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Emergent Phenomena
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An entity exhibits properties its parts do not possess on their own



Reductionist Approach
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https://saintschemistry10.weebly.com/history-of-the-atom.html



Reductionist Approach
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Emergent Phenomena in 
Kagome Networks
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- Fractional Quantum Hall Effect
- Quantum Spin Liquid States
- Spinons
- Majorana fermions

Service R. F. (2011). Search for Majorana fermions nearing success at last?. Science. 332(6026), 193–195.



Kagome Networks
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- Intersecting webs of “corner-sharing triangles”
- Named after patterned bamboo basket

- Bamboo-basket (kago) woven pattern (me)

https://english.cas.cn/newsroom/research_news/phys/202112/t20211217_294587.shtml

https://english.cas.cn/newsroom/research_news/phys/202112/t20211217_294587.shtml


Kagome Networks
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I. Syôzi, Prog. Theor. Phys. 6, 306 (1951).
Mamoru Mekata , "Kagome: The Story of the Basketweave Lattice", Physics Today 56, 12-13 (2003)

- Lars Onsager (1944) paper on 
square lattice ising model

- Kodi Husimi and Itiro Syôzi
(1950) simplified Onsagers
solutions and solved for 
honeycomb and triangular

- Syôzi (1951) studied Kagome 
lattice



Frustration in Kagome Network
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Mendels, P., & Bert, F. (2016). Comptes Rendus Physique, 17(3-4), 455-470.



Resonant Valence Bond Theory
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Mendels, P., & Bert, F. (2016). Comptes Rendus Physique, 17(3-4), 455-470.

- Valence bonds are allowed to undergo quantum mechanical 
fluctuations

- GS is a superposition of different partitionings of spins into valence 
bonds



First Kagome Candidate
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M. Takano, T. Shinjo, M. Kiyama, T. Takada, J. Phys. Soc. Jpn. 25, 902 (1968) 
https://underthescopemineral.tumblr.com/post/178252086249/jarosite-kfe3-3so42oh6-localityla

Jarosite



Kagome System SrCr8Ga4O19
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Uemura, Y. J., Keren, A., Kojima, K., Le, L. P., Luke, G. M., Wu, W. D., ... & Kakurai, K. Phys Rev Lett. 
73(24), 3306. (1994)



µSR Muon Spin 
Relaxation Technique
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http://www.chem.ubc.ca/sites/default/files/users/dgf/musrbrochure.pdf



Kagome FeSn
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Kang, M., Ye, L., Fang, S. et al. Dirac fermions and flat bands in the ideal kagome metal FeSn. Nat. 
Mater. 19, 163–169 (2020).



ZnCu3(OD)6Cl2 (herbertsmithite)
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Han, T. H., Helton, J. S., Chu, S., Nocera, D. G., Rodriguez-Rivera, J. A., Broholm, C., & Lee, Y. S. (2012). Fractionalized 
excitations in the spin-liquid state of a kagome-lattice antiferromagnet. Nature, 492(7429), 406–410.



AV3Sb5 (A=K,Rb,Cs)
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Ortiz, B. R; Teicher, S.; Kautzsch, L.; Sarte, P. M; Ratcliff, N.; Harter, J., et al. Physical Review X, 11(4). (2021).
Ortiz, Brenden R., Gomes, Lídia C., Morey, Jennifer R., Winiarski, Michal, Bordelon, Mitchell, Mangum, John S., Oswald, Iain W. H., 
Rodriguez-Rivera, Jose A., Neilson, James R., Wilson, Stephen D., Ertekin, Elif, McQueen, Tyrel M., & Toberer, Eric S. (2019)



AV3Sb5 (A=K,Rb,Cs)
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Mielke, C., Das, D., Yin, JX. et al. Time-reversal symmetry-breaking charge order in a kagome superconductor. Nature 602, 245–250 (2022). 



Thank You!
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