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prepare proposal + beamtime
analysis of large amount of data
(multiple man years)

When we started Slicing sources

Waiting time: min 6 month
usually 1 year
without Covid19

Time-resolved experiments XFEL.: _
10 persons 1 week USA = 40 kEuro _ Proposal (>one yveek) * Prepar_atlon
Facility 2-3 MEuro / beamtime Time-resolved experiments for multiple days:

1g sample at 20mg/week and person?
Damage? Success?
No guarantee of proposal success (Grants?)
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Limit? Melting of copper!

20kV * 40mA on 100um x 100pum close to 50% of melting power
Lamp 200V, 4A = 800W lamp

Brilliance photons /s / mm? /mrad?

T(\)dA

_1)

Micro-focus sealed tube 2 x 10° (70x70 micron)

Micro-focus rotating anode 12 x 10° (80x80 micron) undulator

Liquid metal jet 26 x 10° (20x20 micron) 1x 10

In characteristic emission lines or full spectrum (assume a few keV bandwidth) 4_,
corresponding:1 x 10° ph /s / mm? /mrad? /eV undulator 15 cm

1x 1013

T. Skarzynski, “Collecting data in the home laboratory: evolution of X-ray sources, detectors and working practices,”
Acta Crystallographica Section D Biological Crystallography, vol. 69, no. 7, Art. no. 7, Jun. 2013, doi:
10.1107/s0907444913013619
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APS Chicago 6 GV ring

8 GeV ring ESRF Grenoble /France
SACLA 1ps 10M2ph/s 6 GeV ring
Osaka/Japan 100ps 10714ph/s
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Electron cloud

A. Macchi, M. Borghesi and M. Passoni, lon acceleration by
superintense laser-plasma interaction, Reviews of Modern
Physics, 2013, 85, 751-793.

a Electron orbit: transverse injection
lon cavity Electron from He

ce

Laser pulse

Electron orbit: ionization injection

Electron from N** and N%*

i

A. D6pp, B. Mahieu, A. Lifschitz, C. Thaury, A. Doche, E. Guillaume, G.
Grittani, O. Lundh, M. Hansson, J. Gautier, M. Kozlova, J. P. Goddet, P.
Rousseau, A. Tafzi, V. Malka, A. Rousse, S. Corde and K. T. Phuoc,
Stable femtosecond X-rays with tunable polarization from a laser-driven
accelerator, Light: Science & Applications, 2017, 6, e17086.
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Time delay differences [1,(2s) - TA(2p)] in neon
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Wrong Experiment!!!
5e9ph/str/eV/ih @4mJ
XES:

5el12ph/str/h (1000eV absorbed)
No detector saturation
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Physical Review X, vol. 6, no. 3, Sep. 2016,
doi: 10.1103/physrevx.6.031047.
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observation windows, AR coated
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X-ray counts (ph/[str-s-10 eV])

X-ray counts (ph/[str-shot-eV])
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J. Synchrotron Radiat., vol. 28, no. 6, pp. 1778-1785, Nov. 2021, doi: 10.1107/s1600577521008729.
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With single crystal detector:
So 2h for steady state Kalpha after reasonable improvement with 100mJ in 2min
With the 16 crystal Zoltan will show you the same time for Kbeta
Differential spectrum x 10 — x100 (20-200min)
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Elsaesser, Nature Photonics, vol. 8, no. 12, pp. 927-930, 2014,
doi: 10.1038/nphoton.2014.256. (same numbers CLEO 2022)
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Geometry is the key, or: how much
of the flux can you catch?
Here 6 cm!

i

New bands from BASF, changing bands

regularly

Here 1.8 cm = 11x the used flux
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XAS: 200eV
XES: 1500eV

APS 7keV (approx.)

lel4 ph/s @ 6MHz mono chrome

2el13 ph/s @ 1.25 MHz
7e16 ph /h monochrome

LCLS 7keV (approx.)
1e10 ph/shot @ 60Hz
2e15 ph /h polychrome
2e13 ph /h monochrome

OPCPA:
5el4ph/h/str in Kalpha = 1/4LCLS
800nm:

1el2ph/eV/h/str broadband copper
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Flat

on 25 cm
Imrad
~1x1077

x
@ 0.2 mm

cylindrical bend Spherical bend,

200 eV

von-Hamos Johan/Johannson
motor
control
1 x|
x
! shielding
0.2 mm x 10 cm motor\}
on 25 cm Control Q 15000m 1/3 05 eV
~3x107° on ou cm scanning
~8x107*

Gerry Seidler Global XAFS club
https://www.youtube.com/watch?v=3IJ9UE7Xvcg&t=101s
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Source emission (ph/[

XAS XES
cylindrical bend von-Hamos
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Source to sample 2cm,
300 micron spot
str= 3e-5 str area

200 eV
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Energy (eV)

v

2e9ph/str/eV/h @8mJ 0.2mm x 10 cm

XAS: 200eV x 2e9ph/striev/h  On25cm =3 x107°
x 3e-5 str =6e4/h  we need 3e6 = 50h

XES: 1500eV x 2e9ph/str/eV/h = 3el2/h/str useful from the source
X 3e-5 str = 9e7/h hit sample and are absorbed
X 0.3 emission prob = 2.7e7/h/str emitted into 4pi
X 3e-5 str = 810/h detected Kalpha (1eV)
need 4500 =5.5h

= 40/h detected Kbeta (all spectrum)

need 700 =17h

What can we improve? More crystals(x6)
Direct detection = 5000/s in theory, measured, 6h for small array, Factor 10 possible
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