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New paradigms for optical physics emerge with lattices of atoms trapped in one and two-dimensional photonic crystals [1-4].
Exemplary experimental platforms include photonic crystal waveguides [5-7] and cavities [8, 9]. Owing to their small optical
loss and tight field confinement, these nanoscale dielectric devices are capable of mediating long-range atom-atom interactions
using photons propagating in their guided modes. In a complimentary fashion, long-range interactions between photons can
be mediated by an underlying lattice of atoms. Such systems have the potential to provide new tools for scalable quantum
networks, quantum phases of light and matter, and quantum metrology. However, bringing this future of atom nanophotonics
to fruition requires the creation of an interdisciplinary toolkit for the control, manipulation, and interaction of atoms and
photons with a complexity and scalability not currently possible. I will give an overview of the theoretical prospects for
new physics and review experimental progress in this nascent field at the interfaces of nano-photonics, atomic physics, and
quantum optics.

[1] J. S. Douglas, H. Habibian, C.-L. Hung, A. V. Gorshkov, H. J. Kimble, and D. E. Chang, Nature Photonics 9, 326 (2015).
[2] For an introduction to this area, please refer to the video at http://phdcomics.com/comics/archive.php?comicid=1680.
[3] A. Gonzdlez-Tudela, C.-L. Hung, D. E. Chang, J. I. Cirac, and H. J. Kimble, Nature Photonics 9, 320 (2015).

[4] A. Gonzalez-Tudela, V. Paulisch, D. E. Chang, H. J. Kimble, and J. I. Cirac, (2015); available as arXiv:1504.07600.

[5] S.--P. Yu, J. D. Hood, J. A. Muniz, M. J. Martin, R. Norte, C.-L. Hung, S. M. Meenehan, J. D. Cohen, O. Painter, and
H. J. Kimble, Applied Physics Letters 104, 111103 (2014).

[6] A. Goban, C.-L. Hung, S. -P. Yu, J. D. Hood, J. A. Muniz, J. H. Lee, M. J. Martin, A. C. McClung, K. S. Choi, D. E.
Chang, O. Painter, and H. J. Kimble, Nature Communications 5, 3808 (2014).

[7 A. Goban, C.-L. Hung, J. D. Hood, S.-P. Yu, J. A. Muniz, O. Painter, and H. J. Kimble, available at
http://arxiv.org/abs/1503.04503.

[8] J. D. Thompson, T. G. Tiecke, N. P. de Leon, J. Feist, A. V. Akimov, M. Gullans, A. S. Zibrov, V. Vuletiic, and M. D.
Lukin, Science 340, 1202 (2013).

9] T. G. Tiecke, J. D. Thompson, N. P. de Leon, L. R. Liu, V. Vuleti¢, and M. D. Lukin, Nature 508, 241 (2014).

!Funding is provided by by the IQIM, an NSF Physics Frontier Center with support of the Moore Foundation, by the AFOSR
QuMPASS MURI, by the DoD NSSEFF program, and by NSF Grant PHY0652914.



