ABJ Wilson loop and Seiberg Duality
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We study the supersymmetric Wilson loop in a 3-dimensional N' = 6 supersymmetric
U(N1)r x U(N3)—g Chern-Simons Matter gauge theory, which is known as ABJ theory,
and its Seiberg dual. Using the Lens space matrix model, we obtain the useful expressions
for the supersymmetric Wilson loops in ABJ theory. The result is given in the form of a
min(N1, N2)-dimensional integral. This result contains not only perturbative effects but also
non-perturbative ones. By using these expressions we find the correct mapping of the BPS
Wilson loops under the Seiberg duality.

Recently the localization technique is used to derive the exact results[1]. This enable us to
obtain the matrix model representation for the partition function or the BPS Wilson loops. In
the case of ABJ theory which is a 3-dimensional N' = 6 supersymmetric U(Ny); x U(Na)_g
Chern-Simons Matter gauge theory[2], the 1/6 and 1/2 BPS Wilson loop become as follows[3].
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where g = 2mi/k and k is the Chern-Simons coupling and p is the winding number of Wilson
loops and the bracket means the following integral
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These integrals are very tedious due to the denominators. Alternatively we can calculate
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easily the Lens space matrix model. This matrix model is known to be analytically continued
to the above ABJ matrix model under Ny — —N3[4, 5].
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This integral is purely Gaussian one. Then we can integrate and obtain as follows. Especially we
list the N1 < N3 result where we use the Pochhammer symbol (a),, = ’]-:01(1 —aq?), g =e9%.
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where G3(N) is a Barnes G-function. Unfortunately there are some integral which comes from
the permutation of Vandermonde derminants. Using this expression we can prove the duality

of the BPS Wilson loops under the Seiberg duality. The ABJ Seiberg duality is the following
correspondence between the two ABJ theories but with different gauge groups.

U(Nl)k X U(NZ)_k- = U(2N1 + k- Ng)k X U(Nl)_k (7)

By checking the pole and zeros structure and asymptotic behavior of the above integrals we can
find the following duality.
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We further calculated the ABJ matrix model by using the Lens space matrix model. The
results are the min(IN1, N3) integrals. Then it is preferable to integrate further and obtain the
more simple forms. Our results are easy to change the matrix model to the Fermi gas form.
Then we must investigate the Fermi gas approach to the ABJ theory. We derive the mapping
rule of the ABJ BPS Wilson loop under the Seiberg duality. But this rule is not understood
from the brane picture or field theoretical point of view. Then we will pursue them. I would like
to thank Tadakatsu Sakai,Sanefumi Moriyama and Masazumi Honda for helpful conversations.
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