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Plan of Talk

• Introduction to Chern-Simons Theory

• Introduction to Composite Fermion Theory in 
Fractional Quantum Hall Effect

• Role of CS Theory to Describe Composite 
Fermions

• Fractional Quantum Hall Effect in Graphene
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A collection of N point particles moving nonrelativistically on a 
plane and interacting each other through the mediation of U(1) 

gauge field, with Chern-Simons kinetic action.  

Introduction to nonrelativistic Chern-Simons Theory

In two dimension, Green’s function of a Laplacian,

The CS vector potential seen by particle n describes point vortices located
at all other particles. 3
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Pure gauge!
N-particle Schrodinger Equation for the wave function 

For stationary states,

Free Schrodinger equation, but the information of interaction is hidden 
in the boundary condition satisfied by

If we exchange two particles, the wave function will pick up a phase due to A-B effect.

There statistics depends on the flux of the vortices. So the particles with CS interaction
may have any statictics, i.e., anyons including bosons and fermions.

4



Courtesy: J. SMET

B

n
 factor, Filling e0





N

N

12
,

2 


n

n
f

fe

h
xy

5



6



J K Jain, 1989 7



Courtesy: J K Jain
8



9



10



11



In the mean CS magnetic field approximation,  the CS theory does not provide
good many body wave function that predicted in composite fermion theory.

Considering Gaussian fluctuation of CS gauge field over the mean magnetic field, 
one can determine density distribution (square of the modulus of the wave 
function).  This reproduces the missing correlation that is important in CF theory.
However, the wave function becomes multivalued when n>1, because the 
exponent of the Jastrow form becomes 1/n.  

For multicomponent fermions, CS coupling becomes a matrix. Using this matrix,
one can determine possible filling factors and the corresponding wavefunctions
(with the help of CF theory regarding integer filling part of the wave function) may
be predicted.
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FQHE in 1/3, 2/3 etc filling factors have also been observed.
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Fermionic CS theory in Graphene with SU(4) symmetry

Filling factor ν <1 in n=0 Landau level :

Ãye;®(~r)! Ãy®(~r)e
¡iK®¯

R
d~r0arg(~r¡~r0)½¯(~r0)

15



He® =
R
d~rÃ

y
®(~r)vF

³
¾x~¦®;x+ ¿z¾y~¦®;y

´
Ã®(~r)

~~¦® = ¡i~r+e ~A¡~a® ; ~a® = K®¯

R
d~r0g(~r¡~r0)½¯(~r0)

g(~r) = (ẑ £ ~r)=r2
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S = (½1 + ½3 ¡ ½2 ¡ ½4)=½;

V = (½1 + ½2 ¡ ½3 ¡ ½4)=½;

M = (½1 + ½4 ¡ ½2 ¡ ½3)=½

½®=º® = ½=º ¡K®¯½¯

°1(2k1 +
1

º1
) + °2m1 + ´1(n1 + n2) + ±1(n1 ¡ n2) =

4

º
;

°2(2k2 +
1

º2
) + °1m1 + ´1(n3 + n4) + ±1(n3 ¡ n4) =

4

º
;

°3(2k3 +
1

º3
) + °4m2 + ´2(n1 + n2) + ±2(n1 ¡ n2) =

4

º
;

°4(2k4 +
1

º4
) + °3m2 + ´2(n3 + n4) + ±2(n3 ¡ n4) =

4

º
;

´1 = 1¡ V; ´2 = 1+ V; ±1 = S ¡M; ±2 = S +M;

°1 = ´2 + ±2; °2 = ´2 ¡ ±2; °3 = ´1 + ±1; and°4 = ´1 ¡ ±1
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n1 = n2 = n3 = n4 = n; k1 = k2; k3 = k4

Case¡ I : 2k1 = 2k3 =m1 =m2 = n= 2k

º = º¤=(2kº¤ +1); V = (2(º1 + º2)¡ º¤)=º¤;
S = (2(º1 + º3)¡ º¤)=º¤; M = (2(º1 + º4)¡ º¤)=º¤

Conventional  composite fermion states are recovered.

If º1 = º2 = º3 = º4 = 1(SU(4)Singlet);

M = S = V = 0andº = 4
8k+1 18



º = 8
(2+2k1+2k3+m1+m2+4n)

;

when2k1 + 1 6=m1; and 2k3 + 1 6=m2

Case¡ II : º1 = º2 = º3 = º4 = 1

(A) M = S = V = 0

Unconventional state like 4/11 appears!

(B) M = S = 0; butV 6= 0

Unconventional states like  1/2, 3/8, 3/5, 3/7, 4/7 appear

(C) M and S undetermined

k1 = k3 = k and2k+1 =m1 =m2 =m; º = 2
m+n

V is also undetermined when m=n:  1/3, 1/5
V=0 otherwise: 1/2, 2/3, 2/5, 1/3, 1/4 19



All the states are obtained for IQHE of composite fermions,
although most of the states are not included in conventional
composite fermion theory. The present formalism suggests that
the composite fermion picture is more robust.

The validity of new states in the realistic two body interaction
potential should be tested.

Experiments need to be performed to search for the new 
predicted states.

Conclusion
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