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Plan

1. Find BPS monopoles(-instantons)

    in the ABJM model

2. Discuss their effects

    in low energy effective theory

3. Check the results by comparing

    with bulk supergravity



  

Introduction



  

Motivation

We want to understand monopoles

in M2-brane worldvolume theory.

KK momentum exchange

between M2-branes

D0-brane exchange

between D2-branes

x11



  

Monopoles in BLG model

A
ab : SO(4) gauge field

X I
a

: 8 fundamental scalars

a ,b=1,⋯ ,4 , I=1,⋯,8

BLG

SYM

Coulomb Vacuum

monopoles with

Bagger-Lambert
Gustavsson

Mukhi
-Papageorgakis



  

We once solved the classical eom.

Some fields were found to take complex values.

Euclidean action

We were not sure if these are correct.

The Euclidean action looked gauge-dependent.



  

The ABJM Model
CS-Matter theoryN=6, U N ×U N 

Action:

describing       M2-branes inN C4/Zk

NxN matrices A , A , Z  , Z
 , , 

Aharony-Bergman
-Jafferis-Maldacena



  

The ABJM Model
CS-Matter theoryN=6, U N ×U N 

SUSY:

Gauss:

describing       M2-branes inN C4/Zk

NxN matrices A , A , Z  , Z
 , , 



  

ABJM at low energy

Almost non-interacting  N M2-branes

Higher order interactions

via loop effects / instantons.

Mass scale :



  

Two M2-branes

Moduli space

2x2 matrices A , A , Z  , Z
 , , 

generic:

special:



  

Two M2-branes

Moduli space

generic: special:

1/2 BPS monopole.1/3 BPS monopole.

2x2 matrices A , A , Z  , Z
 , , 



  

Constructing

Monopoles



  

1/2 BPS Monopole 

Z 1≠0, Z 2=Z 3=Z 4=0

BPS ansatz:

DZ 1=0 but D Z 1
≠0.

We lose reality of fields because

Wick-rotated Lagrangian is not real.

12 ,13 ,14=34 ,42 ,23SUSY broken:

12 ,13 ,14=34 ,42 ,23SUSY preserved:



  

1/2 BPS Monopole 

Z 1≠0, Z 2=Z 3=Z 4=0

BPS ansatz:

DZ 1=0 but D Z 1
≠0.

Gauss:

We lose reality of fields because

Wick-rotated Lagrangian is not real.



  

1/2 BPS Monopole 

Gauss law is solved by

Recall BPS monopole eq.



  

1/2 BPS Monopole 

Fields have to be real and asymptote to a vacuum at infinity.



  

1/2 BPS Monopole 

Action

= (nonzero surface term)

CS terms are the only nonzero terms.

They are gauge invariant only up to surface terms.

For a ½ BPS monopole

at



  

1/2 BPS Monopole 

Fermion e.o.m.

# D zeromodes=2m , # D− zeromodes=0.

For BPS m-monopole solution,

8 fermion zeromodes for each monopole in ABJM.

Callias



  

1/3 BPS Monopole 

Z 1≠0, Z 2≠0, Z 3=Z 4=0

1. BPS ansatz:

DZ 2≠0, D Z 2
=0.

DZ 1=0, D Z 1
≠0,

2. Embed BPS monopole             :

3. Correct the asymptotics by L-transformation.



  

1/3 BPS Monopole 

1. This construction works only when

However, the solutions are generic enough so that
their SU(4)R orbits cover the whole moduli space.

2. mass scale:

3. action:

4. eight fermion zeromodes per each monopole.



  

Gauge Variance of S E



  

A Folklore
Monopole effects are projected out in CS theories.

A case study :

In SU(2) Chern-Simons with adjoint scalar

there is a gauge transformation      such that

A , ,

Path integration along      projects out

the sectors with nonzero monopole number. 



S E ≠ 0 but 〈〉=0.

Affleck-Harvey-Palla-Semenoff



  

But Recall

In CS-matter theories, Gauss law

relates the flux and the charge.

k
2

∗F =  .

Monopoles mediate charge-violating transitions.

Monopole-mediated amplitudes survive

the path-integration along      . 

Neither are invariant under     ,

but the product is invariant.





  

What about ABJM

In the ABJM model,

2. There are gauge transformations such that

 SE ≠ 0 and  z , w≠0.

1. There is no gauge transformation such that

 SE ≠ 0 but  z=w=0.

* Monopoles carry unbroken gauge charges

  and mediate charge-violating transitions.

* We do not path-integrate along 



  

Monopole Effects

at Low Energy



  

ABJM at Low Energy

N copies of BF-matter theory

Dual photons



  

Monopole Vertices

For U(2) x U(2) model,

creates flux

of 

creates charge

of B[2]
−B[1] F [2]

−F [1]

It is multiplied by                                   etc.



  

Comparisons

with Supergravity



  

11D SUGRA

Put an M2-brane at    , and probe it

by another M2-brane at     . z , w ∈ C4
/Zk 

(    : probe velocity)

w

z



  

: M-theory circle

11D SUGRA

Fourier series = Instanton series

q−k z , w  =

z , w =

One-monopole factor in ABJM

Mass scale in ABJM

We found the correspondence,

 ≡ k arg  w⋅z∗



  

C4
/Zk



1. Start from M-theory on

2. Compactify along

3. Put two D2-branes.

    Stretch IIA strings or Euclidean D0s.

IIA SUGRA



  

4. Solve the classical variational problems

(needs a clever Wick rotation)

SE =

=

One-monopole action in ABJM

Mass scale in ABJM

We found the correspondence,



  

Conclusions

*  We found BPS monopoles in the ABJM model.

*  Their properties are consistent with those of

    KK-momenta or D0-branes in supergravity.

*  Further consistency checks are possible.

    (inclusion of perturbative effects)

*  Interesting to consider similar monopoles

    in other Chern-Simons matter theories.


