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Abstract. We construct a superfield formulation for non-relativistic Chern—Simons-matter
theories with manifest dynamical supersymmetry. By eliminating all the auxiliary fields, we
show that the simple action reduces to the one obtained by taking non-relativistic limit
from the relativistic Chern-Simons-matter theory proposed in the literature. As a further
application, we give a manifestly supersymmetric derivation of the non-relativistic ABJM
theory.
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1. Introduction

The recent advent of the non-relativistic AdS/CFT correspondence [2,21] makes
it more important than recognized before to study non-relativistic superconformal
gauge theories. It may have realistic applications to strongly coupled condensed
matter physics such as high 7. superconductor or quantum Hall effects. On the
other hand, theoretical understanding of the AdS/CFT correspondence may be
enhanced by the comparison of such theoretical predictions with experiments.

In particular, non-relativistic Chern—-Simons-matter theories in (1 +2) dimension
are of special relevance. The Galilean invariance as well as non-relativistic confor-
mal invariance (known as Schroédinger invariance [3,7,18,19]) can be implemented
by directly taking the non-relativistic limit of relativistic Chern—Simons-matter
theory in the same dimension [10,11]. The construction can be applied to the
supersymmetric Chern—-Simons-matter theory as well [12], and explicit exam-
ples of non-relativistic superconformal field theories have been constructed in
this way [14,16]. As a particular example, various non-relativistic limits of the
M2-brane gauge theory were scrutinized in [15],! which may admit the explicit

1Our construction is to deform the original ABJM theory [1], which corresponds to the
M2-brane gauge theory on the orbifold space, by adding the supersymmetric mass term [6,9], which
corresponds to the introduction of four-form flux, and take the subsequent non-relativistic limit.
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gravity solution that can be studied in the context of non-relativistic AAS/CFT cor-
respondence.

However, in this approach, the supersymmetry is not manifest, and there is no
general argument how to guarantee the supersymmetry preserved in the course
of taking the non-relativistic limit. Indeed, we have seen several counterintui-
tive examples that break the supersymmetry [14,16] through this blind, seemingly
harmless, non-relativistic limit. Thus, we have to check the supersymmetry of the
proposed non-relativistic action by hand, and sometimes we have to add some
other terms, like four-fermi terms, to restore the supersymmetry [14]. In particu-
lar, it is very cumbersome to verify the dynamical supersymmetry in the compo-
nent formulation.

Superfield formulation [20] (see e.g. [5,22] for reviews in the relativistic case)
is an elegant way to make the supersymmetry transformation manifest. With the
superfield formulation at hand, the supersymmetry transformation is nothing but
the translation in the superspace, and the construction of the supersymmetric
action becomes simply the total integral over the superspace. In this paper,
we develop a superfield formulation for the non-relativistic Chern—Simons-matter
theory and we propose a manifest superfield form of the action studied in the lit-
eratures. See also [4] for another superfield formulation for non-relativistic systems
that has a manifest kinematic supersymmetry. The reference is orthogonal to our
approach that focuses on the dynamical supersymmetry.

Our construction is minimal in the sense that we only assume the dynamical
supersymmetry realized by the algebra

{05, 02} =2H, (1.1

so we can use our formulation not only to particular Chern—Simons-matter
theories but also any other supersymmetric theories involving this algebra: even
conventional relativistic supersymmetric field theories could be rewritten in our
formulation while some of the Poincaré symmetry would not be manifest. We may
also use our formulation to construct a supersymmetric extension of the Lifshitz-
Hotava non-relativistic gauge theory [8].

The organization of the paper is as follows. In Section 2, we introduce the
superfield formulation of the non-relativistic gauge theory in (1+2) dimension. In
Section 3, we re-examine the non-relativistic Abelian ABJM theory in our formu-
lation. In Section 4, we generalize our construction to the non-Abelian case, and
re-derived the action for the non-relativistic ABJM theory with 14 supercharges. In
Section 5, we conclude the paper with further discussions.

2. Superfield Formulation

In this section, we develop a superfield formulation of the non-relativistic
Abelian gauge theory coupled with matters. Our goal is to provide a manifest
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supersymmetric action for the non-relativistic Chern—-Simons-matter theory intro-
duced in [12].

2.1. SUPERSPACE AND SUPERFIELDS
In order to realize the dynamical supersymmetry
{03, 02} =2H 2.1

in a manifest form, we introduce the superspace (¢,x',6,6), where 6 and # are
one-component complex Grassmann coordinate.> We can realize the superalgebra
(2.1) by the supercharge

o .- -0
Q=5 +ib0, Q= +i6d, (2.2)

which satisfy the anti-commutation relation {Q, Q} =2i0;. We also introduce the
supersymmetric derivative:

o .- _ 9
D=5 —if0, D=—-—i6d, (2.3)

which satisfy the anti-commutation relation {D, D}=—2i0;.
The most general superfield = (z, x?,6,60) that lives on the superspace can be
expanded as

S =a+6b+0c+60d, (2.4)

where a and d are complex bosons and b and ¢ are complex one-component fer-
mions. By acting €Q and €*Q, the supersymmetry transformation can be read as

Sca=¢b, Sera=¢€*c
= «bh=¢* —1
8b=0, . Sexb=¢€*(d —i0;a) 2.5)
dcc=—€(d+i0ia), B8exc=0
56d=—i681b, 3E*d=i€*8tc.

where €, €* are Grassmann supersymmetry parameters. We note that the 66 com-
ponent d transforms as a total derivative, which will be crucial to construct super-
symmetric actions.

In order to reduce the degrees of freedom contained in a general superfield, con-
strained superfields will be useful for our studies.> One simple choice is to impose

2We always work in 142 dimension, so i =1,2. By suppressing the x’ dependence, most of
the superspace formulation in this section is identical to N =2 supersymmetric quantum mechanics
which shares (2.1) (see [17] for the original work). Our construction deviates and becomes original
when we discuss the non-relativistic kinetic terms and space component of gauge multiplets in later

sectigns.
For a time being, we assume that the top component of the superfields is bosonic. We will

later introduce fermionic superfields as well.
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the reality condition Y =7* (real superfield): in component, we have
Y =a+0b—0b*+00d, (2.6)

where a and d are now real bosons and b is a complex fermion.
Another simple constrained superfield is a chiral superfield X satisfying DX =0:
in component, we have

X=x+0x—000idx), (2.7)

where x is a complex boson and x is a complex fermion.
Similarly anti-chiral superfield is obtained by requiring the condition DX =0,
whose component form is

X=x*—0x*4+00i0x*. (2.8)

Note that X and X are complex conjugate with each other: X*=X.

2.2. GAUGE MULTIPLET

To construct supersymmetric non-relativistic Chern—Simons-matter theories, we
begin with a gauge multiplet. It turns out that the gauge multiplet consists of one
real superfield V and one chiral superfield A (and its complex conjugate A*). We
will see that V includes the time component of the gauge field Ay and A includes
the space components A;.

A real superfield V=a+ 60k —Ox* +6062A, has a supersymmetric gauge transfor-
mation

Vo V+A+A 2.9)

with a supersymmetric gauge parameter given by a chiral superfield A = A 46 —
06(id,A). In component, the supersymmetric gauge transformation takes the form

a—a+A+A*
K—>K—+A (2.10)
240—2A0—iO, A +id, A"

It is very convenient to use the WZ-gauge, where a =« =0. In this gauge, the
supersymmetric gauge transformation is nothing but the ordinary gauge transfor-
mation for the time component of the gauge field: Ag— Ag+ &;ImA.

The chiral superfield A=2A+60x —606(2i0,A) includes a complex combination
of the gauge field A=A +iA;. We impose the supersymmetric gauge transforma-
tion

A— A=2i0,A, 2.11)
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where J; =0; +i0, (and similarly we define 0_ =0; —i0,). It reduces to the usual
gauge transformation 24 — 2A + 29, (ImA) in the WZ-gauge. Similarly, the anti-
chiral superfield A* =2A* —O1* + 66(2i0; A*) has the supersymmetric gauge trans-
formation A* — A* 4 2i0_A. Note that the “gaugino” A cannot be eliminated in
the WZ-gauge, but we will see that it is an auxiliary field in the Chern—Simons-
matter action.

We propose the supersymmetric extension of the Chern—-Simons action as

Ses = _1"_6 / drd®xd®0 ((A+2i0, V) (A* —2i0_V)+2V0,0_V), (2.12)

where the convention of the superspace integration is [ d?0(06)=1. Because of the
superspace integration, the supersymmetric variation of the Lagrangian density is
a total derivative and the action is invariant under the dynamical supersymmetry.
In addition, the supersymmetric gauge transformation of the Lagrangian density
is a total derivative as usual in the Chern—Simons theory, so the action is gauge
invariant.

In the WZ-gauge, we can evaluate the action (2.12) as

/dtdzx (KA0F12 + geijatAiAj - 1"—6M*) : 2.13)

This is the conventional form of the Abelian Chern—-Simons action in the non-
relativistic form.

2.3. MATTER MULTIPLET

Now, we would like to couple the matter multiplets to the Chern-Simons action.
For this purpose, we introduce a chiral superfield

O=¢p+0x —000i0¢). (2.14)
The chiral superfield has the supersymmetric gauge transformation
d—>e o, (2.15)

or similarly, the conjugate anti-chiral superfield ®* has the supersymmetric gauge
transformation

d* e Ao, (2.16)

A simple choice of the action

1
So=—3 / drd*xd*0d*e¥ @ (2.17)
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is gauge invariant and supersymmetric, but it does not contain any kinetic term
for ¢:*

Soz/dtdzx (i¢*(3o+iA0)¢+%x*x), (2.18)

so we have to introduce other ingredients. For this purpose, we introduce an asso-
ciated fermionic chiral superfield W, and its conjugate W*:

W=1+60p—0030V)
_ _ (2.19)
W=y +00" +000y™),

where v is a complex fermion and p is a complex scalar. The gauge transforma-
tion is W — e ¥ and W* — e W,
Now, we impose the supersymmetric covariant constraint between ® and W:

DY )= (a_ + i“;*) W, (2.20)

The constraint is consistent with the supersymmetry and the gauge symmetry. In
components (in the WZ gauge), we have the following constraint

X =0 +iA*)y*
; (2.21)
—2(i0; — Ag)p = (0- +iA™)p* — Ek*lﬁ*-

With this constraint, we proposed a supersymmetric action for the non-
relativistic Chern—Simons-matter theory:

1
S=Scs—3 / drdx2d20 (CD*eVCD—i—\II*e’V\IJ), (2.22)

where Scg is given in (2.12). In the WZ gauge, the component form of the action
can be evaluated as

S:/dtdxz (KA0F12+§e"fa,A,-Aj—1K—6M* T

1 1
+ig* (Do +iAo)p+ Ex*x +iy*(0g—iAg) Y + zp*p—i-
+b(x — (0= +iANY") —b*(x* — (04 —iA)Y) +

| .
+c |:(i8, —A)$+ 5O +iAM)p* - %A*w*} +

+et [(—i& A"+ %(éu iAo+ %w]) . (223)

4This is because our formulation lacks the manifest Galilean invariance.
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Here, in the last three lines, we have introduced a fermionic Lagrange multiplier b
and a bosonic Lagrange multiplier ¢ to impose the constraint (2.21).

The action is invariant under the dynamical supersymmetry. It is less obvious
but it is also invariant under the kinematical supersymmetry

{01, 07} =2M, {01, Q5}="P_, (2.24)

where M is the total mass operator and P_ is the momentum operator. Alter-
natively speaking, the action has a Galilean invariance, so the commutator
i[G_, O>]=—0Q; guarantees the existence of the kinematical supersymmetry (see
[12] for A/ =2 non-relativistic supersymmetry algebra). Indeed, we will show that
the action (2.23) is equivalent to the one proposed in [12] as a non-relativistic limit
of N'=2 Chern-Simons-matter theory.

2.4. EQUIVALENCE TO [12]

In order to show the equivalence to the action proposed in [12], we first use the
equation of motions for A, p and ¢

K .C %
p 1 .
5+ 50 FiaHe=0 (2.25)

i(0,+iAg)¢+i (0 +iAg)c" =0

to eliminate A, p and ¢ (as well as x from the constraint). Although the last equa-
tion in (2.25) is not kinematical but dynamical, it is easy to see that ¢ =—c* is the
solution.

Substituting them into the action (2.23), we have

S:/dtdxz (KAoFlz + geijé‘tAiAj +

1
i (@ — i Ao)e — 5 (D4 +iA)C (D —iAT)e+

(2.26)

+iw*(80_iA0)1/f_%(87+iA*)¢*(6+—iA)1//+C cr 10)

K

In order to compare the action with that in [12] we further use the Gauss-law con-
straint

1
F12=—;(c*c+w*w>, (2.27)
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and rewrite the kinetic terms by using a trick [16] (up to total derivative terms)

—%@HA)C*(@,—iA*)c=—%(a,~+iA,»)c*(a zA)—F212 cte=
(c*c)? +c ey
2k
1
—-(a +iAY)Y* (a+_lA)1/f_—-(a +iADYH(O; —i A )w+ w v (2.28)

1
=~ 3O +iA)C O —iADc+

Then, the action can be transformed into
:/dtdxz(KAoFu-i-gatéijA,'Aj +
1
+i®*(0y—iAy) P — 5(& +iA)D*(0; —iA)DP+
- . 1 . ‘ . Fio
+iv*(9y—iAg)V — 5(81 +iIAHVT(O; —i AV + T\I/ v+

(2.29)

(P*P)2 D OUrWY
+ +3
2Kk 2k

by renaming ¢ — ® and v — W. This action is equivalent to the one presented in
[12] with e=1 and m=1.°
It is invariant under the dynamical supersymmetry:

i
Sd=—e*D W

V2
i
W=——eD_®
V2
2
SA= ev*P (2.30)
V2
2
SA* =— oN
V2
i
§Ag= ——[e(D_W*)®+c* (DL W) D]
0 NP +
as well as the kinematical supersymmetry
8D =~2n*W
SW=—2nd
(2.31)
3A; =0
SAg= —nFWDH).

SWe can easily recover the mass parameter m by considering the constraint DEY®) =

g (0-+155) v
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3. Non-Relativistic Abelian ABJM Theory

As a simple application of our superfield formulation, we would like to construct
the non-relativistic Abelian (U (1) x U(1)) ABJM theory without referring to the
relativistic action. We introduce two vector multiplets (V, A, A*) and (V, A, A*)
together with 4 matter chiral multiplets (®4, V4) (A=1,...,4). The supersymmet-
ric gauge transformations are

V>V+A+A
A— A—-2i04 A
Vo V+A+A
A— A-2i0, A

—A+A CDA

(3.1)

CDA—>C

A—Aq_,

Yy—e A-

The invariant action that we propose for the Abelian non-relativistic ABJM theory is
S= / drd*xd*6 [ — 1"—6 ((A+2i04V)(A* = 2i0_V) +2V0,0-V) +
K (A nin O, 7 R - -
+ e ((A+ 210, V) (A* —2i0_D) + 2va+a,v) -
1 . .
— §q>jeVVc1>A+\p;§eV+VwA] (3.2)
with the supersymmetric constraint

DYV Vo, = (8+%(A*—A*)) W (3.3)

Just exactly as we did in Section 2, we can eliminate all the auxiliary fields in
the components:

—A—i =Yt =
16t iy va=0
L iy o
16" "4 (3.4)

pA
2

i[O +iAg—iAg)pa+i(d +iAg—iAg)ch=0

1 A
—i—z(—@_—i—iA*—iA*)cA:O

where ¢; are Lagrange multipliers as before. Substituting them back into the
action, we obtain
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s= [ drdx? el A A —kAgF1r— i AA;
= tdx KA0F12+56 8,A,AJ—KA0F12—§E 0 AiAj +
~ 1 " N
+ich (@ —ido+iAg)ca— 504 +iA—iA)ci (O —iA"+id)eq+
N 1 A N
+iVE @0 — iAo +iA)Ya— 5O +iAT—iAYYL©@) —iA —HA)W) (3.5)
We can further rewrite the action by using the Gauss-law constraint:
. 1
F12=F12=—; (chea+viva) (3.6)
as (up to total derivative terms)

1 A A 1
—5(8++iA—iA)cf‘(8_ —iA*+iA%)cy :—EDic;‘Dici

1 . 2 ) A 1 Fia—Fip
—5(3— +iA* =i AR (0 —iA+iA)Pa =—§Di1/ff§DilﬂA — TWWA =
1 Fia—Fip
=—§Di1ﬁ;§Di1/fA + Tl/ffﬂlfA

3.7

Finally, by renaming cq — (®2, =@, P, —Py/) and Y4 — (Wa=12, Yy=1/2), We
obtain

S:/ drdx? (KA()F12 + geijatAiAj —kAgF1p— %eijat/i,ﬁj +
+i®4 Dyd 4 — %D@jD@A +
+iWi Doy — %Di\iji\PA —
— %(Flz — Fio) (W)W, — w;w) (3.8)

We see that the action is equivalent to the non-relativistic ABJM model proposed
in [15] in the Abelian case.

This superfield formulation reveals a hidden SU (4) symmetry of the non-relativistic
ABJM theory. The relativistic ABJM theory has an SU (4) symmetry, while the mass
deformation breaks it down to SU(2) x SU(2). As a consequence, only the SU(2) x
SU (2) symmetry has been manifest in the original construction of the non-relativistic
ABJM theory. However, since we treat all ®4 and W4 on the same footing, it is clear
that the non-relativistic Abelian ABJM theory actually has an SU (4) symmetry.

4. Non-Abelian Gauge Theory

It is straightforward to generalize the Abelian superfield formulation to the non-
Abelian gauge theory. Again, the gauge multiplet consists of a vector superfield V



SUPERFIELD FORMULATION 77

and a chiral superfield A (and its conjugate A¥). They transform as adjoint repre-
sentation of the gauge group G.
The gauge transformations are

¥
GV — GA CVCA

_ A =Y —AT
ev—>CACV€A

A—e M(A-2i0; A)e?
AT = eA (AT +2i0 AT) e N,

@.1)

where A is an adjoint-valued chiral superfield. In the following, we work in the
WZ-gauge where V = 6062A,. The remaining transformation is the usual gauge
transformation for the component fields.

The supersymmetric generalization of the non-Abelian Chern—Simons action is
given by

SCS=—1K—6 / drdx2d6>Tr ((A+2ia+V)e—V(AT—2ia_V)eV—2(a+eV)(a_e—V)).
4.2)

The Lagrangian density is supersymmetric gauge invariant up to total derivative
terms. In the component form, the action is given by

2i 1
SCSzg/dtdxz (e’“pTr(AM(‘?vAp)+ ?le“”pTr(AﬂAuAp) - gTrkkT) . @43)

The matter multiplet (say, the fundamental representation) can be introduced by
a chiral superfield ® transforming as ® — e *® and associated fermionic chiral
superfield W transforming as W — We®. We further impose the gauge covariant
constraint

DEY )= v + ’Emﬁ. (4.4)

The simple matter action

1 .
Smatter =~ / diad*xd® (@Yo —we V) 4.5)
with the constraint (4.4) gives a non-Abelian generalization of the model discussed

in Section 2.

4.1. NON-ABELIAN NON-RELATIVISTIC ABIM

As a final application, we would like to derive the non-Abelian non-relativistic
ABJM theory in the superfield formulation so far developed in this paper. It has a
manifest dynamical supersymmetry and we confirm the non-relativistic limit taken
in [15] in a manifestly supersymmetric way.
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We first introduce U(N) x U(N) gauge connection with the gauge transforma-
tion
eV eheVeh

PRI
ev—>eA GVCA

A—eMA=2i0, A)ed (4-.6)
A e*’A\(A— 2i8+[\)e;‘.

The matter chiral multiplets (®,, ¥,) and (d,/, ¥,/) transform as
B, — e D et

. e_A%eAA 4.7)

q)a/ — C_A <I>a/eA
\Ija/ i e_A"IJa/eA’
where we have treated two indices (@ =1,2) and (¢’ =1',2') differently, so there

remains only SU(2) x SU(2) symmetry unlike the Abelian case in Section 3.
The Chern—-Simons part of the action is given by

Scs = / drdxdo? = T (A+ 210, V)™V (AT =210 V)e¥ 20,1 (0-¢7)) +
+1K—6Tr ((A+ 210, VeV (AT —2i0_V)e” — 2(a+e‘>)(a_e*‘>)) _
26 (e 2i 1 ¥
= [ drdx 5 1€ Tr(AH&,Ap)+?6“ pTr(AMAUAp)—gTrAA -
K crve A A 2i wp A AA L2y
—E € Tr(AﬂauAp) + ?6 Tr(AMAUAp) - gTr)\.)» . (48)
The matter action is given by the simple form
1 ~ A
Smatter = ) / drdx*doTr (‘DZCV CDae—V + \I’Zev \I’ae_v +
+ CDZ/eV Cba/e*f) - \IJZ,CV\IJQ/G*V) 4.9)
with the following constraints:
D e V) =0 Wi+ %A*w; - %\IJ;A*

(4.10)

DE W) =0 0] + s ATof, —sol A,
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In components, we have

Xa=0_Y) +iATy! —iylAT

. . . . i
—2i 80+ 2A0¢a — 20a Ao =0_p] +iATpl —ipl AT —

2

S

ity
Vata @.11)

=00}, + 1416}, — i} A1
i+ 2A0We — 2w Ao =—0_x| —i ATy +ix AT = LiTel + Lot At
tVYa 0¥Ya a’ 40= —Xa Xa Ao B a T A%

The matter Lagrangian with the constraints imposed by the Lagrange multipliers
is written as

1 1
Tr (i¢;D,¢a — 3DV D ViV Dia+ 5 P00 +
, 1 VSR T , 1
+ca<th¢a+§D_p2—ZA'I//J+L—1¢§A‘)+(—th¢Z+§D+pa+
VI it Lo iyt 1, o
+ ZWa)“ - Z)‘wa Ca +”ﬁa/tha’ + zXa/Xa’ _”//a/tha/ - ED—d)a/D-ﬁ—d’a’ +
1 U
- P L faf
+ o (lDtl//a/ - EDfXa/ - 4_1)\ ¢;r+z¢a/)\ )
R | ioa i ;
+ _ltha/_ED+Xa/+Z¢a/)\_Z)L¢a/ Sa/ (4.12)

where ¢, are bosonic Lagrange multipliers and &, are fermionic ones. We can elim-
inate the auxiliary fields A, A, p,, xos as well as ¢, ¥ as

K~ 1 i
R)» + ZI/’;CQ - Z¢Zr€a’ =0
K i i +
——A+-cq i a’ /=0
TR AL
Pa—D—-cag=0
(4.13
Xao —D_&,=0 )

i D¢y +iDsc =0
—iDyYry +iD,ga"’, =0.
Substituting them back into the matter Lagrangian, we obtain the matter Lagrang-
ian:

1 1 - I
Tr (zc;D,ca — §D+c2D,ca + iy Dy — ED,l/f;Dwa +
Lt 1 ot [
+i¢y Didu = 5 D}y Db + iy Difi = 5 D6y Dbt =

2 (Vica—0180) (chvo—&w) + - (cavi ~&00L) (el —m;)) (4.14)
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In order to compare it with the one presented in [15], we use the Gauss-law con-

straint

1
Fip=— (CaCZ — V¥, +¢a’¢2’ - S“/glj')
'f 4.15)

Fio=— (cheatviva+o)u+E080)
to rewrite the kinetic term for scalars as
1 : 1 . (IR [JR
—ETr(DJrca D_c,)= —§Tr(Dl-ca Djc,) — ETY(Caca Fio)+ ETY(Ca Fiocy) =
! ; Ui (e (e i vt s £1
= _zTr(Dica Dica)_ZTr (Caca (Cbe + wb wb+¢h/¢b’+§h/‘§b’)) +
1 it
5 Tr (el (coch — vy +ow o), — v )ca)
1 . 1 ' 1 . 1
—3Tr(D-8;, Dipa) = =5 Tr(Diy, Dicwr) + 5 Tr(@y b Fr2) = S Tr (b Fiodar) =
1, .1 ;
= =3 D} D} 5T (0 bur (cheptr) s + by +E)6)
1
5T (6] oy — vt + 9w 0}, — EvE) 00 ) (4.16)

Note that the scalar potential solely comes from this rewriting and it is summarized as
1 t o g bt

Voos =5 Tr (#udfu 00y — bl b0} (4.17)

where we have renamed ¢, — i¢, in order to adjust to the convention used in [15].

Finally, we rename the fermionic fields: v, — i€ p¥p, &y — i€y . With this

renaming, the action completely agrees with that in [15] (with the replacement
k=2mk and m=1):

SABIM = / drd*x (Les + Liin — Vios — Vier) » (4.18)
where

2i S
Les= (e“"pTr(AME),,Ap)—i-?le’”pTr(AMA,,Ap) — " Tr(AL0,4,) —

N R

2i A
—?le’“’”Tr(AMA,,Ap))
L Lo s - s
Lyin=Tr l¢aDz¢a—EDi¢aDi¢a+l%Dz%—ED—%DHﬁa+
+i¢>TD¢/—lD-¢*D-¢/+i¢*Dw,—lD v D_yy
a/zazza/za a/ta2+a/—a

1 t o g bt
Voos =5 Tt (@udfu b0y, — bt b1/}
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Vier = —%Tr [ @l 0at8]00) W V6= 00+ @ai+ b0 ) Wty — b))
2By Valy + 200 ® ) Var bl — 20500V Vb + 200 by vy —
—ie“beC%z VbV — i€ e o ppdi vy +ie”? el Yy dlva —

i€ APl pl g +iePe gyl o +ie e gyl ool —
eV el o) — i€ g gou]] (4.19)

5. Discussions

In this paper, we have developed a superfield formulation for non-relativistic
Chern—-Simons-matter theories in (1 + 2) dimension. We have successfully repro-
duced the non-relativistic Chern—Simons-matter theories proposed in the literatures
while manifestly preserving the dynamical supersymmetry.

Our formulation is minimal in the sense that it only possesses manifest dynami-
cal supersymmetry, which has both advantage and disadvantage. The disadvantage
is that we fail in manifesting some additional symmetries such as Poincaré invari-
ance or Galilean invariance. On the other hand, this minimal structure allows us
to study the theory with no such additional structures. For instance, we can easily
introduce the supersymmetric extensions of the Maxwell term by adding Sg + Sy
with

Sg= / dtd*xd®0 (D(A+2i0,V)D(A* —2i9_V))
16 g =
1 (5.1)
Sm=——— [ dtd’xd’0T"T,
8m
where we impose the constraint for a fermionic chiral multiplet " as
DU +DI'*=—i(0_A— 0, A*+2i0_0.V). (5.2)

Similarly, we could study the supersymmetric extension of the Hofava-Lifshitz
term, where we need two additional fermionic chiral multiplets I'; with the con-
straint®

DU+ DT =—i0;(0-A— 04+ A* +2i0_04 V). (5.3)
The corresponding action is
SHL = —« / dtd®xd*oT;T;. (5.4)

In this paper, we have shown the manifestly supersymmetric form of the non-
relativistic ABJM theory with 14 supercharges. We can study different (less super-
symmetric) non-relativistic limits of the ABJM model presented in [15]. In order to

6As a consequence, the “gaugino” ¢ =0dylily—o has a vector indices i =1,2. This has been
independently observed by C. M. Thompson.
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realize different limits in our superfield approach, we simply change the constraint
for (a') multiplets: D(eY® e~Y)=0_¥] + AW, — W' AT The matter content
is exactly the same as that studied in section 4 of [15]:

1 1
Lign =Tr (i¢lD,¢a — 3D+ D-a+iV [ Da — 5D Yi D1 a +

O L T I
+i¢y Dibw = 5 D4y D—du + ity Dyl = 5 D- I/fJ,Dwa/) (5.5)
However, we note that the potential is different:’

1 N ~ ~ . ~ AL 1 ~ ~ g A A~
V=—(ida+ G V) DIV + D d)) — —(@a¥] + Ul b)Y Wath + 61 Far) (5.6)

Actually, there is another possibility: we exchange the representation of &, with
that of W, and introduce the constraint D(e¥ W, e~ Y)=0_ <I>Z/ + %A%CDZ/ — %sz,fﬂ.
This gives a different result, but it again shows potential terms that do not arise
in the non-relativistic limit of ABJM theory.

All these are consistent because it was shown that the non-relativistic limit taken
in section 4 of [15] only preserves the kinematical supersymmetry. The superfield
formulation here shows that there exists a deformation of the potential so that the
dynamical supersymmetry is preserved. Incidentally, it is this deformed non-rela-
tivistic ABJM theory whose index was computed in [13]. It would be interesting
to give clear physical understanding of this deformation from the viewpoint of the
original ABJM theory.
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