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 SYM is well controlled in the planar regime𝒩 = 4

The planar regime admits many complementary exact tools.

: planar diagramsλ ≪ 1  finite: integrabilityλ

Planar limit:
<latexit sha1_base64="lwGcOOOkClDTl7XtxZf6mrBr9oo=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgqSQi1WPRiyepYD8gCWWz3bRLN7thdyKE0J/hxYMiXv013vw3btoctPXBwOO9GWbmhQlnGhzn26qsrW9sblW3azu7e/sH9cOjnpapIrRLJJdqEGJNORO0Cww4HSSK4jjktB9Obwu//0SVZlI8QpbQIMZjwSJGMBjJu/dB+kxEkNWG9YbTdOawV4lbkgYq0RnWv/yRJGlMBRCOtfZcJ4EgxwoY4XRW81NNE0ymeEw9QwWOqQ7y+ckz+8woIzuSypQAe67+nshxrHUWh6YzxjDRy14h/ud5KUTXQc5EkgIVZLEoSrkN0i7+t0dMUQI8MwQTxcytNplghQmYlIoQ3OWXV0nvoum2mq2Hy0b7poyjik7QKTpHLrpCbXSHOqiLCJLoGb2iNwusF+vd+li0Vqxy5hj9gfX5A/b7kRA=</latexit>

N → ↑

: classical AdS SUGRAλ ≫ 1
+ bootstrap method



Perturbative  corrections are partly under control1/N

AdS unitarity method

Tessellation of hexagons
expansion
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1/N

= ×
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• Truly finite  physics is still difficult to access directly.N

• Most systematic progress is restricted to “light” single-trace probes.
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N → ↑

Finite N

⇒

<latexit sha1_base64="1GbrCD3T2qdnn8l51xJroRkOm0o="></latexit>

O
I1...Ik
k = tr(!{I1 . . .!Ik})
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!k = k → O(N0)-BPS operators:1
2
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? But

Aharony Alday Bissi Perlmutter ’16, Alday Bissi ‘17
Aprile, Drummond, Heslop, Paul ‘17

Bargheer Caetano Fleury Komatsu Vieira ‘17



Giant gravitons sit between  expansion and finite 1/N N
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D = det(! · t)

• Dimension  scales with . Not light excitationsΔ = N N

• Determinant color structure invalidates the ribbon graph counting

<latexit sha1_base64="Kk2aPKSSHmC0gTPBKLN2tuho0g0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh4EVvFewHtqFsNpt26WYTdidCKf0XXjwo4tV/481/47bNQasPBh7vzTAzL0ilMOi6X05hZXVtfaO4Wdra3tndK+8ftEySacabLJGJ7gTUcCkUb6JAyTup5jQOJG8Ho+uZ337k2ohE3eM45X5MB0pEglG00gP2WJggwSu3X664VXcO8pd4OalAjka//NkLE5bFXCGT1Jiu56boT6hGwSSflnqZ4SllIzrgXUsVjbnxJ/OLp+TEKiGJEm1LIZmrPycmNDZmHAe2M6Y4NMveTPzP62YYXfoTodIMuWKLRVEmCSZk9j4JheYM5dgSyrSwtxI2pJoytCGVbAje8st/Seus6tWqtbvzSv02j6MIR3AMp+DBBdThBhrQBAYKnuAFXh3jPDtvzvuiteDkM4fwC87HN9qZkGs=</latexit>

t · t = 0

• They are also -BPS operators.1
2
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→ODD↑ ↓ O(1)
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→OOO↑ ↓ O(1/N)

Good intermediate target: BPS enough to control, heavy enough to retain non-planar physics.

Giant gravitons McGreevy Susskind Toumbas ’00



What is known about giant graviton correlators?

It turns out that the more natural perspective is to view giant gravitons as zero-dimensional defects.

Fixed by symmetry up to a constant.
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→ODD↑

Protected for -BPS operators.1
2

First object with nontrivial spacetime dependence.

Weak coupling: up to 3 loops.
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→O1O2 DD↑

Strong coupling: almost none, only limited integrated data.

Standard view in the literature: correlators of light and heavy local operators

Local operator perspective: correct but may not be most useful.

Bissi Kristjansen Young Zoubos ’11, Caputa de Mello Koch Zoubos ’12, Jiang Komatsu Vescovi ’19, Yang Jiang Komatsu, Wu ’21, …

Jiang Komatsu Vescovi ‘19; Jiang Wu Zhang ’23, ’24, He Shi Tang Wen ’26

Brown Galvagno Wen ’24



Why is the defect viewpoint natural?

The 0d defect viewpoint follows from both brane geometry and symmetry kinematics.
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D
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D
Bulk: worldline in AdS  (1d)5

Boundary: 0d defect
(AdS objects of dim   boundary dim )p + 1 ⇒ p
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→
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p = 0

Symmetry: a dim  defect preservesp

For a giant graviton pair:
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SO(d+ 1, 1) → SO(p+ 1, 1)↑ SO(d↓ p)

D3 wrapping S S3 ⊂ 5Giant graviton
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D
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Defect kinematic results are still valid.



What is the defect perspective good for?

Computation: uses recent bootstrap techniques for strong coupling

Structure: hidden 10d symmetry becomes manifest

Generality: a natural language for light-light-heavy-heavy (LLHH) correlators.

strong coupling correlators + weak coupling integrands

The defect perspective is not only natural; it is computationally useful.

Holographic correlators from 
symmetry and consistency

Extended to CFTs with 
ordinary  defectsp ≥ 1

Giant gravitons as 
 defectsp = 0

<latexit sha1_base64="C5RW14eS04mUW6KyoCXEp/B0R3k=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AInsquSPVY9OKxgv2AdinZNNuGZpMlmVXq0l/ixYMiXv0p3vw3pu0etPXBwOO9GWbmhYngBjzv2ymsrW9sbhW3Szu7e/tl9+CwZVSqKWtSJZTuhMQwwSVrAgfBOolmJA4Fa4fjm5nffmDacCXvYZKwICZDySNOCVip75Z7Qsmh5sMREK3VY9+teFVvDrxK/JxUUI5G3/3qDRRNYyaBCmJM1/cSCDKigVPBpqVealhC6JgMWddSSWJmgmx++BSfWmWAI6VtScBz9fdERmJjJnFoO2MCI7PszcT/vG4K0VWQcZmkwCRdLIpSgUHhWQp4wDWjICaWEKq5vRXTEdGEgs2qZEPwl19eJa3zql+r1u4uKvXrPI4iOkYn6Az56BLV0S1qoCaiKEXP6BW9OU/Oi/PufCxaC04+c4T+wPn8AXXKk6E=</latexit>→↑ <latexit sha1_base64="C5RW14eS04mUW6KyoCXEp/B0R3k=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AInsquSPVY9OKxgv2AdinZNNuGZpMlmVXq0l/ixYMiXv0p3vw3pu0etPXBwOO9GWbmhYngBjzv2ymsrW9sbhW3Szu7e/tl9+CwZVSqKWtSJZTuhMQwwSVrAgfBOolmJA4Fa4fjm5nffmDacCXvYZKwICZDySNOCVip75Z7Qsmh5sMREK3VY9+teFVvDrxK/JxUUI5G3/3qDRRNYyaBCmJM1/cSCDKigVPBpqVealhC6JgMWddSSWJmgmx++BSfWmWAI6VtScBz9fdERmJjJnFoO2MCI7PszcT/vG4K0VWQcZmkwCRdLIpSgUHhWQp4wDWjICaWEKq5vRXTEdGEgs2qZEPwl19eJa3zql+r1u4uKvXrPI4iOkYn6Az56BLV0S1qoCaiKEXP6BW9OU/Oi/PufCxaC04+c4T+wPn8AXXKk6E=</latexit>→↑
Rastelli XZ ‘16 Gimenez-Grau ’23, Chen Gimenez-Grau XZ ‘23

via 0d defect conformal blocks independent of susy



Defect vs no defect

Defect correlators are defined by taking the ratio

Operators:

<latexit sha1_base64="qvLflt4IjBvw7mK01fT2gj1oXls=">AAACE3icbVC7SgNBFJ2NrxhfUUubwSAkImFXJNoIAS20i2AekF3C7OwkGTL7YOauJCz7Dzb+io2FIrY2dv6Nk0ehiQcGDufcy51z3EhwBab5bWSWlldW17LruY3Nre2d/O5eQ4WxpKxOQxHKlksUEzxgdeAgWCuSjPiuYE13cDX2mw9MKh4G9zCKmOOTXsC7nBLQUid/bPsE+pSI5DotDk+gdJnY0sceg7Ro1/q8OCzZ1AsBQ6mTL5hlcwK8SKwZKaAZap38l+2FNPZZAFQQpdqWGYGTEAmcCpbm7FixiNAB6bG2pgHxmXKSSaYUH2nFw91Q6hcAnqi/NxLiKzXyXT05TqDmvbH4n9eOoXvhJDyIYmABnR7qxgJDiMcFYY9LRkGMNCFUcv1XTPtEEgq6xpwuwZqPvEgap2WrUq7cnRWqt7M6sugAHaIistA5qqIbVEN1RNEjekav6M14Ml6Md+NjOpoxZjv76A+Mzx9dYZ06</latexit>

D(x, t) = det(!(x) · t)
<latexit sha1_base64="fb06O1CRwooeAkUBUG8uhZKyEds="></latexit>

Ok(x, t) = tr
(
(!(x) · t)k

)

<latexit sha1_base64="/u3Y5gZR+GY/Fj+gN1hjRMdZ7R0=">AAACFXicbZDLSsNAFIYn9VbrLerSTbAIFWtJilQ3QsGN7irYCzSxTKaTduhkEmYm0hLyEm58FTcuFHEruPNtnLYpaOsPAz/fOYcz53dDSoQ0zW8ts7S8srqWXc9tbG5t7+i7ew0RRBzhOgpowFsuFJgShuuSSIpbIcfQdyluuoOrcb35gLkgAbuToxA7Puwx4hEEpUIdvTi0ZWDULgu29DhEsXUyvC8ncTkpzsDpDAyPO3reLJkTGYvGSk0epKp19C+7G6DIx0wiCoVoW2YonRhySRDFSc6OBA4hGsAebivLoI+FE0+uSowjRbqGF3D1mDQm9PdEDH0hRr6rOn0o+2K+Nob/1dqR9C6cmLAwkpih6SIvooYKYhyR0SUcI0lHykDEifqrgfpQhSFVkDkVgjV/8qJplEtWpVS5PctXb9I4suAAHIICsMA5qIJrUAN1gMAjeAav4E170l60d+1j2prR0pl98Efa5w+YmJ3g</latexit>

x → P = ( 1+x2

2 , 1→x2

2 , x)Null vector of : lifting  into embedding spaceSO(5,1) x

Null vector :  R-symmetry polarizationt SO(6)

<latexit sha1_base64="w6O6Ktl/uQN5bQpvPueKdg73HjY="></latexit>

Gk1k2 =
→Ok1Ok2DD↑

→DD↑
= →→Ok1Ok2↑↑

<latexit sha1_base64="4vM4g8h09y4/6JuNNu4AfZNDReQ="></latexit>

→→Ok↑↑ =
→Ok DD↑

→DD↑

− + +

Convention: the heavy operators are inserted at 3 and 4.



The giant graviton defect enters through projectors

Spacetime: R-symmetry:

<latexit sha1_base64="b+tJNbVWZqy3f2Nay0fESqdzHL0="></latexit>

NAB =
P3,AP4,B + P4,AP3,B

P3 · P4

<latexit sha1_base64="rSW/DZ5qpdNB9I4SlEP26ZE55LU="></latexit>

MIJ = �IJ � t3,It4,J + t4,It3,J
t3 · t4

<latexit sha1_base64="xeOWUpo2j/0NnB9u87Vdox47ZsQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyqRI8BQTxGNA9IljA7mU2GzM4uM71CWAL+gBcPinj1i7z5N04eB00saCiquunuChIpDLrut5NbWV1b38hvFra2d3b3ivsHDROnmvE6i2WsWwE1XArF6yhQ8laiOY0CyZvB8HriNx+5NiJWDzhKuB/RvhKhYBStdF/rnneLJbfsTkGWiTcnJZij1i1+dXoxSyOukElqTNtzE/QzqlEwyceFTmp4QtmQ9nnbUkUjbvxseuqYnFilR8JY21JIpurviYxGxoyiwHZGFAdm0ZuI/3ntFMMrPxMqSZErNlsUppJgTCZ/k57QnKEcWUKZFvZWwgZUU4Y2nYINwVt8eZk0zspepVy5uyhVb55mceThCI7hFDy4hCrcQg3qwKAPz/AKb450Xpx352PWmnPmER7CHzifP/x/jgk=</latexit>

P3
<latexit sha1_base64="wwW8zt0/Y3OngM033wSbwol/fRg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKiB4DgniMaB6QLGF2MpsMmZ1dZnqFsAT8AS8eFPHqF3nzb5w8DppY0FBUddPdFSRSGHTdbye3tr6xuZXfLuzs7u0fFA+PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0fXUbz1ybUSsHnCccD+iAyVCwSha6b7eq/SKJbfszkBWibcgJVig3it+dfsxSyOukElqTMdzE/QzqlEwySeFbmp4QtmIDnjHUkUjbvxsduqEnFmlT8JY21JIZurviYxGxoyjwHZGFIdm2ZuK/3mdFMMrPxMqSZErNl8UppJgTKZ/k77QnKEcW0KZFvZWwoZUU4Y2nYINwVt+eZU0L8petVy9q5RqN0/zOPJwAqdwDh5cQg1uoQ4NYDCAZ3iFN0c6L8678zFvzTmLCI/hD5zPH/4Djgo=</latexit>

P4

<latexit sha1_base64="uvgZRyKHXnLbDeUzi5mXekWaQM8=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFQVxJBfvAdiiZ9LYNzWSGJCOUoeBHuHGhiFv/xp1/Y6btQlsPBA7n3HDPPUEsuDau++3kVlbX1jfym4Wt7Z3dveL+QUNHiWJYZ5GIVCugGgWXWDfcCGzFCmkYCGwGo6vMbz6i0jyS92Ycox/SgeR9zqix0kMnpGYYBOntpFssuWV3CrJMvDkpwRy1bvGr04tYEqI0TFCt254bGz+lynAmcFLoJBpjykZ0gG1LJQ1R++k08YScWKVH+pGyTxoyVX//SGmo9TgM7GSWUC96mfif105M/9JPuYwTg5LNFvUTQUxEsvNJjytkRowtoUxxm5WwIVWUGVtSwZbgLZ68TBpnZa9Srtydl6rXT7M68nAEx3AKHlxAFW6gBnVgIOEZXuHN0c6L8+58zEZzzrzCQ/gD5/MH4hGRfQ==</latexit>N

<latexit sha1_base64="c9qQntvhusywPHKf3oZf8JN2jOE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyqRI8BQTxGNA9IljA7mU2GzM4uM71CWAL+gBcPinj1i7z5N04eB00saCiquunuChIpDLrut5NbWV1b38hvFra2d3b3ivsHDROnmvE6i2WsWwE1XArF6yhQ8laiOY0CyZvB8HriNx+5NiJWDzhKuB/RvhKhYBStdI/d826x5JbdKcgy8eakBHPUusWvTi9macQVMkmNaXtugn5GNQom+bjQSQ1PKBvSPm9bqmjEjZ9NTx2TE6v0SBhrWwrJVP09kdHImFEU2M6I4sAsehPxP6+dYnjlZ0IlKXLFZovCVBKMyeRv0hOaM5QjSyjTwt5K2IBqytCmU7AheIsvL5PGWdmrlCt3F6XqzdMsjjwcwTGcggeXUIVbqEEdGPThGV7hzZHOi/PufMxac848wkP4A+fzBzNmji0=</latexit>

t3
<latexit sha1_base64="yJ2sqy0R56uXMqXs4DblMoxp3pQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKiB4DgniMaB6QLGF2MpsMmZ1dZnqFsAT8AS8eFPHqF3nzb5w8DppY0FBUddPdFSRSGHTdbye3tr6xuZXfLuzs7u0fFA+PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0fXUbz1ybUSsHnCccD+iAyVCwSha6R57lV6x5JbdGcgq8RakBAvUe8Wvbj9macQVMkmN6Xhugn5GNQom+aTQTQ1PKBvRAe9YqmjEjZ/NTp2QM6v0SRhrWwrJTP09kdHImHEU2M6I4tAse1PxP6+TYnjlZ0IlKXLF5ovCVBKMyfRv0heaM5RjSyjTwt5K2JBqytCmU7AheMsvr5LmRdmrlqt3lVLt5mkeRx5O4BTOwYNLqMEt1KEBDAbwDK/w5kjnxXl3PuatOWcR4TH8gfP5AzTqji4=</latexit>

t4

<latexit sha1_base64="W7tYGSAVTReYblkhmxYXCyiiZVI=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFQdwIFewD26Fk0ts2NJMZkoxQhoIf4caFIm79G3f+jZm2C209EDicc8M99wSx4Nq47reTW1ldW9/Ibxa2tnd294r7Bw0dJYphnUUiUq2AahRcYt1wI7AVK6RhILAZjK4yv/mISvNI3ptxjH5IB5L3OaPGSg+dkJphEKS3k26x5JbdKcgy8eakBHPUusWvTi9iSYjSMEG1bntubPyUKsOZwEmhk2iMKRvRAbYtlTRE7afTxBNyYpUe6UfKPmnIVP39I6Wh1uMwsJNZQr3oZeJ/Xjsx/Us/5TJODEo2W9RPBDERyc4nPa6QGTG2hDLFbVbChlRRZmxJBVuCt3jyMmmclb1KuXJ3XqpeP83qyMMRHMMpeHABVbiBGtSBgYRneIU3RzsvzrvzMRvNOfMKD+EPnM8f4IyRfA==</latexit>

M

1pt function is fixed:

2pt function has 4 cross ratios:
<latexit sha1_base64="E5I3yPhQcpxJTjKjFYEHb2D0+Oc="></latexit>

U = x2
12x

2
34

x2
13x

2
24

, V = x2
14x

2
23

x2
13x

2
24

,

<latexit sha1_base64="tNcAqPdMzaOjmEmAfShB07oTSX8="></latexit>

ω = (t1·t3)(t2·t4)
(t1·t2)(t3·t4) , ε = (t1·t4)(t2·t3)

(t1·t2)(t3·t4)

<latexit sha1_base64="UZY9OO3g/+YguQ1WKRusHCiHcAM="></latexit>

Gk1k2 =
2∏

i=1

(
(ti·t3)(ti·t4)x2

34

(t3·t4)x2
3ix

2
4i

) ki
2 Gk1k2(U, V ;ω, ε)

<latexit sha1_base64="m6JgamHkz7U8L08r0EC3rorNgJ4="></latexit>

→→Ok(Pi, ti)↑↑ = ak
( 1
2 ti·M·ti)

k
2

(Pi·N·Pi)
k
2

= ak
(

(ti·t3)(ti·t4)x
2
34

(t3·t4)x2
3ix

2
4i

) k
2
= →Ok(Pi,ti)D(P3,t3)D(P4,t4)↑

→D(P3,t3)D(P4,t4)↑

Projectors



The defect correlator inherits the 4pt superconformal kinematics

Superconformal Ward identities of -BPS 4pt function1
2

<latexit sha1_base64="yri+6B3kcofHpz/7HYGQHr+QA9Q="></latexit>

ωz̄[G(z, z̄;ε, ε̄)|ω̄=1/z̄] = 0

where we have made the change of variables <latexit sha1_base64="I/A/t5No88uV94sEXGmv1qu2uCs="></latexit>

U = zz̄ , V = (1→ z)(1→ z̄) , ω = εε̄ , ϑ = (1→ ε)(1→ ε̄)

The solution is known and for defect 2pt functions it takes the form

<latexit sha1_base64="bVFN2upAQt9E4e44ewzeyaOwDR4=">AAACL3icbVBbSwJBGJ21m9ltq8deliSwh2Q3wnoJhEB6tEgTVOTbcdTB2Qszs4EuC/2gXvorvkQU0Wv/otldI9MODJzvnDPMfMf2GRXSNF+1zNLyyupadj23sbm1vaPv7tWFF3BMathjHm/YIAijLqlJKhlp+JyAYzNybw+vYv/+gXBBPfdOjnzSdqDv0h7FIJXU0Su3lwXrZNwC5g/gOKE28DCdo1hI5nH0m/gRZnMdPW8WzQTGIrGmJI+mqHb0Savr4cAhrsQMhGhapi/bIXBJMSNRrhUI4gMeQp80FXXBIaIdJvtGxpFSukbP4+q40kjU2RshOEKMHFslHZADMe/F4n9eM5C9i3ZIXT+QxMXpQ72AGdIz4vKMLuUESzZSBDCn6q8GHgAHLFXFOVWCNb/yIqmfFq1SsXRzli9XHtM6sugAHaICstA5KqNrVEU1hNETmqA39K49ay/ah/aZRjPatMJ99Afa1zfGRajV</latexit>

R = (1� z↵)(1� z↵̄)(1� z̄↵)(1� z̄↵̄)

The reduced correlator  contains all the dynamical information and has shifted quantum numbersHk1k2

Conformal dimension: R-symmetry charge:
<latexit sha1_base64="k//iOszIOuGTQhpJDCrUdLAB0wM=">AAACB3icbVDNS8MwHE3n15xfVY+CBIcgTEY7ZHoc6MHjBPcBaylplm5haVqSVBhlNy/+K148KOLVf8Gb/41p14NuPgi8vPf7kbznx4xKZVnfRmlldW19o7xZ2dre2d0z9w+6MkoEJh0csUj0fSQJo5x0FFWM9GNBUOgz0vMn15nfeyBC0ojfq2lM3BCNOA0oRkpLnnnspBPPPp94DWfmqAjm11ojE2pa8syqVbdywGViF6QKCrQ988sZRjgJCVeYISkHthUrN0VCUczIrOIkksQIT9CIDDTlKCTSTfMcM3iqlSEMIqEPVzBXf2+kKJRyGvp6MkRqLBe9TPzPGyQquHJTyuNEEY7nDwUJgzpwVgocUkGwYlNNEBZU/xXiMRIIK11dRZdgL0ZeJt1G3W7Wm3cX1dZNUUcZHIETcAZscAla4Ba0QQdg8AiewSt4M56MF+Pd+JiPloxi5xD8gfH5Azm2l6M=</latexit>

{k1, k2} → {k1 + 2, k2 + 2}
<latexit sha1_base64="G6+kGaxLtAJsEijThzOhG7uq1gE=">AAACB3icbVDNS8MwHE3n15xfVY+CBIfgwY12yPQ40IPHCe4D1lLSLN3C0rQkqTDKbl78V7x4UMSr/4I3/xvTrgfdfBB4ee/3I3nPjxmVyrK+jdLK6tr6RnmzsrW9s7tn7h90ZZQITDo4YpHo+0gSRjnpKKoY6ceCoNBnpOdPrjO/90CEpBG/V9OYuCEacRpQjJSWPPPYSSeefT7xGs7MURHMr7VGJtS05JlVq27lgMvELkgVFGh75pczjHASEq4wQ1IObCtWboqEopiRWcVJJIkRnqARGWjKUUikm+Y5ZvBUK0MYREIfrmCu/t5IUSjlNPT1ZIjUWC56mfifN0hUcOWmlMeJIhzPHwoSBnXgrBQ4pIJgxaaaICyo/ivEYyQQVrq6ii7BXoy8TLqNut2sN+8uqq2boo4yOAIn4AzY4BK0wC1ogw7A4BE8g1fwZjwZL8a78TEfLRnFziH4A+PzBz/el6c=</latexit>

{k1, k2} → {k1 ↑ 2, k2 ↑ 2}

<latexit sha1_base64="YpzaDuiDiJQeuQfbxqAxJn0eVgQ="></latexit>

Gk1k2 = Gk1k2,free +
t212x

4
13x

2
24

x2
34

RHk1k2

Eden Petkou Schubert Sokatchev ’00, Nirchl Osborn ‘04



SUGRA gives a defect effective theory

D3 brane action 1d effective action
integrating out S3

∗
∗ Also need to integrate 

over the moduli of the 
supergravity solution.

<latexit sha1_base64="YPzMbFS/ztNzaApOB/9ZjQYmuKE="></latexit>

SD3 = � N

2⇡2

Z
d⌧

⇣
1 + L(2,0)

D3 + L(0,1)
D3 + L(1,1)

D3 + L(0,2)
D3 + . . .

⌘
<latexit sha1_base64="zY+buQToAfu1h8L9RJSASO3+DC4=">AAAB/XicbZDLSgMxGIUz9Vbrbbzs3ASLUEHKjEp1WVDEhYsK9gLtOGTStA1NMkOSEeow6KO4caGIW9/DnW9jello64HAxzl/yJ8TRIwq7TjfVmZufmFxKbucW1ldW9+wN7dqKowlJlUcslA2AqQIo4JUNdWMNCJJEA8YqQf982FevydS0VDc6kFEPI66gnYoRtpYvr1z7SdJS3J4cZymd0mBH4qD1LfzTtEZCc6CO4E8mKji21+tdohjToTGDCnVdJ1IewmSmmJG0lwrViRCuI+6pGlQIE6Ul4y2T+G+cdqwE0pzhIYj9/eNBHGlBjwwkxzpnprOhuZ/WTPWnTMvoSKKNRF4/FAnZlCHcFgFbFNJsGYDAwhLanaFuIckwtoUljMluNNfnoXaUdEtFUs3J/ny5dO4jizYBXugAFxwCsrgClRAFWDwAJ7BK3izHq0X6936GI9mrEmF2+CPrM8fnPWVHQ==</latexit>

L(m,n)
D3

Expanded in bulk and defect fluctuations

Defect field spectrum can be read off from the  term, and is organized into short multiplets of 
the preserved superconformal symmetry.

(2,0)•    

•    Bulk spectrum is unaffected and is just the light SUGRA KK modes.

In principle the giant graviton correlators can be computed by brute force as a sum of diagrams.

defect

bulk



Tree-level Witten diagrams

<latexit sha1_base64="7SvGZYlz/lf6buKvPER5QZZ/Rz8=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahgpSMSNVdwY07K9gHtCFMppN26GQSZiZiCQE3/oobF4q49Sfc+TdO2i60euDC4Zx7ufceP+ZMacf5sgoLi0vLK8XV0tr6xuaWvb3TUlEiCW2SiEey42NFORO0qZnmtBNLikOf07Y/usz99h2VikXiVo9j6oZ4IFjACNZG8uy9Xoj1kGCeXmdeOvJQVrn30LH20JFnl52qMwH8S9CMlMEMDc/+7PUjkoRUaMKxUl3kxNpNsdSMcJqVeomiMSYjPKBdQwUOqXLTyQ8ZPDRKHwaRNCU0nKg/J1IcKjUOfdOZX6zmvVz8z+smOjh3UybiRFNBpouChEMdwTwQ2GeSEs3HhmAimbkVkiGWmGgTW8mEgOZf/ktaJ1VUq9ZuTsv1i1kcRbAPDkAFIHAG6uAKNEATEPAAnsALeLUerWfrzXqfthas2cwu+AXr4xvwNZcJ</latexit>

Ok1(x1, t1)

<latexit sha1_base64="8lMdi6MLpbF6yc6KmvzYq8AVzXk=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahgpQkSNVdwY07K9gHtCFMppN26GQSZiZiCQE3/oobF4q49Sfc+TdO2i609cCFwzn3cu89fsyoVJb1bRSWlldW14rrpY3Nre0dc3evJaNEYNLEEYtEx0eSMMpJU1HFSCcWBIU+I21/dJX77XsiJI34nRrHxA3RgNOAYqS05JkHvRCpIUYsvcm8dOQ5WeXBc06V55x4ZtmqWhPARWLPSBnM0PDMr14/wklIuMIMSdm1rVi5KRKKYkayUi+RJEZ4hAakqylHIZFuOvkhg8da6cMgErq4ghP190SKQinHoa8784vlvJeL/3ndRAUXbkp5nCjC8XRRkDCoIpgHAvtUEKzYWBOEBdW3QjxEAmGlYyvpEOz5lxdJy6natWrt9qxcv5zFUQSH4AhUgA3OQR1cgwZoAgwewTN4BW/Gk/FivBsf09aCMZvZB39gfP4A9NGXDA==</latexit>

Ok2(x2, t2)

<latexit sha1_base64="biYw3bOi5v02EWgjz/iXFUWFmjU=">AAAB+HicbVBNS8NAEN34WetHox69LBbBQymJSFW8FPTgsYL9gCaUzXbSLt1swu5GqKG/xIsHRbz6U7z5b9y2OWjrg4HHezPMzAsSzpR2nG9rZXVtfWOzsFXc3tndK9n7By0Vp5JCk8Y8lp2AKOBMQFMzzaGTSCBRwKEdjG6mfvsRpGKxeNDjBPyIDAQLGSXaSD275N0C18SrVLxrDzjv2WWn6syAl4mbkzLK0ejZX14/pmkEQlNOlOq6TqL9jEjNKIdJ0UsVJISOyAC6hgoSgfKz2eETfGKUPg5jaUpoPFN/T2QkUmocBaYzInqoFr2p+J/XTXV46WdMJKkGQeeLwpRjHeNpCrjPJFDNx4YQKpm5FdMhkYRqk1XRhOAuvrxMWmdVt1at3Z+X61d5HAV0hI7RKXLRBaqjO9RATURRip7RK3qznqwX6936mLeuWPnMIfoD6/MHpkKSbQ==</latexit>

� , `

<latexit sha1_base64="QGl8ktgaplSMaQgu+M0HTk8YVMo=">AAAB/XicbVDLSgMxFL1TX7W+xsfOTbAIFaTMWKm6K+jCZQX7gHYYMmnahmYeJBmxDsVfceNCEbf+hzv/xkw7C60eCBzOuZd7cryIM6ks68vILSwuLa/kVwtr6xubW+b2TlOGsSC0QUIeiraHJeUsoA3FFKftSFDse5y2vNFl6rfuqJAsDG7VOKKOjwcB6zOClZZcc6/rYzUkmCdXk9K9WzlWbuXINYtW2ZoC/SV2RoqQoe6an91eSGKfBopwLGXHtiLlJFgoRjidFLqxpBEmIzygHU0D7FPpJNP0E3SolR7qh0K/QKGp+nMjwb6UY9/Tk2lWOe+l4n9eJ1b9cydhQRQrGpDZoX7MkQpRWgXqMUGJ4mNNMBFMZ0VkiAUmShdW0CXY81/+S5onZbtart6cFmsXWR152IcDKIENZ1CDa6hDAwg8wBO8wKvxaDwbb8b7bDRnZDu78AvGxzdL2JR0</latexit>

D(x3, t3)

<latexit sha1_base64="VZE/2Baf1MkTVDHvIbt56v4NKr4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRahgpREStVdQRcuK9gHtCFMppN26GQSZm7EGoq/4saFIm79D3f+jZO2C209MHA4517umePHnCmw7W8jt7S8srqWXy9sbG5t75i7e00VJZLQBol4JNs+VpQzQRvAgNN2LCkOfU5b/vAq81v3VCoWiTsYxdQNcV+wgBEMWvLMg26IYUAwT6/HpQevcgpe5cQzi3bZnsBaJM6MFNEMdc/86vYikoRUAOFYqY5jx+CmWAIjnI4L3UTRGJMh7tOOpgKHVLnpJP3YOtZKzwoiqZ8Aa6L+3khxqNQo9PVkllXNe5n4n9dJILhwUybiBKgg00NBwi2IrKwKq8ckJcBHmmAimc5qkQGWmIAurKBLcOa/vEiaZ2WnWq7eVoq1y1kdeXSIjlAJOegc1dANqqMGIugRPaNX9GY8GS/Gu/ExHc0Zs5199AfG5w9O5pR2</latexit>

D(x4, t4)

<latexit sha1_base64="7SvGZYlz/lf6buKvPER5QZZ/Rz8=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahgpSMSNVdwY07K9gHtCFMppN26GQSZiZiCQE3/oobF4q49Sfc+TdO2i60euDC4Zx7ufceP+ZMacf5sgoLi0vLK8XV0tr6xuaWvb3TUlEiCW2SiEey42NFORO0qZnmtBNLikOf07Y/usz99h2VikXiVo9j6oZ4IFjACNZG8uy9Xoj1kGCeXmdeOvJQVrn30LH20JFnl52qMwH8S9CMlMEMDc/+7PUjkoRUaMKxUl3kxNpNsdSMcJqVeomiMSYjPKBdQwUOqXLTyQ8ZPDRKHwaRNCU0nKg/J1IcKjUOfdOZX6zmvVz8z+smOjh3UybiRFNBpouChEMdwTwQ2GeSEs3HhmAimbkVkiGWmGgTW8mEgOZf/ktaJ1VUq9ZuTsv1i1kcRbAPDkAFIHAG6uAKNEATEPAAnsALeLUerWfrzXqfthas2cwu+AXr4xvwNZcJ</latexit>

Ok1(x1, t1)

<latexit sha1_base64="8lMdi6MLpbF6yc6KmvzYq8AVzXk=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahgpQkSNVdwY07K9gHtCFMppN26GQSZiZiCQE3/oobF4q49Sfc+TdO2i609cCFwzn3cu89fsyoVJb1bRSWlldW14rrpY3Nre0dc3evJaNEYNLEEYtEx0eSMMpJU1HFSCcWBIU+I21/dJX77XsiJI34nRrHxA3RgNOAYqS05JkHvRCpIUYsvcm8dOQ5WeXBc06V55x4ZtmqWhPARWLPSBnM0PDMr14/wklIuMIMSdm1rVi5KRKKYkayUi+RJEZ4hAakqylHIZFuOvkhg8da6cMgErq4ghP190SKQinHoa8784vlvJeL/3ndRAUXbkp5nCjC8XRRkDCoIpgHAvtUEKzYWBOEBdW3QjxEAmGlYyvpEOz5lxdJy6natWrt9qxcv5zFUQSH4AhUgA3OQR1cgwZoAgwewTN4BW/Gk/FivBsf09aCMZvZB39gfP4A9NGXDA==</latexit>

Ok2(x2, t2)

<latexit sha1_base64="eVbFuiPXxrwnLMkJMu5qsE4PVhs=">AAAB/3icbVA9SwNBEN2LXzF+nQo2NodBsAjhTiQqNgEtLCOYRMgdYW8zSZbsfbA7p4QzhX/FxkIRW/+Gnf/GTXKFJj4YeLw3w8w8PxZcoW1/G7mFxaXllfxqYW19Y3PL3N5pqCiRDOosEpG886kCwUOoI0cBd7EEGvgCmv7gcuw370EqHoW3OIzBC2gv5F3OKGqpbe65D7wDfYqpewUC6cgtldwL1TaLdtmewJonTkaKJEOtbX65nYglAYTIBFWq5dgxeimVyJmAUcFNFMSUDWgPWpqGNADlpZP7R9ahVjpWN5K6QrQm6u+JlAZKDQNfdwYU+2rWG4v/ea0Eu2deysM4QQjZdFE3ERZG1jgMq8MlMBRDTSiTXN9qsT6VlKGOrKBDcGZfnieN47JTKVduTorV8yyOPNknB+SIOOSUVMk1qZE6YeSRPJNX8mY8GS/Gu/Exbc0Z2cwu+QPj8weMTJXH</latexit>

b� , s

<latexit sha1_base64="QGl8ktgaplSMaQgu+M0HTk8YVMo=">AAAB/XicbVDLSgMxFL1TX7W+xsfOTbAIFaTMWKm6K+jCZQX7gHYYMmnahmYeJBmxDsVfceNCEbf+hzv/xkw7C60eCBzOuZd7cryIM6ks68vILSwuLa/kVwtr6xubW+b2TlOGsSC0QUIeiraHJeUsoA3FFKftSFDse5y2vNFl6rfuqJAsDG7VOKKOjwcB6zOClZZcc6/rYzUkmCdXk9K9WzlWbuXINYtW2ZoC/SV2RoqQoe6an91eSGKfBopwLGXHtiLlJFgoRjidFLqxpBEmIzygHU0D7FPpJNP0E3SolR7qh0K/QKGp+nMjwb6UY9/Tk2lWOe+l4n9eJ1b9cydhQRQrGpDZoX7MkQpRWgXqMUGJ4mNNMBFMZ0VkiAUmShdW0CXY81/+S5onZbtart6cFmsXWR152IcDKIENZ1CDa6hDAwg8wBO8wKvxaDwbb8b7bDRnZDu78AvGxzdL2JR0</latexit>

D(x3, t3)

<latexit sha1_base64="VZE/2Baf1MkTVDHvIbt56v4NKr4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRahgpREStVdQRcuK9gHtCFMppN26GQSZm7EGoq/4saFIm79D3f+jZO2C209MHA4517umePHnCmw7W8jt7S8srqWXy9sbG5t75i7e00VJZLQBol4JNs+VpQzQRvAgNN2LCkOfU5b/vAq81v3VCoWiTsYxdQNcV+wgBEMWvLMg26IYUAwT6/HpQevcgpe5cQzi3bZnsBaJM6MFNEMdc/86vYikoRUAOFYqY5jx+CmWAIjnI4L3UTRGJMh7tOOpgKHVLnpJP3YOtZKzwoiqZ8Aa6L+3khxqNQo9PVkllXNe5n4n9dJILhwUybiBKgg00NBwi2IrKwKq8ckJcBHmmAimc5qkQGWmIAurKBLcOa/vEiaZ2WnWq7eVoq1y1kdeXSIjlAJOegc1dANqqMGIugRPaNX9GY8GS/Gu/ExHc0Zs5199AfG5w9O5pR2</latexit>

D(x4, t4)

<latexit sha1_base64="7SvGZYlz/lf6buKvPER5QZZ/Rz8=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahgpSMSNVdwY07K9gHtCFMppN26GQSZiZiCQE3/oobF4q49Sfc+TdO2i60euDC4Zx7ufceP+ZMacf5sgoLi0vLK8XV0tr6xuaWvb3TUlEiCW2SiEey42NFORO0qZnmtBNLikOf07Y/usz99h2VikXiVo9j6oZ4IFjACNZG8uy9Xoj1kGCeXmdeOvJQVrn30LH20JFnl52qMwH8S9CMlMEMDc/+7PUjkoRUaMKxUl3kxNpNsdSMcJqVeomiMSYjPKBdQwUOqXLTyQ8ZPDRKHwaRNCU0nKg/J1IcKjUOfdOZX6zmvVz8z+smOjh3UybiRFNBpouChEMdwTwQ2GeSEs3HhmAimbkVkiGWmGgTW8mEgOZf/ktaJ1VUq9ZuTsv1i1kcRbAPDkAFIHAG6uAKNEATEPAAnsALeLUerWfrzXqfthas2cwu+AXr4xvwNZcJ</latexit>

Ok1(x1, t1)

<latexit sha1_base64="8lMdi6MLpbF6yc6KmvzYq8AVzXk=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahgpQkSNVdwY07K9gHtCFMppN26GQSZiZiCQE3/oobF4q49Sfc+TdO2i609cCFwzn3cu89fsyoVJb1bRSWlldW14rrpY3Nre0dc3evJaNEYNLEEYtEx0eSMMpJU1HFSCcWBIU+I21/dJX77XsiJI34nRrHxA3RgNOAYqS05JkHvRCpIUYsvcm8dOQ5WeXBc06V55x4ZtmqWhPARWLPSBnM0PDMr14/wklIuMIMSdm1rVi5KRKKYkayUi+RJEZ4hAakqylHIZFuOvkhg8da6cMgErq4ghP190SKQinHoa8784vlvJeL/3ndRAUXbkp5nCjC8XRRkDCoIpgHAvtUEKzYWBOEBdW3QjxEAmGlYyvpEOz5lxdJy6natWrt9qxcv5zFUQSH4AhUgA3OQR1cgwZoAgwewTN4BW/Gk/FivBsf09aCMZvZB39gfP4A9NGXDA==</latexit>

Ok2(x2, t2)
<latexit sha1_base64="QGl8ktgaplSMaQgu+M0HTk8YVMo=">AAAB/XicbVDLSgMxFL1TX7W+xsfOTbAIFaTMWKm6K+jCZQX7gHYYMmnahmYeJBmxDsVfceNCEbf+hzv/xkw7C60eCBzOuZd7cryIM6ks68vILSwuLa/kVwtr6xubW+b2TlOGsSC0QUIeiraHJeUsoA3FFKftSFDse5y2vNFl6rfuqJAsDG7VOKKOjwcB6zOClZZcc6/rYzUkmCdXk9K9WzlWbuXINYtW2ZoC/SV2RoqQoe6an91eSGKfBopwLGXHtiLlJFgoRjidFLqxpBEmIzygHU0D7FPpJNP0E3SolR7qh0K/QKGp+nMjwb6UY9/Tk2lWOe+l4n9eJ1b9cydhQRQrGpDZoX7MkQpRWgXqMUGJ4mNNMBFMZ0VkiAUmShdW0CXY81/+S5onZbtart6cFmsXWR152IcDKIENZ1CDa6hDAwg8wBO8wKvxaDwbb8b7bDRnZDu78AvGxzdL2JR0</latexit>

D(x3, t3)

<latexit sha1_base64="VZE/2Baf1MkTVDHvIbt56v4NKr4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRahgpREStVdQRcuK9gHtCFMppN26GQSZm7EGoq/4saFIm79D3f+jZO2C209MHA4517umePHnCmw7W8jt7S8srqWXy9sbG5t75i7e00VJZLQBol4JNs+VpQzQRvAgNN2LCkOfU5b/vAq81v3VCoWiTsYxdQNcV+wgBEMWvLMg26IYUAwT6/HpQevcgpe5cQzi3bZnsBaJM6MFNEMdc/86vYikoRUAOFYqY5jx+CmWAIjnI4L3UTRGJMh7tOOpgKHVLnpJP3YOtZKzwoiqZ8Aa6L+3khxqNQo9PVkllXNe5n4n9dJILhwUybiBKgg00NBwi2IrKwKq8ckJcBHmmAimc5qkQGWmIAurKBLcOa/vEiaZ2WnWq7eVoq1y1kdeXSIjlAJOegc1dANqqMGIugRPaNX9GY8GS/Gu/ExHc0Zs5199AfG5w9O5pR2</latexit>

D(x4, t4)

Bulk exchange Defect exchange Contact

The procedure is standard. But the implementation is cumbersome.

Nontrivial to extract all the needed vertices.

Tedious to keep track of all the combinatorics. 



`̀

Bootstrap algorithm

Ansatz1

Evaluate2

Solve3 Impose Ward identities

Sum over all possible diagrams with unfixed coefficients

Ansatz  an elementary function of cross ratios⇒

<latexit sha1_base64="RgRS7B3rvzptLcSerN+C8GPHRnI=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CwIN6i2IekIQwO5lNhszOLjO9QljyB148KOLVP/Lm3zhJ9qCJBQ1FVTfdXX4shUHX/XZyK6tr6xv5zcLW9s7uXnH/oGGiRDNeZ5GMdMunhkuheB0FSt6KNaehL3nTH11P/eYT10ZE6hHHMe+GdKBEIBhFKz3cXPWKJbfszkCWiZeREmSo9YpfnX7EkpArZJIa0/bcGLsp1SiY5JNCJzE8pmxEB7xtqaIhN910dumEnFilT4JI21JIZurviZSGxoxD33aGFIdm0ZuK/3ntBIPLbipUnCBXbL4oSCTBiEzfJn2hOUM5toQyLeythA2ppgxtOAUbgrf48jJpnJW9Srlyf16q3mVx5OEIjuEUPLiAKtxCDerAIIBneIU3Z+S8OO/Ox7w152Qzh/AHzucPI1CNJA==</latexit>

G =
<latexit sha1_base64="OF0u+VzFforV+5Q0IjEHr29Pp1w=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVE9S8OKxgv2AdinZNNuGJtklyQpl6V/w4kERr/4hb/4bs+0etPpg4PHeDDPzwkRwYz3vC5XW1jc2t8rblZ3dvf2D6uFRx8SppqxNYxHrXkgME1yxtuVWsF6iGZGhYN1wepv73UemDY/Vg50lLJBkrHjEKbG5NDCpHFZrXt1bAP8lfkFqUKA1rH4ORjFNJVOWCmJM3/cSG2REW04Fm1cGqWEJoVMyZn1HFZHMBNni1jk+c8oIR7F2pSxeqD8nMiKNmcnQdUpiJ2bVy8X/vH5qo+sg4ypJLVN0uShKBbYxzh/HI64ZtWLmCKGau1sxnRBNqHXxVFwI/urLf0nnou436o37y1rzpoijDCdwCufgwxU04Q5a0AYKE3iCF3hFEj2jN/S+bC2hYuYYfgF9fAM0SY5a</latexit>∑ <latexit sha1_base64="OF0u+VzFforV+5Q0IjEHr29Pp1w=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVE9S8OKxgv2AdinZNNuGJtklyQpl6V/w4kERr/4hb/4bs+0etPpg4PHeDDPzwkRwYz3vC5XW1jc2t8rblZ3dvf2D6uFRx8SppqxNYxHrXkgME1yxtuVWsF6iGZGhYN1wepv73UemDY/Vg50lLJBkrHjEKbG5NDCpHFZrXt1bAP8lfkFqUKA1rH4ORjFNJVOWCmJM3/cSG2REW04Fm1cGqWEJoVMyZn1HFZHMBNni1jk+c8oIR7F2pSxeqD8nMiKNmcnQdUpiJ2bVy8X/vH5qo+sg4ypJLVN0uShKBbYxzh/HI64ZtWLmCKGau1sxnRBNqHXxVFwI/urLf0nnou436o37y1rzpoijDCdwCufgwxU04Q5a0AYKE3iCF3hFEj2jN/S+bC2hYuYYfgF9fAM0SY5a</latexit>∑

<latexit sha1_base64="4j+iR7q1tmLXXI8psHTXPUUtfRs=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHqSgBePCZgHJEuYnfQmY2Znl5lZIYR8gRcPinj1k7z5N06SPWhiQUNR1U13V5AIro3rfju5tfWNza38dmFnd2//oHh41NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6G7mt55QaR7LBzNO0I/oQPKQM2qsVL/oFUtu2Z2DrBIvIyXIUOsVv7r9mKURSsME1brjuYnxJ1QZzgROC91UY0LZiA6wY6mkEWp/Mj90Ss6s0idhrGxJQ+bq74kJjbQeR4HtjKgZ6mVvJv7ndVIT3vgTLpPUoGSLRWEqiInJ7GvS5wqZEWNLKFPc3krYkCrKjM2mYEPwll9eJc3LslcpV+pXpeptFkceTuAUzsGDa6jCPdSgAQwQnuEV3pxH58V5dz4WrTknmzmGP3A+fwBz44y2</latexit>

+
<latexit sha1_base64="4j+iR7q1tmLXXI8psHTXPUUtfRs=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHqSgBePCZgHJEuYnfQmY2Znl5lZIYR8gRcPinj1k7z5N06SPWhiQUNR1U13V5AIro3rfju5tfWNza38dmFnd2//oHh41NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6G7mt55QaR7LBzNO0I/oQPKQM2qsVL/oFUtu2Z2DrBIvIyXIUOsVv7r9mKURSsME1brjuYnxJ1QZzgROC91UY0LZiA6wY6mkEWp/Mj90Ss6s0idhrGxJQ+bq74kJjbQeR4HtjKgZ6mVvJv7ndVIT3vgTLpPUoGSLRWEqiInJ7GvS5wqZEWNLKFPc3krYkCrKjM2mYEPwll9eJc3LslcpV+pXpeptFkceTuAUzsGDa6jCPdSgAQwQnuEV3pxH58V5dz4WrTknmzmGP3A+fwBz44y2</latexit>

+
<latexit sha1_base64="OF0u+VzFforV+5Q0IjEHr29Pp1w=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVE9S8OKxgv2AdinZNNuGJtklyQpl6V/w4kERr/4hb/4bs+0etPpg4PHeDDPzwkRwYz3vC5XW1jc2t8rblZ3dvf2D6uFRx8SppqxNYxHrXkgME1yxtuVWsF6iGZGhYN1wepv73UemDY/Vg50lLJBkrHjEKbG5NDCpHFZrXt1bAP8lfkFqUKA1rH4ORjFNJVOWCmJM3/cSG2REW04Fm1cGqWEJoVMyZn1HFZHMBNni1jk+c8oIR7F2pSxeqD8nMiKNmcnQdUpiJ2bVy8X/vH5qo+sg4ypJLVN0uShKBbYxzh/HI64ZtWLmCKGau1sxnRBNqHXxVFwI/urLf0nnou436o37y1rzpoijDCdwCufgwxU04Q5a0AYKE3iCF3hFEj2jN/S+bC2hYuYYfgF9fAM0SY5a</latexit>∑

<latexit sha1_base64="z3Im0wc9hJadkm2lXBEvhLRgEFc=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU8iKSdtbQQ8eK5i20Iay2W7apZtN2N0IJfQ3ePGgiFd/kDf/jZu2goo+GHi8N8PMvDDlTGnH+bBKa+sbm1vl7crO7t7+QfXwqKOSTBLqk4QnshdiRTkT1NdMc9pLJcVxyGk3nF4VfveeSsUScadnKQ1iPBYsYgRrI/mDOBuGw2rNsV0HNb06dGzHQa7rGdJsNlyEIDJKgRpYoT2svg9GCcliKjThWKk+clId5FhqRjidVwaZoikmUzymfUMFjqkK8sWxc3hmlBGMEmlKaLhQv0/kOFZqFoemM8Z6on57hfiX18901AhyJtJMU0GWi6KMQ53A4nM4YpISzWeGYCKZuRWSCZaYaJNPxYTw9Sn8n3QubOTZ3u1lrXW9iqMMTsApOAcI1EEL3IA28AEBDDyAJ/BsCevRerFel60lazVzDH7AevsEQ4aPBg==</latexit>µb
<latexit sha1_base64="oQtUYxApg44gtAmW5C2Hki+eyTY=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU8iKSdtbQQ8eK5i20Iay2WzbpZtN2N0IJfQ3ePGgiFd/kDf/jZu2goo+GHi8N8PMvDDlTGnH+bBKa+sbm1vl7crO7t7+QfXwqKOSTBLqk4QnshdiRTkT1NdMc9pLJcVxyGk3nF4VfveeSsUScadnKQ1iPBZsxAjWRvIHcTaMhtWaY7sOanp16NiOg1zXM6TZbLgIQWSUAjWwQntYfR9ECcliKjThWKk+clId5FhqRjidVwaZoikmUzymfUMFjqkK8sWxc3hmlAiOEmlKaLhQv0/kOFZqFoemM8Z6on57hfiX18/0qBHkTKSZpoIsF40yDnUCi89hxCQlms8MwUQycyskEywx0Safignh61P4P+lc2MizvdvLWut6FUcZnIBTcA4QqIMWuAFt4AMCGHgAT+DZEtaj9WK9LltL1mrmGPyA9fYJRo6PCA==</latexit>µd

<latexit sha1_base64="C6hlWYhAkUA/DIAEbQ249QPka1M=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU8iKSdtbQQ8eK5i20Iay2W7apZtN2N0IJfQ3ePGgiFd/kDf/jZu2goo+GHi8N8PMvDDlTGnH+bBKa+sbm1vl7crO7t7+QfXwqKOSTBLqk4QnshdiRTkT1NdMc9pLJcVxyGk3nF4VfveeSsUScadnKQ1iPBYsYgRrI/mDOBuSYbXm2K6Dml4dOrbjINf1DGk2Gy5CEBmlQA2s0B5W3wejhGQxFZpwrFQfOakOciw1I5zOK4NM0RSTKR7TvqECx1QF+eLYOTwzyghGiTQlNFyo3ydyHCs1i0PTGWM9Ub+9QvzL62c6agQ5E2mmqSDLRVHGoU5g8TkcMUmJ5jNDMJHM3ArJBEtMtMmnYkL4+hT+TzoXNvJs7/ay1rpexVEGJ+AUnAME6qAFbkAb+IAABh7AE3i2hPVovVivy9aStZo5Bj9gvX0CRQqPBw==</latexit>µc

Reduce exchanges to contacts
<latexit sha1_base64="OF0u+VzFforV+5Q0IjEHr29Pp1w=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVE9S8OKxgv2AdinZNNuGJtklyQpl6V/w4kERr/4hb/4bs+0etPpg4PHeDDPzwkRwYz3vC5XW1jc2t8rblZ3dvf2D6uFRx8SppqxNYxHrXkgME1yxtuVWsF6iGZGhYN1wepv73UemDY/Vg50lLJBkrHjEKbG5NDCpHFZrXt1bAP8lfkFqUKA1rH4ORjFNJVOWCmJM3/cSG2REW04Fm1cGqWEJoVMyZn1HFZHMBNni1jk+c8oIR7F2pSxeqD8nMiKNmcnQdUpiJ2bVy8X/vH5qo+sg4ypJLVN0uShKBbYxzh/HI64ZtWLmCKGau1sxnRBNqHXxVFwI/urLf0nnou436o37y1rzpoijDCdwCufgwxU04Q5a0AYKE3iCF3hFEj2jN/S+bC2hYuYYfgF9fAM0SY5a</latexit>∑

<latexit sha1_base64="wi7iesM+5b8I1c8P+275yOwTJTM=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVI8FPXisYD+gXUo2zbahSXZJskJZ+he8eFDEq3/Im//GbLsHrT4YeLw3w8y8MBHcWM/7QqW19Y3NrfJ2ZWd3b/+genjUMXGqKWvTWMS6FxLDBFesbbkVrJdoRmQoWDec3uR+95Fpw2P1YGcJCyQZKx5xSmwuDQyXw2rNq3sL4L/EL0gNCrSG1c/BKKapZMpSQYzp+15ig4xoy6lg88ogNSwhdErGrO+oIpKZIFvcOsdnThnhKNaulMUL9edERqQxMxm6TknsxKx6ufif109tdB1kXCWpZYouF0WpwDbG+eN4xDWjVswcIVRzdyumE6IJtS6eigvBX335L+lc1P1GvXF/WWveFnGU4QRO4Rx8uIIm3EEL2kBhAk/wAq9Iomf0ht6XrSVUzBzDL6CPbyPbjlQ=</latexit>→
<latexit sha1_base64="icDOs8DdK9283dc6femMo/mRjeM=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEI9VKSItVjQRGPFWwttCFsNtt26WYTdidCDf0lXjwo4tWf4s1/47bNQVsfDDzem2FmXpAIrsFxvq3C2vrG5lZxu7Szu7dftg8OOzpOFWVtGotYdQOimeCStYGDYN1EMRIFgj0E46uZ//DIlOaxvIdJwryIDCUfcErASL5dzqZ+/cZ3q30RxqDPfLvi1Jw58Cpxc1JBOVq+/dUPY5pGTAIVROue6yTgZUQBp4JNS/1Us4TQMRmynqGSREx72fzwKT41SogHsTIlAc/V3xMZibSeRIHpjAiM9LI3E//zeikMLr2MyyQFJuli0SAVGGI8SwGHXDEKYmIIoYqbWzEdEUUomKxKJgR3+eVV0qnX3EatcXdeaV7ncRTRMTpBVeSiC9REt6iF2oiiFD2jV/RmPVkv1rv1sWgtWPnMEfoD6/MHtqKSgA==</latexit>

2F1(. . .)
<latexit sha1_base64="fGxXTdW3zCv1o4Z4z+YJYkCGsx8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF71VsGmhDWWz3bRrN7thdyOU0P/gxYMiXv0/3vw3btMctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHvpapIrRNJJeqG2JNORO0bZjhtJsoiuOQ0044uZn7nSeqNJPiwUwTGsR4JFjECDZW8vtcjpA/qNbcupsDrRKvIDUo0BpUv/pDSdKYCkM41rrnuYkJMqwMI5zOKv1U0wSTCR7RnqUCx1QHWX7tDJ1ZZYgiqWwJg3L190SGY62ncWg7Y2zGetmbi/95vdRE10HGRJIaKshiUZRyZCSav46GTFFi+NQSTBSztyIyxgoTYwOq2BC85ZdXiX9R9xr1xv1lrXlXxFGGEziFc/DgCppwCy1oA4FHeIZXeHOk8+K8Ox+L1pJTzBzDHzifPxrRjtw=</latexit>

log V

Solves all the unknowns <latexit sha1_base64="z3Im0wc9hJadkm2lXBEvhLRgEFc=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU8iKSdtbQQ8eK5i20Iay2W7apZtN2N0IJfQ3ePGgiFd/kDf/jZu2goo+GHi8N8PMvDDlTGnH+bBKa+sbm1vl7crO7t7+QfXwqKOSTBLqk4QnshdiRTkT1NdMc9pLJcVxyGk3nF4VfveeSsUScadnKQ1iPBYsYgRrI/mDOBuGw2rNsV0HNb06dGzHQa7rGdJsNlyEIDJKgRpYoT2svg9GCcliKjThWKk+clId5FhqRjidVwaZoikmUzymfUMFjqkK8sWxc3hmlBGMEmlKaLhQv0/kOFZqFoemM8Z6on57hfiX18901AhyJtJMU0GWi6KMQ53A4nM4YpISzWeGYCKZuRWSCZaYaJNPxYTw9Sn8n3QubOTZ3u1lrXW9iqMMTsApOAcI1EEL3IA28AEBDDyAJ/BsCevRerFel60lazVzDH7AevsEQ4aPBg==</latexit>µb
<latexit sha1_base64="oQtUYxApg44gtAmW5C2Hki+eyTY=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU8iKSdtbQQ8eK5i20Iay2WzbpZtN2N0IJfQ3ePGgiFd/kDf/jZu2goo+GHi8N8PMvDDlTGnH+bBKa+sbm1vl7crO7t7+QfXwqKOSTBLqk4QnshdiRTkT1NdMc9pLJcVxyGk3nF4VfveeSsUScadnKQ1iPBZsxAjWRvIHcTaMhtWaY7sOanp16NiOg1zXM6TZbLgIQWSUAjWwQntYfR9ECcliKjThWKk+clId5FhqRjidVwaZoikmUzymfUMFjqkK8sWxc3hmlAiOEmlKaLhQv0/kOFZqFoemM8Z6on57hfiX18/0qBHkTKSZpoIsF40yDnUCi89hxCQlms8MwUQycyskEywx0Safignh61P4P+lc2MizvdvLWut6FUcZnIBTcA4QqIMWuAFt4AMCGHgAT+DZEtaj9WK9LltL1mrmGPyA9fYJRo6PCA==</latexit>µd

<latexit sha1_base64="C6hlWYhAkUA/DIAEbQ249QPka1M=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU8iKSdtbQQ8eK5i20Iay2W7apZtN2N0IJfQ3ePGgiFd/kDf/jZu2goo+GHi8N8PMvDDlTGnH+bBKa+sbm1vl7crO7t7+QfXwqKOSTBLqk4QnshdiRTkT1NdMc9pLJcVxyGk3nF4VfveeSsUScadnKQ1iPBYsYgRrI/mDOBuSYbXm2K6Dml4dOrbjINf1DGk2Gy5CEBmlQA2s0B5W3wejhGQxFZpwrFQfOakOciw1I5zOK4NM0RSTKR7TvqECx1QF+eLYOTwzyghGiTQlNFyo3ydyHCs1i0PTGWM9Ub+9QvzL62c6agQ5E2mmqSDLRVHGoU5g8TkcMUmJ5jNDMJHM3ArJBEtMtMmnYkL4+hT+TzoXNvJs7/ay1rpexVEGJ+AUnAME6qAFbkAb+IAABh7AE3i2hPVovVivy9aStZo5Bj9gvX0CRQqPBw==</latexit>µc

The better strategy is to fix the correlators directly using symmetry and consistency conditions

<latexit sha1_base64="C5RW14eS04mUW6KyoCXEp/B0R3k=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AInsquSPVY9OKxgv2AdinZNNuGZpMlmVXq0l/ixYMiXv0p3vw3pu0etPXBwOO9GWbmhYngBjzv2ymsrW9sbhW3Szu7e/tl9+CwZVSqKWtSJZTuhMQwwSVrAgfBOolmJA4Fa4fjm5nffmDacCXvYZKwICZDySNOCVip75Z7Qsmh5sMREK3VY9+teFVvDrxK/JxUUI5G3/3qDRRNYyaBCmJM1/cSCDKigVPBpqVealhC6JgMWddSSWJmgmx++BSfWmWAI6VtScBz9fdERmJjJnFoO2MCI7PszcT/vG4K0VWQcZmkwCRdLIpSgUHhWQp4wDWjICaWEKq5vRXTEdGEgs2qZEPwl19eJa3zql+r1u4uKvXrPI4iOkYn6Az56BLV0S1qoCaiKEXP6BW9OU/Oi/PufCxaC04+c4T+wPn8AXXKk6E=</latexit>→↑

<latexit sha1_base64="oGdKUETcAFuUrWLrfuicQtPjcoM=">AAAB+HicbVA9SwNBEJ3zM8aPnFraLAbBKtyJRMugjYVFBPMByRH2NpvLkr3dY3dPiUd+iY2FIrb+FDv/jZvkCk18MPB4b4aZeWHCmTae9+2srK6tb2wWtorbO7t7JXf/oKllqghtEMmlaodYU84EbRhmOG0niuI45LQVjq6nfuuBKs2kuDfjhAYxjgQbMIKNlXpuqXsrRaRYNDRYKfnYc8texZsBLRM/J2XIUe+5X92+JGlMhSEca93xvcQEGVaGEU4nxW6qaYLJCEe0Y6nAMdVBNjt8gk6s0kcDqWwJg2bq74kMx1qP49B2xtgM9aI3Ff/zOqkZXAYZE0lqqCDzRYOUIyPRNAXUZ4oSw8eWYKKYvRWRIVaYGJtV0YbgL768TJpnFb9aqd6dl2tXeRwFOIJjOAUfLqAGN1CHBhBI4Rle4c15cl6cd+dj3rri5DOH8AfO5w9DqpOB</latexit>

=→

finite



Result: bootstrap fixes all defect 2pt functions

For example, for k1 = k2 = 2

<latexit sha1_base64="Z1mcDZKmyX9IB4d/QjwSncPXzjU="></latexit>

G22,free =
2t212(⌧ � �⌧U + �V )

N(P1 · N · P1)(P2 · N · P2)U

<latexit sha1_base64="cssgswZ4t8Rc/kOaDQ0fL1wK0tw="></latexit>

H22 =
2V

�
V

2 � 2V log V � 1
�

N(P1 · N · P1)2(P2 · N · P2)2U(1� V )3

Similar but lengthier expressions for higher , .k1 k2

A few crosschecks:

✓ Free theory correlators

✓One-point functions

✓ Integrated correlator from localization



A hidden 10d structure emerges

For all light -BPS operators, hidden symmetry was already found in 4pt functions1
2

The lowest 4pt function can be turned into a generating function

<latexit sha1_base64="RY6Q+kZWMgzNba2lZYGXDdJ+pkQ=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpZrAIFaTMiFQ3QkEQlxXsA9thyKSZNjSTGZM7hVIK/gs3LhRx649x578xfSy09UDg45wbcnOCRHCNjvNtLS2vrK6tZzaym1vbO7u5vf2ajlNFWZXGIlaNgGgmuGRV5ChYI1GMRIFg9aB3Pc7rfaY0j+U9DhLmRaQjecgpQWN5Dz6/KlR8foo+P/FzeafoTGQvgjuDPMxU8XNfrXZM04hJpIJo3XSdBL0hUcipYKNsK9UsIbRHOqxpUJKIaW84WXpkHxunbYexMkeiPXF/3xiSSOtBFJjJiGBXz2dj87+smWJ46Q25TFJkkk4fClNhY2yPG7DbXDGKYmCAUMXNrjbtEkUomp6ypgR3/suLUDsruqVi6e48X755mtaRgUM4ggK4cAFluIUKVIHCIzzDK7xZfevFerc+pqNL1qzCA/gj6/MHiQGRuw==</latexit>

Zi = (Pi, ti)
<latexit sha1_base64="MFhkvJKtcFaNu1go/aTSqEoQXuM=">AAACH3icbZDLSgMxFIYz9VbrbdSlm2ARBKHMiFQ3QkEQlyPYC70wZNK0TZvJDMkZoZSCD+LGV3HjQhFx17cxvQi19UDgP/9/QnK+IBZcg+OMrNTK6tr6Rnozs7W9s7tn7x+UdJQoyoo0EpGqBEQzwSUrAgfBKrFiJAwEKwe9m3FefmRK80g+QD9mjZC0JW9xSsBYvp33fF6nzQiw53frEOHqb1/1u9fz4Rn8NuB3fTvr5JxJ4WXhzkQWzcrz7e96M6JJyCRQQbSuuU4MjQFRwKlgw0w90SwmtEfarGakJCHTjcFkvyE+MU4TtyJljgQ8cedvDEiodT8MzGRIoKMXs7H5X1ZLoHXVGHAZJ8AknT7USgQ2HMawcJMrRkH0jSBUcfNXTDtEEQoGacZAcBdXXhal85ybz+XvL7KF26cpjjQ6QsfoFLnoEhXQHfJQEVH0jF7RO/qwXqw369P6mo6mrBnCQ/SnrNEPFzSi1Q==</latexit>

Pi · Pj → Zi · Zj = Pi · Pj + ti · tj

Intuitive picture:

(4d distances <latexit sha1_base64="9kExUV53x73xpBKiVQoiq7NktEg=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMeI5gHJEmYnk2TI7Mwy0yuEJeAPePGgiFe/yJt/4+Rx0MSChqKqm+6uKJHCou9/eyura+sbm7mt/PbO7t5+4eCwbnVqGK8xLbVpRtRyKRSvoUDJm4nhNI4kb0TD64nfeOTGCq0ecJTwMKZ9JXqCUXTSfRt1p1D0S/4UZJkEc1KEOaqdwle7q1kac4VMUmtbgZ9gmFGDgkk+zrdTyxPKhrTPW44qGnMbZtNTx+TUKV3S08aVQjJVf09kNLZ2FEeuM6Y4sIveRPzPa6XYuwozoZIUuWKzRb1UEtRk8jfpCsMZypEjlBnhbiVsQA1l6NLJuxCCxZeXSf28FJRL5buLYuXmaRZHDo7hBM4ggEuowC1UoQYM+vAMr/DmSe/Fe/c+Zq0r3jzCI/gD7/MHia+OZg==</latexit>→ 10d distances) 

(generating function)

AdS S5 × 5 Weyl <latexit sha1_base64="uCkCwZ2ivJJL1wImvxXKPGPfAOU=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURqS4LgrisYh/QxjKZTtqhk0mYmQg1BPwPNy4UceunuPNvnLRdaOuBC4dz7mXOHD/mTGnH+bYKK6tr6xvFzdLW9s5u2d7bb6kokYQ2ScQj2fGxopwJ2tRMc9qJJcWhz2nbH1/mfvuBSsUicacnMfVCPBQsYARrI/Xtci/EeuT76W12n7pO1rcrTtWZAi0Td04qMEejb3/1BhFJQio04VipruvE2kux1IxwmpV6iaIxJmM8pF1DBQ6p8tJp8AwdG2WAgkiaERpN1d8XKQ6VmoS+2cxjqkUvF//zuokOLryUiTjRVJDZQ0HCkY5Q3gIaMEmJ5hNDMJHMZEVkhCUm2nRVMiW4i19eJq3Tqlur1m7OKvWrp1kdRTiEIzgBF86hDtfQgCYQSOAZXuHNerRerHfrY7ZasOYVHsAfWJ8/yjOTmw==</latexit>

R10 “a single amplitude in 10d”

<latexit sha1_base64="ZQjO3xx8olrXlgrLvFsOl324uHo=">AAAB+3icbZBLSwMxFIXv1Fetr7Eu3QSLUDdlpkh1WRCkywr2Ae04ZNJMG808SDLSMgz4S9y4UMStf8Sd/8b0sdDWA4HDOTfk5vNizqSyrG8jt7a+sbmV3y7s7O7tH5iHxbaMEkFoi0Q8El0PS8pZSFuKKU67saA48DjteA9X077zSIVkUXirJjF1AjwMmc8IVjpyzWLDTataWXnspuw+u6ueuWbJqlgzoVVjL0wJFmq65ld/EJEkoKEiHEvZs61YOSkWihFOs0I/kTTG5AEPaU/bEAdUOuls9wyd6mSA/EjoEyo0S3/fSHEg5STw9GSA1Ugud9Pwv66XKP/SSVkYJ4qGZP6Qn3CkIjQFgQZMUKL4RBtMBNO7IjLCAhOlcRU0BHv5y6umXa3YtUrt5rxUv36a48jDMZxAGWy4gDo0oAktIDCGZ3iFNyMzXox342M+mjMWCI/gj4zPH3ARk9g=</latexit>

H2222(x
2
ij) all

<latexit sha1_base64="ratMHonZu09ZvzAE/12EZvLB6ks=">AAAB+XicbZBLSwMxFIXv+Kz1NerSTbAIrspMLdVlQZAuK9gHtMOQSTNtmExmSDKFMhT8IW5cKOLWf+LOf2P6WGjrgcDHOTfk5gQpZ0o7zre1sbm1vbNb2CvuHxweHdsnp22VZJLQFkl4IrsBVpQzQVuaaU67qaQ4DjjtBNHdLO+MqVQsEY96klIvxkPBQkawNpZv2w0/j3w38iuRfx351alvl5yyMxdaB3cJJViq6dtf/UFCspgKTThWquc6qfZyLDUjnE6L/UzRFJMID2nPoMAxVV4+33yKLo0zQGEizREazd3fN3IcKzWJAzMZYz1Sq9nM/C/rZTq89XIm0kxTQRYPhRlHOkGzGtCASUo0nxjARDKzKyIjLDHRpqyiKcFd/fI6tCtlt1auPVRL9funRR0FOIcLuAIXbqAODWhCCwiM4Rle4c3KrRfr3fpYjG5YywrP4I+szx+Xq5Nr</latexit>

Hk1k2k3k4

<latexit sha1_base64="acn1q0sz2ry3X/pJn5o/1gGSZpM=">AAACF3icbZBLSwMxFIUzPmt9VV26GSxCC1pmilQ3QkGQLivYB7TjkEkzbWzmQXJHLMOAP8KNf8WNC0Xc6s5/Y6btQlsPBD7OvSE5xwk5k2AY39rC4tLyympmLbu+sbm1ndvZbcogEoQ2SMAD0XawpJz5tAEMOG2HgmLP4bTlDC/SeeuOCskC/xpGIbU83PeZywgGZdm5UtfDMHDcuJYU7m12BDYrntfsuKyUOjG7TW7Kx2UYU9HO5Y2SMZY+D+YU8miqup376vYCEnnUB8KxlB3TCMGKsQBGOE2y3UjSEJMh7tOOQh97VFrxOFeiHyqnp7uBUMcHfez+vhFjT8qR56jNNIWcnaXmf7NOBO6ZFTM/jID6ZPKQG3EdAj0tSe8xQQnwkQJMBFN/1ckAC0xAVZlVJZizkeehWS6ZlVLl6iRfvXyY1JFB++gAFZCJTlEV1VAdNRBBj+gZvaI37Ul70d61j8nqgjatcA/9kfb5A08bnzE=</latexit>

H(xi, ti) = H2222(x
2
ij � 2tij)

Taylor
<latexit sha1_base64="3OpaJ0mAasKjiMMHS+RiFJy3IQs=">AAAB+HicbZBLSwMxFIUzPmt9dNSlm2ARXJUZkeqyIIjLCvYB7VAyaWYamkmG5I5Sh4L/w40LRdz6U9z5b0wfC209EPg454bcnDAV3IDnfTsrq2vrG5uFreL2zu5eyd0/aBqVacoaVAml2yExTHDJGsBBsHaqGUlCwVrh8GqSt+6ZNlzJOxilLEhILHnEKQFr9dxSVygZax4PgGitHnpu2at4U+Fl8OdQRnPVe+5Xt69oljAJVBBjOr6XQpATDZwKNi52M8NSQockZh2LkiTMBPl08TE+sU4fR0rbIwFP3d83cpIYM0pCO5kQGJjFbGL+l3UyiC6DnMs0Aybp7KEoExgUnrSA+1wzCmJkgVDN7a6YDogmFGxXRVuCv/jlZWieVfxqpXp7Xq5dP83qKKAjdIxOkY8uUA3doDpqIIoy9Ixe0Zvz6Lw4787HbHTFmVd4iP7I+fwBnP6UJQ==</latexit>→↑

Caron-Huot Trinh ‘18

<latexit sha1_base64="81zEa8ejJIW6K8bl+HUbS6u2WqM=">AAACAHicbZBNS8MwHMZTX+d8q3rw4CU4BC+Odsj0IgwE8VjBvcBWS5qmW7a0KUkqjlIQv4oXD4p49WN489uYvRx084HAj+f5h+T/+AmjUlnWt7GwuLS8slpYK65vbG5tmzu7DclTgUkdc8ZFy0eSMBqTuqKKkVYiCIp8Rpr+4HKUN++JkJTHt2qYEDdC3ZiGFCOlLc/cP6k4Hu3ggCvoeP2LBy+j/fyu4pklq2yNBefBnkIJTOV45lcn4DiNSKwwQ1K2bStRboaEopiRvNhJJUkQHqAuaWuMUUSkm40XyOGRdgIYcqFPrODY/X0jQ5GUw8jXkxFSPTmbjcz/snaqwnM3o3GSKhLjyUNhyqDicNQGDKggWLGhBoQF1X+FuIcEwkp3VtQl2LMrz0OjUrar5erNaal29TipowAOwCE4BjY4AzVwDRxQBxjk4Bm8gjfjyXgx3o2PyeiCMa1wD/yR8fkDr2aWRQ==</latexit>

→2Pi · Pj = x2
ij

<latexit sha1_base64="EAagbCRL015rtVhmUpSIwZtBnIY=">AAAB8nicbVBNSwMxFMzWr1q/qh69BIvgqeyKVPFU8KK3Cq0tbJeSTbNtaDZZkrdCWfozvHhQxKu/xpv/xmy7B20dCAwz75F5EyaCG3Ddb6e0tr6xuVXeruzs7u0fVA+PHo1KNWUdqoTSvZAYJrhkHeAgWC/RjMShYN1wcpv73SemDVeyDdOEBTEZSR5xSsBKfj8mMA6jrD27GVRrbt2dA68SryA1VKA1qH71h4qmMZNABTHG99wEgoxo4FSwWaWfGpYQOiEj5lsqScxMkM0jz/CZVYY4Uto+CXiu/t7ISGzMNA7tZB7RLHu5+J/npxBdBxmXSQpM0sVHUSowKJzfj4dcMwpiagmhmtusmI6JJhRsSxVbgrd88ip5vKh7jXrj4bLWvC/qKKMTdIrOkYeuUBPdoRbqIIoUekav6M0B58V5dz4WoyWn2DlGf+B8/gBNOZFO</latexit>

T :

<latexit sha1_base64="WrzOTu8q2PIqK0I7E6aKuhY//fk=">AAAB8XicbVBNSwMxFHxbv2r9qnr0EiyCp7IrUj0W9OCxQluL7VKy6ds2NJtdkqxQlv4LLx4U8eq/8ea/MW33oK0DgWHmPTJvgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2b+wxMqzWPZNJME/YgOJQ85o8ZKj72ImlEQZs1pv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bJ54Ss6sMiBhrOyThszV3xsZjbSeRIGdnCXUy95M/M/rpia89jMuk9SgZIuPwlQQE5PZ+WTAFTIjJpZQprjNStiIKsqMLalkS/CWT14l7YuqV6vW7i8r9du8jiKcwCmcgwdXUIc7aEALGEh4hld4c7Tz4rw7H4vRgpPvHMMfOJ8/yrGRBQ==</latexit>

T



The naive uplift fails for giant gravitons

It fails because the Taylor expansion changes the charges of the heavy operators.

The correct prescription:

<latexit sha1_base64="Io0I5mg2ngylhZrwSVImvXT8VV8=">AAACBXicbVBLSwMxGMz6rPW16lEPwSJ4KrtFqseCIB5XsA/aLks2m21Ds8mSZIWyFMSLf8WLB0W8+h+8+W9MH4K2DgQmM99HMhOmjCrtOF/W0vLK6tp6YaO4ubW9s2vv7TeUyCQmdSyYkK0QKcIoJ3VNNSOtVBKUhIw0w8Hl2G/eEamo4Ld6mBI/QT1OY4qRNlJgH3mB28WR0NALKl0tYPvn3g4qgV1yys4EcJG4M1ICM3iB/dmNBM4SwjVmSKmO66Taz5HUFDMyKnYzRVKEB6hHOoZylBDl55MUI3hilAjGQprDNZyovzdylCg1TEIzmSDdV/PeWPzP62Q6vvBzytNME46nD8UZgybtuBIYUUmwZkNDEJbU/BXiPpIIa1Nc0ZTgzkdeJI1K2a2WqzdnpdrV/bSOAjgEx+AUuOAc1MA18EAdYPAAnsALeLUerWfrzXqfji5ZswoPwB9YH99A75eT</latexit>

P1 · P2 ! Z1 · Z2

<latexit sha1_base64="9xbMJ/pia0zUtj/0+OKT0+q+FVI=">AAACMnicbVBLSwMxGMz6rPVV9eglWISKUHZFqseCIHpQKtgH7S5Lkk3b0OyDJCuUpeA/8uIvETzoQRGv/gjTbovaOhCYzEzI9w2OOJPKNF+MufmFxaXlzEp2dW19YzO3tV2TYSwIrZKQh6KBkaScBbSqmOK0EQmKfMxpHffOhn79jgrJwuBW9SPq+KgTsDYjSGnJzV1WXGQTL1TQ9pHqYpxcD9J7xcW2CmFz4hd+AocTejU4SM2mi91c3iyaI8BZYo1JHoxRcXNPtheS2KeBIhxJ2bLMSDkJEooRTgdZO5Y0QqSHOrSlaYB8Kp1ktPIA7mvFg+1Q6BMoOFJ/v0iQL2Xfxzo5nFVOe0PxP68Vq/apk7AgihUNSPpRO+ZQVzHsD3pMUKJ4XxNEBNOzQtJFAhGlW87qEqzplWdJ7aholYqlm+N8+fw+rSMDdsEeKAALnIAyuAAVUAUEPIBn8AbejUfj1fgwPtPonDGucAf8gfH1DQAkqww=</latexit>

Pa · N · Pb ! Za · (N+M) · Zb
<latexit sha1_base64="DYS+fAOnzSzb4bZFgVcgE8U9zSk=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgIYTdINGLEBDEYwTzgGQJvZPZZMjs7DIzK4QQ8Be8eFDEq9/jzb9x8jhoYkFDUdVNd1eQCK6N6347mbX1jc2t7HZuZ3dv/yB/eNTQcaooq9NYxKoVoGaCS1Y33AjWShTDKBCsGQxvpn7zkSnNY/lgRgnzI+xLHnKKxkpNLAbXXrHczRfckjsDWSXeghRggVo3/9XpxTSNmDRUoNZtz02MP0ZlOBVskuukmiVIh9hnbUslRkz749m5E3JmlR4JY2VLGjJTf0+MMdJ6FAW2M0Iz0MveVPzPa6cmvPLHXCapYZLOF4WpICYm099JjytGjRhZglRxeyuhA1RIjU0oZ0Pwll9eJY1yyauUKvcXhert0zyOLJzAKZyDB5dQhTuoQR0oDOEZXuHNSZwX5935mLdmnEWEx/AHzucP3h2PCg==</latexit>

a, b = 1, 2

The defect perspective is not only natural but also 
necessary: the hidden 10d symmetry is partially broken. 

Weyl
<latexit sha1_base64="Gxd5S19m6DtbVPkXosH161Jo0Bw=">AAACAXicbVDLSgMxFL1TX7W+Rt0IboJFcFVmRKrLgiCupIp9QGcomTTThmYeJBmhDCOCv+LGhSJu/Qt3/o2ZtoK2HgicnHND7jlezJlUlvVlFBYWl5ZXiqultfWNzS1ze6cpo0QQ2iARj0Tbw5JyFtKGYorTdiwoDjxOW97wPPdbd1RIFoW3ahRTN8D9kPmMYKWlrrnnBFgNPC+9yhwVoZ/bTdY1y1bFGgPNE3tKyjBFvWt+Or2IJAENFeFYyo5txcpNsVCMcJqVnETSGJMh7tOOpiEOqHTTcYIMHWqlh/xI6BMqNFZ/v0hxIOUo8PRkvqGc9XLxP6+TKP/MTVkYJ4qGZPKRn3Cks+Z1oB4TlCg+0gQTwfSuiAywwETp0kq6BHs28jxpHlfsaqV6fVKuXTxM6ijCPhzAEdhwCjW4hDo0gMA9PMELvBqPxrPxZrxPRgvGtMJd+APj4xv++pet</latexit>N → R

<latexit sha1_base64="XMrlmLWLbZ3OfqUTsaWT0B9AcaY=">AAAB+nicbVDLSgMxFL3js9bXVJdugkVwVWZUqsuCIG6EivYBnbFk0rQNzWSGJKOUseCPuHGhiFu/xJ1/Y6btQlsPBA7n3HDPPUHMmdKO820tLC4tr6zm1vLrG5tb23Zhp66iRBJaIxGPZDPAinImaE0zzWkzlhSHAaeNYHCe+Y17KhWLxK0extQPcU+wLiNYG6ltF7wQ634QpFcjT0fo5u64bRedkjMGmifulBRhimrb/vI6EUlCKjThWKmW68TaT7HUjHA6ynuJojEmA9yjLUMFDqny03H0ETowSgd1I2me0Gis/v6R4lCpYRiYySyomvUy8T+vlejumZ8yESeaCjJZ1E04MkdmPaAOk5RoPjQEE8lMVkT6WGKiTVt5U4I7e/I8qR+V3HKpfH1SrFw8TerIwR7swyG4cAoVuIQq1IDAAzzDK7xZj9aL9W59TEYXrGmFu/AH1ucP7S+UNg==</latexit>

M → S3

<latexit sha1_base64="bn4Gjmbjx8q7esYmUrQlO6sT4xI=">AAAB8nicbVDLSgMxFL3js9ZX1aWbYBFclRmR6rKgiMsK9gHtUDJppg3NZIbkjlCGgj/hxoUibv0ad/6NmbYLbT0QOJxzwz33BIkUBl3321lZXVvf2CxsFbd3dvf2SweHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Dr3W49cGxGrBxwn3I/oQIlQMIpW6nQjikNGZXYz6ZXKbsWdgiwTb07KMEe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nk08oScWqVPwljbp5BM1d8/MhoZM44CO5lHNIteLv7ndVIMr/xMqCRFrthsUZhKgjHJ7yd9oTlDObaEMi1sVsKGVFOGtqWiLcFbPHmZNM8rXrVSvb8o126fZnUU4BhO4Aw8uIQa3EEdGsAghmd4hTcHnRfn3fmYja448wqP4A+czx+fo5Hp</latexit>

D

<latexit sha1_base64="bn4Gjmbjx8q7esYmUrQlO6sT4xI=">AAAB8nicbVDLSgMxFL3js9ZX1aWbYBFclRmR6rKgiMsK9gHtUDJppg3NZIbkjlCGgj/hxoUibv0ad/6NmbYLbT0QOJxzwz33BIkUBl3321lZXVvf2CxsFbd3dvf2SweHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Dr3W49cGxGrBxwn3I/oQIlQMIpW6nQjikNGZXYz6ZXKbsWdgiwTb07KMEe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nk08oScWqVPwljbp5BM1d8/MhoZM44CO5lHNIteLv7ndVIMr/xMqCRFrthsUZhKgjHJ7yd9oTlDObaEMi1sVsKGVFOGtqWiLcFbPHmZNM8rXrVSvb8o126fZnUU4BhO4Aw8uIQa3EEdGsAghmd4hTcHnRfn3fmYja448wqP4A+czx+fo5Hp</latexit>

D

<latexit sha1_base64="y40Sjax81LpI/ohpGC+xLVnXD0I=">AAAB7XicbVDLSgMxFL3xWeur6tJNsAiuykyR6rIgSJcV7APaoWTSTBubSYYkI5Sh4Ce4caGIW//HnX9j+lho64ELh3Pu5d57wkRwYz3vG62tb2xubed28rt7+weHhaPjplGppqxBlVC6HRLDBJesYbkVrJ1oRuJQsFY4upn6rUemDVfy3o4TFsRkIHnEKbFOatZ6Wbk86RWKXsmbAa8Sf0GKsEC9V/jq9hVNYyYtFcSYju8lNsiItpwKNsl3U8MSQkdkwDqOShIzE2Szayf43Cl9HCntSlo8U39PZCQ2ZhyHrjMmdmiWvan4n9dJbXQdZFwmqWWSzhdFqcBW4enruM81o1aMHSFUc3crpkOiCbUuoLwLwV9+eZU0yyW/UqrcXRart0/zOHJwCmdwAT5cQRVqUIcGUHiAZ3iFN6TQC3pHH/PWNbSI8AT+AH3+ACVaj0g=</latexit>

H22
<latexit sha1_base64="SO/pbwN0+izOK9oVJAgJC7BTEfw=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFQbqsYB/YlpJJM21oJjMkd4QyFPwINy4UcevfuPNvzLRdaOuBwOGcG+65x4+lMOi6305ubX1jcyu/XdjZ3ds/KB4eNU2UaMYbLJKRbvvUcCkUb6BAydux5jT0JW/545vMbz1ybUSk7nES815Ih0oEglG00kM3pDjyg7Q27RdLbtmdgawSb0FKsEC9X/zqDiKWhFwhk9SYjufG2EupRsEknxa6ieExZWM65B1LFQ256aWzxFNyZpUBCSJtn0IyU3//SGlozCT07WSW0Cx7mfif10kwuO6lQsUJcsXmi4JEEoxIdj4ZCM0ZyokllGlhsxI2opoytCUVbAne8smrpHlR9irlyt1lqXr7NK8jDydwCufgwRVUoQZ1aAADBc/wCm+OcV6cd+djPppzFhUewx84nz/fD5F7</latexit>

Hgenerating function
<latexit sha1_base64="E58hboaL1Zg4uWAq/64VG6xS+xA=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g0WNAkBwjmAcmyzI7mU2GnZ1ZZmaFsAT8CC8eFPHq33jzb5w8DppY0FBUddPdFaacaeO6387a+sbm1nZhp7i7t39wWDo6bmuZKUJbRHKpuiHWlDNBW4YZTrupojgJOe2E8c3U7zxSpZkU92acUj/BQ8EiRrCx0kMjyOPAi4PqJCiV3Yo7A1ol3oKUYYFmUPrqDyTJEioM4Vjrnuemxs+xMoxwOin2M01TTGI8pD1LBU6o9vPZxRN0bpUBiqSyJQyaqb8ncpxoPU5C25lgM9LL3lT8z+tlJrr2cybSzFBB5ouijCMj0fR9NGCKEsPHlmCimL0VkRFWmBgbUtGG4C2/vEra1YpXq9TuLsv126d5HAU4hTO4AA+uoA4NaEILCAh4hld4c7Tz4rw7H/PWNWcR4Qn8gfP5AydbkQM=</latexit>

Hk1k2

<latexit sha1_base64="3OpaJ0mAasKjiMMHS+RiFJy3IQs=">AAAB+HicbZBLSwMxFIUzPmt9dNSlm2ARXJUZkeqyIIjLCvYB7VAyaWYamkmG5I5Sh4L/w40LRdz6U9z5b0wfC209EPg454bcnDAV3IDnfTsrq2vrG5uFreL2zu5eyd0/aBqVacoaVAml2yExTHDJGsBBsHaqGUlCwVrh8GqSt+6ZNlzJOxilLEhILHnEKQFr9dxSVygZax4PgGitHnpu2at4U+Fl8OdQRnPVe+5Xt69oljAJVBBjOr6XQpATDZwKNi52M8NSQockZh2LkiTMBPl08TE+sU4fR0rbIwFP3d83cpIYM0pCO5kQGJjFbGL+l3UyiC6DnMs0Aybp7KEoExgUnrSA+1wzCmJkgVDN7a6YDogmFGxXRVuCv/jlZWieVfxqpXp7Xq5dP83qKKAjdIxOkY8uUA3doDpqIIoy9Ixe0Zvz6Lw4787HbHTFmVd4iP7I+fwBnP6UJQ==</latexit>→↑ <latexit sha1_base64="3OpaJ0mAasKjiMMHS+RiFJy3IQs=">AAAB+HicbZBLSwMxFIUzPmt9dNSlm2ARXJUZkeqyIIjLCvYB7VAyaWYamkmG5I5Sh4L/w40LRdz6U9z5b0wfC209EPg454bcnDAV3IDnfTsrq2vrG5uFreL2zu5eyd0/aBqVacoaVAml2yExTHDJGsBBsHaqGUlCwVrh8GqSt+6ZNlzJOxilLEhILHnEKQFr9dxSVygZax4PgGitHnpu2at4U+Fl8OdQRnPVe+5Xt69oljAJVBBjOr6XQpATDZwKNi52M8NSQockZh2LkiTMBPl08TE+sU4fR0rbIwFP3d83cpIYM0pCO5kQGJjFbGL+l3UyiC6DnMs0Aybp7KEoExgUnrSA+1wzCmJkgVDN7a6YDogmFGxXRVuCv/jlZWieVfxqpXp7Xq5dP83qKKAjdIxOkY8uUA3doDpqIIoy9Ixe0Zvz6Lw4787HbHTFmVd4iP7I+fwBnP6UJQ==</latexit>→↑

Uplift only the projectors 
of the heavy operators

“a single scattering form factor”

<latexit sha1_base64="IgwpeU0KED1J/ezVoKdIYp00f5A=">AAACE3icbZDLSgMxFIYzXmu9VV26CRZBFMqMSnVZUMSNUsFeoDOUTJppQzMXkjNqGQZ8BDe+ihsXirh14863Mb0I2vpD4OM/J5xzfjcSXIFpfhlT0zOzc/OZhezi0vLKam5tvarCWFJWoaEIZd0ligkesApwEKweSUZ8V7Ca2z3p12s3TCoeBtfQi5jjk3bAPU4JaKuZ27V9Ah3XTS7TvR+8SG3J2x0gUoa32AZ2B8npQdrM5c2CORCeBGsEeTRSuZn7tFshjX0WABVEqYZlRuAkRAKngqVZO1YsIrRL2qyhMSA+U04yuCnF29ppYS+U+gWAB+7vHwnxler5ru7sr63Ga33zv1ojBu/YSXgQxcACOhzkxQJDiPsB4RaXjILoaSBUcr0rph0iCQUdY1aHYI2fPAnV/YJVLBSvDvOls/thHBm0ibbQDrLQESqhc1RGFUTRA3pCL+jVeDSejTfjfdg6ZYwi3EB/ZHx8A009n30=</latexit>

N+M → D3

<latexit sha1_base64="prrG5TOal7qxboQalp/sLGltVqk=">AAAB83icbVDLSsNAFL2pr1pfVZduBovoqiQiVVwV3OiuQl/QhDKZTtqhk0mYmQgh9DfcuFDErT/jzr9x0mahrQcGDufcyz1z/JgzpW372yqtrW9sbpW3Kzu7e/sH1cOjrooSSWiHRDySfR8rypmgHc00p/1YUhz6nPb86V3u956oVCwSbZ3G1AvxWLCAEayN5Loh1hM/yNrns9thtWbX7TnQKnEKUoMCrWH1yx1FJAmp0IRjpQaOHWsvw1Izwums4iaKxphM8ZgODBU4pMrL5pln6MwoIxRE0jyh0Vz9vZHhUKk09M1knlEte7n4nzdIdHDjZUzEiaaCLA4FCUc6QnkBaMQkJZqnhmAimcmKyARLTLSpqWJKcJa/vEq6l3WnUW88XtWaD0UdZTiBU7gAB66hCffQgg4QiOEZXuHNSqwX6936WIyWrGLnGP7A+vwBsTiRfw==</latexit>

T→ :

<latexit sha1_base64="1M/LvwEuvElT5KPhGRvsldwh6+s=">AAAB8nicbVBNSwMxFMzWr1q/qh69BIvoqeyKVI8FPXis0NrCdinZNNuGZpMleSuUpT/DiwdFvPprvPlvzLZ70NaBwDDzHpk3YSK4Adf9dkpr6xubW+Xtys7u3v5B9fDo0ahUU9ahSijdC4lhgkvWAQ6C9RLNSBwK1g0nt7nffWLacCXbME1YEJOR5BGnBKzk92MC4zDK2uezQbXm1t058CrxClJDBVqD6ld/qGgaMwlUEGN8z00gyIgGTgWbVfqpYQmhEzJivqWSxMwE2TzyDJ9ZZYgjpe2TgOfq742MxMZM49BO5hHNspeL/3l+CtFNkHGZpMAkXXwUpQKDwvn9eMg1oyCmlhCquc2K6ZhoQsG2VLEleMsnr5LHy7rXqDcermrNu6KOMjpBp+gCeegaNdE9aqEOokihZ/SK3hxwXpx352MxWnKKnWP0B87nDy6WkTY=</latexit>

T→ Taylor



Same hidden structure also exists at weak coupling

<latexit sha1_base64="bn4Gjmbjx8q7esYmUrQlO6sT4xI=">AAAB8nicbVDLSgMxFL3js9ZX1aWbYBFclRmR6rKgiMsK9gHtUDJppg3NZIbkjlCGgj/hxoUibv0ad/6NmbYLbT0QOJxzwz33BIkUBl3321lZXVvf2CxsFbd3dvf2SweHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Dr3W49cGxGrBxwn3I/oQIlQMIpW6nQjikNGZXYz6ZXKbsWdgiwTb07KMEe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nk08oScWqVPwljbp5BM1d8/MhoZM44CO5lHNIteLv7ndVIMr/xMqCRFrthsUZhKgjHJ7yd9oTlDObaEMi1sVsKGVFOGtqWiLcFbPHmZNM8rXrVSvb8o126fZnUU4BhO4Aw8uIQa3EEdGsAghmd4hTcHnRfn3fmYja448wqP4A+czx+fo5Hp</latexit>

D

<latexit sha1_base64="bn4Gjmbjx8q7esYmUrQlO6sT4xI=">AAAB8nicbVDLSgMxFL3js9ZX1aWbYBFclRmR6rKgiMsK9gHtUDJppg3NZIbkjlCGgj/hxoUibv0ad/6NmbYLbT0QOJxzwz33BIkUBl3321lZXVvf2CxsFbd3dvf2SweHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Dr3W49cGxGrBxwn3I/oQIlQMIpW6nQjikNGZXYz6ZXKbsWdgiwTb07KMEe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nk08oScWqVPwljbp5BM1d8/MhoZM44CO5lHNIteLv7ndVIMr/xMqCRFrthsUZhKgjHJ7yd9oTlDObaEMi1sVsKGVFOGtqWiLcFbPHmZNM8rXrVSvb8o126fZnUU4BhO4Aw8uIQa3EEdGsAghmd4hTcHnRfn3fmYja448wqP4A+czx+fo5Hp</latexit>

D

<latexit sha1_base64="6ON0g7ZKGUXwJbwcpz42fzMUHyM=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEqsuCIO6sYB/QhjCZTtuhk0mYmSglBvwRNy4UceuXuPNvnLRdaOuBC4dz7mXOnCDmTGnH+bYKK6tr6xvFzdLW9s7unl3eb6kokYQ2ScQj2QmwopwJ2tRMc9qJJcVhwGk7GF/mfvueSsUicacnMfVCPBRswAjWRvLtci/EekQwT28yPx37bubbFafqTIGWiTsnFZij4dtfvX5EkpAKTThWqus6sfZSLDUjnGalXqJojMkYD2nXUIFDqrx0Gj1Dx0bpo0EkzQiNpurvixSHSk3CwGzmQdWil4v/ed1EDy68lIk40VSQ2UODhCMdobwH1GeSEs0nhmAimcmKyAhLTLRpq2RKcBe/vExap1W3Vq3dnlXqV0+zOopwCEdwAi6cQx2uoQFNIPAAz/AKb9aj9WK9Wx+z1YI1r/AA/sD6/AGrs5Sz</latexit>

Ok1

<latexit sha1_base64="fDcmtmXgV7D5sbNdBTDuFI+M6Ew=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KkmR6rIgiDsr2Ae0IUymk3boZBJmJkqJBX/EjQtF3Pol7vwbJ20X2nrgwuGce5kzJ0g4U9pxvq2V1bX1jc3CVnF7Z3dv3y4dtFScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjC5zv31PpWKxuNPjhHoRHggWMoK1kXy71IuwHhLMs5uJn4386sS3y07FmQItE3dOyjBHw7e/ev2YpBEVmnCsVNd1Eu1lWGpGOJ0Ue6miCSYjPKBdQwWOqPKyafQJOjFKH4WxNCM0mqq/LzIcKTWOArOZB1WLXi7+53VTHV54GRNJqqkgs4fClCMdo7wH1GeSEs3HhmAimcmKyBBLTLRpq2hKcBe/vExa1Ypbq9Ruz8r1q6dZHQU4gmM4BRfOoQ7X0IAmEHiAZ3iFN+vRerHerY/Z6oo1r/AQ/sD6/AGtOJS0</latexit>

Ok2

Lagrangian insertion integrand at  
loop: defect -pt correlator

ℓ
(ℓ + 2)

However, it now acts at the level of the Lagrangian insertion 
integrands of the reduced correlators

<latexit sha1_base64="k2i8YFglr2WC57uA+6kMERACI6I=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYhAiSNgViV6EgCAeI5gHbpZldjKbDJmdGWZ6hRAC/oQXD4p49Wu8+TdOHgdNLGgoqrrp7ooVZwY879tZWl5ZXVvPbeQ3t7Z3dgt7+w0jM01onUgudSvGhnImaB0YcNpSmuI05rQZ96/HfvORasOkuIeBomGKu4IljGCwUvAQqatSLVKn3klUKHplbwJ3kfgzUkQz1KLCV7sjSZZSAYRjYwLfUxAOsQZGOB3l25mhCpM+7tLAUoFTasLh5OSRe2yVjptIbUuAO1F/TwxxaswgjW1niqFn5r2x+J8XZJBchkMmVAZUkOmiJOMuSHf8v9thmhLgA0sw0cze6pIe1piATSlvQ/DnX14kjbOyXylX7s6L1ZunaRw5dIiOUAn56AJV0S2qoToiSKJn9IreHHBenHfnY9q65MwiPEB/4Hz+ALZdkKk=</latexit>

Zp = (Pp, 0)
<latexit sha1_base64="9xbMJ/pia0zUtj/0+OKT0+q+FVI=">AAACMnicbVBLSwMxGMz6rPVV9eglWISKUHZFqseCIHpQKtgH7S5Lkk3b0OyDJCuUpeA/8uIvETzoQRGv/gjTbovaOhCYzEzI9w2OOJPKNF+MufmFxaXlzEp2dW19YzO3tV2TYSwIrZKQh6KBkaScBbSqmOK0EQmKfMxpHffOhn79jgrJwuBW9SPq+KgTsDYjSGnJzV1WXGQTL1TQ9pHqYpxcD9J7xcW2CmFz4hd+AocTejU4SM2mi91c3iyaI8BZYo1JHoxRcXNPtheS2KeBIhxJ2bLMSDkJEooRTgdZO5Y0QqSHOrSlaYB8Kp1ktPIA7mvFg+1Q6BMoOFJ/v0iQL2Xfxzo5nFVOe0PxP68Vq/apk7AgihUNSPpRO+ZQVzHsD3pMUKJ4XxNEBNOzQtJFAhGlW87qEqzplWdJ7aholYqlm+N8+fw+rSMDdsEeKAALnIAyuAAVUAUEPIBn8AbejUfj1fgwPtPonDGucAf8gfH1DQAkqww=</latexit>

Pa · N · Pb ! Za · (N+M) · Zb
<latexit sha1_base64="A0bU6qY0sQjsbVWg0waGp9QU/1w=">AAACCHicbZDLSgMxGIUzXmu9jbp0YbAIgkOZKbW6LAjisoK9QGcomUzahmaSIckIZSi4ceOruHGhiFsfwZ1vY3pZaOuBwMc5f0j+EyaMKu2639bS8srq2npuI7+5tb2za+/tN5RIJSZ1LJiQrRApwigndU01I61EEhSHjDTDwdU4b94Tqajgd3qYkCBGPU67FCNtrI59hJzQpxz6meeUnHPHZ5HQyoE+Yeys7I86dsEtuhPBRfBmUAAz1Tr2lx8JnMaEa8yQUm3PTXSQIakpZmSU91NFEoQHqEfaBjmKiQqyySIjeGKcCHaFNIdrOHF/38hQrNQwDs1kjHRfzWdj87+sneruZZBRnqSacDx9qJsyqAUctwIjKgnWbGgAYUnNXyHuI4mwNt3lTQne/MqL0CgVvUqxclsuVK8fpnXkwCE4BqfAAxegCm5ADdQBBo/gGbyCN+vJerHerY/p6JI1q/AA/JH1+QOhd5hE</latexit>

a, b 2 {1, 2, 5, . . . , `+ 4}

The structure packages KK integrands into a single generating 
function (explicitly checked at 1 and 2 loops)

<latexit sha1_base64="YHCaRrhMNHMisXMGyqdCi4K/gU8=">AAAB+HicbZBLSwMxFIUzPmt9dNSlm2AR6qbMFKkuC4LoroJ9QDsOmfROG5rJDElGqEPB/+HGhSJu/Snu/Demj4W2Hgh8nHNDbk6QcKa043xbK6tr6xubua389s7uXsHeP2iqOJUUGjTmsWwHRAFnAhqaaQ7tRAKJAg6tYHg5yVsPIBWLxZ0eJeBFpC9YyCjRxvLtws19VuoC56djP6tUxr5ddMrOVHgZ3DkU0Vx13/7q9mKaRiA05USpjusk2suI1IxyGOe7qYKE0CHpQ8egIBEoL5suPsYnxunhMJbmCI2n7u8bGYmUGkWBmYyIHqjFbGL+l3VSHV54GRNJqkHQ2UNhyrGO8aQF3GMSqOYjA4RKZnbFdEAkodp0lTcluItfXoZmpexWy9Xbs2Lt6mlWRw4doWNUQi46RzV0jeqogShK0TN6RW/Wo/VivVsfs9EVa17hIfoj6/MH+EuTFA==</latexit>

I(ω)22

<latexit sha1_base64="pIenBWb4M3r4wcC+eXrGqOrG7c4=">AAAB/HicbZBLS8NAFIUnPmt9Rbt0EyxC3ZSkSHVZEER3FewD2hgm05t2yGQSZiZCCBX/iRsXirj1h7jz3zh9LLT1wMDHOXeYO8dPGJXKtr+NldW19Y3NwlZxe2d3b988OGzLOBUEWiRmsej6WAKjHFqKKgbdRACOfAYdP7yc5J0HEJLG/E5lCbgRHnIaUIKVtjyzdHOfV/rA2OnYy0PPCb3a2DPLdtWeyloGZw5lNFfTM7/6g5ikEXBFGJay59iJcnMsFCUMxsV+KiHBJMRD6GnkOALp5tPlx9aJdgZWEAt9uLKm7u8bOY6kzCJfT0ZYjeRiNjH/y3qpCi7cnPIkVcDJ7KEgZZaKrUkT1oAKIIplGjARVO9qkREWmCjdV1GX4Cx+eRnatapTr9Zvz8qNq6dZHQV0hI5RBTnoHDXQNWqiFiIoQ8/oFb0Zj8aL8W58zEZXjHmFJfRHxucPCCOUzw==</latexit>

I(ω)k1k2

<latexit sha1_base64="TLmp65xoA8j9fwAk0oCA79A+fGc=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURqS4Lguiugn1AE8tketMOnTyYmQglRPwTNy4UceuHuPNvnLRdaOuBC4dz7mXOHC/mTCrL+jYKK6tr6xvFzdLW9s7unrl/0JZRIii0aMQj0fWIBM5CaCmmOHRjASTwOHS88WXudx5ASBaFd2oSgxuQYch8RonSUt8sOwFRI89Pb7L7tOoA5ydZ36xYNWsKvEzsOamgOZp988sZRDQJIFSUEyl7thUrNyVCMcohKzmJhJjQMRlCT9OQBCDddBo+w8daGWA/EnpChafq74uUBFJOAk9v5lHlopeL/3m9RPkXbsrCOFEQ0tlDfsKxinDeBB4wAVTxiSaECqazYjoiglCl+yrpEuzFLy+T9mnNrtfqt2eVxtXTrI4iOkRHqIpsdI4a6Bo1UQtRNEHP6BW9GY/Gi/FufMxWC8a8wjL6A+PzB8SFlUc=</latexit>

I(ω)generating function

A similar story was also found for correlators of all light operators.

<latexit sha1_base64="3OpaJ0mAasKjiMMHS+RiFJy3IQs=">AAAB+HicbZBLSwMxFIUzPmt9dNSlm2ARXJUZkeqyIIjLCvYB7VAyaWYamkmG5I5Sh4L/w40LRdz6U9z5b0wfC209EPg454bcnDAV3IDnfTsrq2vrG5uFreL2zu5eyd0/aBqVacoaVAml2yExTHDJGsBBsHaqGUlCwVrh8GqSt+6ZNlzJOxilLEhILHnEKQFr9dxSVygZax4PgGitHnpu2at4U+Fl8OdQRnPVe+5Xt69oljAJVBBjOr6XQpATDZwKNi52M8NSQockZh2LkiTMBPl08TE+sU4fR0rbIwFP3d83cpIYM0pCO5kQGJjFbGL+l3UyiC6DnMs0Aybp7KEoExgUnrSA+1wzCmJkgVDN7a6YDogmFGxXRVuCv/jlZWieVfxqpXp7Xq5dP83qKKAjdIxOkY8uUA3doDpqIIoy9Ixe0Zvz6Lw4787HbHTFmVd4iP7I+fwBnP6UJQ==</latexit>→↑ <latexit sha1_base64="3OpaJ0mAasKjiMMHS+RiFJy3IQs=">AAAB+HicbZBLSwMxFIUzPmt9dNSlm2ARXJUZkeqyIIjLCvYB7VAyaWYamkmG5I5Sh4L/w40LRdz6U9z5b0wfC209EPg454bcnDAV3IDnfTsrq2vrG5uFreL2zu5eyd0/aBqVacoaVAml2yExTHDJGsBBsHaqGUlCwVrh8GqSt+6ZNlzJOxilLEhILHnEKQFr9dxSVygZax4PgGitHnpu2at4U+Fl8OdQRnPVe+5Xt69oljAJVBBjOr6XQpATDZwKNi52M8NSQockZh2LkiTMBPl08TE+sU4fR0rbIwFP3d83cpIYM0pCO5kQGJjFbGL+l3UyiC6DnMs0Aybp7KEoExgUnrSA+1wzCmJkgVDN7a6YDogmFGxXRVuCv/jlZWieVfxqpXp7Xq5dP83qKKAjdIxOkY8uUA3doDpqIIoy9Ixe0Zvz6Lw4787HbHTFmVd4iP7I+fwBnP6UJQ==</latexit>→↑

<latexit sha1_base64="+2jIcmdL4DChcj09KVs/EarsmZk=">AAAB/nicbZBLSwMxFIXv1Fetr1Fx5SZYBEEoMyLVZUEQN0oF+4B2KJk0bUMzmSHJCGUY6F9x40IRt/4Od/4bM20Fbb0Q+DjnhpwcP+JMacf5snJLyyura/n1wsbm1vaOvbtXV2EsCa2RkIey6WNFORO0ppnmtBlJigOf04Y/vMr8xiOVioXiQY8i6gW4L1iPEayN1LEP2gHWA99P7tLTH7xNO3bRKTmTQYvgzqAIs6l27M92NyRxQIUmHCvVcp1IewmWmhFO00I7VjTCZIj7tGVQ4IAqL5nET9GxUbqoF0pzhEYT9feNBAdKjQLfbGYJ1byXif95rVj3Lr2EiSjWVJDpQ72YIx2irAvUZZISzUcGMJHMZEVkgCUm2jRWMCW4819ehPpZyS2Xyvfnxcr1eFpHHg7hCE7AhQuowA1UoQYEEniCF3i1xtaz9Wa9T1dz1qzCffgz1sc3mkmWVg==</latexit>

N+M <latexit sha1_base64="6/yozdBCseS98z15zF0RvobjedE=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFQVxWsA/aDsOdNG1DM5khyQhlKPgRblwo4ta/ceffmD4W2nogcDjnhnvPCRPBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpOFWV1GotYtULUTHDJ6oYbwVqJYhiFgjXD0c3Ubz4ypXksH8w4YX6EA8n7nKKxUrsWYNfEpB1gUCy5ZXcGskq8BSnBArWg+NXtxTSNmDRUoNYdz02Mn6EynAo2KXRTzRKkIxywjqUSI6b9bHbxhJxZpUf6sbJPGjJTf//IMNJ6HIV2MkIz1MveVPzP66Smf+1nXCapYZLOF/VTQWzIaXzS44pRI8aWIFXc3kroEBVSY0sq2BK85cirpHFR9irlyv1lqXr7NK8jDydwCufgwRVU4Q5qUAcKEp7hFd4c7bw4787HfDTnLCo8hj9wPn8AE4KQ9g==</latexit>

Pa → Za

Caron-Huot Coronado ‘21

<latexit sha1_base64="lv2nABoLHVFCt7eKWWogeTu18v4="></latexit>

H
(ω)
k1k2

=

∫ ω+4∏

p=5

dPpI
(ω)
k1k2



Extracting data from giant gravitons correlators

The complete spectrum is obtained from solving an operator mixing problem using all KK correlators

Anomalous Dimension
of “double-particle” operators 

in the defect channel

Binding Energy
of a light and giant 

graviton pair
 coefficient:log V

<latexit sha1_base64="t/W+Ec8GnWdwe0cQPuLT6dgns+Y=">AAAB+HicbZBLSwMxFIUz9VXro6Mu3QSL4KrMiFSXBUFcuKhgH9AOJZNm2tBMMiR3lDoU/B9uXCji1p/izn9j+lho64HAxzk35OaEieAGPO/bya2srq1v5DcLW9s7u0V3b79hVKopq1MllG6FxDDBJasDB8FaiWYkDgVrhsPLSd68Z9pwJe9glLAgJn3JI04JWKvrFjs3LALN+wMgWquHrlvyyt5UeBn8OZTQXLWu+9XpKZrGTAIVxJi27yUQZEQDp4KNC53UsITQIemztkVJYmaCbLr4GB9bp4cjpe2RgKfu7xsZiY0ZxaGdjAkMzGI2Mf/L2ilEF0HGZZICk3T2UJQKDApPWsA9rhkFMbJAqOZ2V0wHRBMKtquCLcFf/PIyNE7LfqVcuT0rVa+eZnXk0SE6QifIR+eoiq5RDdURRSl6Rq/ozXl0Xpx352M2mnPmFR6gP3I+fwBi/JQA</latexit>→
<latexit sha1_base64="fIKkbEYCDQXjaxtqrufcuZPSsbU="></latexit>

b� = k + 2n+ s+
2

N
b� + . . .

<latexit sha1_base64="j2kebLE0T+I+Cqv3IqHg84nKrLE="></latexit>

ω̂(1)
p = →

2M (2)
t M (2)

t+s+1

(s+ p→ r1 → 1)3
<latexit sha1_base64="l1X6M+7xlCe05ESqLspj4wj2OJo=">AAACAXicbZBLSwMxFIUz9VXra9SN4CZYhBaxzBSpboSCIG6ECvYB7Thk0rQNzTxI7ghlqAj+FTcuFHHrv3DnvzF9LLT1QODjnBuSe7xIcAWW9W2kFhaXllfSq5m19Y3NLXN7p6bCWFJWpaEIZcMjigkesCpwEKwRSUZ8T7C6178Y5fV7JhUPg1sYRMzxSTfgHU4JaMs1965duEtyxfwQn+McHNv5HBxJ1867ZtYqWGPhebCnkEVTVVzzq9UOaeyzAKggSjVtKwInIRI4FWyYacWKRYT2SZc1NQbEZ8pJxhsM8aF22rgTSn0CwGP3942E+EoNfE9P+gR6ajYbmf9lzRg6Z07CgygGFtDJQ51YYAjxqA7c5pJREAMNhEqu/4ppj0hCQZeW0SXYsyvPQ61YsEuF0s1Jtnz5OKkjjfbRAcohG52iMrpCFVRFFD2gZ/SK3own48V4Nz4moyljWuEu+iPj8wdh8JS1</latexit>

M (2)
t = (t→ 1)(t+ r1)

<latexit sha1_base64="KMNBaQOqE9Ujec1G6rY8fni98do=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4scwUqW6EgiAuK9gHdIaSSTNtaCYzJHeUMgy4deOvuHGhiFs/wJ1/Y/pYaOuBC4dzTri5x48F12Db31ZuaXlldS2/XtjY3NreKe7uNXWUKMoaNBKRavtEM8ElawAHwdqxYiT0BWv5w8ux37pjSvNI3sIoZl5I+pIHnBIwUrdYggsXAkVo6t7zHhsQSF0gSXaiuo6ZSpZWMpOyy/YEeJE4M1JCM9S7xS+3F9EkZBKoIFp3HDsGLyUKOBUsK7iJZjGhQ9JnHUMlCZn20skxGT4ySg8HkTIjAU/U3y9SEmo9Cn2TDAkM9Lw3Fv/zOgkE517KZZwAk3S6KEgEhgiPm8E9rhgFMTKEUMXNXzEdEFMNmP4KpgRn/uRF0qyUnWq5enNaql09TOvIowN0iI6Rg85QDV2jOmogih7RM3pFb9aT9WK9Wx/TaM6aVbiP/sD6/AEf3ZwW</latexit>

t = ω̂→r1→r2
2

Further implications of hidden symmetry:

• The use of 10d defect blocks automatically diagonalizes the mixing problem.
• Leads to a 4th order differential operator whose eigenvalue is the  numerator. The operator 

simplifies the leading log singularities to all AdS loop orders
̂γ

<latexit sha1_base64="kG/zLF4anM5mxWRgyexyyIr+uNA="></latexit>

!̂(4) = xx̄ωω̄
(x→x̄)(ω→ω̄)

(xωx → εωω)(xωx → ε̄ωω̄)(x̄ωx̄ → εωω)(x̄ωx̄ → ε̄ωω̄)
(x→x̄)(ω→ω̄)

xx̄ωω̄
<latexit sha1_base64="TU6uBz/PGwnHX4RDF/ytHlZc6LU="></latexit>

x = 1→ z , x̄ = 1→ z̄ , ω = ω
1→ω , ω̄ = ω̄

1→ω̄



Quantum gravity corrections

Defect unitarity method: the one-loop leading logarithmic singularities in both defect and bulk 
channels are obtained from “gluing” the lower order correlators. We then complete the singularities 
into the full correlator. 

Chen Du Paul XZ ‘26

• Mellin space

• Position space

similar to surface defects in 6d (2,0) 
theory with the same  functions3F2

new basis function, “defect 1-loop diagram“

one-loop correction

Chen Gimenez-Grau Paul XZ ‘24



0d defect is a natural language for general LLHH

Heavy limit of LLHH:

Kinematic and nonperturbative: in the infinitely heavy limit, all LLHH correlators admit a defect 
conformal block decomposition.

<latexit sha1_base64="FPLmPqm8ox2dMgcStpJmLJesUsc=">AAACTXicbZFNSwMxEIaz9aO1flU9egkWwVPZFakeC/bgQbCCVaFbltnstAaz2SXJCmXpH/QiePNfePGgiJh+HGztQODlmZnM5E2YCq6N6745haXlldViaa28vrG5tV3Z2b3VSaYYtlkiEnUfgkbBJbYNNwLvU4UQhwLvwsfzUf7uCZXmibwxgxS7MfQl73EGxqKgEvkCZF8g9WMwDwxEfjUMcr+JwkDgDRfi41nsX9pxESxivhpfHlSqbs0dB/0vvKmokmm0gsqrHyUsi1EaJkDrjuemppuDMpwJHJb9TGMK7BH62LFSQoy6m4/dGNJDSyLaS5Q90tAx/duRQ6z1IA5t5WhjPZ8bwUW5TmZ6Z92cyzQzKNlkUC8T1CR0ZC2NuEJmxMAKYIrbXSl7AAXM2A8oWxO8+Sf/F7fHNa9eq1+fVBvNqR0lsk8OyBHxyClpkAvSIm3CyDN5J5/ky3lxPpxv52dSWnCmPXtkJgrFX8bWtgw=</latexit>

→O!1O!2O”O”↑
<latexit sha1_base64="JH5sYRzMsd446UsUtri4Hq6zGzg=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi1WVBFy5cVLAPaEKZTCbt0MkkzNyIofRX3LhQxK0/4s6/cdpmoa0HBg7nnMvce4JUcA2O822V1tY3NrfK25Wd3b39A/uw2tFJpihr00QkqhcQzQSXrA0cBOulipE4EKwbjK9nfveRKc0T+QB5yvyYDCWPOCVgpIFd9e5MOCTYgwR7XEaQD+yaU3fmwKvELUgNFWgN7C8vTGgWMwlUEK37rpOCPyEKOBVsWvEyzVJCx2TI+oZKEjPtT+a7T/GpUUIcJco8CXiu/p6YkFjrPA5MMiYw0sveTPzP62cQXfkTLtMMmKSLj6JMYHPnrAgccsUoiNwQQhU3u2I6IopQMHVVTAnu8smrpHNedxv1xv1FrXlT1FFGx+gEnSEXXaImukUt1EYUPaFn9IrerKn1Yr1bH4toySpmjtAfWJ8/ZUuUDg==</latexit>

! → ↑

Not: at correlator level, due to order of limit issues

But: at the level of conformal blocks

<latexit sha1_base64="o6pfJJ9WnQof9J9BiTmmdVULBms="></latexit>

→k1 k2 p p↑
∣∣
p→↑ ↓ →→k1 k2↑↑

Δ1 Δ2

Λ Λ

Δ

Δ1 Δ2

Δ

s-channel 4pt 
conformal block

bulk-channel 
conformal block

Δ1 Δ2

Λ Λ

̂Δ + Λ
Δ1 Δ2

̂Δ

t/u-channel 4pt 
conformal block

defect-channel 
conformal block

Next step:

(equivalent to Mellin-Polyakov bootstrap and the dispersion relation)

defect version of “analytic functionals”  nonperturbative sum rules for LLHH⇒

Caron-Huot ’17, Carmi Caron-Huot ‘19Gopakumar Kaviraj, Sen, Sinha ‘16

Mazac Paulos ’18, Mazac Rastelli XZ ’18 ’19, Kaviraj Paulos ’18, Caron-Huot Mazac Rastelli Simmons-Duffin ‘20



Some future directions

• Non-maximal and dual giant gravitons, in progress

• Stringy corrections:  expansion of AdS Veneziano amplitude, in progress1/R

Does the hidden conformal structure persist?

Large charge of limit of the dual giant graviton is related to Coulomb branch.

• Other backgrounds, e.g., AdS S , to appear7 × 4

Alday Virally XZ

Chen Jiang Liu XZ

• More giant graviton operators.

• Analytic bootstrap for LLHH.

Chen Huang Jiang XZ


