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Storage ring params

R: ring circumference

N: number of bunches (equally distributed)
Q: electrons per bunch

Revolution frequency: f
f=c/R
Repetition rate: fo,
f=f N N
Number of electrons per bunch: Q
Q = bunch charge / elementary charge

Figure of merit: f.; - Q

Fig. 1 (Color online) Parameters for characterizing pump-probe X-ray experiments at multi-MHz repetition rate.

Table 1 Overview of the electron bunch filling patterns at selected SR facilities together with their corresponding bunch
charges.

Synchrotron/ ?;LOJ:ES; Rep. Rate, Electrons/bunch, Q firx Q
A ’ 10 4- 16 o-
filling pattern f (MHz) fog (MHz) (10%°¢) (10%6 e7/s)
6.5 9.8 63.7

APS / 24-bunch 02772

PETRA Il / 40-bunch 0.130 552 12 62.4
SPring-8 / 203-bunch 0.209 42.4 1.47 62.4
ESRF / 16-bunch O35S St/ oS 508
Soleil / 8-bunch 0.850 6.8 7.4 49.9
KEK PF-AR / 1-bunch 0.794 0.794 47.1 37.4
KEK PF / hybrid mode L5 1.6 19.5 31.2
ESRF / 4-bunch 05355 1.42 L7/ 2540
ALS / 2-bunch S L0 Yodl 2113
APS / hybrid mode 0.272 0.272 37 10.1
SPring-8 / H-mode 0.209 0.209 4.0 0.84
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Fig.2 (Color online) (a) The molecular structure of
[Fe(terpy),]?*, and (b) the energy diagram of ground
(1A), 'MLCT, and quintet high spin (°B2 or SE) states.
Reproduced from Vanko et al. J. Phys. Chem. C (2015).
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Fig. 3 (Color online) Time evolution of the intensity of the 7125
eV (B) feature of the [Fe(terpy),]?2* XANES spectrum
(Figure 4a), reflecting a quintet lifetime of tyg=2.61=+0.01
ns. Reproduced from Vanko et al. J. Phys. Chem. C (2015).

e GSEXAFS| 1
GS Fit
x

1.5

K*X(R)

1.5/ e ESEXAFS

ES Fit

K*X(R)

RIA

Fig. 5 (Color online) (a) EXAFS of [Fe(terpy),]?* in the ground
state; the fitted bond lengths are R (Fe-N,,) =1.874+0.004
A and R(Fe-N,,) =1.969£0.004 A. (b) EXAFS spectrum
of the photoexcited quintet state of [Fe(terpy),]2*; the fit-
ted bond lengths are R (Fe-N,,) =2.08+0.02 A and R (Fe-
Neg) =2.20£0.01 A. Reproduced from Vanko et al. J. Phys.

Chem. C (2015).
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Fig. 4 (Color online) (a) Fe K-edge XANES, (b) Ka, and (¢) KB X-ray emission spectra of an aqueous solution of
[Fe(terpy),]2*, with (red line) and without (blue line) laser excitation, with a time delay At =80 ps for the laser-
excited data. The evolution of the intensity of the B and D features, as well as the changes in the emission lines,
are the signature of a change from the LS to HS configuration. Reproduced from Vanko et al. J. Phys. Chem. C

(2015).
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Fig. 6 (Color online) Experimental Fe 1s2p RIXS spectra, from aqueous solutions of [Fe(terpy),]** (top row) and
[Fe(bipy)s]2* (bottom row), showing the ground state, the laser-excited state at 80 ps time delay, their differ-
ence, and the reconstructed HS spectra. The theoretical spectra (middle row) were obtained from ligand-field
multiplet calculations in an approximate Oy, local symmetry, and there the ‘“Laser ON (partly HS)”’ panel was
constructed by the superposition of 40% HS and 60% LS. The spectral intensity is plotted above the plane
spanned by the incident energy and the difference between the incident and emitted energy, the energy transfer.
The energy scaling is equal for both axes and identical for all the plots in order to aid the comparison. Reproduced

from Vanko et al. J. Phys. Chem. C (2015).
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Fig. 7 (Color online) The Ru K-edge XANES spectrum of

[Ru(bpy);]2* and its transient differences measured with 1
kHz and 400 kHz repetition rates. Reproduced from Noza-
wa, MEDSI, (2016).
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Fig. 8 (Color online) The Ru K-edge EXAFS oscillation of [Ru(bpy);]*>* and its transient EXAFS differences meas-
ured with 1 kHz and 400 kHz repetition rates. Reproduced from Nozawa, MEDSI, (2016).
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Studying chemical reaction dynamics in solutions
with advanced synchrotron radiation and XFEL
—High quality data collection with MHz X-ray

pulses—
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Ryo FUKAYA

Abstract The technical implementation of a MHz data acquisition scheme for pump-probe X-ray experi-
ments with temporal resolution from 10 fs to 100 ps is presented. Such techniques are very at-
tractive to benefit from high average photon flux of X-ray pulses due to the high-repetition rates,
which enables “‘photon-hungry’” SR experiments even with pump-probe modes.
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