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More interactingLess interacting

The axion DM mass:  two predictions

POST-Inflation Scenario

- Axion Initial conditions @ phase transition 

- All values of theta -> mass prediction -> Inmediate discovery!

- Inflation BEFORE or NO inflation

- Cosmic strings, walls carry huge energy

- String radiation is uncertain!

- Miniclusters




EX
C

LU
D

ED
 B

H
SR

Reactors

Had. dec

EXCLUDED

Astrophysics

1019
<latexit sha1_base64="5Hii8nbVYwDtFtvGrDmRblXwDaY=">AAAB7nicbVDLSsNAFL2prxpfVZdugkVwVZKWkmYhFty4rGAf0MYymU7aoZMHMxOhhIK/4MaFIm79A//DnX/jNCni68DA4ZxzmXuPFzMqpGl+aIWV1bX1jeKmvrW9s7tX2j/oiCjhmLRxxCLe85AgjIakLalkpBdzggKPka43vVj43VvCBY3CazmLiRugcUh9ipFUUtcyb1LLmQ9LZbNiZjD+EmtJyudv+tkdALSGpffBKMJJQEKJGRKib5mxdFPEJcWMzPVBIkiM8BSNSV/REAVEuGm27tw4UcrI8COuXiiNTP0+kaJAiFngqWSA5ET89hbif14/kX7DTWkYJ5KEOP/IT5ghI2NxuzGinGDJZoogzKna1cATxBGWqiE9K8Gq2nbdUrc7jmPXazkxa42vEjrViqViV2a5WYUcRTiCYzgFC2xowiW0oA0YpnAPj/CkxdqD9qy95NGCtpw5hB/QXj8By3SQ7g==</latexit><latexit sha1_base64="KXa93fvcfcHLWkH6r6d1VmwdyYE=">AAAB7nicbVDLSgMxFM3UVx1fVZdugkVwVSYtZToLseDGZQX7gDqWTJppQzMPkoxQhn6EGxeKuHDjH/gfbsS/MZ0p4utA4HDOueTe48WcSWVZH0ZhaXllda24bm5sbm3vlHb3OjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTc7mfveGCsmi8FJNY+oGeBQynxGstNRF1nWKnNmgVLYqVgb4l6AFKZ++mifx87vZGpTeroYRSQIaKsKxlH1kxcpNsVCMcDozrxJJY0wmeET7moY4oNJNs3Vn8EgrQ+hHQr9QwUz9PpHiQMpp4OlkgNVY/vbm4n9eP1F+w01ZGCeKhiT/yE84VBGc3w6HTFCi+FQTTATTu0IyxgITpRsysxJQ1bbrSN/uOI5dr+XEqjW+SuhUK0jHLqxyswpyFMEBOATHAAEbNME5aIE2IGACbsE9eDBi4854NJ7yaMFYzOyDHzBePgG9A5Ji</latexit><latexit sha1_base64="KXa93fvcfcHLWkH6r6d1VmwdyYE=">AAAB7nicbVDLSgMxFM3UVx1fVZdugkVwVSYtZToLseDGZQX7gDqWTJppQzMPkoxQhn6EGxeKuHDjH/gfbsS/MZ0p4utA4HDOueTe48WcSWVZH0ZhaXllda24bm5sbm3vlHb3OjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTc7mfveGCsmi8FJNY+oGeBQynxGstNRF1nWKnNmgVLYqVgb4l6AFKZ++mifx87vZGpTeroYRSQIaKsKxlH1kxcpNsVCMcDozrxJJY0wmeET7moY4oNJNs3Vn8EgrQ+hHQr9QwUz9PpHiQMpp4OlkgNVY/vbm4n9eP1F+w01ZGCeKhiT/yE84VBGc3w6HTFCi+FQTTATTu0IyxgITpRsysxJQ1bbrSN/uOI5dr+XEqjW+SuhUK0jHLqxyswpyFMEBOATHAAEbNME5aIE2IGACbsE9eDBi4854NJ7yaMFYzOyDHzBePgG9A5Ji</latexit><latexit sha1_base64="KXa93fvcfcHLWkH6r6d1VmwdyYE=">AAAB7nicbVDLSgMxFM3UVx1fVZdugkVwVSYtZToLseDGZQX7gDqWTJppQzMPkoxQhn6EGxeKuHDjH/gfbsS/MZ0p4utA4HDOueTe48WcSWVZH0ZhaXllda24bm5sbm3vlHb3OjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTc7mfveGCsmi8FJNY+oGeBQynxGstNRF1nWKnNmgVLYqVgb4l6AFKZ++mifx87vZGpTeroYRSQIaKsKxlH1kxcpNsVCMcDozrxJJY0wmeET7moY4oNJNs3Vn8EgrQ+hHQr9QwUz9PpHiQMpp4OlkgNVY/vbm4n9eP1F+w01ZGCeKhiT/yE84VBGc3w6HTFCi+FQTTATTu0IyxgITpRsysxJQ1bbrSN/uOI5dr+XEqjW+SuhUK0jHLqxyswpyFMEBOATHAAEbNME5aIE2IGACbsE9eDBi4854NJ7yaMFYzOyDHzBePgG9A5Ji</latexit><latexit sha1_base64="KXa93fvcfcHLWkH6r6d1VmwdyYE=">AAAB7nicbVDLSgMxFM3UVx1fVZdugkVwVSYtZToLseDGZQX7gDqWTJppQzMPkoxQhn6EGxeKuHDjH/gfbsS/MZ0p4utA4HDOueTe48WcSWVZH0ZhaXllda24bm5sbm3vlHb3OjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTc7mfveGCsmi8FJNY+oGeBQynxGstNRF1nWKnNmgVLYqVgb4l6AFKZ++mifx87vZGpTeroYRSQIaKsKxlH1kxcpNsVCMcDozrxJJY0wmeET7moY4oNJNs3Vn8EgrQ+hHQr9QwUz9PpHiQMpp4OlkgNVY/vbm4n9eP1F+w01ZGCeKhiT/yE84VBGc3w6HTFCi+FQTTATTu0IyxgITpRsysxJQ1bbrSN/uOI5dr+XEqjW+SuhUK0jHLqxyswpyFMEBOATHAAEbNME5aIE2IGACbsE9eDBi4854NJ7yaMFYzOyDHzBePgG9A5Ji</latexit><latexit sha1_base64="9t03LVISqgghxiTXM9vMSe+oytY=">AAAB7nicbVDLSgMxFM3UV62vqks3wSK4KklLmc6u4MZlBfuAdiyZNNOGZjJDkhHK0I9w40IRt36PO//GtB3E14HA4Zxzyb0nSATXBqEPp7CxubW9U9wt7e0fHB6Vj0+6Ok4VZR0ai1j1A6KZ4JJ1DDeC9RPFSBQI1gtmV0u/d8+U5rG8NfOE+RGZSB5ySoyVehjdZdhbjMoVVEUrwL8E56QCcrRH5ffhOKZpxKShgmg9wCgxfkaU4VSwRWmYapYQOiMTNrBUkohpP1utu4AXVhnDMFb2SQNX6veJjERaz6PAJiNipvq3txT/8wapCZt+xmWSGibp+qMwFdDEcHk7HHPFqBFzSwhV3O4K6ZQoQo1tqLQqAddct4Ht7Z7nuY36mqB686uEbq2KbewGVVq1vI4iOAPn4BJg4IIWuAZt0AEUzMADeALPTuI8Oi/O6zpacPKZU/ADztsnceyPMQ==</latexit>

10�13
<latexit sha1_base64="hcseoUaYV0rVluf7pAM5TWzX32o=">AAAB73icbVDLSsNAFL2prxpfVZdugkVwY0laStqFWHDjsoJ9QBvLZDpph04ezkyEEgp+gxsXirj1C/wPd/6N06SIrwMDh3POZe49bsSokKb5oeWWlldW1/Lr+sbm1vZOYXevLcKYY9LCIQt510WCMBqQlqSSkW7ECfJdRjru5Hzud24JFzQMruQ0Io6PRgH1KEZSSV3LvE5OrMpsUCiaJTOF8ZdYC1I8e9NP7wCgOSi894chjn0SSMyQED3LjKSTIC4pZmSm92NBIoQnaER6igbIJ8JJ0n1nxpFShoYXcvUCaaTq94kE+UJMfVclfSTH4rc3F//zerH0ak5CgyiWJMDZR17MDBka8+ONIeUESzZVBGFO1a4GHiOOsFQV6WkJVtm2q5a6vV6v29VKRsxK7auEdrlkqdilWWyUIUMeDuAQjsECGxpwAU1oAQYG9/AIT9qN9qA9ay9ZNKctZvbhB7TXTy1KkR8=</latexit><latexit sha1_base64="ycXhzv1ESp+4Apcduc2Qu9/z158=">AAAB73icbVDLSsNAFJ3UV42vqks3wSK4sUxaStqFWHDjsoJ9QI1lMp20QyeTODMRSuhPuHGhiODKL/A/3Ih/4zQp4uvAwOGcc5l7jxcxKhWEH0ZuYXFpeSW/aq6tb2xuFbZ32jKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxxqczv3NDhKQhv1CTiLgBGnLqU4yUlro2vEqO7Mq0XyjCEkxh/SX2nBRPXs3j6PndbPYLb5eDEMcB4QozJGXPhpFyEyQUxYxMzctYkgjhMRqSnqYcBUS6Sbrv1DrQysDyQ6EfV1aqfp9IUCDlJPB0MkBqJH97M/E/rxcrv+YmlEexIhxnH/kxs1RozY63BlQQrNhEE4QF1btaeIQEwkpXZKYl2GXHqdr69nq97lQrGYGV2lcJ7XLJ1rFzWGyUQYY82AP74BDYwAENcAaaoAUwYOAW3IMH49q4Mx6NpyyaM+Yzu+AHjJdPHtmSkw==</latexit><latexit sha1_base64="ycXhzv1ESp+4Apcduc2Qu9/z158=">AAAB73icbVDLSsNAFJ3UV42vqks3wSK4sUxaStqFWHDjsoJ9QI1lMp20QyeTODMRSuhPuHGhiODKL/A/3Ih/4zQp4uvAwOGcc5l7jxcxKhWEH0ZuYXFpeSW/aq6tb2xuFbZ32jKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxxqczv3NDhKQhv1CTiLgBGnLqU4yUlro2vEqO7Mq0XyjCEkxh/SX2nBRPXs3j6PndbPYLb5eDEMcB4QozJGXPhpFyEyQUxYxMzctYkgjhMRqSnqYcBUS6Sbrv1DrQysDyQ6EfV1aqfp9IUCDlJPB0MkBqJH97M/E/rxcrv+YmlEexIhxnH/kxs1RozY63BlQQrNhEE4QF1btaeIQEwkpXZKYl2GXHqdr69nq97lQrGYGV2lcJ7XLJ1rFzWGyUQYY82AP74BDYwAENcAaaoAUwYOAW3IMH49q4Mx6NpyyaM+Yzu+AHjJdPHtmSkw==</latexit><latexit sha1_base64="ycXhzv1ESp+4Apcduc2Qu9/z158=">AAAB73icbVDLSsNAFJ3UV42vqks3wSK4sUxaStqFWHDjsoJ9QI1lMp20QyeTODMRSuhPuHGhiODKL/A/3Ih/4zQp4uvAwOGcc5l7jxcxKhWEH0ZuYXFpeSW/aq6tb2xuFbZ32jKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxxqczv3NDhKQhv1CTiLgBGnLqU4yUlro2vEqO7Mq0XyjCEkxh/SX2nBRPXs3j6PndbPYLb5eDEMcB4QozJGXPhpFyEyQUxYxMzctYkgjhMRqSnqYcBUS6Sbrv1DrQysDyQ6EfV1aqfp9IUCDlJPB0MkBqJH97M/E/rxcrv+YmlEexIhxnH/kxs1RozY63BlQQrNhEE4QF1btaeIQEwkpXZKYl2GXHqdr69nq97lQrGYGV2lcJ7XLJ1rFzWGyUQYY82AP74BDYwAENcAaaoAUwYOAW3IMH49q4Mx6NpyyaM+Yzu+AHjJdPHtmSkw==</latexit><latexit sha1_base64="ycXhzv1ESp+4Apcduc2Qu9/z158=">AAAB73icbVDLSsNAFJ3UV42vqks3wSK4sUxaStqFWHDjsoJ9QI1lMp20QyeTODMRSuhPuHGhiODKL/A/3Ih/4zQp4uvAwOGcc5l7jxcxKhWEH0ZuYXFpeSW/aq6tb2xuFbZ32jKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxxqczv3NDhKQhv1CTiLgBGnLqU4yUlro2vEqO7Mq0XyjCEkxh/SX2nBRPXs3j6PndbPYLb5eDEMcB4QozJGXPhpFyEyQUxYxMzctYkgjhMRqSnqYcBUS6Sbrv1DrQysDyQ6EfV1aqfp9IUCDlJPB0MkBqJH97M/E/rxcrv+YmlEexIhxnH/kxs1RozY63BlQQrNhEE4QF1btaeIQEwkpXZKYl2GXHqdr69nq97lQrGYGV2lcJ7XLJ1rFzWGyUQYY82AP74BDYwAENcAaaoAUwYOAW3IMH49q4Mx6NpyyaM+Yzu+AHjJdPHtmSkw==</latexit><latexit sha1_base64="F3MxFS5DuFR5Np+w1wajzSawxnE=">AAAB73icbVDLSgMxFM3UV62vqks3wSK4sSQtZdpdwY3LCvYB7VgyadqGZjJjkhHK0J9w40IRt/6OO//GdDqIrwOBwznnknuPHwmuDUIfTm5tfWNzK79d2Nnd2z8oHh51dBgryto0FKHq+UQzwSVrG24E60WKkcAXrOvPLpd+954pzUN5Y+YR8wIykXzMKTFW6mF0m1zg6mJYLKEySgH/EpyREsjQGhbfB6OQxgGThgqidR+jyHgJUYZTwRaFQaxZROiMTFjfUkkCpr0k3XcBz6wyguNQ2ScNTNXvEwkJtJ4Hvk0GxEz1b28p/uf1YzOuewmXUWyYpKuPxrGAJoTL4+GIK0aNmFtCqOJ2V0inRBFqbEWFtARccd0atrc3Gg23Vl0RVK1/ldCplLGNXaNSs5LVkQcn4BScAwxc0ARXoAXagAIBHsATeHbunEfnxXldRXNONnMMfsB5+wTTs49i</latexit>

More interactingLess interacting

Excluded (too much DM) ok sub

The axion DM mass:  two predictions

POST-Inflation Scenario

- Axion Initial conditions @ phase transition 

- All values of theta -> mass prediction -> Inmediate discovery!

- Inflation BEFORE or NO inflation

- Cosmic strings, walls carry huge energy

- String radiation is uncertain!

- Miniclusters
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<latexit sha1_base64="5Hii8nbVYwDtFtvGrDmRblXwDaY=">AAAB7nicbVDLSsNAFL2prxpfVZdugkVwVZKWkmYhFty4rGAf0MYymU7aoZMHMxOhhIK/4MaFIm79A//DnX/jNCni68DA4ZxzmXuPFzMqpGl+aIWV1bX1jeKmvrW9s7tX2j/oiCjhmLRxxCLe85AgjIakLalkpBdzggKPka43vVj43VvCBY3CazmLiRugcUh9ipFUUtcyb1LLmQ9LZbNiZjD+EmtJyudv+tkdALSGpffBKMJJQEKJGRKib5mxdFPEJcWMzPVBIkiM8BSNSV/REAVEuGm27tw4UcrI8COuXiiNTP0+kaJAiFngqWSA5ET89hbif14/kX7DTWkYJ5KEOP/IT5ghI2NxuzGinGDJZoogzKna1cATxBGWqiE9K8Gq2nbdUrc7jmPXazkxa42vEjrViqViV2a5WYUcRTiCYzgFC2xowiW0oA0YpnAPj/CkxdqD9qy95NGCtpw5hB/QXj8By3SQ7g==</latexit><latexit sha1_base64="KXa93fvcfcHLWkH6r6d1VmwdyYE=">AAAB7nicbVDLSgMxFM3UVx1fVZdugkVwVSYtZToLseDGZQX7gDqWTJppQzMPkoxQhn6EGxeKuHDjH/gfbsS/MZ0p4utA4HDOueTe48WcSWVZH0ZhaXllda24bm5sbm3vlHb3OjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTc7mfveGCsmi8FJNY+oGeBQynxGstNRF1nWKnNmgVLYqVgb4l6AFKZ++mifx87vZGpTeroYRSQIaKsKxlH1kxcpNsVCMcDozrxJJY0wmeET7moY4oNJNs3Vn8EgrQ+hHQr9QwUz9PpHiQMpp4OlkgNVY/vbm4n9eP1F+w01ZGCeKhiT/yE84VBGc3w6HTFCi+FQTTATTu0IyxgITpRsysxJQ1bbrSN/uOI5dr+XEqjW+SuhUK0jHLqxyswpyFMEBOATHAAEbNME5aIE2IGACbsE9eDBi4854NJ7yaMFYzOyDHzBePgG9A5Ji</latexit><latexit sha1_base64="KXa93fvcfcHLWkH6r6d1VmwdyYE=">AAAB7nicbVDLSgMxFM3UVx1fVZdugkVwVSYtZToLseDGZQX7gDqWTJppQzMPkoxQhn6EGxeKuHDjH/gfbsS/MZ0p4utA4HDOueTe48WcSWVZH0ZhaXllda24bm5sbm3vlHb3OjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTc7mfveGCsmi8FJNY+oGeBQynxGstNRF1nWKnNmgVLYqVgb4l6AFKZ++mifx87vZGpTeroYRSQIaKsKxlH1kxcpNsVCMcDozrxJJY0wmeET7moY4oNJNs3Vn8EgrQ+hHQr9QwUz9PpHiQMpp4OlkgNVY/vbm4n9eP1F+w01ZGCeKhiT/yE84VBGc3w6HTFCi+FQTTATTu0IyxgITpRsysxJQ1bbrSN/uOI5dr+XEqjW+SuhUK0jHLqxyswpyFMEBOATHAAEbNME5aIE2IGACbsE9eDBi4854NJ7yaMFYzOyDHzBePgG9A5Ji</latexit><latexit sha1_base64="KXa93fvcfcHLWkH6r6d1VmwdyYE=">AAAB7nicbVDLSgMxFM3UVx1fVZdugkVwVSYtZToLseDGZQX7gDqWTJppQzMPkoxQhn6EGxeKuHDjH/gfbsS/MZ0p4utA4HDOueTe48WcSWVZH0ZhaXllda24bm5sbm3vlHb3OjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTc7mfveGCsmi8FJNY+oGeBQynxGstNRF1nWKnNmgVLYqVgb4l6AFKZ++mifx87vZGpTeroYRSQIaKsKxlH1kxcpNsVCMcDozrxJJY0wmeET7moY4oNJNs3Vn8EgrQ+hHQr9QwUz9PpHiQMpp4OlkgNVY/vbm4n9eP1F+w01ZGCeKhiT/yE84VBGc3w6HTFCi+FQTTATTu0IyxgITpRsysxJQ1bbrSN/uOI5dr+XEqjW+SuhUK0jHLqxyswpyFMEBOATHAAEbNME5aIE2IGACbsE9eDBi4854NJ7yaMFYzOyDHzBePgG9A5Ji</latexit><latexit sha1_base64="KXa93fvcfcHLWkH6r6d1VmwdyYE=">AAAB7nicbVDLSgMxFM3UVx1fVZdugkVwVSYtZToLseDGZQX7gDqWTJppQzMPkoxQhn6EGxeKuHDjH/gfbsS/MZ0p4utA4HDOueTe48WcSWVZH0ZhaXllda24bm5sbm3vlHb3OjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTc7mfveGCsmi8FJNY+oGeBQynxGstNRF1nWKnNmgVLYqVgb4l6AFKZ++mifx87vZGpTeroYRSQIaKsKxlH1kxcpNsVCMcDozrxJJY0wmeET7moY4oNJNs3Vn8EgrQ+hHQr9QwUz9PpHiQMpp4OlkgNVY/vbm4n9eP1F+w01ZGCeKhiT/yE84VBGc3w6HTFCi+FQTTATTu0IyxgITpRsysxJQ1bbrSN/uOI5dr+XEqjW+SuhUK0jHLqxyswpyFMEBOATHAAEbNME5aIE2IGACbsE9eDBi4854NJ7yaMFYzOyDHzBePgG9A5Ji</latexit><latexit sha1_base64="9t03LVISqgghxiTXM9vMSe+oytY=">AAAB7nicbVDLSgMxFM3UV62vqks3wSK4KklLmc6u4MZlBfuAdiyZNNOGZjJDkhHK0I9w40IRt36PO//GtB3E14HA4Zxzyb0nSATXBqEPp7CxubW9U9wt7e0fHB6Vj0+6Ok4VZR0ai1j1A6KZ4JJ1DDeC9RPFSBQI1gtmV0u/d8+U5rG8NfOE+RGZSB5ySoyVehjdZdhbjMoVVEUrwL8E56QCcrRH5ffhOKZpxKShgmg9wCgxfkaU4VSwRWmYapYQOiMTNrBUkohpP1utu4AXVhnDMFb2SQNX6veJjERaz6PAJiNipvq3txT/8wapCZt+xmWSGibp+qMwFdDEcHk7HHPFqBFzSwhV3O4K6ZQoQo1tqLQqAddct4Ht7Z7nuY36mqB686uEbq2KbewGVVq1vI4iOAPn4BJg4IIWuAZt0AEUzMADeALPTuI8Oi/O6zpacPKZU/ADztsnceyPMQ==</latexit>

10�13
<latexit sha1_base64="hcseoUaYV0rVluf7pAM5TWzX32o=">AAAB73icbVDLSsNAFL2prxpfVZdugkVwY0laStqFWHDjsoJ9QBvLZDpph04ezkyEEgp+gxsXirj1C/wPd/6N06SIrwMDh3POZe49bsSokKb5oeWWlldW1/Lr+sbm1vZOYXevLcKYY9LCIQt510WCMBqQlqSSkW7ECfJdRjru5Hzud24JFzQMruQ0Io6PRgH1KEZSSV3LvE5OrMpsUCiaJTOF8ZdYC1I8e9NP7wCgOSi894chjn0SSMyQED3LjKSTIC4pZmSm92NBIoQnaER6igbIJ8JJ0n1nxpFShoYXcvUCaaTq94kE+UJMfVclfSTH4rc3F//zerH0ak5CgyiWJMDZR17MDBka8+ONIeUESzZVBGFO1a4GHiOOsFQV6WkJVtm2q5a6vV6v29VKRsxK7auEdrlkqdilWWyUIUMeDuAQjsECGxpwAU1oAQYG9/AIT9qN9qA9ay9ZNKctZvbhB7TXTy1KkR8=</latexit><latexit sha1_base64="ycXhzv1ESp+4Apcduc2Qu9/z158=">AAAB73icbVDLSsNAFJ3UV42vqks3wSK4sUxaStqFWHDjsoJ9QI1lMp20QyeTODMRSuhPuHGhiODKL/A/3Ih/4zQp4uvAwOGcc5l7jxcxKhWEH0ZuYXFpeSW/aq6tb2xuFbZ32jKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxxqczv3NDhKQhv1CTiLgBGnLqU4yUlro2vEqO7Mq0XyjCEkxh/SX2nBRPXs3j6PndbPYLb5eDEMcB4QozJGXPhpFyEyQUxYxMzctYkgjhMRqSnqYcBUS6Sbrv1DrQysDyQ6EfV1aqfp9IUCDlJPB0MkBqJH97M/E/rxcrv+YmlEexIhxnH/kxs1RozY63BlQQrNhEE4QF1btaeIQEwkpXZKYl2GXHqdr69nq97lQrGYGV2lcJ7XLJ1rFzWGyUQYY82AP74BDYwAENcAaaoAUwYOAW3IMH49q4Mx6NpyyaM+Yzu+AHjJdPHtmSkw==</latexit><latexit sha1_base64="ycXhzv1ESp+4Apcduc2Qu9/z158=">AAAB73icbVDLSsNAFJ3UV42vqks3wSK4sUxaStqFWHDjsoJ9QI1lMp20QyeTODMRSuhPuHGhiODKL/A/3Ih/4zQp4uvAwOGcc5l7jxcxKhWEH0ZuYXFpeSW/aq6tb2xuFbZ32jKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxxqczv3NDhKQhv1CTiLgBGnLqU4yUlro2vEqO7Mq0XyjCEkxh/SX2nBRPXs3j6PndbPYLb5eDEMcB4QozJGXPhpFyEyQUxYxMzctYkgjhMRqSnqYcBUS6Sbrv1DrQysDyQ6EfV1aqfp9IUCDlJPB0MkBqJH97M/E/rxcrv+YmlEexIhxnH/kxs1RozY63BlQQrNhEE4QF1btaeIQEwkpXZKYl2GXHqdr69nq97lQrGYGV2lcJ7XLJ1rFzWGyUQYY82AP74BDYwAENcAaaoAUwYOAW3IMH49q4Mx6NpyyaM+Yzu+AHjJdPHtmSkw==</latexit><latexit sha1_base64="ycXhzv1ESp+4Apcduc2Qu9/z158=">AAAB73icbVDLSsNAFJ3UV42vqks3wSK4sUxaStqFWHDjsoJ9QI1lMp20QyeTODMRSuhPuHGhiODKL/A/3Ih/4zQp4uvAwOGcc5l7jxcxKhWEH0ZuYXFpeSW/aq6tb2xuFbZ32jKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxxqczv3NDhKQhv1CTiLgBGnLqU4yUlro2vEqO7Mq0XyjCEkxh/SX2nBRPXs3j6PndbPYLb5eDEMcB4QozJGXPhpFyEyQUxYxMzctYkgjhMRqSnqYcBUS6Sbrv1DrQysDyQ6EfV1aqfp9IUCDlJPB0MkBqJH97M/E/rxcrv+YmlEexIhxnH/kxs1RozY63BlQQrNhEE4QF1btaeIQEwkpXZKYl2GXHqdr69nq97lQrGYGV2lcJ7XLJ1rFzWGyUQYY82AP74BDYwAENcAaaoAUwYOAW3IMH49q4Mx6NpyyaM+Yzu+AHjJdPHtmSkw==</latexit><latexit sha1_base64="ycXhzv1ESp+4Apcduc2Qu9/z158=">AAAB73icbVDLSsNAFJ3UV42vqks3wSK4sUxaStqFWHDjsoJ9QI1lMp20QyeTODMRSuhPuHGhiODKL/A/3Ih/4zQp4uvAwOGcc5l7jxcxKhWEH0ZuYXFpeSW/aq6tb2xuFbZ32jKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxxqczv3NDhKQhv1CTiLgBGnLqU4yUlro2vEqO7Mq0XyjCEkxh/SX2nBRPXs3j6PndbPYLb5eDEMcB4QozJGXPhpFyEyQUxYxMzctYkgjhMRqSnqYcBUS6Sbrv1DrQysDyQ6EfV1aqfp9IUCDlJPB0MkBqJH97M/E/rxcrv+YmlEexIhxnH/kxs1RozY63BlQQrNhEE4QF1btaeIQEwkpXZKYl2GXHqdr69nq97lQrGYGV2lcJ7XLJ1rFzWGyUQYY82AP74BDYwAENcAaaoAUwYOAW3IMH49q4Mx6NpyyaM+Yzu+AHjJdPHtmSkw==</latexit><latexit sha1_base64="F3MxFS5DuFR5Np+w1wajzSawxnE=">AAAB73icbVDLSgMxFM3UV62vqks3wSK4sSQtZdpdwY3LCvYB7VgyadqGZjJjkhHK0J9w40IRt/6OO//GdDqIrwOBwznnknuPHwmuDUIfTm5tfWNzK79d2Nnd2z8oHh51dBgryto0FKHq+UQzwSVrG24E60WKkcAXrOvPLpd+954pzUN5Y+YR8wIykXzMKTFW6mF0m1zg6mJYLKEySgH/EpyREsjQGhbfB6OQxgGThgqidR+jyHgJUYZTwRaFQaxZROiMTFjfUkkCpr0k3XcBz6wyguNQ2ScNTNXvEwkJtJ4Hvk0GxEz1b28p/uf1YzOuewmXUWyYpKuPxrGAJoTL4+GIK0aNmFtCqOJ2V0inRBFqbEWFtARccd0atrc3Gg23Vl0RVK1/ldCplLGNXaNSs5LVkQcn4BScAwxc0ARXoAXagAIBHsATeHbunEfnxXldRXNONnMMfsB5+wTTs49i</latexit>

More interactingLess interacting

Excluded (too much DM) ok sub

The axion DM mass:  two predictions

POST-Inflation Scenario

- Axion Initial conditions @ phase transition 

- All values of theta -> mass prediction -> Inmediate discovery!

- Inflation BEFORE or NO inflation

- Cosmic strings, walls carry huge energy

- String radiation is uncertain!

- Miniclusters
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More interactingLess interacting

Excluded (too much DM) ok sub

The axion DM mass:  two predictions

PRE-Inflation Scenario

- INFLATION blows one homogeneous patch to our Universe size

- 1 IC for the whole Universe

- Maximum uncertainty, slooooow scaaaaan

- isocurvature and adiabatic (small) fluctuations ... 

- Miniclusters???

✓I =?

POST-Inflation Scenario

- Axion Initial conditions @ phase transition 

- All values of theta -> mass prediction -> Inmediate discovery!

- Inflation BEFORE or NO inflation

- Cosmic strings, walls carry huge energy

- String radiation is uncertain!

- Miniclusters
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More interactingLess interacting

Excluded (too much DM) ok sub

The axion DM mass:  two predictions

PRE-Inflation Scenario

- INFLATION blows one homogeneous patch to our Universe size

- 1 IC for the whole Universe

- Maximum uncertainty, slooooow scaaaaan

- isocurvature and adiabatic (small) fluctuations ... 

- Miniclusters???

✓I =?

POST-Inflation Scenario

- Axion Initial conditions @ phase transition 

- All values of theta -> mass prediction -> Inmediate discovery!

- Inflation BEFORE or NO inflation

- Cosmic strings, walls carry huge energy

- String radiation is uncertain!

- Miniclusters


⇠ ⇡0.1 < ✓I < 3.0
<latexit sha1_base64="zQWFXuYexA8CWvIW1Ja163MDaa8=">AAAB/HicdVDLSsNAFJ34rPVV7dLNYBFchaQt1EIXBTe6q2Af0IYwmU7aoZMHMzdCKPVX3LhQxK0f4s6/cZpGUNEDFw7n3Mu993ix4Aos68NYW9/Y3Nou7BR39/YPDktHxz0VJZKyLo1EJAceUUzwkHWBg2CDWDISeIL1vdnl0u/fMal4FN5CGjMnIJOQ+5wS0JJbKlum3cIjmDIg7jVu4ZppuaWKZTYz4BVp1HPStLFtWhkqKEfHLb2PxhFNAhYCFUSpoW3F4MyJBE4FWxRHiWIxoTMyYUNNQxIw5cyz4xf4TCtj7EdSVwg4U79PzEmgVBp4ujMgMFW/vaX4lzdMwL9w5jyME2AhXS3yE4Ehwssk8JhLRkGkmhAqub4V0ymRhILOq6hD+PoU/096VdOumdWbeqVdz+MooBN0is6RjRqoja5QB3URRSl6QE/o2bg3Ho0X43XVumbkM2X0A8bbJ/MrkwQ=</latexit>

10�3 < ✓I < 0.1
<latexit sha1_base64="HWb3VuwkV0xzCQjLXDR3SJ9omi0=">AAACAHicdVA9SwNBEN3zM8avqIWFzWIQbDzukkAMpAjYaBfBfEASw95mkyzZ2zt254RwXONfsbFQxNafYee/cZOcoKIPBh7vzTAzzwsF1+A4H9bS8srq2npmI7u5tb2zm9vbb+ogUpQ1aCAC1faIZoJL1gAOgrVDxYjvCdbyJhczv3XHlOaBvIFpyHo+GUk+5JSAkfq5Q9e5jc+KSRV3YcyA9K9wFTu228/lHbsyB16QciklFRe7tjNHHqWo93Pv3UFAI59JoIJo3XGdEHoxUcCpYEm2G2kWEjohI9YxVBKf6V48fyDBJ0YZ4GGgTEnAc/X7REx8rae+Zzp9AmP925uJf3mdCIbnvZjLMAIm6WLRMBIYAjxLAw+4YhTE1BBCFTe3YjomilAwmWVNCF+f4v9Js2C7RbtwXcrXSmkcGXSEjtEpclEZ1dAlqqMGoihBD+gJPVv31qP1Yr0uWpesdOYA/YD19gn0kJSy</latexit>

Anthropic region



Axions from strings
- String network energy, axion radiation rate,       log-enhanced radiated axion density

<latexit sha1_base64="ieDyfTN4A7u3PkbGl0thIWPAAnk="></latexit>

⇢network ⇠ ⇠f
2
A
H

2 log
dH

ds
<latexit sha1_base64="6cIjk4b9fDezeYRrgPjtvf3IYo0="></latexit>

d⇢network

dt
⇠ ⇠f

2
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3 log



Axions from strings
- String network energy, axion radiation rate,       log-enhanced radiated axion density

<latexit sha1_base64="ieDyfTN4A7u3PkbGl0thIWPAAnk="></latexit>

⇢network ⇠ ⇠f
2
A
H

2 log
dH

ds
<latexit sha1_base64="6cIjk4b9fDezeYRrgPjtvf3IYo0="></latexit>

d⇢network

dt
⇠ ⇠f

2
AH

3 log

<latexit sha1_base64="bG8lVxwdMMmYzE4a6H1Sf1FAXDQ="></latexit>

dH ⇠ H
�1

<latexit sha1_base64="Eq8hcR2ou27mxcb9yE3aiGk+W3g="></latexit>

ds ⇠ f�1
A

<latexit sha1_base64="xxOFeKf6ZIf8lLXygxq6koqJNFk=">AAACFnicjZBNS8MwHMbT+TbnW9Wjl+AQNtDZqmweh152nOBeYK0lTdMtLG1Kkgqj7FN48at48aCIV/Hmt7HrelBR8IHAw/P7/0nyuBGjUhnGh1ZYWFxaXimultbWNza39O2druSxwKSDOeOi7yJJGA1JR1HFSD8SBAUuIz13fDnjvVsiJOXhtZpExA7QMKQ+xUilkaMfeU7r2HOkJWkATeMmOTWmh7BiMT6s5KgKM9gwqtDRy2bNyAT/NmWQq+3o75bHcRyQUGGGpByYRqTsBAlFMSPTkhVLEiE8RkMySG2IAiLtJPvWFB6kiQd9LtITKpilXzcSFEg5Cdx0MkBqJH+yWfgbG8TKP7cTGkaxIiGeX+THDCoOZx1BjwqCFZukBmFB07dCPEICYZU2WfpfCd2Tmlmv1a/Oys2LvI4i2AP7oAJM0ABN0AJt0AEY3IEH8ASetXvtUXvRXuejBS3f2QXfpL19Ahs7nDI=</latexit>

dH/ds ⇠ 1030, (log(dH/ds) ⇠ 70)

<latexit sha1_base64="ESDyYJQD6ykWB0X2RjrzpAQiIB4="></latexit>

⇢A = R
�4

Z
dtR

4 d⇢net

dt
⇠ ⇠f

2
AH

2 log2



Axions from strings
- String network energy, axion radiation rate,       log-enhanced radiated axion density

<latexit sha1_base64="XuQvKPCWdX7rgDxCz6FogyZaCpI=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURqS5b3bizgn1AE8JkOm2HziPMTIQSCv6KGxeKuPU73Pk3TtsstPXAhcM593LvPXHCqDae9+0UVlbX1jeKm6Wt7Z3dPXf/oKVlqjBpYsmk6sRIE0YFaRpqGOkkiiAeM9KORzdTv/1IlKZSPJhxQkKOBoL2KUbGSpF7FNxxMkBBomRiJBRRHfKoHrllr+LNAJeJn5MyyNGI3K+gJ3HKiTCYIa27vpeYMEPKUMzIpBSkmiQIj9CAdC0ViBMdZrPzJ/DUKj3Yl8qWMHCm/p7IENd6zGPbyZEZ6kVvKv7ndVPTvwozKpLUEIHni/opg/bRaRawRxXBho0tQVhReyvEQ6QQNjaxkg3BX3x5mbTOK361Ur2/KNeu8ziK4BicgDPgg0tQA7egAZoAgww8g1fw5jw5L8678zFvLTj5zCH4A+fzB28/lSg=</latexit>

⌦ / nAmA

- BUT DM yield depends on axion NUMBER        not energy (energy redshifts into mass)

300 axions of E~H 3 axions of E~fA

same total E

<latexit sha1_base64="ieDyfTN4A7u3PkbGl0thIWPAAnk="></latexit>

⇢network ⇠ ⇠f
2
A
H

2 log
dH

ds
<latexit sha1_base64="6cIjk4b9fDezeYRrgPjtvf3IYo0="></latexit>

d⇢network

dt
⇠ ⇠f

2
AH

3 log

<latexit sha1_base64="bG8lVxwdMMmYzE4a6H1Sf1FAXDQ="></latexit>

dH ⇠ H
�1

<latexit sha1_base64="Eq8hcR2ou27mxcb9yE3aiGk+W3g="></latexit>

ds ⇠ f�1
A

<latexit sha1_base64="xxOFeKf6ZIf8lLXygxq6koqJNFk=">AAACFnicjZBNS8MwHMbT+TbnW9Wjl+AQNtDZqmweh152nOBeYK0lTdMtLG1Kkgqj7FN48at48aCIV/Hmt7HrelBR8IHAw/P7/0nyuBGjUhnGh1ZYWFxaXimultbWNza39O2druSxwKSDOeOi7yJJGA1JR1HFSD8SBAUuIz13fDnjvVsiJOXhtZpExA7QMKQ+xUilkaMfeU7r2HOkJWkATeMmOTWmh7BiMT6s5KgKM9gwqtDRy2bNyAT/NmWQq+3o75bHcRyQUGGGpByYRqTsBAlFMSPTkhVLEiE8RkMySG2IAiLtJPvWFB6kiQd9LtITKpilXzcSFEg5Cdx0MkBqJH+yWfgbG8TKP7cTGkaxIiGeX+THDCoOZx1BjwqCFZukBmFB07dCPEICYZU2WfpfCd2Tmlmv1a/Oys2LvI4i2AP7oAJM0ABN0AJt0AEY3IEH8ASetXvtUXvRXuejBS3f2QXfpL19Ahs7nDI=</latexit>

dH/ds ⇠ 1030, (log(dH/ds) ⇠ 70)

<latexit sha1_base64="ESDyYJQD6ykWB0X2RjrzpAQiIB4="></latexit>

⇢A = R
�4

Z
dtR

4 d⇢net

dt
⇠ ⇠f

2
AH

2 log2



Axions from strings
- String network energy, axion radiation rate,       log-enhanced radiated axion density

<latexit sha1_base64="XuQvKPCWdX7rgDxCz6FogyZaCpI=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURqS5b3bizgn1AE8JkOm2HziPMTIQSCv6KGxeKuPU73Pk3TtsstPXAhcM593LvPXHCqDae9+0UVlbX1jeKm6Wt7Z3dPXf/oKVlqjBpYsmk6sRIE0YFaRpqGOkkiiAeM9KORzdTv/1IlKZSPJhxQkKOBoL2KUbGSpF7FNxxMkBBomRiJBRRHfKoHrllr+LNAJeJn5MyyNGI3K+gJ3HKiTCYIa27vpeYMEPKUMzIpBSkmiQIj9CAdC0ViBMdZrPzJ/DUKj3Yl8qWMHCm/p7IENd6zGPbyZEZ6kVvKv7ndVPTvwozKpLUEIHni/opg/bRaRawRxXBho0tQVhReyvEQ6QQNjaxkg3BX3x5mbTOK361Ur2/KNeu8ziK4BicgDPgg0tQA7egAZoAgww8g1fw5jw5L8678zFvLTj5zCH4A+fzB28/lSg=</latexit>

⌦ / nAmA

- BUT DM yield depends on axion NUMBER        not energy (energy redshifts into mass)

300 axions of E~H 3 axions of E~fA

same total E

<latexit sha1_base64="ieDyfTN4A7u3PkbGl0thIWPAAnk="></latexit>

⇢network ⇠ ⇠f
2
A
H

2 log
dH

ds
<latexit sha1_base64="6cIjk4b9fDezeYRrgPjtvf3IYo0="></latexit>

d⇢network

dt
⇠ ⇠f

2
AH

3 log

<latexit sha1_base64="bG8lVxwdMMmYzE4a6H1Sf1FAXDQ="></latexit>

dH ⇠ H
�1

<latexit sha1_base64="Eq8hcR2ou27mxcb9yE3aiGk+W3g="></latexit>

ds ⇠ f�1
A

<latexit sha1_base64="xxOFeKf6ZIf8lLXygxq6koqJNFk=">AAACFnicjZBNS8MwHMbT+TbnW9Wjl+AQNtDZqmweh152nOBeYK0lTdMtLG1Kkgqj7FN48at48aCIV/Hmt7HrelBR8IHAw/P7/0nyuBGjUhnGh1ZYWFxaXimultbWNza39O2druSxwKSDOeOi7yJJGA1JR1HFSD8SBAUuIz13fDnjvVsiJOXhtZpExA7QMKQ+xUilkaMfeU7r2HOkJWkATeMmOTWmh7BiMT6s5KgKM9gwqtDRy2bNyAT/NmWQq+3o75bHcRyQUGGGpByYRqTsBAlFMSPTkhVLEiE8RkMySG2IAiLtJPvWFB6kiQd9LtITKpilXzcSFEg5Cdx0MkBqJH+yWfgbG8TKP7cTGkaxIiGeX+THDCoOZx1BjwqCFZukBmFB07dCPEICYZU2WfpfCd2Tmlmv1a/Oys2LvI4i2AP7oAJM0ABN0AJt0AEY3IEH8ASetXvtUXvRXuejBS3f2QXfpL19Ahs7nDI=</latexit>

dH/ds ⇠ 1030, (log(dH/ds) ⇠ 70)

<latexit sha1_base64="ESDyYJQD6ykWB0X2RjrzpAQiIB4="></latexit>

⇢A = R
�4

Z
dtR

4 d⇢net

dt
⇠ ⇠f

2
AH

2 log2



Axions from strings
- String network energy, axion radiation rate,       log-enhanced radiated axion density

<latexit sha1_base64="XuQvKPCWdX7rgDxCz6FogyZaCpI=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURqS5b3bizgn1AE8JkOm2HziPMTIQSCv6KGxeKuPU73Pk3TtsstPXAhcM593LvPXHCqDae9+0UVlbX1jeKm6Wt7Z3dPXf/oKVlqjBpYsmk6sRIE0YFaRpqGOkkiiAeM9KORzdTv/1IlKZSPJhxQkKOBoL2KUbGSpF7FNxxMkBBomRiJBRRHfKoHrllr+LNAJeJn5MyyNGI3K+gJ3HKiTCYIa27vpeYMEPKUMzIpBSkmiQIj9CAdC0ViBMdZrPzJ/DUKj3Yl8qWMHCm/p7IENd6zGPbyZEZ6kVvKv7ndVPTvwozKpLUEIHni/opg/bRaRawRxXBho0tQVhReyvEQ6QQNjaxkg3BX3x5mbTOK361Ur2/KNeu8ziK4BicgDPgg0tQA7egAZoAgww8g1fw5jw5L8678zFvLTj5zCH4A+fzB28/lSg=</latexit>

⌦ / nAmA

- BUT DM yield depends on axion NUMBER        not energy (energy redshifts into mass)

300 axions of E~H 3 axions of E~fA

same total E 300 axions of E~m 3 axions of E~m


100 times less DM

<latexit sha1_base64="ieDyfTN4A7u3PkbGl0thIWPAAnk="></latexit>

⇢network ⇠ ⇠f
2
A
H

2 log
dH

ds
<latexit sha1_base64="6cIjk4b9fDezeYRrgPjtvf3IYo0="></latexit>

d⇢network

dt
⇠ ⇠f

2
AH

3 log

<latexit sha1_base64="bG8lVxwdMMmYzE4a6H1Sf1FAXDQ="></latexit>

dH ⇠ H
�1

<latexit sha1_base64="Eq8hcR2ou27mxcb9yE3aiGk+W3g="></latexit>

ds ⇠ f�1
A

<latexit sha1_base64="xxOFeKf6ZIf8lLXygxq6koqJNFk=">AAACFnicjZBNS8MwHMbT+TbnW9Wjl+AQNtDZqmweh152nOBeYK0lTdMtLG1Kkgqj7FN48at48aCIV/Hmt7HrelBR8IHAw/P7/0nyuBGjUhnGh1ZYWFxaXimultbWNza39O2druSxwKSDOeOi7yJJGA1JR1HFSD8SBAUuIz13fDnjvVsiJOXhtZpExA7QMKQ+xUilkaMfeU7r2HOkJWkATeMmOTWmh7BiMT6s5KgKM9gwqtDRy2bNyAT/NmWQq+3o75bHcRyQUGGGpByYRqTsBAlFMSPTkhVLEiE8RkMySG2IAiLtJPvWFB6kiQd9LtITKpilXzcSFEg5Cdx0MkBqJH+yWfgbG8TKP7cTGkaxIiGeX+THDCoOZx1BjwqCFZukBmFB07dCPEICYZU2WfpfCd2Tmlmv1a/Oys2LvI4i2AP7oAJM0ABN0AJt0AEY3IEH8ASetXvtUXvRXuejBS3f2QXfpL19Ahs7nDI=</latexit>

dH/ds ⇠ 1030, (log(dH/ds) ⇠ 70)

<latexit sha1_base64="ESDyYJQD6ykWB0X2RjrzpAQiIB4="></latexit>

⇢A = R
�4

Z
dtR

4 d⇢net

dt
⇠ ⇠f

2
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2 log2



Axions from strings
- String network energy, axion radiation rate,       log-enhanced radiated axion density

<latexit sha1_base64="XuQvKPCWdX7rgDxCz6FogyZaCpI=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURqS5b3bizgn1AE8JkOm2HziPMTIQSCv6KGxeKuPU73Pk3TtsstPXAhcM593LvPXHCqDae9+0UVlbX1jeKm6Wt7Z3dPXf/oKVlqjBpYsmk6sRIE0YFaRpqGOkkiiAeM9KORzdTv/1IlKZSPJhxQkKOBoL2KUbGSpF7FNxxMkBBomRiJBRRHfKoHrllr+LNAJeJn5MyyNGI3K+gJ3HKiTCYIa27vpeYMEPKUMzIpBSkmiQIj9CAdC0ViBMdZrPzJ/DUKj3Yl8qWMHCm/p7IENd6zGPbyZEZ6kVvKv7ndVPTvwozKpLUEIHni/opg/bRaRawRxXBho0tQVhReyvEQ6QQNjaxkg3BX3x5mbTOK361Ur2/KNeu8ziK4BicgDPgg0tQA7egAZoAgww8g1fw5jw5L8678zFvLTj5zCH4A+fzB28/lSg=</latexit>

⌦ / nAmA

- BUT DM yield depends on axion NUMBER        not energy (energy redshifts into mass)

300 axions of E~H 3 axions of E~fA

same total E 300 axions of E~m 3 axions of E~m


100 times less DM

<latexit sha1_base64="ieDyfTN4A7u3PkbGl0thIWPAAnk="></latexit>

⇢network ⇠ ⇠f
2
A
H

2 log
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ds
<latexit sha1_base64="6cIjk4b9fDezeYRrgPjtvf3IYo0="></latexit>

d⇢network

dt
⇠ ⇠f

2
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3 log

<latexit sha1_base64="bG8lVxwdMMmYzE4a6H1Sf1FAXDQ="></latexit>

dH ⇠ H
�1

<latexit sha1_base64="Eq8hcR2ou27mxcb9yE3aiGk+W3g="></latexit>

ds ⇠ f�1
A

<latexit sha1_base64="xxOFeKf6ZIf8lLXygxq6koqJNFk=">AAACFnicjZBNS8MwHMbT+TbnW9Wjl+AQNtDZqmweh152nOBeYK0lTdMtLG1Kkgqj7FN48at48aCIV/Hmt7HrelBR8IHAw/P7/0nyuBGjUhnGh1ZYWFxaXimultbWNza39O2druSxwKSDOeOi7yJJGA1JR1HFSD8SBAUuIz13fDnjvVsiJOXhtZpExA7QMKQ+xUilkaMfeU7r2HOkJWkATeMmOTWmh7BiMT6s5KgKM9gwqtDRy2bNyAT/NmWQq+3o75bHcRyQUGGGpByYRqTsBAlFMSPTkhVLEiE8RkMySG2IAiLtJPvWFB6kiQd9LtITKpilXzcSFEg5Cdx0MkBqJH+yWfgbG8TKP7cTGkaxIiGeX+THDCoOZx1BjwqCFZukBmFB07dCPEICYZU2WfpfCd2Tmlmv1a/Oys2LvI4i2AP7oAJM0ABN0AJt0AEY3IEH8ASetXvtUXvRXuejBS3f2QXfpL19Ahs7nDI=</latexit>

dH/ds ⇠ 1030, (log(dH/ds) ⇠ 70)

<latexit sha1_base64="ESDyYJQD6ykWB0X2RjrzpAQiIB4="></latexit>

⇢A = R
�4

Z
dtR

4 d⇢net

dt
⇠ ⇠f

2
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2 log2

<latexit sha1_base64="dTEmK6pk4Wdx8Ub6kEmRw5UkQyY=">AAAB7HicbVBNTwIxEJ3iF+IX6tFLIzHxhLvGoEeiF4+YuEACK+mWLjR0u2vbNSEbfoMXDxrj1R/kzX9jgT0o+JJJXt6bycy8IBFcG8f5RoWV1bX1jeJmaWt7Z3evvH/Q1HGqKPNoLGLVDohmgkvmGW4EayeKkSgQrBWMbqZ+64kpzWN5b8YJ8yMykDzklBgree7Z6OGxV644VWcGvEzcnFQgR6NX/ur2Y5pGTBoqiNYd10mMnxFlOBVsUuqmmiWEjsiAdSyVJGLaz2bHTvCJVfo4jJUtafBM/T2RkUjrcRTYzoiYoV70puJ/Xic14ZWfcZmkhkk6XxSmApsYTz/Hfa4YNWJsCaGK21sxHRJFqLH5lGwI7uLLy6R5XnVr1drdRaV+ncdRhCM4hlNw4RLqcAsN8IACh2d4hTck0Qt6Rx/z1gLKZw7hD9DnDzehjlE=</latexit>

1/kq
- Energy dependence of production rate:

<latexit sha1_base64="beXwZQzkVjTO9yB54Ja5hsrrQAE="></latexit>

F =
1

(faH)2
@

@(k/R)

d⇢A

dt

<latexit sha1_base64="KbSturVEsiHWi5IjZq9xgUghEzo="></latexit>
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�q
H . k/R . fa

0 otherwise



Effective theory
- Nambu-Goto string 

                                 +

                                  Kalb-Rammond field



Effective theory
- Nambu-Goto string 

                                 +

                                  Kalb-Rammond field

<latexit sha1_base64="7z+/sqRwmgyJNr2eH1+5exeJNxc="></latexit>
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Effective theory
- Nambu-Goto string 

                                 +

                                  Kalb-Rammond field

<latexit sha1_base64="7z+/sqRwmgyJNr2eH1+5exeJNxc="></latexit>
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<latexit sha1_base64="JoBVaOZRpR4YgXWFVvyJlhNCc9M="></latexit>
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<latexit sha1_base64="lIdfeU8V2BrLlqw8RpQtmRMjjo0="></latexit>
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Network simulations
- Causality driven tracking solution identified, q estudied for the whole network by taking derivatives of spectra masking cores 

Proyection plot of axion energy density (3D->2D)
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- Abandoned when loops break lead to q~1 axions + UV burst (effective q<1)
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Miniclusters
Scaling

Misalignment
Axitons

Free-stream (RD)

Miniclusters form

Galaxy forms with MC halo

hierarchical growth



Previous work
- low - tension simulations, free-streamed to z~6 -> resampled with particles. GADGET to study gravitational evolution


- Early collapse M~10-13 Msun  M~10-11 at equality, then hierarchical merging


- Bound fraction ~ 80%!!!


- Microlensing very hard

First simulations of axion minicluster halos

First sims... Microlensing



minivoids
- 80% of the axions in small MCs is very bad news ... what is the void density relevant to experiments??


- voids defined to be delta<-0.7, average density converges to ~8%, 80% of the volume 


- Experiments in Post-inflation scenario are less sensitive? rescaling sensitivites of haloscopes



@ galaxy formation
- what is the expected distribution of axion DM today?


- MCs extremely difficult to encounter ... 


- MCs can get disrupted in stelar encounters forming DM streams


- Montecarlo evolution of streams with initial distributions from simulation

isolated MCs tend to survive, more massive (bigger, less dense) merged halos get disrupted

the local neighbourhood is expected to have ~1000 faint streams 

and the average density is 70-90% from the homogeneous expectation

MCs have two populations, MCs and MChalos



Uncertainties in axion spectrum translate into minicluster uncertainties

- 3 types of early Universe simulations: low tension (log~7) high tension (Moore) and extrapolated axion configuration using q=2


- Bound fraction, void density does not change


- q>1, xi>>13 push fluctuations towards UV (up to 2 ord. of mag!)


- halos have lower masses, less microlensing likely!

High density networks and non-linearities if q>1 

push the densitiy fluctuations towards the UV HALO MASS FUNC: less power at small k, fewer massive halos!



Miniclusters in the pre-inflation scenario

- In both, large misalignment and kinetic misalignment scenarios, small density fluctuations can grow exponentially


- Adiabatic fluctuations in KM prop. to initial velocity


- Amplification at "trapping" depends on initial angle too!


- small fA requires large velocity -> large amplification > miniclusters


- density fluctuations O(1) (fragmentation of the condensate)


- @ smaller scales than typical misalignment, similar to q>1 scenario!


- microlensing not easier...


- might be difficult to disentangle both scenarios from MCs


- axitons and domain walls can form too

Arvanitaki, Co, Eroncel,etc...

The correct relic density can be obtained for several values of initial 

misalignment angle and velocity 



Conclusions

- Axions (and similar ALPs) are well motivated DM candidates


- We can predict the axion DM mass in the pre-inflationary scenario if we solve the axion string radiation problem


- Latest simulations point to O(10) uncertainty


- Minicluster sizes have O(100) uncertainty in mass, but other very rubust properties


- Miniclusters in the pre-inflationary scenario can have similar phenomenology, but always at relatively large masses. 



Mini 
    clusterS

&Javier Redondo 

23 September 2025,

20thPatras Workshop

La Laguna Tenerife

T H
A

Axion  
     stringS

K S



Vacap



Atractor



Conformal networks
- Make log constant by 

- log dependent scaling!
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DM mass prediction
- different assumptions

                           different extrapolations


