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Abstract: Traditional condensed matter physics is based on two theories: symmetry breaking theory for phases and phase transitions, and Fermi
liquid theory for metals. Mean-field theory is a powerful method to describe symmetry breaking phases and phase transitions by assuming the
ground state wavefunctions for many-body systems can be approximately described by direct product states. The Fermi liquid theory is another
powerful method to study electron systems by assuming that the ground state wavefunctions for the electrons can be approximately described by
Slater determinants. From the encoding point of view, both methods only use a polynomial amount of information to approximately encode
many-body ground state wavefunctions which contain an exponentially large amount of information. Moreover, another nice property of both
approaches is that all the physical quantities (energy, correlation functions, etc.) can be efficiently calculated (polynomially hard). In this talk, I'll
introduce a new class of states: (Grassmann-number) tensor-net states. These states only need polynomial amount of information to approximately
encode many-body ground states. Many classes of states, such as Slater determinant states, projective states, string-net states and their
generalizations, etc., are subclasses of (Grassmann-number) tensor-net states. However, calculating the physical quantities for these state can be
exponentially hard in general. To solve this difficulty, we develop the Tensor-Entanglement Renormalization Group (TERG) method to efficiently
calculate the physical quantities. We demonstrate our algorithm by studying several interesting boson/fermion models, including t-J model on a
honeycomb lattice. 

Pirsa: 11020083 Page 1/118



Pirsa: 11020083 Page 2/118



Pirsa: 11020083 Page 3/118



Pirsa: 11020083 Page 4/118



Pirsa: 11020083 Page 5/118



Pirsa: 11020083 Page 6/118



Pirsa: 11020083 Page 7/118



Pirsa: 11020083 Page 8/118



Pirsa: 11020083 Page 9/118



Pirsa: 11020083 Page 10/118



Pirsa: 11020083 Page 11/118



Pirsa: 11020083 Page 12/118



Pirsa: 11020083 Page 13/118



Pirsa: 11020083 Page 14/118



Pirsa: 11020083 Page 15/118



Pirsa: 11020083 Page 16/118



Pirsa: 11020083 Page 17/118



Pirsa: 11020083 Page 18/118



Pirsa: 11020083 Page 19/118



Pirsa: 11020083 Page 20/118



Pirsa: 11020083 Page 21/118



Pirsa: 11020083 Page 22/118



Pirsa: 11020083 Page 23/118



Pirsa: 11020083 Page 24/118



Pirsa: 11020083 Page 25/118



Pirsa: 11020083 Page 26/118



Pirsa: 11020083 Page 27/118



Pirsa: 11020083 Page 28/118



Pirsa: 11020083 Page 29/118



Pirsa: 11020083 Page 30/118



Pirsa: 11020083 Page 31/118



Pirsa: 11020083 Page 32/118



Pirsa: 11020083 Page 33/118



Pirsa: 11020083 Page 34/118



Pirsa: 11020083 Page 35/118



Pirsa: 11020083 Page 36/118



Pirsa: 11020083 Page 37/118



Pirsa: 11020083 Page 38/118



Pirsa: 11020083 Page 39/118



Pirsa: 11020083 Page 40/118



Pirsa: 11020083 Page 41/118



Pirsa: 11020083 Page 42/118



Pirsa: 11020083 Page 43/118



Pirsa: 11020083 Page 44/118



Pirsa: 11020083 Page 45/118



Pirsa: 11020083 Page 46/118



Pirsa: 11020083 Page 47/118



Pirsa: 11020083 Page 48/118



Pirsa: 11020083 Page 49/118



Pirsa: 11020083 Page 50/118



Pirsa: 11020083 Page 51/118



Pirsa: 11020083 Page 52/118



Pirsa: 11020083 Page 53/118



Pirsa: 11020083 Page 54/118



Pirsa: 11020083 Page 55/118



Pirsa: 11020083 Page 56/118



Pirsa: 11020083 Page 57/118



Pirsa: 11020083 Page 58/118



Pirsa: 11020083 Page 59/118



Pirsa: 11020083 Page 60/118



Pirsa: 11020083 Page 61/118



Pirsa: 11020083 Page 62/118



Pirsa: 11020083 Page 63/118



Pirsa: 11020083 Page 64/118



Pirsa: 11020083 Page 65/118



Pirsa: 11020083 Page 66/118



Pirsa: 11020083 Page 67/118



Pirsa: 11020083 Page 68/118



Pirsa: 11020083 Page 69/118



Pirsa: 11020083 Page 70/118



Pirsa: 11020083 Page 71/118



Pirsa: 11020083 Page 72/118



Pirsa: 11020083 Page 73/118



Pirsa: 11020083 Page 74/118



Pirsa: 11020083 Page 75/118



Pirsa: 11020083 Page 76/118



Pirsa: 11020083 Page 77/118



Pirsa: 11020083 Page 78/118



Pirsa: 11020083 Page 79/118



Pirsa: 11020083 Page 80/118



Pirsa: 11020083 Page 81/118



Pirsa: 11020083 Page 82/118



Pirsa: 11020083 Page 83/118



Pirsa: 11020083 Page 84/118



Pirsa: 11020083 Page 85/118



Pirsa: 11020083 Page 86/118



Pirsa: 11020083 Page 87/118



Pirsa: 11020083 Page 88/118



Pirsa: 11020083 Page 89/118



Pirsa: 11020083 Page 90/118



Pirsa: 11020083 Page 91/118



Pirsa: 11020083 Page 92/118



Pirsa: 11020083 Page 93/118



Pirsa: 11020083 Page 94/118



Pirsa: 11020083 Page 95/118



Pirsa: 11020083 Page 96/118



Pirsa: 11020083 Page 97/118



Pirsa: 11020083 Page 98/118



Pirsa: 11020083 Page 99/118



Pirsa: 11020083 Page 100/118



Pirsa: 11020083 Page 101/118



Pirsa: 11020083 Page 102/118



Pirsa: 11020083 Page 103/118



Pirsa: 11020083 Page 104/118



Pirsa: 11020083 Page 105/118



Pirsa: 11020083 Page 106/118



Pirsa: 11020083 Page 107/118



Pirsa: 11020083 Page 108/118



Pirsa: 11020083 Page 109/118



Pirsa: 11020083 Page 110/118



Pirsa: 11020083 Page 111/118



Pirsa: 11020083 Page 112/118



Pirsa: 11020083 Page 113/118



Pirsa: 11020083 Page 114/118



Pirsa: 11020083 Page 115/118



Pirsa: 11020083 Page 116/118



Pirsa: 11020083 Page 117/118



Pirsa: 11020083 Page 118/118


