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(Euclidean) IKKT matrix model
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[Ishibashi, Kawai, Kitazawa, Tsuchiya ’96]

•    Theory of              matrices in 0 dimension, with 16 supersymmetries and SO(10) invariance.    <latexit sha1_base64="U/nuz3eZxYfGP+JIBx3nyzhVgxc="></latexit>

N ⇥N

•    Originally proposed as a non-perturbative definition IIB superstring theory. 

•    « Worldvolume theory » for the D(-1) brane. 

Appears on the field theory side of the holographic dualities (for the extremal case p=-1):

(p+1)-dimensional super Yang-Mills 
theories with 16 supercharges

[Itzhaki, Maldacena, Sonnenschein, Yankielowicz ’98]

[Boonstra, Skenderis, Townsend ’98]

Despite intriguing and highly non-trivial results in the IKKT model, this 
 duality has so far remained largely unexplored…
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 strings/supergravity on the  
near-horizon geometry of Dp-branes



(Euclidean) IKKT matrix model

Goal of the talk: 
Lowest KK fluctuations around                  

described by a one-dimensional 
« gravity » theory 
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S9 Lowest BPS multiplet of  
gauge invariant operators 
in the IKKT matrix model 
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 strings/supergravity on the  
near-horizon geometry of Dp-branes
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Simplest example of holography?

(p+1)-dimensional super Yang-Mills 
theories with 16 supercharges

•    « Worldvolume theory » for the D(-1) brane. 

Appears on the field theory side of the holographic dualities (for the extremal case p=-1):



 Scalar field     on a D-dimensional spacetime                          

Expand on a Fourier basis:

Dynamics:

Free massless 
scalar

 : massless mode
+
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KK truncation: textbook example

Consistent Kaluza-Klein truncations: truncate to a finite subset of Kaluza-Klein modes  
                                                           (that do not source those that are the truncated).



 Independent of  
the dynamics 

Always consistent on a circle (or torus): truncate to massless modes
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Consistent Kaluza-Klein truncations: truncate to a finite subset of Kaluza-Klein modes  
                                                           (that do not source those that are the truncated).

KK truncation: textbook example



Sphere truncations of gravity

Consistent sphere truncations of gravity  
are rare and difficult to construct, but:

•    Allow to uplift all solutions of the  
lower-dimensional theory. 

•    Powerful tools for holography

D: Gravity theory
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Sq

d=D-q:
<latexit sha1_base64="qm5Fyqf9J/FrPAEIoGoGawnEank=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LBahIpSk2FZvBS/erGg/oA1ls920SzebuLsRSuiP8OJBEa/+Hm/+G7dtBBV9MPB4b4aZeV7EmdK2/WFllpZXVtey67mNza3tnfzuXkuFsSS0SUIeyo6HFeVM0KZmmtNOJCkOPE7b3vhi5rfvqVQsFLd6ElE3wEPBfEawNlL75qp4d+Ic9/MFu2TPgRbEKRtSsZ3zahU5qVWAFI1+/r03CEkcUKEJx0p1HTvSboKlZoTTaa4XKxphMsZD2jVU4IAqN5mfO0VHRhkgP5SmhEZz9ftEggOlJoFnOgOsR+q3NxP/8rqx9s/chIko1lSQxSI/5kiHaPY7GjBJieYTQzCRzNyKyAhLTLRJKGdC+PoU/U9a5ZJTLVWuTwv1WhpHFg7gEIrgQA3qcAkNaAKBMTzAEzxbkfVovVivi9aMlc7sww9Yb5/lRo6d</latexit>

SO(q + 1)
Gravity theory with 
                  YM and 
scalar potential 

?

« Pauli truncation » [1953]

Consistency not ensured  
by group theory…



D: Gravity theory

<latexit sha1_base64="o/qbyGuElI7Oj4XSZnkG+APe3w8=">AAAB7HicdVBNTwIxEO3iF+IX6tFLIzHxtOmCC3gj8eIRowsksJJuKdDQ7a5t14Rs+A1ePGiMV3+QN/+NXcBEjb5kkpf3ZjIzL4g5UxqhDyu3srq2vpHfLGxt7+zuFfcPWipKJKEeiXgkOwFWlDNBPc00p51YUhwGnLaDyUXmt++pVCwSN3oaUz/EI8GGjGBtJO/6Nr2b9YslZKOqWzl3IbJd5NTLGSm7DkIV6NhojhJYotkvvvcGEUlCKjThWKmug2Ltp1hqRjidFXqJojEmEzyiXUMFDqny0/mxM3hilAEcRtKU0HCufp9IcajUNAxMZ4j1WP32MvEvr5voYd1PmYgTTQVZLBomHOoIZp/DAZOUaD41BBPJzK2QjLHERJt8CiaEr0/h/6RVtp2q7V6dlRq1ZRx5cASOwSlwQA00wCVoAg8QwMADeALPlrAerRfrddGas5Yzh+AHrLdPTrWPAQ==</latexit>

Sq

d=D-q:

<latexit sha1_base64="Qfybb5z2d+/FTMtXkLUrtah+2mk=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPQ0802y3gxWPEbJCMoafTkzTpWezuEULIJ3jxoIhXv8ibf2NPEkFFHxQ83quiqp4XC640xh/Wyura+sZmZiu7vbO7t587OGypKJGUNWkkItnxiGKCh6ypuRasE0tGAk+wtje+TP32PZOKR2FDT2LmBmQYcp9Too1007i96+fy2MalYhVXEbaL2KnMCcalSuEcOYakyMMS9X7uvTeIaBKwUFNBlOo6ONbulEjNqWCzbC9RLCZ0TIasa2hIAqbc6fzUGTo1ygD5kTQVajRXv09MSaDUJPBMZ0D0SP32UvEvr5tov+JOeRgnmoV0schPBNIRSv9GAy4Z1WJiCKGSm1sRHRFJqDbpZE0IX5+i/0mrYDslu3h9ka+Vl3Fk4BhO4AwcKEMNrqAOTaAwhAd4gmdLWI/Wi/W6aF2xljNH8APW2yebN44B</latexit>

T q?
         rigid symmetry <latexit sha1_base64="OuKzLd0MoDo3hwQuTlw4hneHqWs=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgqiTFproruNBlBfvANpTJdNIOnUzCzEQooX/hxoUibv0bd/6NkzaCih4YOJxzL3Pu8WPOlLbtD6uwsrq2vlHcLG1t7+zulfcPOipKJKFtEvFI9nysKGeCtjXTnPZiSXHoc9r1p5eZ372nUrFI3OpZTL0QjwULGMHaSHeDEOsJwRxdDcsVu2ovgJbEqRlSt50L10VOblUgR2tYfh+MIpKEVGjCsVJ9x461l2KpGeF0XhokisaYTPGY9g0VOKTKSxeJ5+jEKCMURNI8odFC/b6R4lCpWeibySyh+u1l4l9eP9HBuZcyESeaCrL8KEg40hHKzkcjJinRfGYIJpKZrIhMsMREm5JKpoSvS9H/pFOrOm61fnNWaTbyOopwBMdwCg40oAnX0II2EBDwAE/wbCnr0XqxXpejBSvfOYQfsN4+ATMHkJg=</latexit>

G
Theory with

Necessary condition:
<latexit sha1_base64="D/Tb5E8M3dkq9qZulEHxYEhFsIQ=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1iEilCSYlvdFVzozor2AU0ok+m0HTqZxJmJUEJx46+4caGIW7/CnX/jpI2gogcuHM65l3vv8UJGpbKsDyMzN7+wuJRdzq2srq1vmJtbTRlEApMGDlgg2h6ShFFOGooqRtqhIMj3GGl5o9PEb90SIWnAr9U4JK6PBpz2KUZKS11z5+qicHNoHzgy8iRR0PGRGmLE4FnXzFtFawo4I3ZJk7Jln1Qq0E6tPEhR75rvTi/AkU+4wgxJ2bGtULkxEopiRiY5J5IkRHiEBqSjKUc+kW48fWEC97XSg/1A6OIKTtXvEzHypRz7nu5MLpS/vUT8y+tEqn/sxpSHkSIczxb1IwZVAJM8YI8KghUba4KwoPpWiIdIIKx0ajkdwten8H/SLBXtSrF8eZSvVdM4smAX7IECsEEV1MA5qIMGwOAOPIAn8GzcG4/Gi/E6a80Y6cw2+AHj7RN11ZYx</latexit>

SO(q + 1) ⇢ G

[Cvetic, Gibbons, Lü, Pope ’03]

Sphere truncations of gravity

<latexit sha1_base64="qm5Fyqf9J/FrPAEIoGoGawnEank=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LBahIpSk2FZvBS/erGg/oA1ls920SzebuLsRSuiP8OJBEa/+Hm/+G7dtBBV9MPB4b4aZeV7EmdK2/WFllpZXVtey67mNza3tnfzuXkuFsSS0SUIeyo6HFeVM0KZmmtNOJCkOPE7b3vhi5rfvqVQsFLd6ElE3wEPBfEawNlL75qp4d+Ic9/MFu2TPgRbEKRtSsZ3zahU5qVWAFI1+/r03CEkcUKEJx0p1HTvSboKlZoTTaa4XKxphMsZD2jVU4IAqN5mfO0VHRhkgP5SmhEZz9ftEggOlJoFnOgOsR+q3NxP/8rqx9s/chIko1lSQxSI/5kiHaPY7GjBJieYTQzCRzNyKyAhLTLRJKGdC+PoU/U9a5ZJTLVWuTwv1WhpHFg7gEIrgQA3qcAkNaAKBMTzAEzxbkfVovVivi9aMlc7sww9Yb5/lRo6d</latexit>

SO(q + 1)
Gravity theory with 
                  YM and 
scalar potential 



D: Gravity theory

<latexit sha1_base64="o/qbyGuElI7Oj4XSZnkG+APe3w8=">AAAB7HicdVBNTwIxEO3iF+IX6tFLIzHxtOmCC3gj8eIRowsksJJuKdDQ7a5t14Rs+A1ePGiMV3+QN/+NXcBEjb5kkpf3ZjIzL4g5UxqhDyu3srq2vpHfLGxt7+zuFfcPWipKJKEeiXgkOwFWlDNBPc00p51YUhwGnLaDyUXmt++pVCwSN3oaUz/EI8GGjGBtJO/6Nr2b9YslZKOqWzl3IbJd5NTLGSm7DkIV6NhojhJYotkvvvcGEUlCKjThWKmug2Ltp1hqRjidFXqJojEmEzyiXUMFDqny0/mxM3hilAEcRtKU0HCufp9IcajUNAxMZ4j1WP32MvEvr5voYd1PmYgTTQVZLBomHOoIZp/DAZOUaD41BBPJzK2QjLHERJt8CiaEr0/h/6RVtp2q7V6dlRq1ZRx5cASOwSlwQA00wCVoAg8QwMADeALPlrAerRfrddGas5Yzh+AHrLdPTrWPAQ==</latexit>

Sq

d=D-q:

<latexit sha1_base64="Qfybb5z2d+/FTMtXkLUrtah+2mk=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPQ0802y3gxWPEbJCMoafTkzTpWezuEULIJ3jxoIhXv8ibf2NPEkFFHxQ83quiqp4XC640xh/Wyura+sZmZiu7vbO7t587OGypKJGUNWkkItnxiGKCh6ypuRasE0tGAk+wtje+TP32PZOKR2FDT2LmBmQYcp9Too1007i96+fy2MalYhVXEbaL2KnMCcalSuEcOYakyMMS9X7uvTeIaBKwUFNBlOo6ONbulEjNqWCzbC9RLCZ0TIasa2hIAqbc6fzUGTo1ygD5kTQVajRXv09MSaDUJPBMZ0D0SP32UvEvr5tov+JOeRgnmoV0schPBNIRSv9GAy4Z1WJiCKGSm1sRHRFJqDbpZE0IX5+i/0mrYDslu3h9ka+Vl3Fk4BhO4AwcKEMNrqAOTaAwhAd4gmdLWI/Wi/W6aF2xljNH8APW2yebN44B</latexit>

T q?
         rigid symmetry <latexit sha1_base64="OuKzLd0MoDo3hwQuTlw4hneHqWs=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgqiTFproruNBlBfvANpTJdNIOnUzCzEQooX/hxoUibv0bd/6NkzaCih4YOJxzL3Pu8WPOlLbtD6uwsrq2vlHcLG1t7+zulfcPOipKJKFtEvFI9nysKGeCtjXTnPZiSXHoc9r1p5eZ372nUrFI3OpZTL0QjwULGMHaSHeDEOsJwRxdDcsVu2ovgJbEqRlSt50L10VOblUgR2tYfh+MIpKEVGjCsVJ9x461l2KpGeF0XhokisaYTPGY9g0VOKTKSxeJ5+jEKCMURNI8odFC/b6R4lCpWeibySyh+u1l4l9eP9HBuZcyESeaCrL8KEg40hHKzkcjJinRfGYIJpKZrIhMsMREm5JKpoSvS9H/pFOrOm61fnNWaTbyOopwBMdwCg40oAnX0II2EBDwAE/wbCnr0XqxXpejBSvfOYQfsN4+ATMHkJg=</latexit>

G
Theory with

1. A few words on     … Plan of the talk: <latexit sha1_base64="pvnhg2oBa6UMtqjw9YeQMoFxzfA="></latexit>

G

2. Back to spheres

3. Holography for the IKKT model

Necessary condition:
<latexit sha1_base64="D/Tb5E8M3dkq9qZulEHxYEhFsIQ=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1iEilCSYlvdFVzozor2AU0ok+m0HTqZxJmJUEJx46+4caGIW7/CnX/jpI2gogcuHM65l3vv8UJGpbKsDyMzN7+wuJRdzq2srq1vmJtbTRlEApMGDlgg2h6ShFFOGooqRtqhIMj3GGl5o9PEb90SIWnAr9U4JK6PBpz2KUZKS11z5+qicHNoHzgy8iRR0PGRGmLE4FnXzFtFawo4I3ZJk7Jln1Qq0E6tPEhR75rvTi/AkU+4wgxJ2bGtULkxEopiRiY5J5IkRHiEBqSjKUc+kW48fWEC97XSg/1A6OIKTtXvEzHypRz7nu5MLpS/vUT8y+tEqn/sxpSHkSIczxb1IwZVAJM8YI8KghUba4KwoPpWiIdIIKx0ajkdwten8H/SLBXtSrF8eZSvVdM4smAX7IECsEEV1MA5qIMGwOAOPIAn8GzcG4/Gi/E6a80Y6cw2+AHj7RN11ZYx</latexit>

SO(q + 1) ⇢ G

[Cvetic, Gibbons, Lü, Pope ’03]

Sphere truncations of gravity

<latexit sha1_base64="qm5Fyqf9J/FrPAEIoGoGawnEank=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LBahIpSk2FZvBS/erGg/oA1ls920SzebuLsRSuiP8OJBEa/+Hm/+G7dtBBV9MPB4b4aZeV7EmdK2/WFllpZXVtey67mNza3tnfzuXkuFsSS0SUIeyo6HFeVM0KZmmtNOJCkOPE7b3vhi5rfvqVQsFLd6ElE3wEPBfEawNlL75qp4d+Ic9/MFu2TPgRbEKRtSsZ3zahU5qVWAFI1+/r03CEkcUKEJx0p1HTvSboKlZoTTaa4XKxphMsZD2jVU4IAqN5mfO0VHRhkgP5SmhEZz9ftEggOlJoFnOgOsR+q3NxP/8rqx9s/chIko1lSQxSI/5kiHaPY7GjBJieYTQzCRzNyKyAhLTLRJKGdC+PoU/U9a5ZJTLVWuTwv1WhpHFg7gEIrgQA3qcAkNaAKBMTzAEzxbkfVovVivi9aMlc7sww9Yb5/lRo6d</latexit>

SO(q + 1)
Gravity theory with 
                  YM and 
scalar potential 



D: Pure gravity

d=D-q:

<latexit sha1_base64="Qfybb5z2d+/FTMtXkLUrtah+2mk=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPQ0802y3gxWPEbJCMoafTkzTpWezuEULIJ3jxoIhXv8ibf2NPEkFFHxQ83quiqp4XC640xh/Wyura+sZmZiu7vbO7t587OGypKJGUNWkkItnxiGKCh6ypuRasE0tGAk+wtje+TP32PZOKR2FDT2LmBmQYcp9Too1007i96+fy2MalYhVXEbaL2KnMCcalSuEcOYakyMMS9X7uvTeIaBKwUFNBlOo6ONbulEjNqWCzbC9RLCZ0TIasa2hIAqbc6fzUGTo1ygD5kTQVajRXv09MSaDUJPBMZ0D0SP32UvEvr5tov+JOeRgnmoV0schPBNIRSv9GAy4Z1WJiCKGSm1sRHRFJqDbpZE0IX5+i/0mrYDslu3h9ka+Vl3Fk4BhO4AwcKEMNrqAOTaAwhAd4gmdLWI/Wi/W6aF2xljNH8APW2yebN44B</latexit>

T q

         rigid symmetry
Theory with

Pure gravity on the torus

<latexit sha1_base64="DWQwa27Cvh86ZF5H3xhQqiHWVcY="></latexit>

GMN (x, y) =

 
gµ⌫ ⇢2/qAµ

p Tpn

⇢2/qA⌫
p Tmp ⇢2/qTmn

!

Einstein-Hilbert action

<latexit sha1_base64="gfghmqkVnI1/RcG15Fh+nZaoK0o="></latexit>

G

dilaton Unimodular 
symmetric matrix

<latexit sha1_base64="q3PkP9iA0cl1aCNYphMvVhylols=">AAAB8HicdVDLSgMxFM3UV62vqks3wSLUzZCpfe4Kbly4qGgf0g4lk2ba0ExmTDJCGfoVblwo4tbPceffmD4EFT1w4XDOvdx7jxdxpjRCH1ZqZXVtfSO9mdna3tndy+4ftFQYS0KbJOSh7HhYUc4EbWqmOe1EkuLA47Ttjc9nfvueSsVCcaMnEXUDPBTMZwRrI932mIDXl/m70342h2xULqJaCSK7hJzqmbMgtUoFOjaaIweWaPSz771BSOKACk04VqrroEi7CZaaEU6nmV6saITJGA9p11CBA6rcZH7wFJ4YZQD9UJoSGs7V7xMJDpSaBJ7pDLAeqd/eTPzL68bar7oJE1GsqSCLRX7MoQ7h7Hs4YJISzSeGYCKZuRWSEZaYaJNRxoTw9Sn8n7QKtlO2S1fFXL2wjCMNjsAxyAMHVEAdXIAGaAICAvAAnsCzJa1H68V6XbSmrOXMIfgB6+0T4ZSPyQ==</latexit>

2 SL(q)

‘Free’ theory: no non-abelian gauge interactions, no scalar potential. 
                                                 

Deformations obtained from truncations on compact manifolds.

d-dimensional  
gravity dilaton

sigma model Fm
µ⌫ = 2 @[µA

m
⌫]

MaxwellU(1)q
<latexit sha1_base64="wqKjL+Ui17fqbwn3FdMSz+ToPKE=">AAAB8nicdVDLSgMxFM3UV62vqks3wSLUzZipfe4KblwIVmofMB1KJs20oZmHSUYoQz/DjQtF3Po17vwb04egogcSDufcy733uBFnUiH0YaRWVtfWN9Kbma3tnd297P5BW4axILRFQh6Krosl5SygLcUUp91IUOy7nHbc8cXM79xTIVkY3KpJRB0fDwPmMYKVluzmVf7u9Kx5rf9+NodMVC6iWgkis4Ss6rm1ILVKBVommiMHlmj0s++9QUhinwaKcCylbaFIOQkWihFOp5leLGmEyRgPqa1pgH0qnWS+8hSeaGUAvVDoFyg4V793JNiXcuK7utLHaiR/ezPxL8+OlVd1EhZEsaIBWQzyYg5VCGf3wwETlCg+0QQTwfSukIywwETplDI6hK9L4f+kXTCtslm6KebqhWUcaXAEjkEeWKAC6uASNEALEBCCB/AEng1lPBovxuuiNGUsew7BDxhvn4/FkB0=</latexit>

SL(q)/SO(q)

<latexit sha1_base64="5hEObhXTYell9rPNkbE+aztijyo="></latexit>

Sd = 1
2
d

Z
ddx e ⇢

⇥
R(d) � 1

4⇢
2/q(V V T )mnF

m
µ⌫ F

nµ⌫ + q�1
q ⇢�2@µ ⇢@

µ⇢� tr(PµP
µ)
⇤<latexit sha1_base64="ae8s0fyGof/NEYZioxpxtakoy4Q="></latexit>

Tmn F
m
µ⌫ F

µ⌫ n + q�1
q ⇢�2 @µ⇢ @

µ⇢+ 1
4@µT

�1
mn @

µTmn

⇤

KK vectors



D: Pure gravity

d=D-q:

<latexit sha1_base64="Qfybb5z2d+/FTMtXkLUrtah+2mk=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPQ0802y3gxWPEbJCMoafTkzTpWezuEULIJ3jxoIhXv8ibf2NPEkFFHxQ83quiqp4XC640xh/Wyura+sZmZiu7vbO7t587OGypKJGUNWkkItnxiGKCh6ypuRasE0tGAk+wtje+TP32PZOKR2FDT2LmBmQYcp9Too1007i96+fy2MalYhVXEbaL2KnMCcalSuEcOYakyMMS9X7uvTeIaBKwUFNBlOo6ONbulEjNqWCzbC9RLCZ0TIasa2hIAqbc6fzUGTo1ygD5kTQVajRXv09MSaDUJPBMZ0D0SP32UvEvr5tov+JOeRgnmoV0schPBNIRSv9GAy4Z1WJiCKGSm1sRHRFJqDbpZE0IX5+i/0mrYDslu3h9ka+Vl3Fk4BhO4AwcKEMNrqAOTaAwhAd4gmdLWI/Wi/W6aF2xljNH8APW2yebN44B</latexit>

T q

         rigid symmetry
Theory with

Pure gravity on the torus

<latexit sha1_base64="DWQwa27Cvh86ZF5H3xhQqiHWVcY="></latexit>

GMN (x, y) =

 
gµ⌫ ⇢2/qAµ

p Tpn

⇢2/qA⌫
p Tmp ⇢2/qTmn

!

Einstein-Hilbert action

<latexit sha1_base64="gfghmqkVnI1/RcG15Fh+nZaoK0o="></latexit>

G

<latexit sha1_base64="zDTcO3wcIRjpLKuOZBsbhGtov9E="></latexit>

R+ ⇥ SL(q)
<latexit sha1_base64="SmUPIMJ9uD6VnbthHpPYpyBE7nI="></latexit>

G =Rigid  
symmetry

d-dimensional  
gravity dilaton

sigma model Fm
µ⌫ = 2 @[µA

m
⌫]

MaxwellU(1)q
<latexit sha1_base64="wqKjL+Ui17fqbwn3FdMSz+ToPKE=">AAAB8nicdVDLSgMxFM3UV62vqks3wSLUzZipfe4KblwIVmofMB1KJs20oZmHSUYoQz/DjQtF3Po17vwb04egogcSDufcy733uBFnUiH0YaRWVtfWN9Kbma3tnd297P5BW4axILRFQh6Krosl5SygLcUUp91IUOy7nHbc8cXM79xTIVkY3KpJRB0fDwPmMYKVluzmVf7u9Kx5rf9+NodMVC6iWgkis4Ss6rm1ILVKBVommiMHlmj0s++9QUhinwaKcCylbaFIOQkWihFOp5leLGmEyRgPqa1pgH0qnWS+8hSeaGUAvVDoFyg4V793JNiXcuK7utLHaiR/ezPxL8+OlVd1EhZEsaIBWQzyYg5VCGf3wwETlCg+0QQTwfSukIywwETplDI6hK9L4f+kXTCtslm6KebqhWUcaXAEjkEeWKAC6uASNEALEBCCB/AEng1lPBovxuuiNGUsew7BDxhvn4/FkB0=</latexit>

SL(q)/SO(q)

<latexit sha1_base64="5hEObhXTYell9rPNkbE+aztijyo="></latexit>

Sd = 1
2
d

Z
ddx e ⇢

⇥
R(d) � 1

4⇢
2/q(V V T )mnF

m
µ⌫ F

nµ⌫ + q�1
q ⇢�2@µ ⇢@

µ⇢� tr(PµP
µ)
⇤<latexit sha1_base64="ae8s0fyGof/NEYZioxpxtakoy4Q="></latexit>

Tmn F
m
µ⌫ F

µ⌫ n + q�1
q ⇢�2 @µ⇢ @

µ⇢+ 1
4@µT

�1
mn @

µTmn

⇤

<latexit sha1_base64="B7YLbCGAHVlq7T5vFoROcMP4ziY="></latexit>

⇤T ⇤T<latexit sha1_base64="d8kcvPnoDCF3qfPSfxmNOr7mZDw="></latexit>

T
<latexit sha1_base64="30fI+V9Enfn/EIE9b0QhkNPoYH4="></latexit>

Aµ

<latexit sha1_base64="OIF0T3ROcy73B+FaDNtLtOwB5Ro="></latexit>

��1/q⇤�1Aµ

<latexit sha1_base64="TboiR3+Y1+VUsCXM48BtrcmiZVU="></latexit>⇢
<latexit sha1_base64="y5f9OKqU9IbO8V87S4QlcgLyrYg="></latexit>

�1/q⇢
Inherited from higher-dimensional diffeomorphisms



D: Gravity theory

Back to sphere

<latexit sha1_base64="o/qbyGuElI7Oj4XSZnkG+APe3w8=">AAAB7HicdVBNTwIxEO3iF+IX6tFLIzHxtOmCC3gj8eIRowsksJJuKdDQ7a5t14Rs+A1ePGiMV3+QN/+NXcBEjb5kkpf3ZjIzL4g5UxqhDyu3srq2vpHfLGxt7+zuFfcPWipKJKEeiXgkOwFWlDNBPc00p51YUhwGnLaDyUXmt++pVCwSN3oaUz/EI8GGjGBtJO/6Nr2b9YslZKOqWzl3IbJd5NTLGSm7DkIV6NhojhJYotkvvvcGEUlCKjThWKmug2Ltp1hqRjidFXqJojEmEzyiXUMFDqny0/mxM3hilAEcRtKU0HCufp9IcajUNAxMZ4j1WP32MvEvr5voYd1PmYgTTQVZLBomHOoIZp/DAZOUaD41BBPJzK2QjLHERJt8CiaEr0/h/6RVtp2q7V6dlRq1ZRx5cASOwSlwQA00wCVoAg8QwMADeALPlrAerRfrddGas5Yzh+AHrLdPTrWPAQ==</latexit>

Sq

d=D-q:

<latexit sha1_base64="Qfybb5z2d+/FTMtXkLUrtah+2mk=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPQ0802y3gxWPEbJCMoafTkzTpWezuEULIJ3jxoIhXv8ibf2NPEkFFHxQ83quiqp4XC640xh/Wyura+sZmZiu7vbO7t587OGypKJGUNWkkItnxiGKCh6ypuRasE0tGAk+wtje+TP32PZOKR2FDT2LmBmQYcp9Too1007i96+fy2MalYhVXEbaL2KnMCcalSuEcOYakyMMS9X7uvTeIaBKwUFNBlOo6ONbulEjNqWCzbC9RLCZ0TIasa2hIAqbc6fzUGTo1ygD5kTQVajRXv09MSaDUJPBMZ0D0SP32UvEvr5tov+JOeRgnmoV0schPBNIRSv9GAy4Z1WJiCKGSm1sRHRFJqDbpZE0IX5+i/0mrYDslu3h9ka+Vl3Fk4BhO4AwcKEMNrqAOTaAwhAd4gmdLWI/Wi/W6aF2xljNH8APW2yebN44B</latexit>

T q?
Necessary condition:

         rigid symmetry <latexit sha1_base64="OuKzLd0MoDo3hwQuTlw4hneHqWs=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgqiTFproruNBlBfvANpTJdNIOnUzCzEQooX/hxoUibv0bd/6NkzaCih4YOJxzL3Pu8WPOlLbtD6uwsrq2vlHcLG1t7+zulfcPOipKJKFtEvFI9nysKGeCtjXTnPZiSXHoc9r1p5eZ372nUrFI3OpZTL0QjwULGMHaSHeDEOsJwRxdDcsVu2ovgJbEqRlSt50L10VOblUgR2tYfh+MIpKEVGjCsVJ9x461l2KpGeF0XhokisaYTPGY9g0VOKTKSxeJ5+jEKCMURNI8odFC/b6R4lCpWeibySyh+u1l4l9eP9HBuZcyESeaCrL8KEg40hHKzkcjJinRfGYIJpKZrIhMsMREm5JKpoSvS9H/pFOrOm61fnNWaTbyOopwBMdwCg40oAnX0II2EBDwAE/wbCnr0XqxXpejBSvfOYQfsN4+ATMHkJg=</latexit>

G
Theory withTheory with 

                 gauge 
symmetry  

<latexit sha1_base64="qm5Fyqf9J/FrPAEIoGoGawnEank=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LBahIpSk2FZvBS/erGg/oA1ls920SzebuLsRSuiP8OJBEa/+Hm/+G7dtBBV9MPB4b4aZeV7EmdK2/WFllpZXVtey67mNza3tnfzuXkuFsSS0SUIeyo6HFeVM0KZmmtNOJCkOPE7b3vhi5rfvqVQsFLd6ElE3wEPBfEawNlL75qp4d+Ic9/MFu2TPgRbEKRtSsZ3zahU5qVWAFI1+/r03CEkcUKEJx0p1HTvSboKlZoTTaa4XKxphMsZD2jVU4IAqN5mfO0VHRhkgP5SmhEZz9ftEggOlJoFnOgOsR+q3NxP/8rqx9s/chIko1lSQxSI/5kiHaPY7GjBJieYTQzCRzNyKyAhLTLRJKGdC+PoU/U9a5ZJTLVWuTwv1WhpHFg7gEIrgQA3qcAkNaAKBMTzAEzxbkfVovVivi9aMlc7sww9Yb5/lRo6d</latexit>

SO(q + 1)

<latexit sha1_base64="D/Tb5E8M3dkq9qZulEHxYEhFsIQ=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1iEilCSYlvdFVzozor2AU0ok+m0HTqZxJmJUEJx46+4caGIW7/CnX/jpI2gogcuHM65l3vv8UJGpbKsDyMzN7+wuJRdzq2srq1vmJtbTRlEApMGDlgg2h6ShFFOGooqRtqhIMj3GGl5o9PEb90SIWnAr9U4JK6PBpz2KUZKS11z5+qicHNoHzgy8iRR0PGRGmLE4FnXzFtFawo4I3ZJk7Jln1Qq0E6tPEhR75rvTi/AkU+4wgxJ2bGtULkxEopiRiY5J5IkRHiEBqSjKUc+kW48fWEC97XSg/1A6OIKTtXvEzHypRz7nu5MLpS/vUT8y+tEqn/sxpSHkSIczxb1IwZVAJM8YI8KghUba4KwoPpWiIdIIKx0ajkdwten8H/SLBXtSrF8eZSvVdM4smAX7IECsEEV1MA5qIMGwOAOPIAn8GzcG4/Gi/E6a80Y6cw2+AHj7RN11ZYx</latexit>

SO(q + 1) ⇢ G

Doesn't work for pure gravity:
<latexit sha1_base64="lVZDiBaCt1jqXxJHduwxLX3reTo="></latexit>

SO(q + 1) 6⇢ R
+ ⇥ SL(q)

<latexit sha1_base64="okw1t0RHs9+SLp6+tqxj7/Yf/Lc=">AAAB7HicdVBNS8NAEJ34WetX1aOXxSLUS0mKbfVW8KAHDxVMW2hD2Ww37dLNJu5uhBL6G7x4UMSrP8ib/8ZtG0FFHww83pthZp4fc6a0bX9YS8srq2vruY385tb2zm5hb7+lokQS6pKIR7LjY0U5E9TVTHPaiSXFoc9p2x9fzPz2PZWKReJWT2LqhXgoWMAI1kZyL69Ldyf9QtEu23OgBXEqhlRt57xWQ05mFSFDs1947w0ikoRUaMKxUl3HjrWXYqkZ4XSa7yWKxpiM8ZB2DRU4pMpL58dO0bFRBiiIpCmh0Vz9PpHiUKlJ6JvOEOuR+u3NxL+8bqKDMy9lIk40FWSxKEg40hGafY4GTFKi+cQQTCQztyIywhITbfLJmxC+PkX/k1al7NTK1ZvTYqOexZGDQziCEjhQhwZcQRNcIMDgAZ7g2RLWo/VivS5al6xs5gB+wHr7BPX7jh4=</latexit>

GL(q)



D: Gravity theory

<latexit sha1_base64="o/qbyGuElI7Oj4XSZnkG+APe3w8=">AAAB7HicdVBNTwIxEO3iF+IX6tFLIzHxtOmCC3gj8eIRowsksJJuKdDQ7a5t14Rs+A1ePGiMV3+QN/+NXcBEjb5kkpf3ZjIzL4g5UxqhDyu3srq2vpHfLGxt7+zuFfcPWipKJKEeiXgkOwFWlDNBPc00p51YUhwGnLaDyUXmt++pVCwSN3oaUz/EI8GGjGBtJO/6Nr2b9YslZKOqWzl3IbJd5NTLGSm7DkIV6NhojhJYotkvvvcGEUlCKjThWKmug2Ltp1hqRjidFXqJojEmEzyiXUMFDqny0/mxM3hilAEcRtKU0HCufp9IcajUNAxMZ4j1WP32MvEvr5voYd1PmYgTTQVZLBomHOoIZp/DAZOUaD41BBPJzK2QjLHERJt8CiaEr0/h/6RVtp2q7V6dlRq1ZRx5cASOwSlwQA00wCVoAg8QwMADeALPlrAerRfrddGas5Yzh+AHrLdPTrWPAQ==</latexit>

Sq

d=D-q:

<latexit sha1_base64="Qfybb5z2d+/FTMtXkLUrtah+2mk=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPQ0802y3gxWPEbJCMoafTkzTpWezuEULIJ3jxoIhXv8ibf2NPEkFFHxQ83quiqp4XC640xh/Wyura+sZmZiu7vbO7t587OGypKJGUNWkkItnxiGKCh6ypuRasE0tGAk+wtje+TP32PZOKR2FDT2LmBmQYcp9Too1007i96+fy2MalYhVXEbaL2KnMCcalSuEcOYakyMMS9X7uvTeIaBKwUFNBlOo6ONbulEjNqWCzbC9RLCZ0TIasa2hIAqbc6fzUGTo1ygD5kTQVajRXv09MSaDUJPBMZ0D0SP32UvEvr5tov+JOeRgnmoV0schPBNIRSv9GAy4Z1WJiCKGSm1sRHRFJqDbpZE0IX5+i/0mrYDslu3h9ka+Vl3Fk4BhO4AwcKEMNrqAOTaAwhAd4gmdLWI/Wi/W6aF2xljNH8APW2yebN44B</latexit>

T q?
Necessary condition:

         rigid symmetry <latexit sha1_base64="OuKzLd0MoDo3hwQuTlw4hneHqWs=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgqiTFproruNBlBfvANpTJdNIOnUzCzEQooX/hxoUibv0bd/6NkzaCih4YOJxzL3Pu8WPOlLbtD6uwsrq2vlHcLG1t7+zulfcPOipKJKFtEvFI9nysKGeCtjXTnPZiSXHoc9r1p5eZ372nUrFI3OpZTL0QjwULGMHaSHeDEOsJwRxdDcsVu2ovgJbEqRlSt50L10VOblUgR2tYfh+MIpKEVGjCsVJ9x461l2KpGeF0XhokisaYTPGY9g0VOKTKSxeJ5+jEKCMURNI8odFC/b6R4lCpWeibySyh+u1l4l9eP9HBuZcyESeaCrL8KEg40hHKzkcjJinRfGYIJpKZrIhMsMREm5JKpoSvS9H/pFOrOm61fnNWaTbyOopwBMdwCg40oAnX0II2EBDwAE/wbCnr0XqxXpejBSvfOYQfsN4+ATMHkJg=</latexit>

G
Theory withTheory with 

                 gauge 
symmetry  

<latexit sha1_base64="qm5Fyqf9J/FrPAEIoGoGawnEank=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LBahIpSk2FZvBS/erGg/oA1ls920SzebuLsRSuiP8OJBEa/+Hm/+G7dtBBV9MPB4b4aZeV7EmdK2/WFllpZXVtey67mNza3tnfzuXkuFsSS0SUIeyo6HFeVM0KZmmtNOJCkOPE7b3vhi5rfvqVQsFLd6ElE3wEPBfEawNlL75qp4d+Ic9/MFu2TPgRbEKRtSsZ3zahU5qVWAFI1+/r03CEkcUKEJx0p1HTvSboKlZoTTaa4XKxphMsZD2jVU4IAqN5mfO0VHRhkgP5SmhEZz9ftEggOlJoFnOgOsR+q3NxP/8rqx9s/chIko1lSQxSI/5kiHaPY7GjBJieYTQzCRzNyKyAhLTLRJKGdC+PoU/U9a5ZJTLVWuTwv1WhpHFg7gEIrgQA3qcAkNaAKBMTzAEzxbkfVovVivi9aMlc7sww9Yb5/lRo6d</latexit>

SO(q + 1)

<latexit sha1_base64="D/Tb5E8M3dkq9qZulEHxYEhFsIQ=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1iEilCSYlvdFVzozor2AU0ok+m0HTqZxJmJUEJx46+4caGIW7/CnX/jpI2gogcuHM65l3vv8UJGpbKsDyMzN7+wuJRdzq2srq1vmJtbTRlEApMGDlgg2h6ShFFOGooqRtqhIMj3GGl5o9PEb90SIWnAr9U4JK6PBpz2KUZKS11z5+qicHNoHzgy8iRR0PGRGmLE4FnXzFtFawo4I3ZJk7Jln1Qq0E6tPEhR75rvTi/AkU+4wgxJ2bGtULkxEopiRiY5J5IkRHiEBqSjKUc+kW48fWEC97XSg/1A6OIKTtXvEzHypRz7nu5MLpS/vUT8y+tEqn/sxpSHkSIczxb1IwZVAJM8YI8KghUba4KwoPpWiIdIIKx0ajkdwten8H/SLBXtSrF8eZSvVdM4smAX7IECsEEV1MA5qIMGwOAOPIAn8GzcG4/Gi/E6a80Y6cw2+AHj7RN11ZYx</latexit>

SO(q + 1) ⇢ G

Only few examples: must start from matter-coupled gravity

Requires symmetry enhancement of         <latexit sha1_base64="OuKzLd0MoDo3hwQuTlw4hneHqWs=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgqiTFproruNBlBfvANpTJdNIOnUzCzEQooX/hxoUibv0bd/6NkzaCih4YOJxzL3Pu8WPOlLbtD6uwsrq2vlHcLG1t7+zulfcPOipKJKFtEvFI9nysKGeCtjXTnPZiSXHoc9r1p5eZ372nUrFI3OpZTL0QjwULGMHaSHeDEOsJwRxdDcsVu2ovgJbEqRlSt50L10VOblUgR2tYfh+MIpKEVGjCsVJ9x461l2KpGeF0XhokisaYTPGY9g0VOKTKSxeJ5+jEKCMURNI8odFC/b6R4lCpWeibySyh+u1l4l9eP9HBuZcyESeaCrL8KEg40hHKzkcjJinRfGYIJpKZrIhMsMREm5JKpoSvS9H/pFOrOm61fnNWaTbyOopwBMdwCg40oAnX0II2EBDwAE/wbCnr0XqxXpejBSvfOYQfsN4+ATMHkJg=</latexit>

G

•    Gravity + p-form

•    Gravity + p-form + dilaton
Two families

Doesn't work for pure gravity:
<latexit sha1_base64="lVZDiBaCt1jqXxJHduwxLX3reTo="></latexit>

SO(q + 1) 6⇢ R
+ ⇥ SL(q)

<latexit sha1_base64="okw1t0RHs9+SLp6+tqxj7/Yf/Lc=">AAAB7HicdVBNS8NAEJ34WetX1aOXxSLUS0mKbfVW8KAHDxVMW2hD2Ww37dLNJu5uhBL6G7x4UMSrP8ib/8ZtG0FFHww83pthZp4fc6a0bX9YS8srq2vruY385tb2zm5hb7+lokQS6pKIR7LjY0U5E9TVTHPaiSXFoc9p2x9fzPz2PZWKReJWT2LqhXgoWMAI1kZyL69Ldyf9QtEu23OgBXEqhlRt57xWQ05mFSFDs1947w0ikoRUaMKxUl3HjrWXYqkZ4XSa7yWKxpiM8ZB2DRU4pMpL58dO0bFRBiiIpCmh0Vz9PpHiUKlJ6JvOEOuR+u3NxL+8bqKDMy9lIk40FWSxKEg40hGafY4GTFKi+cQQTCQztyIywhITbfLJmxC+PkX/k1al7NTK1ZvTYqOexZGDQziCEjhQhwZcQRNcIMDgAZ7g2RLWo/VivS5al6xs5gB+wHr7BPX7jh4=</latexit>

GL(q)

Back to sphere



Famous sphere truncations

D=11 Gravity + 3-form

d=4 Gravity + SO(8) YM + scalars

<latexit sha1_base64="euN8lR2IHACkIZ6wR7rNA45yH1Q=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjKt09ZdwY3LSu0D2rFk0kwbmskMSUYoQz/BjQtF3PpF7vwbM20FFT1w4XDOvdx7jx9zpjRCH1ZubX1jcyu/XdjZ3ds/KB4edVSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrT68yv3tPpWKRuNWzmHohHgsWMIK1kVqtu9qwWEI2qrqVSxci20VOvZyRsusgVIGOjRYogRWaw+L7YBSRJKRCE46V6jso1l6KpWaE03lhkCgaYzLFY9o3VOCQKi9dnDqHZ0YZwSCSpoSGC/X7RIpDpWahbzpDrCfqt5eJf3n9RAd1L2UiTjQVZLkoSDjUEcz+hiMmKdF8ZggmkplbIZlgiYk26RRMCF+fwv9Jp2w7Vdu9uSg1aqs48uAEnIJz4IAaaIBr0ARtQMAYPIAn8Gxx69F6sV6XrTlrNXMMfsB6+wQyNI27</latexit>

S7

<latexit sha1_base64="CqHljJhHSC/jmWibqqZ46TsGkio=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCqyFTOn3sKm5cVmptoR2HTCbThmYeJBmhln6JGxeKuPVT3Pk3pg9BRQ+EHM65l3vv8VPOpELow8itrW9sbuW3Czu7e/tF8+DwRiaZILRDEp6Ino8l5SymHcUUp71UUBz5nHb98cXc795RIVkSX6tJSt0ID2MWMoKVljyzeB60vcpAsYhK2L6teWYJWahcd1ADIqusv7KjiYPsRrUBbQstUAIrtDzzfRAkJItorAjHUvZtlCp3ioVihNNZYZBJmmIyxkPa1zTGepA7XSw+g6daCWCYCP1iBRfq944pjqScRL6ujLAayd/eXPzL62cqrLtTFqeZojFZDgozDlUC5ynAgAlKFJ9ogolgeldIRlhgonRWBR3C16Xwf3JTtuyq5VxVSk1nFUceHIMTcAZsUANNcAlaoAMIyMADeALPxr3xaLwYr8vSnLHqOQI/YLx9Au4Mkpw=</latexit>

AdS4 ⇥ S7 M2-brane 

[De Wit, Nicolai ’80’s]

•    1st family: Gravity + p-form

Conformal branes 
AdS/CFT 

correspondence 

Maximal SUSY solution:



D=11 Gravity + 3-form

d=7 Gravity + SO(5) YM + scalars+...

<latexit sha1_base64="t3HAWjJGOQrxus6a//6taWyvf5Y=">AAAB6nicdVBNTwIxEO3iF+IX6tFLIzHxtOkCC3gj8eIRg4AJrKRbutDQ7W7argnZ8BO8eNAYr/4ib/4bu4CJGn3JJC/vzWRmnh9zpjRCH1ZubX1jcyu/XdjZ3ds/KB4edVWUSEI7JOKRvPWxopwJ2tFMc3obS4pDn9OeP73M/N49lYpF4kbPYuqFeCxYwAjWRmq376rDYgnZqOZWLlyIbBc5jXJGyq6DUAU6NlqgBFZoDYvvg1FEkpAKTThWqu+gWHsplpoRTueFQaJojMkUj2nfUIFDqrx0ceocnhllBINImhIaLtTvEykOlZqFvukMsZ6o314m/uX1Ex00vJSJONFUkOWiIOFQRzD7G46YpETzmSGYSGZuhWSCJSbapFMwIXx9Cv8n3bLt1Gz3ulpq1ldx5MEJOAXnwAF10ARXoAU6gIAxeABP4Nni1qP1Yr0uW3PWauYY/ID19gktqI24</latexit>

S4

<latexit sha1_base64="CqHljJhHSC/jmWibqqZ46TsGkio=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCqyFTOn3sKm5cVmptoR2HTCbThmYeJBmhln6JGxeKuPVT3Pk3pg9BRQ+EHM65l3vv8VPOpELow8itrW9sbuW3Czu7e/tF8+DwRiaZILRDEp6Ino8l5SymHcUUp71UUBz5nHb98cXc795RIVkSX6tJSt0ID2MWMoKVljyzeB60vcpAsYhK2L6teWYJWahcd1ADIqusv7KjiYPsRrUBbQstUAIrtDzzfRAkJItorAjHUvZtlCp3ioVihNNZYZBJmmIyxkPa1zTGepA7XSw+g6daCWCYCP1iBRfq944pjqScRL6ujLAayd/eXPzL62cqrLtTFqeZojFZDgozDlUC5ynAgAlKFJ9ogolgeldIRlhgonRWBR3C16Xwf3JTtuyq5VxVSk1nFUceHIMTcAZsUANNcAlaoAMIyMADeALPxr3xaLwYr8vSnLHqOQI/YLx9Au4Mkpw=</latexit>

AdS4 ⇥ S7

<latexit sha1_base64="ySj5++6EZQYoiN5lFQlzWMXNlMI=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCqyFTOn3sKm5cVmptoR2HTCbThmYeJBmhln6JGxeKuPVT3Pk3pg9BRQ+EHM65l3vv8VPOpELow8itrW9sbuW3Czu7e/tF8+DwRiaZILRDEp6Ino8l5SymHcUUp71UUBz5nHb98cXc795RIVkSX6tJSt0ID2MWMoKVljyzeB60vdpAsYhK2L6teGYJWahcd1ADIqusv7KjiYPsRrUBbQstUAIrtDzzfRAkJItorAjHUvZtlCp3ioVihNNZYZBJmmIyxkPa1zTGepA7XSw+g6daCWCYCP1iBRfq944pjqScRL6ujLAayd/eXPzL62cqrLtTFqeZojFZDgozDlUC5ynAgAlKFJ9ogolgeldIRlhgonRWBR3C16Xwf3JTtuyq5VxVSk1nFUceHIMTcAZsUANNcAlaoAMIyMADeALPxr3xaLwYr8vSnLHqOQI/YLx9Au4qkpw=</latexit>

AdS7 ⇥ S4

M2-brane 

M5-brane 

[Nastase, Vaman, van Nieuwenhuizen ’99]

•    1st family: Gravity + p-form

Conformal branes 
AdS/CFT 

correspondence 

Famous sphere truncations

Maximal SUSY solution:



D=10 Gravity + self-dual 4-form

d=5 Gravity + SO(6) YM + scalars

<latexit sha1_base64="1pt7sv47bexGhBGu9A7w6VZxFnA=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjKt09ZdwY3LSu0D2rFk0kwbmskMSUYoQz/BjQtF3PpF7vwbM20FFT1w4XDOvdx7jx9zpjRCH1ZubX1jcyu/XdjZ3ds/KB4edVSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrT68yv3tPpWKRuNWzmHohHgsWMIK1kVqtO3dYLCEbVd3KpQuR7SKnXs5I2XUQqkDHRguUwArNYfF9MIpIElKhCcdK9R0Uay/FUjPC6bwwSBSNMZniMe0bKnBIlZcuTp3DM6OMYBBJU0LDhfp9IsWhUrPQN50h1hP128vEv7x+ooO6lzIRJ5oKslwUJBzqCGZ/wxGTlGg+MwQTycytkEywxESbdAomhK9P4f+kU7adqu3eXJQatVUceXACTsE5cEANNMA1aII2IGAMHsATeLa49Wi9WK/L1py1mjkGP2C9fQIvLI25</latexit>

S5

<latexit sha1_base64="S1OcCiFvOf/QROQE+tsa3Gea2tg=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwNWSKU9tdxY3LSu0D2nHIZDJtaOZBkimUoX/ixoUibv0Td/6N6UNQ0QMhh3Pu5d57/JQzqRD6MApr6xubW8Xt0s7u3v6BeXjUkUkmCG2ThCei52NJOYtpWzHFaS8VFEc+p11/fD33uxMqJEviOzVNqRvhYcxCRrDSkmeaV0HLcwaKRVTC1r0DPbOMLFSpOagOkVXRX8XRxEF2vVqHtoUWKIMVmp75PggSkkU0VoRjKfs2SpWbY6EY4XRWGmSSppiM8ZD2NY2xnuTmi81n8EwrAQwToV+s4EL93pHjSMpp5OvKCKuR/O3Nxb+8fqbCmpuzOM0UjclyUJhxqBI4jwEGTFCi+FQTTATTu0IywgITpcMq6RC+LoX/k07FsquWc3tRbjirOIrgBJyCc2CDS9AAN6AJ2oCACXgAT+DZyI1H48V4XZYWjFXPMfgB4+0TR1CSxQ==</latexit>

AdS5 ⇥ S5

<latexit sha1_base64="CqHljJhHSC/jmWibqqZ46TsGkio=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCqyFTOn3sKm5cVmptoR2HTCbThmYeJBmhln6JGxeKuPVT3Pk3pg9BRQ+EHM65l3vv8VPOpELow8itrW9sbuW3Czu7e/tF8+DwRiaZILRDEp6Ino8l5SymHcUUp71UUBz5nHb98cXc795RIVkSX6tJSt0ID2MWMoKVljyzeB60vcpAsYhK2L6teWYJWahcd1ADIqusv7KjiYPsRrUBbQstUAIrtDzzfRAkJItorAjHUvZtlCp3ioVihNNZYZBJmmIyxkPa1zTGepA7XSw+g6daCWCYCP1iBRfq944pjqScRL6ujLAayd/eXPzL62cqrLtTFqeZojFZDgozDlUC5ynAgAlKFJ9ogolgeldIRlhgonRWBR3C16Xwf3JTtuyq5VxVSk1nFUceHIMTcAZsUANNcAlaoAMIyMADeALPxr3xaLwYr8vSnLHqOQI/YLx9Au4Mkpw=</latexit>

AdS4 ⇥ S7

<latexit sha1_base64="ySj5++6EZQYoiN5lFQlzWMXNlMI=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCqyFTOn3sKm5cVmptoR2HTCbThmYeJBmhln6JGxeKuPVT3Pk3pg9BRQ+EHM65l3vv8VPOpELow8itrW9sbuW3Czu7e/tF8+DwRiaZILRDEp6Ino8l5SymHcUUp71UUBz5nHb98cXc795RIVkSX6tJSt0ID2MWMoKVljyzeB60vdpAsYhK2L6teGYJWahcd1ADIqusv7KjiYPsRrUBbQstUAIrtDzzfRAkJItorAjHUvZtlCp3ioVihNNZYZBJmmIyxkPa1zTGepA7XSw+g6daCWCYCP1iBRfq944pjqScRL6ujLAayd/eXPzL62cqrLtTFqeZojFZDgozDlUC5ynAgAlKFJ9ogolgeldIRlhgonRWBR3C16Xwf3JTtuyq5VxVSk1nFUceHIMTcAZsUANNcAlaoAMIyMADeALPxr3xaLwYr8vSnLHqOQI/YLx9Au4qkpw=</latexit>

AdS7 ⇥ S4

M2-brane 

M5-brane 

D3-brane 

[Baguet, Hohm, Samtleben ’15]

•    1st family: Gravity + p-form

Maximal SUSY solution:

Conformal branes 
AdS/CFT 

correspondence 

Famous sphere truncations



D: Gravity + Maxwell + dilaton

D-2: Gravity +            YM + scalars

<latexit sha1_base64="iUSzX7ITCbbpbidUOKtIzcgGovg=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gnqi2W4BLx4jMQskY+jpdJImPQvdPUIY8glePCji1S/y5t/Yk0RQ0QcFj/eqqKrnRYIrjfGHlVlb39jcym7ndnb39g/yh0dtFcaSshYNRSi7HlFM8IC1NNeCdSPJiO8J1vGmV6nfuWdS8TC41bOIuT4ZB3zEKdFGajbvioN8Adu4XKrhGsJ2CTvVBcG4XC1eIMeQFAVYoTHIv/eHIY19FmgqiFI9B0faTYjUnAo2z/VjxSJCp2TMeoYGxGfKTRanztGZUYZoFEpTgUYL9ftEQnylZr5nOn2iJ+q3l4p/eb1Yj6puwoMo1iygy0WjWCAdovRvNOSSUS1mhhAqubkV0QmRhGqTTs6E8PUp+p+0i7ZTtks3l4V6ZRVHFk7gFM7BgQrU4Roa0AIKY3iAJ3i2hPVovVivy9aMtZo5hh+w3j4BOjWNwQ==</latexit>

S2

<latexit sha1_base64="9RJLkn8fCxs2k70zl3GhKvBNtvE=">AAAB7HicdVBNS8NAEJ34WetX1aOXxSLUS0mqbfVW8OLNiqYttKFstpt26WYTdjdCCf0NXjwo4tUf5M1/47aNoKIPBh7vzTAzz485U9q2P6yl5ZXVtfXcRn5za3tnt7C331JRIgl1ScQj2fGxopwJ6mqmOe3EkuLQ57Ttjy9nfvueSsUicacnMfVCPBQsYARrI7m316XTk36haJftOdCCOBVDqrZzUashJ7OKkKHZL7z3BhFJQio04ViprmPH2kux1IxwOs33EkVjTMZ4SLuGChxS5aXzY6fo2CgDFETSlNBorn6fSHGo1CT0TWeI9Uj99mbiX1430cG5lzIRJ5oKslgUJBzpCM0+RwMmKdF8YggmkplbERlhiYk2+eRNCF+fov9Jq1J2auXqzVmxUc/iyMEhHEEJHKhDA66gCS4QYPAAT/BsCevRerFeF61LVjZzAD9gvX0CrrqN7w==</latexit>

SO(3)

+ 2 other examples

"Bosonic string" on      and 
<latexit sha1_base64="coObmn0oi5KXKw0v/81ZFsrUN/k=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZk10cRbwIvHSMwDkjXMTmaTIbMPZmaFsOQTvHhQxKtf5M2/cZKsoKIFDUVVN91dXiy40hh/WLmV1bX1jfxmYWt7Z3evuH/QVlEiKWvRSESy6xHFBA9ZS3MtWDeWjASeYB1vcjX3O/dMKh6Ft3oaMzcgo5D7nBJtpGbzrjwolrBdvjSoIWxXMMYOzgguI8fGC5QgQ2NQfO8PI5oELNRUEKV6Do61mxKpORVsVugnisWETsiI9QwNScCUmy5OnaETowyRH0lToUYL9ftESgKlpoFnOgOix+q3Nxf/8nqJ9mtuysM40Syky0V+IpCO0PxvNOSSUS2mhhAqubkV0TGRhGqTTsGE8PUp+p+0z2znwj6/qZTq1SyOPBzBMZyCA1WowzU0oAUURvAAT/BsCevRerFel605K5s5hB+w3j4BK5CNtg==</latexit>

S3
<latexit sha1_base64="6/2xlcfjIqgr+Wh2F6To5D/AIN4=">AAAB7nicdVDLSgNBEOz1GeMr6tHLYBC8uMyaaOItoAePEc0DkjXMTmaTIbMPZmaFsOQjvHhQxKvf482/cZKsoKIFDUVVN91dXiy40hh/WAuLS8srq7m1/PrG5tZ2YWe3qaJEUtagkYhk2yOKCR6yhuZasHYsGQk8wVre6GLqt+6ZVDwKb/U4Zm5ABiH3OSXaSK2bu/TyuDTpFYrYLp0bVBG2yxhjB2cEl5Bj4xmKkKHeK7x3+xFNAhZqKohSHQfH2k2J1JwKNsl3E8ViQkdkwDqGhiRgyk1n507QoVH6yI+kqVCjmfp9IiWBUuPAM50B0UP125uKf3mdRPtVN+VhnGgW0vkiPxFIR2j6O+pzyagWY0MIldzciuiQSEK1SShvQvj6FP1Pmie2c2afXpeLtUoWRw724QCOwIEK1OAK6tAACiN4gCd4tmLr0XqxXuetC1Y2swc/YL19AuiHj0c=</latexit>

SD�3

•    2nd family: Gravity + p-form + dilaton

<latexit sha1_base64="ccIC/FH/IVBs8LkpzgUyz9VueOI=">AAAB7nicdVDLSgMxFL3js9ZX1aWbYBFcDZmhz11BFy4r2Ae0pWTSTBuayYxJRiilH+HGhSJu/R53/o3pQ1DRAyGHc+7l3nuCRHBtMP5w1tY3Nre2MzvZ3b39g8Pc0XFTx6mirEFjEat2QDQTXLKG4UawdqIYiQLBWsH4cu637pnSPJa3ZpKwXkSGkoecEmOl1lVXsjtU6Ofy2MV+pYirCLu+/fyiJUXsVUtV5Ll4gTysUO/n3ruDmKYRk4YKonXHw4npTYkynAo2y3ZTzRJCx2TIOpZKEjHdmy7WnaFzqwxQGCv7pEEL9XvHlERaT6LAVkbEjPRvby7+5XVSE1Z6Uy6T1DBJl4PCVCATo/ntaMAVo0ZMLCFUcbsroiOiCDU2oawN4etS9D9p+q5Xcos3hXytvIojA6dwBhfgQRlqcA11aACFMTzAEzw7ifPovDivy9I1Z9VzAj/gvH0C4TOPRA==</latexit>

D 6= 4

Non-conformal branes 

1/2-SUSY solution:

D6-brane 
<latexit sha1_base64="LYASphVXihOU368wBaRmgd3IcXM="></latexit>

e�(AdS8 ⇥ S2)

D5-brane 

D1-brane 

<latexit sha1_base64="TrwgydylwmhDUsvH1Q9prmoTIZU="></latexit>

e�(AdS7 ⇥ S3)

<latexit sha1_base64="+Ez20pV3PsULW2IQa2yHTLqKook="></latexit>

e�(AdS3 ⇥ S7)

Domain wall / QFT 
correspondence 

Less famous sphere truncations

[Cvetic, Lü, Pope ’00]



•    2nd family: Gravity + p-form + dilaton

D: Gravity + Maxwell + dilaton

D-2: Gravity +            YM + scalars

<latexit sha1_base64="iUSzX7ITCbbpbidUOKtIzcgGovg=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gnqi2W4BLx4jMQskY+jpdJImPQvdPUIY8glePCji1S/y5t/Yk0RQ0QcFj/eqqKrnRYIrjfGHlVlb39jcym7ndnb39g/yh0dtFcaSshYNRSi7HlFM8IC1NNeCdSPJiO8J1vGmV6nfuWdS8TC41bOIuT4ZB3zEKdFGajbvioN8Adu4XKrhGsJ2CTvVBcG4XC1eIMeQFAVYoTHIv/eHIY19FmgqiFI9B0faTYjUnAo2z/VjxSJCp2TMeoYGxGfKTRanztGZUYZoFEpTgUYL9ftEQnylZr5nOn2iJ+q3l4p/eb1Yj6puwoMo1iygy0WjWCAdovRvNOSSUS1mhhAqubkV0QmRhGqTTs6E8PUp+p+0i7ZTtks3l4V6ZRVHFk7gFM7BgQrU4Roa0AIKY3iAJ3i2hPVovVivy9aMtZo5hh+w3j4BOjWNwQ==</latexit>

S2

<latexit sha1_base64="9RJLkn8fCxs2k70zl3GhKvBNtvE=">AAAB7HicdVBNS8NAEJ34WetX1aOXxSLUS0mqbfVW8OLNiqYttKFstpt26WYTdjdCCf0NXjwo4tUf5M1/47aNoKIPBh7vzTAzz485U9q2P6yl5ZXVtfXcRn5za3tnt7C331JRIgl1ScQj2fGxopwJ6mqmOe3EkuLQ57Ttjy9nfvueSsUicacnMfVCPBQsYARrI7m316XTk36haJftOdCCOBVDqrZzUashJ7OKkKHZL7z3BhFJQio04ViprmPH2kux1IxwOs33EkVjTMZ4SLuGChxS5aXzY6fo2CgDFETSlNBorn6fSHGo1CT0TWeI9Uj99mbiX1430cG5lzIRJ5oKslgUJBzpCM0+RwMmKdF8YggmkplbERlhiYk2+eRNCF+fov9Jq1J2auXqzVmxUc/iyMEhHEEJHKhDA66gCS4QYPAAT/BsCevRerFeF61LVjZzAD9gvX0CrrqN7w==</latexit>

SO(3)

<latexit sha1_base64="ccIC/FH/IVBs8LkpzgUyz9VueOI=">AAAB7nicdVDLSgMxFL3js9ZX1aWbYBFcDZmhz11BFy4r2Ae0pWTSTBuayYxJRiilH+HGhSJu/R53/o3pQ1DRAyGHc+7l3nuCRHBtMP5w1tY3Nre2MzvZ3b39g8Pc0XFTx6mirEFjEat2QDQTXLKG4UawdqIYiQLBWsH4cu637pnSPJa3ZpKwXkSGkoecEmOl1lVXsjtU6Ofy2MV+pYirCLu+/fyiJUXsVUtV5Ll4gTysUO/n3ruDmKYRk4YKonXHw4npTYkynAo2y3ZTzRJCx2TIOpZKEjHdmy7WnaFzqwxQGCv7pEEL9XvHlERaT6LAVkbEjPRvby7+5XVSE1Z6Uy6T1DBJl4PCVCATo/ntaMAVo0ZMLCFUcbsroiOiCDU2oawN4etS9D9p+q5Xcos3hXytvIojA6dwBhfgQRlqcA11aACFMTzAEzw7ifPovDivy9I1Z9VzAj/gvH0C4TOPRA==</latexit>

D 6= 4

D: Gravity + Maxwell + dilaton

d=2: Gravity +                   YM + scalars

Why do these work…?

<latexit sha1_base64="ety+qajuegbR9GtS8qyzIMXXuCQ=">AAAB7nicdVDLSgMxFM3UV62vqks3wSJUhCEzOH3sCm7cWdE+oB1KJs20oZnMmGSEUvoRblwo4tbvceffmD4EFT0QcjjnXu69J0g4UxqhDyuzsrq2vpHdzG1t7+zu5fcPmipOJaENEvNYtgOsKGeCNjTTnLYTSXEUcNoKRhczv3VPpWKxuNXjhPoRHggWMoK1kVo3V8W7M+e0ly8gG7kVD1Uhsl3zuZ4hHnKqpSp0bDRHASxR7+Xfu/2YpBEVmnCsVMdBifYnWGpGOJ3muqmiCSYjPKAdQwWOqPIn83Wn8MQofRjG0jyh4Vz93jHBkVLjKDCVEdZD9dubiX95nVSHFX/CRJJqKshiUJhyqGM4ux32maRE87EhmEhmdoVkiCUm2iSUMyF8XQr/J03Xdkq2d31eqJWXcWTBETgGReCAMqiBS1AHDUDACDyAJ/BsJdaj9WK9Lkoz1rLnEPyA9fYJKf2OzA==</latexit>

SO(q + 1)

<latexit sha1_base64="EZVXmWTh8u3LH5J30HiMAomx5D8=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjLVsZ1dwY3LSu0D2rFk0kwbmsmMSUYopZ/gxoUibv0id/6NmbaCih64cDjnXu69J0g4UxqhDyu3srq2vpHfLGxt7+zuFfcPWipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxpeZ376nUrFY3OhJQv0IDwULGcHaSI3G7V2/WEJ22UVepQyR7SLHc88MQajquQ50DMlQAkvU+8X33iAmaUSFJhwr1XVQov0plpoRTmeFXqpogskYD2nXUIEjqvzp/NQZPDHKAIaxNCU0nKvfJ6Y4UmoSBaYzwnqkfnuZ+JfXTXVY9adMJKmmgiwWhSmHOobZ33DAJCWaTwzBRDJzKyQjLDHRJp2CCeHrU/g/aZVt58J2r89LNW8ZRx4cgWNwChxQATVwBeqgCQgYggfwBJ4tbj1aL9brojVnLWcOwQ9Yb5+aE44C</latexit>

Sq

[F.C, Samtleben ’23]

[Bossard, F.C, Inverso, Kleinschmidt ’22 ’23]

Sphere truncations to two dimensions



•    2nd family: Gravity + p-form + dilaton

Something special  
about this case…

D: Gravity + Maxwell + dilaton

D-2: Gravity +            YM + scalars

<latexit sha1_base64="iUSzX7ITCbbpbidUOKtIzcgGovg=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gnqi2W4BLx4jMQskY+jpdJImPQvdPUIY8glePCji1S/y5t/Yk0RQ0QcFj/eqqKrnRYIrjfGHlVlb39jcym7ndnb39g/yh0dtFcaSshYNRSi7HlFM8IC1NNeCdSPJiO8J1vGmV6nfuWdS8TC41bOIuT4ZB3zEKdFGajbvioN8Adu4XKrhGsJ2CTvVBcG4XC1eIMeQFAVYoTHIv/eHIY19FmgqiFI9B0faTYjUnAo2z/VjxSJCp2TMeoYGxGfKTRanztGZUYZoFEpTgUYL9ftEQnylZr5nOn2iJ+q3l4p/eb1Yj6puwoMo1iygy0WjWCAdovRvNOSSUS1mhhAqubkV0QmRhGqTTs6E8PUp+p+0i7ZTtks3l4V6ZRVHFk7gFM7BgQrU4Roa0AIKY3iAJ3i2hPVovVivy9aMtZo5hh+w3j4BOjWNwQ==</latexit>

S2

<latexit sha1_base64="9RJLkn8fCxs2k70zl3GhKvBNtvE=">AAAB7HicdVBNS8NAEJ34WetX1aOXxSLUS0mqbfVW8OLNiqYttKFstpt26WYTdjdCCf0NXjwo4tUf5M1/47aNoKIPBh7vzTAzz485U9q2P6yl5ZXVtfXcRn5za3tnt7C331JRIgl1ScQj2fGxopwJ6mqmOe3EkuLQ57Ttjy9nfvueSsUicacnMfVCPBQsYARrI7m316XTk36haJftOdCCOBVDqrZzUashJ7OKkKHZL7z3BhFJQio04ViprmPH2kux1IxwOs33EkVjTMZ4SLuGChxS5aXzY6fo2CgDFETSlNBorn6fSHGo1CT0TWeI9Uj99mbiX1430cG5lzIRJ5oKslgUJBzpCM0+RwMmKdF8YggmkplbERlhiYk2+eRNCF+fov9Jq1J2auXqzVmxUc/iyMEhHEEJHKhDA66gCS4QYPAAT/BsCevRerFeF61LVjZzAD9gvX0CrrqN7w==</latexit>

SO(3)

D+1: Gravity
<latexit sha1_base64="oqPmF5d0hnoT1KcMhXimmlAuINo=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gnqi2W4BLx4jMQskY+jp9CRNeha6e4QQ8glePCji1S/y5t/Yk0RQ0QcFj/eqqKrnxYIrjfGHlVlb39jcym7ndnb39g/yh0dtFSWSshaNRCS7HlFM8JC1NNeCdWPJSOAJ1vEmV6nfuWdS8Si81dOYuQEZhdznlGgjNZt3ziBfwDYul2q4hrBdwk51QTAuV4sXyDEkRQFWaAzy7/1hRJOAhZoKolTPwbF2Z0RqTgWb5/qJYjGhEzJiPUNDEjDlzhanztGZUYbIj6SpUKOF+n1iRgKlpoFnOgOix+q3l4p/eb1E+1V3xsM40Syky0V+IpCOUPo3GnLJqBZTQwiV3NyK6JhIQrVJJ2dC+PoU/U/aRdsp26Wby0K9soojCydwCufgQAXqcA0NaAGFETzAEzxbwnq0XqzXZWvGWs0cww9Yb584sY3A</latexit>

S1

D+1: Gravity
<latexit sha1_base64="oqPmF5d0hnoT1KcMhXimmlAuINo=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gnqi2W4BLx4jMQskY+jp9CRNeha6e4QQ8glePCji1S/y5t/Yk0RQ0QcFj/eqqKrnxYIrjfGHlVlb39jcym7ndnb39g/yh0dtFSWSshaNRCS7HlFM8JC1NNeCdWPJSOAJ1vEmV6nfuWdS8Si81dOYuQEZhdznlGgjNZt3ziBfwDYul2q4hrBdwk51QTAuV4sXyDEkRQFWaAzy7/1hRJOAhZoKolTPwbF2Z0RqTgWb5/qJYjGhEzJiPUNDEjDlzhanztGZUYbIj6SpUKOF+n1iRgKlpoFnOgOix+q3l4p/eb1E+1V3xsM40Syky0V+IpCOUPo3GnLJqBZTQwiV3NyK6JhIQrVJJ2dC+PoU/U/aRdsp26Wby0K9soojCydwCufgQAXqcA0NaAGFETzAEzxbwnq0XqzXZWvGWs0cww9Yb584sY3A</latexit>

S1

<latexit sha1_base64="ccIC/FH/IVBs8LkpzgUyz9VueOI=">AAAB7nicdVDLSgMxFL3js9ZX1aWbYBFcDZmhz11BFy4r2Ae0pWTSTBuayYxJRiilH+HGhSJu/R53/o3pQ1DRAyGHc+7l3nuCRHBtMP5w1tY3Nre2MzvZ3b39g8Pc0XFTx6mirEFjEat2QDQTXLKG4UawdqIYiQLBWsH4cu637pnSPJa3ZpKwXkSGkoecEmOl1lVXsjtU6Ofy2MV+pYirCLu+/fyiJUXsVUtV5Ll4gTysUO/n3ruDmKYRk4YKonXHw4npTYkynAo2y3ZTzRJCx2TIOpZKEjHdmy7WnaFzqwxQGCv7pEEL9XvHlERaT6LAVkbEjPRvby7+5XVSE1Z6Uy6T1DBJl4PCVCATo/ntaMAVo0ZMLCFUcbsroiOiCDU2oawN4etS9D9p+q5Xcos3hXytvIojA6dwBhfgQRlqcA11aACFMTzAEzw7ifPovDivy9I1Z9VzAj/gvH0C4TOPRA==</latexit>

D 6= 4

D: Gravity + Maxwell + dilaton

d=2: Gravity +                   YM + scalars
<latexit sha1_base64="ety+qajuegbR9GtS8qyzIMXXuCQ=">AAAB7nicdVDLSgMxFM3UV62vqks3wSJUhCEzOH3sCm7cWdE+oB1KJs20oZnMmGSEUvoRblwo4tbvceffmD4EFT0QcjjnXu69J0g4UxqhDyuzsrq2vpHdzG1t7+zu5fcPmipOJaENEvNYtgOsKGeCNjTTnLYTSXEUcNoKRhczv3VPpWKxuNXjhPoRHggWMoK1kVo3V8W7M+e0ly8gG7kVD1Uhsl3zuZ4hHnKqpSp0bDRHASxR7+Xfu/2YpBEVmnCsVMdBifYnWGpGOJ3muqmiCSYjPKAdQwWOqPIn83Wn8MQofRjG0jyh4Vz93jHBkVLjKDCVEdZD9dubiX95nVSHFX/CRJJqKshiUJhyqGM4ux32maRE87EhmEhmdoVkiCUm2iSUMyF8XQr/J03Xdkq2d31eqJWXcWTBETgGReCAMqiBS1AHDUDACDyAJ/BsJdaj9WK9Lkoz1rLnEPyA9fYJKf2OzA==</latexit>

SO(q + 1)

<latexit sha1_base64="EZVXmWTh8u3LH5J30HiMAomx5D8=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjLVsZ1dwY3LSu0D2rFk0kwbmsmMSUYopZ/gxoUibv0id/6NmbaCih64cDjnXu69J0g4UxqhDyu3srq2vpHfLGxt7+zuFfcPWipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxpeZ376nUrFY3OhJQv0IDwULGcHaSI3G7V2/WEJ22UVepQyR7SLHc88MQajquQ50DMlQAkvU+8X33iAmaUSFJhwr1XVQov0plpoRTmeFXqpogskYD2nXUIEjqvzp/NQZPDHKAIaxNCU0nKvfJ6Y4UmoSBaYzwnqkfnuZ+JfXTXVY9adMJKmmgiwWhSmHOobZ33DAJCWaTwzBRDJzKyQjLDHRJp2CCeHrU/g/aZVt58J2r89LNW8ZRx4cgWNwChxQATVwBeqgCQgYggfwBJ4tbj1aL9brojVnLWcOwQ9Yb5+aE44C</latexit>

Sq

Sphere truncations to two dimensions



d=2:

Gravity

<latexit sha1_base64="qGt5lMTOVUlJW9fSrPK2KUTjKvI=">AAACGHicdVDLSgMxFM34rPVVdekmWBRXdaZofW0KblxWsA/oDCWT3rahmcyQZMQy9DPc+CtuXCjitjv/xnRai4oeEjiccy/33uNHnClt2x/W3PzC4tJyZiW7ura+sZnb2q6pMJYUqjTkoWz4RAFnAqqaaQ6NSAIJfA51v3819ut3IBULxa0eROAFpCtYh1GijdTKHbk+dJlIooBoye6H2L08SJ/rzhiI9sxv5fJ2wU6BJ8QpGnJiO+elEnamVh5NUWnlRm47pHEAQlNOlGo6dqS9hEjNKIdh1o0VRIT2SReahgoSgPKS9LAh3jdKG3dCab7QOFW/dyQkUGoQ+KbS7NdTv72x+JfXjHXnzEuYiGINgk4GdWKOdYjHKeE2k0A1HxhCqGRmV0x7RBKqTZZZE8LXpfh/UisWnFKheHOcL19M48igXbSHDpGDTlEZXaMKqiKKHtATekGv1qP1bL1Z75PSOWvas4N+wBp9AqRgn4Y=</latexit>✓ ◆

 symmetry

Different paths to d=2

<latexit sha1_base64="aPml+6shvGQ4wcwyvMbaSnAUFzY="></latexit>

T q+1

<latexit sha1_base64="frm+KU6qGcEWsRiY3sMLb0h7gdc="></latexit>

R+⇥SL(q + 1)

D+1:

<latexit sha1_base64="hYh0fqjliVyEYgV8bRpNgyT5kF8="></latexit>

D = 2 + q



d=2:

Gravity

<latexit sha1_base64="qGt5lMTOVUlJW9fSrPK2KUTjKvI=">AAACGHicdVDLSgMxFM34rPVVdekmWBRXdaZofW0KblxWsA/oDCWT3rahmcyQZMQy9DPc+CtuXCjitjv/xnRai4oeEjiccy/33uNHnClt2x/W3PzC4tJyZiW7ura+sZnb2q6pMJYUqjTkoWz4RAFnAqqaaQ6NSAIJfA51v3819ut3IBULxa0eROAFpCtYh1GijdTKHbk+dJlIooBoye6H2L08SJ/rzhiI9sxv5fJ2wU6BJ8QpGnJiO+elEnamVh5NUWnlRm47pHEAQlNOlGo6dqS9hEjNKIdh1o0VRIT2SReahgoSgPKS9LAh3jdKG3dCab7QOFW/dyQkUGoQ+KbS7NdTv72x+JfXjHXnzEuYiGINgk4GdWKOdYjHKeE2k0A1HxhCqGRmV0x7RBKqTZZZE8LXpfh/UisWnFKheHOcL19M48igXbSHDpGDTlEZXaMKqiKKHtATekGv1qP1bL1Z75PSOWvas4N+wBp9AqRgn4Y=</latexit>✓ ◆

<latexit sha1_base64="qGt5lMTOVUlJW9fSrPK2KUTjKvI=">AAACGHicdVDLSgMxFM34rPVVdekmWBRXdaZofW0KblxWsA/oDCWT3rahmcyQZMQy9DPc+CtuXCjitjv/xnRai4oeEjiccy/33uNHnClt2x/W3PzC4tJyZiW7ura+sZnb2q6pMJYUqjTkoWz4RAFnAqqaaQ6NSAIJfA51v3819ut3IBULxa0eROAFpCtYh1GijdTKHbk+dJlIooBoye6H2L08SJ/rzhiI9sxv5fJ2wU6BJ8QpGnJiO+elEnamVh5NUWnlRm47pHEAQlNOlGo6dqS9hEjNKIdh1o0VRIT2SReahgoSgPKS9LAh3jdKG3dCab7QOFW/dyQkUGoQ+KbS7NdTv72x+JfXjHXnzEuYiGINgk4GdWKOdYjHKeE2k0A1HxhCqGRmV0x7RBKqTZZZE8LXpfh/UisWnFKheHOcL19M48igXbSHDpGDTlEZXaMKqiKKHtATekGv1qP1bL1Z75PSOWvas4N+wBp9AqRgn4Y=</latexit>✓ ◆

symmetry

    symmetry<latexit sha1_base64="qcbBnEtZbN/ijE20jNrQD/GWFac=">AAAB+HicdVDLSgMxFM34rPXRqks3wSK4GjK1T1cFNy5cVLAPaEvJpJlpaCYZkoxSS7/EjQtF3Pop7vwb04egogcuHM65l3vv8WPOtEHow1lZXVvf2Extpbd3dvcy2f2DppaJIrRBJJeq7WNNORO0YZjhtB0riiOf05Y/upj5rVuqNJPixoxj2otwKFjACDZW6mcz3SspQsXCocFKybt+NodcVCqgahEit4i8ypm3INVyGXoumiMHlqj3s+/dgSRJRIUhHGvd8VBsehOsDCOcTtPdRNMYkxEOacdSgSOqe5P54VN4YpUBDKSyJQycq98nJjjSehz5tjPCZqh/ezPxL6+TmKDSmzARJ4YKslgUJBwaCWcpwAFTlBg+tgQTxeytkAyxwsTYrNI2hK9P4f+kmXe9kpu/LuRq58s4UuAIHINT4IEyqIFLUAcNQEACHsATeHbunUfnxXldtK44y5lD8APO2yembpO8</latexit>

=)

symmetry

d=3:

<latexit sha1_base64="vYjbk3Mkgl3sUnsoMZCY5JbD7SQ=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjLadtpdQQSXFewD2qFk0rQNTTJDkhHK0F9w40IRt/6QO//GTFtBRQ9cOJxzL/feE8acaYPQh5NbW9/Y3MpvF3Z29/YPiodHbR0litAWiXikuiHWlDNJW4YZTruxoliEnHbC6VXmd+6p0iySd2YW00DgsWQjRrDJpHQ+uB4US8hF1TKqVyByK8irXXpLUvd96LlogRJYoTkovveHEUkElYZwrHXPQ7EJUqwMI5zOC/1E0xiTKR7TnqUSC6qDdHHrHJ5ZZQhHkbIlDVyo3ydSLLSeidB2Cmwm+reXiX95vcSMakHKZJwYKsly0Sjh0EQwexwOmaLE8JklmChmb4VkghUmxsZTsCF8fQr/J+0L16u6ldtyqeGv4siDE3AKzoEHfNAAN6AJWoCACXgAT+DZEc6j8+K8LltzzmrmGPyA8/YJeNeOhA==</latexit>

E

<latexit sha1_base64="vYjbk3Mkgl3sUnsoMZCY5JbD7SQ=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjLadtpdQQSXFewD2qFk0rQNTTJDkhHK0F9w40IRt/6QO//GTFtBRQ9cOJxzL/feE8acaYPQh5NbW9/Y3MpvF3Z29/YPiodHbR0litAWiXikuiHWlDNJW4YZTruxoliEnHbC6VXmd+6p0iySd2YW00DgsWQjRrDJpHQ+uB4US8hF1TKqVyByK8irXXpLUvd96LlogRJYoTkovveHEUkElYZwrHXPQ7EJUqwMI5zOC/1E0xiTKR7TnqUSC6qDdHHrHJ5ZZQhHkbIlDVyo3ydSLLSeidB2Cmwm+reXiX95vcSMakHKZJwYKsly0Sjh0EQwexwOmaLE8JklmChmb4VkghUmxsZTsCF8fQr/J+0L16u6ldtyqeGv4siDE3AKzoEHfNAAN6AJWoCACXgAT+DZEc6j8+K8LltzzmrmGPyA8/YJeNeOhA==</latexit>

E

Dualisation of the KK vectors 
into scalars

<latexit sha1_base64="jqO0iiXf5fnLJtArVv9U2Ji2Ktg="></latexit>

T q

<latexit sha1_base64="lMGd7PEKJm39oYawqPCdsuomzXU="></latexit>

R+ ⇥ SL(q)

<latexit sha1_base64="7dBt6WcmrLMlk4bvpKhhR/6kvLY="></latexit>

SL(q + 1)

<latexit sha1_base64="KLjxg1g+Tb7cUZwU3C/KmREjb50="></latexit>

R+ ⇥ SL(q + 1)

<latexit sha1_base64="aPml+6shvGQ4wcwyvMbaSnAUFzY="></latexit>

T q+1

<latexit sha1_base64="8cSPJDykRCSqDYf9AYOhuDXIhCA="></latexit>

S1

<latexit sha1_base64="frm+KU6qGcEWsRiY3sMLb0h7gdc="></latexit>

R+⇥SL(q + 1) symmetry

D+1:

Different paths to d=2

[Ehlers 56’]

<latexit sha1_base64="hYh0fqjliVyEYgV8bRpNgyT5kF8="></latexit>

D = 2 + q



d=2:

D+1: Gravity

<latexit sha1_base64="qGt5lMTOVUlJW9fSrPK2KUTjKvI=">AAACGHicdVDLSgMxFM34rPVVdekmWBRXdaZofW0KblxWsA/oDCWT3rahmcyQZMQy9DPc+CtuXCjitjv/xnRai4oeEjiccy/33uNHnClt2x/W3PzC4tJyZiW7ura+sZnb2q6pMJYUqjTkoWz4RAFnAqqaaQ6NSAIJfA51v3819ut3IBULxa0eROAFpCtYh1GijdTKHbk+dJlIooBoye6H2L08SJ/rzhiI9sxv5fJ2wU6BJ8QpGnJiO+elEnamVh5NUWnlRm47pHEAQlNOlGo6dqS9hEjNKIdh1o0VRIT2SReahgoSgPKS9LAh3jdKG3dCab7QOFW/dyQkUGoQ+KbS7NdTv72x+JfXjHXnzEuYiGINgk4GdWKOdYjHKeE2k0A1HxhCqGRmV0x7RBKqTZZZE8LXpfh/UisWnFKheHOcL19M48igXbSHDpGDTlEZXaMKqiKKHtATekGv1qP1bL1Z75PSOWvas4N+wBp9AqRgn4Y=</latexit>✓ ◆

<latexit sha1_base64="qGt5lMTOVUlJW9fSrPK2KUTjKvI=">AAACGHicdVDLSgMxFM34rPVVdekmWBRXdaZofW0KblxWsA/oDCWT3rahmcyQZMQy9DPc+CtuXCjitjv/xnRai4oeEjiccy/33uNHnClt2x/W3PzC4tJyZiW7ura+sZnb2q6pMJYUqjTkoWz4RAFnAqqaaQ6NSAIJfA51v3819ut3IBULxa0eROAFpCtYh1GijdTKHbk+dJlIooBoye6H2L08SJ/rzhiI9sxv5fJ2wU6BJ8QpGnJiO+elEnamVh5NUWnlRm47pHEAQlNOlGo6dqS9hEjNKIdh1o0VRIT2SReahgoSgPKS9LAh3jdKG3dCab7QOFW/dyQkUGoQ+KbS7NdTv72x+JfXjHXnzEuYiGINgk4GdWKOdYjHKeE2k0A1HxhCqGRmV0x7RBKqTZZZE8LXpfh/UisWnFKheHOcL19M48igXbSHDpGDTlEZXaMKqiKKHtATekGv1qP1bL1Z75PSOWvas4N+wBp9AqRgn4Y=</latexit>✓ ◆

symmetry

    symmetry<latexit sha1_base64="qcbBnEtZbN/ijE20jNrQD/GWFac=">AAAB+HicdVDLSgMxFM34rPXRqks3wSK4GjK1T1cFNy5cVLAPaEvJpJlpaCYZkoxSS7/EjQtF3Pop7vwb04egogcuHM65l3vv8WPOtEHow1lZXVvf2Extpbd3dvcy2f2DppaJIrRBJJeq7WNNORO0YZjhtB0riiOf05Y/upj5rVuqNJPixoxj2otwKFjACDZW6mcz3SspQsXCocFKybt+NodcVCqgahEit4i8ypm3INVyGXoumiMHlqj3s+/dgSRJRIUhHGvd8VBsehOsDCOcTtPdRNMYkxEOacdSgSOqe5P54VN4YpUBDKSyJQycq98nJjjSehz5tjPCZqh/ezPxL6+TmKDSmzARJ4YKslgUJBwaCWcpwAFTlBg+tgQTxeytkAyxwsTYrNI2hK9P4f+kmXe9kpu/LuRq58s4UuAIHINT4IEyqIFLUAcNQEACHsATeHbunUfnxXldtK44y5lD8APO2yembpO8</latexit>

=)

symmetry

d=3:

<latexit sha1_base64="vYjbk3Mkgl3sUnsoMZCY5JbD7SQ=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjLadtpdQQSXFewD2qFk0rQNTTJDkhHK0F9w40IRt/6QO//GTFtBRQ9cOJxzL/feE8acaYPQh5NbW9/Y3MpvF3Z29/YPiodHbR0litAWiXikuiHWlDNJW4YZTruxoliEnHbC6VXmd+6p0iySd2YW00DgsWQjRrDJpHQ+uB4US8hF1TKqVyByK8irXXpLUvd96LlogRJYoTkovveHEUkElYZwrHXPQ7EJUqwMI5zOC/1E0xiTKR7TnqUSC6qDdHHrHJ5ZZQhHkbIlDVyo3ydSLLSeidB2Cmwm+reXiX95vcSMakHKZJwYKsly0Sjh0EQwexwOmaLE8JklmChmb4VkghUmxsZTsCF8fQr/J+0L16u6ldtyqeGv4siDE3AKzoEHfNAAN6AJWoCACXgAT+DZEc6j8+K8LltzzmrmGPyA8/YJeNeOhA==</latexit>

E

<latexit sha1_base64="vYjbk3Mkgl3sUnsoMZCY5JbD7SQ=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjLadtpdQQSXFewD2qFk0rQNTTJDkhHK0F9w40IRt/6QO//GTFtBRQ9cOJxzL/feE8acaYPQh5NbW9/Y3MpvF3Z29/YPiodHbR0litAWiXikuiHWlDNJW4YZTruxoliEnHbC6VXmd+6p0iySd2YW00DgsWQjRrDJpHQ+uB4US8hF1TKqVyByK8irXXpLUvd96LlogRJYoTkovveHEUkElYZwrHXPQ7EJUqwMI5zOC/1E0xiTKR7TnqUSC6qDdHHrHJ5ZZQhHkbIlDVyo3ydSLLSeidB2Cmwm+reXiX95vcSMakHKZJwYKsly0Sjh0EQwexwOmaLE8JklmChmb4VkghUmxsZTsCF8fQr/J+0L16u6ldtyqeGv4siDE3AKzoEHfNAAN6AJWoCACXgAT+DZEc6j8+K8LltzzmrmGPyA8/YJeNeOhA==</latexit>

E

Dualisation of the KK vectors 
into scalars

<latexit sha1_base64="jqO0iiXf5fnLJtArVv9U2Ji2Ktg="></latexit>

T q

<latexit sha1_base64="lMGd7PEKJm39oYawqPCdsuomzXU="></latexit>

R+ ⇥ SL(q)

<latexit sha1_base64="7dBt6WcmrLMlk4bvpKhhR/6kvLY="></latexit>

SL(q + 1)

<latexit sha1_base64="KLjxg1g+Tb7cUZwU3C/KmREjb50="></latexit>

R+ ⇥ SL(q + 1)

<latexit sha1_base64="aPml+6shvGQ4wcwyvMbaSnAUFzY="></latexit>

T q+1

<latexit sha1_base64="8cSPJDykRCSqDYf9AYOhuDXIhCA="></latexit>

S1

<latexit sha1_base64="frm+KU6qGcEWsRiY3sMLb0h7gdc="></latexit>

R+⇥SL(q + 1)

Realised on scalars dual to each other

Two (on-shell) equivalent versions of the D=2  theory

<latexit sha1_base64="fvAveZR8cRiLv7Am5BRZO95Y33Y=">AAAB/HicdZBLSwMxFIUz9VXrq9qlm2ARXA0ZKz52ihsXLirYKrRDyaSZNphJhuSOUgbFf+LGhSJu/SHu/DemD0FFDwQO59yQmy9KpbBAyIdXmJqemZ0rzpcWFpeWV8qra02rM8N4g2mpzWVELZdC8QYIkPwyNZwmkeQX0dXxsL+45sYKrc5hkPIwoT0lYsEouKhTrrRPtepJHoMRvT5QY/RNp1wlfu3AaR8Tf4cQEpCJITUc+GSkKpqo3im/t7uaZQlXwCS1thWQFMKcGhBM8ttSO7M8peyK9njLWUUTbsN8tPwt3nRJF8fauKMAj9LvN3KaWDtIIjeZUOjb390w/KtrZRDvh7lQaQZcsfFDcSYxaDwkgbvCcAZy4AxlRrhdMetTQxk4XiUH4eun+H/T3PaDXX/7bKd6eHQ/xlFE62gDbaEA7aFDdILqqIEYGqAH9ISevTvv0XvxXsejBW+CsIJ+yHv7BPWSlgo=</latexit>()

"
<latexit sha1_base64="R+vDg1ZfLNvJ/9ExwtXTte9Cxac=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjKDU1twUXDjsoJ9YDuUTCbThmYyQ5JRytC/cONCEbf+jTv/xvQhqOiBkMM593LvPUHKmdIIfViFldW19Y3iZmlre2d3r7x/0FZJJgltkYQnshtgRTkTtKWZ5rSbSorjgNNOML6c+Z07KhVLxI2epNSP8VCwiBGsjXTbv2chHWGdTwflCrKRW/NQHSLbNZ/rGeIhp16tQ8dGc1TAEs1B+b0fJiSLqdCEY6V6Dkq1n2OpGeF0WupniqaYjPGQ9gwVOKbKz+cbT+GJUUIYJdI8oeFc/d6R41ipSRyYyhjrkfrtzcS/vF6mo5qfM5FmmgqyGBRlHOoEzs6HIZOUaD4xBBPJzK6QjLDERJuQSiaEr0vh/6Tt2k7V9q7PKo2LZRxFcASOwSlwwDlogCvQBC1AgAAP4Ak8W8p6tF6s10VpwVr2HIIfsN4+AWfLkWk=</latexit>

b [Geroch ’71]

[Ehlers 56’]

 symmetry

Different paths to d=2

<latexit sha1_base64="DMSxJIIFNEHSiOweJmDrVCDTIWI="></latexit>

SL(q + 1)⇥ SL(q + 1)E ⇠ SL(q + 1)"
Affine extension



Holography for BFSS

•    2nd family: Gravity + p-form + dilaton

D=11 Supergravity
<latexit sha1_base64="oqPmF5d0hnoT1KcMhXimmlAuINo=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gnqi2W4BLx4jMQskY+jp9CRNeha6e4QQ8glePCji1S/y5t/Yk0RQ0QcFj/eqqKrnxYIrjfGHlVlb39jcym7ndnb39g/yh0dtFSWSshaNRCS7HlFM8JC1NNeCdWPJSOAJ1vEmV6nfuWdS8Si81dOYuQEZhdznlGgjNZt3ziBfwDYul2q4hrBdwk51QTAuV4sXyDEkRQFWaAzy7/1hRJOAhZoKolTPwbF2Z0RqTgWb5/qJYjGhEzJiPUNDEjDlzhanztGZUYbIj6SpUKOF+n1iRgKlpoFnOgOix+q3l4p/eb1E+1V3xsM40Syky0V+IpCOUPo3GnLJqBZTQwiV3NyK6JhIQrVJJ2dC+PoU/U/aRdsp26Wby0K9soojCydwCufgQAXqcA0NaAGFETzAEzxbwnq0XqzXZWvGWs0cww9Yb584sY3A</latexit>

S1

D=10: IIA supergravity

d=2: SO(9) gauged supergravity

D0-brane 

Used to holographically compute correlation  
functions in the BFSS matrix model

<latexit sha1_base64="nZKpI8pgocU4BRqfMh+AaXuQ9ak="></latexit>

e�(AdS2 ⇥ S8)

1/2-SUSY solution:

[Ortiz, Samtleben, Tsimpis ’14]

<latexit sha1_base64="t4oC6Kw9vXoDDJTJmFbsaTRP59c="></latexit>

S9

[Ortiz, Samtleben ’12]



Kaluza-Klein truncations around all Dp brane solutions have been constructed 

except for the …

D(-1) brane?

Holographic dual of the IKKT matrix model

[Gibbons, Green, Perry ’96]

<latexit sha1_base64="FkMQdQArxYLso/y7I5tMDEtr2+I=">AAACB3icdVDLSsNAFJ3UV62vqEtBBosgKCUJtrULoeDGnRXsA5o0TCbTdujkwcxEKKE7N/6KGxeKuPUX3Pk3TtsIKnrgwuGce7n3Hi9mVEjD+NByC4tLyyv51cLa+sbmlr690xJRwjFp4ohFvOMhQRgNSVNSyUgn5gQFHiNtb3Qx9du3hAsahTdyHBMnQIOQ9ilGUkmuvu+LnuWmpjE592XPOlZln9hXARkgpddcvWiUjBngnJiWImXDrFUq0MysIsjQcPV3249wEpBQYoaE6JpGLJ0UcUkxI5OCnQgSIzxCA9JVNEQBEU46+2MCD5Xiw37EVYUSztTvEykKhBgHnuoMkByK395U/MvrJrJ/5qQ0jBNJQjxf1E8YlBGchgJ9ygmWbKwIwpyqWyEeIo6wVNEVVAhfn8L/ScsqmZVS+fq0WK9mceTBHjgAR8AEVVAHl6ABmgCDO/AAnsCzdq89ai/a67w1p2Uzu+AHtLdPnEmX3A==</latexit>

ds210 = dt2 + t2 ⌦2
9

Half-supersymmetric solution of (Euclidean) IIB supergravity 

Holographic coordinate    : emergence of time?   <latexit sha1_base64="KjR9u/qtIBvuKvH8aXT1VRDwejU="></latexit>

t

No clear group theoretical argument for the existence of a sphere truncation to 1D…

[Ooguri, Skenderis ’98]

Flat space!

Decoupling  
limit

<latexit sha1_base64="CAhaKClhWLxadNUx8pCt/o2pnwc="></latexit>

e� =
1

gs(1 +
Q
t8 )

= ��1



Sphere truncations to one dimension

D: (Euclidean) gravity + dilaton + axion

<latexit sha1_base64="EZVXmWTh8u3LH5J30HiMAomx5D8=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjLVsZ1dwY3LSu0D2rFk0kwbmsmMSUYopZ/gxoUibv0id/6NmbaCih64cDjnXu69J0g4UxqhDyu3srq2vpHfLGxt7+zuFfcPWipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxpeZ376nUrFY3OhJQv0IDwULGcHaSI3G7V2/WEJ22UVepQyR7SLHc88MQajquQ50DMlQAkvU+8X33iAmaUSFJhwr1XVQov0plpoRTmeFXqpogskYD2nXUIEjqvzp/NQZPDHKAIaxNCU0nKvfJ6Y4UmoSBaYzwnqkfnuZ+JfXTXVY9adMJKmmgiwWhSmHOobZ33DAJCWaTwzBRDJzKyQjLDHRJp2CCeHrU/g/aZVt58J2r89LNW8ZRx4cgWNwChxQATVwBeqgCQgYggfwBJ4tbj1aL9brojVnLWcOwQ9Yb5+aE44C</latexit>
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q + 1 = D

•    No curvature tensors in one dimension

•    For relation to IKKT: we set D=10.

Variation w.r.t Einbein and gauge fields lead to first order constraints.  
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Sphere truncations to one dimension

D=10: (Euclidean) gravity + dilaton + axion

Gravity +                  SO(10) YM
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solution

Uplifts to
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IKKT is supersymmetric, so let’s discuss fermions…
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(1/2-SUSY)



Asking for 32 supercharges implies…

Bosons SO(10) Fermions  (32 comp. spinors)

[F.C, Samtleben to appear]

up to 
quadratic 
fermions

dilaton

gravitini

gauge fields

scalars
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scalar potential
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A simple set of Killing spinors

SUSY
variations at
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matrix



A simple set of Killing spinors

SUSY
variations at

<latexit sha1_base64="Bn7NWOZLh1/W5/OUswbLMh3Mik0="></latexit>

aijk = 0

<latexit sha1_base64="ChpWfxcpI6HUPsoBRX+HogI8WnI="></latexit>

�⇤ =

✓
116 0
0 �116

◆
<latexit sha1_base64="/m4MIU7KXS5Z5N4lqHHECuq4kyY="></latexit>

�✏ = Dt✏�
e

4
e

'
10Tii �⇤✏

<latexit sha1_base64="GwpiEZ3RPZkMlAtEFKP+hs9KGME="></latexit>

�✏� = e�1'̇�⇤✏+ 4 e
'
10Tii ✏

<latexit sha1_base64="zzWO3LeJoyzeytaBjS7qJj5aYe0="></latexit>

�✏�a = (DT . . .)ab �
b✏+ (T . . .)ab �

b�⇤✏

Killing spinor equations:
<latexit sha1_base64="L546WyiaLIE6R3oiRTaMB1Sd2c0="></latexit>

�✏(fermions)
!
= 0

Only two possibilities: non-supersymmetric configurations or…

1/2-supersymmetric  
configurations:

This factorization requires the bosonic fields to satisfy 1st order equations that:

•    imply all the field equations.

•    can be solved exactly
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uplifts to 10D flat space!
dual to v.e.v  

deformations of IKKT?



On the field theory side
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[Morales, Samtleben ’05]
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Lowest BPS multiplet
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SUSY variations

[F.C, Samtleben to appear]

Nilpotent structure of SUSY variations Deformations by        preserve  
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A dictionary
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Conclusion

•    We presented sphere truncations of gravity theories to one (Euclidean) time dimension  
that capture the lowest KK fluctuations around the D(-1) brane solution.

•    We constructed the maximally supersymmetric completion (32 supercharges) of the 
resulting one-dimensional model               Powerful tool to study holography for IKKT.

•    We discussed the holographic dictionary between the lowest BPS multiplet of gauge  
invariant operators in the IKTT model and the one-dimensional supergravity multiplet.



•    Compute mass spectrum and correlation functions in 1d SUGRA for quantitative comparisons 
with IKKT results.

Spontaneous symmetry breaking of SO(10) in IKKT: emergence of large dimensions? 

Compute the on-shell action for our IIB solutions              IKKT free energy.

Meaning of the large N limit (`erratic’ behaviour of partition the IKKT partition function)..?
[Moore, Nekrasov, Shatashvili ’98] 

[Nishimura, Okubo, Sugino ’11]

Relation with Lorentzian version of IKKT model?
For recent results see [Asano, Nishimura, Piensuk, Yamamori ’24]

[Kim, Nishimura, Tsuchiya ’12] and many more… 

[Krauth, Nicolai, Staudacher ’98]

Open directions

•    

•    Can we describe the mass-deformed IKKT model (« polarized ») within our truncation?
[Hartnoll, Liu ’24]   [Komatsu, Penedones, Vuignier, Zhao ’24]

•    

•    



ご清聴ありがとうございました

Thank you for your attention


