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The M2-brane

Sezgin, Townsend + E.B. (1987)

covariant formulation : (Xµ , θα) : 8 + 8

lightcone gauge : 8 scalars XI , I = 1, · · · 8

M2-branes versus D2-branes

multiple D2-branes : U(N) YM theory → CFT3 ?

what is CFT3 in AdS4/CFT3 ?
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Multiple M2-branes

conformal susy gauge theory in three dimensions ?

YM deformation g ∼ m1/2 versus

CS deformation g ∼ m0 Schwarz (2004)

L ∼ (DX)2 + g A ∧ ∂A + g2 A ∧ A ∧ A
︸ ︷︷ ︸

Chern-Simons term

→ ∗ F (A) ∼ DX
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The BLG Model

Bagger, Lambert; Gustavsson

fab
c ⇒ fabc

d and hab a = 1, . . . , N

reproduces Basu-Harvey equation

linear constraint

fabcd = f [abcd]

quadratic constraint

fabe
gf

cdg
f − f cde

gf
abg

f − fabc
gf

dge
f + fabd

gf
cge

f = 0

the tensor fabcd is an embedding tensor !
Nicolai, Samtleben
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The Embedding Tensor

Dµ = ∂µ − g ΘαβAµ
αtβ , α, β = 1, . . . ,dimG

Θαβ = Θβα : LCS ∼ Θαβ AαdAβ

The generators Θαβtβ generate a closed subalgebra G0 ⊂ G

Θ is invariant under G0

⇒ ΘαǫΘδ(βf δǫ
γ) = 0 : quadratic constraint

SUSY ⇒ linear constraint
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Example: N = 8 SUSY

scalars XaI : G × HR = SO(N) × SO(8)

Θαβ → Θab,cd = Θ[ab,cd] :

SO(n) adjoint ⊂ SO(N) : δc[a δb]d a = 1, · · · , n

SO(4) adjoint: ǫabcd → Θab,cd = g ǫabcd

Varna, September 14 2008 – p. 8/19



G2 ⊂ SO(7) ?
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G2 ⊂ SO(7) ?

Θabcd = Cabcd

linear constraint : X closed G2 algebra : × invariant tensor : X
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G2 ⊂ SO(7) ?

Θabcd = Cabcd

linear constraint : X closed G2 algebra : × invariant tensor : X

Θab,cd = δc[aδb]d + 1
4Cabcd

linear constraint : × closed G2 algebra : X invariant tensor : X

what about N ≤ 8 SUSY ?
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1 ≤ N ≤ 8 SUSY

N G HR # scalars

8 SO(N) SO(8) 8N

6 U(N) SU(4) 8N

5 Sp(N) Sp(2) 8N

4 Sp(N)× Sp(N′) Sp(1)× Sp(1) 4N + 4N
′

3 Sp(N) Sp(1) 4N

2 U(N) U(1) 2N

1 SO(N) 1 N
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Linear Constraints

N = 8 : Θab,cd = Θ[ab,cd] :
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Linear Constraints

N = 8 : Θab,cd = Θ[ab,cd] :

N = 6 : Θa
b
, c

d = Θ[a
b
, c]

d : 1 ⊕ ⊕

Varna, September 14 2008 – p. 12/19



Linear Constraints

N = 8 : Θab,cd = Θ[ab,cd] :

N = 6 : Θa
b
, c

d = Θ[a
b
, c]

d : 1 ⊕ ⊕

N = 5 : Θ(ab,cd) = 0 : 1 ⊕ ⊕
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Linear Constraints

N = 8 : Θab,cd = Θ[ab,cd] :

N = 6 : Θa
b
, c

d = Θ[a
b
, c]

d : 1 ⊕ ⊕

N = 5 : Θ(ab,cd) = 0 : 1 ⊕ ⊕

N = 4 : Θab,cd, Θa′b′,c′d′ and Θab,c′d′

N ≤ 3 : no constraint
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Building Blocks

SO(n) adjoint: δc[a δb]d
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Building Blocks

SO(n) adjoint: δc[a δb]d

SU(n) adjoint: (δc
b δa

d − 1
nδa

b δc
d)
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Building Blocks
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SU(n) adjoint: (δc
b δa

d − 1
nδa

b δc
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Building Blocks

SO(n) adjoint: δc[a δb]d

SU(n) adjoint: (δc
b δa

d − 1
nδa

b δc
d)

Sp(n) adjoint: Ωc(a Ωb)d

special tensors:

SO(4) : ǫabcd SO(7) : Γmn
ab Γmn

cd

G2 : Cabcd

a → (i, ī) : bi-fundamental representation

. allow singlets like δabδcd etc.
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The ABJM Model
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The ABJM Model

Θa
b
, c

d = Θ[a
b
, c]

d
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The ABJM Model

Θa
b
, c

d = Θ[a
b
, c]

d

Θa
b
,c

d = g δ[a
[d δc]

b] =
g

2

(
δc

b δa
d −

1

n
δa

b δc
d
)

︸ ︷︷ ︸

SU(n)

−
(n − 1)

n

g

2
δa

b δc
d

︸ ︷︷ ︸

U(1)
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The ABJM Model

Θa
b
, c

d = Θ[a
b
, c]

d

Θa
b
,c

d = g δ[a
[d δc]

b] =
g

2

(
δc

b δa
d −

1

n
δa

b δc
d
)

︸ ︷︷ ︸

SU(n)

−
(n − 1)

n

g

2
δa

b δc
d

︸ ︷︷ ︸

U(1)

Θ(i,̄i)
(k,k̄)

, (j,j̄)
(l,l̄) = g δī

k̄δj̄
l̄
(
δi

lδj
k −

1

m
δi

kδj
l
)

︸ ︷︷ ︸

SU(m)

−gδj
lδi

k
(
δj̄

k̄δī
l̄ −

1

n
δī

k̄δj̄
l̄
)

︸ ︷︷ ︸

SU(n)

−
(m − n)

mn
g δi

kδj
lδī

k̄δj̄
l̄

︸ ︷︷ ︸

U(1)
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Symplectic Gaugings

Θab,cd = Θ[ab,c]d
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Symplectic Gaugings

Θab,cd = Θ[ab,c]d

Θab,cd = g ΩabΩcd
︸ ︷︷ ︸

U(1)

− g
(
ΩcaΩbd + ΩcbΩad

)

︸ ︷︷ ︸

Sp(n)
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Superconformal Gaugings

N gauge group

8 SU(2) × SU(2)

4, 6 SU(m) × SU(n) × U(1)

4, 6 SO(2) × Sp(n)

4, 5 SO(m) × Sp(n)

4, 5 SO(7) × SL(2)

4, 5 G2 × SL(2)

4, 5 SO(4) × Sp(2)
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Superconformal Gaugings

N gauge group Lie superalgebra

8 SU(2) × SU(2) U(2|2)

4, 6 SU(m) × SU(n) × U(1) U(m|n)

4, 6 SO(2) × Sp(n) OSp(2|n)

4, 5 SO(m) × Sp(n) OSp(m|n)

4, 5 SO(7) × SL(2) F (4)

4, 5 G2 × SL(2) G(3)

4, 5 SO(4) × Sp(2) OSp(4|2; α)

Gaiotto, Witten
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Generalizations

N = 1 : interactions without gauging
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N > 8 ?
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E8(8)

SO(16)
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Generalizations

N = 1 : interactions without gauging

massive CS deformations : m and g

N > 8 ?

CS deformations : SO(8,N)
SO(8)×SO(N) · · ·

E7(−5)

SO(12)×Sp(1) · · ·
E8(8)

SO(16)

massive deformations : N ≤ 16 X

N = 4 : {Qi
α , Qj

β} = 2(γµC)αβPµδij + 2mCαβ ǫijkl Mkl
︸ ︷︷ ︸

non-central term

Hohm + E.B., in preparation
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Outlook

new superconformal gauge theories in D = 3 dimensions
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