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Accelerator: Status and setup

2025 Operation Schedule

Covered electron beam energies:
10.5 GeV (1 week)

o 12 GeV (3 weeks)
o 14 GeV (7 weeks)
o 16 GeV (5 weeks)

Operation until mid of June 2025

Long Installation and Maintenance
Period (LIMP) since.

Operation highlights were reported
by Andreas.

I B % European XFEL

Matthias Scholz, DESY

Shutdown/Maintenance Linac startup Interlock tests (no beam)
- Facility development Access, setup, tuning - Experiment tuning
- X-ray program (8 GeV, 10.5 GeV, 11.5 GeV, 14 GeV, 16.1 GeV, 16.3 GeV, 250 pC, 4.5 MHz).
Special mode: Short Pulse, HXRSS, Two Colour

European

XFEL

Operation Schedule 2025
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2025 Operation Schedule
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H . Special mode: Short Pulse, HXRSS, Two Colour
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beschleunigerstatus.desy.de

LI M P ActiVities Ove rVieW XFEL Long |nsta||ation and Maintenance Period

Cryogenic Safety Valves

2. Gunb5 Installation

3. SCU preparation (XTD1, SASE2)

‘SA2 After-burner lattice and uilities installation SA2 After-burner lattice installation completed SCU Controls update

Chicane IS SA1 connection ASPECT Controls update Installation completed

4. ASPECT (XTD2, SASE1) > = e =

Streaker north installed, update controls

11-11-2025 Priifung ortsfester elektrischer Anlagen im XTD5
Injektor closed for Intelock test 11:00 — 13:00

periode ends in

5 ) Strea ke r N o rth (XT D4 ) Please avoid entering XHEXP via XTD7 antenance

5. STERN (XS4 — XTD8)
7. HXRSS in SASE1 9. And more ...

8. Additional magnet movers upstream 10. Plus all the installations in the photon beamlines
SA1 & SA2

I B % European XFEL DESY.
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beschleunigerstatus.desy.de

LI M P ActiVities Ove rVieW XFEL Long |nsta||ation and Maintenance Period

Cryogenic Safety Valves

2. Gunb5 Installation

Novemb
[ 10 [ 11 [ 12 [ 13 | 14 [ 15 [ 16 | 17 [ 18 [ 19 [ 20 [ 21
| Weel | Week 47
Mo

3. SCU preparation (XTD1, SASE2)

4. ASPECT (XTD2, SASE1)

5 ) Strea ke r N o rth (XT D4 ) Please avoid entering XHEXP via XTD7 antenance

11-11-2025 Priifung ortsfester elektrischer Anlagen im XTD5
Injektor closed for Intelock test 11:00 — 13:00

periode ends in

6. STERN (XS4 — XTD8)

7. HXRSS in SASE1 9. And more ...
8. Additional magnet movers upstream 10. Plus all the installations in the photon beamlines
SA1 & SA2

-> Talks by Marc and Maurizio after lunch

I B % European XFEL DESY.
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LIMP Activities Overview

Cryogenic Safety Valves

2. Gun5 Installation

3. SCU preparation (XTD1, SASE2)
4. ASPECT (XTD2, SASE1)

5. Streaker North (XTD4)

6. STERN (XS4 — XTD8)

/7. HXRSS in SASE1

8. Additional magnet movers upstream
SA1 & SA2

I B % European XFEL

Matthias Scholz, DESY

beschleunigerstatus.desy.de

XFEL Long |nsta||ation and Maintenance Period
XFEL

November
1 [ 2 [ 3 [ 4 [ 5 [ 6 [ 7 [ 8 [ 9
=

Novembel
[ 10 [ 11 [ 12 [ 13 | 14 [ 15 [ 16 | 17 [ 18 [ 19 [ 20 [ 21
| Weel | Week 47
Mo

Please avoid entering XHEXP via XTD7

11-11-2025 Priifung ortsfester elektrischer Anlagen im XTD5 Mglntenancg
periode ends in

Injektor closed for Intelock test 11:00 — 13:00

9. And more ...

10. Plus all the installations in the photon beamlines

-> Talks by Marc and Maurizio after lunch

DESY.
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XHEXP1

Safety Valve Exchange

SC linac and the cryogenic system: certified according to Pressure Equipment Directive

The layout of the cryogenic system must ensure both machine safety and personnel

safety in the event of a sudden evaporation of the liquid helium.

Authorities require a test of the safety valves every 5 years through a certified body.

¥  So far: single valve system -> requires a warm-up of the linac for maintenance.

¥  change to a 2-valve system -> safety check, maintenance in the future without warmup.

L J | European XFEL
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2026 Operation Schedule

S —
0 S Shutdown/Maintenance Linac startup Interlock tests (no beam)
o . European p e rat i o n c h e d u Ie 2 0 2 6 Facility development Access, setup, tuning Experiment tuning
X-ray program (8 GeV, 10.5 GeV, 11.5 GeV, 14 GeV, 16.1 GeV, 16.3 GeV, 250 pC, 4.5 MHz).
Gun 5 conditioning can start next week. XFEL B B e e e
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wk5 version 06.11.2025

I B % European XFEL




Accelerator: Status and setup Matthias Scholz, DESY 1 O

Accelerator preparation for photon delivery

.;_5\ —

All individual steps pan G Coremm—

o Difficulties and how we deal with them

o Explanation why the setup can be time consuming

I B % European XFEL DESY.
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Laser on the cathode

Checking the injector laser spot on the virtual
cathode to ensure that the shape and

homogeneity are ok.

I European XFEL

Matthias Scholz, DESY

average: 1 < XFEL.LASER/UG7.CAM/Gun.14.VC

rotate Roi Gauss Fit 2d Gauss Fit

fix aspect ratio Energy [MeV] 130.0

loper/data/python/images/img/Pic_Gun.14.VC_2025_05_06_15-02-24.mat

trunc. Gauss

Dispersion [m] 0.0

Print to xfellog

Image

gaussRing

Print to file

Scan

Devices

Read Img.

add hor. energy

Save Pic

Load Pic

Read Backgrd.

3D Plot

add vert. energy

Save Data

11

O Img Img-B.grd B.grd
X-slices: Y-slices: 7 )
polling 1 Hz polynom order: 3 <

Read Data

rm hot pixel

sum over ROI:

RAW active

1000 —A—]

|
use level:

min 0

max 1000

Save config Load config  2025_05_06_15-04-03

DESY
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Laser on the cathode

Checking the injector laser spot on the virtual
cathode to ensure that the shape and
homogeneity are ok.

QE map of the cathode.

L J | European XFEL

Matthias Scholz, DESY

A s Devices
rage: 1 XFEL.LASER/UG7.CAM/Gun.14.VC (2] Read Img Read Backgrd. O Img
rotate Roi Gauss Fit 2d Gauss Fit trunc. Gauss gaussRing RMS 3D Plot X-slices:
2 fix aspect ratio Energy [MeV] 130.0 Dispersion [m] 0.0 add hor. energy add vert. energy polling 1 Hz

Color code: Sensor 1

700
04

650

600

550

Actuator 2
wn
8

450

400

350

600 650 700 750 800 850 900 950 1000
Actuator 1

Img-B.grd B.grd

Y-slic 7
polynom order: 3
'm hot pixel
im over RO
0
RAW active
use level
min 0
max 1000

Load config | 2025_05_06_15-04-03

DESY.
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Laser on the cathode

T scan  Devices
average: 1 ' XFEL.LASER/UG7.CAM/Gun.14.VC () Read Img. Read Backgrd.
. . . . rotate Roi Gauss Fit 2d Gauss Fit ~~ trunc. . Gauss gaussRing RMS 3D Plot
Checking the injector laser spot on the virtual

cathode to ensure that the shape and
homogeneity are ok.

QE map of the cathode.

700

Adjust the laser’s position feedback such that
the laser hits the correct spot on the cathode.

600

NEPAL-X2 beam shaping aperture

BSANF Camera ROI BSAFF o
| Profie X |

M ShowBeamposition

I European XFEL

ESY

Color code: Sensor 1

BSA

Current
7930 [N

Error Thresh. | 9.0

Time-To-Target 0.0s

NF Data Available ) FF Data Available @)
Motor Controller Q Motion Done
Server Status: ok

Max. Step Size M E
Align. Stab. |
=

Settings Server for BSA motor positions

Detach Window

O Img

X-slices:

polling 1 Hz

0.4

£ config

F

Load config | 2025_05_06_15-04-03

DESY

13
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Beam optics matching and emittance measurement

Matching means to bring the electron beam’s size and divergence

Matthias Scholz, DESY

into line with the design optics of EUXFEL. This is done by

changing the strengths of quadrupole magnets upstream the

measurement point.

This measurement can be done in different ways.
We use multi quad scans that have a high error
tolerance.

The emittances are measured in the same way.

There is a tool available for measurement and
matching that can be used by all operators.

Depending on the starting conditions, we need 2-3

matching iterations.

European XFEL

Measurement

Injector (OTRC.59.11)

Screens

ey 1 8y Be

Cycle only at the end of the measurement (c

Scan increment (leave empty for defat

Safe full resolution pictures (only screen

Use the following quad
settings after the scan:

edit config file

« Design (c

Start the scan

Match using last results

open directory with prepared files

) normalised horizontal phase space

=
3

130

1 2 3 4 5 6 7

Evaluate again

open directory with scan data

DESY

ssi (RMS) norm:
8
J 170 |4 08
4 _h 04
2 ; —I— f 02
. 7 X-x_ ‘l‘ S .
X XA &
5 150 X — 02PNy
0.4 i =04
06 0 T -0 \
08 0.8
-1 0 e 1 2 3 4 5 6 7
y/\ n stey
LY BMAG X Oy °(x.design Bx Bx.deggn E
4.3273e-07 1.0427 0.1518 0.1770 1.9437 1.8880 6.4468e
Ey BMAG Yy 0‘y o‘y.design Bv Bv.design Ey
4.1945e-07 1.0683 1.3346 1.2450 19.3076 18.0760 4.8571e
1_SOLA [A] I_SOLB [A) Gun gradfient [MV] Gun phase [deg) b
25 350 56.9000 -38.4000
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xr'éL FEL Imager (from Karabo via DOOCS) SA2

Injector dispersion

We learned rather early that the general performance is very sensitive to the
trajectory in the injector.

First lasing on 1. May 2028

L J | European XFEL DESY.
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FEL Imager (from Karabo via DOOCS) SA2

Injector dispersion

We learned rather early that the general performance is very sensitive to the
trajectory in the injector.

@ Q 1 o1 — | 4 Automatic Zoom

Measurement Information Measurement Results

It is visible on screens and simulations that the bunches sy o | A I P T —

onse/2025-04-01T145530-XFEL.txt
Horizontal Trajectory.

" . " . . . Setpoints:
are tilted when the |njector ISpersion IS not close 5 = i
.
= — 145.88
B2D E — 144.66
Comment: <O \ “ — 14343
<no comment> 142.21
5 | | | ! ! 140.98
40 60 80 100 120 140 160 180  — 139.75
Vertcal Trajectory
Evaluation
or == o=
€
E S
>0
15 1 1 L 1
40 60 80 100 120 140 160 180
— %10 Horizont tal BPM Response
s : I
< — theoretical
2
§ = = measured
s iy
ERs " e~ I
° 1
S
T ol }
E ' | I I I I
40 60 80 100 120 140 160 180
Status =2 %1073 Vertical BPM Response
Measurement complete: §
2025-04-01T145530-XFEL.txt H
=41
S
S ¥ -
or Y
E"; » w " " L} " o Wony
3
3 I I I I I
40 60 80 100 120 140 160 180
Beamline
.|.|m'|“""""""'”"' [RENEN J000 D0 il | (T |
I W gl | | | | |
40 60 80 100 120 140 160 180
z(m)
Trajectory Response 2.36 - XFEL [ start Measurement... | ‘ Open File... ‘ [ Print/Export... | [ Quit

L J | European XFEL DESY.
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FEL Imager (from Karabo via DOOCS) SA2

Injector dispersion

Karabo adros SAZ_XTD1_INGFELICAMBEAMVIEWloutput schoma.data mage

Doocs XFELFELCAM.SAZISAZ_XTD1_IMGFELBEAMVIEW

We learned rather early that the general performance is very sensitive to the
trajectory in the injector.

@ Q 1ot C | — E2TZ2E@ 86D

Measurement Information Measurement Results

It is visible on screens and simulations that the bunches I P T —

onse/2025-04-01T145530-XFEL.txt

are tilted when the injector dispersion is not closed. - — =l

The Ocelot Optimizer is used for dispersion correction. B e e w o w w w -

Vertical Trajectory

Evaluation

L 1 L L
BT bsoo ] . 100 120 140 160 180
Horizontal BPM Response

I - theoretical

= = measured
1 Il L L L

100 120 140 160 180

Vertical BPM Response

LI
" " " " o Wony
| I I I |
100 120 140 160 180
Beamiin
N RN 0D D000O00m oo | (T
| I I I |
100 120 140 160 180
z(m)
. ‘ Open File... ‘ ‘ Print/Export... | ‘ Quit

Loghook

L J | European XFEL e — DESY.
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Injector dispersion

We learned rather early that the general performance is very sensitive to the

trajectory in the injector.

Matthias Scholz, DESY

@ Q 1ot

Measurement Information

It is visible on screens and simulations that the bunches

are tilted when the injector dispersion is not closed.

The Ocelot Optimizer is used for dispersion correction.

hutps: //jddd-xfel.desy.de/jddd, LIn_One_Camera_Expert.xml XFEL.DIAG/CAMERA/OTRB.454.82/
XFELDIAG v |[cAMERA v |oTRB.454.82 || Gury
ack

OTRB.454.B2

XFEL.DIAG/CAMERA/OTRB.454.82/
T
CameralD: 812 Basler avA2300-25gn 17FF... | [~] 570 ¢ oniine

ok

Camera Connection  Params Images
Server 4] Pe . o
Sepver,  ElPower w2360 wa77s V2 startstop

LED ] Camera WD Server Timer | Properties | Print | Frame

356

Scale XY
[¥] _xscale
¥ _¥scale
image comp. jpeg
off ~ ! Fi
rotation:
90 -

Tool Box

[]___ BG. Subst.
[[]___Histogram
[[]__X&Y Spectrum
[] RoI1| [] ROI2
Write Images
Writs ROIs

L J | European XFEL

Update Reference.

05661

onse/2025-04-01T145530-XFEL.txt

Beamline:
B2D

Comment:
<no comment>

Evaluation

Loghook

FEL Imager (from Karabo via DOOCS) SA2

SAZ_XTD1_INGFELICAMBEAMVIEWloutput schoma.data mage

XFELFELCAM.SAZISAZ_XTD1_IMGFELBEAMVIEW

— | + AutomaticZoom v

Measurement Results

Actuator: C.A1LI ¢ Show: Trajectories & Responses C  Optics: Model at time of measurement

Horizontal Trajectory.

SE I I I !

Setpoints:

- 147.11

— 145.88

— 144.66

- 143.43
142.21

! 140.98

40 60 80 100 120 140 160

Vertical Trajectory

L 1 L
100 120 140 160

180 = 13975

1
180

Horizontal BPM Response
I — theoretical
= = measured
1 Il L L L
100 120 140 160 180
Vertical BPM Response
LI *
L] - " " ny
L L L L L
100 120 140 160 180
Beamline
T R 000 DODDO000 DL ] [l
L L L L 1
100 120 140 160 180
z(m)
‘ Open File... ‘ \ Print/Export... | \ Quit

Helo/Docs

DESY.
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Injector dispersion

We learned rather early that the general performance is very sensitive to the

trajectory in the injector.

Matthias Scholz, DESY

@ Q 1ot

Measurement Information

It is visible on screens and simulations that the bunches

are tilted when the injector dispersion is not closed.

The Ocelot Optimizer is used for dispersion correction.

https://jddd-xfel.desy.de/jddd

|_In_One_Camera_Expert.xml XFEL.DIAG/CAMERA/OTRB.454.82/

XFEL.DIAG v |[cAMERA v |oTRE.454.82 |~ Guru
Back
OTRB'454'82 XFEL.DIAG/CAMERA/OTRB.454.82/ |
CameraID: 812 Basler avA2300-25gr 17¢F... | | e e e o e B X S
ok [XFEL.DIAG |+ [camERA [~[oTRB.45482 ||
Camera Connection Params OTRB.454.B2
Server  [Z] Power
. W: 2360 H: 1776 .
Qo] o] " gon | - CameralD: 812 Basler avA2300-25gn 17FF.. | ~] s
LED | Camera WD Server Timer | §
ok
Camera Connection  Params
Server, | ElPower . 2360 H: 1776
LED O Camera | WD Server Timer | _Properties|
=

L J | European XFEL

05661

onse/2025-04-01T145530-XFEL.txt

Beamline:
B2D

Comment:
<no comment>

Evaluation

Loghook

FEL Imager (from Karabo via DOOCS) SA2

SAZ_XTD1_INGFELICAMBEAMVIEWloutput schoma.data mage

XFELFELCAM.SAZISAZ_XTD1_IMGFELBEAMVIEW

— | 4+ AutomaticZoom v 2T2@
Measurement Results
Actuator: C.A1LI ¢ Show: Trajectories & Responses C  Optics: Model at time of measurement
Horizontal Trajectory
Setpoints:
51 — 147.11
E — 145.88
E — 144.66
So- \ £ — 143.43
142.21
51 | | | | | 140.98
40 60 80 100 120 140 160 180 = 139.75
Vertical Trajectory
ok

L 1 L
100 120 140 160

1
180

Horizontal BPM Response
I — theoretical
= = measured
1 Il L L L
100 120 140 160 180
Vertical BPM Response
LI *
L] - " " ny
L L L L L
100 120 140 160 180
Beamline
T R 000 DODDO000 DL ] [l
L L L L 1
100 120 140 160 180
z(m)
‘ Open File... ‘ \ Print/Export... | \ Quit

Helo/Docs

DESY.
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RF on-crest phase measurements

All RF on-crest phases have to be measured in order to allow a proper
bunch compression setup.

Most important are the gun and the RF stations A1-A5 plus AH1 (all stations

etup

upstream the bunch compressors).

The on-crest phases of the RF stations in L3
(A6-A24) can be measured parasitically.

This is followed by the bunch compression
setup. Typically, we start with our design
values for energy chirp, curvature and cubic

coefficient.

European XFEL

Current Profile (A)
0

Matthias Scholz, DESY

Energy Server Beam Position Monitor

RF-station: A5withB2 &

O Automatic Semi-Automatic

Start Stop

Chanée scan direction finished.
Scan resumed ...

Manual

Abort

=
©
=
=
)
=
]
=

moni

20

https://jddd-xfel.desy.de/jddd /global/RF/gun_phasescan.xml XFEL.RF/GUN_PHASESCAN/GUN.I1/*
—

GUN PHASE SCAN

Automatic Scan | Manual Scan | Expert |

Charge vs. Gun Phase

Gun phase

0.10

0.05-

o T T T T T

-50 -40 0 -20 -10 0 10
GUN.I1/SCANNED_GUN_PHASE
Subtrain selection: |ALL A Gun phase: -44.00 °

Typical 1.3
GHz RF station

=2 0 P
setpoint phase (deg)

DESY.
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Beam transport to TLD

CEX.1542.13
200

21

The beam’s response to a horizontal kick upstream the e —_ ,,,,, .‘ _ ,,,,,,, .

100_ ........... g

collimations section is very sensitive to the correct Setup T 52: _________________ ___________ ____________ e o R L
of the electron beam energy (~0.1% -> 10-20 MeV). S W A A A 5 » o

0O ThiS fact iS use as a Vew precise measurement Of the soll —e—R12E0 +05% of EO |...... R

—0— R12: EO nominal : : : 3
-200 | | 1 |

eIeCtron beam energy downstream L3. 1550 1585 1620 1655 1690 Z1ﬁf]] 1760 1795 1830 1865

o However, we typically observer a small positive photon
energy offset in all three beamlines.

As soon as a dispersion and loss optimized trajectory to TLD is established, we switch to long bunch trains.
o Typically, ~2.25 MHz repetition rate -> 1350 bunches in 600 us.
o Check dump temperatures

1@101% 1@101% 1@101%

1@101%

1@ 251pC Z-2130.1 MeV . . 1@101% /RRRR
1@101% —'\'_I/'—E\H/'—I\—--\_/'—l\—-—-l\l_ il

==127.1 MeV =< 698.9 MeV == 2402 MeV =-<16400 MeV :

1@101%
=-=16287 MeV

==125.7 MeV

L J | European XFEL DESY.
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Long pulse trains

Ensure that all bunches have the same charge over the
pulse train.

Apply the correct pulse forms to the adaption kickers that
ensure the same trajectory of all bunches.

Actuator within bounds
Control is turned off v0.1-107-g90a8526
T

Check the status of the IBFB.

The bunch train energy FB ensures that all bunches have
the same energy at the end of the main linac.

Prepare the fast longitudinal feedback.

I B % European XFEL DESY.
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L O n g p u I s e tra i n s https://jddd-xfel.desy.de/jddd /user/meykopff/kickerdac.xml XFEL.FEEDBACK/KICKERDC/EXTRA/

Adapt Compensation Kicker Switchyard

Adapt (] Automatic Mode Suggest adaptation ] m‘

Ensure that all bunches have the same charge over the S ) EEE |

. [v] Ignore SA3 ﬂl
pulse train. e oo [0z ] || 2] o

Orbit pulse pattern view (SA1/SA2 / SA3)

Apply the correct pulse forms to the adaption kickers that
ensure the same trajectory of all bunches. - W”"““W“““WWNHM
CheCk the Status Of the IBFB. 4‘.;8P:E224:.i11 960 9}»0\v| ;:t:Ezz‘::l:(:\z 11|00 11'50|v‘12|00 12|50 13‘00 13'50 140[?

Kicker 1 & 2 DAC
7000

The bunch train energy FB ensures that all bunches have

5000

4000

the same energy at the end of the main linac.

2000
1000

Prepare the faSt IongitUdinaI feedbaCk' wc;ﬂo Béo 960 9*0 10‘00 10.L)0 11|00 11%0 .’1;00 12"5’07” ;IVSI(;OW1V3%0 14|00 14.L)0 150uo

debian_version_2_0_53
] Y |

Pulses SA1: 85 SA2:10 SA3:55 SA4:0 BPMs SA1: 4 SA2:4 Tag: 0

I B % European XFEL DESY.



itps://jddd-xfeldesy.de/jddd group) sl /burst flatiening_server/burst fattening_server_ph.xm| XFEL/NEPALZ.BURSTPH1/PHL/

Help | RPC| WD
XFEL |

Accelerator: Status and setup Matthias Scholz, DESY

XFEL [-[NEPAL2.BURSTPH1 -[pH1 - [Select
[ 'ﬂijELDIAGELQRQIDE[QRA-ZiJLBMﬂSIUAME— ==
Lo n g p u I s e tra I n s https://jddd-xfel.desy.de/jddd /user/meykopff/kickerdac.xml XFEL.FEEDBACK/KICKERDC/EXTRA/ 1

Adapt Compensation Kicker Switchyard
[_] Automatic Mode Suggest adaptation Reset Full Backup

Idie . @ E A SAS e
Setup

Orbit Threshold:

["] ignore SA1

Ensure that all bunches have the same charge over the
pulse train. e

[v] Ignore SA4

__ Orbit pulse pattern view (SA1 / SA2 | SA3)
https://jddd-xfel.desy.de/jddd /XFEL/IBFB/IBFB_operation.xm| XFEL.DIAG/DAMC2IBFB/DI1914TL.0_CTRL/

IBFB Operation Panel
XFEL

Apply the correct pulse forms to the adaption kickers that

| Statistics paas Statistic: ~oas
. [v] Feedback leg [v] Feedback o lee
[v] Feedforward [v] Feedforward
e n S u re e Sal I Ie ra eC O r O a u n C eS BPML1925.TL BPML1939.TL ¥| Adaptive FF stdDev.[um] [ 103 [ 090 BPML1910.TL BPML1930.TL ] Adaptive FF stdDev.[um] [ 060 | 066
. o vy EECNY S N
+.0-830 +.8.035 FF Reset p-p [um] 525 | 532 -.0.383 =.8.371 _ FFReset | p-p [um] 318 | 439
Should be <05 (abs) KICK1 __ KICK2 Should be <05 (abs) chm KICK2
Mean | 0.049 | 0 044 Mean 0 177 0 027
’ A Min | 0.063 | nnn ] Ampilfier gate A — “nz 0043 V] Amplifier gate
RBV  0.041 0.015 max [0:53 [T 0206 | RBV  -0.102 0177 max [0152 [ 0168 |
Check the status of the IBFB
' | R
—BPMI.1925.TL/X.TD [mm] : Mean=0.02937, SD=0.01788 —BPMI.1910.TL/Y.TD [mm)] : Mean=-0.1031, SD=0.0009314 ]
0.10 5
0.09-
0.08 -0.08-
H 0074 -0.08-
e bunch train energy FB ensures that all bunches have |
0.05 -0.11

0.04- e it g rans v W gl e

the same energy at the end of the main linac. :

0.025

0014 015
0.6
001 047
. . Yy 0.
P re a re th e fa St IO n It d I n al feed back 750 800 80 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 750 800 80 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1&
p g u - g mim)
0 0.
0.074 011
0.06 -0.12-
0.05- 013
0.04- 014
003 015
002+ L - o 016
001 Bt b 017 3
0,00 -0.18 S et i
001 0.9
-0.02- -020-
-0.03- 021

T T T T T

800 850 900 ok 1000 1050 1100 1150 1200 1250 1300 1350 |4u]n t
S}

750 8do 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 |4n]u
S}

] | European XFEL DESY.
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Accelerator: Status and setup

Long pulse trains

Ensure that all bunches have the same charge over the
pulse train.

Apply the correct pulse forms to the adaption kickers that
ensure the same trajectory of all bunches.

Check the status of the IBFB.

The bunch train energy FB ensures that all bunches have
the same energy at the end of the main linac.

Prepare the fast longitudinal feedback.

] | European XFEL

Matthias Scholz, DESY

XFEL|

XFEL

[-[NEPAL2.BURSTPH1

-[pH1

~  Select

https://jddd-xfel.desy.de/jddd /user/meykopff/kickerdac.xml XFEL.FEEDBACK/KICKERDC/EXTRA/

Adapt Compensation Kicker Switchyard

["] ignore SA1
[v] Ignore SA3
[v] Ignore SA2
[v] Ignore SA4

[] Automatic Mode

Idle

Orbit Threshold:

Suggest adaptation

= =

[]
o0z |

Reset Full

Backup
Restore
Setup

Orbit pulse pattern view (SA1/ SA2 / SA3)

[v] Feedback

hitps://jddd-xfel.desy.de /jddd /XFEL/IBFB/IBFE_operation.xml XFEL DIAG/DAMC2IBFB/DIL914TL.0_CTRL/

IBFB Operation Panel
XFEL

Statistics

Anan

[v] Feedback

Statistics

AAAA

Send to xfellog...

v] Feedforward - [v] Feedforward .
BPML1925.TL BPML1939.TL ¥| Adaptive FF StdDev.[um] | 103 [ 090 BPML1910.TL BPML1930.TL 7] Adaptive FF StdDev.[um] | 060 [ 0.66
SP ANA AAA  AAA AAn SP ARA AAA  AAA Ans
$.0-040 +.0.813 FF Reset p-p [um] 525 | 532 -.8.103 -.0.377 FF Reset p-p [um] 318 [ 439
Should be < 0.5 (abs) Kick1 KICK2 Should be < 0.5 (abs) KICK1 KICK2
Mean | 0.049 0.044 Mean | 0177 0.027
— — v — — v
t Min | -0.063 0,077 | [v] Amplifier gate A win | 0302 [ 0083 [v] Amplifier gate
RBV  0.041 0.015 max | 0153 [ 0296 | | RBV  -0.102 0177 max | 0132 [ o168 ]
corrector | [ corrector | [ corrector | Show [v]raw [[]SA1 [[]SA2 []SA3 corrector | [ corrector | [ corrector | Show [v]raw [[]SA1 [[]SA2 [[]SA3
B —
0. 117—EMvst//]ddd-xfel,desy.de/jddd/globallFeedbacks/sbwlf_rl/huuh_ualn_energy_feedha(x.xml XFEL FEEDBACK /BUNCH_TRAIN_ENERGY/L3/ S EEE—
010
PP I XFEL BUNCH TRAIN ENERGY FEEDBACK
Overview | Log | Expert
0084 |/
o Feedback controls Beam energy profile (MeV)
0.06- W Enable feedback . '
0.05- ¥l Inside beam regions | | 16350
0.04:1 ] Between beam regions H
0034
0024 Gain: 0.05 B | e
0.014 o
0-;
001
0.024—
ly Single Feedback Ste
750 LERVSRLSe S 1250 1300 1350 1400
1634 T T T T T T T T T T T us]
[ — 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400
g [us]
0.08—
0,074 Reset beam regions Sum voltage (MV)
0.06-; ResetBR1 | ResetBR2 | ResetBR3 | 786. ~
0055 Reset all Beam Reglons & Steps | 786. ~\
0.04- / \
ool 785 / \ E
0.024 3 7854
i 3 / |
001 785, P .
0.0+ / \ / \
001 oz
o . \/ \
003
0044 784.4 T T T T T T T T T T T
4 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350  140f
18]
0.054— -
750 - 1250 1300 1350 1400
— 2 us]
50 Sum voltage locations configured as A24.L3, A25.L3
01 Feedback disabled
o1 Regulation inside beam regions switched ON
01 Regulation between beam regions switched off =
17 Feedback ENABLED =
ok

DESY.
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Beam to north and south branches

BUNCH PATTERN SERVER: PATTERN BUILDER (MACHINE PATTERN

B e a m d i Stri b ti O n t O al I hutps://jddd-xfel.desy.de /jddd /global/Util/bunch_pattern_server_pattern_builder.xm| XFEL.UTIL/BUNCH_PATTERN/PATTERN_BUILDER /PULSE_TYPE_O
l l —
Europasn
XFEL

. 1. Pulse Types Edit Pulse Typ¢ 4. Bunch Counters 8. Apply, Save & Load
u n u a Or eal I I I n eS . 0:Nobunch + G:G1D » I:1D + b:B1D + B:B2D + D:TLD + 1:SA1 + 2:SA2 + 3:SA3 -« suncH_counter1 Pulse IDs generating these bunches: [1] Anga ’2257 kHz, 70xD, 346x2, 30xD, 20xD, 173x1D, 190xD, 346x3, 0x0 ‘
4:SA4 -+ L:Laserstand-alone * X:X1nolLH + Y:X2nolLH + Z:X12nolH + d: Excess bunches at the end of the train are replaced by: ‘ D \ v vég

Send this pattern to the timing system and switch it to
BUNCH_COUNTER 2 Pulse IDs generating these bunches: 2 ‘ AAAN Apply & Switch user mode.

B unc h p a tte rn s et u p ] 2 Pules Patioms [ Excess bunches atthe end of the trai are replaced by: [ B | v @ e 1 T
[3]

timir tem.
1Al Add Pattern | Remove Pattern [ BUNCH_COUNTER 3 Pulse IDs generating these bunches: AAAA ﬂsys fem
Excess bunches at the end of the train are replaced by: | D | 300 Recentpattems | Presats
I l Base Frequency: I25THHE | £0q Sub-Pattorn Save Save this pattern to the list without applying it
U n d u I ato r p re pa ratl 0 n O r th e Start Time Description Sub-Pattern #Ticks # BUNCH_COUNTER_4 Pulse IDs generating these bunches: ‘J AAAG E
[X] M’i— us ‘Linac dump D ‘ \‘ AnaA Arsaiaail \ Excess bunches at the end of the train are replaced by: \ . \ AAVAVA 2 Load Load the pattern that is selected in the list below:
. [IRF transTnon .. sze vvzg - 90 !
r t d h t n n r I M o sw 2 [N ~338 ~332.9% M | 5.TailClean-Up
e q u e S e p O O e e g e S lal REtransition - ~3%6 ~346-09 ¥ | Removethe following pulse types from the end of the pattern: —‘
(X 9843 ps [T D e I T Y] Z ...but leave this many tail pulses untouched: —Oil
fo r th e CO m i n g Wee k [v] RF transition LnuDnDnDnununnnnnnnnunnnnnnnnu ‘j ""39 ""39'99 ] -
’ X[ sersiips  [Liers ) Anga Anga aa
RF transition Lnnnnonnnnnnnnnnnnnn N 40 ..80-00 ¥ | 6.Pattern Sequence
1 H 4 | 1006.5Fps  [sat 1D Agaa Asas aa ) /PA]—\ ;I[A] LI
Depending on the previous SE R T
X 1150.8F ps  [rLp D ~288  ~785 55 M | 7.ReviewPattern Show|Machine Tag [A] |~ [A]
h th I tt- f- t [v| RF transition ‘ ‘ \‘ 490 .190.90 ] e
C a n eS O n e a ICe I rS [xi 12440 s [sA3 3 Agan  ~aaa an I
g ! | RF transition ‘ ‘j vasg vssg - ge i
1 ] 1397.3Kps | o N anng anan op ]
signals can be foun = e ;
I

.

quickly. —
9. Timing System Configuration

Change destination to TLD if MPS limits the number of bunches (otherwise,

3. Charge Rules Edit Charge Rules... Suppress remaining bunch train):

' f th tandard
u n I n O e S a n a r ) [v] For destination T4D (SASE1/3)
+550 pC for all bunches T 1
g 00 900 1000 1100 1200 1300 1400 1500 1 ﬁjﬂs(]l ] For destination T5D (SASE2)
View Pattern... Open the Pattern Viewer in a separate window. ([essswicheslhiave lnmediatelefiecton is inhg systens:

operation modes can start. ‘ e || smioes |

L J | European XFEL DESY.




Accelerator: Status and setup Matthias Scholz, DESY

Beam to north and south branches

https://jddd-xfel.desy.de/jddd/global/Util/bunch_pattern_server_pattern_builder.xml XFEL.UTIL/BUNCH_PATTERN/PATTERN_BUILDER/PULSE_TYPE_0
——

Beam distribution to all

I | . 1. Pulse Types Edit Pulse Typs 4. Bunch Counters 8. Apply, Save & Load
u n u a Or eal I I I n eS . @:Nobunch » G:GID » I:1D + b:B1D + B:B2D + D:TLD + 1:SA1 » 2:SA2 + 3:SA3 + aunch.comter s Pulse IDs generating these bunches: [1] Araa ’2257 kHz, 70D, 346x2, 30xD, 20D, 173x1D, 190D, 346x3, 0x0 ‘
4:5A4 « L:Laserstand-alone *+ X:X1noLH + Y:X2noLH + Z:X12nolH + d: [ | Excessbunches atthe end of the tran are replaced by: | D | ég
Send this pattern to the timing system and switch it to
suncH_counTeR 2 Pulse IDs generating these bunches: [2 ] Annn Apply & Switch_ [, o rmode.
B u n C h p a tte rn S et u p . 2.Pulse Patterns ‘ Excess bunches at the end of the train are replaced by: | D_| Reset Retrieve the pattern that has last been sent to the
timing system.
[A] Add Pattern [ Remove Pattern ‘ BUNCH_COUNTER 3 Pulse IDs generating these bunches: 3 AAAa
Recent patt Preset:
Excess bunches at the end of the train are replaced by: [ D égv SRR Prosets
1 :[2257kHz |+ _Add Sub-Pattern_| LN
A1 IR Aad Sub-Pattorn . Save Save this pattern to the list without applying it.
Start Time Description Sub-Pattern #Ticks # BUNCH COUNTER 4 Pulse IDs generating these bunches: \ .| ’V\'\a
X] 800.0 )—1 Hs ‘Linac dump D ‘ \‘ AAi@ AAi@ @@ i ‘ Excess bunches at the end of the train are replaced by: ‘ . ‘ Load Load the pattern that is selected in the list below:
. [] RF transition . ° ¥
X AAAA Anan an I
req uested photon energies Y : 35 356.09 4 | STeicsnup
jalitiieneion ¥ | Removethe following pulse types from the end of the pattern:

hetps://jddd-xfel.desy.de jddd /XFEL/diag/photons /XFEL_xgmd_sase_viewer.xm| XFELFEL/XGM.PHOTONFLUX/XGM.2995.T6/*

fOr the Com|ng Week J | SASE2 UPSTREAM (2595.T6)7 8.901 keV 139 A  xoMek?

[W] Total FEL output power 120.46m W
0.14

—XGM.2595.T6/PHOTONFLUX.W [W] : Mean=0.1089, SD=0.008010

Depending on the previous
changes on the lattice, first |
SASE signals can be found i Bl o

quickly.

tem Configuration

tion to TLD if MPS limits the number of bunches (otherwise,
ining bunch train):

.
T ‘ 5.0
unin g Of th e Sta n d a rd 15h 17h 19h 21n 23n 4.9 22:34 22:49 23:04 23:19 23:34 2 5=
3.9.2024 3.9.2024 3.9.2024 3.9.2024 392024 2024 392024 382024 39204 392024  3.9.2024 n 73D (345E2)

Intra-train pulse energy (mm] XGM.2595.T6/IY.POS
s

— User Lasers Send to xfellog... | Help |

O p e r. ati O n m O d e S C a n S t a rt. [‘3‘15100 have immediate effect on the timing system.

L J | European XFEL DESY
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A few words on electron beam based alignment eBBA

We have recently carried out eBBA twice a year for all three beamlines.

eBBA ensures the correct position of the quadrupole magnets in the undulator beamlines with a precision
of <10 um.

|dea of eBBA: Steer electron beams with different energies (6, 8, 12 and 17.5 GeV) through the undulator
beamlines while keeping the quad-currents the same (this changes the relative kick strength).

Preparation time (all beamlines): about 4-8 hours. The same is true for the eBBA itself.

eBBA has it weaknesses towards the end of the undulator beamlines because we have less and less
BPMs available downstream to track the trajectory of the beam.

L J | European XFEL DESY
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A few words on electron beam based alignment eBBA

We have recently carried out eBBA twice a year for all three beamlines.

eBBA ensures the correct position of the quadrupole magnets in the undulator beamlines with a precision
of <10 um.

|dea of eBBA: Steer electron beams with different energies (6, 8, 12 and 17.5 GeV) through the undulator
beamlines while keeping the quad-currents the same (this changes the relative kick strength).
Preparation time (all beamlines): about 4-8 hours. The same is true for the eBBA itself.

eBBA has it weaknesses towards the end of the undulator beamlines because we have less and less
BPMs available downstream to track the trajectory of the beam.

SASE1 <
T T T T T 0.015

o
=

o
S
P

0.005 [~

0.005 - / \

o
L
—
|
ﬁ%

-0.005 -

E
E
Stop Monit: 3
5
=
o
o
o
o

BPME.2314.5A1
BPME.2320.5A1

\B
=]
Rel. QUAD offset [mm]
o

-0.005 -

)
=)

BPME.2326.5A1 001 ‘ \ s 0.015 ‘ ‘ ‘ ‘
gsmggggggﬁ] : 2200 2250 2300 2350 2500 : 2200 2250 2300 2350 2400 2450 2500
. : BPM position [m] QUAD posion [m]

™2 Relative Offset from last Iter: M Rolative Offset from last lter
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Photon beam based alignment pBBA

Using K-Mono to align individual undulator cells one by one.
Very helpful to correct the last 30% of the undulators that are not perfectly aligned after the eBBA.

Time required for that: about 1-2 hours per undulator.

Format Correct CUX

SASE2 Replot energy [GeV]: 14.0 ¥ plot now - ref store Ref.
13-01-02 2023_09_27_10-01-08

¥ Qeeoff Qx-off
CAX
Image Scan  Devices CBX
BPMX-off1 BPMX-off1
average: XFEL.FEL/IMGSR.CAM.SA2/SA2_XTD1_IMGSR Read Img. Read Backgrd. Img : BPMX-off2
2 BPMX-off3

¥ Orbx

Ccux

rotate Roi Gauss Fit 2d Gauss Fit gaussRing 3D Plot X-slices: Y-slice:

¥ fix aspect ratio Energy [MeV] 130.0 Dispersion [m] 0.0 add hor. energy add vert. energy polling 1 Hz
x-offset [mm] x-slope [mmjcell]

" P
cell number 0,0000 ¢ 00000
ol e wor02 2023.00_27_10-01-08

¥ qy-off Qy-off

BPMY-off1 BPMY-off1
BPMY-off2 BPMY-off2
BPMY-off3 BPMY-off3

¥ Orby Orby.

fmm], [T mm]

y-offset [mm] y-slope [mmycell]
cell number 0,0000 0,0000
now: none:

¥ RAW active Qkl Qkl

Phshift PhShift
PS_Period PS_Period
U_gap U_gap
U_voft U_voft

v Uk Uk

set PS Period to reference +

cell number SASE [uJ]: 2.80

pointing Bump  device Groups
horizontal Air Coils & Start Cell No.: 1 & End Cell No.: 37

Start Ampl [um]: 0,00 End Ampl [um]: 0,00 < apply Pointing Bump this bump back to Reference

SASE2_2023_09_27_10-01-04.mat Printtoxfellog | " Printtofile | | Loaddataset | | Load datasettoref = | Savedataset = 2023_09_27_13-01-02

DESY.

thon/imagesfimg/Pic_SA2_XTD1_IMGSR_2023_09_27_12-51-41.mat wpiiosiaiiog™) (WPrintiofile’) ((Savepic’) (Tloadpic) ('SaveData’) ('ReadData’) ('Saveconfig') (Loadiconfig’) 2023_09_27_12-51-43
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SASE tuning

Trajectory inside the undulator
Beam optics

Tapering

Compression

Phase shifters

‘common knobs' in the linac.

Main Tool: The Ocelot Optimizer
and the Phase Shifter Scan.

L J | European XFEL

Matthias Scholz, DESY

Vs
XFEL.FEL/UNDULATOR.SASE2/CAX.CELL3.SA2/FIELD.OFFSET
XFEL.FEL/UNDULATOR SASE2/CAY.CELL3.SA2/FIELD.OFFSET

EL.FEL/UNDULATOR CELLA.SA2/FIELD.OFFSET
XFEL.FEL/UNDULATOR.SASE2/CAY.CELLA.SA2/FIELD.OFFSET
XFEL.FEL/UNDULATOR.SASE2/CAX.CELL5.SA2/FIELD.OFFSET
XFEL.FEL/UNDULATOR SASE2/CAY.CELL5.SA2/FIELD.OFFSET
XFEL.FEL/UNDULATOR.SASE2/CAX.CELL6.SA2/FIELD.OFFSET
XFEL.FEL/UNDULATOR SASE2/CAY.CELL6.SA2/FIELD.OFFSET
XFEL.FEL/UNDULATOR SASE2/CAX.CELL7.SA2/FIELD.OFFSET
XFEL.FEL/UNDULATOR SASE2/CAY.CELL7.SA2/FIELD.OFFSET
XFEL.FEL/UNDULATOR SASE2/CAX.CELL8.SA2/FIELD.OFFSET
XFEL.FEL/UNDULATOR SASE2/CAY.CELL8.SA2/FIELD.OFFSET

XFEL.FEL/UNDULATOR.SASE2/CAX SA2/FIELD.OFFSET

XFEL.FEL/UNDULATOR SASE2/CAY.CELL11.SA2/FIELD.OFFSET
XFEL.FEL/UNDULATOR SASE?2) SA2/FIELD.OFFSET
XFEL.FEL/UNDULATOR SASE2/CAY.CELL12.SA2/FIELD.OFFSET

XFEL.FEL/UNDULATOR. CELL13.SA2/FIELD.OFFSET

XFEL.FEL/UNDULATOR SASE2/CAY.CELL14.SA2/FIELD.OFFSET
XFEL.FEL/UNDULATOR SASE2/CAX.CELL15.SA2/FIELD.OFFSET
XFEL.FEL/UNDULATOR SASE2/CAY.CELL15.SA2/FIELD.OFFSET
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Accelerator: Status and setup

SASE tuning, longitudinal phase space

Corrugated structures will be
available in both branches in
2026.

We've learned how to use them
effectively for compression tuning
in order to improve performance.

I European XFEL

Matthias Scholz, DESY
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https://jddd-xfel.desy.de/jddd/global/Undulator/photon_beam_pointing.xml XFEL.FEL/PHOTON_BEAM_POINTING/SASE2 /
—

Last but not least: Pointing

The photon beam pointing server uses undulator air coils or quadrupole movers to change the pointing of the photon beam.
Please perform quad mover corrections preferably during normal working hours (undulator expert availability).

PHOTON BEAM POINTING

:::E; Controls | _Lattice (Air Colls) | Lattice (Quad Movers) | Log | Expert
SASE3 ;/ﬁ\ ;;r/ Quad Mover Correction Preview | _Air Coll Correction Preview
" L] L] T N
The photon beam pointing server is used

. . Please disable cel selection here unless =Hivi

you really need t. 002

to get the photon beams on the respective S gy

-0.04+
C ro S S e S . 2. Select Adjustment -0.05 T T T T T T T T T T T T

2180 2200 2220 2240 2260 2280 2300 2320 2340 2360 2380 2400 2420 2440

Please select a relative pointing angle SASE2/Z_POSITIONS
correction and verify the calculated changes.

This tool changes the angle of the straight oo ange 333§ wes .

line that was found with BBA and tuning. et b | preCrs

@ Air coil correction limits -0.15
@ Quad mover correction limits -0.24
It can also move only parts of the
3. Apply & Undo Adjustment -0.4-
d I S O o T '0'2150 2200 2220 2240 2260 2280 2300 2320 2340 2360 2380 2400 2420 2440
unau ato r. R SASE2/Z_POSITIONS

Quadrupole position changes (mm)

S e Rl

Apply Quad Mover Adjustment

-0.02
Undo steps available: 11 -0.03
-0.04-
Undo |
-0.05 T T T T T T T T T T T T
Clear Undo List | 2180 2200 2220 2240 2260 2280 2300 2320 2340 2360 2380 2400 2420 2440

SASE2/Z_POSITIONS

40 values have been successfully written to the machine (2 correctors, 19 quadrupole movers, 19 BPMs). (202505-27721:58:21) ‘

Send to xfellog... | Help

L J ] European XFEL DESY.




Accelerator: Status and setup

Typical tuning schedule

Tuesday:
Setup day for Standard Operation

Modes

Accesses for maintenance and repair
if necessary.

Typically, the major tuning effort is
done around midnight.

Wednesday

7am: Start delivery of Standard
Operation Modes

Setup of Non-Standard Modes

I European XFEL

Matthias Scholz, DESY

Preparation of all photon energies and
other setups requested for the week are
prepared beforehand.

Switching photon energies, pulse patterns
etc. is highly automated and can be done
by the operators.

-> \We are working on improving
automation in order to make setup and
operation more reproducible and less
dependent on experts -> Frank’s talk this
afternoon.

DESY
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Thank you for your attention
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