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Are neutrinophilic mediators a good portal to dark matter?

Could neutrinos have sizable (BSM) self-interactions?

How do self-interactions impact the early universe?

*this talk is intentionally incomplete!  (Much) more to come in Douglas’s, Yue’s, and Kev’s talks
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<latexit sha1_base64="DNgoffB6kLn1Tpa4Tg5BHxssp7k=">AAAB63icdVDLSsNAFJ34rPVVdelmsAiuQpJGW3dFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSuo6IELh3Pu5d57wpRRpR3nw1pZXVvf2Cxtlbd3dvf2KweHHZVkEpM2TlgieyFShFFB2ppqRnqpJIiHjHTDyXXhd++JVDQRd3qakoCjsaARxUgX0iCN6bBSdWzXv/AufejYnntedwpSc+sNvwZd25mjCpZoDSvvg1GCM06Exgwp1XedVAc5kppiRmblQaZIivAEjUnfUIE4UUE+v3UGT40yglEiTQkN5+r3iRxxpaY8NJ0c6Vj99grxL6+f6agR5FSkmSYCLxZFGYM6gcXjcEQlwZpNDUFYUnMrxDGSCGsTT9mE8PUp/J90PNut2d6tX21eLeMogWNwAs6AC+qgCW5AC7QBBjF4AE/g2eLWo/VivS5aV6zlzBH4AevtE3uBjoo=</latexit>



3

⌫
<latexit sha1_base64="VhHRDlrC79qTrbmAfFPWpny8EP0=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRp1LorunFZ0dZCG8pkOmmHTiZhZiKU0E9w40IRt36RO//G6UNQ0TMMHM65l3vvCVPOlHacD6uwtLyyulZcL21sbm3vlHf3WirJJKFNkvBEtkOsKGeCNjXTnLZTSXEccnoXji6n/t09lYol4laPUxrEeCBYxAjWRrrpiqxXrji26597px5ybM89qfmuIVXXNw+5tjNDBRZo9Mrv3X5CspgKTThWquM6qQ5yLDUjnE5K3UzRFJMRHtCOoQLHVAX5bNUJOjJKH0WJNF9oNFO/d+Q4Vmoch6YyxnqofntT8S+vk+moFuRMpJmmgswHRRlHOkHTu1GfSUo0HxuCiWRmV0SGWGKiTTolE8LXpeh/0vJst2p7136lfrGIowgHcAjH4MIZ1OEKGtAEAgN4gCd4trj1aL1Yr/PSgrXo2YcfsN4+AbXrjhY=</latexit>

⌫
<latexit sha1_base64="VhHRDlrC79qTrbmAfFPWpny8EP0=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRp1LorunFZ0dZCG8pkOmmHTiZhZiKU0E9w40IRt36RO//G6UNQ0TMMHM65l3vvCVPOlHacD6uwtLyyulZcL21sbm3vlHf3WirJJKFNkvBEtkOsKGeCNjXTnLZTSXEccnoXji6n/t09lYol4laPUxrEeCBYxAjWRrrpiqxXrji26597px5ybM89qfmuIVXXNw+5tjNDBRZo9Mrv3X5CspgKTThWquM6qQ5yLDUjnE5K3UzRFJMRHtCOoQLHVAX5bNUJOjJKH0WJNF9oNFO/d+Q4Vmoch6YyxnqofntT8S+vk+moFuRMpJmmgswHRRlHOkHTu1GfSUo0HxuCiWRmV0SGWGKiTTolE8LXpeh/0vJst2p7136lfrGIowgHcAjH4MIZ1OEKGtAEAgN4gCd4trj1aL1Yr/PSgrXo2YcfsN4+AbXrjhY=</latexit>

⌫
<latexit sha1_base64="VhHRDlrC79qTrbmAfFPWpny8EP0=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRp1LorunFZ0dZCG8pkOmmHTiZhZiKU0E9w40IRt36RO//G6UNQ0TMMHM65l3vvCVPOlHacD6uwtLyyulZcL21sbm3vlHf3WirJJKFNkvBEtkOsKGeCNjXTnLZTSXEccnoXji6n/t09lYol4laPUxrEeCBYxAjWRrrpiqxXrji26597px5ybM89qfmuIVXXNw+5tjNDBRZo9Mrv3X5CspgKTThWquM6qQ5yLDUjnE5K3UzRFJMRHtCOoQLHVAX5bNUJOjJKH0WJNF9oNFO/d+Q4Vmoch6YyxnqofntT8S+vk+moFuRMpJmmgswHRRlHOkHTu1GfSUo0HxuCiWRmV0SGWGKiTTolE8LXpeh/0vJst2p7136lfrGIowgHcAjH4MIZ1OEKGtAEAgN4gCd4trj1aL1Yr/PSgrXo2YcfsN4+AbXrjhY=</latexit>

⌫
<latexit sha1_base64="VhHRDlrC79qTrbmAfFPWpny8EP0=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRp1LorunFZ0dZCG8pkOmmHTiZhZiKU0E9w40IRt36RO//G6UNQ0TMMHM65l3vvCVPOlHacD6uwtLyyulZcL21sbm3vlHf3WirJJKFNkvBEtkOsKGeCNjXTnLZTSXEccnoXji6n/t09lYol4laPUxrEeCBYxAjWRrrpiqxXrji26597px5ybM89qfmuIVXXNw+5tjNDBRZo9Mrv3X5CspgKTThWquM6qQ5yLDUjnE5K3UzRFJMRHtCOoQLHVAX5bNUJOjJKH0WJNF9oNFO/d+Q4Vmoch6YyxnqofntT8S+vk+moFuRMpJmmgswHRRlHOkHTu1GfSUo0HxuCiWRmV0SGWGKiTTolE8LXpeh/0vJst2p7136lfrGIowgHcAjH4MIZ1OEKGtAEAgN4gCd4trj1aL1Yr/PSgrXo2YcfsN4+AbXrjhY=</latexit>

⌫
<latexit sha1_base64="VhHRDlrC79qTrbmAfFPWpny8EP0=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRp1LorunFZ0dZCG8pkOmmHTiZhZiKU0E9w40IRt36RO//G6UNQ0TMMHM65l3vvCVPOlHacD6uwtLyyulZcL21sbm3vlHf3WirJJKFNkvBEtkOsKGeCNjXTnLZTSXEccnoXji6n/t09lYol4laPUxrEeCBYxAjWRrrpiqxXrji26597px5ybM89qfmuIVXXNw+5tjNDBRZo9Mrv3X5CspgKTThWquM6qQ5yLDUjnE5K3UzRFJMRHtCOoQLHVAX5bNUJOjJKH0WJNF9oNFO/d+Q4Vmoch6YyxnqofntT8S+vk+moFuRMpJmmgswHRRlHOkHTu1GfSUo0HxuCiWRmV0SGWGKiTTolE8LXpeh/0vJst2p7136lfrGIowgHcAjH4MIZ1OEKGtAEAgN4gCd4trj1aL1Yr/PSgrXo2YcfsN4+AbXrjhY=</latexit>

⌫
<latexit sha1_base64="VhHRDlrC79qTrbmAfFPWpny8EP0=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRp1LorunFZ0dZCG8pkOmmHTiZhZiKU0E9w40IRt36RO//G6UNQ0TMMHM65l3vvCVPOlHacD6uwtLyyulZcL21sbm3vlHf3WirJJKFNkvBEtkOsKGeCNjXTnLZTSXEccnoXji6n/t09lYol4laPUxrEeCBYxAjWRrrpiqxXrji26597px5ybM89qfmuIVXXNw+5tjNDBRZo9Mrv3X5CspgKTThWquM6qQ5yLDUjnE5K3UzRFJMRHtCOoQLHVAX5bNUJOjJKH0WJNF9oNFO/d+Q4Vmoch6YyxnqofntT8S+vk+moFuRMpJmmgswHRRlHOkHTu1GfSUo0HxuCiWRmV0SGWGKiTTolE8LXpeh/0vJst2p7136lfrGIowgHcAjH4MIZ1OEKGtAEAgN4gCd4trj1aL1Yr/PSgrXo2YcfsN4+AbXrjhY=</latexit>

V

⌫
<latexit sha1_base64="VhHRDlrC79qTrbmAfFPWpny8EP0=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRp1LorunFZ0dZCG8pkOmmHTiZhZiKU0E9w40IRt36RO//G6UNQ0TMMHM65l3vvCVPOlHacD6uwtLyyulZcL21sbm3vlHf3WirJJKFNkvBEtkOsKGeCNjXTnLZTSXEccnoXji6n/t09lYol4laPUxrEeCBYxAjWRrrpiqxXrji26597px5ybM89qfmuIVXXNw+5tjNDBRZo9Mrv3X5CspgKTThWquM6qQ5yLDUjnE5K3UzRFJMRHtCOoQLHVAX5bNUJOjJKH0WJNF9oNFO/d+Q4Vmoch6YyxnqofntT8S+vk+moFuRMpJmmgswHRRlHOkHTu1GfSUo0HxuCiWRmV0SGWGKiTTolE8LXpeh/0vJst2p7136lfrGIowgHcAjH4MIZ1OEKGtAEAgN4gCd4trj1aL1Yr/PSgrXo2YcfsN4+AbXrjhY=</latexit>
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*for now, let’s assume this coupling is flavor-universal
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•According to the standard model, 
neutrinos decouple from the SM and 
become free streaming around/just 
before the formation of light elements 
during big-bang nucleosynthesis (BBN).


•With a new short-range interaction, 
neutrinos may remain strongly self-
coupled until/during/through cosmic 
microwave background (CMB) 
formation!
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Neutrino interactions (whether or 
not 1, 2, or 3 flavors are free-

streaming) have significant impact 
on the CMB power spectrum, 

especially at high ℓ

Kreisch et al [1902.00534]

https://arxiv.org/abs/1902.00534
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•Required self-interaction scale is ~7-9 orders of magnitude higher than the weak-interaction scale!
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⌫
<latexit sha1_base64="VhHRDlrC79qTrbmAfFPWpny8EP0=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRp1LorunFZ0dZCG8pkOmmHTiZhZiKU0E9w40IRt36RO//G6UNQ0TMMHM65l3vvCVPOlHacD6uwtLyyulZcL21sbm3vlHf3WirJJKFNkvBEtkOsKGeCNjXTnLZTSXEccnoXji6n/t09lYol4laPUxrEeCBYxAjWRrrpiqxXrji26597px5ybM89qfmuIVXXNw+5tjNDBRZo9Mrv3X5CspgKTThWquM6qQ5yLDUjnE5K3UzRFJMRHtCOoQLHVAX5bNUJOjJKH0WJNF9oNFO/d+Q4Vmoch6YyxnqofntT8S+vk+moFuRMpJmmgswHRRlHOkHTu1GfSUo0HxuCiWRmV0SGWGKiTTolE8LXpeh/0vJst2p7136lfrGIowgHcAjH4MIZ1OEKGtAEAgN4gCd4trj1aL1Yr/PSgrXo2YcfsN4+AbXrjhY=</latexit>

⌫
<latexit sha1_base64="VhHRDlrC79qTrbmAfFPWpny8EP0=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRp1LorunFZ0dZCG8pkOmmHTiZhZiKU0E9w40IRt36RO//G6UNQ0TMMHM65l3vvCVPOlHacD6uwtLyyulZcL21sbm3vlHf3WirJJKFNkvBEtkOsKGeCNjXTnLZTSXEccnoXji6n/t09lYol4laPUxrEeCBYxAjWRrrpiqxXrji26597px5ybM89qfmuIVXXNw+5tjNDBRZo9Mrv3X5CspgKTThWquM6qQ5yLDUjnE5K3UzRFJMRHtCOoQLHVAX5bNUJOjJKH0WJNF9oNFO/d+Q4Vmoch6YyxnqofntT8S+vk+moFuRMpJmmgswHRRlHOkHTu1GfSUo0HxuCiWRmV0SGWGKiTTolE8LXpeh/0vJst2p7136lfrGIowgHcAjH4MIZ1OEKGtAEAgN4gCd4trj1aL1Yr/PSgrXo2YcfsN4+AbXrjhY=</latexit>

⌫
<latexit sha1_base64="VhHRDlrC79qTrbmAfFPWpny8EP0=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRp1LorunFZ0dZCG8pkOmmHTiZhZiKU0E9w40IRt36RO//G6UNQ0TMMHM65l3vvCVPOlHacD6uwtLyyulZcL21sbm3vlHf3WirJJKFNkvBEtkOsKGeCNjXTnLZTSXEccnoXji6n/t09lYol4laPUxrEeCBYxAjWRrrpiqxXrji26597px5ybM89qfmuIVXXNw+5tjNDBRZo9Mrv3X5CspgKTThWquM6qQ5yLDUjnE5K3UzRFJMRHtCOoQLHVAX5bNUJOjJKH0WJNF9oNFO/d+Q4Vmoch6YyxnqofntT8S+vk+moFuRMpJmmgswHRRlHOkHTu1GfSUo0HxuCiWRmV0SGWGKiTTolE8LXpeh/0vJst2p7136lfrGIowgHcAjH4MIZ1OEKGtAEAgN4gCd4trj1aL1Yr/PSgrXo2YcfsN4+AbXrjhY=</latexit>

GF
<latexit sha1_base64="mz7qB3nHSWXBQQwyA5Qh6y0B0sE=">AAAB7HicdVBNS8NAEJ34WetX1aOXxSJ4Ckkbbb0VBfVYwX5AW8pmu2mXbjZhdyOU0N/gxYMiXv1B3vw3btoKKvpg4PHeDDPz/JgzpR3nw1paXlldW89t5De3tnd2C3v7TRUlktAGiXgk2z5WlDNBG5ppTtuxpDj0OW3548vMb91TqVgk7vQkpr0QDwULGMHaSI3rfno17ReKju16Z6VzDzl2yT2tOBkpu5WqV0au7cxQhAXq/cJ7dxCRJKRCE46V6rhOrHsplpoRTqf5bqJojMkYD2nHUIFDqnrp7NgpOjbKAAWRNCU0mqnfJ1IcKjUJfdMZYj1Sv71M/MvrJDqo9lIm4kRTQeaLgoQjHaHsczRgkhLNJ4ZgIpm5FZERlphok0/ehPD1KfqfNEu2W7ZLt16xdrGIIweHcAQn4EIFanADdWgAAQYP8ATPlrAerRfrdd66ZC1mDuAHrLdPDS+O2w==</latexit>

⌫s
<latexit sha1_base64="iY0E1NWpInWc9w2Hr8pbQ/lce4M=">AAAB7HicdVBNS8NAEJ34WetX1aOXxSJ4Ckkbbb0VvXisYNpCG8pmu2mXbjZhdyOU0t/gxYMiXv1B3vw3btoKKvpg4PHeDDPzwpQzpR3nw1pZXVvf2CxsFbd3dvf2SweHLZVkklCfJDyRnRArypmgvmaa004qKY5DTtvh+Dr32/dUKpaIOz1JaRDjoWARI1gbye+JrK/6pbJju95F5dJDjl1xz2tOTqpure5VkWs7c5RhiWa/9N4bJCSLqdCEY6W6rpPqYIqlZoTTWbGXKZpiMsZD2jVU4JiqYDo/doZOjTJAUSJNCY3m6veJKY6VmsSh6YyxHqnfXi7+5XUzHdWDKRNppqkgi0VRxpFOUP45GjBJieYTQzCRzNyKyAhLTLTJp2hC+PoU/U9aFdut2pVbr9y4WsZRgGM4gTNwoQYNuIEm+ECAwQM8wbMlrEfrxXpdtK5Yy5kj+AHr7RNR8Y8I</latexit>✓

<latexit sha1_base64="IXapNFQNhl4CHplyLrx694HoxJ4=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZI02rorunFZwT6gDWUynbRjJw9mboQS+g9uXCji1v9x5984aSuo6IELh3Pu5d57/ERwBZb1YRRWVtfWN4qbpa3tnd298v5BW8WppKxFYxHLrk8UEzxiLeAgWDeRjIS+YB1/cpX7nXsmFY+jW5gmzAvJKOIBpwS01O7DmAEZlCuWabvnzoWLLdOxz2pWTqp2re5WsW1ac1TQEs1B+b0/jGkasgioIEr1bCsBLyMSOBVsVuqniiWETsiI9TSNSMiUl82vneETrQxxEEtdEeC5+n0iI6FS09DXnSGBsfrt5eJfXi+FoO5lPEpSYBFdLApSgSHG+et4yCWjIKaaECq5vhXTMZGEgg6opEP4+hT/T9qOaVdN58atNC6XcRTRETpGp8hGNdRA16iJWoiiO/SAntCzERuPxovxumgtGMuZQ/QDxtsnC/+Pcw==</latexit>

Abazajian [1705.01837]
• keV-scale sterile neutrinos could be dark 

matter if they attain a large relic abundance.


• This can occur via the Dodelson-Widrow 
mechanism via the SM weak interactions and 
mixing between the SM and sterile neutrinos.

Larger self-interactions — thermalization of sterile neutrino dark matter for smaller mixing angles.

https://arxiv.org/abs/1705.01837
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Abazajian [1705.01837]⌫
<latexit sha1_base64="VhHRDlrC79qTrbmAfFPWpny8EP0=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRp1LorunFZ0dZCG8pkOmmHTiZhZiKU0E9w40IRt36RO//G6UNQ0TMMHM65l3vvCVPOlHacD6uwtLyyulZcL21sbm3vlHf3WirJJKFNkvBEtkOsKGeCNjXTnLZTSXEccnoXji6n/t09lYol4laPUxrEeCBYxAjWRrrpiqxXrji26597px5ybM89qfmuIVXXNw+5tjNDBRZo9Mrv3X5CspgKTThWquM6qQ5yLDUjnE5K3UzRFJMRHtCOoQLHVAX5bNUJOjJKH0WJNF9oNFO/d+Q4Vmoch6YyxnqofntT8S+vk+moFuRMpJmmgswHRRlHOkHTu1GfSUo0HxuCiWRmV0SGWGKiTTolE8LXpeh/0vJst2p7136lfrGIowgHcAjH4MIZ1OEKGtAEAgN4gCd4trj1aL1Yr/PSgrXo2YcfsN4+AbXrjhY=</latexit>

⌫
<latexit sha1_base64="VhHRDlrC79qTrbmAfFPWpny8EP0=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRp1LorunFZ0dZCG8pkOmmHTiZhZiKU0E9w40IRt36RO//G6UNQ0TMMHM65l3vvCVPOlHacD6uwtLyyulZcL21sbm3vlHf3WirJJKFNkvBEtkOsKGeCNjXTnLZTSXEccnoXji6n/t09lYol4laPUxrEeCBYxAjWRrrpiqxXrji26597px5ybM89qfmuIVXXNw+5tjNDBRZo9Mrv3X5CspgKTThWquM6qQ5yLDUjnE5K3UzRFJMRHtCOoQLHVAX5bNUJOjJKH0WJNF9oNFO/d+Q4Vmoch6YyxnqofntT8S+vk+moFuRMpJmmgswHRRlHOkHTu1GfSUo0HxuCiWRmV0SGWGKiTTolE8LXpeh/0vJst2p7136lfrGIowgHcAjH4MIZ1OEKGtAEAgN4gCd4trj1aL1Yr/PSgrXo2YcfsN4+AbXrjhY=</latexit>

⌫
<latexit sha1_base64="VhHRDlrC79qTrbmAfFPWpny8EP0=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRp1LorunFZ0dZCG8pkOmmHTiZhZiKU0E9w40IRt36RO//G6UNQ0TMMHM65l3vvCVPOlHacD6uwtLyyulZcL21sbm3vlHf3WirJJKFNkvBEtkOsKGeCNjXTnLZTSXEccnoXji6n/t09lYol4laPUxrEeCBYxAjWRrrpiqxXrji26597px5ybM89qfmuIVXXNw+5tjNDBRZo9Mrv3X5CspgKTThWquM6qQ5yLDUjnE5K3UzRFJMRHtCOoQLHVAX5bNUJOjJKH0WJNF9oNFO/d+Q4Vmoch6YyxnqofntT8S+vk+moFuRMpJmmgswHRRlHOkHTu1GfSUo0HxuCiWRmV0SGWGKiTTolE8LXpeh/0vJst2p7136lfrGIowgHcAjH4MIZ1OEKGtAEAgN4gCd4trj1aL1Yr/PSgrXo2YcfsN4+AbXrjhY=</latexit>

⌫s
<latexit sha1_base64="iY0E1NWpInWc9w2Hr8pbQ/lce4M=">AAAB7HicdVBNS8NAEJ34WetX1aOXxSJ4Ckkbbb0VvXisYNpCG8pmu2mXbjZhdyOU0t/gxYMiXv1B3vw3btoKKvpg4PHeDDPzwpQzpR3nw1pZXVvf2CxsFbd3dvf2SweHLZVkklCfJDyRnRArypmgvmaa004qKY5DTtvh+Dr32/dUKpaIOz1JaRDjoWARI1gbye+JrK/6pbJju95F5dJDjl1xz2tOTqpure5VkWs7c5RhiWa/9N4bJCSLqdCEY6W6rpPqYIqlZoTTWbGXKZpiMsZD2jVU4JiqYDo/doZOjTJAUSJNCY3m6veJKY6VmsSh6YyxHqnfXi7+5XUzHdWDKRNppqkgi0VRxpFOUP45GjBJieYTQzCRzNyKyAhLTLTJp2hC+PoU/U9aFdut2pVbr9y4WsZRgGM4gTNwoQYNuIEm+ECAwQM8wbMlrEfrxXpdtK5Yy5kj+AHr7RNR8Y8I</latexit>✓

<latexit sha1_base64="IXapNFQNhl4CHplyLrx694HoxJ4=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZI02rorunFZwT6gDWUynbRjJw9mboQS+g9uXCji1v9x5984aSuo6IELh3Pu5d57/ERwBZb1YRRWVtfWN4qbpa3tnd298v5BW8WppKxFYxHLrk8UEzxiLeAgWDeRjIS+YB1/cpX7nXsmFY+jW5gmzAvJKOIBpwS01O7DmAEZlCuWabvnzoWLLdOxz2pWTqp2re5WsW1ac1TQEs1B+b0/jGkasgioIEr1bCsBLyMSOBVsVuqniiWETsiI9TSNSMiUl82vneETrQxxEEtdEeC5+n0iI6FS09DXnSGBsfrt5eJfXi+FoO5lPEpSYBFdLApSgSHG+et4yCWjIKaaECq5vhXTMZGEgg6opEP4+hT/T9qOaVdN58atNC6XcRTRETpGp8hGNdRA16iJWoiiO/SAntCzERuPxovxumgtGMuZQ/QDxtsnC/+Pcw==</latexit>

Ge↵.
<latexit sha1_base64="r3kMhOr/AygUlAeK39PiXZNXXQw=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFZI22rorutBlBfuAJpTJdNIOnZmEmYlQQn/DjQtF3Poz7vwbJ20FFT1w4XDOvdx7T5gwqrTjfFiFldW19Y3iZmlre2d3r7x/0FFxKjFp45jFshciRRgVpK2pZqSXSIJ4yEg3nFzlfveeSEVjcaenCQk4GgkaUYy0kfzrQeZLDkkU2bNBueLYrndevfCgY1fds7qTk5pbb3g16NrOHBWwRGtQfveHMU45ERozpFTfdRIdZEhqihmZlfxUkQThCRqRvqECcaKCbH7zDJ4YZQijWJoSGs7V7xMZ4kpNeWg6OdJj9dvLxb+8fqqjRpBRkaSaCLxYFKUM6hjmAcAhlQRrNjUEYUnNrRCPkURYm5hKJoSvT+H/pFO13ZpdvfUqzctlHEVwBI7BKXBBHTTBDWiBNsAgAQ/gCTxbqfVovVivi9aCtZw5BD9gvX0C3GaRlQ==</latexit>

m� � T
<latexit sha1_base64="7g0UkAduEieyGYxL1BfMqd5f+1Q=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFZI02rorunFZoS9oQplMJ+nQSTLMTIQS+htuXCji1p9x5984aSuo6IELh3Pu5d57As6oVJb1YZTW1jc2t8rblZ3dvf2D6uFRT6aZwKSLU5aKQYAkYTQhXUUVIwMuCIoDRvrB9Kbw+/dESJomHTXjxI9RlNCQYqS05MUjj08o9KIIdkbVmmXa7qVz5ULLdOyLhlWQut1ounVom9YCNbBCe1R998YpzmKSKMyQlEPb4srPkVAUMzKveJkkHOEpishQ0wTFRPr54uY5PNPKGIap0JUouFC/T+QolnIWB7ozRmoif3uF+Jc3zFTY9HOa8EyRBC8XhRmDKoVFAHBMBcGKzTRBWFB9K8QTJBBWOqaKDuHrU/g/6TmmXTedO7fWul7FUQYn4BScAxs0QAvcgjboAgw4eABP4NnIjEfjxXhdtpaM1cwx+AHj7ROSwpFk</latexit>

⌫
<latexit sha1_base64="VhHRDlrC79qTrbmAfFPWpny8EP0=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRp1LorunFZ0dZCG8pkOmmHTiZhZiKU0E9w40IRt36RO//G6UNQ0TMMHM65l3vvCVPOlHacD6uwtLyyulZcL21sbm3vlHf3WirJJKFNkvBEtkOsKGeCNjXTnLZTSXEccnoXji6n/t09lYol4laPUxrEeCBYxAjWRrrpiqxXrji26597px5ybM89qfmuIVXXNw+5tjNDBRZo9Mrv3X5CspgKTThWquM6qQ5yLDUjnE5K3UzRFJMRHtCOoQLHVAX5bNUJOjJKH0WJNF9oNFO/d+Q4Vmoch6YyxnqofntT8S+vk+moFuRMpJmmgswHRRlHOkHTu1GfSUo0HxuCiWRmV0SGWGKiTTolE8LXpeh/0vJst2p7136lfrGIowgHcAjH4MIZ1OEKGtAEAgN4gCd4trj1aL1Yr/PSgrXo2YcfsN4+AbXrjhY=</latexit>

⌫
<latexit sha1_base64="VhHRDlrC79qTrbmAfFPWpny8EP0=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRp1LorunFZ0dZCG8pkOmmHTiZhZiKU0E9w40IRt36RO//G6UNQ0TMMHM65l3vvCVPOlHacD6uwtLyyulZcL21sbm3vlHf3WirJJKFNkvBEtkOsKGeCNjXTnLZTSXEccnoXji6n/t09lYol4laPUxrEeCBYxAjWRrrpiqxXrji26597px5ybM89qfmuIVXXNw+5tjNDBRZo9Mrv3X5CspgKTThWquM6qQ5yLDUjnE5K3UzRFJMRHtCOoQLHVAX5bNUJOjJKH0WJNF9oNFO/d+Q4Vmoch6YyxnqofntT8S+vk+moFuRMpJmmgswHRRlHOkHTu1GfSUo0HxuCiWRmV0SGWGKiTTolE8LXpeh/0vJst2p7136lfrGIowgHcAjH4MIZ1OEKGtAEAgN4gCd4trj1aL1Yr/PSgrXo2YcfsN4+AbXrjhY=</latexit>

�
<latexit sha1_base64="DNgoffB6kLn1Tpa4Tg5BHxssp7k=">AAAB63icdVDLSsNAFJ34rPVVdelmsAiuQpJGW3dFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSuo6IELh3Pu5d57wpRRpR3nw1pZXVvf2Cxtlbd3dvf2KweHHZVkEpM2TlgieyFShFFB2ppqRnqpJIiHjHTDyXXhd++JVDQRd3qakoCjsaARxUgX0iCN6bBSdWzXv/AufejYnntedwpSc+sNvwZd25mjCpZoDSvvg1GCM06Exgwp1XedVAc5kppiRmblQaZIivAEjUnfUIE4UUE+v3UGT40yglEiTQkN5+r3iRxxpaY8NJ0c6Vj99grxL6+f6agR5FSkmSYCLxZFGYM6gcXjcEQlwZpNDUFYUnMrxDGSCGsTT9mE8PUp/J90PNut2d6tX21eLeMogWNwAs6AC+qgCW5AC7QBBjF4AE/g2eLWo/VivS5aV6zlzBH4AevtE3uBjoo=</latexit>

m� . T
<latexit sha1_base64="z/rk/I0XQ5WZdYwZQcxFE6vq8lQ=">AAAB+nicdVDLSgMxFM34rPXV6tJNsAiuhpl2tHVXdOOyQl/QGYZMmrahSWZIMkoZ+yluXCji1i9x59+YPgQVPXDhcM693HtPlDCqtON8WCura+sbm7mt/PbO7t5+oXjQVnEqMWnhmMWyGyFFGBWkpalmpJtIgnjESCcaX838zi2RisaiqScJCTgaCjqgGGkjhYUiD/1kRKHPiFKKctgMCyXHdr3z8oUHHbvsnlWdGam41ZpXga7tzFECSzTCwrvfj3HKidCYIaV6rpPoIENSU8zINO+niiQIj9GQ9AwViBMVZPPTp/DEKH04iKUpoeFc/T6RIa7UhEemkyM9Ur+9mfiX10v1oBZkVCSpJgIvFg1SBnUMZznAPpUEazYxBGFJza0Qj5BEWJu08iaEr0/h/6Rdtt2KXb7xSvXLZRw5cASOwSlwQRXUwTVogBbA4A48gCfwbN1bj9aL9bpoXbGWM4fgB6y3TzMpk/k=</latexit>

https://arxiv.org/abs/1705.01837
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de Gouvêa et al [1910.04901]
Vector-mediators: KJK et al [2005.03681]

m4 = 7.1 keV
<latexit sha1_base64="xSMwCTga+dhxSZgOYs/eWPqM+mw=">AAAB/3icdVDLSgMxFM3UV62vquDGTbAIroZMO6XtQii6cVnBPqAtJZNm2tBkZkgyQhln4a+4caGIW3/DnX9j+hBU9MCFwzn3cu89XsSZ0gh9WJmV1bX1jexmbmt7Z3cvv3/QUmEsCW2SkIey42FFOQtoUzPNaSeSFAuP07Y3uZz57VsqFQuDGz2NaF/gUcB8RrA20iB/JAaJm8JzWLGdHkx6UsAJbaWDfAHZtWoNuVWIbBc5xXLJEFQquzUEHRvNUQBLNAb5994wJLGggSYcK9V1UKT7CZaaEU7TXC9WNMJkgke0a2iABVX9ZH5/Ck+NMoR+KE0FGs7V7xMJFkpNhWc6BdZj9dubiX953Vj71X7CgijWNCCLRX7MoQ7hLAw4ZJISzaeGYCKZuRWSMZaYaBNZzoTw9Sn8n7SKtlOyi9duoX6xjCMLjsEJOAMOqIA6uAIN0AQE3IEH8ASerXvr0XqxXhetGWs5cwh+wHr7BAG1lNU=</latexit>

sin2(2✓) = 7⇥ 10�11
<latexit sha1_base64="vyS35jD5xYVnfNAsQ5Bb+bAHz2g="></latexit>

⌫
<latexit sha1_base64="VhHRDlrC79qTrbmAfFPWpny8EP0=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRp1LorunFZ0dZCG8pkOmmHTiZhZiKU0E9w40IRt36RO//G6UNQ0TMMHM65l3vvCVPOlHacD6uwtLyyulZcL21sbm3vlHf3WirJJKFNkvBEtkOsKGeCNjXTnLZTSXEccnoXji6n/t09lYol4laPUxrEeCBYxAjWRrrpiqxXrji26597px5ybM89qfmuIVXXNw+5tjNDBRZo9Mrv3X5CspgKTThWquM6qQ5yLDUjnE5K3UzRFJMRHtCOoQLHVAX5bNUJOjJKH0WJNF9oNFO/d+Q4Vmoch6YyxnqofntT8S+vk+moFuRMpJmmgswHRRlHOkHTu1GfSUo0HxuCiWRmV0SGWGKiTTolE8LXpeh/0vJst2p7136lfrGIowgHcAjH4MIZ1OEKGtAEAgN4gCd4trj1aL1Yr/PSgrXo2YcfsN4+AbXrjhY=</latexit>

⌫
<latexit sha1_base64="VhHRDlrC79qTrbmAfFPWpny8EP0=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRp1LorunFZ0dZCG8pkOmmHTiZhZiKU0E9w40IRt36RO//G6UNQ0TMMHM65l3vvCVPOlHacD6uwtLyyulZcL21sbm3vlHf3WirJJKFNkvBEtkOsKGeCNjXTnLZTSXEccnoXji6n/t09lYol4laPUxrEeCBYxAjWRrrpiqxXrji26597px5ybM89qfmuIVXXNw+5tjNDBRZo9Mrv3X5CspgKTThWquM6qQ5yLDUjnE5K3UzRFJMRHtCOoQLHVAX5bNUJOjJKH0WJNF9oNFO/d+Q4Vmoch6YyxnqofntT8S+vk+moFuRMpJmmgswHRRlHOkHTu1GfSUo0HxuCiWRmV0SGWGKiTTolE8LXpeh/0vJst2p7136lfrGIowgHcAjH4MIZ1OEKGtAEAgN4gCd4trj1aL1Yr/PSgrXo2YcfsN4+AbXrjhY=</latexit>

⌫
<latexit sha1_base64="VhHRDlrC79qTrbmAfFPWpny8EP0=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRp1LorunFZ0dZCG8pkOmmHTiZhZiKU0E9w40IRt36RO//G6UNQ0TMMHM65l3vvCVPOlHacD6uwtLyyulZcL21sbm3vlHf3WirJJKFNkvBEtkOsKGeCNjXTnLZTSXEccnoXji6n/t09lYol4laPUxrEeCBYxAjWRrrpiqxXrji26597px5ybM89qfmuIVXXNw+5tjNDBRZo9Mrv3X5CspgKTThWquM6qQ5yLDUjnE5K3UzRFJMRHtCOoQLHVAX5bNUJOjJKH0WJNF9oNFO/d+Q4Vmoch6YyxnqofntT8S+vk+moFuRMpJmmgswHRRlHOkHTu1GfSUo0HxuCiWRmV0SGWGKiTTolE8LXpeh/0vJst2p7136lfrGIowgHcAjH4MIZ1OEKGtAEAgN4gCd4trj1aL1Yr/PSgrXo2YcfsN4+AbXrjhY=</latexit>

⌫s
<latexit sha1_base64="iY0E1NWpInWc9w2Hr8pbQ/lce4M=">AAAB7HicdVBNS8NAEJ34WetX1aOXxSJ4Ckkbbb0VvXisYNpCG8pmu2mXbjZhdyOU0t/gxYMiXv1B3vw3btoKKvpg4PHeDDPzwpQzpR3nw1pZXVvf2CxsFbd3dvf2SweHLZVkklCfJDyRnRArypmgvmaa004qKY5DTtvh+Dr32/dUKpaIOz1JaRDjoWARI1gbye+JrK/6pbJju95F5dJDjl1xz2tOTqpure5VkWs7c5RhiWa/9N4bJCSLqdCEY6W6rpPqYIqlZoTTWbGXKZpiMsZD2jVU4JiqYDo/doZOjTJAUSJNCY3m6veJKY6VmsSh6YyxHqnfXi7+5XUzHdWDKRNppqkgi0VRxpFOUP45GjBJieYTQzCRzNyKyAhLTLTJp2hC+PoU/U9aFdut2pVbr9y4WsZRgGM4gTNwoQYNuIEm+ECAwQM8wbMlrEfrxXpdtK5Yy5kj+AHr7RNR8Y8I</latexit>✓

<latexit sha1_base64="IXapNFQNhl4CHplyLrx694HoxJ4=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZI02rorunFZwT6gDWUynbRjJw9mboQS+g9uXCji1v9x5984aSuo6IELh3Pu5d57/ERwBZb1YRRWVtfWN4qbpa3tnd298v5BW8WppKxFYxHLrk8UEzxiLeAgWDeRjIS+YB1/cpX7nXsmFY+jW5gmzAvJKOIBpwS01O7DmAEZlCuWabvnzoWLLdOxz2pWTqp2re5WsW1ac1TQEs1B+b0/jGkasgioIEr1bCsBLyMSOBVsVuqniiWETsiI9TSNSMiUl82vneETrQxxEEtdEeC5+n0iI6FS09DXnSGBsfrt5eJfXi+FoO5lPEpSYBFdLApSgSHG+et4yCWjIKaaECq5vhXTMZGEgg6opEP4+hT/T9qOaVdN58atNC6XcRTRETpGp8hGNdRA16iJWoiiO/SAntCzERuPxovxumgtGMuZQ/QDxtsnC/+Pcw==</latexit>

Ge↵.
<latexit sha1_base64="r3kMhOr/AygUlAeK39PiXZNXXQw=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFZI22rorutBlBfuAJpTJdNIOnZmEmYlQQn/DjQtF3Poz7vwbJ20FFT1w4XDOvdx7T5gwqrTjfFiFldW19Y3iZmlre2d3r7x/0FFxKjFp45jFshciRRgVpK2pZqSXSIJ4yEg3nFzlfveeSEVjcaenCQk4GgkaUYy0kfzrQeZLDkkU2bNBueLYrndevfCgY1fds7qTk5pbb3g16NrOHBWwRGtQfveHMU45ERozpFTfdRIdZEhqihmZlfxUkQThCRqRvqECcaKCbH7zDJ4YZQijWJoSGs7V7xMZ4kpNeWg6OdJj9dvLxb+8fqqjRpBRkaSaCLxYFKUM6hjmAcAhlQRrNjUEYUnNrRCPkURYm5hKJoSvT+H/pFO13ZpdvfUqzctlHEVwBI7BKXBBHTTBDWiBNsAgAQ/gCTxbqfVovVivi9aCtZw5BD9gvX0C3GaRlQ==</latexit>

m� � T
<latexit sha1_base64="7g0UkAduEieyGYxL1BfMqd5f+1Q=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFZI02rorunFZoS9oQplMJ+nQSTLMTIQS+htuXCji1p9x5984aSuo6IELh3Pu5d57As6oVJb1YZTW1jc2t8rblZ3dvf2D6uFRT6aZwKSLU5aKQYAkYTQhXUUVIwMuCIoDRvrB9Kbw+/dESJomHTXjxI9RlNCQYqS05MUjj08o9KIIdkbVmmXa7qVz5ULLdOyLhlWQut1ounVom9YCNbBCe1R998YpzmKSKMyQlEPb4srPkVAUMzKveJkkHOEpishQ0wTFRPr54uY5PNPKGIap0JUouFC/T+QolnIWB7ozRmoif3uF+Jc3zFTY9HOa8EyRBC8XhRmDKoVFAHBMBcGKzTRBWFB9K8QTJBBWOqaKDuHrU/g/6TmmXTedO7fWul7FUQYn4BScAxs0QAvcgjboAgw4eABP4NnIjEfjxXhdtpaM1cwx+AHj7ROSwpFk</latexit>

⌫
<latexit sha1_base64="VhHRDlrC79qTrbmAfFPWpny8EP0=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRp1LorunFZ0dZCG8pkOmmHTiZhZiKU0E9w40IRt36RO//G6UNQ0TMMHM65l3vvCVPOlHacD6uwtLyyulZcL21sbm3vlHf3WirJJKFNkvBEtkOsKGeCNjXTnLZTSXEccnoXji6n/t09lYol4laPUxrEeCBYxAjWRrrpiqxXrji26597px5ybM89qfmuIVXXNw+5tjNDBRZo9Mrv3X5CspgKTThWquM6qQ5yLDUjnE5K3UzRFJMRHtCOoQLHVAX5bNUJOjJKH0WJNF9oNFO/d+Q4Vmoch6YyxnqofntT8S+vk+moFuRMpJmmgswHRRlHOkHTu1GfSUo0HxuCiWRmV0SGWGKiTTolE8LXpeh/0vJst2p7136lfrGIowgHcAjH4MIZ1OEKGtAEAgN4gCd4trj1aL1Yr/PSgrXo2YcfsN4+AbXrjhY=</latexit>

⌫
<latexit sha1_base64="VhHRDlrC79qTrbmAfFPWpny8EP0=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRp1LorunFZ0dZCG8pkOmmHTiZhZiKU0E9w40IRt36RO//G6UNQ0TMMHM65l3vvCVPOlHacD6uwtLyyulZcL21sbm3vlHf3WirJJKFNkvBEtkOsKGeCNjXTnLZTSXEccnoXji6n/t09lYol4laPUxrEeCBYxAjWRrrpiqxXrji26597px5ybM89qfmuIVXXNw+5tjNDBRZo9Mrv3X5CspgKTThWquM6qQ5yLDUjnE5K3UzRFJMRHtCOoQLHVAX5bNUJOjJKH0WJNF9oNFO/d+Q4Vmoch6YyxnqofntT8S+vk+moFuRMpJmmgswHRRlHOkHTu1GfSUo0HxuCiWRmV0SGWGKiTTolE8LXpeh/0vJst2p7136lfrGIowgHcAjH4MIZ1OEKGtAEAgN4gCd4trj1aL1Yr/PSgrXo2YcfsN4+AbXrjhY=</latexit>

�
<latexit sha1_base64="DNgoffB6kLn1Tpa4Tg5BHxssp7k=">AAAB63icdVDLSsNAFJ34rPVVdelmsAiuQpJGW3dFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSuo6IELh3Pu5d57wpRRpR3nw1pZXVvf2Cxtlbd3dvf2KweHHZVkEpM2TlgieyFShFFB2ppqRnqpJIiHjHTDyXXhd++JVDQRd3qakoCjsaARxUgX0iCN6bBSdWzXv/AufejYnntedwpSc+sNvwZd25mjCpZoDSvvg1GCM06Exgwp1XedVAc5kppiRmblQaZIivAEjUnfUIE4UUE+v3UGT40yglEiTQkN5+r3iRxxpaY8NJ0c6Vj99grxL6+f6agR5FSkmSYCLxZFGYM6gcXjcEQlwZpNDUFYUnMrxDGSCGsTT9mE8PUp/J90PNut2d6tX21eLeMogWNwAs6AC+qgCW5AC7QBBjF4AE/g2eLWo/VivS5aV6zlzBH4AevtE3uBjoo=</latexit>

m� . T
<latexit sha1_base64="z/rk/I0XQ5WZdYwZQcxFE6vq8lQ=">AAAB+nicdVDLSgMxFM34rPXV6tJNsAiuhpl2tHVXdOOyQl/QGYZMmrahSWZIMkoZ+yluXCji1i9x59+YPgQVPXDhcM693HtPlDCqtON8WCura+sbm7mt/PbO7t5+oXjQVnEqMWnhmMWyGyFFGBWkpalmpJtIgnjESCcaX838zi2RisaiqScJCTgaCjqgGGkjhYUiD/1kRKHPiFKKctgMCyXHdr3z8oUHHbvsnlWdGam41ZpXga7tzFECSzTCwrvfj3HKidCYIaV6rpPoIENSU8zINO+niiQIj9GQ9AwViBMVZPPTp/DEKH04iKUpoeFc/T6RIa7UhEemkyM9Ur+9mfiX10v1oBZkVCSpJgIvFg1SBnUMZznAPpUEazYxBGFJza0Qj5BEWJu08iaEr0/h/6Rdtt2KXb7xSvXLZRw5cASOwSlwQRXUwTVogBbA4A48gCfwbN1bj9aL9bpoXbGWM4fgB6y3TzMpk/k=</latexit>

https://arxiv.org/abs/1910.04901
https://arxiv.org/abs/2005.03681
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Sterile Neutrino DM with Light Mediators
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KJK, Sen, Zhang [2011.02487]

• Lighter Mediators can also accommodate 
this sterile neutrino dark matter freeze-in, 
although constraints from BBN dictate either 
weak couplings or post-BBN equilibration of 
the new mediator.

⌫
<latexit sha1_base64="VhHRDlrC79qTrbmAfFPWpny8EP0=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRp1LorunFZ0dZCG8pkOmmHTiZhZiKU0E9w40IRt36RO//G6UNQ0TMMHM65l3vvCVPOlHacD6uwtLyyulZcL21sbm3vlHf3WirJJKFNkvBEtkOsKGeCNjXTnLZTSXEccnoXji6n/t09lYol4laPUxrEeCBYxAjWRrrpiqxXrji26597px5ybM89qfmuIVXXNw+5tjNDBRZo9Mrv3X5CspgKTThWquM6qQ5yLDUjnE5K3UzRFJMRHtCOoQLHVAX5bNUJOjJKH0WJNF9oNFO/d+Q4Vmoch6YyxnqofntT8S+vk+moFuRMpJmmgswHRRlHOkHTu1GfSUo0HxuCiWRmV0SGWGKiTTolE8LXpeh/0vJst2p7136lfrGIowgHcAjH4MIZ1OEKGtAEAgN4gCd4trj1aL1Yr/PSgrXo2YcfsN4+AbXrjhY=</latexit>

⌫s
<latexit sha1_base64="u41Z7ZQkRjN20w/Ki58ckcnG/rA=">AAAB7HicdVBNS8NAEJ34WetX1aOXxSJ4CklTW70VvXisYNpCG8pmu2mXbjZhdyOU0t/gxYMiXv1B3vw3btoKKvpg4PHeDDPzwpQzpR3nw1pZXVvf2CxsFbd3dvf2SweHLZVkklCfJDyRnRArypmgvmaa004qKY5DTtvh+Dr32/dUKpaIOz1JaRDjoWARI1gbye+JrK/6pbJju67nXFaRITXH83JSqZ7Xax5ybWeOMizR7Jfee4OEZDEVmnCsVNd1Uh1MsdSMcDor9jJFU0zGeEi7hgocUxVM58fO0KlRBihKpCmh0Vz9PjHFsVKTODSdMdYj9dvLxb+8bqaji2DKRJppKshiUZRxpBOUf44GTFKi+cQQTCQztyIywhITbfIpmhC+PkX/k1bFdj27clstN66WcRTgGE7gDFyoQwNuoAk+EGDwAE/wbAnr0XqxXhetK9Zy5gh+wHr7BESTjv8=</latexit>

�
<latexit sha1_base64="cCrfg+GJ8dIGSShexoxpolA07m4=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnNxkRvQS8eI5gHJEuYnUySMfNYZmaFsOQfvHhQxKv/482/cTaJoKIFDUVVN91dUcyoNp734eRWVtfWN/Kbha3tnd294v5BS8tEYdLEkknViZAmjArSNNQw0okVQTxipB1NrjK/fU+UplLcmmlMQo5Ggg4pRsZKrd4IcY76xZLn+n7gXVSgJVUvCDJSrpzVqgH0XW+OElii0S++9wYSJ5wIgxnSuut7sQlTpAzFjMwKvUSTGOEJGpGupQJxosN0fu0MnlhlAIdS2RIGztXvEyniWk95ZDs5MmP928vEv7xuYobnYUpFnBgi8GLRMGHQSJi9DgdUEWzY1BKEFbW3QjxGCmFjAyrYEL4+hf+TVtn1A7d8UynVL5dx5MEROAanwAc1UAfXoAGaAIM78ACewLMjnUfnxXldtOac5cwh+AHn7RPhho9X</latexit>

✤ Sensitive searches for x-rays, combined with 
future cosmological probes, will either 
discover or exclude this hypothesis.

https://arxiv.org/abs/2011.02487


Predictive Scenario — BBN/CMB Testable
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For any successful production of Sterile Neutrino dark matter, there is a minimum predicted  during CMB/BBN epochs.


As x-ray constraints improve — either detecting S DM decays or constraining  — these predictions will increase!

ΔNeff.

ν sin2(2θ)



Light(er) mediators and CMB
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Sandner et al [2305.01692]

https://arxiv.org/abs/2305.01692


Self-Interactions & Astrophysical 
Neutrinos
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Absorption of High-Energy Neutrinos

19

Cosmic neutrino background (~at rest)
High-energy (~PeV) neutrino

⌫
<latexit sha1_base64="VhHRDlrC79qTrbmAfFPWpny8EP0=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRp1LorunFZ0dZCG8pkOmmHTiZhZiKU0E9w40IRt36RO//G6UNQ0TMMHM65l3vvCVPOlHacD6uwtLyyulZcL21sbm3vlHf3WirJJKFNkvBEtkOsKGeCNjXTnLZTSXEccnoXji6n/t09lYol4laPUxrEeCBYxAjWRrrpiqxXrji26597px5ybM89qfmuIVXXNw+5tjNDBRZo9Mrv3X5CspgKTThWquM6qQ5yLDUjnE5K3UzRFJMRHtCOoQLHVAX5bNUJOjJKH0WJNF9oNFO/d+Q4Vmoch6YyxnqofntT8S+vk+moFuRMpJmmgswHRRlHOkHTu1GfSUo0HxuCiWRmV0SGWGKiTTolE8LXpeh/0vJst2p7136lfrGIowgHcAjH4MIZ1OEKGtAEAgN4gCd4trj1aL1Yr/PSgrXo2YcfsN4+AbXrjhY=</latexit>

⌫
<latexit sha1_base64="VhHRDlrC79qTrbmAfFPWpny8EP0=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRp1LorunFZ0dZCG8pkOmmHTiZhZiKU0E9w40IRt36RO//G6UNQ0TMMHM65l3vvCVPOlHacD6uwtLyyulZcL21sbm3vlHf3WirJJKFNkvBEtkOsKGeCNjXTnLZTSXEccnoXji6n/t09lYol4laPUxrEeCBYxAjWRrrpiqxXrji26597px5ybM89qfmuIVXXNw+5tjNDBRZo9Mrv3X5CspgKTThWquM6qQ5yLDUjnE5K3UzRFJMRHtCOoQLHVAX5bNUJOjJKH0WJNF9oNFO/d+Q4Vmoch6YyxnqofntT8S+vk+moFuRMpJmmgswHRRlHOkHTu1GfSUo0HxuCiWRmV0SGWGKiTTolE8LXpeh/0vJst2p7136lfrGIowgHcAjH4MIZ1OEKGtAEAgN4gCd4trj1aL1Yr/PSgrXo2YcfsN4+AbXrjhY=</latexit>

�
<latexit sha1_base64="DNgoffB6kLn1Tpa4Tg5BHxssp7k=">AAAB63icdVDLSsNAFJ34rPVVdelmsAiuQpJGW3dFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSuo6IELh3Pu5d57wpRRpR3nw1pZXVvf2Cxtlbd3dvf2KweHHZVkEpM2TlgieyFShFFB2ppqRnqpJIiHjHTDyXXhd++JVDQRd3qakoCjsaARxUgX0iCN6bBSdWzXv/AufejYnntedwpSc+sNvwZd25mjCpZoDSvvg1GCM06Exgwp1XedVAc5kppiRmblQaZIivAEjUnfUIE4UUE+v3UGT40yglEiTQkN5+r3iRxxpaY8NJ0c6Vj99grxL6+f6agR5FSkmSYCLxZFGYM6gcXjcEQlwZpNDUFYUnMrxDGSCGsTT9mE8PUp/J90PNut2d6tX21eLeMogWNwAs6AC+qgCW5AC7QBBjF4AE/g2eLWo/VivS5aV6zlzBH4AevtE3uBjoo=</latexit>

⌫
<latexit sha1_base64="4s+eoACxTKSd016LDiFZ7U3XBUM=">AAAB9XicdVDNSgMxGMzWv1r/qh69BIvgadnt1lZvRS8eK1hb6K4lm2bb0GyyJFmlLH0PLx4U8eq7ePNtzLYVVHQgMMx8w/dlwoRRpR3nwyosLa+srhXXSxubW9s75d29GyVSiUkbCyZkN0SKMMpJW1PNSDeRBMUhI51wfJH7nTsiFRX8Wk8SEsRoyGlEMdJGuvWFMfNs5vN02i9XHNt1PeesBg2pO56Xk2rtpFH3oGs7M1TAAq1++d0fCJzGhGvMkFI910l0kCGpKWZkWvJTRRKEx2hIeoZyFBMVZLOrp/DIKAMYCWke13Cmfk9kKFZqEodmMkZ6pH57ufiX10t1dBpklCepJhzPF0Upg1rAvAI4oJJgzSaGICypuRXiEZIIa1NUyZTw9VP4P7mp2q5nV69qleb5oo4iOACH4Bi4oAGa4BK0QBtgIMEDeALP1r31aL1Yr/PRgrXI7IMfsN4+AZwokz8=</latexit>

⌫
<latexit sha1_base64="4s+eoACxTKSd016LDiFZ7U3XBUM=">AAAB9XicdVDNSgMxGMzWv1r/qh69BIvgadnt1lZvRS8eK1hb6K4lm2bb0GyyJFmlLH0PLx4U8eq7ePNtzLYVVHQgMMx8w/dlwoRRpR3nwyosLa+srhXXSxubW9s75d29GyVSiUkbCyZkN0SKMMpJW1PNSDeRBMUhI51wfJH7nTsiFRX8Wk8SEsRoyGlEMdJGuvWFMfNs5vN02i9XHNt1PeesBg2pO56Xk2rtpFH3oGs7M1TAAq1++d0fCJzGhGvMkFI910l0kCGpKWZkWvJTRRKEx2hIeoZyFBMVZLOrp/DIKAMYCWke13Cmfk9kKFZqEodmMkZ6pH57ufiX10t1dBpklCepJhzPF0Upg1rAvAI4oJJgzSaGICypuRXiEZIIa1NUyZTw9VP4P7mp2q5nV69qleb5oo4iOACH4Bi4oAGa4BK0QBtgIMEDeALP1r31aL1Yr/PRgrXI7IMfsN4+AZwokz8=</latexit>
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m⌫ = 0.1 eV
<latexit sha1_base64="P8JwSni63xqmWKKDN6mKl0eARhM=">AAACAXicdVDLSgMxFM34rPVVdSO4CRbBVZnp1FYXQtGNywr2AZ1hyKRpG5pkhiQjlKFu/BU3LhRx61+482/MtBVU9MCFwzn3cu89Ycyo0rb9YS0sLi2vrObW8usbm1vbhZ3dlooSiUkTRyySnRApwqggTU01I51YEsRDRtrh6DLz27dEKhqJGz2Oic/RQNA+xUgbKSjs88ATCTyHdsnxoMeRHkqektYkKBSN5Lj2WSXzqrbrZqRcOalVXeiU7CmKYI5GUHj3ehFOOBEaM6RU17Fj7adIaooZmeS9RJEY4REakK6hAnGi/HT6wQQeGaUH+5E0JTScqt8nUsSVGvPQdGYnqt9eJv7ldRPdP/VTKuJEE4Fni/oJgzqCWRywRyXBmo0NQVhScyvEQyQR1ia0vAnh61P4P2mVS45bKl9XivWLeRw5cAAOwTFwQA3UwRVogCbA4A48gCfwbN1bj9aL9TprXbDmM3vgB6y3Tw+Hlgg=</latexit>

E⌫ = 1 PeV
<latexit sha1_base64="q3qhvkK4vfIvWpH8qXh3oTlYr6A=">AAACAHicdVDLSsNAFJ34rPVVdeHCzWARXIWkqa0uhKIILivYBzQhTKaTduhkEmYmQgnd+CtuXCji1s9w5984aSuo6IELh3Pu5d57goRRqSzrw1hYXFpeWS2sFdc3Nre2Szu7bRmnApMWjlksugGShFFOWooqRrqJICgKGOkEo8vc79wRIWnMb9U4IV6EBpyGFCOlJb+0f+W7PIXn0HahGyE1FFHWJO2JXypbpm071lkValKzHCcnlepJveZA27SmKIM5mn7p3e3HOI0IV5ghKXu2lSgvQ0JRzMik6KaSJAiP0ID0NOUoItLLpg9M4JFW+jCMhS6u4FT9PpGhSMpxFOjO/Eb528vFv7xeqsJTL6M8SRXheLYoTBlUMczTgH0qCFZsrAnCgupbIR4igbDSmRV1CF+fwv9Ju2Lajlm5qZYbF/M4CuAAHIJjYIM6aIBr0AQtgMEEPIAn8GzcG4/Gi/E6a10w5jN74AeMt0+SIpXI</latexit>

m� ⇡ 14 MeV
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Explored in Beacom, Ng [1404.2288]
KJK, Machado [1808.02889]

Future of IceCube(-Gen2) has much to offer:

•Identification of sources (L-dependent effect of absorption)

•Flavor capabilities (can the mediator have flavor dependence?)

https://arxiv.org/abs/1404.2288
https://arxiv.org/abs/1808.02889
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Cosmic neutrino background (~at rest)
High-energy (~PeV) neutrino

⌫
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⌫
<latexit sha1_base64="4s+eoACxTKSd016LDiFZ7U3XBUM=">AAAB9XicdVDNSgMxGMzWv1r/qh69BIvgadnt1lZvRS8eK1hb6K4lm2bb0GyyJFmlLH0PLx4U8eq7ePNtzLYVVHQgMMx8w/dlwoRRpR3nwyosLa+srhXXSxubW9s75d29GyVSiUkbCyZkN0SKMMpJW1PNSDeRBMUhI51wfJH7nTsiFRX8Wk8SEsRoyGlEMdJGuvWFMfNs5vN02i9XHNt1PeesBg2pO56Xk2rtpFH3oGs7M1TAAq1++d0fCJzGhGvMkFI910l0kCGpKWZkWvJTRRKEx2hIeoZyFBMVZLOrp/DIKAMYCWke13Cmfk9kKFZqEodmMkZ6pH57ufiX10t1dBpklCepJhzPF0Upg1rAvAI4oJJgzSaGICypuRXiEZIIa1NUyZTw9VP4P7mp2q5nV69qleb5oo4iOACH4Bi4oAGa4BK0QBtgIMEDeALP1r31aL1Yr/PRgrXI7IMfsN4+AZwokz8=</latexit>
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E⌫ = 1 PeV
<latexit sha1_base64="q3qhvkK4vfIvWpH8qXh3oTlYr6A=">AAACAHicdVDLSsNAFJ34rPVVdeHCzWARXIWkqa0uhKIILivYBzQhTKaTduhkEmYmQgnd+CtuXCji1s9w5984aSuo6IELh3Pu5d57goRRqSzrw1hYXFpeWS2sFdc3Nre2Szu7bRmnApMWjlksugGShFFOWooqRrqJICgKGOkEo8vc79wRIWnMb9U4IV6EBpyGFCOlJb+0f+W7PIXn0HahGyE1FFHWJO2JXypbpm071lkValKzHCcnlepJveZA27SmKIM5mn7p3e3HOI0IV5ghKXu2lSgvQ0JRzMik6KaSJAiP0ID0NOUoItLLpg9M4JFW+jCMhS6u4FT9PpGhSMpxFOjO/Eb528vFv7xeqsJTL6M8SRXheLYoTBlUMczTgH0qCFZsrAnCgupbIR4igbDSmRV1CF+fwv9Ju2Lajlm5qZYbF/M4CuAAHIJjYIM6aIBr0AQtgMEEPIAn8GzcG4/Gi/E6a10w5jN74AeMt0+SIpXI</latexit>
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Explored in Beacom, Ng [1404.2288]
KJK, Machado [1808.02889]

Future of IceCube(-Gen2) has much to offer:

•Identification of sources (L-dependent effect of absorption)

•Flavor capabilities (can the mediator have flavor dependence?)

Current IceCube Data beginning 
to test this region, even for 

-only interactions, Esteban et al 
[2107.13568]

ντ

https://arxiv.org/abs/1404.2288
https://arxiv.org/abs/1808.02889
https://arxiv.org/abs/2107.13568
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Takeaways
• Given our current understanding of neutrinos (and their 

interactions), there is ample possibility for BSM self-
interactions.


• Those self-interactions may be useful/motivated, from 
scenarios like the Hubble tension to those like dark matter 
production.


• Neutrino-coupled DM allows for testability in a wide range 
of environments, from the laboratory to the cosmos!
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Thank you!


