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Cosmological Phase Transitons

Exciting experimental probes: 
GWs and CMB

QCD PT

EW PT

BSM PT?

Rich new physics:
baryogenesis, dark matter, EW hierarchy problem…

PTA LIGO LISA

This talk
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Outline of the talk

Signals from PT•  

Slow PT during inflation and evolution of bubbles•  

DR isocurvature from PT•  

DR isocurvature in CMB•  
Angular power spectrum

Non-Gaussianity

Future directions and conclusions•  
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Signals from PT

Gravitational waves•  
True vacuum

False vacuum GW

GW

bubble collisions, sound waves, turbulence…
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Signals from PT

True vacuum

False vacuum GW

GW

Gravitational waves•  
bubble collisions, sound waves, turbulence…

<latexit sha1_base64="V4CN+tiVFfOP8fOxm4T9A6dOkik=">AAAB9HicdVDLSgNBEJyNrxhfUY9eBoPgaZkkxuQY9OIxgnlAdgm9s5NkyMzuOjMbCCHf4cWDIl79GG/+jZOHoKIFDUVVN91dQSK4NoR8OJm19Y3Nrex2bmd3b/8gf3jU0nGqKGvSWMSqE4BmgkesabgRrJMoBjIQrB2Mrud+e8yU5nF0ZyYJ8yUMIt7nFIyVfC9kwkDPG4CU0MsXiFstVWu1EiYuqZbLZEHKtUqZ4KJLFiigFRq9/LsXxjSVLDJUgNbdIkmMPwVlOBVslvNSzRKgIxiwrqURSKb96eLoGT6zSoj7sbIVGbxQv09MQWo9kYHtlGCG+rc3F//yuqnp1/wpj5LUsIguF/VTgU2M5wngkCtGjZhYAlRxeyumQ1BAjc0pZ0P4+hT/T1olt3jpVm4vCvWrVRxZdIJO0TkqoiqqoxvUQE1E0T16QE/o2Rk7j86L87pszTirmWP0A87bJzubkm4=</latexit>

��
<latexit sha1_base64="B14rUs23oIKqPUu3CO8JHhsdwO4=">AAAB8XicdVDLSsNAFJ34rPVVdelmsAiuwqSxJsuiG5cV7AObUCaTaTt0MgkzE6GU/oUbF4q49W/c+TdO0woqeuDC4Zx7ufeeKONMaYQ+rJXVtfWNzdJWeXtnd2+/cnDYVmkuCW2RlKeyG2FFORO0pZnmtJtJipOI0040vpr7nXsqFUvFrZ5kNEzwULABI1gb6S6IKde4H4i8X6ki26t5vl+DyEae66KCuH7dRdCxUYEqWKLZr7wHcUryhApNOFaq56BMh1MsNSOczspBrmiGyRgPac9QgROqwmlx8QyeGiWGg1SaEhoW6veJKU6UmiSR6UywHqnf3lz8y+vleuCHUyayXFNBFosGOYc6hfP3YcwkJZpPDMFEMnMrJCMsMdEmpLIJ4etT+D9p12znwq7fnFcbl8s4SuAYnIAz4AAPNMA1aIIWIECAB/AEni1lPVov1uuidcVazhyBH7DePgELGpEw</latexit>

�⌫
<latexit sha1_base64="KAvil63GXguA0Z2baCG5tGKfgAM=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwFZJqWrMrunFZwT6gCWEymbZDJ5MwMxFq6Je4caGIWz/FnX/j9CGo6IELh3Pu5d57ooxRqWz7w1hZXVvf2Cxtlbd3dvcq5v5BR6a5wKSNU5aKXoQkYZSTtqKKkV4mCEoiRrrR+Grmd++IkDTlt2qSkSBBQ04HFCOlpdCs+DFhCoWFLxIYi2loVm3Lcx3Hq0PbangNt3amiVNzPU0cy56jCpZohea7H6c4TwhXmCEp+46dqaBAQlHMyLTs55JkCI/RkPQ15SghMijmh0/hiVZiOEiFLq7gXP0+UaBEykkS6c4EqZH87c3Ev7x+rgYXQUF5livC8WLRIGdQpXCWAoypIFixiSYIC6pvhXiEBMJKZ1XWIXx9Cv8nnZrl1C335rzavFzGUQJH4BicAgc0QBNcgxZoAwxy8ACewLNxbzwaL8bronXFWM4cgh8w3j4BVDKTjw==</latexit>

�dr
<latexit sha1_base64="WaL0tWjltrkuxlqV+KuqJEpv8BI=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk04yZnZ2mZkVwpIv8OJBEa9+kjf/xkmyB00saCiquunuCmLBtXHdbye3srq2vpHfLGxt7+zuFfcPGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3U395hMqzSP5YMYx+iEdSN7njBor1W66xZJbdmcgy8TLSAkyVLvFr04vYkmI0jBBtW57bmz8lCrDmcBJoZNojCkb0QG2LZU0RO2ns0Mn5MQqPdKPlC1pyEz9PZHSUOtxGNjOkJqhXvSm4n9eOzH9az/lMk4MSjZf1E8EMRGZfk16XCEzYmwJZYrbWwkbUkWZsdkUbAje4svLpHFW9i7LF7XzUuU2iyMPR3AMp+DBFVTgHqpQBwYIz/AKb86j8+K8Ox/z1pyTzRzCHzifP5ANjMs=</latexit>= <latexit sha1_base64="WaL0tWjltrkuxlqV+KuqJEpv8BI=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk04yZnZ2mZkVwpIv8OJBEa9+kjf/xkmyB00saCiquunuCmLBtXHdbye3srq2vpHfLGxt7+zuFfcPGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3U395hMqzSP5YMYx+iEdSN7njBor1W66xZJbdmcgy8TLSAkyVLvFr04vYkmI0jBBtW57bmz8lCrDmcBJoZNojCkb0QG2LZU0RO2ns0Mn5MQqPdKPlC1pyEz9PZHSUOtxGNjOkJqhXvSm4n9eOzH9az/lMk4MSjZf1E8EMRGZfk16XCEzYmwJZYrbWwkbUkWZsdkUbAje4svLpHFW9i7LF7XzUuU2iyMPR3AMp+DBFVTgHqpQBwYIz/AKb86j8+K8Ox/z1pyTzRzCHzifP5ANjMs=</latexit>=

Adiabatic
DR energy density•  

<latexit sha1_base64="KVdjf/XpKTPeZENttU9T5ey2D4k=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJXE98JFUReupIJ9QBPCZHrTDp08mJkIJXbhr7hxoYhbf8Odf+O0zUJbD1w4nHMv997jJ5xJZVnfRmFufmFxqbhcWlldW98wN7caMk4FhTqNeSxaPpHAWQR1xRSHViKAhD6Hpt+/GvnNBxCSxdG9GiTghqQbsYBRorTkmTvONXBF8K2XOSLEEATDC6ty5Jllq2KNgWeJnZMyylHzzC+nE9M0hEhRTqRs21ai3IwIxSiHYclJJSSE9kkX2ppGJATpZuP7h3hfKx0cxEJXpPBY/T2RkVDKQejrzpConpz2RuJ/XjtVwbmbsShJFUR0sihIOVYxHoWBO0wAVXygCaGC6Vsx7RFBqNKRlXQI9vTLs6RxWLFPKyd3x+XqZR5HEe2iPXSAbHSGqugG1VAdUfSIntErejOejBfj3fiYtBaMfGYb/YHx+QM6+pT1</latexit>

�Ne↵ < 0.3 (Adiabatic initial conditions)

<latexit sha1_base64="xaUAiY4C2NQE+mlHdf8e3u29SPk="></latexit>

�Ne↵ ⌘ 3.044
⇢dr
⇢⌫

Planck, 2018
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Signals from PT

True vacuum

False vacuum GW

GW

DR Isocurvature•  

Gravitational waves•  
bubble collisions, sound waves, turbulence…

<latexit sha1_base64="V4CN+tiVFfOP8fOxm4T9A6dOkik=">AAAB9HicdVDLSgNBEJyNrxhfUY9eBoPgaZkkxuQY9OIxgnlAdgm9s5NkyMzuOjMbCCHf4cWDIl79GG/+jZOHoKIFDUVVN91dQSK4NoR8OJm19Y3Nrex2bmd3b/8gf3jU0nGqKGvSWMSqE4BmgkesabgRrJMoBjIQrB2Mrud+e8yU5nF0ZyYJ8yUMIt7nFIyVfC9kwkDPG4CU0MsXiFstVWu1EiYuqZbLZEHKtUqZ4KJLFiigFRq9/LsXxjSVLDJUgNbdIkmMPwVlOBVslvNSzRKgIxiwrqURSKb96eLoGT6zSoj7sbIVGbxQv09MQWo9kYHtlGCG+rc3F//yuqnp1/wpj5LUsIguF/VTgU2M5wngkCtGjZhYAlRxeyumQ1BAjc0pZ0P4+hT/T1olt3jpVm4vCvWrVRxZdIJO0TkqoiqqoxvUQE1E0T16QE/o2Rk7j86L87pszTirmWP0A87bJzubkm4=</latexit>

��
<latexit sha1_base64="B14rUs23oIKqPUu3CO8JHhsdwO4=">AAAB8XicdVDLSsNAFJ34rPVVdelmsAiuwqSxJsuiG5cV7AObUCaTaTt0MgkzE6GU/oUbF4q49W/c+TdO0woqeuDC4Zx7ufeeKONMaYQ+rJXVtfWNzdJWeXtnd2+/cnDYVmkuCW2RlKeyG2FFORO0pZnmtJtJipOI0040vpr7nXsqFUvFrZ5kNEzwULABI1gb6S6IKde4H4i8X6ki26t5vl+DyEae66KCuH7dRdCxUYEqWKLZr7wHcUryhApNOFaq56BMh1MsNSOczspBrmiGyRgPac9QgROqwmlx8QyeGiWGg1SaEhoW6veJKU6UmiSR6UywHqnf3lz8y+vleuCHUyayXFNBFosGOYc6hfP3YcwkJZpPDMFEMnMrJCMsMdEmpLIJ4etT+D9p12znwq7fnFcbl8s4SuAYnIAz4AAPNMA1aIIWIECAB/AEni1lPVov1uuidcVazhyBH7DePgELGpEw</latexit>

�⌫
<latexit sha1_base64="KAvil63GXguA0Z2baCG5tGKfgAM=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwFZJqWrMrunFZwT6gCWEymbZDJ5MwMxFq6Je4caGIWz/FnX/j9CGo6IELh3Pu5d57ooxRqWz7w1hZXVvf2Cxtlbd3dvcq5v5BR6a5wKSNU5aKXoQkYZSTtqKKkV4mCEoiRrrR+Grmd++IkDTlt2qSkSBBQ04HFCOlpdCs+DFhCoWFLxIYi2loVm3Lcx3Hq0PbangNt3amiVNzPU0cy56jCpZohea7H6c4TwhXmCEp+46dqaBAQlHMyLTs55JkCI/RkPQ15SghMijmh0/hiVZiOEiFLq7gXP0+UaBEykkS6c4EqZH87c3Ev7x+rgYXQUF5livC8WLRIGdQpXCWAoypIFixiSYIC6pvhXiEBMJKZ1XWIXx9Cv8nnZrl1C335rzavFzGUQJH4BicAgc0QBNcgxZoAwxy8ACewLNxbzwaL8bronXFWM4cgh8w3j4BVDKTjw==</latexit>

�dr
<latexit sha1_base64="WaL0tWjltrkuxlqV+KuqJEpv8BI=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk04yZnZ2mZkVwpIv8OJBEa9+kjf/xkmyB00saCiquunuCmLBtXHdbye3srq2vpHfLGxt7+zuFfcPGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3U395hMqzSP5YMYx+iEdSN7njBor1W66xZJbdmcgy8TLSAkyVLvFr04vYkmI0jBBtW57bmz8lCrDmcBJoZNojCkb0QG2LZU0RO2ns0Mn5MQqPdKPlC1pyEz9PZHSUOtxGNjOkJqhXvSm4n9eOzH9az/lMk4MSjZf1E8EMRGZfk16XCEzYmwJZYrbWwkbUkWZsdkUbAje4svLpHFW9i7LF7XzUuU2iyMPR3AMp+DBFVTgHqpQBwYIz/AKb86j8+K8Ox/z1pyTzRzCHzifP5ANjMs=</latexit>= <latexit sha1_base64="WaL0tWjltrkuxlqV+KuqJEpv8BI=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk04yZnZ2mZkVwpIv8OJBEa9+kjf/xkmyB00saCiquunuCmLBtXHdbye3srq2vpHfLGxt7+zuFfcPGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3U395hMqzSP5YMYx+iEdSN7njBor1W66xZJbdmcgy8TLSAkyVLvFr04vYkmI0jBBtW57bmz8lCrDmcBJoZNojCkb0QG2LZU0RO2ns0Mn5MQqPdKPlC1pyEz9PZHSUOtxGNjOkJqhXvSm4n9eOzH9az/lMk4MSjZf1E8EMRGZfk16XCEzYmwJZYrbWwkbUkWZsdkUbAje4svLpHFW9i7LF7XzUuU2iyMPR3AMp+DBFVTgHqpQBwYIz/AKb86j8+K8Ox/z1pyTzRzCHzifP5ANjMs=</latexit>=

Adiabatic

Isocurvature
<latexit sha1_base64="zPh7cTXAIzSg9X6B+gs2C3RNZd4=">AAAB/HicdVDLSgNBEJyNrxhfqzl6GQyCp2WSGJNj0IvHCOYB2RB6J5NkyMzuMjMrhCX+ihcPinj1Q7z5N04egooWNBRV3XR3BbHg2hDy4WTW1jc2t7LbuZ3dvf0D9/CopaNEUdakkYhUJwDNBA9Z03AjWCdWDGQgWDuYXM399h1TmkfhrZnGrCdhFPIhp2Cs1Hfz/oAJA74aR/3UH4GUMOu7BeJVS9VarYSJR6rlMlmQcq1SJrjokQUKaIVG3333BxFNJAsNFaB1t0hi00tBGU4Fm+X8RLMY6ARGrGtpCJLpXro4foZPrTLAw0jZCg1eqN8nUpBaT2VgOyWYsf7tzcW/vG5ihrVeysM4MSyky0XDRGAT4XkSeMAVo0ZMLQGquL0V0zEooMbmlbMhfH2K/yetkle88Co354X65SqOLDpGJ+gMFVEV1dE1aqAmomiKHtATenbunUfnxXldtmac1Uwe/YDz9gmuHJV4</latexit>

�⇢�
<latexit sha1_base64="40JP0SQ/GHqXnnjer3CihVtU7i4=">AAAB+XicdVDLSsNAFJ34rPUVdelmsAiuwqSxpsuiG5cV7AOaECbTaTt0Mgkzk0IJ/RM3LhRx65+482+cPgQVPXDhcM693HtPnHGmNEIf1tr6xubWdmmnvLu3f3BoHx23VZpLQlsk5ansxlhRzgRtaaY57WaS4iTmtBOPb+Z+Z0KlYqm419OMhgkeCjZgBGsjRbYd9CnXOJCjNCoCkc8iu4Icv+rX61WIHOR7HloQr17zEHQdtEAFrNCM7Pegn5I8oUITjpXquSjTYYGlZoTTWTnIFc0wGeMh7RkqcEJVWCwun8Fzo/ThIJWmhIYL9ftEgROlpklsOhOsR+q3Nxf/8nq5HtTDgoks11SQ5aJBzqFO4TwG2GeSEs2nhmAimbkVkhGWmGgTVtmE8PUp/J+0q4575dTuLiuN61UcJXAKzsAFcIEPGuAWNEELEDABD+AJPFuF9Wi9WK/L1jVrNXMCfsB6+wR1mpQ6</latexit>

�⇢⌫
<latexit sha1_base64="LD1xCK80vW3O/S2a5ID7ebQYFr4=">AAAB/HicdVDLSsNAFJ34rPUV7dLNYBFchaSa1uyKblxWsA9oQphMJu3QyYOZiRBC/RU3LhRx64e482+cPgQVPXDhcM693HtPkDEqpGl+aCura+sbm5Wt6vbO7t6+fnDYE2nOMenilKV8ECBBGE1IV1LJyCDjBMUBI/1gcjXz+3eEC5omt7LIiBejUUIjipFUkq/X3JAwiVw+Tv3S5TEM+dTX66bh2JblNKFptJyW3ThTxGrYjiKWYc5RB0t0fP3dDVOcxySRmCEhhpaZSa9EXFLMyLTq5oJkCE/QiAwVTVBMhFfOj5/CE6WEMEq5qkTCufp9okSxEEUcqM4YybH47c3Ev7xhLqMLr6RJlkuS4MWiKGdQpnCWBAwpJ1iyQhGEOVW3QjxGHGGp8qqqEL4+hf+TXsOwmoZ9c15vXy7jqIAjcAxOgQVaoA2uQQd0AQYFeABP4Fm71x61F+110bqiLWdq4Ae0t0+BwJVc</latexit>

�⇢dr
<latexit sha1_base64="UgcKjkf+mtIaSJxvyfUsrnG61Ic=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9OIxinlAsoTZSW8yZHZ2mZkVwpI/8OJBEa/+kTf/xkmyB40WNBRV3XR3BYng2rjul1NYWl5ZXSuulzY2t7Z3yrt7TR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqZ+6xGV5rF8MOME/YgOJA85o8ZK91dur1xxq+4M5C/xclKBHPVe+bPbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezSCTmySp+EsbIlDZmpPycyGmk9jgLbGVEz1IveVPzP66QmvPQzLpPUoGTzRWEqiInJ9G3S5wqZEWNLKFPc3krYkCrKjA2nZEPwFl/+S5onVe+8enZ3Wqld53EU4QAO4Rg8uIAa3EIdGsAghCd4gVdn5Dw7b877vLXg5DP78AvOxzf97o0F</latexit>

= 0
<latexit sha1_base64="Age47FzHBvUqYGPEEfH8g0BXt4k=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB2DXjwmYB6QhDA76U3GzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqju6nffEKleSQfzDjGbkgHkgecUWOl2lmvWHLL7gxkmXgZKUGGaq/41elHLAlRGiao1m3PjU03pcpwJnBS6CQaY8pGdIBtSyUNUXfT2aETcmKVPgkiZUsaMlN/T6Q01Hoc+rYzpGaoF72p+J/XTkxw0025jBODks0XBYkgJiLTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqtxmceThCI7hFDy4hgrcQxXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3TFjLk=</latexit>

+
<latexit sha1_base64="Age47FzHBvUqYGPEEfH8g0BXt4k=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB2DXjwmYB6QhDA76U3GzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqju6nffEKleSQfzDjGbkgHkgecUWOl2lmvWHLL7gxkmXgZKUGGaq/41elHLAlRGiao1m3PjU03pcpwJnBS6CQaY8pGdIBtSyUNUXfT2aETcmKVPgkiZUsaMlN/T6Q01Hoc+rYzpGaoF72p+J/XTkxw0025jBODks0XBYkgJiLTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqtxmceThCI7hFDy4hgrcQxXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3TFjLk=</latexit>

+

DR energy density•  
<latexit sha1_base64="KVdjf/XpKTPeZENttU9T5ey2D4k=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJXE98JFUReupIJ9QBPCZHrTDp08mJkIJXbhr7hxoYhbf8Odf+O0zUJbD1w4nHMv997jJ5xJZVnfRmFufmFxqbhcWlldW98wN7caMk4FhTqNeSxaPpHAWQR1xRSHViKAhD6Hpt+/GvnNBxCSxdG9GiTghqQbsYBRorTkmTvONXBF8K2XOSLEEATDC6ty5Jllq2KNgWeJnZMyylHzzC+nE9M0hEhRTqRs21ai3IwIxSiHYclJJSSE9kkX2ppGJATpZuP7h3hfKx0cxEJXpPBY/T2RkVDKQejrzpConpz2RuJ/XjtVwbmbsShJFUR0sihIOVYxHoWBO0wAVXygCaGC6Vsx7RFBqNKRlXQI9vTLs6RxWLFPKyd3x+XqZR5HEe2iPXSAbHSGqugG1VAdUfSIntErejOejBfj3fiYtBaMfGYb/YHx+QM6+pT1</latexit>

�Ne↵ < 0.3 (Adiabatic initial conditions)

<latexit sha1_base64="xaUAiY4C2NQE+mlHdf8e3u29SPk="></latexit>

�Ne↵ ⌘ 3.044
⇢dr
⇢⌫

Planck, 2018

Bucher, Moodley, Turok, PRD, 2000
Ghosh, Kumar, Tsai, JCAP, 2022

<latexit sha1_base64="tpiQJ1CqACqq6tzWFTZ3M6w5/HU="></latexit>

�Ne↵ . 10�5(T⇤/Trh)
�4

Buckley,PD,Fernandez,Weikert,JCAP, 2024
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DR isocurvature from PT

PT generates density fluctuations in DR•  
DR from PT generically has isocurvature

<latexit sha1_base64="pab0B+ndEPEcvTDhyP6kDC+uW6Q=">AAAB8nicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PQi8co5gGbJcxOZpMhszPLTK8SQj7DiwdFvPo13vwbJ8keNFrQUFR1090VpYIb9Lwvp7C0vLK6VlwvbWxube+Ud/eaRmWasgZVQul2RAwTXLIGchSsnWpGkkiwVjS8nvqtB6YNV/IeRykLE9KXPOaUoJWCzh3vD5BorR675YpX9WZw/xI/JxXIUe+WPzs9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cY+s0nNjpW1JdGfqz4kxSYwZJZHtTAgOzKI3Ff/zggzjy3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZf/kuZJ1T+vnt2eVmpXeRxFOIBDOAYfLqAGN1CHBlBQ8AQv8Oqg8+y8Oe/z1oKTz+zDLzgf35RbkXc=</latexit>)
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DR isocurvature from PT

<latexit sha1_base64="QYI/VW+TvtiUYIrZ7vv8/ZX2pF0=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoMQL2FX4uMY9OIxgnlAsoTZyWwyZGZ2mZkVwpJf8OJBEa/+kDf/xtlkD5pY0FBUddPdFcScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJneZ33miSrNIPpppTH2BR5KFjGCTSc3q5HxQrrg1dw60SrycVCBHc1D+6g8jkggqDeFY657nxsZPsTKMcDor9RNNY0wmeER7lkosqPbT+a0zdGaVIQojZUsaNFd/T6RYaD0Vge0U2Iz1speJ/3m9xIQ3fspknBgqyWJRmHBkIpQ9joZMUWL41BJMFLO3IjLGChNj4ynZELzll1dJ+6LmXdUuH+qVxm0eRxFO4BSq4ME1NOAemtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/OkSNuA==</latexit>

P (k)

<latexit sha1_base64="d/RhcRSMbEv4ivpbAndL8To6sfA=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVR71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJZvyhXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1cWM+Q==</latexit>

k
<latexit sha1_base64="+DJD02xeHpshGqatz6DqrWFbYTA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoMgHsKu+DoGvXiMYB6QLGF2MkmGzMwuM71CWPILXjwo4tUf8ubfuJvsQRMLGoqqbrq7gkgKi6777RRWVtfWN4qbpa3tnd298v5B04axYbzBQhmadkAtl0LzBgqUvB0ZTlUgeSsY32V+64kbK0L9iJOI+4oOtRgIRjGTxr2zUq9ccavuDGSZeDmpQI56r/zV7YcsVlwjk9TajudG6CfUoGCST0vd2PKIsjEd8k5KNVXc+sns1ik5SZU+GYQmLY1kpv6eSKiydqKCtFNRHNlFLxP/8zoxDm78ROgoRq7ZfNEglgRDkj1O+sJwhnKSEsqMSG8lbEQNZZjGk4XgLb68TJrnVe+qevlwUand5nEU4QiO4RQ8uIYa3EMdGsBgBM/wCm+Ocl6cd+dj3lpw8plD+APn8wclio2q</latexit>

k⇤

DR isocurvature

<latexit sha1_base64="/Fs40kRzGoLfSTgAC2ZAMvx8p5s=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSbVtLorunFZ0T6gjWUynbRDJ5MwMxFK6Ce4caGIW7/InX/jpI2gogcuHM65l3vv8WPOlEbowyosLa+srhXXSxubW9s75d29tooSSWiLRDySXR8rypmgLc00p91YUhz6nHb8yWXmd+6pVCwSt3oaUy/EI8ECRrA20s3k7mRQriD7HCHXqUJkozky4rp1pwadXKmAHM1B+b0/jEgSUqEJx0r1HBRrL8VSM8LprNRPFI0xmeAR7RkqcEiVl85PncEjowxhEElTQsO5+n0ixaFS09A3nSHWY/Xby8S/vF6igzMvZSJONBVksShIONQRzP6GQyYp0XxqCCaSmVshGWOJiTbplEwIX5/C/0m7ajs1270+rTQu8jiK4AAcgmPggDpogCvQBC1AwAg8gCfwbHHr0XqxXhetBSuf2Qc/YL19AjfAjcc=</latexit>

k3

PT generates density fluctuations in DR•  
DR from PT generically has isocurvature

<latexit sha1_base64="pab0B+ndEPEcvTDhyP6kDC+uW6Q=">AAAB8nicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PQi8co5gGbJcxOZpMhszPLTK8SQj7DiwdFvPo13vwbJ8keNFrQUFR1090VpYIb9Lwvp7C0vLK6VlwvbWxube+Ud/eaRmWasgZVQul2RAwTXLIGchSsnWpGkkiwVjS8nvqtB6YNV/IeRykLE9KXPOaUoJWCzh3vD5BorR675YpX9WZw/xI/JxXIUe+WPzs9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cY+s0nNjpW1JdGfqz4kxSYwZJZHtTAgOzKI3Ff/zggzjy3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZf/kuZJ1T+vnt2eVmpXeRxFOIBDOAYfLqAGN1CHBlBQ8AQv8Oqg8+y8Oe/z1oKTz+zDLzgf35RbkXc=</latexit>)

Superhorizon modes scale as •  

<latexit sha1_base64="RDErlhZMJ/VKSLuv3EtvTv7e2xY=">AAAB8nicbVDLSsNAFL2pr1pfVZduBotQuyiJ+NoIRTddVugL0hAm00k7dJIJMxOhlH6GGxeKuPVr3Pk3TtsstPXAhcM593LvPUHCmdK2/W3l1tY3Nrfy24Wd3b39g+LhUVuJVBLaIoIL2Q2wopzFtKWZ5rSbSIqjgNNOMHqY+Z0nKhUTcVOPE+pFeBCzkBGsjeSO/ModrpebfuXcL5bsqj0HWiVORkqQoeEXv3p9QdKIxppwrJTr2In2JlhqRjidFnqpogkmIzygrqExjqjyJvOTp+jMKH0UCmkq1miu/p6Y4EipcRSYzgjroVr2ZuJ/npvq8NabsDhJNY3JYlGYcqQFmv2P+kxSovnYEEwkM7ciMsQSE21SKpgQnOWXV0n7oupcV68eL0u1+yyOPJzAKZTBgRuoQR0a0AICAp7hFd4sbb1Y79bHojVnZTPH8AfW5w9OB4/6</latexit>

k⇤ = aH(T⇤)

<latexit sha1_base64="DSEYXfmgRMRaZ4yPg+3UEGstFwA=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPux6AXjxHNAskYejo1SZOenqG7RwhDPsGLB0W8+kXe/Bs7y0ETHxQ83quiql6QCK6N6347uaXlldW1/HphY3Nre6e4u1fXcaoY1lgsYtUMqEbBJdYMNwKbiUIaBQIbweBm7DeeUGkeywczTNCPaE/ykDNqrHQ/eDztFEtu2Z2ALBJvRkowQ7VT/Gp3Y5ZGKA0TVOuW5ybGz6gynAkcFdqpxoSyAe1hy1JJI9R+Njl1RI6s0iVhrGxJQybq74mMRloPo8B2RtT09bw3Fv/zWqkJr/yMyyQ1KNl0UZgKYmIy/pt0uUJmxNASyhS3txLWp4oyY9Mp2BC8+ZcXSf2k7F2Uz+/OSpXrWRx5OIBDOAYPLqECt1CFGjDowTO8wpsjnBfn3fmYtuac2cw+/IHz+QP8lo2e</latexit>

k3

<latexit sha1_base64="RDErlhZMJ/VKSLuv3EtvTv7e2xY=">AAAB8nicbVDLSsNAFL2pr1pfVZduBotQuyiJ+NoIRTddVugL0hAm00k7dJIJMxOhlH6GGxeKuPVr3Pk3TtsstPXAhcM593LvPUHCmdK2/W3l1tY3Nrfy24Wd3b39g+LhUVuJVBLaIoIL2Q2wopzFtKWZ5rSbSIqjgNNOMHqY+Z0nKhUTcVOPE+pFeBCzkBGsjeSO/ModrpebfuXcL5bsqj0HWiVORkqQoeEXv3p9QdKIxppwrJTr2In2JlhqRjidFnqpogkmIzygrqExjqjyJvOTp+jMKH0UCmkq1miu/p6Y4EipcRSYzgjroVr2ZuJ/npvq8NabsDhJNY3JYlGYcqQFmv2P+kxSovnYEEwkM7ciMsQSE21SKpgQnOWXV0n7oupcV68eL0u1+yyOPJzAKZTBgRuoQR0a0AICAp7hFd4sbb1Y79bHojVnZTPH8AfW5w9OB4/6</latexit>

k⇤ = aH(T⇤)•  Comoving horizon at PT sets the scale
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<latexit sha1_base64="QYI/VW+TvtiUYIrZ7vv8/ZX2pF0=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoMQL2FX4uMY9OIxgnlAsoTZyWwyZGZ2mZkVwpJf8OJBEa/+kDf/xtlkD5pY0FBUddPdFcScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJneZ33miSrNIPpppTH2BR5KFjGCTSc3q5HxQrrg1dw60SrycVCBHc1D+6g8jkggqDeFY657nxsZPsTKMcDor9RNNY0wmeER7lkosqPbT+a0zdGaVIQojZUsaNFd/T6RYaD0Vge0U2Iz1speJ/3m9xIQ3fspknBgqyWJRmHBkIpQ9joZMUWL41BJMFLO3IjLGChNj4ynZELzll1dJ+6LmXdUuH+qVxm0eRxFO4BSq4ME1NOAemtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/OkSNuA==</latexit>

P (k)

<latexit sha1_base64="d/RhcRSMbEv4ivpbAndL8To6sfA=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVR71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJZvyhXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1cWM+Q==</latexit>

k

CMB

<latexit sha1_base64="+DJD02xeHpshGqatz6DqrWFbYTA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoMgHsKu+DoGvXiMYB6QLGF2MkmGzMwuM71CWPILXjwo4tUf8ubfuJvsQRMLGoqqbrq7gkgKi6777RRWVtfWN4qbpa3tnd298v5B04axYbzBQhmadkAtl0LzBgqUvB0ZTlUgeSsY32V+64kbK0L9iJOI+4oOtRgIRjGTxr2zUq9ccavuDGSZeDmpQI56r/zV7YcsVlwjk9TajudG6CfUoGCST0vd2PKIsjEd8k5KNVXc+sns1ik5SZU+GYQmLY1kpv6eSKiydqKCtFNRHNlFLxP/8zoxDm78ROgoRq7ZfNEglgRDkj1O+sJwhnKSEsqMSG8lbEQNZZjGk4XgLb68TJrnVe+qevlwUand5nEU4QiO4RQ8uIYa3EMdGsBgBM/wCm+Ocl6cd+dj3lpw8plD+APn8wclio2q</latexit>

k⇤

Adiabatic

DR isocurvature

<latexit sha1_base64="/Fs40kRzGoLfSTgAC2ZAMvx8p5s=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSbVtLorunFZ0T6gjWUynbRDJ5MwMxFK6Ce4caGIW7/InX/jpI2gogcuHM65l3vv8WPOlEbowyosLa+srhXXSxubW9s75d29tooSSWiLRDySXR8rypmgLc00p91YUhz6nHb8yWXmd+6pVCwSt3oaUy/EI8ECRrA20s3k7mRQriD7HCHXqUJkozky4rp1pwadXKmAHM1B+b0/jEgSUqEJx0r1HBRrL8VSM8LprNRPFI0xmeAR7RkqcEiVl85PncEjowxhEElTQsO5+n0ixaFS09A3nSHWY/Xby8S/vF6igzMvZSJONBVksShIONQRzP6GQyYp0XxqCCaSmVshGWOJiTbplEwIX5/C/0m7ajs1270+rTQu8jiK4AAcgmPggDpogCvQBC1AwAg8gCfwbHHr0XqxXhetBSuf2Qc/YL19AjfAjcc=</latexit>

k3

Superhorizon modes scale as •  
Invisible to CMB if 

<latexit sha1_base64="pab0B+ndEPEcvTDhyP6kDC+uW6Q=">AAAB8nicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PQi8co5gGbJcxOZpMhszPLTK8SQj7DiwdFvPo13vwbJ8keNFrQUFR1090VpYIb9Lwvp7C0vLK6VlwvbWxube+Ud/eaRmWasgZVQul2RAwTXLIGchSsnWpGkkiwVjS8nvqtB6YNV/IeRykLE9KXPOaUoJWCzh3vD5BorR675YpX9WZw/xI/JxXIUe+WPzs9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cY+s0nNjpW1JdGfqz4kxSYwZJZHtTAgOzKI3Ff/zggzjy3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZf/kuZJ1T+vnt2eVmpXeRxFOIBDOAYfLqAGN1CHBlBQ8AQv8Oqg8+y8Oe/z1oKTz+zDLzgf35RbkXc=</latexit>)

<latexit sha1_base64="RDErlhZMJ/VKSLuv3EtvTv7e2xY=">AAAB8nicbVDLSsNAFL2pr1pfVZduBotQuyiJ+NoIRTddVugL0hAm00k7dJIJMxOhlH6GGxeKuPVr3Pk3TtsstPXAhcM593LvPUHCmdK2/W3l1tY3Nrfy24Wd3b39g+LhUVuJVBLaIoIL2Q2wopzFtKWZ5rSbSIqjgNNOMHqY+Z0nKhUTcVOPE+pFeBCzkBGsjeSO/ModrpebfuXcL5bsqj0HWiVORkqQoeEXv3p9QdKIxppwrJTr2In2JlhqRjidFnqpogkmIzygrqExjqjyJvOTp+jMKH0UCmkq1miu/p6Y4EipcRSYzgjroVr2ZuJ/npvq8NabsDhJNY3JYlGYcqQFmv2P+kxSovnYEEwkM7ciMsQSE21SKpgQnOWXV0n7oupcV68eL0u1+yyOPJzAKZTBgRuoQR0a0AICAp7hFd4sbb1Y79bHojVnZTPH8AfW5w9OB4/6</latexit>

k⇤ = aH(T⇤)

<latexit sha1_base64="DSEYXfmgRMRaZ4yPg+3UEGstFwA=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPux6AXjxHNAskYejo1SZOenqG7RwhDPsGLB0W8+kXe/Bs7y0ETHxQ83quiql6QCK6N6347uaXlldW1/HphY3Nre6e4u1fXcaoY1lgsYtUMqEbBJdYMNwKbiUIaBQIbweBm7DeeUGkeywczTNCPaE/ykDNqrHQ/eDztFEtu2Z2ALBJvRkowQ7VT/Gp3Y5ZGKA0TVOuW5ybGz6gynAkcFdqpxoSyAe1hy1JJI9R+Njl1RI6s0iVhrGxJQybq74mMRloPo8B2RtT09bw3Fv/zWqkJr/yMyyQ1KNl0UZgKYmIy/pt0uUJmxNASyhS3txLWp4oyY9Mp2BC8+ZcXSf2k7F2Uz+/OSpXrWRx5OIBDOAYPLqECt1CFGjDowTO8wpsjnBfn3fmYtuac2cw+/IHz+QP8lo2e</latexit>

k3

<latexit sha1_base64="tcyEF8sCnOx69Xb6rj1w+QXsfFY=">AAAB+3icbVDLSsNAFJ3UV62vWJduBosgLkoivpal3bgRKvQFTQiT6SQdOpOEmYlYQn7FjQtF3Poj7vwbp20W2nrgwuGce7n3Hj9hVCrL+jZKa+sbm1vl7crO7t7+gXlY7ck4FZh0ccxiMfCRJIxGpKuoYmSQCIK4z0jfn7Rmfv+RCEnjqKOmCXE5CiMaUIyUljyz2vHOnTCEHS9zBIet+2bumTWrbs0BV4ldkBoo0PbML2cU45STSGGGpBzaVqLcDAlFMSN5xUklSRCeoJAMNY0QJ9LN5rfn8FQrIxjEQlek4Fz9PZEhLuWU+7qTIzWWy95M/M8bpiq4dTMaJakiEV4sClIGVQxnQcARFQQrNtUEYUH1rRCPkUBY6bgqOgR7+eVV0ruo29f1q4fLWqNZxFEGx+AEnAEb3IAGuANt0AUYPIFn8ArejNx4Md6Nj0VryShmjsAfGJ8/aW2TaA==</latexit>

T⇤ � TCMB

<latexit sha1_base64="RDErlhZMJ/VKSLuv3EtvTv7e2xY=">AAAB8nicbVDLSsNAFL2pr1pfVZduBotQuyiJ+NoIRTddVugL0hAm00k7dJIJMxOhlH6GGxeKuPVr3Pk3TtsstPXAhcM593LvPUHCmdK2/W3l1tY3Nrfy24Wd3b39g+LhUVuJVBLaIoIL2Q2wopzFtKWZ5rSbSIqjgNNOMHqY+Z0nKhUTcVOPE+pFeBCzkBGsjeSO/ModrpebfuXcL5bsqj0HWiVORkqQoeEXv3p9QdKIxppwrJTr2In2JlhqRjidFnqpogkmIzygrqExjqjyJvOTp+jMKH0UCmkq1miu/p6Y4EipcRSYzgjroVr2ZuJ/npvq8NabsDhJNY3JYlGYcqQFmv2P+kxSovnYEEwkM7ciMsQSE21SKpgQnOWXV0n7oupcV68eL0u1+yyOPJzAKZTBgRuoQR0a0AICAp7hFd4sbb1Y79bHojVnZTPH8AfW5w9OB4/6</latexit>

k⇤ = aH(T⇤)•  Comoving horizon at PT sets the scale

PT generates density fluctuations in DR•  
DR from PT generically has isocurvature

<latexit sha1_base64="pab0B+ndEPEcvTDhyP6kDC+uW6Q=">AAAB8nicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PQi8co5gGbJcxOZpMhszPLTK8SQj7DiwdFvPo13vwbJ8keNFrQUFR1090VpYIb9Lwvp7C0vLK6VlwvbWxube+Ud/eaRmWasgZVQul2RAwTXLIGchSsnWpGkkiwVjS8nvqtB6YNV/IeRykLE9KXPOaUoJWCzh3vD5BorR675YpX9WZw/xI/JxXIUe+WPzs9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cY+s0nNjpW1JdGfqz4kxSYwZJZHtTAgOzKI3Ff/zggzjy3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZf/kuZJ1T+vnt2eVmpXeRxFOIBDOAYfLqAGN1CHBlBQ8AQv8Oqg8+y8Oe/z1oKTz+zDLzgf35RbkXc=</latexit>)

DR isocurvature from PT
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<latexit sha1_base64="QYI/VW+TvtiUYIrZ7vv8/ZX2pF0=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoMQL2FX4uMY9OIxgnlAsoTZyWwyZGZ2mZkVwpJf8OJBEa/+kDf/xtlkD5pY0FBUddPdFcScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJneZ33miSrNIPpppTH2BR5KFjGCTSc3q5HxQrrg1dw60SrycVCBHc1D+6g8jkggqDeFY657nxsZPsTKMcDor9RNNY0wmeER7lkosqPbT+a0zdGaVIQojZUsaNFd/T6RYaD0Vge0U2Iz1speJ/3m9xIQ3fspknBgqyWJRmHBkIpQ9joZMUWL41BJMFLO3IjLGChNj4ynZELzll1dJ+6LmXdUuH+qVxm0eRxFO4BSq4ME1NOAemtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/OkSNuA==</latexit>

P (k)

<latexit sha1_base64="d/RhcRSMbEv4ivpbAndL8To6sfA=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVR71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJZvyhXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1cWM+Q==</latexit>

k

CMB

<latexit sha1_base64="+DJD02xeHpshGqatz6DqrWFbYTA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoMgHsKu+DoGvXiMYB6QLGF2MkmGzMwuM71CWPILXjwo4tUf8ubfuJvsQRMLGoqqbrq7gkgKi6777RRWVtfWN4qbpa3tnd298v5B04axYbzBQhmadkAtl0LzBgqUvB0ZTlUgeSsY32V+64kbK0L9iJOI+4oOtRgIRjGTxr2zUq9ccavuDGSZeDmpQI56r/zV7YcsVlwjk9TajudG6CfUoGCST0vd2PKIsjEd8k5KNVXc+sns1ik5SZU+GYQmLY1kpv6eSKiydqKCtFNRHNlFLxP/8zoxDm78ROgoRq7ZfNEglgRDkj1O+sJwhnKSEsqMSG8lbEQNZZjGk4XgLb68TJrnVe+qevlwUand5nEU4QiO4RQ8uIYa3EMdGsBgBM/wCm+Ocl6cd+dj3lpw8plD+APn8wclio2q</latexit>

k⇤

Adiabatic

DR isocurvature

<latexit sha1_base64="/Fs40kRzGoLfSTgAC2ZAMvx8p5s=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSbVtLorunFZ0T6gjWUynbRDJ5MwMxFK6Ce4caGIW7/InX/jpI2gogcuHM65l3vv8WPOlEbowyosLa+srhXXSxubW9s75d29tooSSWiLRDySXR8rypmgLc00p91YUhz6nHb8yWXmd+6pVCwSt3oaUy/EI8ECRrA20s3k7mRQriD7HCHXqUJkozky4rp1pwadXKmAHM1B+b0/jEgSUqEJx0r1HBRrL8VSM8LprNRPFI0xmeAR7RkqcEiVl85PncEjowxhEElTQsO5+n0ixaFS09A3nSHWY/Xby8S/vF6igzMvZSJONBVksShIONQRzP6GQyYp0XxqCCaSmVshGWOJiTbplEwIX5/C/0m7ajs1270+rTQu8jiK4AAcgmPggDpogCvQBC1AwAg8gCfwbHHr0XqxXhetBSuf2Qc/YL19AjfAjcc=</latexit>

k3

Superhorizon modes scale as •  
Invisible to CMB if 

<latexit sha1_base64="pab0B+ndEPEcvTDhyP6kDC+uW6Q=">AAAB8nicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PQi8co5gGbJcxOZpMhszPLTK8SQj7DiwdFvPo13vwbJ8keNFrQUFR1090VpYIb9Lwvp7C0vLK6VlwvbWxube+Ud/eaRmWasgZVQul2RAwTXLIGchSsnWpGkkiwVjS8nvqtB6YNV/IeRykLE9KXPOaUoJWCzh3vD5BorR675YpX9WZw/xI/JxXIUe+WPzs9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cY+s0nNjpW1JdGfqz4kxSYwZJZHtTAgOzKI3Ff/zggzjy3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZf/kuZJ1T+vnt2eVmpXeRxFOIBDOAYfLqAGN1CHBlBQ8AQv8Oqg8+y8Oe/z1oKTz+zDLzgf35RbkXc=</latexit>)

<latexit sha1_base64="RDErlhZMJ/VKSLuv3EtvTv7e2xY=">AAAB8nicbVDLSsNAFL2pr1pfVZduBotQuyiJ+NoIRTddVugL0hAm00k7dJIJMxOhlH6GGxeKuPVr3Pk3TtsstPXAhcM593LvPUHCmdK2/W3l1tY3Nrfy24Wd3b39g+LhUVuJVBLaIoIL2Q2wopzFtKWZ5rSbSIqjgNNOMHqY+Z0nKhUTcVOPE+pFeBCzkBGsjeSO/ModrpebfuXcL5bsqj0HWiVORkqQoeEXv3p9QdKIxppwrJTr2In2JlhqRjidFnqpogkmIzygrqExjqjyJvOTp+jMKH0UCmkq1miu/p6Y4EipcRSYzgjroVr2ZuJ/npvq8NabsDhJNY3JYlGYcqQFmv2P+kxSovnYEEwkM7ciMsQSE21SKpgQnOWXV0n7oupcV68eL0u1+yyOPJzAKZTBgRuoQR0a0AICAp7hFd4sbb1Y79bHojVnZTPH8AfW5w9OB4/6</latexit>

k⇤ = aH(T⇤)

<latexit sha1_base64="DSEYXfmgRMRaZ4yPg+3UEGstFwA=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPux6AXjxHNAskYejo1SZOenqG7RwhDPsGLB0W8+kXe/Bs7y0ETHxQ83quiql6QCK6N6347uaXlldW1/HphY3Nre6e4u1fXcaoY1lgsYtUMqEbBJdYMNwKbiUIaBQIbweBm7DeeUGkeywczTNCPaE/ykDNqrHQ/eDztFEtu2Z2ALBJvRkowQ7VT/Gp3Y5ZGKA0TVOuW5ybGz6gynAkcFdqpxoSyAe1hy1JJI9R+Njl1RI6s0iVhrGxJQybq74mMRloPo8B2RtT09bw3Fv/zWqkJr/yMyyQ1KNl0UZgKYmIy/pt0uUJmxNASyhS3txLWp4oyY9Mp2BC8+ZcXSf2k7F2Uz+/OSpXrWRx5OIBDOAYPLqECt1CFGjDowTO8wpsjnBfn3fmYtuac2cw+/IHz+QP8lo2e</latexit>

k3

<latexit sha1_base64="tcyEF8sCnOx69Xb6rj1w+QXsfFY=">AAAB+3icbVDLSsNAFJ3UV62vWJduBosgLkoivpal3bgRKvQFTQiT6SQdOpOEmYlYQn7FjQtF3Poj7vwbp20W2nrgwuGce7n3Hj9hVCrL+jZKa+sbm1vl7crO7t7+gXlY7ck4FZh0ccxiMfCRJIxGpKuoYmSQCIK4z0jfn7Rmfv+RCEnjqKOmCXE5CiMaUIyUljyz2vHOnTCEHS9zBIet+2bumTWrbs0BV4ldkBoo0PbML2cU45STSGGGpBzaVqLcDAlFMSN5xUklSRCeoJAMNY0QJ9LN5rfn8FQrIxjEQlek4Fz9PZEhLuWU+7qTIzWWy95M/M8bpiq4dTMaJakiEV4sClIGVQxnQcARFQQrNtUEYUH1rRCPkUBY6bgqOgR7+eVV0ruo29f1q4fLWqNZxFEGx+AEnAEb3IAGuANt0AUYPIFn8ArejNx4Md6Nj0VryShmjsAfGJ8/aW2TaA==</latexit>

T⇤ � TCMB

•  

<latexit sha1_base64="RDErlhZMJ/VKSLuv3EtvTv7e2xY=">AAAB8nicbVDLSsNAFL2pr1pfVZduBotQuyiJ+NoIRTddVugL0hAm00k7dJIJMxOhlH6GGxeKuPVr3Pk3TtsstPXAhcM593LvPUHCmdK2/W3l1tY3Nrfy24Wd3b39g+LhUVuJVBLaIoIL2Q2wopzFtKWZ5rSbSIqjgNNOMHqY+Z0nKhUTcVOPE+pFeBCzkBGsjeSO/ModrpebfuXcL5bsqj0HWiVORkqQoeEXv3p9QdKIxppwrJTr2In2JlhqRjidFnqpogkmIzygrqExjqjyJvOTp+jMKH0UCmkq1miu/p6Y4EipcRSYzgjroVr2ZuJ/npvq8NabsDhJNY3JYlGYcqQFmv2P+kxSovnYEEwkM7ciMsQSE21SKpgQnOWXV0n7oupcV68eL0u1+yyOPJzAKZTBgRuoQR0a0AICAp7hFd4sbb1Y79bHojVnZTPH8AfW5w9OB4/6</latexit>

k⇤ = aH(T⇤)•  Comoving horizon at PT sets the scale

How to get isocurvature signals in CMB?

PT generates density fluctuations in DR•  
DR from PT generically has isocurvature

<latexit sha1_base64="pab0B+ndEPEcvTDhyP6kDC+uW6Q=">AAAB8nicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PQi8co5gGbJcxOZpMhszPLTK8SQj7DiwdFvPo13vwbJ8keNFrQUFR1090VpYIb9Lwvp7C0vLK6VlwvbWxube+Ud/eaRmWasgZVQul2RAwTXLIGchSsnWpGkkiwVjS8nvqtB6YNV/IeRykLE9KXPOaUoJWCzh3vD5BorR675YpX9WZw/xI/JxXIUe+WPzs9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cY+s0nNjpW1JdGfqz4kxSYwZJZHtTAgOzKI3Ff/zggzjy3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZf/kuZJ1T+vnt2eVmpXeRxFOIBDOAYfLqAGN1CHBlBQ8AQv8Oqg8+y8Oe/z1oKTz+zDLzgf35RbkXc=</latexit>)

DR isocurvature from PT

Peizhi Du (USTC)| BPCS 2025
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<latexit sha1_base64="QYI/VW+TvtiUYIrZ7vv8/ZX2pF0=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoMQL2FX4uMY9OIxgnlAsoTZyWwyZGZ2mZkVwpJf8OJBEa/+kDf/xtlkD5pY0FBUddPdFcScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJneZ33miSrNIPpppTH2BR5KFjGCTSc3q5HxQrrg1dw60SrycVCBHc1D+6g8jkggqDeFY657nxsZPsTKMcDor9RNNY0wmeER7lkosqPbT+a0zdGaVIQojZUsaNFd/T6RYaD0Vge0U2Iz1speJ/3m9xIQ3fspknBgqyWJRmHBkIpQ9joZMUWL41BJMFLO3IjLGChNj4ynZELzll1dJ+6LmXdUuH+qVxm0eRxFO4BSq4ME1NOAemtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/OkSNuA==</latexit>

P (k)

<latexit sha1_base64="d/RhcRSMbEv4ivpbAndL8To6sfA=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVR71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJZvyhXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1cWM+Q==</latexit>

k

CMB

<latexit sha1_base64="+DJD02xeHpshGqatz6DqrWFbYTA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoMgHsKu+DoGvXiMYB6QLGF2MkmGzMwuM71CWPILXjwo4tUf8ubfuJvsQRMLGoqqbrq7gkgKi6777RRWVtfWN4qbpa3tnd298v5B04axYbzBQhmadkAtl0LzBgqUvB0ZTlUgeSsY32V+64kbK0L9iJOI+4oOtRgIRjGTxr2zUq9ccavuDGSZeDmpQI56r/zV7YcsVlwjk9TajudG6CfUoGCST0vd2PKIsjEd8k5KNVXc+sns1ik5SZU+GYQmLY1kpv6eSKiydqKCtFNRHNlFLxP/8zoxDm78ROgoRq7ZfNEglgRDkj1O+sJwhnKSEsqMSG8lbEQNZZjGk4XgLb68TJrnVe+qevlwUand5nEU4QiO4RQ8uIYa3EMdGsBgBM/wCm+Ocl6cd+dj3lpw8plD+APn8wclio2q</latexit>

k⇤

Adiabatic

DR isocurvature

<latexit sha1_base64="/Fs40kRzGoLfSTgAC2ZAMvx8p5s=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSbVtLorunFZ0T6gjWUynbRDJ5MwMxFK6Ce4caGIW7/InX/jpI2gogcuHM65l3vv8WPOlEbowyosLa+srhXXSxubW9s75d29tooSSWiLRDySXR8rypmgLc00p91YUhz6nHb8yWXmd+6pVCwSt3oaUy/EI8ECRrA20s3k7mRQriD7HCHXqUJkozky4rp1pwadXKmAHM1B+b0/jEgSUqEJx0r1HBRrL8VSM8LprNRPFI0xmeAR7RkqcEiVl85PncEjowxhEElTQsO5+n0ixaFS09A3nSHWY/Xby8S/vF6igzMvZSJONBVksShIONQRzP6GQyYp0XxqCCaSmVshGWOJiTbplEwIX5/C/0m7ajs1270+rTQu8jiK4AAcgmPggDpogCvQBC1AwAg8gCfwbHHr0XqxXhetBSuf2Qc/YL19AjfAjcc=</latexit>

k3

Superhorizon modes scale as •  
Invisible to CMB if 

<latexit sha1_base64="pab0B+ndEPEcvTDhyP6kDC+uW6Q=">AAAB8nicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PQi8co5gGbJcxOZpMhszPLTK8SQj7DiwdFvPo13vwbJ8keNFrQUFR1090VpYIb9Lwvp7C0vLK6VlwvbWxube+Ud/eaRmWasgZVQul2RAwTXLIGchSsnWpGkkiwVjS8nvqtB6YNV/IeRykLE9KXPOaUoJWCzh3vD5BorR675YpX9WZw/xI/JxXIUe+WPzs9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cY+s0nNjpW1JdGfqz4kxSYwZJZHtTAgOzKI3Ff/zggzjy3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZf/kuZJ1T+vnt2eVmpXeRxFOIBDOAYfLqAGN1CHBlBQ8AQv8Oqg8+y8Oe/z1oKTz+zDLzgf35RbkXc=</latexit>)

<latexit sha1_base64="RDErlhZMJ/VKSLuv3EtvTv7e2xY=">AAAB8nicbVDLSsNAFL2pr1pfVZduBotQuyiJ+NoIRTddVugL0hAm00k7dJIJMxOhlH6GGxeKuPVr3Pk3TtsstPXAhcM593LvPUHCmdK2/W3l1tY3Nrfy24Wd3b39g+LhUVuJVBLaIoIL2Q2wopzFtKWZ5rSbSIqjgNNOMHqY+Z0nKhUTcVOPE+pFeBCzkBGsjeSO/ModrpebfuXcL5bsqj0HWiVORkqQoeEXv3p9QdKIxppwrJTr2In2JlhqRjidFnqpogkmIzygrqExjqjyJvOTp+jMKH0UCmkq1miu/p6Y4EipcRSYzgjroVr2ZuJ/npvq8NabsDhJNY3JYlGYcqQFmv2P+kxSovnYEEwkM7ciMsQSE21SKpgQnOWXV0n7oupcV68eL0u1+yyOPJzAKZTBgRuoQR0a0AICAp7hFd4sbb1Y79bHojVnZTPH8AfW5w9OB4/6</latexit>

k⇤ = aH(T⇤)

<latexit sha1_base64="DSEYXfmgRMRaZ4yPg+3UEGstFwA=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPux6AXjxHNAskYejo1SZOenqG7RwhDPsGLB0W8+kXe/Bs7y0ETHxQ83quiql6QCK6N6347uaXlldW1/HphY3Nre6e4u1fXcaoY1lgsYtUMqEbBJdYMNwKbiUIaBQIbweBm7DeeUGkeywczTNCPaE/ykDNqrHQ/eDztFEtu2Z2ALBJvRkowQ7VT/Gp3Y5ZGKA0TVOuW5ybGz6gynAkcFdqpxoSyAe1hy1JJI9R+Njl1RI6s0iVhrGxJQybq74mMRloPo8B2RtT09bw3Fv/zWqkJr/yMyyQ1KNl0UZgKYmIy/pt0uUJmxNASyhS3txLWp4oyY9Mp2BC8+ZcXSf2k7F2Uz+/OSpXrWRx5OIBDOAYPLqECt1CFGjDowTO8wpsjnBfn3fmYtuac2cw+/IHz+QP8lo2e</latexit>

k3

<latexit sha1_base64="tcyEF8sCnOx69Xb6rj1w+QXsfFY=">AAAB+3icbVDLSsNAFJ3UV62vWJduBosgLkoivpal3bgRKvQFTQiT6SQdOpOEmYlYQn7FjQtF3Poj7vwbp20W2nrgwuGce7n3Hj9hVCrL+jZKa+sbm1vl7crO7t7+gXlY7ck4FZh0ccxiMfCRJIxGpKuoYmSQCIK4z0jfn7Rmfv+RCEnjqKOmCXE5CiMaUIyUljyz2vHOnTCEHS9zBIet+2bumTWrbs0BV4ldkBoo0PbML2cU45STSGGGpBzaVqLcDAlFMSN5xUklSRCeoJAMNY0QJ9LN5rfn8FQrIxjEQlek4Fz9PZEhLuWU+7qTIzWWy95M/M8bpiq4dTMaJakiEV4sClIGVQxnQcARFQQrNtUEYUH1rRCPkUBY6bgqOgR7+eVV0ruo29f1q4fLWqNZxFEGx+AEnAEb3IAGuANt0AUYPIFn8ArejNx4Md6Nj0VryShmjsAfGJ8/aW2TaA==</latexit>

T⇤ � TCMB

How to get isocurvature signals in CMB?•  
Low scale PT

<latexit sha1_base64="RDErlhZMJ/VKSLuv3EtvTv7e2xY=">AAAB8nicbVDLSsNAFL2pr1pfVZduBotQuyiJ+NoIRTddVugL0hAm00k7dJIJMxOhlH6GGxeKuPVr3Pk3TtsstPXAhcM593LvPUHCmdK2/W3l1tY3Nrfy24Wd3b39g+LhUVuJVBLaIoIL2Q2wopzFtKWZ5rSbSIqjgNNOMHqY+Z0nKhUTcVOPE+pFeBCzkBGsjeSO/ModrpebfuXcL5bsqj0HWiVORkqQoeEXv3p9QdKIxppwrJTr2In2JlhqRjidFnqpogkmIzygrqExjqjyJvOTp+jMKH0UCmkq1miu/p6Y4EipcRSYzgjroVr2ZuJ/npvq8NabsDhJNY3JYlGYcqQFmv2P+kxSovnYEEwkM7ciMsQSE21SKpgQnOWXV0n7oupcV68eL0u1+yyOPJzAKZTBgRuoQR0a0AICAp7hFd4sbb1Y79bHojVnZTPH8AfW5w9OB4/6</latexit>

k⇤ = aH(T⇤)•  Comoving horizon at PT sets the scale

PT generates density fluctuations in DR•  
DR from PT generically has isocurvature

<latexit sha1_base64="pab0B+ndEPEcvTDhyP6kDC+uW6Q=">AAAB8nicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PQi8co5gGbJcxOZpMhszPLTK8SQj7DiwdFvPo13vwbJ8keNFrQUFR1090VpYIb9Lwvp7C0vLK6VlwvbWxube+Ud/eaRmWasgZVQul2RAwTXLIGchSsnWpGkkiwVjS8nvqtB6YNV/IeRykLE9KXPOaUoJWCzh3vD5BorR675YpX9WZw/xI/JxXIUe+WPzs9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cY+s0nNjpW1JdGfqz4kxSYwZJZHtTAgOzKI3Ff/zggzjy3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZf/kuZJ1T+vnt2eVmpXeRxFOIBDOAYfLqAGN1CHBlBQ8AQv8Oqg8+y8Oe/z1oKTz+zDLzgf35RbkXc=</latexit>)

DR isocurvature from PT

Elor,Jinno,Kumar,McGehee,Tsai, PRL, 2024
Freese, Winkler, PRD, 2023
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<latexit sha1_base64="QYI/VW+TvtiUYIrZ7vv8/ZX2pF0=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoMQL2FX4uMY9OIxgnlAsoTZyWwyZGZ2mZkVwpJf8OJBEa/+kDf/xtlkD5pY0FBUddPdFcScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJneZ33miSrNIPpppTH2BR5KFjGCTSc3q5HxQrrg1dw60SrycVCBHc1D+6g8jkggqDeFY657nxsZPsTKMcDor9RNNY0wmeER7lkosqPbT+a0zdGaVIQojZUsaNFd/T6RYaD0Vge0U2Iz1speJ/3m9xIQ3fspknBgqyWJRmHBkIpQ9joZMUWL41BJMFLO3IjLGChNj4ynZELzll1dJ+6LmXdUuH+qVxm0eRxFO4BSq4ME1NOAemtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/OkSNuA==</latexit>

P (k)

<latexit sha1_base64="d/RhcRSMbEv4ivpbAndL8To6sfA=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVR71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJZvyhXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1cWM+Q==</latexit>

k

CMB

<latexit sha1_base64="+DJD02xeHpshGqatz6DqrWFbYTA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoMgHsKu+DoGvXiMYB6QLGF2MkmGzMwuM71CWPILXjwo4tUf8ubfuJvsQRMLGoqqbrq7gkgKi6777RRWVtfWN4qbpa3tnd298v5B04axYbzBQhmadkAtl0LzBgqUvB0ZTlUgeSsY32V+64kbK0L9iJOI+4oOtRgIRjGTxr2zUq9ccavuDGSZeDmpQI56r/zV7YcsVlwjk9TajudG6CfUoGCST0vd2PKIsjEd8k5KNVXc+sns1ik5SZU+GYQmLY1kpv6eSKiydqKCtFNRHNlFLxP/8zoxDm78ROgoRq7ZfNEglgRDkj1O+sJwhnKSEsqMSG8lbEQNZZjGk4XgLb68TJrnVe+qevlwUand5nEU4QiO4RQ8uIYa3EMdGsBgBM/wCm+Ocl6cd+dj3lpw8plD+APn8wclio2q</latexit>

k⇤

Adiabatic

DR isocurvature

<latexit sha1_base64="/Fs40kRzGoLfSTgAC2ZAMvx8p5s=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSbVtLorunFZ0T6gjWUynbRDJ5MwMxFK6Ce4caGIW7/InX/jpI2gogcuHM65l3vv8WPOlEbowyosLa+srhXXSxubW9s75d29tooSSWiLRDySXR8rypmgLc00p91YUhz6nHb8yWXmd+6pVCwSt3oaUy/EI8ECRrA20s3k7mRQriD7HCHXqUJkozky4rp1pwadXKmAHM1B+b0/jEgSUqEJx0r1HBRrL8VSM8LprNRPFI0xmeAR7RkqcEiVl85PncEjowxhEElTQsO5+n0ixaFS09A3nSHWY/Xby8S/vF6igzMvZSJONBVksShIONQRzP6GQyYp0XxqCCaSmVshGWOJiTbplEwIX5/C/0m7ajs1270+rTQu8jiK4AAcgmPggDpogCvQBC1AwAg8gCfwbHHr0XqxXhetBSuf2Qc/YL19AjfAjcc=</latexit>

k3

Superhorizon modes scale as •  
Invisible to CMB if 

<latexit sha1_base64="pab0B+ndEPEcvTDhyP6kDC+uW6Q=">AAAB8nicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PQi8co5gGbJcxOZpMhszPLTK8SQj7DiwdFvPo13vwbJ8keNFrQUFR1090VpYIb9Lwvp7C0vLK6VlwvbWxube+Ud/eaRmWasgZVQul2RAwTXLIGchSsnWpGkkiwVjS8nvqtB6YNV/IeRykLE9KXPOaUoJWCzh3vD5BorR675YpX9WZw/xI/JxXIUe+WPzs9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cY+s0nNjpW1JdGfqz4kxSYwZJZHtTAgOzKI3Ff/zggzjy3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZf/kuZJ1T+vnt2eVmpXeRxFOIBDOAYfLqAGN1CHBlBQ8AQv8Oqg8+y8Oe/z1oKTz+zDLzgf35RbkXc=</latexit>)

<latexit sha1_base64="RDErlhZMJ/VKSLuv3EtvTv7e2xY=">AAAB8nicbVDLSsNAFL2pr1pfVZduBotQuyiJ+NoIRTddVugL0hAm00k7dJIJMxOhlH6GGxeKuPVr3Pk3TtsstPXAhcM593LvPUHCmdK2/W3l1tY3Nrfy24Wd3b39g+LhUVuJVBLaIoIL2Q2wopzFtKWZ5rSbSIqjgNNOMHqY+Z0nKhUTcVOPE+pFeBCzkBGsjeSO/ModrpebfuXcL5bsqj0HWiVORkqQoeEXv3p9QdKIxppwrJTr2In2JlhqRjidFnqpogkmIzygrqExjqjyJvOTp+jMKH0UCmkq1miu/p6Y4EipcRSYzgjroVr2ZuJ/npvq8NabsDhJNY3JYlGYcqQFmv2P+kxSovnYEEwkM7ciMsQSE21SKpgQnOWXV0n7oupcV68eL0u1+yyOPJzAKZTBgRuoQR0a0AICAp7hFd4sbb1Y79bHojVnZTPH8AfW5w9OB4/6</latexit>

k⇤ = aH(T⇤)

<latexit sha1_base64="DSEYXfmgRMRaZ4yPg+3UEGstFwA=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPux6AXjxHNAskYejo1SZOenqG7RwhDPsGLB0W8+kXe/Bs7y0ETHxQ83quiql6QCK6N6347uaXlldW1/HphY3Nre6e4u1fXcaoY1lgsYtUMqEbBJdYMNwKbiUIaBQIbweBm7DeeUGkeywczTNCPaE/ykDNqrHQ/eDztFEtu2Z2ALBJvRkowQ7VT/Gp3Y5ZGKA0TVOuW5ybGz6gynAkcFdqpxoSyAe1hy1JJI9R+Njl1RI6s0iVhrGxJQybq74mMRloPo8B2RtT09bw3Fv/zWqkJr/yMyyQ1KNl0UZgKYmIy/pt0uUJmxNASyhS3txLWp4oyY9Mp2BC8+ZcXSf2k7F2Uz+/OSpXrWRx5OIBDOAYPLqECt1CFGjDowTO8wpsjnBfn3fmYtuac2cw+/IHz+QP8lo2e</latexit>

k3

<latexit sha1_base64="tcyEF8sCnOx69Xb6rj1w+QXsfFY=">AAAB+3icbVDLSsNAFJ3UV62vWJduBosgLkoivpal3bgRKvQFTQiT6SQdOpOEmYlYQn7FjQtF3Poj7vwbp20W2nrgwuGce7n3Hj9hVCrL+jZKa+sbm1vl7crO7t7+gXlY7ck4FZh0ccxiMfCRJIxGpKuoYmSQCIK4z0jfn7Rmfv+RCEnjqKOmCXE5CiMaUIyUljyz2vHOnTCEHS9zBIet+2bumTWrbs0BV4ldkBoo0PbML2cU45STSGGGpBzaVqLcDAlFMSN5xUklSRCeoJAMNY0QJ9LN5rfn8FQrIxjEQlek4Fz9PZEhLuWU+7qTIzWWy95M/M8bpiq4dTMaJakiEV4sClIGVQxnQcARFQQrNtUEYUH1rRCPkUBY6bgqOgR7+eVV0ruo29f1q4fLWqNZxFEGx+AEnAEb3IAGuANt0AUYPIFn8ArejNx4Md6Nj0VryShmjsAfGJ8/aW2TaA==</latexit>

T⇤ � TCMB

•  
Low scale PT

Slow PT during inflation!

<latexit sha1_base64="RDErlhZMJ/VKSLuv3EtvTv7e2xY=">AAAB8nicbVDLSsNAFL2pr1pfVZduBotQuyiJ+NoIRTddVugL0hAm00k7dJIJMxOhlH6GGxeKuPVr3Pk3TtsstPXAhcM593LvPUHCmdK2/W3l1tY3Nrfy24Wd3b39g+LhUVuJVBLaIoIL2Q2wopzFtKWZ5rSbSIqjgNNOMHqY+Z0nKhUTcVOPE+pFeBCzkBGsjeSO/ModrpebfuXcL5bsqj0HWiVORkqQoeEXv3p9QdKIxppwrJTr2In2JlhqRjidFnqpogkmIzygrqExjqjyJvOTp+jMKH0UCmkq1miu/p6Y4EipcRSYzgjroVr2ZuJ/npvq8NabsDhJNY3JYlGYcqQFmv2P+kxSovnYEEwkM7ciMsQSE21SKpgQnOWXV0n7oupcV68eL0u1+yyOPJzAKZTBgRuoQR0a0AICAp7hFd4sbb1Y79bHojVnZTPH8AfW5w9OB4/6</latexit>

k⇤ = aH(T⇤)•  Comoving horizon at PT sets the scale

How to get isocurvature signals in CMB?

PT generates density fluctuations in DR•  
DR from PT generically has isocurvature

<latexit sha1_base64="pab0B+ndEPEcvTDhyP6kDC+uW6Q=">AAAB8nicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PQi8co5gGbJcxOZpMhszPLTK8SQj7DiwdFvPo13vwbJ8keNFrQUFR1090VpYIb9Lwvp7C0vLK6VlwvbWxube+Ud/eaRmWasgZVQul2RAwTXLIGchSsnWpGkkiwVjS8nvqtB6YNV/IeRykLE9KXPOaUoJWCzh3vD5BorR675YpX9WZw/xI/JxXIUe+WPzs9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cY+s0nNjpW1JdGfqz4kxSYwZJZHtTAgOzKI3Ff/zggzjy3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZf/kuZJ1T+vnt2eVmpXeRxFOIBDOAYfLqAGN1CHBlBQ8AQv8Oqg8+y8Oe/z1oKTz+zDLzgf35RbkXc=</latexit>)

DR isocurvature from PT

Elor,Jinno,Kumar,McGehee,Tsai, PRL, 2024
Freese, Winkler, PRD, 2023

Buckley,PD,Fernandez,Weikert,JCAP, 2024
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Comoving horizon can be large during inflation•  

Slow PT during inflation
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<latexit sha1_base64="2LJlij72TWZszT3uV63XnNM7iHo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6oD3slStu1Z2BLBMvJxXIUe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsVTSCLWfzU6dkBOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM/yZ9rpAZMbaEMsXtrYQNqaLM2HRKNgRv8eVl0jyrepfVi/vzSu0mj6MIR3AMp+DBFdTgDurQAAYDeIZXeHOE8+K8Ox/z1oKTzxzCHzifPzq2jcc=</latexit>ae

<latexit sha1_base64="gsCTcU4EvGMhCYV6zBnokRlPURU=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiwbArvo5BLzlGMA9J1jA7mU2GzMwuM7NCWPIVXjwo4tXP8ebfOEn2oIkFDUVVN91dQcyZNq777Swtr6yurec28ptb2zu7hb39ho4SRWidRDxSrQBrypmkdcMMp61YUSwCTpvB8HbiN5+o0iyS92YUU1/gvmQhI9hY6aGEqyeP6ak37haKbtmdAi0SLyNFyFDrFr46vYgkgkpDONa67bmx8VOsDCOcjvOdRNMYkyHu07alEguq/XR68BgdW6WHwkjZkgZN1d8TKRZaj0RgOwU2Az3vTcT/vHZiwms/ZTJODJVktihMODIRmnyPekxRYvjIEkwUs7ciMsAKE2MzytsQvPmXF0njrOxdli/uzouVmyyOHBzCEZTAgyuoQBVqUAcCAp7hFd4c5bw4787HrHXJyWYO4A+czx90zI+M</latexit>

(a
H
)
�1

Inflation RD
End of inflation/reheating

Peizhi Du (USTC)| BPCS 2025



5

Slow PT during inflation

Comoving horizon can be large during inflation•  

PT during inflation can generate large bubbles•  

Slow PT: remain incomplete during inflation•  
<latexit sha1_base64="wkrVGeiZHOQK2OQyDQ1pyvaaYJk=">AAACCXicbVC7TsMwFHXKq5RXgJHFokJiqhJUHmMFAx2L1JfUhMhxndaq7US2g1RFXVn4FRYGEGLlD9j4G9w2A7Qc6UrH59wr33vChFGlHefbKqysrq1vFDdLW9s7u3v2/kFbxanEpIVjFstuiBRhVJCWppqRbiIJ4iEjnXB0M/U7D0QqGoumHifE52ggaEQx0kYKbOjdIs5RkHmSw0Zz4jEG6/MXFdHkvhrYZafizACXiZuTMsjRCOwvrx/jlBOhMUNK9Vwn0X6GpKaYkUnJSxVJEB6hAekZKhAnys9ml0zgiVH6MIqlKaHhTP09kSGu1JiHppMjPVSL3lT8z+ulOrryMyqSVBOB5x9FKYM6htNYYJ9KgjUbG4KwpGZXiIdIIqxNeCUTgrt48jJpn1Xci8r5XbVcu87jKIIjcAxOgQsuQQ3UQQO0AAaP4Bm8gjfryXqx3q2PeWvBymcOwR9Ynz+anpmn</latexit>

�PT ⌧ H
4
inf
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<latexit sha1_base64="2LJlij72TWZszT3uV63XnNM7iHo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6oD3slStu1Z2BLBMvJxXIUe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsVTSCLWfzU6dkBOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM/yZ9rpAZMbaEMsXtrYQNqaLM2HRKNgRv8eVl0jyrepfVi/vzSu0mj6MIR3AMp+DBFdTgDurQAAYDeIZXeHOE8+K8Ox/z1oKTzxzCHzifPzq2jcc=</latexit>ae

<latexit sha1_base64="gsCTcU4EvGMhCYV6zBnokRlPURU=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiwbArvo5BLzlGMA9J1jA7mU2GzMwuM7NCWPIVXjwo4tXP8ebfOEn2oIkFDUVVN91dQcyZNq777Swtr6yurec28ptb2zu7hb39ho4SRWidRDxSrQBrypmkdcMMp61YUSwCTpvB8HbiN5+o0iyS92YUU1/gvmQhI9hY6aGEqyeP6ak37haKbtmdAi0SLyNFyFDrFr46vYgkgkpDONa67bmx8VOsDCOcjvOdRNMYkyHu07alEguq/XR68BgdW6WHwkjZkgZN1d8TKRZaj0RgOwU2Az3vTcT/vHZiwms/ZTJODJVktihMODIRmnyPekxRYvjIEkwUs7ciMsAKE2MzytsQvPmXF0njrOxdli/uzouVmyyOHBzCEZTAgyuoQBVqUAcCAp7hFd4c5bw4787HrHXJyWYO4A+czx90zI+M</latexit>

(a
H
)
�1

<latexit sha1_base64="v9nxZd4QphDKRoMUxS9uW0OW+P4=">AAAB63icdVDLSsNAFJ34rPVVdelmsAiuQlKTttkV3bisYB/QhjKZTpqhM0mYmQgl9BfcuFDErT/kzr9x0lZQ0QMXDufcy733BCmjUlnWh7G2vrG5tV3aKe/u7R8cVo6OuzLJBCYdnLBE9AMkCaMx6SiqGOmngiAeMNILpteF37snQtIkvlOzlPgcTWIaUoxUIQ1xREeVqmVaruc0atAyXcv2nEtNPK/p1F1om9YCVbBCe1R5H44TnHESK8yQlAPbSpWfI6EoZmReHmaSpAhP0YQMNI0RJ9LPF7fO4blWxjBMhK5YwYX6fSJHXMoZD3QnRyqSv71C/MsbZCps+jmN00yRGC8XhRmDKoHF43BMBcGKzTRBWFB9K8QREggrHU9Zh/D1KfyfdGumXTfdW6faulrFUQKn4AxcABs0QAvcgDboAAwi8ACewLPBjUfjxXhdtq4Zq5kT8APG2yeEw46W</latexit>�

<latexit sha1_base64="E0dw77R0ByxnTLt241N6ZdX01U0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSg+6JXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NTJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMy/Zv0heYM5dgSyrSwtxI2pJoytOmUbAje4svLpHlW9S6rF/fnldpNHkcRjuAYTsGDK6jBHdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwBarI3c</latexit>ri

<latexit sha1_base64="AJJ2+4fuQd1e0qDa0oEUPjy0Opc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEnons8mQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGt1O/9cSU5rF8NOOE+REOJA85RWOlB+zxXrniVt0ZyDLxclKBHPVe+avbj2kaMWmoQK07npsYP0NlOBVsUuqmmiVIRzhgHUslRkz72ezUCTmxSp+EsbIlDZmpvycyjLQeR4HtjNAM9aI3Ff/zOqkJr/2MyyQ1TNL5ojAVxMRk+jfpc8WoEWNLkCpubyV0iAqpsemUbAje4svLpHlW9S6rF/fnldpNHkcRjuAYTsGDK6jBHdShARQG8Ayv8OYI58V5dz7mrQUnnzmEP3A+fwBAxo3L</latexit>ai

<latexit sha1_base64="E0dw77R0ByxnTLt241N6ZdX01U0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSg+6JXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NTJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMy/Zv0heYM5dgSyrSwtxI2pJoytOmUbAje4svLpHlW9S6rF/fnldpNHkcRjuAYTsGDK6jBHdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwBarI3c</latexit>ri

Start of PT

<latexit sha1_base64="onsmwfyhKRlmEEbdRTFPBnKzSoU=">AAACAXicbVDLSgMxFM34rPU16kZwEyxCu7DMiK+NUHTTZQX7gHYsmTTThiaZIckIZRg3/oobF4q49S/c+Tem7Sy09cCFwzn3cu89fsSo0o7zbS0sLi2vrObW8usbm1vb9s5uQ4WxxKSOQxbKlo8UYVSQuqaakVYkCeI+I01/eDP2mw9EKhqKOz2KiMdRX9CAYqSN1LX3ZRGVroqo2k06kkMqgrR0nxy7adcuOGVnAjhP3IwUQIZa1/7q9EIccyI0ZkiptutE2kuQ1BQzkuY7sSIRwkPUJ21DBeJEecnkgxQeGaUHg1CaEhpO1N8TCeJKjbhvOjnSAzXrjcX/vHasg0svoSKKNRF4uiiIGdQhHMcBe1QSrNnIEIQlNbdCPEASYW1Cy5sQ3NmX50njpOyel89uTwuV6yyOHDgAh6AIXHABKqAKaqAOMHgEz+AVvFlP1ov1bn1MWxesbGYP/IH1+QN1OpWj</latexit>

r(a) = (aHinf)
�1

Inflation RD
End of inflation/reheating
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Slow PT during inflation

Comoving horizon can be large during inflation•  
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<latexit sha1_base64="2LJlij72TWZszT3uV63XnNM7iHo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6oD3slStu1Z2BLBMvJxXIUe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsVTSCLWfzU6dkBOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM/yZ9rpAZMbaEMsXtrYQNqaLM2HRKNgRv8eVl0jyrepfVi/vzSu0mj6MIR3AMp+DBFdTgDurQAAYDeIZXeHOE8+K8Ox/z1oKTzxzCHzifPzq2jcc=</latexit>ae

<latexit sha1_base64="gsCTcU4EvGMhCYV6zBnokRlPURU=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiwbArvo5BLzlGMA9J1jA7mU2GzMwuM7NCWPIVXjwo4tXP8ebfOEn2oIkFDUVVN91dQcyZNq777Swtr6yurec28ptb2zu7hb39ho4SRWidRDxSrQBrypmkdcMMp61YUSwCTpvB8HbiN5+o0iyS92YUU1/gvmQhI9hY6aGEqyeP6ak37haKbtmdAi0SLyNFyFDrFr46vYgkgkpDONa67bmx8VOsDCOcjvOdRNMYkyHu07alEguq/XR68BgdW6WHwkjZkgZN1d8TKRZaj0RgOwU2Az3vTcT/vHZiwms/ZTJODJVktihMODIRmnyPekxRYvjIEkwUs7ciMsAKE2MzytsQvPmXF0njrOxdli/uzouVmyyOHBzCEZTAgyuoQBVqUAcCAp7hFd4c5bw4787HrHXJyWYO4A+czx90zI+M</latexit>

(a
H
)
�1

<latexit sha1_base64="AJJ2+4fuQd1e0qDa0oEUPjy0Opc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEnons8mQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGt1O/9cSU5rF8NOOE+REOJA85RWOlB+zxXrniVt0ZyDLxclKBHPVe+avbj2kaMWmoQK07npsYP0NlOBVsUuqmmiVIRzhgHUslRkz72ezUCTmxSp+EsbIlDZmpvycyjLQeR4HtjNAM9aI3Ff/zOqkJr/2MyyQ1TNL5ojAVxMRk+jfpc8WoEWNLkCpubyV0iAqpsemUbAje4svLpHlW9S6rF/fnldpNHkcRjuAYTsGDK6jBHdShARQG8Ayv8OYI58V5dz7mrQUnnzmEP3A+fwBAxo3L</latexit>ai

<latexit sha1_base64="E0dw77R0ByxnTLt241N6ZdX01U0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSg+6JXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NTJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMy/Zv0heYM5dgSyrSwtxI2pJoytOmUbAje4svLpHlW9S6rF/fnldpNHkcRjuAYTsGDK6jBHdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwBarI3c</latexit>ri

<latexit sha1_base64="v9nxZd4QphDKRoMUxS9uW0OW+P4=">AAAB63icdVDLSsNAFJ34rPVVdelmsAiuQlKTttkV3bisYB/QhjKZTpqhM0mYmQgl9BfcuFDErT/kzr9x0lZQ0QMXDufcy733BCmjUlnWh7G2vrG5tV3aKe/u7R8cVo6OuzLJBCYdnLBE9AMkCaMx6SiqGOmngiAeMNILpteF37snQtIkvlOzlPgcTWIaUoxUIQ1xREeVqmVaruc0atAyXcv2nEtNPK/p1F1om9YCVbBCe1R5H44TnHESK8yQlAPbSpWfI6EoZmReHmaSpAhP0YQMNI0RJ9LPF7fO4blWxjBMhK5YwYX6fSJHXMoZD3QnRyqSv71C/MsbZCps+jmN00yRGC8XhRmDKoHF43BMBcGKzTRBWFB9K8QREggrHU9Zh/D1KfyfdGumXTfdW6faulrFUQKn4AxcABs0QAvcgDboAAwi8ACewLPBjUfjxXhdtq4Zq5kT8APG2yeEw46W</latexit>�

<latexit sha1_base64="E0dw77R0ByxnTLt241N6ZdX01U0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSg+6JXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NTJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMy/Zv0heYM5dgSyrSwtxI2pJoytOmUbAje4svLpHlW9S6rF/fnldpNHkcRjuAYTsGDK6jBHdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwBarI3c</latexit>ri

Start of PT

Inflation RD
End of inflation/reheating

PT during inflation can generate large bubbles•  

Slow PT: remain incomplete during inflation•  
<latexit sha1_base64="wkrVGeiZHOQK2OQyDQ1pyvaaYJk=">AAACCXicbVC7TsMwFHXKq5RXgJHFokJiqhJUHmMFAx2L1JfUhMhxndaq7US2g1RFXVn4FRYGEGLlD9j4G9w2A7Qc6UrH59wr33vChFGlHefbKqysrq1vFDdLW9s7u3v2/kFbxanEpIVjFstuiBRhVJCWppqRbiIJ4iEjnXB0M/U7D0QqGoumHifE52ggaEQx0kYKbOjdIs5RkHmSw0Zz4jEG6/MXFdHkvhrYZafizACXiZuTMsjRCOwvrx/jlBOhMUNK9Vwn0X6GpKaYkUnJSxVJEB6hAekZKhAnys9ml0zgiVH6MIqlKaHhTP09kSGu1JiHppMjPVSL3lT8z+ulOrryMyqSVBOB5x9FKYM6htNYYJ9KgjUbG4KwpGZXiIdIIqxNeCUTgrt48jJpn1Xci8r5XbVcu87jKIIjcAxOgQsuQQ3UQQO0AAaP4Bm8gjfryXqx3q2PeWvBymcOwR9Ynz+anpmn</latexit>

�PT ⌧ H
4
inf

<latexit sha1_base64="onsmwfyhKRlmEEbdRTFPBnKzSoU=">AAACAXicbVDLSgMxFM34rPU16kZwEyxCu7DMiK+NUHTTZQX7gHYsmTTThiaZIckIZRg3/oobF4q49S/c+Tem7Sy09cCFwzn3cu89fsSo0o7zbS0sLi2vrObW8usbm1vb9s5uQ4WxxKSOQxbKlo8UYVSQuqaakVYkCeI+I01/eDP2mw9EKhqKOz2KiMdRX9CAYqSN1LX3ZRGVroqo2k06kkMqgrR0nxy7adcuOGVnAjhP3IwUQIZa1/7q9EIccyI0ZkiptutE2kuQ1BQzkuY7sSIRwkPUJ21DBeJEecnkgxQeGaUHg1CaEhpO1N8TCeJKjbhvOjnSAzXrjcX/vHasg0svoSKKNRF4uiiIGdQhHMcBe1QSrNnIEIQlNbdCPEASYW1Cy5sQ3NmX50njpOyel89uTwuV6yyOHDgAh6AIXHABKqAKaqAOMHgEz+AVvFlP1ov1bn1MWxesbGYP/IH1+QN1OpWj</latexit>

r(a) = (aHinf)
�1
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Comoving horizon can be large during inflation•  

PT will complete after inflation at•  
<latexit sha1_base64="1KVnHW7VhAdw6cKK5dnMfIBBHYw=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iE6qIkUh8boejCLiv0BU0Mk+mkHTqThJmJUEJx46+4caGIW7/CnX/jtM1CqwcuHM65l3vv8WNGpbKsLyO3sLi0vJJfLaytb2xumds7LRklApMmjlgkOj6ShNGQNBVVjHRiQRD3GWn7w+uJ374nQtIobKhRTFyO+iENKEZKS56559wgzpGXOoLDemN8CWulhnd8dFfxzKJVtqaAf4mdkSLIUPfMT6cX4YSTUGGGpOzaVqzcFAlFMSPjgpNIEiM8RH3S1TREnEg3nb4whoda6cEgErpCBafqz4kUcSlH3NedHKmBnPcm4n9eN1HBhZvSME4UCfFsUZAwqCI4yQP2qCBYsZEmCAuqb4V4gATCSqdW0CHY8y//Ja2Tsn1WPr2tFKtXWRx5sA8OQAnY4BxUQQ3UQRNg8ACewAt4NR6NZ+PNeJ+15oxsZhf8gvHxDaVZlak=</latexit>

�PT = H(T⇤)
4

Vacuum energy of PT converts to DR 
generating isocurvature

•  

co
m

ov
in

g 
le

ng
th

scale factor

CMB

<latexit sha1_base64="2LJlij72TWZszT3uV63XnNM7iHo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6oD3slStu1Z2BLBMvJxXIUe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsVTSCLWfzU6dkBOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM/yZ9rpAZMbaEMsXtrYQNqaLM2HRKNgRv8eVl0jyrepfVi/vzSu0mj6MIR3AMp+DBFdTgDurQAAYDeIZXeHOE8+K8Ox/z1oKTzxzCHzifPzq2jcc=</latexit>ae

<latexit sha1_base64="gsCTcU4EvGMhCYV6zBnokRlPURU=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiwbArvo5BLzlGMA9J1jA7mU2GzMwuM7NCWPIVXjwo4tXP8ebfOEn2oIkFDUVVN91dQcyZNq777Swtr6yurec28ptb2zu7hb39ho4SRWidRDxSrQBrypmkdcMMp61YUSwCTpvB8HbiN5+o0iyS92YUU1/gvmQhI9hY6aGEqyeP6ak37haKbtmdAi0SLyNFyFDrFr46vYgkgkpDONa67bmx8VOsDCOcjvOdRNMYkyHu07alEguq/XR68BgdW6WHwkjZkgZN1d8TKRZaj0RgOwU2Az3vTcT/vHZiwms/ZTJODJVktihMODIRmnyPekxRYvjIEkwUs7ciMsAKE2MzytsQvPmXF0njrOxdli/uzouVmyyOHBzCEZTAgyuoQBVqUAcCAp7hFd4c5bw4787HrHXJyWYO4A+czx90zI+M</latexit>

(a
H
)
�1

<latexit sha1_base64="v9nxZd4QphDKRoMUxS9uW0OW+P4=">AAAB63icdVDLSsNAFJ34rPVVdelmsAiuQlKTttkV3bisYB/QhjKZTpqhM0mYmQgl9BfcuFDErT/kzr9x0lZQ0QMXDufcy733BCmjUlnWh7G2vrG5tV3aKe/u7R8cVo6OuzLJBCYdnLBE9AMkCaMx6SiqGOmngiAeMNILpteF37snQtIkvlOzlPgcTWIaUoxUIQ1xREeVqmVaruc0atAyXcv2nEtNPK/p1F1om9YCVbBCe1R5H44TnHESK8yQlAPbSpWfI6EoZmReHmaSpAhP0YQMNI0RJ9LPF7fO4blWxjBMhK5YwYX6fSJHXMoZD3QnRyqSv71C/MsbZCps+jmN00yRGC8XhRmDKoHF43BMBcGKzTRBWFB9K8QREggrHU9Zh/D1KfyfdGumXTfdW6faulrFUQKn4AxcABs0QAvcgDboAAwi8ACewLPBjUfjxXhdtq4Zq5kT8APG2yeEw46W</latexit>�

<latexit sha1_base64="E0dw77R0ByxnTLt241N6ZdX01U0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSg+6JXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NTJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMy/Zv0heYM5dgSyrSwtxI2pJoytOmUbAje4svLpHlW9S6rF/fnldpNHkcRjuAYTsGDK6jBHdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwBarI3c</latexit>ri

<latexit sha1_base64="AJJ2+4fuQd1e0qDa0oEUPjy0Opc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEnons8mQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGt1O/9cSU5rF8NOOE+REOJA85RWOlB+zxXrniVt0ZyDLxclKBHPVe+avbj2kaMWmoQK07npsYP0NlOBVsUuqmmiVIRzhgHUslRkz72ezUCTmxSp+EsbIlDZmpvycyjLQeR4HtjNAM9aI3Ff/zOqkJr/2MyyQ1TNL5ojAVxMRk+jfpc8WoEWNLkCpubyV0iAqpsemUbAje4svLpHlW9S6rF/fnldpNHkcRjuAYTsGDK6jBHdShARQG8Ayv8OYI58V5dz7mrQUnnzmEP3A+fwBAxo3L</latexit>ai

<latexit sha1_base64="E0dw77R0ByxnTLt241N6ZdX01U0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSg+6JXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NTJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMy/Zv0heYM5dgSyrSwtxI2pJoytOmUbAje4svLpHlW9S6rF/fnldpNHkcRjuAYTsGDK6jBHdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwBarI3c</latexit>ri

DR

<latexit sha1_base64="suCVqc0tOLxNaLVwE/4KlIexYes=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9gVX8egF48RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O0vLK6tr64WN4ubW9s5uaW+/oeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh7cRvPqHSPJaPZpSgH9G+5CFn1FjpgXZPu6WyW3GnIIvEy0kZctS6pa9OL2ZphNIwQbVue25i/Iwqw5nAcbGTakwoG9I+ti2VNELtZ9NTx+TYKj0SxsqWNGSq/p7IaKT1KApsZ0TNQM97E/E/r52a8NrPuExSg5LNFoWpICYmk79JjytkRowsoUxxeythA6ooMzadog3Bm395kTTOKt5l5eL+vFy9yeMowCEcwQl4cAVVuIMa1IFBH57hFd4c4bw4787HrHXJyWcO4A+czx/hO42M</latexit>a⇤

Start of PT End of PT

Inflation RD
End of inflation/reheating

PT during inflation can generate large bubbles•  

Slow PT: remain incomplete during inflation•  
<latexit sha1_base64="wkrVGeiZHOQK2OQyDQ1pyvaaYJk=">AAACCXicbVC7TsMwFHXKq5RXgJHFokJiqhJUHmMFAx2L1JfUhMhxndaq7US2g1RFXVn4FRYGEGLlD9j4G9w2A7Qc6UrH59wr33vChFGlHefbKqysrq1vFDdLW9s7u3v2/kFbxanEpIVjFstuiBRhVJCWppqRbiIJ4iEjnXB0M/U7D0QqGoumHifE52ggaEQx0kYKbOjdIs5RkHmSw0Zz4jEG6/MXFdHkvhrYZafizACXiZuTMsjRCOwvrx/jlBOhMUNK9Vwn0X6GpKaYkUnJSxVJEB6hAekZKhAnys9ml0zgiVH6MIqlKaHhTP09kSGu1JiHppMjPVSL3lT8z+ulOrryMyqSVBOB5x9FKYM6htNYYJ9KgjUbG4KwpGZXiIdIIqxNeCUTgrt48jJpn1Xci8r5XbVcu87jKIIjcAxOgQsuQQ3UQQO0AAaP4Bm8gjfryXqx3q2PeWvBymcOwR9Ynz+anpmn</latexit>

�PT ⌧ H
4
inf

<latexit sha1_base64="onsmwfyhKRlmEEbdRTFPBnKzSoU=">AAACAXicbVDLSgMxFM34rPU16kZwEyxCu7DMiK+NUHTTZQX7gHYsmTTThiaZIckIZRg3/oobF4q49S/c+Tem7Sy09cCFwzn3cu89fsSo0o7zbS0sLi2vrObW8usbm1vb9s5uQ4WxxKSOQxbKlo8UYVSQuqaakVYkCeI+I01/eDP2mw9EKhqKOz2KiMdRX9CAYqSN1LX3ZRGVroqo2k06kkMqgrR0nxy7adcuOGVnAjhP3IwUQIZa1/7q9EIccyI0ZkiptutE2kuQ1BQzkuY7sSIRwkPUJ21DBeJEecnkgxQeGaUHg1CaEhpO1N8TCeJKjbhvOjnSAzXrjcX/vHasg0svoSKKNRF4uiiIGdQhHMcBe1QSrNnIEIQlNbdCPEASYW1Cy5sQ3NmX50njpOyel89uTwuV6yyOHDgAh6AIXHABKqAKaqAOMHgEz+AVvFlP1ov1bn1MWxesbGYP/IH1+QN1OpWj</latexit>

r(a) = (aHinf)
�1

<latexit sha1_base64="AJxNntiZI8Ovt5AnB2QOqMlkXMU=">AAAB9XicbVDJSgNBEK2JW4xb1KOXxiCIhzAjbgcPQS8eI2SDZBx6Oj1Jk+6eobtHCUP+w4sHRbz6L978GzvLQRMfFDzeq6KqXphwpo3rfju5peWV1bX8emFjc2t7p7i719Bxqgitk5jHqhViTTmTtG6Y4bSVKIpFyGkzHNyO/eYjVZrFsmaGCfUF7kkWMYKNlR5qwcl1Lcg6SiDVHwXFklt2J0CLxJuREsxQDYpfnW5MUkGlIRxr3fbcxPgZVoYRTkeFTqppgskA92jbUokF1X42uXqEjqzSRVGsbEmDJurviQwLrYcitJ0Cm76e98bif147NdGVnzGZpIZKMl0UpRyZGI0jQF2mKDF8aAkmitlbEeljhYmxQRVsCN78y4ukcVr2Lsrn92elys0sjjwcwCEcgweXUIE7qEIdCCh4hld4c56cF+fd+Zi25pzZzD78gfP5A7udkgk=</latexit>

T⇤ < Trh

Slow PT during inflation

Peizhi Du (USTC)| BPCS 2025
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Models for slow PT during inflation

<latexit sha1_base64="Orj0xyqDEAG1jZj3yUYeaOuaf/8="></latexit>

V (�) = �1

2
m2�2 +

µ

3
�3 +

�

4
�4

<latexit sha1_base64="ZyxxTorfuzL222ppHuZB15MiI+g=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGpCIDas1t+7OgVaJV5AaFGgNq1+DUUxSQaUhHGvd99zE+BlWhhFOZ5VBqmmCyQSPad9SiQXVfja/dYbOrDJCYaxsSYPm6u+JDAutpyKwnQKbSC97ufif109NeONnTCapoZIsFoUpRyZG+eNoxBQlhk8twUQxeysiEVaYGBtPxYbgLb+8SjoXde+q3ni4rDVvizjKcAKncA4eXEMT7qEFbSAQwTO8wpsjnBfn3flYtJacYuYY/sD5/AEC+o48</latexit>�

False vacuum

FOPT

<latexit sha1_base64="meX1Ky55acIVadLed3aWAhjdXLk=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiAIQpgRt2PQi8cIZoFkCD2dnqRNL0N3jxCG/IMXD4p49X+8+Td2kjlo9EHB470qqupFCWfG+v6XV1haXlldK66XNja3tnfKu3tNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtR6oNU/LejhMaCjyQLGYEWyc1u2TIeie9csWv+jOgvyTISQVy1Hvlz25fkVRQaQnHxnQCP7FhhrVlhNNJqZsammAywgPacVRiQU2Yza6doCOn9FGstCtp0Uz9OZFhYcxYRK5TYDs0i95U/M/rpDa+CjMmk9RSSeaL4pQjq9D0ddRnmhLLx45gopm7FZEh1phYF1DJhRAsvvyXNE+rwUX1/O6sUrvO4yjCARzCMQRwCTW4hTo0gMADPMELvHrKe/bevPd5a8HLZ/bhF7yPbyGGjto=</latexit>�+
<latexit sha1_base64="lVT4tiWh2xlj6xOpAw2evAyAacg=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4McyI2zHoxWMEs0AyhJ5OT9Kml6G7RwhD/sGLB0W8+j/e/Bs7yRw0+qDg8V4VVfWihDNjff/LKywtr6yuFddLG5tb2zvl3b2mUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WI9WGKXlvxwkNBR5IFjOCrZOaXTJkvZNeueJX/RnQXxLkpAI56r3yZ7evSCqotIRjYzqBn9gww9oywumk1E0NTTAZ4QHtOCqxoCbMZtdO0JFT+ihW2pW0aKb+nMiwMGYsItcpsB2aRW8q/ud1UhtfhRmTSWqpJPNFccqRVWj6OuozTYnlY0cw0czdisgQa0ysC6jkQggWX/5LmqfV4KJ6fndWqV3ncRThAA7hGAK4hBrcQh0aQOABnuAFXj3lPXtv3vu8teDlM/vwC97HNySOjtw=</latexit>��

<latexit sha1_base64="68dhjXW7LXFzmDqROQK3ZGzIshM=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXfB2DXjxGMA9MljA7mU2GzM4sM7NCWPIXXjwo4tW/8ebfOJvsQRMLGoqqbrq7gpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvs389hNVmknxYCYx9SM8FCxkBBsrPSLUqvbIiJ2W+uWKW3NnQMvEy0kFcjT65a/eQJIkosIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupwBHVfjq7eIpOrDJAoVS2hEEz9fdEiiOtJ1FgOyNsRnrRy8T/vG5iwms/ZSJODBVkvihMODISZe+jAVOUGD6xBBPF7K2IjLDCxNiQshC8xZeXSeus5l3WLu7PK/WbPI4iHMExVMGDK6jDHTSgCQQEPMMrvDnaeXHenY95a8HJZw7hD5zPH1apj2k=</latexit>

V (�)

<latexit sha1_base64="nXm1+yuPAdCI9LCyhPM7MtJBiP0=">AAACE3icbVC7TsMwFHV4lvIKMLJYVEiIoSQtr7ECBsYi0YfUpJXjOK1VO4lsB6mK8g8s/AoLAwixsrDxN7htBmg50pWOzrnXvvd4MaNSWda3sbC4tLyyWlgrrm9sbm2bO7tNGSUCkwaOWCTaHpKE0ZA0FFWMtGNBEPcYaXnD67HfeiBC0ii8V6OYuBz1QxpQjJSWeuaxc0OYQrDpSMqhEwiEU4cnkHerWeow/ZCPumn1pJJlPbNkla0J4Dyxc1ICOeo988vxI5xwEirMkJQd24qVmyKhKGYkKzqJJDHCQ9QnHU1DxIl008lNGTzUig+DSOgKFZyovydSxKUccU93cqQGctYbi/95nUQFl25KwzhRJMTTj4KEQRXBcUDQp4JgxUaaICyo3hXiAdK5KB1jUYdgz548T5qVsn1ePrs7LdWu8jgKYB8cgCNggwtQA7egDhoAg0fwDF7Bm/FkvBjvxse0dcHIZ/bAHxifPzlBncU=</latexit>

�V ⇠ µm3

�3/2

Simple(st) model is sufficient 
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Models for slow PT during inflation

<latexit sha1_base64="Orj0xyqDEAG1jZj3yUYeaOuaf/8="></latexit>

V (�) = �1

2
m2�2 +

µ

3
�3 +

�

4
�4

<latexit sha1_base64="ZyxxTorfuzL222ppHuZB15MiI+g=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGpCIDas1t+7OgVaJV5AaFGgNq1+DUUxSQaUhHGvd99zE+BlWhhFOZ5VBqmmCyQSPad9SiQXVfja/dYbOrDJCYaxsSYPm6u+JDAutpyKwnQKbSC97ufif109NeONnTCapoZIsFoUpRyZG+eNoxBQlhk8twUQxeysiEVaYGBtPxYbgLb+8SjoXde+q3ni4rDVvizjKcAKncA4eXEMT7qEFbSAQwTO8wpsjnBfn3flYtJacYuYY/sD5/AEC+o48</latexit>�

False vacuum

FOPT

<latexit sha1_base64="meX1Ky55acIVadLed3aWAhjdXLk=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiAIQpgRt2PQi8cIZoFkCD2dnqRNL0N3jxCG/IMXD4p49X+8+Td2kjlo9EHB470qqupFCWfG+v6XV1haXlldK66XNja3tnfKu3tNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtR6oNU/LejhMaCjyQLGYEWyc1u2TIeie9csWv+jOgvyTISQVy1Hvlz25fkVRQaQnHxnQCP7FhhrVlhNNJqZsammAywgPacVRiQU2Yza6doCOn9FGstCtp0Uz9OZFhYcxYRK5TYDs0i95U/M/rpDa+CjMmk9RSSeaL4pQjq9D0ddRnmhLLx45gopm7FZEh1phYF1DJhRAsvvyXNE+rwUX1/O6sUrvO4yjCARzCMQRwCTW4hTo0gMADPMELvHrKe/bevPd5a8HLZ/bhF7yPbyGGjto=</latexit>�+
<latexit sha1_base64="lVT4tiWh2xlj6xOpAw2evAyAacg=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4McyI2zHoxWMEs0AyhJ5OT9Kml6G7RwhD/sGLB0W8+j/e/Bs7yRw0+qDg8V4VVfWihDNjff/LKywtr6yuFddLG5tb2zvl3b2mUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WI9WGKXlvxwkNBR5IFjOCrZOaXTJkvZNeueJX/RnQXxLkpAI56r3yZ7evSCqotIRjYzqBn9gww9oywumk1E0NTTAZ4QHtOCqxoCbMZtdO0JFT+ihW2pW0aKb+nMiwMGYsItcpsB2aRW8q/ud1UhtfhRmTSWqpJPNFccqRVWj6OuozTYnlY0cw0czdisgQa0ysC6jkQggWX/5LmqfV4KJ6fndWqV3ncRThAA7hGAK4hBrcQh0aQOABnuAFXj3lPXtv3vu8teDlM/vwC97HNySOjtw=</latexit>��

<latexit sha1_base64="68dhjXW7LXFzmDqROQK3ZGzIshM=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXfB2DXjxGMA9MljA7mU2GzM4sM7NCWPIXXjwo4tW/8ebfOJvsQRMLGoqqbrq7gpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvs389hNVmknxYCYx9SM8FCxkBBsrPSLUqvbIiJ2W+uWKW3NnQMvEy0kFcjT65a/eQJIkosIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupwBHVfjq7eIpOrDJAoVS2hEEz9fdEiiOtJ1FgOyNsRnrRy8T/vG5iwms/ZSJODBVkvihMODISZe+jAVOUGD6xBBPF7K2IjLDCxNiQshC8xZeXSeus5l3WLu7PK/WbPI4iHMExVMGDK6jDHTSgCQQEPMMrvDnaeXHenY95a8HJZw7hD5zPH1apj2k=</latexit>

V (�)

<latexit sha1_base64="xc9UYxRRlNNBK9BMbT7Q0a61nc0=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqJhSpB5TFWMMBYRF9SEyLHdVqrdhLZDlIVZWThV1gYQIiVT2Djb3DbDNByJEtH59yr63P8mFGpLOvbKCwsLi2vFFdLa+sbm1vm9k5LRonApIkjFomOjyRhNCRNRRUjnVgQxH1G2v7wauy3H4iQNAobahQTl6N+SAOKkdKSZ+4714hz5KWO4LDeyJxYRLGKILlPj++8auaZZatiTQDniZ2TMshR98wvpxfhhJNQYYak7NpWrNwUCUUxI1nJSSSJER6iPulqGiJOpJtOgmTwUCs9GERCv1DBifp7I0VcyhH39SRHaiBnvbH4n9dNVHDhpjSME0VCPD0UJAzqpONWYI8KghUbaYKwoPqvEA+QQFjp7kq6BHs28jxpnVTss8rpbbVcu8zrKII9cACOgA3OQQ3cgDpoAgwewTN4BW/Gk/FivBsf09GCke/sgj8wPn8AJpeZbg==</latexit>

�PT / e�S4

<latexit sha1_base64="nXm1+yuPAdCI9LCyhPM7MtJBiP0=">AAACE3icbVC7TsMwFHV4lvIKMLJYVEiIoSQtr7ECBsYi0YfUpJXjOK1VO4lsB6mK8g8s/AoLAwixsrDxN7htBmg50pWOzrnXvvd4MaNSWda3sbC4tLyyWlgrrm9sbm2bO7tNGSUCkwaOWCTaHpKE0ZA0FFWMtGNBEPcYaXnD67HfeiBC0ii8V6OYuBz1QxpQjJSWeuaxc0OYQrDpSMqhEwiEU4cnkHerWeow/ZCPumn1pJJlPbNkla0J4Dyxc1ICOeo988vxI5xwEirMkJQd24qVmyKhKGYkKzqJJDHCQ9QnHU1DxIl008lNGTzUig+DSOgKFZyovydSxKUccU93cqQGctYbi/95nUQFl25KwzhRJMTTj4KEQRXBcUDQp4JgxUaaICyo3hXiAdK5KB1jUYdgz548T5qVsn1ePrs7LdWu8jgKYB8cgCNggwtQA7egDhoAg0fwDF7Bm/FkvBjvxse0dcHIZ/bAHxifPzlBncU=</latexit>

�V ⇠ µm3

�3/2

<latexit sha1_base64="jGkvoe42wqE9w4H/RutgTlIapu0=">AAACGnicbVC7TsMwFHXKq5RXgZHFokKCpSSlPMYKFsYi6ENq2spxndaqnUT2DVIV5TtY+BUWBhBiQyz8De5jAMqRLB2dc4+u7/EiwTXY9peVWVhcWl7JrubW1jc2t/LbO3UdxoqyGg1FqJoe0UzwgNWAg2DNSDEiPcEa3vBq7DfumdI8DO5gFLG2JP2A+5wSMFI379x2y67mErvChHqkkzjHpdQVzIdD11eEJjJNXBmnruL9ARx1Trr5gl20J8DzxJmRApqh2s1/uL2QxpIFQAXRuuXYEbQTooBTwdKcG2sWETokfdYyNCCS6XYyOS3FB0bpYT9U5gWAJ+rPREKk1iPpmUlJYKD/emPxP68Vg3/RTngQxcACOl3kxwJDiMc94R5XjIIYGUKo4uavmA6IKQRMmzlTgvP35HlSLxWds+LpTblQuZzVkUV7aB8dIgedowq6RlVUQxQ9oCf0gl6tR+vZerPep6MZa5bZRb9gfX4DBFig5Q==</latexit>

S4 ⇠ �1/2

✓
m

µ

◆3

Small     leads to small <latexit sha1_base64="zJXs+TdNVgwvNXlCQxiO6AYbbJk=">AAAB6nicdVDLSsNAFJ34rPVVdelmsAiuwqSxJsuiG5cV7QPaUCbTSTt0JgkzE6GEfoIbF4q49Yvc+TdO0woqeuDC4Zx7ufeeMOVMaYQ+rJXVtfWNzdJWeXtnd2+/cnDYVkkmCW2RhCeyG2JFOYtpSzPNaTeVFIuQ0044uZr7nXsqFUviOz1NaSDwKGYRI1gb6bYvskGlimyv5vl+DSIbea6LCuL6dRdBx0YFqmCJ5qDy3h8mJBM01oRjpXoOSnWQY6kZ4XRW7meKpphM8Ij2DI2xoCrIi1Nn8NQoQxgl0lSsYaF+n8ixUGoqQtMpsB6r395c/MvrZTryg5zFaaZpTBaLooxDncD533DIJCWaTw3BRDJzKyRjLDHRJp2yCeHrU/g/adds58Ku35xXG5fLOErgGJyAM+AADzTANWiCFiBgBB7AE3i2uPVovVivi9YVazlzBH7AevsEw5mOJA==</latexit>µ
<latexit sha1_base64="22ZBIFV1KDisnEFJ60r/D09RBVw=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCqyFtrTPLogtdVugL2mHIpGkbmswMSUaoQ7/EjQtF3Pop7vwb04egogcuHM65l3vvCRPOlEbow8qtrW9sbuW3Czu7e/tF++CwreJUEtoiMY9lN8SKchbRlmaa024iKRYhp51wcjX3O3dUKhZHTT1NqC/wKGJDRrA2UmAX+9dYCBxkfSlgozkL7BJy3IrreRWIHORWq2hBql6timDZQQuUwAqNwH7vD2KSChppwrFSvTJKtJ9hqRnhdFbop4ommEzwiPYMjbCgys8Wh8/gqVEGcBhLU5GGC/X7RIaFUlMRmk6B9Vj99ubiX14v1UPPz1iUpJpGZLlomHKoYzhPAQ6YpETzqSGYSGZuhWSMJSbaZFUwIXx9Cv8n7YpTvnBqt+el+uUqjjw4BifgDJSBC+rgBjRACxCQggfwBJ6te+vRerFel605azVzBH7AevsEsTiTJA==</latexit>

�PT

Simple(st) model is sufficient 

Peizhi Du (USTC)| BPCS 2025



7

Models for slow PT during inflation

<latexit sha1_base64="Orj0xyqDEAG1jZj3yUYeaOuaf/8="></latexit>

V (�) = �1

2
m2�2 +

µ

3
�3 +

�

4
�4

<latexit sha1_base64="ZyxxTorfuzL222ppHuZB15MiI+g=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGpCIDas1t+7OgVaJV5AaFGgNq1+DUUxSQaUhHGvd99zE+BlWhhFOZ5VBqmmCyQSPad9SiQXVfja/dYbOrDJCYaxsSYPm6u+JDAutpyKwnQKbSC97ufif109NeONnTCapoZIsFoUpRyZG+eNoxBQlhk8twUQxeysiEVaYGBtPxYbgLb+8SjoXde+q3ni4rDVvizjKcAKncA4eXEMT7qEFbSAQwTO8wpsjnBfn3flYtJacYuYY/sD5/AEC+o48</latexit>�

False vacuum

FOPT

<latexit sha1_base64="meX1Ky55acIVadLed3aWAhjdXLk=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiAIQpgRt2PQi8cIZoFkCD2dnqRNL0N3jxCG/IMXD4p49X+8+Td2kjlo9EHB470qqupFCWfG+v6XV1haXlldK66XNja3tnfKu3tNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtR6oNU/LejhMaCjyQLGYEWyc1u2TIeie9csWv+jOgvyTISQVy1Hvlz25fkVRQaQnHxnQCP7FhhrVlhNNJqZsammAywgPacVRiQU2Yza6doCOn9FGstCtp0Uz9OZFhYcxYRK5TYDs0i95U/M/rpDa+CjMmk9RSSeaL4pQjq9D0ddRnmhLLx45gopm7FZEh1phYF1DJhRAsvvyXNE+rwUX1/O6sUrvO4yjCARzCMQRwCTW4hTo0gMADPMELvHrKe/bevPd5a8HLZ/bhF7yPbyGGjto=</latexit>�+
<latexit sha1_base64="lVT4tiWh2xlj6xOpAw2evAyAacg=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4McyI2zHoxWMEs0AyhJ5OT9Kml6G7RwhD/sGLB0W8+j/e/Bs7yRw0+qDg8V4VVfWihDNjff/LKywtr6yuFddLG5tb2zvl3b2mUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WI9WGKXlvxwkNBR5IFjOCrZOaXTJkvZNeueJX/RnQXxLkpAI56r3yZ7evSCqotIRjYzqBn9gww9oywumk1E0NTTAZ4QHtOCqxoCbMZtdO0JFT+ihW2pW0aKb+nMiwMGYsItcpsB2aRW8q/ud1UhtfhRmTSWqpJPNFccqRVWj6OuozTYnlY0cw0czdisgQa0ysC6jkQggWX/5LmqfV4KJ6fndWqV3ncRThAA7hGAK4hBrcQh0aQOABnuAFXj3lPXtv3vu8teDlM/vwC97HNySOjtw=</latexit>��

<latexit sha1_base64="68dhjXW7LXFzmDqROQK3ZGzIshM=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXfB2DXjxGMA9MljA7mU2GzM4sM7NCWPIXXjwo4tW/8ebfOJvsQRMLGoqqbrq7gpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvs389hNVmknxYCYx9SM8FCxkBBsrPSLUqvbIiJ2W+uWKW3NnQMvEy0kFcjT65a/eQJIkosIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupwBHVfjq7eIpOrDJAoVS2hEEz9fdEiiOtJ1FgOyNsRnrRy8T/vG5iwms/ZSJODBVkvihMODISZe+jAVOUGD6xBBPF7K2IjLDCxNiQshC8xZeXSeus5l3WLu7PK/WbPI4iHMExVMGDK6jDHTSgCQQEPMMrvDnaeXHenY95a8HJZw7hD5zPH1apj2k=</latexit>

V (�)

<latexit sha1_base64="xc9UYxRRlNNBK9BMbT7Q0a61nc0=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqJhSpB5TFWMMBYRF9SEyLHdVqrdhLZDlIVZWThV1gYQIiVT2Djb3DbDNByJEtH59yr63P8mFGpLOvbKCwsLi2vFFdLa+sbm1vm9k5LRonApIkjFomOjyRhNCRNRRUjnVgQxH1G2v7wauy3H4iQNAobahQTl6N+SAOKkdKSZ+4714hz5KWO4LDeyJxYRLGKILlPj++8auaZZatiTQDniZ2TMshR98wvpxfhhJNQYYak7NpWrNwUCUUxI1nJSSSJER6iPulqGiJOpJtOgmTwUCs9GERCv1DBifp7I0VcyhH39SRHaiBnvbH4n9dNVHDhpjSME0VCPD0UJAzqpONWYI8KghUbaYKwoPqvEA+QQFjp7kq6BHs28jxpnVTss8rpbbVcu8zrKII9cACOgA3OQQ3cgDpoAgwewTN4BW/Gk/FivBsf09GCke/sgj8wPn8AJpeZbg==</latexit>

�PT / e�S4

<latexit sha1_base64="nXm1+yuPAdCI9LCyhPM7MtJBiP0=">AAACE3icbVC7TsMwFHV4lvIKMLJYVEiIoSQtr7ECBsYi0YfUpJXjOK1VO4lsB6mK8g8s/AoLAwixsrDxN7htBmg50pWOzrnXvvd4MaNSWda3sbC4tLyyWlgrrm9sbm2bO7tNGSUCkwaOWCTaHpKE0ZA0FFWMtGNBEPcYaXnD67HfeiBC0ii8V6OYuBz1QxpQjJSWeuaxc0OYQrDpSMqhEwiEU4cnkHerWeow/ZCPumn1pJJlPbNkla0J4Dyxc1ICOeo988vxI5xwEirMkJQd24qVmyKhKGYkKzqJJDHCQ9QnHU1DxIl008lNGTzUig+DSOgKFZyovydSxKUccU93cqQGctYbi/95nUQFl25KwzhRJMTTj4KEQRXBcUDQp4JgxUaaICyo3hXiAdK5KB1jUYdgz548T5qVsn1ePrs7LdWu8jgKYB8cgCNggwtQA7egDhoAg0fwDF7Bm/FkvBjvxse0dcHIZ/bAHxifPzlBncU=</latexit>

�V ⇠ µm3

�3/2

<latexit sha1_base64="jGkvoe42wqE9w4H/RutgTlIapu0=">AAACGnicbVC7TsMwFHXKq5RXgZHFokKCpSSlPMYKFsYi6ENq2spxndaqnUT2DVIV5TtY+BUWBhBiQyz8De5jAMqRLB2dc4+u7/EiwTXY9peVWVhcWl7JrubW1jc2t/LbO3UdxoqyGg1FqJoe0UzwgNWAg2DNSDEiPcEa3vBq7DfumdI8DO5gFLG2JP2A+5wSMFI379x2y67mErvChHqkkzjHpdQVzIdD11eEJjJNXBmnruL9ARx1Trr5gl20J8DzxJmRApqh2s1/uL2QxpIFQAXRuuXYEbQTooBTwdKcG2sWETokfdYyNCCS6XYyOS3FB0bpYT9U5gWAJ+rPREKk1iPpmUlJYKD/emPxP68Vg3/RTngQxcACOl3kxwJDiMc94R5XjIIYGUKo4uavmA6IKQRMmzlTgvP35HlSLxWds+LpTblQuZzVkUV7aB8dIgedowq6RlVUQxQ9oCf0gl6tR+vZerPep6MZa5bZRb9gfX4DBFig5Q==</latexit>

S4 ⇠ �1/2

✓
m

µ

◆3

Small     leads to small <latexit sha1_base64="zJXs+TdNVgwvNXlCQxiO6AYbbJk=">AAAB6nicdVDLSsNAFJ34rPVVdelmsAiuwqSxJsuiG5cV7QPaUCbTSTt0JgkzE6GEfoIbF4q49Yvc+TdO0woqeuDC4Zx7ufeeMOVMaYQ+rJXVtfWNzdJWeXtnd2+/cnDYVkkmCW2RhCeyG2JFOYtpSzPNaTeVFIuQ0044uZr7nXsqFUviOz1NaSDwKGYRI1gb6bYvskGlimyv5vl+DSIbea6LCuL6dRdBx0YFqmCJ5qDy3h8mJBM01oRjpXoOSnWQY6kZ4XRW7meKpphM8Ij2DI2xoCrIi1Nn8NQoQxgl0lSsYaF+n8ixUGoqQtMpsB6r395c/MvrZTryg5zFaaZpTBaLooxDncD533DIJCWaTw3BRDJzKyRjLDHRJp2yCeHrU/g/adds58Ku35xXG5fLOErgGJyAM+AADzTANWiCFiBgBB7AE3i2uPVovVivi9YVazlzBH7AevsEw5mOJA==</latexit>µ
<latexit sha1_base64="22ZBIFV1KDisnEFJ60r/D09RBVw=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCqyFtrTPLogtdVugL2mHIpGkbmswMSUaoQ7/EjQtF3Pop7vwb04egogcuHM65l3vvCRPOlEbow8qtrW9sbuW3Czu7e/tF++CwreJUEtoiMY9lN8SKchbRlmaa024iKRYhp51wcjX3O3dUKhZHTT1NqC/wKGJDRrA2UmAX+9dYCBxkfSlgozkL7BJy3IrreRWIHORWq2hBql6timDZQQuUwAqNwH7vD2KSChppwrFSvTJKtJ9hqRnhdFbop4ommEzwiPYMjbCgys8Wh8/gqVEGcBhLU5GGC/X7RIaFUlMRmk6B9Vj99ubiX14v1UPPz1iUpJpGZLlomHKoYzhPAQ6YpETzqSGYSGZuhWSMJSbaZFUwIXx9Cv8n7YpTvnBqt+el+uUqjjw4BifgDJSBC+rgBjRACxCQggfwBJ6te+vRerFel605azVzBH7AevsEsTiTJA==</latexit>

�PT

Simple(st) model is sufficient 
<latexit sha1_base64="stCqf+oNt4qjpGC75fBB4Cux3Y8="></latexit>

V (�,�) = �1

2
m2�2 +

µ(�)

3
�3 +

�

4
�4

Adding a trigger by coupling to inflaton

<latexit sha1_base64="n/kvxRqKjWNylDKWCP3vx3A+Dfo="></latexit>

µ(�) = µ tanh

✓
�� �i

��

◆
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Models for slow PT during inflation

<latexit sha1_base64="Orj0xyqDEAG1jZj3yUYeaOuaf/8="></latexit>

V (�) = �1

2
m2�2 +

µ

3
�3 +

�

4
�4

Simple(st) model is sufficient 
<latexit sha1_base64="stCqf+oNt4qjpGC75fBB4Cux3Y8="></latexit>

V (�,�) = �1

2
m2�2 +

µ(�)

3
�3 +

�

4
�4

<latexit sha1_base64="n/kvxRqKjWNylDKWCP3vx3A+Dfo="></latexit>

µ(�) = µ tanh

✓
�� �i

��

◆

Adding a trigger by coupling to inflaton

<latexit sha1_base64="yHgyxLWndh8XNQoNm3wwQ9uRw24=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoMQQcKu+DoGvXiMYB6QXcLsZDYZMjs7zMwKYclvePGgiFd/xpt/4yTZgyYWNBRV3XR3hZIzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlk5SRWiTJDxRnRBrypmgTcMMpx2pKI5DTtvh6G7qt5+o0iwRj2YsaRDjgWARI9hYyW9VfTJkZ74cstNeueLW3BnQMvFyUoEcjV75y+8nJI2pMIRjrbueK02QYWUY4XRS8lNNJSYjPKBdSwWOqQ6y2c0TdGKVPooSZUsYNFN/T2Q41noch7YzxmaoF72p+J/XTU10E2RMyNRQQeaLopQjk6BpAKjPFCWGjy3BRDF7KyJDrDAxNqaSDcFbfHmZtM5r3lXt8uGiUr/N4yjCERxDFTy4hjrcQwOaQEDCM7zCm5M6L8678zFvLTj5zCH8gfP5A+/1kPw=</latexit>

V (�,�)

<latexit sha1_base64="ZyxxTorfuzL222ppHuZB15MiI+g=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGpCIDas1t+7OgVaJV5AaFGgNq1+DUUxSQaUhHGvd99zE+BlWhhFOZ5VBqmmCyQSPad9SiQXVfja/dYbOrDJCYaxsSYPm6u+JDAutpyKwnQKbSC97ufif109NeONnTCapoZIsFoUpRyZG+eNoxBQlhk8twUQxeysiEVaYGBtPxYbgLb+8SjoXde+q3ni4rDVvizjKcAKncA4eXEMT7qEFbSAQwTO8wpsjnBfn3flYtJacYuYY/sD5/AEC+o48</latexit>�

<latexit sha1_base64="G1uLBeLkhiVmdX7PAdW/Mj6Jj2g=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjPia+Gi6MZlBfuA6VAyaaYNzSRDckcoQz/DjQtF3Po17vwbM+0stPVAwuGce7n3njAR3IDrfjulldW19Y3yZmVre2d3r7p/0DYq1ZS1qBJKd0NimOCStYCDYN1EMxKHgnXC8V3ud56YNlzJR5gkLIjJUPKIUwJW8nvJiN/kX5/3qzW37s6Al4lXkBoq0OxXv3oDRdOYSaCCGON7bgJBRjRwKti00ksNSwgdkyHzLZUkZibIZitP8YlVBjhS2j4JeKb+7shIbMwkDm1lTGBkFr1c/M/zU4iug4zLJAUm6XxQlAoMCuf34wHXjIKYWEKo5nZXTEdEEwo2pYoNwVs8eZm0z+reZf3i4bzWuC3iKKMjdIxOkYeuUAPdoyZqIYoUekav6M0B58V5dz7mpSWn6DlEf+B8/gAoT5Ew</latexit>

� < �i

True vacuum

<latexit sha1_base64="meX1Ky55acIVadLed3aWAhjdXLk=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiAIQpgRt2PQi8cIZoFkCD2dnqRNL0N3jxCG/IMXD4p49X+8+Td2kjlo9EHB470qqupFCWfG+v6XV1haXlldK66XNja3tnfKu3tNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtR6oNU/LejhMaCjyQLGYEWyc1u2TIeie9csWv+jOgvyTISQVy1Hvlz25fkVRQaQnHxnQCP7FhhrVlhNNJqZsammAywgPacVRiQU2Yza6doCOn9FGstCtp0Uz9OZFhYcxYRK5TYDs0i95U/M/rpDa+CjMmk9RSSeaL4pQjq9D0ddRnmhLLx45gopm7FZEh1phYF1DJhRAsvvyXNE+rwUX1/O6sUrvO4yjCARzCMQRwCTW4hTo0gMADPMELvHrKe/bevPd5a8HLZ/bhF7yPbyGGjto=</latexit>�+
<latexit sha1_base64="lVT4tiWh2xlj6xOpAw2evAyAacg=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4McyI2zHoxWMEs0AyhJ5OT9Kml6G7RwhD/sGLB0W8+j/e/Bs7yRw0+qDg8V4VVfWihDNjff/LKywtr6yuFddLG5tb2zvl3b2mUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WI9WGKXlvxwkNBR5IFjOCrZOaXTJkvZNeueJX/RnQXxLkpAI56r3yZ7evSCqotIRjYzqBn9gww9oywumk1E0NTTAZ4QHtOCqxoCbMZtdO0JFT+ihW2pW0aKb+nMiwMGYsItcpsB2aRW8q/ud1UhtfhRmTSWqpJPNFccqRVWj6OuozTYnlY0cw0czdisgQa0ysC6jkQggWX/5LmqfV4KJ6fndWqV3ncRThAA7hGAK4hBrcQh0aQOABnuAFXj3lPXtv3vu8teDlM/vwC97HNySOjtw=</latexit>��

<latexit sha1_base64="yHgyxLWndh8XNQoNm3wwQ9uRw24=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoMQQcKu+DoGvXiMYB6QXcLsZDYZMjs7zMwKYclvePGgiFd/xpt/4yTZgyYWNBRV3XR3hZIzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlk5SRWiTJDxRnRBrypmgTcMMpx2pKI5DTtvh6G7qt5+o0iwRj2YsaRDjgWARI9hYyW9VfTJkZ74cstNeueLW3BnQMvFyUoEcjV75y+8nJI2pMIRjrbueK02QYWUY4XRS8lNNJSYjPKBdSwWOqQ6y2c0TdGKVPooSZUsYNFN/T2Q41noch7YzxmaoF72p+J/XTU10E2RMyNRQQeaLopQjk6BpAKjPFCWGjy3BRDF7KyJDrDAxNqaSDcFbfHmZtM5r3lXt8uGiUr/N4yjCERxDFTy4hjrcQwOaQEDCM7zCm5M6L8678zFvLTj5zCH8gfP5A+/1kPw=</latexit>

V (�,�)

<latexit sha1_base64="ZyxxTorfuzL222ppHuZB15MiI+g=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGpCIDas1t+7OgVaJV5AaFGgNq1+DUUxSQaUhHGvd99zE+BlWhhFOZ5VBqmmCyQSPad9SiQXVfja/dYbOrDJCYaxsSYPm6u+JDAutpyKwnQKbSC97ufif109NeONnTCapoZIsFoUpRyZG+eNoxBQlhk8twUQxeysiEVaYGBtPxYbgLb+8SjoXde+q3ni4rDVvizjKcAKncA4eXEMT7qEFbSAQwTO8wpsjnBfn3flYtJacYuYY/sD5/AEC+o48</latexit>�

False vacuum

<latexit sha1_base64="pssGT0v6Hz/3xOZdPRJYNmg98Qw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjPiayVFNy4r2AdMh5JJM21oJhmSO0IZ+hluXCji1q9x59+YaWehrQcSDufcy733hIngBlz32ymtrK6tb5Q3K1vbO7t71f2DtlGppqxFlVC6GxLDBJesBRwE6yaakTgUrBOO73K/88S04Uo+wiRhQUyGkkecErCS30tG/Cb/+rxfrbl1dwa8TLyC1FCBZr/61RsomsZMAhXEGN9zEwgyooFTwaaVXmpYQuiYDJlvqSQxM0E2W3mKT6wywJHS9knAM/V3R0ZiYyZxaCtjAiOz6OXif56fQnQdZFwmKTBJ54OiVGBQOL8fD7hmFMTEEkI1t7tiOiKaULApVWwI3uLJy6R9Vvcu6xcP57XGbRFHGR2hY3SKPHSFGugeNVELUaTQM3pFbw44L8678zEvLTlFzyH6A+fzBytjkTI=</latexit>

� > �i

FOPT

<latexit sha1_base64="meX1Ky55acIVadLed3aWAhjdXLk=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiAIQpgRt2PQi8cIZoFkCD2dnqRNL0N3jxCG/IMXD4p49X+8+Td2kjlo9EHB470qqupFCWfG+v6XV1haXlldK66XNja3tnfKu3tNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtR6oNU/LejhMaCjyQLGYEWyc1u2TIeie9csWv+jOgvyTISQVy1Hvlz25fkVRQaQnHxnQCP7FhhrVlhNNJqZsammAywgPacVRiQU2Yza6doCOn9FGstCtp0Uz9OZFhYcxYRK5TYDs0i95U/M/rpDa+CjMmk9RSSeaL4pQjq9D0ddRnmhLLx45gopm7FZEh1phYF1DJhRAsvvyXNE+rwUX1/O6sUrvO4yjCARzCMQRwCTW4hTo0gMADPMELvHrKe/bevPd5a8HLZ/bhF7yPbyGGjto=</latexit>�+
<latexit sha1_base64="lVT4tiWh2xlj6xOpAw2evAyAacg=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4McyI2zHoxWMEs0AyhJ5OT9Kml6G7RwhD/sGLB0W8+j/e/Bs7yRw0+qDg8V4VVfWihDNjff/LKywtr6yuFddLG5tb2zvl3b2mUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WI9WGKXlvxwkNBR5IFjOCrZOaXTJkvZNeueJX/RnQXxLkpAI56r3yZ7evSCqotIRjYzqBn9gww9oywumk1E0NTTAZ4QHtOCqxoCbMZtdO0JFT+ihW2pW0aKb+nMiwMGYsItcpsB2aRW8q/ud1UhtfhRmTSWqpJPNFccqRVWj6OuozTYnlY0cw0czdisgQa0ysC6jkQggWX/5LmqfV4KJ6fndWqV3ncRThAA7hGAK4hBrcQh0aQOABnuAFXj3lPXtv3vu8teDlM/vwC97HNySOjtw=</latexit>��

PT starts at       when <latexit sha1_base64="AJJ2+4fuQd1e0qDa0oEUPjy0Opc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEnons8mQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGt1O/9cSU5rF8NOOE+REOJA85RWOlB+zxXrniVt0ZyDLxclKBHPVe+avbj2kaMWmoQK07npsYP0NlOBVsUuqmmiVIRzhgHUslRkz72ezUCTmxSp+EsbIlDZmpvycyjLQeR4HtjNAM9aI3Ff/zOqkJr/2MyyQ1TNL5ojAVxMRk+jfpc8WoEWNLkCpubyV0iAqpsemUbAje4svLpHlW9S6rF/fnldpNHkcRjuAYTsGDK6jBHdShARQG8Ayv8OYI58V5dz7mrQUnnzmEP3A+fwBAxo3L</latexit>ai
<latexit sha1_base64="XS+Qqzb9UpWd33NiKiUwdCGwX7s=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjPiayMU3bisYB8wHUomzbShmWRI7ghl6Ge4caGIW7/GnX9jpp2Fth5IOJxzL/feEyaCG3Ddb6e0srq2vlHerGxt7+zuVfcP2kalmrIWVULpbkgME1yyFnAQrJtoRuJQsE44vsv9zhPThiv5CJOEBTEZSh5xSsBKfi8Z8Zv86/N+tebW3RnwMvEKUkMFmv3qV2+gaBozCVQQY3zPTSDIiAZOBZtWeqlhCaFjMmS+pZLEzATZbOUpPrHKAEdK2ycBz9TfHRmJjZnEoa2MCYzMopeL/3l+CtF1kHGZpMAknQ+KUoFB4fx+POCaURATSwjV3O6K6YhoQsGmVLEheIsnL5P2Wd27rF88nNcat0UcZXSEjtEp8tAVaqB71EQtRJFCz+gVvTngvDjvzse8tOQUPYfoD5zPHynZkTE=</latexit>

� = �i
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Evolution of bubbles during inflation
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<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0

<latexit sha1_base64="E0dw77R0ByxnTLt241N6ZdX01U0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSg+6JXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NTJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMy/Zv0heYM5dgSyrSwtxI2pJoytOmUbAje4svLpHlW9S6rF/fnldpNHkcRjuAYTsGDK6jBHdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwBarI3c</latexit>ri

Bubble sizes     horizon at nucleation
<latexit sha1_base64="K3hhthJmabLxiBbxK74ro8kGBMw=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKu+DoGvXjwEME8IFnC7GQ2GTI7s8z0KnHJl3jxoIhXP8Wbf+Mk2YNGCxqKqm66u8JEcAOe9+UUlpZXVteK66WNza3tsruz2zQq1ZQ1qBJKt0NimOCSNYCDYO1EMxKHgrXC0dXUb90zbbiSdzBOWBCTgeQRpwSs1HPL3RsWgeaDIRCt1UPPrXhVbwb8l/g5qaAc9Z772e0rmsZMAhXEmI7vJRBkRAOngk1K3dSwhNARGbCOpZLEzATZ7PAJPrRKH0dK25KAZ+rPiYzExozj0HbGBIZm0ZuK/3mdFKKLIOMySYFJOl8UpQKDwtMUcJ9rRkGMLSFUc3srpkOiCQWbVcmG4C++/Jc0j6v+WfX09qRSu8zjKKJ9dICOkI/OUQ1dozpqIIpS9IRe0Kvz6Dw7b877vLXg5DN76Becj287dpN7</latexit>,•  

<latexit sha1_base64="sDbg//UDHjitj+oNwnOEz5j6mM4=">AAACBHicbVDLSgMxFM34rPU16rKbYBHahWVGfG2EopsuK9gHtOOQSTNtaJIZkoxQhi7c+CtuXCji1o9w59+YtrPQ1gP3cjjnXpJ7gphRpR3n21paXlldW89t5De3tnd27b39pooSiUkDRyyS7QApwqggDU01I+1YEsQDRlrB8Gbitx6IVDQSd3oUE4+jvqAhxUgbybcLsqTLVyVkes1Pu5JDKsJx+T49dse+XXQqzhRwkbgZKYIMdd/+6vYinHAiNGZIqY7rxNpLkdQUMzLOdxNFYoSHqE86hgrEifLS6RFjeGSUHgwjaUpoOFV/b6SIKzXigZnkSA/UvDcR//M6iQ4vvZSKONFE4NlDYcKgjuAkEdijkmDNRoYgLKn5K8QDJBHWJre8CcGdP3mRNE8q7nnl7Pa0WL3O4siBAjgEJeCCC1AFNVAHDYDBI3gGr+DNerJerHfrYza6ZGU7B+APrM8fQbCWmQ==</latexit>

r(t) = (a(t)Hinf)
�1
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Evolution of bubbles during inflation
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Bubbles won’t collide during inflation, PT remain incomplete

True vacuum only occupies small fraction of space
<latexit sha1_base64="2jAtfw6V7viSmvaFYCoTl1ZQhW0=">AAACEnicbZC7SgNBFIZn4y3G26qlzWAQtIm7Ei9l0MKUEXKDbAyzk9lkyFyWmVkhLHkGG1/FxkIRWys738bJpdDEHwY+/nMOZ84fxoxq43nfTmZpeWV1Lbue29jc2t5xd/fqWiYKkxqWTKpmiDRhVJCaoYaRZqwI4iEjjXBwM643HojSVIqqGcakzVFP0IhiZKzVcU+CWMnYyOAWcY46aaA4rFRHp+UpUhGN7osBY9DvuHmv4E0EF8GfQR7MVOm4X0FX4oQTYTBDWrd8LzbtFClDMSOjXJBoEiM8QD3SsigQJ7qdTk4awSPrdGEklX3CwIn7eyJFXOshD20nR6av52tj879aKzHRVTulIk4MEXi6KEoYNBKO84Fdqgg2bGgBYUXtXyHuI4WwsSnmbAj+/MmLUD8r+BeF87tivnQ9iyMLDsAhOAY+uAQlUAYVUAMYPIJn8ArenCfnxXl3PqatGWc2sw/+yPn8AY1OnWE=</latexit>

/ �PT/H
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<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0

<latexit sha1_base64="E0dw77R0ByxnTLt241N6ZdX01U0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSg+6JXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NTJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMy/Zv0heYM5dgSyrSwtxI2pJoytOmUbAje4svLpHlW9S6rF/fnldpNHkcRjuAYTsGDK6jBHdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwBarI3c</latexit>ri

Bubble sizes     horizon at nucleation
<latexit sha1_base64="K3hhthJmabLxiBbxK74ro8kGBMw=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKu+DoGvXjwEME8IFnC7GQ2GTI7s8z0KnHJl3jxoIhXP8Wbf+Mk2YNGCxqKqm66u8JEcAOe9+UUlpZXVteK66WNza3tsruz2zQq1ZQ1qBJKt0NimOCSNYCDYO1EMxKHgrXC0dXUb90zbbiSdzBOWBCTgeQRpwSs1HPL3RsWgeaDIRCt1UPPrXhVbwb8l/g5qaAc9Z772e0rmsZMAhXEmI7vJRBkRAOngk1K3dSwhNARGbCOpZLEzATZ7PAJPrRKH0dK25KAZ+rPiYzExozj0HbGBIZm0ZuK/3mdFKKLIOMySYFJOl8UpQKDwtMUcJ9rRkGMLSFUc3srpkOiCQWbVcmG4C++/Jc0j6v+WfX09qRSu8zjKKJ9dICOkI/OUQ1dozpqIIpS9IRe0Kvz6Dw7b877vLXg5DN76Becj287dpN7</latexit>,•  

•  

•  

<latexit sha1_base64="sDbg//UDHjitj+oNwnOEz5j6mM4=">AAACBHicbVDLSgMxFM34rPU16rKbYBHahWVGfG2EopsuK9gHtOOQSTNtaJIZkoxQhi7c+CtuXCji1o9w59+YtrPQ1gP3cjjnXpJ7gphRpR3n21paXlldW89t5De3tnd27b39pooSiUkDRyyS7QApwqggDU01I+1YEsQDRlrB8Gbitx6IVDQSd3oUE4+jvqAhxUgbybcLsqTLVyVkes1Pu5JDKsJx+T49dse+XXQqzhRwkbgZKYIMdd/+6vYinHAiNGZIqY7rxNpLkdQUMzLOdxNFYoSHqE86hgrEifLS6RFjeGSUHgwjaUpoOFV/b6SIKzXigZnkSA/UvDcR//M6iQ4vvZSKONFE4NlDYcKgjuAkEdijkmDNRoYgLKn5K8QDJBHWJre8CcGdP3mRNE8q7nnl7Pa0WL3O4siBAjgEJeCCC1AFNVAHDYDBI3gGr+DNerJerHfrYza6ZGU7B+APrM8fQbCWmQ==</latexit>

r(t) = (a(t)Hinf)
�1
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Density perturbations from bubbles
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<latexit sha1_base64="QspFUf6SqZSaM9WeZPDMAtotEbg=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiTiayMU3bisYB+QhDKZTtqhk5kwMxFK6Ge4caGIW7/GnX/jtM1CWw9cOJxzL/feE6WcaeO6305pZXVtfaO8Wdna3tndq+4ftLXMFKEtIrlU3QhrypmgLcMMp91UUZxEnHai0d3U7zxRpZkUj2ac0jDBA8FiRrCxkh+ooewFZMhu3F615tbdGdAy8QpSgwLNXvUr6EuSJVQYwrHWvuemJsyxMoxwOqkEmaYpJiM8oL6lAidUh/ns5Ak6sUofxVLZEgbN1N8TOU60HieR7UywGepFbyr+5/mZia/DnIk0M1SQ+aI448hINP0f9ZmixPCxJZgoZm9FZIgVJsamVLEheIsvL5P2Wd27rF88nNcat0UcZTiCYzgFD66gAffQhBYQkPAMr/DmGOfFeXc+5q0lp5g5hD9wPn8AzISQ8w==</latexit>

⇢� = 0

<latexit sha1_base64="ijpSKAjykBpMp8Bh8qS4MV2qYIg=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiTiayMUdeGygn1AE8JkOmmHTiZh5kYsob/ixoUibv0Rd/6N0zYLrR64cDjnXu69J0wF1+A4X1ZpaXllda28XtnY3NresXerbZ1kirIWTUSiuiHRTHDJWsBBsG6qGIlDwTrh6Hrqdx6Y0jyR9zBOmR+TgeQRpwSMFNhVTw2TwKNDfundMAEEtwO75tSdGfBf4hakhgo0A/vT6yc0i5kEKojWPddJwc+JAk4Fm1S8TLOU0BEZsJ6hksRM+/ns9gk+NEofR4kyJQHP1J8TOYm1Hseh6YwJDPWiNxX/83oZRBd+zmWaAZN0vijKBIYET4PAfa4YBTE2hFDFza2YDokiFExcFROCu/jyX9I+rrtn9dO7k1rjqoijjPbRATpCLjpHDXSLmqiFKHpET+gFvVoT69l6s97nrSWrmNlDv2B9fANIzJP2</latexit>

⇢� = �V

Biggest bubble has radius 
<latexit sha1_base64="E0dw77R0ByxnTLt241N6ZdX01U0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSg+6JXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NTJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMy/Zv0heYM5dgSyrSwtxI2pJoytOmUbAje4svLpHlW9S6rF/fnldpNHkcRjuAYTsGDK6jBHdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwBarI3c</latexit>ri

<latexit sha1_base64="E0dw77R0ByxnTLt241N6ZdX01U0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSg+6JXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NTJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMy/Zv0heYM5dgSyrSwtxI2pJoytOmUbAje4svLpHlW9S6rF/fnldpNHkcRjuAYTsGDK6jBHdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwBarI3c</latexit>ri
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Density perturbations from bubbles
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Broken Power Law

<latexit sha1_base64="DSEYXfmgRMRaZ4yPg+3UEGstFwA=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPux6AXjxHNAskYejo1SZOenqG7RwhDPsGLB0W8+kXe/Bs7y0ETHxQ83quiql6QCK6N6347uaXlldW1/HphY3Nre6e4u1fXcaoY1lgsYtUMqEbBJdYMNwKbiUIaBQIbweBm7DeeUGkeywczTNCPaE/ykDNqrHQ/eDztFEtu2Z2ALBJvRkowQ7VT/Gp3Y5ZGKA0TVOuW5ybGz6gynAkcFdqpxoSyAe1hy1JJI9R+Njl1RI6s0iVhrGxJQybq74mMRloPo8B2RtT09bw3Fv/zWqkJr/yMyyQ1KNl0UZgKYmIy/pt0uUJmxNASyhS3txLWp4oyY9Mp2BC8+ZcXSf2k7F2Uz+/OSpXrWRx5OIBDOAYPLqECt1CFGjDowTO8wpsjnBfn3fmYtuac2cw+/IHz+QP8lo2e</latexit>
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<latexit sha1_base64="QspFUf6SqZSaM9WeZPDMAtotEbg=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiTiayMU3bisYB+QhDKZTtqhk5kwMxFK6Ge4caGIW7/GnX/jtM1CWw9cOJxzL/feE6WcaeO6305pZXVtfaO8Wdna3tndq+4ftLXMFKEtIrlU3QhrypmgLcMMp91UUZxEnHai0d3U7zxRpZkUj2ac0jDBA8FiRrCxkh+ooewFZMhu3F615tbdGdAy8QpSgwLNXvUr6EuSJVQYwrHWvuemJsyxMoxwOqkEmaYpJiM8oL6lAidUh/ns5Ak6sUofxVLZEgbN1N8TOU60HieR7UywGepFbyr+5/mZia/DnIk0M1SQ+aI448hINP0f9ZmixPCxJZgoZm9FZIgVJsamVLEheIsvL5P2Wd27rF88nNcat0UcZTiCYzgFD66gAffQhBYQkPAMr/DmGOfFeXc+5q0lp5g5hD9wPn8AzISQ8w==</latexit>

⇢� = 0

<latexit sha1_base64="ijpSKAjykBpMp8Bh8qS4MV2qYIg=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiTiayMUdeGygn1AE8JkOmmHTiZh5kYsob/ixoUibv0Rd/6N0zYLrR64cDjnXu69J0wF1+A4X1ZpaXllda28XtnY3NresXerbZ1kirIWTUSiuiHRTHDJWsBBsG6qGIlDwTrh6Hrqdx6Y0jyR9zBOmR+TgeQRpwSMFNhVTw2TwKNDfundMAEEtwO75tSdGfBf4hakhgo0A/vT6yc0i5kEKojWPddJwc+JAk4Fm1S8TLOU0BEZsJ6hksRM+/ns9gk+NEofR4kyJQHP1J8TOYm1Hseh6YwJDPWiNxX/83oZRBd+zmWaAZN0vijKBIYET4PAfa4YBTE2hFDFza2YDokiFExcFROCu/jyX9I+rrtn9dO7k1rjqoijjPbRATpCLjpHDXSLmqiFKHpET+gFvVoT69l6s97nrSWrmNlDv2B9fANIzJP2</latexit>

⇢� = �V

<latexit sha1_base64="WL1MAFltDoPMWpN+HH8wtlyz7zA=">AAACJHicbVDLSsNAFJ3UV62vqks3wSLUTUnEF7gpunFZwT6gCWEyuWmHTiZhZiKU0I9x46+4ceEDF278FidpF9p6YODMOecyc4+fMCqVZX0ZpaXlldW18nplY3Nre6e6u9eRcSoItEnMYtHzsQRGObQVVQx6iQAc+Qy6/ugm97sPICSN+b0aJ+BGeMBpSAlWWvKqVy3PIUNaHx07kkYOw3zAwAmAKexluTPJrfm7KGJetWY1rALmIrFnpIZmaHnVdyeISRoBV4RhKfu2lSg3w0JRwmBScVIJCSYjPIC+phxHIN2sWHJiHmklMMNY6MOVWai/JzIcSTmOfJ2MsBrKeS8X//P6qQov3YzyJFXAyfShMGWmis28MTOgAohiY00wEVT/1SRDLDBRuteKLsGeX3mRdE4a9nnj7O601rye1VFGB+gQ1ZGNLlAT3aIWaiOCHtEzekVvxpPxYnwYn9NoyZjN7KM/ML5/AHi9pVk=</latexit>

P�(k) ⇠ h��(k)��(k)i

Biggest bubble has radius 
<latexit sha1_base64="E0dw77R0ByxnTLt241N6ZdX01U0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSg+6JXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NTJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMy/Zv0heYM5dgSyrSwtxI2pJoytOmUbAje4svLpHlW9S6rF/fnldpNHkcRjuAYTsGDK6jBHdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwBarI3c</latexit>ri

<latexit sha1_base64="E0dw77R0ByxnTLt241N6ZdX01U0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSg+6JXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NTJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMy/Zv0heYM5dgSyrSwtxI2pJoytOmUbAje4svLpHlW9S6rF/fnldpNHkcRjuAYTsGDK6jBHdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwBarI3c</latexit>ri

<latexit sha1_base64="48+QJQFZ1fzUInvoPxc5yn4Xurc=">AAACHXicbVC7TsMwFHXKq5RXgJHFokJiKgkqj7GCgY5F6ktqSuW4TmvVdoLtVKqi/AgLv8LCAEIMLIi/wX0MtOVIVzo+51753uNHjCrtOD9WZmV1bX0ju5nb2t7Z3bP3D+oqjCUmNRyyUDZ9pAijgtQ01Yw0I0kQ9xlp+IPbsd8YEqloKKp6FJE2Rz1BA4qRNlLHLno9xDnqJJ7ksFJNPfIY06F3NyeelR+SYjp9UhGkHTvvFJwJ4DJxZyQPZqh07C+vG+KYE6ExQ0q1XCfS7QRJTTEjac6LFYkQHqAeaRkqECeqnUyuS+GJUbowCKUpoeFE/TuRIK7UiPumkyPdV4veWPzPa8U6uG4nVESxJgJPPwpiBnUIx1HBLpUEazYyBGFJza4Q95FEWJtAcyYEd/HkZVI/L7iXhYv7Yr50M4sjC47AMTgFLrgCJVAGFVADGDyBF/AG3q1n69X6sD6nrRlrNnMI5mB9/wL/M6J9</latexit>

�PT ⌘ �PT/H
4
inf
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DR isocurvature from PT
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<latexit sha1_base64="2LJlij72TWZszT3uV63XnNM7iHo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6oD3slStu1Z2BLBMvJxXIUe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsVTSCLWfzU6dkBOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM/yZ9rpAZMbaEMsXtrYQNqaLM2HRKNgRv8eVl0jyrepfVi/vzSu0mj6MIR3AMp+DBFdTgDurQAAYDeIZXeHOE8+K8Ox/z1oKTzxzCHzifPzq2jcc=</latexit>ae

<latexit sha1_base64="gsCTcU4EvGMhCYV6zBnokRlPURU=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiwbArvo5BLzlGMA9J1jA7mU2GzMwuM7NCWPIVXjwo4tXP8ebfOEn2oIkFDUVVN91dQcyZNq777Swtr6yurec28ptb2zu7hb39ho4SRWidRDxSrQBrypmkdcMMp61YUSwCTpvB8HbiN5+o0iyS92YUU1/gvmQhI9hY6aGEqyeP6ak37haKbtmdAi0SLyNFyFDrFr46vYgkgkpDONa67bmx8VOsDCOcjvOdRNMYkyHu07alEguq/XR68BgdW6WHwkjZkgZN1d8TKRZaj0RgOwU2Az3vTcT/vHZiwms/ZTJODJVktihMODIRmnyPekxRYvjIEkwUs7ciMsAKE2MzytsQvPmXF0njrOxdli/uzouVmyyOHBzCEZTAgyuoQBVqUAcCAp7hFd4c5bw4787HrHXJyWYO4A+czx90zI+M</latexit>

(a
H
)
�1

<latexit sha1_base64="v9nxZd4QphDKRoMUxS9uW0OW+P4=">AAAB63icdVDLSsNAFJ34rPVVdelmsAiuQlKTttkV3bisYB/QhjKZTpqhM0mYmQgl9BfcuFDErT/kzr9x0lZQ0QMXDufcy733BCmjUlnWh7G2vrG5tV3aKe/u7R8cVo6OuzLJBCYdnLBE9AMkCaMx6SiqGOmngiAeMNILpteF37snQtIkvlOzlPgcTWIaUoxUIQ1xREeVqmVaruc0atAyXcv2nEtNPK/p1F1om9YCVbBCe1R5H44TnHESK8yQlAPbSpWfI6EoZmReHmaSpAhP0YQMNI0RJ9LPF7fO4blWxjBMhK5YwYX6fSJHXMoZD3QnRyqSv71C/MsbZCps+jmN00yRGC8XhRmDKoHF43BMBcGKzTRBWFB9K8QREggrHU9Zh/D1KfyfdGumXTfdW6faulrFUQKn4AxcABs0QAvcgDboAAwi8ACewLPBjUfjxXhdtq4Zq5kT8APG2yeEw46W</latexit>�

<latexit sha1_base64="E0dw77R0ByxnTLt241N6ZdX01U0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSg+6JXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NTJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMy/Zv0heYM5dgSyrSwtxI2pJoytOmUbAje4svLpHlW9S6rF/fnldpNHkcRjuAYTsGDK6jBHdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwBarI3c</latexit>ri

<latexit sha1_base64="AJJ2+4fuQd1e0qDa0oEUPjy0Opc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEnons8mQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGt1O/9cSU5rF8NOOE+REOJA85RWOlB+zxXrniVt0ZyDLxclKBHPVe+avbj2kaMWmoQK07npsYP0NlOBVsUuqmmiVIRzhgHUslRkz72ezUCTmxSp+EsbIlDZmpvycyjLQeR4HtjNAM9aI3Ff/zOqkJr/2MyyQ1TNL5ojAVxMRk+jfpc8WoEWNLkCpubyV0iAqpsemUbAje4svLpHlW9S6rF/fnldpNHkcRjuAYTsGDK6jBHdShARQG8Ayv8OYI58V5dz7mrQUnnzmEP3A+fwBAxo3L</latexit>ai

<latexit sha1_base64="E0dw77R0ByxnTLt241N6ZdX01U0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSg+6JXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NTJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMy/Zv0heYM5dgSyrSwtxI2pJoytOmUbAje4svLpHlW9S6rF/fnldpNHkcRjuAYTsGDK6jBHdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwBarI3c</latexit>ri

DR

<latexit sha1_base64="suCVqc0tOLxNaLVwE/4KlIexYes=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9gVX8egF48RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O0vLK6tr64WN4ubW9s5uaW+/oeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh7cRvPqHSPJaPZpSgH9G+5CFn1FjpgXZPu6WyW3GnIIvEy0kZctS6pa9OL2ZphNIwQbVue25i/Iwqw5nAcbGTakwoG9I+ti2VNELtZ9NTx+TYKj0SxsqWNGSq/p7IaKT1KApsZ0TNQM97E/E/r52a8NrPuExSg5LNFoWpICYmk79JjytkRowsoUxxeythA6ooMzadog3Bm395kTTOKt5l5eL+vFy9yeMowCEcwQl4cAVVuIMa1IFBH57hFd4c4bw4787HrHXJyWcO4A+czx/hO42M</latexit>a⇤

Start of PT End of PT
When PT competes at      ,<latexit sha1_base64="suCVqc0tOLxNaLVwE/4KlIexYes=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9gVX8egF48RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O0vLK6tr64WN4ubW9s5uaW+/oeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh7cRvPqHSPJaPZpSgH9G+5CFn1FjpgXZPu6WyW3GnIIvEy0kZctS6pa9OL2ZphNIwQbVue25i/Iwqw5nAcbGTakwoG9I+ti2VNELtZ9NTx+TYKj0SxsqWNGSq/p7IaKT1KApsZ0TNQM97E/E/r52a8NrPuExSg5LNFoWpICYmk79JjytkRowsoUxxeythA6ooMzadog3Bm395kTTOKt5l5eL+vFy9yeMowCEcwQl4cAVVuIMa1IFBH57hFd4c4bw4787HrHXJyWcO4A+czx/hO42M</latexit>a⇤

<latexit sha1_base64="nBDy8INlV45mnNm8+6Z0Se8iONc=">AAACC3icbVC7TsMwFHV4lvIKMLJYrZCYqgTxGitYGItEH1ITRY7jtlYd27IdRBV1Z+FXWBhAiJUfYONvcNsM0HKkKx2dc6/uvSeWjGrjed/O0vLK6tp6aaO8ubW9s+vu7be0yBQmTSyYUJ0YacIoJ01DDSMdqQhKY0ba8fB64rfvidJU8DszkiRMUZ/THsXIWClyK0FCmEFRHqgUJmocICmVeICFHOABjdyqV/OmgIvEL0gVFGhE7leQCJylhBvMkNZd35MmzJEyFDMyLgeZJhLhIeqTrqUcpUSH+fSXMTyySgJ7QtniBk7V3xM5SrUepbHtTJEZ6HlvIv7ndTPTuwxzymVmCMezRb2MQSPgJBiYUEWwYSNLEFbU3grxACmEjY2vbEPw519eJK2Tmn9eO7s9rdavijhK4BBUwDHwwQWogxvQAE2AwSN4Bq/gzXlyXpx352PWuuQUMwfgD5zPH4yQm2I=</latexit>

�dr ⇡ ��

<latexit sha1_base64="KzKjqTtZK6bg56lb/i4prQt+suM=">AAACBnicbVDNS8MwHE3n15xfVY8iBIfgabTi13HoxeME9wFrKWmabmFpUpJUGKUnL/4rXjwo4tW/wZv/jdnWg24+CLy89/uRvBemjCrtON9WZWl5ZXWtul7b2Nza3rF39zpKZBKTNhZMyF6IFGGUk7ammpFeKglKQka64ehm4ncfiFRU8Hs9TomfoAGnMcVIGymwDz05FEHu4SEtoKcFLO8ygZEsArvuNJwp4CJxS1IHJVqB/eVFAmcJ4RozpFTfdVLt50hqihkpal6mSIrwCA1I31COEqL8fBqjgMdGiWAspDlcw6n6eyNHiVLjJDSTCdJDNe9NxP+8fqbjKz+nPM004Xj2UJwxaOJOOoERlQRrNjYEYUnNXyEeIomwNs3VTAnufORF0jltuBeN87uzevO6rKMKDsAROAEuuARNcAtaoA0weATP4BW8WU/Wi/VufcxGK1a5sw/+wPr8AVjMmQ8=</latexit>⇢� ! ⇢dr•  

Peizhi Du (USTC)| BPCS 2025



12

DR isocurvature from PT
co

m
ov

in
g 

le
ng

th

scale factor

CMB

<latexit sha1_base64="2LJlij72TWZszT3uV63XnNM7iHo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6oD3slStu1Z2BLBMvJxXIUe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsVTSCLWfzU6dkBOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM/yZ9rpAZMbaEMsXtrYQNqaLM2HRKNgRv8eVl0jyrepfVi/vzSu0mj6MIR3AMp+DBFdTgDurQAAYDeIZXeHOE8+K8Ox/z1oKTzxzCHzifPzq2jcc=</latexit>ae

<latexit sha1_base64="gsCTcU4EvGMhCYV6zBnokRlPURU=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiwbArvo5BLzlGMA9J1jA7mU2GzMwuM7NCWPIVXjwo4tXP8ebfOEn2oIkFDUVVN91dQcyZNq777Swtr6yurec28ptb2zu7hb39ho4SRWidRDxSrQBrypmkdcMMp61YUSwCTpvB8HbiN5+o0iyS92YUU1/gvmQhI9hY6aGEqyeP6ak37haKbtmdAi0SLyNFyFDrFr46vYgkgkpDONa67bmx8VOsDCOcjvOdRNMYkyHu07alEguq/XR68BgdW6WHwkjZkgZN1d8TKRZaj0RgOwU2Az3vTcT/vHZiwms/ZTJODJVktihMODIRmnyPekxRYvjIEkwUs7ciMsAKE2MzytsQvPmXF0njrOxdli/uzouVmyyOHBzCEZTAgyuoQBVqUAcCAp7hFd4c5bw4787HrHXJyWYO4A+czx90zI+M</latexit>

(a
H
)
�1

<latexit sha1_base64="v9nxZd4QphDKRoMUxS9uW0OW+P4=">AAAB63icdVDLSsNAFJ34rPVVdelmsAiuQlKTttkV3bisYB/QhjKZTpqhM0mYmQgl9BfcuFDErT/kzr9x0lZQ0QMXDufcy733BCmjUlnWh7G2vrG5tV3aKe/u7R8cVo6OuzLJBCYdnLBE9AMkCaMx6SiqGOmngiAeMNILpteF37snQtIkvlOzlPgcTWIaUoxUIQ1xREeVqmVaruc0atAyXcv2nEtNPK/p1F1om9YCVbBCe1R5H44TnHESK8yQlAPbSpWfI6EoZmReHmaSpAhP0YQMNI0RJ9LPF7fO4blWxjBMhK5YwYX6fSJHXMoZD3QnRyqSv71C/MsbZCps+jmN00yRGC8XhRmDKoHF43BMBcGKzTRBWFB9K8QREggrHU9Zh/D1KfyfdGumXTfdW6faulrFUQKn4AxcABs0QAvcgDboAAwi8ACewLPBjUfjxXhdtq4Zq5kT8APG2yeEw46W</latexit>�

<latexit sha1_base64="E0dw77R0ByxnTLt241N6ZdX01U0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSg+6JXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NTJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMy/Zv0heYM5dgSyrSwtxI2pJoytOmUbAje4svLpHlW9S6rF/fnldpNHkcRjuAYTsGDK6jBHdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwBarI3c</latexit>ri

<latexit sha1_base64="AJJ2+4fuQd1e0qDa0oEUPjy0Opc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEnons8mQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGt1O/9cSU5rF8NOOE+REOJA85RWOlB+zxXrniVt0ZyDLxclKBHPVe+avbj2kaMWmoQK07npsYP0NlOBVsUuqmmiVIRzhgHUslRkz72ezUCTmxSp+EsbIlDZmpvycyjLQeR4HtjNAM9aI3Ff/zOqkJr/2MyyQ1TNL5ojAVxMRk+jfpc8WoEWNLkCpubyV0iAqpsemUbAje4svLpHlW9S6rF/fnldpNHkcRjuAYTsGDK6jBHdShARQG8Ayv8OYI58V5dz7mrQUnnzmEP3A+fwBAxo3L</latexit>ai

<latexit sha1_base64="E0dw77R0ByxnTLt241N6ZdX01U0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSg+6JXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NTJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMy/Zv0heYM5dgSyrSwtxI2pJoytOmUbAje4svLpHlW9S6rF/fnldpNHkcRjuAYTsGDK6jBHdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwBarI3c</latexit>ri

DR

<latexit sha1_base64="suCVqc0tOLxNaLVwE/4KlIexYes=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9gVX8egF48RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O0vLK6tr64WN4ubW9s5uaW+/oeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh7cRvPqHSPJaPZpSgH9G+5CFn1FjpgXZPu6WyW3GnIIvEy0kZctS6pa9OL2ZphNIwQbVue25i/Iwqw5nAcbGTakwoG9I+ti2VNELtZ9NTx+TYKj0SxsqWNGSq/p7IaKT1KApsZ0TNQM97E/E/r52a8NrPuExSg5LNFoWpICYmk79JjytkRowsoUxxeythA6ooMzadog3Bm395kTTOKt5l5eL+vFy9yeMowCEcwQl4cAVVuIMa1IFBH57hFd4c4bw4787HrHXJyWcO4A+czx/hO42M</latexit>a⇤

Start of PT End of PT
When PT competes at      ,<latexit sha1_base64="suCVqc0tOLxNaLVwE/4KlIexYes=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9gVX8egF48RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O0vLK6tr64WN4ubW9s5uaW+/oeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh7cRvPqHSPJaPZpSgH9G+5CFn1FjpgXZPu6WyW3GnIIvEy0kZctS6pa9OL2ZphNIwQbVue25i/Iwqw5nAcbGTakwoG9I+ti2VNELtZ9NTx+TYKj0SxsqWNGSq/p7IaKT1KApsZ0TNQM97E/E/r52a8NrPuExSg5LNFoWpICYmk79JjytkRowsoUxxeythA6ooMzadog3Bm395kTTOKt5l5eL+vFy9yeMowCEcwQl4cAVVuIMa1IFBH57hFd4c4bw4787HrHXJyWcO4A+czx/hO42M</latexit>a⇤

Generating isocurvature
<latexit sha1_base64="0kzveCxN1J1l4+c+8mW4cII3hX8=">AAACIHicbVDLSgMxFM34tr6qLt0Ei+BCy4z42giiG5eKVoVOKXcytzU0yYxJRihDP8WNv+LGhSK6068xfSi+Dlw4Oedecu+JUsGN9f03b2h4ZHRsfGKyMDU9MztXnF84N0mmGVZYIhJ9GYFBwRVWLLcCL1ONICOBF1HrsOtf3KA2PFFntp1iTUJT8QZnYJ1UL+6c1vNQSxrrtbAJUkJnL4xRWPiUO+tf774fKrymfr1Y8st+D/QvCQakRAY4rhdfwzhhmURlmQBjqoGf2loO2nImsFMIM4MpsBY0seqoAommlvcO7NAVp8S0kWhXytKe+n0iB2lMW0auU4K9Mr+9rvifV81sY7eWc5VmFhXrf9TIBLUJ7aZFY66RWdF2BJjmblfKrkADsy7Tggsh+H3yX3K+UQ62y1snm6X9g0EcE2SJLJNVEpAdsk+OyDGpEEZuyT15JE/enffgPXsv/dYhbzCzSH7Ae/8AOc2jpQ==</latexit>

Sdr,� = �dr � �� 6= 0

<latexit sha1_base64="nBDy8INlV45mnNm8+6Z0Se8iONc=">AAACC3icbVC7TsMwFHV4lvIKMLJYrZCYqgTxGitYGItEH1ITRY7jtlYd27IdRBV1Z+FXWBhAiJUfYONvcNsM0HKkKx2dc6/uvSeWjGrjed/O0vLK6tp6aaO8ubW9s+vu7be0yBQmTSyYUJ0YacIoJ01DDSMdqQhKY0ba8fB64rfvidJU8DszkiRMUZ/THsXIWClyK0FCmEFRHqgUJmocICmVeICFHOABjdyqV/OmgIvEL0gVFGhE7leQCJylhBvMkNZd35MmzJEyFDMyLgeZJhLhIeqTrqUcpUSH+fSXMTyySgJ7QtniBk7V3xM5SrUepbHtTJEZ6HlvIv7ndTPTuwxzymVmCMezRb2MQSPgJBiYUEWwYSNLEFbU3grxACmEjY2vbEPw519eJK2Tmn9eO7s9rdavijhK4BBUwDHwwQWogxvQAE2AwSN4Bq/gzXlyXpx352PWuuQUMwfgD5zPH4yQm2I=</latexit>

�dr ⇡ ��

<latexit sha1_base64="KzKjqTtZK6bg56lb/i4prQt+suM=">AAACBnicbVDNS8MwHE3n15xfVY8iBIfgabTi13HoxeME9wFrKWmabmFpUpJUGKUnL/4rXjwo4tW/wZv/jdnWg24+CLy89/uRvBemjCrtON9WZWl5ZXWtul7b2Nza3rF39zpKZBKTNhZMyF6IFGGUk7ammpFeKglKQka64ehm4ncfiFRU8Hs9TomfoAGnMcVIGymwDz05FEHu4SEtoKcFLO8ygZEsArvuNJwp4CJxS1IHJVqB/eVFAmcJ4RozpFTfdVLt50hqihkpal6mSIrwCA1I31COEqL8fBqjgMdGiWAspDlcw6n6eyNHiVLjJDSTCdJDNe9NxP+8fqbjKz+nPM004Xj2UJwxaOJOOoERlQRrNjYEYUnNXyEeIomwNs3VTAnufORF0jltuBeN87uzevO6rKMKDsAROAEuuARNcAtaoA0weATP4BW8WU/Wi/VufcxGK1a5sw/+wPr8AVjMmQ8=</latexit>⇢� ! ⇢dr•  

•  
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<latexit sha1_base64="2LJlij72TWZszT3uV63XnNM7iHo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6oD3slStu1Z2BLBMvJxXIUe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsVTSCLWfzU6dkBOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM/yZ9rpAZMbaEMsXtrYQNqaLM2HRKNgRv8eVl0jyrepfVi/vzSu0mj6MIR3AMp+DBFdTgDurQAAYDeIZXeHOE8+K8Ox/z1oKTzxzCHzifPzq2jcc=</latexit>ae

<latexit sha1_base64="gsCTcU4EvGMhCYV6zBnokRlPURU=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiwbArvo5BLzlGMA9J1jA7mU2GzMwuM7NCWPIVXjwo4tXP8ebfOEn2oIkFDUVVN91dQcyZNq777Swtr6yurec28ptb2zu7hb39ho4SRWidRDxSrQBrypmkdcMMp61YUSwCTpvB8HbiN5+o0iyS92YUU1/gvmQhI9hY6aGEqyeP6ak37haKbtmdAi0SLyNFyFDrFr46vYgkgkpDONa67bmx8VOsDCOcjvOdRNMYkyHu07alEguq/XR68BgdW6WHwkjZkgZN1d8TKRZaj0RgOwU2Az3vTcT/vHZiwms/ZTJODJVktihMODIRmnyPekxRYvjIEkwUs7ciMsAKE2MzytsQvPmXF0njrOxdli/uzouVmyyOHBzCEZTAgyuoQBVqUAcCAp7hFd4c5bw4787HrHXJyWYO4A+czx90zI+M</latexit>

(a
H
)
�1

<latexit sha1_base64="v9nxZd4QphDKRoMUxS9uW0OW+P4=">AAAB63icdVDLSsNAFJ34rPVVdelmsAiuQlKTttkV3bisYB/QhjKZTpqhM0mYmQgl9BfcuFDErT/kzr9x0lZQ0QMXDufcy733BCmjUlnWh7G2vrG5tV3aKe/u7R8cVo6OuzLJBCYdnLBE9AMkCaMx6SiqGOmngiAeMNILpteF37snQtIkvlOzlPgcTWIaUoxUIQ1xREeVqmVaruc0atAyXcv2nEtNPK/p1F1om9YCVbBCe1R5H44TnHESK8yQlAPbSpWfI6EoZmReHmaSpAhP0YQMNI0RJ9LPF7fO4blWxjBMhK5YwYX6fSJHXMoZD3QnRyqSv71C/MsbZCps+jmN00yRGC8XhRmDKoHF43BMBcGKzTRBWFB9K8QREggrHU9Zh/D1KfyfdGumXTfdW6faulrFUQKn4AxcABs0QAvcgDboAAwi8ACewLPBjUfjxXhdtq4Zq5kT8APG2yeEw46W</latexit>�

<latexit sha1_base64="E0dw77R0ByxnTLt241N6ZdX01U0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSg+6JXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NTJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMy/Zv0heYM5dgSyrSwtxI2pJoytOmUbAje4svLpHlW9S6rF/fnldpNHkcRjuAYTsGDK6jBHdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwBarI3c</latexit>ri

<latexit sha1_base64="AJJ2+4fuQd1e0qDa0oEUPjy0Opc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEnons8mQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGt1O/9cSU5rF8NOOE+REOJA85RWOlB+zxXrniVt0ZyDLxclKBHPVe+avbj2kaMWmoQK07npsYP0NlOBVsUuqmmiVIRzhgHUslRkz72ezUCTmxSp+EsbIlDZmpvycyjLQeR4HtjNAM9aI3Ff/zOqkJr/2MyyQ1TNL5ojAVxMRk+jfpc8WoEWNLkCpubyV0iAqpsemUbAje4svLpHlW9S6rF/fnldpNHkcRjuAYTsGDK6jBHdShARQG8Ayv8OYI58V5dz7mrQUnnzmEP3A+fwBAxo3L</latexit>ai

<latexit sha1_base64="E0dw77R0ByxnTLt241N6ZdX01U0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSg+6JXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NTJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMy/Zv0heYM5dgSyrSwtxI2pJoytOmUbAje4svLpHlW9S6rF/fnldpNHkcRjuAYTsGDK6jBHdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwBarI3c</latexit>ri

DR

<latexit sha1_base64="suCVqc0tOLxNaLVwE/4KlIexYes=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9gVX8egF48RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O0vLK6tr64WN4ubW9s5uaW+/oeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh7cRvPqHSPJaPZpSgH9G+5CFn1FjpgXZPu6WyW3GnIIvEy0kZctS6pa9OL2ZphNIwQbVue25i/Iwqw5nAcbGTakwoG9I+ti2VNELtZ9NTx+TYKj0SxsqWNGSq/p7IaKT1KApsZ0TNQM97E/E/r52a8NrPuExSg5LNFoWpICYmk79JjytkRowsoUxxeythA6ooMzadog3Bm395kTTOKt5l5eL+vFy9yeMowCEcwQl4cAVVuIMa1IFBH57hFd4c4bw4787HrHXJyWcO4A+czx/hO42M</latexit>a⇤

Start of PT End of PT
When PT competes at      ,<latexit sha1_base64="suCVqc0tOLxNaLVwE/4KlIexYes=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9gVX8egF48RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O0vLK6tr64WN4ubW9s5uaW+/oeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh7cRvPqHSPJaPZpSgH9G+5CFn1FjpgXZPu6WyW3GnIIvEy0kZctS6pa9OL2ZphNIwQbVue25i/Iwqw5nAcbGTakwoG9I+ti2VNELtZ9NTx+TYKj0SxsqWNGSq/p7IaKT1KApsZ0TNQM97E/E/r52a8NrPuExSg5LNFoWpICYmk79JjytkRowsoUxxeythA6ooMzadog3Bm395kTTOKt5l5eL+vFy9yeMowCEcwQl4cAVVuIMa1IFBH57hFd4c4bw4787HrHXJyWcO4A+czx/hO42M</latexit>a⇤

Generating isocurvature
<latexit sha1_base64="0kzveCxN1J1l4+c+8mW4cII3hX8=">AAACIHicbVDLSgMxFM34tr6qLt0Ei+BCy4z42giiG5eKVoVOKXcytzU0yYxJRihDP8WNv+LGhSK6068xfSi+Dlw4Oedecu+JUsGN9f03b2h4ZHRsfGKyMDU9MztXnF84N0mmGVZYIhJ9GYFBwRVWLLcCL1ONICOBF1HrsOtf3KA2PFFntp1iTUJT8QZnYJ1UL+6c1vNQSxrrtbAJUkJnL4xRWPiUO+tf774fKrymfr1Y8st+D/QvCQakRAY4rhdfwzhhmURlmQBjqoGf2loO2nImsFMIM4MpsBY0seqoAommlvcO7NAVp8S0kWhXytKe+n0iB2lMW0auU4K9Mr+9rvifV81sY7eWc5VmFhXrf9TIBLUJ7aZFY66RWdF2BJjmblfKrkADsy7Tggsh+H3yX3K+UQ62y1snm6X9g0EcE2SJLJNVEpAdsk+OyDGpEEZuyT15JE/enffgPXsv/dYhbzCzSH7Ae/8AOc2jpQ==</latexit>

Sdr,� = �dr � �� 6= 0

<latexit sha1_base64="nBDy8INlV45mnNm8+6Z0Se8iONc=">AAACC3icbVC7TsMwFHV4lvIKMLJYrZCYqgTxGitYGItEH1ITRY7jtlYd27IdRBV1Z+FXWBhAiJUfYONvcNsM0HKkKx2dc6/uvSeWjGrjed/O0vLK6tp6aaO8ubW9s+vu7be0yBQmTSyYUJ0YacIoJ01DDSMdqQhKY0ba8fB64rfvidJU8DszkiRMUZ/THsXIWClyK0FCmEFRHqgUJmocICmVeICFHOABjdyqV/OmgIvEL0gVFGhE7leQCJylhBvMkNZd35MmzJEyFDMyLgeZJhLhIeqTrqUcpUSH+fSXMTyySgJ7QtniBk7V3xM5SrUepbHtTJEZ6HlvIv7ndTPTuwxzymVmCMezRb2MQSPgJBiYUEWwYSNLEFbU3grxACmEjY2vbEPw519eJK2Tmn9eO7s9rdavijhK4BBUwDHwwQWogxvQAE2AwSN4Bq/gzXlyXpx352PWuuQUMwfgD5zPH4yQm2I=</latexit>

�dr ⇡ ��

Isocurvature power spectrum

<latexit sha1_base64="KzKjqTtZK6bg56lb/i4prQt+suM=">AAACBnicbVDNS8MwHE3n15xfVY8iBIfgabTi13HoxeME9wFrKWmabmFpUpJUGKUnL/4rXjwo4tW/wZv/jdnWg24+CLy89/uRvBemjCrtON9WZWl5ZXWtul7b2Nza3rF39zpKZBKTNhZMyF6IFGGUk7ammpFeKglKQka64ehm4ncfiFRU8Hs9TomfoAGnMcVIGymwDz05FEHu4SEtoKcFLO8ygZEsArvuNJwp4CJxS1IHJVqB/eVFAmcJ4RozpFTfdVLt50hqihkpal6mSIrwCA1I31COEqL8fBqjgMdGiWAspDlcw6n6eyNHiVLjJDSTCdJDNe9NxP+8fqbjKz+nPM004Xj2UJwxaOJOOoERlQRrNjYEYUnNXyEeIomwNs3VTAnufORF0jltuBeN87uzevO6rKMKDsAROAEuuARNcAtaoA0weATP4BW8WU/Wi/VufcxGK1a5sw/+wPr8AVjMmQ8=</latexit>⇢� ! ⇢dr

DR inherits large scale isocurvature perturbations
 from    field  <latexit sha1_base64="ZyxxTorfuzL222ppHuZB15MiI+g=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGpCIDas1t+7OgVaJV5AaFGgNq1+DUUxSQaUhHGvd99zE+BlWhhFOZ5VBqmmCyQSPad9SiQXVfja/dYbOrDJCYaxsSYPm6u+JDAutpyKwnQKbSC97ufif109NeONnTCapoZIsFoUpRyZG+eNoxBQlhk8twUQxeysiEVaYGBtPxYbgLb+8SjoXde+q3ni4rDVvizjKcAKncA4eXEMT7qEFbSAQwTO8wpsjnBfn3flYtJacYuYY/sD5/AEC+o48</latexit>�

•  

•  

•  
<latexit sha1_base64="JUGdaKAfC8hmW6zEdlnRH/NufeU=">AAACNnicbVDLSgMxFM3UV62vqks3wSK4kDIjvpZFN26EivYBnVLupGkbmmSGJCOUYb7Kjd/hrhsXirj1E8y0XWjrgcDhnHOT3BNEnGnjumMnt7S8srqWXy9sbG5t7xR39+o6jBWhNRLyUDUD0JQzSWuGGU6bkaIgAk4bwfAm8xtPVGkWykczimhbQF+yHiNgrNQp3lU7ia8EZjpMfc2Ez0H2OcUPU7mrTvw+CAHpguCrSTIbwtklZMDSTrHklt0J8CLxZqSEZqh2iq9+NySxoNIQDlq3PDcy7QSUYYTTtODHmkZAhtCnLUslCKrbyWTtFB9ZpYt7obJHGjxRf08kILQeicAmBZiBnvcy8T+vFZveVTthMooNlWT6UC/m2IQ46xB3maLE8JElQBSzf8VkAAqIsU0XbAne/MqLpH5a9i7K5/dnpcr1rI48OkCH6Bh56BJV0C2qohoi6BmN0Tv6cF6cN+fT+ZpGc85sZh/9gfP9A9A6rTU=</latexit>

Piso ⇠ hSdr,�Sdr,�i ⇠ P�
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DR isocurvature in CMB

<latexit sha1_base64="l9/TMkum7+siq/zpQNwnRQAbnYY=">AAACB3icbVDLSgMxFM34rPU16lKQYBFc1RnxtSzqwmWFvqAzlEx624ZmMmOSKZShOzf+ihsXirj1F9z5N6btLLT1wIWTc+4l954g5kxpx/m2FhaXlldWc2v59Y3NrW17Z7emokRSqNKIR7IREAWcCahqpjk0YgkkDDjUg/7N2K8PQCoWiYoexuCHpCtYh1GijdSyD7xb4JpgDx4SNsDZq3LiBUSmlVHLLjhFZwI8T9yMFFCGcsv+8toRTUIQmnKiVNN1Yu2nRGpGOYzyXqIgJrRPutA0VJAQlJ9O7hjhI6O0cSeSpoTGE/X3REpCpYZhYDpDontq1huL/3nNRHeu/JSJONEg6PSjTsKxjvA4FNxmEqjmQ0MIlczsimmPSEK1iS5vQnBnT54ntdOie1E8vz8rlK6zOHJoHx2iY+SiS1RCd6iMqoiiR/SMXtGb9WS9WO/Wx7R1wcpm9tAfWJ8/4KeYsw==</latexit>

� ⌘ �T/T̄

<latexit sha1_base64="85C7j7cmphwRW1iNUNVnLI2HR2w=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQzqwWME84BkCbOT3mTM7OwyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/GbT6g0j+WDGSXoR7QvecgZNVZqdG5RGNotld2KOwVZJF5OypCj1i19dXoxSyOUhgmqddtzE+NnVBnOBI6LnVRjQtmQ9rFtqaQRaj+bXjsmx1bpkTBWtqQhU/X3REYjrUdRYDsjagZ63puI/3nt1IRXfsZlkhqUbLYoTAUxMZm8TnpcITNiZAllittbCRtQRZmxARVtCN78y4ukcVrxLirn92fl6nUeRwEO4QhOwINLqMId1KAODB7hGV7hzYmdF+fd+Zi1Ljn5zAH8gfP5A2PMjwY=</latexit>

�

<latexit sha1_base64="85C7j7cmphwRW1iNUNVnLI2HR2w=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQzqwWME84BkCbOT3mTM7OwyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/GbT6g0j+WDGSXoR7QvecgZNVZqdG5RGNotld2KOwVZJF5OypCj1i19dXoxSyOUhgmqddtzE+NnVBnOBI6LnVRjQtmQ9rFtqaQRaj+bXjsmx1bpkTBWtqQhU/X3REYjrUdRYDsjagZ63puI/3nt1IRXfsZlkhqUbLYoTAUxMZm8TnpcITNiZAllittbCRtQRZmxARVtCN78y4ukcVrxLirn92fl6nUeRwEO4QhOwINLqMId1KAODB7hGV7hzYmdF+fd+Zi1Ljn5zAH8gfP5A2PMjwY=</latexit>

�
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DR isocurvature in CMB

<latexit sha1_base64="l9/TMkum7+siq/zpQNwnRQAbnYY=">AAACB3icbVDLSgMxFM34rPU16lKQYBFc1RnxtSzqwmWFvqAzlEx624ZmMmOSKZShOzf+ihsXirj1F9z5N6btLLT1wIWTc+4l954g5kxpx/m2FhaXlldWc2v59Y3NrW17Z7emokRSqNKIR7IREAWcCahqpjk0YgkkDDjUg/7N2K8PQCoWiYoexuCHpCtYh1GijdSyD7xb4JpgDx4SNsDZq3LiBUSmlVHLLjhFZwI8T9yMFFCGcsv+8toRTUIQmnKiVNN1Yu2nRGpGOYzyXqIgJrRPutA0VJAQlJ9O7hjhI6O0cSeSpoTGE/X3REpCpYZhYDpDontq1huL/3nNRHeu/JSJONEg6PSjTsKxjvA4FNxmEqjmQ0MIlczsimmPSEK1iS5vQnBnT54ntdOie1E8vz8rlK6zOHJoHx2iY+SiS1RCd6iMqoiiR/SMXtGb9WS9WO/Wx7R1wcpm9tAfWJ8/4KeYsw==</latexit>

� ⌘ �T/T̄

<latexit sha1_base64="85C7j7cmphwRW1iNUNVnLI2HR2w=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQzqwWME84BkCbOT3mTM7OwyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/GbT6g0j+WDGSXoR7QvecgZNVZqdG5RGNotld2KOwVZJF5OypCj1i19dXoxSyOUhgmqddtzE+NnVBnOBI6LnVRjQtmQ9rFtqaQRaj+bXjsmx1bpkTBWtqQhU/X3REYjrUdRYDsjagZ63puI/3nt1IRXfsZlkhqUbLYoTAUxMZm8TnpcITNiZAllittbCRtQRZmxARVtCN78y4ukcVrxLirn92fl6nUeRwEO4QhOwINLqMId1KAODB7hGV7hzYmdF+fd+Zi1Ljn5zAH8gfP5A2PMjwY=</latexit>

�

<latexit sha1_base64="85C7j7cmphwRW1iNUNVnLI2HR2w=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQzqwWME84BkCbOT3mTM7OwyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/GbT6g0j+WDGSXoR7QvecgZNVZqdG5RGNotld2KOwVZJF5OypCj1i19dXoxSyOUhgmqddtzE+NnVBnOBI6LnVRjQtmQ9rFtqaQRaj+bXjsmx1bpkTBWtqQhU/X3REYjrUdRYDsjagZ63puI/3nt1IRXfsZlkhqUbLYoTAUxMZm8TnpcITNiZAllittbCRtQRZmxARVtCN78y4ukcVrxLirn92fl6nUeRwEO4QhOwINLqMId1KAODB7hGV7hzYmdF+fd+Zi1Ljn5zAH8gfP5A2PMjwY=</latexit>

�

<latexit sha1_base64="rJWn9f1MRwr/UcEkyR16GOUT4fc=">AAACBXicbVC7TsMwFHV4lvIKMMJgUSExVQniNVbAwFgk+pCaqHLcm9aq40S2g1RFXVj4FRYGEGLlH9j4G9w0A7Qc6eoenXOv7HuChDOlHefbWlhcWl5ZLa2V1zc2t7btnd2milNJoUFjHst2QBRwJqChmebQTiSQKODQCobXE7/1AFKxWNzrUQJ+RPqChYwSbaSufeBxIvocsHcDXJOieTIXu3bFqTo58DxxC1JBBepd+8vrxTSNQGjKiVId10m0nxGpGeUwLnupgoTQIelDx1BBIlB+ll8xxkdG6eEwlqaExrn6eyMjkVKjKDCTEdEDNetNxP+8TqrDSz9jIkk1CDp9KEw51jGeRIJ7TALVfGQIoZKZv2I6IJJQbYIrmxDc2ZPnSfOk6p5Xz+5OK7WrIo4S2keH6Bi56ALV0C2qowai6BE9o1f0Zj1ZL9a79TEdXbCKnT30B9bnD/DUmD0=</latexit>

h��i gives angular power spectrum:

<latexit sha1_base64="txeznkPH9Op4Vwvyk0LcdRO0w8I="></latexit>

Pad(k) = As

✓
k

kpivot

◆ns�1

Standard ΛCDM

<latexit sha1_base64="YUrfrKOtHiLyShGqgmbnyVQttCk="></latexit>

CTT
` = 4⇡

Z
d(ln k)Pad(k)|�ad

` (k)|2

•  
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DR isocurvature in CMB

<latexit sha1_base64="l9/TMkum7+siq/zpQNwnRQAbnYY=">AAACB3icbVDLSgMxFM34rPU16lKQYBFc1RnxtSzqwmWFvqAzlEx624ZmMmOSKZShOzf+ihsXirj1F9z5N6btLLT1wIWTc+4l954g5kxpx/m2FhaXlldWc2v59Y3NrW17Z7emokRSqNKIR7IREAWcCahqpjk0YgkkDDjUg/7N2K8PQCoWiYoexuCHpCtYh1GijdSyD7xb4JpgDx4SNsDZq3LiBUSmlVHLLjhFZwI8T9yMFFCGcsv+8toRTUIQmnKiVNN1Yu2nRGpGOYzyXqIgJrRPutA0VJAQlJ9O7hjhI6O0cSeSpoTGE/X3REpCpYZhYDpDontq1huL/3nNRHeu/JSJONEg6PSjTsKxjvA4FNxmEqjmQ0MIlczsimmPSEK1iS5vQnBnT54ntdOie1E8vz8rlK6zOHJoHx2iY+SiS1RCd6iMqoiiR/SMXtGb9WS9WO/Wx7R1wcpm9tAfWJ8/4KeYsw==</latexit>

� ⌘ �T/T̄

<latexit sha1_base64="ZkyOleXWzVJpe+juJO0n6CON95w="></latexit>

CTT
` = 4⇡

Z
d(ln k)

�
Pad(k)|�ad

` (k)|2 + Piso(k)|�iso
` (k)|2

�

<latexit sha1_base64="rJWn9f1MRwr/UcEkyR16GOUT4fc=">AAACBXicbVC7TsMwFHV4lvIKMMJgUSExVQniNVbAwFgk+pCaqHLcm9aq40S2g1RFXVj4FRYGEGLlH9j4G9w0A7Qc6eoenXOv7HuChDOlHefbWlhcWl5ZLa2V1zc2t7btnd2milNJoUFjHst2QBRwJqChmebQTiSQKODQCobXE7/1AFKxWNzrUQJ+RPqChYwSbaSufeBxIvocsHcDXJOieTIXu3bFqTo58DxxC1JBBepd+8vrxTSNQGjKiVId10m0nxGpGeUwLnupgoTQIelDx1BBIlB+ll8xxkdG6eEwlqaExrn6eyMjkVKjKDCTEdEDNetNxP+8TqrDSz9jIkk1CDp9KEw51jGeRIJ7TALVfGQIoZKZv2I6IJJQbYIrmxDc2ZPnSfOk6p5Xz+5OK7WrIo4S2keH6Bi56ALV0C2qowai6BE9o1f0Zj1ZL9a79TEdXbCKnT30B9bnD/DUmD0=</latexit>

h��i gives angular power spectrum:

<latexit sha1_base64="txeznkPH9Op4Vwvyk0LcdRO0w8I="></latexit>

Pad(k) = As

✓
k

kpivot

◆ns�1

<latexit sha1_base64="4dYJ21/RmOJ3JuoW2OlbO3vSq1c="></latexit>

Piso(k) = f2
isoAs

⇢
(k/ki)3 k  ki

1 k > ki

Standard ΛCDM

DR iso from PT

<latexit sha1_base64="85C7j7cmphwRW1iNUNVnLI2HR2w=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQzqwWME84BkCbOT3mTM7OwyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/GbT6g0j+WDGSXoR7QvecgZNVZqdG5RGNotld2KOwVZJF5OypCj1i19dXoxSyOUhgmqddtzE+NnVBnOBI6LnVRjQtmQ9rFtqaQRaj+bXjsmx1bpkTBWtqQhU/X3REYjrUdRYDsjagZ63puI/3nt1IRXfsZlkhqUbLYoTAUxMZm8TnpcITNiZAllittbCRtQRZmxARVtCN78y4ukcVrxLirn92fl6nUeRwEO4QhOwINLqMId1KAODB7hGV7hzYmdF+fd+Zi1Ljn5zAH8gfP5A2PMjwY=</latexit>

�

<latexit sha1_base64="85C7j7cmphwRW1iNUNVnLI2HR2w=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQzqwWME84BkCbOT3mTM7OwyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/GbT6g0j+WDGSXoR7QvecgZNVZqdG5RGNotld2KOwVZJF5OypCj1i19dXoxSyOUhgmqddtzE+NnVBnOBI6LnVRjQtmQ9rFtqaQRaj+bXjsmx1bpkTBWtqQhU/X3REYjrUdRYDsjagZ63puI/3nt1IRXfsZlkhqUbLYoTAUxMZm8TnpcITNiZAllittbCRtQRZmxARVtCN78y4ukcVrxLirn92fl6nUeRwEO4QhOwINLqMId1KAODB7hGV7hzYmdF+fd+Zi1Ljn5zAH8gfP5A2PMjwY=</latexit>

�

•  
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DR isocurvature in CMB

<latexit sha1_base64="l9/TMkum7+siq/zpQNwnRQAbnYY=">AAACB3icbVDLSgMxFM34rPU16lKQYBFc1RnxtSzqwmWFvqAzlEx624ZmMmOSKZShOzf+ihsXirj1F9z5N6btLLT1wIWTc+4l954g5kxpx/m2FhaXlldWc2v59Y3NrW17Z7emokRSqNKIR7IREAWcCahqpjk0YgkkDDjUg/7N2K8PQCoWiYoexuCHpCtYh1GijdSyD7xb4JpgDx4SNsDZq3LiBUSmlVHLLjhFZwI8T9yMFFCGcsv+8toRTUIQmnKiVNN1Yu2nRGpGOYzyXqIgJrRPutA0VJAQlJ9O7hjhI6O0cSeSpoTGE/X3REpCpYZhYDpDontq1huL/3nNRHeu/JSJONEg6PSjTsKxjvA4FNxmEqjmQ0MIlczsimmPSEK1iS5vQnBnT54ntdOie1E8vz8rlK6zOHJoHx2iY+SiS1RCd6iMqoiiR/SMXtGb9WS9WO/Wx7R1wcpm9tAfWJ8/4KeYsw==</latexit>

� ⌘ �T/T̄

<latexit sha1_base64="ZkyOleXWzVJpe+juJO0n6CON95w="></latexit>

CTT
` = 4⇡

Z
d(ln k)

�
Pad(k)|�ad

` (k)|2 + Piso(k)|�iso
` (k)|2

�

<latexit sha1_base64="rJWn9f1MRwr/UcEkyR16GOUT4fc=">AAACBXicbVC7TsMwFHV4lvIKMMJgUSExVQniNVbAwFgk+pCaqHLcm9aq40S2g1RFXVj4FRYGEGLlH9j4G9w0A7Qc6eoenXOv7HuChDOlHefbWlhcWl5ZLa2V1zc2t7btnd2milNJoUFjHst2QBRwJqChmebQTiSQKODQCobXE7/1AFKxWNzrUQJ+RPqChYwSbaSufeBxIvocsHcDXJOieTIXu3bFqTo58DxxC1JBBepd+8vrxTSNQGjKiVId10m0nxGpGeUwLnupgoTQIelDx1BBIlB+ll8xxkdG6eEwlqaExrn6eyMjkVKjKDCTEdEDNetNxP+8TqrDSz9jIkk1CDp9KEw51jGeRIJ7TALVfGQIoZKZv2I6IJJQbYIrmxDc2ZPnSfOk6p5Xz+5OK7WrIo4S2keH6Bi56ALV0C2qowai6BE9o1f0Zj1ZL9a79TEdXbCKnT30B9bnD/DUmD0=</latexit>

h��i gives angular power spectrum:

<latexit sha1_base64="txeznkPH9Op4Vwvyk0LcdRO0w8I="></latexit>

Pad(k) = As

✓
k

kpivot

◆ns�1

<latexit sha1_base64="4dYJ21/RmOJ3JuoW2OlbO3vSq1c="></latexit>

Piso(k) = f2
isoAs

⇢
(k/ki)3 k  ki

1 k > ki

Standard ΛCDM

DR iso from PT

<latexit sha1_base64="85C7j7cmphwRW1iNUNVnLI2HR2w=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQzqwWME84BkCbOT3mTM7OwyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/GbT6g0j+WDGSXoR7QvecgZNVZqdG5RGNotld2KOwVZJF5OypCj1i19dXoxSyOUhgmqddtzE+NnVBnOBI6LnVRjQtmQ9rFtqaQRaj+bXjsmx1bpkTBWtqQhU/X3REYjrUdRYDsjagZ63puI/3nt1IRXfsZlkhqUbLYoTAUxMZm8TnpcITNiZAllittbCRtQRZmxARVtCN78y4ukcVrxLirn92fl6nUeRwEO4QhOwINLqMId1KAODB7hGV7hzYmdF+fd+Zi1Ljn5zAH8gfP5A2PMjwY=</latexit>

�

<latexit sha1_base64="85C7j7cmphwRW1iNUNVnLI2HR2w=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQzqwWME84BkCbOT3mTM7OwyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/GbT6g0j+WDGSXoR7QvecgZNVZqdG5RGNotld2KOwVZJF5OypCj1i19dXoxSyOUhgmqddtzE+NnVBnOBI6LnVRjQtmQ9rFtqaQRaj+bXjsmx1bpkTBWtqQhU/X3REYjrUdRYDsjagZ63puI/3nt1IRXfsZlkhqUbLYoTAUxMZm8TnpcITNiZAllittbCRtQRZmxARVtCN78y4ukcVrxLirn92fl6nUeRwEO4QhOwINLqMId1KAODB7hGV7hzYmdF+fd+Zi1Ljn5zAH8gfP5A2PMjwY=</latexit>

�

•  

Mapping to PT parameters•  

<latexit sha1_base64="vWAQRoM6VMZaID0VW1ZJVMSKnW0=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4sSTia1l047KCfUAbw2Q6aYfOJGFmIpaQX3HjQhG3/og7/8Zpm4W2HrhwOOde7r0nSDhT2nG+raXlldW19dJGeXNre2fX3qu0VJxKQpsk5rHsBFhRziLa1Exz2kkkxSLgtB2MbiZ++5FKxeLoXo8T6gk8iFjICNZG8u3KyGc9xQSSfsbyh+zEzX276tScKdAicQtShQIN3/7q9WOSChppwrFSXddJtJdhqRnhNC/3UkUTTEZ4QLuGRlhQ5WXT23N0ZJQ+CmNpKtJoqv6eyLBQaiwC0ymwHqp5byL+53VTHV55GYuSVNOIzBaFKUc6RpMgUJ9JSjQfG4KJZOZWRIZYYqJNXGUTgjv/8iJpndbci9r53Vm1fl3EUYIDOIRjcOES6nALDWgCgSd4hld4s3LrxXq3PmatS1Yxsw9/YH3+AMS4lEc=</latexit>

ki ⇠ r�1
i

<latexit sha1_base64="r2NvrzH+wScj4bOdEJTNvKBr9kw="></latexit>

f2
isoAs ⇠ �PT = (T 8

⇤ /T
8
rh)
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DR isocurvature in CMB

<latexit sha1_base64="4dYJ21/RmOJ3JuoW2OlbO3vSq1c="></latexit>

Piso(k) = f2
isoAs

⇢
(k/ki)3 k  ki

1 k > ki
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ki/kpivot = 0.1

ki/kpivot = 0.5

ki/kpivot = 1

ki/kpivot = 2

Simulation from modified CLASS

<latexit sha1_base64="wz4h0kizKf4/lXaF7tiwXL2lbKU=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5CIr41Q1IUrqWAf0IQwmd60QycPZiZCiV34K25cKOLW33Dn3zhts9DWAxcO59zLvfcEKWdS2fa3MTe/sLi0XFopr66tb2yaW9sNmWSCQp0mPBGtgEjgLIa6YopDKxVAooBDM+hfjfzmAwjJkvheDVLwItKNWcgoUVryzV33Grgi+NbPXRFhCMPhhW05vlmxLXsMPEucglRQgZpvfrmdhGYRxIpyImXbsVPl5UQoRjkMy24mISW0T7rQ1jQmEUgvH98/xAda6eAwEbpihcfq74mcRFIOokB3RkT15LQ3Ev/z2pkKz72cxWmmIKaTRWHGsUrwKAzcYQKo4gNNCBVM34ppjwhClY6srENwpl+eJY0jyzm1Tu6OK9XLIo4S2kP76BA56AxV0Q2qoTqi6BE9o1f0ZjwZL8a78TFpnTOKmR30B8bnDzl5lPQ=</latexit>

�Ne↵ = 0.1
<latexit sha1_base64="nd1MhOlRfi3GUyxpgRZMEDDGtZY=">AAAB9XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidhGCXjxGMAskY+jp9CRNehm6e5Qw5D+8eFDEq//izb+xsxw08UHB470qqupFCWfG+v63l1taXlldy68XNja3tneKu3t1o1JNaI0ornQzwoZyJmnNMstpM9EUi4jTRjS4GfuNR6oNU/LeDhMaCtyTLGYEWyc9xJ2srQViRo2uAr9TLPllfwK0SIIZKcEM1U7xq91VJBVUWsKxMa3AT2yYYW0Z4XRUaKeGJpgMcI+2HJVYUBNmk6tH6MgpXRQr7UpaNFF/T2RYGDMUkesU2PbNvDcW//NaqY0vw4zJJLVUkumiOOXIKjSOAHWZpsTyoSOYaOZuRaSPNSbWBVVwIQTzLy+S+kk5OC+f3Z2WKtezOPJwAIdwDAFcQAVuoQo1IKDhGV7hzXvyXrx372PamvNmM/vwB97nD800khE=</latexit>

fiso = 10
<latexit sha1_base64="LCPEvOjRAlyYUy3Xoyc5zMBwOCU=">AAACCnicbZDLSsNAFIYn9VbrLerSzWgRXGhJxKoboejGjVDBXqCJYTKdtENnkjAzKZSQtRtfxY0LRdz6BO58G6dtFlr9YeDnO+dw5vx+zKhUlvVlFObmFxaXisulldW19Q1zc6spo0Rg0sARi0TbR5IwGpKGooqRdiwI4j4jLX9wNa63hkRIGoV3ahQTl6NeSAOKkdLIM3cHXuoIDmM6jFR2YVWsqnOoQXoT4+w+PbIzzyxrOhH8a+zclEGuumd+Ot0IJ5yECjMkZce2YuWmSCiKGclKTiJJjPAA9UhH2xBxIt10ckoG9zXpwiAS+oUKTujPiRRxKUfc150cqb6crY3hf7VOooJzN6VhnCgS4umiIGFQRXCcC+xSQbBiI20QFlT/FeI+EggrnV5Jh2DPnvzXNI8r9mmlentSrl3mcRTBDtgDB8AGZ6AGrkEdNAAGD+AJvIBX49F4Nt6M92lrwchntsEvGR/fDKyZ3Q==</latexit>

kpivot = 0.05Mpc�1
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DR isocurvature in CMB

<latexit sha1_base64="4dYJ21/RmOJ3JuoW2OlbO3vSq1c="></latexit>

Piso(k) = f2
isoAs

⇢
(k/ki)3 k  ki

1 k > ki
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ki/kpivot = 0.1

ki/kpivot = 0.5

ki/kpivot = 1

ki/kpivot = 2

Simulation from modified CLASS

<latexit sha1_base64="tUCpBZxwWvzV5cctWdEsWOJIJmk=">AAACFnicbZDLSsNAFIYnXmu9VV26GSxCXVgS8bYs6sKVVrAXaEKYTE/aoTNJmJkIJfQp3Pgqblwo4lbc+TZOLwtt/WHg4z/ncOb8QcKZ0rb9bc3NLywuLedW8qtr6xubha3tuopTSaFGYx7LZkAUcBZBTTPNoZlIICLg0Ah6l8N64wGkYnF0r/sJeIJ0IhYySrSx/MIhdq+Aa4Jv/MyVAkMYDnA4ZqbiAXY5KKWYwLcl58AvFO2yPRKeBWcCRTRR1S98ue2YpgIiTTlRquXYifYyIjWjHAZ5N1WQENojHWgZjIgA5WWjswZ43zhtHMbSvEjjkft7IiNCqb4ITKcguquma0Pzv1or1eG5l7EoSTVEdLwoTDnWMR5mhNtMAtW8b4BQycxfMe0SSag2SeZNCM70ybNQPyo7p+WTu+Ni5WISRw7toj1UQg46QxV0jaqohih6RM/oFb1ZT9aL9W59jFvnrMnMDvoj6/MHJaueHg==</latexit>

�Ne↵fiso . O(1)
<latexit sha1_base64="rhtOkbr83j4vqWg88KWGcDnBYZQ=">AAACA3icbZDLSsNAFIYnXmu9Rd3pZrAIrkoi3pZFNy4r2As0IUymk3boXMLMpFBCwY2v4saFIm59CXe+jdM2C239YeDjP+dw5vxxyqg2nvftLC2vrK6tlzbKm1vbO7vu3n5Ty0xh0sCSSdWOkSaMCtIw1DDSThVBPGakFQ9uJ/XWkChNpXgwo5SEHPUETShGxlqRewgHEQ0Y0VpTbjkPFIcpHUozjtyKV/WmgovgF1ABheqR+xV0Jc44EQYzpHXH91IT5kgZihkZl4NMkxThAeqRjkWBONFhPr1hDE+s04WJVPYJA6fu74kcca1HPLadHJm+nq9NzP9qncwk12FORZoZIvBsUZIxaCScBAK7VBFs2MgCworav0LcRwphY2Mr2xD8+ZMXoXlW9S+rF/fnldpNEUcJHIFjcAp8cAVq4A7UQQNg8AiewSt4c56cF+fd+Zi1LjnFzAH4I+fzBxmxl9c=</latexit>

ki . kpivotFor

Buckley,PD,Fernandez,Weikert, JCAP, 2024

<latexit sha1_base64="tpiQJ1CqACqq6tzWFTZ3M6w5/HU="></latexit>

�Ne↵ . 10�5(T⇤/Trh)
�4

<latexit sha1_base64="r2NvrzH+wScj4bOdEJTNvKBr9kw="></latexit>

f2
isoAs ⇠ �PT = (T 8

⇤ /T
8
rh)

°4 °3 °2 °1

log10(¢NeÆ)

°2

°1

0

1

2

lo
g 1

0(
¢

N
eÆ

f i
so

)

°2 °1 0 1 2

log10(¢NeÆfiso)

ki/kpivot = 103

ki/kpivot = 1

ki/kpivot = 10°4

Constraints from Planck18+BAO

<latexit sha1_base64="wz4h0kizKf4/lXaF7tiwXL2lbKU=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5CIr41Q1IUrqWAf0IQwmd60QycPZiZCiV34K25cKOLW33Dn3zhts9DWAxcO59zLvfcEKWdS2fa3MTe/sLi0XFopr66tb2yaW9sNmWSCQp0mPBGtgEjgLIa6YopDKxVAooBDM+hfjfzmAwjJkvheDVLwItKNWcgoUVryzV33Grgi+NbPXRFhCMPhhW05vlmxLXsMPEucglRQgZpvfrmdhGYRxIpyImXbsVPl5UQoRjkMy24mISW0T7rQ1jQmEUgvH98/xAda6eAwEbpihcfq74mcRFIOokB3RkT15LQ3Ev/z2pkKz72cxWmmIKaTRWHGsUrwKAzcYQKo4gNNCBVM34ppjwhClY6srENwpl+eJY0jyzm1Tu6OK9XLIo4S2kP76BA56AxV0Q2qoTqi6BE9o1f0ZjwZL8a78TFpnTOKmR30B8bnDzl5lPQ=</latexit>

�Ne↵ = 0.1
<latexit sha1_base64="nd1MhOlRfi3GUyxpgRZMEDDGtZY=">AAAB9XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidhGCXjxGMAskY+jp9CRNehm6e5Qw5D+8eFDEq//izb+xsxw08UHB470qqupFCWfG+v63l1taXlldy68XNja3tneKu3t1o1JNaI0ornQzwoZyJmnNMstpM9EUi4jTRjS4GfuNR6oNU/LeDhMaCtyTLGYEWyc9xJ2srQViRo2uAr9TLPllfwK0SIIZKcEM1U7xq91VJBVUWsKxMa3AT2yYYW0Z4XRUaKeGJpgMcI+2HJVYUBNmk6tH6MgpXRQr7UpaNFF/T2RYGDMUkesU2PbNvDcW//NaqY0vw4zJJLVUkumiOOXIKjSOAHWZpsTyoSOYaOZuRaSPNSbWBVVwIQTzLy+S+kk5OC+f3Z2WKtezOPJwAIdwDAFcQAVuoQo1IKDhGV7hzXvyXrx372PamvNmM/vwB97nD800khE=</latexit>

fiso = 10
<latexit sha1_base64="LCPEvOjRAlyYUy3Xoyc5zMBwOCU=">AAACCnicbZDLSsNAFIYn9VbrLerSzWgRXGhJxKoboejGjVDBXqCJYTKdtENnkjAzKZSQtRtfxY0LRdz6BO58G6dtFlr9YeDnO+dw5vx+zKhUlvVlFObmFxaXisulldW19Q1zc6spo0Rg0sARi0TbR5IwGpKGooqRdiwI4j4jLX9wNa63hkRIGoV3ahQTl6NeSAOKkdLIM3cHXuoIDmM6jFR2YVWsqnOoQXoT4+w+PbIzzyxrOhH8a+zclEGuumd+Ot0IJ5yECjMkZce2YuWmSCiKGclKTiJJjPAA9UhH2xBxIt10ckoG9zXpwiAS+oUKTujPiRRxKUfc150cqb6crY3hf7VOooJzN6VhnCgS4umiIGFQRXCcC+xSQbBiI20QFlT/FeI+EggrnV5Jh2DPnvzXNI8r9mmlentSrl3mcRTBDtgDB8AGZ6AGrkEdNAAGD+AJvIBX49F4Nt6M92lrwchntsEvGR/fDKyZ3Q==</latexit>

kpivot = 0.05Mpc�1
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Non-Gaussianity from DR isocurvature

encodes non-Gaussianity
<latexit sha1_base64="RKartD5l2Eb+3a7geI4X584Qjio=">AAACC3icbVC7TsMwFHXKq5RXgJHFaoXEVCWI11gBA2OR6ENqospxb1qrjhPZDlIVdWfhV1gYQIiVH2Djb3DTDrTlSFf36Jx7Zd8TJJwp7Tg/VmFldW19o7hZ2tre2d2z9w+aKk4lhQaNeSzbAVHAmYCGZppDO5FAooBDKxjeTPzWI0jFYvGgRwn4EekLFjJKtJG6dtnjRPQ5eLfANcFzzZO51bUrTtXJgZeJOyMVNEO9a397vZimEQhNOVGq4zqJ9jMiNaMcxiUvVZAQOiR96BgqSATKz/JbxvjYKD0cxtKU0DhX/25kJFJqFAVmMiJ6oBa9ifif10l1eOVnTCSpBkGnD4UpxzrGk2Bwj0mgmo8MIVQy81dMB0QSqk18JROCu3jyMmmeVt2L6vn9WaV2PYujiI5QGZ0gF12iGrpDddRAFD2hF/SG3q1n69X6sD6nowVrtnOI5mB9/QKImpq/</latexit>

h���i

equilateral local (squeezed limit)
<latexit sha1_base64="Bvk1q7g4iUUrX4BZfzDDKweuHWI=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWwVWZqddl0Y3LCvYC7TBk0kwbJpMJSUYsQ3Hjq7hxoYhbn8Kdb2PaDqitPwQ+/nMOJ+cPBKNKO86XVVhYXFpeKa6W1tY3Nrfs7Z2mSlKJSQMnLJHtACnCKCcNTTUjbSEJigNGWkF0Na637ohUNOG3eiiIF6M+pyHFSBvLt/ci3+0iIWRyDyO/+oPHvl12Ks5EcB7cHMogV923P7u9BKcx4RozpFTHdYT2MiQ1xYyMSt1UEYFwhPqkY5CjmCgvm5wwgofG6cEwkeZxDSfu74kMxUoN48B0xkgP1GxtbP5X66Q6vPAyykWqCcfTRWHKoE7gOA/Yo5JgzYYGEJbU/BXiAZIIa5NayYTgzp48D81qxT2rnN6clGuXeRxFsA8OwBFwwTmogWtQBw2AwQN4Ai/g1Xq0nq03633aWrDymV3wR9bHN2jhls8=</latexit>

k1 ⇡ k2 ⇡ k3
<latexit sha1_base64="K7SnON6vTTBUX4LAQ4feFKqrr9Q=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEV2WmPpdFNy4r2Ad0hiGTZqahmWRIMmIZCv6KGxeKuPU73Pk3pu0stPXA5R7OuZfcnDBlVGnH+bZKS8srq2vl9crG5tb2jr2711Yik5i0sGBCdkOkCKOctDTVjHRTSVASMtIJhzcTv/NApKKC3+tRSvwExZxGFCNtpMA+GAauh9JUikc4DOpeHJt2GthVp+ZMAReJW5AqKNAM7C+vL3CWEK4xQ0r1XCfVfo6kppiRccXLFEkRHqKY9AzlKCHKz6fnj+GxUfowEtIU13Cq/t7IUaLUKAnNZIL0QM17E/E/r5fp6MrPKU8zTTiePRRlDGoBJ1nAPpUEazYyBGFJza0QD5BEWJvEKiYEd/7Li6Rdr7kXtfO7s2rjuoijDA7BETgBLrgEDXALmqAFMMjBM3gFb9aT9WK9Wx+z0ZJV7OyDP7A+fwD4CJTb</latexit>

k1 ⇡ k2 � k3
<latexit sha1_base64="85C7j7cmphwRW1iNUNVnLI2HR2w=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQzqwWME84BkCbOT3mTM7OwyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/GbT6g0j+WDGSXoR7QvecgZNVZqdG5RGNotld2KOwVZJF5OypCj1i19dXoxSyOUhgmqddtzE+NnVBnOBI6LnVRjQtmQ9rFtqaQRaj+bXjsmx1bpkTBWtqQhU/X3REYjrUdRYDsjagZ63puI/3nt1IRXfsZlkhqUbLYoTAUxMZm8TnpcITNiZAllittbCRtQRZmxARVtCN78y4ukcVrxLirn92fl6nUeRwEO4QhOwINLqMId1KAODB7hGV7hzYmdF+fd+Zi1Ljn5zAH8gfP5A2PMjwY=</latexit>

�

<latexit sha1_base64="85C7j7cmphwRW1iNUNVnLI2HR2w=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQzqwWME84BkCbOT3mTM7OwyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/GbT6g0j+WDGSXoR7QvecgZNVZqdG5RGNotld2KOwVZJF5OypCj1i19dXoxSyOUhgmqddtzE+NnVBnOBI6LnVRjQtmQ9rFtqaQRaj+bXjsmx1bpkTBWtqQhU/X3REYjrUdRYDsjagZ63puI/3nt1IRXfsZlkhqUbLYoTAUxMZm8TnpcITNiZAllittbCRtQRZmxARVtCN78y4ukcVrxLirn92fl6nUeRwEO4QhOwINLqMId1KAODB7hGV7hzYmdF+fd+Zi1Ljn5zAH8gfP5A2PMjwY=</latexit>

�

<latexit sha1_base64="85C7j7cmphwRW1iNUNVnLI2HR2w=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQzqwWME84BkCbOT3mTM7OwyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/GbT6g0j+WDGSXoR7QvecgZNVZqdG5RGNotld2KOwVZJF5OypCj1i19dXoxSyOUhgmqddtzE+NnVBnOBI6LnVRjQtmQ9rFtqaQRaj+bXjsmx1bpkTBWtqQhU/X3REYjrUdRYDsjagZ63puI/3nt1IRXfsZlkhqUbLYoTAUxMZm8TnpcITNiZAllittbCRtQRZmxARVtCN78y4ukcVrxLirn92fl6nUeRwEO4QhOwINLqMId1KAODB7hGV7hzYmdF+fd+Zi1Ljn5zAH8gfP5A2PMjwY=</latexit>

�

•  
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<latexit sha1_base64="85C7j7cmphwRW1iNUNVnLI2HR2w=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQzqwWME84BkCbOT3mTM7OwyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/GbT6g0j+WDGSXoR7QvecgZNVZqdG5RGNotld2KOwVZJF5OypCj1i19dXoxSyOUhgmqddtzE+NnVBnOBI6LnVRjQtmQ9rFtqaQRaj+bXjsmx1bpkTBWtqQhU/X3REYjrUdRYDsjagZ63puI/3nt1IRXfsZlkhqUbLYoTAUxMZm8TnpcITNiZAllittbCRtQRZmxARVtCN78y4ukcVrxLirn92fl6nUeRwEO4QhOwINLqMId1KAODB7hGV7hzYmdF+fd+Zi1Ljn5zAH8gfP5A2PMjwY=</latexit>

�

<latexit sha1_base64="85C7j7cmphwRW1iNUNVnLI2HR2w=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQzqwWME84BkCbOT3mTM7OwyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/GbT6g0j+WDGSXoR7QvecgZNVZqdG5RGNotld2KOwVZJF5OypCj1i19dXoxSyOUhgmqddtzE+NnVBnOBI6LnVRjQtmQ9rFtqaQRaj+bXjsmx1bpkTBWtqQhU/X3REYjrUdRYDsjagZ63puI/3nt1IRXfsZlkhqUbLYoTAUxMZm8TnpcITNiZAllittbCRtQRZmxARVtCN78y4ukcVrxLirn92fl6nUeRwEO4QhOwINLqMId1KAODB7hGV7hzYmdF+fd+Zi1Ljn5zAH8gfP5A2PMjwY=</latexit>

�

<latexit sha1_base64="85C7j7cmphwRW1iNUNVnLI2HR2w=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQzqwWME84BkCbOT3mTM7OwyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/GbT6g0j+WDGSXoR7QvecgZNVZqdG5RGNotld2KOwVZJF5OypCj1i19dXoxSyOUhgmqddtzE+NnVBnOBI6LnVRjQtmQ9rFtqaQRaj+bXjsmx1bpkTBWtqQhU/X3REYjrUdRYDsjagZ63puI/3nt1IRXfsZlkhqUbLYoTAUxMZm8TnpcITNiZAllittbCRtQRZmxARVtCN78y4ukcVrxLirn92fl6nUeRwEO4QhOwINLqMId1KAODB7hGV7hzYmdF+fd+Zi1Ljn5zAH8gfP5A2PMjwY=</latexit>

�

DR isocurvature non-Gaussianity needs dedicated searches!•  

Non-Gaussianity from DR isocurvature

encodes non-Gaussianity
<latexit sha1_base64="RKartD5l2Eb+3a7geI4X584Qjio=">AAACC3icbVC7TsMwFHXKq5RXgJHFaoXEVCWI11gBA2OR6ENqospxb1qrjhPZDlIVdWfhV1gYQIiVH2Djb3DTDrTlSFf36Jx7Zd8TJJwp7Tg/VmFldW19o7hZ2tre2d2z9w+aKk4lhQaNeSzbAVHAmYCGZppDO5FAooBDKxjeTPzWI0jFYvGgRwn4EekLFjJKtJG6dtnjRPQ5eLfANcFzzZO51bUrTtXJgZeJOyMVNEO9a397vZimEQhNOVGq4zqJ9jMiNaMcxiUvVZAQOiR96BgqSATKz/JbxvjYKD0cxtKU0DhX/25kJFJqFAVmMiJ6oBa9ifif10l1eOVnTCSpBkGnD4UpxzrGk2Bwj0mgmo8MIVQy81dMB0QSqk18JROCu3jyMmmeVt2L6vn9WaV2PYujiI5QGZ0gF12iGrpDddRAFD2hF/SG3q1n69X6sD6nowVrtnOI5mB9/QKImpq/</latexit>

h���i

equilateral local (squeezed limit)
<latexit sha1_base64="Bvk1q7g4iUUrX4BZfzDDKweuHWI=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWwVWZqddl0Y3LCvYC7TBk0kwbJpMJSUYsQ3Hjq7hxoYhbn8Kdb2PaDqitPwQ+/nMOJ+cPBKNKO86XVVhYXFpeKa6W1tY3Nrfs7Z2mSlKJSQMnLJHtACnCKCcNTTUjbSEJigNGWkF0Na637ohUNOG3eiiIF6M+pyHFSBvLt/ci3+0iIWRyDyO/+oPHvl12Ks5EcB7cHMogV923P7u9BKcx4RozpFTHdYT2MiQ1xYyMSt1UEYFwhPqkY5CjmCgvm5wwgofG6cEwkeZxDSfu74kMxUoN48B0xkgP1GxtbP5X66Q6vPAyykWqCcfTRWHKoE7gOA/Yo5JgzYYGEJbU/BXiAZIIa5NayYTgzp48D81qxT2rnN6clGuXeRxFsA8OwBFwwTmogWtQBw2AwQN4Ai/g1Xq0nq03633aWrDymV3wR9bHN2jhls8=</latexit>

k1 ⇡ k2 ⇡ k3
<latexit sha1_base64="K7SnON6vTTBUX4LAQ4feFKqrr9Q=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEV2WmPpdFNy4r2Ad0hiGTZqahmWRIMmIZCv6KGxeKuPU73Pk3pu0stPXA5R7OuZfcnDBlVGnH+bZKS8srq2vl9crG5tb2jr2711Yik5i0sGBCdkOkCKOctDTVjHRTSVASMtIJhzcTv/NApKKC3+tRSvwExZxGFCNtpMA+GAauh9JUikc4DOpeHJt2GthVp+ZMAReJW5AqKNAM7C+vL3CWEK4xQ0r1XCfVfo6kppiRccXLFEkRHqKY9AzlKCHKz6fnj+GxUfowEtIU13Cq/t7IUaLUKAnNZIL0QM17E/E/r5fp6MrPKU8zTTiePRRlDGoBJ1nAPpUEazYyBGFJza0QD5BEWJvEKiYEd/7Li6Rdr7kXtfO7s2rjuoijDA7BETgBLrgEDXALmqAFMMjBM3gFb9aT9WK9Wx+z0ZJV7OyDP7A+fwD4CJTb</latexit>

k1 ⇡ k2 � k3

•  
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<latexit sha1_base64="85C7j7cmphwRW1iNUNVnLI2HR2w=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQzqwWME84BkCbOT3mTM7OwyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/GbT6g0j+WDGSXoR7QvecgZNVZqdG5RGNotld2KOwVZJF5OypCj1i19dXoxSyOUhgmqddtzE+NnVBnOBI6LnVRjQtmQ9rFtqaQRaj+bXjsmx1bpkTBWtqQhU/X3REYjrUdRYDsjagZ63puI/3nt1IRXfsZlkhqUbLYoTAUxMZm8TnpcITNiZAllittbCRtQRZmxARVtCN78y4ukcVrxLirn92fl6nUeRwEO4QhOwINLqMId1KAODB7hGV7hzYmdF+fd+Zi1Ljn5zAH8gfP5A2PMjwY=</latexit>

�

<latexit sha1_base64="85C7j7cmphwRW1iNUNVnLI2HR2w=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQzqwWME84BkCbOT3mTM7OwyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/GbT6g0j+WDGSXoR7QvecgZNVZqdG5RGNotld2KOwVZJF5OypCj1i19dXoxSyOUhgmqddtzE+NnVBnOBI6LnVRjQtmQ9rFtqaQRaj+bXjsmx1bpkTBWtqQhU/X3REYjrUdRYDsjagZ63puI/3nt1IRXfsZlkhqUbLYoTAUxMZm8TnpcITNiZAllittbCRtQRZmxARVtCN78y4ukcVrxLirn92fl6nUeRwEO4QhOwINLqMId1KAODB7hGV7hzYmdF+fd+Zi1Ljn5zAH8gfP5A2PMjwY=</latexit>

�

<latexit sha1_base64="85C7j7cmphwRW1iNUNVnLI2HR2w=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQzqwWME84BkCbOT3mTM7OwyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/GbT6g0j+WDGSXoR7QvecgZNVZqdG5RGNotld2KOwVZJF5OypCj1i19dXoxSyOUhgmqddtzE+NnVBnOBI6LnVRjQtmQ9rFtqaQRaj+bXjsmx1bpkTBWtqQhU/X3REYjrUdRYDsjagZ63puI/3nt1IRXfsZlkhqUbLYoTAUxMZm8TnpcITNiZAllittbCRtQRZmxARVtCN78y4ukcVrxLirn92fl6nUeRwEO4QhOwINLqMId1KAODB7hGV7hzYmdF+fd+Zi1Ljn5zAH8gfP5A2PMjwY=</latexit>

�

DR isocurvature non-Gaussianity needs dedicated searches!

<latexit sha1_base64="rjLoBPiYpQnCnXsLgOTK7l9VoUY="></latexit>

�N3
e↵f

2
iso . 2⇥ 10�4

Estimation based on neutrino iso NG with equil. config.

<latexit sha1_base64="tUCpBZxwWvzV5cctWdEsWOJIJmk=">AAACFnicbZDLSsNAFIYnXmu9VV26GSxCXVgS8bYs6sKVVrAXaEKYTE/aoTNJmJkIJfQp3Pgqblwo4lbc+TZOLwtt/WHg4z/ncOb8QcKZ0rb9bc3NLywuLedW8qtr6xubha3tuopTSaFGYx7LZkAUcBZBTTPNoZlIICLg0Ah6l8N64wGkYnF0r/sJeIJ0IhYySrSx/MIhdq+Aa4Jv/MyVAkMYDnA4ZqbiAXY5KKWYwLcl58AvFO2yPRKeBWcCRTRR1S98ue2YpgIiTTlRquXYifYyIjWjHAZ5N1WQENojHWgZjIgA5WWjswZ43zhtHMbSvEjjkft7IiNCqb4ITKcguquma0Pzv1or1eG5l7EoSTVEdLwoTDnWMR5mhNtMAtW8b4BQycxfMe0SSag2SeZNCM70ybNQPyo7p+WTu+Ni5WISRw7toj1UQg46QxV0jaqohih6RM/oFb1ZT9aL9W59jFvnrMnMDvoj6/MHJaueHg==</latexit>

�Ne↵fiso . O(1)could be stronger than two-point functions

•  

•  

encodes non-Gaussianity
<latexit sha1_base64="RKartD5l2Eb+3a7geI4X584Qjio=">AAACC3icbVC7TsMwFHXKq5RXgJHFaoXEVCWI11gBA2OR6ENqospxb1qrjhPZDlIVdWfhV1gYQIiVH2Djb3DTDrTlSFf36Jx7Zd8TJJwp7Tg/VmFldW19o7hZ2tre2d2z9w+aKk4lhQaNeSzbAVHAmYCGZppDO5FAooBDKxjeTPzWI0jFYvGgRwn4EekLFjJKtJG6dtnjRPQ5eLfANcFzzZO51bUrTtXJgZeJOyMVNEO9a397vZimEQhNOVGq4zqJ9jMiNaMcxiUvVZAQOiR96BgqSATKz/JbxvjYKD0cxtKU0DhX/25kJFJqFAVmMiJ6oBa9ifif10l1eOVnTCSpBkGnD4UpxzrGk2Bwj0mgmo8MIVQy81dMB0QSqk18JROCu3jyMmmeVt2L6vn9WaV2PYujiI5QGZ0gF12iGrpDddRAFD2hF/SG3q1n69X6sD6nowVrtnOI5mB9/QKImpq/</latexit>

h���i

equilateral local (squeezed limit)
<latexit sha1_base64="Bvk1q7g4iUUrX4BZfzDDKweuHWI=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWwVWZqddl0Y3LCvYC7TBk0kwbJpMJSUYsQ3Hjq7hxoYhbn8Kdb2PaDqitPwQ+/nMOJ+cPBKNKO86XVVhYXFpeKa6W1tY3Nrfs7Z2mSlKJSQMnLJHtACnCKCcNTTUjbSEJigNGWkF0Na637ohUNOG3eiiIF6M+pyHFSBvLt/ci3+0iIWRyDyO/+oPHvl12Ks5EcB7cHMogV923P7u9BKcx4RozpFTHdYT2MiQ1xYyMSt1UEYFwhPqkY5CjmCgvm5wwgofG6cEwkeZxDSfu74kMxUoN48B0xkgP1GxtbP5X66Q6vPAyykWqCcfTRWHKoE7gOA/Yo5JgzYYGEJbU/BXiAZIIa5NayYTgzp48D81qxT2rnN6clGuXeRxFsA8OwBFwwTmogWtQBw2AwQN4Ai/g1Xq0nq03633aWrDymV3wR9bHN2jhls8=</latexit>

k1 ⇡ k2 ⇡ k3
<latexit sha1_base64="K7SnON6vTTBUX4LAQ4feFKqrr9Q=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEV2WmPpdFNy4r2Ad0hiGTZqahmWRIMmIZCv6KGxeKuPU73Pk3pu0stPXA5R7OuZfcnDBlVGnH+bZKS8srq2vl9crG5tb2jr2711Yik5i0sGBCdkOkCKOctDTVjHRTSVASMtIJhzcTv/NApKKC3+tRSvwExZxGFCNtpMA+GAauh9JUikc4DOpeHJt2GthVp+ZMAReJW5AqKNAM7C+vL3CWEK4xQ0r1XCfVfo6kppiRccXLFEkRHqKY9AzlKCHKz6fnj+GxUfowEtIU13Cq/t7IUaLUKAnNZIL0QM17E/E/r5fp6MrPKU8zTTiePRRlDGoBJ1nAPpUEazYyBGFJza0QD5BEWJvEKiYEd/7Li6Rdr7kXtfO7s2rjuoijDA7BETgBLrgEDXALmqAFMMjBM3gFb9aT9WK9Wx+z0ZJV7OyDP7A+fwD4CJTb</latexit>

k1 ⇡ k2 � k3

•  

Non-Gaussianity from DR isocurvature

Buckley,PD,Fernandez,Weikert, JCAP, 2024
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Future directions

Dedicated study for general form of non-Gaussianity•  

Peizhi Du (USTC)| BPCS 2025



19

Future directions

GWs from PT could have large-scale isocurvature

Dedicated study for general form of non-Gaussianity

<latexit sha1_base64="d/RhcRSMbEv4ivpbAndL8To6sfA=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVR71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJZvyhXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1cWM+Q==</latexit>

k

CMB

<latexit sha1_base64="+DJD02xeHpshGqatz6DqrWFbYTA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoMgHsKu+DoGvXiMYB6QLGF2MkmGzMwuM71CWPILXjwo4tUf8ubfuJvsQRMLGoqqbrq7gkgKi6777RRWVtfWN4qbpa3tnd298v5B04axYbzBQhmadkAtl0LzBgqUvB0ZTlUgeSsY32V+64kbK0L9iJOI+4oOtRgIRjGTxr2zUq9ccavuDGSZeDmpQI56r/zV7YcsVlwjk9TajudG6CfUoGCST0vd2PKIsjEd8k5KNVXc+sns1ik5SZU+GYQmLY1kpv6eSKiydqKCtFNRHNlFLxP/8zoxDm78ROgoRq7ZfNEglgRDkj1O+sJwhnKSEsqMSG8lbEQNZZjGk4XgLb68TJrnVe+qevlwUand5nEU4QiO4RQ8uIYa3EMdGsBgBM/wCm+Ocl6cd+dj3lpw8plD+APn8wclio2q</latexit>

k⇤

bubble collisions
<latexit sha1_base64="ZbNDe5Z7RLj3vqm/bm567dfKEc4=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiTia1l0oTsr2Ac0IUymk3boTBJmJkIN/RI3LhRx66e482+ctllo64ELh3Pu5d57wpQzpR3n21paXlldWy9tlDe3tncq9u5eSyWZJLRJEp7ITogV5SymTc00p51UUixCTtvh8Hritx+pVCyJH/Qopb7A/ZhFjGBtpMCueHeC9nGQe1Kgm/Y4sKtOzZkCLRK3IFUo0AjsL6+XkEzQWBOOleq6Tqr9HEvNCKfjspcpmmIyxH3aNTTGgio/nx4+RkdG6aEokaZijabq74kcC6VGIjSdAuuBmvcm4n9eN9PRpZ+zOM00jclsUZRxpBM0SQH1mKRE85EhmEhmbkVkgCUm2mRVNiG48y8vktZJzT2vnd2fVutXRRwlOIBDOAYXLqAOt9CAJhDI4Ble4c16sl6sd+tj1rpkFTP78AfW5w9OkpLg</latexit>

⌦GW

large-scale isocurvautre

•  

•  
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Conclusions

Slow PT during inflation can generate large scale DR isocurvature in CMB

DR isocurvature can put stronger constraint on  

co
m

ov
in

g 
le

ng
th

scale factor

CMB

<latexit sha1_base64="2LJlij72TWZszT3uV63XnNM7iHo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6oD3slStu1Z2BLBMvJxXIUe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsVTSCLWfzU6dkBOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM/yZ9rpAZMbaEMsXtrYQNqaLM2HRKNgRv8eVl0jyrepfVi/vzSu0mj6MIR3AMp+DBFdTgDurQAAYDeIZXeHOE8+K8Ox/z1oKTzxzCHzifPzq2jcc=</latexit>ae

<latexit sha1_base64="gsCTcU4EvGMhCYV6zBnokRlPURU=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiwbArvo5BLzlGMA9J1jA7mU2GzMwuM7NCWPIVXjwo4tXP8ebfOEn2oIkFDUVVN91dQcyZNq777Swtr6yurec28ptb2zu7hb39ho4SRWidRDxSrQBrypmkdcMMp61YUSwCTpvB8HbiN5+o0iyS92YUU1/gvmQhI9hY6aGEqyeP6ak37haKbtmdAi0SLyNFyFDrFr46vYgkgkpDONa67bmx8VOsDCOcjvOdRNMYkyHu07alEguq/XR68BgdW6WHwkjZkgZN1d8TKRZaj0RgOwU2Az3vTcT/vHZiwms/ZTJODJVktihMODIRmnyPekxRYvjIEkwUs7ciMsAKE2MzytsQvPmXF0njrOxdli/uzouVmyyOHBzCEZTAgyuoQBVqUAcCAp7hFd4c5bw4787HrHXJyWYO4A+czx90zI+M</latexit>

(a
H
)
�1

<latexit sha1_base64="v9nxZd4QphDKRoMUxS9uW0OW+P4=">AAAB63icdVDLSsNAFJ34rPVVdelmsAiuQlKTttkV3bisYB/QhjKZTpqhM0mYmQgl9BfcuFDErT/kzr9x0lZQ0QMXDufcy733BCmjUlnWh7G2vrG5tV3aKe/u7R8cVo6OuzLJBCYdnLBE9AMkCaMx6SiqGOmngiAeMNILpteF37snQtIkvlOzlPgcTWIaUoxUIQ1xREeVqmVaruc0atAyXcv2nEtNPK/p1F1om9YCVbBCe1R5H44TnHESK8yQlAPbSpWfI6EoZmReHmaSpAhP0YQMNI0RJ9LPF7fO4blWxjBMhK5YwYX6fSJHXMoZD3QnRyqSv71C/MsbZCps+jmN00yRGC8XhRmDKoHF43BMBcGKzTRBWFB9K8QREggrHU9Zh/D1KfyfdGumXTfdW6faulrFUQKn4AxcABs0QAvcgDboAAwi8ACewLPBjUfjxXhdtq4Zq5kT8APG2yeEw46W</latexit>�

<latexit sha1_base64="E0dw77R0ByxnTLt241N6ZdX01U0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSg+6JXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NTJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMy/Zv0heYM5dgSyrSwtxI2pJoytOmUbAje4svLpHlW9S6rF/fnldpNHkcRjuAYTsGDK6jBHdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwBarI3c</latexit>ri

<latexit sha1_base64="AJJ2+4fuQd1e0qDa0oEUPjy0Opc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEnons8mQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlAzwSVrGG4EayeKYRQI1gpGt1O/9cSU5rF8NOOE+REOJA85RWOlB+zxXrniVt0ZyDLxclKBHPVe+avbj2kaMWmoQK07npsYP0NlOBVsUuqmmiVIRzhgHUslRkz72ezUCTmxSp+EsbIlDZmpvycyjLQeR4HtjNAM9aI3Ff/zOqkJr/2MyyQ1TNL5ojAVxMRk+jfpc8WoEWNLkCpubyV0iAqpsemUbAje4svLpHlW9S6rF/fnldpNHkcRjuAYTsGDK6jBHdShARQG8Ayv8OYI58V5dz7mrQUnnzmEP3A+fwBAxo3L</latexit>ai

<latexit sha1_base64="E0dw77R0ByxnTLt241N6ZdX01U0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSg+6JXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NTJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMy/Zv0heYM5dgSyrSwtxI2pJoytOmUbAje4svLpHlW9S6rF/fnldpNHkcRjuAYTsGDK6jBHdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwBarI3c</latexit>ri

DR

<latexit sha1_base64="suCVqc0tOLxNaLVwE/4KlIexYes=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9gVX8egF48RzQOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O0vLK6tr64WN4ubW9s5uaW+/oeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh7cRvPqHSPJaPZpSgH9G+5CFn1FjpgXZPu6WyW3GnIIvEy0kZctS6pa9OL2ZphNIwQbVue25i/Iwqw5nAcbGTakwoG9I+ti2VNELtZ9NTx+TYKj0SxsqWNGSq/p7IaKT1KApsZ0TNQM97E/E/r52a8NrPuExSg5LNFoWpICYmk79JjytkRowsoUxxeythA6ooMzadog3Bm395kTTOKt5l5eL+vFy9yeMowCEcwQl4cAVVuIMa1IFBH57hFd4c4bw4787HrHXJyWcO4A+czx/hO42M</latexit>a⇤

<latexit sha1_base64="F29oEwqJzJfnhNamNNtoGauJNyY=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiTia1nUhSupYB/QhDKZ3rRDZ5IwMxFLyK+4caGIW3/EnX/jtM1CqwcuHM65l3vvCRLOlHacL6u0tLyyulZer2xsbm3v2LvVtopTSaFFYx7LbkAUcBZBSzPNoZtIICLg0AnGV1O/8wBSsTi615MEfEGGEQsZJdpIfbvqXQPXBN/2M08KDGGY9+2aU3dmwH+JW5AaKtDs25/eIKapgEhTTpTquU6i/YxIzSiHvOKlChJCx2QIPUMjIkD52ez2HB8aZYDDWJqKNJ6pPycyIpSaiMB0CqJHatGbiv95vVSHF37GoiTVENH5ojDlWMd4GgQeMAlU84khhEpmbsV0RCSh2sRVMSG4iy//Je3juntWP707qTUuizjKaB8doCPkonPUQDeoiVqIokf0hF7Qq5Vbz9ab9T5vLVnFzB76BevjG1PqlAA=</latexit>

�Ne↵

DR isocurvature also generates non-Gaussianity in CMB, dedicated studies are needed

•  

•  

•  

Peizhi Du (USTC)| BPCS 2025



20

Thank you!
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DR isocurvature constraint

<latexit sha1_base64="LCPEvOjRAlyYUy3Xoyc5zMBwOCU=">AAACCnicbZDLSsNAFIYn9VbrLerSzWgRXGhJxKoboejGjVDBXqCJYTKdtENnkjAzKZSQtRtfxY0LRdz6BO58G6dtFlr9YeDnO+dw5vx+zKhUlvVlFObmFxaXisulldW19Q1zc6spo0Rg0sARi0TbR5IwGpKGooqRdiwI4j4jLX9wNa63hkRIGoV3ahQTl6NeSAOKkdLIM3cHXuoIDmM6jFR2YVWsqnOoQXoT4+w+PbIzzyxrOhH8a+zclEGuumd+Ot0IJ5yECjMkZce2YuWmSCiKGclKTiJJjPAA9UhH2xBxIt10ckoG9zXpwiAS+oUKTujPiRRxKUfc150cqb6crY3hf7VOooJzN6VhnCgS4umiIGFQRXCcC+xSQbBiI20QFlT/FeI+EggrnV5Jh2DPnvzXNI8r9mmlentSrl3mcRTBDtgDB8AGZ6AGrkEdNAAGD+AJvIBX49F4Nt6M92lrwchntsEvGR/fDKyZ3Q==</latexit>

kpivot = 0.05Mpc�1

Constraints from Planck18+BAO

Buckley,PD,Fernandez,Weikert, 2024
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General isocurvature constraints

Buckley,PD,Fernandez,Weikert, 2025
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