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ABJM Chern-Simons-matter theories
0806.1218

describes the dynamics of multiple M2-branes at a C4/Zk singularity

Chern-Simons matter theory in 2+1 dim with
gauge group U(N)k × U(N)−k

Field content (bosonic): 2 gauge fields & 2 pairs of chiral superfields,
transforming in the (N, N̄) bifundamental representations

N = 6 SUSY & λ ∼ N
k

rank of  the gauge group

CS level

When N & k are large ⇒ AdS4 × CP3 + fluxes with 24 SUSYs
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Flavor in Chern-Simons-matter systems in 2+1
Hohenegger & Kirch 0903.1730

Massless quarks ⇒ D6-branes extending in AdS4 & wrapping RP3 ⊂ CP3

Introduce quarks in the (N, 1) and (1, N) representation

Q1 → (N, 1) Q2 → (1, N) Q̃1 → (N̄ , 1) Q̃2 → (1, N̄)

coupling to vector multiplet & bifundamentals

Introducing backreaction 

SWZ = TD6

Nf∑
i=1

∫
M

(i)
7

Ĉ7 → TD6

∫
M10

C7 ∧ Ω dF2 = 2π Ω

Modified BI

Localized & coincident massless flavors ⇒ AdS4 ×M7

Conformality with flavor

U(Nf )



Smeared  mass(less)
sources

-no delta-function sources

-still can preserve (less) SUSY

-much simpler (analytic) solutions
−flavor symmetry : U(1)Nf



Unquenching ABJM with smeared flavor 
Conde & Ramallo 1105.6045
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S2-bundle over S4 with Ai → SU(2) instanton on S4

Si → (rotated) basis of one-forms along S4

Ei
→ one-forms along the S2 fiber

Write the CP3 & the RR 2-form as

Squash the metric & the RR 2-form as
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Deformation 
parameter

η ≡ 1 +
3Nf

4k

q → C P3 internal squashing

b → relative AdS4/C P3 squashing
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Regime of  validity 

(same as in the unflavored case) 

Dilaton & RR 4-form
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Nf >> k



Flavored ABJM black hole
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Temperature

Free energy & entropy

reflection of  the conformality



Massive flavor to the Flavored black hole

Write the S2 metric as ds2 = dθ2 + sin
2 θ dϕ2

R = rb
cos θ

-2 directions inside S4

-1 direction inside S2{

ρ = rb sin θ

D6 extends in xµ, r & RP3

D6 extends in ϕ with a profile in θ(r)

Introduce new Cartesian-like coordinates

Total action = DBI + WZ SWZ = TD6

∫
Ĉ7

C7 = e−φK has to be improved to get consistent thermo
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[
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]

∧ Ξ3 d(δC7) = 0



Requiring the angular part of Ĉ7 to vanish at the horizon

L1(θ) = −
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Jensen
1006.3066

Total action
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Horizon is not a 
dynamical surface 

Free energy density F = − S∫
d3x



Decoupling of  quarks with infinite mass
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Non-trivial test massless 
flavors

background and probe 
flavors are of  the same type

expand the flavor
function ξ(Nf ) as
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Entropy: as the probe 
falls through the horizon it 
increases the area by 1 unit
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m→ 0
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Minkowski: smoothly close above the horizon
Black hole: end at the horizon

Critical: between MN & BH
Asymptotically
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Free energy
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No numerical derivatives to compute those quantities!!!
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Near the transition  - critical embeddings

Zooming in the spiral with a logarithmic 
microscope we see a self  similar behavior

c & m oscillate



Future directions

Meson spectrum meson melting transition

Addition of  more gauge fields

charge density & magnetic field Condensed Matter 
Physics


