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Can we identify BSM motivated 

scenarios with exotic signals that 

can have implications in detector 

and accelerator/facility design?
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<latexit sha1_base64="VO+JlbVZetXNLIhe3dEcTJKRbX0=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwUEpSRD0WvXisYtpCE8Jms2mXbj7Y3Sil9qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5QcaZVJb1baysrq1vbJa2yts7u3v7ZuWgLdNcEOqQlKeiG2BJOUuoo5jitJsJiuOA004wvJ76nQcqJEuTezXKqBfjfsIiRrDSkm9WXMV4SNGd36i5NeT4tm9Wrbo1A1omdkGqUKDlm19umJI8pokiHEvZs61MeWMsFCOcTspuLmmGyRD3aU/TBMdUeuPZ6RN0opUQRanQlSg0U39PjHEs5SgOdGeM1UAuelPxP6+Xq+jSG7MkyxVNyHxRlHOkUjTNAYVMUKL4SBNMBNO3IjLAAhOl0yrrEOzFl5dJu1G3z+vW7Vm1eVXEUYIjOIZTsOECmnADLXCAwCM8wyu8GU/Gi/FufMxbV4xi5hD+wPj8AfuSkoQ=</latexit>

R̃2, U1

<latexit sha1_base64="JQlTFtrgT9moPxxxlwVXO4Q088c=">AAACB3icbZDLSsNAFIYn9VbrLepSkGARXEhJRNRl0Y3LCvYCbSiTyaQdOpnEmROhhOzc+CpuXCji1ldw59s4aYNo6w8DH/85hzPn92LOFNj2l1FaWFxaXimvVtbWNza3zO2dlooSSWiTRDySHQ8rypmgTWDAaSeWFIcep21vdJXX2/dUKhaJWxjH1A3xQLCAEQza6pv7PWDcpylkxwXd/dAgq/TNql2zJ7LmwSmgigo1+uZnz49IElIBhGOluo4dg5tiCYxwmlV6iaIxJiM8oF2NAodUuenkjsw61I5vBZHUT4A1cX9PpDhUahx6ujPEMFSztdz8r9ZNILhwUybiBKgg00VBwi2IrDwUy2eSEuBjDZhIpv9qkSGWmICOLg/BmT15HlonNeesZt+cVuuXRRxltIcO0BFy0Dmqo2vUQE1E0AN6Qi/o1Xg0no03433aWjKKmV30R8bHN423mbw=</latexit>
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<latexit sha1_base64="+1UpMYUzFwkc5pCluC39NEpJFY8=">AAACCnicbZDLSsNAFIYnXmu9RV26iRbBhZRERF0W3bisYC/QxDKZTNqhM0mYORFKyNqNr+LGhSJufQJ3vo2TNgtt/WHg4z/ncOb8fsKZAtv+NhYWl5ZXVitr1fWNza1tc2e3reJUEtoiMY9l18eKchbRFjDgtJtIioXPaccfXRf1zgOVisXRHYwT6gk8iFjICAZt9c0DlwzZfeYmIj+Zoq0BGA9o5gJO82rfrNl1eyJrHpwSaqhUs29+uUFMUkEjIBwr1XPsBLwMS2CE07zqpoommIzwgPY0RlhQ5WWTU3LrSDuBFcZSvwisift7IsNCqbHwdafAMFSztcL8r9ZLIbz0MhYlKdCITBeFKbcgtopcrIBJSoCPNWAimf6rRYZYYgI6vSIEZ/bkeWif1p3zun17VmtclXFU0D46RMfIQReogW5QE7UQQY/oGb2iN+PJeDHejY9p64JRzuyhPzI+fwBBapqd</latexit>
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<latexit sha1_base64="JPSENwE/HixChOp9DhnDdLcUn/w=">AAAB+HicbVDLTsMwENyUVymPBjhysaiQOKCSlOexggvHIvUltVHkuG5r1XEi20EqUb+ECwcQ4sqncONvcNscoGWk1Y5mduX1BDFnSjvOt5VbWV1b38hvFra2d3aL9t5+U0WJJLRBIh7JdoAV5UzQhmaa03YsKQ4DTlvB6G7qtx6pVCwSdT2OqRfigWB9RrA2km8X2356eXY+Oa37acV03y45ZWcGtEzcjJQgQ823v7q9iCQhFZpwrFTHdWLtpVhqRjidFLqJojEmIzygHUMFDqny0tnhE3RslB7qR9KU0Gim/t5IcajUOAzMZIj1UC16U/E/r5Po/o2XMhEnmgoyf6ifcKQjNE0B9ZikRPOxIZhIZm5FZIglJtpkVTAhuItfXibNStm9KjsPF6XqbRZHHg7hCE7AhWuowj3UoAEEEniGV3iznqwX6936mI/mrGznAP7A+vwB7P6R9w==</latexit>
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<latexit sha1_base64="I/pFCCeu6PMUewl/UPoC6JEMZ7A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoPEIoQ7EbUM2lhYJGA+IDnC3mYvWbK7d+zuCeHIj7CxUMTW32Pnv3GTXKGJDwYe780wMy+IOdPGdb+d3Nr6xuZWfruws7u3f1A8PGrpKFGENknEI9UJsKacSdo0zHDaiRXFIuC0HYzvZn77iSrNIvloJjH1BR5KFjKCjZXajXKlV3ko94slt+rOgVaJl5ESZKj3i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/d4rOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4Y2fMhknhkqyWBQmHJkIzX5HA6YoMXxiCSaK2VsRGWGFibEJFWwI3vLLq6R1UfWuqm7jslS7zeLIwwmcwjl4cA01uIc6NIHAGJ7hFd6c2Hlx3p2PRWvOyWaO4Q+czx+Jr45k</latexit>
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<latexit sha1_base64="DjPyfvI1dphOa8RHTp1+Kgee0jg=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Iroh6LHhR6qWA/oF1KNs22sdlkSbJCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKK6tr6xvFzdLW9s7unrt/0NQyVYQ2iORStUOsKWeCNgwznLYTRXEcctoKRzdTv/VElWZSPJhxQoMYDwSLGMHGSs3bXlarTXpu2at4M6Bl4uekDDnqPfer25ckjakwhGOtO76XmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gE6v0USSVLWHQTP09keFY63Ec2s4Ym6Fe9Kbif14nNdFVkDGRpIYKMl8UpRwZiaavoz5TlBg+tgQTxeytiAyxwsTYgEo2BH/x5WXSPKv4FxXv/rxcvc7jKMIRHMMp+HAJVbiDOjSAwCM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fRsSO7w==</latexit>

GKK

<latexit sha1_base64="x3TWtS2Bceor7Rd0UYBPFAQvJGU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dii/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDr8uM3A==</latexit>
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<latexit sha1_base64="asIWIKiRf7u3j3kvzJSSYmEF4O4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76msb/rVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27qrsPl7XGbRFHGU7gFM7Bg2towD00wQcGAp7hFd4c5bw4787HorXkFDPH8AfO5w/rj47C</latexit>⌫s
<latexit sha1_base64="e5OluIRxaSsjDpHYXWJxBBDIY2g=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahHiyJiHos9eLBQwXTFtoQNtttu3azCbubQgn9J148KOLVf+LNf+O2zUGrDwYe780wMy9MOFPacb6swsrq2vpGcbO0tb2zu2fvHzRVnEpCPRLzWLZDrChngnqaaU7biaQ4CjlthaObmd8aU6lYLB70JKF+hAeC9RnB2kiBbXsV9zTI6md3ATP1OA3sslN15kB/iZuTMuRoBPZntxeTNKJCE46V6rhOov0MS80Ip9NSN1U0wWSEB7RjqMARVX42v3yKTozSQ/1YmhIazdWfExmOlJpEoemMsB6qZW8m/ud1Ut2/9jMmklRTQRaL+ilHOkazGFCPSUo0nxiCiWTmVkSGWGKiTVglE4K7/PJf0jyvupdV5/6iXKvncRThCI6hAi5cQQ1uoQEeEBjDE7zAq5VZz9ab9b5oLVj5zCH8gvXxDXYvkkM=</latexit>
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<latexit sha1_base64="YvhyWxMiFujrdBWyS2uyuVQHDlQ=">AAAB8XicbVDLTgJBEOz1ifhCPXqZSAyeyK4x6pHoxSMm8oiwIb3DABNmZ5eZWROy4S+8eNAYr/6NN//GAfagYCWdVKq6090VxIJr47rfzsrq2vrGZm4rv72zu7dfODis6yhRlNVoJCLVDFAzwSWrGW4Ea8aKYRgI1giGt1O/8cSU5pF8MOOY+SH2Je9xisZKj6NSO0CVjialTqHolt0ZyDLxMlKEDNVO4avdjWgSMmmoQK1bnhsbP0VlOBVskm8nmsVIh9hnLUslhkz76eziCTm1Spf0ImVLGjJTf0+kGGo9DgPbGaIZ6EVvKv7ntRLTu/ZTLuPEMEnni3qJICYi0/dJlytGjRhbglRxeyuhA1RIjQ0pb0PwFl9eJvXzsndZdu8vipWbLI4cHMMJnIEHV1CBO6hCDShIeIZXeHO08+K8Ox/z1hUnmzmCP3A+fwAzlpCc</latexit>
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<latexit sha1_base64="3/qhL+kyVyzrHzh8xrqKV1WBfHw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBapp5KIqMeiF48V7Ae0oWy2m3Tp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gscSRYygk0uRfWoPqzW3IY7B1olXkFqUKA1rH4NRjFJBZWGcKx133MT42dYGUY4nVUGqaYJJhMc0b6lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2Y73s5eJ/Xj814Y2fMZmkhkqyWBSmHJkY5Y+jEVOUGD61BBPF7K2IjLHCxNh4KjYEb/nlVdK5aHhXDffhsta8LeIowwmcwjl4cA1NuIcWtIHAGJ7hFd4c4bw4787HorXkFDPH8AfO5w9RKY3D</latexit>
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<latexit sha1_base64="bYdYy3xDGBNswQWoy8aScO7WA+I=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBg5RERD0WvXisaD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1NaWV1b3yhvVra2d3b33P2Dlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Db3209UaRbLRzNJaCDwULKIEWxy6eEM4b5b9WreDGiZ+AWpQoFG3/3qDWKSCioN4Vjrru8lJsiwMoxwOq30Uk0TTMZ4SLuWSiyoDrLZrVN0YpUBimJlSxo0U39PZFhoPRGh7RTYjPSil4v/ed3URNdBxmSSGirJfFGUcmRilD+OBkxRYvjEEkwUs7ciMsIKE2PjqdgQ/MWXl0nrvOZf1rz7i2r9poijDEdwDKfgwxXU4Q4a0AQCI3iGV3hzhPPivDsf89aSU8wcwh84nz8mQI2n</latexit>
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<latexit sha1_base64="LHALclKubh/8eKUFjaKUXF3Uums=">AAAB+HicbVBNSwMxEJ2tX7V+dNWjl2CRepCyK6Iei148VrAf2JaSTbNtaJJdkqxQl/4SLx4U8epP8ea/MW33oK0PBh7vzTAzL4g508bzvp3cyura+kZ+s7C1vbNbdPf2GzpKFKF1EvFItQKsKWeS1g0znLZiRbEIOG0Go5up33ykSrNI3ptxTLsCDyQLGcHGSj23+FA+RU1bnQEWApd7bsmreDOgZeJnpAQZaj33q9OPSCKoNIRjrdu+F5tuipVhhNNJoZNoGmMywgPatlRiQXU3nR0+QcdW6aMwUrakQTP190SKhdZjEdhOgc1QL3pT8T+vnZjwqpsyGSeGSjJfFCYcmQhNU0B9pigxfGwJJorZWxEZYoWJsVkVbAj+4svLpHFW8S8q3t15qXqdxZGHQziCE/DhEqpwCzWoA4EEnuEV3pwn58V5dz7mrTknmzmAP3A+fwAE6pFj</latexit>
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<latexit sha1_base64="VO+JlbVZetXNLIhe3dEcTJKRbX0=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwUEpSRD0WvXisYtpCE8Jms2mXbj7Y3Sil9qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5QcaZVJb1baysrq1vbJa2yts7u3v7ZuWgLdNcEOqQlKeiG2BJOUuoo5jitJsJiuOA004wvJ76nQcqJEuTezXKqBfjfsIiRrDSkm9WXMV4SNGd36i5NeT4tm9Wrbo1A1omdkGqUKDlm19umJI8pokiHEvZs61MeWMsFCOcTspuLmmGyRD3aU/TBMdUeuPZ6RN0opUQRanQlSg0U39PjHEs5SgOdGeM1UAuelPxP6+Xq+jSG7MkyxVNyHxRlHOkUjTNAYVMUKL4SBNMBNO3IjLAAhOl0yrrEOzFl5dJu1G3z+vW7Vm1eVXEUYIjOIZTsOECmnADLXCAwCM8wyu8GU/Gi/FufMxbV4xi5hD+wPj8AfuSkoQ=</latexit>
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<latexit sha1_base64="JQlTFtrgT9moPxxxlwVXO4Q088c=">AAACB3icbZDLSsNAFIYn9VbrLepSkGARXEhJRNRl0Y3LCvYCbSiTyaQdOpnEmROhhOzc+CpuXCji1ldw59s4aYNo6w8DH/85hzPn92LOFNj2l1FaWFxaXimvVtbWNza3zO2dlooSSWiTRDySHQ8rypmgTWDAaSeWFIcep21vdJXX2/dUKhaJWxjH1A3xQLCAEQza6pv7PWDcpylkxwXd/dAgq/TNql2zJ7LmwSmgigo1+uZnz49IElIBhGOluo4dg5tiCYxwmlV6iaIxJiM8oF2NAodUuenkjsw61I5vBZHUT4A1cX9PpDhUahx6ujPEMFSztdz8r9ZNILhwUybiBKgg00VBwi2IrDwUy2eSEuBjDZhIpv9qkSGWmICOLg/BmT15HlonNeesZt+cVuuXRRxltIcO0BFy0Dmqo2vUQE1E0AN6Qi/o1Xg0no03433aWjKKmV30R8bHN423mbw=</latexit>

t̃, q̃, g̃

<latexit sha1_base64="+1UpMYUzFwkc5pCluC39NEpJFY8=">AAACCnicbZDLSsNAFIYnXmu9RV26iRbBhZRERF0W3bisYC/QxDKZTNqhM0mYORFKyNqNr+LGhSJufQJ3vo2TNgtt/WHg4z/ncOb8fsKZAtv+NhYWl5ZXVitr1fWNza1tc2e3reJUEtoiMY9l18eKchbRFjDgtJtIioXPaccfXRf1zgOVisXRHYwT6gk8iFjICAZt9c0DlwzZfeYmIj+Zoq0BGA9o5gJO82rfrNl1eyJrHpwSaqhUs29+uUFMUkEjIBwr1XPsBLwMS2CE07zqpoommIzwgPY0RlhQ5WWTU3LrSDuBFcZSvwisift7IsNCqbHwdafAMFSztcL8r9ZLIbz0MhYlKdCITBeFKbcgtopcrIBJSoCPNWAimf6rRYZYYgI6vSIEZ/bkeWif1p3zun17VmtclXFU0D46RMfIQReogW5QE7UQQY/oGb2iN+PJeDHejY9p64JRzuyhPzI+fwBBapqd</latexit>

�±,�0, ⌧̃

<latexit sha1_base64="JPSENwE/HixChOp9DhnDdLcUn/w=">AAAB+HicbVDLTsMwENyUVymPBjhysaiQOKCSlOexggvHIvUltVHkuG5r1XEi20EqUb+ECwcQ4sqncONvcNscoGWk1Y5mduX1BDFnSjvOt5VbWV1b38hvFra2d3aL9t5+U0WJJLRBIh7JdoAV5UzQhmaa03YsKQ4DTlvB6G7qtx6pVCwSdT2OqRfigWB9RrA2km8X2356eXY+Oa37acV03y45ZWcGtEzcjJQgQ823v7q9iCQhFZpwrFTHdWLtpVhqRjidFLqJojEmIzygHUMFDqny0tnhE3RslB7qR9KU0Gim/t5IcajUOAzMZIj1UC16U/E/r5Po/o2XMhEnmgoyf6ifcKQjNE0B9ZikRPOxIZhIZm5FZIglJtpkVTAhuItfXibNStm9KjsPF6XqbRZHHg7hCE7AhWuowj3UoAEEEniGV3iznqwX6936mI/mrGznAP7A+vwB7P6R9w==</latexit>

X5/3, T2/3

<latexit sha1_base64="I/pFCCeu6PMUewl/UPoC6JEMZ7A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoPEIoQ7EbUM2lhYJGA+IDnC3mYvWbK7d+zuCeHIj7CxUMTW32Pnv3GTXKGJDwYe780wMy+IOdPGdb+d3Nr6xuZWfruws7u3f1A8PGrpKFGENknEI9UJsKacSdo0zHDaiRXFIuC0HYzvZn77iSrNIvloJjH1BR5KFjKCjZXajXKlV3ko94slt+rOgVaJl5ESZKj3i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/d4rOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4Y2fMhknhkqyWBQmHJkIzX5HA6YoMXxiCSaK2VsRGWGFibEJFWwI3vLLq6R1UfWuqm7jslS7zeLIwwmcwjl4cA01uIc6NIHAGJ7hFd6c2Hlx3p2PRWvOyWaO4Q+czx+Jr45k</latexit>

Q0, L0

<latexit sha1_base64="DjPyfvI1dphOa8RHTp1+Kgee0jg=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Iroh6LHhR6qWA/oF1KNs22sdlkSbJCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKK6tr6xvFzdLW9s7unrt/0NQyVYQ2iORStUOsKWeCNgwznLYTRXEcctoKRzdTv/VElWZSPJhxQoMYDwSLGMHGSs3bXlarTXpu2at4M6Bl4uekDDnqPfer25ckjakwhGOtO76XmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gE6v0USSVLWHQTP09keFY63Ec2s4Ym6Fe9Kbif14nNdFVkDGRpIYKMl8UpRwZiaavoz5TlBg+tgQTxeytiAyxwsTYgEo2BH/x5WXSPKv4FxXv/rxcvc7jKMIRHMMp+HAJVbiDOjSAwCM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fRsSO7w==</latexit>

GKK

<latexit sha1_base64="x3TWtS2Bceor7Rd0UYBPFAQvJGU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dii/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDr8uM3A==</latexit>

S

<latexit sha1_base64="asIWIKiRf7u3j3kvzJSSYmEF4O4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76msb/rVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27qrsPl7XGbRFHGU7gFM7Bg2towD00wQcGAp7hFd4c5bw4787HorXkFDPH8AfO5w/rj47C</latexit>⌫s
<latexit sha1_base64="e5OluIRxaSsjDpHYXWJxBBDIY2g=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahHiyJiHos9eLBQwXTFtoQNtttu3azCbubQgn9J148KOLVf+LNf+O2zUGrDwYe780wMy9MOFPacb6swsrq2vpGcbO0tb2zu2fvHzRVnEpCPRLzWLZDrChngnqaaU7biaQ4CjlthaObmd8aU6lYLB70JKF+hAeC9RnB2kiBbXsV9zTI6md3ATP1OA3sslN15kB/iZuTMuRoBPZntxeTNKJCE46V6rhOov0MS80Ip9NSN1U0wWSEB7RjqMARVX42v3yKTozSQ/1YmhIazdWfExmOlJpEoemMsB6qZW8m/ud1Ut2/9jMmklRTQRaL+ilHOkazGFCPSUo0nxiCiWTmVkSGWGKiTVglE4K7/PJf0jyvupdV5/6iXKvncRThCI6hAi5cQQ1uoQEeEBjDE7zAq5VZz9ab9b5oLVj5zCH8gvXxDXYvkkM=</latexit>

U(1)B�Li�Lj

<latexit sha1_base64="YvhyWxMiFujrdBWyS2uyuVQHDlQ=">AAAB8XicbVDLTgJBEOz1ifhCPXqZSAyeyK4x6pHoxSMm8oiwIb3DABNmZ5eZWROy4S+8eNAYr/6NN//GAfagYCWdVKq6090VxIJr47rfzsrq2vrGZm4rv72zu7dfODis6yhRlNVoJCLVDFAzwSWrGW4Ea8aKYRgI1giGt1O/8cSU5pF8MOOY+SH2Je9xisZKj6NSO0CVjialTqHolt0ZyDLxMlKEDNVO4avdjWgSMmmoQK1bnhsbP0VlOBVskm8nmsVIh9hnLUslhkz76eziCTm1Spf0ImVLGjJTf0+kGGo9DgPbGaIZ6EVvKv7ntRLTu/ZTLuPEMEnni3qJICYi0/dJlytGjRhbglRxeyuhA1RIjQ0pb0PwFl9eJvXzsndZdu8vipWbLI4cHMMJnIEHV1CBO6hCDShIeIZXeHO08+K8Ox/z1hUnmzmCP3A+fwAzlpCc</latexit>

q0q̄0

<latexit sha1_base64="3/qhL+kyVyzrHzh8xrqKV1WBfHw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBapp5KIqMeiF48V7Ae0oWy2m3Tp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gscSRYygk0uRfWoPqzW3IY7B1olXkFqUKA1rH4NRjFJBZWGcKx133MT42dYGUY4nVUGqaYJJhMc0b6lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2Y73s5eJ/Xj814Y2fMZmkhkqyWBSmHJkY5Y+jEVOUGD61BBPF7K2IjLHCxNh4KjYEb/nlVdK5aHhXDffhsta8LeIowwmcwjl4cA1NuIcWtIHAGJ7hFd4c4bw4787HorXkFDPH8AfO5w9RKY3D</latexit>

g0g0

Decays

Produced
<latexit sha1_base64="rSaY4ABRjrkVBpdLVOfuF1evOfY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgrGFNpTNdtMu3WzC7kQoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaWV1b3yhvVra2d3b3qvsHjybJNOM+S2Si2yE1XArFfRQoeTvVnMah5K1wdDv1W09cG5GoBxynPIjpQIlIMIpW8pFcE7dXrbl1dwayTLyC1KBAs1f96vYTlsVcIZPUmI7nphjkVKNgkk8q3czwlLIRHfCOpYrG3AT57NgJObFKn0SJtqWQzNTfEzmNjRnHoe2MKQ7NojcV//M6GUZXQS5UmiFXbL4oyiTBhEw/J32hOUM5toQyLeythA2ppgxtPhUbgrf48jJ5PKt7F3X3/rzWuCniKMMRHMMpeHAJDbiDJvjAQMAzvMKbo5wX5935mLeWnGLmEP7A+fwBfoeN0g==</latexit>

t = 0

<latexit sha1_base64="2pGmPZ2wfLIkG0/cWjKt8XyyrzQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8d3Mbz9xbUSsHnGScD+iQyVCwShaqY3khmDf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/d0rOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms9/JQGjOUE4soUwLeythI6opQ5tQyYbgLb+8SloXVa9WdR8uK/XbPI4inMApnIMHV1CHe2hAExiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AEM+I66</latexit>

t = t1IP

Particle(s) produced at the interaction point 

Initial time is set by the bunch crossing 

Particle(s) passes through at least two double layers 

Particle(s) travels as far as the first layer of the inner tracker 

Particle(s) decays to missing energy and a soft particle

Timing Tracking
<latexit sha1_base64="bYdYy3xDGBNswQWoy8aScO7WA+I=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBg5RERD0WvXisaD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1NaWV1b3yhvVra2d3b33P2Dlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Db3209UaRbLRzNJaCDwULKIEWxy6eEM4b5b9WreDGiZ+AWpQoFG3/3qDWKSCioN4Vjrru8lJsiwMoxwOq30Uk0TTMZ4SLuWSiyoDrLZrVN0YpUBimJlSxo0U39PZFhoPRGh7RTYjPSil4v/ed3URNdBxmSSGirJfFGUcmRilD+OBkxRYvjEEkwUs7ciMsIKE2PjqdgQ/MWXl0nrvOZf1rz7i2r9poijDEdwDKfgwxXU4Q4a0AQCI3iGV3hzhPPivDsf89aSU8wcwh84nz8mQI2n</latexit>

S, a

<latexit sha1_base64="LHALclKubh/8eKUFjaKUXF3Uums=">AAAB+HicbVBNSwMxEJ2tX7V+dNWjl2CRepCyK6Iei148VrAf2JaSTbNtaJJdkqxQl/4SLx4U8epP8ea/MW33oK0PBh7vzTAzL4g508bzvp3cyura+kZ+s7C1vbNbdPf2GzpKFKF1EvFItQKsKWeS1g0znLZiRbEIOG0Go5up33ykSrNI3ptxTLsCDyQLGcHGSj23+FA+RU1bnQEWApd7bsmreDOgZeJnpAQZaj33q9OPSCKoNIRjrdu+F5tuipVhhNNJoZNoGmMywgPatlRiQXU3nR0+QcdW6aMwUrakQTP190SKhdZjEdhOgc1QL3pT8T+vnZjwqpsyGSeGSjJfFCYcmQhNU0B9pigxfGwJJorZWxEZYoWJsVkVbAj+4svLpHFW8S8q3t15qXqdxZGHQziCE/DhEqpwCzWoA4EEnuEV3pwn58V5dz7mrTknmzmAP3A+fwAE6pFj</latexit>

Z 0,W 0, �0

Rodolfo Capdevilla, Fermilab



Motivation Theoretical 
scenario

Candidate 
particle(s)

Exotic 
Signals 

(Potential Disappearing 
tracks

Exotics

SM+singlet

2HDM 1, 2, 3, 4, 8, 
17, 

New gauge 
groups

VLF
7, 13, 17, 

HNL

Leptoquarks (UV motivated)

Quirks
(bound states)


Hidden 
valleys

Hierarchy 
problem

SUSY
(colored)

(not colored) 11, 18, 

Composite

Extra 
dimensions

Neutral 
naturalness

Glueballs,

sQuirks

DM

Z portal EWikinos-like 
(inelastic)

5, 6, 9, 10, 11, 
12, 14, 16, 

H portal (Z2 symmetric)

Nu portal

U(1) portal

<latexit sha1_base64="gdkPXx1hM4qKO+5zX666mHiW2k4=">AAAB+HicbVDLTgIxFL2DL8QHoy7dNBITF4TMGKMuUTcsMZFHwgykUzrQ0M5M2o4JEr7EjQuNceunuPNvLDALBU9yb07OuTe9PUHCmdKO823l1tY3Nrfy24Wd3b39on1w2FRxKgltkJjHsh1gRTmLaEMzzWk7kRSLgNNWMLqb+a1HKhWLowc9Tqgv8CBiISNYG6lnF2tdLxFlr1zrOqbf9OySU3HmQKvEzUgJMtR79pfXj0kqaKQJx0p1XCfR/gRLzQin04KXKppgMsID2jE0woIqfzI/fIpOjdJHYSxNRRrN1d8bEyyUGovATAqsh2rZm4n/eZ1Uh9f+hEVJqmlEFg+FKUc6RrMUUJ9JSjQfG4KJZOZWRIZYYqJNVgUTgrv85VXSPK+4lxXn/qJUvc3iyMMxnMAZuHAFVahBHRpAIIVneIU368l6sd6tj8Vozsp2juAPrM8fb0eRpA==</latexit>

H
±
, H

0
, A

<latexit sha1_base64="CT+cvA1/o2R56/ZkwOGDwwXKFqM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mnGCfkQHkoecUWOlh7se75UrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8q3oXVff+vFK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w8iOo2z</latexit>

Ni

<latexit sha1_base64="VO+JlbVZetXNLIhe3dEcTJKRbX0=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwUEpSRD0WvXisYtpCE8Jms2mXbj7Y3Sil9qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5QcaZVJb1baysrq1vbJa2yts7u3v7ZuWgLdNcEOqQlKeiG2BJOUuoo5jitJsJiuOA004wvJ76nQcqJEuTezXKqBfjfsIiRrDSkm9WXMV4SNGd36i5NeT4tm9Wrbo1A1omdkGqUKDlm19umJI8pokiHEvZs61MeWMsFCOcTspuLmmGyRD3aU/TBMdUeuPZ6RN0opUQRanQlSg0U39PjHEs5SgOdGeM1UAuelPxP6+Xq+jSG7MkyxVNyHxRlHOkUjTNAYVMUKL4SBNMBNO3IjLAAhOl0yrrEOzFl5dJu1G3z+vW7Vm1eVXEUYIjOIZTsOECmnADLXCAwCM8wyu8GU/Gi/FufMxbV4xi5hD+wPj8AfuSkoQ=</latexit>

R̃2, U1

<latexit sha1_base64="JQlTFtrgT9moPxxxlwVXO4Q088c=">AAACB3icbZDLSsNAFIYn9VbrLepSkGARXEhJRNRl0Y3LCvYCbSiTyaQdOpnEmROhhOzc+CpuXCji1ldw59s4aYNo6w8DH/85hzPn92LOFNj2l1FaWFxaXimvVtbWNza3zO2dlooSSWiTRDySHQ8rypmgTWDAaSeWFIcep21vdJXX2/dUKhaJWxjH1A3xQLCAEQza6pv7PWDcpylkxwXd/dAgq/TNql2zJ7LmwSmgigo1+uZnz49IElIBhGOluo4dg5tiCYxwmlV6iaIxJiM8oF2NAodUuenkjsw61I5vBZHUT4A1cX9PpDhUahx6ujPEMFSztdz8r9ZNILhwUybiBKgg00VBwi2IrDwUy2eSEuBjDZhIpv9qkSGWmICOLg/BmT15HlonNeesZt+cVuuXRRxltIcO0BFy0Dmqo2vUQE1E0AN6Qi/o1Xg0no03433aWjKKmV30R8bHN423mbw=</latexit>

t̃, q̃, g̃

<latexit sha1_base64="+1UpMYUzFwkc5pCluC39NEpJFY8=">AAACCnicbZDLSsNAFIYnXmu9RV26iRbBhZRERF0W3bisYC/QxDKZTNqhM0mYORFKyNqNr+LGhSJufQJ3vo2TNgtt/WHg4z/ncOb8fsKZAtv+NhYWl5ZXVitr1fWNza1tc2e3reJUEtoiMY9l18eKchbRFjDgtJtIioXPaccfXRf1zgOVisXRHYwT6gk8iFjICAZt9c0DlwzZfeYmIj+Zoq0BGA9o5gJO82rfrNl1eyJrHpwSaqhUs29+uUFMUkEjIBwr1XPsBLwMS2CE07zqpoommIzwgPY0RlhQ5WWTU3LrSDuBFcZSvwisift7IsNCqbHwdafAMFSztcL8r9ZLIbz0MhYlKdCITBeFKbcgtopcrIBJSoCPNWAimf6rRYZYYgI6vSIEZ/bkeWif1p3zun17VmtclXFU0D46RMfIQReogW5QE7UQQY/oGb2iN+PJeDHejY9p64JRzuyhPzI+fwBBapqd</latexit>

�±,�0, ⌧̃

<latexit sha1_base64="JPSENwE/HixChOp9DhnDdLcUn/w=">AAAB+HicbVDLTsMwENyUVymPBjhysaiQOKCSlOexggvHIvUltVHkuG5r1XEi20EqUb+ECwcQ4sqncONvcNscoGWk1Y5mduX1BDFnSjvOt5VbWV1b38hvFra2d3aL9t5+U0WJJLRBIh7JdoAV5UzQhmaa03YsKQ4DTlvB6G7qtx6pVCwSdT2OqRfigWB9RrA2km8X2356eXY+Oa37acV03y45ZWcGtEzcjJQgQ823v7q9iCQhFZpwrFTHdWLtpVhqRjidFLqJojEmIzygHUMFDqny0tnhE3RslB7qR9KU0Gim/t5IcajUOAzMZIj1UC16U/E/r5Po/o2XMhEnmgoyf6ifcKQjNE0B9ZikRPOxIZhIZm5FZIglJtpkVTAhuItfXibNStm9KjsPF6XqbRZHHg7hCE7AhWuowj3UoAEEEniGV3iznqwX6936mI/mrGznAP7A+vwB7P6R9w==</latexit>

X5/3, T2/3

<latexit sha1_base64="I/pFCCeu6PMUewl/UPoC6JEMZ7A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoPEIoQ7EbUM2lhYJGA+IDnC3mYvWbK7d+zuCeHIj7CxUMTW32Pnv3GTXKGJDwYe780wMy+IOdPGdb+d3Nr6xuZWfruws7u3f1A8PGrpKFGENknEI9UJsKacSdo0zHDaiRXFIuC0HYzvZn77iSrNIvloJjH1BR5KFjKCjZXajXKlV3ko94slt+rOgVaJl5ESZKj3i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/d4rOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4Y2fMhknhkqyWBQmHJkIzX5HA6YoMXxiCSaK2VsRGWGFibEJFWwI3vLLq6R1UfWuqm7jslS7zeLIwwmcwjl4cA01uIc6NIHAGJ7hFd6c2Hlx3p2PRWvOyWaO4Q+czx+Jr45k</latexit>

Q0, L0

<latexit sha1_base64="DjPyfvI1dphOa8RHTp1+Kgee0jg=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Iroh6LHhR6qWA/oF1KNs22sdlkSbJCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKK6tr6xvFzdLW9s7unrt/0NQyVYQ2iORStUOsKWeCNgwznLYTRXEcctoKRzdTv/VElWZSPJhxQoMYDwSLGMHGSs3bXlarTXpu2at4M6Bl4uekDDnqPfer25ckjakwhGOtO76XmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gE6v0USSVLWHQTP09keFY63Ec2s4Ym6Fe9Kbif14nNdFVkDGRpIYKMl8UpRwZiaavoz5TlBg+tgQTxeytiAyxwsTYgEo2BH/x5WXSPKv4FxXv/rxcvc7jKMIRHMMp+HAJVbiDOjSAwCM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fRsSO7w==</latexit>

GKK

<latexit sha1_base64="x3TWtS2Bceor7Rd0UYBPFAQvJGU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dii/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDr8uM3A==</latexit>

S

<latexit sha1_base64="asIWIKiRf7u3j3kvzJSSYmEF4O4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76msb/rVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27qrsPl7XGbRFHGU7gFM7Bg2towD00wQcGAp7hFd4c5bw4787HorXkFDPH8AfO5w/rj47C</latexit>⌫s
<latexit sha1_base64="e5OluIRxaSsjDpHYXWJxBBDIY2g=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahHiyJiHos9eLBQwXTFtoQNtttu3azCbubQgn9J148KOLVf+LNf+O2zUGrDwYe780wMy9MOFPacb6swsrq2vpGcbO0tb2zu2fvHzRVnEpCPRLzWLZDrChngnqaaU7biaQ4CjlthaObmd8aU6lYLB70JKF+hAeC9RnB2kiBbXsV9zTI6md3ATP1OA3sslN15kB/iZuTMuRoBPZntxeTNKJCE46V6rhOov0MS80Ip9NSN1U0wWSEB7RjqMARVX42v3yKTozSQ/1YmhIazdWfExmOlJpEoemMsB6qZW8m/ud1Ut2/9jMmklRTQRaL+ilHOkazGFCPSUo0nxiCiWTmVkSGWGKiTVglE4K7/PJf0jyvupdV5/6iXKvncRThCI6hAi5cQQ1uoQEeEBjDE7zAq5VZz9ab9b5oLVj5zCH8gvXxDXYvkkM=</latexit>

U(1)B�Li�Lj

<latexit sha1_base64="YvhyWxMiFujrdBWyS2uyuVQHDlQ=">AAAB8XicbVDLTgJBEOz1ifhCPXqZSAyeyK4x6pHoxSMm8oiwIb3DABNmZ5eZWROy4S+8eNAYr/6NN//GAfagYCWdVKq6090VxIJr47rfzsrq2vrGZm4rv72zu7dfODis6yhRlNVoJCLVDFAzwSWrGW4Ea8aKYRgI1giGt1O/8cSU5pF8MOOY+SH2Je9xisZKj6NSO0CVjialTqHolt0ZyDLxMlKEDNVO4avdjWgSMmmoQK1bnhsbP0VlOBVskm8nmsVIh9hnLUslhkz76eziCTm1Spf0ImVLGjJTf0+kGGo9DgPbGaIZ6EVvKv7ntRLTu/ZTLuPEMEnni3qJICYi0/dJlytGjRhbglRxeyuhA1RIjQ0pb0PwFl9eJvXzsndZdu8vipWbLI4cHMMJnIEHV1CBO6hCDShIeIZXeHO08+K8Ox/z1hUnmzmCP3A+fwAzlpCc</latexit>

q0q̄0

<latexit sha1_base64="3/qhL+kyVyzrHzh8xrqKV1WBfHw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBapp5KIqMeiF48V7Ae0oWy2m3Tp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gscSRYygk0uRfWoPqzW3IY7B1olXkFqUKA1rH4NRjFJBZWGcKx133MT42dYGUY4nVUGqaYJJhMc0b6lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2Y73s5eJ/Xj814Y2fMZmkhkqyWBSmHJkY5Y+jEVOUGD61BBPF7K2IjLHCxNh4KjYEb/nlVdK5aHhXDffhsta8LeIowwmcwjl4cA1NuIcWtIHAGJ7hFd4c4bw4787HorXkFDPH8AfO5w9RKY3D</latexit>

g0g0

Timing Tracking
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1) Eichten, Martin, Phys. Lett. B 728 (2014) 125-130

2) Barger, Everett, Logan, Shaughnessy, Phys. Rev. D 88 (2013) 11, 115003

3) Chakrabarty, Han, Liu, Mukhopadhyaya, Phys. Rev. D 91 (2015) 1, 015008

4) Chakrabarty, Mukhopadhyaya, Phys. Rev. D 96 (2017) 3, 035028

5) Han, Liu, Wang, Wang, Phys. Rev. D 103 (2021) 7, 075004

6) Bandyopadhyay, Costantini, Phys. Rev. D 103 (2021) 1, 015025

7) Bandyopadhyay, Karan, Sen, ArXiv:2011.04191

8) Han, Li, Su, Su, Wu, Phys. Rev. D 104 (2021) 5, 055029

9) Capdevilla, Meloni, Simoniello, Zurita, JHEP 06 (2021) 133

10) Bottaro, Strumia, Vignaroli, JHEP 06 (2021) 143

11) Al Ali et al., Rept. Prog. Phys. 85 (2022) 8, 084201

12) Bottaro, Buttazzo, Costa, Franceschini, Panci, Eur. Phys. J. C 82 (2022) 1, 31

13) Sen, Bandyopadhyay, Dutta, KT, Eur. Phys. J. C 82 (2022) 3, 230

14) Bottaro et al., Eur. Phys. J. C 82 (2022) 11, 992

15) Liu, Han, Jin, Li, JHEP 12 (2022) 057

16) Franceschini, Zhao, ArXiv:2212.11900

17) Li, Yao, Yuan, JHEP 03 (2023) 137

18) Jueid, Nasri, ArXiv:2301.12524 

No

connection 
to exotic 
signals

High 
connection 
to exotic 
signals

<latexit sha1_base64="B65U/Mea2vepvm2bmoZFSzYOQJo=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIzHxBLvGqEeiF4+YyCPAhvQOszBhZnYzM2tCCH/hxYPGePVvvPk3DrAHBSvppFLVne6uMOFMG8/7dnJr6xubW/ntws7u3v5B8fCooeNUEVonMY9VK0RNOZO0bpjhtJUoiiLktBmO7mZ+84kqzWL5aMYJDQQOJIsYQWOldneAQmClXWn2iiWv7M3hrhI/IyXIUOsVv7r9mKSCSkM4at3xvcQEE1SGEU6nhW6qaYJkhAPasVSioDqYzC+eumdW6btRrGxJ487V3xMTFFqPRWg7BZqhXvZm4n9eJzXRTTBhMkkNlWSxKEq5a2J39r7bZ4oSw8eWIFHM3uqSISokxoZUsCH4yy+vksZF2b8qew+XpeptFkceTuAUzsGHa6jCPdSgDgQkPMMrvDnaeXHenY9Fa87JZo7hD5zPH8IbkFE=</latexit> �/
Z
/W

<latexit sha1_base64="NkEg4Qv5u7yI2iFAs4bohi5SV+4=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCmwSSNcxOZpMh81hmZoWw5Bu8eFDEqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1klh+7Gbil6l6tf8GdAyCQpShQKNXuWr21ckE1RawrExncBPbZRjbRnhdFLuZoammIzwgHYclVhQE+WzYyfo1Cl9lCjtSlo0U39P5FgYMxax6xTYDs2iNxX/8zqZTa6jnMk0s1SS+aIk48gqNP0c9ZmmxPKxI5ho5m5FZIg1JtblU3YhBIsvL5PmeS24rPn3F9X6TRFHCY7hBM4ggCuowx00IAQCDJ7hFd486b14797HvHXFK2aO4A+8zx+3po6g</latexit>

X± <latexit sha1_base64="6SuyIQV7mmtQ/fw/RKd4zZ8ppr4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaWDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTSffvR7ZUrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AHZfo2D</latexit>

X0

Long lifetime: 
Small splitting 
Small coupling

<latexit sha1_base64="bYdYy3xDGBNswQWoy8aScO7WA+I=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBg5RERD0WvXisaD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1NaWV1b3yhvVra2d3b33P2Dlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Db3209UaRbLRzNJaCDwULKIEWxy6eEM4b5b9WreDGiZ+AWpQoFG3/3qDWKSCioN4Vjrru8lJsiwMoxwOq30Uk0TTMZ4SLuWSiyoDrLZrVN0YpUBimJlSxo0U39PZFhoPRGh7RTYjPSil4v/ed3URNdBxmSSGirJfFGUcmRilD+OBkxRYvjEEkwUs7ciMsIKE2PjqdgQ/MWXl0nrvOZf1rz7i2r9poijDEdwDKfgwxXU4Q4a0AQCI3iGV3hzhPPivDsf89aSU8wcwh84nz8mQI2n</latexit>

S, a

<latexit sha1_base64="LHALclKubh/8eKUFjaKUXF3Uums=">AAAB+HicbVBNSwMxEJ2tX7V+dNWjl2CRepCyK6Iei148VrAf2JaSTbNtaJJdkqxQl/4SLx4U8epP8ea/MW33oK0PBh7vzTAzL4g508bzvp3cyura+kZ+s7C1vbNbdPf2GzpKFKF1EvFItQKsKWeS1g0znLZiRbEIOG0Go5up33ykSrNI3ptxTLsCDyQLGcHGSj23+FA+RU1bnQEWApd7bsmreDOgZeJnpAQZaj33q9OPSCKoNIRjrdu+F5tuipVhhNNJoZNoGmMywgPatlRiQXU3nR0+QcdW6aMwUrakQTP190SKhdZjEdhOgc1QL3pT8T+vnZjwqpsyGSeGSjJfFCYcmQhNU0B9pigxfGwJJorZWxEZYoWJsVkVbAj+4svLpHFW8S8q3t15qXqdxZGHQziCE/DhEqpwCzWoA4EEnuEV3pwn58V5dz7mrTknmzmAP3A+fwAE6pFj</latexit>

Z 0,W 0, �0

Rodolfo Capdevilla, Fermilab



6

Minimal Dark Matter: Features

<latexit sha1_base64="1jERd2uTheA50UJ2vfw/4qP6VGs=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBiyURUY9FLx4rmLbQxrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2ymtrK6tb5Q3K1vbO7t77v5BUyeZIjQgCU9UO8KaciZpYJjhtJ0qikXEaSsa3U791hNVmiXywYxTGgo8kCxmBBsrBV2RPZ713KpX82ZAy8QvSBUKNHruV7efkExQaQjHWnd8LzVhjpVhhNNJpZtpmmIywgPasVRiQXWYz46doBOr9FGcKFvSoJn6eyLHQuuxiGynwGaoF72p+J/XyUx8HeZMppmhkswXxRlHJkHTz1GfKUoMH1uCiWL2VkSGWGFibD4VG4K/+PIyaZ7X/Muad39Rrd8UcZThCI7hFHy4gjrcQQMCIMDgGV7hzZHOi/PufMxbS04xcwh/4Hz+AH5rjno=</latexit>

µ�

<latexit sha1_base64="EovfbdJYTJtptvEXSWWHwUTpKio=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBZBEEoioh6LXjxWMG2hjWWz3bRLdzdhdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmRSln2njet1NaWV1b3yhvVra2d3b33P2Dpk4yRWhAEp6odoQ15UzSwDDDaTtVFIuI01Y0up36rSeqNEvkgxmnNBR4IFnMCDZWCroiezzruVWv5s2AlolfkCoUaPTcr24/IZmg0hCOte74XmrCHCvDCKeTSjfTNMVkhAe0Y6nEguownx07QSdW6aM4UbakQTP190SOhdZjEdlOgc1QL3pT8T+vk5n4OsyZTDNDJZkvijOOTIKmn6M+U5QYPrYEE8XsrYgMscLE2HwqNgR/8eVl0jyv+Zc17/6iWr8p4ijDERzDKfhwBXW4gwYEQIDBM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AXtjjng=</latexit>

µ+
<latexit sha1_base64="zM4Rm3gvkhaMGyfHkEDGJDwzYG8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBAEIeyKqMegF48RzAOSNcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1peWV1bL2wUN7e2d3ZLe/sNo1JNaJ0ornQrwoZyJmndMstpK9EUi4jTZjS8mfjNJ6oNU/LejhIaCtyXLGYEWyc1OmTAHk67pbJf8adAiyTISRly1Lqlr05PkVRQaQnHxrQDP7FhhrVlhNNxsZMammAyxH3adlRiQU2YTa8do2On9FCstCtp0VT9PZFhYcxIRK5TYDsw895E/M9rpza+CjMmk9RSSWaL4pQjq9DkddRjmhLLR45gopm7FZEB1phYF1DRhRDMv7xIGmeV4KLi352Xq9d5HAU4hCM4gQAuoQq3UIM6EHiEZ3iFN095L9679zFrXfLymQP4A+/zBx5njtQ=</latexit>

�+

<latexit sha1_base64="Q4Zmfzd4bHidNC/EJmDG5+PSBwM=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBC8GHZF1GPQi8cI5gHJGmYns8mYeSwzs0JY8g9ePCji1f/x5t84SfagiQUNRVU33V1Rwpmxvv/tLS2vrK6tFzaKm1vbO7ulvf2GUakmtE4UV7oVYUM5k7RumeW0lWiKRcRpMxreTPzmE9WGKXlvRwkNBe5LFjOCrZMaHTJgD6fdUtmv+FOgRRLkpAw5at3SV6enSCqotIRjY9qBn9gww9oywum42EkNTTAZ4j5tOyqxoCbMpteO0bFTeihW2pW0aKr+nsiwMGYkItcpsB2YeW8i/ue1UxtfhRmTSWqpJLNFccqRVWjyOuoxTYnlI0cw0czdisgAa0ysC6joQgjmX14kjbNKcFHx787L1es8jgIcwhGcQACXUIVbqEEdCDzCM7zCm6e8F+/d+5i1Lnn5zAH8gff5AyFvjtY=</latexit>

��

<latexit sha1_base64="heKJsmKMLcOPIxTkhzptUN4WOOg=">AAAB73icbVBNS8NAEJ34WetX1aOXYBE81UREPRa9eKxgP7ANZbLdtEt3N3F3I5TQP+HFgyJe/Tve/Ddu2xy09cHA470ZZuaFCWfaeN63s7S8srq2Xtgobm5t7+yW9vYbOk4VoXUS81i1QtSUM0nrhhlOW4miKEJOm+HwZuI3n6jSLJb3ZpTQQGBfsogRNFZqdfooBJ4+dEtlr+JN4S4SPydlyFHrlr46vZikgkpDOGrd9r3EBBkqwwin42In1TRBMsQ+bVsqUVAdZNN7x+6xVXpuFCtb0rhT9fdEhkLrkQhtp0Az0PPeRPzPa6cmugoyJpPUUElmi6KUuyZ2J8+7PaYoMXxkCRLF7K0uGaBCYmxERRuCP//yImmcVfyLind3Xq5e53EU4BCO4AR8uIQq3EIN6kCAwzO8wpvz6Lw4787HrHXJyWcO4A+czx+nD4+3</latexit>

�/Z

<latexit sha1_base64="jPk1dAWTMkPP6Ou0W1Ep8kFsZzE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU8mKqMeiF48V7Ae0a8mm2TY2myxJVihL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIbi/G3V1hZXVvfKG6WtrZ3dvfK+wdNo1JNWYMqoXQ7JIYJLlnDcitYO9GMxKFgrXB0M/VbT0wbruS9HScsiMlA8ohTYp3U7NIhf8C9cgVX8Qxomfg5qUCOeq/81e0rmsZMWiqIMR0fJzbIiLacCjYpdVPDEkJHZMA6jkoSMxNks2sn6MQpfRQp7UpaNFN/T2QkNmYch64zJnZoFr2p+J/XSW10FWRcJqllks4XRalAVqHp66jPNaNWjB0hVHN3K6JDogm1LqCSC8FffHmZNM+q/kUV351Xatd5HEU4gmM4BR8uoQa3UIcGUHiEZ3iFN095L9679zFvLXj5zCH8gff5AyX7jtk=</latexit>

�0

<latexit sha1_base64="jPk1dAWTMkPP6Ou0W1Ep8kFsZzE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU8mKqMeiF48V7Ae0a8mm2TY2myxJVihL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIbi/G3V1hZXVvfKG6WtrZ3dvfK+wdNo1JNWYMqoXQ7JIYJLlnDcitYO9GMxKFgrXB0M/VbT0wbruS9HScsiMlA8ohTYp3U7NIhf8C9cgVX8Qxomfg5qUCOeq/81e0rmsZMWiqIMR0fJzbIiLacCjYpdVPDEkJHZMA6jkoSMxNks2sn6MQpfRQp7UpaNFN/T2QkNmYch64zJnZoFr2p+J/XSW10FWRcJqllks4XRalAVqHp66jPNaNWjB0hVHN3K6JDogm1LqCSC8FffHmZNM+q/kUV351Xatd5HEU4gmM4BR8uoQa3UIcGUHiEZ3iFN095L9679zFvLXj5zCH8gff5AyX7jtk=</latexit>

�0

<latexit sha1_base64="lYvV2/gXhK8ZGDu7dQ3NUlI0vzU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoioh6LXjxWMG2hjWWznbZLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dho5TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPR7dRvPqHSPJYPZpxgENGB5H3OqLGS30n441m3XHGr7gxkmXg5qUCOerf81enFLI1QGiao1m3PTUyQUWU4EzgpdVKNCWUjOsC2pZJGqINsduyEnFilR/qxsiUNmam/JzIaaT2OQtsZUTPUi95U/M9rp6Z/HWRcJqlByeaL+qkgJibTz0mPK2RGjC2hTHF7K2FDqigzNp+SDcFbfHmZNM6r3mXVvb+o1G7yOIpwBMdwCh5cQQ3uoA4+MODwDK/w5kjnxXl3PuatBSefOYQ/cD5/AG2wjm8=</latexit>

⇡+

<latexit sha1_base64="7QZafRecnP2UbF8FqiDtOFjoKoA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx4rmLbQxrLZTtulm03Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RRWVtfWN4qbpa3tnd298v5BQ8epYuizWMSqFVKNgkv0DTcCW4lCGoUCm+Hoduo3n1BpHssHM04wiOhA8j5n1FjJ7yT88axbrrhVdwayTLycVCBHvVv+6vRilkYoDRNU67bnJibIqDKcCZyUOqnGhLIRHWDbUkkj1EE2O3ZCTqzSI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ue1U9O/DjIuk9SgZPNF/VQQE5Pp56THFTIjxpZQpri9lbAhVZQZm0/JhuAtvrxMGudV77Lq3l9Uajd5HEU4gmM4BQ+uoAZ3UAcfGHB4hld4c6Tz4rw7H/PWgpPPHMIfOJ8/cLiOcQ==</latexit>

⇡�
Charginos are electroweakly 

produced

Long lifetime comes from very 
suppressed phase space

Very compressed spectrum 
emerges naturally

Undetectable decay 
products!

Rodolfo Capdevilla, Fermilab
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Minimal Dark Matter: Features

<latexit sha1_base64="1jERd2uTheA50UJ2vfw/4qP6VGs=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBiyURUY9FLx4rmLbQxrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2ymtrK6tb5Q3K1vbO7t77v5BUyeZIjQgCU9UO8KaciZpYJjhtJ0qikXEaSsa3U791hNVmiXywYxTGgo8kCxmBBsrBV2RPZ713KpX82ZAy8QvSBUKNHruV7efkExQaQjHWnd8LzVhjpVhhNNJpZtpmmIywgPasVRiQXWYz46doBOr9FGcKFvSoJn6eyLHQuuxiGynwGaoF72p+J/XyUx8HeZMppmhkswXxRlHJkHTz1GfKUoMH1uCiWL2VkSGWGFibD4VG4K/+PIyaZ7X/Muad39Rrd8UcZThCI7hFHy4gjrcQQMCIMDgGV7hzZHOi/PufMxbS04xcwh/4Hz+AH5rjno=</latexit>

µ�

<latexit sha1_base64="EovfbdJYTJtptvEXSWWHwUTpKio=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBZBEEoioh6LXjxWMG2hjWWz3bRLdzdhdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmRSln2njet1NaWV1b3yhvVra2d3b33P2Dpk4yRWhAEp6odoQ15UzSwDDDaTtVFIuI01Y0up36rSeqNEvkgxmnNBR4IFnMCDZWCroiezzruVWv5s2AlolfkCoUaPTcr24/IZmg0hCOte74XmrCHCvDCKeTSjfTNMVkhAe0Y6nEguownx07QSdW6aM4UbakQTP190SOhdZjEdlOgc1QL3pT8T+vk5n4OsyZTDNDJZkvijOOTIKmn6M+U5QYPrYEE8XsrYgMscLE2HwqNgR/8eVl0jyv+Zc17/6iWr8p4ijDERzDKfhwBXW4gwYEQIDBM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AXtjjng=</latexit>

µ+
<latexit sha1_base64="zM4Rm3gvkhaMGyfHkEDGJDwzYG8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBAEIeyKqMegF48RzAOSNcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1peWV1bL2wUN7e2d3ZLe/sNo1JNaJ0ornQrwoZyJmndMstpK9EUi4jTZjS8mfjNJ6oNU/LejhIaCtyXLGYEWyc1OmTAHk67pbJf8adAiyTISRly1Lqlr05PkVRQaQnHxrQDP7FhhrVlhNNxsZMammAyxH3adlRiQU2YTa8do2On9FCstCtp0VT9PZFhYcxIRK5TYDsw895E/M9rpza+CjMmk9RSSWaL4pQjq9DkddRjmhLLR45gopm7FZEB1phYF1DRhRDMv7xIGmeV4KLi352Xq9d5HAU4hCM4gQAuoQq3UIM6EHiEZ3iFN095L9679zFrXfLymQP4A+/zBx5njtQ=</latexit>

�+

<latexit sha1_base64="Q4Zmfzd4bHidNC/EJmDG5+PSBwM=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBC8GHZF1GPQi8cI5gHJGmYns8mYeSwzs0JY8g9ePCji1f/x5t84SfagiQUNRVU33V1Rwpmxvv/tLS2vrK6tFzaKm1vbO7ulvf2GUakmtE4UV7oVYUM5k7RumeW0lWiKRcRpMxreTPzmE9WGKXlvRwkNBe5LFjOCrZMaHTJgD6fdUtmv+FOgRRLkpAw5at3SV6enSCqotIRjY9qBn9gww9oywum42EkNTTAZ4j5tOyqxoCbMpteO0bFTeihW2pW0aKr+nsiwMGYkItcpsB2YeW8i/ue1UxtfhRmTSWqpJLNFccqRVWjyOuoxTYnlI0cw0czdisgAa0ysC6joQgjmX14kjbNKcFHx787L1es8jgIcwhGcQACXUIVbqEEdCDzCM7zCm6e8F+/d+5i1Lnn5zAH8gff5AyFvjtY=</latexit>

��

<latexit sha1_base64="heKJsmKMLcOPIxTkhzptUN4WOOg=">AAAB73icbVBNS8NAEJ34WetX1aOXYBE81UREPRa9eKxgP7ANZbLdtEt3N3F3I5TQP+HFgyJe/Tve/Ddu2xy09cHA470ZZuaFCWfaeN63s7S8srq2Xtgobm5t7+yW9vYbOk4VoXUS81i1QtSUM0nrhhlOW4miKEJOm+HwZuI3n6jSLJb3ZpTQQGBfsogRNFZqdfooBJ4+dEtlr+JN4S4SPydlyFHrlr46vZikgkpDOGrd9r3EBBkqwwin42In1TRBMsQ+bVsqUVAdZNN7x+6xVXpuFCtb0rhT9fdEhkLrkQhtp0Az0PPeRPzPa6cmugoyJpPUUElmi6KUuyZ2J8+7PaYoMXxkCRLF7K0uGaBCYmxERRuCP//yImmcVfyLind3Xq5e53EU4BCO4AR8uIQq3EIN6kCAwzO8wpvz6Lw4787HrHXJyWcO4A+czx+nD4+3</latexit>

�/Z

<latexit sha1_base64="jPk1dAWTMkPP6Ou0W1Ep8kFsZzE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU8mKqMeiF48V7Ae0a8mm2TY2myxJVihL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIbi/G3V1hZXVvfKG6WtrZ3dvfK+wdNo1JNWYMqoXQ7JIYJLlnDcitYO9GMxKFgrXB0M/VbT0wbruS9HScsiMlA8ohTYp3U7NIhf8C9cgVX8Qxomfg5qUCOeq/81e0rmsZMWiqIMR0fJzbIiLacCjYpdVPDEkJHZMA6jkoSMxNks2sn6MQpfRQp7UpaNFN/T2QkNmYch64zJnZoFr2p+J/XSW10FWRcJqllks4XRalAVqHp66jPNaNWjB0hVHN3K6JDogm1LqCSC8FffHmZNM+q/kUV351Xatd5HEU4gmM4BR8uoQa3UIcGUHiEZ3iFN095L9679zFvLXj5zCH8gff5AyX7jtk=</latexit>

�0

<latexit sha1_base64="jPk1dAWTMkPP6Ou0W1Ep8kFsZzE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU8mKqMeiF48V7Ae0a8mm2TY2myxJVihL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIbi/G3V1hZXVvfKG6WtrZ3dvfK+wdNo1JNWYMqoXQ7JIYJLlnDcitYO9GMxKFgrXB0M/VbT0wbruS9HScsiMlA8ohTYp3U7NIhf8C9cgVX8Qxomfg5qUCOeq/81e0rmsZMWiqIMR0fJzbIiLacCjYpdVPDEkJHZMA6jkoSMxNks2sn6MQpfRQp7UpaNFN/T2QkNmYch64zJnZoFr2p+J/XSW10FWRcJqllks4XRalAVqHp66jPNaNWjB0hVHN3K6JDogm1LqCSC8FffHmZNM+q/kUV351Xatd5HEU4gmM4BR8uoQa3UIcGUHiEZ3iFN095L9679zFvLXj5zCH8gff5AyX7jtk=</latexit>

�0

<latexit sha1_base64="lYvV2/gXhK8ZGDu7dQ3NUlI0vzU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoioh6LXjxWMG2hjWWznbZLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dho5TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPR7dRvPqHSPJYPZpxgENGB5H3OqLGS30n441m3XHGr7gxkmXg5qUCOerf81enFLI1QGiao1m3PTUyQUWU4EzgpdVKNCWUjOsC2pZJGqINsduyEnFilR/qxsiUNmam/JzIaaT2OQtsZUTPUi95U/M9rp6Z/HWRcJqlByeaL+qkgJibTz0mPK2RGjC2hTHF7K2FDqigzNp+SDcFbfHmZNM6r3mXVvb+o1G7yOIpwBMdwCh5cQQ3uoA4+MODwDK/w5kjnxXl3PuatBSefOYQ/cD5/AG2wjm8=</latexit>

⇡+

<latexit sha1_base64="7QZafRecnP2UbF8FqiDtOFjoKoA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx4rmLbQxrLZTtulm03Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RRWVtfWN4qbpa3tnd298v5BQ8epYuizWMSqFVKNgkv0DTcCW4lCGoUCm+Hoduo3n1BpHssHM04wiOhA8j5n1FjJ7yT88axbrrhVdwayTLycVCBHvVv+6vRilkYoDRNU67bnJibIqDKcCZyUOqnGhLIRHWDbUkkj1EE2O3ZCTqzSI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ue1U9O/DjIuk9SgZPNF/VQQE5Pp56THFTIjxpZQpri9lbAhVZQZm0/JhuAtvrxMGudV77Lq3l9Uajd5HEU4gmM4BQ+uoAZ3UAcfGHB4hld4c6Tz4rw7H/PWgpPPHMIfOJ8/cLiOcQ==</latexit>

⇡�
Charginos are electroweakly 

produced

Long lifetime comes from very 
suppressed phase space

Very compressed spectrum 
emerges naturally

Undetectable decay 
products!

All of the above come from the same minimal assumption:

<latexit sha1_base64="xM238gO3LqiRJwDRLmQrmO/2zhE=">AAACJnicbVBNSwMxFMz6bf2qevQSLEJFKLsi6kUQvXhUsK3QrSWbvm1Ds9kleSuUZX+NF/+KFw+KiDd/imm7B7UOBIaZeUneBIkUBl3305mZnZtfWFxaLq2srq1vlDe3GiZONYc6j2Ws7wJmQAoFdRQo4S7RwKJAQjMYXI785gNoI2J1i8ME2hHrKREKztBKnfKZLyHEqh9AT6iMac2GecZz6vO+uM8Oct8vqGs1UN0i4mvR6+N+p1xxa+4YdJp4BamQAted8qvfjXkagUIumTEtz02wbS9FwSXkJT81kDA+YD1oWapYBKadjdfM6Z5VujSMtT0K6Vj9OZGxyJhhFNhkxLBv/noj8T+vlWJ42s6ESlIExScPhamkGNNRZ7QrNHCUQ0sY18L+lfI+04yjbbZkS/D+rjxNGoc177jm3hxVzi+KOpbIDtklVeKRE3JOrsg1qRNOHskzeSVvzpPz4rw7H5PojFPMbJNfcL6+Adx/pqA=</latexit>✓
�+

�0

◆
Both particles belong to 
the same EW multiplet!

Rodolfo Capdevilla, Fermilab



8

Beyond Minimal Dark Matter!

<latexit sha1_base64="1jERd2uTheA50UJ2vfw/4qP6VGs=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBiyURUY9FLx4rmLbQxrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2ymtrK6tb5Q3K1vbO7t77v5BUyeZIjQgCU9UO8KaciZpYJjhtJ0qikXEaSsa3U791hNVmiXywYxTGgo8kCxmBBsrBV2RPZ713KpX82ZAy8QvSBUKNHruV7efkExQaQjHWnd8LzVhjpVhhNNJpZtpmmIywgPasVRiQXWYz46doBOr9FGcKFvSoJn6eyLHQuuxiGynwGaoF72p+J/XyUx8HeZMppmhkswXxRlHJkHTz1GfKUoMH1uCiWL2VkSGWGFibD4VG4K/+PIyaZ7X/Muad39Rrd8UcZThCI7hFHy4gjrcQQMCIMDgGV7hzZHOi/PufMxbS04xcwh/4Hz+AH5rjno=</latexit>

µ�

<latexit sha1_base64="EovfbdJYTJtptvEXSWWHwUTpKio=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBZBEEoioh6LXjxWMG2hjWWz3bRLdzdhdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmRSln2njet1NaWV1b3yhvVra2d3b33P2Dpk4yRWhAEp6odoQ15UzSwDDDaTtVFIuI01Y0up36rSeqNEvkgxmnNBR4IFnMCDZWCroiezzruVWv5s2AlolfkCoUaPTcr24/IZmg0hCOte74XmrCHCvDCKeTSjfTNMVkhAe0Y6nEguownx07QSdW6aM4UbakQTP190SOhdZjEdlOgc1QL3pT8T+vk5n4OsyZTDNDJZkvijOOTIKmn6M+U5QYPrYEE8XsrYgMscLE2HwqNgR/8eVl0jyv+Zc17/6iWr8p4ijDERzDKfhwBXW4gwYEQIDBM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AXtjjng=</latexit>

µ+
<latexit sha1_base64="zM4Rm3gvkhaMGyfHkEDGJDwzYG8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBAEIeyKqMegF48RzAOSNcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1peWV1bL2wUN7e2d3ZLe/sNo1JNaJ0ornQrwoZyJmndMstpK9EUi4jTZjS8mfjNJ6oNU/LejhIaCtyXLGYEWyc1OmTAHk67pbJf8adAiyTISRly1Lqlr05PkVRQaQnHxrQDP7FhhrVlhNNxsZMammAyxH3adlRiQU2YTa8do2On9FCstCtp0VT9PZFhYcxIRK5TYDsw895E/M9rpza+CjMmk9RSSWaL4pQjq9DkddRjmhLLR45gopm7FZEB1phYF1DRhRDMv7xIGmeV4KLi352Xq9d5HAU4hCM4gQAuoQq3UIM6EHiEZ3iFN095L9679zFrXfLymQP4A+/zBx5njtQ=</latexit>

�+

<latexit sha1_base64="Q4Zmfzd4bHidNC/EJmDG5+PSBwM=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBC8GHZF1GPQi8cI5gHJGmYns8mYeSwzs0JY8g9ePCji1f/x5t84SfagiQUNRVU33V1Rwpmxvv/tLS2vrK6tFzaKm1vbO7ulvf2GUakmtE4UV7oVYUM5k7RumeW0lWiKRcRpMxreTPzmE9WGKXlvRwkNBe5LFjOCrZMaHTJgD6fdUtmv+FOgRRLkpAw5at3SV6enSCqotIRjY9qBn9gww9oywum42EkNTTAZ4j5tOyqxoCbMpteO0bFTeihW2pW0aKr+nsiwMGYkItcpsB2YeW8i/ue1UxtfhRmTSWqpJLNFccqRVWjyOuoxTYnlI0cw0czdisgAa0ysC6joQgjmX14kjbNKcFHx787L1es8jgIcwhGcQACXUIVbqEEdCDzCM7zCm6e8F+/d+5i1Lnn5zAH8gff5AyFvjtY=</latexit>

��

<latexit sha1_base64="heKJsmKMLcOPIxTkhzptUN4WOOg=">AAAB73icbVBNS8NAEJ34WetX1aOXYBE81UREPRa9eKxgP7ANZbLdtEt3N3F3I5TQP+HFgyJe/Tve/Ddu2xy09cHA470ZZuaFCWfaeN63s7S8srq2Xtgobm5t7+yW9vYbOk4VoXUS81i1QtSUM0nrhhlOW4miKEJOm+HwZuI3n6jSLJb3ZpTQQGBfsogRNFZqdfooBJ4+dEtlr+JN4S4SPydlyFHrlr46vZikgkpDOGrd9r3EBBkqwwin42In1TRBMsQ+bVsqUVAdZNN7x+6xVXpuFCtb0rhT9fdEhkLrkQhtp0Az0PPeRPzPa6cmugoyJpPUUElmi6KUuyZ2J8+7PaYoMXxkCRLF7K0uGaBCYmxERRuCP//yImmcVfyLind3Xq5e53EU4BCO4AR8uIQq3EIN6kCAwzO8wpvz6Lw4787HrHXJyWcO4A+czx+nD4+3</latexit>

�/Z

<latexit sha1_base64="jPk1dAWTMkPP6Ou0W1Ep8kFsZzE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU8mKqMeiF48V7Ae0a8mm2TY2myxJVihL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIbi/G3V1hZXVvfKG6WtrZ3dvfK+wdNo1JNWYMqoXQ7JIYJLlnDcitYO9GMxKFgrXB0M/VbT0wbruS9HScsiMlA8ohTYp3U7NIhf8C9cgVX8Qxomfg5qUCOeq/81e0rmsZMWiqIMR0fJzbIiLacCjYpdVPDEkJHZMA6jkoSMxNks2sn6MQpfRQp7UpaNFN/T2QkNmYch64zJnZoFr2p+J/XSW10FWRcJqllks4XRalAVqHp66jPNaNWjB0hVHN3K6JDogm1LqCSC8FffHmZNM+q/kUV351Xatd5HEU4gmM4BR8uoQa3UIcGUHiEZ3iFN095L9679zFvLXj5zCH8gff5AyX7jtk=</latexit>

�0

<latexit sha1_base64="jPk1dAWTMkPP6Ou0W1Ep8kFsZzE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU8mKqMeiF48V7Ae0a8mm2TY2myxJVihL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIbi/G3V1hZXVvfKG6WtrZ3dvfK+wdNo1JNWYMqoXQ7JIYJLlnDcitYO9GMxKFgrXB0M/VbT0wbruS9HScsiMlA8ohTYp3U7NIhf8C9cgVX8Qxomfg5qUCOeq/81e0rmsZMWiqIMR0fJzbIiLacCjYpdVPDEkJHZMA6jkoSMxNks2sn6MQpfRQp7UpaNFN/T2QkNmYch64zJnZoFr2p+J/XSW10FWRcJqllks4XRalAVqHp66jPNaNWjB0hVHN3K6JDogm1LqCSC8FffHmZNM+q/kUV351Xatd5HEU4gmM4BR8uoQa3UIcGUHiEZ3iFN095L9679zFvLXj5zCH8gff5AyX7jtk=</latexit>

�0

<latexit sha1_base64="lYvV2/gXhK8ZGDu7dQ3NUlI0vzU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoioh6LXjxWMG2hjWWznbZLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dho5TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPR7dRvPqHSPJYPZpxgENGB5H3OqLGS30n441m3XHGr7gxkmXg5qUCOerf81enFLI1QGiao1m3PTUyQUWU4EzgpdVKNCWUjOsC2pZJGqINsduyEnFilR/qxsiUNmam/JzIaaT2OQtsZUTPUi95U/M9rp6Z/HWRcJqlByeaL+qkgJibTz0mPK2RGjC2hTHF7K2FDqigzNp+SDcFbfHmZNM6r3mXVvb+o1G7yOIpwBMdwCh5cQQ3uoA4+MODwDK/w5kjnxXl3PuatBSefOYQ/cD5/AG2wjm8=</latexit>

⇡+

<latexit sha1_base64="7QZafRecnP2UbF8FqiDtOFjoKoA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx4rmLbQxrLZTtulm03Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RRWVtfWN4qbpa3tnd298v5BQ8epYuizWMSqFVKNgkv0DTcCW4lCGoUCm+Hoduo3n1BpHssHM04wiOhA8j5n1FjJ7yT88axbrrhVdwayTLycVCBHvVv+6vRilkYoDRNU67bnJibIqDKcCZyUOqnGhLIRHWDbUkkj1EE2O3ZCTqzSI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ue1U9O/DjIuk9SgZPNF/VQQE5Pp56THFTIjxpZQpri9lbAhVZQZm0/JhuAtvrxMGudV77Lq3l9Uajd5HEU4gmM4BQ+uoAZ3UAcfGHB4hld4c6Tz4rw7H/PWgpPPHMIfOJ8/cLiOcQ==</latexit>

⇡�

Long lifetime

Compressed 
spectrum

Undetectable 
decay 

products!

<latexit sha1_base64="xM238gO3LqiRJwDRLmQrmO/2zhE=">AAACJnicbVBNSwMxFMz6bf2qevQSLEJFKLsi6kUQvXhUsK3QrSWbvm1Ds9kleSuUZX+NF/+KFw+KiDd/imm7B7UOBIaZeUneBIkUBl3305mZnZtfWFxaLq2srq1vlDe3GiZONYc6j2Ws7wJmQAoFdRQo4S7RwKJAQjMYXI785gNoI2J1i8ME2hHrKREKztBKnfKZLyHEqh9AT6iMac2GecZz6vO+uM8Oct8vqGs1UN0i4mvR6+N+p1xxa+4YdJp4BamQAted8qvfjXkagUIumTEtz02wbS9FwSXkJT81kDA+YD1oWapYBKadjdfM6Z5VujSMtT0K6Vj9OZGxyJhhFNhkxLBv/noj8T+vlWJ42s6ESlIExScPhamkGNNRZ7QrNHCUQ0sY18L+lfI+04yjbbZkS/D+rjxNGoc177jm3hxVzi+KOpbIDtklVeKRE3JOrsg1qRNOHskzeSVvzpPz4rw7H5PojFPMbJNfcL6+Adx/pqA=</latexit>✓
�+

�0

◆

Both particles belong to 
the same EW multiplet!

<latexit sha1_base64="nyB2HKYx/qoNOPOX30O8085R/zY=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFclUREXRZFcOGign1AE8JkMmmHziRhZlIooX/ixoUibv0Td/6N0zYLbT0wcDjnXO6dE2acKe0439bK6tr6xmZlq7q9s7u3bx8ctlWaS0JbJOWp7IZYUc4S2tJMc9rNJMUi5LQTDm+nfmdEpWJp8qTHGfUF7icsZgRrIwW27T2YcISDwpMC3XUmgV1z6s4MaJm4JalBiWZgf3lRSnJBE004VqrnOpn2Cyw1I5xOql6uaIbJEPdpz9AEC6r8Ynb5BJ0aJUJxKs1LNJqpvycKLJQai9AkBdYDtehNxf+8Xq7ja79gSZZrmpD5ojjnSKdoWgOKmKRE87EhmEhmbkVkgCUm2pRVNSW4i19eJu3zuntZdx4vao2bso4KHMMJnIELV9CAe2hCCwiM4Ble4c0qrBfr3fqYR1escuYI/sD6/AH5mpM7</latexit>

⇤EW

<latexit sha1_base64="jPk1dAWTMkPP6Ou0W1Ep8kFsZzE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU8mKqMeiF48V7Ae0a8mm2TY2myxJVihL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIbi/G3V1hZXVvfKG6WtrZ3dvfK+wdNo1JNWYMqoXQ7JIYJLlnDcitYO9GMxKFgrXB0M/VbT0wbruS9HScsiMlA8ohTYp3U7NIhf8C9cgVX8Qxomfg5qUCOeq/81e0rmsZMWiqIMR0fJzbIiLacCjYpdVPDEkJHZMA6jkoSMxNks2sn6MQpfRQp7UpaNFN/T2QkNmYch64zJnZoFr2p+J/XSW10FWRcJqllks4XRalAVqHp66jPNaNWjB0hVHN3K6JDogm1LqCSC8FffHmZNM+q/kUV351Xatd5HEU4gmM4BR8uoQa3UIcGUHiEZ3iFN095L9679zFvLXj5zCH8gff5AyX7jtk=</latexit>

�0

<latexit sha1_base64="zM4Rm3gvkhaMGyfHkEDGJDwzYG8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBAEIeyKqMegF48RzAOSNcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1peWV1bL2wUN7e2d3ZLe/sNo1JNaJ0ornQrwoZyJmndMstpK9EUi4jTZjS8mfjNJ6oNU/LejhIaCtyXLGYEWyc1OmTAHk67pbJf8adAiyTISRly1Lqlr05PkVRQaQnHxrQDP7FhhrVlhNNxsZMammAyxH3adlRiQU2YTa8do2On9FCstCtp0VT9PZFhYcxIRK5TYDsw895E/M9rpza+CjMmk9RSSWaL4pQjq9DkddRjmhLLR45gopm7FZEB1phYF1DRhRDMv7xIGmeV4KLi352Xq9d5HAU4hCM4gQAuoQq3UIM6EHiEZ3iFN095L9679zFrXfLymQP4A+/zBx5njtQ=</latexit>

�+

<latexit sha1_base64="sOtOlvYf9Pc2K4/L1TJMgy36EEQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48R8oJkCbOT3mTIzOwyMyuEkI/w4kERr36PN//GSbIHjRY0FFXddHdFqeDG+v6XV1hb39jcKm6Xdnb39g/Kh0ctk2SaYZMlItGdiBoUXGHTciuwk2qkMhLYjsZ3c7/9iNrwRDXsJMVQ0qHiMWfUOqnd05I0sNUvV/yqvwD5S4KcVCBHvV/+7A0SlklUlglqTDfwUxtOqbacCZyVepnBlLIxHWLXUUUlmnC6OHdGzpwyIHGiXSlLFurPiSmVxkxk5DoltSOz6s3F/7xuZuObcMpVmllUbLkozgSxCZn/TgZcI7Ni4ghlmrtbCRtRTZl1CZVcCMHqy39J66IaXFX9h8tK7TaPowgncArnEMA11OAe6tAEBmN4ghd49VLv2Xvz3petBS+fOYZf8D6+Ab/cjy8=</latexit>

TeV

Minimal DM

EW production

<latexit sha1_base64="nyB2HKYx/qoNOPOX30O8085R/zY=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFclUREXRZFcOGign1AE8JkMmmHziRhZlIooX/ixoUibv0Td/6N0zYLbT0wcDjnXO6dE2acKe0439bK6tr6xmZlq7q9s7u3bx8ctlWaS0JbJOWp7IZYUc4S2tJMc9rNJMUi5LQTDm+nfmdEpWJp8qTHGfUF7icsZgRrIwW27T2YcISDwpMC3XUmgV1z6s4MaJm4JalBiWZgf3lRSnJBE004VqrnOpn2Cyw1I5xOql6uaIbJEPdpz9AEC6r8Ynb5BJ0aJUJxKs1LNJqpvycKLJQai9AkBdYDtehNxf+8Xq7ja79gSZZrmpD5ojjnSKdoWgOKmKRE87EhmEhmbkVkgCUm2pRVNSW4i19eJu3zuntZdx4vao2bso4KHMMJnIELV9CAe2hCCwiM4Ble4c0qrBfr3fqYR1escuYI/sD6/AH5mpM7</latexit>

⇤EW

<latexit sha1_base64="jPk1dAWTMkPP6Ou0W1Ep8kFsZzE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU8mKqMeiF48V7Ae0a8mm2TY2myxJVihL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIbi/G3V1hZXVvfKG6WtrZ3dvfK+wdNo1JNWYMqoXQ7JIYJLlnDcitYO9GMxKFgrXB0M/VbT0wbruS9HScsiMlA8ohTYp3U7NIhf8C9cgVX8Qxomfg5qUCOeq/81e0rmsZMWiqIMR0fJzbIiLacCjYpdVPDEkJHZMA6jkoSMxNks2sn6MQpfRQp7UpaNFN/T2QkNmYch64zJnZoFr2p+J/XSW10FWRcJqllks4XRalAVqHp66jPNaNWjB0hVHN3K6JDogm1LqCSC8FffHmZNM+q/kUV351Xatd5HEU4gmM4BR8uoQa3UIcGUHiEZ3iFN095L9679zFvLXj5zCH8gff5AyX7jtk=</latexit>

�0

<latexit sha1_base64="sOtOlvYf9Pc2K4/L1TJMgy36EEQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48R8oJkCbOT3mTIzOwyMyuEkI/w4kERr36PN//GSbIHjRY0FFXddHdFqeDG+v6XV1hb39jcKm6Xdnb39g/Kh0ctk2SaYZMlItGdiBoUXGHTciuwk2qkMhLYjsZ3c7/9iNrwRDXsJMVQ0qHiMWfUOqnd05I0sNUvV/yqvwD5S4KcVCBHvV/+7A0SlklUlglqTDfwUxtOqbacCZyVepnBlLIxHWLXUUUlmnC6OHdGzpwyIHGiXSlLFurPiSmVxkxk5DoltSOz6s3F/7xuZuObcMpVmllUbLkozgSxCZn/TgZcI7Ni4ghlmrtbCRtRTZl1CZVcCMHqy39J66IaXFX9h8tK7TaPowgncArnEMA11OAe6tAEBmN4ghd49VLv2Xvz3petBS+fOYZf8D6+Ab/cjy8=</latexit>

TeV

<latexit sha1_base64="nyB2HKYx/qoNOPOX30O8085R/zY=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFclUREXRZFcOGign1AE8JkMmmHziRhZlIooX/ixoUibv0Td/6N0zYLbT0wcDjnXO6dE2acKe0439bK6tr6xmZlq7q9s7u3bx8ctlWaS0JbJOWp7IZYUc4S2tJMc9rNJMUi5LQTDm+nfmdEpWJp8qTHGfUF7icsZgRrIwW27T2YcISDwpMC3XUmgV1z6s4MaJm4JalBiWZgf3lRSnJBE004VqrnOpn2Cyw1I5xOql6uaIbJEPdpz9AEC6r8Ynb5BJ0aJUJxKs1LNJqpvycKLJQai9AkBdYDtehNxf+8Xq7ja79gSZZrmpD5ojjnSKdoWgOKmKRE87EhmEhmbkVkgCUm2pRVNSW4i19eJu3zuntZdx4vao2bso4KHMMJnIELV9CAe2hCCwiM4Ble4c0qrBfr3fqYR1escuYI/sD6/AH5mpM7</latexit>

⇤EW
<latexit sha1_base64="jPk1dAWTMkPP6Ou0W1Ep8kFsZzE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU8mKqMeiF48V7Ae0a8mm2TY2myxJVihL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIbi/G3V1hZXVvfKG6WtrZ3dvfK+wdNo1JNWYMqoXQ7JIYJLlnDcitYO9GMxKFgrXB0M/VbT0wbruS9HScsiMlA8ohTYp3U7NIhf8C9cgVX8Qxomfg5qUCOeq/81e0rmsZMWiqIMR0fJzbIiLacCjYpdVPDEkJHZMA6jkoSMxNks2sn6MQpfRQp7UpaNFN/T2QkNmYch64zJnZoFr2p+J/XSW10FWRcJqllks4XRalAVqHp66jPNaNWjB0hVHN3K6JDogm1LqCSC8FffHmZNM+q/kUV351Xatd5HEU4gmM4BR8uoQa3UIcGUHiEZ3iFN095L9679zFvLXj5zCH8gff5AyX7jtk=</latexit>

�0

<latexit sha1_base64="zM4Rm3gvkhaMGyfHkEDGJDwzYG8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBAEIeyKqMegF48RzAOSNcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1peWV1bL2wUN7e2d3ZLe/sNo1JNaJ0ornQrwoZyJmndMstpK9EUi4jTZjS8mfjNJ6oNU/LejhIaCtyXLGYEWyc1OmTAHk67pbJf8adAiyTISRly1Lqlr05PkVRQaQnHxrQDP7FhhrVlhNNxsZMammAyxH3adlRiQU2YTa8do2On9FCstCtp0VT9PZFhYcxIRK5TYDsw895E/M9rpza+CjMmk9RSSWaL4pQjq9DkddRjmhLLR45gopm7FZEB1phYF1DRhRDMv7xIGmeV4KLi352Xq9d5HAU4hCM4gQAuoQq3UIM6EHiEZ3iFN095L9679zFrXfLymQP4A+/zBx5njtQ=</latexit>

�+

<latexit sha1_base64="sOtOlvYf9Pc2K4/L1TJMgy36EEQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48R8oJkCbOT3mTIzOwyMyuEkI/w4kERr36PN//GSbIHjRY0FFXddHdFqeDG+v6XV1hb39jcKm6Xdnb39g/Kh0ctk2SaYZMlItGdiBoUXGHTciuwk2qkMhLYjsZ3c7/9iNrwRDXsJMVQ0qHiMWfUOqnd05I0sNUvV/yqvwD5S4KcVCBHvV/+7A0SlklUlglqTDfwUxtOqbacCZyVepnBlLIxHWLXUUUlmnC6OHdGzpwyIHGiXSlLFurPiSmVxkxk5DoltSOz6s3F/7xuZuObcMpVmllUbLkozgSxCZn/TgZcI7Ni4ghlmrtbCRtRTZl1CZVcCMHqy39J66IaXFX9h8tK7TaPowgncArnEMA11OAe6tAEBmN4ghd49VLv2Xvz3petBS+fOYZf8D6+Ab/cjy8=</latexit>

TeV
<latexit sha1_base64="zM4Rm3gvkhaMGyfHkEDGJDwzYG8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBAEIeyKqMegF48RzAOSNcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1peWV1bL2wUN7e2d3ZLe/sNo1JNaJ0ornQrwoZyJmndMstpK9EUi4jTZjS8mfjNJ6oNU/LejhIaCtyXLGYEWyc1OmTAHk67pbJf8adAiyTISRly1Lqlr05PkVRQaQnHxrQDP7FhhrVlhNNxsZMammAyxH3adlRiQU2YTa8do2On9FCstCtp0VT9PZFhYcxIRK5TYDsw895E/M9rpza+CjMmk9RSSWaL4pQjq9DkddRjmhLLR45gopm7FZEB1phYF1DRhRDMv7xIGmeV4KLi352Xq9d5HAU4hCM4gQAuoQq3UIM6EHiEZ3iFN095L9679zFrXfLymQP4A+/zBx5njtQ=</latexit>

�+

Rodolfo Capdevilla, Fermilab
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Beyond Minimal Dark Matter!

<latexit sha1_base64="1jERd2uTheA50UJ2vfw/4qP6VGs=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBiyURUY9FLx4rmLbQxrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2ymtrK6tb5Q3K1vbO7t77v5BUyeZIjQgCU9UO8KaciZpYJjhtJ0qikXEaSsa3U791hNVmiXywYxTGgo8kCxmBBsrBV2RPZ713KpX82ZAy8QvSBUKNHruV7efkExQaQjHWnd8LzVhjpVhhNNJpZtpmmIywgPasVRiQXWYz46doBOr9FGcKFvSoJn6eyLHQuuxiGynwGaoF72p+J/XyUx8HeZMppmhkswXxRlHJkHTz1GfKUoMH1uCiWL2VkSGWGFibD4VG4K/+PIyaZ7X/Muad39Rrd8UcZThCI7hFHy4gjrcQQMCIMDgGV7hzZHOi/PufMxbS04xcwh/4Hz+AH5rjno=</latexit>

µ�

<latexit sha1_base64="EovfbdJYTJtptvEXSWWHwUTpKio=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBZBEEoioh6LXjxWMG2hjWWz3bRLdzdhdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmRSln2njet1NaWV1b3yhvVra2d3b33P2Dpk4yRWhAEp6odoQ15UzSwDDDaTtVFIuI01Y0up36rSeqNEvkgxmnNBR4IFnMCDZWCroiezzruVWv5s2AlolfkCoUaPTcr24/IZmg0hCOte74XmrCHCvDCKeTSjfTNMVkhAe0Y6nEguownx07QSdW6aM4UbakQTP190SOhdZjEdlOgc1QL3pT8T+vk5n4OsyZTDNDJZkvijOOTIKmn6M+U5QYPrYEE8XsrYgMscLE2HwqNgR/8eVl0jyv+Zc17/6iWr8p4ijDERzDKfhwBXW4gwYEQIDBM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AXtjjng=</latexit>

µ+
<latexit sha1_base64="zM4Rm3gvkhaMGyfHkEDGJDwzYG8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBAEIeyKqMegF48RzAOSNcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1peWV1bL2wUN7e2d3ZLe/sNo1JNaJ0ornQrwoZyJmndMstpK9EUi4jTZjS8mfjNJ6oNU/LejhIaCtyXLGYEWyc1OmTAHk67pbJf8adAiyTISRly1Lqlr05PkVRQaQnHxrQDP7FhhrVlhNNxsZMammAyxH3adlRiQU2YTa8do2On9FCstCtp0VT9PZFhYcxIRK5TYDsw895E/M9rpza+CjMmk9RSSWaL4pQjq9DkddRjmhLLR45gopm7FZEB1phYF1DRhRDMv7xIGmeV4KLi352Xq9d5HAU4hCM4gQAuoQq3UIM6EHiEZ3iFN095L9679zFrXfLymQP4A+/zBx5njtQ=</latexit>

�+

<latexit sha1_base64="Q4Zmfzd4bHidNC/EJmDG5+PSBwM=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBC8GHZF1GPQi8cI5gHJGmYns8mYeSwzs0JY8g9ePCji1f/x5t84SfagiQUNRVU33V1Rwpmxvv/tLS2vrK6tFzaKm1vbO7ulvf2GUakmtE4UV7oVYUM5k7RumeW0lWiKRcRpMxreTPzmE9WGKXlvRwkNBe5LFjOCrZMaHTJgD6fdUtmv+FOgRRLkpAw5at3SV6enSCqotIRjY9qBn9gww9oywum42EkNTTAZ4j5tOyqxoCbMpteO0bFTeihW2pW0aKr+nsiwMGYkItcpsB2YeW8i/ue1UxtfhRmTSWqpJLNFccqRVWjyOuoxTYnlI0cw0czdisgAa0ysC6joQgjmX14kjbNKcFHx787L1es8jgIcwhGcQACXUIVbqEEdCDzCM7zCm6e8F+/d+5i1Lnn5zAH8gff5AyFvjtY=</latexit>

��

<latexit sha1_base64="heKJsmKMLcOPIxTkhzptUN4WOOg=">AAAB73icbVBNS8NAEJ34WetX1aOXYBE81UREPRa9eKxgP7ANZbLdtEt3N3F3I5TQP+HFgyJe/Tve/Ddu2xy09cHA470ZZuaFCWfaeN63s7S8srq2Xtgobm5t7+yW9vYbOk4VoXUS81i1QtSUM0nrhhlOW4miKEJOm+HwZuI3n6jSLJb3ZpTQQGBfsogRNFZqdfooBJ4+dEtlr+JN4S4SPydlyFHrlr46vZikgkpDOGrd9r3EBBkqwwin42In1TRBMsQ+bVsqUVAdZNN7x+6xVXpuFCtb0rhT9fdEhkLrkQhtp0Az0PPeRPzPa6cmugoyJpPUUElmi6KUuyZ2J8+7PaYoMXxkCRLF7K0uGaBCYmxERRuCP//yImmcVfyLind3Xq5e53EU4BCO4AR8uIQq3EIN6kCAwzO8wpvz6Lw4787HrHXJyWcO4A+czx+nD4+3</latexit>

�/Z

<latexit sha1_base64="jPk1dAWTMkPP6Ou0W1Ep8kFsZzE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU8mKqMeiF48V7Ae0a8mm2TY2myxJVihL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIbi/G3V1hZXVvfKG6WtrZ3dvfK+wdNo1JNWYMqoXQ7JIYJLlnDcitYO9GMxKFgrXB0M/VbT0wbruS9HScsiMlA8ohTYp3U7NIhf8C9cgVX8Qxomfg5qUCOeq/81e0rmsZMWiqIMR0fJzbIiLacCjYpdVPDEkJHZMA6jkoSMxNks2sn6MQpfRQp7UpaNFN/T2QkNmYch64zJnZoFr2p+J/XSW10FWRcJqllks4XRalAVqHp66jPNaNWjB0hVHN3K6JDogm1LqCSC8FffHmZNM+q/kUV351Xatd5HEU4gmM4BR8uoQa3UIcGUHiEZ3iFN095L9679zFvLXj5zCH8gff5AyX7jtk=</latexit>

�0

<latexit sha1_base64="jPk1dAWTMkPP6Ou0W1Ep8kFsZzE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU8mKqMeiF48V7Ae0a8mm2TY2myxJVihL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIbi/G3V1hZXVvfKG6WtrZ3dvfK+wdNo1JNWYMqoXQ7JIYJLlnDcitYO9GMxKFgrXB0M/VbT0wbruS9HScsiMlA8ohTYp3U7NIhf8C9cgVX8Qxomfg5qUCOeq/81e0rmsZMWiqIMR0fJzbIiLacCjYpdVPDEkJHZMA6jkoSMxNks2sn6MQpfRQp7UpaNFN/T2QkNmYch64zJnZoFr2p+J/XSW10FWRcJqllks4XRalAVqHp66jPNaNWjB0hVHN3K6JDogm1LqCSC8FffHmZNM+q/kUV351Xatd5HEU4gmM4BR8uoQa3UIcGUHiEZ3iFN095L9679zFvLXj5zCH8gff5AyX7jtk=</latexit>

�0

<latexit sha1_base64="lYvV2/gXhK8ZGDu7dQ3NUlI0vzU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoioh6LXjxWMG2hjWWznbZLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dho5TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPR7dRvPqHSPJYPZpxgENGB5H3OqLGS30n441m3XHGr7gxkmXg5qUCOerf81enFLI1QGiao1m3PTUyQUWU4EzgpdVKNCWUjOsC2pZJGqINsduyEnFilR/qxsiUNmam/JzIaaT2OQtsZUTPUi95U/M9rp6Z/HWRcJqlByeaL+qkgJibTz0mPK2RGjC2hTHF7K2FDqigzNp+SDcFbfHmZNM6r3mXVvb+o1G7yOIpwBMdwCh5cQQ3uoA4+MODwDK/w5kjnxXl3PuatBSefOYQ/cD5/AG2wjm8=</latexit>

⇡+

<latexit sha1_base64="7QZafRecnP2UbF8FqiDtOFjoKoA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx4rmLbQxrLZTtulm03Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RRWVtfWN4qbpa3tnd298v5BQ8epYuizWMSqFVKNgkv0DTcCW4lCGoUCm+Hoduo3n1BpHssHM04wiOhA8j5n1FjJ7yT88axbrrhVdwayTLycVCBHvVv+6vRilkYoDRNU67bnJibIqDKcCZyUOqnGhLIRHWDbUkkj1EE2O3ZCTqzSI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ue1U9O/DjIuk9SgZPNF/VQQE5Pp56THFTIjxpZQpri9lbAhVZQZm0/JhuAtvrxMGudV77Lq3l9Uajd5HEU4gmM4BQ+uoAZ3UAcfGHB4hld4c6Tz4rw7H/PWgpPPHMIfOJ8/cLiOcQ==</latexit>

⇡�

Long lifetime

Compressed 
spectrum

Undetectable 
decay 

products!

EW production

<latexit sha1_base64="zM4Rm3gvkhaMGyfHkEDGJDwzYG8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBAEIeyKqMegF48RzAOSNcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1peWV1bL2wUN7e2d3ZLe/sNo1JNaJ0ornQrwoZyJmndMstpK9EUi4jTZjS8mfjNJ6oNU/LejhIaCtyXLGYEWyc1OmTAHk67pbJf8adAiyTISRly1Lqlr05PkVRQaQnHxrQDP7FhhrVlhNNxsZMammAyxH3adlRiQU2YTa8do2On9FCstCtp0VT9PZFhYcxIRK5TYDsw895E/M9rpza+CjMmk9RSSWaL4pQjq9DkddRjmhLLR45gopm7FZEB1phYF1DRhRDMv7xIGmeV4KLi352Xq9d5HAU4hCM4gQAuoQq3UIM6EHiEZ3iFN095L9679zFrXfLymQP4A+/zBx5njtQ=</latexit>

�+

<latexit sha1_base64="7QZafRecnP2UbF8FqiDtOFjoKoA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx4rmLbQxrLZTtulm03Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RRWVtfWN4qbpa3tnd298v5BQ8epYuizWMSqFVKNgkv0DTcCW4lCGoUCm+Hoduo3n1BpHssHM04wiOhA8j5n1FjJ7yT88axbrrhVdwayTLycVCBHvVv+6vRilkYoDRNU67bnJibIqDKcCZyUOqnGhLIRHWDbUkkj1EE2O3ZCTqzSI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ue1U9O/DjIuk9SgZPNF/VQQE5Pp56THFTIjxpZQpri9lbAhVZQZm0/JhuAtvrxMGudV77Lq3l9Uajd5HEU4gmM4BQ+uoAZ3UAcfGHB4hld4c6Tz4rw7H/PWgpPPHMIfOJ8/cLiOcQ==</latexit>

⇡�

<latexit sha1_base64="lYvV2/gXhK8ZGDu7dQ3NUlI0vzU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoioh6LXjxWMG2hjWWznbZLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dho5TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPR7dRvPqHSPJYPZpxgENGB5H3OqLGS30n441m3XHGr7gxkmXg5qUCOerf81enFLI1QGiao1m3PTUyQUWU4EzgpdVKNCWUjOsC2pZJGqINsduyEnFilR/qxsiUNmam/JzIaaT2OQtsZUTPUi95U/M9rp6Z/HWRcJqlByeaL+qkgJibTz0mPK2RGjC2hTHF7K2FDqigzNp+SDcFbfHmZNM6r3mXVvb+o1G7yOIpwBMdwCh5cQQ3uoA4+MODwDK/w5kjnxXl3PuatBSefOYQ/cD5/AG2wjm8=</latexit>

⇡+

<latexit sha1_base64="jPk1dAWTMkPP6Ou0W1Ep8kFsZzE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU8mKqMeiF48V7Ae0a8mm2TY2myxJVihL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIbi/G3V1hZXVvfKG6WtrZ3dvfK+wdNo1JNWYMqoXQ7JIYJLlnDcitYO9GMxKFgrXB0M/VbT0wbruS9HScsiMlA8ohTYp3U7NIhf8C9cgVX8Qxomfg5qUCOeq/81e0rmsZMWiqIMR0fJzbIiLacCjYpdVPDEkJHZMA6jkoSMxNks2sn6MQpfRQp7UpaNFN/T2QkNmYch64zJnZoFr2p+J/XSW10FWRcJqllks4XRalAVqHp66jPNaNWjB0hVHN3K6JDogm1LqCSC8FffHmZNM+q/kUV351Xatd5HEU4gmM4BR8uoQa3UIcGUHiEZ3iFN095L9679zFvLXj5zCH8gff5AyX7jtk=</latexit>

�0

<latexit sha1_base64="jPk1dAWTMkPP6Ou0W1Ep8kFsZzE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU8mKqMeiF48V7Ae0a8mm2TY2myxJVihL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIbi/G3V1hZXVvfKG6WtrZ3dvfK+wdNo1JNWYMqoXQ7JIYJLlnDcitYO9GMxKFgrXB0M/VbT0wbruS9HScsiMlA8ohTYp3U7NIhf8C9cgVX8Qxomfg5qUCOeq/81e0rmsZMWiqIMR0fJzbIiLacCjYpdVPDEkJHZMA6jkoSMxNks2sn6MQpfRQp7UpaNFN/T2QkNmYch64zJnZoFr2p+J/XSW10FWRcJqllks4XRalAVqHp66jPNaNWjB0hVHN3K6JDogm1LqCSC8FffHmZNM+q/kUV351Xatd5HEU4gmM4BR8uoQa3UIcGUHiEZ3iFN095L9679zFvLXj5zCH8gff5AyX7jtk=</latexit>

�0

Arcadi et al., Eur. Phys. J. C 78 (2018) 3, 203

Long lifetime = Small coupling 
                                       = inefficient DM annihilation

Rodolfo Capdevilla, Fermilab

<latexit sha1_base64="xM238gO3LqiRJwDRLmQrmO/2zhE=">AAACJnicbVBNSwMxFMz6bf2qevQSLEJFKLsi6kUQvXhUsK3QrSWbvm1Ds9kleSuUZX+NF/+KFw+KiDd/imm7B7UOBIaZeUneBIkUBl3305mZnZtfWFxaLq2srq1vlDe3GiZONYc6j2Ws7wJmQAoFdRQo4S7RwKJAQjMYXI785gNoI2J1i8ME2hHrKREKztBKnfKZLyHEqh9AT6iMac2GecZz6vO+uM8Oct8vqGs1UN0i4mvR6+N+p1xxa+4YdJp4BamQAted8qvfjXkagUIumTEtz02wbS9FwSXkJT81kDA+YD1oWapYBKadjdfM6Z5VujSMtT0K6Vj9OZGxyJhhFNhkxLBv/noj8T+vlWJ42s6ESlIExScPhamkGNNRZ7QrNHCUQ0sY18L+lfI+04yjbbZkS/D+rjxNGoc177jm3hxVzi+KOpbIDtklVeKRE3JOrsg1qRNOHskzeSVvzpPz4rw7H5PojFPMbJNfcL6+Adx/pqA=</latexit>✓
�+

�0

◆

Both particles belong to 
the same EW multiplet!
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Beyond Minimal Dark Matter!

<latexit sha1_base64="1jERd2uTheA50UJ2vfw/4qP6VGs=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBiyURUY9FLx4rmLbQxrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzopQzbTzv2ymtrK6tb5Q3K1vbO7t77v5BUyeZIjQgCU9UO8KaciZpYJjhtJ0qikXEaSsa3U791hNVmiXywYxTGgo8kCxmBBsrBV2RPZ713KpX82ZAy8QvSBUKNHruV7efkExQaQjHWnd8LzVhjpVhhNNJpZtpmmIywgPasVRiQXWYz46doBOr9FGcKFvSoJn6eyLHQuuxiGynwGaoF72p+J/XyUx8HeZMppmhkswXxRlHJkHTz1GfKUoMH1uCiWL2VkSGWGFibD4VG4K/+PIyaZ7X/Muad39Rrd8UcZThCI7hFHy4gjrcQQMCIMDgGV7hzZHOi/PufMxbS04xcwh/4Hz+AH5rjno=</latexit>

µ�

<latexit sha1_base64="EovfbdJYTJtptvEXSWWHwUTpKio=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBZBEEoioh6LXjxWMG2hjWWz3bRLdzdhdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmRSln2njet1NaWV1b3yhvVra2d3b33P2Dpk4yRWhAEp6odoQ15UzSwDDDaTtVFIuI01Y0up36rSeqNEvkgxmnNBR4IFnMCDZWCroiezzruVWv5s2AlolfkCoUaPTcr24/IZmg0hCOte74XmrCHCvDCKeTSjfTNMVkhAe0Y6nEguownx07QSdW6aM4UbakQTP190SOhdZjEdlOgc1QL3pT8T+vk5n4OsyZTDNDJZkvijOOTIKmn6M+U5QYPrYEE8XsrYgMscLE2HwqNgR/8eVl0jyv+Zc17/6iWr8p4ijDERzDKfhwBXW4gwYEQIDBM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AXtjjng=</latexit>

µ+
<latexit sha1_base64="zM4Rm3gvkhaMGyfHkEDGJDwzYG8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBAEIeyKqMegF48RzAOSNcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1peWV1bL2wUN7e2d3ZLe/sNo1JNaJ0ornQrwoZyJmndMstpK9EUi4jTZjS8mfjNJ6oNU/LejhIaCtyXLGYEWyc1OmTAHk67pbJf8adAiyTISRly1Lqlr05PkVRQaQnHxrQDP7FhhrVlhNNxsZMammAyxH3adlRiQU2YTa8do2On9FCstCtp0VT9PZFhYcxIRK5TYDsw895E/M9rpza+CjMmk9RSSWaL4pQjq9DkddRjmhLLR45gopm7FZEB1phYF1DRhRDMv7xIGmeV4KLi352Xq9d5HAU4hCM4gQAuoQq3UIM6EHiEZ3iFN095L9679zFrXfLymQP4A+/zBx5njtQ=</latexit>

�+

<latexit sha1_base64="Q4Zmfzd4bHidNC/EJmDG5+PSBwM=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBC8GHZF1GPQi8cI5gHJGmYns8mYeSwzs0JY8g9ePCji1f/x5t84SfagiQUNRVU33V1Rwpmxvv/tLS2vrK6tFzaKm1vbO7ulvf2GUakmtE4UV7oVYUM5k7RumeW0lWiKRcRpMxreTPzmE9WGKXlvRwkNBe5LFjOCrZMaHTJgD6fdUtmv+FOgRRLkpAw5at3SV6enSCqotIRjY9qBn9gww9oywum42EkNTTAZ4j5tOyqxoCbMpteO0bFTeihW2pW0aKr+nsiwMGYkItcpsB2YeW8i/ue1UxtfhRmTSWqpJLNFccqRVWjyOuoxTYnlI0cw0czdisgAa0ysC6joQgjmX14kjbNKcFHx787L1es8jgIcwhGcQACXUIVbqEEdCDzCM7zCm6e8F+/d+5i1Lnn5zAH8gff5AyFvjtY=</latexit>

��

<latexit sha1_base64="heKJsmKMLcOPIxTkhzptUN4WOOg=">AAAB73icbVBNS8NAEJ34WetX1aOXYBE81UREPRa9eKxgP7ANZbLdtEt3N3F3I5TQP+HFgyJe/Tve/Ddu2xy09cHA470ZZuaFCWfaeN63s7S8srq2Xtgobm5t7+yW9vYbOk4VoXUS81i1QtSUM0nrhhlOW4miKEJOm+HwZuI3n6jSLJb3ZpTQQGBfsogRNFZqdfooBJ4+dEtlr+JN4S4SPydlyFHrlr46vZikgkpDOGrd9r3EBBkqwwin42In1TRBMsQ+bVsqUVAdZNN7x+6xVXpuFCtb0rhT9fdEhkLrkQhtp0Az0PPeRPzPa6cmugoyJpPUUElmi6KUuyZ2J8+7PaYoMXxkCRLF7K0uGaBCYmxERRuCP//yImmcVfyLind3Xq5e53EU4BCO4AR8uIQq3EIN6kCAwzO8wpvz6Lw4787HrHXJyWcO4A+czx+nD4+3</latexit>

�/Z

<latexit sha1_base64="jPk1dAWTMkPP6Ou0W1Ep8kFsZzE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU8mKqMeiF48V7Ae0a8mm2TY2myxJVihL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIbi/G3V1hZXVvfKG6WtrZ3dvfK+wdNo1JNWYMqoXQ7JIYJLlnDcitYO9GMxKFgrXB0M/VbT0wbruS9HScsiMlA8ohTYp3U7NIhf8C9cgVX8Qxomfg5qUCOeq/81e0rmsZMWiqIMR0fJzbIiLacCjYpdVPDEkJHZMA6jkoSMxNks2sn6MQpfRQp7UpaNFN/T2QkNmYch64zJnZoFr2p+J/XSW10FWRcJqllks4XRalAVqHp66jPNaNWjB0hVHN3K6JDogm1LqCSC8FffHmZNM+q/kUV351Xatd5HEU4gmM4BR8uoQa3UIcGUHiEZ3iFN095L9679zFvLXj5zCH8gff5AyX7jtk=</latexit>

�0

<latexit sha1_base64="jPk1dAWTMkPP6Ou0W1Ep8kFsZzE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU8mKqMeiF48V7Ae0a8mm2TY2myxJVihL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIbi/G3V1hZXVvfKG6WtrZ3dvfK+wdNo1JNWYMqoXQ7JIYJLlnDcitYO9GMxKFgrXB0M/VbT0wbruS9HScsiMlA8ohTYp3U7NIhf8C9cgVX8Qxomfg5qUCOeq/81e0rmsZMWiqIMR0fJzbIiLacCjYpdVPDEkJHZMA6jkoSMxNks2sn6MQpfRQp7UpaNFN/T2QkNmYch64zJnZoFr2p+J/XSW10FWRcJqllks4XRalAVqHp66jPNaNWjB0hVHN3K6JDogm1LqCSC8FffHmZNM+q/kUV351Xatd5HEU4gmM4BR8uoQa3UIcGUHiEZ3iFN095L9679zFvLXj5zCH8gff5AyX7jtk=</latexit>

�0

<latexit sha1_base64="lYvV2/gXhK8ZGDu7dQ3NUlI0vzU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoioh6LXjxWMG2hjWWznbZLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dho5TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPR7dRvPqHSPJYPZpxgENGB5H3OqLGS30n441m3XHGr7gxkmXg5qUCOerf81enFLI1QGiao1m3PTUyQUWU4EzgpdVKNCWUjOsC2pZJGqINsduyEnFilR/qxsiUNmam/JzIaaT2OQtsZUTPUi95U/M9rp6Z/HWRcJqlByeaL+qkgJibTz0mPK2RGjC2hTHF7K2FDqigzNp+SDcFbfHmZNM6r3mXVvb+o1G7yOIpwBMdwCh5cQQ3uoA4+MODwDK/w5kjnxXl3PuatBSefOYQ/cD5/AG2wjm8=</latexit>

⇡+

<latexit sha1_base64="7QZafRecnP2UbF8FqiDtOFjoKoA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx4rmLbQxrLZTtulm03Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RRWVtfWN4qbpa3tnd298v5BQ8epYuizWMSqFVKNgkv0DTcCW4lCGoUCm+Hoduo3n1BpHssHM04wiOhA8j5n1FjJ7yT88axbrrhVdwayTLycVCBHvVv+6vRilkYoDRNU67bnJibIqDKcCZyUOqnGhLIRHWDbUkkj1EE2O3ZCTqzSI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ue1U9O/DjIuk9SgZPNF/VQQE5Pp56THFTIjxpZQpri9lbAhVZQZm0/JhuAtvrxMGudV77Lq3l9Uajd5HEU4gmM4BQ+uoAZ3UAcfGHB4hld4c6Tz4rw7H/PWgpPPHMIfOJ8/cLiOcQ==</latexit>

⇡�

Long lifetime

Compressed 
spectrum

Undetectable 
decay 

products!

EW production

Long lifetime = Small coupling 
                               = Slow DM population

Calibbi, D'Eramo, Junius, Lopez-Honorez, 
Mariotti, JHEP 05 (2021) 234

Negligible 
abundance in the 

early Universe

<latexit sha1_base64="aOKm2C79tEg7Kiw2+Gs54pB6FNQ=">AAAB+HicbVBNS8NAEN34WetHox69LBZBEEoioh5LvXisYD+giWWznbRLN5u4uynU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmBQlnSjvOt7Wyura+sVnYKm7v7O6V7P2DpopTSaFBYx7LdkAUcCagoZnm0E4kkCjg0AqGN1O/NQKpWCzu9TgBPyJ9wUJGiTZS1y55dMAezrAHjykb4VrXLjsVZwa8TNyclFGOetf+8noxTSMQmnKiVMd1Eu1nRGpGOUyKXqogIXRI+tAxVJAIlJ/NDp/gE6P0cBhLU0Ljmfp7IiORUuMoMJ0R0QO16E3F/7xOqsNrP2MiSTUIOl8UphzrGE9TwD0mgWo+NoRQycytmA6IJFSbrIomBHfx5WXSPK+4lxXn7qJcreVxFNAROkanyEVXqIpuUR01EEUpekav6M16sl6sd+tj3rpi5TOH6A+szx+aT5Jn</latexit>

�+ ⌘ B

<latexit sha1_base64="p3+b8U7K+D5fGa8DG5pFwhUxDHY=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBU9gVUY9BLx4jmAcka5idzCZDZmfXeQTiki/x4kERr36KN//GSbIHTSxoKKq66e4KU86U9rxvZ2V1bX1js7BV3N7Z3Su5+wcNlRhJaJ0kPJGtECvKmaB1zTSnrVRSHIecNsPhzdRvjqhULBH3epzSIMZ9wSJGsLZS1y11yIA9eKhDHw0boVbXLXsVbwa0TPyclCFHret+dXoJMTEVmnCsVNv3Uh1kWGpGOJ0UO0bRFJMh7tO2pQLHVAXZ7PAJOrFKD0WJtCU0mqm/JzIcKzWOQ9sZYz1Qi95U/M9rGx1dBRkTqdFUkPmiyHCkEzRNAfWYpETzsSWYSGZvRWSAJSbaZlW0IfiLLy+TxlnFv6h4d+fl6nUeRwGO4BhOwYdLqMIt1KAOBAw8wyu8OU/Oi/PufMxbV5x85hD+wPn8AcNokoI=</latexit>

�0 ⌘ X

<latexit sha1_base64="pgtTuvvawhV2DuUTTCyvU4AyYkQ=">AAAB+3icdVDLSsNAFJ34rPUV69LNYBFcSJkUqe1CKLrQZQX7gCaEyXTaDp1JwsxELCG/4saFIm79EXf+jZO2gooeuHA4517uvSeIOVMaoQ9raXlldW29sFHc3Nre2bX3Sh0VJZLQNol4JHsBVpSzkLY105z2YkmxCDjtBpPL3O/eUalYFN7qaUw9gUchGzKCtZF8uyT8HjyHjnuSulLAK9rJfLuMKsigVoM5cerIMaTRqFerDejMLITKYIGWb7+7g4gkgoaacKxU30Gx9lIsNSOcZkU3UTTGZIJHtG9oiAVVXjq7PYNHRhnAYSRNhRrO1O8TKRZKTUVgOgXWY/Xby8W/vH6ih3UvZWGcaBqS+aJhwqGOYB4EHDBJieZTQzCRzNwKyRhLTLSJq2hC+PoU/k861YpTq6Cb03LzYhFHARyAQ3AMHHAGmuAatEAbEHAPHsATeLYy69F6sV7nrUvWYmYf/ID19glBBZNQ</latexit>

mX = 1GeV

<latexit sha1_base64="VcgP6uaeh146VzZLQNj6scwTCVI=">AAAB/HicdVBNSwMxEM3Wr1q/qj16CRbBg5Tstrb1IBS9eBEq2FroLiWbpm1osrskWaEs9a948aCIV3+IN/+N2baCij4YeLw3w8w8P+JMaYQ+rMzS8srqWnY9t7G5tb2T391rqzCWhLZIyEPZ8bGinAW0pZnmtBNJioXP6a0/vkj92zsqFQuDGz2JqCfwMGADRrA2Ui9fEL0OPIM2co8TVwp4RdvTXr6ISqf1qnPiQFRCqOaUqylxahWnDG2jpCiCBZq9/LvbD0ksaKAJx0p1bRRpL8FSM8LpNOfGikaYjPGQdg0NsKDKS2bHT+GhUfpwEEpTgYYz9ftEgoVSE+GbToH1SP32UvEvrxvrQd1LWBDFmgZkvmgQc6hDmCYB+0xSovnEEEwkM7dCMsISE23yypkQvj6F/5O2U7KrJXRdKTbOF3FkwT44AEfABjXQAJegCVqAgAl4AE/g2bq3Hq0X63XemrEWMwXwA9bbJ8eak5c=</latexit>

mX = 10MeV

<latexit sha1_base64="Uc+/oRNNjz+9zMl1PQDvWPwMBmk=">AAAB/XicdZDLSgMxFIYz9VbrrV52boJFcCFDprTqRii6cVnBXqAdhkyatqFJZkgyQh2Kr+LGhSJufQ93vo1pO4KKHgj5+f5zyMkfxpxpg9CHk1tYXFpeya8W1tY3NreK2ztNHSWK0AaJeKTaIdaUM0kbhhlO27GiWISctsLR5dRv3VKlWSRvzDimvsADyfqMYGNRUNwTQRueQw+h7nHaVQKOaHMSFEvIrSJbZYjc6V2pwoxUoTcjCJVAVvWg+N7tRSQRVBrCsdYdD8XGT7EyjHA6KXQTTWNMRnhAO1ZKLKj209n2E3hoSQ/2I2WPNHBGv0+kWGg9FqHtFNgM9W9vCv/yOonpn/kpk3FiqCTzh/oJhyaC0yhgjylKDB9bgYlidldIhlhhYmxgBRvC10/h/6JZdr0TF11XSrWLLI482AcH4Ah44BTUwBWogwYg4A48gCfw7Nw7j86L8zpvzTnZzC74Uc7bJyoGk8U=</latexit>

mX = 100 keV

<latexit sha1_base64="O16OIsHAvWf8d/ePUEmY8H9GuGA=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KCURUY9FLx4r2A9oQtlsJ+3aTbLsboRS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8UAqujet+Oyura+sbm4Wt4vbO7t5+6eCwqdNMMWywVKSqHVKNgifYMNwIbEuFNA4FtsLh7dRvPaHSPE0ezEhiENN+wiPOqLGS76MQFeJLXiGP3VLZrbozkGXi5aQMOerd0pffS1kWY2KYoFp3PFeaYEyV4UzgpOhnGiVlQ9rHjqUJjVEH49nNE3JqlR6JUmUrMWSm/p4Y01jrURzazpiagV70puJ/Xicz0XUw5onMDCZsvijKBDEpmQZAelwhM2JkCWWK21sJG1BFmbExFW0I3uLLy6R5XvUuq+79Rbl2k8dRgGM4gTPw4ApqcAd1aAADCc/wCm9O5rw4787HvHXFyWeO4A+czx+mJ5DH</latexit>

`,⇡, j

Rodolfo Capdevilla, Fermilab
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Beyond Minimal Dark Matter!

Long lifetime = Small coupling 
                               = Slow DM population

Calibbi, D'Eramo, Junius, Lopez-Honorez, 
Mariotti, JHEP 05 (2021) 234

<latexit sha1_base64="aOKm2C79tEg7Kiw2+Gs54pB6FNQ=">AAAB+HicbVBNS8NAEN34WetHox69LBZBEEoioh5LvXisYD+giWWznbRLN5u4uynU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmBQlnSjvOt7Wyura+sVnYKm7v7O6V7P2DpopTSaFBYx7LdkAUcCagoZnm0E4kkCjg0AqGN1O/NQKpWCzu9TgBPyJ9wUJGiTZS1y55dMAezrAHjykb4VrXLjsVZwa8TNyclFGOetf+8noxTSMQmnKiVMd1Eu1nRGpGOUyKXqogIXRI+tAxVJAIlJ/NDp/gE6P0cBhLU0Ljmfp7IiORUuMoMJ0R0QO16E3F/7xOqsNrP2MiSTUIOl8UphzrGE9TwD0mgWo+NoRQycytmA6IJFSbrIomBHfx5WXSPK+4lxXn7qJcreVxFNAROkanyEVXqIpuUR01EEUpekav6M16sl6sd+tj3rpi5TOH6A+szx+aT5Jn</latexit>

�+ ⌘ B

<latexit sha1_base64="p3+b8U7K+D5fGa8DG5pFwhUxDHY=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBU9gVUY9BLx4jmAcka5idzCZDZmfXeQTiki/x4kERr36KN//GSbIHTSxoKKq66e4KU86U9rxvZ2V1bX1js7BV3N7Z3Su5+wcNlRhJaJ0kPJGtECvKmaB1zTSnrVRSHIecNsPhzdRvjqhULBH3epzSIMZ9wSJGsLZS1y11yIA9eKhDHw0boVbXLXsVbwa0TPyclCFHret+dXoJMTEVmnCsVNv3Uh1kWGpGOJ0UO0bRFJMh7tO2pQLHVAXZ7PAJOrFKD0WJtCU0mqm/JzIcKzWOQ9sZYz1Qi95U/M9rGx1dBRkTqdFUkPmiyHCkEzRNAfWYpETzsSWYSGZvRWSAJSbaZlW0IfiLLy+TxlnFv6h4d+fl6nUeRwGO4BhOwYdLqMIt1KAOBAw8wyu8OU/Oi/PufMxbV5x85hD+wPn8AcNokoI=</latexit>

�0 ⌘ X

<latexit sha1_base64="pgtTuvvawhV2DuUTTCyvU4AyYkQ=">AAAB+3icdVDLSsNAFJ34rPUV69LNYBFcSJkUqe1CKLrQZQX7gCaEyXTaDp1JwsxELCG/4saFIm79EXf+jZO2gooeuHA4517uvSeIOVMaoQ9raXlldW29sFHc3Nre2bX3Sh0VJZLQNol4JHsBVpSzkLY105z2YkmxCDjtBpPL3O/eUalYFN7qaUw9gUchGzKCtZF8uyT8HjyHjnuSulLAK9rJfLuMKsigVoM5cerIMaTRqFerDejMLITKYIGWb7+7g4gkgoaacKxU30Gx9lIsNSOcZkU3UTTGZIJHtG9oiAVVXjq7PYNHRhnAYSRNhRrO1O8TKRZKTUVgOgXWY/Xby8W/vH6ih3UvZWGcaBqS+aJhwqGOYB4EHDBJieZTQzCRzNwKyRhLTLSJq2hC+PoU/k861YpTq6Cb03LzYhFHARyAQ3AMHHAGmuAatEAbEHAPHsATeLYy69F6sV7nrUvWYmYf/ID19glBBZNQ</latexit>

mX = 1GeV

<latexit sha1_base64="VcgP6uaeh146VzZLQNj6scwTCVI=">AAAB/HicdVBNSwMxEM3Wr1q/qj16CRbBg5Tstrb1IBS9eBEq2FroLiWbpm1osrskWaEs9a948aCIV3+IN/+N2baCij4YeLw3w8w8P+JMaYQ+rMzS8srqWnY9t7G5tb2T391rqzCWhLZIyEPZ8bGinAW0pZnmtBNJioXP6a0/vkj92zsqFQuDGz2JqCfwMGADRrA2Ui9fEL0OPIM2co8TVwp4RdvTXr6ISqf1qnPiQFRCqOaUqylxahWnDG2jpCiCBZq9/LvbD0ksaKAJx0p1bRRpL8FSM8LpNOfGikaYjPGQdg0NsKDKS2bHT+GhUfpwEEpTgYYz9ftEgoVSE+GbToH1SP32UvEvrxvrQd1LWBDFmgZkvmgQc6hDmCYB+0xSovnEEEwkM7dCMsISE23yypkQvj6F/5O2U7KrJXRdKTbOF3FkwT44AEfABjXQAJegCVqAgAl4AE/g2bq3Hq0X63XemrEWMwXwA9bbJ8eak5c=</latexit>

mX = 10MeV

<latexit sha1_base64="Uc+/oRNNjz+9zMl1PQDvWPwMBmk=">AAAB/XicdZDLSgMxFIYz9VbrrV52boJFcCFDprTqRii6cVnBXqAdhkyatqFJZkgyQh2Kr+LGhSJufQ93vo1pO4KKHgj5+f5zyMkfxpxpg9CHk1tYXFpeya8W1tY3NreK2ztNHSWK0AaJeKTaIdaUM0kbhhlO27GiWISctsLR5dRv3VKlWSRvzDimvsADyfqMYGNRUNwTQRueQw+h7nHaVQKOaHMSFEvIrSJbZYjc6V2pwoxUoTcjCJVAVvWg+N7tRSQRVBrCsdYdD8XGT7EyjHA6KXQTTWNMRnhAO1ZKLKj209n2E3hoSQ/2I2WPNHBGv0+kWGg9FqHtFNgM9W9vCv/yOonpn/kpk3FiqCTzh/oJhyaC0yhgjylKDB9bgYlidldIhlhhYmxgBRvC10/h/6JZdr0TF11XSrWLLI482AcH4Ah44BTUwBWogwYg4A48gCfw7Nw7j86L8zpvzTnZzC74Uc7bJyoGk8U=</latexit>

mX = 100 keV

<latexit sha1_base64="Uc+/oRNNjz+9zMl1PQDvWPwMBmk=">AAAB/XicdZDLSgMxFIYz9VbrrV52boJFcCFDprTqRii6cVnBXqAdhkyatqFJZkgyQh2Kr+LGhSJufQ93vo1pO4KKHgj5+f5zyMkfxpxpg9CHk1tYXFpeya8W1tY3NreK2ztNHSWK0AaJeKTaIdaUM0kbhhlO27GiWISctsLR5dRv3VKlWSRvzDimvsADyfqMYGNRUNwTQRueQw+h7nHaVQKOaHMSFEvIrSJbZYjc6V2pwoxUoTcjCJVAVvWg+N7tRSQRVBrCsdYdD8XGT7EyjHA6KXQTTWNMRnhAO1ZKLKj209n2E3hoSQ/2I2WPNHBGv0+kWGg9FqHtFNgM9W9vCv/yOonpn/kpk3FiqCTzh/oJhyaC0yhgjylKDB9bgYlidldIhlhhYmxgBRvC10/h/6JZdr0TF11XSrWLLI482AcH4Ah44BTUwBWogwYg4A48gCfw7Nw7j86L8zpvzTnZzC74Uc7bJyoGk8U=</latexit>

mX = 100 keV

<latexit sha1_base64="j3NNZf0wN9a8JGX2qJT06kop3LM=">AAAB/HicdVBNSwMxEM3Wr1q/Vnv0EiyCBynptrb1IBS9eBEq2FroLiWbpm1osrskWaEs9a948aCIV3+IN/+N2baCij4YeLw3w8w8P+JMaYQ+rMzS8srqWnY9t7G5tb1j7+61VRhLQlsk5KHs+FhRzgLa0kxz2okkxcLn9NYfX6T+7R2VioXBjZ5E1BN4GLABI1gbqWfnRa8Dz2AZuceJKwW8ou1pzy6g4mm96pw4EBURqjnlakqcWsUpw5JRUhTAAs2e/e72QxILGmjCsVLdEoq0l2CpGeF0mnNjRSNMxnhIu4YGWFDlJbPjp/DQKH04CKWpQMOZ+n0iwUKpifBNp8B6pH57qfiX1431oO4lLIhiTQMyXzSIOdQhTJOAfSYp0XxiCCaSmVshGWGJiTZ55UwIX5/C/0nbKZaqRXRdKTTOF3FkwT44AEegBGqgAS5BE7QAARPwAJ7As3VvPVov1uu8NWMtZvLgB6y3T8q6k5k=</latexit>

mX = 30MeV
<latexit sha1_base64="jwf8RA6/DIATO7/5awRDEECirIg=">AAAB/XicdVDLSgMxFM34rPU1PnZugkVwISVTpbYLoehClxXsAzrDkEkzbWgyMyQZoQ7FX3HjQhG3/oc7/8b0IajogQuHc+7l3nuChDOlEfqw5uYXFpeWcyv51bX1jU17a7up4lQS2iAxj2U7wIpyFtGGZprTdiIpFgGnrWBwMfZbt1QqFkc3ephQT+BexEJGsDaSb+8Kvw3P4DFC7lHmSgEvaXPk2wVURAblMhwTp4IcQ6rVSqlUhc7EQqgAZqj79rvbjUkqaKQJx0p1HJRoL8NSM8LpKO+miiaYDHCPdgyNsKDKyybXj+CBUbowjKWpSMOJ+n0iw0KpoQhMp8C6r357Y/Evr5PqsOJlLEpSTSMyXRSmHOoYjqOAXSYp0XxoCCaSmVsh6WOJiTaB5U0IX5/C/0mzVHTKRXR9Uqidz+LIgT2wDw6BA05BDVyBOmgAAu7AA3gCz9a99Wi9WK/T1jlrNrMDfsB6+wQn9pPG</latexit>

mX = 300GeV
<latexit sha1_base64="O16OIsHAvWf8d/ePUEmY8H9GuGA=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KCURUY9FLx4r2A9oQtlsJ+3aTbLsboRS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8UAqujet+Oyura+sbm4Wt4vbO7t5+6eCwqdNMMWywVKSqHVKNgifYMNwIbEuFNA4FtsLh7dRvPaHSPE0ezEhiENN+wiPOqLGS76MQFeJLXiGP3VLZrbozkGXi5aQMOerd0pffS1kWY2KYoFp3PFeaYEyV4UzgpOhnGiVlQ9rHjqUJjVEH49nNE3JqlR6JUmUrMWSm/p4Y01jrURzazpiagV70puJ/Xicz0XUw5onMDCZsvijKBDEpmQZAelwhM2JkCWWK21sJG1BFmbExFW0I3uLLy6R5XvUuq+79Rbl2k8dRgGM4gTPw4ApqcAd1aAADCc/wCm9O5rw4787HvHXFyWeO4A+czx+mJ5DH</latexit>

`,⇡, j
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Exotic Signals

Calibbi, D'Eramo, Junius, Lopez-Honorez, 
Mariotti, JHEP 05 (2021) 234

<latexit sha1_base64="aOKm2C79tEg7Kiw2+Gs54pB6FNQ=">AAAB+HicbVBNS8NAEN34WetHox69LBZBEEoioh5LvXisYD+giWWznbRLN5u4uynU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmBQlnSjvOt7Wyura+sVnYKm7v7O6V7P2DpopTSaFBYx7LdkAUcCagoZnm0E4kkCjg0AqGN1O/NQKpWCzu9TgBPyJ9wUJGiTZS1y55dMAezrAHjykb4VrXLjsVZwa8TNyclFGOetf+8noxTSMQmnKiVMd1Eu1nRGpGOUyKXqogIXRI+tAxVJAIlJ/NDp/gE6P0cBhLU0Ljmfp7IiORUuMoMJ0R0QO16E3F/7xOqsNrP2MiSTUIOl8UphzrGE9TwD0mgWo+NoRQycytmA6IJFSbrIomBHfx5WXSPK+4lxXn7qJcreVxFNAROkanyEVXqIpuUR01EEUpekav6M16sl6sd+tj3rpi5TOH6A+szx+aT5Jn</latexit>

�+ ⌘ B

<latexit sha1_base64="p3+b8U7K+D5fGa8DG5pFwhUxDHY=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBU9gVUY9BLx4jmAcka5idzCZDZmfXeQTiki/x4kERr36KN//GSbIHTSxoKKq66e4KU86U9rxvZ2V1bX1js7BV3N7Z3Su5+wcNlRhJaJ0kPJGtECvKmaB1zTSnrVRSHIecNsPhzdRvjqhULBH3epzSIMZ9wSJGsLZS1y11yIA9eKhDHw0boVbXLXsVbwa0TPyclCFHret+dXoJMTEVmnCsVNv3Uh1kWGpGOJ0UO0bRFJMh7tO2pQLHVAXZ7PAJOrFKD0WJtCU0mqm/JzIcKzWOQ9sZYz1Qi95U/M9rGx1dBRkTqdFUkPmiyHCkEzRNAfWYpETzsSWYSGZvRWSAJSbaZlW0IfiLLy+TxlnFv6h4d+fl6nUeRwGO4BhOwYdLqMIt1KAOBAw8wyu8OU/Oi/PufMxbV5x85hD+wPn8AcNokoI=</latexit>

�0 ⌘ X

<latexit sha1_base64="O16OIsHAvWf8d/ePUEmY8H9GuGA=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KCURUY9FLx4r2A9oQtlsJ+3aTbLsboRS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8UAqujet+Oyura+sbm4Wt4vbO7t5+6eCwqdNMMWywVKSqHVKNgifYMNwIbEuFNA4FtsLh7dRvPaHSPE0ezEhiENN+wiPOqLGS76MQFeJLXiGP3VLZrbozkGXi5aQMOerd0pffS1kWY2KYoFp3PFeaYEyV4UzgpOhnGiVlQ9rHjqUJjVEH49nNE3JqlR6JUmUrMWSm/p4Y01jrURzazpiagV70puJ/Xicz0XUw5onMDCZsvijKBDEpmQZAelwhM2JkCWWK21sJG1BFmbExFW0I3uLLy6R5XvUuq+79Rbl2k8dRgGM4gTPw4ApqcAd1aAADCc/wCm9O5rw4787HvHXFyWeO4A+czx+mJ5DH</latexit>

`,⇡, j

Rodolfo Capdevilla, Fermilab



13

Exotic Signals

Calibbi, D'Eramo, Junius, Lopez-Honorez, 
Mariotti, JHEP 05 (2021) 234

High RHT 
Light DM

Small RHT 
Heavier DM

<latexit sha1_base64="v3M54qwonuxjnr3i7OZLvkgR68U=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkoioi5LXeiygn1AEsJkOmmHzkzCzEQpsZ/ixoUibv0Sd/6N0zYLbT1w4XDOvdx7T5QyqrTjfFulldW19Y3yZmVre2d3z67ud1SSSUzaOGGJ7EVIEUYFaWuqGemlkiAeMdKNRtdTv/tApKKJuNfjlAQcDQSNKUbaSKFd5WET+qde7ksOb0hnEoR2zak7M8Bl4hakBgq0QvvL7yc440RozJBSnuukOsiR1BQzMqn4mSIpwiM0IJ6hAnGignx2+gQeG6UP40SaEhrO1N8TOeJKjXlkOjnSQ7XoTcX/PC/T8VWQU5Fmmgg8XxRnDOoETnOAfSoJ1mxsCMKSmlshHiKJsDZpVUwI7uLLy6RzVncv6s7dea3RLOIog0NwBE6ACy5BA9yCFmgDDB7BM3gFb9aT9WK9Wx/z1pJVzByAP7A+fwDhpZMd</latexit>

mB [GeV]

<latexit sha1_base64="SPdMz+X+lNF1yPmJ+gfuOJM5so0=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU8kWUY9FLx4r2g9ol5JNs21oNlmSrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ3FuNvr7C2vrG5Vdwu7ezu7R+UD49aRqWasiZVQulOSAwTXLKm5VawTqIZiUPB2uH4dua3n5g2XMlHO0lYEJOh5BGnxDrpoYZxv1zBVTwHWiV+TiqQo9Evf/UGiqYxk5YKYkzXx4kNMqItp4JNS73UsITQMRmyrqOSxMwE2fzUKTpzygBFSruSFs3V3xMZiY2ZxKHrjIkdmWVvJv7ndVMbXQcZl0lqmaSLRVEqkFVo9jcacM2oFRNHCNXc3YroiGhCrUun5ELwl19eJa1a1b+s4vuLSv0mj6MIJ3AK5+DDFdThDhrQBApDeIZXePOE9+K9ex+L1oKXzxzDH3ifP1m0jS8=</latexit>

200
<latexit sha1_base64="zR2CO2D1VdGcM9MwHnMec+2dLDE=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU8mqqMeiF48V7Qe0S8mm2TY0myxJVihLf4IXD4p49Rd589+YtnvQ1gcDj/dmmJkXJoIbi/G3V1hZXVvfKG6WtrZ3dvfK+wdNo1JNWYMqoXQ7JIYJLlnDcitYO9GMxKFgrXB0O/VbT0wbruSjHScsiMlA8ohTYp30cI5xr1zBVTwDWiZ+TiqQo94rf3X7iqYxk5YKYkzHx4kNMqItp4JNSt3UsITQERmwjqOSxMwE2ezUCTpxSh9FSruSFs3U3xMZiY0Zx6HrjIkdmkVvKv7ndVIbXQcZl0lqmaTzRVEqkFVo+jfqc82oFWNHCNXc3YrokGhCrUun5ELwF19eJs2zqn9ZxfcXldpNHkcRjuAYTsGHK6jBHdShARQG8Ayv8OYJ78V79z7mrQUvnzmEP/A+fwBbOo0w</latexit>

300
<latexit sha1_base64="ba6r5M0boBTYVKvMl7d898ec6mo=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU8lKUY9FLx4r2g9ol5JNs21oNlmSrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ3FuNvr7C2vrG5Vdwu7ezu7R+UD49aRqWasiZVQulOSAwTXLKm5VawTqIZiUPB2uH4dua3n5g2XMlHO0lYEJOh5BGnxDrpoYZxv1zBVTwHWiV+TiqQo9Evf/UGiqYxk5YKYkzXx4kNMqItp4JNS73UsITQMRmyrqOSxMwE2fzUKTpzygBFSruSFs3V3xMZiY2ZxKHrjIkdmWVvJv7ndVMbXQcZl0lqmaSLRVEqkFVo9jcacM2oFRNHCNXc3YroiGhCrUun5ELwl19eJa2Lqn9Zxfe1Sv0mj6MIJ3AK5+DDFdThDhrQBApDeIZXePOE9+K9ex+L1oKXzxzDH3ifP1zAjTE=</latexit>

400
<latexit sha1_base64="CPnMws/KYhIFyQh+hZGH1U2WidA=">AAAB6nicbVDLSgMxFL1TX7W+qi7dBIvgqmTE17LoxmVF+4B2KJk004ZmkiHJCGXoJ7hxoYhbv8idf2PazkJbD1w4nHMv994TJoIbi/G3V1hZXVvfKG6WtrZ3dvfK+wdNo1JNWYMqoXQ7JIYJLlnDcitYO9GMxKFgrXB0O/VbT0wbruSjHScsiMlA8ohTYp30cIFxr1zBVTwDWiZ+TiqQo94rf3X7iqYxk5YKYkzHx4kNMqItp4JNSt3UsITQERmwjqOSxMwE2ezUCTpxSh9FSruSFs3U3xMZiY0Zx6HrjIkdmkVvKv7ndVIbXQcZl0lqmaTzRVEqkFVo+jfqc82oFWNHCNXc3YrokGhCrUun5ELwF19eJs2zqn9ZxffnldpNHkcRjuAYTsGHK6jBHdShARQG8Ayv8OYJ78V79z7mrQUvnzmEP/A+fwBeRo0y</latexit>

500
<latexit sha1_base64="ccrM5QouvjT66lfhzIGjO5B+Hgs=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU8mKVI9FLx4r2g9ol5JNs21oNlmSrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ3FuNvr7C2vrG5Vdwu7ezu7R+UD49aRqWasiZVQulOSAwTXLKm5VawTqIZiUPB2uH4dua3n5g2XMlHO0lYEJOh5BGnxDrpoYZxv1zBVTwHWiV+TiqQo9Evf/UGiqYxk5YKYkzXx4kNMqItp4JNS73UsITQMRmyrqOSxMwE2fzUKTpzygBFSruSFs3V3xMZiY2ZxKHrjIkdmWVvJv7ndVMbXQcZl0lqmaSLRVEqkFVo9jcacM2oFRNHCNXc3YroiGhCrUun5ELwl19eJa2Lql+r4vvLSv0mj6MIJ3AK5+DDFdThDhrQBApDeIZXePOE9+K9ex+L1oKXzxzDH3ifP1/MjTM=</latexit>

600

<latexit sha1_base64="qnfFG5EIOpKNXgqFVLNREntA1l0=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEIHqQkIuqx1IvHCvYDmhA22027dDcJuxOhxB78K148KOLVv+HNf+O2zUFbHww83pthZl6YCq7Bcb6tpeWV1bX10kZ5c2t7Z9fe22/pJFOUNWkiEtUJiWaCx6wJHATrpIoRGQrWDoc3E7/9wJTmSXwPo5T5kvRjHnFKwEiBfUixByQL6tg7w93cUxJTOfYDu+JUnSnwInELUkEFGoH95fUSmkkWAxVE667rpODnRAGngo3LXqZZSuiQ9FnX0JhIpv18ev8Ynxilh6NEmYoBT9XfEzmRWo9kaDolgYGe9ybif143g+jaz3mcZsBiOlsUZQJDgidh4B5XjIIYGUKo4uZWTAdEEQomsrIJwZ1/eZG0zqvuZdW5u6jU6kUcJXSEjtEpctEVqqFb1EBNRNEjekav6M16sl6sd+tj1rpkFTMH6A+szx8/85T5</latexit> c⌧
B
[c
m
]

<latexit sha1_base64="v3M54qwonuxjnr3i7OZLvkgR68U=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkoioi5LXeiygn1AEsJkOmmHzkzCzEQpsZ/ixoUibv0Sd/6N0zYLbT1w4XDOvdx7T5QyqrTjfFulldW19Y3yZmVre2d3z67ud1SSSUzaOGGJ7EVIEUYFaWuqGemlkiAeMdKNRtdTv/tApKKJuNfjlAQcDQSNKUbaSKFd5WET+qde7ksOb0hnEoR2zak7M8Bl4hakBgq0QvvL7yc440RozJBSnuukOsiR1BQzMqn4mSIpwiM0IJ6hAnGignx2+gQeG6UP40SaEhrO1N8TOeJKjXlkOjnSQ7XoTcX/PC/T8VWQU5Fmmgg8XxRnDOoETnOAfSoJ1mxsCMKSmlshHiKJsDZpVUwI7uLLy6RzVncv6s7dea3RLOIog0NwBE6ACy5BA9yCFmgDDB7BM3gFb9aT9WK9Wx/z1pJVzByAP7A+fwDhpZMd</latexit>

mB [GeV]

<latexit sha1_base64="SPdMz+X+lNF1yPmJ+gfuOJM5so0=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU8kWUY9FLx4r2g9ol5JNs21oNlmSrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ3FuNvr7C2vrG5Vdwu7ezu7R+UD49aRqWasiZVQulOSAwTXLKm5VawTqIZiUPB2uH4dua3n5g2XMlHO0lYEJOh5BGnxDrpoYZxv1zBVTwHWiV+TiqQo9Evf/UGiqYxk5YKYkzXx4kNMqItp4JNS73UsITQMRmyrqOSxMwE2fzUKTpzygBFSruSFs3V3xMZiY2ZxKHrjIkdmWVvJv7ndVMbXQcZl0lqmaSLRVEqkFVo9jcacM2oFRNHCNXc3YroiGhCrUun5ELwl19eJa1a1b+s4vuLSv0mj6MIJ3AK5+DDFdThDhrQBApDeIZXePOE9+K9ex+L1oKXzxzDH3ifP1m0jS8=</latexit>

200
<latexit sha1_base64="zR2CO2D1VdGcM9MwHnMec+2dLDE=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU8mqqMeiF48V7Qe0S8mm2TY0myxJVihLf4IXD4p49Rd589+YtnvQ1gcDj/dmmJkXJoIbi/G3V1hZXVvfKG6WtrZ3dvfK+wdNo1JNWYMqoXQ7JIYJLlnDcitYO9GMxKFgrXB0O/VbT0wbruSjHScsiMlA8ohTYp30cI5xr1zBVTwDWiZ+TiqQo94rf3X7iqYxk5YKYkzHx4kNMqItp4JNSt3UsITQERmwjqOSxMwE2ezUCTpxSh9FSruSFs3U3xMZiY0Zx6HrjIkdmkVvKv7ndVIbXQcZl0lqmaTzRVEqkFVo+jfqc82oFWNHCNXc3YrokGhCrUun5ELwF19eJs2zqn9ZxfcXldpNHkcRjuAYTsGHK6jBHdShARQG8Ayv8OYJ78V79z7mrQUvnzmEP/A+fwBbOo0w</latexit>

300
<latexit sha1_base64="ba6r5M0boBTYVKvMl7d898ec6mo=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU8lKUY9FLx4r2g9ol5JNs21oNlmSrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ3FuNvr7C2vrG5Vdwu7ezu7R+UD49aRqWasiZVQulOSAwTXLKm5VawTqIZiUPB2uH4dua3n5g2XMlHO0lYEJOh5BGnxDrpoYZxv1zBVTwHWiV+TiqQo9Evf/UGiqYxk5YKYkzXx4kNMqItp4JNS73UsITQMRmyrqOSxMwE2fzUKTpzygBFSruSFs3V3xMZiY2ZxKHrjIkdmWVvJv7ndVMbXQcZl0lqmaSLRVEqkFVo9jcacM2oFRNHCNXc3YroiGhCrUun5ELwl19eJa2Lqn9Zxfe1Sv0mj6MIJ3AK5+DDFdThDhrQBApDeIZXePOE9+K9ex+L1oKXzxzDH3ifP1zAjTE=</latexit>

400
<latexit sha1_base64="CPnMws/KYhIFyQh+hZGH1U2WidA=">AAAB6nicbVDLSgMxFL1TX7W+qi7dBIvgqmTE17LoxmVF+4B2KJk004ZmkiHJCGXoJ7hxoYhbv8idf2PazkJbD1w4nHMv994TJoIbi/G3V1hZXVvfKG6WtrZ3dvfK+wdNo1JNWYMqoXQ7JIYJLlnDcitYO9GMxKFgrXB0O/VbT0wbruSjHScsiMlA8ohTYp30cIFxr1zBVTwDWiZ+TiqQo94rf3X7iqYxk5YKYkzHx4kNMqItp4JNSt3UsITQERmwjqOSxMwE2ezUCTpxSh9FSruSFs3U3xMZiY0Zx6HrjIkdmkVvKv7ndVIbXQcZl0lqmaTzRVEqkFVo+jfqc82oFWNHCNXc3YrokGhCrUun5ELwF19eJs2zqn9ZxffnldpNHkcRjuAYTsGHK6jBHdShARQG8Ayv8OYJ78V79z7mrQUvnzmEP/A+fwBeRo0y</latexit>

500
<latexit sha1_base64="ccrM5QouvjT66lfhzIGjO5B+Hgs=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU8mKVI9FLx4r2g9ol5JNs21oNlmSrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ3FuNvr7C2vrG5Vdwu7ezu7R+UD49aRqWasiZVQulOSAwTXLKm5VawTqIZiUPB2uH4dua3n5g2XMlHO0lYEJOh5BGnxDrpoYZxv1zBVTwHWiV+TiqQo9Evf/UGiqYxk5YKYkzXx4kNMqItp4JNS73UsITQMRmyrqOSxMwE2fzUKTpzygBFSruSFs3V3xMZiY2ZxKHrjIkdmWVvJv7ndVMbXQcZl0lqmaSLRVEqkFVo9jcacM2oFRNHCNXc3YroiGhCrUun5ELwl19eJa2Lql+r4vvLSv0mj6MIJ3AK5+DDFdThDhrQBApDeIZXePOE9+K9ex+L1oKXzxzDH3ifP1/MjTM=</latexit>

600

<latexit sha1_base64="qnfFG5EIOpKNXgqFVLNREntA1l0=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEIHqQkIuqx1IvHCvYDmhA22027dDcJuxOhxB78K148KOLVv+HNf+O2zUFbHww83pthZl6YCq7Bcb6tpeWV1bX10kZ5c2t7Z9fe22/pJFOUNWkiEtUJiWaCx6wJHATrpIoRGQrWDoc3E7/9wJTmSXwPo5T5kvRjHnFKwEiBfUixByQL6tg7w93cUxJTOfYDu+JUnSnwInELUkEFGoH95fUSmkkWAxVE667rpODnRAGngo3LXqZZSuiQ9FnX0JhIpv18ev8Ynxilh6NEmYoBT9XfEzmRWo9kaDolgYGe9ybif143g+jaz3mcZsBiOlsUZQJDgidh4B5XjIIYGUKo4uZWTAdEEQomsrIJwZ1/eZG0zqvuZdW5u6jU6kUcJXSEjtEpctEVqqFb1EBNRNEjekav6M16sl6sd+tj1rpkFTMH6A+szx8/85T5</latexit> c⌧
B
[c
m
]

Longer lifetimes: HSCP 
Intermediate lifetimes: DT 

Shorter lifetimes: DL

Rodolfo Capdevilla, Fermilab

<latexit sha1_base64="aOKm2C79tEg7Kiw2+Gs54pB6FNQ=">AAAB+HicbVBNS8NAEN34WetHox69LBZBEEoioh5LvXisYD+giWWznbRLN5u4uynU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmBQlnSjvOt7Wyura+sVnYKm7v7O6V7P2DpopTSaFBYx7LdkAUcCagoZnm0E4kkCjg0AqGN1O/NQKpWCzu9TgBPyJ9wUJGiTZS1y55dMAezrAHjykb4VrXLjsVZwa8TNyclFGOetf+8noxTSMQmnKiVMd1Eu1nRGpGOUyKXqogIXRI+tAxVJAIlJ/NDp/gE6P0cBhLU0Ljmfp7IiORUuMoMJ0R0QO16E3F/7xOqsNrP2MiSTUIOl8UphzrGE9TwD0mgWo+NoRQycytmA6IJFSbrIomBHfx5WXSPK+4lxXn7qJcreVxFNAROkanyEVXqIpuUR01EEUpekav6M16sl6sd+tj3rpi5TOH6A+szx+aT5Jn</latexit>

�+ ⌘ B

<latexit sha1_base64="p3+b8U7K+D5fGa8DG5pFwhUxDHY=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBU9gVUY9BLx4jmAcka5idzCZDZmfXeQTiki/x4kERr36KN//GSbIHTSxoKKq66e4KU86U9rxvZ2V1bX1js7BV3N7Z3Su5+wcNlRhJaJ0kPJGtECvKmaB1zTSnrVRSHIecNsPhzdRvjqhULBH3epzSIMZ9wSJGsLZS1y11yIA9eKhDHw0boVbXLXsVbwa0TPyclCFHret+dXoJMTEVmnCsVNv3Uh1kWGpGOJ0UO0bRFJMh7tO2pQLHVAXZ7PAJOrFKD0WJtCU0mqm/JzIcKzWOQ9sZYz1Qi95U/M9rGx1dBRkTqdFUkPmiyHCkEzRNAfWYpETzsSWYSGZvRWSAJSbaZlW0IfiLLy+TxlnFv6h4d+fl6nUeRwGO4BhOwYdLqMIt1KAOBAw8wyu8OU/Oi/PufMxbV5x85hD+wPn8AcNokoI=</latexit>

�0 ⌘ X

<latexit sha1_base64="O16OIsHAvWf8d/ePUEmY8H9GuGA=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KCURUY9FLx4r2A9oQtlsJ+3aTbLsboRS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8UAqujet+Oyura+sbm4Wt4vbO7t5+6eCwqdNMMWywVKSqHVKNgifYMNwIbEuFNA4FtsLh7dRvPaHSPE0ezEhiENN+wiPOqLGS76MQFeJLXiGP3VLZrbozkGXi5aQMOerd0pffS1kWY2KYoFp3PFeaYEyV4UzgpOhnGiVlQ9rHjqUJjVEH49nNE3JqlR6JUmUrMWSm/p4Y01jrURzazpiagV70puJ/Xicz0XUw5onMDCZsvijKBDEpmQZAelwhM2JkCWWK21sJG1BFmbExFW0I3uLLy6R5XvUuq+79Rbl2k8dRgGM4gTPw4ApqcAd1aAADCc/wCm9O5rw4787HvHXFyWeO4A+czx+mJ5DH</latexit>

`,⇡, j



Summary

1. Disappearing tracks: Great opportunities for Minimal DM (small 

splittings), but also for long-lived sleptons (small couplings).


2. LLP signatures can probe Cosmological scenarios of out of equilibrium 

DM production. For a given parent particle mass and lifetime one can 

find a connexion between the reheat temperature and the DM mass.


3. Some of these models can produce displaced jets. Can we measure 

the impact parameter of a jet?

14

Thank You!

Rodolfo Capdevilla, Fermilab



Backup!

15 Rodolfo Capdevilla, Fermilab



Motivation Theoretical 
scenario

Candidate 
particle(s)

Exotic 
Signals 

(Potential Forward 
detector

Exotics

SM+singlet x

2HDM

New gauge 
groups x

VLF

HNL x

Leptoquarks (UV motivated)

Quirks
(bound states)
 x

Hidden 
valleys

Hierarchy 
problem

SUSY
(colored)

(not colored)

Composite

Extra 
dimensions

Neutral 
naturalness

Glueballs,

sQuirks x

DM

Z portal EWikinos-like 
(inelastic)

H portal (Z2 symmetric)

Nu portal x

U(1) portal x

<latexit sha1_base64="gdkPXx1hM4qKO+5zX666mHiW2k4=">AAAB+HicbVDLTgIxFL2DL8QHoy7dNBITF4TMGKMuUTcsMZFHwgykUzrQ0M5M2o4JEr7EjQuNceunuPNvLDALBU9yb07OuTe9PUHCmdKO823l1tY3Nrfy24Wd3b39on1w2FRxKgltkJjHsh1gRTmLaEMzzWk7kRSLgNNWMLqb+a1HKhWLowc9Tqgv8CBiISNYG6lnF2tdLxFlr1zrOqbf9OySU3HmQKvEzUgJMtR79pfXj0kqaKQJx0p1XCfR/gRLzQin04KXKppgMsID2jE0woIqfzI/fIpOjdJHYSxNRRrN1d8bEyyUGovATAqsh2rZm4n/eZ1Uh9f+hEVJqmlEFg+FKUc6RrMUUJ9JSjQfG4KJZOZWRIZYYqJNVgUTgrv85VXSPK+4lxXn/qJUvc3iyMMxnMAZuHAFVahBHRpAIIVneIU368l6sd6tj8Vozsp2juAPrM8fb0eRpA==</latexit>

H
±
, H

0
, A

<latexit sha1_base64="CT+cvA1/o2R56/ZkwOGDwwXKFqM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mnGCfkQHkoecUWOlh7se75UrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8q3oXVff+vFK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w8iOo2z</latexit>

Ni

<latexit sha1_base64="VO+JlbVZetXNLIhe3dEcTJKRbX0=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwUEpSRD0WvXisYtpCE8Jms2mXbj7Y3Sil9qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5QcaZVJb1baysrq1vbJa2yts7u3v7ZuWgLdNcEOqQlKeiG2BJOUuoo5jitJsJiuOA004wvJ76nQcqJEuTezXKqBfjfsIiRrDSkm9WXMV4SNGd36i5NeT4tm9Wrbo1A1omdkGqUKDlm19umJI8pokiHEvZs61MeWMsFCOcTspuLmmGyRD3aU/TBMdUeuPZ6RN0opUQRanQlSg0U39PjHEs5SgOdGeM1UAuelPxP6+Xq+jSG7MkyxVNyHxRlHOkUjTNAYVMUKL4SBNMBNO3IjLAAhOl0yrrEOzFl5dJu1G3z+vW7Vm1eVXEUYIjOIZTsOECmnADLXCAwCM8wyu8GU/Gi/FufMxbV4xi5hD+wPj8AfuSkoQ=</latexit>

R̃2, U1

<latexit sha1_base64="JQlTFtrgT9moPxxxlwVXO4Q088c=">AAACB3icbZDLSsNAFIYn9VbrLepSkGARXEhJRNRl0Y3LCvYCbSiTyaQdOpnEmROhhOzc+CpuXCji1ldw59s4aYNo6w8DH/85hzPn92LOFNj2l1FaWFxaXimvVtbWNza3zO2dlooSSWiTRDySHQ8rypmgTWDAaSeWFIcep21vdJXX2/dUKhaJWxjH1A3xQLCAEQza6pv7PWDcpylkxwXd/dAgq/TNql2zJ7LmwSmgigo1+uZnz49IElIBhGOluo4dg5tiCYxwmlV6iaIxJiM8oF2NAodUuenkjsw61I5vBZHUT4A1cX9PpDhUahx6ujPEMFSztdz8r9ZNILhwUybiBKgg00VBwi2IrDwUy2eSEuBjDZhIpv9qkSGWmICOLg/BmT15HlonNeesZt+cVuuXRRxltIcO0BFy0Dmqo2vUQE1E0AN6Qi/o1Xg0no03433aWjKKmV30R8bHN423mbw=</latexit>

t̃, q̃, g̃

<latexit sha1_base64="+1UpMYUzFwkc5pCluC39NEpJFY8=">AAACCnicbZDLSsNAFIYnXmu9RV26iRbBhZRERF0W3bisYC/QxDKZTNqhM0mYORFKyNqNr+LGhSJufQJ3vo2TNgtt/WHg4z/ncOb8fsKZAtv+NhYWl5ZXVitr1fWNza1tc2e3reJUEtoiMY9l18eKchbRFjDgtJtIioXPaccfXRf1zgOVisXRHYwT6gk8iFjICAZt9c0DlwzZfeYmIj+Zoq0BGA9o5gJO82rfrNl1eyJrHpwSaqhUs29+uUFMUkEjIBwr1XPsBLwMS2CE07zqpoommIzwgPY0RlhQ5WWTU3LrSDuBFcZSvwisift7IsNCqbHwdafAMFSztcL8r9ZLIbz0MhYlKdCITBeFKbcgtopcrIBJSoCPNWAimf6rRYZYYgI6vSIEZ/bkeWif1p3zun17VmtclXFU0D46RMfIQReogW5QE7UQQY/oGb2iN+PJeDHejY9p64JRzuyhPzI+fwBBapqd</latexit>

�±,�0, ⌧̃

<latexit sha1_base64="JPSENwE/HixChOp9DhnDdLcUn/w=">AAAB+HicbVDLTsMwENyUVymPBjhysaiQOKCSlOexggvHIvUltVHkuG5r1XEi20EqUb+ECwcQ4sqncONvcNscoGWk1Y5mduX1BDFnSjvOt5VbWV1b38hvFra2d3aL9t5+U0WJJLRBIh7JdoAV5UzQhmaa03YsKQ4DTlvB6G7qtx6pVCwSdT2OqRfigWB9RrA2km8X2356eXY+Oa37acV03y45ZWcGtEzcjJQgQ823v7q9iCQhFZpwrFTHdWLtpVhqRjidFLqJojEmIzygHUMFDqny0tnhE3RslB7qR9KU0Gim/t5IcajUOAzMZIj1UC16U/E/r5Po/o2XMhEnmgoyf6ifcKQjNE0B9ZikRPOxIZhIZm5FZIglJtpkVTAhuItfXibNStm9KjsPF6XqbRZHHg7hCE7AhWuowj3UoAEEEniGV3iznqwX6936mI/mrGznAP7A+vwB7P6R9w==</latexit>

X5/3, T2/3

<latexit sha1_base64="I/pFCCeu6PMUewl/UPoC6JEMZ7A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoPEIoQ7EbUM2lhYJGA+IDnC3mYvWbK7d+zuCeHIj7CxUMTW32Pnv3GTXKGJDwYe780wMy+IOdPGdb+d3Nr6xuZWfruws7u3f1A8PGrpKFGENknEI9UJsKacSdo0zHDaiRXFIuC0HYzvZn77iSrNIvloJjH1BR5KFjKCjZXajXKlV3ko94slt+rOgVaJl5ESZKj3i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/d4rOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4Y2fMhknhkqyWBQmHJkIzX5HA6YoMXxiCSaK2VsRGWGFibEJFWwI3vLLq6R1UfWuqm7jslS7zeLIwwmcwjl4cA01uIc6NIHAGJ7hFd6c2Hlx3p2PRWvOyWaO4Q+czx+Jr45k</latexit>

Q0, L0

<latexit sha1_base64="DjPyfvI1dphOa8RHTp1+Kgee0jg=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Iroh6LHhR6qWA/oF1KNs22sdlkSbJCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKK6tr6xvFzdLW9s7unrt/0NQyVYQ2iORStUOsKWeCNgwznLYTRXEcctoKRzdTv/VElWZSPJhxQoMYDwSLGMHGSs3bXlarTXpu2at4M6Bl4uekDDnqPfer25ckjakwhGOtO76XmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gE6v0USSVLWHQTP09keFY63Ec2s4Ym6Fe9Kbif14nNdFVkDGRpIYKMl8UpRwZiaavoz5TlBg+tgQTxeytiAyxwsTYgEo2BH/x5WXSPKv4FxXv/rxcvc7jKMIRHMMp+HAJVbiDOjSAwCM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fRsSO7w==</latexit>

GKK

<latexit sha1_base64="x3TWtS2Bceor7Rd0UYBPFAQvJGU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dii/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDr8uM3A==</latexit>

S

<latexit sha1_base64="asIWIKiRf7u3j3kvzJSSYmEF4O4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76msb/rVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27qrsPl7XGbRFHGU7gFM7Bg2towD00wQcGAp7hFd4c5bw4787HorXkFDPH8AfO5w/rj47C</latexit>⌫s
<latexit sha1_base64="e5OluIRxaSsjDpHYXWJxBBDIY2g=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahHiyJiHos9eLBQwXTFtoQNtttu3azCbubQgn9J148KOLVf+LNf+O2zUGrDwYe780wMy9MOFPacb6swsrq2vpGcbO0tb2zu2fvHzRVnEpCPRLzWLZDrChngnqaaU7biaQ4CjlthaObmd8aU6lYLB70JKF+hAeC9RnB2kiBbXsV9zTI6md3ATP1OA3sslN15kB/iZuTMuRoBPZntxeTNKJCE46V6rhOov0MS80Ip9NSN1U0wWSEB7RjqMARVX42v3yKTozSQ/1YmhIazdWfExmOlJpEoemMsB6qZW8m/ud1Ut2/9jMmklRTQRaL+ilHOkazGFCPSUo0nxiCiWTmVkSGWGKiTVglE4K7/PJf0jyvupdV5/6iXKvncRThCI6hAi5cQQ1uoQEeEBjDE7zAq5VZz9ab9b5oLVj5zCH8gvXxDXYvkkM=</latexit>

U(1)B�Li�Lj

<latexit sha1_base64="YvhyWxMiFujrdBWyS2uyuVQHDlQ=">AAAB8XicbVDLTgJBEOz1ifhCPXqZSAyeyK4x6pHoxSMm8oiwIb3DABNmZ5eZWROy4S+8eNAYr/6NN//GAfagYCWdVKq6090VxIJr47rfzsrq2vrGZm4rv72zu7dfODis6yhRlNVoJCLVDFAzwSWrGW4Ea8aKYRgI1giGt1O/8cSU5pF8MOOY+SH2Je9xisZKj6NSO0CVjialTqHolt0ZyDLxMlKEDNVO4avdjWgSMmmoQK1bnhsbP0VlOBVskm8nmsVIh9hnLUslhkz76eziCTm1Spf0ImVLGjJTf0+kGGo9DgPbGaIZ6EVvKv7ntRLTu/ZTLuPEMEnni3qJICYi0/dJlytGjRhbglRxeyuhA1RIjQ0pb0PwFl9eJvXzsndZdu8vipWbLI4cHMMJnIEHV1CBO6hCDShIeIZXeHO08+K8Ox/z1hUnmzmCP3A+fwAzlpCc</latexit>

q0q̄0

<latexit sha1_base64="3/qhL+kyVyzrHzh8xrqKV1WBfHw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBapp5KIqMeiF48V7Ae0oWy2m3Tp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gscSRYygk0uRfWoPqzW3IY7B1olXkFqUKA1rH4NRjFJBZWGcKx133MT42dYGUY4nVUGqaYJJhMc0b6lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2Y73s5eJ/Xj814Y2fMZmkhkqyWBSmHJkY5Y+jEVOUGD61BBPF7K2IjLHCxNh4KjYEb/nlVdK5aHhXDffhsta8LeIowwmcwjl4cA1NuIcWtIHAGJ7hFd4c4bw4787HorXkFDPH8AfO5w9RKY3D</latexit>

g0g0

SignalProduced
<latexit sha1_base64="rSaY4ABRjrkVBpdLVOfuF1evOfY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgrGFNpTNdtMu3WzC7kQoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaWV1b3yhvVra2d3b3qvsHjybJNOM+S2Si2yE1XArFfRQoeTvVnMah5K1wdDv1W09cG5GoBxynPIjpQIlIMIpW8pFcE7dXrbl1dwayTLyC1KBAs1f96vYTlsVcIZPUmI7nphjkVKNgkk8q3czwlLIRHfCOpYrG3AT57NgJObFKn0SJtqWQzNTfEzmNjRnHoe2MKQ7NojcV//M6GUZXQS5UmiFXbL4oyiTBhEw/J32hOUM5toQyLeythA2ppgxtPhUbgrf48jJ5PKt7F3X3/rzWuCniKMMRHMMpeHAJDbiDJvjAQMAzvMKbo5wX5935mLeWnGLmEP7A+fwBfoeN0g==</latexit>

t = 0
<latexit sha1_base64="2pGmPZ2wfLIkG0/cWjKt8XyyrzQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8d3Mbz9xbUSsHnGScD+iQyVCwShaqY3khmDf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/d0rOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms9/JQGjOUE4soUwLeythI6opQ5tQyYbgLb+8SloXVa9WdR8uK/XbPI4inMApnIMHV1CHe2hAExiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AEM+I66</latexit>

t = t1

IP

Particle(s) produced at the interaction point 

Initial time is set by the bunch crossing 

Particle(s) decay beyond the main detector 

Decay products will get caught by the forward detector(s) 

There must be muons in the decay products(?)

Timing FD

 FD

<latexit sha1_base64="bYdYy3xDGBNswQWoy8aScO7WA+I=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBg5RERD0WvXisaD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1NaWV1b3yhvVra2d3b33P2Dlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Db3209UaRbLRzNJaCDwULKIEWxy6eEM4b5b9WreDGiZ+AWpQoFG3/3qDWKSCioN4Vjrru8lJsiwMoxwOq30Uk0TTMZ4SLuWSiyoDrLZrVN0YpUBimJlSxo0U39PZFhoPRGh7RTYjPSil4v/ed3URNdBxmSSGirJfFGUcmRilD+OBkxRYvjEEkwUs7ciMsIKE2PjqdgQ/MWXl0nrvOZf1rz7i2r9poijDEdwDKfgwxXU4Q4a0AQCI3iGV3hzhPPivDsf89aSU8wcwh84nz8mQI2n</latexit>

S, a

<latexit sha1_base64="LHALclKubh/8eKUFjaKUXF3Uums=">AAAB+HicbVBNSwMxEJ2tX7V+dNWjl2CRepCyK6Iei148VrAf2JaSTbNtaJJdkqxQl/4SLx4U8epP8ea/MW33oK0PBh7vzTAzL4g508bzvp3cyura+kZ+s7C1vbNbdPf2GzpKFKF1EvFItQKsKWeS1g0znLZiRbEIOG0Go5up33ykSrNI3ptxTLsCDyQLGcHGSj23+FA+RU1bnQEWApd7bsmreDOgZeJnpAQZaj33q9OPSCKoNIRjrdu+F5tuipVhhNNJoZNoGmMywgPatlRiQXU3nR0+QcdW6aMwUrakQTP190SKhdZjEdhOgc1QL3pT8T+vnZjwqpsyGSeGSjJfFCYcmQhNU0B9pigxfGwJJorZWxEZYoWJsVkVbAj+4svLpHFW8S8q3t15qXqdxZGHQziCE/DhEqpwCzWoA4EEnuEV3pwn58V5dz7mrTknmzmAP3A+fwAE6pFj</latexit>

Z 0,W 0, �0



Motivation Theoretical 
scenario

Candidate 
particle(s)

Exotic 
Signals 

(Potential Forward 
detector

Exotics

SM+singlet x

2HDM

New gauge 
groups x

VLF

HNL x

Leptoquarks (UV motivated)

Quirks
(bound states)
 x

Hidden 
valleys

Hierarchy 
problem

SUSY
(colored)

(not colored)

Composite

Extra 
dimensions

Neutral 
naturalness

Glueballs,

sQuirks x

DM

Z portal EWikinos-like 
(inelastic)

H portal (Z2 symmetric)

Nu portal x

U(1) portal x

<latexit sha1_base64="gdkPXx1hM4qKO+5zX666mHiW2k4=">AAAB+HicbVDLTgIxFL2DL8QHoy7dNBITF4TMGKMuUTcsMZFHwgykUzrQ0M5M2o4JEr7EjQuNceunuPNvLDALBU9yb07OuTe9PUHCmdKO823l1tY3Nrfy24Wd3b39on1w2FRxKgltkJjHsh1gRTmLaEMzzWk7kRSLgNNWMLqb+a1HKhWLowc9Tqgv8CBiISNYG6lnF2tdLxFlr1zrOqbf9OySU3HmQKvEzUgJMtR79pfXj0kqaKQJx0p1XCfR/gRLzQin04KXKppgMsID2jE0woIqfzI/fIpOjdJHYSxNRRrN1d8bEyyUGovATAqsh2rZm4n/eZ1Uh9f+hEVJqmlEFg+FKUc6RrMUUJ9JSjQfG4KJZOZWRIZYYqJNVgUTgrv85VXSPK+4lxXn/qJUvc3iyMMxnMAZuHAFVahBHRpAIIVneIU368l6sd6tj8Vozsp2juAPrM8fb0eRpA==</latexit>

H
±
, H

0
, A

<latexit sha1_base64="CT+cvA1/o2R56/ZkwOGDwwXKFqM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mnGCfkQHkoecUWOlh7se75UrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8q3oXVff+vFK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w8iOo2z</latexit>

Ni

<latexit sha1_base64="VO+JlbVZetXNLIhe3dEcTJKRbX0=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwUEpSRD0WvXisYtpCE8Jms2mXbj7Y3Sil9qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5QcaZVJb1baysrq1vbJa2yts7u3v7ZuWgLdNcEOqQlKeiG2BJOUuoo5jitJsJiuOA004wvJ76nQcqJEuTezXKqBfjfsIiRrDSkm9WXMV4SNGd36i5NeT4tm9Wrbo1A1omdkGqUKDlm19umJI8pokiHEvZs61MeWMsFCOcTspuLmmGyRD3aU/TBMdUeuPZ6RN0opUQRanQlSg0U39PjHEs5SgOdGeM1UAuelPxP6+Xq+jSG7MkyxVNyHxRlHOkUjTNAYVMUKL4SBNMBNO3IjLAAhOl0yrrEOzFl5dJu1G3z+vW7Vm1eVXEUYIjOIZTsOECmnADLXCAwCM8wyu8GU/Gi/FufMxbV4xi5hD+wPj8AfuSkoQ=</latexit>

R̃2, U1

<latexit sha1_base64="JQlTFtrgT9moPxxxlwVXO4Q088c=">AAACB3icbZDLSsNAFIYn9VbrLepSkGARXEhJRNRl0Y3LCvYCbSiTyaQdOpnEmROhhOzc+CpuXCji1ldw59s4aYNo6w8DH/85hzPn92LOFNj2l1FaWFxaXimvVtbWNza3zO2dlooSSWiTRDySHQ8rypmgTWDAaSeWFIcep21vdJXX2/dUKhaJWxjH1A3xQLCAEQza6pv7PWDcpylkxwXd/dAgq/TNql2zJ7LmwSmgigo1+uZnz49IElIBhGOluo4dg5tiCYxwmlV6iaIxJiM8oF2NAodUuenkjsw61I5vBZHUT4A1cX9PpDhUahx6ujPEMFSztdz8r9ZNILhwUybiBKgg00VBwi2IrDwUy2eSEuBjDZhIpv9qkSGWmICOLg/BmT15HlonNeesZt+cVuuXRRxltIcO0BFy0Dmqo2vUQE1E0AN6Qi/o1Xg0no03433aWjKKmV30R8bHN423mbw=</latexit>

t̃, q̃, g̃

<latexit sha1_base64="+1UpMYUzFwkc5pCluC39NEpJFY8=">AAACCnicbZDLSsNAFIYnXmu9RV26iRbBhZRERF0W3bisYC/QxDKZTNqhM0mYORFKyNqNr+LGhSJufQJ3vo2TNgtt/WHg4z/ncOb8fsKZAtv+NhYWl5ZXVitr1fWNza1tc2e3reJUEtoiMY9l18eKchbRFjDgtJtIioXPaccfXRf1zgOVisXRHYwT6gk8iFjICAZt9c0DlwzZfeYmIj+Zoq0BGA9o5gJO82rfrNl1eyJrHpwSaqhUs29+uUFMUkEjIBwr1XPsBLwMS2CE07zqpoommIzwgPY0RlhQ5WWTU3LrSDuBFcZSvwisift7IsNCqbHwdafAMFSztcL8r9ZLIbz0MhYlKdCITBeFKbcgtopcrIBJSoCPNWAimf6rRYZYYgI6vSIEZ/bkeWif1p3zun17VmtclXFU0D46RMfIQReogW5QE7UQQY/oGb2iN+PJeDHejY9p64JRzuyhPzI+fwBBapqd</latexit>

�±,�0, ⌧̃

<latexit sha1_base64="JPSENwE/HixChOp9DhnDdLcUn/w=">AAAB+HicbVDLTsMwENyUVymPBjhysaiQOKCSlOexggvHIvUltVHkuG5r1XEi20EqUb+ECwcQ4sqncONvcNscoGWk1Y5mduX1BDFnSjvOt5VbWV1b38hvFra2d3aL9t5+U0WJJLRBIh7JdoAV5UzQhmaa03YsKQ4DTlvB6G7qtx6pVCwSdT2OqRfigWB9RrA2km8X2356eXY+Oa37acV03y45ZWcGtEzcjJQgQ823v7q9iCQhFZpwrFTHdWLtpVhqRjidFLqJojEmIzygHUMFDqny0tnhE3RslB7qR9KU0Gim/t5IcajUOAzMZIj1UC16U/E/r5Po/o2XMhEnmgoyf6ifcKQjNE0B9ZikRPOxIZhIZm5FZIglJtpkVTAhuItfXibNStm9KjsPF6XqbRZHHg7hCE7AhWuowj3UoAEEEniGV3iznqwX6936mI/mrGznAP7A+vwB7P6R9w==</latexit>

X5/3, T2/3

<latexit sha1_base64="I/pFCCeu6PMUewl/UPoC6JEMZ7A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoPEIoQ7EbUM2lhYJGA+IDnC3mYvWbK7d+zuCeHIj7CxUMTW32Pnv3GTXKGJDwYe780wMy+IOdPGdb+d3Nr6xuZWfruws7u3f1A8PGrpKFGENknEI9UJsKacSdo0zHDaiRXFIuC0HYzvZn77iSrNIvloJjH1BR5KFjKCjZXajXKlV3ko94slt+rOgVaJl5ESZKj3i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/d4rOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4Y2fMhknhkqyWBQmHJkIzX5HA6YoMXxiCSaK2VsRGWGFibEJFWwI3vLLq6R1UfWuqm7jslS7zeLIwwmcwjl4cA01uIc6NIHAGJ7hFd6c2Hlx3p2PRWvOyWaO4Q+czx+Jr45k</latexit>

Q0, L0

<latexit sha1_base64="DjPyfvI1dphOa8RHTp1+Kgee0jg=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Iroh6LHhR6qWA/oF1KNs22sdlkSbJCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKK6tr6xvFzdLW9s7unrt/0NQyVYQ2iORStUOsKWeCNgwznLYTRXEcctoKRzdTv/VElWZSPJhxQoMYDwSLGMHGSs3bXlarTXpu2at4M6Bl4uekDDnqPfer25ckjakwhGOtO76XmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gE6v0USSVLWHQTP09keFY63Ec2s4Ym6Fe9Kbif14nNdFVkDGRpIYKMl8UpRwZiaavoz5TlBg+tgQTxeytiAyxwsTYgEo2BH/x5WXSPKv4FxXv/rxcvc7jKMIRHMMp+HAJVbiDOjSAwCM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fRsSO7w==</latexit>

GKK

<latexit sha1_base64="x3TWtS2Bceor7Rd0UYBPFAQvJGU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dii/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDr8uM3A==</latexit>

S

<latexit sha1_base64="asIWIKiRf7u3j3kvzJSSYmEF4O4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76msb/rVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27qrsPl7XGbRFHGU7gFM7Bg2towD00wQcGAp7hFd4c5bw4787HorXkFDPH8AfO5w/rj47C</latexit>⌫s
<latexit sha1_base64="e5OluIRxaSsjDpHYXWJxBBDIY2g=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahHiyJiHos9eLBQwXTFtoQNtttu3azCbubQgn9J148KOLVf+LNf+O2zUGrDwYe780wMy9MOFPacb6swsrq2vpGcbO0tb2zu2fvHzRVnEpCPRLzWLZDrChngnqaaU7biaQ4CjlthaObmd8aU6lYLB70JKF+hAeC9RnB2kiBbXsV9zTI6md3ATP1OA3sslN15kB/iZuTMuRoBPZntxeTNKJCE46V6rhOov0MS80Ip9NSN1U0wWSEB7RjqMARVX42v3yKTozSQ/1YmhIazdWfExmOlJpEoemMsB6qZW8m/ud1Ut2/9jMmklRTQRaL+ilHOkazGFCPSUo0nxiCiWTmVkSGWGKiTVglE4K7/PJf0jyvupdV5/6iXKvncRThCI6hAi5cQQ1uoQEeEBjDE7zAq5VZz9ab9b5oLVj5zCH8gvXxDXYvkkM=</latexit>

U(1)B�Li�Lj

<latexit sha1_base64="YvhyWxMiFujrdBWyS2uyuVQHDlQ=">AAAB8XicbVDLTgJBEOz1ifhCPXqZSAyeyK4x6pHoxSMm8oiwIb3DABNmZ5eZWROy4S+8eNAYr/6NN//GAfagYCWdVKq6090VxIJr47rfzsrq2vrGZm4rv72zu7dfODis6yhRlNVoJCLVDFAzwSWrGW4Ea8aKYRgI1giGt1O/8cSU5pF8MOOY+SH2Je9xisZKj6NSO0CVjialTqHolt0ZyDLxMlKEDNVO4avdjWgSMmmoQK1bnhsbP0VlOBVskm8nmsVIh9hnLUslhkz76eziCTm1Spf0ImVLGjJTf0+kGGo9DgPbGaIZ6EVvKv7ntRLTu/ZTLuPEMEnni3qJICYi0/dJlytGjRhbglRxeyuhA1RIjQ0pb0PwFl9eJvXzsndZdu8vipWbLI4cHMMJnIEHV1CBO6hCDShIeIZXeHO08+K8Ox/z1hUnmzmCP3A+fwAzlpCc</latexit>

q0q̄0

<latexit sha1_base64="3/qhL+kyVyzrHzh8xrqKV1WBfHw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBapp5KIqMeiF48V7Ae0oWy2m3Tp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gscSRYygk0uRfWoPqzW3IY7B1olXkFqUKA1rH4NRjFJBZWGcKx133MT42dYGUY4nVUGqaYJJhMc0b6lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2Y73s5eJ/Xj814Y2fMZmkhkqyWBSmHJkY5Y+jEVOUGD61BBPF7K2IjLHCxNh4KjYEb/nlVdK5aHhXDffhsta8LeIowwmcwjl4cA1NuIcWtIHAGJ7hFd4c4bw4787HorXkFDPH8AfO5w9RKY3D</latexit>

g0g0

Timing FD

SignalProduced
<latexit sha1_base64="rSaY4ABRjrkVBpdLVOfuF1evOfY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgrGFNpTNdtMu3WzC7kQoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaWV1b3yhvVra2d3b3qvsHjybJNOM+S2Si2yE1XArFfRQoeTvVnMah5K1wdDv1W09cG5GoBxynPIjpQIlIMIpW8pFcE7dXrbl1dwayTLyC1KBAs1f96vYTlsVcIZPUmI7nphjkVKNgkk8q3czwlLIRHfCOpYrG3AT57NgJObFKn0SJtqWQzNTfEzmNjRnHoe2MKQ7NojcV//M6GUZXQS5UmiFXbL4oyiTBhEw/J32hOUM5toQyLeythA2ppgxtPhUbgrf48jJ5PKt7F3X3/rzWuCniKMMRHMMpeHAJDbiDJvjAQMAzvMKbo5wX5935mLeWnGLmEP7A+fwBfoeN0g==</latexit>

t = 0
<latexit sha1_base64="2pGmPZ2wfLIkG0/cWjKt8XyyrzQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8d3Mbz9xbUSsHnGScD+iQyVCwShaqY3khmDf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/d0rOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms9/JQGjOUE4soUwLeythI6opQ5tQyYbgLb+8SloXVa9WdR8uK/XbPI4inMApnIMHV1CHe2hAExiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AEM+I66</latexit>

t = t1

IP  FD

Cesarotti, Homiller, Mishra, Reece, 
Phys. Rev. Lett. 130 (2023) 7, 071803

<latexit sha1_base64="jKClYqpwea3zpZoIXxoJ+RBUR9I=">AAAB9XicdVDLSgMxFM34rPVVdekmWAQ3DpnSqsuiGxcuKtgHtGPJpJk2NJMZ8lDK0P9w40IRt/6LO//GTDuCih4I93DOvdybEyScKY3Qh7OwuLS8slpYK65vbG5tl3Z2Wyo2ktAmiXksOwFWlDNBm5ppTjuJpDgKOG0H44vMb99RqVgsbvQkoX6Eh4KFjGBtpdurfi8y8BjaqrHpl8rIrSGLCkRuVqs1mCs16M0UhMogR6Nfeu8NYmIiKjThWKmuhxLtp1hqRjidFntG0QSTMR7SrqUCR1T56ezqKTy0ygCGsbRPaDhTv0+kOFJqEgW2M8J6pH57mfiX1zU6PPNTJhKjqSDzRaHhUMcwiwAOmKRE84klmEhmb4VkhCUm2gZVtCF8/RT+T1oV1ztx0XW1XD/P4yiAfXAAjoAHTkEdXIIGaAICJHgAT+DZuXcenRfndd664OQze+AHnLdPYkCRzA==</latexit> L
µ
�
L
⌧

Main

detector?

Forward

detector?

<latexit sha1_base64="bYdYy3xDGBNswQWoy8aScO7WA+I=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBg5RERD0WvXisaD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1NaWV1b3yhvVra2d3b33P2Dlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Db3209UaRbLRzNJaCDwULKIEWxy6eEM4b5b9WreDGiZ+AWpQoFG3/3qDWKSCioN4Vjrru8lJsiwMoxwOq30Uk0TTMZ4SLuWSiyoDrLZrVN0YpUBimJlSxo0U39PZFhoPRGh7RTYjPSil4v/ed3URNdBxmSSGirJfFGUcmRilD+OBkxRYvjEEkwUs7ciMsIKE2PjqdgQ/MWXl0nrvOZf1rz7i2r9poijDEdwDKfgwxXU4Q4a0AQCI3iGV3hzhPPivDsf89aSU8wcwh84nz8mQI2n</latexit>

S, a

<latexit sha1_base64="LHALclKubh/8eKUFjaKUXF3Uums=">AAAB+HicbVBNSwMxEJ2tX7V+dNWjl2CRepCyK6Iei148VrAf2JaSTbNtaJJdkqxQl/4SLx4U8epP8ea/MW33oK0PBh7vzTAzL4g508bzvp3cyura+kZ+s7C1vbNbdPf2GzpKFKF1EvFItQKsKWeS1g0znLZiRbEIOG0Go5up33ykSrNI3ptxTLsCDyQLGcHGSj23+FA+RU1bnQEWApd7bsmreDOgZeJnpAQZaj33q9OPSCKoNIRjrdu+F5tuipVhhNNJoZNoGmMywgPatlRiQXU3nR0+QcdW6aMwUrakQTP190SKhdZjEdhOgc1QL3pT8T+vnZjwqpsyGSeGSjJfFCYcmQhNU0B9pigxfGwJJorZWxEZYoWJsVkVbAj+4svLpHFW8S8q3t15qXqdxZGHQziCE/DhEqpwCzWoA4EEnuEV3pwn58V5dz7mrTknmzmAP3A+fwAE6pFj</latexit>

Z 0,W 0, �0



Motivation Theoretical 
scenario

Candidate 
particle(s)

Exotic 
Signals 

(Potential Forward 
detector

Exotics

SM+singlet 3, 4, 6, 8, 
10, 

2HDM

New gauge 
groups

2, 5, 7, 13, 
14, 

VLF

HNL 1, 5, 9, 11, 
12, 15, 

Leptoquarks (UV motivated)

Quirks
(bound states)
 x

Hidden 
valleys

Hierarchy 
problem

SUSY
(colored)

(not colored)

Composite

Extra 
dimensions

Neutral 
naturalness

Glueballs,

sQuirks x

DM

Z portal EWikinos-like 
(inelastic)

H portal (Z2 symmetric)

Nu portal 1, 5, 9, 11, 
12, 15, 

U(1) portal 2, 5, 7, 13, 
14, 

<latexit sha1_base64="gdkPXx1hM4qKO+5zX666mHiW2k4=">AAAB+HicbVDLTgIxFL2DL8QHoy7dNBITF4TMGKMuUTcsMZFHwgykUzrQ0M5M2o4JEr7EjQuNceunuPNvLDALBU9yb07OuTe9PUHCmdKO823l1tY3Nrfy24Wd3b39on1w2FRxKgltkJjHsh1gRTmLaEMzzWk7kRSLgNNWMLqb+a1HKhWLowc9Tqgv8CBiISNYG6lnF2tdLxFlr1zrOqbf9OySU3HmQKvEzUgJMtR79pfXj0kqaKQJx0p1XCfR/gRLzQin04KXKppgMsID2jE0woIqfzI/fIpOjdJHYSxNRRrN1d8bEyyUGovATAqsh2rZm4n/eZ1Uh9f+hEVJqmlEFg+FKUc6RrMUUJ9JSjQfG4KJZOZWRIZYYqJNVgUTgrv85VXSPK+4lxXn/qJUvc3iyMMxnMAZuHAFVahBHRpAIIVneIU368l6sd6tj8Vozsp2juAPrM8fb0eRpA==</latexit>

H
±
, H

0
, A

<latexit sha1_base64="CT+cvA1/o2R56/ZkwOGDwwXKFqM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mnGCfkQHkoecUWOlh7se75UrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8q3oXVff+vFK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w8iOo2z</latexit>

Ni

<latexit sha1_base64="VO+JlbVZetXNLIhe3dEcTJKRbX0=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwUEpSRD0WvXisYtpCE8Jms2mXbj7Y3Sil9qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5QcaZVJb1baysrq1vbJa2yts7u3v7ZuWgLdNcEOqQlKeiG2BJOUuoo5jitJsJiuOA004wvJ76nQcqJEuTezXKqBfjfsIiRrDSkm9WXMV4SNGd36i5NeT4tm9Wrbo1A1omdkGqUKDlm19umJI8pokiHEvZs61MeWMsFCOcTspuLmmGyRD3aU/TBMdUeuPZ6RN0opUQRanQlSg0U39PjHEs5SgOdGeM1UAuelPxP6+Xq+jSG7MkyxVNyHxRlHOkUjTNAYVMUKL4SBNMBNO3IjLAAhOl0yrrEOzFl5dJu1G3z+vW7Vm1eVXEUYIjOIZTsOECmnADLXCAwCM8wyu8GU/Gi/FufMxbV4xi5hD+wPj8AfuSkoQ=</latexit>

R̃2, U1

<latexit sha1_base64="JQlTFtrgT9moPxxxlwVXO4Q088c=">AAACB3icbZDLSsNAFIYn9VbrLepSkGARXEhJRNRl0Y3LCvYCbSiTyaQdOpnEmROhhOzc+CpuXCji1ldw59s4aYNo6w8DH/85hzPn92LOFNj2l1FaWFxaXimvVtbWNza3zO2dlooSSWiTRDySHQ8rypmgTWDAaSeWFIcep21vdJXX2/dUKhaJWxjH1A3xQLCAEQza6pv7PWDcpylkxwXd/dAgq/TNql2zJ7LmwSmgigo1+uZnz49IElIBhGOluo4dg5tiCYxwmlV6iaIxJiM8oF2NAodUuenkjsw61I5vBZHUT4A1cX9PpDhUahx6ujPEMFSztdz8r9ZNILhwUybiBKgg00VBwi2IrDwUy2eSEuBjDZhIpv9qkSGWmICOLg/BmT15HlonNeesZt+cVuuXRRxltIcO0BFy0Dmqo2vUQE1E0AN6Qi/o1Xg0no03433aWjKKmV30R8bHN423mbw=</latexit>

t̃, q̃, g̃

<latexit sha1_base64="+1UpMYUzFwkc5pCluC39NEpJFY8=">AAACCnicbZDLSsNAFIYnXmu9RV26iRbBhZRERF0W3bisYC/QxDKZTNqhM0mYORFKyNqNr+LGhSJufQJ3vo2TNgtt/WHg4z/ncOb8fsKZAtv+NhYWl5ZXVitr1fWNza1tc2e3reJUEtoiMY9l18eKchbRFjDgtJtIioXPaccfXRf1zgOVisXRHYwT6gk8iFjICAZt9c0DlwzZfeYmIj+Zoq0BGA9o5gJO82rfrNl1eyJrHpwSaqhUs29+uUFMUkEjIBwr1XPsBLwMS2CE07zqpoommIzwgPY0RlhQ5WWTU3LrSDuBFcZSvwisift7IsNCqbHwdafAMFSztcL8r9ZLIbz0MhYlKdCITBeFKbcgtopcrIBJSoCPNWAimf6rRYZYYgI6vSIEZ/bkeWif1p3zun17VmtclXFU0D46RMfIQReogW5QE7UQQY/oGb2iN+PJeDHejY9p64JRzuyhPzI+fwBBapqd</latexit>

�±,�0, ⌧̃

<latexit sha1_base64="JPSENwE/HixChOp9DhnDdLcUn/w=">AAAB+HicbVDLTsMwENyUVymPBjhysaiQOKCSlOexggvHIvUltVHkuG5r1XEi20EqUb+ECwcQ4sqncONvcNscoGWk1Y5mduX1BDFnSjvOt5VbWV1b38hvFra2d3aL9t5+U0WJJLRBIh7JdoAV5UzQhmaa03YsKQ4DTlvB6G7qtx6pVCwSdT2OqRfigWB9RrA2km8X2356eXY+Oa37acV03y45ZWcGtEzcjJQgQ823v7q9iCQhFZpwrFTHdWLtpVhqRjidFLqJojEmIzygHUMFDqny0tnhE3RslB7qR9KU0Gim/t5IcajUOAzMZIj1UC16U/E/r5Po/o2XMhEnmgoyf6ifcKQjNE0B9ZikRPOxIZhIZm5FZIglJtpkVTAhuItfXibNStm9KjsPF6XqbRZHHg7hCE7AhWuowj3UoAEEEniGV3iznqwX6936mI/mrGznAP7A+vwB7P6R9w==</latexit>

X5/3, T2/3

<latexit sha1_base64="I/pFCCeu6PMUewl/UPoC6JEMZ7A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoPEIoQ7EbUM2lhYJGA+IDnC3mYvWbK7d+zuCeHIj7CxUMTW32Pnv3GTXKGJDwYe780wMy+IOdPGdb+d3Nr6xuZWfruws7u3f1A8PGrpKFGENknEI9UJsKacSdo0zHDaiRXFIuC0HYzvZn77iSrNIvloJjH1BR5KFjKCjZXajXKlV3ko94slt+rOgVaJl5ESZKj3i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/d4rOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4Y2fMhknhkqyWBQmHJkIzX5HA6YoMXxiCSaK2VsRGWGFibEJFWwI3vLLq6R1UfWuqm7jslS7zeLIwwmcwjl4cA01uIc6NIHAGJ7hFd6c2Hlx3p2PRWvOyWaO4Q+czx+Jr45k</latexit>

Q0, L0

<latexit sha1_base64="DjPyfvI1dphOa8RHTp1+Kgee0jg=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Iroh6LHhR6qWA/oF1KNs22sdlkSbJCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKK6tr6xvFzdLW9s7unrt/0NQyVYQ2iORStUOsKWeCNgwznLYTRXEcctoKRzdTv/VElWZSPJhxQoMYDwSLGMHGSs3bXlarTXpu2at4M6Bl4uekDDnqPfer25ckjakwhGOtO76XmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gE6v0USSVLWHQTP09keFY63Ec2s4Ym6Fe9Kbif14nNdFVkDGRpIYKMl8UpRwZiaavoz5TlBg+tgQTxeytiAyxwsTYgEo2BH/x5WXSPKv4FxXv/rxcvc7jKMIRHMMp+HAJVbiDOjSAwCM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fRsSO7w==</latexit>

GKK

<latexit sha1_base64="x3TWtS2Bceor7Rd0UYBPFAQvJGU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dii/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDr8uM3A==</latexit>

S

<latexit sha1_base64="asIWIKiRf7u3j3kvzJSSYmEF4O4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76msb/rVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27qrsPl7XGbRFHGU7gFM7Bg2towD00wQcGAp7hFd4c5bw4787HorXkFDPH8AfO5w/rj47C</latexit>⌫s
<latexit sha1_base64="e5OluIRxaSsjDpHYXWJxBBDIY2g=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahHiyJiHos9eLBQwXTFtoQNtttu3azCbubQgn9J148KOLVf+LNf+O2zUGrDwYe780wMy9MOFPacb6swsrq2vpGcbO0tb2zu2fvHzRVnEpCPRLzWLZDrChngnqaaU7biaQ4CjlthaObmd8aU6lYLB70JKF+hAeC9RnB2kiBbXsV9zTI6md3ATP1OA3sslN15kB/iZuTMuRoBPZntxeTNKJCE46V6rhOov0MS80Ip9NSN1U0wWSEB7RjqMARVX42v3yKTozSQ/1YmhIazdWfExmOlJpEoemMsB6qZW8m/ud1Ut2/9jMmklRTQRaL+ilHOkazGFCPSUo0nxiCiWTmVkSGWGKiTVglE4K7/PJf0jyvupdV5/6iXKvncRThCI6hAi5cQQ1uoQEeEBjDE7zAq5VZz9ab9b5oLVj5zCH8gvXxDXYvkkM=</latexit>

U(1)B�Li�Lj

<latexit sha1_base64="YvhyWxMiFujrdBWyS2uyuVQHDlQ=">AAAB8XicbVDLTgJBEOz1ifhCPXqZSAyeyK4x6pHoxSMm8oiwIb3DABNmZ5eZWROy4S+8eNAYr/6NN//GAfagYCWdVKq6090VxIJr47rfzsrq2vrGZm4rv72zu7dfODis6yhRlNVoJCLVDFAzwSWrGW4Ea8aKYRgI1giGt1O/8cSU5pF8MOOY+SH2Je9xisZKj6NSO0CVjialTqHolt0ZyDLxMlKEDNVO4avdjWgSMmmoQK1bnhsbP0VlOBVskm8nmsVIh9hnLUslhkz76eziCTm1Spf0ImVLGjJTf0+kGGo9DgPbGaIZ6EVvKv7ntRLTu/ZTLuPEMEnni3qJICYi0/dJlytGjRhbglRxeyuhA1RIjQ0pb0PwFl9eJvXzsndZdu8vipWbLI4cHMMJnIEHV1CBO6hCDShIeIZXeHO08+K8Ox/z1hUnmzmCP3A+fwAzlpCc</latexit>

q0q̄0

<latexit sha1_base64="3/qhL+kyVyzrHzh8xrqKV1WBfHw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBapp5KIqMeiF48V7Ae0oWy2m3Tp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gscSRYygk0uRfWoPqzW3IY7B1olXkFqUKA1rH4NRjFJBZWGcKx133MT42dYGUY4nVUGqaYJJhMc0b6lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2Y73s5eJ/Xj814Y2fMZmkhkqyWBSmHJkY5Y+jEVOUGD61BBPF7K2IjLHCxNh4KjYEb/nlVdK5aHhXDffhsta8LeIowwmcwjl4cA1NuIcWtIHAGJ7hFd4c4bw4787HorXkFDPH8AfO5w9RKY3D</latexit>

g0g0

Timing FD
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Long lifetime 
Final state muons?
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Phys. Rev. D 107 (2023) 9, 095038

 

<latexit sha1_base64="bYdYy3xDGBNswQWoy8aScO7WA+I=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBg5RERD0WvXisaD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1NaWV1b3yhvVra2d3b33P2Dlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Db3209UaRbLRzNJaCDwULKIEWxy6eEM4b5b9WreDGiZ+AWpQoFG3/3qDWKSCioN4Vjrru8lJsiwMoxwOq30Uk0TTMZ4SLuWSiyoDrLZrVN0YpUBimJlSxo0U39PZFhoPRGh7RTYjPSil4v/ed3URNdBxmSSGirJfFGUcmRilD+OBkxRYvjEEkwUs7ciMsIKE2PjqdgQ/MWXl0nrvOZf1rz7i2r9poijDEdwDKfgwxXU4Q4a0AQCI3iGV3hzhPPivDsf89aSU8wcwh84nz8mQI2n</latexit>

S, a

<latexit sha1_base64="LHALclKubh/8eKUFjaKUXF3Uums=">AAAB+HicbVBNSwMxEJ2tX7V+dNWjl2CRepCyK6Iei148VrAf2JaSTbNtaJJdkqxQl/4SLx4U8epP8ea/MW33oK0PBh7vzTAzL4g508bzvp3cyura+kZ+s7C1vbNbdPf2GzpKFKF1EvFItQKsKWeS1g0znLZiRbEIOG0Go5up33ykSrNI3ptxTLsCDyQLGcHGSj23+FA+RU1bnQEWApd7bsmreDOgZeJnpAQZaj33q9OPSCKoNIRjrdu+F5tuipVhhNNJoZNoGmMywgPatlRiQXU3nR0+QcdW6aMwUrakQTP190SKhdZjEdhOgc1QL3pT8T+vnZjwqpsyGSeGSjJfFCYcmQhNU0B9pigxfGwJJorZWxEZYoWJsVkVbAj+4svLpHFW8S8q3t15qXqdxZGHQziCE/DhEqpwCzWoA4EEnuEV3pwn58V5dz7mrTknmzmAP3A+fwAE6pFj</latexit>

Z 0,W 0, �0



Decays

Produced
<latexit sha1_base64="rSaY4ABRjrkVBpdLVOfuF1evOfY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgrGFNpTNdtMu3WzC7kQoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaWV1b3yhvVra2d3b3qvsHjybJNOM+S2Si2yE1XArFfRQoeTvVnMah5K1wdDv1W09cG5GoBxynPIjpQIlIMIpW8pFcE7dXrbl1dwayTLyC1KBAs1f96vYTlsVcIZPUmI7nphjkVKNgkk8q3czwlLIRHfCOpYrG3AT57NgJObFKn0SJtqWQzNTfEzmNjRnHoe2MKQ7NojcV//M6GUZXQS5UmiFXbL4oyiTBhEw/J32hOUM5toQyLeythA2ppgxtPhUbgrf48jJ5PKt7F3X3/rzWuCniKMMRHMMpeHAJDbiDJvjAQMAzvMKbo5wX5935mLeWnGLmEP7A+fwBfoeN0g==</latexit>

t = 0

<latexit sha1_base64="2pGmPZ2wfLIkG0/cWjKt8XyyrzQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8d3Mbz9xbUSsHnGScD+iQyVCwShaqY3khmDf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/d0rOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms9/JQGjOUE4soUwLeythI6opQ5tQyYbgLb+8SloXVa9WdR8uK/XbPI4inMApnIMHV1CHe2hAExiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AEM+I66</latexit>

t = t1IP

Timing Tracking

Particle(s) produced at the interaction point 

Initial time is set by the bunch crossing 

Particle(s) decays to a pair of leptons inside the tracker

Motivation Theoretical 
scenario

Candidate 
particle(s)

Exotic 
Signals 

(Potential Displaced 
vertices

Exotics

SM+singlet

2HDM x

New gauge 
groups

VLF

HNL x

Leptoquarks (UV motivated)

Quirks
(bound states)


Hidden 
valleys x

Hierarchy 
problem

SUSY
(colored)

(not colored)

Composite

Extra 
dimensions

Neutral 
naturalness

Glueballs,

sQuirks x

DM

Z portal EWikinos-like 
(inelastic) x

H portal (Z2 symmetric)

Nu portal

U(1) portal x

<latexit sha1_base64="gdkPXx1hM4qKO+5zX666mHiW2k4=">AAAB+HicbVDLTgIxFL2DL8QHoy7dNBITF4TMGKMuUTcsMZFHwgykUzrQ0M5M2o4JEr7EjQuNceunuPNvLDALBU9yb07OuTe9PUHCmdKO823l1tY3Nrfy24Wd3b39on1w2FRxKgltkJjHsh1gRTmLaEMzzWk7kRSLgNNWMLqb+a1HKhWLowc9Tqgv8CBiISNYG6lnF2tdLxFlr1zrOqbf9OySU3HmQKvEzUgJMtR79pfXj0kqaKQJx0p1XCfR/gRLzQin04KXKppgMsID2jE0woIqfzI/fIpOjdJHYSxNRRrN1d8bEyyUGovATAqsh2rZm4n/eZ1Uh9f+hEVJqmlEFg+FKUc6RrMUUJ9JSjQfG4KJZOZWRIZYYqJNVgUTgrv85VXSPK+4lxXn/qJUvc3iyMMxnMAZuHAFVahBHRpAIIVneIU368l6sd6tj8Vozsp2juAPrM8fb0eRpA==</latexit>

H
±
, H

0
, A

<latexit sha1_base64="CT+cvA1/o2R56/ZkwOGDwwXKFqM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mnGCfkQHkoecUWOlh7se75UrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8q3oXVff+vFK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w8iOo2z</latexit>

Ni

<latexit sha1_base64="VO+JlbVZetXNLIhe3dEcTJKRbX0=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwUEpSRD0WvXisYtpCE8Jms2mXbj7Y3Sil9qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5QcaZVJb1baysrq1vbJa2yts7u3v7ZuWgLdNcEOqQlKeiG2BJOUuoo5jitJsJiuOA004wvJ76nQcqJEuTezXKqBfjfsIiRrDSkm9WXMV4SNGd36i5NeT4tm9Wrbo1A1omdkGqUKDlm19umJI8pokiHEvZs61MeWMsFCOcTspuLmmGyRD3aU/TBMdUeuPZ6RN0opUQRanQlSg0U39PjHEs5SgOdGeM1UAuelPxP6+Xq+jSG7MkyxVNyHxRlHOkUjTNAYVMUKL4SBNMBNO3IjLAAhOl0yrrEOzFl5dJu1G3z+vW7Vm1eVXEUYIjOIZTsOECmnADLXCAwCM8wyu8GU/Gi/FufMxbV4xi5hD+wPj8AfuSkoQ=</latexit>

R̃2, U1

<latexit sha1_base64="JQlTFtrgT9moPxxxlwVXO4Q088c=">AAACB3icbZDLSsNAFIYn9VbrLepSkGARXEhJRNRl0Y3LCvYCbSiTyaQdOpnEmROhhOzc+CpuXCji1ldw59s4aYNo6w8DH/85hzPn92LOFNj2l1FaWFxaXimvVtbWNza3zO2dlooSSWiTRDySHQ8rypmgTWDAaSeWFIcep21vdJXX2/dUKhaJWxjH1A3xQLCAEQza6pv7PWDcpylkxwXd/dAgq/TNql2zJ7LmwSmgigo1+uZnz49IElIBhGOluo4dg5tiCYxwmlV6iaIxJiM8oF2NAodUuenkjsw61I5vBZHUT4A1cX9PpDhUahx6ujPEMFSztdz8r9ZNILhwUybiBKgg00VBwi2IrDwUy2eSEuBjDZhIpv9qkSGWmICOLg/BmT15HlonNeesZt+cVuuXRRxltIcO0BFy0Dmqo2vUQE1E0AN6Qi/o1Xg0no03433aWjKKmV30R8bHN423mbw=</latexit>

t̃, q̃, g̃

<latexit sha1_base64="+1UpMYUzFwkc5pCluC39NEpJFY8=">AAACCnicbZDLSsNAFIYnXmu9RV26iRbBhZRERF0W3bisYC/QxDKZTNqhM0mYORFKyNqNr+LGhSJufQJ3vo2TNgtt/WHg4z/ncOb8fsKZAtv+NhYWl5ZXVitr1fWNza1tc2e3reJUEtoiMY9l18eKchbRFjDgtJtIioXPaccfXRf1zgOVisXRHYwT6gk8iFjICAZt9c0DlwzZfeYmIj+Zoq0BGA9o5gJO82rfrNl1eyJrHpwSaqhUs29+uUFMUkEjIBwr1XPsBLwMS2CE07zqpoommIzwgPY0RlhQ5WWTU3LrSDuBFcZSvwisift7IsNCqbHwdafAMFSztcL8r9ZLIbz0MhYlKdCITBeFKbcgtopcrIBJSoCPNWAimf6rRYZYYgI6vSIEZ/bkeWif1p3zun17VmtclXFU0D46RMfIQReogW5QE7UQQY/oGb2iN+PJeDHejY9p64JRzuyhPzI+fwBBapqd</latexit>

�±,�0, ⌧̃

<latexit sha1_base64="JPSENwE/HixChOp9DhnDdLcUn/w=">AAAB+HicbVDLTsMwENyUVymPBjhysaiQOKCSlOexggvHIvUltVHkuG5r1XEi20EqUb+ECwcQ4sqncONvcNscoGWk1Y5mduX1BDFnSjvOt5VbWV1b38hvFra2d3aL9t5+U0WJJLRBIh7JdoAV5UzQhmaa03YsKQ4DTlvB6G7qtx6pVCwSdT2OqRfigWB9RrA2km8X2356eXY+Oa37acV03y45ZWcGtEzcjJQgQ823v7q9iCQhFZpwrFTHdWLtpVhqRjidFLqJojEmIzygHUMFDqny0tnhE3RslB7qR9KU0Gim/t5IcajUOAzMZIj1UC16U/E/r5Po/o2XMhEnmgoyf6ifcKQjNE0B9ZikRPOxIZhIZm5FZIglJtpkVTAhuItfXibNStm9KjsPF6XqbRZHHg7hCE7AhWuowj3UoAEEEniGV3iznqwX6936mI/mrGznAP7A+vwB7P6R9w==</latexit>

X5/3, T2/3

<latexit sha1_base64="I/pFCCeu6PMUewl/UPoC6JEMZ7A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoPEIoQ7EbUM2lhYJGA+IDnC3mYvWbK7d+zuCeHIj7CxUMTW32Pnv3GTXKGJDwYe780wMy+IOdPGdb+d3Nr6xuZWfruws7u3f1A8PGrpKFGENknEI9UJsKacSdo0zHDaiRXFIuC0HYzvZn77iSrNIvloJjH1BR5KFjKCjZXajXKlV3ko94slt+rOgVaJl5ESZKj3i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/d4rOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4Y2fMhknhkqyWBQmHJkIzX5HA6YoMXxiCSaK2VsRGWGFibEJFWwI3vLLq6R1UfWuqm7jslS7zeLIwwmcwjl4cA01uIc6NIHAGJ7hFd6c2Hlx3p2PRWvOyWaO4Q+czx+Jr45k</latexit>

Q0, L0

<latexit sha1_base64="DjPyfvI1dphOa8RHTp1+Kgee0jg=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Iroh6LHhR6qWA/oF1KNs22sdlkSbJCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKK6tr6xvFzdLW9s7unrt/0NQyVYQ2iORStUOsKWeCNgwznLYTRXEcctoKRzdTv/VElWZSPJhxQoMYDwSLGMHGSs3bXlarTXpu2at4M6Bl4uekDDnqPfer25ckjakwhGOtO76XmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gE6v0USSVLWHQTP09keFY63Ec2s4Ym6Fe9Kbif14nNdFVkDGRpIYKMl8UpRwZiaavoz5TlBg+tgQTxeytiAyxwsTYgEo2BH/x5WXSPKv4FxXv/rxcvc7jKMIRHMMp+HAJVbiDOjSAwCM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fRsSO7w==</latexit>

GKK

<latexit sha1_base64="x3TWtS2Bceor7Rd0UYBPFAQvJGU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dii/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDr8uM3A==</latexit>

S

<latexit sha1_base64="asIWIKiRf7u3j3kvzJSSYmEF4O4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76msb/rVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27qrsPl7XGbRFHGU7gFM7Bg2towD00wQcGAp7hFd4c5bw4787HorXkFDPH8AfO5w/rj47C</latexit>⌫s
<latexit sha1_base64="e5OluIRxaSsjDpHYXWJxBBDIY2g=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahHiyJiHos9eLBQwXTFtoQNtttu3azCbubQgn9J148KOLVf+LNf+O2zUGrDwYe780wMy9MOFPacb6swsrq2vpGcbO0tb2zu2fvHzRVnEpCPRLzWLZDrChngnqaaU7biaQ4CjlthaObmd8aU6lYLB70JKF+hAeC9RnB2kiBbXsV9zTI6md3ATP1OA3sslN15kB/iZuTMuRoBPZntxeTNKJCE46V6rhOov0MS80Ip9NSN1U0wWSEB7RjqMARVX42v3yKTozSQ/1YmhIazdWfExmOlJpEoemMsB6qZW8m/ud1Ut2/9jMmklRTQRaL+ilHOkazGFCPSUo0nxiCiWTmVkSGWGKiTVglE4K7/PJf0jyvupdV5/6iXKvncRThCI6hAi5cQQ1uoQEeEBjDE7zAq5VZz9ab9b5oLVj5zCH8gvXxDXYvkkM=</latexit>

U(1)B�Li�Lj

<latexit sha1_base64="YvhyWxMiFujrdBWyS2uyuVQHDlQ=">AAAB8XicbVDLTgJBEOz1ifhCPXqZSAyeyK4x6pHoxSMm8oiwIb3DABNmZ5eZWROy4S+8eNAYr/6NN//GAfagYCWdVKq6090VxIJr47rfzsrq2vrGZm4rv72zu7dfODis6yhRlNVoJCLVDFAzwSWrGW4Ea8aKYRgI1giGt1O/8cSU5pF8MOOY+SH2Je9xisZKj6NSO0CVjialTqHolt0ZyDLxMlKEDNVO4avdjWgSMmmoQK1bnhsbP0VlOBVskm8nmsVIh9hnLUslhkz76eziCTm1Spf0ImVLGjJTf0+kGGo9DgPbGaIZ6EVvKv7ntRLTu/ZTLuPEMEnni3qJICYi0/dJlytGjRhbglRxeyuhA1RIjQ0pb0PwFl9eJvXzsndZdu8vipWbLI4cHMMJnIEHV1CBO6hCDShIeIZXeHO08+K8Ox/z1hUnmzmCP3A+fwAzlpCc</latexit>

q0q̄0

<latexit sha1_base64="3/qhL+kyVyzrHzh8xrqKV1WBfHw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBapp5KIqMeiF48V7Ae0oWy2m3Tp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gscSRYygk0uRfWoPqzW3IY7B1olXkFqUKA1rH4NRjFJBZWGcKx133MT42dYGUY4nVUGqaYJJhMc0b6lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2Y73s5eJ/Xj814Y2fMZmkhkqyWBSmHJkY5Y+jEVOUGD61BBPF7K2IjLHCxNh4KjYEb/nlVdK5aHhXDffhsta8LeIowwmcwjl4cA1NuIcWtIHAGJ7hFd4c4bw4787HorXkFDPH8AfO5w9RKY3D</latexit>

g0g0

<latexit sha1_base64="bYdYy3xDGBNswQWoy8aScO7WA+I=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBg5RERD0WvXisaD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1NaWV1b3yhvVra2d3b33P2Dlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Db3209UaRbLRzNJaCDwULKIEWxy6eEM4b5b9WreDGiZ+AWpQoFG3/3qDWKSCioN4Vjrru8lJsiwMoxwOq30Uk0TTMZ4SLuWSiyoDrLZrVN0YpUBimJlSxo0U39PZFhoPRGh7RTYjPSil4v/ed3URNdBxmSSGirJfFGUcmRilD+OBkxRYvjEEkwUs7ciMsIKE2PjqdgQ/MWXl0nrvOZf1rz7i2r9poijDEdwDKfgwxXU4Q4a0AQCI3iGV3hzhPPivDsf89aSU8wcwh84nz8mQI2n</latexit>

S, a

<latexit sha1_base64="LHALclKubh/8eKUFjaKUXF3Uums=">AAAB+HicbVBNSwMxEJ2tX7V+dNWjl2CRepCyK6Iei148VrAf2JaSTbNtaJJdkqxQl/4SLx4U8epP8ea/MW33oK0PBh7vzTAzL4g508bzvp3cyura+kZ+s7C1vbNbdPf2GzpKFKF1EvFItQKsKWeS1g0znLZiRbEIOG0Go5up33ykSrNI3ptxTLsCDyQLGcHGSj23+FA+RU1bnQEWApd7bsmreDOgZeJnpAQZaj33q9OPSCKoNIRjrdu+F5tuipVhhNNJoZNoGmMywgPatlRiQXU3nR0+QcdW6aMwUrakQTP190SKhdZjEdhOgc1QL3pT8T+vnZjwqpsyGSeGSjJfFCYcmQhNU0B9pigxfGwJJorZWxEZYoWJsVkVbAj+4svLpHFW8S8q3t15qXqdxZGHQziCE/DhEqpwCzWoA4EEnuEV3pwn58V5dz7mrTknmzmAP3A+fwAE6pFj</latexit>

Z 0,W 0, �0



Decays

Produced
<latexit sha1_base64="rSaY4ABRjrkVBpdLVOfuF1evOfY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgrGFNpTNdtMu3WzC7kQoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaWV1b3yhvVra2d3b3qvsHjybJNOM+S2Si2yE1XArFfRQoeTvVnMah5K1wdDv1W09cG5GoBxynPIjpQIlIMIpW8pFcE7dXrbl1dwayTLyC1KBAs1f96vYTlsVcIZPUmI7nphjkVKNgkk8q3czwlLIRHfCOpYrG3AT57NgJObFKn0SJtqWQzNTfEzmNjRnHoe2MKQ7NojcV//M6GUZXQS5UmiFXbL4oyiTBhEw/J32hOUM5toQyLeythA2ppgxtPhUbgrf48jJ5PKt7F3X3/rzWuCniKMMRHMMpeHAJDbiDJvjAQMAzvMKbo5wX5935mLeWnGLmEP7A+fwBfoeN0g==</latexit>

t = 0

<latexit sha1_base64="2pGmPZ2wfLIkG0/cWjKt8XyyrzQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8d3Mbz9xbUSsHnGScD+iQyVCwShaqY3khmDf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/d0rOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms9/JQGjOUE4soUwLeythI6opQ5tQyYbgLb+8SloXVa9WdR8uK/XbPI4inMApnIMHV1CHe2hAExiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AEM+I66</latexit>

t = t1IP

Timing Tracking

<latexit sha1_base64="asIWIKiRf7u3j3kvzJSSYmEF4O4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76msb/rVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27qrsPl7XGbRFHGU7gFM7Bg2towD00wQcGAp7hFd4c5bw4787HorXkFDPH8AfO5w/rj47C</latexit>⌫s

<latexit sha1_base64="TyAchaBa8oUxbQ/ZO1Y2avUiSVs=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oUy2m3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmKPNpIhLVCVEzwSXzDTeCdVLFMA4Fa4fju5nffmJK80Q+mknKghiHkkecorGS35NZH/vVmlt35yCrxCtIDQo0+9Wv3iChWcykoQK17npuaoIcleFUsGmll2mWIh3jkHUtlRgzHeTzY6fkzCoDEiXKljRkrv6eyDHWehKHtjNGM9LL3kz8z+tmJroJci7TzDBJF4uiTBCTkNnnZMAVo0ZMLEGquL2V0BEqpMbmU7EheMsvr5LWRd27qrsPl7XGbRFHGU7gFM7Bg2towD00wQcKHJ7hFd4c6bw4787HorXkFDPH8AfO5w/QR46w</latexit>⌫a

<latexit sha1_base64="2Z+d204rEsIU1r751AgaC5e7GHA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuiHoMevEY0TwwWcPsZJIMmZ1dZnqFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7glgKg6777eSWlldW1/LrhY3Nre2d4u5e3USJZrzGIhnpZkANl0LxGgqUvBlrTsNA8kYwvJ74jSeujYjUPY5i7oe0r0RPMIpWunt4POkUS27ZnYIsEi8jJchQ7RS/2t2IJSFXyCQ1puW5Mfop1SiY5ONCOzE8pmxI+7xlqaIhN346PXVMjqzSJb1I21JIpurviZSGxozCwHaGFAdm3puI/3mtBHuXfipUnCBXbLaol0iCEZn8TbpCc4ZyZAllWthbCRtQTRnadAo2BG/+5UVSPy1752X39qxUucriyMMBHMIxeHABFbiBKtSAQR+e4RXeHOm8OO/Ox6w152Qz+/AHzucP03KNfw==</latexit>

Z⇤

<latexit sha1_base64="TKEaVrxPDHUj8rWLV/xQJMIppi0=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cK9gPaWDbbSbt2kw27G6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSATXxnW/naXlldW19cJGcXNre2e3tLff0DJVDOtMCqlaAdUoeIx1w43AVqKQRoHAZjC8mfjNJ1Say/jejBL0I9qPecgZNVZqdFCIh9NuqexW3CnIIvFyUoYctW7pq9OTLI0wNkxQrduemxg/o8pwJnBc7KQaE8qGtI9tS2Maofaz6bVjcmyVHgmlshUbMlV/T2Q00noUBbYzomag572J+J/XTk145Wc8TlKDMZstClNBjCST10mPK2RGjCyhTHF7K2EDqigzNqCiDcGbf3mRNM4q3kXFvTsvV6/zOApwCEdwAh5cQhVuoQZ1YPAIz/AKb450Xpx352PWuuTkMwfwB87nDywljt0=</latexit>

`+

<latexit sha1_base64="fec0LIvEZOKEcfhu2/KrZDfMG6k=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWMF+wFtLJvtpF27yYbdjVBC/4MXD4p49f9489+4bXPQ1gcDj/dmmJkXJIJr47rfztLyyuraemGjuLm1vbNb2ttvaJkqhnUmhVStgGoUPMa64UZgK1FIo0BgMxjeTPzmEyrNZXxvRgn6Ee3HPOSMGis1OijEw2m3VHYr7hRkkXg5KUOOWrf01elJlkYYGyao1m3PTYyfUWU4EzgudlKNCWVD2se2pTGNUPvZ9NoxObZKj4RS2YoNmaq/JzIaaT2KAtsZUTPQ895E/M9rpya88jMeJ6nBmM0WhakgRpLJ66THFTIjRpZQpri9lbABVZQZG1DRhuDNv7xIGmcV76Li3p2Xq9d5HAU4hCM4AQ8uoQq3UIM6MHiEZ3iFN0c6L8678zFrXXLymQP4A+fzBy8tjt8=</latexit>

`�
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<latexit sha1_base64="gdkPXx1hM4qKO+5zX666mHiW2k4=">AAAB+HicbVDLTgIxFL2DL8QHoy7dNBITF4TMGKMuUTcsMZFHwgykUzrQ0M5M2o4JEr7EjQuNceunuPNvLDALBU9yb07OuTe9PUHCmdKO823l1tY3Nrfy24Wd3b39on1w2FRxKgltkJjHsh1gRTmLaEMzzWk7kRSLgNNWMLqb+a1HKhWLowc9Tqgv8CBiISNYG6lnF2tdLxFlr1zrOqbf9OySU3HmQKvEzUgJMtR79pfXj0kqaKQJx0p1XCfR/gRLzQin04KXKppgMsID2jE0woIqfzI/fIpOjdJHYSxNRRrN1d8bEyyUGovATAqsh2rZm4n/eZ1Uh9f+hEVJqmlEFg+FKUc6RrMUUJ9JSjQfG4KJZOZWRIZYYqJNVgUTgrv85VXSPK+4lxXn/qJUvc3iyMMxnMAZuHAFVahBHRpAIIVneIU368l6sd6tj8Vozsp2juAPrM8fb0eRpA==</latexit>

H
±
, H

0
, A

<latexit sha1_base64="CT+cvA1/o2R56/ZkwOGDwwXKFqM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mnGCfkQHkoecUWOlh7se75UrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8q3oXVff+vFK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w8iOo2z</latexit>

Ni

<latexit sha1_base64="VO+JlbVZetXNLIhe3dEcTJKRbX0=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwUEpSRD0WvXisYtpCE8Jms2mXbj7Y3Sil9qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5QcaZVJb1baysrq1vbJa2yts7u3v7ZuWgLdNcEOqQlKeiG2BJOUuoo5jitJsJiuOA004wvJ76nQcqJEuTezXKqBfjfsIiRrDSkm9WXMV4SNGd36i5NeT4tm9Wrbo1A1omdkGqUKDlm19umJI8pokiHEvZs61MeWMsFCOcTspuLmmGyRD3aU/TBMdUeuPZ6RN0opUQRanQlSg0U39PjHEs5SgOdGeM1UAuelPxP6+Xq+jSG7MkyxVNyHxRlHOkUjTNAYVMUKL4SBNMBNO3IjLAAhOl0yrrEOzFl5dJu1G3z+vW7Vm1eVXEUYIjOIZTsOECmnADLXCAwCM8wyu8GU/Gi/FufMxbV4xi5hD+wPj8AfuSkoQ=</latexit>

R̃2, U1

<latexit sha1_base64="JQlTFtrgT9moPxxxlwVXO4Q088c=">AAACB3icbZDLSsNAFIYn9VbrLepSkGARXEhJRNRl0Y3LCvYCbSiTyaQdOpnEmROhhOzc+CpuXCji1ldw59s4aYNo6w8DH/85hzPn92LOFNj2l1FaWFxaXimvVtbWNza3zO2dlooSSWiTRDySHQ8rypmgTWDAaSeWFIcep21vdJXX2/dUKhaJWxjH1A3xQLCAEQza6pv7PWDcpylkxwXd/dAgq/TNql2zJ7LmwSmgigo1+uZnz49IElIBhGOluo4dg5tiCYxwmlV6iaIxJiM8oF2NAodUuenkjsw61I5vBZHUT4A1cX9PpDhUahx6ujPEMFSztdz8r9ZNILhwUybiBKgg00VBwi2IrDwUy2eSEuBjDZhIpv9qkSGWmICOLg/BmT15HlonNeesZt+cVuuXRRxltIcO0BFy0Dmqo2vUQE1E0AN6Qi/o1Xg0no03433aWjKKmV30R8bHN423mbw=</latexit>

t̃, q̃, g̃

<latexit sha1_base64="+1UpMYUzFwkc5pCluC39NEpJFY8=">AAACCnicbZDLSsNAFIYnXmu9RV26iRbBhZRERF0W3bisYC/QxDKZTNqhM0mYORFKyNqNr+LGhSJufQJ3vo2TNgtt/WHg4z/ncOb8fsKZAtv+NhYWl5ZXVitr1fWNza1tc2e3reJUEtoiMY9l18eKchbRFjDgtJtIioXPaccfXRf1zgOVisXRHYwT6gk8iFjICAZt9c0DlwzZfeYmIj+Zoq0BGA9o5gJO82rfrNl1eyJrHpwSaqhUs29+uUFMUkEjIBwr1XPsBLwMS2CE07zqpoommIzwgPY0RlhQ5WWTU3LrSDuBFcZSvwisift7IsNCqbHwdafAMFSztcL8r9ZLIbz0MhYlKdCITBeFKbcgtopcrIBJSoCPNWAimf6rRYZYYgI6vSIEZ/bkeWif1p3zun17VmtclXFU0D46RMfIQReogW5QE7UQQY/oGb2iN+PJeDHejY9p64JRzuyhPzI+fwBBapqd</latexit>

�±,�0, ⌧̃

<latexit sha1_base64="JPSENwE/HixChOp9DhnDdLcUn/w=">AAAB+HicbVDLTsMwENyUVymPBjhysaiQOKCSlOexggvHIvUltVHkuG5r1XEi20EqUb+ECwcQ4sqncONvcNscoGWk1Y5mduX1BDFnSjvOt5VbWV1b38hvFra2d3aL9t5+U0WJJLRBIh7JdoAV5UzQhmaa03YsKQ4DTlvB6G7qtx6pVCwSdT2OqRfigWB9RrA2km8X2356eXY+Oa37acV03y45ZWcGtEzcjJQgQ823v7q9iCQhFZpwrFTHdWLtpVhqRjidFLqJojEmIzygHUMFDqny0tnhE3RslB7qR9KU0Gim/t5IcajUOAzMZIj1UC16U/E/r5Po/o2XMhEnmgoyf6ifcKQjNE0B9ZikRPOxIZhIZm5FZIglJtpkVTAhuItfXibNStm9KjsPF6XqbRZHHg7hCE7AhWuowj3UoAEEEniGV3iznqwX6936mI/mrGznAP7A+vwB7P6R9w==</latexit>

X5/3, T2/3

<latexit sha1_base64="I/pFCCeu6PMUewl/UPoC6JEMZ7A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoPEIoQ7EbUM2lhYJGA+IDnC3mYvWbK7d+zuCeHIj7CxUMTW32Pnv3GTXKGJDwYe780wMy+IOdPGdb+d3Nr6xuZWfruws7u3f1A8PGrpKFGENknEI9UJsKacSdo0zHDaiRXFIuC0HYzvZn77iSrNIvloJjH1BR5KFjKCjZXajXKlV3ko94slt+rOgVaJl5ESZKj3i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/d4rOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4Y2fMhknhkqyWBQmHJkIzX5HA6YoMXxiCSaK2VsRGWGFibEJFWwI3vLLq6R1UfWuqm7jslS7zeLIwwmcwjl4cA01uIc6NIHAGJ7hFd6c2Hlx3p2PRWvOyWaO4Q+czx+Jr45k</latexit>

Q0, L0

<latexit sha1_base64="DjPyfvI1dphOa8RHTp1+Kgee0jg=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Iroh6LHhR6qWA/oF1KNs22sdlkSbJCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKK6tr6xvFzdLW9s7unrt/0NQyVYQ2iORStUOsKWeCNgwznLYTRXEcctoKRzdTv/VElWZSPJhxQoMYDwSLGMHGSs3bXlarTXpu2at4M6Bl4uekDDnqPfer25ckjakwhGOtO76XmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gE6v0USSVLWHQTP09keFY63Ec2s4Ym6Fe9Kbif14nNdFVkDGRpIYKMl8UpRwZiaavoz5TlBg+tgQTxeytiAyxwsTYgEo2BH/x5WXSPKv4FxXv/rxcvc7jKMIRHMMp+HAJVbiDOjSAwCM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fRsSO7w==</latexit>

GKK

<latexit sha1_base64="x3TWtS2Bceor7Rd0UYBPFAQvJGU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dii/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDr8uM3A==</latexit>

S

<latexit sha1_base64="asIWIKiRf7u3j3kvzJSSYmEF4O4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76msb/rVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27qrsPl7XGbRFHGU7gFM7Bg2towD00wQcGAp7hFd4c5bw4787HorXkFDPH8AfO5w/rj47C</latexit>⌫s
<latexit sha1_base64="e5OluIRxaSsjDpHYXWJxBBDIY2g=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahHiyJiHos9eLBQwXTFtoQNtttu3azCbubQgn9J148KOLVf+LNf+O2zUGrDwYe780wMy9MOFPacb6swsrq2vpGcbO0tb2zu2fvHzRVnEpCPRLzWLZDrChngnqaaU7biaQ4CjlthaObmd8aU6lYLB70JKF+hAeC9RnB2kiBbXsV9zTI6md3ATP1OA3sslN15kB/iZuTMuRoBPZntxeTNKJCE46V6rhOov0MS80Ip9NSN1U0wWSEB7RjqMARVX42v3yKTozSQ/1YmhIazdWfExmOlJpEoemMsB6qZW8m/ud1Ut2/9jMmklRTQRaL+ilHOkazGFCPSUo0nxiCiWTmVkSGWGKiTVglE4K7/PJf0jyvupdV5/6iXKvncRThCI6hAi5cQQ1uoQEeEBjDE7zAq5VZz9ab9b5oLVj5zCH8gvXxDXYvkkM=</latexit>

U(1)B�Li�Lj

<latexit sha1_base64="YvhyWxMiFujrdBWyS2uyuVQHDlQ=">AAAB8XicbVDLTgJBEOz1ifhCPXqZSAyeyK4x6pHoxSMm8oiwIb3DABNmZ5eZWROy4S+8eNAYr/6NN//GAfagYCWdVKq6090VxIJr47rfzsrq2vrGZm4rv72zu7dfODis6yhRlNVoJCLVDFAzwSWrGW4Ea8aKYRgI1giGt1O/8cSU5pF8MOOY+SH2Je9xisZKj6NSO0CVjialTqHolt0ZyDLxMlKEDNVO4avdjWgSMmmoQK1bnhsbP0VlOBVskm8nmsVIh9hnLUslhkz76eziCTm1Spf0ImVLGjJTf0+kGGo9DgPbGaIZ6EVvKv7ntRLTu/ZTLuPEMEnni3qJICYi0/dJlytGjRhbglRxeyuhA1RIjQ0pb0PwFl9eJvXzsndZdu8vipWbLI4cHMMJnIEHV1CBO6hCDShIeIZXeHO08+K8Ox/z1hUnmzmCP3A+fwAzlpCc</latexit>

q0q̄0

<latexit sha1_base64="3/qhL+kyVyzrHzh8xrqKV1WBfHw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBapp5KIqMeiF48V7Ae0oWy2m3Tp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gscSRYygk0uRfWoPqzW3IY7B1olXkFqUKA1rH4NRjFJBZWGcKx133MT42dYGUY4nVUGqaYJJhMc0b6lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2Y73s5eJ/Xj814Y2fMZmkhkqyWBSmHJkY5Y+jEVOUGD61BBPF7K2IjLHCxNh4KjYEb/nlVdK5aHhXDffhsta8LeIowwmcwjl4cA1NuIcWtIHAGJ7hFd4c4bw4787HorXkFDPH8AfO5w9RKY3D</latexit>

g0g0

<latexit sha1_base64="bYdYy3xDGBNswQWoy8aScO7WA+I=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBg5RERD0WvXisaD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1NaWV1b3yhvVra2d3b33P2Dlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Db3209UaRbLRzNJaCDwULKIEWxy6eEM4b5b9WreDGiZ+AWpQoFG3/3qDWKSCioN4Vjrru8lJsiwMoxwOq30Uk0TTMZ4SLuWSiyoDrLZrVN0YpUBimJlSxo0U39PZFhoPRGh7RTYjPSil4v/ed3URNdBxmSSGirJfFGUcmRilD+OBkxRYvjEEkwUs7ciMsIKE2PjqdgQ/MWXl0nrvOZf1rz7i2r9poijDEdwDKfgwxXU4Q4a0AQCI3iGV3hzhPPivDsf89aSU8wcwh84nz8mQI2n</latexit>

S, a

<latexit sha1_base64="LHALclKubh/8eKUFjaKUXF3Uums=">AAAB+HicbVBNSwMxEJ2tX7V+dNWjl2CRepCyK6Iei148VrAf2JaSTbNtaJJdkqxQl/4SLx4U8epP8ea/MW33oK0PBh7vzTAzL4g508bzvp3cyura+kZ+s7C1vbNbdPf2GzpKFKF1EvFItQKsKWeS1g0znLZiRbEIOG0Go5up33ykSrNI3ptxTLsCDyQLGcHGSj23+FA+RU1bnQEWApd7bsmreDOgZeJnpAQZaj33q9OPSCKoNIRjrdu+F5tuipVhhNNJoZNoGmMywgPatlRiQXU3nR0+QcdW6aMwUrakQTP190SKhdZjEdhOgc1QL3pT8T+vnZjwqpsyGSeGSjJfFCYcmQhNU0B9pigxfGwJJorZWxEZYoWJsVkVbAj+4svLpHFW8S8q3t15qXqdxZGHQziCE/DhEqpwCzWoA4EEnuEV3pwn58V5dz7mrTknmzmAP3A+fwAE6pFj</latexit>

Z 0,W 0, �0
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<latexit sha1_base64="gdkPXx1hM4qKO+5zX666mHiW2k4=">AAAB+HicbVDLTgIxFL2DL8QHoy7dNBITF4TMGKMuUTcsMZFHwgykUzrQ0M5M2o4JEr7EjQuNceunuPNvLDALBU9yb07OuTe9PUHCmdKO823l1tY3Nrfy24Wd3b39on1w2FRxKgltkJjHsh1gRTmLaEMzzWk7kRSLgNNWMLqb+a1HKhWLowc9Tqgv8CBiISNYG6lnF2tdLxFlr1zrOqbf9OySU3HmQKvEzUgJMtR79pfXj0kqaKQJx0p1XCfR/gRLzQin04KXKppgMsID2jE0woIqfzI/fIpOjdJHYSxNRRrN1d8bEyyUGovATAqsh2rZm4n/eZ1Uh9f+hEVJqmlEFg+FKUc6RrMUUJ9JSjQfG4KJZOZWRIZYYqJNVgUTgrv85VXSPK+4lxXn/qJUvc3iyMMxnMAZuHAFVahBHRpAIIVneIU368l6sd6tj8Vozsp2juAPrM8fb0eRpA==</latexit>

H
±
, H

0
, A

<latexit sha1_base64="CT+cvA1/o2R56/ZkwOGDwwXKFqM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mnGCfkQHkoecUWOlh7se75UrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8q3oXVff+vFK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w8iOo2z</latexit>

Ni

<latexit sha1_base64="VO+JlbVZetXNLIhe3dEcTJKRbX0=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwUEpSRD0WvXisYtpCE8Jms2mXbj7Y3Sil9qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5QcaZVJb1baysrq1vbJa2yts7u3v7ZuWgLdNcEOqQlKeiG2BJOUuoo5jitJsJiuOA004wvJ76nQcqJEuTezXKqBfjfsIiRrDSkm9WXMV4SNGd36i5NeT4tm9Wrbo1A1omdkGqUKDlm19umJI8pokiHEvZs61MeWMsFCOcTspuLmmGyRD3aU/TBMdUeuPZ6RN0opUQRanQlSg0U39PjHEs5SgOdGeM1UAuelPxP6+Xq+jSG7MkyxVNyHxRlHOkUjTNAYVMUKL4SBNMBNO3IjLAAhOl0yrrEOzFl5dJu1G3z+vW7Vm1eVXEUYIjOIZTsOECmnADLXCAwCM8wyu8GU/Gi/FufMxbV4xi5hD+wPj8AfuSkoQ=</latexit>

R̃2, U1

<latexit sha1_base64="JQlTFtrgT9moPxxxlwVXO4Q088c=">AAACB3icbZDLSsNAFIYn9VbrLepSkGARXEhJRNRl0Y3LCvYCbSiTyaQdOpnEmROhhOzc+CpuXCji1ldw59s4aYNo6w8DH/85hzPn92LOFNj2l1FaWFxaXimvVtbWNza3zO2dlooSSWiTRDySHQ8rypmgTWDAaSeWFIcep21vdJXX2/dUKhaJWxjH1A3xQLCAEQza6pv7PWDcpylkxwXd/dAgq/TNql2zJ7LmwSmgigo1+uZnz49IElIBhGOluo4dg5tiCYxwmlV6iaIxJiM8oF2NAodUuenkjsw61I5vBZHUT4A1cX9PpDhUahx6ujPEMFSztdz8r9ZNILhwUybiBKgg00VBwi2IrDwUy2eSEuBjDZhIpv9qkSGWmICOLg/BmT15HlonNeesZt+cVuuXRRxltIcO0BFy0Dmqo2vUQE1E0AN6Qi/o1Xg0no03433aWjKKmV30R8bHN423mbw=</latexit>

t̃, q̃, g̃

<latexit sha1_base64="+1UpMYUzFwkc5pCluC39NEpJFY8=">AAACCnicbZDLSsNAFIYnXmu9RV26iRbBhZRERF0W3bisYC/QxDKZTNqhM0mYORFKyNqNr+LGhSJufQJ3vo2TNgtt/WHg4z/ncOb8fsKZAtv+NhYWl5ZXVitr1fWNza1tc2e3reJUEtoiMY9l18eKchbRFjDgtJtIioXPaccfXRf1zgOVisXRHYwT6gk8iFjICAZt9c0DlwzZfeYmIj+Zoq0BGA9o5gJO82rfrNl1eyJrHpwSaqhUs29+uUFMUkEjIBwr1XPsBLwMS2CE07zqpoommIzwgPY0RlhQ5WWTU3LrSDuBFcZSvwisift7IsNCqbHwdafAMFSztcL8r9ZLIbz0MhYlKdCITBeFKbcgtopcrIBJSoCPNWAimf6rRYZYYgI6vSIEZ/bkeWif1p3zun17VmtclXFU0D46RMfIQReogW5QE7UQQY/oGb2iN+PJeDHejY9p64JRzuyhPzI+fwBBapqd</latexit>

�±,�0, ⌧̃

<latexit sha1_base64="JPSENwE/HixChOp9DhnDdLcUn/w=">AAAB+HicbVDLTsMwENyUVymPBjhysaiQOKCSlOexggvHIvUltVHkuG5r1XEi20EqUb+ECwcQ4sqncONvcNscoGWk1Y5mduX1BDFnSjvOt5VbWV1b38hvFra2d3aL9t5+U0WJJLRBIh7JdoAV5UzQhmaa03YsKQ4DTlvB6G7qtx6pVCwSdT2OqRfigWB9RrA2km8X2356eXY+Oa37acV03y45ZWcGtEzcjJQgQ823v7q9iCQhFZpwrFTHdWLtpVhqRjidFLqJojEmIzygHUMFDqny0tnhE3RslB7qR9KU0Gim/t5IcajUOAzMZIj1UC16U/E/r5Po/o2XMhEnmgoyf6ifcKQjNE0B9ZikRPOxIZhIZm5FZIglJtpkVTAhuItfXibNStm9KjsPF6XqbRZHHg7hCE7AhWuowj3UoAEEEniGV3iznqwX6936mI/mrGznAP7A+vwB7P6R9w==</latexit>

X5/3, T2/3

<latexit sha1_base64="I/pFCCeu6PMUewl/UPoC6JEMZ7A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoPEIoQ7EbUM2lhYJGA+IDnC3mYvWbK7d+zuCeHIj7CxUMTW32Pnv3GTXKGJDwYe780wMy+IOdPGdb+d3Nr6xuZWfruws7u3f1A8PGrpKFGENknEI9UJsKacSdo0zHDaiRXFIuC0HYzvZn77iSrNIvloJjH1BR5KFjKCjZXajXKlV3ko94slt+rOgVaJl5ESZKj3i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/d4rOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4Y2fMhknhkqyWBQmHJkIzX5HA6YoMXxiCSaK2VsRGWGFibEJFWwI3vLLq6R1UfWuqm7jslS7zeLIwwmcwjl4cA01uIc6NIHAGJ7hFd6c2Hlx3p2PRWvOyWaO4Q+czx+Jr45k</latexit>

Q0, L0

<latexit sha1_base64="DjPyfvI1dphOa8RHTp1+Kgee0jg=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Iroh6LHhR6qWA/oF1KNs22sdlkSbJCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKK6tr6xvFzdLW9s7unrt/0NQyVYQ2iORStUOsKWeCNgwznLYTRXEcctoKRzdTv/VElWZSPJhxQoMYDwSLGMHGSs3bXlarTXpu2at4M6Bl4uekDDnqPfer25ckjakwhGOtO76XmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gE6v0USSVLWHQTP09keFY63Ec2s4Ym6Fe9Kbif14nNdFVkDGRpIYKMl8UpRwZiaavoz5TlBg+tgQTxeytiAyxwsTYgEo2BH/x5WXSPKv4FxXv/rxcvc7jKMIRHMMp+HAJVbiDOjSAwCM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fRsSO7w==</latexit>

GKK

<latexit sha1_base64="x3TWtS2Bceor7Rd0UYBPFAQvJGU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dii/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDr8uM3A==</latexit>

S

<latexit sha1_base64="asIWIKiRf7u3j3kvzJSSYmEF4O4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76msb/rVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27qrsPl7XGbRFHGU7gFM7Bg2towD00wQcGAp7hFd4c5bw4787HorXkFDPH8AfO5w/rj47C</latexit>⌫s
<latexit sha1_base64="e5OluIRxaSsjDpHYXWJxBBDIY2g=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahHiyJiHos9eLBQwXTFtoQNtttu3azCbubQgn9J148KOLVf+LNf+O2zUGrDwYe780wMy9MOFPacb6swsrq2vpGcbO0tb2zu2fvHzRVnEpCPRLzWLZDrChngnqaaU7biaQ4CjlthaObmd8aU6lYLB70JKF+hAeC9RnB2kiBbXsV9zTI6md3ATP1OA3sslN15kB/iZuTMuRoBPZntxeTNKJCE46V6rhOov0MS80Ip9NSN1U0wWSEB7RjqMARVX42v3yKTozSQ/1YmhIazdWfExmOlJpEoemMsB6qZW8m/ud1Ut2/9jMmklRTQRaL+ilHOkazGFCPSUo0nxiCiWTmVkSGWGKiTVglE4K7/PJf0jyvupdV5/6iXKvncRThCI6hAi5cQQ1uoQEeEBjDE7zAq5VZz9ab9b5oLVj5zCH8gvXxDXYvkkM=</latexit>

U(1)B�Li�Lj

<latexit sha1_base64="YvhyWxMiFujrdBWyS2uyuVQHDlQ=">AAAB8XicbVDLTgJBEOz1ifhCPXqZSAyeyK4x6pHoxSMm8oiwIb3DABNmZ5eZWROy4S+8eNAYr/6NN//GAfagYCWdVKq6090VxIJr47rfzsrq2vrGZm4rv72zu7dfODis6yhRlNVoJCLVDFAzwSWrGW4Ea8aKYRgI1giGt1O/8cSU5pF8MOOY+SH2Je9xisZKj6NSO0CVjialTqHolt0ZyDLxMlKEDNVO4avdjWgSMmmoQK1bnhsbP0VlOBVskm8nmsVIh9hnLUslhkz76eziCTm1Spf0ImVLGjJTf0+kGGo9DgPbGaIZ6EVvKv7ntRLTu/ZTLuPEMEnni3qJICYi0/dJlytGjRhbglRxeyuhA1RIjQ0pb0PwFl9eJvXzsndZdu8vipWbLI4cHMMJnIEHV1CBO6hCDShIeIZXeHO08+K8Ox/z1hUnmzmCP3A+fwAzlpCc</latexit>

q0q̄0

<latexit sha1_base64="3/qhL+kyVyzrHzh8xrqKV1WBfHw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBapp5KIqMeiF48V7Ae0oWy2m3Tp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gscSRYygk0uRfWoPqzW3IY7B1olXkFqUKA1rH4NRjFJBZWGcKx133MT42dYGUY4nVUGqaYJJhMc0b6lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2Y73s5eJ/Xj814Y2fMZmkhkqyWBSmHJkY5Y+jEVOUGD61BBPF7K2IjLHCxNh4KjYEb/nlVdK5aHhXDffhsta8LeIowwmcwjl4cA1NuIcWtIHAGJ7hFd4c4bw4787HorXkFDPH8AfO5w9RKY3D</latexit>

g0g0

Timing Tracking
<latexit sha1_base64="bYdYy3xDGBNswQWoy8aScO7WA+I=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBg5RERD0WvXisaD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1NaWV1b3yhvVra2d3b33P2Dlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Db3209UaRbLRzNJaCDwULKIEWxy6eEM4b5b9WreDGiZ+AWpQoFG3/3qDWKSCioN4Vjrru8lJsiwMoxwOq30Uk0TTMZ4SLuWSiyoDrLZrVN0YpUBimJlSxo0U39PZFhoPRGh7RTYjPSil4v/ed3URNdBxmSSGirJfFGUcmRilD+OBkxRYvjEEkwUs7ciMsIKE2PjqdgQ/MWXl0nrvOZf1rz7i2r9poijDEdwDKfgwxXU4Q4a0AQCI3iGV3hzhPPivDsf89aSU8wcwh84nz8mQI2n</latexit>

S, a

<latexit sha1_base64="LHALclKubh/8eKUFjaKUXF3Uums=">AAAB+HicbVBNSwMxEJ2tX7V+dNWjl2CRepCyK6Iei148VrAf2JaSTbNtaJJdkqxQl/4SLx4U8epP8ea/MW33oK0PBh7vzTAzL4g508bzvp3cyura+kZ+s7C1vbNbdPf2GzpKFKF1EvFItQKsKWeS1g0znLZiRbEIOG0Go5up33ykSrNI3ptxTLsCDyQLGcHGSj23+FA+RU1bnQEWApd7bsmreDOgZeJnpAQZaj33q9OPSCKoNIRjrdu+F5tuipVhhNNJoZNoGmMywgPatlRiQXU3nR0+QcdW6aMwUrakQTP190SKhdZjEdhOgc1QL3pT8T+vnZjwqpsyGSeGSjJfFCYcmQhNU0B9pigxfGwJJorZWxEZYoWJsVkVbAj+4svLpHFW8S8q3t15qXqdxZGHQziCE/DhEqpwCzWoA4EEnuEV3pwn58V5dz7mrTknmzmAP3A+fwAE6pFj</latexit>

Z 0,W 0, �0
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<latexit sha1_base64="gdkPXx1hM4qKO+5zX666mHiW2k4=">AAAB+HicbVDLTgIxFL2DL8QHoy7dNBITF4TMGKMuUTcsMZFHwgykUzrQ0M5M2o4JEr7EjQuNceunuPNvLDALBU9yb07OuTe9PUHCmdKO823l1tY3Nrfy24Wd3b39on1w2FRxKgltkJjHsh1gRTmLaEMzzWk7kRSLgNNWMLqb+a1HKhWLowc9Tqgv8CBiISNYG6lnF2tdLxFlr1zrOqbf9OySU3HmQKvEzUgJMtR79pfXj0kqaKQJx0p1XCfR/gRLzQin04KXKppgMsID2jE0woIqfzI/fIpOjdJHYSxNRRrN1d8bEyyUGovATAqsh2rZm4n/eZ1Uh9f+hEVJqmlEFg+FKUc6RrMUUJ9JSjQfG4KJZOZWRIZYYqJNVgUTgrv85VXSPK+4lxXn/qJUvc3iyMMxnMAZuHAFVahBHRpAIIVneIU368l6sd6tj8Vozsp2juAPrM8fb0eRpA==</latexit>

H
±
, H

0
, A

<latexit sha1_base64="CT+cvA1/o2R56/ZkwOGDwwXKFqM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mnGCfkQHkoecUWOlh7se75UrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8q3oXVff+vFK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w8iOo2z</latexit>

Ni

<latexit sha1_base64="VO+JlbVZetXNLIhe3dEcTJKRbX0=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwUEpSRD0WvXisYtpCE8Jms2mXbj7Y3Sil9qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5QcaZVJb1baysrq1vbJa2yts7u3v7ZuWgLdNcEOqQlKeiG2BJOUuoo5jitJsJiuOA004wvJ76nQcqJEuTezXKqBfjfsIiRrDSkm9WXMV4SNGd36i5NeT4tm9Wrbo1A1omdkGqUKDlm19umJI8pokiHEvZs61MeWMsFCOcTspuLmmGyRD3aU/TBMdUeuPZ6RN0opUQRanQlSg0U39PjHEs5SgOdGeM1UAuelPxP6+Xq+jSG7MkyxVNyHxRlHOkUjTNAYVMUKL4SBNMBNO3IjLAAhOl0yrrEOzFl5dJu1G3z+vW7Vm1eVXEUYIjOIZTsOECmnADLXCAwCM8wyu8GU/Gi/FufMxbV4xi5hD+wPj8AfuSkoQ=</latexit>

R̃2, U1

<latexit sha1_base64="JQlTFtrgT9moPxxxlwVXO4Q088c=">AAACB3icbZDLSsNAFIYn9VbrLepSkGARXEhJRNRl0Y3LCvYCbSiTyaQdOpnEmROhhOzc+CpuXCji1ldw59s4aYNo6w8DH/85hzPn92LOFNj2l1FaWFxaXimvVtbWNza3zO2dlooSSWiTRDySHQ8rypmgTWDAaSeWFIcep21vdJXX2/dUKhaJWxjH1A3xQLCAEQza6pv7PWDcpylkxwXd/dAgq/TNql2zJ7LmwSmgigo1+uZnz49IElIBhGOluo4dg5tiCYxwmlV6iaIxJiM8oF2NAodUuenkjsw61I5vBZHUT4A1cX9PpDhUahx6ujPEMFSztdz8r9ZNILhwUybiBKgg00VBwi2IrDwUy2eSEuBjDZhIpv9qkSGWmICOLg/BmT15HlonNeesZt+cVuuXRRxltIcO0BFy0Dmqo2vUQE1E0AN6Qi/o1Xg0no03433aWjKKmV30R8bHN423mbw=</latexit>

t̃, q̃, g̃

<latexit sha1_base64="+1UpMYUzFwkc5pCluC39NEpJFY8=">AAACCnicbZDLSsNAFIYnXmu9RV26iRbBhZRERF0W3bisYC/QxDKZTNqhM0mYORFKyNqNr+LGhSJufQJ3vo2TNgtt/WHg4z/ncOb8fsKZAtv+NhYWl5ZXVitr1fWNza1tc2e3reJUEtoiMY9l18eKchbRFjDgtJtIioXPaccfXRf1zgOVisXRHYwT6gk8iFjICAZt9c0DlwzZfeYmIj+Zoq0BGA9o5gJO82rfrNl1eyJrHpwSaqhUs29+uUFMUkEjIBwr1XPsBLwMS2CE07zqpoommIzwgPY0RlhQ5WWTU3LrSDuBFcZSvwisift7IsNCqbHwdafAMFSztcL8r9ZLIbz0MhYlKdCITBeFKbcgtopcrIBJSoCPNWAimf6rRYZYYgI6vSIEZ/bkeWif1p3zun17VmtclXFU0D46RMfIQReogW5QE7UQQY/oGb2iN+PJeDHejY9p64JRzuyhPzI+fwBBapqd</latexit>

�±,�0, ⌧̃

<latexit sha1_base64="JPSENwE/HixChOp9DhnDdLcUn/w=">AAAB+HicbVDLTsMwENyUVymPBjhysaiQOKCSlOexggvHIvUltVHkuG5r1XEi20EqUb+ECwcQ4sqncONvcNscoGWk1Y5mduX1BDFnSjvOt5VbWV1b38hvFra2d3aL9t5+U0WJJLRBIh7JdoAV5UzQhmaa03YsKQ4DTlvB6G7qtx6pVCwSdT2OqRfigWB9RrA2km8X2356eXY+Oa37acV03y45ZWcGtEzcjJQgQ823v7q9iCQhFZpwrFTHdWLtpVhqRjidFLqJojEmIzygHUMFDqny0tnhE3RslB7qR9KU0Gim/t5IcajUOAzMZIj1UC16U/E/r5Po/o2XMhEnmgoyf6ifcKQjNE0B9ZikRPOxIZhIZm5FZIglJtpkVTAhuItfXibNStm9KjsPF6XqbRZHHg7hCE7AhWuowj3UoAEEEniGV3iznqwX6936mI/mrGznAP7A+vwB7P6R9w==</latexit>

X5/3, T2/3

<latexit sha1_base64="I/pFCCeu6PMUewl/UPoC6JEMZ7A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoPEIoQ7EbUM2lhYJGA+IDnC3mYvWbK7d+zuCeHIj7CxUMTW32Pnv3GTXKGJDwYe780wMy+IOdPGdb+d3Nr6xuZWfruws7u3f1A8PGrpKFGENknEI9UJsKacSdo0zHDaiRXFIuC0HYzvZn77iSrNIvloJjH1BR5KFjKCjZXajXKlV3ko94slt+rOgVaJl5ESZKj3i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/d4rOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4Y2fMhknhkqyWBQmHJkIzX5HA6YoMXxiCSaK2VsRGWGFibEJFWwI3vLLq6R1UfWuqm7jslS7zeLIwwmcwjl4cA01uIc6NIHAGJ7hFd6c2Hlx3p2PRWvOyWaO4Q+czx+Jr45k</latexit>

Q0, L0

<latexit sha1_base64="DjPyfvI1dphOa8RHTp1+Kgee0jg=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Iroh6LHhR6qWA/oF1KNs22sdlkSbJCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKK6tr6xvFzdLW9s7unrt/0NQyVYQ2iORStUOsKWeCNgwznLYTRXEcctoKRzdTv/VElWZSPJhxQoMYDwSLGMHGSs3bXlarTXpu2at4M6Bl4uekDDnqPfer25ckjakwhGOtO76XmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gE6v0USSVLWHQTP09keFY63Ec2s4Ym6Fe9Kbif14nNdFVkDGRpIYKMl8UpRwZiaavoz5TlBg+tgQTxeytiAyxwsTYgEo2BH/x5WXSPKv4FxXv/rxcvc7jKMIRHMMp+HAJVbiDOjSAwCM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fRsSO7w==</latexit>

GKK

<latexit sha1_base64="x3TWtS2Bceor7Rd0UYBPFAQvJGU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dii/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDr8uM3A==</latexit>

S

<latexit sha1_base64="asIWIKiRf7u3j3kvzJSSYmEF4O4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76msb/rVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27qrsPl7XGbRFHGU7gFM7Bg2towD00wQcGAp7hFd4c5bw4787HorXkFDPH8AfO5w/rj47C</latexit>⌫s
<latexit sha1_base64="e5OluIRxaSsjDpHYXWJxBBDIY2g=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahHiyJiHos9eLBQwXTFtoQNtttu3azCbubQgn9J148KOLVf+LNf+O2zUGrDwYe780wMy9MOFPacb6swsrq2vpGcbO0tb2zu2fvHzRVnEpCPRLzWLZDrChngnqaaU7biaQ4CjlthaObmd8aU6lYLB70JKF+hAeC9RnB2kiBbXsV9zTI6md3ATP1OA3sslN15kB/iZuTMuRoBPZntxeTNKJCE46V6rhOov0MS80Ip9NSN1U0wWSEB7RjqMARVX42v3yKTozSQ/1YmhIazdWfExmOlJpEoemMsB6qZW8m/ud1Ut2/9jMmklRTQRaL+ilHOkazGFCPSUo0nxiCiWTmVkSGWGKiTVglE4K7/PJf0jyvupdV5/6iXKvncRThCI6hAi5cQQ1uoQEeEBjDE7zAq5VZz9ab9b5oLVj5zCH8gvXxDXYvkkM=</latexit>

U(1)B�Li�Lj

Tracker

ECAL

HCAL Decays

Stops

Produced
<latexit sha1_base64="rSaY4ABRjrkVBpdLVOfuF1evOfY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgrGFNpTNdtMu3WzC7kQoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaWV1b3yhvVra2d3b3qvsHjybJNOM+S2Si2yE1XArFfRQoeTvVnMah5K1wdDv1W09cG5GoBxynPIjpQIlIMIpW8pFcE7dXrbl1dwayTLyC1KBAs1f96vYTlsVcIZPUmI7nphjkVKNgkk8q3czwlLIRHfCOpYrG3AT57NgJObFKn0SJtqWQzNTfEzmNjRnHoe2MKQ7NojcV//M6GUZXQS5UmiFXbL4oyiTBhEw/J32hOUM5toQyLeythA2ppgxtPhUbgrf48jJ5PKt7F3X3/rzWuCniKMMRHMMpeHAJDbiDJvjAQMAzvMKbo5wX5935mLeWnGLmEP7A+fwBfoeN0g==</latexit>

t = 0

<latexit sha1_base64="2pGmPZ2wfLIkG0/cWjKt8XyyrzQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8d3Mbz9xbUSsHnGScD+iQyVCwShaqY3khmDf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/d0rOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms9/JQGjOUE4soUwLeythI6opQ5tQyYbgLb+8SloXVa9WdR8uK/XbPI4inMApnIMHV1CHe2hAExiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AEM+I66</latexit>

t = t1

<latexit sha1_base64="johOOwPfPMFfdRoTqUCk6J5KrrI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqBeh6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8d3Mbz9xbUSsHnGScD+iQyVCwShaqY3khmC/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+7pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZr+TgdCcoZxYQpkW9lbCRlRThjahkg3BW355lbRqVe+y6j5cVOq3eRxFOIFTOAcPrqAO99CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMOfI67</latexit>

t = t2

Glennys Farrar, Pierre Fayet, Phys. Lett. B 76 (1978) 575-579
Arvanitaki, Dimopoulos, Pierce, Rajendran, Wacker, Phys. Rev. D 76 (2007) 055007

<latexit sha1_base64="YvhyWxMiFujrdBWyS2uyuVQHDlQ=">AAAB8XicbVDLTgJBEOz1ifhCPXqZSAyeyK4x6pHoxSMm8oiwIb3DABNmZ5eZWROy4S+8eNAYr/6NN//GAfagYCWdVKq6090VxIJr47rfzsrq2vrGZm4rv72zu7dfODis6yhRlNVoJCLVDFAzwSWrGW4Ea8aKYRgI1giGt1O/8cSU5pF8MOOY+SH2Je9xisZKj6NSO0CVjialTqHolt0ZyDLxMlKEDNVO4avdjWgSMmmoQK1bnhsbP0VlOBVskm8nmsVIh9hnLUslhkz76eziCTm1Spf0ImVLGjJTf0+kGGo9DgPbGaIZ6EVvKv7ntRLTu/ZTLuPEMEnni3qJICYi0/dJlytGjRhbglRxeyuhA1RIjQ0pb0PwFl9eJvXzsndZdu8vipWbLI4cHMMJnIEHV1CBO6hCDShIeIZXeHO08+K8Ox/z1hUnmzmCP3A+fwAzlpCc</latexit>

q0q̄0

<latexit sha1_base64="3/qhL+kyVyzrHzh8xrqKV1WBfHw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBapp5KIqMeiF48V7Ae0oWy2m3Tp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gscSRYygk0uRfWoPqzW3IY7B1olXkFqUKA1rH4NRjFJBZWGcKx133MT42dYGUY4nVUGqaYJJhMc0b6lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2Y73s5eJ/Xj814Y2fMZmkhkqyWBSmHJkY5Y+jEVOUGD61BBPF7K2IjLHCxNh4KjYEb/nlVdK5aHhXDffhsta8LeIowwmcwjl4cA1NuIcWtIHAGJ7hFd4c4bw4787HorXkFDPH8AfO5w9RKY3D</latexit>

g0g0

Timing Data 
acquisition

<latexit sha1_base64="bYdYy3xDGBNswQWoy8aScO7WA+I=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBg5RERD0WvXisaD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1NaWV1b3yhvVra2d3b33P2Dlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Db3209UaRbLRzNJaCDwULKIEWxy6eEM4b5b9WreDGiZ+AWpQoFG3/3qDWKSCioN4Vjrru8lJsiwMoxwOq30Uk0TTMZ4SLuWSiyoDrLZrVN0YpUBimJlSxo0U39PZFhoPRGh7RTYjPSil4v/ed3URNdBxmSSGirJfFGUcmRilD+OBkxRYvjEEkwUs7ciMsIKE2PjqdgQ/MWXl0nrvOZf1rz7i2r9poijDEdwDKfgwxXU4Q4a0AQCI3iGV3hzhPPivDsf89aSU8wcwh84nz8mQI2n</latexit>

S, a

<latexit sha1_base64="LHALclKubh/8eKUFjaKUXF3Uums=">AAAB+HicbVBNSwMxEJ2tX7V+dNWjl2CRepCyK6Iei148VrAf2JaSTbNtaJJdkqxQl/4SLx4U8epP8ea/MW33oK0PBh7vzTAzL4g508bzvp3cyura+kZ+s7C1vbNbdPf2GzpKFKF1EvFItQKsKWeS1g0znLZiRbEIOG0Go5up33ykSrNI3ptxTLsCDyQLGcHGSj23+FA+RU1bnQEWApd7bsmreDOgZeJnpAQZaj33q9OPSCKoNIRjrdu+F5tuipVhhNNJoZNoGmMywgPatlRiQXU3nR0+QcdW6aMwUrakQTP190SKhdZjEdhOgc1QL3pT8T+vnZjwqpsyGSeGSjJfFCYcmQhNU0B9pigxfGwJJorZWxEZYoWJsVkVbAj+4svLpHFW8S8q3t15qXqdxZGHQziCE/DhEqpwCzWoA4EEnuEV3pwn58V5dz7mrTknmzmAP3A+fwAE6pFj</latexit>

Z 0,W 0, �0
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<latexit sha1_base64="gdkPXx1hM4qKO+5zX666mHiW2k4=">AAAB+HicbVDLTgIxFL2DL8QHoy7dNBITF4TMGKMuUTcsMZFHwgykUzrQ0M5M2o4JEr7EjQuNceunuPNvLDALBU9yb07OuTe9PUHCmdKO823l1tY3Nrfy24Wd3b39on1w2FRxKgltkJjHsh1gRTmLaEMzzWk7kRSLgNNWMLqb+a1HKhWLowc9Tqgv8CBiISNYG6lnF2tdLxFlr1zrOqbf9OySU3HmQKvEzUgJMtR79pfXj0kqaKQJx0p1XCfR/gRLzQin04KXKppgMsID2jE0woIqfzI/fIpOjdJHYSxNRRrN1d8bEyyUGovATAqsh2rZm4n/eZ1Uh9f+hEVJqmlEFg+FKUc6RrMUUJ9JSjQfG4KJZOZWRIZYYqJNVgUTgrv85VXSPK+4lxXn/qJUvc3iyMMxnMAZuHAFVahBHRpAIIVneIU368l6sd6tj8Vozsp2juAPrM8fb0eRpA==</latexit>

H
±
, H

0
, A

<latexit sha1_base64="CT+cvA1/o2R56/ZkwOGDwwXKFqM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mnGCfkQHkoecUWOlh7se75UrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8q3oXVff+vFK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w8iOo2z</latexit>

Ni

<latexit sha1_base64="VO+JlbVZetXNLIhe3dEcTJKRbX0=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwUEpSRD0WvXisYtpCE8Jms2mXbj7Y3Sil9qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5QcaZVJb1baysrq1vbJa2yts7u3v7ZuWgLdNcEOqQlKeiG2BJOUuoo5jitJsJiuOA004wvJ76nQcqJEuTezXKqBfjfsIiRrDSkm9WXMV4SNGd36i5NeT4tm9Wrbo1A1omdkGqUKDlm19umJI8pokiHEvZs61MeWMsFCOcTspuLmmGyRD3aU/TBMdUeuPZ6RN0opUQRanQlSg0U39PjHEs5SgOdGeM1UAuelPxP6+Xq+jSG7MkyxVNyHxRlHOkUjTNAYVMUKL4SBNMBNO3IjLAAhOl0yrrEOzFl5dJu1G3z+vW7Vm1eVXEUYIjOIZTsOECmnADLXCAwCM8wyu8GU/Gi/FufMxbV4xi5hD+wPj8AfuSkoQ=</latexit>

R̃2, U1

<latexit sha1_base64="JQlTFtrgT9moPxxxlwVXO4Q088c=">AAACB3icbZDLSsNAFIYn9VbrLepSkGARXEhJRNRl0Y3LCvYCbSiTyaQdOpnEmROhhOzc+CpuXCji1ldw59s4aYNo6w8DH/85hzPn92LOFNj2l1FaWFxaXimvVtbWNza3zO2dlooSSWiTRDySHQ8rypmgTWDAaSeWFIcep21vdJXX2/dUKhaJWxjH1A3xQLCAEQza6pv7PWDcpylkxwXd/dAgq/TNql2zJ7LmwSmgigo1+uZnz49IElIBhGOluo4dg5tiCYxwmlV6iaIxJiM8oF2NAodUuenkjsw61I5vBZHUT4A1cX9PpDhUahx6ujPEMFSztdz8r9ZNILhwUybiBKgg00VBwi2IrDwUy2eSEuBjDZhIpv9qkSGWmICOLg/BmT15HlonNeesZt+cVuuXRRxltIcO0BFy0Dmqo2vUQE1E0AN6Qi/o1Xg0no03433aWjKKmV30R8bHN423mbw=</latexit>

t̃, q̃, g̃

<latexit sha1_base64="+1UpMYUzFwkc5pCluC39NEpJFY8=">AAACCnicbZDLSsNAFIYnXmu9RV26iRbBhZRERF0W3bisYC/QxDKZTNqhM0mYORFKyNqNr+LGhSJufQJ3vo2TNgtt/WHg4z/ncOb8fsKZAtv+NhYWl5ZXVitr1fWNza1tc2e3reJUEtoiMY9l18eKchbRFjDgtJtIioXPaccfXRf1zgOVisXRHYwT6gk8iFjICAZt9c0DlwzZfeYmIj+Zoq0BGA9o5gJO82rfrNl1eyJrHpwSaqhUs29+uUFMUkEjIBwr1XPsBLwMS2CE07zqpoommIzwgPY0RlhQ5WWTU3LrSDuBFcZSvwisift7IsNCqbHwdafAMFSztcL8r9ZLIbz0MhYlKdCITBeFKbcgtopcrIBJSoCPNWAimf6rRYZYYgI6vSIEZ/bkeWif1p3zun17VmtclXFU0D46RMfIQReogW5QE7UQQY/oGb2iN+PJeDHejY9p64JRzuyhPzI+fwBBapqd</latexit>

�±,�0, ⌧̃

<latexit sha1_base64="JPSENwE/HixChOp9DhnDdLcUn/w=">AAAB+HicbVDLTsMwENyUVymPBjhysaiQOKCSlOexggvHIvUltVHkuG5r1XEi20EqUb+ECwcQ4sqncONvcNscoGWk1Y5mduX1BDFnSjvOt5VbWV1b38hvFra2d3aL9t5+U0WJJLRBIh7JdoAV5UzQhmaa03YsKQ4DTlvB6G7qtx6pVCwSdT2OqRfigWB9RrA2km8X2356eXY+Oa37acV03y45ZWcGtEzcjJQgQ823v7q9iCQhFZpwrFTHdWLtpVhqRjidFLqJojEmIzygHUMFDqny0tnhE3RslB7qR9KU0Gim/t5IcajUOAzMZIj1UC16U/E/r5Po/o2XMhEnmgoyf6ifcKQjNE0B9ZikRPOxIZhIZm5FZIglJtpkVTAhuItfXibNStm9KjsPF6XqbRZHHg7hCE7AhWuowj3UoAEEEniGV3iznqwX6936mI/mrGznAP7A+vwB7P6R9w==</latexit>

X5/3, T2/3

<latexit sha1_base64="I/pFCCeu6PMUewl/UPoC6JEMZ7A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoPEIoQ7EbUM2lhYJGA+IDnC3mYvWbK7d+zuCeHIj7CxUMTW32Pnv3GTXKGJDwYe780wMy+IOdPGdb+d3Nr6xuZWfruws7u3f1A8PGrpKFGENknEI9UJsKacSdo0zHDaiRXFIuC0HYzvZn77iSrNIvloJjH1BR5KFjKCjZXajXKlV3ko94slt+rOgVaJl5ESZKj3i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/d4rOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4Y2fMhknhkqyWBQmHJkIzX5HA6YoMXxiCSaK2VsRGWGFibEJFWwI3vLLq6R1UfWuqm7jslS7zeLIwwmcwjl4cA01uIc6NIHAGJ7hFd6c2Hlx3p2PRWvOyWaO4Q+czx+Jr45k</latexit>

Q0, L0

<latexit sha1_base64="DjPyfvI1dphOa8RHTp1+Kgee0jg=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Iroh6LHhR6qWA/oF1KNs22sdlkSbJCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKK6tr6xvFzdLW9s7unrt/0NQyVYQ2iORStUOsKWeCNgwznLYTRXEcctoKRzdTv/VElWZSPJhxQoMYDwSLGMHGSs3bXlarTXpu2at4M6Bl4uekDDnqPfer25ckjakwhGOtO76XmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gE6v0USSVLWHQTP09keFY63Ec2s4Ym6Fe9Kbif14nNdFVkDGRpIYKMl8UpRwZiaavoz5TlBg+tgQTxeytiAyxwsTYgEo2BH/x5WXSPKv4FxXv/rxcvc7jKMIRHMMp+HAJVbiDOjSAwCM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fRsSO7w==</latexit>

GKK

<latexit sha1_base64="x3TWtS2Bceor7Rd0UYBPFAQvJGU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dii/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDr8uM3A==</latexit>

S

<latexit sha1_base64="asIWIKiRf7u3j3kvzJSSYmEF4O4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76msb/rVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27qrsPl7XGbRFHGU7gFM7Bg2towD00wQcGAp7hFd4c5bw4787HorXkFDPH8AfO5w/rj47C</latexit>⌫s
<latexit sha1_base64="e5OluIRxaSsjDpHYXWJxBBDIY2g=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahHiyJiHos9eLBQwXTFtoQNtttu3azCbubQgn9J148KOLVf+LNf+O2zUGrDwYe780wMy9MOFPacb6swsrq2vpGcbO0tb2zu2fvHzRVnEpCPRLzWLZDrChngnqaaU7biaQ4CjlthaObmd8aU6lYLB70JKF+hAeC9RnB2kiBbXsV9zTI6md3ATP1OA3sslN15kB/iZuTMuRoBPZntxeTNKJCE46V6rhOov0MS80Ip9NSN1U0wWSEB7RjqMARVX42v3yKTozSQ/1YmhIazdWfExmOlJpEoemMsB6qZW8m/ud1Ut2/9jMmklRTQRaL+ilHOkazGFCPSUo0nxiCiWTmVkSGWGKiTVglE4K7/PJf0jyvupdV5/6iXKvncRThCI6hAi5cQQ1uoQEeEBjDE7zAq5VZz9ab9b5oLVj5zCH8gvXxDXYvkkM=</latexit>

U(1)B�Li�Lj

<latexit sha1_base64="YvhyWxMiFujrdBWyS2uyuVQHDlQ=">AAAB8XicbVDLTgJBEOz1ifhCPXqZSAyeyK4x6pHoxSMm8oiwIb3DABNmZ5eZWROy4S+8eNAYr/6NN//GAfagYCWdVKq6090VxIJr47rfzsrq2vrGZm4rv72zu7dfODis6yhRlNVoJCLVDFAzwSWrGW4Ea8aKYRgI1giGt1O/8cSU5pF8MOOY+SH2Je9xisZKj6NSO0CVjialTqHolt0ZyDLxMlKEDNVO4avdjWgSMmmoQK1bnhsbP0VlOBVskm8nmsVIh9hnLUslhkz76eziCTm1Spf0ImVLGjJTf0+kGGo9DgPbGaIZ6EVvKv7ntRLTu/ZTLuPEMEnni3qJICYi0/dJlytGjRhbglRxeyuhA1RIjQ0pb0PwFl9eJvXzsndZdu8vipWbLI4cHMMJnIEHV1CBO6hCDShIeIZXeHO08+K8Ox/z1hUnmzmCP3A+fwAzlpCc</latexit>

q0q̄0

<latexit sha1_base64="3/qhL+kyVyzrHzh8xrqKV1WBfHw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBapp5KIqMeiF48V7Ae0oWy2m3Tp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gscSRYygk0uRfWoPqzW3IY7B1olXkFqUKA1rH4NRjFJBZWGcKx133MT42dYGUY4nVUGqaYJJhMc0b6lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2Y73s5eJ/Xj814Y2fMZmkhkqyWBSmHJkY5Y+jEVOUGD61BBPF7K2IjLHCxNh4KjYEb/nlVdK5aHhXDffhsta8LeIowwmcwjl4cA1NuIcWtIHAGJ7hFd4c4bw4787HorXkFDPH8AfO5w9RKY3D</latexit>

g0g0

Timing Data 
acquisition

Fermi velocity of 
nucleons

Atomic mass 
number

<latexit sha1_base64="NzV3syf7kxD6za5/mJH5qnm+FpM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOZpMx81hnZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZOa3Qhr9NgrV/yqPwNaJkFOKpCj3it/dfuKpIJKSzg2phP4iQ0zrC0jnE5K3dTQBJMRHtCOoxILasJsdu0EnTilj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfFVmDGZpJZKMl8UpxxZhaavoz7TlFg+dgQTzdytiAyxxsS6gEouhGDx5WXSPKsGF1X/7rxSu87jKMIRHMMpBHAJNbiFOjSAwAM8wyu8ecp78d69j3lrwctnDuEPvM8fK8aO3Q==</latexit>

q̄

<latexit sha1_base64="VeKlLpA9elKfa1zVxjn7PbUwt7g=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbOLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LejBP0IzqQPOSMGivVH3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD3UOM+g==</latexit>q

<latexit sha1_base64="wweE3/XdcOP955bXwsihcRBzCzg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzhuM8A==</latexit>g

<latexit sha1_base64="cNisl/QUGKfb4m4IBDyZGhBNAac=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthbaUDabTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpxlsskYnuBNRwKRRvoUDJO6nmNA4kfwhGN1P/4YlrIxJ1j+OU+zEdKBEJRtFKnR4KGXIy6Fdrbt2dgSwTryA1KNDsV796YcKymCtkkhrT9dwU/ZxqFEzySaWXGZ5SNqID3rVU0ZgbP5/dOyEnVglJlGhbCslM/T2R09iYcRzYzpji0Cx6U/E/r5thdOXnQqUZcsXmi6JMEkzI9HkSCs0ZyrEllGlhbyVsSDVlaCOq2BC8xZeXSfus7l3U3bvzWuO6iKMMR3AMp+DBJTTgFprQAgYSnuEV3pxH58V5dz7mrSWnmDmEP3A+fwC7E4/E</latexit>

g̃

Exchange of 
mesons

<latexit sha1_base64="uGp6stF7lY64mSbqga/D9ghaA3E=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSIIlpCIqMeiF48VbBto07LZbtqlm03c3RRK6O/w4kERr/4Yb/4bt20O2vpg4PHeDDPzgoQzpR3n21pZXVvf2CxsFbd3dvf2SweHDRWnktA6iXksvQArypmgdc00p14iKY4CTpvB8G7qN0dUKhaLRz1OqB/hvmAhI1gbyfc6TgV5nfMKsm27Wyo7tjMDWiZuTsqQo9YtfbV7MUkjKjThWKmW6yTaz7DUjHA6KbZTRRNMhrhPW4YKHFHlZ7OjJ+jUKD0UxtKU0Gim/p7IcKTUOApMZ4T1QC16U/E/r5Xq8MbPmEhSTQWZLwpTjnSMpgmgHpOUaD42BBPJzK2IDLDERJuciiYEd/HlZdK4sN0r23m4LFdv8zgKcAwncAYuXEMV7qEGdSDwBM/wCm/WyHqx3q2PeeuKlc8cwR9Ynz9qVI/q</latexit>

X0, X+, ...

ATLAS Collaboration, ATL-PHYS-PUB-2019-019

<latexit sha1_base64="bYdYy3xDGBNswQWoy8aScO7WA+I=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBg5RERD0WvXisaD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1NaWV1b3yhvVra2d3b33P2Dlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Db3209UaRbLRzNJaCDwULKIEWxy6eEM4b5b9WreDGiZ+AWpQoFG3/3qDWKSCioN4Vjrru8lJsiwMoxwOq30Uk0TTMZ4SLuWSiyoDrLZrVN0YpUBimJlSxo0U39PZFhoPRGh7RTYjPSil4v/ed3URNdBxmSSGirJfFGUcmRilD+OBkxRYvjEEkwUs7ciMsIKE2PjqdgQ/MWXl0nrvOZf1rz7i2r9poijDEdwDKfgwxXU4Q4a0AQCI3iGV3hzhPPivDsf89aSU8wcwh84nz8mQI2n</latexit>

S, a

<latexit sha1_base64="LHALclKubh/8eKUFjaKUXF3Uums=">AAAB+HicbVBNSwMxEJ2tX7V+dNWjl2CRepCyK6Iei148VrAf2JaSTbNtaJJdkqxQl/4SLx4U8epP8ea/MW33oK0PBh7vzTAzL4g508bzvp3cyura+kZ+s7C1vbNbdPf2GzpKFKF1EvFItQKsKWeS1g0znLZiRbEIOG0Go5up33ykSrNI3ptxTLsCDyQLGcHGSj23+FA+RU1bnQEWApd7bsmreDOgZeJnpAQZaj33q9OPSCKoNIRjrdu+F5tuipVhhNNJoZNoGmMywgPatlRiQXU3nR0+QcdW6aMwUrakQTP190SKhdZjEdhOgc1QL3pT8T+vnZjwqpsyGSeGSjJfFCYcmQhNU0B9pigxfGwJJorZWxEZYoWJsVkVbAj+4svLpHFW8S8q3t15qXqdxZGHQziCE/DhEqpwCzWoA4EEnuEV3pwn58V5dz7mrTknmzmAP3A+fwAE6pFj</latexit>

Z 0,W 0, �0



Motivation Theoretical 
scenario

Candidate 
particle(s)

Exotic 
Signals

Stopping 
particles

Exotics

SM+singlet

2HDM

New gauge 
groups

VLF

HNL

Leptoquarks (UV motivated)

Quirks
(bound state)

x

Hidden 
valleys

Hierarchy 
problem

SUSY
(colored) x

(not colored)

Composite

Extra 
dimensions

Neutral 
naturalness

Glueballs,

sQuirks x

DM

Z portal EWikinos-like 
(inelastic)

H portal (Z2 symmetric)

Nu portal

U(1) portal

<latexit sha1_base64="gdkPXx1hM4qKO+5zX666mHiW2k4=">AAAB+HicbVDLTgIxFL2DL8QHoy7dNBITF4TMGKMuUTcsMZFHwgykUzrQ0M5M2o4JEr7EjQuNceunuPNvLDALBU9yb07OuTe9PUHCmdKO823l1tY3Nrfy24Wd3b39on1w2FRxKgltkJjHsh1gRTmLaEMzzWk7kRSLgNNWMLqb+a1HKhWLowc9Tqgv8CBiISNYG6lnF2tdLxFlr1zrOqbf9OySU3HmQKvEzUgJMtR79pfXj0kqaKQJx0p1XCfR/gRLzQin04KXKppgMsID2jE0woIqfzI/fIpOjdJHYSxNRRrN1d8bEyyUGovATAqsh2rZm4n/eZ1Uh9f+hEVJqmlEFg+FKUc6RrMUUJ9JSjQfG4KJZOZWRIZYYqJNVgUTgrv85VXSPK+4lxXn/qJUvc3iyMMxnMAZuHAFVahBHRpAIIVneIU368l6sd6tj8Vozsp2juAPrM8fb0eRpA==</latexit>

H
±
, H

0
, A

<latexit sha1_base64="CT+cvA1/o2R56/ZkwOGDwwXKFqM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mnGCfkQHkoecUWOlh7se75UrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8q3oXVff+vFK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w8iOo2z</latexit>

Ni

<latexit sha1_base64="VO+JlbVZetXNLIhe3dEcTJKRbX0=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwUEpSRD0WvXisYtpCE8Jms2mXbj7Y3Sil9qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5QcaZVJb1baysrq1vbJa2yts7u3v7ZuWgLdNcEOqQlKeiG2BJOUuoo5jitJsJiuOA004wvJ76nQcqJEuTezXKqBfjfsIiRrDSkm9WXMV4SNGd36i5NeT4tm9Wrbo1A1omdkGqUKDlm19umJI8pokiHEvZs61MeWMsFCOcTspuLmmGyRD3aU/TBMdUeuPZ6RN0opUQRanQlSg0U39PjHEs5SgOdGeM1UAuelPxP6+Xq+jSG7MkyxVNyHxRlHOkUjTNAYVMUKL4SBNMBNO3IjLAAhOl0yrrEOzFl5dJu1G3z+vW7Vm1eVXEUYIjOIZTsOECmnADLXCAwCM8wyu8GU/Gi/FufMxbV4xi5hD+wPj8AfuSkoQ=</latexit>

R̃2, U1

<latexit sha1_base64="JQlTFtrgT9moPxxxlwVXO4Q088c=">AAACB3icbZDLSsNAFIYn9VbrLepSkGARXEhJRNRl0Y3LCvYCbSiTyaQdOpnEmROhhOzc+CpuXCji1ldw59s4aYNo6w8DH/85hzPn92LOFNj2l1FaWFxaXimvVtbWNza3zO2dlooSSWiTRDySHQ8rypmgTWDAaSeWFIcep21vdJXX2/dUKhaJWxjH1A3xQLCAEQza6pv7PWDcpylkxwXd/dAgq/TNql2zJ7LmwSmgigo1+uZnz49IElIBhGOluo4dg5tiCYxwmlV6iaIxJiM8oF2NAodUuenkjsw61I5vBZHUT4A1cX9PpDhUahx6ujPEMFSztdz8r9ZNILhwUybiBKgg00VBwi2IrDwUy2eSEuBjDZhIpv9qkSGWmICOLg/BmT15HlonNeesZt+cVuuXRRxltIcO0BFy0Dmqo2vUQE1E0AN6Qi/o1Xg0no03433aWjKKmV30R8bHN423mbw=</latexit>

t̃, q̃, g̃

<latexit sha1_base64="+1UpMYUzFwkc5pCluC39NEpJFY8=">AAACCnicbZDLSsNAFIYnXmu9RV26iRbBhZRERF0W3bisYC/QxDKZTNqhM0mYORFKyNqNr+LGhSJufQJ3vo2TNgtt/WHg4z/ncOb8fsKZAtv+NhYWl5ZXVitr1fWNza1tc2e3reJUEtoiMY9l18eKchbRFjDgtJtIioXPaccfXRf1zgOVisXRHYwT6gk8iFjICAZt9c0DlwzZfeYmIj+Zoq0BGA9o5gJO82rfrNl1eyJrHpwSaqhUs29+uUFMUkEjIBwr1XPsBLwMS2CE07zqpoommIzwgPY0RlhQ5WWTU3LrSDuBFcZSvwisift7IsNCqbHwdafAMFSztcL8r9ZLIbz0MhYlKdCITBeFKbcgtopcrIBJSoCPNWAimf6rRYZYYgI6vSIEZ/bkeWif1p3zun17VmtclXFU0D46RMfIQReogW5QE7UQQY/oGb2iN+PJeDHejY9p64JRzuyhPzI+fwBBapqd</latexit>

�±,�0, ⌧̃

<latexit sha1_base64="JPSENwE/HixChOp9DhnDdLcUn/w=">AAAB+HicbVDLTsMwENyUVymPBjhysaiQOKCSlOexggvHIvUltVHkuG5r1XEi20EqUb+ECwcQ4sqncONvcNscoGWk1Y5mduX1BDFnSjvOt5VbWV1b38hvFra2d3aL9t5+U0WJJLRBIh7JdoAV5UzQhmaa03YsKQ4DTlvB6G7qtx6pVCwSdT2OqRfigWB9RrA2km8X2356eXY+Oa37acV03y45ZWcGtEzcjJQgQ823v7q9iCQhFZpwrFTHdWLtpVhqRjidFLqJojEmIzygHUMFDqny0tnhE3RslB7qR9KU0Gim/t5IcajUOAzMZIj1UC16U/E/r5Po/o2XMhEnmgoyf6ifcKQjNE0B9ZikRPOxIZhIZm5FZIglJtpkVTAhuItfXibNStm9KjsPF6XqbRZHHg7hCE7AhWuowj3UoAEEEniGV3iznqwX6936mI/mrGznAP7A+vwB7P6R9w==</latexit>

X5/3, T2/3

<latexit sha1_base64="I/pFCCeu6PMUewl/UPoC6JEMZ7A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoPEIoQ7EbUM2lhYJGA+IDnC3mYvWbK7d+zuCeHIj7CxUMTW32Pnv3GTXKGJDwYe780wMy+IOdPGdb+d3Nr6xuZWfruws7u3f1A8PGrpKFGENknEI9UJsKacSdo0zHDaiRXFIuC0HYzvZn77iSrNIvloJjH1BR5KFjKCjZXajXKlV3ko94slt+rOgVaJl5ESZKj3i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/d4rOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4Y2fMhknhkqyWBQmHJkIzX5HA6YoMXxiCSaK2VsRGWGFibEJFWwI3vLLq6R1UfWuqm7jslS7zeLIwwmcwjl4cA01uIc6NIHAGJ7hFd6c2Hlx3p2PRWvOyWaO4Q+czx+Jr45k</latexit>

Q0, L0

<latexit sha1_base64="DjPyfvI1dphOa8RHTp1+Kgee0jg=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Iroh6LHhR6qWA/oF1KNs22sdlkSbJCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKK6tr6xvFzdLW9s7unrt/0NQyVYQ2iORStUOsKWeCNgwznLYTRXEcctoKRzdTv/VElWZSPJhxQoMYDwSLGMHGSs3bXlarTXpu2at4M6Bl4uekDDnqPfer25ckjakwhGOtO76XmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gE6v0USSVLWHQTP09keFY63Ec2s4Ym6Fe9Kbif14nNdFVkDGRpIYKMl8UpRwZiaavoz5TlBg+tgQTxeytiAyxwsTYgEo2BH/x5WXSPKv4FxXv/rxcvc7jKMIRHMMp+HAJVbiDOjSAwCM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fRsSO7w==</latexit>

GKK

<latexit sha1_base64="x3TWtS2Bceor7Rd0UYBPFAQvJGU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dii/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDr8uM3A==</latexit>

S

<latexit sha1_base64="asIWIKiRf7u3j3kvzJSSYmEF4O4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76msb/rVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27qrsPl7XGbRFHGU7gFM7Bg2towD00wQcGAp7hFd4c5bw4787HorXkFDPH8AfO5w/rj47C</latexit>⌫s
<latexit sha1_base64="e5OluIRxaSsjDpHYXWJxBBDIY2g=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahHiyJiHos9eLBQwXTFtoQNtttu3azCbubQgn9J148KOLVf+LNf+O2zUGrDwYe780wMy9MOFPacb6swsrq2vpGcbO0tb2zu2fvHzRVnEpCPRLzWLZDrChngnqaaU7biaQ4CjlthaObmd8aU6lYLB70JKF+hAeC9RnB2kiBbXsV9zTI6md3ATP1OA3sslN15kB/iZuTMuRoBPZntxeTNKJCE46V6rhOov0MS80Ip9NSN1U0wWSEB7RjqMARVX42v3yKTozSQ/1YmhIazdWfExmOlJpEoemMsB6qZW8m/ud1Ut2/9jMmklRTQRaL+ilHOkazGFCPSUo0nxiCiWTmVkSGWGKiTVglE4K7/PJf0jyvupdV5/6iXKvncRThCI6hAi5cQQ1uoQEeEBjDE7zAq5VZz9ab9b5oLVj5zCH8gvXxDXYvkkM=</latexit>

U(1)B�Li�Lj

<latexit sha1_base64="YvhyWxMiFujrdBWyS2uyuVQHDlQ=">AAAB8XicbVDLTgJBEOz1ifhCPXqZSAyeyK4x6pHoxSMm8oiwIb3DABNmZ5eZWROy4S+8eNAYr/6NN//GAfagYCWdVKq6090VxIJr47rfzsrq2vrGZm4rv72zu7dfODis6yhRlNVoJCLVDFAzwSWrGW4Ea8aKYRgI1giGt1O/8cSU5pF8MOOY+SH2Je9xisZKj6NSO0CVjialTqHolt0ZyDLxMlKEDNVO4avdjWgSMmmoQK1bnhsbP0VlOBVskm8nmsVIh9hnLUslhkz76eziCTm1Spf0ImVLGjJTf0+kGGo9DgPbGaIZ6EVvKv7ntRLTu/ZTLuPEMEnni3qJICYi0/dJlytGjRhbglRxeyuhA1RIjQ0pb0PwFl9eJvXzsndZdu8vipWbLI4cHMMJnIEHV1CBO6hCDShIeIZXeHO08+K8Ox/z1hUnmzmCP3A+fwAzlpCc</latexit>

q0q̄0

<latexit sha1_base64="3/qhL+kyVyzrHzh8xrqKV1WBfHw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBapp5KIqMeiF48V7Ae0oWy2m3Tp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gscSRYygk0uRfWoPqzW3IY7B1olXkFqUKA1rH4NRjFJBZWGcKx133MT42dYGUY4nVUGqaYJJhMc0b6lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2Y73s5eJ/Xj814Y2fMZmkhkqyWBSmHJkY5Y+jEVOUGD61BBPF7K2IjLHCxNh4KjYEb/nlVdK5aHhXDffhsta8LeIowwmcwjl4cA1NuIcWtIHAGJ7hFd4c4bw4787HorXkFDPH8AfO5w9RKY3D</latexit>

g0g0

Timing Data 
acquisition
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<latexit sha1_base64="bYdYy3xDGBNswQWoy8aScO7WA+I=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBg5RERD0WvXisaD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1NaWV1b3yhvVra2d3b33P2Dlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Db3209UaRbLRzNJaCDwULKIEWxy6eEM4b5b9WreDGiZ+AWpQoFG3/3qDWKSCioN4Vjrru8lJsiwMoxwOq30Uk0TTMZ4SLuWSiyoDrLZrVN0YpUBimJlSxo0U39PZFhoPRGh7RTYjPSil4v/ed3URNdBxmSSGirJfFGUcmRilD+OBkxRYvjEEkwUs7ciMsIKE2PjqdgQ/MWXl0nrvOZf1rz7i2r9poijDEdwDKfgwxXU4Q4a0AQCI3iGV3hzhPPivDsf89aSU8wcwh84nz8mQI2n</latexit>

S, a

<latexit sha1_base64="LHALclKubh/8eKUFjaKUXF3Uums=">AAAB+HicbVBNSwMxEJ2tX7V+dNWjl2CRepCyK6Iei148VrAf2JaSTbNtaJJdkqxQl/4SLx4U8epP8ea/MW33oK0PBh7vzTAzL4g508bzvp3cyura+kZ+s7C1vbNbdPf2GzpKFKF1EvFItQKsKWeS1g0znLZiRbEIOG0Go5up33ykSrNI3ptxTLsCDyQLGcHGSj23+FA+RU1bnQEWApd7bsmreDOgZeJnpAQZaj33q9OPSCKoNIRjrdu+F5tuipVhhNNJoZNoGmMywgPatlRiQXU3nR0+QcdW6aMwUrakQTP190SKhdZjEdhOgc1QL3pT8T+vnZjwqpsyGSeGSjJfFCYcmQhNU0B9pigxfGwJJorZWxEZYoWJsVkVbAj+4svLpHFW8S8q3t15qXqdxZGHQziCE/DhEqpwCzWoA4EEnuEV3pwn58V5dz7mrTknmzmAP3A+fwAE6pFj</latexit>

Z 0,W 0, �0


