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Tensor Network states
Hilbert space

Refinement parameter

No for gapped systems
1D

H. Ueda et. al
Phys. Rev. B 89, 075116 (2014)

Yes  for gapless systems

HOTRG

LT et al.
Phys. Rev. B 78, 024410 (2008)
Phys. Rev. B 86, 075117 (2012)
ArXiv:1401.7654
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Quantum simulators

Full quantum computers are not there

Dedicated experiments to simulate relevant
physical systems

-proof of principle
-scalability
-decoherence
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Optical lattices: strong correlations
Bose Hubbard

Mott Insulator
Super Fluid

I. Bloch et al. Nat. Phys. Insigth 2012
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Quantum simulations with ions

RF traps

Wikipedia

Penning
traps

Blatt, Ross Nat. Phys. Insigth 2012
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Kogut Susskind Z2 Lattice Gauge Theory

GAUSS LAW

2D spin system with four body interactions

Gauge invariance and Hamiltonian 
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Wiese arXiv:1305.1602
D. Banerjee et al. arXiv:1303.6858 

Dynamics
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U(1)-SU(2) Gauge magnets/ Links model 

Exact projection on the gauge invariant Hilbert space
 as a Tensor Network

LT et. al in prep.
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Quantum Simulations of LGT

LT  et al. Nat. Comm. 4, 2615 (2013)  
LT  et al. Ann. Phys.  (2013),  
E. Zohar et al. PRL 109 (2012)
E. Zohar et al. PRL  110 (2013)
D. Banerjee et al. PRL 109 (2012)
D. Banerjee et al. PRL. 110 (2013)
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Natural interactions 

Difficult to engineer interactions different from

How do we get four body interactions for LGT ?

in ultra-cold gases
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Rydberg atoms

typically n~50 

P. Schauß et al. Nature 491, 87 (2012)

�
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For technical details please see 
LT et al.  arXiv:1211.2704

 arXiv:1205.0496

Four Body  interaction with Rydberg

Construct a basis of operators 
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Schematic of the experiment

mott insulating strong correlationADIABATIC
Sequence of

lattice pulses  

LT  et al. Nat. Comm. 4, 2615 (2013)  
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lattice gauge theories are specific 
MANY BODY STRONGLY CORRELATED SYSTEMS

SYMMETRY GROUP

PROPOSAL for A FULLY SYMMETRIC VARIATIONAL ANSATZ 
FOR LGT with both DISCRETE and CONTINOUS GROUPS

NUMERICAL WORK IN PROGRESS

PROPOSAL for QUANTUM SIMULATIONS WITH COLD RYDBERG ATOMS 
FOR LGT with CONTINOUS GROUPS

Proof of principle passed, all the hard work still in progress

Thank you for the attention 


