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Evidence on the Dual Nature of Magnetic Excitations
in a VAW Metallic Ferromagnet Fe,..GeTe,

Bao et al. provided evidence that spin-wave excitations, particle-hole continuum, and Kondo-lattice
behaviour coexist in a d-electron system and elucidated the nature of magnetism in correlated
electronic materials

agnetic excitation has been investigated in two

models, namely a localized electron model and an
itinerant electron model. However, magnetic excitation
behavior has been elusive when both local moments and
itinerant electrons are present in the intermediate range.

In the local or itinerant extreme, magnetic excitations
can be described by the Heisenberg model, which treats
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electron spins as localized moments, or by the itinerant
electron model, in which the exchange interaction between
electrons leads to an unequal number of electrons with up
versus down spins. Song Bao (Nanjing University, China) and
coworkers used the cold neutron triple axis spectrometer
SIKA at Australian Centre for Neutron Scattering,
Australia's Nuclear Science and Technology Organisation
(ACNS, ANSTO)," to investigate the low-energy mode.
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Fig. 1: (a,b) Constant-£ scans at various energies along [1, 0] and [1, 1] directions, respectively, with £i= 222 meV collected at 4SEASONS, J-PARC. For
each scan, the energy intervals at selected energies were chosen to be 5 meV, and / was integrated over =10 = /< 10 r.l.u. (c,d) Spin dispersions
along [1, 0] and [1, 1] directions, respectively. The peak centers were extracted from fittings to the constant-£ scans as shown in (a) and (b).
Dotted lines indicate the Brillouin zone boundaries. Regions are shaded for the reader’s convenience. (e,f) DFT calculations of spin-up and spin-
down bands in the ferromagnetic state, respectively. (g) Diagram for particle-hole (p-h) scattering processes. The red and green bands with up
and down spins, respectively, are simulated bands on the basis of a tight-binding model on a triangular lattice. These bands are plotted over (e)
and (f) for comparison. Black arrows represent the p-h scattering occurring between bands with different spin directions. The inset shows the
corresponding Fermi surface and the wave vectors corresponding to the most significant scattering near the Fermi level. Calculated bare (h) and
RPA-renormalized (i) spin excitation spectra below 100 meV induced by the p-h scattering processes in (g). [Reproduced from Ref. 1]
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Fig. 2: (a) Constant-Q cuts at (0, 0, 2) plotted with y axis in logarithmic scale. Purple diamonds indicate data points obtained using 4SEASONS with
Ei=8.9 meV at 4 K. The data are multiplied by 8 for clarity. Red circles and blue squares indicate the data points obtained using SIKA with
fixed Er=3.5 meV at 4 and 250 K, respectively. Each solid line corresponds to a Gaussian function or Lorentzian function fitted to the data. The
dashed line corresponds to a Gaussian function fitted to the data for the elastic part. (b) Constant-£ scans at selected energies along the [1, 0,
0] direction at 4 K, with an energy interval of +0.1 meV obtained using 4SEASONS with £ = 8.9 meV. The data are offset vertically for clarity. The
solid lines correspond to Gaussian functions fitted to the data. (c) The low-£ spin waves along various directions plotted as £ vs Q? at 4 K. The
dashed lines correspond to linear fitted functions. (d) Temperature dependence of the spin-wave stiffness for various directions. The dashed line

indicates the Curie temperature Tc. [Reproduced from Ref. 1]

They examined the dual nature of magnetic excitations in
a van der Waals (vdW) metallic ferromagnet Fe,7,GeTe,
using inelastic neutron scattering with the 4SEASONS
spectrometer at J-PARC in Japan and SIKA at ACNS ANSTO
in Australia and provided direct spectroscopic evidence on
the coexistence of and interplay between local moments
and itinerant electrons in a vdW metallic ferromagnet
Fe,7,GeTe,. Notably, the metallic ferromagnet can sustain
controllable roomtemperature ferromagnetism down to
the monolayer limit. Figure 1 illustrates findings on higher-
energy magnetic excitations obtained using 4SEASONS.

They discovered that ferromagnetic spin-wave excitations
dispersed from the zone center at low energies due to local
moments; they also noted a columnlike broad continuum
at the zone boundary at high energies up to over 100

meV that resulted from itinerant electrons. Unlike the
two-dimensional crystal structure, a three-dimensional
structure was present at the low-energy mode, and the

high-energy mode also had an out-of-plane dependence.
Both modes persisted well above the Curie temperature
of 160 K. Low-energy spin waves were investigated in
detail using a cold neutron axis spectrometer SIKA at

high resolution (Fig. 2). Their neutron spectroscopic data
revealed that the low-energy spin waves at 100 K were
more coherent than those at 4 K, which demonstrates

the weakening of Kondo screening at high temperatures.
These results unambiguously demonstrate the coexistence
of local moments and itinerant electrons and the Kondo
effect between these two components in Fe,7,GeTe,. Such
behavior is generally expected in heavy-fermion systems
with heavy f electrons but is generally not clearly observed
in materials with light d electrons. These findings elucidate
the nature of magnetism in transition-metal compounds.

In summary, by using both 4SEASONS and SIKA, Bao and
coworkers successfully observed the localized mode and
itinerant mode in one crystal sample of Fe,;,GeTe, The



cold neutron triple axis spectrometer SIKA has high-energy
resolution and allows researchers to probe this small
difference in the location of the spin dynamics. The chopper
spectrometer 4SEASONS at J-PARC was used to observe
high-energy modes of the itinerant electron model. These
inelastic neutron scattering experiments provided valuable
insight into the fundamental physics of magnetism.
(Reported by Shinichiro Yano)

This report features the work of Song Bao and his
collaborators published in Phys. Rev. X 12, 011022 (2022).
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Determining the Structures of Photoresponsive
Polymers Using Small-Angle Neutron Scattering

An azobenzene-containing polymer provides tunable structures and a unique performance under an
external stimulus, which enables it to be used as a light-controllable nanocarrier for drug delivery.

hieh-Tsung Lo’s group in National Cheng Kung University, Taiwan, prepared an azobenzene-containing triblock

copolymer, poly(6-[4-(4"-ethoxyphenylazo)phenoxy]hexyl methacrylate)-block-poly(ethylene glycol)-block-poly(6-[4-
(4'-ethoxyphenylazo)phenoxylhexyl methacrylate) (PMMAZzo-b-PEG-b-PMMAZ0), and developed a relation between its
structures and its photoresponsive properties. The morphology of PMMAZzo-b-PEG-b-PMMAZz0 in solvents was manipulated
through the variation of the solvency and salt addition. Chun-Ming Wu (NSRRC) determined the detailed structures of
PMMAZzo-b-PEG-b-PMMAZo0 in selective solvents through small-angle neutron scattering (SANS).

In their experiments, PMMAZzo-b-PEG-b-PMMAZzo was dissolved in mixed d-DMF/D,0 solvents of concentration 3.9 x 10 M
and then sealed in quartz cells. In the mixed solvents, d-DMF is a neutral solvent for the PEG and PMMAZzo blocks, whereas
D,0 is a PEG-selective solvent. The solvency thus altered when the solvent composition was varied. A SANS measurement was
conducted at the QUOKKA beamline of Australian Centre for Neutron Scattering, Australia's Nuclear Science and Technology

Organisation (ACNS, ANSTO).

Figure 1" shows SANS profiles of PMMAZzo-b-PEG-
b-PMMAZo in various mixed d-DMF/D,0 solvents. In

the regions with large Q values, the SANS curves were
approximated according to the spherical micelle form factor.
By contrast, the increasing trend of intensity in regions with
small Q values was attributed to the formation of micellar
aggregates. The scattering curves of fractal aggregates
were approximated with a simple power-law expression for
the structure factor. Using a power-law expression for the
regions with small Q values and the spherical micelle form
factor for the regions with large Q values, they successfully
predicted the morphologies that were formed by PMMAZzo-b-
PEG-b-PMMAZo0 in various mixed solvents (Table 1).!
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Fig. 1: SANS profiles of PMMAZzo-b-PEG-b-PMMAZzo in various mixed

d-DMF/D:0 solvents measured at Quokka. [Reproduced from
Ref. 1]





