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The anomaly that was not 
meant IIB



Is the duality of type IIB
anomalous?

(Broken by quantum corrections)

Anomaly: • Couple symmetry to background connection

• Move in configuration space

• Calculate partition function

<latexit sha1_base64="WJyndAPDo6VgRQ1CoEU0xDgI0ew=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJiI9gkYD4gOcLeZi5Zs7d37O4J4QjY21goYutPsvPfuPkoNPHBwOO9GWbmBYng2rjut5NbWV1b38hvFra2d3b3ivsHDR2nimGdxSJWrYBqFFxi3XAjsJUopFEgsBkMbyZ+8xGV5rG8N6ME/Yj2JQ85o8ZKtetuseSW3SnIMvHmpARzVLvFr04vZmmE0jBBtW57bmL8jCrDmcBxoZNqTCgb0j62LZU0Qu1n00PH5MQqPRLGypY0ZKr+nshopPUoCmxnRM1AL3oT8T+vnZrwys+4TFKDks0WhakgJiaTr0mPK2RGjCyhTHF7K2EDqigzNpuCDcFbfHmZNM7K3kX5vHZeqtw9zeLIwxEcwyl4cAkVuIUq1IEBwjO8wpvz4Lw4787HrDXnzCM8hD9wPn8AvoCNVw==</latexit>

A
<latexit sha1_base64="Aykonptpykx6C+bejkkcoK8Opu8=">AAAB+nicbZBLSwMxFIUz9VXra6pLN8EiuCozIuqyxY3gpoJ9QDuWTJqZhmYyQ3LHUsaCf8SNC0Xc+kvc+W9MHwttPRD4OOeG3Bw/EVyD43xbuZXVtfWN/GZha3tnd88u7jd0nCrK6jQWsWr5RDPBJasDB8FaiWIk8gVr+oOrSd58YErzWN7BKGFeRELJA04JGKtrF6u4o3jYB6JUPMTV+7Brl5yyMxVeBncOJTRXrWt/dXoxTSMmgQqiddt1EvAyooBTwcaFTqpZQuiAhKxtUJKIaS+brj7Gx8bp4SBW5kjAU/f3jYxEWo8i30xGBPp6MZuY/2XtFIJLL+MySYFJOnsoSAWGGE96wD2uGAUxMkCo4mZXTPtEEQqmrYIpwV388jI0Tsvuefns9qxUuXma1ZFHh+gInSAXXaAKukY1VEcUDdEzekVv1qP1Yr1bH7PRnDWv8AD9kfX5A67blBM=</latexit>

A ! Ag

<latexit sha1_base64="EA8aEfzqcvlceUWFWft/S7i3IDA=">AAAB+3icbZBLSwMxFIXv1Fetr7Eu3QSL4KrMSFGXFTeCmwr2ge1YMmmmDc1kxiQjlqHgL3HjQhG3/hF3/hszbRfaeiDwcc4NuTl+zJnSjvNt5ZaWV1bX8uuFjc2t7R17t9hQUSIJrZOIR7LlY0U5E7Sumea0FUuKQ5/Tpj+8yPLmA5WKReJGj2LqhbgvWMAI1sbq2sVb1D73UEfQe5ThXd/r2iWn7EyEFsGdQQlmqnXtr04vIklIhSYcK9V2nVh7KZaaEU7HhU6iaIzJEPdp26DAIVVeOtl9jA6N00NBJM0RGk3c3zdSHCo1Cn0zGWI9UPNZZv6XtRMdnHkpE3GiqSDTh4KEIx2hrAjUY5ISzUcGMJHM7IrIAEtMtKmrYEpw57+8CI3jsntSrlxXStWrp2kdediHAzgCF06hCpdQgzoQeIRneIU3a2y9WO/Wx3Q0Z80q3IM/sj5/ANzsk3w=</latexit>

Z[A] 6= Z[Ag]



Geometrize

<latexit sha1_base64="Aykonptpykx6C+bejkkcoK8Opu8=">AAAB+nicbZBLSwMxFIUz9VXra6pLN8EiuCozIuqyxY3gpoJ9QDuWTJqZhmYyQ3LHUsaCf8SNC0Xc+kvc+W9MHwttPRD4OOeG3Bw/EVyD43xbuZXVtfWN/GZha3tnd88u7jd0nCrK6jQWsWr5RDPBJasDB8FaiWIk8gVr+oOrSd58YErzWN7BKGFeRELJA04JGKtrF6u4o3jYB6JUPMTV+7Brl5yyMxVeBncOJTRXrWt/dXoxTSMmgQqiddt1EvAyooBTwcaFTqpZQuiAhKxtUJKIaS+brj7Gx8bp4SBW5kjAU/f3jYxEWo8i30xGBPp6MZuY/2XtFIJLL+MySYFJOnsoSAWGGE96wD2uGAUxMkCo4mZXTPtEEQqmrYIpwV388jI0Tsvuefns9qxUuXma1ZFHh+gInSAXXaAKukY1VEcUDdEzekVv1qP1Yr1bH7PRnDWv8AD9kfX5A67blBM=</latexit>

A ! Ag

• Small variations (contractible paths): perturbative anomalies

• Large variations (non-contractible paths): global anomalies

(d+1)-dimensional manifold (mapping tori)
[Witten ’82]



Dai-Freed anomaly
[Dai, Freed ’94], [Witten ’15], [Yonekura ’16], see also [Montero, Garcia-Etxebarria ’18] for a great review

• Topology changes along path       ‘quantum gravity’ flavor

• Forms (d+1)-dimensional manifold with given structure

• Detected by evaluation of (d+1)-dimensional anomaly theory

We demand 
absence of these!



Anomaly field theory
e.g. [Freed, Teleman ’14]

<latexit sha1_base64="1/bmVAzrFLc+uZlzpBb1Y3He04A="></latexit>

Z[M ] = e2⇡iA(X) , @X = M

<latexit sha1_base64="yGsCT5/b3b1Gx/VmM3mZv0MeWyA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF0GEBMwDkiXMTnqTMbOzy8ysEJaAdy8eFPHqJ3nzb5w8DppY0FBUddPdFSSCa+O6305uZXVtfSO/Wdja3tndK+4fNHScKoZ1FotYtQKqUXCJdcONwFaikEaBwGYwvJ74zUdUmsfy3owS9CPalzzkjBor1e66xZJbdqcgy8SbkxLMUe0Wvzq9mKURSsME1brtuYnxM6oMZwLHhU6qMaFsSPvYtlTSCLWfTQ8dkxOr9EgYK1vSkKn6eyKjkdajKLCdETUDvehNxP+8dmrCKz/jMkkNSjZbFKaCmJhMviY9rpAZMbKEMsXtrYQNqKLM2GwKNgRv8eVl0jgrexfl89p5qXL7NIsjD0dwDKfgwSVU4AaqUAcGCM/wCm/Og/PivDsfs9acM4/wEP7A+fwB0LCNYw==</latexit>

M

<latexit sha1_base64="CRFx75PSuI4o+7b1jzJZZJ0eWCw=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWN5b8YJ+hEdSB5yRo2V6u1eseSW3RnIKvEWpAQL1HrFr24/ZmmE0jBBte54bmL8jCrDmcBJoZtqTCgb0QF2LJU0Qu1ns0Mn5MwqfRLGypY0ZKb+nshopPU4CmxnRM1QL3tT8T+vk5rw2s+4TFKDks0XhakgJibTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqndP8zjycAKncA4eXEEVbqEGDWCA8Ayv8OY8OC/Ou/Mxb805iwiP4Q+czx/hXI1u</latexit>

X

• Physical data extends from M to X

• No Dai-Freed anomalies if it does not 
depend on extension

<latexit sha1_base64="jyvieXyRmmUlewtADrpb2pBlkCc=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclaQUdSNU3AhuKtgHNLFMpjft0MmDmYlQQsCFG3/FjQtF3PoL7vwbJ20X2nrgwuGce7n3Hi/mTCrL+jYWFpeWV1YLa8X1jc2tbXNntymjRFBo0IhHou0RCZyF0FBMcWjHAkjgcWh5w8vcb92DkCwKb9UoBjcg/ZD5jBKlpa55AHdpBTsxwww7AVEDSnh6kXXabobPsd01S1bZGgPPE3tKSmiKetf8cnoRTQIIFeVEyo5txcpNiVCMcsiKTiIhJnRI+tDRNCQBSDcd/5HhI630sB8JXaHCY/X3REoCKUeBpzvzU+Wsl4v/eZ1E+WduysI4URDSySI/4VhFOA8F95gAqvhIE0IF07diOiCCUKWjK+oQ7NmX50mzUrZPytWbaql2/TCJo4D20SE6RjY6RTV0heqogSh6RM/oFb0ZT8aL8W58TFoXjGmEe+gPjM8f6qGYgQ==</latexit>

e2⇡iA[X] = 1

for closed manifolds with wanted structure
<latexit sha1_base64="9AwlcD6M4hwXmyVveRwxJELVCz4=">AAACCHicbZA7SwNBFIVnfcb4WrW0cDEIghB2JahlwEawMIJ5QLKG2cndZMjsg5m7YlgWbGz8KzYWitj6E+z8N04ehSYeGPg45w4z93ix4Apt+9uYm19YXFrOreRX19Y3Ns2t7ZqKEsmgyiIRyYZHFQgeQhU5CmjEEmjgCah7/fNhXr8DqXgU3uAgBjeg3ZD7nFHUVtvca10F0KXttHPkZLdpC+EeU4UyYZhIyLK2WbCL9kjWLDgTKJCJKm3zq9WJWBJAiExQpZqOHaObUomcCcjyrURBTFmfdqGpMaQBKDcdLZJZB9rpWH4k9QnRGrm/b6Q0UGoQeHoyoNhT09nQ/C9rJuifuSkP4wQhZOOH/ERYGFnDVqwOl8BQDDRQJrn+q8V6VFKGuru8LsGZXnkWasdF56RYui4VypcP4zpyZJfsk0PikFNSJhekQqqEkUfyTF7Jm/FkvBjvxsd4dM6YVLhD/sj4/AEvmJsv</latexit>

⌦structure
d+1

classified by bordism groups

up to deformations



Duality anomaly for type IIB
• Find correct bordism group

<latexit sha1_base64="VhpmFUW2KKScB9emoNGtzhGdFKs=">AAACCXicbZA7SwNBFIVnfcb4ilraDAbBxrArQS2DNgYLI5gHJDHMTm6SIbMPZu6KYVmwsvGv2FgoYus/sPPfOHkUmnhg4OOcO8zc44ZSaLTtb2tufmFxaTm1kl5dW9/YzGxtV3QQKQ5lHshA1VymQQofyihQQi1UwDxXQtXtnw/z6h0oLQL/BgchND3W9UVHcIbGamVo48qDLmvFjpPcxg2Ee4yLxbPDdsSkwEGStDJZO2ePRGfBmUCWTFRqZb4a7YBHHvjIJdO67tghNmOmUHAJSboRaQgZ77Mu1A36zAPdjEebJHTfOG3aCZQ5PtKR+/tGzDytB55rJj2GPT2dDc3/snqEndNmLPwwQvD5+KFOJCkGdFgLbQsFHOXAAONKmL9S3mOKcTTlpU0JzvTKs1A5yjnHufx1Plu4fBjXkSK7ZI8cEIeckAK5ICVSJpw8kmfySt6sJ+vFerc+xqNz1qTCHfJH1ucP3a2a5w==</latexit>

⌦IIB-duality
11

• Find generator of bordism group

• Determine the anomaly theory 
<latexit sha1_base64="W9xQDMHCiKxKo48z2DaQNdNqdYM=">AAACAXicbVDLSgNBEJz1GeNr1YvgZTAInsKuBPUY9WLwEsE8ILuG2ckkGTL7YKZXDMuK4K948aCIV//Cm3/jbJKDJhY0FFXddHd5keAKLOvbmJtfWFxazq3kV9fWNzbNre26CmNJWY2GIpRNjygmeMBqwEGwZiQZ8T3BGt7gIvMbd0wqHgY3MIyY65NewLucEtBS29x1fAJ9SkRylt4mDrB7SCqV8zRtmwWraI2AZ4k9IQU0QbVtfjmdkMY+C4AKolTLtiJwEyKBU8HSvBMrFhE6ID3W0jQgPlNuMvogxQda6eBuKHUFgEfq74mE+EoNfU93ZveqaS8T//NaMXRP3YQHUQwsoONF3VhgCHEWB+5wySiIoSaESq5vxbRPJKGgQ8vrEOzpl2dJ/ahoHxdL16VC+epxHEcO7aF9dIhsdILK6BJVUQ1R9ICe0St6M56MF+Pd+Bi3zhmTCHfQHxifP0mxl98=</latexit>

AIIB

• Make sure that
<latexit sha1_base64="dMYcD1dkN7ISuPHFY+HvCrTQo8M=">AAACEXicbVDJSgNBEO2Je9xGPXppDIKnMBOCehFcLgYvEYwGMjH0dCqmSc9Cd40YhgG/wIu/4sWDIl69efNv7CwHjT4oeLxXRVU9P5ZCo+N8Wbmp6ZnZufmF/OLS8sqqvbZ+qaNEcajxSEaq7jMNUoRQQ4ES6rECFvgSrvzeycC/ugWlRRReYD+GZsBuQtERnKGRWvYOXKcl6sWCCuoFDLucyfQou049hDtMK5XjLMvoAXVbdsEpOkPQv8QdkwIZo9qyP712xJMAQuSSad1wnRibKVMouIQs7yUaYsZ77AYahoYsAN1Mhx9ldNsobdqJlKkQ6VD9OZGyQOt+4JvOwdF60huI/3mNBDv7zVSEcYIQ8tGiTiIpRnQQD20LBRxl3xDGlTC3Ut5linE0IeZNCO7ky3/JZano7hbL5+XC4dn9KI55skm2yA5xyR45JKekSmqEkwfyRF7Iq/VoPVtv1vuoNWeNI9wgv2B9fAM/r50Y</latexit>

e2⇡iA
IIB

= 1



Duality group for type IIB
<latexit sha1_base64="mMdfwdwuxcYsc3yEO9UYj8sMrfA=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFqCAlKUVdFtwIuqhoH9iEMplO2qGTBzM3YgkB8VfcuFDErZ/hzr9x0nahrQcuHM65l3vvcSPOJJjmt5ZbWFxaXsmvFtbWNza39O2dpgxjQWiDhDwUbRdLyllAG8CA03YkKPZdTlvu8DzzW/dUSBYGtzCKqOPjfsA8RjAoqavv2UAfILm5SkuVY9vHMHDd5C496upFs2yOYcwTa0qKaIp6V/+yeyGJfRoA4VjKjmVG4CRYACOcpgU7ljTCZIj7tKNogH0qnWT8QGocKqVneKFQFYAxVn9PJNiXcuS7qjM7Uc56mfif14nBO3MSFkQx0IBMFnkxNyA0sjSMHhOUAB8pgolg6laDDLDABFRmBRWCNfvyPGlWytZJuXpdLdYuHydx5NE+OkAlZKFTVEMXqI4aiKAUPaNX9KY9aS/au/Yxac1p0wh30R9onz9JCJam</latexit>

SL(2,Z)
orientation reversal of worldsheet

<latexit sha1_base64="tsWBH+/Bin1S0L+5R1mSGo1ulys=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFqCAlKUVdFlwo6KKCfWATymQ6aYdOHszciCUExF9x40IRt36GO//GSduFth64cDjnXu69x404k2Ca31puYXFpeSW/Wlhb39jc0rd3mjKMBaENEvJQtF0sKWcBbQADTtuRoNh3OW25w/PMb91TIVkY3MIooo6P+wHzGMGgpK6+ZwN9gOTiOi1Vjm0fw8B1k7v0qKsXzbI5hjFPrCkpoinqXf3L7oUk9mkAhGMpO5YZgZNgAYxwmhbsWNIIkyHu046iAfapdJLxA6lxqJSe4YVCVQDGWP09kWBfypHvqs7sRDnrZeJ/XicG78xJWBDFQAMyWeTF3IDQyNIwekxQAnykCCaCqVsNMsACE1CZFVQI1uzL86RZKVsn5epNtVi7epzEkUf76ACVkIVOUQ1dojpqIIJS9Ixe0Zv2pL1o79rHpDWnTSPcRX+gff4ANhiWmg==</latexit>

GL(2,Z)

<latexit sha1_base64="pzEJwOrRwlvqaV5N3vr/VUGU51E=">AAACAHicbVDLSgNBEJyNrxhfqx48eBkMQgQJuyGox4AXQYQI5oHZJcxOJsmQ2QczvWJYFsRf8eJBEa9+hjf/xtkkB40WNBRV3XR3eZHgCizry8gtLC4tr+RXC2vrG5tb5vZOU4WxpKxBQxHKtkcUEzxgDeAgWDuSjPieYC1vdJ75rTsmFQ+DGxhHzPXJIOB9TgloqWvuOcDuIbmK0lLl2PEJDD0vuU2PumbRKlsT4L/EnpEimqHeNT+dXkhjnwVABVGqY1sRuAmRwKlgacGJFYsIHZEB62gaEJ8pN5k8kOJDrfRwP5S6AsAT9edEQnylxr6nO7MT1byXif95nRj6Z27CgygGFtDpon4sMIQ4SwP3uGQUxFgTQiXXt2I6JJJQ0JkVdAj2/Mt/SbNStk/K1etqsXb5MI0jj/bRASohG52iGrpAddRAFKXoCb2gV+PReDbejPdpa86YRbiLfsH4+AZ4PJbE</latexit>

Mp(2,Z)

fermions

[Pantev, Sharpe ’16] [Tachikawa, Yonekura ’16]

<latexit sha1_base64="f8xgzhqEe0QHbCqbQuUGeQbiwyo=">AAACAnicbVDLSsNAFJ34rPUVdSVugkWoKCUpRV0WXCjoooJ9YBPLZDpth04ezNyIJQRd+CtuXCji1q9w5984abvQ1gMXDufcy733uCFnEkzzW5uZnZtfWMwsZZdXVtfW9Y3NmgwiQWiVBDwQDRdLyplPq8CA00YoKPZcTutu/zT163dUSBb41zAIqePhrs86jGBQUkvftoHeQ3x2mdwe5IuHtoeh57rxTbLf0nNmwRzCmCbWmOTQGJWW/mW3AxJ51AfCsZRNywzBibEARjhNsnYkaYhJH3dpU1Efe1Q68fCFxNhTStvoBEKVD8ZQ/T0RY0/KgeeqzvREOeml4n9eM4LOiRMzP4yA+mS0qBNxAwIjzcNoM0EJ8IEimAimbjVIDwtMQKWWVSFYky9Pk1qxYB0VSlelXPnicRRHBu2gXZRHFjpGZXSOKqiKCHpAz+gVvWlP2ov2rn2MWme0cYRb6A+0zx9fX5c3</latexit>

GL+(2,Z)

<latexit sha1_base64="tEGqofyyuxSagdU3UEoE5KrCu1I=">AAAB/3icbVDLSgNBEJyNrxhfq4IXL4NBiCBhV4J6EQKCeIzkCckaZiedZMjs7DIzK4Q1oL/ixYMiXv0Nb/6Nk8dBowUNRVU33V1+xJnSjvNlpRYWl5ZX0quZtfWNzS17e6emwlhSqNKQh7LhEwWcCahqpjk0Igkk8DnU/cHl2K/fgVQsFBU9jMALSE+wLqNEG6lt75WPK7gFQkWEAs6Vbwv4ArtHbTvr5J0J8F/izkgWzVBq25+tTkjjAISmnCjVdJ1IewmRmlEOo0wrVmBWDEgPmoYKEoDyksn9I3xolA7uhtKU0Hii/pxISKDUMPBNZ0B0X817Y/E/rxnr7rmXMBHFGgSdLurGHOsQj8PAHSaBaj40hFDJzK2Y9okkVJvIMiYEd/7lv6R2kndP84WbQrZ49TCNI4320QHKIRedoSK6RiVURRTdoyf0gl6tR+vZerPep60paxbhLvoF6+Mbh8OURg==</latexit>

S, T (S4 = 1)
<latexit sha1_base64="D5hG91fIhyXvDoe9iREj4tWb2oU=">AAACAXicbVDLSgNBEJz1GeNr1YvgZTAIEULYlaBehIAgHqN5QrKG2UknGTI7u8zMCiFEBH/FiwdFvPoX3vwbJ4+DJhY0FFXddHf5EWdKO863tbC4tLyymlhLrm9sbm3bO7sVFcaSQpmGPJQ1nyjgTEBZM82hFkkggc+h6vcuR371HqRioSjpfgReQDqCtRkl2khNe7+YKWVucQOEiggFnC7e5fAFdo+bdsrJOmPgeeJOSQpNUWjaX41WSOMAhKacKFV3nUh7AyI1oxyGyUaswKzokQ7UDRUkAOUNxh8M8ZFRWrgdSlNC47H6e2JAAqX6gW86A6K7atYbif959Vi3z70BE1GsQdDJonbMsQ7xKA7cYhKo5n1DCJXM3Ippl0hCtQktaUJwZ1+eJ5WTrHuazd3kUvmrx0kcCXSADlEauegM5dE1KqAyougBPaNX9GY9WS/Wu/UxaV2wphHuoT+wPn8AnFKU2A==</latexit>

S, T,R (S4 = 1)

<latexit sha1_base64="ibsq8oF43cBTXxIlxKkseUAe74s=">AAACD3icbVDJSgNBEO1xjXGLevTSGJQEYpiRoF6EgBA8RrNCNno6laRJT8/Q3SOEEPADvPgrXjwo4tWrN//GznLQxAcFj/eqqKrnBpwpbdvf1tLyyuraemQjurm1vbMb29svKz+UFErU576sukQBZwJKmmkO1UAC8VwOFbd/PfYr9yAV80VRDwJoeKQrWIdRoo3Uip0UUsXUHa6DUAGhgOsu6yYKzQy+wolTJ9nMTZRkKxa30/YEeJE4MxJHM+Rbsa9626ehB0JTTpSqOXagG0MiNaMcRtF6qMAs7JMu1AwVxAPVGE7+GeFjo7Rxx5emhMYT9ffEkHhKDTzXdHpE99S8Nxb/82qh7lw2hkwEoQZBp4s6Icfax+NwcJtJoJoPDCFUMnMrpj0iCdUmwqgJwZl/eZGUz9LOeTpzm4lncw/TOCLoEB2hBHLQBcqiG5RHJUTRI3pGr+jNerJerHfrY9q6ZM0iPEB/YH3+AMX7mcI=</latexit>

S, T,R
�
S4 = (�1)F

�<latexit sha1_base64="2TCE9xgwcNNIAyY95sQBQQwI9EQ=">AAACDXicbVDJSgNBEO2JW4zbqEcvjVFIQMOMBPUiBITgMZIVstHTqSRNenqG7h4hhIBnL/6KFw+KePXuzb+xsxw0+qDg8V4VVfW8kDOlHefLii0tr6yuxdcTG5tb2zv27l5FBZGkUKYBD2TNIwo4E1DWTHOohRKI73GoeoPriV+9A6lYIEp6GELTJz3BuowSbaS2fVQ8KeEGCBUSCrjhsV6q2MriK5w6ddOt/FRJt+2kk3GmwH+JOydJNEehbX82OgGNfBCacqJU3XVC3RwRqRnlME40IgVm4YD0oG6oID6o5mj6zRgfG6WDu4E0JTSeqj8nRsRXauh7ptMnuq8WvYn4n1ePdPeyOWIijDQIOlvUjTjWAZ5EgztMAtV8aAihkplbMe0TSag2ASZMCO7iy39J5Szjnmeyt9lkLn8/iyOODtAhSiEXXaAcukEFVEYUPaAn9IJerUfr2Xqz3metMWse4T76BevjG6pQmTA=</latexit>

S, T
�
S4 = (�1)F

�



The bordism group
• Decomposition into easier parts (amalgam structure, p-

equivalences, …)

• Atiyah-Hirzebruch and Adams spectral sequences (highly non-
trivial)
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⌦Spin-GL+(2,Z) = (Z2)
�9 � Z8 � Z3 � Z27

Manifolds with twisted GL(2,Z) structure
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Many potential anomalies!



The generators
• Hints from eta-invariants and cohomology classes

• A lot of (educated) guess work

Appendix D, where several useful formulas including the ⌘-invariants of spin-32 fermions on

lens spaces are derived. The results are summarized in the following table, where we list, for

each of the factors in (4.15), a generator, a cohomology class or ⌘-invariant that detects it

(using the notation in Section 3.1), and the value of the anomaly theory on each of them:
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⇥
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1
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fS1 w4w6 y 0
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2 x
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2
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4
2 y
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(4.16)

Here, ⌘̃ are reduced ⌘-invariants introduced in (D.14) in Appendix D. We now describe some

of the manifolds in the second column of (4.16):

• L
2k�1
n denotes the lens space S

2k�1
/Zn, where Zn acts as

(z1, z2, . . . zk) 2 C
2k

! e
2⇡i
n (z1, z2, . . . zk) , (4.17)

and S
2k�1 is regarded as the unit sphere in C

2k. Principal Zn bundles over L
2k�1
n are

classified by H
1(L2k�1

n ,Zn). The lens spaces for all the entries in (4.16) are equipped

with the Zn bundle S
2k�1

! L
2k�1
n ; the class of this bundle is a generator of the

cohomology group H
1(L2k�1

n ;Zn). This Zn bundle specifies the associated principal

GL(2,Z) bundle over the lens space, via the embeddings Z4 ! GL(2,Z), Z3 ! GL(2,Z)

sending the generators to S and U , respectively. In these cases, the lift from the GL(2,Z)

bundle to a Spin-GL+(2,Z) bundle is unique, so the solutions are specified completely.

• HP
2 is the quaternionic projective plane, one of the two generators of ⌦Spin

8 [113], with

a trivial duality bundle over HP
2. As a cross-check, we also computed anomalies for

the other generator of ⌦Spin
8 , the Bott manifold, although an Adams spectral sequence

argument (which we will explain in [35]) shows that the anomaly on products of Bott

manifolds and lens spaces is linearly dependent with the anomaly on HP
2
⇥L

3
n as written

here. For completeness, we recall that a Bott manifold is defined as a Spin 8-manifold

with unit Dirac index; we consider here the particular example with p1 = 0 discussed

in [42]. We take a trivial duality bundle over the Bott manifold. With these choices,
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• Lens spaces

• Lens space bundles

• Real projective spaces

• Arcanum XI
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with appropriate bundles



The anomaly theory
[Hsieh, Tachikawa, Yonekura ’20]
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4-form

• Contribution from signature operator to index theorem

• Requires the introduction of quadratic refinement
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topologically non-trivial part



The duality anomaly

Appendix D, where several useful formulas including the ⌘-invariants of spin-32 fermions on

lens spaces are derived. The results are summarized in the following table, where we list, for

each of the factors in (4.15), a generator, a cohomology class or ⌘-invariant that detects it

(using the notation in Section 3.1), and the value of the anomaly theory on each of them:
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2 x

3 0 or 1
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gX11 w

4
2 y

3 0 or 1
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(4.16)

Here, ⌘̃ are reduced ⌘-invariants introduced in (D.14) in Appendix D. We now describe some

of the manifolds in the second column of (4.16):

• L
2k�1
n denotes the lens space S

2k�1
/Zn, where Zn acts as

(z1, z2, . . . zk) 2 C
2k

! e
2⇡i
n (z1, z2, . . . zk) , (4.17)

and S
2k�1 is regarded as the unit sphere in C

2k. Principal Zn bundles over L
2k�1
n are

classified by H
1(L2k�1

n ,Zn). The lens spaces for all the entries in (4.16) are equipped

with the Zn bundle S
2k�1

! L
2k�1
n ; the class of this bundle is a generator of the

cohomology group H
1(L2k�1

n ;Zn). This Zn bundle specifies the associated principal

GL(2,Z) bundle over the lens space, via the embeddings Z4 ! GL(2,Z), Z3 ! GL(2,Z)

sending the generators to S and U , respectively. In these cases, the lift from the GL(2,Z)

bundle to a Spin-GL+(2,Z) bundle is unique, so the solutions are specified completely.

• HP
2 is the quaternionic projective plane, one of the two generators of ⌦Spin

8 [113], with

a trivial duality bundle over HP
2. As a cross-check, we also computed anomalies for

the other generator of ⌦Spin
8 , the Bott manifold, although an Adams spectral sequence

argument (which we will explain in [35]) shows that the anomaly on products of Bott

manifolds and lens spaces is linearly dependent with the anomaly on HP
2
⇥L

3
n as written

here. For completeness, we recall that a Bott manifold is defined as a Spin 8-manifold

with unit Dirac index; we consider here the particular example with p1 = 0 discussed

in [42]. We take a trivial duality bundle over the Bott manifold. With these choices,
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Appendix D, where several useful formulas including the ⌘-invariants of spin-32 fermions on

lens spaces are derived. The results are summarized in the following table, where we list, for

each of the factors in (4.15), a generator, a cohomology class or ⌘-invariant that detects it

(using the notation in Section 3.1), and the value of the anomaly theory on each of them:
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Here, ⌘̃ are reduced ⌘-invariants introduced in (D.14) in Appendix D. We now describe some

of the manifolds in the second column of (4.16):
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n denotes the lens space S
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/Zn, where Zn acts as

(z1, z2, . . . zk) 2 C
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and S
2k�1 is regarded as the unit sphere in C

2k. Principal Zn bundles over L
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n are

classified by H
1(L2k�1

n ,Zn). The lens spaces for all the entries in (4.16) are equipped

with the Zn bundle S
2k�1

! L
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n ; the class of this bundle is a generator of the

cohomology group H
1(L2k�1

n ;Zn). This Zn bundle specifies the associated principal

GL(2,Z) bundle over the lens space, via the embeddings Z4 ! GL(2,Z), Z3 ! GL(2,Z)

sending the generators to S and U , respectively. In these cases, the lift from the GL(2,Z)

bundle to a Spin-GL+(2,Z) bundle is unique, so the solutions are specified completely.

• HP
2 is the quaternionic projective plane, one of the two generators of ⌦Spin

8 [113], with

a trivial duality bundle over HP
2. As a cross-check, we also computed anomalies for

the other generator of ⌦Spin
8 , the Bott manifold, although an Adams spectral sequence

argument (which we will explain in [35]) shows that the anomaly on products of Bott

manifolds and lens spaces is linearly dependent with the anomaly on HP
2
⇥L

3
n as written

here. For completeness, we recall that a Bott manifold is defined as a Spin 8-manifold

with unit Dirac index; we consider here the particular example with p1 = 0 discussed

in [42]. We take a trivial duality bundle over the Bott manifold. With these choices,

– 22 –

<latexit sha1_base64="E/h6ZMQMIyEjMRnbdsK2xjwjr/E=">AAAB/nicbVDLSgMxFL1TX7W+RsWVm2ARKkiZkaJuxIobwU0F+4DOUDJppg3NPEgyQhkK/RU3LhRx63e482/MtF1o64ELh3PuJSfHizmTyrK+jdzS8srqWn69sLG5tb1j7u41ZJQIQusk4pFoeVhSzkJaV0xx2ooFxYHHadMb3GZ+84kKyaLwUQ1j6ga4FzKfEay01DEPnACrPsE8vRmVWifoCjmn6LpjFq2yNQFaJPaMFGGGWsf8croRSQIaKsKxlG3bipWbYqEY4XRUcBJJY0wGuEfbmoY4oNJNJ/FH6FgrXeRHQk+o0ET9fZHiQMph4OnNLKyc9zLxP6+dKP/STVkYJ4qGZPqQn3CkIpR1gbpMUKL4UBNMBNNZEeljgYnSjRV0Cfb8lxdJ46xsn5crD5Vi9X48rSMPh3AEJbDhAqpwBzWoA4EUnuEV3oyx8WK8Gx/T1Zwxq3Af/sD4/AHYA5SL</latexit>

A(X) = ?
<latexit sha1_base64="4NdX2R7Zd+cw7T2ooOHUDYPMyRE=">AAACBXicbZA7SwNBFIVnfcb4WrXUYjAIsQm7IahlwEawiWAekCxhdjKbDJndWWbuimFZEBv/io2FIrb+Bzv/jZNHoYmn+jjnDnPv8WPBNTjOt7W0vLK6tp7byG9ube/s2nv7DS0TRVmdSiFVyyeaCR6xOnAQrBUrRkJfsKY/vBznzTumNJfRLYxi5oWkH/GAUwLG6tpHRQd3gN1DiqXCmeFAEZq6WVrOTrt2wSk5E+FFcGdQQDPVuvZXpydpErIIqCBat10nBi8lCjgVLMt3Es1iQoekz9oGIxIy7aWTKzJ8YpweDswagYwAT9zfL1ISaj0KfTMZEhjo+Wxs/pe1EwguvJRHcQIsotOPgkRgkHhcCe5xxSiIkQFCFTe7YjogpgYwxeVNCe78yYvQKJfcs1LlplKoXj9M68ihQ3SMishF56iKrlAN1RFFj+gZvaI368l6sd6tj+nokjWr8AD9kfX5A/lHmA8=</latexit>

(0 or 1
2 )

we don’t know how to evaluate, let’s assume it is OK

<latexit sha1_base64="5SGZZAp3F4555B+0wTaq7b/NWBw=">AAACEnicbVC7SgNBFJ31GeMramkzGISkCbsS1EaI2Ag2EcwDkyXMzk6SIbOzy8xdMSwL/oGNv2JjoYitlZ1/4+RRaOKBC4dz7uXee7xIcA22/W0tLC4tr6xm1rLrG5tb27md3boOY0VZjYYiVE2PaCa4ZDXgIFgzUowEnmANb3Ax8ht3TGkeyhsYRswNSE/yLqcEjNTJFdsBgT4lIjlPC80iPsM2bgO7hwQHoY/Tse15yW3ayeXtkj0GnifOlOTRFNVO7qvthzQOmAQqiNYtx47ATYgCTgVLs+1Ys4jQAemxlqGSBEy7yfilFB8axcfdUJmSgMfq74mEBFoPA890ji7Us95I/M9rxdA9dRMuoxiYpJNF3VhgCPEoH+xzxSiIoSGEKm5uxbRPFKFgUsyaEJzZl+dJ/ajkHJfK1+V85ephEkcG7aMDVEAOOkEVdImqqIYoekTP6BW9WU/Wi/VufUxaF6xphHvoD6zPH97OnXE=</latexit>

A(X) = 0 mod Z



The duality anomaly

Appendix D, where several useful formulas including the ⌘-invariants of spin-32 fermions on

lens spaces are derived. The results are summarized in the following table, where we list, for

each of the factors in (4.15), a generator, a cohomology class or ⌘-invariant that detects it

(using the notation in Section 3.1), and the value of the anomaly theory on each of them:

Factor Generator Detector A(gen.)

Z27 L
11
3 ⌘

D
1 � ⌘

D
3

1
3

Z3 HP
2
⇥ L

3
3 ⌘

RS
1 � ⌘

RS
3

1
3

Z8 Q
11
4 ⌘

D
1 � ⌘

D
3

k
4

Z2 HP
2
⇥ L

3
4 ⌘̃

RS
1 � 2⌘̃D1 � ⌘̃

D
�3

1
2

Z2 RP
11

x
11 0

Z2
]
RP

11
y
11 0

Z2 HP
2
⇥ RP

3
w

2
4 x

3 0

Z2 HP
2
⇥

g
RP

3
w

2
4 y

3 0

Z2 X10 ⇥ S
1

w4w6 x 0

Z2 X10 ⇥
fS1 w4w6 y 0

Z2 X11 w
4
2 x

3 0 or 1
2

Z2
gX11 w

4
2 y

3 0 or 1
2

(4.16)

Here, ⌘̃ are reduced ⌘-invariants introduced in (D.14) in Appendix D. We now describe some

of the manifolds in the second column of (4.16):

• L
2k�1
n denotes the lens space S

2k�1
/Zn, where Zn acts as

(z1, z2, . . . zk) 2 C
2k

! e
2⇡i
n (z1, z2, . . . zk) , (4.17)

and S
2k�1 is regarded as the unit sphere in C

2k. Principal Zn bundles over L
2k�1
n are

classified by H
1(L2k�1

n ,Zn). The lens spaces for all the entries in (4.16) are equipped

with the Zn bundle S
2k�1

! L
2k�1
n ; the class of this bundle is a generator of the

cohomology group H
1(L2k�1

n ;Zn). This Zn bundle specifies the associated principal

GL(2,Z) bundle over the lens space, via the embeddings Z4 ! GL(2,Z), Z3 ! GL(2,Z)

sending the generators to S and U , respectively. In these cases, the lift from the GL(2,Z)

bundle to a Spin-GL+(2,Z) bundle is unique, so the solutions are specified completely.

• HP
2 is the quaternionic projective plane, one of the two generators of ⌦Spin

8 [113], with

a trivial duality bundle over HP
2. As a cross-check, we also computed anomalies for

the other generator of ⌦Spin
8 , the Bott manifold, although an Adams spectral sequence

argument (which we will explain in [35]) shows that the anomaly on products of Bott

manifolds and lens spaces is linearly dependent with the anomaly on HP
2
⇥L

3
n as written

here. For completeness, we recall that a Bott manifold is defined as a Spin 8-manifold

with unit Dirac index; we consider here the particular example with p1 = 0 discussed

in [42]. We take a trivial duality bundle over the Bott manifold. With these choices,

– 22 –

<latexit sha1_base64="eXJUKtYaXh0DgW8PPlyfedB7VGc=">AAACBnicbZDLSsNAFIZP6q3WW9SlCINFqJuSaFE3QsWN4KaCvUBTymQ6aYdOLsxMhBICghtfxY0LRdz6DO58GydtF9r6w8DPf85wzvnciDOpLOvbyC0sLi2v5FcLa+sbm1vm9k5DhrEgtE5CHoqWiyXlLKB1xRSnrUhQ7LucNt3hVVZv3lMhWRjcqVFEOz7uB8xjBCsddc19x8dqQDBPLtNS6whdIEd5ApPETpOTtGsWrbI1Fpo39tQUYapa1/xyeiGJfRoowrGUbduKVCfBQjHCaVpwYkkjTIa4T9vaBtinspOMz0jRoU56yAuFfoFC4/T3jwT7Uo58V3dmS8vZWhb+V2vHyjvvJCyIYkUDMhnkxRypEGVMUI8JShQfaYOJYHpXRAZYU1CaXEFDsGdPnjeN47J9Wq7cVorVm4cJjjzswQGUwIYzqMI11KAOBB7hGV7hzXgyXox342PSmjOmCHfhj4zPHxxxmLQ=</latexit>

A(X) = 1
3

<latexit sha1_base64="eXJUKtYaXh0DgW8PPlyfedB7VGc=">AAACBnicbZDLSsNAFIZP6q3WW9SlCINFqJuSaFE3QsWN4KaCvUBTymQ6aYdOLsxMhBICghtfxY0LRdz6DO58GydtF9r6w8DPf85wzvnciDOpLOvbyC0sLi2v5FcLa+sbm1vm9k5DhrEgtE5CHoqWiyXlLKB1xRSnrUhQ7LucNt3hVVZv3lMhWRjcqVFEOz7uB8xjBCsddc19x8dqQDBPLtNS6whdIEd5ApPETpOTtGsWrbI1Fpo39tQUYapa1/xyeiGJfRoowrGUbduKVCfBQjHCaVpwYkkjTIa4T9vaBtinspOMz0jRoU56yAuFfoFC4/T3jwT7Uo58V3dmS8vZWhb+V2vHyjvvJCyIYkUDMhnkxRypEGVMUI8JShQfaYOJYHpXRAZYU1CaXEFDsGdPnjeN47J9Wq7cVorVm4cJjjzswQGUwIYzqMI11KAOBB7hGV7hzXgyXox342PSmjOmCHfhj4zPHxxxmLQ=</latexit>

A(X) = 1
3

<latexit sha1_base64="yeHBd11Bc0Ou9glMNdQZ1PafpGc=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFiEuimJFHUjVNwIbirYCzShTKaTdujkwsyJUEJAcOOruHGhiFufwZ1v46TtQlt/GPj5zxnOOZ8XC67Asr6NhcWl5ZXVwlpxfWNza9vc2W2qKJGUNWgkItn2iGKCh6wBHARrx5KRwBOs5Q2v8nrrnknFo/AORjFzA9IPuc8pAR11zQMnIDCgRKSXWbl9jC+wA74kNB1maTXrmiWrYo2F5409NSU0Vb1rfjm9iCYBC4EKolTHtmJwUyKBU8GyopMoFhM6JH3W0TYkAVNuOj4jw0c66WE/kvqFgMfp7x8pCZQaBZ7uzJdWs7U8/K/WScA/d1MexgmwkE4G+YnAEOGcCe5xySiIkTaESq53xXRANAXQ5Ioagj178rxpnlTs00r1tlqq3TxMcBTQPjpEZWSjM1RD16iOGoiiR/SMXtGb8WS8GO/Gx6R1wZgi3EN/ZHz+AHbGmO8=</latexit>

A(X) = k
4

<latexit sha1_base64="v7mqD38UhRTeseT6nsnpX6ifD3I=">AAACBnicbZDLSsNAFIYn9VbrLepShMEi1E1JSlE3QsWN4KaCvUBTymQ6aYdOLsycCCUEBDe+ihsXirj1Gdz5Nk7aLrT1h4Gf/5zhnPO5keAKLOvbyC0tr6yu5dcLG5tb2zvm7l5ThbGkrEFDEcq2SxQTPGAN4CBYO5KM+K5gLXd0ldVb90wqHgZ3MI5Y1yeDgHucEtBRzzx0fAJDSkRymZbaJ/gCO+BJQhM7TSppzyxaZWsivGjsmSmimeo988vphzT2WQBUEKU6thVBNyESOBUsLTixYhGhIzJgHW0D4jPVTSZnpPhYJ33shVK/APAk/f0jIb5SY9/VndnSar6Whf/VOjF4592EB1EMLKDTQV4sMIQ4Y4L7XDIKYqwNoZLrXTEdEk0BNLmChmDPn7xompWyfVqu3laLtZuHKY48OkBHqIRsdIZq6BrVUQNR9Iie0St6M56MF+Pd+Ji25owZwn30R8bnDxrsmLM=</latexit>

A(X) = 1
2

Duality is anomalous



Meant IIB: The anomaly that 
was not



Anomaly cancellation
Remember: Choose      in terms of bordism invariants

such that anomaly is cancelled 

<latexit sha1_base64="yeoKkr1N6Zn/ZlLMxh5B2wrjSEA=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL4KXCOYhyRJmJ73JkJndZWY2EJaA/+DFgyJe/Rxv/o2Tx0ETCxqKqm66u4JEcG1c99vJra1vbG7ltws7u3v7B8XDo4aOU8WwzmIRq1ZANQoeYd1wI7CVKKQyENgMhjdTvzlCpXkcPZhxgr6k/YiHnFFjpcdOoHCEGZt0iyW37M5AVom3ICVYoNYtfnV6MUslRoYJqnXbcxPjZ1QZzgROCp1UY0LZkPaxbWlEJWo/mx08IWdW6ZEwVrYiQ2bq74mMSq3HMrCdkpqBXvam4n9eOzXhtZ/xKEkNRmy+KEwFMTGZfk96XCEzYmwJZYrbWwkbUEWZsRkVbAje8surpHFR9i7LlftKqXr3NI8jDydwCufgwRVU4RZqUAcGEp7hFd4c5bw4787HvDXnLCI8hj9wPn8AUfyRMQ==</latexit>

c̆

• Characteristic classes of bundle

• Reductions of characteristic classes of manifold
<latexit sha1_base64="P+y7HsfHYTIojZu4hrHCAyrOQ7M=">AAACGHicbVDLSsNAFJ34rPUVdelmsAgtlJpIUZcFN4KbCvYBTQiT6aQdOpmEmYlSQsGfcOOvuHGhiNvu/BsnaRfaemCYwzn3cu89fsyoVJb1baysrq1vbBa2its7u3v75sFhW0aJwKSFIxaJro8kYZSTlqKKkW4sCAp9Rjr+6DrzOw9ESBrxezWOiRuiAacBxUhpyTPPYDn2RhWPQ6dahY/eKP+dEKkhRixtTspaq2gROv1ISeiZJatm5YDLxJ6TEpij6ZlT3YiTkHCFGZKyZ1uxclMkFMWMTIpOIkmM8AgNSE9TjkIi3TQ/bAJPtdKHQST04wrm6u+OFIVSjkNfV2Yby0UvE//zeokKrtyU8jhRhOPZoCBhUEUwSwn2qSBYsbEmCAuqd4V4iATCSmdZ1CHYiycvk/Z5zb6o1e/qpcbt0yyOAjgGJ6AMbHAJGuAGNEELYPAMXsE7+DBejDfj0/iala4Y8wiPwB8Y0x8JOJ3C</latexit>

(pk)n , wk ,P(wk) . . .

<latexit sha1_base64="0dBiN/hdO0prnlNjG+Hl/3KDvGo="></latexit>

Z3 : a ,�(a) , Z4 : b ,�(b)
<latexit sha1_base64="Kdhi4Ki1mSBQe9hRxfkwF+MwVU0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBg5RdKSqeCl4ELxXsB7RLyabZNjTJLklWKEvBX+DFgyJe/UPe/Ddmtz1o64OBx3szzMwLYs60cd1vp7Cyura+UdwsbW3v7O6V9w9aOkoUoU0S8Uh1AqwpZ5I2DTOcdmJFsQg4bQfjm8xvP1KlWSQfzCSmvsBDyUJGsMkkfBZc98sVt+rmQMvEm5MKzNHol796g4gkgkpDONa667mx8VOsDCOcTku9RNMYkzEe0q6lEguq/TS/dYpOrDJAYaRsSYNy9fdEioXWExHYToHNSC96mfif101MeOWnTMaJoZLMFoUJRyZC2eNowBQlhk8swUQxeysiI6wwMTaekg3BW3x5mbTOq95FtXZfq9TvnmZxFOEIjuEUPLiEOtxCA5pAYATP8ApvjnBenHfnY9ZacOYRHsIfOJ8/js2OXQ==</latexit>

a, b :
<latexit sha1_base64="b2ebmjAl61IXRnb8pKUjdIi+4CE=">AAAB/HicbZBLSwMxFIUzPmt9jXbpJliEFqTMSFFxVXAjuKlgH9AOJZPeaUMzmSHJCMNQ8Z+4caGIW3+IO/+N6WOhrQcCH+fckJvjx5wp7Tjf1srq2vrGZm4rv72zu7dvHxw2VZRICg0a8Ui2faKAMwENzTSHdiyBhD6Hlj+6nuStB5CKReJepzF4IRkIFjBKtLF6dqHrgyYlUj7FM/LLVz276FScqfAyuHMoornqPfur249oEoLQlBOlOq4Tay8jUjPKYZzvJgpiQkdkAB2DgoSgvGy6/BifGKePg0iaIzSeur9vZCRUKg19MxkSPVSL2cT8L+skOrj0MibiRIOgs4eChGMd4UkTuM8kUM1TA4RKZnbFdEgkodr0lTcluItfXobmWcU9r1TvqsXa7dOsjhw6QseohFx0gWroBtVRA1GUomf0it6sR+vFerc+ZqMr1rzCAvoj6/MHhbOT1g==</latexit>

�(a),�(b) :discrete gauge fields discrete fieldstrengths

<latexit sha1_base64="k+WdeySVyY/QrTYvkRDJaBkFoLc=">AAACDHicbVC7SgNBFJ31GeMramkzGITYhF0JahmwEWwSMA/ILmF29m4yZPbBzGwkLAu2Nv6KjYUitn6AnX/jbJJCEw8MHM45w733uDFnUpnmt7Gyura+sVnYKm7v7O7tlw4O2zJKBIUWjXgkui6RwFkILcUUh24sgAQuh447us79zhiEZFF4pyYxOAEZhMxnlCgt9Utl+555oBj3ILUDooaU8LSZZbhiuwLGkNLsTKfMqjkFXibWnJTRHI1+6cv2IpoEECrKiZQ9y4yVkxKhGOWQFe1EQkzoiAygp2lIApBOOj0mw6da8bAfCf1Chafq7x8pCaScBK5O5vvKRS8X//N6ifKvnJSFcaIgpLNBfsKxinDeDPaYAKr4RBNCBdO7YjokglCl+yvqEqzFk5dJ+7xqXVRrzVq5fvswq6OAjtEJqiALXaI6ukEN1EIUPaJn9IrejCfjxXg3PmbRFWNe4RH6A+PzB5hinGU=</latexit>

eQ(c̆)



Anomaly cancellation
Let’s take:                 which generates the           factor

<latexit sha1_base64="5XcusfkT9N4S0BOHp1Y67H2IxBM=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBbBVU20qMuCG8FNRfvANobJdNIOnTyYmQglBPorblwo4tbvcOffOGm70NYDFw7n3MucOV7MmVSW9W0sLC4tr6wW1orrG5tb2+bObkNGiSC0TiIeiZaHJeUspHXFFKetWFAceJw2vcFV7jefqJAsCu/VMKZOgHsh8xnBSkuuuX/3mNp2hk5QJ8Cq73npQ+aeuWbJKltjoHliT0kJpqi55lenG5EkoKEiHEvZtq1YOSkWihFOs2InkTTGZIB7tK1piAMqnXQcP0NHWukiPxJ6QoXG6u+LFAdSDgNPb+YZ5ayXi/957UT5l07KwjhRNCSTh/yEIxWhvAvUZYISxYeaYCKYzopIHwtMlG6sqEuwZ788TxqnZfu8XLmtlKo3o0kdBTiAQzgGGy6gCtdQgzoQSOEZXuHNGBkvxrvxMVldMKYV7sEfGJ8/1SyVNw==</latexit>

S11/Z3
<latexit sha1_base64="P1AUH9YlvaDZ2kdCevUeo9TnTh4=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiSlWJcFN4KbCvaBbQiT6aQdOpmEmYlQQ8H/cONCEbd+ijv/xknbhbYeuHA4517mzAkSzpR2nG9rbX1jc2u7sFPc3ds/KNmHR20Vp5LQFol5LLsBVpQzQVuaaU67iaQ4CjjtBOOr3O88UKlYLO70JKFehIeChYxgbSTfLvUjrEdBkN1P/axan/p22ak4M6BV4i5IGRZo+vZXfxCTNKJCE46V6rlOor0MS80Ip9NiP1U0wWSMh7RnqMARVV42Cz5FZ0YZoDCWZoRGM/X3RYYjpSZRYDbzmGrZy8X/vF6qw0svYyJJNRVk/lCYcqRjlLeABkxSovnEEEwkM1kRGWGJiTZdFU0J7vKXV0m7WnEvKrXbWrlx8zSvowAncArn4EIdGnANTWgBgRSe4RXerEfrxXq3Puara9aiwmP4A+vzB+URk68=</latexit>Z27

Quadratic refinement is given by:
<latexit sha1_base64="8kj0wbqNqA7Kow8k5M60lLcJFis=">AAACF3icbZDLSsQwFIZTr+N4G3XpJjgIuimtiroRBDeCmxlwLjCtQ5qeOmHStCSpMpSCD+HGV3HjQhG3uvNtzFwW3n4I/PznhHPOF6ScKe04n9bU9Mzs3Hxpoby4tLyyWllbb6okkxQaNOGJbAdEAWcCGpppDu1UAokDDq2gfzast25AKpaISz1IwY/JtWARo0SbqFuxvVsWgmY8hNyLie5RwvN6UeAdsYtPsBdJQnHuFvl+gcXVXrdSdWxnJPzXuBNTRRPVupUPL0xoFoPQlBOlOq6Taj8nUjPKoSh7mYKU0D65ho6xgsSg/Hx0V4G3TRLiKJHmCY1H6fcfOYmVGsSB6Ryurn7XhuF/tU6mo2M/ZyLNNAg6HhRlHOsEDyHhkEmgmg+MIVQysyumPWJQaIOybCC4v0/+a5p7tntoH9QPqqcXd2McJbSJttAOctEROkXnqIYaiKJ79Iie0Yv1YD1Zr9bbuHXKmiDcQD9kvX8B1ieffQ==</latexit>

eQ(n) =
1

3
n2

Anomaly is given by:
<latexit sha1_base64="vyGMPRFq74rRQCzDTHiC73Pht84="></latexit>

A[S11/Z3] =
1

3
� eQ(c̆)

<latexit sha1_base64="cq76MHXJdUZrRRAkR6UJCBU1VBE=">AAACBnicbZBLSwMxFIUzPmt9VV2KECxC3ZSZUtSNUHAjuKlgH9Cp5U5624ZmHiSZQhkKghv/ihsXirj1N7jz35g+Ftp6IPBxzg3JPV4kuNK2/W0tLa+srq2nNtKbW9s7u5m9/aoKY8mwwkIRyroHCgUPsKK5FliPJILvCax5/atxXhugVDwM7vQwwqYP3YB3OANtrFbmyPUkDjBhI3pJXQ815OD0vkBdFkcUWpmsnbcnoovgzCBLZiq3Ml9uO2Sxj4FmApRqOHakmwlIzZnAUdqNFUbA+tDFhsEAfFTNZLLGiJ4Yp007oTQn0HTi/r6RgK/U0PfMpA+6p+azsflf1oh156KZ8CCKNQZs+lAnFlSHdNwJbXOJTIuhAWCSm79S1gMJTJvm0qYEZ37lRagW8s5ZvnhbzJZuHqZ1pMghOSY54pBzUiLXpEwqhJFH8kxeyZv1ZL1Y79bHdHTJmlV4QP7I+vwBRHSYJg==</latexit>

c̆ = �(a)2 [ a evaluates to 1 on
<latexit sha1_base64="5XcusfkT9N4S0BOHp1Y67H2IxBM=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBbBVU20qMuCG8FNRfvANobJdNIOnTyYmQglBPorblwo4tbvcOffOGm70NYDFw7n3MucOV7MmVSW9W0sLC4tr6wW1orrG5tb2+bObkNGiSC0TiIeiZaHJeUspHXFFKetWFAceJw2vcFV7jefqJAsCu/VMKZOgHsh8xnBSkuuuX/3mNp2hk5QJ8Cq73npQ+aeuWbJKltjoHliT0kJpqi55lenG5EkoKEiHEvZtq1YOSkWihFOs2InkTTGZIB7tK1piAMqnXQcP0NHWukiPxJ6QoXG6u+LFAdSDgNPb+YZ5ayXi/957UT5l07KwjhRNCSTh/yEIxWhvAvUZYISxYeaYCKYzopIHwtMlG6sqEuwZ788TxqnZfu8XLmtlKo3o0kdBTiAQzgGGy6gCtdQgzoQSOEZXuHNGBkvxrvxMVldMKYV7sEfGJ8/1SyVNw==</latexit>

S11/Z3
Anomaly can 
be cancelled!

Chance: 1 in 26



Anomaly cancellation
table, involving the four Spin-Mp(2,Z) entries in (4.16)16 as well as L

11
4 (which is bordant to

four copies of Q11
4 ):

Class A Arf Q̃ �(a)2 [ a
(p1)3
2 [ a �(b)2 [ b

1
2 [(p1)4 � P(w)] [ b

L
11
3 1/3 1/4 n

2
/3 1 0 0 0

L
3
3 ⇥HP

2 1/3 1/4 n
2
/3 0 1 0 0

L
11
4 1/2 3/8 3n2

/8 0 0 0 2

L
3
4 ⇥HP

2 1/2 3/8 3n2
/8 0 0 0 2

(4.19)

The first column lists representatives of the relevant bordism classes, and the second

column lists their anomalies. The third column gives the Arf invariant associated to the cor-

responding space, determined from the requirement that anomalies without a duality bundle

turned on should cancel; see Appendix D. Note that since Q
11
4 is not Spin, one cannot turn

o↵ the duality bundle and derive the Arf invariant in this way. The numbers in the last four

entries of the table denote entries in torsion cohomology in terms of the characteristic classes

of the tangent bundle of the spacetime manifold as well as the duality bundle discussed in

Section 3.2. To evaluate these for the given manifolds we use that the Pontryagin class of the

lens space L
2k�1
n is given by [118, 119]

p = (1 + x
2)k , (4.20)

where x is a generator of H2(L2k�1
n ,Z) = Zn, together with the Pontryagin classes of HP

2

(discussed in Appendix D, or also e.g. in [42, 120]). These classes should be understood as

integers modulo n for Zn. This means that the first two classes are elements of Z3 and the

latter two are classes in Z4. The fourth column lists the only quadratic refinement compatible

with the given Arf invariant, which can be determined using (4.12). Finally, in the last entry,

P is the Pontryagin square operation [121].

To compute the entries in the last two columns of the table, it is important to take into

account that L11
4 and L

3
4 are Spin manifolds, and so, per the general considerations of Section

2, the principal Z4 bundle associated to the Spin-Z8 structure has a class which is an even

number of times the generator of H1 with Z4 coe�cients.

Notice the peculiarity that all the anomalies that we can explicitly determine can be

cancelled by the term associated to the quadratic refinement for a particular choice of c̆,

where we further set the background fields B2 and C2 to zero. A bit of guesswork reveals

that the following combinations can cancel the anomalies:

c̆0 = Y5 =

✓
�1�(a)2 + �2

(p1)3
2

◆
[ a +

�3

2
[(p1)4 � P(w)] [ b + �(b)2 [ b , (4.21)

16An additional line involving manifolds of the form Lens⇥Bott would show vanishing anomalies, if we take
the particular Bott manifold constructed in [42, §5.3].
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<latexit sha1_base64="g7BOdTSBx4x6GZRjpI35FGz4LHk=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoB4DXgQvCZgHJmuYnUySIbOzy0yvEJaAH+HFgyJe/Rtv/o2Tx0ETCxqKqm66u4JYCoOu++1k1tY3Nrey27md3b39g/zhUcNEiWa8ziIZ6VZADZdC8ToKlLwVa07DQPJmMLqe+s1Hro2I1B2OY+6HdKBEXzCKVrovkVq3/JB63qSbL7hFdwaySrwFKcAC1W7+q9OLWBJyhUxSY9qeG6OfUo2CST7JdRLDY8pGdMDblioacuOns4sn5MwqPdKPtC2FZKb+nkhpaMw4DGxnSHFolr2p+J/XTrB/5adCxQlyxeaL+okkGJHp+6QnNGcox5ZQpoW9lbAh1ZShDSlnQ/CWX14ljVLRuyiWa+VC5fZpHkcWTuAUzsGDS6jADVShDgwUPMMrvDnGeXHenY95a8ZZRHgMf+B8/gAlDZBe</latexit>

2Q11
4

All the (calculable) anomalies canceled if we include:
<latexit sha1_base64="1E94W/Lzv1HYqRwMIShawrbnnTk=">AAACwHicbVFdi9NAFJ3Er7V+bNVHXy4WIUUsSSzqy8Kyvgi+dMHuLjQx3Eym7dBJMs5Mdq0h4G/0Rfw3TpK6rLteGDicc+7cr1QKro3v/3bcW7fv3L23d3/w4OGjx/vDJ09PdFkpyua0FKU6S1EzwQs2N9wIdiYVwzwV7DTdfGj103OmNC+Lz2YrWZzjquBLTtFYKhn+igwXGaujHM2aoqiPmwa8KFXsnNW0SfwxRIZ9MzVccLOGBq5IcADREV95EAlbMMMksCoz6OH4SwivLukQoqVCWnsyCcbJm6YOmzbP/kwrCdg6O/2vv3PAordP4TVcNjdrvIskHMd9ZtpmblBK3NVN27q9lAxH/sTvAm6CYAdGZBezZPgzykpa5awwVKD Wi8CXJq5RGU4FawZRpZlEusEVW1hYYM50XHcHaOClZTJYlsq+wkDHXs2oMdd6m6fW2Y6ir2st+T9tUZnl+7jmhawMK2hfaFkJMCW014SMK0aN2FqAVHHbK9A12mUae/OBXUJwfeSb4CScBG8n0+Pp6PDTj34de+Q5eUE8EpB35JB8JDMyJ9Q5cKgjnNw9ctdu6X7tra6zW+Ez8k+43/8AWYXVJg==</latexit>

Q̃(c̆0) with c̆0 =
⇣
�1�(a)

2 + �2
(p1)3
2

⌘
[ a+

�3

2
[(p1)4 � P(w2)] [ b+ �(b)2 [ b

<latexit sha1_base64="7zZV0u5tR8fNvGBWri/PEHRWnPs="></latexit>

�i 2 {�1,+1} ,  2 Z mod 4 (other physical systems (S-folds) suggest              )
<latexit sha1_base64="qe31M6ODM4CGCft6e+gqusHWS8I=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4kJJoUTdCQRcuK9gHtCFMppN26GQSZiZKif0UNy4UceuXuPNvnLZZaOuBgcM553LvnCDhTGnH+baWlldW19YLG8XNre2dXbu011RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLye+K0HKhWLxb0eJdSLcF+wkBGsjeTbpS434R72M/fkbIyukOvbZafiTIEWiZuTMuSo+/ZXtxeTNKJCE46V6rhOor0MS80Ip+NiN1U0wWSI+7RjqMARVV42PX2MjozSQ2EszRMaTdXfExmOlBpFgUlGWA/UvDcR//M6qQ4vvYyJJNVUkNmiMOVIx2jSA+oxSYnmI0MwkczcisgAS0y0aatoSnDnv7xImqcV97xSvauWazd5HQU4gEM4BhcuoAa3UIcGEHiEZ3iFN+vJerHerY9ZdMnKZ/bhD6zPHz0FkrI=</latexit>

�1,3 = 1

<latexit sha1_base64="agrxTc1veMLpdCXCCMuvJGyi2ZI=">AAACFHicbVDJSgNBEO2JW4zbqEcvjUGIKGFG4nIMBETwEsEskAlDT6eSNOlZ6O6JhiHgL3jxV7x4UMSrB2/+jZ3loIkPCh7vVVFVz4s4k8qyvo3UwuLS8kp6NbO2vrG5ZW7vVGUYCwoVGvJQ1D0igbMAKoopDvVIAPE9DjWvVxr5tT4IycLgVg0iaPqkE7A2o0RpyTWPciW3cIwdT0AfEjp0rUPskCgS4T2+dE+xcwetDmCnFSrpmlkrb42B54k9JVk0Rdk1v/QcjX0IFOVEyoZtRaqZEKEY5TDMOLGEiNAe6UBD04D4IJvJ+KkhPtBKC7dDoStQeKz+nkiIL+XA93SnT1RXznoj8T+vEav2RTNhQRQrCOhkUTvmWIV4lBBuMQFU8YEmhAqmb8W0SwShSueY0SHYsy/Pk+pJ3j7LF24K2eL1wySONNpD+yiHbHSOiugKlVEFUfSIntErejOejBfj3fiYtKaMaYS76A+Mzx81EJ2G</latexit>

(C4, c̆0) ⇡ F5 ^ . . .



The anomaly meant: That was 
not (type) IIB?!?



Alternatives
[Garcia-Etxebarria, Hayashi, Ohmori, Tachikawa, Yonekura ’17]

Add sector without local degrees of freedom      :<latexit sha1_base64="Xjgm/Ev7j1zXN2NJ9wb1CV95trM=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF8FLBfsBbSib7aRdursJuxuhhIK/wIsHRbz6h7z5b0zaHrT1wcDjvRlm5gWx4Ma67rdTWFvf2Nwqbpd2dvf2D8qHRy0TJZphk0Ui0p2AGhRcYdNyK7ATa6QyENgOxje5335EbXikHuwkRl/SoeIhZ9TmUq/DS/1yxa26M5BV4i1IBRZo9MtfvUHEEonKMkGN6XpubP2UasuZwGmplxiMKRvTIXYzqqhE46ezW6fkLFMGJIx0VsqSmfp7IqXSmIkMsk5J7cgse7n4n9dNbHjtp1zFiUXF5ovCRBAbkfxxMuAamRWTjFCmeXYrYSOqKbNZPHkI3vLLq6R1UfUuq7X7WqV+9zSPowgncArn4MEV1OEWGtAEBiN4hld4c6Tz4rw7H/PWgrOI8Bj+wPn8AYwVjls=</latexit>

⌅

<latexit sha1_base64="uJyn/dzwbpPyrD2Qk3eJVY5J644=">AAACFHicbVBNS8NAEN34WetX1KOXxSK0iCUpRb0IFS+CCBVsG2xi2Gy37dLNJuxuhBIC/gUv/hUvHhTx6sGb/8ak7UFbHww83pthZp4XMiqVYXxrc/MLi0vLuZX86tr6xqa+td2UQSQwaeCABcLykCSMctJQVDFihYIg32Ok5Q3OM791T4SkAb9Rw5A4Pupx2qUYqVRy9YNbN7YtmsDiVQmeQnIXH8IKtEMKKbR9pPoYsfgsKVqlJO/qBaNsjABniTkhBTBB3dW/7E6AI59whRmSsm0aoXJiJBTFjCR5O5IkRHiAeqSdUo58Ip149FQC91OlA7uBSIsrOFJ/T8TIl3Loe2lndqec9jLxP68dqe6JE1MeRopwPF7UjRhUAcwSgh0qCFZsmBKEBU1vhbiPBMIqzTELwZx+eZY0K2XzqFy9rhZqlw/jOHJgF+yBIjDBMaiBC1AHDYDBI3gGr+BNe9JetHftY9w6p00i3AF/oH3+AE1anE4=</latexit>

Z⌅(M) = e�2⇡iA(X)

<latexit sha1_base64="El2pi6YyKV27viI3WLgFlwI8Jo4=">AAACCHicbZBLS8NAFIUnPmt9RV26cLAIdVMSKeqy6MYiQgX7wDaEyXTaDp08mLkRSwi4ceNfceNCEbf+BHf+G5O0C209MPBxzh1m7nECwRUYxrc2N7+wuLScW8mvrq1vbOpb2w3lh5KyOvWFL1sOUUxwj9WBg2CtQDLiOoI1neF5mjfvmFTc925gFDDLJX2P9zglkFi2vndrR50Wj3Hx6hCnDOweomr1LM6svK0XjJKRCc+COYECmqhm61+drk9Dl3lABVGqbRoBWBGRwKlgcb4TKhYQOiR91k7QIy5TVpQtEuODxOnini+T4wHO3N83IuIqNXKdZNIlMFDTWWr+l7VD6J1aEfeCEJhHxw/1QoHBx2kruMsloyBGCRAqefJXTAdEEgpJd2kJ5vTKs9A4KpnHpfJ1uVC5fBjXkUO7aB8VkYlOUAVdoBqqI4oe0TN6RW/ak/aivWsf49E5bVLhDvoj7fMHEDKYhQ==</latexit>

Z⌅(M)ZIIB(M) invariant

E.g. higher-dimensional ‘BF theory’:

(d-p)-form

<latexit sha1_base64="+s0fSOi6rwd+sNdVWRG2B//njQA="></latexit>

SBF ⇠ (B,A) ⇡
Z

M
B ^ F

<latexit sha1_base64="eGPqBne/gvRHmDt2ykk8Q8nf/ss=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoI9gkYD4gOcLeZi5Zs7d37O4J4QjY21goYutPsvPfuPkoNPHBwOO9GWbmBYng2rjut5NbWV1b38hvFra2d3b3ivsHDR2nimGdxSJWrYBqFFxi3XAjsJUopFEgsBkMbyZ+8xGV5rG8N6ME/Yj2JQ85o8ZKtetuseSW3SnIMvHmpARzVLvFr04vZmmE0jBBtW57bmL8jCrDmcBxoZNqTCgb0j62LZU0Qu1n00PH5MQqPRLGypY0ZKr+nshopPUoCmxnRM1AL3oT8T+vnZrwys+4TFKDks0WhakgJiaTr0mPK2RGjCyhTHF7K2EDqigzNpuCDcFbfHmZNM7K3kX5vHZeqtw9zeLIwxEcwyl4cAkVuIUq1IEBwjO8wpvz4Lw4787HrDXnzCM8hD9wPn8AwASNWA==</latexit>

B

<latexit sha1_base64="8uFn1HH//Lab2NS8yjYEd8b4d4s=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9CRBDBSwTzgGQJs7OzyZjZmWVmVghLwE/w4kERr/6PN//GyeOgiQUNRVU33V1Bwpk2rvvt5JaWV1bX8uuFjc2t7Z3i7l5Dy1QRWieSS9UKsKacCVo3zHDaShTFccBpMxhcjf3mI1WaSXFvhgn1Y9wTLGIEGys1rtEFCi+7xZJbdidAi8SbkRLMUOsWvzqhJGlMhSEca9323MT4GVaGEU5HhU6qaYLJAPdo21KBY6r9bHLtCB1ZJUSRVLaEQRP190SGY62HcWA7Y2z6et4bi/957dRE537GRJIaKsh0UZRyZCQav45CpigxfGgJJorZWxHpY4WJsQEVbAje/MuLpHFS9k7LlbtKqXr7NI0jDwdwCMfgwRlU4QZqUAcCD/AMr/DmSOfFeXc+pq05ZxbhPvyB8/kDOYqOsA==</latexit>

F = dA

<latexit sha1_base64="WJyndAPDo6VgRQ1CoEU0xDgI0ew=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJiI9gkYD4gOcLeZi5Zs7d37O4J4QjY21goYutPsvPfuPkoNPHBwOO9GWbmBYng2rjut5NbWV1b38hvFra2d3b3ivsHDR2nimGdxSJWrYBqFFxi3XAjsJUopFEgsBkMbyZ+8xGV5rG8N6ME/Yj2JQ85o8ZKtetuseSW3SnIMvHmpARzVLvFr04vZmmE0jBBtW57bmL8jCrDmcBxoZNqTCgb0j62LZU0Qu1n00PH5MQqPRLGypY0ZKr+nshopPUoCmxnRM1AL3oT8T+vnZrwys+4TFKDks0WhakgJiaTr0mPK2RGjCyhTHF7K2EDqigzNpuCDcFbfHmZNM7K3kX5vHZeqtw9zeLIwxEcwyl4cAkVuIUq1IEBwjO8wpvz4Lw4787HrDXnzCM8hD9wPn8AvoCNVw==</latexit>

A (p-1)-form

where       and       know about duality and tangent bundle
<latexit sha1_base64="eGPqBne/gvRHmDt2ykk8Q8nf/ss=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoI9gkYD4gOcLeZi5Zs7d37O4J4QjY21goYutPsvPfuPkoNPHBwOO9GWbmBYng2rjut5NbWV1b38hvFra2d3b3ivsHDR2nimGdxSJWrYBqFFxi3XAjsJUopFEgsBkMbyZ+8xGV5rG8N6ME/Yj2JQ85o8ZKtetuseSW3SnIMvHmpARzVLvFr04vZmmE0jBBtW57bmL8jCrDmcBxoZNqTCgb0j62LZU0Qu1n00PH5MQqPRLGypY0ZKr+nshopPUoCmxnRM1AL3oT8T+vnZrwys+4TFKDks0WhakgJiaTr0mPK2RGjCyhTHF7K2EDqigzNpuCDcFbfHmZNM7K3kX5vHZeqtw9zeLIwxEcwyl4cAkVuIUq1IEBwjO8wpvz4Lw4787HrDXnzCM8hD9wPn8AwASNWA==</latexit>

B
<latexit sha1_base64="WJyndAPDo6VgRQ1CoEU0xDgI0ew=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJiI9gkYD4gOcLeZi5Zs7d37O4J4QjY21goYutPsvPfuPkoNPHBwOO9GWbmBYng2rjut5NbWV1b38hvFra2d3b3ivsHDR2nimGdxSJWrYBqFFxi3XAjsJUopFEgsBkMbyZ+8xGV5rG8N6ME/Yj2JQ85o8ZKtetuseSW3SnIMvHmpARzVLvFr04vZmmE0jBBtW57bmL8jCrDmcBxoZNqTCgb0j62LZU0Qu1n00PH5MQqPRLGypY0ZKr+nshopPUoCmxnRM1AL3oT8T+vnZrwys+4TFKDks0WhakgJiaTr0mPK2RGjCyhTHF7K2EDqigzNpuCDcFbfHmZNM7K3kX5vHZeqtw9zeLIwxEcwyl4cAkVuIUq1IEBwjO8wpvz4Lw4787HrDXnzCM8hD9wPn8AvoCNVw==</latexit>

A



Modifications to theory

A and B couple naturally to extended objects (completeness hypothesis)
<latexit sha1_base64="5z//pKirclAAtvTOqe6yGAwNSBk="></latexit>

exp
⇣
2⇡i

Z

⌃p�1

A
⌘

• New objects

• Known IIB backgrounds forbidden by ‘tadpole cancellation’

<latexit sha1_base64="vNoZ3M7H3mDXmk5fPNAHWSt6IZc=">AAACHXicbVDLSgMxFM34tr6qLt0Ei6ALy4wUdSm6EdwoWhU6ZciktzWYyYTkjliGAb/Djb/ixoUiLtyIf2P6WPg6cOFwzrkk98RaCou+/+mNjI6NT0xOTZdmZufmF8qLS+c2zQyHOk9lai5jZkEKBXUUKOFSG2BJLOEivj7o+Rc3YKxI1Rl2NTQT1lGiLThDJ0XlWohwiznc6oKG+6KzTrdoqAUVNBQKozw8FZ2ERXlrUxcF3e9nNqJyxa/6fdC/JBiSChniOCq/h62UZwko5JJZ2wh8jc2cGRRcQlEKMwua8WvWgYajiiVgm3n/uoKuOaVF26lxo5D21e8bOUus7SaxSyYMr+xvryf+5zUybO82c6F0hqD44KF2JimmtFcVbQkDHGXXEcaNcH+l/IoZxtEVWnIlBL9P/kvOt6rBdrV2UqvsHd0N6pgiK2SVrJOA7JA9ckiOSZ1wck8eyTN58R68J+/VextER7xhhcvkB7yPL57HoW0=</latexit>

exp
⇣
2⇡i

Z

⌃d�p

B
⌘



Two possibilities:

• Topological GS in the 
Swampland        Why?

• Alternative consistent UV 
completions       Discrete 
Landscape

<latexit sha1_base64="t2utLxPQNSl43sthzapluppR53A=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRa1GXRjd1VsA9oQ5hMJ+3QyYOZG7XEfoobF4q49Uvc+TdO0yy09cCFwzn3cu89Xiy4Asv6Ngorq2vrG8XN0tb2zu6eWd5vqyiRlLVoJCLZ9YhigoesBRwE68aSkcATrOONr2d+555JxaPwDiYxcwIyDLnPKQEtuWa5D+wR0pmFG42rqWu7ZsWqWhnwMrFzUkE5mq751R9ENAlYCFQQpXq2FYOTEgmcCjYt9RPFYkLHZMh6moYkYMpJs9On+FgrA+xHUlcIOFN/T6QkUGoSeLozIDBSi95M/M/rJeBfOikP4wRYSOeL/ERgiHD27IBLRkFMNCFUcn0rpiMiCQWdVkmHYC++vEzap1X7vHp2W6vUa3kcRXSIjtAJstEFqqMb1EQtRNEDekav6M14Ml6Md+Nj3low8pkD9AfG5w/V8ZOu</latexit>

type IIB1

<latexit sha1_base64="Oks3nFIdMXx9sHR61JZVcxkx/TU=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFclaQWdVl0Y3cV7APaECbTSTt08mDmRi2xn+LGhSJu/RJ3/o3TNAttPXDhcM693HuPFwuuwLK+jZXVtfWNzcJWcXtnd2/fLB20VZRIylo0EpHsekQxwUPWAg6CdWPJSOAJ1vHG1zO/c8+k4lF4B5OYOQEZhtznlICWXLPUB/YI6czCjcbV1K26ZtmqWBnwMrFzUkY5mq751R9ENAlYCFQQpXq2FYOTEgmcCjYt9hPFYkLHZMh6moYkYMpJs9On+EQrA+xHUlcIOFN/T6QkUGoSeLozIDBSi95M/M/rJeBfOikP4wRYSOeL/ERgiHD27IBLRkFMNCFUcn0rpiMiCQWdVlGHYC++vEza1Yp9Xjm7rZXrtTyOAjpCx+gU2egC1dENaqIWougBPaNX9GY8GS/Gu/Exb10x8plD9AfG5w/XdZOv</latexit>

type IIB2

<latexit sha1_base64="wPxtu+1SS7YdY2BIMUgRr3UqCMQ=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUSLeix48VjBfkAbymazaddudsPupFBK/4MXD4p49f9489+4bXPQ1gcDj/dmmJkXpoIb9LxvZ219Y3Nru7BT3N3bPzgsHR03jco0ZQ2qhNLtkBgmuGQN5ChYO9WMJKFgrXB4N/NbI6YNV/IRxykLEtKXPOaUoJWa3VGk0PRKZa/izeGuEj8nZchR75W+upGiWcIkUkGM6fheisGEaORUsGmxmxmWEjokfdaxVJKEmWAyv3bqnlslcmOlbUl05+rviQlJjBknoe1MCA7MsjcT//M6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRANKFoAyraEPzll1dJ87LiX1euHqrlWjWPowCncAYX4MMN1OAe6tAACk/wDK/w5ijnxXl3Phata04+cwJ/4Hz+AMnVjzw=</latexit>...

<latexit sha1_base64="q51xCgu+3fWnsNVOs6rx+hWfp4g=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0m0qMeCF71VsB/QhrDZbtqlm03YnYg19Jd48aCIV3+KN/+N2zQHbX0w8Hhvhpl5QSK4Bsf5tlZW19Y3Nktb5e2d3b2KvX/Q1nGqKGvRWMSqGxDNBJesBRwE6yaKkSgQrBOMr2d+54EpzWN5D5OEeREZSh5ySsBIvl3pA3uEbGbh26nv+nbVqTk58DJxC1JFBZq+/dUfxDSNmAQqiNY910nAy4gCTgWblvupZgmhYzJkPUMliZj2svzwKT4xygCHsTIlAefq74mMRFpPosB0RgRGetGbif95vRTCKy/jMkmBSTpfFKYCQ4zzVwdcMQpiYgihiptbMR0RRSiYrMomBHfx5WXSPqu5F7Xzu3q1US/iKKEjdIxOkYsuUQPdoCZqIYpS9Ixe0Zv1ZL1Y79bHvHXFKmYO0R9Ynz+tfpMP</latexit>

type I1

<latexit sha1_base64="BmWCFSKxityiwr25XCLfdyoV8FE=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkpSi3oseNFbBfsBbQib7bZdutmE3YlYQ3+JFw+KePWnePPfuE1z0NYHA4/3ZpiZF8SCa3Ccb6uwtr6xuVXcLu3s7u2X7YPDto4SRVmLRiJS3YBoJrhkLeAgWDdWjISBYJ1gcj33Ow9MaR7Je5jGzAvJSPIhpwSM5NvlPrBHSOcWvp35Nd+uOFUnA14lbk4qKEfTt7/6g4gmIZNABdG65zoxeClRwKlgs1I/0SwmdEJGrGeoJCHTXpodPsOnRhngYaRMScCZ+nsiJaHW0zAwnSGBsV725uJ/Xi+B4ZWXchknwCRdLBomAkOEs1cHXDEKYmoIoYqbWzEdE0UomKxKJgR3+eVV0q5V3Yvq+V290qjncRTRMTpBZ8hFl6iBblATtRBFCXpGr+jNerJerHfrY9FasPKZI/QH1ucPrwKTEA==</latexit>

type I2

<latexit sha1_base64="+Ppr29VaauGccgS5wzfDOtAuXR0=">AAACAnicbVDJSgNBEO1xjXGLehIvjUHwFGY0qMeIBz3GZZJAJoSeTiVp0rPQXSOGIXjxV7x4UMSrX+HNv7GzHDTxQcHjvSqq6vmxFBpt+9uam19YXFrOrGRX19Y3NnNb2xUdJYqDyyMZqZrPNEgRgosCJdRiBSzwJVT93sXQr96D0iIK77AfQyNgnVC0BWdopGZu10N4wNRxWvTWvbw5HzRTD7uAbNDM5e2CPQKdJc6E5MkE5Wbuy2tFPAkgRC6Z1nXHjrGRMoWCSxhkvURDzHiPdaBuaMgC0I109MKAHhilRduRMhUiHam/J1IWaN0PfNMZMOzqaW8o/ufVE2yfNVIRxglCyMeL2omkGNFhHrQlFHCUfUMYV8LcSnmXKcbRpJY1ITjTL8+SylHBOSkcXxfzpeIkjgzZI/vkkDjklJTIFSkTl3DySJ7JK3mznqwX6936GLfOWZOZHfIH1ucPoHuW6Q==</latexit>

11d SUGRA✓
<latexit sha1_base64="7jI9el2FkdaHbUShsedkaJ2LXKk=">AAAB+XicbVBNT8JAEN3iF+JX1aOXjcTEE2mVqEeMBz3iR4EEGrLdLrBhu212p0TS8E+8eNAYr/4Tb/4bF+hB0ZdM8vLeTGbmBYngGhznyyosLa+srhXXSxubW9s79u5eQ8eposyjsYhVKyCaCS6ZBxwEayWKkSgQrBkMr6Z+c8SU5rF8gHHC/Ij0Je9xSsBIXdvuAHuEzHVDfO9d311OunbZqTgz4L/EzUkZ5ah37c9OGNM0YhKoIFq3XScBPyMKOBVsUuqkmiWEDkmftQ2VJGLaz2aXT/CRUULci5UpCXim/pzISKT1OApMZ0RgoBe9qfif106hd+FnXCYpMEnni3qpwBDjaQw45IpREGNDCFXc3IrpgChCwYRVMiG4iy//JY2TintWOb2tlmvVPI4iOkCH6Bi56BzV0A2qIw9RNEJP6AW9Wpn1bL1Z7/PWgpXP7KNfsD6+AVSbksY=</latexit>

11d SUGRA

<latexit sha1_base64="DchrLheTorda84PG3IjarjuoR/g=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRa1GXFjd1VsA9oQ5hMJ+3QyYOZG7XEfoobF4q49Uvc+TdO0yy09cCFwzn3cu89Xiy4Asv6Ngorq2vrG8XN0tb2zu6eWd5vqyiRlLVoJCLZ9YhigoesBRwE68aSkcATrOONr2d+555JxaPwDiYxcwIyDLnPKQEtuWa5D+wR0pmFG42rqWu7ZsWqWhnwMrFzUkE5mq751R9ENAlYCFQQpXq2FYOTEgmcCjYt9RPFYkLHZMh6moYkYMpJs9On+FgrA+xHUlcIOFN/T6QkUGoSeLozIDBSi95M/M/rJeBfOikP4wRYSOeL/ERgiHD27IBLRkFMNCFUcn0rpiMiCQWdVkmHYC++vEzap1X7vHp2W6vUa3kcRXSIjtAJstEFqqMb1EQtRNEDekav6M14Ml6Md+Nj3low8pkD9AfG5w/UapOt</latexit>

type IIA1

<latexit sha1_base64="QV1o7gyyLItgThIiBxqx4hfK7rQ=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFclaQWdVlxY3cV7APaECbTSTt08mDmRi2xn+LGhSJu/RJ3/o3TNAttPXDhcM693HuPFwuuwLK+jZXVtfWNzcJWcXtnd2/fLB20VZRIylo0EpHsekQxwUPWAg6CdWPJSOAJ1vHG1zO/c8+k4lF4B5OYOQEZhtznlICWXLPUB/YI6czCjcbV1K26ZtmqWBnwMrFzUkY5mq751R9ENAlYCFQQpXq2FYOTEgmcCjYt9hPFYkLHZMh6moYkYMpJs9On+EQrA+xHUlcIOFN/T6QkUGoSeLozIDBSi95M/M/rJeBfOikP4wRYSOeL/ERgiHD27IBLRkFMNCFUcn0rpiMiCQWdVlGHYC++vEza1Yp9Xjm7rZXrtTyOAjpCx+gU2egC1dENaqIWougBPaNX9GY8GS/Gu/Exb10x8plD9AfG5w/V7pOu</latexit>

type IIA2

<latexit sha1_base64="wPxtu+1SS7YdY2BIMUgRr3UqCMQ=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUSLeix48VjBfkAbymazaddudsPupFBK/4MXD4p49f9489+4bXPQ1gcDj/dmmJkXpoIb9LxvZ219Y3Nru7BT3N3bPzgsHR03jco0ZQ2qhNLtkBgmuGQN5ChYO9WMJKFgrXB4N/NbI6YNV/IRxykLEtKXPOaUoJWa3VGk0PRKZa/izeGuEj8nZchR75W+upGiWcIkUkGM6fheisGEaORUsGmxmxmWEjokfdaxVJKEmWAyv3bqnlslcmOlbUl05+rviQlJjBknoe1MCA7MsjcT//M6Gca3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRANKFoAyraEPzll1dJ87LiX1euHqrlWjWPowCncAYX4MMN1OAe6tAACk/wDK/w5ijnxXl3Phata04+cwJ/4Hz+AMnVjzw=</latexit>...

<latexit sha1_base64="vrAAWZGj4WjRQYxzFIeHEgBYWDs=">AAACC3icbVDJSgNBEO2JW4zbqEcvQ4IQQcJMEtRjwIs3I5oFkhB6OpWkSc9Cd40Yhrl78Ve8eFDEqz/gzb+xsxw08UHB472q7qrnhoIrtO1vI7Wyura+kd7MbG3v7O6Z+wd1FUSSQY0FIpBNlyoQ3IcachTQDCVQzxXQcEeXE79xD1LxwL/DcQgdjw583ueMopa6ZraN8IDxEBBkgJwl3Xim3F4n+VLx5JQnXTNnF+wprGXizEmOzFHtml/tXsAiD3xkgirVcuwQOzGV+n0BSaYdKQgpG9EBtDT1qQeqE09vSaxjrfSsfiB1+WhN1d8TMfWUGnuu7vQoDtWiNxH/81oR9i86MffDCMFns4/6kbAwsCbBWD0ugaEYa0KZ5HpXiw2ppEwnozI6BGfx5GVSLxacs0LpppyrlOdxpMkRyZI8ccg5qZArUiU1wsgjeSav5M14Ml6Md+Nj1poy5jOH5A+Mzx9qLps2</latexit>

heteroticSO(32),i

<latexit sha1_base64="GWmkSL+qMRy5IKUnNYS6IQp2niA=">AAACGnicbVDJSgNBFOyJW4xb1KOXxiB4kDCjQXMMiOAxglkgCUNP5yVp0rPQ/UYMw3yHF3/FiwdFvIkX/8bOAmpiQUNR9R7Vr7xICo22/WVllpZXVtey67mNza3tnfzuXl2HseJQ46EMVdNjGqQIoIYCJTQjBcz3JDS84eXYb9yB0iIMbnEUQcdn/UD0BGdoJDfvtBHuMRkAggpR8NRNpspV6pZpG4UPmv4oJyJ18wW7aE9AF4kzIwUyQ9XNf7S7IY99CJBLpnXLsSPsJEyZOAlprh1riBgfsj60DA2Yiewkk9NSemSULu2FyrwA6UT9vZEwX+uR75lJn+FAz3tj8T+vFWOv3ElEEMUIAZ8G9WJJMaTjnmhXKOAoR4YwroT5K+UDphg3RemcKcGZP3mR1E+Lznnx7KZUqJRmdWTJATkkx8QhF6RCrkmV1AgnD+SJvJBX69F6tt6s9+loxprt7JM/sD6/Af9aogM=</latexit>

heteroticE8⇥E8,i

Domain walls connecting the different 
possibilities (cobordism conjecture)

[McNamara, Vafa ’19], [Montero, Vafa ’20]



Outlook
[Debray, Dierigl, Heckman, Montero soon(ish)]

What about
<latexit sha1_base64="vNgOGNsj6uNBhmtYxMfofbncv78="></latexit>

⌦Spin
d

�
(BSL(2,Z)

�
, ⌦Spin-Mp(2,Z)

d , ⌦Spin-GL+(2,Z)
d

for d < 11 

Cobordism Conjecture tells us that             should vanish
[McNamara, Vafa ’19], [Montero, Vafa ’20]

<latexit sha1_base64="KBfsjRJ8YJ2Xd2QEcripCaOOLZY=">AAAB+3icbZBLSwMxFIUz9VXra6xLN4NFcFVmpKjLggsFF7ZgH9AZSia9bUMzD5I70jIM+EvcuFDErX/Enf/G9LHQ1gOBj3NuyM3xY8EV2va3kVtb39jcym8Xdnb39g/Mw2JTRYlk0GCRiGTbpwoED6GBHAW0Ywk08AW0/NH1NG89glQ8Ch9wEoMX0EHI+5xR1FbXLLr3AQxoN3URxpjWb7Ksa5bssj2TtQrOAkpkoVrX/HJ7EUsCCJEJqlTHsWP0UiqRMwFZwU0UxJSN6AA6GkMagPLS2e6ZdaqdntWPpD4hWjP3942UBkpNAl9PBhSHajmbmv9lnQT7V17KwzhBCNn8oX4iLIysaRFWj0tgKCYaKJNc72qxIZWUoa6roEtwlr+8Cs3zsnNRrtQrperd07yOPDkmJ+SMOOSSVMktqZEGYWRMnskreTMy48V4Nz7mozljUeER+SPj8weWBJU+</latexit>

⌦QG

• Non-trivial classes forbidden (‘selection rules’, tadpole 
cancellation)

• New defects killing ‘breaking’ the non-trivial classes



When you open Polchinski you should be aware,
There likely are terms that are not yet in there,

If you want a fully invariant action,
Under duality and worldsheet reflection.

The quadratic refinement can help us to see,
The duality action is anomaly-free.

But it seems there are also alternative ways,
To get rid of the theory’s anomalous phase.

A variety,
Of anomaly-free,

Type IIB
String theory?

But wait! There might be a solution at hand
If we discre(e)tely put them in the swampland.



What would physics be,
if all was about results,

and not also fun



Conclusions
• We have the necessary tools to calculate anomalies (bordism 

classes, eta invariants, self-dual fields, a lot of new results there)

• The ‘textbook version’ of IIB is anomalous 

• Can be cancelled by quadratic refinement term (very subtle new 
topological term in the action)

• Alternative cancellations via topological GS (modifications of 
spectrum of extended objects)

• Discrete Landscape or Topological Swampland



P.S.

Maybe the term
<latexit sha1_base64="1E94W/Lzv1HYqRwMIShawrbnnTk=">AAACwHicbVFdi9NAFJ3Er7V+bNVHXy4WIUUsSSzqy8Kyvgi+dMHuLjQx3Eym7dBJMs5Mdq0h4G/0Rfw3TpK6rLteGDicc+7cr1QKro3v/3bcW7fv3L23d3/w4OGjx/vDJ09PdFkpyua0FKU6S1EzwQs2N9wIdiYVwzwV7DTdfGj103OmNC+Lz2YrWZzjquBLTtFYKhn+igwXGaujHM2aoqiPmwa8KFXsnNW0SfwxRIZ9MzVccLOGBq5IcADREV95EAlbMMMksCoz6OH4SwivLukQoqVCWnsyCcbJm6YOmzbP/kwrCdg6O/2vv3PAordP4TVcNjdrvIskHMd9ZtpmblBK3NVN27q9lAxH/sTvAm6CYAdGZBezZPgzykpa5awwVKD Wi8CXJq5RGU4FawZRpZlEusEVW1hYYM50XHcHaOClZTJYlsq+wkDHXs2oMdd6m6fW2Y6ir2st+T9tUZnl+7jmhawMK2hfaFkJMCW014SMK0aN2FqAVHHbK9A12mUae/OBXUJwfeSb4CScBG8n0+Pp6PDTj34de+Q5eUE8EpB35JB8JDMyJ9Q5cKgjnNw9ctdu6X7tra6zW+Ez8k+43/8AWYXVJg==</latexit>

Q̃(c̆0) with c̆0 =
⇣
�1�(a)

2 + �2
(p1)3
2

⌘
[ a+

�3

2
[(p1)4 � P(w2)] [ b+ �(b)2 [ b

appears naturally in the way one chooses the quadratic refinement on 
<latexit sha1_base64="UzHQj9a2BNwTxJwLB3x7PwiEOv0=">AAAB+XicbZBLSwMxFIUz9VXra9Slm2ARBLHMSFGXBRcKuqhoH9COJZNm2tBMZkjuFMtQ8Ie4caGIW/+JO/+N6WOhrQcCH+fckJvjx4JrcJxvK7OwuLS8kl3Nra1vbG7Z2ztVHSWKsgqNRKTqPtFMcMkqwEGweqwYCX3Ban7vYpTX+kxpHsl7GMTMC0lH8oBTAsZq2XYT2COkdzGXx5c3w4ejlp13Cs5YeB7cKeTRVOWW/dVsRzQJmQQqiNYN14nBS4kCTgUb5pqJZjGhPdJhDYOShEx76XjzIT4wThsHkTJHAh67v2+kJNR6EPpmMiTQ1bPZyPwvayQQnHspl3ECTNLJQ0EiMER4VANuc8UoiIEBQhU3u2LaJYpQMGXlTAnu7JfnoXpScE8LxdtivnT9NKkji/bQPjpELjpDJXSFyqiCKOqjZ/SK3qzUerHerY/JaMaaVriL/sj6/AFBAJPZ</latexit>

Spin-GL+manifolds

Part of defining data of type IIB rather than anomaly cancellation


