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Neutron scattering techniques are used to study the magnetic excitations of the Er ions in
superconducting ErB&u;O,, a system where the Er ions order antiferromagnetically,at0.62

K and the sublattice magnetization obeys the relation for &20/2 Ising model. Our data, which

were taken on a cold neutron triple axis spectrometer using a horizontally focusing analyzer, reveal
that there is a large gap of about 0.20 meV in the excitation spectrum, about four times the thermal
energykTy, as expected for an Ising system. However, we also observe dispersion of the spin
waves in thea-b plane. These excitations are found to renormalize with temperature and only
diffuse paramagnetic scattering is observed well above the ordering temperatur&9970©
American Institute of Physic§S0021-8977)16108-4

The rare eartR) ions in RBgCu;0g., , (0<x<1) ex- A 1.5 g single crystal of ErB&£u;0;, was grown by a
hibit very interesting ordering behavior such as two-seeding technique of the undercooled melt at a constant
dimensional(2D) and 3D long range order, and short rangetemperaturé. The crystal was oxygenated at 400 °C for 7
correlations:~’ The R ions occupy the centered position in adays to obtain fully oxygenated composition of EsBasO;.
pseudotetragonal cela~b and c~3a), between the tWo For the low temperature measurements, a punipteicry-
Cu-O plane layers. There is no direct overlap of orbitals ofystat with a low temperature capability of 0.3 K was used.
nearest neighbor R ions, which are separated by a dis@nce e tron diffraction measurements to study the magnetic or-

and therefore the magnetic interactions are very weak. Magder of Er, and preliminary inelastic neutron scattering experi-

_netlc interactions along thedirection are mu_ch weak_er than ments, were conducted on the BT-2 triple axis spectrometer
in the a-b plane because the nearest-neighbor distance ISt pyrolviic ara hite(PG) monochromator and analyzer at
about three times longer along tbalirection than in the-b pyrolytic grap y

plane, and this anisotropy leads to a 2D magnetic behavior ine Research Reactor at the National Institute of Standards

this systen?. The Er ions in ErBgCu;0, order antiferromag- and TechnologyNIST). Incid_ent energies of 14._8 and 5.0
netically atTy=0.62 K with the moments aligned ferromag- meV were employed. Inelastic measurements with cold neu-

netically along theb direction and antiferromagnetically trons were conducted on the NG-5 spin polarized inelastic
alonga andc, and the sublattice magnetization is found to neutron scatteringSPINS spectrometer at the Cold Neutron
follow the relation for a 2D8=1/2 Ising model very weff:* ~ Research FacilitfCNRF) at NIST. A PG002 vertically
Reduction in the oxygen concentration strongly affects thdocusing monochromator and a horizontally focusing
magnetic ordering and, in particular, no long range orderinganalyze? were used in these measurements, with a Be filter
is observed in ErB£u;,O4. Despite these interesting mag- to suppress the higher-order wavelength contaminations. No
netic properties, the spin wave excitations of the rare eartgollimators were used for the cold neutron experiments.
ions in any of the layered cuprate systems have not beeSome measurements were made in the0{) scattering
measured previously, for two reasons. One is the unavailabiblane, but twinning in the sample complicates the analysis of
ity of large high-quality single crystals, and the other is thethose inelastic data. However, twinning does not signifi-
need for high experimental energy resolution in order to obxantly affect measurements in th@,1,0 direction, and
serve these low energy excitations. _ therefore most of the inelastic experiments reported here
Recently, we were able to grow a 1.5 g single crystal,yere conducted in theh(h,]) scattering plane. We selected
and with a cold neutron triple axis spectrometer, we havea fixed final energy of 2.6 meV to obtain good energy reso-

been ablelto o-bserve the spin wave excitations in a r€asolltion while still being able to take advantage of the horizon-
able counting time. We were also able to take advantage of a .
tally focusing analyzer.

horizontally focusing analyzer, which can coarsen the in- 0 i diffracti ts sh d that th
planeQ resolution without loss of energy resolution. Thisis _ . ur-neutron _' raction mgasuremen S S owe_ _a €
Er ions order antiferromagnetically dt,=0.62 K in this

particularly advantageous for low dimensional systems, . . )
where the resolution can be relaxed in the nondispersive dETYstal, with the moments aligned ferromagnetically along

rection, increasing the signal without sacrificing information. the b direction and antiferromagnetically alorgandc, in

Our data along the€1,1,0 direction show a large gap of agreement with the previous studfésThe temperature de-
about 0.2 meV, but with a significant amount of dispersion,pendence of magnetic intensities showed 2D Ising behavior
while no dispersion is observed along thelirection. These With a sharp transition &k . Since this behavior is not ex-
observations are in good agreement with the behavior expected for the oxygen deficient compotthde believe our
pected for a 2D Ising system. sample is fully oxygenated.
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FIG. 2. The dispersion of magnetic excitations ald¢hdL,0 direction. The
solid curve is a guide to the eye. There is a large gap in the excitation

Energy transfer (meV) spectrum of about 0.2 meV, but with significant dispersion.

FIG. 1. Neutron scattering intensity with) one blade(b) three blades(c)
five blades, andd) six blades of the horizontally focusing analyzer, as a

function of energy transfer at 0.4 K. These data were collected-@t3, . o e . . .
—0.3, 1.3 with a final energy of 2.6 meV. Solid curves are Gaussian fits tothIS may make it difficult to correctly identify the magnetic

the data. excitations that are of interest. This effect can be easily no-
ticed in the data taken with five and six blad€gys. 1c) and
1(d)]. These figures show some extra intensity arowi@d12
Inelastic neutron scattering data with 5 meV incidentyng +0.15 meV that does not originate from magnetic exci-
energy on the BT-2 spectrometer indicated the existence Qftjons. In order to avoid this problem, we conducted the rest
magnetic excitations. However, the intensities were weakgf the experiment with only three blades.
and this prevented us from fully measuring the dispersion \ye have measured the dispersion along (thé,0 di-
relation. Hence it was important to increase the observablgaction, and the data are shown in Fig. 2. These data indicate
magnetic intensity, and this can be achieved by using a colghat there is a substantial gap of about 0.2 meV, equivalent to
neutron spectrometer. The cold source triple axis spectromy thermal energy of 2.3 K, about 3.7%,. This large gap is
eter has two advantages over the thermal neutron insméxpected for an Ising system. However, for an ideal Ising
ments. One is that experimental energies as low as 2.4 me%stem, we expect a dispersionless spin wave mode, while
can be employed, and this will provide improved energyye opserve a significant dispersion along thel,0 direc-
resolution. The second obvious advantage is that the flux i§on. The spin wave energy, which is 0.20 meV(aj0,1.3,
about 5 times higher on the cold source at this energy. gradually increases to 0.23 meV @t0.2, +0.2, 1.3 and
We also used a horizontally focusing analyzes get  then decreases again. Our measurements along teis
higher magnetic intensity. The intention of using this ana-ingicate that these excitations show no measurable dispersion
lyzer is to increase the horizontal acceptance of the analyzgh that direction, and this behavior is expected because the

system for neutrons scattered from the sample. The focusingagnetic interactions are very weak along thdirection.
analyzer consists of eleven 2-cm-wide (P@2) blades. Each

of these blades can be rotated independently, and in addition
the entire assembly can be rotated such that the scattered
neutrons are focused onto the detector. This horizontal focus-
ing technique increases the signal by coarsening the momen- .t
tum Q resolution, and this focusing can be done without ool
affecting the energy resolution. Inelastic data taken with a
fixed final energy of 2.6 meV, with one single flat blade, are
shown in Fig. 1a). These measurements were taken at
Q= (—0.3,—-0.3, 1.3. The energy resolution in this configu-
ration is about 0.1 meVfull width at half-maximuny. These
data show an elastic peak, and an inelastic peak at (BR21
meV. This inelastic peak originates from magnetic excita-
tions. Data taken with three blades in the focusing mode are
shown in Fig. 1b). These data clearly show that compared to
the single-blade case, both the elastic and inelastic peak in- Ny :
tensities increase, without affecting the energy resolution. S o e
Although the horizontally focusing analyzer increases
the signal, it also increases the probability of collecting un-
wanted intensities onto the detector due to the high accefg, 3. The neutron scattering intensity as a function of energy transfer at
tance angle and lack of collimators in the experiment, anda) 0.5, (b) 0.6, (c) 0.8, and(d) 1.0 K. Solid curves are fits to the data.
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