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(aH)�1
<latexit sha1_base64="KgT4OYCZzc2BsupzrzjGUA7TfDc=">AAAB8HicbZDLSgMxFIbP1Futt6obwU2wCHVhmenGLgtuuqxgL9KOJZNm2tAkMyQZoQ59CjcuFHHr47gTfBjTy0Jbfwh8/Occcs4fxJxp47pfTmZtfWNzK7ud29nd2z/IHx41dZQoQhsk4pFqB1hTziRtGGY4bceKYhFw2gpG19N664EqzSJ5a8Yx9QUeSBYygo217oq4dnGfXnqTXr7gltyZ0Cp4CyhUTx6/warey392+xFJBJWGcKx1x3Nj46dYGUY4neS6iaYxJiM8oB2LEguq/XS28ASdW6ePwkjZJw2aub8nUiy0HovAdgpshnq5NjX/q3USE1b8lMk4MVSS+UdhwpGJ0PR61GeKEsPHFjBRzO6KyBArTIzNKGdD8JZPXoVmueRZvrFpVGCuLJzCGRTBgyuoQg3q0AACAp7gBV4d5Tw7b877vDXjLGaO4Y+cjx+yUpEi</latexit><latexit sha1_base64="TOyJvSS0wtRL75EviUUeGKs7ztw=">AAAB8HicbZDLSgMxFIbP1Ftbb1U3gptgEerCMuPGLotuuqxgL9KOJZOmbWiSGZKMUIeC7+DGhSJuXfoo7gQfxvSy0OoPgY//nEPO+YOIM21c99NJLS2vrK6lM9n1jc2t7dzObl2HsSK0RkIeqmaANeVM0pphhtNmpCgWAaeNYHgxqTduqdIslFdmFFFf4L5kPUawsdZ1AVeOb5ITb9zJ5d2iOxX6C94c8uX9u6/M/ft5tZP7aHdDEgsqDeFY65bnRsZPsDKMcDrOtmNNI0yGuE9bFiUWVPvJdOExOrJOF/VCZZ80aOr+nEiw0HokAtspsBnoxdrE/K/Wik2v5CdMRrGhksw+6sUcmRBNrkddpigxfGQBE8XsrogMsMLE2IyyNgRv8eS/UD8tepYvbRolmCkNB3AIBfDgDMpQgSrUgICAB3iCZ0c5j86L8zprTTnzmT34JeftG6++kp8=</latexit><latexit sha1_base64="TOyJvSS0wtRL75EviUUeGKs7ztw=">AAAB8HicbZDLSgMxFIbP1Ftbb1U3gptgEerCMuPGLotuuqxgL9KOJZOmbWiSGZKMUIeC7+DGhSJuXfoo7gQfxvSy0OoPgY//nEPO+YOIM21c99NJLS2vrK6lM9n1jc2t7dzObl2HsSK0RkIeqmaANeVM0pphhtNmpCgWAaeNYHgxqTduqdIslFdmFFFf4L5kPUawsdZ1AVeOb5ITb9zJ5d2iOxX6C94c8uX9u6/M/ft5tZP7aHdDEgsqDeFY65bnRsZPsDKMcDrOtmNNI0yGuE9bFiUWVPvJdOExOrJOF/VCZZ80aOr+nEiw0HokAtspsBnoxdrE/K/Wik2v5CdMRrGhksw+6sUcmRBNrkddpigxfGQBE8XsrogMsMLE2IyyNgRv8eS/UD8tepYvbRolmCkNB3AIBfDgDMpQgSrUgICAB3iCZ0c5j86L8zprTTnzmT34JeftG6++kp8=</latexit><latexit sha1_base64="LRYl7AZQfQmjO3O2E8IEIVFG5L0=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8Ei1IVlxo1dFtx0WcFepB1LJs20oUlmSDJCGfoUblwo4tbHcefbmGlnoa0/BD7+cw455w9izrRx3W+nsLG5tb1T3C3t7R8cHpWPTzo6ShShbRLxSPUCrClnkrYNM5z2YkWxCDjtBtPbrN59okqzSN6bWUx9gceShYxgY62HKm5ePqZX3nxYrrg1dyG0Dl4OFcjVGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+RYkF1X66WHiOLqwzQmGk7JMGLdzfEykWWs9EYDsFNhO9WsvM/2r9xIR1P2UyTgyVZPlRmHBkIpRdj0ZMUWL4zAImitldEZlghYmxGZVsCN7qyevQua55lu/cSqOex1GEMziHKnhwAw1oQgvaQEDAM7zCm6OcF+fd+Vi2Fpx85hT+yPn8AW1Mj3Q=</latexit>

comoving scales
<latexit sha1_base64="BSUujDs0UZO6TebyVIN0FFOgcMQ=">AAAB/nicbZC7SgNBFIbPxluMt9VgZTMYAlZh18aUARvLCOYCSQizk0kyZC7LzGwgLBELX8TGQhFbn8POzkdxcik08YeBj/+cwznzRzFnxgbBl5fZ2Nza3snu5vb2Dw6P/OOTulGJJrRGFFe6GWFDOZO0ZpnltBlrikXEaSMaXc/qjTHVhil5Zycx7Qg8kKzPCLbO6vqnaVsLRJRQYyYH94ZgTs206xeCUjAXWodwCYVKvvj4DQ DVrv/Z7imSCCot4diYVhjEtpNibRnhdJprJ4bGmIzwgLYcSiyo6aTz86eo6Jwe6ivtnrRo7v6eSLEwZiIi1ymwHZrV2sz8r9ZKbL/cSZmME0slWSzqJxxZhWZZoB7TlFg+cYCJZu5WRIZYY2JdYjkXQrj65XWoX5ZCx7cujTIslIUzOIcLCOEKKnADVagBgRSe4AVevQfv2Xvz3hetGW85k4c/8j5+AIb3l/k=</latexit><latexit sha1_base64="UJYhumjC7DUp/aKWNOsltnMi8As=">AAAB/nicbZC7SgNBFIZnvcZ4iwYrm8EQsAq7NqYM2FhGMBdIQpidnCRD5rLMzAbCErHwRWwsFLH1CXwAO30An8AHcHIpNPGHgY//nMM584cRZ8b6/oe3srq2vrGZ2kpv7+zu7WcODqtGxZpChSqudD0kBjiTULHMcqhHGogIOdTCwcWkXhuCNkzJazuKoCVIT7Iuo8Q6q505SppaYKqEGjLZuzGUcDDjdibnF/yp8DIEc8iVsv m777evz3I7897sKBoLkJZyYkwj8CPbSoi2jHIYp5uxgYjQAelBw6EkAkwrmZ4/xnnndHBXafekxVP390RChDEjEbpOQWzfLNYm5n+1Rmy7xVbCZBRbkHS2qBtzbBWeZIE7TAO1fOSAUM3crZj2iSbUusTSLoRg8cvLUD0rBI6vXBpFNFMKHaMTdIoCdI5K6BKVUQVRlKB79IievFvvwXv2XmatK958Jov+yHv9AQEDmpM=</latexit><latexit sha1_base64="UJYhumjC7DUp/aKWNOsltnMi8As=">AAAB/nicbZC7SgNBFIZnvcZ4iwYrm8EQsAq7NqYM2FhGMBdIQpidnCRD5rLMzAbCErHwRWwsFLH1CXwAO30An8AHcHIpNPGHgY//nMM584cRZ8b6/oe3srq2vrGZ2kpv7+zu7WcODqtGxZpChSqudD0kBjiTULHMcqhHGogIOdTCwcWkXhuCNkzJazuKoCVIT7Iuo8Q6q505SppaYKqEGjLZuzGUcDDjdibnF/yp8DIEc8iVsv m777evz3I7897sKBoLkJZyYkwj8CPbSoi2jHIYp5uxgYjQAelBw6EkAkwrmZ4/xnnndHBXafekxVP390RChDEjEbpOQWzfLNYm5n+1Rmy7xVbCZBRbkHS2qBtzbBWeZIE7TAO1fOSAUM3crZj2iSbUusTSLoRg8cvLUD0rBI6vXBpFNFMKHaMTdIoCdI5K6BKVUQVRlKB79IievFvvwXv2XmatK958Jov+yHv9AQEDmpM=</latexit><latexit sha1_base64="gD0CmM2CWpPkIGcsRiPMY7zKi7Y=">AAAB/nicbZC7SgNBFIbPxluMt6hY2QwGwSrs2pgyYGMZwVwgWcLsZDYZMpdlZjYQloivYmOhiK3PYefbOEm20MQfBj7+cw7nzB8lnBnr+99eYWNza3unuFva2z84PCofn7SMSjWhTaK40p0IG8qZpE3LLKedRFMsIk7b0fh2Xm9PqDZMyQc7TWgo8FCymBFsndUvn2U9LRBRQk2YHD4agjk1s3654lf9hdA6BDlUIFejX/7qDR RJBZWWcGxMN/ATG2ZYW0Y4nZV6qaEJJmM8pF2HEgtqwmxx/gxdOmeAYqXdkxYt3N8TGRbGTEXkOgW2I7Nam5v/1bqpjWthxmSSWirJclGccmQVmmeBBkxTYvnUASaauVsRGWGNiXWJlVwIweqX16F1XQ0c3/uVei2PowjncAFXEMAN1OEOGtAEAhk8wyu8eU/ei/fufSxbC14+cwp/5H3+AAUylh0=</latexit>

time
<latexit sha1_base64="HD6XN+KHhWWZ0T+4Xu+OiGw5uZ4=">AAAB8XicbZC7SgNBFIbPeo3xFrW0GQyCVdi1MZ0BG8so5oLJEmYnJ8mQmdllZlYIS97CxkIRW1/Ayoew822cXApN/GHg4//PYc45USK4sb7/7a2srq1vbOa28ts7u3v7hYPDuolTzbDGYhHrZkQNCq6wZrkV2Ew0UhkJbETDq0neeEBteKzu7CjBUNK+4j3OqHXWfdbWklgucdwpFP2SPxVZhmAOxcvPj1twqnYKX+1uzFKJyjJBjWkFfmLDjGrLmcBxvp0aTCgb0j62HCoq0YTZdOIxOXVOl/Ri7Z6yZOr+7sioNGYkI1cpqR2YxWxi/pe1UtsrhxlXSWpRsdlHvVQQG5PJ+qTLNTIrRg4o09zNStiAasqsO1LeHSFYXHkZ6uelwPGNX6yUYaYcHMMJnEEAF1CBa6hCDRgoeIRnePGM9+S9em+z0hVv3nMEf+S9/wBcLJLZ</latexit><latexit sha1_base64="g/3adt2G48lMHDDY1JsMJWtl43M=">AAAB8XicbZC7SgNBFIZnvcZ4i1oKMhgEK9m1MZ0BG8sEzAWTEGYnJ8ngzOwyc1YIS0rfwMZCEVtfIJUPYecz+BJOLoUm/jDw8f/nMOecMJbCou9/eUvLK6tr65mN7ObW9s5ubm+/aqPEcKjwSEamHjILUmiooEAJ9dgAU6GEWnh3Nc5r92CsiPQNDmJoKdbTois4Q2fdpk2jKAoFw3Yu75/5E9FFCGaQv/wYlb8fjkaldu6z2Yl4okAjl8zaRuDH2EqZQcElDLPNxELM+B3rQcOhZgpsK51MPKQnzunQbmTc00gn7u+OlClrByp0lYph385nY/O/rJFgt9BKhY4TBM2nH3UTSTGi4/VpRxjgKAcOGDfCzUp5nxnG0R0p644QzK+8CNXzs8Bx2c8XC2SqDDkkx+SUBOSCFMk1KZEK4USTR/JMXjzrPXmv3tu0dMmb9RyQP/LefwBmJ5Ue</latexit><latexit sha1_base64="g/3adt2G48lMHDDY1JsMJWtl43M=">AAAB8XicbZC7SgNBFIZnvcZ4i1oKMhgEK9m1MZ0BG8sEzAWTEGYnJ8ngzOwyc1YIS0rfwMZCEVtfIJUPYecz+BJOLoUm/jDw8f/nMOecMJbCou9/eUvLK6tr65mN7ObW9s5ubm+/aqPEcKjwSEamHjILUmiooEAJ9dgAU6GEWnh3Nc5r92CsiPQNDmJoKdbTois4Q2fdpk2jKAoFw3Yu75/5E9FFCGaQv/wYlb8fjkaldu6z2Yl4okAjl8zaRuDH2EqZQcElDLPNxELM+B3rQcOhZgpsK51MPKQnzunQbmTc00gn7u+OlClrByp0lYph385nY/O/rJFgt9BKhY4TBM2nH3UTSTGi4/VpRxjgKAcOGDfCzUp5nxnG0R0p644QzK+8CNXzs8Bx2c8XC2SqDDkkx+SUBOSCFMk1KZEK4USTR/JMXjzrPXmv3tu0dMmb9RyQP/LefwBmJ5Ue</latexit><latexit sha1_base64="eQnKat9rzLPdu1bc+fdcXuI1vlU=">AAAB8XicbZBNSwMxEIZn/az1q+rRS7AInsquF3ssePFYwX5gu5Rsmm1Dk+ySzApl6b/w4kERr/4bb/4b03YP2vpC4OGdGTLzRqkUFn3/29vY3Nre2S3tlfcPDo+OKyenbZtkhvEWS2RiuhG1XArNWyhQ8m5qOFWR5J1ocjuvd564sSLRDzhNeajoSItYMIrOesz7RhEUis8Glapf8xci6xAUUIVCzUHlqz9MWKa4Riaptb3ATzHMqUHBJJ+V+5nlKWUTOuI9h5oqbsN8sfGMXDpnSOLEuKeRLNzfEzlV1k5V5DoVxbFdrc3N/2q9DON6mAudZsg1W34UZ5JgQubnk6EwnKGcOqDMCLcrYWNqKEMXUtmFEKyevA7t61rg+N6vNupFHCU4hwu4ggBuoAF30IQWMNDwDK/w5lnvxXv3PpatG14xcwZ/5H3+AJ2fkNI=</latexit>

horizon
<latexit sha1_base64="f7kKtadVM0v9Nd2icmrIxhwpEpA=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuCozUtBlwY3LCvYC7VAyaaYNzWVMMoU69DncuFDErQ/jzrcxbWehrT8EPv5zDufkjxLOjPX9b6+wsbm1vVPcLe3tHxwelY9PWkalmtAmUVzpToQN5UzSpmWW006iKRYRp+1ofDuvtydUG6bkg50mNBR4KFnMCLbOCrOeFmikNHtSctYvV/yqvxBahyCHCuRq9MtfvYEiqaDSEo6N6QZ+YsMMa8sIp7NSLzU0wWSMh7TrUGJBTZgtjp6hC+cMUKy0e9Kihft7IsPCmKmIXKfAdmRWa3Pzv1o3tfFNmDGZpJZKslwUpxxZheYJoAHTlFg+dYCJZu5WREZYY2JdTiUXQrD65XVoXVUDx/e1Sr2Wx1GEMziHSwjgGupwBw1oAoFHeIZXePMm3ov37n0sWwtePnMKf+R9/gAmapJK</latexit><latexit sha1_base64="f7kKtadVM0v9Nd2icmrIxhwpEpA=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuCozUtBlwY3LCvYC7VAyaaYNzWVMMoU69DncuFDErQ/jzrcxbWehrT8EPv5zDufkjxLOjPX9b6+wsbm1vVPcLe3tHxwelY9PWkalmtAmUVzpToQN5UzSpmWW006iKRYRp+1ofDuvtydUG6bkg50mNBR4KFnMCLbOCrOeFmikNHtSctYvV/yqvxBahyCHCuRq9MtfvYEiqaDSEo6N6QZ+YsMMa8sIp7NSLzU0wWSMh7TrUGJBTZgtjp6hC+cMUKy0e9Kihft7IsPCmKmIXKfAdmRWa3Pzv1o3tfFNmDGZpJZKslwUpxxZheYJoAHTlFg+dYCJZu5WREZYY2JdTiUXQrD65XVoXVUDx/e1Sr2Wx1GEMziHSwjgGupwBw1oAoFHeIZXePMm3ov37n0sWwtePnMKf+R9/gAmapJK</latexit><latexit sha1_base64="f7kKtadVM0v9Nd2icmrIxhwpEpA=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuCozUtBlwY3LCvYC7VAyaaYNzWVMMoU69DncuFDErQ/jzrcxbWehrT8EPv5zDufkjxLOjPX9b6+wsbm1vVPcLe3tHxwelY9PWkalmtAmUVzpToQN5UzSpmWW006iKRYRp+1ofDuvtydUG6bkg50mNBR4KFnMCLbOCrOeFmikNHtSctYvV/yqvxBahyCHCuRq9MtfvYEiqaDSEo6N6QZ+YsMMa8sIp7NSLzU0wWSMh7TrUGJBTZgtjp6hC+cMUKy0e9Kihft7IsPCmKmIXKfAdmRWa3Pzv1o3tfFNmDGZpJZKslwUpxxZheYJoAHTlFg+dYCJZu5WREZYY2JdTiUXQrD65XVoXVUDx/e1Sr2Wx1GEMziHSwjgGupwBw1oAoFHeIZXePMm3ov37n0sWwtePnMKf+R9/gAmapJK</latexit><latexit sha1_base64="f7kKtadVM0v9Nd2icmrIxhwpEpA=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuCozUtBlwY3LCvYC7VAyaaYNzWVMMoU69DncuFDErQ/jzrcxbWehrT8EPv5zDufkjxLOjPX9b6+wsbm1vVPcLe3tHxwelY9PWkalmtAmUVzpToQN5UzSpmWW006iKRYRp+1ofDuvtydUG6bkg50mNBR4KFnMCLbOCrOeFmikNHtSctYvV/yqvxBahyCHCuRq9MtfvYEiqaDSEo6N6QZ+YsMMa8sIp7NSLzU0wWSMh7TrUGJBTZgtjp6hC+cMUKy0e9Kihft7IsPCmKmIXKfAdmRWa3Pzv1o3tfFNmDGZpJZKslwUpxxZheYJoAHTlFg+dYCJZu5WREZYY2JdTiUXQrD65XVoXVUDx/e1Sr2Wx1GEMziHSwjgGupwBw1oAoFHeIZXePMm3ov37n0sWwtePnMKf+R9/gAmapJK</latexit>

horizon
<latexit sha1_base64="f7kKtadVM0v9Nd2icmrIxhwpEpA=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuCozUtBlwY3LCvYC7VAyaaYNzWVMMoU69DncuFDErQ/jzrcxbWehrT8EPv5zDufkjxLOjPX9b6+wsbm1vVPcLe3tHxwelY9PWkalmtAmUVzpToQN5UzSpmWW006iKRYRp+1ofDuvtydUG6bkg50mNBR4KFnMCLbOCrOeFmikNHtSctYvV/yqvxBahyCHCuRq9MtfvYEiqaDSEo6N6QZ+YsMMa8sIp7NSLzU0wWSMh7TrUGJBTZgtjp6hC+cMUKy0e9Kihft7IsPCmKmIXKfAdmRWa3Pzv1o3tfFNmDGZpJZKslwUpxxZheYJoAHTlFg+dYCJZu5WREZYY2JdTiUXQrD65XVoXVUDx/e1Sr2Wx1GEMziHSwjgGupwBw1oAoFHeIZXePMm3ov37n0sWwtePnMKf+R9/gAmapJK</latexit><latexit sha1_base64="f7kKtadVM0v9Nd2icmrIxhwpEpA=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuCozUtBlwY3LCvYC7VAyaaYNzWVMMoU69DncuFDErQ/jzrcxbWehrT8EPv5zDufkjxLOjPX9b6+wsbm1vVPcLe3tHxwelY9PWkalmtAmUVzpToQN5UzSpmWW006iKRYRp+1ofDuvtydUG6bkg50mNBR4KFnMCLbOCrOeFmikNHtSctYvV/yqvxBahyCHCuRq9MtfvYEiqaDSEo6N6QZ+YsMMa8sIp7NSLzU0wWSMh7TrUGJBTZgtjp6hC+cMUKy0e9Kihft7IsPCmKmIXKfAdmRWa3Pzv1o3tfFNmDGZpJZKslwUpxxZheYJoAHTlFg+dYCJZu5WREZYY2JdTiUXQrD65XVoXVUDx/e1Sr2Wx1GEMziHSwjgGupwBw1oAoFHeIZXePMm3ov37n0sWwtePnMKf+R9/gAmapJK</latexit><latexit sha1_base64="f7kKtadVM0v9Nd2icmrIxhwpEpA=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuCozUtBlwY3LCvYC7VAyaaYNzWVMMoU69DncuFDErQ/jzrcxbWehrT8EPv5zDufkjxLOjPX9b6+wsbm1vVPcLe3tHxwelY9PWkalmtAmUVzpToQN5UzSpmWW006iKRYRp+1ofDuvtydUG6bkg50mNBR4KFnMCLbOCrOeFmikNHtSctYvV/yqvxBahyCHCuRq9MtfvYEiqaDSEo6N6QZ+YsMMa8sIp7NSLzU0wWSMh7TrUGJBTZgtjp6hC+cMUKy0e9Kihft7IsPCmKmIXKfAdmRWa3Pzv1o3tfFNmDGZpJZKslwUpxxZheYJoAHTlFg+dYCJZu5WREZYY2JdTiUXQrD65XVoXVUDx/e1Sr2Wx1GEMziHSwjgGupwBw1oAoFHeIZXePMm3ov37n0sWwtePnMKf+R9/gAmapJK</latexit><latexit sha1_base64="f7kKtadVM0v9Nd2icmrIxhwpEpA=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuCozUtBlwY3LCvYC7VAyaaYNzWVMMoU69DncuFDErQ/jzrcxbWehrT8EPv5zDufkjxLOjPX9b6+wsbm1vVPcLe3tHxwelY9PWkalmtAmUVzpToQN5UzSpmWW006iKRYRp+1ofDuvtydUG6bkg50mNBR4KFnMCLbOCrOeFmikNHtSctYvV/yqvxBahyCHCuRq9MtfvYEiqaDSEo6N6QZ+YsMMa8sIp7NSLzU0wWSMh7TrUGJBTZgtjp6hC+cMUKy0e9Kihft7IsPCmKmIXKfAdmRWa3Pzv1o3tfFNmDGZpJZKslwUpxxZheYJoAHTlFg+dYCJZu5WREZYY2JdTiUXQrD65XVoXVUDx/e1Sr2Wx1GEMziHSwjgGupwBw1oAoFHeIZXePMm3ov37n0sWwtePnMKf+R9/gAmapJK</latexit>

exit
<latexit sha1_base64="mPq42/CVfgMnvQT2GuI9JEFYy7Y=">AAAB8XicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY8OKxgv3AdinZNG1Dk+ySzIpl6b/w4kERr/4bb/4b03YP2vpC4OGdGTLzRokUFn3/21tb39jc2i7sFHf39g8OS0fHTRunhvEGi2Vs2hG1XArNGyhQ8nZiOFWR5K1ofDOrtx65sSLW9zhJeKjoUIuBYBSd9ZB1jSL8SeC0Vyr7FX8usgpBDmXIVe+Vvrr9mKWKa2SSWtsJ/ATDjBoUTPJpsZtanlA2pkPecaip4jbM5htPyblz+mQQG/c0krn7eyKjytqJilynojiyy7WZ+V+tk+LgOsyETlLkmi0+GqSSYExm55O+MJyhnDigzAi3K2EjaihDF1LRhRAsn7wKzWolcHxXLdcu8zgKcApncAEBXEENbqEODWCg4Rle4c2z3ov37n0sWte8fOYE/sj7/AGtr5Db</latexit><latexit sha1_base64="mPq42/CVfgMnvQT2GuI9JEFYy7Y=">AAAB8XicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY8OKxgv3AdinZNG1Dk+ySzIpl6b/w4kERr/4bb/4b03YP2vpC4OGdGTLzRokUFn3/21tb39jc2i7sFHf39g8OS0fHTRunhvEGi2Vs2hG1XArNGyhQ8nZiOFWR5K1ofDOrtx65sSLW9zhJeKjoUIuBYBSd9ZB1jSL8SeC0Vyr7FX8usgpBDmXIVe+Vvrr9mKWKa2SSWtsJ/ATDjBoUTPJpsZtanlA2pkPecaip4jbM5htPyblz+mQQG/c0krn7eyKjytqJilynojiyy7WZ+V+tk+LgOsyETlLkmi0+GqSSYExm55O+MJyhnDigzAi3K2EjaihDF1LRhRAsn7wKzWolcHxXLdcu8zgKcApncAEBXEENbqEODWCg4Rle4c2z3ov37n0sWte8fOYE/sj7/AGtr5Db</latexit><latexit sha1_base64="mPq42/CVfgMnvQT2GuI9JEFYy7Y=">AAAB8XicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY8OKxgv3AdinZNG1Dk+ySzIpl6b/w4kERr/4bb/4b03YP2vpC4OGdGTLzRokUFn3/21tb39jc2i7sFHf39g8OS0fHTRunhvEGi2Vs2hG1XArNGyhQ8nZiOFWR5K1ofDOrtx65sSLW9zhJeKjoUIuBYBSd9ZB1jSL8SeC0Vyr7FX8usgpBDmXIVe+Vvrr9mKWKa2SSWtsJ/ATDjBoUTPJpsZtanlA2pkPecaip4jbM5htPyblz+mQQG/c0krn7eyKjytqJilynojiyy7WZ+V+tk+LgOsyETlLkmi0+GqSSYExm55O+MJyhnDigzAi3K2EjaihDF1LRhRAsn7wKzWolcHxXLdcu8zgKcApncAEBXEENbqEODWCg4Rle4c2z3ov37n0sWte8fOYE/sj7/AGtr5Db</latexit><latexit sha1_base64="mPq42/CVfgMnvQT2GuI9JEFYy7Y=">AAAB8XicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY8OKxgv3AdinZNG1Dk+ySzIpl6b/w4kERr/4bb/4b03YP2vpC4OGdGTLzRokUFn3/21tb39jc2i7sFHf39g8OS0fHTRunhvEGi2Vs2hG1XArNGyhQ8nZiOFWR5K1ofDOrtx65sSLW9zhJeKjoUIuBYBSd9ZB1jSL8SeC0Vyr7FX8usgpBDmXIVe+Vvrr9mKWKa2SSWtsJ/ATDjBoUTPJpsZtanlA2pkPecaip4jbM5htPyblz+mQQG/c0krn7eyKjytqJilynojiyy7WZ+V+tk+LgOsyETlLkmi0+GqSSYExm55O+MJyhnDigzAi3K2EjaihDF1LRhRAsn7wKzWolcHxXLdcu8zgKcApncAEBXEENbqEODWCg4Rle4c2z3ov37n0sWte8fOYE/sj7/AGtr5Db</latexit> re-entry

<latexit sha1_base64="Udifu5BXjjAYjVDs+sB4CcrOodM=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgxjJTBF0W3LisYB/QjiWT3mlDM5khyShl6H+4caGIW//FnX9j2s5CWw8EDufcw705QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkSleSzvzSRBP6JDyUPOqLHSQ9ZTEVF4gdKoybRfrrhVdw6ySrycVCBHo1/+6g1ilkY2zgTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/Nr56SM6sMSBgr+6Qhc/V3IqOR1pMosJMRNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMwqIAOukBkxsYQyxe2thI2ooszYokq2BG/5y6ukVat6lt/VKvXLvI4inMApnIMHV1CHW2hAExgoeIZXeHOenBfn3flYjBacPHMMf+B8/gCSkZJ/</latexit><latexit sha1_base64="Udifu5BXjjAYjVDs+sB4CcrOodM=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgxjJTBF0W3LisYB/QjiWT3mlDM5khyShl6H+4caGIW//FnX9j2s5CWw8EDufcw705QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkSleSzvzSRBP6JDyUPOqLHSQ9ZTEVF4gdKoybRfrrhVdw6ySrycVCBHo1/+6g1ilkY2zgTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/Nr56SM6sMSBgr+6Qhc/V3IqOR1pMosJMRNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMwqIAOukBkxsYQyxe2thI2ooszYokq2BG/5y6ukVat6lt/VKvXLvI4inMApnIMHV1CHW2hAExgoeIZXeHOenBfn3flYjBacPHMMf+B8/gCSkZJ/</latexit><latexit sha1_base64="Udifu5BXjjAYjVDs+sB4CcrOodM=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgxjJTBF0W3LisYB/QjiWT3mlDM5khyShl6H+4caGIW//FnX9j2s5CWw8EDufcw705QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkSleSzvzSRBP6JDyUPOqLHSQ9ZTEVF4gdKoybRfrrhVdw6ySrycVCBHo1/+6g1ilkY2zgTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/Nr56SM6sMSBgr+6Qhc/V3IqOR1pMosJMRNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMwqIAOukBkxsYQyxe2thI2ooszYokq2BG/5y6ukVat6lt/VKvXLvI4inMApnIMHV1CHW2hAExgoeIZXeHOenBfn3flYjBacPHMMf+B8/gCSkZJ/</latexit><latexit sha1_base64="Udifu5BXjjAYjVDs+sB4CcrOodM=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgxjJTBF0W3LisYB/QjiWT3mlDM5khyShl6H+4caGIW//FnX9j2s5CWw8EDufcw705QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkSleSzvzSRBP6JDyUPOqLHSQ9ZTEVF4gdKoybRfrrhVdw6ySrycVCBHo1/+6g1ilkY2zgTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/Nr56SM6sMSBgr+6Qhc/V3IqOR1pMosJMRNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMwqIAOukBkxsYQyxe2thI2ooszYokq2BG/5y6ukVat6lt/VKvXLvI4inMApnIMHV1CHW2hAExgoeIZXeHOenBfn3flYjBacPHMMf+B8/gCSkZJ/</latexit>

reheating
<latexit sha1_base64="X1HGRgehWBQIr/M9dEp9vnXeU1w=">AAAB+HicbZBNS8NAEIYnftb60ahHL4tF8FSSIuix4MVjBfsBbSib7aRdutmE3Y1QQ3+JFw+KePWnePPfuG1z0NYXFh7emWFm3zAVXBvP+3Y2Nre2d3ZLe+X9g8Ojint80tZJphi2WCIS1Q2pRsEltgw3ArupQhqHAjvh5HZe7zyi0jyRD2aaYhDTkeQRZ9RYa+BW8r6KicIxWkOOZgO36tW8hcg6+AVUoVBz4H71hwnLYpSGCap1z/dSE+RUGc4Ezsr9TGNK2YSOsGdR0hh1kC8On5EL6wxJlCj7pCEL9/dETmOtp3FoO2Nqxnq1Njf/q/UyE90EOZdpZlCy5aIoE8QkZJ4CGXKFzIipBcoUt7cSNqaKMmOzKtsQ/NUvr0O7XvMt39erjasijhKcwTlcgg/X0IA7aEILGGTwDK/w5jw5L86787Fs3XCKmVP4I+fzB/l1kzs=</latexit><latexit sha1_base64="X1HGRgehWBQIr/M9dEp9vnXeU1w=">AAAB+HicbZBNS8NAEIYnftb60ahHL4tF8FSSIuix4MVjBfsBbSib7aRdutmE3Y1QQ3+JFw+KePWnePPfuG1z0NYXFh7emWFm3zAVXBvP+3Y2Nre2d3ZLe+X9g8Ojint80tZJphi2WCIS1Q2pRsEltgw3ArupQhqHAjvh5HZe7zyi0jyRD2aaYhDTkeQRZ9RYa+BW8r6KicIxWkOOZgO36tW8hcg6+AVUoVBz4H71hwnLYpSGCap1z/dSE+RUGc4Ezsr9TGNK2YSOsGdR0hh1kC8On5EL6wxJlCj7pCEL9/dETmOtp3FoO2Nqxnq1Njf/q/UyE90EOZdpZlCy5aIoE8QkZJ4CGXKFzIipBcoUt7cSNqaKMmOzKtsQ/NUvr0O7XvMt39erjasijhKcwTlcgg/X0IA7aEILGGTwDK/w5jw5L86787Fs3XCKmVP4I+fzB/l1kzs=</latexit><latexit sha1_base64="X1HGRgehWBQIr/M9dEp9vnXeU1w=">AAAB+HicbZBNS8NAEIYnftb60ahHL4tF8FSSIuix4MVjBfsBbSib7aRdutmE3Y1QQ3+JFw+KePWnePPfuG1z0NYXFh7emWFm3zAVXBvP+3Y2Nre2d3ZLe+X9g8Ojint80tZJphi2WCIS1Q2pRsEltgw3ArupQhqHAjvh5HZe7zyi0jyRD2aaYhDTkeQRZ9RYa+BW8r6KicIxWkOOZgO36tW8hcg6+AVUoVBz4H71hwnLYpSGCap1z/dSE+RUGc4Ezsr9TGNK2YSOsGdR0hh1kC8On5EL6wxJlCj7pCEL9/dETmOtp3FoO2Nqxnq1Njf/q/UyE90EOZdpZlCy5aIoE8QkZJ4CGXKFzIipBcoUt7cSNqaKMmOzKtsQ/NUvr0O7XvMt39erjasijhKcwTlcgg/X0IA7aEILGGTwDK/w5jw5L86787Fs3XCKmVP4I+fzB/l1kzs=</latexit><latexit sha1_base64="X1HGRgehWBQIr/M9dEp9vnXeU1w=">AAAB+HicbZBNS8NAEIYnftb60ahHL4tF8FSSIuix4MVjBfsBbSib7aRdutmE3Y1QQ3+JFw+KePWnePPfuG1z0NYXFh7emWFm3zAVXBvP+3Y2Nre2d3ZLe+X9g8Ojint80tZJphi2WCIS1Q2pRsEltgw3ArupQhqHAjvh5HZe7zyi0jyRD2aaYhDTkeQRZ9RYa+BW8r6KicIxWkOOZgO36tW8hcg6+AVUoVBz4H71hwnLYpSGCap1z/dSE+RUGc4Ezsr9TGNK2YSOsGdR0hh1kC8On5EL6wxJlCj7pCEL9/dETmOtp3FoO2Nqxnq1Njf/q/UyE90EOZdpZlCy5aIoE8QkZJ4CGXKFzIipBcoUt7cSNqaKMmOzKtsQ/NUvr0O7XvMt39erjasijhKcwTlcgg/X0IA7aEILGGTwDK/w5jw5L86787Fs3XCKmVP4I+fzB/l1kzs=</latexit>

CMB
<latexit sha1_base64="hS2Qy0IN+wABVd8rBwPxFvBNN24=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozItSdxW7cCBXsRdqhZNJMG5pkhiQjlKFP4caCom59A1/DnW9jello6w+Bj/8/h5xzgpgzbVz328msrK6tb2Q3c1vbO7t7+f2Duo4SRWiNRDxSzQBrypmkNcMMp81YUSwCThvBoDLJGw9UaRbJOzOMqS9wT7KQEWysdZ+2lUCVm6tRJ19wi+5UaBm8ORQuP8fjNwCodvJf7W5EEkGlIRxr3fLc2PgpVoYRTke5dqJpjMkA92jLosSCaj+dDjxCJ9bpojBS9kmDpu7vjhQLrYcisJUCm75ezCbmf1krMeGFnzIZJ4ZKMvsoTDgyEZpsj7pMUWL40AImitlZEeljhYmxN8rZI3iLKy9D/azoWb51C+VzmCkLR3AMp+BBCcpwDVWoAQEBj/AML45ynpxX531WmnHmPYfwR87HD+iIkrE=</latexit><latexit sha1_base64="dvsZmYRJWGWN/FttAsEaSsVyMBQ=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozIujOYjduhAr2Iu1QMmmmDU0yQ5IRytCncKOiiFvfwNdw59uYabvQ1h8CH/9/DjnnBDFn2rjut5NbWl5ZXcuvFzY2t7Z3irt7DR0litA6iXikWgHWlDNJ64YZTluxolgEnDaDYTXLm/dUaRbJWzOKqS9wX7KQEWysdZd2lEDV68txt1hyy+5EaBG8GZQuPp8yPde6xa9OLyKJoNIQjrVue25s/BQrwwin40In0TTGZIj7tG1RYkG1n04GHqMj6/RQGCn7pEET93dHioXWIxHYSoHNQM9nmflf1k5MeO6nTMaJoZJMPwoTjkyEsu1RjylKDB9ZwEQxOysiA6wwMfZGBXsEb37lRWiclD3LN26pcgpT5eEADuEYPDiDClxBDepAQMADvMCro5xH5815n5bmnFnPPvyR8/EDRdSUdg==</latexit><latexit sha1_base64="dvsZmYRJWGWN/FttAsEaSsVyMBQ=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozIujOYjduhAr2Iu1QMmmmDU0yQ5IRytCncKOiiFvfwNdw59uYabvQ1h8CH/9/DjnnBDFn2rjut5NbWl5ZXcuvFzY2t7Z3irt7DR0litA6iXikWgHWlDNJ64YZTluxolgEnDaDYTXLm/dUaRbJWzOKqS9wX7KQEWysdZd2lEDV68txt1hyy+5EaBG8GZQuPp8yPde6xa9OLyKJoNIQjrVue25s/BQrwwin40In0TTGZIj7tG1RYkG1n04GHqMj6/RQGCn7pEET93dHioXWIxHYSoHNQM9nmflf1k5MeO6nTMaJoZJMPwoTjkyEsu1RjylKDB9ZwEQxOysiA6wwMfZGBXsEb37lRWiclD3LN26pcgpT5eEADuEYPDiDClxBDepAQMADvMCro5xH5815n5bmnFnPPvyR8/EDRdSUdg==</latexit><latexit sha1_base64="UZAx08qOSlDBno09qLtLzNbPU5M=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy2I0boYK9SDuUTJppQ3MZkoxQhj6FGxeKuPVx3Pk2pu0stPWHwMd/ziHn/FHCmbG+/+0V1tY3NreK26Wd3b39g/LhUcuoVBPaJIor3YmwoZxJ2rTMctpJNMUi4rQdjeuzevuJasOUfLCThIYCDyWLGcHWWY9ZTwtUv7uZ9ssVv+rPhVYhyKECuRr98ldvoEgqqLSEY2O6gZ/YMMPaMsLptNRLDU0wGeMh7TqUWFATZvOFp+jMOQMUK+2etGju/p7IsDBmIiLXKbAdmeXazPyv1k1tfB1mTCappZIsPopTjqxCs+vRgGlKLJ84wEQztysiI6wxsS6jkgshWD55FVoX1cDxvV+pXeZxFOEETuEcAriCGtxCA5pAQMAzvMKbp70X7937WLQWvHzmGP7I+/wBI/mP5w==</latexit>

today
<latexit sha1_base64="FlgfRpy8INxH3/5BZXoquYOIri8=">AAAB8nicbVDLSgMxFL3js9ZHqy7dBIvgqsyIoDsLblxWsA9oh5LJZNrQPIYkIwxDP8ONC0Xc+jXu/AT/wvSx0NYDgcM595J7TpRyZqzvf3lr6xubW9ulnfLu3v5BpXp41DYq04S2iOJKdyNsKGeStiyznHZTTbGIOO1E49up33mk2jAlH2ye0lDgoWQJI9g6qVf0tUBWxTifDKo1v+7PgFZJsCC1RuX7BgFAc1D97MeKZIJKSzg2phf4qQ0LrC0jnE7K/czQFJMxHtKeoxILasJidvIEnTklRonS7kmLZurvjQILY3IRuUmB7cgse1PxP6+X2eQ6LJhMM0slmX+UZNyFRNP8KGaaEstzRzDRzN2KyAhrTKxrqexKCJYjr5L2RT1w/N61cQlzlOAETuEcAriCBtxBE1pAQMETvMCrZ71n7817n4+ueYudY/gD7+MHmG+S4Q==</latexit><latexit sha1_base64="rnp3CMDbgNhTgJYMyzZ8cUHmMIA=">AAAB8nicbVDLSgMxFM3UVx0frbp0EyyCbsqMCLqzIILLCvYB06FkMpk2NI8hyQjD0M9w40IRt/6Bf+HOT/AvTB8LbT0QOJxzL7nnRCmj2njel1NaWV1b3yhvulvbO7uV6t5+W8tMYdLCkknVjZAmjArSMtQw0k0VQTxipBONrid+54EoTaW4N3lKQo4GgiYUI2OloOgpDo2MUT7uV2te3ZsCLhN/TmqNyvfVqftx0+xXP3uxxBknwmCGtA58LzVhgZShmJGx28s0SREeoQEJLBWIEx0W05PH8NgqMUyksk8YOFV/bxSIa53zyE5yZIZ60ZuI/3lBZpLLsKAizQwRePZRkjEbEk7yw5gqgg3LLUFYUXsrxEOkEDa2JdeW4C9GXibts7pv+Z1t4xzMUAaH4AicAB9cgAa4BU3QAhhI8AiewYtjnCfn1XmbjZac+c4B+APn/QcHxpP0</latexit><latexit sha1_base64="rnp3CMDbgNhTgJYMyzZ8cUHmMIA=">AAAB8nicbVDLSgMxFM3UVx0frbp0EyyCbsqMCLqzIILLCvYB06FkMpk2NI8hyQjD0M9w40IRt/6Bf+HOT/AvTB8LbT0QOJxzL7nnRCmj2njel1NaWV1b3yhvulvbO7uV6t5+W8tMYdLCkknVjZAmjArSMtQw0k0VQTxipBONrid+54EoTaW4N3lKQo4GgiYUI2OloOgpDo2MUT7uV2te3ZsCLhN/TmqNyvfVqftx0+xXP3uxxBknwmCGtA58LzVhgZShmJGx28s0SREeoQEJLBWIEx0W05PH8NgqMUyksk8YOFV/bxSIa53zyE5yZIZ60ZuI/3lBZpLLsKAizQwRePZRkjEbEk7yw5gqgg3LLUFYUXsrxEOkEDa2JdeW4C9GXibts7pv+Z1t4xzMUAaH4AicAB9cgAa4BU3QAhhI8AiewYtjnCfn1XmbjZac+c4B+APn/QcHxpP0</latexit><latexit sha1_base64="UtR0F7ZMPVg0RiVL0pKiKN9DGDo=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuCG5cV7APaoWQymTY0jyHJCMPQz3DjQhG3fo07/8a0nYW2HggczrmX3HOilDNjff/bq2xsbm3vVHdre/sHh0f145OuUZkmtEMUV7ofYUM5k7RjmeW0n2qKRcRpL5rezf3eE9WGKflo85SGAo8lSxjB1kmDYqgFsirG+WxUb/hNfwG0ToKSNKBEe1T/GsaKZIJKSzg2ZhD4qQ0LrC0jnM5qw8zQFJMpHtOBoxILasJicfIMXTglRonS7kmLFurvjQILY3IRuUmB7cSsenPxP2+Q2eQ2LJhMM0slWX6UZNyFRPP8KGaaEstzRzDRzN2KyARrTKxrqeZKCFYjr5PuVTNw/MFvtK7LOqpwBudwCQHcQAvuoQ0dIKDgGV7hzbPei/fufSxHK165cwp/4H3+AHIrkUo=</latexit>

k�1
CMB

<latexit sha1_base64="+JVNKUMBVIIzAbvIcfqC3I6/ZzQ=">AAAB+XicbZDLSsNAFIZP6q3WW9SFCxcOFsGNJRFBl8Vu3AgV7AXaGCbTaTt0Mgkzk0IJeRMXulDErW/izkfwLZxeFtr6w8DHf87hnPmDmDOlHefLyi0tr6yu5dcLG5tb2zv27l5dRYkktEYiHslmgBXlTNCaZprTZiwpDgNOG8GgMq43hlQqFol7PYqpF+KeYF1GsDaWb9sDP23LEFVur7OH9MzNfLvolJyJ0CK4MyiWD76PngCg6tuf7U5EkpAKTThWquU6sfZSLDUjnGaFdqJojMkA92jLoMAhVV46uTxDJ8bpoG4kzRMaTdzfEykOlRqFgekMse6r+drY/K/WSnT3ykuZiBNNBZku6iYc6QiNY0AdJinRfGQAE8nMrYj0scREm7AKJgR3/suLUD8vuYbvTBoXMFUeDuEYTsGFSyjDDVShBgSG8Agv8Gql1rP1Zr1PW3PWbGYf/sj6+AE2lZTb</latexit><latexit sha1_base64="EBTrd7UpbMm8IxL5l12DKvTpOUA=">AAAB+XicbZC7SgNBFIZn4y3G26qFhYWDQbAx7IqgZTCNjRDBXCBZl9nJbDJkZnaZmQ2EZd/ExkIR27yJnY9gZ23l5FJo4g8DH/85h3PmD2JGlXacDyu3tLyyupZfL2xsbm3v2Lt7dRUlEpMajlgkmwFShFFBappqRpqxJIgHjDSCfmVcbwyIVDQS93oYE4+jrqAhxUgby7ftvp+2JYeV2+vsIT1zM98uOiVnIrgI7gyK5YPPo9E3/6r69nu7E+GEE6ExQ0q1XCfWXoqkppiRrNBOFIkR7qMuaRkUiBPlpZPLM3hinA4MI2me0HDi/p5IEVdqyAPTyZHuqfna2Pyv1kp0eOWlVMSJJgJPF4UJgzqC4xhgh0qCNRsaQFhScyvEPSQR1iasggnBnf/yItTPS67hO5PGBZgqDw7BMTgFLrgEZXADqqAGMBiAR/AMXqzUerJerbdpa86azeyDP7JGP3COl0U=</latexit><latexit sha1_base64="EBTrd7UpbMm8IxL5l12DKvTpOUA=">AAAB+XicbZC7SgNBFIZn4y3G26qFhYWDQbAx7IqgZTCNjRDBXCBZl9nJbDJkZnaZmQ2EZd/ExkIR27yJnY9gZ23l5FJo4g8DH/85h3PmD2JGlXacDyu3tLyyupZfL2xsbm3v2Lt7dRUlEpMajlgkmwFShFFBappqRpqxJIgHjDSCfmVcbwyIVDQS93oYE4+jrqAhxUgby7ftvp+2JYeV2+vsIT1zM98uOiVnIrgI7gyK5YPPo9E3/6r69nu7E+GEE6ExQ0q1XCfWXoqkppiRrNBOFIkR7qMuaRkUiBPlpZPLM3hinA4MI2me0HDi/p5IEVdqyAPTyZHuqfna2Pyv1kp0eOWlVMSJJgJPF4UJgzqC4xhgh0qCNRsaQFhScyvEPSQR1iasggnBnf/yItTPS67hO5PGBZgqDw7BMTgFLrgEZXADqqAGMBiAR/AMXqzUerJerbdpa86azeyDP7JGP3COl0U=</latexit><latexit sha1_base64="2VoMiALk+tLW+4WqJfTnlqu1DcM=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiuLEkIuiy2I0boYK9QBvDZDpph04mYWZSKCFv4saFIm59E3e+jdM2C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWDcmNU7EyoVi8WjnibUi/BQsJARrI3l2/bYz/oyQo372/wpu3Bz3646NWcutApuAVUo1PTtr/4gJmlEhSYcK9VznUR7GZaaEU7zSj9VNMFkjIe0Z1DgiCovm1+eozPjDFAYS/OERnP390SGI6WmUWA6I6xHark2M/+r9VId3ngZE0mqqSCLRWHKkY7RLAY0YJISzacGMJHM3IrICEtMtAmrYkJwl7+8Cu3Lmmv4wanWr4o4ynACp3AOLlxDHe6gCS0gMIFneIU3K7NerHfrY9FasoqZY/gj6/MHhIqS3A==</latexit>

�T �! h�T1 . . . �Tni
<latexit sha1_base64="3SWOfZd+Ggt8HN9IWCnUKqm6wU8=">AAACKXicbVBNSxxBEK3xI5qNSVbNzUsTETzJTAjE44IXjwquCjvLWtNbM9vY0z1010SWxb/jxb/iRUFRr/kj6d3VED8eNLx6r6q762WVVp7j+CGamZ2b/7Cw+LHxaenzl6/N5ZVDb2snqS2ttu44Q09aGWqzYk3HlSMsM01H2enO2D/6Tc4raw54WFG3xMKoXEnkIPWarbRPmlEciFRbUzhVDBids2ehRlNoevZ7Sdq37P+VJnUTv9dcj7fiCcRbkjyR9da3PD8BgL1e8yZcJOuSDEuN3neSuOLuCB0rqem8kdaeKpSnWFAnUIMl+e5osum52AhKX+TWhWNYTNT/J0ZYej8ss9BZIg/8a28svud1as63uyNlqprJyOlDea0FWzGOTfSVI8l6GAhKp8JfhRygQ8kh3EYIIXm98lty+GMrCXw/pPETpliENfgOm5DAL2jBLuxBGyRcwBXcwl10GV1H99HjtHUmeppZhReI/vwFhHyo0w==</latexit><latexit sha1_base64="VjzfLMw4IHbbvg2xULqCh9zEh0E=">AAACKXicbVBNSyNBEO1x/YxfWfXmpVEETzIjgh4DXvaokEQhE0JNp2bS2NM9dNfsEkL+jhf/iheFXVav/hE7ExW/HjS8eq+qu+slhZKOwvAhmPkxOze/sLhUW15ZXVuv/9xoO1NagS1hlLGXCThUUmOLJCm8LCxCnii8SK5OJ/7Fb7ROGt2kYYHdHDItUymAvNSrN+I+KgLe5LEyOrMyGxBYa/74GnSm8NXvRXHfkHsrdWwrv1ffDQ/CCvwriV7IbmMrrXDWq9/7i0SZoyahwLlOFBbUHYElKRSOa3HpsABxBRl2PNWQo+uOqk3HfM8rfZ4a648mXqnvJ0aQOzfME9+ZAw3cZ28ifud1SkpPuiOpi5JQi+lDaak4GT6JjfelRUFq6AkIK/1fuRiABUE+3JoPIfq88lfSPjyIPD/3aRyxKRbZNtth+yxix6zBfrEz1mKCXbNb9pf9C26Cu+B/8DhtnQleZjbZBwRPzyV2qgs=</latexit><latexit sha1_base64="VjzfLMw4IHbbvg2xULqCh9zEh0E=">AAACKXicbVBNSyNBEO1x/YxfWfXmpVEETzIjgh4DXvaokEQhE0JNp2bS2NM9dNfsEkL+jhf/iheFXVav/hE7ExW/HjS8eq+qu+slhZKOwvAhmPkxOze/sLhUW15ZXVuv/9xoO1NagS1hlLGXCThUUmOLJCm8LCxCnii8SK5OJ/7Fb7ROGt2kYYHdHDItUymAvNSrN+I+KgLe5LEyOrMyGxBYa/74GnSm8NXvRXHfkHsrdWwrv1ffDQ/CCvwriV7IbmMrrXDWq9/7i0SZoyahwLlOFBbUHYElKRSOa3HpsABxBRl2PNWQo+uOqk3HfM8rfZ4a648mXqnvJ0aQOzfME9+ZAw3cZ28ifud1SkpPuiOpi5JQi+lDaak4GT6JjfelRUFq6AkIK/1fuRiABUE+3JoPIfq88lfSPjyIPD/3aRyxKRbZNtth+yxix6zBfrEz1mKCXbNb9pf9C26Cu+B/8DhtnQleZjbZBwRPzyV2qgs=</latexit><latexit sha1_base64="bTE0xuh4lLgaeLQGDDDQKmfdKDY=">AAACKXicbVDLSgMxFM34tr6qLt0Ei+BKZkTQZcGNSwVrhU4pd9LbaTCTDMkdpZT+jht/xY2Com79EdOH4utA4Nxz7k1yT5Ir6SgMX4Op6ZnZufmFxdLS8srqWnl948KZwgqsCaOMvUzAoZIaayRJ4WVuEbJEYT25Oh769Wu0Thp9Tr0cmxmkWnakAPJSq1yN26gI+DmPldGplWmXwFpz42vQqcJPvxXFbUPuq9SxHfmtciXcC0fgf0k0IRU2wWmr/OgvEkWGmoQC5xpRmFOzD5akUDgoxYXDHMQVpNjwVEOGrtkfbTrgO15p846x/mjiI/X7RB8y53pZ4jszoK777Q3F/7xGQZ2jZl/qvCDUYvxQp1CcDB/GxtvSoiDV8wSElf6vXHTBgiAfbsmHEP1e+S+52N+LPD8LK9WDSRwLbItts10WsUNWZSfslNWYYLfsnj2x5+AueAhegrdx61QwmdlkPxC8fwB98KdT</latexit>

superhorizon
<latexit sha1_base64="h/UzmtBmB3ByYHcCFqvDPcPN3n0=">AAAB+3icbZDLSgMxFIbP1Futl4516SZYBFdlRgTdWXDjsoK9QDuUTJppQzPJkGTEOsyruHGhiFtfxJ2P4FuYXhba+kPg4z/ncE7+MOFMG8/7cgpr6xubW8Xt0s7u3n7ZPai0tEwVoU0iuVSdEGvKmaBNwwynnURRHIectsPx9bTevqdKMynuzCShQYyHgkWMYGOtvlvJeipGOk2oGknFHqXI+27Vq3kzoVXwF1Ctl7+vEAA0+u5nbyBJGlNhCMdad30vMUGGlWGE07zUSzVNMBnjIe1aFDimOshmt+foxDoDFEllnzBo5v6eyHCs9SQObWeMzUgv16bmf7VuaqLLIGMiSQ0VZL4oSjkyEk2DQAOmKDF8YgETxeytiIywwsTYuEo2BH/5y6vQOqv5lm9tGucwVxGO4BhOwYcLqMMNNKAJBB7gCV7g1cmdZ+fNeZ+3FpzFzCH8kfPxA+sOlm8=</latexit><latexit sha1_base64="2Xjdzqq/ScBdlUaJZbIC25rzcIg=">AAAB+3icbZDLSgMxFIYzXut46ViXboJF0E2ZEUF3FkRwWcFeoB1KJs20obkMSUasw7yKGxeKuHXlW7jzEXwL08tCW38IfPznHM7JHyWMauP7X87S8srq2nphw93c2t4perulhpapwqSOJZOqFSFNGBWkbqhhpJUognjESDMaXo7rzTuiNJXi1owSEnLUFzSmGBlrdb1S1lEc6jQhaiAVfZAi73plv+JPBBchmEG5Wvy+OHY/rmpd77PTkzjlRBjMkNbtwE9MmCFlKGYkdzupJgnCQ9QnbYsCcaLDbHJ7Dg+t04OxVPYJAyfu74kMca1HPLKdHJmBnq+Nzf9q7dTE52FGRZIaIvB0UZwyaCQcBwF7VBFs2MgCworaWyEeIIWwsXG5NoRg/suL0DipBJZvbBqnYKoC2AcH4AgE4AxUwTWogTrA4B48gmfw4uTOk/PqvE1bl5zZzB74I+f9B1pll4I=</latexit><latexit sha1_base64="2Xjdzqq/ScBdlUaJZbIC25rzcIg=">AAAB+3icbZDLSgMxFIYzXut46ViXboJF0E2ZEUF3FkRwWcFeoB1KJs20obkMSUasw7yKGxeKuHXlW7jzEXwL08tCW38IfPznHM7JHyWMauP7X87S8srq2nphw93c2t4perulhpapwqSOJZOqFSFNGBWkbqhhpJUognjESDMaXo7rzTuiNJXi1owSEnLUFzSmGBlrdb1S1lEc6jQhaiAVfZAi73plv+JPBBchmEG5Wvy+OHY/rmpd77PTkzjlRBjMkNbtwE9MmCFlKGYkdzupJgnCQ9QnbYsCcaLDbHJ7Dg+t04OxVPYJAyfu74kMca1HPLKdHJmBnq+Nzf9q7dTE52FGRZIaIvB0UZwyaCQcBwF7VBFs2MgCworaWyEeIIWwsXG5NoRg/suL0DipBJZvbBqnYKoC2AcH4AgE4AxUwTWogTrA4B48gmfw4uTOk/PqvE1bl5zZzB74I+f9B1pll4I=</latexit><latexit sha1_base64="9yfRi31p7QiRdThtvwDlHxplX6M=">AAAB+3icbZDLSgMxFIbPeK31VuvSTbAIrsqMCLosuHFZwV6gHUomzbShuQxJRqzDvIobF4q49UXc+Tam7Sy09YfAx3/O4Zz8UcKZsb7/7a2tb2xubZd2yrt7+weHlaNq26hUE9oiiivdjbChnEnassxy2k00xSLitBNNbmb1zgPVhil5b6cJDQUeSRYzgq2zBpVq1tcCmTSheqw0e1IyH1Rqft2fC61CUEANCjUHla/+UJFUUGkJx8b0Aj+xYYa1ZYTTvNxPDU0wmeAR7TmUWFATZvPbc3TmnCGKlXZPWjR3f09kWBgzFZHrFNiOzXJtZv5X66U2vg4zJpPUUkkWi+KUI6vQLAg0ZJoSy6cOMNHM3YrIGGtMrIur7EIIlr+8Cu2LeuD4zq81Los4SnACp3AOAVxBA26hCS0g8AjP8ApvXu69eO/ex6J1zStmjuGPvM8fxMqU2A==</latexit>

| {z }
“uncharted territory”

<latexit sha1_base64="3fUMegHh8GSc7J3rroT8SoizXMc="></latexit><latexit sha1_base64="3fUMegHh8GSc7J3rroT8SoizXMc="></latexit><latexit sha1_base64="3fUMegHh8GSc7J3rroT8SoizXMc="></latexit><latexit sha1_base64="3fUMegHh8GSc7J3rroT8SoizXMc="></latexit>

| {z }
well-known evolution

<latexit sha1_base64="MfCzfVRucWSYhYF6kcQD4QeDcL8=">AAACKXicbZDNSgMxFIUz/tb6V3XpJlgEN5YZEXRZdOOygm2FTimZ9NaGZpIhuaOWYXwcN76KGwVF3foiprULrR4IfJx7b5J7okQKi77/7s3Mzs0vLBaWissrq2vrpY3NhtWp4VDnWmpzGTELUiioo0AJl4kBFkcSmtHgdFRvXoOxQqsLHCbQjtmVEj3BGTqrU6qGqeqCiQzjkN1NK+9kIcItZqGJ6Q1IuT9Q+kZRuNYyHV2Q551S2a/4Y9G/EEygTCaqdUrPYVfzNAaFXDJrW4GfYDtjBgWXkBfD1ELC+IBdQcuhYjHYdjbeNKe7zunSnjbuKKRj9+dExmJrh3HkOmOGfTtdG5n/1Vop9o7bmVBJiqD490O9VFLUdBQb7QoDHOXQAeNGuL9S3mcuNXThFl0IwfTKf6FxUAkcnx+WqyeTOApkm+yQPRKQI1IlZ6RG6oSTe/JIXsir9+A9eW/ex3frjDeZ2SK/5H1+ATn1qtY=</latexit><latexit sha1_base64="MfCzfVRucWSYhYF6kcQD4QeDcL8=">AAACKXicbZDNSgMxFIUz/tb6V3XpJlgEN5YZEXRZdOOygm2FTimZ9NaGZpIhuaOWYXwcN76KGwVF3foiprULrR4IfJx7b5J7okQKi77/7s3Mzs0vLBaWissrq2vrpY3NhtWp4VDnWmpzGTELUiioo0AJl4kBFkcSmtHgdFRvXoOxQqsLHCbQjtmVEj3BGTqrU6qGqeqCiQzjkN1NK+9kIcItZqGJ6Q1IuT9Q+kZRuNYyHV2Q551S2a/4Y9G/EEygTCaqdUrPYVfzNAaFXDJrW4GfYDtjBgWXkBfD1ELC+IBdQcuhYjHYdjbeNKe7zunSnjbuKKRj9+dExmJrh3HkOmOGfTtdG5n/1Vop9o7bmVBJiqD490O9VFLUdBQb7QoDHOXQAeNGuL9S3mcuNXThFl0IwfTKf6FxUAkcnx+WqyeTOApkm+yQPRKQI1IlZ6RG6oSTe/JIXsir9+A9eW/ex3frjDeZ2SK/5H1+ATn1qtY=</latexit><latexit sha1_base64="MfCzfVRucWSYhYF6kcQD4QeDcL8=">AAACKXicbZDNSgMxFIUz/tb6V3XpJlgEN5YZEXRZdOOygm2FTimZ9NaGZpIhuaOWYXwcN76KGwVF3foiprULrR4IfJx7b5J7okQKi77/7s3Mzs0vLBaWissrq2vrpY3NhtWp4VDnWmpzGTELUiioo0AJl4kBFkcSmtHgdFRvXoOxQqsLHCbQjtmVEj3BGTqrU6qGqeqCiQzjkN1NK+9kIcItZqGJ6Q1IuT9Q+kZRuNYyHV2Q551S2a/4Y9G/EEygTCaqdUrPYVfzNAaFXDJrW4GfYDtjBgWXkBfD1ELC+IBdQcuhYjHYdjbeNKe7zunSnjbuKKRj9+dExmJrh3HkOmOGfTtdG5n/1Vop9o7bmVBJiqD490O9VFLUdBQb7QoDHOXQAeNGuL9S3mcuNXThFl0IwfTKf6FxUAkcnx+WqyeTOApkm+yQPRKQI1IlZ6RG6oSTe/JIXsir9+A9eW/ex3frjDeZ2SK/5H1+ATn1qtY=</latexit><latexit sha1_base64="MfCzfVRucWSYhYF6kcQD4QeDcL8=">AAACKXicbZDNSgMxFIUz/tb6V3XpJlgEN5YZEXRZdOOygm2FTimZ9NaGZpIhuaOWYXwcN76KGwVF3foiprULrR4IfJx7b5J7okQKi77/7s3Mzs0vLBaWissrq2vrpY3NhtWp4VDnWmpzGTELUiioo0AJl4kBFkcSmtHgdFRvXoOxQqsLHCbQjtmVEj3BGTqrU6qGqeqCiQzjkN1NK+9kIcItZqGJ6Q1IuT9Q+kZRuNYyHV2Q551S2a/4Y9G/EEygTCaqdUrPYVfzNAaFXDJrW4GfYDtjBgWXkBfD1ELC+IBdQcuhYjHYdjbeNKe7zunSnjbuKKRj9+dExmJrh3HkOmOGfTtdG5n/1Vop9o7bmVBJiqD490O9VFLUdBQb7QoDHOXQAeNGuL9S3mcuNXThFl0IwfTKf6FxUAkcnx+WqyeTOApkm+yQPRKQI1IlZ6RG6oSTe/JIXsir9+A9eW/ex3frjDeZ2SK/5H1+ATn1qtY=</latexit>

k�1
<latexit sha1_base64="csk0HpftFIGEF3UYZqKC1+sjgi4=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEN5ZEBF0W3bisYC/QxjKZnLRDJ5MwMxFKiK/ixoUibn0Qd76N0zQLbT0w8PH/58yZ+f2EM6Ud59taWV1b39isbFW3d3b39u2Dw46KU0mhTWMey55PFHAmoK2Z5tBLJJDI59D1Jzczv/sIUrFY3OtpAl5ERoKFjBJtpKFdGxR3ZBKCPJs8ZGdung/tutNwisLL4JZQR2W1hvbXIIhpGoHQlBOl+q6TaC8jUjPKIa8OUgUJoRMygr5BQSJQXlYszvGJUQIcxtIcoXGh/p7ISKTUNPJNZ0T0WC16M/E/r5/q8MrLmEhSDYLOF4UpxzrGsyRwwCRQzacGCJXMvBXTMZGEapNX1YTgLn55GTrnDdfw3UW9eV3GUUFH6BidIhddoia6RS3URhRN0TN6RW/Wk/VivVsf89YVq5ypoT9lff4AUHWVLg==</latexit><latexit sha1_base64="csk0HpftFIGEF3UYZqKC1+sjgi4=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEN5ZEBF0W3bisYC/QxjKZnLRDJ5MwMxFKiK/ixoUibn0Qd76N0zQLbT0w8PH/58yZ+f2EM6Ud59taWV1b39isbFW3d3b39u2Dw46KU0mhTWMey55PFHAmoK2Z5tBLJJDI59D1Jzczv/sIUrFY3OtpAl5ERoKFjBJtpKFdGxR3ZBKCPJs8ZGdung/tutNwisLL4JZQR2W1hvbXIIhpGoHQlBOl+q6TaC8jUjPKIa8OUgUJoRMygr5BQSJQXlYszvGJUQIcxtIcoXGh/p7ISKTUNPJNZ0T0WC16M/E/r5/q8MrLmEhSDYLOF4UpxzrGsyRwwCRQzacGCJXMvBXTMZGEapNX1YTgLn55GTrnDdfw3UW9eV3GUUFH6BidIhddoia6RS3URhRN0TN6RW/Wk/VivVsf89YVq5ypoT9lff4AUHWVLg==</latexit><latexit sha1_base64="csk0HpftFIGEF3UYZqKC1+sjgi4=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEN5ZEBF0W3bisYC/QxjKZnLRDJ5MwMxFKiK/ixoUibn0Qd76N0zQLbT0w8PH/58yZ+f2EM6Ud59taWV1b39isbFW3d3b39u2Dw46KU0mhTWMey55PFHAmoK2Z5tBLJJDI59D1Jzczv/sIUrFY3OtpAl5ERoKFjBJtpKFdGxR3ZBKCPJs8ZGdung/tutNwisLL4JZQR2W1hvbXIIhpGoHQlBOl+q6TaC8jUjPKIa8OUgUJoRMygr5BQSJQXlYszvGJUQIcxtIcoXGh/p7ISKTUNPJNZ0T0WC16M/E/r5/q8MrLmEhSDYLOF4UpxzrGsyRwwCRQzacGCJXMvBXTMZGEapNX1YTgLn55GTrnDdfw3UW9eV3GUUFH6BidIhddoia6RS3URhRN0TN6RW/Wk/VivVsf89YVq5ypoT9lff4AUHWVLg==</latexit><latexit sha1_base64="csk0HpftFIGEF3UYZqKC1+sjgi4=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEN5ZEBF0W3bisYC/QxjKZnLRDJ5MwMxFKiK/ixoUibn0Qd76N0zQLbT0w8PH/58yZ+f2EM6Ud59taWV1b39isbFW3d3b39u2Dw46KU0mhTWMey55PFHAmoK2Z5tBLJJDI59D1Jzczv/sIUrFY3OtpAl5ERoKFjBJtpKFdGxR3ZBKCPJs8ZGdung/tutNwisLL4JZQR2W1hvbXIIhpGoHQlBOl+q6TaC8jUjPKIa8OUgUJoRMygr5BQSJQXlYszvGJUQIcxtIcoXGh/p7ISKTUNPJNZ0T0WC16M/E/r5/q8MrLmEhSDYLOF4UpxzrGsyRwwCRQzacGCJXMvBXTMZGEapNX1YTgLn55GTrnDdfw3UW9eV3GUUFH6BidIhddoia6RS3URhRN0TN6RW/Wk/VivVsf89YVq5ypoT9lff4AUHWVLg==</latexit>

?

Poor man’s collider

<latexit sha1_base64="T14RU6GropiqCYjaq4rQhf9IgP4="></latexit>

CMB and LSS (& Spectral Dist.) ! limited access to Early Universe Phyiscs
<latexit sha1_base64="QJ1EuC4/VDd/pJiS7WPI/mzDozo="></latexit>

10�4 . k[Mpc�1] . 104 ! 60-42 e-folds before the end of inflation

<latexit sha1_base64="hnPAuvt0sA/Ghdbels3NlnQqd9k=">AAACK3icbVC7TsMwFHXKq5RXgJHFokJiqhJUAWNVFsaC6ENqoshxndaq40S2g1RF+R8WfoUBBh5i5T9w0gzQ9kiWjs659/re48eMSmVZn0ZlbX1jc6u6XdvZ3ds/MA+PejJKBCZdHLFIDHwkCaOcdBVVjAxiQVDoM9L3pze5338kQtKIP6hZTNwQjTkNKEZKS57ZdhjiY0acEKkJRiy9z7w0dfwATjPPzpxRpORKj2fQEUWrZ9athlUALhO7JHVQouOZr3osTkLCFWZIyqFtxcpNkVAUM5LVnESSGOEpGpOhphyFRLppcWsGz7QygkEk9OMKFurfjhSFUs5CX1fma8tFLxdXecNEBdduSnmcKMLx/KMgYVBFMA8OjqggWLGZJggLqneFeIIEwkrHW9Mh2IsnL5PeRcO+bDTvmvVWu4yjCk7AKTgHNrgCLXALOqALMHgCL+AdfBjPxpvxZXzPSytG2XMM/sH4+QUv+Kl7</latexit>

hRk1 . . .Rkni
<latexit sha1_base64="s8QYo2Z3CF+lA5MgD2FfzIJgnc4=">AAACBHicbVA9SwNBEN2LXzF+nVqmWQyC1XEnQS2DNpZRzAckIextNsmSvd1zd04IRwob/4qNhSK2/gg7/417SQpNfDDweG+GmXlhLLgB3/92ciura+sb+c3C1vbO7p67f1A3KtGU1agSSjdDYpjgktWAg2DNWDMShYI1wtFV5jcemDZcyTsYx6wTkYHkfU4JWKnrFtsRgSElIr2dtA2P2D2mShogEryuW/I9fwq8TII5KaE5ql33q91TNImYBCqIMa3Aj6GTEg2cCjYptBPDYkJHZMBalkoSMdNJp09M8LFVerivtC0JeKr+nkhJZMw4Cm1ndrJZ9DLxP6+VQP+ik3IZJ8AknS3qJwKDwlkiuMc1oyDGlhCqub0V0yHRhILNrWBDCBZfXib1Uy8488o35VLlch5HHhXRETpBATpHFXSNqqiGKHpEz+gVvTlPzovz7nzMWnPOfOYQ/YHz+QMz8Jh1</latexit>

R ' constant.



GWs at interferometer scales 

Primordial Black Holes (PBHs)

๏ Indirect access to a large range scales

๏ (Depending on their mass) PBHs can (maybe !) account for all or significant 
fraction of DM abundance

Small Scale Probes of Inflation

10�18M� < MPBH < 102M�
<latexit sha1_base64="XNbfBTgGYMexaP53pnZagYXdhxM=">AAACGnicbZDLSgMxFIYz9VbrrerSTbAIbiyTIljERdFNN0IFe4F2LJk004ZmJkOSEcowz+HGV3HjQhF34sa3MTMtqK0HAl/+/xyS87shZ0rb9peVW1peWV3Lrxc2Nre2d4q7ey0lIklokwguZMfFinIW0KZmmtNOKCn2XU7b7vgq9dv3VComgls9Canj42HAPEawNlK/iJB9F5+gagKv+3FPDIRO4EXG0oeNy3p6My2VH7tfLNllOyu4CGgGJTCrRr/40RsIEvk00IRjpbrIDrUTY6kZ4TQp9CJFQ0zGeEi7BgPsU+XE2WoJPDLKAHpCmhNomKm/J2LsKzXxXdPpYz1S814q/ud1I+1VnZgFYaRpQKYPeRGHWsA0JzhgkhLNJwYwkcz8FZIRlphok2bBhIDmV16EVqWMDN+clmrnszjy4AAcgmOAwBmogTpogCYg4AE8gRfwaj1az9ab9T5tzVmzmX3wp6zPb+Z/nkg=</latexit><latexit sha1_base64="XNbfBTgGYMexaP53pnZagYXdhxM=">AAACGnicbZDLSgMxFIYz9VbrrerSTbAIbiyTIljERdFNN0IFe4F2LJk004ZmJkOSEcowz+HGV3HjQhF34sa3MTMtqK0HAl/+/xyS87shZ0rb9peVW1peWV3Lrxc2Nre2d4q7ey0lIklokwguZMfFinIW0KZmmtNOKCn2XU7b7vgq9dv3VComgls9Canj42HAPEawNlK/iJB9F5+gagKv+3FPDIRO4EXG0oeNy3p6My2VH7tfLNllOyu4CGgGJTCrRr/40RsIEvk00IRjpbrIDrUTY6kZ4TQp9CJFQ0zGeEi7BgPsU+XE2WoJPDLKAHpCmhNomKm/J2LsKzXxXdPpYz1S814q/ud1I+1VnZgFYaRpQKYPeRGHWsA0JzhgkhLNJwYwkcz8FZIRlphok2bBhIDmV16EVqWMDN+clmrnszjy4AAcgmOAwBmogTpogCYg4AE8gRfwaj1az9ab9T5tzVmzmX3wp6zPb+Z/nkg=</latexit><latexit sha1_base64="XNbfBTgGYMexaP53pnZagYXdhxM=">AAACGnicbZDLSgMxFIYz9VbrrerSTbAIbiyTIljERdFNN0IFe4F2LJk004ZmJkOSEcowz+HGV3HjQhF34sa3MTMtqK0HAl/+/xyS87shZ0rb9peVW1peWV3Lrxc2Nre2d4q7ey0lIklokwguZMfFinIW0KZmmtNOKCn2XU7b7vgq9dv3VComgls9Canj42HAPEawNlK/iJB9F5+gagKv+3FPDIRO4EXG0oeNy3p6My2VH7tfLNllOyu4CGgGJTCrRr/40RsIEvk00IRjpbrIDrUTY6kZ4TQp9CJFQ0zGeEi7BgPsU+XE2WoJPDLKAHpCmhNomKm/J2LsKzXxXdPpYz1S814q/ud1I+1VnZgFYaRpQKYPeRGHWsA0JzhgkhLNJwYwkcz8FZIRlphok2bBhIDmV16EVqWMDN+clmrnszjy4AAcgmOAwBmogTpogCYg4AE8gRfwaj1az9ab9T5tzVmzmX3wp6zPb+Z/nkg=</latexit><latexit sha1_base64="XNbfBTgGYMexaP53pnZagYXdhxM=">AAACGnicbZDLSgMxFIYz9VbrrerSTbAIbiyTIljERdFNN0IFe4F2LJk004ZmJkOSEcowz+HGV3HjQhF34sa3MTMtqK0HAl/+/xyS87shZ0rb9peVW1peWV3Lrxc2Nre2d4q7ey0lIklokwguZMfFinIW0KZmmtNOKCn2XU7b7vgq9dv3VComgls9Canj42HAPEawNlK/iJB9F5+gagKv+3FPDIRO4EXG0oeNy3p6My2VH7tfLNllOyu4CGgGJTCrRr/40RsIEvk00IRjpbrIDrUTY6kZ4TQp9CJFQ0zGeEi7BgPsU+XE2WoJPDLKAHpCmhNomKm/J2LsKzXxXdPpYz1S814q/ud1I+1VnZgFYaRpQKYPeRGHWsA0JzhgkhLNJwYwkcz8FZIRlphok2bBhIDmV16EVqWMDN+clmrnszjy4AAcgmOAwBmogTpogCYg4AE8gRfwaj1az9ab9T5tzVmzmX3wp6zPb+Z/nkg=</latexit>

Simeon Bird et.al, “Did LIGO detect dark matter ?”, arXiv: 1603.00464

<latexit sha1_base64="hYxo3ereJijMwjsv3QAhyIZF8uo="></latexit>

requires large PR(k) at k � kCMB

<latexit sha1_base64="C4P1is0EBKvrz0Td1/pvP5BnmqI=">AAACG3icbVDLSsNAFJ3UV62vqEs3g61QNyUJUl0W3biMYh/QljKZTtqhk0yYmQgl5D/c+CtuXCjiSnDh3zhpg4/qgYEz59zLvfd4EaNSWdaHUVhaXlldK66XNja3tnfM3b2W5LHApIk546LjIUkYDUlTUcVIJxIEBR4jbW9ykfntWyIk5eGNmkakH6BRSH2KkdLSwHRcrkioKGIwEtwjkPuw0guQGmPEEjcdJF+f6zStTo4rcGCWrVrdOXEsB1o1a4ZvYuekDHK4A/OtN+Q4DvQczJCUXduKVD9BQlHMSFrqxZJECE/QiHQ1DVFAZD+Z3ZbCI60Moc+FfqGCM/VnR4ICKaeBpyuzReWil4n/ed1Y+Wf9hIZRrAPA80F+zKDiMAsKDqkgWLGpJggLqneFeIwEwkrHWdIh2Isn/yUtp2bXa9aVU26c53EUwQE4BFVgg1PQAJfABU2AwR14AE/g2bg3Ho0X43VeWjDynn3wC8b7J6q9oSg=</latexit>

Potential probe of PR(k)
<latexit sha1_base64="bEcpipSQqT14H+4ISN//lqcKrxk="></latexit>

⌦GW(k) ⇠
R
dpPR(|~k � ~p|)PR(p)

๏ Induced GWs: inevitable part of SGWB due to non-linear nature of gravity!

๏ Direct enhancement of tensor perturbations during inflation: 

Multi-field: Axion-Gauge field dynamics, N. Barnaby, E. Pajer, M. Peloso, arXiv: 1110.3327.    

Strong Bending of trajectory in multi-scalar inflation, J. Fumagalli, S. Renaux-Petel, L. Witkowski, arXiv: 2012.02761



Limits on Power spectrum at small scales

• Constraints depend on the details of the primordial scalar fluctuations: 
     i.e shape of the power spectrum, non-Gaussianity… 

Threshold for 
sizeable PBH 
abundance for a 
Gaussian power 
spectrum

*A. Green, B. Kavanagh , arXiv: 2007.10722,



Limits on PBH as Dark Matter

PBHs in this talk

Scales relevant for LISA

<latexit sha1_base64="40WTte1gmO2JXpwVcxMy/jQd4zI=">AAAB/HicbVDLSsNAFJ3UV62vaFfiJlgEF1ISQVNcFd24rGAf0JQymdy0QyeTMDMRSqhf4d6NC0Xc+iHu/BsnbUGtnsuFwzn3MneOnzAqlW1/GoWl5ZXVteJ6aWNza3vH3N1ryTgVBJokZrHo+FgCoxyaiioGnUQAjnwGbX90lfvtOxCSxvxWjRPoRXjAaUgJVlrqm2Uv5QEIX2ACmXeS16RvVuyqa7u1s5plV+0pvokzJ5X6xf5Dl7m40Tc/vCAmaQRcEYal7Dp2onoZFooSBpOSl0pIMBnhAXQ15TgC2cumx0+sI60EVhgL3VxZU/XnRoYjKceRrycjrIZy0cvF/7xuqsJaL6M8SRVwMnsoTJmlYitPwgqoAKLYWBNMBNW3WmSIdRBK51XSITiLX/5LWqdV57xq3+g0LtEMRXSADtExcpCL6ugaNVATETRGj+gZvRj3xpPxarzNRgvGfKeMfsF4/wLFkZca</latexit>|{z}

*A. Green, B. Kavanagh , arXiv: 2007.10722,



Alternative sources of GW’s

ΩGWh2 from standard inflation ( nt = -0.05, r < 0.06 )

PTA

SKA

LISA

aLIGO
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Amplification of vacuum modes is an irreducible configuration during inflation but too 
small to be detected at interferometer scales*  
  

*Exception to this: transient non-attractor phases during single field inflation (localized blue tilt). 
 arXiv: 1808.10475, 1902.04976, OÖ, M. Mylova, G.Tasinato, I. Zavala, S. Parameswaran 
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<latexit sha1_base64="1lbjAVPSvPu1RjEu2l7xl0god+Y="></latexit>

Produced GWs must be blue tilted 
to be observable at interferometers!

(J. Cook & L. Sorbo, ’11)
(N. Barnaby, E.Pajer&M.Peloso ’11)

(V. Domcke, M. Pieroni & Binetruy, ’16)
(Iacconi et.al ’19)



Rolling Axion as a reservoir
Axions have approximate shift symmetry:  X ! X + c

<latexit sha1_base64="xgfYR4zbvimK03HM7w/euvm1ZIM=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEQSiJFNRd0Y3LCvYBbSiT6aQdOpmEmYkQQ7/EjQtF3Pop7vwbJ20W2npgmMM593LvPX7MmdKO822V1tY3NrfK25Wd3b39qn1w2FFRIgltk4hHsudjRTkTtK2Z5rQXS4pDn9OuP73N/e4jlYpF4kGnMfVCPBYsYARrIw3tKkI9NNARyv9zRIZ2zak7c6BV4hakBgVaQ/trMIpIElKhCcdK9V0n1l6GpWaE01llkCgaYzLFY9o3VOCQKi+bLz5Dp0YZoSCS5gmN5urvjgyHSqWhbypDrCdq2cvF/7x+ooMrL2MiTjQVZDEoSDgyh+YpoBGTlGieGoKJZGZXRCZYYqJNVhUTgrt88irpXNTdRv36vlFr3hRxlOEYTuAMXLiEJtxBC9pAIIFneIU368l6sd6tj0VpySp6juAPrM8fE4KQyg==</latexit>

As a consequence:  

i) they are light and can roll a significant amount of time  
during inflation,           

ii)   natural couplings to gauge fields where they can dump  
       their kinetic energy:   
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<latexit sha1_base64="WbVDzhCX+dk2fPjlg+iz60BSCNw=">AAACEnicbVC7TsMwFHXKq5RXgZHFokKCpUqqSsBWwdKxSPQhNWnkuE5i1U6C7VSqon4DC7/CwgBCrExs/A1umwFajnSlo3Pute89XsKoVKb5bRTW1jc2t4rbpZ3dvf2D8uFRR8apwKSNYxaLnockYTQibUUVI71EEMQ9Rrre6Hbmd8dESBpH92qSEIejIKI+xUhpyS1f2MNYZb3poAbtIIC2CGM3HGS24HCM8BTaknLyAJuDuluumFVzDrhKrJxUQI6WW/7Sb+OUk0hhhqTsW2ainAwJRTEj05KdSpIgPEIB6WsaIU6kk81PmsIzrQyhHwtdkYJz9fdEhriUE+7pTo5UKJe9mfif10+Vf+VkNEpSRSK8+MhPGVQxnOUDh1QQrNhEE4QF1btCHCKBsNIplnQI1vLJq6RTq1r16vVdvdK4yeMoghNwCs6BBS5BAzRBC7QBBo/gGbyCN+PJeDHejY9Fa8HIZ47BHxifPyuXnSo=</latexit>

  ( A resourceful Dinamo/reservoir! ) 

E

<latexit sha1_base64="+aK1oiqZo6CruqZYVkKBvK/vaOU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FRfCYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbmd+6wmV5rF8MOME/YgOJA85o8ZK9bteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhlT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwoe5Xydb1Sqt5kceThBE7hHDy4hCrcQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB5zNjNU=</latexit>

Ẋ

<latexit sha1_base64="TeRmVWe6ShWiVLpwH2y/lIYNFCo=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIoborunFZwT6gHUomzbShmcyQ3BHK0I9w40IRt36PO//GtJ2Fth4IHM65h9x7gkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZv7nSeujYjVI04T7kd0pEQoGEUrdfrDGLPubFCuuFV3AbJOvJxUIEdzUP6ySZZGXCGT1Jie5yboZ1 SjYJLPSv3U8ISyCR3xnqWKRtz42WLdGbmwypCEsbZPIVmovxMZjYyZRoGdjCiOzao3F//zeimG134mVJIiV2z5UZhKgjGZ306GQnOGcmoJZVrYXQkbU00Z2oZKtgRv9eR10r6qerXqzUOt0rjN6yjCGZzDJXhQhwbcQxNawGACz/AKb07ivDjvzsdytODkmVP4A+fzB5LIj78=</latexit>
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<latexit sha1_base64="4bLY06T4/cb4kxKOResoeqfsZLc=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoN6KXjxWsG2gDWWzmbRLNx/uToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8w8P5VCo21/W6W19Y3NrfJ2ZWd3b/+genjU0UmmOLR5IhPl+kyDFDG0UaAEN1XAIl9C1x/fzvzuEygtkvgBJyl4ERvGIhScoZHcfgASGXUH1Zpdt+egq8QpSI0UaA2qX/0g4VkEMXLJtO45dopezhQKLmFa6WcaUsbHbAg9Q2MWgfby+b1TemaUgIaJMhUjnau/J3IWaT2JfNMZMRzpZW8m/uf1MgyvvFzEaYYQ88WiMJMUEzp7ngZCAUc5MYRxJcytlI+YYhxNRBUTgrP88irpXNSdRv36vlFr3hRxlMkJOSXnxCGXpEnuSIu0CSeSPJNX8mY9Wi/Wu/WxaC1Zxcwx+QPr8weaJY+0</latexit>
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<latexit sha1_base64="x777si8F1VYTeg0D3k9U/u4eiIU=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWsB/QLiWbZtu02WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUNCrVlDWoEkq3Q2KY4JI1LLeCtRPNSBwK1grHdzO/9cS04Uo+2knCgpgMJI84JdZJzWEv46Npr1zxqt4ceJX4OalAjnqv/NXtK5rGTFoqiDEd30tskBFtORVsWuqmhiWEjsmAdRyVJGYmyObXTvGZU/o4UtqVtHiu/p7ISGzMJA5dZ0zs0Cx7M/E/r5Pa6DrIuExSyyRdLIpSga3Cs9dxn2tGrZg4Qqjm7lZMh0QTal1AJReCv/zyKmleVP3L6s3DZaV2m8dRhBM4hXPw4QpqcA91aACFETzDK7whhV7QO/pYtBZQPnMMf4A+fwDYdo9U</latexit>
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<latexit sha1_base64="a78+/rg1ds4HafDtjbk6RnKY18c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9VLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1Fjp4brHe+WKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8NLPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt559er+vFK7yeMowhEcwyl4cAE1uIM6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w8Qpo2t</latexit>

  GWs through inverse decay 
             of gauge fields. 

             case is typically problematic  
 if we insist sourced GWs > vacuum GWs  
 at CMB scales  (N. Barnaby & M. Peloso, '10)                                                                                                                 
(OÖ, K. Sinha & S.Watson ’14)

X = �

<latexit sha1_base64="UDmteDtQguFxTRkM9OFaOWSY9Bw=">AAAB73icdVDLSsNAFL3xWeur6tLNYBFchaSGPhZC0Y3LCrYNtKFMppN26OThzEQooT/hxoUibv0dd/6Nk7aCih64cDjnXu69x084k8qyPoyV1bX1jc3CVnF7Z3dvv3Rw2JFxKghtk5jHwvWxpJxFtK2Y4tRNBMWhz2nXn1zlfveeCsni6FZNE+qFeBSxgBGstOS66AL1kzEblMqW2ahXK04VWaZl1eyKnZNKzTl3kK2VHGVYojUovfeHMUlDGinCsZQ920qUl2GhGOF0VuynkiaYTPCI9jSNcEill83vnaFTrQxREAtdkUJz9ftEhkMpp6GvO0OsxvK3l4t/eb1UBXUvY1GSKhqRxaIg5UjFKH8eDZmgRPGpJpgIpm9FZIwFJkpHVNQhfH2K/iedimk7ZuPGKTcvl3EU4BhO4AxsqEETrqEFbSDA4QGe4Nm4Mx6NF+N10bpiLGeO4AeMt09S9o+K</latexit>



Axion-Gauge field Inflation
<latexit sha1_base64="CtRIJuy7ina713AH9TzxJCv4goI="></latexit>
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*M. Anber, L. Sorbo, arXiv: 0908.4089, A. Linde, S. Mooij, E.Pajer arXiv:1212.1693, J. Garcia-Bellido, M. Peloso, C. 
Ünal  arXiv: 1610.03763, S-L. Cheng, W. Lee, K-W. Ng, arXiv: 1801.09050
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*Kobayashi et. al. arXiv: 1510.08768, Kallosh et.al. 
arXiv: 1404.6244, McAllister et. al. 0808.0706, 
Flauger et. al. arXiv: 1412.1814. 

*
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Axion Inflation in the Bumpy Regime

• Hubble drag in the plateau regions of           is pretty efficient to sustain enough inflation  
for an intermediate field range and energy scale!  (                  )

CMB Plateau 

<latexit sha1_base64="9m/X2Q9VqNZgA4rXoPmOUoA/bkQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh4FWSyCp5J4UI+lBfFYwX5AE8pmu0mXbjZhdyOU0B/hxYIiXv093rz6S9w2PWjrg4HHezPMzPMTzpS27S+rsLa+sblV3C7t7O7tH5QPj9oqTiWhLRLzWHZ9rChngrY005x2E0lx5HPa8UeNmd95pFKxWDzocUK9CIeCBYxgbaSOW2dh6Gb9csWu2nOgVeIsSKV2Oz39brSnzX750x3EJI2o0IRjpXqOnWgvw1Izwumk5KaKJpiMcEh7hgocUeVl83Mn6NwoAxTE0pTQaK7+nshwpNQ48k1nhPVQLXsz8T+vl+rgxsuYSFJNBckXBSlHOkaz39GASUo0HxuCiWTmVkSGWGKiTUIlE4Kz/PIqaV9WnauqfW/SqEOOIpzAGVyAA9dQgztoQgsIjOAJXuDVSqxn6816z1sL1mLmGP7A+vgBksOSug==</latexit>(

• Temporary speed up of inflaton at the cliff like regions of           and slow-roll violation  

<latexit sha1_base64="O/wnHKLdize2cTsND/AEQma+Ii8=">AAAB7nicbVDLSgNBEOz1GeMr6tHLkCBEhLDrQT0GvXiMYB6QXcLsZDYZMjs7zMwKy5KPEMSDIl79Hm/5GyePgyYWNBRV3XR3hZIzbVx34qytb2xubRd2irt7+weHpaPjlk5SRWiTJDxRnRBrypmgTcMMpx2pKI5DTtvh6G7qt5+o0iwRjyaTNIjxQLCIEWys1G5VfTlk571Sxa25M6BV4i1IpV72L14m9azRK337/YSkMRWGcKx113OlCXKsDCOcjot+qqnEZIQHtGupwDHVQT47d4zOrNJHUaJsCYNm6u+JHMdaZ3FoO2NshnrZm4r/ed3URDdBzoRMDRVkvihKOTIJmv6O+kxRYnhmCSaK2VsRGWKFibEJFW0I3vLLq6R1WfOuau6DTeMW5ijAKZShCh5cQx3uoQFNIDCCZ3iDd0c6r86H8zlvXXMWMyfwB87XD6AvkhQ=</latexit>
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�� ' 3Mpl

<latexit sha1_base64="O/wnHKLdize2cTsND/AEQma+Ii8=">AAAB7nicbVDLSgNBEOz1GeMr6tHLkCBEhLDrQT0GvXiMYB6QXcLsZDYZMjs7zMwKy5KPEMSDIl79Hm/5GyePgyYWNBRV3XR3hZIzbVx34qytb2xubRd2irt7+weHpaPjlk5SRWiTJDxRnRBrypmgTcMMpx2pKI5DTtvh6G7qt5+o0iwRjyaTNIjxQLCIEWys1G5VfTlk571Sxa25M6BV4i1IpV72L14m9azRK337/YSkMRWGcKx113OlCXKsDCOcjot+qqnEZIQHtGupwDHVQT47d4zOrNJHUaJsCYNm6u+JHMdaZ3FoO2NshnrZm4r/ed3URDdBzoRMDRVkvihKOTIJmv6O+kxRYnhmCSaK2VsRGWKFibEJFW0I3vLLq6R1WfOuau6DTeMW5ijAKZShCh5cQx3uoQFNIDCCZ3iDd0c6r86H8zlvXXMWMyfwB87XD6AvkhQ=</latexit>

V (�)

<latexit sha1_base64="pC5M8BCNHpLcuLxCi3aHZnnW2K8="></latexit>

|⌘| =
����
✏̇

✏H

���� > 1

is maximal @ Cliff(s) 
<latexit sha1_base64="pUIQ/BnNogIVOOBiMX05+i+qpE0=">AAAB83icbVDLSgMxFM34rPVVdekmtAiCUGZcqMuiG5cV7AM6Q8mkmTY0kwnJHWGY9i/EjQtF3Poz7vo3po+Fth4IHM65h3tzQiW4AdedOGvrG5tb24Wd4u7e/sFh6ei4aZJUU9agiUh0OySGCS5ZAzgI1laakTgUrBUO76Z+64lpwxP5CJliQUz6kkecErCSP/J7CeS+GvDxqFuquFV3BrxKvAWp1Mr+xfOkltW7pW+bpmnMJFBBjOl4roIgJxo4FWxc9FPDFKFD0mcdSyWJmQny2c1jfGaVHo4SbZ8EPFN/J3ISG5PFoZ2MCQzMsjcV//M6KUQ3Qc6lSoFJOl8UpQJDgqcF4B7XjILILCFUc3srpgOiCQVbU9GW4C1/eZU0L6veVdV9sG3cojkK6BSV0Tny0DWqoXtURw1EkUIv6A29O6nz6nw4n/PRNWeROUF/4Hz9ANwylTI=</latexit>

|�̇|

<latexit sha1_base64="KceaOi8DVIxRizYxPHhdIPzCRsc=">AAAB+3icbVDLTsJAFL3FF+Kr4tLNRDBxI2lJfCyJblxiIo8EKpkOA0yYTuvM1Eia/oobFxrj1h9x5984QBcKnuQmJ+fcm3vv8SPOlHacbyu3srq2vpHfLGxt7+zu2fvFpgpjSWiDhDyUbR8rypmgDc00p+1IUhz4nLb88fXUbz1SqVgo7vQkol6Ah4INGMHaSD27WJaoq1hAH5Dr3CenZ2m5Z5ecijMDWiZuRkqQod6zv7r9kMQBFZpwrFTHdSLtJVhqRjhNC91Y0QiTMR7SjqECB1R5yez2FB0bpY8GoTQlNJqpvycSHCg1CXzTGWA9UoveVPzP68R6cOklTESxpoLMFw1ijnSIpkGgPpOUaD4xBBPJzK2IjLDERJu4CiYEd/HlZdKsVtzzinNbLdWusjjycAhHcAIuXEANbqAODSDwBM/wCm9War1Y79bHvDVnZTMH8AfW5w+58pLw</latexit>

r ' 10�5

*S. Parameswaran, G.Tasinato, I. Zavala, arXiv:1602.02812, O.Ö, S. Parameswaran, G.Tasinato, I. Zavala,arXiv: 1803.07626



Axion Inflation in the Bumpy Regime

• Large positive  phase (fast-roll) followed by negative      phase (non-attractor) :
<latexit sha1_base64="DsaJ+hx41yE5VKwZcPenl4e1RJU=">AAAB63icbVC7SgNBFL0bXzG+opaKDAbBKuxaqGXQxjIB84BkCbOT2WTIzOwyMyuEJaWtjYUitv5DvsPOb/AnnE1SaOKBC4dz7uXee4KYM21c98vJrayurW/kNwtb2zu7e8X9g4aOEkVonUQ8Uq0Aa8qZpHXDDKetWFEsAk6bwfA285sPVGkWyXsziqkvcF+ykBFsMqlDDe4WS27ZnQItE29OSpXjSe378WRS7RY/O72IJIJKQzjWuu25sfFTrAwjnI4LnUTTGJMh7tO2pRILqv10eusYnVmlh8JI2ZIGTdXfEykWWo9EYDsFNgO96GXif147MeG1nzIZJ4ZKMlsUJhyZCGWPox5TlBg+sgQTxeytiAywwsTYeAo2BG/x5WXSuCh7l2W3ZtO4gRnycASncA4eXEEF7qAKdSAwgCd4gVdHOM/Om/M+a80585lD+APn4wf3eJHk</latexit>⌘ <latexit sha1_base64="DsaJ+hx41yE5VKwZcPenl4e1RJU=">AAAB63icbVC7SgNBFL0bXzG+opaKDAbBKuxaqGXQxjIB84BkCbOT2WTIzOwyMyuEJaWtjYUitv5DvsPOb/AnnE1SaOKBC4dz7uXee4KYM21c98vJrayurW/kNwtb2zu7e8X9g4aOEkVonUQ8Uq0Aa8qZpHXDDKetWFEsAk6bwfA285sPVGkWyXsziqkvcF+ykBFsMqlDDe4WS27ZnQItE29OSpXjSe378WRS7RY/O72IJIJKQzjWuu25sfFTrAwjnI4LnUTTGJMh7tO2pRILqv10eusYnVmlh8JI2ZIGTdXfEykWWo9EYDsFNgO96GXif147MeG1nzIZJ4ZKMlsUJhyZCGWPox5TlBg+sgQTxeytiAywwsTYeAo2BG/x5WXSuCh7l2W3ZtO4gRnycASncA4eXEEF7qAKdSAwgCd4gVdHOM/Om/M+a80585lD+APn4wf3eJHk</latexit>⌘

|{z}
Damping term becomes a driving term

<latexit sha1_base64="1RgtGViRLiKJor8qmqMnEJyeACs=">AAACJnicbZBNSwMxEIazftb6VfXoJVgET7Irgl6Ugh48VrBWaEvJZqc1mGSXZLZYlu2f8eJf8eKhIuLNn2JaK2j1hcDDOzNM5g0TKSz6/rs3Mzs3v7BYWCour6yurZc2Nq9tnBoONR7L2NyEzIIUGmooUMJNYoCpUEI9vDsb1es9MFbE+gr7CbQU62rREZyhs9qlk2aqIzChYRyywWCQt7Mmwj1m50wlQncpglE0BB4rsJTRyIjet53n7VLZ3/fHon8hmECZTFRtl4bNKOapAo1cMmsbgZ9gK2MGBZeQF5uphYTxO9aFhkPN3NZWNj4zp7vOiWgnNu5ppGP350TGlLV9FbpOxfDWTtdG5n+1Roqd41YmdJIiaP61qJNKijEdZUYjYYCj7Dtg3Aj3V8pvmYvMpWCLLoRg+uS/cH2wHzi+PCxXTidxFMg22SF7JCBHpEIuSJXUCCcP5IkMyYv36D17r97bV+uMN5nZIr/kfXwCNpanZA==</latexit><latexit sha1_base64="1RgtGViRLiKJor8qmqMnEJyeACs=">AAACJnicbZBNSwMxEIazftb6VfXoJVgET7Irgl6Ugh48VrBWaEvJZqc1mGSXZLZYlu2f8eJf8eKhIuLNn2JaK2j1hcDDOzNM5g0TKSz6/rs3Mzs3v7BYWCour6yurZc2Nq9tnBoONR7L2NyEzIIUGmooUMJNYoCpUEI9vDsb1es9MFbE+gr7CbQU62rREZyhs9qlk2aqIzChYRyywWCQt7Mmwj1m50wlQncpglE0BB4rsJTRyIjet53n7VLZ3/fHon8hmECZTFRtl4bNKOapAo1cMmsbgZ9gK2MGBZeQF5uphYTxO9aFhkPN3NZWNj4zp7vOiWgnNu5ppGP350TGlLV9FbpOxfDWTtdG5n+1Roqd41YmdJIiaP61qJNKijEdZUYjYYCj7Dtg3Aj3V8pvmYvMpWCLLoRg+uS/cH2wHzi+PCxXTidxFMg22SF7JCBHpEIuSJXUCCcP5IkMyYv36D17r97bV+uMN5nZIr/kfXwCNpanZA==</latexit><latexit sha1_base64="1RgtGViRLiKJor8qmqMnEJyeACs=">AAACJnicbZBNSwMxEIazftb6VfXoJVgET7Irgl6Ugh48VrBWaEvJZqc1mGSXZLZYlu2f8eJf8eKhIuLNn2JaK2j1hcDDOzNM5g0TKSz6/rs3Mzs3v7BYWCour6yurZc2Nq9tnBoONR7L2NyEzIIUGmooUMJNYoCpUEI9vDsb1es9MFbE+gr7CbQU62rREZyhs9qlk2aqIzChYRyywWCQt7Mmwj1m50wlQncpglE0BB4rsJTRyIjet53n7VLZ3/fHon8hmECZTFRtl4bNKOapAo1cMmsbgZ9gK2MGBZeQF5uphYTxO9aFhkPN3NZWNj4zp7vOiWgnNu5ppGP350TGlLV9FbpOxfDWTtdG5n+1Roqd41YmdJIiaP61qJNKijEdZUYjYYCj7Dtg3Aj3V8pvmYvMpWCLLoRg+uS/cH2wHzi+PCxXTidxFMg22SF7JCBHpEIuSJXUCCcP5IkMyYv36D17r97bV+uMN5nZIr/kfXwCNpanZA==</latexit><latexit sha1_base64="1RgtGViRLiKJor8qmqMnEJyeACs=">AAACJnicbZBNSwMxEIazftb6VfXoJVgET7Irgl6Ugh48VrBWaEvJZqc1mGSXZLZYlu2f8eJf8eKhIuLNn2JaK2j1hcDDOzNM5g0TKSz6/rs3Mzs3v7BYWCour6yurZc2Nq9tnBoONR7L2NyEzIIUGmooUMJNYoCpUEI9vDsb1es9MFbE+gr7CbQU62rREZyhs9qlk2aqIzChYRyywWCQt7Mmwj1m50wlQncpglE0BB4rsJTRyIjet53n7VLZ3/fHon8hmECZTFRtl4bNKOapAo1cMmsbgZ9gK2MGBZeQF5uphYTxO9aFhkPN3NZWNj4zp7vOiWgnNu5ppGP350TGlLV9FbpOxfDWTtdG5n+1Roqd41YmdJIiaP61qJNKijEdZUYjYYCj7Dtg3Aj3V8pvmYvMpWCLLoRg+uS/cH2wHzi+PCxXTidxFMg22SF7JCBHpEIuSJXUCCcP5IkMyYv36D17r97bV+uMN5nZIr/kfXwCNpanZA==</latexit>

<latexit sha1_base64="2Y4k0JODcg+fDvXjt5JKY196fI0="></latexit>

R00
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h
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• Duration of negative     phase 
determines the enhancement in 
the power spectrum*

<latexit sha1_base64="DsaJ+hx41yE5VKwZcPenl4e1RJU=">AAAB63icbVC7SgNBFL0bXzG+opaKDAbBKuxaqGXQxjIB84BkCbOT2WTIzOwyMyuEJaWtjYUitv5DvsPOb/AnnE1SaOKBC4dz7uXee4KYM21c98vJrayurW/kNwtb2zu7e8X9g4aOEkVonUQ8Uq0Aa8qZpHXDDKetWFEsAk6bwfA285sPVGkWyXsziqkvcF+ykBFsMqlDDe4WS27ZnQItE29OSpXjSe378WRS7RY/O72IJIJKQzjWuu25sfFTrAwjnI4LnUTTGJMh7tO2pRILqv10eusYnVmlh8JI2ZIGTdXfEykWWo9EYDsFNgO96GXif147MeG1nzIZJ4ZKMlsUJhyZCGWPox5TlBg+sgQTxeytiAywwsTYeAo2BG/x5WXSuCh7l2W3ZtO4gRnycASncA4eXEEF7qAKdSAwgCd4gVdHOM/Om/M+a80585lD+APn4wf3eJHk</latexit>⌘

*O.Ö, S. Parameswaran, G.Tasinato, I. Zavala, arXiv:1803.07626

Fine tuning of model parameters is 
required to get a larger enhancement: 
e.g by adjusting the height      of the 

barrier 

<latexit sha1_base64="r67ve0F4oKOyW90S6Jxh9ma+jAg=">AAACBHicbVDLSgMxFM34rPU16rKbYBFclRkRdVl040oq2Ad0asmkt21oJglJRihDF278FTcuFHHrR7jzb0wfC209EDiccy8358SKM2OD4NtbWl5ZXVvPbeQ3t7Z3dv29/ZqRqaZQpZJL3YiJAc4EVC2zHBpKA0liDvV4cDX26w+gDZPizg4VtBLSE6zLKLFOavuFCJRhXAocKS2VlRjuswgswTejtl8MSsEEeJGEM1JEM1Ta/lfUkTRNQFjKiTHNMFC2lRFtGeUwykepAUXogPSg6aggCZhWNgkxwkdO6eCu1O4Jiyfq742MJMYMk9hNJsT2zbw3Fv/zmqntXrQyJlRqQdDpoW7Kscs6bgR3mAZq+dARQjVzf8W0TzSh1vWWdyWE85EXSe2kFJ6VgtvTYvlyVkcOFdAhOkYhOkdldI0qqIooekTP6BW9eU/ei/fufUxHl7zZzgH6A+/zB6BZmBM=</latexit>

✏ / e⌘N

<latexit sha1_base64="VzC93ENx+hoVCm9S2u0rQnugt/8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPXLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDz5+M8Q==</latexit>

h

<latexit sha1_base64="VzC93ENx+hoVCm9S2u0rQnugt/8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPXLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDz5+M8Q==</latexit>

h

<latexit sha1_base64="SHkn6wdo29dBSbM23WJM9Vv0pP8="></latexit>
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i)  Only          is amplified: parity breaking due to A�

<latexit sha1_base64="6yxiTE/oIttwN7MKYDG4+TZBAME=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRSUG9VLx4rmLbQhrLZbtulm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSKFQdf9dlZW19Y3Ngtbxe2d3b390sFhw8SpZtxnsYx1K6SGS6G4jwIlbyWa0yiUvBmO7qZ+84lrI2L1iOOEBxEdKNEXjKKV/Jtudj7plspuxZ2BLBMvJ2XIUe+Wvjq9mKURV8gkNabtuQkGGdUomOSTYic1PKFsRAe8bamiETdBNjt2Qk6t0iP9WNtSSGbq74mMRsaMo9B2RhSHZtGbiv957RT7V0EmVJIiV2y+qJ9KgjGZfk56QnOGcmwJZVrYWwkbUk0Z2nyKNgRv8eVl0rioeNXK9UO1XLvN4yjAMZzAGXhwCTW4hzr4wEDAM7zCm6OcF+fd+Zi3rjj5zBH8gfP5A3najn0=</latexit>

ii)          is diluted at late times⇢A

<latexit sha1_base64="GJ74VKL+tFkPPd5Q/xmYeT06t1U=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVgnqrevFYwX5Au5Rsmm1Ds0lIskJZ+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8SHFmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMjLVhDaJ5FJ3ImwoZ4I2LbOcdpSmOIk4bUfju5nffqLaMCke7UTRMMFDwWJGsHVSu6dHsn+D+uWKX/XnQKskyEkFcjT65a/eQJI0ocISjo3pBr6yYYa1ZYTTaamXGqowGeMh7ToqcEJNmM3PnaIzpwxQLLUrYdFc/T2R4cSYSRK5zgTbkVn2ZuJ/Xje18VWYMaFSSwVZLIpTjqxEs9/RgGlKLJ84golm7lZERlhjYl1CJRdCsPzyKmldVINa9fqhVqnf5nEU4QRO4RwCuIQ63EMDmkBgDM/wCm+e8l68d+9j0Vrw8plj+APv8we7TY8x</latexit>

iii) Exponential sensitivity to 

Constant      case 
<latexit sha1_base64="HMzJZvbyEqWGZy+y5+DyW5sd6Z4=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgKiQ+Wt0V3bisYFuhCWUynbRDJ5MwMxFK2t9w40IRt/6MO//GaRtQqwcGDufcw71zgoQzpR3n0yosLa+srhXXSxubW9s75d29lopTSWiTxDyW9wFWlDNBm5ppTu8TSXEUcNoOhtdTv/1ApWKxuNOjhPoR7gsWMoK1kbyx14t15iUDNhl3yxXHrlbPa5enyLGdGb6Jm5MK5Gh0yx8mTdKICk04VqrjOon2Myw1I5xOSl6qaILJEPdpx1CBI6r8bHbzBB0ZpYfCWJonNJqpPxMZjpQaRYGZjLAeqEVvKv7ndVIdXvgZE0mqqSDzRWHKkY7RtADUY5ISzUeGYCKZuRWRAZaYaFNTyZTgLn75L2md2G7Vdm7PKvWrvI4iHMAhHIMLNajDDTSgCQQSeIRneLFS68l6td7mowUrz+zDL1jvX/bpkks=</latexit>

|�̇|

Gauge field production (Review)

<latexit sha1_base64="hrLNvIATQQIzOsewiy8dMFwBuhs="></latexit>
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<latexit sha1_base64="rMcQ/5+A0No9ZsgnlosUuv9c96M="></latexit>
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!
A±(⌧, k) = 0

(M. Anber & L. Sorbo, ’09)

<latexit sha1_base64="DLFPCMcONB8vFztIUKwIF4Sg2+s="></latexit>
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<latexit sha1_base64="q+Q9DqV+ueE3ZRjl6U7urO02isI="></latexit>
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Gauge field production at the cliff(s)
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<latexit sha1_base64="PqpVkrrTkxPO278RhQ+nMI/+zXY=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInmoioh6LXnqsYD+gCWWz2bRLd5OwOxFq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzglRwDY7zbZXW1jc2t8rblZ3dvf2qfXDY0UmmKGvTRCSqFxDNBI9ZGzgI1ksVIzIQrBuM72Z+95EpzZP4ASYp8yUZxjzilICRBnbVC5kAgj3NJZbnzYFdc+rOHHiVuAWpoQKtgf3lhQnNJIuBCqJ133VS8HOigFPBphUv0ywldEyGrG9oTCTTfj4/fIpPjRLiKFGmYsBz9fdETqTWExmYTklgpJe9mfif188guvFzHqcZsJguFkWZwJDgWQo45IpREBNDCFXc3IrpiChCwWRVMSG4yy+vks5F3b2qO/eXtcZtEUcZHaMTdIZcdI0aqIlaqI0oytAzekVv1pP1Yr1bH4vWklXMHKE/sD5/ALGBknU=</latexit>

� ⇠ m/H

Faster roll through the cliffs 
for heavier inflaton! ( larger    )�

<latexit sha1_base64="JdWpiSkinIJA41ABS+gQluHyrpo=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRSUG9FLx4r2A9oQ9lsNu3azW7YnQil9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5YSq4Qc/7dgpr6xubW8Xt0s7u3v5B+fCoZVSmKWtSJZTuhMQwwSVrIkfBOqlmJAkFa4ej25nffmLacCUfcJyyICEDyWNOCVqp1YuYQNIvV7yqN4e7SvycVCBHo1/+6kWKZgmTSAUxput7KQYTopFTwaalXmZYSuiIDFjXUkkSZoLJ/Nqpe2aVyI2VtiXRnau/JyYkMWachLYzITg0y95M/M/rZhhfBRMu0wyZpItFcSZcVO7sdTfimlEUY0sI1dze6tIh0YSiDahkQ/CXX14lrYuqX6te39cq9Zs8jiKcwCmcgw+XUIc7aEATKDzCM7zCm6OcF+fd+Vi0Fpx85hj+wPn8AZVsjyg=</latexit>

<latexit sha1_base64="ug0YexJTw6OYOtthKI2yYpTJr30="></latexit>
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<latexit sha1_base64="vXZjWBdDYUETOD+zsPfYejM7scI=">AAACInicbVDLSgNBEJz1GeMr6tHLYBDEQ9iVgHoQgl48KpgoZMMyO+lNhsw+nOkVwrrf4sVf8eJBUU+CH+PkgWhiwUBRVU1Pl59IodG2P62Z2bn5hcXCUnF5ZXVtvbSx2dBxqjjUeSxjdeMzDVJEUEeBEm4SBSz0JVz7vbOBf30HSos4usJ+Aq2QdSIRCM7QSF7p2JUQYMUNFONZL88YPc9dJTpdvPcyPEEv289z6sJtKu7oT6rn7edeqWxX7CHoNHHGpEzGuPBK72475mkIEXLJtG46doKtjCkUXEJedFMNCeM91oGmoRELQbey4Yk53TVKmwaxMi9COlR/T2Qs1Lof+iYZMuzqSW8g/uc1UwyOWpmIkhQh4qNFQSopxnTQF20LBRxl3xDGlTB/pbzLTA9oWi2aEpzJk6dJ46DiVCvHl9Vy7XRcR4Fskx2yRxxySGrknFyQOuHkgTyRF/JqPVrP1pv1MYrOWOOZLfIH1tc3E96lQg==</latexit>

<latexit sha1_base64="av1iQUdOFpptGO2lL2Wg2M3xvyA="></latexit>
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Gauge field production is localized and parametrized by
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<latexit sha1_base64="KZGIVqj6Zz9F/7yV5APsPH/96mc=">AAACEnicbVDLSsNAFJ34rPUVdelmsAhaSkmkoO6KblxWsA9oQphMJumQyYOZiVhCvsGNv+LGhSJuXbnzb5y2WWjrgYHDOedy5x43ZVRIw/jWlpZXVtfWKxvVza3tnV19b78nkoxj0sUJS/jARYIwGpOupJKRQcoJilxG+m54PfH794QLmsR3cpwSO0JBTH2KkVSSo59aLg0CK7d8jnAeFnno1IuG9UCdegNaHmESzRKFo9eMpjEFXCRmSWqgRMfRvywvwVlEYokZEmJoGqm0c8QlxYwUVSsTJEU4RAEZKhqjiAg7n55UwGOleNBPuHqxhFP190SOIiHGkauSEZIjMe9NxP+8YSb9CzuncZpJEuPZIj9jUCZw0g/0KCdYsrEiCHOq/grxCKlypGqxqkow509eJL2zptlqXt62au2rso4KOARH4ASY4By0wQ3ogC7A4BE8g1fwpj1pL9q79jGLLmnlzAH4A+3zBzsOndY=</latexit>



<latexit sha1_base64="0wjoUspLu8w7+FgsGDk0BZp7LDo="></latexit>
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<latexit sha1_base64="zmRPJl6ZDoW//nJypRT8/nsMvzo="></latexit>

Ve↵(xc) = 0 �! xc = xc(⇠⇤, �, x⇤)

<latexit sha1_base64="mHUtglCzECv4QO+W6ZiI05Wl2Tw="></latexit>
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(
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�(x)2, x < xc

<latexit sha1_base64="I/sFVgHst0TcBpLcj34S/Rvmyc8="></latexit>
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<latexit sha1_base64="bgj65I1o/kBabrBTu1eaVPP0o7c="></latexit>
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<latexit sha1_base64="83TyAovGmFd4q51J47QkalGt+R0="></latexit>

A� (x ⇡ xc) / c1 Ai[x� xc] + c2 Bi[x� xc]

Gauge field production at the cliff(s)

IN region

OUT region

IN region

OUT region

INTERMEDİATE region

INTERMEDİATE region

<latexit sha1_base64="v3OjJCcIw388Ghf97CtZ0kJn+BU=">AAACBXicbVBNS8NAEJ3Ur1q/oh71sFgETyUpol6EohePFewHNKVstpt26WYTdzdCCbl48a948aCIV/+DN/+N2zYHbX0w8Hhvhpl5fsyZ0o7zbRWWlldW14rrpY3Nre0de3evqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dD3xWw9UKhaJOz2OaTfEA8ECRrA2Us8+9DCPhxhdIi+QmKRulnrqXuq0Osqynl12Ks4UaJG4OSlDjnrP/vL6EUlCKjThWKmO68S6m2KpGeE0K3mJojEmIzygHUMFDqnqptMvMnRslD4KImlKaDRVf0+kOFRqHPqmM8R6qOa9ifif10l0cNFNmYgTTQWZLQoSjnSEJpGgPpOUaD42BBPJzK2IDLFJQ5vgSiYEd/7lRdKsVtyzinN7Wq5d5XEU4QCO4ARcOIca3EAdGkDgEZ7hFd6sJ+vFerc+Zq0FK5/Zhz+wPn8AU4OYew==</latexit>
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1p
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<latexit sha1_base64="UVeDKIalebA8UtlltnrVLWAG44k=">AAACBXicbVBNS8NAEN34WetX1KMeFovgxZIUUS9C0YvHCvYDmlI22027dLOJuxOhhFy8+Fe8eFDEq//Bm//GbZuDtj4YeLw3w8w8PxZcg+N8WwuLS8srq4W14vrG5ta2vbPb0FGiKKvTSESq5RPNBJesDhwEa8WKkdAXrOkPr8d+84EpzSN5B6OYdULSlzzglICRuvaB5zMg+BKfeIEiNOVZ6ul7BWllmGVdu+SUnQnwPHFzUkI5al37y+tFNAmZBCqI1m3XiaGTEgWcCpYVvUSzmNAh6bO2oZKETHfSyRcZPjJKDweRMiUBT9TfEykJtR6FvukMCQz0rDcW//PaCQQXnZTLOAEm6XRRkAgMER5HgntcMQpiZAihiptbMR0QkwaY4IomBHf25XnSqJTds7Jze1qqXuVxFNA+OkTHyEXnqIpuUA3VEUWP6Bm9ojfryXqx3q2PaeuClc/soT+wPn8ASTeYdg==</latexit>
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Gauge field production at the cliff(s)

<latexit sha1_base64="ejcTbOsCx9c3Z+F0ZtHJzvO6so0="></latexit>Z xc
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<latexit sha1_base64="NwnbouloakyMQkv/PbjzAld5Bo8=">AAACF3icbVDLSgMxFM3UV62vqks3wSJUkTIjom4E0Y1LBatCpwyZ9E4bmnmQ3JGWoX/hxl9x40IRt7rzb8yMXWj1QMLJOfdyc4+fSKHRtj+t0tT0zOxceb6ysLi0vFJdXbvWcao4NHksY3XrMw1SRNBEgRJuEwUs9CXc+P2z3L+5A6VFHF3hMIF2yLqRCARnaCSv2hh4GR8dF7crIcC6OxBetjPapW4HJLJdOsifrhLdHm571ZrdsAvQv8QZkxoZ48KrfridmKchRMgl07rl2Am2M6ZQcAmjiptqSBjvsy60DI1YCLqdFXuN6JZROjSIlTkR0kL92ZGxUOth6JvKkGFPT3q5+J/XSjE4amciSlKEiH8PClJJMaZ5SLQjFHCUQ0MYV8L8lfIeU4yjibJiQnAmV/5LrvcazkHDvtyvnZyO4yiTDbJJ6sQhh+SEnJML0iSc3JNH8kxerAfryXq13r5LS9a4Z538gvX+BcKQn6Q=</latexit>

xc = xc (⇠⇤, �, x⇤)

Growing Mode

<latexit sha1_base64="aeWSqbQeqeoErsnq+A0JCvZiRsc="></latexit>
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<latexit sha1_base64="TDMSNCfOef1ucRSHzPqpOLIeErk="></latexit>
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Normalization factor that parametrizes the scale dependent growth

<latexit sha1_base64="UCPs1zgx5tsy6O+7yF7N6uU71BY="></latexit>
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Echoes of gauge field production

(i) Amplified        sources       through:    A�

<latexit sha1_base64="6yxiTE/oIttwN7MKYDG4+TZBAME=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRSUG9VLx4rmLbQhrLZbtulm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSKFQdf9dlZW19Y3Ngtbxe2d3b390sFhw8SpZtxnsYx1K6SGS6G4jwIlbyWa0yiUvBmO7qZ+84lrI2L1iOOEBxEdKNEXjKKV/Jtudj7plspuxZ2BLBMvJ2XIUe+Wvjq9mKURV8gkNabtuQkGGdUomOSTYic1PKFsRAe8bamiETdBNjt2Qk6t0iP9WNtSSGbq74mMRsaMo9B2RhSHZtGbiv957RT7V0EmVJIiV2y+qJ9KgjGZfk56QnOGcmwJZVrYWwkbUk0Z2nyKNgRv8eVl0rioeNXK9UO1XLvN4yjAMZzAGXhwCTW4hzr4wEDAM7zCm6OcF+fd+Zi3rjj5zBH8gfP5A3najn0=</latexit>

<latexit sha1_base64="kXfaLST9Z4O6Q+gfl3SwwT8hO7g=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF49VrC2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDi8mRbQ==</latexit>

R

Scalar fluctuations:   

Tensor fluctuations:   

<latexit sha1_base64="Nicvep8dtknXFq+VFSoq3OpGrO8="></latexit>

�Lint = �↵c
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(i) Amplified         generates GWs through:    A�

<latexit sha1_base64="6yxiTE/oIttwN7MKYDG4+TZBAME=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRSUG9VLx4rmLbQhrLZbtulm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSKFQdf9dlZW19Y3Ngtbxe2d3b390sFhw8SpZtxnsYx1K6SGS6G4jwIlbyWa0yiUvBmO7qZ+84lrI2L1iOOEBxEdKNEXjKKV/Jtudj7plspuxZ2BLBMvJ2XIUe+Wvjq9mKURV8gkNabtuQkGGdUomOSTYic1PKFsRAe8bamiETdBNjt2Qk6t0iP9WNtSSGbq74mMRsaMo9B2RhSHZtGbiv957RT7V0EmVJIiV2y+qJ9KgjGZfk56QnOGcmwJZVrYWwkbUk0Z2nyKNgRv8eVl0rioeNXK9UO1XLvN4yjAMZzAGXhwCTW4hzr4wEDAM7zCm6OcF+fd+Zi3rjj5zBH8gfP5A3najn0=</latexit>

<latexit sha1_base64="mbQGAnMaebhDn414ck/dsjoXgUI=">AAACEHicbVC7TsMwFHXKq5RXgJHFokIUAVWCEDAWWBiLRB9SGyLHdRqrjhPZDqiK+gks/AoLAwixMrLxNzhtBqAc6eoenXOv7Hu8mFGpLOvLKMzMzs0vFBdLS8srq2vm+kZTRonApIEjFom2hyRhlJOGooqRdiwICj1GWt7gMvNbd0RIGvEbNYyJE6I+pz7FSGnJNXfhuZsejvYnDXYF7QcKCRHdw+A2rciDeG+UOa5ZtqrWGHCa2Dkpgxx11/zs9iKchIQrzJCUHduKlZMioShmZFTqJpLECA9Qn3Q05Sgk0knHB43gjlZ60I+ELq7gWP25kaJQymHo6ckQqUD+9TLxP6+TKP/MSSmPE0U4njzkJwyqCGbpwB4VBCs21ARhQfVfIQ6QQFjpDEs6BPvvydOkeVS1T6rW9XG5dpHHUQRbYBtUgA1OQQ1cgTpoAAwewBN4Aa/Go/FsvBnvk9GCke9sgl8wPr4Bkk2bsg==</latexit>

A� +A� ! h(s,p)
�

<latexit sha1_base64="qGs9AROrGBckoeqzZTq6WnQSwgc="></latexit>

A� +A� ! ��(s) / R(s)

(ii) Induced GWs at horizon re-entry by the amplified scalar perturbations:   
<latexit sha1_base64="sEflvxguomAb2/n340jFY4l05wI="></latexit>

A� +A� +A� +A� ! R(s) +R(s) ! h(s,ind)
�

<latexit sha1_base64="lOSZs2h0m6baovOQaki3C8COcRw="></latexit>
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SGWB:   

Scalar Power spectrum:   

<latexit sha1_base64="02xWzUmsXSqWz54GcxmRB8/4mlY="></latexit>
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PBH as Dark Matter

<latexit sha1_base64="lOSZs2h0m6baovOQaki3C8COcRw="></latexit>
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<latexit sha1_base64="OMMZ75bAVFnjXPtl8KQ7q7NDgPM="></latexit>
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!
Fraction of regions collapsing to PBHs at their 
formation is modified due to non-Gaussianity:      

<latexit sha1_base64="rc0GLsElc4+o+DVX4PcblFnN3O0="></latexit>
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Relation between power spectra that leads to 
the same fraction:

<latexit sha1_base64="s4aAjsY+WdEruaFNFm7xKeDoyKY=">AAACDXicbVC7SgNBFJ31GeMramkzGAUbw66KWgZtbAIRzAOycZmd3CRDZnbWmVkhLPkBG3/FxkIRW3s7/8bJo9DEAxcO59zLvfeEMWfauO63Mze/sLi0nFnJrq6tb2zmtrarWiaKQoVKLlU9JBo4i6BimOFQjxUQEXKohb2roV97AKWZjG5NP4amIJ2ItRklxkpBbr8UpL4SOAbSG2BfMwH32HPv0iPvZIBLgS9b0gS5vFtwR8CzxJuQPJqgHOS+/JakiYDIUE60bnhubJopUYZRDoOsn2iICe2RDjQsjYgA3UxH3wzwgVVauC2Vrcjgkfp7IiVC674IbacgpqunvaH4n9dITPuimbIoTgxEdLyonXBsJB5Gg1tMATW8bwmhitlbMe0SRaixAWZtCN70y7OkelzwzgruzWm+eDmJI4N20R46RB46R0V0jcqogih6RM/oFb05T86L8+58jFvnnMnMDvoD5/MHj9uamQ==</latexit>

Mpeak ' 10�13M�

A. Linde, S. Mooij, E.Pajer arXiv:1212.1693



Für eLISA

<latexit sha1_base64="02xWzUmsXSqWz54GcxmRB8/4mlY="></latexit>
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*J. Garcia-Bellido, M. Peloso, C. Ünal  arXiv: 1707.02441



Recap

i) realization of inflation with an intermediate  field range                              and 
energy scale with   @ CMB scales.

<latexit sha1_base64="KceaOi8DVIxRizYxPHhdIPzCRsc=">AAAB+3icbVDLTsJAFL3FF+Kr4tLNRDBxI2lJfCyJblxiIo8EKpkOA0yYTuvM1Eia/oobFxrj1h9x5984QBcKnuQmJ+fcm3vv8SPOlHacbyu3srq2vpHfLGxt7+zu2fvFpgpjSWiDhDyUbR8rypmgDc00p+1IUhz4nLb88fXUbz1SqVgo7vQkol6Ah4INGMHaSD27WJaoq1hAH5Dr3CenZ2m5Z5ecijMDWiZuRkqQod6zv7r9kMQBFZpwrFTHdSLtJVhqRjhNC91Y0QiTMR7SjqECB1R5yez2FB0bpY8GoTQlNJqpvycSHCg1CXzTGWA9UoveVPzP68R6cOklTESxpoLMFw1ijnSIpkGgPpOUaD4xBBPJzK2IjLDERJu4CiYEd/HlZdKsVtzzinNbLdWusjjycAhHcAIuXEANbqAODSDwBM/wCm9War1Y79bHvDVnZTMH8AfW5w+58pLw</latexit>

r ' 10�5

<latexit sha1_base64="Fh25LlNW6G+MD/VAjHinN8k/imc=">AAACFXicbVDLSsNAFJ34rPVVdelmsAgVpCQi6rKoCzdiBfuAJpTJ9KYdOpPEmYlQQn7Cjb/ixoUibgV3/o3Tx0JbD1w4nHMv997jx5wpbdvf1tz8wuLScm4lv7q2vrFZ2NquqyiRFGo04pFs+kQBZyHUNNMcmrEEInwODb9/MfQbDyAVi8I7PYjBE6QbsoBRoo3ULhy6l8A1wW7cY9hVTMA9dgXRPUp4epOVnAN83U5dKXDMs3ahaJftEfAscSakiCaotgtfbieiiYBQU06Uajl2rL2USM0ohyzvJgpiQvukCy1DQyJAeenoqwzvG6WDg0iaCjUeqb8nUiKUGgjfdA4PVtPeUPzPayU6OPNSFsaJhpCOFwUJxzrCw4hwh0mgmg8MIVQycyumPSIJ1SbIvAnBmX55ltSPys5J2b49LlbOJ3Hk0C7aQyXkoFNUQVeoimqIokf0jF7Rm/VkvVjv1se4dc6azOygP7A+fwAN+54g</latexit>

�� ' O(1)Mpl

“Bumpy” Axion Gauge-Field dynamics: 

ii) presence of feature(s) in the potential leads to a pronounced peak (non-Gaussian) 
in the curvature perturbation that can lead to a significant population of PBHs. 

iii) This in turn generates an induced observable SGWB (@ LISA) that inherits the 
properties of the curvature perturbation such as its shape and non-Gaussianity. 

*Caprini et. al., arXiv:1906.09244, Flaguer et. al., arXiv: 2009.11845 (LISA Working Group)

 *Signal reconstruction methods developed for LISA can be used to distinguish GW   
signal compared to other early universe mechanisms and astrophysical backgrounds



GW’s as a probe of inflation (@ CMB scales)
GW’s are generic predictions of inflation: 

r < 0.063 (95%CL)

<latexit sha1_base64="4eiatVmnb3Qvp05CvPJRs0rG7W4=">AAACB3icbVDLSgMxFM34rPU16lKQYClUkDKj9VFwUezGhYsK9gGdoWTSTBuayQxJRihDd278FTcuFHHrL7jzb0zbWWjrgXs5nHMvyT1exKhUlvVtLCwuLa+sZtay6xubW9vmzm5DhrHApI5DFoqWhyRhlJO6ooqRViQICjxGmt6gOvabD0RIGvJ7NYyIG6Aepz7FSGmpYx4IeAWtonV+6hzDQvlMdycPE0cEsHo7OuqYOW1OAOeJnZIcSFHrmF9ON8RxQLjCDEnZtq1IuQkSimJGRlknliRCeIB6pK0pRwGRbjK5YwTzWulCPxS6uIIT9fdGggIph4GnJwOk+nLWG4v/ee1Y+ZduQnkUK8Lx9CE/ZlCFcBwK7FJBsGJDTRAWVP8V4j4SCCsdXVaHYM+ePE8aJ0W7VCzflXKV6zSODNgHh6AAbHABKuAG1EAdYPAInsEreDOejBfj3fiYji4Y6c4e+APj8weTBJVa</latexit>

Future CMB missions (LiteBIRD, CMB-S4) are expected to 
probe a tensor-to-scalar ratio at the level of    r . 10�3

<latexit sha1_base64="7F6xx7WIJqr/vYnKdPP+JO+QlBA=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCF0uiBfVW9OKxgv2ANpbNdtIu3WzC7kYsIX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zM82POlHacb6uwsrq2vlHcLG1t7+zu2fvllooSSaFJIx7Jjk8UcCagqZnm0IklkNDn0PbHN1O//QhSsUjc60kMXkiGggWMEm2kvl2WuMdBKcVC7DoP6el51rcrTtWZAS8TNycVlKPRt796g4gmIQhNOVGq6zqx9lIiNaMcslIvURATOiZD6BoqSAjKS2e3Z/jYKAMcRNKU0Him/p5ISajUJPRNZ0j0SC16U/E/r5vo4NJLmYgTDYLOFwUJxzrC0yDwgEmgmk8MIVQycyumIyIJ1SaukgnBXXx5mbTOqm6tenVXq9Sv8ziK6BAdoRPkogtUR7eogZqIoif0jF7Rm5VZL9a79TFvLVj5zAH6A+vzB6eek5A=</latexit>

GW’s as a direct measure of inflationary energy scale (?) 

Hinf ' 2.5⇥ 10�5
⇣

r

0.063

⌘1/2
Mpl

<latexit sha1_base64="QTJerzdqpJR/QGTg1HNNWMUx71w="></latexit>

Quantum vacuum fluctuations of the metric is proportional to in 
Hubble rate during inflation! 

An observation of B-modes in this context can be considered as a  
first hint on the quantum nature of gravity (at the linearised level) 
(?)  

tensor-to-scalar ratio

LiteBIRD is expected to be sensitive
<latexit sha1_base64="gHpQQ7VUocd7ulxBNybm49o/6Hk=">AAACDHicbVDLSsNAFL3xWeur6tLNYBFclURE3QhFNy5EKtgHtLFMppN26GQSZiZCCfkAN/6KGxeKuPUD3Pk3Ttog2npg4My593LvOV7EmdK2/WXNzS8sLi0XVoqra+sbm6Wt7YYKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2veFFVm/eU6lYKG71KKJugPuC+YxgbaRuqex3k06A9UAGyfVVmt79/DQVKk3RGXJMl12xx0CzxMlJGXLUuqXPTi8kcUCFJhwr1XbsSLsJlpoRTtNiJ1Y0wmSI+7RtqMABVW4yNpOifaP0kB9K84RGY/X3RIIDpUaBZzqzS9V0LRP/q7Vj7Z+6CRNRbKyRySI/5kiHKEsG9ZikRPORIZhIZm5FZIAlJtrkVzQhONOWZ0njsOIcV+ybo3L1PI+jALuwBwfgwAlU4RJqUAcCD/AEL/BqPVrP1pv1Pmmds/KZHfgD6+MbfCSb3Q==</latexit>

f tens
NL = 1



Alternative sources of GW’s

Energetic enough field configs  
can lead to GW emission that can 
compete with vacuum fluctuations  
of the metric at CMB scales

Hinf ' 2.5⇥ 10�5
⇣

r

0.063

⌘1/2
Mpl

<latexit sha1_base64="QTJerzdqpJR/QGTg1HNNWMUx71w="></latexit>

h00
ij + 2

a0(⌧)

a(⌧)
h0
ij + k2hij =

2

M2
pl

TTT
ij

<latexit sha1_base64="iqbvKNsfVdo4xSd8AFaB3XTy3rU="></latexit>

(Namba et. al, ’15) 
(Fujita et.al, ’17) 
(Dimastrogiovanni et.al, ’16) 
(Biagetti et. al. ’13)

arXiv: 2005.10280-O.Ö



The model

Lp
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Hidden Sector

<latexit sha1_base64="kOlh4wjv+6Fiop6v5g6F8jDmAm4="></latexit>

3H2
M

2
pl = ⇢� + ⇢� �! 3H2

M
2
pl ' V�(�)

<latexit sha1_base64="JRBd4g2Xyi6kLyubMWFwPExNvUE="></latexit>

⇢� ⌧ ⇢�

<latexit sha1_base64="Ad64/JLPP9vCo/gftUmCG+9fwNg=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiRSUHdFNy4r2Ac0IUymk2bozCTMTIQSunDjr7hxoYhbP8Kdf+M0zUJbD1w4nHMv994Tpowq7TjfVmVtfWNzq7pd29nd2z+wD496KskkJl2csEQOQqQIo4J0NdWMDFJJEA8Z6YeTm7nffyBS0UTc62lKfI7GgkYUI22kwK57Mk6C3FN0zNEMeozBQvHSmAZ2w2k6BeAqcUvSACU6gf3ljRKccSI0Zkipoeuk2s+R1BQzMqt5mSIpwhM0JkNDBeJE+XnxxAyeGmUEo0SaEhoW6u+JHHGlpjw0nRzpWC17c/E/b5jp6NLPqUgzTQReLIoyBnUC54nAEZUEazY1BGFJza0Qx0girE1uNROCu/zyKumdN91W8+qu1Whfl3FUQR2cgDPgggvQBregA7oAg0fwDF7Bm/VkvVjv1seitWKVM8fgD6zPH+FQmEM=</latexit>

Spectator axion       !

Identify X as a spectator during inflation:  X ! �

<latexit sha1_base64="JnLqjHP/TPf27o/CdYlDwAYUky8=">AAAB83icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWsB/QXUo2zbahSXZJskJZ+je8eFDEq3/Gm//GtN2Dtj4YeLw3w8y8KBXcWM/7RqW19Y3NrfJ2ZWd3b/+genjUNkmmKWvRRCS6GxHDBFesZbkVrJtqRmQkWCca3838zhPThifq0U5SFkoyVDzmlFgnBV0c2AQHhg8l6VdrXt2bA68SvyA1KNDsV7+CQUIzyZSlghjT873UhjnRllPBppUgMywldEyGrOeoIpKZMJ/fPMVnThngONGulMVz9fdETqQxExm5TknsyCx7M/E/r5fZ+DrMuUozyxRdLIozgd2fswDwgGtGrZg4Qqjm7lZMR0QTal1MFReCv/zyKmlf1P3L+s3DZa1xW8RRhhM4hXPw4QoacA9NaAGFFJ7hFd5Qhl7QO/pYtJZQMXMMf4A+fwBXtpFC</latexit>

(to evade bounds from CMB) 

�

<latexit sha1_base64="yEI9CNkiA+u8nrMwt4FZ6Q4Q2rM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXiMYB6QLGF2MpuMmccyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4dua3n6g2TMkHO0loKPBQspgRbJ3U6hk2FLhfrvhVfw60SoKcVCBHo1/+6g0USQWVlnBsTDfwExtmWFtGOJ2WeqmhCSZjPKRdRyUW1ITZ/NopOnPKAMVKu5IWzdXfExkWxkxE5DoFtiOz7M3E/7xuauOrMGMySS2VZLEoTjmyCs1eRwOmKbF84ggmmrlbERlhjYl1AZVcCMHyy6ukdVENatXr+1qlfpPHUYQTOIVzCOAS6nAHDWgCgUd4hld485T34r17H4vWgpfPHMMfeJ8/oD+PLw==</latexit>



Echoes of particle production

  (1) Produced        sources         through:    A�

<latexit sha1_base64="6yxiTE/oIttwN7MKYDG4+TZBAME=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRSUG9VLx4rmLbQhrLZbtulm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSKFQdf9dlZW19Y3Ngtbxe2d3b390sFhw8SpZtxnsYx1K6SGS6G4jwIlbyWa0yiUvBmO7qZ+84lrI2L1iOOEBxEdKNEXjKKV/Jtudj7plspuxZ2BLBMvJ2XIUe+Wvjq9mKURV8gkNabtuQkGGdUomOSTYic1PKFsRAe8bamiETdBNjt2Qk6t0iP9WNtSSGbq74mMRsaMo9B2RhSHZtGbiv957RT7V0EmVJIiV2y+qJ9KgjGZfk56QnOGcmwJZVrYWwkbUk0Z2nyKNgRv8eVl0rioeNXK9UO1XLvN4yjAMZzAGXhwCTW4hzr4wEDAM7zCm6OcF+fd+Zi3rjj5zBH8gfP5A3najn0=</latexit>

��

<latexit sha1_base64="r+fDaZ/B8lSf/0n/zLnle3IBSZA=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FLx4r2A9IQtlsNu3SzW7YnQgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5USa4Adf9dipr6xubW9Xt2s7u3v5B/fCoa1SuKetQJZTuR8QwwSXrAAfB+plmJI0E60Xju5nfe2LacCUfYZKxMCVDyRNOCVjJD2ImgOAgG/FBveE23TnwKvFK0kAl2oP6VxArmqdMAhXEGN9zMwgLooFTwaa1IDcsI3RMhsy3VJKUmbCYnzzFZ1aJcaK0LQl4rv6eKEhqzCSNbGdKYGSWvZn4n+fnkFyHBZdZDkzSxaIkFxgUnv2PY64ZBTGxhFDN7a2YjogmFGxKNRuCt/zyKuleNL3L5s3DZaN1W8ZRRSfoFJ0jD12hFrpHbdRBFCn0jF7RmwPOi/PufCxaK045c4z+wPn8Af+hkRc=</latexit>

(2) Amplified        also generates GWs through:    A�

<latexit sha1_base64="6yxiTE/oIttwN7MKYDG4+TZBAME=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRSUG9VLx4rmLbQhrLZbtulm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSKFQdf9dlZW19Y3Ngtbxe2d3b390sFhw8SpZtxnsYx1K6SGS6G4jwIlbyWa0yiUvBmO7qZ+84lrI2L1iOOEBxEdKNEXjKKV/Jtudj7plspuxZ2BLBMvJ2XIUe+Wvjq9mKURV8gkNabtuQkGGdUomOSTYic1PKFsRAe8bamiETdBNjt2Qk6t0iP9WNtSSGbq74mMRsaMo9B2RhSHZtGbiv957RT7V0EmVJIiV2y+qJ9KgjGZfk56QnOGcmwJZVrYWwkbUk0Z2nyKNgRv8eVl0rioeNXK9UO1XLvN4yjAMZzAGXhwCTW4hzr4wEDAM7zCm6OcF+fd+Zi3rjj5zBH8gfP5A3najn0=</latexit>

*Due to                       , scalar modes are highly non-Gaussian at CMB 
scales, only                            is allowed for a featureless potential     
(Ferreira&Sloth, ’14, OÖ, ’17)                                                                                                                   
                                         

�Lint / �FF̃

<latexit sha1_base64="bK6ewpxtGhBy/e8WxqA5PRR1Qb4="></latexit>

r < 10�3 � 10�4

<latexit sha1_base64="bbHMNbjRHfkPeaHUZVlqBXq7WBk=">AAAB/nicbZDLSsNAFIZP6q3WW1RcuRksgpuWRAsquCi6cVnBXqCNZTKdtkMnkzAzEUoI+CpuXCji1udw59s4bbPQ1h8GPv5zDufM70ecKe0431ZuaXlldS2/XtjY3NresXf3GiqMJaF1EvJQtnysKGeC1jXTnLYiSXHgc9r0RzeTevORSsVCca/HEfUCPBCszwjWxuraBxJdIdd5SEpnKSrNqJJ27aJTdqZCi+BmUIRMta791emFJA6o0IRjpdquE2kvwVIzwmla6MSKRpiM8IC2DQocUOUl0/NTdGycHuqH0jyh0dT9PZHgQKlx4JvOAOuhmq9NzP9q7Vj3L7yEiSjWVJDZon7MkQ7RJAvUY5ISzccGMJHM3IrIEEtMtEmsYEJw57+8CI3TslspX95VitXrLI48HMIRnIAL51CFW6hBHQgk8Ayv8GY9WS/Wu/Uxa81Z2cw+/JH1+QMq15MT</latexit>

Key difficulty here: Generating observable GWs without overproducing 
density perturbations ( channel (1) is active as long as                )|�̇| 6= 0

<latexit sha1_base64="3/WtO2qS/QmIB2lmL1/m9l6HBK8=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkoiBXVXdOOygn1AE8pkOmmHTiZxZiKUtOCvuHGhiFu/w51/47TNQlsPXDicc+/MvSdIOFPacb6twsrq2vpGcbO0tb2zu2fvHzRVnEpCGyTmsWwHWFHOBG1opjltJ5LiKOC0FQxvpn7rkUrFYnGvRwn1I9wXLGQEayN17aOx14t15inWj/BkjDxBH5DTtctOxZkBLRM3J2XIUe/aX+YZkkZUaMKxUh3XSbSfYakZ4XRS8lJFE0yGuE87hgocUeVns/Un6NQoPRTG0pTQaKb+nshwpNQoCkxnhPVALXpT8T+vk+rw0s+YSFJNBZl/FKYc6RhNs0A9JinRfGQIJpKZXREZYImJNomVTAju4snLpHlecauVq7tquXadx1GEYziBM3DhAmpwC3VoAIEMnuEV3qwn68V6tz7mrQUrnzmEP7A+fwAgKJWZ</latexit>

*To keep channel (1) under control, we need to switch of gauge field 
production, e.g through a localized roll of     !�

<latexit sha1_base64="yEI9CNkiA+u8nrMwt4FZ6Q4Q2rM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXiMYB6QLGF2MpuMmccyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4dua3n6g2TMkHO0loKPBQspgRbJ3U6hk2FLhfrvhVfw60SoKcVCBHo1/+6g0USQWVlnBsTDfwExtmWFtGOJ2WeqmhCSZjPKRdRyUW1ITZ/NopOnPKAMVKu5IWzdXfExkWxkxE5DoFtiOz7M3E/7xuauOrMGMySS2VZLEoTjmyCs1eRwOmKbF84ggmmrlbERlhjYl1AZVcCMHyy6ukdVENatXr+1qlfpPHUYQTOIVzCOAS6nAHDWgCgUd4hld485T34r17H4vWgpfPHMMfeJ8/oD+PLw==</latexit>

<latexit sha1_base64="JI3x6i29QzZR854t4FbMiT6vUK4=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQEcuuiHqsevFYwf5Au5Zsmm1Ds8mSZJWy7AN48VW8eFDEqw/gzbcxu92DVgdChpn5SL7xQkaVtu0vqzA3v7C4VFwurayurW+UN7daSkQSkyYWTMiOhxRhlJOmppqRTigJCjxG2t74MvXbd0QqKviNnoTEDdCQU59ipI3UL1fO+/FhcgCzqyfpcKSRlOIejm7jqtpPUtmk7JqdAf4lTk4qIEejX/7sDQSOAsI1ZkiprmOH2o2R1BQzkpR6kSIhwmM0JF1DOQqIcuNsmQTuGWUAfSHN4Rpm6s+JGAVKTQLPJAOkR2rWS8X/vG6k/TM3pjyMNOF4+pAfMagFTJuBAyoJ1mxiCMKSmr9CPEISYW36K5kSnNmV/5LWUc05qdnXx5X6RV5HEeyAXVAFDjgFdXAFGqAJMHgAT+AFvFqP1rP1Zr1PowUrn9kGv2B9fAOLIpqu</latexit>

A� +A� ! h(s)
�

<latexit sha1_base64="ruJ1UNzHM01yr8S0eZ/E3cg8ULE="></latexit>

�Lint / hijFF

<latexit sha1_base64="0JvhWXFCBsIs4d8SbZpPXPVq1IQ="></latexit>

�Lint / �FF̃
<latexit sha1_base64="MwJ1nOona5IuyUJz1o9gBJlCJpM="></latexit>

A� +A� ! ��(s) ! ��(s) / R(s)

<latexit sha1_base64="B8KpKPh5eZcjPzWqOaE//qTrKhI=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSLUTZkRUZdFNy4r2Ae0w5BJM21okhmSTKEM/RM3LhRx65+4829M21lo64HLPZxzL7k5UcqZNp737aytb2xubZd2yrt7+weH7tFxSyeZIrRJEp6oToQ15UzSpmGG006qKBYRp+1odD/z22OqNEvkk5mkNBB4IFnMCDZWCl23FfY0GwhcXbSL0K14NW8OtEr8glSgQCN0v3r9hGSCSkM41rrre6kJcqwMI5xOy71M0xSTER7QrqUSC6qDfH75FJ1bpY/iRNmSBs3V3xs5FlpPRGQnBTZDvezNxP+8bmbi2yBnMs0MlWTxUJxxZBI0iwH1maLE8IklmChmb0VkiBUmxoZVtiH4y19eJa3Lmn9d8x6vKvW7Io4SnMIZVMGHG6jDAzSgCQTG8Ayv8Obkzovz7nwsRtecYucE/sD5/AHpa5Mw</latexit>

V�(�)

*R. Namba, M. Peloso, M. Shiraishi, L. Sorbo, C. Ünal arXiv:1509.07521

|�̇| 6= 0

<latexit sha1_base64="3/WtO2qS/QmIB2lmL1/m9l6HBK8=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkoiBXVXdOOygn1AE8pkOmmHTiZxZiKUtOCvuHGhiFu/w51/47TNQlsPXDicc+/MvSdIOFPacb6twsrq2vpGcbO0tb2zu2fvHzRVnEpCGyTmsWwHWFHOBG1opjltJ5LiKOC0FQxvpn7rkUrFYnGvRwn1I9wXLGQEayN17aOx14t15inWj/BkjDxBH5DTtctOxZkBLRM3J2XIUe/aX+YZkkZUaMKxUh3XSbSfYakZ4XRS8lJFE0yGuE87hgocUeVns/Un6NQoPRTG0pTQaKb+nshwpNQoCkxnhPVALXpT8T+vk+rw0s+YSFJNBZl/FKYc6RhNs0A9JinRfGQIJpKZXREZYImJNomVTAju4snLpHlecauVq7tquXadx1GEYziBM3DhAmpwC3VoAIEMnuEV3qwn68V6tz7mrQUrnzmEP7A+fwAgKJWZ</latexit>



Localized signal ?

A� / e|�̇|

<latexit sha1_base64="o6Y5/hzUnWGi6Df1kUGVOmjIBXc=">AAACCXicbVA7T8MwGHTKq5RXgJHFokJioUpQJWArsDAWiT6kJkSO67RWndiyHaQqzcrCX2FhACFW/gEb/wb3MUDLSZZOd99n+y4UjCrtON9WYWl5ZXWtuF7a2Nza3rF395qKpxKTBuaMy3aIFGE0IQ1NNSNtIQmKQ0Za4eB67LceiFSUJ3d6KIgfo15CI4qRNlJgw8sgO8mhJyQXmkNyn428LteZp2gvRvkoD+yyU3EmgIvEnZEymKEe2F/mApzGJNGYIaU6riO0nyGpKWYkL3mpIgLhAeqRjqEJionys0mSHB4ZpQsjLs1JNJyovzcyFCs1jEMzGSPdV/PeWPzP66Q6OvczmohUkwRPH4pSBk3mcS2wSyXBmg0NQVhS81eI+0girE15JVOCOx95kTRPK261cnFbLdeuZnUUwQE4BMfABWegBm5AHTQABo/gGbyCN+vJerHerY/paMGa7eyDP7A+fwA4V5q3</latexit>

Recall that Signal is sensitive to V�(�)

<latexit sha1_base64="jYzY1UXI1yHw2chEAi6MBaz9THA=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSLUTUmkoO6KblxWsA9oQ5hMJ+3QmSTMTMQS8ituXCji1h9x5984bbPQ1gOXezjnXubOCRLOlHacb2ttfWNza7u0U97d2z84tI8qHRWnktA2iXksewFWlLOItjXTnPYSSbEIOO0Gk9uZ332kUrE4etDThHoCjyIWMoK1kXy70vGzgWIjgfPaop/7dtWpO3OgVeIWpAoFWr79NRjGJBU00oRjpfquk2gvw1IzwmleHqSKJphM8Ij2DY2woMrL5rfn6MwoQxTG0lSk0Vz9vZFhodRUBGZSYD1Wy95M/M/rpzq88jIWJammEVk8FKYc6RjNgkBDJinRfGoIJpKZWxEZY4mJNnGVTQju8pdXSeei7jbq1/eNavOmiKMEJ3AKNXDhEppwBy1oA4EneIZXeLNy68V6tz4Wo2tWsXMMf2B9/gC825RD</latexit>

An example: Axion Monodromy! 

Bumpy ride of a spectator axion 

(Silverstein & Westphal, ’08)
(McAllister et.al, ’08)

<latexit sha1_base64="olsy9ErU72ewM0mI6UGi8q52X4Y="></latexit>

V�(�) = µ3� + ⇤4


1� cos

✓
�

f

◆�

arXiv: 2005.10280-O.Ö

<latexit sha1_base64="wRoFGB9UpgLT5ugK2hywgArP43c="></latexit>

& � =
⇤4

µ3f
. 1



Echoes of particle production (Bumpy ride)
Scalar and tensor correlators are sourced by Gauge fields, so n-point correlators 

inherit the similar parametric dependence in terms of the set

⇢
k

k⇤
, ⇠⇤, �

�

<latexit sha1_base64="KZGIVqj6Zz9F/7yV5APsPH/96mc=">AAACEnicbVDLSsNAFJ34rPUVdelmsAhaSkmkoO6KblxWsA9oQphMJumQyYOZiVhCvsGNv+LGhSJuXbnzb5y2WWjrgYHDOedy5x43ZVRIw/jWlpZXVtfWKxvVza3tnV19b78nkoxj0sUJS/jARYIwGpOupJKRQcoJilxG+m54PfH794QLmsR3cpwSO0JBTH2KkVSSo59aLg0CK7d8jnAeFnno1IuG9UCdegNaHmESzRKFo9eMpjEFXCRmSWqgRMfRvywvwVlEYokZEmJoGqm0c8QlxYwUVSsTJEU4RAEZKhqjiAg7n55UwGOleNBPuHqxhFP190SOIiHGkauSEZIjMe9NxP+8YSb9CzuncZpJEuPZIj9jUCZw0g/0KCdYsrEiCHOq/grxCKlypGqxqkow509eJL2zptlqXt62au2rso4KOARH4ASY4By0wQ3ogC7A4BE8g1fwpj1pL9q79jGLLmnlzAH4A+3zBzsOndY=</latexit>
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Bispectra is maximal for equilateral triangles ! k1 ⇡ k2 ⇡ k3 = k
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Echoes of particle production (Bumpy ride)
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Observable GWs at CMB scales (non-vacuum)
Assume the signal peaks at CMB scales !

Observable GWs are allowed even for a low scale of inflation!
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on the r.h.s of Rt = 1,



Recap-2

✓ B-modes and their properties are expected to be measured by forthcoming 
experiments: CMB-S4 and LiteBIRD. Therefore its timely to search for 
alternatives mechanisms that can generate observable GWs in order to revisit 
our standard view on the early universe physics

✓ The transient motion of non-compact axion-like spectator field in its wiggly 
potential can lead to efficient production of its gauge fields which in turn 
generate GWs that can be parametrically larger than vacuum fluctuations: 
observable GWs with low scale of inflation and sub-planckian field excursion 
is possible!

 Scale dependent, parity violating, non-Gaussian GW signal at CMB!

✓ Any departure from the standard predictions on tensor fluctuations: scale 
free, parity conserving and high degree Gaussianity, would give us clues about 
the energy density contained in the hidden sectors, or more broadly might 
inform us about the inflationary field content. 



Thank you !

arXiv: 2005.10280

arXiv: 2008.07549

European Structural and Investment Funds and the Czech Ministry of Education, Youth 
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Energy density per mode (transient roll)
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Energy density in the gauge fields (transient roll)
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Constraints on Model building
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Perturbativity:

Back-reaction:

* M. Peloso, L. Sorbo, C. Ünal, arXiv: 1606.00459 



Constraints on Model building
Running @CMB scales:
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Summary of upper bounds: 



Summary of Model Buiding Constraints



Full expression for curvature perturbation
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Direct contribution from gauge fields: 
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Observable GWs at interferometers (non-vacuum)

✓ Consider a scenario where spectator 
     traverses multiple wiggles in its pot.�
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Observable GWs at interferometers (non-vacuum)

Limits on PBH abundance constraints the maximum height of the signal!
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PR(k) = P(v)
R (k) +

h
✏�P(v)

R (k)
i2 X

i=1,2

f (i)
2,R (⇠⇤, k/k⇤, �)
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GWs at interferometers



Recap: CMB as a probe of inflation
Observed density fluctuations are in excellent agreement with 
simplest realizations of inflation: 

Nearly Gaussian, adiabatic scalar fluctuations with a small red tilt 

 
LCDM
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(Planck, 2018)
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