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The relation between the parameters of string theory

on AdS and the dual CFT is 

AdS radius in

string units 

‘t Hooft 

parameter

AdS radius in

Planck units 
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Tensionless limit

In particular, weakly coupled gauge theory corresponds 

to the tensionless regime of string theory

small

`tensionless strings’
[Sundborg ’01] [Witten ’01]

[Sezgin,Sundell ’01]
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Tensionless limit

This is the regime where AdS/CFT becomes 

perturbative:

tensionless strings

on AdS

weakly coupled/free

SYM theory

very stringy (far from sugra)

higher spin symmetry

maximally symmetric phase of 
string theory



Tensionless limit

This is the regime where AdS/CFT becomes 

perturbative:

tensionless strings

on AdS

weakly coupled/free

SYM theory

very stringy (far from sugra)

higher spin symmetry

maximally symmetric phase of 
string theory

Could it have a free 
worldsheet description?



AdS3 review

For example, in the 3d case, the AdS/CFT duality 

relates string theory on 

[Maldacena ’97], …. see e.g. [David et.al. ’02]

to a CFT that is on the same moduli space of CFTs 

as the symmetric orbifold theory 

AdS3 ⇥ S3 ⇥ T4
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SymN (T4) ⌘ (T4)N/SN
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AdS3 review

4 symplectic bosons & 4 free fermions

free field realisation of hybrid formalism of 

[Berkovits, Vafa, Witten ‘99]

<latexit sha1_base64="zs30Jx/gxrCZHagg7ifMRCLFfHI=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKpoi6LLpxWcE+oA1hMp20QyeTMDMRSszGX3HjQhG3foY7/8ZJm4VWD1w4nHMv997jx5wp7ThfVmlpeWV1rbxe2djc2t6xd/c6KkokoW0S8Uj2fKwoZ4K2NdOc9mJJcehz2vUn17nfvadSsUjc6WlM3RCPBAsYwdpInn0wCLEeBxJP0lglWQ2doofGiYc8u+rUnRngX4IKUgUFWp79ORhGJAmp0IRjpfrIibWbYqkZ4TSrDBJFY0wmeET7hgocUuWmswcyeGyUIQwiaUpoOFN/TqQ4VGoa+qYzP1ctern4n9dPdHDppkzEiaaCzBcFCYc6gnkacMgkJZpPDcFEMnMrJGMsMdEms4oJAS2+/Jd0GnV0Xm/cnlWbV0UcZXAIjkANIHABmuAGtEAbEJCBJ/ACXq1H69l6s97nrSWrmNkHv2B9fAN/fJWv</latexit>

psu(1, 1|2)1

The analogue of free SYM is the symmetric orbifold 
theory itself. It has a tensionless (k=1) string dual with

                 worldsheet theory described by 

[Eberhardt, MRG, Gopakumar ’18]

Physical degrees of freedom come from spectrally 

flowed representations: matches precisely with single

particle spectrum of dual symmetric orbifold. 
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AdS5 proposal

Similarly, free N=4 SYM in 4d should be dual to 
tensionless strings on                 : we propose 

`twistorial’ worldsheet description via 

8 symplectic bosons & 8 free fermions

free field realisation of 

Key ingredient: spectrally flowed representations.

[MRG, Gopakumar ’21]
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psu(2, 2|4)1
similar to twistor string 

of [Berkovits ’04]

Natural quantisation leads to a `reduced model’ whose

spectrum matches exactly that of free N=4 SYM. 
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Key ingredients  
More concretely, this worldsheet theory consists of 

what can be interpreted as components of ambitwistor

fields  

with defining relations 

There is an overall u(1) field that needs to be gauged 
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Key ingredients

Postulate: in the w-spectrally flowed sector, physical 

state conditions remove all but the `wedge modes’     
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[MRG, Gopakumar ’21]

On the resulting (wedge) Fock space, we then need to 

impose the residual gauge conditions     

These modes act non-trivially on spectrally flowed 

vacuum       .   
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Key ingredients

Resulting spectrum reproduces exactly that of free

N=4 SYM in 4d in planar limit.      

[MRG, Gopakumar ’21]

More specifically, wedge modes can be thought of 

as momentum modes of w position space generators       

and similarly for        . These position modes then satisfy       
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Key ingredients

The residual gauge conditions imply

cyclic invarianceat each site j: 
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Ĉj = 0

singleton rep

Get w-fold tensor product of singleton rep of                ,

subject to cyclicity condition: spectrum of free N=4 SYM. 

[MRG, Gopakumar ’21]
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Key ingredients

[MRG, Gopakumar ’21]

w-spectrally 

flowed sector

String bit picture!
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Get w-fold tensor product of singleton rep of                ,

subject to cyclicity condition: spectrum of free N=4 SYM. 
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twistor-valued string bits
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Hybrid formalism

AdS3 theory at k=1 best described in hybrid formalism: 

for pure NS-NS flux, hybrid string consists of WZW 

model based on

together with the (topologically twisted) sigma model 

for T4. For generic k, this description agrees with the 

NS-R description a la Maldacena-Ooguri. 

psu(1, 1|2)k
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Free field realisation

The level k=1 theory has a free field realisation 

In order to reduce this to                     one has to 

gauge by the `diagonal’ u(1) field 

with
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Generators of               are bilinears in these free fields. 
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Free field realisation

The only highest weight representations are:  

 NS sector: all fields half-integer moded 


 R sector: all fields integer moded 

Here positive modes annihilate ground state.

In R sector, ground states form representation of 

zero modes: `singleton’ representation of                 . 
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Spectral flow

The full worldsheet spectrum consists of this R-sector 
representation, together with its spectrally flowed images. 

Here spectral flow comes from
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For w>1: not highest weight representation any longer.  
[Spectral flow of NS-sector: R-sector.]  

[Henningson et.al. ’91]

[Maldacena, Ooguri ’00]



Physical spectrum 

Thus after imposing the physical state conditions, 

only the degrees of freedom of      survive, and 

we get exactly the (single-particle) spectrum of 

SymN (T4)
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[Eberhardt, MRG, Gopakumar ’18]

in the large N limit, where w-cycle twisted sector 

comes from w spectrally flowed sector.  
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T4

Since                     has many (!) null-vectors, it has 

effectively only 2 bosonic + fermionic oscillator

degrees of freedom.
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Ansatz for worldsheet 

Given the structure of the free field realisation for 

the case of                , we have proposed that the 

dual to free N=4 SYM in 4d should be described 

by a worldsheet theory consisting of  

[MRG, Gopakumar ’21]

8 symplectic bosons

8 real fermions

They generate                 .  After removing again 

an overall u(1), we get                   : guarantees that 

dual spacetime theory has the correct symmetry.
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Ansatz for worldsheet 

More concretely, the worldsheet theory consists of 

what can be interpreted as components of 

ambitwistor fields  

with defining relations 
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see also [Berkovits, ’04]
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Free fields on worldsheet 

The bilinears   

generate               , and in order to obtain 

we need to gauge by the overall u(1) field 
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This is the current algebra version of oscillator 

construction of                  which enters into spin chain

discussion. 
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Spectral flow

As in the case for          , all non-trivial aspects come 

from spectral flow where now   
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Starting from the usual NS-sector representation, the 

`untilde’ modes act as    
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Wedge modes 
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Since   

the non-zero modes acting on       are the wedge modes     

as well as the `out-of-the-wedge’ modes  
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Wedge modes 
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as well as the `out-of-the-wedge’ modes  
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Postulate:  physical state conditions (N=4 critical string)

remove all out-of-the-wedge modes. 

Retain only generalised zero modes = wedge modes. 

[MRG, Gopakumar ’21]

cf. [Dolan, Goddard ’07], [Nair ’08]

the non-zero modes acting on       are the wedge modes     
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Wedge modes 

[MRG, Gopakumar ’21]
On the resulting (wedge) Fock space, we finally need to 

impose the residual gauge conditions     

similar to Virasoro condition 
in light-cone gauge

with
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Spacetime spectrum

As explained before, this reproduces then exactly the 

single-trace spectrum of free SYM in 4d, where 

now the spectral flow parameter w is to be identified with 

[MRG, Gopakumar ’21]
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For small levels we have also confirmed this by explicit calculations.
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Conclusions and Outlook

The free field realisation of the                 worldsheet

theory dual to the symmetric orbifold suggests a natural 

generalisation to                 . 

With some assumptions about the structure of the 

physical state conditions, we have managed to 

reproduce the exact single-trace spectrum of free 

SYM in 4d from our worldsheet model. 

This opens the door for a proof of the AdS/CFT 
correspondence for this most relevant case.  

<latexit sha1_base64="FN8SbGx0F6DsOtlbKcZoe2DTp/k=">AAACFHicbVBJS8NAGJ3UrdYt6tHLYBEEoSTFqseqF4+V2gWaGCaTSTt0sjAzEUrIj/DiX/HiQRGvHrz5b5ymOWjrg4HHe982z40ZFdIwvrXS0vLK6lp5vbKxubW9o+/udUWUcEw6OGIR77tIEEZD0pFUMtKPOUGBy0jPHV9P/d4D4YJG4Z2cxMQO0DCkPsVIKsnRT1IrH5K6LCEZTC0ewEuvnTkNaEkaEDGT2tl9I3P0qlEzcsBFYhakCgq0HP3L8iKcBCSUmCEhBqYRSztFXFLMSFaxEkFihMdoSAaKhkjts9P8ngweKcWDfsTVCyXM1d8dKQqEmASuqgyQHIl5byr+5w0S6V/YKQ3jRJIQzxb5CYMygtOEoEc5wZJNFEGYU3UrxCPEEZYqx4oKwZz/8iLp1mvmWa1+e1ptXhVxlMEBOATHwATnoAluQAt0AAaP4Bm8gjftSXvR3rWPWWlJK3r2wR9onz9t555p</latexit>

AdS5 ⇥ S5

<latexit sha1_base64="XR9Rmln3CXUyQz+vQpSw95QnzR0=">AAACBXicbVC7TsNAEDyHVwgvAyUUJyIkqshOEFAGaCiDQh5SbKzz+Zyccn7o7owUWW5o+BUaChCi5R/o+BsujgtIGGml0cyudnfcmFEhDeNbKy0tr6yuldcrG5tb2zv67l5XRAnHpIMjFvG+iwRhNCQdSSUj/ZgTFLiM9Nzx9dTvPRAuaBTeyUlM7AANQ+pTjKSSHP0wtXgAL7125jSgJWlABMyldnbfcPSqUTNywEViFqQKCrQc/cvyIpwEJJSYISEGphFLO0VcUsxIVrESQWKEx2hIBoqGSK2z0/yLDB4rxYN+xFWFEubq74kUBUJMAld1BkiOxLw3Ff/zBon0L+yUhnEiSYhni/yEQRnBaSTQo5xgySaKIMypuhXiEeIISxVcRYVgzr+8SLr1mnlWq9+eVptXRRxlcACOwAkwwTloghvQAh2AwSN4Bq/gTXvSXrR37WPWWtKKmX3wB9rnD/xfl5w=</latexit>

AdS3 ⇥ S3



Future directions

‣ Understand physical state condition from 

   first principles.


‣ Study structure of correlation functions for          .


‣ Explore novel perspective on N=4 spectrum.


‣ Analyse perturbation away from free case.


‣ ….


<latexit sha1_base64="Dg7zbTSAcObcF4ee5AAJhu6SBfE=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKewGX8eoF48RzQM2S5idnSRDZmaXmV4hLPkMLx4U8erXePNvnCR70MSChqKqm+6uMBHcgOt+O4WV1bX1jeJmaWt7Z3evvH/QMnGqKWvSWMS6ExLDBFesCRwE6ySaERkK1g5Ht1O//cS04bF6hHHCAkkGivc5JWAlP+tqia+jh0nvvFeuuFV3BrxMvJxUUI5Gr/zVjWKaSqaACmKM77kJBBnRwKlgk1I3NSwhdEQGzLdUEclMkM1OnuATq0S4H2tbCvBM/T2REWnMWIa2UxIYmkVvKv7n+Sn0r4KMqyQFpuh8UT8VGGI8/R9HXDMKYmwJoZrbWzEdEk0o2JRKNgRv8eVl0qpVvYtq7f6sUr/J4yiiI3SMTpGHLlEd3aEGaiKKYvSMXtGbA86L8+58zFsLTj5ziP7A+fwBlsaQzg==</latexit>

AdS5

cf [Basso, Komatsu, Vieira ’15]



Thank you!





Explicit states

From this worldsheet perspective, the physical states

all seem to be generated by DDF-like operators  

[MRG, Gopakumar ’21]

<latexit sha1_base64="xZTne2TXSgbkxx2zFKU+m5A3zzQ="></latexit>

Sa
m ⌘ (SI

J)m =

w�1
2X

r=m�w�1
2

(YI)r (Z
J)m�r

In particular, zero modes generate              : physical

states fall into representations of                 .              

<latexit sha1_base64="WMuYOYe/O8s+4F86NUSfQBYPFpU=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBItQQUoSirosunFZwT6gLWUynbRDJ5MwMxFCrL/ixoUibv0Qd/6NkzYLbT0wcDjnXu6Z40WMSmXb30ZhbX1jc6u4XdrZ3ds/MA+P2jKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxpjeZ33kgQtKQ36skIoMAjTn1KUZKS0Oz3A+QmvgCTdN4VnXP3cf62dCs2DV7DmuVODmpQI7m0Pzqj0IcB4QrzJCUPceO1CBFQlHMyKzUjyWJEJ6iMelpylFA5CCdh59Zp1oZWX4o9OPKmqu/N1IUSJkEnp7MosplLxP/83qx8q8GKeVRrAjHi0N+zCwVWlkT1ogKghVLNEFYUJ3VwhMkEFa6r5IuwVn+8ippuzXnoube1SuN67yOIhzDCVTBgUtowC00oQUYEniGV3gznowX4934WIwWjHynDH9gfP4AnlOUGA==</latexit>

u(2, 2|4)
<latexit sha1_base64="N+qFFm3ruzV/GkTfjCMCvWtAhSg=">AAAB/nicbVDLSsNAFL2pr1pfUXHlJliEClKSUNRl0Y3LCvYBbSiT6aQdOpmEmYlQYsFfceNCEbd+hzv/xkmbhbYeGDiccy/3zPFjRqWy7W+jsLK6tr5R3Cxtbe/s7pn7By0ZJQKTJo5YJDo+koRRTpqKKkY6sSAo9Blp++ObzG8/ECFpxO/VJCZeiIacBhQjpaW+edQLkRoFAo3TWCbTinvuPtbO+mbZrtozWMvEyUkZcjT65ldvEOEkJFxhhqTsOnasvBQJRTEj01IvkSRGeIyGpKspRyGRXjqLP7VOtTKwgkjox5U1U39vpCiUchL6ejILKxe9TPzP6yYquPJSyuNEEY7nh4KEWSqysi6sARUEKzbRBGFBdVYLj5BAWOnGSroEZ/HLy6TlVp2LqntXK9ev8zqKcAwnUAEHLqEOt9CAJmBI4Rle4c14Ml6Md+NjPlow8p1D+APj8wdRgpUP</latexit>

psu(2, 2|4)

Acting on ground state        generate full BPS multiplet   
<latexit sha1_base64="a0GEDnrHVfVh2z9Rmd/FKNVGodY=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/YA0lM120y7dbMLuRCm1P8OLB0W8+mu8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdgqbu/s7u2XDg6bJsk04w2WyES3Q2q4FIo3UKDk7VRzGoeSt8LhzdRvPXBtRKLucZTyIKZ9JSLBKFrJf3I7mqq+5N3HbqnsVtwZyDLxclKGHPVu6avTS1gWc4VMUmN8z00xGFONgkk+KXYyw1PKhrTPfUsVjbkJxrOTJ+TUKj0SJdqWQjJTf0+MaWzMKA5tZ0xxYBa9qfif52cYXQVjodIMuWLzRVEmCSZk+j/pCc0ZypEllGlhbyVsQDVlaFMq2hC8xZeXSbNa8S4q1bvzcu06j6MAx3ACZ+DBJdTgFurQAAYJPMMrvDnovDjvzse8dcXJZ47gD5zPH000kUY=</latexit>

|0iw
<latexit sha1_base64="vEfAMA27+rsvrU35j7Up5hjlh0g="></latexit>�
0, 0|{z} ; [0, w, 0]| {z }

su(4)

�
w

<latexit sha1_base64="occhTb6PfY+hVBSIYbwLKTY4bxA=">AAACEXicbVDLSsNAFJ34rPUVdelmsAh1U5Ii6rLoxmUF+4AmlMl00g6dzIR5CCX0F9z4K25cKOLWnTv/xkmbhbYeuHA4517uvSdKGVXa876dldW19Y3N0lZ5e2d3b989OGwrYSQmLSyYkN0IKcIoJy1NNSPdVBKURIx0ovFN7nceiFRU8Hs9SUmYoCGnMcVIW6nvVoME6VEs0ThTZlqtn8FApMwouKj33YpX82aAy8QvSAUUaPbdr2AgsEkI15ghpXq+l+owQ1JTzMi0HBhFUoTHaEh6lnKUEBVms4+m8NQqAxgLaYtrOFN/T2QoUWqSRLYzv1Mtern4n9czOr4KM8pTownH80WxYVALmMcDB1QSrNnEEoQltbdCPEISYW1DLNsQ/MWXl0m7XvMvavW780rjuoijBI7BCagCH1yCBrgFTdACGDyCZ/AK3pwn58V5dz7mrStOMXME/sD5/AEWp50r</latexit>

su(2)� su(2) eigenvalue
<latexit sha1_base64="9PUkz0l2KJ1eGFIokEwBPdoSgBQ=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VjUg8cK9gPbUDbbSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHssHM07Qj+hA8pAzaqz0mHUZFeR20nN7pbJbcWcgy8TLSRly1Hulr24/ZmmE0jBBte54bmL8jCrDmcBJsZtqTCgb0QF2LJU0Qu1ns4sn5NQqfRLGypY0ZKb+nshopPU4CmxnRM1QL3pT8T+vk5rwys+4TFKDks0XhakgJibT90mfK2RGjC2hTHF7K2FDqigzNqSiDcFbfHmZNKsV76JSvT8v167zOApwDCdwBh5cQg3uoA4NYCDhGV7hzdHOi/PufMxbV5x85gj+wPn8AdCUkFw=</latexit>D0

<latexit sha1_base64="toEHo+y4+jBzAstbHstbQAnTlQg=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUkUQil48eKhgP6RdSjbNtqFJdkmyQln6K7x4UMSrP8eb/8a03YO2Phh4vDfDzLwg5kwb1/12ciura+sb+c3C1vbO7l5x/6Cpo0QR2iARj1Q7wJpyJmnDMMNpO1YUi4DTVjC6mfqtJ6o0i+SDGcfUF3ggWcgINlZ6vOu5V8hFl6hXLLlldwa0TLyMlCBDvVf86vYjkggqDeFY647nxsZPsTKMcDopdBNNY0xGeEA7lkosqPbT2cETdGKVPgojZUsaNFN/T6RYaD0Wge0U2Az1ojcV//M6iQkv/JTJODFUkvmiMOHIRGj6PeozRYnhY0swUczeisgQK0yMzahgQ/AWX14mzUrZq5Yr92el2nUWRx6O4BhOwYNzqMEt1KEBBAQ8wyu8Ocp5cd6dj3lrzslmDuEPnM8fPZOOvQ==</latexit>

L0 = 0 :

interesting

algebraic structure

similar to Yangian



Explicit states

 w=0:  only the vacuum state survives  —      in SYM
<latexit sha1_base64="AVfkuuyJd2iiX8ip/cc/VLoxMZM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVI9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1iNOE+xEdKREKRtFKnawfhMSbDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOyMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+e9kKDRnKKeWUKaFvZWwMdWUoU2oZEPwVl9eJ+1a1atXaw9XlcZtHkcRzuAcLsGDa2jAPTShBQwm8Ayv8OYkzovz7nwsWwtOPnMKf+B8/gDFYo80</latexit>

1

 w=1: wedge modes = zero modes: BPS singleton 

             representation  —  absent in su(N).

 w=2: <latexit sha1_base64="toEHo+y4+jBzAstbHstbQAnTlQg=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUkUQil48eKhgP6RdSjbNtqFJdkmyQln6K7x4UMSrP8eb/8a03YO2Phh4vDfDzLwg5kwb1/12ciura+sb+c3C1vbO7l5x/6Cpo0QR2iARj1Q7wJpyJmnDMMNpO1YUi4DTVjC6mfqtJ6o0i+SDGcfUF3ggWcgINlZ6vOu5V8hFl6hXLLlldwa0TLyMlCBDvVf86vYjkggqDeFY647nxsZPsTKMcDopdBNNY0xGeEA7lkosqPbT2cETdGKVPgojZUsaNFN/T6RYaD0Wge0U2Az1ojcV//M6iQkv/JTJODFUkvmiMOHIRGj6PeozRYnhY0swUczeisgQK0yMzahgQ/AWX14mzUrZq5Yr92el2nUWRx6O4BhOwYNzqMEt1KEBBAQ8wyu8Ocp5cd6dj3lrzslmDuEPnM8fPZOOvQ==</latexit>

L0 = 0 : BPS rep.  
<latexit sha1_base64="d7rw4KRklSxhLwFrY6TGZ/0ndiE=">AAACA3icbVDLSsNAFJ34rPUVdaebwSJUKGUSRAU3RTcuK9gHpCFMppN26OTBzEQooeDGX3HjQhG3/oQ7/8ZJm4W2HrhwOOde7r3HTziTCqFvY2l5ZXVtvbRR3tza3tk19/bbMk4FoS0S81h0fSwpZxFtKaY47SaC4tDntOOPbnK/80CFZHF0r8YJdUM8iFjACFZa8szDns8GvIpq6Ao6qGbXkJsr4tSzPbOC6mgKuEisglRAgaZnfvX6MUlDGinCsZSOhRLlZlgoRjidlHuppAkmIzygjqYRDql0s+kPE3iilT4MYqErUnCq/p7IcCjlOPR1Z4jVUM57ufif56QquHQzFiWpohGZLQpSDlUM80BgnwlKFB9rgolg+lZIhlhgonRsZR2CNf/yImnbdeu8bt+dVRrXRRwlcASOQRVY4AI0wC1oghYg4BE8g1fwZjwZL8a78TFrXTKKmQPwB8bnD9qHlRs=</latexit>�
0, 0; [0, 2, 0]

�
2

<latexit sha1_base64="luHqz+0qnx1AJ48g3yBdVhlbEGE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBi2W3iIogFL148FDBfki7lGyabUOT7JJkhbL0V3jxoIhXf443/41puwdtfTDweG+GmXlBzJk2rvvt5JaWV1bX8uuFjc2t7Z3i7l5DR4kitE4iHqlWgDXlTNK6YYbTVqwoFgGnzWB4M/GbT1RpFskHM4qpL3BfspARbKz0eNd10RU6qVx2iyW37E6BFomXkRJkqHWLX51eRBJBpSEca9323Nj4KVaGEU7HhU6iaYzJEPdp21KJBdV+Oj14jI6s0kNhpGxJg6bq74kUC61HIrCdApuBnvcm4n9eOzHhhZ8yGSeGSjJbFCYcmQhNvkc9pigxfGQJJorZWxEZYIWJsRkVbAje/MuLpFEpe2flyv1pqXqdxZGHAziEY/DgHKpwCzWoAwEBz/AKb45yXpx352PWmnOymX34A+fzB1QUjsw=</latexit>

L0 = �2 : Konishi multiplet 
<latexit sha1_base64="zYtYyRxcJqiiSUweS0wKE3GFYCc=">AAACA3icbVDLSgMxFM34rPU16k43wSJUKCVTRAU3RTcuK9gHTIchk2ba0ExmSDJCGQpu/BU3LhRx60+482/MtF1o64F7OZxzL8k9QcKZ0gh9W0vLK6tr64WN4ubW9s6uvbffUnEqCW2SmMeyE2BFORO0qZnmtJNIiqOA03YwvMn99gOVisXiXo8S6kW4L1jICNZG8u3DbsD6vIwq6Aq6pleQlyvy1K/5dglV0QRwkTgzUgIzNHz7q9uLSRpRoQnHSrkOSrSXYakZ4XRc7KaKJpgMcZ+6hgocUeVlkxvG8MQoPRjG0pTQcKL+3shwpNQoCsxkhPVAzXu5+J/npjq89DImklRTQaYPhSmHOoZ5ILDHJCWajwzBRDLzV0gGWGKiTWxFE4Izf/IiadWqznm1dndWql/P4iiAI3AMysABF6AObkEDNAEBj+AZvII368l6sd6tj+nokjXbOQB/YH3+ANdplRk=</latexit>�
0, 0; [0, 0, 0]

�
2

generated from hwv  
<latexit sha1_base64="cmSzd4c75nupPmn+S/65PlYmvSE=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBi2W3iIogFL148FDBfmC7lGyabUOz2ZBkhbL0X3jxoIhX/403/41puwdtfTDweG+GmXmB5Ewb1/12ckvLK6tr+fXCxubW9k5xd6+h40QRWicxj1UrwJpyJmjdMMNpSyqKo4DTZjC8mfjNJ6o0i8WDGUnqR7gvWMgINlZ6vOu66AqdVORlt1hyy+4UaJF4GSlBhlq3+NXpxSSJqDCEY63bniuNn2JlGOF0XOgkmkpMhrhP25YKHFHtp9OLx+jIKj0UxsqWMGiq/p5IcaT1KApsZ4TNQM97E/E/r52Y8MJPmZCJoYLMFoUJRyZGk/dRjylKDB9Zgoli9lZEBlhhYmxIBRuCN//yImlUyt5ZuXJ/WqpeZ3Hk4QAO4Rg8OIcq3EIN6kBAwDO8wpujnRfn3fmYteacbGYf/sD5/AEk/o9G</latexit>

L0 = �2p : hs multiplet 
<latexit sha1_base64="1TFK3C0WlC7Fvz3HNSpYso7y6wY=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0WoUEtSRAU3RTcuK9gHpCFMppN26GQSZiZCCV278VfcuFDErV/gzr9x0mahrWe4cDjnXu7c48eMSmVZ30ZhaXllda24XtrY3NreMXf32jJKBCYtHLFIdH0kCaOctBRVjHRjQVDoM9LxRzeZ33kgQtKI36txTNwQDTgNKEZKS5552PPpgFXiU7uq6wo6VlU/N1PFiZfW44lnlq2aNQVcJHZOyiBH0zO/ev0IJyHhCjMkpWNbsXJTJBTFjExKvUSSGOERGhBHU45CIt10esoEHmulD4NI6OIKTtXfEykKpRyHvu4MkRrKeS8T//OcRAWXbkp5nCjC8WxRkDCoIpjlAvtUEKzYWBOEBdV/hXiIBMJKp1fSIdjzJy+Sdr1mn9fqd2flxnUeRxEcgCNQATa4AA1wC5qgBTB4BM/gFbwZT8aL8W58zFoLRj6zD/7A+PwBG0qYAw==</latexit>�
p� 1, p� 1; [0, 0, 0]

�
2p

generated from hwv  

<latexit sha1_base64="uZJNKrZnC/Q9Ip1SwQgZJ/DGUEw="></latexit>

|Ki = ( †
1) 1

2
( †

2) 1
2
 3

1
2
 4

1
2
|0i2 ⇠ Sa

1S
b
1 |0i2

[MRG, Gopakumar ’21]

<latexit sha1_base64="FHTOhNfhi0udHWoIPXVeAfsXXlU="></latexit>

2p�2Y

i=1

(µ†
↵i
) 1

2
µ↵̇i

1
2
|Ki =

2p�2Y
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S↵i↵̇i
1 |Ki



Explicit states

 w=3: structure is quite complicated…
[MRG, Gopakumar ’21]

but we have enumerated the low-lying states

and compared to the N=4 SYM spectrum

(for            )

<latexit sha1_base64="VVfz4N9qGkwXPNFNpMubakEwNyc=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lKUY9FPXisYGuhCWGznbRLN5u4uymU0H/ixYMiXv0n3vw3btsctPXBwOO9GWbmhSlnSjvOt1VaW9/Y3CpvV3Z29/YP7MOjjkoySaFNE57IbkgUcCagrZnm0E0lkDjk8BiObmb+4xikYol40JMU/JgMBIsYJdpIgW3nHiUc304Dx+PwhBuBXXVqzhx4lbgFqaICrcD+8voJzWIQmnKiVM91Uu3nRGpGOUwrXqYgJXREBtAzVJAYlJ/PL5/iM6P0cZRIU0Ljufp7IiexUpM4NJ0x0UO17M3E/7xepqMrP2cizTQIulgUZRzrBM9iwH0mgWo+MYRQycytmA6JJFSbsComBHf55VXSqdfci1r9vlFtXhdxlNEJOkXnyEWXqInuUAu1EUVj9Ixe0ZuVWy/Wu/WxaC1Zxcwx+gPr8wcz1JK7</latexit>D0  4

and answer reproduces intricate 

spectrum of BPS & non-BPS 

                multiplets.

<latexit sha1_base64="y1S5YTgMJQd6yFOGJWZQ6by8hys=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiVJCShKIui25cVrAPaEOZTCft0MmDmYlQ0i78FTcuFHHrb7jzb5y0WWj1wMDhnHu5Z44XcyaVZX0ZhZXVtfWN4mZpa3tnd8/cP2jJKBGENknEI9HxsKSchbSpmOK0EwuKA4/Ttje+yfz2AxWSReG9msTUDfAwZD4jWGmpbx71AqxGvsDjNJbJrOKcO9PaGeqbZatqzYH+EjsnZcjR6JufvUFEkoCGinAsZde2YuWmWChGOJ2VeomkMSZjPKRdTUMcUOmm8/wzdKqVAfIjoV+o0Fz9uZHiQMpJ4OnJLK1c9jLxP6+bKP/KTVkYJ4qGZHHITzhSEcrKQAMmKFF8ogkmgumsiIywwETpykq6BHv5y39Jy6naF1XnrlauX+d1FOEYTqACNlxCHW6hAU0gMIUneIFX49F4Nt6M98Vowch3DuEXjI9vrriVOQ==</latexit>

psu(2, 2|4)

∆ (j, ̄) SU(4) O
2 (0,0) [0,0,0]+[0,2,0]=1+20 Trφ((i1φi2))

3 (0,0) [0,1,0]+[0,3,0]=6+50 Trφ((i1φi2φi3))

(0,0) [0,0,2]+[0,0,2]=10s+10c Trφ[i1φi2φi3 ]

(0,0) [2,0,0]+[0,0,2]=10s+10c Trλ(A
α λB)α + h.c.

(1,0) [0,1,0]=6 TrFαβ φ
i

(1,0) [0,1,0]= 6 Trλ[A
(αλ

B]
β)

(12 ,
1
2 )

∗ [1,0,1]=15 Trφ[i1∂µφ
i2 ]

(12 ,
1
2 )

∗ [0,0,0]+[1,0,1]=1+15 TrλA
α λ̄β̇B

4 (0,0) [0,0,0]+[0,2,0]+[0,4,0]= 1+20+105 Trφ((i1φi2φi3φi4))

(0,0) [0,0,0]+[0,2,0]+[2,0,2]= 1+20+84 Trφ[i1φ((i2]φ[i3))φi4]

(0,0) [1,0,1]+[0,1,2]+[2,1,0]= 15+45s+45c Trφ[i1φi2φ((i3]φi4))

(0,0) 2([000]+[1,0,1]+[0,2,0]) =2(1+15+20) Trλ[A
α λB]αφi + h.c.

(0,0) [1,0,1]+[0,1,2]+[2,1,0]=2·15+45s+45c Trλ(A
α λB)αφi + h.c.

(0,0) 2[0,0,0]= 2·1 TrF 2,TrFF̃

(1,0) [000]+[1,0,1]+[0,2,0]=1+15+20 Trλ[A
(αλ

B]
β)φ

i

(1,0) [1,0,1]+[2,1,0] = 15+45s Trλ(A
(αλ

B)
β) φ

i

(1,0) [0,0,0]+[1,0,1]+[0,2,0]= 1+15+20 TrFαβ φ
i1φi2

(12 ,
1
2 ) 2[1,1,1]+2[0,1,0]= 2·6+2·64 Tr ∂µφ((i1φ[i2))φi3]

(12 ,
1
2 ) 4[010]+2[0,0,2]+2[2,0,0]+2[1,1,1] TrλA

α λ̄β̇Bφ
i,TrλA

αφ
iλ̄β̇B

=4·6+2·10s+2·10c+ 2·64
(32 ,

1
2 )

∗ [2,0,0] =10s Trλ(A
(α∂α̇βλ

B)
γ)

(32 ,
1
2 )

∗ [0,1,0] =6 Tr ∂α̇(γFαβ)φ
i

(2,0) [0,0,0]= 1 TrF(αβFγδ)

(1, 1)∗ [0,0,0]= 1 TrFαβFα̇β̇

(1, 1)∗ [0,0,0]+[0,2,0]=1+20 Tr ∂(µφ
((i1 ∂ν) φ

i2))

(1, 1)∗ [0,0,0]+[1,0,1]=1+15 TrλA
(α∂β)(β̇λ̄α̇)B

Table 3: N=4 SYM at λ = 0. Brackets denote antisymmetrization. Parentheses denote complete

symmetrization when traces cannot appear. Double parentheses denote complete symmetriza-

tion not excluding traces.

as always traces are understood. For instance, the multiplicities of states of the form
φ1φ1φ1, φ1φ1φ2, φ1φ2φ3 in the left hand side of (4.10) are 1, 1, 2 respectively determining

the right hand side. This can be confirmed by counting the number of cyclic words of the
corresponding type. In a similar way one can work out the other cases. The final output

for single-trace operators with ∆0 ≤ 4 is given in table 3. In building table 3 we omit
total derivatives. In addition we discard terms containing ∂2 φi, ∂/ λA, ∂/ λ̄A, ∂µ Fµν , or
∂µ F̃µν , which vanish along the ’free’ field equations or after imposing Bianchi identities.

In particular, the equations of motion imply the conservation of all s = 1 currents at
∆ = 3 and s = 2 tensors at ∆ = 4. Special cases of this are the SO(6) current at ∆ = 3

and the stress energy tensor at ∆ = 4 realized in supergravity which are the only currents
whose conservation survives quantum corrections.
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from [Bianchi, Morales, Samtleben, ’03]



Physical states for AdS3

As a consistency check we have also imposed this 

wedge construction in the case of         .  

reproduces a subset of `compactification independent’

states, e.g. the BPS state is the `upper’ BPS state 

in the (w-1)-cycle twisted sector 

<latexit sha1_base64="kZGh2pEu1RTLQ9Dgg/n7h2VsUDo="></latexit>
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|BPSloweri(w�1)
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[MRG, Gopakumar ’21]
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AdS3

zero’th cohomology of 4d

manifold

see e.g. [David et.al. ’02]


