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String formation

✤ Standard cosmological picture (high reheat scenario):
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fa

<latexit sha1_base64="YqQceilkHNIUIQ0sv3DKupv6NE8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Qe0oUy2m3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5aCYJ8yMcSh5yisZKD2Ef++WKW3XnIKvEy0kFcjT65a/eIKZpxKShArXuem5i/AyV4VSwaamXapYgHeOQdS2VGDHtZ/NTp+TMKgMSxsqWNGSu/p7IMNJ6EgW2M0Iz0sveTPzP66YmvPYzLpPUMEkXi8JUEBOT2d9kwBWjRkwsQaq4vZXQESqkxqZTsiF4yy+vktZF1atVL+9rlfpNHkcRTuAUzsGDK6jDHTSgCRSG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwA7nI3G</latexit>

a

fa

<latexit sha1_base64="DWMNbuen/UGV2bo4/JMgR2aRytU=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWibbTbt0swm7G6WE/A8vHhTx6n/x5r9x2+agrQ8GHu/NMDPPjwXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRlDVoJCLV9lEzwSVrGG4Ea8eKYegL1vLHN1O/9ciU5pG8N5OY9UIcSh5wisZKD91AIU0xS4M+ZqRfrrhVdwayTLycVCBHvV/+6g4imoRMGipQ647nxqaXojKcCpaVuolmMdIxDlnHUokh0710dnVGTqwyIEGkbElDZurviRRDrSehbztDNCO96E3F/7xOYoKrXsplnBgm6XxRkAhiIjKNgAy4YtSIiSVIFbe3EjpCG4SxQZVsCN7iy8ukeVb1zqsXd+eV2nUeRxGO4BhOwYNLqMEt1KEBFBQ8wyu8OU/Oi/PufMxbC04+cwh/4Hz+AKXakp0=</latexit>

from    to 0

<latexit sha1_base64="N5TJ24ZtGvvOJUapKeIo4Hi0i/I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPe7GMvA==</latexit>

2⇡

<latexit sha1_base64="iJPgbXPNZGzRNoO2wnd0KanAjWo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKRY9FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzQHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpf5vSeqNIvko5nH1Bd4IlnICDaZ1BjGbFStuXU3B1onXkFqUKA9qn4NxxFJBJWGcKz1wHNj46dYGUY4XVSGiaYxJjM8oQNLJRZU+2l+6wJdWGWMwkjZkgbl6u+JFAut5yKwnQKbqV71MvE/b5CY8MZPmYwTQyVZLgoTjkyEssfRmClKDJ9bgoli9lZEplhhYmw8FRuCt/ryOuk26l6zfvXQrLVuizjKcAbncAkeXEML7qENHSAwhWd4hTdHOC/Ou/OxbC05xcwp/IHz+QPDm44R</latexit>

String formation

TQCD

<latexit sha1_base64="8mSRyqI+FfO2kJPJU6XVYne/f5c=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY/FevDYQr9gu5Rsmm1Dk82SZIWy9Gd48aCIV3+NN/+NabsHbX0w8Hhvhpl5YcKZNq777RQ2Nre2d4q7pb39g8Oj8vFJR8tUEdomkkvVC7GmnMW0bZjhtJcoikXIaTec1Od+94kqzWTcMtOEBgKPYhYxgo2V/NYg6yuBmvWH2aBccavuAmideDmpQI7GoPzVH0qSChobwrHWvucmJsiwMoxwOiv1U00TTCZ4RH1LYyyoDrLFyTN0YZUhiqSyFRu0UH9PZFhoPRWh7RTYjPWqNxf/8/zURHdBxuIkNTQmy0VRypGRaP4/GjJFieFTSzBRzN6KyBgrTIxNqWRD8FZfXiedq6p3Xb1pXldq93kcRTiDc7gED26hBo/QgDYQkPAMr/DmGOfFeXc+lq0FJ585hT9wPn8AlRmQzg==</latexit>

Scaling

R ⇠ t

<latexit sha1_base64="ZyqJWpxKZt1j7xI8P8tjQhJ3ZGY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cq9gPaUDbbTbt0N4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKSLeQIGStxPNqQokbwWjm6nfeuLaiDh6wHHCfUUHkQgFo2il9j3pGqEI9soVt+rOQJaJl5MK5Kj3yl/dfsxSxSNkkhrT8dwE/YxqFEzySambGp5QNqID3rE0ooobP5vdOyEnVumTMNa2IiQz9fdERpUxYxXYTkVxaBa9qfif10kxvPIzESUp8ojNF4WpJBiT6fOkLzRnKMeWUKaFvZWwIdWUoY2oZEPwFl9eJs2zqndevbg7r9Su8ziKcATHcAoeXEINbqEODWAg4Rle4c15dF6cd+dj3lpw8plD+APn8wdJmY99</latexit>

L ⇠ t

<latexit sha1_base64="BYZlb3iiAEZqQcjEw/KQDbbLBSI=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoY2ERwXxAcoS9zV6yZPfu3J0TwpE/YWOhiK1/x85/4ya5QhMfDDzem2FmXpBIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VJEvIECJW8nmlMVSN4KRjdTv/XEtRFx9IDjhPuKDiIRCkbRSu070jVCEeyVK27VnYEsEy8nFchR75W/uv2YpYpHyCQ1puO5CfoZ1SiY5JNSNzU8oWxEB7xjaUQVN342u3dCTqzSJ2GsbUVIZurviYwqY8YqsJ2K4tAselPxP6+TYnjlZyJKUuQRmy8KU0kwJtPnSV9ozlCOLaFMC3srYUOqKUMbUcmG4C2+vEyaZ1XvvHpxf16pXedxFOEIjuEUPLiEGtxCHRrAQMIzvMKb8+i8OO/Ox7y14OQzh/AHzucPQFePdw==</latexit>

Wall formation

✤ Standard cosmological picture (high reheat scenario):



Motivation and Key Idea

Temperature Time
TReheat

<latexit sha1_base64="B/1Sru7pfJueOYMIIJwKrmRu6pg=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF49R8oJkDbOTTjJkdnaZmVXCkv/w4kERr/6LN//GSbIHTSxoKKq66e4KYsG1cd1vJ7eyura+kd8sbG3v7O4V9w8aOkoUwzqLRKRaAdUouMS64UZgK1ZIw0BgMxjdTP3mIyrNI1kz4xj9kA4k73NGjZUeat20o0Jyj0OkZtItltyyOwNZJl5GSpCh2i1+dXoRS0KUhgmqddtzY+OnVBnOBE4KnURjTNmIDrBtqaQhaj+dXT0hJ1bpkX6kbElDZurviZSGWo/DwHaG1Az1ojcV//Paielf+SmXcWJQsvmifiKIicg0AtLjCpkRY0soU9zeStiQKsqMDapgQ/AWX14mjbOyd16+uDsvVa6zOPJwBMdwCh5cQgVuoQp1YKDgGV7hzXlyXpx352PemnOymUP4A+fzB1mAkm0=</latexit>

fa

<latexit sha1_base64="YqQceilkHNIUIQ0sv3DKupv6NE8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Qe0oUy2m3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5aCYJ8yMcSh5yisZKD2Ef++WKW3XnIKvEy0kFcjT65a/eIKZpxKShArXuem5i/AyV4VSwaamXapYgHeOQdS2VGDHtZ/NTp+TMKgMSxsqWNGSu/p7IMNJ6EgW2M0Iz0sveTPzP66YmvPYzLpPUMEkXi8JUEBOT2d9kwBWjRkwsQaq4vZXQESqkxqZTsiF4yy+vktZF1atVL+9rlfpNHkcRTuAUzsGDK6jDHTSgCRSG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwA7nI3G</latexit>

a

fa

<latexit sha1_base64="DWMNbuen/UGV2bo4/JMgR2aRytU=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWibbTbt0swm7G6WE/A8vHhTx6n/x5r9x2+agrQ8GHu/NMDPPjwXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRlDVoJCLV9lEzwSVrGG4Ea8eKYegL1vLHN1O/9ciU5pG8N5OY9UIcSh5wisZKD91AIU0xS4M+ZqRfrrhVdwayTLycVCBHvV/+6g4imoRMGipQ647nxqaXojKcCpaVuolmMdIxDlnHUokh0710dnVGTqwyIEGkbElDZurviRRDrSehbztDNCO96E3F/7xOYoKrXsplnBgm6XxRkAhiIjKNgAy4YtSIiSVIFbe3EjpCG4SxQZVsCN7iy8ukeVb1zqsXd+eV2nUeRxGO4BhOwYNLqMEt1KEBFBQ8wyu8OU/Oi/PufMxbC04+cwh/4Hz+AKXakp0=</latexit>

from    to 0

<latexit sha1_base64="N5TJ24ZtGvvOJUapKeIo4Hi0i/I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPe7GMvA==</latexit>

2⇡

<latexit sha1_base64="iJPgbXPNZGzRNoO2wnd0KanAjWo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKRY9FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzQHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpf5vSeqNIvko5nH1Bd4IlnICDaZ1BjGbFStuXU3B1onXkFqUKA9qn4NxxFJBJWGcKz1wHNj46dYGUY4XVSGiaYxJjM8oQNLJRZU+2l+6wJdWGWMwkjZkgbl6u+JFAut5yKwnQKbqV71MvE/b5CY8MZPmYwTQyVZLgoTjkyEssfRmClKDJ9bgoli9lZEplhhYmw8FRuCt/ryOuk26l6zfvXQrLVuizjKcAbncAkeXEML7qENHSAwhWd4hTdHOC/Ou/OxbC05xcwp/IHz+QPDm44R</latexit>

String formation Network decay

TQCD

<latexit sha1_base64="8mSRyqI+FfO2kJPJU6XVYne/f5c=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY/FevDYQr9gu5Rsmm1Dk82SZIWy9Gd48aCIV3+NN/+NabsHbX0w8Hhvhpl5YcKZNq777RQ2Nre2d4q7pb39g8Oj8vFJR8tUEdomkkvVC7GmnMW0bZjhtJcoikXIaTec1Od+94kqzWTcMtOEBgKPYhYxgo2V/NYg6yuBmvWH2aBccavuAmideDmpQI7GoPzVH0qSChobwrHWvucmJsiwMoxwOiv1U00TTCZ4RH1LYyyoDrLFyTN0YZUhiqSyFRu0UH9PZFhoPRWh7RTYjPWqNxf/8/zURHdBxuIkNTQmy0VRypGRaP4/GjJFieFTSzBRzN6KyBgrTIxNqWRD8FZfXiedq6p3Xb1pXldq93kcRTiDc7gED26hBo/QgDYQkPAMr/DmGOfFeXc+lq0FJ585hT9wPn8AlRmQzg==</latexit>

Scaling

R ⇠ t

<latexit sha1_base64="ZyqJWpxKZt1j7xI8P8tjQhJ3ZGY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cq9gPaUDbbTbt0N4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKSLeQIGStxPNqQokbwWjm6nfeuLaiDh6wHHCfUUHkQgFo2il9j3pGqEI9soVt+rOQJaJl5MK5Kj3yl/dfsxSxSNkkhrT8dwE/YxqFEzySambGp5QNqID3rE0ooobP5vdOyEnVumTMNa2IiQz9fdERpUxYxXYTkVxaBa9qfif10kxvPIzESUp8ojNF4WpJBiT6fOkLzRnKMeWUKaFvZWwIdWUoY2oZEPwFl9eJs2zqndevbg7r9Su8ziKcATHcAoeXEINbqEODWAg4Rle4c15dF6cd+dj3lpw8plD+APn8wdJmY99</latexit>

L ⇠ t

<latexit sha1_base64="BYZlb3iiAEZqQcjEw/KQDbbLBSI=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoY2ERwXxAcoS9zV6yZPfu3J0TwpE/YWOhiK1/x85/4ya5QhMfDDzem2FmXpBIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VJEvIECJW8nmlMVSN4KRjdTv/XEtRFx9IDjhPuKDiIRCkbRSu070jVCEeyVK27VnYEsEy8nFchR75W/uv2YpYpHyCQ1puO5CfoZ1SiY5JNSNzU8oWxEB7xjaUQVN342u3dCTqzSJ2GsbUVIZurviYwqY8YqsJ2K4tAselPxP6+TYnjlZyJKUuQRmy8KU0kwJtPnSV9ozlCOLaFMC3srYUOqKUMbUcmG4C2+vEyaZ1XvvHpxf16pXedxFOEIjuEUPLiEGtxCHRrAQMIzvMKb8+i8OO/Ox7y14OQzh/AHzucPQFePdw==</latexit>

a

<latexit sha1_base64="5NaQJuja3P2H4opJ4ospcrTkNLI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6tepls1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxfWM7Q==</latexit>

a

<latexit sha1_base64="5NaQJuja3P2H4opJ4ospcrTkNLI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6tepls1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxfWM7Q==</latexit>

a

<latexit sha1_base64="5NaQJuja3P2H4opJ4ospcrTkNLI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6tepls1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxfWM7Q==</latexit>

✤ Standard cosmological picture (high reheat scenario):



Motivation and Key Idea

Dark Energy

Temperature Time
TReheat

<latexit sha1_base64="B/1Sru7pfJueOYMIIJwKrmRu6pg=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF49R8oJkDbOTTjJkdnaZmVXCkv/w4kERr/6LN//GSbIHTSxoKKq66e4KYsG1cd1vJ7eyura+kd8sbG3v7O4V9w8aOkoUwzqLRKRaAdUouMS64UZgK1ZIw0BgMxjdTP3mIyrNI1kz4xj9kA4k73NGjZUeat20o0Jyj0OkZtItltyyOwNZJl5GSpCh2i1+dXoRS0KUhgmqddtzY+OnVBnOBE4KnURjTNmIDrBtqaQhaj+dXT0hJ1bpkX6kbElDZurviZSGWo/DwHaG1Az1ojcV//Paielf+SmXcWJQsvmifiKIicg0AtLjCpkRY0soU9zeStiQKsqMDapgQ/AWX14mjbOyd16+uDsvVa6zOPJwBMdwCh5cQgVuoQp1YKDgGV7hzXlyXpx352PemnOymUP4A+fzB1mAkm0=</latexit>

fa

<latexit sha1_base64="YqQceilkHNIUIQ0sv3DKupv6NE8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Qe0oUy2m3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5aCYJ8yMcSh5yisZKD2Ef++WKW3XnIKvEy0kFcjT65a/eIKZpxKShArXuem5i/AyV4VSwaamXapYgHeOQdS2VGDHtZ/NTp+TMKgMSxsqWNGSu/p7IMNJ6EgW2M0Iz0sveTPzP66YmvPYzLpPUMEkXi8JUEBOT2d9kwBWjRkwsQaq4vZXQESqkxqZTsiF4yy+vktZF1atVL+9rlfpNHkcRTuAUzsGDK6jDHTSgCRSG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwA7nI3G</latexit>

a

fa

<latexit sha1_base64="DWMNbuen/UGV2bo4/JMgR2aRytU=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWibbTbt0swm7G6WE/A8vHhTx6n/x5r9x2+agrQ8GHu/NMDPPjwXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRlDVoJCLV9lEzwSVrGG4Ea8eKYegL1vLHN1O/9ciU5pG8N5OY9UIcSh5wisZKD91AIU0xS4M+ZqRfrrhVdwayTLycVCBHvV/+6g4imoRMGipQ647nxqaXojKcCpaVuolmMdIxDlnHUokh0710dnVGTqwyIEGkbElDZurviRRDrSehbztDNCO96E3F/7xOYoKrXsplnBgm6XxRkAhiIjKNgAy4YtSIiSVIFbe3EjpCG4SxQZVsCN7iy8ukeVb1zqsXd+eV2nUeRxGO4BhOwYNLqMEt1KEBFBQ8wyu8OU/Oi/PufMxbC04+cwh/4Hz+AKXakp0=</latexit>

from    to 0

<latexit sha1_base64="N5TJ24ZtGvvOJUapKeIo4Hi0i/I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPe7GMvA==</latexit>

2⇡

<latexit sha1_base64="iJPgbXPNZGzRNoO2wnd0KanAjWo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKRY9FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzQHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpf5vSeqNIvko5nH1Bd4IlnICDaZ1BjGbFStuXU3B1onXkFqUKA9qn4NxxFJBJWGcKz1wHNj46dYGUY4XVSGiaYxJjM8oQNLJRZU+2l+6wJdWGWMwkjZkgbl6u+JFAut5yKwnQKbqV71MvE/b5CY8MZPmYwTQyVZLgoTjkyEssfRmClKDJ9bgoli9lZEplhhYmw8FRuCt/ryOuk26l6zfvXQrLVuizjKcAbncAkeXEML7qENHSAwhWd4hTdHOC/Ou/OxbC05xcwp/IHz+QPDm44R</latexit>

String formation Network decay

TQCD

<latexit sha1_base64="8mSRyqI+FfO2kJPJU6XVYne/f5c=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY/FevDYQr9gu5Rsmm1Dk82SZIWy9Gd48aCIV3+NN/+NabsHbX0w8Hhvhpl5YcKZNq777RQ2Nre2d4q7pb39g8Oj8vFJR8tUEdomkkvVC7GmnMW0bZjhtJcoikXIaTec1Od+94kqzWTcMtOEBgKPYhYxgo2V/NYg6yuBmvWH2aBccavuAmideDmpQI7GoPzVH0qSChobwrHWvucmJsiwMoxwOiv1U00TTCZ4RH1LYyyoDrLFyTN0YZUhiqSyFRu0UH9PZFhoPRWh7RTYjPWqNxf/8/zURHdBxuIkNTQmy0VRypGRaP4/GjJFieFTSzBRzN6KyBgrTIxNqWRD8FZfXiedq6p3Xb1pXldq93kcRTiDc7gED26hBo/QgDYQkPAMr/DmGOfFeXc+lq0FJ585hT9wPn8AlRmQzg==</latexit>

Scaling

R ⇠ t

<latexit sha1_base64="ZyqJWpxKZt1j7xI8P8tjQhJ3ZGY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cq9gPaUDbbTbt0N4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKSLeQIGStxPNqQokbwWjm6nfeuLaiDh6wHHCfUUHkQgFo2il9j3pGqEI9soVt+rOQJaJl5MK5Kj3yl/dfsxSxSNkkhrT8dwE/YxqFEzySambGp5QNqID3rE0ooobP5vdOyEnVumTMNa2IiQz9fdERpUxYxXYTkVxaBa9qfif10kxvPIzESUp8ojNF4WpJBiT6fOkLzRnKMeWUKaFvZWwIdWUoY2oZEPwFl9eJs2zqndevbg7r9Su8ziKcATHcAoeXEINbqEODWAg4Rle4c15dF6cd+dj3lpw8plD+APn8wdJmY99</latexit>

L ⇠ t

<latexit sha1_base64="BYZlb3iiAEZqQcjEw/KQDbbLBSI=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoY2ERwXxAcoS9zV6yZPfu3J0TwpE/YWOhiK1/x85/4ya5QhMfDDzem2FmXpBIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VJEvIECJW8nmlMVSN4KRjdTv/XEtRFx9IDjhPuKDiIRCkbRSu070jVCEeyVK27VnYEsEy8nFchR75W/uv2YpYpHyCQ1puO5CfoZ1SiY5JNSNzU8oWxEB7xjaUQVN342u3dCTqzSJ2GsbUVIZurviYwqY8YqsJ2K4tAselPxP6+TYnjlZyJKUuQRmy8KU0kwJtPnSV9ozlCOLaFMC3srYUOqKUMbUcmG4C2+vEyaZ1XvvHpxf16pXedxFOEIjuEUPLiEGtxCHRrAQMIzvMKb8+i8OO/Ox7y14OQzh/AHzucPQFePdw==</latexit>

a

<latexit sha1_base64="5NaQJuja3P2H4opJ4ospcrTkNLI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6tepls1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxfWM7Q==</latexit>

a

<latexit sha1_base64="5NaQJuja3P2H4opJ4ospcrTkNLI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6tepls1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxfWM7Q==</latexit>

a

<latexit sha1_base64="5NaQJuja3P2H4opJ4ospcrTkNLI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6tepls1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxfWM7Q==</latexit>

Ttoday

<latexit sha1_base64="xZd1f2ptouAmq57nOlNlXbIUa/g=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVih6LXjxW6Be0S8lms21okl2TbKEs/R1ePCji1R/jzX9j2u5BWx8MPN6bYWZekHCmjet+O4WNza3tneJuaW//4PCofHzS1nGqCG2RmMeqG2BNOZO0ZZjhtJsoikXAaScY38/9zoQqzWLZNNOE+gIPJYsYwcZKfnOQ9ZVAJg7xdDYoV9yquwBaJ15OKpCjMSh/9cOYpIJKQzjWuue5ifEzrAwjnM5K/VTTBJMxHtKepRILqv1scfQMXVglRFGsbEmDFurviQwLracisJ0Cm5Fe9ebif14vNdGtnzGZpIZKslwUpdw+ieYJoJApSgyfWoKJYvZWREZYYWJsTiUbgrf68jppX1W9WvX6sVap3+VxFOEMzuESPLiBOjxAA1pA4Ame4RXenInz4rw7H8vWgpPPnMIfOJ8/24mSKw==</latexit>

Axion dark matter

✤ Standard cosmological picture (high reheat scenario):



Motivation and Key Idea

✤ Rare, put possible to form enclosed domain walls

Temperature Time
TQCD

<latexit sha1_base64="8mSRyqI+FfO2kJPJU6XVYne/f5c=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY/FevDYQr9gu5Rsmm1Dk82SZIWy9Gd48aCIV3+NN/+NabsHbX0w8Hhvhpl5YcKZNq777RQ2Nre2d4q7pb39g8Oj8vFJR8tUEdomkkvVC7GmnMW0bZjhtJcoikXIaTec1Od+94kqzWTcMtOEBgKPYhYxgo2V/NYg6yuBmvWH2aBccavuAmideDmpQI7GoPzVH0qSChobwrHWvucmJsiwMoxwOiv1U00TTCZ4RH1LYyyoDrLFyTN0YZUhiqSyFRu0UH9PZFhoPRWh7RTYjPWqNxf/8/zURHdBxuIkNTQmy0VRypGRaP4/GjJFieFTSzBRzN6KyBgrTIxNqWRD8FZfXiedq6p3Xb1pXldq93kcRTiDc7gED26hBo/QgDYQkPAMr/DmGOfFeXc+lq0FJ585hT9wPn8AlRmQzg==</latexit>

a

<latexit sha1_base64="5NaQJuja3P2H4opJ4ospcrTkNLI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6tepls1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxfWM7Q==</latexit>

a

<latexit sha1_base64="5NaQJuja3P2H4opJ4ospcrTkNLI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6tepls1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxfWM7Q==</latexit>

a

<latexit sha1_base64="5NaQJuja3P2H4opJ4ospcrTkNLI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6tepls1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxfWM7Q==</latexit>

Wall formation

Wall bounded by strings Enclosed wall



Motivation and Key Idea

✤ Rare, put possible to form enclosed domain walls

Temperature Time
TQCD

<latexit sha1_base64="8mSRyqI+FfO2kJPJU6XVYne/f5c=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY/FevDYQr9gu5Rsmm1Dk82SZIWy9Gd48aCIV3+NN/+NabsHbX0w8Hhvhpl5YcKZNq777RQ2Nre2d4q7pb39g8Oj8vFJR8tUEdomkkvVC7GmnMW0bZjhtJcoikXIaTec1Od+94kqzWTcMtOEBgKPYhYxgo2V/NYg6yuBmvWH2aBccavuAmideDmpQI7GoPzVH0qSChobwrHWvucmJsiwMoxwOiv1U00TTCZ4RH1LYyyoDrLFyTN0YZUhiqSyFRu0UH9PZFhoPRWh7RTYjPWqNxf/8/zURHdBxuIkNTQmy0VRypGRaP4/GjJFieFTSzBRzN6KyBgrTIxNqWRD8FZfXiedq6p3Xb1pXldq93kcRTiDc7gED26hBo/QgDYQkPAMr/DmGOfFeXc+lq0FJ585hT9wPn8AlRmQzg==</latexit>

a

<latexit sha1_base64="5NaQJuja3P2H4opJ4ospcrTkNLI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6tepls1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxfWM7Q==</latexit>

a

<latexit sha1_base64="5NaQJuja3P2H4opJ4ospcrTkNLI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6tepls1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxfWM7Q==</latexit>

a

<latexit sha1_base64="5NaQJuja3P2H4opJ4ospcrTkNLI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6tepls1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxfWM7Q==</latexit>

Wall formation

Wall bounded by strings Enclosed wall

✤ Walls contract, potentially forming primordial black holes (PBHs)



Motivation and Key Idea

✤ Rare, put possible to form enclosed domain walls

Temperature Time
TQCD

<latexit sha1_base64="8mSRyqI+FfO2kJPJU6XVYne/f5c=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY/FevDYQr9gu5Rsmm1Dk82SZIWy9Gd48aCIV3+NN/+NabsHbX0w8Hhvhpl5YcKZNq777RQ2Nre2d4q7pb39g8Oj8vFJR8tUEdomkkvVC7GmnMW0bZjhtJcoikXIaTec1Od+94kqzWTcMtOEBgKPYhYxgo2V/NYg6yuBmvWH2aBccavuAmideDmpQI7GoPzVH0qSChobwrHWvucmJsiwMoxwOiv1U00TTCZ4RH1LYyyoDrLFyTN0YZUhiqSyFRu0UH9PZFhoPRWh7RTYjPWqNxf/8/zURHdBxuIkNTQmy0VRypGRaP4/GjJFieFTSzBRzN6KyBgrTIxNqWRD8FZfXiedq6p3Xb1pXldq93kcRTiDc7gED26hBo/QgDYQkPAMr/DmGOfFeXc+lq0FJ585hT9wPn8AlRmQzg==</latexit>

a

<latexit sha1_base64="5NaQJuja3P2H4opJ4ospcrTkNLI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6tepls1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxfWM7Q==</latexit>

a

<latexit sha1_base64="5NaQJuja3P2H4opJ4ospcrTkNLI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6tepls1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxfWM7Q==</latexit>

a

<latexit sha1_base64="5NaQJuja3P2H4opJ4ospcrTkNLI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6tepls1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxfWM7Q==</latexit>

Wall formation

Wall bounded by strings

✤ Walls contract, potentially forming primordial black holes (PBHs)

Black Hole



Motivation and Key Idea

✤ Rare, put possible to form enclosed domain walls

Temperature Time
TQCD

<latexit sha1_base64="8mSRyqI+FfO2kJPJU6XVYne/f5c=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY/FevDYQr9gu5Rsmm1Dk82SZIWy9Gd48aCIV3+NN/+NabsHbX0w8Hhvhpl5YcKZNq777RQ2Nre2d4q7pb39g8Oj8vFJR8tUEdomkkvVC7GmnMW0bZjhtJcoikXIaTec1Od+94kqzWTcMtOEBgKPYhYxgo2V/NYg6yuBmvWH2aBccavuAmideDmpQI7GoPzVH0qSChobwrHWvucmJsiwMoxwOiv1U00TTCZ4RH1LYyyoDrLFyTN0YZUhiqSyFRu0UH9PZFhoPRWh7RTYjPWqNxf/8/zURHdBxuIkNTQmy0VRypGRaP4/GjJFieFTSzBRzN6KyBgrTIxNqWRD8FZfXiedq6p3Xb1pXldq93kcRTiDc7gED26hBo/QgDYQkPAMr/DmGOfFeXc+lq0FJ585hT9wPn8AlRmQzg==</latexit>

a

<latexit sha1_base64="5NaQJuja3P2H4opJ4ospcrTkNLI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6tepls1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxfWM7Q==</latexit>

a

<latexit sha1_base64="5NaQJuja3P2H4opJ4ospcrTkNLI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6tepls1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxfWM7Q==</latexit>

a

<latexit sha1_base64="5NaQJuja3P2H4opJ4ospcrTkNLI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6tepls1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxfWM7Q==</latexit>

Wall formation

Wall bounded by strings

✤ Walls contract, potentially forming primordial black holes (PBHs)

Black Hole

Ttoday

<latexit sha1_base64="xZd1f2ptouAmq57nOlNlXbIUa/g=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVih6LXjxW6Be0S8lms21okl2TbKEs/R1ePCji1R/jzX9j2u5BWx8MPN6bYWZekHCmjet+O4WNza3tneJuaW//4PCofHzS1nGqCG2RmMeqG2BNOZO0ZZjhtJsoikXAaScY38/9zoQqzWLZNNOE+gIPJYsYwcZKfnOQ9ZVAJg7xdDYoV9yquwBaJ15OKpCjMSh/9cOYpIJKQzjWuue5ifEzrAwjnM5K/VTTBJMxHtKepRILqv1scfQMXVglRFGsbEmDFurviQwLracisJ0Cm5Fe9ebif14vNdGtnzGZpIZKslwUpdw+ieYJoJApSgyfWoKJYvZWREZYYWJsTiUbgrf68jppX1W9WvX6sVap3+VxFOEMzuESPLiBOjxAA1pA4Ame4RXenInz4rw7H8vWgpPPnMIfOJ8/24mSKw==</latexit>

Axion dark matter + PBHs



Outline

✤ Cosmology and formation of enclosed axion domain walls

Dark Energy✤ Enclosed wall dynamics

✤ Efficiency of PBH formation and relic abundance 



Cosmology and Formation of Enclosed Walls



Cosmology of Axion Defects

✤ At high temperatures, Lagrangian respects               symmetryU(1)PQ

<latexit sha1_base64="F2XVRJtUxidPv7gmHXTNmZj2YAY=">AAAB9HicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JrMHokevEIiQsksCHdUqCh7a5tl4Rs+B1ePGiMV3+MN/+NBfag4EsmeXlvJjPzwpgzbVz328ltbG5t7+R3C3v7B4dHxeOTpo4SRahPIh6pdog15UxS3zDDaTtWFIuQ01Y4vp/7rQlVmkXy0UxjGgg8lGzACDZWCvyyd9lLu0qgemPWK5bcirsAWideRkqQod4rfnX7EUkElYZwrHXHc2MTpFgZRjidFbqJpjEmYzykHUslFlQH6eLoGbqwSh8NImVLGrRQf0+kWGg9FaHtFNiM9Ko3F//zOokZ3AYpk3FiqCTLRYOEIxOheQKozxQlhk8twUQxeysiI6wwMTangg3BW315nTSvKl61ct2olmp3WRx5OINzKIMHN1CDB6iDDwSe4Ble4c2ZOC/Ou/OxbM052cwp/IHz+QNVEJEu</latexit>

✤ Below scale     ,                              from minimum of VPQ

<latexit sha1_base64="5H81IhJNPmqJVOrTAdjWGo2Uh1Y=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48JmAcmS5idzCZD5rHMzAphyV948aCIV//Gm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+m/ntJ6oNU/LBThIaCjyULGYEWyc9tvpZTwtUb0z75Ypf9edAqyTISQVy1Pvlr95AkVRQaQnHxnQDP7FhhrVlhNNpqZcammAyxkPadVRiQU2YzS+eojOnDFCstCtp0Vz9PZFhYcxERK5TYDsyy95M/M/rpja+CTMmk9RSSRaL4pQjq9DsfTRgmhLLJ45gopm7FZER1phYF1LJhRAsv7xKWhfV4LJ61bis1G7zOIpwAqdwDgFcQw3uoQ5NICDhGV7hzTPei/fufSxaC14+cwx/4H3+AByMkI8=</latexit>

fa

<latexit sha1_base64="YqQceilkHNIUIQ0sv3DKupv6NE8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Qe0oUy2m3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5aCYJ8yMcSh5yisZKD2Ef++WKW3XnIKvEy0kFcjT65a/eIKZpxKShArXuem5i/AyV4VSwaamXapYgHeOQdS2VGDHtZ/NTp+TMKgMSxsqWNGSu/p7IMNJ6EgW2M0Iz0sveTPzP66YmvPYzLpPUMEkXi8JUEBOT2d9kwBWjRkwsQaq4vZXQESqkxqZTsiF4yy+vktZF1atVL+9rlfpNHkcRTuAUzsGDK6jDHTSgCRSG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwA7nI3G</latexit>

h�i ⇡ fae
ia/fa

<latexit sha1_base64="NmMnViydFeRWH0A3B6lpGcx9G8E=">AAACF3icbVA9T8MwEHX4pnwVGFksKiSmkqAiGBEsjEWitFJToot7aS0cJ7IdRBX1X7DwV1gYQIgVNv4NbskALU866fm9O/nuhang2rjulzMzOze/sLi0XFpZXVvfKG9uXeskUwwbLBGJaoWgUXCJDcONwFaqEOJQYDO8PR/5zTtUmifyygxS7MTQkzziDIyVgnLVFyB7Aqlf73Pqq+IBaaqSexoFOQwp3uScwkEUwDAoV9yqOwadJl5BKqRAPSh/+t2EZTFKwwRo3fbc1HRyUIYzgcOSn2lMgd1CD9uWSohRd/LxXUO6Z5UujRJlSxo6Vn9P5BBrPYhD2xmD6etJbyT+57UzE510ci7TzKBkPx9FmaAmoaOQaJcrZEYMLAGmuN2Vsj4oYMZGWbIheJMnT5Prw6pXqx5d1iqnZ0UcS2SH7JJ94pFjckouSJ00CCMP5Im8kFfn0Xl23pz3n9YZp5jZJn/gfHwDKOGfTg==</latexit>

LUV = |@µ�|2 � VPQ(�)

<latexit sha1_base64="1mtP83GJJ0ZsvtF4fllWAzZDjL8="></latexit>



Cosmology of Axion Defects

✤ At high temperatures, Lagrangian respects               symmetryU(1)PQ

<latexit sha1_base64="F2XVRJtUxidPv7gmHXTNmZj2YAY=">AAAB9HicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JrMHokevEIiQsksCHdUqCh7a5tl4Rs+B1ePGiMV3+MN/+NBfag4EsmeXlvJjPzwpgzbVz328ltbG5t7+R3C3v7B4dHxeOTpo4SRahPIh6pdog15UxS3zDDaTtWFIuQ01Y4vp/7rQlVmkXy0UxjGgg8lGzACDZWCvyyd9lLu0qgemPWK5bcirsAWideRkqQod4rfnX7EUkElYZwrHXHc2MTpFgZRjidFbqJpjEmYzykHUslFlQH6eLoGbqwSh8NImVLGrRQf0+kWGg9FaHtFNiM9Ko3F//zOokZ3AYpk3FiqCTLRYOEIxOheQKozxQlhk8twUQxeysiI6wwMTangg3BW315nTSvKl61ct2olmp3WRx5OINzKIMHN1CDB6iDDwSe4Ble4c2ZOC/Ou/OxbM052cwp/IHz+QNVEJEu</latexit>

✤ Below scale     ,                              from minimum of VPQ

<latexit sha1_base64="5H81IhJNPmqJVOrTAdjWGo2Uh1Y=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48JmAcmS5idzCZD5rHMzAphyV948aCIV//Gm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+m/ntJ6oNU/LBThIaCjyULGYEWyc9tvpZTwtUb0z75Ypf9edAqyTISQVy1Pvlr95AkVRQaQnHxnQDP7FhhrVlhNNpqZcammAyxkPadVRiQU2YzS+eojOnDFCstCtp0Vz9PZFhYcxERK5TYDsyy95M/M/rpja+CTMmk9RSSRaL4pQjq9DsfTRgmhLLJ45gopm7FZER1phYF1LJhRAsv7xKWhfV4LJ61bis1G7zOIpwAqdwDgFcQw3uoQ5NICDhGV7hzTPei/fufSxaC14+cwx/4H3+AByMkI8=</latexit>

✤ Spontaneous  breaking of                         cosmic strings U(1)

<latexit sha1_base64="BKEvYk2+x1qRxor/yhed4thb2HU=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0mkoseiF48VTFtoQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777aytb2xubZd2yrt7+weHlaPjto5TRahPYh6rbog15UxS3zDDaTdRFIuQ0044ucv9zhNVmsXy0UwTGgg8kixiBJtc8mvexaBSdevuHGiVeAWpQoHWoPLVH8YkFVQawrHWPc9NTJBhZRjhdFbup5ommEzwiPYslVhQHWTzW2fo3CpDFMXKljRorv6eyLDQeipC2ymwGetlLxf/83qpiW6CjMkkNVSSxaIo5cjEKH8cDZmixPCpJZgoZm9FZIwVJsbGU7YheMsvr5L2Zd1r1K8eGtXmbRFHCU7hDGrgwTU04R5a4AOBMTzDK7w5wnlx3p2PReuaU8ycwB84nz/pDo2B</latexit>

a

fa

<latexit sha1_base64="DWMNbuen/UGV2bo4/JMgR2aRytU=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWibbTbt0swm7G6WE/A8vHhTx6n/x5r9x2+agrQ8GHu/NMDPPjwXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRlDVoJCLV9lEzwSVrGG4Ea8eKYegL1vLHN1O/9ciU5pG8N5OY9UIcSh5wisZKD91AIU0xS4M+ZqRfrrhVdwayTLycVCBHvV/+6g4imoRMGipQ647nxqaXojKcCpaVuolmMdIxDlnHUokh0710dnVGTqwyIEGkbElDZurviRRDrSehbztDNCO96E3F/7xOYoKrXsplnBgm6XxRkAhiIjKNgAy4YtSIiSVIFbe3EjpCG4SxQZVsCN7iy8ukeVb1zqsXd+eV2nUeRxGO4BhOwYNLqMEt1KEBFBQ8wyu8OU/Oi/PufMxbC04+cwh/4Hz+AKXakp0=</latexit>

from    to 0

<latexit sha1_base64="N5TJ24ZtGvvOJUapKeIo4Hi0i/I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPe7GMvA==</latexit>

2⇡

<latexit sha1_base64="iJPgbXPNZGzRNoO2wnd0KanAjWo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKRY9FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzQHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpf5vSeqNIvko5nH1Bd4IlnICDaZ1BjGbFStuXU3B1onXkFqUKA9qn4NxxFJBJWGcKz1wHNj46dYGUY4XVSGiaYxJjM8oQNLJRZU+2l+6wJdWGWMwkjZkgbl6u+JFAut5yKwnQKbqV71MvE/b5CY8MZPmYwTQyVZLgoTjkyEssfRmClKDJ9bgoli9lZEplhhYmw8FRuCt/ryOuk26l6zfvXQrLVuizjKcAbncAkeXEML7qENHSAwhWd4hTdHOC/Ou/OxbC05xcwp/IHz+QPDm44R</latexit>

String formation

Locus of points in physical space where h�i = 0

<latexit sha1_base64="u2h0YJbk06SVtnENYBcHXE69lRI=">AAACAXicbVDLSgNBEOz1GeMr6kXwMhgET2FXInoRgl48RjAPyC5hdtKbDJmdXWZmhRDixV/x4kERr/6FN//GyeOgiQUNNVXdTHeFqeDauO63s7S8srq2ntvIb25t7+wW9vbrOskUwxpLRKKaIdUouMSa4UZgM1VI41BgI+zfjP3GAyrNE3lvBikGMe1KHnFGjZXahUNfUNkVSPxqjxNfTR9XxG0Xim7JnYAsEm9GijBDtV348jsJy2KUhgmqdctzUxMMqTKcCRzl/UxjSlmfdrFlqaQx6mA4uWBETqzSIVGibElDJurviSGNtR7Eoe2MqenpeW8s/ue1MhNdBkMu08ygZNOPokwQk5BxHKTDFTIjBpZQprjdlbAeVZQZG1rehuDNn7xI6mclr1w6vysXK9ezOHJwBMdwCh5cQAVuoQo1YPAIz/AKb86T8+K8Ox/T1iVnNnMAf+B8/gCYdpWx</latexit>

fa

<latexit sha1_base64="YqQceilkHNIUIQ0sv3DKupv6NE8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Qe0oUy2m3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5aCYJ8yMcSh5yisZKD2Ef++WKW3XnIKvEy0kFcjT65a/eIKZpxKShArXuem5i/AyV4VSwaamXapYgHeOQdS2VGDHtZ/NTp+TMKgMSxsqWNGSu/p7IMNJ6EgW2M0Iz0sveTPzP66YmvPYzLpPUMEkXi8JUEBOT2d9kwBWjRkwsQaq4vZXQESqkxqZTsiF4yy+vktZF1atVL+9rlfpNHkcRTuAUzsGDK6jDHTSgCRSG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwA7nI3G</latexit>

h�i ⇡ fae
ia/fa

<latexit sha1_base64="NmMnViydFeRWH0A3B6lpGcx9G8E=">AAACF3icbVA9T8MwEHX4pnwVGFksKiSmkqAiGBEsjEWitFJToot7aS0cJ7IdRBX1X7DwV1gYQIgVNv4NbskALU866fm9O/nuhang2rjulzMzOze/sLi0XFpZXVvfKG9uXeskUwwbLBGJaoWgUXCJDcONwFaqEOJQYDO8PR/5zTtUmifyygxS7MTQkzziDIyVgnLVFyB7Aqlf73Pqq+IBaaqSexoFOQwp3uScwkEUwDAoV9yqOwadJl5BKqRAPSh/+t2EZTFKwwRo3fbc1HRyUIYzgcOSn2lMgd1CD9uWSohRd/LxXUO6Z5UujRJlSxo6Vn9P5BBrPYhD2xmD6etJbyT+57UzE510ci7TzKBkPx9FmaAmoaOQaJcrZEYMLAGmuN2Vsj4oYMZGWbIheJMnT5Prw6pXqx5d1iqnZ0UcS2SH7JJ94pFjckouSJ00CCMP5Im8kFfn0Xl23pz3n9YZp5jZJn/gfHwDKOGfTg==</latexit>

|h�
i|
⇡
0

<latexit sha1_base64="/4p1oC2+qRY5XVLaQKYCKctFU9g=">AAACCXicjVDLSgMxFM3UV62vUZdugkVwVWZE0WXRjcsK9gGdUjLpnTY0kwlJRizTbt34K25cKOLWP3Dn35hOu1BR8MCFk3Pu5eaeUHKmjed9OIWFxaXlleJqaW19Y3PL3d5p6CRVFOo04YlqhUQDZwLqhhkOLamAxCGHZji8mPrNG1CaJeLajCR0YtIXLGKUGCt1XTwOOBF9DjioDRgOVP4Y44BIqZJb7HXdsl/xcuC/SRnNUeu670EvoWkMwlBOtG77njSdjCjDKIdJKUg1SEKHpA9tSwWJQXey/JIJPrBKD0eJsiUMztWvExmJtR7Foe2MiRnon95U/M1rpyY662RMyNSAoLNFUcqxSfA0FtxjCqjhI0sIVcz+FdMBUYQaG17pfyE0jir+ceXk6rhcPZ/HUUR7aB8dIh+doiq6RDVURxTdoQf0hJ6de+fReXFeZ60FZz6zi77BefsEtW2ZtQ==</latexit>

|h�
i|
⇡

f a

<latexit sha1_base64="d6MYjBfHlh0evLry+J4sRAzJiKA=">AAACC3icbVDLTgIxFO3gC/GFunTTQExckRmj0SXRjUtM5JEwE3KndKCh02najpEAezf+ihsXGuPWH3Dn31hgFgqe5Can59yb3ntCyZk2rvvt5FZW19Y38puFre2d3b3i/kFDJ6kitE4SnqhWCJpyJmjdMMNpSyoKcchpMxxcT/3mPVWaJeLODCUNYugJFjECxkqdYmnscxA9TrFf6zPsq9ljjH2QUiUPOOpAp1h2K+4MeJl4GSmjDLVO8cvvJiSNqTCEg9Ztz5UmGIEyjHA6KfipphLIAHq0bamAmOpgNLtlgo+t0sVRomwJg2fq74kRxFoP49B2xmD6etGbiv957dREl8GICZkaKsj8oyjl2CR4GgzuMkWJ4UNLgChmd8WkDwqIsfEVbAje4snLpHFa8c4q57dn5epVFkceHaESOkEeukBVdINqqI4IekTP6BW9OU/Oi/PufMxbc042c4j+wPn8AYjLmrw=</latexit>

LUV = |@µ�|2 � VPQ(�)

<latexit sha1_base64="1mtP83GJJ0ZsvtF4fllWAzZDjL8="></latexit>



✤ Mass per unit length

Cosmology of Axion Defects

✤ At high temperatures, Lagrangian respects               symmetryU(1)PQ

<latexit sha1_base64="F2XVRJtUxidPv7gmHXTNmZj2YAY=">AAAB9HicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JrMHokevEIiQsksCHdUqCh7a5tl4Rs+B1ePGiMV3+MN/+NBfag4EsmeXlvJjPzwpgzbVz328ltbG5t7+R3C3v7B4dHxeOTpo4SRahPIh6pdog15UxS3zDDaTtWFIuQ01Y4vp/7rQlVmkXy0UxjGgg8lGzACDZWCvyyd9lLu0qgemPWK5bcirsAWideRkqQod4rfnX7EUkElYZwrHXHc2MTpFgZRjidFbqJpjEmYzykHUslFlQH6eLoGbqwSh8NImVLGrRQf0+kWGg9FaHtFNiM9Ko3F//zOokZ3AYpk3FiqCTLRYOEIxOheQKozxQlhk8twUQxeysiI6wwMTangg3BW315nTSvKl61ct2olmp3WRx5OINzKIMHN1CDB6iDDwSe4Ble4c2ZOC/Ou/OxbM052cwp/IHz+QNVEJEu</latexit>

✤ Below scale     ,                              from minimum of VPQ

<latexit sha1_base64="5H81IhJNPmqJVOrTAdjWGo2Uh1Y=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48JmAcmS5idzCZD5rHMzAphyV948aCIV//Gm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+m/ntJ6oNU/LBThIaCjyULGYEWyc9tvpZTwtUb0z75Ypf9edAqyTISQVy1Pvlr95AkVRQaQnHxnQDP7FhhrVlhNNpqZcammAyxkPadVRiQU2YzS+eojOnDFCstCtp0Vz9PZFhYcxERK5TYDsyy95M/M/rpja+CTMmk9RSSRaL4pQjq9DsfTRgmhLLJ45gopm7FZER1phYF1LJhRAsv7xKWhfV4LJ61bis1G7zOIpwAqdwDgFcQw3uoQ5NICDhGV7hzTPei/fufSxaC14+cwx/4H3+AByMkI8=</latexit>

✤ Spontaneous  breaking of                         cosmic strings U(1)

<latexit sha1_base64="BKEvYk2+x1qRxor/yhed4thb2HU=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0mkoseiF48VTFtoQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777aytb2xubZd2yrt7+weHlaPjto5TRahPYh6rbog15UxS3zDDaTdRFIuQ0044ucv9zhNVmsXy0UwTGgg8kixiBJtc8mvexaBSdevuHGiVeAWpQoHWoPLVH8YkFVQawrHWPc9NTJBhZRjhdFbup5ommEzwiPYslVhQHWTzW2fo3CpDFMXKljRorv6eyLDQeipC2ymwGetlLxf/83qpiW6CjMkkNVSSxaIo5cjEKH8cDZmixPCpJZgoZm9FZIwVJsbGU7YheMsvr5L2Zd1r1K8eGtXmbRFHCU7hDGrgwTU04R5a4AOBMTzDK7w5wnlx3p2PReuaU8ycwB84nz/pDo2B</latexit>

a

fa

<latexit sha1_base64="DWMNbuen/UGV2bo4/JMgR2aRytU=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWibbTbt0swm7G6WE/A8vHhTx6n/x5r9x2+agrQ8GHu/NMDPPjwXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRlDVoJCLV9lEzwSVrGG4Ea8eKYegL1vLHN1O/9ciU5pG8N5OY9UIcSh5wisZKD91AIU0xS4M+ZqRfrrhVdwayTLycVCBHvV/+6g4imoRMGipQ647nxqaXojKcCpaVuolmMdIxDlnHUokh0710dnVGTqwyIEGkbElDZurviRRDrSehbztDNCO96E3F/7xOYoKrXsplnBgm6XxRkAhiIjKNgAy4YtSIiSVIFbe3EjpCG4SxQZVsCN7iy8ukeVb1zqsXd+eV2nUeRxGO4BhOwYNLqMEt1KEBFBQ8wyu8OU/Oi/PufMxbC04+cwh/4Hz+AKXakp0=</latexit>

from    to 0

<latexit sha1_base64="N5TJ24ZtGvvOJUapKeIo4Hi0i/I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPe7GMvA==</latexit>

2⇡

<latexit sha1_base64="iJPgbXPNZGzRNoO2wnd0KanAjWo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKRY9FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzQHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpf5vSeqNIvko5nH1Bd4IlnICDaZ1BjGbFStuXU3B1onXkFqUKA9qn4NxxFJBJWGcKz1wHNj46dYGUY4XVSGiaYxJjM8oQNLJRZU+2l+6wJdWGWMwkjZkgbl6u+JFAut5yKwnQKbqV71MvE/b5CY8MZPmYwTQyVZLgoTjkyEssfRmClKDJ9bgoli9lZEplhhYmw8FRuCt/ryOuk26l6zfvXQrLVuizjKcAbncAkeXEML7qENHSAwhWd4hTdHOC/Ou/OxbC05xcwp/IHz+QPDm44R</latexit>

String formation

Locus of points in physical space where h�i = 0

<latexit sha1_base64="u2h0YJbk06SVtnENYBcHXE69lRI=">AAACAXicbVDLSgNBEOz1GeMr6kXwMhgET2FXInoRgl48RjAPyC5hdtKbDJmdXWZmhRDixV/x4kERr/6FN//GyeOgiQUNNVXdTHeFqeDauO63s7S8srq2ntvIb25t7+wW9vbrOskUwxpLRKKaIdUouMSa4UZgM1VI41BgI+zfjP3GAyrNE3lvBikGMe1KHnFGjZXahUNfUNkVSPxqjxNfTR9XxG0Xim7JnYAsEm9GijBDtV348jsJy2KUhgmqdctzUxMMqTKcCRzl/UxjSlmfdrFlqaQx6mA4uWBETqzSIVGibElDJurviSGNtR7Eoe2MqenpeW8s/ue1MhNdBkMu08ygZNOPokwQk5BxHKTDFTIjBpZQprjdlbAeVZQZG1rehuDNn7xI6mclr1w6vysXK9ezOHJwBMdwCh5cQAVuoQo1YPAIz/AKb86T8+K8Ox/T1iVnNnMAf+B8/gCYdpWx</latexit>

fa

<latexit sha1_base64="YqQceilkHNIUIQ0sv3DKupv6NE8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Qe0oUy2m3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5aCYJ8yMcSh5yisZKD2Ef++WKW3XnIKvEy0kFcjT65a/eIKZpxKShArXuem5i/AyV4VSwaamXapYgHeOQdS2VGDHtZ/NTp+TMKgMSxsqWNGSu/p7IMNJ6EgW2M0Iz0sveTPzP66YmvPYzLpPUMEkXi8JUEBOT2d9kwBWjRkwsQaq4vZXQESqkxqZTsiF4yy+vktZF1atVL+9rlfpNHkcRTuAUzsGDK6jDHTSgCRSG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwA7nI3G</latexit>

h�i ⇡ fae
ia/fa

<latexit sha1_base64="NmMnViydFeRWH0A3B6lpGcx9G8E=">AAACF3icbVA9T8MwEHX4pnwVGFksKiSmkqAiGBEsjEWitFJToot7aS0cJ7IdRBX1X7DwV1gYQIgVNv4NbskALU866fm9O/nuhang2rjulzMzOze/sLi0XFpZXVvfKG9uXeskUwwbLBGJaoWgUXCJDcONwFaqEOJQYDO8PR/5zTtUmifyygxS7MTQkzziDIyVgnLVFyB7Aqlf73Pqq+IBaaqSexoFOQwp3uScwkEUwDAoV9yqOwadJl5BKqRAPSh/+t2EZTFKwwRo3fbc1HRyUIYzgcOSn2lMgd1CD9uWSohRd/LxXUO6Z5UujRJlSxo6Vn9P5BBrPYhD2xmD6etJbyT+57UzE510ci7TzKBkPx9FmaAmoaOQaJcrZEYMLAGmuN2Vsj4oYMZGWbIheJMnT5Prw6pXqx5d1iqnZ0UcS2SH7JJ94pFjckouSJ00CCMP5Im8kFfn0Xl23pz3n9YZp5jZJn/gfHwDKOGfTg==</latexit>

|h�
i|
⇡
0

<latexit sha1_base64="/4p1oC2+qRY5XVLaQKYCKctFU9g=">AAACCXicjVDLSgMxFM3UV62vUZdugkVwVWZE0WXRjcsK9gGdUjLpnTY0kwlJRizTbt34K25cKOLWP3Dn35hOu1BR8MCFk3Pu5eaeUHKmjed9OIWFxaXlleJqaW19Y3PL3d5p6CRVFOo04YlqhUQDZwLqhhkOLamAxCGHZji8mPrNG1CaJeLajCR0YtIXLGKUGCt1XTwOOBF9DjioDRgOVP4Y44BIqZJb7HXdsl/xcuC/SRnNUeu670EvoWkMwlBOtG77njSdjCjDKIdJKUg1SEKHpA9tSwWJQXey/JIJPrBKD0eJsiUMztWvExmJtR7Foe2MiRnon95U/M1rpyY662RMyNSAoLNFUcqxSfA0FtxjCqjhI0sIVcz+FdMBUYQaG17pfyE0jir+ceXk6rhcPZ/HUUR7aB8dIh+doiq6RDVURxTdoQf0hJ6de+fReXFeZ60FZz6zi77BefsEtW2ZtQ==</latexit>

|h�
i|
⇡

f a

<latexit sha1_base64="d6MYjBfHlh0evLry+J4sRAzJiKA=">AAACC3icbVDLTgIxFO3gC/GFunTTQExckRmj0SXRjUtM5JEwE3KndKCh02najpEAezf+ihsXGuPWH3Dn31hgFgqe5Can59yb3ntCyZk2rvvt5FZW19Y38puFre2d3b3i/kFDJ6kitE4SnqhWCJpyJmjdMMNpSyoKcchpMxxcT/3mPVWaJeLODCUNYugJFjECxkqdYmnscxA9TrFf6zPsq9ljjH2QUiUPOOpAp1h2K+4MeJl4GSmjDLVO8cvvJiSNqTCEg9Ztz5UmGIEyjHA6KfipphLIAHq0bamAmOpgNLtlgo+t0sVRomwJg2fq74kRxFoP49B2xmD6etGbiv957dREl8GICZkaKsj8oyjl2CR4GgzuMkWJ4UNLgChmd8WkDwqIsfEVbAje4snLpHFa8c4q57dn5epVFkceHaESOkEeukBVdINqqI4IekTP6BW9OU/Oi/PufMxbc042c4j+wPn8AYjLmrw=</latexit>

µ ⇡ VPQ(� = 0)�2s ⇠ f4
a ⇥ f�2

a ' ⇡f2
a ln(fa L)

<latexit sha1_base64="we2fHNvWiQf2IZnwRF6tMDRQCMU="></latexit>

LUV = |@µ�|2 � VPQ(�)

<latexit sha1_base64="1mtP83GJJ0ZsvtF4fllWAzZDjL8="></latexit>



✤ Domain wall is field configuration that interpolates between the 
(unique) vacuum at                  =      back to 

Cosmology of Axion Defects

✤ Near          , PQ breaking potential from strong dynamics

LIR =
1

2
@µa @µa�m2

a(T )f
2
a


1� cos

✓
a

fa

◆�

<latexit sha1_base64="yFp6ncCC/rUJjW+G8TBwZ0oz848="></latexit>

✓ ⌘ a/fa

<latexit sha1_base64="WhZ6ERvjr9U3yuSuqglV5XNDFVs=">AAAB/HicbVDLSgNBEJyNrxhfqzl6GQyCp7grET2KXjxGMCokIfROes2Q2YczvYEl6K948aCIVz/Em3/jJNmDr4KGoqqb7q4gVdKQ5306pbn5hcWl8nJlZXVtfcPd3LoySaYFtkSiEn0TgEElY2yRJIU3qUaIAoXXwfBs4l+PUBuZxJeUp9iN4DaWoRRAVuq51Q4NkIB38C6TIw77YQ96bs2re1Pwv8QvSI0VaPbcj04/EVmEMQkFxrR9L6XuGDRJofC+0skMpiCGcIttS2OI0HTH0+Pv+a5V+jxMtK2Y+FT9PjGGyJg8CmxnBDQwv72J+J/Xzig87o5lnGaEsZgtCjPFKeGTJHhfahSkcktAaGlv5WIAGgTZvCo2BP/3y3/J1UHdb9QPLxq1k9MijjLbZjtsj/nsiJ2wc9ZkLSZYzh7ZM3txHpwn59V5m7WWnGKmyn7Aef8CBkiUXw==</latexit>

0

<latexit sha1_base64="N5TJ24ZtGvvOJUapKeIo4Hi0i/I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPe7GMvA==</latexit>

2⇡

<latexit sha1_base64="iJPgbXPNZGzRNoO2wnd0KanAjWo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKRY9FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzQHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpf5vSeqNIvko5nH1Bd4IlnICDaZ1BjGbFStuXU3B1onXkFqUKA9qn4NxxFJBJWGcKz1wHNj46dYGUY4XVSGiaYxJjM8oQNLJRZU+2l+6wJdWGWMwkjZkgbl6u+JFAut5yKwnQKbqV71MvE/b5CY8MZPmYwTQyVZLgoTjkyEssfRmClKDJ9bgoli9lZEplhhYmw8FRuCt/ryOuk26l6zfvXQrLVuizjKcAbncAkeXEML7qENHSAwhWd4hTdHOC/Ou/OxbC05xcwp/IHz+QPDm44R</latexit>

TQCD

<latexit sha1_base64="8mSRyqI+FfO2kJPJU6XVYne/f5c=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY/FevDYQr9gu5Rsmm1Dk82SZIWy9Gd48aCIV3+NN/+NabsHbX0w8Hhvhpl5YcKZNq777RQ2Nre2d4q7pb39g8Oj8vFJR8tUEdomkkvVC7GmnMW0bZjhtJcoikXIaTec1Od+94kqzWTcMtOEBgKPYhYxgo2V/NYg6yuBmvWH2aBccavuAmideDmpQI7GoPzVH0qSChobwrHWvucmJsiwMoxwOiv1U00TTCZ4RH1LYyyoDrLFyTN0YZUhiqSyFRu0UH9PZFhoPRWh7RTYjPWqNxf/8/zURHdBxuIkNTQmy0VRypGRaP4/GjJFieFTSzBRzN6KyBgrTIxNqWRD8FZfXiedq6p3Xb1pXldq93kcRTiDc7gED26hBo/QgDYQkPAMr/DmGOfFeXc+lq0FJ585hT9wPn8AlRmQzg==</latexit>

Surface of points in physical space where  ✓ ⌘ a/fa = ⇡

<latexit sha1_base64="dJZ6wH9EqNIcVMI1Y3dnVPTiGz4=">AAACAnicbVDLSgNBEJz1GeMr6km8DAbBU9yViF6EoBePCuYB2RB6J71mcPbhTK8QgnjxV7x4UMSrX+HNv3ES96DGgoaiqpvuriBV0pDrfjpT0zOzc/OFheLi0vLKamltvWGSTAusi0QluhWAQSVjrJMkha1UI0SBwmZwfTrym7eojUziSxqk2IngKpahFEBW6pY2feojAffxJpO3HPbCLvBj7qeyWyq7FXcMPkm8nJRZjvNu6cPvJSKLMCahwJi256bUGYImKRTeFf3MYAriGq6wbWkMEZrOcPzCHd+xSo+HibYVEx+rPyeGEBkziALbGQH1zV9vJP7ntTMKjzpDGacZYSy+F4WZ4pTwUR68JzUKUgNLQGhpb+WiDxoE2dSKNgTv78uTpLFf8aqVg4tquXaSx1FgW2yb7TKPHbIaO2PnrM4Eu2eP7Jm9OA/Ok/PqvH23Tjn5zAb7Bef9C6P1lk0=</latexit>



Cosmology of Axion Defects

✤ Near          , PQ breaking potential from strong dynamics

LIR =
1

2
@µa @µa�m2

a(T )f
2
a


1� cos

✓
a

fa

◆�

<latexit sha1_base64="yFp6ncCC/rUJjW+G8TBwZ0oz848="></latexit>

a

fa

<latexit sha1_base64="DWMNbuen/UGV2bo4/JMgR2aRytU=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWibbTbt0swm7G6WE/A8vHhTx6n/x5r9x2+agrQ8GHu/NMDPPjwXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRlDVoJCLV9lEzwSVrGG4Ea8eKYegL1vLHN1O/9ciU5pG8N5OY9UIcSh5wisZKD91AIU0xS4M+ZqRfrrhVdwayTLycVCBHvV/+6g4imoRMGipQ647nxqaXojKcCpaVuolmMdIxDlnHUokh0710dnVGTqwyIEGkbElDZurviRRDrSehbztDNCO96E3F/7xOYoKrXsplnBgm6XxRkAhiIjKNgAy4YtSIiSVIFbe3EjpCG4SxQZVsCN7iy8ukeVb1zqsXd+eV2nUeRxGO4BhOwYNLqMEt1KEBFBQ8wyu8OU/Oi/PufMxbC04+cwh/4Hz+AKXakp0=</latexit>

from    to 0

<latexit sha1_base64="N5TJ24ZtGvvOJUapKeIo4Hi0i/I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPe7GMvA==</latexit>

2⇡

<latexit sha1_base64="iJPgbXPNZGzRNoO2wnd0KanAjWo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKRY9FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzQHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpf5vSeqNIvko5nH1Bd4IlnICDaZ1BjGbFStuXU3B1onXkFqUKA9qn4NxxFJBJWGcKz1wHNj46dYGUY4XVSGiaYxJjM8oQNLJRZU+2l+6wJdWGWMwkjZkgbl6u+JFAut5yKwnQKbqV71MvE/b5CY8MZPmYwTQyVZLgoTjkyEssfRmClKDJ9bgoli9lZEplhhYmw8FRuCt/ryOuk26l6zfvXQrLVuizjKcAbncAkeXEML7qENHSAwhWd4hTdHOC/Ou/OxbC05xcwp/IHz+QPDm44R</latexit>

Wall formation

TQCD

<latexit sha1_base64="8mSRyqI+FfO2kJPJU6XVYne/f5c=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY/FevDYQr9gu5Rsmm1Dk82SZIWy9Gd48aCIV3+NN/+NabsHbX0w8Hhvhpl5YcKZNq777RQ2Nre2d4q7pb39g8Oj8vFJR8tUEdomkkvVC7GmnMW0bZjhtJcoikXIaTec1Od+94kqzWTcMtOEBgKPYhYxgo2V/NYg6yuBmvWH2aBccavuAmideDmpQI7GoPzVH0qSChobwrHWvucmJsiwMoxwOiv1U00TTCZ4RH1LYyyoDrLFyTN0YZUhiqSyFRu0UH9PZFhoPRWh7RTYjPWqNxf/8/zURHdBxuIkNTQmy0VRypGRaP4/GjJFieFTSzBRzN6KyBgrTIxNqWRD8FZfXiedq6p3Xb1pXldq93kcRTiDc7gED26hBo/QgDYQkPAMr/DmGOfFeXc+lq0FJ585hT9wPn8AlRmQzg==</latexit>

✓ = ⇡

<latexit sha1_base64="QI7KzE0hHST6vY9m2qWlOLluF0Q=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoheh6MVjBfsBTSib7aZdutmE3YlQSv+GFw+KePXPePPfuG1z0NYHA4/3ZpiZF6ZSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEd0JquBSKN1Gg5J1UcxqHkrfD0d3Mbz9xbUSiHnGc8iCmAyUiwShayfdxyJGSG+KnoleuuFV3DrJKvJxUIEejV/7y+wnLYq6QSWpM13NTDCZUo2CST0t+ZnhK2YgOeNdSRWNugsn85ik5s0qfRIm2pZDM1d8TExobM45D2xlTHJplbyb+53UzjK6DiVBphlyxxaIokwQTMguA9IXmDOXYEsq0sLcSNqSaMrQxlWwI3vLLq6R1UfVq1cuHWqV+m8dRhBM4hXPw4ArqcA8NaAKDFJ7hFd6czHlx3p2PRWvByWeO4Q+czx8oDZEe</latexit>

✤ Domain wall is field configuration that interpolates between the 
(unique) vacuum at                  =      back to ✓ ⌘ a/fa

<latexit sha1_base64="WhZ6ERvjr9U3yuSuqglV5XNDFVs=">AAAB/HicbVDLSgNBEJyNrxhfqzl6GQyCp7grET2KXjxGMCokIfROes2Q2YczvYEl6K948aCIVz/Em3/jJNmDr4KGoqqb7q4gVdKQ5306pbn5hcWl8nJlZXVtfcPd3LoySaYFtkSiEn0TgEElY2yRJIU3qUaIAoXXwfBs4l+PUBuZxJeUp9iN4DaWoRRAVuq51Q4NkIB38C6TIw77YQ96bs2re1Pwv8QvSI0VaPbcj04/EVmEMQkFxrR9L6XuGDRJofC+0skMpiCGcIttS2OI0HTH0+Pv+a5V+jxMtK2Y+FT9PjGGyJg8CmxnBDQwv72J+J/Xzig87o5lnGaEsZgtCjPFKeGTJHhfahSkcktAaGlv5WIAGgTZvCo2BP/3y3/J1UHdb9QPLxq1k9MijjLbZjtsj/nsiJ2wc9ZkLSZYzh7ZM3txHpwn59V5m7WWnGKmyn7Aef8CBkiUXw==</latexit>

0

<latexit sha1_base64="N5TJ24ZtGvvOJUapKeIo4Hi0i/I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPe7GMvA==</latexit>

2⇡

<latexit sha1_base64="iJPgbXPNZGzRNoO2wnd0KanAjWo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKRY9FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzQHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpf5vSeqNIvko5nH1Bd4IlnICDaZ1BjGbFStuXU3B1onXkFqUKA9qn4NxxFJBJWGcKz1wHNj46dYGUY4XVSGiaYxJjM8oQNLJRZU+2l+6wJdWGWMwkjZkgbl6u+JFAut5yKwnQKbqV71MvE/b5CY8MZPmYwTQyVZLgoTjkyEssfRmClKDJ9bgoli9lZEplhhYmw8FRuCt/ryOuk26l6zfvXQrLVuizjKcAbncAkeXEML7qENHSAwhWd4hTdHOC/Ou/OxbC05xcwp/IHz+QPDm44R</latexit>

Surface of points in physical space where  ✓ ⌘ a/fa = ⇡

<latexit sha1_base64="dJZ6wH9EqNIcVMI1Y3dnVPTiGz4=">AAACAnicbVDLSgNBEJz1GeMr6km8DAbBU9yViF6EoBePCuYB2RB6J71mcPbhTK8QgnjxV7x4UMSrX+HNv3ES96DGgoaiqpvuriBV0pDrfjpT0zOzc/OFheLi0vLKamltvWGSTAusi0QluhWAQSVjrJMkha1UI0SBwmZwfTrym7eojUziSxqk2IngKpahFEBW6pY2feojAffxJpO3HPbCLvBj7qeyWyq7FXcMPkm8nJRZjvNu6cPvJSKLMCahwJi256bUGYImKRTeFf3MYAriGq6wbWkMEZrOcPzCHd+xSo+HibYVEx+rPyeGEBkziALbGQH1zV9vJP7ntTMKjzpDGacZYSy+F4WZ4pTwUR68JzUKUgNLQGhpb+WiDxoE2dSKNgTv78uTpLFf8aqVg4tquXaSx1FgW2yb7TKPHbIaO2PnrM4Eu2eP7Jm9OA/Ok/PqvH23Tjn5zAb7Bef9C6P1lk0=</latexit>



✤ Mass per unit area

Cosmology of Axion Defects

✤ Near          , PQ breaking potential from strong dynamics

LIR =
1

2
@µa @µa�m2

a(T )f
2
a


1� cos

✓
a

fa

◆�

<latexit sha1_base64="yFp6ncCC/rUJjW+G8TBwZ0oz848="></latexit>

TQCD

<latexit sha1_base64="8mSRyqI+FfO2kJPJU6XVYne/f5c=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY/FevDYQr9gu5Rsmm1Dk82SZIWy9Gd48aCIV3+NN/+NabsHbX0w8Hhvhpl5YcKZNq777RQ2Nre2d4q7pb39g8Oj8vFJR8tUEdomkkvVC7GmnMW0bZjhtJcoikXIaTec1Od+94kqzWTcMtOEBgKPYhYxgo2V/NYg6yuBmvWH2aBccavuAmideDmpQI7GoPzVH0qSChobwrHWvucmJsiwMoxwOiv1U00TTCZ4RH1LYyyoDrLFyTN0YZUhiqSyFRu0UH9PZFhoPRWh7RTYjPWqNxf/8/zURHdBxuIkNTQmy0VRypGRaP4/GjJFieFTSzBRzN6KyBgrTIxNqWRD8FZfXiedq6p3Xb1pXldq93kcRTiDc7gED26hBo/QgDYQkPAMr/DmGOfFeXc+lq0FJ585hT9wPn8AlRmQzg==</latexit>

a

fa

<latexit sha1_base64="DWMNbuen/UGV2bo4/JMgR2aRytU=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWibbTbt0swm7G6WE/A8vHhTx6n/x5r9x2+agrQ8GHu/NMDPPjwXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRlDVoJCLV9lEzwSVrGG4Ea8eKYegL1vLHN1O/9ciU5pG8N5OY9UIcSh5wisZKD91AIU0xS4M+ZqRfrrhVdwayTLycVCBHvV/+6g4imoRMGipQ647nxqaXojKcCpaVuolmMdIxDlnHUokh0710dnVGTqwyIEGkbElDZurviRRDrSehbztDNCO96E3F/7xOYoKrXsplnBgm6XxRkAhiIjKNgAy4YtSIiSVIFbe3EjpCG4SxQZVsCN7iy8ukeVb1zqsXd+eV2nUeRxGO4BhOwYNLqMEt1KEBFBQ8wyu8OU/Oi/PufMxbC04+cwh/4Hz+AKXakp0=</latexit>

from    to 0

<latexit sha1_base64="N5TJ24ZtGvvOJUapKeIo4Hi0i/I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPe7GMvA==</latexit>

2⇡

<latexit sha1_base64="iJPgbXPNZGzRNoO2wnd0KanAjWo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKRY9FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzQHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpf5vSeqNIvko5nH1Bd4IlnICDaZ1BjGbFStuXU3B1onXkFqUKA9qn4NxxFJBJWGcKz1wHNj46dYGUY4XVSGiaYxJjM8oQNLJRZU+2l+6wJdWGWMwkjZkgbl6u+JFAut5yKwnQKbqV71MvE/b5CY8MZPmYwTQyVZLgoTjkyEssfRmClKDJ9bgoli9lZEplhhYmw8FRuCt/ryOuk26l6zfvXQrLVuizjKcAbncAkeXEML7qENHSAwhWd4hTdHOC/Ou/OxbC05xcwp/IHz+QPDm44R</latexit>

Wall formation

✓ = ⇡

<latexit sha1_base64="QI7KzE0hHST6vY9m2qWlOLluF0Q=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoheh6MVjBfsBTSib7aZdutmE3YlQSv+GFw+KePXPePPfuG1z0NYHA4/3ZpiZF6ZSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEd0JquBSKN1Gg5J1UcxqHkrfD0d3Mbz9xbUSiHnGc8iCmAyUiwShayfdxyJGSG+KnoleuuFV3DrJKvJxUIEejV/7y+wnLYq6QSWpM13NTDCZUo2CST0t+ZnhK2YgOeNdSRWNugsn85ik5s0qfRIm2pZDM1d8TExobM45D2xlTHJplbyb+53UzjK6DiVBphlyxxaIokwQTMguA9IXmDOXYEsq0sLcSNqSaMrQxlWwI3vLLq6R1UfVq1cuHWqV+m8dRhBM4hXPw4ArqcA8NaAKDFJ7hFd6czHlx3p2PRWvByWeO4Q+czx8oDZEe</latexit>

✤ Domain wall is field configuration that interpolates between the 
(unique) vacuum at                  =      back to ✓ ⌘ a/fa

<latexit sha1_base64="WhZ6ERvjr9U3yuSuqglV5XNDFVs=">AAAB/HicbVDLSgNBEJyNrxhfqzl6GQyCp7grET2KXjxGMCokIfROes2Q2YczvYEl6K948aCIVz/Em3/jJNmDr4KGoqqb7q4gVdKQ5306pbn5hcWl8nJlZXVtfcPd3LoySaYFtkSiEn0TgEElY2yRJIU3qUaIAoXXwfBs4l+PUBuZxJeUp9iN4DaWoRRAVuq51Q4NkIB38C6TIw77YQ96bs2re1Pwv8QvSI0VaPbcj04/EVmEMQkFxrR9L6XuGDRJofC+0skMpiCGcIttS2OI0HTH0+Pv+a5V+jxMtK2Y+FT9PjGGyJg8CmxnBDQwv72J+J/Xzig87o5lnGaEsZgtCjPFKeGTJHhfahSkcktAaGlv5WIAGgTZvCo2BP/3y3/J1UHdb9QPLxq1k9MijjLbZjtsj/nsiJ2wc9ZkLSZYzh7ZM3txHpwn59V5m7WWnGKmyn7Aef8CBkiUXw==</latexit>

0

<latexit sha1_base64="N5TJ24ZtGvvOJUapKeIo4Hi0i/I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPe7GMvA==</latexit>

2⇡

<latexit sha1_base64="iJPgbXPNZGzRNoO2wnd0KanAjWo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKRY9FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzQHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpf5vSeqNIvko5nH1Bd4IlnICDaZ1BjGbFStuXU3B1onXkFqUKA9qn4NxxFJBJWGcKz1wHNj46dYGUY4XVSGiaYxJjM8oQNLJRZU+2l+6wJdWGWMwkjZkgbl6u+JFAut5yKwnQKbqV71MvE/b5CY8MZPmYwTQyVZLgoTjkyEssfRmClKDJ9bgoli9lZEplhhYmw8FRuCt/ryOuk26l6zfvXQrLVuizjKcAbncAkeXEML7qENHSAwhWd4hTdHOC/Ou/OxbC05xcwp/IHz+QPDm44R</latexit>

Surface of points in physical space where  ✓ ⌘ a/fa = ⇡

<latexit sha1_base64="dJZ6wH9EqNIcVMI1Y3dnVPTiGz4=">AAACAnicbVDLSgNBEJz1GeMr6km8DAbBU9yViF6EoBePCuYB2RB6J71mcPbhTK8QgnjxV7x4UMSrX+HNv3ES96DGgoaiqpvuriBV0pDrfjpT0zOzc/OFheLi0vLKamltvWGSTAusi0QluhWAQSVjrJMkha1UI0SBwmZwfTrym7eojUziSxqk2IngKpahFEBW6pY2feojAffxJpO3HPbCLvBj7qeyWyq7FXcMPkm8nJRZjvNu6cPvJSKLMCahwJi256bUGYImKRTeFf3MYAriGq6wbWkMEZrOcPzCHd+xSo+HibYVEx+rPyeGEBkziALbGQH1zV9vJP7ntTMKjzpDGacZYSy+F4WZ4pTwUR68JzUKUgNLQGhpb+WiDxoE2dSKNgTv78uTpLFf8aqVg4tquXaSx1FgW2yb7TKPHbIaO2PnrM4Eu2eP7Jm9OA/Ok/PqvH23Tjn5zAb7Bef9C6P1lk0=</latexit>

� ⇡ VQCD(✓ = ⇡)� ⇠ m2
af

2
a ⇥m�1

a ' 8maf
2
a

<latexit sha1_base64="AZyRaJjJ/dVUge0vHbjrK12Zyfg="></latexit>



Abundance of Enclosed Walls

Axion string
(into the board)

Sikivie, ’83. See also Kibble ’76 and Vachaspati & Vilenkin ’84

Wall

⇡

3

<latexit sha1_base64="8dmuKMoi7d0Tr+oPebpMtxVECwc=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oseiF48V7Ac0oWy2m3bpZhN3N4US8ju8eFDEqz/Gm//GTZuDtj4YeLw3w8w8P+ZMadv+tkpr6xubW+Xtys7u3v5B9fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/cpf73SmVikXiUc9i6oV4JFjACNZG8txAYpK6McvSy2xQrdl1ew60SpyC1KBAa1D9cocRSUIqNOFYqb5jx9pLsdSMcJpV3ETRGJMJHtG+oQKHVHnp/OgMnRlliIJImhIazdXfEykOlZqFvukMsR6rZS8X//P6iQ5uvJSJONFUkMWiIOFIRyhPAA2ZpETzmSGYSGZuRWSMTQ7a5FQxITjLL6+SzkXdadSvHhq15m0RRxlO4BTOwYFraMI9tKANBJ7gGV7hzZpaL9a79bFoLVnFzDH8gfX5AxubklQ=</latexit>

5⇡

3

<latexit sha1_base64="4XK6LLdCnjXsBOCEPH/XEjMmius=">AAAB9XicbVBNS8NAEJ3Ur1o/WvXoZbEInkqiLXosevFYwX5AE8tmu2mXbjZhd6OUkP/hxYMiXv0v3vw3btsctPXBwOO9GWbm+TFnStv2t1VYW9/Y3Cpul3Z29/bLlYPDjooSSWibRDySPR8rypmgbc00p71YUhz6nHb9yc3M7z5SqVgk7vU0pl6IR4IFjGBtpAc3kJikDTdmWXqRDSpVu2bPgVaJk5Mq5GgNKl/uMCJJSIUmHCvVd+xYeymWmhFOs5KbKBpjMsEj2jdU4JAqL51fnaFTowxREElTQqO5+nsixaFS09A3nSHWY7XszcT/vH6igysvZSJONBVksShIONIRmkWAhkxSovnUEEwkM7ciMsYmCG2CKpkQnOWXV0nnvObUa427erV5ncdRhGM4gTNw4BKacAstaAMBCc/wCm/Wk/VivVsfi9aClc8cwR9Ynz+U0ZKT</latexit>

0

<latexit sha1_base64="zYY7oUhfdNehIqni3NNg/SSxHQs=">AAAB6HicdVDJSgNBEO1xjXGLevTSGARPw3RWcwt68ZiAWSAZQk+nJmnTs9DdI4QhX+DFgyJe/SRv/o2dRVDRBwWP96qoqufFgivtOB/W2vrG5tZ2Zie7u7d/cJg7Om6rKJEMWiwSkex6VIHgIbQ01wK6sQQaeAI63uR67nfuQSoehbd6GoMb0FHIfc6oNlLTGeTyjk3KpFYk2LELpFKplQwpElKsVjGxnQXyaIXGIPfeH0YsCSDUTFClesSJtZtSqTkTMMv2EwUxZRM6gp6hIQ1Aueni0Bk+N8oQ+5E0FWq8UL9PpDRQahp4pjOgeqx+e3PxL6+XaP/STXkYJxpCtlzkJwLrCM+/xkMugWkxNYQyyc2tmI2ppEybbLImhK9P8f+kXbBJyS43S/n61SqODDpFZ+gCEVRFdXSDGqiFGAL0gJ7Qs3VnPVov1uuydc1azZygH7DePgHgyI0C</latexit>

2⇡

<latexit sha1_base64="GfZWgzasYF1tx3c0c8u3tNTMa5A=">AAAB7HicdVDLSgNBEOz1GeMr6tHLYBA8LTt5mlvQi8cIbhJIQpidTJIhs7PLzKwQlnyDFw+KePWDvPk3Th6CihY0FFXddHcFseDaeN6Hs7a+sbm1ndnJ7u7tHxzmjo6bOkoUZT6NRKTaAdFMcMl8w41g7VgxEgaCtYLJ9dxv3TOleSTvzDRmvZCMJB9ySoyV/ALqxryfy3suLuNaESPPLeBKpVaypIhxsVpF2PUWyMMKjX7uvTuIaBIyaaggWnewF5teSpThVLBZtptoFhM6ISPWsVSSkOleujh2hs6tMkDDSNmSBi3U7xMpCbWehoHtDIkZ69/eXPzL6yRmeNlLuYwTwyRdLhomApkIzT9HA64YNWJqCaGK21sRHRNFqLH5ZG0IX5+i/0mz4OKSW74t5etXqzgycApncAEYqlCHG2iADxQ4PMATPDvSeXRenNdl65qzmjmBH3DePgF+vY6B</latexit>

⇡

<latexit sha1_base64="pXaUd9tpIhVqDq6r7ZmIijF7ylY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Et4v1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atVL+9rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBSVY3V</latexit>



Abundance of Enclosed Walls

Axion string
(into the board)

Sikivie, ’83. See also Kibble ’76 and Vachaspati & Vilenkin ’84

Wall

Region   

Region   

Re
gio

n 
 

✓
1

<latexit sha1_base64="qln7EHCGtxTJjsm0fvSdIrLp1oo=">AAAB73icdVDJSgNBEO2JW4xb1KOXxiB4GqazmlvQi8cIZoFkCD2dnqRJz2J3jRCG/IQXD4p49Xe8+Td2FkFFHxQ83quiqp4XS6HBcT6szNr6xuZWdju3s7u3f5A/PGrrKFGMt1gkI9X1qOZShLwFAiTvxorTwJO8402u5n7nnistovAWpjF3AzoKhS8YBSN1+zDmQAdkkC84NqmQeolgxy6SarVeNqRESKlWw8R2FiigFZqD/Ht/GLEk4CEwSbXuEScGN6UKBJN8lusnmseUTeiI9wwNacC1my7uneEzowyxHylTIeCF+n0ipYHW08AznQGFsf7tzcW/vF4C/oWbijBOgIdsuchPJIYIz5/HQ6E4Azk1hDIlzK2YjamiDExEORPC16f4f9Iu2qRsV27KhcblKo4sOkGn6BwRVEMNdI2aqIUYkugBPaFn6856tF6s12VrxlrNHKMfsN4+ATUlkBo=</latexit>

✓2

<latexit sha1_base64="sN7Kx8fWiMQP+KfmrqbprBBl9/E=">AAAB73icdVDJSgNBEO2JW4xb1KOXxiB4GqazmlvQi8cIZoFkCD2dnqRJz2J3jRCG/IQXD4p49Xe8+Td2FkFFHxQ83quiqp4XS6HBcT6szNr6xuZWdju3s7u3f5A/PGrrKFGMt1gkI9X1qOZShLwFAiTvxorTwJO8402u5n7nnistovAWpjF3AzoKhS8YBSN1+zDmQAfFQb7g2KRC6iWCHbtIqtV62ZASIaVaDRPbWaCAVmgO8u/9YcSSgIfAJNW6R5wY3JQqEEzyWa6faB5TNqEj3jM0pAHXbrq4d4bPjDLEfqRMhYAX6veJlAZaTwPPdAYUxvq3Nxf/8noJ+BduKsI4AR6y5SI/kRgiPH8eD4XiDOTUEMqUMLdiNqaKMjAR5UwIX5/i/0m7aJOyXbkpFxqXqziy6ASdonNEUA010DVqohZiSKIH9ISerTvr0XqxXpetGWs1c4x+wHr7BDapkBs=</latexit>

✓ 3

<latexit sha1_base64="F2W050S6gFzu51aLGhciCL3Lbho=">AAAB73icdVDJSgNBEO2JW4xb1KOXxiB4GqazmlvQi8cIZoFkCD2dnqRJz2J3jRCG/IQXD4p49Xe8+Td2FkFFHxQ83quiqp4XS6HBcT6szNr6xuZWdju3s7u3f5A/PGrrKFGMt1gkI9X1qOZShLwFAiTvxorTwJO8402u5n7nnistovAWpjF3AzoKhS8YBSN1+zDmQAelQb7g2KRC6iWCHbtIqtV62ZASIaVaDRPbWaCAVmgO8u/9YcSSgIfAJNW6R5wY3JQqEEzyWa6faB5TNqEj3jM0pAHXbrq4d4bPjDLEfqRMhYAX6veJlAZaTwPPdAYUxvq3Nxf/8noJ+BduKsI4AR6y5SI/kRgiPH8eD4XiDOTUEMqUMLdiNqaKMjAR5UwIX5/i/0m7aJOyXbkpFxqXqziy6ASdonNEUA010DVqohZiSKIH9ISerTvr0XqxXpetGWs1c4x+wHr7BDgtkBw=</latexit>

⇡

3

<latexit sha1_base64="8dmuKMoi7d0Tr+oPebpMtxVECwc=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oseiF48V7Ac0oWy2m3bpZhN3N4US8ju8eFDEqz/Gm//GTZuDtj4YeLw3w8w8P+ZMadv+tkpr6xubW+Xtys7u3v5B9fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/cpf73SmVikXiUc9i6oV4JFjACNZG8txAYpK6McvSy2xQrdl1ew60SpyC1KBAa1D9cocRSUIqNOFYqb5jx9pLsdSMcJpV3ETRGJMJHtG+oQKHVHnp/OgMnRlliIJImhIazdXfEykOlZqFvukMsR6rZS8X//P6iQ5uvJSJONFUkMWiIOFIRyhPAA2ZpETzmSGYSGZuRWSMTQ7a5FQxITjLL6+SzkXdadSvHhq15m0RRxlO4BTOwYFraMI9tKANBJ7gGV7hzZpaL9a79bFoLVnFzDH8gfX5AxubklQ=</latexit>

5⇡

3

<latexit sha1_base64="4XK6LLdCnjXsBOCEPH/XEjMmius=">AAAB9XicbVBNS8NAEJ3Ur1o/WvXoZbEInkqiLXosevFYwX5AE8tmu2mXbjZhd6OUkP/hxYMiXv0v3vw3btsctPXBwOO9GWbm+TFnStv2t1VYW9/Y3Cpul3Z29/bLlYPDjooSSWibRDySPR8rypmgbc00p71YUhz6nHb9yc3M7z5SqVgk7vU0pl6IR4IFjGBtpAc3kJikDTdmWXqRDSpVu2bPgVaJk5Mq5GgNKl/uMCJJSIUmHCvVd+xYeymWmhFOs5KbKBpjMsEj2jdU4JAqL51fnaFTowxREElTQqO5+nsixaFS09A3nSHWY7XszcT/vH6igysvZSJONBVksShIONIRmkWAhkxSovnUEEwkM7ciMsYmCG2CKpkQnOWXV0nnvObUa427erV5ncdRhGM4gTNw4BKacAstaAMBCc/wCm/Wk/VivVsfi9aClc8cwR9Ynz+U0ZKT</latexit>

0

<latexit sha1_base64="zYY7oUhfdNehIqni3NNg/SSxHQs=">AAAB6HicdVDJSgNBEO1xjXGLevTSGARPw3RWcwt68ZiAWSAZQk+nJmnTs9DdI4QhX+DFgyJe/SRv/o2dRVDRBwWP96qoqufFgivtOB/W2vrG5tZ2Zie7u7d/cJg7Om6rKJEMWiwSkex6VIHgIbQ01wK6sQQaeAI63uR67nfuQSoehbd6GoMb0FHIfc6oNlLTGeTyjk3KpFYk2LELpFKplQwpElKsVjGxnQXyaIXGIPfeH0YsCSDUTFClesSJtZtSqTkTMMv2EwUxZRM6gp6hIQ1Aueni0Bk+N8oQ+5E0FWq8UL9PpDRQahp4pjOgeqx+e3PxL6+XaP/STXkYJxpCtlzkJwLrCM+/xkMugWkxNYQyyc2tmI2ppEybbLImhK9P8f+kXbBJyS43S/n61SqODDpFZ+gCEVRFdXSDGqiFGAL0gJ7Qs3VnPVov1uuydc1azZygH7DePgHgyI0C</latexit>

2⇡

<latexit sha1_base64="GfZWgzasYF1tx3c0c8u3tNTMa5A=">AAAB7HicdVDLSgNBEOz1GeMr6tHLYBA8LTt5mlvQi8cIbhJIQpidTJIhs7PLzKwQlnyDFw+KePWDvPk3Th6CihY0FFXddHcFseDaeN6Hs7a+sbm1ndnJ7u7tHxzmjo6bOkoUZT6NRKTaAdFMcMl8w41g7VgxEgaCtYLJ9dxv3TOleSTvzDRmvZCMJB9ySoyV/ALqxryfy3suLuNaESPPLeBKpVaypIhxsVpF2PUWyMMKjX7uvTuIaBIyaaggWnewF5teSpThVLBZtptoFhM6ISPWsVSSkOleujh2hs6tMkDDSNmSBi3U7xMpCbWehoHtDIkZ69/eXPzL6yRmeNlLuYwTwyRdLhomApkIzT9HA64YNWJqCaGK21sRHRNFqLH5ZG0IX5+i/0mz4OKSW74t5etXqzgycApncAEYqlCHG2iADxQ4PMATPDvSeXRenNdl65qzmjmBH3DePgF+vY6B</latexit>

⇡

<latexit sha1_base64="pXaUd9tpIhVqDq6r7ZmIijF7ylY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Et4v1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atVL+9rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBSVY3V</latexit>
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Abundance of Enclosed Walls

Axion string
(into the board)

Sikivie, ’83. See also Kibble ’76 and Vachaspati & Vilenkin ’84

Wall

Region   

Region   

Re
gio

n 
 

✓
1

<latexit sha1_base64="qln7EHCGtxTJjsm0fvSdIrLp1oo=">AAAB73icdVDJSgNBEO2JW4xb1KOXxiB4GqazmlvQi8cIZoFkCD2dnqRJz2J3jRCG/IQXD4p49Xe8+Td2FkFFHxQ83quiqp4XS6HBcT6szNr6xuZWdju3s7u3f5A/PGrrKFGMt1gkI9X1qOZShLwFAiTvxorTwJO8402u5n7nnistovAWpjF3AzoKhS8YBSN1+zDmQAdkkC84NqmQeolgxy6SarVeNqRESKlWw8R2FiigFZqD/Ht/GLEk4CEwSbXuEScGN6UKBJN8lusnmseUTeiI9wwNacC1my7uneEzowyxHylTIeCF+n0ipYHW08AznQGFsf7tzcW/vF4C/oWbijBOgIdsuchPJIYIz5/HQ6E4Azk1hDIlzK2YjamiDExEORPC16f4f9Iu2qRsV27KhcblKo4sOkGn6BwRVEMNdI2aqIUYkugBPaFn6856tF6s12VrxlrNHKMfsN4+ATUlkBo=</latexit>

✓2

<latexit sha1_base64="sN7Kx8fWiMQP+KfmrqbprBBl9/E=">AAAB73icdVDJSgNBEO2JW4xb1KOXxiB4GqazmlvQi8cIZoFkCD2dnqRJz2J3jRCG/IQXD4p49Xe8+Td2FkFFHxQ83quiqp4XS6HBcT6szNr6xuZWdju3s7u3f5A/PGrrKFGMt1gkI9X1qOZShLwFAiTvxorTwJO8402u5n7nnistovAWpjF3AzoKhS8YBSN1+zDmQAfFQb7g2KRC6iWCHbtIqtV62ZASIaVaDRPbWaCAVmgO8u/9YcSSgIfAJNW6R5wY3JQqEEzyWa6faB5TNqEj3jM0pAHXbrq4d4bPjDLEfqRMhYAX6veJlAZaTwPPdAYUxvq3Nxf/8noJ+BduKsI4AR6y5SI/kRgiPH8eD4XiDOTUEMqUMLdiNqaKMjAR5UwIX5/i/0m7aJOyXbkpFxqXqziy6ASdonNEUA010DVqohZiSKIH9ISerTvr0XqxXpetGWs1c4x+wHr7BDapkBs=</latexit>

✓ 3

<latexit sha1_base64="F2W050S6gFzu51aLGhciCL3Lbho=">AAAB73icdVDJSgNBEO2JW4xb1KOXxiB4GqazmlvQi8cIZoFkCD2dnqRJz2J3jRCG/IQXD4p49Xe8+Td2FkFFHxQ83quiqp4XS6HBcT6szNr6xuZWdju3s7u3f5A/PGrrKFGMt1gkI9X1qOZShLwFAiTvxorTwJO8402u5n7nnistovAWpjF3AzoKhS8YBSN1+zDmQAelQb7g2KRC6iWCHbtIqtV62ZASIaVaDRPbWaCAVmgO8u/9YcSSgIfAJNW6R5wY3JQqEEzyWa6faB5TNqEj3jM0pAHXbrq4d4bPjDLEfqRMhYAX6veJlAZaTwPPdAYUxvq3Nxf/8noJ+BduKsI4AR6y5SI/kRgiPH8eD4XiDOTUEMqUMLdiNqaKMjAR5UwIX5/i/0m7aJOyXbkpFxqXqziy6ASdonNEUA010DVqohZiSKIH9ISerTvr0XqxXpetGWs1c4x+wHr7BDgtkBw=</latexit>

⇡

3

<latexit sha1_base64="8dmuKMoi7d0Tr+oPebpMtxVECwc=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oseiF48V7Ac0oWy2m3bpZhN3N4US8ju8eFDEqz/Gm//GTZuDtj4YeLw3w8w8P+ZMadv+tkpr6xubW+Xtys7u3v5B9fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/cpf73SmVikXiUc9i6oV4JFjACNZG8txAYpK6McvSy2xQrdl1ew60SpyC1KBAa1D9cocRSUIqNOFYqb5jx9pLsdSMcJpV3ETRGJMJHtG+oQKHVHnp/OgMnRlliIJImhIazdXfEykOlZqFvukMsR6rZS8X//P6iQ5uvJSJONFUkMWiIOFIRyhPAA2ZpETzmSGYSGZuRWSMTQ7a5FQxITjLL6+SzkXdadSvHhq15m0RRxlO4BTOwYFraMI9tKANBJ7gGV7hzZpaL9a79bFoLVnFzDH8gfX5AxubklQ=</latexit>

5⇡

3

<latexit sha1_base64="4XK6LLdCnjXsBOCEPH/XEjMmius=">AAAB9XicbVBNS8NAEJ3Ur1o/WvXoZbEInkqiLXosevFYwX5AE8tmu2mXbjZhd6OUkP/hxYMiXv0v3vw3btsctPXBwOO9GWbm+TFnStv2t1VYW9/Y3Cpul3Z29/bLlYPDjooSSWibRDySPR8rypmgbc00p71YUhz6nHb9yc3M7z5SqVgk7vU0pl6IR4IFjGBtpAc3kJikDTdmWXqRDSpVu2bPgVaJk5Mq5GgNKl/uMCJJSIUmHCvVd+xYeymWmhFOs5KbKBpjMsEj2jdU4JAqL51fnaFTowxREElTQqO5+nsixaFS09A3nSHWY7XszcT/vH6igysvZSJONBVksShIONIRmkWAhkxSovnUEEwkM7ciMsYmCG2CKpkQnOWXV0nnvObUa427erV5ncdRhGM4gTNw4BKacAstaAMBCc/wCm/Wk/VivVsfi9aClc8cwR9Ynz+U0ZKT</latexit>

0

<latexit sha1_base64="zYY7oUhfdNehIqni3NNg/SSxHQs=">AAAB6HicdVDJSgNBEO1xjXGLevTSGARPw3RWcwt68ZiAWSAZQk+nJmnTs9DdI4QhX+DFgyJe/SRv/o2dRVDRBwWP96qoqufFgivtOB/W2vrG5tZ2Zie7u7d/cJg7Om6rKJEMWiwSkex6VIHgIbQ01wK6sQQaeAI63uR67nfuQSoehbd6GoMb0FHIfc6oNlLTGeTyjk3KpFYk2LELpFKplQwpElKsVjGxnQXyaIXGIPfeH0YsCSDUTFClesSJtZtSqTkTMMv2EwUxZRM6gp6hIQ1Aueni0Bk+N8oQ+5E0FWq8UL9PpDRQahp4pjOgeqx+e3PxL6+XaP/STXkYJxpCtlzkJwLrCM+/xkMugWkxNYQyyc2tmI2ppEybbLImhK9P8f+kXbBJyS43S/n61SqODDpFZ+gCEVRFdXSDGqiFGAL0gJ7Qs3VnPVov1uuydc1azZygH7DePgHgyI0C</latexit>

2⇡

<latexit sha1_base64="GfZWgzasYF1tx3c0c8u3tNTMa5A=">AAAB7HicdVDLSgNBEOz1GeMr6tHLYBA8LTt5mlvQi8cIbhJIQpidTJIhs7PLzKwQlnyDFw+KePWDvPk3Th6CihY0FFXddHcFseDaeN6Hs7a+sbm1ndnJ7u7tHxzmjo6bOkoUZT6NRKTaAdFMcMl8w41g7VgxEgaCtYLJ9dxv3TOleSTvzDRmvZCMJB9ySoyV/ALqxryfy3suLuNaESPPLeBKpVaypIhxsVpF2PUWyMMKjX7uvTuIaBIyaaggWnewF5teSpThVLBZtptoFhM6ISPWsVSSkOleujh2hs6tMkDDSNmSBi3U7xMpCbWehoHtDIkZ69/eXPzL6yRmeNlLuYwTwyRdLhomApkIzT9HA64YNWJqCaGK21sRHRNFqLH5ZG0IX5+i/0mz4OKSW74t5etXqzgycApncAEYqlCHG2iADxQ4PMATPDvSeXRenNdl65qzmjmBH3DePgF+vY6B</latexit>

⇡

<latexit sha1_base64="pXaUd9tpIhVqDq6r7ZmIijF7ylY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Et4v1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atVL+9rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBSVY3V</latexit>
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Abundance of Enclosed Walls

Axion string
(into the board)

Sikivie, ’83. See also Kibble ’76 and Vachaspati & Vilenkin ’84

Wall

Region   

Region   

Re
gio

n 
 

✓
1

<latexit sha1_base64="qln7EHCGtxTJjsm0fvSdIrLp1oo=">AAAB73icdVDJSgNBEO2JW4xb1KOXxiB4GqazmlvQi8cIZoFkCD2dnqRJz2J3jRCG/IQXD4p49Xe8+Td2FkFFHxQ83quiqp4XS6HBcT6szNr6xuZWdju3s7u3f5A/PGrrKFGMt1gkI9X1qOZShLwFAiTvxorTwJO8402u5n7nnistovAWpjF3AzoKhS8YBSN1+zDmQAdkkC84NqmQeolgxy6SarVeNqRESKlWw8R2FiigFZqD/Ht/GLEk4CEwSbXuEScGN6UKBJN8lusnmseUTeiI9wwNacC1my7uneEzowyxHylTIeCF+n0ipYHW08AznQGFsf7tzcW/vF4C/oWbijBOgIdsuchPJIYIz5/HQ6E4Azk1hDIlzK2YjamiDExEORPC16f4f9Iu2qRsV27KhcblKo4sOkGn6BwRVEMNdI2aqIUYkugBPaFn6856tF6s12VrxlrNHKMfsN4+ATUlkBo=</latexit>

✓2

<latexit sha1_base64="sN7Kx8fWiMQP+KfmrqbprBBl9/E=">AAAB73icdVDJSgNBEO2JW4xb1KOXxiB4GqazmlvQi8cIZoFkCD2dnqRJz2J3jRCG/IQXD4p49Xe8+Td2FkFFHxQ83quiqp4XS6HBcT6szNr6xuZWdju3s7u3f5A/PGrrKFGMt1gkI9X1qOZShLwFAiTvxorTwJO8402u5n7nnistovAWpjF3AzoKhS8YBSN1+zDmQAfFQb7g2KRC6iWCHbtIqtV62ZASIaVaDRPbWaCAVmgO8u/9YcSSgIfAJNW6R5wY3JQqEEzyWa6faB5TNqEj3jM0pAHXbrq4d4bPjDLEfqRMhYAX6veJlAZaTwPPdAYUxvq3Nxf/8noJ+BduKsI4AR6y5SI/kRgiPH8eD4XiDOTUEMqUMLdiNqaKMjAR5UwIX5/i/0m7aJOyXbkpFxqXqziy6ASdonNEUA010DVqohZiSKIH9ISerTvr0XqxXpetGWs1c4x+wHr7BDapkBs=</latexit>

✓ 3

<latexit sha1_base64="F2W050S6gFzu51aLGhciCL3Lbho=">AAAB73icdVDJSgNBEO2JW4xb1KOXxiB4GqazmlvQi8cIZoFkCD2dnqRJz2J3jRCG/IQXD4p49Xe8+Td2FkFFHxQ83quiqp4XS6HBcT6szNr6xuZWdju3s7u3f5A/PGrrKFGMt1gkI9X1qOZShLwFAiTvxorTwJO8402u5n7nnistovAWpjF3AzoKhS8YBSN1+zDmQAelQb7g2KRC6iWCHbtIqtV62ZASIaVaDRPbWaCAVmgO8u/9YcSSgIfAJNW6R5wY3JQqEEzyWa6faB5TNqEj3jM0pAHXbrq4d4bPjDLEfqRMhYAX6veJlAZaTwPPdAYUxvq3Nxf/8noJ+BduKsI4AR6y5SI/kRgiPH8eD4XiDOTUEMqUMLdiNqaKMjAR5UwIX5/i/0m7aJOyXbkpFxqXqziy6ASdonNEUA010DVqohZiSKIH9ISerTvr0XqxXpetGWs1c4x+wHr7BDgtkBw=</latexit>

⇡

3

<latexit sha1_base64="8dmuKMoi7d0Tr+oPebpMtxVECwc=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oseiF48V7Ac0oWy2m3bpZhN3N4US8ju8eFDEqz/Gm//GTZuDtj4YeLw3w8w8P+ZMadv+tkpr6xubW+Xtys7u3v5B9fCoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/cpf73SmVikXiUc9i6oV4JFjACNZG8txAYpK6McvSy2xQrdl1ew60SpyC1KBAa1D9cocRSUIqNOFYqb5jx9pLsdSMcJpV3ETRGJMJHtG+oQKHVHnp/OgMnRlliIJImhIazdXfEykOlZqFvukMsR6rZS8X//P6iQ5uvJSJONFUkMWiIOFIRyhPAA2ZpETzmSGYSGZuRWSMTQ7a5FQxITjLL6+SzkXdadSvHhq15m0RRxlO4BTOwYFraMI9tKANBJ7gGV7hzZpaL9a79bFoLVnFzDH8gfX5AxubklQ=</latexit>

5⇡

3

<latexit sha1_base64="4XK6LLdCnjXsBOCEPH/XEjMmius=">AAAB9XicbVBNS8NAEJ3Ur1o/WvXoZbEInkqiLXosevFYwX5AE8tmu2mXbjZhd6OUkP/hxYMiXv0v3vw3btsctPXBwOO9GWbm+TFnStv2t1VYW9/Y3Cpul3Z29/bLlYPDjooSSWibRDySPR8rypmgbc00p71YUhz6nHb9yc3M7z5SqVgk7vU0pl6IR4IFjGBtpAc3kJikDTdmWXqRDSpVu2bPgVaJk5Mq5GgNKl/uMCJJSIUmHCvVd+xYeymWmhFOs5KbKBpjMsEj2jdU4JAqL51fnaFTowxREElTQqO5+nsixaFS09A3nSHWY7XszcT/vH6igysvZSJONBVksShIONIRmkWAhkxSovnUEEwkM7ciMsYmCG2CKpkQnOWXV0nnvObUa427erV5ncdRhGM4gTNw4BKacAstaAMBCc/wCm/Wk/VivVsfi9aClc8cwR9Ynz+U0ZKT</latexit>

0

<latexit sha1_base64="zYY7oUhfdNehIqni3NNg/SSxHQs=">AAAB6HicdVDJSgNBEO1xjXGLevTSGARPw3RWcwt68ZiAWSAZQk+nJmnTs9DdI4QhX+DFgyJe/SRv/o2dRVDRBwWP96qoqufFgivtOB/W2vrG5tZ2Zie7u7d/cJg7Om6rKJEMWiwSkex6VIHgIbQ01wK6sQQaeAI63uR67nfuQSoehbd6GoMb0FHIfc6oNlLTGeTyjk3KpFYk2LELpFKplQwpElKsVjGxnQXyaIXGIPfeH0YsCSDUTFClesSJtZtSqTkTMMv2EwUxZRM6gp6hIQ1Aueni0Bk+N8oQ+5E0FWq8UL9PpDRQahp4pjOgeqx+e3PxL6+XaP/STXkYJxpCtlzkJwLrCM+/xkMugWkxNYQyyc2tmI2ppEybbLImhK9P8f+kXbBJyS43S/n61SqODDpFZ+gCEVRFdXSDGqiFGAL0gJ7Qs3VnPVov1uuydc1azZygH7DePgHgyI0C</latexit>

2⇡

<latexit sha1_base64="GfZWgzasYF1tx3c0c8u3tNTMa5A=">AAAB7HicdVDLSgNBEOz1GeMr6tHLYBA8LTt5mlvQi8cIbhJIQpidTJIhs7PLzKwQlnyDFw+KePWDvPk3Th6CihY0FFXddHcFseDaeN6Hs7a+sbm1ndnJ7u7tHxzmjo6bOkoUZT6NRKTaAdFMcMl8w41g7VgxEgaCtYLJ9dxv3TOleSTvzDRmvZCMJB9ySoyV/ALqxryfy3suLuNaESPPLeBKpVaypIhxsVpF2PUWyMMKjX7uvTuIaBIyaaggWnewF5teSpThVLBZtptoFhM6ISPWsVSSkOleujh2hs6tMkDDSNmSBi3U7xMpCbWehoHtDIkZ69/eXPzL6yRmeNlLuYwTwyRdLhomApkIzT9HA64YNWJqCaGK21sRHRNFqLH5ZG0IX5+i/0mz4OKSW74t5etXqzgycApncAEYqlCHG2iADxQ4PMATPDvSeXRenNdl65qzmjmBH3DePgF+vY6B</latexit>

⇡

<latexit sha1_base64="pXaUd9tpIhVqDq6r7ZmIijF7ylY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Et4v1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atVL+9rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBSVY3V</latexit>
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Abundance of Enclosed Walls

Can be larger than horizon
Distribution of enclosed wall sizes

~1 enclosed wall
per 1000 correlation volumes 

(~horizon)



Abundance of Enclosed Walls

✤ Method of Sikivie essentially  Corr(✓(x1), ✓(x2)) =

(
1 |x1 � x2| < L

0 |x1 � x2| > L

<latexit sha1_base64="CdCg+Tv5Rd72OdR7V/Li9qz0LAs="></latexit>



Abundance of Enclosed Walls

✤ Continuum random field Corr(✓(x1), ✓(x2)) = exp

✓
� |x1 � x2|2

L2

◆

<latexit sha1_base64="pk/4Wq66GnBSrAdAJrtsuGtuTgM="></latexit>



Abundance of Enclosed Walls

✤ Continuum random field Corr(✓(x1), ✓(x2)) = exp

✓
� |x1 � x2|2

L2

◆

<latexit sha1_base64="pk/4Wq66GnBSrAdAJrtsuGtuTgM="></latexit>

Surface of constant ✓ = ⇡

<latexit sha1_base64="QI7KzE0hHST6vY9m2qWlOLluF0Q=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoheh6MVjBfsBTSib7aZdutmE3YlQSv+GFw+KePXPePPfuG1z0NYHA4/3ZpiZF6ZSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEd0JquBSKN1Gg5J1UcxqHkrfD0d3Mbz9xbUSiHnGc8iCmAyUiwShayfdxyJGSG+KnoleuuFV3DrJKvJxUIEejV/7y+wnLYq6QSWpM13NTDCZUo2CST0t+ZnhK2YgOeNdSRWNugsn85ik5s0qfRIm2pZDM1d8TExobM45D2xlTHJplbyb+53UzjK6DiVBphlyxxaIokwQTMguA9IXmDOXYEsq0sLcSNqSaMrQxlWwI3vLLq6R1UfVq1cuHWqV+m8dRhBM4hXPw4ArqcA8NaAKDFJ7hFd6czHlx3p2PRWvByWeO4Q+czx8oDZEe</latexit>



Abundance of Enclosed Walls

✤ Continuum random field

~1 enclosed wall
per 1000 correlation volumes 

(~horizon)

Corr(✓(x1), ✓(x2)) = exp

✓
� |x1 � x2|2

L2

◆

<latexit sha1_base64="pk/4Wq66GnBSrAdAJrtsuGtuTgM="></latexit>

Surface of constant ✓ = ⇡

<latexit sha1_base64="QI7KzE0hHST6vY9m2qWlOLluF0Q=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoheh6MVjBfsBTSib7aZdutmE3YlQSv+GFw+KePXPePPfuG1z0NYHA4/3ZpiZF6ZSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEd0JquBSKN1Gg5J1UcxqHkrfD0d3Mbz9xbUSiHnGc8iCmAyUiwShayfdxyJGSG+KnoleuuFV3DrJKvJxUIEejV/7y+wnLYq6QSWpM13NTDCZUo2CST0t+ZnhK2YgOeNdSRWNugsn85ik5s0qfRIm2pZDM1d8TExobM45D2xlTHJplbyb+53UzjK6DiVBphlyxxaIokwQTMguA9IXmDOXYEsq0sLcSNqSaMrQxlWwI3vLLq6R1UfVq1cuHWqV+m8dRhBM4hXPw4ArqcA8NaAKDFJ7hFd6czHlx3p2PRWvByWeO4Q+czx8oDZEe</latexit>

Enclosed walls



Dynamics of Enclosed Walls



Stretching with Hubble Expansion

✤ Superhorizon walls initially stretch with expansion

Horizon

Wall

Formation Stretching Horizon re-entry Collapse

R0 = ↵t0

<latexit sha1_base64="pmeyKQV/3DWXNybuntDodmXMPQk=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBU9iViF6EoBePUcwDkmWZnUySIbMPZnoDYcmfePGgiFf/xJt/4yTZgyYWNBRV3XR3BYkUGh3n2yqsrW9sbhW3Szu7e/sH9uFRU8epYrzBYhmrdkA1lyLiDRQoeTtRnIaB5K1gdDfzW2OutIijJ5wk3AvpIBJ9wSgaybftR98hN6RLZTKkBH3Ht8tOxZmDrBI3J2XIUfftr24vZmnII2SSat1xnQS9jCoUTPJpqZtqnlA2ogPeMTSiIddeNr98Ss6M0iP9WJmKkMzV3xMZDbWehIHpDCkO9bI3E//zOin2r71MREmKPGKLRf1UEozJLAbSE4ozlBNDKFPC3ErYkCrK0IRVMiG4yy+vkuZFxa1WLh+q5dptHkcRTuAUzsGFK6jBPdShAQzG8Ayv8GZl1ov1bn0sWgtWPnMMf2B9/gBgb5I2</latexit>



Collapse after Horizon Re-entry

✤ Expectation: 
(Nambu-Goto)

4⇡�R2
RE = �4⇡�R2 ! (RRE/R)2 = �

<latexit sha1_base64="WRRAQCUiDI8G9bKXkx9j/89zylE="></latexit>

Spongebob



Collapse after Horizon Re-entry

✤ Expectation: 
(Nambu-Goto)

✤ Reality: 
(Euler-Lagrange Equation)
Necessary to capture thick wall effects and axion radiation

4⇡�R2
RE = �4⇡�R2 ! (RRE/R)2 = �

<latexit sha1_base64="WRRAQCUiDI8G9bKXkx9j/89zylE="></latexit>

Spongebob



Collapse after Horizon Re-entry

Initial wall profile Lorentz contraction Thin-wall breakdown Strong axion emissionCollapse
Widrow ‘89
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Max Energy Fraction Enclosed

Arises from constant energy density at small radii

Arises from minimum (Lorentz contracted) 
wall thickness

/ �3min ⇡
"
�RE

✓
�RE

RRE

◆2/3
#3

<latexit sha1_base64="xulKkrzMtP78Lo3Lmqg9d/dJXJg="></latexit>



Aspherical Walls

✤ Been making the spherical cow wall approximation so far

✤ Realistic walls not perfectly spherical



Aspherical Walls

✤ Been making the spherical cow wall approximation so far

✤ Realistic walls not perfectly spherical

✤ Largest scale asphericities are most important:

1. Hubble damping of scales 

2. Small scale asphericities damped, large ones most important*
Widrow ’89, Garriga & Vilenkin ’91 



Aspherical Walls

✤ Been making the spherical cow wall approximation so far

✤ Realistic walls not perfectly spherical

✤ Largest scale asphericities are most important:

1. Hubble damping of scales 

2. Small scale asphericities damped, large ones most important*

✤ Model as ellipsoid

Widrow ’83, Garriga & Vilenkin ’91 



Efficiency of PBH Formation and Relic Abundance



Factors Affecting PBH Abundance

Parameter Effect on PBH Formation

Larger      increases wall mass and reduces Schwarzchild radius

Smaller      improves compressibility of wall, making it easier to fit in Schwarzschild radius

Larger     increases wall mass due to increased size (including growth during expansion).  
Provides more time for axion mass to turn on, and thinner (Lorentz-contracted) wall thickness.

But lower abundance if PBH forms.

✤ How to relate all parameters to calculate PBH abundance?



Conditions for PBH Formation

✤ Demand Rencl < Rschw = 2GE(Rencl) = 2GE(1)f

<latexit sha1_base64="pIMgenQFXQCoeJuhxmCYKbsGt9s=">AAACLHicbVBLSwMxGMzWV62vqkcvwSK0l7JbKnpQKBbRYxX7gHZZsmm2Dc1mlySrlKU/yIt/RRAPFvHq7zBtF6mtA4HJzPeRzLgho1KZ5thIrayurW+kNzNb2zu7e9n9g4YMIoFJHQcsEC0XScIoJ3VFFSOtUBDku4w03UF14jcfiZA04A9qGBLbRz1OPYqR0pKTrd47cUf4kHDMRvACJleJ+08jeAlL8AZe5+dnCr9qh3JPDQvQc7I5s2hOAZeJlZAcSFBzsm+dboAjn3CFGZKybZmhsmMkFMWMjDKdSJIQ4QHqkbamHPlE2vE07AieaKULvUDowxWcqvMbMfKlHPqunvSR6stFbyL+57Uj5Z3bMeVhpHTS2UNexKAK4KQ52KWCYMWGmiAsqP4rxH0kEFa634wuwVqMvEwapaJVLp7elXOVq6SONDgCxyAPLHAGKuAW1EAdYPAMXsEHGBsvxrvxaXzNRlNGsnMI/sD4/gErJqR2</latexit>

E(1) = 4⇡�R2
RE

<latexit sha1_base64="W7EinbXvkVGKKPeKrUd6LJGaG28=">AAACD3icbVDLSgMxFM34rPU16tJNsCh1U2ZKRTdCUQoua7EP6NSSSTNtaJIZkowwDP0DN/6KGxeKuHXrzr8xfSy09cCFwzn3cu89fsSo0o7zbS0tr6yurWc2sptb2zu79t5+Q4WxxKSOQxbKlo8UYVSQuqaakVYkCeI+I01/eD32mw9EKhqKO51EpMNRX9CAYqSN1LVPYCXvURHo5BRewhL0Igo9RfscwVo39SSHtcrovti1c07BmQAuEndGcmCGatf+8nohjjkRGjOkVNt1It1JkdQUMzLKerEiEcJD1CdtQwXiRHXSyT8jeGyUHgxCaUpoOFF/T6SIK5Vw33RypAdq3huL/3ntWAcXnZSKKNZE4OmiIGZQh3AcDuxRSbBmiSEIS2puhXiAJMLaRJg1IbjzLy+SRrHglgpnt6Vc+WoWRwYcgiOQBy44B2VwA6qgDjB4BM/gFbxZT9aL9W59TFuXrNnMAfgD6/MHN0WaSQ==</latexit>

where the total energy is 

✤ From simulations of collapse, computed   f ⌘ E(Rencl)

E(1)

<latexit sha1_base64="THwF24p4w3Mw+d8hZIRBRrsdaYI=">AAACE3icbVDLSsNAFJ34rPUVdelmsAiti5JIRZdFEVxWsQ9oQphMJ+3QySTOTAol5B/c+CtuXCji1o07/8Zpm4W2Hhg4nHMvd87xY0alsqxvY2l5ZXVtvbBR3Nza3tk19/ZbMkoEJk0csUh0fCQJo5w0FVWMdGJBUOgz0vaHVxO/PSJC0ojfq3FM3BD1OQ0oRkpLnnkSQIc8JHQEnUAgnF6X77zUESEkHLOskmnBoTxQ40rmmSWrak0BF4mdkxLI0fDML6cX4SQkXGGGpOzaVqzcFAlFMSNZ0UkkiREeoj7paspRSKSbTjNl8FgrPRhEQj+u4FT9vZGiUMpx6OvJEKmBnPcm4n9eN1HBhZtSHidKZ5wdChIGVQQnBcEeFQQrNtYEYUH1XyEeIN2N0jUWdQn2fORF0jqt2rXq2W2tVL/M6yiAQ3AEysAG56AObkADNAEGj+AZvII348l4Md6Nj9nokpHvHIA/MD5/ADa4ncM=</latexit>

� = 8maf
2
a = 8��1f2

a

<latexit sha1_base64="b1eNqzJhSWd86Zd04VnVcEbNoUE=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQwTJTKnYjFN24rGAf0MdwJ820ocnMkGSEMvQf3Pgrblwo4taNO//G9LHQ1gMXTs65l9x7/JgzpR3n28qsrK6tb2Q3c1vbO7t79v5BXUWJJLRGIh7Jpg+KchbSmmaa02YsKQif04Y/vJn4jQcqFYvCez2KaUdAP2QBI6CN5NlnbcX6AvAVLmPhAQ486Banr3aPcg3d9Nwdz1TPzjsFZwq8TNw5yaM5qp791e5FJBE01ISDUi3XiXUnBakZ4XScayeKxkCG0KctQ0MQVHXS6U1jfGKUHg4iaSrUeKr+nkhBKDUSvukUoAdq0ZuI/3mtRAflTsrCONE0JLOPgoRjHeFJQLjHJCWajwwBIpnZFZMBSCDaxJgzIbiLJy+TerHglgoXd6V85XoeRxYdoWN0ilx0iSroFlVRDRH0iJ7RK3qznqwX6936mLVmrPnMIfoD6/MHa5ybYQ==</latexit>

(Wall tension)

✤ Solve for minimum                to compress enough energy into Schwarzschild radius RRE/�RE

<latexit sha1_base64="plF6QK8WI3L6fS4DMiDakVJtpL0=">AAACA3icbVDLSgMxFM34rPU16k43wSK4qjNS0WVRBJe12Ad0hiGTSdvQJDMkGaEMBTf+ihsXirj1J9z5N6btINp64MLJOfeSe0+YMKq043xZC4tLyyurhbXi+sbm1ra9s9tUcSoxaeCYxbIdIkUYFaShqWaknUiCeMhIKxxcjf3WPZGKxuJODxPic9QTtEsx0kYK7P16kHmSw/r16MSLCNPo5x3YJafsTADniZuTEshRC+xPL4pxyonQmCGlOq6TaD9DUlPMyKjopYokCA9Qj3QMFYgT5WeTG0bwyCgR7MbSlNBwov6eyBBXashD08mR7qtZbyz+53VS3b3wMyqSVBOBpx91UwZ1DMeBwIhKgjUbGoKwpGZXiPtIIqxNbEUTgjt78jxpnpbdSvnstlKqXuZxFMABOATHwAXnoApuQA00AAYP4Am8gFfr0Xq23qz3aeuClc/sgT+wPr4BG0CXMA==</latexit>



Conditions for PBH Formation



Conditions for PBH Formation

�RE

RRE
=

�0
R0

R0

RRE

�RE

�0

<latexit sha1_base64="Taw+I1D00sAaYaFG4OQQ7L74BsU=">AAACWXicdVFbS8MwGE2rm3Peqnv0JTgEn0Yrir4IQxF8nMNdYC0lTdMtLL2QpMIo/ZM+COJf8cF0K9Nt+kHg5JzzfUlOvIRRIU3zQ9O3tivVndpufW//4PDIOD7pizjlmPRwzGI+9JAgjEakJ6lkZJhwgkKPkYE3fSj0wSvhgsbRi5wlxAnROKIBxUgqyjUSO+AIZ7ZPmERuZvMQdh/zPOv+YHgHV0xmoZp5SXYX+6X7n3nLXtdomi1zXnATWCVogrI6rvFm+zFOQxJJzJAQI8tMpJMhLilmJK/bqSAJwlM0JiMFIxQS4WTzZHJ4rhgfBjFXK5Jwzv7uyFAoxCz0lDNEciLWtYL8SxulMrh1MholqSQRXhwUpAzKGBYxQ59ygiWbKYAwp+quEE+Qikaqz6irEKz1J2+C/mXLumpdP1812/dlHDVwCs7ABbDADWiDJ9ABPYDBO/jSKlpV+9Q1vabXF1ZdK3saYKX0xje+97WW</latexit>

=

✓
1

ma(t0)↵t0

◆✓
a(t0)

a(tRE)

◆✓
ma(t0)

ma(tRE)

◆

<latexit sha1_base64="ywVgOASkLbG7sWdZGhxKE/MVSLU="></latexit>

Relate to cosmology by

Increase in wall tension from 
temperature dependent axion mass

Superhorizon stretching

Initial enclosed wall properties



Relic Abundance

⇢BH = MPBHnPBH

<latexit sha1_base64="9K5fSVh5zW9VCASBHLlYw8Yq1Ww=">AAACEXicbVDLSgMxFM3UV62vUZdugkXoqsyIohuh1E03QgX7gM4wZNJMG5pJhiQjlKG/4MZfceNCEbfu3Pk3pu2A2nogcO4593JzT5gwqrTjfFmFldW19Y3iZmlre2d3z94/aCuRSkxaWDAhuyFShFFOWppqRrqJJCgOGemEo+up37knUlHB7/Q4IX6MBpxGFCNtpMCueHIogsyTMaw3JvAKwpt51ZyW/IcHdtmpOjPAZeLmpAxyNAP70+sLnMaEa8yQUj3XSbSfIakpZmRS8lJFEoRHaEB6hnIUE+Vns4sm8MQofRgJaR7XcKb+nshQrNQ4Dk1njPRQLXpT8T+vl+ro0s8oT1JNOJ4vilIGtYDTeGCfSoI1GxuCsKTmrxAPkURYmxBLJgR38eRl0j6tumfV89uzcq2ex1EER+AYVIALLkANNEATtAAGD+AJvIBX69F6tt6s93lrwcpnDsEfWB/fvPKbtA==</latexit>

MPBH ⇡ 4⇡R2

RE
�

<latexit sha1_base64="6vsFmaCpB5zLYKS2/YxadkN2yPQ=">AAACF3icbVDLSgMxFM3UV62vUZdugkVwVWZKRZelInQj1GIf0BlLJk3b0GQmJBmxDP0LN/6KGxeKuNWdf2PazkJbD1w4nHMv994TCEaVdpxvK7Oyura+kd3MbW3v7O7Z+wdNFcUSkwaOWCTbAVKE0ZA0NNWMtIUkiAeMtILR5dRv3ROpaBTe6rEgPkeDkPYpRtpIXbsAr7uJJzmsVaoT6CEhZPQAS9ATFNbnTv1qcleEnqIDjrp23ik4M8Bl4qYkD1LUuvaX14twzEmoMUNKdVxHaD9BUlPMyCTnxYoIhEdoQDqGhogT5SezvybwxCg92I+kqVDDmfp7IkFcqTEPTCdHeqgWvan4n9eJdf/CT2goYk1CPF/UjxnUEZyGBHtUEqzZ2BCEJTW3QjxEEmFtosyZENzFl5dJs1hwS4Wzm1K+XEnjyIIjcAxOgQvOQRlUQQ00AAaP4Bm8gjfryXqx3q2PeWvGSmcOwR9Ynz8ixJ4P</latexit>

� ' 8ma(tc)f
2
a

<latexit sha1_base64="SRByoax0ZstCTx222oQIqJd93bQ=">AAACB3icbVDLSgMxFM3UV62vqktBgkWomzJTKnZZdOOygn1AOw530kwbmsyMSUYoQ3du/BU3LhRx6y+4829MHwttPXC5h3PuJbnHjzlT2ra/rczK6tr6RnYzt7W9s7uX3z9oqiiRhDZIxCPZ9kFRzkLa0Exz2o4lBeFz2vKHVxO/9UClYlF4q0cxdQX0QxYwAtpIXv64q1hfADZN0HtcxcKDovbIGQ48uCt7+YJdsqfAy8SZkwKao+7lv7q9iCSChppwUKrj2LF2U5CaEU7HuW6iaAxkCH3aMTQEQZWbTu8Y41Oj9HAQSVOhxlP190YKQqmR8M2kAD1Qi95E/M/rJDqouikL40TTkMweChKOdYQnoeAek5RoPjIEiGTmr5gMQALRJrqcCcFZPHmZNMslp1I6v6kUapfzOLLoCJ2gInLQBaqha1RHDUTQI3pGr+jNerJerHfrYzaaseY7h+gPrM8frxqX6Q==</latexit>

nPBH = nencl(R0)

✓
a(t0)

a(t)

◆3

<latexit sha1_base64="EEpmlhhAd6FSrQOuqbdbEo4vRmU="></latexit>

⇥⇥(RRE/�RE � Min RRE/�RE)

<latexit sha1_base64="D8qs8I6qUhWGrXXva7SZxe+D/sU="></latexit>



Conclusions

✤ Axion cosmology can generate PBHs, abundance largest for large 

✤ Preliminary, but lensing signal appears slightly out of reach of next 
generation Roman space telescope                     

✤ Formalism translates simply to ALPs too

✤ Most excited to apply to GUT variations of this mechanism (Pati-Salam 
Left-Right models). Particularly interesting due to (potential) gap near

fa

<latexit sha1_base64="YqQceilkHNIUIQ0sv3DKupv6NE8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Qe0oUy2m3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5aCYJ8yMcSh5yisZKD2Ef++WKW3XnIKvEy0kFcjT65a/eIKZpxKShArXuem5i/AyV4VSwaamXapYgHeOQdS2VGDHtZ/NTp+TMKgMSxsqWNGSu/p7IMNJ6EgW2M0Iz0sveTPzP66YmvPYzLpPUMEkXi8JUEBOT2d9kwBWjRkwsQaq4vZXQESqkxqZTsiF4yy+vktZF1atVL+9rlfpNHkcRTuAUzsGDK6jDHTSgCRSG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwA7nI3G</latexit>

(10�17 � 10�11)M�

<latexit sha1_base64="3PiiFuY0uwS803SaAouPe7gGOvI=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFiEumhJpFKXRTduhAr2Am0Mk8mkHTrJhJmJUEJWbnwVNy4UceszuPNtnLZZaOsPAx//OYcz5/diRqWyrG9jaXlldW29sFHc3Nre2TX39tuSJwKTFuaMi66HJGE0Ii1FFSPdWBAUeox0vNHVpN55IEJSHt2pcUycEA0iGlCMlLZc86hsW/dpxa5nlRnY2Sm8cdM+97nKXLNkVa2p4CLYOZRArqZrfvV9jpOQRAozJGXPtmLlpEgoihnJiv1EkhjhERqQnsYIhUQ66fSMDJ5ox4cBF/pFCk7d3xMpCqUch57uDJEayvnaxPyv1ktUcOGkNIoTRSI8WxQkDCoOJ5lAnwqCFRtrQFhQ/VeIh0ggrHRyRR2CPX/yIrTPqnaten5bKzUu8zgK4BAcgzKwQR00wDVoghbA4BE8g1fwZjwZL8a78TFrXTLymQPwR8bnD6Palrs=</latexit>

DeRocco et al ‘23

Carr & Kuhnel ’22where PBHs (may) be all of dark matter


