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

© D=6
@ D=6 Maximal SYM
e N = (2,0) Self-Dual Tensor



3D spinor helicity

O — SL(2R)



3-D Chern-Simons matter theory (ABJM)

Field Content

Aharony, Bergman, Jafferis, and Maldacena (ABJM)
Gauge fields: .
(A)*s, (A)*; € SUN) x SU(N)

Ecs:A/\dA-i-%A/\A/\A

Matter fields:

(o', ") a, (¢1,91)%s, I€SUM)




3-D Chern-Simons matter theory (ABJM)

e Non-maximal, N =6

SO(6) ~ SU(4) R symmetry
o SCFT OSP(6|4){ Sp(4) Conformal symmetry

e AdS/CFT: IlA String theory AdSsx CP3/ABJM
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3-D Chern-Simons matter theory (ABJM)

@ Non-maximal, N =6

SO(G) ~ SU(4) R symmetry
o SCFT OSp(6|4){ Sp(4) Conformal symmetry

o AdS/CFT: IlA String theory AdSsx CP3/ABJM

D, D,

T—duality
>

AdS, AdS,

T-duality invariant?

NO I. Adam, A. Dekel, Y. Oz (09)(10), P. A. Grassi, D. Sorokin, L. Wulff,(09),
I. Bakhmatov (10),



3-D Chern-Simons matter theory (ABJM)

The On-shell Variables

Three-dimensional kinematics
SL2,R): p{™” = x¢A!

(i) = AP Njar - (i)* = —2pi - p;
Supersymmetry: N' =6, n', I € SU(3)

An(AS ")
‘ 1 ‘ 1 )
®(n) = o'+ 77[’LUI + 561JK77117J<DK + 561.11(77177‘]77[{1@;4
e n 1 TK 1 N
W(n) =" +n'or + 56111(77177‘]1#]‘ + §€IJK77[T]J77K(/54



3-D Chern-Simons matter theory (ABJM)

General n-point amplitude

o A,: n=even
o A,: R-symmetry invariance— 17%"
o A,: Supersymmetry invariance.
— An =83 (P)5*(Q*)6° (Qa) fr(X, )
A — 53 (P)63(Q*)6%(Qa) fi= 1
(12)(23) ’ (12)(23)
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3-D Chern-Simons matter theory (ABJM)

General n-point amplitude

o A,: n=even
o A,: R-symmetry invariance— 17%"
o A,: Supersymmetry invariance.
— A = 6°(P)5*(Q*)8%(Qa) fu (X, )
§°(P)6*(Q*)6*(Qa) 1
(12)(23) = e

Ay =

Is it Dual conformal?
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3-D Chern-Simons matter theory (ABJM)

General n-point amplitude

o A,: n=even
. . 3
o A,: R-symmetry invariance— n2"

o A,: Supersymmetry invariance.

— An = 8°(P)8*(Q*)8°(Qa) fn (A1)

4 PPPQIPQ 1
T (12)(23) T 12)(23)
Is it Dual conformal?
Ty
Di = Ti — Tit1, I[z;] = ;3
— I[f4] = (/23232322 fa

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

General n-point amplitude [D. Gang, Y. Huang, E. Koh, S. Lee, A. Lipstien, (10)]
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3-D Chern-Simons matter theory (ABJM)

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

—I[15) = (ad, - a,) [] /=20
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3-D Chern-Simons matter theory (ABJM)

General n-point amplitude [D. Gang, Y. Huang, E. Koh, S. Lee, A. Lipstien, (10)]
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— 1Ak = [ a2 ak



3-D Chern-Simons matter theory (ABJM)

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

ST = (@3 0) ] \/EI,’;
Al :/(d%gl codag, ) Iy

. J[AL) = \f AL

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

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

ABJM Wilson-loops

1-loop:
(Wi)=0
2-loop:
+ eee
N\ 2 (_u/2w2 )725 (_M/QIQ )725 1 2
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3-D Chern-Simons matter theory (ABJM)

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

ABJM Wilson-loops
1-loop:

2-loop:

+ e

N 2 _ /2w2 —2e _ /212 )726 1 12

) + const + O(e):|
—x3,
N=4 SYM

2 2r. 2z ¢ 252 y—e 22
(Wl = 1+<!{ng];7> {( (6);3) n ( M(E)§4) B %bgz ( 13

) + const + O(e):|

—x3y
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3-D Chern-Simons matter theory (ABJM)

Amplitude(w-m Chen, Y. Huang [11])

1-loop:

P4

p3

p3

x]

x5

p1



3-D Chern-Simons matter theory (ABJM)

Amplitude(w-m Chen, Y. Huang [11])

1-loop: |
P 2l

p3 | P2 =0 ?

2 [T ] 2 wo v P
_ 2%51€u0pTo1 T51 Ty + 2731 €u0pT51 221 T,

I
2 .2 2 .2
T15225L35T 5
P4 n
z1
x4 x5 z9

3 " » / I=0

23 /61



3-D Chern-Simons matter theory (ABJM)

Amplitude(w-m Chen, Y. Huang [11])

2-loop:

&s

I

Iz

X1 X1
xs | % | m L XX2
X3 X3

- A8s

2.2 .2 .92 .92 2 3 2
L51%53L54L56L61L62L63T24

4
Z13

2.2 2 .2 2
T51L53T56L61L63

2 u v o_p 2 u v o_p
€uvp(T51Th T51 T + 3125, 251 751)

2 v o .m 2 v o .m
€von(T61T31T31 741 + T31T61 231241 )
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3-D Chern-Simons matter theory (ABJM)

=
1
9
0

Y

ABJM: AP =
2 ~2y—2e =2\ —2€

1 N e (=s/B~) (=t/B~) 1 2 (—s
tor (§) A [ 5— - B — + L10g? (=) +a+0(0)]



3-D Chern-Simons matter theory (ABJM)

ABJM: AP =

L <%)2Ayee [_(—s(/gﬁﬁ _ <—t(/§j;*2‘ + Llog? (ﬁ) +a+0(e)]

N =4 Al—loop —
ig NAtree [ (*5/:22)_‘ _ (*t/el‘«;)_‘

872

Log? (25) + 46 +0()]



3-D Chern-Simons matter theory (ABJM)

1-Looy I-Loop
N=4 sYM A4 <W4>

2-Loop
N=6 ABIM J€4
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3-D Chern-Simons matter theory (ABJM)

1-Looy I-Loop
N=4 sYM A4 <W4>

2-Loop
N=6 ABIM J€4

(1) Higher loops ? (BDS)
(2) Higher points ? (N"MHV)



SU*(4)

Nk

a

Aa
» 4

SO = SUR) X SUG;
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N =

As =6 (Zm) o* <Z @ ) (il q“‘) b

7 7
fa=— =

s
st i3T5y

I[fa] = ziada3al fa
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N = (1, 1) SYM [J. J. Carrasco, T. Dennen, Y. Huang, H. Ita, W.Siegel, (10)(11)]

As =6 (Zm) o* <Z @ ) (il q“‘) b

7 i
fr=—=

2 2
st Ti3Tsy

I[fa] = 2332327 fa

R D
- I[fn] :Hx?fn
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N =

e () () (0

1 1
f4:—:

2 2
st Ti3Tsy

I[f4] = x?w%ximiﬁl

B e
‘ . 1 Z—>I[I£](z§1~~xa)4ﬁmf[£
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o Tree-level amplitudes are dual conformal covariant ~ D=4
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o Tree-level amplitudes are dual conformal covariant ~ D=4

@ Loop-level integrand are dual conformal covariant ~ D=4
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o Tree-level amplitudes are dual conformal covariant ~ D=4

@ Loop-level integrand are dual conformal covariant ~ D=4

° p(6)2:O_>p(4)2+m2:0



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

D=11

M2 branes

' D=6

MS branes N (B,W,¢I) , Ie€S0O(5)

Hyvp = 01uBup),  6Buw = 0y
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N = (2,0) Self-Dual Tensor [B. Czech, Y. Huang, M. Rozali(11)]

D=11

M2 branes

' D=6

MS branes N (B,W,¢I) , Ie€S0O(5)

Hyvp = 01uBup),  6Buw = 0y
o N = (2,0) Dual to AdS7 xSy

o A SCFT OSp(8|4)

@ No action beyond the free theory.
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3-point kinematics

6D: <’L‘a|jd] = A? aS\jA{z
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6D: <’L‘a|jd] = A? aS\jA{z
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3-point kinematics

4D: si; = (ij)[ji] = 0 —

6D: (ialja] = M ajaa

oliel = (1 _0)

det ((ialja]) =0 —  (ialja] = wity
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3-point kinematics

4D: si; = (ij)[ji] = 0 —

6D: (ialja] = M ajaa

oliel = (1 _0)

det ((ialja]) =0 —  (ialja] = wity

a ~Q
Ui Wia = 1, U Wia =1
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3-point kinematics

6D: <’L‘a|jd] = A? aS\jAd
o (o
<Zﬂ|.7£i] - ( O] —<’L]> )

det ((ialja]) =0 —  (ialja] = wity

o
Ui Wia = 1,  UjWia =1

@ Three point amplitude: A(us, @;, w;, ;)
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3-point kinematics

4D: si; = (ij)[ji] = 0 —
6D: <’L‘a|jd] = A? aS\jAd
o (o
<Zﬂ|.7£i] - ( 0 —<’L]> )
det ((ialja]) =0 —  (ialja] = witl;

a_

—a -~
U; Wig = 1,  U; Wig = 1

@ Three point amplitude: A(us, @;, w;, ;)
@ Invariant under: [ C. Cheung, D O’Connell (08)]

~ —1~ —1 ~ -
Ui — AU, U — O Ui, W; — O Wy, Wi — QW;
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3-point kinematics

4D: si; = (i7)[ji] = 0 — [ij] = 0, (ij) #0
6D: (ialja] = A aXjaa
o (0 )
ol = (0
det ((ia|ja]) =0 —  (ialja] = witi;
’LL,(L-me =1, lj?Ll'm -1

@ Three point amplitude: A(us, @;, w;, ;)

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

~ —1~ —1 ~ -
Ui — AU, U — O Ui, W; — O Wy, Wi — QW;

@ Invariant under

w; — w; + biug, Wy — W; + ¢t



The search for As(l)

o N =(2,0),(1,0) SUSY — No pure tensor-interaction

M2 branes
| B
. = —
L L&
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' D=6

MS5 branes
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The search for As(l)

e N =(2,0),(1,0) SUSY — No pure tensor-interaction Wrong degrees of

freedom?
D=11

M2 branes

MS5 branes

@ No A3 involving two tensors By, (unless graviton)
o N =(2,0),(1,0) tensor+higher spins — Super gravity

KV POTU
Lg ~ € B;I,VFpUFT’U

®(4) ®(3)
®(4) ®(9) N
N AN Ve ’ e
AN Y ) al ?
N4 Nn /\\
Y(1) Y(2)
Y(1) Y (2)
@ (b)



The search for As(Il)

Lets go to D=5: SU(4)—USp(2,2)

D=10
W? D=5+1 :\:\ . D=5
: : 7

D4 branes D4 branes
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The search for As(Il)

Lets go to D=5: SU(4)—USp(2,2)

D=10
W? D=5+1 :\:\ . D=5
: : 7

D4 branes D4 branes

We find R
As = 6°(P)A(Q)A(Q) (u}f'ﬁ,m + 11;2(,(2“|3b>w3b)

@ The only pure By, interaction, requires one leg massless
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The search for As(Il)

Lets go to D=5: SU(4)—USp(2,2)

D=10
W? D=5+1 e { D=5
H : /

D4 branes D4 branes

We find )
As = 6°(P)A(Q)A(Q) (u;j"ﬁ,lu - wna (2° |3,)>w3b)

@ The only pure By, interaction, requires one leg massless
o A3(123) = —A5(123) — faij = _faji
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The search for As(Il)

Lets go to D=5: SU(4)—USp(2,2)

D=10
W? D=5+1 :\:\ . D=5
: : 7

D4 branes D4 branes

We find R
As = 6°(P)A(Q)A(Q) (u}f'ﬁ,m + 11;2(,(2“|3b>w3b)

@ The only pure By, interaction, requires one leg massless

o A3(123) = —A5(123) — o = — faii
o BCFW recursion A4 = w — f“[12f2]4 = 0(Jacobi)
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The search for As(Il)

Lets go to D=5: SU(4)—USp(2,2)

D=10
W? D=5+1 :\:\ . D=5
: : 7

D4 branes D4 branes

We find R
As = 6°(P)A(Q)A(Q) (u}f'ﬁ,m + 11;2(,(2“|3b>w3b)

The only pure B, interaction, requires one leg massless
A3(123) = —A3(123) — fo49 = — fodt
BCFW recursion A4 = w — f“[12f2]4 = 0(Jacobi)

The multiplets reproduce spectrum of massive particle states from string
on S*
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Conclusion

@ Dual superconformal symmetry of ABJM



Conclusion

@ Dual superconformal symmetry of ABJM

1-Looy |-Loop
N=4 sYM A <W4>

2-Loop
N=6 ABIM J%4
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Conclusion

@ Dual superconformal symmetry of ABJM

1-Looy |-Loop
N=4 sYM A <W4>

2-Loop
N=6 ABIM J%4

o

@ 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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