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Hard X-ray Self-seeding first user delivery experiences

Outlines

8 Why Hard X-ray Self-seeding?

" How it works?

8 What is special at the European XFEL?

" How to set-up HXRSS? (single chicane case)
= How to tune HXRSS?

® What can happen during user run?

" How to switch back to SASE?
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Shutdown/Maintenance Linac startup Interlock tests (no beam)
European H S I Fcility development Access, setup, tuning [ Experiment tuning 7:00-15:00
XFEL peratlon ChEdUIe 2022 [ X-ray program (8 GeV, 11.5 GeV, 14 GeV, 16.3 GeV, 250 pC, 4.5 MHz)
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Important for upcoming 4 weeks of user delivery!



Hard X-ray Self-seeding first user delivery experiences

Why Hard X-ray self-seeding (HXRSS)? S~ 1ot

EuXFEL DCM design
Cryo-cooling, ACCM
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Monochromator at MID

X. Dong et al.
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Si(511) AW ~1.1e-5

1500

SASE sbectru'm ,

1 L

9.16 9.18 9.24
Photon energy ( keV

1000

40 eV

Spectrum amplitude

Courtesy of Anders Madsen

le-4 —1e-5 BW is required for many coherent scattering experiments

Monochromators reduce intensity and increase intensity
fluctuations

Temporal coherence of reflected beam varies from pulse to pulse

Cryocooled Si monochromators cannot transmit more than ~ 50 mJ
during MHz train (adiabatic heating)

Seed pulse can lock in phase different regions of the e-beam

External seeding not available yet in hard X-ray range -> self-seeding
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How HXRSS works?

Shan Liu on behalf of the HXRSS team
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What is special at the European XFEL?

8 cells 1st chicane 8 cells 2"d chicane 19 cells
EENEREN / —F\ EEERNEN J/ ; \. | INEENEERENEEN
> - > * —
NENERNE c1 NENERER c2 NNENNNNNNNNNN
Ul u2 U3
.. L)
__.,_“iliwh'l Fit | gL .'! | }}
Ampited seaded spactrum
Two stages Single stage
B use both C1 and C2 with two chicanes B use only C2 with 2"d chicane
BN used for lower photon energies (< 8keV) BN used for higher photon energies (> 8 keV)
B increases SNR and share the heat load on crystal B no heat load issues

L J | European XFEL
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HIREX* diagnostic spectrometer

23
Detector Unit / vy
/- ,\% ’I.' /
Detect \\\‘\_\‘.‘ }E;,/ Grating Unit

y _Beam

| Grating

bender

absorber

Shot-resolved spectra of pulsed X-ray beams at MHz rates
Covers hard x-ray range 5 - 20keV

High resolving power of up to 40,000 (resolution 0.2 eV at 8 keV)
Energy calibration by changing crystal pitch

Gotthard detector signal processing (especially for multi bunches)

will be improved by upgrading to Gotthard-II)

J. Grinert et al., JSR 26 (5), 1422 (2019)
L J | European XFEL
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* HIREX = Hlgh REsolution hard X-ray

SA2_HIREX_MAIN

HIREX2_Location=350m(fromSource)

C-Temp 27.200001

Spectrum

|
Gotthard

Motor_encoder

CUx
CUy
Cx

CRx
DRx

Dx

90.49775

170.49475
95.01735

35.099865

64.495679

282.99125

Gotthard_Detector [ SIS |
2D_Detector_Bra, r:MDL_Cal_spectrum | Gain
0 H
l—zi bl e
ON Acquire
1000 k
Y 4
600 i
v
o “
e “o
[ | T ——
0 200 400 600 800 1000 1200
Eipcioand Self-seeding Studies [N EENEINISUNNN

Stepl: INSERT ALL CVD +1mm of SOLID ATT(before starting)

SOLIDATT

)

(T

Step2:Selected Photon enegy (push the button)

CrystalSelection SkeV_C110

ON |on

0.2eV/px | 7.5keV_HXSS_C220
0.25eV/px | gkeV_HXSS_C220
0.38eV/px | 10keV_HXSS_C220

0.3eV/px | 12.9keV_HXSS_C440

0.4eV/px

15keV_HXSS_C440

leV/px | 15kev_HXSS_C220

0.2eV/px | 9keV_HXSS_Si440

Developed by Naresh Kujala
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8 cells chicane off 8 cells chicane 19 cells

NERENNN ol N\ NENENERY ; \\_ || INNENEEENNNN

How to set-up HXRSS?
-- single chicane case

. > >
NENRDEN Cl,"“t EEENENE c2 NN ENENE
ul2 U3
SASE requirements
B SASE from U12 should be >10 uJ (ideally around 40-50 uJ)
B >10 cells in U3 should contribute (at least cell 19-28) -> good orbit downstream is required
SASE tuning
B similar to standard SASE tuning but without quadratic taper Ready Misop | Alto park
B open U3 to check U12 SASE level, optimize if needed ohoce aner  Alciose | Alto max. gay
BN add U3 cell by cell (or two cells at one time) P9 @Unduaors @ Phase Shifers

7 () Quad Movers

» optimize orbit with air coils for this cell @ v © GAP error
» if you have > 100 uJ with linear taper, open first cells in U12

Ak/k Taper linear| 8.99 e-5/lcell, rla@foell,
» save a golden orbit and a file after optimization is done powmermﬂw@'a S exponent | 2.00

L J | European XFEL
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chicane off chicane

19 cells
| EEERENEERRENN

8 cells

8 cells

Hoyv to set-_up HXRSS? T \ I -
-- single chicane case . -/

Seed with SASE
B switch on SA23 feedback

C1 out
NNNENEE /0 )

Uiz

ANENEEE
|

SA2 Orbit v

SA22 Orbit ]

SA23 Orbit ]

C2

EEEREREEERERNN
«< ”

[ General | Expert | BPMs | Correctors | Configure

. . Details Details
B switch on chicane HXRSS2
. Correctar delta
B increase delay step by step up to 30 fs — _ :
'RECTOR_DELTA [mrad] B
RECTOR_DELTA [mrad] B
HXRSS02 SASE VIEWER = SASE2 UPSTREAM (2595.T6)7  ALL ORRECTOR_DELTA [mrad] g
ORRECTOR_DELTA [mrad) B
Energy 11500.00 MeV n [wJ]  FEL Energy per Pulse
'35.[' LU O TITUE 9.3 1
Launch T
Energy RBV no beam/not avail. | | EDEE'D:'1fTDQ:f4:3: 1
L Aitcoils AT | [
Angle +0.000 deg [ isppelbo
AirCD”S CEM | | 2022-08-08T02.24:25
AAA AAA 2022-08-08T02:24:25 |
Angle .9 QQQ mrad ﬂ H¥RSS1 air coils | | 2022-08-08T08:24:25 |
(Efi'QTAU-UU mrad) 2022-08-08 TOS:26:05 (
Rﬁﬁ $..9-90 um n HxRSS1 trim coils g 2022-09.09T23:23:45 |
| 2022-09-09T23:23:45 |
AAA AAA ( HXRS52 air coils 2022-08-19T16:18:51 |
hBC $..9-000 mm n 50.0 N— I 2022-08-19T16:16:51 |
—AE oan HXRS52 trim cails | 2022-08-18T16:17:22 |
dt +..0-000 fs n 0 2022-08-19 T16:17:22 |
50.0 MISC1 | | 2022-09-19T18:17:56 |
Gen. field +.0.0000 T n 21:54 27 h 2022.09-18T16:17:56 |
31.10.2019 31.10.2019 S022.00-18T 162445 |
T 2022-09-19T18:24:43 |
L) European XFEL 2022.09-19716:50:08 |
PNFPNGAQTAR-RG-NA F
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How to set-up HXRSS?
-- single chicane case

Insert crystal

Shan Liu on behalf of the HXRSS team

8 cells chicane off

DENEEEE 7 DNEEEER) ; \

chicane

8 cells 19 cells

C1 out
NNNENEE /O )

ul2

U3

DENNNNE c2

XFEL main task panel -> Photons -> Expert Panels-> SASE2-> HXRSS

https://jddd-xfel.desy.de/jddd /XFEL/SASE/include /SASE2_HXRSS.xml XFEL.FEL///

§(|=FEL Hard X-ray Self-seeding

hitps.//jddd-xdel. desy. de jddd /XFEL/SASE expert/SASE2-cell1 8 ~expert-mono.xmil_XFELFEL///

Print . Q Y Axis - Crystal Change
-2.0000 m...
] XTD1
Chicane Server W t,.0.00 mi29.10¢6 1
RN T N NINEREER - T N\ RNANREE MRNRNEER 200 ol
D< 'A 500 © X Axis - Crystal Insert
L[] - SHONERER T NNNNEEEN REREERER 400 —
. 8508 g
3 Color Controls i -7.5000 mm
MONO1 Control MONO2 Control 200
100+ -1.50ng £10.7900 1.0000
o STARY sto PaRK
00— e e
22:28 22:48 23:08 23:33 T
ks e SR LT e 6102021 6102021  6.102021 6.10.2021 O ekinpats
Vv SASEZ2 Orblit feedback ‘ SASE22 Orbit feedback ‘ V.  SASE23 Orbit feedback ‘ Bragg Angle Calculator 0.0000 °
Reflection ifd 0.00008 -13502 25891
|H| cFx.2154.T1  |H| CEX.2196.T1 |H| cBs.2248.5A2 |H| CBS.2251.5A2 |H| cBs.2303.5A2 |H| CBS.2306.5A2 Photon Energy  iilllai  keV st stop
~ AAA A ~ AAA A ~ AAAA -~ AAAA

+0.0218mes $0.1886mas  $0.8000 mras +0.0008 mrac
|Hl cFy.2168T1  |H| CNY.2196.T1

[H| caY.2241.s.. [Hl CAY.2253.5A2
AA AAAA A AAAA
~0.0105mrad +0.1987 mrad

A A AAA A A AAA A
200038 mraa +0.0018 e

] | European XFEL

A AAAA AA AAAA

400038 mras 290028 mres

Bragg Angle NaN

© pitch Angle Axis

|H| cBY.2300.s.. [Hl CAY.2308.5A2

~ AN A ~ AN A
40.0002 mras 40003 mras

48.9996 °

v 120.0600

A 4
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8 cells chicane off 8 cells chicane 19 cells

How to set-up HXRSS? IEEREEE = N NEEEEER| T\ | nESEEEEEEEEEE

-- single chicane case . - - >
NRNRNEN Cl,"“t NENRDEN c2 EENNNNENENENE

ul2 U3

Insert crystal
B Crystal angle information on confluence page

hitps. //)ddd-xfel. desy.de /jddd /XFEL/SASE fexpert/SASEZ -cell 8 ~expert-mono.xmi  XFELFEL///
Monochromator Movement Expert Panel
' GELL18
7.5 ke B 9 kaV 10 keV 13 keV et . .
Q Y Axis - Crystal Change
[-1F)
Crystal Holder
MonoZ | Crystal = C004 49.09-49.49 60.49 ~-2.0000 m...
|
[-2:0000§ -5.4900  5.4900
START stop
© X Axis - Crystal Insert

-7.5000 mm

C220 49.02 Five lines crossing

|_-rovng “10.7900 1.0000

@ Roll Angle Axis

: 0.0000 °
i 10138 | s v s
START stop
© Pitch Angle Axis
48.9996 °
Ci-1,3,1 111.56 = 250600 120.0600
C,-1 112.1

L J | European XFEL
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How to set-up HXRSS?
-- single chicane case

Find seeded signal
B XFEL main task panel -> Photons ->
Spectrum-> pySpec SA2

scan direction

&
A > 1R !
=9005.3, y=-25.3 XGM: 854.56 uJ SPEC.INTEGRAL: 979.34 uJ @ 9013.6 eV
— " R ~ -~ Seed signal
NI '.\
140 / single A ,-\// N
Saverage R e ——

120

3" ' SASE signal

80

Spec. des

scan direction

‘ ChecK the s&tting ff6m Nafesh .. - - o Seed signal

Display control Misc

-
SASE2 ©  BunchNumber 1 s Pxfist 200 T Pxlast 800 S Cross-calibration with XGM Logbook o Y
Transmission override 1.000000 Avarage over N 50 9 Hide Average uljev Open Logger DOOCS: Send Data
e — - N
vipx 030  Contral pixel [Px1] 395 TN sigma Av [eV] Aoz Take Background i | I\ f/ \/\'.
Energy [eV] 900000 .  ShowFitFunc Estimate TextLabel TextLabel subtract background Show Background Sto e J -\\

L J | European XFEL
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How to tune HXRSS?

Fine tune the delay again (using
Correlation2D function from PyHirex

13.072

Manually change dt in the range of 18-40
fs while looking at the peak signal in
PyHirex

13.069

13.071

ph (keV)

E

Find the delay for maximum peak signal

13.068

HXRSS02 13087

Shan Liu on behalf of the HXRSS team

XFEL.MAGNETS/CHICANE/HXRSS02/DT_FS ()

_

fometer lag (events) O

DOOCS bin 1|

b E

18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48

Ipk/lsum

| {peak)

N Events

12

0.2}
0.8
0.6
014
0.2

0af
0.08
0.06
0.04

‘Zb ED] 4‘0
XFEL.MAGNETS/CHICANE/HXRSS02/DT FS ()

1000
800
600
400

200

20 30 20
XFEL.MAGNETS/CHICAMNE/HXRSS02/DT_FS ()

3693 events

20 30 20
XFEL.MAGNETS/CHICANE/HXRSS02/DT_FS ()

N shots | 100000 Calculate Rdset

Eph range (eV) |7.0000 2 & 10,0000 | Z Logbook

Energy 11500.00 MeV [l
13.086 |-

Energy RBV no beam/not avail.
Angle $.6.600 deg [

A AR, Acquisition
Angle £°6.608 mrad [ )

(Design: 0.00 mrad) Doocsaddr<

Rﬁ'ﬁ tv vg * gg um n Display
hec $.20.000 mm
" a0 © O
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How to tune HXRSS?

Larger delay can reduce the background,
but seeding input is also lower sin_corenon IEEETTVEN oo

02
1E11 SAS E o
1E10 13.073 0.16
1E9 . Z L Stage 2‘ £ 0
-] seeding wakes : o
2
13.072 2 0
187 ~12 mum from max \ 0.08
1000000 \ N | H 0.06
= 100000 ~ N f'/-\‘\l‘l‘ 13.071 0.04 20 30 5
o 10000 /,'-\ f/ \ ," I"‘I‘ \ll L - . XFEL.MAGNETS/CHICANE/HXRSS02/DT_FS ()
7N \[ NS
1000 \ \ Il | A~~~/ \/
100 / foo WW\ [ |/ =07
. \ | <
0y Increase of del g
=
g
! < “ 13.089 400
0.1 -
-0.00005 0.00000 0.00005 E 600
s [m] 13.068 oo
200
,
: : — SASE, 770 uJ ‘a087 20 30 20
40F-- - S B R - H .| = Seeded, 150 uj, 35 fs delay |4 XFEL.MAGNETS/CHICANE/HXRSS02/DT_FS ()
: : — Seeded, 250 u), 19 fs delay
13.066
Smaller delay n
i H @
0L 5 . . gk T | . I 0 ]
= : > u g 10 12 14 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 z 20 0 0
% / h I g h er S p eCtr aI d e n S I ty XFEL.MAGNETS/CHICANE/HXRSS02/DT_FS () XFEL.MAGNETS/CHICANE/HXRSS02/DT.FS ()
s i
LA Acguisition
= H
% 200 - - S - DOOCS address Mshots 100000 |2 [ Caleulate Reset
8 i i
=
| | Larger delay |
o H Spectrometer lag (events) 0 2| DOOCS bin |1 Eph range (eV) 70000 2| ¢ 10.0000 |2 Loghook
SASE Il ->smaller background
[~

13080 13100 13120
Photon energy, [eV]
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How to tune HXRSS?

European XFEL

Shan Liu on behalf of the HXRSS team

8 cells

NENNEEE 7 DNEEEER)

chicane off

8 cells

chicane 19 cells

14

C1 out

/

ul2

4 | INENENEENENN
co HENENNNNENEEN

v D>

delay with chicane

Electron beam chirp

A 4
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How to tune HXRSS?

Set-up color 2/3 and adapt
detune for U3
B scan in several eV step

https: //jddd-xfel.desy.de/jddd /XFEL/Undulator/UndulatorControls3 Color.xml  XFEL.FEL/WAVELENGTHCONTROL.SA2 /XFEL.SA2 [
s

Europesn
XFEL

Shan Liu on behalf of the HXRSS team

8 cells chicane off 8 cells

chicane

19 cells
| EEERENEERRENN

15

A 4

T TR
IEEEEEE = Y EEEEEEE

ul2

Print

4

C2

U3

delay with chicane

4

‘»"’»‘-)l")_(;@;:x

%’ra_(’;gﬁ

T
2270.0

Cell Nr. 1 2z 3 4 5 6 7 8 10 n 12 13 14 15 16 17 19 20 21 22 23 24 25 26
WAVELENGTHCONTROL.SA2 -
[ I I I I T I T T T I T T I T T T T I T T T T T I T T I T T T T ]
Color Group —r—T—T—T—T—T— ——T—T—T—1— ooy —r—T Tt —r—t—T—t—t—t—t—t—+1t—|
21.0 K Value Plots - ScatterView K Value Plots - NuhnView
Please try to avoid the |
Und. Ga E global controls for standard
ik €2 138 139 139 138 139 139 139 139 139 139 140 139 140 139 139 139 138 139 139 140 139 139 139 140 140 139 140 140 140 140 139 139 140 141 140 operation! 2.895
PIEESLETER 369 367 374 371 373 372 IT5 380 373 365 367 372 383 379 392 377 471 4B9 465 520 467 466 470 471 470 475 488 478 456 466 453 475 502 472 140 I"""“VE‘E"C'T“CD""“C‘L S jl
PhaseShifier Gap Offset 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 -1 05 -05 09 30 06 GRhaRE ontiois) 2.894 PAVELENGTHOONTROL SAZAT SVALPHEDIC
35 Photon Energy Selector 2.893
Color 1 12900.0 28k
p [ Color 2 12790.0 2.891
" [] Color 3 12922.0 2.89-
[] Global 13000.0 2.889-
200m 26550: 272024 27‘:::]3 2:::]3 2794 2788 2788 2788 2787 2.787 2786 2786 2.786 2.785 2785 2.785 2784 2784 2784 2783 2783 2.783 2782 2782 2.762 2.781 2781 2.780 2779 2777 2776 2774 2773 2771 2768 ToxeM: 12900.0 eV 2.888-4 ¥R wR X 2
o .99 702 700 700 700 700 700 373 700 744 741 702 694 698 681 374 597 591 600 576 601 601 600 608 599 598 588 598 607 602 603 51 . cw R¥wa
5.60 set 607 602 603 595 586 596 [IEEN Detais . 2887 Tenm
g Log... 2,886
g 2.885-
= Taper Tuning Panel s
Show Energy Loss 2,883
Take energy loss into 2.882-
18
account B detune K
cell number
2.88
Color0 Color 1 Color2 Color3 2879
AAA AAAA All stop All to park AAA AAAA Al stop All to park AAn AAAA All stop All to park ;
o momeep | 055580 o [ Ready | | 08-0868 nm JH] Reacy : ‘ 00088 nm JH] Ready | | 2878
All to park AnmAn An All close All to max. gap Anmnn A All close All to max. gap AnmAn An All close All to max. gap g
13960.50 ev . P:::::nmer 13996.60 ev . Pz;a‘::;mﬂer 13835.60 ev . P:::::nlﬂer 2.877
Al close FUEIE @ Undulators. (@ Phase Shifiers (i3 @ Unaulators @ Phase Shifiers FUEL3 @ Undulators. @ Phase Shifiers 2.876-
Quad Movers © Quad Movers © Quad Movers
All sto 1 o 1 6
2 ® v @ GAP error Set @ v @ GAP error ® - @ GAP error 2.8757
@ Undulators 2874 . . -
O Akik Taper linear | 899 e-6/cell, power law | 79[ e-5/cell, Akik Taper linear| 899 e-S/cell, power law | 34.0]-] e-Sfcell, Akik Taper linear | 8.99[-] e-6/cell, power law | 35| e-S/cell, LU ZZID N SN 2t
@ GAP error power taper starts after 325 cells and uses exponent GGE power taper starts after 165 cells and uses exponent OUE power taper starts after BE cells and uses exponent GGE

L J | European XFEL

T T T T T
2290.0 23100 2330.0 2350.0 2370.0238[0.(])
m;
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How to tune HXRSS?

Set-up color 2/3 and adapt
detune for U3
B scan in several eV step

Al Adidress

Baamine

BASEZ B uvsoomosar cEL B u4ao2am.5A2: CELL 37

maat. imafsten 1) 3

delta k min

Tools

Phase Shifter Scan

Gain Curve Tool e

SASE Offsets & Pointing ::
SASE fasttime serjes L
R

L J | European XFEL

000200

slectron snengy [Gev]: 1620000

firsd el t2 Mo

2783

Shan Liu on behalf of the HXRSS team

8 cells chicane off

8 cells

NENNEEE 7 DNEEEER)

chicane

19 cells
| EEERENEERRENN

16

4
EENEEEE Cl/o “ INEEEEN

C2
ul2

last coll 1o move

Dwiecton
B XFELUTIL/OYNPROPMISCHIREX_AMPL a
et fter et [1): 3 S Start Stop
delta kman: Q00400 Nosteps: 10
[WAVELENGTHCONTROL.SA2
phaton snergy [kev]: 13.000000 ot v, BRI BTGy Gauss Fit

2784

K Value Plots - ScatterView K Value Plots - NuhnView

Undulator offset scan tool from F. Brinker s

v D>

vz | Undulator Taper Control Panel

: /WAVELENGTHCONTROL.SA2/U"/K
2.894- [ AWAVELENGTHCONTROL SA2/U*/KVAL PR

EFDL TRV HPRDF RS CASRIE_AMPL
2.893

2.892-
2,891
2.89-
2889
28884 Q&&*@Kﬁ'
2887
b % 2.886-
2885+
2884
2883
2.882-
2881
2.88-

detune K

2.879
* — 5

T 2.878
] 2877
2785 2788 2787 2768 2788 2.876
2.875-
28

REsnuuyyyx
-3

delay with chicane

N

m@’.‘@%ﬁgéﬁﬁw

Print to xtelog Frint to file Seve Data  2021.009.26_23-34-20

874 T T T T
2190.0 2210.0 2230.0 2250.0 2270.0

T T T T T
2290.0 23100 2330.0 2350.0 2370.0238[0.(])
m;

A 4
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How to tune HXRSS?

Air coil optimization after the chicane, start
with launching correctors for SA22 or SA23 Bad orbit

Good orbit

Send only 1 shot (Average over N bunches=1)
to DOOCS (with DOOCS: Send Data checked)

Using seeded peak signal from HIREX in
Ocelot:
XFEL.UTIL/DYNPROP/MISC/HIREX AMPL

Display control Misc

Px first 290 @ N bunches D 2 Logbook Logbook with data
Px last -830 = Cross-calibration with XGM uJfeV scale Open Logger DOOCS: Send Data
Display Background control Control
Sigma Av [eV] -0.73 Take Background subtract background
Stop
FWHM Av [eV] -1.71 Show Background Hide Average

L J | European XFEL
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How to tune HXRSS?

Air coil optimization after the chicane, start
with launching correctors for SA22 or SA23

Switch off the SA23 feedback before
optimizations, keep SA2 feedback running

Save golden orbit in SA23 feedback after
optimizations

L J | European XFEL

Shan Liu on behalf of the HXRSS team
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How to tune HXRSS?

Add Address Plot calibration Undulator panel Logfile Set ROl Set scan devices

Beamline first cell to move last cell to move scan one by one scan backwards ise gaps orbit feedback
change offset
SASE2 B BPS.2404.5A2: CEIEJ  BPS.2404.SA2: CEL a
BPS.2404.5A2 B
meas. time/step [s]: 5 s wait after set [s]: 0,00 n gaj
cycle gap
P h h . ft dL/L [2P]] -0,30 ¢ dL/L [2P]) 1,50 < No steps: 10 o] relative movement
S e S I e r S C n S electron energy [GeV]: 16.30000 photon energy [keV]: 10.020000 gap= 26.56mm slope= -182.5 deg/mm d-period:

BN using seeded signal: w
XFEL.UTIL/DYNPROP/MISC/HIREX_AMPL

Ampl: 22.6 uJ, Offset: 438.6 uJ, defaultharmonic: 8.0, period for max amplitude: 8.195 +- 0.011

B first for undulators downstream of chicane, then also for

Some contribution :
the upstream undulators i 1
B if there’s no contribution from one cell, optimize the orbit = i %; + i . § Pk
- - - - 40 § : * ‘ + ’: i §
upstream of that cell again until it contributes . i i pfr if 2 . g i i !
s ; ] BT N
: 2 i t 1 s t
400 - H ;f L ) g £ |
- No contribution f )
::: : ’ : iy f " + 1 N N “ 7.8 8 8.2 8.4 s.: 8.8 9 9.2 9.4 9.6
o N : ;; e i' ;+ & ‘E : % . i phase shifter period
Y 2 ” of s ¢ i b4 H +
e it d : ’, % feedback is off Printtoxfellog ~ Printtofile  SaveData | 2022_09_20_11-01-10
IS !%if’;f'i S R R 2
" §+ H i ;- §+ E : { :‘ . %

] | Euivpcan i e
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How to tune HXRSS?

Matching quads using ocelot

Adaptivs FO | Dats Browser | Espart

Display of HIREX peak signal on adaptive feedback

Taper optimization -> increase of SNR (larger linear taper,
earlier start of power taper)

Duwlary bsstwoen sets [u]

Laser heater, compression _ rnmenmesrocnr. | IS

Period [+]

Always keep an eye on HIREX peak signal:
XFEL.UTIL/DYNPROP/MISC/HIREX AMPL ——

Close more attenuators if peak signal > 3000 & v X

Solid Attenuator
Photon Energy 12300.0 ev
. . Desired Transmission 038 0.38000 Find Target Pu
DISpIa‘y Of HIREX peak Slgnal from pySpeC Target Transmission Move Target v
A=2743m to
Misc Machine parameters HIREX_STATUS Actual Transmission
~ Avarage over N bunches 100 s Logbook Logbook with data i Pulies -_ INSERTED CVD Diamond Silicon
e Cross-calibration with XGM ulfeV scale ) DOOCS: Send Data
Ep 75um  150um  300um  600um 12mm  24mm| 05mm lmm  2mm
Background control Control
O O O OO © 6 06 0
arge

Take Background subtract background

Show Background Hide Average Move hirex N with 1 pulse SOLIDATT ‘ Open Open Open out
o 5 5 Y s s [ Y
A Close | Close | Close Close | Close | Close IN

Setup Setup Setup Setup Setup Setup Setup Setup Setup

L) European XFEL |T4,o | |T2,1 | |59.2 | |52,3 | |T6,5 | |T4,6 | |?1.0 | |54,3 | |?2,7 |

Temperatures (°C)
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Monochromator Movement Expert Panel

What can happen during user run? ™ G

Crystal Holder

Signal to noise ratio check
park crystal or detune the pitch angle
can also be used to check if seeding is still there
when HIREX is off

Intensity drop during delivery
fine tune compression
optimize launch SA2 using adaptive feedback
optimize launch SA23 using ocelot S— ==

595_T8_INTENSITY_RAW_ Masn = 791188,

\ | | " '\\ Crystal in: seedlng + SASE BG

\\‘ ff

Crystal parked: SASE BG

" [ Wi

maasuramant fomefitaloperiaataipythoniDatskoagariclaiSASER_Intansit e Printtoxfelog | Printtafle | SavaData | LesdDats  Saveconfia | Load confia | 2022.09.20.14-07-04

] | European XFEL
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—_| Monochromator Movement Expert Panel

What can happen during user run? = g

Crystal Holder

-2.0000 m...
[Z000@  -54%0 54500

Energy scan A —
-7.5000 mm

[75000§  -10.7900 10000

START st PARK
14500 1 ’ @ Roll Angle Axis

2. Change the angle L0000 ¢
Lj"-!’“}'i:

._‘%‘

0.0000§ -13502  2.5891

14400 START stop
— @ Pitch Angle Axis
>
< 1. Calculate the angle |change AP o
E\ .
[
“E 14300 4 EEEEl  sfw oo | EEEE
‘2 Bimny sToP
£
14200 A N oot
14100

3. Check the seed peak position

109.5 110.0 110.5 111.0 1115 112.0
Pitch angle (deg)

4. Optimize peak signal by detuning the undulator (according to the change of photon-energy)

Color 1 Color 2 scan direction

PRSP

3 Undulat Ph hifty ~Ang ooes Undulat Ph hif
0-0.8866 nm ] O lnuaors - Pheseshifer  aiomacgap | C7.8363 nm M O Undueors - Phaseshifer  aiiomax gap

() Quad movers @ Quad movers periods:
34341.00 v

. @ Phase shifters ~ AA All to park . @ Phase shiffers ~ Aa All to park -
Set Alstop | Set =3 Al stop

AAAAA AR v
. e
Vg All close ;&35; gg "§ All close
Ak/k Taper linear S.OOE . e-5/cell, power law E.OE e-5/cell, . Ak/k Taper linear S.OOE . e-5/cell, power law S0.0E e-5/cell, . L B ol D o e TR P U

power taper staris after SSEl. cells and uses exponent Z.OBEI power taper starts after 30 cells and uses exponent | 1.30
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What can happen during user run?
"% Energy scan tool

B XFEL main task panel -> Photons -> Expert
Panels-> SASE2-> Crystal set tool

aver [4, 2, -2)
| i} | ";! I
BHO0 - W, '
(%
"l
I'u
=T ! l \
[ o
2400 | \_ L=
Il
= 20 |
1] |
i |
=g
£ 800 - e |
c ol
B |
5 |
a RO |
|
I
It
|
B (1
I
L
I f
| I
4090 I|
[
L
| 1
2040 1 | II
L
70 &0 90 100 110 120
Pitch angle (deg)

23

@ @ HXRSS GUIv0.9
Expert Settings
HXRSS Crystal Set Tool
Photon Energy [eV] 9000.00 Display Map ear Table Selectic
Select a configuration from the table or click Display Map.
date SA2 Color 1 EPH Mono 2 PA Mono 2 RA

2022-03-28 13:02:15 8950.0 44.4 1.28
2022-03-28 12:58:59 8950.0 45.995 1.28
2022-03-28 12:36:37 8850.0 46.334 1.28

' Crystal Configuration Calculator

Photon Energy [ev] 9000 Pitch Angle [°] 50.1843

Roll Angle [°] 1.280 Reflection: Apply

Crystal setpoint updated: pitch: 50.1843° and roll: 1.28°.

Calc Pitch Angle: 50.1843 Deriv [eV/deg] -129.29

E Scan mode Und. Photon Energy [ev] 9000.0 Motor temp: 38,60
Crystal Status
Monochromator 1 Monochromator 2
Insert Park Insert Park
Inserted/Parked: parked parked
Pitch Angle: 30.000 49.484
| Roll Angle: -0.9800 1.5800
Motor Temperature (°C): 26.3

38.6
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Session expires in 30 min

How to switch back to SASE?

Retract the crystals (all of them) by set the X position to park

HIREX out (close all the attenuators, and close Gotthard shutter) T T

Set chicane delay to 0 and degauss the chicanes (to allow parallel operation in other beamlines,
please insert the first vacuum valve in T1)

Switch off the SA22 and SA23 feedback

Use the photon energy switch tool to prepare a photon energy file from the file saved before HXRSS
set-up and use sed. to change photon energy to apply the file settings

Launch optimization using adaptive feedback if needed

If SASE level is still not back to the file value
B8 scan phase shifters near the two chicanes
B use ocelot optimizer to optimize orbit near the two chicanes (using air coils)

L J | European XFEL
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Summary

g
g

Chicane - HXRSS "

| SASE | d
 EEEEEER T
i, | NENNEEE T ., CoEEERRR Y

Orbit feed back On 9.16 9.1;h010n es:rgy (ke\;a).zz 0.24 SASE Undu|at0r Output UndL"atOI"

SASE tuning

g
o

g

Spectrum amplitude

o

Chicane on A
o HXRSS performance
= 2021-2022
Crystal in % KW17, 2022
310°) o, %2@ . KW22, 2022 @
3 * KW40, KW44, 2021
S [KW36, KW37 2021 ﬁ‘ @
ind d si | o i X KW20, 2022
FIind seed signha iR 555 @
10— 8910 14 25

Photon energy, [keV]

Optimize seeded signal
I B Y European XFEL
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Thank you for your attention !

HXRSS confluence pages
https://confluence.desy.de/display/XFELOp/HXRSS+set-up+procedure
https://confluence.desy.de/display/HTUD/HXRSS+user+delivery+history

I B Y European XFEL
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