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Motivation: parametrized
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. , , . TZ.0 future timelike
DiffH(M) := {Z : M — M diff. / 7 tX (1)) spacelike }



Our model
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Parametrized EM Field Action

Spn : U(M) — R

Seuld) = [ (@A) (,d4)
dx, (d4) =0
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Parametrized EM Field Action

Spu V(M) — R SE 1 QM) x Difft (M) — R
Sould] = /N [(dA)A(*gdA) SE A, Z] = / (dA)A (4, dA)

1 M
dx, (d4) =0 d x5+, (dA) =0
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Parametrized EM Field Action

Spn : U(M) — R Sty t QY (M) x DiffH (M) — R
SeulA] = /M(dA)A(*gdA) SE A, Z] = /A ](dA)/\(*Z*gdA)
d *!I (dA) - O d *Z*_«] (dA) - 0

Properties

@ If (A, Z7) is a solution, thensois (Y*A,ZoY).
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Parametrized EM Field Action

Spn : U(M) — R Sty t QY (M) x DiffH (M) — R
SeulA] = /M(dA)A(*gdA) SE A, Z] = /A ](dA)/\(*Z*gdA)
d *!I (dA) - O d *Z*_«] (dA) - 0

Properties

@ If (A, Z7) is a solution, thensois (Y*A,ZoY).
@ SP [V*A,ZoY] = ST [A, Z]

EM[ EM
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Hamiltonian Framework
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Hamiltonian Framework

EM

st = / (dA) A (x4+,dA)
M
M= xT
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Hamiltonian Framework

f— A * A
Sy = | @A AGdA) sy gr _ [t [ omething),
M=%xI o
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Hamiltonian Framework

.
SP = /A J(dA) A Gz A) 311 sP = / dt / (something),
MY xI roJe

v

@ Lagrangian LY :DcTQ — R

EM
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Hamiltonian Framework

.
SP = /A J(dA) A Gz A) 311 sP = / dt / (something),
MY xI roJe
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o Fiber derivative FLT D c TQ — T*Q
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Hamiltonian Framework

.
SP = /A J(dA) A Gz A) 311 sP = / dt / (something),
MY xI roJe

v

@ Lagrangian LY :Dc TQ — R
o Fiber derivative FLY D c TQ — T*Q
@ Hamiltonian H” : FLY (D) — R

EM
EM EM
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Hamiltonian Framework

P _
Sin / (dA) A (xz+,dA) Shrly SP /dt/(something)t
M= x]T >

v

@ Lagrangian LY :Dc TQ — R
o Fiber derivative FLT D c TQ — T*Q

EM

@ Hamiltonian H#Z : FLY (D) — R

.

Important things to retain

e L© homogeneous of degree 1, hence H. == 0.
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Hamiltonian Framework

b
Spy = /M(dA) A (xgz,dA) Shrly SgM = /dt/ (something),
M= x] e

v

@ Lagrangian LY :Dc TQ — R
o Fiber derivative FLT D c TQ — T*Q
@ Hamiltonian H” : FLY (D) — R

EM
EM EM
o

Important things to retain

e LY homogeneous of degree 1, hence HY, = 0.

EM EM

@ In fact, this is true for any parametrized theory.
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The geometric arena
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Configuration space

Q' (M) x Diff! (M)
P T xI 5T (ExI)

Z:YxI—-YxI

(Xx1,9)
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Configuration space

Q' (M) x Diff! (M)

@ ExIsT(Exy (@WESR

Z: Y xI—=YxI XY —=Xx1

(Xx1,9)
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Configuration space

Q' (M) x Diff! (M)

) . . (g )e: X —R

¢V EXxT T (X x1I) .S — TS

Z Y xI—XxI X X=X xI
(Ex1Ig)
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Configuration space

Q' (M) x Diff! (M)

P T xI 5T (ExI)
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Configuration space

Q' (M) x Diff!(M)

P T xI 5T (ExI)

Z:YxI—-YxI
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Configuration space

Quy = C°(2) x Q(2) x Emb_, (=, M)

sp

TQuy = TC®() x TQY(Z) x TEmb_ (X, M)

sp

(Xx1,9)

—

(277)(; = Xt*g)
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Configuration space

Quy = C°(2) x Q(2) x Emb_, (=, M)

sp

TQuy = TC®(E) x TQ (X)) x TEmb_ (X, M)

sp

(Xx1,9)

—

(277)(; = Xt*g)
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Configuration space

Quy = C°(2) x Q(2) x Emb_, (=, M)

sp

TQuy = TC®(E) x TQ (X)) x TEmb_ (X, M)

sp
I
C®(2)xC>= ()

(Xx1,9)

—

(277)(; = Xt*g)
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Configuration space

Quy = C°(2) x Q(2) x Emb_, (=, M)

sp

TQuy =TC®(E) x TQYHT) x TEmb,_, (X, M)

sp
I
C=(2)xC™ ()

(Xx1,9)

—

(277)(; = Xt*g)
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Configuration space

Quy = C°(2) x Q(2) x Emb_, (=, M)

sp

TQuy =TC®(E) x TQYHT) x TEmb,_, (X, M)

sp
2l Al
C®(D)xC=(T) QNZ)xQL(D)

(Xx1,9)
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Configuration space

Quy = C°(2) x Q(2) x Emb_, (=, M)

sp

TQpry = TC®(X) x TQ(Z) x TEmb_ (X, M)

2l 2l
C®(D)xC=(T) QLZ)xQL(D)

(Xx1,9)

—

(277)(; = Xt*g)
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TEmb(X, M)

T™
V \L
Xe—Fix M

Vi € T, Emb(X, M) i)

X, =V,

0

S - i

z

X1/

AL
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Back to the Hamiltonian
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Hamiltonian vector field

Symplectic form

(PLE,(D),5°2) <5 (T*Qurr, 2)
If Z € X(FLY (D ))thenZ:(qL,q,X,pZ Z, % Z,)

EM q)’
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Hamiltonian vector field

Symplectic form

(PLE,(D),5°2) <5 (T*Qurr, 2)
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1,50 =dH =0
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Hamiltonian vector field

Symplectic form

(PLE,(D),5°2) <5 (T*Qurr, 2)
If Z € X(FLY (D ))thenZ:(qL,q,X,pZ Z, % Z,)

EM Gl Y

1,50 =dH =0

® (Z)a=Ly10a+ Do g1 —d(qLZi‘)

v x .
a __ a 1 ba
® 7= Lgp* +VxVs (ZX (dg) )
o Z-(Vip?) =0 o ZI arbitrary

a1

(2., - Loga. +@VZE) V' =0
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Hamiltonian vector field

Symplectic form

(PLE,(D),5°2) <5 (T*Qurr, 2)
If Z € X(FLY (D ))thenZ:(qL,q,X,pZ Z, % Z,)

EM Gl Y

1,50 =dH =0

* (Zg)a= L7700+ Lo Zi— —d (C.ZJ_Z)%)

vV x
Za = F a \V/ ZJ_ d ba
o 7} =L,p" +7x Ve (Z; (dg)
o Z- (Vi) =0 o ZI arbitrary

a1

(2., - Loy, +@VZE) Vi =0
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Hamiltonian vector field

Symplectic form

(PLE,(D),5°2) <5 (T*Qurr, 2)
If Z € X(FLY (D ))thenZ:(qL,q,X,pZ Z, % Z,)

EM q)’

1,50 = dH = 0
° (Zq)a = EZQQa

[ ] Z;L = EZ%*pa
°« Zr =0 o Z! arbitrary

(] qu = ﬁZ}(“qL
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