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In order to improve the efficiency of X-ray absorption data recording, a fast scan
method, the Turboscan, has been developed on the DEIMOS beamline at
Synchrotron SOLEIL, consisting of a software-synchronized continuous motion
of the monochromator and undulator motors. This process suppresses the time
loss when waiting for the motors to reach their target positions, as well as
software dead-time, while preserving excellent beam characteristics.
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1. Introduction

DEIMOS (dichroism experimental installation for magneto-
optical spectroscopy) is a soft X-ray beamline at the French
synchrotron SOLEIL, dedicated to the study of the electronic
and magnetic properties of matter using polarized light. It is
optimized for high stability in energy and beam positioning,
and for best reproducibility of the measurements. The beam-
line is designed for X-ray absorption spectroscopy (XAS) and
X-ray magnetic dichroism, which are both element-sensitive
and offer a very high sensitivity, allowing very small amounts
of material to be measured (Gambardella et al., 2002, 2004;
Ohresser ef al., 2005), either at surfaces or diluted in bulk.
Furthermore, X-ray magnetic circular dichroism (XMCD) can
provide access to the magnetic orbital and spin moment via
the so-called sum rules (Thole et al., 1992; Carra et al., 1993;
Chen et al., 1995).

XAS is a measure of the X-ray absorption as a function of
the photon energy. The absorption is measured either via total
fluorescence yield (TFY) or total electron yield (TEY), as well
as direct absorption assuming the sample is transparent to the
X-rays [ox = In(l,/I), where o is the linear absorption coef-
ficient, x is the sample thickness, /, is the incident X-ray
intensity and [ is the transmitted X-ray intensity]. A dichroic
spectrum is the difference between at least two absorption
spectra measured with different light polarizations and/or
different magnetic/electronic states as a function of the photon
energy E. The most commonly known are:

(i) XMCD, where circular polarized light is used on samples
showing non-zero net magnetization. The magnetic state of
the sample is usually flipped with an external magnetic field.

(ii) X-ray linear dichroism (XLD), where linear polarized
light is used on a sample having an anisotropic charge distri-
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bution. In some cases this charge anisotropy can be related to
magnetic properties, and XLD can then be used to probe
magnetic properties as well; this is called X-ray magnetic
linear dichroism

Since dichroic spectra are obtained by the difference of
absorption spectra, the stability of the photon beam (energy,
shape, flux, efc.) and all other experimental conditions
(sample, magnetic field, temperature, etc.) are critical issues,
particularly if the measured dichroic signal is very small. To
obtain the best results it is therefore mandatory to reduce as
much as possible the impact of experimental instabilities.

Although SOLEIL and DEIMOS were designed to reach
a very good photon beam stability, there are always tiny un-
expected experimental condition changes as a function of
time. To minimize these it is necessary to collect the data as
fast as possible.

The standard way to acquire an absorption spectrum is to
perform a step-by-step scan: the sensor giving the absorption
signal is recorded only after all energy position actuators
(monochromator and undulator motors) have reached their
targeted position (energy setpoint). The drawback of this
method is the large scan duration caused by the dead-times
induced by the trajectory and accuracy strategy of the motors
after each small displacement. Typically, a 100 eV scan over
the L, ; edges of a transition metal lasts 20 min in this mode,
with approximately 90% of dead-time.

An alternative approach is to use a continuous scan where
a single motor displacement is ordered while the readback
of the motor positions and the physical signals of the sensors
are synchronously recorded. This method allows a very fast
acquisition and smoother data acquisition because there is
only one single displacement. Such a scan strategy has been
developed previously on several beamlines at different
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synchrotron facilities (Rogalev et al, 1998; Solé et al., 1999;
Pascarelli et al., 1999; Krempasky et al, 2010; Izquierdo et al.,
2012).

In this paper we will present the recent in-house develop-
ment at the DEIMOS beamline concerning the so-called
Turboscan, a continuous measurement of physical signals
during a continous motion of the monochromator and undu-
lator motors. We will show that this scan mode is very efficient
in preserving the beam characteristics.

2. Technical description

At the DEIMOS beamline (Ohresser et al., 2013, 2014), the
photons can be provided by two different undulators: the HU-
52 APPLE II helical undulator providing variable polarization
over the full energy range of 350-2500 eV and the EMPHU-65
undulator (currently under commissioning) capable of
switching the polarization at a frequency of 5 Hz. The other
critical element is the plane-grating monochromator (PGM)
which selects the photon beam energy with a useful energy
resolution power up to 10000 in the energy range 350-1500 eV,
while for the higher energy range (up to 2500 eV) an alternate
multilayer grating is used with a useful energy resolution
power between 5000 and 10000. The main endstation is a
cryomagnet able to reach 7T along the X-ray axis or 2T
perpendicular to the X-ray axis with a sample temperature
from 1.5 K to 370 K.

The full beamline is controlled via the Tango framework
(Tango, 2013) grouping together all components called ‘Tango
devices’. Each Tango device gives easy access to the config-
uration and the control of the considered element.

The measured physical signals (sensors) are the sample
TEY and TFY, the transmission of the sample, and the TEY
current measured from a gold mesh before the sample (I,) to
normalize the three previous signals. All signals are measured
with a NOVELEC MCCE-2 high-sensitivity low-current
electrometer, converting a low current to an optical signal with
the frequency proportional to the measured current (10 MHz
converter). The frequency signals are then simultaneously
measured by a counting card (reference PXI 6602 from
National Instruments; http://www.ni.com/), able to synchro-
nously record up to eight 32-bit channels.

The DEIMOS beamline is controlled via a Python software
solution, which is based on the use of the PyTango library,
allowing the interface between Python and Tango. The system
is able to control the full beamline via the Tango devices, and
the use of Python in the interactive mode (command line)
allows fast writing of very long macros, hence the automation
of large sequences of commands.

3. The Turboscan process

A continuous scan in energy implies synchronization of the
following motors:

(i) monochromator motors [working in the Petersen mode
(Petersen et al., 1995)], controlling the rotations of the grating
and the mirror [with o and S the incoming and outgoing

incidence angles of the grating (with respect to the grating
normal) and 6 the grazing-incidence angle of the mirror (with
respect to the mirror surface) (Polack et al., 2007)];

(i) HU-52 undulator, the gap (G) corresponding to the
distance between the jaws (note: no phase displacement).

The energy of the photons produced by an undulator
spreads within a rather narrow peak around the target energy
(see, for example, Fig. 4¢). The energy of the photons reaching
the sample is then refined by the monochromator which is
given the role of ‘master’ while the undulator is like a ‘slave’
(Krempasky et al, 2010), and must follow the energy of the
monochromator in order to give the maximum of the photon
flux.

The relations between the photon energy (via the wave-
length ) and the angles « and $ are given by

Nk). = —2sin <a + ﬁ) cos <oe — 'B>, 1)
2 2
Cit ZEZCOSIBa 2
¢ cosa

where N is the grating density, k is the diffraction order, ¢ is
the fixed focus constant (Petersen criteria) and c is the inverse
of c.

The relation between the gap (G) and the energy of the
undulator can be approximated by the following relation,

ay

F=——7"17/—"—+ 3
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where a, a; and a, are parameters experimentally determined
for each polarization.

The relations between the photon energy and the mono-
chromator angles o and 6 are non-linear [equations (1) and
(2)], as well as the relation between the photon energy and
the undulator gap G [equation (3)]. Consequently, to obtain
a perfect synchronization a rigorous approach would require
sophisticated multi-axis motion control with non-linear
motion trajectories. This is the hardware approach chosen by
the IT group at SOLEIL but, because of its complexity, is still
under development (Izquierdo et al., 2012).

Therefore, in an anticipated approach we have developed a
software-based solution using only the available linear motion
trajectories for the monochromator angles « and 6, and for the
undulator gap G. Using Tango tools, the following sequence is
programmed (see Fig. 1): the monochromator and the undu-
lator are both set to the starting energy (E;). Taking ¢ as a
constant, equations (1) and (2) provide the couples («, 6) for
the energy E; and the final energy E,. Then the linear motion
trajectories as a function of time are determined for the
motors controlling o and 0 according to the input of the users
(energy range, integration time and total time). Note here
than a linear motion of the « and 6 angles leads to a non-
constant energy scan speed (variable energy increment as a
function of time).

According to equation (3), the velocity of the undulator gap
is not constant over the scan energy range. As a first
approximation the gap velocity is set to the theoretical velo-
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step-by-step scan (Fig. 1, left). From the
three corresponding motors, the enco-
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Figure 1

Sequence diagrams used for a step-by-step scan (left) and a Turboscan (right).

city at the middle of the scan, an approximation which is
reasonable if the energy range is not too large (i.e. less than
100 eV). To make the synchronous motion of the undulator
and the monochromator possible, the minimum gap velocity
of the HU-52 APPLE II undulator has been decreased by a
factor of 100 to be compatible with the typical acquisition
time. The minimum velocity is now 0.2 pums~' and the
maximum is 2 mms . We want to emphasize the fact that
keeping the phase constant while performing an energy scan
(changing the gap) can result in a drop of the circular polar-
ization rate. Nevertheless, the calculations, confirmed by
measurements, have demonstrated that over a 100 eV energy
scan the drop of polarization is less than 0.5% (1%) for the
first (second) harmonic. Only in the case of the third harmonic
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Figure 2
Data acquisition process diagram during a Turboscan.

Turboscan device (in-house Tango
device written in Python) to dynami-
cally reconstruct the energy from the
encoder positions allowing live visualization during the
acquisition. The Turboscan device transfers the reconstructed
data to the scanserver device, and then to the datarecorder
device (see Fig. 2). The latter physically records the data and
all the desired values into a Nexus file located in the SOLEIL
secured storage place (SOLEIL, 2013). When the scan is
finished (the monochromator energy reaches E,), the data
acquisition and all motions are stopped, and the mono-
chromator and undulator motors are set back to their default
velocity values.

4. Results

In the ideal case when the monochromator is working in the
Petersen mode, ¢ should be constant whatever the energy.
Since the angles o and 6 are moving with a constant speed,
there are small variations of ¢ around the nominal value. In
order to characterize the good behaviour of the mono-
chromator during a Turboscan, we calculated the ¢ value of
the monochromator as a function of the energy for different
energy ranges. A deviation from the nominal ¢ value induces
essentially a change of the resolution by the same factor. Fig. 3
shows the relative difference of the actual ¢ value with respect
to the nominal value of ¢ = 0.2 as a function of the energy for
an average energy velocity of 0.5 eV s™'. For a 100 eV-wide
scan (typical energy range for our XAS measurements) and
for an energy above 550 eV, we never observed a difference
larger than 0.5% from the nominal ¢ value over a full scan,
demonstrating the good synchronization and behaviour of the
process. For the scans with an energy below 550 eV the
difference is still below 1.5%. The origin of the increase of the
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Figure 3

Relative difference between the real ¢ value and the nominal setpoint (set
to 0.2) for a 100 eV-wide Turboscan for various energies (average energy
velocity 0.5 eV s™).

difference at low energy comes from the larger motion
amplitude of the o and 6 angles during the scan.

The other quality criterium is the energy shift (ideally zero)
between the undulator energy and the monochromator energy
which would produce a loss in photon flux. Fig. 4(a) (thick
lines) shows this energy shift for several typical energy ranges
(scan width 100eV) for an average energy velocity of
0.5 eV s™'. Due to the present step motor controller choice at
SOLEIL, the gap of the undulator must follow a linear
motion. However, since the energy of the photons produced
by the undulator is not a linear function of the gap [equation
(3)], the energy shift takes the shape of a parabola. This
represents the main limitation of the approximation we were
using in a first attempt: the velocity of the gap is only exact in
the middle of the energy scan range. If an energy shift between
the undulator and the monochromator occurs, a loss of flux is
observed (Fig. 4¢). Indeed, in the case of the HU-52 undulator
the full width at half-maximum (FWHM) of an undulator peak
is between approximately 15 and 50 eV (Fig. 4c); consequently
in the worst case a loss in flux of 25% is observed (Fig. 4b,
thick lines). Note that a loss of flux does not impact on the
measurements themselves, since the physical signals are
normalized to I,. When the energy reaches 1000 eV or above,
the offset between monochromator and undulator energy
increases non-linearly with increasing energy.

5. Toward dynamical coupling with a PID loop

For large energy range scans, the non-linearity is critical. In
this case, for the two extrema of the energy scan, the optimum
gap velocity of the undulator is very different (e.g.
0008 mms~" at 700eV to 0.016mms~" at 1150eV at
0.5eV s'); then the velocity has to be changed during the
scan to keep the energy shift as low as possible. To overcome
the limitations of the fixed gap velocity we changed and
improved the process of the Turboscan by using a propor-
tional-integrate-derivative feedback loop (PID) to dynami-
cally couple the undulator energy to the measured energy of

(@
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Figure 4

(a) Energy shift between the undulator and monochromator energies for
some Turboscans without PID controller (thick lines) and with PID
controller (thin lines and short-dashed line) (energy velocity about
0.5 eV s™Y). (b) Flux loss for the corresponding scans without (thick lines)
and with (thin lines and short-dashed line) PID. (c¢) Undulator flux peak
profile when the energy of the undulator is tuned at 850 eV as a function
of the energy shift between the undulator and the monochromator.

the monochromator during the displacement. This dynamical
coupling is mandatory if the user wants to improve the flux
stability. With this process, we obtain a real master-slave
dynamical coupling between the energy of the mono-
chromator and the energy of the undulator. With respect to
the previous process, during the motion of the mono-
chromator angles, the energy of the undulator is compared
with that of the monochromator in a parallel loop every
250 ms. The velocity of the undulator is then adjusted via a
PID algorithm loop to minimize the energy offset to the
monochromator.

The initial gap velocity of the undulator is now set to match
the energy variation of the monochromator at the beginning
of the scan. The change of the velocity of the gap during a
displacement has been made possible by the SOLEIL Inser-
tion Device group.

The result of the energy shift for a large 800 eV energy
range and an average energy velocity of 0.85 eV s~ is repre-
sented in Fig. 4(a) by the short-dashed line. During most of the
scan, the energy shift stays below 1 eV, far better than the
previous process. Fig. 4(b) (short-dashed lines) shows that
during this scan the flux loss is always below 0.3%. The PID
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algorithm therefore allows the flux stability to be optimized,
but there is a large variation of ¢ (about 7%) hindering a full
quantitative interpretation of wide scans. In the case of the
more typical 100 eV scans with an average energy velocity of
0.5eV s~ (Fig. 4a, thin lines), the energy shift is strongly
reduced to less than +100 meV which is very good compared
with the FWHM of the undulator peaks and avoids any loss of
flux (which is always below 0.5%; Fig. 4b, thin lines).

6. Conclusions

In conclusion, we have developed an in-house method called
Turboscan to reduce the data acquisition time and to improve
the quality of the measurements at the DEIMOS beamline.
Compared with a step-by-step scan, the Turboscan allows a
gain of about ten in time with similar statistics and resolution
in energy. We checked some quality criteria to validate the
method and after weeks of commissioning the Turboscan has
now been intensively and satisfactory used on the beamline
since July 2012. The development of a fast data acquisition
mode while keeping high-quality spectra was a priority of the
DEIMOS beamline in order to improve the beamline effi-
ciency. The high-speed data acquisition (typical time about 2—
4 min for one X-ray absorption spectra) now allows users to
study new time-dependent effects (see, for example, Davesne
et al., 2013) which was impossible with a step-by-step scan
(typical time of about 25 min). Last but not least, a lot of users
want to study highly X-ray-sensitive samples (such as mole-
cular magnet in monolayer assemblies); the damage caused by
the photon beam to that kind of sample can be reduced thanks
to shorter time exposition.

The authors gratefully acknowledge the SOLEIL Insertion
Devices group for the work that has made possible the present
development.
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