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Compactification of heterotic strings is a very old topic,
still we are far for a complete characterisation of its landscape.

Recently, much progress on the exploration of the 
moduli space of toroidal compactifications 

with and without  supersymmetry,
of non-geometrical compactifications, 

vacua with reduced rank …



WHAT IS A CHL STRING?
[Chaudhuri, Hockney, Lykken 1995]

It is a 10d or lower dimensional heterotic string vacuum 
where one gauges an outer isomorphisms S,

possibly together with other symmetries

The prototype example is the heterotic string with gauge group

<latexit sha1_base64="uCJ6Av5dErFuy448FHfiI2+BIvg=">AAAB9XicbZBNSwMxEIZn/az1q+rRS7AInsquSO2xUASPFewHtGvJptk2NJtdklmllP4PLx4U8ep/8ea/MW33oK0vBB7emWEmb5BIYdB1v5219Y3Nre3cTn53b//gsHB03DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjGqzeuuRayNidY/jhPsRHSgRCkbRWg83vQrpooi4IRZ7haJbcuciq+BlUIRM9V7hq9uPWRpxhUxSYzqem6A/oRoFk3ya76aGJ5SN6IB3LCpqF/mT+dVTcm6dPgljbZ9CMnd/T0xoZMw4CmxnRHFolmsz879aJ8Ww4k+ESlLkii0WhakkGJNZBKQvNGcoxxYo08LeStiQasrQBpW3IXjLX16F5mXJK5fKd1fFai2LIwencAYX4ME1VOEW6tAABhqe4RXenCfnxXl3Phata042cwJ/5Hz+APSskYg=</latexit>

E8 ⇥ E8

<latexit sha1_base64="CR6Fw876C4PCp5AdL66Ag8hL2E4=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY8kXDxClEcCGzI7NDAyO7uZmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT2txvP6HSPJIPZhqjH9KR5EPOqLFS475fLLlldwGyTryMlCBDvV/86g0iloQoDRNU667nxsZPqTKcCZwVeonGmLIJHWHXUklD1H66OHRGLqwyIMNI2ZKGLNTfEykNtZ6Gge0MqRnrVW8u/ud1EzO89VMu48SgZMtFw0QQE5H512TAFTIjppZQpri9lbAxVZQZm03BhuCtvrxOWldlr1KuNK5L1VoWRx7O4BwuwYMbqMId1KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/ALIEjOM=</latexit>

S



WHAT IS A CHL STRING?
[Chaudhuri, Hockney, Lykken 1995]

The states (naively) invariant under this automorphism 
correspond gauge bosons for a single E8 group 

But, as we know, in string theory one has to add twisted states,
which reintroduce the gauge bosons for the other E8 

<latexit sha1_base64="uCJ6Av5dErFuy448FHfiI2+BIvg=">AAAB9XicbZBNSwMxEIZn/az1q+rRS7AInsquSO2xUASPFewHtGvJptk2NJtdklmllP4PLx4U8ep/8ea/MW33oK0vBB7emWEmb5BIYdB1v5219Y3Nre3cTn53b//gsHB03DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjGqzeuuRayNidY/jhPsRHSgRCkbRWg83vQrpooi4IRZ7haJbcuciq+BlUIRM9V7hq9uPWRpxhUxSYzqem6A/oRoFk3ya76aGJ5SN6IB3LCpqF/mT+dVTcm6dPgljbZ9CMnd/T0xoZMw4CmxnRHFolmsz879aJ8Ww4k+ESlLkii0WhakkGJNZBKQvNGcoxxYo08LeStiQasrQBpW3IXjLX16F5mXJK5fKd1fFai2LIwencAYX4ME1VOEW6tAABhqe4RXenCfnxXl3Phata042cwJ/5Hz+APSskYg=</latexit>

E8 ⇥ E8

<latexit sha1_base64="CR6Fw876C4PCp5AdL66Ag8hL2E4=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY8kXDxClEcCGzI7NDAyO7uZmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT2txvP6HSPJIPZhqjH9KR5EPOqLFS475fLLlldwGyTryMlCBDvV/86g0iloQoDRNU667nxsZPqTKcCZwVeonGmLIJHWHXUklD1H66OHRGLqwyIMNI2ZKGLNTfEykNtZ6Gge0MqRnrVW8u/ud1EzO89VMu48SgZMtFw0QQE5H512TAFTIjppZQpri9lbAxVZQZm03BhuCtvrxOWldlr1KuNK5L1VoWRx7O4BwuwYMbqMId1KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/ALIEjOM=</latexit>
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WHAT IS A CHL STRING?
[Chaudhuri, Hockney, Lykken 1995]

In order to get new vacua, one has to combine S with other 
operations which change the twisted sector

space-time 
fermion number

<latexit sha1_base64="uCJ6Av5dErFuy448FHfiI2+BIvg=">AAAB9XicbZBNSwMxEIZn/az1q+rRS7AInsquSO2xUASPFewHtGvJptk2NJtdklmllP4PLx4U8ep/8ea/MW33oK0vBB7emWEmb5BIYdB1v5219Y3Nre3cTn53b//gsHB03DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjGqzeuuRayNidY/jhPsRHSgRCkbRWg83vQrpooi4IRZ7haJbcuciq+BlUIRM9V7hq9uPWRpxhUxSYzqem6A/oRoFk3ya76aGJ5SN6IB3LCpqF/mT+dVTcm6dPgljbZ9CMnd/T0xoZMw4CmxnRHFolmsz879aJ8Ww4k+ESlLkii0WhakkGJNZBKQvNGcoxxYo08LeStiQasrQBpW3IXjLX16F5mXJK5fKd1fFai2LIwencAYX4ME1VOEW6tAABhqe4RXenCfnxXl3Phata042cwJ/5Hz+APSskYg=</latexit>

E8 ⇥ E8

<latexit sha1_base64="CR6Fw876C4PCp5AdL66Ag8hL2E4=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY8kXDxClEcCGzI7NDAyO7uZmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT2txvP6HSPJIPZhqjH9KR5EPOqLFS475fLLlldwGyTryMlCBDvV/86g0iloQoDRNU667nxsZPqTKcCZwVeonGmLIJHWHXUklD1H66OHRGLqwyIMNI2ZKGLNTfEykNtZ6Gge0MqRnrVW8u/ud1EzO89VMu48SgZMtFw0QQE5H512TAFTIjppZQpri9lbAxVZQZm03BhuCtvrxOWldlr1KuNK5L1VoWRx7O4BwuwYMbqMId1KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/ALIEjOM=</latexit>

S

shift along 
compact directions

<latexit sha1_base64="RxYg2uvzCXTEi4uOGYQvs6Fytg0=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahHiy7ItVjoSAeK9gPaNeSTbNtbDZZkqxQlv4HLx4U8er/8ea/MW33oNUHA4/3ZpiZF8ScaeO6X05uZXVtfSO/Wdja3tndK+4ftLRMFKFNIrlUnQBrypmgTcMMp51YURwFnLaDcX3mtx+p0kyKOzOJqR/hoWAhI9hYqVU+807vr/vFkltx50B/iZeREmRo9IufvYEkSUSFIRxr3fXc2PgpVoYRTqeFXqJpjMkYD2nXUoEjqv10fu0UnVhlgEKpbAmD5urPiRRHWk+iwHZG2Iz0sjcT//O6iQmv/JSJODFUkMWiMOHISDR7HQ2YosTwiSWYKGZvRWSEFSbGBlSwIXjLL/8lrfOKV61Uby9KtXoWRx6O4BjK4MEl1OAGGtAEAg/wBC/w6kjn2Xlz3hetOSebOYRfcD6+AfFpjhU=</latexit>

(�1)F
<latexit sha1_base64="8g/3R2M7ydAxS+K1JOjLVrMKCRE=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCoJREpIqrQjcuq9gHNKFMJpN26OTBzEQIoeDGX3HjQhG3/oQ7/8bpY6GtBwYO59zLnXO8hDOpLOvbKCwtr6yuFddLG5tb2zvm7l5LxqkgtEliHouOhyXlLKJNxRSnnURQHHqctr1hfey3H6iQLI7uVZZQN8T9iAWMYKWlnnng+JQrjJyza+SgDDkqRtmpkzB01zPLVsWaAC0Se0bKMEOjZ345fkzSkEaKcCxl17YS5eZYKEY4HZWcVNIEkyHu066mEQ6pdPNJhhE61oqPgljoFyk0UX9v5DiUMgs9PRliNZDz3lj8z+umKrhycxYlqaIRmR4KUo500HEhyGeCEsUzTTARTP8VkQEWmChdW0mXYM9HXiSt84pdrVRvL8q1+qyOIhzCEZyADZdQgxtoQBMIPMIzvMKb8WS8GO/Gx3S0YMx29uEPjM8fDiOV4g==</latexit>

� : y ! y + ⇡R



THE E8 STRING IN D=9?
[Chaudhuri, Polchinski 1995]

<latexit sha1_base64="ltDtej7w91iXL+h2B0MImxnY788=">AAACFnicbVBNSwMxEM36WetX1aOXYBH0YN0V0R4LRfDoV63QXUs2ndpgNrsks2JZ+iu8+Fe8eFDEq3jz35jWHrT1QeDlvRlm5oWJFAZd98uZmJyanpnNzeXnFxaXlgsrq5cmTjWHGo9lrK9CZkAKBTUUKOEq0cCiUEI9vK32/fodaCNidYHdBIKI3SjRFpyhlZqFncZRs0x9FBEYaqlP7QfuMYtVz6fn1x7dOtsOds/9FkhkzULRLbkD0HHiDUmRDHHSLHz6rZinESjkkhnT8NwEg4xpFFxCL++nBhLGb9kNNCxVzK4RZIOzenTTKi3ajrV9CulA/d2RsciYbhTayohhx4x6ffE/r5FiuxxkQiUpguI/g9qppBjTfka0JTRwlF1LGNfC7kp5h2nG0SaZtyF4oyePk8u9kndQOjjdL1aqwzhyZJ1skC3ikUNSIcfkhNQIJw/kibyQV+fReXbenPef0gln2LNG/sD5+Aa7TZ1C</latexit>

[E8 ⇥ E8 on S1(R)]/S�

<latexit sha1_base64="Y0DqnXZ2T/PJAR+82ibeOaeg9Q8="></latexit>
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<latexit sha1_base64="pS/+tkdXxN89yA7uGXBMBgUidoc="></latexit>

Z[ 10 ] + Z[ 11 ] =
1
2 (V8 � S8)

P
m,n

h
�̄8(

p
q̄)⇤m,n+ 1

2
+ ˆ̄�8(�

p
q̄)(�1)m⇤m,n+ 1

2

i

The twisted sector is now massive and one is left with a single E8 factor

untwisted sector 

twisted sector 

<latexit sha1_base64="ZbmZupLvzLUJv9l2qJUYssfmfUg="></latexit>

' (8v � 8s +O(q))(q̄�1 + 8v + 248 +O(q̄))



HOW MANY STRINGS ADMIT OUTER AUTOMORPHISMS?

<latexit sha1_base64="uCJ6Av5dErFuy448FHfiI2+BIvg=">AAAB9XicbZBNSwMxEIZn/az1q+rRS7AInsquSO2xUASPFewHtGvJptk2NJtdklmllP4PLx4U8ep/8ea/MW33oK0vBB7emWEmb5BIYdB1v5219Y3Nre3cTn53b//gsHB03DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjGqzeuuRayNidY/jhPsRHSgRCkbRWg83vQrpooi4IRZ7haJbcuciq+BlUIRM9V7hq9uPWRpxhUxSYzqem6A/oRoFk3ya76aGJ5SN6IB3LCpqF/mT+dVTcm6dPgljbZ9CMnd/T0xoZMw4CmxnRHFolmsz879aJ8Ww4k+ESlLkii0WhakkGJNZBKQvNGcoxxYo08LeStiQasrQBpW3IXjLX16F5mXJK5fKd1fFai2LIwencAYX4ME1VOEW6tAABhqe4RXenCfnxXl3Phata042cwJ/5Hz+APSskYg=</latexit>

E8 ⇥ E8

<latexit sha1_base64="OgInJ8d0wUHU+spaOode6nMGSjo=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmKCF7KLBj2ScPEmRvlIYEO6pQuVbrtpuyaE8B+8eNAYr/4fb/4bC+xBwZdM8vLeTGbmBTFn2rjut5NZW9/Y3Mpu53Z29/YP8odHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gVJv5rSeqNJPiwYxj6kd4IFjICDZWat7fFi/K5718wS25c6BV4qWkACnqvfxXty9JElFhCMdadzw3Nv4EK8MIp9NcN9E0xmSEB7RjqcAR1f5kfu0UnVmlj0KpbAmD5urviQmOtB5Hge2MsBnqZW8m/ud1EhNe+xMm4sRQQRaLwoQjI9HsddRnihLDx5Zgopi9FZEhVpgYG1DOhuAtv7xKmuWSVylV7i4L1VoaRxZO4BSK4MEVVOEG6tAAAo/wDK/w5kjnxXl3PhatGSedOYY/cD5/APopjho=</latexit>

SO(32)Supersymmetric:

Non-supersymmetric:
<latexit sha1_base64="D8QcDgCWvlpf1U9eSc0oI67sbro=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqpiQi1WWhG3dWtA9oQ5lMJ+3QySTM3Agh1F9x40IRt36IO//GaZuFth4YOPece7l3jh8LrsFxvq219Y3Nre3CTnF3b//g0D46busoUZS1aCQi1fWJZoJL1gIOgnVjxUjoC9bxJ42Z33lkSvNIPkAaMy8kI8kDTgkYaWCX7m8rbu28DzxkGi+KgV12qs4ceJW4OSmjHM2B/dUfRjQJmQQqiNY914nBy4gCTgWbFvuJZjGhEzJiPUMlMbu8bH78FJ8ZZYiDSJknAc/V3xMZCbVOQ990hgTGetmbif95vQSCay/jMk6ASbpYFCQCQ4RnSeAhV4yCSA0hVHFzK6ZjoggFk1fRhOAuf3mVtC+qbq1au7ss1xt5HAV0gk5RBbnoCtXRDWqiFqIoRc/oFb1ZT9aL9W59LFrXrHymhP7A+vwBiECSxw==</latexit>

SO(16)⇥ SO(16)
<latexit sha1_base64="OgInJ8d0wUHU+spaOode6nMGSjo=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmKCF7KLBj2ScPEmRvlIYEO6pQuVbrtpuyaE8B+8eNAYr/4fb/4bC+xBwZdM8vLeTGbmBTFn2rjut5NZW9/Y3Mpu53Z29/YP8odHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gVJv5rSeqNJPiwYxj6kd4IFjICDZWat7fFi/K5718wS25c6BV4qWkACnqvfxXty9JElFhCMdadzw3Nv4EK8MIp9NcN9E0xmSEB7RjqcAR1f5kfu0UnVmlj0KpbAmD5urviQmOtB5Hge2MsBnqZW8m/ud1EhNe+xMm4sRQQRaLwoQjI9HsddRnihLDx5Zgopi9FZEhVpgYG1DOhuAtv7xKmuWSVylV7i4L1VoaRxZO4BSK4MEVVOEG6tAAAo/wDK/w5kjnxXl3PhatGSedOYY/cD5/APopjho=</latexit>

SO(32)

<latexit sha1_base64="nzYfQOlWdxG4f1yrSLDesADtXBw=">AAAB/HicbVDLTgIxFL3jE/E1ytJNIzGBDZkhBFmSsHEnRnkkMCGd0oGGziNtx2QywV9x40Jj3Poh7vwbC8xCwZM0Ofece3NvjxtxJpVlfRtb2zu7e/u5g/zh0fHJqXl23pVhLAjtkJCHou9iSTkLaEcxxWk/EhT7Lqc9d9Za+L1HKiQLgweVRNTx8SRgHiNYaWlkFu5vS40yGirmU4l0Ua2VR2bRqlhLoE1iZ6QIGdoj82s4Dkns00ARjqUc2FaknBQLxQin8/wwljTCZIYndKBpgPUuJ10eP0dXWhkjLxT6BQot1d8TKfalTHxXd/pYTeW6txD/8wax8hpOyoIoVjQgq0VezJEK0SIJNGaCEsUTTTARTN+KyBQLTJTOK69DsNe/vEm61Ypdr9TvasVmK4sjBxdwCSWw4RqacANt6ACBBJ7hFd6MJ+PFeDc+Vq1bRjZTgD8wPn8Abz6Stw==</latexit>

SO(8)⇥ SO(24)
<latexit sha1_base64="GhnahFQdz3hLNrUVBtTTI6Djjck=">AAACEHicbVC7TgJBFJ3FF+Jr1dJmIjFiQ3aJAUsSYmKJ0QUS2GxmhwEmzD4yc9eEbPgEG3/FxkJjbC3t/BsH2ELBk0xy7jn35s49fiy4Asv6NnJr6xubW/ntws7u3v6BeXjUUlEiKXNoJCLZ8YligofMAQ6CdWLJSOAL1vbHjZnffmBS8Si8h0nM3IAMQz7glICWPPP82qv1gAdM4TunVLnAWaFl/Fv3zKJVtubAq8TOSBFlaHrmV68f0SRgIVBBlOraVgxuSiRwKti00EsUiwkdkyHrahoSvcpN5wdN8ZlW+ngQSf1CwHP190RKAqUmga87AwIjtezNxP+8bgKDKzflYZwAC+li0SARGCI8Swf3uWQUxEQTQiXXf8V0RCShoDMs6BDs5ZNXSatStqvl6u1lsd7I4sijE3SKSshGNVRHN6iJHETRI3pGr+jNeDJejHfjY9GaM7KZY/QHxucPh5GaYw==</latexit>

E7 ⇥ SU(2)⇥ E7 ⇥ SU(2)

<latexit sha1_base64="nAkhLUzDBU15w0WjzZyukF5xfqU=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahXkoiUnssFMGbFe0HtCFsttt26WYTdjeFEvpPvHhQxKv/xJv/xm2bg7Y+GHi8N8PMvCDmTGnH+bZyG5tb2zv53cLe/sHhkX180lJRIgltkohHshNgRTkTtKmZ5rQTS4rDgNN2MK7P/faESsUi8aSnMfVCPBRswAjWRvJt+/G+5FYue5qFVKFbv+rbRafsLIDWiZuRImRo+PZXrx+RJKRCE46V6rpOrL0US80Ip7NCL1E0xmSMh7RrqMBmkZcuLp+hC6P00SCSpoRGC/X3RIpDpaZhYDpDrEdq1ZuL/3ndRA+qXspEnGgqyHLRIOFIR2geA+ozSYnmU0MwkczcisgIS0y0CatgQnBXX14nrauyWylXHq6LtXoWRx7O4BxK4MIN1OAOGtAEAhN4hld4s1LrxXq3PpatOSubOYU/sD5/AErmkis=</latexit>

SO(16)⇥ E8
<latexit sha1_base64="1SwS8ylH1zpQeM7QaCAKXej65PI=">AAAB/HicbVBNT8JAEJ3iF+JXlaOXjcQELqQ1Bj2ScPGI0SIJNGS7LLBhu212tyZNg3/FiweN8eoP8ea/cYEeFHzJJC/vzWRmXhBzprTjfFuFjc2t7Z3ibmlv/+DwyD4+6agokYR6JOKR7AZYUc4E9TTTnHZjSXEYcPoQTFtz/+GRSsUica/TmPohHgs2YgRrIw3s8p2Hqm6jhvqahVQhr+rWBnbFqTsLoHXi5qQCOdoD+6s/jEgSUqEJx0r1XCfWfoalZoTTWamfKBpjMsVj2jNUYLPJzxbHz9C5UYZoFElTQqOF+nsiw6FSaRiYzhDriVr15uJ/Xi/Ro2s/YyJONBVkuWiUcKQjNE8CDZmkRPPUEEwkM7ciMsESE23yKpkQ3NWX10nnou426o3by0qzlcdRhFM4gyq4cAVNuIE2eEAghWd4hTfryXqx3q2PZWvBymfK8AfW5w8nM5KK</latexit>

SU(16)⇥ U(1)

Orbifold actions:
<latexit sha1_base64="nYtv6Fj3vu3olpuBsLOVLZaY9xw=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahgpZEpboRCgVxWdE+oIlhMpm2QyeTMDMRSii48VfcuFDErT/hzr9x2mah1gMXDufcy733+DGjUlnWl5Gbm19YXMovF1ZW19Y3zM2tpowSgUkDRywSbR9JwignDUUVI+1YEBT6jLT8QW3st+6JkDTit2oYEzdEPU67FCOlJc/c6Xkn8AKWjuyDu0voHMIbXU5AmEKeWbTK1gRwltgZKYIMdc/8dIIIJyHhCjMkZce2YuWmSCiKGRkVnESSGOEB6pGOphyFRLrp5IcR3NdKALuR0MUVnKg/J1IUSjkMfd0ZItWXf72x+J/XSVT33E0pjxNFOJ4u6iYMqgiOA4EBFQQrNtQEYUH1rRD3kUBY6dgKOgT778uzpHlctivlyvVpsVrL4siDXbAHSsAGZ6AKrkAdNAAGD+AJvIBX49F4Nt6M92lrzshmtsEvGB/fH0eUrQ==</latexit>

g3 = (�1)F S �
<latexit sha1_base64="6OcIHYan9nMQ2vlNZCM11Zeiy1E=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkpSpLoRCt24rGgf0IQwmU7aoZMHMzdKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee/xEcAWW9W0U1tY3NreK26Wd3b39A7N82FFxKilr01jEsucTxQSPWBs4CNZLJCOhL1jXHzdnfveBScXj6B4mCXNDMox4wCkBLXlmeejV8DXGd845dgZMAPHMilW15sCrxM5JBeVoeeaXM4hpGrIIqCBK9W0rATcjEjgVbFpyUsUSQsdkyPqaRiRkys3mp0/xqVYGOIilrgjwXP09kZFQqUno686QwEgtezPxP6+fQnDlZjxKUmARXSwKUoEhxrMc8IBLRkFMNCFUcn0rpiMiCQWdVkmHYC+/vEo6tapdr9ZvLyqNZh5HER2jE3SGbHSJGugGtVAbUfSIntErejOejBfj3fhYtBaMfOYI/YHx+QOkOJJX</latexit>

g2 = S �
<latexit sha1_base64="ueiXvkMugqDvDxND4jb3Mp7C2XA=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAYhgoZdkehFCATEY0TzgGRdZiezyZDZBzOzgbDkT7x4UMSrf+LNv3GS7EETCxqKqm66u7yYM6ks69vIrayurW/kNwtb2zu7e+b+QVNGiSC0QSIeibaHJeUspA3FFKftWFAceJy2vGFt6rdGVEgWhY9qHFMnwP2Q+YxgpSXXNPuufYNK5/bp0y3qnqEH1yxaZWsGtEzsjBQhQ901v7q9iCQBDRXhWMqObcXKSbFQjHA6KXQTSWNMhrhPO5qGOKDSSWeXT9CJVnrIj4SuUKGZ+nsixYGU48DTnQFWA7noTcX/vE6i/GsnZWGcKBqS+SI/4UhFaBoD6jFBieJjTTARTN+KyAALTJQOq6BDsBdfXibNi7JdKVfuL4vVWhZHHo7gGEpgwxVU4Q7q0AACI3iGV3gzUuPFeDc+5q05I5s5hD8wPn8AphiRGQ==</latexit>

g1 = (�1)F S



<latexit sha1_base64="uCJ6Av5dErFuy448FHfiI2+BIvg=">AAAB9XicbZBNSwMxEIZn/az1q+rRS7AInsquSO2xUASPFewHtGvJptk2NJtdklmllP4PLx4U8ep/8ea/MW33oK0vBB7emWEmb5BIYdB1v5219Y3Nre3cTn53b//gsHB03DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjGqzeuuRayNidY/jhPsRHSgRCkbRWg83vQrpooi4IRZ7haJbcuciq+BlUIRM9V7hq9uPWRpxhUxSYzqem6A/oRoFk3ya76aGJ5SN6IB3LCpqF/mT+dVTcm6dPgljbZ9CMnd/T0xoZMw4CmxnRHFolmsz879aJ8Ww4k+ESlLkii0WhakkGJNZBKQvNGcoxxYo08LeStiQasrQBpW3IXjLX16F5mXJK5fKd1fFai2LIwencAYX4ME1VOEW6tAABhqe4RXenCfnxXl3Phata042cwJ/5Hz+APSskYg=</latexit>

E8 ⇥ E8

<latexit sha1_base64="D8QcDgCWvlpf1U9eSc0oI67sbro=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqpiQi1WWhG3dWtA9oQ5lMJ+3QySTM3Agh1F9x40IRt36IO//GaZuFth4YOPece7l3jh8LrsFxvq219Y3Nre3CTnF3b//g0D46busoUZS1aCQi1fWJZoJL1gIOgnVjxUjoC9bxJ42Z33lkSvNIPkAaMy8kI8kDTgkYaWCX7m8rbu28DzxkGi+KgV12qs4ceJW4OSmjHM2B/dUfRjQJmQQqiNY914nBy4gCTgWbFvuJZjGhEzJiPUMlMbu8bH78FJ8ZZYiDSJknAc/V3xMZCbVOQ990hgTGetmbif95vQSCay/jMk6ASbpYFCQCQ4RnSeAhV4yCSA0hVHFzK6ZjoggFk1fRhOAuf3mVtC+qbq1au7ss1xt5HAV0gk5RBbnoCtXRDWqiFqIoRc/oFb1ZT9aL9W59LFrXrHymhP7A+vwBiECSxw==</latexit>

SO(16)⇥ SO(16)
<latexit sha1_base64="GhnahFQdz3hLNrUVBtTTI6Djjck=">AAACEHicbVC7TgJBFJ3FF+Jr1dJmIjFiQ3aJAUsSYmKJ0QUS2GxmhwEmzD4yc9eEbPgEG3/FxkJjbC3t/BsH2ELBk0xy7jn35s49fiy4Asv6NnJr6xubW/ntws7u3v6BeXjUUlEiKXNoJCLZ8YligofMAQ6CdWLJSOAL1vbHjZnffmBS8Si8h0nM3IAMQz7glICWPPP82qv1gAdM4TunVLnAWaFl/Fv3zKJVtubAq8TOSBFlaHrmV68f0SRgIVBBlOraVgxuSiRwKti00EsUiwkdkyHrahoSvcpN5wdN8ZlW+ngQSf1CwHP190RKAqUmga87AwIjtezNxP+8bgKDKzflYZwAC+li0SARGCI8Swf3uWQUxEQTQiXXf8V0RCShoDMs6BDs5ZNXSatStqvl6u1lsd7I4sijE3SKSshGNVRHN6iJHETRI3pGr+jNeDJejHfjY9GaM7KZY/QHxucPh5GaYw==</latexit>

E7 ⇥ SU(2)⇥ E7 ⇥ SU(2)

<latexit sha1_base64="nYtv6Fj3vu3olpuBsLOVLZaY9xw=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahgpZEpboRCgVxWdE+oIlhMpm2QyeTMDMRSii48VfcuFDErT/hzr9x2mah1gMXDufcy733+DGjUlnWl5Gbm19YXMovF1ZW19Y3zM2tpowSgUkDRywSbR9JwignDUUVI+1YEBT6jLT8QW3st+6JkDTit2oYEzdEPU67FCOlJc/c6Xkn8AKWjuyDu0voHMIbXU5AmEKeWbTK1gRwltgZKYIMdc/8dIIIJyHhCjMkZce2YuWmSCiKGRkVnESSGOEB6pGOphyFRLrp5IcR3NdKALuR0MUVnKg/J1IUSjkMfd0ZItWXf72x+J/XSVT33E0pjxNFOJ4u6iYMqgiOA4EBFQQrNtQEYUH1rRD3kUBY6dgKOgT778uzpHlctivlyvVpsVrL4siDXbAHSsAGZ6AKrkAdNAAGD+AJvIBX49F4Nt6M92lrzshmtsEvGB/fH0eUrQ==</latexit>

g3 = (�1)F S �

<latexit sha1_base64="6OcIHYan9nMQ2vlNZCM11Zeiy1E=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkpSpLoRCt24rGgf0IQwmU7aoZMHMzdKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee/xEcAWW9W0U1tY3NreK26Wd3b39A7N82FFxKilr01jEsucTxQSPWBs4CNZLJCOhL1jXHzdnfveBScXj6B4mCXNDMox4wCkBLXlmeejV8DXGd845dgZMAPHMilW15sCrxM5JBeVoeeaXM4hpGrIIqCBK9W0rATcjEjgVbFpyUsUSQsdkyPqaRiRkys3mp0/xqVYGOIilrgjwXP09kZFQqUno686QwEgtezPxP6+fQnDlZjxKUmARXSwKUoEhxrMc8IBLRkFMNCFUcn0rpiMiCQWdVkmHYC+/vEo6tapdr9ZvLyqNZh5HER2jE3SGbHSJGugGtVAbUfSIntErejOejBfj3fhYtBaMfOYI/YHx+QOkOJJX</latexit>

g2 = S �

<latexit sha1_base64="ueiXvkMugqDvDxND4jb3Mp7C2XA=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAYhgoZdkehFCATEY0TzgGRdZiezyZDZBzOzgbDkT7x4UMSrf+LNv3GS7EETCxqKqm66u7yYM6ks69vIrayurW/kNwtb2zu7e+b+QVNGiSC0QSIeibaHJeUspA3FFKftWFAceJy2vGFt6rdGVEgWhY9qHFMnwP2Q+YxgpSXXNPuufYNK5/bp0y3qnqEH1yxaZWsGtEzsjBQhQ901v7q9iCQBDRXhWMqObcXKSbFQjHA6KXQTSWNMhrhPO5qGOKDSSWeXT9CJVnrIj4SuUKGZ+nsixYGU48DTnQFWA7noTcX/vE6i/GsnZWGcKBqS+SI/4UhFaBoD6jFBieJjTTARTN+KyAALTJQOq6BDsBdfXibNi7JdKVfuL4vVWhZHHo7gGEpgwxVU4Q7q0AACI3iGV3gzUuPFeDc+5q05I5s5hD8wPn8AphiRGQ==</latexit>

g1 = (�1)F S
<latexit sha1_base64="cWaepFw4ktcS9AwH0mGa2PRH86Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKxBwDQfAY0TwgWcLsZJIMmZ1dZnqFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7glgKg6777eQ2Nre2d/K7hb39g8Oj4vFJy0SJZrzJIhnpTkANl0LxJgqUvBNrTsNA8nYwqc/99hPXRkTqEacx90M6UmIoGEUrPdz2q/1iyS27C5B14mWkBBka/eJXbxCxJOQKmaTGdD03Rj+lGgWTfFboJYbHlE3oiHctVTTkxk8Xp87IhVUGZBhpWwrJQv09kdLQmGkY2M6Q4tisenPxP6+b4LDqp0LFCXLFlouGiSQYkfnfZCA0ZyinllCmhb2VsDHVlKFNp2BD8FZfXietq7JXKVfur0u1ehZHHs7gHC7BgxuowR00oAkMRvAMr/DmSOfFeXc+lq05J5s5hT9wPn8AzGqNgA==</latexit>

E8

<latexit sha1_base64="cWaepFw4ktcS9AwH0mGa2PRH86Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKxBwDQfAY0TwgWcLsZJIMmZ1dZnqFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7glgKg6777eQ2Nre2d/K7hb39g8Oj4vFJy0SJZrzJIhnpTkANl0LxJgqUvBNrTsNA8nYwqc/99hPXRkTqEacx90M6UmIoGEUrPdz2q/1iyS27C5B14mWkBBka/eJXbxCxJOQKmaTGdD03Rj+lGgWTfFboJYbHlE3oiHctVTTkxk8Xp87IhVUGZBhpWwrJQv09kdLQmGkY2M6Q4tisenPxP6+b4LDqp0LFCXLFlouGiSQYkfnfZCA0ZyinllCmhb2VsDHVlKFNp2BD8FZfXietq7JXKVfur0u1ehZHHs7gHC7BgxuowR00oAkMRvAMr/DmSOfFeXc+lq05J5s5hT9wPn8AzGqNgA==</latexit>

E8

<latexit sha1_base64="cWaepFw4ktcS9AwH0mGa2PRH86Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKxBwDQfAY0TwgWcLsZJIMmZ1dZnqFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7glgKg6777eQ2Nre2d/K7hb39g8Oj4vFJy0SJZrzJIhnpTkANl0LxJgqUvBNrTsNA8nYwqc/99hPXRkTqEacx90M6UmIoGEUrPdz2q/1iyS27C5B14mWkBBka/eJXbxCxJOQKmaTGdD03Rj+lGgWTfFboJYbHlE3oiHctVTTkxk8Xp87IhVUGZBhpWwrJQv09kdLQmGkY2M6Q4tisenPxP6+b4LDqp0LFCXLFlouGiSQYkfnfZCA0ZyinllCmhb2VsDHVlKFNp2BD8FZfXietq7JXKVfur0u1ehZHHs7gHC7BgxuowR00oAkMRvAMr/DmSOfFeXc+lq05J5s5hT9wPn8AzGqNgA==</latexit>

E8

<latexit sha1_base64="D8QcDgCWvlpf1U9eSc0oI67sbro=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqpiQi1WWhG3dWtA9oQ5lMJ+3QySTM3Agh1F9x40IRt36IO//GaZuFth4YOPece7l3jh8LrsFxvq219Y3Nre3CTnF3b//g0D46busoUZS1aCQi1fWJZoJL1gIOgnVjxUjoC9bxJ42Z33lkSvNIPkAaMy8kI8kDTgkYaWCX7m8rbu28DzxkGi+KgV12qs4ceJW4OSmjHM2B/dUfRjQJmQQqiNY914nBy4gCTgWbFvuJZjGhEzJiPUMlMbu8bH78FJ8ZZYiDSJknAc/V3xMZCbVOQ990hgTGetmbif95vQSCay/jMk6ASbpYFCQCQ4RnSeAhV4yCSA0hVHFzK6ZjoggFk1fRhOAuf3mVtC+qbq1au7ss1xt5HAV0gk5RBbnoCtXRDWqiFqIoRc/oFb1ZT9aL9W59LFrXrHymhP7A+vwBiECSxw==</latexit>

SO(16)⇥ SO(16)
<latexit sha1_base64="GhnahFQdz3hLNrUVBtTTI6Djjck=">AAACEHicbVC7TgJBFJ3FF+Jr1dJmIjFiQ3aJAUsSYmKJ0QUS2GxmhwEmzD4yc9eEbPgEG3/FxkJjbC3t/BsH2ELBk0xy7jn35s49fiy4Asv6NnJr6xubW/ntws7u3v6BeXjUUlEiKXNoJCLZ8YligofMAQ6CdWLJSOAL1vbHjZnffmBS8Si8h0nM3IAMQz7glICWPPP82qv1gAdM4TunVLnAWaFl/Fv3zKJVtubAq8TOSBFlaHrmV68f0SRgIVBBlOraVgxuSiRwKti00EsUiwkdkyHrahoSvcpN5wdN8ZlW+ngQSf1CwHP190RKAqUmga87AwIjtezNxP+8bgKDKzflYZwAC+li0SARGCI8Swf3uWQUxEQTQiXXf8V0RCShoDMs6BDs5ZNXSatStqvl6u1lsd7I4sijE3SKSshGNVRHN6iJHETRI3pGr+jNeDJejHfjY9GaM7KZY/QHxucPh5GaYw==</latexit>

E7 ⇥ SU(2)⇥ E7 ⇥ SU(2)

<latexit sha1_base64="eM+6yRJ5id3m5yUdjDJLW2+w67o=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY6MWbFe0HtEvJptk2NpssSVYoS/+DFw+KePX/ePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etbRMFKFNIrlUnQBrypmgTcMMp51YURwFnLaDcX3mt5+o0kyKBzOJqR/hoWAhI9hYqXV/W/aq5/1iya24c6BV4mWkBBka/eJXbyBJElFhCMdadz03Nn6KlWGE02mhl2gaYzLGQ9q1VOCIaj+dXztFZ1YZoFAqW8Kgufp7IsWR1pMosJ0RNiO97M3E/7xuYsJrP2UiTgwVZLEoTDgyEs1eRwOmKDF8YgkmitlbERlhhYmxARVsCN7yy6ukdVHxqpXq3WWpVs/iyMMJnEIZPLiCGtxAA5pA4BGe4RXeHOm8OO/Ox6I152Qzx/AHzucP/TGOHA==</latexit>

SO(16)

<latexit sha1_base64="wunG0SXmvGs5qtC+Qo6kq8zfNms=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRaxXsquSPVY6MWbFe0HtEvJptk2NJssSVYoS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etbRMFKFNIrlUnQBrypmgTcMMp51YURwFnLaDcX3mt5+o0kyKRzOJqR/hoWAhI9hYqf1wV/aqF+f9YsmtuHOgVeJlpAQZGv3iV28gSRJRYQjHWnc9NzZ+ipVhhNNpoZdoGmMyxkPatVTgiGo/nZ87RWdWGaBQKlvCoLn6eyLFkdaTKLCdETYjvezNxP+8bmLCGz9lIk4MFWSxKEw4MhLNfkcDpigxfGIJJorZWxEZYYWJsQkVbAje8surpHVZ8aqV6v1VqVbP4sjDCZxCGTy4hhrcQgOaQGAMz/AKb07svDjvzseiNedkM8fwB87nD16kjk0=</latexit>

SO(16)0

<latexit sha1_base64="7RBNb3nYEqRPJNRz4IwMmxPyUIU=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEI9VKSIq3HQhE8VjS10Iaw2W7apZsPdjdCDf0lXjwo4tWf4s1/47bNQVsfDDzem2Fmnp9wJpVlfRuFjc2t7Z3ibmlv/+CwbB4dd2WcCkIdEvNY9HwsKWcRdRRTnPYSQXHoc/rgT9pz/+GRCsni6F5NE+qGeBSxgBGstOSZ5WuvOVAspBLdOdX6hWdWrJq1AFondk4qkKPjmV+DYUzSkEaKcCxl37YS5WZYKEY4nZUGqaQJJhM8on1NI6xXudni8Bk618oQBbHQFSm0UH9PZDiUchr6ujPEaixXvbn4n9dPVXDlZixKUkUjslwUpBypGM1TQEMmKFF8qgkmgulbERljgYnSWZV0CPbqy+ukW6/ZjVrj9rLSaudxFOEUzqAKNjShBTfQAQcIpPAMr/BmPBkvxrvxsWwtGPnMCfyB8fkD3daR8Q==</latexit>

E7 ⇥ SU(2)

<latexit sha1_base64="7RBNb3nYEqRPJNRz4IwMmxPyUIU=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEI9VKSIq3HQhE8VjS10Iaw2W7apZsPdjdCDf0lXjwo4tWf4s1/47bNQVsfDDzem2Fmnp9wJpVlfRuFjc2t7Z3ibmlv/+CwbB4dd2WcCkIdEvNY9HwsKWcRdRRTnPYSQXHoc/rgT9pz/+GRCsni6F5NE+qGeBSxgBGstOSZ5WuvOVAspBLdOdX6hWdWrJq1AFondk4qkKPjmV+DYUzSkEaKcCxl37YS5WZYKEY4nZUGqaQJJhM8on1NI6xXudni8Bk618oQBbHQFSm0UH9PZDiUchr6ujPEaixXvbn4n9dPVXDlZixKUkUjslwUpBypGM1TQEMmKFF8qgkmgulbERljgYnSWZV0CPbqy+ukW6/ZjVrj9rLSaudxFOEUzqAKNjShBTfQAQcIpPAMr/BmPBkvxrvxsWwtGPnMCfyB8fkD3daR8Q==</latexit>

E7 ⇥ SU(2)

[Chaudhuri, Polchinski 1995]

[Kawai, Lewellen, Tye 1986]

[Nakajima 2023]

Supersymmetric See also Parra De Freitas, 02/2024



SOME DETAILS ON THE 9D VACUA

<latexit sha1_base64="7KVoe5DazY0yP9Ra2aMnLVP5q7I="></latexit>

ZO(16)[
0
0 ] =

1
2

h
V8(Ō16Ō16 + S̄16S̄16)� C8(V̄16V̄16 + C̄16C̄16)

+O8(V̄16C̄16 + C̄16V̄16)� S8(Ō16S̄16 + S̄16Ō16)
i
⇤m,n

<latexit sha1_base64="/0h9Hy8Jt+GCKwl/m0JN6hs+2pE="></latexit>

ZE7 [
0
0 ] =

1
2

h
V8(�̄0⇠̄0 �̄0⇠̄0 + �̄v ⇠̄v �̄v ⇠̄v)� S8(�̄0⇠̄0 �̄v ⇠̄v + �̄v ⇠̄v �̄0⇠̄0)

+O8(�̄0⇠̄v �̄0⇠̄v + �̄v ⇠̄0 �̄v ⇠̄0)� C8(�̄0⇠̄v �̄v ⇠̄0 + �̄v ⇠̄0 �̄0⇠̄v)
i
⇤m,n

<latexit sha1_base64="kX8xZKtohOrrlKvxPfd7f3lyq1s="></latexit>

Z2,3
O(16)[

0
1 ] =

1
2

h
V8(Ō16(q̄

2) + S̄16(q̄
2))⌥ C8(V̄16(q̄

2) + C̄16(q̄
2))

i
(�1)m⇤m,n

<latexit sha1_base64="1idhhkLFg/G+Kw2bQCHN0vX0Sb0="></latexit>

Z2,3
E7

[ 01 ] =
1
2

h
V8(�̄0⇠̄0(q̄

2) + �̄v ⇠̄v(q̄
2) +O8(�̄0⇠̄v(q̄

2) + �̄v ⇠̄0(q̄
2))

i
(�1)m⇤m,n



SOME DETAILS ON THE 9D VACUA

<latexit sha1_base64="8n+urXtcfKVkBiZdq9Sw9dbgPR4="></latexit>

Z2
O(16) ' V8(8v + 120 + . . .)� S8(128 + . . .)� C8(136 + . . .)

at
<latexit sha1_base64="cx7X4z51WqfS8hbh7YZrbOgIrw8=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRFqheh0IvHKvYD21A22027dLOJuxOhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzz48F1+g431ZubX1jcyu/XdjZ3ds/KB4etXSUKMqaNBKR6vhEM8ElayJHwTqxYiT0BWv74/rMbz8xpXkk73ESMy8kQ8kDTgka6eHuuqcfFaaVab9YcsrOHPYqcTNSggyNfvGrN4hoEjKJVBCtu64To5cShZwKNi30Es1iQsdkyLqGShIy7aXzi6f2mVEGdhApUxLtufp7IiWh1pPQN50hwZFe9mbif143weDKS7mME2SSLhYFibAxsmfv2wOuGEUxMYRQxc2tNh0RRSiakAomBHf55VXSqpTdarl6e1Gq1bM48nACp3AOLlxCDW6gAU2gIOEZXuHN0taL9W59LFpzVjZzDH9gff4Ab2qQyQ==</latexit>

R =
p
2

<latexit sha1_base64="b0hHIoNpqtY89rzUEhPzaV3PGF8=">AAACAnicbVDLSgMxFM34rPU16krcBIvgqswUqV0WunFnBfuAzjBkMmkbmkmGJCOUobjxV9y4UMStX+HOvzHTzkJbD4QczrmXe+8JE0aVdpxva219Y3Nru7RT3t3bPzi0j467SqQSkw4WTMh+iBRhlJOOppqRfiIJikNGeuGklfu9ByIVFfxeTxPix2jE6ZBipI0U2Ke3QQN6isbQCwWL1DQ2X+bWGrPArjhVZw64StyCVECBdmB/eZHAaUy4xgwpNXCdRPsZkppiRmZlL1UkQXiCRmRgKEcxUX42P2EGL4wSwaGQ5nEN5+rvjgzFKl/OVMZIj9Wyl4v/eYNUDxt+RnmSasLxYtAwZVALmOcBIyoJ1mxqCMKSml0hHiOJsDaplU0I7vLJq6Rbq7r1av3uqtJsFXGUwBk4B5fABdegCW5AG3QABo/gGbyCN+vJerHerY9F6ZpV9JyAP7A+fwAbG5ai</latexit>

O8 ⇠ 128
<latexit sha1_base64="BZxbjVDAfOjquGElITwXNXvpgJM=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8SNgNEnMM5OIxgnlAsoTZyWwyZHZ2nekVQshPePGgiFd/x5t/4yTZgyYWNBRV3XR3BYkUBl3329nY3Nre2c3t5fcPDo+OCyenLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvBuD73209cGxGrB5wk3I/oUIlQMIpW6pRJ75rU+9V+oeiW3AXIOvEyUoQMjX7hqzeIWRpxhUxSY7qem6A/pRoFk3yW76WGJ5SN6ZB3LVU04safLu6dkUurDEgYa1sKyUL9PTGlkTGTKLCdEcWRWfXm4n9eN8Ww6k+FSlLkii0XhakkGJP582QgNGcoJ5ZQpoW9lbAR1ZShjShvQ/BWX14nrXLJq5Qq9zfFWj2LIwfncAFX4MEt1OAOGtAEBhKe4RXenEfnxXl3PpatG042cwZ/4Hz+AAIJjqo=</latexit>

2C8

<latexit sha1_base64="P2w3T7+1a+5g0tVTofeUpK2CowQ=">AAAB9XicbVBNT8JAEJ3iF+IX6tHLRmICF9ISgx5JuHjEaIEEKtkuW9iw3Ta7Ww1p+B9ePGiMV/+LN/+NC/Sg4EsmeXlvJjPz/JgzpW3728ptbG5t7+R3C3v7B4dHxeOTtooSSahLIh7Jro8V5UxQVzPNaTeWFIc+px1/0pz7nUcqFYvEvZ7G1AvxSLCAEayN9OCWnUpfR+jOLdcqaFAs2VV7AbROnIyUIENrUPzqDyOShFRowrFSPceOtZdiqRnhdFboJ4rGmEzwiPYMFTikyksXV8/QhVGGKIikKaHRQv09keJQqWnom84Q67Fa9ebif14v0cG1lzIRJ5oKslwUJByZP+cRoCGTlGg+NQQTycytiIyxxESboAomBGf15XXSrlWderV+e1lqNLM48nAG51AGB66gATfQAhcISHiGV3iznqwX6936WLbmrGzmFP7A+vwBfNiQkw==</latexit>

U(1) ! SU(2)

<latexit sha1_base64="MS7r6dAXC+GeV2R5gSS4zzBC0cI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRA8KAS8e4yMPSJYwO+kkQ2Znl5lZISz5BC8eFPHqF3nzb5wke9DEgoaiqpvuriAWXBvX/XZyK6tr6xv5zcLW9s7uXnH/oKGjRDGss0hEqhVQjYJLrBtuBLZihTQMBDaD0c3Ubz6h0jySj2Ycox/SgeR9zqix0sP9tdstltyyOwNZJl5GSpCh1i1+dXoRS0KUhgmqddtzY+OnVBnOBE4KnURjTNmIDrBtqaQhaj+dnTohJ1bpkX6kbElDZurviZSGWo/DwHaG1Az1ojcV//Paielf+imXcWJQsvmifiKIicj0b9LjCpkRY0soU9zeStiQKsqMTadgQ/AWX14mjbOyVylX7s5L1assjjwcwTGcggcXUIVbqEEdGAzgGV7hzRHOi/PufMxbc042cwh/4Hz+AJ5TjVw=</latexit>

R = 0
<latexit sha1_base64="BRow2Z4exP/X7NwHE/N1qhcB/Tc=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lEqgcPBS8eq9gPbELZbDft0s1u2J0IIfRfePGgiFf/jTf/jds2B60+GHi8N8PMvDAR3IDrfjmlldW19Y3yZmVre2d3r7p/0DEq1ZS1qRJK90JimOCStYGDYL1EMxKHgnXDyfXM7z4ybbiS95AlLIjJSPKIUwJWerjzQflcRpANqjW37s6B/xKvIDVUoDWofvpDRdOYSaCCGNP33ASCnGjgVLBpxU8NSwidkBHrWypJzEyQzy+e4hOrDHGktC0JeK7+nMhJbEwWh7YzJjA2y95M/M/rpxBdBjmXSQpM0sWiKBUYFJ69j4dcMwois4RQze2tmI6JJhRsSBUbgrf88l/SOat7jXrj9rzWvCriKKMjdIxOkYcuUBPdoBZqI4okekIv6NUxzrPz5rwvWktOMXOIfsH5+AbDMJD6</latexit>

R ! 1

<latexit sha1_base64="ioax832caD8H3uQYDJkdbIt94CM=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1iEuimJSHXhouDGnRXsBdpQJtNJO3QyCTMnSol9FDcuFHHrk7jzbZymWWjrDwMf/zmHc+b3Y8E1OM63tbK6tr6xWdgqbu/s7u3bpYOWjhJFWZNGIlIdn2gmuGRN4CBYJ1aMhL5gbX98Pau3H5jSPJL3MImZF5Kh5AGnBIzVt0u3Fbd22gMeMo0z7ttlp+pkwsvg5lBGuRp9+6s3iGgSMglUEK27rhODlxIFnAo2LfYSzWJCx2TIugYlMau8NDt9ik+MM8BBpMyTgDP390RKQq0noW86QwIjvVibmf/VugkEl17KZZwAk3S+KEgEhgjPcsADrhgFMTFAqOLmVkxHRBEKJq2iCcFd/PIytM6qbq1auzsv16/yOAroCB2jCnLRBaqjG9RATUTRI3pGr+jNerJerHfrY966YuUzh+iPrM8fNRySBg==</latexit>

O(16)⇥O(16)
<latexit sha1_base64="ioax832caD8H3uQYDJkdbIt94CM=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1iEuimJSHXhouDGnRXsBdpQJtNJO3QyCTMnSol9FDcuFHHrk7jzbZymWWjrDwMf/zmHc+b3Y8E1OM63tbK6tr6xWdgqbu/s7u3bpYOWjhJFWZNGIlIdn2gmuGRN4CBYJ1aMhL5gbX98Pau3H5jSPJL3MImZF5Kh5AGnBIzVt0u3Fbd22gMeMo0z7ttlp+pkwsvg5lBGuRp9+6s3iGgSMglUEK27rhODlxIFnAo2LfYSzWJCx2TIugYlMau8NDt9ik+MM8BBpMyTgDP390RKQq0noW86QwIjvVibmf/VugkEl17KZZwAk3S+KEgEhgjPcsADrhgFMTFAqOLmVkxHRBEKJq2iCcFd/PIytM6qbq1auzsv16/yOAroCB2jCnLRBaqjG9RATUTRI3pGr+jNerJerHfrY966YuUzh+iPrM8fNRySBg==</latexit>

O(16)⇥O(16)
<latexit sha1_base64="gfzlKI50ywjDxKdksOH/4btbc8g=">AAAB7HicbVA9SwNBEJ2NXzF+RS1tFoMQm3AnEi0sAjZ2RvCSQHKEvc1esmRv79jdE8KR32BjoYitP8jOf+MmuUITHww83pthZl6QCK6N43yjwtr6xuZWcbu0s7u3f1A+PGrpOFWUeTQWseoERDPBJfMMN4J1EsVIFAjWDsa3M7/9xJTmsXw0k4T5ERlKHnJKjJW8+6pbP++XK07NmQOvEjcnFcjR7Je/eoOYphGThgqiddd1EuNnRBlOBZuWeqlmCaFjMmRdSyWJmPaz+bFTfGaVAQ5jZUsaPFd/T2Qk0noSBbYzImakl72Z+J/XTU147WdcJqlhki4WhanAJsazz/GAK0aNmFhCqOL2VkxHRBFqbD4lG4K7/PIqaV3U3Hqt/nBZadzkcRThBE6hCi5cQQPuoAkeUODwDK/whiR6Qe/oY9FaQPnMMfwB+vwBVr+NuA==</latexit>

O(16)

<latexit sha1_base64="cAUTeIA5sEHmyvmRcpn8Yl53Xwk="></latexit>

Z3
O(16) ' V8(8v + 120 + . . .)� S8(128 + . . .)� C8(120 + . . .)

tachyons for
<latexit sha1_base64="QS4xmKUiiQtF6A6fv9xq8G5cfSg=">AAAB9XicbVDLTgJBEOz1ifhCPXqZSEw8kV1i0IMHEi4e0cgjgZXMDrMwYfbhTK+GbPgPLx40xqv/4s2/cYA9KFhJJ5Wq7nR3ebEUGm3721pZXVvf2Mxt5bd3dvf2CweHTR0livEGi2Sk2h7VXIqQN1Cg5O1YcRp4kre8UW3qtx650iIK73Acczegg1D4glE00v0tuSJl0tUPCtPypFco2iV7BrJMnIwUIUO9V/jq9iOWBDxEJqnWHceO0U2pQsEkn+S7ieYxZSM64B1DQxpw7aazqyfk1Ch94kfKVIhkpv6eSGmg9TjwTGdAcagXvan4n9dJ0L90UxHGCfKQzRf5iSQYkWkEpC8UZyjHhlCmhLmVsCFVlKEJKm9CcBZfXibNcsmplCo358VqLYsjB8dwAmfgwAVU4Rrq0AAGCp7hFd6sJ+vFerc+5q0rVjZzBH9gff4A5peRgg==</latexit>

R < 2
p
2

<latexit sha1_base64="MS7r6dAXC+GeV2R5gSS4zzBC0cI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRA8KAS8e4yMPSJYwO+kkQ2Znl5lZISz5BC8eFPHqF3nzb5wke9DEgoaiqpvuriAWXBvX/XZyK6tr6xv5zcLW9s7uXnH/oKGjRDGss0hEqhVQjYJLrBtuBLZihTQMBDaD0c3Ubz6h0jySj2Ycox/SgeR9zqix0sP9tdstltyyOwNZJl5GSpCh1i1+dXoRS0KUhgmqddtzY+OnVBnOBE4KnURjTNmIDrBtqaQhaj+dnTohJ1bpkX6kbElDZurviZSGWo/DwHaG1Az1ojcV//Paielf+imXcWJQsvmifiKIicj0b9LjCpkRY0soU9zeStiQKsqMTadgQ/AWX14mjbOyVylX7s5L1assjjwcwTGcggcXUIVbqEEdGAzgGV7hzRHOi/PufMxbc042cwh/4Hz+AJ5TjVw=</latexit>

R = 0
<latexit sha1_base64="BRow2Z4exP/X7NwHE/N1qhcB/Tc=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lEqgcPBS8eq9gPbELZbDft0s1u2J0IIfRfePGgiFf/jTf/jds2B60+GHi8N8PMvDAR3IDrfjmlldW19Y3yZmVre2d3r7p/0DEq1ZS1qRJK90JimOCStYGDYL1EMxKHgnXDyfXM7z4ybbiS95AlLIjJSPKIUwJWerjzQflcRpANqjW37s6B/xKvIDVUoDWofvpDRdOYSaCCGNP33ASCnGjgVLBpxU8NSwidkBHrWypJzEyQzy+e4hOrDHGktC0JeK7+nMhJbEwWh7YzJjA2y95M/M/rpxBdBjmXSQpM0sWiKBUYFJ69j4dcMwois4RQze2tmI6JJhRsSBUbgrf88l/SOat7jXrj9rzWvCriKKMjdIxOkYcuUBPdoBZqI4okekIv6NUxzrPz5rwvWktOMXOIfsH5+AbDMJD6</latexit>

R ! 1

<latexit sha1_base64="ioax832caD8H3uQYDJkdbIt94CM=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1iEuimJSHXhouDGnRXsBdpQJtNJO3QyCTMnSol9FDcuFHHrk7jzbZymWWjrDwMf/zmHc+b3Y8E1OM63tbK6tr6xWdgqbu/s7u3bpYOWjhJFWZNGIlIdn2gmuGRN4CBYJ1aMhL5gbX98Pau3H5jSPJL3MImZF5Kh5AGnBIzVt0u3Fbd22gMeMo0z7ttlp+pkwsvg5lBGuRp9+6s3iGgSMglUEK27rhODlxIFnAo2LfYSzWJCx2TIugYlMau8NDt9ik+MM8BBpMyTgDP390RKQq0noW86QwIjvVibmf/VugkEl17KZZwAk3S+KEgEhgjPcsADrhgFMTFAqOLmVkxHRBEKJq2iCcFd/PIytM6qbq1auzsv16/yOAroCB2jCnLRBaqjG9RATUTRI3pGr+jNerJerHfrY966YuUzh+iPrM8fNRySBg==</latexit>

O(16)⇥O(16)
<latexit sha1_base64="gfzlKI50ywjDxKdksOH/4btbc8g=">AAAB7HicbVA9SwNBEJ2NXzF+RS1tFoMQm3AnEi0sAjZ2RvCSQHKEvc1esmRv79jdE8KR32BjoYitP8jOf+MmuUITHww83pthZl6QCK6N43yjwtr6xuZWcbu0s7u3f1A+PGrpOFWUeTQWseoERDPBJfMMN4J1EsVIFAjWDsa3M7/9xJTmsXw0k4T5ERlKHnJKjJW8+6pbP++XK07NmQOvEjcnFcjR7Je/eoOYphGThgqiddd1EuNnRBlOBZuWeqlmCaFjMmRdSyWJmPaz+bFTfGaVAQ5jZUsaPFd/T2Qk0noSBbYzImakl72Z+J/XTU147WdcJqlhki4WhanAJsazz/GAK0aNmFhCqOL2VkxHRBFqbD4lG4K7/PIqaV3U3Hqt/nBZadzkcRThBE6hCi5cQQPuoAkeUODwDK/whiR6Qe/oY9FaQPnMMfwB+vwBVr+NuA==</latexit>

O(16)
<latexit sha1_base64="AKtHhbfZRSR9fJhU3OTqp8d7I6I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKxBw8BETwGNE8IFnC7GQ2GTI7u8z0CiHkE7x4UMSrX+TNv3GS7EETCxqKqm66u4JECoOu++3k1tY3Nrfy24Wd3b39g+LhUdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqZ+a0nro2I1SOOE+5HdKBEKBhFKz3c9qq9Ysktu3OQVeJlpAQZ6r3iV7cfszTiCpmkxnQ8N0F/QjUKJvm00E0NTygb0QHvWKpoxI0/mZ86JWdW6ZMw1rYUkrn6e2JCI2PGUWA7I4pDs+zNxP+8Toph1Z8IlaTIFVssClNJMCazv0lfaM5Qji2hTAt7K2FDqilDm07BhuAtv7xKmhdlr1Ku3F+WatdZHHk4gVM4Bw+uoAZ3UIcGMBjAM7zCmyOdF+fd+Vi05pxs5hj+wPn8AcpPjXk=</latexit>

E8

1-loop vacuum energy

1-loop vacuum energy



TURNING ON WILSON LINES IN D=8

Upon compactification to D=8 on a spectator circle, 
all vacua (seem) to be connected via Wilson lines

What about the genera classification of Höhn & Möller
for these non-supersymmetric vacua with reduced rank?



CHL VACUA WITH EIGHT SUPERCHARGES

Involve compactification on K3                    orbifolds
<latexit sha1_base64="VEQEiM7ujP//vE4FCx2uBNtYngc=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEV3VGSnVZ6MaVVOgLO+OQSdM2NMkMSUYoQ8FfceNCEbd+hzv/xkw7C60eCBzOuZd7csKYUaUd58sqrKyurW8UN0tb2zu7e/b+QUdFicSkjSMWyV6IFGFUkLammpFeLAniISPdcNLI/O4DkYpGoqWnMfE5Ggk6pBhpIwX2kacoh6376rnHkR6HYXo3C24Cu+xUnDngX+LmpAxyNAP70xtEOOFEaMyQUn3XibWfIqkpZmRW8hJFYoQnaET6hgrEifLTefwZPDXKAA4jaZ7QcK7+3EgRV2rKQzOZZVTLXib+5/UTPbzyUyriRBOBF4eGCYM6glkXcEAlwZpNDUFYUpMV4jGSCGvTWMmU4C5/+S/pXFTcWqV2Wy3XG3kdRXAMTsAZcMElqINr0ARtgEEKnsALeLUerWfrzXpfjBasfOcQ/IL18Q1twJUs</latexit>

⇠ T 4/ZN

The orbifold has a non-trivial action on the gauge bundle

To build a CHL vacuum we need the presence of 
an outer automorphism in D=6







Smooth K3 compactifications 
with instanton number 

ki=(12,12)



CHL VACUA WITH EIGHT SUPERCHARGES

The orbifold action is encoded in the vectors

<latexit sha1_base64="DEcIFhSbUevOOfqFIINZ7vhKSHw=">AAACDnicbVC7SgNBFJ31GeNr1dJmMAQixLCrEm2EQBrLCOYBSQizk9lkyOyDmbuBsOwX2PgrNhaK2Frb+TdOki1M4oELZ865l7n3OKHgCizrx1hb39jc2s7sZHf39g8OzaPjhgoiSVmdBiKQLYcoJrjP6sBBsFYoGfEcwZrOqDr1m2MmFQ/8R5iErOuRgc9dTgloqWfmx3cFq2gVO+BKQmM7ia8SXMQXC+/znpmzStYMeJXYKcmhFLWe+d3pBzTymA9UEKXathVCNyYSOBUsyXYixUJCR2TA2pr6xGOqG8/OSXBeK33sBlKXD3im/p2IiafUxHN0p0dgqJa9qfif147Ave3G3A8jYD6df+RGAkOAp9ngPpeMgphoQqjkeldMh0TnADrBrA7BXj55lTQuS3a5VH64zlWqaRwZdIrOUAHZ6AZV0D2qoTqi6Am9oDf0bjwbr8aH8TlvXTPSmRO0AOPrF9ZYmh4=</latexit>

v = (0, 0, 1
3 ,�

1
3 )

<latexit sha1_base64="uqit9ka3a5AGiCz/M59YeMXdb6Q=">AAACK3icfVDLSsNAFJ34rPUVdelmsAgVpCRVWkGEYjcuK9gHNCFMppN26OTBzEQoIf/jxl9xoQsfuPU/nLRZaCseGOZwzr3ce48bMSqkYbxrS8srq2vrhY3i5tb2zq6+t98RYcwxaeOQhbznIkEYDUhbUslIL+IE+S4jXXfczPzuPeGChsGdnETE9tEwoB7FSCrJ0a87V2VLehzhpJomZ+mp5YZsICa++hIjderwEv7vnzh6yagYU8BFYuakBHK0HP3ZGoQ49kkgMUNC9E0jknaCuKSYkbRoxYJECI/RkPQVDZBPhJ1Mb03hsVIG0Au5eoGEU/VnR4J8ka2nKn0kR2Ley8S/vH4svQs7oUEUSxLg2SAvZlCGMAsODignWLKJIghzqnaFeIRUMFLFW1QhmPMnL5JOtWLWKrXb81KjmcdRAIfgCJSBCeqgAW5AC7QBBg/gCbyCN+1Re9E+tM9Z6ZKW9xyAX9C+vgGM46dG</latexit>

V = ( 23 ,07;
2
3 ,07)

spacetime

gauge group



The partition function in D=6 (rank 16)

invariant under the exchange of the two group factors



The partition function in D=6 (rank 16)

<latexit sha1_base64="Eik/Kz1/SrLgrLuMH4VPig5bywM=">AAACEHicbVDJSgNBEO1xjXGLevTSGERPYUYkegzk4jGCWSAzhJ5OzaRJz0J3jRiGfIIXf8WLB0W8evTm39hZDpr4oODxXhVV9fxUCo22/W2trK6tb2wWtorbO7t7+6WDw5ZOMsWhyROZqI7PNEgRQxMFSuikCljkS2j7w/rEb9+D0iKJ73CUghexMBaB4AyN1CuduXwgqOuLsEtzF+EBNY4k5APqMkxSGo7HE9Prlcp2xZ6CLhNnTspkjkav9OX2E55FECOXTOuuY6fo5Uyh4BLGRTfTkDI+ZCF0DY1ZBNrLpw+N6alR+jRIlKkY6VT9PZGzSOtR5JvOiOFAL3oT8T+vm2Fw7eUiTjOEmM8WBZmkmNBJOrQvFHCUI0MYV8LcSvmAKcbRZFg0ITiLLy+T1kXFqVaqt5flWn0eR4EckxNyThxyRWrkhjRIk3DySJ7JK3mznqwX6936mLWuWPOZI/IH1ucPDAydQg==</latexit>

�
⇥h
g

⇤

<latexit sha1_base64="hicivuDMDlqOFcifOGomOZX5fYE=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiDkFGZEosdALh4jmAUyQ+jpVJImPQvdNWIc5he8+CtePCji1Zs3/8bOctDEBwWP96qoqufHUmi07W8rt7a+sbmV3y7s7O7tHxQPj1o6ShSHJo9kpDo+0yBFCE0UKKETK2CBL6Htj+tTv30HSosovMVJDF7AhqEYCM7QSL1i2X0AZNT1xbBLUxfhHjVOJKQj6jKMYjrMsqnp9Yolu2LPQFeJsyAlskCjV/xy+xFPAgiRS6Z117Fj9FKmUHAJWcFNNMSMj9kQuoaGLADtpbOPMnpmlD4dRMpUiHSm/p5IWaD1JPBNZ8BwpJe9qfif101wcOWlIowThJDPFw0SSTGi03hoXyjgKCeGMK6EuZXyEVOMowmxYEJwll9eJa3zilOtVG8uSrX6Io48OSGnpEwccklq5Jo0SJNw8kieySt5s56sF+vd+pi35qzFzDH5A+vzBwbEncw=</latexit>

⇣
⇥h
g

⇤



The supersymmetric CHL construction with eight supercharges

modding out by S δ

The twisted sector is obtained by imposing modular invariance.
It yields massive states only because of the shift δ.

<latexit sha1_base64="5Ld+9May2wv+lnDfA2W5ZXGflis="></latexit>

�shift
2,2


0

1

�
=

X

m,n

(�1)m q
1
4p

2
L q̄

1
4p

2
R



The supersymmetric CHL construction with eight supercharges

modding out by S δ

The light spectrum comprises the gravitational multiplet,
one tensor multiplet, neutral hypers and 

<latexit sha1_base64="TaNQVjB9Y8NsYxvRpwptip3zulI=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IR2ktJpFQvQqEHvVnR1EIbyma7aZduPtidCCUU/CtePCji1d/hzX/jts1BWx8MPN6bYWaeFwuuwLK+jdzK6tr6Rn6zsLW9s7tn7h+0VJRIyhwaiUi2PaKY4CFzgINg7VgyEniCPXijxtR/eGRS8Si8h3HM3IAMQu5zSkBLPfPoCl/iu5uSXS13gQdMYadkl3tm0apYM+BlYmekiDI0e+ZXtx/RJGAhUEGU6thWDG5KJHAq2KTQTRSLCR2RAetoGhK9yU1n50/wqVb62I+krhDwTP09kZJAqXHg6c6AwFAtelPxP6+TgH/hpjyME2AhnS/yE4EhwtMscJ9LRkGMNSFUcn0rpkMiCQWdWEGHYC++vExaZxW7VqndVov1RhZHHh2jE1RCNjpHdXSNmshBFKXoGb2iN+PJeDHejY95a87IZg7RHxifPzX+kxo=</latexit>

G = SO(14)⇥ U(1) with charged hypers in
<latexit sha1_base64="wA/Clw1sgRbpF/7cIpGokE+hMvw=">AAACE3icbVDLSgMxFM34rPU16tJNsAiiUGakVJeFblxWsA/oDCWTSdvQTDIkGaEM8w9u/BU3LhRx68adf2OmnYVtPRByOOde7r0niBlV2nF+rLX1jc2t7dJOeXdv/+DQPjruKJFITNpYMCF7AVKEUU7ammpGerEkKAoY6QaTZu53H4lUVPAHPY2JH6ERp0OKkTbSwL50HejhUGjoBYKFahqZL3VrGbxaUOq1bGBXnKozA1wlbkEqoEBrYH97ocBJRLjGDCnVd51Y+ymSmmJGsrKXKBIjPEEj0jeUo4goP53dlMFzo4RwKKR5XMOZ+rcjRZHKdzOVEdJjtezl4n9eP9HDWz+lPE404Xg+aJgwqAXMA4IhlQRrNjUEYUnNrhCPkURYmxjLJgR3+eRV0rmuuvVq/b5WaTSLOErgFJyBC+CCG9AAd6AF2gCDJ/AC3sC79Wy9Wh/W57x0zSp6TsACrK9fdkedUg==</latexit>
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NON-SUPERSYMMETRIC VACUA

Similar CHL construction with (-1)F S (δ) 

Start from 10D non-supersymmetric strings 
with outer automorphism compactified on K3 

with symmetric embedding and mod-out by 
(-1)F S δ  or S δ



CONCLUSIONS AND OUTLOOK

We have started our journey through the landscape of CHL 
vacua with and without supersymmetry on tori and K3 orbifold

Duality with orientifold vacua?

Are these (non-supersymmetric) vacua 
in the same moduli space or not?



THANK YOU


