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superconformal Chern-Simons matter theory 

h[Schwarz 04]



• Two superconformal Chern-Simons matter theories 
with higher number of supersymmetry : 

N=8 3-algebra based BLG theory (gauge group: SO(4))
[Bagger-Lambert Gustavsson 07][Bagger Lambert, Gustavsson 07]

N=6 ABJM theory with U(N)XU(N) gauge group
[Aharony-Bergman-Jafferis-Maldacena 08] 
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- integrability in large N-limits
- superconformal index counting [Kim 09]p g [ ]

- calculation of partition functions
in N=8 SYM and ABJM for k=1: [Kapustin-Willett-Yaakov 10][ p ]

- Supersymmetry enhancement for k=1,2
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[Gaiotto-Jafferis, Hikida-Li-Takayanagi 0903]

N=6 N=3, dual theory: string theory on AdS4XCP3 with 
AdS4 filling D6 branesAdS4 filling D6-branes

• Higher derivative corrections:Higher derivative corrections:
BLG theory : [Ezhuthachan, Mukhi, Papageorgakis 0903],

ABJM theory (U(1)XU(1)): [Sasaki 0912]y ( ( ) ( )) [ ]
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• Question : [Kim-OK-Nakajima-Tolla 1009]Question : [Kim OK Nakajima Tolla 1009]
How can we construct a WZ-type coupling for the 
multiple M2-branes with general setting?  
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Construction ofConstruction of 
WZ-type coupling 1

2 4
Consistency check 
for single M2-brane

Supersymmetry preserving 
mass deformation:

2

for single M2 brane mass deformation: 

[Bergshoeff-Sezgin-
Townsend 1987]

[Hosomichi-Lee^3-Park; Gomis-
Gomes- Raamsdonk-Virlinde 0807]

Townsend 1987]

Reduction to type IIA string theory

[Myers 1999]
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• Field contents of ABJM theory : y

of SU(4), bifundamental of 

of SU(4), bifundamental of 

Level                gauge field 

B i t ti l b itt b

g g

Level                 gauge field 

• Bosonic potential can be written by 

[Bagger-Lambert 0807]
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• Gauge covariant building blocks of ABJM theory:Gauge covariant building blocks of ABJM theory: 

• Pull-back of 3- and 6-form bulk fields: 

Form fields depend 
on transverse scalars

Gauge invariant WZ-type couplingGauge invariant WZ type coupling
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• 3-form field coupling: linearized 3-form field and3 form field coupling: linearized 3 form field and 

• Form fields have multiple gauge indices:
each term has same number of fields in- each term has same number of fields in 

bifundamental and antibifundamental representations
- all gauge indices are contracted to guarantee gauge- all gauge indices are contracted to guarantee gauge 
invariance 

invariant under the orbifold transformationinvariant under the orbifold transformation







• Allow single trace terms only:Allow single trace terms only: 
no multi-trace terms in IIA string theory
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?



• U(1)XU(1) ABJM theory: no bosonic potential• U(1)XU(1) ABJM theory: no bosonic potential 

i ili fi ld i• is an auxiliary field integrate out: 



• gauge 
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• Mukhi-Papageorgakis (MP) Higgsing procedure: p g g ( ) gg g p

- nonvanishing vacuum expectation value (vev) 

U(N)XU(N) gauge group is broken to U(N)U(N)XU(N) gauge group is broken to U(N)

• After the breakdown of the gauge group:After the breakdown of the gauge group: 

SU(N) generator 

U(1) generator 
: complex numbers 

: Hermitians: Hermitians
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• Reduction of WZ-type coupling?Reduction of WZ type coupling?
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[Myers 1999]

• P=2 case:

Linear terms in form fieldsLinear terms in form fields
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3. Relations among form fields in string/M-theoryg g/ y
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• Restrictions for form fields in M theory:• Restrictions for form fields in M-theory: 

• Relations form fields in string theory and M-theory:
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• Solving EOM for• Solving EOM for 
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• SU(4) R-symmetry in the original ABJM 
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• Several different methods to obtain the mass-
deformed ABJM theory: N=1 superfield formalism F-deformed ABJM theory: N 1 superfield formalism, F
term deformation, D-term deformation. 

All these deformations are equivalentq
[Kim-Kim-O.K.-Nakajima 09]
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• Mass parameter in ABJM theory
turning on 4 form flux [Lambert Richmond 0908]turning on 4-form flux [Lambert-Richmond 0908]
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DiscussionDiscussion

• Gauge invariant WZ-type coupling: 
- form fields depend on the scalar fields
- single trace termsg

• General setting restriction on the form fields
explicit WZ-type coupling? p yp p g

• Extension: nonlinear couplings,p g ,
monopole operator for k=1,2:        

• Myers effect in M-theory, supersymmetry, relations 
with string theoryg y







Single trace termsSingle trace terms

single trace terms

Depend on v k l pDepend on v, k, l_p


