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An interaction for freeze-in DM and 
baryogengesis
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<latexit sha1_base64="xFTPAeIYqZKam+bb7JFY8BPkOZc=">AAACCnicbVA7T8MwGHTKq5RXgJHFUCExVQmqBGwVLIxFog+piSrHcRqrjh3ZDlIVdWbhr7AwgBArv4CNf4PTZoCWkyyd7u6z/V2QMqq043xblZXVtfWN6mZta3tnd8/eP+gqkUlMOlgwIfsBUoRRTjqaakb6qSQoCRjpBeObwu89EKmo4Pd6khI/QSNOI4qRNtLQPvaYCYco94SJFbdAL1V0Cj0cU+i1Yzq0607DmQEuE7ckdVCiPbS/vFDgLCFcY4aUGrhOqv0cSU0xI9OalymSIjxGIzIwlKOEKD+frTKFp0YJYSSkOVzDmfp7IkeJUpMkMMkE6VgteoX4nzfIdHTp55SnmSYczx+KMga1gEUvMKSSYM0mhiAsqfkrxDGSCGvTXs2U4C6uvEy65w232bi6a9Zb12UdVXAETsAZcMEFaIFb0AYdgMEjeAav4M16sl6sd+tjHq1Y5cwh+APr8wcgqJqL</latexit>

SM DM
BSM (charged)

tiny,  ≲ 10−7



An interaction for freeze-in DM and 
baryogengesis

SM quark DM QCD-charged scalartiny,  ≲ 10−7
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<latexit sha1_base64="CylF3WprXyCW6C+vUSzGyMVzBOk=">AAACB3icbVBPS8MwHE3nvzn/VT0KEhyCp9HKQL0NvXjcwM3BWkaapmtYmpQkFUbZzYtfxYsHRbz6Fbz5bUy3HnTzQeDx3vsl+b0gZVRpx/m2Kiura+sb1c3a1vbO7p69f9BTIpOYdLFgQvYDpAijnHQ11Yz0U0lQEjByH4xvCv/+gUhFBb/Tk5T4CRpxGlGMtJGG9rHHTDhEuSdMrLgFdqbQwzGFXjumQ7vuNJwZ4DJxS1IHJdpD+8sLBc4SwjVmSKmB66Taz5HUFDMyrXmZIinCYzQiA0M5Sojy89keU3hqlBBGQprDNZypvydylCg1SQKTTJCO1aJXiP95g0xHl35OeZppwvH8oShjUAtYlAJDKgnWbGIIwpKav0IcI4mwNtXVTAnu4srLpHfecJuNq06z3rou66iCI3ACzoALLkAL3II26AIMHsEzeAVv1pP1Yr1bH/NoxSpnDsEfWJ8/gnaZFg==</latexit>



Basic mechanism

DM production �

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

�

<latexit sha1_base64="QzID6XILJKGxl+Cn+DwJvcZTGSU=">AAAB+XicbVDLSgMxFL1TX7W+Rl0qEiyCqzIjgrorunHZgn1AZyiZNG1DM5MhyRTK0KV/4caFIm7d9Dvc+Q3+hJm2C209EDiccw/35gQxZ0o7zpeVW1ldW9/Ibxa2tnd29+z9g7oSiSS0RgQXshlgRTmLaE0zzWkzlhSHAaeNYHCX+Y0hlYqJ6EGPYuqHuBexLiNYG6lt26knjJ/FkUf6bNy2i07JmQItE3dOiuXjSfX78WRSadufXkeQJKSRJhwr1XKdWPsplpoRTscFL1E0xmSAe7RlaIRDqvx0evkYnRmlg7pCmhdpNFV/J1IcKjUKAzMZYt1Xi14m/ue1Et299lMWxYmmEZkt6iYcaYGyGlCHSUo0HxmCiWTmVkT6WGKiTVkFU4K7+OVlUr8ouZelm6pp4xZmyMMRnMI5uHAFZbiHCtSAwBCe4AVerdR6tt6s99lozppnDuEPrI8fqqeXZg==</latexit>

Q

<latexit sha1_base64="KSVQA3efCH6Qjkt++nRqSZOKqEU=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGZEUG9BLx4zYBZIhtDTqSRteha6e4Qw5OjJiwdFvPoV+Q5vfoM/YWc5aOKDgsd7VVTV82PBlbbtLyuztLyyupZdz21sbm3v5Hf3qipKJMMKi0Qk6z5VKHiIFc21wHoskQa+wJrfvxn7tQeUikfhnR7E6AW0G/IOZ1QbyXVb+YJdtCcgi8SZkULpcOR+Px6Nyq38Z7MdsSTAUDNBlWo4dqy9lErNmcBhrpkojCnr0y42DA1pgMpLJ4cOyYlR2qQTSVOhJhP190RKA6UGgW86A6p7at4bi/95jUR3Lr2Uh3GiMWTTRZ1EEB2R8dekzSUyLQaGUCa5uZWwHpWUaZNNzoTgzL+8SKpnRee8eOWaNK5hiiwcwDGcggMXUIJbKEMFGCA8wQu8WvfWs/VmvU9bM9ZsZh/+wPr4AZv8kIg=</latexit>
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Basic mechanism

DM production �

<latexit sha1_base64="M2D395hd8NPQhIY0NyUK4nFxkLY=">AAAB63icbZDLSgMxFIbPeK3jrerSTbAIrsqMCOpCLLpxWcFeoB1KJs20oUlmSDJCGfoKblwo4k58FvduxLcx03ahrT8EPv7/HHLOCRPOtPG8b2dhcWl5ZbWw5q5vbG5tF3d26zpOFaE1EvNYNUOsKWeS1gwznDYTRbEIOW2Eg+s8b9xTpVks78wwoYHAPckiRrDJrXa1zzrFklf2xkLz4E+hdPnhXiRvX261U/xsd2OSCioN4Vjrlu8lJsiwMoxwOnLbqaYJJgPcoy2LEguqg2w86wgdWqeLoljZJw0au787Miy0HorQVgps+no2y83/slZqorMgYzJJDZVk8lGUcmRilC+OukxRYvjQAiaK2VkR6WOFibHnce0R/NmV56F+XPZPyue3XqlyBRMVYB8O4Ah8OIUK3EAVakCgDw/wBM+OcB6dF+d1UrrgTHv24I+c9x9GL5Fo</latexit>
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<latexit sha1_base64="QzID6XILJKGxl+Cn+DwJvcZTGSU=">AAAB+XicbVDLSgMxFL1TX7W+Rl0qEiyCqzIjgrorunHZgn1AZyiZNG1DM5MhyRTK0KV/4caFIm7d9Dvc+Q3+hJm2C209EDiccw/35gQxZ0o7zpeVW1ldW9/Ibxa2tnd29+z9g7oSiSS0RgQXshlgRTmLaE0zzWkzlhSHAaeNYHCX+Y0hlYqJ6EGPYuqHuBexLiNYG6lt26knjJ/FkUf6bNy2i07JmQItE3dOiuXjSfX78WRSadufXkeQJKSRJhwr1XKdWPsplpoRTscFL1E0xmSAe7RlaIRDqvx0evkYnRmlg7pCmhdpNFV/J1IcKjUKAzMZYt1Xi14m/ue1Et299lMWxYmmEZkt6iYcaYGyGlCHSUo0HxmCiWTmVkT6WGKiTVkFU4K7+OVlUr8ouZelm6pp4xZmyMMRnMI5uHAFZbiHCtSAwBCe4AVerdR6tt6s99lozppnDuEPrI8fqqeXZg==</latexit>
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<latexit sha1_base64="KSVQA3efCH6Qjkt++nRqSZOKqEU=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGZEUG9BLx4zYBZIhtDTqSRteha6e4Qw5OjJiwdFvPoV+Q5vfoM/YWc5aOKDgsd7VVTV82PBlbbtLyuztLyyupZdz21sbm3v5Hf3qipKJMMKi0Qk6z5VKHiIFc21wHoskQa+wJrfvxn7tQeUikfhnR7E6AW0G/IOZ1QbyXVb+YJdtCcgi8SZkULpcOR+Px6Nyq38Z7MdsSTAUDNBlWo4dqy9lErNmcBhrpkojCnr0y42DA1pgMpLJ4cOyYlR2qQTSVOhJhP190RKA6UGgW86A6p7at4bi/95jUR3Lr2Uh3GiMWTTRZ1EEB2R8dekzSUyLQaGUCa5uZWwHpWUaZNNzoTgzL+8SKpnRee8eOWaNK5hiiwcwDGcggMXUIJbKEMFGCA8wQu8WvfWs/VmvU9bM9ZsZh/+wPr4AZv8kIg=</latexit>
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review by Bernal et al., arXiv:1706.07442
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Asymmetry 
generation

Q

<latexit sha1_base64="KSVQA3efCH6Qjkt++nRqSZOKqEU=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGZEUG9BLx4zYBZIhtDTqSRteha6e4Qw5OjJiwdFvPoV+Q5vfoM/YWc5aOKDgsd7VVTV82PBlbbtLyuztLyyupZdz21sbm3v5Hf3qipKJMMKi0Qk6z5VKHiIFc21wHoskQa+wJrfvxn7tQeUikfhnR7E6AW0G/IOZ1QbyXVb+YJdtCcgi8SZkULpcOR+Px6Nyq38Z7MdsSTAUDNBlWo4dqy9lErNmcBhrpkojCnr0y42DA1pgMpLJ4cOyYlR2qQTSVOhJhP190RKA6UGgW86A6p7at4bi/95jUR3Lr2Uh3GiMWTTRZ1EEB2R8dekzSUyLQaGUCa5uZWwHpWUaZNNzoTgzL+8SKpnRee8eOWaNK5hiiwcwDGcggMXUIJbKEMFGCA8wQu8WvfWs/VmvU9bM9ZsZh/+wPr4AZv8kIg=</latexit>
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<latexit sha1_base64="t0+nEBt+bihvlN6fpvrurEamAl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARBKUkpaDuim5cVrAPaEKYTCft0EkmzEyEEgPqp7hxoYg7cesnuPNvnLRdaPXAwOGce7h3jh8zKpVlfRmFufmFxaXicmlldW19w9zcakmeCEyamDMuOj6ShNGINBVVjHRiQVDoM9L2h+e5374mQlIeXalRTNwQ9SMaUIyUljxzJ3W49vM4dPCAZl5qH1UzzyxbFWsM+JfYU1KuH37c199uaw3P/HR6HCchiRRmSMqubcXKTZFQFDOSlZxEkhjhIeqTrqYRCol00/H9GdzXSg8GXOgXKThWfyZSFEo5Cn09GSI1kLNeLv7ndRMVnLgpjeJEkQhPFgUJg4rDvAzYo4JgxUaaICyovhXiARIIK11ZSZdgz375L2lVK3atcnqp2zgDExTBLtgDB8AGx6AOLkADNAEGN+ABPIFn4854NF6M18lowZhmtsEvGO/fKeOZNw==</latexit>
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<latexit sha1_base64="ei+WfaiDWslE2TEtC9PNSjjNo4I=">AAAB7XicbVC7SgNBFL0bXzG+ooKNzWAQrMJuENQuxMYyAfOAZAmzk9lkzOzMMjMrhCX/YGOhiK2Vf+EX2Nn4LU4ehSYeuHA4517uvSeIOdPGdb+czMrq2vpGdjO3tb2zu5ffP2homShC60RyqVoB1pQzQeuGGU5bsaI4CjhtBsPrid+8p0ozKW7NKKZ+hPuChYxgY6VGpzpg3VI3X3CL7hRomXhzUigf1b7Ze+Wj2s1/dnqSJBEVhnCsddtzY+OnWBlGOB3nOommMSZD3KdtSwWOqPbT6bVjdGqVHgqlsiUMmqq/J1IcaT2KAtsZYTPQi95E/M9rJya89FMm4sRQQWaLwoQjI9HkddRjihLDR5Zgopi9FZEBVpgYG1DOhuAtvrxMGqWid168qtk0KjBDFo7hBM7Agwsoww1UoQ4E7uABnuDZkc6j8+K8zlozznzmEP7AefsB7kOSbQ==</latexit>



Basic mechanism

DM production �

<latexit sha1_base64="M2D395hd8NPQhIY0NyUK4nFxkLY=">AAAB63icbZDLSgMxFIbPeK3jrerSTbAIrsqMCOpCLLpxWcFeoB1KJs20oUlmSDJCGfoKblwo4k58FvduxLcx03ahrT8EPv7/HHLOCRPOtPG8b2dhcWl5ZbWw5q5vbG5tF3d26zpOFaE1EvNYNUOsKWeS1gwznDYTRbEIOW2Eg+s8b9xTpVks78wwoYHAPckiRrDJrXa1zzrFklf2xkLz4E+hdPnhXiRvX261U/xsd2OSCioN4Vjrlu8lJsiwMoxwOnLbqaYJJgPcoy2LEguqg2w86wgdWqeLoljZJw0au787Miy0HorQVgps+no2y83/slZqorMgYzJJDZVk8lGUcmRilC+OukxRYvjQAiaK2VkR6WOFibHnce0R/NmV56F+XPZPyue3XqlyBRMVYB8O4Ah8OIUK3EAVakCgDw/wBM+OcB6dF+d1UrrgTHv24I+c9x9GL5Fo</latexit>
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<latexit sha1_base64="QzID6XILJKGxl+Cn+DwJvcZTGSU=">AAAB+XicbVDLSgMxFL1TX7W+Rl0qEiyCqzIjgrorunHZgn1AZyiZNG1DM5MhyRTK0KV/4caFIm7d9Dvc+Q3+hJm2C209EDiccw/35gQxZ0o7zpeVW1ldW9/Ibxa2tnd29+z9g7oSiSS0RgQXshlgRTmLaE0zzWkzlhSHAaeNYHCX+Y0hlYqJ6EGPYuqHuBexLiNYG6lt26knjJ/FkUf6bNy2i07JmQItE3dOiuXjSfX78WRSadufXkeQJKSRJhwr1XKdWPsplpoRTscFL1E0xmSAe7RlaIRDqvx0evkYnRmlg7pCmhdpNFV/J1IcKjUKAzMZYt1Xi14m/ue1Et299lMWxYmmEZkt6iYcaYGyGlCHSUo0HxmCiWTmVkT6WGKiTVkFU4K7+OVlUr8ouZelm6pp4xZmyMMRnMI5uHAFZbiHCtSAwBCe4AVerdR6tt6s99lozppnDuEPrI8fqqeXZg==</latexit>
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<latexit sha1_base64="KSVQA3efCH6Qjkt++nRqSZOKqEU=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGZEUG9BLx4zYBZIhtDTqSRteha6e4Qw5OjJiwdFvPoV+Q5vfoM/YWc5aOKDgsd7VVTV82PBlbbtLyuztLyyupZdz21sbm3v5Hf3qipKJMMKi0Qk6z5VKHiIFc21wHoskQa+wJrfvxn7tQeUikfhnR7E6AW0G/IOZ1QbyXVb+YJdtCcgi8SZkULpcOR+Px6Nyq38Z7MdsSTAUDNBlWo4dqy9lErNmcBhrpkojCnr0y42DA1pgMpLJ4cOyYlR2qQTSVOhJhP190RKA6UGgW86A6p7at4bi/95jUR3Lr2Uh3GiMWTTRZ1EEB2R8dekzSUyLQaGUCa5uZWwHpWUaZNNzoTgzL+8SKpnRee8eOWaNK5hiiwcwDGcggMXUIJbKEMFGCA8wQu8WvfWs/VmvU9bM9ZsZh/+wPr4AZv8kIg=</latexit>
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Hall et al., arXiv:0911.1920 
review by Bernal et al., arXiv:1706.07442

Akhmedov, Rubakov, Smirnov, hep-ph/9803255  
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Q

<latexit sha1_base64="KSVQA3efCH6Qjkt++nRqSZOKqEU=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGZEUG9BLx4zYBZIhtDTqSRteha6e4Qw5OjJiwdFvPoV+Q5vfoM/YWc5aOKDgsd7VVTV82PBlbbtLyuztLyyupZdz21sbm3v5Hf3qipKJMMKi0Qk6z5VKHiIFc21wHoskQa+wJrfvxn7tQeUikfhnR7E6AW0G/IOZ1QbyXVb+YJdtCcgi8SZkULpcOR+Px6Nyq38Z7MdsSTAUDNBlWo4dqy9lErNmcBhrpkojCnr0y42DA1pgMpLJ4cOyYlR2qQTSVOhJhP190RKA6UGgW86A6p7at4bi/95jUR3Lr2Uh3GiMWTTRZ1EEB2R8dekzSUyLQaGUCa5uZWwHpWUaZNNzoTgzL+8SKpnRee8eOWaNK5hiiwcwDGcggMXUIJbKEMFGCA8wQu8WvfWs/VmvU9bM9ZsZh/+wPr4AZv8kIg=</latexit>
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<latexit sha1_base64="t0+nEBt+bihvlN6fpvrurEamAl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARBKUkpaDuim5cVrAPaEKYTCft0EkmzEyEEgPqp7hxoYg7cesnuPNvnLRdaPXAwOGce7h3jh8zKpVlfRmFufmFxaXicmlldW19w9zcakmeCEyamDMuOj6ShNGINBVVjHRiQVDoM9L2h+e5374mQlIeXalRTNwQ9SMaUIyUljxzJ3W49vM4dPCAZl5qH1UzzyxbFWsM+JfYU1KuH37c199uaw3P/HR6HCchiRRmSMqubcXKTZFQFDOSlZxEkhjhIeqTrqYRCol00/H9GdzXSg8GXOgXKThWfyZSFEo5Cn09GSI1kLNeLv7ndRMVnLgpjeJEkQhPFgUJg4rDvAzYo4JgxUaaICyovhXiARIIK11ZSZdgz375L2lVK3atcnqp2zgDExTBLtgDB8AGx6AOLkADNAEGN+ABPIFn4854NF6M18lowZhmtsEvGO/fKeOZNw==</latexit>
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<latexit sha1_base64="KSVQA3efCH6Qjkt++nRqSZOKqEU=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGZEUG9BLx4zYBZIhtDTqSRteha6e4Qw5OjJiwdFvPoV+Q5vfoM/YWc5aOKDgsd7VVTV82PBlbbtLyuztLyyupZdz21sbm3v5Hf3qipKJMMKi0Qk6z5VKHiIFc21wHoskQa+wJrfvxn7tQeUikfhnR7E6AW0G/IOZ1QbyXVb+YJdtCcgi8SZkULpcOR+Px6Nyq38Z7MdsSTAUDNBlWo4dqy9lErNmcBhrpkojCnr0y42DA1pgMpLJ4cOyYlR2qQTSVOhJhP190RKA6UGgW86A6p7at4bi/95jUR3Lr2Uh3GiMWTTRZ1EEB2R8dekzSUyLQaGUCa5uZWwHpWUaZNNzoTgzL+8SKpnRee8eOWaNK5hiiwcwDGcggMXUIJbKEMFGCA8wQu8WvfWs/VmvU9bM9ZsZh/+wPr4AZv8kIg=</latexit>

�2

<latexit sha1_base64="ei+WfaiDWslE2TEtC9PNSjjNo4I=">AAAB7XicbVC7SgNBFL0bXzG+ooKNzWAQrMJuENQuxMYyAfOAZAmzk9lkzOzMMjMrhCX/YGOhiK2Vf+EX2Nn4LU4ehSYeuHA4517uvSeIOdPGdb+czMrq2vpGdjO3tb2zu5ffP2homShC60RyqVoB1pQzQeuGGU5bsaI4CjhtBsPrid+8p0ozKW7NKKZ+hPuChYxgY6VGpzpg3VI3X3CL7hRomXhzUigf1b7Ze+Wj2s1/dnqSJBEVhnCsddtzY+OnWBlGOB3nOommMSZD3KdtSwWOqPbT6bVjdGqVHgqlsiUMmqq/J1IcaT2KAtsZYTPQi95E/M9rJya89FMm4sRQQWaLwoQjI9HkddRjihLDR5Zgopi9FZEBVpgYG1DOhuAtvrxMGqWid168qtk0KjBDFo7hBM7Agwsoww1UoQ4E7uABnuDZkc6j8+K8zlozznzmEP7AefsB7kOSbQ==</latexit>
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<latexit sha1_base64="aiPP1Q07z6ZaK8YAuGHliJ+XKg4=">AAAB7XicbVC7SgNBFL0bXzG+ooKNzWAQrMKuBNQuxMYyAfOAZAmzk9lkzOzMMjMrhCX/YGOhiK2Vf+EX2Nn4LU4ehSYeuHA4517uvSeIOdPGdb+czMrq2vpGdjO3tb2zu5ffP2homShC60RyqVoB1pQzQeuGGU5bsaI4CjhtBsPrid+8p0ozKW7NKKZ+hPuChYxgY6VGpzpgXa+bL7hFdwq0TLw5KZSPat/svfJR7eY/Oz1JkogKQzjWuu25sfFTrAwjnI5znUTTGJMh7tO2pQJHVPvp9NoxOrVKD4VS2RIGTdXfEymOtB5Fge2MsBnoRW8i/ue1ExNe+ikTcWKoILNFYcKRkWjyOuoxRYnhI0swUczeisgAK0yMDShnQ/AWX14mjfOiVype1WwaFZghC8dwAmfgwQWU4QaqUAcCd/AAT/DsSOfReXFeZ60ZZz5zCH/gvP0A7L+SbA==</latexit>

Asymmetry 
generation



Basic mechanism

DM production �
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<latexit sha1_base64="QzID6XILJKGxl+Cn+DwJvcZTGSU=">AAAB+XicbVDLSgMxFL1TX7W+Rl0qEiyCqzIjgrorunHZgn1AZyiZNG1DM5MhyRTK0KV/4caFIm7d9Dvc+Q3+hJm2C209EDiccw/35gQxZ0o7zpeVW1ldW9/Ibxa2tnd29+z9g7oSiSS0RgQXshlgRTmLaE0zzWkzlhSHAaeNYHCX+Y0hlYqJ6EGPYuqHuBexLiNYG6lt26knjJ/FkUf6bNy2i07JmQItE3dOiuXjSfX78WRSadufXkeQJKSRJhwr1XKdWPsplpoRTscFL1E0xmSAe7RlaIRDqvx0evkYnRmlg7pCmhdpNFV/J1IcKjUKAzMZYt1Xi14m/ue1Et299lMWxYmmEZkt6iYcaYGyGlCHSUo0HxmCiWTmVkT6WGKiTVkFU4K7+OVlUr8ouZelm6pp4xZmyMMRnMI5uHAFZbiHCtSAwBCe4AVerdR6tt6s99lozppnDuEPrI8fqqeXZg==</latexit>

Q

<latexit sha1_base64="KSVQA3efCH6Qjkt++nRqSZOKqEU=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGZEUG9BLx4zYBZIhtDTqSRteha6e4Qw5OjJiwdFvPoV+Q5vfoM/YWc5aOKDgsd7VVTV82PBlbbtLyuztLyyupZdz21sbm3v5Hf3qipKJMMKi0Qk6z5VKHiIFc21wHoskQa+wJrfvxn7tQeUikfhnR7E6AW0G/IOZ1QbyXVb+YJdtCcgi8SZkULpcOR+Px6Nyq38Z7MdsSTAUDNBlWo4dqy9lErNmcBhrpkojCnr0y42DA1pgMpLJ4cOyYlR2qQTSVOhJhP190RKA6UGgW86A6p7at4bi/95jUR3Lr2Uh3GiMWTTRZ1EEB2R8dekzSUyLQaGUCa5uZWwHpWUaZNNzoTgzL+8SKpnRee8eOWaNK5hiiwcwDGcggMXUIJbKEMFGCA8wQu8WvfWs/VmvU9bM9ZsZh/+wPr4AZv8kIg=</latexit>

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

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

Q

<latexit sha1_base64="KSVQA3efCH6Qjkt++nRqSZOKqEU=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGZEUG9BLx4zYBZIhtDTqSRteha6e4Qw5OjJiwdFvPoV+Q5vfoM/YWc5aOKDgsd7VVTV82PBlbbtLyuztLyyupZdz21sbm3v5Hf3qipKJMMKi0Qk6z5VKHiIFc21wHoskQa+wJrfvxn7tQeUikfhnR7E6AW0G/IOZ1QbyXVb+YJdtCcgi8SZkULpcOR+Px6Nyq38Z7MdsSTAUDNBlWo4dqy9lErNmcBhrpkojCnr0y42DA1pgMpLJ4cOyYlR2qQTSVOhJhP190RKA6UGgW86A6p7at4bi/95jUR3Lr2Uh3GiMWTTRZ1EEB2R8dekzSUyLQaGUCa5uZWwHpWUaZNNzoTgzL+8SKpnRee8eOWaNK5hiiwcwDGcggMXUIJbKEMFGCA8wQu8WvfWs/VmvU9bM9ZsZh/+wPr4AZv8kIg=</latexit>

�1,2

<latexit sha1_base64="t0+nEBt+bihvlN6fpvrurEamAl8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARBKUkpaDuim5cVrAPaEKYTCft0EkmzEyEEgPqp7hxoYg7cesnuPNvnLRdaPXAwOGce7h3jh8zKpVlfRmFufmFxaXicmlldW19w9zcakmeCEyamDMuOj6ShNGINBVVjHRiQVDoM9L2h+e5374mQlIeXalRTNwQ9SMaUIyUljxzJ3W49vM4dPCAZl5qH1UzzyxbFWsM+JfYU1KuH37c199uaw3P/HR6HCchiRRmSMqubcXKTZFQFDOSlZxEkhjhIeqTrqYRCol00/H9GdzXSg8GXOgXKThWfyZSFEo5Cn09GSI1kLNeLv7ndRMVnLgpjeJEkQhPFgUJg4rDvAzYo4JgxUaaICyovhXiARIIK11ZSZdgz375L2lVK3atcnqp2zgDExTBLtgDB8AGx6AOLkADNAEGN+ABPIFn4854NF6M18lowZhmtsEvGO/fKeOZNw==</latexit>

Q

<latexit sha1_base64="KSVQA3efCH6Qjkt++nRqSZOKqEU=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGZEUG9BLx4zYBZIhtDTqSRteha6e4Qw5OjJiwdFvPoV+Q5vfoM/YWc5aOKDgsd7VVTV82PBlbbtLyuztLyyupZdz21sbm3v5Hf3qipKJMMKi0Qk6z5VKHiIFc21wHoskQa+wJrfvxn7tQeUikfhnR7E6AW0G/IOZ1QbyXVb+YJdtCcgi8SZkULpcOR+Px6Nyq38Z7MdsSTAUDNBlWo4dqy9lErNmcBhrpkojCnr0y42DA1pgMpLJ4cOyYlR2qQTSVOhJhP190RKA6UGgW86A6p7at4bi/95jUR3Lr2Uh3GiMWTTRZ1EEB2R8dekzSUyLQaGUCa5uZWwHpWUaZNNzoTgzL+8SKpnRee8eOWaNK5hiiwcwDGcggMXUIJbKEMFGCA8wQu8WvfWs/VmvU9bM9ZsZh/+wPr4AZv8kIg=</latexit>

�2

<latexit sha1_base64="ei+WfaiDWslE2TEtC9PNSjjNo4I=">AAAB7XicbVC7SgNBFL0bXzG+ooKNzWAQrMJuENQuxMYyAfOAZAmzk9lkzOzMMjMrhCX/YGOhiK2Vf+EX2Nn4LU4ehSYeuHA4517uvSeIOdPGdb+czMrq2vpGdjO3tb2zu5ffP2homShC60RyqVoB1pQzQeuGGU5bsaI4CjhtBsPrid+8p0ozKW7NKKZ+hPuChYxgY6VGpzpg3VI3X3CL7hRomXhzUigf1b7Ze+Wj2s1/dnqSJBEVhnCsddtzY+OnWBlGOB3nOommMSZD3KdtSwWOqPbT6bVjdGqVHgqlsiUMmqq/J1IcaT2KAtsZYTPQi95E/M9rJya89FMm4sRQQWaLwoQjI9HkddRjihLDR5Zgopi9FZEBVpgYG1DOhuAtvrxMGqWid168qtk0KjBDFo7hBM7Agwsoww1UoQ4E7uABnuDZkc6j8+K8zlozznzmEP7AefsB7kOSbQ==</latexit>

�1

<latexit sha1_base64="aiPP1Q07z6ZaK8YAuGHliJ+XKg4=">AAAB7XicbVC7SgNBFL0bXzG+ooKNzWAQrMKuBNQuxMYyAfOAZAmzk9lkzOzMMjMrhCX/YGOhiK2Vf+EX2Nn4LU4ehSYeuHA4517uvSeIOdPGdb+czMrq2vpGdjO3tb2zu5ffP2homShC60RyqVoB1pQzQeuGGU5bsaI4CjhtBsPrid+8p0ozKW7NKKZ+hPuChYxgY6VGpzpgXa+bL7hFdwq0TLw5KZSPat/svfJR7eY/Oz1JkogKQzjWuu25sfFTrAwjnI5znUTTGJMh7tO2pQJHVPvp9NoxOrVKD4VS2RIGTdXfEymOtB5Fge2MsBnoRW8i/ue1ExNe+ikTcWKoILNFYcKRkWjyOuoxRYnhI0swUczeisgAK0yMDShnQ/AWX14mjfOiVype1WwaFZghC8dwAmfgwQWU4QaqUAcCd/AAT/DsSOfReXFeZ60ZZz5zCH/gvP0A7L+SbA==</latexit>

�⇤
2

<latexit sha1_base64="pqwE/JiHaBa7d1SlcV0sD9Vw7q0=">AAAB73icbVDLSgNBEOyNrxhfUY9ehgQheAi7IRC9Bb14jGAekKxhdjKbDJmdXWdmhbDkJ7x4iIhXP8WrN9GPcfI4aGJBQ1HVTXeXF3GmtG1/Wqm19Y3NrfR2Zmd3b/8ge3jUUGEsCa2TkIey5WFFORO0rpnmtBVJigOP06Y3vJr6zQcqFQvFrR5F1A1wXzCfEayN1OrUBqxbujvrZvN20Z4BrRJnQfLVXOH7q/I+qXWzH51eSOKACk04Vqrt2JF2Eyw1I5yOM51Y0QiTIe7TtqECB1S5yezeMTo1Sg/5oTQlNJqpvycSHCg1CjzTGWA9UMveVPzPa8faP3cTJqJYU0Hmi/yYIx2i6fOoxyQlmo8MwUQycysiAywx0SaijAnBWX55lTRKRadcvLgxaVzCHGk4gRwUwIEKVOEaalAHAhweYQLP1r31ZL1Yr/PWlLWYOYY/sN5+AFnUk0Q=</latexit>

�1,2

<latexit sha1_base64="cuLbxO4HmCMYNlaC9ZYubLCffok=">AAAB8XicbVC7SgNBFL0bXzHxEbW0GYyChYTdIKhd0MYygnlgsoTZyWwyZHZ2mZkNhCV/YWOhiK29P+Af2PkhWjubpNDEAxcO59zLvfd4EWdK2/anlVlaXlldy67n8hubW9uFnd26CmNJaI2EPJRNDyvKmaA1zTSnzUhSHHicNrzBVeo3hlQqFopbPYqoG+CeYD4jWBvprk36rJM4J+Vxp1C0S/YEaJE4M1KsHH69vQ/z39VO4aPdDUkcUKEJx0q1HDvSboKlZoTTca4dKxphMsA92jJU4IAqN5lcPEZHRukiP5SmhEYT9fdEggOlRoFnOgOs+2reS8X/vFas/XM3YSKKNRVkusiPOdIhSt9HXSYp0XxkCCaSmVsR6WOJiTYh5UwIzvzLi6ReLjmnpYsbk8YlTJGFfTiAY3DgDCpwDVWoAQEB9/AIT5ayHqxn62XamrFmM3vwB9brD5INlKU=</latexit>

Q

<latexit sha1_base64="o8joJQhk8THEIuM2iR3JpWLF0jo=">AAAB9HicbVDLSgMxFL3js9ZX1aUiwSK4KjMiqLuiG5ct2Ae0Q8mkaRuaScYkUyhDl36DGxeKuHXd73DnN/gTZtoutPVA4HDOPdybE0ScaeO6X87S8srq2npmI7u5tb2zm9vbr2oZK0IrRHKp6gHWlDNBK4YZTuuRojgMOK0F/dvUrw2o0kyKezOMqB/irmAdRrCxkp80pXXTMCqPWrm8W3AnQIvEm5F88Whc/n48Hpdauc9mW5I4pMIQjrVueG5k/AQrwwino2wz1jTCpI+7tGGpwCHVfjI5eoROrdJGHansEwZN1N+JBIdaD8PATobY9PS8l4r/eY3YdK78hIkoNlSQ6aJOzJGRKG0AtZmixPChJZgoZm9FpIcVJsb2lLUlePNfXiTV84J3Ubgu2zZuYIoMHMIJnIEHl1CEOyhBBQg8wBO8wKszcJ6dN+d9OrrkzDIH8AfOxw/PnpXY</latexit>

�⇤
1

<latexit sha1_base64="Mz28bmxMmPCXSRjOIpPC+byt2CQ=">AAAB73icbVA9SwNBEJ2LXzF+RS1tlgQhWIQ7EaJd0MYygvmA5Ax7m71kyd7eubsnhCN/wsYiIrb+FFs70R/j5pJCEx8MPN6bYWaeF3GmtG1/WpmV1bX1jexmbmt7Z3cvv3/QUGEsCa2TkIey5WFFORO0rpnmtBVJigOP06Y3vJr6zQcqFQvFrR5F1A1wXzCfEayN1OrUBqzr3J1080W7bKdAy8SZk2K1UPr+qrxPat38R6cXkjigQhOOlWo7dqTdBEvNCKfjXCdWNMJkiPu0bajAAVVukt47RsdG6SE/lKaERqn6eyLBgVKjwDOdAdYDtehNxf+8dqz9czdhIoo1FWS2yI850iGaPo96TFKi+cgQTCQztyIywBITbSLKmRCcxZeXSeO07JyVL25MGpcwQxaOoAAlcKACVbiGGtSBAIdHmMCzdW89WS/W66w1Y81nDuEPrLcfWE6TQw==</latexit>

Q

<latexit sha1_base64="o8joJQhk8THEIuM2iR3JpWLF0jo=">AAAB9HicbVDLSgMxFL3js9ZX1aUiwSK4KjMiqLuiG5ct2Ae0Q8mkaRuaScYkUyhDl36DGxeKuHXd73DnN/gTZtoutPVA4HDOPdybE0ScaeO6X87S8srq2npmI7u5tb2zm9vbr2oZK0IrRHKp6gHWlDNBK4YZTuuRojgMOK0F/dvUrw2o0kyKezOMqB/irmAdRrCxkp80pXXTMCqPWrm8W3AnQIvEm5F88Whc/n48Hpdauc9mW5I4pMIQjrVueG5k/AQrwwino2wz1jTCpI+7tGGpwCHVfjI5eoROrdJGHansEwZN1N+JBIdaD8PATobY9PS8l4r/eY3YdK78hIkoNlSQ6aJOzJGRKG0AtZmixPChJZgoZm9FpIcVJsb2lLUlePNfXiTV84J3Ubgu2zZuYIoMHMIJnIEHl1CEOyhBBQg8wBO8wKszcJ6dN+d9OrrkzDIH8AfOxw/PnpXY</latexit>

Rates can  
differ

Asymmetry 
generation



Toy example

Q

<latexit sha1_base64="KSVQA3efCH6Qjkt++nRqSZOKqEU=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGZEUG9BLx4zYBZIhtDTqSRteha6e4Qw5OjJiwdFvPoV+Q5vfoM/YWc5aOKDgsd7VVTV82PBlbbtLyuztLyyupZdz21sbm3v5Hf3qipKJMMKi0Qk6z5VKHiIFc21wHoskQa+wJrfvxn7tQeUikfhnR7E6AW0G/IOZ1QbyXVb+YJdtCcgi8SZkULpcOR+Px6Nyq38Z7MdsSTAUDNBlWo4dqy9lErNmcBhrpkojCnr0y42DA1pgMpLJ4cOyYlR2qQTSVOhJhP190RKA6UGgW86A6p7at4bi/95jUR3Lr2Uh3GiMWTTRZ1EEB2R8dekzSUyLQaGUCa5uZWwHpWUaZNNzoTgzL+8SKpnRee8eOWaNK5hiiwcwDGcggMXUIJbKEMFGCA8wQu8WvfWs/VmvU9bM9ZsZh/+wPr4AZv8kIg=</latexit>

�2

<latexit sha1_base64="ei+WfaiDWslE2TEtC9PNSjjNo4I=">AAAB7XicbVC7SgNBFL0bXzG+ooKNzWAQrMJuENQuxMYyAfOAZAmzk9lkzOzMMjMrhCX/YGOhiK2Vf+EX2Nn4LU4ehSYeuHA4517uvSeIOdPGdb+czMrq2vpGdjO3tb2zu5ffP2homShC60RyqVoB1pQzQeuGGU5bsaI4CjhtBsPrid+8p0ozKW7NKKZ+hPuChYxgY6VGpzpg3VI3X3CL7hRomXhzUigf1b7Ze+Wj2s1/dnqSJBEVhnCsddtzY+OnWBlGOB3nOommMSZD3KdtSwWOqPbT6bVjdGqVHgqlsiUMmqq/J1IcaT2KAtsZYTPQi95E/M9rJya89FMm4sRQQWaLwoQjI9HkddRjihLDR5Zgopi9FZEBVpgYG1DOhuAtvrxMGqWid168qtk0KjBDFo7hBM7Agwsoww1UoQ4E7uABnuDZkc6j8+K8zlozznzmEP7AefsB7kOSbQ==</latexit>

L � ��1Q(�1 + �2)�1 � �2Q(�1 + i�2)�2 + h.c.

<latexit sha1_base64="enED/ibcYUZ/+jSvbwoWQEOip/w="></latexit>

�⇤
2

<latexit sha1_base64="pqwE/JiHaBa7d1SlcV0sD9Vw7q0=">AAAB73icbVDLSgNBEOyNrxhfUY9ehgQheAi7IRC9Bb14jGAekKxhdjKbDJmdXWdmhbDkJ7x4iIhXP8WrN9GPcfI4aGJBQ1HVTXeXF3GmtG1/Wqm19Y3NrfR2Zmd3b/8ge3jUUGEsCa2TkIey5WFFORO0rpnmtBVJigOP06Y3vJr6zQcqFQvFrR5F1A1wXzCfEayN1OrUBqxbujvrZvN20Z4BrRJnQfLVXOH7q/I+qXWzH51eSOKACk04Vqrt2JF2Eyw1I5yOM51Y0QiTIe7TtqECB1S5yezeMTo1Sg/5oTQlNJqpvycSHCg1CjzTGWA9UMveVPzPa8faP3cTJqJYU0Hmi/yYIx2i6fOoxyQlmo8MwUQycysiAywx0SaijAnBWX55lTRKRadcvLgxaVzCHGk4gRwUwIEKVOEaalAHAhweYQLP1r31ZL1Yr/PWlLWYOYY/sN5+AFnUk0Q=</latexit>

Q

<latexit sha1_base64="o8joJQhk8THEIuM2iR3JpWLF0jo=">AAAB9HicbVDLSgMxFL3js9ZX1aUiwSK4KjMiqLuiG5ct2Ae0Q8mkaRuaScYkUyhDl36DGxeKuHXd73DnN/gTZtoutPVA4HDOPdybE0ScaeO6X87S8srq2npmI7u5tb2zm9vbr2oZK0IrRHKp6gHWlDNBK4YZTuuRojgMOK0F/dvUrw2o0kyKezOMqB/irmAdRrCxkp80pXXTMCqPWrm8W3AnQIvEm5F88Whc/n48Hpdauc9mW5I4pMIQjrVueG5k/AQrwwino2wz1jTCpI+7tGGpwCHVfjI5eoROrdJGHansEwZN1N+JBIdaD8PATobY9PS8l4r/eY3YdK78hIkoNlSQ6aJOzJGRKG0AtZmixPChJZgoZm9FpIcVJsb2lLUlePNfXiTV84J3Ubgu2zZuYIoMHMIJnIEHl1CEOyhBBQg8wBO8wKszcJ6dN+d9OrrkzDIH8AfOxw/PnpXY</latexit>

�1 � i�2

<latexit sha1_base64="kZnmde0WkdTYiqQxAtnHrGy2/Cc=">AAACD3icbVDLSsNAFJ3UV62vqAiCm9GiuLEkRVB3RTcuK9gHNCFMppN26GQSZiZCCf0DN/6B39CNoCJu3brzQ9w7abvQ1gMDh3Pu4c49fsyoVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLqNEYFLDEYtE00eSMMpJTVHFSDMWBIU+Iw2/d5X5jTsiJI34rerHxA1Rh9OAYqS05JlHqRNpP4tDB3epZw9O6LRWHnhm0SpZI8BZYk9IsbL//Tzc3Xmseuan045wEhKuMENStmwrVm6KhKKYkUHBSSSJEe6hDmlpylFIpJuO7hnAQ620YRAJ/biCI/V3IkWhlP3Q15MhUl057WXif14rUcG5m1IeJ4pwPF4UJAyqCGblwDYVBCvW1wRhQfVfIe4igbDSFRZ0Cfb0ybOkXi7Zp6WLG93GJRgjD/bAATgGNjgDFXANqqAGMLgHQ/ACXo0H48l4M97HozljktkGf2B8/ADqDaBF</latexit>

�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>



Toy example

Q

<latexit sha1_base64="KSVQA3efCH6Qjkt++nRqSZOKqEU=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGZEUG9BLx4zYBZIhtDTqSRteha6e4Qw5OjJiwdFvPoV+Q5vfoM/YWc5aOKDgsd7VVTV82PBlbbtLyuztLyyupZdz21sbm3v5Hf3qipKJMMKi0Qk6z5VKHiIFc21wHoskQa+wJrfvxn7tQeUikfhnR7E6AW0G/IOZ1QbyXVb+YJdtCcgi8SZkULpcOR+Px6Nyq38Z7MdsSTAUDNBlWo4dqy9lErNmcBhrpkojCnr0y42DA1pgMpLJ4cOyYlR2qQTSVOhJhP190RKA6UGgW86A6p7at4bi/95jUR3Lr2Uh3GiMWTTRZ1EEB2R8dekzSUyLQaGUCa5uZWwHpWUaZNNzoTgzL+8SKpnRee8eOWaNK5hiiwcwDGcggMXUIJbKEMFGCA8wQu8WvfWs/VmvU9bM9ZsZh/+wPr4AZv8kIg=</latexit>

�2

<latexit sha1_base64="ei+WfaiDWslE2TEtC9PNSjjNo4I=">AAAB7XicbVC7SgNBFL0bXzG+ooKNzWAQrMJuENQuxMYyAfOAZAmzk9lkzOzMMjMrhCX/YGOhiK2Vf+EX2Nn4LU4ehSYeuHA4517uvSeIOdPGdb+czMrq2vpGdjO3tb2zu5ffP2homShC60RyqVoB1pQzQeuGGU5bsaI4CjhtBsPrid+8p0ozKW7NKKZ+hPuChYxgY6VGpzpg3VI3X3CL7hRomXhzUigf1b7Ze+Wj2s1/dnqSJBEVhnCsddtzY+OnWBlGOB3nOommMSZD3KdtSwWOqPbT6bVjdGqVHgqlsiUMmqq/J1IcaT2KAtsZYTPQi95E/M9rJya89FMm4sRQQWaLwoQjI9HkddRjihLDR5Zgopi9FZEBVpgYG1DOhuAtvrxMGqWid168qtk0KjBDFo7hBM7Agwsoww1UoQ4E7uABnuDZkc6j8+K8zlozznzmEP7AefsB7kOSbQ==</latexit>

L � ��1Q(�1 + �2)�1 � �2Q(�1 + i�2)�2 + h.c.

<latexit sha1_base64="enED/ibcYUZ/+jSvbwoWQEOip/w="></latexit>

�⇤
2

<latexit sha1_base64="pqwE/JiHaBa7d1SlcV0sD9Vw7q0=">AAAB73icbVDLSgNBEOyNrxhfUY9ehgQheAi7IRC9Bb14jGAekKxhdjKbDJmdXWdmhbDkJ7x4iIhXP8WrN9GPcfI4aGJBQ1HVTXeXF3GmtG1/Wqm19Y3NrfR2Zmd3b/8ge3jUUGEsCa2TkIey5WFFORO0rpnmtBVJigOP06Y3vJr6zQcqFQvFrR5F1A1wXzCfEayN1OrUBqxbujvrZvN20Z4BrRJnQfLVXOH7q/I+qXWzH51eSOKACk04Vqrt2JF2Eyw1I5yOM51Y0QiTIe7TtqECB1S5yezeMTo1Sg/5oTQlNJqpvycSHCg1CjzTGWA9UMveVPzPa8faP3cTJqJYU0Hmi/yYIx2i6fOoxyQlmo8MwUQycysiAywx0SaijAnBWX55lTRKRadcvLgxaVzCHGk4gRwUwIEKVOEaalAHAhweYQLP1r31ZL1Yr/PWlLWYOYY/sN5+AFnUk0Q=</latexit>

Q

<latexit sha1_base64="o8joJQhk8THEIuM2iR3JpWLF0jo=">AAAB9HicbVDLSgMxFL3js9ZX1aUiwSK4KjMiqLuiG5ct2Ae0Q8mkaRuaScYkUyhDl36DGxeKuHXd73DnN/gTZtoutPVA4HDOPdybE0ScaeO6X87S8srq2npmI7u5tb2zm9vbr2oZK0IrRHKp6gHWlDNBK4YZTuuRojgMOK0F/dvUrw2o0kyKezOMqB/irmAdRrCxkp80pXXTMCqPWrm8W3AnQIvEm5F88Whc/n48Hpdauc9mW5I4pMIQjrVueG5k/AQrwwino2wz1jTCpI+7tGGpwCHVfjI5eoROrdJGHansEwZN1N+JBIdaD8PATobY9PS8l4r/eY3YdK78hIkoNlSQ6aJOzJGRKG0AtZmixPChJZgoZm9FpIcVJsb2lLUlePNfXiTV84J3Ubgu2zZuYIoMHMIJnIEHl1CEOyhBBQg8wBO8wKszcJ6dN+d9OrrkzDIH8AfOxw/PnpXY</latexit>

�1 � i�2

<latexit sha1_base64="kZnmde0WkdTYiqQxAtnHrGy2/Cc=">AAACD3icbVDLSsNAFJ3UV62vqAiCm9GiuLEkRVB3RTcuK9gHNCFMppN26GQSZiZCCf0DN/6B39CNoCJu3brzQ9w7abvQ1gMDh3Pu4c49fsyoVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLqNEYFLDEYtE00eSMMpJTVHFSDMWBIU+Iw2/d5X5jTsiJI34rerHxA1Rh9OAYqS05JlHqRNpP4tDB3epZw9O6LRWHnhm0SpZI8BZYk9IsbL//Tzc3Xmseuan045wEhKuMENStmwrVm6KhKKYkUHBSSSJEe6hDmlpylFIpJuO7hnAQ620YRAJ/biCI/V3IkWhlP3Q15MhUl057WXif14rUcG5m1IeJ4pwPF4UJAyqCGblwDYVBCvW1wRhQfVfIe4igbDSFRZ0Cfb0ybOkXi7Zp6WLG93GJRgjD/bAATgGNjgDFXANqqAGMLgHQ/ACXo0H48l4M97HozljktkGf2B8/ADqDaBF</latexit>

�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>

�1 + i e�i�(t) �2

<latexit sha1_base64="Rl4FQlNwOCEh89itZarujDeaAOA="></latexit>

�1 � i e�i�(t) �2

<latexit sha1_base64="qgeOnqMH6m2jgApp+s5pAe7wqnY="></latexit>

Time evolve…

Time evolve…



Toy example

Q

<latexit sha1_base64="KSVQA3efCH6Qjkt++nRqSZOKqEU=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGZEUG9BLx4zYBZIhtDTqSRteha6e4Qw5OjJiwdFvPoV+Q5vfoM/YWc5aOKDgsd7VVTV82PBlbbtLyuztLyyupZdz21sbm3v5Hf3qipKJMMKi0Qk6z5VKHiIFc21wHoskQa+wJrfvxn7tQeUikfhnR7E6AW0G/IOZ1QbyXVb+YJdtCcgi8SZkULpcOR+Px6Nyq38Z7MdsSTAUDNBlWo4dqy9lErNmcBhrpkojCnr0y42DA1pgMpLJ4cOyYlR2qQTSVOhJhP190RKA6UGgW86A6p7at4bi/95jUR3Lr2Uh3GiMWTTRZ1EEB2R8dekzSUyLQaGUCa5uZWwHpWUaZNNzoTgzL+8SKpnRee8eOWaNK5hiiwcwDGcggMXUIJbKEMFGCA8wQu8WvfWs/VmvU9bM9ZsZh/+wPr4AZv8kIg=</latexit>

�2

<latexit sha1_base64="ei+WfaiDWslE2TEtC9PNSjjNo4I=">AAAB7XicbVC7SgNBFL0bXzG+ooKNzWAQrMJuENQuxMYyAfOAZAmzk9lkzOzMMjMrhCX/YGOhiK2Vf+EX2Nn4LU4ehSYeuHA4517uvSeIOdPGdb+czMrq2vpGdjO3tb2zu5ffP2homShC60RyqVoB1pQzQeuGGU5bsaI4CjhtBsPrid+8p0ozKW7NKKZ+hPuChYxgY6VGpzpg3VI3X3CL7hRomXhzUigf1b7Ze+Wj2s1/dnqSJBEVhnCsddtzY+OnWBlGOB3nOommMSZD3KdtSwWOqPbT6bVjdGqVHgqlsiUMmqq/J1IcaT2KAtsZYTPQi95E/M9rJya89FMm4sRQQWaLwoQjI9HkddRjihLDR5Zgopi9FZEBVpgYG1DOhuAtvrxMGqWid168qtk0KjBDFo7hBM7Agwsoww1UoQ4E7uABnuDZkc6j8+K8zlozznzmEP7AefsB7kOSbQ==</latexit>

L � ��1Q(�1 + �2)�1 � �2Q(�1 + i�2)�2 + h.c.

<latexit sha1_base64="enED/ibcYUZ/+jSvbwoWQEOip/w="></latexit>

�⇤
2

<latexit sha1_base64="pqwE/JiHaBa7d1SlcV0sD9Vw7q0=">AAAB73icbVDLSgNBEOyNrxhfUY9ehgQheAi7IRC9Bb14jGAekKxhdjKbDJmdXWdmhbDkJ7x4iIhXP8WrN9GPcfI4aGJBQ1HVTXeXF3GmtG1/Wqm19Y3NrfR2Zmd3b/8ge3jUUGEsCa2TkIey5WFFORO0rpnmtBVJigOP06Y3vJr6zQcqFQvFrR5F1A1wXzCfEayN1OrUBqxbujvrZvN20Z4BrRJnQfLVXOH7q/I+qXWzH51eSOKACk04Vqrt2JF2Eyw1I5yOM51Y0QiTIe7TtqECB1S5yezeMTo1Sg/5oTQlNJqpvycSHCg1CjzTGWA9UMveVPzPa8faP3cTJqJYU0Hmi/yYIx2i6fOoxyQlmo8MwUQycysiAywx0SaijAnBWX55lTRKRadcvLgxaVzCHGk4gRwUwIEKVOEaalAHAhweYQLP1r31ZL1Yr/PWlLWYOYY/sN5+AFnUk0Q=</latexit>

Q

<latexit sha1_base64="o8joJQhk8THEIuM2iR3JpWLF0jo=">AAAB9HicbVDLSgMxFL3js9ZX1aUiwSK4KjMiqLuiG5ct2Ae0Q8mkaRuaScYkUyhDl36DGxeKuHXd73DnN/gTZtoutPVA4HDOPdybE0ScaeO6X87S8srq2npmI7u5tb2zm9vbr2oZK0IrRHKp6gHWlDNBK4YZTuuRojgMOK0F/dvUrw2o0kyKezOMqB/irmAdRrCxkp80pXXTMCqPWrm8W3AnQIvEm5F88Whc/n48Hpdauc9mW5I4pMIQjrVueG5k/AQrwwino2wz1jTCpI+7tGGpwCHVfjI5eoROrdJGHansEwZN1N+JBIdaD8PATobY9PS8l4r/eY3YdK78hIkoNlSQ6aJOzJGRKG0AtZmixPChJZgoZm9FpIcVJsb2lLUlePNfXiTV84J3Ubgu2zZuYIoMHMIJnIEHl1CEOyhBBQg8wBO8wKszcJ6dN+d9OrrkzDIH8AfOxw/PnpXY</latexit>

�1 � i�2

<latexit sha1_base64="kZnmde0WkdTYiqQxAtnHrGy2/Cc=">AAACD3icbVDLSsNAFJ3UV62vqAiCm9GiuLEkRVB3RTcuK9gHNCFMppN26GQSZiZCCf0DN/6B39CNoCJu3brzQ9w7abvQ1gMDh3Pu4c49fsyoVJb1ZeTm5hcWl/LLhZXVtfUNc3OrLqNEYFLDEYtE00eSMMpJTVHFSDMWBIU+Iw2/d5X5jTsiJI34rerHxA1Rh9OAYqS05JlHqRNpP4tDB3epZw9O6LRWHnhm0SpZI8BZYk9IsbL//Tzc3Xmseuan045wEhKuMENStmwrVm6KhKKYkUHBSSSJEe6hDmlpylFIpJuO7hnAQ620YRAJ/biCI/V3IkWhlP3Q15MhUl057WXif14rUcG5m1IeJ4pwPF4UJAyqCGblwDYVBCvW1wRhQfVfIe4igbDSFRZ0Cfb0ybOkXi7Zp6WLG93GJRgjD/bAATgGNjgDFXANqqAGMLgHQ/ACXo0H48l4M97HozljktkGf2B8/ADqDaBF</latexit>

�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>

�⇤
1

<latexit sha1_base64="Mz28bmxMmPCXSRjOIpPC+byt2CQ=">AAAB73icbVA9SwNBEJ2LXzF+RS1tlgQhWIQ7EaJd0MYygvmA5Ax7m71kyd7eubsnhCN/wsYiIrb+FFs70R/j5pJCEx8MPN6bYWaeF3GmtG1/WpmV1bX1jexmbmt7Z3cvv3/QUGEsCa2TkIey5WFFORO0rpnmtBVJigOP06Y3vJr6zQcqFQvFrR5F1A1wXzCfEayN1OrUBqzr3J1080W7bKdAy8SZk2K1UPr+qrxPat38R6cXkjigQhOOlWo7dqTdBEvNCKfjXCdWNMJkiPu0bajAAVVukt47RsdG6SE/lKaERqn6eyLBgVKjwDOdAdYDtehNxf+8dqz9czdhIoo1FWS2yI850iGaPo96TFKi+cgQTCQztyIywBITbSLKmRCcxZeXSeO07JyVL25MGpcwQxaOoAAlcKACVbiGGtSBAIdHmMCzdW89WS/W66w1Y81nDuEPrLcfWE6TQw==</latexit>

Q

<latexit sha1_base64="o8joJQhk8THEIuM2iR3JpWLF0jo=">AAAB9HicbVDLSgMxFL3js9ZX1aUiwSK4KjMiqLuiG5ct2Ae0Q8mkaRuaScYkUyhDl36DGxeKuHXd73DnN/gTZtoutPVA4HDOPdybE0ScaeO6X87S8srq2npmI7u5tb2zm9vbr2oZK0IrRHKp6gHWlDNBK4YZTuuRojgMOK0F/dvUrw2o0kyKezOMqB/irmAdRrCxkp80pXXTMCqPWrm8W3AnQIvEm5F88Whc/n48Hpdauc9mW5I4pMIQjrVueG5k/AQrwwino2wz1jTCpI+7tGGpwCHVfjI5eoROrdJGHansEwZN1N+JBIdaD8PATobY9PS8l4r/eY3YdK78hIkoNlSQ6aJOzJGRKG0AtZmixPChJZgoZm9FpIcVJsb2lLUlePNfXiTV84J3Ubgu2zZuYIoMHMIJnIEHl1CEOyhBBQg8wBO8wKszcJ6dN+d9OrrkzDIH8AfOxw/PnpXY</latexit>

Can’t scatter to produce Φ1



From  asymmetry to baryon 
asymmetry

Φ

T > Tew

• Neither  nor  is separately conserved. 
•  is conserved.

B L
B − L

(B � L)�

<latexit sha1_base64="5P87/mfjA4M6X77VyclPVGtXGEM=">AAAB8XicbVDLSgNBEOyNrxhfUY9ehgQhIoZdEdRbiBcPHiKYB2aXMDuZJENmZ5eZWWFZ8he5eFDEq3/jLX/j5HHQxIKGoqqb7i4/4kxp255YmbX1jc2t7HZuZ3dv/yB/eNRQYSwJrZOQh7LlY0U5E7Sumea0FUmKA5/Tpj+8m/rNFyoVC8WTTiLqBbgvWI8RrI30XKpePJx13NqAdfJFu2zPgFaJsyDFSsE9H08qSa2T/3a7IYkDKjThWKm2Y0faS7HUjHA6yrmxohEmQ9ynbUMFDqjy0tnFI3RqlC7qhdKU0Gim/p5IcaBUEvimM8B6oJa9qfif145178ZLmYhiTQWZL+rFHOkQTd9HXSYp0TwxBBPJzK2IDLDERJuQciYEZ/nlVdK4LDtX5dtHk0YV5sjCCRSgBA5cQwXuoQZ1ICBgDG/wbinr1fqwPuetGWsxcwx/YH39AA4Ikt0=</latexit>

(B � L)SM

<latexit sha1_base64="9vUi0bQzNmuqi8APqQbiYk1Ttxc=">AAAB9XicbVDLSgMxFM3UV62vqks3oUWoiGVGBHVX6saFQkX7gM5YMmmmDU0yQ5JRhqF/4cKNC0Xc+i/u+jemj4VWD1w4nHMv997jR4wqbdsjK7OwuLS8kl3Nra1vbG7lt3caKowlJnUcslC2fKQIo4LUNdWMtCJJEPcZafqDi7HffCBS0VDc6SQiHkc9QQOKkTbSfal6dHXQSV3J4e31sJMv2mV7AviXODNSrBTcw6dRJal18l9uN8QxJ0JjhpRqO3akvRRJTTEjw5wbKxIhPEA90jZUIE6Ul06uHsJ9o3RhEEpTQsOJ+nMiRVyphPumkyPdV/PeWPzPa8c6OPNSKqJYE4Gni4KYQR3CcQSwSyXBmiWGICypuRXiPpIIaxNUzoTgzL/8lzSOy85J+fzGpFEFU2TBHiiAEnDAKaiAS1ADdYCBBM/gFbxZj9aL9W59TFsz1mxmF/yC9fkN5ziUew==</latexit>



From  asymmetry to baryon 
asymmetry

Φ

T > Tew

• Neither  nor  is separately conserved. 
•  is conserved.

B L
B − L

BSM

<latexit sha1_base64="YbvowYAYB1NnhJVG6zL5LaqZHZg=">AAAB8XicbVDLSgNBEOyNrxhfUcGLl8EgeAq7Iqi3EC9ehATNA5MlzE5mkyEzs8vMrBCW/IUXD4p4Ff/CL/DmxW9x8jhotKChqOqmuyuIOdPGdT+dzMLi0vJKdjW3tr6xuZXf3qnrKFGE1kjEI9UMsKacSVozzHDajBXFIuC0EQwuxn7jjirNInljhjH1Be5JFjKCjZVuy520rQS6vhp18gW36E6A/hJvRgqlveoXeyu/Vzr5j3Y3Iomg0hCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanEgmo/nVw8QodW6aIwUrakQRP150SKhdZDEdhOgU1fz3tj8T+vlZjwzE+ZjBNDJZkuChOOTITG76MuU5QYPrQEE8XsrYj0scLE2JByNgRv/uW/pH5c9E6K51WbRhmmyMI+HMAReHAKJbiECtSAgIR7eIQnRzsPzrPzMm3NOLOZXfgF5/Ub2+eUGw==</latexit>

�LSM

<latexit sha1_base64="CTONxEi5A9SCwIqjm2L/nraQulU=">AAAB8nicbVC7SgNBFJ2NrxhfUcHGZjAINoZdEdQuxMZCIUHzgM0SZiezyZB5LDOzQljyGTYWitjqX/gFdjZ+i5NHoYkHLhzOuZd77wljRrVx3S8ns7C4tLySXc2trW9sbuW3d+paJgqTGpZMqmaINGFUkJqhhpFmrAjiISONsH858hv3RGkqxZ0ZxCTgqCtoRDEyVvKPr9tpS3F4ezNs5wtu0R0DzhNvSgqlveo3fS9/VNr5z1ZH4oQTYTBDWvueG5sgRcpQzMgw10o0iRHuoy7xLRWIEx2k45OH8NAqHRhJZUsYOFZ/T6SIaz3goe3kyPT0rDcS//P8xETnQUpFnBgi8GRRlDBoJBz9DztUEWzYwBKEFbW3QtxDCmFjU8rZELzZl+dJ/aTonRYvqjaNMpggC/bBATgCHjgDJXAFKqAGMJDgATyBZ8c4j86L8zppzTjTmV3wB87bD1ZklFw=</latexit>

B�

<latexit sha1_base64="ncBiW4E2zEWPTET+m8DEV7OCNoo=">AAAB7XicbVC7SgNBFL0bXzG+ooKNzWAQrMKuBNQuxMYyAfOAZAmzk9lkzOzMMjMrhCX/YGOhiK2Vf+EX2Nn4LU4ehSYeuHA4517uvSeIOdPGdb+czMrq2vpGdjO3tb2zu5ffP2homShC60RyqVoB1pQzQeuGGU5bsaI4CjhtBsPrid+8p0ozKW7NKKZ+hPuChYxgY6VGpdupDlg3X3CL7hRomXhzUigf1b7Ze+Wj2s1/dnqSJBEVhnCsddtzY+OnWBlGOB3nOommMSZD3KdtSwWOqPbT6bVjdGqVHgqlsiUMmqq/J1IcaT2KAtsZYTPQi95E/M9rJya89FMm4sRQQWaLwoQjI9HkddRjihLDR5Zgopi9FZEBVpgYG1DOhuAtvrxMGudFr1S8qtk0KjBDFo7hBM7Agwsoww1UoQ4E7uABnuDZkc6j8+K8zlozznzmEP7AefsBBf+SfQ==</latexit>



From  asymmetry to baryon 
asymmetry

Φ

T > Tew

• Neither  nor  is separately conserved. 
•  is conserved.

B L
B − L

BSM

<latexit sha1_base64="YbvowYAYB1NnhJVG6zL5LaqZHZg=">AAAB8XicbVDLSgNBEOyNrxhfUcGLl8EgeAq7Iqi3EC9ehATNA5MlzE5mkyEzs8vMrBCW/IUXD4p4Ff/CL/DmxW9x8jhotKChqOqmuyuIOdPGdT+dzMLi0vJKdjW3tr6xuZXf3qnrKFGE1kjEI9UMsKacSVozzHDajBXFIuC0EQwuxn7jjirNInljhjH1Be5JFjKCjZVuy520rQS6vhp18gW36E6A/hJvRgqlveoXeyu/Vzr5j3Y3Iomg0hCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanEgmo/nVw8QodW6aIwUrakQRP150SKhdZDEdhOgU1fz3tj8T+vlZjwzE+ZjBNDJZkuChOOTITG76MuU5QYPrQEE8XsrYj0scLE2JByNgRv/uW/pH5c9E6K51WbRhmmyMI+HMAReHAKJbiECtSAgIR7eIQnRzsPzrPzMm3NOLOZXfgF5/Ub2+eUGw==</latexit>

�LSM

<latexit sha1_base64="CTONxEi5A9SCwIqjm2L/nraQulU=">AAAB8nicbVC7SgNBFJ2NrxhfUcHGZjAINoZdEdQuxMZCIUHzgM0SZiezyZB5LDOzQljyGTYWitjqX/gFdjZ+i5NHoYkHLhzOuZd77wljRrVx3S8ns7C4tLySXc2trW9sbuW3d+paJgqTGpZMqmaINGFUkJqhhpFmrAjiISONsH858hv3RGkqxZ0ZxCTgqCtoRDEyVvKPr9tpS3F4ezNs5wtu0R0DzhNvSgqlveo3fS9/VNr5z1ZH4oQTYTBDWvueG5sgRcpQzMgw10o0iRHuoy7xLRWIEx2k45OH8NAqHRhJZUsYOFZ/T6SIaz3goe3kyPT0rDcS//P8xETnQUpFnBgi8GRRlDBoJBz9DztUEWzYwBKEFbW3QtxDCmFjU8rZELzZl+dJ/aTonRYvqjaNMpggC/bBATgCHjgDJXAFKqAGMJDgATyBZ8c4j86L8zppzTjTmV3wB87bD1ZklFw=</latexit>

B�

<latexit sha1_base64="ncBiW4E2zEWPTET+m8DEV7OCNoo=">AAAB7XicbVC7SgNBFL0bXzG+ooKNzWAQrMKuBNQuxMYyAfOAZAmzk9lkzOzMMjMrhCX/YGOhiK2Vf+EX2Nn4LU4ehSYeuHA4517uvSeIOdPGdb+czMrq2vpGdjO3tb2zu5ffP2homShC60RyqVoB1pQzQeuGGU5bsaI4CjhtBsPrid+8p0ozKW7NKKZ+hPuChYxgY6VGpdupDlg3X3CL7hRomXhzUigf1b7Ze+Wj2s1/dnqSJBEVhnCsddtzY+OnWBlGOB3nOommMSZD3KdtSwWOqPbT6bVjdGqVHgqlsiUMmqq/J1IcaT2KAtsZYTPQi95E/M9rJya89FMm4sRQQWaLwoQjI9HkddRjihLDR5Zgopi9FZEBVpgYG1DOhuAtvrxMGudFr1S8qtk0KjBDFo7hBM7Agwsoww1UoQ4E7uABnuDZkc6j8+K8zlozznzmEP7AefsBBf+SfQ==</latexit>

T < Tew

•  and  are separately conserved.B L

B�

<latexit sha1_base64="ncBiW4E2zEWPTET+m8DEV7OCNoo=">AAAB7XicbVC7SgNBFL0bXzG+ooKNzWAQrMKuBNQuxMYyAfOAZAmzk9lkzOzMMjMrhCX/YGOhiK2Vf+EX2Nn4LU4ehSYeuHA4517uvSeIOdPGdb+czMrq2vpGdjO3tb2zu5ffP2homShC60RyqVoB1pQzQeuGGU5bsaI4CjhtBsPrid+8p0ozKW7NKKZ+hPuChYxgY6VGpdupDlg3X3CL7hRomXhzUigf1b7Ze+Wj2s1/dnqSJBEVhnCsddtzY+OnWBlGOB3nOommMSZD3KdtSwWOqPbT6bVjdGqVHgqlsiUMmqq/J1IcaT2KAtsZYTPQi95E/M9rJya89FMm4sRQQWaLwoQjI9HkddRjihLDR5Zgopi9FZEBVpgYG1DOhuAtvrxMGudFr1S8qtk0KjBDFo7hBM7Agwsoww1UoQ4E7uABnuDZkc6j8+K8zlozznzmEP7AefsBBf+SfQ==</latexit>

BSM

<latexit sha1_base64="YbvowYAYB1NnhJVG6zL5LaqZHZg=">AAAB8XicbVDLSgNBEOyNrxhfUcGLl8EgeAq7Iqi3EC9ehATNA5MlzE5mkyEzs8vMrBCW/IUXD4p4Ff/CL/DmxW9x8jhotKChqOqmuyuIOdPGdT+dzMLi0vJKdjW3tr6xuZXf3qnrKFGE1kjEI9UMsKacSVozzHDajBXFIuC0EQwuxn7jjirNInljhjH1Be5JFjKCjZVuy520rQS6vhp18gW36E6A/hJvRgqlveoXeyu/Vzr5j3Y3Iomg0hCOtW55bmz8FCvDCKejXDvRNMZkgHu0ZanEgmo/nVw8QodW6aIwUrakQRP150SKhdZDEdhOgU1fz3tj8T+vlZjwzE+ZjBNDJZkuChOOTITG76MuU5QYPrQEE8XsrYj0scLE2JByNgRv/uW/pH5c9E6K51WbRhmmyMI+HMAReHAKJbiECtSAgIR7eIQnRzsPzrPzMm3NOLOZXfgF5/Ub2+eUGw==</latexit>

Btotal = Ltotal 6= 0

<latexit sha1_base64="paT2FsC1mAQVj3rvB1D6Q+2EHPo=">AAACDXicbVBLSwMxGMzWV62vVY96CFbBU9kVQT0IpV48eKhgH9AuSzbNtqFJdk2yQln6B7z4V7wIKuLVuzf/iQcPpo+DbR0ITGa+j2QmiBlV2nG+rMzc/MLiUnY5t7K6tr5hb25VVZRITCo4YpGsB0gRRgWpaKoZqceSIB4wUgu6FwO/dkekopG40b2YeBy1BQ0pRtpIvr1f8tOm5FBHGrE+PIdXE/emILfQ8e28U3CGgLPEHZN8cfe55Px8r5d9+7PZinDCidCYIaUarhNrL0VSU8xIP9dMFIkR7qI2aRgqECfKS4dp+vDAKC0YRtIcoeFQ/buRIq5UjwdmkiPdUdPeQPzPayQ6PPVSKuJEE4FHD4UJM1nhoBrYopJgzXqGICyp+SvEHSQR1qbAnCnBnY48S6pHBfe4cHZt2iiBEbJgB+yBQ+CCE1AEl6AMKgCDe/AIXsCr9WA9WW/W+2g0Y413tsEErI9fv3Weag==</latexit>



Rough parametrics

• Need  particles around at :      

• DM constraint also requires long lifetimes. 

• Oscillation timescale is set by .  Optimal for baryogenesis: 
an appreciable fraction of an oscillation by :

 for . 

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

Φ Tew ΓΦ ≳ Hew ⟶ cτΦ ≳ cm

ΔM2
χ

T ∼ MΦ1

⟶ ΔM2
χ ∼ (20 keV)2 MΦ ∼ TeV
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Asymmetry + DM

Y max
B /Y obs

B
<latexit sha1_base64="N54tOywbYyuzvdiCXhbyVOHmZGM=">AAACEXicbVC7TsMwFHXKq5RXgJHFokLqVJKCBGNVFsYi0QdqQ+S4TmvVTiLbQVRRfoGFX2FhACFWNjb+BjeNELQcydLxOfdeXx8vYlQqy/oyCkvLK6trxfXSxubW9o65u9eWYSwwaeGQhaLrIUkYDUhLUcVINxIEcY+Rjje+mPqdOyIkDYNrNYmIw9EwoD7FSGnJNSv9bEbisZik8MZt3CZ9wSFH9+nxzy30ZOqaZatqZYCLxM5JGeRouuZnfxDimJNAYYak7NlWpJwECUUxI2mpH0sSITxGQ9LTNECcSCfJtknhkVYG0A+FPoGCmfq7I0Fcygn3dCVHaiTnvan4n9eLlX/uJDSIYkUCPHvIjxlUIZzGAwdUEKzYRBOEBdW7QjxCAmGlQyzpEOz5Ly+Sdq1qn1RrV6fleiOPowgOwCGoABucgTq4BE3QAhg8gCfwAl6NR+PZeDPeZ6UFI+/ZB39gfHwDrKWdiQ==</latexit>

⇢�+�̄/⇢cdm
<latexit sha1_base64="Sy6vdGrEDy0C2IGErnt33Rjeu4w=">AAACGHicbZBNS8MwGMdTX+d8q3r0EhyCIGztFPQ49OJxgnuBdY40TdewJC1JKozSj+HFr+LFgyJed/PbmG476OYDgR////MkT/5+wqjSjvNtrayurW9slrbK2zu7e/v2wWFbxanEpIVjFsuujxRhVJCWppqRbiIJ4j4jHX90W/idJyIVjcWDHiekz9FQ0JBipI00sGve9I5MkiCHnozix8zDET33fCQLyGuFOMg8ySEOeD6wK07VmRZcBncOFTCv5sCeeEGMU06Exgwp1XOdRPczJDXFjORlL1UkQXiEhqRnUCBOVD+bLpXDU6MEMIylOULDqfp7IkNcqTH3TSdHOlKLXiH+5/VSHV73MyqSVBOBZw+FKYM6hkVKMKCSYM3GBhCW1OwKcYQkwtpkWTYhuItfXoZ2vepeVOv3l5XGzTyOEjgGJ+AMuOAKNMAdaIIWwOAZvIJ38GG9WG/Wp/U1a12x5jNH4E9Zkx/aiaDk</latexit>

M�1 =
M�2

2
= 2 TeV

<latexit sha1_base64="MNvszFh+Busn+JGh4p+WVIaptew=">AAACHnicbVDLSsNAFJ34rPUVdelmsAgupCRR0Y1QdONGqNAXNCVMppN26EwSZiZCCfkSN/6KGxeKCK70b5y0EbT1DAOHc+7l3nv8mFGpLOvLWFhcWl5ZLa2V1zc2t7bNnd2WjBKBSRNHLBIdH0nCaEiaiipGOrEgiPuMtP3Rde6374mQNAobahyTHkeDkAYUI6Ulzzy79VK3PqSencFL6AYC4fRHcrIsdXLZcY/140gNBU8bpJV5ZsWqWhPAeWIXpAIK1D3zw+1HOOEkVJghKbu2FateioSimJGs7CaSxAiP0IB0NQ0RJ7KXTs7L4KFW+jCIhP6hghP1d0eKuJRj7uvKfEc56+Xif143UcFFL6VhnCgS4umgIGFQRTDPCvapIFixsSYIC6p3hXiIdERKJ1rWIdizJ8+TllO1T6rO3WmldlXEUQL74AAcARucgxq4AXXQBBg8gCfwAl6NR+PZeDPep6ULRtGzB/7A+PwGWaehZg==</latexit>

M�1 = 0, M�2 = 20 keV
<latexit sha1_base64="cGvc7HW887hfTke47hEDlw3b0G0=">AAACGXicbZDLSsNAFIYn9VbrLerSzWARXJSSVEE3QtGNG6GCvUATwmQ6aYfOJGFmIpSQ13Djq7hxoYhLXfk2TtoI2vrDwM93zmHO+f2YUaks68soLS2vrK6V1ysbm1vbO+buXkdGicCkjSMWiZ6PJGE0JG1FFSO9WBDEfUa6/vgqr3fviZA0Cu/UJCYuR8OQBhQjpZFnWjde6uAR9ewMXkCr5tR+QCMHDcvRyOFIjQRPx6STeWbVqltTwUVjF6YKCrU888MZRDjhJFSYISn7thUrN0VCUcxIVnESSWKEx2hI+tqGiBPpptPLMnikyQAGkdAvVHBKf0+kiEs54b7uzHeU87Uc/lfrJyo4d1MaxokiIZ59FCQMqgjmMcEBFQQrNtEGYUH1rhCPkEBY6TArOgR7/uRF02nU7ZN64/a02rws4iiDA3AIjoENzkATXIMWaAMMHsATeAGvxqPxbLwZ77PWklHM7IM/Mj6/Ae7Xnms=</latexit>

c⌧
�

2
(c
m
)

<latexit sha1_base64="yfNq2d1Ry4fsdn60GLp+WqFbpgA=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahQilJFXRZdOOygn1AE8JkOmmHziRhZiKUkKUbf8WNC0Xc+gnu/BsnbRbaeuDC4Zx7ufceP2ZUKsv6Nkorq2vrG+XNytb2zu6euX/QlVEiMOngiEWi7yNJGA1JR1HFSD8WBHGfkZ4/ucn93gMRkkbhvZrGxOVoFNKAYqS05JnH2FEo8VKnPaZeM3PqTr3mcKTGgqeYZ2eeWbUa1gxwmdgFqYICbc/8coYRTjgJFWZIyoFtxcpNkVAUM5JVnESSGOEJGpGBpiHiRLrp7JEMnmplCINI6AoVnKm/J1LEpZxyX3fmN8pFLxf/8waJCq7clIZxokiI54uChEEVwTwVOKSCYMWmmiAsqL4V4jESCCudXUWHYC++vEy6zYZ93mjeXVRb10UcZXAETkAN2OAStMAtaIMOwOARPINX8GY8GS/Gu/Exby0Zxcwh+APj8wcX25lh</latexit>

c⌧�1 (cm)
<latexit sha1_base64="SECtzqyDDVwRdsnbLSjYCQoKKN4=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahQilJFXRZdOOygn1AE8JkOmmHziRhZiKUkKUbf8WNC0Xc+gnu/BsnbRbaeuDC4Zx7ufceP2ZUKsv6Nkorq2vrG+XNytb2zu6euX/QlVEiMOngiEWi7yNJGA1JR1HFSD8WBHGfkZ4/ucn93gMRkkbhvZrGxOVoFNKAYqS05JnH2FEo8VKnPaaenTl1p15zOFJjwVPMszPPrFoNawa4TOyCVEGBtmd+OcMIJ5yECjMk5cC2YuWmSCiKGckqTiJJjPAEjchA0xBxIt109kgGT7UyhEEkdIUKztTfEyniUk65rzvzG+Wil4v/eYNEBVduSsM4USTE80VBwqCKYJ4KHFJBsGJTTRAWVN8K8RgJhJXOrqJDsBdfXibdZsM+bzTvLqqt6yKOMjgCJ6AGbHAJWuAWtEEHYPAInsEreDOejBfj3fiYt5aMYuYQ/IHx+QMWRZlg</latexit>

��1/Hew
<latexit sha1_base64="y1AUhFEEKHcb4IVnDjZmjRnreeY=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFcFVnqqDLogu7rGAv0BmGTJq2oUlmSDJKGQbc+CpuXCji1pdw59uYtrPQ1h8CH/85h5PzhzGjSjvOt1VYWl5ZXSuulzY2t7Z37N29looSiUkTRyySnRApwqggTU01I51YEsRDRtrh6HpSb98TqWgk7vQ4Jj5HA0H7FCNtrMA+8G4Q5yhIvcaQBm52WjcoOSQPWWCXnYozFVwEN4cyyNUI7C+vF+GEE6ExQ0p1XSfWfoqkppiRrOQlisQIj9CAdA0KxIny0+kNGTw2Tg/2I2me0HDq/p5IEVdqzEPTyZEeqvnaxPyv1k10/9JPqYgTTQSeLeonDOoITgKBPSoJ1mxsAGFJzV8hHiKJsDaxlUwI7vzJi9CqVtyzSvX2vFy7yuMogkNwBE6ACy5ADdRBAzQBBo/gGbyCN+vJerHerY9Za8HKZ/bBH1mfP2LVl1s=</latexit>

�
�

2
/
H

ew
<latexit sha1_base64="zMQ/xtawRtDCw9izG8E0L8BoJzQ=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFcFVnqqDLogu7rGAv0BmGTJq2oUlmSDJKGQbc+CpuXCji1pdw59uYtrPQ1h8CH/85h5PzhzGjSjvOt1VYWl5ZXSuulzY2t7Z37N29looSiUkTRyySnRApwqggTU01I51YEsRDRtrh6HpSb98TqWgk7vQ4Jj5HA0H7FCNtrMA+8G4Q5yhIvcaQBtXstG5QckgessAuOxVnKrgIbg5lkKsR2F9eL8IJJ0JjhpTquk6s/RRJTTEjWclLFIkRHqEB6RoUiBPlp9MbMnhsnB7sR9I8oeHU/T2RIq7UmIemkyM9VPO1iflfrZvo/qWfUhEnmgg8W9RPGNQRnAQCe1QSrNnYAMKSmr9CPEQSYW1iK5kQ3PmTF6FVrbhnlertebl2lcdRBIfgCJwAF1yAGqiDBmgCDB7BM3gFb9aT9WK9Wx+z1oKVz+yDP7I+fwBkZZdc</latexit>
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<latexit sha1_base64="SECtzqyDDVwRdsnbLSjYCQoKKN4=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahQilJFXRZdOOygn1AE8JkOmmHziRhZiKUkKUbf8WNC0Xc+gnu/BsnbRbaeuDC4Zx7ufceP2ZUKsv6Nkorq2vrG+XNytb2zu6euX/QlVEiMOngiEWi7yNJGA1JR1HFSD8WBHGfkZ4/ucn93gMRkkbhvZrGxOVoFNKAYqS05JnH2FEo8VKnPaaenTl1p15zOFJjwVPMszPPrFoNawa4TOyCVEGBtmd+OcMIJ5yECjMk5cC2YuWmSCiKGckqTiJJjPAEjchA0xBxIt109kgGT7UyhEEkdIUKztTfEyniUk65rzvzG+Wil4v/eYNEBVduSsM4USTE80VBwqCKYJ4KHFJBsGJTTRAWVN8K8RgJhJXOrqJDsBdfXibdZsM+bzTvLqqt6yKOMjgCJ6AGbHAJWuAWtEEHYPAInsEreDOejBfj3fiYt5aMYuYQ/IHx+QMWRZlg</latexit>

M�1(TeV)

<latexit sha1_base64="at3ckPxsxpVJdmFuygiDFqfIGjQ=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR6qYkUlB3RTduhAp9QRPCZDpth85MwsxEKDELf8WNC0Xc+hvu/BunbRbaeuDC4Zx7ufeeMGZUacf5tgorq2vrG8XN0tb2zu6evX/QVlEiMWnhiEWyGyJFGBWkpalmpBtLgnjISCcc30z9zgORikaiqScx8TkaCjqgGGkjBfbRXZB6jREN3AxWPMnTJmlnZzCwy07VmQEuEzcnZZCjEdhfXj/CCSdCY4aU6rlOrP0USU0xI1nJSxSJER6jIekZKhAnyk9n92fw1Ch9OIikKaHhTP09kSKu1ISHppMjPVKL3lT8z+slenDpp1TEiSYCzxcNEgZ1BKdhwD6VBGs2MQRhSc2tEI+QRFibyEomBHfx5WXSPq+6terVfa1cv87jKIJjcAIqwAUXoA5uQQO0AAaP4Bm8gjfryXqx3q2PeWvBymcOwR9Ynz9r3pUX</latexit>

Mχ1
/Mχ2

= 1/2
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• Require  GeV. 

• For points with   
GeV, require . 

Mχ2
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Mχ1
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ρχ1
< ρDM /3
c⌧

�
1
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m
)

<latexit sha1_base64="SECtzqyDDVwRdsnbLSjYCQoKKN4=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahQilJFXRZdOOygn1AE8JkOmmHziRhZiKUkKUbf8WNC0Xc+gnu/BsnbRbaeuDC4Zx7ufceP2ZUKsv6Nkorq2vrG+XNytb2zu6euX/QlVEiMOngiEWi7yNJGA1JR1HFSD8WBHGfkZ4/ucn93gMRkkbhvZrGxOVoFNKAYqS05JnH2FEo8VKnPaaenTl1p15zOFJjwVPMszPPrFoNawa4TOyCVEGBtmd+OcMIJ5yECjMk5cC2YuWmSCiKGckqTiJJjPAEjchA0xBxIt109kgGT7UyhEEkdIUKztTfEyniUk65rzvzG+Wil4v/eYNEBVduSsM4USTE80VBwqCKYJ4KHFJBsGJTTRAWVN8K8RgJhJXOrqJDsBdfXibdZsM+bzTvLqqt6yKOMjgCJ6AGbHAJWuAWtEEHYPAInsEreDOejBfj3fiYt5aMYuYQ/IHx+QMWRZlg</latexit>

M�1(TeV)

<latexit sha1_base64="at3ckPxsxpVJdmFuygiDFqfIGjQ=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR6qYkUlB3RTduhAp9QRPCZDpth85MwsxEKDELf8WNC0Xc+hvu/BunbRbaeuDC4Zx7ufeeMGZUacf5tgorq2vrG8XN0tb2zu6evX/QVlEiMWnhiEWyGyJFGBWkpalmpBtLgnjISCcc30z9zgORikaiqScx8TkaCjqgGGkjBfbRXZB6jREN3AxWPMnTJmlnZzCwy07VmQEuEzcnZZCjEdhfXj/CCSdCY4aU6rlOrP0USU0xI1nJSxSJER6jIekZKhAnyk9n92fw1Ch9OIikKaHhTP09kSKu1ISHppMjPVKL3lT8z+slenDpp1TEiSYCzxcNEgZ1BKdhwD6VBGs2MQRhSc2tEI+QRFibyEomBHfx5WXSPq+6terVfa1cv87jKIJjcAIqwAUXoA5uQQO0AAaP4Bm8gjfryXqx3q2PeWvBymcOwR9Ynz9r3pUX</latexit>

Mχ1
/Mχ2

= 1/10
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• Require  GeV. 

• For points with   
GeV, require . 

Mχ2
> 10

Mχ1
< 10

ρχ1
< ρDM /3
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�
1
(c
m
)

<latexit sha1_base64="SECtzqyDDVwRdsnbLSjYCQoKKN4=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahQilJFXRZdOOygn1AE8JkOmmHziRhZiKUkKUbf8WNC0Xc+gnu/BsnbRbaeuDC4Zx7ufceP2ZUKsv6Nkorq2vrG+XNytb2zu6euX/QlVEiMOngiEWi7yNJGA1JR1HFSD8WBHGfkZ4/ucn93gMRkkbhvZrGxOVoFNKAYqS05JnH2FEo8VKnPaaenTl1p15zOFJjwVPMszPPrFoNawa4TOyCVEGBtmd+OcMIJ5yECjMk5cC2YuWmSCiKGckqTiJJjPAEjchA0xBxIt109kgGT7UyhEEkdIUKztTfEyniUk65rzvzG+Wil4v/eYNEBVduSsM4USTE80VBwqCKYJ4KHFJBsGJTTRAWVN8K8RgJhJXOrqJDsBdfXibdZsM+bzTvLqqt6yKOMjgCJ6AGbHAJWuAWtEEHYPAInsEreDOejBfj3fiYt5aMYuYQ/IHx+QMWRZlg</latexit>
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Mχ1
= 0

• Require  GeV. 

• For points with   
GeV, require . 

Mχ2
> 10

Mχ1
< 10

ρχ1
< ρDM /3
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Single-scalar results

• Need  to couple to top and at 
least one light flavor. 

• Without coupling to top: need 
three  particles (A. Abada et al., 
arXiv:1810.12463); consistency of 
asymmetry with DM is 
borderline.
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LHC constraints

•  is pair-produced 
with a QCD-
strength cross 
section. 

• , 
leads to events 
with events with 
displaced/delayed 
jets + MET 

• Or, HSCP 
signatures for 
longer lifetimes

Φ

Φ → q + DM

ATLAS, arXiv:1808.04095; CMS, arXiv:1811.07991; CMS, arXiv:1906.06441; CMS, arXiv:1908.04722 
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(Work in progress)



Electroweak scalar

Exact :Z2

Broken :Z2

(Work in progress)



Summary

• Models that incorporate both freeze-in DM and baryogengesis 
can be relatively simple. 

• Together, the DM and baryogengesis constraints prefer masses 
of BSM particles at around the TeV scale, and long lifetimes.   

• There are a variety of scenarios and potential LLP signatures to 
explore!
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Asymmetry + DM

• Increasing the  mass has 
little impact on the  
parameter space. 

• Any source of coherent  
background will do!              
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