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Abstract

The Swampland program aims to distinguish e↵ective theories which can be completed
into quantum gravity in the ultraviolet from those which cannot. This article forms an
introduction to the field, assuming only a knowledge of quantum field theory and general
relativity. It also forms a comprehensive review, covering the range of ideas that are part of
the field, from the Weak Gravity Conjecture, through compactifications of String Theory, to
the de Sitter conjecture.
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Many conjectures stated: non-susy AdS,  distance conjecture, …  


Can we systematically study type II flux vacua in 3D to test them?

[ see Palti’s review, ’19]

[ Farakos, Tringas, van Riet, ’20 ]
[ Emelin, Farakos, Tringas, ’21 ]

[ Vafa, ’05]



• Background fluxes       

Half-maximal            supergravities in D=3

Type II orientifold reductions to 3D

• Type II on                               with  single type of  Op/Dp-sources

<latexit sha1_base64="fZqWWKUOKec/sfoNIQX8iz2zfx4=">AAACJnicbZBNSwMxEIazftb6VfXoJVgEBSm7KtVLoSiIxwrWFtpasum0hibZJckqZdlf48W/4sVDRcSbP8W03YO2DgSeeWeGybx+yJk2rvvlzM0vLC4tZ1ayq2vrG5u5re07HUSKQpUGPFB1n2jgTELVMMOhHiogwudQ8/uXo3rtEZRmgbw1gxBagvQk6zJKjJXaudJVOz44OUxwCVsSMkxw8wg3wZD7WFh+gk4P0lxO5WHSzuXdgjsOPAteCnmURqWdGzY7AY0ESEM50brhuaFpxUQZRjkk2WakISS0T3rQsCiJAN2Kx2cmeN8qHdwNlH3S4LH6eyImQuuB8G2nIOZBT9dG4n+1RmS6562YyTAyIOlkUTfi2AR45BnuMAXU8IEFQhWzf8X0gShCjXU2a03wpk+ehbvjglcsFG9O8+WL1I4M2kV76AB56AyV0TWqoCqi6Bm9oiF6d16cN+fD+Zy0zjnpzA76E873D6ZBpMU=</latexit>

F(3) = Fmnp ⌘
m ^ ⌘n ^ ⌘p

(internal) gauge fluxes twisted tori  with  metric fluxes

( Scherk-Schwarz reduction )

<latexit sha1_base64="GsDXea+f/YwxS167lWv+PxFuRog=">AAAB9HicdVDLSsNAFL3xWeur6tLNYBFchaRqjQuh6MaVVLAPaEOZTKft0MnDmUmhhH6HGxeKuPVj3Pk3TtIIKnpg4HDOvdwzx4s4k8qyPoyFxaXlldXCWnF9Y3Nru7Sz25RhLAhtkJCHou1hSTkLaEMxxWk7EhT7Hqctb3yV+q0JFZKFwZ2aRtT18TBgA0aw0pLb9bEaEcyTm9mF0yuVLfPUss+rx8gyrQwZceyKg+xcKUOOeq/03u2HJPZpoAjHUnZsK1JugoVihNNZsRtLGmEyxkPa0TTAPpVukoWeoUOt9NEgFPoFCmXq940E+1JOfU9PpiHlby8V//I6sRo4bsKCKFY0IPNDg5gjFaK0AdRnghLFp5pgIpjOisgIC0yU7qmoS/j6KfqfNCumXTWrtyfl2mVeRwH24QCOwIYzqME11KEBBO7hAZ7g2ZgYj8aL8TofXTDynT34AePtE8p4kiM=</latexit>

N = 8

<latexit sha1_base64="aTMD2EUQMTbuf35NQK0wWTI87Hg=">AAAB+nicdVDLSgMxFM3UV62vqS7dBItQoQyZwb4WQtGNywq2FdqhZDJpG5p5kGSUMvZT3LhQxK1f4s6/MX0IKnrgcg/n3EtujhdzJhVCH0ZmZXVtfSO7mdva3tndM/P7bRklgtAWiXgkbjwsKWchbSmmOL2JBcWBx2nHG1/M/M4tFZJF4bWaxNQN8DBkA0aw0lLfzBdhcGaXetyPlCzBKjzpmwVkIadWRnWILEc3p6xJGdn1Sh3aFpqjAJZo9s33nh+RJKChIhxL2bVRrNwUC8UIp9NcL5E0xmSMh7SraYgDKt10fvoUHmvFh4NI6AoVnKvfN1IcSDkJPD0ZYDWSv72Z+JfXTdSg5qYsjBNFQ7J4aJBwqCI4ywH6TFCi+EQTTATTt0IywgITpdPK6RC+fgr/J23HsitW5eq00DhfxpEFh+AIFIENqqABLkETtAABd+ABPIFn4954NF6M18VoxljuHIAfMN4+AY5jkko=</latexit>

(m = 1, . . . , 7)

…

• Bianchi identities  &  Tadpole cancellation

<latexit sha1_base64="i56uwLAGYkcbcHqpsV5lc/w2zOY="></latexit>

DF(8�p) �H(3) ^ F(6�p) = JOp/Dp
<latexit sha1_base64="OM2vbmndJdQZ51sls9qnb1mE5Fg=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahXkpipXoRinrosYL9gDaUzXbTLt1s4u6mUEJ/hxcPinj1x3jz37htc9DWBwOP92aYmedFnClt299WZm19Y3Mru53b2d3bP8gfHjVVGEtCGyTkoWx7WFHOBG1opjltR5LiwOO05Y3uZn5rTKVioXjUk4i6AR4I5jOCtZHce1TrJcXy+RTdILuXL9glew60SpyUFCBFvZf/6vZDEgdUaMKxUh3HjrSbYKkZ4XSa68aKRpiM8IB2DBU4oMpN5kdP0ZlR+sgPpSmh0Vz9PZHgQKlJ4JnOAOuhWvZm4n9eJ9b+tZswEcWaCrJY5Mcc6RDNEkB9JinRfGIIJpKZWxEZYomJNjnlTAjO8surpHlRciqlysNloXqbxpGFEziFIjhwBVWoQR0aQOAJnuEV3qyx9WK9Wx+L1oyVzhzDH1ifP97dkDs=</latexit>

DH(3) = 0
<latexit sha1_base64="JbJc+uCO7uhQniPOoOVy8wBs4lg=">AAACFnicbZDLSgMxFIYzXmu9jbp0EyyCCy0zItWNUHTjsoK9QDsOmTTThiaZMckIZZincOOruHGhiFtx59uYTito6w+Bn++cw8n5g5hRpR3ny5qbX1hcWi6sFFfX1jc27a3thooSiUkdRyySrQApwqggdU01I61YEsQDRprB4HJUb94TqWgkbvQwJh5HPUFDipE2yLePOhEnPeSnbS6yNLtNZQY7h/CHxp7M6V0Gz6EDfbvklJ1ccNa4E1MCE9V8+7PTjXDCidCYIaXarhNrL0VSU8xIVuwkisQID1CPtI0ViBPlpflZGdw3pAvDSJonNMzp74kUcaWGPDCdHOm+mq6N4H+1dqLDMy+lIk40EXi8KEwY1BEcZQS7VBKs2dAYhCU1f4W4jyTC2iRZNCG40yfPmsZx2a2UK9cnperFJI4C2AV74AC44BRUwRWogTrA4AE8gRfwaj1az9ab9T5unbMmMzvgj6yPb18Jn3k=</latexit>

![mn
r !p]r

q = 0

<latexit sha1_base64="f0zrCkCl9wEFY782fkizMI0L4wg=">AAAB+3icbVDLSgNBEJyNrxhfazx6GQxCRAi7ItGLENSDxwjmAckSZiezyZB5LDOzYljyK148KOLVH/Hm3zhJ9qCJBQ1FVTfdXWHMqDae9+3kVlbX1jfym4Wt7Z3dPXe/2NQyUZg0sGRStUOkCaOCNAw1jLRjRRAPGWmFo5up33okSlMpHsw4JgFHA0EjipGxUs8tluEtvIJ9eAq7kpMBgic9t+RVvBngMvEzUgIZ6j33q9uXOOFEGMyQ1h3fi02QImUoZmRS6CaaxAiP0IB0LBWIEx2ks9sn8NgqfRhJZUsYOFN/T6SIaz3moe3kyAz1ojcV//M6iYkug5SKODFE4PmiKGHQSDgNAvapItiwsSUIK2pvhXiIFMLGxlWwIfiLLy+T5lnFr1aq9+el2nUWRx4cgiNQBj64ADVwB+qgATB4As/gFbw5E+fFeXc+5q05J5s5AH/gfP4AHdWR8A==</latexit>

(D = d+ !)

[ D2 = 0  :  No KK monopoles ][ No NS5-branes ] [ tadpole cancellation for Op/Dp sources ]
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<latexit sha1_base64="wlnz2DDR9BX/GVLXylXvfiwnDJc=">AAACJnicbZBNSwMxEIazflu/Vj16CRahgpRdleqlUPTiUcFWoVtLNp3W0CS7JFmlLPtrvPhXvHhQRLz5U0zbPWjrQOCZd2aYzBvGnGnjeV/OzOzc/MLi0nJhZXVtfcPd3GroKFEU6jTikboNiQbOJNQNMxxuYwVEhBxuwv75sH7zAEqzSF6bQQwtQXqSdRklxkptt3rRTktH+xmuYktCxhkODnAAhtylwvIjdHqQ53Iij7O2W/TK3ijwNPg5FFEel233LehENBEgDeVE66bvxaaVEmUY5ZAVgkRDTGif9KBpURIBupWOzszwnlU6uBsp+6TBI/X3REqE1gMR2k5BzL2erA3F/2rNxHRPWymTcWJA0vGibsKxifDQM9xhCqjhAwuEKmb/iuk9UYQa62zBmuBPnjwNjcOyXylXro6LtbPcjiW0g3ZRCfnoBNXQBbpEdUTRE3pBb+jdeXZenQ/nc9w64+Qz2+hPON8/rS2kyQ==</latexit>

H(3) = Hmnp ⌘
m ^ ⌘

n ^ ⌘
p

[ see Graña’s review, ’05]

[ Hull, Reid-Edwards, ’05]
[ Scherk, Schwarz, ’79]

<latexit sha1_base64="dDqyUBxmts1w3N34IbtnH3MHWyg="></latexit>

d⌘p = 1
2!mn

p ⌘m ^ ⌘n

<latexit sha1_base64="O4MopOLMB1mBy9ub9PyNaf6e8yM="></latexit>

M10 = M3 ⇥ T7
!

<latexit sha1_base64="0+uD5ykqBsm3Cje5K3c4HyR+TcE=">AAACDXicbZDNSsNAFIUn9a/Wv6hLN4NVqCAlKVLdCAU3LiuYttCmYTKdtkMnkzAzEULIC7jxVdy4UMSte3e+jZO2C209MPBx7r3cucePGJXKsr6Nwsrq2vpGcbO0tb2zu2fuH7RkGAtMHByyUHR8JAmjnDiKKkY6kSAo8Blp+5ObvN5+IELSkN+rJCJugEacDilGSlueedIjCvXTIIPX0KkkZzmmmZfyDPbO4SDpayp5ZtmqWlPBZbDnUAZzNT3zqzcIcRwQrjBDUnZtK1JuioSimJGs1IsliRCeoBHpauQoINJNp9dk8FQ7AzgMhX5cwan7eyJFgZRJ4OvOAKmxXKzl5n+1bqyGV25KeRQrwvFs0TBmUIUwjwYOqCBYsUQDwoLqv0I8RgJhpQPMQ7AXT16GVq1q16v1u4tyozaPowiOwDGoABtcgga4BU3gAAwewTN4BW/Gk/FivBsfs9aCMZ85BH9kfP4ALlma9g==</latexit>

⌘m = U(y)mn dy
n



￼4

Half-maximal supergravities in 3D

• Reduction without fluxes            ungauged theory with global symmetry SO(8,8)

• Reduction with fluxes            gauged theory with local symmetry  G ⊂ SO(8,8) 

• Scalar field content  (coset geometry)  =  64 scalars 

<latexit sha1_base64="5qeWppId68a0e69xuCkfS4MV9Cg="></latexit>

V =

✓
I 0

b I

◆✓
e 0

0 e�T

◆
2 SO(8, 8)

SO(8)⇥ SO(8)

in terms of                      (36 scalars)     and                       (28 scalars)    
<latexit sha1_base64="C/+zkOlW7vp1kDraKiYtEi0azy4=">AAACIXicbVBNSwMxEM36bf2qevQSLEK9lF0R7VH0oAfBilYL3VKy6WwNZrNLMiuWZf+KF/+KFw+K9Cb+GdNaRK0DIW/emyF5L0ikMOi6787E5NT0zOzcfGFhcWl5pbi6dmXiVHOo81jGuhEwA1IoqKNACY1EA4sCCdfB7dFAv74DbUSsLrGXQCtiXSVCwRlaql2s+kEsO6YX2SuDnPpCUT/UjGc+wj3qKDs+zcvV7fy7vzgb9u1iya24w6LjwBuBEhlVrV3s+52YpxEo5JIZ0/TcBFsZ0yi4hLzgpwYSxm9ZF5oWKhaBaWVDhzndskyHhrG2RyEdsj83MhaZgQk7GTG8MX+1Afmf1kwxrLYyoZIUQfGvh8JUUozpIC7aERo4yp4FjGth/0r5DbP5oA21YEPw/loeB1c7FW+vsne+Wzo4HMUxRzbIJikTj+yTA3JCaqROOHkgT+SFvDqPzrPz5vS/Riec0c46+VXOxyejCKRo</latexit>

e 2 GL(8)

SO(8)

<latexit sha1_base64="CsQR1SDxtD6m9uHv1i3qkTzRUco=">AAACDXicbVC7TsMwFHXKq5RXgJHFoiAxQJUgVFiQKlgYi9SX1ITKcdzWqhNHtoNURfkBFn6FhQGEWNnZ+BucNgNtOZLl43Pule89XsSoVJb1YxSWlldW14rrpY3Nre0dc3evJXksMGlizrjoeEgSRkPSVFQx0okEQYHHSNsb3WZ++5EISXnYUOOIuAEahLRPMVJa6plHzqnjcebLcaCvxEuvz2bfD0kj7Zllq2JNABeJnZMyyFHvmd+Oz3EckFBhhqTs2lak3AQJRTEjacmJJYkQHqEB6WoaooBIN5lsk8Jjrfiwz4U+oYIT9W9HggKZjacrA6SGct7LxP+8bqz6V25CwyhWJMTTj/oxg4rDLBroU0GwYmNNEBZUzwrxEAmElQ6wpEOw51deJK3zil2tVO8vyrWbPI4iOACH4ATY4BLUwB2ogybA4Am8gDfwbjwbr8aH8TktLRh5zz6YgfH1C6AqnJQ=</latexit>

b = �bT

<latexit sha1_base64="Boe0OMJqJiC3+gDEhSVtLmnXYrk="></latexit>

M = V VT
=

✓
g �g b
b g g�1 � b g b

◆
2 SO(8, 8)

• We introduce the scalar-dependent matrix     (à la DFT)

with
<latexit sha1_base64="w//BSm6nLwhAnh+Ge9KqFXFGTZg=">AAACHnicbVDLSsNAFJ34rPUVdelmsAgupCSi1Y1QdOOyQl/QxDKZTNqhk0mYmQgl5Evc+CtuXCgiuNK/cdJmUVsPDHM4517uvceLGZXKsn6MpeWV1bX10kZ5c2t7Z9fc22/LKBGYtHDEItH1kCSMctJSVDHSjQVBocdIxxvd5n7nkQhJI95U45i4IRpwGlCMlJb65oXjRcyX41B/6SCD13BWIBl0TueUh7SZ9c2KVbUmgIvELkgFFGj0zS/Hj3ASEq4wQ1L2bCtWboqEopiRrOwkksQIj9CA9DTlKCTSTSfnZfBYKz4MIqEfV3CiznakKJT5eroyRGoo571c/M/rJSq4clPK40QRjqeDgoRBFcE8K+hTQbBiY00QFlTvCvEQCYSVTrSsQ7DnT14k7bOqXavW7s8r9ZsijhI4BEfgBNjgEtTBHWiAFsDgCbyAN/BuPBuvxofxOS1dMoqeA/AHxvcvxlejiQ==</latexit>

g = e eT

Note: T-duality = SO(7,7)

[ Nicolai, Samtleben, ’01]
[ Deger, Eloy, Samtleben, ’19]



Half-maximal supergravities in 3D

• Interactions induced by fluxes are encoded in a so-called embedding tensor  (ET)

<latexit sha1_base64="/mjfXZYg4A45QhOZbqdfE2oON7U="></latexit>

⇥MN |PQ = ✓MNPQ + 2
�
⌘M [P ✓Q]N � ⌘N [P ✓Q]M

�
+ 2⌘M [P ⌘Q]N✓

consisting of three irreducible representations of  SO(8,8) 

<latexit sha1_base64="l75NGf0jKpaIeOvpnM4FR7KXGWw=">AAACFHicbVBNS8NAEN34bf2qevSyWARBKIlI7UUoePGiVLC2kISw2W7apZtN2J0IJeRHePGvePGgiFcP3vw3bmsFbX2w8Oa9GWbnhangGmz705qbX1hcWl5ZLa2tb2xulbd3bnWSKcpaNBGJ6oREM8ElawEHwTqpYiQOBWuHg/OR375jSvNE3sAwZX5MepJHnBIwUlA+8qDPgAT55VXzujj7qdxR6RfY4xJ7YZQ79WO7CMoVu2qPgWeJMyEVNEEzKH943YRmMZNABdHadewU/Jwo4FSwouRlmqWEDkiPuYZKEjPt5+OjCnxglC6OEmWeBDxWf0/kJNZ6GIemMybQ19PeSPzPczOI6n7OZZoBk/R7UZQJDAkeJYS7XDEKYmgIoYqbv2LaJ4pQMDmWTAjO9Mmz5Pa46tSqteuTSqM+iWMF7aF9dIgcdIoa6AI1UQtRdI8e0TN6sR6sJ+vVevtunbMmM7voD6z3L1b5nbM=</latexit>

✓MNPQ = ✓[MNPQ] 2 1820
<latexit sha1_base64="xQsNQswjI3MhpPGM4BZp4d2cyv0=">AAACD3icbZDLSgMxFIYz9V5vVZdugkWpmzLjpXYjCG7cKBXsBTqlZNJMG5rJDMkZoQzzBm58FTcuFHHr1p1vY3oRtPWHwMd/zuHk/F4kuAbb/rIyc/MLi0vLK9nVtfWNzdzWdk2HsaKsSkMRqoZHNBNcsipwEKwRKUYCT7C6178c1uv3TGkeyjsYRKwVkK7kPqcEjNXOHbjQY0DayfVNev7DheubwxS7XGLX8xPn+DRt5/J20R4Jz4IzgTyaqNLOfbqdkMYBk0AF0brp2BG0EqKAU8HSrBtrFhHaJ13WNChJwHQrGd2T4n3jdLAfKvMk4JH7eyIhgdaDwDOdAYGenq4Nzf9qzRj8civhMoqBSTpe5McCQ4iH4eAOV4yCGBggVHHzV0x7RBEKJsKsCcGZPnkWakdFp1Qs3Z7kL8qTOJbRLtpDBeSgM3SBrlAFVRFFD+gJvaBX69F6tt6s93FrxprM7KA/sj6+AYCdm6Y=</latexit>

✓MN = ✓(MN) 2 135
<latexit sha1_base64="Lz067c2PT+sEdUngJ/LLceFQqSI=">AAAB+nicbVDLSgNBEJyNrxhfiR69DAbBU9gViTkGvHiMYB6QDWF20psMmZ1dZnqVsOZTvHhQxKtf4s2/cfI4aGJBQ1HVTXdXkEhh0HW/ndzG5tb2Tn63sLd/cHhULB23TJxqDk0ey1h3AmZACgVNFCihk2hgUSChHYxvZn77AbQRsbrHSQK9iA2VCAVnaKV+seTjCJBRXyjqB2HmTfvFsltx56DrxFuSMlmi0S9++YOYpxEo5JIZ0/XcBHsZ0yi4hGnBTw0kjI/ZELqWKhaB6WXz06f03CoDGsbalkI6V39PZCwyZhIFtjNiODKr3kz8z+umGNZ6mVBJiqD4YlGYSooxneVAB0IDRzmxhHEt7K2Uj5hmHG1aBRuCt/ryOmldVrxqpXp3Va7XlnHkySk5IxfEI9ekTm5JgzQJJ4/kmbySN+fJeXHenY9Fa85ZzpyQP3A+fwCOs5OI</latexit>

✓ 2 1

• Consistency of the gauging requires a set of Quadratic Constraints  (QC)

<latexit sha1_base64="1jUp/QBTh4hGJWt55J2CjbRUODI=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEpHYjFNy4rNAXNKFMJtN26GQSZm6EEurGX3HjQhG3/oU7/8Zpm4W2Hrhw5px7mXtPkAiuwXG+rcLa+sbmVnG7tLO7t39gHx61dZwqylo0FrHqBkQzwSVrAQfBuoliJAoE6wTj25nfeWBK81g2YZIwPyJDyQecEjBS3z7xmiMGBHs0jAHj/HWDnb5ddirOHHiVuDkpoxyNvv3lhTFNIyaBCqJ1z3US8DOigFPBpiUv1SwhdEyGrGeoJBHTfja/YIrPjRLiQaxMScBz9fdERiKtJ1FgOiMCI73szcT/vF4Kg5qfcZmkwCRdfDRIBYYYz+LAIVeMgpgYQqjiZldMR0QRCia0kgnBXT55lbQvK261Ur2/KtdreRxFdIrO0AVy0TWqozvUQC1E0SN6Rq/ozXqyXqx362PRWrDymWP0B9bnDw55lVM=</latexit>

⇥ ·⇥ = 0
Bianchi identities  


&  

Tadpole cancellationET / Flux  dictionary

• Scalar potential
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<latexit sha1_base64="4jnFO8UTCV8gvoIpQmmZqYSudLk=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyxChTJkBju2C6Hgxo1QwdZCO5RMJm1DMw+SjFCHfokbF4q49VPc+TemD0FFD1zu4Zx7yc3xE86kQujDyK2srq1v5DcLW9s7u0Vzb78t41QQ2iIxj0XHx5JyFtGWYorTTiIoDn1Ob/3xxcy/vaNCsji6UZOEeiEeRmzACFZa6pvF8tW5XenxIFayYrsnfbOELOTUqqgOkeXo5lQ1qSK77tahbaE5SmCJZt987wUxSUMaKcKxlF0bJcrLsFCMcDot9FJJE0zGeEi7mkY4pNLL5odP4bFWAjiIha5Iwbn6fSPDoZST0NeTIVYj+dubiX953VQNal7GoiRVNCKLhwYphyqGsxRgwAQlik80wUQwfSskIywwUTqrgg7h66fwf9J2LNu13OvTUqO2jCMPDsERKAMbnIEGuARN0AIEpOABPIFn4954NF6M18VozljuHIAfMN4+Ab/3kdw=</latexit>

(M = 1, . . . , 16)

<latexit sha1_base64="p+K4aXSEg59rfbJILeZdeEX967U="></latexit>

V (⇥ ;M) = ⇥⇥
�
M4 +M3 ⌘ + . . .

�

[ Nicolai, Samtleben, ’01]
[ Deger, Eloy, Samtleben, ’19]

[ see Samtleben’s review, ’08]



Goals

1.  Derive the type II ET/Flux dictionary for all the possible half-maximal 

supergravities compatible with a single type of Op/Dp-sources  

2.  Classify the extrema of the scalar potential of the resulting half-maximal 

supergravities 

[ Group Theory ]

[ Algebraic Geometry ]

￼6

[ 4D:  Angelantonj, Ferrara, Trigiante ’03 ]
[ 4D:  Dibitetto, AG, Roest ’11, ’12 ]



Group Theory Part
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Warming up:  M-theory on

• Internal diffeomorphisms 

- Coordinates & derivatives :

- Metric & gauge potentials : 

- Fluxes :

implies that the eight physical internal coordinates of 11D supergravity yA, with A = 1, . . . , 8,
must transform as an eight-dimensional irrep of SL(8). A quick inspection of Table 1 then
confirms that, up to a conventional choice, one has that

yA ∈ 8−3 and ∂A ∈ 8′+3 . (3.7)

After having group-theoretically identified the physical derivatives ∂A, we proceed to iden-
tify the internal components of the elfbein eAB as well as the three-form C(3) ≡ CABC =
C[ABC] and six-form C(6) ≡ CA1...A6 = C[A1...A6] gauge potentials of 11D supergravity. An
inspection of Table 1 reveals that

eA
B ∈ (63+ 1)0 , C(3) ∈ 56′+1 and C(6) ∈ 28+2 , (3.8)

where 28 compact scalars must be subtracted from eAB upon gauge-fixing of the internal
SO(8) local symmetry, namely, eAB ∈ GL(8)/SO(8). Lastly, metric and gauge fluxes are
constructed by applying exterior derivatives on the scalars in (3.8). This yields

ωAB
C ∈ (216′ + 8′)+3 , G(4) ∈ 70+4 and G(7) ∈ 8+5 . (3.9)

Importantly, bosonic (spinorial) irreps of SO(8, 8) give rise to SL(8) × R1 irreps with an
even (odd) R1-charge and are kept (projected out) when truncating maximal to half-maximal
supergravity (see Table 1). Therefore, since the physical internal derivatives in (3.7) are
spinorial in this sense (R1-charge +3), only the spinorial scalars C(3) (R1-charge +1) in (3.8)
will produce a bosonic flux G(4) (R1-charge +4) in (3.9) suitable to enter the embedding
tensor of half-maximal supergravity. Summarising, the half-maximal supergravities obtained
from M-theory will contain physical scalars and gauge fluxes of the form

Scalars : eAB ∈ GL(8)
SO(8) , C(6) ,

Fluxes : G(4) .
(3.10)

This simple spinorial/bosonic grading will help us later when discussing more complicated
flux models arising from type II orientifold reductions.

Before moving to discuss specific algebraic properties of the M-theory gaugings, let us
perform a precise counting of bosonic and spinorial scalars in the M-theory context. As we
have already seen, bosonic scalars arise from eAB ∈ GL(8)/SO(8) and C(6) adding up to
64 scalars. However, there are only 56 spinorial scalars arising from C(3). The difference is

explained by the 8 additional spinorial scalars dual to the vectors eµA. All together, there are
64 bosonic and 64 spinorial scalars as required by the E8(8)/SO(16) scalar geometry of the
maximal theory.

Since half-maximal supergravity does not contain spinorial irreps of SO(8, 8), only the
gauge flux G(4) and the 64 bosonic scalars eAB ∈ GL(8)/SO(8) and C(6) (all of them with
an even R1-charge) are present in the theory. The resulting gauging in 3D has a simple
embedding tensor (2.4) specified by the non-zero components

θABCD = 1
4! ε

ABCDEFGHGEFGH , (3.11)

where we have made the SO(8, 8) index splitting TM = (TA, TA) in light-cone coordinates.
This is nothing but the branching 16 → 8′−1 ⊕ 8+1 under SO(8, 8) ⊃ SL(8)× R1 in Table 1.
The embedding tensor (3.11) satisfies the QC’s in (2.12) and specifies an Abelian gauge group
of dimension 28 for the non-zero generators XAB = θABCD LCD in the light-cone basis.7

7In the light-cone basis there are two maximal Abelian subgroups spanned by LAB and LAB , respectively.
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70+4 ⊕ 28+2 ⊕ 420+2
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8′−5 ⊕ 216−3 ⊕ 8−3

56−1 ⊕ 504−1 ⊕ 168−1

56′+1 ⊕ 504′+1 ⊕ 168′+1

8+5 ⊕ 216′+3 ⊕ 8′+3

Table 1: M-theory branching rules for the embedding chain E8(8) ⊃ SO(8, 8) ⊃ SL(8) × R1.
The subscripts in the third column indicate R1-charges. We have highlighted the scalars
eAB , C(3) and C(6) in (3.8) as well as their associated fluxes ωAB

C , G(4) and G(7) in (3.9).
Also the physical internal derivatives ∂A have been put in a box for their quick identification.
Note that the spinorial representations 128′ and 1920′ of SO(8, 8) give rise to SL(8) × R1

irreps with an odd R1-charge. These irreps are projected out when truncating maximal to
half-maximal supergravity and are marked with “ − ” as they do not give rise to scalars or
embedding tensor deformations in half-maximal supergravity.

provided the quadratic constraints (2.11) hold. However, the uplift of the three-dimensional
gauged supergravity described by such an embedding tensor would generically deviate from
an ordinary SS reduction or a standard flux compactification. These more exotic scenarios
are beyond the scope of this work.

3.1 Warming up: M-theory fluxes/embedding tensor dictionary

In the absence of sources, the dimensional reduction of 11D supergravity on T8 yields the
ungauged 3D supergravity with E8(8) global U-duality symmetry [2]. This E8(8) symmetry
group becomes manifest when 11D supergravity is reformulated in the form of an exceptional
field theory living in a generalised (3 + 248)-dimensional spacetime with an extended set
of internal coordinates in the 248 (adjoint) irrep of E8(8) [18]. The eight physical internal
coordinates of 11D supergravity are then part of the 248 ∈ E8(8). On the other hand,
standard Kaluza–Klein (KK) reduction of 11D supergravity on T8 comes along with a global
GL(8) = SL(8)×R1 symmetry descending from the ordinary internal diffeomorphisms. This
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135 θMN 36′−2 ⊕ 630 ⊕ 36+2

1820 θMNPQ

70−4 ⊕ 28′−2 ⊕ 420′−2

7200 ⊕ 630 ⊕ 10

70+4 ⊕ 28+2 ⊕ 420+2

1920′ –

8′−5 ⊕ 216−3 ⊕ 8−3

56−1 ⊕ 504−1 ⊕ 168−1

56′+1 ⊕ 504′+1 ⊕ 168′+1

8+5 ⊕ 216′+3 ⊕ 8′+3

Table 1: M-theory branching rules for the embedding chain E8(8) ⊃ SO(8, 8) ⊃ SL(8) × R1.
The subscripts in the third column indicate R1-charges. We have highlighted the scalars
eAB , C(3) and C(6) in (3.8) as well as their associated fluxes ωAB

C , G(4) and G(7) in (3.9).
Also the physical internal derivatives ∂A have been put in a box for their quick identification.
Note that the spinorial representations 128′ and 1920′ of SO(8, 8) give rise to SL(8) × R1

irreps with an odd R1-charge. These irreps are projected out when truncating maximal to
half-maximal supergravity and are marked with “ − ” as they do not give rise to scalars or
embedding tensor deformations in half-maximal supergravity.

provided the quadratic constraints (2.11) hold. However, the uplift of the three-dimensional
gauged supergravity described by such an embedding tensor would generically deviate from
an ordinary SS reduction or a standard flux compactification. These more exotic scenarios
are beyond the scope of this work.

3.1 Warming up: M-theory fluxes/embedding tensor dictionary

In the absence of sources, the dimensional reduction of 11D supergravity on T8 yields the
ungauged 3D supergravity with E8(8) global U-duality symmetry [2]. This E8(8) symmetry
group becomes manifest when 11D supergravity is reformulated in the form of an exceptional
field theory living in a generalised (3 + 248)-dimensional spacetime with an extended set
of internal coordinates in the 248 (adjoint) irrep of E8(8) [18]. The eight physical internal
coordinates of 11D supergravity are then part of the 248 ∈ E8(8). On the other hand,
standard Kaluza–Klein (KK) reduction of 11D supergravity on T8 comes along with a global
GL(8) = SL(8)×R1 symmetry descending from the ordinary internal diffeomorphisms. This
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implies that the eight physical internal coordinates of 11D supergravity yA, with A = 1, . . . , 8,
must transform as an eight-dimensional irrep of SL(8). A quick inspection of Table 1 then
confirms that, up to a conventional choice, one has that

yA ∈ 8−3 and ∂A ∈ 8′+3 . (3.7)

After having group-theoretically identified the physical derivatives ∂A, we proceed to iden-
tify the internal components of the elfbein eAB as well as the three-form C(3) ≡ CABC =
C[ABC] and six-form C(6) ≡ CA1...A6 = C[A1...A6] gauge potentials of 11D supergravity. An
inspection of Table 1 reveals that

eA
B ∈ (63+ 1)0 , C(3) ∈ 56′+1 and C(6) ∈ 28+2 , (3.8)

where 28 compact scalars must be subtracted from eAB upon gauge-fixing of the internal
SO(8) local symmetry, namely, eAB ∈ GL(8)/SO(8). Lastly, metric and gauge fluxes are
constructed by applying exterior derivatives on the scalars in (3.8). This yields

ωAB
C ∈ (216′ + 8′)+3 , G(4) ∈ 70+4 and G(7) ∈ 8+5 . (3.9)

Importantly, bosonic (spinorial) irreps of SO(8, 8) give rise to SL(8) × R1 irreps with an
even (odd) R1-charge and are kept (projected out) when truncating maximal to half-maximal
supergravity (see Table 1). Therefore, since the physical internal derivatives in (3.7) are
spinorial in this sense (R1-charge +3), only the spinorial scalars C(3) (R1-charge +1) in (3.8)
will produce a bosonic flux G(4) (R1-charge +4) in (3.9) suitable to enter the embedding
tensor of half-maximal supergravity. Summarising, the half-maximal supergravities obtained
from M-theory will contain physical scalars and gauge fluxes of the form

Scalars : eAB ∈ GL(8)
SO(8) , C(6) ,

Fluxes : G(4) .
(3.10)

This simple spinorial/bosonic grading will help us later when discussing more complicated
flux models arising from type II orientifold reductions.

Before moving to discuss specific algebraic properties of the M-theory gaugings, let us
perform a precise counting of bosonic and spinorial scalars in the M-theory context. As we
have already seen, bosonic scalars arise from eAB ∈ GL(8)/SO(8) and C(6) adding up to
64 scalars. However, there are only 56 spinorial scalars arising from C(3). The difference is

explained by the 8 additional spinorial scalars dual to the vectors eµA. All together, there are
64 bosonic and 64 spinorial scalars as required by the E8(8)/SO(16) scalar geometry of the
maximal theory.

Since half-maximal supergravity does not contain spinorial irreps of SO(8, 8), only the
gauge flux G(4) and the 64 bosonic scalars eAB ∈ GL(8)/SO(8) and C(6) (all of them with
an even R1-charge) are present in the theory. The resulting gauging in 3D has a simple
embedding tensor (2.4) specified by the non-zero components

θABCD = 1
4! ε

ABCDEFGHGEFGH , (3.11)

where we have made the SO(8, 8) index splitting TM = (TA, TA) in light-cone coordinates.
This is nothing but the branching 16 → 8′−1 ⊕ 8+1 under SO(8, 8) ⊃ SL(8)× R1 in Table 1.
The embedding tensor (3.11) satisfies the QC’s in (2.12) and specifies an Abelian gauge group
of dimension 28 for the non-zero generators XAB = θABCD LCD in the light-cone basis.7

7In the light-cone basis there are two maximal Abelian subgroups spanned by LAB and LAB , respectively.
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scalars

implies that the eight physical internal coordinates of 11D supergravity yA, with A = 1, . . . , 8,
must transform as an eight-dimensional irrep of SL(8). A quick inspection of Table 1 then
confirms that, up to a conventional choice, one has that

yA ∈ 8−3 and ∂A ∈ 8′+3 . (3.7)

After having group-theoretically identified the physical derivatives ∂A, we proceed to iden-
tify the internal components of the elfbein eAB as well as the three-form C(3) ≡ CABC =
C[ABC] and six-form C(6) ≡ CA1...A6 = C[A1...A6] gauge potentials of 11D supergravity. An
inspection of Table 1 reveals that

eA
B ∈ (63+ 1)0 , C(3) ∈ 56′+1 and C(6) ∈ 28+2 , (3.8)

where 28 compact scalars must be subtracted from eAB upon gauge-fixing of the internal
SO(8) local symmetry, namely, eAB ∈ GL(8)/SO(8). Lastly, metric and gauge fluxes are
constructed by applying exterior derivatives on the scalars in (3.8). This yields

ωAB
C ∈ (216′ + 8′)+3 , G(4) ∈ 70+4 and G(7) ∈ 8+5 . (3.9)

Importantly, bosonic (spinorial) irreps of SO(8, 8) give rise to SL(8) × R1 irreps with an
even (odd) R1-charge and are kept (projected out) when truncating maximal to half-maximal
supergravity (see Table 1). Therefore, since the physical internal derivatives in (3.7) are
spinorial in this sense (R1-charge +3), only the spinorial scalars C(3) (R1-charge +1) in (3.8)
will produce a bosonic flux G(4) (R1-charge +4) in (3.9) suitable to enter the embedding
tensor of half-maximal supergravity. Summarising, the half-maximal supergravities obtained
from M-theory will contain physical scalars and gauge fluxes of the form

Scalars : eAB ∈ GL(8)
SO(8) , C(6) ,

Fluxes : G(4) .
(3.10)

This simple spinorial/bosonic grading will help us later when discussing more complicated
flux models arising from type II orientifold reductions.

Before moving to discuss specific algebraic properties of the M-theory gaugings, let us
perform a precise counting of bosonic and spinorial scalars in the M-theory context. As we
have already seen, bosonic scalars arise from eAB ∈ GL(8)/SO(8) and C(6) adding up to
64 scalars. However, there are only 56 spinorial scalars arising from C(3). The difference is

explained by the 8 additional spinorial scalars dual to the vectors eµA. All together, there are
64 bosonic and 64 spinorial scalars as required by the E8(8)/SO(16) scalar geometry of the
maximal theory.

Since half-maximal supergravity does not contain spinorial irreps of SO(8, 8), only the
gauge flux G(4) and the 64 bosonic scalars eAB ∈ GL(8)/SO(8) and C(6) (all of them with
an even R1-charge) are present in the theory. The resulting gauging in 3D has a simple
embedding tensor (2.4) specified by the non-zero components

θABCD = 1
4! ε

ABCDEFGHGEFGH , (3.11)

where we have made the SO(8, 8) index splitting TM = (TA, TA) in light-cone coordinates.
This is nothing but the branching 16 → 8′−1 ⊕ 8+1 under SO(8, 8) ⊃ SL(8)× R1 in Table 1.
The embedding tensor (3.11) satisfies the QC’s in (2.12) and specifies an Abelian gauge group
of dimension 28 for the non-zero generators XAB = θABCD LCD in the light-cone basis.7

7In the light-cone basis there are two maximal Abelian subgroups spanned by LAB and LAB , respectively.
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Mkw3 vacua with a massless 

no-scale direction
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(A = 1, . . . , 8)
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M11 = M3 ⇥ T8
!



split as yA = (ym, y8) with m = 1, . . . , 7. The relevant branching rules for the M-theory ⇔
type IIA with O2 correspondence are summarised in Table 2.

The seven physical coordinates and their associated derivatives follow from the branching
rules in Table 2. They are identified with

ym ∈ 7(+1,−3) and ∂m ∈ 7′(−1,+3) . (3.12)

On the other hand, the type IIA dilaton Φ, the internal components of the zehnbein emn and
the various type IIA gauge potentials B(2), B(6) and C(1), C(3), C(5) are identified as

emn ∈ (48+ 1)(0,0) , C(1) ∈ 7′(−8,0) , Φ ∈ 1(0,0) ,

C(3) ∈ 35′(−3,+1) , B(2) ∈ 21′(+5,+1) , B(6) ∈ 7(−6,+2) , C(5) ∈ 21(+2,+2) ,
(3.13)

where 21 compact scalars must be subtracted from emn upon gauge-fixing of the internal
SO(7) local symmetry, namely, emn ∈ GL(7)/SO(7). While the bosonic scalars in (3.13)
correctly add up to 64, the number of the spinorial ones turns out to be 56. The 7+1 missing
spinorial scalars are dual to the three-dimensional vectors eµn and Cµ.8 The metric and gauge
fluxes obtained by applying exterior derivatives on the scalars in (3.13) are

ωmn
p ∈ (140′ + 7′)(−1,+3) , F(2) ∈ 21′

(−9,+3) , H(1) ∈ 7′(−1,+3) ,

F(4) ∈ 35(−4,+4) , H(3) ∈ 35′(+4,+4) , H(7) ∈ 1(−7,+5) , F(6) ∈ 7(+1,+5) .
(3.14)

Finally, the massive version of type IIA supergravity admits an additional deformation pa-
rameter known as the Romans mass F(0) [19]. This parameter does not follow from a gauge
potential and it is group-theoretically identified with

F(0) ∈ 1(−14,+2) . (3.15)

Again, since half-maximal supergravity does not contain spinorial irreps of SO(8, 8), we
must keep scalars and fluxes with an even R1-charge. The result is that only the 64 physical
scalars and gauge fluxes

Scalars : emn ∈ GL(7)
SO(7) , C(1) , Φ , B(6) , C(5) ,

Fluxes : H(3) , F(4) , F(0) ,
(3.16)

are present in the theory. These fluxes induce a gauging in 3D specified by the embedding
tensor components

θmnpq = 1
3! ε

mnpqrstHrst , θmnp8 = 1
4! ε

mnpqrstFqrst , θ88 = F(0) , (3.17)

provided the QC’s in (2.12) hold. An explicit computation of (2.12) for the embedding tensor
(3.17) yields

F(0) H(3) = 0 , (3.18)

so F(0) and H(3) can not be simultaneously turned on in a compactification preserving half-
maximal supersymmetry in 3D. The embedding tensor components in (3.17) result in the
gauge brackets

[

Xmn,X8p
]

= 2
3! ε

mnpqrstHqrsX8
t ,

[

X8m,X8n
]

= 2
(

1
4! ε

mnpqrst FpqrsX8
t − F(0) X

mn
)

,
(3.19)

8Since we are not including C(7) in the democratic formulation of type IIA supergravity, the vector Cµ that
would be captured by a purely internal C(7) must be taken into account explicitly.
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Type IIA with O2/D2 sources

• Internal diffeomorphisms 
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GL(7) = SL(7)⇥ R2 ⇢ SL(8)⇥ R1 ⇢ SO(8, 8)

Fields enp C(1) Φ C(3) B(2) B(6) C(5)

ΩP + − + + − + −

σO2 + − + − + + −

OZ2 + + + − − + +

Fluxes ωmn
p F(2) H(1) F(4) H(3) H(7) F(6)

OZ2 − − − + + − −

Table 3: Grading of type IIA fields and fluxes under the O2-plane orientifold action OZ2 =
ΩP σO2. The Romans mass parameter F(0) is not included in the table since it does not
originate from a gauge potential.

which generically involve the 21 + 7 + 7 generators
{

Xmn , X8p , X8
t
}

. Solving (3.18) by
setting F(0) = 0 trivialises X8

t = 0 and the remaining algebra spanned by
{

Xmn , X8p
}

reduces to the 28-dimensional Abelian gauging of M-theory. On the contrary, solving (3.18)
by setting H(3) = 0 does not trivialise any generator and yields a 2-step nilpotent algebra of
dimension 35 with a 28-dimensional center.

Orientifold interpretation and O2-planes

The half-maximal supergravity models that we have just derived can be realised more string-
theoretically in terms of massive type IIA orientifold reductions including O2-planes/D2-
branes. Three-dimensional Lorentz invariance requires these sources to be located at

x0 x1 x2 y1 y2 y3 y4 y5 y6 y7

× × × (3.20)

thus filling the 3D external spacetime completely. From a group-theoretical viewpoint, the
orientifold action OZ2 in the string theory side is precisely the Z2 symmetry that truncates
from maximal to half-maximal supergravity. More specifically, this Z2 projects out those fields
and fluxes sitting in spinorial representations of SO(8, 8) when branching E8(8) ⊃ SO(8, 8) (see
Table 1).

The location of the O2-plane in (3.20) is compatible with the SL(7) covariance of the
massive type IIA models. The internal target space involution σO2 reflects all the coordinates
(and derivatives) on T7 transverse to the O2-plane, namely,

σO2 : ym → − ym

∂m → − ∂m
with m = 1, . . . , 7 . (3.21)

The full orientifold action OZ2 = ΩP σO2 acts on the various type IIA fields and fluxes as
summarised in Table 3. Observe that the set of OZ2 -even fields and fluxes in Table 3 precisely
matches the ones in (3.16).

The string-theoretic interpretation of the half-maximal supergravity models also allows
for a better understanding of the QC’s in (3.18). The orientifold OZ2 we are considering here
allows for O2-planes (and D2-branes). As a result, the flux combination H(3) ∧ F(4) entering
(3.1) can be used to cancel a tadpole for C(5) and, therefore, its value is totally unrestricted
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• A group-theoretical analysis shows that

split as yA = (ym, y8) with m = 1, . . . , 7. The relevant branching rules for the M-theory ⇔
type IIA with O2 correspondence are summarised in Table 2.

The seven physical coordinates and their associated derivatives follow from the branching
rules in Table 2. They are identified with

ym ∈ 7(+1,−3) and ∂m ∈ 7′(−1,+3) . (3.12)

On the other hand, the type IIA dilaton Φ, the internal components of the zehnbein emn and
the various type IIA gauge potentials B(2), B(6) and C(1), C(3), C(5) are identified as

emn ∈ (48+ 1)(0,0) , C(1) ∈ 7′(−8,0) , Φ ∈ 1(0,0) ,

C(3) ∈ 35′(−3,+1) , B(2) ∈ 21′(+5,+1) , B(6) ∈ 7(−6,+2) , C(5) ∈ 21(+2,+2) ,
(3.13)

where 21 compact scalars must be subtracted from emn upon gauge-fixing of the internal
SO(7) local symmetry, namely, emn ∈ GL(7)/SO(7). While the bosonic scalars in (3.13)
correctly add up to 64, the number of the spinorial ones turns out to be 56. The 7+1 missing
spinorial scalars are dual to the three-dimensional vectors eµn and Cµ.8 The metric and gauge
fluxes obtained by applying exterior derivatives on the scalars in (3.13) are

ωmn
p ∈ (140′ + 7′)(−1,+3) , F(2) ∈ 21′

(−9,+3) , H(1) ∈ 7′(−1,+3) ,

F(4) ∈ 35(−4,+4) , H(3) ∈ 35′(+4,+4) , H(7) ∈ 1(−7,+5) , F(6) ∈ 7(+1,+5) .
(3.14)

Finally, the massive version of type IIA supergravity admits an additional deformation pa-
rameter known as the Romans mass F(0) [19]. This parameter does not follow from a gauge
potential and it is group-theoretically identified with

F(0) ∈ 1(−14,+2) . (3.15)

Again, since half-maximal supergravity does not contain spinorial irreps of SO(8, 8), we
must keep scalars and fluxes with an even R1-charge. The result is that only the 64 physical
scalars and gauge fluxes

Scalars : emn ∈ GL(7)
SO(7) , C(1) , Φ , B(6) , C(5) ,

Fluxes : H(3) , F(4) , F(0) ,
(3.16)

are present in the theory. These fluxes induce a gauging in 3D specified by the embedding
tensor components

θmnpq = 1
3! ε

mnpqrstHrst , θmnp8 = 1
4! ε

mnpqrstFqrst , θ88 = F(0) , (3.17)

provided the QC’s in (2.12) hold. An explicit computation of (2.12) for the embedding tensor
(3.17) yields

F(0) H(3) = 0 , (3.18)

so F(0) and H(3) can not be simultaneously turned on in a compactification preserving half-
maximal supersymmetry in 3D. The embedding tensor components in (3.17) result in the
gauge brackets

[

Xmn,X8p
]

= 2
3! ε

mnpqrstHqrsX8
t ,

[

X8m,X8n
]

= 2
(

1
4! ε

mnpqrst FpqrsX8
t − F(0) X

mn
)

,
(3.19)

8Since we are not including C(7) in the democratic formulation of type IIA supergravity, the vector Cµ that
would be captured by a purely internal C(7) must be taken into account explicitly.
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• Quadratic Constraints :
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⇥ ·⇥ = 0
ET / Flux  dictionary

split as yA = (ym, y8) with m = 1, . . . , 7. The relevant branching rules for the M-theory ⇔
type IIA with O2 correspondence are summarised in Table 2.

The seven physical coordinates and their associated derivatives follow from the branching
rules in Table 2. They are identified with

ym ∈ 7(+1,−3) and ∂m ∈ 7′(−1,+3) . (3.12)

On the other hand, the type IIA dilaton Φ, the internal components of the zehnbein emn and
the various type IIA gauge potentials B(2), B(6) and C(1), C(3), C(5) are identified as

emn ∈ (48+ 1)(0,0) , C(1) ∈ 7′(−8,0) , Φ ∈ 1(0,0) ,

C(3) ∈ 35′(−3,+1) , B(2) ∈ 21′(+5,+1) , B(6) ∈ 7(−6,+2) , C(5) ∈ 21(+2,+2) ,
(3.13)

where 21 compact scalars must be subtracted from emn upon gauge-fixing of the internal
SO(7) local symmetry, namely, emn ∈ GL(7)/SO(7). While the bosonic scalars in (3.13)
correctly add up to 64, the number of the spinorial ones turns out to be 56. The 7+1 missing
spinorial scalars are dual to the three-dimensional vectors eµn and Cµ.8 The metric and gauge
fluxes obtained by applying exterior derivatives on the scalars in (3.13) are

ωmn
p ∈ (140′ + 7′)(−1,+3) , F(2) ∈ 21′

(−9,+3) , H(1) ∈ 7′(−1,+3) ,

F(4) ∈ 35(−4,+4) , H(3) ∈ 35′(+4,+4) , H(7) ∈ 1(−7,+5) , F(6) ∈ 7(+1,+5) .
(3.14)

Finally, the massive version of type IIA supergravity admits an additional deformation pa-
rameter known as the Romans mass F(0) [19]. This parameter does not follow from a gauge
potential and it is group-theoretically identified with

F(0) ∈ 1(−14,+2) . (3.15)

Again, since half-maximal supergravity does not contain spinorial irreps of SO(8, 8), we
must keep scalars and fluxes with an even R1-charge. The result is that only the 64 physical
scalars and gauge fluxes

Scalars : emn ∈ GL(7)
SO(7) , C(1) , Φ , B(6) , C(5) ,

Fluxes : H(3) , F(4) , F(0) ,
(3.16)

are present in the theory. These fluxes induce a gauging in 3D specified by the embedding
tensor components

θmnpq = 1
3! ε

mnpqrstHrst , θmnp8 = 1
4! ε

mnpqrstFqrst , θ88 = F(0) , (3.17)

provided the QC’s in (2.12) hold. An explicit computation of (2.12) for the embedding tensor
(3.17) yields

F(0) H(3) = 0 , (3.18)

so F(0) and H(3) can not be simultaneously turned on in a compactification preserving half-
maximal supersymmetry in 3D. The embedding tensor components in (3.17) result in the
gauge brackets

[

Xmn,X8p
]

= 2
3! ε

mnpqrstHqrsX8
t ,

[

X8m,X8n
]

= 2
(

1
4! ε

mnpqrst FpqrsX8
t − F(0) X

mn
)

,
(3.19)

8Since we are not including C(7) in the democratic formulation of type IIA supergravity, the vector Cµ that
would be captured by a purely internal C(7) must be taken into account explicitly.
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No O6/D6 sources !!

• No new vacua ( same no-scale Mkw3 )  
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(m = 1, . . . , 7)
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Type IIB with O5/D5 sources

• Internal diffeomorphisms 

• A group-theoretical analysis shows that

Orientifold interpretation and O5-planes

These type IIB flux models can be string-theoretically interpreted as type IIB orientifold
reductions including O5-planes (and D5-branes) located as

x0 x1 x2 y1 ỹ2 y3 ỹ4 y5 ỹ6 y7

× × × × × × (3.41)

The O5-plane is filling the external spacetime together with the three internal directions ỹi

with i = 2, 4, 6. The internal target space involution σO5 then reflects the four transverse
coordinates (and their derivatives) on T7, namely,

σO5 : ỹi → ỹi , yâ → − yâ

∂̃i → ∂̃i , ∂â → − ∂â
with i = 2, 4, 6 , â = 1, 3, 5, 7 . (3.42)

The corresponding orientifold action OZ2 = ΩP σO5 acts on the type IIB fields as displayed
in Table 12. As expected, the OZ2 -even and OZ2-odd fields in Table 12 precisely match the
ones in (3.39) and (3.40), respectively. The same matching holds at the level of the fluxes.

The string-theoretic realisation of the half-maximal supergravity models again allows us
to better understand the QC’s restricting the type IIB fluxes. These include the nilpotency
condition (D2 = 0) of the D = d + ω twisted exterior derivative on the internal space, as
well as sourceless Bianchi identities of the form DH(1) = 0, DF(1) + β1H(1) ∧ F(1) = 0,
DH(3) + αH(1) ∧ H(3) = 0 and DF(5) + β5H(1) ∧ F(5) − H(3) ∧ F(3) = 0. These follow from
the total absence of 7-branes (the first two), NS5-branes (the third one) and D3-branes (the
fourth one) in the compactification scheme. More relevant are the Bianchi identities involving
O5/D5-sources in (3.1), namely, DF(3) + β3H(1) ∧ F(3) − H(3) ∧ F(1) = JO5/D5. Since the
orientifold action we are considering here is generated by O5-planes that extend along the
three internal directions ỹi, we don’t expect any QC in the supergravity restricting the number
of such sources. Indeed, an explicit computation of the QC’s in (2.12) using the embedding
tensor/flux correspondence in Table 11 shows that

DF(3) −H(3) ∧ F(1)

∣

∣

dyâ∧ dyb̂∧ dyĉ∧ dyd̂
= unrestricted , (3.43)

while any other component must vanish. In other words, O5/D5-sources threading the sub-

manifold whose Poincaré dual is dyâ ∧ dyb̂ ∧ dyĉ ∧ dyd̂ are compatible with the half-maximal
supersymmetry of the type IIB flux models under consideration.

3.6 Type IIA with O6-planes

The next orientifold action to be considered is the one induced by an O6-plane filling the
external spacetime and a four-cycle inside T7. This case can be obtained from the O2-plane
setup by performing four T-dualities along four coordinates yâ. Without loss of generality, we
will take such four coordinates to span the four-cycle T2

2 × T2
3 ⊂ T7 in (3.22). The O6-plane

then breaks the SL(7) covariance down to a subgroup SL(3) × SL(4) ⊂ SL(7). The relevant
branching rules for the type IIA with O2 ⇔ type IIA with O6 correspondence are summarised
in Table 13. The original type IIA internal derivatives ∂m ∈ 7′(−1,+3) ∈ SL(7) × R2 × R1 in
(3.7) branch under SL(4)× SL(3)× R3 × R2 × R1 as

7′(−1,+3) → (1,3′)(+4,−1,+3) ⊕ (4′,1)(−3,−1,+3) ,

∂m → ∂i ⊕ ∂â .
(3.44)
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( â = 1, 3, 5, 7 and i = 2, 4, 6 )

Fields ΩP σO5 OZ2

eij , eâb̂
+

+ +

eiâ , eâi − −

Φ + + +

Bij , Bâb̂ −
+ −

Biâ − +

Bijâb̂ĉd̂ −
+ −

Bijkâb̂ĉ − +

Fields ΩP σO5 OZ2

Câb̂ĉd̂ , Cijâb̂ −
+ −

Ciâb̂ĉ , Cijkâ − +

C(0) − + −

Cij , Câb̂ +
+ +

Ciâ − −

Cijâb̂ĉd̂ +
+ +

Cijkâb̂ĉ − −

Table 12: Grading of the type IIB fields under the O5-plane orientifold action OZ2 = ΩP σO5.
OZ2-even fields match the ones in (3.39), whereas OZ2-odd fields match the ones in (3.40).

type IIB fields. A careful analysis shows that they are given by

eij ∈ (1,8+ 1)(0,0,0) , Ciâb̂ĉ ∈ (4,3)(−1,+2,+2) ,

eâb̂ ∈ (15+ 1,1)(0,0,0) , Cijkâ ∈ (4′,1)(−3,−8,0) ,

Φ ∈ (1,1)(0,0,0) , Cij ∈ (1,3′)(+4,−8,0) ,

Biâ ∈ (4′,3)(−7,0,0) , Câb̂ ∈ (6,1)(+6,+2,+2) ,

Bijkâb̂ĉ ∈ (4,1)(+3,−6,+2) , Cijâb̂ĉd̂ ∈ (1,3′)(−8,+2,+2) ,

(3.39)

where 3 + 6 compact scalars must be subtracted from eij and eâb̂ upon gauge-fixing of the

internal SO(3) × SO(4) local symmetry, namely, eij ∈ GL(3)/SO(3) and eâb̂ ∈ GL(4)/SO(4).
The spinorial scalars are identified as

eiâ ∈ (4,3)(−1,−5,−1) , Câb̂ĉd̂ ∈ (1,1)(0,+7,+3) ,

eâi ∈ (4′,3′)(+1,+5,+1) , Cijâb̂ ∈ (6,3′)(−2,−3,+1) ,

Bij ∈ (1,3′)(−8,−5,−1) , C(0) ∈ (1,1)(+12,−3,+1) ,

Bâb̂ ∈ (6,1)(−6,+5,+1) , Ciâ ∈ (4′,3)(+5,−3,+1) ,

Bijâb̂ĉd̂ ∈ (1,3′)(+4,−1,+3) , Cijkâb̂ĉ ∈ (4,1)(−9,−3,+1) .

(3.40)

In order to add up to 64, the 64− 3 = 61 bosonic scalars (even R1-charges) in (3.39) must be
completed with 3 additional scalars dual to the vectors eµi. Similarly, the 64−4 = 60 spinorial
scalars (odd R1-charges) in (3.40) must be completed with 4 additional scalars dual to the
vectors eµâ. Since there are both bosonic and spinorial physical derivatives in (3.38), the set
of type IIB fluxes that appear when acting upon the scalars (3.39)-(3.40) is very diverse. An
explicit computation yields the bosonic fluxes in Table 11 together with additional spinorial
fluxes which are projected out of the half-maximal theory. The fluxes in Table 11 therefore
specify the embedding tensor (2.4) and gauge brackets (2.11) of the type IIB half-maximal
supergravity models under consideration.
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Fluxes Flux components Embedding tensor

!

!ij
k
2 (1,6+ 3)

(�4,�6,+2)
✓
ij8

k

!
âb̂

i
2 (6,30)

(�2,+4,+4)
✓
ĉd̂jk

!âi
b̂
2 (15+ 1,3)

(�4,�6,+2)
✓
ib̂8

â

H(1) Hi 2 (1,3)
(�4,�6,+2)

✓
i8

F(1) Fâ 2 (40,1)
(+9,�4,+4)

�✓
b̂ĉd̂8

H(3)

H
âb̂ĉ

2 (4,1)
(�9,+4,+4)

�✓
d̂ijk

Hijĉ 2 (40,30)
(�11,�6,+2)

✓
ij8

ĉ

F(3)

Fijk 2 (1,1)
(0,�14,+2)

�✓
88

F
âb̂k

2 (6,3)
(+2,�4,+4)

✓
ĉd̂k8

F(5) F
âb̂ĉij

2 (4,30)
(�5,�4,+4)

✓
d̂ij8

F(7) F
âb̂ĉd̂ijk

2 (1,1)
(�12,�4,+4)

�✓
ijk8

55
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Too many fluxes and scalars !!



SO(3)-invariant sector:  RSTU-model

• SO(3)-invariant scalars :

￼12

with

eI = (AI µI)
− 1

2

(

1 0
uI µI

)

, bI =

(

0 BI

−BI 0

)

. (4.7)

In the M-theory duality frame of Section 3.1, the maximal subgroup GL(8) ⊂ SO(8, 8) is
realised purely geometrically. The parameterisation in (4.6)-(4.7) then gives rise to a matrix
g in (4.2) that is interpreted as the metric on the internal T8. It is

ds28 =
4
∑

I=1

A−1
I

ImUI

[

(

η2I−1
)2

+ |UI |2
(

η2I
)2

+ 2 (ReUI) η
2I−1 η2I

]

, (4.8)

where ηA =
⊕4

I=1(η
2I−1, η2I) denotes a basis of one-forms in the internal T8 =

⊗4
I=1 T

2
I .

Looking at the metric (4.8), the scalars AI play the role of Kähler moduli parameterising
the size of the four T2

I ⊂ T8, whereas UI are complex structure moduli parameterising the

shape. Note that
√

|g| = (A1A2A3A4)−1 in agreement with the previous identification of
moduli fields in the M-theory duality frame. A similar identification holds in the type IIA
with O2-planes duality frame of Section 3.2 that appears after dimensional reduction, except
that the radius of the 8th circle on T8 is no longer interpreted geometrically but becomes the
type IIA dilaton Φ. Further moving to other Op-plane duality frames involves the action of
T-dualities which invert the radius of the internal circles upon which they act. As a result
of this inversion, a single T-duality along a circle on T2

I ⊂ T8 exchanges the role of the
corresponding Kähler AI and complex structure ImUI moduli.

Constructing the scalar-dependent matrix in (4.2) from (4.6)-(4.7), and truncating away
the vectors in the theory, the Lagrangian (2.2) reduces to an Einstein-scalar model of the
form

L = −1

4
eR+

1

8
e

4
∑

I=1

(∂BI)2 + (∂AI)2

A2
I

+
1

8
e

4
∑

I=1

(∂uI)2 + (∂µI)2

µ2
I

− e V , (4.9)

where the scalar potential V depends on the M-theory/string fluxes compatible with the
specific duality frame under consideration. From now on, we will refer to the Z2

2 invariant
sector of half-maximal supergravity as the eight-chiral model. This model contains the eight
dilatons (AI , µI) associated with the Cartan subalgebra of SO(8, 8) and their partners (BI , uI).
From (4.6)-(4.7) one sees that (AI , µI ;uI) belong to e ∈ GL(8)/SO(8) whereas the axions BI

belong to the completion into SO(8, 8)/(SO(8) × SO(8)). The eight-chiral model presented
here provides a natural extension of the models investigated in [4, 5] which only included the
eight dilatons (AI , µI) (see Section 4.2).

4.1.2 The SO(3) invariant sector: the RSTU-model

The second symmetry we will mod out the theory by is a SO(3) symmetry embedded in the
SO(8, 8) duality group of half-maximal supergravity as

SO(8, 8) ⊃ SO(2, 2) × SO(6, 6) ⊃ SO(2, 2) × SO(2, 2) × SO(3) . (4.10)

It then follows from (4.10) that the commutant of SO(3) within SO(8, 8) is SO(2, 2)×SO(2, 2).
Using the fact that SO(2, 2) ∼ SL(2) × SL(2), the scalar geometry describing the SO(3)
invariant sector of half-maximal supergravity is given by

Mscal =

[

SL(2)

SO(2)

]4

⊂ SO(8, 8)

SO(8)× SO(8)
, (4.11)

and consists of four copies of the Poincaré disk parameterised by four complex scalars which
we will denote as R, S, T and U . It is worth mentioning here that the SO(3) invariant sector is
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4 complex scalars : R , S , T , U


RSTU-model

Note: analogue of the STU-model in 4D

SO(8, 8) SL(2)× SL(2) × SO(6, 6) SL(2)× SL(2)× SL(2)× SL(2) × SO(3)

16 (1,1;12)⊕ (2,2;1) (1,1;2,2;3) ⊕ (2,2;1,1;1)

1 (1,1;1) (1,1;1,1;1)

135 (1,1;1) ⊕ (3,3;1) (1,1;1,1;1) ⊕ (3,3;1,1;1)

(1,1;77)⊕ (2,2;12) [(1,1;3,3;1) ⊕ (1,1;1,3;3) ⊕ (1,1;3,1;3)

(1,1;1,1;5) ⊕ (1,1;3,3;5)] ⊕ (2,2;2,2;3)

1820 (1,1;1) (1,1;1,1;1)

(1,3;66)⊕ (3,1;66) [(1,3;1,3;1) ⊕ (1,3;3,1;1) ⊕ . . .]

[(3,1;1,3;1) ⊕ (3,1;3,1;1) ⊕ . . .]

(1,1;495)⊕ (2,2;220) [2 (1,1;1,1;1) ⊕ (1,1;3,3;1)

(1,1;1,5;1) ⊕ (1,1;5,1;1) ⊕ . . .]

[(2,2;2,2;1) ⊕ (2,2;4,4;1) ⊕ . . .]

(2,2;12) (2,2;2,2;3)

Table 26: Branching rules for SO(8, 8) ⊃ SL(2)2 × SO(6, 6) ⊃ SL(2)4 × SO(3). The ellipsis in
the bottom-right box denote additional non-singlets under SO(3).

4.3.1 Fluxes and tadpoles

The set of type IIB fluxes compatible with an O5-plane was presented in Table 11. In there,
the SL(4) × SL(3) covariance of the O5-plane duality frame forced a splitting of the 16 of
SO(8, 8) of the form

TM =
(

TA ; TA
)

→
(

Ti , Tâ , T8 ; T i , T â , T 8
)

, (4.27)

with â = 1, 3, 5, 7 and i = 2, 4, 6. This splitting followed from the O5-plane orientifold action
in (3.42). A quick comparison with the SO(3) splitting in (4.25) then yields â = (a, 7). Using
the SO(3) invariant tensors in (4.26) one can construct the following set of SO(3) invariant
metric fluxes

ωab
k = ω1 εabk , ω7a

i = ω2 δia , ω7i
a = ω3 δai ,

ωia
7 = ω4 δia , ωia

b = ω5 εiab , ωij
k = ω6 εijk ,

(4.28)

as well as gauge fluxes

Habc = h31 εabc , Haij = h32 εaij , Fijk = f31 εijk , Fia7 = f32 δia , Fibc = f33 εibc ,

Fabij7 = f5 δai δbj , Fabcijk7 = f7 εabc εijk ,
(4.29)

in terms of 6 + 7 = 13 arbitrary flux parameters.12 These 13 fluxes are a subset of the 158
embedding tensor components of half-maximal supergravity which are SO(3) singlets (see

12A proper antisymmetrisation of indices is understood in (4.28) and (4.29).
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Table 26: Branching rules for SO(8, 8) ⊃ SL(2)2 × SO(6, 6) ⊃ SL(2)4 × SO(3). The ellipsis in
the bottom-right box denote additional non-singlets under SO(3).

4.3.1 Fluxes and tadpoles

The set of type IIB fluxes compatible with an O5-plane was presented in Table 11. In there,
the SL(4) × SL(3) covariance of the O5-plane duality frame forced a splitting of the 16 of
SO(8, 8) of the form

TM =
(

TA ; TA
)

→
(

Ti , Tâ , T8 ; T i , T â , T 8
)

, (4.27)

with â = 1, 3, 5, 7 and i = 2, 4, 6. This splitting followed from the O5-plane orientifold action
in (3.42). A quick comparison with the SO(3) splitting in (4.25) then yields â = (a, 7). Using
the SO(3) invariant tensors in (4.26) one can construct the following set of SO(3) invariant
metric fluxes

ωab
k = ω1 εabk , ω7a

i = ω2 δia , ω7i
a = ω3 δai ,

ωia
7 = ω4 δia , ωia

b = ω5 εiab , ωij
k = ω6 εijk ,

(4.28)

as well as gauge fluxes

Habc = h31 εabc , Haij = h32 εaij , Fijk = f31 εijk , Fia7 = f32 δia , Fibc = f33 εibc ,

Fabij7 = f5 δai δbj , Fabcijk7 = f7 εabc εijk ,
(4.29)

in terms of 6 + 7 = 13 arbitrary flux parameters.12 These 13 fluxes are a subset of the 158
embedding tensor components of half-maximal supergravity which are SO(3) singlets (see

12A proper antisymmetrisation of indices is understood in (4.28) and (4.29).
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• SO(3)-invariant fluxes :
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( â =

az }| {
1, 3, 5, 7 )

Summary:   4 complex scalars   &    13  flux parameters



• Quadratic Constraints :

￼13

Table 26). The rest are known as “non-geometric” fluxes (see [28]) and their study goes
beyond the scope of this work.

The type IIB flux parameters in (4.28) and (4.29) are restricted by the QC’s of half-
maximal supergravity in (2.12). An explicit computation yields

ω3 ω4 + ω5 (ω5 + ω6) = 0 , ω4 (2ω5 + ω6) = 0

ω1 ω3 − ω2 (ω5 + ω6) = 0 , ω3 (2ω5 + ω6) = 0 , ω1 ω4 = 0 ,

ω2 ω4 − ω1 (ω5 + ω6) = 0 , ω1 ω3 − 2ω2 ω5 = 0

(4.30)

which originate from the nilpotency condition (D2 = 0) of the D = d + ω twisted exterior
derivative on the internal space. In addition, one also finds

ω3 h32 = 0 , 2ω2 h32 − ω3 h31 = 0 , (4.31)

coming from DH(3) = 0 and reflecting the absence of NS5-branes, as well as

ω2 f31 + (2ω5 + ω6) f32 + 2ω3 f33 = 0 , ω1 f31 − (2ω5 + ω6) f33 − 2ω4 f32 = 0 , (4.32)

originating from DF(3) = 0 and reflecting the absence of O5/D5 sources different from the
ones in (3.41). More concretely, the unrestricted O5/D5 sources entering (3.43) yield

DF(3)

∣

∣

dyâ∧ dyb̂∧ dyĉ∧ dyd̂
= ω1 f32 − ω2 f33 = JO5/D5 . (4.33)

Finally, there is a last condition of the form

3ω4 f5 − h31 f31 + 3h32 f33 = 0 , (4.34)

which originates from DF(5) − H(3) ∧ F(3) = 0 and reflects the absence of O3/D3 sources.
The flux parameters must satisfy the algebraic conditions (4.30)-(4.32) and (4.34) for them
to specify a well-defined gauging of half-maximal supergravity.

4.3.2 Exploring the landscape of Mkw3 and AdS3 flux vacua

Let us now investigate the vacuum structure of the RSTU-model constructed in the type IIB
with O5 duality frame. The scalar potential of the half-maximal models is very lengthy
(and not very enlightening) so we will not present it here explicitly. Still, it possesses some
interesting features that we will exploit in order to explore its vacuum structure.

• The first feature is generic and follows from the general form of the scalar potential (2.18)
in half-maximal supergravity: it is quadratic in the embedding tensor (flux parameters)
and involves high powers of the scalar fields.

• The second property applies to the type IIB with O5 duality frame we are discussing here.
The scalar potential of the RSTU-model turns out to be invariant under non-compact
SL(2) transformations (scalings and shifts) on the complex scalars, of the form

R′ = λR R+ cR , S′ = λS S , T ′ = λT T + cT , U ′ = λU U , (4.35)

with the λ’s and c’s being real parameters, accompanied by the following transformation
of the metric fluxes

ω′
1 =

(

λRλSλ3T
λU

)

1
2

ω1 , ω′
2 = λ2T ω2 , ω′

3 =
λT
λS

ω3 ,

ω′
4 =

λR
λU

ω4 , ω′
5 =

(

λRλT
λSλU

)
1
2

ω5 , ω′
6 =

(

λRλT
λSλU

)
1
2

ω6 ,

(4.36)
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Table 26). The rest are known as “non-geometric” fluxes (see [28]) and their study goes
beyond the scope of this work.
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ones in (3.41). More concretely, the unrestricted O5/D5 sources entering (3.43) yield
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Finally, there is a last condition of the form

3ω4 f5 − h31 f31 + 3h32 f33 = 0 , (4.34)

which originates from DF(5) − H(3) ∧ F(3) = 0 and reflects the absence of O3/D3 sources.
The flux parameters must satisfy the algebraic conditions (4.30)-(4.32) and (4.34) for them
to specify a well-defined gauging of half-maximal supergravity.

4.3.2 Exploring the landscape of Mkw3 and AdS3 flux vacua

Let us now investigate the vacuum structure of the RSTU-model constructed in the type IIB
with O5 duality frame. The scalar potential of the half-maximal models is very lengthy
(and not very enlightening) so we will not present it here explicitly. Still, it possesses some
interesting features that we will exploit in order to explore its vacuum structure.

• The first feature is generic and follows from the general form of the scalar potential (2.18)
in half-maximal supergravity: it is quadratic in the embedding tensor (flux parameters)
and involves high powers of the scalar fields.

• The second property applies to the type IIB with O5 duality frame we are discussing here.
The scalar potential of the RSTU-model turns out to be invariant under non-compact
SL(2) transformations (scalings and shifts) on the complex scalars, of the form
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of the metric fluxes

ω′
1 =

(

λRλSλ3T
λU

)

1
2

ω1 , ω′
2 = λ2T ω2 , ω′

3 =
λT
λS

ω3 ,

ω′
4 =

λR
λU

ω4 , ω′
5 =

(

λRλT
λSλU

)
1
2

ω5 , ω′
6 =

(

λRλT
λSλU

)
1
2

ω6 ,

(4.36)

41

Table 26). The rest are known as “non-geometric” fluxes (see [28]) and their study goes
beyond the scope of this work.

The type IIB flux parameters in (4.28) and (4.29) are restricted by the QC’s of half-
maximal supergravity in (2.12). An explicit computation yields

ω3 ω4 + ω5 (ω5 + ω6) = 0 , ω4 (2ω5 + ω6) = 0

ω1 ω3 − ω2 (ω5 + ω6) = 0 , ω3 (2ω5 + ω6) = 0 , ω1 ω4 = 0 ,

ω2 ω4 − ω1 (ω5 + ω6) = 0 , ω1 ω3 − 2ω2 ω5 = 0

(4.30)

which originate from the nilpotency condition (D2 = 0) of the D = d + ω twisted exterior
derivative on the internal space. In addition, one also finds

ω3 h32 = 0 , 2ω2 h32 − ω3 h31 = 0 , (4.31)

coming from DH(3) = 0 and reflecting the absence of NS5-branes, as well as

ω2 f31 + (2ω5 + ω6) f32 + 2ω3 f33 = 0 , ω1 f31 − (2ω5 + ω6) f33 − 2ω4 f32 = 0 , (4.32)

originating from DF(3) = 0 and reflecting the absence of O5/D5 sources different from the
ones in (3.41). More concretely, the unrestricted O5/D5 sources entering (3.43) yield

DF(3)

∣

∣
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= ω1 f32 − ω2 f33 = JO5/D5 . (4.33)

Finally, there is a last condition of the form

3ω4 f5 − h31 f31 + 3h32 f33 = 0 , (4.34)

which originates from DF(5) − H(3) ∧ F(3) = 0 and reflects the absence of O3/D3 sources.
The flux parameters must satisfy the algebraic conditions (4.30)-(4.32) and (4.34) for them
to specify a well-defined gauging of half-maximal supergravity.

4.3.2 Exploring the landscape of Mkw3 and AdS3 flux vacua

Let us now investigate the vacuum structure of the RSTU-model constructed in the type IIB
with O5 duality frame. The scalar potential of the half-maximal models is very lengthy
(and not very enlightening) so we will not present it here explicitly. Still, it possesses some
interesting features that we will exploit in order to explore its vacuum structure.

• The first feature is generic and follows from the general form of the scalar potential (2.18)
in half-maximal supergravity: it is quadratic in the embedding tensor (flux parameters)
and involves high powers of the scalar fields.

• The second property applies to the type IIB with O5 duality frame we are discussing here.
The scalar potential of the RSTU-model turns out to be invariant under non-compact
SL(2) transformations (scalings and shifts) on the complex scalars, of the form

R′ = λR R+ cR , S′ = λS S , T ′ = λT T + cT , U ′ = λU U , (4.35)

with the λ’s and c’s being real parameters, accompanied by the following transformation
of the metric fluxes

ω′
1 =

(

λRλSλ3T
λU

)

1
2

ω1 , ω′
2 = λ2T ω2 , ω′

3 =
λT
λS

ω3 ,

ω′
4 =

λR
λU

ω4 , ω′
5 =

(

λRλT
λSλU

)
1
2

ω5 , ω′
6 =

(

λRλT
λSλU

)
1
2

ω6 ,

(4.36)

41

Table 26). The rest are known as “non-geometric” fluxes (see [28]) and their study goes
beyond the scope of this work.

The type IIB flux parameters in (4.28) and (4.29) are restricted by the QC’s of half-
maximal supergravity in (2.12). An explicit computation yields

ω3 ω4 + ω5 (ω5 + ω6) = 0 , ω4 (2ω5 + ω6) = 0

ω1 ω3 − ω2 (ω5 + ω6) = 0 , ω3 (2ω5 + ω6) = 0 , ω1 ω4 = 0 ,

ω2 ω4 − ω1 (ω5 + ω6) = 0 , ω1 ω3 − 2ω2 ω5 = 0

(4.30)

which originate from the nilpotency condition (D2 = 0) of the D = d + ω twisted exterior
derivative on the internal space. In addition, one also finds

ω3 h32 = 0 , 2ω2 h32 − ω3 h31 = 0 , (4.31)

coming from DH(3) = 0 and reflecting the absence of NS5-branes, as well as

ω2 f31 + (2ω5 + ω6) f32 + 2ω3 f33 = 0 , ω1 f31 − (2ω5 + ω6) f33 − 2ω4 f32 = 0 , (4.32)

originating from DF(3) = 0 and reflecting the absence of O5/D5 sources different from the
ones in (3.41). More concretely, the unrestricted O5/D5 sources entering (3.43) yield

DF(3)

∣

∣
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Table 26). The rest are known as “non-geometric” fluxes (see [28]) and their study goes
beyond the scope of this work.

The type IIB flux parameters in (4.28) and (4.29) are restricted by the QC’s of half-
maximal supergravity in (2.12). An explicit computation yields

ω3 ω4 + ω5 (ω5 + ω6) = 0 , ω4 (2ω5 + ω6) = 0

ω1 ω3 − ω2 (ω5 + ω6) = 0 , ω3 (2ω5 + ω6) = 0 , ω1 ω4 = 0 ,

ω2 ω4 − ω1 (ω5 + ω6) = 0 , ω1 ω3 − 2ω2 ω5 = 0

(4.30)

which originate from the nilpotency condition (D2 = 0) of the D = d + ω twisted exterior
derivative on the internal space. In addition, one also finds

ω3 h32 = 0 , 2ω2 h32 − ω3 h31 = 0 , (4.31)

coming from DH(3) = 0 and reflecting the absence of NS5-branes, as well as

ω2 f31 + (2ω5 + ω6) f32 + 2ω3 f33 = 0 , ω1 f31 − (2ω5 + ω6) f33 − 2ω4 f32 = 0 , (4.32)

originating from DF(3) = 0 and reflecting the absence of O5/D5 sources different from the
ones in (3.41). More concretely, the unrestricted O5/D5 sources entering (3.43) yield

DF(3)

∣

∣

dyâ∧ dyb̂∧ dyĉ∧ dyd̂
= ω1 f32 − ω2 f33 = JO5/D5 . (4.33)

Finally, there is a last condition of the form

3ω4 f5 − h31 f31 + 3h32 f33 = 0 , (4.34)

which originates from DF(5) − H(3) ∧ F(3) = 0 and reflects the absence of O3/D3 sources.
The flux parameters must satisfy the algebraic conditions (4.30)-(4.32) and (4.34) for them
to specify a well-defined gauging of half-maximal supergravity.

4.3.2 Exploring the landscape of Mkw3 and AdS3 flux vacua

Let us now investigate the vacuum structure of the RSTU-model constructed in the type IIB
with O5 duality frame. The scalar potential of the half-maximal models is very lengthy
(and not very enlightening) so we will not present it here explicitly. Still, it possesses some
interesting features that we will exploit in order to explore its vacuum structure.

• The first feature is generic and follows from the general form of the scalar potential (2.18)
in half-maximal supergravity: it is quadratic in the embedding tensor (flux parameters)
and involves high powers of the scalar fields.

• The second property applies to the type IIB with O5 duality frame we are discussing here.
The scalar potential of the RSTU-model turns out to be invariant under non-compact
SL(2) transformations (scalings and shifts) on the complex scalars, of the form

R′ = λR R+ cR , S′ = λS S , T ′ = λT T + cT , U ′ = λU U , (4.35)

with the λ’s and c’s being real parameters, accompanied by the following transformation
of the metric fluxes
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No NS5-branes

Table 26). The rest are known as “non-geometric” fluxes (see [28]) and their study goes
beyond the scope of this work.

The type IIB flux parameters in (4.28) and (4.29) are restricted by the QC’s of half-
maximal supergravity in (2.12). An explicit computation yields

ω3 ω4 + ω5 (ω5 + ω6) = 0 , ω4 (2ω5 + ω6) = 0

ω1 ω3 − ω2 (ω5 + ω6) = 0 , ω3 (2ω5 + ω6) = 0 , ω1 ω4 = 0 ,

ω2 ω4 − ω1 (ω5 + ω6) = 0 , ω1 ω3 − 2ω2 ω5 = 0

(4.30)

which originate from the nilpotency condition (D2 = 0) of the D = d + ω twisted exterior
derivative on the internal space. In addition, one also finds

ω3 h32 = 0 , 2ω2 h32 − ω3 h31 = 0 , (4.31)

coming from DH(3) = 0 and reflecting the absence of NS5-branes, as well as

ω2 f31 + (2ω5 + ω6) f32 + 2ω3 f33 = 0 , ω1 f31 − (2ω5 + ω6) f33 − 2ω4 f32 = 0 , (4.32)

originating from DF(3) = 0 and reflecting the absence of O5/D5 sources different from the
ones in (3.41). More concretely, the unrestricted O5/D5 sources entering (3.43) yield

DF(3)

∣

∣

dyâ∧ dyb̂∧ dyĉ∧ dyd̂
= ω1 f32 − ω2 f33 = JO5/D5 . (4.33)

Finally, there is a last condition of the form

3ω4 f5 − h31 f31 + 3h32 f33 = 0 , (4.34)

which originates from DF(5) − H(3) ∧ F(3) = 0 and reflects the absence of O3/D3 sources.
The flux parameters must satisfy the algebraic conditions (4.30)-(4.32) and (4.34) for them
to specify a well-defined gauging of half-maximal supergravity.

4.3.2 Exploring the landscape of Mkw3 and AdS3 flux vacua

Let us now investigate the vacuum structure of the RSTU-model constructed in the type IIB
with O5 duality frame. The scalar potential of the half-maximal models is very lengthy
(and not very enlightening) so we will not present it here explicitly. Still, it possesses some
interesting features that we will exploit in order to explore its vacuum structure.

• The first feature is generic and follows from the general form of the scalar potential (2.18)
in half-maximal supergravity: it is quadratic in the embedding tensor (flux parameters)
and involves high powers of the scalar fields.

• The second property applies to the type IIB with O5 duality frame we are discussing here.
The scalar potential of the RSTU-model turns out to be invariant under non-compact
SL(2) transformations (scalings and shifts) on the complex scalars, of the form

R′ = λR R+ cR , S′ = λS S , T ′ = λT T + cT , U ′ = λU U , (4.35)

with the λ’s and c’s being real parameters, accompanied by the following transformation
of the metric fluxes

ω′
1 =

(

λRλSλ3T
λU

)

1
2

ω1 , ω′
2 = λ2T ω2 , ω′

3 =
λT
λS

ω3 ,

ω′
4 =

λR
λU

ω4 , ω′
5 =

(

λRλT
λSλU

)
1
2

ω5 , ω′
6 =

(

λRλT
λSλU

)
1
2

ω6 ,

(4.36)
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Table 26). The rest are known as “non-geometric” fluxes (see [28]) and their study goes
beyond the scope of this work.
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which originates from DF(5) − H(3) ∧ F(3) = 0 and reflects the absence of O3/D3 sources.
The flux parameters must satisfy the algebraic conditions (4.30)-(4.32) and (4.34) for them
to specify a well-defined gauging of half-maximal supergravity.

4.3.2 Exploring the landscape of Mkw3 and AdS3 flux vacua

Let us now investigate the vacuum structure of the RSTU-model constructed in the type IIB
with O5 duality frame. The scalar potential of the half-maximal models is very lengthy
(and not very enlightening) so we will not present it here explicitly. Still, it possesses some
interesting features that we will exploit in order to explore its vacuum structure.

• The first feature is generic and follows from the general form of the scalar potential (2.18)
in half-maximal supergravity: it is quadratic in the embedding tensor (flux parameters)
and involves high powers of the scalar fields.

• The second property applies to the type IIB with O5 duality frame we are discussing here.
The scalar potential of the RSTU-model turns out to be invariant under non-compact
SL(2) transformations (scalings and shifts) on the complex scalars, of the form

R′ = λR R+ cR , S′ = λS S , T ′ = λT T + cT , U ′ = λU U , (4.35)

with the λ’s and c’s being real parameters, accompanied by the following transformation
of the metric fluxes
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No O3/D3 sources

No other type of O5/D5 sources

… but …

O5/D5 sources (orientifold) unrestricted !!
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The algebraic problem

Quadratic on the ET

(13 flux parameters)

High powers of the scalars

(4 complex scalars)

Trick :
fixed fluxes


&


scan scalar VEV's

fixed scalar VEV's 


&


scan fluxes

Quadratic algebraic problem :

Quadratic problemComplicated problem
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• Our specific ideal                                                 …   15 prime factors !!                   
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A  SINGULAR  approach to the algebraic problem

  

Splitting of the landscape 
into  n          disconnected pieces !!

➢ GTZ prime decomposition (analogous to integers dec. 30 = 2 x 3 x 5)  

[Singular project, 97]

                            Basics of Algebraic Geometry
➢ Algebraic Geometry studies multivariate polynomial system and their 
link to geometry 

z

y

z

x

➢ Applying the above procedure to our problem involving fluxes 

algebraic system variety

algebra-geometry dictionary

• Algebraic Geometry studies multivariate polynomial systems and their link to 
geometry (space of solutions)

• Prime decomposition   ( analogous to integer decomp.  15 = 3 x 5 )

  

Splitting of the landscape 
into  n          disconnected pieces !!

➢ GTZ prime decomposition (analogous to integers dec. 30 = 2 x 3 x 5)  

[Singular project, 97]

                            Basics of Algebraic Geometry
➢ Algebraic Geometry studies multivariate polynomial system and their 
link to geometry 

z

y

z

x

➢ Applying the above procedure to our problem involving fluxes 

algebraic system variety

algebra-geometry dictionary
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[ SINGULAR project: Decker, Greuel, Pfister, Schönemann ]



A landscape of 3D orientifold flux vacua
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ω H(3) F(3) F(5) F(7)

ID Type SUSY ω1 ω2 ω3 ω4 ω5 ω6 h31 h32 f31 f32 f33 f5 f7

vac 1 †

Mkw3

N = 0, 4 κ ξ 0 0 0 0 0 0 0 κ −ξ 0 0

vac 2 † N = 0 0 κ 0 0 0 0 0 0 0 0 −κ 0 0

vac 3 ∗ N = 0 0 κ κ 0 0 0 0 0 0 0 0 0 0

vac 4 ∗ †

AdS3
N = 4 0 0 0 0 0 κ 0 0 ±κ 0 0 0 −κ

vac 5 ∗ † N = 0 0 0 0 0 0 κ 0 0 ±κ 0 0 0 κ

vac 6 ∗

AdS3
N = 3 κ 0 0 0 −κ κ 0 0 ∓κ 0 ±κ 0 −2κ

vac 7 ∗ N = 1 κ 0 0 0 −κ κ 0 0 ∓κ 0 ±κ 0 2κ

vac 8 ∗ †

AdS3
N = 1 0 0 0 0 −κ κ 0 0 ±κ 0 0 0 κ

vac 9 ∗ † N = 0 0 0 0 0 −κ κ 0 0 ±κ 0 0 0 −κ

vac 10 AdS3 N = 0 0 2κ κ 0 0 0 0 0 κ ±κ −κ 0 ±κ

vac 11 AdS3 N = 0 0 2κ κ 0 0 0 0 0 κ ±κ −κ 0 ∓κ

vac 12 ∗ †

AdS3

N = 4 0 0 ±κ ±κ κ −2κ 0 0 ±2κ 0 0 0 2κ

vac 13 ∗ † N = 1 0 0 ±κ ±κ κ −2κ 0 0 ±2κ 0 0 0 −2κ

vac 14 ∗ † N = 0 0 0 ±κ ±κ κ −2κ 0 0 ∓2κ 0 0 0 2κ

vac 15 ∗ † N = 0 0 0 ±κ ±κ κ −2κ 0 0 ∓2κ 0 0 0 −2κ

Table 27: Fluxes in the type IIB with O5-planes duality frame producing a vacuum at the
origin of moduli space, i.e. 〈R 〉 = 〈S〉 = 〈T 〉 = 〈U〉 = i. The vac 1 is generically non-
supersymmetric but becomes N = 4 supersymmetric when κ = ±ξ. The vacuum solutions
with an asterisk ∗ satisfy the extra self-dual constraint (4.41) and admit an embedding into
maximal supergravity. Those with a dagger † satisfy the anti-self-dual condition (4.42). If
both conditions are satisfied simultaneously then (4.43) holds.

and of the gauge fluxes

h′31 =

(

λRλSλ3T
λ3U

)

1
2

h31 , h′32 =

(

λRλT
λSλ3U

)
1
2

h32 ,

f ′
31 =

λR
λS

f31 , f ′
32 =

(

λRλUλ3T
λS

)

1
2

f32 , f ′
33 = λR λT f33 ,

f ′
5 =

(

λRλT
λSλU

)
1
2

[λT f5 + cT (2ω5 + ω6)] , f ′
7 =

(

λRλT
λSλ3U

)
1
2

[λT f7 + 3 cT h32] .

(4.37)

• The third feature, which actually can be inferred from (4.37), is that the scalar potential
does not depend on the scalar ReR = B4. This explains why the transformation of the
gauge fluxes in (4.37) does not depend on the constant shift cR in (4.35).
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  embeddable into maximal (N=16) supergravity           &                gSS reduction of O(8,8) DFT
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†
The embedding tensors associated with the flux vacua marked with a dagger † in Table 27
satisfy (4.42). Finally, if both (4.41) and (4.42) hold, the corresponding embedding tensor
satisfies

θ[M1M2M3M4
θM5M6M7M8] = 0 . (4.43)

As explained in [31], a generalised Scherk–Schwarz ansatz with twist matrices that obey the so-
called section constraint of the O(8, 8) enhanced double field theory (DFT) can only reproduce
gaugings whose embedding tensor satisfies (4.43). It would be interesting to understand the
role of the geometric conditions (4.42) in the O(8, 8)-DFT context. This would also open up
the possibility to undertake a full Kaluza–Klein spectral analysis of the corresponding AdS3
vacua along the lines of [32, 33, 34], which we though leave to future work.

4.3.3 On the conformal dimension of dual operators and scale separation

In the context of type IIA supergravity, the supersymmetric and scale-separated AdS4 vacua
of DGKT [26] come along with a peculiar feature: the conformal dimensions of the would-
be operators dual to the closed string sector are integer-valued [35] (see also [36, 37, 38]).
More concretely, the authors of [35] showed that, independently of the details of the com-
pactification, the conformal dimensions of the low-lying scalar primaries of the CFT3 dual to
supersymmetric AdS4 DGKT flux vacua on general Calabi–Yau three-folds (CY3’s) are always
integer-valued. When considering instead non-supersymmetric configurations (see e.g. [38]),
integer-valued conformal dimensions are not guaranteed but, in light of the AdS swampland
conjecture [39], one might argue that such vacua are unstable and so not suitable for applying
the AdS/CFT correspondence. More general type IIA flux models including not only gauge
but also metric fluxes have been investigated in [40]. In this case, the conformal dimensions
of the would-be CFT3 operators dual to the light scalars defining the corresponding AdS4
vacua cease to be (only) integer-valued. Differently from the type IIA DGKT-like vacua,
such models with metric fluxes do not admit scale separation and one might then wonder
whether integer-valued conformal dimensions are actually related to scale separation in four
dimensions. Similar questions on supersymmetric AdS4 flux vacua with scale separation and
integer-valued conformal dimensions of would-be dual operators have been investigated in
the mirror-symmetric type IIB context of [41]. When considering one-loop corrections to
the complex-structure moduli space of the mirror-dual of DGKT, it was shown in [41] that
the conformal dimensions of the would-be CFT3 dual operators get also corrected and no
longer take integer values. Only in the strict large complex structure regime where the afore-
mentioned corrections are ignored, the integer-valued conformal dimensions of [35, 36, 37]
are recovered. In addition, ref. [41] also considered supersymmetric AdS4 vacua in type IIB
models including non-geometric fluxes [28]. For these more exotic supersymmetric vacua, the
conformal dimensions of the would-be dual operators were (numerically) determined to be
non-integer-valued.

The above story about simultaneously having scale-separated AdS vacua and integer-
valued conformal dimensions, as in DGKT, seems to change when moving to the context of
AdS3/CFT2. In this context, various examples of N = 1 supersymmetric AdS3 flux vacua
have been constructed upon compactification of type IIA [4] and type IIB [5] supergravity
on (co-calibrated) G2 orientifolds. For the parametrically scale-separated type IIA flux vacua
of [4], it was noticed in [36] that the light single-trace operators of the would-be dual CFT2

have non-integer (actually irrational) conformal dimensions. On the other hand, the type IIB
flux vacua of [5] allow for integer-valued (and rational) conformal dimensions but do not
exhibit a parametrically-controlled hierarchy between the size of the internal space and AdS3.
Therefore, and differently from what happens in four dimensions, the phenomenon of having
integer-valued conformal dimensions seems to be in tension with having scale-separated AdS
flux vacua in three dimensions. In the rest of this section we will argue that the type IIB

46

[ Hohm, Musaev, Samtleben, ’17]

<latexit sha1_base64="NEjweMkf/UV5ljtTTWlLP4rVC0I=">AAACB3icdVDLSgMxFM34rPVVdSlIsAiuxszg1HYhFHQhbqxgVWhLyaSpBjMPkjtiGWbnxl9x40IRt/6CO//G9AUqeuByD+fcS3KPH0uhgZBPa2JyanpmNjeXn19YXFourKye6yhRjNdZJCN16VPNpQh5HQRIfhkrTgNf8gv/5qDvX9xypUUUnkEv5q2AXoWiKxgFI7ULG8fttAn8DlSQnmTezpgfZl62T/LtQpHYxC17pIKJ7ZrmeoZ4xKmUKtixyQBFNEKtXfhodiKWBDwEJqnWDYfE0EqpAsEkz/LNRPOYsht6xRuGhjTgupUO7sjwllE6uBspUyHggfp9I6WB1r3AN5MBhWv92+uLf3mNBLrlVirCOAEesuFD3URiiHA/FNwRijOQPUMoU8L8FbNrqigDE10/hPGl+H9y7tpOyS6d7har7iiOHFpHm2gbOWgPVdERqqE6YugePaJn9GI9WE/Wq/U2HJ2wRjtr6Aes9y/xcJlT</latexit>

JO5/D5 = 0



ID Scalar spectrum

vac 1 g−2 m2 = 0(30),
(

κ2

16

)

(9)
,
(

κ2

4

)

(9)
,
(

ξ2

4

)

(9)
,
(

9κ2

16

)

(1)
,
[

(κ−2ξ)2

16

]

(3)
,
[

(κ+2ξ)2

16

]

(3)

vac 2
g−2 m2 =

(

κ2

4

)

(15)
, 0(49)

vac 3

vac 4 m2L2 = 8(19), 0(45)
∆ = 4(19), 2(45)vac 5

vac 6 m2L2 = 8(10), 4(18), 0(36)
∆ = 4(10), (1 +

√
5)(18), 2(36)vac 7

vac 8 m2L2 = 24(10), 8(25), 0(29)
∆ = 6(10), 4(25), 2(29)vac 9

vac 10
m2L2 = 80(3), 48(9), 24(4), 8(7), 0(41)
∆ = 10(3), 8(9), 6(4), 4(7), 2(41)

vac 11
m2L2 = 48(15), 8(13), 0(36)
∆ = 8(15), 4(13), 2(36)

vac 12

m2L2 = 15(8), 8(19), 3(8), 0(29)
∆ = 5(8), 4(19), 3(8), 2(29)

vac 13

vac 14

vac 15

Table 29: Scalar masses at the type IIB with O5-planes vacua of Table 27. The subscript
in n(s) denotes the multiplicity of the mass n in the spectrum. For the AdS3 vacua we have
normalised the scalar spectrum using the AdS3 radius L2 = −2/V0. In addition, for each
AdS3 vacuum, the conformal dimension ∆ of the would-be CFT2 dual operators are also
indicated. These correspond to the larger root of m2L2 = ∆(∆− 2). Note that all but vac 6
and vac 7 AdS3 solutions come along with integer-valued ∆’s.

θ[M1M2M3M4
θM5M6M7M8] . The result is just a single condition

θ[M1M2M3M4
θM5M6M7M8]

∣

∣

∣

SD
= 0 =⇒ ω1 f32 − ω2 f33 = 0 . (4.41)

A direct comparison with (4.33) then shows that, as expected, an embedding into maximal
supergravity is possible whenever the net charge of unrestricted O5/D5 sources of the type in
(3.41) vanishes, namely, JO5/D5 = 0. These were precisely the sources causing the breaking
of supersymmetry from maximal to half-maximal.

Although not necessary to have an embedding into maximal supergravity, it is also
interesting to evaluate whether the anti-self-dual (ASD) part of the SO(8, 8) eight-form
θ[M1M2M3M4

θM5M6M7M8] vanishes. This implies two additional conditions which are purely
geometrical since they only involve metric fluxes

θ[M1M2M3M4
θM5M6M7M8]

∣

∣

∣

ASD
= 0 =⇒

ω2 ω3 = 0

ω2 ω4 − 2ω1 ω5 = 0
. (4.42)
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〈R 〉 〈S〉 〈T 〉 〈U〉

ID V0 ≡ 〈V 〉 B4 A4 u4 µ4 B A u µ

vac 1 0 − f33
ω2

A 0 ω1
f32

µ 0

vac 2 0 − f33
ω2

A 0 0

vac 3 0 0 ω2
ω3
A−1 0

vac 4
− g2

32
ω6
6

f2
31f

2
7

− f2
31f7
ω3
6

µ4
0 f5

ω6

− f7
ω6
µ

0

vac 5
f2
31f7
ω3
6
µ4

f7
ω6
µ

vac 6
− g2

2
ω6
6

f2
31f

2
7

ω1f2
31

ω3
6

µ−1 0
−2ω1

f7
µ−1

− f5
ω6

− f7
2ω6

µ
0

vac 7 2ω1
f7

µ−1 f7
2ω6

µ

vac 8
− g2

32
ω6
6

f2
31f

2
7

f2
31f7
ω3
6
µ4

0 − f5
ω6

f7
ω6
µ

0

vac 9 − f2
31f7
ω3
6

µ4 − f7
ω6
µ

vac 10
− g2

32
ω6
3f

6
33

f2
31f

6
32f

2
7

− f31(f3
32f7)

1
2

ω2
3f33 0

ω3f2
33

f31(f3
32f7)

1
2

− (f3
32f7)

1
2

ω3f33 0

(

f32
f7

)
1
2

vac 11 − f31(−f3
32f7)

1
2

ω2
3f33

ω3f2
33

f31(−f3
32f7)

1
2

− (−f3
32f7)

1
2

ω3f33

(

− f32
f7

)
1
2

vac 12

−2g2
ω6
5

f2
31f

2
7

f31f7
4ω3ω5

µ

0

2ω2
5

ω3f31
µ f7

2ω5
µ

0
vac 13 − f31f7

4ω3ω5
µ

2ω2
5

ω3f31
µ − f7

2ω5
µ

vac 14 − f31f7
4ω3ω5

µ − 2ω2
5

ω3f31
µ f7

2ω5
µ

vac 15 f31f7
4ω3ω5

µ − 2ω2
5

ω3f31
µ − f7

2ω5
µ

Table 30: Type IIB fields as a function of the fluxes after undoing the “go to the origin”
process. The empty boxes in the table indicate that the corresponding field is not fixed by
the extremisation of the scalar potential V . For a given vacuum solution, the fluxes appearing
in the table must be considered as independent. Those which do not appear are either zero
or, otherwise, can be expressed in terms of the independent ones. In particular: ω5 = −ω6

and f33 = −ω1f31/ω6 at vac 6,7 ; ω5 = −ω6 at vac 8,9 ; ω2 = −2ω3f33/f31 at vac 10,11 ;
ω4 = ω2

5/ω3 and ω6 = −2ω5 at vac 12,13,14,15. These additional relations are necessary
for the QC’s (4.30)-(4.32) and (4.34) of half-maximal supergravity to hold.

vacua labelled as vac 10 and vac 11 in Table 27 – and which are non-supersymmetric – come
along with integer-valued conformal dimensions of would-be dual operators and, at the same
time, allow for parametrically-controlled scale separation.

AdS3 vacua: on integer-valued conformal dimensions

The complete scalar mass spectra of the type IIB with O5 flux vacua of Table 27 are reported
in Table 29. Quite surprisingly, and with the exception of vac 6,7, the rest of AdS3 vacua
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〈R 〉 〈S〉 〈T 〉 〈U〉

ID V0 ≡ 〈V 〉 B4 A4 u4 µ4 B A u µ

vac 1 0 − f33
ω2

A 0 ω1
f32

µ 0

vac 2 0 − f33
ω2

A 0 0

vac 3 0 0 ω2
ω3
A−1 0

vac 4
− g2

32
ω6
6

f2
31f

2
7

− f2
31f7
ω3
6

µ4
0 f5

ω6
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ω6
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31f7
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6
µ4

f7
ω6
µ
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6
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6
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µ
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0
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6
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6
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2
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1
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1
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1
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)
1
2
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1
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1
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1
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2
7

f31f7
4ω3ω5

µ

0

2ω2
5

ω3f31
µ f7

2ω5
µ

0
vac 13 − f31f7

4ω3ω5
µ

2ω2
5

ω3f31
µ − f7

2ω5
µ

vac 14 − f31f7
4ω3ω5
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5

ω3f31
µ f7

2ω5
µ

vac 15 f31f7
4ω3ω5

µ − 2ω2
5

ω3f31
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µ

Table 30: Type IIB fields as a function of the fluxes after undoing the “go to the origin”
process. The empty boxes in the table indicate that the corresponding field is not fixed by
the extremisation of the scalar potential V . For a given vacuum solution, the fluxes appearing
in the table must be considered as independent. Those which do not appear are either zero
or, otherwise, can be expressed in terms of the independent ones. In particular: ω5 = −ω6

and f33 = −ω1f31/ω6 at vac 6,7 ; ω5 = −ω6 at vac 8,9 ; ω2 = −2ω3f33/f31 at vac 10,11 ;
ω4 = ω2

5/ω3 and ω6 = −2ω5 at vac 12,13,14,15. These additional relations are necessary
for the QC’s (4.30)-(4.32) and (4.34) of half-maximal supergravity to hold.

vacua labelled as vac 10 and vac 11 in Table 27 – and which are non-supersymmetric – come
along with integer-valued conformal dimensions of would-be dual operators and, at the same
time, allow for parametrically-controlled scale separation.

AdS3 vacua: on integer-valued conformal dimensions

The complete scalar mass spectra of the type IIB with O5 flux vacua of Table 27 are reported
in Table 29. Quite surprisingly, and with the exception of vac 6,7, the rest of AdS3 vacua
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[ Eloy, ‘20 ]
[ Eloy, Larios, ’23, ’24 ]

[ Ooguri, Vafa, ’06 ]
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•  Group Theory  +  Algebraic Geometry    =   systematic approach to the Landscape

[ Arboleya, AG, Morittu,  in progress ]

Summary

•  Complete the Landscape with the other Op-plane setups 

•  Type IIB with O5/D5 landscape appetizer

•  Embedding tensor/flux dictionary for all the single Op-plane setups  ( p = 2,…,9 )

- Rich structure of AdS3 vacua both SUSY & non-SUSY

- Perturbatively stable  &  integer Δ’s     ( non-susy & non Ricci-flat spaces ) 

- Evidence for scale separation    ( purely 3D story )

To-Do List

[ CFT2 ? ]

•  Top-down construction :  G-structures,  scale separation, …

•  Precise tests of the distance conjecture via KK spectrometry

[ AdS conjecture ]

[ Ooguri, Vafa, ’16]

[ Apers, Conlon, Ning, Revello, ’22]
[ Quirant, ’22]

[ Plauschinn, ’22]

[ Ooguri, Vafa, ’06 ]
[ Eloy, ‘20 ]

[ Eloy, Larios, ’23, ’24 ]

[ Farakos, Tringas, van Riet, ’20 ]
[ Emelin, Farakos, Tringas, ’21 ]



ευχαριστώ !

thanks !
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