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Another year of XMaS operation has

passed (can anyone really believe that
we opened the beamline in autumn

1997?) and has been marked by a number of
changes in personnel, some scary events and
lots of good science. In May 2009 we said
goodbye to David Paul who retired after being
associated with the project from its inception
– we first employed David in 1993 and based
him at the Daresbury laboratory to work with
David Laundy on the design of our diffraction
beamline for magnetic materials – it was
later when it was named XMaS and much
later when we realised that there was a world
of materials science beyond magnetic
materials. David was wholly responsible for
the design of the optics and it is probably no
exaggeration to say that he still knows where
every bolt and flange is located. However, he
no longer needs to remember it all since,
after 12 years as our Beamline Coordinator,
he is enjoying retirement in rural Lincolnshire.
His successor is no stranger; it is Laurence
Bouchenoire who first came to XMaS as a
PhD student and won a beamline scientist
position in 2002. She took over from David
this summer and became our XMaS Beamline
Coordinator but retains some of her former
research activity. Simon Brown assumes
David’s role of Beamline Responsible. 

Six months earlier we had welcomed Oier
Bikondoa, who had previously worked on
ID01, to a post jointly funded by the project
and the DIAMOND Light Source. The role was
designed to increase our expertise in the
surface diffraction side of XMaS and then
transfer that expertise to the DLS. In fact, in
the “musical chairs” that followed David’s
retirement, Oier has taken the Beamline
Scientist post that Laurence vacated and we
are currently seeking a new appointee to that
joint post. The rest of the familiar faces
remain: they just get a bit older (and wiser?).

What about scary moments? Well, 2008/9
saw a recession and a rapid drop in sterling.
This prompted a lot of discussion with EPSRC
about our future: would the beamline have to
close one year early? We buy most of our
equipment and pay for all the services we
take from ESRF in euros, our funding is in
sterling and the exchange rate dropped from
1.47 � = £ 1 in autumn 2007 to near parity 
in early 2009 (and not much more now). 
Well, all’s well that ends well; EPSRC is
underwriting sufficient of the predicted
shortfall for us to be able to keep XMaS
operating at full tilt until autumn 2012. More
generally EPSRC is changing the way it
considers funding for facilities such as ours
categorised as “mid range”. The first call for
new and repeat funding was summer 2009

and, given the fact that XMaS is funded up to
September 2012, it is perhaps not surprising
that our case was put to one side this time.
We have to hope that EPSRC does not
completely run out of funds after the next
government’s Comprehensive Spending
Review, anticipated to follow rather rapidly
after the 2010 UK election, because we will
need to address the funding issue in 2011.

A more dramatic scare occurred in March
2009 when the great XMaS fire threatened 
to end any worries about funding not lasting
to 2012. A failed water supply (it’s not that
simple really) led to the melting of parts of
the 1 Tesla electromagnet and the
subsequent flooding of the hutch and the
evacuation of the whole ESRF ring. We have
always praised Huber diffractometers as
robust instruments but now we can indeed
testify that they are fire and flood proof. The
only permanent damage was the complete
destruction of the electromagnet, now
replaced by one with twice as many safety
cut-outs and sensors! The diffractometer
only needed a clean before Huber’s
engineers pronounced it in good health and
we were able to heave a great sigh of relief.
There are probably strange and wonderful
fungi growing beneath the steel clad floor but
the radiation will get them!

Most of the beamline’s instrumental
developments are discussed later in this
Newsletter, but we note here that two more
XMaS inventions, the magnetically operated
attenuators and the piezo flipper have been
licensed for commercial sale.

During 2009 and, after much agonising, 
we agreed to go ahead with an upgrade to
cryogenic cooling of the monochromator in
order to reap the benefits of the ESRF’s
upgrade programme. Thus over the
Christmas 2008 shutdown the goniometer
spindle was re-engineered for cryocooling
whilst retaining the flexibility for water
cooling. We always knew that this would be 
a major project, both in terms of cost and
complexity, but we only realised late in the
day that supply pipes carrying liquid nitrogen
are not as compact or as “bendy” as water
pipes and so now you see that the optics
hutch has a new set of doors alongside 
the goniometer to facilitate loading and
alignment of the crystal cage and goniometer
spindle. All the cryo-plant is in place and the
final step will be the crystal cage and cooled
crystal set, of which more later in this
Newsletter, together with all the exciting stuff
about your science.

Malcolm Cooper and Chris Lucas
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The Functional Materials Group at the National Physical
Laboratory (NPL) and XMaS co-hosted the first UK
workshop on x-rays and neutrons in multiferroic

research on 17th June 2009. The NPL group specialises in
developing characterisation methods for dielectric,
piezoelectric, ferroelectric and multiferroic materials.
Multiferroics are multifunctional materials, combining two or
more of the ferroic ordering parameters (ferroelectricity,
(anti)ferromagnetism and ferroelasticity). An important
subclass of these materials, magnetoelectrics, are remarkable
because of their potential application for new multifunctional
devices, including novel sensors, spin-valves, biosensors and
memory storage – our understanding of the full industrial
impact of these novel materials is only just emerging. 

A series of talks showing recent progress in this field was
kicked off by Neil Mathur (Cambridge) who gave an
introduction to multiferroic, magnetoelectric and ferroelectric
phenomena, detailing examples of materials properties such
as bismuth ferrite, which is a good room temperature
ferroelectric. Crystallography studies of this material were
presented by Phil Lightfoot (St. Andrews) and Tim Comyn
(Leeds), the former using neutron diffraction measurements
to determine the atomic structure of the high temperature
phases, and the latter investigating the effect of different
sample processing techniques on the crystal symmetry.
Doping bismuth ferrite with lead titanate results in a mixed
phase compound that has strongly ferroelectric and
piezoelectric. It is also possible to “switch on” the magnetic
ordering by means of an in-situ hydrostatic pressure.

The use of magnetism to control the polarisation was
discussed by Des McMorrow (UCL) who used non-
resonant x-ray scattering and x-ray polarimetry to deduce
the magnetic structure and domain population of the
multiferroic TbMnO3. The same techniques were employed
by Peter Hatton (Durham) to look at the magnetism of a
different terbium manganese oxide, TbMn2O5. The
magnetic structure refinements using these techniques
however, often rely on complementary neutron studies, and
some examples of these in the wider class of manganese
oxide materials RMn2O5 were presented by Carlo Vecchini

(ISIS). Geetha Balakrishnan (Warwick) discussed how the
non-ferroic SmMnO3 compound could be “tuned” into
multiferroicity by doping with yttrium to force the
crystallographic structure into the part of the RMnO3 phase
diagram occupied by TbMnO3 and DyMnO3 – well known
multiferroic compounds. She concluded by presenting
neutron scattering data on the frustrated Kagome staircase
compounds nickel vanadate and cobalt vanadate –
previously studied for their interesting magnetic order, and
only recently discovered to be ferroelectric. 

The workshop concluded with presentations by Mark
Stewart (NPL) on the experimental procedures required to
characterise ferroelectric materials and how these should
be employed in a neutron or x-ray experiment, and Paul
Thompson, who gave an overview of the measurement
capabilities at the XMaS beamline, which is ideally suited
to the study of multiferroics. Finally the afternoon session
finished with an open discussion chaired by Bob Cernik
(Manchester). The group ascertained the main experimental
interests in this field focus on the ability to perform in-situ
magnetoelectric and piezoelectric measurements. 

A subsequent wiki site* has been created that aims to
centralise all the information required to perform a
multiferroic neutron/x-ray experiment – from best practice
guides on sample preparation and electrode deposition
techniques, to experimental beamline descriptions
designed to help users choose the right measurement
technique for the right experiment. Additionally, users are
encouraged to contribute information on their experimental
successes and failures, so that their experience will help
the rest of the community avoid making costly mistakes. 

This very successful workshop was a first milestone for the
development of fundamental research in the field of
multiferroics. The system to carry out in-situ PE loops at
XMaS has been recently commissioned by the NPL
Functional Materials Group. More details can be found in
the article “Electric Field capability” later in this Newsletter. 

*http://interactive.npl.co.uk/multiferroics/index.php/Main_Page

NEWSLETTER 2009 3

Workshop on
Multiferroics Research

Participants at the X-ray & Neutron Scattering in Multiferroics Research Workshop at NPL.
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INSTRUMENTATION DEVELOPMENTS

Monochromator upgrade
With the forthcoming ESRF upgrade, the storage
ring current is expected to be increased from 200
mA to 300 mA, with a corresponding increase of
50% in the incident power on the first crystal. The
current water cooled system can dissipate
approximately 200 W and further cooling power
requires cryogenic liquids. Cooling monochromator
crystals with liquid nitrogen (LN2) increases the
thermal conductivity of silicon and decreases its
thermal expansion coefficient. A standard ESRF
cryo-cooler system has therefore been installed
recently on the beamline. The present Vacuum
Generators goniometer has been retained, but the
main shaft has been broadened to accommodate
the wider LN2 tubes. The wall of the optics hutch
has also been modified by the addition of a door to
enable the monochromator vessel, which now has
a longer goniometer shaft and less flexible LN2
cooling lines, to be opened. A mezzanine has also
been constructed for the cryogenic cooling plant.

A new crystal cage is being designed to access
energies from 2.2 to 15 keV. It will be based on 
the same simple concept as the current water
cooled version and the two will be completely
interchangeable. It is proposed to use a side
cooled Si(111) first crystal, approximately 50 mm
thick, which will allow good thermal conduction
from the silicon to the LN2-cooled copper plates of

the cryo-cooler. The second crystal will also be
cryogenically cooled. This second crystal assembly
will be kinematically mounted with three linear
actuators having a step resolution of 50 nm. This
will preserve the 20 mm constant exit height.

Low energy optimisation
When the beamline was conceived in the mid-1990’s,
there was a strong interest in the scattering
community for actinide magnetism, particularly for
performing resonant x-ray scattering at energies as
low as the U M5 absorption edge (~3.5 keV). The
original beamline design therefore minimized the
number of absorbing elements such as beryllium
windows and air paths to limit the attenuation of the
low energy photons. More recently, however, there
has been considerable interest in using lower energy
x-rays to study 4d systems including for example
ruthenate materials, where magnetic and orbital
ordering occurs, heavy fermion superconductors and
nanostructures involving Pd (see the highlight in this
Newsletter). Thus there is a strong demand to access
the L2,3 edges of the 4d elements (2.97 to 3.33 keV)
for resonant scattering experiments. Presently there
is still 850 �m of beryllium in the beamline, 500 �m of
which is the window in the front end, 100 �m
separating the mirror and the monochromator and a
further 250 �m window used to isolate the high
vacuum (~5×10-9 mbar) section of the beamline

Figure 1: Drawing of the differential pumping section for windowless operation between the front end and the detector.
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containing the optical components from the coarse
vacuum (1×10-3 mbar) of the user area. These
beryllium windows severely limit the available flux for
energies lower than 4 keV and their presence is the
limiting factor for experiments at these low energies. 

After discussions with the ESRF Front End group, we
have determined that the 500 �m beryllium window
can be reduced to one of only 250 �m and still
provide the necessary protection for the storage ring
vacuum. This reduction of 250 �m will immediately
yield an increase in flux of 250% at 3 keV. The
removal of the 100 �m thick beryllium between the
mirror and the monochromator is also envisaged.
Secondly, upgrades to the vacuum system in 
the experimental hutch are planned to enable
windowless operation from the front end, i.e. from the
optics, via the sample environment, up to the
detector. A differential pumping system is to be
installed between the vacuum systems in the optics
and the user sections of the beamline. A small cross
sectional area tube with a low conductance will be
placed between the final slit vessel and the harmonic
rejection mirrors in the experimental hutch (Figure 1).
This assembly is pumped by a large turbo pump,
easily achieving pressures below 1×10-6 mbar in the
experimental hutch section and ensuring that the
vacuum in the optics section is not degraded. The
removal of the current 250 �m isolation window will
increase the flux available at 3 keV by a further 170%.
For conventional hard energy scattering windowless
operation is not required and it remains prudent to
protect the vacuum in the optics section. Thus the
current isolation window will be re-mounted onto a
gate-valve enabling a quick transition between
windowed, and windowless operation.

Thirdly, the phase plate flipper assembly will be
incorporated into a vacuum chamber to remove a
section of air-path plus kapton windows. Finally, the
beamline team have been in communication with the
staff at beamline X13A, NSLS (Brookhaven National
Laboratory) who commissioned an in-vacuum
avalanche photodiode. It is proposed to build a
similar prototype mounted onto a KF style vacuum
flange, enabling windowless detector operations on
XMaS.

At low photon energies, considerable attention also
needs to be paid to the sample environment. A
typical displex used for x-ray diffraction, which
reaches temperatures below 15 K, will usually have
both vacuum and radiation beryllium shrouds. If both
the incoming and outgoing beam paths are
considered, the thickness of these shrouds can easily
add up to some 1500 µm and cause prohibitive beam
attenuation at low photon energies (see Figure 2). A
range of windowless sample environments that can

be mounted onto a standard displex and Huber
diffractometer have been designed to allow a wide
range of scattering studies. An in-vacuum system
incorporating an electromagnet and an array of
photodiodes has been designed for combined
reflectivity and spectroscopic studies. Gate valves are
used to isolate the cryostats from the windowless
beamline vacuum system during such routine
operations such as sample changes etc. 

Improved Grazing Incidence
The XMaS user community is developing a growing
interest in grazing incidence small and wide angle
scattering � GI-SAXS/WAXS �, primarily for the study
of polymers. A new arrangement for combined
(GI)SAXS and WAXS experiments has been designed.
A rail, directly attached to the base of the
diffractometer, will allow the manual positioning of a
2D detector from ~0.1 up to ~1.80 m from the
sample. The detector could also be displaced both
vertically and horizontally. The air path between
sample and detector will be minimised by using a set
of adapted SAXS tubes from Daresbury and the
motorised beam stop will be in vacuum to reduce
stray scattering. An additional point or 2D detector
could be placed on the diffractometer�s detector arm
to simultaneously measure the WAXS signal. This
setup can be combined with diverse XMaS sample
environments.

Figure 2: Comparison of the current flux available 
with 2350 �m of beryllium to that of only to 250 µm.
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Electric field capability
Multiferroics materials are currently seeing a
resurgence of interest, with proposed applications
from computer memory to extremely sensitive
magnetic detectors but there is a need to
characterise samples fully in order to understand
them and develop improved device materials. X-rays
are a powerful tool to elucidate the origin of structural
changes but they cannot necessarily determine the
direction of polarisation in ferroelectrics. The classic
demonstration that a sample is ferroelectric is to
measure a spontaneous polarisation that is
switchable by the application of an electric field –
namely a P-E hysteresis loop. The XMaS team has
been collaborating with the NPL Functional Materials
Group in order to set up an in-situ system where P-E
loops and x-ray diffraction data are collected
simultaneously by means of a fast acquisition card
(Figure 3). The MUSST card developed by the ESRF
can collect the data in each separate channel at rates
up to 20 MHz. This development will help users to
carry out studies of ferroelectrics and multiferroics in
complex conditions such as 4 T magnetic field and
electrical potentials up to 2 kV in the 2 K environment
already available at XMaS. The commissioning of this
system, plus some initial usability and verification
tests have recently been carried out without the X-ray
beam by Markys Cain and Mark Stewart from NPL.
Tests now need to be carried out with live beam.

P-E loops have been measured on soft lead
zirconium titanate (PZT). Figure 4 shows very clear
ferroelectric switching with a large remnant

polarisation that makes this type of material useful as
a non volatile memory element. In fact this material
had been previously poled at elevated temperature
explaining the slightly non-symmetric polarisation
behaviour; one direction is still more stable than the
other. If the material were to be de-poled by heating
above the Curie temperature, then the P-E loop
would display a 2-fold rotational symmetry.

Figure 5 shows measurements on a ceramic
multilayer capacitor which has piezoelectric (Barium
Titanate based) ceramic layers sandwiched between
magnetostrictive nickel electrodes. These
commercially produced devices happen to show
magnetoelectric coupling, but are normally used as
capacitors at a maximum rating of 16 V. However, if
we apply a much higher voltage (250 V), equivalent to
a field of 250 kV/cm, we observe ferroelectric
behaviour. This material, which had not been
previously poled has much lower remnant
polarisation. The curve is thereby no longer offset
about the zero polarisation axis and is more
symmetrical. 

The results of these tests represent the verification of
the electrical component of the system presented in
Figure 3. Work is continuing to improve the ease of
use of the setup and remove minor electrical noise
issues, but it is now ready for users. 

For more details on the P-E measurement system
contact Mark Stewart at NPL, e-mail:
mark.stewart@npl.co.uk.

Figure 3: Schematic of in-situ P-E loop measurement system at
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