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Reinvestigation of magnetic excitations in the spin density wave of chromium
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Low-energy magnetic excitations of chromium have been reinvestigated with a gngtystal using
neutron scattering techniques. In the transverse spin-density-wave phase a well-defined magnetic excitation is
found around (0,0,1) with a weak dispersiparpendicularto the wave vector of the incommensurate struc-
ture. The magnetic excitation has an energy gamef4 meV at (0,0,1), which exactly corresponds to the
Fincher excitation previously studied ordyong the incommensurate wave vector.
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The spin-density wavéSDW) in Cr is one of the most defined peaks witho=6 meV at (0,0,1-0.02) consistent
fascinating subjects in condensed matter physics. It has @ith the postulated FB mode.
history of long and continuing researthn spite of the Although many other neutron-scattering experiments have
simple body-centered cubic structure with a lattice constanbeen also performed around (0,0,Refs. 9—14 and many
a=2.88 A, Cr and its alloys show interesting magneticinteresting results were presented, no simple and conclusive
behaviors’® Below the Nel temperaturd y=311 K, an in- explanation was obtained for the origin and details of the FB
commensurate antiferromagnetic structure develops due toraode. Among them the most recent polarized-beam and
transverse spin-density wayESDW) with the moments ori-  high-resolution measurements provide several constraints for
ented perpendicular to the ordering wave vecr the FB mode:(i) the mode has longitudinal polarizatiéf,
=(2/a)(0,0,1* 5) where5=0.048 atT=100 K (the inset (i) the symmetric branches f@<Q_ andQ>Q, do not
of F|g 1, open Circ|eb At TSF: 121 K a Spin_ﬂop transition eXiSt,lO and (lll) the well-defined dispersion below 4 meV is
takes place to a longitudinal spin-density-wadeSDW)  absent, i.e., the FB mode has an energy gap of 4 tfeV.
phase with the moments aloi. . H.owever, therg still eX|sts_ substantial disagreement betvvgen

The magnetic cross section in this system also shows different experiments, which precludes a full understanding

surprisingly rich behavior. The magnetic excitations fromOf tsh.e Tagtnett'ﬁ excnatlpns ?f Ichrgmltl:]m. ist trasti
these SDW ordered states emerge from the incommensuraé?scgg's%rnsobets\l:;ﬁ iﬂ?oer?eg es\;eﬁ inetLee eﬁlsuncdor;t?cz InIgor
positions with high mode-velocitig&ig. 1(a), two cones. In 9 :

the TSDW phase this metallic antiferromagnet exhibits twoexample, although the incommensurate ordering can be ex-

. i . o lained by the nesting properties of the electron and hole
types of magnetic fluctuations with the polarization trans—p y g prop

o . o e Fermi surface$® a recent density-functional investigation
verse and longitudinal relative to the spin direction. Recently

. ) o ) redicts a commensurate structt®eConcerning the variety
using polarized neutron scattering in the TSDW phase, it Wagf magnetic excitations Fishman and tisucceeded in cal-

confirmed that the velocity of the transverse-mode eXC'ta'culating the incommensurate excitations and assigning the
tions is significantly higher than the velocity of the longitu- longitudinal modes as being phason modes. In addition, they
dinal excitations. predicted a large number of possible interband transitions.
In addition to the incommensurate scattering with largeHowever, since the accuracy of present-day band-
energy scale, Finchet al. observed a resonancelike scatter-calculations does not allow calculation of the low energy
ing (Fincher excitationlocalized at the commensurate posi- spectrum in Cr with high precision, there is still no accept-
tion (0,0,1) and atv=4 meV, [Fig. 1(a), solid circlgl inthe  able model to explain the Fincher excitation as well as the
TSDW phas€:® Later on Burkeet al. reinvestigated the low- FB mode.
energy excitations and concluded that the Fincher excitation In this paper, we report on a newly found magnetic exci-
at (0,0,1) was part of dispersion lines for magnetic modegation that appears in the TSDW state of Qe hereafter
[Fincher-Burke(FB) modg that emanate symmetrically from call it the “new mode.’) The low-energy magnetic excita-
the (0,0,1+ ) positions at the incommensurate wave vectordgions of Cr were explored using a large single crystal with a
[Fig. 1(a), lines].” Furthermore, the neutron scattering mea-singleQ.. structure. The new mode is observable around the
surement with full polarization analysis observed well- Fincher excitation, but qualitatively different with the previ-
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FIG. 1. Energy dependence of magnetic excitations in the 0 L
singleQ. TSDW phase of Cr@ The cones at the incommensurate
positions (0,0, §) indicate the high-velocity spin excitations. The _
lines represent the proposed dispersion of the FB mode, which cross 40 |
at the commensurate position-agd meV (Fincher excitation, solid r
circle). (b) The data points for the measurements transversg.to ol
indicate excitations with a gapped dispersion. The inset defines the 015 0.1 -0.05 0 005 0.1 0.15
scans in reciprocal space. Most measurements have been performed Cin(1,0,0)

around the (0,0,1) Bragg point. See the detailed reciprocal lattice of
bce Cr and the polarization direction of the SDW states depicted in  FIG. 2. The scans for constamt=4 meV with scattering vec-
Refs. 4,14. tors Q (a) along(scanA in the inset and(b) perpendiculafscan B

in the inset to the incommensurate ordering vect@r. in the
nl SDW (T=140 K) and LSDW [T=100 K) phases. The Fincher
excitation is observed by the scan A only in the TSDW pHagen
circles in(a)]. The weak commensurate scattering intensity in the
LSDW phase of(a) is regarded not as the Fincher exciatti@ee

e text)

ously published FB mode. First, it forms a clear dispersio
perpendicularto Q... [Figures 1b) and 4. Secondly, the
dispersion relation extends out té Zom (0,0,1). Thirdly, it
indeed shows a gapped dispersion. The new mode is o
served only in a narrow@, w) range and it disappears in the
LSDW state. These facts are neither theoretically predictethe intensity ratio of the magnetic satellites around the
nor experimentally observed in the previous studies. Theref0,0,1) and (1,0,0). The final energy of TOPAN was fixed at
fore, it is required to reconstruct the picture of the low-14.7 meV. Two types of horizontal-collimation sequence
energy magnetic excitation for Cr. were utilized, Blank(60)-30"-60'-Blank(100) and

The inelastic neutron scattering was performed using @0'-30'-10'-Blank(100) from before the monochromator to
large cylindrical single crystal of Cr from Johnson-Matthey after the analyzer. The energy resolution of each collimation
Co. with a diameter of 10 mm, a length of 50 mm alongis evaluated to be 1.4 and 0.8 meV in full width at half
[0,1,0] direction (V=4 cn?), and a mosaigy=40' on the  maximum (FWHM), respectively. Higher-order neutrons
triple-axis spectrometer TOPAN at JRR-3M in Tokai, Japanwere removed by means of a pyrolytic graphite filter. Fur-
In order to produce a singl@. sample the crystal was thermore, in order to reduce the high-energy neutron back-
cooled throughTy in a field of 14 T. The field work was ground a sapphire single-crystalline filter was inserted in be-
kindly accomplished in cooperation with the High Field tween the first and second Soller collimators.
Laboratory for Superconducting Materials, Tohoku Univer-  Typical scans for scattering vectd@salong(scan A and
sity. The crystal was aligned with thé&,0,0] and the[ 0,0,1] perpendiculafscan B to the incommensurate vect@x. are
crystallographic directions in the scattering plane. Theshown in Figs. 2a) and 2b), respectively. As seen in Fig.
[0,0,1] direction was selected to be parallel@a . Note that ~ 2(a), the scattering in the TSDW phas€&= 140 K) is com-
due to the cylindrical shape of the single crystal alongposed of the Fincher excitation seen at around (0,0,1) and
[0,1,0] nonmagnetic background could be reduced by narincommensurate peaks at (0,&,5). In this scan there ex-
rowing the horizontal beam width. The population of aists a substantial difference in the intensities between the
singleQ. domain was estimated to be more than 99% fromTSDW and LSDW phases. The broad scattering centered at
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) B i FIG. 4. Contour map of the magnetic scattering due to the
= Fincher excitation and the new mode, measured in the direction
2 perpendicular toQ.. . It shows a gapped dispersion that extends
g 200 - T with increasing{ towards 8 meV. The energy-independent intensi-
2 ties are subtracted.
o L a 4
CELTE T b T Fig. 1(b)] accompanied by a substantial decrease in the in-
b+ tensity. The peak width in Fig. 3 is broader than the instru-
| (©) 0=(0.075,0, 1) 1 mental resolution width. It is noted that a well-defined signal
200 o was obtained due to the focusing effect of the instrumental
resolution.
B Q ¢ _? o Because of this interesting observation we decided to map
.-...-._.;.l..l..ﬁ out the magnetic scattering in more detail and performed
0 C L L L constantQ scans to construct contours. As shown in the inset
0 2 4 6 8 10 12 of Fig. 3(a), a well-defined excitation peak is observable us-

ing tight beam collimation, which confirms the single-peaked
Fincher excitation. However, we tuned the spectrometer with

FIG. 3. Constan® scans along th¢(,0,0] direction around the medium collimator sequence so as to obtain resonable
(0,0,1). In the LSDW phase the scattering is sn(filled squares  Statistics for the contours. We note that the signal-to-noise
and independent of. The scattering in the TSDW phagepen  ratios in Fig. 3a) and the inset do not change so much even
circles clearly shows a peak that moves to highewith increasing  in the different instrumental resolutions. The intensity of the
{. Each horizontal bar below the peak represents the energy resoew mode as well as the Fincher excitation was evaluated by
lution. The inset of@) shows the high-resolution energy spectra atsubtracting the nearly constant intengityoken lines in Fig.
(0,0,1), displaying the sharp Fincher excitation. 3) as described beforéln the future, we will examine the

detail of the energy-independent scatterninghe resulting

(0,0,1) in the LSDW phaseT(=100 K) is not due to the intensity contours are shown in Fig. 4. One can follow the
Fincher excitation as the intensity at (0,0,1) exhibits no ap<dispersion relation out tg=0.1, i.e., about twice as far as
preciable energy dependeri¢ég. 3(@)]. The Fincher excita- the incommensurabilityy of the spin-density wave.
tion is easily observed on top of the energy-independent Our results establish a new magnon branch centered
magnetic intensityfbroken line in Fig. 8)]. On the other around the Fincher excitation at (0,0,1) and shows a weak
hand, in the scan B no remarkable difference is seen betweehspersion along thér direction, i.e., perpendicular to the
the two phases. The Fincher excitation is therefore not obmagnetic ordering vectdD-. . In contrast to previous scans
served in this scan. On this aspect many detailed discussioéong thel direction, the data is rather clean because there is
have already been made. Note that in the previous scams strong incommensurate scattering near the “silent” satel-
along Q.. the weak signal from the FB mode is difficult to lite positions of ¢ 8,0,1) 12 The new mode has the follow-
detect due to the steep “background” from the incommensuing important propertiedi) It has an energy gap of4 meV
rate peaks. and can only be observed in a relatively narr@vand o

In order to get a clue about the origin of the FB mode werange.(ii) The new mode exists only in the TSDW phase
explored theQ dependence of the Fincher excitation perpen-demonstrating that it is only allowed due to the transverse
dicular to Q.. [scan(b) in the inset of Fig. 1. Some typical orientation of the magnetic moments with respectQo,
scans measured dt=140 K andT=100 K are shown in i.e., the spin-flop transition opens a new degree of freedom
Fig. 3. A well-defined peak is observed in the TSDW phasefor excitations.(iii) The mode has the same longitudinal po-
at T=140 K. Quite surprisingly, the peak energy clearly larization as the Fincher excitation implying once more that
moves to largeto with increasing transverse momentfisee it is intimately connected with the ordering of the spin-

o (meV)
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density wave. It is clear that these results are not compatibleommensurate structure, and the geometrically frustrated
with any interpretations for the FB mode given in the litera- ZnCr,0,.*° Finally, we hope that our results encourage new
ture so far. efforts to understand the antiferromagnetic state in Cr, in
The nonexistence of the new mode in the LSDW phasearticular the interplay between this new mode and the en-
and the gap in the TSDW phase bear some similarity thhancement of the longitudinal incommensurate scattering
optical phonon modes in insulators that show different disang the scattering at the silent positions, which will also

persions depending on their polarization being transverse Qycidate the common aspect of magnetic excitations in
longitudinal with respect to the direction of propagation. O“estrongly correlated electron systems.

may speculate that it is possible to excite domain wails
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