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Dualities

Consider an EFT weakly coupled to Einstein gravity with a moduli space 
parametrized by the vevs of scalar fields    :
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In string theory compactifications, different regions of the moduli space 
are described by different perturbative descriptions related by dualities
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Dualities

Consider an EFT weakly coupled to Einstein gravity with a moduli space 
parametrized by the vevs of scalar fields    :

field metric
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In string theory compactifications, different regions of the moduli space 
are described by different perturbative descriptions related by dualities

e.g. string modes, KK states…
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Dualities

Consider an EFT weakly coupled to Einstein gravity with a moduli space 
parametrized by the vevs of scalar fields    :
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Distance Conjecture:  There should be an infinite tower of states 
becoming exponentially light (in Planck units) when approaching any 

infinite field distance boundary of the field space [Ooguri-Vafa’06]
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e.g. string modes, KK states…
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It gives information about when and how Einstein gravity breaks down, 
and a quantum gravity description takes over
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Consider an EFT weakly coupled to Einstein gravity with a moduli space 
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In AdS backgrounds, it gets translated to a CFT statement that we can 
aim to prove (or disprove) universally

Is it a quantum gravity constraint or a string lamppost effect?
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infinite tower of primary operators saturating the unitarity bound at 
every infinite distance limit measured by Zamolodchikov metric, such that
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For d=2 [Kontsevich-Soibelman’00, Archarya-Douglas’06]

For d>2: [Perlmutter,Rastelli,Vafa,IV’21] [Baume,Calderon-Infante’21]
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What do we gain by considering AdS/CFT?

Infinite distance Infinite tower

not proven yet

(supported by all 
known examples)

proven in

[Baume,Calderon-Infante’23]
[Ooguri,Wang’24]

for higher spin gap in d>2
for scalar gap in d=2

CFT DISTANCE CONJECTURE

It works in all known examples (even non-holographic CFTs)

More universal than expected!

no large N, no large gap

(non-Einstein gravity)
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2) Use Swampland insights to uncover new things about CFTs

This talk:  Beginning of a classification of infinite distance 
limits in 4d conformal manifolds

CFT DISTANCE CONJECTURE

What do we gain by considering AdS/CFT?

leads to tensionless limits of different 
(non-)critical string backgrounds

classification of free strings
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What is the microscopic (gravitational) nature of the leading tower of states?

Flat space AdS space

Scalar operators in d=2

Higher spin operators in d=4

In this talk we will focus on CFTs with d=4

 What do the higher spin operators correspond to in the bulk?


Are they always associated to the critical string or more exotic objects?

(the only known examples of d>2 non-compact 
conformal manifolds occur in 4d SCFTs)

(see though [Bobev et al’23] for d=3 candidates)
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<latexit sha1_base64="wDRSyiawEssq94E70nrid1h9ECc=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5JIUU9S8OKxgv2AJpTNdtMu3WzC7kQNoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMCxLBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqR8epoqxNYxGrXkA0E1yyNnAQrJcoRqJAsG4wuZn53QemNI/lPWQJ8yMykjzklICRBnbVU3w0BqJU/Ig9LkPIBnbNqTtz4FXiFqSGCrQG9pc3jGkaMQlUEK37rpOAnxMFnAo2rXipZgmhEzJifUMliZj28/ntU3xqlCEOY2VKAp6rvydyEmmdRYHpjAiM9bI3E//z+imEV37OZZICk3SxKEwFhhjPgsBDrhgFkRlCqOLmVkzHRBEKJq6KCcFdfnmVdM7r7kW9cdeoNa+LOMroGJ2gM+SiS9REt6iF2oiiJ/SMXtGbNbVerHfrY9FasoqZI/QH1ucPaqiUrw==</latexit>! 1
<latexit sha1_base64="5W9Xce2XIwqh2eCrNPT4asVIc7U="></latexit>

d(⌧, ⌧ 0) =

Z
p
g⌧⌧̄ = � log(Im⌧)

Marginal coupling:

<latexit sha1_base64="TSkeyYzNym/FVUATsv1mLFT2Kno=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHgRKtgPSUPZbLft0k027E6EEvozvHhQxKu/xpv/xm2bg7Y+GHi8N8PMvDCRwqDrfjuFldW19Y3iZmlre2d3r7x/0DQq1Yw3mJJKt0NquBQxb6BAyduJ5jQKJW+Fo5up33ri2ggVP+A44UFEB7HoC0bRSv6gmz3eTTpSEq9brrhVdwayTLycVCBHvVv+6vQUSyMeI5PUGN9zEwwyqlEwySelTmp4QtmIDrhvaUwjboJsdvKEnFilR/pK24qRzNTfExmNjBlHoe2MKA7NojcV//P8FPtXQSbiJEUes/mifioJKjL9n/SE5gzl2BLKtLC3EjakmjK0KZVsCN7iy8ukeVb1Lqrn9+eV2nUeRxGO4BhOwYNLqMEt1KEBDBQ8wyu8Oei8OO/Ox7y14OQzh/AHzucPpnGQ1g==</latexit>

gYM ⌧ 1As :

�2 = 24 dimG

�J ⇠ f(J)g2YM ⇠ f(J) exp

✓
�d(⌧, ⌧ 0)

�

◆

gauge group getting free

<latexit sha1_base64="TSkeyYzNym/FVUATsv1mLFT2Kno=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHgRKtgPSUPZbLft0k027E6EEvozvHhQxKu/xpv/xm2bg7Y+GHi8N8PMvDCRwqDrfjuFldW19Y3iZmlre2d3r7x/0DQq1Yw3mJJKt0NquBQxb6BAyduJ5jQKJW+Fo5up33ri2ggVP+A44UFEB7HoC0bRSv6gmz3eTTpSEq9brrhVdwayTLycVCBHvVv+6vQUSyMeI5PUGN9zEwwyqlEwySelTmp4QtmIDrhvaUwjboJsdvKEnFilR/pK24qRzNTfExmNjBlHoe2MKA7NojcV//P8FPtXQSbiJEUes/mifioJKjL9n/SE5gzl2BLKtLC3EjakmjK0KZVsCN7iy8ukeVb1Lqrn9+eV2nUeRxGO4BhOwYNLqMEt1KEBDBQ8wyu8Oei8OO/Ox7y14OQzh/AHzucPpnGQ1g==</latexit>

gYM ⌧ 1As :

<latexit sha1_base64="Z+24Jnzrm+kiGE1Eno0p54CFYrQ=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUE8S8OIxgnlAsoTZyWwyZHZ2nemNhJDv8OJBEa9+jDf/xkmyB00saCiquunuChIpDLrut5NbW9/Y3MpvF3Z29/YPiodHDROnmvE6i2WsWwE1XArF6yhQ8laiOY0CyZvB8HbmN0dcGxGrBxwn3I9oX4lQMIpW8jta9AdItY6fiNstltyyOwdZJV5GSpCh1i1+dXoxSyOukElqTNtzE/QnVKNgkk8LndTwhLIh7fO2pYpG3PiT+dFTcmaVHgljbUshmau/JyY0MmYcBbYzojgwy95M/M9rpxhe+xOhkhS5YotFYSoJxmSWAOkJzRnKsSWUaWFvJWxANWVocyrYELzll1dJ46LsXZYr95VS9SaLIw8ncArn4MEVVOEOalAHBo/wDK/w5oycF+fd+Vi05pxs5hj+wPn8AZEgkfY=</latexit>! 0

as Im⌧ ! 1

Higher Spin symmetry

[Maldacena,Zhiboedov’11]

(infinite tower of HS operators 
saturating unitarity bound)

<latexit sha1_base64="BCLe7yGK4uBiGw++LOVhskH9dD8=">AAACCnicbVDLSgMxFM3UV62vqks30SJUpGWmFHWjFHQhXVWwD+iUkklv29BkZkwyhVK6duOvuHGhiFu/wJ1/Y/pYaOuBCyfn3EvuPV7ImdK2/W3FlpZXVtfi64mNza3tneTuXkUFkaRQpgEPZM0jCjjzoayZ5lALJRDhcah6veuxX+2DVCzw7/UghIYgHZ+1GSXaSM3kodshQpBm0YWHiPXdG+DavDLpViZ3Wjy5xHYzmbKz9gR4kTgzkkIzlJrJL7cV0EiAryknStUdO9SNIZGaUQ6jhBspCAntkQ7UDfWJANUYTk4Z4WOjtHA7kKZ8jSfq74khEUoNhGc6BdFdNe+Nxf+8eqTbF40h88NIg0+nH7UjjnWAx7ngFpNANR8YQqhkZldMu0QSqk16CROCM3/yIqnkss5ZNn+XTxWuZnHE0QE6QmnkoHNUQLeohMqIokf0jF7Rm/VkvVjv1se0NWbNZvbRH1ifP1ubmLo=</latexit>

�J ⌘ �J � (d� 2 + J) = 0

CLASSIFICATION OF LIMITS IN 4d SCFTs



[Perlmutter,Rastelli,Vafa,IV’21]If there is a weakly coupled AdS dual (large N), it implies:

↵ =

r
2c

dimG

Tower of higher spin fields in the bulk dual becoming light as:

gauge group getting free

central charge

<latexit sha1_base64="s4qkv1oUu4+eaxo+BNAqfdbDs1I=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pmO2mXbjZhdyOW0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++xGV5rF8MJME/YgOJQ85o8ZK7R4+2R26X664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj93Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+50MuEJmxMQSyhS3txI2oooyYxMq2RC85ZdXSeui6l1Wa/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZjeIZXeHMS58V5dz4WrQUnnzmGP3A+fwCeWo/B</latexit>

9

CLASSIFICATION OF LIMITS IN 4d SCFTs

<latexit sha1_base64="fIRfDBSa6WTAFVL8Qlm7prvguLc=">AAACCXicbVDJSgNBEO1xjXGLevTSGAQvhhkR9SSCHrwIEcwCmRhqOpWkSfdM090jhCFXL/6KFw+KePUPvPk3dpaD24OCx3tVVNWLlODG+v6nNzM7N7+wmFvKL6+srq0XNjarJkk1wwpLRKLrERgUPMaK5VZgXWkEGQmsRf3zkV+7Q214Et/YgcKmhG7MO5yBdVKrQGVouKRXLUXxNtsPQage0PAChYVQ9fiwVSj6JX8M+pcEU1IkU5RbhY+wnbBUYmyZAGMaga9sMwNtORM4zIepQQWsD11sOBqDRNPMxp8M6a5T2rSTaFexpWP1+0QG0piBjFynBNszv72R+J/XSG3npJnxWKUWYzZZ1EkFtQkdxULbXCOzYuAIMM3drZT1QAOzLry8CyH4/fJfUj0oBUelw+vD4tnpNI4c2SY7ZI8E5JickUtSJhXCyD15JM/kxXvwnrxX723SOuNNZ7bID3jvX6DCmas=</latexit>

m ⇠ Mpe
�↵�� with



[Perlmutter,Rastelli,Vafa,IV’21]If there is a weakly coupled AdS dual (large N), it implies:

↵ =

r
2c

dimG

Tower of higher spin fields in the bulk dual becoming light as:

gauge group getting free

central charge

<latexit sha1_base64="s4qkv1oUu4+eaxo+BNAqfdbDs1I=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pmO2mXbjZhdyOW0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++xGV5rF8MJME/YgOJQ85o8ZK7R4+2R26X664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj93Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+50MuEJmxMQSyhS3txI2oooyYxMq2RC85ZdXSeui6l1Wa/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZjeIZXeHMS58V5dz4WrQUnnzmGP3A+fwCeWo/B</latexit>

9

CLASSIFICATION OF LIMITS IN 4d SCFTs

<latexit sha1_base64="fIRfDBSa6WTAFVL8Qlm7prvguLc=">AAACCXicbVDJSgNBEO1xjXGLevTSGAQvhhkR9SSCHrwIEcwCmRhqOpWkSfdM090jhCFXL/6KFw+KePUPvPk3dpaD24OCx3tVVNWLlODG+v6nNzM7N7+wmFvKL6+srq0XNjarJkk1wwpLRKLrERgUPMaK5VZgXWkEGQmsRf3zkV+7Q214Et/YgcKmhG7MO5yBdVKrQGVouKRXLUXxNtsPQage0PAChYVQ9fiwVSj6JX8M+pcEU1IkU5RbhY+wnbBUYmyZAGMaga9sMwNtORM4zIepQQWsD11sOBqDRNPMxp8M6a5T2rSTaFexpWP1+0QG0piBjFynBNszv72R+J/XSG3npJnxWKUWYzZZ1EkFtQkdxULbXCOzYuAIMM3drZT1QAOzLry8CyH4/fJfUj0oBUelw+vD4tnpNI4c2SY7ZI8E5JickUtSJhXCyD15JM/kxXvwnrxX723SOuNNZ7bID3jvX6DCmas=</latexit>

m ⇠ Mpe
�↵�� with

� 1p
3

� 1

2

for 4d N=2

for 4d N=1

Lower bound for the exponential rate     !↵



Consider

EXAMPLE

<latexit sha1_base64="fLXc/p5xzS7JDoJvRe19yT8EFsQ=">AAACBHicbVDLSsNAFJ3UV62vqMtugkVwVROpj5VUCuKyYl/QhjCZTNuhkwczN2IJWbjxV9y4UMStH+HOv3HaZqGtBy6cOede5t7jRpxJMM1vLbe0vLK6ll8vbGxube/ou3stGcaC0CYJeSg6LpaUs4A2gQGnnUhQ7Luctt1RbeK376mQLAwaMI6o7eNBwPqMYFCSoxd7QB8gufLuUic5TY9nz9p1I3Uqjl4yy+YUxiKxMlJCGeqO/tXzQhL7NADCsZRdy4zATrAARjhNC71Y0giTER7QrqIB9qm0k+kRqXGoFM/oh0JVAMZU/T2RYF/Kse+qTh/DUM57E/E/rxtD/8JOWBDFQAMy+6gfcwNCY5KI4TFBCfCxIpgIpnY1yBALTEDlVlAhWPMnL5LWSdk6K1duK6XqZRZHHhXRATpCFjpHVXSD6qiJCHpEz+gVvWlP2ov2rn3MWnNaNrOP/kD7/AGht5gT</latexit>

AdS5/CFT4
<latexit sha1_base64="vjJ5xANEXtDdufExaYgMkLg10Ms=">AAACA3icbVDLSgNBEJyNrxhfUW96GQyCp7ArQb0oAS9elIjmIdklzE5mkyGzs8tMrxiWgBd/xYsHRbz6E978GyePgyYWNBRV3XR3+bHgGmz728rMzS8sLmWXcyura+sb+c2tmo4SRVmVRiJSDZ9oJrhkVeAgWCNWjIS+YHW/dz706/dMaR7JW+jHzAtJR/KAUwJGauV33JBAlxKRXg1OSy52gT1Aim/uLgetfMEu2iPgWeJMSAFNUGnlv9x2RJOQSaCCaN107Bi8lCjgVLBBzk00iwntkQ5rGipJyLSXjn4Y4H2jtHEQKVMS8Ej9PZGSUOt+6JvO4cV62huK/3nNBIITL+UyToBJOl4UJAJDhIeB4DZXjILoG0Ko4uZWTLtEEQomtpwJwZl+eZbUDovOUbF0XSqUzyZxZNEu2kMHyEHHqIwuUAVVEUWP6Bm9ojfryXqx3q2PcWvGmsxsoz+wPn8AUm+XTw==</latexit>

N = 4 SYM



Consider

EXAMPLE

<latexit sha1_base64="fLXc/p5xzS7JDoJvRe19yT8EFsQ=">AAACBHicbVDLSsNAFJ3UV62vqMtugkVwVROpj5VUCuKyYl/QhjCZTNuhkwczN2IJWbjxV9y4UMStH+HOv3HaZqGtBy6cOede5t7jRpxJMM1vLbe0vLK6ll8vbGxube/ou3stGcaC0CYJeSg6LpaUs4A2gQGnnUhQ7Luctt1RbeK376mQLAwaMI6o7eNBwPqMYFCSoxd7QB8gufLuUic5TY9nz9p1I3Uqjl4yy+YUxiKxMlJCGeqO/tXzQhL7NADCsZRdy4zATrAARjhNC71Y0giTER7QrqIB9qm0k+kRqXGoFM/oh0JVAMZU/T2RYF/Kse+qTh/DUM57E/E/rxtD/8JOWBDFQAMy+6gfcwNCY5KI4TFBCfCxIpgIpnY1yBALTEDlVlAhWPMnL5LWSdk6K1duK6XqZRZHHhXRATpCFjpHVXSD6qiJCHpEz+gVvWlP2ov2rn3MWnNaNrOP/kD7/AGht5gT</latexit>

AdS5/CFT4
<latexit sha1_base64="vjJ5xANEXtDdufExaYgMkLg10Ms=">AAACA3icbVDLSgNBEJyNrxhfUW96GQyCp7ArQb0oAS9elIjmIdklzE5mkyGzs8tMrxiWgBd/xYsHRbz6E978GyePgyYWNBRV3XR3+bHgGmz728rMzS8sLmWXcyura+sb+c2tmo4SRVmVRiJSDZ9oJrhkVeAgWCNWjIS+YHW/dz706/dMaR7JW+jHzAtJR/KAUwJGauV33JBAlxKRXg1OSy52gT1Aim/uLgetfMEu2iPgWeJMSAFNUGnlv9x2RJOQSaCCaN107Bi8lCjgVLBBzk00iwntkQ5rGipJyLSXjn4Y4H2jtHEQKVMS8Ej9PZGSUOt+6JvO4cV62huK/3nNBIITL+UyToBJOl4UJAJDhIeB4DZXjILoG0Ko4uZWTLtEEQomtpwJwZl+eZbUDovOUbF0XSqUzyZxZNEu2kMHyEHHqIwuUAVVEUWP6Bm9ojfryXqx3q2PcWvGmsxsoz+wPn8AUm+XTw==</latexit>

N = 4 SYM
<latexit sha1_base64="q9RL2uWI/JtJB2fPdKiT/fGWOJU=">AAACHnicbZDLSgMxFIYz9VbrbdSlm2ARXJWZUi8bpSCIm0KF3qBTh0yaaUMzkyHJKGWYJ3Hjq7hxoYjgSt/GtJ2Ftv4Q+POdc0jO70WMSmVZ30ZuaXlldS2/XtjY3NreMXf3WpLHApMm5oyLjockYTQkTUUVI51IEBR4jLS90dWk3r4nQlIeNtQ4Ir0ADULqU4yURq554vgC4aThJtd2miY1N7orpxczWHOlvmTMEXQwVEgI/gAt1yxaJWsquGjszBRBprprfjp9juOAhAozJGXXtiLVS5BQFDOSFpxYkgjhERqQrrYhCojsJdP1UnikSR/6XOgTKjilvycSFEg5DjzdGSA1lPO1Cfyv1o2Vf95LaBjFioR49pAfM6g4nGQF+1QQrNhYG4QF1X+FeIh0NEonWtAh2PMrL5pWuWSfliq3lWL1MosjDw7AITgGNjgDVXAD6qAJMHgEz+AVvBlPxovxbnzMWnNGNrMP/sj4+gHbZ6Lt</latexit>

TF1

M2
p

=
M2

s

M2
p

! 0As we get
<latexit sha1_base64="qWwPt2ZT2UNZ1Ks14iHKW8rIuHs=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEV2WmFHWjFNy4ESrYh7TjkEnTaWgmGZKMUobixl9x40IRt36FO//GtJ2Fth64cDjnXu69J4gZVdpxvq3cwuLS8kp+tbC2vrG5ZW/vNJRIJCZ1LJiQrQApwigndU01I61YEhQFjDSDwcXYb94TqajgN3oYEy9CIac9ipE2km/vhX56ezW6K5+FvupIGvY1klI8QMe3i07JmQDOEzcjRZCh5ttfna7ASUS4xgwp1XadWHspkppiRkaFTqJIjPAAhaRtKEcRUV46eWEED43ShT0hTXENJ+rviRRFSg2jwHRGSPfVrDcW//Paie6deinlcaIJx9NFvYRBLeA4D9ilkmDNhoYgLKm5FeI+kghrk1rBhODOvjxPGuWSe1yqXFeK1fMsjjzYBwfgCLjgBFTBJaiBOsDgETyDV/BmPVkv1rv1MW3NWdnMLvgD6/MHybmXCQ==</latexit>

g2YM = gs ! 0



Consider

Weak coupling limit maps to the tensionless limit of the Type IIB string 
(higher spin tower maps to the oscillator string modes)

EXAMPLE

<latexit sha1_base64="fLXc/p5xzS7JDoJvRe19yT8EFsQ=">AAACBHicbVDLSsNAFJ3UV62vqMtugkVwVROpj5VUCuKyYl/QhjCZTNuhkwczN2IJWbjxV9y4UMStH+HOv3HaZqGtBy6cOede5t7jRpxJMM1vLbe0vLK6ll8vbGxube/ou3stGcaC0CYJeSg6LpaUs4A2gQGnnUhQ7Luctt1RbeK376mQLAwaMI6o7eNBwPqMYFCSoxd7QB8gufLuUic5TY9nz9p1I3Uqjl4yy+YUxiKxMlJCGeqO/tXzQhL7NADCsZRdy4zATrAARjhNC71Y0giTER7QrqIB9qm0k+kRqXGoFM/oh0JVAMZU/T2RYF/Kse+qTh/DUM57E/E/rxtD/8JOWBDFQAMy+6gfcwNCY5KI4TFBCfCxIpgIpnY1yBALTEDlVlAhWPMnL5LWSdk6K1duK6XqZRZHHhXRATpCFjpHVXSD6qiJCHpEz+gVvWlP2ov2rn3MWnNaNrOP/kD7/AGht5gT</latexit>

AdS5/CFT4
<latexit sha1_base64="vjJ5xANEXtDdufExaYgMkLg10Ms=">AAACA3icbVDLSgNBEJyNrxhfUW96GQyCp7ArQb0oAS9elIjmIdklzE5mkyGzs8tMrxiWgBd/xYsHRbz6E978GyePgyYWNBRV3XR3+bHgGmz728rMzS8sLmWXcyura+sb+c2tmo4SRVmVRiJSDZ9oJrhkVeAgWCNWjIS+YHW/dz706/dMaR7JW+jHzAtJR/KAUwJGauV33JBAlxKRXg1OSy52gT1Aim/uLgetfMEu2iPgWeJMSAFNUGnlv9x2RJOQSaCCaN107Bi8lCjgVLBBzk00iwntkQ5rGipJyLSXjn4Y4H2jtHEQKVMS8Ej9PZGSUOt+6JvO4cV62huK/3nNBIITL+UyToBJOl4UJAJDhIeB4DZXjILoG0Ko4uZWTLtEEQomtpwJwZl+eZbUDovOUbF0XSqUzyZxZNEu2kMHyEHHqIwuUAVVEUWP6Bm9ojfryXqx3q2PcWvGmsxsoz+wPn8AUm+XTw==</latexit>

N = 4 SYM
<latexit sha1_base64="q9RL2uWI/JtJB2fPdKiT/fGWOJU=">AAACHnicbZDLSgMxFIYz9VbrbdSlm2ARXJWZUi8bpSCIm0KF3qBTh0yaaUMzkyHJKGWYJ3Hjq7hxoYjgSt/GtJ2Ftv4Q+POdc0jO70WMSmVZ30ZuaXlldS2/XtjY3NreMXf3WpLHApMm5oyLjockYTQkTUUVI51IEBR4jLS90dWk3r4nQlIeNtQ4Ir0ADULqU4yURq554vgC4aThJtd2miY1N7orpxczWHOlvmTMEXQwVEgI/gAt1yxaJWsquGjszBRBprprfjp9juOAhAozJGXXtiLVS5BQFDOSFpxYkgjhERqQrrYhCojsJdP1UnikSR/6XOgTKjilvycSFEg5DjzdGSA1lPO1Cfyv1o2Vf95LaBjFioR49pAfM6g4nGQF+1QQrNhYG4QF1X+FeIh0NEonWtAh2PMrL5pWuWSfliq3lWL1MosjDw7AITgGNjgDVXAD6qAJMHgEz+AVvBlPxovxbnzMWnNGNrMP/sj4+gHbZ6Lt</latexit>

TF1

M2
p

=
M2

s

M2
p

! 0As we get
<latexit sha1_base64="qWwPt2ZT2UNZ1Ks14iHKW8rIuHs=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEV2WmFHWjFNy4ESrYh7TjkEnTaWgmGZKMUobixl9x40IRt36FO//GtJ2Fth64cDjnXu69J4gZVdpxvq3cwuLS8kp+tbC2vrG5ZW/vNJRIJCZ1LJiQrQApwigndU01I61YEhQFjDSDwcXYb94TqajgN3oYEy9CIac9ipE2km/vhX56ezW6K5+FvupIGvY1klI8QMe3i07JmQDOEzcjRZCh5ttfna7ASUS4xgwp1XadWHspkppiRkaFTqJIjPAAhaRtKEcRUV46eWEED43ShT0hTXENJ+rviRRFSg2jwHRGSPfVrDcW//Paie6deinlcaIJx9NFvYRBLeA4D9ilkmDNhoYgLKm5FeI+kghrk1rBhODOvjxPGuWSe1yqXFeK1fMsjjzYBwfgCLjgBFTBJaiBOsDgETyDV/BmPVkv1rv1MW3NWdnMLvgD6/MHybmXCQ==</latexit>

g2YM = gs ! 0



Consider

Weak coupling limit maps to the tensionless limit of the Type IIB string 
(higher spin tower maps to the oscillator string modes)

EXAMPLE

<latexit sha1_base64="fLXc/p5xzS7JDoJvRe19yT8EFsQ=">AAACBHicbVDLSsNAFJ3UV62vqMtugkVwVROpj5VUCuKyYl/QhjCZTNuhkwczN2IJWbjxV9y4UMStH+HOv3HaZqGtBy6cOede5t7jRpxJMM1vLbe0vLK6ll8vbGxube/ou3stGcaC0CYJeSg6LpaUs4A2gQGnnUhQ7Luctt1RbeK376mQLAwaMI6o7eNBwPqMYFCSoxd7QB8gufLuUic5TY9nz9p1I3Uqjl4yy+YUxiKxMlJCGeqO/tXzQhL7NADCsZRdy4zATrAARjhNC71Y0giTER7QrqIB9qm0k+kRqXGoFM/oh0JVAMZU/T2RYF/Kse+qTh/DUM57E/E/rxtD/8JOWBDFQAMy+6gfcwNCY5KI4TFBCfCxIpgIpnY1yBALTEDlVlAhWPMnL5LWSdk6K1duK6XqZRZHHhXRATpCFjpHVXSD6qiJCHpEz+gVvWlP2ov2rn3MWnNaNrOP/kD7/AGht5gT</latexit>

AdS5/CFT4
<latexit sha1_base64="vjJ5xANEXtDdufExaYgMkLg10Ms=">AAACA3icbVDLSgNBEJyNrxhfUW96GQyCp7ArQb0oAS9elIjmIdklzE5mkyGzs8tMrxiWgBd/xYsHRbz6E978GyePgyYWNBRV3XR3+bHgGmz728rMzS8sLmWXcyura+sb+c2tmo4SRVmVRiJSDZ9oJrhkVeAgWCNWjIS+YHW/dz706/dMaR7JW+jHzAtJR/KAUwJGauV33JBAlxKRXg1OSy52gT1Aim/uLgetfMEu2iPgWeJMSAFNUGnlv9x2RJOQSaCCaN107Bi8lCjgVLBBzk00iwntkQ5rGipJyLSXjn4Y4H2jtHEQKVMS8Ej9PZGSUOt+6JvO4cV62huK/3nNBIITL+UyToBJOl4UJAJDhIeB4DZXjILoG0Ko4uZWTLtEEQomtpwJwZl+eZbUDovOUbF0XSqUzyZxZNEu2kMHyEHHqIwuUAVVEUWP6Bm9ojfryXqx3q2PcWvGmsxsoz+wPn8AUm+XTw==</latexit>

N = 4 SYM

<latexit sha1_base64="mZmoWOUuXZPRPN+DFgovUwA3aoE="></latexit>

↵ =

r
2c

dimG
=

r
2N2/4

N2
=

1p
2

The exponential rate is 

<latexit sha1_base64="q9RL2uWI/JtJB2fPdKiT/fGWOJU=">AAACHnicbZDLSgMxFIYz9VbrbdSlm2ARXJWZUi8bpSCIm0KF3qBTh0yaaUMzkyHJKGWYJ3Hjq7hxoYjgSt/GtJ2Ftv4Q+POdc0jO70WMSmVZ30ZuaXlldS2/XtjY3NreMXf3WpLHApMm5oyLjockYTQkTUUVI51IEBR4jLS90dWk3r4nQlIeNtQ4Ir0ADULqU4yURq554vgC4aThJtd2miY1N7orpxczWHOlvmTMEXQwVEgI/gAt1yxaJWsquGjszBRBprprfjp9juOAhAozJGXXtiLVS5BQFDOSFpxYkgjhERqQrrYhCojsJdP1UnikSR/6XOgTKjilvycSFEg5DjzdGSA1lPO1Cfyv1o2Vf95LaBjFioR49pAfM6g4nGQF+1QQrNhYG4QF1X+FeIh0NEonWtAh2PMrL5pWuWSfliq3lWL1MosjDw7AITgGNjgDVXAD6qAJMHgEz+AVvBlPxovxbnzMWnNGNrMP/sj4+gHbZ6Lt</latexit>

TF1

M2
p

=
M2

s

M2
p

! 0As we get
<latexit sha1_base64="qWwPt2ZT2UNZ1Ks14iHKW8rIuHs=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEV2WmFHWjFNy4ESrYh7TjkEnTaWgmGZKMUobixl9x40IRt36FO//GtJ2Fth64cDjnXu69J4gZVdpxvq3cwuLS8kp+tbC2vrG5ZW/vNJRIJCZ1LJiQrQApwigndU01I61YEhQFjDSDwcXYb94TqajgN3oYEy9CIac9ipE2km/vhX56ezW6K5+FvupIGvY1klI8QMe3i07JmQDOEzcjRZCh5ttfna7ASUS4xgwp1XadWHspkppiRkaFTqJIjPAAhaRtKEcRUV46eWEED43ShT0hTXENJ+rviRRFSg2jwHRGSPfVrDcW//Paie6deinlcaIJx9NFvYRBLeA4D9ilkmDNhoYgLKm5FeI+kghrk1rBhODOvjxPGuWSe1yqXFeK1fMsjjzYBwfgCLjgBFTBJaiBOsDgETyDV/BmPVkv1rv1MW3NWdnMLvgD6/MHybmXCQ==</latexit>

g2YM = gs ! 0



Consider

Weak coupling limit maps to the tensionless limit of the Type IIB string 
(higher spin tower maps to the oscillator string modes)

EXAMPLE

<latexit sha1_base64="fLXc/p5xzS7JDoJvRe19yT8EFsQ=">AAACBHicbVDLSsNAFJ3UV62vqMtugkVwVROpj5VUCuKyYl/QhjCZTNuhkwczN2IJWbjxV9y4UMStH+HOv3HaZqGtBy6cOede5t7jRpxJMM1vLbe0vLK6ll8vbGxube/ou3stGcaC0CYJeSg6LpaUs4A2gQGnnUhQ7Luctt1RbeK376mQLAwaMI6o7eNBwPqMYFCSoxd7QB8gufLuUic5TY9nz9p1I3Uqjl4yy+YUxiKxMlJCGeqO/tXzQhL7NADCsZRdy4zATrAARjhNC71Y0giTER7QrqIB9qm0k+kRqXGoFM/oh0JVAMZU/T2RYF/Kse+qTh/DUM57E/E/rxtD/8JOWBDFQAMy+6gfcwNCY5KI4TFBCfCxIpgIpnY1yBALTEDlVlAhWPMnL5LWSdk6K1duK6XqZRZHHhXRATpCFjpHVXSD6qiJCHpEz+gVvWlP2ov2rn3MWnNaNrOP/kD7/AGht5gT</latexit>

AdS5/CFT4
<latexit sha1_base64="vjJ5xANEXtDdufExaYgMkLg10Ms=">AAACA3icbVDLSgNBEJyNrxhfUW96GQyCp7ArQb0oAS9elIjmIdklzE5mkyGzs8tMrxiWgBd/xYsHRbz6E978GyePgyYWNBRV3XR3+bHgGmz728rMzS8sLmWXcyura+sb+c2tmo4SRVmVRiJSDZ9oJrhkVeAgWCNWjIS+YHW/dz706/dMaR7JW+jHzAtJR/KAUwJGauV33JBAlxKRXg1OSy52gT1Aim/uLgetfMEu2iPgWeJMSAFNUGnlv9x2RJOQSaCCaN107Bi8lCjgVLBBzk00iwntkQ5rGipJyLSXjn4Y4H2jtHEQKVMS8Ej9PZGSUOt+6JvO4cV62huK/3nNBIITL+UyToBJOl4UJAJDhIeB4DZXjILoG0Ko4uZWTLtEEQomtpwJwZl+eZbUDovOUbF0XSqUzyZxZNEu2kMHyEHHqIwuUAVVEUWP6Bm9ojfryXqx3q2PcWvGmsxsoz+wPn8AUm+XTw==</latexit>

N = 4 SYM

<latexit sha1_base64="mZmoWOUuXZPRPN+DFgovUwA3aoE="></latexit>

↵ =

r
2c

dimG
=

r
2N2/4

N2
=

1p
2

The exponential rate is 

<latexit sha1_base64="q9RL2uWI/JtJB2fPdKiT/fGWOJU=">AAACHnicbZDLSgMxFIYz9VbrbdSlm2ARXJWZUi8bpSCIm0KF3qBTh0yaaUMzkyHJKGWYJ3Hjq7hxoYjgSt/GtJ2Ftv4Q+POdc0jO70WMSmVZ30ZuaXlldS2/XtjY3NreMXf3WpLHApMm5oyLjockYTQkTUUVI51IEBR4jLS90dWk3r4nQlIeNtQ4Ir0ADULqU4yURq554vgC4aThJtd2miY1N7orpxczWHOlvmTMEXQwVEgI/gAt1yxaJWsquGjszBRBprprfjp9juOAhAozJGXXtiLVS5BQFDOSFpxYkgjhERqQrrYhCojsJdP1UnikSR/6XOgTKjilvycSFEg5DjzdGSA1lPO1Cfyv1o2Vf95LaBjFioR49pAfM6g4nGQF+1QQrNhYG4QF1X+FeIh0NEonWtAh2PMrL5pWuWSfliq3lWL1MosjDw7AITgGNjgDVXAD6qAJMHgEz+AVvBlPxovxbnzMWnNGNrMP/sj4+gHbZ6Lt</latexit>

TF1

M2
p

=
M2

s

M2
p

! 0As we get
<latexit sha1_base64="qWwPt2ZT2UNZ1Ks14iHKW8rIuHs=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEV2WmFHWjFNy4ESrYh7TjkEnTaWgmGZKMUobixl9x40IRt36FO//GtJ2Fth64cDjnXu69J4gZVdpxvq3cwuLS8kp+tbC2vrG5ZW/vNJRIJCZ1LJiQrQApwigndU01I61YEhQFjDSDwcXYb94TqajgN3oYEy9CIac9ipE2km/vhX56ezW6K5+FvupIGvY1klI8QMe3i07JmQDOEzcjRZCh5ttfna7ASUS4xgwp1XadWHspkppiRkaFTqJIjPAAhaRtKEcRUV46eWEED43ShT0hTXENJ+rviRRFSg2jwHRGSPfVrDcW//Paie6deinlcaIJx9NFvYRBLeA4D9ilkmDNhoYgLKm5FeI+kghrk1rBhODOvjxPGuWSe1yqXFeK1fMsjjzYBwfgCLjgBFTBJaiBOsDgETyDV/BmPVkv1rv1MW3NWdnMLvgD6/MHybmXCQ==</latexit>

g2YM = gs ! 0

Comment:  This result is valid for
<latexit sha1_base64="rCYobhb/0H2/1mobZRZEXAZzAbQ=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclaQUdaMU3LhRKtiHNDFMJpN26CQTZiZKCd258VfcuFDErb/gzr9x2mahrQcGDuecy517/IRRqSzr25ibX1hcWi6sFFfX1jc2za3tpuSpwKSBOeOi7SNJGI1JQ1HFSDsRBEU+Iy2/fz7yW/dESMrjGzVIiBuhbkxDipHSkmfuOUyHA3Ta9bLby+Fd5coRtNtTSAj+AC3PLFllaww4S+yclECOumd+OQHHaURihRmSsmNbiXIzJBTFjAyLTipJgnAfdUlH0xhFRLrZ+I4hPNBKAEMu9IsVHKu/JzIUSTmIfJ2MkOrJaW8k/ud1UhWeuBmNk1SRGE8WhSmDisNRKTCggmDFBpogLKj+K8Q9JBBWurqiLsGePnmWNCtl+6hcva6Wamd5HQWwC/bBIbDBMaiBC1AHDYDBI3gGr+DNeDJejHfjYxKdM/KZHfAHxucPePiZDQ==</latexit>

� = g2YMN ! 0  but it can be connected to the

<latexit sha1_base64="ykV7UPCyYxHXiR64PRKUCR+ukCE=">AAACFXicbZDLSsNAFIZP6q3WW9Slm2ARXGhJalE3SkEXLivYCzSlTKaTduhkEmcmQgl5CTe+ihsXirgV3Pk2TtsstPWHgZ/vnMOZ83sRo1LZ9reRW1hcWl7JrxbW1jc2t8ztnYYMY4FJHYcsFC0PScIoJ3VFFSOtSBAUeIw0veHVuN58IELSkN+pUUQ6Aepz6lOMlEZd88hFLBqgC9cXCDuJK++FSq6Py2k6RYmTZvAkTbtm0S7ZE1nzxslMETLVuuaX2wtxHBCuMENSth07Up0ECUUxI2nBjSWJEB6iPmlry1FAZCeZXJVaB5r0LD8U+nFlTejviQQFUo4CT3cGSA3kbG0M/6u1Y+WfdxLKo1gRjqeL/JhZKrTGEVk9KghWbKQNwoLqv1p4gHQYSgdZ0CE4syfPm0a55JyWKreVYvUyiyMPe7APh+DAGVThBmpQBwyP8Ayv8GY8GS/Gu/Exbc0Z2cwu/JHx+QNSHJ+Q</latexit>

↵ =
1p

D � 2
=

1p
3

<latexit sha1_base64="1pcIgAFXPvR/EE0l0IVOj4uSous=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjOlqBul4MaNUsE+pFNLJs20oZnMkNxRytAPcOOvuHGhiFs/wJ1/Y9rOQlsPBA7nnMvNPV4kuAbb/rYyC4tLyyvZ1dza+sbmVn57p67DWFFWo6EIVdMjmgkuWQ04CNaMFCOBJ1jDG5yP/cY9U5qH8gaGEWsHpCe5zykBI3XyBVeYcJec9jrJ7eXornTlKt7rA1EqfMAulz4MTcou2hPgeeKkpIBSVDv5L7cb0jhgEqggWrccO4J2QhRwKtgo58aaRYQOSI+1DJUkYLqdTI4Z4QOjdLEfKvMk4In6eyIhgdbDwDPJgEBfz3pj8T+vFYN/0k64jGJgkk4X+bHAEOJxM7jLFaMghoYQqrj5K6Z9oggF01/OlODMnjxP6qWic1QsX5cLlbO0jizaQ/voEDnoGFXQBaqiGqLoET2jV/RmPVkv1rv1MY1mrHRmF/2B9fkD+tCblQ==</latexit>

� = g2YMN ! 1supergravity result (valid for ) using integrability results

Spin-off result: This can be used to 
provide an argument for the 

absence of AdS scale separation[Calderon-Infante,IV’24]



What about other 4d SCFTs?

CLASSIFICATION OF LIMITS IN 4d SCFTs

What are the possible values of the exponential rate?

What does the HS tower correspond to?



What about other 4d SCFTs?

CLASSIFICATION OF LIMITS IN 4d SCFTs

What are the possible values of the exponential rate?

What does the HS tower correspond to?

To start a classification, we first restrict our attention to 4d SCFTs 
with large N and a simple factor of the gauge group

only one gauge coupling



Full classification of 4d (Lagrangian) SCFTs with large N and simple factor for 
the gauge group [Bhardwaj,Tachikawa’13] [Razamat, Sabag, Zafrir’20]

1)

2)

3)

CLASSIFICATION OF LIMITS IN 4d SCFTs



Full classification of 4d (Lagrangian) SCFTs with large N and simple factor for 
the gauge group [Bhardwaj,Tachikawa’13] [Razamat, Sabag, Zafrir’20]

1)

2)

3)

<latexit sha1_base64="jbXcOVhw5AZY2GVEudI18ZjHSIk=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCp5KUol6UghePFewHNKVstpt26WYTdydCCcGLf8WLB0W8+iu8+W/ctjlo64OBx3szzMzzY8E1OM63tbS8srq2Xtgobm5t7+zae/tNHSWKsgaNRKTaPtFMcMkawEGwdqwYCX3BWv7oeuK3HpjSPJJ3MI5ZNyQDyQNOCRipZx96RMRDcukFitDUzVJP3ytIK1nWs0tO2ZkCLxI3JyWUo96zv7x+RJOQSaCCaN1xnRi6KVHAqWBZ0Us0iwkdkQHrGCpJyHQ3nb6Q4ROj9HEQKVMS8FT9PZGSUOtx6JvOkMBQz3sT8T+vk0Bw0U25jBNgks4WBYnAEOFJHrjPFaMgxoYQqri5FdMhMWGASa1oQnDnX14kzUrZPStXb6ul2lUeRwEdoWN0ilx0jmroBtVRA1H0iJ7RK3qznqwX6936mLUuWfnMAfoD6/MHzMmXsg==</latexit>

↵ =
1p
2

<latexit sha1_base64="Qy1C5OqwS+I09r1OxgoZ8CNeBE0=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KUYt0oBTcuK9gHNKFMppN26OThzEQoIeDGX3HjQhG3/oQ7/8Zpm4W2HrhwOOde7r3HizmTyrK+jcLK6tr6RnGztLW9s7tn7h+0ZZQIQlsk4pHoelhSzkLaUkxx2o0FxYHHaccbX0/9zgMVkkXhnZrE1A3wMGQ+I1hpqW8eOZjHI3zpyHuhUscXmKT1LLWrWdY3y1bFmgEtEzsnZcjR7JtfziAiSUBDRTiWsmdbsXJTLBQjnGYlJ5E0xmSMh7SnaYgDKt109kOGTrUyQH4kdIUKzdTfEykOpJwEnu4MsBrJRW8q/uf1EuVfuCkL40TRkMwX+QlHKkLTQNCACUoUn2iCiWD6VkRGWOegdGwlHYK9+PIyaVcr9nmldlsrN67yOIpwDCdwBjbUoQE30IQWEHiEZ3iFN+PJeDHejY95a8HIZw7hD4zPH1D7l/M=</latexit>

↵ =

r
7

12

<latexit sha1_base64="LejM9spQiygc5FtyrIxYizSccbM=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyWpRd0oBTcuK9gHNKHcTCft0MnDmYlQQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv997jxZxJZVnfRmFpeWV1rbhe2tjc2t4xd/daMkoEoU0S8Uh0PJCUs5A2FVOcdmJBIfA4bXuj64nffqBCsii8U+OYugEMQuYzAkpLPfPAAR4P4dKR90Klji+ApNUsPc2ynlm2KtYUeJHYOSmjHI2e+eX0I5IENFSEg5Rd24qVm4JQjHCalZxE0hjICAa0q2kIAZVuOn0hw8da6WM/ErpChafq74kUAinHgac7A1BDOe9NxP+8bqL8CzdlYZwoGpLZIj/hWEV4kgfuM0GJ4mNNgAimb8VkCDoGpVMr6RDs+ZcXSatasc8qtdtauX6Vx1FEh+gInSAbnaM6ukEN1EQEPaJn9IrejCfjxXg3PmatBSOf2Ud/YHz+ANHZl7Q=</latexit>

↵ =

r
2

3

CLASSIFICATION OF LIMITS IN 4d SCFTs



Considering all large N 4d SCFTs with simple gauge factor:

<latexit sha1_base64="jbXcOVhw5AZY2GVEudI18ZjHSIk=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCp5KUol6UghePFewHNKVstpt26WYTdydCCcGLf8WLB0W8+iu8+W/ctjlo64OBx3szzMzzY8E1OM63tbS8srq2Xtgobm5t7+zae/tNHSWKsgaNRKTaPtFMcMkawEGwdqwYCX3BWv7oeuK3HpjSPJJ3MI5ZNyQDyQNOCRipZx96RMRDcukFitDUzVJP3ytIK1nWs0tO2ZkCLxI3JyWUo96zv7x+RJOQSaCCaN1xnRi6KVHAqWBZ0Us0iwkdkQHrGCpJyHQ3nb6Q4ROj9HEQKVMS8FT9PZGSUOtx6JvOkMBQz3sT8T+vk0Bw0U25jBNgks4WBYnAEOFJHrjPFaMgxoYQqri5FdMhMWGASa1oQnDnX14kzUrZPStXb6ul2lUeRwEdoWN0ilx0jmroBtVRA1H0iJ7RK3qznqwX6936mLUuWfnMAfoD6/MHzMmXsg==</latexit>

↵ =
1p
2

<latexit sha1_base64="Qy1C5OqwS+I09r1OxgoZ8CNeBE0=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KUYt0oBTcuK9gHNKFMppN26OThzEQoIeDGX3HjQhG3/oQ7/8Zpm4W2HrhwOOde7r3HizmTyrK+jcLK6tr6RnGztLW9s7tn7h+0ZZQIQlsk4pHoelhSzkLaUkxx2o0FxYHHaccbX0/9zgMVkkXhnZrE1A3wMGQ+I1hpqW8eOZjHI3zpyHuhUscXmKT1LLWrWdY3y1bFmgEtEzsnZcjR7JtfziAiSUBDRTiWsmdbsXJTLBQjnGYlJ5E0xmSMh7SnaYgDKt109kOGTrUyQH4kdIUKzdTfEykOpJwEnu4MsBrJRW8q/uf1EuVfuCkL40TRkMwX+QlHKkLTQNCACUoUn2iCiWD6VkRGWOegdGwlHYK9+PIyaVcr9nmldlsrN67yOIpwDCdwBjbUoQE30IQWEHiEZ3iFN+PJeDHejY95a8HIZw7hD4zPH1D7l/M=</latexit>

↵ =

r
7

12
<latexit sha1_base64="LejM9spQiygc5FtyrIxYizSccbM=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyWpRd0oBTcuK9gHNKHcTCft0MnDmYlQQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv997jxZxJZVnfRmFpeWV1rbhe2tjc2t4xd/daMkoEoU0S8Uh0PJCUs5A2FVOcdmJBIfA4bXuj64nffqBCsii8U+OYugEMQuYzAkpLPfPAAR4P4dKR90Klji+ApNUsPc2ynlm2KtYUeJHYOSmjHI2e+eX0I5IENFSEg5Rd24qVm4JQjHCalZxE0hjICAa0q2kIAZVuOn0hw8da6WM/ErpChafq74kUAinHgac7A1BDOe9NxP+8bqL8CzdlYZwoGpLZIj/hWEV4kgfuM0GJ4mNNgAimb8VkCDoGpVMr6RDs+ZcXSatasc8qtdtauX6Vx1FEh+gInSAbnaM6ukEN1EQEPaJn9IrejCfjxXg3PmatBSOf2Ud/YHz+ANHZl7Q=</latexit>

↵ =

r
2

3

1)

2)

3)

We get only three values for the exponential rate of the HS tower!

THREE TYPES OF WEAK COUPLING LIMITS



Considering all large N 4d SCFTs with simple gauge factor:

<latexit sha1_base64="jbXcOVhw5AZY2GVEudI18ZjHSIk=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCp5KUol6UghePFewHNKVstpt26WYTdydCCcGLf8WLB0W8+iu8+W/ctjlo64OBx3szzMzzY8E1OM63tbS8srq2Xtgobm5t7+zae/tNHSWKsgaNRKTaPtFMcMkawEGwdqwYCX3BWv7oeuK3HpjSPJJ3MI5ZNyQDyQNOCRipZx96RMRDcukFitDUzVJP3ytIK1nWs0tO2ZkCLxI3JyWUo96zv7x+RJOQSaCCaN1xnRi6KVHAqWBZ0Us0iwkdkQHrGCpJyHQ3nb6Q4ROj9HEQKVMS8FT9PZGSUOtx6JvOkMBQz3sT8T+vk0Bw0U25jBNgks4WBYnAEOFJHrjPFaMgxoYQqri5FdMhMWGASa1oQnDnX14kzUrZPStXb6ul2lUeRwEdoWN0ilx0jmroBtVRA1H0iJ7RK3qznqwX6936mLUuWfnMAfoD6/MHzMmXsg==</latexit>
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<latexit sha1_base64="LejM9spQiygc5FtyrIxYizSccbM=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyWpRd0oBTcuK9gHNKHcTCft0MnDmYlQQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv997jxZxJZVnfRmFpeWV1rbhe2tjc2t4xd/daMkoEoU0S8Uh0PJCUs5A2FVOcdmJBIfA4bXuj64nffqBCsii8U+OYugEMQuYzAkpLPfPAAR4P4dKR90Klji+ApNUsPc2ynlm2KtYUeJHYOSmjHI2e+eX0I5IENFSEg5Rd24qVm4JQjHCalZxE0hjICAa0q2kIAZVuOn0hw8da6WM/ErpChafq74kUAinHgac7A1BDOe9NxP+8bqL8CzdlYZwoGpLZIj/hWEV4kgfuM0GJ4mNNgAimb8VkCDoGpVMr6RDs+ZcXSatasc8qtdtauX6Vx1FEh+gInSAbnaM6ukEN1EQEPaJn9IrejCfjxXg3PmatBSOf2Ud/YHz+ANHZl7Q=</latexit>
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We get only three values for the exponential rate of the HS tower!
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<latexit sha1_base64="t+i1o4ZqD4tSl3UxIt5mUnBWWNU=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL8EieLEmpagXpeDFYwX7AU0om+2mXbrZxN2JUEK8+Fe8eFDEq//Cm//GbZuDVh8MPN6bYWaeH3OmwLa/jMLC4tLySnG1tLa+sbllbu+0VJRIQpsk4pHs+FhRzgRtAgNOO7GkOPQ5bfujq4nfvqdSsUjcwjimXogHggWMYNBSz9y7cAOJSepkqavuJKQ1fEKOq1nWM8t2xZ7C+kucnJRRjkbP/HT7EUlCKoBwrFTXsWPwUiyBEU6zkpsoGmMywgPa1VTgkCovnX6QWYda6VtBJHUJsKbqz4kUh0qNQ193hhiGat6biP953QSCcy9lIk6ACjJbFCTcgsiaxGH1maQE+FgTTCTTt1pkiHUioEMr6RCc+Zf/kla14pxWaje1cv0yj6OI9tEBOkIOOkN1dI0aqIkIekBP6AW9Go/Gs/FmvM9aC0Y+s4t+wfj4BgJBlpo=</latexit>

=
1p

4a/c� 2
For overall weak coupling limits:

CFT central charges

THREE TYPES OF WEAK COUPLING LIMITS



Considering all large N 4d SCFTs with simple gauge factor:

<latexit sha1_base64="r3JoP9K2Fz/rG+ib5pcyyZS0xec=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEirpRCm5cVrAPaEKZTCft0MmDmRuxhLjxV9y4UMStf+HOv3HSZqGtZ3U4517uuceLBVdgWd9GaWl5ZXWtvF7Z2Nza3jF399oqSiRlLRqJSHY9opjgIWsBB8G6sWQk8ATreOPr3O/cM6l4FN7BJGZuQIYh9zkloKW+eeAAe4DUjyTOHF8SmpIspdml3TerVs2aAi8SuyBVVKDZN7+cQUSTgIVABVGqZ1sxuCmRwKlgWcVJFIsJHZMh62kakoApN51+kOFjrQxwnsKPQsBT9fdGSgKlJoGnJwMCIzXv5eJ/Xi8B/8JNeRgnwEI6O+QnAkOE8zrwgEtGQUw0IVRynRXTEdE9gC6tokuw519eJO3Tmn1Wq9/Wq42roo4yOkRH6ATZ6Bw10A1qohai6BE9o1f0ZjwZL8a78TEbLRnFzj76A+PzB/12lzo=</latexit>
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<latexit sha1_base64="0utrDn+X6LFSnVZzpkd9wGi5m8U=">AAACDXicbZC7TsNAEEXXPEN4GShpVgQkqsiGCGhAkWgog0QeUmxF6806WWX90O4YEVn+ARp+hYYChGjp6fgb1okLSJjq6N4Zzcz1YsEVWNa3sbC4tLyyWlorr29sbm2bO7stFSWSsiaNRCQ7HlFM8JA1gYNgnVgyEniCtb3Rde6375lUPArvYBwzNyCDkPucEtBSzzx0gD1A6kcSZ44vCU1JltLscsr2aZbataxnVqyqNSk8D3YBFVRUo2d+Of2IJgELgQqiVNe2YnBTIoFTwbKykygWEzoiA9bVGJKAKTedfJPhI630cX6RH4WAJ+rviZQESo0DT3cGBIZq1svF/7xuAv6Fm/IwToCFdLrITwSGCOfR4D6XjIIYayBUcn0rpkOicwAdYFmHYM++PA+tk6p9Vq3d1ir1qyKOEtpHB+gY2egc1dENaqAmougRPaNX9GY8GS/Gu/ExbV0wipk99KeMzx8c7Jwy</latexit>
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<latexit sha1_base64="2XZyrDuS2mJklJaYr1+60PVmUv4=">AAACC3icbZC7SgNBFIZn4y3G26qlzZAgWIVdCSaNErCxjGAukCxhdjKbDJm9MHNWDMv2Nr6KjYUitr6AnW/jbLKFJp7q4//P4Zzzu5HgCizr2yisrW9sbhW3Szu7e/sH5uFRR4WxpKxNQxHKnksUEzxgbeAgWC+SjPiuYF13ep353XsmFQ+DO5hFzPHJOOAepwS0NDTLA2APkHihxOnAk4QmJE1oerngepo00qFZsarWvPAq2DlUUF6tofk1GIU09lkAVBCl+rYVgZMQCZwKlpYGsWIRoVMyZn2NAfGZcpL5Lyk+1coIZ/d4YQB4rv6eSIiv1Mx3dadPYKKWvUz8z+vH4DWchAdRDCygi0VeLDCEOAsGj7hkFMRMA6GS61sxnRCdAuj4SjoEe/nlVeicV+2Lau22Vmle5XEU0QkqozNkozpqohvUQm1E0SN6Rq/ozXgyXox342PRWjDymWP0p4zPHy+Sm8Q=</latexit>
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<latexit sha1_base64="jbXcOVhw5AZY2GVEudI18ZjHSIk=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCp5KUol6UghePFewHNKVstpt26WYTdydCCcGLf8WLB0W8+iu8+W/ctjlo64OBx3szzMzzY8E1OM63tbS8srq2Xtgobm5t7+zae/tNHSWKsgaNRKTaPtFMcMkawEGwdqwYCX3BWv7oeuK3HpjSPJJ3MI5ZNyQDyQNOCRipZx96RMRDcukFitDUzVJP3ytIK1nWs0tO2ZkCLxI3JyWUo96zv7x+RJOQSaCCaN1xnRi6KVHAqWBZ0Us0iwkdkQHrGCpJyHQ3nb6Q4ROj9HEQKVMS8FT9PZGSUOtx6JvOkMBQz3sT8T+vk0Bw0U25jBNgks4WBYnAEOFJHrjPFaMgxoYQqri5FdMhMWGASa1oQnDnX14kzUrZPStXb6ul2lUeRwEdoWN0ilx0jmroBtVRA1H0iJ7RK3qznqwX6936mLUuWfnMAfoD6/MHzMmXsg==</latexit>
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<latexit sha1_base64="Qy1C5OqwS+I09r1OxgoZ8CNeBE0=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KUYt0oBTcuK9gHNKFMppN26OThzEQoIeDGX3HjQhG3/oQ7/8Zpm4W2HrhwOOde7r3HizmTyrK+jcLK6tr6RnGztLW9s7tn7h+0ZZQIQlsk4pHoelhSzkLaUkxx2o0FxYHHaccbX0/9zgMVkkXhnZrE1A3wMGQ+I1hpqW8eOZjHI3zpyHuhUscXmKT1LLWrWdY3y1bFmgEtEzsnZcjR7JtfziAiSUBDRTiWsmdbsXJTLBQjnGYlJ5E0xmSMh7SnaYgDKt109kOGTrUyQH4kdIUKzdTfEykOpJwEnu4MsBrJRW8q/uf1EuVfuCkL40TRkMwX+QlHKkLTQNCACUoUn2iCiWD6VkRGWOegdGwlHYK9+PIyaVcr9nmldlsrN67yOIpwDCdwBjbUoQE30IQWEHiEZ3iFN+PJeDHejY95a8HIZw7hD4zPH1D7l/M=</latexit>
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<latexit sha1_base64="LejM9spQiygc5FtyrIxYizSccbM=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyWpRd0oBTcuK9gHNKHcTCft0MnDmYlQQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv997jxZxJZVnfRmFpeWV1rbhe2tjc2t4xd/daMkoEoU0S8Uh0PJCUs5A2FVOcdmJBIfA4bXuj64nffqBCsii8U+OYugEMQuYzAkpLPfPAAR4P4dKR90Klji+ApNUsPc2ynlm2KtYUeJHYOSmjHI2e+eX0I5IENFSEg5Rd24qVm4JQjHCalZxE0hjICAa0q2kIAZVuOn0hw8da6WM/ErpChafq74kUAinHgac7A1BDOe9NxP+8bqL8CzdlYZwoGpLZIj/hWEV4kgfuM0GJ4mNNgAimb8VkCDoGpVMr6RDs+ZcXSatasc8qtdtauX6Vx1FEh+gInSAbnaM6ukEN1EQEPaJn9IrejCfjxXg3PmatBSOf2Ud/YHz+ANHZl7Q=</latexit>
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We get only three values for the exponential rate of the HS tower!
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<latexit sha1_base64="t+i1o4ZqD4tSl3UxIt5mUnBWWNU=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL8EieLEmpagXpeDFYwX7AU0om+2mXbrZxN2JUEK8+Fe8eFDEq//Cm//GbZuDVh8MPN6bYWaeH3OmwLa/jMLC4tLySnG1tLa+sbllbu+0VJRIQpsk4pHs+FhRzgRtAgNOO7GkOPQ5bfujq4nfvqdSsUjcwjimXogHggWMYNBSz9y7cAOJSepkqavuJKQ1fEKOq1nWM8t2xZ7C+kucnJRRjkbP/HT7EUlCKoBwrFTXsWPwUiyBEU6zkpsoGmMywgPa1VTgkCovnX6QWYda6VtBJHUJsKbqz4kUh0qNQ193hhiGat6biP953QSCcy9lIk6ACjJbFCTcgsiaxGH1maQE+FgTTCTTt1pkiHUioEMr6RCc+Zf/kla14pxWaje1cv0yj6OI9tEBOkIOOkN1dI0aqIkIekBP6AW9Go/Gs/FmvM9aC0Y+s4t+wfj4BgJBlpo=</latexit>

=
1p

4a/c� 2
For overall weak coupling limits:

CFT central charges

THREE TYPES OF WEAK COUPLING LIMITS



Considering all large N 4d SCFTs with simple gauge factor:

critical string in all Einstein theories
<latexit sha1_base64="r3JoP9K2Fz/rG+ib5pcyyZS0xec=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEirpRCm5cVrAPaEKZTCft0MmDmRuxhLjxV9y4UMStf+HOv3HSZqGtZ3U4517uuceLBVdgWd9GaWl5ZXWtvF7Z2Nza3jF399oqSiRlLRqJSHY9opjgIWsBB8G6sWQk8ATreOPr3O/cM6l4FN7BJGZuQIYh9zkloKW+eeAAe4DUjyTOHF8SmpIspdml3TerVs2aAi8SuyBVVKDZN7+cQUSTgIVABVGqZ1sxuCmRwKlgWcVJFIsJHZMh62kakoApN51+kOFjrQxwnsKPQsBT9fdGSgKlJoGnJwMCIzXv5eJ/Xi8B/8JNeRgnwEI6O+QnAkOE8zrwgEtGQUw0IVRynRXTEdE9gC6tokuw519eJO3Tmn1Wq9/Wq42roo4yOkRH6ATZ6Bw10A1qohai6BE9o1f0ZjwZL8a78TEbLRnFzj76A+PzB/12lzo=</latexit>

for
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c
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<latexit sha1_base64="0utrDn+X6LFSnVZzpkd9wGi5m8U=">AAACDXicbZC7TsNAEEXXPEN4GShpVgQkqsiGCGhAkWgog0QeUmxF6806WWX90O4YEVn+ARp+hYYChGjp6fgb1okLSJjq6N4Zzcz1YsEVWNa3sbC4tLyyWlorr29sbm2bO7stFSWSsiaNRCQ7HlFM8JA1gYNgnVgyEniCtb3Rde6375lUPArvYBwzNyCDkPucEtBSzzx0gD1A6kcSZ44vCU1JltLscsr2aZbataxnVqyqNSk8D3YBFVRUo2d+Of2IJgELgQqiVNe2YnBTIoFTwbKykygWEzoiA9bVGJKAKTedfJPhI630cX6RH4WAJ+rviZQESo0DT3cGBIZq1svF/7xuAv6Fm/IwToCFdLrITwSGCOfR4D6XjIIYayBUcn0rpkOicwAdYFmHYM++PA+tk6p9Vq3d1ir1qyKOEtpHB+gY2egc1dENaqAmougRPaNX9GY8GS/Gu/ExbV0wipk99KeMzx8c7Jwy</latexit>
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<latexit sha1_base64="2XZyrDuS2mJklJaYr1+60PVmUv4=">AAACC3icbZC7SgNBFIZn4y3G26qlzZAgWIVdCSaNErCxjGAukCxhdjKbDJm9MHNWDMv2Nr6KjYUitr6AnW/jbLKFJp7q4//P4Zzzu5HgCizr2yisrW9sbhW3Szu7e/sH5uFRR4WxpKxNQxHKnksUEzxgbeAgWC+SjPiuYF13ep353XsmFQ+DO5hFzPHJOOAepwS0NDTLA2APkHihxOnAk4QmJE1oerngepo00qFZsarWvPAq2DlUUF6tofk1GIU09lkAVBCl+rYVgZMQCZwKlpYGsWIRoVMyZn2NAfGZcpL5Lyk+1coIZ/d4YQB4rv6eSIiv1Mx3dadPYKKWvUz8z+vH4DWchAdRDCygi0VeLDCEOAsGj7hkFMRMA6GS61sxnRCdAuj4SjoEe/nlVeicV+2Lau22Vmle5XEU0QkqozNkozpqohvUQm1E0SN6Rq/ozXgyXox342PRWjDymWP0p4zPHy+Sm8Q=</latexit>
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<latexit sha1_base64="jbXcOVhw5AZY2GVEudI18ZjHSIk=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCp5KUol6UghePFewHNKVstpt26WYTdydCCcGLf8WLB0W8+iu8+W/ctjlo64OBx3szzMzzY8E1OM63tbS8srq2Xtgobm5t7+zae/tNHSWKsgaNRKTaPtFMcMkawEGwdqwYCX3BWv7oeuK3HpjSPJJ3MI5ZNyQDyQNOCRipZx96RMRDcukFitDUzVJP3ytIK1nWs0tO2ZkCLxI3JyWUo96zv7x+RJOQSaCCaN1xnRi6KVHAqWBZ0Us0iwkdkQHrGCpJyHQ3nb6Q4ROj9HEQKVMS8FT9PZGSUOtx6JvOkMBQz3sT8T+vk0Bw0U25jBNgks4WBYnAEOFJHrjPFaMgxoYQqri5FdMhMWGASa1oQnDnX14kzUrZPStXb6ul2lUeRwEdoWN0ilx0jmroBtVRA1H0iJ7RK3qznqwX6936mLUuWfnMAfoD6/MHzMmXsg==</latexit>
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<latexit sha1_base64="LejM9spQiygc5FtyrIxYizSccbM=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyWpRd0oBTcuK9gHNKHcTCft0MnDmYlQQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv997jxZxJZVnfRmFpeWV1rbhe2tjc2t4xd/daMkoEoU0S8Uh0PJCUs5A2FVOcdmJBIfA4bXuj64nffqBCsii8U+OYugEMQuYzAkpLPfPAAR4P4dKR90Klji+ApNUsPc2ynlm2KtYUeJHYOSmjHI2e+eX0I5IENFSEg5Rd24qVm4JQjHCalZxE0hjICAa0q2kIAZVuOn0hw8da6WM/ErpChafq74kUAinHgac7A1BDOe9NxP+8bqL8CzdlYZwoGpLZIj/hWEV4kgfuM0GJ4mNNgAimb8VkCDoGpVMr6RDs+ZcXSatasc8qtdtauX6Vx1FEh+gInSAbnaM6ukEN1EQEPaJn9IrejCfjxXg3PmatBSOf2Ud/YHz+ANHZl7Q=</latexit>

↵ =

r
2

3

1)

2)

3)

We get only three values for the exponential rate of the HS tower!
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<latexit sha1_base64="t+i1o4ZqD4tSl3UxIt5mUnBWWNU=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL8EieLEmpagXpeDFYwX7AU0om+2mXbrZxN2JUEK8+Fe8eFDEq//Cm//GbZuDVh8MPN6bYWaeH3OmwLa/jMLC4tLySnG1tLa+sbllbu+0VJRIQpsk4pHs+FhRzgRtAgNOO7GkOPQ5bfujq4nfvqdSsUjcwjimXogHggWMYNBSz9y7cAOJSepkqavuJKQ1fEKOq1nWM8t2xZ7C+kucnJRRjkbP/HT7EUlCKoBwrFTXsWPwUiyBEU6zkpsoGmMywgPa1VTgkCovnX6QWYda6VtBJHUJsKbqz4kUh0qNQ193hhiGat6biP953QSCcy9lIk6ACjJbFCTcgsiaxGH1maQE+FgTTCTTt1pkiHUioEMr6RCc+Zf/kla14pxWaje1cv0yj6OI9tEBOkIOOkN1dI0aqIkIekBP6AW9Go/Gs/FmvM9aC0Y+s4t+wfj4BgJBlpo=</latexit>
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4a/c� 2
For overall weak coupling limits:

CFT central charges

THREE TYPES OF WEAK COUPLING LIMITS



Considering all large N 4d SCFTs with simple gauge factor:

critical string in all Einstein theories
<latexit sha1_base64="r3JoP9K2Fz/rG+ib5pcyyZS0xec=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEirpRCm5cVrAPaEKZTCft0MmDmRuxhLjxV9y4UMStf+HOv3HSZqGtZ3U4517uuceLBVdgWd9GaWl5ZXWtvF7Z2Nza3jF399oqSiRlLRqJSHY9opjgIWsBB8G6sWQk8ATreOPr3O/cM6l4FN7BJGZuQIYh9zkloKW+eeAAe4DUjyTOHF8SmpIspdml3TerVs2aAi8SuyBVVKDZN7+cQUSTgIVABVGqZ1sxuCmRwKlgWcVJFIsJHZMh62kakoApN51+kOFjrQxwnsKPQsBT9fdGSgKlJoGnJwMCIzXv5eJ/Xi8B/8JNeRgnwEI6O+QnAkOE8zrwgEtGQUw0IVRynRXTEdE9gC6tokuw519eJO3Tmn1Wq9/Wq42roo4yOkRH6ATZ6Bw10A1qohai6BE9o1f0ZjwZL8a78TEbLRnFzj76A+PzB/12lzo=</latexit>
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<latexit sha1_base64="0utrDn+X6LFSnVZzpkd9wGi5m8U=">AAACDXicbZC7TsNAEEXXPEN4GShpVgQkqsiGCGhAkWgog0QeUmxF6806WWX90O4YEVn+ARp+hYYChGjp6fgb1okLSJjq6N4Zzcz1YsEVWNa3sbC4tLyyWlorr29sbm2bO7stFSWSsiaNRCQ7HlFM8JA1gYNgnVgyEniCtb3Rde6375lUPArvYBwzNyCDkPucEtBSzzx0gD1A6kcSZ44vCU1JltLscsr2aZbataxnVqyqNSk8D3YBFVRUo2d+Of2IJgELgQqiVNe2YnBTIoFTwbKykygWEzoiA9bVGJKAKTedfJPhI630cX6RH4WAJ+rviZQESo0DT3cGBIZq1svF/7xuAv6Fm/IwToCFdLrITwSGCOfR4D6XjIIYayBUcn0rpkOicwAdYFmHYM++PA+tk6p9Vq3d1ir1qyKOEtpHB+gY2egc1dENaqAmougRPaNX9GY8GS/Gu/ExbV0wipk99KeMzx8c7Jwy</latexit>

for
a

c
=

13

14
<latexit sha1_base64="2XZyrDuS2mJklJaYr1+60PVmUv4=">AAACC3icbZC7SgNBFIZn4y3G26qlzZAgWIVdCSaNErCxjGAukCxhdjKbDJm9MHNWDMv2Nr6KjYUitr6AnW/jbLKFJp7q4//P4Zzzu5HgCizr2yisrW9sbhW3Szu7e/sH5uFRR4WxpKxNQxHKnksUEzxgbeAgWC+SjPiuYF13ep353XsmFQ+DO5hFzPHJOOAepwS0NDTLA2APkHihxOnAk4QmJE1oerngepo00qFZsarWvPAq2DlUUF6tofk1GIU09lkAVBCl+rYVgZMQCZwKlpYGsWIRoVMyZn2NAfGZcpL5Lyk+1coIZ/d4YQB4rv6eSIiv1Mx3dadPYKKWvUz8z+vH4DWchAdRDCygi0VeLDCEOAsGj7hkFMRMA6GS61sxnRCdAuj4SjoEe/nlVeicV+2Lau22Vmle5XEU0QkqozNkozpqohvUQm1E0SN6Rq/ozXgyXox342PRWjDymWP0p4zPHy+Sm8Q=</latexit>

for
a

c
=

7

8

<latexit sha1_base64="jbXcOVhw5AZY2GVEudI18ZjHSIk=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCp5KUol6UghePFewHNKVstpt26WYTdydCCcGLf8WLB0W8+iu8+W/ctjlo64OBx3szzMzzY8E1OM63tbS8srq2Xtgobm5t7+zae/tNHSWKsgaNRKTaPtFMcMkawEGwdqwYCX3BWv7oeuK3HpjSPJJ3MI5ZNyQDyQNOCRipZx96RMRDcukFitDUzVJP3ytIK1nWs0tO2ZkCLxI3JyWUo96zv7x+RJOQSaCCaN1xnRi6KVHAqWBZ0Us0iwkdkQHrGCpJyHQ3nb6Q4ROj9HEQKVMS8FT9PZGSUOtx6JvOkMBQz3sT8T+vk0Bw0U25jBNgks4WBYnAEOFJHrjPFaMgxoYQqri5FdMhMWGASa1oQnDnX14kzUrZPStXb6ul2lUeRwEdoWN0ilx0jmroBtVRA1H0iJ7RK3qznqwX6936mLUuWfnMAfoD6/MHzMmXsg==</latexit>

↵ =
1p
2

<latexit sha1_base64="Qy1C5OqwS+I09r1OxgoZ8CNeBE0=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KUYt0oBTcuK9gHNKFMppN26OThzEQoIeDGX3HjQhG3/oQ7/8Zpm4W2HrhwOOde7r3HizmTyrK+jcLK6tr6RnGztLW9s7tn7h+0ZZQIQlsk4pHoelhSzkLaUkxx2o0FxYHHaccbX0/9zgMVkkXhnZrE1A3wMGQ+I1hpqW8eOZjHI3zpyHuhUscXmKT1LLWrWdY3y1bFmgEtEzsnZcjR7JtfziAiSUBDRTiWsmdbsXJTLBQjnGYlJ5E0xmSMh7SnaYgDKt109kOGTrUyQH4kdIUKzdTfEykOpJwEnu4MsBrJRW8q/uf1EuVfuCkL40TRkMwX+QlHKkLTQNCACUoUn2iCiWD6VkRGWOegdGwlHYK9+PIyaVcr9nmldlsrN67yOIpwDCdwBjbUoQE30IQWEHiEZ3iFN+PJeDHejY95a8HIZw7hD4zPH1D7l/M=</latexit>

↵ =

r
7

12
<latexit sha1_base64="LejM9spQiygc5FtyrIxYizSccbM=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyWpRd0oBTcuK9gHNKHcTCft0MnDmYlQQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv997jxZxJZVnfRmFpeWV1rbhe2tjc2t4xd/daMkoEoU0S8Uh0PJCUs5A2FVOcdmJBIfA4bXuj64nffqBCsii8U+OYugEMQuYzAkpLPfPAAR4P4dKR90Klji+ApNUsPc2ynlm2KtYUeJHYOSmjHI2e+eX0I5IENFSEg5Rd24qVm4JQjHCalZxE0hjICAa0q2kIAZVuOn0hw8da6WM/ErpChafq74kUAinHgac7A1BDOe9NxP+8bqL8CzdlYZwoGpLZIj/hWEV4kgfuM0GJ4mNNgAimb8VkCDoGpVMr6RDs+ZcXSatasc8qtdtauX6Vx1FEh+gInSAbnaM6ukEN1EQEPaJn9IrejCfjxXg3PmatBSOf2Ud/YHz+ANHZl7Q=</latexit>

↵ =

r
2

3

1)

2)

3)

We get only three values for the exponential rate of the HS tower!

↵ =

r
2c

dimG

<latexit sha1_base64="t+i1o4ZqD4tSl3UxIt5mUnBWWNU=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL8EieLEmpagXpeDFYwX7AU0om+2mXbrZxN2JUEK8+Fe8eFDEq//Cm//GbZuDVh8MPN6bYWaeH3OmwLa/jMLC4tLySnG1tLa+sbllbu+0VJRIQpsk4pHs+FhRzgRtAgNOO7GkOPQ5bfujq4nfvqdSsUjcwjimXogHggWMYNBSz9y7cAOJSepkqavuJKQ1fEKOq1nWM8t2xZ7C+kucnJRRjkbP/HT7EUlCKoBwrFTXsWPwUiyBEU6zkpsoGmMywgPa1VTgkCovnX6QWYda6VtBJHUJsKbqz4kUh0qNQ193hhiGat6biP953QSCcy9lIk6ACjJbFCTcgsiaxGH1maQE+FgTTCTTt1pkiHUioEMr6RCc+Zf/kla14pxWaje1cv0yj6OI9tEBOkIOOkN1dI0aqIkIekBP6AW9Go/Gs/FmvM9aC0Y+s4t+wfj4BgJBlpo=</latexit>

=
1p

4a/c� 2
For overall weak coupling limits:

CFT central charges

THREE TYPES OF WEAK COUPLING LIMITS

what about these ones?



Swampland insight: the exact value of      gives us information about the 
microscopic (gravitational) nature of the tower

<latexit sha1_base64="yKx5X8fQ9wXNFO5OzCEh3wfPhzU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pku2nXbjZhdyOU0P/gxYMiXv0/3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+Hbmt5+Y0jyWD2aSMD/CoeQhp2is1OqhSEbYL1fcqjsHWSVeTiqQo9Evf/UGMU0jJg0VqHXXcxPjZ6gMp4JNS71UswTpGIesa6nEiGk/m187JWdWGZAwVrakIXP190SGkdaTKLCdEZqRXvZm4n9eNzXhtZ9xmaSGSbpYFKaCmJjMXicDrhg1YmIJUsXtrYSOUCE1NqCSDcFbfnmVtC6q3mW1dl+r1G/yOIpwAqdwDh5cQR3uoAFNoPAIz/AKb07svDjvzseiteDkM8fwB87nD407jx0=</latexit>↵

THREE TYPES OF WEAK COUPLING LIMITS



This suggests that the three values correspond to three different towers of 
oscillator string modes

(i.e., three different types of tensionless string limits)

Swampland insight: the exact value of      gives us information about the 
microscopic (gravitational) nature of the tower

<latexit sha1_base64="yKx5X8fQ9wXNFO5OzCEh3wfPhzU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pku2nXbjZhdyOU0P/gxYMiXv0/3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+Hbmt5+Y0jyWD2aSMD/CoeQhp2is1OqhSEbYL1fcqjsHWSVeTiqQo9Evf/UGMU0jJg0VqHXXcxPjZ6gMp4JNS71UswTpGIesa6nEiGk/m187JWdWGZAwVrakIXP190SGkdaTKLCdEZqRXvZm4n9eNzXhtZ9xmaSGSbpYFKaCmJjMXicDrhg1YmIJUsXtrYSOUCE1NqCSDcFbfnmVtC6q3mW1dl+r1G/yOIpwAqdwDh5cQR3uoAFNoPAIz/AKb07svDjvzseiteDkM8fwB87nD407jx0=</latexit>↵

THREE TYPES OF WEAK COUPLING LIMITS



This suggests that the three values correspond to three different towers of 
oscillator string modes

(i.e., three different types of tensionless string limits)

Swampland insight: the exact value of      gives us information about the 
microscopic (gravitational) nature of the tower

<latexit sha1_base64="yKx5X8fQ9wXNFO5OzCEh3wfPhzU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pku2nXbjZhdyOU0P/gxYMiXv0/3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+Hbmt5+Y0jyWD2aSMD/CoeQhp2is1OqhSEbYL1fcqjsHWSVeTiqQo9Evf/UGMU0jJg0VqHXXcxPjZ6gMp4JNS71UswTpGIesa6nEiGk/m187JWdWGZAwVrakIXP190SGkdaTKLCdEZqRXvZm4n9eNzXhtZ9xmaSGSbpYFKaCmJjMXicDrhg1YmIJUsXtrYSOUCE1NqCSDcFbfnmVtC6q3mW1dl+r1G/yOIpwAqdwDh5cQR3uoAFNoPAIz/AKb07svDjvzseiteDkM8fwB87nD407jx0=</latexit>↵

THREE TYPES OF WEAK COUPLING LIMITS

Let’s check this and investigate which free strings we get!



We compute the thermal partition function on the 3-sphere of all the 
previous gauge theories in the free limit

<latexit sha1_base64="reXjRF2i73lMGPFBc7g4P6U6Vao=">AAACAnicbVDLSgNBEJyNrxhfUU/iZTEIXoy7EtSLEhDBY4S8MFmX2UknGTL7YKZXCEvw4q948aCIV7/Cm3/jJNmDRgsaiqpuuru8SHCFlvVlZObmFxaXssu5ldW19Y385lZdhbFkUGOhCGXTowoED6CGHAU0IwnU9wQ0vMHl2G/cg1Q8DKo4jMDxaS/gXc4oasnN79yet1Xsu4lCiqBGcJccXrn8qDpy8wWraE1g/iV2SgokRcXNf7Y7IYt9CJAJqlTLtiJ0EiqRMwGjXDtWEFE2oD1oaRpQH5STTF4Ymfta6ZjdUOoK0JyoPycS6is19D3d6VPsq1lvLP7ntWLsnjkJD6IYIWDTRd1YmBia4zzMDpfAUAw1oUxyfavJ+lRShjq1nA7Bnn35L6kfF+2TYummVChfpHFkyS7ZIwfEJqekTK5JhdQIIw/kibyQV+PReDbejPdpa8ZIZ7bJLxgf30GMl1U=</latexit>

Z =
X

states

e�Ei/T

HAGEDORN BEHAVIOUR



We compute the thermal partition function on the 3-sphere of all the 
previous gauge theories in the free limit

[Calderon-Infante,IV’24]

<latexit sha1_base64="FShX/L2xLCQrtsnW0D/VtzudbA0=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS92Vol6UgpceK/QL2qVk02wbms2GJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCyRn2rjut7O2vrG5tZ3bye/u7R8cFo6OWzpOFKFNEvNYdQKsKWeCNg0znHakojgKOG0H44eZ336iSrNYNMxEUj/CQ8FCRrCxUq/Rr93ZKuFLctEvFN2yOwdaJV5GipCh3i989QYxSSIqDOFY667nSuOnWBlGOJ3me4mmEpMxHtKupQJHVPvp/OYpOrfKAIWxsiUMmqu/J1IcaT2JAtsZYTPSy95M/M/rJia89VMmZGKoIItFYcKRidEsADRgihLDJ5Zgopi9FZERVpgYG1PehuAtv7xKWldl77pceawUq/dZHDk4hTMogQc3UIUa1KEJBCQ8wyu8OYnz4rw7H4vWNSebOYE/cD5/AB1GkG4=</latexit>

TH = TH(a/c)
<latexit sha1_base64="Ttjucg/8NblquUn1rJsny/Z2IDo=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQL2VXinpRCl56rNAv6C5lNk3b0Gw2JFmhLP0bXjwo4tU/481/Y9ruQVsfDDzem2FmXig508Z1v53cxubW9k5+t7C3f3B4VDw+aes4UYS2SMxj1Q1BU84EbRlmOO1KRSEKOe2Ek4e533miSrNYNM1U0iCCkWBDRsBYyb9r9utlH7gcw2W/WHIr7gJ4nXgZKaEMjX7xyx/EJImoMISD1j3PlSZIQRlGOJ0V/ERTCWQCI9qzVEBEdZAubp7hC6sM8DBWtoTBC/X3RAqR1tMotJ0RmLFe9ebif14vMcPbIGVCJoYKslw0TDg2MZ4HgAdMUWL41BIgitlbMRmDAmJsTAUbgrf68jppX1W860r1sVqq3Wdx5NEZOkdl5KEbVEN11EAtRJBEz+gVvTmJ8+K8Ox/L1pyTzZyiP3A+fwDNtpDi</latexit>

= TH(↵)
<latexit sha1_base64="57Xp7+BCI8ds7vmQwS7uvY7Yi1c=">AAAB/nicbVDLSgMxFM3UV62vUXHlJliEuqkzUtSVFKTQZYW+oDMOmTTThiaTIckIZSj4K25cKOLW73Dn35g+Flo9cOFwzr3ce0+YMKq043xZuZXVtfWN/GZha3tnd8/eP2grkUpMWlgwIbshUoTRmLQ01Yx0E0kQDxnphKPbqd95IFJRETf1OCE+R4OYRhQjbaTAPvLkUJRqZ56iHJL7rHbeDOqTwC46ZWcG+Je4C1IECzQC+9PrC5xyEmvMkFI910m0nyGpKWZkUvBSRRKER2hAeobGiBPlZ7PzJ/DUKH0YCWkq1nCm/pzIEFdqzEPTyZEeqmVvKv7n9VIdXfsZjZNUkxjPF0Upg1rAaRawTyXBmo0NQVhScyvEQyQR1iaxggnBXX75L2lflN3LcuWuUqzeLOLIg2NwAkrABVegCuqgAVoAgww8gRfwaj1az9ab9T5vzVmLmUPwC9bHN7IOlKw=</latexit>

⇢(E) ⇠ eE/TH ,

We obtain that they all exhibit a Hagedorn-like density of states 
with a Haggedorn temperature that depends only on <latexit sha1_base64="yKx5X8fQ9wXNFO5OzCEh3wfPhzU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pku2nXbjZhdyOU0P/gxYMiXv0/3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+Hbmt5+Y0jyWD2aSMD/CoeQhp2is1OqhSEbYL1fcqjsHWSVeTiqQo9Evf/UGMU0jJg0VqHXXcxPjZ6gMp4JNS71UswTpGIesa6nEiGk/m187JWdWGZAwVrakIXP190SGkdaTKLCdEZqRXvZm4n9eNzXhtZ9xmaSGSbpYFKaCmJjMXicDrhg1YmIJUsXtrYSOUCE1NqCSDcFbfnmVtC6q3mW1dl+r1G/yOIpwAqdwDh5cQR3uoAFNoPAIz/AKb07svDjvzseiteDkM8fwB87nD407jx0=</latexit>↵

<latexit sha1_base64="reXjRF2i73lMGPFBc7g4P6U6Vao=">AAACAnicbVDLSgNBEJyNrxhfUU/iZTEIXoy7EtSLEhDBY4S8MFmX2UknGTL7YKZXCEvw4q948aCIV7/Cm3/jJNmDRgsaiqpuuru8SHCFlvVlZObmFxaXssu5ldW19Y385lZdhbFkUGOhCGXTowoED6CGHAU0IwnU9wQ0vMHl2G/cg1Q8DKo4jMDxaS/gXc4oasnN79yet1Xsu4lCiqBGcJccXrn8qDpy8wWraE1g/iV2SgokRcXNf7Y7IYt9CJAJqlTLtiJ0EiqRMwGjXDtWEFE2oD1oaRpQH5STTF4Ymfta6ZjdUOoK0JyoPycS6is19D3d6VPsq1lvLP7ntWLsnjkJD6IYIWDTRd1YmBia4zzMDpfAUAw1oUxyfavJ+lRShjq1nA7Bnn35L6kfF+2TYummVChfpHFkyS7ZIwfEJqekTK5JhdQIIw/kibyQV+PReDbejPdpa8ZIZ7bJLxgf30GMl1U=</latexit>

Z =
X

states

e�Ei/T

HAGEDORN BEHAVIOUR



We compute the thermal partition function on the 3-sphere of all the 
previous gauge theories in the free limit

[Calderon-Infante,IV’24]

<latexit sha1_base64="FShX/L2xLCQrtsnW0D/VtzudbA0=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS92Vol6UgpceK/QL2qVk02wbms2GJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCyRn2rjut7O2vrG5tZ3bye/u7R8cFo6OWzpOFKFNEvNYdQKsKWeCNg0znHakojgKOG0H44eZ336iSrNYNMxEUj/CQ8FCRrCxUq/Rr93ZKuFLctEvFN2yOwdaJV5GipCh3i989QYxSSIqDOFY667nSuOnWBlGOJ3me4mmEpMxHtKupQJHVPvp/OYpOrfKAIWxsiUMmqu/J1IcaT2JAtsZYTPSy95M/M/rJia89VMmZGKoIItFYcKRidEsADRgihLDJ5Zgopi9FZERVpgYG1PehuAtv7xKWldl77pceawUq/dZHDk4hTMogQc3UIUa1KEJBCQ8wyu8OYnz4rw7H4vWNSebOYE/cD5/AB1GkG4=</latexit>

TH = TH(a/c)
<latexit sha1_base64="Ttjucg/8NblquUn1rJsny/Z2IDo=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQL2VXinpRCl56rNAv6C5lNk3b0Gw2JFmhLP0bXjwo4tU/481/Y9ruQVsfDDzem2FmXig508Z1v53cxubW9k5+t7C3f3B4VDw+aes4UYS2SMxj1Q1BU84EbRlmOO1KRSEKOe2Ek4e533miSrNYNM1U0iCCkWBDRsBYyb9r9utlH7gcw2W/WHIr7gJ4nXgZKaEMjX7xyx/EJImoMISD1j3PlSZIQRlGOJ0V/ERTCWQCI9qzVEBEdZAubp7hC6sM8DBWtoTBC/X3RAqR1tMotJ0RmLFe9ebif14vMcPbIGVCJoYKslw0TDg2MZ4HgAdMUWL41BIgitlbMRmDAmJsTAUbgrf68jppX1W860r1sVqq3Wdx5NEZOkdl5KEbVEN11EAtRJBEz+gVvTmJ8+K8Ox/L1pyTzZyiP3A+fwDNtpDi</latexit>

= TH(↵)
<latexit sha1_base64="57Xp7+BCI8ds7vmQwS7uvY7Yi1c=">AAAB/nicbVDLSgMxFM3UV62vUXHlJliEuqkzUtSVFKTQZYW+oDMOmTTThiaTIckIZSj4K25cKOLW73Dn35g+Flo9cOFwzr3ce0+YMKq043xZuZXVtfWN/GZha3tnd8/eP2grkUpMWlgwIbshUoTRmLQ01Yx0E0kQDxnphKPbqd95IFJRETf1OCE+R4OYRhQjbaTAPvLkUJRqZ56iHJL7rHbeDOqTwC46ZWcG+Je4C1IECzQC+9PrC5xyEmvMkFI910m0nyGpKWZkUvBSRRKER2hAeobGiBPlZ7PzJ/DUKH0YCWkq1nCm/pzIEFdqzEPTyZEeqmVvKv7n9VIdXfsZjZNUkxjPF0Upg1rAaRawTyXBmo0NQVhScyvEQyQR1iaxggnBXX75L2lflN3LcuWuUqzeLOLIg2NwAkrABVegCuqgAVoAgww8gRfwaj1az9ab9T5vzVmLmUPwC9bHN7IOlKw=</latexit>

⇢(E) ⇠ eE/TH ,

We obtain that they all exhibit a Hagedorn-like density of states 
with a Haggedorn temperature that depends only on <latexit sha1_base64="yKx5X8fQ9wXNFO5OzCEh3wfPhzU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pku2nXbjZhdyOU0P/gxYMiXv0/3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+Hbmt5+Y0jyWD2aSMD/CoeQhp2is1OqhSEbYL1fcqjsHWSVeTiqQo9Evf/UGMU0jJg0VqHXXcxPjZ6gMp4JNS71UswTpGIesa6nEiGk/m187JWdWGZAwVrakIXP190SGkdaTKLCdEZqRXvZm4n9eNzXhtZ9xmaSGSbpYFKaCmJjMXicDrhg1YmIJUsXtrYSOUCE1NqCSDcFbfnmVtC6q3mW1dl+r1G/yOIpwAqdwDh5cQR3uoAFNoPAIz/AKb07svDjvzseiteDkM8fwB87nD407jx0=</latexit>↵

<latexit sha1_base64="reXjRF2i73lMGPFBc7g4P6U6Vao=">AAACAnicbVDLSgNBEJyNrxhfUU/iZTEIXoy7EtSLEhDBY4S8MFmX2UknGTL7YKZXCEvw4q948aCIV7/Cm3/jJNmDRgsaiqpuuru8SHCFlvVlZObmFxaXssu5ldW19Y385lZdhbFkUGOhCGXTowoED6CGHAU0IwnU9wQ0vMHl2G/cg1Q8DKo4jMDxaS/gXc4oasnN79yet1Xsu4lCiqBGcJccXrn8qDpy8wWraE1g/iV2SgokRcXNf7Y7IYt9CJAJqlTLtiJ0EiqRMwGjXDtWEFE2oD1oaRpQH5STTF4Ymfta6ZjdUOoK0JyoPycS6is19D3d6VPsq1lvLP7ntWLsnjkJD6IYIWDTRd1YmBia4zzMDpfAUAw1oUxyfavJ+lRShjq1nA7Bnn35L6kfF+2TYummVChfpHFkyS7ZIwfEJqekTK5JhdQIIw/kibyQV+PReDbejPdpa8ZIZ7bJLxgf30GMl1U=</latexit>

Z =
X

states

e�Ei/T

HAGEDORN BEHAVIOUR

This Hagedorn-density of states suggests indeed that the HS tower 
originates from three different string-like objects in the bulk

But which ones? 



<latexit sha1_base64="r3JoP9K2Fz/rG+ib5pcyyZS0xec=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEirpRCm5cVrAPaEKZTCft0MmDmRuxhLjxV9y4UMStf+HOv3HSZqGtZ3U4517uuceLBVdgWd9GaWl5ZXWtvF7Z2Nza3jF399oqSiRlLRqJSHY9opjgIWsBB8G6sWQk8ATreOPr3O/cM6l4FN7BJGZuQIYh9zkloKW+eeAAe4DUjyTOHF8SmpIspdml3TerVs2aAi8SuyBVVKDZN7+cQUSTgIVABVGqZ1sxuCmRwKlgWcVJFIsJHZMh62kakoApN51+kOFjrQxwnsKPQsBT9fdGSgKlJoGnJwMCIzXv5eJ/Xi8B/8JNeRgnwEI6O+QnAkOE8zrwgEtGQUw0IVRynRXTEdE9gC6tokuw519eJO3Tmn1Wq9/Wq42roo4yOkRH6ATZ6Bw10A1qohai6BE9o1f0ZjwZL8a78TEbLRnFzj76A+PzB/12lzo=</latexit>

for
a

c
= 1

<latexit sha1_base64="0utrDn+X6LFSnVZzpkd9wGi5m8U=">AAACDXicbZC7TsNAEEXXPEN4GShpVgQkqsiGCGhAkWgog0QeUmxF6806WWX90O4YEVn+ARp+hYYChGjp6fgb1okLSJjq6N4Zzcz1YsEVWNa3sbC4tLyyWlorr29sbm2bO7stFSWSsiaNRCQ7HlFM8JA1gYNgnVgyEniCtb3Rde6375lUPArvYBwzNyCDkPucEtBSzzx0gD1A6kcSZ44vCU1JltLscsr2aZbataxnVqyqNSk8D3YBFVRUo2d+Of2IJgELgQqiVNe2YnBTIoFTwbKykygWEzoiA9bVGJKAKTedfJPhI630cX6RH4WAJ+rviZQESo0DT3cGBIZq1svF/7xuAv6Fm/IwToCFdLrITwSGCOfR4D6XjIIYayBUcn0rpkOicwAdYFmHYM++PA+tk6p9Vq3d1ir1qyKOEtpHB+gY2egc1dENaqAmougRPaNX9GY8GS/Gu/ExbV0wipk99KeMzx8c7Jwy</latexit>

for
a

c
=

13

14
<latexit sha1_base64="2XZyrDuS2mJklJaYr1+60PVmUv4=">AAACC3icbZC7SgNBFIZn4y3G26qlzZAgWIVdCSaNErCxjGAukCxhdjKbDJm9MHNWDMv2Nr6KjYUitr6AnW/jbLKFJp7q4//P4Zzzu5HgCizr2yisrW9sbhW3Szu7e/sH5uFRR4WxpKxNQxHKnksUEzxgbeAgWC+SjPiuYF13ep353XsmFQ+DO5hFzPHJOOAepwS0NDTLA2APkHihxOnAk4QmJE1oerngepo00qFZsarWvPAq2DlUUF6tofk1GIU09lkAVBCl+rYVgZMQCZwKlpYGsWIRoVMyZn2NAfGZcpL5Lyk+1coIZ/d4YQB4rv6eSIiv1Mx3dadPYKKWvUz8z+vH4DWchAdRDCygi0VeLDCEOAsGj7hkFMRMA6GS61sxnRCdAuj4SjoEe/nlVeicV+2Lau22Vmle5XEU0QkqozNkozpqohvUQm1E0SN6Rq/ozXgyXox342PRWjDymWP0p4zPHy+Sm8Q=</latexit>

for
a

c
=

7

8

<latexit sha1_base64="jbXcOVhw5AZY2GVEudI18ZjHSIk=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCp5KUol6UghePFewHNKVstpt26WYTdydCCcGLf8WLB0W8+iu8+W/ctjlo64OBx3szzMzzY8E1OM63tbS8srq2Xtgobm5t7+zae/tNHSWKsgaNRKTaPtFMcMkawEGwdqwYCX3BWv7oeuK3HpjSPJJ3MI5ZNyQDyQNOCRipZx96RMRDcukFitDUzVJP3ytIK1nWs0tO2ZkCLxI3JyWUo96zv7x+RJOQSaCCaN1xnRi6KVHAqWBZ0Us0iwkdkQHrGCpJyHQ3nb6Q4ROj9HEQKVMS8FT9PZGSUOtx6JvOkMBQz3sT8T+vk0Bw0U25jBNgks4WBYnAEOFJHrjPFaMgxoYQqri5FdMhMWGASa1oQnDnX14kzUrZPStXb6ul2lUeRwEdoWN0ilx0jmroBtVRA1H0iJ7RK3qznqwX6936mLUuWfnMAfoD6/MHzMmXsg==</latexit>

↵ =
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2

<latexit sha1_base64="Qy1C5OqwS+I09r1OxgoZ8CNeBE0=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KUYt0oBTcuK9gHNKFMppN26OThzEQoIeDGX3HjQhG3/oQ7/8Zpm4W2HrhwOOde7r3HizmTyrK+jcLK6tr6RnGztLW9s7tn7h+0ZZQIQlsk4pHoelhSzkLaUkxx2o0FxYHHaccbX0/9zgMVkkXhnZrE1A3wMGQ+I1hpqW8eOZjHI3zpyHuhUscXmKT1LLWrWdY3y1bFmgEtEzsnZcjR7JtfziAiSUBDRTiWsmdbsXJTLBQjnGYlJ5E0xmSMh7SnaYgDKt109kOGTrUyQH4kdIUKzdTfEykOpJwEnu4MsBrJRW8q/uf1EuVfuCkL40TRkMwX+QlHKkLTQNCACUoUn2iCiWD6VkRGWOegdGwlHYK9+PIyaVcr9nmldlsrN67yOIpwDCdwBjbUoQE30IQWEHiEZ3iFN+PJeDHejY95a8HIZw7hD4zPH1D7l/M=</latexit>

↵ =
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<latexit sha1_base64="LejM9spQiygc5FtyrIxYizSccbM=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyWpRd0oBTcuK9gHNKHcTCft0MnDmYlQQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv997jxZxJZVnfRmFpeWV1rbhe2tjc2t4xd/daMkoEoU0S8Uh0PJCUs5A2FVOcdmJBIfA4bXuj64nffqBCsii8U+OYugEMQuYzAkpLPfPAAR4P4dKR90Klji+ApNUsPc2ynlm2KtYUeJHYOSmjHI2e+eX0I5IENFSEg5Rd24qVm4JQjHCalZxE0hjICAa0q2kIAZVuOn0hw8da6WM/ErpChafq74kUAinHgac7A1BDOe9NxP+8bqL8CzdlYZwoGpLZIj/hWEV4kgfuM0GJ4mNNgAimb8VkCDoGpVMr6RDs+ZcXSatasc8qtdtauX6Vx1FEh+gInSAbnaM6ukEN1EQEPaJn9IrejCfjxXg3PmatBSOf2Ud/YHz+ANHZl7Q=</latexit>

↵ =
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2)

3)

TENSIONLESS STRINGS



critical Type II string in all Einstein 
theories

non-Einstein theories (no large gap)

<latexit sha1_base64="r3JoP9K2Fz/rG+ib5pcyyZS0xec=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEirpRCm5cVrAPaEKZTCft0MmDmRuxhLjxV9y4UMStf+HOv3HSZqGtZ3U4517uuceLBVdgWd9GaWl5ZXWtvF7Z2Nza3jF399oqSiRlLRqJSHY9opjgIWsBB8G6sWQk8ATreOPr3O/cM6l4FN7BJGZuQIYh9zkloKW+eeAAe4DUjyTOHF8SmpIspdml3TerVs2aAi8SuyBVVKDZN7+cQUSTgIVABVGqZ1sxuCmRwKlgWcVJFIsJHZMh62kakoApN51+kOFjrQxwnsKPQsBT9fdGSgKlJoGnJwMCIzXv5eJ/Xi8B/8JNeRgnwEI6O+QnAkOE8zrwgEtGQUw0IVRynRXTEdE9gC6tokuw519eJO3Tmn1Wq9/Wq42roo4yOkRH6ATZ6Bw10A1qohai6BE9o1f0ZjwZL8a78TEbLRnFzj76A+PzB/12lzo=</latexit>

for
a

c
= 1

<latexit sha1_base64="0utrDn+X6LFSnVZzpkd9wGi5m8U=">AAACDXicbZC7TsNAEEXXPEN4GShpVgQkqsiGCGhAkWgog0QeUmxF6806WWX90O4YEVn+ARp+hYYChGjp6fgb1okLSJjq6N4Zzcz1YsEVWNa3sbC4tLyyWlorr29sbm2bO7stFSWSsiaNRCQ7HlFM8JA1gYNgnVgyEniCtb3Rde6375lUPArvYBwzNyCDkPucEtBSzzx0gD1A6kcSZ44vCU1JltLscsr2aZbataxnVqyqNSk8D3YBFVRUo2d+Of2IJgELgQqiVNe2YnBTIoFTwbKykygWEzoiA9bVGJKAKTedfJPhI630cX6RH4WAJ+rviZQESo0DT3cGBIZq1svF/7xuAv6Fm/IwToCFdLrITwSGCOfR4D6XjIIYayBUcn0rpkOicwAdYFmHYM++PA+tk6p9Vq3d1ir1qyKOEtpHB+gY2egc1dENaqAmougRPaNX9GY8GS/Gu/ExbV0wipk99KeMzx8c7Jwy</latexit>

for
a

c
=

13

14
<latexit sha1_base64="2XZyrDuS2mJklJaYr1+60PVmUv4=">AAACC3icbZC7SgNBFIZn4y3G26qlzZAgWIVdCSaNErCxjGAukCxhdjKbDJm9MHNWDMv2Nr6KjYUitr6AnW/jbLKFJp7q4//P4Zzzu5HgCizr2yisrW9sbhW3Szu7e/sH5uFRR4WxpKxNQxHKnksUEzxgbeAgWC+SjPiuYF13ep353XsmFQ+DO5hFzPHJOOAepwS0NDTLA2APkHihxOnAk4QmJE1oerngepo00qFZsarWvPAq2DlUUF6tofk1GIU09lkAVBCl+rYVgZMQCZwKlpYGsWIRoVMyZn2NAfGZcpL5Lyk+1coIZ/d4YQB4rv6eSIiv1Mx3dadPYKKWvUz8z+vH4DWchAdRDCygi0VeLDCEOAsGj7hkFMRMA6GS61sxnRCdAuj4SjoEe/nlVeicV+2Lau22Vmle5XEU0QkqozNkozpqohvUQm1E0SN6Rq/ozXgyXox342PRWjDymWP0p4zPHy+Sm8Q=</latexit>

for
a

c
=

7

8

<latexit sha1_base64="jbXcOVhw5AZY2GVEudI18ZjHSIk=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCp5KUol6UghePFewHNKVstpt26WYTdydCCcGLf8WLB0W8+iu8+W/ctjlo64OBx3szzMzzY8E1OM63tbS8srq2Xtgobm5t7+zae/tNHSWKsgaNRKTaPtFMcMkawEGwdqwYCX3BWv7oeuK3HpjSPJJ3MI5ZNyQDyQNOCRipZx96RMRDcukFitDUzVJP3ytIK1nWs0tO2ZkCLxI3JyWUo96zv7x+RJOQSaCCaN1xnRi6KVHAqWBZ0Us0iwkdkQHrGCpJyHQ3nb6Q4ROj9HEQKVMS8FT9PZGSUOtx6JvOkMBQz3sT8T+vk0Bw0U25jBNgks4WBYnAEOFJHrjPFaMgxoYQqri5FdMhMWGASa1oQnDnX14kzUrZPStXb6ul2lUeRwEdoWN0ilx0jmroBtVRA1H0iJ7RK3qznqwX6936mLUuWfnMAfoD6/MHzMmXsg==</latexit>

↵ =
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2

<latexit sha1_base64="Qy1C5OqwS+I09r1OxgoZ8CNeBE0=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KUYt0oBTcuK9gHNKFMppN26OThzEQoIeDGX3HjQhG3/oQ7/8Zpm4W2HrhwOOde7r3HizmTyrK+jcLK6tr6RnGztLW9s7tn7h+0ZZQIQlsk4pHoelhSzkLaUkxx2o0FxYHHaccbX0/9zgMVkkXhnZrE1A3wMGQ+I1hpqW8eOZjHI3zpyHuhUscXmKT1LLWrWdY3y1bFmgEtEzsnZcjR7JtfziAiSUBDRTiWsmdbsXJTLBQjnGYlJ5E0xmSMh7SnaYgDKt109kOGTrUyQH4kdIUKzdTfEykOpJwEnu4MsBrJRW8q/uf1EuVfuCkL40TRkMwX+QlHKkLTQNCACUoUn2iCiWD6VkRGWOegdGwlHYK9+PIyaVcr9nmldlsrN67yOIpwDCdwBjbUoQE30IQWEHiEZ3iFN+PJeDHejY95a8HIZw7hD4zPH1D7l/M=</latexit>

↵ =
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<latexit sha1_base64="LejM9spQiygc5FtyrIxYizSccbM=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyWpRd0oBTcuK9gHNKHcTCft0MnDmYlQQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv997jxZxJZVnfRmFpeWV1rbhe2tjc2t4xd/daMkoEoU0S8Uh0PJCUs5A2FVOcdmJBIfA4bXuj64nffqBCsii8U+OYugEMQuYzAkpLPfPAAR4P4dKR90Klji+ApNUsPc2ynlm2KtYUeJHYOSmjHI2e+eX0I5IENFSEg5Rd24qVm4JQjHCalZxE0hjICAa0q2kIAZVuOn0hw8da6WM/ErpChafq74kUAinHgac7A1BDOe9NxP+8bqL8CzdlYZwoGpLZIj/hWEV4kgfuM0GJ4mNNgAimb8VkCDoGpVMr6RDs+ZcXSatasc8qtdtauX6Vx1FEh+gInSAbnaM6ukEN1EQEPaJn9IrejCfjxXg3PmatBSOf2Ud/YHz+ANHZl7Q=</latexit>

↵ =
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2)

3)

TENSIONLESS STRINGS



critical Type II string in all Einstein 
theories

non-Einstein theories (no large gap)

<latexit sha1_base64="r3JoP9K2Fz/rG+ib5pcyyZS0xec=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEirpRCm5cVrAPaEKZTCft0MmDmRuxhLjxV9y4UMStf+HOv3HSZqGtZ3U4517uuceLBVdgWd9GaWl5ZXWtvF7Z2Nza3jF399oqSiRlLRqJSHY9opjgIWsBB8G6sWQk8ATreOPr3O/cM6l4FN7BJGZuQIYh9zkloKW+eeAAe4DUjyTOHF8SmpIspdml3TerVs2aAi8SuyBVVKDZN7+cQUSTgIVABVGqZ1sxuCmRwKlgWcVJFIsJHZMh62kakoApN51+kOFjrQxwnsKPQsBT9fdGSgKlJoGnJwMCIzXv5eJ/Xi8B/8JNeRgnwEI6O+QnAkOE8zrwgEtGQUw0IVRynRXTEdE9gC6tokuw519eJO3Tmn1Wq9/Wq42roo4yOkRH6ATZ6Bw10A1qohai6BE9o1f0ZjwZL8a78TEbLRnFzj76A+PzB/12lzo=</latexit>

for
a

c
= 1

<latexit sha1_base64="0utrDn+X6LFSnVZzpkd9wGi5m8U=">AAACDXicbZC7TsNAEEXXPEN4GShpVgQkqsiGCGhAkWgog0QeUmxF6806WWX90O4YEVn+ARp+hYYChGjp6fgb1okLSJjq6N4Zzcz1YsEVWNa3sbC4tLyyWlorr29sbm2bO7stFSWSsiaNRCQ7HlFM8JA1gYNgnVgyEniCtb3Rde6375lUPArvYBwzNyCDkPucEtBSzzx0gD1A6kcSZ44vCU1JltLscsr2aZbataxnVqyqNSk8D3YBFVRUo2d+Of2IJgELgQqiVNe2YnBTIoFTwbKykygWEzoiA9bVGJKAKTedfJPhI630cX6RH4WAJ+rviZQESo0DT3cGBIZq1svF/7xuAv6Fm/IwToCFdLrITwSGCOfR4D6XjIIYayBUcn0rpkOicwAdYFmHYM++PA+tk6p9Vq3d1ir1qyKOEtpHB+gY2egc1dENaqAmougRPaNX9GY8GS/Gu/ExbV0wipk99KeMzx8c7Jwy</latexit>

for
a

c
=

13

14
<latexit sha1_base64="2XZyrDuS2mJklJaYr1+60PVmUv4=">AAACC3icbZC7SgNBFIZn4y3G26qlzZAgWIVdCSaNErCxjGAukCxhdjKbDJm9MHNWDMv2Nr6KjYUitr6AnW/jbLKFJp7q4//P4Zzzu5HgCizr2yisrW9sbhW3Szu7e/sH5uFRR4WxpKxNQxHKnksUEzxgbeAgWC+SjPiuYF13ep353XsmFQ+DO5hFzPHJOOAepwS0NDTLA2APkHihxOnAk4QmJE1oerngepo00qFZsarWvPAq2DlUUF6tofk1GIU09lkAVBCl+rYVgZMQCZwKlpYGsWIRoVMyZn2NAfGZcpL5Lyk+1coIZ/d4YQB4rv6eSIiv1Mx3dadPYKKWvUz8z+vH4DWchAdRDCygi0VeLDCEOAsGj7hkFMRMA6GS61sxnRCdAuj4SjoEe/nlVeicV+2Lau22Vmle5XEU0QkqozNkozpqohvUQm1E0SN6Rq/ozXgyXox342PRWjDymWP0p4zPHy+Sm8Q=</latexit>

for
a

c
=

7

8

<latexit sha1_base64="jbXcOVhw5AZY2GVEudI18ZjHSIk=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCp5KUol6UghePFewHNKVstpt26WYTdydCCcGLf8WLB0W8+iu8+W/ctjlo64OBx3szzMzzY8E1OM63tbS8srq2Xtgobm5t7+zae/tNHSWKsgaNRKTaPtFMcMkawEGwdqwYCX3BWv7oeuK3HpjSPJJ3MI5ZNyQDyQNOCRipZx96RMRDcukFitDUzVJP3ytIK1nWs0tO2ZkCLxI3JyWUo96zv7x+RJOQSaCCaN1xnRi6KVHAqWBZ0Us0iwkdkQHrGCpJyHQ3nb6Q4ROj9HEQKVMS8FT9PZGSUOtx6JvOkMBQz3sT8T+vk0Bw0U25jBNgks4WBYnAEOFJHrjPFaMgxoYQqri5FdMhMWGASa1oQnDnX14kzUrZPStXb6ul2lUeRwEdoWN0ilx0jmroBtVRA1H0iJ7RK3qznqwX6936mLUuWfnMAfoD6/MHzMmXsg==</latexit>
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<latexit sha1_base64="Qy1C5OqwS+I09r1OxgoZ8CNeBE0=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KUYt0oBTcuK9gHNKFMppN26OThzEQoIeDGX3HjQhG3/oQ7/8Zpm4W2HrhwOOde7r3HizmTyrK+jcLK6tr6RnGztLW9s7tn7h+0ZZQIQlsk4pHoelhSzkLaUkxx2o0FxYHHaccbX0/9zgMVkkXhnZrE1A3wMGQ+I1hpqW8eOZjHI3zpyHuhUscXmKT1LLWrWdY3y1bFmgEtEzsnZcjR7JtfziAiSUBDRTiWsmdbsXJTLBQjnGYlJ5E0xmSMh7SnaYgDKt109kOGTrUyQH4kdIUKzdTfEykOpJwEnu4MsBrJRW8q/uf1EuVfuCkL40TRkMwX+QlHKkLTQNCACUoUn2iCiWD6VkRGWOegdGwlHYK9+PIyaVcr9nmldlsrN67yOIpwDCdwBjbUoQE30IQWEHiEZ3iFN+PJeDHejY95a8HIZw7hD4zPH1D7l/M=</latexit>

↵ =
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<latexit sha1_base64="LejM9spQiygc5FtyrIxYizSccbM=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyWpRd0oBTcuK9gHNKHcTCft0MnDmYlQQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv997jxZxJZVnfRmFpeWV1rbhe2tjc2t4xd/daMkoEoU0S8Uh0PJCUs5A2FVOcdmJBIfA4bXuj64nffqBCsii8U+OYugEMQuYzAkpLPfPAAR4P4dKR90Klji+ApNUsPc2ynlm2KtYUeJHYOSmjHI2e+eX0I5IENFSEg5Rd24qVm4JQjHCalZxE0hjICAa0q2kIAZVuOn0hw8da6WM/ErpChafq74kUAinHgac7A1BDOe9NxP+8bqL8CzdlYZwoGpLZIj/hWEV4kgfuM0GJ4mNNgAimb8VkCDoGpVMr6RDs+ZcXSatasc8qtdtauX6Vx1FEh+gInSAbnaM6ukEN1EQEPaJn9IrejCfjxXg3PmatBSOf2Ud/YHz+ANHZl7Q=</latexit>
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2)

3)
difficult to analyse in the bulk…

TENSIONLESS STRINGS



critical Type II string in all Einstein 
theories

non-Einstein theories (no large gap)

<latexit sha1_base64="r3JoP9K2Fz/rG+ib5pcyyZS0xec=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEirpRCm5cVrAPaEKZTCft0MmDmRuxhLjxV9y4UMStf+HOv3HSZqGtZ3U4517uuceLBVdgWd9GaWl5ZXWtvF7Z2Nza3jF399oqSiRlLRqJSHY9opjgIWsBB8G6sWQk8ATreOPr3O/cM6l4FN7BJGZuQIYh9zkloKW+eeAAe4DUjyTOHF8SmpIspdml3TerVs2aAi8SuyBVVKDZN7+cQUSTgIVABVGqZ1sxuCmRwKlgWcVJFIsJHZMh62kakoApN51+kOFjrQxwnsKPQsBT9fdGSgKlJoGnJwMCIzXv5eJ/Xi8B/8JNeRgnwEI6O+QnAkOE8zrwgEtGQUw0IVRynRXTEdE9gC6tokuw519eJO3Tmn1Wq9/Wq42roo4yOkRH6ATZ6Bw10A1qohai6BE9o1f0ZjwZL8a78TEbLRnFzj76A+PzB/12lzo=</latexit>

for
a

c
= 1

<latexit sha1_base64="0utrDn+X6LFSnVZzpkd9wGi5m8U=">AAACDXicbZC7TsNAEEXXPEN4GShpVgQkqsiGCGhAkWgog0QeUmxF6806WWX90O4YEVn+ARp+hYYChGjp6fgb1okLSJjq6N4Zzcz1YsEVWNa3sbC4tLyyWlorr29sbm2bO7stFSWSsiaNRCQ7HlFM8JA1gYNgnVgyEniCtb3Rde6375lUPArvYBwzNyCDkPucEtBSzzx0gD1A6kcSZ44vCU1JltLscsr2aZbataxnVqyqNSk8D3YBFVRUo2d+Of2IJgELgQqiVNe2YnBTIoFTwbKykygWEzoiA9bVGJKAKTedfJPhI630cX6RH4WAJ+rviZQESo0DT3cGBIZq1svF/7xuAv6Fm/IwToCFdLrITwSGCOfR4D6XjIIYayBUcn0rpkOicwAdYFmHYM++PA+tk6p9Vq3d1ir1qyKOEtpHB+gY2egc1dENaqAmougRPaNX9GY8GS/Gu/ExbV0wipk99KeMzx8c7Jwy</latexit>

for
a

c
=

13

14
<latexit sha1_base64="2XZyrDuS2mJklJaYr1+60PVmUv4=">AAACC3icbZC7SgNBFIZn4y3G26qlzZAgWIVdCSaNErCxjGAukCxhdjKbDJm9MHNWDMv2Nr6KjYUitr6AnW/jbLKFJp7q4//P4Zzzu5HgCizr2yisrW9sbhW3Szu7e/sH5uFRR4WxpKxNQxHKnksUEzxgbeAgWC+SjPiuYF13ep353XsmFQ+DO5hFzPHJOOAepwS0NDTLA2APkHihxOnAk4QmJE1oerngepo00qFZsarWvPAq2DlUUF6tofk1GIU09lkAVBCl+rYVgZMQCZwKlpYGsWIRoVMyZn2NAfGZcpL5Lyk+1coIZ/d4YQB4rv6eSIiv1Mx3dadPYKKWvUz8z+vH4DWchAdRDCygi0VeLDCEOAsGj7hkFMRMA6GS61sxnRCdAuj4SjoEe/nlVeicV+2Lau22Vmle5XEU0QkqozNkozpqohvUQm1E0SN6Rq/ozXgyXox342PRWjDymWP0p4zPHy+Sm8Q=</latexit>

for
a

c
=

7

8

<latexit sha1_base64="jbXcOVhw5AZY2GVEudI18ZjHSIk=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCp5KUol6UghePFewHNKVstpt26WYTdydCCcGLf8WLB0W8+iu8+W/ctjlo64OBx3szzMzzY8E1OM63tbS8srq2Xtgobm5t7+zae/tNHSWKsgaNRKTaPtFMcMkawEGwdqwYCX3BWv7oeuK3HpjSPJJ3MI5ZNyQDyQNOCRipZx96RMRDcukFitDUzVJP3ytIK1nWs0tO2ZkCLxI3JyWUo96zv7x+RJOQSaCCaN1xnRi6KVHAqWBZ0Us0iwkdkQHrGCpJyHQ3nb6Q4ROj9HEQKVMS8FT9PZGSUOtx6JvOkMBQz3sT8T+vk0Bw0U25jBNgks4WBYnAEOFJHrjPFaMgxoYQqri5FdMhMWGASa1oQnDnX14kzUrZPStXb6ul2lUeRwEdoWN0ilx0jmroBtVRA1H0iJ7RK3qznqwX6936mLUuWfnMAfoD6/MHzMmXsg==</latexit>

↵ =
1p
2

<latexit sha1_base64="Qy1C5OqwS+I09r1OxgoZ8CNeBE0=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KUYt0oBTcuK9gHNKFMppN26OThzEQoIeDGX3HjQhG3/oQ7/8Zpm4W2HrhwOOde7r3HizmTyrK+jcLK6tr6RnGztLW9s7tn7h+0ZZQIQlsk4pHoelhSzkLaUkxx2o0FxYHHaccbX0/9zgMVkkXhnZrE1A3wMGQ+I1hpqW8eOZjHI3zpyHuhUscXmKT1LLWrWdY3y1bFmgEtEzsnZcjR7JtfziAiSUBDRTiWsmdbsXJTLBQjnGYlJ5E0xmSMh7SnaYgDKt109kOGTrUyQH4kdIUKzdTfEykOpJwEnu4MsBrJRW8q/uf1EuVfuCkL40TRkMwX+QlHKkLTQNCACUoUn2iCiWD6VkRGWOegdGwlHYK9+PIyaVcr9nmldlsrN67yOIpwDCdwBjbUoQE30IQWEHiEZ3iFN+PJeDHejY95a8HIZw7hD4zPH1D7l/M=</latexit>

↵ =

r
7

12
<latexit sha1_base64="LejM9spQiygc5FtyrIxYizSccbM=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyWpRd0oBTcuK9gHNKHcTCft0MnDmYlQQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv997jxZxJZVnfRmFpeWV1rbhe2tjc2t4xd/daMkoEoU0S8Uh0PJCUs5A2FVOcdmJBIfA4bXuj64nffqBCsii8U+OYugEMQuYzAkpLPfPAAR4P4dKR90Klji+ApNUsPc2ynlm2KtYUeJHYOSmjHI2e+eX0I5IENFSEg5Rd24qVm4JQjHCalZxE0hjICAa0q2kIAZVuOn0hw8da6WM/ErpChafq74kUAinHgac7A1BDOe9NxP+8bqL8CzdlYZwoGpLZIj/hWEV4kgfuM0GJ4mNNgAimb8VkCDoGpVMr6RDs+ZcXSatasc8qtdtauX6Vx1FEh+gInSAbnaM6ukEN1EQEPaJn9IrejCfjxXg3PmatBSOf2Ud/YHz+ANHZl7Q=</latexit>

↵ =

r
2

3

1)

2)

3)
difficult to analyse in the bulk…

TENSIONLESS STRINGS

Let’s construct an interpolating model starting from a holographic theory:

Holographic Non-holographic
<latexit sha1_base64="A/tJb4Ni4K01nlFC+bDssrXzPro=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0VwFSZtTNuNFNy4rGBtoQ1hMp20QycPZiaVEvonblwo4tY/ceffOH0IKnrgwuGce7n3niDlTCqEPozC2vrG5lZxu7Szu7d/YB4e3ckkE4S2ScIT0Q2wpJzFtK2Y4rSbCoqjgNNOML6a+50JFZIl8a2aptSL8DBmISNYack3zaFv9wUbjhQWIrmHyDfLyEL1mus6EFnVRv3CQZq4lUbFrkLbQguUwQot33zvDxKSRTRWhGMpezZKlZdjoRjhdFbqZ5KmmIzxkPY0jXFEpZcvLp/BM60MYJgIXbGCC/X7RI4jKadRoDsjrEbytzcX//J6mQrrXs7iNFM0JstFYcahSuA8BjhgghLFp5pgIpi+FZIRFpgoHVZJh/D1Kfyf3FUs27WcG6fcvFzFUQQn4BScAxvUQBNcgxZoAwIm4AE8gWcjNx6NF+N12VowVjPH4AeMt090rZOP</latexit>

g1 ! 0
<latexit sha1_base64="yjYhitvOqCZda64h6GcDFYOjzHk=">AAACBHicbVDLSgNBEJz1GeNr1WMug0HwFHZDUC9KIGA8RswLsmGZnUySIbMPZnrFsOTgxV/x4kERr36EN//GSbIHTSxoKKq66e7yIsEVWNa3sbK6tr6xmdnKbu/s7u2bB4dNFcaSsgYNRSjbHlFM8IA1gINg7Ugy4nuCtbxRZeq37plUPAzqMI5Y1yeDgPc5JaAl18w5wB4guatc1yeufVl1bQe4zxSuukXXzFsFawa8TOyU5FGKmmt+Ob2Qxj4LgAqiVMe2IugmRAKngk2yTqxYROiIDFhH04DoRd1k9sQEn2ilh/uh1BUAnqm/JxLiKzX2Pd3pExiqRW8q/ud1YuhfdBMeRDGwgM4X9WOBIcTTRHCPS0ZBjDUhVHJ9K6ZDIgkFnVtWh2AvvrxMmsWCfVYo3Zby5as0jgzKoWN0imx0jsroBtVQA1H0iJ7RK3oznowX4934mLeuGOnMEfoD4/MHKN2XIQ==</latexit>

SCFT1 = G1 ⇥G2

<latexit sha1_base64="zUe4EeE/A+QA2N1P9qSxn0fEQCE=">AAAB+nicbVDLSgNBEJyNrxhfGz16GQyCp7AbgnpRAgH1GDEvSJZldjJJhsw+mOlVw5pP8eJBEa9+iTf/xkmyB00saCiquunu8iLBFVjWt5FZWV1b38hu5ra2d3b3zPx+U4WxpKxBQxHKtkcUEzxgDeAgWDuSjPieYC1vVJ36rXsmFQ+DOowj5vhkEPA+pwS05Jr5LrBHSO6qV/WJW7q4dkuuWbCK1gx4mdgpKaAUNdf86vZCGvssACqIUh3bisBJiAROBZvkurFiEaEjMmAdTQPiM+Uks9Mn+FgrPdwPpa4A8Ez9PZEQX6mx7+lOn8BQLXpT8T+vE0P/3El4EMXAAjpf1I8FhhBPc8A9LhkFMdaEUMn1rZgOiSQUdFo5HYK9+PIyaZaK9mmxfFsuVC7TOLLoEB2hE2SjM1RBN6iGGoiiB/SMXtGb8WS8GO/Gx7w1Y6QzB+gPjM8fLFOTSQ==</latexit>

SCFT2 = G2



critical Type II string in all Einstein 
theories

non-Einstein theories (no large gap)

<latexit sha1_base64="r3JoP9K2Fz/rG+ib5pcyyZS0xec=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEirpRCm5cVrAPaEKZTCft0MmDmRuxhLjxV9y4UMStf+HOv3HSZqGtZ3U4517uuceLBVdgWd9GaWl5ZXWtvF7Z2Nza3jF399oqSiRlLRqJSHY9opjgIWsBB8G6sWQk8ATreOPr3O/cM6l4FN7BJGZuQIYh9zkloKW+eeAAe4DUjyTOHF8SmpIspdml3TerVs2aAi8SuyBVVKDZN7+cQUSTgIVABVGqZ1sxuCmRwKlgWcVJFIsJHZMh62kakoApN51+kOFjrQxwnsKPQsBT9fdGSgKlJoGnJwMCIzXv5eJ/Xi8B/8JNeRgnwEI6O+QnAkOE8zrwgEtGQUw0IVRynRXTEdE9gC6tokuw519eJO3Tmn1Wq9/Wq42roo4yOkRH6ATZ6Bw10A1qohai6BE9o1f0ZjwZL8a78TEbLRnFzj76A+PzB/12lzo=</latexit>

for
a

c
= 1

<latexit sha1_base64="0utrDn+X6LFSnVZzpkd9wGi5m8U=">AAACDXicbZC7TsNAEEXXPEN4GShpVgQkqsiGCGhAkWgog0QeUmxF6806WWX90O4YEVn+ARp+hYYChGjp6fgb1okLSJjq6N4Zzcz1YsEVWNa3sbC4tLyyWlorr29sbm2bO7stFSWSsiaNRCQ7HlFM8JA1gYNgnVgyEniCtb3Rde6375lUPArvYBwzNyCDkPucEtBSzzx0gD1A6kcSZ44vCU1JltLscsr2aZbataxnVqyqNSk8D3YBFVRUo2d+Of2IJgELgQqiVNe2YnBTIoFTwbKykygWEzoiA9bVGJKAKTedfJPhI630cX6RH4WAJ+rviZQESo0DT3cGBIZq1svF/7xuAv6Fm/IwToCFdLrITwSGCOfR4D6XjIIYayBUcn0rpkOicwAdYFmHYM++PA+tk6p9Vq3d1ir1qyKOEtpHB+gY2egc1dENaqAmougRPaNX9GY8GS/Gu/ExbV0wipk99KeMzx8c7Jwy</latexit>

for
a

c
=

13

14
<latexit sha1_base64="2XZyrDuS2mJklJaYr1+60PVmUv4=">AAACC3icbZC7SgNBFIZn4y3G26qlzZAgWIVdCSaNErCxjGAukCxhdjKbDJm9MHNWDMv2Nr6KjYUitr6AnW/jbLKFJp7q4//P4Zzzu5HgCizr2yisrW9sbhW3Szu7e/sH5uFRR4WxpKxNQxHKnksUEzxgbeAgWC+SjPiuYF13ep353XsmFQ+DO5hFzPHJOOAepwS0NDTLA2APkHihxOnAk4QmJE1oerngepo00qFZsarWvPAq2DlUUF6tofk1GIU09lkAVBCl+rYVgZMQCZwKlpYGsWIRoVMyZn2NAfGZcpL5Lyk+1coIZ/d4YQB4rv6eSIiv1Mx3dadPYKKWvUz8z+vH4DWchAdRDCygi0VeLDCEOAsGj7hkFMRMA6GS61sxnRCdAuj4SjoEe/nlVeicV+2Lau22Vmle5XEU0QkqozNkozpqohvUQm1E0SN6Rq/ozXgyXox342PRWjDymWP0p4zPHy+Sm8Q=</latexit>

for
a

c
=

7

8

<latexit sha1_base64="jbXcOVhw5AZY2GVEudI18ZjHSIk=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCp5KUol6UghePFewHNKVstpt26WYTdydCCcGLf8WLB0W8+iu8+W/ctjlo64OBx3szzMzzY8E1OM63tbS8srq2Xtgobm5t7+zae/tNHSWKsgaNRKTaPtFMcMkawEGwdqwYCX3BWv7oeuK3HpjSPJJ3MI5ZNyQDyQNOCRipZx96RMRDcukFitDUzVJP3ytIK1nWs0tO2ZkCLxI3JyWUo96zv7x+RJOQSaCCaN1xnRi6KVHAqWBZ0Us0iwkdkQHrGCpJyHQ3nb6Q4ROj9HEQKVMS8FT9PZGSUOtx6JvOkMBQz3sT8T+vk0Bw0U25jBNgks4WBYnAEOFJHrjPFaMgxoYQqri5FdMhMWGASa1oQnDnX14kzUrZPStXb6ul2lUeRwEdoWN0ilx0jmroBtVRA1H0iJ7RK3qznqwX6936mLUuWfnMAfoD6/MHzMmXsg==</latexit>

↵ =
1p
2

<latexit sha1_base64="Qy1C5OqwS+I09r1OxgoZ8CNeBE0=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KUYt0oBTcuK9gHNKFMppN26OThzEQoIeDGX3HjQhG3/oQ7/8Zpm4W2HrhwOOde7r3HizmTyrK+jcLK6tr6RnGztLW9s7tn7h+0ZZQIQlsk4pHoelhSzkLaUkxx2o0FxYHHaccbX0/9zgMVkkXhnZrE1A3wMGQ+I1hpqW8eOZjHI3zpyHuhUscXmKT1LLWrWdY3y1bFmgEtEzsnZcjR7JtfziAiSUBDRTiWsmdbsXJTLBQjnGYlJ5E0xmSMh7SnaYgDKt109kOGTrUyQH4kdIUKzdTfEykOpJwEnu4MsBrJRW8q/uf1EuVfuCkL40TRkMwX+QlHKkLTQNCACUoUn2iCiWD6VkRGWOegdGwlHYK9+PIyaVcr9nmldlsrN67yOIpwDCdwBjbUoQE30IQWEHiEZ3iFN+PJeDHejY95a8HIZw7hD4zPH1D7l/M=</latexit>

↵ =

r
7

12
<latexit sha1_base64="LejM9spQiygc5FtyrIxYizSccbM=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyWpRd0oBTcuK9gHNKHcTCft0MnDmYlQQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv997jxZxJZVnfRmFpeWV1rbhe2tjc2t4xd/daMkoEoU0S8Uh0PJCUs5A2FVOcdmJBIfA4bXuj64nffqBCsii8U+OYugEMQuYzAkpLPfPAAR4P4dKR90Klji+ApNUsPc2ynlm2KtYUeJHYOSmjHI2e+eX0I5IENFSEg5Rd24qVm4JQjHCalZxE0hjICAa0q2kIAZVuOn0hw8da6WM/ErpChafq74kUAinHgac7A1BDOe9NxP+8bqL8CzdlYZwoGpLZIj/hWEV4kgfuM0GJ4mNNgAimb8VkCDoGpVMr6RDs+ZcXSatasc8qtdtauX6Vx1FEh+gInSAbnaM6ukEN1EQEPaJn9IrejCfjxXg3PmatBSOf2Ud/YHz+ANHZl7Q=</latexit>

↵ =

r
2

3

1)

2)

3)
difficult to analyse in the bulk…

TENSIONLESS STRINGS

Let’s construct an interpolating model starting from a holographic theory:

Holographic Non-holographic
<latexit sha1_base64="A/tJb4Ni4K01nlFC+bDssrXzPro=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0VwFSZtTNuNFNy4rGBtoQ1hMp20QycPZiaVEvonblwo4tY/ceffOH0IKnrgwuGce7n3niDlTCqEPozC2vrG5lZxu7Szu7d/YB4e3ckkE4S2ScIT0Q2wpJzFtK2Y4rSbCoqjgNNOML6a+50JFZIl8a2aptSL8DBmISNYack3zaFv9wUbjhQWIrmHyDfLyEL1mus6EFnVRv3CQZq4lUbFrkLbQguUwQot33zvDxKSRTRWhGMpezZKlZdjoRjhdFbqZ5KmmIzxkPY0jXFEpZcvLp/BM60MYJgIXbGCC/X7RI4jKadRoDsjrEbytzcX//J6mQrrXs7iNFM0JstFYcahSuA8BjhgghLFp5pgIpi+FZIRFpgoHVZJh/D1Kfyf3FUs27WcG6fcvFzFUQQn4BScAxvUQBNcgxZoAwIm4AE8gWcjNx6NF+N12VowVjPH4AeMt090rZOP</latexit>

g1 ! 0
<latexit sha1_base64="yjYhitvOqCZda64h6GcDFYOjzHk=">AAACBHicbVDLSgNBEJz1GeNr1WMug0HwFHZDUC9KIGA8RswLsmGZnUySIbMPZnrFsOTgxV/x4kERr36EN//GSbIHTSxoKKq66e7yIsEVWNa3sbK6tr6xmdnKbu/s7u2bB4dNFcaSsgYNRSjbHlFM8IA1gINg7Ugy4nuCtbxRZeq37plUPAzqMI5Y1yeDgPc5JaAl18w5wB4guatc1yeufVl1bQe4zxSuukXXzFsFawa8TOyU5FGKmmt+Ob2Qxj4LgAqiVMe2IugmRAKngk2yTqxYROiIDFhH04DoRd1k9sQEn2ilh/uh1BUAnqm/JxLiKzX2Pd3pExiqRW8q/ud1YuhfdBMeRDGwgM4X9WOBIcTTRHCPS0ZBjDUhVHJ9K6ZDIgkFnVtWh2AvvrxMmsWCfVYo3Zby5as0jgzKoWN0imx0jsroBtVQA1H0iJ7RK3oznowX4934mLeuGOnMEfoD4/MHKN2XIQ==</latexit>

SCFT1 = G1 ⇥G2

<latexit sha1_base64="zUe4EeE/A+QA2N1P9qSxn0fEQCE=">AAAB+nicbVDLSgNBEJyNrxhfGz16GQyCp7AbgnpRAgH1GDEvSJZldjJJhsw+mOlVw5pP8eJBEa9+iTf/xkmyB00saCiquunu8iLBFVjWt5FZWV1b38hu5ra2d3b3zPx+U4WxpKxBQxHKtkcUEzxgDeAgWDuSjPieYC1vVJ36rXsmFQ+DOowj5vhkEPA+pwS05Jr5LrBHSO6qV/WJW7q4dkuuWbCK1gx4mdgpKaAUNdf86vZCGvssACqIUh3bisBJiAROBZvkurFiEaEjMmAdTQPiM+Uks9Mn+FgrPdwPpa4A8Ez9PZEQX6mx7+lOn8BQLXpT8T+vE0P/3El4EMXAAjpf1I8FhhBPc8A9LhkFMdaEUMn1rZgOiSQUdFo5HYK9+PIyaZaK9mmxfFsuVC7TOLLoEB2hE2SjM1RBN6iGGoiiB/SMXtGb8WS8GO/Gx7w1Y6QzB+gPjM8fLFOTSQ==</latexit>

SCFT2 = G2

Use this interpolating model to infer the bulk interpretation of the 
weak coupling limit 

<latexit sha1_base64="I1CRoZq46xIOAqTFV5ZXeE1Tfms=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lKUU9S8OKxgv2ANoTNdpMu3WTD7qRSQv+JFw+KePWfePPfuG1z0NYHA4/3ZpiZF6SCa3Ccb6u0sbm1vVPereztHxwe2ccnHS0zRVmbSiFVLyCaCZ6wNnAQrJcqRuJAsG4wvpv73QlTmsvkEaYp82ISJTzklICRfNuO/PpA8WgERCn5hB3frjo1ZwG8TtyCVFGBlm9/DYaSZjFLgAqidd91UvByooBTwWaVQaZZSuiYRKxvaEJipr18cfkMXxhliEOpTCWAF+rviZzEWk/jwHTGBEZ61ZuL/3n9DMIbL+dJmgFL6HJRmAkMEs9jwEOuGAUxNYRQxc2tmI6IIhRMWBUTgrv68jrp1GvuVa3x0Kg2b4s4yugMnaNL5KJr1ET3qIXaiKIJekav6M3KrRfr3fpYtpasYuYU/YH1+QP9sZM9</latexit>

g2 ! 0 in
<latexit sha1_base64="zUe4EeE/A+QA2N1P9qSxn0fEQCE=">AAAB+nicbVDLSgNBEJyNrxhfGz16GQyCp7AbgnpRAgH1GDEvSJZldjJJhsw+mOlVw5pP8eJBEa9+iTf/xkmyB00saCiquunu8iLBFVjWt5FZWV1b38hu5ra2d3b3zPx+U4WxpKxBQxHKtkcUEzxgDeAgWDuSjPieYC1vVJ36rXsmFQ+DOowj5vhkEPA+pwS05Jr5LrBHSO6qV/WJW7q4dkuuWbCK1gx4mdgpKaAUNdf86vZCGvssACqIUh3bisBJiAROBZvkurFiEaEjMmAdTQPiM+Uks9Mn+FgrPdwPpa4A8Ez9PZEQX6mx7+lOn8BQLXpT8T+vE0P/3El4EMXAAjpf1I8FhhBPc8A9LhkFMdaEUMn1rZgOiSQUdFo5HYK9+PIyaZaK9mmxfFsuVC7TOLLoEB2hE2SjM1RBN6iGGoiiB/SMXtGb8WS8GO/Gx7w1Y6QzB+gPjM8fLFOTSQ==</latexit>

SCFT2 = G2



Full classification of 4d (Lagrangian) SCFTs with large N and simple factor for 
the gauge group [Bhardwaj,Tachikawa’13] [Razamat, Sabag, Zafrir’20]

<latexit sha1_base64="jbXcOVhw5AZY2GVEudI18ZjHSIk=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCp5KUol6UghePFewHNKVstpt26WYTdydCCcGLf8WLB0W8+iu8+W/ctjlo64OBx3szzMzzY8E1OM63tbS8srq2Xtgobm5t7+zae/tNHSWKsgaNRKTaPtFMcMkawEGwdqwYCX3BWv7oeuK3HpjSPJJ3MI5ZNyQDyQNOCRipZx96RMRDcukFitDUzVJP3ytIK1nWs0tO2ZkCLxI3JyWUo96zv7x+RJOQSaCCaN1xnRi6KVHAqWBZ0Us0iwkdkQHrGCpJyHQ3nb6Q4ROj9HEQKVMS8FT9PZGSUOtx6JvOkMBQz3sT8T+vk0Bw0U25jBNgks4WBYnAEOFJHrjPFaMgxoYQqri5FdMhMWGASa1oQnDnX14kzUrZPStXb6ul2lUeRwEdoWN0ilx0jmroBtVRA1H0iJ7RK3qznqwX6936mLUuWfnMAfoD6/MHzMmXsg==</latexit>

↵ =
1p
2

<latexit sha1_base64="Qy1C5OqwS+I09r1OxgoZ8CNeBE0=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KUYt0oBTcuK9gHNKFMppN26OThzEQoIeDGX3HjQhG3/oQ7/8Zpm4W2HrhwOOde7r3HizmTyrK+jcLK6tr6RnGztLW9s7tn7h+0ZZQIQlsk4pHoelhSzkLaUkxx2o0FxYHHaccbX0/9zgMVkkXhnZrE1A3wMGQ+I1hpqW8eOZjHI3zpyHuhUscXmKT1LLWrWdY3y1bFmgEtEzsnZcjR7JtfziAiSUBDRTiWsmdbsXJTLBQjnGYlJ5E0xmSMh7SnaYgDKt109kOGTrUyQH4kdIUKzdTfEykOpJwEnu4MsBrJRW8q/uf1EuVfuCkL40TRkMwX+QlHKkLTQNCACUoUn2iCiWD6VkRGWOegdGwlHYK9+PIyaVcr9nmldlsrN67yOIpwDCdwBjbUoQE30IQWEHiEZ3iFN+PJeDHejY95a8HIZw7hD4zPH1D7l/M=</latexit>

↵ =

r
7

12

<latexit sha1_base64="LejM9spQiygc5FtyrIxYizSccbM=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyWpRd0oBTcuK9gHNKHcTCft0MnDmYlQQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv997jxZxJZVnfRmFpeWV1rbhe2tjc2t4xd/daMkoEoU0S8Uh0PJCUs5A2FVOcdmJBIfA4bXuj64nffqBCsii8U+OYugEMQuYzAkpLPfPAAR4P4dKR90Klji+ApNUsPc2ynlm2KtYUeJHYOSmjHI2e+eX0I5IENFSEg5Rd24qVm4JQjHCalZxE0hjICAa0q2kIAZVuOn0hw8da6WM/ErpChafq74kUAinHgac7A1BDOe9NxP+8bqL8CzdlYZwoGpLZIj/hWEV4kgfuM0GJ4mNNgAimb8VkCDoGpVMr6RDs+ZcXSatasc8qtdtauX6Vx1FEh+gInSAbnaM6ukEN1EQEPaJn9IrejCfjxXg3PmatBSOf2Ud/YHz+ANHZl7Q=</latexit>

↵ =

r
2

3

1)

2)

3)

CLASSIFICATION OF LIMITS IN 4d SCFTs



Full classification of 4d (Lagrangian) SCFTs with large N and simple factor for 
the gauge group [Bhardwaj,Tachikawa’13] [Razamat, Sabag, Zafrir’20]

<latexit sha1_base64="jbXcOVhw5AZY2GVEudI18ZjHSIk=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCp5KUol6UghePFewHNKVstpt26WYTdydCCcGLf8WLB0W8+iu8+W/ctjlo64OBx3szzMzzY8E1OM63tbS8srq2Xtgobm5t7+zae/tNHSWKsgaNRKTaPtFMcMkawEGwdqwYCX3BWv7oeuK3HpjSPJJ3MI5ZNyQDyQNOCRipZx96RMRDcukFitDUzVJP3ytIK1nWs0tO2ZkCLxI3JyWUo96zv7x+RJOQSaCCaN1xnRi6KVHAqWBZ0Us0iwkdkQHrGCpJyHQ3nb6Q4ROj9HEQKVMS8FT9PZGSUOtx6JvOkMBQz3sT8T+vk0Bw0U25jBNgks4WBYnAEOFJHrjPFaMgxoYQqri5FdMhMWGASa1oQnDnX14kzUrZPStXb6ul2lUeRwEdoWN0ilx0jmroBtVRA1H0iJ7RK3qznqwX6936mLUuWfnMAfoD6/MHzMmXsg==</latexit>

↵ =
1p
2

<latexit sha1_base64="Qy1C5OqwS+I09r1OxgoZ8CNeBE0=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KUYt0oBTcuK9gHNKFMppN26OThzEQoIeDGX3HjQhG3/oQ7/8Zpm4W2HrhwOOde7r3HizmTyrK+jcLK6tr6RnGztLW9s7tn7h+0ZZQIQlsk4pHoelhSzkLaUkxx2o0FxYHHaccbX0/9zgMVkkXhnZrE1A3wMGQ+I1hpqW8eOZjHI3zpyHuhUscXmKT1LLWrWdY3y1bFmgEtEzsnZcjR7JtfziAiSUBDRTiWsmdbsXJTLBQjnGYlJ5E0xmSMh7SnaYgDKt109kOGTrUyQH4kdIUKzdTfEykOpJwEnu4MsBrJRW8q/uf1EuVfuCkL40TRkMwX+QlHKkLTQNCACUoUn2iCiWD6VkRGWOegdGwlHYK9+PIyaVcr9nmldlsrN67yOIpwDCdwBjbUoQE30IQWEHiEZ3iFN+PJeDHejY95a8HIZw7hD4zPH1D7l/M=</latexit>

↵ =

r
7

12

<latexit sha1_base64="LejM9spQiygc5FtyrIxYizSccbM=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyWpRd0oBTcuK9gHNKHcTCft0MnDmYlQQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv997jxZxJZVnfRmFpeWV1rbhe2tjc2t4xd/daMkoEoU0S8Uh0PJCUs5A2FVOcdmJBIfA4bXuj64nffqBCsii8U+OYugEMQuYzAkpLPfPAAR4P4dKR90Klji+ApNUsPc2ynlm2KtYUeJHYOSmjHI2e+eX0I5IENFSEg5Rd24qVm4JQjHCalZxE0hjICAa0q2kIAZVuOn0hw8da6WM/ErpChafq74kUAinHgac7A1BDOe9NxP+8bqL8CzdlYZwoGpLZIj/hWEV4kgfuM0GJ4mNNgAimb8VkCDoGpVMr6RDs+ZcXSatasc8qtdtauX6Vx1FEh+gInSAbnaM6ukEN1EQEPaJn9IrejCfjxXg3PmatBSOf2Ud/YHz+ANHZl7Q=</latexit>

↵ =

r
2

3

1)

2)

3)

CLASSIFICATION OF LIMITS IN 4d SCFTs

example! [Gadde,Pomoni,Rastelli’20]



CFT

Brane 
picture

Gravity 
dual

<latexit sha1_base64="bJgqMPX1pGIXxU1CYdcHJIgLT44=">AAACAnicbVDLSgNBEJz1GeNr1ZN4GQxCvITdENSLEvDiKUR0k0CyhNnJbDJk9sFMrxqW4MVf8eJBEa9+hTf/xsnjoIkFDUVVN91dXiy4Asv6NhYWl5ZXVjNr2fWNza1tc2e3pqJEUubQSESy4RHFBA+ZAxwEa8SSkcATrO71L0d+/Y5JxaPwFgYxcwPSDbnPKQEttc39GydfOcYtYA+Q4nsOPTystP3zYqVt5qyCNQaeJ/aU5NAU1bb51epENAlYCFQQpZq2FYObEgmcCjbMthLFYkL7pMuamoYkYMpNxy8M8ZFWOtiPpK4Q8Fj9PZGSQKlB4OnOgEBPzXoj8T+vmYB/5qY8jBNgIZ0s8hOBIcKjPHCHS0ZBDDQhVHJ9K6Y9IgkFnVpWh2DPvjxPasWCfVIoXZdy5YtpHBl0gA5RHtnoFJXRFaoiB1H0iJ7RK3oznowX4934mLQuGNOZPfQHxucPGF6V9g==</latexit>

SU(N) with Nf = 2N

<latexit sha1_base64="Xy8KcZQuItfyC1sjUgjMVlWheqQ=">AAACBXicbVC7SgNBFJ2NrxhfUUstBoNgFXZDUBslEAsrSdA8IFnC7GQ2GTI7u8zcFcOSxsZfsbFQxNZ/sPNvnDwKTTzDwOGce7n3Hi8SXINtf1uppeWV1bX0emZjc2t7J7u7V9dhrCir0VCEqukRzQSXrAYcBGtGipHAE6zhDcpjv3HPlOahvINhxNyA9CT3OSVgpE72sB0Q6FMikpvRRaGNzQP2AMlttXw16mRzdt6eAC8SZ0ZyaIZKJ/vV7oY0DpgEKojWLceOwE2IAk4FG2XasWYRoQPSYy1DJQmYdpPJFSN8bJQu9kNlvgQ8UX93JCTQehh4pnK8s573xuJ/XisG/9xNuIxiYJJOB/mxwBDicSS4yxWjIIaGEKq42RXTPlGEggkuY0Jw5k9eJPVC3jnNF6vFXOlyFkcaHaAjdIIcdIZK6BpVUA1R9Iie0St6s56sF+vd+piWpqxZzz76A+vzB4IPl+8=</latexit>

N = 2 SQCD

INTERPOLATING MODEL FOR N=2 SQCD

[Gadde,Pomoni,Rastelli’20] [Dei,Pietro,Ferrero,Rastelli’24]



CFT

Brane 
picture

Gravity 
dual

<latexit sha1_base64="bJgqMPX1pGIXxU1CYdcHJIgLT44=">AAACAnicbVDLSgNBEJz1GeNr1ZN4GQxCvITdENSLEvDiKUR0k0CyhNnJbDJk9sFMrxqW4MVf8eJBEa9+hTf/xsnjoIkFDUVVN91dXiy4Asv6NhYWl5ZXVjNr2fWNza1tc2e3pqJEUubQSESy4RHFBA+ZAxwEa8SSkcATrO71L0d+/Y5JxaPwFgYxcwPSDbnPKQEttc39GydfOcYtYA+Q4nsOPTystP3zYqVt5qyCNQaeJ/aU5NAU1bb51epENAlYCFQQpZq2FYObEgmcCjbMthLFYkL7pMuamoYkYMpNxy8M8ZFWOtiPpK4Q8Fj9PZGSQKlB4OnOgEBPzXoj8T+vmYB/5qY8jBNgIZ0s8hOBIcKjPHCHS0ZBDDQhVHJ9K6Y9IgkFnVpWh2DPvjxPasWCfVIoXZdy5YtpHBl0gA5RHtnoFJXRFaoiB1H0iJ7RK3oznowX4934mLQuGNOZPfQHxucPGF6V9g==</latexit>

SU(N) with Nf = 2N

<latexit sha1_base64="Xy8KcZQuItfyC1sjUgjMVlWheqQ=">AAACBXicbVC7SgNBFJ2NrxhfUUstBoNgFXZDUBslEAsrSdA8IFnC7GQ2GTI7u8zcFcOSxsZfsbFQxNZ/sPNvnDwKTTzDwOGce7n3Hi8SXINtf1uppeWV1bX0emZjc2t7J7u7V9dhrCir0VCEqukRzQSXrAYcBGtGipHAE6zhDcpjv3HPlOahvINhxNyA9CT3OSVgpE72sB0Q6FMikpvRRaGNzQP2AMlttXw16mRzdt6eAC8SZ0ZyaIZKJ/vV7oY0DpgEKojWLceOwE2IAk4FG2XasWYRoQPSYy1DJQmYdpPJFSN8bJQu9kNlvgQ8UX93JCTQehh4pnK8s573xuJ/XisG/9xNuIxiYJJOB/mxwBDicSS4yxWjIIaGEKq42RXTPlGEggkuY0Jw5k9eJPVC3jnNF6vFXOlyFkcaHaAjdIIcdIZK6BpVUA1R9Iie0St6s56sF+vd+piWpqxZzz76A+vzB4IPl+8=</latexit>

N = 2 SQCD
<latexit sha1_base64="q1SqauP0TxbGXOUXdTWmGegixqw=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFqJuSSFFXUnDjSiqattCGMplO2qGTCzMTpcQ+ihsXirj1Sdz5Nk7TLLT1h4GP/5zDOfN7MWdSWda3UVhZXVvfKG6WtrZ3dvfM8n5LRokg1CERj0THw5JyFlJHMcVpJxYUBx6nbW98Nau3H6iQLArv1SSmboCHIfMZwUpbfbN851RvTnqKBVSijPtmxapZmdAy2DlUIFezb371BhFJAhoqwrGUXduKlZtioRjhdFrqJZLGmIzxkHY1hlivctPs9Ck61s4A+ZHQL1Qoc39PpDiQchJ4ujPAaiQXazPzv1o3Uf6Fm7IwThQNyXyRn3CkIjTLAQ2YoETxiQZMBNO3IjLCAhOl0yrpEOzFLy9D67Rmn9Xqt/VK4zKPowiHcARVsOEcGnANTXCAwCM8wyu8GU/Gi/FufMxbC0Y+cwB/ZHz+APtMkoY=</latexit>

SU(N)⇥ SU(N)

<latexit sha1_base64="/J2ldoxFSGaZ8tqGGrUS9P8+rN0=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiSlqBul4MaVVLAPaGKZTCft0MkkzEyUEvofblwo4tZ/ceffOGmz0NYDA4dz7uWeOX7MmdK2/W0VVlbX1jeKm6Wt7Z3dvfL+QVtFiSS0RSIeya6PFeVM0JZmmtNuLCkOfU47/vg68zuPVCoWiXs9iakX4qFgASNYG+nBDbEeEczT2+llze2XK3bVngEtEycnFcjR7Je/3EFEkpAKTThWqufYsfZSLDUjnE5LbqJojMkYD2nPUIFDqrx0lnqKTowyQEEkzRMazdTfGykOlZqEvpnMUqpFLxP/83qJDi68lIk40VSQ+aEg4UhHKKsADZikRPOJIZhIZrIiMsISE22KKpkSnMUvL5N2reqcVet39UrjKq+jCEdwDKfgwDk04Aaa0AICEp7hFd6sJ+vFerc+5qMFK985hD+wPn8ANqGSUg==</latexit>

N = 2
<latexit sha1_base64="A/tJb4Ni4K01nlFC+bDssrXzPro=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0VwFSZtTNuNFNy4rGBtoQ1hMp20QycPZiaVEvonblwo4tY/ceffOH0IKnrgwuGce7n3niDlTCqEPozC2vrG5lZxu7Szu7d/YB4e3ckkE4S2ScIT0Q2wpJzFtK2Y4rSbCoqjgNNOML6a+50JFZIl8a2aptSL8DBmISNYack3zaFv9wUbjhQWIrmHyDfLyEL1mus6EFnVRv3CQZq4lUbFrkLbQguUwQot33zvDxKSRTRWhGMpezZKlZdjoRjhdFbqZ5KmmIzxkPY0jXFEpZcvLp/BM60MYJgIXbGCC/X7RI4jKadRoDsjrEbytzcX//J6mQrrXs7iNFM0JstFYcahSuA8BjhgghLFp5pgIpi+FZIRFpgoHVZJh/D1Kfyf3FUs27WcG6fcvFzFUQQn4BScAxvUQBNcgxZoAwIm4AE8gWcjNx6NF+N12VowVjPH4AeMt090rZOP</latexit>

g1 ! 0

INTERPOLATING MODEL FOR N=2 SQCD

[Gadde,Pomoni,Rastelli’20] [Dei,Pietro,Ferrero,Rastelli’24]



D3-branes on 
A1 singularity

<latexit sha1_base64="LF1f8nVqSpTkRdMub++m70eW/4k=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgupCalqCspuHFZxT6wiWEynbRDJ5MwMxFK6E+48VfcuFDEreDOv3HSRqitBwbOnHMv997jx4xKZVnfxsLi0vLKamGtuL6xubVt7uw2ZZQITBo4YpFo+0gSRjlpKKoYaceCoNBnpOUPLjO/9UCEpBG/VcOYuCHqcRpQjJSWPPPYCZHq+356M7qvOIqGRMIpqXry+7kbeRXPLFllaww4T+yclECOumd+Od0IJyHhCjMkZce2YuWmSCiKGRkVnUSSGOEB6pGOphzp8W46vmoED7XShUEk9OMKjtXpjhSFUg5DX1dmO8pZLxP/8zqJCs7dlPI4UYTjyaAgYVBFMIsIdqkgWLGhJggLqneFuI8EwkoHWdQh2LMnz5NmpWyflqvX1VLtIo+jAPbBATgCNjgDNXAF6qABMHgEz+AVvBlPxovxbnxMSheMvGcP/IHx+QO+dp8s</latexit>

R2 ⇥ R4/Z2

CFT

Brane 
picture

Gravity 
dual

<latexit sha1_base64="bJgqMPX1pGIXxU1CYdcHJIgLT44=">AAACAnicbVDLSgNBEJz1GeNr1ZN4GQxCvITdENSLEvDiKUR0k0CyhNnJbDJk9sFMrxqW4MVf8eJBEa9+hTf/xsnjoIkFDUVVN91dXiy4Asv6NhYWl5ZXVjNr2fWNza1tc2e3pqJEUubQSESy4RHFBA+ZAxwEa8SSkcATrO71L0d+/Y5JxaPwFgYxcwPSDbnPKQEttc39GydfOcYtYA+Q4nsOPTystP3zYqVt5qyCNQaeJ/aU5NAU1bb51epENAlYCFQQpZq2FYObEgmcCjbMthLFYkL7pMuamoYkYMpNxy8M8ZFWOtiPpK4Q8Fj9PZGSQKlB4OnOgEBPzXoj8T+vmYB/5qY8jBNgIZ0s8hOBIcKjPHCHS0ZBDDQhVHJ9K6Y9IgkFnVpWh2DPvjxPasWCfVIoXZdy5YtpHBl0gA5RHtnoFJXRFaoiB1H0iJ7RK3oznowX4934mLQuGNOZPfQHxucPGF6V9g==</latexit>

SU(N) with Nf = 2N

<latexit sha1_base64="Xy8KcZQuItfyC1sjUgjMVlWheqQ=">AAACBXicbVC7SgNBFJ2NrxhfUUstBoNgFXZDUBslEAsrSdA8IFnC7GQ2GTI7u8zcFcOSxsZfsbFQxNZ/sPNvnDwKTTzDwOGce7n3Hi8SXINtf1uppeWV1bX0emZjc2t7J7u7V9dhrCir0VCEqukRzQSXrAYcBGtGipHAE6zhDcpjv3HPlOahvINhxNyA9CT3OSVgpE72sB0Q6FMikpvRRaGNzQP2AMlttXw16mRzdt6eAC8SZ0ZyaIZKJ/vV7oY0DpgEKojWLceOwE2IAk4FG2XasWYRoQPSYy1DJQmYdpPJFSN8bJQu9kNlvgQ8UX93JCTQehh4pnK8s573xuJ/XisG/9xNuIxiYJJOB/mxwBDicSS4yxWjIIaGEKq42RXTPlGEggkuY0Jw5k9eJPVC3jnNF6vFXOlyFkcaHaAjdIIcdIZK6BpVUA1R9Iie0St6s56sF+vd+piWpqxZzz76A+vzB4IPl+8=</latexit>

N = 2 SQCD
<latexit sha1_base64="q1SqauP0TxbGXOUXdTWmGegixqw=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFqJuSSFFXUnDjSiqattCGMplO2qGTCzMTpcQ+ihsXirj1Sdz5Nk7TLLT1h4GP/5zDOfN7MWdSWda3UVhZXVvfKG6WtrZ3dvfM8n5LRokg1CERj0THw5JyFlJHMcVpJxYUBx6nbW98Nau3H6iQLArv1SSmboCHIfMZwUpbfbN851RvTnqKBVSijPtmxapZmdAy2DlUIFezb371BhFJAhoqwrGUXduKlZtioRjhdFrqJZLGmIzxkHY1hlivctPs9Ck61s4A+ZHQL1Qoc39PpDiQchJ4ujPAaiQXazPzv1o3Uf6Fm7IwThQNyXyRn3CkIjTLAQ2YoETxiQZMBNO3IjLCAhOl0yrpEOzFLy9D67Rmn9Xqt/VK4zKPowiHcARVsOEcGnANTXCAwCM8wyu8GU/Gi/FufMxbC0Y+cwB/ZHz+APtMkoY=</latexit>

SU(N)⇥ SU(N)

<latexit sha1_base64="/J2ldoxFSGaZ8tqGGrUS9P8+rN0=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiSlqBul4MaVVLAPaGKZTCft0MkkzEyUEvofblwo4tZ/ceffOGmz0NYDA4dz7uWeOX7MmdK2/W0VVlbX1jeKm6Wt7Z3dvfL+QVtFiSS0RSIeya6PFeVM0JZmmtNuLCkOfU47/vg68zuPVCoWiXs9iakX4qFgASNYG+nBDbEeEczT2+llze2XK3bVngEtEycnFcjR7Je/3EFEkpAKTThWqufYsfZSLDUjnE5LbqJojMkYD2nPUIFDqrx0lnqKTowyQEEkzRMazdTfGykOlZqEvpnMUqpFLxP/83qJDi68lIk40VSQ+aEg4UhHKKsADZikRPOJIZhIZrIiMsISE22KKpkSnMUvL5N2reqcVet39UrjKq+jCEdwDKfgwDk04Aaa0AICEp7hFd6sJ+vFerc+5qMFK985hD+wPn8ANqGSUg==</latexit>

N = 2
<latexit sha1_base64="A/tJb4Ni4K01nlFC+bDssrXzPro=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0VwFSZtTNuNFNy4rGBtoQ1hMp20QycPZiaVEvonblwo4tY/ceffOH0IKnrgwuGce7n3niDlTCqEPozC2vrG5lZxu7Szu7d/YB4e3ckkE4S2ScIT0Q2wpJzFtK2Y4rSbCoqjgNNOML6a+50JFZIl8a2aptSL8DBmISNYack3zaFv9wUbjhQWIrmHyDfLyEL1mus6EFnVRv3CQZq4lUbFrkLbQguUwQot33zvDxKSRTRWhGMpezZKlZdjoRjhdFbqZ5KmmIzxkPY0jXFEpZcvLp/BM60MYJgIXbGCC/X7RI4jKadRoDsjrEbytzcX//J6mQrrXs7iNFM0JstFYcahSuA8BjhgghLFp5pgIpi+FZIRFpgoHVZJh/D1Kfyf3FUs27WcG6fcvFzFUQQn4BScAxvUQBNcgxZoAwIm4AE8gWcjNx6NF+N12VowVjPH4AeMt090rZOP</latexit>

g1 ! 0

INTERPOLATING MODEL FOR N=2 SQCD

[Gadde,Pomoni,Rastelli’20] [Dei,Pietro,Ferrero,Rastelli’24]



D3-branes on 
A1 singularity

<latexit sha1_base64="LF1f8nVqSpTkRdMub++m70eW/4k=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgupCalqCspuHFZxT6wiWEynbRDJ5MwMxFK6E+48VfcuFDEreDOv3HSRqitBwbOnHMv997jx4xKZVnfxsLi0vLKamGtuL6xubVt7uw2ZZQITBo4YpFo+0gSRjlpKKoYaceCoNBnpOUPLjO/9UCEpBG/VcOYuCHqcRpQjJSWPPPYCZHq+356M7qvOIqGRMIpqXry+7kbeRXPLFllaww4T+yclECOumd+Od0IJyHhCjMkZce2YuWmSCiKGRkVnUSSGOEB6pGOphzp8W46vmoED7XShUEk9OMKjtXpjhSFUg5DX1dmO8pZLxP/8zqJCs7dlPI4UYTjyaAgYVBFMIsIdqkgWLGhJggLqneFuI8EwkoHWdQh2LMnz5NmpWyflqvX1VLtIo+jAPbBATgCNjgDNXAF6qABMHgEz+AVvBlPxovxbnxMSheMvGcP/IHx+QO+dp8s</latexit>

R2 ⇥ R4/Z2

<latexit sha1_base64="kl//AhPYQ/ehYHyzz5KFzO57iN4=">AAACDHicbVDLTgJBEJzFF+IL9ehlIjHxhLsE1JPBePGIQR6RRTI7DDBh9pGZXiPZ7Ad48Ve8eNAYr36AN//GWdiDopV0UqnqTneXEwiuwDS/jMzC4tLySnY1t7a+sbmV395pKj+UlDWoL3zZdohignusARwEaweSEdcRrOWMLxK/dcek4r53DZOAdV0y9PiAUwJa6uULNrB7iM779bhXsYG7TOH6beXIdgmMHCe6iXsl3WUWzSnwX2KlpIBS1Hr5T7vv09BlHlBBlOpYZgDdiEjgVLA4Z4eKBYSOyZB1NPWI3tqNps/E+EArfTzwpS4P8FT9ORERV6mJ6+jO5EY17yXif14nhMFpN+JeEALz6GzRIBQYfJwkg/tcMgpiogmhkutbMR0RSSjo/HI6BGv+5b+kWSpax8XyVblQPUvjyKI9tI8OkYVOUBVdohpqIIoe0BN6Qa/Go/FsvBnvs9aMkc7sol8wPr4BNcObEw==</latexit>

AdS5 ⇥ S5/Z2

CFT

Brane 
picture

Gravity 
dual

<latexit sha1_base64="bJgqMPX1pGIXxU1CYdcHJIgLT44=">AAACAnicbVDLSgNBEJz1GeNr1ZN4GQxCvITdENSLEvDiKUR0k0CyhNnJbDJk9sFMrxqW4MVf8eJBEa9+hTf/xsnjoIkFDUVVN91dXiy4Asv6NhYWl5ZXVjNr2fWNza1tc2e3pqJEUubQSESy4RHFBA+ZAxwEa8SSkcATrO71L0d+/Y5JxaPwFgYxcwPSDbnPKQEttc39GydfOcYtYA+Q4nsOPTystP3zYqVt5qyCNQaeJ/aU5NAU1bb51epENAlYCFQQpZq2FYObEgmcCjbMthLFYkL7pMuamoYkYMpNxy8M8ZFWOtiPpK4Q8Fj9PZGSQKlB4OnOgEBPzXoj8T+vmYB/5qY8jBNgIZ0s8hOBIcKjPHCHS0ZBDDQhVHJ9K6Y9IgkFnVpWh2DPvjxPasWCfVIoXZdy5YtpHBl0gA5RHtnoFJXRFaoiB1H0iJ7RK3oznowX4934mLQuGNOZPfQHxucPGF6V9g==</latexit>

SU(N) with Nf = 2N

<latexit sha1_base64="Xy8KcZQuItfyC1sjUgjMVlWheqQ=">AAACBXicbVC7SgNBFJ2NrxhfUUstBoNgFXZDUBslEAsrSdA8IFnC7GQ2GTI7u8zcFcOSxsZfsbFQxNZ/sPNvnDwKTTzDwOGce7n3Hi8SXINtf1uppeWV1bX0emZjc2t7J7u7V9dhrCir0VCEqukRzQSXrAYcBGtGipHAE6zhDcpjv3HPlOahvINhxNyA9CT3OSVgpE72sB0Q6FMikpvRRaGNzQP2AMlttXw16mRzdt6eAC8SZ0ZyaIZKJ/vV7oY0DpgEKojWLceOwE2IAk4FG2XasWYRoQPSYy1DJQmYdpPJFSN8bJQu9kNlvgQ8UX93JCTQehh4pnK8s573xuJ/XisG/9xNuIxiYJJOB/mxwBDicSS4yxWjIIaGEKq42RXTPlGEggkuY0Jw5k9eJPVC3jnNF6vFXOlyFkcaHaAjdIIcdIZK6BpVUA1R9Iie0St6s56sF+vd+piWpqxZzz76A+vzB4IPl+8=</latexit>

N = 2 SQCD
<latexit sha1_base64="q1SqauP0TxbGXOUXdTWmGegixqw=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFqJuSSFFXUnDjSiqattCGMplO2qGTCzMTpcQ+ihsXirj1Sdz5Nk7TLLT1h4GP/5zDOfN7MWdSWda3UVhZXVvfKG6WtrZ3dvfM8n5LRokg1CERj0THw5JyFlJHMcVpJxYUBx6nbW98Nau3H6iQLArv1SSmboCHIfMZwUpbfbN851RvTnqKBVSijPtmxapZmdAy2DlUIFezb371BhFJAhoqwrGUXduKlZtioRjhdFrqJZLGmIzxkHY1hlivctPs9Ck61s4A+ZHQL1Qoc39PpDiQchJ4ujPAaiQXazPzv1o3Uf6Fm7IwThQNyXyRn3CkIjTLAQ2YoETxiQZMBNO3IjLCAhOl0yrpEOzFLy9D67Rmn9Xqt/VK4zKPowiHcARVsOEcGnANTXCAwCM8wyu8GU/Gi/FufMxbC0Y+cwB/ZHz+APtMkoY=</latexit>

SU(N)⇥ SU(N)

<latexit sha1_base64="/J2ldoxFSGaZ8tqGGrUS9P8+rN0=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiSlqBul4MaVVLAPaGKZTCft0MkkzEyUEvofblwo4tZ/ceffOGmz0NYDA4dz7uWeOX7MmdK2/W0VVlbX1jeKm6Wt7Z3dvfL+QVtFiSS0RSIeya6PFeVM0JZmmtNuLCkOfU47/vg68zuPVCoWiXs9iakX4qFgASNYG+nBDbEeEczT2+llze2XK3bVngEtEycnFcjR7Je/3EFEkpAKTThWqufYsfZSLDUjnE5LbqJojMkYD2nPUIFDqrx0lnqKTowyQEEkzRMazdTfGykOlZqEvpnMUqpFLxP/83qJDi68lIk40VSQ+aEg4UhHKKsADZikRPOJIZhIZrIiMsISE22KKpkSnMUvL5N2reqcVet39UrjKq+jCEdwDKfgwDk04Aaa0AICEp7hFd6sJ+vFerc+5qMFK985hD+wPn8ANqGSUg==</latexit>

N = 2
<latexit sha1_base64="A/tJb4Ni4K01nlFC+bDssrXzPro=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0VwFSZtTNuNFNy4rGBtoQ1hMp20QycPZiaVEvonblwo4tY/ceffOH0IKnrgwuGce7n3niDlTCqEPozC2vrG5lZxu7Szu7d/YB4e3ckkE4S2ScIT0Q2wpJzFtK2Y4rSbCoqjgNNOML6a+50JFZIl8a2aptSL8DBmISNYack3zaFv9wUbjhQWIrmHyDfLyEL1mus6EFnVRv3CQZq4lUbFrkLbQguUwQot33zvDxKSRTRWhGMpezZKlZdjoRjhdFbqZ5KmmIzxkPY0jXFEpZcvLp/BM60MYJgIXbGCC/X7RI4jKadRoDsjrEbytzcX//J6mQrrXs7iNFM0JstFYcahSuA8BjhgghLFp5pgIpi+FZIRFpgoHVZJh/D1Kfyf3FUs27WcG6fcvFzFUQQn4BScAxvUQBNcgxZoAwIm4AE8gWcjNx6NF+N12VowVjPH4AeMt090rZOP</latexit>

g1 ! 0

INTERPOLATING MODEL FOR N=2 SQCD

[Gadde,Pomoni,Rastelli’20] [Dei,Pietro,Ferrero,Rastelli’24]



D3-branes on 
A1 singularity

<latexit sha1_base64="LF1f8nVqSpTkRdMub++m70eW/4k=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgupCalqCspuHFZxT6wiWEynbRDJ5MwMxFK6E+48VfcuFDEreDOv3HSRqitBwbOnHMv997jx4xKZVnfxsLi0vLKamGtuL6xubVt7uw2ZZQITBo4YpFo+0gSRjlpKKoYaceCoNBnpOUPLjO/9UCEpBG/VcOYuCHqcRpQjJSWPPPYCZHq+356M7qvOIqGRMIpqXry+7kbeRXPLFllaww4T+yclECOumd+Od0IJyHhCjMkZce2YuWmSCiKGRkVnUSSGOEB6pGOphzp8W46vmoED7XShUEk9OMKjtXpjhSFUg5DX1dmO8pZLxP/8zqJCs7dlPI4UYTjyaAgYVBFMIsIdqkgWLGhJggLqneFuI8EwkoHWdQh2LMnz5NmpWyflqvX1VLtIo+jAPbBATgCNjgDNXAF6qABMHgEz+AVvBlPxovxbnxMSheMvGcP/IHx+QO+dp8s</latexit>

R2 ⇥ R4/Z2

<latexit sha1_base64="kl//AhPYQ/ehYHyzz5KFzO57iN4=">AAACDHicbVDLTgJBEJzFF+IL9ehlIjHxhLsE1JPBePGIQR6RRTI7DDBh9pGZXiPZ7Ad48Ve8eNAYr36AN//GWdiDopV0UqnqTneXEwiuwDS/jMzC4tLySnY1t7a+sbmV395pKj+UlDWoL3zZdohignusARwEaweSEdcRrOWMLxK/dcek4r53DZOAdV0y9PiAUwJa6uULNrB7iM779bhXsYG7TOH6beXIdgmMHCe6iXsl3WUWzSnwX2KlpIBS1Hr5T7vv09BlHlBBlOpYZgDdiEjgVLA4Z4eKBYSOyZB1NPWI3tqNps/E+EArfTzwpS4P8FT9ORERV6mJ6+jO5EY17yXif14nhMFpN+JeEALz6GzRIBQYfJwkg/tcMgpiogmhkutbMR0RSSjo/HI6BGv+5b+kWSpax8XyVblQPUvjyKI9tI8OkYVOUBVdohpqIIoe0BN6Qa/Go/FsvBnvs9aMkc7sol8wPr4BNcObEw==</latexit>

AdS5 ⇥ S5/Z2

CFT

Brane 
picture

Gravity 
dual

<latexit sha1_base64="a4YeHgnxFNtrv7OHiaNtyMNscNs=">AAAB+3icbVBNS8NAEN3Ur1q/aj16WSyCp5KUol6UghePVewHNCFstpt26WYTdidiCf0rXjwo4tU/4s1/47bNQVsfDDzem2FmXpAIrsG2v63C2vrG5lZxu7Szu7d/UD6sdHScKsraNBax6gVEM8ElawMHwXqJYiQKBOsG45uZ331kSvNYPsAkYV5EhpKHnBIwkl+uuEBS376quwl3AwYE3/vlql2z58CrxMlJFeVo+eUvdxDTNGISqCBa9x07AS8jCjgVbFpyU80SQsdkyPqGShIx7WXz26f41CgDHMbKlAQ8V39PZCTSehIFpjMiMNLL3kz8z+unEF56GZdJCkzSxaIwFRhiPAsCD7hiFMTEEEIVN7diOiKKUDBxlUwIzvLLq6RTrznntcZdo9q8zuMoomN0gs6Qgy5QE92iFmojip7QM3pFb9bUerHerY9Fa8HKZ47QH1ifP9Mvk6c=</latexit>

⌧0 = 2⇡�R

T-dual

~
NS5 NS5

N D4s

N D4s

<latexit sha1_base64="A6XEhQ+8lBg6hb6HMO4s6/4EDIU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUE8S8OIxEfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9i7LlXqlVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD65bjNs=</latexit>

R
<latexit sha1_base64="La1uO/siMcdtDhxD5vd8nCOqe1c=">AAAB7HicdVBNS8NAEJ34WetX1aOXxSJ4ConGtL1IwYvHCqYttKFstpt26WYTdjdCKf0NXjwo4tUf5M1/4/ZDUNEHA4/3ZpiZF2WcKe04H9bK6tr6xmZhq7i9s7u3Xzo4bKo0l4QGJOWpbEdYUc4EDTTTnLYzSXEScdqKRtczv3VPpWKpuNPjjIYJHggWM4K1kYJuRDXulcqO7Tqe710gx/ZqzmW1YkjFr/mui1zbmaMMSzR6pfduPyV5QoUmHCvVcZ1MhxMsNSOcTovdXNEMkxEe0I6hAidUhZP5sVN0apQ+ilNpSmg0V79PTHCi1DiJTGeC9VD99mbiX14n13E1nDCR5ZoKslgU5xzpFM0+R30mKdF8bAgmkplbERliiYk2+RRNCF+fov9J89x2fdu79cr1q2UcBTiGEzgDFypQhxtoQAAEGDzAEzxbwnq0XqzXReuKtZw5gh+w3j4BOnGO+g==</latexit>

�

<latexit sha1_base64="bJgqMPX1pGIXxU1CYdcHJIgLT44=">AAACAnicbVDLSgNBEJz1GeNr1ZN4GQxCvITdENSLEvDiKUR0k0CyhNnJbDJk9sFMrxqW4MVf8eJBEa9+hTf/xsnjoIkFDUVVN91dXiy4Asv6NhYWl5ZXVjNr2fWNza1tc2e3pqJEUubQSESy4RHFBA+ZAxwEa8SSkcATrO71L0d+/Y5JxaPwFgYxcwPSDbnPKQEttc39GydfOcYtYA+Q4nsOPTystP3zYqVt5qyCNQaeJ/aU5NAU1bb51epENAlYCFQQpZq2FYObEgmcCjbMthLFYkL7pMuamoYkYMpNxy8M8ZFWOtiPpK4Q8Fj9PZGSQKlB4OnOgEBPzXoj8T+vmYB/5qY8jBNgIZ0s8hOBIcKjPHCHS0ZBDDQhVHJ9K6Y9IgkFnVpWh2DPvjxPasWCfVIoXZdy5YtpHBl0gA5RHtnoFJXRFaoiB1H0iJ7RK3oznowX4934mLQuGNOZPfQHxucPGF6V9g==</latexit>

SU(N) with Nf = 2N

<latexit sha1_base64="Xy8KcZQuItfyC1sjUgjMVlWheqQ=">AAACBXicbVC7SgNBFJ2NrxhfUUstBoNgFXZDUBslEAsrSdA8IFnC7GQ2GTI7u8zcFcOSxsZfsbFQxNZ/sPNvnDwKTTzDwOGce7n3Hi8SXINtf1uppeWV1bX0emZjc2t7J7u7V9dhrCir0VCEqukRzQSXrAYcBGtGipHAE6zhDcpjv3HPlOahvINhxNyA9CT3OSVgpE72sB0Q6FMikpvRRaGNzQP2AMlttXw16mRzdt6eAC8SZ0ZyaIZKJ/vV7oY0DpgEKojWLceOwE2IAk4FG2XasWYRoQPSYy1DJQmYdpPJFSN8bJQu9kNlvgQ8UX93JCTQehh4pnK8s573xuJ/XisG/9xNuIxiYJJOB/mxwBDicSS4yxWjIIaGEKq42RXTPlGEggkuY0Jw5k9eJPVC3jnNF6vFXOlyFkcaHaAjdIIcdIZK6BpVUA1R9Iie0St6s56sF+vd+piWpqxZzz76A+vzB4IPl+8=</latexit>

N = 2 SQCD
<latexit sha1_base64="q1SqauP0TxbGXOUXdTWmGegixqw=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFqJuSSFFXUnDjSiqattCGMplO2qGTCzMTpcQ+ihsXirj1Sdz5Nk7TLLT1h4GP/5zDOfN7MWdSWda3UVhZXVvfKG6WtrZ3dvfM8n5LRokg1CERj0THw5JyFlJHMcVpJxYUBx6nbW98Nau3H6iQLArv1SSmboCHIfMZwUpbfbN851RvTnqKBVSijPtmxapZmdAy2DlUIFezb371BhFJAhoqwrGUXduKlZtioRjhdFrqJZLGmIzxkHY1hlivctPs9Ck61s4A+ZHQL1Qoc39PpDiQchJ4ujPAaiQXazPzv1o3Uf6Fm7IwThQNyXyRn3CkIjTLAQ2YoETxiQZMBNO3IjLCAhOl0yrpEOzFLy9D67Rmn9Xqt/VK4zKPowiHcARVsOEcGnANTXCAwCM8wyu8GU/Gi/FufMxbC0Y+cwB/ZHz+APtMkoY=</latexit>

SU(N)⇥ SU(N)

<latexit sha1_base64="/J2ldoxFSGaZ8tqGGrUS9P8+rN0=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiSlqBul4MaVVLAPaGKZTCft0MkkzEyUEvofblwo4tZ/ceffOGmz0NYDA4dz7uWeOX7MmdK2/W0VVlbX1jeKm6Wt7Z3dvfL+QVtFiSS0RSIeya6PFeVM0JZmmtNuLCkOfU47/vg68zuPVCoWiXs9iakX4qFgASNYG+nBDbEeEczT2+llze2XK3bVngEtEycnFcjR7Je/3EFEkpAKTThWqufYsfZSLDUjnE5LbqJojMkYD2nPUIFDqrx0lnqKTowyQEEkzRMazdTfGykOlZqEvpnMUqpFLxP/83qJDi68lIk40VSQ+aEg4UhHKKsADZikRPOJIZhIZrIiMsISE22KKpkSnMUvL5N2reqcVet39UrjKq+jCEdwDKfgwDk04Aaa0AICEp7hFd6sJ+vFerc+5qMFK985hD+wPn8ANqGSUg==</latexit>

N = 2
<latexit sha1_base64="A/tJb4Ni4K01nlFC+bDssrXzPro=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0VwFSZtTNuNFNy4rGBtoQ1hMp20QycPZiaVEvonblwo4tY/ceffOH0IKnrgwuGce7n3niDlTCqEPozC2vrG5lZxu7Szu7d/YB4e3ckkE4S2ScIT0Q2wpJzFtK2Y4rSbCoqjgNNOML6a+50JFZIl8a2aptSL8DBmISNYack3zaFv9wUbjhQWIrmHyDfLyEL1mus6EFnVRv3CQZq4lUbFrkLbQguUwQot33zvDxKSRTRWhGMpezZKlZdjoRjhdFbqZ5KmmIzxkPY0jXFEpZcvLp/BM60MYJgIXbGCC/X7RI4jKadRoDsjrEbytzcX//J6mQrrXs7iNFM0JstFYcahSuA8BjhgghLFp5pgIpi+FZIRFpgoHVZJh/D1Kfyf3FUs27WcG6fcvFzFUQQn4BScAxvUQBNcgxZoAwIm4AE8gWcjNx6NF+N12VowVjPH4AeMt090rZOP</latexit>

g1 ! 0

INTERPOLATING MODEL FOR N=2 SQCD

[Gadde,Pomoni,Rastelli’20] [Dei,Pietro,Ferrero,Rastelli’24]



D3-branes on 
A1 singularity

<latexit sha1_base64="LF1f8nVqSpTkRdMub++m70eW/4k=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgupCalqCspuHFZxT6wiWEynbRDJ5MwMxFK6E+48VfcuFDEreDOv3HSRqitBwbOnHMv997jx4xKZVnfxsLi0vLKamGtuL6xubVt7uw2ZZQITBo4YpFo+0gSRjlpKKoYaceCoNBnpOUPLjO/9UCEpBG/VcOYuCHqcRpQjJSWPPPYCZHq+356M7qvOIqGRMIpqXry+7kbeRXPLFllaww4T+yclECOumd+Od0IJyHhCjMkZce2YuWmSCiKGRkVnUSSGOEB6pGOphzp8W46vmoED7XShUEk9OMKjtXpjhSFUg5DX1dmO8pZLxP/8zqJCs7dlPI4UYTjyaAgYVBFMIsIdqkgWLGhJggLqneFuI8EwkoHWdQh2LMnz5NmpWyflqvX1VLtIo+jAPbBATgCNjgDNXAF6qABMHgEz+AVvBlPxovxbnxMSheMvGcP/IHx+QO+dp8s</latexit>

R2 ⇥ R4/Z2

<latexit sha1_base64="kl//AhPYQ/ehYHyzz5KFzO57iN4=">AAACDHicbVDLTgJBEJzFF+IL9ehlIjHxhLsE1JPBePGIQR6RRTI7DDBh9pGZXiPZ7Ad48Ve8eNAYr36AN//GWdiDopV0UqnqTneXEwiuwDS/jMzC4tLySnY1t7a+sbmV395pKj+UlDWoL3zZdohignusARwEaweSEdcRrOWMLxK/dcek4r53DZOAdV0y9PiAUwJa6uULNrB7iM779bhXsYG7TOH6beXIdgmMHCe6iXsl3WUWzSnwX2KlpIBS1Hr5T7vv09BlHlBBlOpYZgDdiEjgVLA4Z4eKBYSOyZB1NPWI3tqNps/E+EArfTzwpS4P8FT9ORERV6mJ6+jO5EY17yXif14nhMFpN+JeEALz6GzRIBQYfJwkg/tcMgpiogmhkutbMR0RSSjo/HI6BGv+5b+kWSpax8XyVblQPUvjyKI9tI8OkYVOUBVdohpqIIoe0BN6Qa/Go/FsvBnvs9aMkc7sol8wPr4BNcObEw==</latexit>

AdS5 ⇥ S5/Z2

CFT

Brane 
picture

Gravity 
dual

<latexit sha1_base64="a4YeHgnxFNtrv7OHiaNtyMNscNs=">AAAB+3icbVBNS8NAEN3Ur1q/aj16WSyCp5KUol6UghePVewHNCFstpt26WYTdidiCf0rXjwo4tU/4s1/47bNQVsfDDzem2FmXpAIrsG2v63C2vrG5lZxu7Szu7d/UD6sdHScKsraNBax6gVEM8ElawMHwXqJYiQKBOsG45uZ331kSvNYPsAkYV5EhpKHnBIwkl+uuEBS376quwl3AwYE3/vlql2z58CrxMlJFeVo+eUvdxDTNGISqCBa9x07AS8jCjgVbFpyU80SQsdkyPqGShIx7WXz26f41CgDHMbKlAQ8V39PZCTSehIFpjMiMNLL3kz8z+unEF56GZdJCkzSxaIwFRhiPAsCD7hiFMTEEEIVN7diOiKKUDBxlUwIzvLLq6RTrznntcZdo9q8zuMoomN0gs6Qgy5QE92iFmojip7QM3pFb9bUerHerY9Fa8HKZ47QH1ifP9Mvk6c=</latexit>

⌧0 = 2⇡�R

T-dual

~
NS5 NS5

N D4s

N D4s

<latexit sha1_base64="A6XEhQ+8lBg6hb6HMO4s6/4EDIU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUE8S8OIxEfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9i7LlXqlVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD65bjNs=</latexit>

R
<latexit sha1_base64="La1uO/siMcdtDhxD5vd8nCOqe1c=">AAAB7HicdVBNS8NAEJ34WetX1aOXxSJ4ConGtL1IwYvHCqYttKFstpt26WYTdjdCKf0NXjwo4tUf5M1/4/ZDUNEHA4/3ZpiZF2WcKe04H9bK6tr6xmZhq7i9s7u3Xzo4bKo0l4QGJOWpbEdYUc4EDTTTnLYzSXEScdqKRtczv3VPpWKpuNPjjIYJHggWM4K1kYJuRDXulcqO7Tqe710gx/ZqzmW1YkjFr/mui1zbmaMMSzR6pfduPyV5QoUmHCvVcZ1MhxMsNSOcTovdXNEMkxEe0I6hAidUhZP5sVN0apQ+ilNpSmg0V79PTHCi1DiJTGeC9VD99mbiX14n13E1nDCR5ZoKslgU5xzpFM0+R30mKdF8bAgmkplbERliiYk2+RRNCF+fov9J89x2fdu79cr1q2UcBTiGEzgDFypQhxtoQAAEGDzAEzxbwnq0XqzXReuKtZw5gh+w3j4BOnGO+g==</latexit>

�

double-scaling 
limit of LST D3/D5-branes on 

non-critical string 
background

<latexit sha1_base64="N66paTpe8z8eP3JmPLhXwp/oy1w="></latexit>

R5,1 ⇥
✓
SL(2,R)2

U(1)

◆
/Z2

<latexit sha1_base64="t34cMDjum2szvTNreEYKw/JRCEs="></latexit>

⌧0
gAs

⇠ 1

g22
fixed

<latexit sha1_base64="uVzPcnVKfbK7HRfHyAvcPcOFiFo=">AAAB/HicdVDJSgNBEO2JW4xbNEcvjUHwNPQkMctFAl48RjALZELo6XSSJj0L3TXKEOKvePGgiFc/xJt/Y2cRVPRBweO9KqrqeZEUGgj5sFJr6xubW+ntzM7u3v5B9vCopcNYMd5koQxVx6OaSxHwJgiQvBMpTn1P8rY3uZz77VuutAiDG0gi3vPpKBBDwSgYqZ/NuUDjPnGVGI2BKhXeYdLP5olNqpVyuYSJXaxVz0vEkHKhVnCK2LHJAnm0QqOffXcHIYt9HgCTVOuuQyLoTakCwSSfZdxY84iyCR3xrqEB9bnuTRfHz/CpUQZ4GCpTAeCF+n1iSn2tE98znT6Fsf7tzcW/vG4Mw2pvKoIoBh6w5aJhLDGEeJ4EHgjFGcjEEMqUMLdiNqaKMjB5ZUwIX5/i/0mrYDtlu3RdytcvVnGk0TE6QWfIQRVUR1eogZqIoQQ9oCf0bN1bj9aL9bpsTVmrmRz6AevtE9stlOs=</latexit>

⌧0 ! 0
<latexit sha1_base64="3E1EMVhPMuEDe6hjExNRZtYaFOg=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcDZl2nLa7ihuXFewD2rFk0rQNzUyGJKOW0l9x40IRt/6IO//G9CGo6IELh3Pu5d57woQzpRH6sFZW19Y3NjNb2e2d3b19+yDXUCKVhNaJ4EK2QqwoZzGta6Y5bSWS4ijktBmOLmZ+85ZKxUR8rccJDSI8iFmfEayN1LVzg666Oe9INhhqLKW4g6hr55GDyiXf9yByipXymYcM8QuVgluEroPmyIMlal37vdMTJI1orAnHSrVdlOhggqVmhNNptpMqmmAywgPaNjTGEVXBZH77FJ4YpQf7QpqKNZyr3ycmOFJqHIWmM8J6qH57M/Evr53qfjmYsDhJNY3JYlE/5VALOAsC9pikRPOxIZhIZm6FZIglJtrElTUhfH0K/yeNguP6jnfl5aveMo4MOALH4BS4oASq4BLUQB0QcA8ewBN4tqbWo/VivS5aV6zlzCH4AevtEx9OlHo=</latexit>

gAs ! 0

<latexit sha1_base64="bJgqMPX1pGIXxU1CYdcHJIgLT44=">AAACAnicbVDLSgNBEJz1GeNr1ZN4GQxCvITdENSLEvDiKUR0k0CyhNnJbDJk9sFMrxqW4MVf8eJBEa9+hTf/xsnjoIkFDUVVN91dXiy4Asv6NhYWl5ZXVjNr2fWNza1tc2e3pqJEUubQSESy4RHFBA+ZAxwEa8SSkcATrO71L0d+/Y5JxaPwFgYxcwPSDbnPKQEttc39GydfOcYtYA+Q4nsOPTystP3zYqVt5qyCNQaeJ/aU5NAU1bb51epENAlYCFQQpZq2FYObEgmcCjbMthLFYkL7pMuamoYkYMpNxy8M8ZFWOtiPpK4Q8Fj9PZGSQKlB4OnOgEBPzXoj8T+vmYB/5qY8jBNgIZ0s8hOBIcKjPHCHS0ZBDDQhVHJ9K6Y9IgkFnVpWh2DPvjxPasWCfVIoXZdy5YtpHBl0gA5RHtnoFJXRFaoiB1H0iJ7RK3oznowX4934mLQuGNOZPfQHxucPGF6V9g==</latexit>

SU(N) with Nf = 2N

<latexit sha1_base64="Xy8KcZQuItfyC1sjUgjMVlWheqQ=">AAACBXicbVC7SgNBFJ2NrxhfUUstBoNgFXZDUBslEAsrSdA8IFnC7GQ2GTI7u8zcFcOSxsZfsbFQxNZ/sPNvnDwKTTzDwOGce7n3Hi8SXINtf1uppeWV1bX0emZjc2t7J7u7V9dhrCir0VCEqukRzQSXrAYcBGtGipHAE6zhDcpjv3HPlOahvINhxNyA9CT3OSVgpE72sB0Q6FMikpvRRaGNzQP2AMlttXw16mRzdt6eAC8SZ0ZyaIZKJ/vV7oY0DpgEKojWLceOwE2IAk4FG2XasWYRoQPSYy1DJQmYdpPJFSN8bJQu9kNlvgQ8UX93JCTQehh4pnK8s573xuJ/XisG/9xNuIxiYJJOB/mxwBDicSS4yxWjIIaGEKq42RXTPlGEggkuY0Jw5k9eJPVC3jnNF6vFXOlyFkcaHaAjdIIcdIZK6BpVUA1R9Iie0St6s56sF+vd+piWpqxZzz76A+vzB4IPl+8=</latexit>

N = 2 SQCD
<latexit sha1_base64="q1SqauP0TxbGXOUXdTWmGegixqw=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFqJuSSFFXUnDjSiqattCGMplO2qGTCzMTpcQ+ihsXirj1Sdz5Nk7TLLT1h4GP/5zDOfN7MWdSWda3UVhZXVvfKG6WtrZ3dvfM8n5LRokg1CERj0THw5JyFlJHMcVpJxYUBx6nbW98Nau3H6iQLArv1SSmboCHIfMZwUpbfbN851RvTnqKBVSijPtmxapZmdAy2DlUIFezb371BhFJAhoqwrGUXduKlZtioRjhdFrqJZLGmIzxkHY1hlivctPs9Ck61s4A+ZHQL1Qoc39PpDiQchJ4ujPAaiQXazPzv1o3Uf6Fm7IwThQNyXyRn3CkIjTLAQ2YoETxiQZMBNO3IjLCAhOl0yrpEOzFLy9D67Rmn9Xqt/VK4zKPowiHcARVsOEcGnANTXCAwCM8wyu8GU/Gi/FufMxbC0Y+cwB/ZHz+APtMkoY=</latexit>

SU(N)⇥ SU(N)

<latexit sha1_base64="/J2ldoxFSGaZ8tqGGrUS9P8+rN0=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiSlqBul4MaVVLAPaGKZTCft0MkkzEyUEvofblwo4tZ/ceffOGmz0NYDA4dz7uWeOX7MmdK2/W0VVlbX1jeKm6Wt7Z3dvfL+QVtFiSS0RSIeya6PFeVM0JZmmtNuLCkOfU47/vg68zuPVCoWiXs9iakX4qFgASNYG+nBDbEeEczT2+llze2XK3bVngEtEycnFcjR7Je/3EFEkpAKTThWqufYsfZSLDUjnE5LbqJojMkYD2nPUIFDqrx0lnqKTowyQEEkzRMazdTfGykOlZqEvpnMUqpFLxP/83qJDi68lIk40VSQ+aEg4UhHKKsADZikRPOJIZhIZrIiMsISE22KKpkSnMUvL5N2reqcVet39UrjKq+jCEdwDKfgwDk04Aaa0AICEp7hFd6sJ+vFerc+5qMFK985hD+wPn8ANqGSUg==</latexit>

N = 2
<latexit sha1_base64="A/tJb4Ni4K01nlFC+bDssrXzPro=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0VwFSZtTNuNFNy4rGBtoQ1hMp20QycPZiaVEvonblwo4tY/ceffOH0IKnrgwuGce7n3niDlTCqEPozC2vrG5lZxu7Szu7d/YB4e3ckkE4S2ScIT0Q2wpJzFtK2Y4rSbCoqjgNNOML6a+50JFZIl8a2aptSL8DBmISNYack3zaFv9wUbjhQWIrmHyDfLyEL1mus6EFnVRv3CQZq4lUbFrkLbQguUwQot33zvDxKSRTRWhGMpezZKlZdjoRjhdFbqZ5KmmIzxkPY0jXFEpZcvLp/BM60MYJgIXbGCC/X7RI4jKadRoDsjrEbytzcX//J6mQrrXs7iNFM0JstFYcahSuA8BjhgghLFp5pgIpi+FZIRFpgoHVZJh/D1Kfyf3FUs27WcG6fcvFzFUQQn4BScAxvUQBNcgxZoAwIm4AE8gWcjNx6NF+N12VowVjPH4AeMt090rZOP</latexit>

g1 ! 0

INTERPOLATING MODEL FOR N=2 SQCD

[Gadde,Pomoni,Rastelli’20] [Dei,Pietro,Ferrero,Rastelli’24]



D3-branes on 
A1 singularity

<latexit sha1_base64="LF1f8nVqSpTkRdMub++m70eW/4k=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgupCalqCspuHFZxT6wiWEynbRDJ5MwMxFK6E+48VfcuFDEreDOv3HSRqitBwbOnHMv997jx4xKZVnfxsLi0vLKamGtuL6xubVt7uw2ZZQITBo4YpFo+0gSRjlpKKoYaceCoNBnpOUPLjO/9UCEpBG/VcOYuCHqcRpQjJSWPPPYCZHq+356M7qvOIqGRMIpqXry+7kbeRXPLFllaww4T+yclECOumd+Od0IJyHhCjMkZce2YuWmSCiKGRkVnUSSGOEB6pGOphzp8W46vmoED7XShUEk9OMKjtXpjhSFUg5DX1dmO8pZLxP/8zqJCs7dlPI4UYTjyaAgYVBFMIsIdqkgWLGhJggLqneFuI8EwkoHWdQh2LMnz5NmpWyflqvX1VLtIo+jAPbBATgCNjgDNXAF6qABMHgEz+AVvBlPxovxbnxMSheMvGcP/IHx+QO+dp8s</latexit>

R2 ⇥ R4/Z2

<latexit sha1_base64="kl//AhPYQ/ehYHyzz5KFzO57iN4=">AAACDHicbVDLTgJBEJzFF+IL9ehlIjHxhLsE1JPBePGIQR6RRTI7DDBh9pGZXiPZ7Ad48Ve8eNAYr36AN//GWdiDopV0UqnqTneXEwiuwDS/jMzC4tLySnY1t7a+sbmV395pKj+UlDWoL3zZdohignusARwEaweSEdcRrOWMLxK/dcek4r53DZOAdV0y9PiAUwJa6uULNrB7iM779bhXsYG7TOH6beXIdgmMHCe6iXsl3WUWzSnwX2KlpIBS1Hr5T7vv09BlHlBBlOpYZgDdiEjgVLA4Z4eKBYSOyZB1NPWI3tqNps/E+EArfTzwpS4P8FT9ORERV6mJ6+jO5EY17yXif14nhMFpN+JeEALz6GzRIBQYfJwkg/tcMgpiogmhkutbMR0RSSjo/HI6BGv+5b+kWSpax8XyVblQPUvjyKI9tI8OkYVOUBVdohpqIIoe0BN6Qa/Go/FsvBnvs9aMkc7sol8wPr4BNcObEw==</latexit>

AdS5 ⇥ S5/Z2

CFT

Brane 
picture

Gravity 
dual

<latexit sha1_base64="a4YeHgnxFNtrv7OHiaNtyMNscNs=">AAAB+3icbVBNS8NAEN3Ur1q/aj16WSyCp5KUol6UghePVewHNCFstpt26WYTdidiCf0rXjwo4tU/4s1/47bNQVsfDDzem2FmXpAIrsG2v63C2vrG5lZxu7Szu7d/UD6sdHScKsraNBax6gVEM8ElawMHwXqJYiQKBOsG45uZ331kSvNYPsAkYV5EhpKHnBIwkl+uuEBS376quwl3AwYE3/vlql2z58CrxMlJFeVo+eUvdxDTNGISqCBa9x07AS8jCjgVbFpyU80SQsdkyPqGShIx7WXz26f41CgDHMbKlAQ8V39PZCTSehIFpjMiMNLL3kz8z+unEF56GZdJCkzSxaIwFRhiPAsCD7hiFMTEEEIVN7diOiKKUDBxlUwIzvLLq6RTrznntcZdo9q8zuMoomN0gs6Qgy5QE92iFmojip7QM3pFb9bUerHerY9Fa8HKZ47QH1ifP9Mvk6c=</latexit>

⌧0 = 2⇡�R

T-dual

~
NS5 NS5

N D4s

N D4s

<latexit sha1_base64="A6XEhQ+8lBg6hb6HMO4s6/4EDIU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUE8S8OIxEfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9i7LlXqlVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD65bjNs=</latexit>

R
<latexit sha1_base64="La1uO/siMcdtDhxD5vd8nCOqe1c=">AAAB7HicdVBNS8NAEJ34WetX1aOXxSJ4ConGtL1IwYvHCqYttKFstpt26WYTdjdCKf0NXjwo4tUf5M1/4/ZDUNEHA4/3ZpiZF2WcKe04H9bK6tr6xmZhq7i9s7u3Xzo4bKo0l4QGJOWpbEdYUc4EDTTTnLYzSXEScdqKRtczv3VPpWKpuNPjjIYJHggWM4K1kYJuRDXulcqO7Tqe710gx/ZqzmW1YkjFr/mui1zbmaMMSzR6pfduPyV5QoUmHCvVcZ1MhxMsNSOcTovdXNEMkxEe0I6hAidUhZP5sVN0apQ+ilNpSmg0V79PTHCi1DiJTGeC9VD99mbiX14n13E1nDCR5ZoKslgU5xzpFM0+R30mKdF8bAgmkplbERliiYk2+RRNCF+fov9J89x2fdu79cr1q2UcBTiGEzgDFypQhxtoQAAEGDzAEzxbwnq0XqzXReuKtZw5gh+w3j4BOnGO+g==</latexit>

�

Backreacted sub-critical background 
with 7 geometric dimensions 
including a factor

<latexit sha1_base64="S1UuQ1b3yYQcfBIIVgquYQhGuc4=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5JIfayk4sZlpfYBbQyTyaQdOnkwcyPU0C9x40IRt36KO//GaZuFth64cDjnXu69x0sEV2BZ30ZhZXVtfaO4Wdra3tktm3v7bRWnkrIWjUUsux5RTPCItYCDYN1EMhJ6gnW80c3U7zwyqXgc3cM4YU5IBhEPOCWgJdcsX/tN96wPPGQKNx9s16xYVWsGvEzsnFRQjoZrfvX9mKYhi4AKolTPthJwMiKBU8EmpX6qWELoiAxYT9OI6EVONjt8go+14uMglroiwDP190RGQqXGoac7QwJDtehNxf+8XgrBpZPxKEmBRXS+KEgFhhhPU8A+l4yCGGtCqOT6VkyHRBIKOquSDsFefHmZtE+r9nm1dler1K/yOIroEB2hE2SjC1RHt6iBWoiiFD2jV/RmPBkvxrvxMW8tGPnMAfoD4/MHeduSUg==</latexit>

AdS5 ⇥ S1

double-scaling 
limit of LST D3/D5-branes on 

non-critical string 
background

<latexit sha1_base64="N66paTpe8z8eP3JmPLhXwp/oy1w="></latexit>

R5,1 ⇥
✓
SL(2,R)2

U(1)

◆
/Z2

<latexit sha1_base64="t34cMDjum2szvTNreEYKw/JRCEs="></latexit>

⌧0
gAs

⇠ 1

g22
fixed

<latexit sha1_base64="uVzPcnVKfbK7HRfHyAvcPcOFiFo=">AAAB/HicdVDJSgNBEO2JW4xbNEcvjUHwNPQkMctFAl48RjALZELo6XSSJj0L3TXKEOKvePGgiFc/xJt/Y2cRVPRBweO9KqrqeZEUGgj5sFJr6xubW+ntzM7u3v5B9vCopcNYMd5koQxVx6OaSxHwJgiQvBMpTn1P8rY3uZz77VuutAiDG0gi3vPpKBBDwSgYqZ/NuUDjPnGVGI2BKhXeYdLP5olNqpVyuYSJXaxVz0vEkHKhVnCK2LHJAnm0QqOffXcHIYt9HgCTVOuuQyLoTakCwSSfZdxY84iyCR3xrqEB9bnuTRfHz/CpUQZ4GCpTAeCF+n1iSn2tE98znT6Fsf7tzcW/vG4Mw2pvKoIoBh6w5aJhLDGEeJ4EHgjFGcjEEMqUMLdiNqaKMjB5ZUwIX5/i/0mrYDtlu3RdytcvVnGk0TE6QWfIQRVUR1eogZqIoQQ9oCf0bN1bj9aL9bpsTVmrmRz6AevtE9stlOs=</latexit>

⌧0 ! 0
<latexit sha1_base64="3E1EMVhPMuEDe6hjExNRZtYaFOg=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcDZl2nLa7ihuXFewD2rFk0rQNzUyGJKOW0l9x40IRt/6IO//G9CGo6IELh3Pu5d57woQzpRH6sFZW19Y3NjNb2e2d3b19+yDXUCKVhNaJ4EK2QqwoZzGta6Y5bSWS4ijktBmOLmZ+85ZKxUR8rccJDSI8iFmfEayN1LVzg666Oe9INhhqLKW4g6hr55GDyiXf9yByipXymYcM8QuVgluEroPmyIMlal37vdMTJI1orAnHSrVdlOhggqVmhNNptpMqmmAywgPaNjTGEVXBZH77FJ4YpQf7QpqKNZyr3ycmOFJqHIWmM8J6qH57M/Evr53qfjmYsDhJNY3JYlE/5VALOAsC9pikRPOxIZhIZm6FZIglJtrElTUhfH0K/yeNguP6jnfl5aveMo4MOALH4BS4oASq4BLUQB0QcA8ewBN4tqbWo/VivS5aV6zlzCH4AevtEx9OlHo=</latexit>

gAs ! 0

<latexit sha1_base64="bJgqMPX1pGIXxU1CYdcHJIgLT44=">AAACAnicbVDLSgNBEJz1GeNr1ZN4GQxCvITdENSLEvDiKUR0k0CyhNnJbDJk9sFMrxqW4MVf8eJBEa9+hTf/xsnjoIkFDUVVN91dXiy4Asv6NhYWl5ZXVjNr2fWNza1tc2e3pqJEUubQSESy4RHFBA+ZAxwEa8SSkcATrO71L0d+/Y5JxaPwFgYxcwPSDbnPKQEttc39GydfOcYtYA+Q4nsOPTystP3zYqVt5qyCNQaeJ/aU5NAU1bb51epENAlYCFQQpZq2FYObEgmcCjbMthLFYkL7pMuamoYkYMpNxy8M8ZFWOtiPpK4Q8Fj9PZGSQKlB4OnOgEBPzXoj8T+vmYB/5qY8jBNgIZ0s8hOBIcKjPHCHS0ZBDDQhVHJ9K6Y9IgkFnVpWh2DPvjxPasWCfVIoXZdy5YtpHBl0gA5RHtnoFJXRFaoiB1H0iJ7RK3oznowX4934mLQuGNOZPfQHxucPGF6V9g==</latexit>

SU(N) with Nf = 2N

<latexit sha1_base64="Xy8KcZQuItfyC1sjUgjMVlWheqQ=">AAACBXicbVC7SgNBFJ2NrxhfUUstBoNgFXZDUBslEAsrSdA8IFnC7GQ2GTI7u8zcFcOSxsZfsbFQxNZ/sPNvnDwKTTzDwOGce7n3Hi8SXINtf1uppeWV1bX0emZjc2t7J7u7V9dhrCir0VCEqukRzQSXrAYcBGtGipHAE6zhDcpjv3HPlOahvINhxNyA9CT3OSVgpE72sB0Q6FMikpvRRaGNzQP2AMlttXw16mRzdt6eAC8SZ0ZyaIZKJ/vV7oY0DpgEKojWLceOwE2IAk4FG2XasWYRoQPSYy1DJQmYdpPJFSN8bJQu9kNlvgQ8UX93JCTQehh4pnK8s573xuJ/XisG/9xNuIxiYJJOB/mxwBDicSS4yxWjIIaGEKq42RXTPlGEggkuY0Jw5k9eJPVC3jnNF6vFXOlyFkcaHaAjdIIcdIZK6BpVUA1R9Iie0St6s56sF+vd+piWpqxZzz76A+vzB4IPl+8=</latexit>

N = 2 SQCD
<latexit sha1_base64="q1SqauP0TxbGXOUXdTWmGegixqw=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFqJuSSFFXUnDjSiqattCGMplO2qGTCzMTpcQ+ihsXirj1Sdz5Nk7TLLT1h4GP/5zDOfN7MWdSWda3UVhZXVvfKG6WtrZ3dvfM8n5LRokg1CERj0THw5JyFlJHMcVpJxYUBx6nbW98Nau3H6iQLArv1SSmboCHIfMZwUpbfbN851RvTnqKBVSijPtmxapZmdAy2DlUIFezb371BhFJAhoqwrGUXduKlZtioRjhdFrqJZLGmIzxkHY1hlivctPs9Ck61s4A+ZHQL1Qoc39PpDiQchJ4ujPAaiQXazPzv1o3Uf6Fm7IwThQNyXyRn3CkIjTLAQ2YoETxiQZMBNO3IjLCAhOl0yrpEOzFLy9D67Rmn9Xqt/VK4zKPowiHcARVsOEcGnANTXCAwCM8wyu8GU/Gi/FufMxbC0Y+cwB/ZHz+APtMkoY=</latexit>

SU(N)⇥ SU(N)

<latexit sha1_base64="/J2ldoxFSGaZ8tqGGrUS9P8+rN0=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiSlqBul4MaVVLAPaGKZTCft0MkkzEyUEvofblwo4tZ/ceffOGmz0NYDA4dz7uWeOX7MmdK2/W0VVlbX1jeKm6Wt7Z3dvfL+QVtFiSS0RSIeya6PFeVM0JZmmtNuLCkOfU47/vg68zuPVCoWiXs9iakX4qFgASNYG+nBDbEeEczT2+llze2XK3bVngEtEycnFcjR7Je/3EFEkpAKTThWqufYsfZSLDUjnE5LbqJojMkYD2nPUIFDqrx0lnqKTowyQEEkzRMazdTfGykOlZqEvpnMUqpFLxP/83qJDi68lIk40VSQ+aEg4UhHKKsADZikRPOJIZhIZrIiMsISE22KKpkSnMUvL5N2reqcVet39UrjKq+jCEdwDKfgwDk04Aaa0AICEp7hFd6sJ+vFerc+5qMFK985hD+wPn8ANqGSUg==</latexit>

N = 2
<latexit sha1_base64="A/tJb4Ni4K01nlFC+bDssrXzPro=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0VwFSZtTNuNFNy4rGBtoQ1hMp20QycPZiaVEvonblwo4tY/ceffOH0IKnrgwuGce7n3niDlTCqEPozC2vrG5lZxu7Szu7d/YB4e3ckkE4S2ScIT0Q2wpJzFtK2Y4rSbCoqjgNNOML6a+50JFZIl8a2aptSL8DBmISNYack3zaFv9wUbjhQWIrmHyDfLyEL1mus6EFnVRv3CQZq4lUbFrkLbQguUwQot33zvDxKSRTRWhGMpezZKlZdjoRjhdFbqZ5KmmIzxkPY0jXFEpZcvLp/BM60MYJgIXbGCC/X7RI4jKadRoDsjrEbytzcX//J6mQrrXs7iNFM0JstFYcahSuA8BjhgghLFp5pgIpi+FZIRFpgoHVZJh/D1Kfyf3FUs27WcG6fcvFzFUQQn4BScAxvUQBNcgxZoAwIm4AE8gWcjNx6NF+N12VowVjPH4AeMt090rZOP</latexit>

g1 ! 0

INTERPOLATING MODEL FOR N=2 SQCD

[Gadde,Pomoni,Rastelli’20] [Dei,Pietro,Ferrero,Rastelli’24]
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INTERPOLATING MODELS

We construct interpolating models for all the previous gauge theories

2)

3)

Approaching 2 NS5’s 
+ different content of

<latexit sha1_base64="16tXXJ6YIJkl4lx1DHKsVGymFL4=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclJJIqK6kYBfuWsE+oI1lMp20Q2eSMDMRQqi/4saFIm79EHf+jZM2C209cLmHc+5l7hwvYlQqy/o21tY3Nre2CzvF3b39g0Pz6Lgjw1hg0sYhC0XPQ5IwGpC2ooqRXiQI4h4jXW96k/ndRyIkDYN7lUTE5WgcUJ9ipLQ0NEsNp9KoVZrOwyDilWYta0OzbFWtOeAqsXNSBjlaQ/NrMApxzEmgMENS9m0rUm6KhKKYkVlxEEsSITxFY9LXNECcSDedHz+DZ1oZQT8UugIF5+rvjRRxKRPu6UmO1EQue5n4n9ePlX/lpjSIYkUCvHjIjxlUIcySgCMqCFYs0QRhQfWtEE+QQFjpvIo6BHv5y6ukc1G1a1XnzinXr/M4CuAEnIJzYINLUAe3oAXaAIMEPINX8GY8GS/Gu/GxGF0z8p0S+APj8wcKCpMa</latexit>

D4, D6, O4±, O6±

[Calderon-Infante,UrangaIV’ongoing]



INTERPOLATING MODELS

We construct interpolating models for all the previous gauge theories

2)

3)

Approaching 2 NS5’s 
+ different content of

<latexit sha1_base64="16tXXJ6YIJkl4lx1DHKsVGymFL4=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclJJIqK6kYBfuWsE+oI1lMp20Q2eSMDMRQqi/4saFIm79EHf+jZM2C209cLmHc+5l7hwvYlQqy/o21tY3Nre2CzvF3b39g0Pz6Lgjw1hg0sYhC0XPQ5IwGpC2ooqRXiQI4h4jXW96k/ndRyIkDYN7lUTE5WgcUJ9ipLQ0NEsNp9KoVZrOwyDilWYta0OzbFWtOeAqsXNSBjlaQ/NrMApxzEmgMENS9m0rUm6KhKKYkVlxEEsSITxFY9LXNECcSDedHz+DZ1oZQT8UugIF5+rvjRRxKRPu6UmO1EQue5n4n9ePlX/lpjSIYkUCvHjIjxlUIcySgCMqCFYs0QRhQfWtEE+QQFjpvIo6BHv5y6ukc1G1a1XnzinXr/M4CuAEnIJzYINLUAe3oAXaAIMEPINX8GY8GS/Gu/GxGF0z8p0S+APj8wcKCpMa</latexit>

D4, D6, O4±, O6±

<latexit sha1_base64="6nbaQGQ2cz6vZUT4Y8Nw8hL5km4=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwVJNa1ItS8OKxgv2AppTJdtMu3Wzi7kYpsT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zM82POlHacb2tpeWV1bT23kd/c2t7ZtQt7DRUlktA6iXgkWz4oypmgdc00p61YUgh9Tpv+8HriNx+oVCwSd3oU004IfcECRkAbqWsXPODxAC49dS91Wj45HXftolNypsCLxM1IEWWode0vrxeRJKRCEw5KtV0n1p0UpGaE03HeSxSNgQyhT9uGCgip6qTT08f4yCg9HETSlNB4qv6eSCFUahT6pjMEPVDz3kT8z2snOrjopEzEiaaCzBYFCcc6wpMccI9JSjQfGQJEMnMrJgOQQLRJK29CcOdfXiSNcsk9K1VuK8XqVRZHDh2gQ3SMXHSOqugG1VAdEfSIntErerOerBfr3fqYtS5Z2cw++gPr8wfBEJOr</latexit>
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<latexit sha1_base64="N66paTpe8z8eP3JmPLhXwp/oy1w="></latexit>
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✓
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◆
/Z2

Weak coupling limit with tensionless limit of the 
non-critical string=
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Approaching 3 NS5’s 
+ different content of

<latexit sha1_base64="16tXXJ6YIJkl4lx1DHKsVGymFL4=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclJJIqK6kYBfuWsE+oI1lMp20Q2eSMDMRQqi/4saFIm79EHf+jZM2C209cLmHc+5l7hwvYlQqy/o21tY3Nre2CzvF3b39g0Pz6Lgjw1hg0sYhC0XPQ5IwGpC2ooqRXiQI4h4jXW96k/ndRyIkDYN7lUTE5WgcUJ9ipLQ0NEsNp9KoVZrOwyDilWYta0OzbFWtOeAqsXNSBjlaQ/NrMApxzEmgMENS9m0rUm6KhKKYkVlxEEsSITxFY9LXNECcSDedHz+DZ1oZQT8UugIF5+rvjRRxKRPu6UmO1EQue5n4n9ePlX/lpjSIYkUCvHjIjxlUIcySgCMqCFYs0QRhQfWtEE+QQFjpvIo6BHv5y6ukc1G1a1XnzinXr/M4CuAEnIJzYINLUAe3oAXaAIMEPINX8GY8GS/Gu/GxGF0z8p0S+APj8wcKCpMa</latexit>

D4, D6, O4±, O6±

<latexit sha1_base64="6nbaQGQ2cz6vZUT4Y8Nw8hL5km4=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwVJNa1ItS8OKxgv2AppTJdtMu3Wzi7kYpsT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zM82POlHacb2tpeWV1bT23kd/c2t7ZtQt7DRUlktA6iXgkWz4oypmgdc00p61YUgh9Tpv+8HriNx+oVCwSd3oU004IfcECRkAbqWsXPODxAC49dS91Wj45HXftolNypsCLxM1IEWWode0vrxeRJKRCEw5KtV0n1p0UpGaE03HeSxSNgQyhT9uGCgip6qTT08f4yCg9HETSlNB4qv6eSCFUahT6pjMEPVDz3kT8z2snOrjopEzEiaaCzBYFCcc6wpMccI9JSjQfGQJEMnMrJgOQQLRJK29CcOdfXiSNcsk9K1VuK8XqVRZHDh2gQ3SMXHSOqugG1VAdEfSIntErerOerBfr3fqYtS5Z2cw++gPr8wfBEJOr</latexit>
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<latexit sha1_base64="N66paTpe8z8eP3JmPLhXwp/oy1w="></latexit>

R5,1 ⇥
✓
SL(2,R)2

U(1)

◆
/Z2
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[Calderon-Infante,UrangaIV’ongoing]
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D4, D6, O4±, O6±

Approaching 3 NS5’s 
+ different content of

<latexit sha1_base64="16tXXJ6YIJkl4lx1DHKsVGymFL4=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclJJIqK6kYBfuWsE+oI1lMp20Q2eSMDMRQqi/4saFIm79EHf+jZM2C209cLmHc+5l7hwvYlQqy/o21tY3Nre2CzvF3b39g0Pz6Lgjw1hg0sYhC0XPQ5IwGpC2ooqRXiQI4h4jXW96k/ndRyIkDYN7lUTE5WgcUJ9ipLQ0NEsNp9KoVZrOwyDilWYta0OzbFWtOeAqsXNSBjlaQ/NrMApxzEmgMENS9m0rUm6KhKKYkVlxEEsSITxFY9LXNECcSDedHz+DZ1oZQT8UugIF5+rvjRRxKRPu6UmO1EQue5n4n9ePlX/lpjSIYkUCvHjIjxlUIcySgCMqCFYs0QRhQfWtEE+QQFjpvIo6BHv5y6ukc1G1a1XnzinXr/M4CuAEnIJzYINLUAe3oAXaAIMEPINX8GY8GS/Gu/GxGF0z8p0S+APj8wcKCpMa</latexit>

D4, D6, O4±, O6±

<latexit sha1_base64="6nbaQGQ2cz6vZUT4Y8Nw8hL5km4=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwVJNa1ItS8OKxgv2AppTJdtMu3Wzi7kYpsT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zM82POlHacb2tpeWV1bT23kd/c2t7ZtQt7DRUlktA6iXgkWz4oypmgdc00p61YUgh9Tpv+8HriNx+oVCwSd3oU004IfcECRkAbqWsXPODxAC49dS91Wj45HXftolNypsCLxM1IEWWode0vrxeRJKRCEw5KtV0n1p0UpGaE03HeSxSNgQyhT9uGCgip6qTT08f4yCg9HETSlNB4qv6eSCFUahT6pjMEPVDz3kT8z2snOrjopEzEiaaCzBYFCcc6wpMccI9JSjQfGQJEMnMrJgOQQLRJK29CcOdfXiSNcsk9K1VuK8XqVRZHDh2gQ3SMXHSOqugG1VAdEfSIntErerOerBfr3fqYtS5Z2cw++gPr8wfBEJOr</latexit>

↵ =
p

2/3

<latexit sha1_base64="N66paTpe8z8eP3JmPLhXwp/oy1w="></latexit>

R5,1 ⇥
✓
SL(2,R)2

U(1)

◆
/Z2

Weak coupling limit with tensionless limit of the 
non-critical string=

<latexit sha1_base64="ajJ3RZrTCzFN0w7xlf2XL7WY+Jw=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRbBU01KsV6UghePFewHNKFstpt26WYTdydiCfkrXjwo4tU/4s1/47bNQVsfDDzem2Fmnh9zpsC2v43C2vrG5lZxu7Szu7d/YB6WOypKJKFtEvFI9nysKGeCtoEBp71YUhz6nHb9yc3M7z5SqVgk7mEaUy/EI8ECRjBoaWCWXczjMb5y1YOEtHHu1LKBWbGr9hzWKnFyUkE5WgPzyx1GJAmpAMKxUn3HjsFLsQRGOM1KbqJojMkEj2hfU4FDqrx0fntmnWplaAWR1CXAmqu/J1IcKjUNfd0ZYhirZW8m/uf1EwguvZSJOAEqyGJRkHALImsWhDVkkhLgU00wkUzfapExlpiAjqukQ3CWX14lnVrVuajW7+qV5nUeRxEdoxN0hhzUQE10i1qojQh6Qs/oFb0ZmfFivBsfi9aCkc8coT8wPn8APKyT6g==</latexit>

↵ =
p
7/12

Weak coupling limit with tensionless limit 
of the string

<latexit sha1_base64="7APQ8S8IhVxr4cV74+EctC2dUHc="></latexit>

R5,1 ⇥
✓
SL(2,R)3

U(1)
⇥ SU(2)3

U(1)

◆
/Z3=

[Calderon-Infante,UrangaIV’ongoing]



CONCLUSIONS

We start a classification of infinite distance limits (weak coupling limits) 
in the conformal manifold of 4d SCFTs, which correspond to tensionless 
(non-)critical string limits in the bulk dual

The Distance Conjecture implies a universal property for the variation 
of scaling dimensions as moving in the conformal manifold of CFTs, 
which holds even for non-Einstein theories

For 4d SCFTs with large N and a simple gauge factor, there are only 
three types of weak coupling limits. 


We show that the partition function at the free limit exhibits a 
Hagedorn-like density of states and construct interpolating models to 
identify the associated tensionless string

Thank you!
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If the bulk dual is Einstein gravity the higher spin tower always 
comes from the critical string(so that a=c)

Exponential rate:
<latexit sha1_base64="jbXcOVhw5AZY2GVEudI18ZjHSIk=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCp5KUol6UghePFewHNKVstpt26WYTdydCCcGLf8WLB0W8+iu8+W/ctjlo64OBx3szzMzzY8E1OM63tbS8srq2Xtgobm5t7+zae/tNHSWKsgaNRKTaPtFMcMkawEGwdqwYCX3BWv7oeuK3HpjSPJJ3MI5ZNyQDyQNOCRipZx96RMRDcukFitDUzVJP3ytIK1nWs0tO2ZkCLxI3JyWUo96zv7x+RJOQSaCCaN1xnRi6KVHAqWBZ0Us0iwkdkQHrGCpJyHQ3nb6Q4ROj9HEQKVMS8FT9PZGSUOtx6JvOkMBQz3sT8T+vk0Bw0U25jBNgks4WBYnAEOFJHrjPFaMgxoYQqri5FdMhMWGASa1oQnDnX14kzUrZPStXb6ul2lUeRwEdoWN0ilx0jmroBtVRA1H0iJ7RK3qznqwX6936mLUuWfnMAfoD6/MHzMmXsg==</latexit>

↵ =
1p
2

<latexit sha1_base64="lhjzghqTyjW9G00rPvMWCFA7rIw=">AAACH3icbVA9SwNBEN3z2/gVtbRZDIKN4U5EbRTBxlLBmEAuhL3NXLK4u3fuzgnhvH9i41+xsVBE7Pw3bmIKTXww8Hhvhpl5USqFRd//8qamZ2bn5hcWS0vLK6tr5fWNG5tkhkONJzIxjYhZkEJDDQVKaKQGmIok1KPb84FfvwdjRaKvsZ9CS7GuFrHgDJ3ULh+GEmJ8CGPDeB7eAw81iySjqshVERrR7eHDydAN8tDeGcw7e/tF0S5X/Ko/BJ0kwYhUyAiX7fJn2El4pkAjl8zaZuCn2MqZQcElFKUws5Ayfsu60HRUMwW2lQ//K+iOUzo0TowrjXSo/p7ImbK2ryLXqRj27Lg3EP/zmhnGx61c6DRD0PxnUZxJigkdhEU7wgBH2XeEcSPcrZT3mAsDXaQlF0Iw/vIkudmvBofVg6uDytnpKI4FskW2yS4JyBE5IxfkktQIJ4/kmbySN+/Je/HevY+f1ilvNLNJ/sD7+gZKuaRa</latexit>�����
~rm

m

����� =
1p
d� 2

<latexit sha1_base64="oxDbE/NUUBhNliXTU2H4BvTjwgY=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVBIt6kUpePFYwX5AU8pmu2mXbjZxd6OUmJ/ixYMiXv0l3vw3btsctPXBwOO9GWbm+TFnSjvOt7W0vLK6tl7YKG5ube/s2qW9pooSSWiDRDySbR8rypmgDc00p+1YUhz6nLb80fXEbz1QqVgk7vQ4pt0QDwQLGMHaSD27dOkFEhM39dS91OlplvXsslNxpkCLxM1JGXLUe/aX149IElKhCcdKdVwn1t0US80Ip1nRSxSNMRnhAe0YKnBIVTednp6hI6P0URBJU0Kjqfp7IsWhUuPQN50h1kM1703E/7xOooOLbspEnGgqyGxRkHCkIzTJAfWZpETzsSGYSGZuRWSITRTapFU0IbjzLy+S5knFPatUb6vl2lUeRwEO4BCOwYVzqMEN1KEBBB7hGV7hzXqyXqx362PWumTlM/vwB9bnD03alAk=</latexit>

=
1p
3

How is it compatible with 

?

<latexit sha1_base64="feH0dcHhlrSmwAB0545GMceFSdY=">AAACEnicbVA9SwNBEN3zM8avU0ubxSBoE+5E1EYJ2FhGMCrkQpjb7CWLu3vH7pwQjvwGG/+KjYUitlZ2/hs3H4VGHww83pthZl6cSWExCL68mdm5+YXF0lJ5eWV1bd3f2Ly2aW4Yb7BUpuY2Bsul0LyBAiW/zQwHFUt+E9+dD/2be26sSPUV9jPeUtDVIhEM0Eltfz8CmfXgNEoMsCK65yzSEEugalCoQcQ6KdKoB0ix7VeCajAC/UvCCamQCept/zPqpCxXXCOTYG0zDDJsFWBQMMkH5Si3PAN2B13edFSD4rZVjF4a0F2ndGiSGlca6Uj9OVGAsravYtepAHt22huK/3nNHJOTViF0liPXbLwoySXFlA7zoR1hOEPZdwSYEe5WynrgwkGXYtmFEE6//JdcH1TDo+rh5WGldjaJo0S2yQ7ZIyE5JjVyQeqkQRh5IE/khbx6j96z9+a9j1tnvMnMFvkF7+MboxmeEg==</latexit>

↵ =
~rm

m
· t̂

<latexit sha1_base64="iBtMqTK5zvo82nOFWPe/Mg828K8=">AAAB7XicdZDLSgMxFIYz9VbrrerSTbAIroYZ0aobKbhxWcFeoB1KJs20sZlkSM4IZeg7uHGhiFvfx51vY9qOoqI/BA7ffw455w8TwQ143rtTWFhcWl4prpbW1jc2t8rbO02jUk1ZgyqhdDskhgkuWQM4CNZONCNxKFgrHF1O/dYd04YreQPjhAUxGUgecUrAomZ3SABDr1zx3BPPP6/62HO9mfAX8XNSQbnqvfJbt69oGjMJVBBjOr6XQJARDZwKNil1U8MSQkdkwDq2lCRmJshm207wgSV9HCltnwQ8o98nMhIbM45D2xkTGJrf3hT+5XVSiM6CjMskBSbp/KMoFRgUnp6O+1wzCmJsC0I1t7tiOiSaULABlWwIn5fi/4vmketX3ePr40rtIo+jiPbQPjpEPjpFNXSF6qiBKLpF9+gRPTnKeXCenZd5a8HJZ3bRDzmvH3xKjxQ=</latexit>

t̂

<latexit sha1_base64="AtNbcFVJSpfB07f/RhxOL9NcI4o=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgETyWRop6k4MVjBVsLTSib7aZdutmE3U2hhIIX/4oXD4p49U9489+4aXPQ1gczPN6bYXdekHCmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqziVhLZIzGPZCbCinAna0kxz2kkkxVHA6UMwusn9hzGVisXiXk8S6kd4IFjICNZG6tlHXigxybwxJZ7AAcco6rnTLG89u+rUnBnQMnELUoUCzZ795fVjkkZUaMKxUl3XSbSfYakZ4XRa8VJFE0xGeEC7hgocUeVnsxum6NQofRTG0pTQaKb+3shwpNQkCsxkhPVQLXq5+J/XTXV45WdMJKmmgswfClOOdIzyQFCfSUo0nxiCiWTmr4gMsQlFm9gqJgR38eRl0j6vuRe1+l292rgu4ijDMZzAGbhwCQ24hSa0gMAjPMMrvFlP1ov1bn3MR0tWsXMIf2B9/gDgw5eq</latexit>

~rm1

m1

<latexit sha1_base64="SgFr3u42flpe0gb76whDWO1wSHc=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVZkpRV1JwY3LCvYBnWHIpJk2NMkMSaZQhoIbf8WNC0Xc+hPu/Bsz7Sy09cC9HM65l+SeMGFUacf5tkpr6xubW+Xtys7u3v6BfXjUUXEqMWnjmMWyFyJFGBWkralmpJdIgnjISDcc3+Z+d0KkorF40NOE+BwNBY0oRtpIgX3iRRLhzJsQ7AkUMgR5UJ9leQvsqlNz5oCrxC1IFRRoBfaXN4hxyonQmCGl+q6TaD9DUlPMyKzipYokCI/RkPQNFYgT5WfzG2bw3CgDGMXSlNBwrv7eyBBXaspDM8mRHqllLxf/8/qpjq79jIok1UTgxUNRyqCOYR4IHFBJsGZTQxCW1PwV4hEyoWgTW8WE4C6fvEo69Zp7WWvcN6rNmyKOMjgFZ+ACuOAKNMEdaIE2wOARPINX8GY9WS/Wu/WxGC1Zxc4x+APr8wfj0pes</latexit>

~rm2

m2

<latexit sha1_base64="xQHkdaHgvPljhv80hVfWt0U+KE8=">AAAB73icdVBNS8NAEJ34WetX1aOXxSJ4CkkNbb1IwYvHCvYD2lA22027dLOJuxuhhP4JLx4U8erf8ea/cdNWUNEHA4/3ZpiZFyScKe04H9bK6tr6xmZhq7i9s7u3Xzo4bKs4lYS2SMxj2Q2wopwJ2tJMc9pNJMVRwGknmFzlfueeSsVicaunCfUjPBIsZARrI3X7mCdjPHAHpbJjX9SrFa+KHNtxam7FzUml5p17yDVKjjIs0RyU3vvDmKQRFZpwrFTPdRLtZ1hqRjidFfupogkmEzyiPUMFjqjys/m9M3RqlCEKY2lKaDRXv09kOFJqGgWmM8J6rH57ufiX10t1WPczJpJUU0EWi8KUIx2j/Hk0ZJISzaeGYCKZuRWRMZaYaBNR0YTw9Sn6n7Qrtlu1vRuv3LhcxlGAYziBM3ChBg24hia0gACHB3iCZ+vOerRerNdF64q1nDmCH7DePgEWqZAD</latexit>↵1

<latexit sha1_base64="IP549q0d3UB9U7tPAZ13ddTQ7iw=">AAAB9XicbVDJSgNBEK2JW4xb1KOXxiBEkDAjcTlJwIvHuGSBZDL0dDpJk56eobtHCUP+w4sHRbz6L978GzvJHDTxQcHjvSqq6vkRZ0rb9reVWVpeWV3Lruc2Nre2d/K7e3UVxpLQGgl5KJs+VpQzQWuaaU6bkaQ48Dlt+MPrid94pFKxUDzoUUTdAPcF6zGCtZE6QfHOS+47Z+OTvqeOvXzBLtlToEXipKQAKape/qvdDUkcUKEJx0q1HDvSboKlZoTTca4dKxphMsR92jJU4IAqN5lePUZHRumiXihNCY2m6u+JBAdKjQLfdAZYD9S8NxH/81qx7l26CRNRrKkgs0W9mCMdokkEqMskJZqPDMFEMnMrIgMsMdEmqJwJwZl/eZHUT0vOeal8Wy5UrtI4snAAh1AEBy6gAjdQhRoQkPAMr/BmPVkv1rv1MWvNWOnMPvyB9fkDT3mRvQ==</latexit>

m(RS5 , gs)
<latexit sha1_base64="ZztQrBT4HLdwEDk1mAlHns9sglk=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYhAiSNiVoJ4k4MWLEsE8ZLOE2ckkGTKPZWZWCEs+w4sHRbz6Nd78GyfJHjSxoKGo6qa7K4oZ1cbzvp2l5ZXVtfXcRn5za3tnt7C339AyUZjUsWRStSKkCaOC1A01jLRiRRCPGGlGw+uJ33wiSlMpHswoJiFHfUF7FCNjpYCX7k77nfTxdnzSKRS9sjeFu0j8jBQhQ61T+Gp3JU44EQYzpHXge7EJU6QMxYyM8+1EkxjhIeqTwFKBONFhOj157B5bpev2pLIljDtVf0+kiGs94pHt5MgM9Lw3Ef/zgsT0LsOUijgxRODZol7CXCPdyf9ulyqCDRtZgrCi9lYXD5BC2NiU8jYEf/7lRdI4K/vn5cp9pVi9yuLIwSEcQQl8uIAq3EAN6oBBwjO8wptjnBfn3fmYtS452cwB/IHz+QMtz5CJ</latexit>

m(N, gYM )but

Quantization of the string changes in AdS•  

•  is the projection on the 
conformal manifold

Critical string limit



<latexit sha1_base64="ZOJqFQQIBFrcb8C4qyy+88i4PGw=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0m0qCcpePFYwX5AE8pmu2mXbjZxd1MoIf/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMCxLOlHacb6u0tr6xuVXeruzs7u0f2IdHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0E47uZ35lQqVgsHvU0oX6Eh4KFjGBtpL5te6HExM089SR1dpnnfbvq1Jw50CpxC1KFAs2+/eUNYpJGVGjCsVI910m0n2GpGeE0r3ipogkmYzykPUMFjqjys/nlOTozygCFsTQlNJqrvycyHCk1jQLTGWE9UsveTPzP66U6vPEzJpJUU0EWi8KUIx2jWQxowCQlmk8NwUQycysiI2yi0CasignBXX55lbQvau5Vrf5QrzZuizjKcAKncA4uXEMD7qEJLSAwgWd4hTcrs16sd+tj0Vqyiplj+APr8wfIZpPC</latexit>

1p
3

<latexit sha1_base64="JlrAJtEkZ6pM6yUQhKIgmQwgnHA=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQF2VGirqSghuXFewDOsOQSTNtaJIZkkyhDPMPbvwVNy4UcevGnX9j2s6ith64cHLOveTeEyaMKu04P1ZpbX1jc6u8XdnZ3ds/sA+P2ipOJSYtHLNYdkOkCKOCtDTVjHQTSRAPGemEo7up3xkTqWgsHvUkIT5HA0EjipE2UmBfeJFEOPPGBHsChQxBHmSe5FBpmefZ4iOwq07NmQGuErcgVVCgGdjfXj/GKSdCY4aU6rlOov0MSU0xI3nFSxVJEB6hAekZKhAnys9mN+XwzCh9GMXSlNBwpi5OZIgrNeGh6eRID9WyNxX/83qpjm78jIok1UTg+UdRyqCO4TQg2KeSYM0mhiAsqdkV4iEyIWkTY8WE4C6fvEralzX3qlZ/qFcbt0UcZXACTsE5cME1aIB70AQtgMETeAFv4N16tl6tD+tz3lqyiplj8AfW1y+Ycp9A</latexit>

~rmstr

mstr

sugra

Let us focus on N=4 SYM /

Convex Hull in N=4 SYM

<latexit sha1_base64="9cm5Lsz+qZFCoSJ0eiSx1qR62bg=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgQmtS62OjFNy4UarYB7RpmUwn7dDJJMxMhBIC/oobF4q49Tvc+TdO2yy09cCFwzn3cu89bsioVJb1bczMzs0vLGaWsssrq2vr5sZmVQaRwKSCAxaIuoskYZSTiqKKkXooCPJdRmpu/2ro1x6JkDTgD2oQEsdHXU49ipHSUtvcvr+4acfhwUnSig/t5LYVF46Ok7aZs/LWCHCa2CnJgRTltvnV7AQ48glXmCEpG7YVKidGQlHMSJJtRpKECPdRlzQ05cgn0olH5ydwTysd6AVCF1dwpP6eiJEv5cB3daePVE9OekPxP68RKe/ciSkPI0U4Hi/yIgZVAIdZwA4VBCs20ARhQfWtEPeQQFjpxLI6BHvy5WlSLeTt03zxrpgrXaZxZMAO2AX7wAZnoASuQRlUAAYxeAav4M14Ml6Md+Nj3DpjpDNb4A+Mzx9YWpRy</latexit>

R = M�1
p,5N

2/3

<latexit sha1_base64="g8iARbdYX+lgw7UJfWI2LGI+6DY=">AAAB+nicbVDLSgMxFL1TX7W+prp0EyyCqzJTirpRCm7cKBXsQ9pxyGQybWjmQZJRythPceNCEbd+iTv/xvSx0NYDgcM553JvjpdwJpVlfRu5peWV1bX8emFjc2t7xyzuNmWcCkIbJOaxaHtYUs4i2lBMcdpOBMWhx2nLG1yM/dYDFZLF0a0aJtQJcS9iASNYack1i12uwz4+691X3OzuanTtmiWrbE2AFok9IyWYoe6aX10/JmlII0U4lrJjW4lyMiwUI5yOCt1U0gSTAe7RjqYRDql0ssnpI3SoFR8FsdAvUmii/p7IcCjlMPR0MsSqL+e9sfif10lVcOpkLEpSRSMyXRSkHKkYjXtAPhOUKD7UBBPB9K2I9LHAROm2CroEe/7Li6RZKdvH5epNtVQ7n9WRh304gCOw4QRqcAl1aACBR3iGV3gznowX4934mEZzxmxmD/7A+PwBn3eTlg==</latexit>

� = g2YMN

<latexit sha1_base64="OShtubhwtn+XWmKWubwkaYdFTjA=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUS9KwYsXoYL9kDaGzXaTLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzPMTzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqTiWhLRLzWHZ9rChngrY005x2E0lx5HPa8UfXU7/zRKVisbjX44S6EQ4FCxjB2kj90FOX4WPNyx5uJ165YlftGdAycXJSgRxNr/zVH8QkjajQhGOleo6daDfDUjPC6aTUTxVNMBnhkPYMFTiiys1mN0/QiVEGKIilKaHRTP09keFIqXHkm84I66Fa9Kbif14v1cGFmzGRpJoKMl8UpBzpGE0DQAMmKdF8bAgmkplbERliiYk2MZVMCM7iy8ukXas6Z9X6Xb3SuMrjKMIRHMMpOHAODbiBJrSAQALP8ApvVmq9WO/Wx7y1YOUzh/AH1ucPkW6RYQ==</latexit>

gs = g2YM

<latexit sha1_base64="V8KNMYxp7Ykno/mg2cy5X8IBFwk=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURq66k4sZlpfYBbQyTyaQdOnkwMxFq6Je4caGIWz/FnX/jtM1CWw9cOJxzL/fe4yWcSWVZ30ZhZXVtfaO4Wdra3tktm3v7bRmngtAWiXksuh6WlLOIthRTnHYTQXHocdrxRjdTv/NIhWRxdK/GCXVCPIhYwAhWWnLN8rXfdGt9xUIqUfOh5poVq2rNgJaJnZMK5Gi45lffj0ka0kgRjqXs2VainAwLxQink1I/lTTBZIQHtKdphPUiJ5sdPkHHWvFREAtdkUIz9fdEhkMpx6GnO0OshnLRm4r/eb1UBZdOxqIkVTQi80VBypGK0TQF5DNBieJjTTARTN+KyBALTJTOqqRDsBdfXibt06p9Xj27O6vUr/I4inAIR3ACNlxAHW6hAS0gkMIzvMKb8WS8GO/Gx7y1YOQzB/AHxucPf+uSVg==</latexit>

AdS5 ⇥ S5

<latexit sha1_base64="NY2ZokvZ/svKgJkeYQ4xIGUGaOc=">AAACCXicbVDLSsNAFJ34rPUVdelmsAguapuUVt0oBTduhCp9QZuGyXTSDp08mJkIJWTrxl9x40IRt/6BO//GaZuFth64cDjnXu69xwkZFdIwvrWl5ZXVtfXMRnZza3tnV9/bb4og4pg0cMAC3naQIIz6pCGpZKQdcoI8h5GWM7qe+K0HwgUN/Loch8Ty0MCnLsVIKsnWYd0Wl7d2HOYrSa/UzQ9s0YvNYim578WnlWI5sfWcUTCmgIvETEkOpKjZ+le3H+DII77EDAnRMY1QWjHikmJGkmw3EiREeIQGpKOojzwirHj6SQKPldKHbsBV+RJO1d8TMfKEGHuO6vSQHIp5byL+53Ui6V5YMfXDSBIfzxa5EYMygJNYYJ9ygiUbK4Iwp+pWiIeIIyxVeFkVgjn/8iJplgrmWaF8V85Vr9I4MuAQHIETYIJzUAU3oAYaAINH8AxewZv2pL1o79rHrHVJS2cOwB9onz+29Jhu</latexit>

Ts = M2
p,5 g

1/2
s R�5/4

<latexit sha1_base64="akO8+OwIoPG94BNy1Y6jQaotEBE=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiZS1JUU3Lis0Bc0MUymk3boTBJnJkIJ2bnxV9y4UMStv+DOv3GaZqGtBy6cOede5t7jx4xKZVnfRmlpeWV1rbxe2djc2t4xd/c6MkoEJm0csUj0fCQJoyFpK6oY6cWCIO4z0vXH11O/+0CEpFHYUpOYuBwNQxpQjJSWPPOQO5Jy6Mh7odKWJ7P8OfTkXWqf1jPPrFo1KwdcJHZBqqBA0zO/nEGEE05ChRmSsm9bsXJTJBTFjGQVJ5EkRniMhqSvaYg4kW6a35HBY60MYBAJXaGCufp7IkVcygn3dSdHaiTnvan4n9dPVHDppjSME0VCPPsoSBhUEZyGAgdUEKzYRBOEBdW7QjxCAmGlo6voEOz5kxdJ56xmn9fqt/Vq46qIowwOwBE4ATa4AA1wA5qgDTB4BM/gFbwZT8aL8W58zFpLRjGzD/7A+PwBwz+ZOg==</latexit>

m ⇠
p

Ts ⇠ g1/4s

<latexit sha1_base64="Ui4+IuC4mnsVL4L09T/Xh+qCXgA="></latexit>

~rmstr

mstr
=

 
1

2
p
2
,

p
30

12

!

<latexit sha1_base64="trD3yTRrbUqVBxtEbzw5xHHQ1EY="></latexit>�����
~rmstr

mstr

����� =
1p
3

field theory

<latexit sha1_base64="GQsL8cErF1uLhrCuAGoBV4RxEWw=">AAACEXicbZDLSgMxFIYz9VbrbdSlm2ARuiozUtSVFNx0WdFeoDMMmTTThiaZIckUytBXcOOruHGhiFt37nwb03YWtfWHwMd/zuHk/GHCqNKO82MVNja3tneKu6W9/YPDI/v4pK3iVGLSwjGLZTdEijAqSEtTzUg3kQTxkJFOOLqb1TtjIhWNxaOeJMTnaCBoRDHSxgrsihdJhDNvTLAnUMgQ5EHmSQ4bD9NptsSBXXaqzlxwHdwcyiBXM7C/vX6MU06Exgwp1XOdRPsZkppiRqYlL1UkQXiEBqRnUCBOlJ/NL5rCC+P0YRRL84SGc3d5IkNcqQkPTSdHeqhWazPzv1ov1dGNn1GRpJoIvFgUpQzqGM7igX0qCdZsYgBhSc1fIR4iE5E2IZZMCO7qyevQvqy6V9Xafa1cv83jKIIzcA4qwAXXoA4aoAlaAIMn8ALewLv1bL1aH9bnorVg5TOn4I+sr1/n652w</latexit>

~rmHS

mHS

<latexit sha1_base64="AspqNlIpUggDT/BBXxPNpWk7JUE=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0mkak9S8OKxgv2AJpTNdtMu3Wzi7kQIIf4VLx4U8eoP8ea/cdvmoK0PBh7vzTAzz485U2Db30ZpbX1jc6u8XdnZ3ds/MA+PuipKJKEdEvFI9n2sKGeCdoABp/1YUhz6nPb86c3M7z1SqVgk7iGNqRfisWABIxi0NDSrrnqQkLmBxCRr5plzkedDs2bX7TmsVeIUpIYKtIfmlzuKSBJSAYRjpQaOHYOXYQmMcJpX3ETRGJMpHtOBpgKHVHnZ/PjcOtXKyAoiqUuANVd/T2Q4VCoNfd0ZYpioZW8m/ucNEgiaXsZEnAAVZLEoSLgFkTVLwhoxSQnwVBNMJNO3WmSCdQ6g86roEJzll1dJ97zuXNYbd41a67qIo4yO0Qk6Qw66Qi10i9qogwhK0TN6RW/Gk/FivBsfi9aSUcxU0R8Ynz8fipUS</latexit>r
8

15
<latexit sha1_base64="W1UB5aqssFI+5tXCXW8lJL0q4lE=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lKUU9S8OKxgv2AJpTNdtMu3Wzi7qRQQv6JFw+KePWfePPfuG1z0NYHA4/3ZpiZFySCa3Ccb6u0sbm1vVPereztHxwe2ccnHR2nirI2jUWsegHRTHDJ2sBBsF6iGIkCwbrB5G7ud6dMaR7LR5glzI/ISPKQUwJGGti2FypC3czTTwqyep4P7KpTcxbA68QtSBUVaA3sL28Y0zRiEqggWvddJwE/Iwo4FSyveKlmCaETMmJ9QyWJmPazxeU5vjDKEIexMiUBL9TfExmJtJ5FgemMCIz1qjcX//P6KYQ3fsZlkgKTdLkoTAWGGM9jwEOuGAUxM4RQxc2tmI6JiQJMWBUTgrv68jrp1GvuVa3x0Kg2b4s4yugMnaNL5KJr1ET3qIXaiKIpekav6M3KrBfr3fpYtpasYuYU/YH1+QPG4JPB</latexit>

1p
2

<latexit sha1_base64="5h6hMa7g5ghKqkGBOpaGMBLQ+kw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6koKblxWsA9oQ5lMJu3QySTM3Agl9CPcuFDErd/jzr9x2mahrQcGDuecy9x7glQKg6777ZTW1jc2t8rblZ3dvf2D6uFR2ySZZrzFEpnobkANl0LxFgqUvJtqTuNA8k4wvpv5nSeujUjUI05S7sd0qEQkGEUrdfrSRkM6qNbcujsHWSVeQWpQoDmofvXDhGUxV8gkNabnuSn6OdUomOTTSj8zPKVsTIe8Z6miMTd+Pl93Ss6sEpIo0fYpJHP190ROY2MmcWCTMcWRWfZm4n9eL8Poxs+FSjPkii0+ijJJMCGz20koNGcoJ5ZQpoXdlbAR1ZShbahiS/CWT14l7Yu6d1W/fLisNW6LOspwAqdwDh5cQwPuoQktYDCGZ3iFNyd1Xpx352MRLTnFzDH8gfP5Az5/j4I=</latexit>

� const.

<latexit sha1_base64="pvvJHp2x02fbIuq8FqTUFYyC29M=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVop6k4MWLUMF+SLuUbJptY7PJkmSFsvQ/ePGgiFf/jzf/jel2D9r6YODx3gwz84KYM21c99sprKyurW8UN0tb2zu7e+X9g5aWiSK0SSSXqhNgTTkTtGmY4bQTK4qjgNN2ML6e+e0nqjST4t5MYupHeChYyAg2VmoN++nD7bRfrrhVNwNaJl5OKpCj0S9/9QaSJBEVhnCsdddzY+OnWBlGOJ2WeommMSZjPKRdSwWOqPbT7NopOrHKAIVS2RIGZerviRRHWk+iwHZG2Iz0ojcT//O6iQkv/ZSJODFUkPmiMOHISDR7HQ2YosTwiSWYKGZvRWSEFSbGBlSyIXiLLy+T1lnVO6/W7mqV+lUeRxGO4BhOwYMLqMMNNKAJBB7hGV7hzZHOi/PufMxbC04+cwh/4Hz+AJBWjx8=</latexit>gYM

<latexit sha1_base64="aACQYeE61xMzyekUw1sxwPX3Yck=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUE8S8OJJEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+yXKlXStWbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCoS4zX</latexit>

N

• Field theory pert. regime:
<latexit sha1_base64="cyFG4VrHeNlIhkrt93nAORg05rw=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6koKblxWsA9oQplMbtqhk0mYmQil9DfcuFDErT/jzr9x2mahrQcGDuecy71zwkxwbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk5zxbDFUpGqbkg1Ci6xZbgR2M0U0iQU2AlHdzO/84RK81Q+mnGGQUIHksecUWMl3xc2GlFfCOL1qzW37s5BVolXkBoUaParX36UsjxBaZigWvc8NzPBhCrDmcBpxc81ZpSN6AB7lkqaoA4m85un5MwqEYlTZZ80ZK7+npjQROtxEtpkQs1QL3sz8T+vl5v4JphwmeUGJVssinNBTEpmBZCIK2RGjC2hTHF7K2FDqigztqaKLcFb/vIqaV/Uvav65cNlrXFb1FGGEziFc/DgGhpwD01oAYMMnuEV3pzceXHenY9FtOQUM8fwB87nD1ZhkTk=</latexit>

� ⌧ 1 • Supergravity regime:
<latexit sha1_base64="4vq+NKpwvs1C1vOx3i3v8kMdPbU=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIqCspuHFZwT6gM5RMJjMNzWRCkhHK0N9w40IRt/6MO//GtJ2Fth4IHM45l3tzQsmZNq777VTW1jc2t6rbtZ3dvf2D+uFRV2e5IrRDMp6pfog15UzQjmGG075UFKchp71wfDfze09UaZaJRzORNEhxIljMCDZW8n1uoxH2kwR5w3rDbbpzoFXilaQBJdrD+pcfZSRPqTCEY60HnitNUGBlGOF0WvNzTSUmY5zQgaUCp1QHxfzmKTqzSoTiTNknDJqrvycKnGo9SUObTLEZ6WVvJv7nDXIT3wQFEzI3VJDFojjnyGRoVgCKmKLE8IklmChmb0VkhBUmxtZUsyV4y19eJd2LpnfVvHy4bLRuyzqqcAKncA4eXEML7qENHSAg4Rle4c3JnRfn3flYRCtOOXMMf+B8/gBHIJEv</latexit>

� � 1
<latexit sha1_base64="PKr9zHIeluOIKFO/cRDaThC4u3Q=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4Kkkp6koKbtwoFexDmhgm00k6dCYJMxOhhG7c+CtuXCji1n9w5984TbPQ1gMXzpxzL3Pv8RNGpbKsb2NhcWl5ZbW0Vl7f2NzaNnd22zJOBSYtHLNYdH0kCaMRaSmqGOkmgiDuM9LxhxcTv/NAhKRxdKtGCXE5CiMaUIyUljzzwAkR58iRlMPr0Mvursb3tfwVetIzK1bVygHniV2QCijQ9Mwvpx/jlJNIYYak7NlWotwMCUUxI+Oyk0qSIDxEIelpGiFOpJvlV4zhkVb6MIiFrkjBXP09kSEu5Yj7upMjNZCz3kT8z+ulKjhzMxolqSIRnn4UpAyqGE4igX0qCFZspAnCgupdIR4ggbDSwZV1CPbsyfOkXavaJ9X6Tb3SOC/iKIF9cAiOgQ1OQQNcgiZoAQwewTN4BW/Gk/FivBsf09YFo5jZA39gfP4A4ROYLA==</latexit>

� ⇠ Ng2YM ⇠ gs
<latexit sha1_base64="HJWjwjW0RitMAop7HtN+SW+DVBk="></latexit>

~rmHS

mHS

=

✓
1p
2
,

1p
30

◆

<latexit sha1_base64="qI3Q0JqlbJHy026O+YF8suamt1E="></latexit>�����
~rmHS

mHS

����� =
r

8

15

<latexit sha1_base64="Xk36ZiexmgluDfBfrcoR8SDH6m4=">AAACDHicbVDLSgMxFM34rPVVdekmWARXdaYWdSUFN66kgn1AZyyZNNOGJpkxyQglzAe48VfcuFDErR/gzr8xfSy09UDgcM653NwTJowq7brfzsLi0vLKam4tv76xubVd2NltqDiVmNRxzGLZCpEijApS11Qz0kokQTxkpBkOLkd+84FIRWNxq4cJCTjqCRpRjLSVOoUi9xXl0I8kwsZX91Ibv4c4R1lmru9M+fgky2zKLbljwHniTUkRTFHrFL78boxTToTGDCnV9txEBwZJTTEjWd5PFUkQHqAeaVsqECcqMONjMnholS6MYmmf0HCs/p4wiCs15KFNcqT7atYbif957VRH54GhIkk1EXiyKEoZ1DEcNQO7VBKs2dAShCW1f4W4j2wv2vaXtyV4syfPk0a55J2WKjeVYvViWkcO7IMDcAQ8cAaq4ArUQB1g8AiewSt4c56cF+fd+ZhEF5zpzB74A+fzB3Mlm90=</latexit>

m ⇠
p
�

N2/3

Results from 
integrability as 

<latexit sha1_base64="5h6hMa7g5ghKqkGBOpaGMBLQ+kw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6koKblxWsA9oQ5lMJu3QySTM3Agl9CPcuFDErd/jzr9x2mahrQcGDuecy9x7glQKg6777ZTW1jc2t8rblZ3dvf2D6uFR2ySZZrzFEpnobkANl0LxFgqUvJtqTuNA8k4wvpv5nSeujUjUI05S7sd0qEQkGEUrdfrSRkM6qNbcujsHWSVeQWpQoDmofvXDhGUxV8gkNabnuSn6OdUomOTTSj8zPKVsTIe8Z6miMTd+Pl93Ss6sEpIo0fYpJHP190ROY2MmcWCTMcWRWfZm4n9eL8Poxs+FSjPkii0+ijJJMCGz20koNGcoJ5ZQpoXdlbAR1ZShbahiS/CWT14l7Yu6d1W/fLisNW6LOspwAqdwDh5cQwPuoQktYDCGZ3iFNyd1Xpx352MRLTnFzDH8gfP5Az5/j4I=</latexit>

� changes
<latexit sha1_base64="UoOcO17dKtzCKSayP8FP3aCi2VU="></latexit>

m ⇠
p

�cusp(�)

N2/3

see e.g. [Dorigoni, Hatsuda’15]

[Calderon-Infante,IV’ ongoing]



<latexit sha1_base64="BNSjiIgKkfMkMLY7G7esvWbdg9c=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgxpKUoq6k4MZlBfuAJpSb6aQdOnl0ZiKUkJUbf8WNC0Xc+g3u/BunbRbaeuDC4Zx7ufceL+ZMKsv6Ngorq2vrG8XN0tb2zu6euX/QklEiCG2SiEei44GknIW0qZjitBMLCoHHadsb3Uz99gMVkkXhvZrE1A1gEDKfEVBa6pnHDvB4CM6AjrHjCyB26sixUGn/vJplPbNsVawZ8DKxc1JGORo988vpRyQJaKgIBym7thUrNwWhGOE0KzmJpDGQEQxoV9MQAirddPZGhk+10sd+JHSFCs/U3xMpBFJOAk93BqCGctGbiv953UT5V27KwjhRNCTzRX7CsYrwNBPcZ4ISxSeaABFM34rJEHQYSidX0iHYiy8vk1a1Yl9Uane1cv06j6OIjtAJOkM2ukR1dIsaqIkIekTP6BW9GU/Gi/FufMxbC0Y+c4j+wPj8ASucmO8=</latexit>

↵ � 1p
d� 2

<latexit sha1_base64="oxDbE/NUUBhNliXTU2H4BvTjwgY=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVBIt6kUpePFYwX5AU8pmu2mXbjZxd6OUmJ/ixYMiXv0l3vw3btsctPXBwOO9GWbm+TFnSjvOt7W0vLK6tl7YKG5ube/s2qW9pooSSWiDRDySbR8rypmgDc00p+1YUhz6nLb80fXEbz1QqVgk7vQ4pt0QDwQLGMHaSD27dOkFEhM39dS91OlplvXsslNxpkCLxM1JGXLUe/aX149IElKhCcdKdVwn1t0US80Ip1nRSxSNMRnhAe0YKnBIVTednp6hI6P0URBJU0Kjqfp7IsWhUuPQN50h1kM1703E/7xOooOLbspEnGgqyGxRkHCkIzTJAfWZpETzsSGYSGZuRWSITRTapFU0IbjzLy+S5knFPatUb6vl2lUeRwEO4BCOwYVzqMEN1KEBBB7hGV7hzXqyXqx362PWumTlM/vwB9bnD03alAk=</latexit>

=
1p
3

It also satisfies the CH DC 

(it includes the ball of radius

)

<latexit sha1_base64="5h6hMa7g5ghKqkGBOpaGMBLQ+kw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6koKblxWsA9oQ5lMJu3QySTM3Agl9CPcuFDErd/jzr9x2mahrQcGDuecy9x7glQKg6777ZTW1jc2t8rblZ3dvf2D6uFR2ySZZrzFEpnobkANl0LxFgqUvJtqTuNA8k4wvpv5nSeujUjUI05S7sd0qEQkGEUrdfrSRkM6qNbcujsHWSVeQWpQoDmofvXDhGUxV8gkNabnuSn6OdUomOTTSj8zPKVsTIe8Z6miMTd+Pl93Ss6sEpIo0fYpJHP190ROY2MmcWCTMcWRWfZm4n9eL8Poxs+FSjPkii0+ijJJMCGz20koNGcoJ5ZQpoXdlbAR1ZShbahiS/CWT14l7Yu6d1W/fLisNW6LOspwAqdwDh5cQwPuoQktYDCGZ3iFNyd1Xpx352MRLTnFzDH8gfP5Az5/j4I=</latexit>

� const.

<latexit sha1_base64="ZOJqFQQIBFrcb8C4qyy+88i4PGw=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0m0qCcpePFYwX5AE8pmu2mXbjZxd1MoIf/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMCxLOlHacb6u0tr6xuVXeruzs7u0f2IdHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0E47uZ35lQqVgsHvU0oX6Eh4KFjGBtpL5te6HExM089SR1dpnnfbvq1Jw50CpxC1KFAs2+/eUNYpJGVGjCsVI910m0n2GpGeE0r3ipogkmYzykPUMFjqjys/nlOTozygCFsTQlNJqrvycyHCk1jQLTGWE9UsveTPzP66U6vPEzJpJUU0EWi8KUIx2jWQxowCQlmk8NwUQycysiI2yi0CasignBXX55lbQvau5Vrf5QrzZuizjKcAKncA4uXEMD7qEJLSAwgWd4hTcrs16sd+tj0Vqyiplj+APr8wfIZpPC</latexit>

1p
3

<latexit sha1_base64="AspqNlIpUggDT/BBXxPNpWk7JUE=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0mkak9S8OKxgv2AJpTNdtMu3Wzi7kQIIf4VLx4U8eoP8ea/cdvmoK0PBh7vzTAzz485U2Db30ZpbX1jc6u8XdnZ3ds/MA+PuipKJKEdEvFI9n2sKGeCdoABp/1YUhz6nPb86c3M7z1SqVgk7iGNqRfisWABIxi0NDSrrnqQkLmBxCRr5plzkedDs2bX7TmsVeIUpIYKtIfmlzuKSBJSAYRjpQaOHYOXYQmMcJpX3ETRGJMpHtOBpgKHVHnZ/PjcOtXKyAoiqUuANVd/T2Q4VCoNfd0ZYpioZW8m/ucNEgiaXsZEnAAVZLEoSLgFkTVLwhoxSQnwVBNMJNO3WmSCdQ6g86roEJzll1dJ97zuXNYbd41a67qIo4yO0Qk6Qw66Qi10i9qogwhK0TN6RW/Gk/FivBsfi9aSUcxU0R8Ynz8fipUS</latexit>r
8

15

<latexit sha1_base64="ZyH7VojDinvR9Kx0dmzdNj+5y8Y=">AAACEXicbZDLSgMxFIYz9VbrbdSlm2ARuiozUtSVFNwI3VSwF+gMQybNtKFJZkgyhTL0Fdz4Km5cKOLWnTvfxrSdRW39IfDxn3M4OX+YMKq04/xYhY3Nre2d4m5pb//g8Mg+PmmrOJWYtHDMYtkNkSKMCtLSVDPSTSRBPGSkE47uZvXOmEhFY/GoJwnxORoIGlGMtLECu+JFEuHMGxPsCRQyBHmQeZLDRmM6zZY4sMtO1ZkLroObQxnkagb2t9ePccqJ0JghpXquk2g/Q1JTzMi05KWKJAiP0ID0DArEifKz+UVTeGGcPoxiaZ7QcO4uT2SIKzXhoenkSA/Vam1m/lfrpTq68TMqklQTgReLopRBHcNZPLBPJcGaTQwgLKn5K8RDZCLSJsSSCcFdPXkd2pdV96pae6iV67d5HEVwBs5BBbjgGtTBPWiCFsDgCbyAN/BuPVuv1of1uWgtWPnMKfgj6+sX2Hmdpg==</latexit>

~rmKK

mKK
<latexit sha1_base64="JlrAJtEkZ6pM6yUQhKIgmQwgnHA=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQF2VGirqSghuXFewDOsOQSTNtaJIZkkyhDPMPbvwVNy4UcevGnX9j2s6ith64cHLOveTeEyaMKu04P1ZpbX1jc6u8XdnZ3ds/sA+P2ipOJSYtHLNYdkOkCKOCtDTVjHQTSRAPGemEo7up3xkTqWgsHvUkIT5HA0EjipE2UmBfeJFEOPPGBHsChQxBHmSe5FBpmefZ4iOwq07NmQGuErcgVVCgGdjfXj/GKSdCY4aU6rlOov0MSU0xI3nFSxVJEB6hAekZKhAnys9mN+XwzCh9GMXSlNBwpi5OZIgrNeGh6eRID9WyNxX/83qpjm78jIok1UTg+UdRyqCO4TQg2KeSYM0mhiAsqdkV4iEyIWkTY8WE4C6fvEralzX3qlZ/qFcbt0UcZXACTsE5cME1aIB70AQtgMETeAFv4N16tl6tD+tz3lqyiplj8AfW1y+Ycp9A</latexit>

~rmstr

mstr

<latexit sha1_base64="GQsL8cErF1uLhrCuAGoBV4RxEWw=">AAACEXicbZDLSgMxFIYz9VbrbdSlm2ARuiozUtSVFNx0WdFeoDMMmTTThiaZIckUytBXcOOruHGhiFt37nwb03YWtfWHwMd/zuHk/GHCqNKO82MVNja3tneKu6W9/YPDI/v4pK3iVGLSwjGLZTdEijAqSEtTzUg3kQTxkJFOOLqb1TtjIhWNxaOeJMTnaCBoRDHSxgrsihdJhDNvTLAnUMgQ5EHmSQ4bD9NptsSBXXaqzlxwHdwcyiBXM7C/vX6MU06Exgwp1XOdRPsZkppiRqYlL1UkQXiEBqRnUCBOlJ/NL5rCC+P0YRRL84SGc3d5IkNcqQkPTSdHeqhWazPzv1ov1dGNn1GRpJoIvFgUpQzqGM7igX0qCdZsYgBhSc1fIR4iE5E2IZZMCO7qyevQvqy6V9Xafa1cv83jKIIzcA4qwAXXoA4aoAlaAIMn8ALewLv1bL1aH9bnorVg5TOn4I+sr1/n652w</latexit>

~rmHS

mHS

<latexit sha1_base64="AspqNlIpUggDT/BBXxPNpWk7JUE=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0mkak9S8OKxgv2AJpTNdtMu3Wzi7kQIIf4VLx4U8eoP8ea/cdvmoK0PBh7vzTAzz485U2Db30ZpbX1jc6u8XdnZ3ds/MA+PuipKJKEdEvFI9n2sKGeCdoABp/1YUhz6nPb86c3M7z1SqVgk7iGNqRfisWABIxi0NDSrrnqQkLmBxCRr5plzkedDs2bX7TmsVeIUpIYKtIfmlzuKSBJSAYRjpQaOHYOXYQmMcJpX3ETRGJMpHtOBpgKHVHnZ/PjcOtXKyAoiqUuANVd/T2Q4VCoNfd0ZYpioZW8m/ucNEgiaXsZEnAAVZLEoSLgFkTVLwhoxSQnwVBNMJNO3WmSCdQ6g86roEJzll1dJ97zuXNYbd41a67qIo4yO0Qk6Qw66Qi10i9qogwhK0TN6RW/Gk/FivBsfi9aSUcxU0R8Ynz8fipUS</latexit>r
8

15

sugra

field theory

<latexit sha1_base64="W1UB5aqssFI+5tXCXW8lJL0q4lE=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lKUU9S8OKxgv2AJpTNdtMu3Wzi7qRQQv6JFw+KePWfePPfuG1z0NYHA4/3ZpiZFySCa3Ccb6u0sbm1vVPereztHxwe2ccnHR2nirI2jUWsegHRTHDJ2sBBsF6iGIkCwbrB5G7ud6dMaR7LR5glzI/ISPKQUwJGGti2FypC3czTTwqyep4P7KpTcxbA68QtSBUVaA3sL28Y0zRiEqggWvddJwE/Iwo4FSyveKlmCaETMmJ9QyWJmPazxeU5vjDKEIexMiUBL9TfExmJtJ5FgemMCIz1qjcX//P6KYQ3fsZlkgKTdLkoTAWGGM9jwEOuGAUxM4RQxc2tmI6JiQJMWBUTgrv68jrp1GvuVa3x0Kg2b4s4yugMnaNL5KJr1ET3qIXaiKIpekav6M3KrBfr3fpYtpasYuYU/YH1+QPG4JPB</latexit>

1p
2

Let us plot the convex hull of all the light towers, including the KK towers

The sharpened bound for the Distance conjecture

              is satisfied for every infinite distance direction

<latexit sha1_base64="BNSjiIgKkfMkMLY7G7esvWbdg9c=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgxpKUoq6k4MZlBfuAJpSb6aQdOnl0ZiKUkJUbf8WNC0Xc+g3u/BunbRbaeuDC4Zx7ufceL+ZMKsv6Ngorq2vrG8XN0tb2zu6euX/QklEiCG2SiEei44GknIW0qZjitBMLCoHHadsb3Uz99gMVkkXhvZrE1A1gEDKfEVBa6pnHDvB4CM6AjrHjCyB26sixUGn/vJplPbNsVawZ8DKxc1JGORo988vpRyQJaKgIBym7thUrNwWhGOE0KzmJpDGQEQxoV9MQAirddPZGhk+10sd+JHSFCs/U3xMpBFJOAk93BqCGctGbiv953UT5V27KwjhRNCTzRX7CsYrwNBPcZ4ISxSeaABFM34rJEHQYSidX0iHYiy8vk1a1Yl9Uane1cv06j6OIjtAJOkM2ukR1dIsaqIkIekTP6BW9GU/Gi/FufMxbC0Y+c4j+wPj8ASucmO8=</latexit>

↵ � 1p
d� 2

Convex Hull and Scale Separation

It satisfies taxonomy 
rules for the towers

<latexit sha1_base64="pvvJHp2x02fbIuq8FqTUFYyC29M=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVop6k4MWLUMF+SLuUbJptY7PJkmSFsvQ/ePGgiFf/jzf/jel2D9r6YODx3gwz84KYM21c99sprKyurW8UN0tb2zu7e+X9g5aWiSK0SSSXqhNgTTkTtGmY4bQTK4qjgNN2ML6e+e0nqjST4t5MYupHeChYyAg2VmoN++nD7bRfrrhVNwNaJl5OKpCj0S9/9QaSJBEVhnCsdddzY+OnWBlGOJ2WeommMSZjPKRdSwWOqPbT7NopOrHKAIVS2RIGZerviRRHWk+iwHZG2Iz0ojcT//O6iQkv/ZSJODFUkPmiMOHISDR7HQ2YosTwiSWYKGZvRWSEFSbGBlSyIXiLLy+T1lnVO6/W7mqV+lUeRxGO4BhOwYMLqMMNNKAJBB7hGV7hzZHOi/PufMxbC04+cwh/4Hz+AJBWjx8=</latexit>gYM

<latexit sha1_base64="aACQYeE61xMzyekUw1sxwPX3Yck=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUE8S8OJJEjAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+yXKlXStWbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCoS4zX</latexit>

N

<latexit sha1_base64="dNVE4P3vfpNkiO2iWMon/7tG+BA=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAixCbsS1EoiNkIK4yMPSJZldnaSDJmZXWZmhbBsa+Ov2FgoYusf2Pk3Th6FJh64cDjnXu69J4gZVdpxvq2FxaXlldXcWn59Y3Nr297ZbagokZjUccQi2QqQIowKUtdUM9KKJUE8YKQZDC5HfvOBSEUjca+HMfE46gnapRhpI/k25H5arWa3fnoR3mUdRTnscKT7GLH0Oiu6R75dcErOGHCeuFNSAFPUfPurE0Y44URozJBSbdeJtZciqSlmJMt3EkVihAeoR9qGCsSJ8tLxJxk8NEoIu5E0JTQcq78nUsSVGvLAdI6uVLPeSPzPaye6e+alVMSJJgJPFnUTBnUER7HAkEqCNRsagrCk5laI+0girE14eROCO/vyPGkcl9yTUvmmXKicT+PIgX1wAIrABaegAq5ADdQBBo/gGbyCN+vJerHerY9J64I1ndkDf2B9/gCzVJmv</latexit>

mKKRAdS ⇠ O(1)
<latexit sha1_base64="WhTNK+A1rkWLiKNHFwpJegVW+3I=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHcWJNa1JUU3AgFqWAf0MYwmU7aoTNJmJkIIcRfceNCEbd+iDv/xmmbhbYeuHA4517uvceLGJXKsr6NpeWV1bX1wkZxc2t7Z9fc22/LMBaYtHDIQtH1kCSMBqSlqGKkGwmCuMdIxxtfT/zOIxGShsG9SiLicDQMqE8xUlpyzRJ300Yj60vK4e1DelI9Pctcs2xVrCngIrFzUgY5mq751R+EOOYkUJghKXu2FSknRUJRzEhW7MeSRAiP0ZD0NA0QJ9JJp8dn8EgrA+iHQleg4FT9PZEiLmXCPd3JkRrJeW8i/uf1YuVfOikNoliRAM8W+TGDKoSTJOCACoIVSzRBWFB9K8QjJBBWOq+iDsGef3mRtKsV+7xSu6uV61d5HAVwAA7BMbDBBaiDG9AELYBBAp7BK3gznowX4934mLUuGflMCfyB8fkDY5qT8g==</latexit>

mKK ⇠ N�2/3

<latexit sha1_base64="8L7wJsarjYeyeBgwosR5wdIpTlI=">AAAB/HicbZC7TsMwFIadcivlFujIYlEhMVUJ4jahIhbGQulFakPkOE5r1U4i20GKovAqLAwgxMqDsPE2uG0GaPklS5/+c47O8e/FjEplWd9GaWl5ZXWtvF7Z2Nza3jF39zoySgQmbRyxSPQ8JAmjIWkrqhjpxYIg7jHS9cbXk3r3kQhJo/BepTFxOBqGNKAYKW25ZvXOza78Vj6QlEPNrYfT3DVrVt2aCi6CXUANFGq65tfAj3DCSagwQ1L2bStWToaEopiRvDJIJIkRHqMh6WsMESfSyabH5/BQOz4MIqFfqODU/T2RIS5lyj3dyZEayfnaxPyv1k9UcOFkNIwTRUI8WxQkDKoITpKAPhUEK5ZqQFhQfSvEIyQQVjqvig7Bnv/yInSO6/ZZ/eT2pNa4LOIog31wAI6ADc5BA9yAJmgDDFLwDF7Bm/FkvBjvxsestWQUM1XwR8bnDw7JlGM=</latexit>

RAdS ⇠ RS5

<latexit sha1_base64="su+34z+gAQ4cvSM2MqOALUos3mg="></latexit>

~rmKK

mKK
=

 
0,

2
p
30

15

!

It would be violated if the AdS vacuum was scale-separated                    
<latexit sha1_base64="Oxrp2xd6hA+9dWLytfQDoI03nBs=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFcFUSEXUlFTdCN/XSC7QhTCbTdujkwsxEKTGP4saFIm59Ene+jdM2C239YeDjP+dwzvxezJlUlvVtFJaWV1bXiuuljc2t7R2zvNuSUSIIbZKIR6LjYUk5C2lTMcVpJxYUBx6nbW90Nam3H6iQLArv1TimToAHIeszgpW2XLN866b1etbjHGm69O8y16xYVWsqtAh2DhXI1XDNr54fkSSgoSIcS9m1rVg5KRaKEU6zUi+RNMZkhAe0qzHEAZVOOj09Q4fa8VE/EvqFCk3d3xMpDqQcB57uDLAayvnaxPyv1k1U/9xJWRgnioZktqifcKQiNMkB+UxQovhYAyaC6VsRGWKBidJplXQI9vyXF6F1XLVPqyc3J5XaRR5HEfbhAI7AhjOowTU0oAkEHuEZXuHNeDJejHfjY9ZaMPKZPfgj4/MHkgyTjg==</latexit>

RKK ⌧ RAdS



Here we are using the moduli space distance

but can we generalize the notion of distance including a scalar potential?

The Convex Hull Distance Conjecture with
<latexit sha1_base64="BNSjiIgKkfMkMLY7G7esvWbdg9c=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgxpKUoq6k4MZlBfuAJpSb6aQdOnl0ZiKUkJUbf8WNC0Xc+g3u/BunbRbaeuDC4Zx7ufceL+ZMKsv6Ngorq2vrG8XN0tb2zu6euX/QklEiCG2SiEei44GknIW0qZjitBMLCoHHadsb3Uz99gMVkkXhvZrE1A1gEDKfEVBa6pnHDvB4CM6AjrHjCyB26sixUGn/vJplPbNsVawZ8DKxc1JGORo988vpRyQJaKgIBym7thUrNwWhGOE0KzmJpDGQEQxoV9MQAirddPZGhk+10sd+JHSFCs/U3xMpBFJOAk93BqCGctGbiv953UT5V27KwjhRNCTzRX7CsYrwNBPcZ4ISxSeaABFM34rJEHQYSidX0iHYiy8vk1a1Yl9Uane1cv06j6OIjtAJOkM2ukR1dIsaqIkIekTP6BW9GU/Gi/FufMxbC0Y+c4j+wPj8ASucmO8=</latexit>

↵ � 1p
d� 2

implies that holographic AdS spaces with a conformal manifold 
(namely, 5d AdS spaces with 8 or more supercharges)


cannot be scale separated

Convex Hull and Scale Separation



One dimensional moduli space:

Tower of Kaluza-
Klein states

Example: 10d Type IIA

Type IIA

<latexit sha1_base64="bdw5KGlZwxHjhdRs+hK9+dRipaM="></latexit>

S = M2
p

Z
d10x

p
�g

✓
1

2
R� 1

4
(@�)2 + . . .

◆

<latexit sha1_base64="zdawAEsqiPxjjUde4w9b7x9QjvQ=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgxZJIUS9KwYvHCvYD2lg220m7dLOJu5tCCf0dXjwo4tUf481/47bNQVsfDDzem2Fmnh9zprTjfFu5ldW19Y38ZmFre2d3r7h/0FBRIinWacQj2fKJQs4E1jXTHFuxRBL6HJv+8HbqN0coFYvEgx7H6IWkL1jAKNFG8vpddY2P6VknHrBJt1hyys4M9jJxM1KCDLVu8avTi2gSotCUE6XarhNrLyVSM8pxUugkCmNCh6SPbUMFCVF56ezoiX1ilJ4dRNKU0PZM/T2RklCpceibzpDogVr0puJ/XjvRwZWXMhEnGgWdLwoSbuvIniZg95hEqvnYEEIlM7fadEAkodrkVDAhuIsvL5PGedm9KFfuK6XqTRZHHo7gGE7BhUuowh3UoA4UnuAZXuHNGlkv1rv1MW/NWdnMIfyB9fkDlzyR/A==</latexit>

gs = e��

As

Tower of D0 branes 
(M-theory KK tower)

<latexit sha1_base64="NdM5sio8IPV1UfWw+s1Koz698LQ=">AAAB/XicbZDLSsNAFIZP6q3WW7zs3AwWwYWURIq6koIbN0IFe4E2hMl02g6dTMLMRKgh+CpuXCji1vdw59s4bbPQ1h8GPv5zDufMH8ScKe0431ZhaXllda24XtrY3NresXf3mipKJKENEvFItgOsKGeCNjTTnLZjSXEYcNoKRteTeuuBSsUica/HMfVCPBCszwjWxvLtg1s/jU9dN+tyjmbsZL5ddirOVGgR3BzKkKvu21/dXkSSkApNOFaq4zqx9lIsNSOcZqVuomiMyQgPaMegwCFVXjq9PkPHxumhfiTNExpN3d8TKQ6VGoeB6QyxHqr52sT8r9ZJdP/SS5mIE00FmS3qJxzpCE2iQD0mKdF8bAATycytiAyxxESbwEomBHf+y4vQPKu455XqXbVcu8rjKMIhHMEJuHABNbiBOjSAwCM8wyu8WU/Wi/VufcxaC1Y+sw9/ZH3+AKX5lA8=</latexit>

Mp,11 ⌧ Mp,10

<latexit sha1_base64="vVwxEfHaH7c29ws/Tb99lTKf/cc="></latexit>

mKK =
Ms

gs
= Mp,10 exp

 
�3

p
2

4
��

!
<latexit sha1_base64="jdGnAD47hcLcSKBlvX4T235EoqU=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgQmoiRbuSghuhCBXsA5oYJtNJO3QmCTMToYSs3Pgrblwo4tZvcOffOG2z0OqBC4dz7uXee/yYUaks68soLCwuLa8UV0tr6xubW+b2TltGicCkhSMWia6PJGE0JC1FFSPdWBDEfUY6/uhy4nfuiZA0Cm/VOCYuR4OQBhQjpSXP3L/20vjYtjNHUg65lzqCw0Yju0vtk1rmmWWrYk0B/xI7J2WQo+mZn04/wgknocIMSdmzrVi5KRKKYkaykpNIEiM8QgPS0zREnEg3nb6RwUOt9GEQCV2hglP150SKuJRj7utOjtRQznsT8T+vl6ig5qY0jBNFQjxbFCQMqghOMoF9KghWbKwJwoLqWyEeIoGw0smVdAj2/Mt/Sfu0Yp9VqjfVcv0ij6MI9sABOAI2OAd1cAWaoAUweABP4AW8Go/Gs/FmvM9aC0Y+swt+wfj4Bn2Rl9w=</latexit>

Mp,11 ⇠ m1/8
KK

<latexit sha1_base64="t1tugCeeZDfbuMOMViqLeydz4YY=">AAAB/3icbVDLSsNAFJ34rPVVFdy4GSyCq5JIUVdScOOygn1AE8JkOkmHTiZh5kYJsQt/xY0LRdz6G+78G6ePhbYeuHA4517uvSdIBddg29/W0vLK6tp6aaO8ubW9s1vZ22/rJFOUtWgiEtUNiGaCS9YCDoJ1U8VIHAjWCYbXY79zz5TmibyDPGVeTCLJQ04JGMmvHEa+dhWPBkCUSh6wy2UIOfYrVbtmT4AXiTMjVTRD0698uf2EZjGTQAXRuufYKXgFUcCpYKOym2mWEjokEesZKknMtFdM7h/hE6P0cZgoUxLwRP09UZBY6zwOTGdMYKDnvbH4n9fLILz0Ci7TDJik00VhJjAkeBwG7nPFKIjcEEIVN7diOiCKUDCRlU0IzvzLi6R9VnPOa/XberVxNYujhI7QMTpFDrpADXSDmqiFKHpEz+gVvVlP1ov1bn1MW5es2cwB+gPr8wcqDJYw</latexit>

gs ! 1 ;

<latexit sha1_base64="UZDt67PF57u/n3SL2LMl6yL5mC0=">AAAB/nicbVBNSwMxEM3Wr1q/quLJS7AInsquFPUkBS8eK9gPaJclm2bb0GyyJLNKWQr+FS8eFPHq7/DmvzFt96CtDwYe780wMy9MBDfgut9OYWV1bX2juFna2t7Z3SvvH7SMSjVlTaqE0p2QGCa4ZE3gIFgn0YzEoWDtcHQz9dsPTBuu5D2ME+bHZCB5xCkBKwXlo0FgepoPhkC0Vo+4x2UE46BccavuDHiZeDmpoByNoPzV6yuaxkwCFcSYrucm4GdEA6eCTUq91LCE0BEZsK6lksTM+Nns/Ak+tUofR0rbkoBn6u+JjMTGjOPQdsYEhmbRm4r/ed0Uois/4zJJgUk6XxSlAoPC0yxwn2tGQYwtIVRzeyumQ6IJBZtYyYbgLb68TFrnVe+iWrurVerXeRxFdIxO0Bny0CWqo1vUQE1EUYae0St6c56cF+fd+Zi3Fpx85hD9gfP5A8vOlgY=</latexit>

gs ! 1<latexit sha1_base64="8AweZr7sK0fKc1LeWzZlGBxOVpo=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE1JMUvHisYD+gDWGz3bRLN7thd1Ipof/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMi1LBDXjet1NaW9/Y3CpvV3Z29/YP3MOjllGZpqxJlVC6ExHDBJesCRwE66SakSQSrB2N7mZ+e8y04Uo+wiRlQUIGksecErBS6LqD0PQ0HwyBaK2esBe6Va/mzYFXiV+QKirQCN2vXl/RLGESqCDGdH0vhSAnGjgVbFrpZYalhI7IgHUtlSRhJsjnl0/xmVX6OFbalgQ8V39P5CQxZpJEtjMhMDTL3kz8z+tmEN8EOZdpBkzSxaI4ExgUnsWA+1wzCmJiCaGa21sxHRJNKNiwKjYEf/nlVdK6qPlXtcuHy2r9toijjE7QKTpHPrpGdXSPGqiJKBqjZ/SK3pzceXHenY9Fa8kpZo7RHzifP2ORk34=</latexit>

gs ! 0

species scale

Tower of oscillator 
string modes

<latexit sha1_base64="nVZf0H1uGI/MJkiPhKu3TbxZKlc=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFcCElkaKupODGjVDBXqANYTKdtkMnkzAzUUrMo7hxoYhbn8Sdb+O0zUJbfxj4+M85nDN/EHOmtON8W4WV1bX1jeJmaWt7Z3fPLu+3VJRIQpsk4pHsBFhRzgRtaqY57cSS4jDgtB2Mr6f19gOVikXiXk9i6oV4KNiAEayN5dvlWz9VWY9zZCA+dZ3MtytO1ZkJLYObQwVyNXz7q9ePSBJSoQnHSnVdJ9ZeiqVmhNOs1EsUjTEZ4yHtGhQ4pMpLZ6dn6Ng4fTSIpHlCo5n7eyLFoVKTMDCdIdYjtVibmv/VuokeXHopE3GiqSDzRYOEIx2haQ6ozyQlmk8MYCKZuRWREZaYaJNWyYTgLn55GVpnVfe8WrurVepXeRxFOIQjOAEXLqAON9CAJhB4hGd4hTfryXqx3q2PeWvBymcO4I+szx9XcpNm</latexit>

Ms ⌧ Mp,10

<latexit sha1_base64="olTapKj45lBGiTR2Xq+Sqgw+Xps="></latexit>

Ms = Mp,10 g
1/4
s = Mp,10 exp

✓
� 1p

8
��

◆
<latexit sha1_base64="8AweZr7sK0fKc1LeWzZlGBxOVpo=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE1JMUvHisYD+gDWGz3bRLN7thd1Ipof/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMi1LBDXjet1NaW9/Y3CpvV3Z29/YP3MOjllGZpqxJlVC6ExHDBJesCRwE66SakSQSrB2N7mZ+e8y04Uo+wiRlQUIGksecErBS6LqD0PQ0HwyBaK2esBe6Va/mzYFXiV+QKirQCN2vXl/RLGESqCDGdH0vhSAnGjgVbFrpZYalhI7IgHUtlSRhJsjnl0/xmVX6OFbalgQ8V39P5CQxZpJEtjMhMDTL3kz8z+tmEN8EOZdpBkzSxaI4ExgUnsWA+1wzCmJiCaGa21sxHRJNKNiwKjYEf/nlVdK6qPlXtcuHy2r9toijjE7QKTpHPrpGdXSPGqiJKBqjZ/SK3pzceXHenY9Fa8kpZo7RHzifP2ORk34=</latexit>

gs ! 0As


