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Polarization dependence of the magnetic fluctuations in Cr below
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We have investigated the magnetic excitations in sig@leingle-domain Cr below  using polarization
analysis of inelastically scattered neutrons for energy transfers up to 18 meV. The results show that the
longitudinal L) magnetic modes are enhanced bele® meV with respect to the transversE) (modes at low
temperature. The latter are independent of the polarization with respect to the ordering @&ctorthe
transverse spin-density-wave phase, i.e., they are isotropic.L.Thad T modes are not affected by the
spin-flop transition to the longitudinal spin-density-wave phasgsat 121 K indicating that the transition is
due to anisotropies and that it is not an intrinsic feature of the spin-density wave. There are indications that the
L modes have a less steep dispersion curve and are more damped tHamdtues in accordance with the
three-band model by Fishman and Liu. With increasing temperature the intensity fromahdL modes
increases strongly at smatl transfer and theiE dependence becomes similar. In particular, the enhancement
of the L modes with respect to th& modes vanishes. Significant inelastic scattering is present at the silent
peak positions. It surpasses even the scattering at the allowed peak positions Gtttamggfers. We argue that
the silent inelastic scattering is partly responsible for the “commensurate” scattering @0 eosition due
to resolution effects and that the major cross sectiofl@® is due to the longitudinally polarized Fincher-
Burke mode at 4.2 me\{S0163-182@8)06502-3

I. INTRODUCTION of 1020 meV A® Below E=8 meV, the longitudinal modes,
are enhancel’ This conclusion has very recently been con-
Pure Cr is one of the most interesting itinerantfirmed by polarized neutron scattering and it has been shown
antiferromagnet$.At the Neel temperaturély=311K, Cr  that above 8 meV the excitations are isotrdic.
undergoes a second-order phase transition to a transversely In a recent calculation using the random-phase approxi-
polarized spin-density-wavéTSDW) phasé characterized mation (RPA) Fishman and Liu have identified the longitu-
by an incommensurate wave vec®f. =(1+ §'00), where  dinal modes as phason modes, that occur due to the transla-
5'=0.048 (Fig. 1). At the spin-flop temperatureTs;  tional invariance of the incommensurate spin-density wave.
=121 K a first-order transition to a longitudinal spin-density- The transverse modes are usually termed spin waves, al-
wave (LSDW) phase occurs, where the moments are orientethough they may be more complex than the spin-wave exci-
parallel toQ’. .3 As a result of the cubic symmetry of para- tations in a conventional magnet. The RPA model also pre-
magnetic Cr, three types of domains are present along thdicts that the phason mode velocity is smaller than the
three[100] directions giving rise to six magnetic satellites spin-wave velocityc, resulting in a magnetic peak around
around the(100) position in reciprocal spac@d point). The 60 meV at thg100) position that has been observed recently
incommensurate state is explained by the nesting propertidsy Fukudaet al!° The transverse modes have a velodiy
of the electron and hole Fermi surfaces atlfhendH points, =v3vg, whereuvg is the Fermi velocity that is independent
respectively of temperature, whereas the velocity of the phason modes
The magnetic excitations of metallic Cr exhibit many un-is smaller tharct at low temperature and approachssat
usual features due to the itinerant nature of the conductiofy.® In addition, the longitudinal modes are supposed to be
electrons. In the LSDW phase, excitations with longitudinaldamped in contrast to the transverse modes.
(L) and transverseT{) polarization with respect to the or- A comparison ofE scans at the (£ 6'00) and ¢'10)
dered momenin emerge from the satellite positions with an satellite positions using unpolarized neutrons indicated that
extremely steep dispersion. The mode velocity is of the ordethe magnetic scattering in the TSDW phase may be enhanced
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| TABLE |. Resolution parameters for the polarized beam setup.
N a) ai, q;, andg, are the longitudinal, transverse, and vertiQateso-
k lutions (FWHM) with respect to momentum transf€J, respec-
tively. AE is the energy resolution.

510 (110) Mosaic q (o} d, AE
‘/ LY
Y - 0.00° 0030A* 027A* 009A' 28mev
3%, 0.73° 0.030A! 028At 010A! 28meV
o- * >
(000) w3 (200) h
b) LsDW present? A proper understanding of these so-called Fincher-
) LSDW Burke modes is still missing.
Beside the well-defined Fincher-Burke modes, broad
i I e~ commensurate scattering occurs at th@oint that increases
strongly with increasing nearTy.11>1°An elegant expla-
nation for this scattering was suggested by Sterndiehl,,
who found that at an energy scale of 0.5 meV, critical mag-
d) TSDW TSDW

netic scattering evolves at all magnetic satellites very near
Ty, causing a concommitent increase of the commensurate
/ o 7 X magnetic scattering at thil point!® At present it is not
known if this explanation is also true for the commensurate
scattering at higher energy.

FIG. 1. (@ Reciprocal lattice of bcc Cr. The squares and The scope of the present work is an investigation of the
circles represent chemical Bragg peaks and magnetic satellites, rifielastic magnetic scattering in sing@-single-domain Cr
spectively. The filled circles indicate the allowéadbt necessarily Using polarized neutrons to discriminate between the differ-
visible) satellites in the singl€ state, the open circles indicate the ent magnetic modes in the LSDW and TSDW phases. A
silent satellites(b) Definition of the polarization directions of the short account of the present work has been given
transverse modd and the longitudinal modé. in the LSDW  elsewheré’ We shall demonstrate that the longitudinal fluc-
phase.(c) Schematics of a singl@ LSDW. (d) Definition of the  tuations are enhanced below and above the spin-flop tem-
polarization directions of th&;, T,, andL modes in the TSDW  peratureT;. In particular, we show that within experimental
phase(e) Schematics of a singl€, single-domain TSDW. accuracy the energy dependence of theand T modes is

identical below and abové&ss, respectively. Close tdy,
too below 1.2 meV at a temperature of 145 Klowever, it the energy dependence of the magnetic scattering looks dif-
was not clear if the enhancement is caused by magnetic flugerent at the allowed and the silent satellite positions. Finally,
tuations along the ordering vect@', (transverse tan, T, it is shown that the major contribution at the commensurate
mode or alongm, that is conventionally called a longitudi- position is due to the Fincher-Burke mode at 4 meV that is
nal (L) mode (see Fig. L We denote the other transverse |ongitudinally polarized.
mode, which is perpendicular @’ andm asT; mode. The

T, an_d T, modes may _be called _sp.in waves. As we shall Il. EXPERIMENTAL
explain below, polarization analysis is necessary in order to . .
discriminate between the different modes. The neutron-scattering experiments were performed on

In addition to the incommensurate magnetic scatteringthe triple axis spectrometer IN20 at the Institut Laue Lange-
Fincher and co-worket$ reported the occurrence of a well- Vin in Grenoble. The neutrons were polarized and analyzed
defined excitation at the commensurd00) position at by means of Heuslef11l) using a fixed final energg;
=4 meV. This excitation was first believed to be discrete=14.7 meV. The horizontal collimations were 40-60-120-
and was explained in terms of fluctuating blocks of spins. open from before the monochromator to the detector. Typical
Measurements with polarized neutrons showed, howevefesolution parameters are given in Table I. We point out that
that the excitation has spin-flip character, being inconsisterfhe coarse transversg resolutiong; is mostly due to the
with the modelt? coarse collimation of the spectrometer and not due to the

Later measurements by Burke and co-worRetemon- ~mosaicity of the sample. Higher-order neutrons were sup-
strated that the scattering was due to excitations that follopressed by means of a pyrolytic graphite filter installed be-
linear dispersion curves originating from the#®’00) sat- fore the analyzer. A flat coil spin flipper was placed before
ellite positions. Because the velocity of these branches walkie analyzer. The flipping ratio as measured at thel Q)
similar to the sound velocity for tHg00] longitudinal acous- ~ satellite position in the LSDW phase was= 15 (Fig. 2).
tic phonon®® Burke and co-workePsproposed that the scat- ~ The Cr crystal used for the experime@r#10 was an
tering might be due to magnetoelastic scattering. This mterwregularly shaped 25.6 g single crystal with a mosaic of
pretation was also thought to be unlikely because no othed.73°° Prior to the measurements the crystal was cooled
magnetovibrational scattering was observed and the tempertirough the Nel temperaturd =311 K in a magnetic field
ture dependence of the intensity was not compatible witBr109=20T in order to induce a singl@- state with Q"
magnetoelastic scatterifgMoreover, it was shown that the along the[100] direction (Fig. 1). However, as the magnetic
symmetric branches withQ<Q’ and Q>Q/ are not moments associated wifd.. in the transverse phase are per-
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FIG. 2. Top: Elastic scans at the allowed and silent satellite position® 10) and (- 6'00) in the LSDW phase. Bottom: Elastic
scans at the allowed and silent satellite positions §100) and (~ §’10) in the TSDW phase. The measurements demonstrate the excellent
singleQ, single-domain configuration of the sample in a field of 4 T.

pendicular taQ’, , there exist two magnetic domains with the also be achieved by performing measurements in zero and in
moments oriented alor{®10] and[001]. Therefore, the lon- high field and by using the property that only spin fluctua-
gitudina' (L) and the transvers@l mode cannot be sepa- tions normal tO the Scatte“ng VeCt@ Contnbgte to the
rated with unpolarized neutrons. In the LSDW phase, howneutron-scattering cross section. Then, the different modes

ever, this problem does not arise because the transver§an be disentangled by calculating the appropriate differ-
modes are degenerate. ences between the cross sections at the different allowed sat-

TSDW phase we have mounted the sample on the cold fing&¥ith polarization analysis. . _

of a superconducting cryomagnet and applied a vertical field Figure 2 shows that the silent reflections in the LSDW

Biooy=4T that aligns the magnetic moments along thePhase (1-6'0,0), and in the TSDW phas@(1 0) are more

[010] direction. With a polarized beam, the intensities giventhan a factor of 100 smaller than the allowed reflections,

in Table Il can be determined for the spin-flipper afion-  Proving the excellent singl@ structure of our sample in

spin-flip scattering and on (spin-flip scattering respec- both phases. The flipping ratR=11 at the allowed position

tively. in the TSDW phase indicates that the sample is essentially in
In principle, a distinction between the different modes car@ Single-domain state. We note that allowed peaks can only

be observed, imL Q because of the selection rule for mag-

TABLE II. Polarization and selection rules for the magnetic netic scattering.

fluctuations and magnetic satellite peaks in single-domairQds

the scattering vector.

IIl. RESULTS
Phase Q Satellite Non-spin-flip_Spin-flip Figure 3 shows measurements of the transverse and lon-
Longitudinal SDW (1 6'00) Forbidden T T gitudinal modes at §'10) (6'=0.048) in a fieldBooy
(+=6'10) Allowed T L =4 T that demonstrate how well thHeandT modes can be
Transverse SDW (1 6'00) Allowed T, L separated in the LSDW phaseTat 100 K. The results con-
(£68'10) Forbidden T, T, firm that theL modes are enhanced below 8 meV when

compared with theT modes, in agreement with previous
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FIG. 3. Longitudinal and transverse fluctuations as measured in
the LSDW phase at =100 K. Below 8 meV the scattering is en-
hanced. The measurements were conducted in a vertical field of ¢
T. The background is indicated by the solid lines for spin-ftipen
triangles and non-spin-flip(filled circles scattering. 150

200 | A T, transverse (sf)

I _

unpolarized” and polarized neutr§rmeasurements. A com- ] ?
parison with data taken &y,;=0.1 T proved that the mag- 100 | -l _L 4
netic fluctuations are not affected by a field of 4 T. This was
expected because the energy scale of the magneticHijgld T
=0.3 meV is much smaller than the probed energy transfers 50 L ' ]
The background has been obtained by measuring the inten /

sity at (27 ¥227220) for spin flipper off and on and is indi-

.‘l

chrom\Fig2.opj A

cated in Fig. 3 and the following figures by solid lines. The o svio08ns
background is of the order of 37 counts/7.5 min and is al- 0 2 4 6 8 10 12 14 16 18
most independent of polarization, except at sriattansfer.

In a next step we have conducted cons@rgcans at the Energy Transfer (meV)

satellite positions (160 0) and ©¢'1 0) (8’ =0.048) in the
TSDW phatse af =136 K in order to d|scr_|m|nate.between phase aff =136 K. L is enhanced below 8 me\b) The transverse
the three different modes,, T, andL (Fig. 1). Figure 4 yo4esT, andT, are independent of the polarization with respect to
shows that the longitudinal fluctuations are enhanced below . The background is indicated by the solid lines.
E=8 meV, when compared with the transverBge mode,
similarly as in the LSDW phase. The intensities of the )
and T, modes are identical and independen€ofvithin the  lowed satellite (16'0 0) atT=299 K (=0.96Ty). The data
measured energy window as expected for an isotropic antindicates that the enhancement of thenode below 8 meV
ferromagnet. has vanished or moved to such a sniathat it could not be
The direct comparison of the longitudindig. 5) and the  observed anymore. The magnetic scattering is strongly en-
transverse scattering in the LSDW and TSDW phase showlsanced for smalE transfers.
that the cross sections are identical within the experimental The measurements a’(1 0) confirm againFig. 6(b)]
accuracy. The distinct, resolution-limited peak at 7.6 meVthat theT, and T, modes are identical as expected. The
appears in both phases. It is much more pronounced in théependence of the scattering cross section is, however, dif-
present work because themode andT modes are not su- ferent from(a) because of the combined effects of a coarse
perimposed as in multidomain samples. The cross sectiortsansverseQ resolution, q,=0.28 A~* [full width at half
have only been corrected for the finite flipping rati® ( maximum(FWHM)] (see Table)l caused by the coarse col-
=15) and for the nonperfect single-domain stafg:&11) limation and a smaller incommensurabilityy’ =0.040
in the LSDW and TSDW phase, respectively. The therma(=0.087 A~1) at T=299 K. Therefore we pick up inelastic
population factorgn+ 1) = 11— exp(—E/ksT)] enhance the intensity from the magnetic scattering @10 that grows
data at 136 K by roughly 20% with respect to the data at 10Gignificantly nearfT\.
K. This effect essentially cancels the 10% increase of the We have also conducted inelastic scans at the silent sat-
intensity observed at¥ 1,0) when compared with (30 0)  ellite positions (016’0) and (15'0) (Fig. 7). We use the
(see Figs. 2 and)4 same notation for the polarization of the modes as we did for
With increasing temperature, theandT modes approach the allowed scattering, although there is no ordered moment
each other. Figure (6) shows constan@ scans at the al- at the silent satellite positions that defines a reference sys-

FIG. 4. (@) Measurement of the andT,; modes in the TSDW
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FIG. 5. Comparison of the longitudinal scattering in the Lspw _ F!G. 6. (& Measurement of the andT, mode in the TSDW

and TSDW phase. The data have only been corrected for the finit@hase al =299 K at th? allowed satel_lite peaks. The overall shape
flipping ratios. The background is indicated by the solid lines. ~ ©f the L and T scattering becomes identicab) The transverse
modesT; andT, are also identical. The background is indicated by

tem. The data show that there is a significant magnetic rethe solid lines.
sponse over the wholé range investigated. In fact, at large
E, the intensity is even larger than at the allowed satellitethat the two mode3; andT, are identical.
peaks. Thet andT; modes are identical. However, they are  The constanE measurements in Fig. 9 confirm the results
essentially independent & in contrast to the scattering at of Pynn and co-worket$that the Fincher-Burke mode has a
the allowed peaks. In particular, the signal does not increaslongitudinal polarization. Our data are, however, much
with decreasindE, indicating that the modes do not contrib- cleaner because of the excellent single-domain state obtained
ute yet(if they do) to the phase transition. in a smaller applied magnetic field. The peaks at the (1
The measurements at §10) are significantly contami- =+ 6'00) positions correspond to cuts through the rods of
nated by the commensurate magnetic scatteri@@@ due inelastic scattering that emerge from the magnetic satellites
to the coarse transvers@ resolution discussed above. In (see insert of Fig. P
particular, atE=4.5 meV even the Fincher-Burke mode be- The interpretation of the broad commensurate peak in the
comes visiblgsee below. The large inelastic intensity at the T, scattering is not trivial. The consta@ scan in Fig. 8
silent satellites is remarkable because at this temperature tisfiows that there is appreciable scattering atEatransfers
reported enhancement of the inelastic scattering at 0.5 me®nd it is remarkable how well the profile of theT,; mode
at the silent satellite peaks is still sméil. resembles the scattering at the silent pe@dkg. 7). We in-
Finally, we have investigated the polarization dependencégerpret the broad peak to be mostly due to the inelastic scat-
of the commensurate magnetic scattering near 4 meV at tHering at the silent satellites that gives rise to strong magnetic
(100 position (Fig. 8). We find an enhancement of the in- scattering at th€¢100 position because of the coarQereso-
tensity of theL mode near 4.2 meV that can be identified aslution as discussed by Sternliebt all® Note that &'
Fincher-Burke mod&?!! The transverse scatteringy is in-  =0.040 corresponds to 0.087 A that is comparable to the
dependent of energy. Similar measurement$0af) show half width at half maximum of the transverse and verti@al
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] scattering. The resulting fitting parameters for the remaining

800 |- ] three Gaussians are also given in Table IlI.
The least-square fits show that the rods due to lthe
600 |- 1 modes are indeed broader than the resolution limited rods of
i the T modes. Moreover, the rods are closer t¢100) indi-
400 - . cating, that the longitudinal scattering might be responsible
- for the bending of the cones of inelastic intensity towards
200 - . (100 as observed with scattering experiments using unpolar-
| chrom\sv2019.0pj Sv2020/1918 | ized neutron$™*>1°A linear extrapolation of the shift of the
ol  Fmtepr ety L modes at 4.2 to 30 meV would yield peaks near 0.98 and
60 2 4 6 8 10 12 14 16 18 1.02 at 30 meV. The broadening of thepeaks with respect

Energy Transfer (meV) to the_T peaksf is compati_ble with the pre(_jicti_ons of Fishr_nan
and Liu’ that (i) the velocityc, of the longitudinal modes is
FIG. 7. Measurement of the, T,, andT, mode in the TSDW  smaller than the velocitg; of the transverse modébelow
phase aff =299 K at the silent satellite peak positions. ThandT Tn) and that(ii) the longitudinal modes are damped. The
modes become identical and are essentially independent dhe difference in dispersion for the and T modes may make it
data at (1'0) are seriously contaminated by the commensurateifficult to resolve the spin waves in Cr with unpolarized
scattering at100 due to the coars® resolution. The background neutrons.
is indicated by the solid lines. The effect of theL modes of having a smalle, and a
damping is a smearing of the cross sectioQiandE space
resolutionsg, andq, , respectively(Table ). Note, that four  at largerE transfers, resulting in a reduced intensity from the
silent satellites contribute to the scattering(B00). longitudinal modes above 14 meV when compared with the
In contrast, the magnetic scattering at the allowed satekransverse modesee Fig. 4 This conjecture must be con-

lites (1*6"00) shows a stronde dependenceFig. 6). It firmed with more detailed measurements and careful deter-
does not contribute to the commensurate scattering becaugginations of the background.

of the good longitudinal resolutiog . As a consequence, the
broad “commensurate” peak may also explain the distortion
of the scattering at the allowe@/10) satellite via the coarse
transversd) resolution given byg, in Table I[Fig. &b)]. Our measurements provide a clear distinction between the
In order to obtain more quantitative information about thetransverse and longitudinal modes that occur in the LSDW
commensurate scattering, we have fitted the con&asata  and TSDW phase of single-domain Cr. The results show that
at E=4.2 meV of the transverse scatterifigig. 9 using  within experimental uncertainty, tHe and theT modes do
three Gaussians. The fitted parameters are given in Table Ilhot change at the spin-flop temperatdrg, indicating that
The inelastic incommensurate scattering that emanates frothis transition is not related to the itinerant features of the
the (1 6'00) satellites is resolution limited i@ because of spin-density wave. This is expected because the band ener-
the very steep rise of the dispersion curves. gies are much larger than anisotropy energies in isotropic
The longitudinal inelastic data in Fig. 9 were fitted using systems. In addition, betwedf=8 and 18 meV, thé and
four Gaussians, keeping the parameters of one of them fixel modes are essentially isotropic. There is, however, an in-
at the values obtained for the broad component of The dication that theT mode is stronger than the mode. This

IV. DISCUSSION
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FIG. 10. Thermally corrected consta@t peak intensities for
different temperatures and positions in the reciprocal space. Note
the large intensity at the silent position when compared with the
FIG. 9. ConstanE scans at 4.2 meV probing the longitudinal intensity at the allowed position. THe dependence of the silent
scattering evolves in a similar way as the commensurate scattering.

netic cross sections foF=136 and 299 K after subtracting
the background. The spectra look very similar as the corre-
dinal modes(broken lineg as well as the Fincher-Burke modes sponding ones reported by Lorenzo al’ in the LSDW
phase. The top grapla) indicates clearly that the dynamical
susceptibilityy (Q, w) at 299 K is enhanced at dfl transfers

may be reconciled with the prediction of Fishman and’Liu when compared with 136 Kb). This effect is most likely
that theL modes have a lower velocity than tliemodes at related to the proximity offy and the occurrence of critical
this temperature. At 0.95,, the modes become identical, in scattering and cannot be treated within the framework of the
particular the enhancement of the longitudinal scattering atandom-phase approximation of Ref. 9. The concomitant in-
E<8 meV has vanished. crease of th& andT modes(see Fig. § indicates that both

In Fig. 10 we have plotted the thermally corrected mag-modes are responsible for the phase transition to the para-

TABLE IIl. Fit parameters(in reciprocal lattice unifsfor constantE scans assuming Gaussian peaks. The longitudinal instrumental
resolution is given in reduced units iy =2mq,/a=0.015 @=2.88 A~1). The broad Gaussian at 0.994 of the transverse scattering has
been kept fixed during the fitting of the longitudinal scattering.

Mode Position Width Position Width Position Width
Transverse T;) 0.9542 0.014 0.994 0.075 1.0405 0.015

scattering §?=0.73) +0.0004 +0.001 +0.003 +0.009 +0.0005 +0.001
Longitudinal (L) 0.9572 0.027 0.9985 0.022 1.0364 0.028

scattering §®=1.15) +0.0008 +0.002 +0.0007 +0.002 +0.0010 +0.002
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magnetic phase. The strong increase of the transverse intefor the silent and allowed peaks are different.
sities is difficult to reconcile with the predicted nonrenormal- The enhancement of the longitudinal scattering below 8
ization of theT modes’ i.e., according to the three-band meV occurs only at the allowed satellite positions. Therefore
model ¢t should remain constant and the transverse modei$ must be an effect of the rearrangement of the Fermi surface
should not be damped. due to magnetic orderin¢see Fig. 1 in Ref. P One may
Figure 1@c) demonstrates that the thermally corrected in-tentatively interpret the enhanced garof the longitudinal
tensity at the silent satellite positidfilled circles is larger  scattering as collective excitations that are responsible for the
for E>8 meV than the intensity at the allowed satellig. long-range magnetic order belowly. Therefore, A
We note that our assignment of polarizations to the scatterings 8 meV may be identified as a characteristic energy that
occurring at the silent positions according to the allowedprovides a gap for electron-hole excitationsgat 0. In an
magnetic satellites is arbitrary, since there is no preferredtinerant ferromagnetA would correspond to an exchange
moment direction defined at the silent peaks with the excepsplitting. As soon as the excitations of the enhanced part of
tion of nonaligned domains. Therefore, it is not surprisingthe L modes intersect the sea of electron-hole excitations
that theL and theT modes are identical since they simply near 8 meV, they become strongly damped and vanish. With
represent electron-hole excitations that are enhanced due itacreasing temperaturd decreases, finally leading to the
the nesting properties of the Fermi surface. disappearance of the enhanced part ofltheodes and the
The interpretation of the commensurate peak has a lonfpss of magnetic order. Very close Tq,, critical scattering
history. Mikke and Jankowsk and Fincher and evolves with longitudinal and transverse polarization, simi-
co-workers! have observed a strong increase of the intensityarly as in itinerant ferromagnets like K. The stronger
near(100). Recently, Fukudat al. have measured the com- damping of the low-energ}z modes, when compared with
mensurate scattering up to higlieand interpret the increase the T, modes(see Fig. 9 may be explained by the interac-
of the scattering with increasing and T in terms of the tion of the enhanced part of the modes with electron-hole
commensurate scattering being an intrinsic property of°Cr. excitations from the nonenhanced isotropic part oflthend
Based on our data we propose another explanation: At lea3t modes. It seems to be important to investigate lthand
up to 18 meV our data is consistent with the idea that theT, modes below 10 meV in more detail using polarization
inelastic scattering from the four silent peaks is responsiblenalysis in order to characterize their evolution withi.e.,
for the increase of the magnetic intensity(#0. The inten-  their dispersion and damping.

sity is expected to increase due @ the increase ofn The only commensurate scattering that we have observed
+1) with increasingT and (i) the increasingly worse reso- unambiguously is the longitudinally polarized Fincher-Burke
lution of the spectrometer with increasikg modé'® that has been identified many years ago(10)

Taking all the above results together we end up with thenear 4 meV(Fig. 9. It follows linear dispersion curves that
following conclusions. Inelastic magnetic scattering in theoriginate from the (1=46’00) satellite position8. Accord-
ordered phases of Cr occurs at the allowed and silent incomingly, the peak at 8 meV in Fig. 4 may be readily interpreted
mensurate magnetic satellite positions. It is almost isotropiaés Fincher-Burke mode at the incommensurate positions 1
above E=8 meV. The scattering at the silent positions is + §’. However, to the best of our knowledge, this mode has
most likely due to excitations between the electron and holeéot been observed in the LSDW phasé0 (and 4 meV,
Fermi surface at thé" and (100 points, respectively. The although our data clearly shows that the peak at 8 meV is
excitations are concentrated at the silent pe&ks)(because present in both phasdgig. 5. Therefore, the excitation in
of the nesting properties of the Fermi surface and may behe TSDW phase at 8 meV may not be related to the Fincher-
explained in terms of a two-band mod&I. Burke mode. A closer investigation of this behavior will be a

In order to understand the spin dynamics around the alsubject of further investigations. Our present study does not
lowed satellites, Fishman and Liu have proposed the thregrovide any further clues on the physical mechanism of this
band modef. According to this model, the actual wave vec- mode'4
tors of the spin-density waveQ! are given by G/2)(1
—6'00), where <é'< 6 and G/2=2m/a. Here, the mis-
match ¢ reflects the nesting of the bare electron and hole
Fermi surfaces that are not distorted by the spin-density We are grateful to Y. Endoh, R. Pynn, and R. Fishman for
wave. If we identify the essentially isotropic incommensu-helpful discussions. In addition, we would like to thank J.
rate scattering as electron-hole excitations, then it is expectadulda for the help during setting up the experiment on IN20
that the scattering at the silent positions and the alloweét the ILL. Work at Brookhaven National Laboratory was
positions is different at lowE transfers(as probed in our supported by the Division of Materials Sciences, U.S.
experiments because the nesting parts of the Fermi surfacd.O.E., under Contract No. DE-AC02-76CHO00016.
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