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The effective gauge invariance Lagrangian density which describe
the Proca field is defined by:

1

L=

1 1. 17
FWE,, + §M2 [AM + eaue} : (1)

where F,, = 0,A, — 0, A,. The Lagrangian above is invariant by
the following transformations,

Ay (z) = Ay (2)+0,A (x) , 0(x) = 0(x)—eA(x), (2)
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From (1) it is easy to write the first-order Lagrangian by
introducing the momentum 7# and py with respect to the fields
A, and 0, respectively,

oL oL M2
b= 2 — pKt = A_+ 78,0 .
T T 9(044,) PP 90,0) T e [ }
(3)
from where, the starting Lagrangian density is written in first order
as follow:
LO) = 770, A + 704 Ag + ppds0 — HO (4)
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where the zero iterated symplectic potential has the following form:

1 1
HO = 57‘('771'7 + 7 0_AL + 10, AL + ZFabFab —eAipy

—%MQ (Aa + ia(,e) (Aa + iaw) . (5)

The initial set of symplectic variables is given by the set
§](€0) =(A_,A,, 0,7, 7% py, A+). We have from (4) the canonical

momenta,
EY = 7, KD =7 K =p (6)
© _ 0) _ 0) _ ©) _
KY =0 KJ=0 KP=0 K, =0

German Enrique Ramos Zambrano - Eduardo Rojas B. M. Pimentel

COMHEP-2021



The zero iterated symplectic two-form matrix is defined by,

KO (y) oKV (x)

M(O) X = — . 7
YT 0 v
with the components
0O 0 0 -1 O 0 0
000 0 —6 0 0
0O 0 0 O 0O -1 0
MO xy)=[1 00 0 0o 0 0|fx-y).

046 0 0 0 0 0
0 0 1 O 0 0 0
0O 0 0 O 0 0 0

(8)
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The symplectic matrix is singular and it has a zero mode
'@ x)=(0 000 00 v(x)), (9)

where v (x) is an arbitrary function. From this nontrivial
zero-mode, we have the following constraint,

0 _ 300 (x 0 3,.27(0)
of — [ <>5§A+(X)/dw v)

_ - / d*vo (x) [ 927 (@) + 07 () + epy ()] (10)
= 0.

The constraint is evaluated form (10) to be,

QO = 975 (2) + 951 () + epg (x) = 0. (11)
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The constraint (11) is introduced in the Lagrangian density, thus,
the first iterated Lagrangian density is written as,

£ = T 0y A+ 104 Ay + pe040 + QgO)B - HW (12)

where the first iterated symplectic potential is
HD = H(O()O) = 17'&'_7'1'_ + lFabFab (13)
Qi’=0 2 4
1 1 1
——M? (Aa + aa0> (Aa + 8a9> :
2 e e

We enlarged the space defined by 5,(:) =(A_,A,, 0,7, 7% py, B).
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The first iterated symplectic matrix is written as,

000 -1 0 0 0
000 0 =6 0 0
000 0 0 -1 0

MO xy)y=]1 00 0 0 0 - |[Fx-y)
06 0 0 0 0 -d
001 0 0 0 e
00 0 -8 & —e O

(14)

The modified symplectic matrix is again singular. The new
constraint is identically zero.
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In order to obtain a regular symplectic matrix a gauge fixing term
must be added. We choose the null-plane gauge © = A_ (z) = 0.
We obtain the second iterative Lagrangian, i.e.:

LO =170, A + 790, Ag + pe0r 0+ Q3 + 0 — 1P (15)
where

7‘[(2) - H(l) = 17‘('77'('7 + 1ITCLl,fTa(,

oWe=0 2 4

Ly (Aa + 1aa0> (Aa + 1aa9> . (16)
2 e e

German Enrique Ramos Zambrano - Eduardo Rojas B. M. Pimentel

COMHEP-2021



The new set of symplectic variable is:
51(3) =(A_, A, 0,7, 7% pg, 5,m) and from (15) we determine the
second-iterated symplectic two-form matrix,

KR (y) 0K (%)
6P x) 6P (y)

Since this matrix is not singular, we finally have the inverse matrix
after a laborious calculation. From this relations and

[0, ()} = MG xy] . (9)

M) (x,y) (17)
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we immediately identify the generalized brackets as follow:

{A@) 7 ()} = 228 (x—y),
{A@).7 )}
{0@. 7w} = S8 x-y),
{0@).p0 ()}

German Enrique Ramos Zambrano - Eduardo Rojas B. M. Pimentel

COMHEP-2021



B The results give us the Dirac brackets of the theory.

B The structure of these constraints is very simple.

B The potential symplectic obtained at the final stage of
iterations is exactly the Hamiltonian.
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