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Dark Matter

2

The Standard Model Dark 
Matter

Some force mediating interactions 
between Dark Matter and the 
Standard Model. Could be a SM 
force or some new one.

�
<latexit sha1_base64="ohpH9p40bgy4mqfhDnWavvat4Jw=">AAAB63icdVDLSsNAFJ34rPVVdelmsAiuQhLTandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSuo6IELh3Pu5d57wpRRpR3nw1pZXVvf2Cxtlbd3dvf2KweHHZVkEpM2TlgieyFShFFB2ppqRnqpJIiHjHTDyXXhd++JVDQRd3qakoCjsaARxUgX0gDHdFipOnaj5tQaHjTEr9drTkE816/70LWdOapgidaw8j4YJTjjRGjMkFJ910l1kCOpKWZkVh5kiqQIT9CY9A0ViBMV5PNbZ/DUKCMYJdKU0HCufp/IEVdqykPTyZGO1W+vEP/y+pmOLoOcijTTRODFoihjUCeweByOqCRYs6khCEtqboU4RhJhbeIpmxC+PoX/k45nu+e2d+tXm1fLOErgGJyAM+CCC9AEN6AF2gCDGDyAJ/BscevRerFeF60r1nLmCPyA9fYJfcaOjA==</latexit>

u
<latexit sha1_base64="kNK62UcXNdOofT3k7+qEQyO5d4M=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0hiWu2t6MVjC7YV2lA22027dvPB7kYoob/AiwdFvPqTvPlv3LQVVPTBwOO9GWbm+QlnUlnWh1FYWV1b3yhulra2d3b3yvsHHRmngtA2iXksbn0sKWcRbSumOL1NBMWhz2nXn1zlfveeCsni6EZNE+qFeBSxgBGstNRKB+WKZdarVrXuIE3cWq1q5cSx3ZqLbNOaowJLNAfl9/4wJmlII0U4lrJnW4nyMiwUI5zOSv1U0gSTCR7RnqYRDqn0svmhM3SilSEKYqErUmiufp/IcCjlNPR1Z4jVWP72cvEvr5eq4MLLWJSkikZksShIOVIxyr9GQyYoUXyqCSaC6VsRGWOBidLZlHQIX5+i/0nHMe0z02m5lcblMo4iHMExnIIN59CAa2hCGwhQeIAneDbujEfjxXhdtBaM5cwh/IDx9glfyI1T</latexit>

d
<latexit sha1_base64="MZbHrcPKJ2eDrTYayQLbzA0BFNk=">AAAB6HicdVBNS8NAEN3Ur1q/qh69LBbBU0hqWu2t6MVjC7YV2lA2m0m7dvPB7kYoob/AiwdFvPqTvPlv3LQVVPTBwOO9GWbmeQlnUlnWh1FYWV1b3yhulra2d3b3yvsHXRmngkKHxjwWtx6RwFkEHcUUh9tEAAk9Dj1vcpX7vXsQksXRjZom4IZkFLGAUaK01PaH5YplNmpWrVHFmjj1es3KSdV26g62TWuOClqiNSy/D/yYpiFEinIiZd+2EuVmRChGOcxKg1RCQuiEjKCvaURCkG42P3SGT7Ti4yAWuiKF5+r3iYyEUk5DT3eGRI3lby8X//L6qQou3IxFSaogootFQcqxinH+NfaZAKr4VBNCBdO3YjomglClsynpEL4+xf+TbtW0z8xq26k0L5dxFNEROkanyEbnqImuUQt1EEWAHtATejbujEfjxXhdtBaM5cwh+gHj7RNGBI1C</latexit>

c
<latexit sha1_base64="mZen2eUxtKS+F9zITMTrwn4L3PY=">AAAB6HicdVBNS8NAEN3Ur1q/qh69LBbBU0hiWu2t6MVjC7YV2lA220m7dvPB7kYoob/AiwdFvPqTvPlv3LQVVPTBwOO9GWbm+QlnUlnWh1FYWV1b3yhulra2d3b3yvsHHRmngkKbxjwWtz6RwFkEbcUUh9tEAAl9Dl1/cpX73XsQksXRjZom4IVkFLGAUaK01KKDcsUy61WrWnewJm6tVrVy4thuzcW2ac1RQUs0B+X3/jCmaQiRopxI2bOtRHkZEYpRDrNSP5WQEDohI+hpGpEQpJfND53hE60McRALXZHCc/X7REZCKaehrztDosbyt5eLf3m9VAUXXsaiJFUQ0cWiIOVYxTj/Gg+ZAKr4VBNCBdO3YjomglClsynpEL4+xf+TjmPaZ6bTciuNy2UcRXSEjtEpstE5aqBr1ERtRBGgB/SEno0749F4MV4XrQVjOXOIfsB4+wREgI1B</latexit>s

<latexit sha1_base64="O49fJWUjR2QRIY0w10Q0dVq3/Bg=">AAAB6HicdVBNS8NAEN3Ur1q/qh69LBbBU0hiWu2t6MVjC7YV2lA220m7dvPB7kYoob/AiwdFvPqTvPlv3LQVVPTBwOO9GWbm+QlnUlnWh1FYWV1b3yhulra2d3b3yvsHHRmngkKbxjwWtz6RwFkEbcUUh9tEAAl9Dl1/cpX73XsQksXRjZom4IVkFLGAUaK01JKDcsUy61WrWnewJm6tVrVy4thuzcW2ac1RQUs0B+X3/jCmaQiRopxI2bOtRHkZEYpRDrNSP5WQEDohI+hpGpEQpJfND53hE60McRALXZHCc/X7REZCKaehrztDosbyt5eLf3m9VAUXXsaiJFUQ0cWiIOVYxTj/Gg+ZAKr4VBNCBdO3YjomglClsynpEL4+xf+TjmPaZ6bTciuNy2UcRXSEjtEpstE5aqBr1ERtRBGgB/SEno0749F4MV4XrQVjOXOIfsB4+wRcwI1R</latexit> t
<latexit sha1_base64="sPZkQ6HcHtmRFHzJjONfJQThWs8=">AAAB6HicdVBNS8NAEN3Ur1q/qh69LBbBU0hiWu2t6MVjC7YV2lA220m7dvPB7kYoob/AiwdFvPqTvPlv3LQVVPTBwOO9GWbm+QlnUlnWh1FYWV1b3yhulra2d3b3yvsHHRmngkKbxjwWtz6RwFkEbcUUh9tEAAl9Dl1/cpX73XsQksXRjZom4IVkFLGAUaK01FKDcsUy61WrWnewJm6tVrVy4thuzcW2ac1RQUs0B+X3/jCmaQiRopxI2bOtRHkZEYpRDrNSP5WQEDohI+hpGpEQpJfND53hE60McRALXZHCc/X7REZCKaehrztDosbyt5eLf3m9VAUXXsaiJFUQ0cWiIOVYxTj/Gg+ZAKr4VBNCBdO3YjomglClsynpEL4+xf+TjmPaZ6bTciuNy2UcRXSEjtEpstE5aqBr1ERtRBGgB/SEno0749F4MV4XrQVjOXOIfsB4+wReRI1S</latexit>

b
<latexit sha1_base64="yS7S4badcoZ2//5LJz3Jj1XQhCU=">AAAB6HicdVBNS8NAEN3Ur1q/qh69LBbBU0hiWu2t6MVjC7YV2lA220m7dvPB7kYoob/AiwdFvPqTvPlv3LQVVPTBwOO9GWbm+QlnUlnWh1FYWV1b3yhulra2d3b3yvsHHRmngkKbxjwWtz6RwFkEbcUUh9tEAAl9Dl1/cpX73XsQksXRjZom4IVkFLGAUaK01PIH5Ypl1qtWte5gTdxarWrlxLHdmott05qjgpZoDsrv/WFM0xAiRTmRsmdbifIyIhSjHGalfiohIXRCRtDTNCIhSC+bHzrDJ1oZ4iAWuiKF5+r3iYyEUk5DX3eGRI3lby8X//J6qQouvIxFSaogootFQcqxinH+NR4yAVTxqSaECqZvxXRMBKFKZ1PSIXx9iv8nHce0z0yn5VYal8s4iugIHaNTZKNz1EDXqInaiCJAD+gJPRt3xqPxYrwuWgvGcuYQ/YDx9glC/I1A</latexit>

W±
<latexit sha1_base64="nE+YsM3XisUCp51jcYoFglQN+5A=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU0hiWu2t6MVjBdMW2lg22027dHcTdjdCKf0NXjwo4tUf5M1/46atoKIPBh7vzTAzL0oZVdpxPqzCyura+kZxs7S1vbO7V94/aKkkk5gEOGGJ7ERIEUYFCTTVjHRSSRCPGGlH46vcb98TqWgibvUkJSFHQ0FjipE2UtC+66W8X644dr3qVOseNMSv1apOTjzXr/nQtZ05KmCJZr/83hskOONEaMyQUl3XSXU4RVJTzMis1MsUSREeoyHpGioQJyqczo+dwROjDGCcSFNCw7n6fWKKuFITHplOjvRI/fZy8S+vm+n4IpxSkWaaCLxYFGcM6gTmn8MBlQRrNjEEYUnNrRCPkERYm3xKJoSvT+H/pOXZ7pnt3fiVxuUyjiI4AsfgFLjgHDTANWiCAGBAwQN4As+WsB6tF+t10VqwljOH4Aest08yk470</latexit>

Z0
<latexit sha1_base64="gMgwik9wVT09BrZfRhmfQ1oQK9s=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjJ1Wu2u6MZlRfvAdiyZNNOGZjJDkhHK0E9w40IRt36RO//GTFtBRQ9cOJxzL/fe48ecKY3Qh5VbWl5ZXcuvFzY2t7Z3irt7LRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3744vMb99TqVgkbvQkpl6Ih4IFjGBtpOvbO9QvlpBdq6BKrQwNcavVCspI2XGrLnRsNEMJLNDoF997g4gkIRWacKxU10Gx9lIsNSOcTgu9RNEYkzEe0q6hAodUeens1Ck8MsoABpE0JTScqd8nUhwqNQl90xliPVK/vUz8y+smOjjzUibiRFNB5ouChEMdwexvOGCSEs0nhmAimbkVkhGWmGiTTsGE8PUp/J+0yrZzYpev3FL9fBFHHhyAQ3AMHHAK6uASNEATEDAED+AJPFvcerRerNd5a85azOyDH7DePgFY/43a</latexit>

�
<latexit sha1_base64="Z58wbLZOz8oGravnnyxB+KAiEkw=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZKYVrsrunFZwT6gDWUynbRjZzJhZiKU0H9w40IRt/6PO//GSVtBRQ9cOJxzL/feEyaMKu04H1ZhZXVtfaO4Wdra3tndK+8ftJVIJSYtLJiQ3RApwmhMWppqRrqJJIiHjHTCyVXud+6JVFTEt3qakICjUUwjipE2Urs/QpyjQbni2PWqU6170BC/Vqs6OfFcv+ZD13bmqIAlmoPye38ocMpJrDFDSvVcJ9FBhqSmmJFZqZ8qkiA8QSPSMzRGnKggm187gydGGcJISFOxhnP1+0SGuFJTHppOjvRY/fZy8S+vl+roIshonKSaxHixKEoZ1ALmr8MhlQRrNjUEYUnNrRCPkURYm4BKJoSvT+H/pO3Z7pnt3fiVxuUyjiI4AsfgFLjgHDTANWiCFsDgDjyAJ/BsCevRerFeF60FazlzCH7AevsEBQaPbw==</latexit> h

<latexit sha1_base64="xyiLDHsWo5VJ5O5FjePKPkGSrn8=">AAAB6HicdVBNS8NAEN3Ur1q/qh69LBbBU0hiWu2t6MVjC7YV2lA220m7dvPB7kYoob/AiwdFvPqTvPlv3LQVVPTBwOO9GWbm+QlnUlnWh1FYWV1b3yhulra2d3b3yvsHHRmngkKbxjwWtz6RwFkEbcUUh9tEAAl9Dl1/cpX73XsQksXRjZom4IVkFLGAUaK01BoPyhXLrFetat3Bmri1WtXKiWO7NRfbpjVHBS3RHJTf+8OYpiFEinIiZc+2EuVlRChGOcxK/VRCQuiEjKCnaURCkF42P3SGT7QyxEEsdEUKz9XvExkJpZyGvu4MiRrL314u/uX1UhVceBmLklRBRBeLgpRjFeP8azxkAqjiU00IFUzfiumYCEKVzqakQ/j6FP9POo5pn5lOy600LpdxFNEROkanyEbnqIGuURO1EUWAHtATejbujEfjxXhdtBaM5cwh+gHj7RNMFI1G</latexit>

g
<latexit sha1_base64="Yy1Vhk2bPHCTr0Lw6bWxooOaYrk=">AAAB6HicdVBNS8NAEN3Ur1q/qh69LBbBU0hiWu2t6MVjC7YV2lA220m7dvPB7kYoob/AiwdFvPqTvPlv3LQVVPTBwOO9GWbm+QlnUlnWh1FYWV1b3yhulra2d3b3yvsHHRmngkKbxjwWtz6RwFkEbcUUh9tEAAl9Dl1/cpX73XsQksXRjZom4IVkFLGAUaK01BoNyhXLrFetat3Bmri1WtXKiWO7NRfbpjVHBS3RHJTf+8OYpiFEinIiZc+2EuVlRChGOcxK/VRCQuiEjKCnaURCkF42P3SGT7QyxEEsdEUKz9XvExkJpZyGvu4MiRrL314u/uX1UhVceBmLklRBRBeLgpRjFeP8azxkAqjiU00IFUzfiumYCEKVzqakQ/j6FP9POo5pn5lOy600LpdxFNEROkanyEbnqIGuURO1EUWAHtATejbujEfjxXhdtBaM5cwh+gHj7RNKkI1F</latexit>

⌫e
<latexit sha1_base64="MBkH5BPXUPWLBMxYp8vRufHfgzs=">AAAB7nicdVBNS8NAEN34WetX1aOXxSJ4CklNq70VvXisYD+gDWWznbRLN5uwuxFK6I/w4kERr/4eb/4bN20FFX0w8Hhvhpl5QcKZ0o7zYa2srq1vbBa2its7u3v7pYPDtopTSaFFYx7LbkAUcCagpZnm0E0kkCjg0Akm17nfuQepWCzu9DQBPyIjwUJGiTZSpy/SQQazQans2PWqU61XsCFerVZ1clJxvZqHXduZo4yWaA5K7/1hTNMIhKacKNVznUT7GZGaUQ6zYj9VkBA6ISPoGSpIBMrP5ufO8KlRhjiMpSmh8Vz9PpGRSKlpFJjOiOix+u3l4l9eL9XhpZ8xkaQaBF0sClOOdYzz3/GQSaCaTw0hVDJzK6ZjIgnVJqGiCeHrU/w/aVds99yu3HrlxtUyjgI6RifoDLnoAjXQDWqiFqJogh7QE3q2EuvRerFeF60r1nLmCP2A9fYJGTuQFQ==</latexit>

⌫µ
<latexit sha1_base64="i4fk3RpaVUcw1QFBikkPvl1Dqj8=">AAAB8HicdVDLSsNAFJ3UV62vqks3g0VwFZKaVrsrunFZwT6kCWUynbRDZyZhZiKU0K9w40IRt36OO//GSVtBRQ9cOJxzL/feEyaMKu04H1ZhZXVtfaO4Wdra3tndK+8fdFScSkzaOGax7IVIEUYFaWuqGeklkiAeMtINJ1e5370nUtFY3OppQgKORoJGFCNtpDtfpIPM5+lsUK44dqPm1BpVaIhXr9ecnFRdr+5B13bmqIAlWoPyuz+MccqJ0Jghpfquk+ggQ1JTzMis5KeKJAhP0Ij0DRWIExVk84Nn8MQoQxjF0pTQcK5+n8gQV2rKQ9PJkR6r314u/uX1Ux1dBBkVSaqJwItFUcqgjmH+PRxSSbBmU0MQltTcCvEYSYS1yahkQvj6FP5POlXbPbOrN16lebmMowiOwDE4BS44B01wDVqgDTDg4AE8gWdLWo/Wi/W6aC1Yy5lD8APW2yeyQJEC</latexit>

⌫⌧
<latexit sha1_base64="qassVZWPl7ibhmpImkheVclZ+zw=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFZKaVrsrunFZwT6wCWUynbRDJ5MwD6GE/oUbF4q49W/c+TdO2goqeuDC4Zx7ufeeMGVUKsf5sAorq2vrG8XN0tb2zu5eef+gIxMtMGnjhCWiFyJJGOWkrahipJcKguKQkW44ucr97j0Rkib8Vk1TEsRoxGlEMVJGuvO5HmS+Qno2KFccu1Fzao0qNMSr12tOTqquV/egaztzVMASrUH53R8mWMeEK8yQlH3XSVWQIaEoZmRW8rUkKcITNCJ9QzmKiQyy+cUzeGKUIYwSYYorOFe/T2QolnIah6YzRmosf3u5+JfX1yq6CDLKU60Ix4tFkWZQJTB/Hw6pIFixqSEIC2puhXiMBMLKhFQyIXx9Cv8nnartntnVG6/SvFzGUQRH4BicAhecgya4Bi3QBhhw8ACewLMlrUfrxXpdtBas5cwh+AHr7RN4nJF0</latexit>

e
<latexit sha1_base64="7omfVpBJgGsIZhQtvZvgaQaId4M=">AAAB6HicdVBNS8NAEN3Ur1q/qh69LBbBU0hiWu2t6MVjC7YV2lA220m7dvPB7kYoob/AiwdFvPqTvPlv3LQVVPTBwOO9GWbm+QlnUlnWh1FYWV1b3yhulra2d3b3yvsHHRmngkKbxjwWtz6RwFkEbcUUh9tEAAl9Dl1/cpX73XsQksXRjZom4IVkFLGAUaK01IJBuWKZ9apVrTtYE7dWq1o5cWy35mLbtOaooCWag/J7fxjTNIRIUU6k7NlWoryMCMUoh1mpn0pICJ2QEfQ0jUgI0svmh87wiVaGOIiFrkjhufp9IiOhlNPQ150hUWP528vFv7xeqoILL2NRkiqI6GJRkHKsYpx/jYdMAFV8qgmhgulbMR0TQajS2ZR0CF+f4v9JxzHtM9NpuZXG5TKOIjpCx+gU2egcNdA1aqI2ogjQA3pCz8ad8Wi8GK+L1oKxnDlEP2C8fQJHiI1D</latexit>

µ
<latexit sha1_base64="Ao/l5SbhJ3ULdJVAnFpaD5U74Mc=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFZKYVrsrunFZ0T6gDWUynbRDZyZhZiKU0E9w40IRt36RO//GSVtBRQ9cOJxzL/feEyaMKu04H1ZhZXVtfaO4Wdra3tndK+8ftFWcSkxaOGax7IZIEUYFaWmqGekmkiAeMtIJJ1e537knUtFY3OlpQgKORoJGFCNtpNs+TwflimPXq0617kFD/Fqt6uTEc/2aD13bmaMClmgOyu/9YYxTToTGDCnVc51EBxmSmmJGZqV+qkiC8ASNSM9QgThRQTY/dQZPjDKEUSxNCQ3n6veJDHGlpjw0nRzpsfrt5eJfXi/V0UWQUZGkmgi8WBSlDOoY5n/DIZUEazY1BGFJza0Qj5FEWJt0SiaEr0/h/6Tt2e6Z7d34lcblMo4iOALH4BS44Bw0wDVoghbAYAQewBN4tpj1aL1Yr4vWgrWcOQQ/YL19AttqjjA=</latexit>

⌧
<latexit sha1_base64="mGNJXLGDZbkvhJGAuc4mJTjUFVU=">AAAB63icdVBNS8NAEJ34WetX1aOXxSJ4CklNq70VvXisYD+gDWWz3bRLN5uwuxFK6F/w4kERr/4hb/4bN20FFX0w8Hhvhpl5QcKZ0o7zYa2srq1vbBa2its7u3v7pYPDtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyXXud+6pVCwWd3qaUD/CI8FCRrDOpb7G6aBUdux61anWK8gQr1arOjmpuF7NQ67tzFGGJZqD0nt/GJM0okITjpXquU6i/QxLzQins2I/VTTBZIJHtGeowBFVfja/dYZOjTJEYSxNCY3m6veJDEdKTaPAdEZYj9VvLxf/8nqpDi/9jIkk1VSQxaIw5UjHKH8cDZmkRPOpIZhIZm5FZIwlJtrEUzQhfH2K/iftiu2e25Vbr9y4WsZRgGM4gTNw4QIacANNaAGBMTzAEzxbkfVovVivi9YVazlzBD9gvX0CnzmOog==</latexit>

All evidence for dark matter is gravitational… could it have 
more interactions with the Standard Model particles?



Dark Matter & Dark Sectors

3

The Standard Model Dark Sector

One or more forces 
communicating between the 
two sectors

u
<latexit sha1_base64="kNK62UcXNdOofT3k7+qEQyO5d4M=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0hiWu2t6MVjC7YV2lA22027dvPB7kYoob/AiwdFvPqTvPlv3LQVVPTBwOO9GWbm+QlnUlnWh1FYWV1b3yhulra2d3b3yvsHHRmngtA2iXksbn0sKWcRbSumOL1NBMWhz2nXn1zlfveeCsni6EZNE+qFeBSxgBGstNRKB+WKZdarVrXuIE3cWq1q5cSx3ZqLbNOaowJLNAfl9/4wJmlII0U4lrJnW4nyMiwUI5zOSv1U0gSTCR7RnqYRDqn0svmhM3SilSEKYqErUmiufp/IcCjlNPR1Z4jVWP72cvEvr5eq4MLLWJSkikZksShIOVIxyr9GQyYoUXyqCSaC6VsRGWOBidLZlHQIX5+i/0nHMe0z02m5lcblMo4iHMExnIIN59CAa2hCGwhQeIAneDbujEfjxXhdtBaM5cwh/IDx9glfyI1T</latexit>

d
<latexit sha1_base64="MZbHrcPKJ2eDrTYayQLbzA0BFNk=">AAAB6HicdVBNS8NAEN3Ur1q/qh69LBbBU0hqWu2t6MVjC7YV2lA2m0m7dvPB7kYoob/AiwdFvPqTvPlv3LQVVPTBwOO9GWbmeQlnUlnWh1FYWV1b3yhulra2d3b3yvsHXRmngkKHxjwWtx6RwFkEHcUUh9tEAAk9Dj1vcpX7vXsQksXRjZom4IZkFLGAUaK01PaH5YplNmpWrVHFmjj1es3KSdV26g62TWuOClqiNSy/D/yYpiFEinIiZd+2EuVmRChGOcxKg1RCQuiEjKCvaURCkG42P3SGT7Ti4yAWuiKF5+r3iYyEUk5DT3eGRI3lby8X//L6qQou3IxFSaogootFQcqxinH+NfaZAKr4VBNCBdO3YjomglClsynpEL4+xf+TbtW0z8xq26k0L5dxFNEROkanyEbnqImuUQt1EEWAHtATejbujEfjxXhdtBaM5cwh+gHj7RNGBI1C</latexit>

c
<latexit sha1_base64="mZen2eUxtKS+F9zITMTrwn4L3PY=">AAAB6HicdVBNS8NAEN3Ur1q/qh69LBbBU0hiWu2t6MVjC7YV2lA220m7dvPB7kYoob/AiwdFvPqTvPlv3LQVVPTBwOO9GWbm+QlnUlnWh1FYWV1b3yhulra2d3b3yvsHHRmngkKbxjwWtz6RwFkEbcUUh9tEAAl9Dl1/cpX73XsQksXRjZom4IVkFLGAUaK01KKDcsUy61WrWnewJm6tVrVy4thuzcW2ac1RQUs0B+X3/jCmaQiRopxI2bOtRHkZEYpRDrNSP5WQEDohI+hpGpEQpJfND53hE60McRALXZHCc/X7REZCKaehrztDosbyt5eLf3m9VAUXXsaiJFUQ0cWiIOVYxTj/Gg+ZAKr4VBNCBdO3YjomglClsynpEL4+xf+TjmPaZ6bTciuNy2UcRXSEjtEpstE5aqBr1ERtRBGgB/SEno0749F4MV4XrQVjOXOIfsB4+wREgI1B</latexit>s

<latexit sha1_base64="O49fJWUjR2QRIY0w10Q0dVq3/Bg=">AAAB6HicdVBNS8NAEN3Ur1q/qh69LBbBU0hiWu2t6MVjC7YV2lA220m7dvPB7kYoob/AiwdFvPqTvPlv3LQVVPTBwOO9GWbm+QlnUlnWh1FYWV1b3yhulra2d3b3yvsHHRmngkKbxjwWtz6RwFkEbcUUh9tEAAl9Dl1/cpX73XsQksXRjZom4IVkFLGAUaK01JKDcsUy61WrWnewJm6tVrVy4thuzcW2ac1RQUs0B+X3/jCmaQiRopxI2bOtRHkZEYpRDrNSP5WQEDohI+hpGpEQpJfND53hE60McRALXZHCc/X7REZCKaehrztDosbyt5eLf3m9VAUXXsaiJFUQ0cWiIOVYxTj/Gg+ZAKr4VBNCBdO3YjomglClsynpEL4+xf+TjmPaZ6bTciuNy2UcRXSEjtEpstE5aqBr1ERtRBGgB/SEno0749F4MV4XrQVjOXOIfsB4+wRcwI1R</latexit> t
<latexit sha1_base64="sPZkQ6HcHtmRFHzJjONfJQThWs8=">AAAB6HicdVBNS8NAEN3Ur1q/qh69LBbBU0hiWu2t6MVjC7YV2lA220m7dvPB7kYoob/AiwdFvPqTvPlv3LQVVPTBwOO9GWbm+QlnUlnWh1FYWV1b3yhulra2d3b3yvsHHRmngkKbxjwWtz6RwFkEbcUUh9tEAAl9Dl1/cpX73XsQksXRjZom4IVkFLGAUaK01FKDcsUy61WrWnewJm6tVrVy4thuzcW2ac1RQUs0B+X3/jCmaQiRopxI2bOtRHkZEYpRDrNSP5WQEDohI+hpGpEQpJfND53hE60McRALXZHCc/X7REZCKaehrztDosbyt5eLf3m9VAUXXsaiJFUQ0cWiIOVYxTj/Gg+ZAKr4VBNCBdO3YjomglClsynpEL4+xf+TjmPaZ6bTciuNy2UcRXSEjtEpstE5aqBr1ERtRBGgB/SEno0749F4MV4XrQVjOXOIfsB4+wReRI1S</latexit>

b
<latexit sha1_base64="yS7S4badcoZ2//5LJz3Jj1XQhCU=">AAAB6HicdVBNS8NAEN3Ur1q/qh69LBbBU0hiWu2t6MVjC7YV2lA220m7dvPB7kYoob/AiwdFvPqTvPlv3LQVVPTBwOO9GWbm+QlnUlnWh1FYWV1b3yhulra2d3b3yvsHHRmngkKbxjwWtz6RwFkEbcUUh9tEAAl9Dl1/cpX73XsQksXRjZom4IVkFLGAUaK01PIH5Ypl1qtWte5gTdxarWrlxLHdmott05qjgpZoDsrv/WFM0xAiRTmRsmdbifIyIhSjHGalfiohIXRCRtDTNCIhSC+bHzrDJ1oZ4iAWuiKF5+r3iYyEUk5DX3eGRI3lby8X//J6qQouvIxFSaogootFQcqxinH+NR4yAVTxqSaECqZvxXRMBKFKZ1PSIXx9iv8nHce0z0yn5VYal8s4iugIHaNTZKNz1EDXqInaiCJAD+gJPRt3xqPxYrwuWgvGcuYQ/YDx9glC/I1A</latexit>

W±
<latexit sha1_base64="nE+YsM3XisUCp51jcYoFglQN+5A=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU0hiWu2t6MVjBdMW2lg22027dHcTdjdCKf0NXjwo4tUf5M1/46atoKIPBh7vzTAzL0oZVdpxPqzCyura+kZxs7S1vbO7V94/aKkkk5gEOGGJ7ERIEUYFCTTVjHRSSRCPGGlH46vcb98TqWgibvUkJSFHQ0FjipE2UtC+66W8X644dr3qVOseNMSv1apOTjzXr/nQtZ05KmCJZr/83hskOONEaMyQUl3XSXU4RVJTzMis1MsUSREeoyHpGioQJyqczo+dwROjDGCcSFNCw7n6fWKKuFITHplOjvRI/fZy8S+vm+n4IpxSkWaaCLxYFGcM6gTmn8MBlQRrNjEEYUnNrRCPkERYm3xKJoSvT+H/pOXZ7pnt3fiVxuUyjiI4AsfgFLjgHDTANWiCAGBAwQN4As+WsB6tF+t10VqwljOH4Aest08yk470</latexit>

Z0
<latexit sha1_base64="gMgwik9wVT09BrZfRhmfQ1oQK9s=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjJ1Wu2u6MZlRfvAdiyZNNOGZjJDkhHK0E9w40IRt36RO//GTFtBRQ9cOJxzL/fe48ecKY3Qh5VbWl5ZXcuvFzY2t7Z3irt7LRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3744vMb99TqVgkbvQkpl6Ih4IFjGBtpOvbO9QvlpBdq6BKrQwNcavVCspI2XGrLnRsNEMJLNDoF997g4gkIRWacKxU10Gx9lIsNSOcTgu9RNEYkzEe0q6hAodUeens1Ck8MsoABpE0JTScqd8nUhwqNQl90xliPVK/vUz8y+smOjjzUibiRFNB5ouChEMdwexvOGCSEs0nhmAimbkVkhGWmGiTTsGE8PUp/J+0yrZzYpev3FL9fBFHHhyAQ3AMHHAK6uASNEATEDAED+AJPFvcerRerNd5a85azOyDH7DePgFY/43a</latexit>

�
<latexit sha1_base64="Z58wbLZOz8oGravnnyxB+KAiEkw=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZKYVrsrunFZwT6gDWUynbRjZzJhZiKU0H9w40IRt/6PO//GSVtBRQ9cOJxzL/feEyaMKu04H1ZhZXVtfaO4Wdra3tndK+8ftJVIJSYtLJiQ3RApwmhMWppqRrqJJIiHjHTCyVXud+6JVFTEt3qakICjUUwjipE2Urs/QpyjQbni2PWqU6170BC/Vqs6OfFcv+ZD13bmqIAlmoPye38ocMpJrDFDSvVcJ9FBhqSmmJFZqZ8qkiA8QSPSMzRGnKggm187gydGGcJISFOxhnP1+0SGuFJTHppOjvRY/fZy8S+vl+roIshonKSaxHixKEoZ1ALmr8MhlQRrNjUEYUnNrRCPkURYm4BKJoSvT+H/pO3Z7pnt3fiVxuUyjiI4AsfgFLjgHDTANWiCFsDgDjyAJ/BsCevRerFeF60FazlzCH7AevsEBQaPbw==</latexit> h

<latexit sha1_base64="xyiLDHsWo5VJ5O5FjePKPkGSrn8=">AAAB6HicdVBNS8NAEN3Ur1q/qh69LBbBU0hiWu2t6MVjC7YV2lA220m7dvPB7kYoob/AiwdFvPqTvPlv3LQVVPTBwOO9GWbm+QlnUlnWh1FYWV1b3yhulra2d3b3yvsHHRmngkKbxjwWtz6RwFkEbcUUh9tEAAl9Dl1/cpX73XsQksXRjZom4IVkFLGAUaK01BoPyhXLrFetat3Bmri1WtXKiWO7NRfbpjVHBS3RHJTf+8OYpiFEinIiZc+2EuVlRChGOcxK/VRCQuiEjKCnaURCkF42P3SGT7QyxEEsdEUKz9XvExkJpZyGvu4MiRrL314u/uX1UhVceBmLklRBRBeLgpRjFeP8azxkAqjiU00IFUzfiumYCEKVzqakQ/j6FP9POo5pn5lOy600LpdxFNEROkanyEbnqIGuURO1EUWAHtATejbujEfjxXhdtBaM5cwh+gHj7RNMFI1G</latexit>

g
<latexit sha1_base64="Yy1Vhk2bPHCTr0Lw6bWxooOaYrk=">AAAB6HicdVBNS8NAEN3Ur1q/qh69LBbBU0hiWu2t6MVjC7YV2lA220m7dvPB7kYoob/AiwdFvPqTvPlv3LQVVPTBwOO9GWbm+QlnUlnWh1FYWV1b3yhulra2d3b3yvsHHRmngkKbxjwWtz6RwFkEbcUUh9tEAAl9Dl1/cpX73XsQksXRjZom4IVkFLGAUaK01BoNyhXLrFetat3Bmri1WtXKiWO7NRfbpjVHBS3RHJTf+8OYpiFEinIiZc+2EuVlRChGOcxK/VRCQuiEjKCnaURCkF42P3SGT7QyxEEsdEUKz9XvExkJpZyGvu4MiRrL314u/uX1UhVceBmLklRBRBeLgpRjFeP8azxkAqjiU00IFUzfiumYCEKVzqakQ/j6FP9POo5pn5lOy600LpdxFNEROkanyEbnqIGuURO1EUWAHtATejbujEfjxXhdtBaM5cwh+gHj7RNKkI1F</latexit>

⌫e
<latexit sha1_base64="MBkH5BPXUPWLBMxYp8vRufHfgzs=">AAAB7nicdVBNS8NAEN34WetX1aOXxSJ4CklNq70VvXisYD+gDWWznbRLN5uwuxFK6I/w4kERr/4eb/4bN20FFX0w8Hhvhpl5QcKZ0o7zYa2srq1vbBa2its7u3v7pYPDtopTSaFFYx7LbkAUcCagpZnm0E0kkCjg0Akm17nfuQepWCzu9DQBPyIjwUJGiTZSpy/SQQazQans2PWqU61XsCFerVZ1clJxvZqHXduZo4yWaA5K7/1hTNMIhKacKNVznUT7GZGaUQ6zYj9VkBA6ISPoGSpIBMrP5ufO8KlRhjiMpSmh8Vz9PpGRSKlpFJjOiOix+u3l4l9eL9XhpZ8xkaQaBF0sClOOdYzz3/GQSaCaTw0hVDJzK6ZjIgnVJqGiCeHrU/w/aVds99yu3HrlxtUyjgI6RifoDLnoAjXQDWqiFqJogh7QE3q2EuvRerFeF60r1nLmCP2A9fYJGTuQFQ==</latexit>

⌫µ
<latexit sha1_base64="i4fk3RpaVUcw1QFBikkPvl1Dqj8=">AAAB8HicdVDLSsNAFJ3UV62vqks3g0VwFZKaVrsrunFZwT6kCWUynbRDZyZhZiKU0K9w40IRt36OO//GSVtBRQ9cOJxzL/feEyaMKu04H1ZhZXVtfaO4Wdra3tndK+8fdFScSkzaOGax7IVIEUYFaWuqGeklkiAeMtINJ1e5370nUtFY3OppQgKORoJGFCNtpDtfpIPM5+lsUK44dqPm1BpVaIhXr9ecnFRdr+5B13bmqIAlWoPyuz+MccqJ0Jghpfquk+ggQ1JTzMis5KeKJAhP0Ij0DRWIExVk84Nn8MQoQxjF0pTQcK5+n8gQV2rKQ9PJkR6r314u/uX1Ux1dBBkVSaqJwItFUcqgjmH+PRxSSbBmU0MQltTcCvEYSYS1yahkQvj6FP5POlXbPbOrN16lebmMowiOwDE4BS44B01wDVqgDTDg4AE8gWdLWo/Wi/W6aC1Yy5lD8APW2yeyQJEC</latexit>

⌫⌧
<latexit sha1_base64="qassVZWPl7ibhmpImkheVclZ+zw=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFZKaVrsrunFZwT6wCWUynbRDJ5MwD6GE/oUbF4q49W/c+TdO2goqeuDC4Zx7ufeeMGVUKsf5sAorq2vrG8XN0tb2zu5eef+gIxMtMGnjhCWiFyJJGOWkrahipJcKguKQkW44ucr97j0Rkib8Vk1TEsRoxGlEMVJGuvO5HmS+Qno2KFccu1Fzao0qNMSr12tOTqquV/egaztzVMASrUH53R8mWMeEK8yQlH3XSVWQIaEoZmRW8rUkKcITNCJ9QzmKiQyy+cUzeGKUIYwSYYorOFe/T2QolnIah6YzRmosf3u5+JfX1yq6CDLKU60Ix4tFkWZQJTB/Hw6pIFixqSEIC2puhXiMBMLKhFQyIXx9Cv8nnartntnVG6/SvFzGUQRH4BicAhecgya4Bi3QBhhw8ACewLMlrUfrxXpdtBas5cwh+AHr7RN4nJF0</latexit>

e
<latexit sha1_base64="7omfVpBJgGsIZhQtvZvgaQaId4M=">AAAB6HicdVBNS8NAEN3Ur1q/qh69LBbBU0hiWu2t6MVjC7YV2lA220m7dvPB7kYoob/AiwdFvPqTvPlv3LQVVPTBwOO9GWbm+QlnUlnWh1FYWV1b3yhulra2d3b3yvsHHRmngkKbxjwWtz6RwFkEbcUUh9tEAAl9Dl1/cpX73XsQksXRjZom4IVkFLGAUaK01IJBuWKZ9apVrTtYE7dWq1o5cWy35mLbtOaooCWag/J7fxjTNIRIUU6k7NlWoryMCMUoh1mpn0pICJ2QEfQ0jUgI0svmh87wiVaGOIiFrkjhufp9IiOhlNPQ150hUWP528vFv7xeqoILL2NRkiqI6GJRkHKsYpx/jYdMAFV8qgmhgulbMR0TQajS2ZR0CF+f4v9JxzHtM9NpuZXG5TKOIjpCx+gU2egcNdA1aqI2ogjQA3pCz8ad8Wi8GK+L1oKxnDlEP2C8fQJHiI1D</latexit>

µ
<latexit sha1_base64="Ao/l5SbhJ3ULdJVAnFpaD5U74Mc=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFZKYVrsrunFZ0T6gDWUynbRDZyZhZiKU0E9w40IRt36RO//GSVtBRQ9cOJxzL/feEyaMKu04H1ZhZXVtfaO4Wdra3tndK+8ftFWcSkxaOGax7IZIEUYFaWmqGekmkiAeMtIJJ1e537knUtFY3OlpQgKORoJGFCNtpNs+TwflimPXq0617kFD/Fqt6uTEc/2aD13bmaMClmgOyu/9YYxTToTGDCnVc51EBxmSmmJGZqV+qkiC8ASNSM9QgThRQTY/dQZPjDKEUSxNCQ3n6veJDHGlpjw0nRzpsfrt5eJfXi/V0UWQUZGkmgi8WBSlDOoY5n/DIZUEazY1BGFJza0Qj5FEWJt0SiaEr0/h/6Tt2e6Z7d34lcblMo4iOALH4BS44Bw0wDVoghbAYAQewBN4tpj1aL1Yr4vWgrWcOQQ/YL19AttqjjA=</latexit>

⌧
<latexit sha1_base64="mGNJXLGDZbkvhJGAuc4mJTjUFVU=">AAAB63icdVBNS8NAEJ34WetX1aOXxSJ4CklNq70VvXisYD+gDWWz3bRLN5uwuxFK6F/w4kERr/4hb/4bN20FFX0w8Hhvhpl5QcKZ0o7zYa2srq1vbBa2its7u3v7pYPDtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyXXud+6pVCwWd3qaUD/CI8FCRrDOpb7G6aBUdux61anWK8gQr1arOjmpuF7NQ67tzFGGJZqD0nt/GJM0okITjpXquU6i/QxLzQins2I/VTTBZIJHtGeowBFVfja/dYZOjTJEYSxNCY3m6veJDEdKTaPAdEZYj9VvLxf/8nqpDi/9jIkk1VSQxaIw5UjHKH8cDZmkRPOpIZhIZm5FZIwlJtrEUzQhfH2K/iftiu2e25Vbr9y4WsZRgGM4gTNw4QIacANNaAGBMTzAEzxbkfVovVivi9YVazlzBD9gvX0CnzmOog==</latexit>

�1
<latexit sha1_base64="dIGwCnFSXtyEaqKDmgwBAx9oLaU=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZKYVrsrunFZwT6gDWUynbRjJzNhZiKU0H9w40IRt/6PO//GSVtBRQ9cOJxzL/feEyaMKu04H1ZhZXVtfaO4Wdra3tndK+8ftJVIJSYtLJiQ3RApwignLU01I91EEhSHjHTCyVXud+6JVFTwWz1NSBCjEacRxUgbqd3HYzpwB+WKY9erTrXuQUP8Wq3q5MRz/ZoPXduZowKWaA7K7/2hwGlMuMYMKdVznUQHGZKaYkZmpX6qSILwBI1Iz1COYqKCbH7tDJ4YZQgjIU1xDefq94kMxUpN49B0xkiP1W8vF//yeqmOLoKM8iTVhOPFoihlUAuYvw6HVBKs2dQQhCU1t0I8RhJhbQIqmRC+PoX/k7Znu2e2d+NXGpfLOIrgCByDU+CCc9AA16AJWgCDO/AAnsCzJaxH68V6XbQWrOXMIfgB6+0TpWqPMA==</latexit>

�2
<latexit sha1_base64="ObZWYippp4dup4nLBUePE3Tg4vM=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZKYVrsrunFZwT6gDWUynbRjJzNhZiKU0H9w40IRt/6PO//GSVtBRQ9cOJxzL/feEyaMKu04H1ZhZXVtfaO4Wdra3tndK+8ftJVIJSYtLJiQ3RApwignLU01I91EEhSHjHTCyVXud+6JVFTwWz1NSBCjEacRxUgbqd3HYzrwBuWKY9erTrXuQUP8Wq3q5MRz/ZoPXduZowKWaA7K7/2hwGlMuMYMKdVznUQHGZKaYkZmpX6qSILwBI1Iz1COYqKCbH7tDJ4YZQgjIU1xDefq94kMxUpN49B0xkiP1W8vF//yeqmOLoKM8iTVhOPFoihlUAuYvw6HVBKs2dQQhCU1t0I8RhJhbQIqmRC+PoX/k7Znu2e2d+NXGpfLOIrgCByDU+CCc9AA16AJWgCDO/AAnsCzJaxH68V6XbQWrOXMIfgB6+0Tpu6PMQ==</latexit>

N
<latexit sha1_base64="czjZfcStXX/2GNJ9oJqVzTR2jaA=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadmNm2huQS+eJAHzgGQJs5PZZMzsg5lZISz5Ai8eFPHqJ3nzb5xNIqhoQUNR1U13lxdzJpVlfRi5ldW19Y38ZmFre2d3r7h/0JZRIghtkYhHouthSTkLaUsxxWk3FhQHHqcdb3KV+Z17KiSLwls1jakb4FHIfEaw0lLzZlAsWWatYlVqZaSJU61WrIyUbafqINu05ijBEo1B8b0/jEgS0FARjqXs2Vas3BQLxQins0I/kTTGZIJHtKdpiAMq3XR+6AydaGWI/EjoChWaq98nUhxIOQ083RlgNZa/vUz8y+slyr9wUxbGiaIhWSzyE45UhLKv0ZAJShSfaoKJYPpWRMZYYKJ0NgUdwten6H/SLpv2mVluOqX65TKOPBzBMZyCDedQh2toQAsIUHiAJ3g27oxH48V4XbTmjOXMIfyA8fYJJKyNLA==</latexit>

�
<latexit sha1_base64="alue6DBskz1i79MiakXwl6lQZLU=">AAAB63icdVDLSsNAFJ34rPVVdelmsAiuQhLTandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSuo6IELh3Pu5d57wpRRpR3nw1pZXVvf2Cxtlbd3dvf2KweHHZVkEpM2TlgieyFShFFB2ppqRnqpJIiHjHTDyXXhd++JVDQRd3qakoCjsaARxUgX0iCN6bBSdexGzak1PGiIX6/XnIJ4rl/3oWs7c1TBEq1h5X0wSnDGidCYIaX6rpPqIEdSU8zIrDzIFEkRnqAx6RsqECcqyOe3zuCpUUYwSqQpoeFc/T6RI67UlIemkyMdq99eIf7l9TMdXQY5FWmmicCLRVHGoE5g8TgcUUmwZlNDEJbU3ApxjCTC2sRTNiF8fQr/Jx3Pds9t79avNq+WcZTAMTgBZ8AFF6AJbkALtAEGMXgAT+DZ4taj9WK9LlpXrOXMEfgB6+0TkZSOmQ==</latexit>

“Dark Photons”

“The Neutrino Portal”

“Dark Higgs Boson”

A0
<latexit sha1_base64="ZY/h22Mxtxub9NtLMmZkAw6Hsl8=">AAAB73icdVDLSgMxFM34rPVVdekmWARXwzzaandVNy4r2Ae0Y8mkmTY0yYxJRihDf8KNC0Xc+jvu/BvTh6CiBy4czrmXe+8JE0aVdpwPa2l5ZXVtPbeR39za3tkt7O03VZxKTBo4ZrFsh0gRRgVpaKoZaSeSIB4y0gpHl1O/dU+korG40eOEBBwNBI0oRtpI7fPbbiIpJ71C0bGrZdevVqEhpUql4k+JV/L8MnRtZ4YiWKDeK7x3+zFOOREaM6RUx3USHWRIaooZmeS7qSIJwiM0IB1DBeJEBdns3gk8NkofRrE0JTScqd8nMsSVGvPQdHKkh+q3NxX/8jqpjs6CjIok1UTg+aIoZVDHcPo87FNJsGZjQxCW1NwK8RBJhLWJKG9C+PoU/k+anu36tnddKtYuFnHkwCE4AifABaegBq5AHTQABgw8gCfwbN1Zj9aL9TpvXbIWMwfgB6y3T3jSkEU=</latexit>
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<latexit sha1_base64="/z4OKnzOr8DTfxblCzW+Vg4dgO8=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIexKUI9BL4KXiOYByRpmJ73JkNnZZWZWCEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xhMqzWP5YIYJ+hHtSR5yRo2V7m8fTzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSPyt556XyXblYuZrFkYNDOIIT8OACKnADVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AL9kjXU=</latexit>

K+

<latexit sha1_base64="hfs9T+M0eWo1UPugNlG1yTo65mo=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzkdxL+eN4tld2KOwNZJl5OypCj3i19dXoxSyOUhgmqddtzExNkVBnOBE6KnVRjQtmIDrBtqaQR6iCbHTshp1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBxmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadoQ/AWX14mjYuKd1mp3lfLtZs8jgIcwwmcgQdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/cgCOdQ==</latexit>

⇡�
<latexit sha1_base64="GVNo8m7/g9yOIZnX4KRu5RJSRDs=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJXe53nrixItKPOI25r+hIi1AwirnU50gH1Zpbd+cgq8QrSA0KNAfVr/4wYoniGpmk1vY8N0Y/pQYFk3xW6SeWx5RN6Ij3Mqqp4tZP57fOyFmmDEkYmaw0krn6eyKlytqpCrJORXFsl71c/M/rJRje+KnQcYJcs8WiMJEEI5I/TobCcIZymhHKjMhuJWxMDWWYxVPJQvCWX14l7Yu6d1W/fLisNW6LOMpwAqdwDh5cQwPuoQktYDCGZ3iFN0c5L86787FoLTnFzDH8gfP5AwvQjkE=</latexit>⌘

<latexit sha1_base64="VOXoiY6WMuA4gNey8BVN8JLlzWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSS303Fo9srV9yqOwdZJV5OKpCj0St/dfsJy2KukElqTMdzUwwmVKNgkk9L3czwlLIRHfCOpYrG3AST+bFTcmaVPokSbUshmau/JyY0NmYch7Yzpjg0y95M/M/rZBhdBxOh0gy5YotFUSYJJmT2OekLzRnKsSWUaWFvJWxINWVo8ynZELzll1dJ86LqXVZr97VK/SaPowgncArn4MEV1OEOGuADAwHP8ApvjnJenHfnY9FacPKZY/gD5/MHdoyOeA==</latexit>

⇡0

Shielding

Detector Volume

<latexit sha1_base64="VOXoiY6WMuA4gNey8BVN8JLlzWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSS303Fo9srV9yqOwdZJV5OKpCj0St/dfsJy2KukElqTMdzUwwmVKNgkk9L3czwlLIRHfCOpYrG3AST+bFTcmaVPokSbUshmau/JyY0NmYch7Yzpjg0y95M/M/rZBhdBxOh0gy5YotFUSYJJmT2OekLzRnKsSWUaWFvJWxINWVo8ynZELzll1dJ86LqXVZr97VK/SaPowgncArn4MEV1OEOGuADAwHP8ApvjnJenHfnY9FacPKZY/gD5/MHdoyOeA==</latexit>

⇡0

<latexit sha1_base64="wplLSeZG7rOgHUVcPa+dCJtP3Xo=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKUI9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0rqoBpfV2n2tUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPidmPHg==</latexit>�

<latexit sha1_base64="mJFiclhvsUDfgzFLEtoeeqfyMSU=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjIytl1W3bisYB/QjiWTZtpgkhmTjFCG/oQbF4q49Xfc+Tem7QgqeuDC4Zx7ufeeMOFMG4Q+nMLS8srqWnG9tLG5tb1T3t1r6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBPeXsz8zj1VmsXy2kwSGgg8kixiBBsrdc9u+oligg7KFeSiOSByqzXPP/UsqfsI+XXo5VYF5GgOyu/9YUxSQaUhHGvd81Biggwrwwin01I/1TTB5BaPaM9SiQXVQTa/dwqPrDKEUaxsSQPn6veJDAutJyK0nQKbsf7tzcS/vF5qonqQMZmkhkqyWBSlHJoYzp6HQ6YoMXxiCSaK2VshGWOFibERlWwIX5/C/0n7xPWqrn/lVxrneRxFcAAOwTHwQA00wCVoghYggIMH8ASenTvn0XlxXhetBSef2Qc/4Lx9AjUxkBs=</latexit>

A0
<latexit sha1_base64="mJFiclhvsUDfgzFLEtoeeqfyMSU=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjIytl1W3bisYB/QjiWTZtpgkhmTjFCG/oQbF4q49Xfc+Tem7QgqeuDC4Zx7ufeeMOFMG4Q+nMLS8srqWnG9tLG5tb1T3t1r6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBPeXsz8zj1VmsXy2kwSGgg8kixiBBsrdc9u+oligg7KFeSiOSByqzXPP/UsqfsI+XXo5VYF5GgOyu/9YUxSQaUhHGvd81Biggwrwwin01I/1TTB5BaPaM9SiQXVQTa/dwqPrDKEUaxsSQPn6veJDAutJyK0nQKbsf7tzcS/vF5qonqQMZmkhkqyWBSlHJoYzp6HQ6YoMXxiCSaK2VshGWOFibERlWwIX5/C/0n7xPWqrn/lVxrneRxFcAAOwTHwQA00wCVoghYggIMH8ASenTvn0XlxXhetBSef2Qc/4Lx9AjUxkBs=</latexit>

A0
<latexit sha1_base64="BAFRR+aF7c8SEYycFbTBtGxK9D4=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgxWU3bmL2FvTiMaKJgWQNs5PZZMjsg5lZISz5BC8eFPHqF3nzb5w8BBUtaCiquunu8hPOpLKsDyO3tLyyupZfL2xsbm3vFHf3WjJOBaFNEvNYtH0sKWcRbSqmOG0nguLQ5/TWH11M/dt7KiSLoxs1TqgX4kHEAkaw0tI1vTvpFUuW6dbKZdtBlll27VO3oknVcStWFdmmNUMJFmj0iu/dfkzSkEaKcCxlx7YS5WVYKEY4nRS6qaQJJiM8oB1NIxxS6WWzUyfoSCt9FMRCV6TQTP0+keFQynHo684Qq6H87U3Fv7xOqoKal7EoSRWNyHxRkHKkYjT9G/WZoETxsSaYCKZvRWSIBSZKp1PQIXx9iv4nrbJpV03nyinVzxdx5OEADuEYbDiDOlxCA5pAYAAP8ATPBjcejRfjdd6aMxYz+/ADxtsnZQ6N5g==</latexit>

e�

<latexit sha1_base64="Zlmo2t7vY8ZH1UOdIsiOR3QyUTw=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0UQhJCE2DS7ohuXFe0D2lgm00k7dDIJMxOhhH6CGxeKuPWL3Pk3Th+Cih64cDjnXu69J0wZlcqyPozCyura+kZxs7S1vbO7V94/aMkkE5g0ccIS0QmRJIxy0lRUMdJJBUFxyEg7HF/O/PY9EZIm/FZNUhLEaMhpRDFSWrohd2f9csUy/Zrn+FVomY5/7tmeJlXXdywX2qY1RwUs0eiX33uDBGcx4QozJGXXtlIV5EgoihmZlnqZJCnCYzQkXU05iokM8vmpU3iilQGMEqGLKzhXv0/kKJZyEoe6M0ZqJH97M/Evr5upqBbklKeZIhwvFkUZgyqBs7/hgAqCFZtogrCg+laIR0ggrHQ6JR3C16fwf9JyTLtqutdupX6xjKMIjsAxOAU28EAdXIEGaAIMhuABPIFngxmPxovxumgtGMuZQ/ADxtsndBeN8A==</latexit>

e+
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SHiP: Search for Hidden Particles

5

400 GeV protons-on-target

50-meter-long decay chamber

Magnetized Spectrometer (for electrons, muons, photons…)

Approved for operation CERN — the “ultimate” dark sector experiment?



SHiP Dark-Photon Sensitivity
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https://arxiv.org/abs/2412.01880
https://arxiv.org/abs/2511.09619


SHiP & Leptophilic Gauge Bosons
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Previously, we just considered SM particles that subsequently decay into BSM ones 

Alternative production mechanisms?

8
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<latexit sha1_base64="/z4OKnzOr8DTfxblCzW+Vg4dgO8=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIexKUI9BL4KXiOYByRpmJ73JkNnZZWZWCEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI/9xhMqzWP5YIYJ+hHtSR5yRo2V7m8fTzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSPyt556XyXblYuZrFkYNDOIIT8OACKnADVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AL9kjXU=</latexit>

K+

<latexit sha1_base64="hfs9T+M0eWo1UPugNlG1yTo65mo=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzkdxL+eN4tld2KOwNZJl5OypCj3i19dXoxSyOUhgmqddtzExNkVBnOBE6KnVRjQtmIDrBtqaQR6iCbHTshp1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBxmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadoQ/AWX14mjYuKd1mp3lfLtZs8jgIcwwmcgQdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/cgCOdQ==</latexit>

⇡�
<latexit sha1_base64="GVNo8m7/g9yOIZnX4KRu5RJSRDs=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJXe53nrixItKPOI25r+hIi1AwirnU50gH1Zpbd+cgq8QrSA0KNAfVr/4wYoniGpmk1vY8N0Y/pQYFk3xW6SeWx5RN6Ij3Mqqp4tZP57fOyFmmDEkYmaw0krn6eyKlytqpCrJORXFsl71c/M/rJRje+KnQcYJcs8WiMJEEI5I/TobCcIZymhHKjMhuJWxMDWWYxVPJQvCWX14l7Yu6d1W/fLisNW6LOMpwAqdwDh5cQwPuoQktYDCGZ3iFN0c5L86787FoLTnFzDH8gfP5AwvQjkE=</latexit>⌘

<latexit sha1_base64="VOXoiY6WMuA4gNey8BVN8JLlzWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSS303Fo9srV9yqOwdZJV5OKpCj0St/dfsJy2KukElqTMdzUwwmVKNgkk9L3czwlLIRHfCOpYrG3AST+bFTcmaVPokSbUshmau/JyY0NmYch7Yzpjg0y95M/M/rZBhdBxOh0gy5YotFUSYJJmT2OekLzRnKsSWUaWFvJWxINWVo8ynZELzll1dJ86LqXVZr97VK/SaPowgncArn4MEV1OEOGuADAwHP8ApvjnJenHfnY9FacPKZY/gD5/MHdoyOeA==</latexit>

⇡0

Shielding

Detector Volume

<latexit sha1_base64="VOXoiY6WMuA4gNey8BVN8JLlzWU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoY9lsN+3SzSbsToRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuLaiEQ94DjlQUwHSkSCUbSS303Fo9srV9yqOwdZJV5OKpCj0St/dfsJy2KukElqTMdzUwwmVKNgkk9L3czwlLIRHfCOpYrG3AST+bFTcmaVPokSbUshmau/JyY0NmYch7Yzpjg0y95M/M/rZBhdBxOh0gy5YotFUSYJJmT2OekLzRnKsSWUaWFvJWxINWVo8ynZELzll1dJ86LqXVZr97VK/SaPowgncArn4MEV1OEOGuADAwHP8ApvjnJenHfnY9FacPKZY/gD5/MHdoyOeA==</latexit>

⇡0

<latexit sha1_base64="wplLSeZG7rOgHUVcPa+dCJtP3Xo=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKUI9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0rqoBpfV2n2tUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPidmPHg==</latexit>�

<latexit sha1_base64="mJFiclhvsUDfgzFLEtoeeqfyMSU=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjIytl1W3bisYB/QjiWTZtpgkhmTjFCG/oQbF4q49Xfc+Tem7QgqeuDC4Zx7ufeeMOFMG4Q+nMLS8srqWnG9tLG5tb1T3t1r6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBPeXsz8zj1VmsXy2kwSGgg8kixiBBsrdc9u+oligg7KFeSiOSByqzXPP/UsqfsI+XXo5VYF5GgOyu/9YUxSQaUhHGvd81Biggwrwwin01I/1TTB5BaPaM9SiQXVQTa/dwqPrDKEUaxsSQPn6veJDAutJyK0nQKbsf7tzcS/vF5qonqQMZmkhkqyWBSlHJoYzp6HQ6YoMXxiCSaK2VshGWOFibERlWwIX5/C/0n7xPWqrn/lVxrneRxFcAAOwTHwQA00wCVoghYggIMH8ASenTvn0XlxXhetBSef2Qc/4Lx9AjUxkBs=</latexit>

A0
<latexit sha1_base64="mJFiclhvsUDfgzFLEtoeeqfyMSU=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjIytl1W3bisYB/QjiWTZtpgkhmTjFCG/oQbF4q49Xfc+Tem7QgqeuDC4Zx7ufeeMOFMG4Q+nMLS8srqWnG9tLG5tb1T3t1r6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBPeXsz8zj1VmsXy2kwSGgg8kixiBBsrdc9u+oligg7KFeSiOSByqzXPP/UsqfsI+XXo5VYF5GgOyu/9YUxSQaUhHGvd81Biggwrwwin01I/1TTB5BaPaM9SiQXVQTa/dwqPrDKEUaxsSQPn6veJDAutJyK0nQKbsf7tzcS/vF5qonqQMZmkhkqyWBSlHJoYzp6HQ6YoMXxiCSaK2VshGWOFibERlWwIX5/C/0n7xPWqrn/lVxrneRxFcAAOwTHwQA00wCVoghYggIMH8ASenTvn0XlxXhetBSef2Qc/4Lx9AjUxkBs=</latexit>

A0
<latexit sha1_base64="BAFRR+aF7c8SEYycFbTBtGxK9D4=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgxWU3bmL2FvTiMaKJgWQNs5PZZMjsg5lZISz5BC8eFPHqF3nzb5w8BBUtaCiquunu8hPOpLKsDyO3tLyyupZfL2xsbm3vFHf3WjJOBaFNEvNYtH0sKWcRbSqmOG0nguLQ5/TWH11M/dt7KiSLoxs1TqgX4kHEAkaw0tI1vTvpFUuW6dbKZdtBlll27VO3oknVcStWFdmmNUMJFmj0iu/dfkzSkEaKcCxlx7YS5WVYKEY4nRS6qaQJJiM8oB1NIxxS6WWzUyfoSCt9FMRCV6TQTP0+keFQynHo684Qq6H87U3Fv7xOqoKal7EoSRWNyHxRkHKkYjT9G/WZoETxsSaYCKZvRWSIBSZKp1PQIXx9iv4nrbJpV03nyinVzxdx5OEADuEYbDiDOlxCA5pAYAAP8ATPBjcejRfjdd6aMxYz+/ADxtsnZQ6N5g==</latexit>

e�

<latexit sha1_base64="Zlmo2t7vY8ZH1UOdIsiOR3QyUTw=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0UQhJCE2DS7ohuXFe0D2lgm00k7dDIJMxOhhH6CGxeKuPWL3Pk3Th+Cih64cDjnXu69J0wZlcqyPozCyura+kZxs7S1vbO7V94/aMkkE5g0ccIS0QmRJIxy0lRUMdJJBUFxyEg7HF/O/PY9EZIm/FZNUhLEaMhpRDFSWrohd2f9csUy/Zrn+FVomY5/7tmeJlXXdywX2qY1RwUs0eiX33uDBGcx4QozJGXXtlIV5EgoihmZlnqZJCnCYzQkXU05iokM8vmpU3iilQGMEqGLKzhXv0/kKJZyEoe6M0ZqJH97M/Evr5upqBbklKeZIhwvFkUZgyqBs7/hgAqCFZtogrCg+laIR0ggrHQ6JR3C16fwf9JyTLtqutdupX6xjKMIjsAxOAU28EAdXIEGaAIMhuABPIFngxmPxovxumgtGMuZQ/ADxtsndBeN8A==</latexit>
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Every Hadronic/Electromagnetic interaction in the target is a potential for BSM production!
many interactions = many opportunities for production
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Our approach? PETITE
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γ

e±

Originally developed for neutrino environments, PETITE 
allows for rapid simulation of EM cascades in thick targets that 

can be processed for determination of BSM flux predictions 
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Blinov, Fox, KJK, Machado, Plestid [2401.06843]

 https://github.com/kjkellyphys/PETITE

https://arxiv.org/abs/2401.06843
https://github.com/kjkellyphys/PETITE
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Aside:                Gauge Bosons
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Sensitivity depends strongly on theoretical pp scattering treatment.
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e+

Neutrino facilities are designed to focus the SM neutrino flux in the forward 
direction, but BSM production is still feasible! 
 
Now, we need to contend with backgrounds.
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A global effort

Gori et al (Snowmass) [2209.04671]

Neutrino experiments 
complement dedicated dark-

sector facilities

Berryman et al (incl. KJK), [1912.07662] JHEP

https://arxiv.org/abs/2209.04671
https://arxiv.org/abs/1912.07662
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A global effort

Gori et al (Snowmass) [2209.04671]

Neutrino experiments 
complement dedicated dark-

sector facilities

Berryman et al (incl. KJK), [1912.07662] JHEP

Parameter space that can't be accessed by 
dedicated experiments that will be explored 

by DUNE.

https://arxiv.org/abs/2209.04671
https://arxiv.org/abs/1912.07662


Instead of long-lived-particle production, what 
about if that particle decays into dark matter?
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ω̄
“Elastic” Dark-Photon/Dark-Matter Scenario



Neutrino Backgrounds — Blessing & Curse
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Highly capable neutrino detectors (tracking particles’ energy, direction, particle 
ID precisely) unlock precision neutrino physics understanding as well as BSM 
signal classification.

°40 °20 0 20 40
x [m]

°40

°20

0

20

40

y
[m

]

Neutrino°electron elastic scattering

DUNE

Near Detector

DUNE PRISM range

°40 °20 0 20 40
x [m]

°40

°20

0

20

40

y
[m

]

Neutral pion decay : º0 ! ∞V, V ! ¬¬̄

DUNE

Near Detector

DUNE PRISM range

mV = 30 MeV = 3m¬

°40 °20 0 20 40
x [m]

°40

°20

0

20

40

y
[m

]

Dark Annihilation : e+e° ! (∞)V, V ! ¬¬̄

DUNE

Near Detector

DUNE PRISM range

mV = 30 MeV = 3m¬

10°2

10°1

100

101

102

103

R
el

at
iv

e
ev

en
t

ra
te

[a
rb

.
no

rm
al

iz
at

io
n]

Based on work in progress with Lua F.T. Airoldi, Pedro A.N. Machado, Kiet Nguyen, and Renata Zukanovich Funchal

Spatial distribution of dark matter vs. neutrino scattering unlocks production mechanisms.



Taking advantage of Detector/Beam Geometry
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(d)

(a) (b) (c)

• Dark Matter production in target (a) and absorber (c). 
• Neutrino production along decay volume (b). 
• Elastic scattering off electrons in neutrino detector off-axis (d). 
• Outgoing electrons (tend to) align with incoming particle 

directions, which can be different given production geometry. 

Work in progress with Lua F.T. Airoldi, Pedro A.N. Machado, Kiet Nguyen, and Renata Zukanovich Funchal



In the event of a discovery, can we determine 
the origin of the excess?
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“Inelastic” Dark-Photon/Dark-Matter Scenario



In the event of a discovery, can we determine 
the origin of the excess?
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Example: Using SBND + Signal Kinematics
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Events Appear more Pion-Decay-Like

Et
a-

D
ec

ay
-L

ik
e

Brem
sstrahlung-Like

Consider production of inelastic DM 
via

Neutral Pion Decay
Eta Meson Decay
Proton-Proton Bremsstrahlung

ML Classifier based on decay-electron 
kinematics, detection position, etc.

Scores event-by-event as what production 
channel it most appears like.
Constructing a metric for characterizing 
an ensemble of signal events based on 
production channel(s).

Work in progress with Debopam Goswami, Aparajitha Karthikeyan, Tao Zhou, and Bhaskar Dutta
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Wrapping up…



Conclusions
✤ In the hunt for new physics, we need all the help we can get — neutrino experiments 

and beam-dump facilities offer a complementary approach to detecting many of the 
same new-physics scenarios.

✤ New tools are being developed constantly that improve our ability to predict what may 
await.

✤ In the event of a discovery, what comes next? Can we determine the origin of new 
physics/the model behind its production?
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Thank you!
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Backup



Learning about other software…
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Ee° = 10 GeV, PETITE
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Ee° = 10 GeV, GEANT
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Ee° = 10 GeV, MadGraph
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1

Idea: let’s simulate SM bremsstrahlung, , for an electron with  striking a graphite target.

What is the distribution of outgoing electrons and photons, specifically their transverse momenta?

e−Z → e−Zγ Ee− = 10 GeV

GEANT intrinsically assumes no momentum transfer to the nucleus!

MadGraph misses out on significant phase space!
Blinov, Fox, KJK, Machado, Plestid [2401.06843]

https://arxiv.org/abs/2401.06843


New Production Mechanisms at SHiP
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Zhou, Plestid, KJK, Blinov, Fox [2412.01880] JHEP

Previously overlooked production channels!
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https://arxiv.org/abs/2412.01880


How does this impact SHiP Sensitivity?
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Zhou, Plestid, KJK, Blinov, Fox [2412.01880] JHEP

https://arxiv.org/abs/2412.01880


Alternative model scenarios? Leptophilic Gauge Bosons?
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