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SPPS Experiment

Fig. 1. (Top) A single-shot image of
scattered x-rays from unperturbed
sample above a single-shot image
of perturbed sample. Dashed curves
show region excited by laser pulse.
(Bottom) Experimental setup showing cross-beam topography technique. By crossing the pump and
probe beams on the sample and
imaging the diffracted x-rays, we
mapped temporal information into
spatial information, enabling collection of the complete time history
around time zero in a single shot.
Time runs from left to right. The
time window shown is È8 ps.

dependent Debye-Waller (DW) model,
which relates the time-dependent decrease
in scattered intensity to a time-dependent
root mean square (RMS) displacement:
IðQ; tÞ 0 ej2W 0 ejQ
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Here, W is the standard DW factor and
Gu2(t)9 is the time-dependent mean-square
displacement of the photoexcited atoms
averaged spatially over the sample. This
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surface topography; we estimated this to be
e130 fs for the (111) reflection and e80 fs for
the (220) reflection by imaging the sharp edge
of a razor blade placed on the sample surface.
The measured time-dependent intensity
values, I(Q,t) (where Q is the reciprocal lattice
vector for the reflection probed), for both the
(111) and (220) reflections were averaged over
10 single-shot images (Fig. 2) (21). The x-ray
incidence angle was kept constant at 0.4- for
both reflections by rotating an asymmetrically
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Fig. 2. Time-dependent diffracted intensity for
(111) (top) and (220) (bottom) reflections,
measured under identical excitation conditions.
Red curves are Gaussian fits to the data,
corresponding to 10 to 90% fall times of 430
fs and 280 fs. Blue curve is an exponential fit.
(Inset) Fluence dependence of 10 to 90 time
constants for (111) data. Error bars reflect the
standard deviation of the mean, determined
from the scatter in the individual measurements.
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both Q and t with a time constant that varies
inversely with Q, exactly as observed.
The validity of this model was checked in
three different ways: (i) comparison of the
extracted RMS displacements for the (111)
and (220) reflections, (ii) comparison of the
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Fig. 2. Time-dependent diffracted intensity for
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Requirements

• Transparent detector
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• We need to synchronize the FEL
with a pump laser

of its initial value for the (111) and (220)
reflections are 430 and 280 fs, respectively,
with ratio t111/t220 0 1.5 T 0.2. This value is
equal (within experimental error) to the ratio
of the magnitude of the reciprocal
pffiffiffiffiffiffiffi lattice
vectors for the two reflections ( 8=3).
This inverse Q-dependent scaling and
Gaussian time dependence strongly implies
statistical atomic motion and suggests that
the data can be described with use of a timedependent Debye-Waller (DW) model,
which relates the time-dependent decrease
in scattered intensity to a time-dependent
root mean square (RMS) displacement:
IðQ; tÞ 0 ej2W 0 ejQ

2

Gu2 ðtÞ9=3

time, with Gu (t)9 0 vrmst, the time-resolved
diffracted intensity I(Q,t) is then expected to
2 2
2
decay as IðtÞ È ejQ vrms t =3 , i.e., Gaussian in
both Q and t with a time constant that varies
inversely with Q, exactly as observed.
The validity of this model was checked in
three different ways: (i) comparison of the
extracted RMS displacements for the (111)
and (220) reflections, (ii) comparison of the
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Summary

pulses overlap in space and time on the
sample. The sharp edge in the bottom image
indicates time zero. To the left of this edge, xrays scatter from the unperturbed sample
before the optical excitation pulse arrives. To
the right, x-rays probe the optically induced
liquid state, resulting in a strong decrease in the
diffracted intensity. Our temporal resolution is
set by the pulse duration of the x-ray probe and
the accuracy with which we can image the
surface topography; we estimated this to be
e130 fs for the (111) reflection and e80 fs for
the (220) reflection by imaging the sharp edge
of a razor blade placed on the sample surface.
The measured time-dependent intensity
values, I(Q,t) (where Q is the reciprocal lattice
vector for the reflection probed), for both the
(111) and (220) reflections were averaged over
10 single-shot images (Fig. 2) (21). The x-ray
incidence angle was kept constant at 0.4- for
both reflections by rotating an asymmetrically

ð1Þ

Here, W is the standard DW factor and
Gu2(t)9 is the time-dependent mean-square
displacement of the photoexcited atoms
averaged spatially over the sample. This

• Transparent detector based on
photoelectron spectroscopy

Fig. 1. (Top) A single-shot image of
scattered x-rays from unperturbed
sample above a single-shot image
of perturbed sample. Dashed curves
show region excited by laser pulse.
(Bottom) Experimental setup showing cross-beam topography technique. By crossing the pump and
probe beams on the sample and
imaging the diffracted x-rays, we
mapped temporal information into
spatial information, enabling collection of the complete time history
around time zero in a single shot.
Time runs from left to right. The
time window shown is È8 ps.

• Photoelectrons streaked by
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Fig. 2. Time-dependent diffracted intensity for
(111) (top) and (220) (bottom) reflections,
measured under identical excitation conditions.
Red curves are Gaussian fits to the data,
corresponding to 10 to 90% fall times of 430
fs and 280 fs. Blue curve is an exponential fit.
(Inset) Fluence dependence of 10 to 90 time
constants for (111) data. Error bars reflect the
standard deviation of the mean, determined
from the scatter in the individual measurements.
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Outlook – Chirp Measurement?
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Outlook – Beam Position Measurement?
Determination of Beam Position
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Outlook
– Polarization Measurement?
Diagnostics via Angle-Resolved Electron Spectroscopy
> Online monitoring of flux, hν, ∆hν, polarization
via photo-ionization / angle-resolved PES
Θ = 90°

(–1 ≤ β ≤ 2)

Θ = Θm = 54.7°
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• Take e.g. Helium 1s as reference line
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