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Abstract:

Fe1+xTe displays incommensurate magnetic ordering near the magnetic and structural transition temperature.  We wish to investigate the

polarization  matrix  in  this  phase  to  determine  the  nature  of  it  and  also  whether  it  is  a  spin  density  wave  or  a  helical  structure.   The

experiment  requires  the  use  of  cryopad  to  measure  the  full  polarization  matrix.



Proposal 5-54-369, 4 days on D3Neutron polarimetry study of the spin density wave phase inFe1+xTeIntroductionFe1+xTe is composed of van der Waals layers of edge-sharing FeTe4 tetrahedra. The interstitial ironconcentration tunes the magnetic properties of the compound. This D3 experiment is performed ona  Fe1.06Te sample, having a first-order transition at 75K, where  an antiferromagnetic structureappears along b-axis,  , with a structural transition from tetragonal space-groupP4/nmm to monoclinic P21/m [1]. The aim of is this experiment on D3 isfirst; to measure the full polarizationmatrices  for  several  magneticreflections  and  at  differenttemperatures,  to  see  if  the  magneticmoments  are  canted  from b-axis,  aspreviously measured by spin-polarizedscanning tunneling microscopy (STM)on the surface of Fe1+xTe compounds[3].  Then,  we  are  studyingtemperature-dependence  near  thetransition temperature to see if spin-density waves appear in this sample.Polarization matricesThe sample is aligned in the (H0L) plane. Full polarization matrices were measured for severalmagnetic reflections, at different temperatures. The   element of nuclear reflection (200) wasmeasured regularly to track the time-decay of the He spin filter efficiency. This allows to correctthe measured polarization values.For  a  magnetic  moment  purely  aligned  along  b-axis,  the  polarization  matrix  for  each  (H0L)reflection should be diagonal, with absolute values equal to 1. If the moments are tilted from b-axistowards c-axis (as measured by STM in [3]), the  and  elements differ in amplitude from 1.The general form of the polarization matrix is given by: with  deviating more from 1 with higher canting, and higher .
The polarization matrices measured during the experiment are given below:
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Figure 1: Nuclear and magnetic structure of Fe1+xTe. From [2].



    

The diagonal elements are fairly equal in  amplitude to 1, showing an axial magnetic structurealong b-axis. The non-diagonal elements differ from 0, even within the uncertainties. This can beaccounted to incomplete polarization of the incident beam and small misalignments which lead toadditional experimental errors. This can be further corrected as described in [4]. The measurementof purely nuclear Bragg peak (200) which should lead to an identity polarization matrix proves theunderestimation of the uncertainties in the data analysis.

Q-scansSome H-scans were performed at different temperatures (see Figure 2), to track the temperature-dependence of the propagation vector along -axis. The eventual apparition of spin-density wavenear the transition temperature should imply a variation of the propagation vector from (0.5, 0,0.5). The intensities are fitted to a Gaussian, the mean value giving the actual H component of thepropagation vector. 
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The  slight  difference  from  antiferromagnetic can be explained by the fact thesample  was  aligned in the  paramagnetic  phase,and lattice parameters change after the structuraltransition [5]. Within the instrumental resolutionof D3, the propagation vector seems constant as afunction  of  temperature,  but  more  accuratetracking could be performed on D10 for example.
Temperature-dependence of  and Matrix elements  and  were further tracked as a function of the temperature. As describedabove  in the case of magnetic moments aligned along -axis. This value can be reducedif the moments are canted. However, in absence of chiral magnetic scattering  is theoreticallyequal to 1. From the data, the amplitude of both elements deviates from 1 above 70K. Yet it seemsthat  , which could indicate an underestimation of the spin filter efficiency (the datashown here is still corrected, by tracking the polarization of a nuclear peak), or this can be due tothe low magnetic intensity near the transition temperature. 
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Figure 2: H-scans as a function of temperature

Figure 3: Temperature-dependence of polarization matrices elements.


