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• Several applications in supersymmetric holography:

Introduction

• Equivariant localization:                                                            
Powerful new method to compute supersymmetric observables 
in supergravity without solving the supergravity equations of 
motion!

• Susy                     solutions of D=10/11 SUGRA, dual to 
<latexit sha1_base64="UtayLUHnyqFA88gPYHuGGhSJSfY=">AAAB9HicdVDJSgNBEK2JW4xb1KOXxiB4Cj1BYnKLy8GLENEskAyhp6eTNOlZ7O4JhCHf4cWDIl79GG/+jT1JBBV9UPB4r4qqem4kuNIYf1iZpeWV1bXsem5jc2t7J7+711RhLClr0FCEsu0SxQQPWENzLVg7koz4rmAtd3SR+q0xk4qHwZ2eRMzxySDgfU6JNpJz5t32Lrua+0yh616+gIvYoFxGKbEr2DakWq2USlVkzyyMC7BAvZd/73ohjX0WaCqIUh0bR9pJiNScCjbNdWPFIkJHZMA6hgbErHGS2dFTdGQUD/VDaSrQaKZ+n0iIr9TEd02nT/RQ/fZS8S+vE+t+xUl4EMWaBXS+qB8LpEOUJoA8LhnVYmIIoZKbWxEdEkmoNjnlTAhfn6L/SbNUtMtF++akUDtfxJGFAziEY7DhFGpwBXVoAIV7eIAneLbG1qP1Yr3OWzPWYmYffsB6+wQ7qJHF</latexit>

AdSD ⇥M
<latexit sha1_base64="X3SDaf5qaTo2B+twpfp1mHKueR0=">AAAB7HicdVBNSwMxEM3Wr1q/qh69BIvgxZIUqe1BKOrBYwW3FtqlZLPZNjSbXZKsUJb+Bi8eFPHqD/LmvzHbVlDRBwOP92aYmecngmuD0IdTWFpeWV0rrpc2Nre2d8q7ex0dp4oyl8YiVl2faCa4ZK7hRrBuohiJfMHu/PFl7t/dM6V5LG/NJGFeRIaSh5wSYyU3OL86wYNyBVWRRb0Oc4IbCFvSbDZqtSbEMwuhCligPSi/94OYphGThgqidQ+jxHgZUYZTwaalfqpZQuiYDFnPUkkipr1sduwUHlklgGGsbEkDZ+r3iYxEWk8i33ZGxIz0by8X//J6qQkbXsZlkhom6XxRmApoYph/DgOuGDViYgmhittbIR0RRaix+ZRsCF+fwv9Jp1bF9Sq+Oa20LhZxFMEBOATHAIMz0ALXoA1cQAEHD+AJPDvSeXRenNd5a8FZzOyDH3DePgEJ544y</latexit>

d = D � 1 SCFTs;  compute central charge,       of some op’s.

• Susy black hole solutions in           ; compute  
<latexit sha1_base64="Xun2WWMbRT2AQcAwVD61mZrHSuA=">AAAB6nicdVBNSwMxEJ31s9avqkcvwSJ4Ktkitb1VvXis1H5Au5Rsmm1Ds9klyQpl6U/w4kERr/4ib/4bs20FFX0w8Hhvhpl5fiy4Nhh/OCura+sbm7mt/PbO7t5+4eCwraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cp35nXumNI/knZnGzAvJSPKAU2Ks1LwcNgeFIi5hi0oFZcStYteSWq1aLteQO7cwLsISjUHhvT+MaBIyaaggWvdcHBsvJcpwKtgs3080iwmdkBHrWSpJyLSXzk+doVOrDFEQKVvSoLn6fSIlodbT0LedITFj/dvLxL+8XmKCqpdyGSeGSbpYFCQCmQhlf6MhV4waMbWEUMXtrYiOiSLU2HTyNoSvT9H/pF0uuZWSe3terF8t48jBMZzAGbhwAXW4gQa0gMIIHuAJnh3hPDovzuuidcVZzhzBDzhvn0xEjdM=</latexit>

AdS

• SCFTs on       ; compute 
<latexit sha1_base64="BFeWORzypBYDa+HLmTkYQG/1oK4=">AAAB6HicdVBNSwMxEJ31s9avqkcvwSJ4Ktkitb0VvXgRWrAf0C4lm2bb2Gx2SbJCWfoLvHhQxKs/yZv/xmxbQUUfDDzem2Fmnh8Lrg3GH87K6tr6xmZuK7+9s7u3Xzg4bOsoUZS1aCQi1fWJZoJL1jLcCNaNFSOhL1jHn1xlfueeKc0jeWumMfNCMpI84JQYKzVvBoUiLmGLSgVlxK1i15JarVou15A7tzAuwhKNQeG9P4xoEjJpqCBa91wcGy8lynAq2CzfTzSLCZ2QEetZKknItJfOD52hU6sMURApW9Kgufp9IiWh1tPQt50hMWP928vEv7xeYoKql3IZJ4ZJulgUJAKZCGVfoyFXjBoxtYRQxe2tiI6JItTYbPI2hK9P0f+kXS65lZLbPC/WL5dx5OAYTuAMXLiAOlxDA1pAgcEDPMGzc+c8Oi/O66J1xVnOHMEPOG+f/kqNFA==</latexit>

M
<latexit sha1_base64="ETB+iHJspBbpFGUrMG2+ec1UDGw=">AAAB8HicdVBNS0JBFJ1nX2ZfVss2QxK0SeZJmC4CqU3tDFIrfci8cZ4OzsdjZl4g4q9o06KItv2cdv2b5qlBRR24cDjnXu69J4w5MxahDy+zsLi0vJJdza2tb2xu5bd3mkYlmtAGUVzpmxAbypmkDcsspzexpliEnLbC4Xnqt+6pNkzJazuKaSBwX7KIEWyddHt5etThqg/vuvkCKiKHchmmxK8g35FqtVIqVaE/tRAqgDnq3fx7p6dIIqi0hGNj2j6KbTDG2jLC6STXSQyNMRniPm07KrGgJhhPD57AA6f0YKS0K2nhVP0+McbCmJEIXafAdmB+e6n4l9dObFQJxkzGiaWSzBZFCYdWwfR72GOaEstHjmCimbsVkgHWmFiXUc6F8PUp/J80S0W/XPSvjgu1s3kcWbAH9sEh8MEJqIELUAcNQIAAD+AJPHvae/RevNdZa8abz+yCH/DePgH3nY/i</latexit>

I = � logZ

<latexit sha1_base64="fsbSQcCuETqM4Ub3AFD6KSNJ8kQ=">AAAB7XicdVBNSwMxEJ2tX7V+VT16CRbBU9ktUttbqZceK9oPaJeSTdM2NpssSVYoS/+DFw+KePX/ePPfmG0rqOiDgcd7M8zMCyLOtHHdDyeztr6xuZXdzu3s7u0f5A+P2lrGitAWkVyqboA15UzQlmGG026kKA4DTjvB9Cr1O/dUaSbFrZlF1A/xWLARI9hYqX0zSOqN+SBfcIuuRbmMUuJVXM+SarVSKlWRt7BctwArNAf59/5QkjikwhCOte55bmT8BCvDCKfzXD/WNMJkise0Z6nAIdV+srh2js6sMkQjqWwJgxbq94kEh1rPwsB2hthM9G8vFf/yerEZVfyEiSg2VJDlolHMkZEofR0NmaLE8JklmChmb0VkghUmxgaUsyF8fYr+J+1S0SsXveuLQq2+iiMLJ3AK5+DBJdSgAU1oAYE7eIAneHak8+i8OK/L1oyzmjmGH3DePgGego8t</latexit>

SBH

<latexit sha1_base64="fclDsgyr3A4dA3IjkT3nVHrLC1k=">AAAB7XicdVBNSwMxEM3Wr1q/qh69BIvgqewWqe2tqAePFewHtEvJptk2NpssyaxQlv4HLx4U8er/8ea/MdtWUNEHA4/3ZpiZF8SCG3DdDye3srq2vpHfLGxt7+zuFfcP2kYlmrIWVULpbkAME1yyFnAQrBtrRqJAsE4wucz8zj3Thit5C9OY+REZSR5ySsBK7f4VE0AGxZJbdi2qVZwRr+Z6ltTrtUqljr255boltERzUHzvDxVNIiaBCmJMz3Nj8FOigVPBZoV+YlhM6ISMWM9SSSJm/HR+7QyfWGWIQ6VtScBz9ftESiJjplFgOyMCY/Pby8S/vF4CYc1PuYwTYJIuFoWJwKBw9joecs0oiKklhGpub8V0TDShYAMq2BC+PsX/k3al7FXL3s1ZqXGxjCOPjtAxOkUeOkcNdI2aqIUoukMP6Ak9O8p5dF6c10VrzlnOHKIfcN4+AbnJjz8=</latexit>

�



• Equations of motion for bosonic fields

Susy solutions of supergravity

<latexit sha1_base64="naM4TdpqjHzRBQMz5RyF7+le/Vg=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5AUqe1CKLpxWcU+oAlhMp22QyeTMA+hhn6JGxeKuPVT3Pk3TtoKKnrgwuGce7n3nihlVCrX/bAKK6tr6xvFzdLW9s5u2d7b78hEC0zaOGGJ6EVIEkY5aSuqGOmlgqA4YqQbTS5zv3tHhKQJv1XTlAQxGnE6pBgpI4V2+SbM/Fj7XM/OHYPQrriOa1CrwZx4ddczpNGoV6sN6M0t162AJVqh/e4PEqxjwhVmSMq+56YqyJBQFDMyK/lakhThCRqRvqEcxUQG2fzwGTw2ygAOE2GKKzhXv09kKJZyGkemM0ZqLH97ufiX19dqWA8yylOtCMeLRUPNoEpgngIcUEGwYlNDEBbU3ArxGAmElcmqZEL4+hT+TzpVx6s53vVppXmxjKMIDsEROAEeOANNcAVaoA0w0OABPIFn6956tF6s10VrwVrOHIAfsN4+Aex6kp8=</latexit>

Rµ⌫ = ....Einstein equations: 

Matter/flux equations of motion 

• Supersymmetry          Killing spinors

Susy solutions with an R-symmetry Killing vector:
<latexit sha1_base64="iNyH8ozCkgty9UwKJPNggbSiA0o="></latexit>

⇠ = ✏̄�µ✏@µ

Very general 

<latexit sha1_base64="+wVUwh3kC+7RQASNpGkYPVFrlmM="></latexit>, <latexit sha1_base64="aclJpLGVc6TPpGXH/WGgMLf0gV4="></latexit>✏

<latexit sha1_base64="daQuIfZt2iPEO3YukD7NMcvCa8M="></latexit>

(flux · �)✏ = 0

(general D) 

<latexit sha1_base64="7ImPgZyOH3LhHlgmSgxw72t154w="></latexit>

r✏+ (flux · �)✏ = 0

<latexit sha1_base64="B3G3hJTSz9LD+fIULg1ekvxpcs0="></latexit>

L⇠✏ ⌘ ⇠µrµ✏+
1

8
d⇠µ⌫�

µ⌫✏ = iq✏



Define equivariant exterior derivative:           
<latexit sha1_base64="gWbc9fUt5isWu3EiEo19OBzj1/U="></latexit>

d⇠ = d� ⇠

<latexit sha1_base64="/4OMcH0eQlIE9azaVGUI/XKHsls="></latexit>

(d⇠)
2 = �L⇠Satisfies          

More general spinor bi-linears:       
<latexit sha1_base64="eg9yDAYZz16OVZp1w/kaFg41QsY="></latexit>

 (r) = ✏̄�(r)✏
<latexit sha1_base64="HFy0cA3W47Sg33xQ+1lzra6l0qQ="></latexit>

�(r) ⌘
1

r!
�µ1...µrdx

µ1 ^ . . . dxµrwhere

Results from around 20 years ago:

The Killing spinor     defines a G-structure        <latexit sha1_base64="aclJpLGVc6TPpGXH/WGgMLf0gV4="></latexit>✏
<latexit sha1_base64="+wVUwh3kC+7RQASNpGkYPVFrlmM="></latexit>,

Algebraic and Differential relations on           ,        
<latexit sha1_base64="SRKwPPT+S6QA1PTcx7BP0h340Mc="></latexit>

 (r)

[Gauntlett,Pakis 02]   

There is a corresponding equivariant cohomology          

[Gauntlett,Martelli,Pakis,Waldram 02]   

<latexit sha1_base64="Sj85+yumvQj0tvj0IiVQVGV7aeA="></latexit>

 ̃(r) = ✏̄c�(r)✏

<latexit sha1_base64="qrzzl5FZG6KHaEt7loGKI507ImA=">AAAB+XicdVDLSsNAFJ34rPUVdelmsAh1UzKl9LErunFZwT6gCWEymbZDJ5MwMymU0D9x40IRt/6JO//GSVtBRQ9cOJxzL/feEyScKe04H9bG5tb2zm5hr7h/cHh0bJ+c9lScSkK7JOaxHARYUc4E7WqmOR0kkuIo4LQfTG9yvz+jUrFY3Ot5Qr0IjwUbMYK1kXzbdjXjIXU7ivlZWV4tfLvkVBzHQQjBnKBG3TGk1WpWUROi3DIogTU6vv3uhjFJIyo04VipIXIS7WVYakY4XRTdVNEEkyke06GhAkdUedny8gW8NEoIR7E0JTRcqt8nMhwpNY8C0xlhPVG/vVz8yxumetT0MiaSVFNBVotGKYc6hnkMMGSSEs3nhmAimbkVkgmWmGgTVtGE8PUp/J/0qhVUr9TuaqX29TqOAjgHF6AMEGiANrgFHdAFBMzAA3gCz1ZmPVov1uuqdcNaz5yBH7DePgGCNZOa</latexit>

 ̃(r)



New Observation:

Construct multi-forms        
which are polynomials in the supergravity fields and the 
bilinears            that are equivariantly closed:

<latexit sha1_base64="skcuw3OcrM3AtQgfoKTO04cHnkE="></latexit>

d⇠� = 0
<latexit sha1_base64="SRKwPPT+S6QA1PTcx7BP0h340Mc="></latexit>

 (r)

Comments:                      

• Only need to impose subset of the KSEs/equations of motion:
Such structures exist partially off-shell

• Typically several     exist in a given theory      
<latexit sha1_base64="A0yrElErgAlIiMW8YeTrAabJ5VM="></latexit>

�

• Several physical quantities can be computed using the equivariant 
cohomology of      .  The topology and R-symmetry is enough 
information - don’t need to solve SUGRA pdes - just need to 
assume solution exists

<latexit sha1_base64="A0yrElErgAlIiMW8YeTrAabJ5VM="></latexit>

�

<latexit sha1_base64="Lys2bogxvzKrJRVyalF2Z1ooSXU=">AAACD3icdZDNSgMxFIUz9a/Wv1GXboJFEcSSGaS2C6HoxmUFWwvtUDJp2oZmMkOSEcrQN3Djq7hxoYhbt+58GzPTFlT0QsLHOfeS3ONHnCmN0KeVW1hcWl7JrxbW1jc2t+ztnaYKY0log4Q8lC0fK8qZoA3NNKetSFIc+Jze+qPL1L+9o1KxUNzocUS9AA8E6zOCtZG69mGnPmTn6dVNXDE5ntOJa7gXapUJqGsXUQmZKpdhCk4FOQaq1YrrVqGTWQgVwazqXfvDTJM4oEITjpVqOyjSXoKlZoTTSaETKxphMsID2jYocECVl2T7TOCBUXqwH0pzhIaZ+n0iwYFS48A3nQHWQ/XbS8W/vHas+xUvYSKKNRVk+lA/5lCHMA0H9pikRPOxAUwkM3+FZIglJtpEWDAhzDeF/0PTLTnlknN9WqxdzOLIgz2wD46AA85ADVyBOmgAAu7BI3gGL9aD9WS9Wm/T1pw1m9kFP8p6/wLFO5vj</latexit>

� = �2n + �2n�2 + . . .�0



Berline-Vergne-Atiyah-Bott theorem

•                      ,   where 

Let       be a    invariant closed (sub)manifold, 2n-dimensional
<latexit sha1_base64="6DK2vYdNiQGvvB8Mzpbdo1gLlzk="></latexit>

M
<latexit sha1_base64="y6j+3Jcp3rp9aKRo+AG/HzjbJtM="></latexit>

⇠

<latexit sha1_base64="ab4s15LDCvvhxv+LlFUj/lawmVQ="></latexit>

f : F ,! M
<latexit sha1_base64="S1Ren12KHOrd48ps97U2udT5GGI="></latexit>

⇠ = 0

•            are the weights of action of       on 
<latexit sha1_base64="aI+z6iDLRRzlatCJuGWDUEb2VmM="></latexit>

NF = �k
i=1Li

<latexit sha1_base64="y6j+3Jcp3rp9aKRo+AG/HzjbJtM="></latexit>

⇠
<latexit sha1_base64="T7XE3bIrEXGNOGNasgobBIjGum0="></latexit>

⇠ =
kX

i=1

bi
@

@�i

<latexit sha1_base64="btIihX9UU9BP9UKRrMNDYtzJWb8="></latexit>

bi

<latexit sha1_base64="cdyyyz3/zAPPTwvRmth/tjyw3XQ="></latexit>Z

M
� =

X

F
codimF=2k

1

dF

(2⇡)k
Qk

i=1 bi

Z

F

f⇤�
Qk

i=1

h
1 + 2⇡

bi
c1(Li)

i .

•   Normal space can have orbifold singularities
<latexit sha1_base64="9fIvgXNE1dIa8cdGiUXDcx0xzOA="></latexit>

NF
⇠= R2k/�

with      a finite group of order 
<latexit sha1_base64="51dR4lCtuH4K1Ksnk8zepmZl1aA=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4Kpkitd0VXeiygn1AO5RMmmlj8xiSjFCG/oMbF4q49X/c+Tdm2goqeuDC4Zx7ufeeMObMWIQ+vNzK6tr6Rn6zsLW9s7tX3D9oG5VoQltEcaW7ITaUM0lblllOu7GmWIScdsLJZeZ37qk2TMlbO41pIPBIsogRbJ3U7l9hIfCgWEJl5FCtwoz4NeQ7Uq/XKpU69OcWQiWwRHNQfO8PFUkElZZwbEzPR7ENUqwtI5zOCv3E0BiTCR7RnqMSC2qCdH7tDJ44ZQgjpV1JC+fq94kUC2OmInSdAtux+e1l4l9eL7FRLUiZjBNLJVksihIOrYLZ63DINCWWTx3BRDN3KyRjrDGxLqCCC+HrU/g/aVfKfrXs35yVGhfLOPLgCByDU+CDc9AA16AJWoCAO/AAnsCzp7xH78V7XbTmvOXMIfgB7+0TryiPOA==</latexit>

�
<latexit sha1_base64="/9WjzCOcuH5C0u+ucudEuIhCcLU=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU8kWqe2tKIjHivYD2qVks9k2NJtdkqxQSn+CFw+KePUXefPfmG0rqOiDgcd7M8zM8xPBtcH4w8mtrK6tb+Q3C1vbO7t7xf2Dto5TRVmLxiJWXZ9oJrhkLcONYN1EMRL5gnX88WXmd+6Z0jyWd2aSMC8iQ8lDTomx0m0wuBoUS7iMLapVlBG3hl1L6vVapVJH7tzCuARLNAfF934Q0zRi0lBBtO65ODHelCjDqWCzQj/VLCF0TIasZ6kkEdPedH7qDJ1YJUBhrGxJg+bq94kpibSeRL7tjIgZ6d9eJv7l9VIT1rwpl0lqmKSLRWEqkIlR9jcKuGLUiIklhCpub0V0RBShxqZTsCF8fYr+J+1K2a2W3ZuzUuNiGUcejuAYTsGFc2jANTShBRSG8ABP8OwI59F5cV4XrTlnOXMIP+C8fQJmSY3k</latexit>

dF



Berline-Vergne-Atiyah-Bott theorem

<latexit sha1_base64="Y2K/aPnj+eQGG588Shu/kd4d/ek="></latexit>Z

M
� =

X

dim 0

1

dF0

(2⇡)n

b1 · · · bn
�0

+
X

dim 2

1

dF2

(2⇡)n�1

b1 · · · bn�1

Z h
�2 � �0

X

1in�1

2⇡

bi
c1(Li)

i

+ . . .



Simple example:
<latexit sha1_base64="KDK+YYrE7T0sp+8wjmQTRs1ilUc="></latexit>

ds2 = d✓2 + sin2 ✓d�2

<latexit sha1_base64="FUYp0a0WGt7VqNN51kc3+ONLWO8="></latexit>

d⇠� = 0

<latexit sha1_base64="yqmIw8EbBF/nQuMH//G1xBJ0AH0="></latexit>

S2

<latexit sha1_base64="X53atIt2DkwC9n8WrnKB4XhWg6E="></latexit>Z

S2

vol =

Z

S2

�

= 2⇡
⇣cos ✓

b

���
N
+

cos ✓

b

���
S

⌘

<latexit sha1_base64="QSgPbRl3XfLrmuoOmdebQpmGT8A="></latexit>

⇠ = @�

<latexit sha1_base64="J/nCquzzD5zWTv7btEz6UX05Ox0="></latexit>

� = sin ✓d✓ ^ d�+ cos ✓

<latexit sha1_base64="lfV/ttL40YCQ9dwoM1gqwoTfH4Y="></latexit>

b = +1

<latexit sha1_base64="CRJ7ipBChegCGgFFwVU8AhubGts="></latexit>

b = �1

<latexit sha1_base64="9N6p157mfvVkm0/J5ao1dTlrEV8="></latexit>

= 2⇡
⇣1
1
+

�1

�1

⌘
= 4⇡



•  Consider most general solutions of D=11 supergravity that are 
dual to               SCFTs in d=4

Example 1:  
<latexit sha1_base64="0eEpC5/T9xs7f+P+OwBz12oXfR8=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCqzIpGttd1Y0boaJ9QBvCZDJph04ezEyEGvolblwo4tZPceffOGkrqOiBC4dz7uXee7yEM6kQ+jAKS8srq2vF9dLG5tZ22dzZ7cg4FYS2Scxj0fOwpJxFtK2Y4rSXCIpDj9OuN77I/e4dFZLF0a2aJNQJ8TBiASNYack1y2f+jXsyUCykEl65tmtWUBVp2DbMiVVHliaNRr1Wa0BrZiFUAQu0XPN94MckDWmkCMdS9i2UKCfDQjHC6bQ0SCVNMBnjIe1rGmG9yMlmh0/hoVZ8GMRCV6TgTP0+keFQykno6c4Qq5H87eXiX14/VUHdyViUpIpGZL4oSDlUMcxTgD4TlCg+0QQTwfStkIywwETprEo6hK9P4f+kU6tadtW6Pq40zxdxFME+OABHwAKnoAkuQQu0AQEpeABP4Nm4Nx6NF+N13lowFjN74AeMt0/RU5KQ</latexit>

AdS5 ⇥M6

<latexit sha1_base64="/GstOlIFKxh/iA5wSryEeUVL7bA=">AAAB9HicdVDLSgMxFL1TX7W+qi7dBIvgqiRFarsQim5cSQX7gHYomTRtQzMPk0yhDP0ONy4UcevHuPNvzLQVVPRA4HDOvdyT40VSaIPxh5NZWV1b38hu5ra2d3b38vsHTR3GivEGC2Wo2h7VXIqAN4wwkrcjxanvSd7yxlep35pwpUUY3JlpxF2fDgMxEIwaK7ldn5oRozK5mV2QXr6Ai9iiXEYpIRVMLKlWK6VSFZG5hXEBlqj38u/dfshinweGSap1h+DIuAlVRjDJZ7lurHlE2ZgOecfSgPpcu8k89AydWKWPBqGyLzBorn7fSKiv9dT37GQaUv/2UvEvrxObQcVNRBDFhgdscWgQS2RClDaA+kJxZuTUEsqUsFkRG1FFmbE95WwJXz9F/5NmqUjKRXJ7VqhdLuvIwhEcwykQOIcaXEMdGsDgHh7gCZ6difPovDivi9GMs9w5hB9w3j4B1zqSKQ==</latexit>

N = 1
<latexit sha1_base64="0kGyypDl7pLOceEVk8H19jQaQRw="></latexit>

ds2 = e2�
h
ds2(AdS5) + ds2(M6)

i

<latexit sha1_base64="EWQxKyvMNN3ea+GpH4ilaMph6wg=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRahXkq2lNreih70WMF+QLuUbJq2odnskmSFsvRHePGgiFd/jzf/jdm2goo+GHi8N8PMPD8SXBuMP5zM2vrG5lZ2O7ezu7d/kD88auswVpS1aChC1fWJZoJL1jLcCNaNFCOBL1jHn16lfueeKc1DeWdmEfMCMpZ8xCkxVupcD5Ji5Xw+yBdwCVtUqyglbg27ltTrtXK5jtyFhXEBVmgO8u/9YUjjgElDBdG65+LIeAlRhlPB5rl+rFlE6JSMWc9SSQKmvWRx7hydWWWIRqGyJQ1aqN8nEhJoPQt82xkQM9G/vVT8y+vFZlTzEi6j2DBJl4tGsUAmROnvaMgVo0bMLCFUcXsrohOiCDU2oZwN4etT9D9pl0tuteTeVgqNy1UcWTiBUyiCCxfQgBtoQgsoTOEBnuDZiZxH58V5XbZmnNXMMfyA8/YJqs6PJg==</latexit>

G(4) a four-form on          ;  flux quantisation
<latexit sha1_base64="uxepRQL5U6Tw0x1flI87iPRYhy8=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU8kWWdtb0YsXoaL9gHYp2TTbhmazS5IVSulP8OJBEa/+Im/+G7NtBRV9MPB4b4aZeUEiuDYYfzi5ldW19Y38ZmFre2d3r7h/0NJxqihr0ljEqhMQzQSXrGm4EayTKEaiQLB2ML7M/PY9U5rH8s5MEuZHZCh5yCkxVrq97nv9YgmXsYXnoYy4VexaUqtVK5UacucWxiVYotEvvvcGMU0jJg0VROuuixPjT4kynAo2K/RSzRJCx2TIupZKEjHtT+enztCJVQYojJUtadBc/T4xJZHWkyiwnRExI/3by8S/vG5qwqo/5TJJDZN0sShMBTIxyv5GA64YNWJiCaGK21sRHRFFqLHpFGwIX5+i/0mrUna9sntzVqpfLOPIwxEcwym4cA51uIIGNIHCEB7gCZ4d4Tw6L87rojXnLGcO4Qect08q/429</latexit>

M6

•  Susy: D=11 spinor 
<latexit sha1_base64="GnckzwjlJclosCzr65BLIufFTog=">AAACC3icdZDLSgMxFIYzXmu9jbp0E1oEV2WmSG0XQtGNywr2Ap2hZNJMG5pJhiRTKEP3bnwVNy4UcesLuPNtzLQjqOiBwMf/n8PJ+YOYUaUd58NaWV1b39gsbBW3d3b39u2Dw44SicSkjQUTshcgRRjlpK2pZqQXS4KigJFuMLnK/O6USEUFv9WzmPgRGnEaUoy0kQZ2yZsiSWJFmeAX0DMAPaFpRBT0cnlgl52KY6pWgxm4dcc10GjUq9UGdBeW45RBXq2B/e4NBU4iwjVmSKm+68TaT5HUFDMyL3qJIjHCEzQifYMcmW1+urhlDk+MMoShkOZxDRfq94kURUrNosB0RkiP1W8vE//y+okO635KeZxowvFyUZgwqAXMgoFDKgnWbGYAYUnNXyEeI4mwNvEVTQhfl8L/oVOtuLWKe3NWbl7mcRTAMSiBU+CCc9AE16AF2gCDO/AAnsCzdW89Wi/W67J1xcpnjsCPst4+AZKGm2k=</latexit>

" =  ⌦ ✏

where      a Killing spinor on            and     on        satisfies the 
KSEs:

<latexit sha1_base64="GzMR2h2AFRVRPrpDHK1/HbH6c5U=">AAAB63icdVBNSwMxEJ2tX7V+VT16CRbBU8kWqe2t6MVjBfsB7VKyadqGJtklyQpl6V/w4kERr/4hb/4bs20FFX0w8Hhvhpl5YSy4sRh/eLm19Y3Nrfx2YWd3b/+geHjUNlGiKWvRSES6GxLDBFesZbkVrBtrRmQoWCecXmd+555pwyN1Z2cxCyQZKz7ilNhM6seGD4olXMYO1SrKiF/DviP1eq1SqSN/YWFcghWag+J7fxjRRDJlqSDG9Hwc2yAl2nIq2LzQTwyLCZ2SMes5qohkJkgXt87RmVOGaBRpV8qihfp9IiXSmJkMXackdmJ+e5n4l9dL7KgWpFzFiWWKLheNEoFshLLH0ZBrRq2YOUKo5u5WRCdEE2pdPAUXwten6H/SrpT9atm/vSg1rlZx5OEETuEcfLiEBtxAE1pAYQIP8ATPnvQevRfvddma81Yzx/AD3tsnfXyOjQ==</latexit>

 
<latexit sha1_base64="bVSWKg45+0mmgbzq4m+8elACwww=">AAAB7HicdVBNS8NAEJ34WetX1aOXxSJ4KknR2t6qXjxWNG2hDWWz2bRLN5uwuxFK6G/w4kERr/4gb/4bN20FFX0w8Hhvhpl5fsKZ0rb9YS0tr6yurRc2iptb2zu7pb39topTSahLYh7Lro8V5UxQVzPNaTeRFEc+px1/fJX7nXsqFYvFnZ4k1IvwULCQEayN5F4Et4OzQalsV2yDWg3lxKnbjiGNRr1abSBnZtl2GRZoDUrv/SAmaUSFJhwr1XPsRHsZlpoRTqfFfqpogskYD2nPUIEjqrxsduwUHRslQGEsTQmNZur3iQxHSk0i33RGWI/Uby8X//J6qQ7rXsZEkmoqyHxRmHKkY5R/jgImKdF8YggmkplbERlhiYk2+RRNCF+fov9Ju1pxahXn5rTcvFzEUYBDOIITcOAcmnANLXCBAIMHeIJnS1iP1ov1Om9dshYzB/AD1tsneMSOew==</latexit>

AdS5
<latexit sha1_base64="qQIITQVit4hFQRDuzvp2S0yqifg=">AAAB73icdVBNSwMxEJ2tX7V+VT16CRbBU8kWqe2t6MVjBVsL7VKyabYNzSZrkhXK0j/hxYMiXv073vw3ph+Cij4YeLw3w8y8MBHcWIw/vNzK6tr6Rn6zsLW9s7tX3D9oG5VqylpUCaU7ITFMcMlallvBOolmJA4Fuw3HlzP/9p5pw5W8sZOEBTEZSh5xSqyTOj2WGC6U7BdLuIwdqlU0I34N+47U67VKpY78uYVxCZZo9ovvvYGiacykpYIY0/VxYoOMaMupYNNCLzUsIXRMhqzrqCQxM0E2v3eKTpwyQJHSrqRFc/X7REZiYyZx6DpjYkfmtzcT//K6qY1qQcZlklom6WJRlApkFZo9jwZcM2rFxBFCNXe3IjoimlDrIiq4EL4+Rf+TdqXsV8v+9VmpcbGMIw9HcAyn4MM5NOAKmtACCgIe4AmevTvv0XvxXhetOW85cwg/4L19AqYOkGM=</latexit>✏

<latexit sha1_base64="uxepRQL5U6Tw0x1flI87iPRYhy8=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU8kWWdtb0YsXoaL9gHYp2TTbhmazS5IVSulP8OJBEa/+Im/+G7NtBRV9MPB4b4aZeUEiuDYYfzi5ldW19Y38ZmFre2d3r7h/0NJxqihr0ljEqhMQzQSXrGm4EayTKEaiQLB2ML7M/PY9U5rH8s5MEuZHZCh5yCkxVrq97nv9YgmXsYXnoYy4VexaUqtVK5UacucWxiVYotEvvvcGMU0jJg0VROuuixPjT4kynAo2K/RSzRJCx2TIupZKEjHtT+enztCJVQYojJUtadBc/T4xJZHWkyiwnRExI/3by8S/vG5qwqo/5TJJDZN0sShMBTIxyv5GA64YNWJiCaGK21sRHRFFqLHpFGwIX5+i/0mrUna9sntzVqpfLOPIwxEcwym4cA51uIIGNIHCEB7gCZ4d4Tw6L87rojXnLGcO4Qect08q/429</latexit>

M6

<latexit sha1_base64="r9ArtxOdQMf37iXzXger7fpYSqA="></latexit>⇥
rm +

i

2
�m�⇤ �

1

4
(e�3�G · �)m

⇤
✏ = 0

<latexit sha1_base64="k5r6gu0AZYgy4bA1XL4J1VM0ftE="></latexit>⇥
� · d�� i�⇤ +

1
3! (e

�3�G · �)
⇤
✏ = 0

[Gauntlett,Martelli,Sparks,Waldram 04]   

<latexit sha1_base64="q0MPsi3PH22LiZuB+3B5jHsE2l8="></latexit>

cG(4) 2 H
4(M6,Z)



•  Construct bi-linears

Comments: 

<latexit sha1_base64="BKbDYgFRYdUVyQl8pNhJPpjTJ44="></latexit>

sin ⇣ = �i✏̄�⇤✏
<latexit sha1_base64="SSCeunDusO/wVsXGbx/DvVbYQ3A=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXJVJkdouhKIblxXsAzpDyaRpG5pJhiQjlLELf8WNC0Xc+hvu/BszbQUVPXC5h3PuJTcnjDnTxvM+nNzS8srqWn69sLG5tb3j7u61tEwUoU0iuVSdEGvKmaBNwwynnVhRHIWctsPxZea3b6nSTIobM4lpEOGhYANGsLFSzz1A536IlU9jzbgUX73nFr2SZ1GpwIygqocsqdWq5XINopnleUWwQKPnvvt9SZKICkM41rqLvNgEKVaGEU6nBT/RNMZkjIe0a6nAEdVBOrt/Co+t0ocDqWwJA2fq940UR1pPotBORtiM9G8vE//yuokZVIOUiTgxVJD5Q4OEQyNhFgbsM0WJ4RNLMFHM3grJCCtMjI2sYEP4+in8n7TKJVQpoevTYv1iEUceHIIjcAIQOAN1cAUaoAkIuAMP4Ak8O/fOo/PivM5Hc85iZx/8gPP2CYQplnU=</latexit>

1 = ✏̄✏

<latexit sha1_base64="Fsy5uvcKoYgruJxKAvmkTXJLqao=">AAACDXicdVA9SwNBEN3zM8avU0ubxShoE+6CxKQQgjaCTQSjQu4Ic5tNXLK7d+zuCeHIH7Dxr9hYKGJrb+e/cS9GUNEHA4/3ZpiZFyWcaeN5787U9Mzs3Hxhobi4tLyy6q6tX+g4VYS2SMxjdRWBppxJ2jLMcHqVKAoi4vQyGhzn/uUNVZrF8twMExoK6EvWYwSMlTru9ik+DCJQAU0047HEQR+EgE626++NvsSOW/LKnkW1inPi1zzfknq9VqnUsT+2PK+EJmh23LegG5NUUGkIB63bvpeYMANlGOF0VAxSTRMgA+jTtqUSBNVhNv5mhHes0sW9WNmSBo/V7xMZCK2HIrKdAsy1/u3l4l9eOzW9WpgxmaSGSvK5qJdybGKcR4O7TFFi+NASIIrZWzG5BgXE2ACLNoSvT/H/5KJS9qtl/2y/1DiaxFFAm2gL7SIfHaAGOkFN1EIE3aJ79IienDvnwXl2Xj5bp5zJzAb6Aef1AwWZm5M=</latexit>

K = ✏̄�(1)✏
<latexit sha1_base64="FAZyjQLrZu79o+3XpsO96nFQWdI="></latexit>

⇠[ = 1
3 ✏̄�(1)�⇤✏

<latexit sha1_base64="2/cxVocerfndwae0KSjHTu6uXT8="></latexit>

Y = �i✏̄�(2)✏
<latexit sha1_base64="3Rj/70z3tkrAYHtm86K4s/+3W6U="></latexit>

Y 0 = ✏̄�(2)�⇤✏

•  More bilinears exist  using      ,  which we won’t need
<latexit sha1_base64="QufmvfHH1Zt38eb6cNu2pI4F6Kg=">AAAB8XicdVBNSwMxEJ2tX7V+VT16CRbBU9ktUttb0YvHCvYD27Vk02wbmk2WJCuUpf/CiwdFvPpvvPlvzLYVVPTBwOO9GWbmBTFn2rjuh5NbWV1b38hvFra2d3b3ivsHbS0TRWiLSC5VN8CaciZoyzDDaTdWFEcBp51gcpn5nXuqNJPixkxj6kd4JFjICDZWuu3TWDMuxR0ZFEtu2bWoVlFGvJrrWVKv1yqVOvLmluuWYInmoPjeH0qSRFQYwrHWPc+NjZ9iZRjhdFboJ5rGmEzwiPYsFTii2k/nF8/QiVWGKJTKljBorn6fSHGk9TQKbGeEzVj/9jLxL6+XmLDmp0zEiaGCLBaFCUdGoux9NGSKEsOnlmCimL0VkTFWmBgbUsGG8PUp+p+0K2WvWvauz0qNi2UceTiCYzgFD86hAVfQhBYQEPAAT/DsaOfReXFeF605ZzlzCD/gvH0CG6CROA==</latexit>

✏c

Using only a subset of information in KSEs/equations of motion

[Gauntlett,Martelli, 
Sparks,Waldram 04]   

•           is a one-form dual to an R-symmetry Killing vector -
<latexit sha1_base64="D1XsNCXoEG4FBOgC6jQyjdo0WLE=">AAAB8HicdVBNSwMxEM36WetX1aOXYBE8lWyR2t6KXjxWsB/SXUs2zbahye6SzIql9Fd48aCIV3+ON/+N2baCij4YeLw3w8y8IJHCACEfztLyyuraem4jv7m1vbNb2NtvmTjVjDdZLGPdCajhUkS8CQIk7ySaUxVI3g5GF5nfvuPaiDi6hnHCfUUHkQgFo2ClG+9e3HqhpNArFEmJWFQqOCNulbiW1GrVcrmG3ZlFSBEt0OgV3r1+zFLFI2CSGtN1SQL+hGoQTPJp3ksNTygb0QHvWhpRxY0/mR08xcdW6eMw1rYiwDP1+8SEKmPGKrCdisLQ/PYy8S+vm0JY9SciSlLgEZsvClOJIcbZ97gvNGcgx5ZQpoW9FbMh1ZSBzShvQ/j6FP9PWuWSWym5V6fF+vkijhw6REfoBLnoDNXRJWqgJmJIoQf0hJ4d7Tw6L87rvHXJWcwcoB9w3j4BOx6QtQ==</latexit>

⇠[

dual to the R-symmetry of the dual d=4 SCFT         

(all were used in the G-structure analysis of                         )     

<latexit sha1_base64="qpcIyC8WdKfAS3k6e9uMytZizJE=">AAAB8nicdVDLSgNBEJyNrxhfUY9eBoPgKeyEkMct6MVjFPOAZAmzk0kyZHZnmelVwpLP8OJBEa9+jTf/xtkkgooWNBRV3XR3+ZEUBlz3w8msrW9sbmW3czu7e/sH+cOjtlGxZrzFlFS661PDpQh5CwRI3o00p4EvecefXqZ+545rI1R4C7OIewEdh2IkGAUr9fo3YjwBqrW6H+QLbtF1XUIITgmpVlxL6vVaidQwSS2LAlqhOc i/94eKxQEPgUlqTI+4EXgJ1SCY5PNcPzY8omxKx7xnaUgDbrxkcfIcn1lliEdK2woBL9TvEwkNjJkFvu0MKEzMby8V//J6MYxqXiLCKAYesuWiUSwxKJz+j4dCcwZyZgllWthbMZtQTRnYlHI2hK9P8f+kXSqSSrF8XS40LlZxZNEJOkXniKAqaqAr1EQtxJBCD+gJPTvgPDovzuuyNeOsZo7RDzhvn+D/kaw=</latexit>)



•  Convenient definition: 

i.e. the a central charge localizes! 

<latexit sha1_base64="OOvFp+OJ3XVog1IBXDkMPRwwe8E="></latexit>

y = 1
2e

3� sin ⇣
<latexit sha1_base64="W3fEI8ggqvRPTevn/Jud6zoPjKE=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgqmSq1HYhFN0IbirYB7RjyWTSNjSTGZKMMAz1V9y4UMStH+LOvzHTVlDRA4HDOfdwb44XcaY0Qh9Wbml5ZXUtv17Y2Nza3rF399oqjCWhLRLyUHY9rChngrY005x2I0lx4HHa8SYXmd+5o1KxUNzoJKJugEeCDRnB2kgDu+gn8AzS2/S4z03Kx1N4NbBLqIwMqlWYEaeGHEPq9VqlUofOzEKoBBZoDuz3vh+SOKBCE46V6jko0m6KpWaE02mhHysaYTLBI9ozVOCAKjedHT+Fh0bx4TCU5gkNZ+r3RIoDpZLAM5MB1mP128vEv7xerIc1N2UiijUVZL5oGHOoQ5g1AX0mKdE8MQQTycytkIyxxESbvgqmhK+fwv9Ju1J2qmXn+qTUOF/UkQf74AAcAQecgga4BE3QAgQk4AE8gWfr3nq0XqzX+WjOWmSK4Aest0+WQJQc</latexit>

dy = e3�K

•  Equivariantly closed forms: 

<latexit sha1_base64="790UjYEW/Q8ebEHR3Ze7hcc1AKA="></latexit>

� = e9�vol6 +
1
12e

9� ⇤ Y � 1
36ye

6�Y � 1
162y

3

<latexit sha1_base64="kL9AFi+6l0AGn3mTSHv72+EWPpw=">AAACA3icdVDLSgMxFM3UV62vUXe6CRbBVZkpMra7ohs3QgX7gM4wZNK0Dc0kQ5IRylBw46+4caGIW3/CnX9jpq2gogcCh3Pu5eacKGFUacf5sApLyyura8X10sbm1vaOvbvXViKVmLSwYEJ2I6QIo5y0NNWMdBNJUBwx0onGF7nfuSVSUcFv9CQhQYyGnA4oRtpIoX2AoJ9IkWgBoU+5DrOr0Jv6zREthXbZqTgGngdz4tYc15B6vVat1qE7sxynDBZohva73xc4jQnXmCGleq6T6CBDUlPMyLTkp4okCI/RkPQM5SgmKshmGabw2Ch9OBDSPK7hTP2+kaFYqUkcmckY6ZH67eXiX14v1YNakFGepJpwPD80SBk0ifNCYJ9KgjWbGIKwpOavEI+QRFib2vISvpLC/0m7WnG9int9Wm6cL+oogkNwBE6AC85AA1yCJmgBDO7AA3gCz9a99Wi9WK/z0YK12NkHP2C9fQL13Zca</latexit>

a /
Z

M6

�

<latexit sha1_base64="pC0RqiPRnfgub54R1LnxSnDjJEQ=">AAAB9HicdVDLSgNBEOyNrxhfUY9eBoPgKcwGiclBCHrxGME8ILuE2dnZZMjsw5nZYAj5Di8eFPHqx3jzb5xNIqhoQUNR1U13l5cIrjTGH1ZuZXVtfSO/Wdja3tndK+4ftFWcSspaNBax7HpEMcEj1tJcC9ZNJCOhJ1jHG11lfmfMpOJxdKsnCXNDMoh4wCnRRnL9vnPPneaQowuE+8USLmODahVlxK5h25B6vVap1JE9tzAuwRLNfvHd8WOahizSVBClejZOtDslUnMq2KzgpIolhI7IgPUMjUjIlDudHz1DJ0bxURBLU5FGc/X7xJSESk1Cz3SGRA/Vby8T//J6qQ5q7pRHSapZRBeLglQgHaMsAeRzyagWE0MIldzciuiQSEK1yalgQvj6FP1P2pWyXS3bN2elxuUyjjwcwTGcgg3n0IBraEILKNzBAzzBszW2Hq0X63XRmrOWM4fwA9bbJ7HRkWk=</latexit>

d⇠� = 0

<latexit sha1_base64="ulD76xgeiW3ZFwOJCMXcdL0JwMo="></latexit>

�G = G(4) � 1
3e

3�Y 0 + 1
9y

Flux quantization can be implemented via localization!

<latexit sha1_base64="Zv0Jrl4JK6gO2C3+XiY/KC/M1nc="></latexit>

c

Z

C4

G(4) 2 Z <latexit sha1_base64="IjGSLaRUzs64p+nS9v9PS1ubiiU="></latexit>

C4 2 H4(M6,Z)

<latexit sha1_base64="cseYnJtoch3MOLtTkHUNBuTlyXI=">AAAB+XicdVDLSsNAFJ34rPUVdelmsAiuyqRIbRdC0YUuK9gHNDFMJtN26GQSZibFEvonblwo4tY/ceffOGkrqOiBC4dz7uXee4KEM6UR+rCWlldW19YLG8XNre2dXXtvv63iVBLaIjGPZTfAinImaEszzWk3kRRHAaedYHSZ+50xlYrF4lZPEupFeCBYnxGsjeTbdui79wy6zSG7u4LnEPl2CZWRQbUKc+LUkGNIvV6rVOrQmVkIlcACTd9+d8OYpBEVmnCsVM9BifYyLDUjnE6LbqpogskID2jPUIEjqrxsdvkUHhslhP1YmhIaztTvExmOlJpEgemMsB6q314u/uX1Ut2veRkTSaqpIPNF/ZRDHcM8BhgySYnmE0MwkczcCskQS0y0CatoQvj6FP5P2pWyUy07N6elxsUijgI4BEfgBDjgDDTANWiCFiBgDB7AE3i2MuvRerFe561L1mLmAPyA9fYJ0H2SfQ==</latexit>

d⇠�
G = 0



Putting these tools to work (“computing     without trying”)

•  Solutions arising from wrapping M5-branes                    with     

• Specify topology of         and action of R-symmetry
<latexit sha1_base64="uxepRQL5U6Tw0x1flI87iPRYhy8=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU8kWWdtb0YsXoaL9gHYp2TTbhmazS5IVSulP8OJBEa/+Im/+G7NtBRV9MPB4b4aZeUEiuDYYfzi5ldW19Y38ZmFre2d3r7h/0NJxqihr0ljEqhMQzQSXrGm4EayTKEaiQLB2ML7M/PY9U5rH8s5MEuZHZCh5yCkxVrq97nv9YgmXsYXnoYy4VexaUqtVK5UacucWxiVYotEvvvcGMU0jJg0VROuuixPjT4kynAo2K/RSzRJCx2TIupZKEjHtT+enztCJVQYojJUtadBc/T4xJZHWkyiwnRExI/3by8S/vG5qwqo/5TJJDZN0sShMBTIxyv5GA64YNWJiCaGK21sRHRFFqLHpFGwIX5+i/0mrUna9sntzVqpfLOPIwxEcwym4cA51uIIGNIHCEB7gCZ4d4Tw6L87rojXnLGcO4Qect08q/429</latexit>

M6

• Compute integrals via BVAB

<latexit sha1_base64="lD+DIVt0ISahOYlGwm9sHa87wzo=">AAAB/HicdVDLSsNAFJ3UV62vaJduBovgqiRVarsrduOyon1IE8JkOmmHziRhZiKEUH/FjQtF3Poh7vwbJ20FFT1w4XDOvdx7jx8zKpVlfRiFldW19Y3iZmlre2d3z9w/6MkoEZh0ccQiMfCRJIyGpKuoYmQQC4K4z0jfn7Zzv39HhKRReKPSmLgcjUMaUIyUljyz7FzTMUfQkYkviYLtW+/UMytW1dKo12FO7IZla9JsNmq1JrTnlmVVwBIdz3x3RhFOOAkVZkjKoW3Fys2QUBQzMis5iSQxwlM0JkNNQ8SJdLP58TN4rJURDCKhK1Rwrn6fyBCXMuW+7uRITeRvLxf/8oaJChpuRsM4USTEi0VBwqCKYJ4EHFFBsGKpJggLqm+FeIIEwkrnVdIhfH0K/ye9WtWuV+2rs0rrYhlHERyCI3ACbHAOWuASdEAXYJCCB/AEno1749F4MV4XrQVjOVMGP2C8fQL4r5RZ</latexit>

⌃ ⇢ CY3

a)                    a genus      Riemann surface
<latexit sha1_base64="kQljjBP1pKQNuomIGvknbztAHO4=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCqzJTpLYLoejGZUX7gHYYMmlmGppkhiQj1KFf4saFIm79FHf+jZm2gooeuNzDOfeSmxMkjCrtOB9WYWV1bX2juFna2t7ZLdt7+10VpxKTDo5ZLPsBUoRRQTqaakb6iSSIB4z0gsll7vfuiFQ0Frd6mhCPo0jQkGKkjeTb5eENjTg6XzQ/8u2KU3UM6nWYE7fhuIY0m41arQndueU4FbBE27ffh6MYp5wIjRlSauA6ifYyJDXFjMxKw1SRBOEJisjAUIE4UV42P3wGj40ygmEsTQkN5+r3jQxxpaY8MJMc6bH67eXiX94g1WHDy6hIUk0EXjwUpgzqGOYpwBGVBGs2NQRhSc2tEI+RRFibrEomhK+fwv9Jt1Z161X3+rTSuljGUQSH4AicABecgRa4Am3QARik4AE8gWfr3nq0XqzXxWjBWu4cgB+w3j4Br8STIQ==</latexit>

⌃ = ⌃g
<latexit sha1_base64="hiecBtt21IjNlLlt2Okp0/mKHIw=">AAAB6HicdVBNSwMxEJ2tX7V+VT16CRbBU8kWqe2t6MVjC/YD2qVk02wbm80uSVYoS3+BFw+KePUnefPfmG0rqOiDgcd7M8zM82PBtcH4w8mtrW9sbuW3Czu7e/sHxcOjjo4SRVmbRiJSPZ9oJrhkbcONYL1YMRL6gnX96XXmd++Z0jySt2YWMy8kY8kDTomxUms8LJZwGVtUqygjbg27ltTrtUqljtyFhXEJVmgOi++DUUSTkElDBdG67+LYeClRhlPB5oVBollM6JSMWd9SSUKmvXRx6BydWWWEgkjZkgYt1O8TKQm1noW+7QyJmejfXib+5fUTE9S8lMs4MUzS5aIgEchEKPsajbhi1IiZJYQqbm9FdEIUocZmU7AhfH2K/iedStmtlt3WRalxtYojDydwCufgwiU04Aaa0AYKDB7gCZ6dO+fReXFel605ZzVzDD/gvH0CJcGNLg==</latexit>g

[Maldacena,Nunez 00][Bah,Beem,Bobev,Wecht 12]   

b)                            a spindle
<latexit sha1_base64="OBgut/NntGugYLEKgsdX9GdasAY=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARKmqZKVLbhVB047KifUA7DJk004ZmMkOSEcrYhb/ixoUibv0Nd/6NmbaCih643MM595Kb40WMSmVZH0Zmbn5hcSm7nFtZXVvfMDe3mjKMBSYNHLJQtD0kCaOcNBRVjLQjQVDgMdLyhhep37olQtKQ36hRRJwA9Tn1KUZKS665072m/QCdTVuBu4dH3D0+cM28VbQ0ymWYErti2ZpUq5VSqQrtiWVZeTBD3TXfu70QxwHhCjMkZce2IuUkSCiKGRnnurEkEcJD1CcdTTkKiHSSyf1juK+VHvRDoYsrOFG/byQokHIUeHoyQGogf3up+JfXiZVfcRLKo1gRjqcP+TGDKoRpGLBHBcGKjTRBWFB9K8QDJBBWOrKcDuHrp/B/0iwV7XLRvjrJ185ncWTBLtgDBWCDU1ADl6AOGgCDO/AAnsCzcW88Gi/G63Q0Y8x2tsEPGG+fY+GVEA==</latexit>

⌃ = ⌃(n+, n�)
[Ferrero,Gauntlett,Martelli,Sparks 21]   

The CY can be viewed as the total space of 
<latexit sha1_base64="BiOuVoBqWE04EtkjyU4oSMOOEg8="></latexit>

O(�p1)�O(�p2) ! ⌃ with
<latexit sha1_base64="2KqfbqkdDtPRCNJZ0MSuWdYrRlE=">AAAB/XicdVDLSgMxFM3UV62v8bFzEyxCRSiTQWq7EIpuXFa0D+iUIZNm2tDMgyQj1KH4K25cKOLW/3Dn35hpK6jogQuHc+7l3nu8mDOpLOvDyC0sLi2v5FcLa+sbm1vm9k5LRokgtEkiHomOhyXlLKRNxRSnnVhQHHictr3RRea3b6mQLApv1DimvQAPQuYzgpWWXHMvdtFx7NpnDhmyknPNBgE+cs2iVbY0KhWYEVS1kCa1WtW2axBNLcsqgjkarvnu9COSBDRUhGMpu8iKVS/FQjHC6aTgJJLGmIzwgHY1DXFAZS+dXj+Bh1rpQz8SukIFp+r3iRQHUo4DT3cGWA3lby8T//K6ifKrvZSFcaJoSGaL/IRDFcEsCthnghLFx5pgIpi+FZIhFpgoHVhBh/D1KfyftOwyqpTR1Umxfj6PIw/2wQEoAQROQR1cggZoAgLuwAN4As/GvfFovBivs9acMZ/ZBT9gvH0C+5OUTQ==</latexit>

p1 + p2 = �(⌃)

<latexit sha1_base64="8ocZTBpEZLoEmtAFoNf7W8ASLAw=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4Ct0hZLkFvXhMwCyQDKGn05O06Vno7hFCyBd48aCIVz/Jm39jTxJBRR8UPN6roqqeF0uhDcYfTmZjc2t7J7ub29s/ODzKH590dJQoxtsskpHqeVRzKULeNsJI3osVp4EnedebXqd+954rLaLw1sxi7gZ0HApfMGqs1KLDfAEXMcaEEJQSUq1gS+r1WonUEEktiwKs0Rzm3wejiCUBDw2TVOs+wbFx51QZwSRf5AaJ5jFlUzrmfUtDGnDtzpeHLtCFVUbIj5St0KCl+n1iTgOtZ4FnOwNqJvq3l4p/ef3E+DV3LsI4MTxkq0V+IpGJUPo1GgnFmZEzSyhTwt6K2IQqyozNJmdD+PoU/U86pSKpFMutcqFxtY4jC2dwDpdAoAoNuIEmtIEBhwd4gmfnznl0XpzXVWvGWc+cwg84b58TUI0k</latexit>a



IF this gives rise to a d=4 CFT there will be a                   solution                        
with                              and the fibration determined by

<latexit sha1_base64="0eEpC5/T9xs7f+P+OwBz12oXfR8=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCqzIpGttd1Y0boaJ9QBvCZDJph04ezEyEGvolblwo4tZPceffOGkrqOiBC4dz7uXee7yEM6kQ+jAKS8srq2vF9dLG5tZ22dzZ7cg4FYS2Scxj0fOwpJxFtK2Y4rSXCIpDj9OuN77I/e4dFZLF0a2aJNQJ8TBiASNYack1y2f+jXsyUCykEl65tmtWUBVp2DbMiVVHliaNRr1Wa0BrZiFUAQu0XPN94MckDWmkCMdS9i2UKCfDQjHC6bQ0SCVNMBnjIe1rGmG9yMlmh0/hoVZ8GMRCV6TgTP0+keFQykno6c4Qq5H87eXiX14/VUHdyViUpIpGZL4oSDlUMcxTgD4TlCg+0QQTwfStkIywwETprEo6hK9P4f+kU6tadtW6Pq40zxdxFME+OABHwAKnoAkuQQu0AQEpeABP4Nm4Nx6NF+N13lowFjN74AeMt0/RU5KQ</latexit>

AdS5 ⇥M6
<latexit sha1_base64="WQtXOKtx3DE5pg9g6CE8biAr7+k=">AAAB/XicdVDLSsNAFJ3UV62v+Ni5GSyCq5KUEttd0Y0boVL7gCaWyXTSDp1MwsxEqKH4K25cKOLW/3Dn3zhpK6jogWEO59zLvff4MaNSWdaHkVtaXlldy68XNja3tnfM3b22jBKBSQtHLBJdH0nCKCctRRUj3VgQFPqMdPzxeeZ3bomQNOLXahITL0RDTgOKkdJS3zxo3lRcFcHLvpN9bpMOQ9Q3i1bJ0nAcmBG7atma1GrVcrkG7ZllWUWwQKNvvruDCCch4QozJGXPtmLlpUgoihmZFtxEkhjhMRqSnqYchUR66Wz7KTzWygAGkdCPKzhTv3ekKJRyEvq6MkRqJH97mfiX10tUUPVSyuNEEY7ng4KEQX1nFgUcUEGwYhNNEBZU7wrxCAmElQ6soEP4uhT+T9rlku2U7KtKsX62iCMPDsEROAE2OAV1cAEaoAUwuAMP4Ak8G/fGo/FivM5Lc8aiZx/8gPH2CVW5lIg=</latexit>

S4 ! M6 ! ⌃
<latexit sha1_base64="p/v/+iuJp1A5cF4LhnEJ6KdMi4I=">AAACInicdZDLSsNAFIYnXmu9RV26GSyCq5KUUptdsRuX9dILNDFMppN26OTCzEQoIc/ixldx40JRV4IP46St0IoeGPj5/nOYc34vZlRIw/jUVlbX1jc2C1vF7Z3dvX394LAjooRj0sYRi3jPQ4IwGpK2pJKRXswJCjxGut64mfvde8IFjcJbOYmJE6BhSH2KkVTI1a2bu6otEk8QCe0AyZHnpc3MNe0oZolYIJVlcp25eskoG6 pqNZgLs26YSlhWvVKxoDm1DKME5tVy9Xd7EOEkIKHEDAnRN41YOinikmJGsqKdCBIjPEZD0lcyRAERTjo9MYOnigygH3H1QgmndHEiRYEQk8BTnfmG4reXw7+8fiL9upPSME4kCfHsIz9hUEYwzwsOKCdYsokSCHOqdoV4hDjCUqVaVCH8XAr/F51K2ayVzatqqXExj6MAjsEJOAMmOAcNcAlaoA0weABP4AW8ao/as/amfcxaV7T5zBFYKu3rG2HNpXw=</latexit>

S4 ⇢ C1 � C2 � R <latexit sha1_base64="0ie2+vur0Uq3lPAMjFQTp7u8AHo=">AAAB83icdVDLSgMxFL3js9ZX1aWbYBFclUyR2u6K3bisYB/QGUomzbShmcyQZIQy9DfcuFDErT/jzr8x01ZQ0QOBwzn3ck9OkAiuDcYfztr6xubWdmGnuLu3f3BYOjru6jhVlHVoLGLVD4hmgkvWMdwI1k8UI1EgWC+YtnK/d8+U5rG8M7OE+REZSx5ySoyVPC8iZhIEWWs+5MNSGVewRa2GcuLWsWtJo1GvVhvIXVgYl2GF9rD07o1imkZMGiqI1gMXJ8bPiDKcCjYveqlmCaFTMmYDSyWJmPazReY5OrfKCIWxsk8atFC/b2Qk0noWBXYyz6h/e7n4lzdITVj3My6T1DBJl4fCVCATo7wANOKKUSNmlhCquM2K6IQoQo2tqWhL+Pop+p90qxW3VnFvL8vN61UdBTiFM7gAF66gCTfQhg5QSOABnuDZSZ1H58V5XY6uOaudE/gB5+0TgWaSAg==</latexit>

Ciwith twisted using
<latexit sha1_base64="/zIVKVkvoAuyUhZ6NNGSBVXyIfU=">AAAB+nicdVDLSgMxFM34rPU11aWbYBHqwpIpUttd0Y07K9gHtMOQSTNtaCYzJBmljP0UNy4UceuXuPNvzLQVVPRA4HDOvdyT48ecKY3Qh7W0vLK6tp7byG9ube/s2oW9tooSSWiLRDySXR8rypmgLc00p91YUhz6nHb88UXmd26pVCwSN3oSUzfEQ8ECRrA2kmcX+iHWI4J5ejUtncQeO/bsIiojg2oVZsSpIceQer1WqdShM7MQKoIFmp793h9EJAmp0IRjpXoOirWbYqkZ4XSa7yeKxpiM8ZD2DBU4pMpNZ9Gn8MgoAxhE0jyh4Uz9vpHiUKlJ6JvJLKj67WXiX14v0UHNTZmIE00FmR8KEg51BLMe4IBJSjSfGIKJZCYrJCMsMdGmrbwp4eun8H/SrpSdatm5Pi02zhd15MABOAQl4IAz0ACXoAlagIA78ACewLN1bz1aL9brfHTJWuzsgx+w3j4B66eTyw==</latexit>

O(�pi)

And the solution will have an R-symmetry Killing vector

a)                : M5-branes wrapping a Riemann surface
<latexit sha1_base64="kQljjBP1pKQNuomIGvknbztAHO4=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCqzJTpLYLoejGZUX7gHYYMmlmGppkhiQj1KFf4saFIm79FHf+jZm2gooeuNzDOfeSmxMkjCrtOB9WYWV1bX2juFna2t7ZLdt7+10VpxKTDo5ZLPsBUoRRQTqaakb6iSSIB4z0gsll7vfuiFQ0Frd6mhCPo0jQkGKkjeTb5eENjTg6XzQ/8u2KU3UM6nWYE7fhuIY0m41arQndueU4FbBE27ffh6MYp5wIjRlSauA6ifYyJDXFjMxKw1SRBOEJisjAUIE4UV42P3wGj40ygmEsTQkN5+r3jQxxpaY8MJMc6bH67eXiX94g1WHDy6hIUk0EXjwUpgzqGOYpwBGVBGs2NQRhSc2tEI+RRFibrEomhK+fwv9Jt1Z161X3+rTSuljGUQSH4AicABecgRa4Am3QARik4AE8gWfr3nq0XqzXxWjBWu4cgB+w3j4Br8STIQ==</latexit>

⌃ = ⌃g

Let          rotate the        and hence give KVs acting 
<latexit sha1_base64="gq1COilPE1t6ydF3FxUoGAK6dfQ=">AAAB/XicdVDLSgMxFM3UV62v8bFzEyyCq5IpUttd0Y3LCvYBnWHIpJk2NJMZkkyhDsVfceNCEbf+hzv/xkxbQUUPXDicc29y7wkSzpRG6MMqrKyurW8UN0tb2zu7e/b+QUfFqSS0TWIey16AFeVM0LZmmtNeIimOAk67wfgq97sTKhWLxa2eJtSL8FCwkBGsjeTbR26CpWaY+5k7wTIZMZ/NfLuMKsigVoM5cerIMaTRqFerDejMLYTKYImWb7+7g5ikERWacKxU30GJ9rL8ZcLprOSmiiaYjPGQ9g0VOKLKy+bbz+CpUQYwjKUpoeFc/T6R4UipaRSYzgjrkfrt5eJfXj/VYd3LmEhSTQVZfBSmHOoY5lHAAZOUaD41BBPJzK6QjLDERJvASiaEr0vh/6RTrTi1inNzXm5eLuMogmNwAs6AAy5AE1yDFmgDAu7AA3gCz9a99Wi9WK+L1oK1nDkEP2C9fQKlcJYE</latexit>

@'i

<latexit sha1_base64="0ie2+vur0Uq3lPAMjFQTp7u8AHo=">AAAB83icdVDLSgMxFL3js9ZX1aWbYBFclUyR2u6K3bisYB/QGUomzbShmcyQZIQy9DfcuFDErT/jzr8x01ZQ0QOBwzn3ck9OkAiuDcYfztr6xubWdmGnuLu3f3BYOjru6jhVlHVoLGLVD4hmgkvWMdwI1k8UI1EgWC+YtnK/d8+U5rG8M7OE+REZSx5ySoyVPC8iZhIEWWs+5MNSGVewRa2GcuLWsWtJo1GvVhvIXVgYl2GF9rD07o1imkZMGiqI1gMXJ8bPiDKcCjYveqlmCaFTMmYDSyWJmPazReY5OrfKCIWxsk8atFC/b2Qk0noWBXYyz6h/e7n4lzdITVj3My6T1DBJl4fCVCATo7wANOKKUSNmlhCquM2K6IQoQo2tqWhL+Pop+p90qxW3VnFvL8vN61UdBTiFM7gAF66gCTfQhg5QSOABnuDZSZ1H58V5XY6uOaudE/gB5+0TgWaSAg==</latexit>

Ci

<latexit sha1_base64="mtqy3LpTHPUOLh1DraTFgTxSEs8=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU8mWUttb0YvHSu0HtGvJpmkbms0uSVYoS3+CFw+KePUXefPfmG0rqOiDgcd7M8zM8yPBtcH4w8msrW9sbmW3czu7e/sH+cOjtg5jRVmLhiJUXZ9oJrhkLcONYN1IMRL4gnX86VXqd+6Z0jyUt2YWMS8gY8lHnBJjpWbzrjzIF3ARW1QqKCVuFbuW1GrVUqmG3IWFcQFWaAzy7/1hSOOASUMF0brn4sh4CVGGU8HmuX6sWUTolIxZz1JJAqa9ZHHqHJ1ZZYhGobIlDVqo3ycSEmg9C3zbGRAz0b+9VPzL68VmVPUSLqPYMEmXi0axQCZE6d9oyBWjRswsIVRxeyuiE6IINTadnA3h61P0P2mXim6l6N6UC/XLVRxZOIFTOAcXLqAO19CAFlAYwwM8wbMjnEfnxXldtmac1cwx/IDz9gkvlo3A</latexit>

S4

Write
<latexit sha1_base64="pcvSFkJfu5VZGI9/vWi62XMX7Oc="></latexit>

⇠ = b1@'1 + b2@'2

For                 the KV has fixed points at N and S poles of 
<latexit sha1_base64="sF7+kltx1i+zP7f1Hv9Rl0z2MGU=">AAAB7nicdVBNS0JBFL3Pvsy+rJZthiRoJfMkTHdSm5YG+QEqMm+86uC8eY+ZeYGIP6JNiyLa9nva9W+apwYVdeDC4Zx7ufeeIJbCWEo/vMza+sbmVnY7t7O7t3+QPzxqmijRHBs8kpFuB8ygFAobVliJ7VgjCwOJrWBynfqte9RGROrOTmPshWykxFBwZp3UCvqiq5D28wVapA7lMkmJX6G+I9VqpVSqEn9hUVqAFer9/Ht3EPEkRGW5ZMZ0fBrb3oxpK7jEea6bGIwZn7ARdhxVLETTmy3OnZMzpwzIMNKulCUL9fvEjIXGTMPAdYbMjs1vLxX/8jqJHVZ6M6HixKLiy0XDRBIbkfR3MhAauZVTRxjXwt1K+Jhpxq1LKOdC+PqU/E+apaJfLvq3F4Xa1SqOLJzAKZyDD5dQgxuoQwM4TOABnuDZi71H78V7XbZmvNXMMfyA9/YJRxuPjA==</latexit>

bi 6= 0
<latexit sha1_base64="mtqy3LpTHPUOLh1DraTFgTxSEs8=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU8mWUttb0YvHSu0HtGvJpmkbms0uSVYoS3+CFw+KePUXefPfmG0rqOiDgcd7M8zM8yPBtcH4w8msrW9sbmW3czu7e/sH+cOjtg5jRVmLhiJUXZ9oJrhkLcONYN1IMRL4gnX86VXqd+6Z0jyUt2YWMS8gY8lHnBJjpWbzrjzIF3ARW1QqKCVuFbuW1GrVUqmG3IWFcQFWaAzy7/1hSOOASUMF0brn4sh4CVGGU8HmuX6sWUTolIxZz1JJAqa9ZHHqHJ1ZZYhGobIlDVqo3ycSEmg9C3zbGRAz0b+9VPzL68VmVPUSLqPYMEmXi0axQCZE6d9oyBWjRswsIVRxeyuiE6IINTadnA3h61P0P2mXim6l6N6UC/XLVRxZOIFTOAcXLqAO19CAFlAYwwM8wbMjnEfnxXldtmac1cwx/IDz9gkvlo3A</latexit>

S4

and the fixed point set is 
<latexit sha1_base64="BXpQ2UEAyvgKiH/hFzXOtHVUsYw=">AAAB73icdVBNSwMxEJ2tX7V+VT16CRbBU8kWqe2t6MVjRfsB7VKyaXYbms2uSVYopX/CiwdFvPp3vPlvzLYVVPTBwOO9GWbm+Yng2mD84eRWVtfWN/Kbha3tnd294v5BW8epoqxFYxGrrk80E1yyluFGsG6iGIl8wTr++DLzO/dMaR7LWzNJmBeRUPKAU2Ks1O3f8DAig3BQLOEytqhWUUbcGnYtqddrlUoduXML4xIs0RwU3/vDmKYRk4YKonXPxYnxpkQZTgWbFfqpZgmhYxKynqWSREx70/m9M3RilSEKYmVLGjRXv09MSaT1JPJtZ0TMSP/2MvEvr5eaoOZNuUxSwyRdLApSgUyMsufRkCtGjZhYQqji9lZER0QRamxEBRvC16fof9KulN1q2b0+KzUulnHk4QiO4RRcOIcGXEETWkBBwAM8wbNz5zw6L87rojXnLGcO4Qect08/qZAg</latexit>

⌃g

Spinor at the poles is chiral 
<latexit sha1_base64="FAeM2uuOIyHrsLHPussbLhWSqBk=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEQSjJILVdCEU3LqvYB7TDkEnTNjTzIMkoZSj4K25cKOLW73Dn35hpK6jogQuHc+7l3nv8WHClEfqwcguLS8sr+dXC2vrG5pa9vdNUUSIpa9BIRLLtE8UED1lDcy1YO5aMBL5gLX90kfmtWyYVj8IbPY6ZG5BByPucEm0kz97rXvPBUBMpozvoe/jY95wz7NlFVEIG5TLMCK4gbEi1WnGcKsRTC6EimKPu2e/dXkSTgIWaCqJUB6NYuymRmlPBJoVuolhM6IgMWMfQkARMuen0/Ak8NEoP9iNpKtRwqn6fSEmg1DjwTWdA9FD99jLxL6+T6H7FTXkYJ5qFdLaonwioI5hlAXtcMqrF2BBCJTe3QjokklBtEiuYEL4+hf+TplPC5RK+OinWzudx5ME+OABHAINTUAOXoA4agIIUPIAn8GzdW4/Wi/U6a81Z85ld8APW2ycF8JTj</latexit>

) b1 + b2 = 1



Now use BVAB/localisation:

•  Flux quantisation
<latexit sha1_base64="ARM/9gOderOjOvKIEoAMoTNgRLM=">AAAB/nicdVDLSsNAFJ3UV62vqLhyM1iEuilJKbVdCEUXupKK9gFtDJPptB06mYSZiVBCwF9x40IRt36HO//GSVtBRQ9cOJxzL/fe44WMSmVZH0ZmYXFpeSW7mltb39jcMrd3WjKIBCZNHLBAdDwkCaOcNBVVjHRCQZDvMdL2xmep374jQtKA36hJSBwfDTkdUIyUllxzD/coV258fVtO4LkbF8pHycmla+atoqVRqcCU2FXL1qRWq5ZKNWhPLcvKgzkarvne6wc48glXmCEpu7YVKidGQlHMSJLrRZKECI/RkHQ15cgn0omn5yfwUCt9OAiELq7gVP0+ESNfyonv6U4fqZH87aXiX143UoOqE1MeRopwPFs0iBhUAUyzgH0qCFZsognCgupbIR4hgbDSieV0CF+fwv9Jq1S0K0X7qpyvn87jyIJ9cAAKwAbHoA4uQAM0AQYxeABP4Nm4Nx6NF+N11pox5jO74AeMt0/tGJTU</latexit>

c

Z

S4

G(4) = N

•  Central charge 
<latexit sha1_base64="cCkJUIQmC2BExnc6fCFoLoJJnRs="></latexit>

a = �9

8
b1b2(b1p2 + b2p1)N

3

Comments:

•  This is an off-shell result. On-shell result obtained by 
extremizing            subject to                       and agrees 
with known sugra solutions

<latexit sha1_base64="xedcgBGUDBsLqcPuNWhnsN4PP38=">AAAB7XicdVBNSwMxEJ2tX7V+VT16CRahXkq2SG1vRS8eK9gPaJeSTbNtNJtdkqxQlv4HLx4U8er/8ea/MdtWUNEHA4/3ZpiZ58eCa4Pxh5NbWV1b38hvFra2d3b3ivsHHR0lirI2jUSkej7RTHDJ2oYbwXqxYiT0Bev6d5eZ371nSvNI3phpzLyQjCUPOCXGSh1S9of8dFgs4Qq2qNVQRtw6di1pNOrVagO5cwvjEizRGhbfB6OIJiGThgqidd/FsfFSogyngs0Kg0SzmNA7MmZ9SyUJmfbS+bUzdGKVEQoiZUsaNFe/T6Qk1Hoa+rYzJGaif3uZ+JfXT0xQ91Iu48QwSReLgkQgE6HsdTTiilEjppYQqri9FdEJUYQaG1DBhvD1KfqfdKoVt1Zxr89KzYtlHHk4gmMogwvn0IQraEEbKNzCAzzBsxM5j86L87pozTnLmUP4AeftExicjtU=</latexit>

a(bi)
<latexit sha1_base64="D3PmDEQafeVGen7iPc30XgWIqFE=">AAAB8HicdVBNSwMxEM3Wr1q/qh69BIsgCCVZpLYHoejFYwXbKu2yZNNsG5rsLklWKEt/hRcPinj153jz35htK6jog4HHezPMzAsSwbVB6MMpLC2vrK4V10sbm1vbO+XdvY6OU0VZm8YiVrcB0UzwiLUNN4LdJooRGQjWDcaXud+9Z0rzOLoxk4R5kgwjHnJKjJXuAh+fBL57jv1yBVWRRa0Gc4LrCFvSaNRdtwHxzEKoAhZo+eX3/iCmqWSRoYJo3cMoMV5GlOFUsGmpn2qWEDomQ9azNCKSaS+bHTyFR1YZwDBWtiIDZ+r3iYxIrScysJ2SmJH+7eXiX14vNWHdy3iUpIZFdL4oTAU0Mcy/hwOuGDViYgmhittbIR0RRaixGZVsCF+fwv9Jx63iWhVfn1aaF4s4iuAAHIJjgMEZaIIr0AJtQIEED+AJPDvKeXRenNd5a8FZzOyDH3DePgGDHY+V</latexit>

b1 + b2 = 1

•  Result agrees with off-shell computation in field theory

•  SUGRA computation using BVAB is much simpler than 
constructing sugra solution



b)                            :   M5-branes wrapping a spindle

Now write

For                 the KV now has 4 isolated fixed points located  
at the N and S poles of the         and the + and - poles of the 
spindle. Now find:

<latexit sha1_base64="sF7+kltx1i+zP7f1Hv9Rl0z2MGU=">AAAB7nicdVBNS0JBFL3Pvsy+rJZthiRoJfMkTHdSm5YG+QEqMm+86uC8eY+ZeYGIP6JNiyLa9nva9W+apwYVdeDC4Zx7ufeeIJbCWEo/vMza+sbmVnY7t7O7t3+QPzxqmijRHBs8kpFuB8ygFAobVliJ7VgjCwOJrWBynfqte9RGROrOTmPshWykxFBwZp3UCvqiq5D28wVapA7lMkmJX6G+I9VqpVSqEn9hUVqAFer9/Ht3EPEkRGW5ZMZ0fBrb3oxpK7jEea6bGIwZn7ARdhxVLETTmy3OnZMzpwzIMNKulCUL9fvEjIXGTMPAdYbMjs1vLxX/8jqJHVZ6M6HixKLiy0XDRBIbkfR3MhAauZVTRxjXwt1K+Jhpxq1LKOdC+PqU/E+apaJfLvq3F4Xa1SqOLJzAKZyDD5dQgxuoQwM4TOABnuDZi71H78V7XbZmvNXMMfyA9/YJRxuPjA==</latexit>

bi 6= 0

<latexit sha1_base64="OBgut/NntGugYLEKgsdX9GdasAY=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARKmqZKVLbhVB047KifUA7DJk004ZmMkOSEcrYhb/ixoUibv0Nd/6NmbaCih643MM595Kb40WMSmVZH0Zmbn5hcSm7nFtZXVvfMDe3mjKMBSYNHLJQtD0kCaOcNBRVjLQjQVDgMdLyhhep37olQtKQ36hRRJwA9Tn1KUZKS665072m/QCdTVuBu4dH3D0+cM28VbQ0ymWYErti2ZpUq5VSqQrtiWVZeTBD3TXfu70QxwHhCjMkZce2IuUkSCiKGRnnurEkEcJD1CcdTTkKiHSSyf1juK+VHvRDoYsrOFG/byQokHIUeHoyQGogf3up+JfXiZVfcRLKo1gRjqcP+TGDKoRpGLBHBcGKjTRBWFB9K8QDJBBWOrKcDuHrp/B/0iwV7XLRvjrJ185ncWTBLtgDBWCDU1ADl6AOGgCDO/AAnsCzcW88Gi/G63Q0Y8x2tsEPGG+fY+GVEA==</latexit>

⌃ = ⌃(n+, n�)
<latexit sha1_base64="VlJez1kiolOqiFoGlfn2jMhHpdY="></latexit>

⇠ = b1@'1 + b2@'2 + b0@'0

where           is the KV which rotates the spindle
<latexit sha1_base64="7MusRm3At4PNU8DwUOP2JG2bFrU=">AAAB/XicdVDLSgMxFM3UV62v8bFzEyyCq5IpUttd0Y3LCvYBnWHIpJk2NJMZkkyhDsVfceNCEbf+hzv/xkxbQUUPXDicc29y7wkSzpRG6MMqrKyurW8UN0tb2zu7e/b+QUfFqSS0TWIey16AFeVM0LZmmtNeIimOAk67wfgq97sTKhWLxa2eJtSL8FCwkBGsjeTbR26CpWaY+5k7wTIZMR/NfLuMKsigVoM5cerIMaTRqFerDejMLYTKYImWb7+7g5ikERWacKxU30GJ9rL8ZcLprOSmiiaYjPGQ9g0VOKLKy+bbz+CpUQYwjKUpoeFc/T6R4UipaRSYzgjrkfrt5eJfXj/VYd3LmEhSTQVZfBSmHOoY5lHAAZOUaD41BBPJzK6QjLDERJvASiaEr0vh/6RTrTi1inNzXm5eLuMogmNwAs6AAy5AE1yDFmgDAu7AA3gCz9a99Wi9WK+L1oK1nDkEP2C9fQJO05XL</latexit>

@'0

<latexit sha1_base64="mtqy3LpTHPUOLh1DraTFgTxSEs8=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU8mWUttb0YvHSu0HtGvJpmkbms0uSVYoS3+CFw+KePUXefPfmG0rqOiDgcd7M8zM8yPBtcH4w8msrW9sbmW3czu7e/sH+cOjtg5jRVmLhiJUXZ9oJrhkLcONYN1IMRL4gnX86VXqd+6Z0jyUt2YWMS8gY8lHnBJjpWbzrjzIF3ARW1QqKCVuFbuW1GrVUqmG3IWFcQFWaAzy7/1hSOOASUMF0brn4sh4CVGGU8HmuX6sWUTolIxZz1JJAqa9ZHHqHJ1ZZYhGobIlDVqo3ycSEmg9C3zbGRAz0b+9VPzL68VmVPUSLqPYMEmXi0axQCZE6d9oyBWjRswsIVRxeyuiE6IINTadnA3h61P0P2mXim6l6N6UC/XLVRxZOIFTOAcXLqAO19CAFlAYwwM8wbMjnEfnxXldtmac1cwx/IDz9gkvlo3A</latexit>

S4

<latexit sha1_base64="GP323ZPLqP3QJofKFpE/+YTc+Ks="></latexit>

a =
9

16b0
[(b+1 b

+
2 )

2 � (b�1 b
�
2 )

2]N3

<latexit sha1_base64="tD3BjBl80csDA/WM+3gu3Z5CUKE="></latexit>

b±1 + b±2 = 1⌥ b0
n±

<latexit sha1_base64="pF+lOMmc3R9HM+LqQpVEU8PHxkM="></latexit>

b+i � b�i = � pi
n+n�

with constraints:

•  Result agrees with off-shell computation                                 
in field theory                                                                         
(the form is a “gravitational block”                                 ) 

•  After extremizing                one obtains the result for the 
explicit SUGRA solution

[Hosseini,Hristov,Zaffaroni 19]   

[Ferrero,Gauntlett,Martelli,Sparks 21]   

<latexit sha1_base64="VP6h7abfAomQTWpJKdtCHbMnItY=">AAAB8XicdVDLSgNBEOz1GeMr6tHLYBAiSJgNISa3oBePEcwDkyXMTmaTIbOzy8ysEJb8hRcPinj1b7z5N04egooWNBRV3XR3+bHg2mD84aysrq1vbGa2sts7u3v7uYPDlo4SRVmTRiJSHZ9oJrhkTcONYJ1YMRL6grX98dXMb98zpXkkb80kZl5IhpIHnBJjpTtS8Pv43O/zs34uj4vYolJBM+JWsWtJrVYtlWrInVsY52GJRj/33htENAmZNFQQrbsujo2XEmU4FWya7SWaxYSOyZB1LZUkZNpL5xdP0alVBiiIlC1p0Fz9PpGSUOtJ6NvOkJiR/u3NxL+8bmKCqpdyGSeGSbpYFCQCmQjN3kcDrhg1YmIJoYrbWxEdEUWosSFlbQhfn6L/SatUdCvF8k05X79cxpGBYziBArhwAXW4hgY0gYKEB3iCZ0c7j86L87poXXGWM0fwA87bJ2YUkB0=</latexit>

a(b0, bi)



Example 2: D=4 Gauged Supergravity and black hole entropy  

•  Consider D=4               gauged SUGRA coupled to matter

<latexit sha1_base64="ZhXYZGDI/SSC+QvcLGSH4rqS0Go=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwVTKh9LGrunEjVLQPaEOYTCbt0MmDmYlQQ7/EjQtF3Pop7vwbJ20FFT1w4XDOvdx7j5dwJpVlfRgrq2vrG5uFreL2zu5eydw/6Mo4FYR2SMxj0fewpJxFtKOY4rSfCIpDj9OeN7nI/d4dFZLF0a2aJtQJ8ShiASNYack1S2f+jWsPFQuphFeu7Zplq2JZFkII5gTVa5YmzWbDRg2IckujDJZou+b70I9JGtJIEY6lHCArUU6GhWKE01lxmEqaYDLBIzrQNMJ6kZPND5/BE634MIiFrkjBufp9IsOhlNPQ050hVmP528vFv7xBqoKGk7EoSRWNyGJRkHKoYpinAH0mKFF8qgkmgulbIRljgYnSWRV1CF+fwv9J166gWqV6XS23zpdxFMAROAanAIE6aIFL0AYdQEAKHsATeDbujUfjxXhdtK4Yy5lD8APG2ye9QJKF</latexit>

AdS2 ⇥M2•  Focus on                        solutions

<latexit sha1_base64="Kj3p5Y/OPCF5WEAgUheowskH5oE=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4KkkpfSyEohtXUsE+oB1KJs20oZnMmGQKZeh3uHGhiFs/xp1/Y6atoKIHAodz7uWeHC8SXBuEPpzM2vrG5lZ2O7ezu7d/kD88auswVpS1aChC1fWIZoJL1jLcCNaNFCOBJ1jHm1ylfmfKlOahvDOziLkBGUnuc0qMldx+QMyYEpHczC9Kg3wBFRFCGGOYElytIEvq9VoJ1yBOLYsCWKE5yL/3hyGNAyYNFUTrHkaRcROiDKeCzXP9WLOI0AkZsZ6lkgRMu8ki9ByeWWUI/VDZJw1cqN83EhJoPQs8O5mG1L+9VPzL68XGr7kJl1FsmKTLQ34soAlh2gAccsWoETNLCFXcZoV0TBShxvaUsyV8/RT+T9qlIq4Uy7flQuNyVUcWnIBTcA4wqIIGuAZN0AIU3IMH8ASenanz6Lw4r8vRjLPaOQY/4Lx9As9lkiY=</latexit>

N = 2

<latexit sha1_base64="czO+Gbtpe1FMnWMcRsf89TQTJPk=">AAACAHicdVDLSgNBEJz1GeNr1YMHL4NB0EvYCSGPgxAUxByECEaFZA2zk0kcnH0w0xsMSy7+ihcPinj1M7z5N87GCCpa0FBUddPd5UVSaHCcd2tqemZ2bj6zkF1cWl5ZtdfWz3UYK8abLJShuvSo5lIEvAkCJL+MFKe+J/mFd3OY+hcDrrQIgzMYRtz1aT8QPcEoGKljbx5d1fdxdFVvA7+FZBDK0e5Jp7DXsXNO3nEcQghOCSmXHEOq1UqBVDBJLYMcmqDRsd/a3ZDFPg+ASap1izgRuAlVIJjko2w71jyi7Ib2ecvQgPpcu8n4gRHeMUoX90JlKgA8Vr9PJNTXeuh7ptOncK1/e6n4l9eKoVdxExFEMfCAfS7qxRJDiNM0cFcozkAODaFMCXMrZtdUUQYms6wJ4etT/D85L+RJKV88LeZqB5M4MmgLbaNdRFAZ1dAxaqAmYmiE7tEjerLurAfr2Xr5bJ2yJjMb6Aes1w+VyJXK</latexit>

F I = pIvol(M2)

•  These arise as the near horizon limit of susy magnetically 
charged black holes with event horizons:

<latexit sha1_base64="hiP82/Es3agSbfl7dXAoyZL3i8o=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwVTKl9LEQim7cCBVtLTQhTKaTdOhkEmYmQgn9DTcuFHHrz7jzb5y0FVT0wIXDOfdy7z1+wpnStv1hFVZW19Y3ipulre2d3b3y/kFfxakktEdiHsuBjxXlTNCeZprTQSIpjnxO7/zJRe7f3VOpWCxu9TShboRDwQJGsDaSc+XVzpwbFkbYC71yxa7ato0QgjlBzYZtSLvdqqEWRLllUAFLdL3yuzOKSRpRoQnHSg2RnWg3w1Izwums5KSKJphMcEiHhgocUeVm85tn8MQoIxjE0pTQcK5+n8hwpNQ08k1nhPVY/fZy8S9vmOqg5WZMJKmmgiwWBSmHOoZ5AHDEJCWaTw3BRDJzKyRjLDHRJqaSCeHrU/g/6deqqFGtX9crnfNlHEVwBI7BKUCgCTrgEnRBDxCQgAfwBJ6t1Hq0XqzXRWvBWs4cgh+w3j4Bgd2RXw==</latexit>

M2 = ⌃g

<latexit sha1_base64="Ofqkr7A1sxwtYw1XiABVurbfqoI=">AAAB/HicdVDLSgMxFM3UV62v0S7dBItQUcuklD4WQtGNG6GifUBbhkyatqGZzJBkhFLqr7hxoYhbP8Sdf2OmraCiBy4czrmXe+/xQs6UdpwPK7G0vLK6llxPbWxube/Yu3sNFUSS0DoJeCBbHlaUM0HrmmlOW6Gk2Pc4bXqji9hv3lGpWCBu9TikXR8PBOszgrWRXDt95ebPOjds4OOscI9PhHt65NoZJ+c4DkIIxgSVio4hlUo5j8oQxZZBBixQc+33Ti8gkU+FJhwr1UZOqLsTLDUjnE5TnUjREJMRHtC2oQL7VHUns+On8NAoPdgPpCmh4Uz9PjHBvlJj3zOdPtZD9duLxb+8dqT75e6EiTDSVJD5on7EoQ5gnATsMUmJ5mNDMJHM3ArJEEtMtMkrZUL4+hT+Txr5HCrmCteFTPV8EUcS7IMDkAUIlEAVXIIaqAMCxuABPIFn6956tF6s13lrwlrMpMEPWG+fox+Tfw==</latexit>

M2 = ⌃(n+, n�) black holes are accelerating

•  Find that the black entropy can be evaluated using localisation.       
New version of attractor mechanism.



•  E.g.               gauged SUGRA coupled to      vector multiplets
<latexit sha1_base64="bjB7rX2FSyW/zmCUDmSLKEamOsA=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4KkkpfSyEohtXUsE+oB1LJs20oZnMkGSUMvQ/3LhQxK3/4s6/MdNWUNEDgcM593JPjhcJrg1CH05mZXVtfSO7mdva3tndy+8ftHUYK8paNBSh6npEM8ElaxluBOtGipHAE6zjTS5Sv3PHlOahvDHTiLkBGUnuc0qMlW77ATFjSkRyNTsrwUG+gIoIIYwxTAmuVpAl9XqthGsQp5ZFASzRHOTf+8OQxgGThgqidQ+jyLgJUYZTwWa5fqxZROiEjFjPUkkCpt1knnoGT6wyhH6o7JMGztXvGwkJtJ4Gnp1MU+rfXir+5fVi49fchMsoNkzSxSE/FtCEMK0ADrli1IipJYQqbrNCOiaKUGOLytkSvn4K/yftUhFXiuXrcqFxvqwjC47AMTgFGFRBA1yCJmgBChR4AE/g2bl3Hp0X53UxmnGWO4fgB5y3TynbklA=</latexit>

N = 2 <latexit sha1_base64="5K+ajVFWKV8hLt8TST4XlBb2dZA=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgKeyEkMct6MVjAuYByRJmJ73JmNnZZWZWCCFf4MWDIl79JG/+jbNJBBUtaCiquunu8mPBtXHdDyezsbm1vZPdze3tHxwe5Y9POjpKFIM2i0Skej7VILiEtuFGQC9WQENfQNefXqd+9x6U5pG8NbMYvJCOJQ84o8ZKLTnMF9yi67qEEJwSUq24ltTrtRKpYZJaFgW0RnOYfx+MIpaEIA0TVOs+cWPjzakynAlY5AaJhpiyKR1D31JJQ9DefHnoAl9YZYSDSNmSBi/V7xNzGmo9C33bGVIz0b+9VPzL6ycmqHlzLuPEgGSrRUEisIlw+jUecQXMiJkllClub8VsQhVlxmaTsyF8fYr/J51SkVSK5Va50Lhax5FFZ+gcXSKCqqiBblATtRFDgB7QE3p27pxH58V5XbVmnPXMKfoB5+0TJwSNMQ==</latexit>n

<latexit sha1_base64="yM215HIWQhpovpJ/rw8T9fPoM40=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXZVJKH7uiG5cV7AM7Q8mkaRuaZIY8hDL0L9y4UMStf+POvzHTVlDRAxcO59zLvfdECWfa+P6Ht7a+sbm1ndvJ7+7tHxwWjo47OraK0DaJeax6EdaUM0nbhhlOe4miWEScdqPpVeZ376nSLJa3ZpbQUOCxZCNGsHHS3XiQBsIG0s4HhaJf8n0fIQQzgmpV35FGo15GdYgyy6EIVmgNCu/BMCZWUGkIx1r3kZ+YMMXKMMLpPB9YTRNMpnhM+45KLKgO08XFc3julCEcxcqVNHChfp9IsdB6JiLXKbCZ6N9eJv7l9a0Z1cOUycQaKsly0chyaGKYvQ+HTFFi+MwRTBRzt0IywQoT40LKuxC+PoX/k065hKqlyk2l2LxcxZEDp+AMXAAEaqAJrkELtAEBEjyAJ/Dsae/Re/Fel61r3mrmBPyA9/YJSOORWA==</latexit>gµ⌫
<latexit sha1_base64="rmy+UsD5c3hhmHpZE9NuU1BfA24=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4KkkpfeyqbnRX0T6gHUsmzbShmcyQZIQy9BPcuFDErV/kzr8x01ZQ0QMXDufcy733eJHg2iD04WRWVtfWN7Kbua3tnd29/P5BW4exoqxFQxGqrkc0E1yyluFGsG6kGAk8wTre5CL1O/dMaR7KWzONmBuQkeQ+p8RY6ebs7mqQL6AiQghjDFOCqxVkSb1eK+EaxKllUQBLNAf59/4wpHHApKGCaN3DKDJuQpThVLBZrh9rFhE6ISPWs1SSgGk3mZ86gydWGUI/VLakgXP1+0RCAq2ngWc7A2LG+reXin95vdj4NTfhMooNk3SxyI8FNCFM/4ZDrhg1YmoJoYrbWyEdE0WosenkbAhfn8L/SbtUxJVi+bpcaJwv48iCI3AMTgEGVdAAl6AJWoCCEXgAT+DZEc6j8+K8LlozznLmEPyA8/YJKqWNvw==</latexit>

AIgauge fields:<latexit sha1_base64="6NqOqSOHjtwX5/LfoZq6ASUQHDE=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoMgCGEnhDxuQS8eI5oHJEuYnUySIbOzy8ysEJZ8ghcPinj1i7z5N84mEVS0oKGo6qa7y48E18Z1P5zM2vrG5lZ2O7ezu7d/kD88auswVpS1aChC1fWJZoJL1jLcCNaNFCOBL1jHn16lfueeKc1DeWdmEfMCMpZ8xCkxVrqVF3iQL7hF13UxxigluFpxLanXayVcQzi1LAqwQnOQf+8PQxoHTBoqiNY97EbGS4gynAo2z/VjzSJCp2TMepZKEjDtJYtT5+jMKkM0CpUtadBC/T6RkEDrWeDbzoCYif7tpeJfXi82o5qXcBnFhkm6XDSKBTIhSv9GQ64YNWJmCaGK21sRnRBFqLHp5GwIX5+i/0m7VMSVYvmmXGhcruLIwgmcwjlgqEIDrqEJLaAwhgd4gmdHOI/Oi/O6bM04q5lj+AHn7RP9RY2h</latexit>

n+ 1

Metric:

complex scalars:
<latexit sha1_base64="4zd0b8DFbWkfBCpYubDINXV+UMo=">AAAB73icdVDLSgMxFM34rPVVdekmWIS6KUkpfeyKbnRXwbYD7bRk0kwbmnmYZIQ69CfcuFDErb/jzr8x01ZQ0QMXDufcy733uJHgSiP0Ya2srq1vbGa2sts7u3v7uYPDtgpjSVmLhiKUtksUEzxgLc21YHYkGfFdwTru5CL1O3dMKh4GN3oaMccno4B7nBJtJNvuXxXu+/xskMujIkIIYwxTgqsVZEi9XivhGsSpZZAHSzQHuffeMKSxzwJNBVGqi1GknYRIzalgs2wvViwidEJGrGtoQHymnGR+7wyeGmUIvVCaCjScq98nEuIrNfVd0+kTPVa/vVT8y+vG2qs5CQ+iWLOALhZ5sYA6hOnzcMglo1pMDSFUcnMrpGMiCdUmoqwJ4etT+D9pl4q4Uixfl/ON82UcGXAMTkABYFAFDXAJmqAFKBDgATyBZ+vWerRerNdF64q1nDkCP2C9fQJv7o+a</latexit>

XI(zi)<latexit sha1_base64="5K+ajVFWKV8hLt8TST4XlBb2dZA=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgKeyEkMct6MVjAuYByRJmJ73JmNnZZWZWCCFf4MWDIl79JG/+jbNJBBUtaCiquunu8mPBtXHdDyezsbm1vZPdze3tHxwe5Y9POjpKFIM2i0Skej7VILiEtuFGQC9WQENfQNefXqd+9x6U5pG8NbMYvJCOJQ84o8ZKLTnMF9yi67qEEJwSUq24ltTrtRKpYZJaFgW0RnOYfx+MIpaEIA0TVOs+cWPjzakynAlY5AaJhpiyKR1D31JJQ9DefHnoAl9YZYSDSNmSBi/V7xNzGmo9C33bGVIz0b+9VPzL6ycmqHlzLuPEgGSrRUEisIlw+jUecQXMiJkllClub8VsQhVlxmaTsyF8fYr/J51SkVSK5Va50Lhax5FFZ+gcXSKCqqiBblATtRFDgB7QE3p27pxH58V5XbVmnPXMKfoB5+0TJwSNMQ==</latexit>n
<latexit sha1_base64="UvLYbhXzDf5IRW6W+J21RGm5d30=">AAAB83icdVDLSgMxFL3js9ZX1aWbYBFclDIppY+FUHTjsoJ9QDuUTJq2oZnMkGSEMvQ33LhQxK0/486/MdNWUNEDgcM593Bvjh8Jro3rfjhr6xubW9uZnezu3v7BYe7ouK3DWFHWoqEIVdcnmgkuWctwI1g3UowEvmAdf3qd+p17pjQP5Z2ZRcwLyFjyEafEWKnPL3GhPwyNLiA5yOXdouu6GGOUElytuJbU67USriGcWhZ5WKE5yL3bKI0DJg0VROsediPjJUQZTgWbZ/uxZhGhUzJmPUslCZj2ksXNc3RulSEahco+adBC/Z5ISKD1LPDtZEDMRP/2UvEvrxebUc1LuIxiwyRdLhrFApkQpQWgIVeMGjGzhFDF7a2ITogi1NiasraEr5+i/0m7VMSVYvm2nG9crerIwCmcwQVgqEIDbqAJLaAQwQM8wbMTO4/Oi/O6HF1zVpkT+AHn7RP3UpEE</latexit>

i = 1, . . . , n

<latexit sha1_base64="zGReExTLtqWJIOELwilh+RJmMYw=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4KCUppY+FUHSjuwr2Ae1YMmmmDc1khiSjlNL/cONCEbf+izv/xkxbQUUPBA7n3MO9OV4kuDYIfTipldW19Y30ZmZre2d3L7t/0NJhrChr0lCEquMRzQSXrGm4EawTKUYCT7C2N75I/PYdU5qH8sZMIuYGZCi5zykxVrq9OkN5nO8NQqPzUPazOVRACGGMYUJwpYwsqdWqRVyFOLEscmCJRj/7bqM0Dpg0VBCtuxhFxp0SZTgVbJbpxZpFhI7JkHUtlSRg2p3Or57BE6sMoB8q+6SBc/V7YkoCrSeBZycDYkb6t5eIf3nd2PhVd8plFBsm6WKRHwtoQphUAAdcMWrExBJCFbe3QjoiilBji8rYEr5+Cv8nrWIBlwul61Kufr6sIw2OwDE4BRhUQB1cggZoAgoUeABP4Nm5dx6dF+d1MZpylplD8APO2yefu5FU</latexit>

I = 0, 1, . . . , n

Holomorphic prepotential 
<latexit sha1_base64="rz6vWp0SHR62f3MDBV2i66NHakk=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWomzIppY9dURDdVbAPaMeSSTNtaCYzJJlCGfonblwo4tY/ceffmGkrqOiBwOGce7knx4s4U9pxPqzM2vrG5lZ2O7ezu7d/YB8etVUYS0JbJOSh7HpYUc4EbWmmOe1GkuLA47TjTS5TvzOlUrFQ3OlZRN0AjwTzGcHaSAPb7gdYjwnmydW80L2/OR/YeafoOA5CCKYEVSuOIfV6rYRqEKWWQR6s0BzY7/1hSOKACk04VqqHnEi7CZaaEU7nuX6saITJBI9oz1CBA6rcZJF8Ds+MMoR+KM0TGi7U7xsJDpSaBZ6ZTHOq314q/uX1Yu3X3ISJKNZUkOUhP+ZQhzCtAQ6ZpETzmSGYSGayQjLGEhNtysqZEr5+Cv8n7VIRVYrl23K+cbGqIwtOwCkoAASqoAGuQRO0AAFT8ACewLOVWI/Wi/W6HM1Yq51j8APW2ycO+JNO</latexit>

F(XI)

FI gauge parameters
<latexit sha1_base64="63IKsjlbPO/136EcixWLbabmvpE=">AAAB7HicdVDLSgMxFM34rPVVdekmWARXJSmlj13Rje4qOG2hHUsmzbShmcyQZMQy9BvcuFDErR/kzr8x01ZQ0QMXDufcy733+LHg2iD04aysrq1vbOa28ts7u3v7hYPDto4SRZlLIxGprk80E1wy13AjWDdWjIS+YB1/cpH5nTumNI/kjZnGzAvJSPKAU2Ks5Pbv+e3VoFBEJYQQxhhmBNeqyJJGo17GdYgzy6IIlmgNCu/9YUSTkElDBdG6h1FsvJQow6lgs3w/0SwmdEJGrGepJCHTXjo/dgZPrTKEQaRsSQPn6veJlIRaT0PfdobEjPVvLxP/8nqJCepeymWcGCbpYlGQCGgimH0Oh1wxasTUEkIVt7dCOiaKUGPzydsQvj6F/5N2uYSrpcp1pdg8X8aRA8fgBJwBDGqgCS5BC7iAAg4ewBN4dqTz6Lw4r4vWFWc5cwR+wHn7BPWejs8=</latexit>

⇠I

parametrize special Kähler manifold
<latexit sha1_base64="ej2d1kCVtXyFrjVONUrw72hOzFM=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXJSmlj13RjeCmgn3AdCiZNG1DM8mQZIQy9DPcuFDErV/jzr8x01ZQ0QOBwzn3knNPGAtuLEIf3tr6xubWdm4nv7u3f3BYODruGJVoytpUCaV7ITFMcMnallvBerFmJAoF64bTq8zv3jNtuJJ3dhazICJjyUecEuskvx8RO6FEpDfzQaGISgghjDHMCK5VkSONRr2M6xBnlkMRrNAaFN77Q0WTiElLBTHGxyi2QUq05VSweb6fGBYTOiVj5jsqScRMkC4iz+G5U4ZwpLR70sKF+n0jJZExsyh0k1lE89vLxL88P7GjepByGSeWSbr8aJQIaBXM7odDrhm1YuYIoZq7rJBOiCbUupbyroSvS+H/pFMu4WqpclspNi9XdeTAKTgDFwCDGmiCa9ACbUCBAg/gCTx71nv0XrzX5eiat9o5AT/gvX0Cz2SRoA==</latexit>

K

•  Construct equivariantly closed forms using bilinears and then use  
BVAB…focus on the spindle case, which has fixed points at poles



•  Result:

<latexit sha1_base64="bnNK54rvdyX8X93nRVMawlgn8K0="></latexit>

SBH = � ⇡

2G

1

2b0
[F(xI

+)� �F(xI

�)]

“Dressed scalars”:
<latexit sha1_base64="xJI1iWAm/BumKE3hm9Gk3U25rdY="></latexit>

xI ⌘ e�eK/2XIP

<latexit sha1_base64="zrNvHFrW3kgHFR2xEQj11DYjwTM="></latexit>

⇠Ix
I
+ = 2 +

2b0
n+

<latexit sha1_base64="X1QDU2clXgS5kcaLoVsfIFh9jBE="></latexit>

⇠Ix
I
� = 2� �

2b0
n�

<latexit sha1_base64="b35835riYL7KcRZ46+itGxUajzA="></latexit>

pI =
1

2b0
(xI

+ � xI
�)

•  Off-shell result; need to extremize over 
<latexit sha1_base64="hz7TWhlbAFO2zeOCf3rZUdOFxIw=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4kJKU0seu6EZ3FewDOuOQSTNtaOZBkhHL0N9w40IRt/6MO//GTFtBRQ9cOJxzL/fe48WCK43Qh5VbWV1b38hvFra2d3b3ivsHXRUlkrIOjUQk+x5RTPCQdTTXgvVjyUjgCdbzJheZ37tjUvEovNHTmDkBGYXc55RoI9mei87g/e2Va8eBWyyhMkIIYwwzgus1ZEiz2ajgBsSZZVACS7Td4rs9jGgSsFBTQZQaYBRrJyVScyrYrGAnisWETsiIDQwNScCUk85vnsETowyhH0lToYZz9ftESgKlpoFnOgOix+q3l4l/eYNE+w0n5WGcaBbSxSI/EVBHMAsADrlkVIupIYRKbm6FdEwkodrEVDAhfH0K/yfdShnXytXraql1vowjD47AMTgFGNRBC1yCNugACmLwAJ7As5VYj9aL9bpozVnLmUPwA9bbJyiqkSU=</latexit>

b0, x
I
±

•  Agrees with results for known                                sugra 
solutions

<latexit sha1_base64="XOxYjGxIbsjEmxrNCq44sfFKqC8=">AAACBHicdVDLSgMxFM3UV62vUZfdBItQUcuklD52VTcuK7UPaMuQSdM2NJMZkoxQShdu/BU3LhRx60e482/M2AoqeuDC4Zx7ufceL+RMacd5txJLyyura8n11Mbm1vaOvbvXVEEkCW2QgAey7WFFORO0oZnmtB1Kin2P05Y3voj91g2VigXiWk9C2vPxULABI1gbybXTZ/26m+9q5lMFu3U29HFWuMcnwj09cu2Mk3McByEEY4JKRceQSqWcR2WIYssgAxaoufZbtx+QyKdCE46V6iAn1L0plpoRTmepbqRoiMkYD2nHUIHN0t7084kZPDRKHw4CaUpo+Kl+n5hiX6mJ75lOH+uR+u3F4l9eJ9KDcm/KRBhpKsh80SDiUAcwTgT2maRE84khmEhmboVkhCUm2uSWMiF8fQr/J818DhVzhatCpnq+iCMJ0uAAZAECJVAFl6AGGoCAW3APHsGTdWc9WM/Wy7w1YS1m9sEPWK8frX6W2w==</latexit>

AdS2 ⇥ ⌃(n+, n�)

<latexit sha1_base64="FSTAbgghyyRPtLRDqRIf84zyi3U=">AAAB8HicdVBNSwMxEJ2tX7V+VT16CRZBEMpuKbU9CEUvHivYD2mXkk2zbWiSXZKsUEp/hRcPinj153jz35htK6jog4HHezPMzAtizrRx3Q8ns7K6tr6R3cxtbe/s7uX3D1o6ShShTRLxSHUCrClnkjYNM5x2YkWxCDhtB+Or1G/fU6VZJG/NJKa+wEPJQkawsdJdT7OhwBdnXj9fcIuuRaWCUuJVXc+SWq1aKtWQN7dctwBLNPr5994gIomg0hCOte56bmz8KVaGEU5nuV6iaYzJGA9p11KJBdX+dH7wDJ1YZYDCSNmSBs3V7xNTLLSeiMB2CmxG+reXin953cSEVX/KZJwYKsliUZhwZCKUfo8GTFFi+MQSTBSztyIywgoTYzPK2RC+PkX/k1ap6FWK5ZtyoX65jCMLR3AMp+DBOdThGhrQBAICHuAJnh3lPDovzuuiNeMsZw7hB5y3T1VQkCA=</latexit>

� = +1
<latexit sha1_base64="ZItyVdx/NPY2IK/AL/9CwLEJz64=">AAAB8HicdVBNSwMxEJ2tX7V+VT16CRbBi2W3lNoehKIXjxXsh7RLyabZNjTJLklWKKW/wosHRbz6c7z5b8y2FVT0wcDjvRlm5gUxZ9q47oeTWVldW9/Ibua2tnd29/L7By0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/FV6rfvqdIskrdmElNf4KFkISPYWOmup9lQ4Iszr58vuEXXolJBKfGqrmdJrVYtlWrIm1uuW4AlGv38e28QkURQaQjHWnc9Nzb+FCvDCKezXC/RNMZkjIe0a6nEgmp/Oj94hk6sMkBhpGxJg+bq94kpFlpPRGA7BTYj/dtLxb+8bmLCqj9lMk4MlWSxKEw4MhFKv0cDpigxfGIJJorZWxEZYYWJsRnlbAhfn6L/SatU9CrF8k25UL9cxpGFIziGU/DgHOpwDQ1oAgEBD/AEz45yHp0X53XRmnGWM4fwA87bJ1hakCI=</latexit>

� = �1

“twist”
“anti-twist”



•  For STU model, uplift solutions on 

• For        :  set                   and 
<latexit sha1_base64="oxZ4BaT280XUdHI/qgha4jF6lIQ=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPoTuELLegF4+RmAWSMfR0OkmTnoXuHiEM+QQvHhTx6hd582/sSSKo6IOCx3tVVNXzIim0wfjDWVvf2Nzazuxkd/f2Dw5zR8dtHcaK8RYLZai6HtVcioC3jDCSdyPFqe9J3vGmV6nfuedKizC4NbOIuz4dB2IkGDVWajbvioNcHhcwxoQQlBJSKWNLarVqkVQRSS2LPKzQGOTe+8OQxT4PDJNU6x7BkXETqoxgks+z/VjziLIpHfOepQH1uXaTxalzdG6VIRqFylZg0EL9PpFQX+uZ79lOn5qJ/u2l4l9eLzajqpuIIIoND9hy0SiWyIQo/RsNheLMyJkllClhb0VsQhVlxqaTtSF8fYr+J+1igZQLpZtSvn65iiMDp3AGF0CgAnW4hga0gMEYHuAJnh3pPDovzuuydc1ZzZzADzhvnyM1jbo=</latexit>

S2 <latexit sha1_base64="CgndlkqcOCHKyuUMFG66pq/CP2Q=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXZVJKHwuh6MZlBfuAdiiZNNOGJpmQZIQy9CPcuFDErd/jzr8x01ZQ0QMXDufcy733hIozY33/w1tb39jc2s7t5Hf39g8OC0fHHRMnmtA2iXmseyE2lDNJ25ZZTntKUyxCTrvh9Drzu/dUGxbLOztTNBB4LFnECLZO6srhQIlLNCwU/ZLv+wghmBFUq/qONBr1MqpDlFkORbBCa1h4H4xikggqLeHYmD7ylQ1SrC0jnM7zg8RQhckUj2nfUYkFNUG6OHcOz50yglGsXUkLF+r3iRQLY2YidJ0C24n57WXiX14/sVE9SJlUiaWSLBdFCYc2htnvcMQ0JZbPHMFEM3crJBOsMbEuobwL4etT+D/plEuoWqrcVorNq1UcOXAKzsAFQKAGmuAGtEAbEDAFD+AJPHvKe/RevNdl65q3mjkBP+C9fQIeFI9z</latexit>

n± = 1
<latexit sha1_base64="04e0kxAlyTjgj2pvYD0prEwA1FU=">AAAB73icdVDLSgMxFL3js9ZX1aWbYBFclaSUPnZFNy4r2Ae0Q8mkmTY08zDJCGXoT7hxoYhbf8edf2OmraCiBwKHc+4l9xwvlkIbjD+ctfWNza3t3E5+d2//4LBwdNzRUaIYb7NIRqrnUc2lCHnbCCN5L1acBp7kXW96lfnde660iMJbM4u5G9BxKHzBqLFSzxvigYkQHhaKuIQxJoSgjJBaFVvSaNTLpI5IZlkUYYXWsPA+GEUsCXhomKRa9wmOjZtSZQSTfJ4fJJrHlE3pmPctDWnAtZsu7p2jc6uMkB8p+0KDFur3jZQGWs8Cz04G1Ez0by8T//L6ifHrbirCODE8ZMuP/EQiGzELj0ZCcWbkzBLKlLC3IjahijJjK8rbEr6Sov9Jp1wi1VLlplJsXq7qyMEpnMEFEKhBE66hBW1gIOEBnuDZuXMenRfndTm65qx2TuAHnLdPVpCPiQ==</latexit>

b0 ! 0

<latexit sha1_base64="rpl1/b2KfBstGWGITyKfb3zylJ4="></latexit>

SBH = � ⇡

2G
pI@IF(xI)

<latexit sha1_base64="xs3pFEC26zfSd09aNapGVkNCS6Q=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXJSmlj4VQdGN3FewD27Fk0kwbmskMSUZaSv/CjQtF3Po37vwbM20FFT1w4XDOvdx7jxcJrg1CH87K6tr6xmZqK729s7u3nzk4bOowVpQ1aChC1faIZoJL1jDcCNaOFCOBJ1jLG10mfuueKc1DeWMmEXMDMpDc55QYK912x7xXG9/VzvO9TBblEEIYY5gQXCoiSyqVch6XIU4siyxYot7LvHf7IY0DJg0VROsORpFxp0QZTgWbpbuxZhGhIzJgHUslCZh2p/OLZ/DUKn3oh8qWNHCufp+YkkDrSeDZzoCYof7tJeJfXic2ftmdchnFhkm6WOTHApoQJu/DPleMGjGxhFDF7a2QDoki1NiQ0jaEr0/h/6SZz+FirnBdyFYvlnGkwDE4AWcAgxKogitQBw1AgQQP4Ak8O9p5dF6c10XrirOcOQI/4Lx9AhiJkJA=</latexit>

⇠Ix
I = 2

<latexit sha1_base64="wK0hjp1t/oD4HZi9m/Io5RIxeD0=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4KkkpfSyEohu7q2Af2I4lk2ba0ExmSDJiKf0LNy4UcevfuPNvzLQVVPTAhcM593LvPV4kuDYIfTipldW19Y30ZmZre2d3L7t/0NJhrChr0lCEquMRzQSXrGm4EawTKUYCT7C2N75I/PYdU5qH8tpMIuYGZCi5zykxVrrp3fN+PbqtnxX62RzKI4QwxjAhuFxCllSrlQKuQJxYFjmwRKOffe8NQhoHTBoqiNZdjCLjTokynAo2y/RizSJCx2TIupZKEjDtTucXz+CJVQbQD5UtaeBc/T4xJYHWk8CznQExI/3bS8S/vG5s/Io75TKKDZN0sciPBTQhTN6HA64YNWJiCaGK21shHRFFqLEhZWwIX5/C/0mrkMelfPGqmKudL+NIgyNwDE4BBmVQA5egAZqAAgkewBN4drTz6Lw4r4vWlLOcOQQ/4Lx9AgxJkIg=</latexit>

⇠Ip
I = 2

<latexit sha1_base64="QWsNy8IMWFDS0/14oiscN63j1lk=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8hZ0Q8rgFvXiMxDwgWcPsZJIMmZ1dZmaFsOQTvHhQxKtf5M2/cTaJoKIFDUVVN91dfiS4Nq774aytb2xubWd2srt7+weHuaPjtg5jRVmLhiJUXZ9oJrhkLcONYN1IMRL4gnX86VXqd+6Z0jyUt2YWMS8gY8lHnBJjpWbzrjLI5d2C67oYY5QSXCm7ltRq1SKuIpxaFnlYoTHIvfeHIY0DJg0VROsediPjJUQZTgWbZ/uxZhGhUzJmPUslCZj2ksWpc3RulSEahcqWNGihfp9ISKD1LPBtZ0DMRP/2UvEvrxebUdVLuIxiwyRdLhrFApkQpX+jIVeMGjGzhFDF7a2ITogi1Nh0sjaEr0/R/6RdLOByoXRTytcvV3Fk4BTO4AIwVKAO19CAFlAYwwM8wbMjnEfnxXldtq45q5kT+AHn7RMqyY2/</latexit>

S7

has a GK geometry [Kim,Park 06][Gauntlett,Kim 07]   

[Couzens,Gauntlett,Martelli,Sparks 18]
[Boido,Gauntlett,Martelli,Sparks 22][…]

•  Can add hypermultiplets too….

Attractor result

<latexit sha1_base64="Fr2mqqRNC9r+hlFQGqhBm7rSs50=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5KUUptd1Y3LivYhbQiTyaQdOpmEmYlQQ7/EjQtF3Pop7vwbJ20FFT1w4XDOvdx7j58wKpVlfRiFldW19Y3iZmlre2e3bO7td2WcCkw6OGax6PtIEkY56SiqGOkngqDIZ6TnTy5yv3dHhKQxv1HThLgRGnEaUoyUljyzfBZce7WhohGR8NZzPLNiVS2NRgPmxG5atiaO06zVHGjPLcuqgCXanvk+DGKcRoQrzJCUA9tKlJshoShmZFYappIkCE/QiAw05UgvcrP54TN4rJUAhrHQxRWcq98nMhRJOY183RkhNZa/vVz8yxukKmy6GeVJqgjHi0VhyqCKYZ4CDKggWLGpJggLqm+FeIwEwkpnVdIhfH0K/yfdWtVuVOtX9UrrfBlHERyCI3ACbHAKWuAStEEHYJCCB/AEno1749F4MV4XrQVjOXMAfsB4+wTkc5Kf</latexit>

AdS2 ⇥ Y9

<latexit sha1_base64="AZM3pDgR3Y4fTMFgEyWGvpHyNEU=">AAACBXicdVBLSwMxGMzWV62vVY96CBahopbdUvq4Fb14rNQ+pFuXbJq2odnskmSFUnrx4l/x4kERr/4Hb/4bs20FFR0IGWa+j2TGCxmVyrI+jMTC4tLySnI1tba+sbllbu80ZBAJTOo4YIFoeUgSRjmpK6oYaYWCIN9jpOkNz2O/eUuEpAG/UqOQdHzU57RHMVJacs392k3RUQG8dsv6cmq076MMd49PuHt65JppK2tpFAowJnbJsjUpl0u5XBnaU8uy0mCOqmu+O90ARz7hCjMkZdu2QtUZI6EoZmSSciJJQoSHqE/amnLkE9kZT1NM4KFWurAXCH24glP1+8YY+VKOfE9P+kgN5G8vFv/y2pHqlTpjysNIEY5nD/UiBnXsuBLYpYJgxUaaICyo/ivEAyQQVrq4lC7hKyn8nzRyWbuQzV/m05WzeR1JsAcOQAbYoAgq4AJUQR1gcAcewBN4Nu6NR+PFeJ2NJoz5zi74AePtE15Elzw=</latexit>

S7 ! Y9 ! ⌃(n+, n�)

[Cacciatori,Klemm 09]
[Dall’Agata,Gnecchi 10]   

Comments:



•  Minimal D=4 N=2 gauged supergravity Euclidean 

Example 3: D=4 Gauged Supergravity and on-shell action

<latexit sha1_base64="0EElaLXjDkowDnurzcWAGJhum2Y="></latexit>

I@M = � 1

16⇡G

Z

@M

�
2K � 4�Rh

�
volh

<latexit sha1_base64="wXnfIyebMWwp+VeETby+IYrhhUM="></latexit>

I = � 1

16⇡G

Z

M
(Rg + 6� F 2)volg + I@M

• Solutions can be uplifted on          to get solutions of 
D=11 SUGRA dual  to                          SCFTs on 

<latexit sha1_base64="Fp4HiX+x0BYze9yPl/ETZAj8QRo="></latexit>
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<latexit sha1_base64="eYnE7M6Ovz9k6Q8naZH+3aEon9U=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4KkkpfeyKIrisaB/QDiWTZtrQJDMkGaGU/oIbF4q49Yfc+Tdm2goqeuDC4Zx7ufeeIBbcWIQ+vMza+sbmVnY7t7O7t3+QPzxqmyjRlLVoJCLdDYhhgivWstwK1o01IzIQrBNMLlO/c8+04ZG6s9OY+ZKMFA85JTaVbq8G1UG+gIoIIYwxTAmuVpAj9XqthGsQp5ZDAazQHOTf+8OIJpIpSwUxpodRbP0Z0ZZTwea5fmJYTOiEjFjPUUUkM/5scescnjllCMNIu1IWLtTvEzMijZnKwHVKYsfmt5eKf3m9xIY1f8ZVnFim6HJRmAhoI5g+DodcM2rF1BFCNXe3QjommlDr4sm5EL4+hf+TdqmIK8XyTbnQuFjFkQUn4BScAwyqoAGuQRO0AAVj8ACewLMnvUfvxXtdtma81cwx+AHv7RO6p44P</latexit>

SE7
<latexit sha1_base64="y0U+juaq0zXAsltCW0GdmQ2S82U=">AAAB+3icdVDLSgMxFM3UV62vsS7dBIvgQsqklj4WhaIbV1LB1kI7lEwm04ZmHiQZsQzzK25cKOLWH3Hn35hpK6jogcDhnHu5J8eJOJPKsj6M3Mrq2vpGfrOwtb2zu2fuF3syjAWhXRLyUPQdLClnAe0qpjjtR4Ji3+H01pleZP7tHRWShcGNmkXU9vE4YB4jWGlpZBbd1tnp0MdqQjBPrtJWBY7MklW2LAshBDOC6jVLk2azUUENiDJLowSW6IzM96EbktingSIcSzlAVqTsBAvFCKdpYRhLGmEyxWM60DTAPpV2Ms+ewmOtuNALhX6BgnP1+0aCfSlnvqMns5Tyt5eJf3mDWHkNO2FBFCsakMUhL+ZQhTArArpMUKL4TBNMBNNZIZlggYnSdRV0CV8/hf+TXqWMauXqdbXUPl/WkQeH4AicAATqoA0uQQd0AQH34AE8gWcjNR6NF+N1MZozljsH4AeMt0/J6JOp</latexit>

d = 3,N = 2
<latexit sha1_base64="SY2vY6xF5pAVfmGUwlopPSWtK9g=">AAAB8XicdVDLSgMxFL1TX7W+qi7dBIvgqkxK6WNXdONGqGAf2A4lk6ZtaCYzJBmhDP0LNy4UcevfuPNvzLQVVPRA4HDOvTf3Hj8SXBvX/XAya+sbm1vZ7dzO7t7+Qf7wqK3DWFHWoqEIVdcnmgkuWctwI1g3UowEvmAdf3qZ+p17pjQP5a2ZRcwLyFjyEafEWOmuHxFlOBHoepAvuEXXdTHGKCW4WnEtqddrJVxDOLUsCrBCc5B/7w9DGgdMGiqI1j3sRsZL0nlUsHmuH2sWETolY9azVJKAaS9ZbDxHZ1YZolGo7JMGLdTvHQkJtJ4Fvq0MiJno314q/uX1YjOqeQmXUWyYpMuPRrFAJkTp+WjIFaNGzCwhVHG7K6ITogg1NqScDeHrUvQ/aZeKuFIs35QLjYtVHFk4gVM4BwxVaMAVNKEFFCQ8wBM8O9p5dF6c12Vpxln1HMMPOG+fftyQ0w==</latexit>
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[Gauntlett,Varela 07]   

•  Prediction for dual SCFTs
<latexit sha1_base64="ZyqC6R/PYZmaE4MZyjWZlua2yb0="></latexit>

I = � logZSCFT (@M)



•  Can’t use BVAB directly: 

Assume     has fixed points only in the bulk
<latexit sha1_base64="jsDb6gF0NGFrMaRKK/oXgn05Jac=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Ct0hZLkFvXiMaBZIhtDT6Uma9Cx094gh5BO8eFDEq1/kzb+xJ4mgog8KHu9VUVXPi6XQBuMPJ7O2vrG5ld3O7ezu7R/kD4/aOkoU4y0WyUh1Paq5FCFvGWEk78aK08CTvONNLlO/c8eVFlF4a6YxdwM6CoUvGDVWuunfi0G+gIsYY0IISgmpVrAl9XqtRGqIpJZFAVZoDvLv/WHEkoCHhkmqdY/g2Lgzqoxgks9z/UTzmLIJHfGepSENuHZni1Pn6MwqQ+RHylZo0EL9PjGjgdbTwLOdATVj/dtLxb+8XmL8mjsTYZwYHrLlIj+RyEQo/RsNheLMyKkllClhb0VsTBVlxqaTsyF8fYr+J+1SkVSK5etyoXGxiiMLJ3AK50CgCg24gia0gMEIHuAJnh3pPDovzuuyNeOsZo7hB5y3T6vJjhQ=</latexit>

⇠

Then bulk integral will give a fixed point contribution plus 
a divergent boundary piece. In fact, this boundary piece 
exactly cancels the terms in 

<latexit sha1_base64="UrjDpRPZTu7TRCMDY8Se4PE71DA=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4KkkpfeyKbnQhVLAPaMeSSTNtaCYzJBmlDP0PNy4Uceu/uPNvzLQVVPTAhcM59yb3Hi8SXBuEPpzMyura+kZ2M7e1vbO7l98/aOswVpS1aChC1fWIZoJL1jLcCNaNFCOBJ1jHm5ynfueOKc1DeWOmEXMDMpLc55QYK91eDpJ+RJThRMCr2SBfQEWEEMYYpgRXK8iSer1WwjWIU8uiAJZoDvLv/WFI44BJQwXRuodRZNwkfZAKNsv1Y80iQidkxHqWShIw7SbzrWfwxCpD6IfKljRwrn6fSEig9TTwbGdAzFj/9lLxL68XG7/mJlxGsWGSLj7yYwFNCNMI4JArRo2YWkKo4nZXSMdEEWpsUDkbwtel8H/SLhVxpVi+LhcaZ8s4suAIHINTgEEVNMAFaIIWoECBB/AEnp1759F5cV4XrRlnOXMIfsB5+wSalZKb</latexit>

I@M

•  Result: 

The fixed points can either be “nuts” (fixed points) 
or “bolts” (fixed surfaces) [Gibbons,Hawking 77]   

The spinor has fixed chirality on the fixed point set

<latexit sha1_base64="q6xUBu3PMMp980PaGMEEiGQcbnA="></latexit>
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On-shell action:

<latexit sha1_base64="ICu2nIurNNeuj69dPzptcxcqsHE=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXJVNKbRdC0Y3LCvYBnaFkMpk2NJMMSUYsQz/DjQtF3Po17vwbM20FFT1w4XDOvdx7T5Bwpg1CH87K6tr6xmZhq7i9s7u3Xzo47GqZKkI7RHKp+gHWlDNBO4YZTvuJojgOOO0Fk6vc791RpZkUt2aaUD/GI8EiRrCx0iAcevfMa4/ZBRqWyqiCLOp1mBO3gVxLms1GtdqE7txCqAyWaA9L714oSRpTYQjHWg9clBg/w8owwums6KWaJphM8IgOLBU4ptrP5ifP4KlVQhhJZUsYOFe/T2Q41noaB7Yzxmasf3u5+Jc3SE3U8DMmktRQQRaLopRDI2H+PwyZosTwqSWYKGZvhWSMFSbGplS0IXx9Cv8n3WrFrVdqN7Vy63IZRwEcgxNwBlxwDlrgGrRBBxAgwQN4As+OcR6dF+d10briLGeOwA84b58AHpEY</latexit>
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•  On-shell action:
<latexit sha1_base64="INJK4SQtIrpVm17p2Eqhrzgjrhw="></latexit>
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•  Comments:

•  Recovers results for known SUGRA solutions

•  Results for many new solutions (provided they exist)

•  Agrees with many field theory computations using localization

[Benetti-Genolini, Perez-Ipina, Sparks 19]   



•  Generalizes - include arbitrary vector multiplets

<latexit sha1_base64="dMnQdzd2KHzaUZ0rW2McDu7gmLg="></latexit>
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<latexit sha1_base64="k2SsWJZwUe01iROg6lo0t00HGyU="></latexit>
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<latexit sha1_base64="uI/LAVZoJ7wFUL6yAHGwuU8gDtg="></latexit>
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•  For STU model we recover sugra results of 

[Freedman, Pufu  13]   •  ABJM on 
<latexit sha1_base64="b08KjRqpXc0u6eLzWY0dhBBlbIs=">AAAB63icdVDLSgMxFM34rPVVdekmWARXJamlj13RjcuK9gHtWDJp2oYmmSHJCGXoL7hxoYhbf8idf2OmraCiBy4czrmXe+8JIsGNRejDW1ldW9/YzGxlt3d29/ZzB4ctE8aasiYNRag7ATFMcMWallvBOpFmRAaCtYPJZeq375k2PFS3dhoxX5KR4kNOiU2lm7vzbD+XRwWEEMYYpgRXysiRWq1axFWIU8shD5Zo9HPvvUFIY8mUpYIY08Uosn5CtOVUsFm2FxsWETohI9Z1VBHJjJ/Mb53BU6cM4DDUrpSFc/X7REKkMVMZuE5J7Nj89lLxL68b22HVT7iKYssUXSwaxgLaEKaPwwHXjFoxdYRQzd2tkI6JJtS6eNIQvj6F/5NWsYDLhdJ1KV+/WMaRAcfgBJwBDCqgDq5AAzQBBWPwAJ7Asye9R+/Fe120rnjLmSPwA97bJ1mtjc8=</latexit>

S3

•  ABJM on                  (black saddle solutions) [Bobev, Charles, Min 20]   
<latexit sha1_base64="2c6foz41Q5IoZpsWMK+dr37Mzw8=">AAAB/HicdVDLSsNAFJ34rPUV7dLNYBFclUwpfeyKblxWah/QxDCZTtqhkwczEyGE+ituXCji1g9x5984aSuo6IELh3Pu5d57vJgzqSzrw1hb39jc2i7sFHf39g8OzaPjvowSQWiPRDwSQw9LyllIe4opToexoDjwOB14s8vcH9xRIVkU3qg0pk6AJyHzGcFKS65Z6t4iW7GASmh32STA7qTommWrYlkWQgjmBDXqliatVrOKmhDllkYZrNBxzXd7HJEkoKEiHEs5QlasnAwLxQin86KdSBpjMsMTOtI0xHqdky2On8MzrYyhHwldoYIL9ftEhgMp08DTnQFWU/nby8W/vFGi/KaTsTBOFA3JcpGfcKgimCcBx0xQoniqCSaC6VshmWKBidJ55SF8fQr/J/1qBdUrtetauX2xiqMATsApOAcINEAbXIEO6AECUvAAnsCzcW88Gi/G67J1zVjNlMAPGG+f1T+URQ==</latexit>

S1 ⇥ ⌃g

•  ABJM on         with                     :  sugra solutions not known but
<latexit sha1_base64="BluM91QVSanH0uMAntxV3NjlkyY=">AAACAHicdVBLSwMxGMz6rPW16sGDl2ARPJVNLX3cil68CJXaB3TXJZtm29DsgyQrlKUX/4oXD4p49Wd489+YbSuo6EDIMPN9JDNezJlUlvVhLC2vrK6t5zbym1vbO7vm3n5HRokgtE0iHomehyXlLKRtxRSnvVhQHHicdr3xReZ376iQLApv1CSmToCHIfMZwUpLrnnYukW2iuCVe5ZddosNA+wO865ZsIqWZSGEYEZQtWJpUq/XSqgGUWZpFMACTdd8twcRSQIaKsKxlH1kxcpJsVCMcDrN24mkMSZjPKR9TUMcUOmkswBTeKKVAfQjoU+o4Ez9vpHiQMpJ4OnJAKuR/O1l4l9eP1F+zUlZGCeKhmT+kJ9wqKNmbcABE5QoPtEEE8H0XyEZYYGJ0p1lJXwlhf+TTqmIKsXydbnQOF/UkQNH4BicAgSqoAEuQRO0AQFT8ACewLNxbzwaL8brfHTJWOwcgB8w3j4BA1+VbA==</latexit>

S1 ! M3 ! ⌃g
<latexit sha1_base64="gt6FZargMD6Wtvb4EFqd7C/e8lw=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4KkktfeyKbtwIFewD2qFk0rQNTTJDkhHK0F9w40IRt/6QO//GTFtBRQ9cOJxzL/feE0SCG4vQh5dZW9/Y3Mpu53Z29/YP8odHbRPGmrIWDUWouwExTHDFWpZbwbqRZkQGgnWC6VXqd+6ZNjxUd3YWMV+SseIjTolNpZvBRW6QL6AiQghjDFOCqxXkSL1eK+EaxKnlUAArNAf59/4wpLFkylJBjOlhFFk/IdpyKtg8148NiwidkjHrOaqIZMZPFrfO4ZlThnAUalfKwoX6fSIh0piZDFynJHZifnup+JfXi+2o5idcRbFlii4XjWIBbQjTx+GQa0atmDlCqObuVkgnRBNqXTxpCF+fwv9Ju1TElWL5tlxoXK7iyIITcArOAQZV0ADXoAlagIIJeABP4NmT3qP34r0uWzPeauYY/ID39glSCY3K</latexit>

M3

find exact agreement with field theory computation [Toldo, Willet 17]   



Final Comments

• New technique for computing BPS observables for 
supersymmetric solutions in SUGRA.

• Why does it work?       

• Technique is predicated on solutions existing. Physics gives some 
constraints e.g. negative central charge. Is it possible that in some 
cases there are sufficient constraints?

• Illustrated using diverse examples and easily recover many 
results for known solutions.  Also gives results for solutions 
that (probably) can’t be constructed in closed form.

• Many other cases to consider e.g odd dimensions

• Other cases: 
<latexit sha1_base64="hI8iufvwmlD+zqrssDupKz2im24=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCqzKpUtNd1Y0boaJ9QBvCZDJph04ezEyEGvolblwo4tZPceffOGkrqOiBC4dz7uXee7yEM6kQ+jAKS8srq2vF9dLG5tZ22dzZ7cg4FYS2Scxj0fOwpJxFtK2Y4rSXCIpDj9OuN77I/e4dFZLF0a2aJNQJ8TBiASNYack1y2f+jXs8UCykEl65tmtWUBVp1OswJ5aNLE0aDbtWa0BrZiFUAQu0XPN94MckDWmkCMdS9i2UKCfDQjHC6bQ0SCVNMBnjIe1rGmG9yMlmh0/hoVZ8GMRCV6TgTP0+keFQykno6c4Qq5H87eXiX14/VYHtZCxKUkUjMl8UpByqGOYpQJ8JShSfaIKJYPpWSEZYYKJ0ViUdwten8H/SqVWtetW6Pqk0zxdxFME+OABHwAKnoAkuQQu0AQEpeABP4Nm4Nx6NF+N13lowFjN74AeMt0/RP5KQ</latexit>

AdS3 ⇥M8
<latexit sha1_base64="6iTFnSIbyqhoczgfI2iDCG5S2pU=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCqzKppY9d1Y0boaJ9QDsMmUymDc08SDJCHfolblwo4tZPceffmGkrqOiBC4dz7uXee9yYM6ks68PIrayurW/kNwtb2zu7RXNvvyujRBDaIRGPRN/FknIW0o5iitN+LCgOXE577uQi83t3VEgWhbdqGlM7wKOQ+YxgpSXHLJ55N87pULGASnjlVByzZJUty0IIwYyges3SpNlsVFADoszSKIEl2o75PvQikgQ0VIRjKQfIipWdYqEY4XRWGCaSxphM8IgONA2xXmSn88Nn8FgrHvQjoStUcK5+n0hxIOU0cHVngNVY/vYy8S9vkCi/YacsjBNFQ7JY5CccqghmKUCPCUoUn2qCiWD6VkjGWGCidFYFHcLXp/B/0q2UUa1cva6WWufLOPLgEByBE4BAHbTAJWiDDiAgAQ/gCTwb98aj8WK8LlpzxnLmAPyA8fYJvs6Shg==</latexit>

AdS3 ⇥M2

of D=11 SUGRA

of D=5 gauged SUGRA + matter

D=6 Euclidean SUGRA


