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The spectrum of half-Bogomol'nyi–Prasad–Sommerfeld (BPS) single-particle operators of the D1-D5
system in the supergravity regime is dual to the spectrum of Kaluza-Klein modes of tensor and graviton
multiplets in AdS3 × S3. We present simple formulas for all four-point tree-level correlators of scalar half-
BPS primary operators in the spectrum, and in particular, we bootstrap the four-point correlator of the
graviton multiplet for all KK levels. A key insight of our approach is the use of generalized Mellin space,
and a decomposition of the correlators into distinct subsectors each one characterized by different on shell
constraints among the Mellin variables. The resulting Mellin amplitudes involve a small set of building
blocks with manifest properties under a six-dimensional symmetry.

DOI: 10.1103/6yjg-9mnz

Introduction. Pulling the strings of gravity in AdS/CFT
depends greatly on the ability to compute boundary corre-
lation functions, especially in those superconformal field
theories (SCFT) that have a weakly coupled gravitational
dual. A paradigmatic example is that ofN ¼ 4 super Yang-
Mills (SYM); in the regime where the theory is dual to
supergravity on AdS5 × S5 all four-point correlators that
describe tree-level scattering of Kaluza-Klein (KK) modes
of the type IIB graviton are known in closed form thanks to
the bootstrap approach pioneered in [1,2]. In this paper we
extend these results to the D1-D5 system dual to AdS3 × S3

in the supergravity regime, which is another paradigmatic
example of AdS/CFT considered in the seminal paper [3].
Following the bootstrap approach, and previous work done
in [4–10], our main purpose is to determine all tree-level
half-BPS scalar four-point correlators in this theory.
The most novel and relevant aspect of the D1-D5 system

is the fact that the spectrum of half-BPS primary operators
consists of two distinct multiplets; the tensor multiplets

and the graviton multiplets. These are coupled to each
other, and as a result, there are three types of four-point
correlators that one could consider. The earliest studies
focused on KK correlators of tensor multiplets showing
that these can be organized into a single correlator of 6D
scalar fields [4–6], closely resembling the structure that
[11] found in AdS5 × S5. However, the 6D origin of the
scalar primary operators in the graviton multiplets is a self-
dual three-form [7], rather than a scalar field. Dealing with
the polarizations of this three-form introduces several
challenges. For example, the mixed tensor-graviton corre-
lators can be given in a 6D conformally covariant way [7],
but the explicit expressions [9] for all KK levels are
unwieldy, and therefore a similar approach has not been
attempted for the four gravitons correlators.
The rigorous bootstrap approach of [10] yields explicit

results for infinite families of graviton correlators, that could
not be obtained otherwise, and therefore solves the problem
of generating results for the graviton correlators. However,
the bootstrap approach does not automatically give a
formula with explicit dependence on the KK level, since
the latter have to be specified on a case-by-case basis, and a
bottleneck of this approach is the fact that the number of
Witten diagrams needed to build the ansatz for the correlator
grows fast with the KK levels, making the computation
unfeasible. Thus, in order to organize the output, and prove
the result for all KK levels, there is really the need for an
additional principle. We shall see that this principle is
naturally found when the correlators are written in
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generalized AdS3 × S3 Mellin space, a version of Mellin
space where both anti–de Sitter (AdS) and S are on the same
footing.
First of all, Mellin space has long been recognized to be

a powerful tool for studying holographic correlators
[12,13], owing to the fact that, under a properly defined
Mellin transform, a holographic correlator is dual to an
amplitude whose structure makes the flat-space limit
manifest [13]. Following [8,14–16], we will consider a
generalization of Mellin space that includes a discrete
Mellin transform on the R-symmetry coordinates, leading
to the notion of an AdS3 × S3 Mellin amplitude. In this
setting the flat-space limit can be uplifted to 6D, by the
same argument as in [14]. The AdS3 × S3 Mellin ampli-
tude, which generically depends on all Mellin variables
and the KK levels, therefore encodes a 6D flat-space
amplitude. Then, a symmetry enhancement takes place in all
cases in which the AdS3 × S3 Mellin amplitude only
depends on those combinations of variables that reorganize
into 6D Mandelstam invariants. This special feature of the
amplitude trivializes the dependence on the KK levels.
Crucially, even when the symmetry enhancement is
approximate, it still serves as an organizing principle for
an otherwise increasingly complex bottom-up ansatz of
Witten diagrams. Making the 6D symmetry manifest is the
basic idea that we shall exploit to organize the scalar
correlators of the D1-D5 system. The result for the four
tensor correlators [4–6] was given in [8]. Here we will
consider the cases of the mixed tensor-graviton correlators
and the four graviton correlators, since so far, in both these
cases, the existing formalism to write down these correlators
does not make both the symmetries and the KK level
dynamics manifest.
Our main result in this letter is to demonstrate the

simplicity of the three scalar types of single particle
correlators of the D1-D5 SCFT2 in AdS3 × S3, by providing
explicit and compact expressions for all KK levels, in
particular, the complete four-point graviton correlators.

Four-point correlators. In the D1-D5 SCFT2 dual to type
IIB string theory on AdS3 × S3 ×M, we will denote
the primary operators dual to gravitons by σp where p
is the KK level. The number of tensor multiplets arising
from the reduction of R fields is equal to the Hodge
number h1;1 ofM. There is also one from NS fields, which
is on the same footing in supergravity (SUGRA), so we
will denote these primary operators by sip where i is a
fundamental SOðh1;1þ1Þ index. Note that M ¼ T4 has
h1;1 ¼ 4 and leads to (2, 2) SUGRA while M ¼ K3 has
h1;1 ¼ 20 and leads to (2, 0) SUGRA. This paper will be
specific to K3, closely following the approach of [6,10]
that made use of the (2, 0) three-point couplings from [17].
However, we expect that similar results hold for T4 as well.
In particular, the extra supersymmetry in (2, 2) forces one

of the tensor multiplets [18] to have the same tree-level
amplitudes of the (2, 0) theory [20], and therefore, as
discussed in [5], this leads to agreement of four-point
functions when all SOðh1;1 þ 1Þ indices are the same.
The correlators we will study are

hsi1p1
si2p2

si3p3
si4p4

i hsi1p1
si2p2

σp3
σp4

i ð1Þ

and

hσp1
σp2

σp3
σp4

i: ð2Þ

An operator is inserted at spacetime coordinates, xi; x̄i, and
is specified by R-symmetry SUð2ÞL × SUð2ÞR spinors
ð1yiÞ; ð1ȳiÞ. Cross ratios x; x̄, y; ȳ, are defined by

x ¼ x12x34
x13x24

; y ¼ y12y34
y13y24

; ð3Þ

with xij ¼ xi − xj, yij ¼ yi − yj, and x̄, ȳ defined similarly.
Superconformal symmetry implies that correlators with

external half-BPS scalar fields Φ, such as (1) and (2), can
be written in the form [8,21],

hΦ1Φ2Φ3Φ4i¼ kþðx−yÞfþðx̄− ȳÞf̄þðx−yÞðx̄− ȳÞH;

ð4Þ

where k is constant in the cross ratios, f; f̄ are single-
variable functions determined by protected three-point
couplings, for example through the chiral algebra twist
discussed in [6], and the reduced correlator H is a two-
variable function that splits into a plus and a minus sector,

H ¼ x213x
2
24y

2
13y

2
24½Hþðx2ij; y2ijÞ þ ð5Þ

−ðx − x̄Þðy − ȳÞx213x224y213y224H−ðx2ij; y2ijÞ�; ð6Þ

with x2ij ≡ xijx̄ij and y2ij ≡ yijȳij. The reduced correlators
H� are symmetric functions of both x; x̄ and y; ȳ. However,
unlike higher-dimensional CFTs such as N ¼ 4 SYM in
4D, only the simultaneous exchange of x ↔ x̄, y ↔ ȳ
leaves the full correlator invariant. See again (4)–(6).
In the supergravity regime, the leading Oð1Þ contribu-

tions—in the large central charge c expansion—are dis-
connected two-point functions, when they exist. These can
be rearranged into the form dictated by superconformal
symmetry, thus giving a contribution to k; f; f̄ and H�. In
general, free-type contributions have a vanishing Mellin
transform and we will not consider them further.

Generalized mellin space: We are interested in the tree-level
connected Oð1=cÞ contribution to H�, and we will present
results using the Mellin transform,
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H�
p1;p2;p3;p4

¼
XZ
š

dŝM�ðŝij; šij;p1; p2; p3; p4Þ; ð7Þ

with the AdS3 × S3 integration “measure” defined by

XZ
š

dŝ≡X
s̃;t̃

I þi∞

−i∞

dsdt
ð2πiÞ2

Y
i<j

x
2ŝij
ij y

2šij
ij

Γ½−ŝij�
Γ½šijþ1� : ð8Þ

The Mellin variables are symmetric ŝij ¼ ŝji, šij ¼ šji, off-
diagonal, ŝii ¼ šii ¼ 0, and constrained by “on shell”
relations that depend on pi and have the form,

X4
j¼1

šij ¼ pi − δS;
X4
j¼1

ŝij ¼ −pi − δAdS; ð9Þ

where δS; δAdS ∈N. Solving the constraints gives four
independent variables, conjugate to the cross ratios. We
shall call s and t the independent variables in the ŝij, and s̃
and t̃ those in the šij. See (8).
We will always work with fixed values of δAdS,

δAdS ¼ 1 for Hþ; δAdS ¼ 2 for H−: ð10Þ

Regarding δS, we will fix it a posteriori and add this
information to the symbol defined in (8). This is a crucial
novelty of our formalism, and is motivated by the idea of
simplifying the dependence on the R-symmetry variables in
the Mellin amplitude. To see how, let us recall that H� are

by construction polynomials in the y2ij. This polynomiality
shows up in the measure as a consequence of the fact that
the Γ½šij þ 1�−1 vanish unless šij ≥ 0 [which also shows
that the sum (8) can be kept unbounded]. Then, because
šij ≥ 0, the corresponding on shell constraints in (9) imply
that unless pi ≥ δS there is no contribution to the Mellin
amplitude. Thus, the value of δS can be used as a knob to
stratify the (numerator of the) Mellin amplitude in the
R-symmetry variables. Note however that superconformal
symmetry, see (4)–(6), gives from the start that δS ≥ 1 for
Hþ and δS ≥ 2 forH−. We shall see that δS ¼ 1, 2, 3 are the
values that we need.

Boldface variables and 6D symmetry: A set of variables
that will feature a special role are the boldface variables
defined via

sij ¼ šij þ ŝij;
X
j

sij ¼ −δ; ð11Þ

where δ≡ δAdS þ δS. Note that since the constraints do not
depend on the pi, there is really only one bold variable in
each channel, as for scattering amplitudes,

s≡s12¼ s34; t≡ s14¼ s23; u≡ s13¼ s24; ð12Þ

with sþ tþ u ¼ −δ. A corresponding 6D Mellin trans-
form in these variables is defined by using the measure,

I
dμδ ≡

I
dsdt
ð2πiÞ2 ðz

2
12z

2
34Þsðz214z223Þtðz213z224ÞuΓ½−s�2Γ½−t�2Γ½−u�2; ð13Þ

where z2ij ¼ x2ij − y2ij is now a 6D distance.
The AdS3 × S3 measure (8) and the 6D measure (13) are

closely related. In particular, for any AdS3 × S3 Mellin
amplitude that depends only on boldface variables, the KK
reduction from 6D to AdS3 × S3 is implemented by the
following identity:

X
pi≥δS

XZ
š

dŝMðs; tÞ ¼
I

dμδMðs; tÞ; ð14Þ

which holds as an expansion in the y2ij. This shows that if an
AdS3 × S3 Mellin amplitude depends only on boldface
variables, then it corresponds to a 6D conformal integral.
Before presenting results for hσp1

σp2
σp3

σp4
i, our first

goal in the next sections will be to recast the known
correlators [5–7,9] as AdS3 × S3 Mellin amplitudes. The
result for hsi1p1

si2p2
si3p3

si4p4
i was given in [8], and since its 6D

origin is a scalar amplitude the rewriting follows

immediately from the identity (14). This story is analogous
to AdS5 × S5 [11]. Instead, the rewriting for the tensor–
graviton correlators hsi1p1

si2p2
σp3

σp4
i is new. For the latter we

expect interesting modifications, in addition to (14),
because the 6D origin is not a scalar amplitude.

Tensor correlator. The four-tensor correlators are the
simplest. For the plus-type correlators [8] found that

Hi1i2i3i4;þ
p ¼

XZ
P

j
šij¼pi−1

dŝMi1i2i3i4 ; ð15Þ

with the Mellin amplitude

Mi1i2i3i4 ¼ −
δi1i2δi3i4

sþ 1
−
δi1i4δi2i3

tþ 1
−
δi1i3δi2i4

uþ 1
; ð16Þ
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where sþ tþ u ¼ −2. See Supplemental Material Sec. I
[22] for the normalization we use. The 6D symmetry in (15)
and (16) is completely manifest, since the amplitude
depends only on bold variables. Using identity (14) we find

X
pi≥1

Hi1i2i3i4;þ
p ¼

I
dμδ¼2Mi1i2i3i4 : ð17Þ

This shows that the KK tower of correlators in (15)
originates from a 6D correlator of dimension δ ¼ 2 scalar
fields, as this is precisely the value appearing in the on shell
constraints for the boldface variables.
The H− correlators vanish at this order. This can be

shown both from the bootstrap [6,10] and from the Heavy-
Heavy-Light-Light (HHLL) limit of [5]. From 6D it is also
clear that it is not possible to construct a tree-level scalar
function of the z2ij that gives ðx − x̄Þðy − ȳÞ. Nevertheless,
the disconnected contributions to the minus sector are
nontrivial, and similarly loop contributions.

Tensor-graviton correlator. The mixed tensor-graviton
correlator was obtained in 6D notation in [7]. The scalar
primaries in the graviton multiplets are KK modes of a self-
dual three-form with polarizations projected appropriately.
The bootstrap approach [10] gives results in agreement
with the 6D derivation, thus providing conclusive evidence
for the higher-dimensional symmetry.
Since the flavor symmetry is fully diagonal in this case,

we will consider

Hi1i2
p ¼ δi1i2Hp ð18Þ

and present results for H� using generalized Mellin space.
In the Supplemental Material Sec. III [22] we explain how
to go from the 6D formula of [7] to our new formula.
The minus-type correlator reads

H−
p ¼

XZ
P

j
šij¼pi−2

dŝMstu ð19Þ

with the Mellin amplitude

Mstu ¼
1

ðsþ 1Þðtþ 1Þðuþ 1Þ ; ð20Þ

where sþ tþ u ¼ −4. Interestingly, despite the fact that
the mixed correlator is only invariant under the exchange
of points 1 ↔ 2 or 3 ↔ 4, the Mellin amplitude in
(20) exhibits full crossing symmetry as function of
s; t;u. Moreover, it is the same function that appears in
AdS5 × S5 [14]. To understand why let us recall that the
superconformal block expansion of all correlators with
external half-BPS scalar primaries, (4), when restricted to
the H− sector, is identical to that of N ¼ 4 SYM in the
long sector [8,10]. This suggests that if a resummation like
(14) exists for the minus-type correlators, it is likely to
involve the same functions as in N ¼ 4 SYM, and indeed
this is what we found,

X
pi≥2

H−
p ¼

I
dμδ¼4Mstu: ð21Þ

We emphasize that the origin of this result is six-dimen-
sional, and is a consequence of the fact that the 6D origin
ofHp is not a scalar amplitude. In particular, the 6D result

of [7] not only generates the amplitude in (20), but the
full result x213x

2
24y

2
13y

2
24ðx − x̄Þðy − ȳÞH−

p , including the

prefactors!

A new formula for the plus-type correlator: These corre-
lators appear from the start to be nontrivial because the
three-form polarizations give structure to the numerator of
the amplitude. This is evident in the way the result is
derived from 6D [7][(4.1)]. The crucial idea is to organize
this structure in terms of a convenient set of variables,

y2ij;
y2ij
z2ij

: ð22Þ

Our expectation is that poles in the boldface variables can
only be accompanied by the y2ij themselves or by the 6D
“propagators” y2ij=z

2
ij, which can be understood as oper-

ators acting on scalar Mellin amplitudes in 6D. As a result
we find that H� is naturally stratified over different
R-symmetry factors, and given by

Hþ
p ¼

XZ
P

j
šij¼pi−1

dŝM 1s þ
XZ

P
j
šij¼pi−2

dŝðy212y234M 2s þYsMtu þYtMsu þYuMstÞ−
XZ

P
j
šij¼pi−3

dŝðy413y424ðy− ȳÞ2MstuÞ;

ð23Þ

with Yu ¼ ðy213y224 − y223y
2
14 − y212y

2
34Þ, and Ys, Yt defined similarly, and the new generalized Mellin amplitudes defined as

follows. First,
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M 1s ¼
2f34
sþ 1

; ð24Þ

with

fij ≡
�
pi þ pj − 1

2
− šij

�
2

−
p2
i þ p2

j − 1

4
: ð25Þ

Then,

M 2s ¼ −
2

sþ 1
; ð26Þ

Mst ¼
ðš13 þ š24 þ 1Þ
ðsþ 1Þðtþ 1Þ ; ð27Þ

Msu ¼
ðš14 þ š23 þ 1Þ
ðsþ 1Þðuþ 1Þ ; ð28Þ

Mtu ¼
ðš12 þ š34 þ 1Þ
ðtþ 1Þðuþ 1Þ ; ð29Þ

where sþ tþ u ¼ −3. Finally,Mstu is the same as in (20)
with the same on shell constraints, sþ tþ u ¼ −4. Note
that −y413y424ðy − ȳÞ2 ¼ YsYt þ YsYu þ YtYu.
Our formula (23) is nontrivial, and what is crucial is that

the š-type Mellin variables satisfy different on shell
constraints in correspondence of the different R-symmetry
structures. Before moving on to the four-graviton correla-
tor, we wish to emphasize some features of our result. First,
much like the minus sector, the part containing simulta-
neous poles, namely Mstu and ðYuMst þ crossingÞ, are
fully crossing symmetric. Another interesting property is
that the correlator automatically vanishes when p3 ¼ 1 or
p4 ¼ 1, in agreement with the fact that the KK tower

associated to the graviton starts from pi ¼ 2. When
p1 ¼ p2 ¼ 1, the amplitude becomes proportional to 1

sþ1
,

thus taking the same form as the s-channel contribution to
the four-tensor amplitude, as pointed out in [10]. Finally,
the subamplitude M 1s explicitly breaks a certain Z2

symmetry. We will come back to this later on.

Graviton correlator. Let us now consider the graviton
correlators, for which the results here are new, and so far
there is no 6D derivation. Inspired by the tensor-graviton
results and guided by explicit results obtained using the
bootstrap [10], which we recall in the Supplemental
Material Sec. II [22], we were able to derive a closed-
form expression for all KK levels. As we are going to see in
a moment, the structure is remarkably similar to the tensor-
graviton correlator.

Minus-type correlator: The minus sector is

H−
p ¼ dp

XZ
P

j
šij¼pi−2

dŝMstu; ð30Þ

whereMstu is exactly the same as (20), as suggested by the
same argument used for the mixed tensor-graviton corre-
lator, and the new normalization factor is given by

dp ¼
X
i

ðp2
i − 1Þ: ð31Þ

Plus-type correlator: The plus sector exhibits the same
structural decomposition as the tensor-graviton correlator.
Once again, the key observation is that the Mellin ampli-
tude naturally splits into distinct subamplitudes, each one
accompanied by a different prefactor:

Hþ
p ¼

XZ
P

j
šij¼pi−1

dŝðM1s þ crossingÞ þ
XZ

P
j
šij¼pi−2

dŝðy212y234M2s þ crossingþ dpYuMst þ crossingÞ ð32Þ

þ
XZ

P
j
šij¼pi−3

dŝðy412y434M3s þ crossingþ dpy413y
4
24ðy − ȳÞ2MstuÞ; ð33Þ

where Mst;Msu;Mtu and Mstu are the same as in (20),
(27)–(29), and the new generalized Mellin amplitudes are

M1s ¼ −8
f12f34
sþ 1

; ð34Þ

where fij was defined already in (25), then

M2s ¼ 8
f12 þ f34 þ š12 þ š34 þ 2 − 1

2

P
ipi

sþ 1
; ð35Þ

and finally

M3s ¼ −
8

sþ 1
: ð36Þ
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As before, the on shell relations are different depending on
the subamplitude. Note again that the correlators automati-
cally vanish unless pi ≥ 2.

Properties of the amplitudes. Taking a closer look at our
results we see that all three types of amplitudes have striking
features. Firstly, all poles are given in boldface variables.
Secondly, all amplitudes depend on a small set of building
blocks; the subamplitudes contributing to simultaneous
poles, Mstu and ðYuMst þ crossingÞ, that appear in both
the mixed tensor-graviton correlators (23) and the four
graviton correlators (32) and (33), with the only difference
given by the numerical factor dp in (31), and the amplitudes

contributing to single poles. The latter, M 1s, M 2s, and
M1a,M2a,M3a, a ¼ s, t, u, despite depending on the type
of correlator, still follow a simple pattern.
The fact that all poles appear in boldface variables has a

simple explanation from 6D; it follows from the structure
of the propagators, see e.g., identity 1, 2, 3 of Sec. III in the
Supplemental Material [22]. From AdS3 × S3, a similar
conclusion follows from considering the large p limit [14],
where pi=n is fixed with n → ∞. In this limit the measure
(8) has a saddle point where ŝij=n and šij=n are finite and
recombine to become the 6D Mandelstam invariants of
four (massless) geodesics meeting at a point. Thus
sflat þ tflat þ uflat ¼ 0, with the AdS3 × S3 Mellin ampli-
tude encoding a 6D flat-space scattering amplitude. Now,
if Mðŝij; šij;pÞ has a tree-level pole, say in the s-channel,
this must become sflat ¼ 0 in the large p limit. However,
s ¼ constant is the only possible deformation. Same for
the t and u channel poles. Besides this, Mi1i2i3i4 is a scalar
amplitude in 6D, therefore the large p limit fixes it
completely at tree level. Instead, both hsi1p1

si2p2
σp3

σp4
i in

(23) and hσp1
σp2

σp3
σp4

i in (32) and (33) have more
structure, and various subamplitudes have nontrivial
numerators. In view of the flat-space amplitudes of [20],
it would be very interesting to revisit the large p limit in
these cases, and also, derive (32) and (33) from 6D.

Z2-symmetry: Regarding the constructability of the sub-
amplitudes, and their numerators, there is a symmetry that
one might use. To begin with, note that the AdS3 × S3

measure (8) is invariant under variations of the charges pi
such that the values pi þ pj swap in a given channel. Take
the s-channel Gamma functions, for example, after solving
the on shell constraints (9) one finds

Y
ij¼12;34

Γ½ŝij�
Γ½1þ šij�

¼
Y

ij¼12;34

Γ½piþpj

2
− s�

Γ½1þ piþpj

2
þ s̃� : ð37Þ

If the values of p1 þ p2 and p3 þ p4 swap, the rhs of (37)
is invariant, and if at the same time the other values of
pi þ pj do not change, then the measure is invariant. In
terms of the šij variables this is the Z2-symmetry,

š12 ↔ š34; ŝ12 ↔ ŝ34; cs ↔ −cs; ð38Þ

where cs ¼ p1þp2−p3−p4

2
. A concrete case to have in mind is

p ¼ fkþ 1; kþ 1; k − 1; kþ 1g and p ¼ fk; k; k; kþ 2g.
Analogous considerations apply to the t and u channels, but
note that this symmetry is not crossing symmetry [16,23].
To see what combination of pi is invariant it is useful to
write them in terms of cs; ct; cu;Σ ¼ p1þp2þp3þp4

2
. For

example, dp in (31) is quadratic and therefore invariant

in all three channels. Now, a Mellin amplitude that depends
only on boldface variables is obviously invariant under the
Z2-symmetries of the measure. This is the case forMi1i2i3i4,
for M 2s, M3s;M3t;M3u, and for Mstu, Mst;Mtu;Msu.
In particular, all subamplitudes contributing to simultaneous
poles are invariant. The question is more subtle in the
presence of fij. However, M2s;M2t;M2u are Z2-sym-
metric, as follows from the fact that no degree-2 polynomial
can be invariant under crossing while breaking the
Z2-symmetry. In contrast, a single fij or a product
fijfkl of degree 4, are not invariant. Consequently, M 1s

and M1s;M1t;M1u fail to be invariant. Thus, the
sub-amplitudes contributing to simple poles with no
R-symmetry factor are the only symmetry breaking terms.

Summary and outlook. We studied tree-level four-point
correlators of the chiral primary operators sip and σp of the
D1-D5 SCFT2 in the supergravity regime, in the tensor and
graviton multiplets, respectively. For all three types of
correlators we have shown that the AdS3 × S3 Mellin space
formalism, together with the idea of reducing the Mellin
amplitude to a set of building blocks with given on shell
constraints, dramatically simplifies their structure. This, and
additional results from the bootstrap, has led us to the
complete determination of hσp1

σp2
σp3

σp4
i in (32) and (33).

Remarkably, all three types of correlators are given by
simple formulas with manifest properties under a 6D
symmetry.
While the existence of the 6D symmetry is not new, it was

not understood how to make both symmetries and the KK
level dynamics manifest. The first purpose of our work has
been to establish a formalism that allows to do so. In
particular, our approach reduces the bootstrap problem to an
overconstrained problem allowing a rigorous proof of all
our results, thus going beyond state-of-the-art. We believe
that our formalism will be useful in other studies, and we list
some future directions: the study of correlators with vector
fields that sit in the same 6D three-form field as the σp; the
unmixing of long double-particle operators and the use of
unitary methods as starting point to develop a bootstrap
program at loop level, as done in higher-dimensional cases
[11,24–26]; the study of correlators with multi-particle
operators built out of the sip [27,28] and/or the σp; the
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relation betweenK3 and T4 compactifications, motivated by
a possible generalization to AdS of the flat-space SUSY
reduction ð2; 2Þ → ð2; 0Þ in [20]; and lastly, the study of
stringy corrections, generalizing the progress made in [19].
Finally, it would be interesting to turn our attention to

the 4D N ¼ 2 SCFT in [29] dual to AdS5 × S3 whose
spectrum contains both gluon and gravitational fields. The
KK flavor currents from the gluons, analogous to the sip
from the tensors, sit in an 8D scalar field. Their correlators
are known in terms of generalized Mellin amplitudes at
four-points tree-level [29,30], in the α0 expansion [31], and
at five points [32]. The striking relation of these ampli-
tudes with their flat-space counterparts has shed light on
BCJ and double-copy relations in AdS [30,33]. Similar
results for gravitons are not yet known and are compli-
cated by the fact that the N ¼ 2 stress tensor is typically
exchanged together with infinitely many long multiplets
[34–36]. Instead, one might start with SUð2Þ flavor

current multiplets analogous to σp. Progress computing
their correlators was recently made in [37].

Acknowledgments. We thank S. Giusto, R. Russo, C. Wen,
and X. Zhou for discussions and comments on the draft.
C. B. and R. S. P. thank M. Nocchi for collaboration on
related work. F. A. is supported by RYC2021-031627-I
funded by MCIN/AEI/10.13039/501100011033 and by the
European Union Next Generation/Plan de Recuperación,
Transformación y Resiliencia, and the MSCA “HeI” with
[38]. C. B. and R. S. P. are supported by the São Paulo
Research Foundation (FAPESP) through the Grants
No. 2019/24277-8, No. 2022/05236-1, No. 2023/03825-2,
and No. 2024/08232-2. M. S. is supported by the Ministry
of Science and Technology (MOST) through Grant No. 110-
2112-M002-006-.

Data availability. No data were created or analyzed in
this study.

[1] L. Rastelli and X. Zhou, Mellin amplitudes for AdS5 × S5,
Phys. Rev. Lett. 118, 091602 (2017).

[2] L. Rastelli and X. Zhou, How to succeed at holographic
correlators without really trying, J. High Energy Phys. 04
(2018) 014.

[3] J. M. Maldacena, The large N limit of superconformal field
theories and supergravity, Adv. Theor. Math. Phys. 2, 231
(1998).

[4] S. Giusto, R. Russo, and C. Wen, Holographic correlators in
AdS3, J. High Energy Phys. 03 (2019) 096.

[5] S. Giusto, R. Russo, A. Tyukov, and C. Wen, Holographic
correlators in AdS3 without Witten diagrams, J. High
Energy Phys. 09 (2019) 030.

[6] L. Rastelli, K. Roumpedakis, and X. Zhou, AdS3 × S3 tree-
level correlators: Hidden six-dimensional conformal sym-
metry, J. High Energy Phys. 10 (2019) 140.

[7] S. Giusto, R. Russo, A. Tyukov, and C. Wen, The CFT6

origin of all tree-level 4-point correlators in AdS3 × S3, Eur.
Phys. J. C 80, 736 (2020).

[8] F. Aprile and M. Santagata, Two particle spectrum of tensor
multiplets coupled to AdS3 × S3 gravity, Phys. Rev. D 104,
126022 (2021).

[9] C. Wen and S. Q. Zhang, Notes on gravity multiplet
correlators in AdS3 × S3, J. High Energy Phys. 07 (2021)
125.

[10] C. Behan and R. S. Pitombo, Mellin amplitudes for
AdS3 × S3, J. High Energy Phys. 11 (2024) 059.

[11] S. Caron-Huot and A. K. Trinh, All tree-level correlators in
AdS5 × S5 supergravity: Hidden ten-dimensional conformal
symmetry, J. High Energy Phys. 01 (2019) 196.

[12] G. Mack, D-independent representation of conformal field
theories in D dimensions via transformation to auxiliary

dual resonance models. Scalar amplitudes, arXiv:0907
.2407.

[13] J. Penedones, Writing CFT correlation functions as AdS
scattering amplitudes, J. High Energy Phys. 03 (2011) 025.

[14] F. Aprile and P. Vieira, Large p explorations. From SUGRA
to big STRINGS in Mellin space, J. High Energy Phys. 12
(2020) 206.

[15] T. Abl, P. Heslop, and A. E. Lipstein, Towards the Virasoro-
Shapiro amplitude in AdS5 × S5, J. High Energy Phys. 04
(2021) 237.

[16] F. Aprile, J. M. Drummond, H. Paul, and M. Santagata, The
Virasoro-Shapiro amplitude in AdS5 × S5 and level splitting
of 10d conformal symmetry, J. High Energy Phys. 11 (2021)
109.

[17] G. Arutyunov, A. Pankiewicz, and S. Theisen, Cubic
couplings in D ¼ 6, N ¼ 4b supergravity on AdS3 × S3

Phys. Rev. D 63, 044024 (2001).
[18] This distinguished tensor multiplet, which becomes separate

from the other h1;1 as stringy corrections are turned on, has a
flat-space amplitude given by the Virasoro-Shapiro ampli-
tude times s2 þ t2 þ u2. AdS corrections to it were recently
bootstrapped in [19].

[19] S. M. Chester and D.-l. Zhong, AdS3 × S3 Virasoro-Shapiro
amplitude with RR flux, Phys. Rev. Lett. 134, 151602
(2025).

[20] M. Heydeman, J. H. Schwarz, C. Wen, and S. Q. Zhang, All
tree amplitudes of 6D (2, 0) supergravity: Interacting tensor
multiplets and the K3 moduli space, Phys. Rev. Lett. 122,
111604 (2019).

[21] C. Behan, P. Ferrero, and X. Zhou, More on holographic
correlators: Twisted and dimensionally reduced structures
J. High Energy Phys. 04 (2021) 008.

SIMPLICITY OF MELLIN AMPLITUDES FOR … PHYS. REV. D 112, L061902 (2025)

L061902-7

https://doi.org/10.1103/PhysRevLett.118.091602
https://doi.org/10.1007/JHEP04(2018)014
https://doi.org/10.1007/JHEP04(2018)014
https://doi.org/10.4310/ATMP.1998.v2.n2.a1
https://doi.org/10.4310/ATMP.1998.v2.n2.a1
https://doi.org/10.1007/JHEP03(2019)096
https://doi.org/10.1007/JHEP09(2019)030
https://doi.org/10.1007/JHEP09(2019)030
https://doi.org/10.1007/JHEP10(2019)140
https://doi.org/10.1140/epjc/s10052-020-8300-4
https://doi.org/10.1140/epjc/s10052-020-8300-4
https://doi.org/10.1103/PhysRevD.104.126022
https://doi.org/10.1103/PhysRevD.104.126022
https://doi.org/10.1007/JHEP07(2021)125
https://doi.org/10.1007/JHEP07(2021)125
https://doi.org/10.1007/JHEP11(2024)059
https://doi.org/10.1007/JHEP01(2019)196
https://arXiv.org/abs/0907.2407
https://arXiv.org/abs/0907.2407
https://doi.org/10.1007/JHEP03(2011)025
https://doi.org/10.1007/JHEP12(2020)206
https://doi.org/10.1007/JHEP12(2020)206
https://doi.org/10.1007/JHEP04(2021)237
https://doi.org/10.1007/JHEP04(2021)237
https://doi.org/10.1007/JHEP11(2021)109
https://doi.org/10.1007/JHEP11(2021)109
https://doi.org/10.1103/PhysRevD.63.044024
https://doi.org/10.1103/PhysRevLett.134.151602
https://doi.org/10.1103/PhysRevLett.134.151602
https://doi.org/10.1103/PhysRevLett.122.111604
https://doi.org/10.1103/PhysRevLett.122.111604
https://doi.org/10.1007/JHEP04(2021)008


[22] See Supplemental Material at http://link.aps.org/
supplemental/10.1103/6yjg-9mnz. The supplemental
material is organized as follows: Section I clarifies the
normalization we use; Section II demonstrates the consis-
tency of our formula with the bootstrap approach of [10];
Section III explains how to derive our new formula from the
6D formula of [7].

[23] F. Aprile, J. M. Drummond, R. Glew, and M. Santagata,
One-loop string amplitudes in AdS5 × S5: Mellin space and
sphere splitting, J. High Energy Phys. 02 (2023) 087.

[24] F. Aprile, J. Drummond, P. Heslop, and H. Paul, One-loop
amplitudes in AdS5 × S5 supergravity from N ¼ 4 SYM at
strong coupling, J. High Energy Phys. 03 (2020) 190.

[25] Z. Huang and E. Y. Yuan, Graviton scattering in AdS5 × S5

at two loops, J. High Energy Phys. 04 (2023) 064.
[26] J. M. Drummond and H. Paul, Two-loop supergravity on

AdS5 × S5 from CFT, J. High Energy Phys. 08 (2022) 275.
[27] N. Ceplak, S. Giusto, M. R. R. Hughes, and R. Russo,

Holographic correlators with multi-particle states, J. High
Energy Phys. 09 (2021) 204.

[28] F. Aprile, S. Giusto, and R. Russo, Four-point correlators
with BPS bound states in AdS3 and AdS5, arXiv:2503
.02855.

[29] L. F. Alday, C. Behan, P. Ferrero, and X. Zhou, Gluon
scattering in AdS from CFT, J. High Energy Phys. 06 (2021)
020.

[30] J. M. Drummond, R. Glew, and M. Santagata, Bern-
Carrasco-Johansson relations in AdS5 × S3 and the
double-trace spectrum of super gluons, Phys. Rev. D 107,
L081901 (2023).

[31] R. Glew and M. Santagata, The Veneziano amplitude in
AdS5 × S3 from an 8-dimensional effective action, J. High
Energy Phys. 08 (2023) 010.

[32] Z. Huang, B. Wang, E. Y. Yuan, and J. Zhang, All five-point
Kaluza-Klein correlators and hidden 8D symmetry in
AdS5 × S3, Phys. Rev. Lett. 134, 161601 (2025).

[33] X. Zhou, Double copy relation in AdS space, Phys. Rev.
Lett. 127, 141601 (2021).

[34] C. Behan, S. M. Chester, and P. Ferrero, Gluon scattering in
AdS at finite string coupling from localization, J. High
Energy Phys. 02 (2024) 042.

[35] S. M. Chester, S. S. Pufu, Y. Wang, and X. Yin, Boot-
strapping M-theory orbifolds, J. High Energy Phys. 06
(2024) 001.

[36] C. Behan, S. M. Chester, and P. Ferrero, Towards
bootstrapping F-theory, J. High Energy Phys. 10 (2024)
161.

[37] S. M. Chester, P. Ferrero, and D. R. Pavarini, Modular
invariant gluon-graviton scattering in AdS at one loop,
arXiv:2504.10319.

[38] https://cordis.europa.eu/project/id/101182937

APRILE, BEHAN, PITOMBO, and SANTAGATA PHYS. REV. D 112, L061902 (2025)

L061902-8

http://link.aps.org/supplemental/10.1103/6yjg-9mnz
http://link.aps.org/supplemental/10.1103/6yjg-9mnz
http://link.aps.org/supplemental/10.1103/6yjg-9mnz
http://link.aps.org/supplemental/10.1103/6yjg-9mnz
http://link.aps.org/supplemental/10.1103/6yjg-9mnz
https://doi.org/10.1007/JHEP02(2023)087
https://doi.org/10.1007/JHEP03(2020)190
https://doi.org/10.1007/JHEP04(2023)064
https://doi.org/10.1007/JHEP08(2022)275
https://doi.org/10.1007/JHEP09(2021)204
https://doi.org/10.1007/JHEP09(2021)204
https://arXiv.org/abs/2503.02855
https://arXiv.org/abs/2503.02855
https://doi.org/10.1007/JHEP06(2021)020
https://doi.org/10.1007/JHEP06(2021)020
https://doi.org/10.1103/PhysRevD.107.L081901
https://doi.org/10.1103/PhysRevD.107.L081901
https://doi.org/10.1007/JHEP08(2023)010
https://doi.org/10.1007/JHEP08(2023)010
https://doi.org/10.1103/PhysRevLett.134.161601
https://doi.org/10.1103/PhysRevLett.127.141601
https://doi.org/10.1103/PhysRevLett.127.141601
https://doi.org/10.1007/JHEP02(2024)042
https://doi.org/10.1007/JHEP02(2024)042
https://doi.org/10.1007/JHEP06(2024)001
https://doi.org/10.1007/JHEP06(2024)001
https://doi.org/10.1007/JHEP10(2024)161
https://doi.org/10.1007/JHEP10(2024)161
https://arXiv.org/abs/2504.10319
https://cordis.europa.eu/project/id/101182937
https://cordis.europa.eu/project/id/101182937
https://cordis.europa.eu/project/id/101182937

	Simplicity of Mellin amplitudes for AdS3&times;S3
	Acknowledgments. 
	References


