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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

•    « Worldpoint 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

How does spacetime and gravity emerge?

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



(Euclidean) IKKT matrix model

Result:
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S9Lowest KK fluctuations around                  
described by a one-dimensional 

« supergravity » theory 

Lowest BPS multiplet of  
gauge invariant operators 
in the IKKT matrix model 

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



(Euclidean) IKKT matrix model

Plan of the talk
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Sphere truncations of gravity

D: Gravity theory
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SO(q + 1)
Gravity theory with 

                  Yang-Mills  
and scalar potential 

?

« Pauli truncation » [1953]

Consistency not ensured  
by group theory

must start from specific 
matter-coupled gravity theories

Does not work for pure gravity…  

(maximal) supergravities



Sphere truncations of supergravities

Consistent sphere truncations of gravity theories  
are hard to construct, but:

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

•    Powerful tools for precision holography

D=10 IIB supergravity

D=5 SO(6) gauged supergravity

D3-brane 

Conformal brane  

[Baguet, Hohm, Samtleben ’15]

<latexit sha1_base64="S4A1U9N0vvWG5WQSubOptOYunho="></latexit>

AdS5 → S5

<latexit sha1_base64="2vJc4ByiKMltIRaKSQ0F7wapaXI="></latexit>

S5

using holographic renormalization technique
[Kanitscheider, Skenderis, Taylor ‘08]



Sphere truncations of supergravities

Consistent sphere truncations of gravity theories  
are hard to construct, but:D=10 IIA supergravity

D=2 SO(9) gauged supergravity

D3-brane 

(Non)-conformal branes  

[Bossard, FC, Kleinschmidt, Inverso ‘23]
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•    Allow to uplift all solutions of the  
lower-dimensional theory. 

•    Powerful tools for precision holography
2pt/3pt functions in BFSS
[Ortiz, Samtleben, Tsimpis ’14] [Bobev, Mera Alvarez, Paul ’25]



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]
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Half-supersymmetric solution of (Euclidean) IIB supergravity 

Holographic coordinate   <latexit sha1_base64="KjR9u/qtIBvuKvH8aXT1VRDwejU="></latexit>

t

No known group theoretical argument for the existence of a sphere truncation to 1D, but…

[Ooguri, Skenderis ’98]

Flat space
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Sphere truncation to one dimension

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

Gravity +                  SO(10) YM
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No curvature tensors in one dimension

Variation with respect to Einbein and gauge fields lead to first order constraints.  
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[FC, Samtleben ’25]



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

Gravity +                  SO(10) YM
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Uplifts to

D=10

IKKT is supersymmetric, so let’s consider fermions
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Maximal SUSY 1D implies…

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

up to 
quadratic 
fermions

dilaton

gravitini

gauge fields

scalars
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Killing spinors at

Requires the bosonic fields to satisfy 1st order equations that

•    imply the field equations

•    can be solved exactly

General
1/2-SUSY
solutions:
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Killing spinor equations:
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Dual to states in 

the `Coulomb branch’



Smeared D instantons

p=2p>2

Solutions preserving 
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SO(p)→ SO(10↑ p)

Uplifts to

D=10

•    By also breaking SO(10-p): ball/sphere distributions deformed to ellipsoids. 
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brane  
distribution

•    

Flat space

Further uplift to pp-waves solutions of pure Lorentzian gravity in D=12

[analogous to smeared D3 branes 
Freedman, Gubser, Pilch, Warner ’00]
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Back to the matrix model
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10
<latexit sha1_base64="ns8DqtPaVmDIxBSfiOQD8RhSE3s="></latexit>

16s

Single trace operators:
<latexit sha1_base64="XvjBkS4yqH4rSXPxPFHwOU2KtGo="></latexit>

O = Tr
h
XX . . . . . . X . . . . . .

i arrange in  
supermultiplets

•    

Tower of  
BPS multiplets:

which combine  
SO(10) rep.

[Morales, Samtleben ’05]

<latexit sha1_base64="16n4EgnDpvbR6fICCtXXmwAJw6U="></latexit>

Bn = [n, 0000]n � [n�1, 0001]n+ 1
2
� [n�2, 0100]n+1�

[n�3, 1010]n+ 3
2
� [n�3, 0020]n+2 � [n�4, 2000]n+2

� [n�4, 1010]n+ 5
2
� [n�4, 0100]n+3

� [n�4, 0001]n+ 7
2
� [n�4, 0000]n+4

<latexit sha1_base64="Uv1ntO+5gLkfCloIiQePsP8ghrU="></latexit> 1X

n=2

Bn

•    1D supergravity fields                lowest BPS multiplet of operators 

<latexit sha1_base64="ddw4WSbGLEgMP5ZIxkSqJoiU7a0="></latexit>

Oa1...an = Tr
⇥
X((a1

Xa2 . . . Xan))

⇤

<latexit sha1_base64="cZ47IfuFQCeTLkAlBJisr0Ipa54="></latexit>

#bos. = #ferm. + 1?<latexit sha1_base64="L99t70+3Pc2vY5zaI+COlgCaLUM="></latexit>

B2 =54+2 � 144+ 5
2
� 120+3  45+4  16+ 9

2



<latexit sha1_base64="3NDcaOeOZ4jyhiAqimBma21vhnQ="></latexit>

54

<latexit sha1_base64="redvTdwLS9Dt6O/CqxHUyLldrcY="></latexit>

120

<latexit sha1_base64="jOgBbcYoVmkV9Xc86N+QUF5vKXk="></latexit>

144

<latexit sha1_base64="F7iRfI/t20PrKChvmclPbKnG2vM="></latexit>

Oab =Tr[XaXb]�
1
10 �ab Tr[X

cXc]

<latexit sha1_base64="NauyFfzk7kSFmMTbDZqDOooSEO4="></latexit>

O
a =Tr[Xa ]� 1

9 Tr[Xb �
ab ]

<latexit sha1_base64="9KS2T4AqUpzI9BLypNRqfBhwe0I="></latexit>

Oabc =Tr [Xa[Xb, Xc]]�
1
8 Tr

⇥
 ̄�abc 

⇤

multiplet of operators
<latexit sha1_base64="dAwW8qvEKTq6VoAX/lXh297N9ZE="></latexit>

B2
1D supergravity 

 fluctuations
<latexit sha1_base64="wqKBndjH6x02KBIl3iZmPEOXOpo="></latexit>

Tab

<latexit sha1_base64="EGgmekIz0ZMiw9wjvEYX+LyExL0="></latexit>

�a

<latexit sha1_base64="dCCnxViY0wEjV5ydGxq3FwDB+kU="></latexit>aabc

Dictionary purely based  
on kinematics

Lowest BPS multiplet

<latexit sha1_base64="5yhB6PGvmEvqQA4MHx7t3YwhtG4="></latexit>

SIKKT = �Tr
⇣1
4
[Xa , Xb] [X

a , Xb] +
1

2
 ̄ �a [ , Xa]

⌘ 16 supercharges
<latexit sha1_base64="OhnCXZc2rc2RhzznKw7DsFIrzz8="></latexit>

�⇤✏ = ✏

<latexit sha1_base64="t3c32X2kroMOR+2m+M+hsbDgnRY="></latexit>

[�✏1 , �✏2 ] = �SU(N)
✓algebra:

       and      are              matrices, transforming in the       and        of             . 
<latexit sha1_base64="V5YH2yeTvcdZ+Lxr7+q1h0XI3Vs="></latexit>

Xa
<latexit sha1_base64="cmaQ5yK8nWfWIKxzOujZUnvigFw="></latexit>

 
<latexit sha1_base64="tDwZehvLgleb1Yt0NKKJ8IGLUMI="></latexit>

SU(N)
<latexit sha1_base64="EYOt8h+2kbUgOmYeb3i8uHXTcgM="></latexit>

SO(10)
<latexit sha1_base64="jCQ4dZYjhOnqIXu5PyJiQkpPx1g="></latexit>

10
<latexit sha1_base64="ns8DqtPaVmDIxBSfiOQD8RhSE3s="></latexit>

16s



Lowest BPS multiplet

<latexit sha1_base64="3NDcaOeOZ4jyhiAqimBma21vhnQ="></latexit>

54

<latexit sha1_base64="redvTdwLS9Dt6O/CqxHUyLldrcY="></latexit>

120

<latexit sha1_base64="jOgBbcYoVmkV9Xc86N+QUF5vKXk="></latexit>

144

<latexit sha1_base64="F7iRfI/t20PrKChvmclPbKnG2vM="></latexit>

Oab =Tr[XaXb]�
1
10 �ab Tr[X

cXc]

<latexit sha1_base64="NauyFfzk7kSFmMTbDZqDOooSEO4="></latexit>

O
a =Tr[Xa ]� 1

9 Tr[Xb �
ab ]

<latexit sha1_base64="9KS2T4AqUpzI9BLypNRqfBhwe0I="></latexit>

Oabc =Tr [Xa[Xb, Xc]]�
1
8 Tr

⇥
 ̄�abc 

⇤

multiplet of operators
<latexit sha1_base64="dAwW8qvEKTq6VoAX/lXh297N9ZE="></latexit>

B2

<latexit sha1_base64="df3VZIUMEnFptx4g4qNFdpLe9yc="></latexit>

�✏Oa =
1

18

�
7�bc ✏Oabc � �abcd ✏O

bcd
�

<latexit sha1_base64="p2fWLVx3X9weEnyZkZAlX4qFb7A="></latexit>

�✏Oabc = 0

<latexit sha1_base64="zqxaJtDNoaC/mS7KA3QBxbjjgdM="></latexit>

�✏Oab =
9

5
✏̄�[a

O
b]

SUSY variations

Nilpotent structure of SUSY variations Deformations by VEV of                    
        preserve 16 supercharges

<latexit sha1_base64="FEpesRaepkojxDhxI9m9FSVIOV8="></latexit>

Oab

<latexit sha1_base64="5yhB6PGvmEvqQA4MHx7t3YwhtG4="></latexit>

SIKKT = �Tr
⇣1
4
[Xa , Xb] [X

a , Xb] +
1

2
 ̄ �a [ , Xa]

⌘ 16 supercharges
<latexit sha1_base64="OhnCXZc2rc2RhzznKw7DsFIrzz8="></latexit>

�⇤✏ = ✏

<latexit sha1_base64="t3c32X2kroMOR+2m+M+hsbDgnRY="></latexit>

[�✏1 , �✏2 ] = �SU(N)
✓algebra:

       and      are              matrices, transforming in the       and        of             . 
<latexit sha1_base64="V5YH2yeTvcdZ+Lxr7+q1h0XI3Vs="></latexit>

Xa
<latexit sha1_base64="cmaQ5yK8nWfWIKxzOujZUnvigFw="></latexit>

 
<latexit sha1_base64="tDwZehvLgleb1Yt0NKKJ8IGLUMI="></latexit>

SU(N)
<latexit sha1_base64="EYOt8h+2kbUgOmYeb3i8uHXTcgM="></latexit>

SO(10)
<latexit sha1_base64="jCQ4dZYjhOnqIXu5PyJiQkpPx1g="></latexit>

10
<latexit sha1_base64="ns8DqtPaVmDIxBSfiOQD8RhSE3s="></latexit>

16s



Future directions

•    Detailed study of the vacua landscapes of 1D gauged supergravities. Non-vanishing       :<latexit sha1_base64="h32+dEXL0EViAFzRMpK5JSkVBeI="></latexit>aijk

[Bobev, Bomans, Gautason, Minahan, Nedelin ’18 ’19 ’24]Spherical branes 

Polarized IKKT [Hartnoll, Liu ’24][Bonelli ’02] [Komatsu, and al ’24]

•    1D « supergravity » seems like an appropriate framework for supersymmetric localization…

•    Computation of holographic correlators in SO(10) supergravity using holographic renormalization.

Reproduce parts of:

solutions dual to  
mass deformations ?

Comparaison with IKKT will be subtle. Normalization?

1D supergravity with                gaugings?  KK truncation on hyperboloid         ?•    <latexit sha1_base64="+AxdMqEkz4v+JZGGg+7tFclOU/s="></latexit>

SO(p, q)
<latexit sha1_base64="YVUnlG3co6UId0SAsMGya9GbtR0="></latexit>

Hp,q

[Moore, Nekrasov, Shatashvili ’98] [Krauth, Nicolai, Staudacher ’98]

<latexit sha1_base64="gWT099bSNuhQXjxScUhO8Ph2EHw="></latexit>

ZIKKT(N) =
(2ω)(10N+11)(N→1)/2

N5/2!N→1
k=1 k!

ε2(N)

(speculative)

KK truncation of          supergravity to 1D?    •    
Tool to study holography for the Lorentzian IKKT model?

[Blair, Obers, Yan ’25] 

[Hull, Warner ’88] 

<latexit sha1_base64="YFsmgzc/TRXAc9oJ93OEA1QsMSw="></latexit>

IIBω

[Anagnostopoulos, Asano,  
 Kawai, Nishimura, Tsuchiya…]



Summary

•    We presented sphere truncations of axion-dilaton (Euclidean) gravity to one dimension. 

•    We constructed the maximally supersymmetric completion (32 supercharges) of the 
resulting one-dimensional model.              

•    We proposed the holographic dictionary between the lowest BPS multiplet of single 
trace operators in the IKKT model and the one-dimensional supergravity multiplet.

Derived a general class of 1/2-supersymmetric solutions: uplifts describe  
D(-1) instantons smeared in a flat ten-dimensional space.

For IIB supergravity, it captures the lowest KK fluctuations (in the ‘gravity sector’)  
around the D(-1) instanton background.



Tack för din uppmärksamhet

Thank you for your attention



D: Pure gravity

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

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

Sq

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

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 

must start from matter-coupled gravity (~ supergravity)

•    Gravity + p-form

•    Gravity + p-form + dilaton
Two families

Doesn't work for pure gravity:

Conformal branes 

Non-conformal branes 

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

G

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

G

<latexit sha1_base64="FVHbZtWnK62RrFxZGqjWXbQkcZc="></latexit>

= GL(q) → SO(q + 1)
<latexit sha1_base64="OuKzLd0MoDo3hwQuTlw4hneHqWs=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgqiTFproruNBlBfvANpTJdNIOnUzCzEQooX/hxoUibv0bd/6NkzaCih4YOJxzL3Pu8WPOlLbtD6uwsrq2vlHcLG1t7+zulfcPOipKJKFtEvFI9nysKGeCtjXTnPZiSXHoc9r1p5eZ372nUrFI3OpZTL0QjwULGMHaSHeDEOsJwRxdDcsVu2ovgJbEqRlSt50L10VOblUgR2tYfh+MIpKEVGjCsVJ9x461l2KpGeF0XhokisaYTPGY9g0VOKTKSxeJ5+jEKCMURNI8odFC/b6R4lCpWeibySyh+u1l4l9eP9HBuZcyESeaCrL8KEg40hHKzkcjJinRfGYIJpKZrIhMsMREm5JKpoSvS9H/pFOrOm61fnNWaTbyOopwBMdwCg40oAnX0II2EBDwAE/wbCnr0XqxXpejBSvfOYQfsN4+ATMHkJg=</latexit>

G



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

Something tricky in this case

D=10: Gravity + Maxwell + dilaton

D=8: 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=11: Gravity
<latexit sha1_base64="oqPmF5d0hnoT1KcMhXimmlAuINo=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gnqi2W4BLx4jMQskY+jp9CRNeha6e4QQ8glePCji1S/y5t/Yk0RQ0QcFj/eqqKrnxYIrjfGHlVlb39jcym7ndnb39g/yh0dtFSWSshaNRCS7HlFM8JC1NNeCdWPJSOAJ1vEmV6nfuWdS8Si81dOYuQEZhdznlGgjNZt3ziBfwDYul2q4hrBdwk51QTAuV4sXyDEkRQFWaAzy7/1hRJOAhZoKolTPwbF2Z0RqTgWb5/qJYjGhEzJiPUNDEjDlzhanztGZUYbIj6SpUKOF+n1iRgKlpoFnOgOix+q3l4p/eb1E+1V3xsM40Syky0V+IpCOUPo3GnLJqBZTQwiV3NyK6JhIQrVJJ2dC+PoU/U/aRdsp26Wby0K9soojCydwCufgQAXqcA0NaAGFETzAEzxbwnq0XqzXZWvGWs0cww9Yb584sY3A</latexit>

S1

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

S1

D=10: Gravity + Maxwell + dilaton

D=2:

Sphere truncations to two dimensions

Gravity +            YM + scalars
<latexit sha1_base64="6gadzTZAmQEhFMVoqUf2hkrGsMs="></latexit>

SO(9)

<latexit sha1_base64="WciGyZJs/9ljwD0TlzfxsRvv1FY="></latexit>

S8

[Bossard, FC, Kleinschmidt, Inverso ’23]

Affine enhancement 
<latexit sha1_base64="D3lvspnIECQVLW/5MIcYYaTLDIU="></latexit>

G = ⊋SL(9) → SO(9)

[FC, Samtleben ’23]



D=2:

D=q+3: Pure 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>()

" [Geroch ’71]

[Ehlers 56’]

 symmetry

Two paths to D=2 on the torus

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

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

<latexit sha1_base64="0svPrDqj7w3eTRNDWxGbHx8x4uw="></latexit>

⊋SL(q + 1)
<latexit sha1_base64="IDNWEijhv6f0yAsUHs5Ym9cQPpg="></latexit>

G =


