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L V F := - 1 4 µ,ν F µν F µν = - 1 2 µ<ν F µν F µν = + 1 2 j F 2 0j - 1 2 k<l F 2 kl = + 1 2 j ( Ȧj -∂ j U) 2 - 1 2 k<l (∂ k A j -∂ j A k ) 2 .
(1)

The four-component conjugate momentum of A ν is found to be:

Π µν = ∂L V F ∂∂ µ A ν = -F µν (2)
since L V F is the only term in Higgs' Lagrangian, L Higgs , that contains ∂ µ A ν . We will denote Π 0j = -F 0j = F 0j more simply by Π j .

3 Conjugate moment for the scalar fields

The only term in Higgs' Lagrangian that contains φi is:

- 1 2 (∇φ i ) 2 = - 1 2 µ ∇ µ φ i ∇ µ φ i = - 1 2 µ g µµ (∇ µ φ i ) 2 . (3)
Therefore, the four-component conjugate momentum of φ i is:

P µ i = ∂L Higgs ∂∂ µ φ i = -∇ µ φ i . (4) 
We will denote P 0 i = -∇ 0 φ i = ∇ 0 φ i more simply by P i .

The Legendre transformation gives the Hamiltonian corresponding to Higgs' Lagrangian (note that only covariant coordinates are used in particular Ȧj = ∂ 0 A j and φi = ∂ 0 φ i ):

H Higgs = j∈{x,y,z} Ȧj Π j + i∈{1,2} φi P i -L Higgs = j (Π j + ∂ j U)Π j + i (P i + (-1) īeU φ¯i)P i - 1 2 j Π 2 j + 1 2 k<l (∂ k A j -∂ j A k ) 2 - 1 2 i P 2 i - j (∂ j φ i + (-1) i eA j φī) 2 + V (φ 2 1 + φ 2 2 ) = 1 2 j Π 2 j + j Π j ∂ j U + 1 2 k<l (∂ k A j -∂ j A k ) 2 + 1 2 i,j (∂ j φ i + (-1) i eA j φī) 2 + 1 2 i P 2 i + (-1) īeU i P i φī + V (φ 2 1 + φ 2 2 ) . (5) 
5 Hamilton-Jacobi equations Not surprisingly, φi = ∂H Higgs ∂P i = P i + (-1) īeU φī and Ȧj =

∂H Higgs ∂Π j = Π j + ∂ j U. More interestingly, Ṗi = - ∂H Higgs ∂φ i = -e j (∂ j φī + (-1) īeA j φ i )(-1) īA j + (-1) īeU Pī -2φ i V ′ (φ 2 1 + φ 2 2 ) . (6) Πj = - ∂H Higgs ∂A j = -e i (∂ j φ i + (-1) i eA j φī)(-1) i φī . (7) 
The latter can be rewritten as:

Πj + e 2 (φ 2 1 + φ 2 2 )A j = -e(φ 1 ∂ j φ 2 -φ 2 ∂ j φ 1 ) , (8) 
where (φ 2 1 + φ 2 2 ) is the modulus square of the complex scalar field φ 1 + ıφ 2 , and the term on the right-hand-side has the form of a current. Setting φ 1 + ıφ 2 = φ 0 exp(ıθ), the boson vector

More generally, the Legendre transformation gives the (unsymmetrized) energy-momentum tensor corresponding to Higgs' Lagrangian, (note that the contravariant coordinates, ∂ ν A λ and ∂ ν φ i , are used hence the g µν factor in front of the Lagrangian ):

Because of the metric sign convention, we have T 00 Higgs = -H Higgs .