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M-theory  M2 brane  ABJM theory
 Mass-deformed ABJM(mABJM)  Inhomogeneously Mass-deformed ABJM(ImABJM)

• M-theory(Mother, Membrane, Matrix, Mystery, …) 
 Strongly coupled string theory in a sense

• Defined in 11 dimensions.

• They are related to each other.

Ex) By the S1 compactification, M changes to type 
IIA string theory.

• The low-energy effective theory of M-theory is 11-
dimensional supergravity.



M-theory  M2 brane  ABJM theory
 Mass-deformed ABJM(mABJM) 
 Inhomogeneously Mass-deformed ABJM(ImABJM)

• Therefore, M-theory has 4-form field strength F4.

• They are called M2(Membrane) brane and M5 brane, as is 
well known.

• The microscopic theory of M2-brane theory is known as 
the ABJM theory.



M-theory  M2 brane  ABJM theory  mABJM  ImABJM

• N=6 ABJM theory

with complicated interaction terms.

• One may deform the theory with mass terms, maintaining supersymmetry.

• Mass-deformed ABJM theory (Supersymmetric but nonconformal)



M-theory  M2 brane  ABJM theory  mABJM  ImABJM

• Mass-deformed ABJM theory

• Roughly speaking, the bosonic potential 
changes into the following shape 
qualitatively by adding a mass term.



M-theory  M2 brane  ABJM theory  mABJM  ImABJM

• The gravity dual to the original ABJM theory based on AdS/CFT?

• The supersymmetric(Extremal) black 2-brane in 11-dimensional 
supergravity is identified N M2-branes

 Near Horizon limit  AdS4 X S7 ~ Dual to the vacuum of the N 
membrane theory

• ABJM theory vacuum is dual to                   .

 Schematically,           is regarded as a cone.

• When k=1, the geometry is covered as AdS4 X S7.
- Many interesting phenomena happen.

(ex. Susy enhancement….) 

• ABJM theory is the microscopic theory for the N M2 brane.



M-theory  M2 brane  ABJM theory  mABJM  ImABJM

• Mass-deformed ABJM (mABJM) theory?

 M2 + Flux = M5 (Myers Effect)

=0



M-theory  M2 brane  ABJM theory  mABJM  ImABJM

• The vacuum solution of the mABJM theory: GRVV matrices (Infinitely many for N=infinity)

• The corresponding gravity dual (Many 11-dimensional Sugra solutions)

See

• The metric has two S^3 structures.



M-theory  M2 brane  ABJM theory  mABJM  ImABJM

• Inhomogeneously mass-deformed ABJM (ImABJM) theory

• If the mass parameter has a coordinate dependence, can we construct a supersymmetry 
theory?

• What is the configuration for the M2 brane and 4-form flux?

• The position-dependent field strength.

• The corresponding supersymmetric theory exists!



M-theory  M2 brane  ABJM theory  mABJM  ImABJM

• Adding the mass terms 

• N=3 theory (1/2 susy)

• Why m’ ?
- The origin of m  the 4-form field strength F4 
along transverse directions.
- Bianchi identity  - dF = 0 
- m’ arises naturally in the M2-brane world 
volume action.

• Vacuum analysis 

• N=2,1 with m(x)’s is also possible.



Vacuum structure of ImABJM

• BPS equation

• Non-periodic vacuum – More nontrivial
- See

- Some vacua carry negative energies. 



Examples of vacuum solutions

• Two types of vacua



Vacuum structure of ImABJM

• The general vacuum solutions for a periodic mass function of ImABJM.

• Gravity duals are conjectured as



Vacuum structure of ImABJM

• The general vacuum solutions for a periodic mass function of ImABJM.

• Gravity duals are conjectured as



Null coordinate-dependent mass function

• The 4-form flux is moving along a world 
volume direction at the speed of light.

• The additional term to the Lagrangian of the 
mABJM theory?

• To make the theory supersymmetric, we 
impose the following projection

• Then, nothing is added to the original 
Lagrangian, interestingly.



Gravity duals

• In order to study the strong coupling limit of these theories via the AdS/CFT 
correspondence, one needs to find the corresponding gravity duals.

• The gravity duals for the ImABJM theory are given as follows:

• These are gravity duals for the spatial coordinate-dependent periodic mass function.
- The authors provide the formulations in N=1 SUGRA and N=8 gauged SUGRA in 4 
dimensions.



Gravity duals

• Summary for the BPS configuration

• Bosonic Action

• Geometry and Complex scalar field

• The BPS equation = A Helmholz equation

• Correspondence between the field theory and gravity



Gravity duals

• Various periodic solutions can be obtained!

- Determine the Boundary of AdS4 by H = 0

- Place a delta function source at the origin for an IR AdS4.

• With a suitable coordinate choice, the curve determines the mass function.

- ex susy Q solution 



Gravity duals

• Another rectangular shape solution

satisfying 



Long strip limit



Null-coordinate mass function m(t-x)

• Yonsei University group (Hyun and Song) and I find the gravity dual for this case.

• Constant \mu  Dielectric flow solution

• At r =\mu, the curvature is divergent!
 This singularity is resolved by the location the M5 brane.



Null-coordinate mass function m(t-x)

• We may regard the configuration as follows:



Summary and Potential Applications

• We found some exact supergravity solutions dual to the class of ImABJM theories.

• M(x) solution with the rectangular boundary

• M(t-x) solution is an extension of the dielectric flow solution with the position of the 
M5 brane.

• Periodic lattice construction and Defect generalization are possible!

 Condensed matter applications with Chern-Simons Matter
 BCFT application: Interaction between boundaries and defects

• A class of time-dependent supersymmetric solutions

 Another interesting branch of Supergravity solutions



Thank you for your attention!
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