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A metal insulator transition (MI) occurs in PrFe4P12 at ΤΜΙ = 6.5 Κ that comes along with 
the formation of a charge-density wave with wavevector q=(0,0,1) [1]. The lowering of the crystal 
structure is not precisely known either from Im-3 to Pmmm or Im-3 to Pm-3. In the 1st case, the 
distorsion mode is (δ,δ,−2δ) and associated with a Γ3-type order parameter (OP) while in the 2nd 
case, the distorsion mode is (δ,δ,δ) associated with a Γ1-type OP. Neutron and X-ray diffraction 
intensities can be accounted for considering either one or the other distorsion mode [2, 3]. The Γ3-
type OP is however in contradiction with results from NMR measurements [4, 6]. A proposed 
scenario for the transition at ΤΜΙ is a staggered monopole order either hexadecapole (rank L = 4) 
or hexacontatetrapole (rank L = 6) with the Γ1 symmetry [7]. Resonant X-ray scattering due to Ε2 
processes probe multipoles up to rank L = 4 and shall be observable at the LII and LIII  edges. 

Here we report on preliminary results from X-ray scattering measurements carried out on 
PrFe4P12 at low temperatures at energies between 5.9 and 6 keV at beamline P09 at the PETRA 
III storage ring at DESY. Mirrors were set so as to provide a 150×50 µm2 focus at the sample 
position and an energy cut-off at 11.4 keV. The 2nd crystal of the fixed-exit high-heat load 
double-Si(111) crystal monochromator had to be further detuned so as to suppress the 2nd 
harmonic. The sample was mounted in an ARS 1.7 Κ displex-cryostat on a six-circles “4S+2D” 
Huber diffractometer allowing it for an angular range in χ of −45/+50° and a base temperature of 
3.5 Κ at the sample position in the absence of exchange gaz. Due to important beam-heating 
effects the incident X-ray beam had to be attenuated by a factor 1000 so as to observe the 
superstructure peaks; the 3 Be domes attenuate about a factor 32. PrFe4P12 has cubic symmetry; 
the sample was mounted so that the (110) reciprocal lattice direction lies in the vertical scattering 
plane when χ=90°. The sample has ~300×400 µm2 flat surface and shows very good single-grain 
crystallinity with 0.008° FWHM θ−rocking curve. A Ge(100) analyzer crystal with 0.01° FWHM 
θ−rocking-curve was used for polarization analysis instead of Al(110) (0.1° FWHM rocking-
curve) considering the higher reflectivity (×20). Fluorescence was measured using the energy 
dispersive SII NanoTechnology Vortex detector. 

Energy scans at maximum intensity were recorded at several reciprocal lattice positions 
along (110), (100) and (111). Significant anomalous effects were observed for h=k=l reflections as 
shown for the (111) superstructure peak on the left panel of Figure 1. The (111) and (333) 
superstructure peaks are found to present similar fine structure (not shown) i.e. positions in 
energy of extrema in the 1st derivative of Ιmax(Ε) are the same and correspond to positions of 
extrema in the 2nd derivative of the absorption spectrum. This is reminiscent of what is observed 
in YBa2Cu3O7-δ and well accounted for by inequivalent Cu sites contributing different weights to 
the diffraction anomalous fine structure (DAFS) [8]. This suggests that the anomalies in the RXS 
spectra in PrFe4P12 are DAFS features originating from inequivalent environments around the Pr1 

and Pr2 sites below TMI as first proposed by Ishii [9]. 
 With the present geometry, the azimuthal angle ψ around the (111) scattering vector was 
limited to a range of 20° impairing any azimuthal angle investigation. Linear polarization scans 
were attempted at ψ = 90° on the (333) and (111) reflections at 5962 eV and at ψ = 97.5° on the 



(111) at 5968 eV using two 400 µms diamond quarter-wave plate in series transmitting 5%. In the 
three cases the Stokes parameters P1′ and P2′ of the diffracted intensity behave as a function of 
incident linear polarization angle η as expected in the case of charge scattering as shown on the 
right panel of Figure 1. The multipolar ordering in PrFe4P12 comes together with the formation of 
a CDW at same reciprocal lattice positions. Those results clearly demonstrate that the CDW 
dominates the scattering process. 
  
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Left panel: Energy scan on (111) superstructure peak in the σ−σ′ channel; not corrected 
for absorption; Right panel: Measured Stokes parameters P1′ and P2′ for (111) reflection at 5962 eV 
for ψ = 90° as a function of incident linear polarization angle; solid lines are fit to the data 
considering charge scattering for the model scattering cross-section;  
 
Measurements as a function of azimuthal angle in the σπ′ ± 5º channels are further needed to 
completely rule out multipolar ordering from contributing the anomalies in the energy scans 
observed around the Pr LIII  edge at the (111) and (333) superstructure peaks. For so the sample has 
to be mounted so that the (111) reciprocal direction lies in the vertical scattering plane when 
χ=90°. 
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