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(THERMAL) SUPERSYMMETRY BREAKING IN TYPE II SUPERSTRINGS

They afford a richer pattern than heterotic strings since
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(�1)Fst = (�1)FL+FR

We use this fact, to choose the thermal/Scherk-Schwarz breaking
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(�1)FL �1
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(�1)FR �2

(        shifts along two different directions)
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�1,2



All fermions and RR states are massive, and tachyons are absent

<latexit sha1_base64="ZFo+y9TILgvRt4rvjSzoit3OwrY="></latexit>
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The model enjoys T-duality:
<latexit sha1_base64="3NdQ4+wqRHs6HSPIa7QHXkUsHqE=">AAACBHicbVBNTwIxFOziF+LXqkcujcTEE+4Soh5JuHhEI2ACG9ItXWjodtf2rQnZcPDiX/HiQWO8+iO8+W8ssIkKTtJkMvNeXmf8WHANjvNl5VZW19Y38puFre2d3T17/6Clo0RR1qSRiNStTzQTXLImcBDsNlaMhL5gbX9Un/rte6Y0j+QNjGPmhWQgecApASP17GJX3ylIKxN8jbsQYff0R+jZJafszICXiZuREsrQ6Nmf3X5Ek5BJoIJo3XGdGLyUKOBUsEmhm2gWEzoiA9YxVJKQaS+dhZjgY6P0cRAp8yTgmfp7IyWh1uPQN5MhgaFe9Kbif14ngeDCS7mME2CSzg8FicAm7bQR3OeKURBjQwhV3PwV0yFRhILprWBKcBcjL5NWpeyelatX1VKtntWRR0V0hE6Qi85RDV2iBmoiih7QE3pBr9aj9Wy9We/z0ZyV7RyiP7A+vgEnOJcm</latexit>p
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(THERMAL) SUPERSYMMETRY BREAKING IN TYPE II SUPERSTRINGS



results into the GSO phase

THERMAL INTERPRETATION

In the Lagrangian representation the shift

<latexit sha1_base64="NLoDkLYS39iq7GRscTJK1QTnYIM=">AAACKnicbVDLSgMxFM3UV62vUZdugkUQWsqMFHVZ6cZlBfuAzjBkMpk2NJOZJhmhlH6PG3/FTRdKceuHmLYD1tYLIeeeey7JOX7CqFSWNTNyW9s7u3v5/cLB4dHxiXl61pJxKjBp4pjFouMjSRjlpKmoYqSTCIIin5G2P6jP5+0XIiSN+bMaJcSNUI/TkGKkNOWZD46iLCAw8mzoqBiutKXfxnLKZegMhykKIM+U87vEPcszi1bFWhTcBHYGiiCrhmdOnSDGaUS4wgxJ2bWtRLljJBTFjEwKTipJgvAA9UhXQ44iIt3xwuoEXmkmgGEs9OEKLtjVjTGKpBxFvlZGSPXl+mxO/jfrpiq8d8eUJ6kiHC8fClMGtdN5bjCggmDFRhogLKj+K8R9JBBWOt2CDsFet7wJWjcV+7ZSfaoWa/Usjjy4AJfgGtjgDtTAI2iAJsDgFbyDD/BpvBlTY2Z8LaU5I9s5B3/K+P4BEzSj+A==</latexit>

m̃1 ! m̃1 + m̃0 , n1 ! n1 + n0

<latexit sha1_base64="LvLWxEmQA9dY2SsaDmGSEjrUAlk="></latexit>

(�1)m̃0(a+ā)+n0(b+b̄) (�1)m̃1ā+n1b̄+m̃1n1

canonical temperature

breaks
<latexit sha1_base64="Rz8qImHv1meqAVXtmVgK7/DyFSs=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0VoUUoiQd0UCt24kgr2AU0ok+mkHTqZhJmJUEI/wo2/4saFIm5duPNvnLZZ1NYDA4dz7mXuOX7MqFSW9WPk1tY3Nrfy24Wd3b39A/PwqCWjRGDSxBGLRMdHkjDKSVNRxUgnFgSFPiNtf1Sf+u1HIiSN+IMax8QL0YDTgGKktNQzz1M3RGqIEYN3E1iFJefCKUNXRXDRqGrZKvfMolWxZoCrxM5IEWRo9Mxvtx/hJCRcYYak7NpWrLwUCUUxI5OCm0gSIzxCA9LVlKOQSC+dhZrAM630YRAJ/biCM3VxI0WhlOPQ15PTQ+WyNxX/87qJCm68lPI4UYTj+UdBwqDOPG0I9qkgWLGxJggLqm+FeIgEwkr3WNAl2MuRV0nrsmJfVZx7p1irZ3XkwQk4BSVgg2tQA7egAZoAgyfwAt7Au/FsvBofxud8NGdkO8fgD4yvX/Dcm5o=</latexit>

N = (4, 4) ! N = (4, 0)

<latexit sha1_base64="u+5cIljK7kilbHnghqadloDbajs="></latexit>
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THERMAL INTERPRETATION

The complete partition function for the N=(4,0) theory reads then

<latexit sha1_base64="u+5cIljK7kilbHnghqadloDbajs="></latexit>
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It is free of Hagedorn instabilities, and enjoys a temperature duality

<latexit sha1_base64="4DQe3jB452e/C7VmhyRIsVihos8=">AAACJHicbVDJSgNBEO1xjXEb9eilMQjJJZmRoIIIgVxyjDBZMBNCT6eTNOlZ6K4Rw5CP8eKvePHgggcvfoudBdTEBwWP96qoqudFgiuwrE9jZXVtfWMztZXe3tnd2zcPDusqjCVlNRqKUDY9opjgAasBB8GakWTE9wRreMPyxG/cMal4GDgwiljbJ/2A9zgloKWOeZW4PoEBJQLfjnHWKTgdF9g9JJUxzuFrvGD/mAUn1zEzVt6aAi8Te04yaI5qx3xzuyGNfRYAFUSplm1F0E6IBE4FG6fdWLGI0CHps5amAfGZaifTJ8f4VCtd3AulrgDwVP09kRBfqZHv6c7JyWrRm4j/ea0YepfthAdRDCygs0W9WGAI8SQx3OWSURAjTQiVXN+K6YBIQkHnmtYh2IsvL5P6Wd4+zxdviplSeR5HCh2jE5RFNrpAJVRBVVRDFD2gJ/SCXo1H49l4Nz5mrSvGfOYI/YHx9Q3rsaMg</latexit>

Z(T/TH) = Z(TH/T )



(THERMAL) SUPERSYMMETRY BREAKING IN TYPE II SUPERSTRINGS

<latexit sha1_base64="zAHpPudP81qBcXjjDilDhuT8dfY=">AAACDnicbVDLSgNBEJyNrxhfqx69DIZAvIRdCeoxkIsHIdGYB2RDmJ1MkiGzD2Z6xbDkC7z4K148KOLVszf/xkmyoCYWNBRV3XR3uaHgCizry0itrK6tb6Q3M1vbO7t75v5BQwWRpKxOAxHIlksUE9xndeAgWCuUjHiuYE13VJ76zTsmFQ/8WxiHrOORgc/7nBLQUtfM1So4XzzpOsDuIb6aYAe4xxSuVX7Um0nXzFoFawa8TOyEZFGCatf8dHoBjTzmAxVEqbZthdCJiQROBZtknEixkNARGbC2pj7ROzvx7J0Jzmmlh/uB1OUDnqm/J2LiKTX2XN3pERiqRW8q/ue1I+hfdGLuhxEwn84X9SOBIcDTbHCPS0ZBjDUhVHJ9K6ZDIgkFnWBGh2AvvrxMGqcF+6xQvC5mS+UkjjQ6Qscoj2x0jkroElVRHVH0gJ7QC3o1Ho1n4814n7emjGTmEP2B8fENBt2a4Q==</latexit>

SO(4)L ⇥ SO(4)R

The vectors          and          are now level matched
<latexit sha1_base64="Uvi68n8YmkuAImYUiVo+nNA3Xxc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMdCL96sYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wacz9zhPXRsTqEacJ9yM6UiIUjKKVOu1+QDW5H5QrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4d0YurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4a2fCZWkyBVbLgpTSTAm89/JUGjOUE4toUwLeythY6opQ5tQyYbgrb68TtpXVe+6WnuoVeqNPI4inME5XIIHN1CHO2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AGjHY8g</latexit>

V Ō
<latexit sha1_base64="R9lWZg3A1ivt4Yjakt4hM7gFxCg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMdCL96sYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wacz9zhPXRsTqEacJ9yM6UiIUjKKVOvf9gGrSHpQrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4d0YurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4a2fCZWkyBVbLgpTSTAm89/JUGjOUE4toUwLeythY6opQ5tQyYbgrb68TtpXVe+6WnuoVeqNPI4inME5XIIHN1CHO2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AGi848g</latexit>

OV̄

and the “graviphotons”  have the enhanced gauge symmetry

<latexit sha1_base64="ZFo+y9TILgvRt4rvjSzoit3OwrY="></latexit>
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Something interesting happens at the self-dual point
<latexit sha1_base64="7f2c8rn3RsB1+LAii7pzYmHjzEU=">AAAB/XicbVDLSgMxFM34rPU1PnZugkVwIWWmFHUjFLpxWcU+oB1KJs20oZnMmNwR6lD8FTcuFHHrf7jzb0zbWWjrgcs9nHMvuTl+LLgGx/m2lpZXVtfWcxv5za3tnV17b7+ho0RRVqeRiFTLJ5oJLlkdOAjWihUjoS9Y0x9WJ37zgSnNI3kHo5h5IelLHnBKwEhd+7Cj7xWkpTG+7abumelX2O3aBafoTIEXiZuRAspQ69pfnV5Ek5BJoIJo3XadGLyUKOBUsHG+k2gWEzokfdY2VJKQaS+dXj/GJ0bp4SBSpiTgqfp7IyWh1qPQN5MhgYGe9ybif147geDSS7mME2CSzh4KEoEhwpMocI8rRkGMDCFUcXMrpgOiCAUTWN6E4M5/eZE0SkX3vFi+KRcq1SyOHDpCx+gUuegCVdA1qqE6ougRPaNX9GY9WS/Wu/UxG12ysp0D9AfW5w9KwpPT</latexit>p
2R1,2 = 1

(This is possible because of the asymmetry nature of the construction)



ADDING O-PLANES AND D-BRANES

At the self-dual point, the scalars living on the D-branes are charged 
with respect to the (diagonal) closed-string gauge group SO(4)

Something more interesting happens if we orientifold this model

<latexit sha1_base64="/zksdyMOiyknrm8/JS6+1o+VO9o="></latexit>
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<latexit sha1_base64="TS8S1twxxnubVAFAzaKGk5+6EPY="></latexit>
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<latexit sha1_base64="IOKCG6DQ6tfYeSuIxiy5oLUhlQ4="></latexit>

(6,136) of SO(4)closed ⇥ SO(16)open

!

N
ev

er
 s

ee
n 

be
fo

re
 …

 o
r a

ft
er



GOOD BYE COSTAS AND EUGENE


