. Choose
the respective subtrain
(beamline) before.

Configure the undulator orbit FB such that

 Launch and undulator BPMs are
selected.

« Launch correctors and and at least one
pair of aircoils are selected.

Select the file in the trajectory storage

XFEL_genericOrbitFbHistView.xm| XFEL.FEEDBACK/ORBIT.SA1//

XFEL SASE1 Orbit Feedback

Europsan
Control i
[ | FB onsoff  [Setgoldenork | [From Orbitswr. | | etto Zero Orhit] lle 0.065 [_0.001 = [l mm
Reset DC Rollback to DC Controls Idle 0.029 0.001 E . mm

Feedback is switched off

change_undulator_FB

Change undulator FB settings

SASE1 SASE2 SASE3
BPMs BPMs BPMs
launch launch B launch
undualtor undualtor undualtor
Correctors Correctors Correctors
launch launch launch
CAX/CAY CAX/CAY CAX/CAY
CBX/CBY CBX/CBY CBX/CBY
apply setup apply setup tup
‘ golden orbit ] ‘ golden orbit | golden orbit ‘

I I B European XFEL  BT\V: gll these steps are taken over by the photon energy change tool when you use it.

Load the reference orbit
into the undulator orbit
FB by pressing the
button ‘From Orbit serv.’

Start the FB without
taking an additional
golden orbit.
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Trajectory in the undulator

Case one: you have already a trajectory stored for the same (or for a higher) photon energy.

Switch off the default feedback.

Run the adaptive FB to optimize the
launch trajectory into the undulator.

Remember that it always helps to assist
the feedback with some induced orbit
jitter using the correctors on the SASE
tuning panels.

Take a new golden orbit with the default
orbit feedback and run it again.
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Trajectory in the undulator

Case tWO: you have to Start from SCratCh. i XFEL_genericOrbitFbHistView.xml XFEL.FEEDBACK/ORBIT.SAL//
XFEL SASE1 Orbit Feedback
The best solution when starting from scratch is to Col || it B Jew
establish the BBA orbit which means typically zero T T .. oo [SH0TE Il

offset in all BPMSs.

This can be achieved using the orbit FB.
Set the target orbit of the feedback to zero by

pressing the respective button.

change_undulator_FB

Configure the undulator

, Start the feedback
. Change undulator FB settings .
orbit FB such that BRes 2
SASE1 SASE2 SASE3
« Launch and undulator BPMs BPMs BPMs
launch launch launch
BPMs are selected. S i & indieiics B
Correctors Correctors Correctors
° Launch Correctors and 8 launch @ launch & launch
. CAX/CAY CAX/CAY CAX/CAY
and at least one pair of @ CBX/CBY 8 CBX/CBY 8 CBX/CBY
airs coils are selected. ——— ——
[- golden orbit ‘ [_QOMBDOI‘DI‘I _l [ golden orbit I
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Trajectory in the undulator

Case two: you have to start from scratch.

The trajectory achieved with the beam based _

alignment (BBA) should be good enough to get e ;,‘_’:;L‘T :’;;;‘:’ e
some lasing. But it does not necessarily have to 3 3FELFELUNDULATOR SASEOAX L S

. . 4 | XFEL.FEL/UNDULATOR.SASE1/CBX.CELLA.SAT/...
be the optlmum traJeCtory_ 6 XFEL.FEL/UNDULATOR.SASE1/CAX.CELL5.SA1/... |-

6  XFEL.FEL/UNDULATOR.SASE1/CBX.CELL5.SA1/...
. . . . . . . 7  XFEL.FEL/UNDULATOR.SASE1/CAX.CELLB.SA1/... I
An optimization of aircoil settings is necessary. o oA SR ALE |0
9  XFEL.FEL/UNDULATOR.SASE1/CAX.CELLZ.SA1/F...
10 XFEL.FEL/UNDULATOR.SASE1/CBX.CELL7Z.SA1/F.

The m a.Xl mum num ber Of al rCOI IS | n one 1 XFELFEL/UNDULATOR,SASE/CAX CELLB.SAY]

12 XFEL.FEL/UNDULATOR.SASE1/CBX.CELL8.SAY/.

optimization setup should not be larger than 8. 5 S FELUNOLLATORS4SE[CAXCELLS ST

14 XFEL.FEL/UNDULATOR.SASE1/CBX.CELLO.SA1/...

-
. . . . i . 16  XFEL.FEL/UNDULATOR.SASE1/CAX.CELL10.SA1/...
Start with aircoils in both planes. Use only aircoils e L A A ToR S W

. . . . . . 17 XFEL.FEL/UNDULATOR.SASE1/CAX.CELL11.SA1/...
in one plain in the second or third iteration steps. -

Be careful that the section you are optimizing is . ﬁiiiiiiii:ﬁﬂilﬁiiiiiliiiiiiiﬂiiili =

not monitored by the orbit feedback.

Check

Start with as few undulator cells closed as
necessary to get lasing in the range of 100-200 uJ
Add more and more cells during the optimization.

Start optimization
Help/Docs

IS BN 00 European XFEL HE LMHOLTZ



SASE tuning Matthias Scholz, XFEL Operator Training, November 19, 2019 13

Bunch compression

A design bunch compression setup can be found in the logbook.
doc -> Beam dynamics -> bunch compression setup

Remember that the calculated curvature has to be reduced by 150 (e.g. 120 instead
of 270). This difference was found by measurements.

The theoretical compression setting can be used as a start setting.

Compression setup using the BC2 TDS would be the ideal way how to prepare the
bunch compression. This should be used more often in the future!

However, the practical experience is currently that the final setup is found by empirical
tuning of chirps, curvature and third derivative.

/0@ 2\
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SASE tuning

Bunch compression, details

Case one: No SASE signal at all

* Use the BCO readback values to compare the actual
settings with previous setups (for the same bunch
charge).

«  Ensure that the bunches are not already over
compressed (more chirp has to lead to higher BCO
read back values).

* Use the FEL Imager to look for the first SASE glimmer
on the screen that no other device can already detect.

Case two: Improve an existing SASE signal

*  New distribution of compression between sections:
reduce the compression in 11 slightly and compensate
with the compression in L1. Redo the same with more
compression in I1 and less in L1. Try also all possible
combinations of 11, L1 and L2.

Matthias Scholz, XFEL Operator Training, November 19, 2019 14

Keep in mind that there is possibly more than one RF-flattop active!

Flatiop seloction ¥ | Prnt |

XGM ok?
100 bunches

@ 6.01keV 2.06A |.

AJ Priass BCIBCMT = Chirp L

D023 D008 §§_§§§§ ® a0 waTas é\éai;‘\ [

Ly rpnel it At
00843 00840 ¢9_92§$|
BCO Enargy =+ Al Ampituge BECH Enargy = AdAmpinse B

i ama oam . s Amn ma
12652 12650 138.90 [ eonal sasas  638.48 W

L1Omit g gy |L20mt g g 13001 g gy | TLOMI g1 gy Sxal:mt.. T4D Ot g gy

129.0 MoV 680.9 MoV 23404 MoV 13987.9 MoV T3: 140204 MoV T5: 140857 MoV  THL: 140185 MaV

HILR: 1B L2/B2:

. L3C
126.7 MeV 700.3 MoV 2392.2 MeV 13601.2 MeV TLD  14012.8 MeV T4 140387 MeV  TAD 13960.8 MoV

Final Energy L3

AAAAAAAAAAAAAAAAAAAAAAA

Valtage 755,60 || sumvorage  127.00 M| sumvoitsge 574,91 Ml | sumvonage 1752.80 M

Chirp

AAAAAA

«  Change the curvature and compensate the compression with the chirp in I1. Redo the same with the third derivative.

I B Y European XFEL
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SASE tuning Matthias Scholz, XFEL Operator Training, November 19, 2019 15

Injector trajectory

It is well known that the wrong injector trajectory can suppress lasing completely.
Start with a corrector setup in the injector that was saved before while the machine was lasing.

Or correct the beam'’s trajectory in the section to a golden/reference trajectory saved before when
the machine was lasing.

We have indications that closing the spurious dispersion in the I1-section increases the SASE signals.
This can be achieved with the Ocelot optimization tool using the prepared settings (horizontal
dispersion and vertical dispersion in the injector).

You can also use the same correctors (those for dispersion correction) with the optimizer using the
SASE signal as target function. Keep in mind that this does only work with about 15 seconds delay
between the modification of the corrector’s currents and the data taking. This time is needed by the

feedback systems along the beamline to restore the previous system setup (in this case mainly the
beam’s trajectory).

(0@
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Undulator taper settings ——
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can see that best on the ‘Taper Tuning Panel’ R feert il R Bl o il ) i i =i i el v =i
available via the button on the top right.

Start a new photon energy typically with zero offsets for the phase shifter gaps.

Check whether the chosen period of the phase shifters is suitable for the current combination of electron beam energy
and photon beam energy.
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SASE tuning

Phase shifter optimizations

We have learned in the past that the setup of
phase shifters can have a tremendous impact on
the SASE pulse energy.

There are currently two tools available to optimize
the phase shifter’s setup:
1. The Ocelot optimizer using the prepared

settings.

2. The phase shifter scan tool. Please start
with the last closed cells when using this
tool.

Keep in mind that the phase shifters are not
completely steering free!

For that reason, the scanning/optimization of the
phase shifters should be done with the trajectory
feedback running using also the undulator BPMs
as well as the CBX/CBY aircoils. Use the Matlab
tool for this configuration.

European XFEL
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Beam optics matching and optimization —

European

XFEL | Multi Quad Scan GUI E

Select a beamline section ~__
Increment: enly every nth

Optics match in the injector using the multi quad | P P e

device: Screens or wires? /,/’ Cycie oty a1 the ond of the messursrent idetmil] f//

scan tool (See the emittance measurement and swomaicay s oen |/ T Ghoso boam ol afer

beamline section. measurement: either design

beam optics matching operator training). — | ety

cycling procedure.

\ New button: load and plot
old measurements.

Set all main magnets to design values and cycled anposom |

It is necessary to change

them (use the design kick server panel). mecthgmads s scen | —

Alea? Drace ‘adibt ranfina fila'

Beam Optics and Emittance

Opt|m|ze the matChing UpStream the UﬂdUlatOrS s(rf:pﬁi_ Measurement results for quad scans with screens
using Ocelot with the prepared settings (e.g. SASE1 Wl row mosssmentpresngion |+ g |
matching quad).

as measurement devices.

Last chance: One of the last tuning knobs can be the - _
two air coils quads on the main solenoid in the |
injector. o e | =

» measurement or the last
fa Sk g // re-evaluation of the
¥ measurement data. ! I
Match using last resls I I
. -

Typical result after matching calculation. This plot |

I B European XFEL is only shown if the algorithm found a solution.
03122019 BKR
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Laser heater setup

https:/fjddd-xfel.desy.de/jddd /XFEL/Injector [LaserHeater/XFEL_LaserHeater_basic.xml XFEL.UTIL///

The laser heater can be currently used for optimization
with 3 different parameters: o - T ey @ S
Intensity (change in steps of 100 — 1000). [ . S O
Horizontal offset (change in steps of 0.01 — 0.1 mm). | IR
Vertical offset (change in steps of 0.01 — 0.1 mm). ST [ B £ o e v o
Test different settings like:
More power but also a lager offset and vice versa. seesvem
Different combinations of horizontal and vertical

offsets.

hor.

BPMF.48.11:

vert.

] | European XFEL s j
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