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Spin dynamics of the quasi-one-dimensional ferromagnet CoG12D,0
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We present inelastic neutron scattering experiments of the magnetic excitation spectra p2Cg0l We
find that the excitation energies are well described by the predictions of linear spin-wave theory for a system
of weakly coupled ferromagnetic Ising chains. We use the calculated spin-wave intensities to {@sethe
dicted existence of magnetic Bloch oscillations in this system. We show that these magnetic Bloch oscillations
cannot be observed in CoCRD,O0.
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. INTRODUCTION on the spin-wave excitations in CoC2D,O and on the
critical scattering near the phase boundaries. We combine
Recently, Kyriakidis and Loss have predicted that these results with published neutron scattering reédlad
localized magnetic domain walls in anisotropic spin- analyze the excitations using a more complete interaction
chains should undergo periodic oscillations. A candidate fomodel, including the exchange anisotropy which deter-
the realization of such a system is the magnetic salthines the amplitude of the predicted Bloch oscillations in
CoCl-2D,0. In this system, the Co atoms form ferromag- this material. We use the observed spin-wave amplitudes and
netically coupled chains along the axis, with the spins Critical scattering intensities to calculate an upper bound on
pointing in the b direction. Below the Nel temperature the existence of Bloch (.)SCI.”atIOI-WS and discuss the possibility
(Ty~17.2 K), the chains order antiferromagnetically with ©f observing Bloch oscillations in Co&l2D,0.
respect to nearest neighbors, while maintaining ferromag-
netic order within the chains. In zero magnetic field, the
(solitonlike) domain walls are stable, but delocalized excita- The neutron scattering experiments were carried out on
tions of the ferromagnetic chain. In the presence of a magthe triple-axis spectrometers HB1A and HB1, located at the
netic field along the easy axis, the domain walls areHFIR Reactor of the Oak Ridge National Laboratory. The
predicted to become localized and to start oscillating alongHB1A spectrometer was operated using a fixed initial energy
the chain with a finite frequency and amplitude. This form ofof 14.7 meV, while the HB1 spectrometer was operated using
oscillation is referred to as a magnetic Bloch oscillation,a fixed final energy of 13.5 meV. For both spectrometers,
somewhat analogous to the Bloch moti@fia band electron pyrolytic graphite crystals were used for monochromator and
in an external field. For a magnetic system, the amplitude o&nalyzer crystals, while pyrolytic graphite filters (2.5vere
the oscillation is proportional to the bandwidth, which is thein place to reduce higher-order contamination. An oblong
degree of exchange anisotropyperpendicular to the direc- single crystal of approximatgl2 g was mounted inside a
tion of magnetizationz (A =J*—JY). Also, the frequency of helium-exchange cryomagnet with the easy dkjsperpen-
the oscillation is proportional to the applied magnetic field,dicular to the scattering plane. At=10 K, we find for the
whereas the amplitude is inversely proportional to the aperystallographic parametera=7.1849 A, c=3.5539 A,
plied field. This can be seen as a common quantum mecharsnd 8= 97.645° (angle betweem andc).
cal phenomenon, in which an oscillation frequency increases We determined thél-T phase diagram by following the
with increasing confinementhe latter brought on by the intensities of ferromagnetid@e) (2n,0,m), antiferromagnetic
applied field. (AF) (2n+1,0m), and ferrimagneti¢Fi) (2n/3,0m) Bragg
The magnetic excitation spectra of CeQD,0 have peaks as a function of temperatufeand magnetic fieldH
been measured by means of far-infrared transmissiofsee Fig. 1 The intensities of the AF and Fi Bragg peaks are
experiments. This study showed that the system is well de-comparable to the nuclear Bragg peak intensities. However,
scribed by an effective spif-Hamiltonian, and the anisot- we were unable to identify any magnetic scattering on top of
ropy A in the intrachain exchange was found to be 0.16 meVihe nuclear Bragg peaks corresponding to a Fe phase at 4.2 K
Subsequent inelastic neutron scattering experifiergs  for magnetic fields up to 5.5 T. This is an unexpected result
vealed that some of the exchange parameters extracted frosince at low temperature§ € 1.6 K) the phase transitidn
the Raman measurements differed significantly from the inis at H=4.49 T, while the infrared absorption frequencies
elastic neutron scattering results. In particular, the neutromlo not exhibit any marked chandesver the entire range 0
scattering results showed that the exchange interaction wasH<6 T on raising the temperature to 6 K.
more Heisenberg like than previoulgublished. However, The zero-field Nel temperature of the sample was found
the model used to analyze the neutron scattering data was be 17.3 K on a temperature sensor mounted close to the
only approximate, as it did not take all interactions into ac-sample(see top panel of Fig.)2This value is in agreement
count(such as\). As a result, there were significant discrep- with the transition temperature of 17.2 K published in the
ancies between model and experimént. literature® confirming the purity of our sample. For a discus-
In this paper, we present neutron scattering experimentsion concerning the critical exponents associated with this

II. EXPERIMENTS AND RESULTS: SPIN WAVES
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FIG. 1. Magnetic fieldH vs temperaturd phase diagram for /
CoCl,-2D,0. The solid lines depict the phase boundaries between N
the paramagneti¢P), antiferromagnetidAF), ferromagnetic(Fe), a / N
and ferrimagneti€¢Fi) phases. The open circles are points where we /" b
measured these phase boundaries by neutron scattering. The dotted
curves at constant and constant depict trajectories where we FIG. 3. Antiferromagnetic order in Co&l2D,0 and exchange
looked (for fixed q) for scattering associated with time=0 Bloch ~ Parameters present in the nearest-neighbor Hamiltonian of1q.
mode. The solid circles represent points where we carried out mea-he magnetic moments always point along thelirection, and
surements as a function of momentum transfer ahﬁ]@nd/orc*. ferromagnetic order within the chains is maintained in all crystal
The open ellipses are the points where we measured the full scaghases(aboveTy, only long-range correlations along the chains
tering function, such as the ones plotted in Fig. 7. The questioPersisi. Note that for every site there are four nearest neighbors
mark near the Fe phase boundary signifies that we were unable toteracting throughJ, andJ;. We assume the strengthskfandJ;
verify the existencéRef. 3 of the ferromagnetic phase using neu- to be equal, since both interactions follow closely related exchange
tron scattering. paths.

phase transition, we refer the reader to Ref. 7. observed before in Ref. 4, where spin-wave excitations were

We show some examples of the zero-field spin-wave exobserved up to 130 K. We confirmed that these excitations
citations in the bottom panels of Fig. 2. Well beldy, the ~ Were magnetic in origin by measuring spectra at much higher
excitations are sharp, while the excitations rapidly broadefomentum transfers, where the magnetic form factor re-
upon approachingy from below. However, the excitations duces the spin-wave intensity, while the nuclear scatteffng
persist aboveTy. This reflects the fact that ferromagnetic @nY is €xpected to increase in intensity.

order is maintained within the chains on a local scalsout We first discuss the results for the spin-wave dispersion in
6 unit cells alongc at T=22 K). This behavior has been Z€r0 field. We use these results to determine the exchange

parameters, with the aim of obtaining a reliable measure for
the intrachain exchange anisotropy. We analyze our results

;N\ s (a) using an effective spig- Hamiltonian H with nearest-
fj CoCl,.2D,0 neighbor exchange interactiodig,J;,J; ,J,, andJs (see Fig.
*g - q=(1,0,1) 3). Here we have opted for the same notation as the one used
8 ¢ in Ref. 4. Thus we use the following Hamiltonian:
14 1

| H==2, | ST 5+ 535(S7S51 S 8L
05 '
T 1 a/ ot ot -
~ 0} +§J5(S ShstS S| Y
TO5f
38 . : whereS* =S*+ 9 andi runs over the magnetic Co ions. We

have chosen thedirection to coincide with the easy axib (

direction. The perpendicular and anisotropic exchange inter-

actions are defined, respectively, &s=(J*+J%)/2 andJ3
FIG. 2. (a) The temperature dependence of the intensity of the= (J*— J¥)/2 with 5= 0,1,~1,2,3_

antiferromagnetic Bragg peak=(1,0,1), yielding the Nel tem- The Hamiltonian can be diagonalized in the standard

peratureTy, of 17.3 K. The four bottom panels depict the variation mannef using linear spin-wave theory, yielding two spin

with temperature of the spin-wave excitationcgt (1,0,0.75), un- modes(labeleda and B) with excitation energies

corrected for any instrumental effedt®) 10 K, (c) 16 K, (d) 17.4

K, (e) 22 K]. Note the rapid b_roadening of the excitation'léﬁi_s W4 p= \/[Zl(q)iz4(q)]2—[zz(q)i23(q)]2, 2

approached from below and its perseverance afigyeThe solid

lines serve as guides to the eye. with

2 4 6 2 4 6
Energy Transfer (meV)
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Z,(q) = 203+ 234+ 205— 432 — 43— 234 co4q- ©) 10 0%y 2 4 O 0 %
—2J5co4q-a)—2J5cogq-b), 6 | 144
Z,(q)=—4Jicog 1q-a)cog 1q-b) E
~ N N N ~— 5
—4J1[cog3q-a)cog 3q-b)codq- ) >
- e © h \
—sin(3q-a)cog 3q-b)sin(q-c)], S ; R
4"3&';" "‘%7). 7
a > 2 a > 2 a > oy g0
Z3(q)=—Jgcogq-c)—J,co8q-a)—Jzcogq-b),
1 0 1 i 1 : 1 : io L 1 1 0 i 1 1 1

- _ 15,5 13.h
Z,(q)=—4Jjcog3q-a)cog3q-b) (0,£,0) (0,0,) (0,k,D(h0,5 (0,0,)) (h0,0) (50,0)

& 15 2 15 R g
—4J{[cog3q-a)cog 3q-b)cogq-C) FIG. 4. One-magnon excitation energies in Co@D,0 for T
e 13 B> > <7 K along various directions in reciprocal space. The measure-
—sin(zq-a)cog3q-b)sin(g-c)]. 3 ments reported in this paper are denoted by the circles. The results

. . . reported in Ref. 4 are given by the squares, and the results of Ref.
The + signs in Eq.(2) refer to thea mode, and the- signs 5 are given by triangles. For the sake of clarity, measurements at

to the mode labeleg@. The above equations show that the equivalent lattice points have been averaged in the plot. Solid sym-

degeneracy of the spin modes is lifted by the transverse an,s refer to thex mode, open symbols to the mode (see text

isotropy of the interaction. Therefore, inelastic neutron SCalThe results of the fitting procedure to the excitation energies for the

tering experiments can be used to measure the exchangeand g modes[using Eq.(2)] are given by the solid lines and
anisotropies. Note that the eigenvalues in @y.differ from  gashed lines, respectively.

the ones presented in Ref. 4, where the spin-wave energies

were calculated using an approximate Green’s function forfering results using Eq¢5) and (6), where we have assumed

malism and were given by the exchange interactiorly andﬁl to beéof equal strength
012 1221l i since they share identical exchange péathge plot the re-
@ap=2Jo~ 41~ 4J172Jpc080-C) sults for the magnon frequencies in Fig. 4. We have also
T4 003%@5)005(%& 5)[J§+jicosﬁ~5)]. (4) @nclu_deo_l the reported excitation energies from Refs. 4 ar_1c_;| 5
in this figure. These latter results equate the peak position
The — signs in Eq.(4) refer to thea mode, and the+ signs  with the dominant3 mode and might therefore exhibit a
to the 8 mode. Comparing the above expression with@y.  (small) systematic error in the region where the two branches
one can see that,(q) andZ;(q) are not included in Eq4). differ significantly. As can be seen in Fig. 4, the agreement
The intensities of these spin waves in neutron scatteringpetween experiment and model is good, albeit not perfect
experiments can easily be determined, yielding the familial y?=2, normalized by degrees of freedpnit is possible
resulf that the weight of the branches in the dynamic structhat agreement can be improved by including magnetic
ture factor is distributed according to tigetensor, namely,  dipole-dipole interactions: but we have not attempted this
here since the obtained agreement is adequate for our present
purpose.
Note that while the two branches cannot be resolved sepa-
R rately (with our energy resolutionat individualq values, the
Xgi8(0—wg)+(1-Q2/QH)YSHq,w). (5)  full dispersion curves can nonetheless be determined accu-
rately by measuring in more than one Brillouin zone. On

Here,SZ((i,w) is the part of the Scattering given by the Bloch inspecting Eqs(3), one observes that boﬂh(q) and Z4(q)
oscillations, to be discussed in the following section. Using

ONS, . h i hanging f h,0)) to (1+h,0)),
the orientation of they tensor with respect to the crystalo- change sign upon changirg from (h,0J) to ( 0l)

. . while Z1(g) and Z3(q) remain unchanged. This change is
graphic axes as determined by Naftfihe angle between - ; ; : L
g, andc* is 55° andg, is parallel tob* , we find forQ, and equivalent to changing the signs in Eq.(2) into ¥ signs.

fvel Thus, the observation of thédominanj 8 mode at (1
Qy, respectively, +h,0)) is equivalent to observing the mode at (,0]).

> 1 1
S(0,0)= 5(1-QF/QH) g (w—w,) +5(1-QJ/Q?)

_ o o Examples of the efficacy of this procedure are given in Ref.
— * *) *
Qu=h|a*|cog35°= %) +1]c*|cog357), 4. In addition, we verified the existence of both branches
Q,=h|a*|sin(35°— B*)+1|c*|sin(35°) 6) separately, by choosing such combinationk ehdl [see Eq.

y .

(6)] that eitherQ, /Q or Q,/Q [see Eq(5)] were identical to
The major axes of thg tensor ar&’ g,=1.87, gy,=3.32,and 1, allowing for the observation of a pugmode or of a pure
0,=6.77. Thus, in general, the observed peak in the neutror mode, respectively.
scattering measurements is a weighted combination of the We compare the present set of exchange parameters as
position of both branches. We have fitted our neutron scatextracted from our model fit to the values published in the
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TABLE |. Values for exchange parameters as determined from model fits to the dispersion, compared to
the values given in the literature. All values are given in meV. The value$,fogported in Ref. 3 have been
halved in order to allow for a direct comparison with the present values.

Parameter Ref. 3 Ref. 4 Current results
Je—235-232+ 35+ 0% 2.300.02 2.53-0.03 2.475-0.005

J5 0.24+0.02 0.48-0.03 0.468-0.006

3B 0.16+0.02 0 0.33:0.06

Ji —0.0564+0.002 0 —0.12+0.02

33 —0.032£0.004 —0.02+0.01 0.0G:0.005

J5 —0.024+0.001 0 —0.022+0.007

literature in Table I. The parameted§, J3, andJ; were  with 2N+1 the number of atoms in the chaiag=2b the
found to be zero within the accuracy of our experiments andBloch frequency;'® J, the nth-order Bessel function{
have therefore not been included in this table. We find that (2A/b)|sin()|, and 3 is 1kgT. The numerator of Eq9)
both J5 and J2 are twice as large as the values reported inacquires an additional factef'#“e for negativen. Thus, the
Ref. 3, resulting in a doubled estimatéor the exchange intensity of the Bloch oscillations depends upon the strength
anisotropyA. of the magnetic field, upon the temperature, and ugon
Our results are in disagreement with the publishedSince the full width of the resolution function in energy is
value4for the interchain anisotrop? (and?]"i‘). Inorderto  roughly 1 meV over the entire energy transfer range of inter-
settle this disagreement, we have measured the spin-wafst (~2<w@<6 meV) for a fixed neutron energy of 14
dispersion anngﬁz(h,0,0.ZS). It follows from Eqs(2) and meV, we can directly compare the spin-wave peak intensity

) to expected peak intensities for time=0 andn=21 Bloch
(3) that the separation between the and 8 modes atl oscillations without the need to resort to elaborate resolution

=0.25 is determined entirely b¥; andJf [Z5(q) is negli-  function calculations. A further advantage of the above pro-
gible at these wave vectors for &ll. We have followed both

a and B modes along I,0,0.25) and did not observe any !
separation between the two along this direction within the

error bars. Thus) andj';1 are zero to a good approximation.

We plot the separation between the two spin-wave modes, as
calculated from Eq(2) (solid line) and Eq.(4) (dashed ling

in Fig. 5 for three directions in reciprocal space. Clearly, the <
present model yields better agreement with the data than the g 0.2
model used in Ref. 4. —

I1l. MAGNETIC BLOCH OSCILLATIONS AND CRITICAL
SCATTERING

Separation
o

In order to discuss thépossible existence of Bloch os-
cillations in this system, we use E() and the intensity of
the spin-wave scatteringee Fig. 2to calculate the expected
number of counts for the Bloch oscillations. Kyriakidis and 0.2

Losss give the following expression forSXq,o)[q
=(0,09)] in the presence of a magnetic fididalong the | !

easy axis: 05 025 O 0.25 0.5
N (h,0,0) (0,0,0)
1'C 0,k,0
S(@w)=3 3 Gi@dw-nwg), (7 (0.4.0)

FIG. 5. Separation of thea and B magnon modes in
CoCl-2D,0 for T<7 K along three directions in reciprocal

Jé(é’) space. The results for the measurements reported in this paper are
Go(g)= , (8) denoted by the solid circles, and the results reported in Ref. 4 are
cosh fwg/2)—codq) given by the open squares. Measurements at equivalent lattice
points have been averaged in the plot. The solid line is the calcu-
JZ(C) lated separation between the two modes using (Bg.while the
Gn(q)= s (n>0), 9 dashed curve is the calculated separation using the results and spin-
2 sir?(q/Z) wave dispersiofisee Eq.(4)] reported in Ref. 4.
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cedure is that one effectively corrects for the absorption of . 6000} & LY 1

neutrons by the sample. Both Co and CI have a significant = ) Z%% ; J %,

absorption cross section for thermal neutrons, resulting in an 3 40007 5 e i

inverse absorption length of 1.26 crhfor 14 meV neutrons © 20001 1

(that is, about 50% of the neutrons are absorbed traveling 5 10 15 20 25

through 0.5 cm of the sample, which is a typical length for T [K]

our scattering geometryThus, by comparing the spin-wave

intensity for a sample orientation comparable to the orienta- 1000 .

tion in which the presence of Bloch oscillations are being = ¢

investigated, one can produce a reliable estimate for the ex- - e

pected count rate of the Bloch oscillations. ot Z ¢
On the one hand, it turns out that a thermal reactor source v

is not well suited for identifying any scattering associated 1718 19 20

with the n=1 Bloch oscillation in CoGl-2D,0, and we T K]

were unable to '_dem'fy this mode. The I.arge amount of in- FIG. 6. Critical scattering at 0 Tsolid circles and 4.3 T(dia-
coherent scattering by the sample effectively renders the er}ﬁonds vs temperaturétop panel for G=(1.17.0.1) in counts per
oy < : . ! 0 17,0,

ergy _transfer_reglonu L meV inaccessible to ex.perlment 2 min (see trajectories in Fig.)1This q is equidistant between the
(for fixed initial neutron energy of 14.7 meVwhile, for . )
larger energy transfers, the predicted intensity for the BlocH'F (1:0.1 and Fi (3,0,1) Bragg peaks so that equivalent amounts
oscillation renders a polor signal t6me independentback- of critical scattering are expected to be observed. The incoherent

round ratio (0.2). We have repeated the experiments LIS_background is roughly 3000 counts per 2 min. The bottom panel
groy A ave reped P . depicts the correlation lengths along thédiamond$ andc direc-
ing improved resolution W!th fixed final neutron energies of ions (solid circleg. The correlation length is defined §s-2#/1",
10 meV and 6.5 meV. Using the strength of the incoherent .o e FEWHM in reciprocal space.
peak at zero-energy transfer as a means of normalization
between the experiments, we found no signature of a Blochy.g| |attice units The amplitude ag=0 is 0.11 Tzlwé

oscillation for field strengths oH=1 T [wg=2 MeV .4 nts per secT in kelvin andwg in meV), using the same
(Refs. 1and 1dandH=1.8 T[wg=1.4 meV(Refs.1and gnhroximation. For example, forwg=0.5 meV and T

13)]. For example, aH=1.8 T andq=(—1,0,0.25) at 13 =17.4 K, we can expect a count rate of 135 counts per sec,
K, the expected strength is 12 counts per 40 faiar mea-  well above the incoherent background of 20 counts per sec
suring time per pointusing the exchange parameters pub-(this estimate is not sensitive to the value &f. A Bloch
lished previouslyand 60 counts per 40 min using the presentoscillation with a frequency of 120 GHz(0.5 meV) is
exchange parameters. We measured0 counts per 40 min  predicted to exist in all crystal phases.

in the signal minus background for atb within 1<w The maximum of the predicted intensity of the=0

<3 meV. Similar measurements &t=10 and 17 K for a mode coincides with the minimum of the Bloch frequency
variety of magnetic fields strengths were equally inconclu-w, . These extremes occunear the phase boundaries shown
sive. Therefore, we conclude that the existence ofrthel  in Fig. 1. Therefore, in order to be able to ascertain whether
Bloch oscillation can neither be confirmed nor ruled out onthe n=0 mode exists, we have to identify that part of the
the basis of our experiments. However, neutron scatteringcattering which is quasielastic magnetic scattering or critical
experiments utilizing a cold neutron sourgeith better en-  scattering associated with the onset of three-dimensional or-
ergy resolution than can be achieved at a thermal sourceler. Fortunately, the critical scattering is easily obsen/able
allowing for the study of the more intense, lower-frequencyin this sample, with scattering intensities as high as 10 times
Bloch oscillation$ should be able to determine tli@onjex-  the incoherent background. We show some of the results in
istence of then=1 mode in CoCJ-2D,0. Figs. 6 and 7. We observe the following:

On the other hand, theon)existence of thenx=0 Bloch (1) The temperature dependence of the scattering away
oscillation can indeed be studied using the present experfrom the Bragg peak exhibits a cusp behavior, characteristic
mental setup. The=0 mode can be observed as the elasticof critical scatteringsee Fig. 6.
scattering associated with a neutron changing the state of the (2) The correlation length along the direction (Fig. 6)
system|k) (containing a Bloch oscillation of frequeneyg) remains substantial well abovig,, reflecting that ferrorma-
into the statgk+q) (still containing a Bloch oscillation of gnetic order is maintained within the chains. This was also
frequencywsg). This in contrast to the scattering by tine  observed in the spin-wave excitatiofsee Fig. 2 The cor-
=1 mode where the neutron changes the state of the systeralation length alonca rapidly decreases abovB, to the
by either adding a Bloch oscillation of frequenay or by  order of a couple of unit cells. The correlations along both
changing the frequency of an existing Bloch oscillation fromdirections are well described by Lorentzian line shapes.
Nwg to (N+1)wg. We find that then=0 mode does not (3) The orientation of the critical scattering ellipsoid at
exist in CoC}-2D,0. H=0 T in the h-I plane (left panel of Fig. 7 does not

The n=0 mode is well approximated, for smajl by a  coincide with thea direction (the angle betweea* and the
Lorentzian line shape, with full width at half maximum axis of the ellipsoid is 15°, while the angle betweeanda*
(FWHM) I' along thec axis given byl'= Bwg/27 (in recip-  is 7°.6). On increasing the field to 3.5 (Mmiddle panel of
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Counts associated with a=0 Bloch oscillation. We find that the
scattering is constant to within 1 count per sec, while at this
temperature a count rate of more than 20 counts per sec is
expectedfor then=0 mode near the AF-Fi phase boundary.
Thus, then=0 mode does not exist in the AF phase with the
predicted intensity. Similarly, we were unable to identify any
scattering associated with time=0 mode at any point in the

Fi phase in any of ouq scans(see trajectories in Fig.)1
Invariably, the temperature dependence of the scattering near
the paramagnetic to a three-dimensional ordering boundary
shows a temperature dependence very similar to the pattern
and intensity observed in the scans at zero fis&k Fig. 6.

[¢] 2000 4000 6000

1 [rlu]
5

A Neither a sign of an increased count rate linked to the
Y\W ' =0 mode could be observed at expected pofright panel
o9l % ) K ‘ , of Fig. 7) nor did the temperature dependence of any of the
-1.3 -1.0 -07 04 07 1.0 observed scattering follow the temperature dependence ex-
B [riw] # [ pected for thex=0 mode. Therefore, should time=0 Bloch

oscillation nonetheless be present, then it must be completely
at T=125 K andH=3.5 T (middle, and T=9.35 K andH hidden in the incoherent background. However, since the in-

=3.5 T (right). All plots share the same grey scale. Note the com-COherent background. is gssentially fl_at upon vgryjng the tem-
plete absence of critical scattering or of any scattering associatdgerature and m(_:lgnetlp field strengttith the variations Ie_ss
with the n=0 mode near the AF-Fi boundalyight panel. The than 5% of the intensity expected for the=0 Bloch oscil-

feature appearing in the top right-hand corner of the middle panel i§ation), the n=0 Bloch oscillation would then be at least a
scattering due to the sample holder. factor of 20 weaker than predicted.

Finally, scans in the paramagnetic phase fer0(2<h

Fig. 7), a reorientation is observed so that the axis of the— 1.2,0,1) afT=20 K and for field strengths of 0, 2, 4, and
ellipsoid is alonga. However, increasing the field to 4.3 T 5 T do not show any features identifiable with scattering by
(not plotted and measuring the scattering near the ferrimagthe n=0 mode. The only feature that can be observed is a
netic phase boundary, we find that the axis of the ellipsoid iyeakening of the critical scatterin@ small amount is still
now oriented alon@*. _ present aff =20 K) with increasing field, reflecting the in-

(4) The scattering reaches a maximum at the phase boungreased separation from the phase boundary with increasing
aries where there is paramagnetic to three-dimensional ordefiz|q (see Fig. 1 However, given that the ferromagnetic or-
ing. No critical scattering was observed at the AF-Fi phasgjer is maintained within the chairisee Figs. 2 and)6a
boundary aH=3.5 T andT=9.3 K(right panel of Fig. 7. fajrly strong signal could have been expected from the

(5) At no point in the Fi phasésee Fig. 1 were we able  —q Bloch mode at this temperature. We are thus led to the
to distinguish any scattering above the incoherent backgonciusion that then=0 Bloch oscillations cannot be ob-
ground. _ _ _ served in CoGJ- 2D,0. By inference, magnetic Bloch oscil-

First, in zero field abovély the internal field strengths |5tions of the form predicted in Ref. 1 do not exist in
diminish when the order along tteeandb directions is lost. CoCl-2D,0. Whether then=0 Bloch oscillations may
This implies* that, if anything,ws should become smaller prove to be more different from the+0 Bloch oscillations
with increasing temperature. This would lead to an increasg,an, predictedto be verified using a cold neutron source
in scattering from then=0 _moc_ie Wi_th increasing t_emp_era— spectrometgror whether CoGJ- 2D,0 is simply not a good
ture aboveTy. The opposite is being observed in Fig. 6. candidate system for reasons as of yet unknown or even
While the scattering as a function biandl is well described  \yhether magnetic Bloch oscillations do not exist in general
by a Lorentzian line shape expected for the=0 Bloch  remains a topic for future investigation. At present, we do
mode, the FWHM - Bwg) of the scattering ellipsoid along not have an explanation for thes)orientation of the critical

the c direction is expected to narrow with increasing tem-gcattering ellipsoid as a function of magnetic field strength.
perature for thisi=0 mode. Again, we observe the opposite

(see Figs. 6 and)7Therefore, we can safely attribute all of
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FIG. 7. Critical scattering at=17.5 K, H=0 T (left pane),
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