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«-1}» Questions to ask... must

... before starting a time resolved experiment:

» What do | want to study (Solids, Liquids, is
beam damage an issue)

* How fast are the dynamics | want to study?
» fs scale: e-phonon interaction,
correlated electron systems,

» ps scale: thermal effects, electronic
states, molecular dynamics

» ns scale: Catalysis, ...

* us scale: slow melting, ...

26.03.2015 Jochen Rittmann, Max IV Workshop
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(=3 Pump probe scheme must

Sample

Pump Laser pulse

X-ray pulse

Probe —\j

A

time
delay
"Start - Stop” type of experiment

« Time-resolved data are recorded as a function of delay time t between pump and probe
» Stroboscopic measurement over millions of shots: sample recovery << 1/ rep-rate

« Timeresolution: =1 pump + T probe + Tjitter + T drift
Methods: X-ray diffraction: direct probe of ‘long range’ atomic structure
X-ray absorption: ‘local’ electronic and atomic structure

Resonant X-ray scattering: charge, magnetic, and orbital degrees of freedom
RIXS, RXES, HERFD, HEROS, XDS§, ...

26.03.2015 Jochen Rittmann, Max IV Workshop
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(=3 Laser installations at SLS must

Time resolved techniques / laser infrastructure at SLS
( not complete list)

e 1kHz fs-laser system at MicroXAS
(at the FEMTO slicing source)

e MHz 10ps laser-system at MicroXAS,
Phoenix and SuperXAS

e 160 kHz fs-laser system at SuperXAS

* 40kHz ns-laser system SuperXAS

e Several high power cw systems

* kHz fs-laser system at SIM

http://lwww.psi.ch/sls/ http://www.psi.ch/femto/

26.03.2015 Jochen Rittmann, Max IV Workshop



What do we get from SLS
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=

must

480 buckets, 2ns spacing, 1.04 MHz

400 mA top up mode
Hybrid mode with 70ps camshaft (CS) bunch in gap
At undulator beamline estimated 10'2 ph/s

* 1% of photons in x-ray pulse from camshaft bunch
4r camshaft
960 ns (1.04 MHz)
< =
3 1  2ns
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= H
52 !
5 : 15 empty
(6] . ',-' buckets
] - .+ 390 multibunches
75 empty
buckets
0 100 200 300 400 500 600 700 800 900 1000
Time /ns R. M. van der Veen, Thesis 2010
Jochen Rittmann, Max IV Workshop
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(= High repetition rate system — 100 ps resolution must

Use fast detector to study dynamics with CS time resolution (100 ps) using all photons

Fast detectors / fast electronics to seperate CS signal (Track&Hold circuit to assist ADC)

Record difference signal on a shot to shot basis (,,long” term drifts, intensity / sample fluctuations)

Sample recovery limits the repetition rate, 10 ph/s at full rep rate (520kHz pump 1.04MHz probe)

Laser

Oscillator

Ii Pulse picker e ——

Timing stabilizer
(CLX-1100)

Phase modulator

(QPMX-500-5)
SLS master clock |
500 MHz [
L

DAQ

computer control

/ L] »
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v

\

Fluorescence
Detector

‘ FEMTO

Lima et al. Rev. Sci. Instrum. 82, 063111 (2011)

Liquid flow amplifier
Transmission
I | Detector
v
\\ X-ray pulses
W) (1.04 MH2) . FEMTO
| Synchrotron jO yl ug::zf:rce ol
N e |
/ - amplifier
‘-- - T&H Trigger = ‘I( 4 Hold
1.04 MHz rack an (o]
[ | ]
ADC Trigger MHz ADC
2.08 MHz F. A. Lima, Thesis 2011
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(=3 Measurement Scheme High Rep Rate System must

e 480 buckets, 2ns separated, 1.04 MHz, 2.4GeV

* 400 mA top up mode aa
. . h
e At undulator beamline estimated 102 ph/s
* 1% of photons in x-ray pulse from camshaft bunch
4¢ I |
camshaft ds |
960 ns (1.04 MHz) |
< ' - |
3 ) 2ns
: —
< ||
£ . I
- H
5 2 ; gap
5 ! 15 empty
(6] . ',-' buckets
] " ,+*390 multibunches
75 empty
bfkets
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R. M. van der Veen, Thesis 2010 Time /ns
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(= Duetto laser system must

Pulse on demand (POD) Unit allows all repetition rates between 8MHz and 1Hz

DAQ can collect 4 integer channels (Transmission, 2x Fluorescence, |,) in fast difference mode

Can be used with 2d Pixel detector (Pilatus, DECTRIS), tested up to 520kHz probe (no fast
difference, but still 100ps resolution)

Wavelength: 1064nm, 532nm, 355nm, 266nm.

Pulse energy: 26uJ, 13uJ, 5.7, 1,41 (for high fluence, small x-ray spot <80mm for good overlap
needed, can limit rep rate of experiment)

26.03.2015 Jochen Rittmann, Max IV Workshop



=(-I{}» What do we want to study? Techniques must

|

Flexiblility \ T Mz ’
Wide range of probe wavelengths SUperXAs, -lt ‘DAQ

Setup has to be rebuild each time 4.5-35keV |
Focus 80um 8

Experimental —

chamber

—_—

cart
; v‘u < 'M

Experimental
setup

Phoenix, 0.8-8keV MicroXAS, 5-20keV
Microfocus 2.5um Microfocus <2.5um

26.03.2015 Jochen Rittmann, Max IV Workshop
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(=3 What Systems to Study? TR-XAS must

Fast recovery time of the system needed (limit of meaningful rep rate for experiment)
good for systems damaged by x-rays if x-ray illumintaion cannot be reduced by other means

(alternative: Pseudo SB or x-ray chopper)

REVIEW OF SCIENTIFIC INSTRUMENTS 82, 063111 (2011) STRUCTURAL DYNAMICS 1, 024901 (2014) @ S

A high-repetition rate scheme for synchrotron-based picosecond laser photooxidation and photoaquation of iron hexacyanide
pump/x-ray probe experiments on chemical and biological systems in aqueous solution: A picosecond X-ray absorption study

in solution
: 1 1,23 : 1 : 1
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=

More photon hungry time resolved techniques

must

Time Resolved X-ray Diffuse Scattering
M. Trigo et al, Phys Rev B 15; 82(23): 235205 (2010)
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(= 1kHz fs Laser System must

Femtosecond

Oscillator | ; |< ----- { Synchronization|< .....
Laser System

Amplifier |

Diagnostics
Pump Pulse

Frequency
Conversion

Delay

Pl
“1 kHz Pump”

l,o(+500ps) |

“2 kHz Probe”

Experimental Chamber
Sample (crystal, film, liquid jet)
Gated Detector (APD, Pixel, Si-strip)

Time-resolved Experiments lcc(+2500s)

X-Ray Absorption / X-Ray Diffraction
Z

X-Ray Pulse Intensity / a.u.

Samples with long recovery time
Reducing average heat load on sample (solids)
Use of OPA/THz generation provides more freedom for sample excitation

me [a.u.
Gawelda, Thesis 2006

26.03.2015 Jochen Rittmann, Max IV Workshop
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(= 1kHz fs Laser System, 2kHz fs x-ray source

must

Storage Ring

Diagnostics |
Slice Pulse Modulator
Amplifier Il .. Dispersion
“““““““““ - Diagnostics
Radiator e-hv Overlap
Femtosecond Oscillator | |< ----- { Synchronization |< ..... Diagnostics
Laser System e-BPMs
Amplifier |
Diagnostics "\‘ Diagnostics
Pump Pulse | ¢ . e-hv Interaction
= Slit (THz-Radiation)
Frequenc
Co;:‘versign " Mono Diagnostics
X-BPMs
Delay
/
“1 kHz Pump” “2 kHz Probe”

Experimental Chamber
Sample (crystal, film, liquid jet)
Gated Detector (APD, Pixel, Si-strip)

Time-resolved Experiments
X-Ray Absorption / X-Ray Diffraction

* Use of OPA/THz generation provides more freedom for sample excitation

* With 150 fs time resolution, 10* ph/s (monochromatic)

First realization at ALS

by R. Schoenlein et al.
[Science 287, 2237, 2000]

26.03.2015

Jochen Rittmann, Max IV Workshop
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(=3 Slicing implementation at SLS - 150 fs resolution “/must

960ns camshaft

bunchtrain (At=2ns |

Laser (1kHz)
Storage Ring |< 1ms ‘

Diagnostics | _
Slice Pulse Modulator
Amplifier Il _-E-ISperswn
"""""""" - Diagnostics
Radiator e-hv Overlap
Femtosecond Oscillator | l< ----- { Synchronization Iq ..... Diagnostics
Laser System e-BPMs
Amplifier |
Diagnostics “\4 Diagnostics
Pump Pulse | € . e-hv Interaction
— Slit (THz-Radiation)

(F:r:::eerrslicgn Beamline |[]| Mono Diagnostics
X-BPMs
Delay
re
“1 kHz Pump” “2 kHz Probe”

Experimental Chamber
Sample (crystal, film, liquid jet)

Time-resolved Experiments ‘ !
Gated Detector (APD, Pixel, Si-strip) Radiator (U19 In-Vacuum Undulator)

X-Ray Absorption / X-Ray Diffraction

 Time resolution: =t pump + T probe + T jitter + T drift - arrival monitor?

26.03.2015 Jochen Rittmann, Max IV Workshop
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___.b

Bismuth: coherent phonon depth  Ultrafast structural phase transition (LCMO)
dependence
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o= New laser system/DAQ at SuperXAS must

* DAQ collects all x-rays of roundtrip with 30 ns steps

* can getisolated CS signal for 100 ps time resolution or follow time evolution with 30 ns
steps with full x-ray flux from MB

e 150 kHz fs laser system with OPA gives high rep rate and pump tuning abilities.

e 800 nm: 100 W@100 kHz, 200 ul@50 kHz

* 400 nm: 8 uJ@100 kHz, 12 uJ@50 kHz

»
i i R
Faraday Discussions |‘.
. . . ROYAL SOCEETY
Cite this: Faraday Discuss., 2014, 171, 259 OF CHEMISTRY
View Article Online P : : P
PAPE R View Journal | View Issue

View Article Online

View Journal | View Issue

X-ray absorption spectroscopy with time-

tagged photon counting: application to (@) o Probing the dynamics of plasmon-excited
. : o hexanethiol-capped gold nanoparticles by
study the structure of a Co(l) intermediate Gy Crom e . o cocond X-ray absorption Spectroscopy

of H, evolving photo-catalyst

Flavio Zamponi,i‘:ﬁ*ab Thomas J. Penfold, " Maarten Nachtegaal,b

) Andrea Lubcke, §° Jochen Rittmann,®® Chris J. Milne,® Majed Chergui® and
*a b a . . .

Grigory Smolentsev,™® Alexander A. Guda,” Markus Janousch, Jeroen A van Bokhoven ®

Cristophe Frieh,® Gaudenz Jud,? Flavio Zamponi,© Murielle Chavarot-
Kerlidou,? Vincent Artero, Jeroen A. van Bokhoven®®
and Maarten Nachtegaal®

26.03.2015 Jochen Rittmann, Max IV Workshop



=(-I{j» New laser system/DAQ at SuperXAS must

« DAQ measures the arrival time of X-ray photons with 30ns precision
» Asynchronous mode allows to avoid gaps of the intensity distribution

» Photon counting (1 count / channel / roundtrip) suited for dilute samples / low x-ray signal

1_
Rt
- trigger Laser
é. | _)‘l 2ns
01— .
1 2
Time (us)

G. Smolentsev, et al; Faraday Discuss. 171 (2014) 259

26.03.2015 Jochen Rittmann, Max IV Workshop
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e = SwissFEL must

November 2014

http://www.psi.ch/swissfel/ cuipitg e 2019

2.5-3.4 GeV Athos

—|C

0.7 -7nm, 100 Hz

linac 3
2.1-5.8(6.5) GeV

gun & booster linac 1 linac 2
10, 200 pC 2.0 - 3.0 GeV

Aramis 2017

—

0.1 (0.08) = 0.7 nm, 100 Hz

BC BC

355 MeV 2.0 GeV

26.03.2015 Jochen Rittmann, Max IV Workshop
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(=3 SwissFEL experimental area must

ESA: Ultrafast photo-chemistry and biology
(C Milne, J Slachetko)

ESB: Femtosecond pump-probe, solid matter
(G Ingold, P Beaud)

ESC: Sub-micron focus, biology
(B Pedrini)

Aramis photon beam

Large

Photon Energy 2-12.4 keV 2-12.4 keV 2-12.4 keV 2-12.4 keV 4-12.4 keV
Pulse Energy 0.8 mJ 0.6 mJ 0.08 mJ 0.8 mJ 0.01 mJ
Spectral Width (RMS) 0.1 % 0.0025 % 0.1% 3-8 % 0.2%

Pulse Length (FWHM) 20 fs 20 fs 5fs 20 fs 0.2fs

26.03.2015 Jochen Rittmann, Max IV Workshop
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a-{m» ESB Instrument Layout

Open for pilot experiments (end of 2017), user operation starts 2018.

26.03.2015 Jochen Rittmann, Max IV Workshop
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(=3 ESA/ESB experimental station must

ESA Instrument 3~ ESB Instrument

RN . .
. X-ray Absorption \‘m T Dedicated diffractometer
. X-ray emission S @ @ - TR resonant XRD, non resonant XRD
- E,ﬂ;e}/\/\/\\
- X-ray diffuse scattering = - TR RIXS
- TR diffuse scattering
OfsC.en‘f’.E'ff?;trﬁ%im‘?saé 03105 2012, Flexible station for diverse x-ray scattering

Sample environmen S"‘:,', R geometries equipped with 16M 2-D pixel

detector

- Liquid Samples ﬁ I l )
- Nanocrystals ‘@

Detector

Sample environment

T - Temperature (10 — 400 K)

- Flexible sample and detector angles
- Magnetic fields (>1 T)

production
2013 2014 2015
Component assembly First beam and  Normal user
and commissioning friendly users operation
attheSLS  pove into

SwissFEL building

26.03.2015 Jochen Rittmann, Max IV Workshop
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BPS Collaboration must

[J___ ETH:ziirich ML

ECOLE POLYTECHNIQUE

FEDERALE DE LAUSANNE

Paul Beaud Steven Johnson _
Gerhard Ingold Christian Dorner Mercedes H. Rittmann-
Laurenz Rettig Tim Huber Frank

Shih-Wen Huang Andres Eerrer Marco_Relnhard
Jeremy Johnson Teresa Kubacka Fred Lima

Urs Staub Jaques Moser

Rafael Abela Elham Ghadiri

Bruce Patterson Majed Chergui

Chris Milne Mahsa Silatani

Jakub Szlachetko Fabio Santamauro

Daniel Grolimund
Camelia Borca
Thomas Huthwelker
Maarten Nachtegaller

, EN§ NF
G rlgory SmOlentSEV FONDS NATIONAL SUISSE
SCHWEIZERISCHER NATIONALFONDS
M Fi
Arno Schneider SWHSS NATIORAL SCIEAEE FouseoATIOH

t Molecular Ultrafast
m l..l S Science And Technology

National Center of Competence In Research

26.03.2015 Jochen Rittmann, Max IV Workshop
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(= Max [V Whishlist must

Laser X-ray DAQ

* High repetitionrate « Multiple (short) camshafts (high ° 2d detector (gated),
 fs system for rep rate) high dynamic range

OPA/THz generation Long multibunch (electronics do 1d detector fast
* fs time resolution . . difference (RXES)
time resolution of 20ns)

* ps system for lower e Ability to collect signal

* fs time resolution pulses .
peak powers ] luti : | of all x-rays with good
ps time resolution pulses (slow time resolution (i.e. 10

dynamics) ns detector FWHM)
* Only X-rays that can be used
(beam damage)
* Pseudo SB (ALS)
e X-ray Shutter (ESRF)
* Res Pulse Picking

26.03.2015 Jochen Rittmann, Max IV Workshop





