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1 Introduction

The modern interest to three-dimensional
supersymmetric �eld models is partly motivated
by progress in constructing �eld theories describing
multiple M2 branes in the AdS4/CFT3 correspondence.
These are N = 8 and N = 6 three-dimensional
superconformal models of Chern-Simons gauge �elds
interacting with matter, known as the BLG [1�3] and
ABJM [4] ones. As was mentioned by John Schwarz [5],
it is important to study the low-energy e�ective
action in these models to check the conjecture that
it describes the dynamics of probe M2 brane in the
AdS4 background.

Following this general motivation we study the
low-energy e�ective action in the simplest three-
dimensional Abelian N = 2 supersymmetric Chern-
Simons-matter theory with one chiral super�eld.
Thanks to the background �eld method in N =
2, d = 3 superspace [6�10] we compute two-loop
low-energy e�ective action in this model up to the
four-derivative order. Because of the superconformal
symmetry two-loop contributions to the e�ective action
is strongly restricted. The one-loop e�ective action
in gauge super�eld sector (supersymmetric one-loop
Euler-Heisenberg e�ective action) was obtained in [8].

We base our consideration on the work [11].

2 General structure of e�ective action

In three-dimensions, the N = 2 gauge super�eld V
has not only Grassmann-odd super�eld strengths Wα

and W̄α, but also the Grassmann-even scalar super�eld
strength G.

The action of three-dimensional N = 2
supersymmetric Abelian Chern-Simons matter model

with one chiral super�eld has the form

S[V,Q] =
k

2π

∫
d7z V G−

∫
d7z Q̄e2VQ . (1)

The main goal for us is to study the low-energy e�ective
action in the model under consideration (1) in the
gauge super�eld sector. In general, it is given by a
functional of super�eld strengths G,Wα, W̄α and their
derivatives, Nαβ = DαWβ , N̄αβ = D̄αW̄β ,

Γ =

∫
d7z L(G,Wα, W̄α, Nαβ , N̄αβ , . . .) , (2)

where dots denote higher-order derivatives of the
super�eld strengths. It is hard problem to �nd the
e�ective action (2) taking into account all derivatives
of the �elds. Thus, we restrict our consideration on the
terms with no more than four space-time derivatives of
component �elds. For this aim it is enough to consider
the following constraint on the super�eld strengths:

(i) Supersymmetric Maxwell equations,

DαWα = 0 , D̄αW̄α = 0 ; (3)

(ii) Super�eld strengths are constant with respect to
the space-time coordinates,

∂mG = ∂mWα = ∂mW̄α = 0 . (4)

The equations (3) and (4) single out the slowly
varying gauge super�eld background. Also we note that
the super�elds Nαβ and N̄αβ and not independent
under the constraints (3) and (4),

Nαβ = −N̄αβ . (5)

Therefore, in what follows we keep only Nαβ and
discard N̄αβ .
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Under the constraints (3) and (4) the e�ective
action (2) which contains the terms with no more than
four derivatives is given by

Γ =

∫
d7z

[
f1(G) + f2(G)WαW̄ βNαβ

+ f3(G)W 2W̄ 2
]
, (6)

with some functions fi(G), i = 1, 2, 3.

3 Two-loop contributions to e�ective action

The one-loop contributions to the functions fi(G)
(6) for the model (1) were found in [8],

f
(1)
1 =

1

4π
G lnG , f

(1)
2 = 0 , f

(1)
3 =

1

256π

1

G5
. (7)

Our aim now is to compute two-loop corrections to this

result, i.e., to �nd f
(2)
i .

The two-loop contribution to the e�ective action
has the form

Γ(2) = − 15

512πkeff

∫
d7z

W 2W̄ 2

G5
. (8)

Here keff is the e�ective Chern-Simons level which
includes one-loop correction to the classical value.

The e�ective action (8) corresponds to the following

values of the functions f
(2)
i in (6),

f
(2)
1 = f

(2)
2 = 0 , f

(2)
3 = − 15

512πkeff

1

G5
. (9)

Since the model (1) is superconformal [8], the
two-loop e�ective action (8) can be represented in a
superconformal form by adding the terms with DαWα

and D̄αW̄α. The action (8) can be rewrite as follows

Γ(2) =
15

256πkeff

∫
d7z

(DαD̄α lnG)2

G
. (10)

After summarizing one- and two-loop contributions,
we get the parity-even part of the two-loop e�ective
action in the superconformal form,

Γeven = Γ(1) + Γ(2) =
1

4π

∫
d7z G lnG (11)

+
1

128π

(
15

2keff
− 1

)∫
d7z

(DαD̄α lnG)2

G
.

The e�ective action (11) is represented in the
superconformal form and represents the parity-even
part of the low-energy e�ective action in the model
(1) up to the four-derivative order.

4 Conclusion

In the present paper we considered the model (1) in
which the gauge super�eld is described by the Chern-
Simons action. In these models we computed two-loop
low-energy e�ective action (11) up to four-derivative
order in the gauge super�eld sector. We demonstrate,
that superconformal invariance restrict the possible
contributions to the e�ective action. It should be
noted that any superconformal e�ective action for the
N = 2 gauge super�eld can be expressed in terms of
superconformal invariants classi�ed in [8].
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Á. Ñ. Ìåðçëèêèí

ÄÂÓÕÏÅÒËÅÂÎÅ ÍÈÇÊÎÝÍÅÐÃÅÒÈ×ÅÑÊÎÅ ÝÔÔÅÊÒÈÂÍÎÅ ÄÅÉÑÒÂÈÅ Â N = 2,
d = 3 ÑÓÏÅÐÑÈÌÌÅÒÐÈ×ÍÎÉ ÀÁÅËÅÂÎÉ ÌÎÄÅËÈ ÏÎËß ×ÅÐÍÀ-ÑÀÉÌÎÍÑÀ Ñ

ÌÀÒÅÐÈÅÉ

Äëÿ ñëó÷àÿ ìåäëåííî ìåíÿþùåãîñÿ ôîíîâîãî êàëèáðîâî÷íîãî ñóïåðïîëÿ âû÷èñëåíî äâóõïåòëåâîå íèçêîýíåðãåòè÷å-
ñêîå ýôôåêòèâíîå äåéñòâèå â òðåõìåðíîé N = 2 ñóïåðñèììåòðè÷íîé àáåëåâîé ìîäåëè ïîëÿ ×åðíà-Ñàéìîíñà, âçàè-
ìîäåéñòâóþùåãî ñ îäíèì êèðàëüíûì ñóïåðïîëåì, ñ òî÷íîñòüþ äî ïðîèçâîäíûõ ÷åòâåðòîãî ïîðÿäêà îò êîìïîíåíòíûõ
ïîëåé.

Êëþ÷åâûå ñëîâà: ýôôåêòèâíîå äåéñòâèå, ðàñøèðåííàÿ ñóïåðñèììåòðèÿ, ìîäåëè ñ ïîëÿìè ×åðíà-Ñàéìîíñà.
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