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Archimedean lattices
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Phys. Chem. Chem. Phys. 21, 22344 (2019)

http://doi.org/10.1039/C9CP04760C
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photo from 1914-18

Image source: Wikimedia Commons

https://commons.wikimedia.org/wiki/File:Basket_Weaver_in_Japan_(1915_by_Elstner_Hilton).jpg
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kago � basket

me � eye

Image credit: Robert Izumi (CC-BY-NC)

https://www.flickr.com/photos/theizumis/2584187492/
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Ordinary liquid
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liquid helium
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by Claire Rowland (CC-BY-SA)

Image credit: ISIS
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First attempt: jarosite

Introduction Kagome and spin liquid Kagome metals The world of kagome: Antrittsvorlesung

Jarosite

KFe3(OH)6(SO4)2

also found on Mars

Image credits: Christian Rewitzer (CC-BY-SA)

and NASA (public domain)

Nature Mater. 4, 323 (2005)

https://commons.wikimedia.org/wiki/File:Jarosite-114913.jpg
https://commons.wikimedia.org/wiki/File:Mars_Spirit.jpg
http://doi.org/10.1038/nmat1353
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First success: herbertsmithite
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natural sample
synthetic sample

Herbertsmithite

ZnCu3(OH)6Cl2

Image credits: Robert M. Lavinsky (CC-BY-SA)

and J. Cryst. Growth 531, 125372 (2020)

Phys. Rev. Lett. 108, 157202 (2012)

https://commons.wikimedia.org/wiki/File:Herbertsmithite-163165.jpg
https://doi.org/10.1016/j.jcrysgro.2019.125372
http://doi.org/10.1103/PhysRevLett.108.157202
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Dynamics of quantum spin liquid
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Intensity

~ω = 6meV

~ω = 0.1meV

Herbertsmithite

spin liquid

Nature 492, 406 (2012)

inelastic neutron

scattering

TmMgGaO4

magnetic order
�spin solid�

Nature Comm. 10, 4530 (2019)

http://doi.org/10.1038/nature11659
http://doi.org/10.1038/s41467-019-12410-3


Excitations of a spin liquid
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RVB model at work
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Band structure
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First attempt: doping herbertsmithite
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ZnCu3(OH)6Cl2
Mott insulator

replacing Zn2+ by Ga3+

should lead to a metal

Experiment:

insulating behavior persists

Nature Comm. 5, 4261 (2014)

, phys. stat. solidi (b) 256, 1800663 (2019)

http://doi.org/10.1038/ncomms5261
http://doi.org/10.1002/pssb.201800663
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Finding the right material: AV3Sb5
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AV3Sb5: A = K, Rb, Cs

flat band

band saddle
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Dirac point
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CsV Sb3 5

Band saddle points in the vicinity of the Fermi level



AV3Sb5: Main features

Introduction Kagome and spin liquid Kagome metals The world of kagome: Antrittsvorlesung

CsV Sb3 5

B. Ortiz et al.

PRL 125, 247002 (2020)

B. Ortiz et al.

PRL 125, 247002 (2020)

Charge-density-wave transition (94K)

Superconductivity (around 2.5K)



Charge-density wave
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CDW state



Charge-density wave
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star-of-David

D
E

C
D

W

tri-hexagonal

E. Uykur, AT et al.

npj Quantum Mater. (2022)

http://doi.org/10.1038/s41535-021-00420-8
http://doi.org/10.1038/s41535-021-00420-8


Conventional superconductivity

Pairing mechanism: electron-phonon coupling

Realistic predictions possible

FeB4, prediction (ab initio calculations): 2008

Experimental realization: 2013
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H. Gou, AT et al. Phys. Rev. Lett. (2013)



Conventional vs. unconventional
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Conventional

typical pressures: 150�250GPa

Unconventional

YBa2Cu3O7−δ (YBCO)

Tc = 93K at 0GPa

commercial
superconducting cables

Nature

569, 528 (2019)

Image credit: Nexans (fair use)
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Unconventional superconductivity in kagome

Introduction Kagome and spin liquid Kagome metals The world of kagome: Antrittsvorlesung

At least two di�erent
superconducting phases:

unconventional?

Phys. Rev. B 106, 174514 (2022)

Phys. Rev. Lett. 110, 126405 (2013); Phys. Rev. Lett. 127, 177001 (2021)

http://doi.org/10.1103/PhysRevB.106.174514
http://doi.org/10.1103/PhysRevLett.110.126405
http://doi.org/10.1103/PhysRevLett.127.177001
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Pressure: 2D�3D crossover
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0GPa 20GPa

AT, E. Uykur et al. SciPost Phys. 12, 049 (2022)



Probe of electron-phonon coupling
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Thank you for your attention!
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Food and drinks
will be o�ered in Aula!
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Fermi surface
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Band saddle points
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�Inversion� of band saddle points:
Γ+
1 is above Γ+

3 in Cs, yet below Γ+
3 in K and Rb

Can one change the order of band saddle points by pressure?

E. Uykur, AT et al. PRB 104, 045130 (2021); npj Quantum Mater. 7, 16 (2022)



Band picture holds, or not?
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In KV3Sb5

a shift of EF is required
(renormalization of band energies)

a smaller 41meV shift in RbV3Sb5

no shift in CsV3Sb5

E. Uykur, AT et al. npj Quantum Mater. 7, 16 (2022)



Drude spectral weight
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CsV Sb3 5RbV Sb3 5KV Sb3 5

experiment calculation

Nature Phys. 16, 636 (2020)

M. Wenzel, AT et al.

PRB 105, 245123 (2022)



Localization peak

Introduction Kagome and spin liquid Kagome metals The world of kagome: Antrittsvorlesung

KV Sb3 5

KV Sb
3 5

CsV Sb
3 5

T = 295 K

100

Temperature (K)

200

200

0

P
o
s
itio

n
 o

f lo
c
a
liz

a
tio

n
 p

e
a
k
 (c

m
)

-
1

400

3000

�Displaced Drude peak� � a �ngerprint of bad metals

Theory review: [Adv. Funct. Mater. 26, 2292 (2016)] and [SciPost Phys. 3, 025 (2017)]

similar localization peak in the kagome metal Fe3Sn2: [PRL 125, 076403 (2020)]
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Higher pressures: band saddle points
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Pressure has only a minor e�ect on the band saddle points

Pressurized CsV3Sb5 is not the same as KV3Sb5!

AT, E. Uykur et al. SciPost Phys. 12, 049 (2022)
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