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Agenda

Brief Overview of a Large-Scale Facility Lab for femtosecond x-ray experiments

Capabilities of the VR Software:

understanding complex instrumentation, different detector types

Performing a complicated experiment

Analyzing the virtual results, interpretation

Outlook: We can teach/lean complicated experimental instrumentation remotely!
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European XFEL : Intense Femtosecond X-Radiation
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The Long Photon Beam Transport Tunnel




The experimental hall with loaded scientific instruments




The VR Lab
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Goal: Measure and Understand Chemical Reactions

...using Complex Equipment from Large Scale Facilities
50_4
ol Rowland circle ;

o "NN diode

analyzer '/

XDS

v T T T
XFEL data:
£=1ps
1.04 -
¥=10ps
0.54

$=50ps

X-ray pulse number

0.0+

Difference scattering signal, AS [e.u/molec.]

0.54 -, .

D. Khakhulin et al., Appl. Sci. (2020) . £,
M. Diez et al., Scientific Reports (2021) 12 — o 85
I e European XFEL 1 2 3 4 5 § 5

v (126 ¢ 10) s Sial
cretpbatiosatied
- ‘ - . .

’
{f spmaas
iy =

|
‘,{ * Exporiment (Ka.)

|| — #nt (Ka))
/]
Exparimarnt (Xp)
— FiL|Kp)
vt RF
EOHM: {113+ 31} %
1 05 Q 05 1.5 2
Time detay / ps
8 Cc
A
| [}
( I
10 |
3 [ Liipumgmed (L)
£ Pl Munpes 10 ffn)
* , _ ity \
~ / i -~ e
T o T A . ph. - 088 m - L
. \ 025 oo - L,
2 \ N
5 '
10
— - .WN\MAWW"“

N0 G450 7030 TDMD TOG) TDO ToM

Procton ey [ oV

time /fs time /s time /fs
—-1000-500 © 500 1000 —50 0 50 - [
b} el f 0
36fs 18fs |
. > | 0.5
| -]
i 3
N 0,05
o] f 10E
: A s
4lfs afs [T £
- 05y
o
. < c
— = 00 &
2
d) 9) i~ Lo
15fs 67 fs
et 0,0
-50 0 50 —-50 0 50
time /fs tume /s

—=1000 0
relative time /fs

1000



Inside the Real Lab....







. with the live experﬂent
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Inside the Virtual Lab .
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Experiment in Action

von Hamos Spectrometer Gotthard Robohand




von Hamos Spectrometer Gotthard Robohand




von Hamos Spectrometer Gotthard R




Spectrum Analyzer 1

| Gotthard SpA-1
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Spectrum Analyzer 1 Gotthard SpA-1
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Look inside each Technical
Component while it operates,
zoom intmeégfl\'y detail...




Lhow it works, make live adjustments....
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Solid Attenuators ” X-ray Eye
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--*:Enterlng the VR Lab.\ll| -
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Implemented as

Advanced Lab-Practical Experiment
at the University of Hambuirg

Test Run in March 2021 successful

FORTGESCHRITTENPRAKTIKUM DER PHYSIK

Ultraschnelle Rontgen-Experimente
Virtuolle Experimonte am Rintgonlaser European XFEL

Next Steps:

- short course (1 week) on Large-Scale Facility
Experiments (Bachelor/Master Level)

- include in Lecture on XFEL experiments

- PhD/postdoc schools (HERCULES, etc.)
- Facility Users

Other experimental environments

- SR Beamlines

- other Labs possible

Include Undulators + Accelerators

-> towards a fully virtual Large-Scale Facility
More ambitious Facilities?? (CERN,...)

Skript in Progress (Stand: 06, Milrz 2021)




Virtual Reality:

A New Way to Enter a Lab
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