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The overshoot problem
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Setting: post-inflationary string cosmology
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Volume  kinates and can overshoot [Brustein, Steinhardt ’93]

(See also Fernando Quevedo’s talk)



Two classes of solutions

• Structural: Lower the scale of inflation                            

or raise the barrier to decompactification                                              

[German,Ross, Sarkar ’01 +…]

[Kallosh, Linde ’04 ]
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Hubble Friction halts evolution & ‘traps’  volume modulus

[Conlon,Kallosh,Linde,Quevedo ’08 ]

• Dynamical:                                             

This Talk



Rolling down the slope
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Scalar rolling down a steep potential:
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:          What about the distance conjecture? [Ooguri, Vafa ’08; 
Ooguri,Palti,Shiu,Vafa ’19]
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<latexit sha1_base64="DPbGgTa4o2iLwjODk1+YvLFSCj0="></latexit><latexit sha1_base64="DPbGgTa4o2iLwjODk1+YvLFSCj0="></latexit><latexit sha1_base64="DPbGgTa4o2iLwjODk1+YvLFSCj0="></latexit><latexit sha1_base64="DPbGgTa4o2iLwjODk1+YvLFSCj0="></latexit>
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<latexit sha1_base64="uBdPrXlUXY2FV7ij32r33MYZrVg=">AAACAHicdVDLSgMxFM3UV62vqgsXboJFcDXM1KGtu4IuXFawD+iUkkkzbWgmMyR3hFK68VfcuFDErZ/hzr8x01ZQ0QOBwznncnNPkAiuwXE+rNzK6tr6Rn6zsLW9s7tX3D9o6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g7Gl5nfvmNK81jewiRhvYgMJQ85JWCkfvHIv2ICCPYbI479IZhkhH3s9oslx76oVcpeBTu241TdspuRctU797BrlAwltESjX3z3BzFNIyaBCqJ113US6E2JAk4FmxX8VLOE0DEZsq6hkkRM96bzA2b41CgDHMbKPAl4rn6fmJJI60kUmGREYKR/e5n4l9dNIaz1plwmKTBJF4vCVGCIcdYGHnDFKIiJIYQqbv6K6YgoQsF0VjAlfF2K/yetsu06tnvjler1ZR15dIxO0BlyURXV0TVqoCaiaIYe0BN6tu6tR+vFel1Ec9Zy5hD9gPX2CVHOlZM=</latexit><latexit sha1_base64="uBdPrXlUXY2FV7ij32r33MYZrVg=">AAACAHicdVDLSgMxFM3UV62vqgsXboJFcDXM1KGtu4IuXFawD+iUkkkzbWgmMyR3hFK68VfcuFDErZ/hzr8x01ZQ0QOBwznncnNPkAiuwXE+rNzK6tr6Rn6zsLW9s7tX3D9o6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g7Gl5nfvmNK81jewiRhvYgMJQ85JWCkfvHIv2ICCPYbI479IZhkhH3s9oslx76oVcpeBTu241TdspuRctU797BrlAwltESjX3z3BzFNIyaBCqJ113US6E2JAk4FmxX8VLOE0DEZsq6hkkRM96bzA2b41CgDHMbKPAl4rn6fmJJI60kUmGREYKR/e5n4l9dNIaz1plwmKTBJF4vCVGCIcdYGHnDFKIiJIYQqbv6K6YgoQsF0VjAlfF2K/yetsu06tnvjler1ZR15dIxO0BlyURXV0TVqoCaiaIYe0BN6tu6tR+vFel1Ec9Zy5hD9gPX2CVHOlZM=</latexit><latexit sha1_base64="uBdPrXlUXY2FV7ij32r33MYZrVg=">AAACAHicdVDLSgMxFM3UV62vqgsXboJFcDXM1KGtu4IuXFawD+iUkkkzbWgmMyR3hFK68VfcuFDErZ/hzr8x01ZQ0QOBwznncnNPkAiuwXE+rNzK6tr6Rn6zsLW9s7tX3D9o6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g7Gl5nfvmNK81jewiRhvYgMJQ85JWCkfvHIv2ICCPYbI479IZhkhH3s9oslx76oVcpeBTu241TdspuRctU797BrlAwltESjX3z3BzFNIyaBCqJ113US6E2JAk4FmxX8VLOE0DEZsq6hkkRM96bzA2b41CgDHMbKPAl4rn6fmJJI60kUmGREYKR/e5n4l9dNIaz1plwmKTBJF4vCVGCIcdYGHnDFKIiJIYQqbv6K6YgoQsF0VjAlfF2K/yetsu06tnvjler1ZR15dIxO0BlyURXV0TVqoCaiaIYe0BN6tu6tR+vFel1Ec9Zy5hD9gPX2CVHOlZM=</latexit><latexit sha1_base64="uBdPrXlUXY2FV7ij32r33MYZrVg=">AAACAHicdVDLSgMxFM3UV62vqgsXboJFcDXM1KGtu4IuXFawD+iUkkkzbWgmMyR3hFK68VfcuFDErZ/hzr8x01ZQ0QOBwznncnNPkAiuwXE+rNzK6tr6Rn6zsLW9s7tX3D9o6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g7Gl5nfvmNK81jewiRhvYgMJQ85JWCkfvHIv2ICCPYbI479IZhkhH3s9oslx76oVcpeBTu241TdspuRctU797BrlAwltESjX3z3BzFNIyaBCqJ113US6E2JAk4FmxX8VLOE0DEZsq6hkkRM96bzA2b41CgDHMbKPAl4rn6fmJJI60kUmGREYKR/e5n4l9dNIaz1plwmKTBJF4vCVGCIcdYGHnDFKIiJIYQqbv6K6YgoQsF0VjAlfF2K/yetsu06tnvjler1ZR15dIxO0BlyURXV0TVqoCaiaIYe0BN6tu6tR+vFel1Ec9Zy5hD9gPX2CVHOlZM=</latexit>

Decompactification limit under control            (KK modes as usual)

stringy realisation



The Large Volume Scenario (LVS)

canonically normalised 
volume modulus
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<latexit sha1_base64="uBqKA6HkhEUB8yb1uuWapyfY2GA=">AAACEHicdVDLSsNAFJ3UV62vqEs3g0V0FZIoVhdCwY3LCvYBTSiT6aQdOpnEmYlQQj7Bjb/ixoUibl2682+ctBV8HrhwOOde7r0nSBiVyrbfjdLc/MLiUnm5srK6tr5hbm61ZJwKTJo4ZrHoBEgSRjlpKqoY6SSCoChgpB2Mzgu/fUOEpDG/UuOE+BEacBpSjJSWeua+1xjSM09eC5V5oUA4c/PsMM+hxzj0IqSGGLGslffMqm2d1o4d14W/iWPZE1TBDI2e+eb1Y5xGhCvMkJRdx06UnyGhKGYkr3ipJAnCIzQgXU05ioj0s8lDOdzTSh+GsdDFFZyoXycyFEk5jgLdWZwof3qF+JfXTVV44meUJ6kiHE8XhSmDKoZFOrBPBcGKjTVBWFB9K8RDpGNROsOKDuHzU/g/abmWY1vO5VG1Xp/FUQY7YBccAAfUQB1cgAZoAgxuwT14BE/GnfFgPBsv09aSMZvZBt9gvH4AqZydnw==</latexit><latexit sha1_base64="uBqKA6HkhEUB8yb1uuWapyfY2GA=">AAACEHicdVDLSsNAFJ3UV62vqEs3g0V0FZIoVhdCwY3LCvYBTSiT6aQdOpnEmYlQQj7Bjb/ixoUibl2682+ctBV8HrhwOOde7r0nSBiVyrbfjdLc/MLiUnm5srK6tr5hbm61ZJwKTJo4ZrHoBEgSRjlpKqoY6SSCoChgpB2Mzgu/fUOEpDG/UuOE+BEacBpSjJSWeua+1xjSM09eC5V5oUA4c/PsMM+hxzj0IqSGGLGslffMqm2d1o4d14W/iWPZE1TBDI2e+eb1Y5xGhCvMkJRdx06UnyGhKGYkr3ipJAnCIzQgXU05ioj0s8lDOdzTSh+GsdDFFZyoXycyFEk5jgLdWZwof3qF+JfXTVV44meUJ6kiHE8XhSmDKoZFOrBPBcGKjTVBWFB9K8RDpGNROsOKDuHzU/g/abmWY1vO5VG1Xp/FUQY7YBccAAfUQB1cgAZoAgxuwT14BE/GnfFgPBsv09aSMZvZBt9gvH4AqZydnw==</latexit><latexit sha1_base64="uBqKA6HkhEUB8yb1uuWapyfY2GA=">AAACEHicdVDLSsNAFJ3UV62vqEs3g0V0FZIoVhdCwY3LCvYBTSiT6aQdOpnEmYlQQj7Bjb/ixoUibl2682+ctBV8HrhwOOde7r0nSBiVyrbfjdLc/MLiUnm5srK6tr5hbm61ZJwKTJo4ZrHoBEgSRjlpKqoY6SSCoChgpB2Mzgu/fUOEpDG/UuOE+BEacBpSjJSWeua+1xjSM09eC5V5oUA4c/PsMM+hxzj0IqSGGLGslffMqm2d1o4d14W/iWPZE1TBDI2e+eb1Y5xGhCvMkJRdx06UnyGhKGYkr3ipJAnCIzQgXU05ioj0s8lDOdzTSh+GsdDFFZyoXycyFEk5jgLdWZwof3qF+JfXTVV44meUJ6kiHE8XhSmDKoZFOrBPBcGKjTVBWFB9K8RDpGNROsOKDuHzU/g/abmWY1vO5VG1Xp/FUQY7YBccAAfUQB1cgAZoAgxuwT14BE/GnfFgPBsv09aSMZvZBt9gvH4AqZydnw==</latexit><latexit sha1_base64="uBqKA6HkhEUB8yb1uuWapyfY2GA=">AAACEHicdVDLSsNAFJ3UV62vqEs3g0V0FZIoVhdCwY3LCvYBTSiT6aQdOpnEmYlQQj7Bjb/ixoUibl2682+ctBV8HrhwOOde7r0nSBiVyrbfjdLc/MLiUnm5srK6tr5hbm61ZJwKTJo4ZrHoBEgSRjlpKqoY6SSCoChgpB2Mzgu/fUOEpDG/UuOE+BEacBpSjJSWeua+1xjSM09eC5V5oUA4c/PsMM+hxzj0IqSGGLGslffMqm2d1o4d14W/iWPZE1TBDI2e+eb1Y5xGhCvMkJRdx06UnyGhKGYkr3ipJAnCIzQgXU05ioj0s8lDOdzTSh+GsdDFFZyoXycyFEk5jgLdWZwof3qF+JfXTVV44meUJ6kiHE8XhSmDKoZFOrBPBcGKjTVBWFB9K8RDpGNROsOKDuHzU/g/abmWY1vO5VG1Xp/FUQY7YBccAAfUQB1cgAZoAgxuwT14BE/GnfFgPBsv09aSMZvZBt9gvH4AqZydnw==</latexit>
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<latexit sha1_base64="ghv8FmJGT7mml26uXuqsR7IAfVY="></latexit><latexit sha1_base64="ghv8FmJGT7mml26uXuqsR7IAfVY="></latexit><latexit sha1_base64="ghv8FmJGT7mml26uXuqsR7IAfVY="></latexit><latexit sha1_base64="ghv8FmJGT7mml26uXuqsR7IAfVY="></latexit>

      LVS: Type IIB flux compactification, with all moduli stabilised 

[Conlon,Quevedo,Suruliz ’05][Balasubramanian,Berglund,Conlon,Quevedo ’05]

Minimum for an exponentially large volume V ⇠ e1/gs
<latexit sha1_base64="gaum2lS3dDm5fdYPniAqwnVYUOc=">AAACA3icdVDLSsNAFJ3UV62vqDvdDBbBVUxiaOuu4MZlBfuAJobJdNIOnTyYmQglFNz4K25cKOLWn3Dn3zhpK6jogQuHc+7l3nuClFEhTfNDKy0tr6yuldcrG5tb2zv67l5HJBnHpI0TlvBegARhNCZtSSUjvZQTFAWMdIPxReF3bwkXNImv5SQlXoSGMQ0pRlJJvn7gRkiOMGJ5ZwpdQSNIbnLrdOiLqa9XTeO8UbOdGjQN06xbtlUQu+6cOdBSSoEqWKDl6+/uIMFZRGKJGRKib5mp9HLEJcWMTCtuJkiK8BgNSV/RGEVEePnshyk8VsoAhglXFUs4U79P5CgSYhIFqrO4WPz2CvEvr5/JsOHlNE4zSWI8XxRmDMoEFoHAAeUESzZRBGFO1a0QjxBHWKrYKiqEr0/h/6RjG5ZpWFdOtdlcxFEGh+AInAAL1EETXIIWaAMM7sADeALP2r32qL1or/PWkraY2Qc/oL19AuU9l6w=</latexit><latexit sha1_base64="gaum2lS3dDm5fdYPniAqwnVYUOc=">AAACA3icdVDLSsNAFJ3UV62vqDvdDBbBVUxiaOuu4MZlBfuAJobJdNIOnTyYmQglFNz4K25cKOLWn3Dn3zhpK6jogQuHc+7l3nuClFEhTfNDKy0tr6yuldcrG5tb2zv67l5HJBnHpI0TlvBegARhNCZtSSUjvZQTFAWMdIPxReF3bwkXNImv5SQlXoSGMQ0pRlJJvn7gRkiOMGJ5ZwpdQSNIbnLrdOiLqa9XTeO8UbOdGjQN06xbtlUQu+6cOdBSSoEqWKDl6+/uIMFZRGKJGRKib5mp9HLEJcWMTCtuJkiK8BgNSV/RGEVEePnshyk8VsoAhglXFUs4U79P5CgSYhIFqrO4WPz2CvEvr5/JsOHlNE4zSWI8XxRmDMoEFoHAAeUESzZRBGFO1a0QjxBHWKrYKiqEr0/h/6RjG5ZpWFdOtdlcxFEGh+AInAAL1EETXIIWaAMM7sADeALP2r32qL1or/PWkraY2Qc/oL19AuU9l6w=</latexit><latexit sha1_base64="gaum2lS3dDm5fdYPniAqwnVYUOc=">AAACA3icdVDLSsNAFJ3UV62vqDvdDBbBVUxiaOuu4MZlBfuAJobJdNIOnTyYmQglFNz4K25cKOLWn3Dn3zhpK6jogQuHc+7l3nuClFEhTfNDKy0tr6yuldcrG5tb2zv67l5HJBnHpI0TlvBegARhNCZtSSUjvZQTFAWMdIPxReF3bwkXNImv5SQlXoSGMQ0pRlJJvn7gRkiOMGJ5ZwpdQSNIbnLrdOiLqa9XTeO8UbOdGjQN06xbtlUQu+6cOdBSSoEqWKDl6+/uIMFZRGKJGRKib5mp9HLEJcWMTCtuJkiK8BgNSV/RGEVEePnshyk8VsoAhglXFUs4U79P5CgSYhIFqrO4WPz2CvEvr5/JsOHlNE4zSWI8XxRmDMoEFoHAAeUESzZRBGFO1a0QjxBHWKrYKiqEr0/h/6RjG5ZpWFdOtdlcxFEGh+AInAAL1EETXIIWaAMM7sADeALP2r32qL1or/PWkraY2Qc/oL19AuU9l6w=</latexit><latexit sha1_base64="gaum2lS3dDm5fdYPniAqwnVYUOc=">AAACA3icdVDLSsNAFJ3UV62vqDvdDBbBVUxiaOuu4MZlBfuAJobJdNIOnTyYmQglFNz4K25cKOLWn3Dn3zhpK6jogQuHc+7l3nuClFEhTfNDKy0tr6yuldcrG5tb2zv67l5HJBnHpI0TlvBegARhNCZtSSUjvZQTFAWMdIPxReF3bwkXNImv5SQlXoSGMQ0pRlJJvn7gRkiOMGJ5ZwpdQSNIbnLrdOiLqa9XTeO8UbOdGjQN06xbtlUQu+6cOdBSSoEqWKDl6+/uIMFZRGKJGRKib5mp9HLEJcWMTCtuJkiK8BgNSV/RGEVEePnshyk8VsoAhglXFUs4U79P5CgSYhIFqrO4WPz2CvEvr5/JsOHlNE4zSWI8XxRmDMoEFoHAAeUESzZRBGFO1a0QjxBHWKrYKiqEr0/h/6RjG5ZpWFdOtdlcxFEGh+AInAAL1EETXIIWaAMM7sADeALP2r32qL1or/PWkraY2Qc/oL19AuU9l6w=</latexit>

Generates Hierarchies: ms ⇠
MPp
V

m3/2 ⇠ MP

V
<latexit sha1_base64="gnRpQJMzyB0V+tTUwzDydzUKRkI="></latexit><latexit sha1_base64="gnRpQJMzyB0V+tTUwzDydzUKRkI="></latexit><latexit sha1_base64="gnRpQJMzyB0V+tTUwzDydzUKRkI="></latexit><latexit sha1_base64="gnRpQJMzyB0V+tTUwzDydzUKRkI="></latexit>
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<latexit sha1_base64="TLEapEoGBEVykbdVsG1VAMUztR8=">AAACBnicdVDLSsNAFJ3UV62vqEsRBovgKiSlmnYhFNy4rGAf0IQymUzaoZOHMxOhhKzc+CtuXCji1m9w5984bSOo6IGBwznncuceL2FUSNP80EpLyyura+X1ysbm1vaOvrvXFXHKMengmMW87yFBGI1IR1LJSD/hBIUeIz1vcjHze7eECxpH13KaEDdEo4gGFCOppKF+6DAV9hE8h4644TJzAo5wVrPzrJbnQ71qGs2GXT87hYoo2PWCNC1oGeYcVVCgPdTfHT/GaUgiiRkSYmCZiXQzxCXFjOQVJxUkQXiCRmSgaIRCItxsfkYOj5XiwyDm6kUSztXvExkKhZiGnkqGSI7Fb28m/uUNUhk03IxGSSpJhBeLgpRBGcNZJ9CnnGDJpoogzKn6K8RjpHqQqrmKKuHrUvg/6dYMyzSsq3q11SrqKIMDcAROgAVs0AKXoA06AIM78ACewLN2rz1qL9rrIlrSipl98APa2yd9b5kq</latexit><latexit sha1_base64="TLEapEoGBEVykbdVsG1VAMUztR8=">AAACBnicdVDLSsNAFJ3UV62vqEsRBovgKiSlmnYhFNy4rGAf0IQymUzaoZOHMxOhhKzc+CtuXCji1m9w5984bSOo6IGBwznncuceL2FUSNP80EpLyyura+X1ysbm1vaOvrvXFXHKMengmMW87yFBGI1IR1LJSD/hBIUeIz1vcjHze7eECxpH13KaEDdEo4gGFCOppKF+6DAV9hE8h4644TJzAo5wVrPzrJbnQ71qGs2GXT87hYoo2PWCNC1oGeYcVVCgPdTfHT/GaUgiiRkSYmCZiXQzxCXFjOQVJxUkQXiCRmSgaIRCItxsfkYOj5XiwyDm6kUSztXvExkKhZiGnkqGSI7Fb28m/uUNUhk03IxGSSpJhBeLgpRBGcNZJ9CnnGDJpoogzKn6K8RjpHqQqrmKKuHrUvg/6dYMyzSsq3q11SrqKIMDcAROgAVs0AKXoA06AIM78ACewLN2rz1qL9rrIlrSipl98APa2yd9b5kq</latexit><latexit sha1_base64="TLEapEoGBEVykbdVsG1VAMUztR8=">AAACBnicdVDLSsNAFJ3UV62vqEsRBovgKiSlmnYhFNy4rGAf0IQymUzaoZOHMxOhhKzc+CtuXCji1m9w5984bSOo6IGBwznncuceL2FUSNP80EpLyyura+X1ysbm1vaOvrvXFXHKMengmMW87yFBGI1IR1LJSD/hBIUeIz1vcjHze7eECxpH13KaEDdEo4gGFCOppKF+6DAV9hE8h4644TJzAo5wVrPzrJbnQ71qGs2GXT87hYoo2PWCNC1oGeYcVVCgPdTfHT/GaUgiiRkSYmCZiXQzxCXFjOQVJxUkQXiCRmSgaIRCItxsfkYOj5XiwyDm6kUSztXvExkKhZiGnkqGSI7Fb28m/uUNUhk03IxGSSpJhBeLgpRBGcNZJ9CnnGDJpoogzKn6K8RjpHqQqrmKKuHrUvg/6dYMyzSsq3q11SrqKIMDcAROgAVs0AKXoA06AIM78ACewLN2rz1qL9rrIlrSipl98APa2yd9b5kq</latexit><latexit sha1_base64="TLEapEoGBEVykbdVsG1VAMUztR8=">AAACBnicdVDLSsNAFJ3UV62vqEsRBovgKiSlmnYhFNy4rGAf0IQymUzaoZOHMxOhhKzc+CtuXCji1m9w5984bSOo6IGBwznncuceL2FUSNP80EpLyyura+X1ysbm1vaOvrvXFXHKMengmMW87yFBGI1IR1LJSD/hBIUeIz1vcjHze7eECxpH13KaEDdEo4gGFCOppKF+6DAV9hE8h4644TJzAo5wVrPzrJbnQ71qGs2GXT87hYoo2PWCNC1oGeYcVVCgPdTfHT/GaUgiiRkSYmCZiXQzxCXFjOQVJxUkQXiCRmSgaIRCItxsfkYOj5XiwyDm6kUSztXvExkKhZiGnkqGSI7Fb28m/uUNUhk03IxGSSpJhBeLgpRBGcNZJ9CnnGDJpoogzKn6K8RjpHqQqrmKKuHrUvg/6dYMyzSsq3q11SrqKIMDcAROgAVs0AKXoA06AIM78ACewLN2rz1qL9rrIlrSipl98APa2yd9b5kq</latexit>



The tracker solution 

[Wetterich ’88; Copeland,Liddle,Wands ’98; Ferreira,Joyce ’98]
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<latexit sha1_base64="OV7TBGseupvPBF3t1LapHZVRJ04="></latexit><latexit sha1_base64="OV7TBGseupvPBF3t1LapHZVRJ04="></latexit><latexit sha1_base64="OV7TBGseupvPBF3t1LapHZVRJ04="></latexit><latexit sha1_base64="OV7TBGseupvPBF3t1LapHZVRJ04="></latexit>
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<latexit sha1_base64="71ymk/3Mb1nRC98Rm8tKMCj4C0I=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiSitO5K3bisYB/QhDKZTtKhk0mYmQgl9CPcuFDErd/jzr9x0lbweeDC4Zx7ufeeIOVMacd5t0orq2vrG+XNytb2zu5edf+gq5JMEtohCU9kP8CKciZoRzPNaT+VFMcBp71gclX4vTsqFUvErZ6m1I9xJFjICNZG6nktFkVePqzWHPuy3nAvGug3cW1njhos0R5W37xRQrKYCk04VmrgOqn2cyw1I5zOKl6maIrJBEd0YKjAMVV+Pj93hk6MMkJhIk0Jjebq14kcx0pN48B0xliP1U+vEP/yBpkOG37ORJppKshiUZhxpBNU/I5GTFKi+dQQTCQztyIyxhITbRKqmBA+P0X/k+6Z7Tq2e3Nea7aWcZThCI7hFFyoQxOuoQ0dIDCBe3iEJyu1Hqxn62XRWrKWM4fwDdbrB8dXj94=</latexit><latexit sha1_base64="71ymk/3Mb1nRC98Rm8tKMCj4C0I=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiSitO5K3bisYB/QhDKZTtKhk0mYmQgl9CPcuFDErd/jzr9x0lbweeDC4Zx7ufeeIOVMacd5t0orq2vrG+XNytb2zu5edf+gq5JMEtohCU9kP8CKciZoRzPNaT+VFMcBp71gclX4vTsqFUvErZ6m1I9xJFjICNZG6nktFkVePqzWHPuy3nAvGug3cW1njhos0R5W37xRQrKYCk04VmrgOqn2cyw1I5zOKl6maIrJBEd0YKjAMVV+Pj93hk6MMkJhIk0Jjebq14kcx0pN48B0xliP1U+vEP/yBpkOG37ORJppKshiUZhxpBNU/I5GTFKi+dQQTCQztyIyxhITbRKqmBA+P0X/k+6Z7Tq2e3Nea7aWcZThCI7hFFyoQxOuoQ0dIDCBe3iEJyu1Hqxn62XRWrKWM4fwDdbrB8dXj94=</latexit><latexit sha1_base64="71ymk/3Mb1nRC98Rm8tKMCj4C0I=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiSitO5K3bisYB/QhDKZTtKhk0mYmQgl9CPcuFDErd/jzr9x0lbweeDC4Zx7ufeeIOVMacd5t0orq2vrG+XNytb2zu5edf+gq5JMEtohCU9kP8CKciZoRzPNaT+VFMcBp71gclX4vTsqFUvErZ6m1I9xJFjICNZG6nktFkVePqzWHPuy3nAvGug3cW1njhos0R5W37xRQrKYCk04VmrgOqn2cyw1I5zOKl6maIrJBEd0YKjAMVV+Pj93hk6MMkJhIk0Jjebq14kcx0pN48B0xliP1U+vEP/yBpkOG37ORJppKshiUZhxpBNU/I5GTFKi+dQQTCQztyIyxhITbRKqmBA+P0X/k+6Z7Tq2e3Nea7aWcZThCI7hFFyoQxOuoQ0dIDCBe3iEJyu1Hqxn62XRWrKWM4fwDdbrB8dXj94=</latexit><latexit sha1_base64="71ymk/3Mb1nRC98Rm8tKMCj4C0I=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiSitO5K3bisYB/QhDKZTtKhk0mYmQgl9CPcuFDErd/jzr9x0lbweeDC4Zx7ufeeIOVMacd5t0orq2vrG+XNytb2zu5edf+gq5JMEtohCU9kP8CKciZoRzPNaT+VFMcBp71gclX4vTsqFUvErZ6m1I9xJFjICNZG6nktFkVePqzWHPuy3nAvGug3cW1njhos0R5W37xRQrKYCk04VmrgOqn2cyw1I5zOKl6maIrJBEd0YKjAMVV+Pj93hk6MMkJhIk0Jjebq14kcx0pN48B0xliP1U+vEP/yBpkOG37ORJppKshiUZhxpBNU/I5GTFKi+dQQTCQztyIyxhITbRKqmBA+P0X/k+6Z7Tq2e3Nea7aWcZThCI7hFFyoQxOuoQ0dIDCBe3iEJyu1Hqxn62XRWrKWM4fwDdbrB8dXj94=</latexit>
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Energy conservation

Friedmann Equations

Attractor solution
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Catch me if you can

radiation must catch up before the minimum:

• More radiation:  higher inflation scale as                                         

for generic source                                                       
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How?

• More space to roll: smaller initial volume, larger final one

LVS only 

Low electroweak  
scale

Minimum at 
 large volume

Vmin & Vc = V0 ⌦�,0
�3/2
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Kinating volume Radiation

modulus



Sources of radiation (I)

⌦0
th = g

⇤⇡
2

30

 
Hinf

2⇡

!4
1

3H2
infM

2
P

=
g
⇤

270⇥ 16⇡2

 
⇤inf

MP

!4

<latexit sha1_base64="Jl6J1CY6TY82xLltyYxM0upre8g="></latexit><latexit sha1_base64="Jl6J1CY6TY82xLltyYxM0upre8g="></latexit><latexit sha1_base64="Jl6J1CY6TY82xLltyYxM0upre8g="></latexit><latexit sha1_base64="Jl6J1CY6TY82xLltyYxM0upre8g="></latexit>

Vmin & 8.0⇥ 1017
✓

g⇤

100

◆�3/2
 

V0

M4
P

!1/3 
⇤inf

3 · 1016 GeV

!�22/3

<latexit sha1_base64="SNGPgpFLbs9lhQoofK/zd3yUyE4="></latexit><latexit sha1_base64="SNGPgpFLbs9lhQoofK/zd3yUyE4="></latexit><latexit sha1_base64="SNGPgpFLbs9lhQoofK/zd3yUyE4="></latexit><latexit sha1_base64="SNGPgpFLbs9lhQoofK/zd3yUyE4="></latexit>

Thermal spectrum with  TdS =
Hinf

2⇡
<latexit sha1_base64="MNRucUNlle2NzpfaxgETfV6Oy9E=">AAACEXicdZDLSgMxFIYz9VbrbdSlm2ARuiqZorQuhIKbLiv2Bp1hyGQybWjmQpIRyjCv4MZXceNCEbfu3Pk2phekiv4QOHz/OZyc30s4kwqhT6Owtr6xuVXcLu3s7u0fmIdHPRmngtAuiXksBh6WlLOIdhVTnA4SQXHocdr3Jtczv39HhWRx1FHThDohHkUsYAQrjVyz0nEzW4SZf5vn8AragcAkay0Yi4I8z7MatBOWu2YZVS8bCF3UoVVFc0FNtFZIGSzVds0P249JGtJIEY6lHFooUU6GhWKE07xkp5ImmEzwiA51GeGQSiebX5TDM018GMRCv0jBOV2dyHAo5TT0dGeI1Vj+9mbwL2+YqqDh6MuSVNGILBYFKYcqhrN4oM8EJYpPdYGJYPqvkIyxDkXpEEs6hO/b/y96taqFqtbNebnZXMZRBCfgFFSABeqgCVqgDbqAgHvwCJ7Bi/FgPBmvxtuitWAsZ47BDxnvX4M4nhc=</latexit><latexit sha1_base64="MNRucUNlle2NzpfaxgETfV6Oy9E=">AAACEXicdZDLSgMxFIYz9VbrbdSlm2ARuiqZorQuhIKbLiv2Bp1hyGQybWjmQpIRyjCv4MZXceNCEbfu3Pk2phekiv4QOHz/OZyc30s4kwqhT6Owtr6xuVXcLu3s7u0fmIdHPRmngtAuiXksBh6WlLOIdhVTnA4SQXHocdr3Jtczv39HhWRx1FHThDohHkUsYAQrjVyz0nEzW4SZf5vn8AragcAkay0Yi4I8z7MatBOWu2YZVS8bCF3UoVVFc0FNtFZIGSzVds0P249JGtJIEY6lHFooUU6GhWKE07xkp5ImmEzwiA51GeGQSiebX5TDM018GMRCv0jBOV2dyHAo5TT0dGeI1Vj+9mbwL2+YqqDh6MuSVNGILBYFKYcqhrN4oM8EJYpPdYGJYPqvkIyxDkXpEEs6hO/b/y96taqFqtbNebnZXMZRBCfgFFSABeqgCVqgDbqAgHvwCJ7Bi/FgPBmvxtuitWAsZ47BDxnvX4M4nhc=</latexit><latexit sha1_base64="MNRucUNlle2NzpfaxgETfV6Oy9E=">AAACEXicdZDLSgMxFIYz9VbrbdSlm2ARuiqZorQuhIKbLiv2Bp1hyGQybWjmQpIRyjCv4MZXceNCEbfu3Pk2phekiv4QOHz/OZyc30s4kwqhT6Owtr6xuVXcLu3s7u0fmIdHPRmngtAuiXksBh6WlLOIdhVTnA4SQXHocdr3Jtczv39HhWRx1FHThDohHkUsYAQrjVyz0nEzW4SZf5vn8AragcAkay0Yi4I8z7MatBOWu2YZVS8bCF3UoVVFc0FNtFZIGSzVds0P249JGtJIEY6lHFooUU6GhWKE07xkp5ImmEzwiA51GeGQSiebX5TDM018GMRCv0jBOV2dyHAo5TT0dGeI1Vj+9mbwL2+YqqDh6MuSVNGILBYFKYcqhrN4oM8EJYpPdYGJYPqvkIyxDkXpEEs6hO/b/y96taqFqtbNebnZXMZRBCfgFFSABeqgCVqgDbqAgHvwCJ7Bi/FgPBmvxtuitWAsZ47BDxnvX4M4nhc=</latexit><latexit sha1_base64="MNRucUNlle2NzpfaxgETfV6Oy9E=">AAACEXicdZDLSgMxFIYz9VbrbdSlm2ARuiqZorQuhIKbLiv2Bp1hyGQybWjmQpIRyjCv4MZXceNCEbfu3Pk2phekiv4QOHz/OZyc30s4kwqhT6Owtr6xuVXcLu3s7u0fmIdHPRmngtAuiXksBh6WlLOIdhVTnA4SQXHocdr3Jtczv39HhWRx1FHThDohHkUsYAQrjVyz0nEzW4SZf5vn8AragcAkay0Yi4I8z7MatBOWu2YZVS8bCF3UoVVFc0FNtFZIGSzVds0P249JGtJIEY6lHFooUU6GhWKE07xkp5ImmEzwiA51GeGQSiebX5TDM018GMRCv0jBOV2dyHAo5TT0dGeI1Vj+9mbwL2+YqqDh6MuSVNGILBYFKYcqhrN4oM8EJYpPdYGJYPqvkIyxDkXpEEs6hO/b/y96taqFqtbNebnZXMZRBCfgFFSABeqgCVqgDbqAgHvwCJ7Bi/FgPBmvxtuitWAsZ47BDxnvX4M4nhc=</latexit>

semi- realistic



Sources of radiation (2)

Perturbative decays to i.e. axions 
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Cosmic fundamental strings?

⇢string ⇠ µH
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Today (CMB) but

parametrically better scaling with H!

Constraints

string scale after inflation can be high

1012GeV . ms . 1016GeV
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Cosmic strings after brane inflation

Decay to GWs                               GW dominated epoch?

[Dvali,Tye ’ 99; Sarangi Tye ’ 02]

[Kachru,Kallosh,Linde,Maldacena, 
McAllister, Trivedi ’03; Baumann,Dymarsky,

Klebanov,McAllister ’07 + …]



Conclusions and outlook

• Not just qualitative but quantitatively accounts for EW hc

Overshoot problem in LVS:  

solved by a hierarchy between EW and inflation scales

• Non perturbative particle production 

• Fundamental cosmic string network [Motivation to study 

brane inflation in LVS] 

• Graviation epoch?

Open questions/future work

• Lots of interest on scenarios with                 , e.g. large field 

inflation. What about early phase of kination?
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Thank you for your attention!


