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• Minimal WIMPs:

Rodolfo Capdevilla, Fermilab

Minimal Dark Matter 
Electroweak Interacting Dark Matter 

Minimal WIMPs

<latexit sha1_base64="iwn9YpxExu4l+KpT7HXosQNGEFE="></latexit>
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<latexit sha1_base64="6BaJBAcdKZbtSs2GueYVHxsU34o="></latexit>0
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A<latexit sha1_base64="EkRmR6gU/uABHpsxzKuPAKuiwJY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/dK+MtQ==</latexit>,
<latexit sha1_base64="ioMI/2hlOq45JsOPFYL3yeO6BGg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE1GPRi8eK1hbaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmlldW19o7xZ2dre2d2r7h88miTTjDdZIhPdDqnhUijeRIGSt1PNaRxK3gpHN1O/9cS1EYl6wHHKg5gOlIgEo2ile9d1e9Wa53ozkGXiF6QGBRq96le3n7As5gqZpMZ0fC/FIKcaBZN8UulmhqeUjeiAdyxVNOYmyGenTsiJVfokSrQthWSm/p7IaWzMOA5tZ0xxaBa9qfif18kwugpyodIMuWLzRVEmCSZk+jfpC80ZyrEllGlhbyVsSDVlaNOp2BD8xZeXyeOZ61+43t15rX5dxFGGIziGU/DhEupwCw1oAoMBPMMrvDnSeXHenY95a8kpZg7hD5zPH02KjSc=</latexit>...

Doublets Triplets Fiveplets… Nineplets…
(Higgsino-like) (Wino-like)

<latexit sha1_base64="PeveGM1oUBMrq797xT12ZYXENY0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cK1haaUDbbTbt0swm7E6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjLdYIhPdCanhUijeQoGSd1LNaRxK3g5Ht1O//cS1EYl6wHHKg5gOlIgEo2gl32dD0cv9MCIXk1615tbdGcgy8QpSgwLNXvXL7ycsi7lCJqkxXc9NMcipRsEkn1T8zPCUshEd8K6lisbcBPns5gk5sUqfRIm2pZDM1N8TOY2NGceh7YwpDs2iNxX/87oZRtdBLlSaIVdsvijKJMGETAMgfaE5Qzm2hDIt7K2EDammDG1MFRuCt/jyMnk8q3uXdff+vNa4KeIowxEcwyl4cAUNuIMmtIBBCs/wCm9O5rw4787HvLXkFDOH8AfO5w+DaZFX</latexit>�5
<latexit sha1_base64="SYHV/QcfO56ZCsGm4TRG5hYieuk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE/LgVvXisYG2hCWWz3bRLN5uwOxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzXiLJTLRnZAaLoXiLRQoeSfVnMah5O1wdDv1209cG5GoBxynPIjpQIlIMIpW8n02FL3cDyNyPelVa27dnYEsE68gNSjQ7FW//H7CspgrZJIa0/XcFIOcahRM8knFzwxPKRvRAe9aqmjMTZDPbp6QE6v0SZRoWwrJTP09kdPYmHEc2s6Y4tAselPxP6+bYXQV5EKlGXLF5ouiTBJMyDQA0heaM5RjSyjTwt5K2JBqytDGVLEheIsvL5PHs7p3UXfvz2uNmyKOMhzBMZyCB5fQgDtoQgsYpPAMr/DmZM6L8+58zFtLTjFzCH/gfP4AiX2RWw==</latexit>�9<latexit sha1_base64="ioMI/2hlOq45JsOPFYL3yeO6BGg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE1GPRi8eK1hbaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmlldW19o7xZ2dre2d2r7h88miTTjDdZIhPdDqnhUijeRIGSt1PNaRxK3gpHN1O/9cS1EYl6wHHKg5gOlIgEo2ile9d1e9Wa53ozkGXiF6QGBRq96le3n7As5gqZpMZ0fC/FIKcaBZN8UulmhqeUjeiAdyxVNOYmyGenTsiJVfokSrQthWSm/p7IaWzMOA5tZ0xxaBa9qfif18kwugpyodIMuWLzRVEmCSZk+jfpC80ZyrEllGlhbyVsSDVlaNOp2BD8xZeXyeOZ61+43t15rX5dxFGGIziGU/DhEupwCw1oAoMBPMMrvDnSeXHenY95a8kpZg7hD5zPH02KjSc=</latexit>...<latexit sha1_base64="ioMI/2hlOq45JsOPFYL3yeO6BGg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE1GPRi8eK1hbaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmlldW19o7xZ2dre2d2r7h88miTTjDdZIhPdDqnhUijeRIGSt1PNaRxK3gpHN1O/9cS1EYl6wHHKg5gOlIgEo2ile9d1e9Wa53ozkGXiF6QGBRq96le3n7As5gqZpMZ0fC/FIKcaBZN8UulmhqeUjeiAdyxVNOYmyGenTsiJVfokSrQthWSm/p7IaWzMOA5tZ0xxaBa9qfif18kwugpyodIMuWLzRVEmCSZk+jfpC80ZyrEllGlhbyVsSDVlaNOp2BD8xZeXyeOZ61+43t15rX5dxFGGIziGU/DhEupwCw1oAoMBPMMrvDnSeXHenY95a8kpZg7hD5zPH02KjSc=</latexit>...<latexit sha1_base64="WcbamBvLhV1w59TvoQgaDkNHrO4=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVJIi6rHoxWMF+wFNCJvtpF262cTdTbGE/hUvHhTx6h/x5r9x2+agrQ8GHu/NMDMvTDlT2nG+rbX1jc2t7dJOeXdv/+DQPqq0VZJJCi2a8ER2Q6KAMwEtzTSHbiqBxCGHTji6nfmdMUjFEvGgJyn4MRkIFjFKtJECu+LRIQtyL4xwferBY8bGgV11as4ceJW4BamiAs3A/vL6Cc1iEJpyolTPdVLt50RqRjlMy16mICV0RAbQM1SQGJSfz2+f4jOj9HGUSFNC47n6eyInsVKTODSdMdFDtezNxP+8Xqajaz9nIs00CLpYFGUc6wTPgsB9JoFqPjGEUMnMrZgOiSRUm7jKJgR3+eVV0q7X3Muac39RbdwUcZTQCTpF58hFV6iB7lATtRBFT+gZvaI3a2q9WO/Wx6J1zSpmjtEfWJ8/yH2URw==</latexit>�2 ⌘ <latexit sha1_base64="OlmehtQUxa5fWl9kkAc03VjzUvM=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVBIV9Vj04rGC/YAmlM120y7dbOLuplhC/ooXD4p49Y9489+4bXPQ1gcDj/dmmJkXJJwp7Tjf1srq2vrGZmmrvL2zu7dvH1RaKk4loU0S81h2AqwoZ4I2NdOcdhJJcRRw2g5Gt1O/PaZSsVg86ElC/QgPBAsZwdpIPbvikSHrZV4QovPco48pG/fsqlNzZkDLxC1IFQo0evaX149JGlGhCcdKdV0n0X6GpWaE07zspYommIzwgHYNFTiiys9mt+foxCh9FMbSlNBopv6eyHCk1CQKTGeE9VAtelPxP6+b6vDaz5hIUk0FmS8KU450jKZBoD6TlGg+MQQTycytiAyxxESbuMomBHfx5WXSOqu5lzXn/qJavyniKMERHMMpuHAFdbiDBjSBwBM8wyu8Wbn1Yr1bH/PWFauYOYQ/sD5/AMoIlEg=</latexit>�3 ⌘
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3 Rodolfo Capdevilla, Fermilab

(Split)Supersymmetry

Doublets (Higgsino-like)

<latexit sha1_base64="m/83dvnKTNkVGZ1n7yq5jgBGEqQ=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeilx4ruG2hXUo2zbahSXZJskJZ+hu8eFDEqz/Im//GtN2DVh8MPN6bYWZelApurOd9odLa+sbmVnm7srO7t39QPTxqmyTTlAU0EYnuRsQwwRULLLeCdVPNiIwE60STu7nfeWTa8EQ92GnKQklGisecEuukoK8lbg6qNa/uLYD/Er8gNSjQGlQ/+8OEZpIpSwUxpud7qQ1zoi2ngs0q/cywlNAJGbGeo4pIZsJ8cewMnzlliONEu1IWL9SfEzmRxkxl5DolsWOz6s3F/7xeZuObMOcqzSxTdLkozgS2CZ5/jodcM2rF1BFCNXe3YjommlDr8qm4EPzVl/+S9kXdv6p795e1xm0RRxlO4BTOwYdraEATWhAABQ5P8AKvSKFn9Ibel60lVMwcwy+gj29ElI5U</latexit>

H Higgs
<latexit sha1_base64="N7I2rWXrd1maHmJR+ynhG4kSgbE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzQOTJcxOZpMh81hmZoWw5BO8eFDEq1/kzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKflgxwkNBR5IFjOCrZPuRe+xV674VX8GtEyCnFQgR71X/ur2FUkFlZZwbEwn8BMbZlhbRjidlLqpoQkmIzygHUclFtSE2ezUCTpxSh/FSruSFs3U3xMZFsaMReQ6BbZDs+hNxf+8TmrjqzBjMkktlWS+KE45sgpN/0Z9pimxfOwIJpq5WxEZYo2JdemUXAjB4svLpHlWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIEBPMMrvHnce/HevY95a8HLZw7hD7zPHzq4jcM=</latexit>mZ

Simplified Models

Electroweakinos

<latexit sha1_base64="K6Dwdvh/gDI511kGvp/8YGRe6bA=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKtlbaUDabTbt0Nwm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpxlsskYnuBNRwKWLeQoGSd1LNqQokfwhGN1P/4YlrI5L4Hscp9xUdxCISjKKVHnsoZMhznPSrNbfuzkCWiVeQGhRo9qtfvTBhmeIxMkmN6Xpuin5ONQom+aTSywxPKRvRAe9aGlPFjZ/PDp6QE6uEJEq0rRjJTP09kVNlzFgFtlNRHJpFbyr+53UzjK78XMRphjxm80VRJgkmZPo9CYXmDOXYEsq0sLcSNqSaMrQZVWwI3uLLy6R9Vvcu6u7dea1xXcRRhiM4hlPw4BIacAtNaAEDBc/wCm+Odl6cd+dj3lpyiplD+APn8wc+75Cz</latexit>

t̃
<latexit sha1_base64="OwiKftYs6sLhIdHE8QToO6xdnG0=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMFWyttKJvNpl26uwm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTAU36HnfTmlldW19o7xZ2dre2d2r7h+0TZJpylo0EYnuhMQwwRVrIUfBOqlmRIaCPYSjm6n/8MS04Ym6x3HKAkkGisecErTSYw+5iFg+mPSrNa/uzeAuE78gNSjQ7Fe/elFCM8kUUkGM6fpeikFONHIq2KTSywxLCR2RAetaqohkJshnB0/cE6tEbpxoWwrdmfp7IifSmLEMbackODSL3lT8z+tmGF8FOVdphkzR+aI4Ey4m7vR7N+KaURRjSwjV3N7q0iHRhKLNqGJD8BdfXibts7p/UffuzmuN6yKOMhzBMZyCD5fQgFtoQgsoSHiGV3hztPPivDsf89aSU8wcwh84nz8rLpCm</latexit>

g̃
<latexit sha1_base64="2d4zKG8VIhyqbgh7p91h6eKaSvg=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi00sWy2m3bp7ibuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8KOVMG9f9dkorq2vrG+XNytb2zu5edf+gpZNMEeqThCeqE2FNOZPUN8xw2kkVxSLitB2NbqZ++4kqzRJ5b8YpDQUeSBYzgo2VOgEZsocgFb1qza27M6Bl4hWkBgWavepX0E9IJqg0hGOtu56bmjDHyjDC6aQSZJqmmIzwgHYtlVhQHeazeyfoxCp9FCfKljRopv6eyLHQeiwi2ymwGepFbyr+53UzE1+FOZNpZqgk80VxxpFJ0PR51GeKEsPHlmCimL0VkSFWmBgbUcWG4C2+vExaZ3Xvou7endca10UcZTiCYzgFDy6hAbfQBB8IcHiGV3hzHp0X5935mLeWnGLmEP7A+fwBBp+P9g==</latexit>

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

�0

Stops

Gluinos

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

TeV

<latexit sha1_base64="m/83dvnKTNkVGZ1n7yq5jgBGEqQ=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeilx4ruG2hXUo2zbahSXZJskJZ+hu8eFDEqz/Im//GtN2DVh8MPN6bYWZelApurOd9odLa+sbmVnm7srO7t39QPTxqmyTTlAU0EYnuRsQwwRULLLeCdVPNiIwE60STu7nfeWTa8EQ92GnKQklGisecEuukoK8lbg6qNa/uLYD/Er8gNSjQGlQ/+8OEZpIpSwUxpud7qQ1zoi2ngs0q/cywlNAJGbGeo4pIZsJ8cewMnzlliONEu1IWL9SfEzmRxkxl5DolsWOz6s3F/7xeZuObMOcqzSxTdLkozgS2CZ5/jodcM2rF1BFCNXe3YjommlDr8qm4EPzVl/+S9kXdv6p795e1xm0RRxlO4BTOwYdraEATWhAABQ5P8AKvSKFn9Ibel60lVMwcwy+gj29ElI5U</latexit>

H Higgs
<latexit sha1_base64="N7I2rWXrd1maHmJR+ynhG4kSgbE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzQOTJcxOZpMh81hmZoWw5BO8eFDEq1/kzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKflgxwkNBR5IFjOCrZPuRe+xV674VX8GtEyCnFQgR71X/ur2FUkFlZZwbEwn8BMbZlhbRjidlLqpoQkmIzygHUclFtSE2ezUCTpxSh/FSruSFs3U3xMZFsaMReQ6BbZDs+hNxf+8TmrjqzBjMkktlWS+KE45sgpN/0Z9pimxfOwIJpq5WxEZYo2JdemUXAjB4svLpHlWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIEBPMMrvHnce/HevY95a8HLZw7hD7zPHzq4jcM=</latexit>mZ

<latexit sha1_base64="l3bUGWnqyFFGqyvQaDi6LrG/naQ=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBg5SsiHosevFYoV/QXUo2zbahye6aZAtl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzgkRwbTD+dgpr6xubW8Xt0s7u3v5B+fCopeNUUdaksYhVJyCaCR6xpuFGsE6iGJGBYO1gdD/z22OmNI+jhpkkzJdkEPGQU2Ks5HtKIhdj7wI1WKtXruAqngOtEjcnFchR75W/vH5MU8kiQwXRuuvixPgZUYZTwaYlL9UsIXREBqxraUQk0342P3qKzqzSR2GsbEUGzdXfExmRWk9kYDslMUO97M3E/7xuasJbP+NRkhoW0cWiMBXIxGiWAOpzxagRE0sIVdzeiuiQKEKNzalkQ3CXX14lrcuqe13Fj1eV2l0eRxFO4BTOwYUbqMED1KEJFJ7gGV7hzRk7L86787FoLTj5zDH8gfP5A4chkKQ=</latexit>

100TeV
<latexit sha1_base64="l3bUGWnqyFFGqyvQaDi6LrG/naQ=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBg5SsiHosevFYoV/QXUo2zbahye6aZAtl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzgkRwbTD+dgpr6xubW8Xt0s7u3v5B+fCopeNUUdaksYhVJyCaCR6xpuFGsE6iGJGBYO1gdD/z22OmNI+jhpkkzJdkEPGQU2Ks5HtKIhdj7wI1WKtXruAqngOtEjcnFchR75W/vH5MU8kiQwXRuuvixPgZUYZTwaYlL9UsIXREBqxraUQk0342P3qKzqzSR2GsbEUGzdXfExmRWk9kYDslMUO97M3E/7xuasJbP+NRkhoW0cWiMBXIxGiWAOpzxagRE0sIVdzeiuiQKEKNzalkQ3CXX14lrcuqe13Fj1eV2l0eRxFO4BTOwYUbqMED1KEJFJ7gGV7hzRk7L86787FoLTj5zDH8gfP5A4chkKQ=</latexit>

100TeV

<latexit sha1_base64="2d4zKG8VIhyqbgh7p91h6eKaSvg=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi00sWy2m3bp7ibuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8KOVMG9f9dkorq2vrG+XNytb2zu5edf+gpZNMEeqThCeqE2FNOZPUN8xw2kkVxSLitB2NbqZ++4kqzRJ5b8YpDQUeSBYzgo2VOgEZsocgFb1qza27M6Bl4hWkBgWavepX0E9IJqg0hGOtu56bmjDHyjDC6aQSZJqmmIzwgHYtlVhQHeazeyfoxCp9FCfKljRopv6eyLHQeiwi2ymwGepFbyr+53UzE1+FOZNpZqgk80VxxpFJ0PR51GeKEsPHlmCimL0VkSFWmBgbUcWG4C2+vExaZ3Xvou7endca10UcZTiCYzgFDy6hAbfQBB8IcHiGV3hzHp0X5935mLeWnGLmEP7A+fwBBp+P9g==</latexit>

�±
<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

Triplets (Wino-like)

Fiveplets

Nineplets

Minimal Dark Matter 
Electroweak Interacting Dark Matter 

Minimal WIMPs

• Minimal WIMPs:

1. Introduction



Outline

1. Introduction


2. Minimal WIMP Searches


• Direct Detection


• Indirect Detection


• LHC

4

3. Future p/e Colliders


4. Muon Collider


• Disappearing Tracks


• Soft Tracks


Summary

Rodolfo Capdevilla, Fermilab
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Cirelli, Fornengo, Strumia, 
Nucl. Phys. B 753 (2006) 178-194

Majorana 
Large n

<latexit sha1_base64="P+ncuQ241JtcKz+QtPVR3j1qh2s=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBahp5KIqMeiF49V7Ae0oWy2k3bpZhN2N0Ip/QdePCji1X/kzX/jps1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4NvPbT6g0j+WjmSToR3QoecgZNVZ6qJb65Ypbc+cgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8KVWGM4GzUi/VmFA2pkPsWipphNqfzi+dkTOrDEgYK1vSkLn6e2JKI60nUWA7I2pGetnLxP+8bmrCa3/KZZIalGyxKEwFMTHJ3iYDrpAZMbGEMsXtrYSNqKLM2HCyELzll1dJ67zmXdbc+4tK/SaPowgncApV8OAK6nAHDWgCgxCe4RXenLHz4rw7H4vWgpPPHMMfOJ8/otOMxQ==</latexit>

(
<latexit sha1_base64="/A9Yc6giuOi7IqP6UOJQUe7MrrI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSLopSQi6rHoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUP++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSvKh4VxW3flmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPcCOMsg==</latexit>

)
<latexit sha1_base64="eegneZDh7kvhm9G2x0Pwvy+ZBaE="></latexit>

h�vi ⇠ g4n3 + 8g2g2Y Y
2n

128⇡M2
�

2

<latexit sha1_base64="pl5YuKofvOH6bU+/7tViC2ikn3M=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5AUUTdC0Y07K9gHNDFMppNm6MwkzEyEUrvwV9y4UMStv+HOv3HaZqGtBy4czrmXe++JMkaVdt1va2FxaXlltbRWXt/Y3Nq2d3abKs0lJg2cslS2I6QIo4I0NNWMtDNJEI8YaUX9q7HfeiBS0VTc6UFGAo56gsYUI22k0N73bzjpodDHCYXJfRVeQNfxqqFdcR13AjhPvIJUQIF6aH/53RTnnAiNGVKq47mZDoZIaooZGZX9XJEM4T7qkY6hAnGiguHk/hE8MkoXxqk0JTScqL8nhogrNeCR6eRIJ2rWG4v/eZ1cx+fBkIos10Tg6aI4Z1CncBwG7FJJsGYDQxCW1NwKcYIkwtpEVjYheLMvz5Nm1fFOHff2pFK7LOIogQNwCI6BB85ADVyDOmgADB7BM3gFb9aT9WK9Wx/T1gWrmNkDf2B9/gDsZ5QW</latexit>

⌦�h
2 = 0.12

• Mass:

Bottaro et al., Eur. Phys. J. C 82 (2022) 1, 31

1. Introduction

(Thermal Target)
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2

Bottaro et al., Eur. Phys. J. C 82 (2022) 1, 31

Landau Pole at
<latexit sha1_base64="t5bJRK5c/L+LUNxejscmZJyplLM=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6rLoxoVCBfuAJoTJdNIOnUzCzESoofgrblwo4tb/cOffOG2z0NYDA4dzzuXeOWHKmdKO820tLC4tr6yW1srrG5tb2/bOblMlmSS0QRKeyHaIFeVM0IZmmtN2KimOQ05b4eBq7LceqFQsEfd6mFI/xj3BIkawNlJg73s3JtzFyOMUuc5t4JE+C+yKU3UmQPPELUgFCtQD+8vrJiSLqdCEY6U6rpNqP8dSM8LpqOxliqaYDHCPdgwVOKbKzyfXj9CRUbooSqR5QqOJ+nsix7FSwzg0yRjrvpr1xuJ/XifT0YWfM5FmmgoyXRRlHOkEjatAXSYp0XxoCCaSmVsR6WOJiTaFlU0J7uyX50nzpOqeVZ2700rtsqijBAdwCMfgwjnU4Brq0AACj/AMr/BmPVkv1rv1MY0uWMXMHvyB9fkDve+UHw==</latexit>

⇤  10M�

• EW multiplets:   2, 3, …, 7 
• Masses:            1-50 TeV

Very large multiplets become less motivated

1. Introduction

A good target can be:

• Mass:
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<latexit sha1_base64="iwn9YpxExu4l+KpT7HXosQNGEFE="></latexit>

�
H̃

=

✓
�+
H̃

�0
H̃

◆
For a given multiplet Loop effects generate 

chargino-neutralino splitting

1. Introduction

R. Mahbubani, P. Schwaller, J. Zurita, JHEP 06 (2017) 119

Macroscopic 
decay length!

• Lifetime

<latexit sha1_base64="dZXtaGsMTAjobGZzhfQ9DM7NNdo=">AAACEXicbVDLSgMxFM34rPU16tJNsAjdWDIi6kYp6sJNoYJ9QGccMmmmDc08SDJCGeYX3Pgrblwo4tadO//GtB1EWw9cODnnXnLv8WLOpELoy5ibX1hcWi6sFFfX1jc2za3tpowSQWiDRDwSbQ9LyllIG4opTtuxoDjwOG15g8uR37qnQrIovFXDmDoB7oXMZwQrLblm2b6iXGFYg2ew5qY26bM7Ow4yePDzRBk8h8g1S6iCxoCzxMpJCeSou+an3Y1IEtBQEY6l7FgoVk6KhWKE06xoJ5LGmAxwj3Y0DXFApZOOL8rgvla60I+ErlDBsfp7IsWBlMPA050BVn057Y3E/7xOovxTJ2VhnCgakslHfsKhiuAoHthlghLFh5pgIpjeFZI+FpgoHWJRh2BNnzxLmocV67iCbo5K1Ys8jgLYBXugDCxwAqrgGtRBAxDwAJ7AC3g1Ho1n4814n7TOGfnMDvgD4+Mbyz2bGA==</latexit>

�M = M�± �M�0 > 0
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1. Introduction

• Thermal Targets

<latexit sha1_base64="iwn9YpxExu4l+KpT7HXosQNGEFE="></latexit>

�
H̃

=

✓
�+
H̃

�0
H̃

◆ <latexit sha1_base64="+LDFXPvE/gzJpZpaVPHtJswaq/c="></latexit>

�W̃ =

✓
�0
W̃

��
W̃

�+
W̃

��0
W̃

◆
<latexit sha1_base64="6BaJBAcdKZbtSs2GueYVHxsU34o="></latexit>0

@
�+
W̃

�0
W̃

��
W̃

1

A
<latexit sha1_base64="EkRmR6gU/uABHpsxzKuPAKuiwJY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/dK+MtQ==</latexit>, <latexit sha1_base64="ioMI/2hlOq45JsOPFYL3yeO6BGg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE1GPRi8eK1hbaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmlldW19o7xZ2dre2d2r7h88miTTjDdZIhPdDqnhUijeRIGSt1PNaRxK3gpHN1O/9cS1EYl6wHHKg5gOlIgEo2ile9d1e9Wa53ozkGXiF6QGBRq96le3n7As5gqZpMZ0fC/FIKcaBZN8UulmhqeUjeiAdyxVNOYmyGenTsiJVfokSrQthWSm/p7IaWzMOA5tZ0xxaBa9qfif18kwugpyodIMuWLzRVEmCSZk+jfpC80ZyrEllGlhbyVsSDVlaNOp2BD8xZeXyeOZ61+43t15rX5dxFGGIziGU/DhEupwCw1oAoMBPMMrvDnSeXHenY95a8kpZg7hD5zPH02KjSc=</latexit>...

Fiveplets… Nineplets…Triplets
(Wino-like)

<latexit sha1_base64="PeveGM1oUBMrq797xT12ZYXENY0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cK1haaUDbbTbt0swm7E6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjLdYIhPdCanhUijeQoGSd1LNaRxK3g5Ht1O//cS1EYl6wHHKg5gOlIgEo2gl32dD0cv9MCIXk1615tbdGcgy8QpSgwLNXvXL7ycsi7lCJqkxXc9NMcipRsEkn1T8zPCUshEd8K6lisbcBPns5gk5sUqfRIm2pZDM1N8TOY2NGceh7YwpDs2iNxX/87oZRtdBLlSaIVdsvijKJMGETAMgfaE5Qzm2hDIt7K2EDammDG1MFRuCt/jyMnk8q3uXdff+vNa4KeIowxEcwyl4cAUNuIMmtIBBCs/wCm9O5rw4787HvLXkFDOH8AfO5w+DaZFX</latexit>�5
<latexit sha1_base64="SYHV/QcfO56ZCsGm4TRG5hYieuk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE/LgVvXisYG2hCWWz3bRLN5uwOxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzXiLJTLRnZAaLoXiLRQoeSfVnMah5O1wdDv1209cG5GoBxynPIjpQIlIMIpW8n02FL3cDyNyPelVa27dnYEsE68gNSjQ7FW//H7CspgrZJIa0/XcFIOcahRM8knFzwxPKRvRAe9aqmjMTZDPbp6QE6v0SZRoWwrJTP09kdPYmHEc2s6Y4tAselPxP6+bYXQV5EKlGXLF5ouiTBJMyDQA0heaM5RjSyjTwt5K2JBqytDGVLEheIsvL5PHs7p3UXfvz2uNmyKOMhzBMZyCB5fQgDtoQgsYpPAMr/DmZM6L8+58zFtLTjFzCH/gfP4AiX2RWw==</latexit>�9<latexit sha1_base64="ioMI/2hlOq45JsOPFYL3yeO6BGg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE1GPRi8eK1hbaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmlldW19o7xZ2dre2d2r7h88miTTjDdZIhPdDqnhUijeRIGSt1PNaRxK3gpHN1O/9cS1EYl6wHHKg5gOlIgEo2ile9d1e9Wa53ozkGXiF6QGBRq96le3n7As5gqZpMZ0fC/FIKcaBZN8UulmhqeUjeiAdyxVNOYmyGenTsiJVfokSrQthWSm/p7IaWzMOA5tZ0xxaBa9qfif18kwugpyodIMuWLzRVEmCSZk+jfpC80ZyrEllGlhbyVsSDVlaNOp2BD8xZeXyeOZ61+43t15rX5dxFGGIziGU/DhEupwCw1oAoMBPMMrvDnSeXHenY95a8kpZg7hD5zPH02KjSc=</latexit>...<latexit sha1_base64="ioMI/2hlOq45JsOPFYL3yeO6BGg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE1GPRi8eK1hbaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmlldW19o7xZ2dre2d2r7h88miTTjDdZIhPdDqnhUijeRIGSt1PNaRxK3gpHN1O/9cS1EYl6wHHKg5gOlIgEo2ile9d1e9Wa53ozkGXiF6QGBRq96le3n7As5gqZpMZ0fC/FIKcaBZN8UulmhqeUjeiAdyxVNOYmyGenTsiJVfokSrQthWSm/p7IaWzMOA5tZ0xxaBa9qfif18kwugpyodIMuWLzRVEmCSZk+jfpC80ZyrEllGlhbyVsSDVlaNOp2BD8xZeXyeOZ61+43t15rX5dxFGGIziGU/DhEupwCw1oAoMBPMMrvDnSeXHenY95a8kpZg7hD5zPH02KjSc=</latexit>...<latexit sha1_base64="WcbamBvLhV1w59TvoQgaDkNHrO4=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVJIi6rHoxWMF+wFNCJvtpF262cTdTbGE/hUvHhTx6h/x5r9x2+agrQ8GHu/NMDMvTDlT2nG+rbX1jc2t7dJOeXdv/+DQPqq0VZJJCi2a8ER2Q6KAMwEtzTSHbiqBxCGHTji6nfmdMUjFEvGgJyn4MRkIFjFKtJECu+LRIQtyL4xwferBY8bGgV11as4ceJW4BamiAs3A/vL6Cc1iEJpyolTPdVLt50RqRjlMy16mICV0RAbQM1SQGJSfz2+f4jOj9HGUSFNC47n6eyInsVKTODSdMdFDtezNxP+8Xqajaz9nIs00CLpYFGUc6wTPgsB9JoFqPjGEUMnMrZgOiSRUm7jKJgR3+eVV0q7X3Muac39RbdwUcZTQCTpF58hFV6iB7lATtRBFT+gZvaI3a2q9WO/Wx6J1zSpmjtEfWJ8/yH2URw==</latexit>�2 ⌘ <latexit sha1_base64="OlmehtQUxa5fWl9kkAc03VjzUvM=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVBIV9Vj04rGC/YAmlM120y7dbOLuplhC/ooXD4p49Y9489+4bXPQ1gcDj/dmmJkXJJwp7Tjf1srq2vrGZmmrvL2zu7dvH1RaKk4loU0S81h2AqwoZ4I2NdOcdhJJcRRw2g5Gt1O/PaZSsVg86ElC/QgPBAsZwdpIPbvikSHrZV4QovPco48pG/fsqlNzZkDLxC1IFQo0evaX149JGlGhCcdKdV0n0X6GpWaE07zspYommIzwgHYNFTiiys9mt+foxCh9FMbSlNBopv6eyHCk1CQKTGeE9VAtelPxP6+b6vDaz5hIUk0FmS8KU450jKZBoD6TlGg+MQQTycytiAyxxESbuMomBHfx5WXSOqu5lzXn/qJavyniKMERHMMpuHAFdbiDBjSBwBM8wyu8Wbn1Yr1bH/PWFauYOYQ/sD5/AMoIlEg=</latexit>�3 ⌘

1.1 TeV 2.7 TeV

0.02 ns 0.2 ns

14 TeV

0.2 ns

Doublets
(Higgsino-like)

Mass:

Lifetime:
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3. Future p/e Colliders


4. Muon Collider


• Disappearing Tracks


• Soft Tracks


Summary

Rodolfo Capdevilla, Fermilab
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• Direct Detection (DD)
Bottaro, Buttazzo, Costa, Franceschini, Panci, Redigolo, Vittorio, 
Eur. Phys. J. C 82 (2022) 11, 992

2. Minimal WIMPs Searches

Neutrino Floor
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• Direct Detection (DD)
I. Bloch, S. Bottaro, D. Redigolo, L. Vittorio, ArXiv:2410.02723

2. Minimal WIMPs Searches
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Nicholas L. Rodd, Benjamin R. Safdi, Weishuang Linda Xu, 
Phys. Rev. D 110 (2024) 4, 043003

• Indirect Detection (ID)

Doublet

2. Minimal WIMPs Searches
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Rinchiuso et al., Phys. Rev. D 98 (2018) 12, 123014Nicholas L. Rodd, Benjamin R. Safdi, Weishuang Linda Xu, 
Phys. Rev. D 110 (2024) 4, 043003

• Indirect Detection (ID)

Triplet
Doublet

2. Minimal WIMPs Searches

Cohen, Lisanti, Pierce, Slatyer, JCAP 10 (2013) 061
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14

3. Future p/e Colliders 

4. Muon Collider


• Disappearing Tracks


• Soft Tracks


Summary

Rodolfo Capdevilla, Fermilab
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2

• Electroweak states 
• 1-100 TeV masses 
• 100% of Dark Matter

CLIC

3 TeV

e+e-

100 TeV pp

(FCChh)

A task for future colliders!

3. Future Colliders

• Towards the Thermal Targets:
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16

Thermal Target!

<latexit sha1_base64="/d32YgmDus+GNFV324ZAHNEPYzQ=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRPEhIRNRj0YvHCv2CJpTNdtMu3U3C7kYooeBf8eJBEa/+Dm/+G7dtDtr6YODx3gwz88KUM6Vd99sqrayurW+UNytb2zu7e/b+QUslmSS0SRKeyE6IFeUspk3NNKedVFIsQk7b4ehu6rcfqVQsiRt6nNJA4EHMIkawNlLPPvIVE8hzPOSfo9yXAjVoa9Kzq67jzoCWiVeQKhSo9+wvv5+QTNBYE46V6npuqoMcS80Ip5OKnymaYjLCA9o1NMaCqiCfnT9Bp0bpoyiRpmKNZurviRwLpcYiNJ0C66Fa9Kbif14309FNkLM4zTSNyXxRlHGkEzTNAvWZpETzsSGYSGZuRWSIJSbaJFYxIXiLLy+T1oXjXTnuw2W1dlvEUYZjOIEz8OAaanAPdWgCgRye4RXerCfrxXq3PuatJauYOYQ/sD5/AKVClAE=</latexit>

⇠ 1.1TeV
<latexit sha1_base64="lAzBApeCnLhC2wYgQALQsMFhWo4=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPEhJiliPRS8eK/QLmlA220m7dDcJuxuhhIJ/xYsHRbz6O7z5b9y2OWjrg4HHezPMzAsSzpR2nG+rsLa+sblV3C7t7O7tH9iHR20Vp5JCi8Y8lt2AKOAsgpZmmkM3kUBEwKETjO9mfucRpGJx1NSTBHxBhhELGSXaSH37xFNM4Gqlhr1LnHlS4Ca0p3277FScOfAqcXNSRjkaffvLG8Q0FRBpyolSPddJtJ8RqRnlMC15qYKE0DEZQs/QiAhQfjY/f4rPjTLAYSxNRRrP1d8TGRFKTURgOgXRI7XszcT/vF6qwxs/Y1GSaojoYlGYcqxjPMsCD5gEqvnEEEIlM7diOiKSUG0SK5kQ3OWXV0m7WnGvK87DVbl+m8dRRKfoDF0gF9VQHd2jBmohijL0jF7Rm/VkvVjv1seitWDlM8foD6zPH7A7lAg=</latexit>

⇠ 2.7TeV

• pp (100 TeV):

3. Future Colliders

Doublet Triplet

M. Low, L. Wang, JHEP 08 (2014) 161
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17

M. Cirelli, F. Sala, M. Taoso, JHEP 10 (2014) 033R. Mahbubani, P. Schwaller, J. Zurita, JHEP 06 (2017) 119

• pp (100 TeV):

3. Future Colliders

<latexit sha1_base64="/d32YgmDus+GNFV324ZAHNEPYzQ=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRPEhIRNRj0YvHCv2CJpTNdtMu3U3C7kYooeBf8eJBEa/+Dm/+G7dtDtr6YODx3gwz88KUM6Vd99sqrayurW+UNytb2zu7e/b+QUslmSS0SRKeyE6IFeUspk3NNKedVFIsQk7b4ehu6rcfqVQsiRt6nNJA4EHMIkawNlLPPvIVE8hzPOSfo9yXAjVoa9Kzq67jzoCWiVeQKhSo9+wvv5+QTNBYE46V6npuqoMcS80Ip5OKnymaYjLCA9o1NMaCqiCfnT9Bp0bpoyiRpmKNZurviRwLpcYiNJ0C66Fa9Kbif14309FNkLM4zTSNyXxRlHGkEzTNAvWZpETzsSGYSGZuRWSIJSbaJFYxIXiLLy+T1oXjXTnuw2W1dlvEUYZjOIEz8OAaanAPdWgCgRye4RXerCfrxXq3PuatJauYOYQ/sD5/AKVClAE=</latexit>

⇠ 1.1TeV
<latexit sha1_base64="lAzBApeCnLhC2wYgQALQsMFhWo4=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPEhJiliPRS8eK/QLmlA220m7dDcJuxuhhIJ/xYsHRbz6O7z5b9y2OWjrg4HHezPMzAsSzpR2nG+rsLa+sblV3C7t7O7tH9iHR20Vp5JCi8Y8lt2AKOAsgpZmmkM3kUBEwKETjO9mfucRpGJx1NSTBHxBhhELGSXaSH37xFNM4Gqlhr1LnHlS4Ca0p3277FScOfAqcXNSRjkaffvLG8Q0FRBpyolSPddJtJ8RqRnlMC15qYKE0DEZQs/QiAhQfjY/f4rPjTLAYSxNRRrP1d8TGRFKTURgOgXRI7XszcT/vF6qwxs/Y1GSaojoYlGYcqxjPMsCD5gEqvnEEEIlM7diOiKSUG0SK5kQ3OWXV0m7WnGvK87DVbl+m8dRRKfoDF0gF9VQHd2jBmohijL0jF7Rm/VkvVjv1seitWDlM8foD6zPH7A7lAg=</latexit>

⇠ 2.7TeVDoublet Triplet



<latexit sha1_base64="xaEQy9TQnBz6je0oXcoR6WvPqiA=">AAACA3icbVDLSgNBEJyNrxhfUW96GQyChxB2RdRj0EuOEcwDsiHMTnqTITO7y0yvEELAi7/ixYMiXv0Jb/6Nk8dBEwsaiqpuuruCRAqDrvvtZFZW19Y3spu5re2d3b38/kHdxKnmUOOxjHUzYAakiKCGAiU0Ew1MBRIaweB24jceQBsRR/c4TKCtWC8SoeAMrdTJH/koZBdohfpFv0h9ragUIaBQ0MkX3JI7BV0m3pwUyBzVTv7L78Y8VRAhl8yYlucm2B4xjYJLGOf81EDC+ID1oGVpxBSY9mj6w5ieWqVLw1jbipBO1d8TI6aMGarAdiqGfbPoTcT/vFaK4XV7JKIkRYj4bFGYSooxnQRCu0IDRzm0hHEt7K2U95lmHG1sORuCt/jyMqmfl7zLknt3USjfzOPIkmNyQs6IR65ImVRIldQIJ4/kmbySN+fJeXHenY9Za8aZzxySP3A+fwAOGpaE</latexit>

H̃ lifetime

18 Rodolfo Capdevilla, Fermilab
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• e+e- (3 TeV):

Thermal
Target!

CLIC Collaboration, CERN Yellow Rep. Monogr. 3 (2018)

3. Future Colliders



<latexit sha1_base64="LE4ViqFPaI4vz7hY1CovnG7Eh40=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEF2XMtHXaZdGNywp9QWcomTRTQzMPkoxQhoK/4saFIm79Dnf+jelDUNEDF07OuZfce/yEM6kQ+jByK6tr6xv5zcLW9s7unrl/0JFxKghtk5jHoudjSTmLaFsxxWkvERSHPqddf3w187t3VEgWRy01SagX4lHEAkaw0tLAPKpYyC25IoQt2im5Jf08x/7ALCLLRhWnhiCynHoZOY4myKmiiyq0LTRHESzRHJjv7jAmaUgjRTiWsm+jRHkZFooRTqcFN5U0wWSMR7SvaYRDKr1svv4UnmplCINY6IoUnKvfJzIcSjkJfd0ZYnUrf3sz8S+vn6qg7mUsSlJFI7L4KEg5VDGcZQGHTFCi+EQTTATTu0JyiwUmSidW0CF8XQr/J52yZTsWuqkWG5fLOPLgGJyAM2CDGmiAa9AEbUBABh7AE3g27o1H48V4XbTmjOXMIfgB4+0T0amTfA==</latexit>

3.0
Te
V,

3.0
/a
b<latexit sha1_base64="X7z3Ei2bkzmZKdb/VyCd8CQ6FjA=">AAAB/nicdVDLSsNAFJ3UV62vqLhyM1gEFyUmafpYFt24rNAXNKFMppN26OTBzEQooeCvuHGhiFu/w51/4/QhqOiBC2fOuZe59/gJo0Ka5oeWW1vf2NzKbxd2dvf2D/TDo46IU45JG8cs5j0fCcJoRNqSSkZ6CSco9Bnp+pPrud+9I1zQOGrJaUK8EI0iGlCMpJIG+ollVNySy0PYIp2SW1LPS+QP9KJp1MuWU7GhaTi2VbctRUynXKvWoGWYCxTBCs2B/u4OY5yGJJKYISH6lplIL0NcUszIrOCmgiQIT9CI9BWNUEiEly3Wn8FzpQxhEHNVkYQL9ftEhkIhpqGvOkMkx+K3Nxf/8vqpDOpeRqMklSTCy4+ClEEZw3kWcEg5wZJNFUGYU7UrxGPEEZYqsYIK4etS+D/p2IZVNcxbp9i4WsWRB6fgDFwAC9RAA9yAJmgDDDLwAJ7As3avPWov2uuyNaetZo7BD2hvn+C0k4Y=</latexit>

1.5
Te
V,

1.5
/a
b

<latexit sha1_base64="DMfTTqinv7svw0st5kipJbVXuqI=">AAAB/nicdVDJSgNBEO2JW4zbqHjy0hgED2HsGbN5C3rQYwSzQGYIPZ1O0qRnobtHCEPAX/HiQRGvfoc3/8bOIqjog4LHe1VU1fNjzqRC6MPILC2vrK5l13Mbm1vbO+buXlNGiSC0QSIeibaPJeUspA3FFKftWFAc+Jy2/NHl1G/dUSFZFN6qcUy9AA9C1mcEKy11zYOzKnILrgjgFW0W3AKySqfY75p5ZNnnjlOpQmQVK3bJdjQpl7VmQ9tCM+TBAvWu+e72IpIENFSEYyk7NoqVl2KhGOF0knMTSWNMRnhAO5qGOKDSS2fnT+CxVnqwHwldoYIz9ftEigMpx4GvOwOshvK3NxX/8jqJ6le9lIVxomhI5ov6CYcqgtMsYI8JShQfa4KJYPpWSIZYYKJ0Yjkdwten8H/SdCy7bKGbYr52sYgjCw7BETgBNqiAGrgGddAABKTgATyBZ+PeeDRejNd5a8ZYzOyDHzDePgHfG5OF</latexit>

38
0G

eV
, 0
.5/
ab

<latexit sha1_base64="xaEQy9TQnBz6je0oXcoR6WvPqiA=">AAACA3icbVDLSgNBEJyNrxhfUW96GQyChxB2RdRj0EuOEcwDsiHMTnqTITO7y0yvEELAi7/ixYMiXv0Jb/6Nk8dBEwsaiqpuuruCRAqDrvvtZFZW19Y3spu5re2d3b38/kHdxKnmUOOxjHUzYAakiKCGAiU0Ew1MBRIaweB24jceQBsRR/c4TKCtWC8SoeAMrdTJH/koZBdohfpFv0h9ragUIaBQ0MkX3JI7BV0m3pwUyBzVTv7L78Y8VRAhl8yYlucm2B4xjYJLGOf81EDC+ID1oGVpxBSY9mj6w5ieWqVLw1jbipBO1d8TI6aMGarAdiqGfbPoTcT/vFaK4XV7JKIkRYj4bFGYSooxnQRCu0IDRzm0hHEt7K2U95lmHG1sORuCt/jyMqmfl7zLknt3USjfzOPIkmNyQs6IR65ImVRIldQIJ4/kmbySN+fJeXHenY9Za8aZzxySP3A+fwAOGpaE</latexit>

H̃ lifetime

19 Rodolfo Capdevilla, Fermilab
19

<latexit sha1_base64="ftfWr3CKIp4zd9Q9pSnLGy2XWyg=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyqqBeh6MWTVLAf0F1KNp1tQ5PskmQLZenf8OJBEa/+GW/+G9N2D9r6YODx3gwz88KEM21c99sprKyurW8UN0tb2zu7e+X9g6aOU0WhQWMeq3ZINHAmoWGY4dBOFBARcmiFw7up3xqB0iyWT2acQCBIX7KIUWKs5D90M18JDKPJzXm3XHGr7gx4mXg5qaAc9W75y+/FNBUgDeVE647nJibIiDKMcpiU/FRDQuiQ9KFjqSQCdJDNbp7gE6v0cBQrW9Lgmfp7IiNC67EIbacgZqAXvan4n9dJTXQdZEwmqQFJ54uilGMT42kAuMcUUMPHlhCqmL0V0wFRhBobU8mG4C2+vEyaZ1Xvsuo+XlRqt3kcRXSEjtEp8tAVqqF7VEcNRFGCntErenNS58V5dz7mrQUnnzlEf+B8/gBjGZFC</latexit>

Nev = 3
<latexit sha1_base64="eQQCJEH10OhWHGRUwsFQM01xvh8=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyqqBch6MWTRDAPSJYwO+kkQ2Z215nZQFjyHV48KOLVj/Hm3zhJ9qDRgoaiqpvuriAWXBvX/XJyS8srq2v59cLG5tb2TnF3r66jRDGssUhEqhlQjYKHWDPcCGzGCqkMBDaC4c3Ub4xQaR6FD2Ycoy9pP+Q9zqixkn/XSdtKEhxNrk7dTrHklt0ZyF/iZaQEGaqd4me7G7FEYmiYoFq3PDc2fkqV4UzgpNBONMaUDWkfW5aGVKL209nRE3JklS7pRcpWaMhM/TmRUqn1WAa2U1Iz0IveVPzPayWmd+mnPIwTgyGbL+olgpiITBMgXa6QGTG2hDLF7a2EDaiizNicCjYEb/Hlv6R+UvbOy+79WalyncWRhwM4hGPw4AIqcAtVqAGDR3iCF3h1Rs6z8+a8z1tzTjazD7/gfHwD1R6RfA==</latexit>

Nev = 30

Thermal
Target!

CLIC Collaboration, CERN Yellow Rep. Monogr. 3 (2018)

• e+e- (3 TeV):

3. Future Colliders



Outline

1. Introduction


2. Minimal WIMP Searches


• Direct Detection


• Indirect Detection


• LHC

20

3. Future p/e Colliders


4. Muon Collider 

• Disappearing Tracks


• Soft Tracks


Summary

Rodolfo Capdevilla, Fermilab
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(i)   Multi-pass! (recycle beam; lumi, power)
(ii)  All CoM energy is available
(iii) Clean (from huge hadronic backgrounds!)

• Muon Colliders:

Advantages of circular lepton colliders:

3. Future Colliders
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• Muon Colliders:

<latexit sha1_base64="4NEJ21Ma+/vAunudOk32WR/3KlE=">AAACAnicbVDLSgMxFM3UV62vUVfiJliEClIyIuqy6MadFewDOkPJpGkbmmSGJCOUobjxV9y4UMStX+HOvzHTzkKrBy4czrmXe+8JY860QejLKSwsLi2vFFdLa+sbm1vu9k5TR4kitEEiHql2iDXlTNKGYYbTdqwoFiGnrXB0lfmte6o0i+SdGcc0EHggWZ8RbKzUdfdSX2AzJJjDm0nFQ8g/9pWAI3HUdcuoiqaAf4mXkzLIUe+6n34vIomg0hCOte54KDZBipVhhNNJyU80jTEZ4QHtWCqxoDpIpy9M4KFVerAfKVvSwKn6cyLFQuuxCG1ndq+e9zLxP6+TmP5FkDIZJ4ZKMlvUTzg0EczygD2mKDF8bAkmitlbIRlihYmxqZVsCN78y39J86TqnVXR7Wm5dpnHUQT74ABUgAfOQQ1cgzpoAAIewBN4Aa/Oo/PsvDnvs9aCk8/sgl9wPr4BBUqV5A==</latexit>

O(100 km)

<latexit sha1_base64="MKHrHNnzhxEhSZMsD+J683baSRk=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL4tFqCAlEVGPRS/erGA/oAlls922S3eTsLsRSqgX/4oXD4p49V9489+4aXPQ6oOBx3szzMwLYs6Udpwvq7CwuLS8Ulwtra1vbG7Z2ztNFSWS0AaJeCTbAVaUs5A2NNOctmNJsQg4bQWjq8xv3VOpWBTe6XFMfYEHIeszgrWRuvZe6gmshwRzdDOpuI537EmBRuKoa5edqjMF+kvcnJQhR71rf3q9iCSChppwrFTHdWLtp1hqRjidlLxE0RiTER7QjqEhFlT56fSDCTo0Sg/1I2kq1Giq/pxIsVBqLALTmZ2r5r1M/M/rJLp/4acsjBNNQzJb1E840hHK4kA9JinRfGwIJpKZWxEZYomJNqGVTAju/Mt/SfOk6p5VndvTcu0yj6MI+3AAFXDhHGpwDXVoAIEHeIIXeLUerWfrzXqftRasfGYXfsH6+AaQdJWq</latexit>

O(10 km)

MuC allows us to reach 
10 TeV c.o.m. collisions 

with ~10 km ring!

P5 Report: 
“This is our muon shot”

3. Future Colliders

100 TeV pp

(FCChh)
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T. Han, Z. Liu, L. Wang, X. Wang, 
Phys. Rev. D 103 (2021) 7, 075004

Mono-photondi-muon + MET mono-muon

• Muon Colliders:

3. Future Colliders
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T. Han, Z. Liu, L. Wang, X. Wang, 
Phys. Rev. D 103 (2021) 7, 075004• Muon Colliders:

Thermal Target
Mono-photon

Mono-photon

Mono-muon

Mono-muon

3. Future Colliders

Mono-photondi-muon + MET mono-muon
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• Muon Colliders:

Lager multiplets

Disappearing Tracks!

T. Han, Z. Liu, L. Wang, X. Wang, 
Phys. Rev. D 103 (2021) 7, 075004

3. Future Colliders

X X
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Muons decay 
in flight!

<latexit sha1_base64="JjqMnBgiI2E3Qni7SccS+rMAjRY=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnRmEByhL3NXrJkd+/YnRNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x882iQzjDdYIhPTiqjlUmjeQIGSt1LDqYokb0bDm6nffOLGikQ/4CjloaJ9LWLBKDrpvqOybrniV/0ZyDIJclKBHPVu+avTS1imuEYmqbXtwE8xHFODgkk+KXUyy1PKhrTP245qqrgNx7NTJ+TEKT0SJ8aVRjJTf0+MqbJ2pCLXqSgO7KI3Ff/z2hnGV+FY6DRDrtl8UZxJggmZ/k16wnCGcuQIZUa4WwkbUEMZunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnSe/HevY95a8HLZw7hD7zPH18Ejds=</latexit>µ

<latexit sha1_base64="TBrBICPSvqlf+LFqaAhkmJHhFSo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUwH654lbdOcgq8XJSgRz1fvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n80Ck5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmRD8JZfXiWti6p3VXUbl5XabR5HEU7gFM7Bg2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq0FJ585hj9wPn8AyxOM7g==</latexit>e
<latexit sha1_base64="amMVT+vAmiqocnb6R0pE/0znvaU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh55K++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2CJjdw=</latexit>⌫

<latexit sha1_base64="amMVT+vAmiqocnb6R0pE/0znvaU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh55K++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2CJjdw=</latexit>⌫

Sestini and Casarsa

• Muon Colliders:

3. Future Colliders
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How about full detector 
simulation?

• Muon Colliders:

How about the BIB?

T. Han, Z. Liu, L. Wang, X. Wang, 
Phys. Rev. D 103 (2021) 7, 075004

3. Future Colliders



Outline

1. Introduction


2. Minimal WIMP Searches


• Direct Detection


• Indirect Detection


• LHC

28

3. Future p/e Colliders


4. Muon Collider


• Disappearing Tracks 

• Soft Tracks


Summary

Rodolfo Capdevilla, Fermilab
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Rodolfo Capdevilla, Fermilab

• Full Detector Simulation + BIB:

RC, Federico Meloni, Rosa Simoniello, Jose Zurita, JHEP 06 (2021) 133

Federico 
Meloni, DESY

Rosa Simoniello, 
CERN

Jose Zurita, 
U. Valencia

X X
Disappearing Tracks

3. Future Colliders: Muon Colliders
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Rodolfo Capdevilla, Fermilab

Muon System

Calorimeters

Vertex Detector

Tracker

• Design Adapted from CLIC:

3. Future Colliders: Muon Colliders

Tungsten Nozzle
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Rodolfo Capdevilla, Fermilab

Muon System

Calorimeters

Vertex Detector

Tracker

• Design Adapted from CLIC:

3. Future Colliders: Muon Colliders

Tungsten Nozzle

Pipe
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Rodolfo Capdevilla, Fermilab

• Focus on the Vertex Detector:

Double layer 
tracker

Vertex Detector

3. Future Colliders: Muon Colliders

The nozzle covers 10 
degrees of the angular 

acceptance

<latexit sha1_base64="Qe6GSRgdvGEL4g2GHos9TpJsYEg=">AAAB+nicbVDLSgNBEJz1GeNro0cvg0HwFHZF1IsQ9OIxgnlAsobZSW8yZPbBTK8S1nyKFw+KePVLvPk3TpI9aGJBQ1HVTXeXn0ih0XG+raXlldW19cJGcXNre2fXLu01dJwqDnUey1i1fKZBigjqKFBCK1HAQl9C0x9eT/zmAygt4ugORwl4IetHIhCcoZG6dqmDA0BGL6nr3He4ULxrl52KMwVdJG5OyiRHrWt/dXoxT0OIkEumddt1EvQyplBwCeNiJ9WQMD5kfWgbGrEQtJdNTx/TI6P0aBArUxHSqfp7ImOh1qPQN50hw4Ge9ybif147xeDCy0SUpAgRny0KUkkxppMcaE8o4ChHhjCuhLmV8gFTjKNJq2hCcOdfXiSNk4p7VnFuT8vVqzyOAjkgh+SYuOScVMkNqZE64eSRPJNX8mY9WS/Wu/Uxa12y8pl98gfW5w++epMF</latexit>

✓ = 10
�

<latexit sha1_base64="sn6jsNyT8R2tgrC42WvJvL4+jFU=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgadktRT0WvXisYD+gXUs2zbahSXZJZpWy9H948aCIV/+LN/+NabsHbX0w8Hhvhpl5YSK4Ac/7dgpr6xubW8Xt0s7u3v5B+fCoZeJUU9aksYh1JySGCa5YEzgI1kk0IzIUrB2Ob2Z++5Fpw2N1D5OEBZIMFY84JWClhx4DgnuGS1x1a7V+ueK53hx4lfg5qaAcjX75qzeIaSqZAiqIMV3fSyDIiAZOBZuWeqlhCaFjMmRdSxWRzATZ/OopPrPKAEextqUAz9XfExmRxkxkaDslgZFZ9mbif143hegqyLhKUmCKLhZFqcAQ41kEeMA1oyAmlhCqub0V0xHRhIINqmRD8JdfXiWtqutfuN5drVK/zuMoohN0is6Rjy5RHd2iBmoiijR6Rq/ozXlyXpx352PRWnDymWP0B87nD6fDkU4=</latexit>

⌘ ⇠ 2.44
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N. Bartosik et al., 2020 JINST 15 P05001

1. Soft

2. Arrives late

3. Mostly forward

BIB is mainly composed of photons 
and electrons with a rapidly falling 

momentum distribution

3. Future Colliders

• BIB:
<latexit sha1_base64="JjqMnBgiI2E3Qni7SccS+rMAjRY=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnRmEByhL3NXrJkd+/YnRNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x882iQzjDdYIhPTiqjlUmjeQIGSt1LDqYokb0bDm6nffOLGikQ/4CjloaJ9LWLBKDrpvqOybrniV/0ZyDIJclKBHPVu+avTS1imuEYmqbXtwE8xHFODgkk+KXUyy1PKhrTP245qqrgNx7NTJ+TEKT0SJ8aVRjJTf0+MqbJ2pCLXqSgO7KI3Ff/z2hnGV+FY6DRDrtl8UZxJggmZ/k16wnCGcuQIZUa4WwkbUEMZunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnSe/HevY95a8HLZw7hD7zPH18Ejds=</latexit>µ

<latexit sha1_base64="TBrBICPSvqlf+LFqaAhkmJHhFSo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUwH654lbdOcgq8XJSgRz1fvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n80Ck5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmRD8JZfXiWti6p3VXUbl5XabR5HEU7gFM7Bg2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq0FJ585hj9wPn8AyxOM7g==</latexit>e
<latexit sha1_base64="amMVT+vAmiqocnb6R0pE/0znvaU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh55K++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2CJjdw=</latexit>⌫

<latexit sha1_base64="amMVT+vAmiqocnb6R0pE/0znvaU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh55K++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2CJjdw=</latexit>⌫



34
Rodolfo Capdevilla, Fermilab

1. Soft

2. Arrives late

3. Mostly forward

• Removing the BIB:

BIB tracklets tend to have low pT

3. Future Colliders: Muon Colliders
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N. Bartosik et al., 2020 JINST 15 P05001

1. Soft

2. Arrives late

3. Mostly forward

The BIB spreads over a 
wide range of time

3. Future Colliders

• BIB:
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Rodolfo Capdevilla, Fermilab

1. Soft

2. Arrives late

3. Mostly forward

• Removing the BIB:

For a given mass we choose the 
appropriate time window!

3. Future Colliders: Muon Colliders
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Rodolfo Capdevilla, Fermilab

1. Soft

2. Arrives late

3. Mostly forward

• Removing the BIB:

Angle between consecutive 
tracking layers

3. Future Colliders: Muon Colliders
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Rodolfo Capdevilla, Fermilab

1. Soft

2. Arrives late

3. Mostly forward

• Removing the BIB:

Three orders of magnitude 
background suppression

3. Future Colliders: Muon Colliders
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• Efficiency: Good signal efficiency ~30-80%
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3. Future Colliders: Muon Colliders
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• DT Reach: Wino

Chargino Mass
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Thermal Target

3. Future Colliders: Muon Colliders
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Discovery potential 
from DT

RC, Meloni, Simoniello, Zurita, JHEP 06 (2021) 133

• DT Reach: Wino

3. Future Colliders: Muon Colliders



42
Rodolfo Capdevilla, Fermilab

• DT Reach: Higgsino

Chargino Mass
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Thermal Target

3. Future Colliders: Muon Colliders



43 Rodolfo Capdevilla, Fermilab

Discovery potential 
from DT

• DT Reach: Higgsino
RC, Meloni, Simoniello, Zurita, JHEP 06 (2021) 133

3. Future Colliders: Muon Colliders
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Discovering the Higgsino 
requires the last stage of the 

foreseen colliders!

• DT Reach: Higgsino (can we do better?)
RC, Meloni, Simoniello, Zurita, JHEP 06 (2021) 133

3. Future Colliders: Muon Colliders

Why does CLIC at 3 TeV can 
discover the Higgsino but the 

MuC at 3 TeV cannot?
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3. Future Colliders: Muon Colliders

• DT Reach: Higgsino (can we do better?)

Doublets
(Higgsino-like)
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Mass = 1.1 TeV

Lifetime = 0.02 ns

Why does CLIC at 3 TeV can 
discover the Higgsino but the 

MuC at 3 TeV cannot?
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1. Introduction


2. Minimal WIMP Searches


• Direct Detection


• Indirect Detection


• LHC

46

3. Future p/e Colliders


4. Muon Collider


• Disappearing Tracks


• Soft Tracks 

Summary

Rodolfo Capdevilla, Fermilab
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• A New Search Strategy: Soft Tracks!

RC, Federico Meloni, Jose Zurita, arXiv:2405.08858
Federico 

Meloni, DESY
Jose Zurita, 
U. Valencia

X X

Soft Tracks (ST)

3. Future Colliders: Muon Colliders

Focus on: 

1. Higgsino Thermal Target 
2. Muon Collider 3 TeV
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R. Mahbubani, P. Schwaller, J. Zurita, JHEP 06 (2017) 119

Soft pions 
Soft muons 
Soft electrons

ST=
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�m ⇠ 0.3GeV
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m� = 1.1TeV
3. Future Colliders: Muon Colliders
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Very soft spectrum:

Full Luminosity

• Focus on the 3 TeV Collider:
<latexit sha1_base64="+UGS3ZKt5IPArEZ3ikD4H4MYy/U=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgQksiom6EohsXLirYBzSxTKaTdujMJMxMhBKycuOvuHGhiFu/wZ1/47TNQlsPXDiccy/33hPEjCrtON9WYW5+YXGpuFxaWV1b37A3txoqSiQmdRyxSLYCpAijgtQ11Yy0YkkQDxhpBoOrkd98IFLRSNzpYUx8jnqChhQjbaSOvZt6HOk+RgzeZPACut6hJzlEwX165GYdu+xUnDHgLHFzUgY5ah37y+tGOOFEaMyQUm3XibWfIqkpZiQreYkiMcID1CNtQwXiRPnp+I0M7hulC8NImhIajtXfEyniSg15YDpHN6tpbyT+57UTHZ77KRVxoonAk0VhwqCO4CgT2KWSYM2GhiAsqbkV4j6SCGuTXMmE4E6/PEsaxxX3tOLcnpSrl3kcRbAD9sABcMEZqIJrUAN1gMEjeAav4M16sl6sd+tj0lqw8plt8AfW5w/eUJd0</latexit>

L = 1ab�1

<latexit sha1_base64="m3XmxXDHZc0gYtH2/oX9jZCTxPI=">AAACBnicbVDLSgNBEJyNrxhfqx5FGAyCBwm7osZj0IMeI+YF2TXMTjrJkNkHM7NCWHLy4q948aCIV7/Bm3/jbLIHTSxoKKq66e7yIs6ksqxvI7ewuLS8kl8trK1vbG6Z2zsNGcaCQp2GPBQtj0jgLIC6YopDKxJAfI9D0xtepX7zAYRkYVBTowhcn/QD1mOUKC11zP2oU7tPHOHju9rY4YCtUvnMOU6Fa2h0zKJVsibA88TOSBFlqHbML6cb0tiHQFFOpGzbVqTchAjFKIdxwYklRIQOSR/amgbEB+kmkzfG+FArXdwLha5A4Yn6eyIhvpQj39OdPlEDOeul4n9eO1a9CzdhQRQrCOh0US/mWIU4zQR3mQCq+EgTQgXTt2I6IIJQpZMr6BDs2ZfnSeOkZJ+XrNvTYuUyiyOP9tABOkI2KqMKukFVVEcUPaJn9IrejCfjxXg3PqatOSOb2UV/YHz+AJ0Zl0k=</latexit>

pSTT  0.75GeV

3. Future Colliders: Muon Colliders
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�m ⇠ 0.3GeV
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xsec = 10 fb 
Lumi = 1/ab 

Nevents = 10,000

s-chanel neutral 
current process 

dominates signal 
production over VBF
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��

0-2 ST

• Signal Events:

MuC 3 TeV               

RC, Meloni, Simoniello, Zurita, JHEP 06 (2021) 133

3. Future Colliders: Muon Colliders
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MuC 3 TeV

About 1,000 signal events in 
this signal region

• Signal Events:

3. Future Colliders: Muon Colliders
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C. Accettura et al., Eur. Phys. J. C 83 (2023) 9, 864

• Backgrounds: BIB (efficiency)
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BIB Data from the 
MAP collaboration

N.V. Mokhov, S.I. Striganov, Phys. Procedia 37 (2012)
3. Future Colliders: Muon Colliders
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• Backgrounds: BIB (fake tracks)

Signal

BIB

ST Polar AngleST Polar Angle

BIB tracks 
want to be 

forward

Signal tracks 
want to be 

central
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✓ST = 60�
<latexit sha1_base64="Bcx6TbV7NnTS7bssg33+OSj1Gcs=">AAACA3icdVDLSgNBEJz1GeMr6k0vg0HwtMwmuhsPQtCLx4hGhewaZicTMzj7YKZXCEvAi7/ixYMiXv0Jb/6NkxhBRQsaiqpuurvCVAoNhLxbE5NT0zOzhbni/MLi0nJpZfVMJ5livMkSmaiLkGouRcybIEDyi1RxGoWSn4fXh0P//IYrLZL4FPopDyJ6FYuuYBSM1C6t+9DjQNu5ryJ8cjrA+9gllz4TirVLZWKTvWqlRjCxd3e9iucZQlyn6rrYsckIZTRGo1168zsJyyIeA5NU65ZDUghyqkAwyQdFP9M8peyaXvGWoTGNuA7y0Q8DvGWUDu4mylQMeKR+n8hppHU/Ck1nRKGnf3tD8S+vlUG3FuQiTjPgMftc1M0khgQPA8EdoTgD2TeEMiXMrZj1qKIMTGxFE8LXp/h/claxHdcmxzvl+sE4jgLaQJtoGznIQ3V0hBqoiRi6RffoET1Zd9aD9Wy9fLZOWOOZNfQD1usH3/iXCg==</latexit>

✓ST = 60�
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<latexit sha1_base64="/zyiv15gKYnvzpkU0ssNXpD0b+c=">AAACA3icbVDJSgNBEO1xjXGLetNLYxA8DT2u8SAEvXiMmA0yMfR0epImPQvdNUIYAl78FS8eFPHqT3jzb+wsoEYfFDzeq6KqnhdLoYGQT2tmdm5+YTGzlF1eWV1bz21sVnWUKMYrLJKRqntUcylCXgEBktdjxWngSV7zepdDv3bHlRZRWIZ+zJsB7YTCF4yCkVq5bRe6HGgrdVWAb8oDfI7PyK3LhGKtXJ7YBXLoHBcwsckI38SZkDyaoNTKfbjtiCUBD4FJqnXDITE0U6pAMMkHWTfRPKasRzu8YWhIA66b6eiHAd4zShv7kTIVAh6pPydSGmjdDzzTGVDo6mlvKP7nNRLwC81UhHECPGTjRX4iMUR4GAhuC8UZyL4hlClhbsWsSxVlYGLLmhCc6Zf/kuqB7ZzY5PooX7yYxJFBO2gX7SMHnaIiukIlVEEM3aNH9IxerAfryXq13satM9ZkZgv9gvX+BZpFltk=</latexit>

✓ST = 90�
<latexit sha1_base64="/zyiv15gKYnvzpkU0ssNXpD0b+c=">AAACA3icbVDJSgNBEO1xjXGLetNLYxA8DT2u8SAEvXiMmA0yMfR0epImPQvdNUIYAl78FS8eFPHqT3jzb+wsoEYfFDzeq6KqnhdLoYGQT2tmdm5+YTGzlF1eWV1bz21sVnWUKMYrLJKRqntUcylCXgEBktdjxWngSV7zepdDv3bHlRZRWIZ+zJsB7YTCF4yCkVq5bRe6HGgrdVWAb8oDfI7PyK3LhGKtXJ7YBXLoHBcwsckI38SZkDyaoNTKfbjtiCUBD4FJqnXDITE0U6pAMMkHWTfRPKasRzu8YWhIA66b6eiHAd4zShv7kTIVAh6pPydSGmjdDzzTGVDo6mlvKP7nNRLwC81UhHECPGTjRX4iMUR4GAhuC8UZyL4hlClhbsWsSxVlYGLLmhCc6Zf/kuqB7ZzY5PooX7yYxJFBO2gX7SMHnaIiukIlVEEM3aNH9IxerAfryXq13satM9ZkZgv9gvX+BZpFltk=</latexit>

✓ST = 90�

3. Future Colliders: Muon Colliders
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<latexit sha1_base64="Bcx6TbV7NnTS7bssg33+OSj1Gcs=">AAACA3icdVDLSgNBEJz1GeMr6k0vg0HwtMwmuhsPQtCLx4hGhewaZicTMzj7YKZXCEvAi7/ixYMiXv0Jb/6NkxhBRQsaiqpuurvCVAoNhLxbE5NT0zOzhbni/MLi0nJpZfVMJ5livMkSmaiLkGouRcybIEDyi1RxGoWSn4fXh0P//IYrLZL4FPopDyJ6FYuuYBSM1C6t+9DjQNu5ryJ8cjrA+9gllz4TirVLZWKTvWqlRjCxd3e9iucZQlyn6rrYsckIZTRGo1168zsJyyIeA5NU65ZDUghyqkAwyQdFP9M8peyaXvGWoTGNuA7y0Q8DvGWUDu4mylQMeKR+n8hppHU/Ck1nRKGnf3tD8S+vlUG3FuQiTjPgMftc1M0khgQPA8EdoTgD2TeEMiXMrZj1qKIMTGxFE8LXp/h/claxHdcmxzvl+sE4jgLaQJtoGznIQ3V0hBqoiRi6RffoET1Zd9aD9Wy9fLZOWOOZNfQD1usH3/iXCg==</latexit>

✓ST = 60�
<latexit sha1_base64="/zyiv15gKYnvzpkU0ssNXpD0b+c=">AAACA3icbVDJSgNBEO1xjXGLetNLYxA8DT2u8SAEvXiMmA0yMfR0epImPQvdNUIYAl78FS8eFPHqT3jzb+wsoEYfFDzeq6KqnhdLoYGQT2tmdm5+YTGzlF1eWV1bz21sVnWUKMYrLJKRqntUcylCXgEBktdjxWngSV7zepdDv3bHlRZRWIZ+zJsB7YTCF4yCkVq5bRe6HGgrdVWAb8oDfI7PyK3LhGKtXJ7YBXLoHBcwsckI38SZkDyaoNTKfbjtiCUBD4FJqnXDITE0U6pAMMkHWTfRPKasRzu8YWhIA66b6eiHAd4zShv7kTIVAh6pPydSGmjdDzzTGVDo6mlvKP7nNRLwC81UhHECPGTjRX4iMUR4GAhuC8UZyL4hlClhbsWsSxVlYGLLmhCc6Zf/kuqB7ZzY5PooX7yYxJFBO2gX7SMHnaIiukIlVEEM3aNH9IxerAfryXq13satM9ZkZgv9gvX+BZpFltk=</latexit>

✓ST = 90�

• Efficiency: Decent reconstruction efficiency ~30-60%
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<latexit sha1_base64="Bcx6TbV7NnTS7bssg33+OSj1Gcs=">AAACA3icdVDLSgNBEJz1GeMr6k0vg0HwtMwmuhsPQtCLx4hGhewaZicTMzj7YKZXCEvAi7/ixYMiXv0Jb/6NkxhBRQsaiqpuurvCVAoNhLxbE5NT0zOzhbni/MLi0nJpZfVMJ5livMkSmaiLkGouRcybIEDyi1RxGoWSn4fXh0P//IYrLZL4FPopDyJ6FYuuYBSM1C6t+9DjQNu5ryJ8cjrA+9gllz4TirVLZWKTvWqlRjCxd3e9iucZQlyn6rrYsckIZTRGo1168zsJyyIeA5NU65ZDUghyqkAwyQdFP9M8peyaXvGWoTGNuA7y0Q8DvGWUDu4mylQMeKR+n8hppHU/Ck1nRKGnf3tD8S+vlUG3FuQiTjPgMftc1M0khgQPA8EdoTgD2TeEMiXMrZj1qKIMTGxFE8LXp/h/claxHdcmxzvl+sE4jgLaQJtoGznIQ3V0hBqoiRi6RffoET1Zd9aD9Wy9fLZOWOOZNfQD1usH3/iXCg==</latexit>

✓ST = 60�
<latexit sha1_base64="/zyiv15gKYnvzpkU0ssNXpD0b+c=">AAACA3icbVDJSgNBEO1xjXGLetNLYxA8DT2u8SAEvXiMmA0yMfR0epImPQvdNUIYAl78FS8eFPHqT3jzb+wsoEYfFDzeq6KqnhdLoYGQT2tmdm5+YTGzlF1eWV1bz21sVnWUKMYrLJKRqntUcylCXgEBktdjxWngSV7zepdDv3bHlRZRWIZ+zJsB7YTCF4yCkVq5bRe6HGgrdVWAb8oDfI7PyK3LhGKtXJ7YBXLoHBcwsckI38SZkDyaoNTKfbjtiCUBD4FJqnXDITE0U6pAMMkHWTfRPKasRzu8YWhIA66b6eiHAd4zShv7kTIVAh6pPydSGmjdDzzTGVDo6mlvKP7nNRLwC81UhHECPGTjRX4iMUR4GAhuC8UZyL4hlClhbsWsSxVlYGLLmhCc6Zf/kuqB7ZzY5PooX7yYxJFBO2gX7SMHnaIiukIlVEEM3aNH9IxerAfryXq13satM9ZkZgv9gvX+BZpFltk=</latexit>

✓ST = 90�

3. Future Colliders: Muon Colliders
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VBF & Bhabha-like processes 
dominate background production

• Background Processes:

3. Future Colliders: Muon Colliders

<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="wygvW2veaVgI+Usx6e6bxXoOszM=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKe6KqMegF48RjAlklzA7mU2GzMwu8xDCko/w4kERr36PN//GSbIHTSxoKKq66e6KM8608f1vr7Syura+Ud6sbG3v7O5V9w8edWoVoS2S8lR1YqwpZ5K2DDOcdjJFsYg5bcej26nffqJKs1Q+mHFGI4EHkiWMYOOkdijsWShtr1rz6/4MaJkEBalBgWav+hX2U2IFlYZwrHU38DMT5VgZRjidVEKraYbJCA9o11GJBdVRPjt3gk6c0kdJqlxJg2bq74kcC63HInadApuhXvSm4n9e15rkOsqZzKyhkswXJZYjk6Lp76jPFCWGjx3BRDF3KyJDrDAxLqGKCyFYfHmZPJ7Xg8u6f39Ra9wUcZThCI7hFAK4ggbcQRNaQGAEz/AKb17mvXjv3se8teQVM4fwB97nDyRAj3E=</latexit>

µ/⌫

<latexit sha1_base64="SkzozrqV/PsGd+MrgcZaozXtYFU=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFcFUTEXVZdOOygr1AE8pkOmmHTiZhLkqpfRQ3LhRx65O4822ctllo6w8DH/85h3PmjzLOlPa8b6ewsrq2vlHcLG1t7+zuueX9pkqNJLRBUp7KdoQV5UzQhmaa03YmKU4iTlvR8GZabz1QqVgq7vUoo2GC+4LFjGBtra5bDiIsUZCY0zkI03UrXtWbCS2Dn0MFctW77lfQS4lJqNCEY6U6vpfpcIylZoTTSSkwimaYDHGfdiwKnFAVjmenT9CxdXooTqV9QqOZ+3tijBOlRklkOxOsB2qxNjX/q3WMjq/CMROZ0VSQ+aLYcKRTNM0B9ZikRPORBUwks7ciMsASE23TKtkQ/MUvL0PzrOpfVL2780rtOo+jCIdwBCfgwyXU4Bbq0AACj/AMr/DmPDkvzrvzMW8tOPnMAfyR8/kDVvKTaA==</latexit>

µ̄/⌫̄

<latexit sha1_base64="H7M+SarXVWqWYZk9NPALONCmps8=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hLAroh6DXjxGMA/ILmF2MpuMmX040xsIS77DiwdFvPox3vwbJ8keNLGgoajqprvLT6TQaNvf1srq2vrGZmGruL2zu7dfOjhs6jhVjDdYLGPV9qnmUkS8gQIlbyeK09CXvOUPb6d+a8SVFnH0gOOEeyHtRyIQjKKRPJdLWSEu0rRCHrulsl21ZyDLxMlJGXLUu6UvtxezNOQRMkm17jh2gl5GFQom+aTopponlA1pn3cMjWjItZfNjp6QU6P0SBArUxGSmfp7IqOh1uPQN50hxYFe9Kbif14nxeDay0SUpMgjNl8UpJJgTKYJkJ5QnKEcG0KZEuZWwgZUUYYmp6IJwVl8eZk0z6vOZdW+vyjXbvI4CnAMJ3AGDlxBDe6gDg1g8ATP8Apv1sh6sd6tj3nripXPHMEfWJ8/euGRQg==</latexit>

`, ⌧, j

<latexit sha1_base64="ls7eNcu/u0ioce70+n9yWHJzpVU=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYRBelJCLqsujGZQV7gSaUk+mkHTuZhJmJUELd+CpuXCji1rdw59s4bbPQ6g8DH/85hzPnDxLOlHacL6uwsLi0vFJcLa2tb2xu2ds7TRWnktAGiXks2wEoypmgDc00p+1EUogCTlvB8GpSb91TqVgsbvUooX4EfcFCRkAbq2vveQFI7FHOK3iGGtIKvjvq2mWn6kyF/4KbQxnlqnftT68XkzSiQhMOSnVcJ9F+BlIzwum45KWKJkCG0KcdgwIiqvxsesEYHxqnh8NYmic0nro/JzKIlBpFgemMQA/UfG1i/lfrpDq88DMmklRTQWaLwpRjHeNJHLjHJCWajwwAkcz8FZMBSCDahFYyIbjzJ/+F5knVPas6N6fl2mUeRxHtowN0jFx0jmroGtVRAxH0gJ7QC3q1Hq1n6816n7UWrHxmF/2S9fENKgSVag==</latexit>

¯̀, ⌧̄ , j0
<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="wygvW2veaVgI+Usx6e6bxXoOszM=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKe6KqMegF48RjAlklzA7mU2GzMwu8xDCko/w4kERr36PN//GSbIHTSxoKKq66e6KM8608f1vr7Syura+Ud6sbG3v7O5V9w8edWoVoS2S8lR1YqwpZ5K2DDOcdjJFsYg5bcej26nffqJKs1Q+mHFGI4EHkiWMYOOkdijsWShtr1rz6/4MaJkEBalBgWav+hX2U2IFlYZwrHU38DMT5VgZRjidVEKraYbJCA9o11GJBdVRPjt3gk6c0kdJqlxJg2bq74kcC63HInadApuhXvSm4n9e15rkOsqZzKyhkswXJZYjk6Lp76jPFCWGjx3BRDF3KyJDrDAxLqGKCyFYfHmZPJ7Xg8u6f39Ra9wUcZThCI7hFAK4ggbcQRNaQGAEz/AKb17mvXjv3se8teQVM4fwB97nDyRAj3E=</latexit>

µ/⌫

<latexit sha1_base64="SkzozrqV/PsGd+MrgcZaozXtYFU=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFcFUTEXVZdOOygr1AE8pkOmmHTiZhLkqpfRQ3LhRx65O4822ctllo6w8DH/85h3PmjzLOlPa8b6ewsrq2vlHcLG1t7+zuueX9pkqNJLRBUp7KdoQV5UzQhmaa03YmKU4iTlvR8GZabz1QqVgq7vUoo2GC+4LFjGBtra5bDiIsUZCY0zkI03UrXtWbCS2Dn0MFctW77lfQS4lJqNCEY6U6vpfpcIylZoTTSSkwimaYDHGfdiwKnFAVjmenT9CxdXooTqV9QqOZ+3tijBOlRklkOxOsB2qxNjX/q3WMjq/CMROZ0VSQ+aLYcKRTNM0B9ZikRPORBUwks7ciMsASE23TKtkQ/MUvL0PzrOpfVL2780rtOo+jCIdwBCfgwyXU4Bbq0AACj/AMr/DmPDkvzrvzMW8tOPnMAfyR8/kDVvKTaA==</latexit>

µ̄/⌫̄

<latexit sha1_base64="H7M+SarXVWqWYZk9NPALONCmps8=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hLAroh6DXjxGMA/ILmF2MpuMmX040xsIS77DiwdFvPox3vwbJ8keNLGgoajqprvLT6TQaNvf1srq2vrGZmGruL2zu7dfOjhs6jhVjDdYLGPV9qnmUkS8gQIlbyeK09CXvOUPb6d+a8SVFnH0gOOEeyHtRyIQjKKRPJdLWSEu0rRCHrulsl21ZyDLxMlJGXLUu6UvtxezNOQRMkm17jh2gl5GFQom+aTopponlA1pn3cMjWjItZfNjp6QU6P0SBArUxGSmfp7IqOh1uPQN50hxYFe9Kbif14nxeDay0SUpMgjNl8UpJJgTKYJkJ5QnKEcG0KZEuZWwgZUUYYmp6IJwVl8eZk0z6vOZdW+vyjXbvI4CnAMJ3AGDlxBDe6gDg1g8ATP8Apv1sh6sd6tj3nripXPHMEfWJ8/euGRQg==</latexit>

`, ⌧, j

<latexit sha1_base64="ls7eNcu/u0ioce70+n9yWHJzpVU=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYRBelJCLqsujGZQV7gSaUk+mkHTuZhJmJUELd+CpuXCji1rdw59s4bbPQ6g8DH/85hzPnDxLOlHacL6uwsLi0vFJcLa2tb2xu2ds7TRWnktAGiXks2wEoypmgDc00p+1EUogCTlvB8GpSb91TqVgsbvUooX4EfcFCRkAbq2vveQFI7FHOK3iGGtIKvjvq2mWn6kyF/4KbQxnlqnftT68XkzSiQhMOSnVcJ9F+BlIzwum45KWKJkCG0KcdgwIiqvxsesEYHxqnh8NYmic0nro/JzKIlBpFgemMQA/UfG1i/lfrpDq88DMmklRTQWaLwpRjHeNJHLjHJCWajwwAkcz8FZMBSCDahFYyIbjzJ/+F5knVPas6N6fl2mUeRxHtowN0jFx0jmroGtVRAxH0gJ7QC3q1Hq1n6816n7UWrHxmF/2S9fENKgSVag==</latexit>

¯̀, ⌧̄ , j0
<latexit sha1_base64="UD0zqrn256RR3QuXxywn+gfuMJI=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiJGPGg==</latexit>�

Vector Boson 
Fusion

Bhabha-Like 
Scattering

Soft 
Tracks

Soft 
Tracks

<latexit sha1_base64="l5+UK90eotgQpMPwYaF3VSv1KOE=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBA8SNwVUY9BLx4jmAduljA7mSRD5rHM9AphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHfFieAWfP/bW1peWV1bL2wUN7e2d3ZLe/sNq1NDWZ1qoU0rJpYJrlgdOAjWSgwjMhasGQ9vJ37ziRnLtXqAUcIiSfqK9zgl4KSw3SdSklP8eNbslMp+xZ8CL5IgJ2WUo9YpfbW7mqaSKaCCWBsGfgJRRgxwKti42E4tSwgdkj4LHVVEMhtl05PH+NgpXdzTxpUCPFV/T2REWjuSseuUBAZ23puI/3lhCr3rKOMqSYEpOlvUSwUGjSf/4y43jIIYOUKo4e5WTAfEEAoupaILIZh/eZE0zivBZcW/vyhXb/I4CugQHaETFKArVEV3qIbqiCKNntErevPAe/HevY9Z65KXzxygP/A+fwAV9pB4</latexit>

�, Z/W

<latexit sha1_base64="l5+UK90eotgQpMPwYaF3VSv1KOE=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBA8SNwVUY9BLx4jmAduljA7mSRD5rHM9AphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHfFieAWfP/bW1peWV1bL2wUN7e2d3ZLe/sNq1NDWZ1qoU0rJpYJrlgdOAjWSgwjMhasGQ9vJ37ziRnLtXqAUcIiSfqK9zgl4KSw3SdSklP8eNbslMp+xZ8CL5IgJ2WUo9YpfbW7mqaSKaCCWBsGfgJRRgxwKti42E4tSwgdkj4LHVVEMhtl05PH+NgpXdzTxpUCPFV/T2REWjuSseuUBAZ23puI/3lhCr3rKOMqSYEpOlvUSwUGjSf/4y43jIIYOUKo4e5WTAfEEAoupaILIZh/eZE0zivBZcW/vyhXb/I4CugQHaETFKArVEV3qIbqiCKNntErevPAe/HevY9Z65KXzxygP/A+fwAV9pB4</latexit>

�, Z/W
<latexit sha1_base64="l5+UK90eotgQpMPwYaF3VSv1KOE=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBA8SNwVUY9BLx4jmAduljA7mSRD5rHM9AphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHfFieAWfP/bW1peWV1bL2wUN7e2d3ZLe/sNq1NDWZ1qoU0rJpYJrlgdOAjWSgwjMhasGQ9vJ37ziRnLtXqAUcIiSfqK9zgl4KSw3SdSklP8eNbslMp+xZ8CL5IgJ2WUo9YpfbW7mqaSKaCCWBsGfgJRRgxwKti42E4tSwgdkj4LHVVEMhtl05PH+NgpXdzTxpUCPFV/T2REWjuSseuUBAZ23puI/3lhCr3rKOMqSYEpOlvUSwUGjSf/4y43jIIYOUKo4e5WTAfEEAoupaILIZh/eZE0zivBZcW/vyhXb/I4CugQHaETFKArVEV3qIbqiCKNntErevPAe/HevY9Z65KXzxygP/A+fwAV9pB4</latexit>

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

µ+

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

µ� <latexit sha1_base64="amMVT+vAmiqocnb6R0pE/0znvaU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh55K++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2CJjdw=</latexit>⌫

<latexit sha1_base64="FZ6DIFWWnSYgfT4Rr6g4gna31RM=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthaaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpxlsskYnuhNRwKRRvoUDJO6nmNA4lfwhHN1P/4YlrIxJ1j+OUBzEdKBEJRtFKHT+kmvgq61Vrbt2dgSwTryA1KNDsVb/8fsKymCtkkhrT9dwUg5xqFEzyScXPDE8pG9EB71qqaMxNkM/unZATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/r5thdBXkQqUZcsXmi6JMEkzI9HnSF5ozlGNLKNPC3krYkGrK0EZUsSF4iy8vk/ZZ3buou3fntcZ1EUcZjuAYTsGDS2jALTShBQwkPMMrvDmPzovz7nzMW0tOMXMIf+B8/gCyc4+/</latexit>

⌫̄
<latexit sha1_base64="83ypHs44jHbruQr5ZmtutfGPPd8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8eK9gPaWDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUiheR4GStxLNaRRI3gyGNxO/+cS1EbF6wFHC/Yj2lQgFo2il+/DxtFsquxV3CrJIvJyUIUetW/rq9GKWRlwhk9SYtucm6GdUo2CSj4ud1PCEsiHt87alikbc+Nn01DE5tkqPhLG2pZBM1d8TGY2MGUWB7YwoDsy8NxH/89ophld+JlSSIldstihMJcGYTP4mPaE5QzmyhDIt7K2EDaimDG06RRuCN//yImmcVbyLint3Xq5e53EU4BCO4AQ8uIQq3EIN6sCgD8/wCm+OdF6cd+dj1rrk5DMH8AfO5w/nPo2M</latexit>

f+

<latexit sha1_base64="Dp9LZY3v0v+TYsdkRQPVjhMmuTY=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWNF+wFtLJvtpl262YTdiVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ2l5ZXVtvbBR3Nza3tkt7e03TJxqxusslrFuBdRwKRSvo0DJW4nmNAokbwbDm4nffOLaiFg94CjhfkT7SoSCUbTSffh42i2V3Yo7BVkkXk7KkKPWLX11ejFLI66QSWpM23MT9DOqUTDJx8VOanhC2ZD2edtSRSNu/Gx66pgcW6VHwljbUkim6u+JjEbGjKLAdkYUB2bem4j/ee0Uwys/EypJkSs2WxSmkmBMJn+TntCcoRxZQpkW9lbCBlRThjadog3Bm395kTTOKt5Fxb07L1ev8zgKcAhHcAIeXEIVbqEGdWDQh2d4hTdHOi/Ou/Mxa11y8pkD+APn8wfqRo2O</latexit>

f�
<latexit sha1_base64="b6GHzSdrTOg8WNHVNZLXvw9F+vs=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgIYRdEfUiBL14jGAekCxhdjKbjJl9ONMbCEu+w4sHRbz6Md78GyfJHjSxoKGo6qa7y4ul0Gjb31ZuZXVtfSO/Wdja3tndK+4fNHSUKMbrLJKRanlUcylCXkeBkrdixWngSd70hrdTvzniSosofMBxzN2A9kPhC0bRSK5/3eFSljtIk/Jjt1iyK/YMZJk4GSlBhlq3+NXpRSwJeIhMUq3bjh2jm1KFgkk+KXQSzWPKhrTP24aGNODaTWdHT8iJUXrEj5SpEMlM/T2R0kDrceCZzoDiQC96U/E/r52gf+WmIowT5CGbL/ITSTAi0wRITyjOUI4NoUwJcythA6ooQ5NTwYTgLL68TBpnFeeiYt+fl6o3WRx5OIJjOAUHLqEKd1CDOjB4gmd4hTdrZL1Y79bHvDVnZTOH8AfW5w8SB5Gl</latexit>

f = `, ⌧, jVBF & Bhabha-like processes 
dominate background production

• Background Processes:

Compare with the 
~1fb signal

3. Future Colliders: Muon Colliders
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<latexit sha1_base64="lCedxjNk/DYMPs6qZXTtQUTGNXI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0swm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKOZSH2k6qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bH7rjJxZZUjCWNtSSObq74mMRsZMo8B2RhTHZtnLxf+8XorhjZ8JlaTIFVssClNJMCb542QoNGcop5ZQpoW9lbAx1ZShjadiQ/CWX14l7Yu6d1V3Hy5rjdsijjKcwCmcgwfX0IB7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8ASLTjk0=</latexit>⌧

<latexit sha1_base64="Lx1zLSKJBHeZ71jNSe3k19vBLT4=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKtlaaUCbbTbt0swm7G6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6yRTlLVoIhLVCVEzwSVrGW4E66SKYRwK9hCObqb+wxNTmify3oxTFsQ4kDziFI2VHv0QFfENZr1qza27M5Bl4hWkBgWaveqX309oFjNpqECtu56bmiBHZTgVbFLxM81SpCMcsK6lEmOmg3x28IScWKVPokTZkobM1N8TOcZaj+PQdsZohnrRm4r/ed3MRFdBzmWaGSbpfFGUCWISMv2e9Lli1IixJUgVt7cSOkSF1NiMKjYEb/HlZdI+q3sXdffuvNa4LuIowxEcwyl4cAkNuIUmtIBCDM/wCm+Ocl6cd+dj3lpyiplD+APn8wd2eJAw</latexit>

⌧̄

<latexit sha1_base64="UD0zqrn256RR3QuXxywn+gfuMJI=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiJGPGg==</latexit>�

<latexit sha1_base64="lCedxjNk/DYMPs6qZXTtQUTGNXI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0swm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKOZSH2k6qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bH7rjJxZZUjCWNtSSObq74mMRsZMo8B2RhTHZtnLxf+8XorhjZ8JlaTIFVssClNJMCb542QoNGcop5ZQpoW9lbAx1ZShjadiQ/CWX14l7Yu6d1V3Hy5rjdsijjKcwCmcgwfX0IB7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8ASLTjk0=</latexit>⌧ <latexit sha1_base64="Lx1zLSKJBHeZ71jNSe3k19vBLT4=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKtlaaUCbbTbt0swm7G6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6yRTlLVoIhLVCVEzwSVrGW4E66SKYRwK9hCObqb+wxNTmify3oxTFsQ4kDziFI2VHv0QFfENZr1qza27M5Bl4hWkBgWaveqX309oFjNpqECtu56bmiBHZTgVbFLxM81SpCMcsK6lEmOmg3x28IScWKVPokTZkobM1N8TOcZaj+PQdsZohnrRm4r/ed3MRFdBzmWaGSbpfFGUCWISMv2e9Lli1IixJUgVt7cSOkSF1NiMKjYEb/HlZdI+q3sXdffuvNa4LuIowxEcwyl4cAkNuIUmtIBCDM/wCm+Ocl6cd+dj3lpyiplD+APn8wd2eJAw</latexit>

⌧̄

• The Importance of the Photon:

<latexit sha1_base64="LifBStwCv4YZS6zHxbLxZ3X0ypA=">AAACAXicbVDLSgMxFM34rPU16kZwEyyCq5IR8bErunElFewDOsOQSTNtaJIZkoxQhrrxV9y4UMStf+HOvzFtZ6GtBy4czrmXe++JUs60QejbWVhcWl5ZLa2V1zc2t7bdnd2mTjJFaIMkPFHtCGvKmaQNwwyn7VRRLCJOW9Hgeuy3HqjSLJH3ZpjSQOCeZDEj2FgpdPdvw9xXAmrWk5iPoK+ZgJcIodCtoCqaAM4TryAVUKAeul9+NyGZoNIQjrXueCg1QY6VYYTTUdnPNE0xGeAe7VgqsaA6yCcfjOCRVbowTpQtaeBE/T2RY6H1UES2U2DT17PeWPzP62QmvghyJtPMUEmmi+KMQ5PAcRywyxQlhg8twUQxeyskfawwMTa0sg3Bm315njRPqt5ZFd2dVmpXRRwlcAAOwTHwwDmogRtQBw1AwCN4Bq/gzXlyXpx352PauuAUM3vgD5zPH8eslcw=</latexit>

Nsignal ⇠ 9000
<latexit sha1_base64="uGwzqCqTa1LalXBfpGmbfS/f9Qs=">AAACG3icbVDLSgMxFM3UV62vUZdugkVwVWaqqMuiG1dSwT6gU4dMJm1D8xiSjFCG/ocbf8WNC0VcCS78G9N2Ftp6IHA4515O7okSRrXxvG+nsLS8srpWXC9tbG5t77i7e00tU4VJA0smVTtCmjAqSMNQw0g7UQTxiJFWNLya+K0HojSV4s6MEtLlqC9oj2JkrBS61ZswCxSHEcLDvpKpiMcw0JRD37s/gYGhnGiYz2jaF4iNQ7fsVbwp4CLxc1IGOeqh+xnEEqecCIMZ0rrje4npZkgZihkZl4JUk8Tmoz7pWCqQzexm09vG8MgqMexJZZ8wcKr+3sgQ13rEIzvJkRnoeW8i/ud1UtO76GZUJKkhAs+CeimDRsJJUTCmimDDRpYgrKj9K8QDpBA2ts6SLcGfP3mRNKsV/6zi3Z6Wa5d5HUVwAA7BMfDBOaiBa1AHDYDBI3gGr+DNeXJenHfnYzZacPKdffAHztcPGmWg1w==</latexit>

Nbackground ⇠ 103 ⇥Nsignal

Note: Considering di-tau production using the improved 
Weizsäcker-Williams approximation for the photon PDF.

<latexit sha1_base64="7wTouVHGB4Cz5Vk7XOuEb17+RgE=">AAACBXicbVDLSgMxFM34rPU16lIXwSK4KhmR6rLoxpVUsA/oDEMmzbShSWZIMkIZunHjr7hxoYhb/8Gdf2PazkJbD1w4nHMv994TpZxpg9C3s7S8srq2Xtoob25t7+y6e/stnWSK0CZJeKI6EdaUM0mbhhlOO6miWESctqPh9cRvP1ClWSLvzSilgcB9yWJGsLFS6B7dhrmvBIwwGfZVksneGPqaCVhDCIVuBVXRFHCReAWpgAKN0P3yewnJBJWGcKx110OpCXKsDCOcjst+pmlqN+E+7VoqsaA6yKdfjOGJVXowTpQtaeBU/T2RY6H1SES2U2Az0PPeRPzP62YmvgxyJtPMUElmi+KMQ5PASSSwxxQlho8swUQxeyskA6wwMTa4sg3Bm395kbTOql6tiu7OK/WrIo4SOATH4BR44ALUwQ1ogCYg4BE8g1fw5jw5L8678zFrXXKKmQPwB87nD/lql5M=</latexit>

Nbackground ⇠ 6000

<latexit sha1_base64="0Mn5Sj4Cp0Mc7Z4/XEfyam6SG4w=">AAACAXicbVDLSgMxFM34rPU16kZwEyyCq5Ipoi6LblxJBfuAzjBk0kwbmmSGJCOUoW78FTcuFHHrX7jzb0zbWWjrgQuHc+7l3nuilDNtEPp2lpZXVtfWSxvlza3tnV13b7+lk0wR2iQJT1QnwppyJmnTMMNpJ1UUi4jTdjS8nvjtB6o0S+S9GaU0ELgvWcwINlYK3cPbMPeVgJr1JeZj6GsmYA0hFLoVVEVTwEXiFaQCCjRC98vvJSQTVBrCsdZdD6UmyLEyjHA6LvuZpikmQ9ynXUslFlQH+fSDMTyxSg/GibIlDZyqvydyLLQeich2CmwGet6biP953czEl0HOZJoZKslsUZxxaBI4iQP2mKLE8JElmChmb4VkgBUmxoZWtiF48y8vklat6p1X0d1ZpX5VxFECR+AYnAIPXIA6uAEN0AQEPIJn8ArenCfnxXl3PmatS04xcwD+wPn8Abz7lcU=</latexit>

Nsignal ⇠ 2000

Signal region: 
2 ST + 1 gamma 

0.2 < pT < 0.75 GeV

<latexit sha1_base64="sQ3ZsAFR9vMOL+w0biFCzME7+4M=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARKkiZKaKupOhClxX6gs44ZNJMG5pkhiQjlFI3/oobF4q49S/c+Tem7Sy0euDC4Zx7ufeeMGFUacf5snILi0vLK/nVwtr6xuaWvb3TVHEqMWngmMWyHSJFGBWkoalmpJ1IgnjISCscXE381j2RisairocJ8TnqCRpRjLSRAnuvlAT1O6+HOEcXFceTHHrH16R5FNhFp+xMAf8SNyNFkKEW2J9eN8YpJ0JjhpTquE6i/RGSmmJGxgUvVSRBeIB6pGOoQJwofzT9YAwPjdKFUSxNCQ2n6s+JEeJKDXloOjnSfTXvTcT/vE6qo3N/REWSaiLwbFGUMqhjOIkDdqkkWLOhIQhLam6FuI8kwtqEVjAhuPMv/yXNStk9LTu3J8XqZRZHHuyDA1ACLjgDVXADaqABMHgAT+AFvFqP1rP1Zr3PWnNWNrMLfsH6+AYLIZVW</latexit>

(p�T > 20GeV)

3. Future Colliders: Muon Colliders
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Signal region: 
2 ST + 1 gamma 

0.2 < pT < 0.75 GeV

Photon pT above 
40 GeV

Fakes: 

Pairs of ST along with 
an uncorrelated photon 

Random ECAL hits 
from the BIB that can 

mimic a photon
Five sigma+ for the 
Thermal Higgsino 
(Doublet MDM)

• Projection:

                                   

3. Future Colliders: Muon Colliders



Rodolfo Capdevilla, Fermilab

The 3 TeV muon collider 
can reach the Higgsino 
Thermal Target as well.

59

Muon Collider 3 TeV 1.23 1.37

• Projection:

3. Future Colliders: Muon Colliders



Outline

1. Introduction


2. Minimal WIMP Searches


• Direct Detection


• Indirect Detection


• LHC

60

3. Future p/e Colliders


4. Muon Collider


• Disappearing Tracks


• Soft Tracks


Summary

Rodolfo Capdevilla, Fermilab
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1. Introduction

• Thermal Targets

<latexit sha1_base64="iwn9YpxExu4l+KpT7HXosQNGEFE="></latexit>

�
H̃
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✓
�+
H̃

�0
H̃

◆ <latexit sha1_base64="+LDFXPvE/gzJpZpaVPHtJswaq/c="></latexit>

�W̃ =

✓
�0
W̃

��
W̃

�+
W̃

��0
W̃

◆
<latexit sha1_base64="6BaJBAcdKZbtSs2GueYVHxsU34o="></latexit>0

@
�+
W̃

�0
W̃

��
W̃

1

A
<latexit sha1_base64="EkRmR6gU/uABHpsxzKuPAKuiwJY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/bxXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ86LiXVXc+mW5epvHUYBjOIEz8OAaqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/dK+MtQ==</latexit>, <latexit sha1_base64="ioMI/2hlOq45JsOPFYL3yeO6BGg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE1GPRi8eK1hbaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmlldW19o7xZ2dre2d2r7h88miTTjDdZIhPdDqnhUijeRIGSt1PNaRxK3gpHN1O/9cS1EYl6wHHKg5gOlIgEo2ile9d1e9Wa53ozkGXiF6QGBRq96le3n7As5gqZpMZ0fC/FIKcaBZN8UulmhqeUjeiAdyxVNOYmyGenTsiJVfokSrQthWSm/p7IaWzMOA5tZ0xxaBa9qfif18kwugpyodIMuWLzRVEmCSZk+jfpC80ZyrEllGlhbyVsSDVlaNOp2BD8xZeXyeOZ61+43t15rX5dxFGGIziGU/DhEupwCw1oAoMBPMMrvDnSeXHenY95a8kpZg7hD5zPH02KjSc=</latexit>...

Fiveplets… Nineplets…Triplets
(Wino-like)

<latexit sha1_base64="PeveGM1oUBMrq797xT12ZYXENY0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cK1haaUDbbTbt0swm7E6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjLdYIhPdCanhUijeQoGSd1LNaRxK3g5Ht1O//cS1EYl6wHHKg5gOlIgEo2gl32dD0cv9MCIXk1615tbdGcgy8QpSgwLNXvXL7ycsi7lCJqkxXc9NMcipRsEkn1T8zPCUshEd8K6lisbcBPns5gk5sUqfRIm2pZDM1N8TOY2NGceh7YwpDs2iNxX/87oZRtdBLlSaIVdsvijKJMGETAMgfaE5Qzm2hDIt7K2EDammDG1MFRuCt/jyMnk8q3uXdff+vNa4KeIowxEcwyl4cAUNuIMmtIBBCs/wCm9O5rw4787HvLXkFDOH8AfO5w+DaZFX</latexit>�5
<latexit sha1_base64="SYHV/QcfO56ZCsGm4TRG5hYieuk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE/LgVvXisYG2hCWWz3bRLN5uwOxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzXiLJTLRnZAaLoXiLRQoeSfVnMah5O1wdDv1209cG5GoBxynPIjpQIlIMIpW8n02FL3cDyNyPelVa27dnYEsE68gNSjQ7FW//H7CspgrZJIa0/XcFIOcahRM8knFzwxPKRvRAe9aqmjMTZDPbp6QE6v0SZRoWwrJTP09kdPYmHEc2s6Y4tAselPxP6+bYXQV5EKlGXLF5ouiTBJMyDQA0heaM5RjSyjTwt5K2JBqytDGVLEheIsvL5PHs7p3UXfvz2uNmyKOMhzBMZyCB5fQgDtoQgsYpPAMr/DmZM6L8+58zFtLTjFzCH/gfP4AiX2RWw==</latexit>�9<latexit sha1_base64="ioMI/2hlOq45JsOPFYL3yeO6BGg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE1GPRi8eK1hbaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmlldW19o7xZ2dre2d2r7h88miTTjDdZIhPdDqnhUijeRIGSt1PNaRxK3gpHN1O/9cS1EYl6wHHKg5gOlIgEo2ile9d1e9Wa53ozkGXiF6QGBRq96le3n7As5gqZpMZ0fC/FIKcaBZN8UulmhqeUjeiAdyxVNOYmyGenTsiJVfokSrQthWSm/p7IaWzMOA5tZ0xxaBa9qfif18kwugpyodIMuWLzRVEmCSZk+jfpC80ZyrEllGlhbyVsSDVlaNOp2BD8xZeXyeOZ61+43t15rX5dxFGGIziGU/DhEupwCw1oAoMBPMMrvDnSeXHenY95a8kpZg7hD5zPH02KjSc=</latexit>...<latexit sha1_base64="ioMI/2hlOq45JsOPFYL3yeO6BGg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE1GPRi8eK1hbaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmlldW19o7xZ2dre2d2r7h88miTTjDdZIhPdDqnhUijeRIGSt1PNaRxK3gpHN1O/9cS1EYl6wHHKg5gOlIgEo2ile9d1e9Wa53ozkGXiF6QGBRq96le3n7As5gqZpMZ0fC/FIKcaBZN8UulmhqeUjeiAdyxVNOYmyGenTsiJVfokSrQthWSm/p7IaWzMOA5tZ0xxaBa9qfif18kwugpyodIMuWLzRVEmCSZk+jfpC80ZyrEllGlhbyVsSDVlaNOp2BD8xZeXyeOZ61+43t15rX5dxFGGIziGU/DhEupwCw1oAoMBPMMrvDnSeXHenY95a8kpZg7hD5zPH02KjSc=</latexit>...<latexit sha1_base64="WcbamBvLhV1w59TvoQgaDkNHrO4=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVJIi6rHoxWMF+wFNCJvtpF262cTdTbGE/hUvHhTx6h/x5r9x2+agrQ8GHu/NMDMvTDlT2nG+rbX1jc2t7dJOeXdv/+DQPqq0VZJJCi2a8ER2Q6KAMwEtzTSHbiqBxCGHTji6nfmdMUjFEvGgJyn4MRkIFjFKtJECu+LRIQtyL4xwferBY8bGgV11as4ceJW4BamiAs3A/vL6Cc1iEJpyolTPdVLt50RqRjlMy16mICV0RAbQM1SQGJSfz2+f4jOj9HGUSFNC47n6eyInsVKTODSdMdFDtezNxP+8Xqajaz9nIs00CLpYFGUc6wTPgsB9JoFqPjGEUMnMrZgOiSRUm7jKJgR3+eVV0q7X3Muac39RbdwUcZTQCTpF58hFV6iB7lATtRBFT+gZvaI3a2q9WO/Wx6J1zSpmjtEfWJ8/yH2URw==</latexit>�2 ⌘ <latexit sha1_base64="OlmehtQUxa5fWl9kkAc03VjzUvM=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVBIV9Vj04rGC/YAmlM120y7dbOLuplhC/ooXD4p49Y9489+4bXPQ1gcDj/dmmJkXJJwp7Tjf1srq2vrGZmmrvL2zu7dvH1RaKk4loU0S81h2AqwoZ4I2NdOcdhJJcRRw2g5Gt1O/PaZSsVg86ElC/QgPBAsZwdpIPbvikSHrZV4QovPco48pG/fsqlNzZkDLxC1IFQo0evaX149JGlGhCcdKdV0n0X6GpWaE07zspYommIzwgHYNFTiiys9mt+foxCh9FMbSlNBopv6eyHCk1CQKTGeE9VAtelPxP6+b6vDaz5hIUk0FmS8KU450jKZBoD6TlGg+MQQTycytiAyxxESbuMomBHfx5WXSOqu5lzXn/qJavyniKMERHMMpuHAFdbiDBjSBwBM8wyu8Wbn1Yr1bH/PWFauYOYQ/sD5/AMoIlEg=</latexit>�3 ⌘

1.1 TeV 2.7 TeV

0.02 ns 0.2 ns

14 TeV

0.2 ns

Doublets
(Higgsino-like)

Mass:

Lifetime:
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<latexit sha1_base64="iwn9YpxExu4l+KpT7HXosQNGEFE="></latexit>

�
H̃

=

✓
�+
H̃

�0
H̃

◆
For a given multiplet Loop effects generate 

chargino-neutralino splitting

1. Introduction

“Neutralino mixing” is 
important to evade DD 

constraints

• Lifetime

<latexit sha1_base64="dZXtaGsMTAjobGZzhfQ9DM7NNdo=">AAACEXicbVDLSgMxFM34rPU16tJNsAjdWDIi6kYp6sJNoYJ9QGccMmmmDc08SDJCGeYX3Pgrblwo4tadO//GtB1EWw9cODnnXnLv8WLOpELoy5ibX1hcWi6sFFfX1jc2za3tpowSQWiDRDwSbQ9LyllIG4opTtuxoDjwOG15g8uR37qnQrIovFXDmDoB7oXMZwQrLblm2b6iXGFYg2ew5qY26bM7Ow4yePDzRBk8h8g1S6iCxoCzxMpJCeSou+an3Y1IEtBQEY6l7FgoVk6KhWKE06xoJ5LGmAxwj3Y0DXFApZOOL8rgvla60I+ErlDBsfp7IsWBlMPA050BVn057Y3E/7xOovxTJ2VhnCgakslHfsKhiuAoHthlghLFh5pgIpjeFZI+FpgoHWJRh2BNnzxLmocV67iCbo5K1Ys8jgLYBXugDCxwAqrgGtRBAxDwAJ7AC3g1Ho1n4814n7TOGfnMDvgD4+Mbyz2bGA==</latexit>

�M = M�± �M�0 > 0

Multiplet Mass

<latexit sha1_base64="bGV0HfdJ0YsSnzdjwdejPL9Jxf4=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FL16ECvYDumvJpmkbmmRDkhXK0r/hxYMiXv0z3vw3pu0etPXBwOO9GWbmxYozY33/2yusrK6tbxQ3S1vbO7t75f2DpklSTWiDJDzR7RgbypmkDcssp22lKRYxp614dDP1W09UG5bIBztWNBJ4IFmfEWydFN51s5AM2WOoxKRbrvhVfwa0TIKcVCBHvVv+CnsJSQWVlnBsTCfwlY0yrC0jnE5KYWqowmSEB7TjqMSCmiib3TxBJ07poX6iXUmLZurviQwLY8Yidp0C26FZ9Kbif14ntf2rKGNSpZZKMl/UTzmyCZoGgHpMU2L52BFMNHO3IjLEGhPrYiq5EILFl5dJ86waXFT9+/NK7TqPowhHcAynEMAl1OAW6tAAAgqe4RXevNR78d69j3lrwctnDuEPvM8fJa+Rwg==</latexit>

M�±

<latexit sha1_base64="esHAD/a/QnwYAr/tQlH7rC22wNw=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxo1QwT6giWEynbRDJ5MwD6GE/oYbF4q49Wfc+TdO2yy09cCFwzn3cu89UcaZ0q777ZRWVtfWN8qbla3tnd296v5BW6VGEtoiKU9lN8KKciZoSzPNaTeTFCcRp51odDP1O09UKpaKBz3OaJDggWAxI1hbyb8Lc58M2aMbepOwWnPr7gxomXgFqUGBZlj98vspMQkVmnCsVM9zMx3kWGpGOJ1UfKNohskID2jPUoETqoJ8dvMEnVilj+JU2hIazdTfEzlOlBonke1MsB6qRW8q/uf1jI6vgpyJzGgqyHxRbDjSKZoGgPpMUqL52BJMJLO3IjLEEhNtY6rYELzFl5dJ+6zuXdTd+/Na47qIowxHcAyn4MElNOAWmtACAhk8wyu8OcZ5cd6dj3lrySlmDuEPnM8fbVqRSQ==</latexit>

M�0
1

<latexit sha1_base64="2pQVCA7kTsuoSweakaMqHZ2SMd0=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04kWoYD+giWGz3bRLN7thdyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRSln2rjut7Oyura+sVnaKm/v7O7tVw4O21pmitAWkVyqboQ15UzQlmGG026qKE4iTjvR6Gbqd56o0kyKBzNOaZDggWAxI9hYyb8Lc58M2aMb1idhperW3BnQMvEKUoUCzbDy5fclyRIqDOFY657npibIsTKMcDop+5mmKSYjPKA9SwVOqA7y2c0TdGqVPoqlsiUMmqm/J3KcaD1OItuZYDPUi95U/M/rZSa+CnIm0sxQQeaL4owjI9E0ANRnihLDx5Zgopi9FZEhVpgYG1PZhuAtvrxM2vWad1Fz78+rjesijhIcwwmcgQeX0IBbaEILCKTwDK/w5mTOi/PufMxbV5xi5gj+wPn8AW7fkUo=</latexit>

M�0
2

“Neutralino mixing” is 
important to evade DD 

constraints
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N accounts for

100% of DM


In the minimal models!


(Typically known as the 
Thermal Target)

Mass

Li
fe

tim
e

<latexit sha1_base64="pl5YuKofvOH6bU+/7tViC2ikn3M=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5AUUTdC0Y07K9gHNDFMppNm6MwkzEyEUrvwV9y4UMStv+HOv3HaZqGtBy4czrmXe++JMkaVdt1va2FxaXlltbRWXt/Y3Nq2d3abKs0lJg2cslS2I6QIo4I0NNWMtDNJEI8YaUX9q7HfeiBS0VTc6UFGAo56gsYUI22k0N73bzjpodDHCYXJfRVeQNfxqqFdcR13AjhPvIJUQIF6aH/53RTnnAiNGVKq47mZDoZIaooZGZX9XJEM4T7qkY6hAnGiguHk/hE8MkoXxqk0JTScqL8nhogrNeCR6eRIJ2rWG4v/eZ1cx+fBkIos10Tg6aI4Z1CncBwG7FJJsGYDQxCW1NwKcYIkwtpEVjYheLMvz5Nm1fFOHff2pFK7LOIogQNwCI6BB85ADVyDOmgADB7BM3gFb9aT9WK9Wx/T1gWrmNkDf2B9/gDsZ5QW</latexit>

⌦�h
2 = 0.12

• Target Parameter Space:

1. Introduction

For a given multiplet N

Too much DM
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Mass

Li
fe

tim
e

<latexit sha1_base64="pl5YuKofvOH6bU+/7tViC2ikn3M=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5AUUTdC0Y07K9gHNDFMppNm6MwkzEyEUrvwV9y4UMStv+HOv3HaZqGtBy4czrmXe++JMkaVdt1va2FxaXlltbRWXt/Y3Nq2d3abKs0lJg2cslS2I6QIo4I0NNWMtDNJEI8YaUX9q7HfeiBS0VTc6UFGAo56gsYUI22k0N73bzjpodDHCYXJfRVeQNfxqqFdcR13AjhPvIJUQIF6aH/53RTnnAiNGVKq47mZDoZIaooZGZX9XJEM4T7qkY6hAnGiguHk/hE8MkoXxqk0JTScqL8nhogrNeCR6eRIJ2rWG4v/eZ1cx+fBkIos10Tg6aI4Z1CncBwG7FJJsGYDQxCW1NwKcYIkwtpEVjYheLMvz5Nm1fFOHff2pFK7LOIogQNwCI6BB85ADVyDOmgADB7BM3gFb9aT9WK9Wx/T1gWrmNkDf2B9/gDsZ5QW</latexit>

⌦�h
2 = 0.12

1. Introduction

For a given multiplet N

10
0%

 of
 D

M

50
%

 of
 D

M10
%

 of
 D

M

Too much DM

• Target Parameter Space:
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Bounds weaken as the 
mass decreases

Fan, Reece, JHEP 10 (2013) 124

• Indirect Detection (ID)

2. Minimal WIMPs Searches
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Mass

Li
fe

tim
e

<latexit sha1_base64="pl5YuKofvOH6bU+/7tViC2ikn3M=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5AUUTdC0Y07K9gHNDFMppNm6MwkzEyEUrvwV9y4UMStv+HOv3HaZqGtBy4czrmXe++JMkaVdt1va2FxaXlltbRWXt/Y3Nq2d3abKs0lJg2cslS2I6QIo4I0NNWMtDNJEI8YaUX9q7HfeiBS0VTc6UFGAo56gsYUI22k0N73bzjpodDHCYXJfRVeQNfxqqFdcR13AjhPvIJUQIF6aH/53RTnnAiNGVKq47mZDoZIaooZGZX9XJEM4T7qkY6hAnGiguHk/hE8MkoXxqk0JTScqL8nhogrNeCR6eRIJ2rWG4v/eZ1cx+fBkIos10Tg6aI4Z1CncBwG7FJJsGYDQxCW1NwKcYIkwtpEVjYheLMvz5Nm1fFOHff2pFK7LOIogQNwCI6BB85ADVyDOmgADB7BM3gFb9aT9WK9Wx/T1gWrmNkDf2B9/gDsZ5QW</latexit>

⌦�h
2 = 0.12

1. Introduction

For a given multiplet N

Too much DM

• Target Parameter Space:

<latexit sha1_base64="tiUy+sb0JckdwB6MHr4yei/t58Q=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU92Voh6L9qC3CvZD2qVk02wbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qiSrNIPphxTH2BB5KFjGBjpceuEqhWO7ur9Yolt+zOgJaJl5ESZKj3il/dfkQSQaUhHGvd8dzY+ClWhhFOJ4VuommMyQgPaMdSiQXVfjo7eIJOrNJHYaRsSYNm6u+JFAutxyKwnQKboV70puJ/Xicx4ZWfMhknhkoyXxQmHJkITb9HfaYoMXxsCSaK2VsRGWKFibEZFWwI3uLLy6R5XvYuyu59pVS9zuLIwxEcwyl4cAlVuIU6NICAgGd4hTdHOS/Ou/Mxb8052cwh/IHz+QNeTY94</latexit> D
D
/I
D
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ATLAS Collaboration, Phys. Rev. D 99 (2019) 9, 092007

2. Minimal WIMPs Searches

• LHC: <latexit sha1_base64="/83wE8WsIE1uNEbVHbXPtbW0/GE=">AAAB73icdVDLSgMxFM34rPVVdekmWARXQ2Za27ordtNlRfuAdpBMmmlDk5kxyQhl6E+4caGIW3/HnX9jpq2gogcCh3POJfceP+ZMaYQ+rJXVtfWNzdxWfntnd2+/cHDYUVEiCW2TiEey52NFOQtpWzPNaS+WFAuf064/aWR+955KxaLwRk9j6gk8ClnACNZG6g2kgM3rRuu2UET2Ra3inrsQ2QhV3VIlI2617JagY5QMRbCEyb8PhhFJBA014VipvoNi7aVYakY4neUHiaIxJhM8on1DQyyo8tL5vjN4apQhDCJpXqjhXP0+kWKh1FT4JimwHqvfXib+5fUTHdS8lIVxomlIFh8FCYc6gtnxcMgkJZpPDcFEMrMrJGMsMdGmorwp4etS+D/puLZTsdFVuVi/XNaRA8fgBJwBB1RBHTRBC7QBARw8gCfwbN1Zj9aL9bqIrljLmSPwA9bbJ3jPj5w=</latexit>

HSCP
Heavy Stable (50ns) 

Charged Particle

Multiplet Mass

<latexit sha1_base64="bGV0HfdJ0YsSnzdjwdejPL9Jxf4=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FL16ECvYDumvJpmkbmmRDkhXK0r/hxYMiXv0z3vw3pu0etPXBwOO9GWbmxYozY33/2yusrK6tbxQ3S1vbO7t75f2DpklSTWiDJDzR7RgbypmkDcssp22lKRYxp614dDP1W09UG5bIBztWNBJ4IFmfEWydFN51s5AM2WOoxKRbrvhVfwa0TIKcVCBHvVv+CnsJSQWVlnBsTCfwlY0yrC0jnE5KYWqowmSEB7TjqMSCmiib3TxBJ07poX6iXUmLZurviQwLY8Yidp0C26FZ9Kbif14ntf2rKGNSpZZKMl/UTzmyCZoGgHpMU2L52BFMNHO3IjLEGhPrYiq5EILFl5dJ86waXFT9+/NK7TqPowhHcAynEMAl1OAW6tAAAgqe4RXevNR78d69j3lrwctnDuEPvM8fJa+Rwg==</latexit>

M�±

<latexit sha1_base64="esHAD/a/QnwYAr/tQlH7rC22wNw=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxo1QwT6giWEynbRDJ5MwD6GE/oYbF4q49Wfc+TdO2yy09cCFwzn3cu89UcaZ0q777ZRWVtfWN8qbla3tnd296v5BW6VGEtoiKU9lN8KKciZoSzPNaTeTFCcRp51odDP1O09UKpaKBz3OaJDggWAxI1hbyb8Lc58M2aMbepOwWnPr7gxomXgFqUGBZlj98vspMQkVmnCsVM9zMx3kWGpGOJ1UfKNohskID2jPUoETqoJ8dvMEnVilj+JU2hIazdTfEzlOlBonke1MsB6qRW8q/uf1jI6vgpyJzGgqyHxRbDjSKZoGgPpMUqL52BJMJLO3IjLEEhNtY6rYELzFl5dJ+6zuXdTd+/Na47qIowxHcAyn4MElNOAWmtACAhk8wyu8OcZ5cd6dj3lrySlmDuEPnM8fbVqRSQ==</latexit>

M�0
1

<latexit sha1_base64="2pQVCA7kTsuoSweakaMqHZ2SMd0=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04kWoYD+giWGz3bRLN7thdyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRSln2rjut7Oyura+sVnaKm/v7O7tVw4O21pmitAWkVyqboQ15UzQlmGG026qKE4iTjvR6Gbqd56o0kyKBzNOaZDggWAxI9hYyb8Lc58M2aMb1idhperW3BnQMvEKUoUCzbDy5fclyRIqDOFY657npibIsTKMcDop+5mmKSYjPKA9SwVOqA7y2c0TdGqVPoqlsiUMmqm/J3KcaD1OItuZYDPUi95U/M/rZSa+CnIm0sxQQeaL4owjI9E0ANRnihLDx5Zgopi9FZEhVpgYG1PZhuAtvrxM2vWad1Fz78+rjesijhIcwwmcgQeX0IBbaEILCKTwDK/w5mTOi/PufMxbV5xi5gj+wPn8AW7fkUo=</latexit>

M�0
2

Very small chargino-neutralino 
mass gap:
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<latexit sha1_base64="pl5YuKofvOH6bU+/7tViC2ikn3M=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5AUUTdC0Y07K9gHNDFMppNm6MwkzEyEUrvwV9y4UMStv+HOv3HaZqGtBy4czrmXe++JMkaVdt1va2FxaXlltbRWXt/Y3Nq2d3abKs0lJg2cslS2I6QIo4I0NNWMtDNJEI8YaUX9q7HfeiBS0VTc6UFGAo56gsYUI22k0N73bzjpodDHCYXJfRVeQNfxqqFdcR13AjhPvIJUQIF6aH/53RTnnAiNGVKq47mZDoZIaooZGZX9XJEM4T7qkY6hAnGiguHk/hE8MkoXxqk0JTScqL8nhogrNeCR6eRIJ2rWG4v/eZ1cx+fBkIos10Tg6aI4Z1CncBwG7FJJsGYDQxCW1NwKcYIkwtpEVjYheLMvz5Nm1fFOHff2pFK7LOIogQNwCI6BB85ADVyDOmgADB7BM3gFb9aT9WK9Wx/T1gWrmNkDf2B9/gDsZ5QW</latexit>

⌦�h
2 = 0.12

For a given multiplet N

Too much DM

<latexit sha1_base64="tiUy+sb0JckdwB6MHr4yei/t58Q=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU92Voh6L9qC3CvZD2qVk02wbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qiSrNIPphxTH2BB5KFjGBjpceuEqhWO7ur9Yolt+zOgJaJl5ESZKj3il/dfkQSQaUhHGvd8dzY+ClWhhFOJ4VuommMyQgPaMdSiQXVfjo7eIJOrNJHYaRsSYNm6u+JFAutxyKwnQKboV70puJ/Xicx4ZWfMhknhkoyXxQmHJkITb9HfaYoMXxsCSaK2VsRGWKFibEZFWwI3uLLy6R5XvYuyu59pVS9zuLIwxEcwyl4cAlVuIU6NICAgGd4hTdHOS/Ou/Mxb8052cwh/IHz+QNeTY94</latexit> D
D
/I
D

<latexit sha1_base64="/83wE8WsIE1uNEbVHbXPtbW0/GE=">AAAB73icdVDLSgMxFM34rPVVdekmWARXQ2Za27ordtNlRfuAdpBMmmlDk5kxyQhl6E+4caGIW3/HnX9jpq2gogcCh3POJfceP+ZMaYQ+rJXVtfWNzdxWfntnd2+/cHDYUVEiCW2TiEey52NFOQtpWzPNaS+WFAuf064/aWR+955KxaLwRk9j6gk8ClnACNZG6g2kgM3rRuu2UET2Ra3inrsQ2QhV3VIlI2617JagY5QMRbCEyb8PhhFJBA014VipvoNi7aVYakY4neUHiaIxJhM8on1DQyyo8tL5vjN4apQhDCJpXqjhXP0+kWKh1FT4JimwHqvfXib+5fUTHdS8lIVxomlIFh8FCYc6gtnxcMgkJZpPDcFEMrMrJGMsMdGmorwp4etS+D/puLZTsdFVuVi/XNaRA8fgBJwBB1RBHTRBC7QBARw8gCfwbN1Zj9aL9bqIrljLmSPwA9bbJ3jPj5w=</latexit>

HSCP
Heavy Stable (50ns) 

Charged Particle

<latexit sha1_base64="/83wE8WsIE1uNEbVHbXPtbW0/GE=">AAAB73icdVDLSgMxFM34rPVVdekmWARXQ2Za27ordtNlRfuAdpBMmmlDk5kxyQhl6E+4caGIW3/HnX9jpq2gogcCh3POJfceP+ZMaYQ+rJXVtfWNzdxWfntnd2+/cHDYUVEiCW2TiEey52NFOQtpWzPNaS+WFAuf064/aWR+955KxaLwRk9j6gk8ClnACNZG6g2kgM3rRuu2UET2Ra3inrsQ2QhV3VIlI2617JagY5QMRbCEyb8PhhFJBA014VipvoNi7aVYakY4neUHiaIxJhM8on1DQyyo8tL5vjN4apQhDCJpXqjhXP0+kWKh1FT4JimwHqvfXib+5fUTHdS8lIVxomlIFh8FCYc6gtnxcMgkJZpPDcFEMrMrJGMsMdGmorwp4etS+D/puLZTsdFVuVi/XNaRA8fgBJwBB1RBHTRBC7QBARw8gCfwbN1Zj9aL9bqIrljLmSPwA9bbJ3jPj5w=</latexit>

HSCP

• LHC:

2. Minimal WIMPs Searches



69 Rodolfo Capdevilla, Fermilab

2. Minimal WIMPs Searches

• LHC: <latexit sha1_base64="OFwbWj1Zz0bu4PGQ521KxFgBEhc=">AAAB7XicbVDLSgMxFM3UV62vqks3wSK4GjJFq8uiLlxW6AvaoWTSTBubx5BkhFL6D25cKOLW/3Hn35i2g2j1wIXDOfdy7z1RwpmxCH16uZXVtfWN/GZha3tnd6+4f9A0KtWENojiSrcjbChnkjYss5y2E02xiDhtRaPrmd96oNowJet2nNBQ4IFkMSPYOqnZ1QLe1HvFEvLRHBD558EZKlfgtxJkpAQy1HrFj25fkVRQaQnHxnQClNhwgrVlhNNpoZsammAywgPacVRiQU04mV87hSdO6cNYaVfSwrn6c2KChTFjEblOge3QLHsz8T+vk9r4MpwwmaSWSrJYFKccWgVnr8M+05RYPnYEE83crZAMscbEuoAKLoRg+eW/pFn2g4qP7s5K1assjjw4AsfgFATgAlTBLaiBBiDgHjyCZ/DiKe/Je/XeFq05L5s5BL/gvX8B/mqOwA==</latexit>

DT
Disappearing 

Tracks

A. Belyaev et al., Phys. Rev. D 103 (2021) 9, 095006

X X

Karri DiPetrillo

Triplet

Chargino has a long lifetime due 
to small mass gap!



70 Rodolfo Capdevilla, Fermilab

Mass

Li
fe

tim
e

<latexit sha1_base64="pl5YuKofvOH6bU+/7tViC2ikn3M=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5AUUTdC0Y07K9gHNDFMppNm6MwkzEyEUrvwV9y4UMStv+HOv3HaZqGtBy4czrmXe++JMkaVdt1va2FxaXlltbRWXt/Y3Nq2d3abKs0lJg2cslS2I6QIo4I0NNWMtDNJEI8YaUX9q7HfeiBS0VTc6UFGAo56gsYUI22k0N73bzjpodDHCYXJfRVeQNfxqqFdcR13AjhPvIJUQIF6aH/53RTnnAiNGVKq47mZDoZIaooZGZX9XJEM4T7qkY6hAnGiguHk/hE8MkoXxqk0JTScqL8nhogrNeCR6eRIJ2rWG4v/eZ1cx+fBkIos10Tg6aI4Z1CncBwG7FJJsGYDQxCW1NwKcYIkwtpEVjYheLMvz5Nm1fFOHff2pFK7LOIogQNwCI6BB85ADVyDOmgADB7BM3gFb9aT9WK9Wx/T1gWrmNkDf2B9/gDsZ5QW</latexit>

⌦�h
2 = 0.12

For a given multiplet N

Too much DM

<latexit sha1_base64="tiUy+sb0JckdwB6MHr4yei/t58Q=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU92Voh6L9qC3CvZD2qVk02wbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qiSrNIPphxTH2BB5KFjGBjpceuEqhWO7ur9Yolt+zOgJaJl5ESZKj3il/dfkQSQaUhHGvd8dzY+ClWhhFOJ4VuommMyQgPaMdSiQXVfjo7eIJOrNJHYaRsSYNm6u+JFAutxyKwnQKboV70puJ/Xicx4ZWfMhknhkoyXxQmHJkITb9HfaYoMXxsCSaK2VsRGWKFibEZFWwI3uLLy6R5XvYuyu59pVS9zuLIwxEcwyl4cAlVuIU6NICAgGd4hTdHOS/Ou/Mxb8052cwh/IHz+QNeTY94</latexit> D
D
/I
D

<latexit sha1_base64="/83wE8WsIE1uNEbVHbXPtbW0/GE=">AAAB73icdVDLSgMxFM34rPVVdekmWARXQ2Za27ordtNlRfuAdpBMmmlDk5kxyQhl6E+4caGIW3/HnX9jpq2gogcCh3POJfceP+ZMaYQ+rJXVtfWNzdxWfntnd2+/cHDYUVEiCW2TiEey52NFOQtpWzPNaS+WFAuf064/aWR+955KxaLwRk9j6gk8ClnACNZG6g2kgM3rRuu2UET2Ra3inrsQ2QhV3VIlI2617JagY5QMRbCEyb8PhhFJBA014VipvoNi7aVYakY4neUHiaIxJhM8on1DQyyo8tL5vjN4apQhDCJpXqjhXP0+kWKh1FT4JimwHqvfXib+5fUTHdS8lIVxomlIFh8FCYc6gtnxcMgkJZpPDcFEMrMrJGMsMdGmorwp4etS+D/puLZTsdFVuVi/XNaRA8fgBJwBB1RBHTRBC7QBARw8gCfwbN1Zj9aL9bqIrljLmSPwA9bbJ3jPj5w=</latexit>

HSCP

• LHC:

2. Minimal WIMPs Searches

<latexit sha1_base64="OFwbWj1Zz0bu4PGQ521KxFgBEhc=">AAAB7XicbVDLSgMxFM3UV62vqks3wSK4GjJFq8uiLlxW6AvaoWTSTBubx5BkhFL6D25cKOLW/3Hn35i2g2j1wIXDOfdy7z1RwpmxCH16uZXVtfWN/GZha3tnd6+4f9A0KtWENojiSrcjbChnkjYss5y2E02xiDhtRaPrmd96oNowJet2nNBQ4IFkMSPYOqnZ1QLe1HvFEvLRHBD558EZKlfgtxJkpAQy1HrFj25fkVRQaQnHxnQClNhwgrVlhNNpoZsammAywgPacVRiQU04mV87hSdO6cNYaVfSwrn6c2KChTFjEblOge3QLHsz8T+vk9r4MpwwmaSWSrJYFKccWgVnr8M+05RYPnYEE83crZAMscbEuoAKLoRg+eW/pFn2g4qP7s5K1assjjw4AsfgFATgAlTBLaiBBiDgHjyCZ/DiKe/Je/XeFq05L5s5BL/gvX8B/mqOwA==</latexit>

DT
Disappearing 

Tracks

<latexit sha1_base64="OFwbWj1Zz0bu4PGQ521KxFgBEhc=">AAAB7XicbVDLSgMxFM3UV62vqks3wSK4GjJFq8uiLlxW6AvaoWTSTBubx5BkhFL6D25cKOLW/3Hn35i2g2j1wIXDOfdy7z1RwpmxCH16uZXVtfWN/GZha3tnd6+4f9A0KtWENojiSrcjbChnkjYss5y2E02xiDhtRaPrmd96oNowJet2nNBQ4IFkMSPYOqnZ1QLe1HvFEvLRHBD558EZKlfgtxJkpAQy1HrFj25fkVRQaQnHxnQClNhwgrVlhNNpoZsammAywgPacVRiQU04mV87hSdO6cNYaVfSwrn6c2KChTFjEblOge3QLHsz8T+vk9r4MpwwmaSWSrJYFKccWgVnr8M+05RYPnYEE83crZAMscbEuoAKLoRg+eW/pFn2g4qP7s5K1assjjw4AsfgFATgAlTBLaiBBiDgHjyCZ/DiKe/Je/XeFq05L5s5BL/gvX8B/mqOwA==</latexit>

DT
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2. Minimal WIMPs Searches

• LHC: <latexit sha1_base64="r5uRU0WCwxjj75xBcItnzgh0uPw=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GhJRO8tSNy4r2ge0Q8mkmTY0yQxJRiilH+HGhSJu/R53/o1pO4KKHrhwOOde7r0nSgU3FqEPr7Cyura+UdwsbW3v7O6V9w9aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fjq7nfvmfa8ETd2UnKQkmGisecEuukdk9L2Krf9ssV5AcYo4sAIh8t4Eg1wFWMIM6VCsjR6Jffe4OEZpIpSwUxpotRasMp0ZZTwWalXmZYSuiYDFnXUUUkM+F0ce4MnjhlAONEu1IWLtTvE1MijZnIyHVKYkfmtzcX//K6mY2DcMpVmlmm6HJRnAloEzj/HQ64ZtSKiSOEau5uhXRENKHWJVRyIXx9Cv8nrTMfX/ro5rxSq+dxFMEROAanAIMqqIFr0ABNQMEYPIAn8Oyl3qP34r0uWwtePnMIfsB7+wTNPY86</latexit>

VBS
Vector Boson 

Scattering

J. Lang et al., Eur. Phys. J. C 81 (2021) 7, 659
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<latexit sha1_base64="pl5YuKofvOH6bU+/7tViC2ikn3M=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5AUUTdC0Y07K9gHNDFMppNm6MwkzEyEUrvwV9y4UMStv+HOv3HaZqGtBy4czrmXe++JMkaVdt1va2FxaXlltbRWXt/Y3Nq2d3abKs0lJg2cslS2I6QIo4I0NNWMtDNJEI8YaUX9q7HfeiBS0VTc6UFGAo56gsYUI22k0N73bzjpodDHCYXJfRVeQNfxqqFdcR13AjhPvIJUQIF6aH/53RTnnAiNGVKq47mZDoZIaooZGZX9XJEM4T7qkY6hAnGiguHk/hE8MkoXxqk0JTScqL8nhogrNeCR6eRIJ2rWG4v/eZ1cx+fBkIos10Tg6aI4Z1CncBwG7FJJsGYDQxCW1NwKcYIkwtpEVjYheLMvz5Nm1fFOHff2pFK7LOIogQNwCI6BB85ADVyDOmgADB7BM3gFb9aT9WK9Wx/T1gWrmNkDf2B9/gDsZ5QW</latexit>

⌦�h
2 = 0.12

For a given multiplet N

Too much DM

<latexit sha1_base64="tiUy+sb0JckdwB6MHr4yei/t58Q=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU92Voh6L9qC3CvZD2qVk02wbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qiSrNIPphxTH2BB5KFjGBjpceuEqhWO7ur9Yolt+zOgJaJl5ESZKj3il/dfkQSQaUhHGvd8dzY+ClWhhFOJ4VuommMyQgPaMdSiQXVfjo7eIJOrNJHYaRsSYNm6u+JFAutxyKwnQKboV70puJ/Xicx4ZWfMhknhkoyXxQmHJkITb9HfaYoMXxsCSaK2VsRGWKFibEZFWwI3uLLy6R5XvYuyu59pVS9zuLIwxEcwyl4cAlVuIU6NICAgGd4hTdHOS/Ou/Mxb8052cwh/IHz+QNeTY94</latexit> D
D
/I
D

<latexit sha1_base64="/83wE8WsIE1uNEbVHbXPtbW0/GE=">AAAB73icdVDLSgMxFM34rPVVdekmWARXQ2Za27ordtNlRfuAdpBMmmlDk5kxyQhl6E+4caGIW3/HnX9jpq2gogcCh3POJfceP+ZMaYQ+rJXVtfWNzdxWfntnd2+/cHDYUVEiCW2TiEey52NFOQtpWzPNaS+WFAuf064/aWR+955KxaLwRk9j6gk8ClnACNZG6g2kgM3rRuu2UET2Ra3inrsQ2QhV3VIlI2617JagY5QMRbCEyb8PhhFJBA014VipvoNi7aVYakY4neUHiaIxJhM8on1DQyyo8tL5vjN4apQhDCJpXqjhXP0+kWKh1FT4JimwHqvfXib+5fUTHdS8lIVxomlIFh8FCYc6gtnxcMgkJZpPDcFEMrMrJGMsMdGmorwp4etS+D/puLZTsdFVuVi/XNaRA8fgBJwBB1RBHTRBC7QBARw8gCfwbN1Zj9aL9bqIrljLmSPwA9bbJ3jPj5w=</latexit>

HSCP

• LHC:

2. Minimal WIMPs Searches

<latexit sha1_base64="OFwbWj1Zz0bu4PGQ521KxFgBEhc=">AAAB7XicbVDLSgMxFM3UV62vqks3wSK4GjJFq8uiLlxW6AvaoWTSTBubx5BkhFL6D25cKOLW/3Hn35i2g2j1wIXDOfdy7z1RwpmxCH16uZXVtfWN/GZha3tnd6+4f9A0KtWENojiSrcjbChnkjYss5y2E02xiDhtRaPrmd96oNowJet2nNBQ4IFkMSPYOqnZ1QLe1HvFEvLRHBD558EZKlfgtxJkpAQy1HrFj25fkVRQaQnHxnQClNhwgrVlhNNpoZsammAywgPacVRiQU04mV87hSdO6cNYaVfSwrn6c2KChTFjEblOge3QLHsz8T+vk9r4MpwwmaSWSrJYFKccWgVnr8M+05RYPnYEE83crZAMscbEuoAKLoRg+eW/pFn2g4qP7s5K1assjjw4AsfgFATgAlTBLaiBBiDgHjyCZ/DiKe/Je/XeFq05L5s5BL/gvX8B/mqOwA==</latexit>

DT

<latexit sha1_base64="r5uRU0WCwxjj75xBcItnzgh0uPw=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GhJRO8tSNy4r2ge0Q8mkmTY0yQxJRiilH+HGhSJu/R53/o1pO4KKHrhwOOde7r0nSgU3FqEPr7Cyura+UdwsbW3v7O6V9w9aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fjq7nfvmfa8ETd2UnKQkmGisecEuukdk9L2Krf9ssV5AcYo4sAIh8t4Eg1wFWMIM6VCsjR6Jffe4OEZpIpSwUxpotRasMp0ZZTwWalXmZYSuiYDFnXUUUkM+F0ce4MnjhlAONEu1IWLtTvE1MijZnIyHVKYkfmtzcX//K6mY2DcMpVmlmm6HJRnAloEzj/HQ64ZtSKiSOEau5uhXRENKHWJVRyIXx9Cv8nrTMfX/ro5rxSq+dxFMEROAanAIMqqIFr0ABNQMEYPIAn8Oyl3qP34r0uWwtePnMIfsB7+wTNPY86</latexit>

VBS
Vector Boson 

Scattering

<latexit sha1_base64="r5uRU0WCwxjj75xBcItnzgh0uPw=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GhJRO8tSNy4r2ge0Q8mkmTY0yQxJRiilH+HGhSJu/R53/o1pO4KKHrhwOOde7r0nSgU3FqEPr7Cyura+UdwsbW3v7O6V9w9aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fjq7nfvmfa8ETd2UnKQkmGisecEuukdk9L2Krf9ssV5AcYo4sAIh8t4Eg1wFWMIM6VCsjR6Jffe4OEZpIpSwUxpotRasMp0ZZTwWalXmZYSuiYDFnXUUUkM+F0ce4MnjhlAONEu1IWLtTvE1MijZnIyHVKYkfmtzcX//K6mY2DcMpVmlmm6HJRnAloEzj/HQ64ZtSKiSOEau5uhXRENKHWJVRyIXx9Cv8nrTMfX/ro5rxSq+dxFMEROAanAIMqqIFr0ABNQMEYPIAn8Oyl3qP34r0uWwtePnMIfsB7+wTNPY86</latexit>

VBS
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<latexit sha1_base64="pl5YuKofvOH6bU+/7tViC2ikn3M=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5AUUTdC0Y07K9gHNDFMppNm6MwkzEyEUrvwV9y4UMStv+HOv3HaZqGtBy4czrmXe++JMkaVdt1va2FxaXlltbRWXt/Y3Nq2d3abKs0lJg2cslS2I6QIo4I0NNWMtDNJEI8YaUX9q7HfeiBS0VTc6UFGAo56gsYUI22k0N73bzjpodDHCYXJfRVeQNfxqqFdcR13AjhPvIJUQIF6aH/53RTnnAiNGVKq47mZDoZIaooZGZX9XJEM4T7qkY6hAnGiguHk/hE8MkoXxqk0JTScqL8nhogrNeCR6eRIJ2rWG4v/eZ1cx+fBkIos10Tg6aI4Z1CncBwG7FJJsGYDQxCW1NwKcYIkwtpEVjYheLMvz5Nm1fFOHff2pFK7LOIogQNwCI6BB85ADVyDOmgADB7BM3gFb9aT9WK9Wx/T1gWrmNkDf2B9/gDsZ5QW</latexit>

⌦�h
2 = 0.12

For a given multiplet N

Too much DM
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2. Minimal WIMPs Searches

• Road to Minimal WIMPs?
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The 3 TeV collider:


Doublets 100% of DM

Triplet       20% of DM

Fiveplet      1% of DM

RC, Meloni, Simoniello, Zurita, JHEP 06 (2021) 133
RC, Meloni, Zurita, arXiv:2405.08858
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The 3 TeV collider:


Doublets 100% of DM

Triplet     100% of DM

Fiveplet    10% of DM

RC, Meloni, Simoniello, Zurita, JHEP 06 (2021) 133
RC, Meloni, Zurita, arXiv:2405.08858

• Road to Minimal WIMPs:

4. Summary
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Summary
1. Minimal WIMPs constitute highly motivated targets for BSM physics. Doublets/Triplets that 

account for 100% of DM in the Universe as well as 5-plets that can account for ~10% of DM 

fall into the multi-TeV rage, reachable at future colliders.


2. In our Road to Minimal WIMPs, the LHC plays an important role. Searches for HSCP, DT, 

VBS cover important portions of the lifetime/mass parameter space.


3. The Muon Collider program (3 -> 10 TeV) could discover and characterize minimal WIMPs. 

Disappearing Track and Soft Track searches will allow us to determine the mass of the 

thermal relic, as well as the mass gap between this particle and its companion charged state.


4. These studies with full detector simulation and BIB overlay require the collaboration between 

theorists and experimentalists. Preliminary studies with new detector designs and new BIB 

data show improvements with respect to the results shown in this talk.
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Thank You!
Rodolfo Capdevilla, Fermilab


