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Abstract 

A polarized neutron study of chromium carried out in a field of 6T 

applied to a single-domain single-Q crystal indicates that the inelastic 

intensity observed close to the TSDW satellite positions (1*6,0,0) does 

not behave as expected for spin-wave scattering. In particular, the signal 

corresponds to magnetization fluctuations of almost equal magnitude 

both parallel and perpendicular to the ordered moments in the TSDW 

phase. 



1. Introduction 

The spin structures and dynamics of chromium metal have been studied 

in great detail [ 11 but there are still many unanswered questions 

concerning the nature of the spin fluctuations. In this paper we discuss 

neutron inelastic scattering experiments where polarization analysis has 

been used to investigate the low-energy spin fluctuations in the 

transverse spin density wave (TSDW) phase (between T,=3 1 1K and the 

spin-flip transition at 121K to a longitudinal SDW phase). 

2. Experimental Configuration 

The measurements reported here were made using the IN20 polarised- 

neutron triple-axis spectrometer at ILL. The single-Q sample (with QsDw 

parallel to [l,O,O]) and the experimental arrangement were as discussed 

in reference [2], with a magnetic field of up to 6 Tesla applied along the 

[0,0,1] direction of the Cr sample. In this configuration (Figure l), the 

''visible" magnetic satellite reflections occur at (1*6,0,0) where 6 is 

approximately 0.04 reciprocal lattice units (rlu); these satellites arise 

from the magnetic domain along [1,0,0] with spins along [0, +1, 01. The 

2 



strong field along [O,O,l] suppresses the satellite reflections at (+a, 1 ,O), 

because the corresponding moments are almost parallel to the 

wavevector transfer. Finally, the satellites at (1 ,+S,O) and (1,0,+6) are 

"silent" since the (0,1,0) and (0,0,1) domains cannot be observed in the 

single-Q state. 

3. Results and discussion 

One of the most surprising results of this investigation is exemplified by 

the data of Figure 2. At 230K, a constant energy scan at 4 meV shows 

that both the spin-flip (SF) and non-spin-flip (NSF) signals at the 

"visible" satellites display 3 peaks with a commensurate peak at (1 ,O,O) 

and incommensurate (IC) side peaks at close to (1+6,0,0). While the SF 

and NSF incommensurate peaks are of similar position and intensity, the 

commensurate SF peak is much stronger than the NSF peak. The 

conventional interpretation of these spectra would be that the IC peaks 

arise from the very steep spin-waves previously observed for pure Cr[l]. 

But in the geometry of this experiment, spin-wave scattering should Q& 

occur in the NSF channel. Here we observe similar intensities from the 

transverse fluctuations (NSF; perpendicular to the ordered TSDW 

moments) and longitudinal fluctuations (SF; parallel to the moments). 
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In contrast we note that the elastic scattering at (1&6,0,0) exhibits an 

intensity ratio (SFNSF) of about 5 at 230K. 

The 4meV commensurate excitation has been the object of several 

investigations [3-61, resulting in different proposed explanations (the 

"twisting-block" model [3], magneto-elastic scattering [4], etc.). A more 

recent proposal [7] is that the apparently inelastic commensurate 

scattering arises from quasielastic critical scattering at "silent" positions, 

out of the scattering plane, observed via relaxed vertical instrumental 

resolution. This proposal can explain some features of the 

commensurate scattering, such as the increase in intensity with 

increasing temperature, but cannot explain the splitting into two distinct 

branches above 4meV [5] - see Figure 3. We have investigated the out- 

of-plane "silent" satellites (1,0,&8), taking precautions to limit the 

vertical component of the resolution, and find that at most one third of 

the SF or NSF signal at 4meV can come from out-of-plane effects. This 

conclusion is supported by detailed Monte-Carlo simulations of the 

scattering processes taking full account of the instrumental resolution. 

4 



There have been several attempts to calculate the spin fluctuation 

spectrum of chromium [S-1 11, but all predict that well-defined 

(transverse) spin-waves should emanate from the SDW satellites. Our 

data clearly shows that both transverse and longitudinally polarized spin 

fluctuations are present at low energies. A possible interpretation of the 

very steep excitation from the SDW satellites is that it arises from a 

triplet electron-hole pairing, close to the Fermi surfaces around the r and 

H points of the Brillouin zone. A model of this type could well lead to 

essentially isotropic spin excitations. The low velocity modes of Figure 

3 could have their origin in the excitations of a soliton spin lattice. 

Excitations of this type have been observed recently in CuGeO, [ 121. 

Further measurements (polarization dependence of the inelastic 

scattering at the "silent" satellites, higher resolution studies of the dashed 

modes of Figure 3) are planned in a continuing attempt to reach a more 

profound understanding of this fascinating material. For a more 

complete account of this work see Pynn et a1 [ 131. 
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Figure Captions 

Fig. 1. This figure shows the location of the “visible”, “silent”, and 
“suppressed” magnetic satellites described in the text. 

Fig. 2. Constant energy scan at E = 4 meV, as described in the text. 
The lines are fits to three Gaussian peaks 

Fig. 3. Dispersion relation postulated by Burke et a1 for low- 
energy excitations in chromium. Our experiments show 
that the steep modes emanating from the satellites involve 
both longitudinal and transverse magnetic fluctuations (i.e. 
fluctuations parallel and perpendicular to the TSDW 
ordered moments). The branches shown partly dashed are 
those whose slope is close to that of (1 ,O,O) LA phonons. 
These branches are clearly visible only for the part of the 
branch that is depicted by the solid line. 
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Fig. 2. 
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