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Quantum Rotor Models

Quantum Critical Point

HR = �
X

ij

Jij
2
n̂i · n̂j +

�

2

X

i

L2
i with n̂2

i = 1

n̂ ⌘ (n̂1, · · · , n̂N ) [n̂↵, p̂� ] = i�↵� L2 =
1

2

X

↵�

L̂2
↵�

�c

� < �c ) lim
|i�j|!1

hn̂i · n̂ji / N2
0

� > �c ) lim
|i�j|!1

hn̂i · n̂ji / e�
|i�j|

⇠

even for Jij =
J

|i� j|d+�

L̂↵� = n̂↵p̂� � n̂� p̂↵



Motivations
• Recent interest in the critical behavior of classical long range  

spin systems  

• Recent realization of quantum long range systems in AMO 
devices 

• Mapping to Heisenberg antiferromagnets for N=3 
• TlCuCl3 Insulator. 
• Spin ladder compounds in d=1. 
• High temperature superconductors. 

• Mapping to lattice boson models for N=2 

• Quantum critical point of the Bose-Hubbard model 

• Investigate effective dimension approach 



Field Theoretical Formalism
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Functional RG
Exact flow equation for the effective action
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Momentum shells
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Local Potential Approximation
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Flow Equations
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Effective dimensions
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Phase Diagram
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Dynamical Critical Exponent
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Investigate BKT behavior
N=2 quantum  

rotor model d=1

Classical O(2)  
model in d=2

Sine-Gordon  
Model



Sine-Gordon Model
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Phase Diagram
Effective Action Ansatz
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C-function
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Future Perspective

• Clarify boundary behavior for N=2. 

• Study out of equilibrium dynamics.  

• Compute non universal quantities. 

• Investigate Strong LR region � < 0
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