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Introduction: WIMP dark matter
•  WIMPs have long been a favorite candidate for particle dark matter
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Introduction: WIMP dark matter
•  WIMPs have long been a favorite candidate for particle dark matter
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<latexit sha1_base64="OhxbkcMudhIJxD0KFqloZhJdhlQ=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCoz3ejCRcGNywr2Au1QMmmmjc0kQ5IRytB3cONCEbe+jzvfxrSdhbb+EPj4zznknD9MBDfW875RYWNza3unuFva2z84PCofn7SNSjVlLaqE0t2QGCa4ZC3LrWDdRDMSh4J1wsntvN55YtpwJR/sNGFBTEaSR5wS66x2tU/HvDooV7yatxBeBz+HCuRqDspf/aGiacykpYIY0/O9xAYZ0ZZTwWalfmpYQuiEjFjPoSQxM0G22HaGL5wzxJHS7kmLF+7viYzExkzj0HXGxI7Nam1u/lfrpTa6DjIuk9QySZcfRanAVuH56XjINaNWTB0QqrnbFdMx0YRaF1DJheCvnrwO7XrNd3xfrzRu8jiKcAbncAk+XEED7qAJLaDwCM/wCm9IoRf0jj6WrQWUz5zCH6HPH7aIjoY=</latexit><latexit sha1_base64="OhxbkcMudhIJxD0KFqloZhJdhlQ=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCoz3ejCRcGNywr2Au1QMmmmjc0kQ5IRytB3cONCEbe+jzvfxrSdhbb+EPj4zznknD9MBDfW875RYWNza3unuFva2z84PCofn7SNSjVlLaqE0t2QGCa4ZC3LrWDdRDMSh4J1wsntvN55YtpwJR/sNGFBTEaSR5wS66x2tU/HvDooV7yatxBeBz+HCuRqDspf/aGiacykpYIY0/O9xAYZ0ZZTwWalfmpYQuiEjFjPoSQxM0G22HaGL5wzxJHS7kmLF+7viYzExkzj0HXGxI7Nam1u/lfrpTa6DjIuk9QySZcfRanAVuH56XjINaNWTB0QqrnbFdMx0YRaF1DJheCvnrwO7XrNd3xfrzRu8jiKcAbncAk+XEED7qAJLaDwCM/wCm9IoRf0jj6WrQWUz5zCH6HPH7aIjoY=</latexit><latexit sha1_base64="OhxbkcMudhIJxD0KFqloZhJdhlQ=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCoz3ejCRcGNywr2Au1QMmmmjc0kQ5IRytB3cONCEbe+jzvfxrSdhbb+EPj4zznknD9MBDfW875RYWNza3unuFva2z84PCofn7SNSjVlLaqE0t2QGCa4ZC3LrWDdRDMSh4J1wsntvN55YtpwJR/sNGFBTEaSR5wS66x2tU/HvDooV7yatxBeBz+HCuRqDspf/aGiacykpYIY0/O9xAYZ0ZZTwWalfmpYQuiEjFjPoSQxM0G22HaGL5wzxJHS7kmLF+7viYzExkzj0HXGxI7Nam1u/lfrpTa6DjIuk9QySZcfRanAVuH56XjINaNWTB0QqrnbFdMx0YRaF1DJheCvnrwO7XrNd3xfrzRu8jiKcAbncAk+XEED7qAJLaDwCM/wCm9IoRf0jj6WrQWUz5zCH6HPH7aIjoY=</latexit><latexit sha1_base64="OhxbkcMudhIJxD0KFqloZhJdhlQ=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCoz3ejCRcGNywr2Au1QMmmmjc0kQ5IRytB3cONCEbe+jzvfxrSdhbb+EPj4zznknD9MBDfW875RYWNza3unuFva2z84PCofn7SNSjVlLaqE0t2QGCa4ZC3LrWDdRDMSh4J1wsntvN55YtpwJR/sNGFBTEaSR5wS66x2tU/HvDooV7yatxBeBz+HCuRqDspf/aGiacykpYIY0/O9xAYZ0ZZTwWalfmpYQuiEjFjPoSQxM0G22HaGL5wzxJHS7kmLF+7viYzExkzj0HXGxI7Nam1u/lfrpTa6DjIuk9QySZcfRanAVuH56XjINaNWTB0QqrnbFdMx0YRaF1DJheCvnrwO7XrNd3xfrzRu8jiKcAbncAk+XEED7qAJLaDwCM/wCm9IoRf0jj6WrQWUz5zCH6HPH7aIjoY=</latexit>

�⇤
<latexit sha1_base64="Jlvlh29ImVP02vkik3n7ej+9zsQ=">AAAB8nicbZC7TsMwFIadcivlVmBksWiRmKqkCwwMlVgYi0QvUhIqx3Vaq44d2SdIVdTHYGEAIVaeho23wW0zQMsvWfr0n3Pkc/4oFdyA6347pY3Nre2d8m5lb//g8Kh6fNI1KtOUdagSSvcjYpjgknWAg2D9VDOSRIL1osntvN57YtpwJR9gmrIwISPJY04JWMuvB3TMHwNioD6o1tyGuxBeB6+AGirUHlS/gqGiWcIkUEGM8T03hTAnGjgVbFYJMsNSQidkxHyLkiTMhPli5Rm+sM4Qx0rbJwEv3N8TOUmMmSaR7UwIjM1qbW7+V/MziK/DnMs0Aybp8qM4ExgUnt+Ph1wzCmJqgVDN7a6YjokmFGxKFRuCt3ryOnSbDc/yfbPWuiniKKMzdI4ukYeuUAvdoTbqIIoUekav6M0B58V5dz6WrSWnmDlFf+R8/gCIzZC6</latexit><latexit sha1_base64="Jlvlh29ImVP02vkik3n7ej+9zsQ=">AAAB8nicbZC7TsMwFIadcivlVmBksWiRmKqkCwwMlVgYi0QvUhIqx3Vaq44d2SdIVdTHYGEAIVaeho23wW0zQMsvWfr0n3Pkc/4oFdyA6347pY3Nre2d8m5lb//g8Kh6fNI1KtOUdagSSvcjYpjgknWAg2D9VDOSRIL1osntvN57YtpwJR9gmrIwISPJY04JWMuvB3TMHwNioD6o1tyGuxBeB6+AGirUHlS/gqGiWcIkUEGM8T03hTAnGjgVbFYJMsNSQidkxHyLkiTMhPli5Rm+sM4Qx0rbJwEv3N8TOUmMmSaR7UwIjM1qbW7+V/MziK/DnMs0Aybp8qM4ExgUnt+Ph1wzCmJqgVDN7a6YjokmFGxKFRuCt3ryOnSbDc/yfbPWuiniKKMzdI4ukYeuUAvdoTbqIIoUekav6M0B58V5dz6WrSWnmDlFf+R8/gCIzZC6</latexit><latexit sha1_base64="Jlvlh29ImVP02vkik3n7ej+9zsQ=">AAAB8nicbZC7TsMwFIadcivlVmBksWiRmKqkCwwMlVgYi0QvUhIqx3Vaq44d2SdIVdTHYGEAIVaeho23wW0zQMsvWfr0n3Pkc/4oFdyA6347pY3Nre2d8m5lb//g8Kh6fNI1KtOUdagSSvcjYpjgknWAg2D9VDOSRIL1osntvN57YtpwJR9gmrIwISPJY04JWMuvB3TMHwNioD6o1tyGuxBeB6+AGirUHlS/gqGiWcIkUEGM8T03hTAnGjgVbFYJMsNSQidkxHyLkiTMhPli5Rm+sM4Qx0rbJwEv3N8TOUmMmSaR7UwIjM1qbW7+V/MziK/DnMs0Aybp8qM4ExgUnt+Ph1wzCmJqgVDN7a6YjokmFGxKFRuCt3ryOnSbDc/yfbPWuiniKKMzdI4ukYeuUAvdoTbqIIoUekav6M0B58V5dz6WrSWnmDlFf+R8/gCIzZC6</latexit><latexit sha1_base64="Jlvlh29ImVP02vkik3n7ej+9zsQ=">AAAB8nicbZC7TsMwFIadcivlVmBksWiRmKqkCwwMlVgYi0QvUhIqx3Vaq44d2SdIVdTHYGEAIVaeho23wW0zQMsvWfr0n3Pkc/4oFdyA6347pY3Nre2d8m5lb//g8Kh6fNI1KtOUdagSSvcjYpjgknWAg2D9VDOSRIL1osntvN57YtpwJR9gmrIwISPJY04JWMuvB3TMHwNioD6o1tyGuxBeB6+AGirUHlS/gqGiWcIkUEGM8T03hTAnGjgVbFYJMsNSQidkxHyLkiTMhPli5Rm+sM4Qx0rbJwEv3N8TOUmMmSaR7UwIjM1qbW7+V/MziK/DnMs0Aybp8qM4ExgUnt+Ph1wzCmJqgVDN7a6YjokmFGxKFRuCt3ryOnSbDc/yfbPWuiniKKMzdI4ukYeuUAvdoTbqIIoUekav6M0B58V5dz6WrSWnmDlFf+R8/gCIzZC6</latexit>

SM
<latexit sha1_base64="WsUazXWwl6zdTlrOagqZfl44Gc4=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjWDiiexy0Xgi8eLFBKMgCWxIt3Shoe2ubZeEbPgdXjxojFd/jDf/jV3Yg4KTNJnMvJc3nSDmTBvX/XYKa+sbm1vF7dLO7t7+QfnwqK2jRBHaIhGPVCfAmnImacsww2knVhSLgNPHYHyd+Y8TqjSL5IOZxtQXeChZyAg2VvKrPYHNSIn0/nZW7Zcrbs2dA60SLycVyNHsl796g4gkgkpDONa667mx8VOsDCOczkq9RNMYkzEe0q6lEguq/XQeeobOrDJAYaTskwbN1d8bKRZaT0VgJ7OMetnLxP+8bmLCSz9lMk4MlWRxKEw4MhHKGkADpigxfGoJJorZrIiMsMLE2J5KtgRv+curpF2veZbf1SuNq7yOIpzAKZyDBxfQgBtoQgsIPMEzvMKbM3FenHfnYzFacPKdY/gD5/MHQDKRtw==</latexit><latexit sha1_base64="WsUazXWwl6zdTlrOagqZfl44Gc4=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjWDiiexy0Xgi8eLFBKMgCWxIt3Shoe2ubZeEbPgdXjxojFd/jDf/jV3Yg4KTNJnMvJc3nSDmTBvX/XYKa+sbm1vF7dLO7t7+QfnwqK2jRBHaIhGPVCfAmnImacsww2knVhSLgNPHYHyd+Y8TqjSL5IOZxtQXeChZyAg2VvKrPYHNSIn0/nZW7Zcrbs2dA60SLycVyNHsl796g4gkgkpDONa667mx8VOsDCOczkq9RNMYkzEe0q6lEguq/XQeeobOrDJAYaTskwbN1d8bKRZaT0VgJ7OMetnLxP+8bmLCSz9lMk4MlWRxKEw4MhHKGkADpigxfGoJJorZrIiMsMLE2J5KtgRv+curpF2veZbf1SuNq7yOIpzAKZyDBxfQgBtoQgsIPMEzvMKbM3FenHfnYzFacPKdY/gD5/MHQDKRtw==</latexit><latexit sha1_base64="WsUazXWwl6zdTlrOagqZfl44Gc4=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjWDiiexy0Xgi8eLFBKMgCWxIt3Shoe2ubZeEbPgdXjxojFd/jDf/jV3Yg4KTNJnMvJc3nSDmTBvX/XYKa+sbm1vF7dLO7t7+QfnwqK2jRBHaIhGPVCfAmnImacsww2knVhSLgNPHYHyd+Y8TqjSL5IOZxtQXeChZyAg2VvKrPYHNSIn0/nZW7Zcrbs2dA60SLycVyNHsl796g4gkgkpDONa667mx8VOsDCOczkq9RNMYkzEe0q6lEguq/XQeeobOrDJAYaTskwbN1d8bKRZaT0VgJ7OMetnLxP+8bmLCSz9lMk4MlWRxKEw4MhHKGkADpigxfGoJJorZrIiMsMLE2J5KtgRv+curpF2veZbf1SuNq7yOIpzAKZyDBxfQgBtoQgsIPMEzvMKbM3FenHfnYzFacPKdY/gD5/MHQDKRtw==</latexit><latexit sha1_base64="WsUazXWwl6zdTlrOagqZfl44Gc4=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjWDiiexy0Xgi8eLFBKMgCWxIt3Shoe2ubZeEbPgdXjxojFd/jDf/jV3Yg4KTNJnMvJc3nSDmTBvX/XYKa+sbm1vF7dLO7t7+QfnwqK2jRBHaIhGPVCfAmnImacsww2knVhSLgNPHYHyd+Y8TqjSL5IOZxtQXeChZyAg2VvKrPYHNSIn0/nZW7Zcrbs2dA60SLycVyNHsl796g4gkgkpDONa667mx8VOsDCOczkq9RNMYkzEe0q6lEguq/XQeeobOrDJAYaTskwbN1d8bKRZaT0VgJ7OMetnLxP+8bmLCSz9lMk4MlWRxKEw4MhHKGkADpigxfGoJJorZrIiMsMLE2J5KtgRv+curpF2veZbf1SuNq7yOIpzAKZyDBxfQgBtoQgsIPMEzvMKbM3FenHfnYzFacPKdY/gD5/MHQDKRtw==</latexit>

SM
<latexit sha1_base64="WsUazXWwl6zdTlrOagqZfl44Gc4=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjWDiiexy0Xgi8eLFBKMgCWxIt3Shoe2ubZeEbPgdXjxojFd/jDf/jV3Yg4KTNJnMvJc3nSDmTBvX/XYKa+sbm1vF7dLO7t7+QfnwqK2jRBHaIhGPVCfAmnImacsww2knVhSLgNPHYHyd+Y8TqjSL5IOZxtQXeChZyAg2VvKrPYHNSIn0/nZW7Zcrbs2dA60SLycVyNHsl796g4gkgkpDONa667mx8VOsDCOczkq9RNMYkzEe0q6lEguq/XQeeobOrDJAYaTskwbN1d8bKRZaT0VgJ7OMetnLxP+8bmLCSz9lMk4MlWRxKEw4MhHKGkADpigxfGoJJorZrIiMsMLE2J5KtgRv+curpF2veZbf1SuNq7yOIpzAKZyDBxfQgBtoQgsIPMEzvMKbM3FenHfnYzFacPKdY/gD5/MHQDKRtw==</latexit><latexit sha1_base64="WsUazXWwl6zdTlrOagqZfl44Gc4=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjWDiiexy0Xgi8eLFBKMgCWxIt3Shoe2ubZeEbPgdXjxojFd/jDf/jV3Yg4KTNJnMvJc3nSDmTBvX/XYKa+sbm1vF7dLO7t7+QfnwqK2jRBHaIhGPVCfAmnImacsww2knVhSLgNPHYHyd+Y8TqjSL5IOZxtQXeChZyAg2VvKrPYHNSIn0/nZW7Zcrbs2dA60SLycVyNHsl796g4gkgkpDONa667mx8VOsDCOczkq9RNMYkzEe0q6lEguq/XQeeobOrDJAYaTskwbN1d8bKRZaT0VgJ7OMetnLxP+8bmLCSz9lMk4MlWRxKEw4MhHKGkADpigxfGoJJorZrIiMsMLE2J5KtgRv+curpF2veZbf1SuNq7yOIpzAKZyDBxfQgBtoQgsIPMEzvMKbM3FenHfnYzFacPKdY/gD5/MHQDKRtw==</latexit><latexit sha1_base64="WsUazXWwl6zdTlrOagqZfl44Gc4=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjWDiiexy0Xgi8eLFBKMgCWxIt3Shoe2ubZeEbPgdXjxojFd/jDf/jV3Yg4KTNJnMvJc3nSDmTBvX/XYKa+sbm1vF7dLO7t7+QfnwqK2jRBHaIhGPVCfAmnImacsww2knVhSLgNPHYHyd+Y8TqjSL5IOZxtQXeChZyAg2VvKrPYHNSIn0/nZW7Zcrbs2dA60SLycVyNHsl796g4gkgkpDONa667mx8VOsDCOczkq9RNMYkzEe0q6lEguq/XQeeobOrDJAYaTskwbN1d8bKRZaT0VgJ7OMetnLxP+8bmLCSz9lMk4MlWRxKEw4MhHKGkADpigxfGoJJorZrIiMsMLE2J5KtgRv+curpF2veZbf1SuNq7yOIpzAKZyDBxfQgBtoQgsIPMEzvMKbM3FenHfnYzFacPKdY/gD5/MHQDKRtw==</latexit><latexit sha1_base64="WsUazXWwl6zdTlrOagqZfl44Gc4=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjWDiiexy0Xgi8eLFBKMgCWxIt3Shoe2ubZeEbPgdXjxojFd/jDf/jV3Yg4KTNJnMvJc3nSDmTBvX/XYKa+sbm1vF7dLO7t7+QfnwqK2jRBHaIhGPVCfAmnImacsww2knVhSLgNPHYHyd+Y8TqjSL5IOZxtQXeChZyAg2VvKrPYHNSIn0/nZW7Zcrbs2dA60SLycVyNHsl796g4gkgkpDONa667mx8VOsDCOczkq9RNMYkzEe0q6lEguq/XQeeobOrDJAYaTskwbN1d8bKRZaT0VgJ7OMetnLxP+8bmLCSz9lMk4MlWRxKEw4MhHKGkADpigxfGoJJorZrIiMsMLE2J5KtgRv+curpF2veZbf1SuNq7yOIpzAKZyDBxfQgBtoQgsIPMEzvMKbM3FenHfnYzFacPKdY/gD5/MHQDKRtw==</latexit>

�
<latexit sha1_base64="sgdo6Sw+cTsF7mMka3WDSvzoKkA=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBFvBVZnpRldScOOygn1IO5RMJtOGJpkhyQhl6Fe4caGIWz/HnX9jOp2Fth4IHM45l9x7goQzbVz32yltbG5t75R3K3v7B4dH1eOTro5TRWiHxDxW/QBrypmkHcMMp/1EUSwCTnvB9Hbh956o0iyWD2aWUF/gsWQRI9hY6bE+5DYb4vqoWnMbbg60TryC1KBAe1T9GoYxSQWVhnCs9cBzE+NnWBlGOJ1XhqmmCSZTPKYDSyUWVPtZvvAcXVglRFGs7JMG5erviQwLrWcisEmBzUSvegvxP2+Qmujaz5hMUkMlWX4UpRyZGC2uRyFTlBg+swQTxeyuiEywwsTYjiq2BG/15HXSbTY8y++btdZNUUcZzuAcLsGDK2jBHbShAwQEPMMrvDnKeXHenY9ltOQUM6fwB87nD/XSj9M=</latexit><latexit sha1_base64="sgdo6Sw+cTsF7mMka3WDSvzoKkA=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBFvBVZnpRldScOOygn1IO5RMJtOGJpkhyQhl6Fe4caGIWz/HnX9jOp2Fth4IHM45l9x7goQzbVz32yltbG5t75R3K3v7B4dH1eOTro5TRWiHxDxW/QBrypmkHcMMp/1EUSwCTnvB9Hbh956o0iyWD2aWUF/gsWQRI9hY6bE+5DYb4vqoWnMbbg60TryC1KBAe1T9GoYxSQWVhnCs9cBzE+NnWBlGOJ1XhqmmCSZTPKYDSyUWVPtZvvAcXVglRFGs7JMG5erviQwLrWcisEmBzUSvegvxP2+Qmujaz5hMUkMlWX4UpRyZGC2uRyFTlBg+swQTxeyuiEywwsTYjiq2BG/15HXSbTY8y++btdZNUUcZzuAcLsGDK2jBHbShAwQEPMMrvDnKeXHenY9ltOQUM6fwB87nD/XSj9M=</latexit><latexit sha1_base64="sgdo6Sw+cTsF7mMka3WDSvzoKkA=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBFvBVZnpRldScOOygn1IO5RMJtOGJpkhyQhl6Fe4caGIWz/HnX9jOp2Fth4IHM45l9x7goQzbVz32yltbG5t75R3K3v7B4dH1eOTro5TRWiHxDxW/QBrypmkHcMMp/1EUSwCTnvB9Hbh956o0iyWD2aWUF/gsWQRI9hY6bE+5DYb4vqoWnMbbg60TryC1KBAe1T9GoYxSQWVhnCs9cBzE+NnWBlGOJ1XhqmmCSZTPKYDSyUWVPtZvvAcXVglRFGs7JMG5erviQwLrWcisEmBzUSvegvxP2+Qmujaz5hMUkMlWX4UpRyZGC2uRyFTlBg+swQTxeyuiEywwsTYjiq2BG/15HXSbTY8y++btdZNUUcZzuAcLsGDK2jBHbShAwQEPMMrvDnKeXHenY9ltOQUM6fwB87nD/XSj9M=</latexit><latexit sha1_base64="sgdo6Sw+cTsF7mMka3WDSvzoKkA=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBFvBVZnpRldScOOygn1IO5RMJtOGJpkhyQhl6Fe4caGIWz/HnX9jOp2Fth4IHM45l9x7goQzbVz32yltbG5t75R3K3v7B4dH1eOTro5TRWiHxDxW/QBrypmkHcMMp/1EUSwCTnvB9Hbh956o0iyWD2aWUF/gsWQRI9hY6bE+5DYb4vqoWnMbbg60TryC1KBAe1T9GoYxSQWVhnCs9cBzE+NnWBlGOJ1XhqmmCSZTPKYDSyUWVPtZvvAcXVglRFGs7JMG5erviQwLrWcisEmBzUSvegvxP2+Qmujaz5hMUkMlWX4UpRyZGC2uRyFTlBg+swQTxeyuiEywwsTYjiq2BG/15HXSbTY8y++btdZNUUcZzuAcLsGDK2jBHbShAwQEPMMrvDnKeXHenY9ltOQUM6fwB87nD/XSj9M=</latexit>
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<latexit sha1_base64="Q7vZc5XCLFnUovQ3LUAFdGJAMQo="></latexit><latexit sha1_base64="Q7vZc5XCLFnUovQ3LUAFdGJAMQo="></latexit><latexit sha1_base64="Q7vZc5XCLFnUovQ3LUAFdGJAMQo="></latexit><latexit sha1_base64="Q7vZc5XCLFnUovQ3LUAFdGJAMQo="></latexit>
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<latexit sha1_base64="C0NbNqsvTXx2vv99oFzC1Rs6oQI="></latexit><latexit sha1_base64="C0NbNqsvTXx2vv99oFzC1Rs6oQI="></latexit><latexit sha1_base64="C0NbNqsvTXx2vv99oFzC1Rs6oQI="></latexit><latexit sha1_base64="C0NbNqsvTXx2vv99oFzC1Rs6oQI="></latexit>

•  Relic density fixes                 , can be tested with complementary probes� / m�
<latexit sha1_base64="42dxLVws+LmJZ/DpLbHUxdOvNig=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AruCoz3dhlwY3LCvYBnWHIZNI2NJmEJCOUoW78FTcuFHHrX7jzb0zbWWjrgcDhnHO5uSeWjGrjed9OaWNza3unvFvZ2z84PHKPT7paZAqTDhZMqH6MNGE0JR1DDSN9qQjiMSO9eHIz93sPRGkq0nszlSTkaJTSIcXIWClyz2oBs+kEwUAqIY2APArwmNYit+rVvQXgOvELUgUF2pH7FSQCZ5ykBjOk9cD3pAlzpAzFjMwqQaaJRHiCRmRgaYo40WG+uGAGL62SwKFQ9qUGLtTfEzniWk95bJMcmbFe9ebif94gM8NmmNNUZoakeLlomDFoD53XAROqCDZsagnCitq/QjxGCmFjS6vYEvzVk9dJt1H3Lb9rVFvNoo4yOAcX4Ar44Bq0wC1ogw7A4BE8g1fw5jw5L86787GMlpxi5hT8gfP5A2/9ljA=</latexit><latexit sha1_base64="42dxLVws+LmJZ/DpLbHUxdOvNig=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AruCoz3dhlwY3LCvYBnWHIZNI2NJmEJCOUoW78FTcuFHHrX7jzb0zbWWjrgcDhnHO5uSeWjGrjed9OaWNza3unvFvZ2z84PHKPT7paZAqTDhZMqH6MNGE0JR1DDSN9qQjiMSO9eHIz93sPRGkq0nszlSTkaJTSIcXIWClyz2oBs+kEwUAqIY2APArwmNYit+rVvQXgOvELUgUF2pH7FSQCZ5ykBjOk9cD3pAlzpAzFjMwqQaaJRHiCRmRgaYo40WG+uGAGL62SwKFQ9qUGLtTfEzniWk95bJMcmbFe9ebif94gM8NmmNNUZoakeLlomDFoD53XAROqCDZsagnCitq/QjxGCmFjS6vYEvzVk9dJt1H3Lb9rVFvNoo4yOAcX4Ar44Bq0wC1ogw7A4BE8g1fw5jw5L86787GMlpxi5hT8gfP5A2/9ljA=</latexit><latexit sha1_base64="42dxLVws+LmJZ/DpLbHUxdOvNig=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AruCoz3dhlwY3LCvYBnWHIZNI2NJmEJCOUoW78FTcuFHHrX7jzb0zbWWjrgcDhnHO5uSeWjGrjed9OaWNza3unvFvZ2z84PHKPT7paZAqTDhZMqH6MNGE0JR1DDSN9qQjiMSO9eHIz93sPRGkq0nszlSTkaJTSIcXIWClyz2oBs+kEwUAqIY2APArwmNYit+rVvQXgOvELUgUF2pH7FSQCZ5ykBjOk9cD3pAlzpAzFjMwqQaaJRHiCRmRgaYo40WG+uGAGL62SwKFQ9qUGLtTfEzniWk95bJMcmbFe9ebif94gM8NmmNNUZoakeLlomDFoD53XAROqCDZsagnCitq/QjxGCmFjS6vYEvzVk9dJt1H3Lb9rVFvNoo4yOAcX4Ar44Bq0wC1ogw7A4BE8g1fw5jw5L86787GMlpxi5hT8gfP5A2/9ljA=</latexit><latexit sha1_base64="42dxLVws+LmJZ/DpLbHUxdOvNig=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AruCoz3dhlwY3LCvYBnWHIZNI2NJmEJCOUoW78FTcuFHHrX7jzb0zbWWjrgcDhnHO5uSeWjGrjed9OaWNza3unvFvZ2z84PHKPT7paZAqTDhZMqH6MNGE0JR1DDSN9qQjiMSO9eHIz93sPRGkq0nszlSTkaJTSIcXIWClyz2oBs+kEwUAqIY2APArwmNYit+rVvQXgOvELUgUF2pH7FSQCZ5ykBjOk9cD3pAlzpAzFjMwqQaaJRHiCRmRgaYo40WG+uGAGL62SwKFQ9qUGLtTfEzniWk95bJMcmbFe9ebif94gM8NmmNNUZoakeLlomDFoD53XAROqCDZsagnCitq/QjxGCmFjS6vYEvzVk9dJt1H3Lb9rVFvNoo4yOAcX4Ar44Bq0wC1ogw7A4BE8g1fw5jw5L86787GMlpxi5hT8gfP5A2/9ljA=</latexit>
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annihilation



Introduction: WIMP dark matter
•  But so far, no signs of WIMPs at direct detection experiments

1805.12562 1401.6085XENON1T

•  For example: scalar DM with coupling                              L 3 �|H|2|�|2
<latexit sha1_base64="tL/8fw1WFuhy+U6U0PPN7iDvYrk=">AAACEXicbZC7TgJBFIZnvSLeUEubiWBCRXZppCSxobDARC4Ji+Ts7CxMmJ3dzMyakIVXsPFVbCw0xtbOzrdxgC0U/JNJvvznnMw5vxdzprRtf1sbm1vbO7u5vfz+weHRceHktK2iRBLaIhGPZNcDRTkTtKWZ5rQbSwqhx2nHG1/P650HKhWLxJ2exLQfwlCwgBHQxhoUyiU3BD0iwNObGXYFwy430z7gaWN6X8VTl4yYgdKgULQr9kJ4HZwMiihTc1D4cv2IJCEVmnBQqufYse6nIDUjnM7ybqJoDGQMQ9ozKCCkqp8uLprhS+P4OIikeULjhft7IoVQqUnomc75+mq1Njf/q/USHdT6KRNxoqkgy4+ChGMd4Xk82GeSEs0nBoBIZnbFZAQSiDYh5k0IzurJ69CuVhzDt9VivZbFkUPn6AKVkYOuUB01UBO1EEGP6Bm9ojfryXqx3q2PZeuGlc2coT+yPn8AxhycSQ==</latexit><latexit sha1_base64="tL/8fw1WFuhy+U6U0PPN7iDvYrk=">AAACEXicbZC7TgJBFIZnvSLeUEubiWBCRXZppCSxobDARC4Ji+Ts7CxMmJ3dzMyakIVXsPFVbCw0xtbOzrdxgC0U/JNJvvznnMw5vxdzprRtf1sbm1vbO7u5vfz+weHRceHktK2iRBLaIhGPZNcDRTkTtKWZ5rQbSwqhx2nHG1/P650HKhWLxJ2exLQfwlCwgBHQxhoUyiU3BD0iwNObGXYFwy430z7gaWN6X8VTl4yYgdKgULQr9kJ4HZwMiihTc1D4cv2IJCEVmnBQqufYse6nIDUjnM7ybqJoDGQMQ9ozKCCkqp8uLprhS+P4OIikeULjhft7IoVQqUnomc75+mq1Njf/q/USHdT6KRNxoqkgy4+ChGMd4Xk82GeSEs0nBoBIZnbFZAQSiDYh5k0IzurJ69CuVhzDt9VivZbFkUPn6AKVkYOuUB01UBO1EEGP6Bm9ojfryXqx3q2PZeuGlc2coT+yPn8AxhycSQ==</latexit><latexit sha1_base64="tL/8fw1WFuhy+U6U0PPN7iDvYrk=">AAACEXicbZC7TgJBFIZnvSLeUEubiWBCRXZppCSxobDARC4Ji+Ts7CxMmJ3dzMyakIVXsPFVbCw0xtbOzrdxgC0U/JNJvvznnMw5vxdzprRtf1sbm1vbO7u5vfz+weHRceHktK2iRBLaIhGPZNcDRTkTtKWZ5rQbSwqhx2nHG1/P650HKhWLxJ2exLQfwlCwgBHQxhoUyiU3BD0iwNObGXYFwy430z7gaWN6X8VTl4yYgdKgULQr9kJ4HZwMiihTc1D4cv2IJCEVmnBQqufYse6nIDUjnM7ybqJoDGQMQ9ozKCCkqp8uLprhS+P4OIikeULjhft7IoVQqUnomc75+mq1Njf/q/USHdT6KRNxoqkgy4+ChGMd4Xk82GeSEs0nBoBIZnbFZAQSiDYh5k0IzurJ69CuVhzDt9VivZbFkUPn6AKVkYOuUB01UBO1EEGP6Bm9ojfryXqx3q2PZeuGlc2coT+yPn8AxhycSQ==</latexit><latexit sha1_base64="tL/8fw1WFuhy+U6U0PPN7iDvYrk=">AAACEXicbZC7TgJBFIZnvSLeUEubiWBCRXZppCSxobDARC4Ji+Ts7CxMmJ3dzMyakIVXsPFVbCw0xtbOzrdxgC0U/JNJvvznnMw5vxdzprRtf1sbm1vbO7u5vfz+weHRceHktK2iRBLaIhGPZNcDRTkTtKWZ5rQbSwqhx2nHG1/P650HKhWLxJ2exLQfwlCwgBHQxhoUyiU3BD0iwNObGXYFwy430z7gaWN6X8VTl4yYgdKgULQr9kJ4HZwMiihTc1D4cv2IJCEVmnBQqufYse6nIDUjnM7ybqJoDGQMQ9ozKCCkqp8uLprhS+P4OIikeULjhft7IoVQqUnomc75+mq1Njf/q/USHdT6KRNxoqkgy4+ChGMd4Xk82GeSEs0nBoBIZnbFZAQSiDYh5k0IzurJ69CuVhzDt9VivZbFkUPn6AKVkYOuUB01UBO1EEGP6Bm9ojfryXqx3q2PZeuGlc2coT+yPn8AxhycSQ==</latexit>
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SI = f2

N
⇡

m4
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�2

m4
h
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�
�
0.1

�2 ⇣ 100 GeV
m�

⌘2

<latexit sha1_base64="otewdmEivOf2iJmo5O1XHiNtLg0="></latexit><latexit sha1_base64="otewdmEivOf2iJmo5O1XHiNtLg0="></latexit><latexit sha1_base64="otewdmEivOf2iJmo5O1XHiNtLg0="></latexit><latexit sha1_base64="otewdmEivOf2iJmo5O1XHiNtLg0="></latexit>
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Pseudo-Goldstone dark matter

•  The tension I just  
             sketched: 
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Pseudo-Goldstone dark matter

•  The tension I just  
             sketched: 

• What about this instead? Goldstone DM:

@2

f2

L 3 1
f2 @µ|H|2@µ|�|2

<latexit sha1_base64="juh7XTxzjrVY6utCHIJx7ufr5cc="></latexit><latexit sha1_base64="juh7XTxzjrVY6utCHIJx7ufr5cc="></latexit><latexit sha1_base64="juh7XTxzjrVY6utCHIJx7ufr5cc="></latexit><latexit sha1_base64="juh7XTxzjrVY6utCHIJx7ufr5cc="></latexit>

Frigerio, Pomarol,  
Riva, Urbano 2012 
Bruggisser, Urbano, 
Riva 2016

5

leading coupling� ! �+ ✏
<latexit sha1_base64="QBN+gvciDU9FSpXzeOB2y6DWTfo=">AAACA3icbZDNSsNAFIVv6l+tf1F3uhlsBUEoSTe6cFFw47KCrYUmlMl00g6dTMLMRCih4MZXceNCEbe+hDvfxmmahbYeGPg4917u3BMknCntON9WaWV1bX2jvFnZ2t7Z3bP3DzoqTiWhbRLzWHYDrChngrY105x2E0lxFHB6H4yvZ/X7ByoVi8WdniTUj/BQsJARrI3Vt49qHhkx5OkY5XCOPJooxmNR69tVp+7kQsvgFlCFQq2+/eUNYpJGVGjCsVI910m0n2GpGeF0WvFSRRNMxnhIewYFjqjys/yGKTo1zgCFsTRPaJS7vycyHCk1iQLTGWE9Uou1mflfrZfq8NLPmEhSTQWZLwpTjszFs0DQgElKNJ8YwEQy81dERlhiok1sFROCu3jyMnQaddfwbaPavCriKMMxnMAZuHABTbiBFrSBwCM8wyu8WU/Wi/VufcxbS1Yxcwh/ZH3+AMyJlk8=</latexit><latexit sha1_base64="QBN+gvciDU9FSpXzeOB2y6DWTfo=">AAACA3icbZDNSsNAFIVv6l+tf1F3uhlsBUEoSTe6cFFw47KCrYUmlMl00g6dTMLMRCih4MZXceNCEbe+hDvfxmmahbYeGPg4917u3BMknCntON9WaWV1bX2jvFnZ2t7Z3bP3DzoqTiWhbRLzWHYDrChngrY105x2E0lxFHB6H4yvZ/X7ByoVi8WdniTUj/BQsJARrI3Vt49qHhkx5OkY5XCOPJooxmNR69tVp+7kQsvgFlCFQq2+/eUNYpJGVGjCsVI910m0n2GpGeF0WvFSRRNMxnhIewYFjqjys/yGKTo1zgCFsTRPaJS7vycyHCk1iQLTGWE9Uou1mflfrZfq8NLPmEhSTQWZLwpTjszFs0DQgElKNJ8YwEQy81dERlhiok1sFROCu3jyMnQaddfwbaPavCriKMMxnMAZuHABTbiBFrSBwCM8wyu8WU/Wi/VufcxbS1Yxcwh/ZH3+AMyJlk8=</latexit><latexit sha1_base64="QBN+gvciDU9FSpXzeOB2y6DWTfo=">AAACA3icbZDNSsNAFIVv6l+tf1F3uhlsBUEoSTe6cFFw47KCrYUmlMl00g6dTMLMRCih4MZXceNCEbe+hDvfxmmahbYeGPg4917u3BMknCntON9WaWV1bX2jvFnZ2t7Z3bP3DzoqTiWhbRLzWHYDrChngrY105x2E0lxFHB6H4yvZ/X7ByoVi8WdniTUj/BQsJARrI3Vt49qHhkx5OkY5XCOPJooxmNR69tVp+7kQsvgFlCFQq2+/eUNYpJGVGjCsVI910m0n2GpGeF0WvFSRRNMxnhIewYFjqjys/yGKTo1zgCFsTRPaJS7vycyHCk1iQLTGWE9Uou1mflfrZfq8NLPmEhSTQWZLwpTjszFs0DQgElKNJ8YwEQy81dERlhiok1sFROCu3jyMnQaddfwbaPavCriKMMxnMAZuHABTbiBFrSBwCM8wyu8WU/Wi/VufcxbS1Yxcwh/ZH3+AMyJlk8=</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="aBgjIOasBlPlpGJVTBXt2MQuLqs=">AAAB+HicbZDNSgMxFIXv1L9aq1aXugm2giCUGTe6FNy4rGBboTOUTHqnDc1khiQjlKHgxldx40IRn8Sdb2M67UJbLwQ+zkm4OSdMBdfGdb+d0tr6xuZWebuyU93d268dVDs6yRTDNktEoh5CqlFwiW3DjcCHVCGNQ4HdcHwz87uPqDRP5L2ZpBjEdCh5xBk1VurXjho+G3Him4QUcE58TDUXiWz0a3W36RZDVsFbQB0W0+rXvvxBwrIYpWGCat3z3NQEOVWGM4HTip9pTCkb0yH2LEoaow7yIsOUnFplQKJE2SMNKdTfL3Iaaz2JQ3szpmakl72Z+J/Xy0x0FeRcpplByeaLokwQm3hWCBlwhcyIiQXKFLd/JWxEFWXG1laxJXjLkVehc9H0LN+5UIZjOIEz8OASruEWWtAGBk/wAm/w7jw7r87HvK6Ss+jtEP6M8/kDWEKU6Q==</latexit><latexit sha1_base64="aBgjIOasBlPlpGJVTBXt2MQuLqs=">AAAB+HicbZDNSgMxFIXv1L9aq1aXugm2giCUGTe6FNy4rGBboTOUTHqnDc1khiQjlKHgxldx40IRn8Sdb2M67UJbLwQ+zkm4OSdMBdfGdb+d0tr6xuZWebuyU93d268dVDs6yRTDNktEoh5CqlFwiW3DjcCHVCGNQ4HdcHwz87uPqDRP5L2ZpBjEdCh5xBk1VurXjho+G3Him4QUcE58TDUXiWz0a3W36RZDVsFbQB0W0+rXvvxBwrIYpWGCat3z3NQEOVWGM4HTip9pTCkb0yH2LEoaow7yIsOUnFplQKJE2SMNKdTfL3Iaaz2JQ3szpmakl72Z+J/Xy0x0FeRcpplByeaLokwQm3hWCBlwhcyIiQXKFLd/JWxEFWXG1laxJXjLkVehc9H0LN+5UIZjOIEz8OASruEWWtAGBk/wAm/w7jw7r87HvK6Ss+jtEP6M8/kDWEKU6Q==</latexit><latexit sha1_base64="jQXCaUOhQTpjgxZeTgxeEuZ9P40=">AAACA3icbZDLSsNAFIZP6q3WW9SdbgZbQRBK4kYXLgpuXFawF2hCmUwn7dDJJMxMhBIKbnwVNy4UcetLuPNtnKZZaOsPAx//OYcz5w8SzpR2nG+rtLK6tr5R3qxsbe/s7tn7B20Vp5LQFol5LLsBVpQzQVuaaU67iaQ4CjjtBOObWb3zQKVisbjXk4T6ER4KFjKCtbH69lHNIyOGPB2jHM6RRxPFeCxqfbvq1J1caBncAqpQqNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz6DAEVV+lt8wRafGGaAwluYJjXL390SGI6UmUWA6I6xHarE2M/+r9VIdXvkZE0mqqSDzRWHKkbl4FggaMEmJ5hMDmEhm/orICEtMtImtYkJwF09ehvZF3TV851Qb10UcZTiGEzgDFy6hAbfQhBYQeIRneIU368l6sd6tj3lrySpmDuGPrM8fy+mWTQ==</latexit><latexit sha1_base64="QBN+gvciDU9FSpXzeOB2y6DWTfo=">AAACA3icbZDNSsNAFIVv6l+tf1F3uhlsBUEoSTe6cFFw47KCrYUmlMl00g6dTMLMRCih4MZXceNCEbe+hDvfxmmahbYeGPg4917u3BMknCntON9WaWV1bX2jvFnZ2t7Z3bP3DzoqTiWhbRLzWHYDrChngrY105x2E0lxFHB6H4yvZ/X7ByoVi8WdniTUj/BQsJARrI3Vt49qHhkx5OkY5XCOPJooxmNR69tVp+7kQsvgFlCFQq2+/eUNYpJGVGjCsVI910m0n2GpGeF0WvFSRRNMxnhIewYFjqjys/yGKTo1zgCFsTRPaJS7vycyHCk1iQLTGWE9Uou1mflfrZfq8NLPmEhSTQWZLwpTjszFs0DQgElKNJ8YwEQy81dERlhiok1sFROCu3jyMnQaddfwbaPavCriKMMxnMAZuHABTbiBFrSBwCM8wyu8WU/Wi/VufcxbS1Yxcwh/ZH3+AMyJlk8=</latexit><latexit sha1_base64="QBN+gvciDU9FSpXzeOB2y6DWTfo=">AAACA3icbZDNSsNAFIVv6l+tf1F3uhlsBUEoSTe6cFFw47KCrYUmlMl00g6dTMLMRCih4MZXceNCEbe+hDvfxmmahbYeGPg4917u3BMknCntON9WaWV1bX2jvFnZ2t7Z3bP3DzoqTiWhbRLzWHYDrChngrY105x2E0lxFHB6H4yvZ/X7ByoVi8WdniTUj/BQsJARrI3Vt49qHhkx5OkY5XCOPJooxmNR69tVp+7kQsvgFlCFQq2+/eUNYpJGVGjCsVI910m0n2GpGeF0WvFSRRNMxnhIewYFjqjys/yGKTo1zgCFsTRPaJS7vycyHCk1iQLTGWE9Uou1mflfrZfq8NLPmEhSTQWZLwpTjszFs0DQgElKNJ8YwEQy81dERlhiok1sFROCu3jyMnQaddfwbaPavCriKMMxnMAZuHABTbiBFrSBwCM8wyu8WU/Wi/VufcxbS1Yxcwh/ZH3+AMyJlk8=</latexit><latexit sha1_base64="QBN+gvciDU9FSpXzeOB2y6DWTfo=">AAACA3icbZDNSsNAFIVv6l+tf1F3uhlsBUEoSTe6cFFw47KCrYUmlMl00g6dTMLMRCih4MZXceNCEbe+hDvfxmmahbYeGPg4917u3BMknCntON9WaWV1bX2jvFnZ2t7Z3bP3DzoqTiWhbRLzWHYDrChngrY105x2E0lxFHB6H4yvZ/X7ByoVi8WdniTUj/BQsJARrI3Vt49qHhkx5OkY5XCOPJooxmNR69tVp+7kQsvgFlCFQq2+/eUNYpJGVGjCsVI910m0n2GpGeF0WvFSRRNMxnhIewYFjqjys/yGKTo1zgCFsTRPaJS7vycyHCk1iQLTGWE9Uou1mflfrZfq8NLPmEhSTQWZLwpTjszFs0DQgElKNJ8YwEQy81dERlhiok1sFROCu3jyMnQaddfwbaPavCriKMMxnMAZuHABTbiBFrSBwCM8wyu8WU/Wi/VufcxbS1Yxcwh/ZH3+AMyJlk8=</latexit><latexit sha1_base64="QBN+gvciDU9FSpXzeOB2y6DWTfo=">AAACA3icbZDNSsNAFIVv6l+tf1F3uhlsBUEoSTe6cFFw47KCrYUmlMl00g6dTMLMRCih4MZXceNCEbe+hDvfxmmahbYeGPg4917u3BMknCntON9WaWV1bX2jvFnZ2t7Z3bP3DzoqTiWhbRLzWHYDrChngrY105x2E0lxFHB6H4yvZ/X7ByoVi8WdniTUj/BQsJARrI3Vt49qHhkx5OkY5XCOPJooxmNR69tVp+7kQsvgFlCFQq2+/eUNYpJGVGjCsVI910m0n2GpGeF0WvFSRRNMxnhIewYFjqjys/yGKTo1zgCFsTRPaJS7vycyHCk1iQLTGWE9Uou1mflfrZfq8NLPmEhSTQWZLwpTjszFs0DQgElKNJ8YwEQy81dERlhiok1sFROCu3jyMnQaddfwbaPavCriKMMxnMAZuHABTbiBFrSBwCM8wyu8WU/Wi/VufcxbS1Yxcwh/ZH3+AMyJlk8=</latexit><latexit sha1_base64="QBN+gvciDU9FSpXzeOB2y6DWTfo=">AAACA3icbZDNSsNAFIVv6l+tf1F3uhlsBUEoSTe6cFFw47KCrYUmlMl00g6dTMLMRCih4MZXceNCEbe+hDvfxmmahbYeGPg4917u3BMknCntON9WaWV1bX2jvFnZ2t7Z3bP3DzoqTiWhbRLzWHYDrChngrY105x2E0lxFHB6H4yvZ/X7ByoVi8WdniTUj/BQsJARrI3Vt49qHhkx5OkY5XCOPJooxmNR69tVp+7kQsvgFlCFQq2+/eUNYpJGVGjCsVI910m0n2GpGeF0WvFSRRNMxnhIewYFjqjys/yGKTo1zgCFsTRPaJS7vycyHCk1iQLTGWE9Uou1mflfrZfq8NLPmEhSTQWZLwpTjszFs0DQgElKNJ8YwEQy81dERlhiok1sFROCu3jyMnQaddfwbaPavCriKMMxnMAZuHABTbiBFrSBwCM8wyu8WU/Wi/VufcxbS1Yxcwh/ZH3+AMyJlk8=</latexit><latexit sha1_base64="QBN+gvciDU9FSpXzeOB2y6DWTfo=">AAACA3icbZDNSsNAFIVv6l+tf1F3uhlsBUEoSTe6cFFw47KCrYUmlMl00g6dTMLMRCih4MZXceNCEbe+hDvfxmmahbYeGPg4917u3BMknCntON9WaWV1bX2jvFnZ2t7Z3bP3DzoqTiWhbRLzWHYDrChngrY105x2E0lxFHB6H4yvZ/X7ByoVi8WdniTUj/BQsJARrI3Vt49qHhkx5OkY5XCOPJooxmNR69tVp+7kQsvgFlCFQq2+/eUNYpJGVGjCsVI910m0n2GpGeF0WvFSRRNMxnhIewYFjqjys/yGKTo1zgCFsTRPaJS7vycyHCk1iQLTGWE9Uou1mflfrZfq8NLPmEhSTQWZLwpTjszFs0DQgElKNJ8YwEQy81dERlhiok1sFROCu3jyMnQaddfwbaPavCriKMMxnMAZuHABTbiBFrSBwCM8wyu8WU/Wi/VufcxbS1Yxcwh/ZH3+AMyJlk8=</latexit>



pNGB Dark Matter
•  Take scalar DM candidate �

<latexit sha1_base64="NskKthkvtyreQKo0YSCC02UlcPQ=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCozXajLghuXFewF2qFk0kwbm0mGJCOUoe/gxoUibn0fd76NaTsLbf0h8PGfc8g5f5gIbqznfaPCxubW9k5xt7S3f3B4VD4+aRuVaspaVAmluyExTHDJWpZbwbqJZiQOBeuEk9t5vfPEtOFKPthpwoKYjCSPOCXWWe1qn455dVCueDVvIbwOfg4VyNUclL/6Q0XTmElLBTGm53uJDTKiLaeCzUr91LCE0AkZsZ5DSWJmgmyx7QxfOGeII6XdkxYv3N8TGYmNmcah64yJHZvV2tz8r9ZLbXQTZFwmqWWSLj+KUoGtwvPT8ZBrRq2YOiBUc7crpmOiCbUuoJILwV89eR3a9Zrv+L5eaVzlcRThDM7hEny4hgbcQRNaQOERnuEV3pBCL+gdfSxbCyifOYU/Qp8/tLqOgA==</latexit><latexit sha1_base64="NskKthkvtyreQKo0YSCC02UlcPQ=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCozXajLghuXFewF2qFk0kwbm0mGJCOUoe/gxoUibn0fd76NaTsLbf0h8PGfc8g5f5gIbqznfaPCxubW9k5xt7S3f3B4VD4+aRuVaspaVAmluyExTHDJWpZbwbqJZiQOBeuEk9t5vfPEtOFKPthpwoKYjCSPOCXWWe1qn455dVCueDVvIbwOfg4VyNUclL/6Q0XTmElLBTGm53uJDTKiLaeCzUr91LCE0AkZsZ5DSWJmgmyx7QxfOGeII6XdkxYv3N8TGYmNmcah64yJHZvV2tz8r9ZLbXQTZFwmqWWSLj+KUoGtwvPT8ZBrRq2YOiBUc7crpmOiCbUuoJILwV89eR3a9Zrv+L5eaVzlcRThDM7hEny4hgbcQRNaQOERnuEV3pBCL+gdfSxbCyifOYU/Qp8/tLqOgA==</latexit><latexit sha1_base64="NskKthkvtyreQKo0YSCC02UlcPQ=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCozXajLghuXFewF2qFk0kwbm0mGJCOUoe/gxoUibn0fd76NaTsLbf0h8PGfc8g5f5gIbqznfaPCxubW9k5xt7S3f3B4VD4+aRuVaspaVAmluyExTHDJWpZbwbqJZiQOBeuEk9t5vfPEtOFKPthpwoKYjCSPOCXWWe1qn455dVCueDVvIbwOfg4VyNUclL/6Q0XTmElLBTGm53uJDTKiLaeCzUr91LCE0AkZsZ5DSWJmgmyx7QxfOGeII6XdkxYv3N8TGYmNmcah64yJHZvV2tz8r9ZLbXQTZFwmqWWSLj+KUoGtwvPT8ZBrRq2YOiBUc7crpmOiCbUuoJILwV89eR3a9Zrv+L5eaVzlcRThDM7hEny4hgbcQRNaQOERnuEV3pBCL+gdfSxbCyifOYU/Qp8/tLqOgA==</latexit><latexit sha1_base64="NskKthkvtyreQKo0YSCC02UlcPQ=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCozXajLghuXFewF2qFk0kwbm0mGJCOUoe/gxoUibn0fd76NaTsLbf0h8PGfc8g5f5gIbqznfaPCxubW9k5xt7S3f3B4VD4+aRuVaspaVAmluyExTHDJWpZbwbqJZiQOBeuEk9t5vfPEtOFKPthpwoKYjCSPOCXWWe1qn455dVCueDVvIbwOfg4VyNUclL/6Q0XTmElLBTGm53uJDTKiLaeCzUr91LCE0AkZsZ5DSWJmgmyx7QxfOGeII6XdkxYv3N8TGYmNmcah64yJHZvV2tz8r9ZLbXQTZFwmqWWSLj+KUoGtwvPT8ZBrRq2YOiBUc7crpmOiCbUuoJILwV89eR3a9Zrv+L5eaVzlcRThDM7hEny4hgbcQRNaQOERnuEV3pBCL+gdfSxbCyifOYU/Qp8/tLqOgA==</latexit>

LBSM = |@µ�|2 + 1
f2 @µ|�|2@µ|H|2 �m

2
�|�|2 � �|�|2|H|2 + . . .

<latexit sha1_base64="htoVBz9CpKAoyBjtwogYaXD7i/g="></latexit><latexit sha1_base64="htoVBz9CpKAoyBjtwogYaXD7i/g="></latexit><latexit sha1_base64="htoVBz9CpKAoyBjtwogYaXD7i/g="></latexit><latexit sha1_base64="htoVBz9CpKAoyBjtwogYaXD7i/g="></latexit>
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pNGB Dark Matter
•  Take scalar DM candidate 

•  Freeze-out reproduces relic density 
 for                  and 

�
<latexit sha1_base64="NskKthkvtyreQKo0YSCC02UlcPQ=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCozXajLghuXFewF2qFk0kwbm0mGJCOUoe/gxoUibn0fd76NaTsLbf0h8PGfc8g5f5gIbqznfaPCxubW9k5xt7S3f3B4VD4+aRuVaspaVAmluyExTHDJWpZbwbqJZiQOBeuEk9t5vfPEtOFKPthpwoKYjCSPOCXWWe1qn455dVCueDVvIbwOfg4VyNUclL/6Q0XTmElLBTGm53uJDTKiLaeCzUr91LCE0AkZsZ5DSWJmgmyx7QxfOGeII6XdkxYv3N8TGYmNmcah64yJHZvV2tz8r9ZLbXQTZFwmqWWSLj+KUoGtwvPT8ZBrRq2YOiBUc7crpmOiCbUuoJILwV89eR3a9Zrv+L5eaVzlcRThDM7hEny4hgbcQRNaQOERnuEV3pBCL+gdfSxbCyifOYU/Qp8/tLqOgA==</latexit><latexit sha1_base64="NskKthkvtyreQKo0YSCC02UlcPQ=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCozXajLghuXFewF2qFk0kwbm0mGJCOUoe/gxoUibn0fd76NaTsLbf0h8PGfc8g5f5gIbqznfaPCxubW9k5xt7S3f3B4VD4+aRuVaspaVAmluyExTHDJWpZbwbqJZiQOBeuEk9t5vfPEtOFKPthpwoKYjCSPOCXWWe1qn455dVCueDVvIbwOfg4VyNUclL/6Q0XTmElLBTGm53uJDTKiLaeCzUr91LCE0AkZsZ5DSWJmgmyx7QxfOGeII6XdkxYv3N8TGYmNmcah64yJHZvV2tz8r9ZLbXQTZFwmqWWSLj+KUoGtwvPT8ZBrRq2YOiBUc7crpmOiCbUuoJILwV89eR3a9Zrv+L5eaVzlcRThDM7hEny4hgbcQRNaQOERnuEV3pBCL+gdfSxbCyifOYU/Qp8/tLqOgA==</latexit><latexit sha1_base64="NskKthkvtyreQKo0YSCC02UlcPQ=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCozXajLghuXFewF2qFk0kwbm0mGJCOUoe/gxoUibn0fd76NaTsLbf0h8PGfc8g5f5gIbqznfaPCxubW9k5xt7S3f3B4VD4+aRuVaspaVAmluyExTHDJWpZbwbqJZiQOBeuEk9t5vfPEtOFKPthpwoKYjCSPOCXWWe1qn455dVCueDVvIbwOfg4VyNUclL/6Q0XTmElLBTGm53uJDTKiLaeCzUr91LCE0AkZsZ5DSWJmgmyx7QxfOGeII6XdkxYv3N8TGYmNmcah64yJHZvV2tz8r9ZLbXQTZFwmqWWSLj+KUoGtwvPT8ZBrRq2YOiBUc7crpmOiCbUuoJILwV89eR3a9Zrv+L5eaVzlcRThDM7hEny4hgbcQRNaQOERnuEV3pBCL+gdfSxbCyifOYU/Qp8/tLqOgA==</latexit><latexit sha1_base64="NskKthkvtyreQKo0YSCC02UlcPQ=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCozXajLghuXFewF2qFk0kwbm0mGJCOUoe/gxoUibn0fd76NaTsLbf0h8PGfc8g5f5gIbqznfaPCxubW9k5xt7S3f3B4VD4+aRuVaspaVAmluyExTHDJWpZbwbqJZiQOBeuEk9t5vfPEtOFKPthpwoKYjCSPOCXWWe1qn455dVCueDVvIbwOfg4VyNUclL/6Q0XTmElLBTGm53uJDTKiLaeCzUr91LCE0AkZsZ5DSWJmgmyx7QxfOGeII6XdkxYv3N8TGYmNmcah64yJHZvV2tz8r9ZLbXQTZFwmqWWSLj+KUoGtwvPT8ZBrRq2YOiBUc7crpmOiCbUuoJILwV89eR3a9Zrv+L5eaVzlcRThDM7hEny4hgbcQRNaQOERnuEV3pBCL+gdfSxbCyifOYU/Qp8/tLqOgA==</latexit>

LBSM = |@µ�|2 + 1
f2 @µ|�|2@µ|H|2 �m

2
�|�|2 � �|�|2|H|2 + . . .

<latexit sha1_base64="htoVBz9CpKAoyBjtwogYaXD7i/g="></latexit><latexit sha1_base64="htoVBz9CpKAoyBjtwogYaXD7i/g="></latexit><latexit sha1_base64="htoVBz9CpKAoyBjtwogYaXD7i/g="></latexit><latexit sha1_base64="htoVBz9CpKAoyBjtwogYaXD7i/g="></latexit>

m� ⇠ mh
<latexit sha1_base64="6/1xpQu6n2LUrXm90KI4dhDShu8=">AAAB+3icbZC9TsMwFIVvyl8pf6GMLBYtElOVdADGSiyMRaItUhNFjus0Vu0ksh1EFfVVWBhAiJUXYeNtcNsM0HIkS5/OvVf3+oQZZ0o7zrdV2djc2t6p7tb29g8Oj+zjel+luSS0R1KeyocQK8pZQnuaaU4fMkmxCDkdhJObeX3wSKViaXKvpxn1BR4nLGIEa2MFdr0pAo/EDHmKCSSCuIkCu+G0nIXQOrglNKBUN7C/vFFKckETTThWaug6mfYLLDUjnM5qXq5ohskEj+nQYIIFVX6xuH2Gzo0zQlEqzUs0Wri/JwoslJqK0HQKrGO1Wpub/9WGuY6u/YIlWa5pQpaLopwjnaJ5EGjEJCWaTw1gIpm5FZEYS0y0iatmQnBXv7wO/XbLNXzXbnQuyziqcApncAEuXEEHbqELPSDwBM/wCm/WzHqx3q2PZWvFKmdO4I+szx8wKpMu</latexit><latexit sha1_base64="6/1xpQu6n2LUrXm90KI4dhDShu8=">AAAB+3icbZC9TsMwFIVvyl8pf6GMLBYtElOVdADGSiyMRaItUhNFjus0Vu0ksh1EFfVVWBhAiJUXYeNtcNsM0HIkS5/OvVf3+oQZZ0o7zrdV2djc2t6p7tb29g8Oj+zjel+luSS0R1KeyocQK8pZQnuaaU4fMkmxCDkdhJObeX3wSKViaXKvpxn1BR4nLGIEa2MFdr0pAo/EDHmKCSSCuIkCu+G0nIXQOrglNKBUN7C/vFFKckETTThWaug6mfYLLDUjnM5qXq5ohskEj+nQYIIFVX6xuH2Gzo0zQlEqzUs0Wri/JwoslJqK0HQKrGO1Wpub/9WGuY6u/YIlWa5pQpaLopwjnaJ5EGjEJCWaTw1gIpm5FZEYS0y0iatmQnBXv7wO/XbLNXzXbnQuyziqcApncAEuXEEHbqELPSDwBM/wCm/WzHqx3q2PZWvFKmdO4I+szx8wKpMu</latexit><latexit sha1_base64="6/1xpQu6n2LUrXm90KI4dhDShu8=">AAAB+3icbZC9TsMwFIVvyl8pf6GMLBYtElOVdADGSiyMRaItUhNFjus0Vu0ksh1EFfVVWBhAiJUXYeNtcNsM0HIkS5/OvVf3+oQZZ0o7zrdV2djc2t6p7tb29g8Oj+zjel+luSS0R1KeyocQK8pZQnuaaU4fMkmxCDkdhJObeX3wSKViaXKvpxn1BR4nLGIEa2MFdr0pAo/EDHmKCSSCuIkCu+G0nIXQOrglNKBUN7C/vFFKckETTThWaug6mfYLLDUjnM5qXq5ohskEj+nQYIIFVX6xuH2Gzo0zQlEqzUs0Wri/JwoslJqK0HQKrGO1Wpub/9WGuY6u/YIlWa5pQpaLopwjnaJ5EGjEJCWaTw1gIpm5FZEYS0y0iatmQnBXv7wO/XbLNXzXbnQuyziqcApncAEuXEEHbqELPSDwBM/wCm/WzHqx3q2PZWvFKmdO4I+szx8wKpMu</latexit><latexit sha1_base64="6/1xpQu6n2LUrXm90KI4dhDShu8=">AAAB+3icbZC9TsMwFIVvyl8pf6GMLBYtElOVdADGSiyMRaItUhNFjus0Vu0ksh1EFfVVWBhAiJUXYeNtcNsM0HIkS5/OvVf3+oQZZ0o7zrdV2djc2t6p7tb29g8Oj+zjel+luSS0R1KeyocQK8pZQnuaaU4fMkmxCDkdhJObeX3wSKViaXKvpxn1BR4nLGIEa2MFdr0pAo/EDHmKCSSCuIkCu+G0nIXQOrglNKBUN7C/vFFKckETTThWaug6mfYLLDUjnM5qXq5ohskEj+nQYIIFVX6xuH2Gzo0zQlEqzUs0Wri/JwoslJqK0HQKrGO1Wpub/9WGuY6u/YIlWa5pQpaLopwjnaJ5EGjEJCWaTw1gIpm5FZEYS0y0iatmQnBXv7wO/XbLNXzXbnQuyziqcApncAEuXEEHbqELPSDwBM/wCm/WzHqx3q2PZWvFKmdO4I+szx8wKpMu</latexit>

f ⇠ TeV
<latexit sha1_base64="gm0ROgw7YSCPoL5pzMfjWm0v1lA=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM9gKrkrShbosuHFZoS9oQplMb9qhM0mYmQglFPwVNy4Ucet3uPNvnLRZaOuBgcM593LPnCDhTGnH+bZKG5tb2zvl3cre/sHhkX180lVxKil0aMxj2Q+IAs4i6GimOfQTCUQEHHrB9C73e48gFYujtp4l4AsyjljIKNFGGtpntdBTTGBPED2RImtDd17DQ7vq1J0F8DpxC1JFBVpD+8sbxTQVEGnKiVID10m0nxGpGeUwr3ipgoTQKRnDwNCICFB+tog/x5dGGeEwluZFGi/U3xsZEUrNRGAm85Rq1cvF/7xBqsNbP2NRkmqI6PJQmHKsY5x3gUdMAtV8ZgihkpmsmE6IJFSbxiqmBHf1y+uk26i7hj80qs3roo4yOkcX6Aq56AY10T1qoQ6iKEPP6BW9WU/Wi/VufSxHS1axc4r+wPr8ATFPlO4=</latexit><latexit sha1_base64="gm0ROgw7YSCPoL5pzMfjWm0v1lA=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM9gKrkrShbosuHFZoS9oQplMb9qhM0mYmQglFPwVNy4Ucet3uPNvnLRZaOuBgcM593LPnCDhTGnH+bZKG5tb2zvl3cre/sHhkX180lVxKil0aMxj2Q+IAs4i6GimOfQTCUQEHHrB9C73e48gFYujtp4l4AsyjljIKNFGGtpntdBTTGBPED2RImtDd17DQ7vq1J0F8DpxC1JFBVpD+8sbxTQVEGnKiVID10m0nxGpGeUwr3ipgoTQKRnDwNCICFB+tog/x5dGGeEwluZFGi/U3xsZEUrNRGAm85Rq1cvF/7xBqsNbP2NRkmqI6PJQmHKsY5x3gUdMAtV8ZgihkpmsmE6IJFSbxiqmBHf1y+uk26i7hj80qs3roo4yOkcX6Aq56AY10T1qoQ6iKEPP6BW9WU/Wi/VufSxHS1axc4r+wPr8ATFPlO4=</latexit><latexit sha1_base64="gm0ROgw7YSCPoL5pzMfjWm0v1lA=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM9gKrkrShbosuHFZoS9oQplMb9qhM0mYmQglFPwVNy4Ucet3uPNvnLRZaOuBgcM593LPnCDhTGnH+bZKG5tb2zvl3cre/sHhkX180lVxKil0aMxj2Q+IAs4i6GimOfQTCUQEHHrB9C73e48gFYujtp4l4AsyjljIKNFGGtpntdBTTGBPED2RImtDd17DQ7vq1J0F8DpxC1JFBVpD+8sbxTQVEGnKiVID10m0nxGpGeUwr3ipgoTQKRnDwNCICFB+tog/x5dGGeEwluZFGi/U3xsZEUrNRGAm85Rq1cvF/7xBqsNbP2NRkmqI6PJQmHKsY5x3gUdMAtV8ZgihkpmsmE6IJFSbxiqmBHf1y+uk26i7hj80qs3roo4yOkcX6Aq56AY10T1qoQ6iKEPP6BW9WU/Wi/VufSxHS1axc4r+wPr8ATFPlO4=</latexit><latexit sha1_base64="gm0ROgw7YSCPoL5pzMfjWm0v1lA=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM9gKrkrShbosuHFZoS9oQplMb9qhM0mYmQglFPwVNy4Ucet3uPNvnLRZaOuBgcM593LPnCDhTGnH+bZKG5tb2zvl3cre/sHhkX180lVxKil0aMxj2Q+IAs4i6GimOfQTCUQEHHrB9C73e48gFYujtp4l4AsyjljIKNFGGtpntdBTTGBPED2RImtDd17DQ7vq1J0F8DpxC1JFBVpD+8sbxTQVEGnKiVID10m0nxGpGeUwr3ipgoTQKRnDwNCICFB+tog/x5dGGeEwluZFGi/U3xsZEUrNRGAm85Rq1cvF/7xBqsNbP2NRkmqI6PJQmHKsY5x3gUdMAtV8ZgihkpmsmE6IJFSbxiqmBHf1y+uk26i7hj80qs3roo4yOkcX6Aq56AY10T1qoQ6iKEPP6BW9WU/Wi/VufSxHS1axc4r+wPr8ATFPlO4=</latexit>

h�vi ' m2
�

⇡f4 ! f ' 1.1 TeV
� m�

130 GeV

�1/2
<latexit sha1_base64="7bT8EcnX5IDbj9hw+0UU0EE9FWY=">AAACtnicbVFda9swFJW9ry77qLs97kUsHXRQMtsrXWEPC+xhe+ygSQtREmTl2hGVbFeSC0H4D+0f7YfsfTep95F2F4QO5557dXVuVitpXRz/CMJ79x88fLTzuPfk6bPnu9Hei7GtGiNgJCpVmYuMW1CyhJGTTsFFbYDrTMF5dvl5nT+/BmNlVZ65VQ1TzYtS5lJwh9Q8+s42PXxleFlAu88U3goos7LQnF5TZv4QGq4oyw0XXs +ZWMpZ2npWS5rPjlrKrhq+oMxVHcp/VySDhH1kmrul0f4MxihVkLuDrVatT97Hf2VfUIY6I4ulezvzybu03afzqB8P4k3QuyDpQJ90cTqPfrJFJRoNpROKWztJ4tpNPTdOCgVtjzUWai4ueQEThCXXYKd+40dL3yCDv6gMntLRDftvhefa2pXOULke2t7Orcn/5SaNy0+mXpZ146AUNw/ljaLo3HpBdCENCKdWCLgwEmelYsnRKodr7LEF5LjqraV5U2Ro4GE8ODqM2x76lNx25S4Yp4ME8be0P0w7x3bIK/KaHJCEfCBD8pWckhERQRQcB5+CYXgSzkIIixtpGHQ1L8lWhPUvQcvVdQ==</latexit><latexit sha1_base64="7bT8EcnX5IDbj9hw+0UU0EE9FWY=">AAACtnicbVFda9swFJW9ry77qLs97kUsHXRQMtsrXWEPC+xhe+ygSQtREmTl2hGVbFeSC0H4D+0f7YfsfTep95F2F4QO5557dXVuVitpXRz/CMJ79x88fLTzuPfk6bPnu9Hei7GtGiNgJCpVmYuMW1CyhJGTTsFFbYDrTMF5dvl5nT+/BmNlVZ65VQ1TzYtS5lJwh9Q8+s42PXxleFlAu88U3goos7LQnF5TZv4QGq4oyw0XXs +ZWMpZ2npWS5rPjlrKrhq+oMxVHcp/VySDhH1kmrul0f4MxihVkLuDrVatT97Hf2VfUIY6I4ulezvzybu03afzqB8P4k3QuyDpQJ90cTqPfrJFJRoNpROKWztJ4tpNPTdOCgVtjzUWai4ueQEThCXXYKd+40dL3yCDv6gMntLRDftvhefa2pXOULke2t7Orcn/5SaNy0+mXpZ146AUNw/ljaLo3HpBdCENCKdWCLgwEmelYsnRKodr7LEF5LjqraV5U2Ro4GE8ODqM2x76lNx25S4Yp4ME8be0P0w7x3bIK/KaHJCEfCBD8pWckhERQRQcB5+CYXgSzkIIixtpGHQ1L8lWhPUvQcvVdQ==</latexit><latexit sha1_base64="7bT8EcnX5IDbj9hw+0UU0EE9FWY=">AAACtnicbVFda9swFJW9ry77qLs97kUsHXRQMtsrXWEPC+xhe+ygSQtREmTl2hGVbFeSC0H4D+0f7YfsfTep95F2F4QO5557dXVuVitpXRz/CMJ79x88fLTzuPfk6bPnu9Hei7GtGiNgJCpVmYuMW1CyhJGTTsFFbYDrTMF5dvl5nT+/BmNlVZ65VQ1TzYtS5lJwh9Q8+s42PXxleFlAu88U3goos7LQnF5TZv4QGq4oyw0XXs +ZWMpZ2npWS5rPjlrKrhq+oMxVHcp/VySDhH1kmrul0f4MxihVkLuDrVatT97Hf2VfUIY6I4ulezvzybu03afzqB8P4k3QuyDpQJ90cTqPfrJFJRoNpROKWztJ4tpNPTdOCgVtjzUWai4ueQEThCXXYKd+40dL3yCDv6gMntLRDftvhefa2pXOULke2t7Orcn/5SaNy0+mXpZ146AUNw/ljaLo3HpBdCENCKdWCLgwEmelYsnRKodr7LEF5LjqraV5U2Ro4GE8ODqM2x76lNx25S4Yp4ME8be0P0w7x3bIK/KaHJCEfCBD8pWckhERQRQcB5+CYXgSzkIIixtpGHQ1L8lWhPUvQcvVdQ==</latexit><latexit sha1_base64="7bT8EcnX5IDbj9hw+0UU0EE9FWY=">AAACtnicbVFda9swFJW9ry77qLs97kUsHXRQMtsrXWEPC+xhe+ygSQtREmTl2hGVbFeSC0H4D+0f7YfsfTep95F2F4QO5557dXVuVitpXRz/CMJ79x88fLTzuPfk6bPnu9Hei7GtGiNgJCpVmYuMW1CyhJGTTsFFbYDrTMF5dvl5nT+/BmNlVZ65VQ1TzYtS5lJwh9Q8+s42PXxleFlAu88U3goos7LQnF5TZv4QGq4oyw0XXs +ZWMpZ2npWS5rPjlrKrhq+oMxVHcp/VySDhH1kmrul0f4MxihVkLuDrVatT97Hf2VfUIY6I4ulezvzybu03afzqB8P4k3QuyDpQJ90cTqPfrJFJRoNpROKWztJ4tpNPTdOCgVtjzUWai4ueQEThCXXYKd+40dL3yCDv6gMntLRDftvhefa2pXOULke2t7Orcn/5SaNy0+mXpZ146AUNw/ljaLo3HpBdCENCKdWCLgwEmelYsnRKodr7LEF5LjqraV5U2Ro4GE8ODqM2x76lNx25S4Yp4ME8be0P0w7x3bIK/KaHJCEfCBD8pWckhERQRQcB5+CYXgSzkIIixtpGHQ1L8lWhPUvQcvVdQ==</latexit> hZZ corrections

f
<latexit sha1_base64="lNmXd37wrUZ5dZxY55aGrhvwkDk=">AAACDXicbVDLSsNAFJ3UV42vqks3wVZwUUpSBF0W3LisaGuhDWUyuUmHTiZhZiKUkE8Qd/ol7sSt3+CHuHeaZqGtBwYO59zLPXO8hFGpbPvLqKytb2xuVbfNnd29/YPa4VFfxqkg0CMxi8XAwxIY5dBTVDEYJAJw5DF48KbXc//hEYSkMb9XswTcCIecBpRgpaW7RtAY1+p2yy5grRKnJHVUojuufY/8mKQRcEUYlnLo2IlyMywUJQxyc5RKSDCZ4hCGmnIcgXSzImpunWnFt4JY6MeVVai/NzIcSTmLPD0ZYTWRy95c/M8bpiq4cjPKk1QBJ4tDQcosFVvzf1s+FUAUm2mCiaA6q0UmWGCidDvmyIdAN1jEyWKBeQh5JkIvz5ym3bpo2rmpe3KWW1kl/XbL0fy2Xe+0y8aq6ASdonPkoEvUQTeoi3qIoBA9oRf0ajwbb8a78bEYrRjlzjH6A+PzBxLcmuA=</latexit><latexit sha1_base64="lNmXd37wrUZ5dZxY55aGrhvwkDk=">AAACDXicbVDLSsNAFJ3UV42vqks3wVZwUUpSBF0W3LisaGuhDWUyuUmHTiZhZiKUkE8Qd/ol7sSt3+CHuHeaZqGtBwYO59zLPXO8hFGpbPvLqKytb2xuVbfNnd29/YPa4VFfxqkg0CMxi8XAwxIY5dBTVDEYJAJw5DF48KbXc//hEYSkMb9XswTcCIecBpRgpaW7RtAY1+p2yy5grRKnJHVUojuufY/8mKQRcEUYlnLo2IlyMywUJQxyc5RKSDCZ4hCGmnIcgXSzImpunWnFt4JY6MeVVai/NzIcSTmLPD0ZYTWRy95c/M8bpiq4cjPKk1QBJ4tDQcosFVvzf1s+FUAUm2mCiaA6q0UmWGCidDvmyIdAN1jEyWKBeQh5JkIvz5ym3bpo2rmpe3KWW1kl/XbL0fy2Xe+0y8aq6ASdonPkoEvUQTeoi3qIoBA9oRf0ajwbb8a78bEYrRjlzjH6A+PzBxLcmuA=</latexit><latexit sha1_base64="lNmXd37wrUZ5dZxY55aGrhvwkDk=">AAACDXicbVDLSsNAFJ3UV42vqks3wVZwUUpSBF0W3LisaGuhDWUyuUmHTiZhZiKUkE8Qd/ol7sSt3+CHuHeaZqGtBwYO59zLPXO8hFGpbPvLqKytb2xuVbfNnd29/YPa4VFfxqkg0CMxi8XAwxIY5dBTVDEYJAJw5DF48KbXc//hEYSkMb9XswTcCIecBpRgpaW7RtAY1+p2yy5grRKnJHVUojuufY/8mKQRcEUYlnLo2IlyMywUJQxyc5RKSDCZ4hCGmnIcgXSzImpunWnFt4JY6MeVVai/NzIcSTmLPD0ZYTWRy95c/M8bpiq4cjPKk1QBJ4tDQcosFVvzf1s+FUAUm2mCiaA6q0UmWGCidDvmyIdAN1jEyWKBeQh5JkIvz5ym3bpo2rmpe3KWW1kl/XbL0fy2Xe+0y8aq6ASdonPkoEvUQTeoi3qIoBA9oRf0ajwbb8a78bEYrRjlzjH6A+PzBxLcmuA=</latexit><latexit sha1_base64="lNmXd37wrUZ5dZxY55aGrhvwkDk=">AAACDXicbVDLSsNAFJ3UV42vqks3wVZwUUpSBF0W3LisaGuhDWUyuUmHTiZhZiKUkE8Qd/ol7sSt3+CHuHeaZqGtBwYO59zLPXO8hFGpbPvLqKytb2xuVbfNnd29/YPa4VFfxqkg0CMxi8XAwxIY5dBTVDEYJAJw5DF48KbXc//hEYSkMb9XswTcCIecBpRgpaW7RtAY1+p2yy5grRKnJHVUojuufY/8mKQRcEUYlnLo2IlyMywUJQxyc5RKSDCZ4hCGmnIcgXSzImpunWnFt4JY6MeVVai/NzIcSTmLPD0ZYTWRy95c/M8bpiq4cjPKk1QBJ4tDQcosFVvzf1s+FUAUm2mCiaA6q0UmWGCidDvmyIdAN1jEyWKBeQh5JkIvz5ym3bpo2rmpe3KWW1kl/XbL0fy2Xe+0y8aq6ASdonPkoEvUQTeoi3qIoBA9oRf0ajwbb8a78bEYrRjlzjH6A+PzBxLcmuA=</latexit>

[TeV]
<latexit sha1_base64="pibDMh7HiHNzJDSK4B3FF0xFsGI=">AAACD3icbVDLSsNAFJ3UV42vqks3wSK4KCUpgi4LblxWaFohDWUyuWmHTiZhZiKUkG8Qd/ol7sStn+CHuHeaZqGtBwYO59zLPXOClFGpbPvLqG1sbm3v1HfNvf2Dw6PG8clAJpkg4JKEJeIhwBIY5eAqqhg8pAJwHDAYBrPbhT98BCFpwvtqnoIf4wmnESVYacn1+jDwx42m3bZLWOvEqUgTVeiNG9+jMCFZDFwRhqX0HDtVfo6FooRBYY4yCSkmMzwBT1OOY5B+XoYtrAuthFaUCP24skr190aOYynncaAnY6ymctVbiP95XqaiGz+nPM0UcLI8FGXMUom1+LkVUgFEsbkmmAiqs1pkigUmSvdjjkKIdIdlnDwRmE+gyMUkKHKnZbevWnZh6p6c1VbWyaDTdjS/7zS7raqxOjpD5+gSOegaddEd6iEXEUTRE3pBr8az8Wa8Gx/L0ZpR7ZyiPzA+fwAubZwH</latexit><latexit sha1_base64="pibDMh7HiHNzJDSK4B3FF0xFsGI=">AAACD3icbVDLSsNAFJ3UV42vqks3wSK4KCUpgi4LblxWaFohDWUyuWmHTiZhZiKUkG8Qd/ol7sStn+CHuHeaZqGtBwYO59zLPXOClFGpbPvLqG1sbm3v1HfNvf2Dw6PG8clAJpkg4JKEJeIhwBIY5eAqqhg8pAJwHDAYBrPbhT98BCFpwvtqnoIf4wmnESVYacn1+jDwx42m3bZLWOvEqUgTVeiNG9+jMCFZDFwRhqX0HDtVfo6FooRBYY4yCSkmMzwBT1OOY5B+XoYtrAuthFaUCP24skr190aOYynncaAnY6ymctVbiP95XqaiGz+nPM0UcLI8FGXMUom1+LkVUgFEsbkmmAiqs1pkigUmSvdjjkKIdIdlnDwRmE+gyMUkKHKnZbevWnZh6p6c1VbWyaDTdjS/7zS7raqxOjpD5+gSOegaddEd6iEXEUTRE3pBr8az8Wa8Gx/L0ZpR7ZyiPzA+fwAubZwH</latexit><latexit sha1_base64="pibDMh7HiHNzJDSK4B3FF0xFsGI=">AAACD3icbVDLSsNAFJ3UV42vqks3wSK4KCUpgi4LblxWaFohDWUyuWmHTiZhZiKUkG8Qd/ol7sStn+CHuHeaZqGtBwYO59zLPXOClFGpbPvLqG1sbm3v1HfNvf2Dw6PG8clAJpkg4JKEJeIhwBIY5eAqqhg8pAJwHDAYBrPbhT98BCFpwvtqnoIf4wmnESVYacn1+jDwx42m3bZLWOvEqUgTVeiNG9+jMCFZDFwRhqX0HDtVfo6FooRBYY4yCSkmMzwBT1OOY5B+XoYtrAuthFaUCP24skr190aOYynncaAnY6ymctVbiP95XqaiGz+nPM0UcLI8FGXMUom1+LkVUgFEsbkmmAiqs1pkigUmSvdjjkKIdIdlnDwRmE+gyMUkKHKnZbevWnZh6p6c1VbWyaDTdjS/7zS7raqxOjpD5+gSOegaddEd6iEXEUTRE3pBr8az8Wa8Gx/L0ZpR7ZyiPzA+fwAubZwH</latexit><latexit sha1_base64="pibDMh7HiHNzJDSK4B3FF0xFsGI=">AAACD3icbVDLSsNAFJ3UV42vqks3wSK4KCUpgi4LblxWaFohDWUyuWmHTiZhZiKUkG8Qd/ol7sStn+CHuHeaZqGtBwYO59zLPXOClFGpbPvLqG1sbm3v1HfNvf2Dw6PG8clAJpkg4JKEJeIhwBIY5eAqqhg8pAJwHDAYBrPbhT98BCFpwvtqnoIf4wmnESVYacn1+jDwx42m3bZLWOvEqUgTVeiNG9+jMCFZDFwRhqX0HDtVfo6FooRBYY4yCSkmMzwBT1OOY5B+XoYtrAuthFaUCP24skr190aOYynncaAnY6ymctVbiP95XqaiGz+nPM0UcLI8FGXMUom1+LkVUgFEsbkmmAiqs1pkigUmSvdjjkKIdIdlnDwRmE+gyMUkKHKnZbevWnZh6p6c1VbWyaDTdjS/7zS7raqxOjpD5+gSOegaddEd6iEXEUTRE3pBr8az8Wa8Gx/L0ZpR7ZyiPzA+fwAubZwH</latexit>

⇠ v2

f2
<latexit sha1_base64="UvcjhEPXDXD4Zsh+F4y2UeBlXII="></latexit><latexit sha1_base64="UvcjhEPXDXD4Zsh+F4y2UeBlXII="></latexit><latexit sha1_base64="UvcjhEPXDXD4Zsh+F4y2UeBlXII="></latexit><latexit sha1_base64="UvcjhEPXDXD4Zsh+F4y2UeBlXII="></latexit>

7

1
2f2 @µ|H|2@µ|H|2

<latexit sha1_base64="9OPGxblbY8eTDYbo4q8pCWC3jmA=">AAACH3icbZC7TsMwFIadcivlFmBksWiRmKokAzBWYulYJHqRmjRyXKe16lxkO0hVmjdh4VVYGEAIsfVtcNqogpZfsvTpP+fYPr8XMyqkYcy10tb2zu5eeb9ycHh0fKKfnnVElHBM2jhiEe95SBBGQ9KWVDLSizlBgcdI15vc5/XuE+GCRuGjnMbECdAopD7FSCrL1W9qts8RTs0stfyBlUE7RlxSxFw7SOCsORtYK2uwsmquXjXqxkJwE8wCqqBQy9W/7WGEk4CEEjMkRN80Yumk+cWYkaxiJ4LECE/QiPQVhiggwkkX+2XwSjlD6EdcnVDChft7IkWBENPAU50BkmOxXsvN/2r9RPp3TkrDOJEkxMuH/IRBGcE8LDiknGDJpgoQ5lT9FeIxUnlJFWlFhWCur7wJHatuKn6wqg2riKMMLsAluAYmuAUN0AQt0AYYPINX8A4+tBftTfvUvpatJa2YOQd/pM1/ANtEoik=</latexit><latexit sha1_base64="9OPGxblbY8eTDYbo4q8pCWC3jmA=">AAACH3icbZC7TsMwFIadcivlFmBksWiRmKokAzBWYulYJHqRmjRyXKe16lxkO0hVmjdh4VVYGEAIsfVtcNqogpZfsvTpP+fYPr8XMyqkYcy10tb2zu5eeb9ycHh0fKKfnnVElHBM2jhiEe95SBBGQ9KWVDLSizlBgcdI15vc5/XuE+GCRuGjnMbECdAopD7FSCrL1W9qts8RTs0stfyBlUE7RlxSxFw7SOCsORtYK2uwsmquXjXqxkJwE8wCqqBQy9W/7WGEk4CEEjMkRN80Yumk+cWYkaxiJ4LECE/QiPQVhiggwkkX+2XwSjlD6EdcnVDChft7IkWBENPAU50BkmOxXsvN/2r9RPp3TkrDOJEkxMuH/IRBGcE8LDiknGDJpgoQ5lT9FeIxUnlJFWlFhWCur7wJHatuKn6wqg2riKMMLsAluAYmuAUN0AQt0AYYPINX8A4+tBftTfvUvpatJa2YOQd/pM1/ANtEoik=</latexit><latexit sha1_base64="9OPGxblbY8eTDYbo4q8pCWC3jmA=">AAACH3icbZC7TsMwFIadcivlFmBksWiRmKokAzBWYulYJHqRmjRyXKe16lxkO0hVmjdh4VVYGEAIsfVtcNqogpZfsvTpP+fYPr8XMyqkYcy10tb2zu5eeb9ycHh0fKKfnnVElHBM2jhiEe95SBBGQ9KWVDLSizlBgcdI15vc5/XuE+GCRuGjnMbECdAopD7FSCrL1W9qts8RTs0stfyBlUE7RlxSxFw7SOCsORtYK2uwsmquXjXqxkJwE8wCqqBQy9W/7WGEk4CEEjMkRN80Yumk+cWYkaxiJ4LECE/QiPQVhiggwkkX+2XwSjlD6EdcnVDChft7IkWBENPAU50BkmOxXsvN/2r9RPp3TkrDOJEkxMuH/IRBGcE8LDiknGDJpgoQ5lT9FeIxUnlJFWlFhWCur7wJHatuKn6wqg2riKMMLsAluAYmuAUN0AQt0AYYPINX8A4+tBftTfvUvpatJa2YOQd/pM1/ANtEoik=</latexit><latexit sha1_base64="9OPGxblbY8eTDYbo4q8pCWC3jmA=">AAACH3icbZC7TsMwFIadcivlFmBksWiRmKokAzBWYulYJHqRmjRyXKe16lxkO0hVmjdh4VVYGEAIsfVtcNqogpZfsvTpP+fYPr8XMyqkYcy10tb2zu5eeb9ycHh0fKKfnnVElHBM2jhiEe95SBBGQ9KWVDLSizlBgcdI15vc5/XuE+GCRuGjnMbECdAopD7FSCrL1W9qts8RTs0stfyBlUE7RlxSxFw7SOCsORtYK2uwsmquXjXqxkJwE8wCqqBQy9W/7WGEk4CEEjMkRN80Yumk+cWYkaxiJ4LECE/QiPQVhiggwkkX+2XwSjlD6EdcnVDChft7IkWBENPAU50BkmOxXsvN/2r9RPp3TkrDOJEkxMuH/IRBGcE8LDiknGDJpgoQ5lT9FeIxUnlJFWlFhWCur7wJHatuKn6wqg2riKMMLsAluAYmuAUN0AQt0AYYPINX8A4+tBftTfvUvpatJa2YOQd/pM1/ANtEoik=</latexit>



pNGB Dark Matter
•  Take scalar DM candidate 

•  Freeze-out reproduces relic density 
 for                  and 

• Direct detection  
extremely suppressed

�
<latexit sha1_base64="NskKthkvtyreQKo0YSCC02UlcPQ=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCozXajLghuXFewF2qFk0kwbm0mGJCOUoe/gxoUibn0fd76NaTsLbf0h8PGfc8g5f5gIbqznfaPCxubW9k5xt7S3f3B4VD4+aRuVaspaVAmluyExTHDJWpZbwbqJZiQOBeuEk9t5vfPEtOFKPthpwoKYjCSPOCXWWe1qn455dVCueDVvIbwOfg4VyNUclL/6Q0XTmElLBTGm53uJDTKiLaeCzUr91LCE0AkZsZ5DSWJmgmyx7QxfOGeII6XdkxYv3N8TGYmNmcah64yJHZvV2tz8r9ZLbXQTZFwmqWWSLj+KUoGtwvPT8ZBrRq2YOiBUc7crpmOiCbUuoJILwV89eR3a9Zrv+L5eaVzlcRThDM7hEny4hgbcQRNaQOERnuEV3pBCL+gdfSxbCyifOYU/Qp8/tLqOgA==</latexit><latexit sha1_base64="NskKthkvtyreQKo0YSCC02UlcPQ=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCozXajLghuXFewF2qFk0kwbm0mGJCOUoe/gxoUibn0fd76NaTsLbf0h8PGfc8g5f5gIbqznfaPCxubW9k5xt7S3f3B4VD4+aRuVaspaVAmluyExTHDJWpZbwbqJZiQOBeuEk9t5vfPEtOFKPthpwoKYjCSPOCXWWe1qn455dVCueDVvIbwOfg4VyNUclL/6Q0XTmElLBTGm53uJDTKiLaeCzUr91LCE0AkZsZ5DSWJmgmyx7QxfOGeII6XdkxYv3N8TGYmNmcah64yJHZvV2tz8r9ZLbXQTZFwmqWWSLj+KUoGtwvPT8ZBrRq2YOiBUc7crpmOiCbUuoJILwV89eR3a9Zrv+L5eaVzlcRThDM7hEny4hgbcQRNaQOERnuEV3pBCL+gdfSxbCyifOYU/Qp8/tLqOgA==</latexit><latexit sha1_base64="NskKthkvtyreQKo0YSCC02UlcPQ=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCozXajLghuXFewF2qFk0kwbm0mGJCOUoe/gxoUibn0fd76NaTsLbf0h8PGfc8g5f5gIbqznfaPCxubW9k5xt7S3f3B4VD4+aRuVaspaVAmluyExTHDJWpZbwbqJZiQOBeuEk9t5vfPEtOFKPthpwoKYjCSPOCXWWe1qn455dVCueDVvIbwOfg4VyNUclL/6Q0XTmElLBTGm53uJDTKiLaeCzUr91LCE0AkZsZ5DSWJmgmyx7QxfOGeII6XdkxYv3N8TGYmNmcah64yJHZvV2tz8r9ZLbXQTZFwmqWWSLj+KUoGtwvPT8ZBrRq2YOiBUc7crpmOiCbUuoJILwV89eR3a9Zrv+L5eaVzlcRThDM7hEny4hgbcQRNaQOERnuEV3pBCL+gdfSxbCyifOYU/Qp8/tLqOgA==</latexit><latexit sha1_base64="NskKthkvtyreQKo0YSCC02UlcPQ=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCozXajLghuXFewF2qFk0kwbm0mGJCOUoe/gxoUibn0fd76NaTsLbf0h8PGfc8g5f5gIbqznfaPCxubW9k5xt7S3f3B4VD4+aRuVaspaVAmluyExTHDJWpZbwbqJZiQOBeuEk9t5vfPEtOFKPthpwoKYjCSPOCXWWe1qn455dVCueDVvIbwOfg4VyNUclL/6Q0XTmElLBTGm53uJDTKiLaeCzUr91LCE0AkZsZ5DSWJmgmyx7QxfOGeII6XdkxYv3N8TGYmNmcah64yJHZvV2tz8r9ZLbXQTZFwmqWWSLj+KUoGtwvPT8ZBrRq2YOiBUc7crpmOiCbUuoJILwV89eR3a9Zrv+L5eaVzlcRThDM7hEny4hgbcQRNaQOERnuEV3pBCL+gdfSxbCyifOYU/Qp8/tLqOgA==</latexit>

LBSM = |@µ�|2 + 1
f2 @µ|�|2@µ|H|2 �m

2
�|�|2 � �|�|2|H|2 + . . .

<latexit sha1_base64="htoVBz9CpKAoyBjtwogYaXD7i/g="></latexit><latexit sha1_base64="htoVBz9CpKAoyBjtwogYaXD7i/g="></latexit><latexit sha1_base64="htoVBz9CpKAoyBjtwogYaXD7i/g="></latexit><latexit sha1_base64="htoVBz9CpKAoyBjtwogYaXD7i/g="></latexit>

m� ⇠ mh
<latexit sha1_base64="6/1xpQu6n2LUrXm90KI4dhDShu8=">AAAB+3icbZC9TsMwFIVvyl8pf6GMLBYtElOVdADGSiyMRaItUhNFjus0Vu0ksh1EFfVVWBhAiJUXYeNtcNsM0HIkS5/OvVf3+oQZZ0o7zrdV2djc2t6p7tb29g8Oj+zjel+luSS0R1KeyocQK8pZQnuaaU4fMkmxCDkdhJObeX3wSKViaXKvpxn1BR4nLGIEa2MFdr0pAo/EDHmKCSSCuIkCu+G0nIXQOrglNKBUN7C/vFFKckETTThWaug6mfYLLDUjnM5qXq5ohskEj+nQYIIFVX6xuH2Gzo0zQlEqzUs0Wri/JwoslJqK0HQKrGO1Wpub/9WGuY6u/YIlWa5pQpaLopwjnaJ5EGjEJCWaTw1gIpm5FZEYS0y0iatmQnBXv7wO/XbLNXzXbnQuyziqcApncAEuXEEHbqELPSDwBM/wCm/WzHqx3q2PZWvFKmdO4I+szx8wKpMu</latexit><latexit sha1_base64="6/1xpQu6n2LUrXm90KI4dhDShu8=">AAAB+3icbZC9TsMwFIVvyl8pf6GMLBYtElOVdADGSiyMRaItUhNFjus0Vu0ksh1EFfVVWBhAiJUXYeNtcNsM0HIkS5/OvVf3+oQZZ0o7zrdV2djc2t6p7tb29g8Oj+zjel+luSS0R1KeyocQK8pZQnuaaU4fMkmxCDkdhJObeX3wSKViaXKvpxn1BR4nLGIEa2MFdr0pAo/EDHmKCSSCuIkCu+G0nIXQOrglNKBUN7C/vFFKckETTThWaug6mfYLLDUjnM5qXq5ohskEj+nQYIIFVX6xuH2Gzo0zQlEqzUs0Wri/JwoslJqK0HQKrGO1Wpub/9WGuY6u/YIlWa5pQpaLopwjnaJ5EGjEJCWaTw1gIpm5FZEYS0y0iatmQnBXv7wO/XbLNXzXbnQuyziqcApncAEuXEEHbqELPSDwBM/wCm/WzHqx3q2PZWvFKmdO4I+szx8wKpMu</latexit><latexit sha1_base64="6/1xpQu6n2LUrXm90KI4dhDShu8=">AAAB+3icbZC9TsMwFIVvyl8pf6GMLBYtElOVdADGSiyMRaItUhNFjus0Vu0ksh1EFfVVWBhAiJUXYeNtcNsM0HIkS5/OvVf3+oQZZ0o7zrdV2djc2t6p7tb29g8Oj+zjel+luSS0R1KeyocQK8pZQnuaaU4fMkmxCDkdhJObeX3wSKViaXKvpxn1BR4nLGIEa2MFdr0pAo/EDHmKCSSCuIkCu+G0nIXQOrglNKBUN7C/vFFKckETTThWaug6mfYLLDUjnM5qXq5ohskEj+nQYIIFVX6xuH2Gzo0zQlEqzUs0Wri/JwoslJqK0HQKrGO1Wpub/9WGuY6u/YIlWa5pQpaLopwjnaJ5EGjEJCWaTw1gIpm5FZEYS0y0iatmQnBXv7wO/XbLNXzXbnQuyziqcApncAEuXEEHbqELPSDwBM/wCm/WzHqx3q2PZWvFKmdO4I+szx8wKpMu</latexit><latexit sha1_base64="6/1xpQu6n2LUrXm90KI4dhDShu8=">AAAB+3icbZC9TsMwFIVvyl8pf6GMLBYtElOVdADGSiyMRaItUhNFjus0Vu0ksh1EFfVVWBhAiJUXYeNtcNsM0HIkS5/OvVf3+oQZZ0o7zrdV2djc2t6p7tb29g8Oj+zjel+luSS0R1KeyocQK8pZQnuaaU4fMkmxCDkdhJObeX3wSKViaXKvpxn1BR4nLGIEa2MFdr0pAo/EDHmKCSSCuIkCu+G0nIXQOrglNKBUN7C/vFFKckETTThWaug6mfYLLDUjnM5qXq5ohskEj+nQYIIFVX6xuH2Gzo0zQlEqzUs0Wri/JwoslJqK0HQKrGO1Wpub/9WGuY6u/YIlWa5pQpaLopwjnaJ5EGjEJCWaTw1gIpm5FZEYS0y0iatmQnBXv7wO/XbLNXzXbnQuyziqcApncAEuXEEHbqELPSDwBM/wCm/WzHqx3q2PZWvFKmdO4I+szx8wKpMu</latexit>

f ⇠ TeV
<latexit sha1_base64="gm0ROgw7YSCPoL5pzMfjWm0v1lA=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM9gKrkrShbosuHFZoS9oQplMb9qhM0mYmQglFPwVNy4Ucet3uPNvnLRZaOuBgcM593LPnCDhTGnH+bZKG5tb2zvl3cre/sHhkX180lVxKil0aMxj2Q+IAs4i6GimOfQTCUQEHHrB9C73e48gFYujtp4l4AsyjljIKNFGGtpntdBTTGBPED2RImtDd17DQ7vq1J0F8DpxC1JFBVpD+8sbxTQVEGnKiVID10m0nxGpGeUwr3ipgoTQKRnDwNCICFB+tog/x5dGGeEwluZFGi/U3xsZEUrNRGAm85Rq1cvF/7xBqsNbP2NRkmqI6PJQmHKsY5x3gUdMAtV8ZgihkpmsmE6IJFSbxiqmBHf1y+uk26i7hj80qs3roo4yOkcX6Aq56AY10T1qoQ6iKEPP6BW9WU/Wi/VufSxHS1axc4r+wPr8ATFPlO4=</latexit><latexit sha1_base64="gm0ROgw7YSCPoL5pzMfjWm0v1lA=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM9gKrkrShbosuHFZoS9oQplMb9qhM0mYmQglFPwVNy4Ucet3uPNvnLRZaOuBgcM593LPnCDhTGnH+bZKG5tb2zvl3cre/sHhkX180lVxKil0aMxj2Q+IAs4i6GimOfQTCUQEHHrB9C73e48gFYujtp4l4AsyjljIKNFGGtpntdBTTGBPED2RImtDd17DQ7vq1J0F8DpxC1JFBVpD+8sbxTQVEGnKiVID10m0nxGpGeUwr3ipgoTQKRnDwNCICFB+tog/x5dGGeEwluZFGi/U3xsZEUrNRGAm85Rq1cvF/7xBqsNbP2NRkmqI6PJQmHKsY5x3gUdMAtV8ZgihkpmsmE6IJFSbxiqmBHf1y+uk26i7hj80qs3roo4yOkcX6Aq56AY10T1qoQ6iKEPP6BW9WU/Wi/VufSxHS1axc4r+wPr8ATFPlO4=</latexit><latexit sha1_base64="gm0ROgw7YSCPoL5pzMfjWm0v1lA=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM9gKrkrShbosuHFZoS9oQplMb9qhM0mYmQglFPwVNy4Ucet3uPNvnLRZaOuBgcM593LPnCDhTGnH+bZKG5tb2zvl3cre/sHhkX180lVxKil0aMxj2Q+IAs4i6GimOfQTCUQEHHrB9C73e48gFYujtp4l4AsyjljIKNFGGtpntdBTTGBPED2RImtDd17DQ7vq1J0F8DpxC1JFBVpD+8sbxTQVEGnKiVID10m0nxGpGeUwr3ipgoTQKRnDwNCICFB+tog/x5dGGeEwluZFGi/U3xsZEUrNRGAm85Rq1cvF/7xBqsNbP2NRkmqI6PJQmHKsY5x3gUdMAtV8ZgihkpmsmE6IJFSbxiqmBHf1y+uk26i7hj80qs3roo4yOkcX6Aq56AY10T1qoQ6iKEPP6BW9WU/Wi/VufSxHS1axc4r+wPr8ATFPlO4=</latexit><latexit sha1_base64="gm0ROgw7YSCPoL5pzMfjWm0v1lA=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM9gKrkrShbosuHFZoS9oQplMb9qhM0mYmQglFPwVNy4Ucet3uPNvnLRZaOuBgcM593LPnCDhTGnH+bZKG5tb2zvl3cre/sHhkX180lVxKil0aMxj2Q+IAs4i6GimOfQTCUQEHHrB9C73e48gFYujtp4l4AsyjljIKNFGGtpntdBTTGBPED2RImtDd17DQ7vq1J0F8DpxC1JFBVpD+8sbxTQVEGnKiVID10m0nxGpGeUwr3ipgoTQKRnDwNCICFB+tog/x5dGGeEwluZFGi/U3xsZEUrNRGAm85Rq1cvF/7xBqsNbP2NRkmqI6PJQmHKsY5x3gUdMAtV8ZgihkpmsmE6IJFSbxiqmBHf1y+uk26i7hj80qs3roo4yOkcX6Aq56AY10T1qoQ6iKEPP6BW9WU/Wi/VufSxHS1axc4r+wPr8ATFPlO4=</latexit>

h�vi ' m2
�

⇡f4 ! f ' 1.1 TeV
� m�

130 GeV

�1/2
<latexit sha1_base64="7bT8EcnX5IDbj9hw+0UU0EE9FWY=">AAACtnicbVFda9swFJW9ry77qLs97kUsHXRQMtsrXWEPC+xhe+ygSQtREmTl2hGVbFeSC0H4D+0f7YfsfTep95F2F4QO5557dXVuVitpXRz/CMJ79x88fLTzuPfk6bPnu9Hei7GtGiNgJCpVmYuMW1CyhJGTTsFFbYDrTMF5dvl5nT+/BmNlVZ65VQ1TzYtS5lJwh9Q8+s42PXxleFlAu88U3goos7LQnF5TZv4QGq4oyw0XXs +ZWMpZ2npWS5rPjlrKrhq+oMxVHcp/VySDhH1kmrul0f4MxihVkLuDrVatT97Hf2VfUIY6I4ulezvzybu03afzqB8P4k3QuyDpQJ90cTqPfrJFJRoNpROKWztJ4tpNPTdOCgVtjzUWai4ueQEThCXXYKd+40dL3yCDv6gMntLRDftvhefa2pXOULke2t7Orcn/5SaNy0+mXpZ146AUNw/ljaLo3HpBdCENCKdWCLgwEmelYsnRKodr7LEF5LjqraV5U2Ro4GE8ODqM2x76lNx25S4Yp4ME8be0P0w7x3bIK/KaHJCEfCBD8pWckhERQRQcB5+CYXgSzkIIixtpGHQ1L8lWhPUvQcvVdQ==</latexit><latexit sha1_base64="7bT8EcnX5IDbj9hw+0UU0EE9FWY=">AAACtnicbVFda9swFJW9ry77qLs97kUsHXRQMtsrXWEPC+xhe+ygSQtREmTl2hGVbFeSC0H4D+0f7YfsfTep95F2F4QO5557dXVuVitpXRz/CMJ79x88fLTzuPfk6bPnu9Hei7GtGiNgJCpVmYuMW1CyhJGTTsFFbYDrTMF5dvl5nT+/BmNlVZ65VQ1TzYtS5lJwh9Q8+s42PXxleFlAu88U3goos7LQnF5TZv4QGq4oyw0XXs +ZWMpZ2npWS5rPjlrKrhq+oMxVHcp/VySDhH1kmrul0f4MxihVkLuDrVatT97Hf2VfUIY6I4ulezvzybu03afzqB8P4k3QuyDpQJ90cTqPfrJFJRoNpROKWztJ4tpNPTdOCgVtjzUWai4ueQEThCXXYKd+40dL3yCDv6gMntLRDftvhefa2pXOULke2t7Orcn/5SaNy0+mXpZ146AUNw/ljaLo3HpBdCENCKdWCLgwEmelYsnRKodr7LEF5LjqraV5U2Ro4GE8ODqM2x76lNx25S4Yp4ME8be0P0w7x3bIK/KaHJCEfCBD8pWckhERQRQcB5+CYXgSzkIIixtpGHQ1L8lWhPUvQcvVdQ==</latexit><latexit sha1_base64="7bT8EcnX5IDbj9hw+0UU0EE9FWY=">AAACtnicbVFda9swFJW9ry77qLs97kUsHXRQMtsrXWEPC+xhe+ygSQtREmTl2hGVbFeSC0H4D+0f7YfsfTep95F2F4QO5557dXVuVitpXRz/CMJ79x88fLTzuPfk6bPnu9Hei7GtGiNgJCpVmYuMW1CyhJGTTsFFbYDrTMF5dvl5nT+/BmNlVZ65VQ1TzYtS5lJwh9Q8+s42PXxleFlAu88U3goos7LQnF5TZv4QGq4oyw0XXs +ZWMpZ2npWS5rPjlrKrhq+oMxVHcp/VySDhH1kmrul0f4MxihVkLuDrVatT97Hf2VfUIY6I4ulezvzybu03afzqB8P4k3QuyDpQJ90cTqPfrJFJRoNpROKWztJ4tpNPTdOCgVtjzUWai4ueQEThCXXYKd+40dL3yCDv6gMntLRDftvhefa2pXOULke2t7Orcn/5SaNy0+mXpZ146AUNw/ljaLo3HpBdCENCKdWCLgwEmelYsnRKodr7LEF5LjqraV5U2Ro4GE8ODqM2x76lNx25S4Yp4ME8be0P0w7x3bIK/KaHJCEfCBD8pWckhERQRQcB5+CYXgSzkIIixtpGHQ1L8lWhPUvQcvVdQ==</latexit><latexit sha1_base64="7bT8EcnX5IDbj9hw+0UU0EE9FWY=">AAACtnicbVFda9swFJW9ry77qLs97kUsHXRQMtsrXWEPC+xhe+ygSQtREmTl2hGVbFeSC0H4D+0f7YfsfTep95F2F4QO5557dXVuVitpXRz/CMJ79x88fLTzuPfk6bPnu9Hei7GtGiNgJCpVmYuMW1CyhJGTTsFFbYDrTMF5dvl5nT+/BmNlVZ65VQ1TzYtS5lJwh9Q8+s42PXxleFlAu88U3goos7LQnF5TZv4QGq4oyw0XXs +ZWMpZ2npWS5rPjlrKrhq+oMxVHcp/VySDhH1kmrul0f4MxihVkLuDrVatT97Hf2VfUIY6I4ulezvzybu03afzqB8P4k3QuyDpQJ90cTqPfrJFJRoNpROKWztJ4tpNPTdOCgVtjzUWai4ueQEThCXXYKd+40dL3yCDv6gMntLRDftvhefa2pXOULke2t7Orcn/5SaNy0+mXpZ146AUNw/ljaLo3HpBdCENCKdWCLgwEmelYsnRKodr7LEF5LjqraV5U2Ro4GE8ODqM2x76lNx25S4Yp4ME8be0P0w7x3bIK/KaHJCEfCBD8pWckhERQRQcB5+CYXgSzkIIixtpGHQ1L8lWhPUvQcvVdQ==</latexit> hZZ corrections

f
<latexit sha1_base64="lNmXd37wrUZ5dZxY55aGrhvwkDk=">AAACDXicbVDLSsNAFJ3UV42vqks3wVZwUUpSBF0W3LisaGuhDWUyuUmHTiZhZiKUkE8Qd/ol7sSt3+CHuHeaZqGtBwYO59zLPXO8hFGpbPvLqKytb2xuVbfNnd29/YPa4VFfxqkg0CMxi8XAwxIY5dBTVDEYJAJw5DF48KbXc//hEYSkMb9XswTcCIecBpRgpaW7RtAY1+p2yy5grRKnJHVUojuufY/8mKQRcEUYlnLo2IlyMywUJQxyc5RKSDCZ4hCGmnIcgXSzImpunWnFt4JY6MeVVai/NzIcSTmLPD0ZYTWRy95c/M8bpiq4cjPKk1QBJ4tDQcosFVvzf1s+FUAUm2mCiaA6q0UmWGCidDvmyIdAN1jEyWKBeQh5JkIvz5ym3bpo2rmpe3KWW1kl/XbL0fy2Xe+0y8aq6ASdonPkoEvUQTeoi3qIoBA9oRf0ajwbb8a78bEYrRjlzjH6A+PzBxLcmuA=</latexit><latexit sha1_base64="lNmXd37wrUZ5dZxY55aGrhvwkDk=">AAACDXicbVDLSsNAFJ3UV42vqks3wVZwUUpSBF0W3LisaGuhDWUyuUmHTiZhZiKUkE8Qd/ol7sSt3+CHuHeaZqGtBwYO59zLPXO8hFGpbPvLqKytb2xuVbfNnd29/YPa4VFfxqkg0CMxi8XAwxIY5dBTVDEYJAJw5DF48KbXc//hEYSkMb9XswTcCIecBpRgpaW7RtAY1+p2yy5grRKnJHVUojuufY/8mKQRcEUYlnLo2IlyMywUJQxyc5RKSDCZ4hCGmnIcgXSzImpunWnFt4JY6MeVVai/NzIcSTmLPD0ZYTWRy95c/M8bpiq4cjPKk1QBJ4tDQcosFVvzf1s+FUAUm2mCiaA6q0UmWGCidDvmyIdAN1jEyWKBeQh5JkIvz5ym3bpo2rmpe3KWW1kl/XbL0fy2Xe+0y8aq6ASdonPkoEvUQTeoi3qIoBA9oRf0ajwbb8a78bEYrRjlzjH6A+PzBxLcmuA=</latexit><latexit sha1_base64="lNmXd37wrUZ5dZxY55aGrhvwkDk=">AAACDXicbVDLSsNAFJ3UV42vqks3wVZwUUpSBF0W3LisaGuhDWUyuUmHTiZhZiKUkE8Qd/ol7sSt3+CHuHeaZqGtBwYO59zLPXO8hFGpbPvLqKytb2xuVbfNnd29/YPa4VFfxqkg0CMxi8XAwxIY5dBTVDEYJAJw5DF48KbXc//hEYSkMb9XswTcCIecBpRgpaW7RtAY1+p2yy5grRKnJHVUojuufY/8mKQRcEUYlnLo2IlyMywUJQxyc5RKSDCZ4hCGmnIcgXSzImpunWnFt4JY6MeVVai/NzIcSTmLPD0ZYTWRy95c/M8bpiq4cjPKk1QBJ4tDQcosFVvzf1s+FUAUm2mCiaA6q0UmWGCidDvmyIdAN1jEyWKBeQh5JkIvz5ym3bpo2rmpe3KWW1kl/XbL0fy2Xe+0y8aq6ASdonPkoEvUQTeoi3qIoBA9oRf0ajwbb8a78bEYrRjlzjH6A+PzBxLcmuA=</latexit><latexit sha1_base64="lNmXd37wrUZ5dZxY55aGrhvwkDk=">AAACDXicbVDLSsNAFJ3UV42vqks3wVZwUUpSBF0W3LisaGuhDWUyuUmHTiZhZiKUkE8Qd/ol7sSt3+CHuHeaZqGtBwYO59zLPXO8hFGpbPvLqKytb2xuVbfNnd29/YPa4VFfxqkg0CMxi8XAwxIY5dBTVDEYJAJw5DF48KbXc//hEYSkMb9XswTcCIecBpRgpaW7RtAY1+p2yy5grRKnJHVUojuufY/8mKQRcEUYlnLo2IlyMywUJQxyc5RKSDCZ4hCGmnIcgXSzImpunWnFt4JY6MeVVai/NzIcSTmLPD0ZYTWRy95c/M8bpiq4cjPKk1QBJ4tDQcosFVvzf1s+FUAUm2mCiaA6q0UmWGCidDvmyIdAN1jEyWKBeQh5JkIvz5ym3bpo2rmpe3KWW1kl/XbL0fy2Xe+0y8aq6ASdonPkoEvUQTeoi3qIoBA9oRf0ajwbb8a78bEYrRjlzjH6A+PzBxLcmuA=</latexit>

[TeV]
<latexit sha1_base64="pibDMh7HiHNzJDSK4B3FF0xFsGI=">AAACD3icbVDLSsNAFJ3UV42vqks3wSK4KCUpgi4LblxWaFohDWUyuWmHTiZhZiKUkG8Qd/ol7sStn+CHuHeaZqGtBwYO59zLPXOClFGpbPvLqG1sbm3v1HfNvf2Dw6PG8clAJpkg4JKEJeIhwBIY5eAqqhg8pAJwHDAYBrPbhT98BCFpwvtqnoIf4wmnESVYacn1+jDwx42m3bZLWOvEqUgTVeiNG9+jMCFZDFwRhqX0HDtVfo6FooRBYY4yCSkmMzwBT1OOY5B+XoYtrAuthFaUCP24skr190aOYynncaAnY6ymctVbiP95XqaiGz+nPM0UcLI8FGXMUom1+LkVUgFEsbkmmAiqs1pkigUmSvdjjkKIdIdlnDwRmE+gyMUkKHKnZbevWnZh6p6c1VbWyaDTdjS/7zS7raqxOjpD5+gSOegaddEd6iEXEUTRE3pBr8az8Wa8Gx/L0ZpR7ZyiPzA+fwAubZwH</latexit><latexit sha1_base64="pibDMh7HiHNzJDSK4B3FF0xFsGI=">AAACD3icbVDLSsNAFJ3UV42vqks3wSK4KCUpgi4LblxWaFohDWUyuWmHTiZhZiKUkG8Qd/ol7sStn+CHuHeaZqGtBwYO59zLPXOClFGpbPvLqG1sbm3v1HfNvf2Dw6PG8clAJpkg4JKEJeIhwBIY5eAqqhg8pAJwHDAYBrPbhT98BCFpwvtqnoIf4wmnESVYacn1+jDwx42m3bZLWOvEqUgTVeiNG9+jMCFZDFwRhqX0HDtVfo6FooRBYY4yCSkmMzwBT1OOY5B+XoYtrAuthFaUCP24skr190aOYynncaAnY6ymctVbiP95XqaiGz+nPM0UcLI8FGXMUom1+LkVUgFEsbkmmAiqs1pkigUmSvdjjkKIdIdlnDwRmE+gyMUkKHKnZbevWnZh6p6c1VbWyaDTdjS/7zS7raqxOjpD5+gSOegaddEd6iEXEUTRE3pBr8az8Wa8Gx/L0ZpR7ZyiPzA+fwAubZwH</latexit><latexit sha1_base64="pibDMh7HiHNzJDSK4B3FF0xFsGI=">AAACD3icbVDLSsNAFJ3UV42vqks3wSK4KCUpgi4LblxWaFohDWUyuWmHTiZhZiKUkG8Qd/ol7sStn+CHuHeaZqGtBwYO59zLPXOClFGpbPvLqG1sbm3v1HfNvf2Dw6PG8clAJpkg4JKEJeIhwBIY5eAqqhg8pAJwHDAYBrPbhT98BCFpwvtqnoIf4wmnESVYacn1+jDwx42m3bZLWOvEqUgTVeiNG9+jMCFZDFwRhqX0HDtVfo6FooRBYY4yCSkmMzwBT1OOY5B+XoYtrAuthFaUCP24skr190aOYynncaAnY6ymctVbiP95XqaiGz+nPM0UcLI8FGXMUom1+LkVUgFEsbkmmAiqs1pkigUmSvdjjkKIdIdlnDwRmE+gyMUkKHKnZbevWnZh6p6c1VbWyaDTdjS/7zS7raqxOjpD5+gSOegaddEd6iEXEUTRE3pBr8az8Wa8Gx/L0ZpR7ZyiPzA+fwAubZwH</latexit><latexit sha1_base64="pibDMh7HiHNzJDSK4B3FF0xFsGI=">AAACD3icbVDLSsNAFJ3UV42vqks3wSK4KCUpgi4LblxWaFohDWUyuWmHTiZhZiKUkG8Qd/ol7sStn+CHuHeaZqGtBwYO59zLPXOClFGpbPvLqG1sbm3v1HfNvf2Dw6PG8clAJpkg4JKEJeIhwBIY5eAqqhg8pAJwHDAYBrPbhT98BCFpwvtqnoIf4wmnESVYacn1+jDwx42m3bZLWOvEqUgTVeiNG9+jMCFZDFwRhqX0HDtVfo6FooRBYY4yCSkmMzwBT1OOY5B+XoYtrAuthFaUCP24skr190aOYynncaAnY6ymctVbiP95XqaiGz+nPM0UcLI8FGXMUom1+LkVUgFEsbkmmAiqs1pkigUmSvdjjkKIdIdlnDwRmE+gyMUkKHKnZbevWnZh6p6c1VbWyaDTdjS/7zS7raqxOjpD5+gSOegaddEd6iEXEUTRE3pBr8az8Wa8Gx/L0ZpR7ZyiPzA+fwAubZwH</latexit>

⇠ v2

f2
<latexit sha1_base64="UvcjhEPXDXD4Zsh+F4y2UeBlXII="></latexit><latexit sha1_base64="UvcjhEPXDXD4Zsh+F4y2UeBlXII="></latexit><latexit sha1_base64="UvcjhEPXDXD4Zsh+F4y2UeBlXII="></latexit><latexit sha1_base64="UvcjhEPXDXD4Zsh+F4y2UeBlXII="></latexit>

/ (pin�pout)
2

f2 = t
f2 . (100 MeV)2

TeV2 ⇠ 10�8
<latexit sha1_base64="+Lx6MtBfRPUHrxbbKZ7mEWsXW3o="></latexit><latexit sha1_base64="+Lx6MtBfRPUHrxbbKZ7mEWsXW3o="></latexit><latexit sha1_base64="+Lx6MtBfRPUHrxbbKZ7mEWsXW3o="></latexit><latexit sha1_base64="+Lx6MtBfRPUHrxbbKZ7mEWsXW3o="></latexit>

8

1
2f2 @µ|H|2@µ|H|2

<latexit sha1_base64="9OPGxblbY8eTDYbo4q8pCWC3jmA=">AAACH3icbZC7TsMwFIadcivlFmBksWiRmKokAzBWYulYJHqRmjRyXKe16lxkO0hVmjdh4VVYGEAIsfVtcNqogpZfsvTpP+fYPr8XMyqkYcy10tb2zu5eeb9ycHh0fKKfnnVElHBM2jhiEe95SBBGQ9KWVDLSizlBgcdI15vc5/XuE+GCRuGjnMbECdAopD7FSCrL1W9qts8RTs0stfyBlUE7RlxSxFw7SOCsORtYK2uwsmquXjXqxkJwE8wCqqBQy9W/7WGEk4CEEjMkRN80Yumk+cWYkaxiJ4LECE/QiPQVhiggwkkX+2XwSjlD6EdcnVDChft7IkWBENPAU50BkmOxXsvN/2r9RPp3TkrDOJEkxMuH/IRBGcE8LDiknGDJpgoQ5lT9FeIxUnlJFWlFhWCur7wJHatuKn6wqg2riKMMLsAluAYmuAUN0AQt0AYYPINX8A4+tBftTfvUvpatJa2YOQd/pM1/ANtEoik=</latexit><latexit sha1_base64="9OPGxblbY8eTDYbo4q8pCWC3jmA=">AAACH3icbZC7TsMwFIadcivlFmBksWiRmKokAzBWYulYJHqRmjRyXKe16lxkO0hVmjdh4VVYGEAIsfVtcNqogpZfsvTpP+fYPr8XMyqkYcy10tb2zu5eeb9ycHh0fKKfnnVElHBM2jhiEe95SBBGQ9KWVDLSizlBgcdI15vc5/XuE+GCRuGjnMbECdAopD7FSCrL1W9qts8RTs0stfyBlUE7RlxSxFw7SOCsORtYK2uwsmquXjXqxkJwE8wCqqBQy9W/7WGEk4CEEjMkRN80Yumk+cWYkaxiJ4LECE/QiPQVhiggwkkX+2XwSjlD6EdcnVDChft7IkWBENPAU50BkmOxXsvN/2r9RPp3TkrDOJEkxMuH/IRBGcE8LDiknGDJpgoQ5lT9FeIxUnlJFWlFhWCur7wJHatuKn6wqg2riKMMLsAluAYmuAUN0AQt0AYYPINX8A4+tBftTfvUvpatJa2YOQd/pM1/ANtEoik=</latexit><latexit sha1_base64="9OPGxblbY8eTDYbo4q8pCWC3jmA=">AAACH3icbZC7TsMwFIadcivlFmBksWiRmKokAzBWYulYJHqRmjRyXKe16lxkO0hVmjdh4VVYGEAIsfVtcNqogpZfsvTpP+fYPr8XMyqkYcy10tb2zu5eeb9ycHh0fKKfnnVElHBM2jhiEe95SBBGQ9KWVDLSizlBgcdI15vc5/XuE+GCRuGjnMbECdAopD7FSCrL1W9qts8RTs0stfyBlUE7RlxSxFw7SOCsORtYK2uwsmquXjXqxkJwE8wCqqBQy9W/7WGEk4CEEjMkRN80Yumk+cWYkaxiJ4LECE/QiPQVhiggwkkX+2XwSjlD6EdcnVDChft7IkWBENPAU50BkmOxXsvN/2r9RPp3TkrDOJEkxMuH/IRBGcE8LDiknGDJpgoQ5lT9FeIxUnlJFWlFhWCur7wJHatuKn6wqg2riKMMLsAluAYmuAUN0AQt0AYYPINX8A4+tBftTfvUvpatJa2YOQd/pM1/ANtEoik=</latexit><latexit sha1_base64="9OPGxblbY8eTDYbo4q8pCWC3jmA=">AAACH3icbZC7TsMwFIadcivlFmBksWiRmKokAzBWYulYJHqRmjRyXKe16lxkO0hVmjdh4VVYGEAIsfVtcNqogpZfsvTpP+fYPr8XMyqkYcy10tb2zu5eeb9ycHh0fKKfnnVElHBM2jhiEe95SBBGQ9KWVDLSizlBgcdI15vc5/XuE+GCRuGjnMbECdAopD7FSCrL1W9qts8RTs0stfyBlUE7RlxSxFw7SOCsORtYK2uwsmquXjXqxkJwE8wCqqBQy9W/7WGEk4CEEjMkRN80Yumk+cWYkaxiJ4LECE/QiPQVhiggwkkX+2XwSjlD6EdcnVDChft7IkWBENPAU50BkmOxXsvN/2r9RPp3TkrDOJEkxMuH/IRBGcE8LDiknGDJpgoQ5lT9FeIxUnlJFWlFhWCur7wJHatuKn6wqg2riKMMLsAluAYmuAUN0AQt0AYYPINX8A4+tBftTfvUvpatJa2YOQd/pM1/ANtEoik=</latexit>



pNGB Dark Matter
• This picture can arise if both Higgs and DM 

are composite pseudo-Goldstones  
with decay constant 

• Attractive solution to Higgs naturalness problem 

• Extra pNGB stabilized by discrete or continuous symmetry 

• Naturally light and weakly coupled at low energies

f ⇠ TeV
<latexit sha1_base64="gm0ROgw7YSCPoL5pzMfjWm0v1lA=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM9gKrkrShbosuHFZoS9oQplMb9qhM0mYmQglFPwVNy4Ucet3uPNvnLRZaOuBgcM593LPnCDhTGnH+bZKG5tb2zvl3cre/sHhkX180lVxKil0aMxj2Q+IAs4i6GimOfQTCUQEHHrB9C73e48gFYujtp4l4AsyjljIKNFGGtpntdBTTGBPED2RImtDd17DQ7vq1J0F8DpxC1JFBVpD+8sbxTQVEGnKiVID10m0nxGpGeUwr3ipgoTQKRnDwNCICFB+tog/x5dGGeEwluZFGi/U3xsZEUrNRGAm85Rq1cvF/7xBqsNbP2NRkmqI6PJQmHKsY5x3gUdMAtV8ZgihkpmsmE6IJFSbxiqmBHf1y+uk26i7hj80qs3roo4yOkcX6Aq56AY10T1qoQ6iKEPP6BW9WU/Wi/VufSxHS1axc4r+wPr8ATFPlO4=</latexit><latexit sha1_base64="gm0ROgw7YSCPoL5pzMfjWm0v1lA=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM9gKrkrShbosuHFZoS9oQplMb9qhM0mYmQglFPwVNy4Ucet3uPNvnLRZaOuBgcM593LPnCDhTGnH+bZKG5tb2zvl3cre/sHhkX180lVxKil0aMxj2Q+IAs4i6GimOfQTCUQEHHrB9C73e48gFYujtp4l4AsyjljIKNFGGtpntdBTTGBPED2RImtDd17DQ7vq1J0F8DpxC1JFBVpD+8sbxTQVEGnKiVID10m0nxGpGeUwr3ipgoTQKRnDwNCICFB+tog/x5dGGeEwluZFGi/U3xsZEUrNRGAm85Rq1cvF/7xBqsNbP2NRkmqI6PJQmHKsY5x3gUdMAtV8ZgihkpmsmE6IJFSbxiqmBHf1y+uk26i7hj80qs3roo4yOkcX6Aq56AY10T1qoQ6iKEPP6BW9WU/Wi/VufSxHS1axc4r+wPr8ATFPlO4=</latexit><latexit sha1_base64="gm0ROgw7YSCPoL5pzMfjWm0v1lA=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM9gKrkrShbosuHFZoS9oQplMb9qhM0mYmQglFPwVNy4Ucet3uPNvnLRZaOuBgcM593LPnCDhTGnH+bZKG5tb2zvl3cre/sHhkX180lVxKil0aMxj2Q+IAs4i6GimOfQTCUQEHHrB9C73e48gFYujtp4l4AsyjljIKNFGGtpntdBTTGBPED2RImtDd17DQ7vq1J0F8DpxC1JFBVpD+8sbxTQVEGnKiVID10m0nxGpGeUwr3ipgoTQKRnDwNCICFB+tog/x5dGGeEwluZFGi/U3xsZEUrNRGAm85Rq1cvF/7xBqsNbP2NRkmqI6PJQmHKsY5x3gUdMAtV8ZgihkpmsmE6IJFSbxiqmBHf1y+uk26i7hj80qs3roo4yOkcX6Aq56AY10T1qoQ6iKEPP6BW9WU/Wi/VufSxHS1axc4r+wPr8ATFPlO4=</latexit><latexit sha1_base64="gm0ROgw7YSCPoL5pzMfjWm0v1lA=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM9gKrkrShbosuHFZoS9oQplMb9qhM0mYmQglFPwVNy4Ucet3uPNvnLRZaOuBgcM593LPnCDhTGnH+bZKG5tb2zvl3cre/sHhkX180lVxKil0aMxj2Q+IAs4i6GimOfQTCUQEHHrB9C73e48gFYujtp4l4AsyjljIKNFGGtpntdBTTGBPED2RImtDd17DQ7vq1J0F8DpxC1JFBVpD+8sbxTQVEGnKiVID10m0nxGpGeUwr3ipgoTQKRnDwNCICFB+tog/x5dGGeEwluZFGi/U3xsZEUrNRGAm85Rq1cvF/7xBqsNbP2NRkmqI6PJQmHKsY5x3gUdMAtV8ZgihkpmsmE6IJFSbxiqmBHf1y+uk26i7hj80qs3roo4yOkcX6Aq56AY10T1qoQ6iKEPP6BW9WU/Wi/VufSxHS1axc4r+wPr8ATFPlO4=</latexit>

Frigerio, Pomarol,  
Riva, Urbano 2012
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pNGB Dark Matter
• This picture can arise if both Higgs and DM 

are composite pseudo-Goldstones  
with decay constant 

• Attractive solution to Higgs naturalness problem 

• Extra pNGB stabilized by discrete or continuous sym 

• Naturally light and weakly coupled at low energies

f ⇠ TeV
<latexit sha1_base64="gm0ROgw7YSCPoL5pzMfjWm0v1lA=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM9gKrkrShbosuHFZoS9oQplMb9qhM0mYmQglFPwVNy4Ucet3uPNvnLRZaOuBgcM593LPnCDhTGnH+bZKG5tb2zvl3cre/sHhkX180lVxKil0aMxj2Q+IAs4i6GimOfQTCUQEHHrB9C73e48gFYujtp4l4AsyjljIKNFGGtpntdBTTGBPED2RImtDd17DQ7vq1J0F8DpxC1JFBVpD+8sbxTQVEGnKiVID10m0nxGpGeUwr3ipgoTQKRnDwNCICFB+tog/x5dGGeEwluZFGi/U3xsZEUrNRGAm85Rq1cvF/7xBqsNbP2NRkmqI6PJQmHKsY5x3gUdMAtV8ZgihkpmsmE6IJFSbxiqmBHf1y+uk26i7hj80qs3roo4yOkcX6Aq56AY10T1qoQ6iKEPP6BW9WU/Wi/VufSxHS1axc4r+wPr8ATFPlO4=</latexit><latexit sha1_base64="gm0ROgw7YSCPoL5pzMfjWm0v1lA=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM9gKrkrShbosuHFZoS9oQplMb9qhM0mYmQglFPwVNy4Ucet3uPNvnLRZaOuBgcM593LPnCDhTGnH+bZKG5tb2zvl3cre/sHhkX180lVxKil0aMxj2Q+IAs4i6GimOfQTCUQEHHrB9C73e48gFYujtp4l4AsyjljIKNFGGtpntdBTTGBPED2RImtDd17DQ7vq1J0F8DpxC1JFBVpD+8sbxTQVEGnKiVID10m0nxGpGeUwr3ipgoTQKRnDwNCICFB+tog/x5dGGeEwluZFGi/U3xsZEUrNRGAm85Rq1cvF/7xBqsNbP2NRkmqI6PJQmHKsY5x3gUdMAtV8ZgihkpmsmE6IJFSbxiqmBHf1y+uk26i7hj80qs3roo4yOkcX6Aq56AY10T1qoQ6iKEPP6BW9WU/Wi/VufSxHS1axc4r+wPr8ATFPlO4=</latexit><latexit sha1_base64="gm0ROgw7YSCPoL5pzMfjWm0v1lA=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM9gKrkrShbosuHFZoS9oQplMb9qhM0mYmQglFPwVNy4Ucet3uPNvnLRZaOuBgcM593LPnCDhTGnH+bZKG5tb2zvl3cre/sHhkX180lVxKil0aMxj2Q+IAs4i6GimOfQTCUQEHHrB9C73e48gFYujtp4l4AsyjljIKNFGGtpntdBTTGBPED2RImtDd17DQ7vq1J0F8DpxC1JFBVpD+8sbxTQVEGnKiVID10m0nxGpGeUwr3ipgoTQKRnDwNCICFB+tog/x5dGGeEwluZFGi/U3xsZEUrNRGAm85Rq1cvF/7xBqsNbP2NRkmqI6PJQmHKsY5x3gUdMAtV8ZgihkpmsmE6IJFSbxiqmBHf1y+uk26i7hj80qs3roo4yOkcX6Aq56AY10T1qoQ6iKEPP6BW9WU/Wi/VufSxHS1axc4r+wPr8ATFPlO4=</latexit><latexit sha1_base64="gm0ROgw7YSCPoL5pzMfjWm0v1lA=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM9gKrkrShbosuHFZoS9oQplMb9qhM0mYmQglFPwVNy4Ucet3uPNvnLRZaOuBgcM593LPnCDhTGnH+bZKG5tb2zvl3cre/sHhkX180lVxKil0aMxj2Q+IAs4i6GimOfQTCUQEHHrB9C73e48gFYujtp4l4AsyjljIKNFGGtpntdBTTGBPED2RImtDd17DQ7vq1J0F8DpxC1JFBVpD+8sbxTQVEGnKiVID10m0nxGpGeUwr3ipgoTQKRnDwNCICFB+tog/x5dGGeEwluZFGi/U3xsZEUrNRGAm85Rq1cvF/7xBqsNbP2NRkmqI6PJQmHKsY5x3gUdMAtV8ZgihkpmsmE6IJFSbxiqmBHf1y+uk26i7hj80qs3roo4yOkcX6Aq56AY10T1qoQ6iKEPP6BW9WU/Wi/VufSxHS1axc4r+wPr8ATFPlO4=</latexit>

Frigerio, Pomarol,  
Riva, Urbano 2012
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Hold up, wait a minute…



pNGB Dark Matter
• This picture can arise if both Higgs and DM 

are composite pseudo-Goldstones  
with decay constant 

• Explicit symmetry breaking required to generate (radiatively) DM mass 

        in general,                  appears too. Dangerous even at 1-loop 

• Need to write down concrete models where             while

f ⇠ TeV
<latexit sha1_base64="gm0ROgw7YSCPoL5pzMfjWm0v1lA=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM9gKrkrShbosuHFZoS9oQplMb9qhM0mYmQglFPwVNy4Ucet3uPNvnLRZaOuBgcM593LPnCDhTGnH+bZKG5tb2zvl3cre/sHhkX180lVxKil0aMxj2Q+IAs4i6GimOfQTCUQEHHrB9C73e48gFYujtp4l4AsyjljIKNFGGtpntdBTTGBPED2RImtDd17DQ7vq1J0F8DpxC1JFBVpD+8sbxTQVEGnKiVID10m0nxGpGeUwr3ipgoTQKRnDwNCICFB+tog/x5dGGeEwluZFGi/U3xsZEUrNRGAm85Rq1cvF/7xBqsNbP2NRkmqI6PJQmHKsY5x3gUdMAtV8ZgihkpmsmE6IJFSbxiqmBHf1y+uk26i7hj80qs3roo4yOkcX6Aq56AY10T1qoQ6iKEPP6BW9WU/Wi/VufSxHS1axc4r+wPr8ATFPlO4=</latexit><latexit sha1_base64="gm0ROgw7YSCPoL5pzMfjWm0v1lA=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM9gKrkrShbosuHFZoS9oQplMb9qhM0mYmQglFPwVNy4Ucet3uPNvnLRZaOuBgcM593LPnCDhTGnH+bZKG5tb2zvl3cre/sHhkX180lVxKil0aMxj2Q+IAs4i6GimOfQTCUQEHHrB9C73e48gFYujtp4l4AsyjljIKNFGGtpntdBTTGBPED2RImtDd17DQ7vq1J0F8DpxC1JFBVpD+8sbxTQVEGnKiVID10m0nxGpGeUwr3ipgoTQKRnDwNCICFB+tog/x5dGGeEwluZFGi/U3xsZEUrNRGAm85Rq1cvF/7xBqsNbP2NRkmqI6PJQmHKsY5x3gUdMAtV8ZgihkpmsmE6IJFSbxiqmBHf1y+uk26i7hj80qs3roo4yOkcX6Aq56AY10T1qoQ6iKEPP6BW9WU/Wi/VufSxHS1axc4r+wPr8ATFPlO4=</latexit><latexit sha1_base64="gm0ROgw7YSCPoL5pzMfjWm0v1lA=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM9gKrkrShbosuHFZoS9oQplMb9qhM0mYmQglFPwVNy4Ucet3uPNvnLRZaOuBgcM593LPnCDhTGnH+bZKG5tb2zvl3cre/sHhkX180lVxKil0aMxj2Q+IAs4i6GimOfQTCUQEHHrB9C73e48gFYujtp4l4AsyjljIKNFGGtpntdBTTGBPED2RImtDd17DQ7vq1J0F8DpxC1JFBVpD+8sbxTQVEGnKiVID10m0nxGpGeUwr3ipgoTQKRnDwNCICFB+tog/x5dGGeEwluZFGi/U3xsZEUrNRGAm85Rq1cvF/7xBqsNbP2NRkmqI6PJQmHKsY5x3gUdMAtV8ZgihkpmsmE6IJFSbxiqmBHf1y+uk26i7hj80qs3roo4yOkcX6Aq56AY10T1qoQ6iKEPP6BW9WU/Wi/VufSxHS1axc4r+wPr8ATFPlO4=</latexit><latexit sha1_base64="gm0ROgw7YSCPoL5pzMfjWm0v1lA=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM9gKrkrShbosuHFZoS9oQplMb9qhM0mYmQglFPwVNy4Ucet3uPNvnLRZaOuBgcM593LPnCDhTGnH+bZKG5tb2zvl3cre/sHhkX180lVxKil0aMxj2Q+IAs4i6GimOfQTCUQEHHrB9C73e48gFYujtp4l4AsyjljIKNFGGtpntdBTTGBPED2RImtDd17DQ7vq1J0F8DpxC1JFBVpD+8sbxTQVEGnKiVID10m0nxGpGeUwr3ipgoTQKRnDwNCICFB+tog/x5dGGeEwluZFGi/U3xsZEUrNRGAm85Rq1cvF/7xBqsNbP2NRkmqI6PJQmHKsY5x3gUdMAtV8ZgihkpmsmE6IJFSbxiqmBHf1y+uk26i7hj80qs3roo4yOkcX6Aq56AY10T1qoQ6iKEPP6BW9WU/Wi/VufSxHS1axc4r+wPr8ATFPlO4=</latexit>

�|�|2|H|2
<latexit sha1_base64="7qcBD6Smh1x7Tz2fyqgs2yNCc9o="></latexit><latexit sha1_base64="7qcBD6Smh1x7Tz2fyqgs2yNCc9o="></latexit><latexit sha1_base64="7qcBD6Smh1x7Tz2fyqgs2yNCc9o="></latexit><latexit sha1_base64="7qcBD6Smh1x7Tz2fyqgs2yNCc9o="></latexit>

� ⇡ 0
<latexit sha1_base64="lnXkur6198NEbfYNOHn0zM2yAQs=">AAACIHicbVBLSwMxGMz6tr7q4+YlWAUPpeyKoEfBi0cFq4VuKd9mv22D2WRJsmJd9r+IN/0l3sSj/g/vprUHrQ4Ehpn5yDBRJrixvv/uTU3PzM7NLyxWlpZXVteq6xtXRuWaYZMpoXQrAoOCS2xabgW2Mo2QRgKvo5vToX99i9pwJS/tIMNOCj3JE87AOqlb3doNhUvHQEPIMq3uqL9Lu9Wa3/BHoH9JMCY1MsZ5t/oZxorlKUrLBBjTDvzMdgrQljOBZSXMDWbAbqCHbUclpGg6xah9SfecEtNEafekpSP150UBqTGDNHLJFGzfTHpD8T+vndvkuFNwmeUWJfv+KMkFtYoOp6Ax18isGDgCTHPXlbI+aGDWDVYJY0zcqKM6hdIge1gWuheVRVD3G4d1v6y4nYLJVf6Sq4NG4PjFQe3kcLzYAtkmO2SfBOSInJAzck6ahJF78kCeyLP36L14r97bd3TKG99skl/wPr4A+Uqhmg==</latexit><latexit sha1_base64="lnXkur6198NEbfYNOHn0zM2yAQs=">AAACIHicbVBLSwMxGMz6tr7q4+YlWAUPpeyKoEfBi0cFq4VuKd9mv22D2WRJsmJd9r+IN/0l3sSj/g/vprUHrQ4Ehpn5yDBRJrixvv/uTU3PzM7NLyxWlpZXVteq6xtXRuWaYZMpoXQrAoOCS2xabgW2Mo2QRgKvo5vToX99i9pwJS/tIMNOCj3JE87AOqlb3doNhUvHQEPIMq3uqL9Lu9Wa3/BHoH9JMCY1MsZ5t/oZxorlKUrLBBjTDvzMdgrQljOBZSXMDWbAbqCHbUclpGg6xah9SfecEtNEafekpSP150UBqTGDNHLJFGzfTHpD8T+vndvkuFNwmeUWJfv+KMkFtYoOp6Ax18isGDgCTHPXlbI+aGDWDVYJY0zcqKM6hdIge1gWuheVRVD3G4d1v6y4nYLJVf6Sq4NG4PjFQe3kcLzYAtkmO2SfBOSInJAzck6ahJF78kCeyLP36L14r97bd3TKG99skl/wPr4A+Uqhmg==</latexit><latexit sha1_base64="lnXkur6198NEbfYNOHn0zM2yAQs=">AAACIHicbVBLSwMxGMz6tr7q4+YlWAUPpeyKoEfBi0cFq4VuKd9mv22D2WRJsmJd9r+IN/0l3sSj/g/vprUHrQ4Ehpn5yDBRJrixvv/uTU3PzM7NLyxWlpZXVteq6xtXRuWaYZMpoXQrAoOCS2xabgW2Mo2QRgKvo5vToX99i9pwJS/tIMNOCj3JE87AOqlb3doNhUvHQEPIMq3uqL9Lu9Wa3/BHoH9JMCY1MsZ5t/oZxorlKUrLBBjTDvzMdgrQljOBZSXMDWbAbqCHbUclpGg6xah9SfecEtNEafekpSP150UBqTGDNHLJFGzfTHpD8T+vndvkuFNwmeUWJfv+KMkFtYoOp6Ax18isGDgCTHPXlbI+aGDWDVYJY0zcqKM6hdIge1gWuheVRVD3G4d1v6y4nYLJVf6Sq4NG4PjFQe3kcLzYAtkmO2SfBOSInJAzck6ahJF78kCeyLP36L14r97bd3TKG99skl/wPr4A+Uqhmg==</latexit><latexit sha1_base64="lnXkur6198NEbfYNOHn0zM2yAQs=">AAACIHicbVBLSwMxGMz6tr7q4+YlWAUPpeyKoEfBi0cFq4VuKd9mv22D2WRJsmJd9r+IN/0l3sSj/g/vprUHrQ4Ehpn5yDBRJrixvv/uTU3PzM7NLyxWlpZXVteq6xtXRuWaYZMpoXQrAoOCS2xabgW2Mo2QRgKvo5vToX99i9pwJS/tIMNOCj3JE87AOqlb3doNhUvHQEPIMq3uqL9Lu9Wa3/BHoH9JMCY1MsZ5t/oZxorlKUrLBBjTDvzMdgrQljOBZSXMDWbAbqCHbUclpGg6xah9SfecEtNEafekpSP150UBqTGDNHLJFGzfTHpD8T+vndvkuFNwmeUWJfv+KMkFtYoOp6Ax18isGDgCTHPXlbI+aGDWDVYJY0zcqKM6hdIge1gWuheVRVD3G4d1v6y4nYLJVf6Sq4NG4PjFQe3kcLzYAtkmO2SfBOSInJAzck6ahJF78kCeyLP36L14r97bd3TKG99skl/wPr4A+Uqhmg==</latexit>

m�,h ⇠ O(100)GeV
<latexit sha1_base64="lWBIDThsAEKfs6uvh0oLJcQwD+I="></latexit><latexit sha1_base64="lWBIDThsAEKfs6uvh0oLJcQwD+I="></latexit><latexit sha1_base64="lWBIDThsAEKfs6uvh0oLJcQwD+I="></latexit><latexit sha1_base64="lWBIDThsAEKfs6uvh0oLJcQwD+I="></latexit>

Frigerio, Pomarol,  
Riva, Urbano 2012

Balkin, Ruhdorfer, Salvioni, Weiler 1809.09106
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• Higgs and DM as approximate Goldstone bosons, like SM pions 

•  SM vectors coupled by gauging 

•  Fermions also coupled linearly to fermionic resonances 

•  Except pNGBs, all states are partially composite:

Strongly  
interacting  

sector
Elementary     
     fields

Agashe, Contino, 
Pomarol 2004

⇢µ, m⇢, ⇠ g⇤f

⇠ gg⇤f2Wµ⇢µ
H,�, . . .

Framework: composite pNGB Higgs

SU(2)L ⇥ U(1)Y ⇢ H

Kaplan 1991

(~ photon-rho mixing)

⇠ ✏ q  
<latexit sha1_base64="tSwciHXsEBMRUTDfM1vVMXJvBeE=">AAACDXicbVA7T8MwGHTKq5RXgJHFokViqKqkCx0rsTAWiT6kpqoc12mt+hFsB6mK+gdY+CssDCDEys7Gv8FpM0DLSZZOd/fZ/i6MGdXG876dwsbm1vZOcbe0t39weOQen3S0TBQmbSyZVL0QacKoIG1DDSO9WBHEQ0a64fQ687sPRGkqxZ2ZxWTA0VjQiGJkrDR0K5VAUw4DEmvKpAiqMJA2n12X3s+DamD1ytAtezVvAbhO/JyUQY7W0P0KRhInnAiDGdK673uxGaRIGYoZmZeCRJMY4Skak76lAnGiB+limzm8sMoIRlLZIwxcqL8nUsS1nvHQJjkyE73qZeJ/Xj8xUWOQUhEnhgi8fChKGDQSZtXAEVUEGzazBGFF7V8hniCFsLEFlmwJ/urK66RTr/mW39bLzUZeRxGcgXNwCXxwBZrgBrRAG2DwCJ7BK3hznpwX5935WEYLTj5zCv7A+fwB6tabaw==</latexit><latexit sha1_base64="tSwciHXsEBMRUTDfM1vVMXJvBeE=">AAACDXicbVA7T8MwGHTKq5RXgJHFokViqKqkCx0rsTAWiT6kpqoc12mt+hFsB6mK+gdY+CssDCDEys7Gv8FpM0DLSZZOd/fZ/i6MGdXG876dwsbm1vZOcbe0t39weOQen3S0TBQmbSyZVL0QacKoIG1DDSO9WBHEQ0a64fQ687sPRGkqxZ2ZxWTA0VjQiGJkrDR0K5VAUw4DEmvKpAiqMJA2n12X3s+DamD1ytAtezVvAbhO/JyUQY7W0P0KRhInnAiDGdK673uxGaRIGYoZmZeCRJMY4Skak76lAnGiB+limzm8sMoIRlLZIwxcqL8nUsS1nvHQJjkyE73qZeJ/Xj8xUWOQUhEnhgi8fChKGDQSZtXAEVUEGzazBGFF7V8hniCFsLEFlmwJ/urK66RTr/mW39bLzUZeRxGcgXNwCXxwBZrgBrRAG2DwCJ7BK3hznpwX5935WEYLTj5zCv7A+fwB6tabaw==</latexit><latexit sha1_base64="tSwciHXsEBMRUTDfM1vVMXJvBeE=">AAACDXicbVA7T8MwGHTKq5RXgJHFokViqKqkCx0rsTAWiT6kpqoc12mt+hFsB6mK+gdY+CssDCDEys7Gv8FpM0DLSZZOd/fZ/i6MGdXG876dwsbm1vZOcbe0t39weOQen3S0TBQmbSyZVL0QacKoIG1DDSO9WBHEQ0a64fQ687sPRGkqxZ2ZxWTA0VjQiGJkrDR0K5VAUw4DEmvKpAiqMJA2n12X3s+DamD1ytAtezVvAbhO/JyUQY7W0P0KRhInnAiDGdK673uxGaRIGYoZmZeCRJMY4Skak76lAnGiB+limzm8sMoIRlLZIwxcqL8nUsS1nvHQJjkyE73qZeJ/Xj8xUWOQUhEnhgi8fChKGDQSZtXAEVUEGzazBGFF7V8hniCFsLEFlmwJ/urK66RTr/mW39bLzUZeRxGcgXNwCXxwBZrgBrRAG2DwCJ7BK3hznpwX5935WEYLTj5zCv7A+fwB6tabaw==</latexit><latexit sha1_base64="tSwciHXsEBMRUTDfM1vVMXJvBeE=">AAACDXicbVA7T8MwGHTKq5RXgJHFokViqKqkCx0rsTAWiT6kpqoc12mt+hFsB6mK+gdY+CssDCDEys7Gv8FpM0DLSZZOd/fZ/i6MGdXG876dwsbm1vZOcbe0t39weOQen3S0TBQmbSyZVL0QacKoIG1DDSO9WBHEQ0a64fQ687sPRGkqxZ2ZxWTA0VjQiGJkrDR0K5VAUw4DEmvKpAiqMJA2n12X3s+DamD1ytAtezVvAbhO/JyUQY7W0P0KRhInnAiDGdK673uxGaRIGYoZmZeCRJMY4Skak76lAnGiB+limzm8sMoIRlLZIwxcqL8nUsS1nvHQJjkyE73qZeJ/Xj8xUWOQUhEnhgi8fChKGDQSZtXAEVUEGzazBGFF7V8hniCFsLEFlmwJ/urK66RTr/mW39bLzUZeRxGcgXNwCXxwBZrgBrRAG2DwCJ7BK3hznpwX5935WEYLTj5zCv7A+fwB6tabaw==</latexit>

Wµ, q
<latexit sha1_base64="wnr/a64Fbqab4f7wFtVkxx8iPLs=">AAAB8XicbZDLTgIxFIbP4A3xhrp00wgmLgyZYSNLEjcuMZFLhJF0Sgca2s7QdkzIhLdw40Jj3Po27nwbC8xCwT9p8uU/56Tn/EHMmTau++3kNja3tnfyu4W9/YPDo+LxSUtHiSK0SSIeqU6ANeVM0qZhhtNOrCgWAaftYHwzr7efqNIskvdmGlNf4KFkISPYWOuh3H7sieQKTcr9YsmtuAuhdfAyKEGmRr/41RtEJBFUGsKx1l3PjY2fYmUY4XRW6CWaxpiM8ZB2LUosqPbTxcYzdGGdAQojZZ80aOH+nkix0HoqAtspsBnp1drc/K/WTUxY81Mm48RQSZYfhQlHJkLz89GAKUoMn1rARDG7KyIjrDAxNqSCDcFbPXkdWtWKZ/muWqrXsjjycAbncAkeXEMdbqEBTSAg4Rle4c3Rzovz7nwsW3NONnMKf+R8/gAHH4/K</latexit><latexit sha1_base64="wnr/a64Fbqab4f7wFtVkxx8iPLs=">AAAB8XicbZDLTgIxFIbP4A3xhrp00wgmLgyZYSNLEjcuMZFLhJF0Sgca2s7QdkzIhLdw40Jj3Po27nwbC8xCwT9p8uU/56Tn/EHMmTau++3kNja3tnfyu4W9/YPDo+LxSUtHiSK0SSIeqU6ANeVM0qZhhtNOrCgWAaftYHwzr7efqNIskvdmGlNf4KFkISPYWOuh3H7sieQKTcr9YsmtuAuhdfAyKEGmRr/41RtEJBFUGsKx1l3PjY2fYmUY4XRW6CWaxpiM8ZB2LUosqPbTxcYzdGGdAQojZZ80aOH+nkix0HoqAtspsBnp1drc/K/WTUxY81Mm48RQSZYfhQlHJkLz89GAKUoMn1rARDG7KyIjrDAxNqSCDcFbPXkdWtWKZ/muWqrXsjjycAbncAkeXEMdbqEBTSAg4Rle4c3Rzovz7nwsW3NONnMKf+R8/gAHH4/K</latexit><latexit sha1_base64="wnr/a64Fbqab4f7wFtVkxx8iPLs=">AAAB8XicbZDLTgIxFIbP4A3xhrp00wgmLgyZYSNLEjcuMZFLhJF0Sgca2s7QdkzIhLdw40Jj3Po27nwbC8xCwT9p8uU/56Tn/EHMmTau++3kNja3tnfyu4W9/YPDo+LxSUtHiSK0SSIeqU6ANeVM0qZhhtNOrCgWAaftYHwzr7efqNIskvdmGlNf4KFkISPYWOuh3H7sieQKTcr9YsmtuAuhdfAyKEGmRr/41RtEJBFUGsKx1l3PjY2fYmUY4XRW6CWaxpiM8ZB2LUosqPbTxcYzdGGdAQojZZ80aOH+nkix0HoqAtspsBnp1drc/K/WTUxY81Mm48RQSZYfhQlHJkLz89GAKUoMn1rARDG7KyIjrDAxNqSCDcFbPXkdWtWKZ/muWqrXsjjycAbncAkeXEMdbqEBTSAg4Rle4c3Rzovz7nwsW3NONnMKf+R8/gAHH4/K</latexit><latexit sha1_base64="wnr/a64Fbqab4f7wFtVkxx8iPLs=">AAAB8XicbZDLTgIxFIbP4A3xhrp00wgmLgyZYSNLEjcuMZFLhJF0Sgca2s7QdkzIhLdw40Jj3Po27nwbC8xCwT9p8uU/56Tn/EHMmTau++3kNja3tnfyu4W9/YPDo+LxSUtHiSK0SSIeqU6ANeVM0qZhhtNOrCgWAaftYHwzr7efqNIskvdmGlNf4KFkISPYWOuh3H7sieQKTcr9YsmtuAuhdfAyKEGmRr/41RtEJBFUGsKx1l3PjY2fYmUY4XRW6CWaxpiM8ZB2LUosqPbTxcYzdGGdAQojZZ80aOH+nkix0HoqAtspsBnp1drc/K/WTUxY81Mm48RQSZYfhQlHJkLz89GAKUoMn1rARDG7KyIjrDAxNqSCDcFbPXkdWtWKZ/muWqrXsjjycAbncAkeXEMdbqEBTSAg4Rle4c3Rzovz7nwsW3NONnMKf+R8/gAHH4/K</latexit>

|qphysicali = m p
m2
 +✏2

|qelementaryi+ ✏p
m2
 +✏2

| i
<latexit sha1_base64="/aP49IzIiJXlZvSt98UgMEChJS0="></latexit><latexit sha1_base64="/aP49IzIiJXlZvSt98UgMEChJS0="></latexit><latexit sha1_base64="/aP49IzIiJXlZvSt98UgMEChJS0="></latexit><latexit sha1_base64="/aP49IzIiJXlZvSt98UgMEChJS0="></latexit>
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• Higgs and DM as approximate Goldstone bosons, like SM pions 

•  Fermion masses 

• “RS-GIM” flavor protection: FCNCs suppressed by small mixings

Elementary     
     fields

Agashe, Contino, 
Pomarol 2004

⇢µ, m⇢, ⇠ g⇤f

⇠ gg⇤f2Wµ⇢µ
H,�, . . .

Frigerio, Nardecchia,  
Serra, Vecchi 2018

⇠ ✏ q  
<latexit sha1_base64="tSwciHXsEBMRUTDfM1vVMXJvBeE=">AAACDXicbVA7T8MwGHTKq5RXgJHFokViqKqkCx0rsTAWiT6kpqoc12mt+hFsB6mK+gdY+CssDCDEys7Gv8FpM0DLSZZOd/fZ/i6MGdXG876dwsbm1vZOcbe0t39weOQen3S0TBQmbSyZVL0QacKoIG1DDSO9WBHEQ0a64fQ687sPRGkqxZ2ZxWTA0VjQiGJkrDR0K5VAUw4DEmvKpAiqMJA2n12X3s+DamD1ytAtezVvAbhO/JyUQY7W0P0KRhInnAiDGdK673uxGaRIGYoZmZeCRJMY4Skak76lAnGiB+limzm8sMoIRlLZIwxcqL8nUsS1nvHQJjkyE73qZeJ/Xj8xUWOQUhEnhgi8fChKGDQSZtXAEVUEGzazBGFF7V8hniCFsLEFlmwJ/urK66RTr/mW39bLzUZeRxGcgXNwCXxwBZrgBrRAG2DwCJ7BK3hznpwX5935WEYLTj5zCv7A+fwB6tabaw==</latexit><latexit sha1_base64="tSwciHXsEBMRUTDfM1vVMXJvBeE=">AAACDXicbVA7T8MwGHTKq5RXgJHFokViqKqkCx0rsTAWiT6kpqoc12mt+hFsB6mK+gdY+CssDCDEys7Gv8FpM0DLSZZOd/fZ/i6MGdXG876dwsbm1vZOcbe0t39weOQen3S0TBQmbSyZVL0QacKoIG1DDSO9WBHEQ0a64fQ687sPRGkqxZ2ZxWTA0VjQiGJkrDR0K5VAUw4DEmvKpAiqMJA2n12X3s+DamD1ytAtezVvAbhO/JyUQY7W0P0KRhInnAiDGdK673uxGaRIGYoZmZeCRJMY4Skak76lAnGiB+limzm8sMoIRlLZIwxcqL8nUsS1nvHQJjkyE73qZeJ/Xj8xUWOQUhEnhgi8fChKGDQSZtXAEVUEGzazBGFF7V8hniCFsLEFlmwJ/urK66RTr/mW39bLzUZeRxGcgXNwCXxwBZrgBrRAG2DwCJ7BK3hznpwX5935WEYLTj5zCv7A+fwB6tabaw==</latexit><latexit sha1_base64="tSwciHXsEBMRUTDfM1vVMXJvBeE=">AAACDXicbVA7T8MwGHTKq5RXgJHFokViqKqkCx0rsTAWiT6kpqoc12mt+hFsB6mK+gdY+CssDCDEys7Gv8FpM0DLSZZOd/fZ/i6MGdXG876dwsbm1vZOcbe0t39weOQen3S0TBQmbSyZVL0QacKoIG1DDSO9WBHEQ0a64fQ687sPRGkqxZ2ZxWTA0VjQiGJkrDR0K5VAUw4DEmvKpAiqMJA2n12X3s+DamD1ytAtezVvAbhO/JyUQY7W0P0KRhInnAiDGdK673uxGaRIGYoZmZeCRJMY4Skak76lAnGiB+limzm8sMoIRlLZIwxcqL8nUsS1nvHQJjkyE73qZeJ/Xj8xUWOQUhEnhgi8fChKGDQSZtXAEVUEGzazBGFF7V8hniCFsLEFlmwJ/urK66RTr/mW39bLzUZeRxGcgXNwCXxwBZrgBrRAG2DwCJ7BK3hznpwX5935WEYLTj5zCv7A+fwB6tabaw==</latexit><latexit sha1_base64="tSwciHXsEBMRUTDfM1vVMXJvBeE=">AAACDXicbVA7T8MwGHTKq5RXgJHFokViqKqkCx0rsTAWiT6kpqoc12mt+hFsB6mK+gdY+CssDCDEys7Gv8FpM0DLSZZOd/fZ/i6MGdXG876dwsbm1vZOcbe0t39weOQen3S0TBQmbSyZVL0QacKoIG1DDSO9WBHEQ0a64fQ687sPRGkqxZ2ZxWTA0VjQiGJkrDR0K5VAUw4DEmvKpAiqMJA2n12X3s+DamD1ytAtezVvAbhO/JyUQY7W0P0KRhInnAiDGdK673uxGaRIGYoZmZeCRJMY4Skak76lAnGiB+limzm8sMoIRlLZIwxcqL8nUsS1nvHQJjkyE73qZeJ/Xj8xUWOQUhEnhgi8fChKGDQSZtXAEVUEGzazBGFF7V8hniCFsLEFlmwJ/urK66RTr/mW39bLzUZeRxGcgXNwCXxwBZrgBrRAG2DwCJ7BK3hznpwX5935WEYLTj5zCv7A+fwB6tabaw==</latexit>

Wµ, q
<latexit sha1_base64="wnr/a64Fbqab4f7wFtVkxx8iPLs=">AAAB8XicbZDLTgIxFIbP4A3xhrp00wgmLgyZYSNLEjcuMZFLhJF0Sgca2s7QdkzIhLdw40Jj3Po27nwbC8xCwT9p8uU/56Tn/EHMmTau++3kNja3tnfyu4W9/YPDo+LxSUtHiSK0SSIeqU6ANeVM0qZhhtNOrCgWAaftYHwzr7efqNIskvdmGlNf4KFkISPYWOuh3H7sieQKTcr9YsmtuAuhdfAyKEGmRr/41RtEJBFUGsKx1l3PjY2fYmUY4XRW6CWaxpiM8ZB2LUosqPbTxcYzdGGdAQojZZ80aOH+nkix0HoqAtspsBnp1drc/K/WTUxY81Mm48RQSZYfhQlHJkLz89GAKUoMn1rARDG7KyIjrDAxNqSCDcFbPXkdWtWKZ/muWqrXsjjycAbncAkeXEMdbqEBTSAg4Rle4c3Rzovz7nwsW3NONnMKf+R8/gAHH4/K</latexit><latexit sha1_base64="wnr/a64Fbqab4f7wFtVkxx8iPLs=">AAAB8XicbZDLTgIxFIbP4A3xhrp00wgmLgyZYSNLEjcuMZFLhJF0Sgca2s7QdkzIhLdw40Jj3Po27nwbC8xCwT9p8uU/56Tn/EHMmTau++3kNja3tnfyu4W9/YPDo+LxSUtHiSK0SSIeqU6ANeVM0qZhhtNOrCgWAaftYHwzr7efqNIskvdmGlNf4KFkISPYWOuh3H7sieQKTcr9YsmtuAuhdfAyKEGmRr/41RtEJBFUGsKx1l3PjY2fYmUY4XRW6CWaxpiM8ZB2LUosqPbTxcYzdGGdAQojZZ80aOH+nkix0HoqAtspsBnp1drc/K/WTUxY81Mm48RQSZYfhQlHJkLz89GAKUoMn1rARDG7KyIjrDAxNqSCDcFbPXkdWtWKZ/muWqrXsjjycAbncAkeXEMdbqEBTSAg4Rle4c3Rzovz7nwsW3NONnMKf+R8/gAHH4/K</latexit><latexit sha1_base64="wnr/a64Fbqab4f7wFtVkxx8iPLs=">AAAB8XicbZDLTgIxFIbP4A3xhrp00wgmLgyZYSNLEjcuMZFLhJF0Sgca2s7QdkzIhLdw40Jj3Po27nwbC8xCwT9p8uU/56Tn/EHMmTau++3kNja3tnfyu4W9/YPDo+LxSUtHiSK0SSIeqU6ANeVM0qZhhtNOrCgWAaftYHwzr7efqNIskvdmGlNf4KFkISPYWOuh3H7sieQKTcr9YsmtuAuhdfAyKEGmRr/41RtEJBFUGsKx1l3PjY2fYmUY4XRW6CWaxpiM8ZB2LUosqPbTxcYzdGGdAQojZZ80aOH+nkix0HoqAtspsBnp1drc/K/WTUxY81Mm48RQSZYfhQlHJkLz89GAKUoMn1rARDG7KyIjrDAxNqSCDcFbPXkdWtWKZ/muWqrXsjjycAbncAkeXEMdbqEBTSAg4Rle4c3Rzovz7nwsW3NONnMKf+R8/gAHH4/K</latexit><latexit sha1_base64="wnr/a64Fbqab4f7wFtVkxx8iPLs=">AAAB8XicbZDLTgIxFIbP4A3xhrp00wgmLgyZYSNLEjcuMZFLhJF0Sgca2s7QdkzIhLdw40Jj3Po27nwbC8xCwT9p8uU/56Tn/EHMmTau++3kNja3tnfyu4W9/YPDo+LxSUtHiSK0SSIeqU6ANeVM0qZhhtNOrCgWAaftYHwzr7efqNIskvdmGlNf4KFkISPYWOuh3H7sieQKTcr9YsmtuAuhdfAyKEGmRr/41RtEJBFUGsKx1l3PjY2fYmUY4XRW6CWaxpiM8ZB2LUosqPbTxcYzdGGdAQojZZ80aOH+nkix0HoqAtspsBnp1drc/K/WTUxY81Mm48RQSZYfhQlHJkLz89GAKUoMn1rARDG7KyIjrDAxNqSCDcFbPXkdWtWKZ/muWqrXsjjycAbncAkeXEMdbqEBTSAg4Rle4c3Rzovz7nwsW3NONnMKf+R8/gAHH4/K</latexit>

Strongly  
interacting  

sector

mq ⇠ g⇤
✏L
m 

✏R
m 0

v
<latexit sha1_base64="l0i/WACIRe29Dnym2Pt9tpk2rAI="></latexit><latexit sha1_base64="l0i/WACIRe29Dnym2Pt9tpk2rAI="></latexit><latexit sha1_base64="l0i/WACIRe29Dnym2Pt9tpk2rAI="></latexit><latexit sha1_base64="l0i/WACIRe29Dnym2Pt9tpk2rAI="></latexit>
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(some tension remains, Kaon mixing and neutron EDM)

 
<latexit sha1_base64="B7GvcHoaqmGwV5iTcgw2U2aotIg=">AAAB7XicbZDLSgMxFIbP1Futt6pLN8FWcFVmiqDLghuXFewF2qFk0kwbm0lCkhHK0Hdw40IRt76PO9/GtJ2Ftv4Q+PjPOeScP1KcGev7315hY3Nre6e4W9rbPzg8Kh+ftI1MNaEtIrnU3QgbypmgLcssp12lKU4iTjvR5HZe7zxRbZgUD3aqaJjgkWAxI9g6q13tK8Oqg3LFr/kLoXUIcqhAruag/NUfSpImVFjCsTG9wFc2zLC2jHA6K/VTQxUmEzyiPYcCJ9SE2WLbGbpwzhDFUrsnLFq4vycynBgzTSLXmWA7Nqu1uflfrZfa+CbMmFCppYIsP4pTjqxE89PRkGlKLJ86wEQztysiY6wxsS6gkgshWD15Hdr1WuD4vl5pXOVxFOEMzuESAriGBtxBE1pA4BGe4RXePOm9eO/ex7K14OUzp/BH3ucP2L2Olg==</latexit><latexit sha1_base64="B7GvcHoaqmGwV5iTcgw2U2aotIg=">AAAB7XicbZDLSgMxFIbP1Futt6pLN8FWcFVmiqDLghuXFewF2qFk0kwbm0lCkhHK0Hdw40IRt76PO9/GtJ2Ftv4Q+PjPOeScP1KcGev7315hY3Nre6e4W9rbPzg8Kh+ftI1MNaEtIrnU3QgbypmgLcssp12lKU4iTjvR5HZe7zxRbZgUD3aqaJjgkWAxI9g6q13tK8Oqg3LFr/kLoXUIcqhAruag/NUfSpImVFjCsTG9wFc2zLC2jHA6K/VTQxUmEzyiPYcCJ9SE2WLbGbpwzhDFUrsnLFq4vycynBgzTSLXmWA7Nqu1uflfrZfa+CbMmFCppYIsP4pTjqxE89PRkGlKLJ86wEQztysiY6wxsS6gkgshWD15Hdr1WuD4vl5pXOVxFOEMzuESAriGBtxBE1pA4BGe4RXePOm9eO/ex7K14OUzp/BH3ucP2L2Olg==</latexit><latexit sha1_base64="B7GvcHoaqmGwV5iTcgw2U2aotIg=">AAAB7XicbZDLSgMxFIbP1Futt6pLN8FWcFVmiqDLghuXFewF2qFk0kwbm0lCkhHK0Hdw40IRt76PO9/GtJ2Ftv4Q+PjPOeScP1KcGev7315hY3Nre6e4W9rbPzg8Kh+ftI1MNaEtIrnU3QgbypmgLcssp12lKU4iTjvR5HZe7zxRbZgUD3aqaJjgkWAxI9g6q13tK8Oqg3LFr/kLoXUIcqhAruag/NUfSpImVFjCsTG9wFc2zLC2jHA6K/VTQxUmEzyiPYcCJ9SE2WLbGbpwzhDFUrsnLFq4vycynBgzTSLXmWA7Nqu1uflfrZfa+CbMmFCppYIsP4pTjqxE89PRkGlKLJ86wEQztysiY6wxsS6gkgshWD15Hdr1WuD4vl5pXOVxFOEMzuESAriGBtxBE1pA4BGe4RXePOm9eO/ex7K14OUzp/BH3ucP2L2Olg==</latexit><latexit sha1_base64="B7GvcHoaqmGwV5iTcgw2U2aotIg=">AAAB7XicbZDLSgMxFIbP1Futt6pLN8FWcFVmiqDLghuXFewF2qFk0kwbm0lCkhHK0Hdw40IRt76PO9/GtJ2Ftv4Q+PjPOeScP1KcGev7315hY3Nre6e4W9rbPzg8Kh+ftI1MNaEtIrnU3QgbypmgLcssp12lKU4iTjvR5HZe7zxRbZgUD3aqaJjgkWAxI9g6q13tK8Oqg3LFr/kLoXUIcqhAruag/NUfSpImVFjCsTG9wFc2zLC2jHA6K/VTQxUmEzyiPYcCJ9SE2WLbGbpwzhDFUrsnLFq4vycynBgzTSLXmWA7Nqu1uflfrZfa+CbMmFCppYIsP4pTjqxE89PRkGlKLJ86wEQztysiY6wxsS6gkgshWD15Hdr1WuD4vl5pXOVxFOEMzuESAriGBtxBE1pA4BGe4RXePOm9eO/ex7K14OUzp/BH3ucP2L2Olg==</latexit>

 0
<latexit sha1_base64="lgNxXhnEuVgmWdIqzoxiNxHbDGk=">AAAB9HicbZDLSgMxFIYz9VbrrerSzWAruCozRdBlwY3LCvYCnbFk0jNtaJKJSaZQhj6HGxeKuPVh3Pk2pu0stPWHwMd/zuGc/JFkVBvP+3YKG5tb2zvF3dLe/sHhUfn4pK2TVBFokYQlqhthDYwKaBlqGHSlAswjBp1ofDuvdyagNE3Eg5lKCDkeChpTgo21wmogNX0MpKIcqv1yxat5C7nr4OdQQbma/fJXMEhIykEYwrDWPd+TJsywMpQwmJWCVIPEZIyH0LMoMAcdZoujZ+6FdQZunCj7hHEX7u+JDHOtpzyynRybkV6tzc3/ar3UxDdhRoVMDQiyXBSnzDWJO0/AHVAFxLCpBUwUtbe6ZIQVJsbmVLIh+KtfXod2veZbvq9XGld5HEV0hs7RJfLRNWqgO9RELUTQE3pGr+jNmTgvzrvzsWwtOPnMKfoj5/MHQV+Rsw==</latexit><latexit sha1_base64="lgNxXhnEuVgmWdIqzoxiNxHbDGk=">AAAB9HicbZDLSgMxFIYz9VbrrerSzWAruCozRdBlwY3LCvYCnbFk0jNtaJKJSaZQhj6HGxeKuPVh3Pk2pu0stPWHwMd/zuGc/JFkVBvP+3YKG5tb2zvF3dLe/sHhUfn4pK2TVBFokYQlqhthDYwKaBlqGHSlAswjBp1ofDuvdyagNE3Eg5lKCDkeChpTgo21wmogNX0MpKIcqv1yxat5C7nr4OdQQbma/fJXMEhIykEYwrDWPd+TJsywMpQwmJWCVIPEZIyH0LMoMAcdZoujZ+6FdQZunCj7hHEX7u+JDHOtpzyynRybkV6tzc3/ar3UxDdhRoVMDQiyXBSnzDWJO0/AHVAFxLCpBUwUtbe6ZIQVJsbmVLIh+KtfXod2veZbvq9XGld5HEV0hs7RJfLRNWqgO9RELUTQE3pGr+jNmTgvzrvzsWwtOPnMKfoj5/MHQV+Rsw==</latexit><latexit sha1_base64="lgNxXhnEuVgmWdIqzoxiNxHbDGk=">AAAB9HicbZDLSgMxFIYz9VbrrerSzWAruCozRdBlwY3LCvYCnbFk0jNtaJKJSaZQhj6HGxeKuPVh3Pk2pu0stPWHwMd/zuGc/JFkVBvP+3YKG5tb2zvF3dLe/sHhUfn4pK2TVBFokYQlqhthDYwKaBlqGHSlAswjBp1ofDuvdyagNE3Eg5lKCDkeChpTgo21wmogNX0MpKIcqv1yxat5C7nr4OdQQbma/fJXMEhIykEYwrDWPd+TJsywMpQwmJWCVIPEZIyH0LMoMAcdZoujZ+6FdQZunCj7hHEX7u+JDHOtpzyynRybkV6tzc3/ar3UxDdhRoVMDQiyXBSnzDWJO0/AHVAFxLCpBUwUtbe6ZIQVJsbmVLIh+KtfXod2veZbvq9XGld5HEV0hs7RJfLRNWqgO9RELUTQE3pGr+jNmTgvzrvzsWwtOPnMKfoj5/MHQV+Rsw==</latexit><latexit sha1_base64="lgNxXhnEuVgmWdIqzoxiNxHbDGk=">AAAB9HicbZDLSgMxFIYz9VbrrerSzWAruCozRdBlwY3LCvYCnbFk0jNtaJKJSaZQhj6HGxeKuPVh3Pk2pu0stPWHwMd/zuGc/JFkVBvP+3YKG5tb2zvF3dLe/sHhUfn4pK2TVBFokYQlqhthDYwKaBlqGHSlAswjBp1ofDuvdyagNE3Eg5lKCDkeChpTgo21wmogNX0MpKIcqv1yxat5C7nr4OdQQbma/fJXMEhIykEYwrDWPd+TJsywMpQwmJWCVIPEZIyH0LMoMAcdZoujZ+6FdQZunCj7hHEX7u+JDHOtpzyynRybkV6tzc3/ar3UxDdhRoVMDQiyXBSnzDWJO0/AHVAFxLCpBUwUtbe6ZIQVJsbmVLIh+KtfXod2veZbvq9XGld5HEV0hs7RJfLRNWqgO9RELUTQE3pGr+jNmTgvzrvzsWwtOPnMKfoj5/MHQV+Rsw==</latexit>

H
<latexit sha1_base64="LB3LM81rOBbBMMBVdjVk6/9yIAo=">AAAB6nicbZBNSwMxEIZn61etX1WPXoKt4KnsFkGPBS89VrS10C4lm862odnskmSFsvQnePGgiFd/kTf/jWm7B219IfDwzgyZeYNEcG1c99spbGxube8Ud0t7+weHR+Xjk46OU8WwzWIRq25ANQousW24EdhNFNIoEPgYTG7n9ccnVJrH8sFME/QjOpI85Iwaa91Xm9VBueLW3IXIOng5VCBXa1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPoqQRaj9brDojF9YZkjBW9klDFu7viYxGWk+jwHZG1Iz1am1u/lfrpSa88TMuk9SgZMuPwlQQE5P53WTIFTIjphYoU9zuStiYKsqMTadkQ/BWT16HTr3mWb6rVxpXeRxFOINzuAQPrqEBTWhBGxiM4Ble4c0Rzovz7nwsWwtOPnMKf+R8/gBQLo0Y</latexit><latexit sha1_base64="LB3LM81rOBbBMMBVdjVk6/9yIAo=">AAAB6nicbZBNSwMxEIZn61etX1WPXoKt4KnsFkGPBS89VrS10C4lm862odnskmSFsvQnePGgiFd/kTf/jWm7B219IfDwzgyZeYNEcG1c99spbGxube8Ud0t7+weHR+Xjk46OU8WwzWIRq25ANQousW24EdhNFNIoEPgYTG7n9ccnVJrH8sFME/QjOpI85Iwaa91Xm9VBueLW3IXIOng5VCBXa1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPoqQRaj9brDojF9YZkjBW9klDFu7viYxGWk+jwHZG1Iz1am1u/lfrpSa88TMuk9SgZMuPwlQQE5P53WTIFTIjphYoU9zuStiYKsqMTadkQ/BWT16HTr3mWb6rVxpXeRxFOINzuAQPrqEBTWhBGxiM4Ble4c0Rzovz7nwsWwtOPnMKf+R8/gBQLo0Y</latexit><latexit sha1_base64="LB3LM81rOBbBMMBVdjVk6/9yIAo=">AAAB6nicbZBNSwMxEIZn61etX1WPXoKt4KnsFkGPBS89VrS10C4lm862odnskmSFsvQnePGgiFd/kTf/jWm7B219IfDwzgyZeYNEcG1c99spbGxube8Ud0t7+weHR+Xjk46OU8WwzWIRq25ANQousW24EdhNFNIoEPgYTG7n9ccnVJrH8sFME/QjOpI85Iwaa91Xm9VBueLW3IXIOng5VCBXa1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPoqQRaj9brDojF9YZkjBW9klDFu7viYxGWk+jwHZG1Iz1am1u/lfrpSa88TMuk9SgZMuPwlQQE5P53WTIFTIjphYoU9zuStiYKsqMTadkQ/BWT16HTr3mWb6rVxpXeRxFOINzuAQPrqEBTWhBGxiM4Ble4c0Rzovz7nwsWwtOPnMKf+R8/gBQLo0Y</latexit><latexit sha1_base64="LB3LM81rOBbBMMBVdjVk6/9yIAo=">AAAB6nicbZBNSwMxEIZn61etX1WPXoKt4KnsFkGPBS89VrS10C4lm862odnskmSFsvQnePGgiFd/kTf/jWm7B219IfDwzgyZeYNEcG1c99spbGxube8Ud0t7+weHR+Xjk46OU8WwzWIRq25ANQousW24EdhNFNIoEPgYTG7n9ccnVJrH8sFME/QjOpI85Iwaa91Xm9VBueLW3IXIOng5VCBXa1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPoqQRaj9brDojF9YZkjBW9klDFu7viYxGWk+jwHZG1Iz1am1u/lfrpSa88TMuk9SgZMuPwlQQE5P53WTIFTIjphYoU9zuStiYKsqMTadkQ/BWT16HTr3mWb6rVxpXeRxFOINzuAQPrqEBTWhBGxiM4Ble4c0Rzovz7nwsWwtOPnMKf+R8/gBQLo0Y</latexit>

qL
<latexit sha1_base64="5LJr2Ml3Wi8iB7NU0coa0cy9lK4=">AAAB7HicbZA9SwNBEIbn4leMX1FLm8VEsAp3QdAyYGNhEcFLhOQIe5u5ZMne3rm7J4SQ32BjoYitP8jOf+MmuUITX1h4eGeGnXnDVHBtXPfbKaytb2xuFbdLO7t7+wflw6OWTjLF0GeJSNRDSDUKLtE33Ah8SBXSOBTYDkfXs3r7CZXmibw34xSDmA4kjzijxlp+9bF3W+2VK27NnYusgpdDBXI1e+Wvbj9hWYzSMEG17nhuaoIJVYYzgdNSN9OYUjaiA+xYlDRGHUzmy07JmXX6JEqUfdKQuft7YkJjrcdxaDtjaoZ6uTYz/6t1MhNdBRMu08ygZIuPokwQk5DZ5aTPFTIjxhYoU9zuStiQKsqMzadkQ/CWT16FVr3mWb6rVxoXeRxFOIFTOAcPLqEBN9AEHxhweIZXeHOk8+K8Ox+L1oKTzxzDHzmfP928jgA=</latexit><latexit sha1_base64="5LJr2Ml3Wi8iB7NU0coa0cy9lK4=">AAAB7HicbZA9SwNBEIbn4leMX1FLm8VEsAp3QdAyYGNhEcFLhOQIe5u5ZMne3rm7J4SQ32BjoYitP8jOf+MmuUITX1h4eGeGnXnDVHBtXPfbKaytb2xuFbdLO7t7+wflw6OWTjLF0GeJSNRDSDUKLtE33Ah8SBXSOBTYDkfXs3r7CZXmibw34xSDmA4kjzijxlp+9bF3W+2VK27NnYusgpdDBXI1e+Wvbj9hWYzSMEG17nhuaoIJVYYzgdNSN9OYUjaiA+xYlDRGHUzmy07JmXX6JEqUfdKQuft7YkJjrcdxaDtjaoZ6uTYz/6t1MhNdBRMu08ygZIuPokwQk5DZ5aTPFTIjxhYoU9zuStiQKsqMzadkQ/CWT16FVr3mWb6rVxoXeRxFOIFTOAcPLqEBN9AEHxhweIZXeHOk8+K8Ox+L1oKTzxzDHzmfP928jgA=</latexit><latexit sha1_base64="5LJr2Ml3Wi8iB7NU0coa0cy9lK4=">AAAB7HicbZA9SwNBEIbn4leMX1FLm8VEsAp3QdAyYGNhEcFLhOQIe5u5ZMne3rm7J4SQ32BjoYitP8jOf+MmuUITX1h4eGeGnXnDVHBtXPfbKaytb2xuFbdLO7t7+wflw6OWTjLF0GeJSNRDSDUKLtE33Ah8SBXSOBTYDkfXs3r7CZXmibw34xSDmA4kjzijxlp+9bF3W+2VK27NnYusgpdDBXI1e+Wvbj9hWYzSMEG17nhuaoIJVYYzgdNSN9OYUjaiA+xYlDRGHUzmy07JmXX6JEqUfdKQuft7YkJjrcdxaDtjaoZ6uTYz/6t1MhNdBRMu08ygZIuPokwQk5DZ5aTPFTIjxhYoU9zuStiQKsqMzadkQ/CWT16FVr3mWb6rVxoXeRxFOIFTOAcPLqEBN9AEHxhweIZXeHOk8+K8Ox+L1oKTzxzDHzmfP928jgA=</latexit><latexit sha1_base64="5LJr2Ml3Wi8iB7NU0coa0cy9lK4=">AAAB7HicbZA9SwNBEIbn4leMX1FLm8VEsAp3QdAyYGNhEcFLhOQIe5u5ZMne3rm7J4SQ32BjoYitP8jOf+MmuUITX1h4eGeGnXnDVHBtXPfbKaytb2xuFbdLO7t7+wflw6OWTjLF0GeJSNRDSDUKLtE33Ah8SBXSOBTYDkfXs3r7CZXmibw34xSDmA4kjzijxlp+9bF3W+2VK27NnYusgpdDBXI1e+Wvbj9hWYzSMEG17nhuaoIJVYYzgdNSN9OYUjaiA+xYlDRGHUzmy07JmXX6JEqUfdKQuft7YkJjrcdxaDtjaoZ6uTYz/6t1MhNdBRMu08ygZIuPokwQk5DZ5aTPFTIjxhYoU9zuStiQKsqMzadkQ/CWT16FVr3mWb6rVxoXeRxFOIFTOAcPLqEBN9AEHxhweIZXeHOk8+K8Ox+L1oKTzxzDHzmfP928jgA=</latexit>

qR
<latexit sha1_base64="vnXLkuca1hgjltUuj1L0hxWxinE=">AAAB7HicbZBNSwMxEIZn61etX1WPXoKt4KnsFkGPBS8eq7it0C4lm07b0Gx2TbJCWfobvHhQxKs/yJv/xrTdg7a+EHh4Z4bMvGEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLos1jE6iGkGgWX6BtuBD4kCmkUCmyH4+tZvf2ESvNY3ptJgkFEh5IPOKPGWn71sXdX7ZUrbs2di6yCl0MFcjV75a9uP2ZphNIwQbXueG5igowqw5nAaambakwoG9MhdixKGqEOsvmyU3JmnT4ZxMo+acjc/T2R0UjrSRTazoiakV6uzcz/ap3UDK6CjMskNSjZ4qNBKoiJyexy0ucKmRETC5QpbnclbEQVZcbmU7IheMsnr0KrXvMs39YrjYs8jiKcwCmcgweX0IAbaIIPDDg8wyu8OdJ5cd6dj0VrwclnjuGPnM8f5tqOBg==</latexit><latexit sha1_base64="vnXLkuca1hgjltUuj1L0hxWxinE=">AAAB7HicbZBNSwMxEIZn61etX1WPXoKt4KnsFkGPBS8eq7it0C4lm07b0Gx2TbJCWfobvHhQxKs/yJv/xrTdg7a+EHh4Z4bMvGEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLos1jE6iGkGgWX6BtuBD4kCmkUCmyH4+tZvf2ESvNY3ptJgkFEh5IPOKPGWn71sXdX7ZUrbs2di6yCl0MFcjV75a9uP2ZphNIwQbXueG5igowqw5nAaambakwoG9MhdixKGqEOsvmyU3JmnT4ZxMo+acjc/T2R0UjrSRTazoiakV6uzcz/ap3UDK6CjMskNSjZ4qNBKoiJyexy0ucKmRETC5QpbnclbEQVZcbmU7IheMsnr0KrXvMs39YrjYs8jiKcwCmcgweX0IAbaIIPDDg8wyu8OdJ5cd6dj0VrwclnjuGPnM8f5tqOBg==</latexit><latexit sha1_base64="vnXLkuca1hgjltUuj1L0hxWxinE=">AAAB7HicbZBNSwMxEIZn61etX1WPXoKt4KnsFkGPBS8eq7it0C4lm07b0Gx2TbJCWfobvHhQxKs/yJv/xrTdg7a+EHh4Z4bMvGEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLos1jE6iGkGgWX6BtuBD4kCmkUCmyH4+tZvf2ESvNY3ptJgkFEh5IPOKPGWn71sXdX7ZUrbs2di6yCl0MFcjV75a9uP2ZphNIwQbXueG5igowqw5nAaambakwoG9MhdixKGqEOsvmyU3JmnT4ZxMo+acjc/T2R0UjrSRTazoiakV6uzcz/ap3UDK6CjMskNSjZ4qNBKoiJyexy0ucKmRETC5QpbnclbEQVZcbmU7IheMsnr0KrXvMs39YrjYs8jiKcwCmcgweX0IAbaIIPDDg8wyu8OdJ5cd6dj0VrwclnjuGPnM8f5tqOBg==</latexit><latexit sha1_base64="vnXLkuca1hgjltUuj1L0hxWxinE=">AAAB7HicbZBNSwMxEIZn61etX1WPXoKt4KnsFkGPBS8eq7it0C4lm07b0Gx2TbJCWfobvHhQxKs/yJv/xrTdg7a+EHh4Z4bMvGEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLos1jE6iGkGgWX6BtuBD4kCmkUCmyH4+tZvf2ESvNY3ptJgkFEh5IPOKPGWn71sXdX7ZUrbs2di6yCl0MFcjV75a9uP2ZphNIwQbXueG5igowqw5nAaambakwoG9MhdixKGqEOsvmyU3JmnT4ZxMo+acjc/T2R0UjrSRTazoiakV6uzcz/ap3UDK6CjMskNSjZ4qNBKoiJyexy0ucKmRETC5QpbnclbEQVZcbmU7IheMsnr0KrXvMs39YrjYs8jiKcwCmcgweX0IAbaIIPDDg8wyu8OdJ5cd6dj0VrwclnjuGPnM8f5tqOBg==</latexit>

g⇤
<latexit sha1_base64="Vp6LsYhcRSxpMn7KZpe+QbL7Xdk=">AAAB73icbZA9SwNBEIbn4leMX1FLm8VEsJBwl0bLgI1lBPMByRH2NnvJkr29c3dOCEf+hI2FIrb+HTv/jZvkCk18YeHhnRl25g0SKQy67rdT2Njc2t4p7pb29g8Oj8rHJ20Tp5rxFotlrLsBNVwKxVsoUPJuojmNAsk7weR2Xu88cW1ErB5wmnA/oiMlQsEoWqtbHQ361GB1UK64NXchsg5eDhXI1RyUv/rDmKURV8gkNabnuQn6GdUomOSzUj81PKFsQke8Z1HRiBs/W+w7IxfWGZIw1vYpJAv390RGI2OmUWA7I4pjs1qbm//VeimGN34mVJIiV2z5UZhKgjGZH0+GQnOGcmqBMi3sroSNqaYMbUQlG4K3evI6tOs1z/J9vdK4yuMowhmcwyV4cA0NuIMmtICBhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx9KxI9k</latexit><latexit sha1_base64="Vp6LsYhcRSxpMn7KZpe+QbL7Xdk=">AAAB73icbZA9SwNBEIbn4leMX1FLm8VEsJBwl0bLgI1lBPMByRH2NnvJkr29c3dOCEf+hI2FIrb+HTv/jZvkCk18YeHhnRl25g0SKQy67rdT2Njc2t4p7pb29g8Oj8rHJ20Tp5rxFotlrLsBNVwKxVsoUPJuojmNAsk7weR2Xu88cW1ErB5wmnA/oiMlQsEoWqtbHQ361GB1UK64NXchsg5eDhXI1RyUv/rDmKURV8gkNabnuQn6GdUomOSzUj81PKFsQke8Z1HRiBs/W+w7IxfWGZIw1vYpJAv390RGI2OmUWA7I4pjs1qbm//VeimGN34mVJIiV2z5UZhKgjGZH0+GQnOGcmqBMi3sroSNqaYMbUQlG4K3evI6tOs1z/J9vdK4yuMowhmcwyV4cA0NuIMmtICBhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx9KxI9k</latexit><latexit sha1_base64="Vp6LsYhcRSxpMn7KZpe+QbL7Xdk=">AAAB73icbZA9SwNBEIbn4leMX1FLm8VEsJBwl0bLgI1lBPMByRH2NnvJkr29c3dOCEf+hI2FIrb+HTv/jZvkCk18YeHhnRl25g0SKQy67rdT2Njc2t4p7pb29g8Oj8rHJ20Tp5rxFotlrLsBNVwKxVsoUPJuojmNAsk7weR2Xu88cW1ErB5wmnA/oiMlQsEoWqtbHQ361GB1UK64NXchsg5eDhXI1RyUv/rDmKURV8gkNabnuQn6GdUomOSzUj81PKFsQke8Z1HRiBs/W+w7IxfWGZIw1vYpJAv390RGI2OmUWA7I4pjs1qbm//VeimGN34mVJIiV2z5UZhKgjGZH0+GQnOGcmqBMi3sroSNqaYMbUQlG4K3evI6tOs1z/J9vdK4yuMowhmcwyV4cA0NuIMmtICBhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx9KxI9k</latexit><latexit sha1_base64="Vp6LsYhcRSxpMn7KZpe+QbL7Xdk=">AAAB73icbZA9SwNBEIbn4leMX1FLm8VEsJBwl0bLgI1lBPMByRH2NnvJkr29c3dOCEf+hI2FIrb+HTv/jZvkCk18YeHhnRl25g0SKQy67rdT2Njc2t4p7pb29g8Oj8rHJ20Tp5rxFotlrLsBNVwKxVsoUPJuojmNAsk7weR2Xu88cW1ErB5wmnA/oiMlQsEoWqtbHQ361GB1UK64NXchsg5eDhXI1RyUv/rDmKURV8gkNabnuQn6GdUomOSzUj81PKFsQke8Z1HRiBs/W+w7IxfWGZIw1vYpJAv390RGI2OmUWA7I4pjs1qbm//VeimGN34mVJIiV2z5UZhKgjGZH0+GQnOGcmqBMi3sroSNqaYMbUQlG4K3evI6tOs1z/J9vdK4yuMowhmcwyV4cA0NuIMmtICBhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx9KxI9k</latexit>

g⇤
<latexit sha1_base64="Vp6LsYhcRSxpMn7KZpe+QbL7Xdk=">AAAB73icbZA9SwNBEIbn4leMX1FLm8VEsJBwl0bLgI1lBPMByRH2NnvJkr29c3dOCEf+hI2FIrb+HTv/jZvkCk18YeHhnRl25g0SKQy67rdT2Njc2t4p7pb29g8Oj8rHJ20Tp5rxFotlrLsBNVwKxVsoUPJuojmNAsk7weR2Xu88cW1ErB5wmnA/oiMlQsEoWqtbHQ361GB1UK64NXchsg5eDhXI1RyUv/rDmKURV8gkNabnuQn6GdUomOSzUj81PKFsQke8Z1HRiBs/W+w7IxfWGZIw1vYpJAv390RGI2OmUWA7I4pjs1qbm//VeimGN34mVJIiV2z5UZhKgjGZH0+GQnOGcmqBMi3sroSNqaYMbUQlG4K3evI6tOs1z/J9vdK4yuMowhmcwyV4cA0NuIMmtICBhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx9KxI9k</latexit><latexit sha1_base64="Vp6LsYhcRSxpMn7KZpe+QbL7Xdk=">AAAB73icbZA9SwNBEIbn4leMX1FLm8VEsJBwl0bLgI1lBPMByRH2NnvJkr29c3dOCEf+hI2FIrb+HTv/jZvkCk18YeHhnRl25g0SKQy67rdT2Njc2t4p7pb29g8Oj8rHJ20Tp5rxFotlrLsBNVwKxVsoUPJuojmNAsk7weR2Xu88cW1ErB5wmnA/oiMlQsEoWqtbHQ361GB1UK64NXchsg5eDhXI1RyUv/rDmKURV8gkNabnuQn6GdUomOSzUj81PKFsQke8Z1HRiBs/W+w7IxfWGZIw1vYpJAv390RGI2OmUWA7I4pjs1qbm//VeimGN34mVJIiV2z5UZhKgjGZH0+GQnOGcmqBMi3sroSNqaYMbUQlG4K3evI6tOs1z/J9vdK4yuMowhmcwyV4cA0NuIMmtICBhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx9KxI9k</latexit><latexit sha1_base64="Vp6LsYhcRSxpMn7KZpe+QbL7Xdk=">AAAB73icbZA9SwNBEIbn4leMX1FLm8VEsJBwl0bLgI1lBPMByRH2NnvJkr29c3dOCEf+hI2FIrb+HTv/jZvkCk18YeHhnRl25g0SKQy67rdT2Njc2t4p7pb29g8Oj8rHJ20Tp5rxFotlrLsBNVwKxVsoUPJuojmNAsk7weR2Xu88cW1ErB5wmnA/oiMlQsEoWqtbHQ361GB1UK64NXchsg5eDhXI1RyUv/rDmKURV8gkNabnuQn6GdUomOSzUj81PKFsQke8Z1HRiBs/W+w7IxfWGZIw1vYpJAv390RGI2OmUWA7I4pjs1qbm//VeimGN34mVJIiV2z5UZhKgjGZH0+GQnOGcmqBMi3sroSNqaYMbUQlG4K3evI6tOs1z/J9vdK4yuMowhmcwyV4cA0NuIMmtICBhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx9KxI9k</latexit><latexit sha1_base64="Vp6LsYhcRSxpMn7KZpe+QbL7Xdk=">AAAB73icbZA9SwNBEIbn4leMX1FLm8VEsJBwl0bLgI1lBPMByRH2NnvJkr29c3dOCEf+hI2FIrb+HTv/jZvkCk18YeHhnRl25g0SKQy67rdT2Njc2t4p7pb29g8Oj8rHJ20Tp5rxFotlrLsBNVwKxVsoUPJuojmNAsk7weR2Xu88cW1ErB5wmnA/oiMlQsEoWqtbHQ361GB1UK64NXchsg5eDhXI1RyUv/rDmKURV8gkNabnuQn6GdUomOSzUj81PKFsQke8Z1HRiBs/W+w7IxfWGZIw1vYpJAv390RGI2OmUWA7I4pjs1qbm//VeimGN34mVJIiV2z5UZhKgjGZH0+GQnOGcmqBMi3sroSNqaYMbUQlG4K3evI6tOs1z/J9vdK4yuMowhmcwyV4cA0NuIMmtICBhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx9KxI9k</latexit>

13Framework: composite pNGB Higgs



Origin of DM stability?

•  Minimal realistic model                        , Higgs doublet as 4 GBs 

• Real scalar with parity, e.g. 

  

•  Complex scalar charged under U(1), e.g.

Gripaios et al. 2009,  
Frigerio et al. 2012 
Marzocca et al. 2014

SO(6)/SO(5) ! (H, ⌘) ⇠ 4+ 1
<latexit sha1_base64="xf1KK3eqcHemkFw6pigbpSpKmvw="></latexit><latexit sha1_base64="xf1KK3eqcHemkFw6pigbpSpKmvw="></latexit><latexit sha1_base64="xf1KK3eqcHemkFw6pigbpSpKmvw="></latexit><latexit sha1_base64="xf1KK3eqcHemkFw6pigbpSpKmvw="></latexit>

U(1)DM ⇢ SO(6)

SO(7)/SO(6) ! (H,�) ⇠ 4+ 1±
<latexit sha1_base64="2VU4RO933znU2CX0EIl8rszqcNg="></latexit><latexit sha1_base64="2VU4RO933znU2CX0EIl8rszqcNg="></latexit><latexit sha1_base64="2VU4RO933znU2CX0EIl8rszqcNg="></latexit><latexit sha1_base64="2VU4RO933znU2CX0EIl8rszqcNg="></latexit>

Balkin, Ruhdorfer,  
Salvioni, Weiler 2017

can be weakly gauged

SO(5)/SO(4)
<latexit sha1_base64="86vdjfXQkioLLtH/bxVd62koAuU=">AAAB9HicbZDLTgIxFIbP4A3xhrp00wgmsMEZgtEliRt3YpRLAhPSKR1o7HTGtkNCJjyHGxca49aHcefbWGAWCp6kzZf/Pyc9/b2IM6Vt+9vKrK1vbG5lt3M7u3v7B/nDo5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vcfrmd8eU6lYKB70JKJugIeC+YxgbSS3eH9buiifm7tWLvbzBbtizwutgpNCAdJq9PNfvUFI4oAKTThWquvYkXYTLDUjnE5zvVjRCJNHPKRdgwIHVLnJfOkpOjPKAPmhNEdoNFd/TyQ4UGoSeKYzwHqklr2Z+J/XjbV/5SZMRLGmgiwe8mOOdIhmCaABk5RoPjGAiWRmV0RGWGKiTU45E4Kz/OVVaFUrjuG7aqFeS+PIwgmcQgkcuIQ63EADmkDgCZ7hFd6ssfVivVsfi9aMlc4cw5+yPn8ALK+Psg==</latexit><latexit sha1_base64="86vdjfXQkioLLtH/bxVd62koAuU=">AAAB9HicbZDLTgIxFIbP4A3xhrp00wgmsMEZgtEliRt3YpRLAhPSKR1o7HTGtkNCJjyHGxca49aHcefbWGAWCp6kzZf/Pyc9/b2IM6Vt+9vKrK1vbG5lt3M7u3v7B/nDo5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vcfrmd8eU6lYKB70JKJugIeC+YxgbSS3eH9buiifm7tWLvbzBbtizwutgpNCAdJq9PNfvUFI4oAKTThWquvYkXYTLDUjnE5zvVjRCJNHPKRdgwIHVLnJfOkpOjPKAPmhNEdoNFd/TyQ4UGoSeKYzwHqklr2Z+J/XjbV/5SZMRLGmgiwe8mOOdIhmCaABk5RoPjGAiWRmV0RGWGKiTU45E4Kz/OVVaFUrjuG7aqFeS+PIwgmcQgkcuIQ63EADmkDgCZ7hFd6ssfVivVsfi9aMlc4cw5+yPn8ALK+Psg==</latexit><latexit sha1_base64="86vdjfXQkioLLtH/bxVd62koAuU=">AAAB9HicbZDLTgIxFIbP4A3xhrp00wgmsMEZgtEliRt3YpRLAhPSKR1o7HTGtkNCJjyHGxca49aHcefbWGAWCp6kzZf/Pyc9/b2IM6Vt+9vKrK1vbG5lt3M7u3v7B/nDo5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vcfrmd8eU6lYKB70JKJugIeC+YxgbSS3eH9buiifm7tWLvbzBbtizwutgpNCAdJq9PNfvUFI4oAKTThWquvYkXYTLDUjnE5zvVjRCJNHPKRdgwIHVLnJfOkpOjPKAPmhNEdoNFd/TyQ4UGoSeKYzwHqklr2Z+J/XjbV/5SZMRLGmgiwe8mOOdIhmCaABk5RoPjGAiWRmV0RGWGKiTU45E4Kz/OVVaFUrjuG7aqFeS+PIwgmcQgkcuIQ63EADmkDgCZ7hFd6ssfVivVsfi9aMlc4cw5+yPn8ALK+Psg==</latexit><latexit sha1_base64="86vdjfXQkioLLtH/bxVd62koAuU=">AAAB9HicbZDLTgIxFIbP4A3xhrp00wgmsMEZgtEliRt3YpRLAhPSKR1o7HTGtkNCJjyHGxca49aHcefbWGAWCp6kzZf/Pyc9/b2IM6Vt+9vKrK1vbG5lt3M7u3v7B/nDo5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vcfrmd8eU6lYKB70JKJugIeC+YxgbSS3eH9buiifm7tWLvbzBbtizwutgpNCAdJq9PNfvUFI4oAKTThWquvYkXYTLDUjnE5zvVjRCJNHPKRdgwIHVLnJfOkpOjPKAPmhNEdoNFd/TyQ4UGoSeKYzwHqklr2Z+J/XjbV/5SZMRLGmgiwe8mOOdIhmCaABk5RoPjGAiWRmV0RGWGKiTU45E4Kz/OVVaFUrjuG7aqFeS+PIwgmcQgkcuIQ63EADmkDgCZ7hFd6ssfVivVsfi9aMlc4cw5+yPn8ALK+Psg==</latexit>

Agashe, Contino,  
Pomarol 2004

� ! ei↵�
<latexit sha1_base64="/etMHGY6HU36plhfpw6DRKqKBvY="></latexit><latexit sha1_base64="/etMHGY6HU36plhfpw6DRKqKBvY="></latexit><latexit sha1_base64="/etMHGY6HU36plhfpw6DRKqKBvY="></latexit><latexit sha1_base64="/etMHGY6HU36plhfpw6DRKqKBvY="></latexit>
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Composite Higgs + DM
• Minimal realistic model is                         : Higgs doublet as 4 GBs

15

SO(5)/SO(4)
<latexit sha1_base64="86vdjfXQkioLLtH/bxVd62koAuU=">AAAB9HicbZDLTgIxFIbP4A3xhrp00wgmsMEZgtEliRt3YpRLAhPSKR1o7HTGtkNCJjyHGxca49aHcefbWGAWCp6kzZf/Pyc9/b2IM6Vt+9vKrK1vbG5lt3M7u3v7B/nDo5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vcfrmd8eU6lYKB70JKJugIeC+YxgbSS3eH9buiifm7tWLvbzBbtizwutgpNCAdJq9PNfvUFI4oAKTThWquvYkXYTLDUjnE5zvVjRCJNHPKRdgwIHVLnJfOkpOjPKAPmhNEdoNFd/TyQ4UGoSeKYzwHqklr2Z+J/XjbV/5SZMRLGmgiwe8mOOdIhmCaABk5RoPjGAiWRmV0RGWGKiTU45E4Kz/OVVaFUrjuG7aqFeS+PIwgmcQgkcuIQ63EADmkDgCZ7hFd6ssfVivVsfi9aMlc4cw5+yPn8ALK+Psg==</latexit><latexit sha1_base64="86vdjfXQkioLLtH/bxVd62koAuU=">AAAB9HicbZDLTgIxFIbP4A3xhrp00wgmsMEZgtEliRt3YpRLAhPSKR1o7HTGtkNCJjyHGxca49aHcefbWGAWCp6kzZf/Pyc9/b2IM6Vt+9vKrK1vbG5lt3M7u3v7B/nDo5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vcfrmd8eU6lYKB70JKJugIeC+YxgbSS3eH9buiifm7tWLvbzBbtizwutgpNCAdJq9PNfvUFI4oAKTThWquvYkXYTLDUjnE5zvVjRCJNHPKRdgwIHVLnJfOkpOjPKAPmhNEdoNFd/TyQ4UGoSeKYzwHqklr2Z+J/XjbV/5SZMRLGmgiwe8mOOdIhmCaABk5RoPjGAiWRmV0RGWGKiTU45E4Kz/OVVaFUrjuG7aqFeS+PIwgmcQgkcuIQ63EADmkDgCZ7hFd6ssfVivVsfi9aMlc4cw5+yPn8ALK+Psg==</latexit><latexit sha1_base64="86vdjfXQkioLLtH/bxVd62koAuU=">AAAB9HicbZDLTgIxFIbP4A3xhrp00wgmsMEZgtEliRt3YpRLAhPSKR1o7HTGtkNCJjyHGxca49aHcefbWGAWCp6kzZf/Pyc9/b2IM6Vt+9vKrK1vbG5lt3M7u3v7B/nDo5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vcfrmd8eU6lYKB70JKJugIeC+YxgbSS3eH9buiifm7tWLvbzBbtizwutgpNCAdJq9PNfvUFI4oAKTThWquvYkXYTLDUjnE5zvVjRCJNHPKRdgwIHVLnJfOkpOjPKAPmhNEdoNFd/TyQ4UGoSeKYzwHqklr2Z+J/XjbV/5SZMRLGmgiwe8mOOdIhmCaABk5RoPjGAiWRmV0RGWGKiTU45E4Kz/OVVaFUrjuG7aqFeS+PIwgmcQgkcuIQ63EADmkDgCZ7hFd6ssfVivVsfi9aMlc4cw5+yPn8ALK+Psg==</latexit><latexit sha1_base64="86vdjfXQkioLLtH/bxVd62koAuU=">AAAB9HicbZDLTgIxFIbP4A3xhrp00wgmsMEZgtEliRt3YpRLAhPSKR1o7HTGtkNCJjyHGxca49aHcefbWGAWCp6kzZf/Pyc9/b2IM6Vt+9vKrK1vbG5lt3M7u3v7B/nDo5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vcfrmd8eU6lYKB70JKJugIeC+YxgbSS3eH9buiifm7tWLvbzBbtizwutgpNCAdJq9PNfvUFI4oAKTThWquvYkXYTLDUjnE5zvVjRCJNHPKRdgwIHVLnJfOkpOjPKAPmhNEdoNFd/TyQ4UGoSeKYzwHqklr2Z+J/XjbV/5SZMRLGmgiwe8mOOdIhmCaABk5RoPjGAiWRmV0RGWGKiTU45E4Kz/OVVaFUrjuG7aqFeS+PIwgmcQgkcuIQ63EADmkDgCZ7hFd6ssfVivVsfi9aMlc4cw5+yPn8ALK+Psg==</latexit>

Agashe, Contino, Pomarol 2004



Composite Higgs + DM
• Minimal realistic model is                         : Higgs doublet as 4 GBs 

• To include DM, take                         :  6 real GBs, SO(7)/SO(6)
<latexit sha1_base64="yH2Em8ooTj4CVpF8Nor4Vu4rCN0=">AAACGHicbVDLSsNAFJ3UV62vqks3g1WwUGpSinVZcOPOilaFNspketMOnUzCzEQoIf8h7vRL3Ilbd36Ie6dpFr4OzHA4517u4XgRZ0rb9odVmJtfWFwqLpdWVtfWN8qbW1cqjCWFLg15KG88ooAzAV3NNIebSAIJPA7X3vhk6l/fg1QsFJd6EoEbkKFgPqNEG+l27+LsoFU9NP9RdQ/flSt23c6A/xInJxWUo3NX/uwPQhoHIDTlRKmeY0faTYjUjHJIS/1YQUTomAyhZ6ggASg3yVKneN8oA+yH0jyhcaZ+30hIoNQk8MxkQPRI/fam4n9eL9b+sZswEcUaBJ0d8mOOdYinFeABk0A1nxhCqGQmK6YjIgnVpqhSfwC+KTOLk4SSiCGkiRx6aeLU7HqzZqcl05Pzu5W/5KpRdww/b1TazbyxItpBu+gAOaiF2ugUdVAXUSTRA3pCz9aj9WK9Wm+z0YKV72yjH7DevwBwgJ2M</latexit><latexit sha1_base64="yH2Em8ooTj4CVpF8Nor4Vu4rCN0=">AAACGHicbVDLSsNAFJ3UV62vqks3g1WwUGpSinVZcOPOilaFNspketMOnUzCzEQoIf8h7vRL3Ilbd36Ie6dpFr4OzHA4517u4XgRZ0rb9odVmJtfWFwqLpdWVtfWN8qbW1cqjCWFLg15KG88ooAzAV3NNIebSAIJPA7X3vhk6l/fg1QsFJd6EoEbkKFgPqNEG+l27+LsoFU9NP9RdQ/flSt23c6A/xInJxWUo3NX/uwPQhoHIDTlRKmeY0faTYjUjHJIS/1YQUTomAyhZ6ggASg3yVKneN8oA+yH0jyhcaZ+30hIoNQk8MxkQPRI/fam4n9eL9b+sZswEcUaBJ0d8mOOdYinFeABk0A1nxhCqGQmK6YjIgnVpqhSfwC+KTOLk4SSiCGkiRx6aeLU7HqzZqcl05Pzu5W/5KpRdww/b1TazbyxItpBu+gAOaiF2ugUdVAXUSTRA3pCz9aj9WK9Wm+z0YKV72yjH7DevwBwgJ2M</latexit><latexit sha1_base64="yH2Em8ooTj4CVpF8Nor4Vu4rCN0=">AAACGHicbVDLSsNAFJ3UV62vqks3g1WwUGpSinVZcOPOilaFNspketMOnUzCzEQoIf8h7vRL3Ilbd36Ie6dpFr4OzHA4517u4XgRZ0rb9odVmJtfWFwqLpdWVtfWN8qbW1cqjCWFLg15KG88ooAzAV3NNIebSAIJPA7X3vhk6l/fg1QsFJd6EoEbkKFgPqNEG+l27+LsoFU9NP9RdQ/flSt23c6A/xInJxWUo3NX/uwPQhoHIDTlRKmeY0faTYjUjHJIS/1YQUTomAyhZ6ggASg3yVKneN8oA+yH0jyhcaZ+30hIoNQk8MxkQPRI/fam4n9eL9b+sZswEcUaBJ0d8mOOdYinFeABk0A1nxhCqGQmK6YjIgnVpqhSfwC+KTOLk4SSiCGkiRx6aeLU7HqzZqcl05Pzu5W/5KpRdww/b1TazbyxItpBu+gAOaiF2ugUdVAXUSTRA3pCz9aj9WK9Wm+z0YKV72yjH7DevwBwgJ2M</latexit><latexit sha1_base64="yH2Em8ooTj4CVpF8Nor4Vu4rCN0=">AAACGHicbVDLSsNAFJ3UV62vqks3g1WwUGpSinVZcOPOilaFNspketMOnUzCzEQoIf8h7vRL3Ilbd36Ie6dpFr4OzHA4517u4XgRZ0rb9odVmJtfWFwqLpdWVtfWN8qbW1cqjCWFLg15KG88ooAzAV3NNIebSAIJPA7X3vhk6l/fg1QsFJd6EoEbkKFgPqNEG+l27+LsoFU9NP9RdQ/flSt23c6A/xInJxWUo3NX/uwPQhoHIDTlRKmeY0faTYjUjHJIS/1YQUTomAyhZ6ggASg3yVKneN8oA+yH0jyhcaZ+30hIoNQk8MxkQPRI/fam4n9eL9b+sZswEcUaBJ0d8mOOdYinFeABk0A1nxhCqGQmK6YjIgnVpqhSfwC+KTOLk4SSiCGkiRx6aeLU7HqzZqcl05Pzu5W/5KpRdww/b1TazbyxItpBu+gAOaiF2ugUdVAXUSTRA3pCz9aj9WK9Wm+z0YKV72yjH7DevwBwgJ2M</latexit>

complex scalar DM

custodial 
SM electroweak Balkin, Ruhdorfer,  

Salvioni, Weiler 
1707.07685

SO(5)/SO(4)
<latexit sha1_base64="86vdjfXQkioLLtH/bxVd62koAuU=">AAAB9HicbZDLTgIxFIbP4A3xhrp00wgmsMEZgtEliRt3YpRLAhPSKR1o7HTGtkNCJjyHGxca49aHcefbWGAWCp6kzZf/Pyc9/b2IM6Vt+9vKrK1vbG5lt3M7u3v7B/nDo5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vcfrmd8eU6lYKB70JKJugIeC+YxgbSS3eH9buiifm7tWLvbzBbtizwutgpNCAdJq9PNfvUFI4oAKTThWquvYkXYTLDUjnE5zvVjRCJNHPKRdgwIHVLnJfOkpOjPKAPmhNEdoNFd/TyQ4UGoSeKYzwHqklr2Z+J/XjbV/5SZMRLGmgiwe8mOOdIhmCaABk5RoPjGAiWRmV0RGWGKiTU45E4Kz/OVVaFUrjuG7aqFeS+PIwgmcQgkcuIQ63EADmkDgCZ7hFd6ssfVivVsfi9aMlc4cw5+yPn8ALK+Psg==</latexit><latexit sha1_base64="86vdjfXQkioLLtH/bxVd62koAuU=">AAAB9HicbZDLTgIxFIbP4A3xhrp00wgmsMEZgtEliRt3YpRLAhPSKR1o7HTGtkNCJjyHGxca49aHcefbWGAWCp6kzZf/Pyc9/b2IM6Vt+9vKrK1vbG5lt3M7u3v7B/nDo5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vcfrmd8eU6lYKB70JKJugIeC+YxgbSS3eH9buiifm7tWLvbzBbtizwutgpNCAdJq9PNfvUFI4oAKTThWquvYkXYTLDUjnE5zvVjRCJNHPKRdgwIHVLnJfOkpOjPKAPmhNEdoNFd/TyQ4UGoSeKYzwHqklr2Z+J/XjbV/5SZMRLGmgiwe8mOOdIhmCaABk5RoPjGAiWRmV0RGWGKiTU45E4Kz/OVVaFUrjuG7aqFeS+PIwgmcQgkcuIQ63EADmkDgCZ7hFd6ssfVivVsfi9aMlc4cw5+yPn8ALK+Psg==</latexit><latexit sha1_base64="86vdjfXQkioLLtH/bxVd62koAuU=">AAAB9HicbZDLTgIxFIbP4A3xhrp00wgmsMEZgtEliRt3YpRLAhPSKR1o7HTGtkNCJjyHGxca49aHcefbWGAWCp6kzZf/Pyc9/b2IM6Vt+9vKrK1vbG5lt3M7u3v7B/nDo5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vcfrmd8eU6lYKB70JKJugIeC+YxgbSS3eH9buiifm7tWLvbzBbtizwutgpNCAdJq9PNfvUFI4oAKTThWquvYkXYTLDUjnE5zvVjRCJNHPKRdgwIHVLnJfOkpOjPKAPmhNEdoNFd/TyQ4UGoSeKYzwHqklr2Z+J/XjbV/5SZMRLGmgiwe8mOOdIhmCaABk5RoPjGAiWRmV0RGWGKiTU45E4Kz/OVVaFUrjuG7aqFeS+PIwgmcQgkcuIQ63EADmkDgCZ7hFd6ssfVivVsfi9aMlc4cw5+yPn8ALK+Psg==</latexit><latexit sha1_base64="86vdjfXQkioLLtH/bxVd62koAuU=">AAAB9HicbZDLTgIxFIbP4A3xhrp00wgmsMEZgtEliRt3YpRLAhPSKR1o7HTGtkNCJjyHGxca49aHcefbWGAWCp6kzZf/Pyc9/b2IM6Vt+9vKrK1vbG5lt3M7u3v7B/nDo5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vcfrmd8eU6lYKB70JKJugIeC+YxgbSS3eH9buiifm7tWLvbzBbtizwutgpNCAdJq9PNfvUFI4oAKTThWquvYkXYTLDUjnE5zvVjRCJNHPKRdgwIHVLnJfOkpOjPKAPmhNEdoNFd/TyQ4UGoSeKYzwHqklr2Z+J/XjbV/5SZMRLGmgiwe8mOOdIhmCaABk5RoPjGAiWRmV0RGWGKiTU45E4Kz/OVVaFUrjuG7aqFeS+PIwgmcQgkcuIQ63EADmkDgCZ7hFd6ssfVivVsfi9aMlc4cw5+yPn8ALK+Psg==</latexit>

(H,�)
<latexit sha1_base64="77HDSmNsoheoykkKqFGTYRHvttE=">AAACFnicbZBLSwMxFIUz9VXrq+rSTbAVKpQyUwq6LLjpsoJ9QKeUTHqnDc1khiQjlGH+hrjTX+JO3Lr1h7g3bWehrQcCH+fcSy7HizhT2ra/rNzW9s7uXn6/cHB4dHxSPD3rqjCWFDo05KHse0QBZwI6mmkO/UgCCTwOPW92t8h7jyAVC8WDnkcwDMhEMJ9Roo3lliutKnbplF2X8ahYsmv2UngTnAxKKFN7VPx2xyGNAxCacqLUwLEjPUyI1IxySAturCAidEYmMDAoSABqmCxvTvGVccbYD6V5QuOl+3sjIYFS88AzkwHRU7WeLcz/skGs/dthwkQUaxB09ZEfc6xDvCgAj5kEqvncAKGSmVsxnRJJqDY1Fdwx+KbK5TlJKImYQJrIiZcmTtWuNap2WjA9OeutbEK3XnMM39dLzUbWWB5doEtUQQ66QU3UQm3UQRRF6Am9oFfr2Xqz3q2P1WjOynbO0R9Znz8Ls51r</latexit><latexit sha1_base64="77HDSmNsoheoykkKqFGTYRHvttE=">AAACFnicbZBLSwMxFIUz9VXrq+rSTbAVKpQyUwq6LLjpsoJ9QKeUTHqnDc1khiQjlGH+hrjTX+JO3Lr1h7g3bWehrQcCH+fcSy7HizhT2ra/rNzW9s7uXn6/cHB4dHxSPD3rqjCWFDo05KHse0QBZwI6mmkO/UgCCTwOPW92t8h7jyAVC8WDnkcwDMhEMJ9Roo3lliutKnbplF2X8ahYsmv2UngTnAxKKFN7VPx2xyGNAxCacqLUwLEjPUyI1IxySAturCAidEYmMDAoSABqmCxvTvGVccbYD6V5QuOl+3sjIYFS88AzkwHRU7WeLcz/skGs/dthwkQUaxB09ZEfc6xDvCgAj5kEqvncAKGSmVsxnRJJqDY1Fdwx+KbK5TlJKImYQJrIiZcmTtWuNap2WjA9OeutbEK3XnMM39dLzUbWWB5doEtUQQ66QU3UQm3UQRRF6Am9oFfr2Xqz3q2P1WjOynbO0R9Znz8Ls51r</latexit><latexit sha1_base64="77HDSmNsoheoykkKqFGTYRHvttE=">AAACFnicbZBLSwMxFIUz9VXrq+rSTbAVKpQyUwq6LLjpsoJ9QKeUTHqnDc1khiQjlGH+hrjTX+JO3Lr1h7g3bWehrQcCH+fcSy7HizhT2ra/rNzW9s7uXn6/cHB4dHxSPD3rqjCWFDo05KHse0QBZwI6mmkO/UgCCTwOPW92t8h7jyAVC8WDnkcwDMhEMJ9Roo3lliutKnbplF2X8ahYsmv2UngTnAxKKFN7VPx2xyGNAxCacqLUwLEjPUyI1IxySAturCAidEYmMDAoSABqmCxvTvGVccbYD6V5QuOl+3sjIYFS88AzkwHRU7WeLcz/skGs/dthwkQUaxB09ZEfc6xDvCgAj5kEqvncAKGSmVsxnRJJqDY1Fdwx+KbK5TlJKImYQJrIiZcmTtWuNap2WjA9OeutbEK3XnMM39dLzUbWWB5doEtUQQ66QU3UQm3UQRRF6Am9oFfr2Xqz3q2P1WjOynbO0R9Znz8Ls51r</latexit><latexit sha1_base64="77HDSmNsoheoykkKqFGTYRHvttE=">AAACFnicbZBLSwMxFIUz9VXrq+rSTbAVKpQyUwq6LLjpsoJ9QKeUTHqnDc1khiQjlGH+hrjTX+JO3Lr1h7g3bWehrQcCH+fcSy7HizhT2ra/rNzW9s7uXn6/cHB4dHxSPD3rqjCWFDo05KHse0QBZwI6mmkO/UgCCTwOPW92t8h7jyAVC8WDnkcwDMhEMJ9Roo3lliutKnbplF2X8ahYsmv2UngTnAxKKFN7VPx2xyGNAxCacqLUwLEjPUyI1IxySAturCAidEYmMDAoSABqmCxvTvGVccbYD6V5QuOl+3sjIYFS88AzkwHRU7WeLcz/skGs/dthwkQUaxB09ZEfc6xDvCgAj5kEqvncAKGSmVsxnRJJqDY1Fdwx+KbK5TlJKImYQJrIiZcmTtWuNap2WjA9OeutbEK3XnMM39dLzUbWWB5doEtUQQ66QU3UQm3UQRRF6Am9oFfr2Xqz3q2P1WjOynbO0R9Znz8Ls51r</latexit>

U(1) that stabilizes DM

SM ! SM
<latexit sha1_base64="VFQDMCg5uXbQWZ7h67lQn065cEE="></latexit><latexit sha1_base64="VFQDMCg5uXbQWZ7h67lQn065cEE="></latexit><latexit sha1_base64="VFQDMCg5uXbQWZ7h67lQn065cEE="></latexit><latexit sha1_base64="VFQDMCg5uXbQWZ7h67lQn065cEE="></latexit>

� ! ei↵�
<latexit sha1_base64="/etMHGY6HU36plhfpw6DRKqKBvY="></latexit><latexit sha1_base64="/etMHGY6HU36plhfpw6DRKqKBvY="></latexit><latexit sha1_base64="/etMHGY6HU36plhfpw6DRKqKBvY="></latexit><latexit sha1_base64="/etMHGY6HU36plhfpw6DRKqKBvY="></latexit>
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Composite Higgs + DM
• Minimal realistic model is                         : Higgs doublet as 4 GBs 

• To include DM, take                         :  6 real GBs, 

• Fix              
reps for                                           

SO(7)/SO(6)
<latexit sha1_base64="yH2Em8ooTj4CVpF8Nor4Vu4rCN0=">AAACGHicbVDLSsNAFJ3UV62vqks3g1WwUGpSinVZcOPOilaFNspketMOnUzCzEQoIf8h7vRL3Ilbd36Ie6dpFr4OzHA4517u4XgRZ0rb9odVmJtfWFwqLpdWVtfWN8qbW1cqjCWFLg15KG88ooAzAV3NNIebSAIJPA7X3vhk6l/fg1QsFJd6EoEbkKFgPqNEG+l27+LsoFU9NP9RdQ/flSt23c6A/xInJxWUo3NX/uwPQhoHIDTlRKmeY0faTYjUjHJIS/1YQUTomAyhZ6ggASg3yVKneN8oA+yH0jyhcaZ+30hIoNQk8MxkQPRI/fam4n9eL9b+sZswEcUaBJ0d8mOOdYinFeABk0A1nxhCqGQmK6YjIgnVpqhSfwC+KTOLk4SSiCGkiRx6aeLU7HqzZqcl05Pzu5W/5KpRdww/b1TazbyxItpBu+gAOaiF2ugUdVAXUSTRA3pCz9aj9WK9Wm+z0YKV72yjH7DevwBwgJ2M</latexit><latexit sha1_base64="yH2Em8ooTj4CVpF8Nor4Vu4rCN0=">AAACGHicbVDLSsNAFJ3UV62vqks3g1WwUGpSinVZcOPOilaFNspketMOnUzCzEQoIf8h7vRL3Ilbd36Ie6dpFr4OzHA4517u4XgRZ0rb9odVmJtfWFwqLpdWVtfWN8qbW1cqjCWFLg15KG88ooAzAV3NNIebSAIJPA7X3vhk6l/fg1QsFJd6EoEbkKFgPqNEG+l27+LsoFU9NP9RdQ/flSt23c6A/xInJxWUo3NX/uwPQhoHIDTlRKmeY0faTYjUjHJIS/1YQUTomAyhZ6ggASg3yVKneN8oA+yH0jyhcaZ+30hIoNQk8MxkQPRI/fam4n9eL9b+sZswEcUaBJ0d8mOOdYinFeABk0A1nxhCqGQmK6YjIgnVpqhSfwC+KTOLk4SSiCGkiRx6aeLU7HqzZqcl05Pzu5W/5KpRdww/b1TazbyxItpBu+gAOaiF2ugUdVAXUSTRA3pCz9aj9WK9Wm+z0YKV72yjH7DevwBwgJ2M</latexit><latexit sha1_base64="yH2Em8ooTj4CVpF8Nor4Vu4rCN0=">AAACGHicbVDLSsNAFJ3UV62vqks3g1WwUGpSinVZcOPOilaFNspketMOnUzCzEQoIf8h7vRL3Ilbd36Ie6dpFr4OzHA4517u4XgRZ0rb9odVmJtfWFwqLpdWVtfWN8qbW1cqjCWFLg15KG88ooAzAV3NNIebSAIJPA7X3vhk6l/fg1QsFJd6EoEbkKFgPqNEG+l27+LsoFU9NP9RdQ/flSt23c6A/xInJxWUo3NX/uwPQhoHIDTlRKmeY0faTYjUjHJIS/1YQUTomAyhZ6ggASg3yVKneN8oA+yH0jyhcaZ+30hIoNQk8MxkQPRI/fam4n9eL9b+sZswEcUaBJ0d8mOOdYinFeABk0A1nxhCqGQmK6YjIgnVpqhSfwC+KTOLk4SSiCGkiRx6aeLU7HqzZqcl05Pzu5W/5KpRdww/b1TazbyxItpBu+gAOaiF2ugUdVAXUSTRA3pCz9aj9WK9Wm+z0YKV72yjH7DevwBwgJ2M</latexit><latexit sha1_base64="yH2Em8ooTj4CVpF8Nor4Vu4rCN0=">AAACGHicbVDLSsNAFJ3UV62vqks3g1WwUGpSinVZcOPOilaFNspketMOnUzCzEQoIf8h7vRL3Ilbd36Ie6dpFr4OzHA4517u4XgRZ0rb9odVmJtfWFwqLpdWVtfWN8qbW1cqjCWFLg15KG88ooAzAV3NNIebSAIJPA7X3vhk6l/fg1QsFJd6EoEbkKFgPqNEG+l27+LsoFU9NP9RdQ/flSt23c6A/xInJxWUo3NX/uwPQhoHIDTlRKmeY0faTYjUjHJIS/1YQUTomAyhZ6ggASg3yVKneN8oA+yH0jyhcaZ+30hIoNQk8MxkQPRI/fam4n9eL9b+sZswEcUaBJ0d8mOOdYinFeABk0A1nxhCqGQmK6YjIgnVpqhSfwC+KTOLk4SSiCGkiRx6aeLU7HqzZqcl05Pzu5W/5KpRdww/b1TazbyxItpBu+gAOaiF2ugUdVAXUSTRA3pCz9aj9WK9Wm+z0YKV72yjH7DevwBwgJ2M</latexit>

complex scalar DM

custodial 
SM electroweak Balkin, Ruhdorfer,  

Salvioni, Weiler 
1707.07685

Oi
<latexit sha1_base64="Ok4l/wE+uuvLXUqNM2uTMHhMRSM=">AAAB+HicbVC7TsMwFL0pr1IeDTCyWLRITFXSARgrsbBRJPqQ2ihyXKe16jiR7SCVqF/CwgBCrHwKG3+D02aAliNZOjrnXt3jEyScKe0431ZpY3Nre6e8W9nbPzis2kfHXRWnktAOiXks+wFWlDNBO5ppTvuJpDgKOO0F05vc7z1SqVgsHvQsoV6Ex4KFjGBtJN+u1ocR1hOCeXY391ndt2tOw1kArRO3IDUo0Pbtr+EoJmlEhSYcKzVwnUR7GZaaEU7nlWGqaILJFI/pwFCBI6q8bBF8js6NMkJhLM0TGi3U3xsZjpSaRYGZzFOqVS8X//MGqQ6vvYyJJNVUkOWhMOVIxyhvAY2YpETzmSGYSGayIjLBEhNtuqqYEtzVL6+TbrPhOg33vllrXRZ1lOEUzuACXLiCFtxCGzpAIIVneIU368l6sd6tj+VoySp2TuAPrM8fOfySwA==</latexit><latexit sha1_base64="Ok4l/wE+uuvLXUqNM2uTMHhMRSM=">AAAB+HicbVC7TsMwFL0pr1IeDTCyWLRITFXSARgrsbBRJPqQ2ihyXKe16jiR7SCVqF/CwgBCrHwKG3+D02aAliNZOjrnXt3jEyScKe0431ZpY3Nre6e8W9nbPzis2kfHXRWnktAOiXks+wFWlDNBO5ppTvuJpDgKOO0F05vc7z1SqVgsHvQsoV6Ex4KFjGBtJN+u1ocR1hOCeXY391ndt2tOw1kArRO3IDUo0Pbtr+EoJmlEhSYcKzVwnUR7GZaaEU7nlWGqaILJFI/pwFCBI6q8bBF8js6NMkJhLM0TGi3U3xsZjpSaRYGZzFOqVS8X//MGqQ6vvYyJJNVUkOWhMOVIxyhvAY2YpETzmSGYSGayIjLBEhNtuqqYEtzVL6+TbrPhOg33vllrXRZ1lOEUzuACXLiCFtxCGzpAIIVneIU368l6sd6tj+VoySp2TuAPrM8fOfySwA==</latexit><latexit sha1_base64="Ok4l/wE+uuvLXUqNM2uTMHhMRSM=">AAAB+HicbVC7TsMwFL0pr1IeDTCyWLRITFXSARgrsbBRJPqQ2ihyXKe16jiR7SCVqF/CwgBCrHwKG3+D02aAliNZOjrnXt3jEyScKe0431ZpY3Nre6e8W9nbPzis2kfHXRWnktAOiXks+wFWlDNBO5ppTvuJpDgKOO0F05vc7z1SqVgsHvQsoV6Ex4KFjGBtJN+u1ocR1hOCeXY391ndt2tOw1kArRO3IDUo0Pbtr+EoJmlEhSYcKzVwnUR7GZaaEU7nlWGqaILJFI/pwFCBI6q8bBF8js6NMkJhLM0TGi3U3xsZjpSaRYGZzFOqVS8X//MGqQ6vvYyJJNVUkOWhMOVIxyhvAY2YpETzmSGYSGayIjLBEhNtuqqYEtzVL6+TbrPhOg33vllrXRZ1lOEUzuACXLiCFtxCGzpAIIVneIU368l6sd6tj+VoySp2TuAPrM8fOfySwA==</latexit><latexit sha1_base64="Ok4l/wE+uuvLXUqNM2uTMHhMRSM=">AAAB+HicbVC7TsMwFL0pr1IeDTCyWLRITFXSARgrsbBRJPqQ2ihyXKe16jiR7SCVqF/CwgBCrHwKG3+D02aAliNZOjrnXt3jEyScKe0431ZpY3Nre6e8W9nbPzis2kfHXRWnktAOiXks+wFWlDNBO5ppTvuJpDgKOO0F05vc7z1SqVgsHvQsoV6Ex4KFjGBtJN+u1ocR1hOCeXY391ndt2tOw1kArRO3IDUo0Pbtr+EoJmlEhSYcKzVwnUR7GZaaEU7nlWGqaILJFI/pwFCBI6q8bBF8js6NMkJhLM0TGi3U3xsZjpSaRYGZzFOqVS8X//MGqQ6vvYyJJNVUkOWhMOVIxyhvAY2YpETzmSGYSGayIjLBEhNtuqqYEtzVL6+TbrPhOg33vllrXRZ1lOEUzuACXLiCFtxCGzpAIIVneIU368l6sd6tj+VoySp2TuAPrM8fOfySwA==</latexit>

SO(7)
<latexit sha1_base64="FGOJYUohkvh1gp2iNeCiatLpTFM=">AAACEnicbVDLSgMxFM3UV62vqks3wVaoUMpMKdRlwY07K9oHtKVk0jttaCYzJBmhDPMT4k6/xJ249Qf8EPem7Sy09UDgcM693JPjhpwpbdtfVmZjc2t7J7ub29s/ODzKH5+0VRBJCi0a8EB2XaKAMwEtzTSHbiiB+C6Hjju9nvudR5CKBeJBz0IY+GQsmMco0UbqFu9vS/XLIh7mC3bFXgCvEyclBZSiOcx/90cBjXwQmnKiVM+xQz2IidSMckhy/UhBSOiUjKFnqCA+qEG8yJvgC6OMsBdI84TGC/X3Rkx8pWa+ayZ9oidq1ZuL/3m9SHtXg5iJMNIg6PKQF3GsAzz/PB4xCVTzmSGESmayYjohklBtKsr1R+CZGhdx4kASMYYklmM3iZ2yXamV7SRnenJWW1kn7WrFMfyuWmjU0say6AydoxJyUB010A1qohaiiKMn9IJerWfrzXq3PpajGSvdOUV/YH3+AEshm/g=</latexit><latexit sha1_base64="FGOJYUohkvh1gp2iNeCiatLpTFM=">AAACEnicbVDLSgMxFM3UV62vqks3wVaoUMpMKdRlwY07K9oHtKVk0jttaCYzJBmhDPMT4k6/xJ249Qf8EPem7Sy09UDgcM693JPjhpwpbdtfVmZjc2t7J7ub29s/ODzKH5+0VRBJCi0a8EB2XaKAMwEtzTSHbiiB+C6Hjju9nvudR5CKBeJBz0IY+GQsmMco0UbqFu9vS/XLIh7mC3bFXgCvEyclBZSiOcx/90cBjXwQmnKiVM+xQz2IidSMckhy/UhBSOiUjKFnqCA+qEG8yJvgC6OMsBdI84TGC/X3Rkx8pWa+ayZ9oidq1ZuL/3m9SHtXg5iJMNIg6PKQF3GsAzz/PB4xCVTzmSGESmayYjohklBtKsr1R+CZGhdx4kASMYYklmM3iZ2yXamV7SRnenJWW1kn7WrFMfyuWmjU0say6AydoxJyUB010A1qohaiiKMn9IJerWfrzXq3PpajGSvdOUV/YH3+AEshm/g=</latexit><latexit sha1_base64="FGOJYUohkvh1gp2iNeCiatLpTFM=">AAACEnicbVDLSgMxFM3UV62vqks3wVaoUMpMKdRlwY07K9oHtKVk0jttaCYzJBmhDPMT4k6/xJ249Qf8EPem7Sy09UDgcM693JPjhpwpbdtfVmZjc2t7J7ub29s/ODzKH5+0VRBJCi0a8EB2XaKAMwEtzTSHbiiB+C6Hjju9nvudR5CKBeJBz0IY+GQsmMco0UbqFu9vS/XLIh7mC3bFXgCvEyclBZSiOcx/90cBjXwQmnKiVM+xQz2IidSMckhy/UhBSOiUjKFnqCA+qEG8yJvgC6OMsBdI84TGC/X3Rkx8pWa+ayZ9oidq1ZuL/3m9SHtXg5iJMNIg6PKQF3GsAzz/PB4xCVTzmSGESmayYjohklBtKsr1R+CZGhdx4kASMYYklmM3iZ2yXamV7SRnenJWW1kn7WrFMfyuWmjU0say6AydoxJyUB010A1qohaiiKMn9IJerWfrzXq3PpajGSvdOUV/YH3+AEshm/g=</latexit><latexit sha1_base64="FGOJYUohkvh1gp2iNeCiatLpTFM=">AAACEnicbVDLSgMxFM3UV62vqks3wVaoUMpMKdRlwY07K9oHtKVk0jttaCYzJBmhDPMT4k6/xJ249Qf8EPem7Sy09UDgcM693JPjhpwpbdtfVmZjc2t7J7ub29s/ODzKH5+0VRBJCi0a8EB2XaKAMwEtzTSHbiiB+C6Hjju9nvudR5CKBeJBz0IY+GQsmMco0UbqFu9vS/XLIh7mC3bFXgCvEyclBZSiOcx/90cBjXwQmnKiVM+xQz2IidSMckhy/UhBSOiUjKFnqCA+qEG8yJvgC6OMsBdI84TGC/X3Rkx8pWa+ayZ9oidq1ZuL/3m9SHtXg5iJMNIg6PKQF3GsAzz/PB4xCVTzmSGESmayYjohklBtKsr1R+CZGhdx4kASMYYklmM3iZ2yXamV7SRnenJWW1kn7WrFMfyuWmjU0say6AydoxJyUB010A1qohaiiKMn9IJerWfrzXq3PpajGSvdOUV/YH3+AEshm/g=</latexit>

SO(5)/SO(4)
<latexit sha1_base64="86vdjfXQkioLLtH/bxVd62koAuU=">AAAB9HicbZDLTgIxFIbP4A3xhrp00wgmsMEZgtEliRt3YpRLAhPSKR1o7HTGtkNCJjyHGxca49aHcefbWGAWCp6kzZf/Pyc9/b2IM6Vt+9vKrK1vbG5lt3M7u3v7B/nDo5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vcfrmd8eU6lYKB70JKJugIeC+YxgbSS3eH9buiifm7tWLvbzBbtizwutgpNCAdJq9PNfvUFI4oAKTThWquvYkXYTLDUjnE5zvVjRCJNHPKRdgwIHVLnJfOkpOjPKAPmhNEdoNFd/TyQ4UGoSeKYzwHqklr2Z+J/XjbV/5SZMRLGmgiwe8mOOdIhmCaABk5RoPjGAiWRmV0RGWGKiTU45E4Kz/OVVaFUrjuG7aqFeS+PIwgmcQgkcuIQ63EADmkDgCZ7hFd6ssfVivVsfi9aMlc4cw5+yPn8ALK+Psg==</latexit><latexit sha1_base64="86vdjfXQkioLLtH/bxVd62koAuU=">AAAB9HicbZDLTgIxFIbP4A3xhrp00wgmsMEZgtEliRt3YpRLAhPSKR1o7HTGtkNCJjyHGxca49aHcefbWGAWCp6kzZf/Pyc9/b2IM6Vt+9vKrK1vbG5lt3M7u3v7B/nDo5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vcfrmd8eU6lYKB70JKJugIeC+YxgbSS3eH9buiifm7tWLvbzBbtizwutgpNCAdJq9PNfvUFI4oAKTThWquvYkXYTLDUjnE5zvVjRCJNHPKRdgwIHVLnJfOkpOjPKAPmhNEdoNFd/TyQ4UGoSeKYzwHqklr2Z+J/XjbV/5SZMRLGmgiwe8mOOdIhmCaABk5RoPjGAiWRmV0RGWGKiTU45E4Kz/OVVaFUrjuG7aqFeS+PIwgmcQgkcuIQ63EADmkDgCZ7hFd6ssfVivVsfi9aMlc4cw5+yPn8ALK+Psg==</latexit><latexit sha1_base64="86vdjfXQkioLLtH/bxVd62koAuU=">AAAB9HicbZDLTgIxFIbP4A3xhrp00wgmsMEZgtEliRt3YpRLAhPSKR1o7HTGtkNCJjyHGxca49aHcefbWGAWCp6kzZf/Pyc9/b2IM6Vt+9vKrK1vbG5lt3M7u3v7B/nDo5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vcfrmd8eU6lYKB70JKJugIeC+YxgbSS3eH9buiifm7tWLvbzBbtizwutgpNCAdJq9PNfvUFI4oAKTThWquvYkXYTLDUjnE5zvVjRCJNHPKRdgwIHVLnJfOkpOjPKAPmhNEdoNFd/TyQ4UGoSeKYzwHqklr2Z+J/XjbV/5SZMRLGmgiwe8mOOdIhmCaABk5RoPjGAiWRmV0RGWGKiTU45E4Kz/OVVaFUrjuG7aqFeS+PIwgmcQgkcuIQ63EADmkDgCZ7hFd6ssfVivVsfi9aMlc4cw5+yPn8ALK+Psg==</latexit><latexit sha1_base64="86vdjfXQkioLLtH/bxVd62koAuU=">AAAB9HicbZDLTgIxFIbP4A3xhrp00wgmsMEZgtEliRt3YpRLAhPSKR1o7HTGtkNCJjyHGxca49aHcefbWGAWCp6kzZf/Pyc9/b2IM6Vt+9vKrK1vbG5lt3M7u3v7B/nDo5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vcfrmd8eU6lYKB70JKJugIeC+YxgbSS3eH9buiifm7tWLvbzBbtizwutgpNCAdJq9PNfvUFI4oAKTThWquvYkXYTLDUjnE5zvVjRCJNHPKRdgwIHVLnJfOkpOjPKAPmhNEdoNFd/TyQ4UGoSeKYzwHqklr2Z+J/XjbV/5SZMRLGmgiwe8mOOdIhmCaABk5RoPjGAiWRmV0RGWGKiTU45E4Kz/OVVaFUrjuG7aqFeS+PIwgmcQgkcuIQ63EADmkDgCZ7hFd6ssfVivVsfi9aMlc4cw5+yPn8ALK+Psg==</latexit>

(H,�)
<latexit sha1_base64="77HDSmNsoheoykkKqFGTYRHvttE=">AAACFnicbZBLSwMxFIUz9VXrq+rSTbAVKpQyUwq6LLjpsoJ9QKeUTHqnDc1khiQjlGH+hrjTX+JO3Lr1h7g3bWehrQcCH+fcSy7HizhT2ra/rNzW9s7uXn6/cHB4dHxSPD3rqjCWFDo05KHse0QBZwI6mmkO/UgCCTwOPW92t8h7jyAVC8WDnkcwDMhEMJ9Roo3lliutKnbplF2X8ahYsmv2UngTnAxKKFN7VPx2xyGNAxCacqLUwLEjPUyI1IxySAturCAidEYmMDAoSABqmCxvTvGVccbYD6V5QuOl+3sjIYFS88AzkwHRU7WeLcz/skGs/dthwkQUaxB09ZEfc6xDvCgAj5kEqvncAKGSmVsxnRJJqDY1Fdwx+KbK5TlJKImYQJrIiZcmTtWuNap2WjA9OeutbEK3XnMM39dLzUbWWB5doEtUQQ66QU3UQm3UQRRF6Am9oFfr2Xqz3q2P1WjOynbO0R9Znz8Ls51r</latexit><latexit sha1_base64="77HDSmNsoheoykkKqFGTYRHvttE=">AAACFnicbZBLSwMxFIUz9VXrq+rSTbAVKpQyUwq6LLjpsoJ9QKeUTHqnDc1khiQjlGH+hrjTX+JO3Lr1h7g3bWehrQcCH+fcSy7HizhT2ra/rNzW9s7uXn6/cHB4dHxSPD3rqjCWFDo05KHse0QBZwI6mmkO/UgCCTwOPW92t8h7jyAVC8WDnkcwDMhEMJ9Roo3lliutKnbplF2X8ahYsmv2UngTnAxKKFN7VPx2xyGNAxCacqLUwLEjPUyI1IxySAturCAidEYmMDAoSABqmCxvTvGVccbYD6V5QuOl+3sjIYFS88AzkwHRU7WeLcz/skGs/dthwkQUaxB09ZEfc6xDvCgAj5kEqvncAKGSmVsxnRJJqDY1Fdwx+KbK5TlJKImYQJrIiZcmTtWuNap2WjA9OeutbEK3XnMM39dLzUbWWB5doEtUQQ66QU3UQm3UQRRF6Am9oFfr2Xqz3q2P1WjOynbO0R9Znz8Ls51r</latexit><latexit sha1_base64="77HDSmNsoheoykkKqFGTYRHvttE=">AAACFnicbZBLSwMxFIUz9VXrq+rSTbAVKpQyUwq6LLjpsoJ9QKeUTHqnDc1khiQjlGH+hrjTX+JO3Lr1h7g3bWehrQcCH+fcSy7HizhT2ra/rNzW9s7uXn6/cHB4dHxSPD3rqjCWFDo05KHse0QBZwI6mmkO/UgCCTwOPW92t8h7jyAVC8WDnkcwDMhEMJ9Roo3lliutKnbplF2X8ahYsmv2UngTnAxKKFN7VPx2xyGNAxCacqLUwLEjPUyI1IxySAturCAidEYmMDAoSABqmCxvTvGVccbYD6V5QuOl+3sjIYFS88AzkwHRU7WeLcz/skGs/dthwkQUaxB09ZEfc6xDvCgAj5kEqvncAKGSmVsxnRJJqDY1Fdwx+KbK5TlJKImYQJrIiZcmTtWuNap2WjA9OeutbEK3XnMM39dLzUbWWB5doEtUQQ66QU3UQm3UQRRF6Am9oFfr2Xqz3q2P1WjOynbO0R9Znz8Ls51r</latexit><latexit sha1_base64="77HDSmNsoheoykkKqFGTYRHvttE=">AAACFnicbZBLSwMxFIUz9VXrq+rSTbAVKpQyUwq6LLjpsoJ9QKeUTHqnDc1khiQjlGH+hrjTX+JO3Lr1h7g3bWehrQcCH+fcSy7HizhT2ra/rNzW9s7uXn6/cHB4dHxSPD3rqjCWFDo05KHse0QBZwI6mmkO/UgCCTwOPW92t8h7jyAVC8WDnkcwDMhEMJ9Roo3lliutKnbplF2X8ahYsmv2UngTnAxKKFN7VPx2xyGNAxCacqLUwLEjPUyI1IxySAturCAidEYmMDAoSABqmCxvTvGVccbYD6V5QuOl+3sjIYFS88AzkwHRU7WeLcz/skGs/dthwkQUaxB09ZEfc6xDvCgAj5kEqvncAKGSmVsxnRJJqDY1Fdwx+KbK5TlJKImYQJrIiZcmTtWuNap2WjA9OeutbEK3XnMM39dLzUbWWB5doEtUQQ66QU3UQm3UQRRF6Am9oFfr2Xqz3q2P1WjOynbO0R9Znz8Ls51r</latexit>

{TDM, XRe, XIm}

DM shift symmetries
L
UV
mix ⇠ ✏q qLOq + ✏t tROt + ✏b bROb

<latexit sha1_base64="naylS/Z7w+UP3xPsjc1n1Gd254k="></latexit><latexit sha1_base64="naylS/Z7w+UP3xPsjc1n1Gd254k="></latexit><latexit sha1_base64="naylS/Z7w+UP3xPsjc1n1Gd254k="></latexit><latexit sha1_base64="naylS/Z7w+UP3xPsjc1n1Gd254k="></latexit>

U(1) that stabilizes DM

SO(3)

explicit breaking of  
shift symmetries for GBs

structure of  
non-derivative interactions

� ! ei↵�
<latexit sha1_base64="/etMHGY6HU36plhfpw6DRKqKBvY="></latexit><latexit sha1_base64="/etMHGY6HU36plhfpw6DRKqKBvY="></latexit><latexit sha1_base64="/etMHGY6HU36plhfpw6DRKqKBvY="></latexit><latexit sha1_base64="/etMHGY6HU36plhfpw6DRKqKBvY="></latexit>

SM ! SM
<latexit sha1_base64="VFQDMCg5uXbQWZ7h67lQn065cEE="></latexit><latexit sha1_base64="VFQDMCg5uXbQWZ7h67lQn065cEE="></latexit><latexit sha1_base64="VFQDMCg5uXbQWZ7h67lQn065cEE="></latexit><latexit sha1_base64="VFQDMCg5uXbQWZ7h67lQn065cEE="></latexit>
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partial compositeness



Origin of dark matter mass: 
what’s in the loop? 

 Top quarks? 

 Bottom quarks? 

 BSM physics?
�

<latexit sha1_base64="hZpr4VSUSoT3vdYeysx20WQODxk=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCoz3ehKCm5cVrAXaIeSSTNtbCYZkoxQhr6DGxeKuPV93Pk2pu0stPWHwMd/ziHn/GEiuLGe940KG5tb2zvF3dLe/sHhUfn4pG1UqilrUSWU7obEMMEla1luBesmmpE4FKwTTm7n9c4T04Yr+WCnCQtiMpI84pRYZ7WrfTrm1UG54tW8hfA6+DlUIFdzUP7qDxVNYyYtFcSYnu8lNsiItpwKNiv1U8MSQidkxHoOJYmZCbLFtjN84ZwhjpR2T1q8cH9PZCQ2ZhqHrjMmdmxWa3Pzv1ovtdF1kHGZpJZJuvwoSgW2Cs9Px0OuGbVi6oBQzd2umI6JJtS6gEouBH/15HVo12u+4/t6pXGTx1GEMziHS/DhChpwB01oAYVHeIZXeEMKvaB39LFsLaB85hT+CH3+ALcijog=</latexit><latexit sha1_base64="hZpr4VSUSoT3vdYeysx20WQODxk=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCoz3ehKCm5cVrAXaIeSSTNtbCYZkoxQhr6DGxeKuPV93Pk2pu0stPWHwMd/ziHn/GEiuLGe940KG5tb2zvF3dLe/sHhUfn4pG1UqilrUSWU7obEMMEla1luBesmmpE4FKwTTm7n9c4T04Yr+WCnCQtiMpI84pRYZ7WrfTrm1UG54tW8hfA6+DlUIFdzUP7qDxVNYyYtFcSYnu8lNsiItpwKNiv1U8MSQidkxHoOJYmZCbLFtjN84ZwhjpR2T1q8cH9PZCQ2ZhqHrjMmdmxWa3Pzv1ovtdF1kHGZpJZJuvwoSgW2Cs9Px0OuGbVi6oBQzd2umI6JJtS6gEouBH/15HVo12u+4/t6pXGTx1GEMziHS/DhChpwB01oAYVHeIZXeEMKvaB39LFsLaB85hT+CH3+ALcijog=</latexit><latexit sha1_base64="hZpr4VSUSoT3vdYeysx20WQODxk=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCoz3ehKCm5cVrAXaIeSSTNtbCYZkoxQhr6DGxeKuPV93Pk2pu0stPWHwMd/ziHn/GEiuLGe940KG5tb2zvF3dLe/sHhUfn4pG1UqilrUSWU7obEMMEla1luBesmmpE4FKwTTm7n9c4T04Yr+WCnCQtiMpI84pRYZ7WrfTrm1UG54tW8hfA6+DlUIFdzUP7qDxVNYyYtFcSYnu8lNsiItpwKNiv1U8MSQidkxHoOJYmZCbLFtjN84ZwhjpR2T1q8cH9PZCQ2ZhqHrjMmdmxWa3Pzv1ovtdF1kHGZpJZJuvwoSgW2Cs9Px0OuGbVi6oBQzd2umI6JJtS6gEouBH/15HVo12u+4/t6pXGTx1GEMziHS/DhChpwB01oAYVHeIZXeEMKvaB39LFsLaB85hT+CH3+ALcijog=</latexit><latexit sha1_base64="hZpr4VSUSoT3vdYeysx20WQODxk=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCoz3ehKCm5cVrAXaIeSSTNtbCYZkoxQhr6DGxeKuPV93Pk2pu0stPWHwMd/ziHn/GEiuLGe940KG5tb2zvF3dLe/sHhUfn4pG1UqilrUSWU7obEMMEla1luBesmmpE4FKwTTm7n9c4T04Yr+WCnCQtiMpI84pRYZ7WrfTrm1UG54tW8hfA6+DlUIFdzUP7qDxVNYyYtFcSYnu8lNsiItpwKNiv1U8MSQidkxHoOJYmZCbLFtjN84ZwhjpR2T1q8cH9PZCQ2ZhqHrjMmdmxWa3Pzv1ovtdF1kHGZpJZJuvwoSgW2Cs9Px0OuGbVi6oBQzd2umI6JJtS6gEouBH/15HVo12u+4/t6pXGTx1GEMziHS/DhChpwB01oAYVHeIZXeEMKvaB39LFsLaB85hT+CH3+ALcijog=</latexit>

�
<latexit sha1_base64="hZpr4VSUSoT3vdYeysx20WQODxk=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCoz3ehKCm5cVrAXaIeSSTNtbCYZkoxQhr6DGxeKuPV93Pk2pu0stPWHwMd/ziHn/GEiuLGe940KG5tb2zvF3dLe/sHhUfn4pG1UqilrUSWU7obEMMEla1luBesmmpE4FKwTTm7n9c4T04Yr+WCnCQtiMpI84pRYZ7WrfTrm1UG54tW8hfA6+DlUIFdzUP7qDxVNYyYtFcSYnu8lNsiItpwKNiv1U8MSQidkxHoOJYmZCbLFtjN84ZwhjpR2T1q8cH9PZCQ2ZhqHrjMmdmxWa3Pzv1ovtdF1kHGZpJZJuvwoSgW2Cs9Px0OuGbVi6oBQzd2umI6JJtS6gEouBH/15HVo12u+4/t6pXGTx1GEMziHS/DhChpwB01oAYVHeIZXeEMKvaB39LFsLaB85hT+CH3+ALcijog=</latexit><latexit sha1_base64="hZpr4VSUSoT3vdYeysx20WQODxk=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCoz3ehKCm5cVrAXaIeSSTNtbCYZkoxQhr6DGxeKuPV93Pk2pu0stPWHwMd/ziHn/GEiuLGe940KG5tb2zvF3dLe/sHhUfn4pG1UqilrUSWU7obEMMEla1luBesmmpE4FKwTTm7n9c4T04Yr+WCnCQtiMpI84pRYZ7WrfTrm1UG54tW8hfA6+DlUIFdzUP7qDxVNYyYtFcSYnu8lNsiItpwKNiv1U8MSQidkxHoOJYmZCbLFtjN84ZwhjpR2T1q8cH9PZCQ2ZhqHrjMmdmxWa3Pzv1ovtdF1kHGZpJZJuvwoSgW2Cs9Px0OuGbVi6oBQzd2umI6JJtS6gEouBH/15HVo12u+4/t6pXGTx1GEMziHS/DhChpwB01oAYVHeIZXeEMKvaB39LFsLaB85hT+CH3+ALcijog=</latexit><latexit sha1_base64="hZpr4VSUSoT3vdYeysx20WQODxk=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCoz3ehKCm5cVrAXaIeSSTNtbCYZkoxQhr6DGxeKuPV93Pk2pu0stPWHwMd/ziHn/GEiuLGe940KG5tb2zvF3dLe/sHhUfn4pG1UqilrUSWU7obEMMEla1luBesmmpE4FKwTTm7n9c4T04Yr+WCnCQtiMpI84pRYZ7WrfTrm1UG54tW8hfA6+DlUIFdzUP7qDxVNYyYtFcSYnu8lNsiItpwKNiv1U8MSQidkxHoOJYmZCbLFtjN84ZwhjpR2T1q8cH9PZCQ2ZhqHrjMmdmxWa3Pzv1ovtdF1kHGZpJZJuvwoSgW2Cs9Px0OuGbVi6oBQzd2umI6JJtS6gEouBH/15HVo12u+4/t6pXGTx1GEMziHS/DhChpwB01oAYVHeIZXeEMKvaB39LFsLaB85hT+CH3+ALcijog=</latexit><latexit sha1_base64="hZpr4VSUSoT3vdYeysx20WQODxk=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCoz3ehKCm5cVrAXaIeSSTNtbCYZkoxQhr6DGxeKuPV93Pk2pu0stPWHwMd/ziHn/GEiuLGe940KG5tb2zvF3dLe/sHhUfn4pG1UqilrUSWU7obEMMEla1luBesmmpE4FKwTTm7n9c4T04Yr+WCnCQtiMpI84pRYZ7WrfTrm1UG54tW8hfA6+DlUIFdzUP7qDxVNYyYtFcSYnu8lNsiItpwKNiv1U8MSQidkxHoOJYmZCbLFtjN84ZwhjpR2T1q8cH9PZCQ2ZhqHrjMmdmxWa3Pzv1ovtdF1kHGZpJZJuvwoSgW2Cs9Px0OuGbVi6oBQzd2umI6JJtS6gEouBH/15HVo12u+4/t6pXGTx1GEMziHS/DhChpwB01oAYVHeIZXeEMKvaB39LFsLaB85hT+CH3+ALcijog=</latexit>

?



Origin of dark matter mass: 
what’s in the loop? 

 Top quarks? 

 Bottom quarks? 

 BSM physics?
�

<latexit sha1_base64="hZpr4VSUSoT3vdYeysx20WQODxk=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCoz3ehKCm5cVrAXaIeSSTNtbCYZkoxQhr6DGxeKuPV93Pk2pu0stPWHwMd/ziHn/GEiuLGe940KG5tb2zvF3dLe/sHhUfn4pG1UqilrUSWU7obEMMEla1luBesmmpE4FKwTTm7n9c4T04Yr+WCnCQtiMpI84pRYZ7WrfTrm1UG54tW8hfA6+DlUIFdzUP7qDxVNYyYtFcSYnu8lNsiItpwKNiv1U8MSQidkxHoOJYmZCbLFtjN84ZwhjpR2T1q8cH9PZCQ2ZhqHrjMmdmxWa3Pzv1ovtdF1kHGZpJZJuvwoSgW2Cs9Px0OuGbVi6oBQzd2umI6JJtS6gEouBH/15HVo12u+4/t6pXGTx1GEMziHS/DhChpwB01oAYVHeIZXeEMKvaB39LFsLaB85hT+CH3+ALcijog=</latexit><latexit sha1_base64="hZpr4VSUSoT3vdYeysx20WQODxk=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCoz3ehKCm5cVrAXaIeSSTNtbCYZkoxQhr6DGxeKuPV93Pk2pu0stPWHwMd/ziHn/GEiuLGe940KG5tb2zvF3dLe/sHhUfn4pG1UqilrUSWU7obEMMEla1luBesmmpE4FKwTTm7n9c4T04Yr+WCnCQtiMpI84pRYZ7WrfTrm1UG54tW8hfA6+DlUIFdzUP7qDxVNYyYtFcSYnu8lNsiItpwKNiv1U8MSQidkxHoOJYmZCbLFtjN84ZwhjpR2T1q8cH9PZCQ2ZhqHrjMmdmxWa3Pzv1ovtdF1kHGZpJZJuvwoSgW2Cs9Px0OuGbVi6oBQzd2umI6JJtS6gEouBH/15HVo12u+4/t6pXGTx1GEMziHS/DhChpwB01oAYVHeIZXeEMKvaB39LFsLaB85hT+CH3+ALcijog=</latexit><latexit sha1_base64="hZpr4VSUSoT3vdYeysx20WQODxk=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCoz3ehKCm5cVrAXaIeSSTNtbCYZkoxQhr6DGxeKuPV93Pk2pu0stPWHwMd/ziHn/GEiuLGe940KG5tb2zvF3dLe/sHhUfn4pG1UqilrUSWU7obEMMEla1luBesmmpE4FKwTTm7n9c4T04Yr+WCnCQtiMpI84pRYZ7WrfTrm1UG54tW8hfA6+DlUIFdzUP7qDxVNYyYtFcSYnu8lNsiItpwKNiv1U8MSQidkxHoOJYmZCbLFtjN84ZwhjpR2T1q8cH9PZCQ2ZhqHrjMmdmxWa3Pzv1ovtdF1kHGZpJZJuvwoSgW2Cs9Px0OuGbVi6oBQzd2umI6JJtS6gEouBH/15HVo12u+4/t6pXGTx1GEMziHS/DhChpwB01oAYVHeIZXeEMKvaB39LFsLaB85hT+CH3+ALcijog=</latexit><latexit sha1_base64="hZpr4VSUSoT3vdYeysx20WQODxk=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCoz3ehKCm5cVrAXaIeSSTNtbCYZkoxQhr6DGxeKuPV93Pk2pu0stPWHwMd/ziHn/GEiuLGe940KG5tb2zvF3dLe/sHhUfn4pG1UqilrUSWU7obEMMEla1luBesmmpE4FKwTTm7n9c4T04Yr+WCnCQtiMpI84pRYZ7WrfTrm1UG54tW8hfA6+DlUIFdzUP7qDxVNYyYtFcSYnu8lNsiItpwKNiv1U8MSQidkxHoOJYmZCbLFtjN84ZwhjpR2T1q8cH9PZCQ2ZhqHrjMmdmxWa3Pzv1ovtdF1kHGZpJZJuvwoSgW2Cs9Px0OuGbVi6oBQzd2umI6JJtS6gEouBH/15HVo12u+4/t6pXGTx1GEMziHS/DhChpwB01oAYVHeIZXeEMKvaB39LFsLaB85hT+CH3+ALcijog=</latexit>

�
<latexit sha1_base64="hZpr4VSUSoT3vdYeysx20WQODxk=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCoz3ehKCm5cVrAXaIeSSTNtbCYZkoxQhr6DGxeKuPV93Pk2pu0stPWHwMd/ziHn/GEiuLGe940KG5tb2zvF3dLe/sHhUfn4pG1UqilrUSWU7obEMMEla1luBesmmpE4FKwTTm7n9c4T04Yr+WCnCQtiMpI84pRYZ7WrfTrm1UG54tW8hfA6+DlUIFdzUP7qDxVNYyYtFcSYnu8lNsiItpwKNiv1U8MSQidkxHoOJYmZCbLFtjN84ZwhjpR2T1q8cH9PZCQ2ZhqHrjMmdmxWa3Pzv1ovtdF1kHGZpJZJuvwoSgW2Cs9Px0OuGbVi6oBQzd2umI6JJtS6gEouBH/15HVo12u+4/t6pXGTx1GEMziHS/DhChpwB01oAYVHeIZXeEMKvaB39LFsLaB85hT+CH3+ALcijog=</latexit><latexit sha1_base64="hZpr4VSUSoT3vdYeysx20WQODxk=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCoz3ehKCm5cVrAXaIeSSTNtbCYZkoxQhr6DGxeKuPV93Pk2pu0stPWHwMd/ziHn/GEiuLGe940KG5tb2zvF3dLe/sHhUfn4pG1UqilrUSWU7obEMMEla1luBesmmpE4FKwTTm7n9c4T04Yr+WCnCQtiMpI84pRYZ7WrfTrm1UG54tW8hfA6+DlUIFdzUP7qDxVNYyYtFcSYnu8lNsiItpwKNiv1U8MSQidkxHoOJYmZCbLFtjN84ZwhjpR2T1q8cH9PZCQ2ZhqHrjMmdmxWa3Pzv1ovtdF1kHGZpJZJuvwoSgW2Cs9Px0OuGbVi6oBQzd2umI6JJtS6gEouBH/15HVo12u+4/t6pXGTx1GEMziHS/DhChpwB01oAYVHeIZXeEMKvaB39LFsLaB85hT+CH3+ALcijog=</latexit><latexit sha1_base64="hZpr4VSUSoT3vdYeysx20WQODxk=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCoz3ehKCm5cVrAXaIeSSTNtbCYZkoxQhr6DGxeKuPV93Pk2pu0stPWHwMd/ziHn/GEiuLGe940KG5tb2zvF3dLe/sHhUfn4pG1UqilrUSWU7obEMMEla1luBesmmpE4FKwTTm7n9c4T04Yr+WCnCQtiMpI84pRYZ7WrfTrm1UG54tW8hfA6+DlUIFdzUP7qDxVNYyYtFcSYnu8lNsiItpwKNiv1U8MSQidkxHoOJYmZCbLFtjN84ZwhjpR2T1q8cH9PZCQ2ZhqHrjMmdmxWa3Pzv1ovtdF1kHGZpJZJuvwoSgW2Cs9Px0OuGbVi6oBQzd2umI6JJtS6gEouBH/15HVo12u+4/t6pXGTx1GEMziHS/DhChpwB01oAYVHeIZXeEMKvaB39LFsLaB85hT+CH3+ALcijog=</latexit><latexit sha1_base64="hZpr4VSUSoT3vdYeysx20WQODxk=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCoz3ehKCm5cVrAXaIeSSTNtbCYZkoxQhr6DGxeKuPV93Pk2pu0stPWHwMd/ziHn/GEiuLGe940KG5tb2zvF3dLe/sHhUfn4pG1UqilrUSWU7obEMMEla1luBesmmpE4FKwTTm7n9c4T04Yr+WCnCQtiMpI84pRYZ7WrfTrm1UG54tW8hfA6+DlUIFdzUP7qDxVNYyYtFcSYnu8lNsiItpwKNiv1U8MSQidkxHoOJYmZCbLFtjN84ZwhjpR2T1q8cH9PZCQ2ZhqHrjMmdmxWa3Pzv1ovtdF1kHGZpJZJuvwoSgW2Cs9Px0OuGbVi6oBQzd2umI6JJtS6gEouBH/15HVo12u+4/t6pXGTx1GEMziHS/DhChpwB01oAYVHeIZXeEMKvaB39LFsLaB85hT+CH3+ALcijog=</latexit>



Coupling of LH quarks

{TDM, XRe, XIm}

U(1)DM

qL respects both U(1)DM  

and DM shift symmetries1 = (1,1,1)

7 = (2,2,1)� (1,1,3)

21 = (2,2,3)� (3,1,1)� (1,3,1)� (1,1,3)

27 = (3,3,1)� (2,2,3)� (1,1,5)� (1,1,1)

loops do not contribute to DM potentialqL

DM shift symmetries

Agashe, Contino,  
Da Rold 2006

L
UV
mix ⇠ ✏q qLOq + ✏t tROt + ✏b bROb

<latexit sha1_base64="naylS/Z7w+UP3xPsjc1n1Gd254k="></latexit><latexit sha1_base64="naylS/Z7w+UP3xPsjc1n1Gd254k="></latexit><latexit sha1_base64="naylS/Z7w+UP3xPsjc1n1Gd254k="></latexit><latexit sha1_base64="naylS/Z7w+UP3xPsjc1n1Gd254k="></latexit>

SO(3)

qL !

0

BBBBBBBB@

ibL
bL
itL
�tL
0
0
0

1

CCCCCCCCA
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Coupling of RH top 

tR respects the U(1)DM  

but breaks DM shift symmetries1 = (1,1,1)

7 = (2,2,1)� (1,1,3)

21 = (2,2,3)� (3,1,1)� (1,3,1)� (1,1,3)

27 = (3,3,1)� (2,2,3)� (1,1,5)� (1,1,1)

tR !

0

BBBBBBBB@

0
0
0
0
0
0
tR

1

CCCCCCCCA

loops generate a potential for the DM,tR m� & mh

L
UV
mix ⇠ ✏q qLOq + ✏t tROt + ✏b bROb

<latexit sha1_base64="naylS/Z7w+UP3xPsjc1n1Gd254k="></latexit><latexit sha1_base64="naylS/Z7w+UP3xPsjc1n1Gd254k="></latexit><latexit sha1_base64="naylS/Z7w+UP3xPsjc1n1Gd254k="></latexit><latexit sha1_base64="naylS/Z7w+UP3xPsjc1n1Gd254k="></latexit>

{TDM, XRe, XIm}

U(1)DM DM shift symmetries

SO(3)

19



DM mass from top loops

• If top quark mixings break DM shift symmetry, 

Tested at XENON1T
Balkin, Ruhdorfer,  
Salvioni, Weiler 1707.07685

20

V 3 �|H|2|�|2 + �h|H|4
<latexit sha1_base64="vWRiFdTKD9GQP+zNUJkECcDCQIQ=">AAACGnicbZDLSsNAFIYn9VbrLerSzWArCEJJiqjLgpsuK9gLNDVMJtN26GQSZiZCSfscbnwVNy4UcSdufBsnaQRtPTDw8f/ncOb8XsSoVJb1ZRRWVtfWN4qbpa3tnd09c/+gLcNYYNLCIQtF10OSMMpJS1HFSDcSBAUeIx1vfJ36nXsiJA35rZpEpB+gIacDipHSkmvalTZ0OIUO0zM+gtPG9K4Gpw4e0RTO4I/jjjLvvOKaZatqZQWXwc6hDPJquuaH44c4DghXmCEpe7YVqX6ChKKYkVnJiSWJEB6jIelp5Cggsp9kp83giVZ8OAiFflzBTP09kaBAykng6c4AqZFc9FLxP68Xq8FVP6E8ihXheL5oEDOoQpjmBH0qCFZsogFhQfVfIR4hgbDSaZZ0CPbiycvQrlVtzTe1cv0ij6MIjsAxOAU2uAR10ABN0AIYPIAn8AJejUfj2Xgz3uetBSOfOQR/yvj8Bk74nn4=</latexit><latexit sha1_base64="vWRiFdTKD9GQP+zNUJkECcDCQIQ=">AAACGnicbZDLSsNAFIYn9VbrLerSzWArCEJJiqjLgpsuK9gLNDVMJtN26GQSZiZCSfscbnwVNy4UcSdufBsnaQRtPTDw8f/ncOb8XsSoVJb1ZRRWVtfWN4qbpa3tnd09c/+gLcNYYNLCIQtF10OSMMpJS1HFSDcSBAUeIx1vfJ36nXsiJA35rZpEpB+gIacDipHSkmvalTZ0OIUO0zM+gtPG9K4Gpw4e0RTO4I/jjjLvvOKaZatqZQWXwc6hDPJquuaH44c4DghXmCEpe7YVqX6ChKKYkVnJiSWJEB6jIelp5Cggsp9kp83giVZ8OAiFflzBTP09kaBAykng6c4AqZFc9FLxP68Xq8FVP6E8ihXheL5oEDOoQpjmBH0qCFZsogFhQfVfIR4hgbDSaZZ0CPbiycvQrlVtzTe1cv0ij6MIjsAxOAU2uAR10ABN0AIYPIAn8AJejUfj2Xgz3uetBSOfOQR/yvj8Bk74nn4=</latexit><latexit sha1_base64="vWRiFdTKD9GQP+zNUJkECcDCQIQ=">AAACGnicbZDLSsNAFIYn9VbrLerSzWArCEJJiqjLgpsuK9gLNDVMJtN26GQSZiZCSfscbnwVNy4UcSdufBsnaQRtPTDw8f/ncOb8XsSoVJb1ZRRWVtfWN4qbpa3tnd09c/+gLcNYYNLCIQtF10OSMMpJS1HFSDcSBAUeIx1vfJ36nXsiJA35rZpEpB+gIacDipHSkmvalTZ0OIUO0zM+gtPG9K4Gpw4e0RTO4I/jjjLvvOKaZatqZQWXwc6hDPJquuaH44c4DghXmCEpe7YVqX6ChKKYkVnJiSWJEB6jIelp5Cggsp9kp83giVZ8OAiFflzBTP09kaBAykng6c4AqZFc9FLxP68Xq8FVP6E8ihXheL5oEDOoQpjmBH0qCFZsogFhQfVfIR4hgbDSaZZ0CPbiycvQrlVtzTe1cv0ij6MIjsAxOAU2uAR10ABN0AIYPIAn8AJejUfj2Xgz3uetBSOfOQR/yvj8Bk74nn4=</latexit><latexit sha1_base64="vWRiFdTKD9GQP+zNUJkECcDCQIQ=">AAACGnicbZDLSsNAFIYn9VbrLerSzWArCEJJiqjLgpsuK9gLNDVMJtN26GQSZiZCSfscbnwVNy4UcSdufBsnaQRtPTDw8f/ncOb8XsSoVJb1ZRRWVtfWN4qbpa3tnd09c/+gLcNYYNLCIQtF10OSMMpJS1HFSDcSBAUeIx1vfJ36nXsiJA35rZpEpB+gIacDipHSkmvalTZ0OIUO0zM+gtPG9K4Gpw4e0RTO4I/jjjLvvOKaZatqZQWXwc6hDPJquuaH44c4DghXmCEpe7YVqX6ChKKYkVnJiSWJEB6jIelp5Cggsp9kp83giVZ8OAiFflzBTP09kaBAykng6c4AqZFc9FLxP68Xq8FVP6E8ihXheL5oEDOoQpjmBH0qCFZsogFhQfVfIR4hgbDSaZZ0CPbiycvQrlVtzTe1cv0ij6MIjsAxOAU2uAR10ABN0AIYPIAn8AJejUfj2Xgz3uetBSOfOQR/yvj8Bk74nn4=</latexit>

with

m�[GeV]
<latexit sha1_base64="rjSmwkj1wCff/cZBntHORSDjJF0=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJFYqqSLjAwVGKAsUj0ISVR5LhOa9V2IttBqqIu/AoLAwix8hls/A1OmwFajnSlo3Pu1b33RCmjSjvOt1VZW9/Y3Kpu13Z29/YP7MOjnkoyiUkXJyyRgwgpwqggXU01I4NUEsQjRvrR5Kbw+49EKpqIBz1NScDRSNCYYqSNFNonDR76eEyh53Okx5Lnt6Q3CxqhXXeazhxwlbglqYMSndD+8ocJzjgRGjOklOc6qQ5yJDXFjMxqfqZIivAEjYhnqECcqCCfPzCD50YZwjiRpoSGc/X3RI64UlMemc7iSrXsFeJ/npfp+CrIqUgzTQReLIozBnUCizTgkEqCNZsagrCk5laIx0girE1mNROCu/zyKum1mq7TdO9b9fZ1GUcVnIIzcAFccAna4A50QBdgMAPP4BW8WU/Wi/VufSxaK1Y5cwz+wPr8AdlLleQ=</latexit><latexit sha1_base64="rjSmwkj1wCff/cZBntHORSDjJF0=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJFYqqSLjAwVGKAsUj0ISVR5LhOa9V2IttBqqIu/AoLAwix8hls/A1OmwFajnSlo3Pu1b33RCmjSjvOt1VZW9/Y3Kpu13Z29/YP7MOjnkoyiUkXJyyRgwgpwqggXU01I4NUEsQjRvrR5Kbw+49EKpqIBz1NScDRSNCYYqSNFNonDR76eEyh53Okx5Lnt6Q3CxqhXXeazhxwlbglqYMSndD+8ocJzjgRGjOklOc6qQ5yJDXFjMxqfqZIivAEjYhnqECcqCCfPzCD50YZwjiRpoSGc/X3RI64UlMemc7iSrXsFeJ/npfp+CrIqUgzTQReLIozBnUCizTgkEqCNZsagrCk5laIx0girE1mNROCu/zyKum1mq7TdO9b9fZ1GUcVnIIzcAFccAna4A50QBdgMAPP4BW8WU/Wi/VufSxaK1Y5cwz+wPr8AdlLleQ=</latexit><latexit sha1_base64="rjSmwkj1wCff/cZBntHORSDjJF0=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJFYqqSLjAwVGKAsUj0ISVR5LhOa9V2IttBqqIu/AoLAwix8hls/A1OmwFajnSlo3Pu1b33RCmjSjvOt1VZW9/Y3Kpu13Z29/YP7MOjnkoyiUkXJyyRgwgpwqggXU01I4NUEsQjRvrR5Kbw+49EKpqIBz1NScDRSNCYYqSNFNonDR76eEyh53Okx5Lnt6Q3CxqhXXeazhxwlbglqYMSndD+8ocJzjgRGjOklOc6qQ5yJDXFjMxqfqZIivAEjYhnqECcqCCfPzCD50YZwjiRpoSGc/X3RI64UlMemc7iSrXsFeJ/npfp+CrIqUgzTQReLIozBnUCizTgkEqCNZsagrCk5laIx0girE1mNROCu/zyKum1mq7TdO9b9fZ1GUcVnIIzcAFccAna4A50QBdgMAPP4BW8WU/Wi/VufSxaK1Y5cwz+wPr8AdlLleQ=</latexit><latexit sha1_base64="rjSmwkj1wCff/cZBntHORSDjJF0=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJFYqqSLjAwVGKAsUj0ISVR5LhOa9V2IttBqqIu/AoLAwix8hls/A1OmwFajnSlo3Pu1b33RCmjSjvOt1VZW9/Y3Kpu13Z29/YP7MOjnkoyiUkXJyyRgwgpwqggXU01I4NUEsQjRvrR5Kbw+49EKpqIBz1NScDRSNCYYqSNFNonDR76eEyh53Okx5Lnt6Q3CxqhXXeazhxwlbglqYMSndD+8ocJzjgRGjOklOc6qQ5yJDXFjMxqfqZIivAEjYhnqECcqCCfPzCD50YZwjiRpoSGc/X3RI64UlMemc7iSrXsFeJ/npfp+CrIqUgzTQReLIozBnUCizTgkEqCNZsagrCk5laIx0girE1mNROCu/zyKum1mq7TdO9b9fZ1GUcVnIIzcAFccAna4A50QBdgMAPP4BW8WU/Wi/VufSxaK1Y5cwz+wPr8AdlLleQ=</latexit>

observed  
relic density

over-abundant

under-abundant
1805.12562

� ⇠ �h
few ⇠ 10�2

<latexit sha1_base64="I7/Kul1T4UZolceCZAHnZEO29/4=">AAACInicbVC7TsMwFHV4lvIKMLJYtEgsVEmXwlaJhbFI9CE1JXIcp7VqJ5HtgKoo38LCr7AwgIAJiY/BSTNAy5EsHZ1zrnzv8WJGpbKsL2NldW19Y7OyVd3e2d3bNw8OezJKBCZdHLFIDDwkCaMh6SqqGBnEgiDuMdL3ple5378nQtIovFWzmIw4Goc0oBgpLbnmZd1hOu0j6EjKoRMIhNNScidZ6nCkJoKnAXnIsiJiW3fpeTOru2bNalgF4DKxS1IDJTqu+eH4EU44CRVmSMqhbcVqlCKhKGYkqzqJJDHCUzQmQ01DxIkcpcWJGTzVig+DSOgXKliovydSxKWccU8n843lopeL/3nDRAUXo5SGcaJIiOcfBQmDKoJ5X9CngmDFZpogLKjeFeIJ0i0p3WpVl2AvnrxMes2GrflNs9ZulXVUwDE4AWfABi3QBtegA7oAg0fwDF7Bm/FkvBjvxuc8umKUM0fgD4zvH3ERpCg=</latexit><latexit sha1_base64="I7/Kul1T4UZolceCZAHnZEO29/4=">AAACInicbVC7TsMwFHV4lvIKMLJYtEgsVEmXwlaJhbFI9CE1JXIcp7VqJ5HtgKoo38LCr7AwgIAJiY/BSTNAy5EsHZ1zrnzv8WJGpbKsL2NldW19Y7OyVd3e2d3bNw8OezJKBCZdHLFIDDwkCaMh6SqqGBnEgiDuMdL3ple5378nQtIovFWzmIw4Goc0oBgpLbnmZd1hOu0j6EjKoRMIhNNScidZ6nCkJoKnAXnIsiJiW3fpeTOru2bNalgF4DKxS1IDJTqu+eH4EU44CRVmSMqhbcVqlCKhKGYkqzqJJDHCUzQmQ01DxIkcpcWJGTzVig+DSOgXKliovydSxKWccU8n843lopeL/3nDRAUXo5SGcaJIiOcfBQmDKoJ5X9CngmDFZpogLKjeFeIJ0i0p3WpVl2AvnrxMes2GrflNs9ZulXVUwDE4AWfABi3QBtegA7oAg0fwDF7Bm/FkvBjvxuc8umKUM0fgD4zvH3ERpCg=</latexit><latexit sha1_base64="I7/Kul1T4UZolceCZAHnZEO29/4=">AAACInicbVC7TsMwFHV4lvIKMLJYtEgsVEmXwlaJhbFI9CE1JXIcp7VqJ5HtgKoo38LCr7AwgIAJiY/BSTNAy5EsHZ1zrnzv8WJGpbKsL2NldW19Y7OyVd3e2d3bNw8OezJKBCZdHLFIDDwkCaMh6SqqGBnEgiDuMdL3ple5378nQtIovFWzmIw4Goc0oBgpLbnmZd1hOu0j6EjKoRMIhNNScidZ6nCkJoKnAXnIsiJiW3fpeTOru2bNalgF4DKxS1IDJTqu+eH4EU44CRVmSMqhbcVqlCKhKGYkqzqJJDHCUzQmQ01DxIkcpcWJGTzVig+DSOgXKliovydSxKWccU8n843lopeL/3nDRAUXo5SGcaJIiOcfBQmDKoJ5X9CngmDFZpogLKjeFeIJ0i0p3WpVl2AvnrxMes2GrflNs9ZulXVUwDE4AWfABi3QBtegA7oAg0fwDF7Bm/FkvBjvxuc8umKUM0fgD4zvH3ERpCg=</latexit><latexit sha1_base64="I7/Kul1T4UZolceCZAHnZEO29/4=">AAACInicbVC7TsMwFHV4lvIKMLJYtEgsVEmXwlaJhbFI9CE1JXIcp7VqJ5HtgKoo38LCr7AwgIAJiY/BSTNAy5EsHZ1zrnzv8WJGpbKsL2NldW19Y7OyVd3e2d3bNw8OezJKBCZdHLFIDDwkCaMh6SqqGBnEgiDuMdL3ple5378nQtIovFWzmIw4Goc0oBgpLbnmZd1hOu0j6EjKoRMIhNNScidZ6nCkJoKnAXnIsiJiW3fpeTOru2bNalgF4DKxS1IDJTqu+eH4EU44CRVmSMqhbcVqlCKhKGYkqzqJJDHCUzQmQ01DxIkcpcWJGTzVig+DSOgXKliovydSxKWccU8n843lopeL/3nDRAUXo5SGcaJIiOcfBQmDKoJ5X9CngmDFZpogLKjeFeIJ0i0p3WpVl2AvnrxMes2GrflNs9ZulXVUwDE4AWfABi3QBtegA7oAg0fwDF7Bm/FkvBjvxuc8umKUM0fgD4zvH3ERpCg=</latexit>

also Marzocca, Urbano 2014

f = 1.4 TeV
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



Origin of dark matter mass: 
what’s in the loop? 

 Top quarks? 

 Bottom quarks? 

 BSM physics?
�

<latexit sha1_base64="hZpr4VSUSoT3vdYeysx20WQODxk=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCoz3ehKCm5cVrAXaIeSSTNtbCYZkoxQhr6DGxeKuPV93Pk2pu0stPWHwMd/ziHn/GEiuLGe940KG5tb2zvF3dLe/sHhUfn4pG1UqilrUSWU7obEMMEla1luBesmmpE4FKwTTm7n9c4T04Yr+WCnCQtiMpI84pRYZ7WrfTrm1UG54tW8hfA6+DlUIFdzUP7qDxVNYyYtFcSYnu8lNsiItpwKNiv1U8MSQidkxHoOJYmZCbLFtjN84ZwhjpR2T1q8cH9PZCQ2ZhqHrjMmdmxWa3Pzv1ovtdF1kHGZpJZJuvwoSgW2Cs9Px0OuGbVi6oBQzd2umI6JJtS6gEouBH/15HVo12u+4/t6pXGTx1GEMziHS/DhChpwB01oAYVHeIZXeEMKvaB39LFsLaB85hT+CH3+ALcijog=</latexit><latexit sha1_base64="hZpr4VSUSoT3vdYeysx20WQODxk=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCoz3ehKCm5cVrAXaIeSSTNtbCYZkoxQhr6DGxeKuPV93Pk2pu0stPWHwMd/ziHn/GEiuLGe940KG5tb2zvF3dLe/sHhUfn4pG1UqilrUSWU7obEMMEla1luBesmmpE4FKwTTm7n9c4T04Yr+WCnCQtiMpI84pRYZ7WrfTrm1UG54tW8hfA6+DlUIFdzUP7qDxVNYyYtFcSYnu8lNsiItpwKNiv1U8MSQidkxHoOJYmZCbLFtjN84ZwhjpR2T1q8cH9PZCQ2ZhqHrjMmdmxWa3Pzv1ovtdF1kHGZpJZJuvwoSgW2Cs9Px0OuGbVi6oBQzd2umI6JJtS6gEouBH/15HVo12u+4/t6pXGTx1GEMziHS/DhChpwB01oAYVHeIZXeEMKvaB39LFsLaB85hT+CH3+ALcijog=</latexit><latexit sha1_base64="hZpr4VSUSoT3vdYeysx20WQODxk=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCoz3ehKCm5cVrAXaIeSSTNtbCYZkoxQhr6DGxeKuPV93Pk2pu0stPWHwMd/ziHn/GEiuLGe940KG5tb2zvF3dLe/sHhUfn4pG1UqilrUSWU7obEMMEla1luBesmmpE4FKwTTm7n9c4T04Yr+WCnCQtiMpI84pRYZ7WrfTrm1UG54tW8hfA6+DlUIFdzUP7qDxVNYyYtFcSYnu8lNsiItpwKNiv1U8MSQidkxHoOJYmZCbLFtjN84ZwhjpR2T1q8cH9PZCQ2ZhqHrjMmdmxWa3Pzv1ovtdF1kHGZpJZJuvwoSgW2Cs9Px0OuGbVi6oBQzd2umI6JJtS6gEouBH/15HVo12u+4/t6pXGTx1GEMziHS/DhChpwB01oAYVHeIZXeEMKvaB39LFsLaB85hT+CH3+ALcijog=</latexit><latexit sha1_base64="hZpr4VSUSoT3vdYeysx20WQODxk=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCoz3ehKCm5cVrAXaIeSSTNtbCYZkoxQhr6DGxeKuPV93Pk2pu0stPWHwMd/ziHn/GEiuLGe940KG5tb2zvF3dLe/sHhUfn4pG1UqilrUSWU7obEMMEla1luBesmmpE4FKwTTm7n9c4T04Yr+WCnCQtiMpI84pRYZ7WrfTrm1UG54tW8hfA6+DlUIFdzUP7qDxVNYyYtFcSYnu8lNsiItpwKNiv1U8MSQidkxHoOJYmZCbLFtjN84ZwhjpR2T1q8cH9PZCQ2ZhqHrjMmdmxWa3Pzv1ovtdF1kHGZpJZJuvwoSgW2Cs9Px0OuGbVi6oBQzd2umI6JJtS6gEouBH/15HVo12u+4/t6pXGTx1GEMziHS/DhChpwB01oAYVHeIZXeEMKvaB39LFsLaB85hT+CH3+ALcijog=</latexit>

�
<latexit sha1_base64="hZpr4VSUSoT3vdYeysx20WQODxk=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCoz3ehKCm5cVrAXaIeSSTNtbCYZkoxQhr6DGxeKuPV93Pk2pu0stPWHwMd/ziHn/GEiuLGe940KG5tb2zvF3dLe/sHhUfn4pG1UqilrUSWU7obEMMEla1luBesmmpE4FKwTTm7n9c4T04Yr+WCnCQtiMpI84pRYZ7WrfTrm1UG54tW8hfA6+DlUIFdzUP7qDxVNYyYtFcSYnu8lNsiItpwKNiv1U8MSQidkxHoOJYmZCbLFtjN84ZwhjpR2T1q8cH9PZCQ2ZhqHrjMmdmxWa3Pzv1ovtdF1kHGZpJZJuvwoSgW2Cs9Px0OuGbVi6oBQzd2umI6JJtS6gEouBH/15HVo12u+4/t6pXGTx1GEMziHS/DhChpwB01oAYVHeIZXeEMKvaB39LFsLaB85hT+CH3+ALcijog=</latexit><latexit sha1_base64="hZpr4VSUSoT3vdYeysx20WQODxk=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCoz3ehKCm5cVrAXaIeSSTNtbCYZkoxQhr6DGxeKuPV93Pk2pu0stPWHwMd/ziHn/GEiuLGe940KG5tb2zvF3dLe/sHhUfn4pG1UqilrUSWU7obEMMEla1luBesmmpE4FKwTTm7n9c4T04Yr+WCnCQtiMpI84pRYZ7WrfTrm1UG54tW8hfA6+DlUIFdzUP7qDxVNYyYtFcSYnu8lNsiItpwKNiv1U8MSQidkxHoOJYmZCbLFtjN84ZwhjpR2T1q8cH9PZCQ2ZhqHrjMmdmxWa3Pzv1ovtdF1kHGZpJZJuvwoSgW2Cs9Px0OuGbVi6oBQzd2umI6JJtS6gEouBH/15HVo12u+4/t6pXGTx1GEMziHS/DhChpwB01oAYVHeIZXeEMKvaB39LFsLaB85hT+CH3+ALcijog=</latexit><latexit sha1_base64="hZpr4VSUSoT3vdYeysx20WQODxk=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCoz3ehKCm5cVrAXaIeSSTNtbCYZkoxQhr6DGxeKuPV93Pk2pu0stPWHwMd/ziHn/GEiuLGe940KG5tb2zvF3dLe/sHhUfn4pG1UqilrUSWU7obEMMEla1luBesmmpE4FKwTTm7n9c4T04Yr+WCnCQtiMpI84pRYZ7WrfTrm1UG54tW8hfA6+DlUIFdzUP7qDxVNYyYtFcSYnu8lNsiItpwKNiv1U8MSQidkxHoOJYmZCbLFtjN84ZwhjpR2T1q8cH9PZCQ2ZhqHrjMmdmxWa3Pzv1ovtdF1kHGZpJZJuvwoSgW2Cs9Px0OuGbVi6oBQzd2umI6JJtS6gEouBH/15HVo12u+4/t6pXGTx1GEMziHS/DhChpwB01oAYVHeIZXeEMKvaB39LFsLaB85hT+CH3+ALcijog=</latexit><latexit sha1_base64="hZpr4VSUSoT3vdYeysx20WQODxk=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCoz3ehKCm5cVrAXaIeSSTNtbCYZkoxQhr6DGxeKuPV93Pk2pu0stPWHwMd/ziHn/GEiuLGe940KG5tb2zvF3dLe/sHhUfn4pG1UqilrUSWU7obEMMEla1luBesmmpE4FKwTTm7n9c4T04Yr+WCnCQtiMpI84pRYZ7WrfTrm1UG54tW8hfA6+DlUIFdzUP7qDxVNYyYtFcSYnu8lNsiItpwKNiv1U8MSQidkxHoOJYmZCbLFtjN84ZwhjpR2T1q8cH9PZCQ2ZhqHrjMmdmxWa3Pzv1ovtdF1kHGZpJZJuvwoSgW2Cs9Px0OuGbVi6oBQzd2umI6JJtS6gEouBH/15HVo12u+4/t6pXGTx1GEMziHS/DhChpwB01oAYVHeIZXeEMKvaB39LFsLaB85hT+CH3+ALcijog=</latexit>



Coupling of RH top 

1 = (1,1,1)

7 = (2,2,1)� (1,1,3)

21 = (2,2,3)� (3,1,1)� (1,3,1)� (1,1,3)

27 = (3,3,1)� (2,2,3)� (1,1,5)� (1,1,1)

all top loops do not generate a DM potential

respects both U(1)DM  

and DM shift symmetries
tR

L
UV
mix ⇠ ✏q qLOq + ✏t tROt + ✏b bROb

<latexit sha1_base64="naylS/Z7w+UP3xPsjc1n1Gd254k="></latexit><latexit sha1_base64="naylS/Z7w+UP3xPsjc1n1Gd254k="></latexit><latexit sha1_base64="naylS/Z7w+UP3xPsjc1n1Gd254k="></latexit><latexit sha1_base64="naylS/Z7w+UP3xPsjc1n1Gd254k="></latexit>

{TDM, XRe, XIm}

U(1)DM DM shift symmetries

SO(3)

21



DM mass from bottom loops

• If mixing of       breaks DM shift symmetry, can obtain 

  The breaking also mediates subleading direct detection, 

bR
<latexit sha1_base64="coDuDP2EgiN6ovbOBAlaI3usUzA=">AAACEHicbVDLSsNAFJ3UV62vqks3g63gopSkiLosuHFZxT6gDWUyvWlHJ5MwMxFKyD+IO/0Sd+LWP/BD3DtNs9DWAwOHc+7lnjlexJnStv1lFVZW19Y3ipulre2d3b3y/kFHhbGk0KYhD2XPIwo4E9DWTHPoRRJI4HHoeg9XM7/7CFKxUNzpaQRuQMaC+YwSbaRO1RveVvGwXLHrdga8TJycVFCO1rD8PRiFNA5AaMqJUn3HjrSbEKkZ5ZCWBrGCiNAHMoa+oYIEoNwkS5viE6OMsB9K84TGmfp7IyGBUtPAM5MB0RO16M3E/7x+rP1LN2EiijUIOj/kxxzrEM++jkdMAtV8agihkpmsmE6IJFSbgkqDEfimxCxOEkoixpAmcuyliVOz62c1Oy2ZnpzFVpZJp1F3DL9pVJrneWNFdISO0Sly0AVqomvUQm1E0T16Qi/o1Xq23qx362M+WrDynUP0B9bnD9l0m88=</latexit><latexit sha1_base64="coDuDP2EgiN6ovbOBAlaI3usUzA=">AAACEHicbVDLSsNAFJ3UV62vqks3g63gopSkiLosuHFZxT6gDWUyvWlHJ5MwMxFKyD+IO/0Sd+LWP/BD3DtNs9DWAwOHc+7lnjlexJnStv1lFVZW19Y3ipulre2d3b3y/kFHhbGk0KYhD2XPIwo4E9DWTHPoRRJI4HHoeg9XM7/7CFKxUNzpaQRuQMaC+YwSbaRO1RveVvGwXLHrdga8TJycVFCO1rD8PRiFNA5AaMqJUn3HjrSbEKkZ5ZCWBrGCiNAHMoa+oYIEoNwkS5viE6OMsB9K84TGmfp7IyGBUtPAM5MB0RO16M3E/7x+rP1LN2EiijUIOj/kxxzrEM++jkdMAtV8agihkpmsmE6IJFSbgkqDEfimxCxOEkoixpAmcuyliVOz62c1Oy2ZnpzFVpZJp1F3DL9pVJrneWNFdISO0Sly0AVqomvUQm1E0T16Qi/o1Xq23qx362M+WrDynUP0B9bnD9l0m88=</latexit><latexit sha1_base64="coDuDP2EgiN6ovbOBAlaI3usUzA=">AAACEHicbVDLSsNAFJ3UV62vqks3g63gopSkiLosuHFZxT6gDWUyvWlHJ5MwMxFKyD+IO/0Sd+LWP/BD3DtNs9DWAwOHc+7lnjlexJnStv1lFVZW19Y3ipulre2d3b3y/kFHhbGk0KYhD2XPIwo4E9DWTHPoRRJI4HHoeg9XM7/7CFKxUNzpaQRuQMaC+YwSbaRO1RveVvGwXLHrdga8TJycVFCO1rD8PRiFNA5AaMqJUn3HjrSbEKkZ5ZCWBrGCiNAHMoa+oYIEoNwkS5viE6OMsB9K84TGmfp7IyGBUtPAM5MB0RO16M3E/7x+rP1LN2EiijUIOj/kxxzrEM++jkdMAtV8agihkpmsmE6IJFSbgkqDEfimxCxOEkoixpAmcuyliVOz62c1Oy2ZnpzFVpZJp1F3DL9pVJrneWNFdISO0Sly0AVqomvUQm1E0T16Qi/o1Xq23qx362M+WrDynUP0B9bnD9l0m88=</latexit><latexit sha1_base64="coDuDP2EgiN6ovbOBAlaI3usUzA=">AAACEHicbVDLSsNAFJ3UV62vqks3g63gopSkiLosuHFZxT6gDWUyvWlHJ5MwMxFKyD+IO/0Sd+LWP/BD3DtNs9DWAwOHc+7lnjlexJnStv1lFVZW19Y3ipulre2d3b3y/kFHhbGk0KYhD2XPIwo4E9DWTHPoRRJI4HHoeg9XM7/7CFKxUNzpaQRuQMaC+YwSbaRO1RveVvGwXLHrdga8TJycVFCO1rD8PRiFNA5AaMqJUn3HjrSbEKkZ5ZCWBrGCiNAHMoa+oYIEoNwkS5viE6OMsB9K84TGmfp7IyGBUtPAM5MB0RO16M3E/7x+rP1LN2EiijUIOj/kxxzrEM++jkdMAtV8agihkpmsmE6IJFSbgkqDEfimxCxOEkoixpAmcuyliVOz62c1Oy2ZnpzFVpZJp1F3DL9pVJrneWNFdISO0Sly0AVqomvUQm1E0T16Qi/o1Xq23qx362M+WrDynUP0B9bnD9l0m88=</latexit>

“collective breaking”  m� / (ybg⇤)1/2f � / y2b
<latexit sha1_base64="97e4+TGIQ3+82KDT/mv00zbtz3A="></latexit><latexit sha1_base64="97e4+TGIQ3+82KDT/mv00zbtz3A="></latexit><latexit sha1_base64="97e4+TGIQ3+82KDT/mv00zbtz3A="></latexit><latexit sha1_base64="97e4+TGIQ3+82KDT/mv00zbtz3A="></latexit>

� ⌧ 10�3
<latexit sha1_base64="ojD0cE4Fysss3acSbeE1kh4oR+E="></latexit><latexit sha1_base64="ojD0cE4Fysss3acSbeE1kh4oR+E="></latexit><latexit sha1_base64="ojD0cE4Fysss3acSbeE1kh4oR+E="></latexit><latexit sha1_base64="ojD0cE4Fysss3acSbeE1kh4oR+E="></latexit>

⇠ mb
f2

<latexit sha1_base64="+1sQcppVaj7/Si5p2ha2x/CUw6U="></latexit><latexit sha1_base64="+1sQcppVaj7/Si5p2ha2x/CUw6U="></latexit><latexit sha1_base64="+1sQcppVaj7/Si5p2ha2x/CUw6U="></latexit><latexit sha1_base64="+1sQcppVaj7/Si5p2ha2x/CUw6U="></latexit>

Small, but probed at next generation (LUX-ZEPLIN)

22

Balkin, Ruhdorfer,  
Salvioni, Weiler 1809.09106



DM mass from bottom loops

• If mixing of       breaks DM shift symmetry, can obtain 

  The breaking also mediates subleading direct detection, 

bR
<latexit sha1_base64="coDuDP2EgiN6ovbOBAlaI3usUzA=">AAACEHicbVDLSsNAFJ3UV62vqks3g63gopSkiLosuHFZxT6gDWUyvWlHJ5MwMxFKyD+IO/0Sd+LWP/BD3DtNs9DWAwOHc+7lnjlexJnStv1lFVZW19Y3ipulre2d3b3y/kFHhbGk0KYhD2XPIwo4E9DWTHPoRRJI4HHoeg9XM7/7CFKxUNzpaQRuQMaC+YwSbaRO1RveVvGwXLHrdga8TJycVFCO1rD8PRiFNA5AaMqJUn3HjrSbEKkZ5ZCWBrGCiNAHMoa+oYIEoNwkS5viE6OMsB9K84TGmfp7IyGBUtPAM5MB0RO16M3E/7x+rP1LN2EiijUIOj/kxxzrEM++jkdMAtV8agihkpmsmE6IJFSbgkqDEfimxCxOEkoixpAmcuyliVOz62c1Oy2ZnpzFVpZJp1F3DL9pVJrneWNFdISO0Sly0AVqomvUQm1E0T16Qi/o1Xq23qx362M+WrDynUP0B9bnD9l0m88=</latexit><latexit sha1_base64="coDuDP2EgiN6ovbOBAlaI3usUzA=">AAACEHicbVDLSsNAFJ3UV62vqks3g63gopSkiLosuHFZxT6gDWUyvWlHJ5MwMxFKyD+IO/0Sd+LWP/BD3DtNs9DWAwOHc+7lnjlexJnStv1lFVZW19Y3ipulre2d3b3y/kFHhbGk0KYhD2XPIwo4E9DWTHPoRRJI4HHoeg9XM7/7CFKxUNzpaQRuQMaC+YwSbaRO1RveVvGwXLHrdga8TJycVFCO1rD8PRiFNA5AaMqJUn3HjrSbEKkZ5ZCWBrGCiNAHMoa+oYIEoNwkS5viE6OMsB9K84TGmfp7IyGBUtPAM5MB0RO16M3E/7x+rP1LN2EiijUIOj/kxxzrEM++jkdMAtV8agihkpmsmE6IJFSbgkqDEfimxCxOEkoixpAmcuyliVOz62c1Oy2ZnpzFVpZJp1F3DL9pVJrneWNFdISO0Sly0AVqomvUQm1E0T16Qi/o1Xq23qx362M+WrDynUP0B9bnD9l0m88=</latexit><latexit sha1_base64="coDuDP2EgiN6ovbOBAlaI3usUzA=">AAACEHicbVDLSsNAFJ3UV62vqks3g63gopSkiLosuHFZxT6gDWUyvWlHJ5MwMxFKyD+IO/0Sd+LWP/BD3DtNs9DWAwOHc+7lnjlexJnStv1lFVZW19Y3ipulre2d3b3y/kFHhbGk0KYhD2XPIwo4E9DWTHPoRRJI4HHoeg9XM7/7CFKxUNzpaQRuQMaC+YwSbaRO1RveVvGwXLHrdga8TJycVFCO1rD8PRiFNA5AaMqJUn3HjrSbEKkZ5ZCWBrGCiNAHMoa+oYIEoNwkS5viE6OMsB9K84TGmfp7IyGBUtPAM5MB0RO16M3E/7x+rP1LN2EiijUIOj/kxxzrEM++jkdMAtV8agihkpmsmE6IJFSbgkqDEfimxCxOEkoixpAmcuyliVOz62c1Oy2ZnpzFVpZJp1F3DL9pVJrneWNFdISO0Sly0AVqomvUQm1E0T16Qi/o1Xq23qx362M+WrDynUP0B9bnD9l0m88=</latexit><latexit sha1_base64="coDuDP2EgiN6ovbOBAlaI3usUzA=">AAACEHicbVDLSsNAFJ3UV62vqks3g63gopSkiLosuHFZxT6gDWUyvWlHJ5MwMxFKyD+IO/0Sd+LWP/BD3DtNs9DWAwOHc+7lnjlexJnStv1lFVZW19Y3ipulre2d3b3y/kFHhbGk0KYhD2XPIwo4E9DWTHPoRRJI4HHoeg9XM7/7CFKxUNzpaQRuQMaC+YwSbaRO1RveVvGwXLHrdga8TJycVFCO1rD8PRiFNA5AaMqJUn3HjrSbEKkZ5ZCWBrGCiNAHMoa+oYIEoNwkS5viE6OMsB9K84TGmfp7IyGBUtPAM5MB0RO16M3E/7x+rP1LN2EiijUIOj/kxxzrEM++jkdMAtV8agihkpmsmE6IJFSbgkqDEfimxCxOEkoixpAmcuyliVOz62c1Oy2ZnpzFVpZJp1F3DL9pVJrneWNFdISO0Sly0AVqomvUQm1E0T16Qi/o1Xq23qx362M+WrDynUP0B9bnD9l0m88=</latexit>

“collective breaking”  m� / (ybg⇤)1/2f � / y2b
<latexit sha1_base64="97e4+TGIQ3+82KDT/mv00zbtz3A="></latexit><latexit sha1_base64="97e4+TGIQ3+82KDT/mv00zbtz3A="></latexit><latexit sha1_base64="97e4+TGIQ3+82KDT/mv00zbtz3A="></latexit><latexit sha1_base64="97e4+TGIQ3+82KDT/mv00zbtz3A="></latexit>

� ⌧ 10�3
<latexit sha1_base64="ojD0cE4Fysss3acSbeE1kh4oR+E="></latexit><latexit sha1_base64="ojD0cE4Fysss3acSbeE1kh4oR+E="></latexit><latexit sha1_base64="ojD0cE4Fysss3acSbeE1kh4oR+E="></latexit><latexit sha1_base64="ojD0cE4Fysss3acSbeE1kh4oR+E="></latexit>

Balkin, Ruhdorfer,  
Salvioni, Weiler 1809.09106
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⇠ mb
f2

<latexit sha1_base64="+1sQcppVaj7/Si5p2ha2x/CUw6U="></latexit><latexit sha1_base64="+1sQcppVaj7/Si5p2ha2x/CUw6U="></latexit><latexit sha1_base64="+1sQcppVaj7/Si5p2ha2x/CUw6U="></latexit><latexit sha1_base64="+1sQcppVaj7/Si5p2ha2x/CUw6U="></latexit>

[GeV]
<latexit sha1_base64="2iH3BukAG6YS5oll1WkxYLuHxYI="></latexit><latexit sha1_base64="2iH3BukAG6YS5oll1WkxYLuHxYI="></latexit><latexit sha1_base64="2iH3BukAG6YS5oll1WkxYLuHxYI="></latexit><latexit sha1_base64="2iH3BukAG6YS5oll1WkxYLuHxYI="></latexit>

f
<latexit sha1_base64="dQBpG+vReKmp4654UXqxtHWhgUY="></latexit><latexit sha1_base64="dQBpG+vReKmp4654UXqxtHWhgUY="></latexit><latexit sha1_base64="dQBpG+vReKmp4654UXqxtHWhgUY="></latexit><latexit sha1_base64="dQBpG+vReKmp4654UXqxtHWhgUY="></latexit>

m�[GeV]
<latexit sha1_base64="rjSmwkj1wCff/cZBntHORSDjJF0=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJFYqqSLjAwVGKAsUj0ISVR5LhOa9V2IttBqqIu/AoLAwix8hls/A1OmwFajnSlo3Pu1b33RCmjSjvOt1VZW9/Y3Kpu13Z29/YP7MOjnkoyiUkXJyyRgwgpwqggXU01I4NUEsQjRvrR5Kbw+49EKpqIBz1NScDRSNCYYqSNFNonDR76eEyh53Okx5Lnt6Q3CxqhXXeazhxwlbglqYMSndD+8ocJzjgRGjOklOc6qQ5yJDXFjMxqfqZIivAEjYhnqECcqCCfPzCD50YZwjiRpoSGc/X3RI64UlMemc7iSrXsFeJ/npfp+CrIqUgzTQReLIozBnUCizTgkEqCNZsagrCk5laIx0girE1mNROCu/zyKum1mq7TdO9b9fZ1GUcVnIIzcAFccAna4A50QBdgMAPP4BW8WU/Wi/VufSxaK1Y5cwz+wPr8AdlLleQ=</latexit><latexit sha1_base64="rjSmwkj1wCff/cZBntHORSDjJF0=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJFYqqSLjAwVGKAsUj0ISVR5LhOa9V2IttBqqIu/AoLAwix8hls/A1OmwFajnSlo3Pu1b33RCmjSjvOt1VZW9/Y3Kpu13Z29/YP7MOjnkoyiUkXJyyRgwgpwqggXU01I4NUEsQjRvrR5Kbw+49EKpqIBz1NScDRSNCYYqSNFNonDR76eEyh53Okx5Lnt6Q3CxqhXXeazhxwlbglqYMSndD+8ocJzjgRGjOklOc6qQ5yJDXFjMxqfqZIivAEjYhnqECcqCCfPzCD50YZwjiRpoSGc/X3RI64UlMemc7iSrXsFeJ/npfp+CrIqUgzTQReLIozBnUCizTgkEqCNZsagrCk5laIx0girE1mNROCu/zyKum1mq7TdO9b9fZ1GUcVnIIzcAFccAna4A50QBdgMAPP4BW8WU/Wi/VufSxaK1Y5cwz+wPr8AdlLleQ=</latexit><latexit sha1_base64="rjSmwkj1wCff/cZBntHORSDjJF0=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJFYqqSLjAwVGKAsUj0ISVR5LhOa9V2IttBqqIu/AoLAwix8hls/A1OmwFajnSlo3Pu1b33RCmjSjvOt1VZW9/Y3Kpu13Z29/YP7MOjnkoyiUkXJyyRgwgpwqggXU01I4NUEsQjRvrR5Kbw+49EKpqIBz1NScDRSNCYYqSNFNonDR76eEyh53Okx5Lnt6Q3CxqhXXeazhxwlbglqYMSndD+8ocJzjgRGjOklOc6qQ5yJDXFjMxqfqZIivAEjYhnqECcqCCfPzCD50YZwjiRpoSGc/X3RI64UlMemc7iSrXsFeJ/npfp+CrIqUgzTQReLIozBnUCizTgkEqCNZsagrCk5laIx0girE1mNROCu/zyKum1mq7TdO9b9fZ1GUcVnIIzcAFccAna4A50QBdgMAPP4BW8WU/Wi/VufSxaK1Y5cwz+wPr8AdlLleQ=</latexit><latexit sha1_base64="rjSmwkj1wCff/cZBntHORSDjJF0=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJFYqqSLjAwVGKAsUj0ISVR5LhOa9V2IttBqqIu/AoLAwix8hls/A1OmwFajnSlo3Pu1b33RCmjSjvOt1VZW9/Y3Kpu13Z29/YP7MOjnkoyiUkXJyyRgwgpwqggXU01I4NUEsQjRvrR5Kbw+49EKpqIBz1NScDRSNCYYqSNFNonDR76eEyh53Okx5Lnt6Q3CxqhXXeazhxwlbglqYMSndD+8ocJzjgRGjOklOc6qQ5yJDXFjMxqfqZIivAEjYhnqECcqCCfPzCD50YZwjiRpoSGc/X3RI64UlMemc7iSrXsFeJ/npfp+CrIqUgzTQReLIozBnUCizTgkEqCNZsagrCk5laIx0girE1mNROCu/zyKum1mq7TdO9b9fZ1GUcVnIIzcAFccAna4A50QBdgMAPP4BW8WU/Wi/VufSxaK1Y5cwz+wPr8AdlLleQ=</latexit>

Small, but probed at next generation (LUX-ZEPLIN)



DM mass from bottom loops 24

SO(7)⇥ U(1)X
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

✏bL ⇠ ✏bR ⇠
p

ybf/M⇤b
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

T 3
L 6= T 3

R
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

tree-level corrections to Zbb

f = 1 TeV
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Oq ⇠ 72/3, Ot ⇠ 212/3, Oq0,b ⇠ 7�1/3
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



Origin of dark matter mass: 
what’s in the loop? 

 Top quarks? 

 Bottom quarks? 

 BSM physics?

�
<latexit sha1_base64="hZpr4VSUSoT3vdYeysx20WQODxk=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCoz3ehKCm5cVrAXaIeSSTNtbCYZkoxQhr6DGxeKuPV93Pk2pu0stPWHwMd/ziHn/GEiuLGe940KG5tb2zvF3dLe/sHhUfn4pG1UqilrUSWU7obEMMEla1luBesmmpE4FKwTTm7n9c4T04Yr+WCnCQtiMpI84pRYZ7WrfTrm1UG54tW8hfA6+DlUIFdzUP7qDxVNYyYtFcSYnu8lNsiItpwKNiv1U8MSQidkxHoOJYmZCbLFtjN84ZwhjpR2T1q8cH9PZCQ2ZhqHrjMmdmxWa3Pzv1ovtdF1kHGZpJZJuvwoSgW2Cs9Px0OuGbVi6oBQzd2umI6JJtS6gEouBH/15HVo12u+4/t6pXGTx1GEMziHS/DhChpwB01oAYVHeIZXeEMKvaB39LFsLaB85hT+CH3+ALcijog=</latexit><latexit sha1_base64="hZpr4VSUSoT3vdYeysx20WQODxk=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCoz3ehKCm5cVrAXaIeSSTNtbCYZkoxQhr6DGxeKuPV93Pk2pu0stPWHwMd/ziHn/GEiuLGe940KG5tb2zvF3dLe/sHhUfn4pG1UqilrUSWU7obEMMEla1luBesmmpE4FKwTTm7n9c4T04Yr+WCnCQtiMpI84pRYZ7WrfTrm1UG54tW8hfA6+DlUIFdzUP7qDxVNYyYtFcSYnu8lNsiItpwKNiv1U8MSQidkxHoOJYmZCbLFtjN84ZwhjpR2T1q8cH9PZCQ2ZhqHrjMmdmxWa3Pzv1ovtdF1kHGZpJZJuvwoSgW2Cs9Px0OuGbVi6oBQzd2umI6JJtS6gEouBH/15HVo12u+4/t6pXGTx1GEMziHS/DhChpwB01oAYVHeIZXeEMKvaB39LFsLaB85hT+CH3+ALcijog=</latexit><latexit sha1_base64="hZpr4VSUSoT3vdYeysx20WQODxk=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCoz3ehKCm5cVrAXaIeSSTNtbCYZkoxQhr6DGxeKuPV93Pk2pu0stPWHwMd/ziHn/GEiuLGe940KG5tb2zvF3dLe/sHhUfn4pG1UqilrUSWU7obEMMEla1luBesmmpE4FKwTTm7n9c4T04Yr+WCnCQtiMpI84pRYZ7WrfTrm1UG54tW8hfA6+DlUIFdzUP7qDxVNYyYtFcSYnu8lNsiItpwKNiv1U8MSQidkxHoOJYmZCbLFtjN84ZwhjpR2T1q8cH9PZCQ2ZhqHrjMmdmxWa3Pzv1ovtdF1kHGZpJZJuvwoSgW2Cs9Px0OuGbVi6oBQzd2umI6JJtS6gEouBH/15HVo12u+4/t6pXGTx1GEMziHS/DhChpwB01oAYVHeIZXeEMKvaB39LFsLaB85hT+CH3+ALcijog=</latexit><latexit sha1_base64="hZpr4VSUSoT3vdYeysx20WQODxk=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCoz3ehKCm5cVrAXaIeSSTNtbCYZkoxQhr6DGxeKuPV93Pk2pu0stPWHwMd/ziHn/GEiuLGe940KG5tb2zvF3dLe/sHhUfn4pG1UqilrUSWU7obEMMEla1luBesmmpE4FKwTTm7n9c4T04Yr+WCnCQtiMpI84pRYZ7WrfTrm1UG54tW8hfA6+DlUIFdzUP7qDxVNYyYtFcSYnu8lNsiItpwKNiv1U8MSQidkxHoOJYmZCbLFtjN84ZwhjpR2T1q8cH9PZCQ2ZhqHrjMmdmxWa3Pzv1ovtdF1kHGZpJZJuvwoSgW2Cs9Px0OuGbVi6oBQzd2umI6JJtS6gEouBH/15HVo12u+4/t6pXGTx1GEMziHS/DhChpwB01oAYVHeIZXeEMKvaB39LFsLaB85hT+CH3+ALcijog=</latexit>

�
<latexit sha1_base64="hZpr4VSUSoT3vdYeysx20WQODxk=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCoz3ehKCm5cVrAXaIeSSTNtbCYZkoxQhr6DGxeKuPV93Pk2pu0stPWHwMd/ziHn/GEiuLGe940KG5tb2zvF3dLe/sHhUfn4pG1UqilrUSWU7obEMMEla1luBesmmpE4FKwTTm7n9c4T04Yr+WCnCQtiMpI84pRYZ7WrfTrm1UG54tW8hfA6+DlUIFdzUP7qDxVNYyYtFcSYnu8lNsiItpwKNiv1U8MSQidkxHoOJYmZCbLFtjN84ZwhjpR2T1q8cH9PZCQ2ZhqHrjMmdmxWa3Pzv1ovtdF1kHGZpJZJuvwoSgW2Cs9Px0OuGbVi6oBQzd2umI6JJtS6gEouBH/15HVo12u+4/t6pXGTx1GEMziHS/DhChpwB01oAYVHeIZXeEMKvaB39LFsLaB85hT+CH3+ALcijog=</latexit><latexit sha1_base64="hZpr4VSUSoT3vdYeysx20WQODxk=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCoz3ehKCm5cVrAXaIeSSTNtbCYZkoxQhr6DGxeKuPV93Pk2pu0stPWHwMd/ziHn/GEiuLGe940KG5tb2zvF3dLe/sHhUfn4pG1UqilrUSWU7obEMMEla1luBesmmpE4FKwTTm7n9c4T04Yr+WCnCQtiMpI84pRYZ7WrfTrm1UG54tW8hfA6+DlUIFdzUP7qDxVNYyYtFcSYnu8lNsiItpwKNiv1U8MSQidkxHoOJYmZCbLFtjN84ZwhjpR2T1q8cH9PZCQ2ZhqHrjMmdmxWa3Pzv1ovtdF1kHGZpJZJuvwoSgW2Cs9Px0OuGbVi6oBQzd2umI6JJtS6gEouBH/15HVo12u+4/t6pXGTx1GEMziHS/DhChpwB01oAYVHeIZXeEMKvaB39LFsLaB85hT+CH3+ALcijog=</latexit><latexit sha1_base64="hZpr4VSUSoT3vdYeysx20WQODxk=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCoz3ehKCm5cVrAXaIeSSTNtbCYZkoxQhr6DGxeKuPV93Pk2pu0stPWHwMd/ziHn/GEiuLGe940KG5tb2zvF3dLe/sHhUfn4pG1UqilrUSWU7obEMMEla1luBesmmpE4FKwTTm7n9c4T04Yr+WCnCQtiMpI84pRYZ7WrfTrm1UG54tW8hfA6+DlUIFdzUP7qDxVNYyYtFcSYnu8lNsiItpwKNiv1U8MSQidkxHoOJYmZCbLFtjN84ZwhjpR2T1q8cH9PZCQ2ZhqHrjMmdmxWa3Pzv1ovtdF1kHGZpJZJuvwoSgW2Cs9Px0OuGbVi6oBQzd2umI6JJtS6gEouBH/15HVo12u+4/t6pXGTx1GEMziHS/DhChpwB01oAYVHeIZXeEMKvaB39LFsLaB85hT+CH3+ALcijog=</latexit><latexit sha1_base64="hZpr4VSUSoT3vdYeysx20WQODxk=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCoz3ehKCm5cVrAXaIeSSTNtbCYZkoxQhr6DGxeKuPV93Pk2pu0stPWHwMd/ziHn/GEiuLGe940KG5tb2zvF3dLe/sHhUfn4pG1UqilrUSWU7obEMMEla1luBesmmpE4FKwTTm7n9c4T04Yr+WCnCQtiMpI84pRYZ7WrfTrm1UG54tW8hfA6+DlUIFdzUP7qDxVNYyYtFcSYnu8lNsiItpwKNiv1U8MSQidkxHoOJYmZCbLFtjN84ZwhjpR2T1q8cH9PZCQ2ZhqHrjMmdmxWa3Pzv1ovtdF1kHGZpJZJuvwoSgW2Cs9Px0OuGbVi6oBQzd2umI6JJtS6gEouBH/15HVo12u+4/t6pXGTx1GEMziHS/DhChpwB01oAYVHeIZXeEMKvaB39LFsLaB85hT+CH3+ALcijog=</latexit>



DM mass from beyond the Standard Model

• Scenario where SM fully preserves DM shift symmetry 
(but generates realistic potential for Higgs) 

• How does the DM get a mass?
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DM mass from dark photon loops

• Scenario where SM fully preserves DM shift symmetry 
(but generates realistic potential for Higgs) 

• How does the DM get a mass? 

• For complex pNGB, natural to gauge the stabilizing U(1)

�D
<latexit sha1_base64="dS5yTDJBkHO+puWmmE0PU35FlWY="></latexit><latexit sha1_base64="dS5yTDJBkHO+puWmmE0PU35FlWY="></latexit><latexit sha1_base64="dS5yTDJBkHO+puWmmE0PU35FlWY="></latexit><latexit sha1_base64="dS5yTDJBkHO+puWmmE0PU35FlWY="></latexit>

(think of pion mass  
difference from EM)

m� '
q

3↵D
2⇡ m⇢ ⇡ 100 GeV

�
↵D
10�3

�1/2 � m⇢

5 TeV

�
<latexit sha1_base64="D4uGDKqAcIFaiSPBmVrR7Yx0oXc="></latexit><latexit sha1_base64="D4uGDKqAcIFaiSPBmVrR7Yx0oXc="></latexit><latexit sha1_base64="D4uGDKqAcIFaiSPBmVrR7Yx0oXc="></latexit><latexit sha1_base64="D4uGDKqAcIFaiSPBmVrR7Yx0oXc="></latexit>

�|H|2|�|2
<latexit sha1_base64="CQkxTRk6qmYglXJ13N6ujzNZdPA="></latexit><latexit sha1_base64="CQkxTRk6qmYglXJ13N6ujzNZdPA="></latexit><latexit sha1_base64="CQkxTRk6qmYglXJ13N6ujzNZdPA="></latexit><latexit sha1_base64="CQkxTRk6qmYglXJ13N6ujzNZdPA="></latexit>

while not generated at 1 loop
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DM mass from dark photon loops

• Scenario where SM fully preserves DM shift symmetry 
(but generates realistic potential for Higgs) 

• How does the DM get a mass? 

• For complex pNGB, natural to gauge the stabilizing U(1) 

• Also makes DM stability more robust:  

avoid issues with global symmetries vs quantum gravity 

subleading mixings of SM fermions automatically preserve

�D
<latexit sha1_base64="dS5yTDJBkHO+puWmmE0PU35FlWY="></latexit><latexit sha1_base64="dS5yTDJBkHO+puWmmE0PU35FlWY="></latexit><latexit sha1_base64="dS5yTDJBkHO+puWmmE0PU35FlWY="></latexit><latexit sha1_base64="dS5yTDJBkHO+puWmmE0PU35FlWY="></latexit>

(think of pion mass  
difference from EM)

m� '
q

3↵D
2⇡ m⇢ ⇡ 100 GeV

�
↵D
10�3

�1/2 � m⇢

5 TeV

�
<latexit sha1_base64="D4uGDKqAcIFaiSPBmVrR7Yx0oXc="></latexit><latexit sha1_base64="D4uGDKqAcIFaiSPBmVrR7Yx0oXc="></latexit><latexit sha1_base64="D4uGDKqAcIFaiSPBmVrR7Yx0oXc="></latexit><latexit sha1_base64="D4uGDKqAcIFaiSPBmVrR7Yx0oXc="></latexit>

�|H|2|�|2
<latexit sha1_base64="CQkxTRk6qmYglXJ13N6ujzNZdPA="></latexit><latexit sha1_base64="CQkxTRk6qmYglXJ13N6ujzNZdPA="></latexit><latexit sha1_base64="CQkxTRk6qmYglXJ13N6ujzNZdPA="></latexit><latexit sha1_base64="CQkxTRk6qmYglXJ13N6ujzNZdPA="></latexit>

while not generated at 1 loop

Kamionkowski, March-Russell 1992, 
Kallosh, Linde, Linde, Susskind 1995, 
Susskind 1995 + many others

27

U(1)DM
<latexit sha1_base64="FIavWpAQEae/h97yM8sbfAhUePU="></latexit><latexit sha1_base64="FIavWpAQEae/h97yM8sbfAhUePU="></latexit><latexit sha1_base64="FIavWpAQEae/h97yM8sbfAhUePU="></latexit><latexit sha1_base64="FIavWpAQEae/h97yM8sbfAhUePU="></latexit>



Dark sector phenomenology

• Dark photon mass is free parameter of EFT (Stückelberg) 

• First                    , massive case if time allows 

• Kinetic mixing with hypercharge forbidden by                charge conjugation 

                                    

m�D = 0
<latexit sha1_base64="KcxhF0gmkpNq3OszpIIm9FlwM8k="></latexit><latexit sha1_base64="KcxhF0gmkpNq3OszpIIm9FlwM8k="></latexit><latexit sha1_base64="KcxhF0gmkpNq3OszpIIm9FlwM8k="></latexit><latexit sha1_base64="KcxhF0gmkpNq3OszpIIm9FlwM8k="></latexit>
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U(1)DM
<latexit sha1_base64="FIavWpAQEae/h97yM8sbfAhUePU="></latexit><latexit sha1_base64="FIavWpAQEae/h97yM8sbfAhUePU="></latexit><latexit sha1_base64="FIavWpAQEae/h97yM8sbfAhUePU="></latexit><latexit sha1_base64="FIavWpAQEae/h97yM8sbfAhUePU="></latexit>

CD
<latexit sha1_base64="HYszj74pkj7LLP+1vO57jwu+zJY="></latexit><latexit sha1_base64="HYszj74pkj7LLP+1vO57jwu+zJY="></latexit><latexit sha1_base64="HYszj74pkj7LLP+1vO57jwu+zJY="></latexit><latexit sha1_base64="HYszj74pkj7LLP+1vO57jwu+zJY="></latexit>

"Bµ⌫F
µ⌫
D

CD�! � "Bµ⌫F
µ⌫
D

<latexit sha1_base64="Qy5qH1pDEwQFp6wKbLztXzqzMIY="></latexit><latexit sha1_base64="Qy5qH1pDEwQFp6wKbLztXzqzMIY="></latexit><latexit sha1_base64="Qy5qH1pDEwQFp6wKbLztXzqzMIY="></latexit><latexit sha1_base64="Qy5qH1pDEwQFp6wKbLztXzqzMIY="></latexit>

[embedded in O(6)]



Dark sector phenomenology

• Dark photon mass is free parameter of EFT (Stückelberg) 

• First                    , massive case if time allows 

• Kinetic mixing with hypercharge forbidden by                charge conjugation 

                                     

•                    scattering controls kinetic decoupling of SM and dark sector

m�D = 0
<latexit sha1_base64="KcxhF0gmkpNq3OszpIIm9FlwM8k="></latexit><latexit sha1_base64="KcxhF0gmkpNq3OszpIIm9FlwM8k="></latexit><latexit sha1_base64="KcxhF0gmkpNq3OszpIIm9FlwM8k="></latexit><latexit sha1_base64="KcxhF0gmkpNq3OszpIIm9FlwM8k="></latexit>

�f ! �f
<latexit sha1_base64="35NpAFe/LxFu54CJ2x9uOxiUbMo="></latexit><latexit sha1_base64="35NpAFe/LxFu54CJ2x9uOxiUbMo="></latexit><latexit sha1_base64="35NpAFe/LxFu54CJ2x9uOxiUbMo="></latexit><latexit sha1_base64="35NpAFe/LxFu54CJ2x9uOxiUbMo="></latexit>

contribution of dark photon  
to                @ CMBh

<latexit sha1_base64="KjNwQjfs19DMZK2i6/nZKCwKMeI="></latexit><latexit sha1_base64="KjNwQjfs19DMZK2i6/nZKCwKMeI="></latexit><latexit sha1_base64="KjNwQjfs19DMZK2i6/nZKCwKMeI="></latexit><latexit sha1_base64="KjNwQjfs19DMZK2i6/nZKCwKMeI="></latexit>

�
<latexit sha1_base64="yEfKnyfEtduyrJXsQov9iVEi/iA="></latexit><latexit sha1_base64="yEfKnyfEtduyrJXsQov9iVEi/iA="></latexit><latexit sha1_base64="yEfKnyfEtduyrJXsQov9iVEi/iA="></latexit><latexit sha1_base64="yEfKnyfEtduyrJXsQov9iVEi/iA="></latexit>

f
<latexit sha1_base64="G0Kzwt73LSwPXDwimYVPfQFJ85U="></latexit><latexit sha1_base64="G0Kzwt73LSwPXDwimYVPfQFJ85U="></latexit><latexit sha1_base64="G0Kzwt73LSwPXDwimYVPfQFJ85U="></latexit><latexit sha1_base64="G0Kzwt73LSwPXDwimYVPfQFJ85U="></latexit>

�Ne↵
<latexit sha1_base64="+r9tEST+4+LhQCbNk0zUXZQaKlY="></latexit><latexit sha1_base64="+r9tEST+4+LhQCbNk0zUXZQaKlY="></latexit><latexit sha1_base64="+r9tEST+4+LhQCbNk0zUXZQaKlY="></latexit><latexit sha1_base64="+r9tEST+4+LhQCbNk0zUXZQaKlY="></latexit>

�
<latexit sha1_base64="yEfKnyfEtduyrJXsQov9iVEi/iA="></latexit><latexit sha1_base64="yEfKnyfEtduyrJXsQov9iVEi/iA="></latexit><latexit sha1_base64="yEfKnyfEtduyrJXsQov9iVEi/iA="></latexit><latexit sha1_base64="yEfKnyfEtduyrJXsQov9iVEi/iA="></latexit>

f
<latexit sha1_base64="G0Kzwt73LSwPXDwimYVPfQFJ85U="></latexit><latexit sha1_base64="G0Kzwt73LSwPXDwimYVPfQFJ85U="></latexit><latexit sha1_base64="G0Kzwt73LSwPXDwimYVPfQFJ85U="></latexit><latexit sha1_base64="G0Kzwt73LSwPXDwimYVPfQFJ85U="></latexit>

�Ne↵
<latexit sha1_base64="Kqxq3fyKlB32azcZ1U2QYMZLVMI="></latexit><latexit sha1_base64="Kqxq3fyKlB32azcZ1U2QYMZLVMI="></latexit><latexit sha1_base64="Kqxq3fyKlB32azcZ1U2QYMZLVMI="></latexit><latexit sha1_base64="Kqxq3fyKlB32azcZ1U2QYMZLVMI="></latexit>
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U(1)DM
<latexit sha1_base64="FIavWpAQEae/h97yM8sbfAhUePU="></latexit><latexit sha1_base64="FIavWpAQEae/h97yM8sbfAhUePU="></latexit><latexit sha1_base64="FIavWpAQEae/h97yM8sbfAhUePU="></latexit><latexit sha1_base64="FIavWpAQEae/h97yM8sbfAhUePU="></latexit>

CD
<latexit sha1_base64="HYszj74pkj7LLP+1vO57jwu+zJY="></latexit><latexit sha1_base64="HYszj74pkj7LLP+1vO57jwu+zJY="></latexit><latexit sha1_base64="HYszj74pkj7LLP+1vO57jwu+zJY="></latexit><latexit sha1_base64="HYszj74pkj7LLP+1vO57jwu+zJY="></latexit>

"Bµ⌫F
µ⌫
D

CD�! � "Bµ⌫F
µ⌫
D

<latexit sha1_base64="Qy5qH1pDEwQFp6wKbLztXzqzMIY="></latexit><latexit sha1_base64="Qy5qH1pDEwQFp6wKbLztXzqzMIY="></latexit><latexit sha1_base64="Qy5qH1pDEwQFp6wKbLztXzqzMIY="></latexit><latexit sha1_base64="Qy5qH1pDEwQFp6wKbLztXzqzMIY="></latexit>

[embedded in O(6)]



Dark matter phenomenology

Sommerfeld

S = 2⇡↵D/vrel

1�e�2⇡↵D/vrel
⇡ 2⇡ ↵D

vrel
<latexit sha1_base64="1IyqccR93KbcZENWqKJwWJ9y964="></latexit><latexit sha1_base64="1IyqccR93KbcZENWqKJwWJ9y964="></latexit><latexit sha1_base64="1IyqccR93KbcZENWqKJwWJ9y964="></latexit><latexit sha1_base64="1IyqccR93KbcZENWqKJwWJ9y964="></latexit>

in dwarf galaxies

vrel ⇠ 10�4
<latexit sha1_base64="VcLyozJCfSUSb4dNJSnzUmUDX/4="></latexit><latexit sha1_base64="VcLyozJCfSUSb4dNJSnzUmUDX/4="></latexit><latexit sha1_base64="VcLyozJCfSUSb4dNJSnzUmUDX/4="></latexit><latexit sha1_base64="VcLyozJCfSUSb4dNJSnzUmUDX/4="></latexit>

f = 1.4 TeV
<latexit sha1_base64="HBdH3MgWpGZKZWxx2lmA0tEiJcY="></latexit><latexit sha1_base64="HBdH3MgWpGZKZWxx2lmA0tEiJcY="></latexit><latexit sha1_base64="HBdH3MgWpGZKZWxx2lmA0tEiJcY="></latexit><latexit sha1_base64="HBdH3MgWpGZKZWxx2lmA0tEiJcY="></latexit>
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Balkin, Ruhdorfer,  
Salvioni, Weiler  
1809.09106

⇠ 4m2
�

f2 v
<latexit sha1_base64="4S5NH69B0DBhiqqeKbyuf/B/U5U=">AAACCXicbZDLSgMxFIbP1Futt1GXboKt4ELKTBF0WXDjsoK9QGcsmTTThiYzQ5IplKFbN76KGxeKuPUN3Pk2pu0stPVAwsf/n0Ny/iDhTGnH+bYKa+sbm1vF7dLO7t7+gX141FJxKgltkpjHshNgRTmLaFMzzWknkRSLgNN2MLqZ+e0xlYrF0b2eJNQXeBCxkBGsjdSzUcVTTCAvlJhkl6LnkSF7qE2z0FzIuxhXenbZqTrzQqvg5lCGvBo9+8vrxyQVNNKEY6W6rpNoP8NSM8LptOSliiaYjPCAdg1GWFDlZ/NNpujMKH0UxtKcSKO5+nsiw0KpiQhMp8B6qJa9mfif1011eO1nLEpSTSOyeChMOdIxmsWC+kxSovnEACaSmb8iMsQmFG3CK5kQ3OWVV6FVq7qG72rlupPHUYQTOIVzcOEK6nALDWgCgUd4hld4s56sF+vd+li0Fqx85hj+lPX5A7vtmQA=</latexit><latexit sha1_base64="4S5NH69B0DBhiqqeKbyuf/B/U5U=">AAACCXicbZDLSgMxFIbP1Futt1GXboKt4ELKTBF0WXDjsoK9QGcsmTTThiYzQ5IplKFbN76KGxeKuPUN3Pk2pu0stPVAwsf/n0Ny/iDhTGnH+bYKa+sbm1vF7dLO7t7+gX141FJxKgltkpjHshNgRTmLaFMzzWknkRSLgNN2MLqZ+e0xlYrF0b2eJNQXeBCxkBGsjdSzUcVTTCAvlJhkl6LnkSF7qE2z0FzIuxhXenbZqTrzQqvg5lCGvBo9+8vrxyQVNNKEY6W6rpNoP8NSM8LptOSliiaYjPCAdg1GWFDlZ/NNpujMKH0UxtKcSKO5+nsiw0KpiQhMp8B6qJa9mfif1011eO1nLEpSTSOyeChMOdIxmsWC+kxSovnEACaSmb8iMsQmFG3CK5kQ3OWVV6FVq7qG72rlupPHUYQTOIVzcOEK6nALDWgCgUd4hld4s56sF+vd+li0Fqx85hj+lPX5A7vtmQA=</latexit><latexit sha1_base64="4S5NH69B0DBhiqqeKbyuf/B/U5U=">AAACCXicbZDLSgMxFIbP1Futt1GXboKt4ELKTBF0WXDjsoK9QGcsmTTThiYzQ5IplKFbN76KGxeKuPUN3Pk2pu0stPVAwsf/n0Ny/iDhTGnH+bYKa+sbm1vF7dLO7t7+gX141FJxKgltkpjHshNgRTmLaFMzzWknkRSLgNN2MLqZ+e0xlYrF0b2eJNQXeBCxkBGsjdSzUcVTTCAvlJhkl6LnkSF7qE2z0FzIuxhXenbZqTrzQqvg5lCGvBo9+8vrxyQVNNKEY6W6rpNoP8NSM8LptOSliiaYjPCAdg1GWFDlZ/NNpujMKH0UxtKcSKO5+nsiw0KpiQhMp8B6qJa9mfif1011eO1nLEpSTSOyeChMOdIxmsWC+kxSovnEACaSmb8iMsQmFG3CK5kQ3OWVV6FVq7qG72rlupPHUYQTOIVzcOEK6nALDWgCgUd4hld4s56sF+vd+li0Fqx85hj+lPX5A7vtmQA=</latexit><latexit sha1_base64="4S5NH69B0DBhiqqeKbyuf/B/U5U=">AAACCXicbZDLSgMxFIbP1Futt1GXboKt4ELKTBF0WXDjsoK9QGcsmTTThiYzQ5IplKFbN76KGxeKuPUN3Pk2pu0stPVAwsf/n0Ny/iDhTGnH+bYKa+sbm1vF7dLO7t7+gX141FJxKgltkpjHshNgRTmLaFMzzWknkRSLgNN2MLqZ+e0xlYrF0b2eJNQXeBCxkBGsjdSzUcVTTCAvlJhkl6LnkSF7qE2z0FzIuxhXenbZqTrzQqvg5lCGvBo9+8vrxyQVNNKEY6W6rpNoP8NSM8LptOSliiaYjPCAdg1GWFDlZ/NNpujMKH0UxtKcSKO5+nsiw0KpiQhMp8B6qJa9mfif1011eO1nLEpSTSOyeChMOdIxmsWC+kxSovnEACaSmb8iMsQmFG3CK5kQ3OWVV6FVq7qG72rlupPHUYQTOIVzcOEK6nALDWgCgUd4hld4s56sF+vd+li0Fqx85hj+lPX5A7vtmQA=</latexit>

�
<latexit sha1_base64="WS+7+3gIcd7KMtF7c/k0iWGzUqM=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AVPJXdXvRY8OKxgv2AdinZdLaNzSZLkhVK6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRqngxvr+t7exubW9s1vYK+4fHB4dl05OW0ZlmmGTKaF0J6IGBZfYtNwK7KQaaRIJbEfj23m9/YTacCUf7CTFMKFDyWPOqHVWq9JjI17pl8p+1V+IrEOQQxlyNfqlr95AsSxBaZmgxnQDP7XhlGrLmcBZsZcZTCkb0yF2HUqaoAmni21n5NI5AxIr7Z60ZOH+npjSxJhJErnOhNqRWa3Nzf9q3czGN+GUyzSzKNnyozgTxCoyP50MuEZmxcQBZZq7XQkbUU2ZdQEVXQjB6snr0KpVA8f3tXLdz+MowDlcwBUEcA11uIMGNIHBIzzDK7x5ynvx3r2PZeuGl8+cwR95nz+y7I56</latexit><latexit sha1_base64="WS+7+3gIcd7KMtF7c/k0iWGzUqM=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AVPJXdXvRY8OKxgv2AdinZdLaNzSZLkhVK6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRqngxvr+t7exubW9s1vYK+4fHB4dl05OW0ZlmmGTKaF0J6IGBZfYtNwK7KQaaRIJbEfj23m9/YTacCUf7CTFMKFDyWPOqHVWq9JjI17pl8p+1V+IrEOQQxlyNfqlr95AsSxBaZmgxnQDP7XhlGrLmcBZsZcZTCkb0yF2HUqaoAmni21n5NI5AxIr7Z60ZOH+npjSxJhJErnOhNqRWa3Nzf9q3czGN+GUyzSzKNnyozgTxCoyP50MuEZmxcQBZZq7XQkbUU2ZdQEVXQjB6snr0KpVA8f3tXLdz+MowDlcwBUEcA11uIMGNIHBIzzDK7x5ynvx3r2PZeuGl8+cwR95nz+y7I56</latexit><latexit sha1_base64="WS+7+3gIcd7KMtF7c/k0iWGzUqM=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AVPJXdXvRY8OKxgv2AdinZdLaNzSZLkhVK6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRqngxvr+t7exubW9s1vYK+4fHB4dl05OW0ZlmmGTKaF0J6IGBZfYtNwK7KQaaRIJbEfj23m9/YTacCUf7CTFMKFDyWPOqHVWq9JjI17pl8p+1V+IrEOQQxlyNfqlr95AsSxBaZmgxnQDP7XhlGrLmcBZsZcZTCkb0yF2HUqaoAmni21n5NI5AxIr7Z60ZOH+npjSxJhJErnOhNqRWa3Nzf9q3czGN+GUyzSzKNnyozgTxCoyP50MuEZmxcQBZZq7XQkbUU2ZdQEVXQjB6snr0KpVA8f3tXLdz+MowDlcwBUEcA11uIMGNIHBIzzDK7x5ynvx3r2PZeuGl8+cwR95nz+y7I56</latexit><latexit sha1_base64="WS+7+3gIcd7KMtF7c/k0iWGzUqM=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AVPJXdXvRY8OKxgv2AdinZdLaNzSZLkhVK6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRqngxvr+t7exubW9s1vYK+4fHB4dl05OW0ZlmmGTKaF0J6IGBZfYtNwK7KQaaRIJbEfj23m9/YTacCUf7CTFMKFDyWPOqHVWq9JjI17pl8p+1V+IrEOQQxlyNfqlr95AsSxBaZmgxnQDP7XhlGrLmcBZsZcZTCkb0yF2HUqaoAmni21n5NI5AxIr7Z60ZOH+npjSxJhJErnOhNqRWa3Nzf9q3czGN+GUyzSzKNnyozgTxCoyP50MuEZmxcQBZZq7XQkbUU2ZdQEVXQjB6snr0KpVA8f3tXLdz+MowDlcwBUEcA11uIMGNIHBIzzDK7x5ynvx3r2PZeuGl8+cwR95nz+y7I56</latexit>

�⇤
<latexit sha1_base64="Ub6z/4Bx1Z/mrPpvp2jgOx1Cvw8=">AAAB8nicbZBNS8NAEIYnftb6VfXoJdgKnkrSix4LXjxWsB/QxLLZbtqlm92wOxFK6M/w4kERr/4ab/4bt20O2vrCwsM7M+zMG6WCG/S8b2djc2t7Z7e0V94/ODw6rpycdozKNGVtqoTSvYgYJrhkbeQoWC/VjCSRYN1ocjuvd5+YNlzJB5ymLEzISPKYU4LW6tcCOuaPATFYG1SqXt1byF0Hv4AqFGoNKl/BUNEsYRKpIMb0fS/FMCcaORVsVg4yw1JCJ2TE+hYlSZgJ88XKM/fSOkM3Vto+ie7C/T2Rk8SYaRLZzoTg2KzW5uZ/tX6G8U2Yc5lmyCRdfhRnwkXlzu93h1wzimJqgVDN7a4uHRNNKNqUyjYEf/Xkdeg06r7l+0a16RVxlOAcLuAKfLiGJtxBC9pAQcEzvMKbg86L8+58LFs3nGLmDP7I+fwBhTGQrg==</latexit><latexit sha1_base64="Ub6z/4Bx1Z/mrPpvp2jgOx1Cvw8=">AAAB8nicbZBNS8NAEIYnftb6VfXoJdgKnkrSix4LXjxWsB/QxLLZbtqlm92wOxFK6M/w4kERr/4ab/4bt20O2vrCwsM7M+zMG6WCG/S8b2djc2t7Z7e0V94/ODw6rpycdozKNGVtqoTSvYgYJrhkbeQoWC/VjCSRYN1ocjuvd5+YNlzJB5ymLEzISPKYU4LW6tcCOuaPATFYG1SqXt1byF0Hv4AqFGoNKl/BUNEsYRKpIMb0fS/FMCcaORVsVg4yw1JCJ2TE+hYlSZgJ88XKM/fSOkM3Vto+ie7C/T2Rk8SYaRLZzoTg2KzW5uZ/tX6G8U2Yc5lmyCRdfhRnwkXlzu93h1wzimJqgVDN7a4uHRNNKNqUyjYEf/Xkdeg06r7l+0a16RVxlOAcLuAKfLiGJtxBC9pAQcEzvMKbg86L8+58LFs3nGLmDP7I+fwBhTGQrg==</latexit><latexit sha1_base64="Ub6z/4Bx1Z/mrPpvp2jgOx1Cvw8=">AAAB8nicbZBNS8NAEIYnftb6VfXoJdgKnkrSix4LXjxWsB/QxLLZbtqlm92wOxFK6M/w4kERr/4ab/4bt20O2vrCwsM7M+zMG6WCG/S8b2djc2t7Z7e0V94/ODw6rpycdozKNGVtqoTSvYgYJrhkbeQoWC/VjCSRYN1ocjuvd5+YNlzJB5ymLEzISPKYU4LW6tcCOuaPATFYG1SqXt1byF0Hv4AqFGoNKl/BUNEsYRKpIMb0fS/FMCcaORVsVg4yw1JCJ2TE+hYlSZgJ88XKM/fSOkM3Vto+ie7C/T2Rk8SYaRLZzoTg2KzW5uZ/tX6G8U2Yc5lmyCRdfhRnwkXlzu93h1wzimJqgVDN7a4uHRNNKNqUyjYEf/Xkdeg06r7l+0a16RVxlOAcLuAKfLiGJtxBC9pAQcEzvMKbg86L8+58LFs3nGLmDP7I+fwBhTGQrg==</latexit><latexit sha1_base64="Ub6z/4Bx1Z/mrPpvp2jgOx1Cvw8=">AAAB8nicbZBNS8NAEIYnftb6VfXoJdgKnkrSix4LXjxWsB/QxLLZbtqlm92wOxFK6M/w4kERr/4ab/4bt20O2vrCwsM7M+zMG6WCG/S8b2djc2t7Z7e0V94/ODw6rpycdozKNGVtqoTSvYgYJrhkbeQoWC/VjCSRYN1ocjuvd5+YNlzJB5ymLEzISPKYU4LW6tcCOuaPATFYG1SqXt1byF0Hv4AqFGoNKl/BUNEsYRKpIMb0fS/FMCcaORVsVg4yw1JCJ2TE+hYlSZgJ88XKM/fSOkM3Vto+ie7C/T2Rk8SYaRLZzoTg2KzW5uZ/tX6G8U2Yc5lmyCRdfhRnwkXlzu93h1wzimJqgVDN7a4uHRNNKNqUyjYEf/Xkdeg06r7l+0a16RVxlOAcLuAKfLiGJtxBC9pAQcEzvMKbg86L8+58LFs3nGLmDP7I+fwBhTGQrg==</latexit>

�D
<latexit sha1_base64="SZKrtY4fWab8o5s6Fj7rC/AayZU=">AAAB8XicbZA9TwJBEIbn8AvxC7W0uQgmVuSORksSLSwxkY8IFzK37MGG3b3L7p4JufAvbCw0xtZ/Y+e/cYErFHyTTZ68M5OdecOEM20879spbGxube8Ud0t7+weHR+Xjk7aOU0Voi8Q8Vt0QNeVM0pZhhtNuoiiKkNNOOLmZ1ztPVGkWywczTWggcCRZxAgaaz1W+yMUAge31UG54tW8hdx18HOoQK7moPzVH8YkFVQawlHrnu8lJshQGUY4nZX6qaYJkgmOaM+iREF1kC02nrkX1hm6Uazsk8ZduL8nMhRaT0VoOwWasV6tzc3/ar3URNdBxmSSGirJ8qMo5a6J3fn57pApSgyfWkCimN3VJWNUSIwNqWRD8FdPXod2veZbvq9XGl4eRxHO4BwuwYcraMAdNKEFBCQ8wyu8Odp5cd6dj2VrwclnTuGPnM8fglSQFA==</latexit><latexit sha1_base64="SZKrtY4fWab8o5s6Fj7rC/AayZU=">AAAB8XicbZA9TwJBEIbn8AvxC7W0uQgmVuSORksSLSwxkY8IFzK37MGG3b3L7p4JufAvbCw0xtZ/Y+e/cYErFHyTTZ68M5OdecOEM20879spbGxube8Ud0t7+weHR+Xjk7aOU0Voi8Q8Vt0QNeVM0pZhhtNuoiiKkNNOOLmZ1ztPVGkWywczTWggcCRZxAgaaz1W+yMUAge31UG54tW8hdx18HOoQK7moPzVH8YkFVQawlHrnu8lJshQGUY4nZX6qaYJkgmOaM+iREF1kC02nrkX1hm6Uazsk8ZduL8nMhRaT0VoOwWasV6tzc3/ar3URNdBxmSSGirJ8qMo5a6J3fn57pApSgyfWkCimN3VJWNUSIwNqWRD8FdPXod2veZbvq9XGl4eRxHO4BwuwYcraMAdNKEFBCQ8wyu8Odp5cd6dj2VrwclnTuGPnM8fglSQFA==</latexit><latexit sha1_base64="SZKrtY4fWab8o5s6Fj7rC/AayZU=">AAAB8XicbZA9TwJBEIbn8AvxC7W0uQgmVuSORksSLSwxkY8IFzK37MGG3b3L7p4JufAvbCw0xtZ/Y+e/cYErFHyTTZ68M5OdecOEM20879spbGxube8Ud0t7+weHR+Xjk7aOU0Voi8Q8Vt0QNeVM0pZhhtNuoiiKkNNOOLmZ1ztPVGkWywczTWggcCRZxAgaaz1W+yMUAge31UG54tW8hdx18HOoQK7moPzVH8YkFVQawlHrnu8lJshQGUY4nZX6qaYJkgmOaM+iREF1kC02nrkX1hm6Uazsk8ZduL8nMhRaT0VoOwWasV6tzc3/ar3URNdBxmSSGirJ8qMo5a6J3fn57pApSgyfWkCimN3VJWNUSIwNqWRD8FdPXod2veZbvq9XGl4eRxHO4BwuwYcraMAdNKEFBCQ8wyu8Odp5cd6dj2VrwclnTuGPnM8fglSQFA==</latexit><latexit sha1_base64="SZKrtY4fWab8o5s6Fj7rC/AayZU=">AAAB8XicbZA9TwJBEIbn8AvxC7W0uQgmVuSORksSLSwxkY8IFzK37MGG3b3L7p4JufAvbCw0xtZ/Y+e/cYErFHyTTZ68M5OdecOEM20879spbGxube8Ud0t7+weHR+Xjk7aOU0Voi8Q8Vt0QNeVM0pZhhtNuoiiKkNNOOLmZ1ztPVGkWywczTWggcCRZxAgaaz1W+yMUAge31UG54tW8hdx18HOoQK7moPzVH8YkFVQawlHrnu8lJshQGUY4nZX6qaYJkgmOaM+iREF1kC02nrkX1hm6Uazsk8ZduL8nMhRaT0VoOwWasV6tzc3/ar3URNdBxmSSGirJ8qMo5a6J3fn57pApSgyfWkCimN3VJWNUSIwNqWRD8FdPXod2veZbvq9XGl4eRxHO4BwuwYcraMAdNKEFBCQ8wyu8Odp5cd6dj2VrwclnTuGPnM8fglSQFA==</latexit>

…

↵D
<latexit sha1_base64="vieKm3+ARWgteJfEIc2rNqLRfU8=">AAAB8XicbZBNSwMxEIZn61etX1WPXoKt4KnsFkGPBT14rGBbsV3KbJptQ7PZJckKZem/8OJBEa/+G2/+G9N2D9r6QuDhnRky8waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4qyFo1FrB4C1ExwyVqGG8EeEsUwCgTrBOPrWb3zxJTmsbw3k4T5EQ4lDzlFY63Hag9FMsL+TbVfrrg1dy6yCl4OFcjV7Je/eoOYphGThgrUuuu5ifEzVIZTwaalXqpZgnSMQ9a1KDFi2s/mG0/JmXUGJIyVfdKQuft7IsNI60kU2M4IzUgv12bmf7VuasIrP+MySQ2TdPFRmApiYjI7nwy4YtSIiQWkittdCR2hQmpsSCUbgrd88iq06zXP8l290rjI4yjCCZzCOXhwCQ24hSa0gIKEZ3iFN0c7L86787FoLTj5zDH8kfP5A4gnkBs=</latexit><latexit sha1_base64="vieKm3+ARWgteJfEIc2rNqLRfU8=">AAAB8XicbZBNSwMxEIZn61etX1WPXoKt4KnsFkGPBT14rGBbsV3KbJptQ7PZJckKZem/8OJBEa/+G2/+G9N2D9r6QuDhnRky8waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4qyFo1FrB4C1ExwyVqGG8EeEsUwCgTrBOPrWb3zxJTmsbw3k4T5EQ4lDzlFY63Hag9FMsL+TbVfrrg1dy6yCl4OFcjV7Je/eoOYphGThgrUuuu5ifEzVIZTwaalXqpZgnSMQ9a1KDFi2s/mG0/JmXUGJIyVfdKQuft7IsNI60kU2M4IzUgv12bmf7VuasIrP+MySQ2TdPFRmApiYjI7nwy4YtSIiQWkittdCR2hQmpsSCUbgrd88iq06zXP8l290rjI4yjCCZzCOXhwCQ24hSa0gIKEZ3iFN0c7L86787FoLTj5zDH8kfP5A4gnkBs=</latexit><latexit sha1_base64="vieKm3+ARWgteJfEIc2rNqLRfU8=">AAAB8XicbZBNSwMxEIZn61etX1WPXoKt4KnsFkGPBT14rGBbsV3KbJptQ7PZJckKZem/8OJBEa/+G2/+G9N2D9r6QuDhnRky8waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4qyFo1FrB4C1ExwyVqGG8EeEsUwCgTrBOPrWb3zxJTmsbw3k4T5EQ4lDzlFY63Hag9FMsL+TbVfrrg1dy6yCl4OFcjV7Je/eoOYphGThgrUuuu5ifEzVIZTwaalXqpZgnSMQ9a1KDFi2s/mG0/JmXUGJIyVfdKQuft7IsNI60kU2M4IzUgv12bmf7VuasIrP+MySQ2TdPFRmApiYjI7nwy4YtSIiQWkittdCR2hQmpsSCUbgrd88iq06zXP8l290rjI4yjCCZzCOXhwCQ24hSa0gIKEZ3iFN0c7L86787FoLTj5zDH8kfP5A4gnkBs=</latexit><latexit sha1_base64="vieKm3+ARWgteJfEIc2rNqLRfU8=">AAAB8XicbZBNSwMxEIZn61etX1WPXoKt4KnsFkGPBT14rGBbsV3KbJptQ7PZJckKZem/8OJBEa/+G2/+G9N2D9r6QuDhnRky8waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4qyFo1FrB4C1ExwyVqGG8EeEsUwCgTrBOPrWb3zxJTmsbw3k4T5EQ4lDzlFY63Hag9FMsL+TbVfrrg1dy6yCl4OFcjV7Je/eoOYphGThgrUuuu5ifEzVIZTwaalXqpZgnSMQ9a1KDFi2s/mG0/JmXUGJIyVfdKQuft7IsNI60kU2M4IzUgv12bmf7VuasIrP+MySQ2TdPFRmApiYjI7nwy4YtSIiQWkittdCR2hQmpsSCUbgrd88iq06zXP8l290rjI4yjCCZzCOXhwCQ24hSa0gIKEZ3iFN0c7L86787FoLTj5zDH8kfP5A4gnkBs=</latexit>



Dark matter self-interactions

f = 1.4 TeV
<latexit sha1_base64="HBdH3MgWpGZKZWxx2lmA0tEiJcY="></latexit><latexit sha1_base64="HBdH3MgWpGZKZWxx2lmA0tEiJcY="></latexit><latexit sha1_base64="HBdH3MgWpGZKZWxx2lmA0tEiJcY="></latexit><latexit sha1_base64="HBdH3MgWpGZKZWxx2lmA0tEiJcY="></latexit>
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↵D
<latexit sha1_base64="vieKm3+ARWgteJfEIc2rNqLRfU8=">AAAB8XicbZBNSwMxEIZn61etX1WPXoKt4KnsFkGPBT14rGBbsV3KbJptQ7PZJckKZem/8OJBEa/+G2/+G9N2D9r6QuDhnRky8waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4qyFo1FrB4C1ExwyVqGG8EeEsUwCgTrBOPrWb3zxJTmsbw3k4T5EQ4lDzlFY63Hag9FMsL+TbVfrrg1dy6yCl4OFcjV7Je/eoOYphGThgrUuuu5ifEzVIZTwaalXqpZgnSMQ9a1KDFi2s/mG0/JmXUGJIyVfdKQuft7IsNI60kU2M4IzUgv12bmf7VuasIrP+MySQ2TdPFRmApiYjI7nwy4YtSIiQWkittdCR2hQmpsSCUbgrd88iq06zXP8l290rjI4yjCCZzCOXhwCQ24hSa0gIKEZ3iFN0c7L86787FoLTj5zDH8kfP5A4gnkBs=</latexit><latexit sha1_base64="vieKm3+ARWgteJfEIc2rNqLRfU8=">AAAB8XicbZBNSwMxEIZn61etX1WPXoKt4KnsFkGPBT14rGBbsV3KbJptQ7PZJckKZem/8OJBEa/+G2/+G9N2D9r6QuDhnRky8waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4qyFo1FrB4C1ExwyVqGG8EeEsUwCgTrBOPrWb3zxJTmsbw3k4T5EQ4lDzlFY63Hag9FMsL+TbVfrrg1dy6yCl4OFcjV7Je/eoOYphGThgrUuuu5ifEzVIZTwaalXqpZgnSMQ9a1KDFi2s/mG0/JmXUGJIyVfdKQuft7IsNI60kU2M4IzUgv12bmf7VuasIrP+MySQ2TdPFRmApiYjI7nwy4YtSIiQWkittdCR2hQmpsSCUbgrd88iq06zXP8l290rjI4yjCCZzCOXhwCQ24hSa0gIKEZ3iFN0c7L86787FoLTj5zDH8kfP5A4gnkBs=</latexit><latexit sha1_base64="vieKm3+ARWgteJfEIc2rNqLRfU8=">AAAB8XicbZBNSwMxEIZn61etX1WPXoKt4KnsFkGPBT14rGBbsV3KbJptQ7PZJckKZem/8OJBEa/+G2/+G9N2D9r6QuDhnRky8waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4qyFo1FrB4C1ExwyVqGG8EeEsUwCgTrBOPrWb3zxJTmsbw3k4T5EQ4lDzlFY63Hag9FMsL+TbVfrrg1dy6yCl4OFcjV7Je/eoOYphGThgrUuuu5ifEzVIZTwaalXqpZgnSMQ9a1KDFi2s/mG0/JmXUGJIyVfdKQuft7IsNI60kU2M4IzUgv12bmf7VuasIrP+MySQ2TdPFRmApiYjI7nwy4YtSIiQWkittdCR2hQmpsSCUbgrd88iq06zXP8l290rjI4yjCCZzCOXhwCQ24hSa0gIKEZ3iFN0c7L86787FoLTj5zDH8kfP5A4gnkBs=</latexit><latexit sha1_base64="vieKm3+ARWgteJfEIc2rNqLRfU8=">AAAB8XicbZBNSwMxEIZn61etX1WPXoKt4KnsFkGPBT14rGBbsV3KbJptQ7PZJckKZem/8OJBEa/+G2/+G9N2D9r6QuDhnRky8waJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHR20dp4qyFo1FrB4C1ExwyVqGG8EeEsUwCgTrBOPrWb3zxJTmsbw3k4T5EQ4lDzlFY63Hag9FMsL+TbVfrrg1dy6yCl4OFcjV7Je/eoOYphGThgrUuuu5ifEzVIZTwaalXqpZgnSMQ9a1KDFi2s/mG0/JmXUGJIyVfdKQuft7IsNI60kU2M4IzUgv12bmf7VuasIrP+MySQ2TdPFRmApiYjI7nwy4YtSIiQWkittdCR2hQmpsSCUbgrd88iq06zXP8l290rjI4yjCCZzCOXhwCQ24hSa0gIKEZ3iFN0c7L86787FoLTj5zDH8kfP5A4gnkBs=</latexit>

Feng, Kaplinghat, Tu, Yu 2009 
Agrawal, Cyr-Racine, Randall, Scholtz 2016

Kahlhoefer, Schmidt-Hoberg, Frandsen, Sarkar 2013 

galaxy ellipticity
d�
d⌦ (�� ! ��) ' ↵2
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4m2

�v
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<latexit sha1_base64="wdQf6OOo6SOAKoMqYc3iKk/Q984="></latexit><latexit sha1_base64="wdQf6OOo6SOAKoMqYc3iKk/Q984="></latexit><latexit sha1_base64="wdQf6OOo6SOAKoMqYc3iKk/Q984="></latexit><latexit sha1_base64="wdQf6OOo6SOAKoMqYc3iKk/Q984="></latexit>

⌧iso ⌘ hEki/hĖki = Nm3
�v

3
0(log⇤)

�1/(
p
⇡↵2

D⇢�) > 1010 years
<latexit sha1_base64="Qsv67iTvFgZwGeJfmNwxLs5ylKI="></latexit><latexit sha1_base64="Qsv67iTvFgZwGeJfmNwxLs5ylKI="></latexit><latexit sha1_base64="Qsv67iTvFgZwGeJfmNwxLs5ylKI="></latexit><latexit sha1_base64="Qsv67iTvFgZwGeJfmNwxLs5ylKI="></latexit>

dSphs not stripped 
as they travel through  
Milky Way halo



pNGB dark matter at colliders?

�
<latexit sha1_base64="OhxbkcMudhIJxD0KFqloZhJdhlQ=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCoz3ejCRcGNywr2Au1QMmmmjc0kQ5IRytB3cONCEbe+jzvfxrSdhbb+EPj4zznknD9MBDfW875RYWNza3unuFva2z84PCofn7SNSjVlLaqE0t2QGCa4ZC3LrWDdRDMSh4J1wsntvN55YtpwJR/sNGFBTEaSR5wS66x2tU/HvDooV7yatxBeBz+HCuRqDspf/aGiacykpYIY0/O9xAYZ0ZZTwWalfmpYQuiEjFjPoSQxM0G22HaGL5wzxJHS7kmLF+7viYzExkzj0HXGxI7Nam1u/lfrpTa6DjIuk9QySZcfRanAVuH56XjINaNWTB0QqrnbFdMx0YRaF1DJheCvnrwO7XrNd3xfrzRu8jiKcAbncAk+XEED7qAJLaDwCM/wCm9IoRf0jj6WrQWUz5zCH6HPH7aIjoY=</latexit><latexit sha1_base64="OhxbkcMudhIJxD0KFqloZhJdhlQ=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCoz3ejCRcGNywr2Au1QMmmmjc0kQ5IRytB3cONCEbe+jzvfxrSdhbb+EPj4zznknD9MBDfW875RYWNza3unuFva2z84PCofn7SNSjVlLaqE0t2QGCa4ZC3LrWDdRDMSh4J1wsntvN55YtpwJR/sNGFBTEaSR5wS66x2tU/HvDooV7yatxBeBz+HCuRqDspf/aGiacykpYIY0/O9xAYZ0ZZTwWalfmpYQuiEjFjPoSQxM0G22HaGL5wzxJHS7kmLF+7viYzExkzj0HXGxI7Nam1u/lfrpTa6DjIuk9QySZcfRanAVuH56XjINaNWTB0QqrnbFdMx0YRaF1DJheCvnrwO7XrNd3xfrzRu8jiKcAbncAk+XEED7qAJLaDwCM/wCm9IoRf0jj6WrQWUz5zCH6HPH7aIjoY=</latexit><latexit sha1_base64="OhxbkcMudhIJxD0KFqloZhJdhlQ=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCoz3ejCRcGNywr2Au1QMmmmjc0kQ5IRytB3cONCEbe+jzvfxrSdhbb+EPj4zznknD9MBDfW875RYWNza3unuFva2z84PCofn7SNSjVlLaqE0t2QGCa4ZC3LrWDdRDMSh4J1wsntvN55YtpwJR/sNGFBTEaSR5wS66x2tU/HvDooV7yatxBeBz+HCuRqDspf/aGiacykpYIY0/O9xAYZ0ZZTwWalfmpYQuiEjFjPoSQxM0G22HaGL5wzxJHS7kmLF+7viYzExkzj0HXGxI7Nam1u/lfrpTa6DjIuk9QySZcfRanAVuH56XjINaNWTB0QqrnbFdMx0YRaF1DJheCvnrwO7XrNd3xfrzRu8jiKcAbncAk+XEED7qAJLaDwCM/wCm9IoRf0jj6WrQWUz5zCH6HPH7aIjoY=</latexit><latexit sha1_base64="OhxbkcMudhIJxD0KFqloZhJdhlQ=">AAAB7XicbZDLSgMxFIZP6q3WW9Wlm2AruCoz3ejCRcGNywr2Au1QMmmmjc0kQ5IRytB3cONCEbe+jzvfxrSdhbb+EPj4zznknD9MBDfW875RYWNza3unuFva2z84PCofn7SNSjVlLaqE0t2QGCa4ZC3LrWDdRDMSh4J1wsntvN55YtpwJR/sNGFBTEaSR5wS66x2tU/HvDooV7yatxBeBz+HCuRqDspf/aGiacykpYIY0/O9xAYZ0ZZTwWalfmpYQuiEjFjPoSQxM0G22HaGL5wzxJHS7kmLF+7viYzExkzj0HXGxI7Nam1u/lfrpTa6DjIuk9QySZcfRanAVuH56XjINaNWTB0QqrnbFdMx0YRaF1DJheCvnrwO7XrNd3xfrzRu8jiKcAbncAk+XEED7qAJLaDwCM/wCm9IoRf0jj6WrQWUz5zCH6HPH7aIjoY=</latexit>

�⇤
<latexit sha1_base64="Jlvlh29ImVP02vkik3n7ej+9zsQ=">AAAB8nicbZC7TsMwFIadcivlVmBksWiRmKqkCwwMlVgYi0QvUhIqx3Vaq44d2SdIVdTHYGEAIVaeho23wW0zQMsvWfr0n3Pkc/4oFdyA6347pY3Nre2d8m5lb//g8Kh6fNI1KtOUdagSSvcjYpjgknWAg2D9VDOSRIL1osntvN57YtpwJR9gmrIwISPJY04JWMuvB3TMHwNioD6o1tyGuxBeB6+AGirUHlS/gqGiWcIkUEGM8T03hTAnGjgVbFYJMsNSQidkxHyLkiTMhPli5Rm+sM4Qx0rbJwEv3N8TOUmMmSaR7UwIjM1qbW7+V/MziK/DnMs0Aybp8qM4ExgUnt+Ph1wzCmJqgVDN7a6YjokmFGxKFRuCt3ryOnSbDc/yfbPWuiniKKMzdI4ukYeuUAvdoTbqIIoUekav6M0B58V5dz6WrSWnmDlFf+R8/gCIzZC6</latexit><latexit sha1_base64="Jlvlh29ImVP02vkik3n7ej+9zsQ=">AAAB8nicbZC7TsMwFIadcivlVmBksWiRmKqkCwwMlVgYi0QvUhIqx3Vaq44d2SdIVdTHYGEAIVaeho23wW0zQMsvWfr0n3Pkc/4oFdyA6347pY3Nre2d8m5lb//g8Kh6fNI1KtOUdagSSvcjYpjgknWAg2D9VDOSRIL1osntvN57YtpwJR9gmrIwISPJY04JWMuvB3TMHwNioD6o1tyGuxBeB6+AGirUHlS/gqGiWcIkUEGM8T03hTAnGjgVbFYJMsNSQidkxHyLkiTMhPli5Rm+sM4Qx0rbJwEv3N8TOUmMmSaR7UwIjM1qbW7+V/MziK/DnMs0Aybp8qM4ExgUnt+Ph1wzCmJqgVDN7a6YjokmFGxKFRuCt3ryOnSbDc/yfbPWuiniKKMzdI4ukYeuUAvdoTbqIIoUekav6M0B58V5dz6WrSWnmDlFf+R8/gCIzZC6</latexit><latexit sha1_base64="Jlvlh29ImVP02vkik3n7ej+9zsQ=">AAAB8nicbZC7TsMwFIadcivlVmBksWiRmKqkCwwMlVgYi0QvUhIqx3Vaq44d2SdIVdTHYGEAIVaeho23wW0zQMsvWfr0n3Pkc/4oFdyA6347pY3Nre2d8m5lb//g8Kh6fNI1KtOUdagSSvcjYpjgknWAg2D9VDOSRIL1osntvN57YtpwJR9gmrIwISPJY04JWMuvB3TMHwNioD6o1tyGuxBeB6+AGirUHlS/gqGiWcIkUEGM8T03hTAnGjgVbFYJMsNSQidkxHyLkiTMhPli5Rm+sM4Qx0rbJwEv3N8TOUmMmSaR7UwIjM1qbW7+V/MziK/DnMs0Aybp8qM4ExgUnt+Ph1wzCmJqgVDN7a6YjokmFGxKFRuCt3ryOnSbDc/yfbPWuiniKKMzdI4ukYeuUAvdoTbqIIoUekav6M0B58V5dz6WrSWnmDlFf+R8/gCIzZC6</latexit><latexit sha1_base64="Jlvlh29ImVP02vkik3n7ej+9zsQ=">AAAB8nicbZC7TsMwFIadcivlVmBksWiRmKqkCwwMlVgYi0QvUhIqx3Vaq44d2SdIVdTHYGEAIVaeho23wW0zQMsvWfr0n3Pkc/4oFdyA6347pY3Nre2d8m5lb//g8Kh6fNI1KtOUdagSSvcjYpjgknWAg2D9VDOSRIL1osntvN57YtpwJR9gmrIwISPJY04JWMuvB3TMHwNioD6o1tyGuxBeB6+AGirUHlS/gqGiWcIkUEGM8T03hTAnGjgVbFYJMsNSQidkxHyLkiTMhPli5Rm+sM4Qx0rbJwEv3N8TOUmMmSaR7UwIjM1qbW7+V/MziK/DnMs0Aybp8qM4ExgUnt+Ph1wzCmJqgVDN7a6YjokmFGxKFRuCt3ryOnSbDc/yfbPWuiniKKMzdI4ukYeuUAvdoTbqIIoUekav6M0B58V5dz6WrSWnmDlFf+R8/gCIzZC6</latexit>

SM
<latexit sha1_base64="WsUazXWwl6zdTlrOagqZfl44Gc4=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjWDiiexy0Xgi8eLFBKMgCWxIt3Shoe2ubZeEbPgdXjxojFd/jDf/jV3Yg4KTNJnMvJc3nSDmTBvX/XYKa+sbm1vF7dLO7t7+QfnwqK2jRBHaIhGPVCfAmnImacsww2knVhSLgNPHYHyd+Y8TqjSL5IOZxtQXeChZyAg2VvKrPYHNSIn0/nZW7Zcrbs2dA60SLycVyNHsl796g4gkgkpDONa667mx8VOsDCOczkq9RNMYkzEe0q6lEguq/XQeeobOrDJAYaTskwbN1d8bKRZaT0VgJ7OMetnLxP+8bmLCSz9lMk4MlWRxKEw4MhHKGkADpigxfGoJJorZrIiMsMLE2J5KtgRv+curpF2veZbf1SuNq7yOIpzAKZyDBxfQgBtoQgsIPMEzvMKbM3FenHfnYzFacPKdY/gD5/MHQDKRtw==</latexit><latexit sha1_base64="WsUazXWwl6zdTlrOagqZfl44Gc4=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjWDiiexy0Xgi8eLFBKMgCWxIt3Shoe2ubZeEbPgdXjxojFd/jDf/jV3Yg4KTNJnMvJc3nSDmTBvX/XYKa+sbm1vF7dLO7t7+QfnwqK2jRBHaIhGPVCfAmnImacsww2knVhSLgNPHYHyd+Y8TqjSL5IOZxtQXeChZyAg2VvKrPYHNSIn0/nZW7Zcrbs2dA60SLycVyNHsl796g4gkgkpDONa667mx8VOsDCOczkq9RNMYkzEe0q6lEguq/XQeeobOrDJAYaTskwbN1d8bKRZaT0VgJ7OMetnLxP+8bmLCSz9lMk4MlWRxKEw4MhHKGkADpigxfGoJJorZrIiMsMLE2J5KtgRv+curpF2veZbf1SuNq7yOIpzAKZyDBxfQgBtoQgsIPMEzvMKbM3FenHfnYzFacPKdY/gD5/MHQDKRtw==</latexit><latexit sha1_base64="WsUazXWwl6zdTlrOagqZfl44Gc4=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjWDiiexy0Xgi8eLFBKMgCWxIt3Shoe2ubZeEbPgdXjxojFd/jDf/jV3Yg4KTNJnMvJc3nSDmTBvX/XYKa+sbm1vF7dLO7t7+QfnwqK2jRBHaIhGPVCfAmnImacsww2knVhSLgNPHYHyd+Y8TqjSL5IOZxtQXeChZyAg2VvKrPYHNSIn0/nZW7Zcrbs2dA60SLycVyNHsl796g4gkgkpDONa667mx8VOsDCOczkq9RNMYkzEe0q6lEguq/XQeeobOrDJAYaTskwbN1d8bKRZaT0VgJ7OMetnLxP+8bmLCSz9lMk4MlWRxKEw4MhHKGkADpigxfGoJJorZrIiMsMLE2J5KtgRv+curpF2veZbf1SuNq7yOIpzAKZyDBxfQgBtoQgsIPMEzvMKbM3FenHfnYzFacPKdY/gD5/MHQDKRtw==</latexit><latexit sha1_base64="WsUazXWwl6zdTlrOagqZfl44Gc4=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjWDiiexy0Xgi8eLFBKMgCWxIt3Shoe2ubZeEbPgdXjxojFd/jDf/jV3Yg4KTNJnMvJc3nSDmTBvX/XYKa+sbm1vF7dLO7t7+QfnwqK2jRBHaIhGPVCfAmnImacsww2knVhSLgNPHYHyd+Y8TqjSL5IOZxtQXeChZyAg2VvKrPYHNSIn0/nZW7Zcrbs2dA60SLycVyNHsl796g4gkgkpDONa667mx8VOsDCOczkq9RNMYkzEe0q6lEguq/XQeeobOrDJAYaTskwbN1d8bKRZaT0VgJ7OMetnLxP+8bmLCSz9lMk4MlWRxKEw4MhHKGkADpigxfGoJJorZrIiMsMLE2J5KtgRv+curpF2veZbf1SuNq7yOIpzAKZyDBxfQgBtoQgsIPMEzvMKbM3FenHfnYzFacPKdY/gD5/MHQDKRtw==</latexit>

SM
<latexit sha1_base64="WsUazXWwl6zdTlrOagqZfl44Gc4=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjWDiiexy0Xgi8eLFBKMgCWxIt3Shoe2ubZeEbPgdXjxojFd/jDf/jV3Yg4KTNJnMvJc3nSDmTBvX/XYKa+sbm1vF7dLO7t7+QfnwqK2jRBHaIhGPVCfAmnImacsww2knVhSLgNPHYHyd+Y8TqjSL5IOZxtQXeChZyAg2VvKrPYHNSIn0/nZW7Zcrbs2dA60SLycVyNHsl796g4gkgkpDONa667mx8VOsDCOczkq9RNMYkzEe0q6lEguq/XQeeobOrDJAYaTskwbN1d8bKRZaT0VgJ7OMetnLxP+8bmLCSz9lMk4MlWRxKEw4MhHKGkADpigxfGoJJorZrIiMsMLE2J5KtgRv+curpF2veZbf1SuNq7yOIpzAKZyDBxfQgBtoQgsIPMEzvMKbM3FenHfnYzFacPKdY/gD5/MHQDKRtw==</latexit><latexit sha1_base64="WsUazXWwl6zdTlrOagqZfl44Gc4=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjWDiiexy0Xgi8eLFBKMgCWxIt3Shoe2ubZeEbPgdXjxojFd/jDf/jV3Yg4KTNJnMvJc3nSDmTBvX/XYKa+sbm1vF7dLO7t7+QfnwqK2jRBHaIhGPVCfAmnImacsww2knVhSLgNPHYHyd+Y8TqjSL5IOZxtQXeChZyAg2VvKrPYHNSIn0/nZW7Zcrbs2dA60SLycVyNHsl796g4gkgkpDONa667mx8VOsDCOczkq9RNMYkzEe0q6lEguq/XQeeobOrDJAYaTskwbN1d8bKRZaT0VgJ7OMetnLxP+8bmLCSz9lMk4MlWRxKEw4MhHKGkADpigxfGoJJorZrIiMsMLE2J5KtgRv+curpF2veZbf1SuNq7yOIpzAKZyDBxfQgBtoQgsIPMEzvMKbM3FenHfnYzFacPKdY/gD5/MHQDKRtw==</latexit><latexit sha1_base64="WsUazXWwl6zdTlrOagqZfl44Gc4=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjWDiiexy0Xgi8eLFBKMgCWxIt3Shoe2ubZeEbPgdXjxojFd/jDf/jV3Yg4KTNJnMvJc3nSDmTBvX/XYKa+sbm1vF7dLO7t7+QfnwqK2jRBHaIhGPVCfAmnImacsww2knVhSLgNPHYHyd+Y8TqjSL5IOZxtQXeChZyAg2VvKrPYHNSIn0/nZW7Zcrbs2dA60SLycVyNHsl796g4gkgkpDONa667mx8VOsDCOczkq9RNMYkzEe0q6lEguq/XQeeobOrDJAYaTskwbN1d8bKRZaT0VgJ7OMetnLxP+8bmLCSz9lMk4MlWRxKEw4MhHKGkADpigxfGoJJorZrIiMsMLE2J5KtgRv+curpF2veZbf1SuNq7yOIpzAKZyDBxfQgBtoQgsIPMEzvMKbM3FenHfnYzFacPKdY/gD5/MHQDKRtw==</latexit><latexit sha1_base64="WsUazXWwl6zdTlrOagqZfl44Gc4=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjWDiiexy0Xgi8eLFBKMgCWxIt3Shoe2ubZeEbPgdXjxojFd/jDf/jV3Yg4KTNJnMvJc3nSDmTBvX/XYKa+sbm1vF7dLO7t7+QfnwqK2jRBHaIhGPVCfAmnImacsww2knVhSLgNPHYHyd+Y8TqjSL5IOZxtQXeChZyAg2VvKrPYHNSIn0/nZW7Zcrbs2dA60SLycVyNHsl796g4gkgkpDONa667mx8VOsDCOczkq9RNMYkzEe0q6lEguq/XQeeobOrDJAYaTskwbN1d8bKRZaT0VgJ7OMetnLxP+8bmLCSz9lMk4MlWRxKEw4MhHKGkADpigxfGoJJorZrIiMsMLE2J5KtgRv+curpF2veZbf1SuNq7yOIpzAKZyDBxfQgBtoQgsIPMEzvMKbM3FenHfnYzFacPKdY/gD5/MHQDKRtw==</latexit>

direct  
detection

colliders
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annihilation

L 3 1
f2 @µ|H|2@µ|�|2

<latexit sha1_base64="juh7XTxzjrVY6utCHIJx7ufr5cc="></latexit><latexit sha1_base64="juh7XTxzjrVY6utCHIJx7ufr5cc="></latexit><latexit sha1_base64="juh7XTxzjrVY6utCHIJx7ufr5cc="></latexit><latexit sha1_base64="juh7XTxzjrVY6utCHIJx7ufr5cc="></latexit>



pNGB dark matter at colliders

• If                    , invisible Higgs decays:                       at HL-LHC 

• If DM is heavier, must go through “off-shell Higgs portal”

m� < mh/2
<latexit sha1_base64="gkZvsFLncYf6amJXlaV7e42bXSU="></latexit><latexit sha1_base64="gkZvsFLncYf6amJXlaV7e42bXSU="></latexit><latexit sha1_base64="gkZvsFLncYf6amJXlaV7e42bXSU="></latexit><latexit sha1_base64="gkZvsFLncYf6amJXlaV7e42bXSU="></latexit>

High-energy lepton colliders

�⇤
<latexit sha1_base64="fTG/H9G4QpaBwCDoiDftG6ic2Kw="></latexit><latexit sha1_base64="fTG/H9G4QpaBwCDoiDftG6ic2Kw="></latexit><latexit sha1_base64="fTG/H9G4QpaBwCDoiDftG6ic2Kw="></latexit><latexit sha1_base64="fTG/H9G4QpaBwCDoiDftG6ic2Kw="></latexit>

�
<latexit sha1_base64="M4J+gxsxTWmL7RW/trEseTxkeNY="></latexit><latexit sha1_base64="M4J+gxsxTWmL7RW/trEseTxkeNY="></latexit><latexit sha1_base64="M4J+gxsxTWmL7RW/trEseTxkeNY="></latexit><latexit sha1_base64="M4J+gxsxTWmL7RW/trEseTxkeNY="></latexit>Z

<latexit sha1_base64="RzZcKnqOqo2C4PACmIQSblon7mM="></latexit><latexit sha1_base64="RzZcKnqOqo2C4PACmIQSblon7mM="></latexit><latexit sha1_base64="RzZcKnqOqo2C4PACmIQSblon7mM="></latexit><latexit sha1_base64="RzZcKnqOqo2C4PACmIQSblon7mM="></latexit>

Ruhdorfer, Salvioni 
in progress

f > 1.6 TeV
<latexit sha1_base64="vExlYDtwwgAz1+RSsjAQLt+TBgw="></latexit><latexit sha1_base64="vExlYDtwwgAz1+RSsjAQLt+TBgw="></latexit><latexit sha1_base64="vExlYDtwwgAz1+RSsjAQLt+TBgw="></latexit><latexit sha1_base64="vExlYDtwwgAz1+RSsjAQLt+TBgw="></latexit>

ATL-PHYS-
PUB-2013-014
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Z
<latexit sha1_base64="RzZcKnqOqo2C4PACmIQSblon7mM="></latexit><latexit sha1_base64="RzZcKnqOqo2C4PACmIQSblon7mM="></latexit><latexit sha1_base64="RzZcKnqOqo2C4PACmIQSblon7mM="></latexit><latexit sha1_base64="RzZcKnqOqo2C4PACmIQSblon7mM="></latexit>

e�
<latexit sha1_base64="jhyEAhcNki0ZAHMaWWWfLzABgQs=">AAAB7HicbZA9TwJBEIbn8AvxC7W02QgmNpI7Gi1JbCwx8YAETrK3zMGGvb3L7p4JIfwGGwuNsfUH2flvXOAKBd9kkyfvzGRn3jAVXBvX/XYKG5tb2zvF3dLe/sHhUfn4pKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDuvt59QaZ7IBzNJMYjpUPKIM2qs5Vfx8araL1fcmrsQWQcvhwrkavbLX71BwrIYpWGCat313NQEU6 oMZwJnpV6mMaVsTIfYtShpjDqYLpadkQvrDEiUKPukIQv398SUxlpP4tB2xtSM9Gptbv5X62YmugmmXKaZQcmWH0WZICYh88vJgCtkRkwsUKa43ZWwEVWUGZtPyYbgrZ68Dq16zbN8X6806nkcRTiDc7gED66hAXfQBB8YcHiGV3hzpPPivDsfy9aCk8+cwh85nz+aLY3S</latexit><latexit sha1_base64="jhyEAhcNki0ZAHMaWWWfLzABgQs=">AAAB7HicbZA9TwJBEIbn8AvxC7W02QgmNpI7Gi1JbCwx8YAETrK3zMGGvb3L7p4JIfwGGwuNsfUH2flvXOAKBd9kkyfvzGRn3jAVXBvX/XYKG5tb2zvF3dLe/sHhUfn4pKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDuvt59QaZ7IBzNJMYjpUPKIM2qs5Vfx8araL1fcmrsQWQcvhwrkavbLX71BwrIYpWGCat313NQEU6 oMZwJnpV6mMaVsTIfYtShpjDqYLpadkQvrDEiUKPukIQv398SUxlpP4tB2xtSM9Gptbv5X62YmugmmXKaZQcmWH0WZICYh88vJgCtkRkwsUKa43ZWwEVWUGZtPyYbgrZ68Dq16zbN8X6806nkcRTiDc7gED66hAXfQBB8YcHiGV3hzpPPivDsfy9aCk8+cwh85nz+aLY3S</latexit><latexit sha1_base64="jhyEAhcNki0ZAHMaWWWfLzABgQs=">AAAB7HicbZA9TwJBEIbn8AvxC7W02QgmNpI7Gi1JbCwx8YAETrK3zMGGvb3L7p4JIfwGGwuNsfUH2flvXOAKBd9kkyfvzGRn3jAVXBvX/XYKG5tb2zvF3dLe/sHhUfn4pKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDuvt59QaZ7IBzNJMYjpUPKIM2qs5Vfx8araL1fcmrsQWQcvhwrkavbLX71BwrIYpWGCat313NQEU6 oMZwJnpV6mMaVsTIfYtShpjDqYLpadkQvrDEiUKPukIQv398SUxlpP4tB2xtSM9Gptbv5X62YmugmmXKaZQcmWH0WZICYh88vJgCtkRkwsUKa43ZWwEVWUGZtPyYbgrZ68Dq16zbN8X6806nkcRTiDc7gED66hAXfQBB8YcHiGV3hzpPPivDsfy9aCk8+cwh85nz+aLY3S</latexit><latexit sha1_base64="jhyEAhcNki0ZAHMaWWWfLzABgQs=">AAAB7HicbZA9TwJBEIbn8AvxC7W02QgmNpI7Gi1JbCwx8YAETrK3zMGGvb3L7p4JIfwGGwuNsfUH2flvXOAKBd9kkyfvzGRn3jAVXBvX/XYKG5tb2zvF3dLe/sHhUfn4pKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDuvt59QaZ7IBzNJMYjpUPKIM2qs5Vfx8araL1fcmrsQWQcvhwrkavbLX71BwrIYpWGCat313NQEU6 oMZwJnpV6mMaVsTIfYtShpjDqYLpadkQvrDEiUKPukIQv398SUxlpP4tB2xtSM9Gptbv5X62YmugmmXKaZQcmWH0WZICYh88vJgCtkRkwsUKa43ZWwEVWUGZtPyYbgrZ68Dq16zbN8X6806nkcRTiDc7gED66hAXfQBB8YcHiGV3hzpPPivDsfy9aCk8+cwh85nz+aLY3S</latexit>

e�
<latexit sha1_base64="jhyEAhcNki0ZAHMaWWWfLzABgQs=">AAAB7HicbZA9TwJBEIbn8AvxC7W02QgmNpI7Gi1JbCwx8YAETrK3zMGGvb3L7p4JIfwGGwuNsfUH2flvXOAKBd9kkyfvzGRn3jAVXBvX/XYKG5tb2zvF3dLe/sHhUfn4pKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDuvt59QaZ7IBzNJMYjpUPKIM2qs5Vfx8araL1fcmrsQWQcvhwrkavbLX71BwrIYpWGCat313NQEU6oMZwJnpV6mMaVsTIfYtShpjDqYLpadkQvrDEiUKPukIQv398SUxlpP4tB2xtSM9Gptbv5X62YmugmmXKaZQcmWH0WZICYh88vJgCtkRkwsUKa43ZWwEVWUGZtPyYbgrZ68Dq16zbN8X6806nkcRTiDc7gED66hAXfQBB8YcHiGV3hzpPPivDsfy9aCk8+cwh85nz+aLY3S</latexit><latexit sha1_base64="jhyEAhcNki0ZAHMaWWWfLzABgQs=">AAAB7HicbZA9TwJBEIbn8AvxC7W02QgmNpI7Gi1JbCwx8YAETrK3zMGGvb3L7p4JIfwGGwuNsfUH2flvXOAKBd9kkyfvzGRn3jAVXBvX/XYKG5tb2zvF3dLe/sHhUfn4pKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDuvt59QaZ7IBzNJMYjpUPKIM2qs5Vfx8araL1fcmrsQWQcvhwrkavbLX71BwrIYpWGCat313NQEU6oMZwJnpV6mMaVsTIfYtShpjDqYLpadkQvrDEiUKPukIQv398SUxlpP4tB2xtSM9Gptbv5X62YmugmmXKaZQcmWH0WZICYh88vJgCtkRkwsUKa43ZWwEVWUGZtPyYbgrZ68Dq16zbN8X6806nkcRTiDc7gED66hAXfQBB8YcHiGV3hzpPPivDsfy9aCk8+cwh85nz+aLY3S</latexit><latexit sha1_base64="jhyEAhcNki0ZAHMaWWWfLzABgQs=">AAAB7HicbZA9TwJBEIbn8AvxC7W02QgmNpI7Gi1JbCwx8YAETrK3zMGGvb3L7p4JIfwGGwuNsfUH2flvXOAKBd9kkyfvzGRn3jAVXBvX/XYKG5tb2zvF3dLe/sHhUfn4pKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDuvt59QaZ7IBzNJMYjpUPKIM2qs5Vfx8araL1fcmrsQWQcvhwrkavbLX71BwrIYpWGCat313NQEU6oMZwJnpV6mMaVsTIfYtShpjDqYLpadkQvrDEiUKPukIQv398SUxlpP4tB2xtSM9Gptbv5X62YmugmmXKaZQcmWH0WZICYh88vJgCtkRkwsUKa43ZWwEVWUGZtPyYbgrZ68Dq16zbN8X6806nkcRTiDc7gED66hAXfQBB8YcHiGV3hzpPPivDsfy9aCk8+cwh85nz+aLY3S</latexit><latexit sha1_base64="jhyEAhcNki0ZAHMaWWWfLzABgQs=">AAAB7HicbZA9TwJBEIbn8AvxC7W02QgmNpI7Gi1JbCwx8YAETrK3zMGGvb3L7p4JIfwGGwuNsfUH2flvXOAKBd9kkyfvzGRn3jAVXBvX/XYKG5tb2zvF3dLe/sHhUfn4pKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDuvt59QaZ7IBzNJMYjpUPKIM2qs5Vfx8araL1fcmrsQWQcvhwrkavbLX71BwrIYpWGCat313NQEU6oMZwJnpV6mMaVsTIfYtShpjDqYLpadkQvrDEiUKPukIQv398SUxlpP4tB2xtSM9Gptbv5X62YmugmmXKaZQcmWH0WZICYh88vJgCtkRkwsUKa43ZWwEVWUGZtPyYbgrZ68Dq16zbN8X6806nkcRTiDc7gED66hAXfQBB8YcHiGV3hzpPPivDsfy9aCk8+cwh85nz+aLY3S</latexit>

e+
<latexit sha1_base64="LCdCNcO0//qv6GP84U82Jab7zYU=">AAAB7HicbZBNSwMxEIZn61etX1WPXoKtIAhltxc9Frx4rOC2hXYt2XS2Dc1mlyQrlNLf4MWDIl79Qd78N6btHrT1hcDDOzNk5g1TwbVx3W+nsLG5tb1T3C3t7R8cHpWPT1o6yRRDnyUiUZ2QahRcom+4EdhJFdI4FNgOx7fzevsJleaJfDCTFIOYDiWPOKPGWn4VH6+q/XLFrbkLkXXwcqhArma//NUbJCyLURomqNZdz01NMK XKcCZwVuplGlPKxnSIXYuSxqiD6WLZGbmwzoBEibJPGrJwf09Maaz1JA5tZ0zNSK/W5uZ/tW5moptgymWaGZRs+VGUCWISMr+cDLhCZsTEAmWK210JG1FFmbH5lGwI3urJ69Cq1zzL9/VKo57HUYQzOIdL8OAaGnAHTfCBAYdneIU3RzovzrvzsWwtOPnMKfyR8/kDlyON0A==</latexit><latexit sha1_base64="LCdCNcO0//qv6GP84U82Jab7zYU=">AAAB7HicbZBNSwMxEIZn61etX1WPXoKtIAhltxc9Frx4rOC2hXYt2XS2Dc1mlyQrlNLf4MWDIl79Qd78N6btHrT1hcDDOzNk5g1TwbVx3W+nsLG5tb1T3C3t7R8cHpWPT1o6yRRDnyUiUZ2QahRcom+4EdhJFdI4FNgOx7fzevsJleaJfDCTFIOYDiWPOKPGWn4VH6+q/XLFrbkLkXXwcqhArma//NUbJCyLURomqNZdz01NMK XKcCZwVuplGlPKxnSIXYuSxqiD6WLZGbmwzoBEibJPGrJwf09Maaz1JA5tZ0zNSK/W5uZ/tW5moptgymWaGZRs+VGUCWISMr+cDLhCZsTEAmWK210JG1FFmbH5lGwI3urJ69Cq1zzL9/VKo57HUYQzOIdL8OAaGnAHTfCBAYdneIU3RzovzrvzsWwtOPnMKfyR8/kDlyON0A==</latexit><latexit sha1_base64="LCdCNcO0//qv6GP84U82Jab7zYU=">AAAB7HicbZBNSwMxEIZn61etX1WPXoKtIAhltxc9Frx4rOC2hXYt2XS2Dc1mlyQrlNLf4MWDIl79Qd78N6btHrT1hcDDOzNk5g1TwbVx3W+nsLG5tb1T3C3t7R8cHpWPT1o6yRRDnyUiUZ2QahRcom+4EdhJFdI4FNgOx7fzevsJleaJfDCTFIOYDiWPOKPGWn4VH6+q/XLFrbkLkXXwcqhArma//NUbJCyLURomqNZdz01NMK XKcCZwVuplGlPKxnSIXYuSxqiD6WLZGbmwzoBEibJPGrJwf09Maaz1JA5tZ0zNSK/W5uZ/tW5moptgymWaGZRs+VGUCWISMr+cDLhCZsTEAmWK210JG1FFmbH5lGwI3urJ69Cq1zzL9/VKo57HUYQzOIdL8OAaGnAHTfCBAYdneIU3RzovzrvzsWwtOPnMKfyR8/kDlyON0A==</latexit><latexit sha1_base64="LCdCNcO0//qv6GP84U82Jab7zYU=">AAAB7HicbZBNSwMxEIZn61etX1WPXoKtIAhltxc9Frx4rOC2hXYt2XS2Dc1mlyQrlNLf4MWDIl79Qd78N6btHrT1hcDDOzNk5g1TwbVx3W+nsLG5tb1T3C3t7R8cHpWPT1o6yRRDnyUiUZ2QahRcom+4EdhJFdI4FNgOx7fzevsJleaJfDCTFIOYDiWPOKPGWn4VH6+q/XLFrbkLkXXwcqhArma//NUbJCyLURomqNZdz01NMK XKcCZwVuplGlPKxnSIXYuSxqiD6WLZGbmwzoBEibJPGrJwf09Maaz1JA5tZ0zNSK/W5uZ/tW5moptgymWaGZRs+VGUCWISMr+cDLhCZsTEAmWK210JG1FFmbH5lGwI3urJ69Cq1zzL9/VKo57HUYQzOIdL8OAaGnAHTfCBAYdneIU3RzovzrvzsWwtOPnMKfyR8/kDlyON0A==</latexit>

e+
<latexit sha1_base64="LCdCNcO0//qv6GP84U82Jab7zYU=">AAAB7HicbZBNSwMxEIZn61etX1WPXoKtIAhltxc9Frx4rOC2hXYt2XS2Dc1mlyQrlNLf4MWDIl79Qd78N6btHrT1hcDDOzNk5g1TwbVx3W+nsLG5tb1T3C3t7R8cHpWPT1o6yRRDnyUiUZ2QahRcom+4EdhJFdI4FNgOx7fzevsJleaJfDCTFIOYDiWPOKPGWn4VH6+q/XLFrbkLkXXwcqhArma//NUbJCyLURomqNZdz01NMKXKcCZwVuplGlPKxnSIXYuSxqiD6WLZGbmwzoBEibJPGrJwf09Maaz1JA5tZ0zNSK/W5uZ/tW5moptgymWaGZRs+VGUCWISMr+cDLhCZsTEAmWK210JG1FFmbH5lGwI3urJ69Cq1zzL9/VKo57HUYQzOIdL8OAaGnAHTfCBAYdneIU3RzovzrvzsWwtOPnMKfyR8/kDlyON0A==</latexit><latexit sha1_base64="LCdCNcO0//qv6GP84U82Jab7zYU=">AAAB7HicbZBNSwMxEIZn61etX1WPXoKtIAhltxc9Frx4rOC2hXYt2XS2Dc1mlyQrlNLf4MWDIl79Qd78N6btHrT1hcDDOzNk5g1TwbVx3W+nsLG5tb1T3C3t7R8cHpWPT1o6yRRDnyUiUZ2QahRcom+4EdhJFdI4FNgOx7fzevsJleaJfDCTFIOYDiWPOKPGWn4VH6+q/XLFrbkLkXXwcqhArma//NUbJCyLURomqNZdz01NMKXKcCZwVuplGlPKxnSIXYuSxqiD6WLZGbmwzoBEibJPGrJwf09Maaz1JA5tZ0zNSK/W5uZ/tW5moptgymWaGZRs+VGUCWISMr+cDLhCZsTEAmWK210JG1FFmbH5lGwI3urJ69Cq1zzL9/VKo57HUYQzOIdL8OAaGnAHTfCBAYdneIU3RzovzrvzsWwtOPnMKfyR8/kDlyON0A==</latexit><latexit sha1_base64="LCdCNcO0//qv6GP84U82Jab7zYU=">AAAB7HicbZBNSwMxEIZn61etX1WPXoKtIAhltxc9Frx4rOC2hXYt2XS2Dc1mlyQrlNLf4MWDIl79Qd78N6btHrT1hcDDOzNk5g1TwbVx3W+nsLG5tb1T3C3t7R8cHpWPT1o6yRRDnyUiUZ2QahRcom+4EdhJFdI4FNgOx7fzevsJleaJfDCTFIOYDiWPOKPGWn4VH6+q/XLFrbkLkXXwcqhArma//NUbJCyLURomqNZdz01NMKXKcCZwVuplGlPKxnSIXYuSxqiD6WLZGbmwzoBEibJPGrJwf09Maaz1JA5tZ0zNSK/W5uZ/tW5moptgymWaGZRs+VGUCWISMr+cDLhCZsTEAmWK210JG1FFmbH5lGwI3urJ69Cq1zzL9/VKo57HUYQzOIdL8OAaGnAHTfCBAYdneIU3RzovzrvzsWwtOPnMKfyR8/kDlyON0A==</latexit><latexit sha1_base64="LCdCNcO0//qv6GP84U82Jab7zYU=">AAAB7HicbZBNSwMxEIZn61etX1WPXoKtIAhltxc9Frx4rOC2hXYt2XS2Dc1mlyQrlNLf4MWDIl79Qd78N6btHrT1hcDDOzNk5g1TwbVx3W+nsLG5tb1T3C3t7R8cHpWPT1o6yRRDnyUiUZ2QahRcom+4EdhJFdI4FNgOx7fzevsJleaJfDCTFIOYDiWPOKPGWn4VH6+q/XLFrbkLkXXwcqhArma//NUbJCyLURomqNZdz01NMKXKcCZwVuplGlPKxnSIXYuSxqiD6WLZGbmwzoBEibJPGrJwf09Maaz1JA5tZ0zNSK/W5uZ/tW5moptgymWaGZRs+VGUCWISMr+cDLhCZsTEAmWK210JG1FFmbH5lGwI3urJ69Cq1zzL9/VKo57HUYQzOIdL8OAaGnAHTfCBAYdneIU3RzovzrvzsWwtOPnMKfyR8/kDlyON0A==</latexit>

� / �2

m2
�
log(s/m2

�)
<latexit sha1_base64="onuFbspcj7aJ3HBvCryrFouokVE="></latexit><latexit sha1_base64="onuFbspcj7aJ3HBvCryrFouokVE="></latexit><latexit sha1_base64="onuFbspcj7aJ3HBvCryrFouokVE="></latexit><latexit sha1_base64="onuFbspcj7aJ3HBvCryrFouokVE="></latexit>

� / s
f4

<latexit sha1_base64="ny6KZ4LoASw6L7eEpUjtr+2hUOc="></latexit><latexit sha1_base64="ny6KZ4LoASw6L7eEpUjtr+2hUOc="></latexit><latexit sha1_base64="ny6KZ4LoASw6L7eEpUjtr+2hUOc="></latexit><latexit sha1_base64="ny6KZ4LoASw6L7eEpUjtr+2hUOc="></latexit>

1
f2 @µ|H|2@µ|�|2

<latexit sha1_base64="YX6opem4bgOGyBNaJCQLoitSvuc="></latexit><latexit sha1_base64="YX6opem4bgOGyBNaJCQLoitSvuc="></latexit><latexit sha1_base64="YX6opem4bgOGyBNaJCQLoitSvuc="></latexit><latexit sha1_base64="YX6opem4bgOGyBNaJCQLoitSvuc="></latexit>

�|H|2|�|2
<latexit sha1_base64="L2rSnxEe54qr22jpJI5GtM4YKAw=">AAACLXicbZC7TsMwFIadcivlFmBksWiRGFCVdIGxEkvHItGL1ITKcZzWquNEtlNRpX0BXgZWeA8GJMTKzhPgphloy5EsfTo+/69zfi9mVCrL+jAKG5tb2zvF3dLe/sHhkXl80pZRIjBp4YhFoushSRjlpKWoYqQbC4JCj5GON7qd/3fGREga8Xs1iYkbogGnAcVI6VbfrFSczCQVxJ9Bh2mlj+C0MX2owamDh1RDpW+WraqVFVwHO4cyyKvZN38cP8JJSLjCDEnZs61YuSkSimJGZiUnkSRGeIQGpKeRo5BIN80WmcEL3fFhEAn9uIJZ968iRaGUk9DTkyFSQ7nk5o9pLHO/x4XhqnYu+lebqODGTSmPE0U4XiwSJAyqCM6jgz4VBCs20YCwoPoWiIdIIKx0wCUdkr0ayTq0a1Vb812tXL/K4yqCM3AOLoENrkEdNEATtAAGT+AFvII349l4Nz6Nr8Vowcg1p2CpjO9fLxCotg==</latexit><latexit sha1_base64="L2rSnxEe54qr22jpJI5GtM4YKAw=">AAACLXicbZC7TsMwFIadcivlFmBksWiRGFCVdIGxEkvHItGL1ITKcZzWquNEtlNRpX0BXgZWeA8GJMTKzhPgphloy5EsfTo+/69zfi9mVCrL+jAKG5tb2zvF3dLe/sHhkXl80pZRIjBp4YhFoushSRjlpKWoYqQbC4JCj5GON7qd/3fGREga8Xs1iYkbogGnAcVI6VbfrFSczCQVxJ9Bh2mlj+C0MX2owamDh1RDpW+WraqVFVwHO4cyyKvZN38cP8JJSLjCDEnZs61YuSkSimJGZiUnkSRGeIQGpKeRo5BIN80WmcEL3fFhEAn9uIJZ968iRaGUk9DTkyFSQ7nk5o9pLHO/x4XhqnYu+lebqODGTSmPE0U4XiwSJAyqCM6jgz4VBCs20YCwoPoWiIdIIKx0wCUdkr0ayTq0a1Vb812tXL/K4yqCM3AOLoENrkEdNEATtAAGT+AFvII349l4Nz6Nr8Vowcg1p2CpjO9fLxCotg==</latexit><latexit sha1_base64="L2rSnxEe54qr22jpJI5GtM4YKAw=">AAACLXicbZC7TsMwFIadcivlFmBksWiRGFCVdIGxEkvHItGL1ITKcZzWquNEtlNRpX0BXgZWeA8GJMTKzhPgphloy5EsfTo+/69zfi9mVCrL+jAKG5tb2zvF3dLe/sHhkXl80pZRIjBp4YhFoushSRjlpKWoYqQbC4JCj5GON7qd/3fGREga8Xs1iYkbogGnAcVI6VbfrFSczCQVxJ9Bh2mlj+C0MX2owamDh1RDpW+WraqVFVwHO4cyyKvZN38cP8JJSLjCDEnZs61YuSkSimJGZiUnkSRGeIQGpKeRo5BIN80WmcEL3fFhEAn9uIJZ968iRaGUk9DTkyFSQ7nk5o9pLHO/x4XhqnYu+lebqODGTSmPE0U4XiwSJAyqCM6jgz4VBCs20YCwoPoWiIdIIKx0wCUdkr0ayTq0a1Vb812tXL/K4yqCM3AOLoENrkEdNEATtAAGT+AFvII349l4Nz6Nr8Vowcg1p2CpjO9fLxCotg==</latexit><latexit sha1_base64="L2rSnxEe54qr22jpJI5GtM4YKAw=">AAACLXicbZC7TsMwFIadcivlFmBksWiRGFCVdIGxEkvHItGL1ITKcZzWquNEtlNRpX0BXgZWeA8GJMTKzhPgphloy5EsfTo+/69zfi9mVCrL+jAKG5tb2zvF3dLe/sHhkXl80pZRIjBp4YhFoushSRjlpKWoYqQbC4JCj5GON7qd/3fGREga8Xs1iYkbogGnAcVI6VbfrFSczCQVxJ9Bh2mlj+C0MX2owamDh1RDpW+WraqVFVwHO4cyyKvZN38cP8JJSLjCDEnZs61YuSkSimJGZiUnkSRGeIQGpKeRo5BIN80WmcEL3fFhEAn9uIJZ968iRaGUk9DTkyFSQ7nk5o9pLHO/x4XhqnYu+lebqODGTSmPE0U4XiwSJAyqCM6jgz4VBCs20YCwoPoWiIdIIKx0wCUdkr0ayTq0a1Vb812tXL/K4yqCM3AOLoENrkEdNEATtAAGT+AFvII349l4Nz6Nr8Vowcg1p2CpjO9fLxCotg==</latexit>

background
p
s = 3 TeV

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

mS = 100 GeV
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

h⇤
<latexit sha1_base64="n0VCEychf/3Mf0ZYcnmZgb8IrkU="></latexit><latexit sha1_base64="n0VCEychf/3Mf0ZYcnmZgb8IrkU="></latexit><latexit sha1_base64="n0VCEychf/3Mf0ZYcnmZgb8IrkU="></latexit><latexit sha1_base64="n0VCEychf/3Mf0ZYcnmZgb8IrkU="></latexit>



pNGB dark matter at colliders

• If                    , invisible Higgs decays:                       at HL-LHC 

• If DM is heavier, must go through “off-shell Higgs portal”

m� < mh/2
<latexit sha1_base64="gkZvsFLncYf6amJXlaV7e42bXSU="></latexit><latexit sha1_base64="gkZvsFLncYf6amJXlaV7e42bXSU="></latexit><latexit sha1_base64="gkZvsFLncYf6amJXlaV7e42bXSU="></latexit><latexit sha1_base64="gkZvsFLncYf6amJXlaV7e42bXSU="></latexit>

High-energy lepton colliders

h⇤
<latexit sha1_base64="n0VCEychf/3Mf0ZYcnmZgb8IrkU="></latexit><latexit sha1_base64="n0VCEychf/3Mf0ZYcnmZgb8IrkU="></latexit><latexit sha1_base64="n0VCEychf/3Mf0ZYcnmZgb8IrkU="></latexit><latexit sha1_base64="n0VCEychf/3Mf0ZYcnmZgb8IrkU="></latexit>

�⇤
<latexit sha1_base64="fTG/H9G4QpaBwCDoiDftG6ic2Kw="></latexit><latexit sha1_base64="fTG/H9G4QpaBwCDoiDftG6ic2Kw="></latexit><latexit sha1_base64="fTG/H9G4QpaBwCDoiDftG6ic2Kw="></latexit><latexit sha1_base64="fTG/H9G4QpaBwCDoiDftG6ic2Kw="></latexit>

�
<latexit sha1_base64="M4J+gxsxTWmL7RW/trEseTxkeNY="></latexit><latexit sha1_base64="M4J+gxsxTWmL7RW/trEseTxkeNY="></latexit><latexit sha1_base64="M4J+gxsxTWmL7RW/trEseTxkeNY="></latexit><latexit sha1_base64="M4J+gxsxTWmL7RW/trEseTxkeNY="></latexit>Z

<latexit sha1_base64="RzZcKnqOqo2C4PACmIQSblon7mM="></latexit><latexit sha1_base64="RzZcKnqOqo2C4PACmIQSblon7mM="></latexit><latexit sha1_base64="RzZcKnqOqo2C4PACmIQSblon7mM="></latexit><latexit sha1_base64="RzZcKnqOqo2C4PACmIQSblon7mM="></latexit>

Ruhdorfer, Salvioni 
in progress

f > 1.6 TeV
<latexit sha1_base64="vExlYDtwwgAz1+RSsjAQLt+TBgw="></latexit><latexit sha1_base64="vExlYDtwwgAz1+RSsjAQLt+TBgw="></latexit><latexit sha1_base64="vExlYDtwwgAz1+RSsjAQLt+TBgw="></latexit><latexit sha1_base64="vExlYDtwwgAz1+RSsjAQLt+TBgw="></latexit>

ATL-PHYS-
PUB-2013-014
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Z
<latexit sha1_base64="RzZcKnqOqo2C4PACmIQSblon7mM="></latexit><latexit sha1_base64="RzZcKnqOqo2C4PACmIQSblon7mM="></latexit><latexit sha1_base64="RzZcKnqOqo2C4PACmIQSblon7mM="></latexit><latexit sha1_base64="RzZcKnqOqo2C4PACmIQSblon7mM="></latexit>

e�
<latexit sha1_base64="jhyEAhcNki0ZAHMaWWWfLzABgQs=">AAAB7HicbZA9TwJBEIbn8AvxC7W02QgmNpI7Gi1JbCwx8YAETrK3zMGGvb3L7p4JIfwGGwuNsfUH2flvXOAKBd9kkyfvzGRn3jAVXBvX/XYKG5tb2zvF3dLe/sHhUfn4pKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDuvt59QaZ7IBzNJMYjpUPKIM2qs5Vfx8araL1fcmrsQWQcvhwrkavbLX71BwrIYpWGCat313NQEU6 oMZwJnpV6mMaVsTIfYtShpjDqYLpadkQvrDEiUKPukIQv398SUxlpP4tB2xtSM9Gptbv5X62YmugmmXKaZQcmWH0WZICYh88vJgCtkRkwsUKa43ZWwEVWUGZtPyYbgrZ68Dq16zbN8X6806nkcRTiDc7gED66hAXfQBB8YcHiGV3hzpPPivDsfy9aCk8+cwh85nz+aLY3S</latexit><latexit sha1_base64="jhyEAhcNki0ZAHMaWWWfLzABgQs=">AAAB7HicbZA9TwJBEIbn8AvxC7W02QgmNpI7Gi1JbCwx8YAETrK3zMGGvb3L7p4JIfwGGwuNsfUH2flvXOAKBd9kkyfvzGRn3jAVXBvX/XYKG5tb2zvF3dLe/sHhUfn4pKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDuvt59QaZ7IBzNJMYjpUPKIM2qs5Vfx8araL1fcmrsQWQcvhwrkavbLX71BwrIYpWGCat313NQEU6 oMZwJnpV6mMaVsTIfYtShpjDqYLpadkQvrDEiUKPukIQv398SUxlpP4tB2xtSM9Gptbv5X62YmugmmXKaZQcmWH0WZICYh88vJgCtkRkwsUKa43ZWwEVWUGZtPyYbgrZ68Dq16zbN8X6806nkcRTiDc7gED66hAXfQBB8YcHiGV3hzpPPivDsfy9aCk8+cwh85nz+aLY3S</latexit><latexit sha1_base64="jhyEAhcNki0ZAHMaWWWfLzABgQs=">AAAB7HicbZA9TwJBEIbn8AvxC7W02QgmNpI7Gi1JbCwx8YAETrK3zMGGvb3L7p4JIfwGGwuNsfUH2flvXOAKBd9kkyfvzGRn3jAVXBvX/XYKG5tb2zvF3dLe/sHhUfn4pKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDuvt59QaZ7IBzNJMYjpUPKIM2qs5Vfx8araL1fcmrsQWQcvhwrkavbLX71BwrIYpWGCat313NQEU6 oMZwJnpV6mMaVsTIfYtShpjDqYLpadkQvrDEiUKPukIQv398SUxlpP4tB2xtSM9Gptbv5X62YmugmmXKaZQcmWH0WZICYh88vJgCtkRkwsUKa43ZWwEVWUGZtPyYbgrZ68Dq16zbN8X6806nkcRTiDc7gED66hAXfQBB8YcHiGV3hzpPPivDsfy9aCk8+cwh85nz+aLY3S</latexit><latexit sha1_base64="jhyEAhcNki0ZAHMaWWWfLzABgQs=">AAAB7HicbZA9TwJBEIbn8AvxC7W02QgmNpI7Gi1JbCwx8YAETrK3zMGGvb3L7p4JIfwGGwuNsfUH2flvXOAKBd9kkyfvzGRn3jAVXBvX/XYKG5tb2zvF3dLe/sHhUfn4pKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDuvt59QaZ7IBzNJMYjpUPKIM2qs5Vfx8araL1fcmrsQWQcvhwrkavbLX71BwrIYpWGCat313NQEU6 oMZwJnpV6mMaVsTIfYtShpjDqYLpadkQvrDEiUKPukIQv398SUxlpP4tB2xtSM9Gptbv5X62YmugmmXKaZQcmWH0WZICYh88vJgCtkRkwsUKa43ZWwEVWUGZtPyYbgrZ68Dq16zbN8X6806nkcRTiDc7gED66hAXfQBB8YcHiGV3hzpPPivDsfy9aCk8+cwh85nz+aLY3S</latexit>

e�
<latexit sha1_base64="jhyEAhcNki0ZAHMaWWWfLzABgQs=">AAAB7HicbZA9TwJBEIbn8AvxC7W02QgmNpI7Gi1JbCwx8YAETrK3zMGGvb3L7p4JIfwGGwuNsfUH2flvXOAKBd9kkyfvzGRn3jAVXBvX/XYKG5tb2zvF3dLe/sHhUfn4pKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDuvt59QaZ7IBzNJMYjpUPKIM2qs5Vfx8araL1fcmrsQWQcvhwrkavbLX71BwrIYpWGCat313NQEU6oMZwJnpV6mMaVsTIfYtShpjDqYLpadkQvrDEiUKPukIQv398SUxlpP4tB2xtSM9Gptbv5X62YmugmmXKaZQcmWH0WZICYh88vJgCtkRkwsUKa43ZWwEVWUGZtPyYbgrZ68Dq16zbN8X6806nkcRTiDc7gED66hAXfQBB8YcHiGV3hzpPPivDsfy9aCk8+cwh85nz+aLY3S</latexit><latexit sha1_base64="jhyEAhcNki0ZAHMaWWWfLzABgQs=">AAAB7HicbZA9TwJBEIbn8AvxC7W02QgmNpI7Gi1JbCwx8YAETrK3zMGGvb3L7p4JIfwGGwuNsfUH2flvXOAKBd9kkyfvzGRn3jAVXBvX/XYKG5tb2zvF3dLe/sHhUfn4pKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDuvt59QaZ7IBzNJMYjpUPKIM2qs5Vfx8araL1fcmrsQWQcvhwrkavbLX71BwrIYpWGCat313NQEU6oMZwJnpV6mMaVsTIfYtShpjDqYLpadkQvrDEiUKPukIQv398SUxlpP4tB2xtSM9Gptbv5X62YmugmmXKaZQcmWH0WZICYh88vJgCtkRkwsUKa43ZWwEVWUGZtPyYbgrZ68Dq16zbN8X6806nkcRTiDc7gED66hAXfQBB8YcHiGV3hzpPPivDsfy9aCk8+cwh85nz+aLY3S</latexit><latexit sha1_base64="jhyEAhcNki0ZAHMaWWWfLzABgQs=">AAAB7HicbZA9TwJBEIbn8AvxC7W02QgmNpI7Gi1JbCwx8YAETrK3zMGGvb3L7p4JIfwGGwuNsfUH2flvXOAKBd9kkyfvzGRn3jAVXBvX/XYKG5tb2zvF3dLe/sHhUfn4pKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDuvt59QaZ7IBzNJMYjpUPKIM2qs5Vfx8araL1fcmrsQWQcvhwrkavbLX71BwrIYpWGCat313NQEU6oMZwJnpV6mMaVsTIfYtShpjDqYLpadkQvrDEiUKPukIQv398SUxlpP4tB2xtSM9Gptbv5X62YmugmmXKaZQcmWH0WZICYh88vJgCtkRkwsUKa43ZWwEVWUGZtPyYbgrZ68Dq16zbN8X6806nkcRTiDc7gED66hAXfQBB8YcHiGV3hzpPPivDsfy9aCk8+cwh85nz+aLY3S</latexit><latexit sha1_base64="jhyEAhcNki0ZAHMaWWWfLzABgQs=">AAAB7HicbZA9TwJBEIbn8AvxC7W02QgmNpI7Gi1JbCwx8YAETrK3zMGGvb3L7p4JIfwGGwuNsfUH2flvXOAKBd9kkyfvzGRn3jAVXBvX/XYKG5tb2zvF3dLe/sHhUfn4pKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDuvt59QaZ7IBzNJMYjpUPKIM2qs5Vfx8araL1fcmrsQWQcvhwrkavbLX71BwrIYpWGCat313NQEU6oMZwJnpV6mMaVsTIfYtShpjDqYLpadkQvrDEiUKPukIQv398SUxlpP4tB2xtSM9Gptbv5X62YmugmmXKaZQcmWH0WZICYh88vJgCtkRkwsUKa43ZWwEVWUGZtPyYbgrZ68Dq16zbN8X6806nkcRTiDc7gED66hAXfQBB8YcHiGV3hzpPPivDsfy9aCk8+cwh85nz+aLY3S</latexit>

e+
<latexit sha1_base64="LCdCNcO0//qv6GP84U82Jab7zYU=">AAAB7HicbZBNSwMxEIZn61etX1WPXoKtIAhltxc9Frx4rOC2hXYt2XS2Dc1mlyQrlNLf4MWDIl79Qd78N6btHrT1hcDDOzNk5g1TwbVx3W+nsLG5tb1T3C3t7R8cHpWPT1o6yRRDnyUiUZ2QahRcom+4EdhJFdI4FNgOx7fzevsJleaJfDCTFIOYDiWPOKPGWn4VH6+q/XLFrbkLkXXwcqhArma//NUbJCyLURomqNZdz01NMK XKcCZwVuplGlPKxnSIXYuSxqiD6WLZGbmwzoBEibJPGrJwf09Maaz1JA5tZ0zNSK/W5uZ/tW5moptgymWaGZRs+VGUCWISMr+cDLhCZsTEAmWK210JG1FFmbH5lGwI3urJ69Cq1zzL9/VKo57HUYQzOIdL8OAaGnAHTfCBAYdneIU3RzovzrvzsWwtOPnMKfyR8/kDlyON0A==</latexit><latexit sha1_base64="LCdCNcO0//qv6GP84U82Jab7zYU=">AAAB7HicbZBNSwMxEIZn61etX1WPXoKtIAhltxc9Frx4rOC2hXYt2XS2Dc1mlyQrlNLf4MWDIl79Qd78N6btHrT1hcDDOzNk5g1TwbVx3W+nsLG5tb1T3C3t7R8cHpWPT1o6yRRDnyUiUZ2QahRcom+4EdhJFdI4FNgOx7fzevsJleaJfDCTFIOYDiWPOKPGWn4VH6+q/XLFrbkLkXXwcqhArma//NUbJCyLURomqNZdz01NMK XKcCZwVuplGlPKxnSIXYuSxqiD6WLZGbmwzoBEibJPGrJwf09Maaz1JA5tZ0zNSK/W5uZ/tW5moptgymWaGZRs+VGUCWISMr+cDLhCZsTEAmWK210JG1FFmbH5lGwI3urJ69Cq1zzL9/VKo57HUYQzOIdL8OAaGnAHTfCBAYdneIU3RzovzrvzsWwtOPnMKfyR8/kDlyON0A==</latexit><latexit sha1_base64="LCdCNcO0//qv6GP84U82Jab7zYU=">AAAB7HicbZBNSwMxEIZn61etX1WPXoKtIAhltxc9Frx4rOC2hXYt2XS2Dc1mlyQrlNLf4MWDIl79Qd78N6btHrT1hcDDOzNk5g1TwbVx3W+nsLG5tb1T3C3t7R8cHpWPT1o6yRRDnyUiUZ2QahRcom+4EdhJFdI4FNgOx7fzevsJleaJfDCTFIOYDiWPOKPGWn4VH6+q/XLFrbkLkXXwcqhArma//NUbJCyLURomqNZdz01NMK XKcCZwVuplGlPKxnSIXYuSxqiD6WLZGbmwzoBEibJPGrJwf09Maaz1JA5tZ0zNSK/W5uZ/tW5moptgymWaGZRs+VGUCWISMr+cDLhCZsTEAmWK210JG1FFmbH5lGwI3urJ69Cq1zzL9/VKo57HUYQzOIdL8OAaGnAHTfCBAYdneIU3RzovzrvzsWwtOPnMKfyR8/kDlyON0A==</latexit><latexit sha1_base64="LCdCNcO0//qv6GP84U82Jab7zYU=">AAAB7HicbZBNSwMxEIZn61etX1WPXoKtIAhltxc9Frx4rOC2hXYt2XS2Dc1mlyQrlNLf4MWDIl79Qd78N6btHrT1hcDDOzNk5g1TwbVx3W+nsLG5tb1T3C3t7R8cHpWPT1o6yRRDnyUiUZ2QahRcom+4EdhJFdI4FNgOx7fzevsJleaJfDCTFIOYDiWPOKPGWn4VH6+q/XLFrbkLkXXwcqhArma//NUbJCyLURomqNZdz01NMK XKcCZwVuplGlPKxnSIXYuSxqiD6WLZGbmwzoBEibJPGrJwf09Maaz1JA5tZ0zNSK/W5uZ/tW5moptgymWaGZRs+VGUCWISMr+cDLhCZsTEAmWK210JG1FFmbH5lGwI3urJ69Cq1zzL9/VKo57HUYQzOIdL8OAaGnAHTfCBAYdneIU3RzovzrvzsWwtOPnMKfyR8/kDlyON0A==</latexit>

e+
<latexit sha1_base64="LCdCNcO0//qv6GP84U82Jab7zYU=">AAAB7HicbZBNSwMxEIZn61etX1WPXoKtIAhltxc9Frx4rOC2hXYt2XS2Dc1mlyQrlNLf4MWDIl79Qd78N6btHrT1hcDDOzNk5g1TwbVx3W+nsLG5tb1T3C3t7R8cHpWPT1o6yRRDnyUiUZ2QahRcom+4EdhJFdI4FNgOx7fzevsJleaJfDCTFIOYDiWPOKPGWn4VH6+q/XLFrbkLkXXwcqhArma//NUbJCyLURomqNZdz01NMKXKcCZwVuplGlPKxnSIXYuSxqiD6WLZGbmwzoBEibJPGrJwf09Maaz1JA5tZ0zNSK/W5uZ/tW5moptgymWaGZRs+VGUCWISMr+cDLhCZsTEAmWK210JG1FFmbH5lGwI3urJ69Cq1zzL9/VKo57HUYQzOIdL8OAaGnAHTfCBAYdneIU3RzovzrvzsWwtOPnMKfyR8/kDlyON0A==</latexit><latexit sha1_base64="LCdCNcO0//qv6GP84U82Jab7zYU=">AAAB7HicbZBNSwMxEIZn61etX1WPXoKtIAhltxc9Frx4rOC2hXYt2XS2Dc1mlyQrlNLf4MWDIl79Qd78N6btHrT1hcDDOzNk5g1TwbVx3W+nsLG5tb1T3C3t7R8cHpWPT1o6yRRDnyUiUZ2QahRcom+4EdhJFdI4FNgOx7fzevsJleaJfDCTFIOYDiWPOKPGWn4VH6+q/XLFrbkLkXXwcqhArma//NUbJCyLURomqNZdz01NMKXKcCZwVuplGlPKxnSIXYuSxqiD6WLZGbmwzoBEibJPGrJwf09Maaz1JA5tZ0zNSK/W5uZ/tW5moptgymWaGZRs+VGUCWISMr+cDLhCZsTEAmWK210JG1FFmbH5lGwI3urJ69Cq1zzL9/VKo57HUYQzOIdL8OAaGnAHTfCBAYdneIU3RzovzrvzsWwtOPnMKfyR8/kDlyON0A==</latexit><latexit sha1_base64="LCdCNcO0//qv6GP84U82Jab7zYU=">AAAB7HicbZBNSwMxEIZn61etX1WPXoKtIAhltxc9Frx4rOC2hXYt2XS2Dc1mlyQrlNLf4MWDIl79Qd78N6btHrT1hcDDOzNk5g1TwbVx3W+nsLG5tb1T3C3t7R8cHpWPT1o6yRRDnyUiUZ2QahRcom+4EdhJFdI4FNgOx7fzevsJleaJfDCTFIOYDiWPOKPGWn4VH6+q/XLFrbkLkXXwcqhArma//NUbJCyLURomqNZdz01NMKXKcCZwVuplGlPKxnSIXYuSxqiD6WLZGbmwzoBEibJPGrJwf09Maaz1JA5tZ0zNSK/W5uZ/tW5moptgymWaGZRs+VGUCWISMr+cDLhCZsTEAmWK210JG1FFmbH5lGwI3urJ69Cq1zzL9/VKo57HUYQzOIdL8OAaGnAHTfCBAYdneIU3RzovzrvzsWwtOPnMKfyR8/kDlyON0A==</latexit><latexit sha1_base64="LCdCNcO0//qv6GP84U82Jab7zYU=">AAAB7HicbZBNSwMxEIZn61etX1WPXoKtIAhltxc9Frx4rOC2hXYt2XS2Dc1mlyQrlNLf4MWDIl79Qd78N6btHrT1hcDDOzNk5g1TwbVx3W+nsLG5tb1T3C3t7R8cHpWPT1o6yRRDnyUiUZ2QahRcom+4EdhJFdI4FNgOx7fzevsJleaJfDCTFIOYDiWPOKPGWn4VH6+q/XLFrbkLkXXwcqhArma//NUbJCyLURomqNZdz01NMKXKcCZwVuplGlPKxnSIXYuSxqiD6WLZGbmwzoBEibJPGrJwf09Maaz1JA5tZ0zNSK/W5uZ/tW5moptgymWaGZRs+VGUCWISMr+cDLhCZsTEAmWK210JG1FFmbH5lGwI3urJ69Cq1zzL9/VKo57HUYQzOIdL8OAaGnAHTfCBAYdneIU3RzovzrvzsWwtOPnMKfyR8/kDlyON0A==</latexit>

p
4Nc y2t

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

analysis for derivative coupling  
is ongoing… 

background
p
s = 3 TeV

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

mS = 100 GeV
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

*Preliminary*



Summary

•  Extra pNGB scalars in composite Higgs models as compelling WIMP DM 

•  Derivative Higgs portal suppressed at small momentum, naturally avoid 
 conflict with direct detection 

•  DM pheno sensitive to origin of radiative DM mass  

 (leading source of shift symmetry breaking) 

 Standard Model quarks: indirect detection, 
 direct detection @ next generation 

 Dark sector: gauge the exact           that stabilizes DM 

 Direct detection negligible, but complementary observables: 

                         excluded by Sommerfeld-enhanced indirect detection 

                         testable in                         ,            , 
           DM self-interactions
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h ! invisible
<latexit sha1_base64="XOsbxzzE+YR7xhA1iQn6+yKUSj0=">AAACI3icbVDLSgMxFM34rPU16k43wVZwVWYKosuCG5cV7AM6Q8lkMm1okhmSTLEMBX9Gt/of7sSNC3/CLzDTzsK2HggcTu453HuChFGlHefLWlvf2NzaLu2Ud/f2Dw7to+O2ilOJSQvHLJbdACnCqCAtTTUj3UQSxANGOsHoNv/vjIlUNBYPepIQn6OBoBHFSBupb59Wh9DTMfQ40kPJMyrGVFHjnlb7dsWpOTPAVeIWpAIKNPv2jxfGOOVEaMyQUj3XSbSfIakpNoFlL1UkQXiEBqRnqECcKD+b3TCFF0YJYRRL84SGM/WvI0NcqQkPzGS+qlpIC8c0UUXe4zxw2Zub/vWmOrrxzd1JqonA80WilEFTSl4YDKkkWLOJIQhLam6BeIgkwtrUWjYlucuVrJJ2veYafl+vNK6KukrgDJyDS+CCa9AAd6AJWgCDJ/ACXsGb9Wy9Wx/W53x0zSo8J2AB1vcvFEWlMQ==</latexit><latexit sha1_base64="XOsbxzzE+YR7xhA1iQn6+yKUSj0=">AAACI3icbVDLSgMxFM34rPU16k43wVZwVWYKosuCG5cV7AM6Q8lkMm1okhmSTLEMBX9Gt/of7sSNC3/CLzDTzsK2HggcTu453HuChFGlHefLWlvf2NzaLu2Ud/f2Dw7to+O2ilOJSQvHLJbdACnCqCAtTTUj3UQSxANGOsHoNv/vjIlUNBYPepIQn6OBoBHFSBupb59Wh9DTMfQ40kPJMyrGVFHjnlb7dsWpOTPAVeIWpAIKNPv2jxfGOOVEaMyQUj3XSbSfIakpNoFlL1UkQXiEBqRnqECcKD+b3TCFF0YJYRRL84SGM/WvI0NcqQkPzGS+qlpIC8c0UUXe4zxw2Zub/vWmOrrxzd1JqonA80WilEFTSl4YDKkkWLOJIQhLam6BeIgkwtrUWjYlucuVrJJ2veYafl+vNK6KukrgDJyDS+CCa9AAd6AJWgCDJ/ACXsGb9Wy9Wx/W53x0zSo8J2AB1vcvFEWlMQ==</latexit><latexit sha1_base64="XOsbxzzE+YR7xhA1iQn6+yKUSj0=">AAACI3icbVDLSgMxFM34rPU16k43wVZwVWYKosuCG5cV7AM6Q8lkMm1okhmSTLEMBX9Gt/of7sSNC3/CLzDTzsK2HggcTu453HuChFGlHefLWlvf2NzaLu2Ud/f2Dw7to+O2ilOJSQvHLJbdACnCqCAtTTUj3UQSxANGOsHoNv/vjIlUNBYPepIQn6OBoBHFSBupb59Wh9DTMfQ40kPJMyrGVFHjnlb7dsWpOTPAVeIWpAIKNPv2jxfGOOVEaMyQUj3XSbSfIakpNoFlL1UkQXiEBqRnqECcKD+b3TCFF0YJYRRL84SGM/WvI0NcqQkPzGS+qlpIC8c0UUXe4zxw2Zub/vWmOrrxzd1JqonA80WilEFTSl4YDKkkWLOJIQhLam6BeIgkwtrUWjYlucuVrJJ2veYafl+vNK6KukrgDJyDS+CCa9AAd6AJWgCDJ/ACXsGb9Wy9Wx/W53x0zSo8J2AB1vcvFEWlMQ==</latexit><latexit sha1_base64="XOsbxzzE+YR7xhA1iQn6+yKUSj0=">AAACI3icbVDLSgMxFM34rPU16k43wVZwVWYKosuCG5cV7AM6Q8lkMm1okhmSTLEMBX9Gt/of7sSNC3/CLzDTzsK2HggcTu453HuChFGlHefLWlvf2NzaLu2Ud/f2Dw7to+O2ilOJSQvHLJbdACnCqCAtTTUj3UQSxANGOsHoNv/vjIlUNBYPepIQn6OBoBHFSBupb59Wh9DTMfQ40kPJMyrGVFHjnlb7dsWpOTPAVeIWpAIKNPv2jxfGOOVEaMyQUj3XSbSfIakpNoFlL1UkQXiEBqRnqECcKD+b3TCFF0YJYRRL84SGM/WvI0NcqQkPzGS+qlpIC8c0UUXe4zxw2Zub/vWmOrrxzd1JqonA80WilEFTSl4YDKkkWLOJIQhLam6BeIgkwtrUWjYlucuVrJJ2veYafl+vNK6KukrgDJyDS+CCa9AAd6AJWgCDJ/ACXsGb9Wy9Wx/W53x0zSo8J2AB1vcvFEWlMQ==</latexit>

�Ne↵
<latexit sha1_base64="5SqkD64R9R35hScRpH1C/v9iorA=">AAACHXicbVDLSsNAFJ34rPUVHzs3g63gqiQF0WVBF66kgn1AE8JketMOnTyYmRRr6LfoVv/DnbgVf8MvcNpmYVsPDBzO3HO49/gJZ1JZ1rexsrq2vrFZ2Cpu7+zu7ZsHh00Zp4JCg8Y8Fm2fSOAsgoZiikM7EUBCn0PLH1xP/ltDEJLF0YMaJeCGpBexgFGitOSZx2XnBrgi+M7LHBFiCIJx2TNLVsWaAi8TOycllKPumT9ON6ZpCJGinEjZsa1EuRkRilEO46KTSkgIHZAedDSNSAjSzabbj/GZVro4iIV+kcJT9a8jI6GUo9DXkyFRfTmX1h2yROZ5j7PARe/E9K83VcGVm7EoSRVEdLZIkHKsYjypCneZAKr4SBNCBdO3YNonglClCy3qkuzFSpZJs1qxNb+vlmoXeV0FdIJO0Tmy0SWqoVtURw1E0RN6Qa/ozXg23o0P43M2umLkniM0B+PrFypZogM=</latexit><latexit sha1_base64="5SqkD64R9R35hScRpH1C/v9iorA=">AAACHXicbVDLSsNAFJ34rPUVHzs3g63gqiQF0WVBF66kgn1AE8JketMOnTyYmRRr6LfoVv/DnbgVf8MvcNpmYVsPDBzO3HO49/gJZ1JZ1rexsrq2vrFZ2Cpu7+zu7ZsHh00Zp4JCg8Y8Fm2fSOAsgoZiikM7EUBCn0PLH1xP/ltDEJLF0YMaJeCGpBexgFGitOSZx2XnBrgi+M7LHBFiCIJx2TNLVsWaAi8TOycllKPumT9ON6ZpCJGinEjZsa1EuRkRilEO46KTSkgIHZAedDSNSAjSzabbj/GZVro4iIV+kcJT9a8jI6GUo9DXkyFRfTmX1h2yROZ5j7PARe/E9K83VcGVm7EoSRVEdLZIkHKsYjypCneZAKr4SBNCBdO3YNonglClCy3qkuzFSpZJs1qxNb+vlmoXeV0FdIJO0Tmy0SWqoVtURw1E0RN6Qa/ozXg23o0P43M2umLkniM0B+PrFypZogM=</latexit><latexit sha1_base64="5SqkD64R9R35hScRpH1C/v9iorA=">AAACHXicbVDLSsNAFJ34rPUVHzs3g63gqiQF0WVBF66kgn1AE8JketMOnTyYmRRr6LfoVv/DnbgVf8MvcNpmYVsPDBzO3HO49/gJZ1JZ1rexsrq2vrFZ2Cpu7+zu7ZsHh00Zp4JCg8Y8Fm2fSOAsgoZiikM7EUBCn0PLH1xP/ltDEJLF0YMaJeCGpBexgFGitOSZx2XnBrgi+M7LHBFiCIJx2TNLVsWaAi8TOycllKPumT9ON6ZpCJGinEjZsa1EuRkRilEO46KTSkgIHZAedDSNSAjSzabbj/GZVro4iIV+kcJT9a8jI6GUo9DXkyFRfTmX1h2yROZ5j7PARe/E9K83VcGVm7EoSRVEdLZIkHKsYjypCneZAKr4SBNCBdO3YNonglClCy3qkuzFSpZJs1qxNb+vlmoXeV0FdIJO0Tmy0SWqoVtURw1E0RN6Qa/ozXg23o0P43M2umLkniM0B+PrFypZogM=</latexit><latexit sha1_base64="5SqkD64R9R35hScRpH1C/v9iorA=">AAACHXicbVDLSsNAFJ34rPUVHzs3g63gqiQF0WVBF66kgn1AE8JketMOnTyYmRRr6LfoVv/DnbgVf8MvcNpmYVsPDBzO3HO49/gJZ1JZ1rexsrq2vrFZ2Cpu7+zu7ZsHh00Zp4JCg8Y8Fm2fSOAsgoZiikM7EUBCn0PLH1xP/ltDEJLF0YMaJeCGpBexgFGitOSZx2XnBrgi+M7LHBFiCIJx2TNLVsWaAi8TOycllKPumT9ON6ZpCJGinEjZsa1EuRkRilEO46KTSkgIHZAedDSNSAjSzabbj/GZVro4iIV+kcJT9a8jI6GUo9DXkyFRfTmX1h2yROZ5j7PARe/E9K83VcGVm7EoSRVEdLZIkHKsYjypCneZAKr4SBNCBdO3YNonglClCy3qkuzFSpZJs1qxNb+vlmoXeV0FdIJO0Tmy0SWqoVtURw1E0RN6Qa/ozXg23o0P43M2umLkniM0B+PrFypZogM=</latexit>

U(1)
<latexit sha1_base64="Xgz10oDZyiWGWLFAUr/IYwSM6Hc=">AAACDXicbVDLTgIxFL2DL8QX6tJNI5jghsyQGF2SuHGJiQMkMCGdToFKpzNpO0Qy4Rt0q//hzrj1G/wNv8ACsxDwJE1OTu85uff4MWdK2/a3ldvY3Nreye8W9vYPDo+KxydNFSWSUJdEPJJtHyvKmaCuZprTdiwpDn1OW/7odvbfGlOpWCQe9CSmXogHgvUZwdpIzbJbcS7LvWLJrtpzoHXiZKQEGRq94k83iEgSUqEJx0p1HDvWXoqlZoTTaaGbKBpjMsID2jFU4JAqL51vO0UXRglQP5LmCY3m6l9HikOlJqFvJkOsh2opLRizWGV5T4vAVe/M9K830f0bL2UiTjQVZLFIP+FIR2hWDQqYpETziSGYSGZuQWSIJSbaFFgwJTmrlayTZq3qGH5fK9WvsrrycAbnUAEHrqEOd9AAFwg8wgu8wpv1bL1bH9bnYjRnZZ5TWIL19Qv6SJuG</latexit><latexit sha1_base64="Xgz10oDZyiWGWLFAUr/IYwSM6Hc=">AAACDXicbVDLTgIxFL2DL8QX6tJNI5jghsyQGF2SuHGJiQMkMCGdToFKpzNpO0Qy4Rt0q//hzrj1G/wNv8ACsxDwJE1OTu85uff4MWdK2/a3ldvY3Nreye8W9vYPDo+KxydNFSWSUJdEPJJtHyvKmaCuZprTdiwpDn1OW/7odvbfGlOpWCQe9CSmXogHgvUZwdpIzbJbcS7LvWLJrtpzoHXiZKQEGRq94k83iEgSUqEJx0p1HDvWXoqlZoTTaaGbKBpjMsID2jFU4JAqL51vO0UXRglQP5LmCY3m6l9HikOlJqFvJkOsh2opLRizWGV5T4vAVe/M9K830f0bL2UiTjQVZLFIP+FIR2hWDQqYpETziSGYSGZuQWSIJSbaFFgwJTmrlayTZq3qGH5fK9WvsrrycAbnUAEHrqEOd9AAFwg8wgu8wpv1bL1bH9bnYjRnZZ5TWIL19Qv6SJuG</latexit><latexit sha1_base64="Xgz10oDZyiWGWLFAUr/IYwSM6Hc=">AAACDXicbVDLTgIxFL2DL8QX6tJNI5jghsyQGF2SuHGJiQMkMCGdToFKpzNpO0Qy4Rt0q//hzrj1G/wNv8ACsxDwJE1OTu85uff4MWdK2/a3ldvY3Nreye8W9vYPDo+KxydNFSWSUJdEPJJtHyvKmaCuZprTdiwpDn1OW/7odvbfGlOpWCQe9CSmXogHgvUZwdpIzbJbcS7LvWLJrtpzoHXiZKQEGRq94k83iEgSUqEJx0p1HDvWXoqlZoTTaaGbKBpjMsID2jFU4JAqL51vO0UXRglQP5LmCY3m6l9HikOlJqFvJkOsh2opLRizWGV5T4vAVe/M9K830f0bL2UiTjQVZLFIP+FIR2hWDQqYpETziSGYSGZuQWSIJSbaFFgwJTmrlayTZq3qGH5fK9WvsrrycAbnUAEHrqEOd9AAFwg8wgu8wpv1bL1bH9bnYjRnZZ5TWIL19Qv6SJuG</latexit><latexit sha1_base64="Xgz10oDZyiWGWLFAUr/IYwSM6Hc=">AAACDXicbVDLTgIxFL2DL8QX6tJNI5jghsyQGF2SuHGJiQMkMCGdToFKpzNpO0Qy4Rt0q//hzrj1G/wNv8ACsxDwJE1OTu85uff4MWdK2/a3ldvY3Nreye8W9vYPDo+KxydNFSWSUJdEPJJtHyvKmaCuZprTdiwpDn1OW/7odvbfGlOpWCQe9CSmXogHgvUZwdpIzbJbcS7LvWLJrtpzoHXiZKQEGRq94k83iEgSUqEJx0p1HDvWXoqlZoTTaaGbKBpjMsID2jFU4JAqL51vO0UXRglQP5LmCY3m6l9HikOlJqFvJkOsh2opLRizWGV5T4vAVe/M9K830f0bL2UiTjQVZLFIP+FIR2hWDQqYpETziSGYSGZuQWSIJSbaFFgwJTmrlayTZq3qGH5fK9WvsrrycAbnUAEHrqEOd9AAFwg8wgu8wpv1bL1bH9bnYjRnZZ5TWIL19Qv6SJuG</latexit>

m� & mh/2
<latexit sha1_base64="ocC5zQefVGoPjtntmfZcJONwd3s=">AAACKnicbVC7TsMwFHXKq5RXgJHF0CIxlaQSgrESC2OR6ENqoshxnNaqnUS2U1FFnfkZWOE/2CpWvoAvwE0z0JYjWTo6vufo3uMnjEplWTOjtLG5tb1T3q3s7R8cHpnHJx0ZpwKTNo5ZLHo+koTRiLQVVYz0EkEQ9xnp+qP7+X93TISkcfSkJglxORpENKQYKS155nnNyUMyQYIp9xw8pNAZKG3gkHvD60bNM6tW3coB14ldkCoo0PLMHyeIccpJpDBDUvZtK1FuhoSimJFpxUklSRAeoQHpaxohTqSb5VtM4aVWAhjGQr9IwVz968gQl3LCfT3JkRrKpbRgTBNZ5D0vAle9c9O/3lSFd25GoyRVJMKLRcKUQRXDeW8woIJgxSaaICyovgXiIRIIK91uRZdkr1ayTjqNuq35Y6PavCnqKoMzcAGugA1uQRM8gBZoAwxewBt4Bx/Gq/FpzIyvxWjJKDynYAnG9y8vt6e/</latexit><latexit sha1_base64="ocC5zQefVGoPjtntmfZcJONwd3s=">AAACKnicbVC7TsMwFHXKq5RXgJHF0CIxlaQSgrESC2OR6ENqoshxnNaqnUS2U1FFnfkZWOE/2CpWvoAvwE0z0JYjWTo6vufo3uMnjEplWTOjtLG5tb1T3q3s7R8cHpnHJx0ZpwKTNo5ZLHo+koTRiLQVVYz0EkEQ9xnp+qP7+X93TISkcfSkJglxORpENKQYKS155nnNyUMyQYIp9xw8pNAZKG3gkHvD60bNM6tW3coB14ldkCoo0PLMHyeIccpJpDBDUvZtK1FuhoSimJFpxUklSRAeoQHpaxohTqSb5VtM4aVWAhjGQr9IwVz968gQl3LCfT3JkRrKpbRgTBNZ5D0vAle9c9O/3lSFd25GoyRVJMKLRcKUQRXDeW8woIJgxSaaICyovgXiIRIIK91uRZdkr1ayTjqNuq35Y6PavCnqKoMzcAGugA1uQRM8gBZoAwxewBt4Bx/Gq/FpzIyvxWjJKDynYAnG9y8vt6e/</latexit><latexit sha1_base64="ocC5zQefVGoPjtntmfZcJONwd3s=">AAACKnicbVC7TsMwFHXKq5RXgJHF0CIxlaQSgrESC2OR6ENqoshxnNaqnUS2U1FFnfkZWOE/2CpWvoAvwE0z0JYjWTo6vufo3uMnjEplWTOjtLG5tb1T3q3s7R8cHpnHJx0ZpwKTNo5ZLHo+koTRiLQVVYz0EkEQ9xnp+qP7+X93TISkcfSkJglxORpENKQYKS155nnNyUMyQYIp9xw8pNAZKG3gkHvD60bNM6tW3coB14ldkCoo0PLMHyeIccpJpDBDUvZtK1FuhoSimJFpxUklSRAeoQHpaxohTqSb5VtM4aVWAhjGQr9IwVz968gQl3LCfT3JkRrKpbRgTBNZ5D0vAle9c9O/3lSFd25GoyRVJMKLRcKUQRXDeW8woIJgxSaaICyovgXiIRIIK91uRZdkr1ayTjqNuq35Y6PavCnqKoMzcAGugA1uQRM8gBZoAwxewBt4Bx/Gq/FpzIyvxWjJKDynYAnG9y8vt6e/</latexit><latexit sha1_base64="ocC5zQefVGoPjtntmfZcJONwd3s=">AAACKnicbVC7TsMwFHXKq5RXgJHF0CIxlaQSgrESC2OR6ENqoshxnNaqnUS2U1FFnfkZWOE/2CpWvoAvwE0z0JYjWTo6vufo3uMnjEplWTOjtLG5tb1T3q3s7R8cHpnHJx0ZpwKTNo5ZLHo+koTRiLQVVYz0EkEQ9xnp+qP7+X93TISkcfSkJglxORpENKQYKS155nnNyUMyQYIp9xw8pNAZKG3gkHvD60bNM6tW3coB14ldkCoo0PLMHyeIccpJpDBDUvZtK1FuhoSimJFpxUklSRAeoQHpaxohTqSb5VtM4aVWAhjGQr9IwVz968gQl3LCfT3JkRrKpbRgTBNZ5D0vAle9c9O/3lSFd25GoyRVJMKLRcKUQRXDeW8woIJgxSaaICyovgXiIRIIK91uRZdkr1ayTjqNuq35Y6PavCnqKoMzcAGugA1uQRM8gBZoAwxewBt4Bx/Gq/FpzIyvxWjJKDynYAnG9y8vt6e/</latexit>

m� . mh/2
<latexit sha1_base64="mYFoJLoyPzhfNkvCH/oiCX/gVGI=">AAACM3icbVDLSgMxFM3Ud31VXboJVkFc1JmC6LIgqEsFqwVnGDKZ2zaYZIYkUyxD/8Gf0a3+hrgTt278AtN2FrZ6IHA4uedw74lSzrRx3TenNDM7N7+wuFReXlldW69sbN7oJFMUmjThiWpFRANnEpqGGQ6tVAEREYfb6P50+H/bA6VZIq9NP4VAkI5kbUaJsVJYOdj1RyH5WaJAm3MFIAci9GmXYZ+D1poJLMLuYX03rFTdmjsC/ku8glRRgcuw8u3HCc0ESEM50frOc1MT5EQZRjkMyn6mISX0nnTgzlJJBOggH60zwHtWiXE7UfZJg0fqb0dOhNZ9EdlJQUxXT6TFPZbqIu9hHDjtHZr+9WamfRLkTKaZAUnHi7Qzjk2ChwXimCmghvctIVQxewumXaIINbbmsi3Jm67kL7mp1zzLr+rVxlFR1yLaRjtoH3noGDXQBbpETUTRI3pGL+jVeXLenQ/nczxacgrPFpqA8/UD4N+rrA==</latexit><latexit sha1_base64="mYFoJLoyPzhfNkvCH/oiCX/gVGI=">AAACM3icbVDLSgMxFM3Ud31VXboJVkFc1JmC6LIgqEsFqwVnGDKZ2zaYZIYkUyxD/8Gf0a3+hrgTt278AtN2FrZ6IHA4uedw74lSzrRx3TenNDM7N7+wuFReXlldW69sbN7oJFMUmjThiWpFRANnEpqGGQ6tVAEREYfb6P50+H/bA6VZIq9NP4VAkI5kbUaJsVJYOdj1RyH5WaJAm3MFIAci9GmXYZ+D1poJLMLuYX03rFTdmjsC/ku8glRRgcuw8u3HCc0ESEM50frOc1MT5EQZRjkMyn6mISX0nnTgzlJJBOggH60zwHtWiXE7UfZJg0fqb0dOhNZ9EdlJQUxXT6TFPZbqIu9hHDjtHZr+9WamfRLkTKaZAUnHi7Qzjk2ChwXimCmghvctIVQxewumXaIINbbmsi3Jm67kL7mp1zzLr+rVxlFR1yLaRjtoH3noGDXQBbpETUTRI3pGL+jVeXLenQ/nczxacgrPFpqA8/UD4N+rrA==</latexit><latexit sha1_base64="mYFoJLoyPzhfNkvCH/oiCX/gVGI=">AAACM3icbVDLSgMxFM3Ud31VXboJVkFc1JmC6LIgqEsFqwVnGDKZ2zaYZIYkUyxD/8Gf0a3+hrgTt278AtN2FrZ6IHA4uedw74lSzrRx3TenNDM7N7+wuFReXlldW69sbN7oJFMUmjThiWpFRANnEpqGGQ6tVAEREYfb6P50+H/bA6VZIq9NP4VAkI5kbUaJsVJYOdj1RyH5WaJAm3MFIAci9GmXYZ+D1poJLMLuYX03rFTdmjsC/ku8glRRgcuw8u3HCc0ESEM50frOc1MT5EQZRjkMyn6mISX0nnTgzlJJBOggH60zwHtWiXE7UfZJg0fqb0dOhNZ9EdlJQUxXT6TFPZbqIu9hHDjtHZr+9WamfRLkTKaZAUnHi7Qzjk2ChwXimCmghvctIVQxewumXaIINbbmsi3Jm67kL7mp1zzLr+rVxlFR1yLaRjtoH3noGDXQBbpETUTRI3pGL+jVeXLenQ/nczxacgrPFpqA8/UD4N+rrA==</latexit><latexit sha1_base64="mYFoJLoyPzhfNkvCH/oiCX/gVGI=">AAACM3icbVDLSgMxFM3Ud31VXboJVkFc1JmC6LIgqEsFqwVnGDKZ2zaYZIYkUyxD/8Gf0a3+hrgTt278AtN2FrZ6IHA4uedw74lSzrRx3TenNDM7N7+wuFReXlldW69sbN7oJFMUmjThiWpFRANnEpqGGQ6tVAEREYfb6P50+H/bA6VZIq9NP4VAkI5kbUaJsVJYOdj1RyH5WaJAm3MFIAci9GmXYZ+D1poJLMLuYX03rFTdmjsC/ku8glRRgcuw8u3HCc0ESEM50frOc1MT5EQZRjkMyn6mISX0nnTgzlJJBOggH60zwHtWiXE7UfZJg0fqb0dOhNZ9EdlJQUxXT6TFPZbqIu9hHDjtHZr+9WamfRLkTKaZAUnHi7Qzjk2ChwXimCmghvctIVQxewumXaIINbbmsi3Jm67kL7mp1zzLr+rVxlFR1yLaRjtoH3noGDXQBbpETUTRI3pGL+jVeXLenQ/nczxacgrPFpqA8/UD4N+rrA==</latexit>
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<latexit sha1_base64="meT/MxGfCG5LWe0aWmUODVKSq5M="></latexit><latexit sha1_base64="meT/MxGfCG5LWe0aWmUODVKSq5M="></latexit><latexit sha1_base64="meT/MxGfCG5LWe0aWmUODVKSq5M="></latexit><latexit sha1_base64="meT/MxGfCG5LWe0aWmUODVKSq5M="></latexit>

dark photon stable if  m�D < 2m�
<latexit sha1_base64="yQsPQmK8ZF3WpavA1/Yg6Updntc=">AAACInicbVDLSgMxFM34rPU16krcBFvBVZkpiC5cFHThsoJ9QGcYMpm0DU0yQ5IplqH4M7rV/3AnrgS/wi8wbWdhWw8EDif3HO49YcKo0o7zZa2srq1vbBa2its7u3v79sFhU8WpxKSBYxbLdogUYVSQhqaakXYiCeIhI61wcDP5bw2JVDQWD3qUEJ+jnqBdipE2UmAfl3mQeT3EOQpux/AaViEPPNyn5cAuORVnCrhM3JyUQI56YP94UYxTToTGDCnVcZ1E+xmSmmJGxkUvVSRBeIB6pGOoQJwoP5ueMIZnRolgN5bmCQ2n6l9HhrhSIx6aSY50X82lRUOaqDzvcRa46J2Y/vWmunvlZ1QkqSYCzxbppgzqGE76ghGVBGs2MgRhSc0tEPeRRFibVoumJHexkmXSrFZcw++rpdpFXlcBnIBTcA5ccAlq4A7UQQNg8ARewCt4s56td+vD+pyNrli55wjMwfr+BUIwo44=</latexit><latexit sha1_base64="yQsPQmK8ZF3WpavA1/Yg6Updntc=">AAACInicbVDLSgMxFM34rPU16krcBFvBVZkpiC5cFHThsoJ9QGcYMpm0DU0yQ5IplqH4M7rV/3AnrgS/wi8wbWdhWw8EDif3HO49YcKo0o7zZa2srq1vbBa2its7u3v79sFhU8WpxKSBYxbLdogUYVSQhqaakXYiCeIhI61wcDP5bw2JVDQWD3qUEJ+jnqBdipE2UmAfl3mQeT3EOQpux/AaViEPPNyn5cAuORVnCrhM3JyUQI56YP94UYxTToTGDCnVcZ1E+xmSmmJGxkUvVSRBeIB6pGOoQJwoP5ueMIZnRolgN5bmCQ2n6l9HhrhSIx6aSY50X82lRUOaqDzvcRa46J2Y/vWmunvlZ1QkqSYCzxbppgzqGE76ghGVBGs2MgRhSc0tEPeRRFibVoumJHexkmXSrFZcw++rpdpFXlcBnIBTcA5ccAlq4A7UQQNg8ARewCt4s56td+vD+pyNrli55wjMwfr+BUIwo44=</latexit><latexit sha1_base64="yQsPQmK8ZF3WpavA1/Yg6Updntc=">AAACInicbVDLSgMxFM34rPU16krcBFvBVZkpiC5cFHThsoJ9QGcYMpm0DU0yQ5IplqH4M7rV/3AnrgS/wi8wbWdhWw8EDif3HO49YcKo0o7zZa2srq1vbBa2its7u3v79sFhU8WpxKSBYxbLdogUYVSQhqaakXYiCeIhI61wcDP5bw2JVDQWD3qUEJ+jnqBdipE2UmAfl3mQeT3EOQpux/AaViEPPNyn5cAuORVnCrhM3JyUQI56YP94UYxTToTGDCnVcZ1E+xmSmmJGxkUvVSRBeIB6pGOoQJwoP5ueMIZnRolgN5bmCQ2n6l9HhrhSIx6aSY50X82lRUOaqDzvcRa46J2Y/vWmunvlZ1QkqSYCzxbppgzqGE76ghGVBGs2MgRhSc0tEPeRRFibVoumJHexkmXSrFZcw++rpdpFXlcBnIBTcA5ccAlq4A7UQQNg8ARewCt4s56td+vD+pyNrli55wjMwfr+BUIwo44=</latexit><latexit sha1_base64="yQsPQmK8ZF3WpavA1/Yg6Updntc=">AAACInicbVDLSgMxFM34rPU16krcBFvBVZkpiC5cFHThsoJ9QGcYMpm0DU0yQ5IplqH4M7rV/3AnrgS/wi8wbWdhWw8EDif3HO49YcKo0o7zZa2srq1vbBa2its7u3v79sFhU8WpxKSBYxbLdogUYVSQhqaakXYiCeIhI61wcDP5bw2JVDQWD3qUEJ+jnqBdipE2UmAfl3mQeT3EOQpux/AaViEPPNyn5cAuORVnCrhM3JyUQI56YP94UYxTToTGDCnVcZ1E+xmSmmJGxkUvVSRBeIB6pGOoQJwoP5ueMIZnRolgN5bmCQ2n6l9HhrhSIx6aSY50X82lRUOaqDzvcRa46J2Y/vWmunvlZ1QkqSYCzxbppgzqGE76ghGVBGs2MgRhSc0tEPeRRFibVoumJHexkmXSrFZcw++rpdpFXlcBnIBTcA5ccAlq4A7UQQNg8ARewCt4s56td+vD+pyNrli55wjMwfr+BUIwo44=</latexit>
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<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



Two-component DM

Balkin, Ruhdorfer, Salvioni, Weiler 1809.09106

f = 1 TeV
<latexit sha1_base64="6Vz8zO0Yac8UWti4XWnb5z7JWYc=">AAACHnicbVDNSgMxGMzWv1r/VsWTl2AreCq7RVAQoeDFY4W2FrpLyabZNjTJLkm2WJa+i171PbyJV30Nn8BsuwfbOhAYJt8M3zdBzKjSjvNtFdbWNza3itulnd29/QP78KitokRi0sIRi2QnQIowKkhLU81IJ5YE8YCRx2B0l/0/jolUNBJNPYmJz9FA0JBipI3Us08qIbyFrnfjcaSHkqdN0p5WenbZqTozwFXi5qQMcjR69o/Xj3DCidCYIaW6rhNrP0VSU8zItOQlisQIj9CAdA0ViBPlp7P1p/DcKH0YRtI8oeFM/etIEVdqwgMzmS2pFtL6YxqrPO9pHrjszUz/ehMdXvspFXGiicDzRcKEQR3BrCvYp5JgzSaGICypuQXiIZIIa9NoyZTkLleyStq1qmv4Q61cv8zrKoJTcAYugAuuQB3cgwZoAQxS8AJewZv1bL1bH9bnfLRg5Z5jsADr6xdNE6IM</latexit><latexit sha1_base64="6Vz8zO0Yac8UWti4XWnb5z7JWYc=">AAACHnicbVDNSgMxGMzWv1r/VsWTl2AreCq7RVAQoeDFY4W2FrpLyabZNjTJLkm2WJa+i171PbyJV30Nn8BsuwfbOhAYJt8M3zdBzKjSjvNtFdbWNza3itulnd29/QP78KitokRi0sIRi2QnQIowKkhLU81IJ5YE8YCRx2B0l/0/jolUNBJNPYmJz9FA0JBipI3Us08qIbyFrnfjcaSHkqdN0p5WenbZqTozwFXi5qQMcjR69o/Xj3DCidCYIaW6rhNrP0VSU8zItOQlisQIj9CAdA0ViBPlp7P1p/DcKH0YRtI8oeFM/etIEVdqwgMzmS2pFtL6YxqrPO9pHrjszUz/ehMdXvspFXGiicDzRcKEQR3BrCvYp5JgzSaGICypuQXiIZIIa9NoyZTkLleyStq1qmv4Q61cv8zrKoJTcAYugAuuQB3cgwZoAQxS8AJewZv1bL1bH9bnfLRg5Z5jsADr6xdNE6IM</latexit><latexit sha1_base64="6Vz8zO0Yac8UWti4XWnb5z7JWYc=">AAACHnicbVDNSgMxGMzWv1r/VsWTl2AreCq7RVAQoeDFY4W2FrpLyabZNjTJLkm2WJa+i171PbyJV30Nn8BsuwfbOhAYJt8M3zdBzKjSjvNtFdbWNza3itulnd29/QP78KitokRi0sIRi2QnQIowKkhLU81IJ5YE8YCRx2B0l/0/jolUNBJNPYmJz9FA0JBipI3Us08qIbyFrnfjcaSHkqdN0p5WenbZqTozwFXi5qQMcjR69o/Xj3DCidCYIaW6rhNrP0VSU8zItOQlisQIj9CAdA0ViBPlp7P1p/DcKH0YRtI8oeFM/etIEVdqwgMzmS2pFtL6YxqrPO9pHrjszUz/ehMdXvspFXGiicDzRcKEQR3BrCvYp5JgzSaGICypuQXiIZIIa9NoyZTkLleyStq1qmv4Q61cv8zrKoJTcAYugAuuQB3cgwZoAQxS8AJewZv1bL1bH9bnfLRg5Z5jsADr6xdNE6IM</latexit><latexit sha1_base64="6Vz8zO0Yac8UWti4XWnb5z7JWYc=">AAACHnicbVDNSgMxGMzWv1r/VsWTl2AreCq7RVAQoeDFY4W2FrpLyabZNjTJLkm2WJa+i171PbyJV30Nn8BsuwfbOhAYJt8M3zdBzKjSjvNtFdbWNza3itulnd29/QP78KitokRi0sIRi2QnQIowKkhLU81IJ5YE8YCRx2B0l/0/jolUNBJNPYmJz9FA0JBipI3Us08qIbyFrnfjcaSHkqdN0p5WenbZqTozwFXi5qQMcjR69o/Xj3DCidCYIaW6rhNrP0VSU8zItOQlisQIj9CAdA0ViBPlp7P1p/DcKH0YRtI8oeFM/etIEVdqwgMzmS2pFtL6YxqrPO9pHrjszUz/ehMdXvspFXGiicDzRcKEQR3BrCvYp5JgzSaGICypuQXiIZIIa9NoyZTkLleyStq1qmv4Q61cv8zrKoJTcAYugAuuQB3cgwZoAQxS8AJewZv1bL1bH9bnfLRg5Z5jsADr6xdNE6IM</latexit>

�Dh ! ��⇤
<latexit sha1_base64="ZDz5nBoGZRbriRQJ7JnL1YtUnEY=">AAACKHicbVDLTgIxFO34RHyhLl3YCCauyAwx0SWJLlxiIo+EQXKn04GGdmbSdoiEsPRndKv/4c6w9RP8AsswCwFP0ubk9J6T3uPFnClt21NrbX1jc2s7t5Pf3ds/OCwcHTdUlEhC6yTikWx5oChnIa1rpjltxZKC8DhteoPb2XtzSKViUfioRzHtCOiFLGAEtJG6hbOS2wMhoHuH+9jVEXZJn6XXkwtKl7qFol22U+BV4mSkiDLUuoUf149IImioCQel2o4d684YpGaE00neTRSNgQygR9uGhiCo6ozTRSb4wig+DiJpTqhxqv51jEEoNRKemRSg+2ohzR+yWGV5z/PAZe/M9K830cFNZ8zCONE0JPOPBAnHppBZa9hnkhLNR4YAkczsgkkfJBBtus2bkpzlSlZJo1J2DH+oFKtXWV05dIrO0SVy0DWqontUQ3VE0At6Q+/ow3q1Pq0vazofXbMyzwlagPX9CzQ8piQ=</latexit><latexit sha1_base64="ZDz5nBoGZRbriRQJ7JnL1YtUnEY=">AAACKHicbVDLTgIxFO34RHyhLl3YCCauyAwx0SWJLlxiIo+EQXKn04GGdmbSdoiEsPRndKv/4c6w9RP8AsswCwFP0ubk9J6T3uPFnClt21NrbX1jc2s7t5Pf3ds/OCwcHTdUlEhC6yTikWx5oChnIa1rpjltxZKC8DhteoPb2XtzSKViUfioRzHtCOiFLGAEtJG6hbOS2wMhoHuH+9jVEXZJn6XXkwtKl7qFol22U+BV4mSkiDLUuoUf149IImioCQel2o4d684YpGaE00neTRSNgQygR9uGhiCo6ozTRSb4wig+DiJpTqhxqv51jEEoNRKemRSg+2ohzR+yWGV5z/PAZe/M9K830cFNZ8zCONE0JPOPBAnHppBZa9hnkhLNR4YAkczsgkkfJBBtus2bkpzlSlZJo1J2DH+oFKtXWV05dIrO0SVy0DWqontUQ3VE0At6Q+/ow3q1Pq0vazofXbMyzwlagPX9CzQ8piQ=</latexit><latexit sha1_base64="ZDz5nBoGZRbriRQJ7JnL1YtUnEY=">AAACKHicbVDLTgIxFO34RHyhLl3YCCauyAwx0SWJLlxiIo+EQXKn04GGdmbSdoiEsPRndKv/4c6w9RP8AsswCwFP0ubk9J6T3uPFnClt21NrbX1jc2s7t5Pf3ds/OCwcHTdUlEhC6yTikWx5oChnIa1rpjltxZKC8DhteoPb2XtzSKViUfioRzHtCOiFLGAEtJG6hbOS2wMhoHuH+9jVEXZJn6XXkwtKl7qFol22U+BV4mSkiDLUuoUf149IImioCQel2o4d684YpGaE00neTRSNgQygR9uGhiCo6ozTRSb4wig+DiJpTqhxqv51jEEoNRKemRSg+2ohzR+yWGV5z/PAZe/M9K830cFNZ8zCONE0JPOPBAnHppBZa9hnkhLNR4YAkczsgkkfJBBtus2bkpzlSlZJo1J2DH+oFKtXWV05dIrO0SVy0DWqontUQ3VE0At6Q+/ow3q1Pq0vazofXbMyzwlagPX9CzQ8piQ=</latexit><latexit sha1_base64="ZDz5nBoGZRbriRQJ7JnL1YtUnEY=">AAACKHicbVDLTgIxFO34RHyhLl3YCCauyAwx0SWJLlxiIo+EQXKn04GGdmbSdoiEsPRndKv/4c6w9RP8AsswCwFP0ubk9J6T3uPFnClt21NrbX1jc2s7t5Pf3ds/OCwcHTdUlEhC6yTikWx5oChnIa1rpjltxZKC8DhteoPb2XtzSKViUfioRzHtCOiFLGAEtJG6hbOS2wMhoHuH+9jVEXZJn6XXkwtKl7qFol22U+BV4mSkiDLUuoUf149IImioCQel2o4d684YpGaE00neTRSNgQygR9uGhiCo6ozTRSb4wig+DiJpTqhxqv51jEEoNRKemRSg+2ohzR+yWGV5z/PAZe/M9K830cFNZ8zCONE0JPOPBAnHppBZa9hnkhLNR4YAkczsgkkfJBBtus2bkpzlSlZJo1J2DH+oFKtXWV05dIrO0SVy0DWqontUQ3VE0At6Q+/ow3q1Pq0vazofXbMyzwlagPX9CzQ8piQ=</latexit>

�D�D ! ��⇤
<latexit sha1_base64="Plhf8KTUtSj+1h1o0hyhYDobRKY=">AAACLnicbVDLSgMxFM3UV62vqks3wbbgqswUQZcFXbisYB/QqcOdTNqGJjNDkimW0i/wZ3Sr/yG4ELeu/QLTdgTbeiG5h5N7DrnHjzlT2rbfrcza+sbmVnY7t7O7t3+QPzxqqCiRhNZJxCPZ8kFRzkJa10xz2oolBeFz2vQHV9P35pBKxaLwTo9i2hHQC1mXEdCG8vKlotsDIcC7/u3Y1RF2SZ/NrnsXlC56+YJdtmeFV4GTggJKq+blv90gIomgoSYclGo7dqw7Y5CaEU4nOTdRNAYygB5tGxiCoKoznq0zwSXDBLgbSXNCjWfsX8UYhFIj4ZtJAbqvFtyCIYtV6vcwN1zWTkX/ahPdveyMWRgnmoZk/pFuwrEJZJodDpikRPORAUAkM7tg0gcJRJuEcyYkZzmSVdColB2DbyuF6nkaVxadoFN0hhx0garoBtVQHRH0iJ7RC3q1nqw368P6nI9mrFRzjBbK+voBdEKo2g==</latexit><latexit sha1_base64="Plhf8KTUtSj+1h1o0hyhYDobRKY=">AAACLnicbVDLSgMxFM3UV62vqks3wbbgqswUQZcFXbisYB/QqcOdTNqGJjNDkimW0i/wZ3Sr/yG4ELeu/QLTdgTbeiG5h5N7DrnHjzlT2rbfrcza+sbmVnY7t7O7t3+QPzxqqCiRhNZJxCPZ8kFRzkJa10xz2oolBeFz2vQHV9P35pBKxaLwTo9i2hHQC1mXEdCG8vKlotsDIcC7/u3Y1RF2SZ/NrnsXlC56+YJdtmeFV4GTggJKq+blv90gIomgoSYclGo7dqw7Y5CaEU4nOTdRNAYygB5tGxiCoKoznq0zwSXDBLgbSXNCjWfsX8UYhFIj4ZtJAbqvFtyCIYtV6vcwN1zWTkX/ahPdveyMWRgnmoZk/pFuwrEJZJodDpikRPORAUAkM7tg0gcJRJuEcyYkZzmSVdColB2DbyuF6nkaVxadoFN0hhx0garoBtVQHRH0iJ7RC3q1nqw368P6nI9mrFRzjBbK+voBdEKo2g==</latexit><latexit sha1_base64="Plhf8KTUtSj+1h1o0hyhYDobRKY=">AAACLnicbVDLSgMxFM3UV62vqks3wbbgqswUQZcFXbisYB/QqcOdTNqGJjNDkimW0i/wZ3Sr/yG4ELeu/QLTdgTbeiG5h5N7DrnHjzlT2rbfrcza+sbmVnY7t7O7t3+QPzxqqCiRhNZJxCPZ8kFRzkJa10xz2oolBeFz2vQHV9P35pBKxaLwTo9i2hHQC1mXEdCG8vKlotsDIcC7/u3Y1RF2SZ/NrnsXlC56+YJdtmeFV4GTggJKq+blv90gIomgoSYclGo7dqw7Y5CaEU4nOTdRNAYygB5tGxiCoKoznq0zwSXDBLgbSXNCjWfsX8UYhFIj4ZtJAbqvFtyCIYtV6vcwN1zWTkX/ahPdveyMWRgnmoZk/pFuwrEJZJodDpikRPORAUAkM7tg0gcJRJuEcyYkZzmSVdColB2DbyuF6nkaVxadoFN0hhx0garoBtVQHRH0iJ7RC3q1nqw368P6nI9mrFRzjBbK+voBdEKo2g==</latexit><latexit sha1_base64="Plhf8KTUtSj+1h1o0hyhYDobRKY=">AAACLnicbVDLSgMxFM3UV62vqks3wbbgqswUQZcFXbisYB/QqcOdTNqGJjNDkimW0i/wZ3Sr/yG4ELeu/QLTdgTbeiG5h5N7DrnHjzlT2rbfrcza+sbmVnY7t7O7t3+QPzxqqCiRhNZJxCPZ8kFRzkJa10xz2oolBeFz2vQHV9P35pBKxaLwTo9i2hHQC1mXEdCG8vKlotsDIcC7/u3Y1RF2SZ/NrnsXlC56+YJdtmeFV4GTggJKq+blv90gIomgoSYclGo7dqw7Y5CaEU4nOTdRNAYygB5tGxiCoKoznq0zwSXDBLgbSXNCjWfsX8UYhFIj4ZtJAbqvFtyCIYtV6vcwN1zWTkX/ahPdveyMWRgnmoZk/pFuwrEJZJodDpikRPORAUAkM7tg0gcJRJuEcyYkZzmSVdColB2DbyuF6nkaVxadoFN0hhx0garoBtVQHRH0iJ7RC3q1nqw368P6nI9mrFRzjBbK+voBdEKo2g==</latexit>

dark photon freeze-out via

(semi-annihilation)(coupled system)

37


