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D2 Brane -> M2 Brane

Strong Coupling Limit 
of Type IIA Theory = M Theory



Superconformal Chern-Simons Theories
as Theories on M2 Branes    

• Bagger-Lambert, Gustavsson
SU(2)xSU(2), SO(8)R symmetry

• Aharony-Bergman-Jafferis-Maldacena
U(N)xU(N), Chern-Simons level k

N = 8



N=3 Superconformal Theories

• Arbitrary Gauge Group
• Arbitrary Representation
• Parity Broken
• U(1)xU(1): N=4 Theory 

Kapustin and Strassler (1999)

Spin
• 1  :   1 
• ½  :   3
• 0  :   3
•-½  :   1
• -1 :   0

L ∼ kAdA+ (dφ)2 + ψdψ + 1
kφ

2ψ2 + 1
k2φ

6



N=3 to N=4,5,6,8

• Gaiotto-Witten:  (HLLLP)
N=1 + SO(3) global =>   SO(4) R

+twisted hyper +…   => 4,5,6,8

• ABJM:  (Schnabl, Tachikawa)
N=3 => 4,5,6,8

• Deformed 3-Algebra: BL => N=6



3-dim Gaiotto-Witten Theory

• Start with N=1 Theory

• Matter: hypermultiplet

• SO(3) global symmetry: 
matter in 2-dim representation

• Gauge Groups: a subgroup of Sp(2n)



Require SO(3) => SU(2)xSU(2) R

• Write the most general N=1 superconfor
mal theory with SO(3) symmetry

• Chern-Simons Term

• Matter Lagrangain



• Superpotential W

• W- Lagrangian

• Integrate over gaugino & 
SO(4)-violating terms is

• SO(4) R-Symmetry



• Fundamental Identity: 
constraints on gauge generators

• Coupling constants:

• SU(2)xSU(2) R-symmetry:

δφAα = iηψ
A
α̇ → δφAα = iη

α̇
α ψAα̇



N=4  Lagrangian and 
Supersymmetric Transformation



Lie Super-Algebra

Jacobi Identity -> Fundamental Identity

Gauge Group and Matter Representation



Classification of Super Lie Algebra

• U(N)xU(M)
• O(N)xSp(2M) 
• SO(7)xSp(2) 8-dim spinor
• G2xSp(2)
• SU(2)xSU(2)xSU(2)
• SU(N), adjoint

• The Chern-Simons level k, -k 



• Our Generalization 

• Twisted Hyper-Multiplet

• Linear Quiver Type Theory

U(N1)

U(N2)

U(N3)

U(N4)



SU(2)xSU(2) gauge group: BLG Theory of N=8  



Mass deformation



N=5 SCFT

SU(2)xSU(2) =>   Sp(4) R-symmetry

Two Node SystemG1 ×G2



Sp(2M)x O(N), U(M)xU(N)



N=6 SCFT

Sp(4) => SU(4) R-Symmetry

Complex Representation



U(M)xU(N): ABJM Case

U(1)xSp(2N): Something New



U(2N)xU(2N) -> Sp(2N)xO(2N)

M2 Branes on Orbifolds



Mass Deformation: supersymmetry preserved   

• BLG: Supersymmetry Preserved,
SO(8) R -> SO(4)x SO(4)

• Gaiotto-Witten: SO(4) R preserved
• N=5 Theories: SO(5) R -> SO(4)
• N=6 Theories: SO(6) R -> SO(4)x U(1)



Conclusion

• New Superconformal Chern-Simons 
Theories are found.

• They deserve further exploration.
• There may be more such theories to be

discovered. 
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