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ARTICLE INFO ABSTRACT

We study the worldsheet S-matrix of a string attached to a D-brane in AdSs x S°. The D-brane is either
a giant graviton or a dual giant graviton. In the gauge theory, the operators we consider belong to
the su(2|3) sector of the theory. Magnon excitations of open strings can exhibit both elastic (when
magnons in the bulk of the string scatter) and inelastic (when magnons at the endpoint of an open string
participate) scattering. Both of these S-matrices are determined (up to an overall phase) by the su(2|2)?
global symmetry of the theory. In this note we study the S-matrix for inelastic scattering. We show that
it exhibits poles corresponding to boundstates of bulk and boundary magnons. A crossing equation is
derived for the overall phase. It reproduces the crossing equation for maximal giant gravitons, in the
appropriate limit. Finally, scattering in the su(2) sector is computed to two loops. This two loop result,
which determines the overall phase to two loops, will be useful when a unique solution to the crossing
equation is to be selected.
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1. Introduction tering of worldsheet excitations can still be determined up to an

overall phase, by making use of the global su(2|2)%? symmetry en-

't Hoofts original proposal that the large N expansions of Yang-
Mills theories are equivalent to a string theory [1] is realized beau-
tifully in the AdS/CFT correspondence [2]. Many concrete details of
the duality can be confirmed with precision checks, thanks to inte-
grability of planar N/ = 4 super Yang-Mills theory [3,4]: the planar
diagrams give rise to a two dimensional effective theory which
can be matched, in exquisite detail, to the worldsheet theory of
a string. This detailed matching is possible because integrability
allows the exact A = g%MN dependence of certain quantities to be
computed.

There are many interesting string theory questions whose an-
swers require the study of certain large N but non-planar limits
of Yang-Mills theory. One such example is the study of the open
string excitations of giant graviton branes. The physics of this prob-
lem requires summing many non-planar diagrams in the Yang-
Mills theory, and so, corresponds to non-perturbative string effects
[5]. Further, since the system is not in general integrable [6], a de-
tailed comparison akin to what was achieved in the planar limit
seems impossible. However, if one restricts to the su(2|3) sector of
the theory it turns out that the exact S matrix describing the scat-
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joyed by this sector [7,8]. The scattering of magnon excitations of
open strings is inelastic [6], which is a strong hint that the system
is not integrable.

The fact that some quantities can be computed exactly, even
without integrability, is extremely interesting and deserves to be
explored in detail. The first goal of this study is to explore the
structure of the S-matrix for inelastic magnon scattering and ver-
ify that it has the structure we expect. Specifically, the analyticity
and unitarity of the S-matrix imply a correspondence between sin-
gularities of the S-matrix and on-shell intermediate states. This is
the subject of section 2. We find a pole corresponding to binding
a bulk and a boundary magnon. The structure of boundstates that
we uncover smoothly interpolates between the bound state struc-
ture of bulk magnons [9,10] (for small giant gravitons when r ~ 1)
and the bound state structure obtained for maximal giants [11]
(when r =~ 0). The boundstate is a BPS state in the double box rep-
resentation of su(2|2)2. The second goal of this work is to study
the overall phase of the S-matrix. This phase is constrained by a
crossing symmetry equation [12,13]. Using insights following from
similar studies of the same question in the planar limit [8,11], we
write down an equation obeyed by this phase, by considering the
scattering of a magnon with a singlet state. Although we have not
managed to solve this equation, we have checked that it reduces
the crossing equation [11] obtained for maximal giant gravitons
in an appropriate limit. Finally, we study scattering in the su(2)
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sector, perturbatively to two loops, in the super Yang-Mills theory.
These results can be used to single out a unique solution to the
crossing equation.

2. Bound state spectrum

The scattering problem is most conveniently described using
complex spectral parameters x*. In terms of these parameters, the
charge, energy and momentum of a magnon can be written as fol-
lows [6]

1 r
n:£<x++——rx7——) 1)
i xt X~
1 r oxt
E:§,<x+———rx’+—) e = — (2.2)
i xt X~ X~

where r =1 for a bulk magnon, 0 <r < 1 for a boundary magnon
attached to a giant graviton and r > 1 for a boundary magnon at-
tached to a dual giant graviton. Using the above relations we can
determine the energy of a magnon in terms of its charge and mo-
mentum as

E= \/nz +4g%(1 +12) — 8g2rcos(p) (2.3)
The condition that x* —rx~ and x% - xL, are pure imaginary will
ensure real charges, energies, and momenta. To look for bound-
states we will analytically continue the spectral parameters by
relaxing this condition, allowing the energy and momenta to be
complex. We will however maintain (2.1): this is the condition
to have a short (atypical) representation of su(2|2)2. It is only
for these representations that the tensor product of two repre-
sentations is irreducible and hence that the su(2|2)% symmetry is
sufficient to fix the S-matrix up to an overall phase. The inverse
relation is

. ie*'% (E +n)

= . . (24)
2g(e'% - re*’g)

The scattering of a bulk and a boundary magnon is inelastic, as
we now explain. We use a subscript 1 to denote the bulk magnon
before scattering and a subscript 2 to denote a boundary magnon
before scattering. We used primed subscripts for the magnons after
scattering. The momenta, energies and charges after scattering are
determined by solving

E]+E2=E/]+E/2 n1+n2=n’l+n’2

(2.5)

p1+DP2=D7+D)

These equations can be reduced to the solution of a cubic equation
that has a single real root, but the details are not very illuminating.
Close to r =0 and r =1 we can do better though: at r=1—€ we
have

/+

- = /+ /+
X[ =X +8x]

X5 —x1 +8x (2.6)

while at r = € we have

/+ ==
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X2 = x—+ X2 +(SX2 (27)
1

Working to order € we find a set of linear equations whose explicit
solution shows that 5x’1i ~ 0(€), 8x’2i ~ 0(€) for both cases. The
linear equations we use arise by assuming we scatter elementary
magnons (so that ny =ny =nj =n, =1), as well as energy and

momentum conservation. The fact that 8x1 , sz are non-zero is a
clear indication that the scattering is not elastic.

We now focus attention on the scattering of magnons that be-
long to the su(2) sector of the theory. This is still perfectly general
since the global symmetry of the theory then determines scatter-
ing in any other sector [7]. In this case, up to an undetermined
overall phase, the S-matrix is given by'

Ripid3) = AN |p103) (2.8)

where

A12—R12 [771772"1 (xl _xz)((xz _”‘2)(”‘2 — Xy )x2
+ (X — X)X —rx5)x; )] [771772X2 X3 (xy —x])
— X))+ x5 (X, — x2+))] (2.9)

This reduces to the correct bulk [7] and reflection [11] matrices
when we set r =1 and r = 0 respectively.” The statement that the
S-matrix is unitary is the statement

X (x1 —x )(x (rx2

R 7R
AR AR, =1 (2.10)

which we have verified holds for any r, as it should.

We will now look for singularities in the S-matrix. The pres-
ence of simple poles indicates on shell intermediate states. Investi-
gation of the singularities of the elastic magnon S-matrix has un-
covered a wealth of BPS boundstates [9,10,15]. We will argue be-
low that we find an equally rich spectrum of BPS boundstates that
naturally interpolates between the boundstates of bulk magnons
[9] and the boundstates of a bulk magnon and a boundary magnon
associated to a maximal giant graviton [11]. lnspection of (2.9)
suggests possible poles when x2 =0 or when x2 = 0. Since
the charges ny are positive integers and since we want to keep
Re(Ey) > 0, its clear from (2.4) that these poles can’t be realized.
The factor in the denominator (x; — xf)(xl — x1 *) can also give
rise to a pole. Analyzing this factor near r =1 we find a pole at

+7
Xy %, — 1

+ 1 + -
(Xz - g)(xz —X2)

xf=x3+200-nx5

+0 ((1 _ r)2)

(211)

This is precisely canceled, by a zero coming from the factor
(xgL X, )(rx2 —x2 )x2 + (x5 —rx2 )(x2 —rx2 )x in the numer-
ator. Near r =0 the factor (x; — x] )(xl — x T in the denominator
leads to a pole at

— )G =)0 +%3)

+ O(r2> (212)

— ot _ 1
X Xz(xz_g)

This is again canceled, by a zero coming from the factor (x; —
) (X" — X;)X) 4+ (x;, — rxg)(x," — rxy x5t in the numera-
tor. Thus, in the end we find that a single pole arises when
xf(rx} —x3) +x; (rx; —x3) =0, which implies that

+ —
X, —TIX
Xf=x 2 —2 (213)
TXZ —X2

To interpret this pole recall that singularities of the S-matrix corre-
spond to spacetime diagrams where each particle is on-shell [16].

T Here, following [6], we use the notation R to denote the S-matrix for the scat-
tering of a bulk and a boundary magnon. We reserve S for the S-matrix of bulk
magnon scattering, which is an elastic process.

2 To make this comparison we found [14] very useful.
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Particle worldlines meet at vertices which conserve charge, energy
and momentum. We want to consider a cubic vertex correspond-
ing to the creation of a boundstate from a boundary and a bulk
magnon. Using b’ to denote the boundstate of a boundary and a
bulk magnon, the conservation of charge, energy and momentum
implies that

E() + E(x) = E(xp)
P&+ p(5) = p(xj)

n(x;) +n(5) =n(xg) (2.14)

Since this is three equations we can completely determine the
spectral parameters of the boundstate using two of the above
equations. The third equation then implies a relation between the
magnon and boundary magnon spectral relations that is obeyed by
(2.13). It is straightforward to apply the rules described in [15] and
verify that this pole signals are a normalizable wave function, for a
boundstate with charge n =2 and energy given by (2.3) evaluated
at this n. Further, when r =1 (2.13) is the pole identified in [9] as
a signal of a bound state of bulk magnons and when r =0 (2.13) is
the pole identified in [11] as the signal of a bound state of a bulk
and a boundary magnon, for the case of open string attached to a
maximal giant graviton.

We can now continue and consider the scattering of a bulk
magnon with this boundate, producing a new boundstate with
charge n = 3. Indeed, following the rules of [15], we find a fam-
ily of boundstate with one boundary magnon bound to n — 1 bulk
magnons. This boundstate has a charge of n and energy given by
(2.3). By varying r smoothly from r =0 to r = 1, this structure
of boundstates nicely interpolates from the known structure of
boundstates when bulk magnons bind to the boundary magnon
of a maximal giant graviton [11] and the known structure for bulk
magnons boundstates [9].

3. Crossing equation

To derive the crossing equation, we will follow the derivation
given in [8]. The same method has been applied to determine the
crossing equation for maximal giant gravitons in [11]. The idea is
to consider the scattering from the singlet state

5.p)=fp (|¢>},¢5> —~ |¢§¢;>) +1Wavp) — [Wav,) (31)

The phase factor f, is determined by requiring that the singlet
state is annihilated by all of the su(2|2) elements, as explained
in [8]. To obtain the crossing equation, we consider the scattering
of this impurity from the right boundary magnon. The only differ-
ence we find as compared to [11], is that the scattering is inelastic.
Since the scattering is inelastic, we find

R(P.q)S(P. )R, Dllp.p.q) = drllp 5. Q)

where r is a phase. If we now scatter the singlet from the left
boundary magnon, explicit computations show that we pick up the
same phase, so that we return to the original state apart from the
phase ¢r2. The crossing equation is now obtained by requiring that
d)rz is one, i.e. that ¢» = +1. To choose the correct sign, we compare
to the r = 0 limit (studied in [11]) and conclude that we should
impose ¢, = 1. Since this crossing equation involves both the scat-
tering of bulk with bulk magnons and the scattering of boundary
with bulk magnons, it relates the overall phase factor of S (which
has been determined) to the overall phase factor of R (what we
want to determine). After a tedious computation we find the fol-
lowing result

(3.2)

[(75CR P, 0065 3. P —2L% (0. K (B, p)) (HR (B, ) KR (B, 0)
- R (.) | 2R ] =

where the matrix elements of R (denoted with superscript R) are
derived in [6] and the matrix elements of S (denoted with su-
perscript S) are derived in [8]. We will refer to the function on
the LHS of (3.3) as the crossing function. Scattering with different
boundary magnon states determines crossing functions that have a
different expression in terms of the matrix elements of R and S,
but lead to the same crossing equation. We have not written this
crossing equation in terms of the spectral parameters of the initial
and final magnons as these expressions are rather long. The phase
we have discussed above arises from an su(2|2) factor. The theory
actually enjoys su(2|2)% symmetry, so the full reflection factor is
the square of the phase factor we discussed above.

As a first check of these results, we note that when r =0 they
reproduce the crossing equation quoted in equation (41) of [17].
In addition to this, a numerical study of the crossing equation
reveals an appealing symmetry. Recall that we denote the bound-
ary magnon momentum by g and the bulk magnon momentum
by p. The crossing equation obtained from scattering off the right
boundary with momenta p + q — p’ + q’ is identical to cross-
ing equation obtained the left scattering with the same momenta
q+p— q + p'. If one considers right scattering with momenta
p'+q — p+q or left scattering with momenta q' + p’ — q+ p the
crossing equations are again identical: for all four situations we ob-
tain the same crossing equation. The appearance of this symmetry
is important for the consistency of our derivation of the cross-
ing equation since it ensures that scattering the singlet from both
boundaries as described above, does indeed return us to our initial
state. It is satisfying that this derivation of the crossing equation
works even though we have inelastic scattering.

(3.3)

4. su(2) scattering to two loops

We will now consider the scattering of a bulk and a boundary
magnon, at two loops, in the super Yang-Mills theory. This will al-
low us to determine the overall phase of R to two loops, which
will be useful data when a unique solution to the crossing equa-
tion is to be singled out. The operators in the Yang-Mills theory
dual to giant gravitons are given by Schur polynomials [18-20].
Giant gravitons with open string excitations are dual to the re-
stricted Schur polynomials, constructed in [21,22]. The action of
the dilatation operator on the restricted Schur polynomials has
been constructed in [23,24,6]. In what follows below we use this
action at two loops to define the Hamiltonian for a Schrédinger
equation based description of the magnon scattering. The Bethe
ansatz for the wave function is given by [25]

W, k) = eP1hHiPalz o pelPih 4ol 4 o205y 4 (41)

where if |I; —[y| > 2 the wave function must obey the Schrodinger
equation

EW(ly, )
=g?G+r)W(, k) — gir (W —1,1) + ¥l +1,12))
— W, L =)+ Wy, b +1)

_gt <(1 + r2)2 + 4) ()

4254 (1 +r2)r(\11(11 L)+ Wl +1,1))
+4gt (W, L - 1)+ W, b+ 1)



190 R. de Mello Koch, HJ.R. van Zyl / Physics Letters B 768 (2017) 187-191

— g W =2, + 29, L) + (1 + 2, b))
— g (Wl —2)+2W () + V(1,1 +2), (4.2)

l; is the position of the boundary magnon, with momentum pj.
I is the position of the bulk magnon, with momentum p». If I, =
1 4+ 2, the Schrodinger equation becomes

EV(i,l1 +2)
=g2B 4+, h+2) - grWl — 1,11 +2)
+ W+ 1, +2) - g2 Wl b+ 1)+ W, b +3)

_ g ((1 +r2)2 +4> Wiy, +2)

1284 (1 +r2) PO — 1,0 +2)+ W+ 1,11 +2)
+4g* (W(ly, 1+ 1)+ W (01,1 +3))

— gt @Y L +2)+ V(L +4)

— g P (W -2, +2) 42w, L +2), (4.3)

and if I =17 + 1, the Schrédinger equation becomes

EW(ly, 1 +1)
=g +r)W(,h+1) —gr¥( — 1,11 + 1)
— WL +2) =g (1 + 1) Wb+

1284 (1 +r2) rU = 1,0+ 1) +4g*W (11 +2)

—g P Wl -2+ D)+ WL+ 1)

— gt (Wl b+ D)+ ¥l +3))

— g (W - 1,1+ W +1,1 +2)), (44)
From (4.2) we learn that
E=gB+1") —glre™ +eP) — g’ P2 4 e?)

— g1+ —agt 284 A+ (e P 4 ePr)

+4g% (e P2 4 eiP2) — gh(e72P2 4 2 4 %P2)

— g (e 42 4 ¢?P1) (4.5)
From (4.3) we find

ro(h +1) + o) =r*Y 1 +2.11 +2) + (11, 1)
=2y (1.lh +2) (4.6)
Finally, from (4.4) we find

gh2—r(e Pt 4 ) —e2 —e TP (ly)
=—g*(@ry(h —1.1) — &y .l — 1) — vy, )
+4g%y () + 29 h+1) = 5g8°y (. L+ 1)
—3g7?y i+ D) =y i+ 1,0+ 1)
+2glry(h+ 1.1+ D +2g8%y (i + 1,1 + 1)
+ g2y + 1,0 +2) — g2r*y(h + 2.1 + 1) (4.7)

Starting from (4.7) we are able to solve for ¢(l;). We find that
¢ (1) is independent of I; which is intuitively appealing. Inserting
the solution for ¢(l1) into (4.6), we are able to solve for A. The
result is

1— ZeiPZ + ei(p1+p2)r

126l 4 el PPy
g2 — e
(1 + rei(P1+p2)) (1 — 2eP2 + rel(P11P2))2

« [2 (rei(P1+P2) —2eiP2 4 ])
x (rei(2P1+P2) —2ei(P1+P2) 4 (i(P1+2P2) 4 oiP1 eipzr)
« el(=P1=p1+D3)
+elPi=p1) (—e"”2 (eipl (r2 — 9) + 40?1y 4 2r>
— %P2 (463"”1 r? 4 e (r2 - 7) r+46eP1 — 2r)
+ ei(P1+3p2) (2 +r (—4e3"1’1 12 4 g2ip1 (rz + 7) r
— 2eiP (r2 + 2) + 2r))
+ re?i(P1+2p2) (2 +ePir (—2 +elP1 r)) — 4e'P1 4 r)

+ (1 + rei(PlJer)) (rei(P1+P2) —_ 2¢iP2 + ])

A=

y (rZei(P1+P2) +ei(—P1—P2))] (4.8)

Recall that total R-matrix has a contribution from each of the
su(2]2) factors, so that

Rr(X1, X2, X}, X5) = Rsu(2p2) (X1, X2, X7, X5) ® Rsu(2p2) (X1, X2, X7, X5)
(4.9)

Consequently, setting A in (4.8) to be equal to (AR)? with AR,
given in (2.9), we determine the overall phase to two loops.

Acknowledgements

This work is based upon research supported by the South
African Research Chairs Initiative of the Department of Science
and Technology and National Research Foundation. Any opinion,
findings and conclusions or recommendations expressed in this
material are those of the authors and therefore the NRF and DST
do not accept any liability with regard thereto.

References

[1] G. 't Hooft, A planar diagram theory for strong interactions, Nucl. Phys. B 72
(1974) 461, http://dx.doi.org/10.1016/0550-3213(74)90154-0.

[2] J.M. Maldacena, The large N limit of superconformal field theories and su-
pergravity, Adv. Theor. Math. Phys. 2 (1998) 231, arXiv:hep-th/9711200, Int. J.
Theor. Phys. 38 (1999) 1113.

[3] J.A. Minahan, K. Zarembo, The Bethe-ansatz for N = 4 super Yang-Mills, ]. High
Energy Phys. 0303 (2003) 013, arXiv:hep-th/0212208.

[4] N. Beisert, C. Ahn, L.F. Alday, Z. Bajnok, J.M. Drummond, L. Freyhult, N. Gromov,
R.A. Janik, et al., Review of AdS/CFT integrability: an overview, Lett. Math. Phys.
99 (2012) 3, arXiv:1012.3982 [hep-th].

[5] V. Balasubramanian, M. Berkooz, A. Naqvi, M.J. Strassler, Giant gravitons in
conformal field theory, ]. High Energy Phys. 0204 (2002) 034, arXiv:hep-th/
0107119.

[6] R. de Mello Koch, N.H. Tahiridimbisoa, C. Mathwin, Anomalous dimensions of
heavy operators from magnon energies, arXiv:1506.05224 [hep-th].

[7] N. Beisert, The SU(2|2) dynamic S-matrix, Adv. Theor. Math. Phys. 12 (2008)
945, arXiv:hep-th/0511082.

[8] N. Beisert, The analytic Bethe ansatz for a chain with centrally extended su(2|2)
symmetry, J. Stat. Mech. 0701 (2007) P01017, arXiv:nlin/0610017 [nlin.SI].

[9] N. Dorey, Magnon bound states and the AdS/CFT correspondence, J. Phys. A
39 (2006) 13119, http://dx.doi.org/10.1088/0305-4470/39/41/S18, arXiv:hep-th/
0604175.

[10] HY. Chen, N. Dorey, K. Okamura, On the scattering of magnon boundstates,
J. High Energy Phys. 0611 (2006) 035, http://dx.doi.org/10.1088/1126-6708/
2006/11/035, arXiv:hep-th/0608047.


http://dx.doi.org/10.1016/0550-3213(74)90154-0
http://refhub.elsevier.com/S0370-2693(17)30169-7/bib4D616C646163656E613A313939377265s1
http://refhub.elsevier.com/S0370-2693(17)30169-7/bib4D616C646163656E613A313939377265s1
http://refhub.elsevier.com/S0370-2693(17)30169-7/bib4D616C646163656E613A313939377265s1
http://refhub.elsevier.com/S0370-2693(17)30169-7/bib4D696E6168616E3A323030327665s1
http://refhub.elsevier.com/S0370-2693(17)30169-7/bib4D696E6168616E3A323030327665s1
http://refhub.elsevier.com/S0370-2693(17)30169-7/bib426569736572743A323031306A72s1
http://refhub.elsevier.com/S0370-2693(17)30169-7/bib426569736572743A323031306A72s1
http://refhub.elsevier.com/S0370-2693(17)30169-7/bib426569736572743A323031306A72s1
http://refhub.elsevier.com/S0370-2693(17)30169-7/bib42616C6173756272616D616E69616E3A323030316E68s1
http://refhub.elsevier.com/S0370-2693(17)30169-7/bib42616C6173756272616D616E69616E3A323030316E68s1
http://refhub.elsevier.com/S0370-2693(17)30169-7/bib42616C6173756272616D616E69616E3A323030316E68s1
http://refhub.elsevier.com/S0370-2693(17)30169-7/bib4B6F63683A32303135706761s1
http://refhub.elsevier.com/S0370-2693(17)30169-7/bib4B6F63683A32303135706761s1
http://refhub.elsevier.com/S0370-2693(17)30169-7/bib426569736572743A32303035746Ds1
http://refhub.elsevier.com/S0370-2693(17)30169-7/bib426569736572743A32303035746Ds1
http://refhub.elsevier.com/S0370-2693(17)30169-7/bib426569736572743A323030367168s1
http://refhub.elsevier.com/S0370-2693(17)30169-7/bib426569736572743A323030367168s1
http://dx.doi.org/10.1088/0305-4470/39/41/S18
http://dx.doi.org/10.1088/1126-6708/2006/11/035
http://dx.doi.org/10.1088/1126-6708/2006/11/035

R. de Mello Koch, H,J.R. van Zyl / Physics Letters B 768 (2017) 187-191 191

[11] D.M. Hofman, ].M. Maldacena, Reflecting magnons, J. High Energy Phys. 0711
(2007) 063, arXiv:0708.2272 [hep-th].

[12] RA. Janik, The AdS(5) x S° superstring worldsheet S-matrix and cross-
ing symmetry, Phys. Rev. D 73 (2006) 086006, http://dx.doi.org/10.1103/
PhysRevD.73.086006, arXiv:hep-th/0603038.

[13] N. Beisert, B. Eden, M. Staudacher, Transcendentality and crossing, J. Stat. Mech.
0701 (2007) P01021, http://dx.doi.org/10.1088/1742-5468/2007/01/P01021,
arXiv:hep-th/0610251;

N. Beisert, R. Hernandez, E. Lopez, A crossing-symmetric phase for
AdS(5) x S° strings, J. High Energy Phys. 0611 (2006) 070, http://dx.doi.org/
10.1088/1126-6708/2006/11/070, arXiv:hep-th/0609044.

[14] D.H. Correa, C.A.S. Young, Asymptotic Bethe equations for open boundaries
in planar AdS/CFT, J. Phys. A 43 (2010) 145401, http://dx.doi.org/10.1088/
1751-8113/43/14/145401, arXiv:0912.0627 [hep-th].

[15] N. Dorey, D.M. Hofman, ].M. Maldacena, On the singularities of the
magnon S-matriX, Phys. Rev. D 76 (2007) 025011, http://dx.doi.org/10.1103/
PhysRevD.76.025011, arXiv:hep-th/0703104 [HEP-TH].

[16] D. lagolnitzer, The S Matrix, North-Holland, Amsterdam, 1978, 284 pp.

[17] HY. Chen, D.H. Correa, Comments on the boundary scattering phase,
J. High Energy Phys. 0802 (2008) 028, http://dx.doi.org/10.1088/1126-6708/
2008/02/028, arXiv:0712.1361 [hep-th].

[18] S. Corley, A. Jevicki, S. Ramgoolam, Exact correlators of giant gravitons from
dual N=4 SYM theory, Adv. Theor. Math. Phys. 5 (2002) 809, arXiv:hep-th/
0111222.

[19] S. Corley, S. Ramgoolam, Finite factorization equations and sum rules
for BPS correlators in N=4 SYM theory, Nucl. Phys. B 641 (2002) 131,
http://dx.doi.org/10.1016/S0550-3213(02)00573-4, arXiv:hep-th/0205221.

[20] D. Berenstein, A toy model for the AdS | CFT correspondence, ]. High En-
ergy Phys. 0407 (2004) 018, http://dx.doi.org/10.1088/1126-6708/2004/07/018,
arXiv:hep-th/0403110.

[21] V. Balasubramanian, D. Berenstein, B. Feng, M.x. Huang, D-branes in Yang-Mills
theory and emergent gauge symmetry, ]. High Energy Phys. 0503 (2005) 006,
arXiv:hep-th/0411205.

[22] R. de Mello Koch, J. Smolic, M. Smolic, Giant gravitons - with strings attached
(), J. High Energy Phys. 0706 (2007) 074, arXiv:hep-th/0701066.

[23] R. de Mello Koch, J. Smolic, M. Smolic, Giant gravitons - with strings attached
(11), J. High Energy Phys. 0709 (2007) 049, arXiv:hep-th/0701067.

[24] D. Bekker, R. de Mello Koch, M. Stephanou, Giant gravitons - with strings at-
tached. 111, J. High Energy Phys. 0802 (2008) 029, arXiv:0710.5372 [hep-th].

[25] M. Staudacher, The factorized S-matrix of CFT/AdS, ]J. High Energy Phys.
0505 (2005) 054, http://dx.doi.org/10.1088/1126-6708/2005/05/054, arXiv:hep-
th/0412188.


http://refhub.elsevier.com/S0370-2693(17)30169-7/bib486F666D616E3A323030377870s1
http://refhub.elsevier.com/S0370-2693(17)30169-7/bib486F666D616E3A323030377870s1
http://dx.doi.org/10.1103/PhysRevD.73.086006
http://dx.doi.org/10.1088/1742-5468/2007/01/P01021
http://dx.doi.org/10.1088/1126-6708/2006/11/070
http://dx.doi.org/10.1088/1751-8113/43/14/145401
http://dx.doi.org/10.1103/PhysRevD.76.025011
http://refhub.elsevier.com/S0370-2693(17)30169-7/bib4961676F6C6E69747A65723A313937387176s1
http://dx.doi.org/10.1088/1126-6708/2008/02/028
http://refhub.elsevier.com/S0370-2693(17)30169-7/bib436F726C65793A323030317A6Bs1
http://refhub.elsevier.com/S0370-2693(17)30169-7/bib436F726C65793A323030317A6Bs1
http://refhub.elsevier.com/S0370-2693(17)30169-7/bib436F726C65793A323030317A6Bs1
http://dx.doi.org/10.1016/S0550-3213(02)00573-4
http://dx.doi.org/10.1088/1126-6708/2004/07/018
http://refhub.elsevier.com/S0370-2693(17)30169-7/bib42616C6173756272616D616E69616E3A323030346E62s1
http://refhub.elsevier.com/S0370-2693(17)30169-7/bib42616C6173756272616D616E69616E3A323030346E62s1
http://refhub.elsevier.com/S0370-2693(17)30169-7/bib42616C6173756272616D616E69616E3A323030346E62s1
http://refhub.elsevier.com/S0370-2693(17)30169-7/bib64654D656C6C6F4B6F63683A323030377575s1
http://refhub.elsevier.com/S0370-2693(17)30169-7/bib64654D656C6C6F4B6F63683A323030377575s1
http://refhub.elsevier.com/S0370-2693(17)30169-7/bib64654D656C6C6F4B6F63683A323030377576s1
http://refhub.elsevier.com/S0370-2693(17)30169-7/bib64654D656C6C6F4B6F63683A323030377576s1
http://refhub.elsevier.com/S0370-2693(17)30169-7/bib42656B6B65723A323030376561s1
http://refhub.elsevier.com/S0370-2693(17)30169-7/bib42656B6B65723A323030376561s1
http://dx.doi.org/10.1088/1126-6708/2005/05/054
http://dx.doi.org/10.1103/PhysRevD.73.086006
http://dx.doi.org/10.1088/1126-6708/2006/11/070
http://dx.doi.org/10.1088/1751-8113/43/14/145401
http://dx.doi.org/10.1103/PhysRevD.76.025011
http://dx.doi.org/10.1088/1126-6708/2008/02/028

	Inelastic magnon scattering
	1 Introduction
	2 Bound state spectrum
	3 Crossing equation
	4 su(2) scattering to two loops
	Acknowledgements
	References


