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The ABJM theory

field theory Chern-Simons-matter theories in 2+1 dimensions
gauge group: U(N)k × U(N)

−k

field content (bosonic) -Two gauge fields Aµ, Âµ

-Four complex scalar fields: CI (I = 1, · · · , 4)

bifundamentals (N, N̄)

action S = k CS[A] − k CS[Â] − k Dµ C
I †

D
µ

C
I
− Vpot(C)

Vpot(C) → sextic scalar potential

Aharony, Bergman, Jafferis & Maldacena 0806.1218



The ABJM theory

The ABJM model has N = 6 SUSY in 3d

N → rank of the gauge groups

k → CS level (1/k ∼ gauge coupling)
’t Hooft coupling λ ∼

N

k

it is a CFT in 3d with very nice properties

it has two parameters

- partition function and Wilson loops can be obtained from localization

- has many integrability properties (Bethe ansatz, Wilson loop/
amplitude relation, ...)

- connection to FQHE?

it is the 3d analogue of  N=4 SYM

Fujita, Li, Ryu & Takayanagi, 0901.0924

Gaiotto&Jafferis 0903.2175

T. Klose, 1012.3999

Drukker, Mariño & Putrov 1003.3837



The ABJM theory

sugra description in type IIA :

AdS4 × CP3 + fluxes CP3 = C4/(zi ∼ λzi)

Effective description for N
1

5 << k << N

J → Kahler form of CP3

1
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D6-branes extended in AdS4 and wrapping RP3
⊂ CP3

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

Hohenegger&Kirsch 0903.1730
Gaiotto&Jafferis 0903.2175

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

Q
†
1
e−V Q1 + Q

†
2
e−V̂ Q2 + antiquarks

coupling to the vector multiplet 

V, V̂ vector supermultiplets for A , Â

coupling to the bifundamentals

Q̃1 AiBi Q1 , Q̃2 Bi Ai Q2

CI = (A1, A2, B
†
1
, B†

2
)

plus quartic terms in Q, Q̃’s

Flavors in the ABJM background



Flavors in the ABJM background

!1
= cos

ˆ dˆ✓ + sin

ˆ sin

ˆ✓d'̂
!1

= sin

ˆ dˆ✓ � cos

ˆ sin

ˆ✓d'̂
!3

= d ˆ + cos

ˆ✓d'̂

where

Ai = � ⇠2

1 + ⇠2
!i

SU(2) instanton on S4

x

1
= sin ✓ cos'

x

2
= sin ✓ sin'

x

3
= cos ✓

Write CP3 as an S2-bundle over S4 ( x

0
, x

1
, x

2
, r| {z }

AdS4

, ⇠, ✓̂,  ̂, '̂| {z }
S4

, ✓,'|{z}
S2

)

ds2 = L2ds2AdS + L2ds2CP3

ds

2 = L

2
ds

2
AdS4

+ L

2


4

(1 + ⇠

2)2

✓
d⇠

2 +
⇠

2

4

�
(!1)2 + (!2)2 + (!3)2

�◆
+

⇣
dx

i + ✏ijkA
j
x

k
⌘2

�



Flavors in the ABJM background

D6-branes extended in AdS4 and wrapping RP3
⊂ CP3

S = SDBI + SWZ = �TD6

Z
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Ĉ7

m0✓(r)

✓(r) = ⇡/2 ) m0 = 0

( x

0
, x

1
, x

2
, r| {z }

AdS4

, ⇠, ✓̂ = 0,  ̂, '̂ = 0| {z }
S4

, ✓ = ✓(r) ,'| {z }
S2

)



the idea is now to smear over positions and orientations 

- no delta-function sources

preserve N=1 SUSY

- much simpler (analytic) solutions

−flavor symmetry : U(1)Nf

Sflav =
PNf

i=1

⇣
�TD6

R
M(i) d7⇣ e��

p
�det ĝ7 + TD6

R
M(i) Ĉ7

⌘
Backreaction

m0

E. Conde & A. V. Ramallo 1105.6045

The ABJM flavored background
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Ω is a charge distribution 3-form

C7 = e��K is the calibration form
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modified Bianchi identity dF2 = 2π Ω



The ABJM flavored background

modified Bianchi identity dF2 = 2π Ω

✓(r) = ⇡/2solution for massless flavors



The ABJM flavored background

modified Bianchi identity dF2 = 2π Ω

go to vielbein basis 

Ea = (E1, E2)
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The ABJM flavored background

modified Bianchi identity dF2 = 2π Ω

go to vielbein basis 
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Probe Branes

D6-branes extended in AdS4 and wrapping RP3
⊂ CP3

new cartesian-like coordinates 
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DBI+WZ action

embedding

Probe Branes

S = SDBI + SWZ = TD6
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Probe Branes

dim(ψ̄ψ) = 3 − b

In our case O ∼ ψ̄ψ
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R = constantSUSY solution

Depends on the gauge for C7!!

C7 → C7 + dΛ6 generates boundary conterterms

C7 = e��K ! SUSY scheme

on shell action
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The ABJM flavored thermal background

replace AdS by Schwarzschild-AdS
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The ABJM flavored thermal background
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The ABJM flavored background

Localized solution in 11d for coincident massless flavors

AdS4 ×M7 with M7 a hyperkahler 3-Sasakian manifold

N = 3 with U(Nf ) flavor symmetry
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the embeddings are governed by the DBI+WZ action

S = SDBI + SWZ = TD6
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◆

Probes on the ABJM flavored thermal background

N =
2
p
2⇡2

27
N3/2

p
k T 3 ⇣

✓
Nf

k

◆

SDBI = N
Z
d

3
x

Z 1

rmin

dr

r

2

r

3
h

sin ✓

r
1 +

r

2
h

b

2
✓̇

2
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S = SDBI + SWZ = TD6

✓
�
Z

d7⇣e��
p
� det ĝ7 +
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SWZ = TD6
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define (a zero point energy)
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a) infinite mass limit ⇒ decoupling

Consistency check:

Probes on the ABJM flavored thermal background
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a) infinite mass limit ⇒ decoupling

b) zero mas limit ⇒ add to backreaction
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the same mechanism for the entropy yields

stotal = sback + s ≈
1

3

(

4π

3

)2
N2

√
2λ

ξ

(

Nf + 1

k

)

T 2 , (m → 0)

hence, massless probe entropy  ≈  increase in area of the horizon 

Now that the action is completely fixed

we may derive the correct equations of motion and the solutions, as well as  the 
thermodynamics
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D7 massive probes: condensate
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meson melting phase transition temperature increases
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self-similar behavior
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Conclusions

• the flavored ABJM theory dual is a conformal field theory

• the thermal deformation is analytic and fully under control. 

• we have added massive probe flavors to the theory and examined 
the thermodynamics 

• the scheme dependence can be fixed by demanding a compatibility 
of the UV and IR behavior of the probe brane

• The flavors introduce cuantitative shifts but no cualitative change in 
the picture. For example      rises like pNfTc



Further work

• add chemical potential to the probe brane and study transport 
properties (conductivity etc.)

• constructing the flavored thermal ABJM theory with chemical 
potential (dilaton stops being constant, and H3 enters the game)

• adding B field, could study magnetic catalysis

• smearing massive flavors in ABJM at zero T

• ....
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