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‣ original theory has a global symmetry

—> classically conserved charge 

‣ original coupling     is finite (or large)
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o

Fourier transform



• Generically consider partition function or thermal sum at 

• Insert delta function constraint to fix the charge

Fixed charged theories

T =
1

�

Z(�) = Tr e��Ĥ
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• Vacuum state

‣ constructed as su(1,1) coherent state

‣ classical charge conservation

‣ condensate of     (symmetry breaking!)  
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• Formally,        is not constant 

‣ generalised Goldstone’s theorem is needed to prove existence 

 of massless mode [Nicolis,Piazza’12]

h�i
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RQ0(�) [v, ⇢0] := ⇢0 h�̇i + VQ0(�) [v, h�̇i] = ⇢2
0

2v2 +

m2

2 v2 + �
2N v2N

centrifugal potential

Orestis Loukas (ITP, AEC) LCPT Engelberg, 12/09/2016 9 / 24



Summary

vacuum            +   Goldstone   +        - suppressed corrections|Q0i Q0

υ

V

!

"#$(!)

'( theory
at fixed charge

)		unconstrained

controlled by 	+ > 0
controlled
by  ./ ≫1

|2/⟩

Large-charge vacuum: Semi-classical treatment

At � ! 1 classical mechanics dominate

I VEVs behave like their classical counterparts

isotropic oscillator in 2D VEVs of O(2) at fixed Q0

radius x2
+ y2 v = hri

polar angle tan

�1 y
x h�i

angular momentum xpy � ypx charge density ⇢0 =

Q0

V = v2 h�̇i

I Jacobian J = v

I effective potential VQ0(�) [v, h�̇i] := � 1
�V logZQ0 [v, h�̇i]

implies the classical Routhian

RQ0(�) [v, ⇢0] := ⇢0 h�̇i + VQ0(�) [v, h�̇i] = ⇢2
0

2v2 +

m2

2 v2 + �
2N v2N

centrifugal potential

Orestis Loukas (ITP, AEC) LCPT Engelberg, 12/09/2016 9 / 24

!k =

r
N � 1

N + 1
|k|



Summary

vacuum            +   Goldstone   +        - suppressed corrections|Q0i Q0

1
d
p
V

⌧ ⇤ ⌧ Q0
d
p
V

υ

V

!

"#$(!)

'( theory
at fixed charge

)		unconstrained

controlled by 	+ > 0
controlled
by  ./ ≫1

|2/⟩

Large-charge vacuum: Semi-classical treatment

At � ! 1 classical mechanics dominate

I VEVs behave like their classical counterparts

isotropic oscillator in 2D VEVs of O(2) at fixed Q0

radius x2
+ y2 v = hri

polar angle tan

�1 y
x h�i

angular momentum xpy � ypx charge density ⇢0 =

Q0

V = v2 h�̇i

I Jacobian J = v

I effective potential VQ0(�) [v, h�̇i] := � 1
�V logZQ0 [v, h�̇i]

implies the classical Routhian

RQ0(�) [v, ⇢0] := ⇢0 h�̇i + VQ0(�) [v, h�̇i] = ⇢2
0

2v2 +

m2

2 v2 + �
2N v2N

centrifugal potential

Orestis Loukas (ITP, AEC) LCPT Engelberg, 12/09/2016 9 / 24

!k =

r
N � 1

N + 1
|k|



Outlook

•  QM proof of the semi-classical treatment [work in progress] 

‣  canonical and path-integral quantization agree



Outlook

•  QM proof of the semi-classical treatment [work in progress] 

‣  canonical and path-integral quantization agree

•  Investigate broader class of models  

‣  under which conditions LCPT can be applied 
  —> derive restrictions - conditions 

‣  e.g. non-Abelian           [work in progress]O(2n)



Outlook

•  QM proof of the semi-classical treatment [work in progress] 

‣  canonical and path-integral quantization agree

•  Investigate broader class of models  

‣  under which conditions LCPT can be applied 
  —> derive restrictions - conditions 

‣  e.g. non-Abelian           [work in progress]

•  LCPT for fermions  

‣  fermions do not fundamentally condensate 

‣  composite particle (?)

O(2n)
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