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What is it and why is it important

K v,
Les = 5" A, A, (1)
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@ Chern Simons arises in context of planar physics-a new type of gauge
theory.
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@ Deceptively trivial but novel features pop out when coupled to
dynamical matter field and Maxwell term.
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@ Chern Simons arises in context of planar physics-a new type of gauge
theory.

@ Deceptively trivial but novel features pop out when coupled to
dynamical matter field and Maxwell term.

o Self Duality

@ Important application in Quantum Hall effect.
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What is it and why is it important

K 14
Les = 5" A, A, (1)

Chern Simons arises in context of planar physics-a new type of gauge
theory.

Deceptively trivial but novel features pop out when coupled to
dynamical matter field and Maxwell term.

Self Duality

Important application in Quantum Hall effect.

Boundary Phenomenon in 341 Dimensions.
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Bouribry PlEieiEEn
Boundary Phenomenon

S— / d*xeB10, Asd. As 2)
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Bouribry PlEieiEEn
Boundary Phenomenon

S— / d*xeB10, Asd. As 2)

For a finite sample, we write
S= /d4XXbea5750aA587A5 (3)
S= /d4XXb3a (ea575A58,YA5) (4)
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Bouribry PlEieiEEn
Boundary Phenomenon Contd...

Now

Xb0a (GQBV‘SAﬁaWAé) — B4 (XbeaﬁwAﬁ&yA(;) = — (Daxb) (60‘575A587A5>
(5)
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Boundary Phenomenon Contd...

Now

Xb0a (GQBV‘SAﬁaWAé) — B4 (ngaﬁvéAﬁavA(;) = — (Daxb) (60575A587A5)
(5)

Lets assume the boundary is X-Y plane

OaXp = 5(2) (6)
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Boundary Phenomenon Contd...

Now

Xb0a (GQBV‘SAﬁaWAé) — B4 (ngaﬁvéAﬁavA(;) = — (Daxb) (60575A587A5)
(5)

Lets assume the boundary is X-Y plane

Oaxb = 0(2) (6)
So we have
afyd §
— (0axw) (77 A0, As) = 917 A0, A (7)
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SEB camatig €5 i
SSB generating CS term

In 241 D we have genralised definition of covariant derivative

Dy = (0 — 1eA, — 18€,,,A”) (8)
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SEIB camaing €S @i
SSB generating CS term

In 241 D we have genralised definition of covariant derivative
Dy = (0 — 1eA, — 18€,,,A”)
Consider the Abelian Higgs Model

1 1
L= —ZFuF" + 2 (D) (D"¢) - a (l¢f - 2)°
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SEIB camaing €S @i
SSB generating CS term

In 241 D we have genralised definition of covariant derivative
Dy = (0 — 1eA, — 18€,,,A”) (8)

Consider the Abelian Higgs Model

1
L= —3FuF" + 3 (D) (0"9) —a(6F -2

@ Non zero VEV of scalar field can generate CS term 2egv2e,,, ,A*0” AP.
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Chern-Simons Lagrangian

ECS = ge’“’pAM&,Ap (]_0)

@ It is possible to write down such lagrangian only in odd dimensions!
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@ It is possible to write down such lagrangian only in odd dimensions!

@ Lorentz invariant, Gauge Invariant, local, and topological.
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Chern-Simons Lagrangian

ECS = ge’“’pAM&,Ap (]_O)

@ It is possible to write down such lagrangian only in odd dimensions!
@ Lorentz invariant, Gauge Invariant, local, and topological.

@ Under gauge transformation it picks up a boundary term.

SLcs = gaﬂ (Ae"?0,A,) (11)
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Chern-Simons Lagrangian

ECS = ge’“’pAM&,Ap (]_O)

@ It is possible to write down such lagrangian only in odd dimensions!
@ Lorentz invariant, Gauge Invariant, local, and topological.

@ Under gauge transformation it picks up a boundary term.
Ses = 50, (A0,A,) (1)
Deceptively Trivial Equation Of Motion:

Fr =0 (12)
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Classical Euler Lagrange equation

SEPE = (13)
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Classical Euler Lagrange equation

SEPE = (13)
Note Bianchi identity goes as

P, FYP =0 (14)
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Classical Euler Lagrange equation

SEPE = (13)

Note Bianchi identity goes as
P, FYP =0 (14)
= 0,J' =0 (15)

@ Bianchi Identity is compatible with current conservation.
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Coupling to Matter field Anyonic Behaviour

Coupling to Matter Field

Euler Lagrange equation can be recast in the following form

p=kB (16)
J' = keVE; (17)
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Coupling to Matter Field

Euler Lagrange equation can be recast in the following form

p=kB (16)
J' = keVE; (17)

@ First one is Gauss law-a constraint enforced by the lagrange multiplier
Ao.
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Coupling to Matter Field

Euler Lagrange equation can be recast in the following form

p=kB (16)
J' = keVE; (17)

@ First one is Gauss law-a constraint enforced by the lagrange multiplier
Ao.

@ The second one says current is perpendicular to electric field.
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Coupling to Matter Field

Euler Lagrange equation can be recast in the following form

p=kB (16)
J' = keVE; (17)

@ First one is Gauss law-a constraint enforced by the lagrange multiplier
Ao.
@ The second one says current is perpendicular to electric field.

o It ties a magnetic flux to the charge.
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Coupling to Matter Field

Euler Lagrange equation can be recast in the following form

p=kB (16)
J' = keVE; (17)

@ First one is Gauss law-a constraint enforced by the lagrange multiplier
Ao.
@ The second one says current is perpendicular to electric field.

o It ties a magnetic flux to the charge.
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Coupling to Matter field Anyonic Behaviour

Anyons

For two particles, configuration space

(R? —{0,0})

R? x
L

(18)
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At Belipviour
Anyons

For two particles, configuration space

(R? —{0,0})

R? x
L

(18)

Zy

.m<(R2—{°"})):z
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Anyons

For two particles, configuration space

(R? —{0,0})

R? x
L

(18)

Zy

2_
o m <(R {0’0})> =7
@ Anyonic behaviour-Aharanov Bohm effect with phase.
exp (ze $c A. Js) = exp (%)
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Anyons

For two particles, configuration space

(R? —{0,0})
L

R? x

°7r1<(R2_Z{f’°}))=Z

@ Anyonic behaviour-Aharanov Bohm effect with phase.
exp (ze $c A. Js) = exp (%)

@ Anyonic exchange phase %
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At Belipviour
Solving the Constraint Equation

From kB = ﬁeﬁaiAj = p we get

where €70, G; = —§°(X)
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At Belipviour
Solving the Constraint Equation

From kB = meU(?;Aj = p we get

where €70, G; = —§°(X)
Now use )
060" — V2 (20)
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At Belipviour
Solving the Constraint Equation

From kB = meU(?;Aj = p we get

where €70, G; = —§°(X)

Now use )
a0 = V2 (20)
Hence 1
G = —geajaa/n(r) (21)
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Topological Mass

1
Lycs = *@FWFMV + gﬁpruauAp (22)
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Topological Mass

1
Lycs = *@FWFMV + gGWPAuauAp (22)

Corresponding EOM is
2
0o P + ”; PHF, =0 (23)

Define dual field F; = TeuwpFY?
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Topological Mass

1
Lycs = *@FWFMV + gGWPAuauAp (22)

Corresponding EOM is
2
0o P + ”; PHF, =0 (23)
Define dual field F* = e“l,pF”p

(€900 + ne?g™) Fy =0 (24)
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epslegtell Messive Tieay
Topological Mass

(eo‘ﬁ”@a + lie2g5”) Fy=0 (25)
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epslegtell Messive Tieay
Topological Mass

(eaﬁpﬁa + lie2g5”) Fy=0 (25)
Now use ezﬂeo‘ﬁpﬁaa"ﬁf = 010, F* to yield

(0"9), + (ke?)) F* =0 (26)

S TR (Y S A RIS N WAV ChernSimons-A New Self Dual Gauge Theory December 6, 2012 13 / 22



Topological Mass

(eaﬁpﬁa + lie2gﬁp) Fy=0 (25)
Now use e;ﬁeaﬁpaaaﬂF; = 010, F* to yield

(0"9), + (ke?)) F* =0 (26)

@ So mass of the excitation is ke2.Note the dimension in 2+1.

@ The theory remains gauge invariant.
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epslegtell Messive Tieay
Propagator

@ Take gauge fixing term —ﬁ (8,1A“)2
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epslegtell Messive Tieay
Propagator

@ Take gauge fixing term —ﬁ (8,1A“)2

 P?8ap — PaPp — 1h€%€qpypT | £Papy

Cor = p2 (p2 - (me2)2) p* (27)
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Propagator

@ Take gauge fixing term —ﬁ (8,1A“)2

 P?8ap — PaPp — 1h€%€qpypT | £Papy

Cor = p2 (p2 - (me2)2) p* (27)

@ The physical mass can be identified at nonzero poles at ke.

S TR (Y S A RIS N WAV ChernSimons-A New Self Dual GaugeTheory December 6, 2012 14 / 22



Propagator

@ Take gauge fixing term —ﬁ (8,1A“)2

c P?8ap — PaPp — 16€%€0p P | EPabp
ap = > +—3
p> (p2 — (ke?) ) P

@ The physical mass can be identified at nonzero poles at ke.

@ The unphysical massless mode decouples with proper gauge choice i.e
&—0.
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Coupling with proca

1 1 1
ETM = _ZFW/ (1% + EmzAMAM + EMEMVpAﬂaVAP (28)
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Coupling with proca

1 1 1
ETM = _ZFW/ (1% + EmzAMAM + EMEMVpAﬂaVAP (28)

1
OuF™ + m*A” + Euemﬁ Fos =0 (29)
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Coupling with proca

1 1 1
ETM = _ZFW/ (1% + EmzAMAM + EMEMVpAﬂaVAP (28)
uv 2 £V 1 VOCB
OuF + m*A” + S e Fop = 0 (29)
(00" + m?) A” 4 uF* = 0 (30)
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Coupling with proca

1 1 1
ETM = _ZFW/ (1% + EmzAMAM + EMEMVpAﬂaVAP (28)
uv 2 AV 1 VOCB
OuF + m*A” + S e Fop = 0 (29)
(00" + m?) A” 4 pF™ = 0 (30)
(eaﬁﬂaa + ugﬁp) F** + m?A% =0 (31)
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Coupling with proca

1 1 1
ETM = _ZFW/ (1% + EmzAMAH + EMEMVpAﬂaVAP (28)

1
OuFM + m?A” + 5#6"“5 F.s =0 29
30
31

32

(8,0" + m?) A + uF* =0
(eaﬁﬂaa + ugﬁp) F** + m?AP =0

(
(
(
(00" + m® + p2) F* + pm*A” = 0 (

)
)
)
)
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Proca contd..

(0,0" + m*) AV + uF* =0 (33)
(00" + m* + %) (0,0" + m?) + p (0,0 + m* + p®) F* =0 (34)
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Proca contd..

(0,0" + m*) AV + uF* =0 (33)
(00" + m* + %) (0,0" + m?) + p (0,0 + m* + p®) F* =0 (34)
(0,0 + m* + 1i®) F* + um?A” =0 (35)
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Proca contd..

(0,0" + m*) AV + uF* =0 (33)
(00" + m* + %) (0,0" + m?) + p (0,0 + m* + p®) F* =0 (34)
(0,0 + m* + 1i®) F* + um?A” =0 (35)

(0,0 + m3) (00" + m2) A =0 (36)

where
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Proca contd..

(0,0" + m*) AV + uF* =0 (33)
(00" + m* + %) (0,0" + m?) + p (0,0 + m* + p®) F* =0 (34)
(0,0 + m* + 1i®) F* + um?A” =0 (35)

(0,0 + m3) (00" + m2) A =0 (36)

where
2

@ The gauge field A, has got two distinct masses m...
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Coupling with Proca Equation Polarisation

Polarisation-Degree of Freedom

OuFH + mPAY + ue"*P9,Ag = 0
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9,AY =0
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Coupling with Proca Equation Polarisation

Polarisation-Degree of Freedom
OuFH + mPAY + ue"*P9,Ag = 0

9,AY =0
k,e” =0

(0,0" + m?) A + uF™ =0
me”aﬁkaegi

[
o)
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Coupling with Proca Equation Polarisation

Polarisation-Degree of Freedom
OuFH + mPAY + ue"*P9,Ag = 0

9,AY =0
k,e” =0

(0,0" + m?) A + uF™ =0
me”aﬁkaegi

[
o)

o Gauge field A, has one independent polarization each on k? =m
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Propagator

G — iguu (P2 B m2) + Neuuaka
Y (P emd) (PP - m2)
Puv [//'2 — (f — 1) (P2 - m2)]
(p? = &m?) (p? — m3) (p? — m2)

(43)

@ The physical poles at m4 are identified with two physical massive
mode of excitation.
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Propagator

G — iguu (P2 B m2) + Neuuaka
Y (P emd) (PP - m2)

Zpul/ [//'2 - (f - 1) (P2 - m2)]
(7 ) (o7~ m2) (7 ) )

@ The physical poles at m4 are identified with two physical massive
mode of excitation.

@ The unphysical pole at £ém is gauge dependent and can be made zero
with £ — 0.
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Self Duality of Proca

(90" + m?) Ay = 0 (44)
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Self Duality of Proca

(90" + m?) Ay = 0 (44)

The self dual factorisation would be

1 1
(55 T meﬁ”&) <5;; + me;ﬂay) A, =0 (45)
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Self Duality of Proca

(90" + m?) Ay = 0 (44)

The self dual factorisation would be
oo Lewa, ) (60 + Leva, ) A, =0 45
aqzaea A m EEH v P — ( )
Clearly the equation is satisfied by

1
A= £ 0 A (46)
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Self Duality of Proca

(90" + m?) Ay = 0 (44)

The self dual factorisation would be
oo Lewa, ) (60 + Leva, ) A, =0 45
aqzaea A m EEM v P — ( )
Clearly the equation is satisfied by

1
A= £ 0 A (46)

@ Lorentz condition is automatically satisfied.
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Self Duality of Proca

(90" + m?) Ay = 0 (44)

The self dual factorisation would be
oo Lewa, ) (60 + Leva, ) A, =0 45
aqzaea A m EEM v P — ( )
Clearly the equation is satisfied by

1
A= £ 0 A (46)

@ Lorentz condition is automatically satisfied.

@ Propagates one mode only.
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Self Duality of Proca coupled with CS

@ Corresponding to each mass there is a self dual field.
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Self Duality of Proca coupled with CS

@ Corresponding to each mass there is a self dual field.

1
Ay =Et—eu,,0"A° (47)
my
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Self Duality of Proca coupled with CS

@ Corresponding to each mass there is a self dual field.

1
Ay =Et—eu,,0"A° (47)
m

Now 1

OuFH™ + m*A” + Euemﬁ Fop =0 (48)
can be factored into
H L At p L vp

60 F mi:tEO. au 5“ + EEH‘ 8,, Ap =0 (49)
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Self Duality

Thank You
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