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Outline

• Primordial Black holes: (short review)

• Non-Gaussianities:
based on: «Primordial Black Holes from Inflation and non-Gaussianity»

GF, A. Kehagias, S. Matarrese, A. Riotto[arXiv:1801.09415]
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Primordial Black Holes

[Source: www.benty-fields.com/trending]
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• Hawking & Carr, 1974
“Black holes in the early universe”

• Chapline, 1975
“Cosmological effects of primordial black holes”

• Meszaros, 1975

• …
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Primordial Black Holes

RD
<latexit sha1_base64="y2S4oPHdLb8BLj2nF6fl7urqv5o=">AAAB73icbVBNS8NAEJ3Urxq/qh69LBbBU0mkUL0V9OCxirGFNpTNdtMu3d2E3Y1QQv+EJ0ERr/4eT/4bt20O2vpg4PHeDDPzopQzbTzv2ymtrW9sbpW33Z3dvf2DyuHRo04yRWhAEp6oToQ15UzSwDDDaSdVFIuI03Y0vp757SeqNEvkg5mkNBR4KFnMCDZW6uQ9JdD9zbRfqXo1bw60SvyCVKFAq1/56g0SkgkqDeFY667vpSbMsTKMcDp1e5mmKSZjPKRdSyUWVIf5/N4pOrPKAMWJsiUNmqu/J3IstJ6IyHYKbEZ62ZuJ/3ndzMSXYc5kmhkqyWJRnHFkEjR7Hg2YosTwiSWYKGZvRWSEFSbGRuS6NgV/+edVElzUrmreXb3arBdxlOEETuEcfGhAE26hBQEQ4PAMr/DmKOfFeXc+Fq0lp5g5hj9wPn8Ak56PiA==</latexit><latexit sha1_base64="y2S4oPHdLb8BLj2nF6fl7urqv5o=">AAAB73icbVBNS8NAEJ3Urxq/qh69LBbBU0mkUL0V9OCxirGFNpTNdtMu3d2E3Y1QQv+EJ0ERr/4eT/4bt20O2vpg4PHeDDPzopQzbTzv2ymtrW9sbpW33Z3dvf2DyuHRo04yRWhAEp6oToQ15UzSwDDDaSdVFIuI03Y0vp757SeqNEvkg5mkNBR4KFnMCDZW6uQ9JdD9zbRfqXo1bw60SvyCVKFAq1/56g0SkgkqDeFY667vpSbMsTKMcDp1e5mmKSZjPKRdSyUWVIf5/N4pOrPKAMWJsiUNmqu/J3IstJ6IyHYKbEZ62ZuJ/3ndzMSXYc5kmhkqyWJRnHFkEjR7Hg2YosTwiSWYKGZvRWSEFSbGRuS6NgV/+edVElzUrmreXb3arBdxlOEETuEcfGhAE26hBQEQ4PAMr/DmKOfFeXc+Fq0lp5g5hj9wPn8Ak56PiA==</latexit><latexit sha1_base64="y2S4oPHdLb8BLj2nF6fl7urqv5o=">AAAB73icbVBNS8NAEJ3Urxq/qh69LBbBU0mkUL0V9OCxirGFNpTNdtMu3d2E3Y1QQv+EJ0ERr/4eT/4bt20O2vpg4PHeDDPzopQzbTzv2ymtrW9sbpW33Z3dvf2DyuHRo04yRWhAEp6oToQ15UzSwDDDaSdVFIuI03Y0vp757SeqNEvkg5mkNBR4KFnMCDZW6uQ9JdD9zbRfqXo1bw60SvyCVKFAq1/56g0SkgkqDeFY667vpSbMsTKMcDp1e5mmKSZjPKRdSyUWVIf5/N4pOrPKAMWJsiUNmqu/J3IstJ6IyHYKbEZ62ZuJ/3ndzMSXYc5kmhkqyWJRnHFkEjR7Hg2YosTwiSWYKGZvRWSEFSbGRuS6NgV/+edVElzUrmreXb3arBdxlOEETuEcfGhAE26hBQEQ4PAMr/DmKOfFeXc+Fq0lp5g5hj9wPn8Ak56PiA==</latexit>

Inflation
<latexit sha1_base64="m2I8QAzQkgbwKDGjwgFbK7xougI=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoignoreNFbBWMLbSib7aZdursJuxuhhP4ST4IiXv0rnvw3btMctPXBwOO9GWbmRSln2njet1NZW9/Y3Kpu13Z29/br7sHho04yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWGrj1vK8EupMxL4TZwG14Ta8AWiV+SRpQoj1wv/rDhGSCSkM41rrne6kJc6wMI5zOav1M0xSTCR7RnqUSC6rDvDh8hk6tMkRxomxJgwr190SOhdZTEdlOgc1YL3tz8T+vl5n4KsyZTDNDJVksijOOTILmKaAhU5QYPrUEE8XsrYiMscLE2KxqNZuCv/zzKgnOm9dN7/6i0boo46jCMZzAGfhwCS24hTYEQCCDZ3iFNyd3Xpx352PRWnHKmSP4A+fzB80ukw0=</latexit><latexit sha1_base64="m2I8QAzQkgbwKDGjwgFbK7xougI=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoignoreNFbBWMLbSib7aZdursJuxuhhP4ST4IiXv0rnvw3btMctPXBwOO9GWbmRSln2njet1NZW9/Y3Kpu13Z29/br7sHho04yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWGrj1vK8EupMxL4TZwG14Ta8AWiV+SRpQoj1wv/rDhGSCSkM41rrne6kJc6wMI5zOav1M0xSTCR7RnqUSC6rDvDh8hk6tMkRxomxJgwr190SOhdZTEdlOgc1YL3tz8T+vl5n4KsyZTDNDJVksijOOTILmKaAhU5QYPrUEE8XsrYiMscLE2KxqNZuCv/zzKgnOm9dN7/6i0boo46jCMZzAGfhwCS24hTYEQCCDZ3iFNyd3Xpx352PRWnHKmSP4A+fzB80ukw0=</latexit><latexit sha1_base64="m2I8QAzQkgbwKDGjwgFbK7xougI=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoignoreNFbBWMLbSib7aZdursJuxuhhP4ST4IiXv0rnvw3btMctPXBwOO9GWbmRSln2njet1NZW9/Y3Kpu13Z29/br7sHho04yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWGrj1vK8EupMxL4TZwG14Ta8AWiV+SRpQoj1wv/rDhGSCSkM41rrne6kJc6wMI5zOav1M0xSTCR7RnqUSC6rDvDh8hk6tMkRxomxJgwr190SOhdZTEdlOgc1YL3tz8T+vl5n4KsyZTDNDJVksijOOTILmKaAhU5QYPrUEE8XsrYiMscLE2KxqNZuCv/zzKgnOm9dN7/6i0boo46jCMZzAGfhwCS24hTYEQCCDZ3iFNyd3Xpx352PRWnHKmSP4A+fzB80ukw0=</latexit>
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<latexit sha1_base64="WP2UvRboZ7EmJ3IUy78lhaUrQrs=">AAAB/HicbVBNS8NAEN3Urxq/oj16WSyCF0signoreumxgrGFNobNdtMu3d2E3Y1QQvCneBIU8eof8eS/cdvmoK0PBh7vzTAzL0oZVdp1v63Kyura+kZ1097a3tndc/YP7lWSSUx8nLBEdiOkCKOC+JpqRrqpJIhHjHSi8c3U7zwSqWgi7vQkJQFHQ0FjipE2UujU8nER5n3JIWxft4qH/NQrQqfuNtwZ4DLxSlIHJdqh89UfJDjjRGjMkFI9z011kCOpKWaksPuZIinCYzQkPUMF4kQF+ez4Ah4bZQDjRJoSGs7U3xM54kpNeGQ6OdIjtehNxf+8XqbjyyCnIs00EXi+KM4Y1AmcJgEHVBKs2cQQhCU1t0I8QhJhbfKybZOCt/jzMvHPGlcN9/a83nTLOKrgEByBE+CBC9AELdAGPsBgAp7BK3iznqwX6936mLdWrHKmBv7A+vwBrmaT/Q==</latexit><latexit sha1_base64="WP2UvRboZ7EmJ3IUy78lhaUrQrs=">AAAB/HicbVBNS8NAEN3Urxq/oj16WSyCF0signoreumxgrGFNobNdtMu3d2E3Y1QQvCneBIU8eof8eS/cdvmoK0PBh7vzTAzL0oZVdp1v63Kyura+kZ1097a3tndc/YP7lWSSUx8nLBEdiOkCKOC+JpqRrqpJIhHjHSi8c3U7zwSqWgi7vQkJQFHQ0FjipE2UujU8nER5n3JIWxft4qH/NQrQqfuNtwZ4DLxSlIHJdqh89UfJDjjRGjMkFI9z011kCOpKWaksPuZIinCYzQkPUMF4kQF+ez4Ah4bZQDjRJoSGs7U3xM54kpNeGQ6OdIjtehNxf+8XqbjyyCnIs00EXi+KM4Y1AmcJgEHVBKs2cQQhCU1t0I8QhJhbfKybZOCt/jzMvHPGlcN9/a83nTLOKrgEByBE+CBC9AELdAGPsBgAp7BK3iznqwX6936mLdWrHKmBv7A+vwBrmaT/Q==</latexit><latexit sha1_base64="WP2UvRboZ7EmJ3IUy78lhaUrQrs=">AAAB/HicbVBNS8NAEN3Urxq/oj16WSyCF0signoreumxgrGFNobNdtMu3d2E3Y1QQvCneBIU8eof8eS/cdvmoK0PBh7vzTAzL0oZVdp1v63Kyura+kZ1097a3tndc/YP7lWSSUx8nLBEdiOkCKOC+JpqRrqpJIhHjHSi8c3U7zwSqWgi7vQkJQFHQ0FjipE2UujU8nER5n3JIWxft4qH/NQrQqfuNtwZ4DLxSlIHJdqh89UfJDjjRGjMkFI9z011kCOpKWaksPuZIinCYzQkPUMF4kQF+ez4Ah4bZQDjRJoSGs7U3xM54kpNeGQ6OdIjtehNxf+8XqbjyyCnIs00EXi+KM4Y1AmcJgEHVBKs2cQQhCU1t0I8QhJhbfKybZOCt/jzMvHPGlcN9/a83nTLOKrgEByBE+CBC9AELdAGPsBgAp7BK3iznqwX6936mLdWrHKmBv7A+vwBrmaT/Q==</latexit>
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Primordial Black Holes

Density contrast = � =
⇢� ⇢̄

⇢̄
<latexit sha1_base64="BStqzgfxBKQcSFKoxk8sVOHB8DA=">AAACMHicbZBNSwMxEIazflu/qh69BIvgxbIVQT0IgoIeFawK3VJm01kbzCZLMiuUpT/Jkz/Fk6CIV3+F2Vrw84XAwzszTOaNMyUdheFTMDY+MTk1PTNbmZtfWFyqLq9cOpNbgU1hlLHXMThUUmOTJCm8zixCGiu8im+PyvrVHVonjb6gfobtFG60TKQA8lanelJENuXHqJ2kfsSF0WTBUcQH/IBHx6gISkgsCN/ZM3yLRzFYXvKg+MJOtRbWw6H4X2iMoMZGOutUH6OuEXmKmoQC51qNMKN2AZakUDioRLnDDMQt3GDLo4YUXbsYHjzgG97p8sRY/zTxoft9ooDUuX4a+84UqOd+10rzv1orp2SvXUid5YRafC5KcsXJ8DI93pUWBam+BxBW+r9y0QMfDvmMKxWfQuP3zX+huV3fr4fnO7XDcBTHDFtj62yTNdguO2Sn7Iw1mWD37JE9s5fgIXgKXoO3z9axYDSzyn4oeP8A5J6owQ==</latexit><latexit sha1_base64="BStqzgfxBKQcSFKoxk8sVOHB8DA=">AAACMHicbZBNSwMxEIazflu/qh69BIvgxbIVQT0IgoIeFawK3VJm01kbzCZLMiuUpT/Jkz/Fk6CIV3+F2Vrw84XAwzszTOaNMyUdheFTMDY+MTk1PTNbmZtfWFyqLq9cOpNbgU1hlLHXMThUUmOTJCm8zixCGiu8im+PyvrVHVonjb6gfobtFG60TKQA8lanelJENuXHqJ2kfsSF0WTBUcQH/IBHx6gISkgsCN/ZM3yLRzFYXvKg+MJOtRbWw6H4X2iMoMZGOutUH6OuEXmKmoQC51qNMKN2AZakUDioRLnDDMQt3GDLo4YUXbsYHjzgG97p8sRY/zTxoft9ooDUuX4a+84UqOd+10rzv1orp2SvXUid5YRafC5KcsXJ8DI93pUWBam+BxBW+r9y0QMfDvmMKxWfQuP3zX+huV3fr4fnO7XDcBTHDFtj62yTNdguO2Sn7Iw1mWD37JE9s5fgIXgKXoO3z9axYDSzyn4oeP8A5J6owQ==</latexit><latexit sha1_base64="BStqzgfxBKQcSFKoxk8sVOHB8DA=">AAACMHicbZBNSwMxEIazflu/qh69BIvgxbIVQT0IgoIeFawK3VJm01kbzCZLMiuUpT/Jkz/Fk6CIV3+F2Vrw84XAwzszTOaNMyUdheFTMDY+MTk1PTNbmZtfWFyqLq9cOpNbgU1hlLHXMThUUmOTJCm8zixCGiu8im+PyvrVHVonjb6gfobtFG60TKQA8lanelJENuXHqJ2kfsSF0WTBUcQH/IBHx6gISkgsCN/ZM3yLRzFYXvKg+MJOtRbWw6H4X2iMoMZGOutUH6OuEXmKmoQC51qNMKN2AZakUDioRLnDDMQt3GDLo4YUXbsYHjzgG97p8sRY/zTxoft9ooDUuX4a+84UqOd+10rzv1orp2SvXUid5YRafC5KcsXJ8DI93pUWBam+BxBW+r9y0QMfDvmMKxWfQuP3zX+huV3fr4fnO7XDcBTHDFtj62yTNdguO2Sn7Iw1mWD37JE9s5fgIXgKXoO3z9axYDSzyn4oeP8A5J6owQ==</latexit>

� > �c
<latexit sha1_base64="bbYxJP65qElPhdZUoHDBhwEdcqY=">AAAB+3icbZDNSsNAFIVv/K3xL9alm8EiuCqJCOpGCrpwWcHYQhvCZDpph04mYWYillAfxZWgiFufxJVv47TNQlsPDHycey/3zokyzpR23W9raXlldW29smFvbm3v7Dp71XuV5pJQn6Q8le0IK8qZoL5mmtN2JilOIk5b0fBqUm89UKlYKu70KKNBgvuCxYxgbazQqXavKdcYXaIZhASFTs2tu1OhRfBKqEGpZuh8dXspyRMqNOFYqY7nZjoosNSMcDq2u7miGSZD3KcdgwInVAXF9PYxOjJOD8WpNE9oNHV/TxQ4UWqURKYzwXqg5msT879aJ9fxeVAwkeWaCjJbFOcc6RRNgkA9JinRfGQAE8nMrYgMsMREm7hs26Tgzf95EfyT+kXdvT2tNdwyjgocwCEcgwdn0IAbaIIPBB7hGV7hzXqyXqx362PWumSVM/vwR9bnDzVZkxw=</latexit><latexit sha1_base64="bbYxJP65qElPhdZUoHDBhwEdcqY=">AAAB+3icbZDNSsNAFIVv/K3xL9alm8EiuCqJCOpGCrpwWcHYQhvCZDpph04mYWYillAfxZWgiFufxJVv47TNQlsPDHycey/3zokyzpR23W9raXlldW29smFvbm3v7Dp71XuV5pJQn6Q8le0IK8qZoL5mmtN2JilOIk5b0fBqUm89UKlYKu70KKNBgvuCxYxgbazQqXavKdcYXaIZhASFTs2tu1OhRfBKqEGpZuh8dXspyRMqNOFYqY7nZjoosNSMcDq2u7miGSZD3KcdgwInVAXF9PYxOjJOD8WpNE9oNHV/TxQ4UWqURKYzwXqg5msT879aJ9fxeVAwkeWaCjJbFOcc6RRNgkA9JinRfGQAE8nMrYgMsMREm7hs26Tgzf95EfyT+kXdvT2tNdwyjgocwCEcgwdn0IAbaIIPBB7hGV7hzXqyXqx362PWumSVM/vwR9bnDzVZkxw=</latexit><latexit sha1_base64="bbYxJP65qElPhdZUoHDBhwEdcqY=">AAAB+3icbZDNSsNAFIVv/K3xL9alm8EiuCqJCOpGCrpwWcHYQhvCZDpph04mYWYillAfxZWgiFufxJVv47TNQlsPDHycey/3zokyzpR23W9raXlldW29smFvbm3v7Dp71XuV5pJQn6Q8le0IK8qZoL5mmtN2JilOIk5b0fBqUm89UKlYKu70KKNBgvuCxYxgbazQqXavKdcYXaIZhASFTs2tu1OhRfBKqEGpZuh8dXspyRMqNOFYqY7nZjoosNSMcDq2u7miGSZD3KcdgwInVAXF9PYxOjJOD8WpNE9oNHV/TxQ4UWqURKYzwXqg5msT879aJ9fxeVAwkeWaCjJbFOcc6RRNgkA9JinRfGQAE8nMrYgMsMREm7hs26Tgzf95EfyT+kXdvT2tNdwyjgocwCEcgwdn0IAbaIIPBB7hGV7hzXqyXqx362PWumSVM/vwR9bnDzVZkxw=</latexit>

After horizon re-entry
<latexit sha1_base64="wLUXTp/loObJ0ucUlN8efHpQPPg=">AAACBnicbVDLSgMxFM34rPVVdSlCsAhuLFMR1F3FjcsK1hbaUjLpnTY0kwzJHbEOXbnyU1wJirj1H1z5N6aPhbYeCBzOuYebe4JYCou+/+3NzS8sLi1nVrKra+sbm7mt7VurE8OhwrXUphYwC1IoqKBACbXYAIsCCdWgdzn0q3dgrNDqBvsxNCPWUSIUnKGTWrm9BsI9phchgqFdbcSDVtTAESg0/UErl/cL/gh0lhQnJE8mKLdyX4225knk4lwya+tFP8ZmygwKLmGQbSQWYsZ7rAN1RxWLwDbT0RkDeuCUNg21cU8hHam/EymLrO1HgZuMGHbttDcU//PqCYZnzVSoOEFQfLwoTCRFTYed0LYwwFH2HWHcCPdXyrvMMO5Ksdmsa6E4ffMsqRwXzgv+9Um+5E/qyJBdsk8OSZGckhK5ImVSIZw8kmfySt68J+/Fe/c+xqNz3iSzQ/7A+/wBwLeZKA==</latexit><latexit sha1_base64="wLUXTp/loObJ0ucUlN8efHpQPPg=">AAACBnicbVDLSgMxFM34rPVVdSlCsAhuLFMR1F3FjcsK1hbaUjLpnTY0kwzJHbEOXbnyU1wJirj1H1z5N6aPhbYeCBzOuYebe4JYCou+/+3NzS8sLi1nVrKra+sbm7mt7VurE8OhwrXUphYwC1IoqKBACbXYAIsCCdWgdzn0q3dgrNDqBvsxNCPWUSIUnKGTWrm9BsI9phchgqFdbcSDVtTAESg0/UErl/cL/gh0lhQnJE8mKLdyX4225knk4lwya+tFP8ZmygwKLmGQbSQWYsZ7rAN1RxWLwDbT0RkDeuCUNg21cU8hHam/EymLrO1HgZuMGHbttDcU//PqCYZnzVSoOEFQfLwoTCRFTYed0LYwwFH2HWHcCPdXyrvMMO5Ksdmsa6E4ffMsqRwXzgv+9Um+5E/qyJBdsk8OSZGckhK5ImVSIZw8kmfySt68J+/Fe/c+xqNz3iSzQ/7A+/wBwLeZKA==</latexit><latexit sha1_base64="wLUXTp/loObJ0ucUlN8efHpQPPg=">AAACBnicbVDLSgMxFM34rPVVdSlCsAhuLFMR1F3FjcsK1hbaUjLpnTY0kwzJHbEOXbnyU1wJirj1H1z5N6aPhbYeCBzOuYebe4JYCou+/+3NzS8sLi1nVrKra+sbm7mt7VurE8OhwrXUphYwC1IoqKBACbXYAIsCCdWgdzn0q3dgrNDqBvsxNCPWUSIUnKGTWrm9BsI9phchgqFdbcSDVtTAESg0/UErl/cL/gh0lhQnJE8mKLdyX4225knk4lwya+tFP8ZmygwKLmGQbSQWYsZ7rAN1RxWLwDbT0RkDeuCUNg21cU8hHam/EymLrO1HgZuMGHbttDcU//PqCYZnzVSoOEFQfLwoTCRFTYed0LYwwFH2HWHcCPdXyrvMMO5Ksdmsa6E4ffMsqRwXzgv+9Um+5E/qyJBdsk8OSZGckhK5ImVSIZw8kmfySt68J+/Fe/c+xqNz3iSzQ/7A+/wBwLeZKA==</latexit>

MPBH ⇠ �
4⇡

3
⇢formH

�3

form
<latexit sha1_base64="h7GaSjhBVVpLX6D/SDMHwJS5p4I="></latexit><latexit sha1_base64="h7GaSjhBVVpLX6D/SDMHwJS5p4I="></latexit><latexit sha1_base64="h7GaSjhBVVpLX6D/SDMHwJS5p4I="></latexit>
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Primordial Black Holes

Highly constrained

Needed to form PBH



• Beta fraction: mass fraction of PBH at formation

• Press–Schechter formalism for beta:

Probability distribution for the density contrast perturbations
(under the assumption of gaussian probability)

• Beta fraction can be regarded as the probability that the density contrast is 
larger than the threshold for the PBH
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Primordial Black Holes

P(�) =
1p

2⇡��

exp


� �2

2�2
�

�

<latexit sha1_base64="tmQFkIUP+isF6nuxNW0+NYIttig="></latexit><latexit sha1_base64="tmQFkIUP+isF6nuxNW0+NYIttig="></latexit><latexit sha1_base64="tmQFkIUP+isF6nuxNW0+NYIttig="></latexit>

�2
�(RH) =

16

81

Z 1

0
d ln q(qRH)4W 2(qRH)PR(q)

<latexit sha1_base64="dZcHnieQZxW4txhpvcdXiieI7eQ="></latexit><latexit sha1_base64="dZcHnieQZxW4txhpvcdXiieI7eQ="></latexit><latexit sha1_base64="dZcHnieQZxW4txhpvcdXiieI7eQ="></latexit>

(⇤)
<latexit sha1_base64="UeO5t74rvVzgxPSh98zNkgHNbeM=">AAAB+HicbVDLSsNAFL3xWeOjUZduBotQXZRUBB+rghuXFYwttKFMJpN26GQSZiZCCf0SV4Iibv0VV/6N0zQLbT1w4XDOvXPnniDlTGnX/bZWVtfWNzYrW/b2zu5e1dk/eFRJJgn1SMIT2Q2wopwJ6mmmOe2mkuI44LQTjG9nfueJSsUS8aAnKfVjPBQsYgRrIw2car94I5c0nKL62enAqbkNtwBaJs2S1KBEe+B89cOEZDEVmnCsVK/pptrPsdSMcDq1+5miKSZjPKQ9QwWOqfLzYukUnRglRFEiTQmNCvX3RI5jpSZxYDpjrEdq0ZuJ/3m9TEdXfs5EmmkqyHxRlHGkEzRLAYVMUqL5xBBMJDN/RWSEJSbaZGXbJoXm4s3LxDtvXDfc+4ta66aMowJHcAx1aMIltOAO2uABgQye4RXerNx6sd6tj3nrilXOHMIfWJ8/yU6SZQ==</latexit><latexit sha1_base64="UeO5t74rvVzgxPSh98zNkgHNbeM=">AAAB+HicbVDLSsNAFL3xWeOjUZduBotQXZRUBB+rghuXFYwttKFMJpN26GQSZiZCCf0SV4Iibv0VV/6N0zQLbT1w4XDOvXPnniDlTGnX/bZWVtfWNzYrW/b2zu5e1dk/eFRJJgn1SMIT2Q2wopwJ6mmmOe2mkuI44LQTjG9nfueJSsUS8aAnKfVjPBQsYgRrIw2car94I5c0nKL62enAqbkNtwBaJs2S1KBEe+B89cOEZDEVmnCsVK/pptrPsdSMcDq1+5miKSZjPKQ9QwWOqfLzYukUnRglRFEiTQmNCvX3RI5jpSZxYDpjrEdq0ZuJ/3m9TEdXfs5EmmkqyHxRlHGkEzRLAYVMUqL5xBBMJDN/RWSEJSbaZGXbJoXm4s3LxDtvXDfc+4ta66aMowJHcAx1aMIltOAO2uABgQye4RXerNx6sd6tj3nrilXOHMIfWJ8/yU6SZQ==</latexit><latexit sha1_base64="UeO5t74rvVzgxPSh98zNkgHNbeM=">AAAB+HicbVDLSsNAFL3xWeOjUZduBotQXZRUBB+rghuXFYwttKFMJpN26GQSZiZCCf0SV4Iibv0VV/6N0zQLbT1w4XDOvXPnniDlTGnX/bZWVtfWNzYrW/b2zu5e1dk/eFRJJgn1SMIT2Q2wopwJ6mmmOe2mkuI44LQTjG9nfueJSsUS8aAnKfVjPBQsYgRrIw2car94I5c0nKL62enAqbkNtwBaJs2S1KBEe+B89cOEZDEVmnCsVK/pptrPsdSMcDq1+5miKSZjPKQ9QwWOqfLzYukUnRglRFEiTQmNCvX3RI5jpSZxYDpjrEdq0ZuJ/3m9TEdXfs5EmmkqyHxRlHGkEzRLAYVMUqL5xBBMJDN/RWSEJSbaZGXbJoXm4s3LxDtvXDfc+4ta66aMowJHcAx1aMIltOAO2uABgQye4RXerNx6sd6tj3nrilXOHMIfWJ8/yU6SZQ==</latexit>

� =

Z 1

�c

P(�)d�
<latexit sha1_base64="5cTYF0CMyF5DGSTqWa38YiL34CQ=">AAACKnicbVDLSgNBEJz1GeMr6tHLYBDiJWyCoB6EiB48RjAmkI1hdtKbDJl9MNMrhGW/x5Of4imgBK9+iJNkD5pYMFBT1U13lxtJodG2J9bK6tr6xmZuK7+9s7u3Xzg4fNJhrDg0eChD1XKZBikCaKBACa1IAfNdCU13eDv1my+gtAiDRxxF0PFZPxCe4AyN1C3cOC4go9eUOiJA2k2ocwcSWZen9HmqeTiiiaN8Wk9Lc+ts/u+lWWWhaJftGegyqWSkSDLUu4Wx0wt57EOAXDKt2xU7wk7CFAouIc07sYaI8SHrQ9vQgPmgO8ns1JSeGqVHvVCZZ/adqb87EuZrPfJdU+kzHOhFbyr+57Vj9C47iQiiGCHg80FeLCmGdJob7QkFHOXIEMaVMLtSPmCKcTTp5vMmhcrizcukUS1fle2H82KtmsWRI8fkhJRIhVyQGrknddIgnLySd/JBPq03a2xNrK956YqV9RyRP7C+fwCuGaV+</latexit><latexit sha1_base64="5cTYF0CMyF5DGSTqWa38YiL34CQ=">AAACKnicbVDLSgNBEJz1GeMr6tHLYBDiJWyCoB6EiB48RjAmkI1hdtKbDJl9MNMrhGW/x5Of4imgBK9+iJNkD5pYMFBT1U13lxtJodG2J9bK6tr6xmZuK7+9s7u3Xzg4fNJhrDg0eChD1XKZBikCaKBACa1IAfNdCU13eDv1my+gtAiDRxxF0PFZPxCe4AyN1C3cOC4go9eUOiJA2k2ocwcSWZen9HmqeTiiiaN8Wk9Lc+ts/u+lWWWhaJftGegyqWSkSDLUu4Wx0wt57EOAXDKt2xU7wk7CFAouIc07sYaI8SHrQ9vQgPmgO8ns1JSeGqVHvVCZZ/adqb87EuZrPfJdU+kzHOhFbyr+57Vj9C47iQiiGCHg80FeLCmGdJob7QkFHOXIEMaVMLtSPmCKcTTp5vMmhcrizcukUS1fle2H82KtmsWRI8fkhJRIhVyQGrknddIgnLySd/JBPq03a2xNrK956YqV9RyRP7C+fwCuGaV+</latexit><latexit sha1_base64="5cTYF0CMyF5DGSTqWa38YiL34CQ=">AAACKnicbVDLSgNBEJz1GeMr6tHLYBDiJWyCoB6EiB48RjAmkI1hdtKbDJl9MNMrhGW/x5Of4imgBK9+iJNkD5pYMFBT1U13lxtJodG2J9bK6tr6xmZuK7+9s7u3Xzg4fNJhrDg0eChD1XKZBikCaKBACa1IAfNdCU13eDv1my+gtAiDRxxF0PFZPxCe4AyN1C3cOC4go9eUOiJA2k2ocwcSWZen9HmqeTiiiaN8Wk9Lc+ts/u+lWWWhaJftGegyqWSkSDLUu4Wx0wt57EOAXDKt2xU7wk7CFAouIc07sYaI8SHrQ9vQgPmgO8ns1JSeGqVHvVCZZ/adqb87EuZrPfJdU+kzHOhFbyr+57Vj9C47iQiiGCHg80FeLCmGdJob7QkFHOXIEMaVMLtSPmCKcTTp5vMmhcrizcukUS1fle2H82KtmsWRI8fkhJRIhVyQGrknddIgnLySd/JBPq03a2xNrK956YqV9RyRP7C+fwCuGaV+</latexit>

�(~x) =
4

9a2H2
r2R(~x)

<latexit sha1_base64="INIC05WsCAmFXKMMDJaKCGqEn0c="></latexit><latexit sha1_base64="INIC05WsCAmFXKMMDJaKCGqEn0c="></latexit><latexit sha1_base64="INIC05WsCAmFXKMMDJaKCGqEn0c="></latexit>

Volume normalized window function: select the modes on scales of horizon re-entry

� =
⇢PBH

⇢tot

���
formation

=

✓
H0

Hform

◆2 ✓
aform

a0

◆�3

⌦CDMfPBH

<latexit sha1_base64="BsS3tHHc6UnQMxxzIokjYqlnfA0="></latexit><latexit sha1_base64="BsS3tHHc6UnQMxxzIokjYqlnfA0="></latexit><latexit sha1_base64="BsS3tHHc6UnQMxxzIokjYqlnfA0="></latexit><latexit sha1_base64="86tVDEHGtHjThtMGHSyskEd2AOY=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCpTN+pOcOOygmML7VAymTttaCYzJHeEMvQF3LgQ8cFc+TamPwu1Hgh8nJOQe09cKGkpCL682tb2zu5efd8/aPiHR8fNxpPNSyMwFLnKTT/mFpXUGJIkhf3CIM9ihb14erfIe89orMz1I80KjDI+1jKVgpOzuqNmK2gHS7FN6KyhBWuNmp/DJBdlhpqE4tYOOkFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzs6dk7A0N+5oYkv354uKZ9bOstjdzDhN7N9sYf6XDUpKr6NK6qIk1GL1UVoqRjlb7MwSaVCQmjngwkg3KxMTbrgg14zvuxI6f1fehPCyfdMOHgKowymcwQV04Apu4R66EIKABF7gzZPeq/e+6qrmrUs7gV/yPr4BKz6KGw==</latexit><latexit sha1_base64="/vdkPCVRz6kIXjmVYMNv3Os5Q7I="></latexit><latexit sha1_base64="/vdkPCVRz6kIXjmVYMNv3Os5Q7I="></latexit><latexit sha1_base64="ywSULZHmTGV3IkWnQsS0Msuklyk="></latexit><latexit sha1_base64="BsS3tHHc6UnQMxxzIokjYqlnfA0="></latexit><latexit sha1_base64="BsS3tHHc6UnQMxxzIokjYqlnfA0="></latexit><latexit sha1_base64="BsS3tHHc6UnQMxxzIokjYqlnfA0="></latexit><latexit sha1_base64="BsS3tHHc6UnQMxxzIokjYqlnfA0="></latexit><latexit sha1_base64="BsS3tHHc6UnQMxxzIokjYqlnfA0="></latexit>

Fraction of DM in 
PBH  

Density parameter
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Primordial Black holes

Impact of Non-Gaussianities



With the assumption of gaussian statistics:

if we define 

(complementary error fraction)
How can we relax the assumption of gaussian statistic and include 
the effects on non-gaussianity in the calculation of beta?

Increase / decrease the impact of tails of the PDF 

⌫(M) =
⇣c

�(M)
<latexit sha1_base64="u4t0AorUq0tDJr8ZTow+sU9prbY=">AAACCHicbVBNS8NAEN3Ur1q/oh69LBahXkpaBPUgFLx4ESoYW2hC2Gw37dLdTdjdCDXk6sW/4sWDild/gjf/jds2B219MPB4b4aZeWHCqNKO822VlpZXVtfK65WNza3tHXt3707FqcTExTGLZTdEijAqiKupZqSbSIJ4yEgnHF1O/M49kYrG4laPE+JzNBA0ohhpIwU29ERauz6+8CKJcOY9EI0CnGeeogOOjJEHdtWpO1PARdIoSBUUaAf2l9ePccqJ0JghpXoNJ9F+hqSmmJG84qWKJAiP0ID0DBWIE+Vn009yeGSUPoxiaUpoOFV/T2SIKzXmoenkSA/VvDcR//N6qY7O/IyKJNVE4NmiKGVQx3ASC+xTSbBmY0MQltTcCvEQmUy0Ca9iQmjMv7xI3Gb9vO7cnFRbzSKNMjgAh6AGGuAUtMAVaAMXYPAInsEreLOerBfr3fqYtZasYmYf/IH1+QM4O5mN</latexit><latexit sha1_base64="u4t0AorUq0tDJr8ZTow+sU9prbY=">AAACCHicbVBNS8NAEN3Ur1q/oh69LBahXkpaBPUgFLx4ESoYW2hC2Gw37dLdTdjdCDXk6sW/4sWDild/gjf/jds2B219MPB4b4aZeWHCqNKO822VlpZXVtfK65WNza3tHXt3707FqcTExTGLZTdEijAqiKupZqSbSIJ4yEgnHF1O/M49kYrG4laPE+JzNBA0ohhpIwU29ERauz6+8CKJcOY9EI0CnGeeogOOjJEHdtWpO1PARdIoSBUUaAf2l9ePccqJ0JghpXoNJ9F+hqSmmJG84qWKJAiP0ID0DBWIE+Vn009yeGSUPoxiaUpoOFV/T2SIKzXmoenkSA/VvDcR//N6qY7O/IyKJNVE4NmiKGVQx3ASC+xTSbBmY0MQltTcCvEQmUy0Ca9iQmjMv7xI3Gb9vO7cnFRbzSKNMjgAh6AGGuAUtMAVaAMXYPAInsEreLOerBfr3fqYtZasYmYf/IH1+QM4O5mN</latexit><latexit sha1_base64="u4t0AorUq0tDJr8ZTow+sU9prbY=">AAACCHicbVBNS8NAEN3Ur1q/oh69LBahXkpaBPUgFLx4ESoYW2hC2Gw37dLdTdjdCDXk6sW/4sWDild/gjf/jds2B219MPB4b4aZeWHCqNKO822VlpZXVtfK65WNza3tHXt3707FqcTExTGLZTdEijAqiKupZqSbSIJ4yEgnHF1O/M49kYrG4laPE+JzNBA0ohhpIwU29ERauz6+8CKJcOY9EI0CnGeeogOOjJEHdtWpO1PARdIoSBUUaAf2l9ePccqJ0JghpXoNJ9F+hqSmmJG84qWKJAiP0ID0DBWIE+Vn009yeGSUPoxiaUpoOFV/T2SIKzXmoenkSA/VvDcR//N6qY7O/IyKJNVE4NmiKGVQx3ASC+xTSbBmY0MQltTcCvEQmUy0Ca9iQmjMv7xI3Gb9vO7cnFRbzSKNMjgAh6AGGuAUtMAVaAMXYPAInsEreLOerBfr3fqYtZasYmYf/IH1+QM4O5mN</latexit>

Aug 2018 Gabriele Franciolini   - Topics on primordial black holes from inflation 9

Impact of Non-Gaussianities

P (⇣RH
> ⇣c) = �prim(M) =

Z

⇣c

d⇣RHp
2⇡ �

e�⇣2
RH

/2�2

<latexit sha1_base64="h0d+es+yGF2UfV6nE1eudM4JErI="></latexit><latexit sha1_base64="h0d+es+yGF2UfV6nE1eudM4JErI="></latexit><latexit sha1_base64="h0d+es+yGF2UfV6nE1eudM4JErI="></latexit>

�prim(M) '
r

1

2⇡⌫2
e�⌫2/2

<latexit sha1_base64="gRWa0nNLTRbO2nz62NG6MoqoEQ0="></latexit><latexit sha1_base64="gRWa0nNLTRbO2nz62NG6MoqoEQ0="></latexit><latexit sha1_base64="gRWa0nNLTRbO2nz62NG6MoqoEQ0="></latexit>

⌫ � 1
<latexit sha1_base64="Ti6mh3OY9tspcBSISnR4qJDlPN8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtpQtlsN+nS3U3Y3Qgl9Fd48aDi1b/jzX/jts1BWx8MPN6bYWZelHGmjet+O5WV1bX1jepmbWt7Z3evvn/woNNcEeqTlKeqG2FNOZPUN8xw2s0UxSLitBONbqZ+54kqzVJ5b8YZDQVOJIsZwcZKj4HMUZAkyOvXG27TnQEtE68kDSjR7te/gkFKckGlIRxr3fPczIQFVoYRTie1INc0w2SEE9qzVGJBdVjMDp6gE6sMUJwqW9Kgmfp7osBC67GIbKfAZqgXvan4n9fLTXwZFkxmuaGSzBfFOUcmRdPv0YApSgwfW4KJYvZWRIZYYWJsRjUbgrf48jLxz5pXTffuvNG6LtOowhEcwyl4cAEtuIU2+EBAwDO8wpujnBfn3fmYt1accuYQ/sD5/AEi4Y+B</latexit><latexit sha1_base64="Ti6mh3OY9tspcBSISnR4qJDlPN8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtpQtlsN+nS3U3Y3Qgl9Fd48aDi1b/jzX/jts1BWx8MPN6bYWZelHGmjet+O5WV1bX1jepmbWt7Z3evvn/woNNcEeqTlKeqG2FNOZPUN8xw2s0UxSLitBONbqZ+54kqzVJ5b8YZDQVOJIsZwcZKj4HMUZAkyOvXG27TnQEtE68kDSjR7te/gkFKckGlIRxr3fPczIQFVoYRTie1INc0w2SEE9qzVGJBdVjMDp6gE6sMUJwqW9Kgmfp7osBC67GIbKfAZqgXvan4n9fLTXwZFkxmuaGSzBfFOUcmRdPv0YApSgwfW4KJYvZWRIZYYWJsRjUbgrf48jLxz5pXTffuvNG6LtOowhEcwyl4cAEtuIU2+EBAwDO8wpujnBfn3fmYt1accuYQ/sD5/AEi4Y+B</latexit><latexit sha1_base64="Ti6mh3OY9tspcBSISnR4qJDlPN8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtpQtlsN+nS3U3Y3Qgl9Fd48aDi1b/jzX/jts1BWx8MPN6bYWZelHGmjet+O5WV1bX1jepmbWt7Z3evvn/woNNcEeqTlKeqG2FNOZPUN8xw2s0UxSLitBONbqZ+54kqzVJ5b8YZDQVOJIsZwcZKj4HMUZAkyOvXG27TnQEtE68kDSjR7te/gkFKckGlIRxr3fPczIQFVoYRTie1INc0w2SEE9qzVGJBdVjMDp6gE6sMUJwqW9Kgmfp7osBC67GIbKfAZqgXvan4n9fLTXwZFkxmuaGSzBfFOUcmRdPv0YApSgwfW4KJYvZWRIZYYWJsRjUbgrf48jLxz5pXTffuvNG6LtOowhEcwyl4cAEtuIU2+EBAwDO8wpujnBfn3fmYt1accuYQ/sD5/AEi4Y+B</latexit>

P (⇣R > ⇣c) =
1p
2⇡⌫2

exp

(
�⌫2/2 +

1X

n=3

(�1)n

n!
⇠(n)R (0) (⇣c/�

2
R)

n

)

<latexit sha1_base64="3NDeqZCntdqvoPfhY/jzKwi0fvQ="></latexit><latexit sha1_base64="3NDeqZCntdqvoPfhY/jzKwi0fvQ="></latexit><latexit sha1_base64="3NDeqZCntdqvoPfhY/jzKwi0fvQ="></latexit> ⌫ � 1
<latexit sha1_base64="Ti6mh3OY9tspcBSISnR4qJDlPN8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtpQtlsN+nS3U3Y3Qgl9Fd48aDi1b/jzX/jts1BWx8MPN6bYWZelHGmjet+O5WV1bX1jepmbWt7Z3evvn/woNNcEeqTlKeqG2FNOZPUN8xw2s0UxSLitBONbqZ+54kqzVJ5b8YZDQVOJIsZwcZKj4HMUZAkyOvXG27TnQEtE68kDSjR7te/gkFKckGlIRxr3fPczIQFVoYRTie1INc0w2SEE9qzVGJBdVjMDp6gE6sMUJwqW9Kgmfp7osBC67GIbKfAZqgXvan4n9fLTXwZFkxmuaGSzBfFOUcmRdPv0YApSgwfW4KJYvZWRIZYYWJsRjUbgrf48jLxz5pXTffuvNG6LtOowhEcwyl4cAEtuIU2+EBAwDO8wpujnBfn3fmYt1accuYQ/sD5/AEi4Y+B</latexit><latexit sha1_base64="Ti6mh3OY9tspcBSISnR4qJDlPN8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtpQtlsN+nS3U3Y3Qgl9Fd48aDi1b/jzX/jts1BWx8MPN6bYWZelHGmjet+O5WV1bX1jepmbWt7Z3evvn/woNNcEeqTlKeqG2FNOZPUN8xw2s0UxSLitBONbqZ+54kqzVJ5b8YZDQVOJIsZwcZKj4HMUZAkyOvXG27TnQEtE68kDSjR7te/gkFKckGlIRxr3fPczIQFVoYRTie1INc0w2SEE9qzVGJBdVjMDp6gE6sMUJwqW9Kgmfp7osBC67GIbKfAZqgXvan4n9fLTXwZFkxmuaGSzBfFOUcmRdPv0YApSgwfW4KJYvZWRIZYYWJsRjUbgrf48jLxz5pXTffuvNG6LtOowhEcwyl4cAEtuIU2+EBAwDO8wpujnBfn3fmYt1accuYQ/sD5/AEi4Y+B</latexit><latexit sha1_base64="Ti6mh3OY9tspcBSISnR4qJDlPN8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtpQtlsN+nS3U3Y3Qgl9Fd48aDi1b/jzX/jts1BWx8MPN6bYWZelHGmjet+O5WV1bX1jepmbWt7Z3evvn/woNNcEeqTlKeqG2FNOZPUN8xw2s0UxSLitBONbqZ+54kqzVJ5b8YZDQVOJIsZwcZKj4HMUZAkyOvXG27TnQEtE68kDSjR7te/gkFKckGlIRxr3fPczIQFVoYRTie1INc0w2SEE9qzVGJBdVjMDp6gE6sMUJwqW9Kgmfp7osBC67GIbKfAZqgXvan4n9fLTXwZFkxmuaGSzBfFOUcmRdPv0YApSgwfW4KJYvZWRIZYYWJsRjUbgrf48jLxz5pXTffuvNG6LtOowhEcwyl4cAEtuIU2+EBAwDO8wpujnBfn3fmYt1accuYQ/sD5/AEi4Y+B</latexit>
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Impact of Non-Gaussianities
Criterion for the impact of non-gaussianities

Cumulants:

Define “fine tuning” parameter:

so that

In order not to have a significant impact of NG:

Sn =
⇠(n)⌫,RH

(0)
⇣
⇠(2)⌫,RH

(0)
⌘n�1 =

n�times

h
z }| {
⇣RH

(~x) · · · ⇣RH
(~x)i

�2(n�1)
RH

<latexit sha1_base64="3qtp9KFqZZrCiDi4sOjnmLbaAw0="></latexit><latexit sha1_base64="3qtp9KFqZZrCiDi4sOjnmLbaAw0="></latexit><latexit sha1_base64="3qtp9KFqZZrCiDi4sOjnmLbaAw0="></latexit>

�n =
d ln�prim(M)

d lnSn
<latexit sha1_base64="0oUAn3iUb1to1wvq8VoD3A/8ZEI="></latexit><latexit sha1_base64="0oUAn3iUb1to1wvq8VoD3A/8ZEI="></latexit><latexit sha1_base64="0oUAn3iUb1to1wvq8VoD3A/8ZEI="></latexit>

�NG
prim(M)

�G
prim(M)

= e�n

<latexit sha1_base64="H8M7p0GhOOVwQBZD+qOuuWggiAc="></latexit><latexit sha1_base64="H8M7p0GhOOVwQBZD+qOuuWggiAc="></latexit><latexit sha1_base64="H8M7p0GhOOVwQBZD+qOuuWggiAc="></latexit>

|�n|  1
<latexit sha1_base64="cGk0C4zzOd8F23RFEYo6hyplG1Q=">AAACGXicbZDNSsNAFIUn9a/Wv6hLN4NFcFWSIqi7gi5cVrC20JQymdy0QyeTMDMpLWnepFt9EFfi1pXP4Qs4/Vlo64GBw3fuZS7HTzhT2nG+rMLG5tb2TnG3tLd/cHhkH588qziVFBo05rFs+UQBZwIammkOrUQCiXwOTX9wN8ubQ5CKxeJJjxPoRKQnWMgo0QZ1bXvi3QPXpCsm2OOA3a5ddirOXHjduEtTRkvVu/a3F8Q0jUBoyolSbddJdCcjUjPKIS95qYKE0AHpQdtYQSJQnWx+eY4vDAlwGEvzhMZz+nsjI5FS48g3kxHRfbWazeB/WTvV4U0nYyJJNQi6+ChMOdYxntWAAyaBaj42hlDJzK2Y9okkVJuySl4AoTccZZk3BJqN8jyfk8AAGeEgz01L7mon66ZRrdxWnMercq26rKuIztA5ukQuukY19IDqqIEoGqIpekGv1tR6s96tj8VowVrunKI/sj5/AJIroUY=</latexit><latexit sha1_base64="cGk0C4zzOd8F23RFEYo6hyplG1Q=">AAACGXicbZDNSsNAFIUn9a/Wv6hLN4NFcFWSIqi7gi5cVrC20JQymdy0QyeTMDMpLWnepFt9EFfi1pXP4Qs4/Vlo64GBw3fuZS7HTzhT2nG+rMLG5tb2TnG3tLd/cHhkH588qziVFBo05rFs+UQBZwIammkOrUQCiXwOTX9wN8ubQ5CKxeJJjxPoRKQnWMgo0QZ1bXvi3QPXpCsm2OOA3a5ddirOXHjduEtTRkvVu/a3F8Q0jUBoyolSbddJdCcjUjPKIS95qYKE0AHpQdtYQSJQnWx+eY4vDAlwGEvzhMZz+nsjI5FS48g3kxHRfbWazeB/WTvV4U0nYyJJNQi6+ChMOdYxntWAAyaBaj42hlDJzK2Y9okkVJuySl4AoTccZZk3BJqN8jyfk8AAGeEgz01L7mon66ZRrdxWnMercq26rKuIztA5ukQuukY19IDqqIEoGqIpekGv1tR6s96tj8VowVrunKI/sj5/AJIroUY=</latexit><latexit sha1_base64="cGk0C4zzOd8F23RFEYo6hyplG1Q=">AAACGXicbZDNSsNAFIUn9a/Wv6hLN4NFcFWSIqi7gi5cVrC20JQymdy0QyeTMDMpLWnepFt9EFfi1pXP4Qs4/Vlo64GBw3fuZS7HTzhT2nG+rMLG5tb2TnG3tLd/cHhkH588qziVFBo05rFs+UQBZwIammkOrUQCiXwOTX9wN8ubQ5CKxeJJjxPoRKQnWMgo0QZ1bXvi3QPXpCsm2OOA3a5ddirOXHjduEtTRkvVu/a3F8Q0jUBoyolSbddJdCcjUjPKIS95qYKE0AHpQdtYQSJQnWx+eY4vDAlwGEvzhMZz+nsjI5FS48g3kxHRfbWazeB/WTvV4U0nYyJJNQi6+ChMOdYxntWAAyaBaj42hlDJzK2Y9okkVJuySl4AoTccZZk3BJqN8jyfk8AAGeEgz01L7mon66ZRrdxWnMercq26rKuIztA5ukQuukY19IDqqIEoGqIpekGv1tR6s96tj8VowVrunKI/sj5/AJIroUY=</latexit>

|Sn| 
✓
�RH

⇣c

◆2 n!

⇣n�2
c

<latexit sha1_base64="TaFVeJ7jL6LH1WI/qpjNMcS40as="></latexit><latexit sha1_base64="TaFVeJ7jL6LH1WI/qpjNMcS40as="></latexit><latexit sha1_base64="TaFVeJ7jL6LH1WI/qpjNMcS40as="></latexit>
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Impact of Non-Gaussianities
Single field models

D
⇣~k1

⇣~k2
⇣~k3

E
= 3 · (2⇡)3�(3)(~k1 + ~k2 + ~k3) [P⇣(k1)P⇣(k2) + two terms]

<latexit sha1_base64="Eg4q0mTJFIRp8t5PrZKDNx5xzvU="></latexit><latexit sha1_base64="Eg4q0mTJFIRp8t5PrZKDNx5xzvU="></latexit><latexit sha1_base64="Eg4q0mTJFIRp8t5PrZKDNx5xzvU="></latexit>

S3  0.06

✓
�2
RH

0.02

◆✓
1.3

⇣c

◆3

<latexit sha1_base64="F7F/0dswhoz4LcaWq+5qjR6BU9s="></latexit><latexit sha1_base64="F7F/0dswhoz4LcaWq+5qjR6BU9s="></latexit><latexit sha1_base64="F7F/0dswhoz4LcaWq+5qjR6BU9s="></latexit>

Normalized to the approx. value of the 
variance in order to have the right 
abundance of DM ad PBH

No significant effect of the skewness if:

In USR, using shift symmetry and dilation symmetry fixes the three-pt. function 

S3 =
1

�4
RH

Z
d3k1
(2⇡)3

Z
d3k2
(2⇡)3

Z
d3k3
(2⇡)3

W (k1, RH)W (k2, RH)W (k3, RH)
D
⇣~k1

⇣~k2
⇣~k3

E
' 9

<latexit sha1_base64="ohkkzBDT0AbnFvzyZs1nUun8wo0="></latexit><latexit sha1_base64="ohkkzBDT0AbnFvzyZs1nUun8wo0="></latexit><latexit sha1_base64="ohkkzBDT0AbnFvzyZs1nUun8wo0="></latexit>

[Finelli et al arXiv:1711.03737]
<latexit sha1_base64="RI1ccrjrPB9RDeGwcUXnRIe8xMI="></latexit><latexit sha1_base64="RI1ccrjrPB9RDeGwcUXnRIe8xMI="></latexit><latexit sha1_base64="RI1ccrjrPB9RDeGwcUXnRIe8xMI="></latexit>

Rough estimate of window function effect. With gaussian window function and 
spiky PS we checked that the result gets correction of a factor  ⇠ 1

<latexit sha1_base64="ISBfBe1uB7kQXDC7abuDJghL0GM=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIljA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1knNrmECBb1K1a/5M6BlEhSkCgUavcpXt69IJqi0hGNjOoGf2ijH2jLC6aTczQxNMRnhAe04KrGgJspn107QqVP6KFHalbRopv6eyLEwZixi1ymwHZpFbyr+53Uym1xFOZNpZqkk80VJxpFVaPo66jNNieVjRzDRzN2KyBBrTKwLqOxCCBZfXibhee265t9fVOs3RRolOIYTOIMALqEOd9CAEAg8wjO8wpunvBfv3fuYt654xcwR/IH3+QNURI5/</latexit><latexit sha1_base64="ISBfBe1uB7kQXDC7abuDJghL0GM=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIljA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1knNrmECBb1K1a/5M6BlEhSkCgUavcpXt69IJqi0hGNjOoGf2ijH2jLC6aTczQxNMRnhAe04KrGgJspn107QqVP6KFHalbRopv6eyLEwZixi1ymwHZpFbyr+53Uym1xFOZNpZqkk80VJxpFVaPo66jNNieVjRzDRzN2KyBBrTKwLqOxCCBZfXibhee265t9fVOs3RRolOIYTOIMALqEOd9CAEAg8wjO8wpunvBfv3fuYt654xcwR/IH3+QNURI5/</latexit><latexit sha1_base64="ISBfBe1uB7kQXDC7abuDJghL0GM=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIljA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1knNrmECBb1K1a/5M6BlEhSkCgUavcpXt69IJqi0hGNjOoGf2ijH2jLC6aTczQxNMRnhAe04KrGgJspn107QqVP6KFHalbRopv6eyLEwZixi1ymwHZpFbyr+53Uym1xFOZNpZqkk80VJxpFVaPo66jNNieVjRzDRzN2KyBBrTKwLqOxCCBZfXibhee265t9fVOs3RRolOIYTOIMALqEOd9CAEAg8wjO8wpunvBfv3fuYt654xcwR/IH3+QNURI5/</latexit>
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Impact of Non-Gaussianities

Multi-field models: axion-curvaton model

S3  0.06

✓
�2
RH

0.02

◆✓
1.3

⇣c

◆3

<latexit sha1_base64="F7F/0dswhoz4LcaWq+5qjR6BU9s="></latexit><latexit sha1_base64="F7F/0dswhoz4LcaWq+5qjR6BU9s="></latexit><latexit sha1_base64="F7F/0dswhoz4LcaWq+5qjR6BU9s="></latexit>

[Kawasaki et al, arXiv:1207.2550]
<latexit sha1_base64="KiYWBuA9MKYop6HXD2rsY0PAwL0="></latexit><latexit sha1_base64="KiYWBuA9MKYop6HXD2rsY0PAwL0="></latexit><latexit sha1_base64="KiYWBuA9MKYop6HXD2rsY0PAwL0="></latexit>

(parameter k⇤ ⌘ scale at which � reaches the minimum)
<latexit sha1_base64="ej5IEVbowaVx2JpTFHLOVcooZIo="></latexit><latexit sha1_base64="ej5IEVbowaVx2JpTFHLOVcooZIo="></latexit><latexit sha1_base64="ej5IEVbowaVx2JpTFHLOVcooZIo="></latexit>

V (�0) =
1

2
�H

2
�
2
0

<latexit sha1_base64="JUZG1L9oDXE12q4/+sRhp/XQnes="></latexit><latexit sha1_base64="JUZG1L9oDXE12q4/+sRhp/XQnes="></latexit><latexit sha1_base64="JUZG1L9oDXE12q4/+sRhp/XQnes="></latexit>

V� = ⇤4[1� cos(�/f)] ⇠ 1

2
m2

��
2

<latexit sha1_base64="9eCx8JmxljPR+HH/cO8k42FHJjg="></latexit><latexit sha1_base64="9eCx8JmxljPR+HH/cO8k42FHJjg="></latexit><latexit sha1_base64="9eCx8JmxljPR+HH/cO8k42FHJjg="></latexit>

P⇣(k) = P⇣,infl(k) + P⇣,curv(k)
<latexit sha1_base64="+NQfYcSm4MNQl6fnkzDHFPga4PY="></latexit><latexit sha1_base64="+NQfYcSm4MNQl6fnkzDHFPga4PY="></latexit><latexit sha1_base64="+NQfYcSm4MNQl6fnkzDHFPga4PY="></latexit>

enhancement at small scales

NG are induced at second order

⇣2(~x) = ⇣1(~x) +
1

r

✓
3

2
� r2

◆
(⇣1(~x))

2

<latexit sha1_base64="VfxDt+CVcoB3+GhIBzY62wxW/jo="></latexit><latexit sha1_base64="VfxDt+CVcoB3+GhIBzY62wxW/jo="></latexit><latexit sha1_base64="VfxDt+CVcoB3+GhIBzY62wxW/jo="></latexit>

r =
3⇢�

4⇢� + 3⇢�
.

<latexit sha1_base64="2coaDfimp3Ys4xuQmjuKs150QrM="></latexit><latexit sha1_base64="2coaDfimp3Ys4xuQmjuKs150QrM="></latexit><latexit sha1_base64="2coaDfimp3Ys4xuQmjuKs150QrM="></latexit>

[Bartolo, Matarrese, Riotto, arXiv:0309033]

Inflaton
<latexit sha1_base64="+LGkl0OAKlcvkaGKGIVcg3G7Lf4=">AAAB93icbVBNS8NAEN34WetHox69LBbBU0lEUG8FPeitgrGFNpTNdtMu3eyG3YlYQ3+JFw8qXv0r3vw3btsctPXBwOO9GWbmRangBjzv21laXlldWy9tlDe3tncq7u7evVGZpiygSijdiohhgksWAAfBWqlmJIkEa0bDy4nffGDacCXvYJSyMCF9yWNOCVip61Y6wB4hv5GxIKDkuOtWvZo3BV4kfkGqqECj6351eopmCZNABTGm7XsphDnRwKlg43InMywldEj6rG2pJAkzYT49fIyPrNLDsdK2JOCp+nsiJ4kxoySynQmBgZn3JuJ/XjuD+DzMuUwzYJLOFsWZwKDwJAXc45pRECNLCNXc3orpgGhCwWZVtiH48y8vkuCkdlHzbk+r9asijRI6QIfoGPnoDNXRNWqgAFGUoWf0it6cJ+fFeXc+Zq1LTjGzj/7A+fwB2XeTag==</latexit><latexit sha1_base64="+LGkl0OAKlcvkaGKGIVcg3G7Lf4=">AAAB93icbVBNS8NAEN34WetHox69LBbBU0lEUG8FPeitgrGFNpTNdtMu3eyG3YlYQ3+JFw8qXv0r3vw3btsctPXBwOO9GWbmRangBjzv21laXlldWy9tlDe3tncq7u7evVGZpiygSijdiohhgksWAAfBWqlmJIkEa0bDy4nffGDacCXvYJSyMCF9yWNOCVip61Y6wB4hv5GxIKDkuOtWvZo3BV4kfkGqqECj6351eopmCZNABTGm7XsphDnRwKlg43InMywldEj6rG2pJAkzYT49fIyPrNLDsdK2JOCp+nsiJ4kxoySynQmBgZn3JuJ/XjuD+DzMuUwzYJLOFsWZwKDwJAXc45pRECNLCNXc3orpgGhCwWZVtiH48y8vkuCkdlHzbk+r9asijRI6QIfoGPnoDNXRNWqgAFGUoWf0it6cJ+fFeXc+Zq1LTjGzj/7A+fwB2XeTag==</latexit><latexit sha1_base64="+LGkl0OAKlcvkaGKGIVcg3G7Lf4=">AAAB93icbVBNS8NAEN34WetHox69LBbBU0lEUG8FPeitgrGFNpTNdtMu3eyG3YlYQ3+JFw8qXv0r3vw3btsctPXBwOO9GWbmRangBjzv21laXlldWy9tlDe3tncq7u7evVGZpiygSijdiohhgksWAAfBWqlmJIkEa0bDy4nffGDacCXvYJSyMCF9yWNOCVip61Y6wB4hv5GxIKDkuOtWvZo3BV4kfkGqqECj6351eopmCZNABTGm7XsphDnRwKlg43InMywldEj6rG2pJAkzYT49fIyPrNLDsdK2JOCp+nsiJ4kxoySynQmBgZn3JuJ/XjuD+DzMuUwzYJLOFsWZwKDwJAXc45pRECNLCNXc3orpgGhCwWZVtiH48y8vkuCkdlHzbk+r9asijRI6QIfoGPnoDNXRNWqgAFGUoWf0it6cJ+fFeXc+Zq1LTjGzj/7A+fwB2XeTag==</latexit> Curvaton

<latexit sha1_base64="dUOuLeYSbircuf/Pmk5TWhyDaIY=">AAAB93icbVBNTwIxEO3iF+IHqx69NBITT2QxJuqNBA8eMXGFBDakW7rQ0O1u2ikRN/wSLx7UePWvePPfWGAPCr5kkpf3ZjIzL0wF1+B5305hbX1jc6u4XdrZ3dsvuweHDzoxijKfJiJR7ZBoJrhkPnAQrJ0qRuJQsFY4asz81pgpzRN5D5OUBTEZSB5xSsBKPbfcBfYIWcOoMYFETntuxat6c+BVUstJBeVo9tyvbj+hJmYSqCBad2peCkFGFHAq2LTUNZqlhI7IgHUslSRmOsjmh0/xqVX6OEqULQl4rv6eyEis9SQObWdMYKiXvZn4n9cxEF0FGZepASbpYlFkBIYEz1LAfa4YBTGxhFDF7a2YDokiFGxWJRtCbfnlVeKfV6+r3t1FpX6Tp1FEx+gEnaEaukR1dIuayEcUGfSMXtGb8+S8OO/Ox6K14OQzR+gPnM8f/LeTgQ==</latexit><latexit sha1_base64="dUOuLeYSbircuf/Pmk5TWhyDaIY=">AAAB93icbVBNTwIxEO3iF+IHqx69NBITT2QxJuqNBA8eMXGFBDakW7rQ0O1u2ikRN/wSLx7UePWvePPfWGAPCr5kkpf3ZjIzL0wF1+B5305hbX1jc6u4XdrZ3dsvuweHDzoxijKfJiJR7ZBoJrhkPnAQrJ0qRuJQsFY4asz81pgpzRN5D5OUBTEZSB5xSsBKPbfcBfYIWcOoMYFETntuxat6c+BVUstJBeVo9tyvbj+hJmYSqCBad2peCkFGFHAq2LTUNZqlhI7IgHUslSRmOsjmh0/xqVX6OEqULQl4rv6eyEis9SQObWdMYKiXvZn4n9cxEF0FGZepASbpYlFkBIYEz1LAfa4YBTGxhFDF7a2YDokiFGxWJRtCbfnlVeKfV6+r3t1FpX6Tp1FEx+gEnaEaukR1dIuayEcUGfSMXtGb8+S8OO/Ox6K14OQzR+gPnM8f/LeTgQ==</latexit><latexit sha1_base64="dUOuLeYSbircuf/Pmk5TWhyDaIY=">AAAB93icbVBNTwIxEO3iF+IHqx69NBITT2QxJuqNBA8eMXGFBDakW7rQ0O1u2ikRN/wSLx7UePWvePPfWGAPCr5kkpf3ZjIzL0wF1+B5305hbX1jc6u4XdrZ3dsvuweHDzoxijKfJiJR7ZBoJrhkPnAQrJ0qRuJQsFY4asz81pgpzRN5D5OUBTEZSB5xSsBKPbfcBfYIWcOoMYFETntuxat6c+BVUstJBeVo9tyvbj+hJmYSqCBad2peCkFGFHAq2LTUNZqlhI7IgHUslSRmOsjmh0/xqVX6OEqULQl4rv6eyEis9SQObWdMYKiXvZn4n9cxEF0FGZepASbpYlFkBIYEz1LAfa4YBTGxhFDF7a2YDokiFGxWJRtCbfnlVeKfV6+r3t1FpX6Tp1FEx+gEnaEaukR1dIuayEcUGfSMXtGb8+S8OO/Ox6K14OQzR+gPnM8f/LeTgQ==</latexit>
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Impact of Non-Gaussianities
Clustering properties

PBH two point function (bias model) at large separations:
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<latexit sha1_base64="UgxCKIUyC2UjdfbZMgUgDp4fLWU=">AAAB7XicbVA9SwNBEJ3zM8aoUUubxSBYhbs0ahewsUzAM4HkCHubuWTJ3t6xuyfEIz/CxkLF1r/g77Cz86e4+Sg08cHA470ZZuaFqeDauO6Xs7a+sbm1Xdgp7pb29g/Kh0d3OskUQ58lIlHtkGoUXKJvuBHYThXSOBTYCkfXU791j0rzRN6acYpBTAeSR5xRY6VW9wEN7bFeueJW3RnIKvEWpFIvfTS/AaDRK392+wnLYpSGCap1x3NTE+RUGc4ETordTGNK2YgOsGOppDHqIJ+dOyFnVumTKFG2pCEz9fdETmOtx3FoO2NqhnrZm4r/eZ3MRJdBzmWaGZRsvijKBDEJmf5O+lwhM2JsCWWK21sJG1JFmbEJFW0I3vLLq8SvVa+qbtOGUYM5CnACp3AOHlxAHW6gAT4wGMEjPMOLkzpPzqvzNm9dcxYzx/AHzvsPuqeRhg==</latexit><latexit sha1_base64="joeS7d3hJKwkFU+9mqizJpmJodM=">AAAB7XicbVBNS8NAEJ3Ur1qrVj0KEiyCp5L0ot4KXjy2YGyhDWWznbRLN5uwuxFq6NEf4MWDilf/Qn+HN3+Df8Ltx0FbHww83pthZl6QcKa043xZubX1jc2t/HZhp7i7t186OLxTcSopejTmsWwFRCFnAj3NNMdWIpFEAcdmMLye+s17lIrF4laPEvQj0hcsZJRoIzU7D6hJl3ZLZafizGCvEndByrXipPH9eDKpd0ufnV5M0wiFppwo1XadRPsZkZpRjuNCJ1WYEDokfWwbKkiEys9m547tM6P07DCWpoS2Z+rviYxESo2iwHRGRA/UsjcV//PaqQ4v/YyJJNUo6HxRmHJbx/b0d7vHJFLNR4YQKpm51aYDIgnVJqGCCcFdfnmVeNXKVcVpmDCqMEcejuEUzsGFC6jBDdTBAwpDeIIXeLUS69l6s97nrTlrMXMEf2B9/ACXhpLs</latexit><latexit sha1_base64="joeS7d3hJKwkFU+9mqizJpmJodM=">AAAB7XicbVBNS8NAEJ3Ur1qrVj0KEiyCp5L0ot4KXjy2YGyhDWWznbRLN5uwuxFq6NEf4MWDilf/Qn+HN3+Df8Ltx0FbHww83pthZl6QcKa043xZubX1jc2t/HZhp7i7t186OLxTcSopejTmsWwFRCFnAj3NNMdWIpFEAcdmMLye+s17lIrF4laPEvQj0hcsZJRoIzU7D6hJl3ZLZafizGCvEndByrXipPH9eDKpd0ufnV5M0wiFppwo1XadRPsZkZpRjuNCJ1WYEDokfWwbKkiEys9m547tM6P07DCWpoS2Z+rviYxESo2iwHRGRA/UsjcV//PaqQ4v/YyJJNUo6HxRmHJbx/b0d7vHJFLNR4YQKpm51aYDIgnVJqGCCcFdfnmVeNXKVcVpmDCqMEcejuEUzsGFC6jBDdTBAwpDeIIXeLUS69l6s97nrTlrMXMEf2B9/ACXhpLs</latexit>

x
<latexit sha1_base64="ziIc3UtLDr99TMPjwcMAhW4GLoQ=">AAAB53icbZC7SgNBFIbPxltcb1FLm8EgWIXdNGohBmwsE3BNIFnC7ORsMmb2wsysGJaAvY2Fiq1P4XvY+TZOLoVGfxj4+P9zmHNOkAqutON8WYWl5ZXVteK6vbG5tb1T2t27UUkmGXosEYlsBVSh4DF6mmuBrVQijQKBzWB4OcmbdygVT+JrPUrRj2g/5iFnVBurcd8tlZ2KMxX5C+4cyhcf9vkDANS7pc9OL2FZhLFmgirVdp1U+zmVmjOBY7uTKUwpG9I+tg3GNELl59NBx+TIOD0SJtK8WJOp+7Mjp5FSoygwlRHVA7WYTcz/snamw1M/53GaaYzZ7KMwE0QnZLI16XGJTIuRAcokN7MSNqCSMm1uY5sjuIsr/wWvWjmrOA2nXKvCTEU4gEM4BhdOoAZXUAcPGCA8wjO8WLfWk/Vqvc1KC9a8Zx9+yXr/BqYIjng=</latexit><latexit sha1_base64="dF/919v4S+HUPehdodrDoC/9IxM=">AAAB53icbZC7SgNBFIbPxltcb1FLm8EgWIXdNGohBmwsE3BNIFnC7ORsMmb2wsysGEKewMZCxVZ8CN/DRnwbJ5dCE38Y+Pj/c5hzTpAKrrTjfFu5peWV1bX8ur2xubW9U9jdu1FJJhl6LBGJbARUoeAxepprgY1UIo0CgfWgfznO63coFU/iaz1I0Y9oN+YhZ1Qbq3bfLhSdkjMRWQR3BsWLD/s8ff+yq+3CZ6uTsCzCWDNBlWq6Tqr9IZWaM4Eju5UpTCnr0y42DcY0QuUPJ4OOyJFxOiRMpHmxJhP3d8eQRkoNosBURlT31Hw2Nv/LmpkOT/0hj9NMY8ymH4WZIDoh461Jh0tkWgwMUCa5mZWwHpWUaXMb2xzBnV95Ebxy6azk1JxipQxT5eEADuEYXDiBClxBFTxggPAAT/Bs3VqP1ov1Oi3NWbOeffgj6+0HliOP7A==</latexit><latexit sha1_base64="dF/919v4S+HUPehdodrDoC/9IxM=">AAAB53icbZC7SgNBFIbPxltcb1FLm8EgWIXdNGohBmwsE3BNIFnC7ORsMmb2wsysGEKewMZCxVZ8CN/DRnwbJ5dCE38Y+Pj/c5hzTpAKrrTjfFu5peWV1bX8ur2xubW9U9jdu1FJJhl6LBGJbARUoeAxepprgY1UIo0CgfWgfznO63coFU/iaz1I0Y9oN+YhZ1Qbq3bfLhSdkjMRWQR3BsWLD/s8ff+yq+3CZ6uTsCzCWDNBlWq6Tqr9IZWaM4Eju5UpTCnr0y42DcY0QuUPJ4OOyJFxOiRMpHmxJhP3d8eQRkoNosBURlT31Hw2Nv/LmpkOT/0hj9NMY8ymH4WZIDoh461Jh0tkWgwMUCa5mZWwHpWUaXMb2xzBnV95Ebxy6azk1JxipQxT5eEADuEYXDiBClxBFTxggPAAT/Bs3VqP1ov1Oi3NWbOeffgj6+0HliOP7A==</latexit>

⇠(2)⌫,RH
(~x1, ~x2) = �1 + exp

⇣
⌫2w(2)

RH
(~x1, ~x2)

⌘

<latexit sha1_base64="5xVYvCauxc6UQRl7MaDkyoA9GTs="></latexit><latexit sha1_base64="5xVYvCauxc6UQRl7MaDkyoA9GTs="></latexit><latexit sha1_base64="5xVYvCauxc6UQRl7MaDkyoA9GTs="></latexit>

H. D. Politzer and M. B. Wise, Astrophys. J. 285, L1 (1984)
<latexit sha1_base64="NwoA0YXlGIAhZ7B1oLnQ90FTSE4=">AAACRHicbZBLixNBFIWrx9cYX1GXbi4GYYSh6A6KGdyMj8UgChGMGUiHUF19e1JMdVVTdTtMbPrH+Gtmq0t/hKvBrVjJZKEzHig4fOdequpklVae4vhHtHXl6rXrN7Zvdm7dvnP3Xvf+g8/e1k7iSFpt3WEmPGplcESKNB5WDkWZaRxnx29W+XiBzitrPtGywmkpjowqlBQU0Kz78oDDWw5DqxV9QQfC5PCBw2sOY+VxF155cr aaLz2Hdxz6g+e78D6BnWRv8OzprNuLebwWXDbJxvTYRsNZ9yzNraxLNCS18H6SxBVNG+FISY1tJ609VkIeiyOcBGtEiX7arD/ZwpNAciisC8cQrOnfG40ovV+WWZgsBc39xWwF/5dNaioG00aZqiY08vyiotZAFlaNQa4cStLLYIR0KrwV5Fw4ISn02klzLNLFSdOkC5TNSdu2a5IH4ErI2za0lFzs5LIZ9fkejz/2e/t8U9c2e8Qesx2WsBdsnx2wIRsxyb6yU/aNfY9Oo5/RWfTrfHQr2uw8ZP8o+v0HRJ2tqg==</latexit><latexit sha1_base64="NwoA0YXlGIAhZ7B1oLnQ90FTSE4=">AAACRHicbZBLixNBFIWrx9cYX1GXbi4GYYSh6A6KGdyMj8UgChGMGUiHUF19e1JMdVVTdTtMbPrH+Gtmq0t/hKvBrVjJZKEzHig4fOdequpklVae4vhHtHXl6rXrN7Zvdm7dvnP3Xvf+g8/e1k7iSFpt3WEmPGplcESKNB5WDkWZaRxnx29W+XiBzitrPtGywmkpjowqlBQU0Kz78oDDWw5DqxV9QQfC5PCBw2sOY+VxF155cr aaLz2Hdxz6g+e78D6BnWRv8OzprNuLebwWXDbJxvTYRsNZ9yzNraxLNCS18H6SxBVNG+FISY1tJ609VkIeiyOcBGtEiX7arD/ZwpNAciisC8cQrOnfG40ovV+WWZgsBc39xWwF/5dNaioG00aZqiY08vyiotZAFlaNQa4cStLLYIR0KrwV5Fw4ISn02klzLNLFSdOkC5TNSdu2a5IH4ErI2za0lFzs5LIZ9fkejz/2e/t8U9c2e8Qesx2WsBdsnx2wIRsxyb6yU/aNfY9Oo5/RWfTrfHQr2uw8ZP8o+v0HRJ2tqg==</latexit><latexit sha1_base64="NwoA0YXlGIAhZ7B1oLnQ90FTSE4=">AAACRHicbZBLixNBFIWrx9cYX1GXbi4GYYSh6A6KGdyMj8UgChGMGUiHUF19e1JMdVVTdTtMbPrH+Gtmq0t/hKvBrVjJZKEzHig4fOdequpklVae4vhHtHXl6rXrN7Zvdm7dvnP3Xvf+g8/e1k7iSFpt3WEmPGplcESKNB5WDkWZaRxnx29W+XiBzitrPtGywmkpjowqlBQU0Kz78oDDWw5DqxV9QQfC5PCBw2sOY+VxF155cr aaLz2Hdxz6g+e78D6BnWRv8OzprNuLebwWXDbJxvTYRsNZ9yzNraxLNCS18H6SxBVNG+FISY1tJ609VkIeiyOcBGtEiX7arD/ZwpNAciisC8cQrOnfG40ovV+WWZgsBc39xWwF/5dNaioG00aZqiY08vyiotZAFlaNQa4cStLLYIR0KrwV5Fw4ISn02klzLNLFSdOkC5TNSdu2a5IH4ErI2za0lFzs5LIZ9fkejz/2e/t8U9c2e8Qesx2WsBdsnx2wIRsxyb6yU/aNfY9Oo5/RWfTrfHQr2uw8ZP8o+v0HRJ2tqg==</latexit>

w(2)
R (~x1, ~x2) = ��2

R ⇠(2)R (~x1, ~x2)
<latexit sha1_base64="pH3kxeXNAoUKXQoFF6dDTy946dk="></latexit><latexit sha1_base64="pH3kxeXNAoUKXQoFF6dDTy946dk="></latexit><latexit sha1_base64="pH3kxeXNAoUKXQoFF6dDTy946dk="></latexit>

The two point function 
measures the excess 
probability (over random) of 
finding pairs with a separation r

⌫ !(2)
RH

(x1, x2) ⌧ 1
<latexit sha1_base64="PyXMhdzZipZs6X9xtG09BPsUKrE=">AAACD3icbVBNTwIxEO36ifiFevTSSIyQGLJLTNQb0QtHNK6QsLjplgINbXfTdg1kg//Ai3/Fiwc1Xr16899YYA8KvmSSl/dmMjMviBhV2ra/rYXFpeWV1cxadn1jc2s7t7N7q8JYYuLikIWyESBFGBXE1VQz0ogkQTxgpB70L8d+/Z5IRUNxo4cRaXHUFbRDMdJG8nNHnogfoBdy0kV3SaFcHPnJtV8dwcLAd44HfrkIPcag4+fydsmeAM4TJyV5kKLm5768dohjToTGDCnVdOxItxIkNcWMjLJerEiEcB91SdNQgThRrWTy0AgeGqUNO6E0JTScqL8nEsSVGvLAdHKke2rWG4v/ec1Yd85aCRVRrInA00WdmEEdwnE6sE0lwZoNDUFYUnMrxD0kEdYmw6wJwZl9eZ645dJ5yb46yVcu0jQyYB8cgAJwwCmogCqoARdg8AiewSt4s56sF+vd+pi2LljpzB74A+vzB+I7msI=</latexit><latexit sha1_base64="PyXMhdzZipZs6X9xtG09BPsUKrE=">AAACD3icbVBNTwIxEO36ifiFevTSSIyQGLJLTNQb0QtHNK6QsLjplgINbXfTdg1kg//Ai3/Fiwc1Xr16899YYA8KvmSSl/dmMjMviBhV2ra/rYXFpeWV1cxadn1jc2s7t7N7q8JYYuLikIWyESBFGBXE1VQz0ogkQTxgpB70L8d+/Z5IRUNxo4cRaXHUFbRDMdJG8nNHnogfoBdy0kV3SaFcHPnJtV8dwcLAd44HfrkIPcag4+fydsmeAM4TJyV5kKLm5768dohjToTGDCnVdOxItxIkNcWMjLJerEiEcB91SdNQgThRrWTy0AgeGqUNO6E0JTScqL8nEsSVGvLAdHKke2rWG4v/ec1Yd85aCRVRrInA00WdmEEdwnE6sE0lwZoNDUFYUnMrxD0kEdYmw6wJwZl9eZ645dJ5yb46yVcu0jQyYB8cgAJwwCmogCqoARdg8AiewSt4s56sF+vd+pi2LljpzB74A+vzB+I7msI=</latexit><latexit sha1_base64="PyXMhdzZipZs6X9xtG09BPsUKrE=">AAACD3icbVBNTwIxEO36ifiFevTSSIyQGLJLTNQb0QtHNK6QsLjplgINbXfTdg1kg//Ai3/Fiwc1Xr16899YYA8KvmSSl/dmMjMviBhV2ra/rYXFpeWV1cxadn1jc2s7t7N7q8JYYuLikIWyESBFGBXE1VQz0ogkQTxgpB70L8d+/Z5IRUNxo4cRaXHUFbRDMdJG8nNHnogfoBdy0kV3SaFcHPnJtV8dwcLAd44HfrkIPcag4+fydsmeAM4TJyV5kKLm5768dohjToTGDCnVdOxItxIkNcWMjLJerEiEcB91SdNQgThRrWTy0AgeGqUNO6E0JTScqL8nEsSVGvLAdHKke2rWG4v/ec1Yd85aCRVRrInA00WdmEEdwnE6sE0lwZoNDUFYUnMrxD0kEdYmw6wJwZl9eZ645dJ5yb46yVcu0jQyYB8cgAJwwCmogCqoARdg8AiewSt4s56sF+vd+pi2LljpzB74A+vzB+I7msI=</latexit><latexit sha1_base64="C39OhB+IczRcjLNINXH29e9lt8M=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCpTN+pOcOOygmML7VAymTttaCYzJHeEMvQFXLhRfDB3vo3pz0KtBwIf5yTk3hMXSloKgi+vtrW9s7tX3/cPGv7h0XGz8WTz0ggMRa5y04+5RSU1hiRJYb8wyLNYYS+e3i3y3jMaK3P9SLMCo4yPtUyl4OSs7qjZCtrBUmwTOmtowVqj5ucwyUWZoSahuLWDTlBQVHFDUiic+8PSYsHFlI9x4FDzDG1ULcecs3PnJCzNjTua2NL9+aLimbWzLHY3M04T+zdbmP9lg5LS66iSuigJtVh9lJaKUc4WO7NEGhSkZg64MNLNysSEGy7INeO7Djp/N96E8LJ90w4eAqjDKZzBBXTgCm7hHroQgoAEXuDNm3iv3vuqqpq37uwEfsn7+Aap5IoM</latexit><latexit sha1_base64="WE+EEKMXpzJHqzFQ/KKkJvE0gVM=">AAACBHicbZDNSgMxFIXv+Ftr1erWTbCILUiZ6UbdCW66rOLYQmccMmnahmYyQ5KRlqG+gRtfxY0LFZ/BnW9j+rPQ1gOBj3MSbu4JE86Utu1va2V1bX1jM7eV3y7s7O4V9wt3Kk4loS6JeSxbIVaUM0FdzTSnrURSHIWcNsPB1SRvPlCpWCxu9SihfoR7gnUZwdpYQfHEE+kj8uKI9vB9Vq5VxkF2E9THqDwMnNNhUKsgj3PkBMWSXbWnQsvgzKEEczWC4pfXiUkaUaEJx0q1HTvRfoalZoTTcd5LFU0wGeAebRsUOKLKz6YLjdGxcTqoG0tzhEZT9/eLDEdKjaLQ3Iyw7qvFbGL+l7VT3T33MyaSVFNBZoO6KUc6RpN2UIdJSjQfGcBEMvNXRPpYYqJNh3lTgrO48jK4tepF1b62IQeHcARlcOAMLqEODXCBwBO8wBu8W8/Wq/Uxa2vFmtd2AH9kff4APUuZSA==</latexit><latexit sha1_base64="WE+EEKMXpzJHqzFQ/KKkJvE0gVM=">AAACBHicbZDNSgMxFIXv+Ftr1erWTbCILUiZ6UbdCW66rOLYQmccMmnahmYyQ5KRlqG+gRtfxY0LFZ/BnW9j+rPQ1gOBj3MSbu4JE86Utu1va2V1bX1jM7eV3y7s7O4V9wt3Kk4loS6JeSxbIVaUM0FdzTSnrURSHIWcNsPB1SRvPlCpWCxu9SihfoR7gnUZwdpYQfHEE+kj8uKI9vB9Vq5VxkF2E9THqDwMnNNhUKsgj3PkBMWSXbWnQsvgzKEEczWC4pfXiUkaUaEJx0q1HTvRfoalZoTTcd5LFU0wGeAebRsUOKLKz6YLjdGxcTqoG0tzhEZT9/eLDEdKjaLQ3Iyw7qvFbGL+l7VT3T33MyaSVFNBZoO6KUc6RpN2UIdJSjQfGcBEMvNXRPpYYqJNh3lTgrO48jK4tepF1b62IQeHcARlcOAMLqEODXCBwBO8wBu8W8/Wq/Uxa2vFmtd2AH9kff4APUuZSA==</latexit><latexit sha1_base64="WWezIjY8wE7yLS620qhR6cdrpPU=">AAACD3icbVC7TgJBFJ3FF+Jr1dJmIjFCYsgujdoRbSjRuELC4mZ2GGDCzOxmZtZANvgHNv6KjYUaW1s7/8bhUSh4kpucnHNv7r0njBlV2nG+rczS8srqWnY9t7G5tb1j7+7dqiiRmHg4YpFshEgRRgXxNNWMNGJJEA8ZqYf9y7FfvydS0Ujc6GFMWhx1Be1QjLSRAvvYF8kD9CNOuuguLZSLoyC9DqojWBgE7skgKBehzxh0AzvvlJwJ4CJxZyQPZqgF9pffjnDCidCYIaWarhPrVoqkppiRUc5PFIkR7qMuaRoqECeqlU4eGsEjo7RhJ5KmhIYT9fdEirhSQx6aTo50T817Y/E/r5nozlkrpSJONBF4uqiTMKgjOE4HtqkkWLOhIQhLam6FuIckwtpkmDMhuPMvLxKvXDovOVdOvnIxSyMLDsAhKAAXnIIKqIIa8AAGj+AZvII368l6sd6tj2lrxprN7IM/sD5/AOD7mr4=</latexit><latexit sha1_base64="PyXMhdzZipZs6X9xtG09BPsUKrE=">AAACD3icbVBNTwIxEO36ifiFevTSSIyQGLJLTNQb0QtHNK6QsLjplgINbXfTdg1kg//Ai3/Fiwc1Xr16899YYA8KvmSSl/dmMjMviBhV2ra/rYXFpeWV1cxadn1jc2s7t7N7q8JYYuLikIWyESBFGBXE1VQz0ogkQTxgpB70L8d+/Z5IRUNxo4cRaXHUFbRDMdJG8nNHnogfoBdy0kV3SaFcHPnJtV8dwcLAd44HfrkIPcag4+fydsmeAM4TJyV5kKLm5768dohjToTGDCnVdOxItxIkNcWMjLJerEiEcB91SdNQgThRrWTy0AgeGqUNO6E0JTScqL8nEsSVGvLAdHKke2rWG4v/ec1Yd85aCRVRrInA00WdmEEdwnE6sE0lwZoNDUFYUnMrxD0kEdYmw6wJwZl9eZ645dJ5yb46yVcu0jQyYB8cgAJwwCmogCqoARdg8AiewSt4s56sF+vd+pi2LljpzB74A+vzB+I7msI=</latexit><latexit sha1_base64="PyXMhdzZipZs6X9xtG09BPsUKrE=">AAACD3icbVBNTwIxEO36ifiFevTSSIyQGLJLTNQb0QtHNK6QsLjplgINbXfTdg1kg//Ai3/Fiwc1Xr16899YYA8KvmSSl/dmMjMviBhV2ra/rYXFpeWV1cxadn1jc2s7t7N7q8JYYuLikIWyESBFGBXE1VQz0ogkQTxgpB70L8d+/Z5IRUNxo4cRaXHUFbRDMdJG8nNHnogfoBdy0kV3SaFcHPnJtV8dwcLAd44HfrkIPcag4+fydsmeAM4TJyV5kKLm5768dohjToTGDCnVdOxItxIkNcWMjLJerEiEcB91SdNQgThRrWTy0AgeGqUNO6E0JTScqL8nEsSVGvLAdHKke2rWG4v/ec1Yd85aCRVRrInA00WdmEEdwnE6sE0lwZoNDUFYUnMrxD0kEdYmw6wJwZl9eZ645dJ5yb46yVcu0jQyYB8cgAJwwCmogCqoARdg8AiewSt4s56sF+vd+pi2LljpzB74A+vzB+I7msI=</latexit><latexit sha1_base64="PyXMhdzZipZs6X9xtG09BPsUKrE=">AAACD3icbVBNTwIxEO36ifiFevTSSIyQGLJLTNQb0QtHNK6QsLjplgINbXfTdg1kg//Ai3/Fiwc1Xr16899YYA8KvmSSl/dmMjMviBhV2ra/rYXFpeWV1cxadn1jc2s7t7N7q8JYYuLikIWyESBFGBXE1VQz0ogkQTxgpB70L8d+/Z5IRUNxo4cRaXHUFbRDMdJG8nNHnogfoBdy0kV3SaFcHPnJtV8dwcLAd44HfrkIPcag4+fydsmeAM4TJyV5kKLm5768dohjToTGDCnVdOxItxIkNcWMjLJerEiEcB91SdNQgThRrWTy0AgeGqUNO6E0JTScqL8nEsSVGvLAdHKke2rWG4v/ec1Yd85aCRVRrInA00WdmEEdwnE6sE0lwZoNDUFYUnMrxD0kEdYmw6wJwZl9eZ645dJ5yb46yVcu0jQyYB8cgAJwwCmogCqoARdg8AiewSt4s56sF+vd+pi2LljpzB74A+vzB+I7msI=</latexit><latexit sha1_base64="PyXMhdzZipZs6X9xtG09BPsUKrE=">AAACD3icbVBNTwIxEO36ifiFevTSSIyQGLJLTNQb0QtHNK6QsLjplgINbXfTdg1kg//Ai3/Fiwc1Xr16899YYA8KvmSSl/dmMjMviBhV2ra/rYXFpeWV1cxadn1jc2s7t7N7q8JYYuLikIWyESBFGBXE1VQz0ogkQTxgpB70L8d+/Z5IRUNxo4cRaXHUFbRDMdJG8nNHnogfoBdy0kV3SaFcHPnJtV8dwcLAd44HfrkIPcag4+fydsmeAM4TJyV5kKLm5768dohjToTGDCnVdOxItxIkNcWMjLJerEiEcB91SdNQgThRrWTy0AgeGqUNO6E0JTScqL8nEsSVGvLAdHKke2rWG4v/ec1Yd85aCRVRrInA00WdmEEdwnE6sE0lwZoNDUFYUnMrxD0kEdYmw6wJwZl9eZ645dJ5yb46yVcu0jQyYB8cgAJwwCmogCqoARdg8AiewSt4s56sF+vd+pi2LljpzB74A+vzB+I7msI=</latexit><latexit sha1_base64="PyXMhdzZipZs6X9xtG09BPsUKrE=">AAACD3icbVBNTwIxEO36ifiFevTSSIyQGLJLTNQb0QtHNK6QsLjplgINbXfTdg1kg//Ai3/Fiwc1Xr16899YYA8KvmSSl/dmMjMviBhV2ra/rYXFpeWV1cxadn1jc2s7t7N7q8JYYuLikIWyESBFGBXE1VQz0ogkQTxgpB70L8d+/Z5IRUNxo4cRaXHUFbRDMdJG8nNHnogfoBdy0kV3SaFcHPnJtV8dwcLAd44HfrkIPcag4+fydsmeAM4TJyV5kKLm5768dohjToTGDCnVdOxItxIkNcWMjLJerEiEcB91SdNQgThRrWTy0AgeGqUNO6E0JTScqL8nEsSVGvLAdHKke2rWG4v/ec1Yd85aCRVRrInA00WdmEEdwnE6sE0lwZoNDUFYUnMrxD0kEdYmw6wJwZl9eZ645dJ5yb46yVcu0jQyYB8cgAJwwCmogCqoARdg8AiewSt4s56sF+vd+pi2LljpzB74A+vzB+I7msI=</latexit>

⇣c(x)
<latexit sha1_base64="LK7c/Zx8UFkcXKhn/ySjdDI5hec=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BItQLyURQb0VvXisYGyxDWWz3bRLN5uwOxFr6L/w4kHFqz/Hm//GbZuDtj4YeLw3w8y8IBFco+N8W4Wl5ZXVteJ6aWNza3unvLt3p+NUUebRWMSqFRDNBJfMQ46CtRLFSBQI1gyGVxO/+cCU5rG8xVHC/Ij0JQ85JWik+84TQ9Kl1cfjbrni1Jwp7EXi5qQCORrd8lenF9M0YhKpIFq3XSdBPyMKORVsXOqkmiWEDkmftQ2VJGLaz6YXj+0jo/TsMFamJNpT9fdERiKtR1FgOiOCAz3vTcT/vHaK4bmfcZmkyCSdLQpTYWNsT963e1wximJkCKGKm1ttOiCKUDQhlUwI7vzLi8Q7qV3UnJvTSv0yT6MIB3AIVXDhDOpwDQ3wgIKEZ3iFN0tbL9a79TFrLVj5zD78gfX5A3CskEw=</latexit><latexit sha1_base64="LK7c/Zx8UFkcXKhn/ySjdDI5hec=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BItQLyURQb0VvXisYGyxDWWz3bRLN5uwOxFr6L/w4kHFqz/Hm//GbZuDtj4YeLw3w8y8IBFco+N8W4Wl5ZXVteJ6aWNza3unvLt3p+NUUebRWMSqFRDNBJfMQ46CtRLFSBQI1gyGVxO/+cCU5rG8xVHC/Ij0JQ85JWik+84TQ9Kl1cfjbrni1Jwp7EXi5qQCORrd8lenF9M0YhKpIFq3XSdBPyMKORVsXOqkmiWEDkmftQ2VJGLaz6YXj+0jo/TsMFamJNpT9fdERiKtR1FgOiOCAz3vTcT/vHaK4bmfcZmkyCSdLQpTYWNsT963e1wximJkCKGKm1ttOiCKUDQhlUwI7vzLi8Q7qV3UnJvTSv0yT6MIB3AIVXDhDOpwDQ3wgIKEZ3iFN0tbL9a79TFrLVj5zD78gfX5A3CskEw=</latexit><latexit sha1_base64="LK7c/Zx8UFkcXKhn/ySjdDI5hec=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BItQLyURQb0VvXisYGyxDWWz3bRLN5uwOxFr6L/w4kHFqz/Hm//GbZuDtj4YeLw3w8y8IBFco+N8W4Wl5ZXVteJ6aWNza3unvLt3p+NUUebRWMSqFRDNBJfMQ46CtRLFSBQI1gyGVxO/+cCU5rG8xVHC/Ij0JQ85JWik+84TQ9Kl1cfjbrni1Jwp7EXi5qQCORrd8lenF9M0YhKpIFq3XSdBPyMKORVsXOqkmiWEDkmftQ2VJGLaz6YXj+0jo/TsMFamJNpT9fdERiKtR1FgOiOCAz3vTcT/vHaK4bmfcZmkyCSdLQpTYWNsT963e1wximJkCKGKm1ttOiCKUDQhlUwI7vzLi8Q7qV3UnJvTSv0yT6MIB3AIVXDhDOpwDQ3wgIKEZ3iFN0tbL9a79TFrLVj5zD78gfX5A3CskEw=</latexit>
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Impact of Non-Gaussianities
NG change clustering properties

For          the two point function (two point probability of over-density)

If we focus only to the three point function contribution

E.g. in the single field model of inflation (USR) we get:

(in Fourier transform)
Result: NG must be taken into account!

⇠(2)⌫,R(~x1, ~x2) = �1 + exp

8
<

:

1X

n=2

n�1X

j=1

⌫n��n
R

j!(n� 1)!
⇠(n)R

 
~x1, · · · , ~x1

j�times
, ~x2, · · · , ~x2
(n�j)�times

!9=

;
<latexit sha1_base64="kpNx4cfB1a821VpHBNjb4d5f/CI="></latexit><latexit sha1_base64="kpNx4cfB1a821VpHBNjb4d5f/CI="></latexit><latexit sha1_base64="kpNx4cfB1a821VpHBNjb4d5f/CI="></latexit>

⌫ � 1
<latexit sha1_base64="f9VLo7XMR0Lb0+uQu+RxR0HOowM="></latexit><latexit sha1_base64="f9VLo7XMR0Lb0+uQu+RxR0HOowM="></latexit><latexit sha1_base64="f9VLo7XMR0Lb0+uQu+RxR0HOowM="></latexit>

⇠(2)⌫,RH
(~x1, ~x2) = �1 + exp

⇣
⌫2/�2

RH
⇠(2)RH

(~x1, ~x2)
⌘
exp

⇣
⌫3/�3

RH
⇠(3)RH

(~x1, ~x2, ~x2) + · · ·
⌘

<latexit sha1_base64="nQ5HHssCvWLMUTTdKWbiZfOBNKk="></latexit><latexit sha1_base64="nQ5HHssCvWLMUTTdKWbiZfOBNKk="></latexit><latexit sha1_base64="nQ5HHssCvWLMUTTdKWbiZfOBNKk="></latexit>

⌫3

�3
RH

⇠(3)RH
(k) ⇠ 6⇣c


⌫2

�2
RH

⇠(2)RH
(k)

�

<latexit sha1_base64="xufHmyFuxLN7CNs6Z6PacnkMTsQ="></latexit><latexit sha1_base64="xufHmyFuxLN7CNs6Z6PacnkMTsQ="></latexit><latexit sha1_base64="xufHmyFuxLN7CNs6Z6PacnkMTsQ="></latexit>

⇣c ⇠ O(1)
<latexit sha1_base64="y9kzfYUWfjGqWl/BmoLjW/grsdg="></latexit><latexit sha1_base64="y9kzfYUWfjGqWl/BmoLjW/grsdg="></latexit><latexit sha1_base64="y9kzfYUWfjGqWl/BmoLjW/grsdg="></latexit>

⌫ !(2)
RH

(x1, x2) ⌧ 1
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Impact of Non-Gaussianities

• Using threshold statistics, define peak over-density

• The joint probability of over-density in N points

• The Heaviside step function can be written as

• Identify the partition function
which is an expansion in the (smoothed) connected correlation function

S. Matarrese, F. Lucchin and S. A. Bonometto, Astrophys. J. 310, L21
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⌘
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A path-integral approach to large-scale matter distribution originated by non-Gaussian fluctuations
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Impact of Non-Gaussianities

Using path-integral techniques… exact formula for the joint probability     
??????????????????

• We are interested in the single-point probability 

which determines the mass fraction of formation

Valid under the only assumption that _______

P (⇣R > ⇣c) =
1p
2⇡⌫2

exp

(
�⌫2/2 +

1X

n=3

(�1)n

n!
⇠(n)R (0) (⇣c/�

2
R)

n

)
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Impact of Non-Gaussianities
An estimate of the skewness impact

• Using      formalism (                                    , with                        ) 

• Estimating only the connected piece of the form

One is then able to re-sum the series to get

Not an exact result, enough to signal a potentially large impact of NG
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Primordial Black Holes
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• Beta fraction: mass fraction of PBH at formation

• Related to today’s abundance of PBH (neglecting accretion, merging, etc.)

• Mass related to 

Mass

Fraction of DM in 
PBH  

Density parameter

Effective number of d.o.f. N
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Primordial Black Holes

Models
• Single field models:

• Spectator fields:

• Higgs Instability:

• … 
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+ [Ando et al, arXiv:1805.07757] (yesterday)
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PBH - Constraints

Femto

[arXiv:1711.06129]
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Hawking radiation
<latexit sha1_base64="Z0aPMLTAbFngObccN6SiG3aV+30=">AAACBXicbVBNS8NAEN3Ur1q/oh71sFgETyHpRb0VvPRYwdhCG8pks2mXbjZhd6OU0Isnf4onQRGv/ghP/hvTNKC2Phh4vDfDzDw/4Uxp2/4yKiura+sb1c3a1vbO7p65f3Cr4lQS6pKYx7Lrg6KcCepqpjntJpJC5HPa8cdXM79zR6VisbjRk4R6EQwFCxkBnUsD87gF92MmhlhCwAqt9oOBWbctuwBeJk5J6qhEe2B+9oOYpBEVmnBQqufYifYykJoRTqe1fqpoAmQMQ9rLqYCIKi8rvpji01wJcBjLvITGhfp7IoNIqUnk550R6JFa9Gbif14v1eGFlzGRpJoKMl8UphzrGM8iwQGTlGg+yQkQyfJbMRmBBKLz4IoUnMWfl4nbsC4t+7pRb1plHFV0hE7QGXLQOWqiFmojFxH0gJ7QC3o1Ho1n4814n7dWjHLmEP2B8fENsbaUog==</latexit><latexit sha1_base64="Z0aPMLTAbFngObccN6SiG3aV+30=">AAACBXicbVBNS8NAEN3Ur1q/oh71sFgETyHpRb0VvPRYwdhCG8pks2mXbjZhd6OU0Isnf4onQRGv/ghP/hvTNKC2Phh4vDfDzDw/4Uxp2/4yKiura+sb1c3a1vbO7p65f3Cr4lQS6pKYx7Lrg6KcCepqpjntJpJC5HPa8cdXM79zR6VisbjRk4R6EQwFCxkBnUsD87gF92MmhlhCwAqt9oOBWbctuwBeJk5J6qhEe2B+9oOYpBEVmnBQqufYifYykJoRTqe1fqpoAmQMQ9rLqYCIKi8rvpji01wJcBjLvITGhfp7IoNIqUnk550R6JFa9Gbif14v1eGFlzGRpJoKMl8UphzrGM8iwQGTlGg+yQkQyfJbMRmBBKLz4IoUnMWfl4nbsC4t+7pRb1plHFV0hE7QGXLQOWqiFmojFxH0gJ7QC3o1Ho1n4814n7dWjHLmEP2B8fENsbaUog==</latexit><latexit sha1_base64="Z0aPMLTAbFngObccN6SiG3aV+30=">AAACBXicbVBNS8NAEN3Ur1q/oh71sFgETyHpRb0VvPRYwdhCG8pks2mXbjZhd6OU0Isnf4onQRGv/ghP/hvTNKC2Phh4vDfDzDw/4Uxp2/4yKiura+sb1c3a1vbO7p65f3Cr4lQS6pKYx7Lrg6KcCepqpjntJpJC5HPa8cdXM79zR6VisbjRk4R6EQwFCxkBnUsD87gF92MmhlhCwAqt9oOBWbctuwBeJk5J6qhEe2B+9oOYpBEVmnBQqufYifYykJoRTqe1fqpoAmQMQ9rLqYCIKi8rvpji01wJcBjLvITGhfp7IoNIqUnk550R6JFa9Gbif14v1eGFlzGRpJoKMl8UphzrGM8iwQGTlGg+yQkQyfJbMRmBBKLz4IoUnMWfl4nbsC4t+7pRb1plHFV0hE7QGXLQOWqiFmojFxH0gJ7QC3o1Ho1n4814n7dWjHLmEP2B8fENsbaUog==</latexit>

Dynamical constraints
<latexit sha1_base64="l9S1h2A6dhduOcW9W5ZmElREC4g=">AAACCXicbVBNS8NAEN3Ur1q/oh69LBbBU0h6UW8FPXisYGyhDWWz3bRLN5uwOxFC6dWTP8WToIhXf4In/43bNKC2Plh4894Ms/PCVHANrvtlVVZW19Y3qpu1re2d3T17/+BOJ5mizKeJSFQnJJoJLpkPHATrpIqROBSsHY4vZ377ninNE3kLecqCmAwljzglYKS+ja9ySWJTCkwTqUERLkHXftC3667jFsDLxCtJHZVo9e3P3iChWcwkUEG07npuCsGEKOBUsGmtl2mWEjomQ9Y11GxnOpgUl0zxiVEGOEqUeRJwof6emJBY6zwOTWdMYKQXvZn4n9fNIDoPJlymGTBJ54uiTGBI8CwWPOCKURC5IYQqbv6K6YgoQsGEV6TgLd68TPyGc+G4N4160ynjqKIjdIxOkYfOUBNdoxbyEUUP6Am9oFfr0Xq23qz3eWvFKmcO0R9YH98oZJaQ</latexit><latexit sha1_base64="l9S1h2A6dhduOcW9W5ZmElREC4g=">AAACCXicbVBNS8NAEN3Ur1q/oh69LBbBU0h6UW8FPXisYGyhDWWz3bRLN5uwOxFC6dWTP8WToIhXf4In/43bNKC2Plh4894Ms/PCVHANrvtlVVZW19Y3qpu1re2d3T17/+BOJ5mizKeJSFQnJJoJLpkPHATrpIqROBSsHY4vZ377ninNE3kLecqCmAwljzglYKS+ja9ySWJTCkwTqUERLkHXftC3667jFsDLxCtJHZVo9e3P3iChWcwkUEG07npuCsGEKOBUsGmtl2mWEjomQ9Y11GxnOpgUl0zxiVEGOEqUeRJwof6emJBY6zwOTWdMYKQXvZn4n9fNIDoPJlymGTBJ54uiTGBI8CwWPOCKURC5IYQqbv6K6YgoQsGEV6TgLd68TPyGc+G4N4160ynjqKIjdIxOkYfOUBNdoxbyEUUP6Am9oFfr0Xq23qz3eWvFKmcO0R9YH98oZJaQ</latexit><latexit sha1_base64="l9S1h2A6dhduOcW9W5ZmElREC4g=">AAACCXicbVBNS8NAEN3Ur1q/oh69LBbBU0h6UW8FPXisYGyhDWWz3bRLN5uwOxFC6dWTP8WToIhXf4In/43bNKC2Plh4894Ms/PCVHANrvtlVVZW19Y3qpu1re2d3T17/+BOJ5mizKeJSFQnJJoJLpkPHATrpIqROBSsHY4vZ377ninNE3kLecqCmAwljzglYKS+ja9ySWJTCkwTqUERLkHXftC3667jFsDLxCtJHZVo9e3P3iChWcwkUEG07npuCsGEKOBUsGmtl2mWEjomQ9Y11GxnOpgUl0zxiVEGOEqUeRJwof6emJBY6zwOTWdMYKQXvZn4n9fNIDoPJlymGTBJ54uiTGBI8CwWPOCKURC5IYQqbv6K6YgoQsGEV6TgLd68TPyGc+G4N4160ynjqKIjdIxOkYfOUBNdoxbyEUUP6Am9oFfr0Xq23qz3eWvFKmcO0R9YH98oZJaQ</latexit>

image: courtesy of D. Racco
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PBH - Constraints

Femto, Micro, Milli-lensing
<latexit sha1_base64="t4VdHT73okgqZpsSlXrjbBshN58=">AAACD3icbVBNS8NAEN3Ur1q/oh69LBbFg4akF/VWEMSLUMHYQhvKZjtpl242YXcjlNB/4Mmf4klQxKtnT/4b0zSgtj4Y5vHeDLvz/JgzpW37yygtLC4tr5RXK2vrG5tb5vbOnYoSScGlEY9kyycKOBPgaqY5tGIJJPQ5NP3hxcRv3oNULBK3ehSDF5K+YAGjRGdS1zy8hFBHx/iaUZk3ztkJB6GY6Fd+0DWrtmXnwPPEKUgVFWh0zc9OL6JJCEJTTpRqO3asvZRIzSiHcaWTKIgJHZI+tDMqSAjKS/N7xvggU3o4iGRWQuNc/b2RklCpUehnkyHRAzXrTcT/vHaigzMvZSJONAg6fShIONYRnoSDe0wC1XyUEUIly/6K6YBIQnUWYZ6CM3vzPHFr1rll39SqdauIo4z20D46Qg46RXV0hRrIRRQ9oCf0gl6NR+PZeDPep6Mlo9jZRX9gfHwDE22YAw==</latexit><latexit sha1_base64="t4VdHT73okgqZpsSlXrjbBshN58=">AAACD3icbVBNS8NAEN3Ur1q/oh69LBbFg4akF/VWEMSLUMHYQhvKZjtpl242YXcjlNB/4Mmf4klQxKtnT/4b0zSgtj4Y5vHeDLvz/JgzpW37yygtLC4tr5RXK2vrG5tb5vbOnYoSScGlEY9kyycKOBPgaqY5tGIJJPQ5NP3hxcRv3oNULBK3ehSDF5K+YAGjRGdS1zy8hFBHx/iaUZk3ztkJB6GY6Fd+0DWrtmXnwPPEKUgVFWh0zc9OL6JJCEJTTpRqO3asvZRIzSiHcaWTKIgJHZI+tDMqSAjKS/N7xvggU3o4iGRWQuNc/b2RklCpUehnkyHRAzXrTcT/vHaigzMvZSJONAg6fShIONYRnoSDe0wC1XyUEUIly/6K6YBIQnUWYZ6CM3vzPHFr1rll39SqdauIo4z20D46Qg46RXV0hRrIRRQ9oCf0gl6NR+PZeDPep6Mlo9jZRX9gfHwDE22YAw==</latexit><latexit sha1_base64="t4VdHT73okgqZpsSlXrjbBshN58=">AAACD3icbVBNS8NAEN3Ur1q/oh69LBbFg4akF/VWEMSLUMHYQhvKZjtpl242YXcjlNB/4Mmf4klQxKtnT/4b0zSgtj4Y5vHeDLvz/JgzpW37yygtLC4tr5RXK2vrG5tb5vbOnYoSScGlEY9kyycKOBPgaqY5tGIJJPQ5NP3hxcRv3oNULBK3ehSDF5K+YAGjRGdS1zy8hFBHx/iaUZk3ztkJB6GY6Fd+0DWrtmXnwPPEKUgVFWh0zc9OL6JJCEJTTpRqO3asvZRIzSiHcaWTKIgJHZI+tDMqSAjKS/N7xvggU3o4iGRWQuNc/b2RklCpUehnkyHRAzXrTcT/vHaigzMvZSJONAg6fShIONYRnoSDe0wC1XyUEUIly/6K6YBIQnUWYZ6CM3vzPHFr1rll39SqdauIo4z20D46Qg46RXV0hRrIRRQ9oCf0gl6NR+PZeDPep6Mlo9jZRX9gfHwDE22YAw==</latexit>

Hawking radiation
<latexit sha1_base64="Z0aPMLTAbFngObccN6SiG3aV+30=">AAACBXicbVBNS8NAEN3Ur1q/oh71sFgETyHpRb0VvPRYwdhCG8pks2mXbjZhd6OU0Isnf4onQRGv/ghP/hvTNKC2Phh4vDfDzDw/4Uxp2/4yKiura+sb1c3a1vbO7p65f3Cr4lQS6pKYx7Lrg6KcCepqpjntJpJC5HPa8cdXM79zR6VisbjRk4R6EQwFCxkBnUsD87gF92MmhlhCwAqt9oOBWbctuwBeJk5J6qhEe2B+9oOYpBEVmnBQqufYifYykJoRTqe1fqpoAmQMQ9rLqYCIKi8rvpji01wJcBjLvITGhfp7IoNIqUnk550R6JFa9Gbif14v1eGFlzGRpJoKMl8UphzrGM8iwQGTlGg+yQkQyfJbMRmBBKLz4IoUnMWfl4nbsC4t+7pRb1plHFV0hE7QGXLQOWqiFmojFxH0gJ7QC3o1Ho1n4814n7dWjHLmEP2B8fENsbaUog==</latexit><latexit sha1_base64="Z0aPMLTAbFngObccN6SiG3aV+30=">AAACBXicbVBNS8NAEN3Ur1q/oh71sFgETyHpRb0VvPRYwdhCG8pks2mXbjZhd6OU0Isnf4onQRGv/ghP/hvTNKC2Phh4vDfDzDw/4Uxp2/4yKiura+sb1c3a1vbO7p65f3Cr4lQS6pKYx7Lrg6KcCepqpjntJpJC5HPa8cdXM79zR6VisbjRk4R6EQwFCxkBnUsD87gF92MmhlhCwAqt9oOBWbctuwBeJk5J6qhEe2B+9oOYpBEVmnBQqufYifYykJoRTqe1fqpoAmQMQ9rLqYCIKi8rvpji01wJcBjLvITGhfp7IoNIqUnk550R6JFa9Gbif14v1eGFlzGRpJoKMl8UphzrGM8iwQGTlGg+yQkQyfJbMRmBBKLz4IoUnMWfl4nbsC4t+7pRb1plHFV0hE7QGXLQOWqiFmojFxH0gJ7QC3o1Ho1n4814n7dWjHLmEP2B8fENsbaUog==</latexit><latexit sha1_base64="Z0aPMLTAbFngObccN6SiG3aV+30=">AAACBXicbVBNS8NAEN3Ur1q/oh71sFgETyHpRb0VvPRYwdhCG8pks2mXbjZhd6OU0Isnf4onQRGv/ghP/hvTNKC2Phh4vDfDzDw/4Uxp2/4yKiura+sb1c3a1vbO7p65f3Cr4lQS6pKYx7Lrg6KcCepqpjntJpJC5HPa8cdXM79zR6VisbjRk4R6EQwFCxkBnUsD87gF92MmhlhCwAqt9oOBWbctuwBeJk5J6qhEe2B+9oOYpBEVmnBQqufYifYykJoRTqe1fqpoAmQMQ9rLqYCIKi8rvpji01wJcBjLvITGhfp7IoNIqUnk550R6JFa9Gbif14v1eGFlzGRpJoKMl8UphzrGM8iwQGTlGg+yQkQyfJbMRmBBKLz4IoUnMWfl4nbsC4t+7pRb1plHFV0hE7QGXLQOWqiFmojFxH0gJ7QC3o1Ho1n4814n7dWjHLmEP2B8fENsbaUog==</latexit>

Dynamical constraints
<latexit sha1_base64="l9S1h2A6dhduOcW9W5ZmElREC4g=">AAACCXicbVBNS8NAEN3Ur1q/oh69LBbBU0h6UW8FPXisYGyhDWWz3bRLN5uwOxFC6dWTP8WToIhXf4In/43bNKC2Plh4894Ms/PCVHANrvtlVVZW19Y3qpu1re2d3T17/+BOJ5mizKeJSFQnJJoJLpkPHATrpIqROBSsHY4vZ377ninNE3kLecqCmAwljzglYKS+ja9ySWJTCkwTqUERLkHXftC3667jFsDLxCtJHZVo9e3P3iChWcwkUEG07npuCsGEKOBUsGmtl2mWEjomQ9Y11GxnOpgUl0zxiVEGOEqUeRJwof6emJBY6zwOTWdMYKQXvZn4n9fNIDoPJlymGTBJ54uiTGBI8CwWPOCKURC5IYQqbv6K6YgoQsGEV6TgLd68TPyGc+G4N4160ynjqKIjdIxOkYfOUBNdoxbyEUUP6Am9oFfr0Xq23qz3eWvFKmcO0R9YH98oZJaQ</latexit><latexit sha1_base64="l9S1h2A6dhduOcW9W5ZmElREC4g=">AAACCXicbVBNS8NAEN3Ur1q/oh69LBbBU0h6UW8FPXisYGyhDWWz3bRLN5uwOxFC6dWTP8WToIhXf4In/43bNKC2Plh4894Ms/PCVHANrvtlVVZW19Y3qpu1re2d3T17/+BOJ5mizKeJSFQnJJoJLpkPHATrpIqROBSsHY4vZ377ninNE3kLecqCmAwljzglYKS+ja9ySWJTCkwTqUERLkHXftC3667jFsDLxCtJHZVo9e3P3iChWcwkUEG07npuCsGEKOBUsGmtl2mWEjomQ9Y11GxnOpgUl0zxiVEGOEqUeRJwof6emJBY6zwOTWdMYKQXvZn4n9fNIDoPJlymGTBJ54uiTGBI8CwWPOCKURC5IYQqbv6K6YgoQsGEV6TgLd68TPyGc+G4N4160ynjqKIjdIxOkYfOUBNdoxbyEUUP6Am9oFfr0Xq23qz3eWvFKmcO0R9YH98oZJaQ</latexit><latexit sha1_base64="l9S1h2A6dhduOcW9W5ZmElREC4g=">AAACCXicbVBNS8NAEN3Ur1q/oh69LBbBU0h6UW8FPXisYGyhDWWz3bRLN5uwOxFC6dWTP8WToIhXf4In/43bNKC2Plh4894Ms/PCVHANrvtlVVZW19Y3qpu1re2d3T17/+BOJ5mizKeJSFQnJJoJLpkPHATrpIqROBSsHY4vZ377ninNE3kLecqCmAwljzglYKS+ja9ySWJTCkwTqUERLkHXftC3667jFsDLxCtJHZVo9e3P3iChWcwkUEG07npuCsGEKOBUsGmtl2mWEjomQ9Y11GxnOpgUl0zxiVEGOEqUeRJwof6emJBY6zwOTWdMYKQXvZn4n9fNIDoPJlymGTBJ54uiTGBI8CwWPOCKURC5IYQqbv6K6YgoQsGEV6TgLd68TPyGc+G4N4160ynjqKIjdIxOkYfOUBNdoxbyEUUP6Am9oFfr0Xq23qz3eWvFKmcO0R9YH98oZJaQ</latexit>

Uncertainties on Hawking radiation
<latexit sha1_base64="h5hnW+wPCcIlnv0Y6uIkrjUBtXI="> </latexit><latexit sha1_base64="h5hnW+wPCcIlnv0Y6uIkrjUBtXI="> </latexit><latexit sha1_base64="h5hnW+wPCcIlnv0Y6uIkrjUBtXI="> </latexit>

Gap due to ”wave e↵ects”
<latexit sha1_base64="nurAdkrppkZC2z6azRUGwZCmCGY="></latexit><latexit sha1_base64="nurAdkrppkZC2z6azRUGwZCmCGY="></latexit><latexit sha1_base64="nurAdkrppkZC2z6azRUGwZCmCGY="></latexit>

� ⇠ rH(lens)
<latexit sha1_base64="nBONeT802qm/0XztnyAzyPsXOEc="></latexit><latexit sha1_base64="nBONeT802qm/0XztnyAzyPsXOEc="></latexit><latexit sha1_base64="nBONeT802qm/0XztnyAzyPsXOEc="></latexit>

� ray burst
<latexit sha1_base64="hPcG3dD5cAApCPe1Qrit9Y82NR8="></latexit><latexit sha1_base64="hPcG3dD5cAApCPe1Qrit9Y82NR8="></latexit><latexit sha1_base64="hPcG3dD5cAApCPe1Qrit9Y82NR8="></latexit>

Lensed stars
<latexit sha1_base64="VOVMA0X7zl1Kq0bjhKbEiJTV6wI="></latexit><latexit sha1_base64="VOVMA0X7zl1Kq0bjhKbEiJTV6wI="></latexit><latexit sha1_base64="VOVMA0X7zl1Kq0bjhKbEiJTV6wI="></latexit>

WD = disruption of white dwarfs (pbh passage ignite nuclear reaction)
<latexit sha1_base64="ovyLriPzo4bh9evFs7Mn4SBvH8M=">AAATi3ic7Vhtb9s2EFb32mVblzYf90WbayAFWs9yk7UduqJ2nSVdk+VlTVMgSgxaoi3VejNJJXEI/aL9mn3c9md21JtlUuk6oPs2AVHkex7eHcm701HDyHMpa7f/uPbBhx99/Mmn1z9b+vyLL298tXzz1isaxsTCh1boheT1EFHsuQE+ZC7z8OuIYOQPPXw0nDwT+NEZJtQNg5dsFuETH40Dd+RaiIFosLxx1Nd/1G2XkjgSEj </latexit><latexit sha1_base64="ovyLriPzo4bh9evFs7Mn4SBvH8M=">AAATi3ic7Vhtb9s2EFb32mVblzYf90WbayAFWs9yk7UduqJ2nSVdk+VlTVMgSgxaoi3VejNJJXEI/aL9mn3c9md21JtlUuk6oPs2AVHkex7eHcm701HDyHMpa7f/uPbBhx99/Mmn1z9b+vyLL298tXzz1isaxsTCh1boheT1EFHsuQE+ZC7z8OuIYOQPPXw0nDwT+NEZJtQNg5dsFuETH40Dd+RaiIFosLxx1Nd/1G2XkjgSEj </latexit><latexit sha1_base64="ovyLriPzo4bh9evFs7Mn4SBvH8M=">AAATi3ic7Vhtb9s2EFb32mVblzYf90WbayAFWs9yk7UduqJ2nSVdk+VlTVMgSgxaoi3VejNJJXEI/aL9mn3c9md21JtlUuk6oPs2AVHkex7eHcm701HDyHMpa7f/uPbBhx99/Mmn1z9b+vyLL298tXzz1isaxsTCh1boheT1EFHsuQE+ZC7z8OuIYOQPPXw0nDwT+NEZJtQNg5dsFuETH40Dd+RaiIFosLxx1Nd/1G2XkjgSEj </latexit><latexit sha1_base64="kEMf1UiNwb7YHJv97BcpR6tg/3k=">AAATNnic7Vjdbts2FFa7v87rtja3u9GWGkiBNrPcZm2Bophdd0nXZEm8pikQJQYt0ZJq6scSlcQh+AK73TvtHfYOuxr2ADvUn2VS6Tqgu5uAKPT5Ph4ekuccHXIcES+hnc7vV65+8OFHH39y7dPWZ9dbn3/x5Y3rr5IwjS18YIUkjF+PUYKJF+AD6lGCX0cxRv6Y4MPx9KnAD09xnHhh8JLOI3zsIyfwJp6FKIj2RjdWO+ud7N </latexit><latexit sha1_base64="mK0NE9pOx2O8/es+iKvSiud7woY=">AAATgHic7Vhtb9s2EFb32mVdlzYf90VbaiAFWs9yk7UdumJ2nSVdkyXxmqZAlBi0RFuq9WaSSuIQ+kX7Nfu47c/sqDfLpNJ1QPdtAqLQ9zw8Hsm705HDyHMpa7X+uPbBhx99/Mmn1z9b+vzGFze/XL514xUNY2LhQyv0QvJ6iCj23AAfMpd5+HVEMPKHHj4aTp4J/OgME+qGwUs2i/CJj8aBO3ItxEA0WN486uk/6LZLSRwJiR </latexit><latexit sha1_base64="mK0NE9pOx2O8/es+iKvSiud7woY=">AAATgHic7Vhtb9s2EFb32mVdlzYf90VbaiAFWs9yk7UdumJ2nSVdkyXxmqZAlBi0RFuq9WaSSuIQ+kX7Nfu47c/sqDfLpNJ1QPdtAqLQ9zw8Hsm705HDyHMpa7X+uPbBhx99/Mmn1z9b+vzGFze/XL514xUNY2LhQyv0QvJ6iCj23AAfMpd5+HVEMPKHHj4aTp4J/OgME+qGwUs2i/CJj8aBO3ItxEA0WN486uk/6LZLSRwJiR </latexit><latexit sha1_base64="j7hgZygd6hDjDbiA23VVvvNJ9Gk=">AAATi3ic7Vhtb9s2EFb32mVblzYf90WbayAFWs9yk7UduqJ2nSVdk+VlTVMgSgxaoi3VejNJJXEI/aL9mn3c9md21JtlUuk6oPs2AVHkex7eHcm701HDyHMpa7f/uPbBhx99/Mmn1z9b+vyLL298tXzz1isaxsTCh1boheT1EFHsuQE+ZC7z8OuIYOQPPXw0nDwT+NEZJtQNg5dsFuETH40Dd+RaiIFosLxx1Nd/1G2XkjgSEj </latexit><latexit sha1_base64="ovyLriPzo4bh9evFs7Mn4SBvH8M=">AAATi3ic7Vhtb9s2EFb32mVblzYf90WbayAFWs9yk7UduqJ2nSVdk+VlTVMgSgxaoi3VejNJJXEI/aL9mn3c9md21JtlUuk6oPs2AVHkex7eHcm701HDyHMpa7f/uPbBhx99/Mmn1z9b+vyLL298tXzz1isaxsTCh1boheT1EFHsuQE+ZC7z8OuIYOQPPXw0nDwT+NEZJtQNg5dsFuETH40Dd+RaiIFosLxx1Nd/1G2XkjgSEj </latexit><latexit sha1_base64="ovyLriPzo4bh9evFs7Mn4SBvH8M=">AAATi3ic7Vhtb9s2EFb32mVblzYf90WbayAFWs9yk7UduqJ2nSVdk+VlTVMgSgxaoi3VejNJJXEI/aL9mn3c9md21JtlUuk6oPs2AVHkex7eHcm701HDyHMpa7f/uPbBhx99/Mmn1z9b+vyLL298tXzz1isaxsTCh1boheT1EFHsuQE+ZC7z8OuIYOQPPXw0nDwT+NEZJtQNg5dsFuETH40Dd+RaiIFosLxx1Nd/1G2XkjgSEj </latexit><latexit sha1_base64="ovyLriPzo4bh9evFs7Mn4SBvH8M=">AAATi3ic7Vhtb9s2EFb32mVblzYf90WbayAFWs9yk7UduqJ2nSVdk+VlTVMgSgxaoi3VejNJJXEI/aL9mn3c9md21JtlUuk6oPs2AVHkex7eHcm701HDyHMpa7f/uPbBhx99/Mmn1z9b+vyLL298tXzz1isaxsTCh1boheT1EFHsuQE+ZC7z8OuIYOQPPXw0nDwT+NEZJtQNg5dsFuETH40Dd+RaiIFosLxx1Nd/1G2XkjgSEj </latexit><latexit sha1_base64="ovyLriPzo4bh9evFs7Mn4SBvH8M=">AAATi3ic7Vhtb9s2EFb32mVblzYf90WbayAFWs9yk7UduqJ2nSVdk+VlTVMgSgxaoi3VejNJJXEI/aL9mn3c9md21JtlUuk6oPs2AVHkex7eHcm701HDyHMpa7f/uPbBhx99/Mmn1z9b+vyLL298tXzz1isaxsTCh1boheT1EFHsuQE+ZC7z8OuIYOQPPXw0nDwT+NEZJtQNg5dsFuETH40Dd+RaiIFosLxx1Nd/1G2XkjgSEj </latexit><latexit sha1_base64="ovyLriPzo4bh9evFs7Mn4SBvH8M=">AAATi3ic7Vhtb9s2EFb32mVblzYf90WbayAFWs9yk7UduqJ2nSVdk+VlTVMgSgxaoi3VejNJJXEI/aL9mn3c9md21JtlUuk6oPs2AVHkex7eHcm701HDyHMpa7f/uPbBhx99/Mmn1z9b+vyLL298tXzz1isaxsTCh1boheT1EFHsuQE+ZC7z8OuIYOQPPXw0nDwT+NEZJtQNg5dsFuETH40Dd+RaiIFosLxx1Nd/1G2XkjgSEj </latexit>

UFD = ultra faint dwarfs galaxies
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Grav. interaction equalise kinetic energies ! stars spread
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[arXiv:1711.06129]
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CMB from accretion
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Possible new constraints from
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accretion and merging rates
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Caveats on formation mass fraction

• Critical spherical collapse: 
Non spherical collapse effects?

• Threshold: dependence on the shape of the over-density peaks

• Window function
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Primordial Black Holes
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[arXiv:1802.06393]
<latexit sha1_base64="CL7016s0W5DwjRxj/5GhJrPBjzo="></latexit><latexit sha1_base64="CL7016s0W5DwjRxj/5GhJrPBjzo="></latexit><latexit sha1_base64="CL7016s0W5DwjRxj/5GhJrPBjzo="></latexit>

real-space top-hat window function
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Gaussian window function
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[Germani, Musco, arXiv:1805.04087]
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[Yoo et al, arXiv:1805.03946]
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”Jeans length” argument for critical density for PBH formation
<latexit sha1_base64="g2t5ZzqBTFwdm3dJPd0giILBo0M="></latexit><latexit sha1_base64="g2t5ZzqBTFwdm3dJPd0giILBo0M="></latexit><latexit sha1_base64="g2t5ZzqBTFwdm3dJPd0giILBo0M="></latexit>

Compaction function criterion: mass excess identifying the Horizon formation
<latexit sha1_base64="oKO4/vrmLk+7C1ttBnEKKtwTPYY="></latexit><latexit sha1_base64="oKO4/vrmLk+7C1ttBnEKKtwTPYY="></latexit><latexit sha1_base64="oKO4/vrmLk+7C1ttBnEKKtwTPYY="></latexit>

fully taking into account peak shape
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k-space top-hat window function
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Constraints on inflation
• Constraints

[arXiv:1110.2484]
<latexit sha1_base64="ZqDY+q/AKPSkZlmayJx0WdWbopc=">AAAB+XicbVBNS8NAEJ3Ur1q/Uj16CRbBU0hKweqp4MVjBWMLaSib7aZdutmE3U2lxP4ULx5UvPpPvPlv3LY5aOuDgcd7M8zMC1NGpXKcb6O0sbm1vVPereztHxwemdXjB5lkAhMPJywR3RBJwignnqKKkW4qCIpDRjrh+GbudyZESJrwezVNSRCjIacRxUhpqW9WfSS6dHLtuq5j1xvNRtA3a47tLGCtE7cgNSjQ7ptfvUGCs5hwhRmS0nedVAU5EopiRmaVXiZJivAYDYmvKUcxkUG+OH1mnWtlYEWJ0MWVtVB/T+QolnIah7ozRmokV725+J/nZypqBjnlaaYIx8tFUcYslVjzHKwBFQQrNtUEYUH1rRYeIYGw0mlVdAju6svrxKvbV7ZzV6+17CKNMpzCGVyAC5fQgltogwcYHuEZXuHNeDJejHfjY9laMoqZE/gD4/MHt3SR0Q==</latexit><latexit sha1_base64="ZqDY+q/AKPSkZlmayJx0WdWbopc=">AAAB+XicbVBNS8NAEJ3Ur1q/Uj16CRbBU0hKweqp4MVjBWMLaSib7aZdutmE3U2lxP4ULx5UvPpPvPlv3LY5aOuDgcd7M8zMC1NGpXKcb6O0sbm1vVPereztHxwemdXjB5lkAhMPJywR3RBJwignnqKKkW4qCIpDRjrh+GbudyZESJrwezVNSRCjIacRxUhpqW9WfSS6dHLtuq5j1xvNRtA3a47tLGCtE7cgNSjQ7ptfvUGCs5hwhRmS0nedVAU5EopiRmaVXiZJivAYDYmvKUcxkUG+OH1mnWtlYEWJ0MWVtVB/T+QolnIah7ozRmokV725+J/nZypqBjnlaaYIx8tFUcYslVjzHKwBFQQrNtUEYUH1rRYeIYGw0mlVdAju6svrxKvbV7ZzV6+17CKNMpzCGVyAC5fQgltogwcYHuEZXuHNeDJejHfjY9laMoqZE/gD4/MHt3SR0Q==</latexit><latexit sha1_base64="ZqDY+q/AKPSkZlmayJx0WdWbopc=">AAAB+XicbVBNS8NAEJ3Ur1q/Uj16CRbBU0hKweqp4MVjBWMLaSib7aZdutmE3U2lxP4ULx5UvPpPvPlv3LY5aOuDgcd7M8zMC1NGpXKcb6O0sbm1vVPereztHxwemdXjB5lkAhMPJywR3RBJwignnqKKkW4qCIpDRjrh+GbudyZESJrwezVNSRCjIacRxUhpqW9WfSS6dHLtuq5j1xvNRtA3a47tLGCtE7cgNSjQ7ptfvUGCs5hwhRmS0nedVAU5EopiRmaVXiZJivAYDYmvKUcxkUG+OH1mnWtlYEWJ0MWVtVB/T+QolnIah7ozRmokV725+J/nZypqBjnlaaYIx8tFUcYslVjzHKwBFQQrNtUEYUH1rRYeIYGw0mlVdAju6svrxKvbV7ZzV6+17CKNMpzCGVyAC5fQgltogwcYHuEZXuHNeDJejHfjY9laMoqZE/gD4/MHt3SR0Q==</latexit>

[arXiv:1502.02114]
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PBH
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Primordial Black Holes

PBH from single field model of inflation
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PBH in Single Field Inflation
• Inflection point

in order to get an enhancement 
Slow-roll violation:

In few N-efolds jumps of many orders of magnitude,
where the Hubble SR parameters are:

P1/2
R =

H
2
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✏ ⌧ 1 ⌘ ⇠ O(1)

(computed at Hubble crossing!)
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PBH in Single Field Inflation
• Enhancement during the non-attractor phase

Modes on super-Hubble scales grow!
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