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ps://jddd-xfeldesy.de jddd XFEL/SASE expert/SASEZ-cell18-expert-mono.xmi_XFELFEL///

Monochromator Movement Expert Panel
XI

= CELL18

HXRSS and Monochromator panel

Crystal Holder

-2.4000 mm oonommis 9
" -5.4900 5.4900
https://jddd-xfel.desy.de/jddd /XFEL/SASE /include /SASE2_HXRSS.xml XFEL.FEL/// 7
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* HIREX = Hilgh REsolution hard X-ray

* LJ Ld
H I REX dlagnOStlc SpeCtromEter | SA2_HIREX_MAIN HIREX2_Location=350m(fromSource)
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COVGI’S hard X-I’ay range 5 - 20keV c-Temp-J %ﬂ:INSER';:;LD(;\;:ﬂmmofSOLIDATT(beforestarting)
Sherteuin Gotthard "ﬁIlIlIlI
High resolving power of up to 40,000 (resolution 0.2 eV at 8 keV) S Y G
Motor_encoder o
. . . . CUx ON ON CrystalSelection
Energy calibration by changing crystal pitch o (o2 | 1sker s o | ) Wmm
. . ) . & 0.25eV/px| 8keV_HXSS_C220 y S
Gotthard detector signal processing (especially for multi bunches) . 0386V/px | 1oker_Hxss_C220
H : H _ G . 0.3eV/px | 12.9keV_HXSS_C440
will be improved by upgrading to Gotthard-I1) g o | o
\ leVipx | 15kev_HXSS_C220 /

J. Griinert et al., JSR 26 (5), 1422 (2019)
L J | European XFEL
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. . Developed by S. Tomin, S. Serkez et al.
Crystal calibration

Photon Energy

x=9062.4, y=324.6 XGM: 771.55 uJ HIREX: 681.58 pJ @ 9059.0 eV 1000
400
/ single
| / ;)verage e
360+ T
A . 340 800
Py-Hirex
320
development
300
(correlator 1D and L "~
2D) 260 |+
. . 600
One application: 2001
easier crystal 20 .
5 5 500
calibration % 2w =
black C*[3-1-1], C*[1-31]; Red C*[111], green c*[220], —— Had on|y =
”~.\\C*[33-1] with inciden?‘direction [00-1] at 13 keV ol | | | | 200
| preliminary
140
calibration
120| | | | | | | 300
Tool used for a .
number of purposes | o
60
40 |-+
100
20| !
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Energy Calibration Tool

Developed by Christian Grech

Measurement

Model

2. Detected line in red

11680 5. Display of the model in the scanned area
DY
— 11660 A\
3 11780 / ) /13,31
— 11640 > 11760 W i i
g — 11740 ‘\'\ T [3,3,5]
11620 < \
w S 11720 \\\ .
11600 - “ 11700 IR\Y | | - 7 14,0,4]
\\
11580 ‘ . 11680 L\ | |
62.8 63 63.2 63.4 63.6 63.8 64 64.2 64.4 64.6 63 64 [4,2,2]
Pitch angle (°) Pitch angle (°)
‘ 3. ML classifier predicts that this line is [3, 3, 5]
Calculate from file Logs
File name: 20211102-12._54_53 _cor2d.npz Browse ‘ Parameter Current value Proposed vai
. ° Ca)
Roll angle: 1.2677 v 1 [3,3,5] Eoff - 97.5 eV
Image binarization complete
. . . 1line(s) found 2 [3,3,5]ev/px 0.597 0.57
1. |nput image information Id:[3,3,5] matched to line with
centroid: 63.2 deg 3 Avg.ev/px 0.57
Monochromator 2 image found;
Machine status file found: roll angle=1.2677 deg Reset 4 Avg.Eoff - 97.5 eV

6. Save info in DOOCS/
ogbook

Update DOOCS

Logbook

Load from DOOCS|

5 Eo

11647.0 eV 11744.0 eV

a |

4. Calculated offset (Avg.Eoff), pixel
calibration (Avg.ev/px) and new Central
Energy (Eo).
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Software for HXRSS Crystal Control

Development in progress by Christoph Lechner

Challenges during HXRSS operation =
Significant wavelength shifts require simultaneous Photon Energy [eV] {13120 : ’

Min Photon Energy  3010.4205626661

adjustments of multiple devices: crystal motors, undulators, ... wexehotoneneray 30287.830919703

_ ' Apply
Take into account imperfections of the system, for instance: " Commme | [
mono mono2
corrections of setpoints due to imperfect crystal mounting L S reedbedk | sepent o reabeck
pitch angle : : : :
roll angle 0.525600016 0.525600016 1.580100059 1.580100059
. . . crystal status Insert Park
Tool for HXRSS (crystal) operation is being developed
Key task: Translate desired photon energy into crystal Rcibisanasitas o
. . . . . Detuning resulting setpoint readback value
orientation, following curve of desired crystal reflection coor1 o 18000.0
Apply correction parameters as determined by Christian z:z Z SN
Grech's analysis tool development version
Machine I/O
Ultimate goal: Produce tool for HXRSS routine operation oL g 1D seen o e 2 e
Implement features such as undulator gap control a0e offastmeg [ Hoo

I European XFEL
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Undulator panel and detune scan tool

https://jddd-xfel.desy.de /jddd /XFEL/Undulator/UndulatorControls3Color.xml XFEL.FEL/WAVELENGTHCONTROL.SA2 /XFEL.SA2 /
=

SASE2

Cell Nr. 1 2 3 4 5 6 7 8 0 1 12 13 14 15 16

Add Address

Beamire
Print SASE2 e

meas. time/step [s): 3

deita k min

Color Group — —t— — T [Dey] —T— —T—T—T—T—T—T—T—T— —T—
3.0
Please try to avoid the electron energy (GeV)
el E global controls for standard
. Gap 138 139 139 138 139 139 139 139 139 139 140 139 140 139 139 139 139 139 139 140 139 139 139 140 140 139 140 140 140 140 139 139 140 141 140 oraratonl
iy 369 367 374 371 373 372 315 380 373 365 367 372 383 379 392 31T 471 489 465 520 467 466 47.0 47.1 470 475 488 478 456 466 453 475 502 472 140
PhaseShifler Gap Ofiset 00 00 00 00 00 00 00 05 00 08 06 01 03 01 12 00 05 18 01 52 03 02 01 -16 01 03 22 03 -11 05 05 09 30 06 GouslCanlioly
35 Photon Energy Selector
[¥] Color 1 12900.0 1400
» [] Color 2 12790.0
#A [[] Color 3 12922.0
[] Global 13000.0 1200
200m 2.804 2.804 2.803 2.803 2.794 2788 2788 2.788 2787 2.787 2.786 2.786 2.786 2.785 2.785 2.785 2784 2784 2784 2783 2.783 2.783 2782 2.782 2782 2781 2.781 2780 2779 2.777 2776 2774 2.773 2.771 2768 ToXGM:  12900.0 eV
A An 699 702 700 700 700 700 700 373 700 744 741 702 694 698 681 374 597 591 600 5. . I X I 8 § i i +
560 IO 576 601 601 600 608 599 598 588 598 607 602 603 595 586 596 [N Detalall 000
_w | T
4‘| 800
Tesat Taper Tuning Panel -
Show Energy Loss
Take energy loss into
18
V account
cell number 400
Color0 Color1 Color2 Color3
AAA AnnA All stoj Al to park AAA AnAA Al stoj All to park AAn Anan All stoj Al to park
_ momaxop | 2756561 nm [ Ready > | | 25,6585 om [ Resty i P | 25638 om W ooty > | parc_| .
Allto park nnn Alclose | Altomax.gap | . . . . All close Altomax.gap | o an Alclose | Alltomax. gap |
1280000 ov I porees™ 1279000 ov [l joecs 12822.00 ov I porens™™
All close periods: @ Undulators @ Phase Shifiers periods: @ Undulators @ Phase Shifters periods: @ Undulators @ Phase Shiflers ] ?
Al sto 7 © Quad Movers 7 © Quad Movers 6 © Quad Movers
. misp | @ v © GAP error Set @ v © GAP error o v © GAP error 2782
@ Undulators
@ Quad Movers Ak/k Taper linear| 8. H e-5/cell, power law |: e-5/cell, Ak/k Taper I\near‘ 8.99~ e-5/cell, power law Ak/k Taper linear | 8. -5/cell, power law 'SF e-5/cell,
© AP ermor power taper starts after | 32( cells and uses exponent | 2.00/-] power taper starts after | 16/ cells and uses exponent | 2.00/] power taper starts after | 8[| cells and uses exponent | 2.00/-]

L J | European XFEL

Developed by Olaf Hensler

first cell to move
U40.2310.SA2 CELL 9

-0.00200

2783

st coll 20 move Detector

B uva02awSA2CELL37 B XFELUTIOYNPROPMISCHIREX_AMPL 8

& wait after et [s): 3 e Start Stop
v deta k max:  0,00500 & Nosteps: 10 G

photon energy [kev): 13.000000 ot va. photon energy Gauss Fit
XFELUTRDYNPROPMSCHIRDI_AMPL
+ +
.
.
.
. -
! $
2.784 2.78% 2.786 2.787 2.788 2.789
k
Print 1o xfellog Print to file Save Data 2021 00._26_23-34-26

Developed by Frank Brinker
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HXRSS‘ User Runs in 2021 8 cells 1st chicane 8 cells 2nd chicane | 19 cells
_ L IIIIIII / N\ IIIIIII / N\ lllllll
4 user runs in Sept.-Nov. with different photon 2
energies ST 1 IIIIIII c2 ST
U1 u2 u3

Set-up time depends highly on the orbit

before BBA < : after BBA
(only 10 cells downstream 2" chicane contribute) (18 cells downstream 2" chicane contribute)

7.5 keV (KW37, HED) | 9 keV (KW36, MID) 11.5 keV (KW44, MID) | 12.9 keV (KW40, HED) 18 keV (KW45, tested
not delivered)

e- beam energy 11.5 GeV 11.5 GeV 16.5 GeV 16.5 GeV 16.5 GeV
SASE performance 1.5 mJ (140 uJ/eV) 1 mJ (40 uJ/eV) 2 mJ (60 uJ/eV) 2 mJ (100 uJ/eV) 1 mJ (60 uJ/eV)
Seeding with 2" - 250 uJ (160 uJ/eV) 700 uJ (300 uJ BG, up  300-500 uJ (800 uJ/eV) ud level

chicane to 400 uJ/eV)

Seeding withtwo 200 uJ (250 uJ/eV) - . - -

chicanes

Seeding bandwidth  ~0.6 eV ~0.8 eV ~0.7 eV ~0.6 eV -

(FWHM)

I European XFEL
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First user run at 9 keV

11.5 GeV, 250 pC e- beam @9 keV with 2.2 MHz
Up to 1 mJ SASE with 40 uJ/eV peak signal

Correlation ~ Correlation 2D Scan  Spectral Analysis

x=9015.1, y=-40.0 XGM: 224.32 pJ SPEC.INTEGRAL: 242.66 pJ @ 9001.6 eV
Up to 250 ud seeded with up to 160 ud/eV o
single
Difficult to have cell 29+ lasing ol 7/ o
220 T
Expert Logbook Save 200
orrelation  Correlation 2D Scan  Spectral Analysis 0 » » ' » ‘
x=9005.3, y=-25.3 XGM: 854.56 pJ SPEC.INTEGRAL: 979.34 uJ @ 9013.6 eV 1 60 UJIe‘V
_ 160 | I I I I | ! | | 1 ] 1 ] | I | |
140 ;::: §> o0 . | v | | / FWH M ~‘3 . 8 ev g
120 § 120 z
§ 100 (§ 100
% 80 _g) 80
# 60 - 60 I I I I | I I I I | I |
%0 . : . . ~ - | | | . . : : .
20(— : A . Hx : : . —
RAFEAN S \ZPWTDA‘WLMM M A
W s vv

A AU
894 896 8.8 9.0 9.02 9.04 9.06 9.08 EX 9.0 9.02 9.04 8.99 9.00 9.01 9.02

V) tkeV) (keV) (keV)

L J | European XFEL
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8 cells chicane on 8 cells chicane on

7.5 keV NEEEEEE| ) . /; \_|ImEEEEE Geected
: EIEEEEEE SRR EEEE DEEEEEE
Went down in steps from 9keV U1 o Ua
C1in C2in

Only up to cell 26-27 contributing with SASE
Cryo problem... back to seeding on Thu Sept 16th
Went to C1+C2 during the night (while

300 { |

seeding with C2 already) - much cleaner |

20 oveane - Seeding 200 uJ (240 uJ/eVﬁ

220 |
x=7517.8, y=-54.6 XGM: 1479.80 pJ SPEC.INTEGRAL: 1464.25 uJ @ 7501.1eV 1000 I
[ ‘\ ‘ |

200 Vaverage I 1 “ T
I

. SAS‘FE 1.5 mJ (140 uJ/eV)

200 -

180

160

140

120

Spec. density (uJfeV)

100

80

60

40

20

ol
WA VL /
i . A — . A =) — \f Vi i \f |
7.49 7.50 7.61 7.52
(keV)

B W European XFEL By Friday 17" early morning delivery to HED
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Heat load study at 7.5 keV

Incident SASE Reflective Reflective

Time evolution

Undeformed Deformed

Transmissive

Transmissive

Qu, Zhengxian, et al., NIMA 969 (2020): 163936.

Observed seeding wavelength shift (slope) along
the bunch train for high impinging power (~40 uJ)

Expect to have larger effect with lower photon
energy

2 chicanes can help to reduce heat load -> data to

be analyzed

L J | European XFEL

Shan Liu on behalf of the HXRSS team

2.2 MHz, 400 bunches

Seed dip

N

~

Pixel number on the detector, ~ Ephoton

Bunch number/4

12
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800 -

12.9 keV —— SASE 2m): 100 uj/eV
07 Seeded 800 uj: 800 uj/eV

600 -

After BBA (all cells contribute well)

Add Address Plot calibration  Undulator panel Logfile  Set ROI

500 -

400

Beamline first cell to move |ast cell to move v/ scan one by one scan backwards use gaps orbit feedback
SASE2 ~ | BPS.2417.5A2: CELL 36 ~ | BPS.2417.5A2: CELL 36 ~ |XFEL.FEL/XGM/XGM.2595.T6/INTENSITY.RAW.TRAIN - | change offset
meas. time/step [s]: |3 5 wait after set [s]: |0 < v continuous meas. start at min gap BP5.2417.5A2 =
min [periods: | 0.30 & max [periodsl: | 1.50 2 No steps: | 10 +| Wlcyele gap 3 0 0 -

¥/ relative movement

electron energy [GeV]: | 16.30000 photon energy [kevl: | 9.317070 gap= 22.95mm slope= -270.8 deg/mm S
0.14 =

Appl:
Start Stop Cos Fit plot vs. phase peY

Ampl: 28.5 u), Offset: 126.0 uj, gap(table): 23.0 mm, gap for max amplitude: 23.094 mm +- 0.016 mm

Spec. density [u)/eV]

XFEL.FEL/XGM/XGM.2595.T6/INTENSITY.RAW.TRAIN : BPS.2417.5A2: Cell 36 100 -
220 i 4 %
I 0-
- : ' T T T T T T T T
- N 12875 12900 12925 12950 12975 13000 13025 13050
" 3 i
'} ! Photon energy [eV]
40 Del ive ry With h ig h [;.;.]2]00 Intra-train pulse energy o
- . repetition rate (2.2 MHz g3
212 21.4 216 218 22 222 N 224 226 228 23 232 23.4 a nd m u Itl—b u n Ch eS :Z:

200

] | European XFEL 0

T

0 2 46 810 14 18 22 26 30 34 38 42 46 58 62
[bunch]
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11.5 keV

The piezo stage encoder "Crystal Change
(Y-axis)" has got damaged. The main
assumption is due to the radiation damage.
Could find a solution to manually center the
crystal to the beam.

Seeding found quickly and optimized up to
400 ud/eV comparing with 60 ud/eV SASE
(2mJ) in 2 shifts.

User delivery with 200 bunches at 2.2 MHz,
640 ud with 300 uJ background.

I European XFEL

Shan Liu on behalf of the HXRSS team

—1 Monochromator Movement Expert Panel

=) CELL18

Crystal Holder

x=11695.7, y=-115.2

700

~ 500

400

300

200

100

O Y Axis

START SToP
O X Axis -

-5.4932 ...

Crystal Ins

- Crystal Change

-5,4900 5.4%00

CEITD
-7.3000 mm

800

600

% 400

200

-20

XGM: 623.15 pJ SPEC.INTEGRAL: 626.14 pJ @ 11637.0 eV

14

N L G
v M“”W.s\wmwnm

o 20

60

80

100

120
unch number

140

11.58

16

11.62

11.64
(keV)

11.66

11.68

n7

160

180

200

220
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Bpet Loghook  Save

Comelation  Comelation 1O Scan  Spactral Aralyss

x=18141.9, y=-20.1

18 keV =

o f 8:12 pitch@63.825

XOM: 46.21 ) SPECINTEGRAL: 844.03 1) @ 18013.4 oV

A

Easily found seeded signal and could optimize
to several uJ level with good contrast on
HIREX

e e L) ok e Wwer ol Wk ol Wi Wi W
(V)
Main  Correlation Correlation 20 Scan  Spectral Analysis
x=18031.5, y=17.7 XGM: 62.50 yi) SPEC.INTEGRAL: 54.07 yi) @ 18006.4 eV
18057.7, y=-43.6 XGM: 892,22 y) SPEC.INTEGRAL: 889.49 u) @ 18002.9 eV »
1 vogfe
0 Sovorsn
‘wrgt
0|~ fovernge
20
i 7:46
00} - - ] - ' —r 11 i : . = 1] 1
18 {
3 160
8 | l
g w0 ] “
120 FLAH z
| ]
0 | & i
“
@
»
0
of
B 7.9 e i i 0 e 0 i ioe) O i ) (Y} ot 10 |
s N % D 0 oy v D D wer
DOOCS channels Display control Misc
SASE2 ~  Bunch Number 1 = Px first 350 + Avarage over N bunches 200 = Logbook Logbook with data
Transmission override Px last 720 2/ Cross-calibration with XGM v ujleV scale Open Logger  DOOCS: Send Data
Calibration Display Background control Control

_ - European XFEL evipx 03s < Central pixed [Px1] 444 2 sigma Aviev) 021 Tahe v subtract background

Central Energy (eV] 18000.00 ©  Show Fit Func  Estimate Px1  TextLabel TextLabel Show Background Hide Average
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Plan for next year

Transfer set-up procedure to
operators and minimize set-up time

4 user requests for the 15t half of
year

User interests also at lower photon
energy (6.457 keV)

Try 24 harmonic at 7.5 and 9 keV
Advanced operation schemes (two

color, fresh slice seeding etc. )

L J | European XFEL

* Bunch Compre n Setup Pi dure

* Communication between cryo-operation and XFEL BKR team

Shan Liu on behalf of the HXRSS team 1 6

Search

Create ***

& Confluence Spaces ¥  People

~

Pages / XFEL Operations / Procedures for EUXFEL b e 4 Edit w Save for later

* Change the call forwarding of the RC mobile phone

HXRSS set-up procedure

14.4 keV
(KW20)

16.3 GeV

9 keV
(KW24)

16.3 GeV

8.9 keV
(KW 22)

16.3 GeV

9 keV

(KW10)
11.5 GeV

e- beam energy

Deray delivery ] 4176
Draft European XFEL Operation Schedule 2022 X-ray set-up 288
864 Scheduled Down 1248
Version 25.06.2021 Winni Decking Access, set-up, tuning 1872 ILtest 312
2022 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
wkl wk2 wk3 wk4 wk5

Jan| Sat Sun Mon Tue Wed Thu Fri Sat Sun Mon Tue Wed Thu Fri Sat Sun Mon Tue Wed Thu Fri Sat Sun Mon Tue Wed Thu Frl Sat Sun Mon

wké wk7 wk8 wk9

Feb| Tue Wed Thu Fri Sat Sun Mon Tue Wed Thu Fri Sat Sun Mon Tue Wed Thu Frl Sat Sun Mon Tue Wed Thu Fri Sat Sun Mon

whk10 k11 wh12 wh13
Fri Sat Sufl Mon Tue Wed Thu Frl Sat Sun@Mon Tue Wed Thu Frl Sat Sun Mon Tue Wed Thu Frl Sat Sun Mon Tue Wed Thu

Mar| Tue Wed Thu

wk14 Wi wk1é wk17

Apr| Fri Sat Sun Mon Tue Wed Thu Fri Sat Sun Mon Tue Wed Thu Fri Sat Sun Mon Tue Wed Thu Fri Sat Sun Mon Tue Wed Thu Frl Sat
wk18 wk19 wk20 k21

May| Sun Mon Tue Wed Thu Fri Sat Sun Mon Tue Wed Thu Fri Sat Sufl Mon Tue Wed Thu Fri Sat SunfMon Tue Wed Thu Fri Sat Su &

whk23 Wi k25 wh26
Jul Wed Thu Frl Sat Surfg Mon Tue Wed Thu Frl Sat Suf Mon Tue Wed Thu Frl Sat SunfjMon Tue Wed Thu Fri Sat Sun Mon Tue Wed Thu

* Setup three flat tops

Roles and responsibilities

* Setup two flat tops instead of three

Role Responsibility

* Style guide for operation procedures

AR e AR i Run ranrdinatarc Plan far HYRSS chiftc and crhadiale
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Shan Liu on behalf of the HXRSS team

Thank you!

Special thanks to the HXRSS set-up team!!!
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