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➤ Many nontrivial, strongly-coupled (S)QFTs arise as the IR limit 
of branes in string theory.  
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(S)QFT in 4 (or lower) dimensions

String theory as a framework to generate/study QFT
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characterized by the topology of the internal space



➤ Allows us to generate and geometrically organize large classes of 
strongly coupled QFTs. Key example:

(S)QFT in lower dimensions

The Geometric Engineering Machine:

INPUT:
N M5-branes → 6d SCFT on world volume

[Witten 95; Strominger 95; Seiberg; …]

• brane configuration

• compact d-dim manifold
2d genus-g punctured Riemann surface

• topological twist
to preserve              Superconformal symmetry

4d              SCFT that depends on (N, g, puncture data, ..) 
OUTPUT:

[Witten 95; Gaiotto 09; Gaiotto, Moore, Neitzke 09; …] 
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Motivation: A rich testing ground for exploring aspects of QFT

holographic QFT

weakly-coupled Lagrangian 
gauge theory

limits of string theory

“non-Lagrangian” SQFT
**generic in geometric engineering

➤ Upshot: illuminate new corners of this landscape



holographic QFT

weakly-coupled Lagrangian 
gauge theory

limits of string theory

“non-Lagrangian” SQFT
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Takeaway: there are deep (and often surprising!) interconnections  
in the landscape of QFT.

**generic in geometric engineering



Harness these interconnections to develop new tools for non-
perturbatively computing QFT observables* 


➤ Symmetry structure (’t Hooft anomalies, generalized symmetries); 
Operator content (scaling dimensions of BPS operators, indices); 
Vacuum structure (moduli space details, IR phase);  
d.o.f. (central charges);  …

Guiding principle:

*focus on SCFTs



Key useful idea: view the SCFTs that arise from geometric 
constructions as generalized matter sectors.



➤ We build gauge theories by coupling free fields; e.g. gauging (subgroups 
of) global symmetries by coupling vector fields to the symmetry current. 

Free fields from geometric building blocks
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+
“gluing” SU(2) Nf =4  

gauge theory}➤ e.g.

free vector mult.

[Gaiotto 09]

free hypermultiplets

in (2,2,2) of SU(2)3



➤ We build gauge theories by coupling free fields; e.g. gauging (subgroups 
of) global symmetries by coupling vector fields to the symmetry current. 

Free fields from geometric building blocks

… <latexit sha1_base64="+xNmhP8sI6vIS6MYCRtVEYh0yfE=">AAACE3icbVDLSgMxFM3UV62vqks3wSK4kDIjvlZScKHLFuwD2qFkMnfa0ExmSDLFMvQL3NqvcSdu/QA/RjBtZ6FtDwQO59xLzj1ezJnStv1t5dbWNza38tuFnd29/YPi4VFDRYmkUKcRj2TLIwo4E1DXTHNoxRJI6HFoeoOHqd8cglQsEs96FIMbkp5gAaNEG6n22C2W7LI9A14mTkZKKEO1W/zp+BFNQhCacqJU27Fj7aZEakY5jAudREFM6ID0oG2oICEoN50FHeMzo/g4iKR5QuOZ+ncjJaFSo9AzkyHRfbXoTcVVXjvRwZ2bMhEnGgSdfxQkHOsIT6/GPpNANR8ZQqhkJiumfSIJ1aabwsrQF/6QxSrL/5IdUDB9OYvtLJPGZdm5KV/XrkqV+6y5PDpBp+gcOegWVdATqqI6ogjQK3pDE2tivVsf1ud8NGdlO8foH6yvX2/Wnoo=</latexit>

G …<latexit sha1_base64="+xNmhP8sI6vIS6MYCRtVEYh0yfE=">AAACE3icbVDLSgMxFM3UV62vqks3wSK4kDIjvlZScKHLFuwD2qFkMnfa0ExmSDLFMvQL3NqvcSdu/QA/RjBtZ6FtDwQO59xLzj1ezJnStv1t5dbWNza38tuFnd29/YPi4VFDRYmkUKcRj2TLIwo4E1DXTHNoxRJI6HFoeoOHqd8cglQsEs96FIMbkp5gAaNEG6n22C2W7LI9A14mTkZKKEO1W/zp+BFNQhCacqJU27Fj7aZEakY5jAudREFM6ID0oG2oICEoN50FHeMzo/g4iKR5QuOZ+ncjJaFSo9AzkyHRfbXoTcVVXjvRwZ2bMhEnGgSdfxQkHOsIT6/GPpNANR8ZQqhkJiumfSIJ1aabwsrQF/6QxSrL/5IdUDB9OYvtLJPGZdm5KV/XrkqV+6y5PDpBp+gcOegWVdATqqI6ogjQK3pDE2tivVsf1ud8NGdlO8foH6yvX2/Wnoo=</latexit>

G+ …<latexit sha1_base64="+xNmhP8sI6vIS6MYCRtVEYh0yfE=">AAACE3icbVDLSgMxFM3UV62vqks3wSK4kDIjvlZScKHLFuwD2qFkMnfa0ExmSDLFMvQL3NqvcSdu/QA/RjBtZ6FtDwQO59xLzj1ezJnStv1t5dbWNza38tuFnd29/YPi4VFDRYmkUKcRj2TLIwo4E1DXTHNoxRJI6HFoeoOHqd8cglQsEs96FIMbkp5gAaNEG6n22C2W7LI9A14mTkZKKEO1W/zp+BFNQhCacqJU27Fj7aZEakY5jAudREFM6ID0oG2oICEoN50FHeMzo/g4iKR5QuOZ+ncjJaFSo9AzkyHRfbXoTcVVXjvRwZ2bMhEnGgSdfxQkHOsIT6/GPpNANR8ZQqhkJiumfSIJ1aabwsrQF/6QxSrL/5IdUDB9OYvtLJPGZdm5KV/XrkqV+6y5PDpBp+gcOegWVdATqqI6ogjQK3pDE2tivVsf1ud8NGdlO8foH6yvX2/Wnoo=</latexit>

G… <latexit sha1_base64="+xNmhP8sI6vIS6MYCRtVEYh0yfE=">AAACE3icbVDLSgMxFM3UV62vqks3wSK4kDIjvlZScKHLFuwD2qFkMnfa0ExmSDLFMvQL3NqvcSdu/QA/RjBtZ6FtDwQO59xLzj1ezJnStv1t5dbWNza38tuFnd29/YPi4VFDRYmkUKcRj2TLIwo4E1DXTHNoxRJI6HFoeoOHqd8cglQsEs96FIMbkp5gAaNEG6n22C2W7LI9A14mTkZKKEO1W/zp+BFNQhCacqJU27Fj7aZEakY5jAudREFM6ID0oG2oICEoN50FHeMzo/g4iKR5QuOZ+ncjJaFSo9AzkyHRfbXoTcVVXjvRwZ2bMhEnGgSdfxQkHOsIT6/GPpNANR8ZQqhkJiumfSIJ1aabwsrQF/6QxSrL/5IdUDB9OYvtLJPGZdm5KV/XrkqV+6y5PDpBp+gcOegWVdATqqI6ogjQK3pDE2tivVsf1ud8NGdlO8foH6yvX2/Wnoo=</latexit>

G
<latexit sha1_base64="+xNmhP8sI6vIS6MYCRtVEYh0yfE=">AAACE3icbVDLSgMxFM3UV62vqks3wSK4kDIjvlZScKHLFuwD2qFkMnfa0ExmSDLFMvQL3NqvcSdu/QA/RjBtZ6FtDwQO59xLzj1ezJnStv1t5dbWNza38tuFnd29/YPi4VFDRYmkUKcRj2TLIwo4E1DXTHNoxRJI6HFoeoOHqd8cglQsEs96FIMbkp5gAaNEG6n22C2W7LI9A14mTkZKKEO1W/zp+BFNQhCacqJU27Fj7aZEakY5jAudREFM6ID0oG2oICEoN50FHeMzo/g4iKR5QuOZ+ncjJaFSo9AzkyHRfbXoTcVVXjvRwZ2bMhEnGgSdfxQkHOsIT6/GPpNANR8ZQqhkJiumfSIJ1aabwsrQF/6QxSrL/5IdUDB9OYvtLJPGZdm5KV/XrkqV+6y5PDpBp+gcOegWVdATqqI6ogjQK3pDE2tivVsf1ud8NGdlO8foH6yvX2/Wnoo=</latexit>

G

global symmetry gauge symmetry  

t
iE2d

fait.isDdfeiiE'Dd

t
fEz

2 M5s

 

t
iE2d

fait.isDdfeiiE'Dd

t
fEz

2 M5s

= =
<latexit sha1_base64="PZinWhZvk9keiRcqQVvn6qBTMIM=">AAACF3icbVDLSsNAFL2prxpfVZdugkWoICUpvhYuCm5cVjRtoQ1lMpm0QyeTMDMpltJvcGu/xp24denHCE7bLLTtgYHDOfcy5x4/YVQq2/42cmvrG5tb+W1zZ3dv/6BweFSXcSowcXHMYtH0kSSMcuIqqhhpJoKgyGek4ffvp35jQISkMX9Ww4R4EepyGlKMlJbcJ7dUOe8UinbZnsFaJk5GipCh1in8tIMYpxHhCjMkZcuxE+WNkFAUMzI226kkCcJ91CUtTTmKiPRGs7Bj60wrgRXGQj+urJn6d2OEIimHka8nI6R6ctGbiqu8VqrCW29EeZIqwvH8ozBlloqt6eVWQAXBig01QVhQndXCPSQQVrofc2Xoi2BAE5nlf8kOMHVfzmI7y6ReKTvX5avHy2L1LmsuDydwCiVw4Aaq8AA1cAEDhVd4g4kxMd6ND+NzPpozsp1j+Afj6xeGS5+U</latexit>

SU(2)
<latexit sha1_base64="PZinWhZvk9keiRcqQVvn6qBTMIM=">AAACF3icbVDLSsNAFL2prxpfVZdugkWoICUpvhYuCm5cVjRtoQ1lMpm0QyeTMDMpltJvcGu/xp24denHCE7bLLTtgYHDOfcy5x4/YVQq2/42cmvrG5tb+W1zZ3dv/6BweFSXcSowcXHMYtH0kSSMcuIqqhhpJoKgyGek4ffvp35jQISkMX9Ww4R4EepyGlKMlJbcJ7dUOe8UinbZnsFaJk5GipCh1in8tIMYpxHhCjMkZcuxE+WNkFAUMzI226kkCcJ91CUtTTmKiPRGs7Bj60wrgRXGQj+urJn6d2OEIimHka8nI6R6ctGbiqu8VqrCW29EeZIqwvH8ozBlloqt6eVWQAXBig01QVhQndXCPSQQVrofc2Xoi2BAE5nlf8kOMHVfzmI7y6ReKTvX5avHy2L1LmsuDydwCiVw4Aaq8AA1cAEDhVd4g4kxMd6ND+NzPpozsp1j+Afj6xeGS5+U</latexit>

SU(2)

<latexit sha1_base64="PZinWhZvk9keiRcqQVvn6qBTMIM=">AAACF3icbVDLSsNAFL2prxpfVZdugkWoICUpvhYuCm5cVjRtoQ1lMpm0QyeTMDMpltJvcGu/xp24denHCE7bLLTtgYHDOfcy5x4/YVQq2/42cmvrG5tb+W1zZ3dv/6BweFSXcSowcXHMYtH0kSSMcuIqqhhpJoKgyGek4ffvp35jQISkMX9Ww4R4EepyGlKMlJbcJ7dUOe8UinbZnsFaJk5GipCh1in8tIMYpxHhCjMkZcuxE+WNkFAUMzI226kkCcJ91CUtTTmKiPRGs7Bj60wrgRXGQj+urJn6d2OEIimHka8nI6R6ctGbiqu8VqrCW29EeZIqwvH8ozBlloqt6eVWQAXBig01QVhQndXCPSQQVrofc2Xoi2BAE5nlf8kOMHVfzmI7y6ReKTvX5avHy2L1LmsuDydwCiVw4Aaq8AA1cAEDhVd4g4kxMd6ND+NzPpozsp1j+Afj6xeGS5+U</latexit>

SU(2)
<latexit sha1_base64="PZinWhZvk9keiRcqQVvn6qBTMIM=">AAACF3icbVDLSsNAFL2prxpfVZdugkWoICUpvhYuCm5cVjRtoQ1lMpm0QyeTMDMpltJvcGu/xp24denHCE7bLLTtgYHDOfcy5x4/YVQq2/42cmvrG5tb+W1zZ3dv/6BweFSXcSowcXHMYtH0kSSMcuIqqhhpJoKgyGek4ffvp35jQISkMX9Ww4R4EepyGlKMlJbcJ7dUOe8UinbZnsFaJk5GipCh1in8tIMYpxHhCjMkZcuxE+WNkFAUMzI226kkCcJ91CUtTTmKiPRGs7Bj60wrgRXGQj+urJn6d2OEIimHka8nI6R6ctGbiqu8VqrCW29EeZIqwvH8ozBlloqt6eVWQAXBig01QVhQndXCPSQQVrofc2Xoi2BAE5nlf8kOMHVfzmI7y6ReKTvX5avHy2L1LmsuDydwCiVw4Aaq8AA1cAEDhVd4g4kxMd6ND+NzPpozsp1j+Afj6xeGS5+U</latexit>

SU(2)

+
“gluing” SU(2) Nf =4  

gauge theory}➤ e.g.

free vector mult.

[Gaiotto 09]

free hypermultiplets

in (2,2,2) of SU(2)3



Choice of generalized matter = classes of SCFTs
➤ More generally: consider (even strongly!) interacting SCFTs as 

generalized matter sectors

…
<latexit sha1_base64="JPs25QDLx6t8SghBVIdy/QLHkuc=">AAACE3icbVDLSgMxFM3UV62vqks3wSK4kDIjvjZCwYUuW7APaIeSydxpQzOZIckUy9AvcGu/xp249QP8GMG0nYW2PRA4nHMvOfd4MWdK2/a3lVtb39jcym8Xdnb39g+Kh0cNFSWSQp1GPJItjyjgTEBdM82hFUsgoceh6Q0epn5zCFKxSDzrUQxuSHqCBYwSbaTaY7dYssv2DHiZOBkpoQzVbvGn40c0CUFoyolSbceOtZsSqRnlMC50EgUxoQPSg7ahgoSg3HQWdIzPjOLjIJLmCY1n6t+NlIRKjULPTIZE99WiNxVXee1EB3duykScaBB0/lGQcKwjPL0a+0wC1XxkCKGSmayY9okkVJtuCitDX/hDFqss/0t2QMH05Sy2s0wal2XnpnxduypV7rPm8ugEnaJz5KBbVEFPqIrqiCJAr+gNTayJ9W59WJ/z0ZyV7Ryjf7C+fgFviZ6J</latexit>

GSCFT
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➤ Allows geometrization of QFT properties; e.g. pair-of-pants 
decompositions of the surface = different IR dual frames 

S-duality

4d N=2 SCFT  
w/ G-flavor symmetry



2. Dual perspectives of AD SCFTs

*4d            SCFTs of  
 Argyres-Douglas type

<latexit sha1_base64="/SqCbs0sMpPcj6acJa9L3f/hPfc=">AAACH3icbVDLSgMxFL1TX3V8VV26CRbBhZSZ4msjFN24kgr2Ae1QMpm0Dc08TDLFMvQ73NqvcSdu+zGCmXYW2vZA4HDOvdyT40acSWVZUyO3tr6xuZXfNnd29/YPCodHdRnGgtAaCXkomi6WlLOA1hRTnDYjQbHvctpwBw+p3xhSIVkYvKhRRB0f9wLWZQQrLTltH6s+wTx5Gt+VO4WiVbJmQMvEzkgRMlQ7hZ+2F5LYp4EiHEvZsq1IOQkWihFOx2Y7ljTCZIB7tKVpgH0qnWQWeozOtOKhbij0CxSaqX83EuxLOfJdPZmGlIteKq7yWrHq3joJC6JY0YDMD3VjjlSI0gaQxwQlio80wUQwnRWRPhaYKN2TuTL0hTdkkczyv2UfMHVf9mI7y6ReLtnXpavny2LlPmsuDydwCudgww1U4BGqUAMCr/AOHzAxJsan8WV8z0dzRrZzDP9gTH8BHjWjqg==</latexit>

N = 2



The 4d             Argyres-Douglas SCFTs are very special

➤ First found at singular points on the moduli space of 4d   
gauge theories where mutually non-local BPS states become light

➤ “Non-Lagrangian”; intrinsically strongly coupled


➤ Possess relevant operators of fractional scaling dimension 
parameterizing their Coulomb branch

<latexit sha1_base64="GRjpBdbA517cYUyDHzIZXccN3Iw=">AAACH3icbVDLSgMxFL1TX3V8VV26CRbBhZSZ4mtTKLhxJRXsA9qhZDJpG5p5mGSKZeh3uLVf407c9mMEM+0stO2BwOGce7knx404k8qyZkZuY3Nreye/a+7tHxweFY5PGjKMBaF1EvJQtFwsKWcBrSumOG1FgmLf5bTpDh9SvzmiQrIweFHjiDo+7gesxwhWWnI6PlYDgnnyNKmUu4WiVbLmQKvEzkgRMtS6hZ+OF5LYp4EiHEvZtq1IOQkWihFOJ2YnljTCZIj7tK1pgH0qnWQeeoIutOKhXij0CxSaq383EuxLOfZdPZmGlMteKq7z2rHq3TsJC6JY0YAsDvVijlSI0gaQxwQlio81wUQwnRWRARaYKN2TuTb0lTdikczyv2UfMHVf9nI7q6RRLtm3pZvn62K1kjWXhzM4h0uw4Q6q8Ag1qAOBV3iHD5gaU+PT+DK+F6M5I9s5hX8wZr8ctKOl</latexit>

N = 2

[Argyres, Douglas 95; Argyres, Plesser, Seiberg, Witten 95; Eguchi, Hori, Ito, Yang 96; …] 

<latexit sha1_base64="6sZZsL2lOIkfpYdZxlxKEkFmM94="></latexit>

N= 2



Geometric engineering AD theories
➤ Focus on the class:

 

t
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full puncture w/ G flavor symmetry

irregular puncture labeled by
<latexit sha1_base64="bPKydbQmCk/ibqvfOWLBp02IsDQ=">AAACJXicbVDLSgMxFM3UV62vqS7dBIsgKGVGfG2EghuXFewDO8OQSdM2NJMJSaZahn6KW/s17kRw5ZcIpu0stO2BwOGce7knJxSMKu04X1ZuZXVtfSO/Wdja3tnds4v7dRUnEpMajlksmyFShFFOappqRppCEhSFjDTC/t3EbwyIVDTmj3ooiB+hLqcdipE2UmAXhUc59CKke2GYPo2C08AuOWVnCrhI3IyUQIZqYP947RgnEeEaM6RUy3WE9lMkNcWMjApeoohAuI+6pGUoRxFRfjqNPoLHRmnDTizN4xpO1b8bKYqUGkahmZxkVPPeRFzmtRLdufFTykWiCcezQ52EQR3DSQ+wTSXBmg0NQVhSkxXiHpIIa9NWYWnos/aACpXlf8k+UDB9ufPtLJL6edm9Kl8+XJQqt1lzeXAIjsAJcME1qIB7UAU1gMEzeAVvYGyNrXfrw/qcjeasbOcA/IP1/QvGaqV8</latexit>

p 2 Z+

6d (2,0) SCFT of type G

AD theory “Dp[G]”

can close to general regular puncture

[Cecotti, Del Zotto 12; Bonelli, Maruyoshi, Tanzini 12; Cecotti, Del Zotto, Giacomelli 13; 
Xie 13; Xie, Wang 16]

e.g. G=SU(2) is singular pt on CB of SO(2p) SYM 
[Argyres, Maruyoshi, Tachikawa 12] 

➤ Geometries with irregular punctures very rigid: restricted to 
genus 0 + max of 2 punctures for SCFT



Geometric engineering

Lagrangian dualsHolography

from M5-branes

AdS5 supergravity duals 4d Lagrangian RG flows

[Bah, Bonetti, Minasian, EN 21, 21] 
[Bah, Bonetti, EN, Waddleton 22] 

[Maruyoshi, EN, Song 23]



Holography highlights for AD theories 
➤ We find                      solutions in 11d supergravity dual to the 4d           

            Dp[SU(N)] theories (+ generalizations)

[Bah, Bonetti, Minasian, EN 21, 21; Bah, Bonetti, EN, Waddleton 22] 

→ first identified duals of irregular punctures! 

(regular punctures: [Maldacena, Nuñez 00; Gaiotto, Maldacena 09])
 see also [Couzens, Kim, Kim, Lee 22]

<latexit sha1_base64="OzBiH+6HtBBd5gp/uutT9C9wCNo=">AAACJnicbVDLSsNAFJ3UV42vWJduBovgQkoitroRKm7cCBXtA9oQJpNJO3TyYGZSW0J/xa39Gnci7vwRwWmbhbY9MHA4517umePGjAppml9abm19Y3Mrv63v7O7tHxiHhYaIEo5JHUcs4i0XCcJoSOqSSkZaMScocBlpuv27qd8cEC5oFD7LUUzsAHVD6lOMpJIco3DrPTll2JE0IMJ5gQ9OxTGKZsmcAS4TKyNFkKHmGD8dL8JJQEKJGRKibZmxtFPEJcWMjPVOIkiMcB91SVvREKlTdjrLPoanSvGgH3H1Qgln6t+NFAVCjAJXTQZI9sSiNxVXee1E+td2SsM4kSTE80N+wqCM4LQI6FFOsGQjRRDmVGWFuIc4wlLVpa8Mfe4NaCyy/MPsA7rqy1psZ5k0LkpWpVR+vCxWb7Lm8uAYnIAzYIErUAX3oAbqAIMheAVvYKJNtHftQ/ucj+a0bOcI/IP2/Qs9YqUf</latexit>

AdS5 ⇥w M6

➤ Internal space               (transverse to M5’s)       (dual to         ), 
       disk with orbifold singularity

<latexit sha1_base64="Ko4LihC7IbqmaYPO/xeiI/m5nso="></latexit>

⇥⌃
<latexit sha1_base64="3up+/5BIH+q7pFp40VZI9+fC0j0="></latexit>

M6 = S4

<latexit sha1_base64="fjXV/TSPIFKMwsL7gZKTQ1D3Vac="></latexit>

⌃ =

<latexit sha1_base64="VoTfliNZ0UtHQRbKt7Qg7lWuf3o=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZkNSUwuEvDiMQHzgGQJs5PeZMzsg5lZIYZ8gRcPinj1k7z5N06SFVS0oKGo6qa7y4sFV5qQDyuztr6xuZXdzu3s7u0f5A+P2ipKJIMWi0Qkux5VIHgILc21gG4sgQaegI43uVr4nTuQikfhjZ7G4AZ0FHKfM6qN1Lwf5AvELhOnVnEwsckShhTLpFYl2EmVAkrRGOTf+8OIJQGEmgmqVM8hsXZnVGrOBMxz/URBTNmEjqBnaEgDUO5seegcnxlliP1Imgo1XqrfJ2Y0UGoaeKYzoHqsfnsL8S+vl2i/6s54GCcaQrZa5CcC6wgvvsZDLoFpMTWEMsnNrZiNqaRMm2xyJoSvT/H/pF20nYpdapYK9cs0jiw6QafoHDnoAtXRNWqgFmII0AN6Qs/WrfVovVivq9aMlc4cox+w3j4BLYSNMQ==</latexit>z regular puncture irregular puncture 
duals known from [Gaiotto, 
Maldacena 09]; see also [Bah 15; 
Bah, Bonetti, Minasian, EN 18, 19]

= smeared M5’s 
    on

<latexit sha1_base64="RaTkk18nayMXFDfGgCRuEfnRLaE=">AAACJXicbVDLSsNAFJ3UV42vVJduBovgQkoiVt0IFTcuK7UPaGOYTCbt0MmDmUm1hn6KW/s17kRw5ZcITtsstO2BgcM593LPHDdmVEjT/NJyK6tr6xv5TX1re2d3zyjsN0SUcEzqOGIRb7lIEEZDUpdUMtKKOUGBy0jT7d9O/OaAcEGj8EEOY2IHqBtSn2IkleQYhRuv5pQ7kgZEwNqj5bw4RtEsmVPARWJlpAgyVB3jp+NFOAlIKDFDQrQtM5Z2irikmJGR3kkEiRHuoy5pKxoidcpOp9FH8FgpHvQjrl4o4VT9u5GiQIhh4KrJAMmemPcm4jKvnUj/yk5pGCeShHh2yE8YlBGc9AA9ygmWbKgIwpyqrBD3EEdYqrb0paFPvQGNRZb/OfuArvqy5ttZJI2zknVRKt+fFyvXWXN5cAiOwAmwwCWogDtQBXWAwRN4BW9grI21d+1D+5yN5rRs5wD8g/b9C+LdpPg=</latexit>

AdS5 ⇥ S1
z

<latexit sha1_base64="oJ/rZ4VzPOZWPaDsNtb84Z/vLcg="></latexit>

hol(A)
��
@⌃

=
p� 1

N
charge N monopole

<latexit sha1_base64="GRjpBdbA517cYUyDHzIZXccN3Iw=">AAACH3icbVDLSgMxFL1TX3V8VV26CRbBhZSZ4mtTKLhxJRXsA9qhZDJpG5p5mGSKZeh3uLVf407c9mMEM+0stO2BwOGce7knx404k8qyZkZuY3Nreye/a+7tHxweFY5PGjKMBaF1EvJQtFwsKWcBrSumOG1FgmLf5bTpDh9SvzmiQrIweFHjiDo+7gesxwhWWnI6PlYDgnnyNKmUu4WiVbLmQKvEzkgRMtS6hZ+OF5LYp4EiHEvZtq1IOQkWihFOJ2YnljTCZIj7tK1pgH0qnWQeeoIutOKhXij0CxSaq383EuxLOfZdPZmGlMteKq7z2rHq3TsJC6JY0YAsDvVijlSI0gaQxwQlio81wUQwnRWRARaYKN2TuTb0lTdikczyv2UfMHVf9nI7q6RRLtm3pZvn62K1kjWXhzM4h0uw4Q6q8Ag1qAOBV3iHD5gaU+PT+DK+F6M5I9s5hX8wZr8ctKOl</latexit>

N = 2



➤ Novel means of preserving SUSY: “half-spindle”

➤ Here, the Killing spinors are not constant on    . 
(flux through disk boundary; R-symmetry mixes with global       isometry) 

<latexit sha1_base64="8BVCrQS6uBJ89RU/+PkCipSHg2M="></latexit>

⌃
<latexit sha1_base64="iMUGyja3E7Xr/8WlW8ZyPgITNvQ="></latexit>

S1
z

➤ In the standard topological twist, covariantly constant spinors 
(supercharges) preserved by turning on a background 
magnetic field to cancel the curvature. 

Holography highlights for AD theories 

c.f. “spindles” - [Ferrero, Gauntlett, Pérez Ipiña, Martelli, Sparks 20; Hosseini, Hristov, 
Zaffaroni 21; Boido, Pérez Ipiña, Sparks 21; Ferrero, Gauntlett, Martelli, Sparks 21; …]



Open Questions
➤ New classes of SCFTs from “global” topological twists?


➤ New building blocks to realize strongly coupled 4d            SCFTs?

+ =

= ?

“spindle” solutionglue opposite orientations

**pictorially — details not worked out!

How to “glue” irregular punctures?

<latexit sha1_base64="aAbKu/KPPoGsDR6MsgIe9UCc7pU=">AAACH3icbVDLSsNAFL3xWeOr6tLNYBFcSEnE16ZQcONKKtgHtKFMJpN26OThzKRYQr/Drf0ad+K2HyM4abPQtgcGDufcyz1z3JgzqSxraqytb2xubRd2zN29/YPD4tFxQ0aJILROIh6Jlosl5SykdcUUp61YUBy4nDbdwUPmN4dUSBaFL2oUUyfAvZD5jGClJacTYNUnmKdP44rdLZassjUDWiZ2TkqQo9Yt/nS8iCQBDRXhWMq2bcXKSbFQjHA6NjuJpDEmA9yjbU1DHFDppLPQY3SuFQ/5kdAvVGim/t1IcSDlKHD1ZBZSLnqZuMprJ8q/d1IWxomiIZkf8hOOVISyBpDHBCWKjzTBRDCdFZE+Fpgo3ZO5MvSlN2SxzPO/5R8wdV/2YjvLpHFVtm/LN8/XpWolb64Ap3AGF2DDHVThEWpQBwKv8A4fMDEmxqfxZXzPR9eMfOcE/sGY/gIbBaOk</latexit>

N = 1



Lagrangians for non-Lagrangian theories

[Maruyoshi, Song 16; Agarwal, Maruyoshi, Song 16; Giacomelli 17; Maruyoshi, EN, Song 18; …] 

<latexit sha1_base64="aAbKu/KPPoGsDR6MsgIe9UCc7pU=">AAACH3icbVDLSsNAFL3xWeOr6tLNYBFcSEnE16ZQcONKKtgHtKFMJpN26OThzKRYQr/Drf0ad+K2HyM4abPQtgcGDufcyz1z3JgzqSxraqytb2xubRd2zN29/YPD4tFxQ0aJILROIh6Jlosl5SykdcUUp61YUBy4nDbdwUPmN4dUSBaFL2oUUyfAvZD5jGClJacTYNUnmKdP44rdLZassjUDWiZ2TkqQo9Yt/nS8iCQBDRXhWMq2bcXKSbFQjHA6NjuJpDEmA9yjbU1DHFDppLPQY3SuFQ/5kdAvVGim/t1IcSDlKHD1ZBZSLnqZuMprJ8q/d1IWxomiIZkf8hOOVISyBpDHBCWKjzTBRDCdFZE+Fpgo3ZO5MvSlN2SxzPO/5R8wdV/2YjvLpHFVtm/LN8/XpWolb64Ap3AGF2DDHVThEWpQBwKv8A4fMDEmxqfxZXzPR9eMfOcE/sGY/gIbBaOk</latexit>

N = 1

<latexit sha1_base64="GRjpBdbA517cYUyDHzIZXccN3Iw=">AAACH3icbVDLSgMxFL1TX3V8VV26CRbBhZSZ4mtTKLhxJRXsA9qhZDJpG5p5mGSKZeh3uLVf407c9mMEM+0stO2BwOGce7knx404k8qyZkZuY3Nreye/a+7tHxweFY5PGjKMBaF1EvJQtFwsKWcBrSumOG1FgmLf5bTpDh9SvzmiQrIweFHjiDo+7gesxwhWWnI6PlYDgnnyNKmUu4WiVbLmQKvEzkgRMtS6hZ+OF5LYp4EiHEvZtq1IOQkWihFOJ2YnljTCZIj7tK1pgH0qnWQeeoIutOKhXij0CxSaq383EuxLOfZdPZmGlMteKq7z2rHq3TsJC6JY0YAsDvVijlSI0gaQxwQlio81wUQwnRWRARaYKN2TuTb0lTdikczyv2UfMHVf9nI7q6RRLtm3pZvn62K1kjWXhzM4h0uw4Q6q8Ag1qAOBV3iHD5gaU+PT+DK+F6M5I9s5hX8wZr8ctKOl</latexit>

N = 2

➤ Such dualities allow us to compute new data of the strongly 
coupled QFT, incl. emergent flavor symmetries & op dimensions.

                 AD theory (some cases)

gauge theory
<latexit sha1_base64="X4vbIEOtzWRz69QFS6+9dYP+qYY=">AAACH3icbVDLSsNAFL3xWeOr6tJNsAgupCTia6FQcONKKtgHtKFMJpN26GQSZybFEvodbu3XuBO3/RjBSZuFtj0wcDjnXu6Z48WMSmXbE2NldW19Y7OwZW7v7O7tFw8O6zJKBCY1HLFIND0kCaOc1BRVjDRjQVDoMdLw+g+Z3xgQIWnEX9QwJm6IupwGFCOlJbcdItXDiKVPo3unUyzZZXsKa5E4OSlBjmqn+NP2I5yEhCvMkJQtx46VmyKhKGZkZLYTSWKE+6hLWppyFBLpptPQI+tUK74VREI/rqyp+ncjRaGUw9DTk1lIOe9l4jKvlajg1k0pjxNFOJ4dChJmqcjKGrB8KghWbKgJwoLqrBbuIYGw0j2ZS0Of+wMayzz/W/4BU/flzLezSOoXZee6fPV8Warc5c0V4BhO4AwcuIEKPEIVaoDhFd7hA8bG2Pg0vozv2eiKke8cwT8Yk18auKOj</latexit>

N = 1

SUSY enhancement 

useful for duality checks of the holographic solutions
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             6d SCFT

4d

➤ No manifestly            Lagrangian for AD theories, but in some 
cases dual            Lagrangian quiver RG flows are known.



Recently: new examples of Lagrangian dualities for strongly  
coupled            SCFTs from            deformations of AD theories

<latexit sha1_base64="aAbKu/KPPoGsDR6MsgIe9UCc7pU=">AAACH3icbVDLSsNAFL3xWeOr6tLNYBFcSEnE16ZQcONKKtgHtKFMJpN26OThzKRYQr/Drf0ad+K2HyM4abPQtgcGDufcyz1z3JgzqSxraqytb2xubRd2zN29/YPD4tFxQ0aJILROIh6Jlosl5SykdcUUp61YUBy4nDbdwUPmN4dUSBaFL2oUUyfAvZD5jGClJacTYNUnmKdP44rdLZassjUDWiZ2TkqQo9Yt/nS8iCQBDRXhWMq2bcXKSbFQjHA6NjuJpDEmA9yjbU1DHFDppLPQY3SuFQ/5kdAvVGim/t1IcSDlKHD1ZBZSLnqZuMprJ8q/d1IWxomiIZkf8hOOVISyBpDHBCWKjzTBRDCdFZE+Fpgo3ZO5MvSlN2SxzPO/5R8wdV/2YjvLpHFVtm/LN8/XpWolb64Ap3AGF2DDHVThEWpQBwKv8A4fMDEmxqfxZXzPR9eMfOcE/sGY/gIbBaOk</latexit>

N = 1
<latexit sha1_base64="aAbKu/KPPoGsDR6MsgIe9UCc7pU=">AAACH3icbVDLSsNAFL3xWeOr6tLNYBFcSEnE16ZQcONKKtgHtKFMJpN26OThzKRYQr/Drf0ad+K2HyM4abPQtgcGDufcyz1z3JgzqSxraqytb2xubRd2zN29/YPD4tFxQ0aJILROIh6Jlosl5SykdcUUp61YUBy4nDbdwUPmN4dUSBaFL2oUUyfAvZD5jGClJacTYNUnmKdP44rdLZassjUDWiZ2TkqQo9Yt/nS8iCQBDRXhWMq2bcXKSbFQjHA6NjuJpDEmA9yjbU1DHFDppLPQY3SuFQ/5kdAvVGim/t1IcSDlKHD1ZBZSLnqZuMprJ8q/d1IWxomiIZkf8hOOVISyBpDHBCWKjzTBRDCdFZE+Fpgo3ZO5MvSlN2SxzPO/5R8wdV/2YjvLpHFVtm/LN8/XpWolb64Ap3AGF2DDHVThEWpQBwKv8A4fMDEmxqfxZXzPR9eMfOcE/sGY/gIbBaOk</latexit>

N = 1

<latexit sha1_base64="LEaOEYx9D/GbdstT1KI8mkhIjoQ="></latexit>

NDp[SU(N)]

<latexit sha1_base64="lwCeQfNjIEhyUSslb2qRn1+PEOo=">AAACL3icbVDLSsNAFJ3UV42vqstuBotQUUoivjZKQRcuK9gHNCFMppN26CQZZibFErrwa9zarxE34taPEJy2WWjtgYHDOfcy5x6fMyqVZb0buaXlldW1/Lq5sbm1vVPY3WvIOBGY1HHMYtHykSSMRqSuqGKkxQVBoc9I0+/fTvzmgAhJ4+hRDTlxQ9SNaEAxUlryCkXnjjCFyolnHcFr6AQC4ZQf26OUj7xCyapYU8D/xM5ICWSoeYVvpxPjJCSRwgxJ2bYtrtwUCUUxIyPTSSThCPdRl7Q1jVBIpJtOjxjBQ610YBAL/SIFp+rvjRSFUg5DX0+GSPXkvDcRF3ntRAVXbkojnigS4dlHQcKgiuGkEdihgmDFhpogLKjOCnEP6R6U7s1cGPqkM6BcZvmfsgNM3Zc9385/0jit2BeV84ezUvUmay4PiuAAlIENLkEV3IMaqAMMnsELeAVjY2y8GR/G52w0Z2Q7++APjK8fPC+otA==</latexit>

�(u0) =
p+ 1

p

            superpotential 
deformation by smallest-
dimension CB operator

Main observation: +

 “=” SU(N) adjoint chiral multiplet 
[Bolognesi, Giacomelli, Konishi 15; Xie, Yan 21; Kang, Lawrie, Lee, Song 23;  
Maruyoshi, EN, Song 23] 

[Kutasov, Seiberg, Schwimmer 95; Kutasov 95; Kutasov, Schwimmer 95]

<latexit sha1_base64="aAbKu/KPPoGsDR6MsgIe9UCc7pU=">AAACH3icbVDLSsNAFL3xWeOr6tLNYBFcSEnE16ZQcONKKtgHtKFMJpN26OThzKRYQr/Drf0ad+K2HyM4abPQtgcGDufcyz1z3JgzqSxraqytb2xubRd2zN29/YPD4tFxQ0aJILROIh6Jlosl5SykdcUUp61YUBy4nDbdwUPmN4dUSBaFL2oUUyfAvZD5jGClJacTYNUnmKdP44rdLZassjUDWiZ2TkqQo9Yt/nS8iCQBDRXhWMq2bcXKSbFQjHA6NjuJpDEmA9yjbU1DHFDppLPQY3SuFQ/5kdAvVGim/t1IcSDlKHD1ZBZSLnqZuMprJ8q/d1IWxomiIZkf8hOOVISyBpDHBCWKjzTBRDCdFZE+Fpgo3ZO5MvSlN2SxzPO/5R8wdV/2YjvLpHFVtm/LN8/XpWolb64Ap3AGF2DDHVThEWpQBwKv8A4fMDEmxqfxZXzPR9eMfOcE/sGY/gIbBaOk</latexit>

N = 1

Then, couple to Nf fundamentals → whole system dual to the fixed 
point of 4d            SU(N) SQCD + an adjoint chiral multiplet.

<latexit sha1_base64="aAbKu/KPPoGsDR6MsgIe9UCc7pU=">AAACH3icbVDLSsNAFL3xWeOr6tLNYBFcSEnE16ZQcONKKtgHtKFMJpN26OThzKRYQr/Drf0ad+K2HyM4abPQtgcGDufcyz1z3JgzqSxraqytb2xubRd2zN29/YPD4tFxQ0aJILROIh6Jlosl5SykdcUUp61YUBy4nDbdwUPmN4dUSBaFL2oUUyfAvZD5jGClJacTYNUnmKdP44rdLZassjUDWiZ2TkqQo9Yt/nS8iCQBDRXhWMq2bcXKSbFQjHA6NjuJpDEmA9yjbU1DHFDppLPQY3SuFQ/5kdAvVGim/t1IcSDlKHD1ZBZSLnqZuMprJ8q/d1IWxomiIZkf8hOOVISyBpDHBCWKjzTBRDCdFZE+Fpgo3ZO5MvSlN2SxzPO/5R8wdV/2YjvLpHFVtm/LN8/XpWolb64Ap3AGF2DDHVThEWpQBwKv8A4fMDEmxqfxZXzPR9eMfOcE/sGY/gIbBaOk</latexit>

N = 1



Lesson: These unfamiliar SCFTs are actually much more closely 
          related to more ordinary QFTs than we imagined!

Looking to the future: harness these developments to gain insights 
into strongly coupled QFTs with minimal/no supersymmetry.



Geometric engineering

Lagrangian dualsHolography

Conclusions
➤ Geometric engineering provides a rich testing ground for exploring 

the (interconnected!) landscape of QFT.

Thank you!


