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<latexit sha1_base64="PaSpGo2/DFht8jzWT+dr2m80J0s=">AAACCHicbVDLSsNAFJ3UV62vqEsXDrZCBSlJXeiy6KbLSu0Dmlgmk0k6dDIJMxOhhC7d+CtuXCji1k9w5984fSBaPXDhcM693HuPlzAqlWV9Grml5ZXVtfx6YWNza3vH3N1ryzgVmLRwzGLR9ZAkjHLSUlQx0k0EQZHHSMcbXk38zh0Rksb8Ro0S4kYo5DSgGCkt9c3DUvPW8VEYEgGbEELntFz/Fuonpb5ZtCrWFPAvseekCOZo9M0Px49xGhGuMENS9mwrUW6GhKKYkXHBSSVJEB6ikPQ05Sgi0s2mj4zhsVZ8GMRCF1dwqv6cyFAk5SjydGeE1EAuehPxP6+XquDCzShPUkU4ni0KUgZVDCepQJ8KghUbaYKwoPpWiAdIIKx0dgUdgr348l/Srlbss4p1XS3WLudx5MEBOAJlYINzUAN10AAtgME9eATP4MV4MJ6MV+Nt1poz5jP74BeM9y+TbJcg</latexit>
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<latexit sha1_base64="lX1rLXAjQi+dawBooemmb9jTy8k=">AAACAHicbZC7TsMwFIadcivlFmBgYLFokZiqpAwwVmVhLBK9SE2IHNdprdpOZDtIVdSFV2FhACFWHoONt8FpM0DLL1n69J9zdHz+MGFUacf5tkpr6xubW+Xtys7u3v6BfXjUVXEqMengmMWyHyJFGBWko6lmpJ9IgnjISC+c3OT13iORisbiXk8T4nM0EjSiGGljBfZJrRVkHk89kc76DznBHGuBXXXqzlxwFdwCqqBQO7C/vGGMU06ExgwpNXCdRPsZkppiRmYVL1UkQXiCRmRgUCBOlJ/ND5jBc+MMYRRL84SGc/f3RIa4UlMemk6O9Fgt13Lzv9og1dG1n1GRpJoIvFgUpQzqGOZpwCGVBGs2NYCwpOavEI+RRFibzComBHf55FXoNuruZd25a1SbrSKOMjgFZ+ACuOAKNMEtaIMOwGAGnsEreLOerBfr3fpYtJasYuYY/JH1+QNWA5Y6</latexit>
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Neutrino masses?

LSM
<latexit sha1_base64="IuljNmH+U4YD3azCjSm4WlF6qiI=">AAACFHicbVC9TsMwGHTKXyl/ASQWFosWialKygBjBQsDSEVQWqmJKsd1WquOE9kOUhXyGjwAKzwCG2Jl5wl4DZw0A205ydLp7vv8nc6LGJXKsr6N0tLyyupaeb2ysbm1vWPu7j3IMBaYtHHIQtH1kCSMctJWVDHSjQRBgcdIxxtfZn7nkQhJQ36vJhFxAzTk1KcYKS31zYOaEyA1klgk12k/cUQA727SWt+sWnUrB1wkdkGqoECrb/44gxDHAeEKMyRlz7Yi5SZIKIoZSStOLEmE8BgNSU9TjgIi3STPn8JjrQygHwr9uIK5+ncjQYGUk8DTk3nYeS8T//N6sfLP3YTyKFaE4+khP2ZQhTArAw6oIFixiSYIC6qzQjxCAmGlK5u5kv0tpC9T3Yw938MieWjU7dO6dduoNi+KjsrgEByBE2CDM9AEV6AF2gCDJ/ACXsGb8Wy8Gx/G53S0ZBQ7+2AGxtcvIlefBg==</latexit>
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<latexit sha1_base64="Wj2TBF4+6hQf4tVcaZwVcl0ng34=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoNgFXY1+OiCNilEIpgHJCHMzt4kQ2YfzMwqYdnCxl+xsVDE1o+w82+cTRZR44GBwzn3cOceJ+RMKsv6NHILi0vLK/nVwtr6xuaWub3TlEEkKDRowAPRdogEznxoKKY4tEMBxHM4tJzxReq3bkFIFvg3ahJCzyNDnw0YJUpLfbPYDbSdpuPLpHvHXFCMuxDXEnzVN0tW2ZoCzxM7IyWUod43P7puQCMPfEU5kbJjW6HqxUQoRjkkhW4kISR0TIbQ0dQnHshePD0iwftacfEgEPr5Ck/Vn4mYeFJOPEdPekSN5F8vFf/zOpEanPZi5oeRAp/OFg0ijlWA00awywRQxSeaECqY/iumIyIIVbq3wrSEsxTH3yfPk+Zh2T4qV64rpep5VkceFdEeOkA2OkFVVEN11EAU3aNH9IxejAfjyXg13majOSPL7KJfMN6/AG+ZmLo=</latexit>
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<latexit sha1_base64="qLgRsdNzAUZIw0/HWc1OEva/qFg="></latexit>

New fundamental forces?

Neutrino portal

Renormalizable Portals: 
(SM SINGLET)  X  (DS SINGLET)

Vector portal

Scalar portal

Heavy neutrinos  

Dark photons 

<latexit sha1_base64="/s15BetjA/Vh9np8kN5QYYr71YQ=">AAAB/3icbVBNS8NAEJ3Ur1q/ooIXL4tFqJeSiKLHoge9CBVNW2hD2Gy37dLNB7sbocQc/CtePCji1b/hzX/jts1BWx8MPN6bYWaeH3MmlWV9G4WFxaXlleJqaW19Y3PL3N5pyCgRhDok4pFo+VhSzkLqKKY4bcWC4sDntOkPL8d+84EKyaLwXo1i6ga4H7IeI1hpyTP3rrz07iZDHcUCKpFTsY+8tJV5ZtmqWhOgeWLnpAw56p751elGJAloqAjHUrZtK1ZuioVihNOs1EkkjTEZ4j5taxpivc1NJ/dn6FArXdSLhK5QoYn6eyLFgZSjwNedAVYDOeuNxf+8dqJ6527KwjhRNCTTRb2EIxWhcRioywQlio80wUQwfSsiAywwUTqykg7Bnn15njSOq/Zp1bo9Kdcu8jiKsA8HUAEbzqAG11AHBwg8wjO8wpvxZLwY78bHtLVg5DO78AfG5w9kSJUN</latexit>

GSM ⇥ U(1)X

Dark scalars 
Scalar degrees of freedom 

<latexit sha1_base64="qeCngoy3gbdLirM927XDqNwdymU=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBAiSNgVRY9BLzlGNA9IljA7mU2GzM4uM71CCPkILx4U8er3ePNvnCR70MSChqKqm+6uIJHCoOt+Oyura+sbm7mt/PbO7t5+4eCwYeJUM15nsYx1K6CGS6F4HQVK3ko0p1EgeTMY3k395hPXRsTqEUcJ9yPaVyIUjKKVmo1S9Zw8nHULRbfszkCWiZeRImSodQtfnV7M0ogrZJIa0/bcBP0x1SiY5JN8JzU8oWxI+7xtqaIRN/54du6EnFqlR8JY21JIZurviTGNjBlFge2MKA7MojcV//PaKYY3/lioJEWu2HxRmEqCMZn+TnpCc4ZyZAllWthbCRtQTRnahPI2BG/x5WXSuCh7V2X3/rJYuc3iyMExnEAJPLiGClShBnVgMIRneIU3J3FenHfnY9664mQzR/AHzucPb4mOUg==</latexit>

V (H,S)

Dim-5 axion “portal”  
special, see other talks

a
Λ GμνG̃μν


