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feeble interaction

L � �F ��+ h.c.
<latexit sha1_base64="Vkv3T3iB551iQlW1iHfoETPE5HE=">AAACHnicbVDJSgNBEO1xjXGLevTSGARBHGaiYo4BQTx4iGAWyITQ06kkTXoWumvEMORLvPgrXjwoInjSv7GzHDTxQReP96qorufHUmh0nG9rYXFpeWU1s5Zd39jc2s7t7FZ1lCgOFR7JSNV9pkGKECooUEI9VsACX0LN71+O/No9KC2i8A4HMTQD1g1FR3CGRmrlzlMvYNjjTNKbIfV0EmtAenJFvVgL6vGeKWVTjqmH8IAp7dncHrZyecd2xqDzxJ2SPJmi3Mp9eu2IJwGEyCXTuuE6MTZTplBwCcOsl2iIGe+zLjQMDVkAupmOzxvSQ6O0aSdS5oVIx+rviZQFWg8C33SObtGz3kj8z2sk2Ck2UxHGCULIJ4s6iaQY0VFWtC0UcJQDQxhXwvyV8h5TjKNJNGtCcGdPnifVgu2e2oXbs3ypOI0jQ/bJATkiLrkgJXJNyqRCOHkkz+SVvFlP1ov1bn1MWhes6cwe+QPr6weph6Dk</latexit>

McDonald, hep-ph/0106249  
Hall et al., arXiv:0911.1920 
review by Bernal et al., arXiv:1706.07442

�

<latexit sha1_base64="M2D395hd8NPQhIY0NyUK4nFxkLY=">AAAB63icbZDLSgMxFIbPeK3jrerSTbAIrsqMCOpCLLpxWcFeoB1KJs20oUlmSDJCGfoKblwo4k58FvduxLcx03ahrT8EPv7/HHLOCRPOtPG8b2dhcWl5ZbWw5q5vbG5tF3d26zpOFaE1EvNYNUOsKWeS1gwznDYTRbEIOW2Eg+s8b9xTpVks78wwoYHAPckiRrDJrXa1zzrFklf2xkLz4E+hdPnhXiRvX261U/xsd2OSCioN4Vjrlu8lJsiwMoxwOnLbqaYJJgPcoy2LEguqg2w86wgdWqeLoljZJw0au787Miy0HorQVgps+no2y83/slZqorMgYzJJDZVk8lGUcmRilC+OukxRYvjQAiaK2VkR6WOFibHnce0R/NmV56F+XPZPyue3XqlyBRMVYB8O4Ah8OIUK3EAVakCgDw/wBM+OcB6dF+d1UrrgTHv24I+c9x9GL5Fo</latexit>

 
<latexit sha1_base64="xGZWmL5fN4C6sffxMS6FXiwcH5Q=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0q2GPBi8cK9gPapWTTbBuaZJckK5Slf8GLB0W8+oe8+W/MtnvQ1gcDj/dmmJkXJoIb63nfaGNza3tnt7RX3j84PDqunJx2TJxqyto0FrHuhcQwwRVrW24F6yWaERkK1g2nd7nffWLa8Fg92lnCAknGikecEptLg8TwYaXq1bwF8DrxC1KFAq1h5WswimkqmbJUEGP6vpfYICPacirYvDxIDUsInZIx6zuqiGQmyBa3zvGlU0Y4irUrZfFC/T2REWnMTIauUxI7MateLv7n9VMbNYKMqyS1TNHloigV2MY4fxyPuGbUipkjhGrubsV0QjSh1sVTdiH4qy+vk0695l/X6g831WajiKME53ABV+DDLTThHlrQBgoTeIZXeEMSvaB39LFs3UDFzBn8Afr8ASKLjkQ=</latexit>

�
<latexit sha1_base64="J8j5PfGY1Uc1lvXmQ/l7riBRTyk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqwR4LXjxWsB/QhrLZbpqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzgoQzbVz32yltbe/s7pX3KweHR8cn1dOzno5TRWiXxDxWgwBrypmkXcMMp4NEUSwCTvvB7C73+09UaRbLRzNPqC/wVLKQEWxyaUQiNq7W3Lq7BNokXkFqUKAzrn6NJjFJBZWGcKz10HMT42dYGUY4XVRGqaYJJjM8pUNLJRZU+9ny1gW6ssoEhbGyJQ1aqr8nMiy0novAdgpsIr3u5eJ/3jA1YcvPmExSQyVZLQpTjkyM8sfRhClKDJ9bgoli9lZEIqwwMTaeig3BW395k/Qade+m3nho1tqtIo4yXMAlXIMHt9CGe+hAFwhE8Ayv8OYI58V5dz5WrSWnmDmHP3A+fwD9944s</latexit>
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<latexit sha1_base64="JvjiwgBHpCcbF8kvH0uF11GxWzc="></latexit>



Freeze-in baryogenesis

L � �Fi �i�+ h.c.
<latexit sha1_base64="Qpzm9CFmuO+d7otWwZt8e/nr468=">AAACInicbVDLSgMxFM34rPVVdekmWARBHGZUUHeCIC5cjGBboTOUTHrrBDMPkjtiGfotbvwVNy4UdSX4MWbaLnwdSDiccy/JOWEmhUbH+bAmJqemZ2Yrc9X5hcWl5drKalOnueLQ4KlM1VXINEiRQAMFSrjKFLA4lNAKb05Kv3ULSos0ucR+BkHMrhPRE5yhkTq1o8KPGUacSXo+oL7OMw1Id047gvqZNhePRMm9SNBt6iPcYUEjm9uDTq3u2M4Q9C9xx6ROxvA6tTe/m/I8hgS5ZFq3XSfDoGAKBZcwqPq5hozxG3YNbUMTFoMOimHEAd00Spf2UmVOgnSoft8oWKx1Pw7NZJlH//ZK8T+vnWPvMChEkuUICR891MslxZSWfdGuUMBR9g1hXAnzV8ojphhH02rVlOD+jvyXNHdtd8/evdivH3vjOipknWyQLeKSA3JMzohHGoSTe/JInsmL9WA9Wa/W+2h0whrvrJEfsD6/APZmorQ=</latexit>

J. Berman, B. Shuve, DTS, arXiv 2201.11502: � = eR (electroweak-charged  )

B. Shuve, DTS, arXiv 2004.00363: � = uR (QCD-charged  )
<latexit sha1_base64="uyipWuMQ20UU8RqCIFKeNNHdFTU="></latexit>

Combined baryogenesis and DM constraints prefer M ⇠ TeV scale

and M� ⇠ 10’s of keV
<latexit sha1_base64="4Nxgfi++A0sdbji1eAIQsZQQHDU="></latexit>

 = collider target
<latexit sha1_base64="sb7EUwpRSgvKLrO0/vonIzEXlMc="></latexit>

Cosmological probes of structure formation are relevant for �
<latexit sha1_base64="vMzatP9akfOb2EFdJBWQ9kmlMTs="></latexit>



Introduce                                              

This is “singlet-doublet” freeze-in DM, but with two DM particles. 

           

                “seeds” asymmetries in          and in            , which are converted to a baryon asymmetry 
via spectator processes.         

The Higgs-coupled case 

L. Calibbi, L. Lopez-Honorez, S. Lowette, 
A. Mariotti, arXiv:1805.04423

�1,2 : Majorana fermion DM
<latexit sha1_base64="gKBHHhIIKkjwHFoEfrKSK73xr/I="></latexit>

L� int = �F1i  �iH � F2i  
c
�iH̃ + h.c.

<latexit sha1_base64="NTVUBg2CuotcfLRiyX1eongf+YI="></latexit>

 = ( , c) : vector-like electroweak-doublet fermion ⇠ (1, 2,⌥1/2)
<latexit sha1_base64="YjqC0vSsgiv8sfCyghrKsbBuSEI="></latexit>

L� int
<latexit sha1_base64="MmwxEScWST0s6nsHvfxGshTMIVM=">AAACCHicbVA9SwNBEN2LXzF+RS0tXAyCVbiLgikDNhYWEcwH5I5jb7NJluztHbtzYjiutPGv2FgoYutPsPPfuJek0MQHA4/3ZpiZF8SCa7Dtb6uwsrq2vlHcLG1t7+zulfcP2jpKFGUtGolIdQOimeCStYCDYN1YMRIGgnWC8VXud+6Z0jySdzCJmReSoeQDTgkYyS8fp25IYESJwDeZn7p0xLEL7AFSzCVkmV+u2FV7CrxMnDmpoDmafvnL7Uc0CZkEKojWPceOwUuJAk4Fy0puollM6JgMWc9QSUKmvXT6SIZPjdLHg0iZkoCn6u+JlIRaT8LAdOZX60UvF//zegkM6l7KZZwAk3S2aJAIDBHOU8F9rhgFMTGEUMXNrZiOiCIUTHYlE4Kz+PIyadeqznm1dntRadTncRTRETpBZ8hBl6iBrlETtRBFj+gZvaI368l6sd6tj1lrwZrPHKI/sD5/ABukmgA=</latexit>

 / 
<latexit sha1_base64="2uWXf6Z4s9kh5DmzKPpiyFnyeT8=">AAAB/nicbVDLSgMxFL1TX7W+RsWVm2ARXNWZKthlwY3LCvYBnaFk0kwbmskMSUYoQ8FfceNCEbd+hzv/xkw7C229EDg559ybmxMknCntON9WaW19Y3OrvF3Z2d3bP7APjzoqTiWhbRLzWPYCrChngrY105z2EklxFHDaDSa3ud59pFKxWDzoaUL9CI8ECxnB2lAD+8RrKXaZebEx5TNQfp8N7KpTc+aFVoFbgCoU1RrYX94wJmlEhSYcK9V3nUT7GZaaEU5nFS9VNMFkgke0b6DAEVV+Nl9/hs4NM0RhLM0RGs3Z3x0ZjpSaRoFxRliP1bKWk/9p/VSHDT9jIkk1FWTxUJhypGOUZ4GGTFKi+dQATCQzuyIyxhITbRKrmBDc5S+vgk695l7V6vfX1WajiKMMp3AGF+DCDTThDlrQBgIZPMMrvFlP1ov1bn0srCWr6DmGP2V9/gAeQZWO</latexit>

H/H
⇤

<latexit sha1_base64="5ZPqzr+GZ3nbuKRNzwXKRnwk/7g=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSKIh7pbBXsseOmxgtsW2rVk02wbmmSXJCuUpb/BiwdFvPqDvPlvTNs9aOuDgcd7M8zMCxPOtHHdb2dtfWNza7uwU9zd2z84LB0dt3ScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8d3Mbz9RpVksH8wkoYHAQ8kiRrCxkt+4ajxe9ktlt+LOgVaJl5My5Gj2S1+9QUxSQaUhHGvd9dzEBBlWhhFOp8VeqmmCyRgPaddSiQXVQTY/dorOrTJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xjc1US3ImExSQyVZLIpSjkyMZp+jAVOUGD6xBBPF7K2IjLDCxNh8ijYEb/nlVdKqVrzrSvX+plyv5XEU4BTO4AI8uIU6NKAJPhBg8Ayv8OZI58V5dz4WrWtOPnMCf+B8/gC0lo3t</latexit>

{
<latexit sha1_base64="fBEp4G9C5EQtQYa1sflDtkx735k=">AAAB6XicbVC7SgNBFL3rM8ZXfHQ2g0FIFXZjoWXAwpRRzAOSEGYnd5Mhs7PLzKwQl/yBjYUitvZ+jJ2lf+LkUWjigQuHc+7l3nv8WHBtXPfLWVldW9/YzGxlt3d29/ZzB4d1HSWKYY1FIlJNn2oUXGLNcCOwGSukoS+w4Q+vJn7jHpXmkbwzoxg7Ie1LHnBGjZVu22k3l3eL7hRkmXhzki8XHr6vP47Tajf32e5FLAlRGiao1i3PjU0npcpwJnCcbScaY8qGtI8tSyUNUXfS6aVjcmaVHgkiZUsaMlV/T6Q01HoU+rYzpGagF72J+J/XSkxw2Um5jBODks0WBYkgJiKTt0mPK2RGjCyhTHF7K2EDqigzNpysDcFbfHmZ1EtF77xYurFpVGCGDJzAKRTAgwsoQwWqUAMGATzCM7w4Q+fJeXXeZq0rznzmCP7Aef8BBhmQsg==</latexit>



Asymmetry generation: heuristic illustration
Akhmedov, Rubakov, Smirnov, hep-ph/9803255  
Asaka, Shaposhnikov, hep-ph/0505013 
Shuve, DTS, arXiv:2004.00636 

�1 + i�2

<latexit sha1_base64="eQ3T4o8QvT0Vqe6mip/X6HF7jn8=">AAAB+3icbZDLSsNAFIZPvNZ6i3WpyGARBKEkRVB3RTcuW7AXaEOZTCft0MmFmYlYQpa+hhsXirgV+hzufAZfwmnThbb+MPDxn3M4Z3434kwqy/oylpZXVtfWcxv5za3tnV1zr9CQYSwIrZOQh6LlYkk5C2hdMcVpKxIU+y6nTXd4M6k376mQLAzu1Ciijo/7AfMYwUpbXbOQdMiAde30jGVUTrtm0SpZU6FFsGdQrByOa9+PR+Nq1/zs9EIS+zRQhGMp27YVKSfBQjHCaZrvxJJGmAxxn7Y1Btin0kmmt6foRDs95IVCv0Chqft7IsG+lCPf1Z0+VgM5X5uY/9XasfIunYQFUaxoQLJFXsyRCtEkCNRjghLFRxowEUzfisgAC0yUjiuvQ7Dnv7wIjXLJPi9d1XQa15ApBwdwDKdgwwVU4BaqUAcCD/AEL/BqpMaz8Wa8Z61LxmxmH/7I+PgBiw2X1w==</latexit>

 
<latexit sha1_base64="f990ByDGkxwi2koHFf9PAmjwBys=">AAAB7XicbZC7SgNBFIbPeo3xFrUUZDAIVmE3FtoZsEmZgLlAsoTZyWwyZnZmmZkVwpLS3sZCEVtfIU9hYecz+BJOLoUm/jDw8f/nMOecIOZMG9f9clZW19Y3NjNb2e2d3b393MFhXctEEVojkkvVDLCmnAlaM8xw2owVxVHAaSMY3Ezyxj1Vmklxa4Yx9SPcEyxkBBtr1dN2RbNRJ5d3C+5UaBm8OeSvP8bV74eTcaWT+2x3JUkiKgzhWOuW58bGT7EyjHA6yrYTTWNMBrhHWxYFjqj20+m0I3RmnS4KpbJPGDR1f3ekONJ6GAW2MsKmrxeziflf1kpMeOWnTMSJoYLMPgoTjoxEk9VRlylKDB9awEQxOysifawwMfZAWXsEb3HlZagXC95FoVh186UyzJSBYziFc/DgEkpQhgrUgMAdPMIzvDjSeXJenbdZ6Yoz7zmCP3LefwCZR5OY</latexit>

 
<latexit sha1_base64="kueUiMBk78Ej2pDopVVWHcOLpDE=">AAAB+XicbVC7SgNBFL3rM8bXqqUgg0GwCrux0M6ATcoEzAOyIcxOZpMhs7PLzGwgLCn9CxsLRWxt8hUWdn6DP+FskkITDwwczrmHe+f4MWdKO86Xtba+sbm1ndvJ7+7tHxzaR8cNFSWS0DqJeCRbPlaUM0HrmmlOW7GkOPQ5bfrDu8xvjqhULBL3ehzTToj7ggWMYG2krm2nXmT8LI68qmKTrl1wis4MaJW4C1K4/ZjWvh/Opt Wu/en1IpKEVGjCsVJt14l1J8VSM8LpJO8lisaYDHGftg0VOKSqk84un6ALo/RQEEnzhEYz9XcixaFS49A3kyHWA7XsZeJ/XjvRwU0nZSJONBVkvihIONIRympAPSYp0XxsCCaSmVsRGWCJiTZl5U0J7vKXV0mjVHSviqWaUyhXYI4cnMI5XIIL11CGClShDgRG8AjP8GKl1pP1ar3NR9esReYE/sB6/wGNmZgN</latexit>

�1 � i�2
<latexit sha1_base64="Qr/3UddYzsG9xFyq7O3y0xF7FsU=">AAACEXicbVDLSgMxFM3UV62vUZdugkXsxjJTF7osuOlGqGAf0ClDJs20oZlkSDJCGfoLbvwSwY0FRdy6c+dv+AVm2i609UDgcM493NwTxIwq7ThfVm5ldW19I79Z2Nre2d2z9w+aSiQSkwYWTMh2gBRhlJOGppqRdiwJigJGWsHwKvNbd0QqKvitHsWkG6E+pyHFSBvJt0upJ4yfxaGHB3Tsu/AM0iW14ttFp+xMAZeJOyfF6un39SOeTOq+/en1BE4iwjVmSKmO68S6myKpKWZkXPASRWKEh6hPOoZyFBHVTacXjeGJUXowFNI8ruFU/Z1IUaTUKArMZIT0QC16mfif10l0eNlNKY8TTTieLQoTBrWAWT2wRyXBmo0MQVhS81eIB0girE2JBVOCu3jyMmlWyu55uXJj2qiBGfLgCByDEnDBBaiCGqiDBsDgHjyBF/BqPVjP1pv1PhvNWfPMIfgD6+MHfFehNg==</latexit>

F1
<latexit sha1_base64="PDPCbB9l60FqtwhOj2O2uH9DV6Q=">AAAB6nicdVDLSsNAFJ3UV62vquDGzWARXIUkLW3dlQriskX7gDaUyXTSDp1MwsxEKKGf4MaFIm7d+hd+gTs3fouTVkFFD1w4nHMv997jRYxKZVlvRmZpeWV1Lbue29jc2t7J7+61ZRgLTFo4ZKHoekgSRjlpKaoY6UaCoMBjpONNzlK/c02EpCG/UtOIuAEacepTjJSWLs8H9iBfsMzTatkplaFlWlbFduyUOJVSsQRtraQo1A6a7/S5/tIY5F/7wxDHAeEKMyRlz7Yi5SZIKIoZmeX6sSQRwhM0Ij1NOQqIdJP5qTN4rJUh9EOhiys4V79PJCiQchp4ujNAaix/e6n4l9eLlV91E8qjWBGOF4v8mEEVwvRvOKSCYMWmmiAsqL4V4jESCCudTk6H8PUp/J+0HdMumk5Tp1EHC2TBITgCJ8AGFVADF6ABWgCDEbgBd+DeYMat8WA8LlozxufMPvgB4+kD/3qRUQ==</latexit>

F ⇤
1

<latexit sha1_base64="8XNAz4+P4QylX3UNM9tUzSdD49k=">AAAB7HicdVBNS8NAEN34WetX1YvgZbEI4iEkaWjrrSCIxwqmLbSxbLabdulmE3Y3Qgk9+QO8eFDEq/9Hb/4bN62Cij4YeLw3w8y8IGFUKst6NxYWl5ZXVgtrxfWNza3t0s5uS8apwMTDMYtFJ0CSMMqJp6hipJMIgqKAkXYwPsv99g0Rksb8Sk0S4kdoyGlIMVJa8s779vVJv1S2zNN61XGr0DItq2Y7dk6cmltxoa2VHOXGflW9Yve22S+99QYxTiPCFWZIyq5tJcrPkFAUMzIt9lJJEoTHaEi6mnIUEelns2On8EgrAxjGQhdXcKZ+n8hQJOUkCnRnhNRI/vZy8S+vm6qw7meUJ6kiHM8XhSmDKob553BABcGKTTRBWFB9K8QjJBBWOp+iDuHrU/g/aTmmXTGdS51GHcxRAAfgEBwDG9RAA1yAJvAABhTcgQfwaHDj3ngynuetC8bnzB74AePlAyUykS8=</latexit>

H
⇤

<latexit sha1_base64="yQmkFIYsK+fg+jmL0qL7r6pytDA=">AAAB6nicbZC7SgNBFIbPxluMt6ilIINBEIuwGwvTGbBJmaC5QLKG2clsMmR2dpmZFcKS0tLGQhFbHyKVD2HnM/gSTi6FJv4w8PH/5zDnHC/iTGnb/rJSK6tr6xvpzczW9s7uXnb/oK7CWBJaIyEPZdPDinImaE0zzWkzkhQHHqcNb3A9yRv3VCoWils9jKgb4J5gPiNYG+umfHfeyebsvD0VWgZnDrmrj3H1++F4XOlkP9vdkMQBFZpwrFTLsSPtJlhqRjgdZdqxohEmA9yjLYMCB1S5yXTUETo1Thf5oTRPaDR1f3ckOFBqGHimMsC6rxaziflf1oq1X3QTJqJYU0FmH/kxRzpEk71Rl0lKNB8awEQyMysifSwx0eY6GXMEZ3HlZagX8s5FvlC1c6UizJSGIziBM3DgEkpQhgrUgEAPHuEZXixuPVmv1tusNGXNew7hj6z3H3v0kao=</latexit>

H
<latexit sha1_base64="V7ShnBE1Qgy9lIWCqbkBRq1dxsU=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7sTCdAZuUCZgLJCHMTs4mY2Znl5lZISwprWwsFLH1KVL5EHY+gy/h5FJo4g8DH/9/DnPO8SLOlHacLyu1tr6xuZXezuzs7u0fZA+P6iqMJcUaDXkomx5RyJnAmmaaYzOSSAKPY8Mb3kzzxj1KxUJxq0cRdgLSF8xnlGhjVcvdbM7JOzPZq+AuIHf9Mal+P5xOKt3sZ7sX0jhAoSknSrVcJ9KdhEjNKMdxph0rjAgdkj62DAoSoOoks0HH9rlxerYfSvOEtmfu746EBEqNAs9UBkQP1HI2Nf/LWrH2i52EiSjWKOj8Iz/mtg7t6dZ2j0mkmo8MECqZmdWmAyIJ1eY2GXMEd3nlVagX8u5lvlB1cqUizJWGEziDC3DhCkpQhgrUgALCIzzDi3VnPVmv1tu8NGUteo7hj6z3H2MNkQ4=</latexit>

L � �F1 (�1 � i�2)H � F2 
c(�1 + �2)H̃ + h.c.

<latexit sha1_base64="QCiXG114uKIf2ZjGf/MKHr6+sko="></latexit>



Asymmetry generation: heuristic illustration
Akhmedov, Rubakov, Smirnov, hep-ph/9803255  
Asaka, Shaposhnikov, hep-ph/0505013 
Shuve, DTS, arXiv:2004.00636 

�1 + i�2

<latexit sha1_base64="eQ3T4o8QvT0Vqe6mip/X6HF7jn8=">AAAB+3icbZDLSsNAFIZPvNZ6i3WpyGARBKEkRVB3RTcuW7AXaEOZTCft0MmFmYlYQpa+hhsXirgV+hzufAZfwmnThbb+MPDxn3M4Z3434kwqy/oylpZXVtfWcxv5za3tnV1zr9CQYSwIrZOQh6LlYkk5C2hdMcVpKxIU+y6nTXd4M6k376mQLAzu1Ciijo/7AfMYwUpbXbOQdMiAde30jGVUTrtm0SpZU6FFsGdQrByOa9+PR+Nq1/zs9EIS+zRQhGMp27YVKSfBQjHCaZrvxJJGmAxxn7Y1Btin0kmmt6foRDs95IVCv0Chqft7IsG+lCPf1Z0+VgM5X5uY/9XasfIunYQFUaxoQLJFXsyRCtEkCNRjghLFRxowEUzfisgAC0yUjiuvQ7Dnv7wIjXLJPi9d1XQa15ApBwdwDKdgwwVU4BaqUAcCD/AEL/BqpMaz8Wa8Z61LxmxmH/7I+PgBiw2X1w==</latexit>

Time evolve…

Time evolve…

 
<latexit sha1_base64="f990ByDGkxwi2koHFf9PAmjwBys=">AAAB7XicbZC7SgNBFIbPeo3xFrUUZDAIVmE3FtoZsEmZgLlAsoTZyWwyZnZmmZkVwpLS3sZCEVtfIU9hYecz+BJOLoUm/jDw8f/nMOecIOZMG9f9clZW19Y3NjNb2e2d3b393MFhXctEEVojkkvVDLCmnAlaM8xw2owVxVHAaSMY3Ezyxj1Vmklxa4Yx9SPcEyxkBBtr1dN2RbNRJ5d3C+5UaBm8OeSvP8bV74eTcaWT+2x3JUkiKgzhWOuW58bGT7EyjHA6yrYTTWNMBrhHWxYFjqj20+m0I3RmnS4KpbJPGDR1f3ekONJ6GAW2MsKmrxeziflf1kpMeOWnTMSJoYLMPgoTjoxEk9VRlylKDB9awEQxOysifawwMfZAWXsEb3HlZagXC95FoVh186UyzJSBYziFc/DgEkpQhgrUgMAdPMIzvDjSeXJenbdZ6Yoz7zmCP3LefwCZR5OY</latexit>

 
<latexit sha1_base64="kueUiMBk78Ej2pDopVVWHcOLpDE=">AAAB+XicbVC7SgNBFL3rM8bXqqUgg0GwCrux0M6ATcoEzAOyIcxOZpMhs7PLzGwgLCn9CxsLRWxt8hUWdn6DP+FskkITDwwczrmHe+f4MWdKO86Xtba+sbm1ndvJ7+7tHxzaR8cNFSWS0DqJeCRbPlaUM0HrmmlOW7GkOPQ5bfrDu8xvjqhULBL3ehzTToj7ggWMYG2krm2nXmT8LI68qmKTrl1wis4MaJW4C1K4/ZjWvh/Opt Wu/en1IpKEVGjCsVJt14l1J8VSM8LpJO8lisaYDHGftg0VOKSqk84un6ALo/RQEEnzhEYz9XcixaFS49A3kyHWA7XsZeJ/XjvRwU0nZSJONBVkvihIONIRympAPSYp0XxsCCaSmVsRGWCJiTZl5U0J7vKXV0mjVHSviqWaUyhXYI4cnMI5XIIL11CGClShDgRG8AjP8GKl1pP1ar3NR9esReYE/sB6/wGNmZgN</latexit>

�1 � i�2
<latexit sha1_base64="Qr/3UddYzsG9xFyq7O3y0xF7FsU=">AAACEXicbVDLSgMxFM3UV62vUZdugkXsxjJTF7osuOlGqGAf0ClDJs20oZlkSDJCGfoLbvwSwY0FRdy6c+dv+AVm2i609UDgcM493NwTxIwq7ThfVm5ldW19I79Z2Nre2d2z9w+aSiQSkwYWTMh2gBRhlJOGppqRdiwJigJGWsHwKvNbd0QqKvitHsWkG6E+pyHFSBvJt0upJ4yfxaGHB3Tsu/AM0iW14ttFp+xMAZeJOyfF6un39SOeTOq+/en1BE4iwjVmSKmO68S6myKpKWZkXPASRWKEh6hPOoZyFBHVTacXjeGJUXowFNI8ruFU/Z1IUaTUKArMZIT0QC16mfif10l0eNlNKY8TTTieLQoTBrWAWT2wRyXBmo0MQVhS81eIB0girE2JBVOCu3jyMmlWyu55uXJj2qiBGfLgCByDEnDBBaiCGqiDBsDgHjyBF/BqPVjP1pv1PhvNWfPMIfgD6+MHfFehNg==</latexit>

F1
<latexit sha1_base64="PDPCbB9l60FqtwhOj2O2uH9DV6Q=">AAAB6nicdVDLSsNAFJ3UV62vquDGzWARXIUkLW3dlQriskX7gDaUyXTSDp1MwsxEKKGf4MaFIm7d+hd+gTs3fouTVkFFD1w4nHMv997jRYxKZVlvRmZpeWV1Lbue29jc2t7J7+61ZRgLTFo4ZKHoekgSRjlpKaoY6UaCoMBjpONNzlK/c02EpCG/UtOIuAEacepTjJSWLs8H9iBfsMzTatkplaFlWlbFduyUOJVSsQRtraQo1A6a7/S5/tIY5F/7wxDHAeEKMyRlz7Yi5SZIKIoZmeX6sSQRwhM0Ij1NOQqIdJP5qTN4rJUh9EOhiys4V79PJCiQchp4ujNAaix/e6n4l9eLlV91E8qjWBGOF4v8mEEVwvRvOKSCYMWmmiAsqL4V4jESCCudTk6H8PUp/J+0HdMumk5Tp1EHC2TBITgCJ8AGFVADF6ABWgCDEbgBd+DeYMat8WA8LlozxufMPvgB4+kD/3qRUQ==</latexit>

F ⇤
1

<latexit sha1_base64="8XNAz4+P4QylX3UNM9tUzSdD49k=">AAAB7HicdVBNS8NAEN34WetX1YvgZbEI4iEkaWjrrSCIxwqmLbSxbLabdulmE3Y3Qgk9+QO8eFDEq/9Hb/4bN62Cij4YeLw3w8y8IGFUKst6NxYWl5ZXVgtrxfWNza3t0s5uS8apwMTDMYtFJ0CSMMqJp6hipJMIgqKAkXYwPsv99g0Rksb8Sk0S4kdoyGlIMVJa8s779vVJv1S2zNN61XGr0DItq2Y7dk6cmltxoa2VHOXGflW9Yve22S+99QYxTiPCFWZIyq5tJcrPkFAUMzIt9lJJEoTHaEi6mnIUEelns2On8EgrAxjGQhdXcKZ+n8hQJOUkCnRnhNRI/vZy8S+vm6qw7meUJ6kiHM8XhSmDKob553BABcGKTTRBWFB9K8QjJBBWOp+iDuHrU/g/aTmmXTGdS51GHcxRAAfgEBwDG9RAA1yAJvAABhTcgQfwaHDj3ngynuetC8bnzB74AePlAyUykS8=</latexit>

H
⇤

<latexit sha1_base64="yQmkFIYsK+fg+jmL0qL7r6pytDA=">AAAB6nicbZC7SgNBFIbPxluMt6ilIINBEIuwGwvTGbBJmaC5QLKG2clsMmR2dpmZFcKS0tLGQhFbHyKVD2HnM/gSTi6FJv4w8PH/5zDnHC/iTGnb/rJSK6tr6xvpzczW9s7uXnb/oK7CWBJaIyEPZdPDinImaE0zzWkzkhQHHqcNb3A9yRv3VCoWils9jKgb4J5gPiNYG+umfHfeyebsvD0VWgZnDrmrj3H1++F4XOlkP9vdkMQBFZpwrFTLsSPtJlhqRjgdZdqxohEmA9yjLYMCB1S5yXTUETo1Thf5oTRPaDR1f3ckOFBqGHimMsC6rxaziflf1oq1X3QTJqJYU0FmH/kxRzpEk71Rl0lKNB8awEQyMysifSwx0eY6GXMEZ3HlZagX8s5FvlC1c6UizJSGIziBM3DgEkpQhgrUgEAPHuEZXixuPVmv1tusNGXNew7hj6z3H3v0kao=</latexit>

H
<latexit sha1_base64="V7ShnBE1Qgy9lIWCqbkBRq1dxsU=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7sTCdAZuUCZgLJCHMTs4mY2Znl5lZISwprWwsFLH1KVL5EHY+gy/h5FJo4g8DH/9/DnPO8SLOlHacLyu1tr6xuZXezuzs7u0fZA+P6iqMJcUaDXkomx5RyJnAmmaaYzOSSAKPY8Mb3kzzxj1KxUJxq0cRdgLSF8xnlGhjVcvdbM7JOzPZq+AuIHf9Mal+P5xOKt3sZ7sX0jhAoSknSrVcJ9KdhEjNKMdxph0rjAgdkj62DAoSoOoks0HH9rlxerYfSvOEtmfu746EBEqNAs9UBkQP1HI2Nf/LWrH2i52EiSjWKOj8Iz/mtg7t6dZ2j0mkmo8MECqZmdWmAyIJ1eY2GXMEd3nlVagX8u5lvlB1cqUizJWGEziDC3DhCkpQhgrUgALCIzzDi3VnPVmv1tu8NGUteo7hj6z3H2MNkQ4=</latexit>

L � �F1 (�1 � i�2)H � F2 
c(�1 + �2)H̃ + h.c.

<latexit sha1_base64="QCiXG114uKIf2ZjGf/MKHr6+sko="></latexit>

�1 � ie�i��2
<latexit sha1_base64="xKGdaKHQxp3ieAMunytO2eizy/U=">AAACHHicbVC7TsMwFHXKq5RXgJHFokKwtEraAcZKLF2QikQfUhMix3Vaq44T2Q5SFfVDWPgH1i4sDCDEwoDEb/AFOG0HaDmSpaNzztX1PX7MqFSW9WXkVlbX1jfym4Wt7Z3dPXP/oCWjRGDSxBGLRMdHkjDKSVNRxUgnFgSFPiNtf3iZ+e07IiSN+I0axcQNUZ/TgGKktOSZ1dSJtJ+NQwcP6NizYQlScpuWKHRiLSwFKp5ZtMrWFHCZ2HNSrJ1+Xz3iyaThmR9OL8JJSLjCDEnZta1YuSkSimJGxgUnkSRGeIj6pKspRyGRbjo9bgxPtNKDQST04wpO1d8TKQqlHIW+ToZIDeSil4n/ed1EBRduSnmcKMLxbFGQMKgimDUFe1QQrNhIE4QF1X+FeIAEwkr3WdAl2IsnL5NWpWxXy5Vr3UYdzJAHR+AYnAEbnIMaqIMGaAIM7sETeAGvxoPxbLwZ77NozpjPHII/MD5/AO8opbI=</latexit>

�1 + ie�i��2
<latexit sha1_base64="patopX1nVKSOEiWXoStboE0k4fU=">AAACCXicbZC7SgNBFIbPeo3xtmppMxgCghh2Y6FlwCZlBHOB7LrMTibJkNkLM7NCWIJgYZOnSG9joYitb2Dn2zjJptDEHwZ+vnMOZ87vx5xJZVnfxsrq2vrGZm4rv72zu7dvHhw2ZJQIQusk4pFo+VhSzkJaV0xx2ooFxYHPadMfXE/rzXsqJIvCWzWMqRvgXsi6jGClkWeiFDmkz0aejc4Qo3fpOUNOrEGa4bJnFqySNRNaNvbcFCqF4vjxYTKpeeaX04lIEtBQEY6lbNtWrNwUC8UIp6O8k0gaYzLAPdrWNsQBlW46u2SEipp0UDcS+oUKzejviRQHUg4DX3cGWPXlYm0K/6u1E9W9clMWxomiIckWdROOVISmsaAOE5QoPtQGE8H0XxHpY4GJ0uHldQj24snLplEu2Rel8o1OowqZcnAMJ3AKNlxCBapQgzoQeIJneIU3Y2y8GO/GR9a6YsxnjuCPjM8fQ1mceg==</latexit>



Asymmetry generation: heuristic illustration
Akhmedov, Rubakov, Smirnov, hep-ph/9803255  
Asaka, Shaposhnikov, hep-ph/0505013 
Shuve, DTS, arXiv:2004.00636 

�1 + i�2

<latexit sha1_base64="eQ3T4o8QvT0Vqe6mip/X6HF7jn8=">AAAB+3icbZDLSsNAFIZPvNZ6i3WpyGARBKEkRVB3RTcuW7AXaEOZTCft0MmFmYlYQpa+hhsXirgV+hzufAZfwmnThbb+MPDxn3M4Z3434kwqy/oylpZXVtfWcxv5za3tnV1zr9CQYSwIrZOQh6LlYkk5C2hdMcVpKxIU+y6nTXd4M6k376mQLAzu1Ciijo/7AfMYwUpbXbOQdMiAde30jGVUTrtm0SpZU6FFsGdQrByOa9+PR+Nq1/zs9EIS+zRQhGMp27YVKSfBQjHCaZrvxJJGmAxxn7Y1Btin0kmmt6foRDs95IVCv0Chqft7IsG+lCPf1Z0+VgM5X5uY/9XasfIunYQFUaxoQLJFXsyRCtEkCNRjghLFRxowEUzfisgAC0yUjiuvQ7Dnv7wIjXLJPi9d1XQa15ApBwdwDKdgwwVU4BaqUAcCD/AEL/BqpMaz8Wa8Z61LxmxmH/7I+PgBiw2X1w==</latexit>

After 1/4 oscillation…

After 1/4 oscillation…

�1 � �2

<latexit sha1_base64="VRqdD41+QZELfW66dcwvK8CZaF8=">AAACDXicbVDLSsNAFJ3UV62vqAiCm9EquLEkRVB3RTcuK9gHNCFMppN26OTBzEQoIT/gxl/wE0RwYRG37t35Ie6dpAUf9cDA4Zx7uHOPGzEqpGF8aIWZ2bn5heJiaWl5ZXVNX99oijDmmDRwyELedpEgjAakIalkpB1xgnyXkZY7uMj81g3hgobBtRxGxPZRL6AexUgqydH3EytUfhaHFu5Tx0yPvqVcqaaOXjYqRg44TcwJKdd2P0eP21v3dUd/t7ohjn0SSMyQEB3TiKSdIC4pZiQtWbEgEcID1CMdRQPkE2En+TUpPFBKF3ohVy+QMFd/JhLkCzH0XTXpI9kXf71M/M/rxNI7tRMaRLEkAR4v8mIGZQizamCXcoIlGyqCMKfqrxD3EUdYqgJLqgTz78nTpFmtmMeVsyvVxjkYowh2wB44BCY4ATVwCeqgATC4BQ/gGYy0O+1Je9Fex6MFbZLZBL+gvX0BtP+fqA==</latexit>

�1 + �2

<latexit sha1_base64="GrkcQt3hcL6cyEmMEARxLajvkug=">AAAB+nicbZDLSsNAFIYn9VbrLdWlIoNFEISSFEHdFd24bMFeoA1hMp20QyeTMDNRSszSx3DjQhG3Lvoc7nwGX8Jp04W2/jDw8Z9zOGd+L2JUKsv6MnJLyyura/n1wsbm1vaOWdxtyjAWmDRwyELR9pAkjHLSUFQx0o4EQYHHSMsbXk/qrTsiJA35rRpFxAlQn1OfYqS05ZrFpIsH1LXT0wwqqWuWrLI1FVwEewal6sG4/v14OK655me3F+I4IFxhhqTs2FaknAQJRTEjaaEbSxIhPER90tHIUUCkk0xPT+GxdnrQD4V+XMGp+3siQYGUo8DTnQFSAzlfm5j/1Tqx8i+chPIoVoTjbJEfM6hCOMkB9qggWLGRBoQF1bdCPEACYaXTKugQ7PkvL0KzUrbPypd1ncYVyJQH++AInAAbnIMquAE10AAY3IMn8AJejQfj2Xgz3rPWnDGb2QN/ZHz8AMAsl2Q=</latexit>

 
<latexit sha1_base64="f990ByDGkxwi2koHFf9PAmjwBys=">AAAB7XicbZC7SgNBFIbPeo3xFrUUZDAIVmE3FtoZsEmZgLlAsoTZyWwyZnZmmZkVwpLS3sZCEVtfIU9hYecz+BJOLoUm/jDw8f/nMOecIOZMG9f9clZW19Y3NjNb2e2d3b393MFhXctEEVojkkvVDLCmnAlaM8xw2owVxVHAaSMY3Ezyxj1Vmklxa4Yx9SPcEyxkBBtr1dN2RbNRJ5d3C+5UaBm8OeSvP8bV74eTcaWT+2x3JUkiKgzhWOuW58bGT7EyjHA6yrYTTWNMBrhHWxYFjqj20+m0I3RmnS4KpbJPGDR1f3ekONJ6GAW2MsKmrxeziflf1kpMeOWnTMSJoYLMPgoTjoxEk9VRlylKDB9awEQxOysifawwMfZAWXsEb3HlZagXC95FoVh186UyzJSBYziFc/DgEkpQhgrUgMAdPMIzvDjSeXJenbdZ6Yoz7zmCP3LefwCZR5OY</latexit>

 
<latexit sha1_base64="kueUiMBk78Ej2pDopVVWHcOLpDE=">AAAB+XicbVC7SgNBFL3rM8bXqqUgg0GwCrux0M6ATcoEzAOyIcxOZpMhs7PLzGwgLCn9CxsLRWxt8hUWdn6DP+FskkITDwwczrmHe+f4MWdKO86Xtba+sbm1ndvJ7+7tHxzaR8cNFSWS0DqJeCRbPlaUM0HrmmlOW7GkOPQ5bfrDu8xvjqhULBL3ehzTToj7ggWMYG2krm2nXmT8LI68qmKTrl1wis4MaJW4C1K4/ZjWvh/Opt Wu/en1IpKEVGjCsVJt14l1J8VSM8LpJO8lisaYDHGftg0VOKSqk84un6ALo/RQEEnzhEYz9XcixaFS49A3kyHWA7XsZeJ/XjvRwU0nZSJONBVkvihIONIRympAPSYp0XxsCCaSmVsRGWCJiTZl5U0J7vKXV0mjVHSviqWaUyhXYI4cnMI5XIIL11CGClShDgRG8AjP8GKl1pP1ar3NR9esReYE/sB6/wGNmZgN</latexit>

�1 � i�2
<latexit sha1_base64="Qr/3UddYzsG9xFyq7O3y0xF7FsU=">AAACEXicbVDLSgMxFM3UV62vUZdugkXsxjJTF7osuOlGqGAf0ClDJs20oZlkSDJCGfoLbvwSwY0FRdy6c+dv+AVm2i609UDgcM493NwTxIwq7ThfVm5ldW19I79Z2Nre2d2z9w+aSiQSkwYWTMh2gBRhlJOGppqRdiwJigJGWsHwKvNbd0QqKvitHsWkG6E+pyHFSBvJt0upJ4yfxaGHB3Tsu/AM0iW14ttFp+xMAZeJOyfF6un39SOeTOq+/en1BE4iwjVmSKmO68S6myKpKWZkXPASRWKEh6hPOoZyFBHVTacXjeGJUXowFNI8ruFU/Z1IUaTUKArMZIT0QC16mfif10l0eNlNKY8TTTieLQoTBrWAWT2wRyXBmo0MQVhS81eIB0girE2JBVOCu3jyMmlWyu55uXJj2qiBGfLgCByDEnDBBaiCGqiDBsDgHjyBF/BqPVjP1pv1PhvNWfPMIfgD6+MHfFehNg==</latexit>

F1
<latexit sha1_base64="PDPCbB9l60FqtwhOj2O2uH9DV6Q=">AAAB6nicdVDLSsNAFJ3UV62vquDGzWARXIUkLW3dlQriskX7gDaUyXTSDp1MwsxEKKGf4MaFIm7d+hd+gTs3fouTVkFFD1w4nHMv997jRYxKZVlvRmZpeWV1Lbue29jc2t7J7+61ZRgLTFo4ZKHoekgSRjlpKaoY6UaCoMBjpONNzlK/c02EpCG/UtOIuAEacepTjJSWLs8H9iBfsMzTatkplaFlWlbFduyUOJVSsQRtraQo1A6a7/S5/tIY5F/7wxDHAeEKMyRlz7Yi5SZIKIoZmeX6sSQRwhM0Ij1NOQqIdJP5qTN4rJUh9EOhiys4V79PJCiQchp4ujNAaix/e6n4l9eLlV91E8qjWBGOF4v8mEEVwvRvOKSCYMWmmiAsqL4V4jESCCudTk6H8PUp/J+0HdMumk5Tp1EHC2TBITgCJ8AGFVADF6ABWgCDEbgBd+DeYMat8WA8LlozxufMPvgB4+kD/3qRUQ==</latexit>

F ⇤
1

<latexit sha1_base64="8XNAz4+P4QylX3UNM9tUzSdD49k=">AAAB7HicdVBNS8NAEN34WetX1YvgZbEI4iEkaWjrrSCIxwqmLbSxbLabdulmE3Y3Qgk9+QO8eFDEq/9Hb/4bN62Cij4YeLw3w8y8IGFUKst6NxYWl5ZXVgtrxfWNza3t0s5uS8apwMTDMYtFJ0CSMMqJp6hipJMIgqKAkXYwPsv99g0Rksb8Sk0S4kdoyGlIMVJa8s779vVJv1S2zNN61XGr0DItq2Y7dk6cmltxoa2VHOXGflW9Yve22S+99QYxTiPCFWZIyq5tJcrPkFAUMzIt9lJJEoTHaEi6mnIUEelns2On8EgrAxjGQhdXcKZ+n8hQJOUkCnRnhNRI/vZy8S+vm6qw7meUJ6kiHM8XhSmDKob553BABcGKTTRBWFB9K8QjJBBWOp+iDuHrU/g/aTmmXTGdS51GHcxRAAfgEBwDG9RAA1yAJvAABhTcgQfwaHDj3ngynuetC8bnzB74AePlAyUykS8=</latexit>

H
⇤

<latexit sha1_base64="yQmkFIYsK+fg+jmL0qL7r6pytDA=">AAAB6nicbZC7SgNBFIbPxluMt6ilIINBEIuwGwvTGbBJmaC5QLKG2clsMmR2dpmZFcKS0tLGQhFbHyKVD2HnM/gSTi6FJv4w8PH/5zDnHC/iTGnb/rJSK6tr6xvpzczW9s7uXnb/oK7CWBJaIyEPZdPDinImaE0zzWkzkhQHHqcNb3A9yRv3VCoWils9jKgb4J5gPiNYG+umfHfeyebsvD0VWgZnDrmrj3H1++F4XOlkP9vdkMQBFZpwrFTLsSPtJlhqRjgdZdqxohEmA9yjLYMCB1S5yXTUETo1Thf5oTRPaDR1f3ckOFBqGHimMsC6rxaziflf1oq1X3QTJqJYU0FmH/kxRzpEk71Rl0lKNB8awEQyMysifSwx0eY6GXMEZ3HlZagX8s5FvlC1c6UizJSGIziBM3DgEkpQhgrUgEAPHuEZXixuPVmv1tusNGXNew7hj6z3H3v0kao=</latexit>

H
<latexit sha1_base64="V7ShnBE1Qgy9lIWCqbkBRq1dxsU=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7sTCdAZuUCZgLJCHMTs4mY2Znl5lZISwprWwsFLH1KVL5EHY+gy/h5FJo4g8DH/9/DnPO8SLOlHacLyu1tr6xuZXezuzs7u0fZA+P6iqMJcUaDXkomx5RyJnAmmaaYzOSSAKPY8Mb3kzzxj1KxUJxq0cRdgLSF8xnlGhjVcvdbM7JOzPZq+AuIHf9Mal+P5xOKt3sZ7sX0jhAoSknSrVcJ9KdhEjNKMdxph0rjAgdkj62DAoSoOoks0HH9rlxerYfSvOEtmfu746EBEqNAs9UBkQP1HI2Nf/LWrH2i52EiSjWKOj8Iz/mtg7t6dZ2j0mkmo8MECqZmdWmAyIJ1eY2GXMEd3nlVagX8u5lvlB1cqUizJWGEziDC3DhCkpQhgrUgALCIzzDi3VnPVmv1tu8NGUteo7hj6z3H2MNkQ4=</latexit>

F2
<latexit sha1_base64="XUt9ILzyEnqQfCR7joEi1HbEZm0=">AAAB6nicdVDLSsNAFJ3UV62vquDGzWARXIUkLW3dlQriskX7gDaUyXTSDp1MwsxEKKGf4MaFIm7d+hd+gTs3fouTVkFFD1w4nHMv997jRYxKZVlvRmZpeWV1Lbue29jc2t7J7+61ZRgLTFo4ZKHoekgSRjlpKaoY6UaCoMBjpONNzlK/c02EpCG/UtOIuAEacepTjJSWLs8HziBfsMzTatkplaFlWlbFduyUOJVSsQRtraQo1A6a7/S5/tIY5F/7wxDHAeEKMyRlz7Yi5SZIKIoZmeX6sSQRwhM0Ij1NOQqIdJP5qTN4rJUh9EOhiys4V79PJCiQchp4ujNAaix/e6n4l9eLlV91E8qjWBGOF4v8mEEVwvRvOKSCYMWmmiAsqL4V4jESCCudTk6H8PUp/J+0HdMumk5Tp1EHC2TBITgCJ8AGFVADF6ABWgCDEbgBd+DeYMat8WA8LlozxufMPvgB4+kDAQ2RUg==</latexit>  

<latexit sha1_base64="f990ByDGkxwi2koHFf9PAmjwBys=">AAAB7XicbZC7SgNBFIbPeo3xFrUUZDAIVmE3FtoZsEmZgLlAsoTZyWwyZnZmmZkVwpLS3sZCEVtfIU9hYecz+BJOLoUm/jDw8f/nMOecIOZMG9f9clZW19Y3NjNb2e2d3b393MFhXctEEVojkkvVDLCmnAlaM8xw2owVxVHAaSMY3Ezyxj1Vmklxa4Yx9SPcEyxkBBtr1dN2RbNRJ5d3C+5UaBm8OeSvP8bV74eTcaWT+2x3JUkiKgzhWOuW58bGT7EyjHA6yrYTTWNMBrhHWxYFjqj20+m0I3RmnS4KpbJPGDR1f3ekONJ6GAW2MsKmrxeziflf1kpMeOWnTMSJoYLMPgoTjoxEk9VRlylKDB9awEQxOysifawwMfZAWXsEb3HlZagXC95FoVh186UyzJSBYziFc/DgEkpQhgrUgMAdPMIzvDjSeXJenbdZ6Yoz7zmCP3LefwCZR5OY</latexit>

H
⇤

<latexit sha1_base64="yQmkFIYsK+fg+jmL0qL7r6pytDA=">AAAB6nicbZC7SgNBFIbPxluMt6ilIINBEIuwGwvTGbBJmaC5QLKG2clsMmR2dpmZFcKS0tLGQhFbHyKVD2HnM/gSTi6FJv4w8PH/5zDnHC/iTGnb/rJSK6tr6xvpzczW9s7uXnb/oK7CWBJaIyEPZdPDinImaE0zzWkzkhQHHqcNb3A9yRv3VCoWils9jKgb4J5gPiNYG+umfHfeyebsvD0VWgZnDrmrj3H1++F4XOlkP9vdkMQBFZpwrFTLsSPtJlhqRjgdZdqxohEmA9yjLYMCB1S5yXTUETo1Thf5oTRPaDR1f3ckOFBqGHimMsC6rxaziflf1oq1X3QTJqJYU0FmH/kxRzpEk71Rl0lKNB8awEQyMysifSwx0eY6GXMEZ3HlZagX8s5FvlC1c6UizJSGIziBM3DgEkpQhgrUgEAPHuEZXixuPVmv1tusNGXNew7hj6z3H3v0kao=</latexit>

L � �F1 (�1 � i�2)H � F2 
c(�1 + �2)H̃ + h.c.

<latexit sha1_base64="QCiXG114uKIf2ZjGf/MKHr6+sko="></latexit>

Does not couple via F ⇤
2

<latexit sha1_base64="aVxrsBvyGWkkiUo9yT8M8ayTja0=">AAACC3icdVBNSwMxEM36bf2qevQSLIJ4KJsqWm+iIh4VrAptLdl0qsFssiSzYll69+Jf8eJBEa/+AW/+G7NaQUUfDDzem2FmXpQo6TAM34KBwaHhkdGx8cLE5NT0THF27tiZ1AqoCaOMPY24AyU11FCigtPEAo8jBSfR5U7un1yBddLoI+wm0Iz5uZYdKTh6qVVcbCBcY7ZrwFFtkAqTJgroleS0t9eqnK3QQqtYCsthGDLGaE7YxnroyeZmtcKqlOWWR4n0cdAqvjbaRqQxaBSKO1dnYYLNjFuUQkGv0EgdJFxc8nOoe6p5DK6ZffzSo0teadOOsb50fo9Xv09kPHauG0e+M+Z44X57ufiXV0+xU21mUicpghafizqpomhoHgxtSwsCVdcTLqz0t1JxwS0X6OPLQ/j6lP5PjitltlquHK6Vtrb7cYyRBbJIlgkjG2SL7JMDUiOC3JA78kAeg9vgPngKnj9bB4L+zDz5geDlHW5rmf8=</latexit>



Perturbative solution of quantum kinetic equations 

<latexit sha1_base64="zK7R4CdbiEz18JOvOAxOhA4CnTQ="></latexit>

df�
dt

= �i [E�, f�] +
1

2

⇢
�<

2E�
, 1� f�

�
� 1

2

⇢
�>

2E�
, f�

�

<latexit sha1_base64="K6v41e0O0ScNVlD3Cbw+n2bME8E=">AAACHnicbVDLSgNBEJz1bXxFPXoZDIJewq74wlNEEG9GMCokMfROOjpkdnaZ6RXDki/x4q948aCI4En/xsnj4KtgoKjqZqorTJS05Puf3sjo2PjE5NR0bmZ2bn4hv7h0buPUCKyIWMXmMgSLSmqskCSFl4lBiEKFF2H7sOdf3KKxMtZn1EmwHsG1li0pgJzUyG/XCO8oO+AaiYPtRBGS6XAw0qLlQLzLs1oEdCNA8ZMuXz+62trYb+QLftHvg/8lwZAU2BDlRv691oxFGqEmocDaauAnVM/AkBQKu7laajEB0YZrrDqqIUJbz/rndfmaU5q8FRv3NPG++n0jg8i65KGb7CW1v72e+J9XTam1V8+kTlJCLQYftVLFKea9rnhTGhSkOo6AMNJl5eIGDAhyjeZcCcHvk/+S881isFMMTrcKpdKwjim2wlbZOgvYLiuxY1ZmFSbYPXtkz+zFe/CevFfvbTA64g13ltkPeB9ft+ChiQ==</latexit>

A net asymmetry arises at O(F 4) :

<latexit sha1_base64="AMJSL9/H92n1J7wpMIjhxSbsVrk=">AAACI3icbVC7SgNBFJ31GeMramkzGAQLCbsiKlYBQSwjmAckIczO3k2GzD6YuRsNS/7Fxl+xsVCCjYX/4mySQhNvdTjnPs49biyFRtv+spaWV1bX1nMb+c2t7Z3dwt5+TUeJ4lDlkYxUw2UapAihigIlNGIFLHAl1N3+TabXB6C0iMIHHMbQDlg3FL7gDA3VKVy3EJ4wvY0UxR7QGBQmyjXiACiaRRhAiBQj6gIdMCm8U/oINATwRp1C0S7Zk6KLwJmBIplVpVMYt7yIJ9lGLpnWTceOsZ0yhYJLGOVbiYaY8T7rQtPAkAWg2+nkxxE9NoxHfePTj4yjCft7ImWB1sPANZ0Bw56e1zLyP62ZoH/VTkUYJwghnx7yE5n9nAVGPaGAoxwawLgSxivlPaYYRxNr3oTgzL+8CGpnJeei5NyfF8vlWRw5ckiOyAlxyCUpkztSIVXCyTN5Je/kw3qx3qyx9TltXbJmMwfkT1nfP4I3pMM=</latexit>

For the perturbative treatment to be valid, we need
<latexit sha1_base64="8VL+aTXewJ86Q4lrkBuTYNekUYw="></latexit>

1. � !H⇤� . Hew =) ��1
 !H⇤� & 1 cm

<latexit sha1_base64="ti45mNXg+G7EowGjTuLLSjb9340="></latexit>
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◆2 ✓� !H⇤�

Hew
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<latexit sha1_base64="g09amDx4YtKXILX5wvnJtAOSM1Y="></latexit>

�osc ' 0.047⇥
✓
TeV

M 

◆3 �M2

(20 keV)2

<latexit sha1_base64="vylKZEEKmvYZXBT3z5u7W3p7JUA=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU90VUS9CQQSPFfqF7VKyabYNTbJLkhWWpf/CiwdFvPpvvPlvTNs9aOuDgcd7M8zMC2LOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H49up336iSrNINkwaU1/goWQhI9hY6TG9uev3yIidNfrlilt1Z0DLxMtJBXLU++Wv3iAiiaDSEI617npubPwMK8MIp5NSL9E0xmSMh7RrqcSCaj+bXTxBJ1YZoDBStqRBM/X3RIaF1qkIbKfAZqQXvan4n9dNTHjtZ0zGiaGSzBeFCUcmQtP30YApSgxPLcFEMXsrIiOsMDE2pJINwVt8eZm0zqveZdV7uKjUankcRTiCYzgFD66gBvdQhyYQkPAMr/DmaOfFeXc+5q0FJ585hD9wPn8Av2iQTw==</latexit>

y = E�/T
<latexit sha1_base64="ZGwpQrrK1upnUqPcFBvNN0Qub+0=">AAACGXicbVDLSsNAFJ34tr6qLt0MFsVVTUTUjVBw40aoYB/QlDCZ3urgZBJmbqQh9Dfc+CtuXCjiUlf+jdM2C18HBg7n3MOde8JECoOu++lMTc/Mzs0vLJaWlldW18rrG00Tp5pDg8cy1u2QGZBCQQMFSmgnGlgUSmiFt2cjv3UH2ohYXWGWQDdi10r0BWdopaDs7g4Cj57Si8CvG7F/5fulXR9hgDllSIUaZYH2gLOMoohgGJQrbtUdg/4lXkEqpEA9KL/7vZinESjkkhnT8dwEuznTKLiEYclPDSSM37Jr6FiqWASmm48vG9Idq/RoP9b2KaRj9XsiZ5ExWRTayYjhjfntjcT/vE6K/ZNuLlSSIig+WdRPJcWYjmqiPaGBo8wsYVwL+1fKb5hmHG0hJVuC9/vkv6R5UPWOqt7lYaVWK+pYIFtkm+wRjxyTGjknddIgnNyTR/JMXpwH58l5dd4mo1NOkdkkP+B8fAHB3Z74</latexit>

x1 = M /T

at inverse decay time

<latexit sha1_base64="fy5gymRMJX8pA1EXhLt6YWFHAZs=">AAACEnicbVA9SwNBEN3z2/h1ammzGAzaxLsgaiMEbGyECEaF3HHs7U2Sxb0Pduck4chvsPGv2FgoYmtl579xE1No9MHA470ZZuaFmRQaHefTmpqemZ2bX1gsLS2vrK7Z6xtXOs0VhyZPZapuQqZBigSaKFDCTaaAxaGE6/D2dOhf34HSIk0usZ+BH7NOItqCMzRSYO9VekGNntDzwGtosX/peaWKh9DDgjKkNALO+hRFDIPALjtVZwT6l7hjUiZjNAL7w4tSnseQIJdM65brZOgXTKHgEgYlL9eQMX7LOtAyNGExaL8YvTSgO0aJaDtVphKkI/XnRMFirftxaDpjhl096Q3F/7xWju1jvxBJliMk/HtRO5cUUzrMh0ZCAUfZN4RxJcytlHeZYhxNiiUTgjv58l9yVau6h1X34qBcr4/jWCBbZJvsEpcckTo5Iw3SJJzck0fyTF6sB+vJerXevlunrPHMJvkF6/0LzCabtw==</latexit>

x2 = M /T

at decay time

<latexit sha1_base64="El6f4605tusWYY0Td0uv4PFPIXE="></latexit>
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See e.g. T. Hambye and D. Teresi, arXiv:1705.00016; 
Abada et. al. arXiv 1810.12463



• Oscillation timescale is set 
by .  Very roughly, 
the asymmetry is 
maximized for  
oscillations while              .  

• Together, DM and 
baryogenesis requirements 
prevent scaling the whole 
mechanism up to 
arbitrarily high mass 
scales.

ΔM2
χ

∼ 𝒪(1)

<latexit sha1_base64="U6WmI7vviaUfgv+52rfJxvJ7xEs=">AAACEHicbVC7SgNBFJ31GeMramkzGESrsBtELSNaaCFEMA/IxjA7uZsMmX0wc1cMSz7Bxl+xsVDE1tLOv3HyKDTxwMDhnHOZe48XS6HRtr+tufmFxaXlzEp2dW19YzO3tV3VUaI4VHgkI1X3mAYpQqigQAn1WAELPAk1r3c+9Gv3oLSIwlvsx9AMWCcUvuAMjdTKHbgID5ie6X4QAKo+HYYTTQfuBUhk9Pqu2HJ5V7Ryebtgj0BniTMheTJBuZX7ctsRTwIIkUumdcOxY2ymTKHgEgZZN9EQM95jHWgYGrIAdDMdHTSg+0ZpUz9S5oVIR+rviZQF2mzsmWTAsKunvaH4n9dI0D9tpiKME4SQjz/yE0kxosN2aFso4Cj7hjCuhNmV8i5TjKOpJWtKcKZPniXVYsE5Ljg3R/nS1aSODNkle+SQOOSElMglKZMK4eSRPJNX8mY9WS/Wu/Uxjs5Zk5kd8gfW5w8Sj508</latexit>

Asymmetry versus �M2
�

<latexit sha1_base64="U7kqR9rTiMoYOKUl3xZ08n/B2V0=">AAACDXicbVDJSgNBEO2Je9xGPXppjEK8hBkRFbyIevAiKJgFMmPo6VSSJj2L3TViGPIDXvwVLx4U8erdm39jZzm4PSh4vFdFVb0gkUKj43xauYnJqemZ2bn8/MLi0rK9slrRcao4lHksY1ULmAYpIiijQAm1RAELAwnVoHsy8Ku3oLSIoyvsJeCHrB2JluAMjdSwNz19ozDzTkEio+cNj3fE9U7fOyx6CHeYdaHS327YBafkDEH/EndMCmSMi4b94TVjnoYQIZdM67rrJOhnTKHgEvp5L9WQMN5lbagbGrEQtJ8Nv+nTLaM0aStWpiKkQ/X7RMZCrXthYDpDhh392xuI/3n1FFsHfiaiJEWI+GhRK5UUYzqIhjaFAo6yZwjjSphbKe8wxTiaAPMmBPf3y39JZafk7pXcy93C0fE4jlmyTjZIkbhknxyRM3JByoSTe/JInsmL9WA9Wa/W26g1Z41n1sgPWO9fFYKbkA==</latexit>q
�M2

� (keV)

<latexit sha1_base64="PqRx/u5GSHEQ6+evJidzWRJXv4I=">AAACCnicbVA9SwNBEN2LXzF+RS1tVoNgFe5ENGXAxjKC+YDkCHubuWTJ3ge7c8F4pLbxr9hYKGLrL7Dz37hJrtDEBwOP92aYmefFUmi07W8rt7K6tr6R3yxsbe/s7hX3Dxo6ShSHOo9kpFoe0yBFCHUUKKEVK2CBJ6HpDa+nfnMESosovMNxDG7A+qHwBWdopG7xuINwj6kCaYQRUC0egEY+ZXocBIBqPOkWS3bZnoEuEycjJZKh1i1+dXoRTwIIkUumdduxY3RTplBwCZNCJ9EQMz5kfWgbGrIAtJvOXpnQU6P0qB8pUyHSmfp7ImWBNqd5pjNgONCL3lT8z2sn6FfcVIRxghDy+SI/kRQjOs2F9oQCjnJsCONKmFspHzDFOJr0CiYEZ/HlZdI4LzuXZef2olStZHHkyRE5IWfEIVekSm5IjdQJJ4/kmbySN+vJerHerY95a87KZg7JH1ifP01wm0E=</latexit> re
la
ti
ve

si
ze

of
as
ym

m
et
ry

10 100

0.1

1
MΨ = 500 GeV MΨ = 1 TeV MΨ = 2 TeV

T ⇠ M 
<latexit sha1_base64="acB9PAcKvF0qfJphiSjcdPLaRU4=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT0WvXgRKvQLukvJptk2NMkuSVYoS/+GFw+KePXPePPfmLZ70NYHA4/3ZpiZFyacaeO6305hY3Nre6e4W9rbPzg8Kh+fdHScKkLbJOax6oVYU84kbRtmOO0limIRctoNJ3dzv/tElWaxbJlpQgOBR5JFjGBjJb/laybQw8BvajYoV9yquwBaJ15OKpCjOSh/+cOYpIJKQzjWuu+5iQkyrAwjnM5KfqppgskEj2jfUokF1UG2uHmGLqwyRFGsbEmDFurviQwLracitJ0Cm7Fe9ebif14/NdFNkDGZpIZKslwUpRyZGM0DQEOmKDF8agkmitlbERljhYmxMZVsCN7qy+ukU6t6V9XaY73SuM3jKMIZnMMleHANDbiHJrSBQALP8ApvTuq8OO/Ox7K14OQzp/AHzucPZHORQw==</latexit>



Two scenarios for generating a baryon asymmetry

L int = L� int �
⇣
�↵ e

c
↵H̃ + h.c.

⌘

<latexit sha1_base64="SmuyuLUrQDKrb5n4tp2jaZrBEmk="></latexit>

YB ' 0.3⇥ (Y � Y )
<latexit sha1_base64="2s64upJUub1cCqOznLWJFnul4l4=">AAACGnicbVC7TsMwFHV4lvIKMLJYVEhlIEpaJBirsjAWib7URJHjuq1Vxwm2g1RF/Q4WfoWFAYTYEAt/g9NmgJYjWTo6957re08QMyqVbX8bK6tr6xubha3i9s7u3r55cNiSUSIwaeKIRaITIEkY5aSpqGKkEwuCwoCRdjC+zurtByIkjfidmsTEC9GQ0wHFSGnJN52uX4eupCG5h7ZVha7SVMJy13cbkp53/dSNtD8bDzNleuabJduyZ4DLxMlJCeRo+Oan249wEhKuMENS9hw7Vl6KhKKYkWnRTSSJER6jIelpypFewEtnp03hqVb6cBAJ/biCM/W3I0WhlJMw0J0hUiO5WMvE/2q9RA2uvJTyOFGE4/lHg4RBFcEsJ9ingmDFJpogLKjeFeIREggrnWZRh+AsnrxMWhXLqVqV24tSrZ7HUQDH4ASUgQMuQQ3cgAZoAgwewTN4BW/Gk/FivBsf89YVI/ccgT8wvn4Asimfcw==</latexit>

Potential x-ray signals from DM decay
<latexit sha1_base64="GW9Lls0BkALY/n96V44bc0tEw+s=">AAACFXicbVDLSgMxFM34tr6qLt0Ei+BCy0wVdCnqwo1QwVahLeVOJlODmcmQ3JEOQ3/Cjb/ixoUibgV3/o1pOwtfBwKHc+5Nco6fSGHQdT+dicmp6ZnZufnSwuLS8kp5da1pVKoZbzAllb72wXApYt5AgZJfJ5pD5Et+5d+eDP2rO66NUPElZgnvRNCLRSgYoJW65Z028j7mdYU8RgGS9nc1ZNSIXgzS0FCriJ6e04AzyAbdcsWtuiPQv8QrSIUUqHfLH+1AsTSydzMJxrQ8N8FODhoFk3xQaqeGJ8BuocdblsYQcdPJR6kGdMsqAQ2VtidGOlK/b+QQGZNFvp2MAG/Mb28o/ue1UgwPO7mIk9SGZuOHwlRSVHRYEQ2E5gxlZgkwLexfKbsBDQxtkSVbgvc78l/SrFW9vWrtYr9ydFzUMUc2yCbZJh45IEfkjNRJgzByTx7JM3lxHpwn59V5G49OOMXOOvkB5/0LeyGe/Q==</latexit>

1. Z2–preserving scenario
<latexit sha1_base64="wJ9tY8EdUi0zgXE8ngYKkTkKHwY=">AAACFHicbVDLSgMxFM34rPVVdekmWARBWmaqoMuiG5cV7APbUjLpbRuayQzJnWIZ+hFu/BU3LhRx68Kdf2P6WGjrgcDJOffe5B4/ksKg6347S8srq2vrqY305tb2zm5mb79iwlhzKPNQhrrmMwNSKCijQAm1SAMLfAlVv3899qsD0EaE6g6HETQD1lWiIzhDK7Uypw2EB0y8PB3R+1aBTq+5nB1iQA+E6lLDQTEtwlErk3Xz7gR0kXgzkiUzlFqZr0Y75HEACrlkxtQ9N8JmwjQKLmGUbsQGIsb7rAt1SxULwDSTyVIjemyVNu2E2h6FdKL+7khYYMww8G1lwLBn5r2x+J9Xj7Fz2UyEimIExacPdWJJMaTjhGhbaOAoh5YwroX9K+U9phlHm2PahuDNr7xIKoW8d5Yv3J5ni1ezOFLkkByRE+KRC1IkN6REyoSTR/JMXsmb8+S8OO/Ox7R0yZn1HJA/cD5/AClYnkw=</latexit>

L int = L� int = �F1i  �iH � F2i  
c
�iH̃ + h.c.

<latexit sha1_base64="Ongng9N5zYhJv6llaLh1UQXMymQ="></latexit>

YB ' 0.03⇥ (Y � Y )
<latexit sha1_base64="5T3gkCfkFNyVdQruc1gstZ0Ghr8=">AAACG3icbVDLSsNAFJ34rPUVdelmsAh1YUlaQZelblxWsC+aECbTSTt0MokzE6GE/ocbf8WNC0VcCS78GydtFtp6YOBwzr137j1+zKhUlvVtrKyurW9sFraK2zu7e/vmwWFbRonApIUjFomujyRhlJOWooqRbiwICn1GOv74OvM7D0RIGvE7NYmJG6IhpwHFSGnJM6s9rwEdSUNyD62KVYOO0lzCcs9zmpKe97zUifSAbD7MlOmZZ5Z05Qxwmdg5KYEcTc/8dAYRTkLCFWZIyr5txcpNkVAUMzItOokkMcJjNCR9TTnSC7jp7LYpPNXKAAaR0I8rOFN/d6QolHIS+royRGokF71M/M/rJyq4clPK40QRjucfBQmDKoJZUHBABcGKTTRBWFC9K8QjJBBWOs6iDsFePHmZtKsVu1ap3l6U6o08jgI4BiegDGxwCergBjRBC2DwCJ7BK3gznowX4934mJeuGHnPEfgD4+sHKy6frQ==</latexit>

 � !  0 + ⇡�,  0 ! h/Z + � at colliders (displaced)
<latexit sha1_base64="SzUwNky4AR2Gusd3jvENH/NdUgs="></latexit>

2. Z2–violating scenario
<latexit sha1_base64="cKbs1Pgr4wHPQTsVPh/XGgHOAQ0=">AAACFHicbVDLSgMxFM34rPVVdekmWARBHGaqoEvRjcsKthXbUjLpbQ1mkiG5I5ahH+HGX3HjQhG3Ltz5N6btLHwdCJyccy7JPVEihcUg+PSmpmdm5+YLC8XFpeWV1dLaet3q1HCocS21uYyYBSkU1FCghMvEAIsjCY3o5nTkN27BWKHVBQ4SaMesr0RPcIZO6pR2Wwh3mFV8OqRXnQqdXPf2boWWLqL61HJQzAg9pJ1SOfCDMehfEuakTHJUO6WPVlfzNAaFXDJrm2GQYDtjBgWXMCy2UgsJ4zesD01HFYvBtrPxUkO67ZQu7WnjjkI6Vr9PZCy2dhBHLhkzvLa/vZH4n9dMsXfUzoRKUgTFJw/1UklR01FDtCsMcJQDRxg3wv2V8mtmGEfXY9GVEP5e+S+pV/xw36+cH5SPT/I6CmSTbJEdEpJDckzOSJXUCCf35JE8kxfvwXvyXr23SXTKy2c2yA9471+krJ31</latexit>

 � ! l� + Z/h,  0 ! l� +W+
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Z2-preserving scenario: spectator effects 

Lint = �F1i  �iH � F2i  
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The baryon asymmetry is frozen in at sphaleron decoupling,                               .  With sphalerons in equilibrium: 

Unbroken phase relations                       : ~ 4% conversion of           asymmetry to baryon asymmetry:   

Broken phase relations                        :  conversion of            asymmetry to baryon asymmetry is a factor of ~3 smaller:                                

General case (take into account that Higgs vev is turning on as sphalerons decouple) 

    

Non-instantaneous sphaleron decoupling can be taken into account using the prescription of S. Eijima, M. Shaposhnikov, I. 
Timiryasov, arXiv:1709.07834. 
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YB = � 66 + 9v2(T )/T 2

1738 + 666v2(T )/T 2
(Y � Y ) ' �0.29 (Y � Y ) at sphaleron decoupling
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Results for the Z2-preserving scenario 

See e.g. Palanque-Delabrouille et al., JCAP (2016); Kamada and Yanagi 
JCAP (2019); Ballesteros, Garcia, and Pierre, JCAP (2021), Villasenor et 
al., PRD (2023), Nadler et al., ApJ (2021); Zelko et al., PRL (2022), 
Dekker et al., PRD (2022), Keeley et al., arXiv:2405.01620. 

Structure formation constraints

require M� & 10� 25 keV.
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Results for the Z2-preserving scenario
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Mχ1 = 0
θ = π/4

For M� . 2 eV, cosmological

constraints on LiMRs are evaded.
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Xu, Munoz, and Dvorkin, 
PRD (2022)



Results for the Z2-preserving scenario 
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Mχ1 = 0
θ = 0.3

For M� . 2 eV, cosmological

constraints on LiMRs are evaded.
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Xu, Munoz, and Dvorkin, 
PRD (2022)



Results for the Z2-preserving scenario 
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Callibi et. al. 2018 reinterpretation of  ATLAS search for 
displaced vertices plus MET (32/fb, arXiv:1710.04901)

Estimate of exclusion from CMS search for displaced 
jets (132/fb, arXiv:2012.01581)



Results for the Z2-preserving scenario 
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Z2-violating scenario: spectator effects and DM decay 

Z2-violating interactions to come into equilibrium for                      

QKEs are modified and asymmetry is enhanced:  

                                                         

Constraints from NuSTAR and INTEGRAL X-ray observations can be as 
strong as    

At colliders:

YB ⇠ �28

79
⇥ (asymmetry calculated by QKEs)
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Perez et al., PRD (2017); Neronov, Malyshev, and Eckert, 
PRD (2016); Ng et al., PRD (2019); Roach et al., PRD 
(2020); Laha, Muñoz, and Slatyer, PRD (2020). 
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Results for the Z2-violating scenario 

ATLAS search for 3rd-gen VLL (139/fb,arXiv:2303.05441), 
imposes 900 GeV lower mass bound for the tau-coupled 
case.
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Summary

• Models of freeze-in DM can easily be extended to incorporate 
baryogenesis. 

• Higgs-coupled models with a BSM vector-like fermion doublet 
tend to have an enhanced asymmetry relative to other freeze-in 
baryogenesis scenarios.  

• Potential for collider signals, observable impact on cosmological  
structure formation, and X-ray lines from DM decay.  


