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1 Introduction

The ABJM/AdS, x CP? correspondence [1] has received a lot of interest. Many things work
as in the original case of N’ =4 SYM vs. AdSs x S°, but there are important differences.
In particular, there is a spin chain description and a corresponding Bethe ansatz for ABJM
operators [2—4], but the energy of a magnon does not have the formula compatible with
BMN scaling of operators of large charge (\/J? = ¢?N/J? in N' = 4 SYM), and instead
one has a nontrivial function h(\) of the 't Hooft coupling A = N/k, giving [3, 5, 6]

e(p) = ;\/1 + 16h2()) sin? g : (1.1)

where p is the magnon momentum, which is = 27k/J < 1 in the BMN limit, obtaining
e(p) = 1/24/1 + 1672h2(\)k?/J2. The function h()) is nontrivial, and whereas at strong
coupling we have h(A > 1) ~ m +aj + ... as in the BMN case, at weak coupling we
have h(A) = A(1 + 1A% + c2A? + ...). The subleading term at strong coupling, a;, was
the subject of some debate, since it depends on the method of regularization for quantum




worldsheet corrections (see e.g. [7]). In [8] it was argued that imposing a physical principle
can help define a regularization and a unique value for a;.

It is then important to consider other ABJM excitations than the closed strings corre-
sponding to the magnons above. In theories with objects in the fundamental of the gauge
group we can define open strings, as first introduced in [9]. But one can define also other
kinds of open strings, in particular ones that extend between D-branes. In the context of
N = 4 SYM, these have been studied in [10-12]. D-branes wrapping some cycles in the
gravity dual, with some angular momentum, are usually giant gravitons, i.e. states with
the momentum of a graviton, but extended in space.

In this paper we therefore study open strings with large angular momentum attached
to maximal giant gravitons in AdSy x CP3, and their dual description in ABJM, as gauge
invariant operators with large R-charge. These can be thought of as excitations of the
giant gravitons. Giant gravitons in AdS, x CP? have been studied among others in [13, 14]
and references therein. Within M theory, large R-charge states and their gravity dual have
been studied in [15].

We will study the anomalous dimensions of operators dual to these open strings on
giant gravitons, and we will find, perhaps not surprisingly, that the same formula valid for
the magnon dispersion relation (1.1) is valid now, at least for the leading terms at weak
coupling A < 1 and strong coupling A > 1.

In [16-18], an abelian reduction of the massive ABJM model down to a Landau-
Ginzburg system relevant for condensed matter physics was described, but the reduction
of the gravitational dual was not well understood. It seems however that if we consider
operators of large charge, we should obtain a pp wave in the gravity dual, and possi-
ble relevant states include giant gravitons on the pp wave and their excitations. There-
fore it is of great interest to understand the physics of giant gravitons on pp waves and
their excitations.

The paper is organized as follows. Section 2 reviews the giant gravitons we are con-
sidering from ABJM, D4-branes wrapping a CP? ¢ CP? and the eleventh dimension. In
section 3 we describe the Penrose limit of the AdS; x CP3 background relevant for our
calculation, and the quantization of open strings on D-branes in the resulting pp wave
background. In section 4 we describe the construction of operators corresponding to giant
gravitons with open strings on them, and with excited open string states. In section 5 we
calculate the first, 2-loop correction to the anomalous dimension of open string operators
with one impurity, and compare with the string theory side. In section 6 we describe the
Hamiltonian analysis using Cuntz oscillators that gives the complete perturbative result
(resumming the 2-loop result and being valid at arbitrary magnon momentum), and in
section 7 we conclude. In appendix A we show the details of how the analysis of the
Hamiltonian for BMN operators works in N/ = 4 SYM using Cuntz oscillators, which is
paralleled in our case. In appendix B we give the details of the 2-loop calculation for the
anomalous dimension.



2 Review of giant gravitons in AdS, x CP?

In this section we summarize a particular embedding of a giant graviton in AdSy x CP3.
We consider a D4-brane wrapping a submanifold of CP3, stabilized by the presence of the
four-form flux, balancing their tension. It is well-known that a large class of M5-branes,
known as sphere giant gravitons, can be embedded into the background AdSy x S7 of eleven
dimensional supergravity. Several configurations of this kind were constructed in [19] for
different backgrounds and with different amount of preserved supersymmetries.

In there, by embedding an S7 in C* and considering intersections with holomorphic
surfaces in C*, it was possible to obtain configurations preserving 1/2, 1/4, and 1/8 super-
symmetries. More explicitly, the worldsurface of the giant graviton at time ¢ is described
by the following constraints in C?,

4
Z ’ZM,Q =1,
M=1
Fe™™Bzyy=0 M=1.4. (2.1)

Spherical giant gravitons of the form F(Z;;) = 0 preserve 1/2 of the supersymmetry (a
particular solution of this type has been considered in [20]), those of the form F'(Zys, Zn) =
0 preserve 1/4 and those given by F(Zyr, Zn, Zp) = 0 and F(Zn, Zn, Zp, Zg) = 0 preserve
1/8 (solutions of this type have been considered in [14]. See [21] for a classification of the
topology of giant gravitons). We are particularly interested in those given by holomorphic
curves of the type F(Zn, Zy) = 0, which after the dimensional reduction to ITA string
theory wrap a subspace of CP3.

2.1 D4-brane giant graviton on CP3

We consider an M5—brane wrapping an S° C S” in the AdSy x S7/Z;, background of eleven
dimensional supergravity.
The background is given by

ds* = R* (ds%iqs, + ds&rz,) » (2.2)

with the radius of the sphere R = (3272N k)l/ 6 in string units. Since S7 is an S' fibered
over CP3, we can write the S7/Z;, metric as

1 2
ds%r 1, = (de - A) + dsZps (2.3)

where 7 € [0, 27].
To compute the explicit form for this metric decomposition, we start with the metric
of C* [22, 23],
4
ds* = Y |dZyl|?, (2.4)
M=1



and restrict to S7 by the constraint

4
> 1ZulP=1. (2.5)
M=1

To restrict further to S7/Zy, or CP3 in the limit k& — oo relevant for AdS/CFT, we
impose the equivalence Zy; ~ Zyse, where o = 27 /k for S7/Z;, and « is arbitrary for CP3.

In other words, CP? is the the space of orbits under the action of U(1) on the homoge-
nous coordinates Z;. We can then forget the constraint (2.5) which becomes irrelevant as
we rescale all the Z; by an arbitrary quantity, and think of the Z; as homogenous coordi-
nates for the CP3. We can define inhomogenous (affine) coordinates on CP? that get rid of
the U(1) (S!) fiber coordinate 7 from the point of view of S7,

7 .
G = Zi Zy = |Zale'™, 1=1,2,3, (2.6)

in terms of which the metric of S7 is given by

S ldal? Xk GkdGddy
A+220aP) A+ 0aP)?”

which is the sought-for explicit form of (2.3). Here A = %%, and the metric is
known as the Fubini-Study metric. By dropping the first term in the above equation, we
get the metric of CP3.

It is also useful to introduce a real six-dimensional metric on CP? by defining 6 angles as

dsgr = (dr + A)* +

(2.7)

(1 = tan psin asin(f/2) 'Y =#)/2 ¢X/2,

(o = tan prcos v e™X/2,

(3 = tan psin o cos(0/2) V02 ¢x/2 (2.8)
in terms of which the metric on CP? is

1 1
ds% = dp® +sin® u |do® + 1 sin? a (O’% + 03 + cos® aa%) + 1 cos? 1 (dx + sin? a03)2

P
(2.9)
Here 0 2,3 are left-invariant 1-forms on an S®, given explicitly by
01 = cosdf + sinysinfdo,
09 = siny df — cosysinfdo,
03 = dy + cos 0 do. (2.10)
The range of the 6 angles is
ogu,agg, 0<f<m, 0<¢p<2m, 0<u,y<4n, (2.11)
and the 1-form defining the embedding in M-theory is
1
A= 3 sin? (dx + sin® o (dp — cos&dqﬁ)) . (2.12)



We could similarly write an S° as an S! bundle over the CP? by

dsgs = (dx' + A)* + dsipe. (2.13)

The CP? is written in terms of the CP? angles as

2

1
ds?cﬂﬂ = do® + 1 sin® a (0F + 03 + cos® ao3). (2.14)

From (2.9) and (2.14) we see the embedding of CP? C CP3. Specifically, we have
dstps = dp® + sin® pu [cos® p(dy’ + A)® + dsipa] - (2.15)

(2.13) means that the embedding of CP? C S° is also a S fibration, like the embedding
of CP? C S7 in (2.3).
We would like to consider the brane whose spatial components are wrapping the sub-
space

dS(QCPg, (u = %, a= O) . (2.16)

We are unsure whether this brane can be described using a holomorphic function
(which would immediately imply supersymmetry) as in the discussion following (2.1).!

3 PP-wave limit and open strings in AdS, x CP3

We consider composite operators in ABJM carrying large R-charge J. As we have learned
from the BMN case [24], the states with J2 ~ X are well described in the gravitational side
by a Penrose limit of the gravitational background. In this section we shall consider the
Penrose limit of type ITA background AdS; x CP3.

3.1 Penrose limit along the giant

The metric of AdSy in global coordinates is
ds%d& = R? (—costh dt* + dp? + sinh?p dQ%) , (3.1)

and the metric on CP? was given in (2.9).

We would like to take the Penrose limit defined by focusing on the geodesic propagating
at the speed of light along x, with y = 7/4,a = 0 and p = 0, which corresponds to the
position of the maximal giant graviton. The giant graviton wraps (1, 8, ¢, x), so the Penrose
limit is along the giant, since we want to describe open string states propagating in x, not
giant graviton states.? The Penrose limit is then defined by the transformations
:%, u=%+%, a:%, x*:HQX/Q, x:RZt_;/Q, (3.2)

'We would like to thank Andrea Prinsloo for pointing out to us that a proposal for a function F that

p

appeared in the first version of the paper was incorrect.

2Note that there is a topologically nontrivial S®/Zj, cycle inside S7/Zs, that cannot shrink to a point
continuously, like a surface wrapped by a giant graviton should. However, we are in the k — oo limit, since
we want in the field theory side to be in the N — oo limit, with A = N/k fixed, and then the nontrivial
circle on which Zj acts shrinks to a point, removing all nontrivial topological issues.



followed by taking R — oo. The metric then reduces to [3]
r2 & 1
ds? = —4dxVdr™ + du® + dp* + pRdQS + dr? + T Z o2 — (u® 4 p*)(dxt)? + §r203d:v+
i=1

3 2 3
= —4drTdx + du® + Z dy? + Z dzqdz, — <u2 + Z yf) (da™)?
i i=1

=1 a=1

N | <.

2
> (Falza — 2adZa)da™ (3.3)
a=1

where y;, i = 1,2,3 are cartesian coordinates for the spherical coordinates p, {22, and z1,
29 are complex coordinates on C? with spherical coordinates (r,6,¢,v). After a further
coordinate change

Zq = 67"“+/2wa, Zo = ei‘”+/2wa, (3.4)
the metric takes the standard pp-wave form (with an extra term),

3 2 3 2
1
2 + _ 2 2 — 2 2 2 +32
ds® = —4dxz"dx™ + du” + E dy; + E dwqdwg — (U =+ -5—1 Yi +Z E |w,| > (dz™)

=1 a=1 a=1

—% 3" (wodivg — Wadw,) da™ (3.5)
a=1,2

The extra term can be absorbed by a transformation in x~ such as,

dz™ — dx~ — ;a;2 (wedg — Wadwy) . (3.6)

The fluxes reduces to
Fy = —dz* A du,

(3.7)
Fy = —3dz™ Adyy Adys A dys.

The brane in this background is wrapping the light-cone directions plus an S embed-
ded in the four-dimensional space spanned by (w1, ws). Note that the Penrose limit breaks
the isometry group SO(2,4) x (SU(4)/Z(SU(4)) of AdSs x CP? down to U(1)x x U(1), x
SO(3), x SO(3) ~ U(1)x x U(1), x SU(2), x SU(2). Here U(1) corresponds to 2+ boosts
(coming from boosts along the compact coordinate x), U(1), to translations along the
(compact) coordinate u, SU(2), rotates (y1,y2,ys), whereas SU(2), is the rotation group
acting on the complex coordinates (wj,ws). Note that if (wq,wy) were written as 4 real
coordinates, there would be an SO(4) = SU(2), x SU(2) g action on them, but now SU(2) g
is broken to its Cartan generator (with rotations e™*® and €'® on the diagonal), identified
with U(1)+ because of (3.4).

In the pp-wave background, i.e. after the Penrose limit, the open string attached to
the D4-brane is moving with U(1)+ angular momentum given by J, = —id,, and in global
AdSy coordinates its energy is given by E = id;. In terms of the ABJM theory, these
should corresponds to the conformal weight A and R-charge under a particular U(1), for



a state of the field theory on S? x R. The pp wave light-cone momentum 2p* and energy
2p~ of the open string are related to the AdSy quantities as follows.

+_ W0 —=0y) A+ Jy
- R2 R2

2p ;o 2p7 =i(0r+0y) = A - Jy. (3.8)
Here R? = 25/27v/X is the radius in string units in terms of the ABJM quantities. A state
spinning with finite p™ should correspond in the field theory to a state with R-charge of
order J, ~ R? ~ V/X. Since k is an integer, the largest coupling corresponds to k = 1,
which suggests that the maximal charge for operators should be of order J, ~ VN. We
will come back to this issue after we define states in the field theory dual to the pp wave.

3.2 Quantum open string on the pp wave

The quantization of open strings in pp-waves backgrounds and its relation to CFT operators
has been described in [9].

In the context of D—p-branes it was considered in [25]. In the light cone gauge 2 = T,
I'"© = 0, the Green-Schwarz action for the type IIA string is, following the conventions
of [26]), (see also [27, 28])

S = 4730/ /dt /OMIP+ do {28: [(XA)z _ (XA/)Q} _ 24: (XM~ % f:(XN)Z

A=1

(3.9)

Here we have denoted (u,y;) = (XM), M =1---4 and (w,,w,) = (X), N=5---8.

The open string we are interested in ends on a D4-brane wrapping the space spanned by
(zF, Xn). It follows that we should impose Neumann boundary conditions on the directions
XN N =5,6,7,8 and Dirichlet boundary conditions for the remaining coordinates,

0, XN =0 forj=5,678 8, XM =0, for M=1,2,3,4. (3.10)

The bosonic excitations of the type IIA string in this pp-wave background have light cone
spectrum

4 fe’e) 9 8 o] 2
B (M n N } n
H=Y) > N >‘/1+7(a,p+)2 +> > N >1/4+ T (3.11)
M=1n=—o0 N=5n=—o0

In terms of the ABJM gauge theory variables, we have R?/a/ = 2527\/X and pt = J /R2.
Thus we have 4 excitations of frequency 1/2 at n = 0, corresponding to (wg,w,), and 4

excitations of frequency 1 at n = 0, corresponding to (y;,u). In this paper we will focus
on the 4 excitations of frequency 1/2 at n = 0.

The Green-Schwarz action has bosonic symmetry group [3] SU(2); x U(1) x SO(4),
where SO(4) corresponds to rotations along the directions of the worldvolume of the D4-
brane XV, N =5,6,7,8, and SU(2), corresponds to rotations in the 3 directions transverse



to the brane i = 1,2,3 (Note that XM splits as (u,y;), 4 = 1,2,3, and the action (3.9)
has only SO(3) = SU(2) symmetry, not SO(4), because of the fermionic part).

The vacuum of the string should be chosen such that it is invariant under rotations
transverse to the giant and has a given charge ¢’ under SU(2),.

4 Open strings from operators in ABJM

Type IIA strings on AdSy x CP? has been argued in [1] to be dual to N = 6 Chern-Simons
matter theory in three dimension with level (k, —k) and gauge group U(N) x U(N). The
theory becomes weakly coupled when the level k is large, hence in the large N limit the
coupling analogous to 't Hooft coupling is given by A = N/k, which is kept finite. The
gauge fields are coupled to four chiral superfields in the bifundamental representation of
the gauge group U(N) x U(N), and in the fundamental representation of the SU(4) R-
symmetry. We denote the complex scalars in these 4 chiral multiplets as (Ay, Aa, By, Ba).
Here Ap, As are in the (N, N) representation of U(N) x U(N), whereas By, By are in the
conjugate, (N, N). Under the SU(4) g R-symmetry group (A1, Ag, By, Bs) transform in the
4 representation. There is also a U(1) g under which all of (A1, As, By, By) have charge +1.

Differentiating between A; and B;, for instance by adding a mass deformation the
ABJM Lagrangean breaks SU(4) g to SU(2)4 x SU(2)p x U(1), under which A; transform
as (2,1,+1), i.e. a doublet under SU(2) 4, singlet under SU(2)p and charge J(4;) = +1
under U(1); and B; transform as (1,2, —1), i.e. singlet under SU(2) 4, doublet under SU(2) 5
and charge J(B;) = —1 under U(1).

Note however that there is another possible breaking of SU(4) r which will turn out to
be relevant for us, namely to SU(2)g x SU(2)gr x U(1)". Under this breaking, (Ay, By) trans-
forms as a doublet of SU(2)¢ and a singlet of SU(2)¢, and have U(1)’ charge J'(A1, B1) =
+1; and (As, Bs) transform as a doublet of SU(2) and a singlet of SU(2)g and have U(1)’
charge J'(Ag, Ag) = —1.

Analogously to the N' =4 SYM case, a giant graviton brane wrapping some cycle in
the background should be identified with a semi-determinant of scalars [29], but since the
scalars A,, B, carry indices in different U(NN) on the left and the right, unlike in N' = 4
SYM, we should build composite fields which carry indices in the same U(N) on both
sides, i.e. in the adjoint of one of the U(N)’s. If such giant gravitons wrap the compact
sector CP? (as opposed to the AdSy piece, which also has its giant gravitons), their angular
momentum is bounded from above due to the finite radius of CP?, and the maximal giant
should be described in the field theory by a full determinant. We are particularly interested
in the maximal giant graviton wrapping a subspace My C CP3.

We would like to obtain the open string spectrum (3.11) in the field theory from a
string of composite operators in the adjoint of U(N). Analogously to the closed string
case [3], let us choose the vacuum of the string as,

W = [(A2By)”]¢. (4.1)



It should correspond to a zero energy configuration above the energy of the D4-brane
2p~ = H = 0, which means in the field theory we need

(A = Ja,8,)) [(42B2)] =0, (4.2)

A being the conformal dimension, which classically is 1/2 for both A, and B,. In order to
have J = 1 for A2 By, we need J to be J 4, ,), i.e. the Cartan generator of the SU(2) 4, 5,) =
SU(2)¢r which rotates (A2 Bs) as a doublet, with (normalized) charge +1/2 for A and —1/2
for By, so +1/2 for Bs.

On the other hand, the vacuum operator W} is invariant under the action of the
SU(2)(a,,) = SU(2)¢ group rotating (A1Bj). Therefore, it is natural to suggest that
the open string is attached to the giant graviton D4-brane described by the following
determinant operator,?

Og = 6m1,.,,7mN6p1""’pN (AlBl);nll ce (AlBl)ZINN- (43)

The full bosonic symmetry of the above string vacuum is U(1)’, together with SU(2)q x
U(1)p x SO(3),, a subgroup of SU(2|2), whose generators commute with U(1)’, where
SO(3), acts on the 3 worldvolume coordinates y;, the generator D = A — J.

We can now easily identify this symmetry with the pp wave isometry group.* The
breaking of SU(4) — SU(2)1 x SU(2)g x U(1),, corresponds to SU(4) — SU(2)e xSU(2)¢r X
U(1)’, meaning that U(1), identified with U(1)’, SU(2);, with SU(2)g and U(1)p with
U(1)+. Then SO(3), is the same in both cases, meaning the total symmetry is U(1)" x
SU(2)g x U(1)p x SO(3), = U(1), x SU(2)r x U(1)x x SO(3),.

The fact that Oy is not charged under the Casimir J of SU(2)¢r = SU(2) 4, 3,) 1€,

Ji4s8,) [(A1B1)] =0, (4.4)

is understood as being due to the fact the propagating direction of the open string is
parallel to the giant graviton D4-brane, hence the propagation direction for the string is
different than the propagating direction for the giant, i.e. the charge J for the open string
is different than the charge Ji = J4, 5,y = Casimir of SU(2)¢ for the giant, under which
the giant has zero energy (J1(A;) = J1(B1) =1/2 and A = 1/2 give (A — J1)(A1B1) = 0).

The identification of U(1)p with U(1)+ means that J (the Casimir of SU(2)q) is
identified with J,, the angular momentum in the x direction of CP3, so that we can

3Note that a different proposal for the giant corresponding to this operator was put forward in [30] as
being two CP? giants intersecting over a CP', since the determinant splits into det A det B, but the A and
B matrices are bifundamental, so it is not clear that they can be interpreted by themselves as D-branes,
and we would instead suggest that there is an identification of those two would-be D-branes needed, leading
to our interpretation. We would like to thank David Berestein for comments on his work.

4The correct matching of the symmetries must be with the isometry group on the pp wave, even if the
symmetry before the Penrose limit would be different. However, note that the brane wrapping the cycle in
eq. (2.16) in the background (2.15) has a symmetry (transverse to AdSy) of SU(2) x U(1), since the SU(4)
symmetry of the CP? is broken to SU(3) x U(1) by the choice u = 7/4, as seen from (2.15), and the SU(3)
symmetry of the CP? is broken to SU(2) by the choice a = 0, as seen from (2.14). This SU(2) x U(1) is
part of the symmetry of the pp wave.



formally write
1

— 5,
From (4.5) we have 6 combinations in the adjoint of the first U(V), classified according
to A —J, as

Jy(A2) = J\(Bs2) Jy (A1) =3y (B1) =0. (4.5)

(A—=J,) =0: AyBo,
(A — ‘]X) == 1/21 AQBl, Agzzh, AlBg, BlBQ,
(A—J)=1: AB. (4.6)

Summarizing, we would like to describe the vacuum of the open string-brane system by
the following operator in ABJM
€my,...my €PN (AL Byt .. (A1 B1)pu (W (4.7)

PN

It has been argued in [12, 31] that if we set an (A1 B;) at the border of W, the operator
factorizes, so we do not want to consider that situation, although it should be interesting
to study that phenomenon at both sides. In fact, an operator as (4.7) can be expanded in
terms of traces (closed strings), but for maximal giant, which is the case we are considering,
the mixing with closed strings is suppressed.® This operator carries anomalous dimension
minus J, charge of A —J, =N — 1.

Note that for the string in the pp wave, we obtained a maximum J, of order .J, ~ V'N.
This suggests that W in (4.7) should contain at most O(v/N) (AsBs) combinations, though
it is not clear why we should have this constraint from a field theory point of view. Perhaps
for larger J, the open string oscillation starts to modify the giant graviton itself (which
has an energy of N — 1, as seen above), here assumed to be a fixed background.

As in the BMN case [24], we should relate excitations of the string theory ground state
with appropriate insertions into the string of operators W.

Excitations in directions X™ coming from the AdSy, i.e. y;, correspond to insertion
of covariant derivatives D; (with A — J, = 1) in the dual operator, but we are not going
to consider those here. Excitations along CP? should be identified with insertions of com-
posite operators. From (4.6) we find that the last excitation with frequency A — J, =1,
corresponding to the direction u, is A; By. A single excitation along the (wq, w,) directions
(XN, N =5,...,8) in the gravity side increases the energy of the vacuum by 1/2, as we
can see from (3.11). From (4.6) we see that the insertions increasing the energy of the
ground state (4.7) by 1/2 are given by

AgBl, AQAl, AlBQ, BlBQ . (48)

®Note that the same factorization happens for an (A;B2) or (A2B;) impurity (see shortly afterwards)
put at the border of W, and then a determinant of A; or By appears, in which case it would seem like there
are different boundary conditions at left and right for these impurities. Note however that, as explained in
the footnote 3, this picture refers to the alternative description in terms of two CP?’s intersecting over a
CP'. Since the A’s and B’s are bifundamental, in our description we suggest an identification of the two
corresponding D-branes, leading to the same boundary condition on both string endpoints, namely (3.10).
In the alternative description, the boundary condition would be Neumann-Dirichlet, affecting the choice of
dual operator, thus modifying (4.10) and further equations.
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For example, one of those excitations should be given by the insertion of an (A2Bj)
i.e, corresponds to the operator,

Ol = Emhm’mNEpl’“"pN (AlBl);ql ce (AlBl);nNN_zl [(AQBQ)I(AQBl)(AQBQ)J_Z}mN (49)

PN

which has A —J, = % As for single trace operators, higher (massive) oscillator states of
the open string, are described by operators with the insertions above accompanied by a
phase position-dependent factor representing the given level. Explicitly, we associate the
following operator with a single excitation of the string

O, = Eml’m’mNepl"“’pN (AlBl);?l ... (AlBl);nN]\izl X

[ (A0Bo) (Ao Br)(AsBa) 1] ™ cos [ ™
XZZ;[( 2B2) (A2 B1)(A2By) LN cos <J> (4.10)

5 Anomalous dimension of ABJM operators

5.1 Single excitation

We now move to the computation of the anomalous dimension of the operator in (4.10).
We show in appendix B that the leading planar contribution comes only from interactions
of the open chain, i.e. the term in square brackets. For single trace operators in the planar
limit, at two-loops we only get mixing between nearest neighbours (from the point of view
of the (AB) pairs, i.e. next to nearest neighbours from the point of view of individual A
and B fields), through the interactions terms in the Lagrangean

472

V = FT‘I‘ [—2(B2A2B1B1A2B2) + (31A23231A232) + (BQAQBlBQAQBl)] (51)
472 _ o o
- k%Tr [—2(By Ay By By Ay By) + ((B1Az)ByBy(ABy)) + ((BaAz) ByBa(A2By))]

the first term is diagonal, the second one moves the impurity to the left (adding for free an
inert Ay on the left, this term connects AsBy(A2Bs) with Ay By(A2By)) and the third one
move the impurity to the right (adding an intert Ay on the left, it connects Ay Bo(A2Bi)
with AQBl (AQBQ))

Then, just like in the BMN case for N' = 4 SYM, the operator O,, in (4.10) diagonalizes
the interaction term (5.1) and the action of the interaction term on it produces a global
phase (independent of the sum index /) coming from

o (0 s (DY g (POD) g (TO) s (]

(5.2)

Collecting the results from appendix B, we can write the two-point function at one-

loop as

= 1 +8)\2 {1 — CoS <%>} In(zA)
(I4+ (A —=J)*™ In(zA)) . (5.3)
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Note that at tree level (classical dimension) A = J, +1/2 for our operator. Expanding
the cosine for small %+ we get that the contribution to the anomalous dimension coming
from the open string interactions is

472n?

(A _ Jx)anom.

1 822
N A-dy =3 [1+ ”ﬂ” )\2]. (5.4)

This agrees with the closed string calculation in (1.1).
On the other hand, at strong coupling, the string theory result is given by the expres-
sion for the frequencies in the CP? directions in (3.11),

TL2
(a/pT)?”

(5.5)

After using R?/a’ = 2°/%7v/X and p* = J/R? to get o/pt = J/(25/?7/X), we obtain for
the frequencies

1 23 2 2)\
wi) =3 1+7i]7§. (5.6)

This agrees with the closed string result (1.1).
Expanding for small An?/J? so as to compare with the SYM case, we obtain
1 An?n?
As in the closed string case, it seems that the BMN scaling is violated for ABJM, since

the strong coupling A > 1 and weak coupling A < 1 results have different behaviours. This
is the same discrepancy from (1.1) for the closed string case, first noticed by [3, 5].

6 Hamiltonian effective description on the ABJM operators

In this section we would like to find a Hamiltonian description for the ABJM open string
using Cuntz oscillators, similar to the A/ = 4 SYM case described in appendix A. We will
not give all the details which are the same as in the A" = 4 SYM case, since they can be
found in the appendix.

The operator-state correspondence for 3 dimensional field theories relates operators
on R? with states on the cylinder S? x Ry, found at the boundary of global AdS,. Fields
on R? are KK reduced on S? and give creation and annihilation operators on Ry, which
can act on states. Fields without derivatives on R3 correspond to the zero modes of the
KK reduction on S?. The new feature now is that we have pairs of fields that appear
naturally, e.g. (A1 B1)(x), (A2B1)(z), (A2B2)(x), so we can consider them together under
dimensional reduction on S2. We denote (A2Bs)(x) < al, (A2B1)(z) <> bl. Like in the
case of N/ =4 SYM, the vacuum |0); for the open string is defined by acting with J field
objects on the true vacuum |0), but unlike that case, now we act with composite operators

- 12 —



(AQBl)(x) and (AQBQ)({L')G
0] = [(A2Bo) ]y =

PN PN

00 ) = [(ah)7]5v]0). (6.1)

But as explained in appendix A, the oscillators appearing here are actually Cuntz oscilla-
tors, satisfying (A.1), because there is an implicit group structure (the creation operators
have matrix indices) that means that the order matters, and then the Hilbert space can be
mapped to the Hilbert space of Cuntz oscillators.

For excited states, we have also operators insertions of (A2B1)(z) on R?, which we can
replace by insertions of b along the string of al’s, at site i. Equivalently, we can consider
the independent Cuntz oscillators at each site b;, as in (A.7). In order for this to be a good
definition, we need to have very few cases where the bf’s appear at the same site, namely
we need to be in the “dilute gas” approximation.

The action of the interaction potential on operators through Feynman diagrams in R?
generates a Hamiltonian action on states in the S? x R; picture. Indeed, by acting with
the interaction potential (5.1) through Wick contractions onto a one-impurity operator

J—1|"N

(O = |(A2B2)'(A2B1)(A2By) ; (6.2)

PN PN
we obtain the action (we have a factor of 472/k? in front of the action and a factor of
N? coming from the index loops, instead of the factors gi,,N/2 for N' =4 SYM in the
appendix, allowing us to write the result in terms of the 't Hooft coupling A = N/k)

V(O = N [—20; + O + O1-1]pY + 3 — impurity , (6.3)

which is the fact we have actually used in (5.2). Therefore we can define the action of V
on the states in the dilute gas approximation (where various b} excitations don’t interact
with each other) by the Hamiltonian terms in V:

A2 [_bjbl — byb] + bjbry + b, by (6.4)

plus terms with two b’s and with two b’s. In fact, as in appendix A, these terms are needed
because of 141 dimensional relativistic invariance, requiring that we obtain the combination
(field) ¢j = (bj + b;) /v/2, which determines uniquely the interaction Hamiltonian.

The final result for the full interacting Hamiltonian, including the kinetic terms, is the
nearest-neighbour result

J g1 T J
bbi + bib, 2 T T 2
H:;2+)\ ;<bl+1+bl+1—bl—bl) . (6.5)

As in appendix A, we can do a Fourier transform from the oscillators b; to oscillators
bn, by

b= e by, (6.6)

j=1

SFor the sake of simplicity, we are going to drop the determinant factor along this section, but it is
understood that the free indices my,pn are attached to it as in (4.10).
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after which the Hamiltonian becomes

b,bl 4 bhb,
H= Z 5 (6.7)
7=1

J
A2y [bnbn(eip — 1) + bubl (€ — 1) + bl b (e — 1) + bl bl (e — 1)] ,
j=1

where p = 27 n/J is the magnon momentum. We further redefine

Cn,1 T Cp2 Cn1 —Cn2

b, = , by_ = , 6.8
such that the Hamiltonian becomes
H— Z Cn 1Cn 1+ CL 16n,1 Cn,2ciz,2 + CIL,2Cn,2
2
J
X2 an(ens + e )?) = anlenz = ch2)? = Bullens = ch)s (enz + ) o)]| - (6.9)
j=1
Here )
= 2(cos(p) — 1) = —4sin? (%) . By =sin <§”> . (6.10)

In the dilute gas approximation (see appendix A for more details) we can see that the
operators b, satisfy to leading order the usual harmonic oscillator algebra,

[y b1 ] ~ G + O(1/) | (6.11)

ny Um

from which it is easy to see that the last commutator in (6.9) vanishes. Then the hamilto-
nian is given in the large J limit by a sum of perturbed harmonic oscillators as in (A.18),
and we can follow the same recipe as in appendix A to do a Bogoliubov transformation on
the Hamiltonian to find the eigenstates and their energy,

=1+ 47 2ay,| = \/1 + 162 sin? (g) (6.12)

This agrees with the closed string result (1.1) at weak coupling, and by expanding in n/J <

1 and in A <« 1 agrees also with the two-loop computation in section 5. But the result
obtained in here is much more general, since it resums the 2-loop Hamiltonian contributions
to the energy, and it applies for arbitrary magnon momentum p, not just p < 1.

7 Conclusions

In this paper we have considered open strings ending on D4-brane giant gravitons in AdSy x
CP3, and the operators dual to them in ABJM. The D4-brane giant moves in a CP? ¢ CP?,
and we considered a large R-charge limit for the operators corresponding to a pp wave limit
in the gravity dual. We have described the operators corresponding to open strings with
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excitations on them, and the resulting magnon dispersion relation coincides with the one
in the closed string case, (1.1). In particular, we calculated the first, two-loop, correction
to the energy and noted the different scaling from the string theory result, as in the closed
string case. We showed explicitly how to derive the magnon dispersion relation in the
N =4 SYM case using a Hamiltonian description based on Cuntz oscillators, that was only

implicit in [24], and then showed how to parallel that analysis for open string operators
in ABJM.
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A Hamiltonian description for large charge N’ = 4 SYM operators using
Cuntz oscillators

In this appendix we review the Hamiltonian calculation using Cuntz oscillators for the
N = 4 SYM case, which was implicit in [24]. The result gives explicitly the sin?(p/2)
factor inside the square root for the energy, generalizing a bit the result in [24].

As explained in [24], one considers ' = 4 SYM KK reduced on S3 x R; (the boundary
of AdSs x S5), and after the dimensional reduction on the S 3 factor one gets a Hamiltonian
description for SYM.

The SYM fields on R* are organized in terms of A — .J, corresponding to energy in
the dual pp wave string theory. Here J is a U(1) R-charge that rotates the complex field
Z = X' +iX? by a phase. The vacuum is made up of Z fields, with A —.J = 0. The string
oscillators are the fields with A — J = 1, namely the 4 ¢!’s, 4 derivatives of Z, D,,Z, and
8 fermions x9_; /2° Then there are fields of A — Z > 1, like Z, XT—_1 /2 and the higher
derivatives of the string oscillator fields.

Under dimensional reduction on S3, arising from the operator-state correspondence for
conformal field theories (which in 4 dimensions relates S3 x R; <> R*, the same way as in
the more familiar 2 dimensional case it relates the cylinder S x R; with the plane R?),
the KK modes of a field, which correspond to higher spherical harmonics on the sphere
S3, are mapped to the higher derivative modes D,y ... Dy, of R?* fields. The R; “mass”
under S% KK reduction (i.e., frequency of harmonic oscillators) has an extra term due to
the curvature coupling to the scalars, so that even the constant mode of Z, i.e. the field Z
on R%, has frequency equal to 1. The corresponding harmonic oscillators are called (aT)i j
(here i, j are SU(N) indices). The R* fields of A —J = 1, ¢!, D,,,Z, correspond to their
constant mode on S3, having frequency equal to 2, and the corresponding oscillators are
denoted by (bf)? ; (here we have supressed the I, m indices on b). Together, the set of al,

b and higher KK modes are called aL.
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A large J charge single trace operator (such an operator is leading in the large N limit)
then corresponds on R; to a ordered string (or “word”) of al’s acting on the vacuum |0).
In the sector of fixed J (corresponding to fixed p™ momemntum on a pp wave string), the
vacuum |0) 7, is Tr[(a")7]|0 >, mapped to the operator Tr [Z”] on R*. We will drop the .J
index in the following, assuming we are in the J vacuum.

Next one uses the observation of [32], or rather of [33], that the Hilbert space of n
independent large N random matrices acting on a vacuum, My MyMs. .. |0) (where the

order is important, so that one has to consider a word made of Mi’s) is the same as the

Hilbert space of so-called Cuntz oscillators a;, ¢ = 1,...,n, satisfying
n
ail0) = 0; aial = o5 Y ala; =1—0)(0] (A1)
i=1

and no other relations (in particular no relations between aga; and a;r-az, so that the order
is important).

For a single Cuntz oscillator we would have
a0y =0; aa’=1; ala=1-10)(0], (A.2)

and the number operator is

- ata >
N=——"——= DLOLS A.

In general,

o
N:Z Z azl...a;-[kaik...ail. (A.4)

k=111,..ix
Note that the equality of the large N Matrix Hilbert space with the Cuntz algebra
Hilbert space is a fact and is independent of the main subject of [32], which was to describe
random matrix correlators by a “master field” M (z) (or M(a,al)), i.e. such that

Tr[MP] = lim [ DMe NT von Lg, [MP] = (0|M (a, a’)?|0). (A.5)
N—oo N
For that, one needed to define inner products and use properties of Matrix models. Here
we restrict ourselves to Hamiltonians acting on states, for which [33] suffices.
One thing which is not taken into account in the formalism is the fact that our Hilbert
space is for traces of matrices, which are cyclic, thus cyclicity must be imposed by hand.

Hamiltonian. The particular case studied in [24] involves particular types of words, with
mostly Z’s, corresponding to a'’s, and few bf’s (the “dilute gas” approximation). Thus an
additional simplification was used: in a a...afbfa’...afbla’ ... af|0) type string of length
J (with J a'’s), we can forget the a Cuntz oscillators and consider that we have a chain
of J sites, and at each site a different independent Cuntz oscillator b;- (here j = 1,...,J
labels sites), i.e. consider

[bi, by] = [b],b5] = Bl b1] =0, i # (A-6)

177)
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and
bibl =1, blb; =1— (|0)(0])i; bi]0); = 0. (A7)

Of course, there is still the supressed index I, m corresponding to the type of oscillator.
Defining Fourier modes,

1 2mijn
b L= — e J bTL A8
we get the commutation relations
J ﬂzg(m n)
b, b)) = Z (10)(0D)s5  [bns bm] = [bf,01,] = (A.9)

This is in general a complicated operator, but if we act on states in the dilute gas
approximation, i.e. on states

we get

[n’ m”w{n >: ( nm——z 2y ™

that is, the operator gives 1/.J corrections in the dilute gas approximation. In particular,

) [Yfni}) > (A.11)

(b, bla]|0) = Om.n, as for usual oscillators. Since also b,|0) = 0 as we can easily check, the
b,’ act as usual creation/annihilation operators, exactly on the vacuum and approximately
on dilute gas states.

With these Cuntz oscillators for the b’s, the interaction term

e = - B0z, 0)5.0] (A12)

where 47wgs = 912, > in the lagrangian becomes equivalent to

i gSN
™

D (65— din1)?, (A.13)

J

where ¢; = (b; —l—b}) /V/2. (With the usual oscillator one would have extra factors of 1/4/2 in
the (b})2 terms.) An obvious term is the one with 2 bf’s, > bTbTJr1 —|—bj+1bT (b})2 - (b;H)Q.
It arises from the contraction of the Z in Liy ~ 2Z¢z¢ — 2%z — Zz¢? with one z in the
state. All the other terms can be obtained similarly, or we can consider the fact that
141 dimensional relativistic invariance requires that the combination ¢; = (b; + b;) /V/2 to
appear in the interaction Lagrangean. We will denote by A = g%, N the t Hooft coupling.

Then the total hamiltonian (equal to a free part plus the interaction part, that is,
minus the interaction Lagrangean from above) should be

bb*+b*b PR
8—2 bjs1 + bl 1) (b; +b1) — (b +bh)?. (A.14)
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Notice however that H|0) = const.|0) + (\/872%) Zj(b}ﬂb} - b}b})\m # 0. Since we
know that Tr Z7 is a good vacuum (A — J remains zero, as this state is BPS), it follows
that on R; we must have H|0) = 0, hence we must assume that susy cures the discrepancy
e.g. by fermion loops, and one can have a redefined Hamiltonian H such that H|0) = 0.
We will thus put H|0) = 0 in the following by hand.

After going to the Fourier modes b,, and then redefining the oscillators by

b — Cn,1 t+ Cn2
" V2
byon = uL 2 (A.15)

the hamiltonian becomes (for J = 2k + 1, term n = 0, or rather J, drops out of the sum
from 0 to J)

- [Jz/é] CIL,ICnal + Cn,lcjm CL,QCH:Q + Cn,2cjz,2
2 2
n=1
T 2 - T 2 o T T A 16
+ an(cml + Cn,l) an(0n72 Cn,2) + ,Bn[le Cn,l’ Cn,2 + Cn,Q] ’ ( . )
where

A (cos(@mn/) — 1) in2 77

on = ——=(cos(2mn —1)=—- sin® —

" 82 (2m)2 J

A

Bn = i(27r)2 sin(2mn/J). (A.17)

However, with our commutation relation for [b,, b;rn] one can check that the commutator
term vanishes and the hamiltonian is now diagonal, albeit with nontrivial oscillators ¢, 4.
Moreover, it is now exactly in the form of a sum of perturbed oscillators. Indeed, a

generic hamiltonian

T T 2 )2 2 T T 2
_aa'+ad'a  p(ata)® po\ aa' +ala | ptoo 2
H= 5 12 5 = 1—1—2 5 i4(a +a'), (A.18)

under the Bogoliubov transformation
b = aa+ Bal

a-pf=1/Vu atf=vw
w=+1+p? (A.19)

becomes -
H= ww. (A.20)
Here if we had usual oscillators we would have [a,a'] = [b,b'], i.e. the commutation

relations would be preserved. In the case of a single Cuntz oscillator this is still true, but
now for many different Cuntz oscillators the algebra will change.
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A Bogoliubov transformation in terms of usual oscillators will give a new vacuum
after the transformation, since a|0) = 0 will imply b|0) # 0, and b|0') = 0 gives |0/) =
exp(—B(a")?/a)|0). But now we don’t have usual oscillators.

Applying this Bogoliubov transformation to our Hamiltonian we get

L e I e
C, 1Cn1+ CniC C, 9Cn2 + Cp2C
H — : :wn TL,l n71 2 n, n,l + n,2 n, 2 n, TL,2 , (A‘21)
n=1

where the relations between oscillators are

T

Cn,1 = QpCn, + bncm1
Cn2 = AnCny — bncL1
(1 -+ @)/ 4 (1 -+ )
an =
2
(1 -+ @)/~ 1+ )/
2 b

by, =

(A.22)

and the energy of the eigenstates is

4 4, N
wn = /1 + 4lan| = \/1 +5 A)2 sin2 ”—Jn = \/1 + 295 in? % (A.23)
T

™

As we can see, this calculation was exact, both in A and in n/J, as long as J — oo and we
have a dilute gas approximation. For n ~ 1 <« J, we obtain for the energy

[ An? [ 4mgsNn?

which is the case used in [24].

Note that the result here is exact in A, but a priori needed not be, since the calculation
was one-loop in SYM, and the square root form came about because of the Bogoliubov
transformation, so was a sort of resumming of various one-loop contributions, similar to
the exponentiation of the IR divergences of gluon amplitudes in the Sudakov factor ~
exp[Aa; + O(\?)].

That means that in general, we expect the A inside the square root to be replaced by
a more general function of A, and this is indeed what happens in the ABJM case.

B First correction to anomalous dimension

In this appendix we compute the anomalous dimension of the first excited state (4.10) at
first order in A% = 1672N?/k%. The basic propagators we need are

4 -3 i — 4 6lj5ad5_é
(Ap(2) A24(0)) = (B, (2) By (0) = — ¢, (B.1)
47|z
from where obtain the following composite operators two-point functions,
o —_— 878,46
A'B* AiBJ =N—F—. B.2
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Note that in principle, for operators with order N fields, we cannot consider only nonpla-
nar diagrams, but need to include nonplanar diagrams, so in particular we couldn’t use
just the propagators (B.2), since there the subleading 1/N factors are cancelled by order
N multipliticities. So in particular, one would need to consider, instead of the basis of
single trace operators, the Schur polynomial basis (see, e.g. [35]). But the operators we
consider have, besides the sub-determinant representing the giant graviton (which is in-
deed the correct operator), the object W which represents the open string with excitations
(impurities), which however, as we saw in section 3.1 in the gravity dual, can only have a
maximum number of J, ~ VN fields, so for them we never reach the problematic region of
the order N fields. Moreover, we will verify a posteriori that only the open-open (W-W)
contractions contribute, so we can consider effectively only the W piece, for which as we
saw there is no problem.

In our conventions the scalar potential in ABJM is given by

V="Tr (|M*]+|N?), (B.3)
where
M= 2T (2B BB 4 AP Ay B — B Ay A° 1+ 9B Ap A0 —24%AsB),
Ne = 2% (2414547 + BOByA® — A*ByB® + 247 ByB* ~ 2B°ByA”).  (B.)

Since the potential is purely sextic (thus proportional to A\?, i.e. gé ), the first quan-
tum corrections to the anomalous dimension appear at two-loops (we can also check that
the 6-vertex connecting 3 fields in one operator with 3 fields in another gives a 2-loop
graph). Since the composite operators we are going to use are in the adjoint of U(N), the
computation is very similar as the open string on giant in the N =4 SYM [34]. We split
the computation as follows:

e Tree level: the three level two point function of the state (4.10) is given by

NI2(N —1)!
_ nN+J-1
(On()O0p(0))tree = N () 27T (B.5)
As we see from (B.2), each propagator for composite fields (AB) contributes with a
factor of N, producing a total contribution of NN*+/=1 The factor of (N —1)! counts
all the possible contractions between A; Bfs, and N!? comes from the full contractions

of two pairs of Levi-Civita symbols. N/~ comes from planar delta’s contractions in
the chain of (A2B1)’s.

Two-loops.

e The contribution coming from the interaction between giant graviton bits (compo-
nents) vanishes:
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Since the giant graviton dual is built only from (A; B;) composites, the only (possibly)
non-vanishing contributions from interactions are those with only A; and Bj’s in it.

472 - - _ o o ;
|]\41]2 - ﬁ( — A1A1B; + B1A1A1> ( — A1A1B; + B1A1A1> 7
472 . o B
- ﬁ<A1A131A1A1B1 — B1A1 A1 A1 AL By

— AlzthlBlAlAl + B1A1A131A1A1> (BG)

One can see that there are

2
<2N3 2) (2N — 2)! (B.7)

graphs of the following form for each term in (B.6),

I EEEEEEE

but for each of these graphs, there exist 16 different ways of contracting the fields into
the vertex with the fields in the operators. (For example, for the first term in (B.6)
A1A1B1 A1 A1 By, there are two ways of contracting A; with it, times two ways of
contracting A with it, times four ways of contracting the remaining B’s and B's.)

Each of those 16 different contractions produces 8 odd permutations, plus 8 even
permutations. Therefore, since each term in (B.6) contributes the same number of
odd permutations plus the same number of even permutations, the total sum just
vanishes.

It is interesting to note that in this case the giant graviton does not develop anomalous
dimension (at least at one-loop) without the need for supersymmetry.

Contractions between open strings bits: contractions between giant gravitons bits are
as at tree level, N!2(N —1)!, as well as NV coming from propagators. Into any planar
diagram in our conventions, each closed line contributes with an N, each propagator
contributes with one (B.1), and each vertex contributes with a 472 /k2. Hence at tree
level for example,
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we have from the open string N/ ~1§; as we already mentioned. The first leading

IN,JN >
planar correction for the open string chain looks like

and produces a coupling constant and N dependence from the open string part of

the operator of NJ_?’&;C# =422 NT-1N2

The total result for the diagram is

N N+J-1
<W) PP NP(N = DI I(|a]) = 472232 (On(2) On(0)) tree Z(|2])
(B.8)

where (there are two equal divergent contributions to the result, one at y = 0 and
another at y = )

!$\3 1 A

Here we have introduced a cut—off A in order to regulate de divergent behaviour of
the integral.

Contractions between operators in the open strings and the giant: from the giant
graviton bits, we have (N — 1)2 possible choices for the fields that will interact with
open string. That leaves (N — 2)! ways to contract the remaining bits freely and
produces an additional (N — 2)!? coming form the contractions of the Levi-Civitas.
Again we obtain an NV factor from the propagators.

There is no way to connect planarly the open string to the determinant building the
giant (as long as the impurities do not reach the boundary of the chain, which we are
not considering here). As we see from the graph below, the leading contribution is
given by N/~IN. We have .J graphs of this type, coming from the different choices
of the open bits to interact with the determinant. The total result for the diagram
is:

4r? (N V! ) 3 A2 T
o (oanp) V0RO = 2P SN T(a) = 3 (OO0 T
(B.10)
which is subleading respect to (B.8).
PN
N O
i

- 29 —



Open Access. This article is distributed under the terms of the Creative Commons

Attribution License (CC-BY 4.0), which permits any use, distribution and reproduction in

any medium, provided the original author(s) and source are credited.

References

[1]

O. Aharony, O. Bergman, D.L. Jafferis and J. Maldacena, N = 6 superconformal
Chern-Simons-matter theories, M2-branes and their gravity duals, JHEP 10 (2008) 091
[arXiv:0806.1218] [INSPIRE].

J.A. Minahan and K. Zarembo, The Bethe ansatz for superconformal Chern-Simons, JHEP
09 (2008) 040 [arXiv:0806.3951] [INSPIRE].

D. Gaiotto, S. Giombi and X. Yin, Spin Chains in N = 6 Superconformal
Chern-Simons-Matter Theory, JHEP 04 (2009) 066 [arXiv:0806.4589] [INSPIRE].

N. Gromov and P. Vieira, The all loop AdS4/CFT3 Bethe ansatz, JHEP 01 (2009) 016
[arXiv:0807.0777] [INSPIRE].

T. Nishioka and T. Takayanagi, On Type IIA Penrose Limit and N = 6 Chern-Simons
Theories, JHEP 08 (2008) 001 [arXiv:0806.3391] [INSPIRE].

G. Grignani, T. Harmark and M. Orselli, The SU(2) x SU(2) sector in the string dual of
N = 6 superconformal Chern-Simons theory, Nucl. Phys. B 810 (2009) 115
[arXiv:0806.4959] [INSPIRE].

T. McLoughlin, R. Roiban and A.A. Tseytlin, Quantum spinning strings in AdSy x CP3:
Testing the Bethe Ansatz proposal, JHEP 11 (2008) 069 [arXiv:0809.4038] [INSPIRE].

C. Lopez-Arcos and H. Nastase, Eliminating ambiguities for quantum corrections to strings
moving in AdSy x CP?, Int. J. Mod. Phys. A 28 (2013) 1350058 [arXiv:1203.4777]
[INSPIRE].

D.E. Berenstein, E. Gava, J.M. Maldacena, K.S. Narain and H.S. Nastase, Open strings on
plane waves and their Yang-Mills duals, hep-th/0203249 [INSPIRE].

D. Berenstein and S.E. Vazquez, Integrable open spin chains from giant gravitons, JHEP 06
(2005) 059 [hep-th/0501078] [INSPIRE].

D. Berenstein, D.H. Correa and S.E. Vazquez, Quantizing open spin chains with variable
length: An example from giant gravitons, Phys. Rev. Lett. 95 (2005) 191601
[hep-th/0502172] [INSPIRE].

D. Berenstein, D.H. Correa and S.E. Vazquez, A study of open strings ending on giant
gravitons, spin chains and integrability, JHEP 09 (2006) 065 [hep-th/0604123] [INSPIRE].

D. Giovannoni, J. Murugan and A. Prinsloo, The giant graviton on AdS,;xCP3 — another
step towards the emergence of geometry, JHEP 12 (2011) 003 [arXiv:1108.3084] [INSPIRE].

Y. Lozano, J. Murugan and A. Prinsloo, A giant graviton genealogy, JHEP 08 (2013) 109
[arXiv:1305.6932] [INSPIRE].

S. Kovacs, Y. Sato and H. Shimada, Membranes from monopole operators in ABJM theory:
Large angular momentum and M-theoretic AdS4/CFT5, PTEP 2014 (2014) 093B01
[arXiv:1310.0016] [INSPIRE].

J. Murugan and H. Nastase, On abelianizations of the ABJM model and applications to
condensed matter, arXiv:1301.0229 [INSPIRE].

~ 93 -


http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1088/1126-6708/2008/10/091
http://arxiv.org/abs/0806.1218
http://inspirehep.net/search?p=find+EPRINT+arXiv:0806.1218
http://dx.doi.org/10.1088/1126-6708/2008/09/040
http://dx.doi.org/10.1088/1126-6708/2008/09/040
http://arxiv.org/abs/0806.3951
http://inspirehep.net/search?p=find+EPRINT+arXiv:0806.3951
http://dx.doi.org/10.1088/1126-6708/2009/04/066
http://arxiv.org/abs/0806.4589
http://inspirehep.net/search?p=find+EPRINT+arXiv:0806.4589
http://dx.doi.org/10.1088/1126-6708/2009/01/016
http://arxiv.org/abs/0807.0777
http://inspirehep.net/search?p=find+EPRINT+arXiv:0807.0777
http://dx.doi.org/10.1088/1126-6708/2008/08/001
http://arxiv.org/abs/0806.3391
http://inspirehep.net/search?p=find+EPRINT+arXiv:0806.3391
http://dx.doi.org/10.1016/j.nuclphysb.2008.10.019
http://arxiv.org/abs/0806.4959
http://inspirehep.net/search?p=find+EPRINT+arXiv:0806.4959
http://dx.doi.org/10.1088/1126-6708/2008/11/069
http://arxiv.org/abs/0809.4038
http://inspirehep.net/search?p=find+EPRINT+arXiv:0809.4038
http://dx.doi.org/10.1142/S0217751X13500589
http://arxiv.org/abs/1203.4777
http://inspirehep.net/search?p=find+EPRINT+arXiv:1203.4777
http://arxiv.org/abs/hep-th/0203249
http://inspirehep.net/search?p=find+EPRINT+hep-th/0203249
http://dx.doi.org/10.1088/1126-6708/2005/06/059
http://dx.doi.org/10.1088/1126-6708/2005/06/059
http://arxiv.org/abs/hep-th/0501078
http://inspirehep.net/search?p=find+EPRINT+hep-th/0501078
http://dx.doi.org/10.1103/PhysRevLett.95.191601
http://arxiv.org/abs/hep-th/0502172
http://inspirehep.net/search?p=find+EPRINT+hep-th/0502172
http://dx.doi.org/10.1088/1126-6708/2006/09/065
http://arxiv.org/abs/hep-th/0604123
http://inspirehep.net/search?p=find+EPRINT+hep-th/0604123
http://dx.doi.org/10.1007/JHEP12(2011)003
http://arxiv.org/abs/1108.3084
http://inspirehep.net/search?p=find+EPRINT+arXiv:1108.3084
http://dx.doi.org/10.1007/JHEP08(2013)109
http://arxiv.org/abs/1305.6932
http://inspirehep.net/search?p=find+EPRINT+arXiv:1305.6932
http://dx.doi.org/10.1093/ptep/ptu102
http://arxiv.org/abs/1310.0016
http://inspirehep.net/search?p=find+EPRINT+arXiv:1310.0016
http://arxiv.org/abs/1301.0229
http://inspirehep.net/search?p=find+EPRINT+arXiv:1301.0229

[17]

[18]

[19]

[20]

[21]

22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

A. Mohammed, J. Murugan and H. Nastase, Abelian-Higgs and Vortices from ABJM: towards
a string realization of AdS/CMT, JHEP 11 (2012) 073 [arXiv:1206.7058] INSPIRE].

A. Mohammed, J. Murugan and H. Nastase, Towards a Realization of the
Condensed-Matter/Gravity Correspondence in String Theory via Consistent Abelian
Truncation, Phys. Rev. Lett. 109 (2012) 181601 [arXiv:1205.5833] INSPIRE].

A. Mikhailov, Giant gravitons from holomorphic surfaces, JHEP 11 (2000) 027
[hep-th/0010206] [NSPIRE].

M. Herrero, Y. Lozano and M. Picos, Dielectric 5-Branes and Giant Gravitons in ABJM,
JHEP 08 (2011) 132 [arXiv:1107.5475] [INSPIRE].

M.C. Abbott, J. Murugan, A. Prinsloo and N. Rughoonauth, Meromorphic Functions and the
Topology of Giant Gravitons, Phys. Lett. B 730 (2014) 215 [arXiv:1312.4900] [INSPIRE].

C.N. Pope, Eigenfunctions and Spin (c) Structures in CP?, Phys. Lett. B 97 (1980) 417
[INSPIRE].

C.N. Pope and N.P. Warner, An SU(4) Invariant Compactification of d = 11 Supergravity on
a Stretched Seven Sphere, Phys. Lett. B 150 (1985) 352 [INSPIRE].

D.E. Berenstein, J.M. Maldacena and H.S. Nastase, Strings in flat space and pp waves from
N = 4 super Yang-Mills, JHEP 04 (2002) 013 [hep-th/0202021] [INSPIRE].

A. Dabholkar and S. Parvizi, Dp-branes in PP wave background, Nucl. Phys. B 641 (2002)
223 [hep-th/0203231] [INSPIRE].

J. Michelson, A pp wave with twenty siz supercharges, Class. Quant. Grav. 19 (2002) 5935
[hep-th/0206204] [INSPIRE].

K. Sugiyama and K. Yoshida, Type IIA string and matriz string on PP wave, Nucl. Phys. B
644 (2002) 128 [hep-th/0208029] [INSPIRE].

S.-j. Hyun and H.-j. Shin, N=(4,4) type 2A string theory on PP wave background, JHEP 10
(2002) 070 [hep-th/0208074] [NSPIRE].

V. Balasubramanian, M. Berkooz, A. Naqvi and M.J. Strassler, Giant gravitons in conformal
field theory, JHEP 04 (2002) 034 [hep-th/0107119] [INSPIRE].

D. Berenstein and D. Trancanelli, Three-dimensional N =6 SCFT’s and their membrane
dynamics, Phys. Rev. D 78 (2008) 106009 [arXiv:0808.2503] [INSPIRE].

V. Balasubramanian, D. Berenstein, B. Feng and M.-x. Huang, D-branes in Yang-Mills
theory and emergent gauge symmetry, JHEP 03 (2005) 006 [hep-th/0411205] [INSPIRE].

R. Gopakumar and D.J. Gross, Mastering the master field, Nucl. Phys. B 451 (1995) 379
[hep-th/9411021] [INSPIRE].

D. Voiculescu, K. Dykema and A. Nica, Free random variables, AMS, Providence U.S.A.
(1992).

V. Balasubramanian, M.-x. Huang, T.S. Levi and A. Naqvi, Open strings from N = 4 super
Yang-Mills, JHEP 08 (2002) 037 [hep-th/0204196] [INSPIRE].

T.K. Dey, Ezact Large R-charge Correlators in ABJM Theory, JHEP 08 (2011) 066
[arXiv:1105.0218] [INSPIRE].

— 24 —


http://dx.doi.org/10.1007/JHEP11(2012)073
http://arxiv.org/abs/1206.7058
http://inspirehep.net/search?p=find+EPRINT+arXiv:1206.7058
http://dx.doi.org/10.1103/PhysRevLett.109.181601
http://arxiv.org/abs/1205.5833
http://inspirehep.net/search?p=find+EPRINT+arXiv:1205.5833
http://dx.doi.org/10.1088/1126-6708/2000/11/027
http://arxiv.org/abs/hep-th/0010206
http://inspirehep.net/search?p=find+EPRINT+hep-th/0010206
http://dx.doi.org/10.1007/JHEP08(2011)132
http://arxiv.org/abs/1107.5475
http://inspirehep.net/search?p=find+EPRINT+arXiv:1107.5475
http://dx.doi.org/10.1016/j.physletb.2014.01.052
http://arxiv.org/abs/1312.4900
http://inspirehep.net/search?p=find+EPRINT+arXiv:1312.4900
http://dx.doi.org/10.1016/0370-2693(80)90632-2
http://inspirehep.net/search?p=find+J+Phys.Lett.,B97,417
http://dx.doi.org/10.1016/0370-2693(85)90992-X
http://inspirehep.net/search?p=find+J+Phys.Lett.,B150,352
http://dx.doi.org/10.1088/1126-6708/2002/04/013
http://arxiv.org/abs/hep-th/0202021
http://inspirehep.net/search?p=find+EPRINT+hep-th/0202021
http://dx.doi.org/10.1016/S0550-3213(02)00571-0
http://dx.doi.org/10.1016/S0550-3213(02)00571-0
http://arxiv.org/abs/hep-th/0203231
http://inspirehep.net/search?p=find+EPRINT+hep-th/0203231
http://dx.doi.org/10.1088/0264-9381/19/23/304
http://arxiv.org/abs/hep-th/0206204
http://inspirehep.net/search?p=find+EPRINT+hep-th/0206204
http://dx.doi.org/10.1016/S0550-3213(02)00820-9
http://dx.doi.org/10.1016/S0550-3213(02)00820-9
http://arxiv.org/abs/hep-th/0208029
http://inspirehep.net/search?p=find+EPRINT+hep-th/0208029
http://dx.doi.org/10.1088/1126-6708/2002/10/070
http://dx.doi.org/10.1088/1126-6708/2002/10/070
http://arxiv.org/abs/hep-th/0208074
http://inspirehep.net/search?p=find+EPRINT+hep-th/0208074
http://dx.doi.org/10.1088/1126-6708/2002/04/034
http://arxiv.org/abs/hep-th/0107119
http://inspirehep.net/search?p=find+EPRINT+hep-th/0107119
http://dx.doi.org/10.1103/PhysRevD.78.106009
http://arxiv.org/abs/0808.2503
http://inspirehep.net/search?p=find+EPRINT+arXiv:0808.2503
http://dx.doi.org/10.1088/1126-6708/2005/03/006
http://arxiv.org/abs/hep-th/0411205
http://inspirehep.net/search?p=find+EPRINT+hep-th/0411205
http://dx.doi.org/10.1016/0550-3213(95)00340-X
http://arxiv.org/abs/hep-th/9411021
http://inspirehep.net/search?p=find+EPRINT+hep-th/9411021
http://dx.doi.org/10.1088/1126-6708/2002/08/037
http://arxiv.org/abs/hep-th/0204196
http://inspirehep.net/search?p=find+EPRINT+hep-th/0204196
http://dx.doi.org/10.1007/JHEP08(2011)066
http://arxiv.org/abs/1105.0218
http://inspirehep.net/search?p=find+EPRINT+arXiv:1105.0218

	Introduction
	Review of giant gravitons in AdS(4) x CP**3
	D4-brane giant graviton on CP**3

	PP-wave limit and open strings in AdS(4) x CP**3
	Penrose limit along the giant
	Quantum open string on the pp wave

	Open strings from operators in ABJM
	Anomalous dimension of ABJM operators
	Single excitation

	Hamiltonian effective description on the ABJM operators
	Conclusions
	Hamiltonian description for large charge cal N=4 SYM operators using Cuntz oscillators
	First correction to anomalous dimension

