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Report: 
 
Three years ago a new variety of superconducting materials such as 
RFeAsO and RFe2As2, containing iron arsenide layers was 
discovered (Fig. 1) [1]. As in the layered cuprates, the FeAs layer 
must be doped for the material to become superconducting. This 
experiment aimed to investigate the fundamental magnetic structure 
of the end member FeAs which displays a helical spin density wave. 
It is this end member that is the origin of the strong magnetic 
exchange interactions and the resulting magneto-elastic coupling. 
The iron pnictides display an overlap between magnetic order and 
superconductivity [2] and it is thought that the magnetic spin density 
wave plays an important role in the development of 
superconductivity. 
 
We were fortunate to have high quality single crystals of FeAs 
grown by vapour transport by Prof. Ziq at the Department of 
Physics, King Fahd University, Dhahran, Saudi Arabia. The 
crystal and magnetic structure of FeAs was determined many 
years ago by powder neutron diffraction [3,4]. The structure is 
MnP type with a helimagnetic structure adopted  below  77 K  
with  a  wavevector  of (0, 0, 0.365). In an earlier attempt we 
failed to observe any magnetic satellites with this wavevector 
using either hard or soft x-rays. In this experiment we suceeded 
in observing magnetic satellites at a larger wavevector, 
confirmed by a very recent redetermination of the stucture using 
polarised neutron diffraction [5].  
 
A sample was mounted on the ID08 soft x-ray diffractometer 
with a natural (0,0,l) face surface normal. A scan along the c-
axis, (coincident with the surface reflectivity) at a base 
temperature of 20 K found two resonant magnetic diffraction 
peaks at (0, 0, 0.389) and (0, 0, 0.611), see Fig. 2. These are 

 

 

Fig. 1 The crystal structure of EuFe2As2 
highlighting the FeAs layers found 

within iron pnictide materials. 

Fig. 2 A L-scan along (0,0,l) of FeAs at 
20 K. The scan shows both the  (0, 0, τ) 

and (0, 0, 1-τ) reflections with  τ = 0.389. 



consistant with the (0,0, τ) and (0,0, 1-τ) reflections with 
τ = 0.389. The inset of Figure 3 shows the singlet peak 
in a scan along (0,0, L) using polarised x-rays in σ 
geometry. Studies of the polarisation dependence 
confirmed the magnetic origin of these peaks. Fig. 3 also 
displays an energy scan (at constant Q) through the (0,0, 
τ) reflection confirming the resonance at the Fe L3,2 
absorption edges. The strong resonances confirm that the 
magnetism originates from electrons within the 3d band 
of iron, as expected, whilst the complex energy splitting 
strongly evident at the L3 may indicate a charge 
disproportionation or a strong structural distortion at 
inequivalent iron sites. We also collected data using both 
left- and right-hand circular radiation and we are hoping 
that fitting will enable us to determine the absolute 
chirality of the spin spirals in FeAs. 
 
 
 
Figure 4 shows the result of our studies of the temperature dependence of the (0,0, τ) reflection. The 
wavevector of the incommensurate spiral spin density wave (effectively τ) varies with temperature. The 
figure shows two separate temperature dependencies overlaid showing τ varying  from 0.388 at 15 K up to 
0.401 at 70 K before the collapse of the spiral spin density wave at 71 K. 
 
These are remarkable results. This is the first 
time the magnetic satellites in FeAs have 
been observed using x-ray diffraction. The 
moment of only 0.5 Bohr magnetons is very 
small but has been observed using resonant 
soft x-ray scattering due to the extremely 
large resonant enhancement of the magnetic 
reflections at the iron L3 and L2 edges.  
Repeating such measurements at the arsenic 
L3 and L2 edges we failed to observe any 
resonant reflections. This shows that the 
arsenic atoms are not magnetic due to 
hybridisation. This probably reflects the fact 
that the 3d shell of As is completely full and 
hence there is no observable resonant 
enhancement at the L edges ( 2p – 3d).  
 
We are now hoping to combine these results with full polarisation analyiss using the RASOR diffractometer 
at Diamond. By studying the variation of intensity with both incident and scattered x-ray polarisation we 
believe it may be possible to determine whether the spirals are circular or elliptical, and to determine the 
ellipticity.  This reasearch will form part of the doctoral thesis of Mr. Thomas Frawley and we are confident 
that a high quality publication will result in an internationally competitative journal. 
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Fig.3 An energy scan through the iron L3 and 
L2 absorption edges at constant wavevector 
of the (0,0, τ) reflection of FeAs at 15 K. The 
inset shows an L scan through the resonantly 
enhanced reflection obtained at an energy of 
707.5 eV. 

Fig. 4 Variation of the incommensurate spin spiral 
wavevector with temperature. 


