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Conventional 
metal

Area enclosed by 
Fermi surface =1+p

M. Platé, J. D. F. Mottershead, I. S. Elfimov, D. C. Peets, Ruixing Liang, D. A. Bonn, W. N. Hardy,
S. Chiuzbaian, M. Falub, M. Shi, L. Patthey, and A. Damascelli, Phys. Rev. Lett. 95, 077001 (2005)
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Pseudogap

“Fermi arcs” 
at

low p

Kyle M. Shen, F. Ronning, D. H. Lu, F. Baumberger, N. J. C. Ingle, W. S. Lee, W. Meevasana,
Y. Kohsaka, M. Azuma, M. Takano, H. Takagi, Z.-X. Shen, Science 307, 901 (2005)
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1. The pseudogap metal

   Fermi liquid co-existening with topological order

2. The strange metal

   Metal without quasiparticles

   Infinite-range model: dual to extremal charged 

        black holes and yields 

        Bekenstein-Hawking entropy 
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A new metal — 
a fractionalized 

Fermi liquid (FL*) 
— with electron-
like quasiparticles 
on a Fermi surface 
of size p coexisting 

with topological 
order

Y. Qi and S. Sachdev, Phys. Rev. B 81, 115129 (2010)
M. Punk, A. Allais, and S. Sachdev, arXiv:1501.00978
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Fractionalized Fermi liquid (FL*) 

T. Senthil, S. S., M. Vojta Phys. Rev. Lett. 90, 216403 (2003) 
R. K. Kaul, A. Kolezhuk, M. Levin, S. S., and T. Senthil, Phys. Rev. B 75, 235122 (2007)

E. G. Moon and S. S. Phys. Rev. B 83, 224508 (2011); M. Punk, A. Allais, and S. S., arXiv:1501.00978.
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1. The pseudogap metal

   Fermi liquid co-existening with topological order

2. The strange metal

   Metal without quasiparticles

   Infinite-range model: dual to extremal charged 

        black holes and yields 

        Bekenstein-Hawking entropy 
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