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Intro: XAFS, DXAFS

A DXAFS study at NW2A, PF-AR

Toward Laser Pump — DXAFS Probe experiments
NW2A, PF-AR => Laser Compton Scattered X-ray, cERL
Prospects for studies at cERL & 3-GeV ERL

Summary



What is XAFS?

XAFS: X-ray Absorption Fine Structure

electronic state
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XANES tells us what your sample is.

Normalized absorption

Cl K-edge XANES
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All these are metal chlorides.

But you can see some
specific features in each spectrum.

So you would recognize
what your sample is.
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F. Zhu, et al., Environ. Sci. Technol. 42, 3932 (2008)
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How to Obtain Bond Length by EXAFS
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Eq. of single scattering EXAFS

Amplitude
|

O

scillation (phase)
|

=_SE

Isolated atom

=

Atom with neighbor

Oscillation
E —»

\

“Round trip” of the wave

Outgoing Photoelectron

/’—_- ~
// N
/ S7T TS S7TTN \\
oo > N
I 4 I
oA , 1 Scattered
\ N ’ ’
N Z__+ Photoelectron
~
A ety /
’ P ~ \
A Y
ll ll \ \l
[N ;1
\ N VIR RN v, ’
\ Sa =" \yz S .~ Vi
N N 4
\\\ —’/ w\~ —’/

|

( 202k )sm(ZkR +20,,(k) + (pj(k))

Phase shift

of absorbing atom

of scattering atom

Fourier Transform...

v

Bond length R;, etc.,

(Parameters high-lightened by yellow are fitting parameters.)



Step scan XAFS & DXAFS

Sample
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DXAFS at PF-AR NW2A

\ focusing mirror

higher order cut mirror x2

1D detectors
__— available at NW2A

XSTRIP (silicon microstrip)
detection interval >23 ps
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Real time observation of PdO -> Pd reduction reaction

Pd (3wt%) supported by y-Al,O,, Pd K-edge (24.3 keV) EXAFS

PDA detector, recorded every 10 ms
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Laser Pump — DXAFS Probe experiments

We’ve just started to try to measure this experiment

as to capture a transient state.
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PF-AR
1.26 ps 1.26 us
s
~100 ps
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Photon Energy (eV)
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Limitations at NW2A, PF-AR

* Phenomena faster than the pulse duration of PF-
AR (~100 ps) cannot be detected.

* The jitter between laser & x-ray always exists, and
would be more serious when we go shorter time

resolution.

 Many experimental apparatuses are put in the
hatch one after another.



Some TR experiments in the world
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What’s the suitable sources for DXAFS?

Photons/pulse/ | Photn Flux /s Rep rate
0.1%BW

3"d generation SR 1074-6 10710-12 ~100 ps <~500 MHz
Laser slicing at BM 1071-3 10°4-7 ~100-1000 fs 1-10 kHz
Laser Compton 1073-4 1076-7 ~100 fs 1 kHz
Scattered X-ray, cERL

ERL 1075-6 107°14-15 ~100 fs — 1ps 1.3 GHz
XFEL 10711-12 10713-15 ~10-100 fs ~100 Hz

DXAFS should be equipped and performed
at the cERL, and then the 3-GeV ERL.

*This table may contain incorrect data. cf. C. Bressler and M. Chergui, Chem. Rev. 104, 1781 (2004)



NW2A, PF-AR => LC x-ray, cERL;
what are the merits?

e Faster phenomena down to ~100 fs will be targeted
and detected.

* The jitter could be excluded, and the delay will be
exactly sure as set in principle.

* The larger emittance gives us a wider range of DXAFS
per shot.
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X-ray beamline — ultrafast mode
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- / electron
Wavelength 800 nm Energy 60 MeV
Pulse energy 10 mJ Charge 0.1 nC
Frequency 1 kHz Bunch width 1ps
Pulse width 50 fs Bunch size 20um
Beam size 20um Emittance 1mm-mrad
Averaged X-ray Flux 3.9 x 107 phs/s*100% bw
X-Ray pulse width 110 fs

courtesy of Prof. Nozawa
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~100-1000 ps

PR-AR => cERL \Jl
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DXAFS at LC x-ray, cERL
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What we can do at LC x-ray of cERL

* Time-resolved, Transient X-ray Absorption
spectroscopy by DXAFS with At =~100 fs

* |n principle, the jitter free measurements will be
performed.

 The larger emittance, the larger size of the beam
enables us to measure a wider range of XAFS per
shot.



Then, do we need 3-GeV ERL? YESI!!II

* Higher photon energy

 Much more flux: huge repeated measurements are
not required.

* Higher frequency of the ring, 1.3 GHz: photons come
every 0.8 ns, and “movies” of reactions will be
captured in realistic conditions.

— Not only Pump — Probe experiments
— But also Real time evolution experiments



Current status of our time-resolved experiment
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Available time resolution & possible study

Acquisition Rep rate Period of real time  Ratio

observable reaction (Period/Rep

rate)
Current 33 ms (Video rate of ~100s ~1034
status: the camera)
16A at PF
Future: 0.8 ns (Pulse (*100 ns)-1-10ps  ~10%4
ERL interval)

Real time observations of catalysts at very working temperature

For example... How suitable!! Perfect!!

CO oxidation on Pt(111)
E,=05-0.7eV |RT=>600-900 > (Ratio of k) = 10* - 108

...maybe ("";)



Summary

* Prospects of DXAFS at LCS X-ray station, cERL are
presented.

— Laser Pump — DXAFS Probe experiments are strongly
recommended to perform.

— At =~100 fs, Jitter free, The wider range of XAFS
e cERL is a fancy machine, but 3-GeV ERL must be

established

— as to shine mysteries of transition states and to
capture real time “movies” of chemical reactions.
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