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Vortices Then, Hsu, Lu, Stone, Soljaéié Phys. Rev. Lett. (2014)
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Fig. 2 Phase transition. This occurs when phases of matter transition between each other, such as when ice melts and becomes
water. Using topology, Kosterlitzand Thouless described a topological phase transition in a thin layer of very cold matter. In the cold,
vortex pairs form and then suddenly separate at the temperature of the phase transition. This was one of the twentieth century’s
most important discoveries in the physics of condensed matter.
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Quantum Hall phase

Integer quantum Hall
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Quantum anomalous Hall

Haldane model (1988)

Ihang, et al. Science (2013)
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Photonic realization

Haldane, Raghu, arXiv/PRL/PRA (2005-2008)
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Hafezi, Demler, Lukin, Taylor, Nat. Phys. (2011)
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Photonic crystals

Lord Rayleigh (1887) Yablonovitch and John (1987)
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Optical

Pouya et al.  ISMISHNIARMIAIE
(2012) Noda et al.

U. of Bath



Single polarization
Single frequency
All' angles

2I

| Copper 0 -
]

|

Ye, Lu, Joannopoulos, Soljacic,
Ra of Ran arkiv:1510.00016

-0.25



1 _ Lu, Joannopoulos, Soljaci¢
Elgen Value PrObIem Nat. Photon. (2014) Review
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Lu, Joannopoulos, Soljaci¢
Gauss Bonnet theorem Nat. Photon. (2014) Review
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Lu, Joannopoulos, Soljaci¢
Be rry curvature Nat. Photon. (2014) Review

Brillouin zones

D loop o o CD

G ) )

! | \ = -1

2D torus -
|,/\ ) — |,/\:."_‘>/\J
! L AU

Y (r) = uy(r)e

Table B1| Comparison of the Berry phase for Bloch wavefunctions and the Aharonov-Bohm phase.
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Videos
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Skirlo, Lu, Soljacic PRL (2014)
Skirlo, Lu, Igarashi, Yan, Joannopouls Soljaci¢ PRL (2015)

Large Chern numbers (Z)
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Chern monopoles in 3D

3D Weyl point
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History of Weyl points

Dirac Hamiltonian (1928)

Hio-(7," ) m=0
Proposals
Weyl (1929)

Pauli (1930)  Neutrinos (has mass)
Volovik (2002) 3He-A

Wan, Turner, Vishwanath, Savrasov (2011) pyrochlore iridates

Reviews
Turner, Vishwanath (2013)
Hosur, Qi (2013)

First experiments
February 2015

Weyl points in photonic crystals
arXiv 1502.03438 (MIT, ZJU)

Fermi arcs in TaAs
arXiv 1502.03807 (Princeton, PKU)
arXiv 1502.04684 (IOP Beijing)



Weyl semimetal of TaAs by I0P & Princeton
110] &1} APS Highlights of the year

BREAKTHROUGH

Weyl experiment

Lu, Fu, Joannopoulos, Soljaci¢
Nat. Photonics. 1,294 (2013)

photonics

Lu, Wang, Ye, Ran, Fu, Joannopoulos, Soljacic
Science 349,622 (2015)
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3D gapped phase




Fang, Fu PRB (2015) k, K k,

- ° . Lu, Fang, Fu, Johnson, Joannopoulos,
2D anti-localization Soljacic Nature Phys. (2015)
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3D generalized Dirac point
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Bulk bandstructure of BPI photonic crystal
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Topological phononic crystals 78, s,
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New degree of freedom for light
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The language of topology
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