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Once upon a time the Maxwell equations ...
V-E = p
VxB-E = j.
V-B =0
VxE+B = 0
... derived phenomenologically and unified in 1861.
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1. Maxwell Action
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Variational Unification of Electric and Magnetic
Interactions is Achieved by Maxwell Action:

1
SMaxwell — _/‘d43j liFNVFW/ =+ AI/J@V]

Physical Photon: A, field

Equations of Motion: —— =0
a 5A,
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1. Maxwell Action

Variational Unification of Electric and Magnetic
Interactions is Achieved by Maxwell Action:
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Physical Photon: A, field

V-E = p,

EOM = 0, " =J! & ,
VxB-E = j

Regularity of Gauge Fields = Bianchi Identities
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Variational Unification of Electric and Magnetic
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1. Maxwell Action

Variational Unification of Electric and Magnetic
Interactions is Achieved by Maxwell Action:

1
4
SMaxwell — _/d L liF,uyF'w/ -+ ijev
Usual definitions: E* = F%* | B! = %eij’fpjk
V-E = pe

EOM = 0, " =J! & ,
VxB-E = j

V-B =0

Bl = e””p(?,,FAp:O & .
VxE+B = 0

|

P. Castelo Ferreira, Pseudo-Photon Holomorphic Quantization — p.3



1. Maxwell Action

-

#® Sucessfull in most fields of physics

o |

P. Castelo Ferreira, Pseudo-Photon Holomorphic Quantization — p.4



1. Maxwell Action

- N

#® Sucessfull in most fields of physics, both at classical and
guantum level

o |

P. Castelo Ferreira, Pseudo-Photon Holomorphic Quantization — p.4



1. Maxwell Action

- N

#® Sucessfull in most fields of physics, both at classical and
guantum level

#® However does not reproduce the Bianchi Identities which
are imposed externally

o |

P. Castelo Ferreira, Pseudo-Photon Holomorphic Quantization — p.4



1. Maxwell Action

- N

#® Sucessfull in most fields of physics, both at classical and
guantum level

#® However does not reproduce the Bianchi Identities which
are imposed externally

= Hence fails to describe the full Maxwell Equations

at variational level
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» presence of magnetic currents J#

V-B = p,

Bl = e""),F), = JI < ,
VxE+B = j)

— Not deduceable from from the Maxwell action

— Implies extended singularities
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1. Maxwell Action
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This Is a relevant issue In the particular cases:

» presence of magnetic currents J#

V-B = p,

Bl = e""),F), = JI < ,
VxE+B = j)

— Not deduceable from from the Maxwell action

— Implies extended singularities

either the Dirac string of Wu-Yang fiber-bundle
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1. Maxwell Action
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This Is a relevant issue In the particular cases:

# presence of magnetic currents J¥
#® non-regular external electromagnetic fields

— although magnetic monopoles are the only justification for
guantization of electric charge have so far not been detected

— however non-regular external electromagnetic fields are
common in many physical systems and there is plenty of
experimental evidence of violation of the Bianchi Identities
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A possible solution is to consider an extend gauge group

[ Photon : A,
Ucs(1l) x Uy(1) 1 <

| Pseudo — Photon : (),

1 1 v 1 v 1 v
S = Z /d4$ [_?FMVFM + ?G/M/GM + @61& )\pF/u/G)\,O]

Obeying Dirac’s Quantization Condition

eqg = 2w hn

o |

P. Castelo Ferreira, Pseudo-Photon Holomorphic Quantization — p.8



2. ExtendedU,(1) x U,(1) Electromagnetism — Monopoles

flnclusion of currents J/" and J¥ T

o |

P. Castelo Ferreira, Pseudo-Photon Holomorphic Quantization — p.9



2. ExtendedU,(1) x U,(1) Electromagnetism — Monopoles
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1 1 _
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The equations of motion are obtained as previously:

V-E+V -E = 0
VXB-—E+VxBt _E=t —

EOMa :
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Electromagnetic field definitions:
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1
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E7 = F
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The equations of motion are obtained as previously:
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V-B+V -B® = 0
EOM C : | , ,
\V><E+B+V><Ee’<t+BeXt = 0

Electromagnetic field definitions:

1
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Identification of boundaries: L(z- =0) ¢ %, & %,
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#® Classically no new results, at the level of the Maxwell
equations exactly the same results are obtained.
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#® Classically no new results, at the level of the Maxwell
equations exactly the same results are obtained.

This is due to the physical electromagnetic field
definitions.

#® However at variational level we have a new theory which
solves the inconsistency concerning the Bianchi
|dentities.

# In planar systems we will obtain new observable
consequences when considering Extended U, (1) x U,(1)
Electromagnetism.
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From an effective Landau-Ginzburgh theory: £ = L5+ L; ¢

Loc = —¢ {iao — eaAy — 9300} ¢
1 )
—%gb* {—iv — eaA — gﬁC} 2 O
+ud d — A9 p)” .
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3. Functional Quantization in Planar Systems

fMain motivation is application to the fractional Hall effect , in T
particular to obtain a microscopical description.

From an effective Landau-Ginzburgh theory: £ = L5+ L; ¢
Loo = —¢° {iao —eaAy — 9300} ¢
1 12
o {_@'V — eaA — gﬁC} ¢
2m
T d — N¢*9)? .

A

a. electric vortex density , (3. magnetic vortex density
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3. Functional Quantization in Planar Systems

fMain motivation is application to the fractional Hall effect , in T
particular to obtain a microscopical description.

From an effective Landau-Ginzburgh theory: £ = L5+ L; ¢

It is obtained a orthogonal electric field:

E=-2Lp
90
and the Hall conductance is:
. eqoy .. ..
jz _ AEOZjEj _ 6_H€023Ej
290
®, quantization due to Dirac’s condition :
(A8 € «

A

B T 26 %0 |
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Main novelties of the model:

3. Functional Quantization in Planar Systems

-

macroscopical P and 7" invariance in the planar system.

solves inconsistence in the vector/pseudo-vector nature
of the electromagnetic equations.

theoretical justification for the experimentally measured
fractional charge e* = 5— +1 for every filling fraction

v = 5= independently of p.

theoretical justification for the low energy contribution to
Laughlin’s wave function solutions due to the negative
energy contributions of pseudo-photon excitations (which
are ghost or phantoms). J
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3. Functional Quantization in Planar Systems
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Main novelties of the model:

® equivalence between Dirac’s guantization condition and
the experimentally verified quantization of magnetic flux
given directly in terms of the units charges e and g which
is fully justified in the context of U.(1) x U,(1)
electromagnetism.

# theoretical justification for the orthogonal electric potential
due to pseudo-photon electric vortexes which may justify
the experimental existence of BEC condensates in
bi-layer electron-electron Hall systems instead of its
existence in electron-hole Hall systems as originally

L expected. J
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f 01 01 k k T
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1 02 7 7 0z 7
7TA:—F —I—EGJCJ 7TC:—|-G —l-EGJAJ

Defining Hamiltonian as usual: Hc = +7400A; + m50,C; — L3
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ﬂ_z' :_FOi_I_ieijC. ﬂ_z' :_|_G01_|_i€ijA.
A 46J_ J C 46J_ J
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A 46J_ J C 46J_ J
Defining Hamiltonian as usual: Hc = +7400A; + m50,C; — L3

and considering functional Schrodinger representation:

T SN T - 0

we obtain 3 functional constraints:

. ) ko
QACP(O,O) [A, C] — [&J (Z - —630j>] (I)((),()) [A, C] =0

0A; 40,
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ﬂ_z' :_FOi_I_ieijC. ﬂ_z' :_|_G01_|_i€ijA.
A 46J_ J C 46J_ J
Defining Hamiltonian as usual: Hc = +7400A; + m50,C; — L3

and considering functional Schrodinger representation:

T SN T - 0

we obtain 3 functional constraints:

; PR k ]
Ga®o,0)[A,C] = |0; (ZéA 16, wC) C(,0)[A, C] =0

5 i ) k |
ch)(o,o) [Aa C] = |0 <150 16, YA, ) (I)(O,O) [A, C] =0
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3. Functional Quantization in Planar Systems

fwe obtain 3 functional constraints:

o
o

gAA(I)(O,O) [Aa C] —
gAC(I)(O,O) [Aa C] —

ﬂAC(I)(O,O) [Aa C]

-

0 k
0A; 45¢

0 k
oC; 40,

’L]A >_

Jr1 0 k
5A 40,

(I)((),()) [A, C] — O

(I)(0,0) [A, C] — O

) k
i
<) (5 + 15

Zka)

1 /.6  k 5k
_ , ’LJA zkA
( 0C; 46, ) ( 5C; 46, ’“)
+1F7"7F” - ZG”G”] P04, C]

E0.00P 0,04, C]
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fwe obtain 3 functional constraints:

gAA(I)(O,O) [Aa C] —

gAC(I)(O,O) [Aa C] —

o
o

0 k
0A; 40y
0 k
oC; 40,

ng >_

’LJA>_

(I)((),()) [A, C] — O

(I)(0,0) [A, C] — O

Wave functional solution for both Gauss’ laws Is:

PpnA, Cl=ce ~ig [ At A
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3. Functional Quantization in Planar Systems

fwe obtain 3 functional constraints:

gAA(I)(O,O) [Aa C] —

gAC(I)(O,O) [Aa O] —

o
o

0 k
0A; 40y
0 k
oC; 40,

ng >_

’LJA>_

@(070) [A, O] — O

(I)(0,0) [A, C] — O

Wave functional solution for both Gauss’ laws Is:

PpnA, Cl=ce ~ig [ At A

which corresponds to the topological ground-state

o
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Hamiltonian constraint reads:
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Hamiltonian constraint reads:
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4 262 262 e
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Hamiltonian constraint reads:
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Energy minimized by specific classical configurations:
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@(0,0) [A’ O] _ e_szdIQG A@CJ

Hamiltonian constraint reads:
1 / o ( Ly R i O@-O?) Bo0[A. C]
4 262 262 e
= &00 P04, C]

Energy minimized by specific classical configurations:

either the trivial solutions A = C =0 or

o |

P. Castelo Ferreira, Pseudo-Photon Holomorphic Quantization — p.21



3. Functional Quantization in Planar Systems

- N

_k i3 A
@(0,0) [A’ O] _ e_szdIQG A@CJ

Hamiltonian constraint reads:
1 / o ( Ly R i O@-O?) Bo0[A. C]
4 262 262 e
= &00 P04, C]

Energy minimized by specific classical configurations:

the solutions of the functional equations
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Hamiltonian constraint reads:
1 2 B nly k2 T A 19 (Y] kQ (Yl
= 5(0,0)<I>(o,0) A, C]

Energy minimized by specific classical configurations:

the solutions of the functional equations
k2 k2
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Hamiltonian constraint reads:

1 5 L % o L k2 o
- FIFiy — 2 AT AT — GIGY 4~ CICT ) @A
= 5(0,0)(1)(0,0) [A, O]

Energy minimized by specific classical configurations:

l.e. the vortex solutions
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Hamiltonian constraint reads:

1 5 L % o L k2 o
- FIFiy — 2 AT AT — GIGY 4~ CICT ) @A
= 5(0,0)(1)(0,0) [A, O]

Energy minimized by specific classical configurations:

i.e. the vortex solutions (holding & o) = 0)
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DA, Cl=e" iip [ et AC

Hamiltonian constraint reads:
1 2 B nly k2 T A 19 (Y] kQ (Yl
= 5(0,0)43(0,0) A, C]

Energy minimized by specific classical configurations:

i.e. the vortex solutions (holding & o) = 0)

1) ne. 5] _
€7 T T; Ci:ie T 7“]

A=+
k2 |r — 7 k2 |r — 7
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A= el i Tl i T T
I — 7| i — 7|

These solutions require a vortex radius of:

R = ’\/27T5J_

which physically relates the system thickness to the planar
magnetic length:
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By considering the lowering and raising operators:
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By considering the lowering and raising operators:
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By considering the lowering and raising operators:

~ 0 1k A o) 1k

2 TUSAL _C‘ B2 = 5A— Y Cs

. ) 1k A ) 1k
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By considering the lowering and raising operators:
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We can build the excited wave functionals:
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By considering the lowering and raising operators:

A 0 vk A ) 1k
Ez — 514 _CZ 9 Ei 514— — A Cz
. ) k A ) ik
Be=+i5e I

We can build the excited wave functionals:

(I)(n,m) — (EZ> (BZ) (I)(O,O) [A,C]
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By considering the lowering and raising operators:

~ ) 1k A ) 1k
2 TUSAL Tl B 5A— -7 ¢
. ) k A ) ik
B =ti5a - Be=ise A

We can build the excited wave functionals:

(I)(n,m) — (EZ> (BZ) (I)(O,O) [Aa C]

Seems consistent with Laughlin’s wave functions
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3. Functional Quantization in Planar Systems

o | _. N

By considering the lowering and raising operators:

A 0 vk A ) 1k
Ez — 514 _CZ 9 Ei 514— — A Cz
. ) k A ) ik
Be=+i5e I

We can build the excited wave functionals:

(I)(n,m) — (EZ> (BZ) (I)(O,O) [Aa C]

Seems consistent with Laughlin’s wave functions although it
IS still missing a direct proof (in progress).
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Considering external fields: A, = A5 +a,

Wave functional solution:

Ula, O] = o mim S deted (AP as ) O
Y

o |

P. Castelo Ferreira, Pseudo-Photon Holomorphic Quantization — p.24



3. Functional Quantization in Planar Systems

- N

Considering external fields: A, = A5 +a,

Wave functional solution is a correction to @ ¢):

sk 2 17 pext .
7,45Lfda:e AsXtC

Uala,Cl =e "D 0,0
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Considering external fields: A, = A5 +a,

Wave functional solution is a correction to @ ¢):

sk 2 17 pext .
7,45Lfda:e AsXtC

Uyla,Cl=e "D 0,0

These may be traced back to a sum over equivalent excited
wave functionals,
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Considering external fields: A, = A5 +a,

Wave functional solution is a correction to @ ¢):

sk 2 17 pext .
7,45Lfda:e AsXtC

Uyla,Cl=e "D 0,0

These may be traced back to a sum over equivalent excited
wave functionals, shown by considering a measure-shift in
the path integral « — a — A®*** and integrating the « field:
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Considering external fields: A, = A5 +a,

Wave functional solution is a correction to @ ¢):

sk 2 17 pext .
7,45Lfda:e AsXtC

Uyla,Cl=e "D 0,0

These may be traced back to a sum over equivalent excited
wave functionals, shown by considering a measure-shift in
the path integral « — a — A®*** and integrating the « field:

k..
\IJA[O] — (1 — Z.EGUAEBXJGO]' -+ .. ) (I)()[O]
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results in planar systems
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#® And that the vortex solutions are justified in a functional
framework

#® Still in progress a derivation of fractional statistics for
anions
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f ® \We have shown that Pseudo-Photon theories hold new T
results in planar systems

#® And that the vortex solutions are justified in a functional
framework

#® Still in progress a derivation of fractional statistics for
anions

Other relevant frameworks for Pseudo-Photon theories are
plasmas and radiative corrections in strong non-regular
electromagnetic fields.
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® \We have shown that Pseudo-Photon theories hold new T
results in planar systems

#® And that the vortex solutions are justified in a functional
framework

#® Still in progress a derivation of fractional statistics for
anions

Other relevant frameworks for Pseudo-Photon theories are
plasmas and radiative corrections in strong non-regular
electromagnetic fields.

LBut that is another story...
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