
Novel mater ials by design
Quantum materials with exot ic propert ies 
can lead to transformative technologies 
such as superconductors and 
microelectronics. To design such materials, 
we need to know the mechanisms that give 
rise to interest ing propert ies. It  turns out 
that, inside a quantum material, propert ies 
depend on the collect ive behavior of 
electrons, working in an organized way 
throughout the material.

In this work, researchers discovered such a 
behavior: a wave-like ordering of electrons 
called a charge density wave (CDW), in a 
magnetic material with a kagome latt ice 
structure (characterized by corner-sharing 
triangles). By probing the behavior of the 

electrons using angle-resolved 
photoemission spectroscopy (ARPES), the 
researchers ident ified the CDW?s 
electronic signature? a clue to its origins 
rooted in kagome geometry.

A path t o cor r elated t opology
The study of topological materials (with 
great potent ial for spintronic applicat ions) 
and the study of strongly correlated 
electrons (which give rise to a rich range of 
electronic orders) were init ially separate 
efforts that largely progressed in parallel. 
Scient ists are now recognizing that exot ic 
physics can emerge when topology and 
strong electron correlat ions are combined 
in one material system. One way to achieve 
correlated topology is to seek quantum 

materials with geometrically frustrated 
electrons. For example, the kagome 
geometry ?frustrates? electrons, 
prevent ing them from zooming across the 
crystal. A number of charge-ordered 
phases are predicted to appear on a such a 
lat t ice. Recently, CDW order has been 
found in non-magnetic kagome materials 
of the form AV3Sb5 (AVS), where A?=?K, 
Rb, or Cs.

CDW in a magnet ic 
kagome mater ial
Here, researchers studied FeGe, an 
overlooked kagome material that exhibits 
robust magnetism. Neutron-scattering 
studies at Oak Ridge National Laboratory 
unexpectedly revealed that, like 

Scient i f ic 
Achievement
Researchers discovered a 
wave-like charge order in a 
magnetic material with a ?kagome? 
geometric structure, and, with key 
evidence from the Advanced Light 
Source (ALS), obtained clues to the 
order?s origins in the material?s 
electronic structure.

Signi f icance 
and Impact
By helping to connect certain 
structures with emergent quantum 
propert ies, the work brings us a 
step closer to the goal of creat ing 
materials by design. Art ist ic rendering of a charge density wave (diagonal lines suggested by colors) in a magnet ic 

iron-germanium (FeGe) crystal. The material is an example of a ?kagome? metal with atoms arranged 

in hexagons (colors) and t riangles (black). The arrangement  frust rates the movement  of elect rons 
(blue and silver spheres), giving rise to collect ive behavior like the charge density wave. (Courtesy of 
Jiaxin Yin/Princeton University, and Ming Yi and Pengcheng Dai/Rice University)

Char ge Densi t y Wave Found in 
Magnet ic Kagome Cr ystal
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non-magnetic AVS, FeGe also develops a 
CDW. Most intriguingly, the CDW 
appeared at lower temperatures than the 
magnetism (i.e., it  developed within the 
magnetic phase), suggest ing a connect ion 
between the two phases.

To explore the origins of the FeGe CDW, 
the researchers probed the material?s 
electronic structure using ARPES at 
Stanford Synchrotron Radiat ion 
Laboratory (SSRL) and at ALS Beamline 
7.0.2. The small beamspot of Beamline 
7.0.2 allowed the researchers to resolve 
different crystal terminat ions and obtain 
intrinsic information about the electronic 
structure. Also, the beamline?s tunable 
photon energies allowed the researchers 
to dist inguish surface versus bulk states 
and map out the complete three-
dimensional electronic structure.

FeGe saddles up
Earlier studies had revealed that a 
saddle-shaped feature, called a van Hove 
singularity (vHS), appears in the AVS 
electronic structure near the Fermi level. 
The ARPES data on FeGe also showed this 
signature, indicat ing a possible common 
electronic origin for the two systems. In 
fact, many aspects of the CDW in FeGe 
and AVS are similar? suggest ing that the 
CDW may be a universal phenomenon in 
kagome systems.

Given that the CDW in FeGe uniquely 
emerges within a well-formed magnetic 
order, it  offers a new platform for exploring 
emergent phenomena in strongly 
correlated topological materials. The 
researchers are now working to 

understand how magnetism and the vHS 
are connected in FeGe, as well as looking 
into other types of geometrically 
frustrated lat t ices where topology 
appears in the presence of strong
 electron interact ions.
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ARPES data showing three van Hove singularit ies (top row: vHS1 and vHS2; bot tom row: vHS3). 
Each panel represents a slice through the three-dimensional data. Dashed and solid lines in each 
panel delineate the upward and downward curvatures, respect ively, of the saddle-shaped vHS 
dispersions along orthogonal direct ions in momentum space.

Xiaokun Teng (PhD student , Rice University) 
and Jiseop Oh (postdoc, UC Berkeley and Rice) 
carried out  the ARPES work at  the ALS.

Contacts: Ming Yi (my32@rice.edu) and Pengcheng Dai (pdai@rice.edu)

Publicat ions: X. Teng, L. Chen, F. Ye, E. Rosenberg, Z. Liu, J.-X. Yin, Y.-X. Jiang, J.S. Oh, M.Z. Hasan, 
K.J. Neubauer, B. Gao, Y. Xie, M. Hashimoto, D. Lu, C.Jozwiak, A. Bostwick, E. Rotenberg, R.J. 

Birgeneau, J.-H. Chu, M. Yi, and P. Dai, "Discovery of charge density wave in a kagome latt ice 
ant iferromagnet," Nature 609, 490 (2022), doi:10.1038/s41586-022-05034-z.

Researchers: X. Teng, L. Chen, K.J. Neubauer, B. Gao, Y. Xie, M. Yi, and P. Dai (Rice University); F. 
Ye (Oak Ridge National Laboratory); E. Rosenberg, Z. Liu, and J.-H. Chu (University of 

Washington); J.-X. Yin, Y.-X. Jiang, and M.Z. Hasan (Princeton University); J.S. Oh (Rice University 
and UC Berkeley); M. Hashimoto and D. Lu (SLAC National Accelerator Laboratory); C. Jozwiak, A. 
Bostwick, and E. Rotenberg (ALS); and R.J. Birgeneau (UC Berkeley and Berkeley Lab).

Funding: U.S. Department of Energy, Office of Science, Basic Energy Sciences program (DOE 

BES); Gordon and Betty Moore Foundation; Nat ional Science Foundation; Robert A. Welch 
Foundation; Air Force Office of Scient ific Research; and David and Lucile Packard Foundation. 
Operat ion of the ALS, SSRL, and SNS is supported by DOE BES.

Published by the 
ADVANCED LIGHT SOURCE 
COMMUNICATIONS GROUP


	23-ALS-1115-ALS Science Highlights-January 2023 475 Teng
	New Page
	New Page


