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3-D Chern-Simons matter theory (ABJM) D=6

(Lorentz)

(Little)

P = λλ Lorentz× Little− LittleGroup = D − 1

D = 3, 4, 6
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3-D Chern-Simons matter theory (ABJM) D=6

1 3-D Chern-Simons matter theory (ABJM)

2 D=6
D=6 Maximal SYM
N = (2, 0) Self-Dual Tensor
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3-D Chern-Simons matter theory (ABJM) D=6

3D spinor helicity

SL(2R)

Z2
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3-D Chern-Simons matter theory (ABJM) D=6

Field Content

Aharony, Bergman, Jafferis, and Maldacena (ABJM)
Gauge fields:

(A)a b, (Â)â b̂ ∈ SU(N)× SU(N)

LCS = A ∧ dA+
1

3
A ∧A ∧A

Matter fields:
(φI , ψI)a â, (φ̄I , ψ̄I)

â
b, I ∈ SU(4)

A A
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3-D Chern-Simons matter theory (ABJM) D=6

Non-maximal, N = 6

SCFT OSp(6|4)


SO(6) ∼ SU(4) R symmetry
Sp(4) Conformal symmetry

AdS/CFT: IIA String theory AdS4× CP3/ABJM

T!duality

AdS5 AdS5

D3 D3
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3-D Chern-Simons matter theory (ABJM) D=6

The On-shell Variables

Three-dimensional kinematics

SL(2,R) : p
(αβ)
i = λαi λ

β
i

〈ij〉 ≡ λαi λjα, 〈ij〉2 = −2pi · pj
Supersymmetry: N = 6, ηI , I ∈ SU(3)

An(λαi , η
I)

Φ(η) = φ4 + ηIψI +
1

2
εIJKη

IηJφK +
1

3!
εIJKη

IηJηKψ4

Ψ(η) = ψ̄4 + ηI φ̄I +
1

2
εIJKη

IηJ ψ̄K +
1

3!
εIJKη

IηJηK φ̄4
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3-D Chern-Simons matter theory (ABJM) D=6

General n-point amplitude

An: n=even

An: R-symmetry invariance→ η
3
2n

An: Supersymmetry invariance.
→ An = δ3(P )δ3(Qα)δ3(Qα)fn(λ, η)

A4 =
δ3(P )δ3(Qα)δ3(Qα)

〈12〉〈23〉 , f4 =
1

〈12〉〈23〉
Is it Dual conformal?

pi = xi − xi+1, I[xi] =
xi
x2
i

→ I[f4] =
q
x2

1x
2
2x

2
3x

2
4f4

Explicit computation A4 A6 → OSp(6|4) Yangian invariance [T. Bargheer, F.
Loebert, C. Meneghelli (10)]
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3-D Chern-Simons matter theory (ABJM) D=6

General n-point amplitude [D. Gang, Y. Huang, E. Koh, S. Lee, A. Lipstien, (10)]

=

→ I[fn] =
nY
i

q
x2
i fn

→ I[ILn ] =
`
x2
`1 · · · x

2
`L

´3 nY
i

q
x2
i I
L
n

ALn =

Z `
d3x`1 · · · dx

3
`L

´
ILn

→ I[ALn ] =

nY
i

q
x2
iA

L
n

Wilson Loop-Amplitude?
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3-D Chern-Simons matter theory (ABJM) D=6

Wilson-Loop(J. M. Henn, J. Plefka, K. Wiegandt [10])

ABJM Wilson-loops

1-loop:

〈W 1
4 〉 = 0

2-loop:

+ +

〈W 2
4 〉 = 1−

„
N

K

«2
"

(−µ′2x2
13)
−2ε

(2ε)2
+

(−µ′2x2
24)
−2ε

(2ε)2
−

1

2
log

2

 
−x2

13

−x2
24

!
+ const+O(ε)

#
N=4 SYM

〈W 1
4 〉 = 1+

 
g2N

8π2

!2 "
(−µ′2x2

13)
−ε

(ε)2
+

(−µ′2x2
24)
−ε

(ε)2
−

1

2
log

2

 
−x2

13

−x2
24
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3-D Chern-Simons matter theory (ABJM) D=6

Amplitude(W-M Chen, Y. Huang [11])

1-loop:

l2

l1

p4 p1

p2p3 = 0 ?

I =
2x2

51εµνρx
µ
21x

ν
31x

ρ
41 + 2x2

31εµνρx
µ
51x

ν
21x

ρ
41

x2
15x

2
25x

2
35x

2
45

p4 p1

p2p3

x5 x2

x1

x4

x3

Z
I = 0
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3-D Chern-Simons matter theory (ABJM) D=6

Amplitude(W-M Chen, Y. Huang [11])

2-loop:

4x 2x

3x

1x

x6x54x 2x

3x

1x

x6x5I1: I2:

I1 =
4ξs

x2
51x

2
53x

2
54x

2
56x

2
61x

2
62x

2
63x

2
24

I2 =
x4

13

x2
51x

2
53x

2
56x

2
61x

2
63

ξs ≡ εµνρ(x
2
51x

µ
21x

ν
31x

ρ
41 + x2

31x
µ
51x

ν
21x

ρ
41)

εγση(x2
61x

γ
21x

σ
31x

η
41 + x2

31x
γ
61x

σ
21x

η
41)
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3-D Chern-Simons matter theory (ABJM) D=6

+ +

+

ABJM: A2−loop
4 =

1
16π2

“
N
K

”2
Atree4

h
− (−s/µ̃2)−2ε

(2ε)2
− (−t/µ̃2)−2ε

(2ε)2
+ 1

2
log2

“
−s
−t

”
+ a+O(ε)

i
N = 4 A1−loop

4 =
ig2N
8π2 Atree4

h
− (−s/µ2)−ε

ε2
− (−t/µ2)−ε

ε2
+ 1

2
log2

“
−s
−t

”
+ 4ζ2 +O(ε)

i
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3-D Chern-Simons matter theory (ABJM) D=6

N=4  SYM 4
1!Loop

N=4  SYM

N=6  ABJM 4

2!Loop

W4

2!Loop

W4

1!Loop

(1) Higher loops ? (BDS)

(2) Higher points ? (NnMHV)
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3-D Chern-Simons matter theory (ABJM) D=6

SU*(4)

a

A

Aa

SU(2) SU(2) SO(4) =
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3-D Chern-Simons matter theory (ABJM) D=6

N = (1, 1) SYM [J. J. Carrasco, T. Dennen, Y. Huang, H. Ita, W.Siegel, (10)(11)]

A4 = δ6
 

4X
i=1

pi

!
δ4
 

4X
i=1

qAi

!
δ4
 

4X
i=1

q̃iA

!
i

st

f4 =
i

st
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i

x2
13x

2
24

I[f4] = x2
1x

2
2x

2
3x

2
4f4

= +

→ I[fn] =

nY
i

x2
i fn

→ I[ILn ] =
`
x2
`1 · · · x

2
`L

´4 nY
i

x2
i I
L
n
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3-D Chern-Simons matter theory (ABJM) D=6

Tree-level amplitudes are dual conformal covariant ∼ D=4

Loop-level integrand are dual conformal covariant ∼ D=4

p(6)2 = 0→ p(4)2 +m2 = 0
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3-D Chern-Simons matter theory (ABJM) D=6

N = (2, 0) Self-Dual Tensor [ B. Czech, Y. Huang, M. Rozali(11)]

D=11

M5 branes

D=6

M2 branes

→
“
Bµν , φ

I
”
, I ∈ SO(5)

Hµνρ = ∂[µBνρ], δBµν = ∂[µΛν]

N = (2, 0) Dual to AdS7×S4

A SCFT OSp(8|4)

No action beyond the free theory.
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3-D Chern-Simons matter theory (ABJM) D=6

3-point kinematics

4D: sij = 〈ij〉[ji] = 0→ [ij] = 0, 〈ij〉 6= 0
〈ij〉 = 0, [ij] 6= 0

6D: 〈ia|jȧ] ≡ λAi aλ̃jAȧ

〈ia|jȧ] =

„
[ij] 0
0 −〈ij〉

«

det (〈ia|jȧ]) = 0→ 〈ia|jȧ] = uiũj

uaiwia = 1, ũai w̃ia = 1

Three point amplitude: A(ui, ũi, wi, w̃i)

Invariant under: [ C. Cheung, D O’Connell (08)]

ui → αui, ũi → α−1ũi, wi → α−1wi, w̃i → αw̃i

Invariant under
wi → wi + biui, w̃i → w̃i + ciũi
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uaiwia = 1, ũai w̃ia = 1
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Invariant under
wi → wi + biui, w̃i → w̃i + ciũi
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3-D Chern-Simons matter theory (ABJM) D=6

The search for A3(I)

N = (2, 0), (1, 0) SUSY → No pure tensor-interaction Wrong degrees of
freedom?

D=11

M5 branes

D=6

M2 branes

No A3 involving two tensors Bµν (unless graviton)

N = (2, 0), (1, 0) tensor+higher spins → Super gravity

L3 ∼ εµνρστυBµνFρσFτυ

(2)(1)

(4) (3)

?

(a)
(1) (2)

(4) (3)

(b)

49 / 61



3-D Chern-Simons matter theory (ABJM) D=6

The search for A3(I)

N = (2, 0), (1, 0) SUSY → No pure tensor-interaction Wrong degrees of
freedom?

D=11

M5 branes

D=6

M2 branes

No A3 involving two tensors Bµν (unless graviton)

N = (2, 0), (1, 0) tensor+higher spins → Super gravity

L3 ∼ εµνρστυBµνFρσFτυ

(2)(1)

(4) (3)

?

(a)
(1) (2)

(4) (3)

(b)

50 / 61



3-D Chern-Simons matter theory (ABJM) D=6

The search for A3(I)

N = (2, 0), (1, 0) SUSY → No pure tensor-interaction Wrong degrees of
freedom?

D=11

M5 branes

D=6

M2 branes

No A3 involving two tensors Bµν (unless graviton)

N = (2, 0), (1, 0) tensor+higher spins → Super gravity

L3 ∼ εµνρστυBµνFρσFτυ

(2)(1)

(4) (3)

?

(a)
(1) (2)

(4) (3)

(b)

51 / 61



3-D Chern-Simons matter theory (ABJM) D=6

The search for A3(I)

N = (2, 0), (1, 0) SUSY → No pure tensor-interaction Wrong degrees of
freedom?

D=11

M5 branes

D=6

M2 branes

No A3 involving two tensors Bµν (unless graviton)

N = (2, 0), (1, 0) tensor+higher spins → Super gravity

L3 ∼ εµνρστυBµνFρσFτυ

(2)(1)

(4) (3)

?

(a)
(1) (2)

(4) (3)

(b)

52 / 61



3-D Chern-Simons matter theory (ABJM) D=6

The search for A3(II)

Lets go to D=5: SU(4)→USp(2,2)

D=10

D4 branes

D=5+1

D4 branes

D=5

We find
A3 = δ5(P )∆(Q)∆(Q̂)

“
wa1 ũ1a + w2a〈2a|3b〉w3b

”
The only pure Bµν interaction, requires one leg massless

A3(123) = −A3(123)→ faij = −faji

BCFW recursion A4 = δ4(Q)δ4(Q̂)
st

→ fa[12f
3]4
a = 0(Jacobi)

The multiplets reproduce spectrum of massive particle states from string
on S1
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3-D Chern-Simons matter theory (ABJM) D=6

Conclusion

Dual superconformal symmetry of ABJM

N=4  SYM 4
1!Loop

N=4  SYM

N=6  ABJM 4

2!Loop

W4

2!Loop

W4

1!Loop

Dual conformal symmetry of non-conformal theory (6D SYM)

Gone where no action has gone before. First A3,A4 for M -theory.
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