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(CLOSED) SUPERSTRINGS IN D=10

OPEN STRINGS AND D-BRANES

COMPACTIFICATION, DUALITIES, … 
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SUPERSYMMETRY BREAKING 4



OPEN STRINGS 

<latexit sha1_base64="Jzh6uHvJgSOoxydiLQOUTzWcLBE="></latexit>

S = � 1

4⇡↵0

Z
d2� @↵X · @↵X

<latexit sha1_base64="pLwwSDODFSQ6fbQ8WFcavvuM+Nc=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUS9CqRePFewHtGvJptk2NNmsSbZYlv4OLx4U8eqP8ea/MW33oK0PBh7vzTAzL4g508Z1v53cyura+kZ+s7C1vbO7V9w/aGiZKELrRHKpWgHWlLOI1g0znLZiRbEIOG0Gw5up3xxRpZmM7s04pr7A/YiFjGBjJb9TlU+o9dARCbp2u8WSW3ZnQMvEy0gJMtS6xa9OT5JE0MgQjrVue25s/BQrwwink0In0TTGZIj7tG1phAXVfjo7eoJOrNJDoVS2IoNm6u+JFAutxyKwnQKbgV70puJ/Xjsx4ZWfsihODI3IfFGYcGQkmiaAekxRYvjYEkwUs7ciMsAKE2NzKtgQvMWXl0njrOxdlL2781KlmsWRhyM4hlPw4BIqcAs1qAOBR3iGV3hzRs6L8+58zFtzTjZzCH/gfP4AUkGRKA==</latexit>⇤Xµ = 0
<latexit sha1_base64="DRJD+seWZoAlmJJUTUYIPcsDIQU=">AAACJ3icbVDLSgMxFM34rPVVdekmWARXZUZE3ShFNy4r2Ad0SrmTpm1o5tHkjliG/o0bf8WNoCK69E9Mp1W09UDgcM65Se7xIik02vaHNTe/sLi0nFnJrq6tb2zmtrYrOowV42UWylDVPNBcioCXUaDktUhx8D3Jq17vcuRXb7nSIgxucBDxhg+dQLQFAzRSM3fuRqBQgGy6WnR8oDV6Zrv9fgwt6iK/wyRUQ/ot/GQR4jTZzOXtgp2CzhJnQvJkglIz9+y2Qhb7PEAmQeu6Y0fYSEb3MsmHWTfWPALWgw6vGxqAz3UjSfcc0n2jtGg7VOYESFP190QCvtYD3zNJH7Crp72R+J9Xj7F92khEEMXIAzZ+qB1LiiEdlUZbQnGGcmAIMCXMXynrggKGptqsKcGZXnmWVA4LznHBuT7KFy8mdWTILtkjB8QhJ6RIrkiJlAkj9+SRvJBX68F6st6s93F0zprM7JA/sD6/AL6KpdQ=</latexit>

@�X = 0 or @⌧X = 0

eqs. of motion Bdry conditions <latexit sha1_base64="r+Ky8JS++OvXKZusevrTl8tow6M=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBg5RdEfWgUPDisYL9gO5Ssmm2DU2ya5ItlKW/w4sHRbz6Y7z5b0zbPWjrg4HHezPMzAsTzrRx3W+nsLK6tr5R3Cxtbe/s7pX3D5o6ThWhDRLzWLVDrClnkjYMM5y2E0WxCDlthcO7qd8aUaVZLB/NOKGBwH3JIkawsVLga9YXGN26Z37CuuWKW3VnQMvEy0kFctS75S+/F5NUUGkIx1p3PDcxQYaVYYTTSclPNU0wGeI+7VgqsaA6yGZHT9CJVXooipUtadBM/T2RYaH1WIS2U2Az0IveVPzP66Qmug4yJpPUUEnmi6KUIxOjaQKoxxQlho8twUQxeysiA6wwMTankg3BW3x5mTTPq95l1Xu4qNRu8jiKcATHcAoeXEEN7qEODSDwBM/wCm/OyHlx3p2PeWvByWcO4Q+czx+hgZFX</latexit>

� = 0,⇡

Neumann Dirichlet

<latexit sha1_base64="Wrf6cX4UapF38znGLFu40RV8XCE="></latexit>

X(�, ⌧) = x+ 2↵0p⌧ + i
p
2↵0

X

n 6=0

↵n

n
e�in⌧ cos(n�)

<latexit sha1_base64="N/3FLd6sO9xGR7Nu8bg8fl+qHsQ="></latexit>

X(�, ⌧) = x+ � � +
p
2↵0

X

n 6=0

↵n

n
e�in⌧ sin(n�)

centre of mass 
position

centre of mass 
momentum

position
<latexit sha1_base64="wzQijg+cHm7iNGEDNv1Iv9xDKxE=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqAeFgBePEcxDkiXMTmaTIfNYZmaFsOQrvHhQxKuf482/cZLsQRMLGoqqbrq7ooQzY33/2yusrK6tbxQ3S1vbO7t75f2DplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsa3U791hPVhin5YMcJDQUeSBYzgq2THruGDQRGN36vXPGr/gxomQQ5qUCOeq/81e0rkgoqLeHYmE7gJzbMsLaMcDopdVNDE0xGeEA7jkosqAmz2cETdOKUPoqVdiUtmqm/JzIsjBmLyHUKbIdm0ZuK/3md1MZXYcZkkloqyXxRnHJkFZp+j/pMU2L52BFMNHO3IjLEGhPrMiq5EILFl5dJ86waXFSD+/NK7TqPowhHcAynEMAl1OAO6tAAAgKe4RXePO29eO/ex7y14OUzh/AH3ucP6OCPzg==</latexit>

� = 0
length

NN DD



D-BRANES

Open strings propagate only on a (p+1)-dimensional 
hypersurface in the target space

NN: DD:
<latexit sha1_base64="+nMcOQklqBPuElT2BSBjU5FU+VU=">AAACIHicbVDJSgNBFOxxjXGLevTSGISIEmZEjBch6MVjBLNAJglvejpJk56F7jdiCPkUL/6KFw+K6E2/xs5y0MSChqKqHq9febEUGm37y1pYXFpeWU2tpdc3Nre2Mzu7FR0livEyi2Skah5oLkXIyyhQ8lqsOASe5FWvdz3yq/dcaRGFd9iPeSOATijaggEaqZUp1JqC5lwtOgHQE+oiJPSIXtIHIx9T1+cSoSlc40wiRpN+hLqVydp5eww6T5wpyZIpSq3Mp+tHLAl4iEyC1nXHjrExAIWCST5Mu4nmMbAedHjd0BACrhuD8YFDemgUn7YjZV6IdKz+nhhAoHU/8EwyAOzqWW8k/ufVE2xfNAYijBPkIZssaieSYkRHbVFfKM5Q9g0BpoT5K2VdUMDQdJo2JTizJ8+TymneOc87t2fZ4tW0jhTZJwckRxxSIEVyQ0qkTBh5JM/klbxZT9aL9W59TKIL1nRmj/yB9f0D296gXA==</latexit>

Xi(�, ⌧) = xi + �i � + . . .
<latexit sha1_base64="Q8vXWCiwl1zH284Q0BMnUyElEuw=">AAACKHicbVDLSgNBEJz1bXxFPXppDKKihF0R9SKKXjwqGA1kY+idTJLBmd1lplcMwc/x4q94EVHEq1/iZM3BV8FAUVVNT1eUKmnJ99+9oeGR0bHxicnC1PTM7FxxfuHCJpnhosITlZhqhFYoGYsKSVKimhqBOlLiMro+7vuXN8JYmcTn1E1FXWM7li3JkZzUKB5Ur0KdwVpoZVsjbEJImME67MNtbmzAFoSo0g7CKqS5lCc2IFTNhGyjWPLLfg74S4IBKbEBThvF57CZ8EyLmLhCa2uBn1K9h4YkV+KuEGZWpMivsS1qjsaoha338kPvYMUpTWglxr2YIFe/T/RQW9vVkUtqpI797fXF/7xaRq29ek/GaUYi5l+LWpkCSqDfGjSlEZxU1xHkRrq/Au+gQU6u24IrIfh98l9ysVUOdsrB2Xbp8GhQxwRbYstsjQVslx2yE3bKKoyze/bIXtir9+A9eW/e+1d0yBvMLLIf8D4+ASSzowE=</latexit>

Xµ(�, ⌧) = xµ + 2↵0pµ⌧ + . . .
<latexit sha1_base64="Bk5EKMuNcR+8rDLMByZM4UgUQPw=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEwVomIupCoaALlxXsA9qhZDJpG5pJhiQjlKHgr7hxoYhbv8Odf2PazkJbD1w4nHMv994TxJxp43nfTm5hcWl5Jb9aWFvf2Nxyt3fqWiaK0BqRXKpmgDXlTNCaYYbTZqwojgJOG8HgZuw3HqnSTIoHM4ypH+GeYF1GsLFSx91j8BrGx6gE2zyURsMSvD1BHbfolb0J4DxBGSmCDNWO+9UOJUkiKgzhWOsW8mLjp1gZRjgdFdqJpjEmA9yjLUsFjqj208n5I3holRB2pbIlDJyovydSHGk9jALbGWHT17PeWPzPayWme+mnTMSJoYJMF3UTDo2E4yxgyBQlhg8twUQxeyskfawwMTaxgg0Bzb48T+qnZXReRvdnxcpVFkce7IMDcAQQuAAVcAeqoAYISMEzeAVvzpPz4rw7H9PWnJPN7II/cD5/ADCCkws=</latexit>

i = p+ 1, . . . , D � 1
<latexit sha1_base64="WuUR+4W7KFTI+qbyndHRx9vGkD0=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCi1ISEXWhUHDjsoJ9QBPKZDJth84jzEyEGoq/4saFIm79D3f+jdM2C209cOFwzr3ce0+UMKqN5307haXlldW14nppY3Nre8fd3WtqmSpMGlgyqdoR0oRRQRqGGkbaiSKIR4y0ouHNxG89EKWpFPdmlJCQo76gPYqRsVLXPQh4Cq+hB2EFBiyWRldg0nXLXtWbAi4SPydlkKPedb+CWOKUE2EwQ1p3fC8xYYaUoZiRcSlINUkQHqI+6VgqECc6zKbXj+GxVWLYk8qWMHCq/p7IENd6xCPbyZEZ6HlvIv7ndVLTuwwzKpLUEIFni3opg0bCSRQwpopgw0aWIKyovRXiAVIIGxtYyYbgz7+8SJqnVf+86t+dlWtXeRxFcAiOwAnwwQWogVtQBw2AwSN4Bq/gzXlyXpx352PWWnDymX3wB87nD0HTkyg=</latexit>

µ = 0, . . . , p



LIGHT EXCITATIONS ON A D-BRANE

<latexit sha1_base64="2oPYBZup2oFMoi3/izh+AHQDDCQ="></latexit>

M2 =
1

↵0 [NX +N +�] + �i�i
<latexit sha1_base64="o2YyPx/8N9F6oLFqf7M8hgSWEbc=">AAACDHicbVC7SgNBFJ2NrxhfUUubwSDYGHZF1EIhoIVViGg0kF3C7ORuHDL7YOauGJb9ABt/xcZCEVs/wM6/cRJTqPHAwOGcc7lzj59IodG2P63C1PTM7FxxvrSwuLS8Ul5du9Jxqjg0eSxj1fKZBikiaKJACa1EAQt9Cdd+/2ToX9+C0iKOLnGQgBeyXiQCwRkaqVOuuKcgkXVchDvM6hc79YucHtMdFwPFeObk2W5uUnbVHoFOEmdMKmSMRqf84XZjnoYQIZdM67ZjJ+hlTKHgEvKSm2pIGO+zHrQNjVgI2stGx+R0yyhdGsTKvAjpSP05kbFQ60Hom2TI8Eb/9Ybif147xeDQy0SUpAgR/14UpJJiTIfN0K5QwFEODGFcCfNXym+YaQFNfyVTgvP35ElytVt19qvO+V6ldjSuo0g2yCbZJg45IDVyRhqkSTi5J4/kmbxYD9aT9Wq9fUcL1nhmnfyC9f4Fgbyanw==</latexit>

�NS-NS = � 1
2

<latexit sha1_base64="EXlfQjxKhe7d6SDkcD97nQhFzeE=">AAAB/nicbVDLSgNBEJyNrxhfUfHkZTAIXgy7IupBIaAHjzGYByQhzE56kyGzD2Z6xbAE/BUvHhTx6nd482+cJHvQxIKGoqqb7i43kkKjbX9bmYXFpeWV7GpubX1jcyu/vVPTYaw4VHkoQ9VwmQYpAqiiQAmNSAHzXQl1d3A99usPoLQIg3scRtD2WS8QnuAMjdTJ77VuQCLrtBAeMakcV0b0itqdfMEu2hPQeeKkpEBSlDv5r1Y35LEPAXLJtG46doTthCkUXMIo14o1RIwPWA+ahgbMB91OJueP6KFRutQLlakA6UT9PZEwX+uh75pOn2Ffz3pj8T+vGaN30U5EEMUIAZ8u8mJJMaTjLGhXKOAoh4YwroS5lfI+U4yjSSxnQnBmX54ntZOic1Z07k4Lpcs0jizZJwfkiDjknJTILSmTKuEkIc/klbxZT9aL9W59TFszVjqzS/7A+vwB04aUuQ==</latexit>

�R-R = 0

<latexit sha1_base64="7mm5iDADtDO5BOdxdq9D59cxERM=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJeyKqBchqAePEcwDkhBmJ73JkNnZdWZWCEt+wosHRbz6O978GyfJHjSxoKGo6qa7y48F18Z1v52l5ZXVtfXcRn5za3tnt7C3X9dRohjWWCQi1fSpRsEl1gw3ApuxQhr6Ahv+8GbiN55QaR7JBzOKsRPSvuQBZ9RYqVkit1eeS066haJbdqcgi8TLSBEyVLuFr3YvYkmI0jBBtW55bmw6KVWGM4HjfDvRGFM2pH1sWSppiLqTTu8dk2Or9EgQKVvSkKn6eyKlodaj0LedITUDPe9NxP+8VmKCy07KZZwYlGy2KEgEMRGZPE96XCEzYmQJZYrbWwkbUEWZsRHlbQje/MuLpH5a9s7L3v1ZsXKdxZGDQziCEnhwARW4gyrUgIGAZ3iFN+fReXHenY9Z65KTzRzAHzifP2xjjkM=</latexit>

(D = 10)

massive states

massless states
<latexit sha1_base64="CoChd9Y2Bd4x0gDCmAOa2DSJoH4=">AAACEXicbVC7SgNBFJ2N7/iKWtoMBiGChl0RH9hEbSwjmChkQ5id3E0GZ3aXmbtiWPILNv6KjYUitnZ2/o2TR+HrwMDhnHO5c0+QSGHQdT+d3MTk1PTM7Fx+fmFxabmwslo3cao51HgsY30dMANSRFBDgRKuEw1MBRKugpuzgX91C9qIOLrEXgJNxTqRCAVnaKVWoVQ6afkqpdu0dLSTbFGf+klX0GPqI9xhFoJWNmf6W61C0S27Q9C/xBuTIhmj2ip8+O2Ypwoi5JIZ0/DcBJsZ0yi4hH7eTw0kjN+wDjQsjZgC08yGF/XpplXaNIy1fRHSofp9ImPKmJ4KbFIx7Jrf3kD8z2ukGB42MxElKULER4vCVFKM6aAe2hYaOMqeJYxrYf9KeZdpxtGWmLcleL9P/kvqu2Vvv+xd7BUrp+M6Zsk62SAl4pEDUiHnpEpqhJN78kieyYvz4Dw5r87bKJpzxjNr5Aec9y/TO5sz</latexit>

(Aµ, (9� p) �; fermions)



LIGHT EXCITATIONS ON A D-BRANE

<latexit sha1_base64="2oPYBZup2oFMoi3/izh+AHQDDCQ="></latexit>

M2 =
1

↵0 [NX +N +�] + �i�i
<latexit sha1_base64="o2YyPx/8N9F6oLFqf7M8hgSWEbc=">AAACDHicbVC7SgNBFJ2NrxhfUUubwSDYGHZF1EIhoIVViGg0kF3C7ORuHDL7YOauGJb9ABt/xcZCEVs/wM6/cRJTqPHAwOGcc7lzj59IodG2P63C1PTM7FxxvrSwuLS8Ul5du9Jxqjg0eSxj1fKZBikiaKJACa1EAQt9Cdd+/2ToX9+C0iKOLnGQgBeyXiQCwRkaqVOuuKcgkXVchDvM6hc79YucHtMdFwPFeObk2W5uUnbVHoFOEmdMKmSMRqf84XZjnoYQIZdM67ZjJ+hlTKHgEvKSm2pIGO+zHrQNjVgI2stGx+R0yyhdGsTKvAjpSP05kbFQ60Hom2TI8Eb/9Ybif147xeDQy0SUpAgR/14UpJJiTIfN0K5QwFEODGFcCfNXym+YaQFNfyVTgvP35ElytVt19qvO+V6ldjSuo0g2yCbZJg45IDVyRhqkSTi5J4/kmbxYD9aT9Wq9fUcL1nhmnfyC9f4Fgbyanw==</latexit>

�NS-NS = � 1
2

<latexit sha1_base64="EXlfQjxKhe7d6SDkcD97nQhFzeE=">AAAB/nicbVDLSgNBEJyNrxhfUfHkZTAIXgy7IupBIaAHjzGYByQhzE56kyGzD2Z6xbAE/BUvHhTx6nd482+cJHvQxIKGoqqb7i43kkKjbX9bmYXFpeWV7GpubX1jcyu/vVPTYaw4VHkoQ9VwmQYpAqiiQAmNSAHzXQl1d3A99usPoLQIg3scRtD2WS8QnuAMjdTJ77VuQCLrtBAeMakcV0b0itqdfMEu2hPQeeKkpEBSlDv5r1Y35LEPAXLJtG46doTthCkUXMIo14o1RIwPWA+ahgbMB91OJueP6KFRutQLlakA6UT9PZEwX+uh75pOn2Ffz3pj8T+vGaN30U5EEMUIAZ8u8mJJMaTjLGhXKOAoh4YwroS5lfI+U4yjSSxnQnBmX54ntZOic1Z07k4Lpcs0jizZJwfkiDjknJTILSmTKuEkIc/klbxZT9aL9W59TFszVjqzS/7A+vwB04aUuQ==</latexit>

�R-R = 0

<latexit sha1_base64="7mm5iDADtDO5BOdxdq9D59cxERM=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJeyKqBchqAePEcwDkhBmJ73JkNnZdWZWCEt+wosHRbz6O978GyfJHjSxoKGo6qa7y48F18Z1v52l5ZXVtfXcRn5za3tnt7C3X9dRohjWWCQi1fSpRsEl1gw3ApuxQhr6Ahv+8GbiN55QaR7JBzOKsRPSvuQBZ9RYqVkit1eeS066haJbdqcgi8TLSBEyVLuFr3YvYkmI0jBBtW55bmw6KVWGM4HjfDvRGFM2pH1sWSppiLqTTu8dk2Or9EgQKVvSkKn6eyKlodaj0LedITUDPe9NxP+8VmKCy07KZZwYlGy2KEgEMRGZPE96XCEzYmQJZYrbWwkbUEWZsRHlbQje/MuLpH5a9s7L3v1ZsXKdxZGDQziCEnhwARW4gyrUgIGAZ3iFN+fReXHenY9Z65KTzRzAHzifP2xjjkM=</latexit>

(D = 10)

extra massless states

Gauge symmetry enhancement

<latexit sha1_base64="+t476gXUGwv4MW6nhaUXScxeuU4=">AAACGnicbVDLSsNAFJ3UV62vqEs3g0VoNyUpoi6LblxWMG2hCWUynbRDJw9mbsQS+h1u/BU3LhRxJ278G6dtFrX1wMDhnHuZe46fCK7Asn6Mwtr6xuZWcbu0s7u3f2AeHrVUnErKHBqLWHZ8opjgEXOAg2CdRDIS+oK1/dHN1G8/MKl4HN3DOGFeSAYRDzgloKWeabvAHiFzJrhiV7ELPGQKL2nxglCv9syyVbNmwKvEzkkZ5Wj2zC+3H9M0ZBFQQZTq2lYCXkYkcCrYpOSmiiWEjsiAdTWNiD7By2bRJvhMK30cxFK/CPBMXdzISKjUOPT1ZEhgqJa9qfif100huPIyHiUpsIjOPwpSgXXaaU+4zyWjIMaaECq5vhXTIZGEgm6zpEuwlyOvkla9Zl/U7LvzcuM6r6OITtApqiAbXaIGukVN5CCKntALekPvxrPxanwYn/PRgpHvHKM/ML5/ASKjnwk=</latexit>

U(1)⇥U(1) ! U(2)

N coincident branes
<latexit sha1_base64="W/KuQOKoAzleSBvXtH2bMKGSv0I=">AAACCHicbVC7SgNBFJ31GeNr1dLCwSAkTdgVUcugjVWI4CaBZA2zk9lkyOyDmbtiWFLa+Cs2ForY+gl2/o2TZEFNPDBwOOde7pzjxYIrsKwvY2FxaXllNbeWX9/Y3No2d3brKkokZQ6NRCSbHlFM8JA5wEGwZiwZCTzBGt7gcuw37phUPApvYBgzNyC9kPucEtBSxzxoA7uH1Bnhol26reI2RPhHqpY6ZsEqWxPgeWJnpIAy1DrmZ7sb0SRgIVBBlGrZVgxuSiRwKtgo304UiwkdkB5raRqSgCk3nQQZ4SOtdLEfSf1CwBP190ZKAqWGgacnAwJ9NeuNxf+8VgL+uZvyME6AhXR6yE8E1mnHreAul4yCGGpCqOT6r5j2iSQUdHd5XYI9G3me1I/L9mnZvj4pVC6yOnJoHx2iIrLRGaqgK1RDDqLoAT2hF/RqPBrPxpvxPh1dMLKdPfQHxsc3a4+YTw==</latexit>

U(1)N ! U(N)



THE OPEN STRING PARTITION FUNCTION: OPEN CHANNEL

<latexit sha1_base64="1zl72Czq56gGbnw0wzZF3NT/n8c=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2J0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzfz2E2gjYvWAkwT8iA2VCAVnaKUG9ssVt+rOQVeJl5MKyVHvl796g5inESjkkhnT9dwE/YxpFFzCtNRLDSSMj9kQupYqFoHxs/mhU3pmlQENY21LIZ2rvycyFhkziQLbGTEcmWVvJv7ndVMMb/xMqCRFUHyxKEwlxZjOvqYDoYGjnFjCuBb2VspHTDOONpuSDcFbfnmVtC6q3lXVa1xWard5HEVyQk7JOfHINamRe1InTcIJkGfySt6cR+fFeXc+Fq0FJ585Jn/gfP4A4iGM/g==</latexit>

t

<latexit sha1_base64="OtFut2t1oeeBbCZBcPqXrEbV6x4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6p7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA9ejkE=</latexit>

`

<latexit sha1_base64="pBgD4AUV4G6kCNHmGWQlrVTVPSM=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU01E1ItQ9OKxgv3ANpTNdtIu3WzC7kQoof/CiwdFvPpvvPlv3LY5aPXBwOO9GWbmBYkUBl33yyksLa+srhXXSxubW9s75d29polTzaHBYxnrdsAMSKGggQIltBMNLAoktILRzdRvPYI2Ilb3OE7Aj9hAiVBwhlZ66IKU9Ip6J9grV9yqOwP9S7ycVEiOeq/82e3HPI1AIZfMmI7nJuhnTKPgEialbmogYXzEBtCxVLEIjJ/NLp7QI6v0aRhrWwrpTP05kbHImHEU2M6I4dAselPxP6+TYnjpZ0IlKYLi80VhKinGdPo+7QsNHOXYEsa1sLdSPmSacbQhlWwI3uLLf0nztOqdV727s0rtOo+jSA7IITkmHrkgNXJL6qRBOFHkibyQV8c4z86b8z5vLTj5zD75BefjG/f1j84=</latexit>

` = 1/t

<latexit sha1_base64="FqVtNX0cjlDfRQQW+bQEGWDxoaA="></latexit>

A =

Z 1

0

dt

t
tr
⇣
e⇡t(⇤�M2)

⌘



THE OPEN STRING PARTITION FUNCTION: CLOSED CHANNEL

<latexit sha1_base64="OtFut2t1oeeBbCZBcPqXrEbV6x4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6p7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA9ejkE=</latexit>

`

<latexit sha1_base64="qzUUOV1EGtu7aOI5At2uca7e2+k=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RTAxmlzA7mU2GzMwu8xDCkr/w4kERr/6NN//GSbIHTSxoKKq66e6KM8608f1vr7Syura+Ud6sbG3v7O5V9w/aOrWK0BZJeao6MdaUM0lbhhlOO5miWMScPsSjm6n/8ESVZqm8N+OMRgIPJEsYwcZJj4NeHgobSjvpVWt+3Z8BLZOgIDUo0OxVv8J+Sqyg0hCOte4GfmaiHCvDCKeTSmg1zTAZ4QHtOiqxoDrKZxdP0IlT+ihJlStp0Ez9PZFjofVYxK5TYDPUi95U/M/rWpNcRTmTmTVUkvmixHJkUjR9H/WZosTwsSOYKOZuRWSIFSbGhVRxIQSLLy+T9lk9uKgHd+e1xnURRxmO4BhOIYBLaMAtNKEFBCQ8wyu8edp78d69j3lryStmDuEPvM8f+uiRHw==</latexit>gµ⌫

<latexit sha1_base64="jPHAj/1RrgWbAIgz9OQrsRWX9yM=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRZBEMquiHos9uKxgv2AdinZNNuGZpOQZIWy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5keLMWN//9gpr6xubW8Xt0s7u3v5B+fCoZWSqCW0SyaXuRNhQzgRtWmY57ShNcRJx2o7G9ZnffqLaMCke7UTRMMFDwWJGsHVSu97P1EUw7ZcrftWfA62SICcVyNHol796A0nShApLODamG/jKhhnWlhFOp6VeaqjCZIyHtOuowAk1YTY/d4rOnDJAsdSuhEVz9fdEhhNjJknkOhNsR2bZm4n/ed3UxrdhxoRKLRVksShOObISzX5HA6YpsXziCCaauVsRGWGNiXUJlVwIwfLLq6R1WQ2uq8HDVaV2l8dRhBM4hXMI4AZqcA8NaAKBMTzDK7x5ynvx3r2PRWvBy2eO4Q+8zx+5y48s</latexit>

Cp+1

<latexit sha1_base64="fOPtFZLc/4XZEjnW3RGZU8E4QBs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilh0Y/6ZcrbtWdg6wSLycVyFHvl796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4Y2fCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVe+q6jUuK7XbPI4inMApnIMH11CDe6hDExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gAxuo2+</latexit>

Qp

<latexit sha1_base64="KioI28d5nFu/Kx/WOhznYYJ4FcE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK/YI2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vp7C2vrG5Vdwu7ezu7R+UD49aOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjfzfz2EyrNY9kwkwT9iA4lDzmjxkqPjX7SL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m586JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSEN37GZZIalGyxKEwFMTGZ/U0GXCEzYmIJZYrbWwkbUUWZsemUbAje8surpHVR9a6q3sNlpXabx1GEEziFc/DgGmpwD3VoAoMhPMMrvDnCeXHenY9Fa8HJZ47hD5zPHzZMjcE=</latexit>

Tp
<latexit sha1_base64="KioI28d5nFu/Kx/WOhznYYJ4FcE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK/YI2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vp7C2vrG5Vdwu7ezu7R+UD49aOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjfzfz2EyrNY9kwkwT9iA4lDzmjxkqPjX7SL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m586JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSEN37GZZIalGyxKEwFMTGZ/U0GXCEzYmIJZYrbWwkbUUWZsemUbAje8surpHVR9a6q3sNlpXabx1GEEziFc/DgGmpwD3VoAoMhPMMrvDnCeXHenY9Fa8HJZ47hD5zPHzZMjcE=</latexit>

Tp

<latexit sha1_base64="fOPtFZLc/4XZEjnW3RGZU8E4QBs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilh0Y/6ZcrbtWdg6wSLycVyFHvl796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4Y2fCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVe+q6jUuK7XbPI4inMApnIMH11CDe6hDExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gAxuo2+</latexit>

Qp

<latexit sha1_base64="YHG7YfHioZMz2ptyG+lbYzUXn10=">AAAB+HicbVBNS8NAEN3Ur1o/WvXoZbEInkoioh6LXjxWsB/QhLLZTtqlm03YnQi19Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dgpr6xubW8Xt0s7u3n65cnDYMkmmOTR5IhPdCZkBKRQ0UaCETqqBxaGEdji6nfntR9BGJOoBxykEMRsoEQnO0Eq9StkHKamPCfWFinDcq1TdmjsHXSVeTqokR6NX+fL7Cc9iUMglM6bruSkGE6ZRcAnTkp8ZSBkfsQF0LVUsBhNM5odP6alV+jRKtC2FdK7+npiw2JhxHNrOmOHQLHsz8T+vm2F0HUyESjMExReLokxS++csBdoXGjjKsSWMa2FvpXzINONosyrZELzll1dJ67zmXda8+4tq/SaPo0iOyQk5Ix65InVyRxqkSTjJyDN5JW/Ok/PivDsfi9aCk88ckT9wPn8AWQ2S5Q==</latexit>

` ! 1

only massless states
propagate

<latexit sha1_base64="H0pezyvDhoYQ2xSjPSYc5LLfod4="></latexit>

Ã =

Z 1

0
d`

X

closed
states

B(n)�n(`)B(n)



D-BRANES

Hypersurfaces defined by the boundary conditions.
Open string describe the excitations of these hypersurfaces.

Solitonic objects sourcing the closed-string fields:
Graviton, dilaton, RR Cp form field



ORIENTIFOLD CONSTRUCTION

Modding out by world-sheet parity

<latexit sha1_base64="USL+ilBM3HTvM0iy8mU03ilN5cY=">AAACEXicbVDLSgMxFM3UV62vUZdugkXoQsuMiIqroht3VrAP6AzlTpq2ocnMNMkUSukvuPFX3LhQxK07d/6NaTsLbT0QODnnXpJzgpgzpR3n28osLa+srmXXcxubW9s79u5eVUWJJLRCIh7JegCKchbSimaa03osKYiA01rQu5n4tQGVikXhgx7G1BfQCVmbEdBGatoFbwDyTtAOeMf4Cnv9fgIt7CnWEYA9HeGT9NK0807RmQIvEjcleZSi3LS/vFZEEkFDTTgo1XCdWPsjkJoRTsc5L1E0BtKDDm0YGoKgyh9NE43xkVFauB1Jc0KNp+rvjREIpYYiMJMCdFfNexPxP6+R6PalP2JhnGgaktlD7YRjk3RSD24xSYnmQ0OASGb+ikkXJBBtSsyZEtz5yIukelp0z4vu/Vm+dJ3WkUUH6BAVkIsuUAndojKqIIIe0TN6RW/Wk/VivVsfs9GMle7soz+wPn8ATwKcDw==</latexit>

⌦ : � ! ��

<latexit sha1_base64="NqAM+8S0UYdkyg6fdVXOSwqFzhU="></latexit>

tropen

✓
1 +⌦

2
qM

2
o

◆<latexit sha1_base64="4R1j89/47z/t7zEaKjH4RGYRP5c="></latexit>

trclosed

✓
1 +⌦

2
qM

2
c

◆

The invariant spectrum



ORIENTIFOLD CONSTRUCTION

<latexit sha1_base64="NqAM+8S0UYdkyg6fdVXOSwqFzhU="></latexit>

tropen

✓
1 +⌦

2
qM

2
o

◆<latexit sha1_base64="4R1j89/47z/t7zEaKjH4RGYRP5c="></latexit>

trclosed

✓
1 +⌦

2
qM

2
c

◆

Klein-bottle amplitude

Möbius-strip amplitude



ORIENTIFOLD CONSTRUCTION

Klein-bottle amplitude

<latexit sha1_base64="1zl72Czq56gGbnw0wzZF3NT/n8c=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2J0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzfz2E2gjYvWAkwT8iA2VCAVnaKUG9ssVt+rOQVeJl5MKyVHvl796g5inESjkkhnT9dwE/YxpFFzCtNRLDSSMj9kQupYqFoHxs/mhU3pmlQENY21LIZ2rvycyFhkziQLbGTEcmWVvJv7ndVMMb/xMqCRFUHyxKEwlxZjOvqYDoYGjnFjCuBb2VspHTDOONpuSDcFbfnmVtC6q3lXVa1xWard5HEVyQk7JOfHINamRe1InTcIJkGfySt6cR+fFeXc+Fq0FJ585Jn/gfP4A4iGM/g==</latexit>

t

<latexit sha1_base64="YqDE3NHIggMd0dezUvj20UNR5Ls=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4qomIehGKXjxWsB/QhrLZbtqlm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJ34zSeujYjVA44S7ke0r0QoGEUrtTpcymvvFLulsltxpyCLxMtJGXLUuqWvTi9macQVMkmNaXtugn5GNQom+bjYSQ1PKBvSPm9bqmjEjZ9N7x2TY6v0SBhrWwrJVP09kdHImFEU2M6I4sDMexPxP6+dYnjlZ0IlKXLFZovCVBKMyeR50hOaM5QjSyjTwt5K2IBqytBGVLQhePMvL5LGWcW7qHj35+XqTR5HAQ7hCE7Ag0uowh3UoA4MJDzDK7w5j86L8+58zFqXnHzmAP7A+fwBSKCPeg==</latexit>

` = 1/t



ORIENTIFOLD CONSTRUCTION

Klein-bottle amplitude

<latexit sha1_base64="YqDE3NHIggMd0dezUvj20UNR5Ls=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4qomIehGKXjxWsB/QhrLZbtqlm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJ34zSeujYjVA44S7ke0r0QoGEUrtTpcymvvFLulsltxpyCLxMtJGXLUuqWvTi9macQVMkmNaXtugn5GNQom+bjYSQ1PKBvSPm9bqmjEjZ9N7x2TY6v0SBhrWwrJVP09kdHImFEU2M6I4sDMexPxP6+dYnjlZ0IlKXLFZovCVBKMyeR50hOaM5QjSyjTwt5K2IBqytBGVLQhePMvL5LGWcW7qHj35+XqTR5HAQ7hCE7Ag0uowh3UoA4MJDzDK7w5j86L8+58zFqXnHzmAP7A+fwBSKCPeg==</latexit>

` = 1/t



ORIENTIFOLD CONSTRUCTION

Möbius-strip amplitude

<latexit sha1_base64="1zl72Czq56gGbnw0wzZF3NT/n8c=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2J0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzfz2E2gjYvWAkwT8iA2VCAVnaKUG9ssVt+rOQVeJl5MKyVHvl796g5inESjkkhnT9dwE/YxpFFzCtNRLDSSMj9kQupYqFoHxs/mhU3pmlQENY21LIZ2rvycyFhkziQLbGTEcmWVvJv7ndVMMb/xMqCRFUHyxKEwlxZjOvqYDoYGjnFjCuBb2VspHTDOONpuSDcFbfnmVtC6q3lXVa1xWard5HEVyQk7JOfHINamRe1InTcIJkGfySt6cR+fFeXc+Fq0FJ585Jn/gfP4A4iGM/g==</latexit>

t

<latexit sha1_base64="YqDE3NHIggMd0dezUvj20UNR5Ls=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4qomIehGKXjxWsB/QhrLZbtqlm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJ34zSeujYjVA44S7ke0r0QoGEUrtTpcymvvFLulsltxpyCLxMtJGXLUuqWvTi9macQVMkmNaXtugn5GNQom+bjYSQ1PKBvSPm9bqmjEjZ9N7x2TY6v0SBhrWwrJVP09kdHImFEU2M6I4sDMexPxP6+dYnjlZ0IlKXLFZovCVBKMyeR50hOaM5QjSyjTwt5K2IBqytBGVLQhePMvL5LGWcW7qHj35+XqTR5HAQ7hCE7Ag0uowh3UoA4MJDzDK7w5j86L8+58zFqXnHzmAP7A+fwBSKCPeg==</latexit>

` = 1/t



ORIENTIFOLD CONSTRUCTION

<latexit sha1_base64="TcxxwOm/YIFQnCzaKPBgZBZS9uc="></latexit>

M̃ =

Z 1

0
d`

X

closed
states

B(n)�n(`)� (n)

<latexit sha1_base64="DLJwuCS0qkvYtUHUGa1XIIpZ4Q4="></latexit>

K̃ =

Z 1

0
d`

X

closed
states

� (n)�n(`)� (n)

<latexit sha1_base64="qzUUOV1EGtu7aOI5At2uca7e2+k=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RTAxmlzA7mU2GzMwu8xDCkr/w4kERr/6NN//GSbIHTSxoKKq66e6KM8608f1vr7Syura+Ud6sbG3v7O5V9w/aOrWK0BZJeao6MdaUM0lbhhlOO5miWMScPsSjm6n/8ESVZqm8N+OMRgIPJEsYwcZJj4NeHgobSjvpVWt+3Z8BLZOgIDUo0OxVv8J+Sqyg0hCOte4GfmaiHCvDCKeTSmg1zTAZ4QHtOiqxoDrKZxdP0IlT+ihJlStp0Ez9PZFjofVYxK5TYDPUi95U/M/rWpNcRTmTmTVUkvmixHJkUjR9H/WZosTwsSOYKOZuRWSIFSbGhVRxIQSLLy+T9lk9uKgHd+e1xnURRxmO4BhOIYBLaMAtNKEFBCQ8wyu8edp78d69j3lryStmDuEPvM8f+uiRHw==</latexit>gµ⌫
<latexit sha1_base64="qzUUOV1EGtu7aOI5At2uca7e2+k=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RTAxmlzA7mU2GzMwu8xDCkr/w4kERr/6NN//GSbIHTSxoKKq66e6KM8608f1vr7Syura+Ud6sbG3v7O5V9w/aOrWK0BZJeao6MdaUM0lbhhlOO5miWMScPsSjm6n/8ESVZqm8N+OMRgIPJEsYwcZJj4NeHgobSjvpVWt+3Z8BLZOgIDUo0OxVv8J+Sqyg0hCOte4GfmaiHCvDCKeTSmg1zTAZ4QHtOiqxoDrKZxdP0IlT+ihJlStp0Ez9PZFjofVYxK5TYDPUi95U/M/rWpNcRTmTmTVUkvmixHJkUjR9H/WZosTwsSOYKOZuRWSIFSbGhVRxIQSLLy+T9lk9uKgHd+e1xnURRxmO4BhOIYBLaMAtNKEFBCQ8wyu8edp78d69j3lryStmDuEPvM8f+uiRHw==</latexit>gµ⌫<latexit sha1_base64="rFjRfpGFwXf4lYABJjx+3JdioBs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRizcr9gvaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+ag1QcDj/dmmJkXJIJr47pfTmFldW19o7hZ2tre2d0r7x+0dJwqhk0Wi1h1AqpRcIlNw43ATqKQRoHAdjC+mfntR1Sax7JhJgn6ER1KHnJGjZUeGv27frniVt05yF/i5aQCOer98mdvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JilQEJY2VLGjJXf05kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb/8l7TOqt5F1bs/r9Su8ziKcATHcAoeXEINbqEOTWAwhCd4gVdHOM/Om/O+aC04+cwh/ILz8Q0ESI2g</latexit>

TO

<latexit sha1_base64="k5ZMF2t787U43XQ++lDj7WS4br0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNRDx4r9gvaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+ag1QcDj/dmmJkXJIJr47pfTmFldW19o7hZ2tre2d0r7x+0dJwqhk0Wi1h1AqpRcIlNw43ATqKQRoHAdjC+mfntR1Sax7JhJgn6ER1KHnJGjZUeGv3bfrniVt05yF/i5aQCOer98mdvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JilQEJY2VLGjJXf05kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb/8l7TOqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAOTWAwhCd4gVdHOM/Om/O+aC04+cwh/ILz8Q3zjY2V</latexit>

TD

<latexit sha1_base64="zAQs39hBx7cIkW05F/B7SiS6cSE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNRDx5btB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHrT4YeLw3w8y8IBFcG9f9cgorq2vrG8XN0tb2zu5eef+gpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPxzcxvP6LSPJYPZpKgH9Gh5CFn1FjpvtG/7ZcrbtWdg/wlXk4qkKPeL3/2BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiUnVhmQMFa2pCFz9edERiOtJ1FgOyNqRnrZm4n/ed3UhFd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLf0nrrOpdVL3GeaV2ncdRhCM4hlPw4BJqcAd1aAKDITzBC7w6wnl23pz3RWvByWcO4Recj2/u+42S</latexit>

QD

<latexit sha1_base64="0umN7bVRWENck68Ye9rYrFsKgfs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRizdbtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHrT4YeLw3w8y8IBFcG9f9cgorq2vrG8XN0tb2zu5eef+gpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPxzcxvP6LSPJYPZpKgH9Gh5CFn1FjpvtG/65crbtWdg/wlXk4qkKPeL3/2BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiUnVhmQMFa2pCFz9edERiOtJ1FgOyNqRnrZm4n/ed3UhFd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLf0nrrOpdVL3GeaV2ncdRhCM4hlPw4BJqcAt1aAKDITzBC7w6wnl23pz3RWvByWcO4Recj2//p42d</latexit>

QO

<latexit sha1_base64="rFjRfpGFwXf4lYABJjx+3JdioBs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRizcr9gvaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+ag1QcDj/dmmJkXJIJr47pfTmFldW19o7hZ2tre2d0r7x+0dJwqhk0Wi1h1AqpRcIlNw43ATqKQRoHAdjC+mfntR1Sax7JhJgn6ER1KHnJGjZUeGv27frniVt05yF/i5aQCOer98mdvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JilQEJY2VLGjJXf05kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb/8l7TOqt5F1bs/r9Su8ziKcATHcAoeXEINbqEOTWAwhCd4gVdHOM/Om/O+aC04+cwh/ILz8Q0ESI2g</latexit>

TO

<latexit sha1_base64="rFjRfpGFwXf4lYABJjx+3JdioBs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRizcr9gvaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+ag1QcDj/dmmJkXJIJr47pfTmFldW19o7hZ2tre2d0r7x+0dJwqhk0Wi1h1AqpRcIlNw43ATqKQRoHAdjC+mfntR1Sax7JhJgn6ER1KHnJGjZUeGv27frniVt05yF/i5aQCOer98mdvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JilQEJY2VLGjJXf05kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb/8l7TOqt5F1bs/r9Su8ziKcATHcAoeXEINbqEOTWAwhCd4gVdHOM/Om/O+aC04+cwh/ILz8Q0ESI2g</latexit>

TO

<latexit sha1_base64="0umN7bVRWENck68Ye9rYrFsKgfs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRizdbtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHrT4YeLw3w8y8IBFcG9f9cgorq2vrG8XN0tb2zu5eef+gpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPxzcxvP6LSPJYPZpKgH9Gh5CFn1FjpvtG/65crbtWdg/wlXk4qkKPeL3/2BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiUnVhmQMFa2pCFz9edERiOtJ1FgOyNqRnrZm4n/ed3UhFd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLf0nrrOpdVL3GeaV2ncdRhCM4hlPw4BJqcAt1aAKDITzBC7w6wnl23pz3RWvByWcO4Recj2//p42d</latexit>

QO

<latexit sha1_base64="0umN7bVRWENck68Ye9rYrFsKgfs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRizdbtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHrT4YeLw3w8y8IBFcG9f9cgorq2vrG8XN0tb2zu5eef+gpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPxzcxvP6LSPJYPZpKgH9Gh5CFn1FjpvtG/65crbtWdg/wlXk4qkKPeL3/2BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiUnVhmQMFa2pCFz9edERiOtJ1FgOyNqRnrZm4n/ed3UhFd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLf0nrrOpdVL3GeaV2ncdRhCM4hlPw4BJqcAt1aAKDITzBC7w6wnl23pz3RWvByWcO4Recj2//p42d</latexit>

QO

<latexit sha1_base64="U+1lxljhN4I6I35cjlczZotqyw0=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMdiLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmallvBOolmJA4Fa4fj+sxvPzFtuJIPdpKwICZDySNOiXVSq97PsD/tlyt+1Z8DrRKckwrkaPTLX72BomnMpKWCGNPFfmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is6cMkCR0q6kRXP190RGYmMmceg6Y2JHZtmbif953dRGN0HGZZJaJuliUZQKZBWavY4GXDNqxcQRQjV3tyI6IppQ6wIquRDw8surpHVRxVdVfH9Zqd3mcRThBE7hHDBcQw3uoAFNoPAIz/AKb57yXrx372PRWvDymWP4A+/zB/BAjrc=</latexit>

C10
<latexit sha1_base64="U+1lxljhN4I6I35cjlczZotqyw0=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMdiLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmallvBOolmJA4Fa4fj+sxvPzFtuJIPdpKwICZDySNOiXVSq97PsD/tlyt+1Z8DrRKckwrkaPTLX72BomnMpKWCGNPFfmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is6cMkCR0q6kRXP190RGYmMmceg6Y2JHZtmbif953dRGN0HGZZJaJuliUZQKZBWavY4GXDNqxcQRQjV3tyI6IppQ6wIquRDw8surpHVRxVdVfH9Zqd3mcRThBE7hHDBcQw3uoAFNoPAIz/AKb57yXrx372PRWvDymWP4A+/zB/BAjrc=</latexit>

C10



ORIENTIFOLD CONSTRUCTIONS

<latexit sha1_base64="eK+qWKtUzjwDJB0ZD6eGgBExvto=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0VQ0JIU0W6EohuXFfuCJpbJdNIOnUzCzEQoab7Bjb/ixoUibl2582+ctllo9cC9HM65l5l7vIhRqSzry8gtLC4tr+RXC2vrG5tb5vZOU4axwKSBQxaKtockYZSThqKKkXYkCAo8Rlre8Grit+6JkDTkdTWKiBugPqc+xUhpqWseJQ5GDNZTeAEd5QuEEztNyil0juG42a3AE3ir+/iu3DWLVsmaAv4ldkaKIEOta346vRDHAeEKMyRlx7Yi5SZIKIoZSQtOLEmE8BD1SUdTjgIi3WR6UgoPtNKDfih0cQWn6s+NBAVSjgJPTwZIDeS8NxH/8zqx8ituQnkUK8Lx7CE/ZlCFcJIP7FFBsGIjTRAWVP8V4gHSuSidYkGHYM+f/Jc0yyX7rGTfnBarl1kcebAH9sEhsME5qIJrUAMNgMEDeAIv4NV4NJ6NN+N9Npozsp1d8AvGxzcab5sz</latexit>

T = 1
2 |V8 � S8|2

<latexit sha1_base64="V/9vMWyyq82zBmCXrZN2ipXe2SU=">AAACDnicbVDLSsNAFJ34rPUVdelmsBTqwpIU0W6EohvBTUX7gCaEyXTSDp1MwsxEKCFf4MZfceNCEbeu3fk3TtsstPXAvRzOuZeZe/yYUaks69tYWl5ZXVsvbBQ3t7Z3ds29/baMEoFJC0csEl0fScIoJy1FFSPdWBAU+ox0/NHVxO88ECFpxO/VOCZuiAacBhQjpSXPLKcORgzeZPACOioQCKd2ltYyWIFtrw5P4J3ux55ZsqrWFHCR2DkpgRxNz/xy+hFOQsIVZkjKnm3Fyk2RUBQzkhWdRJIY4REakJ6mHIVEuun0nAyWtdKHQSR0cQWn6u+NFIVSjkNfT4ZIDeW8NxH/83qJCupuSnmcKMLx7KEgYVBFcJIN7FNBsGJjTRAWVP8V4iHSmSidYFGHYM+fvEjatap9VrVvT0uNyzyOAjgER6ACbHAOGuAaNEELYPAInsEreDOejBfj3fiYjS4Z+c4B+APj8wecP5lD</latexit>

K = 1
2 (V8 � S8)

<latexit sha1_base64="H9uRodwQjRXjeKb/JUSyWhN1/qc=">AAACGHicbVDLSsNAFJ34rPUVdelmsAgVtCZFtBuh6MaNUtE+oAlhMp20QycPZiZCCfkMN/6KGxeKuO3Ov3HSZqGtB+ZyOOde7tzjRowKaRjf2sLi0vLKamGtuL6xubWt7+y2RBhzTJo4ZCHvuEgQRgPSlFQy0ok4Qb7LSNsdXmd++4lwQcPgUY4iYvuoH1CPYiSV5OiniYURg7cpvIQn0JIeRzgx06SaQusY3mWlDFtOTZkPqh45esmoGBPAeWLmpARyNBx9bPVCHPskkJghIbqmEUk7QVxSzEhatGJBIoSHqE+6igbIJ8JOJoel8FApPeiFXL1Awon6eyJBvhAj31WdPpIDMetl4n9eN5ZezU5oEMWSBHi6yIsZlCHMUoI9ygmWbKQIwpyqv0I8QCobqbIsqhDM2ZPnSataMc8r5v1ZqX6Vx1EA++AAlIEJLkAd3IAGaAIMnsEreAcf2ov2pn1qX9PWBS2f2QN/oI1/AJ67m7Q=</latexit>

M = � 1
2 N (V8 � S8)

<latexit sha1_base64="E55gySThfOF7TgEEqGJyANf4+gA=">AAACF3icbVDLSgMxFM34rPU16tJNsAgVtMwU0W6EqhtXUtE+oDMOmTTThmYeJBmhDPMXbvwVNy4Ucas7/8ZMOwttPZDcwzn3ktzjRowKaRjf2tz8wuLScmGluLq2vrGpb223RBhzTJo4ZCHvuEgQRgPSlFQy0ok4Qb7LSNsdXmZ++4FwQcPgTo4iYvuoH1CPYiSV5OiVxMKIwfMUnkFLehzhxEyTagqtQ3h9X81KueXU4BG8VfeBo5eMijEGnCVmTkogR8PRv6xeiGOfBBIzJETXNCJpJ4hLihlJi1YsSITwEPVJV9EA+UTYyXivFO4rpQe9kKsTSDhWf08kyBdi5Luq00dyIKa9TPzP68bSq9kJDaJYkgBPHvJiBmUIs5Bgj3KCJRspgjCn6q8QD5AKR6ooiyoEc3rlWdKqVsyTinlzXKpf5HEUwC7YA2VgglNQB1egAZoAg0fwDF7Bm/akvWjv2sekdU7LZ3bAH2ifP5l0m8E=</latexit>

A = 1
2 N

2 (V8 � S8)

closed strings:

open strings:

Tadpole conditions:
<latexit sha1_base64="tP5zXSdV68aDUk8EL7Vyt9giu1s=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mtol6EohdPUsF+QLuUbJptQ5PskmSFsvQvePGgiFf/kDf/jdl2D9r6YODx3gwz84KYM21c99sprKyurW8UN0tb2zu7e+X9g5aOEkVok0Q8Up0Aa8qZpE3DDKedWFEsAk7bwfg289tPVGkWyUcziakv8FCykBFsMun++qzWL1fcqjsDWiZeTiqQo9Evf/UGEUkElYZwrHXXc2Pjp1gZRjidlnqJpjEmYzykXUslFlT76ezWKTqxygCFkbIlDZqpvydSLLSeiMB2CmxGetHLxP+8bmLCKz9lMk4MlWS+KEw4MhHKHkcDpigxfGIJJorZWxEZYYWJsfGUbAje4svLpFWrehdV7+G8Ur/J4yjCERzDKXhwCXW4gwY0gcAInuEV3hzhvDjvzse8teDkM4fwB87nDw54jZg=</latexit>

N = 32

<latexit sha1_base64="3QqJllDI6O0fz0wcxNXM3gxRQWM="></latexit>

N = (1, 0) SUGRA {gµ⌫ , � , Cµ⌫ ;  
µ
L , �R}

<latexit sha1_base64="j5SkVGMHuCpXen3ZQG68RtsARhg="></latexit>

VECTOR {Aµ ; �L} GCP = SO(32){<latexit sha1_base64="f5dTYYovTqVqqE+iA08mgeQOVT8=">AAACB3icbZDLSsNAFIYn9VbjLepSkMGiCEJJRNSNUNSFO1voDZoQJtNpO3QyCTMToYTu3Pgqblwo4tZXcOfbOE2z0NYfBn6+cw5nzh/EjEpl299GYWFxaXmluGqurW9sblnbO00ZJQKTBo5YJNoBkoRRThqKKkbasSAoDBhpBcObSb31QISkEa+rUUy8EPU57VGMlEa+tV/z7+EJrPm38OjKNl3XrGegPgW+VbLLdiY4b5zclECuqm99ud0IJyHhCjMkZcexY+WlSCiKGRmbbiJJjPAQ9UlHW45CIr00u2MMDzXpwl4k9OMKZvT3RIpCKUdhoDtDpAZytjaB/9U6iepdeinlcaIIx9NFvYRBFcFJKLBLBcGKjbRBWFD9V4gHSCCsdHSmDsGZPXneNE/LznnZqZ2VKtd5HEWwBw7AMXDABaiAO1AFDYDBI3gGr+DNeDJejHfjY9paMPKZXfBHxucPz3+U0Q==</latexit>

QO +QD = 0

TO + TD = 0



THE LEEA FOR THE TYPE I SUPERSTRING

in the Einstein frame

<latexit sha1_base64="bZaPKxbP7cxhhhMm9I4f3PctaiQ="></latexit>

S =

Z
d10x

p
�gI

⇥
e�2�I

�
R(gI) + 4(@�I)

2
�
� 1

12 (dCI)
2 � 1

4 e
��I TrF 2

I + fermions
�

<latexit sha1_base64="jhzMmT6aqkaaO3gBITFXsIxzG6U=">AAACL3icbVBNSwMxFMzWr1q/qh69BIvgQepuEfVYFERvClaFbl2y6Wsbms0uyVuxLP1HXvwrvYgo4tV/YVoraHUgMMy84eVNmEhh0HWfndzU9MzsXH6+sLC4tLxSXF27MnGqOdR4LGN9EzIDUiiooUAJN4kGFoUSrsPu8dC/vgNtRKwusZdAI2JtJVqCM7RSUDxpB5mPcI/ZWd/foX6U+irtUx9jCreZn3RE8G3vVqy+Q/8NBMWSW3ZHoH+JNyYlMsZ5UBz4zZinESjkkhlT99wEGxnTKLiEfsFPDSSMd1kb6pYqFoFpZKN7+3TLKk3airV9CulI/ZnIWGRMLwrtZMSwYya9ofifV0+xddjIhEpSBMW/FrVSSW0bw/JoU2jgKHuWMK6F/SvlHaYZR1txwZbgTZ78l1xVyt5+2bvYK1WPxnXkyQbZJNvEIwekSk7JOakRTh7IgLyQV+fReXLenPev0ZwzzqyTX3A+PgEjlKm4</latexit>

gIµ⌫ ! e�I/2 gIµ⌫

<latexit sha1_base64="M0hlpL630ha7jlb77cZs0hw2mf0=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBjSUpom6EohuXFewD2lAm00k7dDIJMxOlxH6KGxeKuPVL3Pk3TtostPXAvRzOuZe5c/yYM6Ud59sqrKyurW8UN0tb2zu7e3Z5v6WiRBLaJBGPZMfHinImaFMzzWknlhSHPqdtf3yT+e0HKhWLxL2exNQL8VCwgBGsjdS3yz0yYleohk5RbWiaj/p2xak6M6Bl4uakAjkaffurN4hIElKhCcdKdV0n1l6KpWaE02mplygaYzLGQ9o1VOCQKi+dnT5Fx0YZoCCSpoRGM/X3RopDpSahbyZDrEdq0cvE/7xuooNLL2UiTjQVZP5QkHCkI5TlgAZMUqL5xBBMJDO3IjLCEhNt0iqZENzFLy+TVq3qnlfdu7NK/TqPowiHcAQn4MIF1OEWGtAEAo/wDK/wZj1ZL9a79TEfLVj5zgH8gfX5A01NkW8=</latexit>

� = 2� 2g � b

<latexit sha1_base64="QKX94ey7zXO86Djv/d3aXtvoS0o="></latexit>

S =

Z
d10x

p
�gI

⇣
R(gI) + (@�I)

2 � 1
12e

+�I (dCI)
2 � 1

4 e
+�I/2 TrF 2

I + fermions
⌘



HETEROTIC SO(32) VS TYPE I SUPERSTRING

<latexit sha1_base64="QKX94ey7zXO86Djv/d3aXtvoS0o="></latexit>

S =

Z
d10x

p
�gI

⇣
R(gI) + (@�I)

2 � 1
12e

+�I (dCI)
2 � 1

4 e
+�I/2 TrF 2

I + fermions
⌘

<latexit sha1_base64="h0KKe1VP8UPFodlq6uLPz5vKB5s="></latexit>

S =

Z
d
10
x
p
�gH

⇣
R(gH) + (@�H)

2 � 1

12
e
��H H

2

H
� 1

4
e
��H/2 TrF 2

H
+ fermions

⌘
HETEROTIC

TYPE I

10D (1,0) Supergravity is unique

<latexit sha1_base64="Duz7xKxvbYH4s/WJN0j2NqBZBDc=">AAACCHicbVDLSsNAFJ34rPUVdenCwSK4sSQi6kYouqm7CvYBTQiT6aQdOnkwcyOWkKUbf8WNC0Xc+gnu/Bunj0VtPXDhcM693HuPnwiuwLJ+jIXFpeWV1cJacX1jc2vb3NltqDiVlNVpLGLZ8oligkesDhwEayWSkdAXrOn3b4Z+84FJxePoHgYJc0PSjXjAKQEteeaBk/S45wB7hOw2x1f4BE8p1dwzS1bZGgHPE3tCSmiCmmd+O52YpiGLgAqiVNu2EnAzIoFTwfKikyqWENonXdbWNCIhU242eiTHR1rp4CCWuiLAI3V6IiOhUoPQ150hgZ6a9Ybif147heDSzXiUpMAiOl4UpAJDjIep4A6XjIIYaEKo5PpWTHtEEgo6u6IOwZ59eZ40Tsv2edm+OytVridxFNA+OkTHyEYXqIKqqIbqiKIn9ILe0LvxbLwaH8bnuHXBmMzsoT8wvn4BJJSZbA==</latexit>

�I = ��H

<latexit sha1_base64="/hHRUkcdPE4fTikSey/ksZAt0LQ=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgutCQi6kYouqm7CvYBTQiT6aQdOnkwcyOWkK9w46+4caGIW3Hn3zh9LGzrgQuHc+7l3nv8RHAFlvVjLCwuLa+sFtaK6xubW9vmzm5DxamkrE5jEcuWTxQTPGJ14CBYK5GMhL5gTb9/M/SbD0wqHkf3MEiYG5JuxANOCWjJM0+6XqacY+wAe4TsNs/xFXYCSWhm59mUV83z3DNLVtkaAc8Te0JKaIKaZ347nZimIYuACqJU27YScDMigVPB8qKTKpYQ2idd1tY0IiFTbjZ6K8eHWungIJa6IsAj9e9ERkKlBqGvO0MCPTXrDcX/vHYKwaWb8ShJgUV0vChIBYYYDzPCHS4ZBTHQhFDJ9a2Y9ogOBXSSRR2CPfvyPGmclu3zsn13VqpcT+IooH10gI6QjS5QBVVRDdURRU/oBb2hd+PZeDU+jM9x64IxmdlDUzC+fgFP559+</latexit>

gs I =
1

gsH
<latexit sha1_base64="n7b22BJmynRsvnOwbK7HbGybAqQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cq9gPaUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo14w2mpNLtgBouRcwbKFDydqI5jQLJW8HoZuq3Hrk2QsUPOE64H9FBLELBKFqp070XgyFSrdVTr1xxq+4MZJl4OalAjnqv/NXtK5ZGPEYmqTEdz03Qz6hGwSSflLqp4QllIzrgHUtjGnHjZ7OTJ+TEKn0SKm0rRjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvmZiJMUeczmi8JUElRk+j/pC80ZyrEllGlhbyVsSDVlaFMq2RC8xZeXSfOs6l1UvbvzSu06j6MIR3AMp+DBJdTgFurQAAYKnuEV3hx0Xpx352PeWnDymUP4A+fzB5MTkXM=</latexit>) strong-weak coupling

duality



TYPE IIA SUPERSTRING VS 11D SUPERGRAVITY

11D SUGRA

<latexit sha1_base64="gkJgL3Jmf+wYKfzgfxFZ+Bjs14I="></latexit>

{gµ⌫ , � , Bµ⌫ , Cµ , Cµ⌫⇢ ;  
µ , �}Type IIA massless states:

<latexit sha1_base64="Lth7WM3NcZspowcHAcSOm4SOB3k=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcCElEfECCgU3LivYCzShTCaTduhkEuYilFBw46u4caGIW1/CnW/jpM1CW38Y+PjPOZw5f5AyKpXjfFulhcWl5ZXyamVtfWNzy97eaclEC0yaOGGJ6ARIEkY5aSqqGOmkgqA4YKQdDG/yevuBCEkTfq9GKfFj1Oc0ohgpY/XsPS/W8Bh6XMNr6OTEwkRJA5c9u+rUnIngPLgFVEGhRs/+8sIE65hwhRmSsus6qfIzJBTFjIwrnpYkRXiI+qRrkKOYSD+b3DCGh8YJYZQI87iCE/f3RIZiKUdxYDpjpAZytpab/9W6WkUXfkZ5qhXheLoo0gyqBOaBwJAKghUbGUBYUPNXiAdIIKxMbBUTgjt78jy0TmruWc29O63Wr4o4ymAfHIAj4IJzUAe3oAGaAINH8AxewZv1ZL1Y79bHtLVkFTO74I+szx99V5TY</latexit>

µ, ⌫ = 0, . . . , 9

Kaluza-Klein Ansatz:

<latexit sha1_base64="dNb9uYPcnUe7kw2wYbg8z0kFzKI=">AAACFnicbVDLSgMxFM3UV62vUZdugkVwUcuMiLoRartxo1SwD2jKkEnTNjSTGZKMUIb5Cjf+ihsXirgVd/6N6UPQ1gMXDufcy733+BFnSjvOl5VZWFxaXsmu5tbWNza37O2dugpjSWiNhDyUTR8rypmgNc00p81IUhz4nDb8QWXkN+6pVCwUd3oY0XaAe4J1GcHaSJ59dOkl1zfVFF5AlMCKl6AgRiJGsh+mqFBABVj+0VKUenbeKTpjwHniTkkeTFH17E/UCUkcUKEJx0q1XCfS7QRLzQinaQ7FikaYDHCPtgwVOKCqnYzfSuGBUTqwG0pTQsOx+nsiwYFSw8A3nQHWfTXrjcT/vFasu+fthIko1lSQyaJuzKEO4Sgj2GGSEs2HhmAimbkVkj6WmGiTZM6E4M6+PE/qx0X3tOjenuRL5WkcWbAH9sEhcMEZKIErUAU1QMADeAIv4NV6tJ6tN+t90pqxpjO74A+sj2+cCZ5x</latexit>

AMNP = {Cµ⌫⇢ , Bµ⌫}
<latexit sha1_base64="mHDruqEE+gXLlB2HH/aM9jjO0h4=">AAACDnicbZDLSgMxFIYz9VbrbdSlm2ApuChlRkTdCEU3boQK9gLNWDKZtA1NZoYkI5ShT+DGV3HjQhG3rt35NqbTWWjrD4GP/5yT5Px+zJnSjvNtFZaWV1bXiuuljc2t7R17d6+lokQS2iQRj2THx4pyFtKmZprTTiwpFj6nbX90Na23H6hULArv9DimnsCDkPUZwdpYPbuCGord38ALiFKYMRIJRNUqqkLEzT0BhmjSs8tOzckEF8HNoQxyNXr2FwoikggaasKxUl3XibWXYqkZ4XRSQomiMSYjPKBdgyEWVHlpts4EVowTwH4kzQk1zNzfEykWSo2FbzoF1kM1X5ua/9W6ie6feykL40TTkMwe6icc6ghOs4EBk5RoPjaAiWTmr5AMscREmwRLJgR3fuVFaB3X3NOae3tSrl/mcRTBATgER8AFZ6AOrkEDNAEBj+AZvII368l6sd6tj1lrwcpn9sEfWZ8/5DWaIA==</latexit>

 M = { µ , �}

<latexit sha1_base64="lJtZyb9gFoQGRYiGgxtc3RTNF7g=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCi1ASEXWhUHDjRqlgH9CGMplM2qGTmTAzEWoo/oobF4q49T/c+TdO2yy09cCFwzn3cu89QcKo0q77bRUWFpeWV4qrpbX1jc0te3unoUQqMaljwYRsBUgRRjmpa6oZaSWSoDhgpBkMrsZ+84FIRQW/18OE+DHqcRpRjLSRuvbejXPrwEsXOh0WCq2gAz23a5fdijsBnCdeTsogR61rf3VCgdOYcI0ZUqrtuYn2MyQ1xYyMSp1UkQThAeqRtqEcxUT52eT6ETw0SggjIU1xDSfq74kMxUoN48B0xkj31aw3Fv/z2qmOzv2M8iTVhOPpoihlUAs4jgKGVBKs2dAQhCU1t0LcRxJhbQIrmRC82ZfnSeO44p1WvLuTcvUij6MI9sEBOAIeOANVcA1qoA4weATP4BW8WU/Wi/VufUxbC1Y+swv+wPr8AVRmko4=</latexit>

M,N,= 0, . . . , 10

The strong coupling limit of type IIA superstring is M-theory

<latexit sha1_base64="t2jeh1tSuegVbhKJY7DIVQTXr4Q="></latexit>

R = e2�/3 ! 1 ) gsA ! 1

<latexit sha1_base64="iSMwU2AWR5gGWx1+cTf/8r90i2I="></latexit>

gMN =

✓
gµ⌫ Cµ

Cµ e4�/3

◆



THE MALDACENA CONJECTURE

Hypersurfaces defined by the boundary conditions.
Open string describe the excitations of these hypersurfaces.

Solitonic objects sourcing the closed-string fields:
Graviton, dilaton, RR Cp form field

… is based on the crucial observation that D-branes are …



D-BRANE SOURCES

<latexit sha1_base64="73YoBXLQUr2zSeTzdVex5js4YBY="></latexit>

SSUGRA =
1

22

Z
d10x

p
g
⇥
e�2�

⇥
R+ 2(@�)2

�
� 1

2 |Fp+2|2
⇤

<latexit sha1_base64="DMDsIs/tgOQu6t67AY5dpZcsm7Q="></latexit>

SD-brane =� Tp

2

Z
dp+1⇠

p
�
⇥
e�� �ij@iX

µ@jX
⌫gµ⌫ � (p� 1)

⇤

+
(�1)p+1 µp

(p+ 1)!

Z
dp+1⇠ ✏i1...ip+1 Aµ1...µp+1 @i1X

µ1 . . . @ip+1X
µp+1 ,



D-BRANE SOLUTION

<latexit sha1_base64="o7k6vBhm9nK4Le8wEh25wGR89ao="></latexit>

ds
2 = H

�1/2
p (r) dx · dx+H

1/2
p (r)

�
dr

2 + r
2
d⌦2

8�p

�

<latexit sha1_base64="o3XjpD6t6sauAk926mQfKBGz4Ys=">AAACEnicbVA9SwNBEN3z2/gVtbRZDEICGu9U1EYI2qRUMCrk4rG3mSRL9u6W3TkxHPkNNv4VGwtFbK3s/DduYgq/Hgw83pthZl6opDDouh/O2PjE5NT0zGxubn5hcSm/vHJhklRzqPFEJvoqZAakiKGGAiVcKQ0sCiVcht2TgX95A9qIJD7HnoJGxNqxaAnO0EpBvgTXvuoIekTbgY9wi5npU3+TVgNFr7Pi7pYqbe/1aVGXgnzBLbtD0L/EG5ECGeE0yL/7zYSnEcTIJTOm7rkKGxnTKLiEfs5PDSjGu6wNdUtjFoFpZMOX+nTDKk3aSrStGOlQ/T6RsciYXhTazohhx/z2BuJ/Xj3F1mEjE7FKEWL+taiVSooJHeRDm0IDR9mzhHEt7K2Ud5hmHG2KORuC9/vlv+Rip+ztl72zvULleBTHDFkj66RIPHJAKqRKTkmNcHJHHsgTeXbunUfnxXn9ah1zRjOr5Aect08jMJs2</latexit>

e
� = gs H

(3�p)/4
p (r)

<latexit sha1_base64="VwkqFwHNgTBj9didevPbKRSloY0=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBHqoiUjom6EYjddVrAPaGOYTCbt0MmDmYlQQnZu/BU3LhRx6y+482+ctllo64ELh3Pu5d573JgzqSzr21haXlldWy9sFDe3tnd2zb39towSQWiLRDwSXRdLyllIW4opTruxoDhwOe24o/rE7zxQIVkU3qlxTO0AD0LmM4KVlhzzqO6kFupzL1ISxtk1bDhxWZzepxWUwQpyzJJVtaaAiwTlpARyNB3zq+9FJAloqAjHUvaQFSs7xUIxwmlW7CeSxpiM8ID2NA1xQKWdTv/I4IlWPOhHQleo4FT9PZHiQMpx4OrOAKuhnPcm4n9eL1H+lZ2yME4UDclskZ9wqCI4CQV6TFCi+FgTTATTt0IyxAITpaMr6hDQ/MuLpH1WRRdVdHteqt3kcRTAITgGZYDAJaiBBmiCFiDgETyDV/BmPBkvxrvxMWtdMvKZA/AHxucPxp+XUw==</latexit>

C01...p = Hp(r)
�1 � 1

<latexit sha1_base64="zMR0/dpvNpAUh11xTzjC9z4bhDw=">AAACF3icbVBNS8NAEN3U7/oV9ehlsQgtYkhE1IOC4MWjgtVCE8Nmu2mXbpJldyKUkH/hxb/ixYMiXvXmv3Fbe9Dqg4HHezPMzIuk4Bpc99OqTE3PzM7NL1QXl5ZXVu219Wud5YqyJs1EploR0UzwlDWBg2AtqRhJIsFuov7Z0L+5Y0rzLL2CgWRBQropjzklYKTQds5DiesKN/AJ9nZ8wWKoYz9WhBYqlGWhSl/xbg8at8XhrixDu+Y67gj4L/HGpIbGuAjtD7+T0TxhKVBBtG57roSgIAo4Fays+rlmktA+6bK2oSlJmA6K0V8l3jZKB8eZMpUCHqk/JwqSaD1IItOZEOjpSW8o/ue1c4iPgoKnMgeW0u9FcS4wZHgYEu5wxSiIgSGEKm5uxbRHTChgoqyaELzJl/+S6z3HO3C8y/3a6fE4jnm0ibZQHXnoEJ2ic3SBmoiie/SIntGL9WA9Wa/W23drxRrPbKBfsN6/AC/XniE=</latexit>

Hp(r) = 1 +
⇣
rp

r

⌘7�p

<latexit sha1_base64="ah3fKsMiVaHLyw8QOb15V5ixfUk="></latexit>✓
rp
`s

◆7�p

= (2
p
⇡)5�p �

✓
7� p

2

◆
gs N



D3-BRANE SOLUTION

<latexit sha1_base64="iefOyX8Wf32H06AscHhV8MwNJK0=">AAAB/XicbVDJSgNBEO2JW4xbXG5eGoPgKcyIqBch6MVjBLNAJg49nZqkSc9Cd40Yh+CvePGgiFf/w5t/Y2c5aOKDgsd7VVTV8xMpNNr2t5VbWFxaXsmvFtbWNza3its7dR2nikONxzJWTZ9pkCKCGgqU0EwUsNCX0PD7VyO/cQ9Kizi6xUEC7ZB1IxEIztBIXnEP7tykJ+gF7XouwgNmeki9Ysku22PQeeJMSYlMUfWKX24n5mkIEXLJtG45doLtjCkUXMKw4KYaEsb7rAstQyMWgm5n4+uH9NAoHRrEylSEdKz+nshYqPUg9E1nyLCnZ72R+J/XSjE4b2ciSlKEiE8WBamkGNNRFLQjFHCUA0MYV8LcSnmPKcbRBFYwITizL8+T+nHZOS07NyelyuU0jjzZJwfkiDjkjFTINamSGuHkkTyTV/JmPVkv1rv1MWnNWdOZXfIH1ucPwR2UyA==</latexit>

e� = gs

<latexit sha1_base64="CN1BrK5kEGkG9N+4sSLavQyKdag=">AAACFXicbVC7SgNBFJ2NrxhfUUubwSBahLAbg1ooBGysJIJJhOxmmZ3MJkNmH8zcFcOSn7DxV2wsFLEV7PwbJ49CEw9cOHPOvcy9x4sFV2Ca30ZmYXFpeSW7mltb39jcym/vNFSUSMrqNBKRvPOIYoKHrA4cBLuLJSOBJ1jT61+O/OY9k4pH4S0MYuYEpBtyn1MCWnLzReketyv4AlewHXNsF3HXtYE9QKqG+nGNU5uIuEfw4bBddvMFs2SOgeeJNSUFNEXNzX/ZnYgmAQuBCqJUyzJjcFIigVPBhjk7USwmtE+6rKVpSAKmnHR81RAfaKWD/UjqCgGP1d8TKQmUGgSe7gwI9NSsNxL/81oJ+GdOysM4ARbSyUd+IjBEeBQR7nDJKIiBJoRKrnfFtEckoaCDzOkQrNmT50mjXLJOStZNpVA9n8aRRXtoHx0hC52iKrpCNVRHFD2iZ/SK3own48V4Nz4mrRljOrOL/sD4/AE65Jxg</latexit>

r43 = 4⇡ gs N↵02
<latexit sha1_base64="eEWi6V0HHrJ8Z6jBtXvPa88NHMc="></latexit>

ds
2 = H

�1/2
3 (r) dx · dx+H

1/2
3 (r)

�
dr

2 + r
2
d⌦2

8�p

�

⇠
✓

r

r3

◆2

dx · dx+
⇣
r3

r

⌘2 �
dr

2 + r
2
d⌦2

5

�

= r
3
3
dx · dx+ dz

2

z2
+ r

2
3 d⌦

2
5

<latexit sha1_base64="K3ebzZxy2NqtRFCcx7txSCVYSWE=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSJ4qrtV1INCwYvHCvYD27Vk02wbmk2WJCvUpf/CiwdFvPpvvPlvTNs9aOuDgcd7M8zMC2LOtHHdb2dhcWl5ZTW3ll/f2NzaLuzs1rVMFKE1IrlUzQBrypmgNcMMp81YURwFnDaCwfXYbzxSpZkUd2YYUz/CPcFCRrCx0v3TleqcPJTRseoUim7JnQDNEy8jRchQ7RS+2l1JkogKQzjWuuW5sfFTrAwjnI7y7UTTGJMB7tGWpQJHVPvp5OIROrRKF4VS2RIGTdTfEymOtB5Gge2MsOnrWW8s/ue1EhNe+CkTcWKoINNFYcKRkWj8PuoyRYnhQ0swUczeikgfK0yMDSlvQ/BmX54n9XLJOyt5t6fFymUWRw724QCOwINzqMANVKEGBAQ8wyu8Odp5cd6dj2nrgpPN7MEfOJ8/Kl+P6g==</latexit>

z = r23/r

Near horizon geometry:
<latexit sha1_base64="8JyTa8Fmw+IahZ5U2AEUMxZvWJM=">AAACAHicbVC7TsNAEDzzDOFloKCgOREhUUU2IkAZoKEMCnlIsYnOl0tyyvls3a0RkeWGX6GhACFaPoOOv+HyKCBhpJVGM7va3QliwTU4zre1sLi0vLKaW8uvb2xubds7u3UdJYqyGo1EpJoB0UxwyWrAQbBmrBgJA8EaweB65DcemNI8kncwjJkfkp7kXU4JGKlt73vAHiG97FSzdgl7wEOmcfW+1LYLTtEZA88Td0oKaIpK2/7yOhFNQiaBCqJ1y3Vi8FOigFPBsryXaBYTOiA91jJUErPIT8cPZPjIKB3cjZQpCXis/p5ISaj1MAxMZ0igr2e9kfif10qge+GnXMYJMEkni7qJwBDhURq4wxWjIIaGEKq4uRXTPlGEgsksb0JwZ1+eJ/WTontWdG9PC+WraRw5dIAO0TFy0TkqoxtUQTVEUYae0St6s56sF+vd+pi0LljTmT30B9bnD8i/leA=</latexit>

AdS5 ⇥ S5

Isometries:
<latexit sha1_base64="k7/Q08iivECxbateoeONHjf4zwM=">AAACOHicbZDJSgNBEIZ7XGPcRj16aQxCAhJmQogeg168JaJZIBNCT6eTNOlZ7K4Rw5DH8uJjeBMvHhTx6hPYWYQsFjT8fPUX1fW7oeAKLOvVWFldW9/YTGwlt3d29/bNg8OqCiJJWYUGIpB1lygmuM8qwEGweigZ8VzBam7/atSvPTCpeODfwSBkTY90fd7hlIBGLbPkAHuE+LY0xOn8WS7jAPeYwjO0kMGO0vD+D1Y0zGkrnveOcD7TMlNW1hoXXhb2VKTQtMot88VpBzTymA9UEKUathVCMyYSOBVsmHQixUJC+6TLGlr6RK9sxuPDh/hUkzbuBFI/H/CYzk7ExFNq4Lna6RHoqcXeCP7Xa0TQuWjG3A8jYD6dLOpEAkOARyniNpeMghhoQajk+q+Y9ogkFHTWSR2CvXjysqjmsnYha9/kU8XLaRwJdIxOUBrZ6BwV0TUqowqi6Am9oQ/0aTwb78aX8T2xrhjTmSM0V8bPLxojqiY=</latexit>

SO(4, 2)⇥ SO(6) ' SU(2, 2)⇥ SU(4)

This background preserves all 32 supercharges of type IIB



D3-BRANE DYNAMICS

The light degrees of freedom on the D3 branes

naïve global symmetries

It has 16 Q supercharges of N=4 plus 16 S supercharges of the superconformal group

<latexit sha1_base64="/6+pCgjnXUJewYQUvN9vASnGOCA=">AAACJ3icbVDLSsNAFJ34rPUVdelmsAguQkmkVDdK1Y3LCvYBTRomk2k7dPJgZiKUkL9x46+4EVREl/6J0zZCbT1w4XDOvTP3Hi9mVEjT/NKWlldW19YLG8XNre2dXX1vvymihGPSwBGLeNtDgjAakoakkpF2zAkKPEZa3vBm7LceCBc0Cu/lKCZOgPoh7VGMpJJc/fLKtYME2oZhG9COB7SbogvLsJkfSQGNavZrMfWmj7opnXErmauXzLI5AVwkVk5KIEfd1V9tP8JJQEKJGRKiY5mxdFLEJcWMZEU7ESRGeIj6pKNoiAIinHRyZwaPleLDXsRVhRJO1NmJFAVCjAJPdQZIDsS8Nxb/8zqJ7J07KQ3jRJIQTz/qJQzKCI5Dgz7lBEs2UgRhTtWuEA8QR1iqaIsqBGv+5EXSPC1b1bJ1VynVrvM4CuAQHIETYIEzUAO3oA4aAINH8AzewLv2pL1oH9rntHVJy2cOwB9o3z8AKqL9</latexit>

Aµ , �
a=1,...,6 , �i=1,...,4 N=4 vector multiplet

propagate in D=4

<latexit sha1_base64="fyppYmhSOwqmK7KAppkH25BUvlo=">AAACDXicbZC7TgJBFIZn8YZ4W7W0mYgmkBiyq0QtiTZ2YnSBhCVkdhhgwuwlM2eNZMML2PgqNhYaY2tv59s4wBYK/skkf75zTs6c34sEV2BZ30ZmYXFpeSW7mltb39jcMrd3aiqMJWUODUUoGx5RTPCAOcBBsEYkGfE9were4HJcr98zqXgY3MEwYi2f9ALe5ZSARm3zwAX2AMnt9QgXTo7sInaB+0zhFDsal4ttM2+VrInwvLFTk0epqm3zy+2ENPZZAFQQpZq2FUErIRI4FWyUc2PFIkIHpMea2gZEr2wlk2tG+FCTDu6GUr8A8IT+nkiIr9TQ93SnT6CvZmtj+F+tGUP3vJXwIIqBBXS6qBsLDCEeR4M7XDIKYqgNoZLrv2LaJ5JQ0AHmdAj27MnzpnZcsk9L9k05X7lI48iiPbSPCshGZ6iCrlAVOYiiR/SMXtGb8WS8GO/Gx7Q1Y6Qzu+iPjM8flHOZ+Q==</latexit>

SO(3, 1)⇥ SU(4)

The theory is conformally invariant at the quantum level
<latexit sha1_base64="MNY/2AJud4ucGupY1f1zd0cP1yg=">AAACDXicbZC7TgJBFIZn8YZ4W7W0mYgmkBiyS4haEm3sxOgCCRAyOwwwYfaSmbNGsuEFbHwVGwuNsbW3822chS0U/JNJ/nznnJw5vxsKrsCyvo3M0vLK6lp2PbexubW9Y+7u1VUQScocGohANl2imOA+c4CDYM1QMuK5gjXc0WVSb9wzqXjg38E4ZB2PDHze55SARl3zqA3sAeLb6wkuVE7KRdwG7jGFU+wkuNg181bJmgovGjs1eZSq1jW/2r2ARh7zgQqiVMu2QujERAKngk1y7UixkNARGbCWtj7RKzvx9JoJPtakh/uB1M8HPKW/J2LiKTX2XN3pERiq+VoC/6u1Iuifd2LuhxEwn84W9SOBIcBJNLjHJaMgxtoQKrn+K6ZDIgkFHWBOh2DPn7xo6uWSfVqybyr56kUaRxYdoENUQDY6Q1V0hWrIQRQ9omf0it6MJ+PFeDc+Zq0ZI53ZR39kfP4Al6mZ+w==</latexit>

SO(4, 2)⇥ SU(4)

linearly realised non-linearly realised



THE ADS/CFT CORRESPONDENCE

is dual to 

Type IIB superstring theory on
<latexit sha1_base64="8JyTa8Fmw+IahZ5U2AEUMxZvWJM=">AAACAHicbVC7TsNAEDzzDOFloKCgOREhUUU2IkAZoKEMCnlIsYnOl0tyyvls3a0RkeWGX6GhACFaPoOOv+HyKCBhpJVGM7va3QliwTU4zre1sLi0vLKaW8uvb2xubds7u3UdJYqyGo1EpJoB0UxwyWrAQbBmrBgJA8EaweB65DcemNI8kncwjJkfkp7kXU4JGKlt73vAHiG97FSzdgl7wEOmcfW+1LYLTtEZA88Td0oKaIpK2/7yOhFNQiaBCqJ1y3Vi8FOigFPBsryXaBYTOiA91jJUErPIT8cPZPjIKB3cjZQpCXis/p5ISaj1MAxMZ0igr2e9kfif10qge+GnXMYJMEkni7qJwBDhURq4wxWjIIaGEKq4uRXTPlGEgsksb0JwZ1+eJ/WTontWdG9PC+WraRw5dIAO0TFy0TkqoxtUQTVEUYae0St6s56sF+vd+pi0LljTmT30B9bnD8i/leA=</latexit>

AdS5 ⇥ S5

N=4 Super-Yang-Mills theory with U(N) gauge group

AdS5 and S5 radius
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String corrections under control for
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