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Motivated by Paddy Fox’s slides  
in Korea University, 2019



Searches for New Dark World
Low Energy experiments

Lots of talks in this workshop and the references such as
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    B-factories, Fixed target experiments, Beam-dump, Neutrino experiments 

• Accelerated in the universe
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• Accelerators (mostly C.O.M <10 GeV here) with high intensities 
    B-factories, Fixed target experiments, Beam-dump, Neutrino experiments 

• Accelerated in the universe

Low Energy experiments

Even in neutrino experiments probing CE𝝂NS (beam energy ≲ 1 GeV)
Dutta, Kim, Liao, Park, Shin, Strigari, 1906.10745 & in progress

deNiverville, Pospelov, Ritz, 1505.07805

Ge, Shoemaker, 1710.10889
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Searches for New Dark World

Timing information

Dutta, Kim, Liao, Park, Shin, Strigari, 1906.10745 & in progress

e.g., scenarios with dark photon (X)
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dominant

prompt

Talk by J. Yoo

beam arrival time

1.

2.

delayed



Searches for New Dark World

Timing information

Dutta, Kim, Liao, Park, Shin, Strigari, 1906.10745 & in progress

e.g., scenarios with dark photon (X)

dominant

prompt

⇡0 ! X�
<latexit sha1_base64="FqbS3QgzVVrVzs6uk8fDo8u5n3c=">AAAB+nicbVBNS8NAEN3Ur1q/Yj16WSyCp5KIYL0VvHisYGyhiWWy3bRLdzdhdyOW0r/ixYOKV3+JN/+N2zYHbX0w8Hhvhpl5ccaZNp737ZTW1jc2t8rblZ3dvf0D97B6r9NcERqQlKeqE4OmnEkaGGY47WSKgog5bcej65nffqRKs1TemXFGIwEDyRJGwFip51bDjD14ODQp7uBwAEJAz615dW8OvEr8gtRQgVbP/Qr7KckFlYZw0Lrre5mJJqAMI5xOK2GuaQZkBAPatVSCoDqazG+f4lOr9HGSKlvS4Ln6e2ICQuuxiG2nADPUy95M/M/r5iZpRBMms9xQSRaLkpxj++ksCNxnihLDx5YAUczeiskQFBBj46rYEPzll1dJcF6/qvu3F7Vmo0ijjI7RCTpDPrpETXSDWihABD2hZ/SK3pyp8+K8Ox+L1pJTzByhP3A+fwDzb5NC</latexit><latexit sha1_base64="FqbS3QgzVVrVzs6uk8fDo8u5n3c=">AAAB+nicbVBNS8NAEN3Ur1q/Yj16WSyCp5KIYL0VvHisYGyhiWWy3bRLdzdhdyOW0r/ixYOKV3+JN/+N2zYHbX0w8Hhvhpl5ccaZNp737ZTW1jc2t8rblZ3dvf0D97B6r9NcERqQlKeqE4OmnEkaGGY47WSKgog5bcej65nffqRKs1TemXFGIwEDyRJGwFip51bDjD14ODQp7uBwAEJAz615dW8OvEr8gtRQgVbP/Qr7KckFlYZw0Lrre5mJJqAMI5xOK2GuaQZkBAPatVSCoDqazG+f4lOr9HGSKlvS4Ln6e2ICQuuxiG2nADPUy95M/M/r5iZpRBMms9xQSRaLkpxj++ksCNxnihLDx5YAUczeiskQFBBj46rYEPzll1dJcF6/qvu3F7Vmo0ijjI7RCTpDPrpETXSDWihABD2hZ/SK3pyp8+K8Ox+L1pJTzByhP3A+fwDzb5NC</latexit><latexit sha1_base64="FqbS3QgzVVrVzs6uk8fDo8u5n3c=">AAAB+nicbVBNS8NAEN3Ur1q/Yj16WSyCp5KIYL0VvHisYGyhiWWy3bRLdzdhdyOW0r/ixYOKV3+JN/+N2zYHbX0w8Hhvhpl5ccaZNp737ZTW1jc2t8rblZ3dvf0D97B6r9NcERqQlKeqE4OmnEkaGGY47WSKgog5bcej65nffqRKs1TemXFGIwEDyRJGwFip51bDjD14ODQp7uBwAEJAz615dW8OvEr8gtRQgVbP/Qr7KckFlYZw0Lrre5mJJqAMI5xOK2GuaQZkBAPatVSCoDqazG+f4lOr9HGSKlvS4Ln6e2ICQuuxiG2nADPUy95M/M/r5iZpRBMms9xQSRaLkpxj++ksCNxnihLDx5YAUczeiskQFBBj46rYEPzll1dJcF6/qvu3F7Vmo0ijjI7RCTpDPrpETXSDWihABD2hZ/SK3pyp8+K8Ox+L1pJTzByhP3A+fwDzb5NC</latexit><latexit sha1_base64="FqbS3QgzVVrVzs6uk8fDo8u5n3c=">AAAB+nicbVBNS8NAEN3Ur1q/Yj16WSyCp5KIYL0VvHisYGyhiWWy3bRLdzdhdyOW0r/ixYOKV3+JN/+N2zYHbX0w8Hhvhpl5ccaZNp737ZTW1jc2t8rblZ3dvf0D97B6r9NcERqQlKeqE4OmnEkaGGY47WSKgog5bcej65nffqRKs1TemXFGIwEDyRJGwFip51bDjD14ODQp7uBwAEJAz615dW8OvEr8gtRQgVbP/Qr7KckFlYZw0Lrre5mJJqAMI5xOK2GuaQZkBAPatVSCoDqazG+f4lOr9HGSKlvS4Ln6e2ICQuuxiG2nADPUy95M/M/r5iZpRBMms9xQSRaLkpxj++ksCNxnihLDx5YAUczeiskQFBBj46rYEPzll1dJcF6/qvu3F7Vmo0ijjI7RCTpDPrpETXSDWihABD2hZ/SK3pyp8+K8Ox+L1pJTzByhP3A+fwDzb5NC</latexit>

⇡�p ! Xn
<latexit sha1_base64="g0e2rodjekedaShZWV4ExMOpCuc=">AAAB93icbVBNS8NAEJ34WetHqx69LBbBiyURwXorePFYwdhCE8tmu2mXbjbL7kaoob/EiwcVr/4Vb/4bt20O2vpg4PHeDDPzIsmZNq777aysrq1vbJa2yts7u3uV6v7BvU4zRahPUp6qToQ15UxQ3zDDaUcqipOI03Y0up767UeqNEvFnRlLGiZ4IFjMCDZW6lUrgWQPZ0iiwKSog6xSc+vuDGiZeAWpQYFWr/oV9FOSJVQYwrHWXc+VJsyxMoxwOikHmaYSkxEe0K6lAidUh/ns8Ak6sUofxamyJQyaqb8ncpxoPU4i25lgM9SL3lT8z+tmJm6EORMyM1SQ+aI448g+OU0B9ZmixPCxJZgoZm9FZIgVJsZmVbYheIsvLxP/vH5V924vas1GkUYJjuAYTsGDS2jCDbTABwIZPMMrvDlPzovz7nzMW1ecYuYQ/sD5/AFZWZHA</latexit><latexit sha1_base64="g0e2rodjekedaShZWV4ExMOpCuc=">AAAB93icbVBNS8NAEJ34WetHqx69LBbBiyURwXorePFYwdhCE8tmu2mXbjbL7kaoob/EiwcVr/4Vb/4bt20O2vpg4PHeDDPzIsmZNq777aysrq1vbJa2yts7u3uV6v7BvU4zRahPUp6qToQ15UxQ3zDDaUcqipOI03Y0up767UeqNEvFnRlLGiZ4IFjMCDZW6lUrgWQPZ0iiwKSog6xSc+vuDGiZeAWpQYFWr/oV9FOSJVQYwrHWXc+VJsyxMoxwOikHmaYSkxEe0K6lAidUh/ns8Ak6sUofxamyJQyaqb8ncpxoPU4i25lgM9SL3lT8z+tmJm6EORMyM1SQ+aI448g+OU0B9ZmixPCxJZgoZm9FZIgVJsZmVbYheIsvLxP/vH5V924vas1GkUYJjuAYTsGDS2jCDbTABwIZPMMrvDlPzovz7nzMW1ecYuYQ/sD5/AFZWZHA</latexit><latexit sha1_base64="g0e2rodjekedaShZWV4ExMOpCuc=">AAAB93icbVBNS8NAEJ34WetHqx69LBbBiyURwXorePFYwdhCE8tmu2mXbjbL7kaoob/EiwcVr/4Vb/4bt20O2vpg4PHeDDPzIsmZNq777aysrq1vbJa2yts7u3uV6v7BvU4zRahPUp6qToQ15UxQ3zDDaUcqipOI03Y0up767UeqNEvFnRlLGiZ4IFjMCDZW6lUrgWQPZ0iiwKSog6xSc+vuDGiZeAWpQYFWr/oV9FOSJVQYwrHWXc+VJsyxMoxwOikHmaYSkxEe0K6lAidUh/ns8Ak6sUofxamyJQyaqb8ncpxoPU4i25lgM9SL3lT8z+tmJm6EORMyM1SQ+aI448g+OU0B9ZmixPCxJZgoZm9FZIgVJsZmVbYheIsvLxP/vH5V924vas1GkUYJjuAYTsGDS2jCDbTABwIZPMMrvDlPzovz7nzMW1ecYuYQ/sD5/AFZWZHA</latexit><latexit sha1_base64="g0e2rodjekedaShZWV4ExMOpCuc=">AAAB93icbVBNS8NAEJ34WetHqx69LBbBiyURwXorePFYwdhCE8tmu2mXbjbL7kaoob/EiwcVr/4Vb/4bt20O2vpg4PHeDDPzIsmZNq777aysrq1vbJa2yts7u3uV6v7BvU4zRahPUp6qToQ15UxQ3zDDaUcqipOI03Y0up767UeqNEvFnRlLGiZ4IFjMCDZW6lUrgWQPZ0iiwKSog6xSc+vuDGiZeAWpQYFWr/oV9FOSJVQYwrHWXc+VJsyxMoxwOikHmaYSkxEe0K6lAidUh/ns8Ak6sUofxamyJQyaqb8ncpxoPU4i25lgM9SL3lT8z+tmJm6EORMyM1SQ+aI448g+OU0B9ZmixPCxJZgoZm9FZIgVJsZmVbYheIsvLxP/vH5V924vas1GkUYJjuAYTsGDS2jCDbTABwIZPMMrvDlPzovz7nzMW1ecYuYQ/sD5/AFZWZHA</latexit>

⇡+n ! ⇡0p
<latexit sha1_base64="NJDEU5IXP4/49SxYoKCC65iGxgQ=">AAAB+3icbZDNSsNAFIVv/K31L9qlm8EiCEJJRLDuCm5cVjC20MQymU7aoZNJmJkIJdRXceNCxa0v4s63cdJmoa0HBj7OvZe594QpZ0o7zre1srq2vrFZ2apu7+zu7dsHh/cqySShHkl4IrshVpQzQT3NNKfdVFIch5x2wvF1Ue88UqlYIu70JKVBjIeCRYxgbay+XfNT9nCGBPJ1ggp2UNq3607DmQktg1tCHUq1+/aXP0hIFlOhCcdK9Vwn1UGOpWaE02nVzxRNMRnjIe0ZFDimKshny0/RiXEGKEqkeUKjmft7IsexUpM4NJ0x1iO1WCvM/2q9TEfNIGcizTQVZP5RlHFkDi2SQAMmKdF8YgATycyuiIywxESbvKomBHfx5GXwzhtXDff2ot5qlmlU4AiO4RRcuIQW3EAbPCAwgWd4hTfryXqx3q2PeeuKVc7U4I+szx8lk5NR</latexit><latexit sha1_base64="NJDEU5IXP4/49SxYoKCC65iGxgQ=">AAAB+3icbZDNSsNAFIVv/K31L9qlm8EiCEJJRLDuCm5cVjC20MQymU7aoZNJmJkIJdRXceNCxa0v4s63cdJmoa0HBj7OvZe594QpZ0o7zre1srq2vrFZ2apu7+zu7dsHh/cqySShHkl4IrshVpQzQT3NNKfdVFIch5x2wvF1Ue88UqlYIu70JKVBjIeCRYxgbay+XfNT9nCGBPJ1ggp2UNq3607DmQktg1tCHUq1+/aXP0hIFlOhCcdK9Vwn1UGOpWaE02nVzxRNMRnjIe0ZFDimKshny0/RiXEGKEqkeUKjmft7IsexUpM4NJ0x1iO1WCvM/2q9TEfNIGcizTQVZP5RlHFkDi2SQAMmKdF8YgATycyuiIywxESbvKomBHfx5GXwzhtXDff2ot5qlmlU4AiO4RRcuIQW3EAbPCAwgWd4hTfryXqx3q2PeeuKVc7U4I+szx8lk5NR</latexit><latexit sha1_base64="NJDEU5IXP4/49SxYoKCC65iGxgQ=">AAAB+3icbZDNSsNAFIVv/K31L9qlm8EiCEJJRLDuCm5cVjC20MQymU7aoZNJmJkIJdRXceNCxa0v4s63cdJmoa0HBj7OvZe594QpZ0o7zre1srq2vrFZ2apu7+zu7dsHh/cqySShHkl4IrshVpQzQT3NNKfdVFIch5x2wvF1Ue88UqlYIu70JKVBjIeCRYxgbay+XfNT9nCGBPJ1ggp2UNq3607DmQktg1tCHUq1+/aXP0hIFlOhCcdK9Vwn1UGOpWaE02nVzxRNMRnjIe0ZFDimKshny0/RiXEGKEqkeUKjmft7IsexUpM4NJ0x1iO1WCvM/2q9TEfNIGcizTQVZP5RlHFkDi2SQAMmKdF8YgATycyuiIywxESbvKomBHfx5GXwzhtXDff2ot5qlmlU4AiO4RRcuIQW3EAbPCAwgWd4hTfryXqx3q2PeeuKVc7U4I+szx8lk5NR</latexit><latexit sha1_base64="NJDEU5IXP4/49SxYoKCC65iGxgQ=">AAAB+3icbZDNSsNAFIVv/K31L9qlm8EiCEJJRLDuCm5cVjC20MQymU7aoZNJmJkIJdRXceNCxa0v4s63cdJmoa0HBj7OvZe594QpZ0o7zre1srq2vrFZ2apu7+zu7dsHh/cqySShHkl4IrshVpQzQT3NNKfdVFIch5x2wvF1Ue88UqlYIu70JKVBjIeCRYxgbay+XfNT9nCGBPJ1ggp2UNq3607DmQktg1tCHUq1+/aXP0hIFlOhCcdK9Vwn1UGOpWaE02nVzxRNMRnjIe0ZFDimKshny0/RiXEGKEqkeUKjmft7IsexUpM4NJ0x1iO1WCvM/2q9TEfNIGcizTQVZP5RlHFkDi2SQAMmKdF8YgATycyuiIywxESbvKomBHfx5GXwzhtXDff2ot5qlmlU4AiO4RRcuIQW3EAbPCAwgWd4hTfryXqx3q2PeeuKVc7U4I+szx8lk5NR</latexit>

⇡�p ! ⇡0n
<latexit sha1_base64="f82bcaa8L3CgU3wUWci3ew8RdWk=">AAAB+3icbZDNSsNAFIVv/K31r9qlm8EiuLEkIlh3BTcuKxhbaGKZTCft0EkyzEyEEOqruHGh4tYXcefbOGmz0NYDAx/n3svcewLBmdK2/W2trK6tb2xWtqrbO7t7+7WDw3uVpJJQlyQ8kb0AK8pZTF3NNKc9ISmOAk67weS6qHcfqVQsie90Jqgf4VHMQkawNtagVvcEezhDAnk6QQXbyLgNu2nPhJbBKaEBpTqD2pc3TEga0VgTjpXqO7bQfo6lZoTTadVLFRWYTPCI9g3GOKLKz2fLT9GJcYYoTKR5sUYz9/dEjiOlsigwnRHWY7VYK8z/av1Uhy0/Z7FINY3J/KMw5cgcWiSBhkxSonlmABPJzK6IjLHERJu8qiYEZ/HkZXDPm1dN5/ai0W6VaVTgCI7hFBy4hDbcQAdcIJDBM7zCm/VkvVjv1se8dcUqZ+rwR9bnDyjNk1M=</latexit><latexit sha1_base64="f82bcaa8L3CgU3wUWci3ew8RdWk=">AAAB+3icbZDNSsNAFIVv/K31r9qlm8EiuLEkIlh3BTcuKxhbaGKZTCft0EkyzEyEEOqruHGh4tYXcefbOGmz0NYDAx/n3svcewLBmdK2/W2trK6tb2xWtqrbO7t7+7WDw3uVpJJQlyQ8kb0AK8pZTF3NNKc9ISmOAk67weS6qHcfqVQsie90Jqgf4VHMQkawNtagVvcEezhDAnk6QQXbyLgNu2nPhJbBKaEBpTqD2pc3TEga0VgTjpXqO7bQfo6lZoTTadVLFRWYTPCI9g3GOKLKz2fLT9GJcYYoTKR5sUYz9/dEjiOlsigwnRHWY7VYK8z/av1Uhy0/Z7FINY3J/KMw5cgcWiSBhkxSonlmABPJzK6IjLHERJu8qiYEZ/HkZXDPm1dN5/ai0W6VaVTgCI7hFBy4hDbcQAdcIJDBM7zCm/VkvVjv1se8dcUqZ+rwR9bnDyjNk1M=</latexit><latexit sha1_base64="f82bcaa8L3CgU3wUWci3ew8RdWk=">AAAB+3icbZDNSsNAFIVv/K31r9qlm8EiuLEkIlh3BTcuKxhbaGKZTCft0EkyzEyEEOqruHGh4tYXcefbOGmz0NYDAx/n3svcewLBmdK2/W2trK6tb2xWtqrbO7t7+7WDw3uVpJJQlyQ8kb0AK8pZTF3NNKc9ISmOAk67weS6qHcfqVQsie90Jqgf4VHMQkawNtagVvcEezhDAnk6QQXbyLgNu2nPhJbBKaEBpTqD2pc3TEga0VgTjpXqO7bQfo6lZoTTadVLFRWYTPCI9g3GOKLKz2fLT9GJcYYoTKR5sUYz9/dEjiOlsigwnRHWY7VYK8z/av1Uhy0/Z7FINY3J/KMw5cgcWiSBhkxSonlmABPJzK6IjLHERJu8qiYEZ/HkZXDPm1dN5/ai0W6VaVTgCI7hFBy4hDbcQAdcIJDBM7zCm/VkvVjv1se8dcUqZ+rwR9bnDyjNk1M=</latexit><latexit sha1_base64="f82bcaa8L3CgU3wUWci3ew8RdWk=">AAAB+3icbZDNSsNAFIVv/K31r9qlm8EiuLEkIlh3BTcuKxhbaGKZTCft0EkyzEyEEOqruHGh4tYXcefbOGmz0NYDAx/n3svcewLBmdK2/W2trK6tb2xWtqrbO7t7+7WDw3uVpJJQlyQ8kb0AK8pZTF3NNKc9ISmOAk67weS6qHcfqVQsie90Jqgf4VHMQkawNtagVvcEezhDAnk6QQXbyLgNu2nPhJbBKaEBpTqD2pc3TEga0VgTjpXqO7bQfo6lZoTTadVLFRWYTPCI9g3GOKLKz2fLT9GJcYYoTKR5sUYz9/dEjiOlsigwnRHWY7VYK8z/av1Uhy0/Z7FINY3J/KMw5cgcWiSBhkxSonlmABPJzK6IjLHERJu8qiYEZ/HkZXDPm1dN5/ai0W6VaVTgCI7hFBy4hDbcQAdcIJDBM7zCm/VkvVjv1se8dcUqZ+rwR9bnDyjNk1M=</latexit>

Direct production  
& subdominant

X ! ��̄
<latexit sha1_base64="KzlDQ+OIGWt741eyaRHsgeFUZuE=">AAAB/HicbZDLSsNAFIZP6q3WW7zs3AwWwVVJRLDuCm5cVjC20IQymU7aoZNJmJkINRRfxY0LFbc+iDvfxmmahbb+MPDxn3OYc/4w5Uxpx/m2Kiura+sb1c3a1vbO7p69f3CvkkwS6pGEJ7IbYkU5E9TTTHPaTSXFcchpJxxfz+qdByoVS8SdnqQ0iPFQsIgRrI3Vt4+6yNcJ8smIIT/EsqC+XXcaTiG0DG4JdSjV7ttf/iAhWUyFJhwr1XOdVAc5lpoRTqc1P1M0xWSMh7RnUOCYqiAvtp+iU+MMUJRI84RGhft7IsexUpM4NJ0x1iO1WJuZ/9V6mY6aQc5EmmkqyPyjKOPI3DuLAg2YpETziQFMJDO7IjLCEhNtAquZENzFk5fBO29cNdzbi3qrWaZRhWM4gTNw4RJacANt8IDAIzzDK7xZT9aL9W59zFsrVjlzCH9kff4AUeeUBQ==</latexit><latexit sha1_base64="KzlDQ+OIGWt741eyaRHsgeFUZuE=">AAAB/HicbZDLSsNAFIZP6q3WW7zs3AwWwVVJRLDuCm5cVjC20IQymU7aoZNJmJkINRRfxY0LFbc+iDvfxmmahbb+MPDxn3OYc/4w5Uxpx/m2Kiura+sb1c3a1vbO7p69f3CvkkwS6pGEJ7IbYkU5E9TTTHPaTSXFcchpJxxfz+qdByoVS8SdnqQ0iPFQsIgRrI3Vt4+6yNcJ8smIIT/EsqC+XXcaTiG0DG4JdSjV7ttf/iAhWUyFJhwr1XOdVAc5lpoRTqc1P1M0xWSMh7RnUOCYqiAvtp+iU+MMUJRI84RGhft7IsexUpM4NJ0x1iO1WJuZ/9V6mY6aQc5EmmkqyPyjKOPI3DuLAg2YpETziQFMJDO7IjLCEhNtAquZENzFk5fBO29cNdzbi3qrWaZRhWM4gTNw4RJacANt8IDAIzzDK7xZT9aL9W59zFsrVjlzCH9kff4AUeeUBQ==</latexit><latexit sha1_base64="KzlDQ+OIGWt741eyaRHsgeFUZuE=">AAAB/HicbZDLSsNAFIZP6q3WW7zs3AwWwVVJRLDuCm5cVjC20IQymU7aoZNJmJkINRRfxY0LFbc+iDvfxmmahbb+MPDxn3OYc/4w5Uxpx/m2Kiura+sb1c3a1vbO7p69f3CvkkwS6pGEJ7IbYkU5E9TTTHPaTSXFcchpJxxfz+qdByoVS8SdnqQ0iPFQsIgRrI3Vt4+6yNcJ8smIIT/EsqC+XXcaTiG0DG4JdSjV7ttf/iAhWUyFJhwr1XOdVAc5lpoRTqc1P1M0xWSMh7RnUOCYqiAvtp+iU+MMUJRI84RGhft7IsexUpM4NJ0x1iO1WJuZ/9V6mY6aQc5EmmkqyPyjKOPI3DuLAg2YpETziQFMJDO7IjLCEhNtAquZENzFk5fBO29cNdzbi3qrWaZRhWM4gTNw4RJacANt8IDAIzzDK7xZT9aL9W59zFsrVjlzCH9kff4AUeeUBQ==</latexit><latexit sha1_base64="KzlDQ+OIGWt741eyaRHsgeFUZuE=">AAAB/HicbZDLSsNAFIZP6q3WW7zs3AwWwVVJRLDuCm5cVjC20IQymU7aoZNJmJkINRRfxY0LFbc+iDvfxmmahbb+MPDxn3OYc/4w5Uxpx/m2Kiura+sb1c3a1vbO7p69f3CvkkwS6pGEJ7IbYkU5E9TTTHPaTSXFcchpJxxfz+qdByoVS8SdnqQ0iPFQsIgRrI3Vt4+6yNcJ8smIIT/EsqC+XXcaTiG0DG4JdSjV7ttf/iAhWUyFJhwr1XOdVAc5lpoRTqc1P1M0xWSMh7RnUOCYqiAvtp+iU+MMUJRI84RGhft7IsexUpM4NJ0x1iO1WJuZ/9V6mY6aQc5EmmkqyPyjKOPI3DuLAg2YpETziQFMJDO7IjLCEhNtAquZENzFk5fBO29cNdzbi3qrWaZRhWM4gTNw4RJacANt8IDAIzzDK7xZT9aL9W59zFsrVjlzCH9kff4AUeeUBQ==</latexit>

1.

2.

delayed



Searches for New Dark World

Timing information

Dutta, Kim, Liao, Park, Shin, Strigari, 1906.10745 & in progress

e.g., scenarios with dark photon (X)

dominant

prompt

⇡0 ! X�
<latexit sha1_base64="FqbS3QgzVVrVzs6uk8fDo8u5n3c=">AAAB+nicbVBNS8NAEN3Ur1q/Yj16WSyCp5KIYL0VvHisYGyhiWWy3bRLdzdhdyOW0r/ixYOKV3+JN/+N2zYHbX0w8Hhvhpl5ccaZNp737ZTW1jc2t8rblZ3dvf0D97B6r9NcERqQlKeqE4OmnEkaGGY47WSKgog5bcej65nffqRKs1TemXFGIwEDyRJGwFip51bDjD14ODQp7uBwAEJAz615dW8OvEr8gtRQgVbP/Qr7KckFlYZw0Lrre5mJJqAMI5xOK2GuaQZkBAPatVSCoDqazG+f4lOr9HGSKlvS4Ln6e2ICQuuxiG2nADPUy95M/M/r5iZpRBMms9xQSRaLkpxj++ksCNxnihLDx5YAUczeiskQFBBj46rYEPzll1dJcF6/qvu3F7Vmo0ijjI7RCTpDPrpETXSDWihABD2hZ/SK3pyp8+K8Ox+L1pJTzByhP3A+fwDzb5NC</latexit><latexit sha1_base64="FqbS3QgzVVrVzs6uk8fDo8u5n3c=">AAAB+nicbVBNS8NAEN3Ur1q/Yj16WSyCp5KIYL0VvHisYGyhiWWy3bRLdzdhdyOW0r/ixYOKV3+JN/+N2zYHbX0w8Hhvhpl5ccaZNp737ZTW1jc2t8rblZ3dvf0D97B6r9NcERqQlKeqE4OmnEkaGGY47WSKgog5bcej65nffqRKs1TemXFGIwEDyRJGwFip51bDjD14ODQp7uBwAEJAz615dW8OvEr8gtRQgVbP/Qr7KckFlYZw0Lrre5mJJqAMI5xOK2GuaQZkBAPatVSCoDqazG+f4lOr9HGSKlvS4Ln6e2ICQuuxiG2nADPUy95M/M/r5iZpRBMms9xQSRaLkpxj++ksCNxnihLDx5YAUczeiskQFBBj46rYEPzll1dJcF6/qvu3F7Vmo0ijjI7RCTpDPrpETXSDWihABD2hZ/SK3pyp8+K8Ox+L1pJTzByhP3A+fwDzb5NC</latexit><latexit sha1_base64="FqbS3QgzVVrVzs6uk8fDo8u5n3c=">AAAB+nicbVBNS8NAEN3Ur1q/Yj16WSyCp5KIYL0VvHisYGyhiWWy3bRLdzdhdyOW0r/ixYOKV3+JN/+N2zYHbX0w8Hhvhpl5ccaZNp737ZTW1jc2t8rblZ3dvf0D97B6r9NcERqQlKeqE4OmnEkaGGY47WSKgog5bcej65nffqRKs1TemXFGIwEDyRJGwFip51bDjD14ODQp7uBwAEJAz615dW8OvEr8gtRQgVbP/Qr7KckFlYZw0Lrre5mJJqAMI5xOK2GuaQZkBAPatVSCoDqazG+f4lOr9HGSKlvS4Ln6e2ICQuuxiG2nADPUy95M/M/r5iZpRBMms9xQSRaLkpxj++ksCNxnihLDx5YAUczeiskQFBBj46rYEPzll1dJcF6/qvu3F7Vmo0ijjI7RCTpDPrpETXSDWihABD2hZ/SK3pyp8+K8Ox+L1pJTzByhP3A+fwDzb5NC</latexit><latexit sha1_base64="FqbS3QgzVVrVzs6uk8fDo8u5n3c=">AAAB+nicbVBNS8NAEN3Ur1q/Yj16WSyCp5KIYL0VvHisYGyhiWWy3bRLdzdhdyOW0r/ixYOKV3+JN/+N2zYHbX0w8Hhvhpl5ccaZNp737ZTW1jc2t8rblZ3dvf0D97B6r9NcERqQlKeqE4OmnEkaGGY47WSKgog5bcej65nffqRKs1TemXFGIwEDyRJGwFip51bDjD14ODQp7uBwAEJAz615dW8OvEr8gtRQgVbP/Qr7KckFlYZw0Lrre5mJJqAMI5xOK2GuaQZkBAPatVSCoDqazG+f4lOr9HGSKlvS4Ln6e2ICQuuxiG2nADPUy95M/M/r5iZpRBMms9xQSRaLkpxj++ksCNxnihLDx5YAUczeiskQFBBj46rYEPzll1dJcF6/qvu3F7Vmo0ijjI7RCTpDPrpETXSDWihABD2hZ/SK3pyp8+K8Ox+L1pJTzByhP3A+fwDzb5NC</latexit>

⇡�p ! Xn
<latexit sha1_base64="g0e2rodjekedaShZWV4ExMOpCuc=">AAAB93icbVBNS8NAEJ34WetHqx69LBbBiyURwXorePFYwdhCE8tmu2mXbjbL7kaoob/EiwcVr/4Vb/4bt20O2vpg4PHeDDPzIsmZNq777aysrq1vbJa2yts7u3uV6v7BvU4zRahPUp6qToQ15UxQ3zDDaUcqipOI03Y0up767UeqNEvFnRlLGiZ4IFjMCDZW6lUrgWQPZ0iiwKSog6xSc+vuDGiZeAWpQYFWr/oV9FOSJVQYwrHWXc+VJsyxMoxwOikHmaYSkxEe0K6lAidUh/ns8Ak6sUofxamyJQyaqb8ncpxoPU4i25lgM9SL3lT8z+tmJm6EORMyM1SQ+aI448g+OU0B9ZmixPCxJZgoZm9FZIgVJsZmVbYheIsvLxP/vH5V924vas1GkUYJjuAYTsGDS2jCDbTABwIZPMMrvDlPzovz7nzMW1ecYuYQ/sD5/AFZWZHA</latexit><latexit sha1_base64="g0e2rodjekedaShZWV4ExMOpCuc=">AAAB93icbVBNS8NAEJ34WetHqx69LBbBiyURwXorePFYwdhCE8tmu2mXbjbL7kaoob/EiwcVr/4Vb/4bt20O2vpg4PHeDDPzIsmZNq777aysrq1vbJa2yts7u3uV6v7BvU4zRahPUp6qToQ15UxQ3zDDaUcqipOI03Y0up767UeqNEvFnRlLGiZ4IFjMCDZW6lUrgWQPZ0iiwKSog6xSc+vuDGiZeAWpQYFWr/oV9FOSJVQYwrHWXc+VJsyxMoxwOikHmaYSkxEe0K6lAidUh/ns8Ak6sUofxamyJQyaqb8ncpxoPU4i25lgM9SL3lT8z+tmJm6EORMyM1SQ+aI448g+OU0B9ZmixPCxJZgoZm9FZIgVJsZmVbYheIsvLxP/vH5V924vas1GkUYJjuAYTsGDS2jCDbTABwIZPMMrvDlPzovz7nzMW1ecYuYQ/sD5/AFZWZHA</latexit><latexit sha1_base64="g0e2rodjekedaShZWV4ExMOpCuc=">AAAB93icbVBNS8NAEJ34WetHqx69LBbBiyURwXorePFYwdhCE8tmu2mXbjbL7kaoob/EiwcVr/4Vb/4bt20O2vpg4PHeDDPzIsmZNq777aysrq1vbJa2yts7u3uV6v7BvU4zRahPUp6qToQ15UxQ3zDDaUcqipOI03Y0up767UeqNEvFnRlLGiZ4IFjMCDZW6lUrgWQPZ0iiwKSog6xSc+vuDGiZeAWpQYFWr/oV9FOSJVQYwrHWXc+VJsyxMoxwOikHmaYSkxEe0K6lAidUh/ns8Ak6sUofxamyJQyaqb8ncpxoPU4i25lgM9SL3lT8z+tmJm6EORMyM1SQ+aI448g+OU0B9ZmixPCxJZgoZm9FZIgVJsZmVbYheIsvLxP/vH5V924vas1GkUYJjuAYTsGDS2jCDbTABwIZPMMrvDlPzovz7nzMW1ecYuYQ/sD5/AFZWZHA</latexit><latexit sha1_base64="g0e2rodjekedaShZWV4ExMOpCuc=">AAAB93icbVBNS8NAEJ34WetHqx69LBbBiyURwXorePFYwdhCE8tmu2mXbjbL7kaoob/EiwcVr/4Vb/4bt20O2vpg4PHeDDPzIsmZNq777aysrq1vbJa2yts7u3uV6v7BvU4zRahPUp6qToQ15UxQ3zDDaUcqipOI03Y0up767UeqNEvFnRlLGiZ4IFjMCDZW6lUrgWQPZ0iiwKSog6xSc+vuDGiZeAWpQYFWr/oV9FOSJVQYwrHWXc+VJsyxMoxwOikHmaYSkxEe0K6lAidUh/ns8Ak6sUofxamyJQyaqb8ncpxoPU4i25lgM9SL3lT8z+tmJm6EORMyM1SQ+aI448g+OU0B9ZmixPCxJZgoZm9FZIgVJsZmVbYheIsvLxP/vH5V924vas1GkUYJjuAYTsGDS2jCDbTABwIZPMMrvDlPzovz7nzMW1ecYuYQ/sD5/AFZWZHA</latexit>

⇡+n ! ⇡0p
<latexit sha1_base64="NJDEU5IXP4/49SxYoKCC65iGxgQ=">AAAB+3icbZDNSsNAFIVv/K31L9qlm8EiCEJJRLDuCm5cVjC20MQymU7aoZNJmJkIJdRXceNCxa0v4s63cdJmoa0HBj7OvZe594QpZ0o7zre1srq2vrFZ2apu7+zu7dsHh/cqySShHkl4IrshVpQzQT3NNKfdVFIch5x2wvF1Ue88UqlYIu70JKVBjIeCRYxgbay+XfNT9nCGBPJ1ggp2UNq3607DmQktg1tCHUq1+/aXP0hIFlOhCcdK9Vwn1UGOpWaE02nVzxRNMRnjIe0ZFDimKshny0/RiXEGKEqkeUKjmft7IsexUpM4NJ0x1iO1WCvM/2q9TEfNIGcizTQVZP5RlHFkDi2SQAMmKdF8YgATycyuiIywxESbvKomBHfx5GXwzhtXDff2ot5qlmlU4AiO4RRcuIQW3EAbPCAwgWd4hTfryXqx3q2PeeuKVc7U4I+szx8lk5NR</latexit><latexit sha1_base64="NJDEU5IXP4/49SxYoKCC65iGxgQ=">AAAB+3icbZDNSsNAFIVv/K31L9qlm8EiCEJJRLDuCm5cVjC20MQymU7aoZNJmJkIJdRXceNCxa0v4s63cdJmoa0HBj7OvZe594QpZ0o7zre1srq2vrFZ2apu7+zu7dsHh/cqySShHkl4IrshVpQzQT3NNKfdVFIch5x2wvF1Ue88UqlYIu70JKVBjIeCRYxgbay+XfNT9nCGBPJ1ggp2UNq3607DmQktg1tCHUq1+/aXP0hIFlOhCcdK9Vwn1UGOpWaE02nVzxRNMRnjIe0ZFDimKshny0/RiXEGKEqkeUKjmft7IsexUpM4NJ0x1iO1WCvM/2q9TEfNIGcizTQVZP5RlHFkDi2SQAMmKdF8YgATycyuiIywxESbvKomBHfx5GXwzhtXDff2ot5qlmlU4AiO4RRcuIQW3EAbPCAwgWd4hTfryXqx3q2PeeuKVc7U4I+szx8lk5NR</latexit><latexit sha1_base64="NJDEU5IXP4/49SxYoKCC65iGxgQ=">AAAB+3icbZDNSsNAFIVv/K31L9qlm8EiCEJJRLDuCm5cVjC20MQymU7aoZNJmJkIJdRXceNCxa0v4s63cdJmoa0HBj7OvZe594QpZ0o7zre1srq2vrFZ2apu7+zu7dsHh/cqySShHkl4IrshVpQzQT3NNKfdVFIch5x2wvF1Ue88UqlYIu70JKVBjIeCRYxgbay+XfNT9nCGBPJ1ggp2UNq3607DmQktg1tCHUq1+/aXP0hIFlOhCcdK9Vwn1UGOpWaE02nVzxRNMRnjIe0ZFDimKshny0/RiXEGKEqkeUKjmft7IsexUpM4NJ0x1iO1WCvM/2q9TEfNIGcizTQVZP5RlHFkDi2SQAMmKdF8YgATycyuiIywxESbvKomBHfx5GXwzhtXDff2ot5qlmlU4AiO4RRcuIQW3EAbPCAwgWd4hTfryXqx3q2PeeuKVc7U4I+szx8lk5NR</latexit><latexit sha1_base64="NJDEU5IXP4/49SxYoKCC65iGxgQ=">AAAB+3icbZDNSsNAFIVv/K31L9qlm8EiCEJJRLDuCm5cVjC20MQymU7aoZNJmJkIJdRXceNCxa0v4s63cdJmoa0HBj7OvZe594QpZ0o7zre1srq2vrFZ2apu7+zu7dsHh/cqySShHkl4IrshVpQzQT3NNKfdVFIch5x2wvF1Ue88UqlYIu70JKVBjIeCRYxgbay+XfNT9nCGBPJ1ggp2UNq3607DmQktg1tCHUq1+/aXP0hIFlOhCcdK9Vwn1UGOpWaE02nVzxRNMRnjIe0ZFDimKshny0/RiXEGKEqkeUKjmft7IsexUpM4NJ0x1iO1WCvM/2q9TEfNIGcizTQVZP5RlHFkDi2SQAMmKdF8YgATycyuiIywxESbvKomBHfx5GXwzhtXDff2ot5qlmlU4AiO4RRcuIQW3EAbPCAwgWd4hTfryXqx3q2PeeuKVc7U4I+szx8lk5NR</latexit>

⇡�p ! ⇡0n
<latexit sha1_base64="f82bcaa8L3CgU3wUWci3ew8RdWk=">AAAB+3icbZDNSsNAFIVv/K31r9qlm8EiuLEkIlh3BTcuKxhbaGKZTCft0EkyzEyEEOqruHGh4tYXcefbOGmz0NYDAx/n3svcewLBmdK2/W2trK6tb2xWtqrbO7t7+7WDw3uVpJJQlyQ8kb0AK8pZTF3NNKc9ISmOAk67weS6qHcfqVQsie90Jqgf4VHMQkawNtagVvcEezhDAnk6QQXbyLgNu2nPhJbBKaEBpTqD2pc3TEga0VgTjpXqO7bQfo6lZoTTadVLFRWYTPCI9g3GOKLKz2fLT9GJcYYoTKR5sUYz9/dEjiOlsigwnRHWY7VYK8z/av1Uhy0/Z7FINY3J/KMw5cgcWiSBhkxSonlmABPJzK6IjLHERJu8qiYEZ/HkZXDPm1dN5/ai0W6VaVTgCI7hFBy4hDbcQAdcIJDBM7zCm/VkvVjv1se8dcUqZ+rwR9bnDyjNk1M=</latexit><latexit sha1_base64="f82bcaa8L3CgU3wUWci3ew8RdWk=">AAAB+3icbZDNSsNAFIVv/K31r9qlm8EiuLEkIlh3BTcuKxhbaGKZTCft0EkyzEyEEOqruHGh4tYXcefbOGmz0NYDAx/n3svcewLBmdK2/W2trK6tb2xWtqrbO7t7+7WDw3uVpJJQlyQ8kb0AK8pZTF3NNKc9ISmOAk67weS6qHcfqVQsie90Jqgf4VHMQkawNtagVvcEezhDAnk6QQXbyLgNu2nPhJbBKaEBpTqD2pc3TEga0VgTjpXqO7bQfo6lZoTTadVLFRWYTPCI9g3GOKLKz2fLT9GJcYYoTKR5sUYz9/dEjiOlsigwnRHWY7VYK8z/av1Uhy0/Z7FINY3J/KMw5cgcWiSBhkxSonlmABPJzK6IjLHERJu8qiYEZ/HkZXDPm1dN5/ai0W6VaVTgCI7hFBy4hDbcQAdcIJDBM7zCm/VkvVjv1se8dcUqZ+rwR9bnDyjNk1M=</latexit><latexit sha1_base64="f82bcaa8L3CgU3wUWci3ew8RdWk=">AAAB+3icbZDNSsNAFIVv/K31r9qlm8EiuLEkIlh3BTcuKxhbaGKZTCft0EkyzEyEEOqruHGh4tYXcefbOGmz0NYDAx/n3svcewLBmdK2/W2trK6tb2xWtqrbO7t7+7WDw3uVpJJQlyQ8kb0AK8pZTF3NNKc9ISmOAk67weS6qHcfqVQsie90Jqgf4VHMQkawNtagVvcEezhDAnk6QQXbyLgNu2nPhJbBKaEBpTqD2pc3TEga0VgTjpXqO7bQfo6lZoTTadVLFRWYTPCI9g3GOKLKz2fLT9GJcYYoTKR5sUYz9/dEjiOlsigwnRHWY7VYK8z/av1Uhy0/Z7FINY3J/KMw5cgcWiSBhkxSonlmABPJzK6IjLHERJu8qiYEZ/HkZXDPm1dN5/ai0W6VaVTgCI7hFBy4hDbcQAdcIJDBM7zCm/VkvVjv1se8dcUqZ+rwR9bnDyjNk1M=</latexit><latexit sha1_base64="f82bcaa8L3CgU3wUWci3ew8RdWk=">AAAB+3icbZDNSsNAFIVv/K31r9qlm8EiuLEkIlh3BTcuKxhbaGKZTCft0EkyzEyEEOqruHGh4tYXcefbOGmz0NYDAx/n3svcewLBmdK2/W2trK6tb2xWtqrbO7t7+7WDw3uVpJJQlyQ8kb0AK8pZTF3NNKc9ISmOAk67weS6qHcfqVQsie90Jqgf4VHMQkawNtagVvcEezhDAnk6QQXbyLgNu2nPhJbBKaEBpTqD2pc3TEga0VgTjpXqO7bQfo6lZoTTadVLFRWYTPCI9g3GOKLKz2fLT9GJcYYoTKR5sUYz9/dEjiOlsigwnRHWY7VYK8z/av1Uhy0/Z7FINY3J/KMw5cgcWiSBhkxSonlmABPJzK6IjLHERJu8qiYEZ/HkZXDPm1dN5/ai0W6VaVTgCI7hFBy4hDbcQAdcIJDBM7zCm/VkvVjv1se8dcUqZ+rwR9bnDyjNk1M=</latexit>

Direct production  
& subdominant

X ! ��̄
<latexit sha1_base64="KzlDQ+OIGWt741eyaRHsgeFUZuE=">AAAB/HicbZDLSsNAFIZP6q3WW7zs3AwWwVVJRLDuCm5cVjC20IQymU7aoZNJmJkINRRfxY0LFbc+iDvfxmmahbb+MPDxn3OYc/4w5Uxpx/m2Kiura+sb1c3a1vbO7p69f3CvkkwS6pGEJ7IbYkU5E9TTTHPaTSXFcchpJxxfz+qdByoVS8SdnqQ0iPFQsIgRrI3Vt4+6yNcJ8smIIT/EsqC+XXcaTiG0DG4JdSjV7ttf/iAhWUyFJhwr1XOdVAc5lpoRTqc1P1M0xWSMh7RnUOCYqiAvtp+iU+MMUJRI84RGhft7IsexUpM4NJ0x1iO1WJuZ/9V6mY6aQc5EmmkqyPyjKOPI3DuLAg2YpETziQFMJDO7IjLCEhNtAquZENzFk5fBO29cNdzbi3qrWaZRhWM4gTNw4RJacANt8IDAIzzDK7xZT9aL9W59zFsrVjlzCH9kff4AUeeUBQ==</latexit><latexit sha1_base64="KzlDQ+OIGWt741eyaRHsgeFUZuE=">AAAB/HicbZDLSsNAFIZP6q3WW7zs3AwWwVVJRLDuCm5cVjC20IQymU7aoZNJmJkINRRfxY0LFbc+iDvfxmmahbb+MPDxn3OYc/4w5Uxpx/m2Kiura+sb1c3a1vbO7p69f3CvkkwS6pGEJ7IbYkU5E9TTTHPaTSXFcchpJxxfz+qdByoVS8SdnqQ0iPFQsIgRrI3Vt4+6yNcJ8smIIT/EsqC+XXcaTiG0DG4JdSjV7ttf/iAhWUyFJhwr1XOdVAc5lpoRTqc1P1M0xWSMh7RnUOCYqiAvtp+iU+MMUJRI84RGhft7IsexUpM4NJ0x1iO1WJuZ/9V6mY6aQc5EmmkqyPyjKOPI3DuLAg2YpETziQFMJDO7IjLCEhNtAquZENzFk5fBO29cNdzbi3qrWaZRhWM4gTNw4RJacANt8IDAIzzDK7xZT9aL9W59zFsrVjlzCH9kff4AUeeUBQ==</latexit><latexit sha1_base64="KzlDQ+OIGWt741eyaRHsgeFUZuE=">AAAB/HicbZDLSsNAFIZP6q3WW7zs3AwWwVVJRLDuCm5cVjC20IQymU7aoZNJmJkINRRfxY0LFbc+iDvfxmmahbb+MPDxn3OYc/4w5Uxpx/m2Kiura+sb1c3a1vbO7p69f3CvkkwS6pGEJ7IbYkU5E9TTTHPaTSXFcchpJxxfz+qdByoVS8SdnqQ0iPFQsIgRrI3Vt4+6yNcJ8smIIT/EsqC+XXcaTiG0DG4JdSjV7ttf/iAhWUyFJhwr1XOdVAc5lpoRTqc1P1M0xWSMh7RnUOCYqiAvtp+iU+MMUJRI84RGhft7IsexUpM4NJ0x1iO1WJuZ/9V6mY6aQc5EmmkqyPyjKOPI3DuLAg2YpETziQFMJDO7IjLCEhNtAquZENzFk5fBO29cNdzbi3qrWaZRhWM4gTNw4RJacANt8IDAIzzDK7xZT9aL9W59zFsrVjlzCH9kff4AUeeUBQ==</latexit><latexit sha1_base64="KzlDQ+OIGWt741eyaRHsgeFUZuE=">AAAB/HicbZDLSsNAFIZP6q3WW7zs3AwWwVVJRLDuCm5cVjC20IQymU7aoZNJmJkINRRfxY0LFbc+iDvfxmmahbb+MPDxn3OYc/4w5Uxpx/m2Kiura+sb1c3a1vbO7p69f3CvkkwS6pGEJ7IbYkU5E9TTTHPaTSXFcchpJxxfz+qdByoVS8SdnqQ0iPFQsIgRrI3Vt4+6yNcJ8smIIT/EsqC+XXcaTiG0DG4JdSjV7ttf/iAhWUyFJhwr1XOdVAc5lpoRTqc1P1M0xWSMh7RnUOCYqiAvtp+iU+MMUJRI84RGhft7IsexUpM4NJ0x1iO1WJuZ/9V6mY6aQc5EmmkqyPyjKOPI3DuLAg2YpETziQFMJDO7IjLCEhNtAquZENzFk5fBO29cNdzbi3qrWaZRhWM4gTNw4RJacANt8IDAIzzDK7xZT9aL9W59zFsrVjlzCH9kff4AUeeUBQ==</latexit>

1.

2.

Timing cut < 1.5 𝜇s 
(veto delayed 𝝂) 

delayed



Searches for New Dark World

Timing information

Dutta, Kim, Liao, Park, Shin, Strigari, 1906.10745 & in progress

e.g., scenarios with dark photon (X)

dominant

prompt

⇡0 ! X�
<latexit sha1_base64="FqbS3QgzVVrVzs6uk8fDo8u5n3c=">AAAB+nicbVBNS8NAEN3Ur1q/Yj16WSyCp5KIYL0VvHisYGyhiWWy3bRLdzdhdyOW0r/ixYOKV3+JN/+N2zYHbX0w8Hhvhpl5ccaZNp737ZTW1jc2t8rblZ3dvf0D97B6r9NcERqQlKeqE4OmnEkaGGY47WSKgog5bcej65nffqRKs1TemXFGIwEDyRJGwFip51bDjD14ODQp7uBwAEJAz615dW8OvEr8gtRQgVbP/Qr7KckFlYZw0Lrre5mJJqAMI5xOK2GuaQZkBAPatVSCoDqazG+f4lOr9HGSKlvS4Ln6e2ICQuuxiG2nADPUy95M/M/r5iZpRBMms9xQSRaLkpxj++ksCNxnihLDx5YAUczeiskQFBBj46rYEPzll1dJcF6/qvu3F7Vmo0ijjI7RCTpDPrpETXSDWihABD2hZ/SK3pyp8+K8Ox+L1pJTzByhP3A+fwDzb5NC</latexit><latexit sha1_base64="FqbS3QgzVVrVzs6uk8fDo8u5n3c=">AAAB+nicbVBNS8NAEN3Ur1q/Yj16WSyCp5KIYL0VvHisYGyhiWWy3bRLdzdhdyOW0r/ixYOKV3+JN/+N2zYHbX0w8Hhvhpl5ccaZNp737ZTW1jc2t8rblZ3dvf0D97B6r9NcERqQlKeqE4OmnEkaGGY47WSKgog5bcej65nffqRKs1TemXFGIwEDyRJGwFip51bDjD14ODQp7uBwAEJAz615dW8OvEr8gtRQgVbP/Qr7KckFlYZw0Lrre5mJJqAMI5xOK2GuaQZkBAPatVSCoDqazG+f4lOr9HGSKlvS4Ln6e2ICQuuxiG2nADPUy95M/M/r5iZpRBMms9xQSRaLkpxj++ksCNxnihLDx5YAUczeiskQFBBj46rYEPzll1dJcF6/qvu3F7Vmo0ijjI7RCTpDPrpETXSDWihABD2hZ/SK3pyp8+K8Ox+L1pJTzByhP3A+fwDzb5NC</latexit><latexit sha1_base64="FqbS3QgzVVrVzs6uk8fDo8u5n3c=">AAAB+nicbVBNS8NAEN3Ur1q/Yj16WSyCp5KIYL0VvHisYGyhiWWy3bRLdzdhdyOW0r/ixYOKV3+JN/+N2zYHbX0w8Hhvhpl5ccaZNp737ZTW1jc2t8rblZ3dvf0D97B6r9NcERqQlKeqE4OmnEkaGGY47WSKgog5bcej65nffqRKs1TemXFGIwEDyRJGwFip51bDjD14ODQp7uBwAEJAz615dW8OvEr8gtRQgVbP/Qr7KckFlYZw0Lrre5mJJqAMI5xOK2GuaQZkBAPatVSCoDqazG+f4lOr9HGSKlvS4Ln6e2ICQuuxiG2nADPUy95M/M/r5iZpRBMms9xQSRaLkpxj++ksCNxnihLDx5YAUczeiskQFBBj46rYEPzll1dJcF6/qvu3F7Vmo0ijjI7RCTpDPrpETXSDWihABD2hZ/SK3pyp8+K8Ox+L1pJTzByhP3A+fwDzb5NC</latexit><latexit sha1_base64="FqbS3QgzVVrVzs6uk8fDo8u5n3c=">AAAB+nicbVBNS8NAEN3Ur1q/Yj16WSyCp5KIYL0VvHisYGyhiWWy3bRLdzdhdyOW0r/ixYOKV3+JN/+N2zYHbX0w8Hhvhpl5ccaZNp737ZTW1jc2t8rblZ3dvf0D97B6r9NcERqQlKeqE4OmnEkaGGY47WSKgog5bcej65nffqRKs1TemXFGIwEDyRJGwFip51bDjD14ODQp7uBwAEJAz615dW8OvEr8gtRQgVbP/Qr7KckFlYZw0Lrre5mJJqAMI5xOK2GuaQZkBAPatVSCoDqazG+f4lOr9HGSKlvS4Ln6e2ICQuuxiG2nADPUy95M/M/r5iZpRBMms9xQSRaLkpxj++ksCNxnihLDx5YAUczeiskQFBBj46rYEPzll1dJcF6/qvu3F7Vmo0ijjI7RCTpDPrpETXSDWihABD2hZ/SK3pyp8+K8Ox+L1pJTzByhP3A+fwDzb5NC</latexit>

⇡�p ! Xn
<latexit sha1_base64="g0e2rodjekedaShZWV4ExMOpCuc=">AAAB93icbVBNS8NAEJ34WetHqx69LBbBiyURwXorePFYwdhCE8tmu2mXbjbL7kaoob/EiwcVr/4Vb/4bt20O2vpg4PHeDDPzIsmZNq777aysrq1vbJa2yts7u3uV6v7BvU4zRahPUp6qToQ15UxQ3zDDaUcqipOI03Y0up767UeqNEvFnRlLGiZ4IFjMCDZW6lUrgWQPZ0iiwKSog6xSc+vuDGiZeAWpQYFWr/oV9FOSJVQYwrHWXc+VJsyxMoxwOikHmaYSkxEe0K6lAidUh/ns8Ak6sUofxamyJQyaqb8ncpxoPU4i25lgM9SL3lT8z+tmJm6EORMyM1SQ+aI448g+OU0B9ZmixPCxJZgoZm9FZIgVJsZmVbYheIsvLxP/vH5V924vas1GkUYJjuAYTsGDS2jCDbTABwIZPMMrvDlPzovz7nzMW1ecYuYQ/sD5/AFZWZHA</latexit><latexit sha1_base64="g0e2rodjekedaShZWV4ExMOpCuc=">AAAB93icbVBNS8NAEJ34WetHqx69LBbBiyURwXorePFYwdhCE8tmu2mXbjbL7kaoob/EiwcVr/4Vb/4bt20O2vpg4PHeDDPzIsmZNq777aysrq1vbJa2yts7u3uV6v7BvU4zRahPUp6qToQ15UxQ3zDDaUcqipOI03Y0up767UeqNEvFnRlLGiZ4IFjMCDZW6lUrgWQPZ0iiwKSog6xSc+vuDGiZeAWpQYFWr/oV9FOSJVQYwrHWXc+VJsyxMoxwOikHmaYSkxEe0K6lAidUh/ns8Ak6sUofxamyJQyaqb8ncpxoPU4i25lgM9SL3lT8z+tmJm6EORMyM1SQ+aI448g+OU0B9ZmixPCxJZgoZm9FZIgVJsZmVbYheIsvLxP/vH5V924vas1GkUYJjuAYTsGDS2jCDbTABwIZPMMrvDlPzovz7nzMW1ecYuYQ/sD5/AFZWZHA</latexit><latexit sha1_base64="g0e2rodjekedaShZWV4ExMOpCuc=">AAAB93icbVBNS8NAEJ34WetHqx69LBbBiyURwXorePFYwdhCE8tmu2mXbjbL7kaoob/EiwcVr/4Vb/4bt20O2vpg4PHeDDPzIsmZNq777aysrq1vbJa2yts7u3uV6v7BvU4zRahPUp6qToQ15UxQ3zDDaUcqipOI03Y0up767UeqNEvFnRlLGiZ4IFjMCDZW6lUrgWQPZ0iiwKSog6xSc+vuDGiZeAWpQYFWr/oV9FOSJVQYwrHWXc+VJsyxMoxwOikHmaYSkxEe0K6lAidUh/ns8Ak6sUofxamyJQyaqb8ncpxoPU4i25lgM9SL3lT8z+tmJm6EORMyM1SQ+aI448g+OU0B9ZmixPCxJZgoZm9FZIgVJsZmVbYheIsvLxP/vH5V924vas1GkUYJjuAYTsGDS2jCDbTABwIZPMMrvDlPzovz7nzMW1ecYuYQ/sD5/AFZWZHA</latexit><latexit sha1_base64="g0e2rodjekedaShZWV4ExMOpCuc=">AAAB93icbVBNS8NAEJ34WetHqx69LBbBiyURwXorePFYwdhCE8tmu2mXbjbL7kaoob/EiwcVr/4Vb/4bt20O2vpg4PHeDDPzIsmZNq777aysrq1vbJa2yts7u3uV6v7BvU4zRahPUp6qToQ15UxQ3zDDaUcqipOI03Y0up767UeqNEvFnRlLGiZ4IFjMCDZW6lUrgWQPZ0iiwKSog6xSc+vuDGiZeAWpQYFWr/oV9FOSJVQYwrHWXc+VJsyxMoxwOikHmaYSkxEe0K6lAidUh/ns8Ak6sUofxamyJQyaqb8ncpxoPU4i25lgM9SL3lT8z+tmJm6EORMyM1SQ+aI448g+OU0B9ZmixPCxJZgoZm9FZIgVJsZmVbYheIsvLxP/vH5V924vas1GkUYJjuAYTsGDS2jCDbTABwIZPMMrvDlPzovz7nzMW1ecYuYQ/sD5/AFZWZHA</latexit>

⇡+n ! ⇡0p
<latexit sha1_base64="NJDEU5IXP4/49SxYoKCC65iGxgQ=">AAAB+3icbZDNSsNAFIVv/K31L9qlm8EiCEJJRLDuCm5cVjC20MQymU7aoZNJmJkIJdRXceNCxa0v4s63cdJmoa0HBj7OvZe594QpZ0o7zre1srq2vrFZ2apu7+zu7dsHh/cqySShHkl4IrshVpQzQT3NNKfdVFIch5x2wvF1Ue88UqlYIu70JKVBjIeCRYxgbay+XfNT9nCGBPJ1ggp2UNq3607DmQktg1tCHUq1+/aXP0hIFlOhCcdK9Vwn1UGOpWaE02nVzxRNMRnjIe0ZFDimKshny0/RiXEGKEqkeUKjmft7IsexUpM4NJ0x1iO1WCvM/2q9TEfNIGcizTQVZP5RlHFkDi2SQAMmKdF8YgATycyuiIywxESbvKomBHfx5GXwzhtXDff2ot5qlmlU4AiO4RRcuIQW3EAbPCAwgWd4hTfryXqx3q2PeeuKVc7U4I+szx8lk5NR</latexit><latexit sha1_base64="NJDEU5IXP4/49SxYoKCC65iGxgQ=">AAAB+3icbZDNSsNAFIVv/K31L9qlm8EiCEJJRLDuCm5cVjC20MQymU7aoZNJmJkIJdRXceNCxa0v4s63cdJmoa0HBj7OvZe594QpZ0o7zre1srq2vrFZ2apu7+zu7dsHh/cqySShHkl4IrshVpQzQT3NNKfdVFIch5x2wvF1Ue88UqlYIu70JKVBjIeCRYxgbay+XfNT9nCGBPJ1ggp2UNq3607DmQktg1tCHUq1+/aXP0hIFlOhCcdK9Vwn1UGOpWaE02nVzxRNMRnjIe0ZFDimKshny0/RiXEGKEqkeUKjmft7IsexUpM4NJ0x1iO1WCvM/2q9TEfNIGcizTQVZP5RlHFkDi2SQAMmKdF8YgATycyuiIywxESbvKomBHfx5GXwzhtXDff2ot5qlmlU4AiO4RRcuIQW3EAbPCAwgWd4hTfryXqx3q2PeeuKVc7U4I+szx8lk5NR</latexit><latexit sha1_base64="NJDEU5IXP4/49SxYoKCC65iGxgQ=">AAAB+3icbZDNSsNAFIVv/K31L9qlm8EiCEJJRLDuCm5cVjC20MQymU7aoZNJmJkIJdRXceNCxa0v4s63cdJmoa0HBj7OvZe594QpZ0o7zre1srq2vrFZ2apu7+zu7dsHh/cqySShHkl4IrshVpQzQT3NNKfdVFIch5x2wvF1Ue88UqlYIu70JKVBjIeCRYxgbay+XfNT9nCGBPJ1ggp2UNq3607DmQktg1tCHUq1+/aXP0hIFlOhCcdK9Vwn1UGOpWaE02nVzxRNMRnjIe0ZFDimKshny0/RiXEGKEqkeUKjmft7IsexUpM4NJ0x1iO1WCvM/2q9TEfNIGcizTQVZP5RlHFkDi2SQAMmKdF8YgATycyuiIywxESbvKomBHfx5GXwzhtXDff2ot5qlmlU4AiO4RRcuIQW3EAbPCAwgWd4hTfryXqx3q2PeeuKVc7U4I+szx8lk5NR</latexit><latexit sha1_base64="NJDEU5IXP4/49SxYoKCC65iGxgQ=">AAAB+3icbZDNSsNAFIVv/K31L9qlm8EiCEJJRLDuCm5cVjC20MQymU7aoZNJmJkIJdRXceNCxa0v4s63cdJmoa0HBj7OvZe594QpZ0o7zre1srq2vrFZ2apu7+zu7dsHh/cqySShHkl4IrshVpQzQT3NNKfdVFIch5x2wvF1Ue88UqlYIu70JKVBjIeCRYxgbay+XfNT9nCGBPJ1ggp2UNq3607DmQktg1tCHUq1+/aXP0hIFlOhCcdK9Vwn1UGOpWaE02nVzxRNMRnjIe0ZFDimKshny0/RiXEGKEqkeUKjmft7IsexUpM4NJ0x1iO1WCvM/2q9TEfNIGcizTQVZP5RlHFkDi2SQAMmKdF8YgATycyuiIywxESbvKomBHfx5GXwzhtXDff2ot5qlmlU4AiO4RRcuIQW3EAbPCAwgWd4hTfryXqx3q2PeeuKVc7U4I+szx8lk5NR</latexit>

⇡�p ! ⇡0n
<latexit sha1_base64="f82bcaa8L3CgU3wUWci3ew8RdWk=">AAAB+3icbZDNSsNAFIVv/K31r9qlm8EiuLEkIlh3BTcuKxhbaGKZTCft0EkyzEyEEOqruHGh4tYXcefbOGmz0NYDAx/n3svcewLBmdK2/W2trK6tb2xWtqrbO7t7+7WDw3uVpJJQlyQ8kb0AK8pZTF3NNKc9ISmOAk67weS6qHcfqVQsie90Jqgf4VHMQkawNtagVvcEezhDAnk6QQXbyLgNu2nPhJbBKaEBpTqD2pc3TEga0VgTjpXqO7bQfo6lZoTTadVLFRWYTPCI9g3GOKLKz2fLT9GJcYYoTKR5sUYz9/dEjiOlsigwnRHWY7VYK8z/av1Uhy0/Z7FINY3J/KMw5cgcWiSBhkxSonlmABPJzK6IjLHERJu8qiYEZ/HkZXDPm1dN5/ai0W6VaVTgCI7hFBy4hDbcQAdcIJDBM7zCm/VkvVjv1se8dcUqZ+rwR9bnDyjNk1M=</latexit><latexit sha1_base64="f82bcaa8L3CgU3wUWci3ew8RdWk=">AAAB+3icbZDNSsNAFIVv/K31r9qlm8EiuLEkIlh3BTcuKxhbaGKZTCft0EkyzEyEEOqruHGh4tYXcefbOGmz0NYDAx/n3svcewLBmdK2/W2trK6tb2xWtqrbO7t7+7WDw3uVpJJQlyQ8kb0AK8pZTF3NNKc9ISmOAk67weS6qHcfqVQsie90Jqgf4VHMQkawNtagVvcEezhDAnk6QQXbyLgNu2nPhJbBKaEBpTqD2pc3TEga0VgTjpXqO7bQfo6lZoTTadVLFRWYTPCI9g3GOKLKz2fLT9GJcYYoTKR5sUYz9/dEjiOlsigwnRHWY7VYK8z/av1Uhy0/Z7FINY3J/KMw5cgcWiSBhkxSonlmABPJzK6IjLHERJu8qiYEZ/HkZXDPm1dN5/ai0W6VaVTgCI7hFBy4hDbcQAdcIJDBM7zCm/VkvVjv1se8dcUqZ+rwR9bnDyjNk1M=</latexit><latexit sha1_base64="f82bcaa8L3CgU3wUWci3ew8RdWk=">AAAB+3icbZDNSsNAFIVv/K31r9qlm8EiuLEkIlh3BTcuKxhbaGKZTCft0EkyzEyEEOqruHGh4tYXcefbOGmz0NYDAx/n3svcewLBmdK2/W2trK6tb2xWtqrbO7t7+7WDw3uVpJJQlyQ8kb0AK8pZTF3NNKc9ISmOAk67weS6qHcfqVQsie90Jqgf4VHMQkawNtagVvcEezhDAnk6QQXbyLgNu2nPhJbBKaEBpTqD2pc3TEga0VgTjpXqO7bQfo6lZoTTadVLFRWYTPCI9g3GOKLKz2fLT9GJcYYoTKR5sUYz9/dEjiOlsigwnRHWY7VYK8z/av1Uhy0/Z7FINY3J/KMw5cgcWiSBhkxSonlmABPJzK6IjLHERJu8qiYEZ/HkZXDPm1dN5/ai0W6VaVTgCI7hFBy4hDbcQAdcIJDBM7zCm/VkvVjv1se8dcUqZ+rwR9bnDyjNk1M=</latexit><latexit sha1_base64="f82bcaa8L3CgU3wUWci3ew8RdWk=">AAAB+3icbZDNSsNAFIVv/K31r9qlm8EiuLEkIlh3BTcuKxhbaGKZTCft0EkyzEyEEOqruHGh4tYXcefbOGmz0NYDAx/n3svcewLBmdK2/W2trK6tb2xWtqrbO7t7+7WDw3uVpJJQlyQ8kb0AK8pZTF3NNKc9ISmOAk67weS6qHcfqVQsie90Jqgf4VHMQkawNtagVvcEezhDAnk6QQXbyLgNu2nPhJbBKaEBpTqD2pc3TEga0VgTjpXqO7bQfo6lZoTTadVLFRWYTPCI9g3GOKLKz2fLT9GJcYYoTKR5sUYz9/dEjiOlsigwnRHWY7VYK8z/av1Uhy0/Z7FINY3J/KMw5cgcWiSBhkxSonlmABPJzK6IjLHERJu8qiYEZ/HkZXDPm1dN5/ai0W6VaVTgCI7hFBy4hDbcQAdcIJDBM7zCm/VkvVjv1se8dcUqZ+rwR9bnDyjNk1M=</latexit>

Direct production  
& subdominant

X ! ��̄
<latexit sha1_base64="KzlDQ+OIGWt741eyaRHsgeFUZuE=">AAAB/HicbZDLSsNAFIZP6q3WW7zs3AwWwVVJRLDuCm5cVjC20IQymU7aoZNJmJkINRRfxY0LFbc+iDvfxmmahbb+MPDxn3OYc/4w5Uxpx/m2Kiura+sb1c3a1vbO7p69f3CvkkwS6pGEJ7IbYkU5E9TTTHPaTSXFcchpJxxfz+qdByoVS8SdnqQ0iPFQsIgRrI3Vt4+6yNcJ8smIIT/EsqC+XXcaTiG0DG4JdSjV7ttf/iAhWUyFJhwr1XOdVAc5lpoRTqc1P1M0xWSMh7RnUOCYqiAvtp+iU+MMUJRI84RGhft7IsexUpM4NJ0x1iO1WJuZ/9V6mY6aQc5EmmkqyPyjKOPI3DuLAg2YpETziQFMJDO7IjLCEhNtAquZENzFk5fBO29cNdzbi3qrWaZRhWM4gTNw4RJacANt8IDAIzzDK7xZT9aL9W59zFsrVjlzCH9kff4AUeeUBQ==</latexit><latexit sha1_base64="KzlDQ+OIGWt741eyaRHsgeFUZuE=">AAAB/HicbZDLSsNAFIZP6q3WW7zs3AwWwVVJRLDuCm5cVjC20IQymU7aoZNJmJkINRRfxY0LFbc+iDvfxmmahbb+MPDxn3OYc/4w5Uxpx/m2Kiura+sb1c3a1vbO7p69f3CvkkwS6pGEJ7IbYkU5E9TTTHPaTSXFcchpJxxfz+qdByoVS8SdnqQ0iPFQsIgRrI3Vt4+6yNcJ8smIIT/EsqC+XXcaTiG0DG4JdSjV7ttf/iAhWUyFJhwr1XOdVAc5lpoRTqc1P1M0xWSMh7RnUOCYqiAvtp+iU+MMUJRI84RGhft7IsexUpM4NJ0x1iO1WJuZ/9V6mY6aQc5EmmkqyPyjKOPI3DuLAg2YpETziQFMJDO7IjLCEhNtAquZENzFk5fBO29cNdzbi3qrWaZRhWM4gTNw4RJacANt8IDAIzzDK7xZT9aL9W59zFsrVjlzCH9kff4AUeeUBQ==</latexit><latexit sha1_base64="KzlDQ+OIGWt741eyaRHsgeFUZuE=">AAAB/HicbZDLSsNAFIZP6q3WW7zs3AwWwVVJRLDuCm5cVjC20IQymU7aoZNJmJkINRRfxY0LFbc+iDvfxmmahbb+MPDxn3OYc/4w5Uxpx/m2Kiura+sb1c3a1vbO7p69f3CvkkwS6pGEJ7IbYkU5E9TTTHPaTSXFcchpJxxfz+qdByoVS8SdnqQ0iPFQsIgRrI3Vt4+6yNcJ8smIIT/EsqC+XXcaTiG0DG4JdSjV7ttf/iAhWUyFJhwr1XOdVAc5lpoRTqc1P1M0xWSMh7RnUOCYqiAvtp+iU+MMUJRI84RGhft7IsexUpM4NJ0x1iO1WJuZ/9V6mY6aQc5EmmkqyPyjKOPI3DuLAg2YpETziQFMJDO7IjLCEhNtAquZENzFk5fBO29cNdzbi3qrWaZRhWM4gTNw4RJacANt8IDAIzzDK7xZT9aL9W59zFsrVjlzCH9kff4AUeeUBQ==</latexit><latexit sha1_base64="KzlDQ+OIGWt741eyaRHsgeFUZuE=">AAAB/HicbZDLSsNAFIZP6q3WW7zs3AwWwVVJRLDuCm5cVjC20IQymU7aoZNJmJkINRRfxY0LFbc+iDvfxmmahbb+MPDxn3OYc/4w5Uxpx/m2Kiura+sb1c3a1vbO7p69f3CvkkwS6pGEJ7IbYkU5E9TTTHPaTSXFcchpJxxfz+qdByoVS8SdnqQ0iPFQsIgRrI3Vt4+6yNcJ8smIIT/EsqC+XXcaTiG0DG4JdSjV7ttf/iAhWUyFJhwr1XOdVAc5lpoRTqc1P1M0xWSMh7RnUOCYqiAvtp+iU+MMUJRI84RGhft7IsexUpM4NJ0x1iO1WJuZ/9V6mY6aQc5EmmkqyPyjKOPI3DuLAg2YpETziQFMJDO7IjLCEhNtAquZENzFk5fBO29cNdzbi3qrWaZRhWM4gTNw4RJacANt8IDAIzzDK7xZT9aL9W59zFsrVjlzCH9kff4AUeeUBQ==</latexit>

1.

2.

Timing cut < 1.5 𝜇s 
(veto delayed 𝝂) 

CsI

delayed



Searches for New Dark World

Timing information

Dutta, Kim, Liao, Park, Shin, Strigari, 1906.10745 & in progress

e.g., scenarios with dark photon (X)

dominant

prompt

⇡0 ! X�
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⇡+n ! ⇡0p
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⇡�p ! ⇡0n
<latexit sha1_base64="f82bcaa8L3CgU3wUWci3ew8RdWk=">AAAB+3icbZDNSsNAFIVv/K31r9qlm8EiuLEkIlh3BTcuKxhbaGKZTCft0EkyzEyEEOqruHGh4tYXcefbOGmz0NYDAx/n3svcewLBmdK2/W2trK6tb2xWtqrbO7t7+7WDw3uVpJJQlyQ8kb0AK8pZTF3NNKc9ISmOAk67weS6qHcfqVQsie90Jqgf4VHMQkawNtagVvcEezhDAnk6QQXbyLgNu2nPhJbBKaEBpTqD2pc3TEga0VgTjpXqO7bQfo6lZoTTadVLFRWYTPCI9g3GOKLKz2fLT9GJcYYoTKR5sUYz9/dEjiOlsigwnRHWY7VYK8z/av1Uhy0/Z7FINY3J/KMw5cgcWiSBhkxSonlmABPJzK6IjLHERJu8qiYEZ/HkZXDPm1dN5/ai0W6VaVTgCI7hFBy4hDbcQAdcIJDBM7zCm/VkvVjv1se8dcUqZ+rwR9bnDyjNk1M=</latexit><latexit sha1_base64="f82bcaa8L3CgU3wUWci3ew8RdWk=">AAAB+3icbZDNSsNAFIVv/K31r9qlm8EiuLEkIlh3BTcuKxhbaGKZTCft0EkyzEyEEOqruHGh4tYXcefbOGmz0NYDAx/n3svcewLBmdK2/W2trK6tb2xWtqrbO7t7+7WDw3uVpJJQlyQ8kb0AK8pZTF3NNKc9ISmOAk67weS6qHcfqVQsie90Jqgf4VHMQkawNtagVvcEezhDAnk6QQXbyLgNu2nPhJbBKaEBpTqD2pc3TEga0VgTjpXqO7bQfo6lZoTTadVLFRWYTPCI9g3GOKLKz2fLT9GJcYYoTKR5sUYz9/dEjiOlsigwnRHWY7VYK8z/av1Uhy0/Z7FINY3J/KMw5cgcWiSBhkxSonlmABPJzK6IjLHERJu8qiYEZ/HkZXDPm1dN5/ai0W6VaVTgCI7hFBy4hDbcQAdcIJDBM7zCm/VkvVjv1se8dcUqZ+rwR9bnDyjNk1M=</latexit><latexit sha1_base64="f82bcaa8L3CgU3wUWci3ew8RdWk=">AAAB+3icbZDNSsNAFIVv/K31r9qlm8EiuLEkIlh3BTcuKxhbaGKZTCft0EkyzEyEEOqruHGh4tYXcefbOGmz0NYDAx/n3svcewLBmdK2/W2trK6tb2xWtqrbO7t7+7WDw3uVpJJQlyQ8kb0AK8pZTF3NNKc9ISmOAk67weS6qHcfqVQsie90Jqgf4VHMQkawNtagVvcEezhDAnk6QQXbyLgNu2nPhJbBKaEBpTqD2pc3TEga0VgTjpXqO7bQfo6lZoTTadVLFRWYTPCI9g3GOKLKz2fLT9GJcYYoTKR5sUYz9/dEjiOlsigwnRHWY7VYK8z/av1Uhy0/Z7FINY3J/KMw5cgcWiSBhkxSonlmABPJzK6IjLHERJu8qiYEZ/HkZXDPm1dN5/ai0W6VaVTgCI7hFBy4hDbcQAdcIJDBM7zCm/VkvVjv1se8dcUqZ+rwR9bnDyjNk1M=</latexit><latexit sha1_base64="f82bcaa8L3CgU3wUWci3ew8RdWk=">AAAB+3icbZDNSsNAFIVv/K31r9qlm8EiuLEkIlh3BTcuKxhbaGKZTCft0EkyzEyEEOqruHGh4tYXcefbOGmz0NYDAx/n3svcewLBmdK2/W2trK6tb2xWtqrbO7t7+7WDw3uVpJJQlyQ8kb0AK8pZTF3NNKc9ISmOAk67weS6qHcfqVQsie90Jqgf4VHMQkawNtagVvcEezhDAnk6QQXbyLgNu2nPhJbBKaEBpTqD2pc3TEga0VgTjpXqO7bQfo6lZoTTadVLFRWYTPCI9g3GOKLKz2fLT9GJcYYoTKR5sUYz9/dEjiOlsigwnRHWY7VYK8z/av1Uhy0/Z7FINY3J/KMw5cgcWiSBhkxSonlmABPJzK6IjLHERJu8qiYEZ/HkZXDPm1dN5/ai0W6VaVTgCI7hFBy4hDbcQAdcIJDBM7zCm/VkvVjv1se8dcUqZ+rwR9bnDyjNk1M=</latexit>

Direct production  
& subdominant
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Timing cut < 1.5 𝜇s 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Searches for New Dark World

Timing cut < 1.5 𝜇s 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prompt 𝝂) 

Observed events: 97 (Er < 28 keV)

Data from COHERENT measurement (CsI): 1803.09183

Steady-state background: 49

Delayed neutrino: 19

Beam related neutron: 3

Dutta, Kim, Liao, Park, Shin, Strigari, 1906.10745 & in progress



Searches for New Dark World

Timing cut < 1.5 𝜇s 
(veto delayed 𝝂) 

CsI
Energy cut  
> 14 keV 

(veto  
prompt 𝝂) 

Observed events: 97 (Er < 28 keV)

Data from COHERENT measurement (CsI): 1803.09183

Steady-state background: 49

Delayed neutrino: 19

Beam related neutron: 3

Dutta, Kim, Liao, Park, Shin, Strigari, 1906.10745 & in progress

Excess: 26

2.4𝜎 for Rn = 4.7fm 
3𝜎 for Rn = 5.5fm

DM?



Searches for New Dark World
Low Energy experiments

• Accelerators (mostly C.O.M <10 GeV here) with high intensities 
    B-factories, Fixed target experiments, Beam-dump, Neutrino experiments 

• Accelerated in the universe



Energetic DM scenarios
• Anti-DM from DM-induced nucleon decay in the Sun 

• Solar reflection: light DM scattered with hot solar nuclei or electrons 

• Energetic cosmic-ray induced light DM

Huang, Zhao, 1312.0011

Yin, 1809.08610Bringmann, Pospelov, 1810.10543 Ema, Sala, Sato, 1811.00520

An, Pospelov, Pradler, Ritz, 1708.03642 Emken, Kouvaris, Nielsen, 1709.06573

Cappiello, Beacom, 1906.11283 Cappiello, Ng, Beacom, 1810.07705



Energetic DM scenarios
• Anti-DM from DM-induced nucleon decay in the Sun 

• Solar reflection: light DM scattered with hot solar nuclei or electrons 

• Energetic cosmic-ray induced light DM

Huang, Zhao, 1312.0011

Yin, 1809.08610Bringmann, Pospelov, 1810.10543 Ema, Sala, Sato, 1811.00520

An, Pospelov, Pradler, Ritz, 1708.03642 Emken, Kouvaris, Nielsen, 1709.06573

Cappiello, Beacom, 1906.11283

• Boosted Dark Matter: DM boosted by the dark sector structure 
                    (not from scattering with the energetic SM particles)

Agashe, Cui, Necib, Thaler,1405.7370

Giudice, Kim, Park, SS, 1712.07126, PLB 780, 543 (2018)

Kim, Park, SS, 1612.06867, PRL 119, 161801 (2017)

Cappiello, Ng, Beacom, 1810.07705
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Agashe, Cui, Necib, Thaler,1405.7370
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SM

SM

U(1)/Z2
Most of  
the relic

Y0

Freeze out first

�0

�0

�1

�1

𝜒0: heavy, 𝜒1: light

Belanger, Park, 1112.4491

Assisted freeze-out mechanism

Freeze out later

Y1

non-relativistic relic 𝜒1 (negligible) 
Y0 � Y1

Multi-component Boosted DM (BDM)

U(1)’/Z’2

Agashe, Cui, Necib, Thaler,1405.7370



Multi-component BDM

𝜒0𝜒0 → 𝜒1 𝜒1
• 𝜒0 : gravitationally WIMP accumulated              

       (GC,   Sun,   dSphs) 

• 𝜒0𝜒0 → 𝜒1 𝜒1 (current universe) relativistic

※ relic 𝜒1 is non-relativistic



Multi-component BDM

𝜒0𝜒0 → 𝜒1 𝜒1

Observe 𝜒1 scattering off target with E1 > Eth 

(indirect detection of 𝜒0)

• 𝜒0 : gravitationally WIMP accumulated              
       (GC,   Sun,   dSphs) 

• 𝜒0𝜒0 → 𝜒1 𝜒1 (current universe) relativistic

※ relic 𝜒1 is non-relativistic



Multi-component BDM

𝜒0𝜒0 → 𝜒1 𝜒1

Observe 𝜒1 scattering off target with E1 > Eth 

(indirect detection of 𝜒0)

• 𝜒0 : gravitationally WIMP accumulated              
       (GC,   Sun,   dSphs) 

• 𝜒0𝜒0 → 𝜒1 𝜒1 (current universe) relativistic

※ relic 𝜒1 is non-relativistic

Flux of 𝜒1 ' 1.6⇥ 10�8 cm�2s�1 ⇥
✓

h�vi0!1

5⇥ 10�26 cm3s�1

◆
⇥

✓
100GeV

m0

◆2

<latexit sha1_base64="lkXNgGcT8hiERZhl/vafnPwSKZg="></latexit><latexit sha1_base64="lkXNgGcT8hiERZhl/vafnPwSKZg="></latexit><latexit sha1_base64="lkXNgGcT8hiERZhl/vafnPwSKZg="></latexit><latexit sha1_base64="lkXNgGcT8hiERZhl/vafnPwSKZg="></latexit>

Assume: NFW

Fixed ~ 1 if s-channel annihilation dominates

10,000 times smaller than the flux of atmospheric 𝝂 if m0 ~ 100 GeV 



Huge detector if m𝜒0 ≳ O(10 GeV)

Large volume 𝜈 experiments

�1 �1

Flux: small & Energy of 𝜒1: large



Huge detector if m𝜒0 ≳ O(10 GeV)

Large volume 𝜈 experiments

�1 �1

Subtraction of  
major background (𝜈) 

Important for all cosmogenic  
BSM signals

Flux: small & Energy of 𝜒1: large



Huge detector if m𝜒0 ≳ O(10 GeV)

Large volume 𝜈 experiments

�1 �1

Subtraction of  
major background (𝜈) 

• Directional information:             
       e.g., GC,   Sun,   dSphs 

• Signal with unique feature

Open up novel possibilities of BDM search in many experiments

Flux: small & Energy of 𝜒1: large

Important for all cosmogenic  
BSM signals



Inelastic BDM (iBDM)

heavier dark 
sector state

secondary 
signature

Giudice, Kim, Park, SS, PLB 780, 543 (2018)

Kim, Park, SS, PRL 119, 161801 (2017)

𝜒0: heavy DM

𝜒2: excited state

𝜒1: light BDM
(eBDM)

(iBDM)



Signals inside a fiducial volume

p
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• DIS

• (quasi-elastic)  
p-scattering
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Secondary 
signature

e

e-

e+

• (quasi-elastic) 
e-scattering

Primary 
signature
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<latexit sha1_base64="qHQAkm1DbP2D+WTWgGNW7rbyv9g=">AAAB63icbVBNSwMxEJ34WetX1aOXYBEEoeyKYL0VvHis4NpCu5Zsmm1Dk+ySZIWy9Dd48aDi1T/kzX9j2u5BWx8MPN6bYWZelApurOd9o5XVtfWNzdJWeXtnd2+/cnD4YJJMUxbQRCS6HRHDBFcssNwK1k41IzISrBWNbqZ+64lpwxN1b8cpCyUZKB5zSqyTgq7MHs97lapX82bAy8QvSBUKNHuVr24/oZlkylJBjOn4XmrDnGjLqWCTcjczLCV0RAas46gikpkwnx07wadO6eM40a6UxTP190ROpDFjGblOSezQLHpT8T+vk9m4HuZcpZllis4XxZnANsHTz3Gfa0atGDtCqObuVkyHRBNqXT5lF4K/+PIyCS5q1zX/7rLaqBdplOAYTuAMfLiCBtxCEwKgwOEZXuENKfSC3tHHvHUFFTNH8Afo8wfjv449</latexit><latexit sha1_base64="qHQAkm1DbP2D+WTWgGNW7rbyv9g=">AAAB63icbVBNSwMxEJ34WetX1aOXYBEEoeyKYL0VvHis4NpCu5Zsmm1Dk+ySZIWy9Dd48aDi1T/kzX9j2u5BWx8MPN6bYWZelApurOd9o5XVtfWNzdJWeXtnd2+/cnD4YJJMUxbQRCS6HRHDBFcssNwK1k41IzISrBWNbqZ+64lpwxN1b8cpCyUZKB5zSqyTgq7MHs97lapX82bAy8QvSBUKNHuVr24/oZlkylJBjOn4XmrDnGjLqWCTcjczLCV0RAas46gikpkwnx07wadO6eM40a6UxTP190ROpDFjGblOSezQLHpT8T+vk9m4HuZcpZllis4XxZnANsHTz3Gfa0atGDtCqObuVkyHRBNqXT5lF4K/+PIyCS5q1zX/7rLaqBdplOAYTuAMfLiCBtxCEwKgwOEZXuENKfSC3tHHvHUFFTNH8Afo8wfjv449</latexit><latexit sha1_base64="qHQAkm1DbP2D+WTWgGNW7rbyv9g=">AAAB63icbVBNSwMxEJ34WetX1aOXYBEEoeyKYL0VvHis4NpCu5Zsmm1Dk+ySZIWy9Dd48aDi1T/kzX9j2u5BWx8MPN6bYWZelApurOd9o5XVtfWNzdJWeXtnd2+/cnD4YJJMUxbQRCS6HRHDBFcssNwK1k41IzISrBWNbqZ+64lpwxN1b8cpCyUZKB5zSqyTgq7MHs97lapX82bAy8QvSBUKNHuVr24/oZlkylJBjOn4XmrDnGjLqWCTcjczLCV0RAas46gikpkwnx07wadO6eM40a6UxTP190ROpDFjGblOSezQLHpT8T+vk9m4HuZcpZllis4XxZnANsHTz3Gfa0atGDtCqObuVkyHRBNqXT5lF4K/+PIyCS5q1zX/7rLaqBdplOAYTuAMfLiCBtxCEwKgwOEZXuENKfSC3tHHvHUFFTNH8Afo8wfjv449</latexit><latexit sha1_base64="qHQAkm1DbP2D+WTWgGNW7rbyv9g=">AAAB63icbVBNSwMxEJ34WetX1aOXYBEEoeyKYL0VvHis4NpCu5Zsmm1Dk+ySZIWy9Dd48aDi1T/kzX9j2u5BWx8MPN6bYWZelApurOd9o5XVtfWNzdJWeXtnd2+/cnD4YJJMUxbQRCS6HRHDBFcssNwK1k41IzISrBWNbqZ+64lpwxN1b8cpCyUZKB5zSqyTgq7MHs97lapX82bAy8QvSBUKNHuVr24/oZlkylJBjOn4XmrDnGjLqWCTcjczLCV0RAas46gikpkwnx07wadO6eM40a6UxTP190ROpDFjGblOSezQLHpT8T+vk9m4HuZcpZllis4XxZnANsHTz3Gfa0atGDtCqObuVkyHRBNqXT5lF4K/+PIyCS5q1zX/7rLaqBdplOAYTuAMfLiCBtxCEwKgwOEZXuENKfSC3tHHvHUFFTNH8Afo8wfjv449</latexit>

⇡, · · ·
<latexit sha1_base64="+fL+3fZ5EcKg3dQmFuS0aWB4HcQ=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBg5REBOut4MVjBWMLSSibzaZdutkNuxOhlP4MLx5UvPpvvPlv3LY5aOuDgcd7M8zMi3PBDbjut1NZW9/Y3Kpu13Z29/YP6odHj0YVmjKfKqF0LyaGCS6ZDxwE6+WakSwWrBuPbmd+94lpw5V8gHHOoowMJE85JWClIMz5BQ5posD06w236c6BV4lXkgYq0enXv8JE0SJjEqggxgSem0M0IRo4FWxaCwvDckJHZMACSyXJmIkm85On+MwqCU6VtiUBz9XfExOSGTPOYtuZERiaZW8m/ucFBaStaMJlXgCTdLEoLQQGhWf/44RrRkGMLSFUc3srpkOiCQWbUs2G4C2/vEr8y+ZN07u/arRbZRpVdIJO0Tny0DVqozvUQT6iSKFn9IreHHBenHfnY9FaccqZY/QHzucPI16QrA==</latexit><latexit sha1_base64="+fL+3fZ5EcKg3dQmFuS0aWB4HcQ=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBg5REBOut4MVjBWMLSSibzaZdutkNuxOhlP4MLx5UvPpvvPlv3LY5aOuDgcd7M8zMi3PBDbjut1NZW9/Y3Kpu13Z29/YP6odHj0YVmjKfKqF0LyaGCS6ZDxwE6+WakSwWrBuPbmd+94lpw5V8gHHOoowMJE85JWClIMz5BQ5posD06w236c6BV4lXkgYq0enXv8JE0SJjEqggxgSem0M0IRo4FWxaCwvDckJHZMACSyXJmIkm85On+MwqCU6VtiUBz9XfExOSGTPOYtuZERiaZW8m/ucFBaStaMJlXgCTdLEoLQQGhWf/44RrRkGMLSFUc3srpkOiCQWbUs2G4C2/vEr8y+ZN07u/arRbZRpVdIJO0Tny0DVqozvUQT6iSKFn9IreHHBenHfnY9FaccqZY/QHzucPI16QrA==</latexit><latexit sha1_base64="+fL+3fZ5EcKg3dQmFuS0aWB4HcQ=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBg5REBOut4MVjBWMLSSibzaZdutkNuxOhlP4MLx5UvPpvvPlv3LY5aOuDgcd7M8zMi3PBDbjut1NZW9/Y3Kpu13Z29/YP6odHj0YVmjKfKqF0LyaGCS6ZDxwE6+WakSwWrBuPbmd+94lpw5V8gHHOoowMJE85JWClIMz5BQ5posD06w236c6BV4lXkgYq0enXv8JE0SJjEqggxgSem0M0IRo4FWxaCwvDckJHZMACSyXJmIkm85On+MwqCU6VtiUBz9XfExOSGTPOYtuZERiaZW8m/ucFBaStaMJlXgCTdLEoLQQGhWf/44RrRkGMLSFUc3srpkOiCQWbUs2G4C2/vEr8y+ZN07u/arRbZRpVdIJO0Tny0DVqozvUQT6iSKFn9IreHHBenHfnY9FaccqZY/QHzucPI16QrA==</latexit><latexit sha1_base64="+fL+3fZ5EcKg3dQmFuS0aWB4HcQ=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBg5REBOut4MVjBWMLSSibzaZdutkNuxOhlP4MLx5UvPpvvPlv3LY5aOuDgcd7M8zMi3PBDbjut1NZW9/Y3Kpu13Z29/YP6odHj0YVmjKfKqF0LyaGCS6ZDxwE6+WakSwWrBuPbmd+94lpw5V8gHHOoowMJE85JWClIMz5BQ5posD06w236c6BV4lXkgYq0enXv8JE0SJjEqggxgSem0M0IRo4FWxaCwvDckJHZMACSyXJmIkm85On+MwqCU6VtiUBz9XfExOSGTPOYtuZERiaZW8m/ucFBaStaMJlXgCTdLEoLQQGhWf/44RrRkGMLSFUc3srpkOiCQWbUs2G4C2/vEr8y+ZN07u/arRbZRpVdIJO0Tny0DVqozvUQT6iSKFn9IreHHBenHfnY9FaccqZY/QHzucPI16QrA==</latexit>

Fiducial volume

• Tracks pop-up inside 
fiducial volumeprompt or 

displaced

• Track observation 
& time correlation  
can reject bkg.

GC

�
<latexit sha1_base64="v+T8G/IdomkJLsAj+/wfqGFvIEo=">AAAB7HicbVDLSgNBEJz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLKF3MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7BkM5kzS0zHLaTjUFEXPaike3U7/1RLVhSj7YcUojAQPJEkbAOqnZHYAQ0KtU/Zo/A14mQUGqqECjV/nq9hXJBJWWcDCmE/ipjXLQlhFOJ+VuZmgKZAQD2nFUgqAmymfXTvCpU/o4UdqVtHim/p7IQRgzFrHrFGCHZtGbiv95ncwm11HOZJpZKsl8UZJxbBWevo77TFNi+dgRIJq5WzEZggZiXUBlF0Kw+PIyCc9rN7Xg/qJavyzSKKFjdILOUICuUB3doQYKEUGP6Bm9ojdPeS/eu/cxb13xipkj9Afe5w/vuo7d</latexit><latexit sha1_base64="v+T8G/IdomkJLsAj+/wfqGFvIEo=">AAAB7HicbVDLSgNBEJz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLKF3MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7BkM5kzS0zHLaTjUFEXPaike3U7/1RLVhSj7YcUojAQPJEkbAOqnZHYAQ0KtU/Zo/A14mQUGqqECjV/nq9hXJBJWWcDCmE/ipjXLQlhFOJ+VuZmgKZAQD2nFUgqAmymfXTvCpU/o4UdqVtHim/p7IQRgzFrHrFGCHZtGbiv95ncwm11HOZJpZKsl8UZJxbBWevo77TFNi+dgRIJq5WzEZggZiXUBlF0Kw+PIyCc9rN7Xg/qJavyzSKKFjdILOUICuUB3doQYKEUGP6Bm9ojdPeS/eu/cxb13xipkj9Afe5w/vuo7d</latexit><latexit sha1_base64="v+T8G/IdomkJLsAj+/wfqGFvIEo=">AAAB7HicbVDLSgNBEJz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLKF3MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7BkM5kzS0zHLaTjUFEXPaike3U7/1RLVhSj7YcUojAQPJEkbAOqnZHYAQ0KtU/Zo/A14mQUGqqECjV/nq9hXJBJWWcDCmE/ipjXLQlhFOJ+VuZmgKZAQD2nFUgqAmymfXTvCpU/o4UdqVtHim/p7IQRgzFrHrFGCHZtGbiv95ncwm11HOZJpZKsl8UZJxbBWevo77TFNi+dgRIJq5WzEZggZiXUBlF0Kw+PIyCc9rN7Xg/qJavyzSKKFjdILOUICuUB3doQYKEUGP6Bm9ojdPeS/eu/cxb13xipkj9Afe5w/vuo7d</latexit><latexit sha1_base64="v+T8G/IdomkJLsAj+/wfqGFvIEo=">AAAB7HicbVDLSgNBEJz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLKF3MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7BkM5kzS0zHLaTjUFEXPaike3U7/1RLVhSj7YcUojAQPJEkbAOqnZHYAQ0KtU/Zo/A14mQUGqqECjV/nq9hXJBJWWcDCmE/ipjXLQlhFOJ+VuZmgKZAQD2nFUgqAmymfXTvCpU/o4UdqVtHim/p7IQRgzFrHrFGCHZtGbiv95ncwm11HOZJpZKsl8UZJxbBWevo77TFNi+dgRIJq5WzEZggZiXUBlF0Kw+PIyCc9rN7Xg/qJavyzSKKFjdILOUICuUB3doQYKEUGP6Bm9ojdPeS/eu/cxb13xipkj9Afe5w/vuo7d</latexit>

iBDM

𝜒1: light BDM, 𝜒2: excited state



New method in eBDM search: darkstrahlung

p

�1
<latexit sha1_base64="bXPwYkB7wo47y/2Bwgm53pc85cE=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLGF2MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTv3WE9WGKflgxymNBB5IljCCrZOaXTJkvaBXqfo1fwa0TIKCVKFAo1f56vYVyQSVlnBsTCfwUxvlWFtGOJ2Uu5mhKSYjPKAdRyUW1ET57NoJOnVKHyVKu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPrKGcyzSyVZL4oyTiyCk1fR32mKbF87AgmmrlbERlijYl1AZVdCMHiy8skPK/d1IL7i2r9skijBMdwAmcQwBXU4Q4aEAKBR3iGV3jzlPfivXsf89YVr5g5gj/wPn8AkGyOng==</latexit><latexit sha1_base64="bXPwYkB7wo47y/2Bwgm53pc85cE=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLGF2MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTv3WE9WGKflgxymNBB5IljCCrZOaXTJkvaBXqfo1fwa0TIKCVKFAo1f56vYVyQSVlnBsTCfwUxvlWFtGOJ2Uu5mhKSYjPKAdRyUW1ET57NoJOnVKHyVKu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPrKGcyzSyVZL4oyTiyCk1fR32mKbF87AgmmrlbERlijYl1AZVdCMHiy8skPK/d1IL7i2r9skijBMdwAmcQwBXU4Q4aEAKBR3iGV3jzlPfivXsf89YVr5g5gj/wPn8AkGyOng==</latexit><latexit sha1_base64="bXPwYkB7wo47y/2Bwgm53pc85cE=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLGF2MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTv3WE9WGKflgxymNBB5IljCCrZOaXTJkvaBXqfo1fwa0TIKCVKFAo1f56vYVyQSVlnBsTCfwUxvlWFtGOJ2Uu5mhKSYjPKAdRyUW1ET57NoJOnVKHyVKu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPrKGcyzSyVZL4oyTiyCk1fR32mKbF87AgmmrlbERlijYl1AZVdCMHiy8skPK/d1IL7i2r9skijBMdwAmcQwBXU4Q4aEAKBR3iGV3jzlPfivXsf89YVr5g5gj/wPn8AkGyOng==</latexit><latexit sha1_base64="bXPwYkB7wo47y/2Bwgm53pc85cE=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLGF2MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTv3WE9WGKflgxymNBB5IljCCrZOaXTJkvaBXqfo1fwa0TIKCVKFAo1f56vYVyQSVlnBsTCfwUxvlWFtGOJ2Uu5mhKSYjPKAdRyUW1ET57NoJOnVKHyVKu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPrKGcyzSyVZL4oyTiyCk1fR32mKbF87AgmmrlbERlijYl1AZVdCMHiy8skPK/d1IL7i2r9skijBMdwAmcQwBXU4Q4aEAKBR3iGV3jzlPfivXsf89YVr5g5gj/wPn8AkGyOng==</latexit>

• DIS

• (quasi-elastic)  
p-scattering

e

• (quasi-elastic) 
e-scattering

Primary 
signature

Fiducial volumeGC

�1
<latexit sha1_base64="bXPwYkB7wo47y/2Bwgm53pc85cE=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLGF2MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTv3WE9WGKflgxymNBB5IljCCrZOaXTJkvaBXqfo1fwa0TIKCVKFAo1f56vYVyQSVlnBsTCfwUxvlWFtGOJ2Uu5mhKSYjPKAdRyUW1ET57NoJOnVKHyVKu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPrKGcyzSyVZL4oyTiyCk1fR32mKbF87AgmmrlbERlijYl1AZVdCMHiy8skPK/d1IL7i2r9skijBMdwAmcQwBXU4Q4aEAKBR3iGV3jzlPfivXsf89YVr5g5gj/wPn8AkGyOng==</latexit><latexit sha1_base64="bXPwYkB7wo47y/2Bwgm53pc85cE=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLGF2MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTv3WE9WGKflgxymNBB5IljCCrZOaXTJkvaBXqfo1fwa0TIKCVKFAo1f56vYVyQSVlnBsTCfwUxvlWFtGOJ2Uu5mhKSYjPKAdRyUW1ET57NoJOnVKHyVKu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPrKGcyzSyVZL4oyTiyCk1fR32mKbF87AgmmrlbERlijYl1AZVdCMHiy8skPK/d1IL7i2r9skijBMdwAmcQwBXU4Q4aEAKBR3iGV3jzlPfivXsf89YVr5g5gj/wPn8AkGyOng==</latexit><latexit sha1_base64="bXPwYkB7wo47y/2Bwgm53pc85cE=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLGF2MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTv3WE9WGKflgxymNBB5IljCCrZOaXTJkvaBXqfo1fwa0TIKCVKFAo1f56vYVyQSVlnBsTCfwUxvlWFtGOJ2Uu5mhKSYjPKAdRyUW1ET57NoJOnVKHyVKu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPrKGcyzSyVZL4oyTiyCk1fR32mKbF87AgmmrlbERlijYl1AZVdCMHiy8skPK/d1IL7i2r9skijBMdwAmcQwBXU4Q4aEAKBR3iGV3jzlPfivXsf89YVr5g5gj/wPn8AkGyOng==</latexit><latexit sha1_base64="bXPwYkB7wo47y/2Bwgm53pc85cE=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RH7eAF48R3CSQLGF2MpuMmccyMyuEJf/gxYOKVz/Im3/jJNmDJhY0FFXddHfFKWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmWa0JAornQ7xoZyJmlomeW0nWqKRcxpKx7dTv3WE9WGKflgxymNBB5IljCCrZOaXTJkvaBXqfo1fwa0TIKCVKFAo1f56vYVyQSVlnBsTCfwUxvlWFtGOJ2Uu5mhKSYjPKAdRyUW1ET57NoJOnVKHyVKu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPrKGcyzSyVZL4oyTiyCk1fR32mKbF87AgmmrlbERlijYl1AZVdCMHiy8skPK/d1IL7i2r9skijBMdwAmcQwBXU4Q4aEAKBR3iGV3jzlPfivXsf89YVr5g5gj/wPn8AkGyOng==</latexit>

NOT like 𝜈

eBDM: elastically 
scattering BDM 

dark gauge boson scenario

X

e�
<latexit sha1_base64="FcE1xfF9JuL5MQ96tFXE57CHiXk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyUR8eNW8OKxorGFNpbNdtou3WzC7kYooT/BiwcVr/4jb/4bt20O2vpg4PHeDDPzwkRwbVz32yksLa+srhXXSxubW9s75d29Bx2niqHPYhGrZkg1Ci7RN9wIbCYKaRQKbITD64nfeEKleSzvzSjBIKJ9yXucUWOlO3w86ZQrbtWdgiwSLycVyFHvlL/a3ZilEUrDBNW65bmJCTKqDGcCx6V2qjGhbEj72LJU0gh1kE1PHZMjq3RJL1a2pCFT9fdERiOtR1FoOyNqBnrem4j/ea3U9C6DjMskNSjZbFEvFcTEZPI36XKFzIiRJZQpbm8lbEAVZcamU7IhePMvLxL/tHpV9W7PKrXzPI0iHMAhHIMHF1CDG6iDDwz68Ayv8OYI58V5dz5mrQUnn9mHP3A+fwBRao1Q</latexit><latexit sha1_base64="FcE1xfF9JuL5MQ96tFXE57CHiXk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyUR8eNW8OKxorGFNpbNdtou3WzC7kYooT/BiwcVr/4jb/4bt20O2vpg4PHeDDPzwkRwbVz32yksLa+srhXXSxubW9s75d29Bx2niqHPYhGrZkg1Ci7RN9wIbCYKaRQKbITD64nfeEKleSzvzSjBIKJ9yXucUWOlO3w86ZQrbtWdgiwSLycVyFHvlL/a3ZilEUrDBNW65bmJCTKqDGcCx6V2qjGhbEj72LJU0gh1kE1PHZMjq3RJL1a2pCFT9fdERiOtR1FoOyNqBnrem4j/ea3U9C6DjMskNSjZbFEvFcTEZPI36XKFzIiRJZQpbm8lbEAVZcamU7IhePMvLxL/tHpV9W7PKrXzPI0iHMAhHIMHF1CDG6iDDwz68Ayv8OYI58V5dz5mrQUnn9mHP3A+fwBRao1Q</latexit><latexit sha1_base64="FcE1xfF9JuL5MQ96tFXE57CHiXk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyUR8eNW8OKxorGFNpbNdtou3WzC7kYooT/BiwcVr/4jb/4bt20O2vpg4PHeDDPzwkRwbVz32yksLa+srhXXSxubW9s75d29Bx2niqHPYhGrZkg1Ci7RN9wIbCYKaRQKbITD64nfeEKleSzvzSjBIKJ9yXucUWOlO3w86ZQrbtWdgiwSLycVyFHvlL/a3ZilEUrDBNW65bmJCTKqDGcCx6V2qjGhbEj72LJU0gh1kE1PHZMjq3RJL1a2pCFT9fdERiOtR1FoOyNqBnrem4j/ea3U9C6DjMskNSjZbFEvFcTEZPI36XKFzIiRJZQpbm8lbEAVZcamU7IhePMvLxL/tHpV9W7PKrXzPI0iHMAhHIMHF1CDG6iDDwz68Ayv8OYI58V5dz5mrQUnn9mHP3A+fwBRao1Q</latexit><latexit sha1_base64="FcE1xfF9JuL5MQ96tFXE57CHiXk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyUR8eNW8OKxorGFNpbNdtou3WzC7kYooT/BiwcVr/4jb/4bt20O2vpg4PHeDDPzwkRwbVz32yksLa+srhXXSxubW9s75d29Bx2niqHPYhGrZkg1Ci7RN9wIbCYKaRQKbITD64nfeEKleSzvzSjBIKJ9yXucUWOlO3w86ZQrbtWdgiwSLycVyFHvlL/a3ZilEUrDBNW65bmJCTKqDGcCx6V2qjGhbEj72LJU0gh1kE1PHZMjq3RJL1a2pCFT9fdERiOtR1FoOyNqBnrem4j/ea3U9C6DjMskNSjZbFEvFcTEZPI36XKFzIiRJZQpbm8lbEAVZcamU7IhePMvLxL/tHpV9W7PKrXzPI0iHMAhHIMHF1CDG6iDDwz68Ayv8OYI58V5dz5mrQUnn9mHP3A+fwBRao1Q</latexit>

e+
<latexit sha1_base64="FTBkemYDfx2OlHptYvYqDv6/Y7c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoi4set4MVjRWMLbSyb7bRdutmE3Y1QQn+CFw8qXv1H3vw3btsctPXBwOO9GWbmhYng2rjut1NYWl5ZXSuulzY2t7Z3yrt7DzpOFUOfxSJWzZBqFFyib7gR2EwU0igU2AiH1xO/8YRK81jem1GCQUT7kvc4o8ZKd/h40ilX3Ko7BVkkXk4qkKPeKX+1uzFLI5SGCap1y3MTE2RUGc4EjkvtVGNC2ZD2sWWppBHqIJueOiZHVumSXqxsSUOm6u+JjEZaj6LQdkbUDPS8NxH/81qp6V0GGZdJalCy2aJeKoiJyeRv0uUKmREjSyhT3N5K2IAqyoxNp2RD8OZfXiT+afWq6t2eVWrneRpFOIBDOAYPLqAGN1AHHxj04Rle4c0Rzovz7nzMWgtOPrMPf+B8/gBOZI1O</latexit><latexit sha1_base64="FTBkemYDfx2OlHptYvYqDv6/Y7c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoi4set4MVjRWMLbSyb7bRdutmE3Y1QQn+CFw8qXv1H3vw3btsctPXBwOO9GWbmhYng2rjut1NYWl5ZXSuulzY2t7Z3yrt7DzpOFUOfxSJWzZBqFFyib7gR2EwU0igU2AiH1xO/8YRK81jem1GCQUT7kvc4o8ZKd/h40ilX3Ko7BVkkXk4qkKPeKX+1uzFLI5SGCap1y3MTE2RUGc4EjkvtVGNC2ZD2sWWppBHqIJueOiZHVumSXqxsSUOm6u+JjEZaj6LQdkbUDPS8NxH/81qp6V0GGZdJalCy2aJeKoiJyeRv0uUKmREjSyhT3N5K2IAqyoxNp2RD8OZfXiT+afWq6t2eVWrneRpFOIBDOAYPLqAGN1AHHxj04Rle4c0Rzovz7nzMWgtOPrMPf+B8/gBOZI1O</latexit><latexit sha1_base64="FTBkemYDfx2OlHptYvYqDv6/Y7c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoi4set4MVjRWMLbSyb7bRdutmE3Y1QQn+CFw8qXv1H3vw3btsctPXBwOO9GWbmhYng2rjut1NYWl5ZXSuulzY2t7Z3yrt7DzpOFUOfxSJWzZBqFFyib7gR2EwU0igU2AiH1xO/8YRK81jem1GCQUT7kvc4o8ZKd/h40ilX3Ko7BVkkXk4qkKPeKX+1uzFLI5SGCap1y3MTE2RUGc4EjkvtVGNC2ZD2sWWppBHqIJueOiZHVumSXqxsSUOm6u+JjEZaj6LQdkbUDPS8NxH/81qp6V0GGZdJalCy2aJeKoiJyeRv0uUKmREjSyhT3N5K2IAqyoxNp2RD8OZfXiT+afWq6t2eVWrneRpFOIBDOAYPLqAGN1AHHxj04Rle4c0Rzovz7nzMWgtOPrMPf+B8/gBOZI1O</latexit><latexit sha1_base64="FTBkemYDfx2OlHptYvYqDv6/Y7c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoi4set4MVjRWMLbSyb7bRdutmE3Y1QQn+CFw8qXv1H3vw3btsctPXBwOO9GWbmhYng2rjut1NYWl5ZXSuulzY2t7Z3yrt7DzpOFUOfxSJWzZBqFFyib7gR2EwU0igU2AiH1xO/8YRK81jem1GCQUT7kvc4o8ZKd/h40ilX3Ko7BVkkXk4qkKPeKX+1uzFLI5SGCap1y3MTE2RUGc4EjkvtVGNC2ZD2sWWppBHqIJueOiZHVumSXqxsSUOm6u+JjEZaj6LQdkbUDPS8NxH/81qp6V0GGZdJalCy2aJeKoiJyeRv0uUKmREjSyhT3N5K2IAqyoxNp2RD8OZfXiT+afWq6t2eVWrneRpFOIBDOAYPLqAGN1AHHxj04Rle4c0Rzovz7nzMWgtOPrMPf+B8/gBOZI1O</latexit> Secondary 

signature

• Different from 
DM → 𝜈 𝜈

• NLO but O(10-20%)  
of LO possible 

(impossible for beam 
produced DM)

Kim, Park, SS, 1903.05087

• Efficient for large NBG 
(cosmogenic BSM signal)

𝜒1: light BDM



Target experiments
Flux of 𝜒1 ' 1.6⇥ 10�8 cm�2s�1 ⇥

✓
h�vi0!1

5⇥ 10�26 cm3s�1

◆
⇥

✓
100GeV

m0

◆2

<latexit sha1_base64="lkXNgGcT8hiERZhl/vafnPwSKZg="></latexit><latexit sha1_base64="lkXNgGcT8hiERZhl/vafnPwSKZg="></latexit><latexit sha1_base64="lkXNgGcT8hiERZhl/vafnPwSKZg="></latexit><latexit sha1_base64="lkXNgGcT8hiERZhl/vafnPwSKZg="></latexit>

Assume: NFW

• m𝜒0 ≳ O(10 GeV): Large volume 𝜈-experiments: 

    DUNE (TDR coming up), SK (1711.05278, PRL 2018), HK/KNO, IceCube, .. 

• m𝜒0 ≲ O(1 GeV): 1. Moderate volume 𝜈-experiments: 

                                ProtoDUNE   

                                  SBNP  
                             
                            2. Ton-scale DM direct detection experiments:

Chatterjee, De Roeck, Kim, Moghaddam, Park, SS,  
Whitehead, Yu, 1803.03264, PRD 98, 075027 (2018)

Kim, Kong, Park, SS, 1804.07302, JHEP 1808, 155 (2018)

COSINE-100 1811.09344 (PRL 2019)
Talk by C. Ha



COSINE-100 result
COSINE-100, 1811.09344

106kg array of 8 ultra-pure NaI(Tl) crystals 
immersed in an active veto detector

2200L of liquid scintillator  
(~ 2 ton)

Based on theoretical study
Giudice, Kim, Park, SS, 1712.07126

Observed: 21 events, Background expected: 16.4 ± 2.1



Conclusions
• Dark World beyond WIMP is now in attention. 

• Accelerators: B-factories, fixed target experiments, … 

        Timing & Energy cut ⇒ 3𝜎 level excess at COHERENT 

• Accelerated in the universe: energetic DM scenarios 
        (inelastic) Boosted Dark Matter 

• Probes in various current & future experiments: 

          Large or moderate volume 𝜈-experiments,   

          DM direct detection experiments,      
          Novel understanding of energetic signals, e.g., ANITA             

Heurtier, Kim, Park, SS, 1905.13223, PRD 100, 055004 (2019)



 

Backup: sensitivity
  ✏

<latexit sha1_base64="Q1q9GUI5N8wOBvQa75fLLkUAh/U=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4CokI6q3gxWMFYwttKJvtpF262cTdjVBC/4QXDype/T3e/Ddu2xy09cHA470ZZuZFmeDaeN63s7K6tr6xWdmqbu/s7u3XDg4fdJorhgFLRaraEdUouMTAcCOwnSmkSSSwFY1upn7rCZXmqbw34wzDhA4kjzmjxkrtLmaai1T2anXP9WYgy8QvSR1KNHu1r24/ZXmC0jBBte74XmbCgirDmcBJtZtrzCgb0QF2LJU0QR0Ws3sn5NQqfRKnypY0ZKb+nihoovU4iWxnQs1QL3pT8T+vk5v4Kiy4zHKDks0XxbkgJiXT50mfK2RGjC2hTHF7K2FDqigzNqKqDcFffHmZBOfutevfXdQbbplGBY7hBM7Ah0towC00IQAGAp7hFd6cR+fFeXc+5q0rTjlzBH/gfP4Asj+P4A==</latexit><latexit sha1_base64="Q1q9GUI5N8wOBvQa75fLLkUAh/U=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4CokI6q3gxWMFYwttKJvtpF262cTdjVBC/4QXDype/T3e/Ddu2xy09cHA470ZZuZFmeDaeN63s7K6tr6xWdmqbu/s7u3XDg4fdJorhgFLRaraEdUouMTAcCOwnSmkSSSwFY1upn7rCZXmqbw34wzDhA4kjzmjxkrtLmaai1T2anXP9WYgy8QvSR1KNHu1r24/ZXmC0jBBte74XmbCgirDmcBJtZtrzCgb0QF2LJU0QR0Ws3sn5NQqfRKnypY0ZKb+nihoovU4iWxnQs1QL3pT8T+vk5v4Kiy4zHKDks0XxbkgJiXT50mfK2RGjC2hTHF7K2FDqigzNqKqDcFffHmZBOfutevfXdQbbplGBY7hBM7Ah0towC00IQAGAp7hFd6cR+fFeXc+5q0rTjlzBH/gfP4Asj+P4A==</latexit><latexit sha1_base64="Q1q9GUI5N8wOBvQa75fLLkUAh/U=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4CokI6q3gxWMFYwttKJvtpF262cTdjVBC/4QXDype/T3e/Ddu2xy09cHA470ZZuZFmeDaeN63s7K6tr6xWdmqbu/s7u3XDg4fdJorhgFLRaraEdUouMTAcCOwnSmkSSSwFY1upn7rCZXmqbw34wzDhA4kjzmjxkrtLmaai1T2anXP9WYgy8QvSR1KNHu1r24/ZXmC0jBBte74XmbCgirDmcBJtZtrzCgb0QF2LJU0QR0Ws3sn5NQqfRKnypY0ZKb+nihoovU4iWxnQs1QL3pT8T+vk5v4Kiy4zHKDks0XxbkgJiXT50mfK2RGjC2hTHF7K2FDqigzNqKqDcFffHmZBOfutevfXdQbbplGBY7hBM7Ah0towC00IQAGAp7hFd6cR+fFeXc+5q0rTjlzBH/gfP4Asj+P4A==</latexit><latexit sha1_base64="Q1q9GUI5N8wOBvQa75fLLkUAh/U=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4CokI6q3gxWMFYwttKJvtpF262cTdjVBC/4QXDype/T3e/Ddu2xy09cHA470ZZuZFmeDaeN63s7K6tr6xWdmqbu/s7u3XDg4fdJorhgFLRaraEdUouMTAcCOwnSmkSSSwFY1upn7rCZXmqbw34wzDhA4kjzmjxkrtLmaai1T2anXP9WYgy8QvSR1KNHu1r24/ZXmC0jBBte74XmbCgirDmcBJtZtrzCgb0QF2LJU0QR0Ws3sn5NQqfRKnypY0ZKb+nihoovU4iWxnQs1QL3pT8T+vk5v4Kiy4zHKDks0XxbkgJiXT50mfK2RGjC2hTHF7K2FDqigzNqKqDcFffHmZBOfutevfXdQbbplGBY7hBM7Ah0towC00IQAGAp7hFd6cR+fFeXc+5q0rTjlzBH/gfP4Asj+P4A==</latexit>

✏
<latexit sha1_base64="Q1q9GUI5N8wOBvQa75fLLkUAh/U=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4CokI6q3gxWMFYwttKJvtpF262cTdjVBC/4QXDype/T3e/Ddu2xy09cHA470ZZuZFmeDaeN63s7K6tr6xWdmqbu/s7u3XDg4fdJorhgFLRaraEdUouMTAcCOwnSmkSSSwFY1upn7rCZXmqbw34wzDhA4kjzmjxkrtLmaai1T2anXP9WYgy8QvSR1KNHu1r24/ZXmC0jBBte74XmbCgirDmcBJtZtrzCgb0QF2LJU0QR0Ws3sn5NQqfRKnypY0ZKb+nihoovU4iWxnQs1QL3pT8T+vk5v4Kiy4zHKDks0XxbkgJiXT50mfK2RGjC2hTHF7K2FDqigzNqKqDcFffHmZBOfutevfXdQbbplGBY7hBM7Ah0towC00IQAGAp7hFd6cR+fFeXc+5q0rTjlzBH/gfP4Asj+P4A==</latexit><latexit sha1_base64="Q1q9GUI5N8wOBvQa75fLLkUAh/U=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4CokI6q3gxWMFYwttKJvtpF262cTdjVBC/4QXDype/T3e/Ddu2xy09cHA470ZZuZFmeDaeN63s7K6tr6xWdmqbu/s7u3XDg4fdJorhgFLRaraEdUouMTAcCOwnSmkSSSwFY1upn7rCZXmqbw34wzDhA4kjzmjxkrtLmaai1T2anXP9WYgy8QvSR1KNHu1r24/ZXmC0jBBte74XmbCgirDmcBJtZtrzCgb0QF2LJU0QR0Ws3sn5NQqfRKnypY0ZKb+nihoovU4iWxnQs1QL3pT8T+vk5v4Kiy4zHKDks0XxbkgJiXT50mfK2RGjC2hTHF7K2FDqigzNqKqDcFffHmZBOfutevfXdQbbplGBY7hBM7Ah0towC00IQAGAp7hFd6cR+fFeXc+5q0rTjlzBH/gfP4Asj+P4A==</latexit><latexit sha1_base64="Q1q9GUI5N8wOBvQa75fLLkUAh/U=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4CokI6q3gxWMFYwttKJvtpF262cTdjVBC/4QXDype/T3e/Ddu2xy09cHA470ZZuZFmeDaeN63s7K6tr6xWdmqbu/s7u3XDg4fdJorhgFLRaraEdUouMTAcCOwnSmkSSSwFY1upn7rCZXmqbw34wzDhA4kjzmjxkrtLmaai1T2anXP9WYgy8QvSR1KNHu1r24/ZXmC0jBBte74XmbCgirDmcBJtZtrzCgb0QF2LJU0QR0Ws3sn5NQqfRKnypY0ZKb+nihoovU4iWxnQs1QL3pT8T+vk5v4Kiy4zHKDks0XxbkgJiXT50mfK2RGjC2hTHF7K2FDqigzNqKqDcFffHmZBOfutevfXdQbbplGBY7hBM7Ah0towC00IQAGAp7hFd6cR+fFeXc+5q0rTjlzBH/gfP4Asj+P4A==</latexit><latexit sha1_base64="Q1q9GUI5N8wOBvQa75fLLkUAh/U=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4CokI6q3gxWMFYwttKJvtpF262cTdjVBC/4QXDype/T3e/Ddu2xy09cHA470ZZuZFmeDaeN63s7K6tr6xWdmqbu/s7u3XDg4fdJorhgFLRaraEdUouMTAcCOwnSmkSSSwFY1upn7rCZXmqbw34wzDhA4kjzmjxkrtLmaai1T2anXP9WYgy8QvSR1KNHu1r24/ZXmC0jBBte74XmbCgirDmcBJtZtrzCgb0QF2LJU0QR0Ws3sn5NQqfRKnypY0ZKb+nihoovU4iWxnQs1QL3pT8T+vk5v4Kiy4zHKDks0XxbkgJiXT50mfK2RGjC2hTHF7K2FDqigzNqKqDcFffHmZBOfutevfXdQbbplGBY7hBM7Ah0towC00IQAGAp7hFd6cR+fFeXc+5q0rTjlzBH/gfP4Asj+P4A==</latexit>

(detector geometry, only for iBDM)

(e,p,n)
NT

<latexit sha1_base64="dWjsAszpn9qPYkRdLUD1gy2+2bw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxJxcYW2lA22027dLMJuxOhlP4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHjybJNOM+S2Si2yE1XArFfRQoeTvVnMah5K1wdDPzW09cG5GoJo5THsR0oEQkGEUrPdz1mr1yxa26c5BV4uWkAjkavfJXt5+wLOYKmaTGdDw3xWBCNQom+bTUzQxPKRvRAe9YqmjMTTCZnzolZ1bpkyjRthSSufp7YkJjY8ZxaDtjikOz7M3E/7xOhlEtmAiVZsgVWyyKMkkwIbO/SV9ozlCOLaFMC3srYUOqKUObTsmG4C2/vEr8i+p11bu/rNRreRpFOIFTOAcPrqAOt9AAHxgM4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gBrio1j</latexit><latexit sha1_base64="dWjsAszpn9qPYkRdLUD1gy2+2bw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxJxcYW2lA22027dLMJuxOhlP4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHjybJNOM+S2Si2yE1XArFfRQoeTvVnMah5K1wdDPzW09cG5GoJo5THsR0oEQkGEUrPdz1mr1yxa26c5BV4uWkAjkavfJXt5+wLOYKmaTGdDw3xWBCNQom+bTUzQxPKRvRAe9YqmjMTTCZnzolZ1bpkyjRthSSufp7YkJjY8ZxaDtjikOz7M3E/7xOhlEtmAiVZsgVWyyKMkkwIbO/SV9ozlCOLaFMC3srYUOqKUObTsmG4C2/vEr8i+p11bu/rNRreRpFOIFTOAcPrqAOt9AAHxgM4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gBrio1j</latexit><latexit sha1_base64="dWjsAszpn9qPYkRdLUD1gy2+2bw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxJxcYW2lA22027dLMJuxOhlP4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHjybJNOM+S2Si2yE1XArFfRQoeTvVnMah5K1wdDPzW09cG5GoJo5THsR0oEQkGEUrPdz1mr1yxa26c5BV4uWkAjkavfJXt5+wLOYKmaTGdDw3xWBCNQom+bTUzQxPKRvRAe9YqmjMTTCZnzolZ1bpkyjRthSSufp7YkJjY8ZxaDtjikOz7M3E/7xOhlEtmAiVZsgVWyyKMkkwIbO/SV9ozlCOLaFMC3srYUOqKUObTsmG4C2/vEr8i+p11bu/rNRreRpFOIFTOAcPrqAOt9AAHxgM4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gBrio1j</latexit><latexit sha1_base64="dWjsAszpn9qPYkRdLUD1gy2+2bw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxJxcYW2lA22027dLMJuxOhlP4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHjybJNOM+S2Si2yE1XArFfRQoeTvVnMah5K1wdDPzW09cG5GoJo5THsR0oEQkGEUrPdz1mr1yxa26c5BV4uWkAjkavfJXt5+wLOYKmaTGdDw3xWBCNQom+bTUzQxPKRvRAe9YqmjMTTCZnzolZ1bpkyjRthSSufp7YkJjY8ZxaDtjikOz7M3E/7xOhlEtmAiVZsgVWyyKMkkwIbO/SV9ozlCOLaFMC3srYUOqKUObTsmG4C2/vEr8i+p11bu/rNRreRpFOIFTOAcPrqAOt9AAHxgM4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gBrio1j</latexit>

NT
<latexit sha1_base64="dWjsAszpn9qPYkRdLUD1gy2+2bw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxJxcYW2lA22027dLMJuxOhlP4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHjybJNOM+S2Si2yE1XArFfRQoeTvVnMah5K1wdDPzW09cG5GoJo5THsR0oEQkGEUrPdz1mr1yxa26c5BV4uWkAjkavfJXt5+wLOYKmaTGdDw3xWBCNQom+bTUzQxPKRvRAe9YqmjMTTCZnzolZ1bpkyjRthSSufp7YkJjY8ZxaDtjikOz7M3E/7xOhlEtmAiVZsgVWyyKMkkwIbO/SV9ozlCOLaFMC3srYUOqKUObTsmG4C2/vEr8i+p11bu/rNRreRpFOIFTOAcPrqAOt9AAHxgM4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gBrio1j</latexit><latexit sha1_base64="dWjsAszpn9qPYkRdLUD1gy2+2bw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxJxcYW2lA22027dLMJuxOhlP4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHjybJNOM+S2Si2yE1XArFfRQoeTvVnMah5K1wdDPzW09cG5GoJo5THsR0oEQkGEUrPdz1mr1yxa26c5BV4uWkAjkavfJXt5+wLOYKmaTGdDw3xWBCNQom+bTUzQxPKRvRAe9YqmjMTTCZnzolZ1bpkyjRthSSufp7YkJjY8ZxaDtjikOz7M3E/7xOhlEtmAiVZsgVWyyKMkkwIbO/SV9ozlCOLaFMC3srYUOqKUObTsmG4C2/vEr8i+p11bu/rNRreRpFOIFTOAcPrqAOt9AAHxgM4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gBrio1j</latexit><latexit sha1_base64="dWjsAszpn9qPYkRdLUD1gy2+2bw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxJxcYW2lA22027dLMJuxOhlP4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHjybJNOM+S2Si2yE1XArFfRQoeTvVnMah5K1wdDPzW09cG5GoJo5THsR0oEQkGEUrPdz1mr1yxa26c5BV4uWkAjkavfJXt5+wLOYKmaTGdDw3xWBCNQom+bTUzQxPKRvRAe9YqmjMTTCZnzolZ1bpkyjRthSSufp7YkJjY8ZxaDtjikOz7M3E/7xOhlEtmAiVZsgVWyyKMkkwIbO/SV9ozlCOLaFMC3srYUOqKUObTsmG4C2/vEr8i+p11bu/rNRreRpFOIFTOAcPrqAOt9AAHxgM4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gBrio1j</latexit><latexit sha1_base64="dWjsAszpn9qPYkRdLUD1gy2+2bw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxJxcYW2lA22027dLMJuxOhlP4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHjybJNOM+S2Si2yE1XArFfRQoeTvVnMah5K1wdDPzW09cG5GoJo5THsR0oEQkGEUrPdz1mr1yxa26c5BV4uWkAjkavfJXt5+wLOYKmaTGdDw3xWBCNQom+bTUzQxPKRvRAe9YqmjMTTCZnzolZ1bpkyjRthSSufp7YkJjY8ZxaDtjikOz7M3E/7xOhlEtmAiVZsgVWyyKMkkwIbO/SV9ozlCOLaFMC3srYUOqKUObTsmG4C2/vEr8i+p11bu/rNRreRpFOIFTOAcPrqAOt9AAHxgM4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gBrio1j</latexit>

Fixed for a given 
experiment



 

Backup: sensitivity
  ✏

<latexit sha1_base64="Q1q9GUI5N8wOBvQa75fLLkUAh/U=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4CokI6q3gxWMFYwttKJvtpF262cTdjVBC/4QXDype/T3e/Ddu2xy09cHA470ZZuZFmeDaeN63s7K6tr6xWdmqbu/s7u3XDg4fdJorhgFLRaraEdUouMTAcCOwnSmkSSSwFY1upn7rCZXmqbw34wzDhA4kjzmjxkrtLmaai1T2anXP9WYgy8QvSR1KNHu1r24/ZXmC0jBBte74XmbCgirDmcBJtZtrzCgb0QF2LJU0QR0Ws3sn5NQqfRKnypY0ZKb+nihoovU4iWxnQs1QL3pT8T+vk5v4Kiy4zHKDks0XxbkgJiXT50mfK2RGjC2hTHF7K2FDqigzNqKqDcFffHmZBOfutevfXdQbbplGBY7hBM7Ah0towC00IQAGAp7hFd6cR+fFeXc+5q0rTjlzBH/gfP4Asj+P4A==</latexit><latexit sha1_base64="Q1q9GUI5N8wOBvQa75fLLkUAh/U=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4CokI6q3gxWMFYwttKJvtpF262cTdjVBC/4QXDype/T3e/Ddu2xy09cHA470ZZuZFmeDaeN63s7K6tr6xWdmqbu/s7u3XDg4fdJorhgFLRaraEdUouMTAcCOwnSmkSSSwFY1upn7rCZXmqbw34wzDhA4kjzmjxkrtLmaai1T2anXP9WYgy8QvSR1KNHu1r24/ZXmC0jBBte74XmbCgirDmcBJtZtrzCgb0QF2LJU0QR0Ws3sn5NQqfRKnypY0ZKb+nihoovU4iWxnQs1QL3pT8T+vk5v4Kiy4zHKDks0XxbkgJiXT50mfK2RGjC2hTHF7K2FDqigzNqKqDcFffHmZBOfutevfXdQbbplGBY7hBM7Ah0towC00IQAGAp7hFd6cR+fFeXc+5q0rTjlzBH/gfP4Asj+P4A==</latexit><latexit sha1_base64="Q1q9GUI5N8wOBvQa75fLLkUAh/U=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4CokI6q3gxWMFYwttKJvtpF262cTdjVBC/4QXDype/T3e/Ddu2xy09cHA470ZZuZFmeDaeN63s7K6tr6xWdmqbu/s7u3XDg4fdJorhgFLRaraEdUouMTAcCOwnSmkSSSwFY1upn7rCZXmqbw34wzDhA4kjzmjxkrtLmaai1T2anXP9WYgy8QvSR1KNHu1r24/ZXmC0jBBte74XmbCgirDmcBJtZtrzCgb0QF2LJU0QR0Ws3sn5NQqfRKnypY0ZKb+nihoovU4iWxnQs1QL3pT8T+vk5v4Kiy4zHKDks0XxbkgJiXT50mfK2RGjC2hTHF7K2FDqigzNqKqDcFffHmZBOfutevfXdQbbplGBY7hBM7Ah0towC00IQAGAp7hFd6cR+fFeXc+5q0rTjlzBH/gfP4Asj+P4A==</latexit><latexit sha1_base64="Q1q9GUI5N8wOBvQa75fLLkUAh/U=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4CokI6q3gxWMFYwttKJvtpF262cTdjVBC/4QXDype/T3e/Ddu2xy09cHA470ZZuZFmeDaeN63s7K6tr6xWdmqbu/s7u3XDg4fdJorhgFLRaraEdUouMTAcCOwnSmkSSSwFY1upn7rCZXmqbw34wzDhA4kjzmjxkrtLmaai1T2anXP9WYgy8QvSR1KNHu1r24/ZXmC0jBBte74XmbCgirDmcBJtZtrzCgb0QF2LJU0QR0Ws3sn5NQqfRKnypY0ZKb+nihoovU4iWxnQs1QL3pT8T+vk5v4Kiy4zHKDks0XxbkgJiXT50mfK2RGjC2hTHF7K2FDqigzNqKqDcFffHmZBOfutevfXdQbbplGBY7hBM7Ah0towC00IQAGAp7hFd6cR+fFeXc+5q0rTjlzBH/gfP4Asj+P4A==</latexit>

✏
<latexit sha1_base64="Q1q9GUI5N8wOBvQa75fLLkUAh/U=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4CokI6q3gxWMFYwttKJvtpF262cTdjVBC/4QXDype/T3e/Ddu2xy09cHA470ZZuZFmeDaeN63s7K6tr6xWdmqbu/s7u3XDg4fdJorhgFLRaraEdUouMTAcCOwnSmkSSSwFY1upn7rCZXmqbw34wzDhA4kjzmjxkrtLmaai1T2anXP9WYgy8QvSR1KNHu1r24/ZXmC0jBBte74XmbCgirDmcBJtZtrzCgb0QF2LJU0QR0Ws3sn5NQqfRKnypY0ZKb+nihoovU4iWxnQs1QL3pT8T+vk5v4Kiy4zHKDks0XxbkgJiXT50mfK2RGjC2hTHF7K2FDqigzNqKqDcFffHmZBOfutevfXdQbbplGBY7hBM7Ah0towC00IQAGAp7hFd6cR+fFeXc+5q0rTjlzBH/gfP4Asj+P4A==</latexit><latexit sha1_base64="Q1q9GUI5N8wOBvQa75fLLkUAh/U=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4CokI6q3gxWMFYwttKJvtpF262cTdjVBC/4QXDype/T3e/Ddu2xy09cHA470ZZuZFmeDaeN63s7K6tr6xWdmqbu/s7u3XDg4fdJorhgFLRaraEdUouMTAcCOwnSmkSSSwFY1upn7rCZXmqbw34wzDhA4kjzmjxkrtLmaai1T2anXP9WYgy8QvSR1KNHu1r24/ZXmC0jBBte74XmbCgirDmcBJtZtrzCgb0QF2LJU0QR0Ws3sn5NQqfRKnypY0ZKb+nihoovU4iWxnQs1QL3pT8T+vk5v4Kiy4zHKDks0XxbkgJiXT50mfK2RGjC2hTHF7K2FDqigzNqKqDcFffHmZBOfutevfXdQbbplGBY7hBM7Ah0towC00IQAGAp7hFd6cR+fFeXc+5q0rTjlzBH/gfP4Asj+P4A==</latexit><latexit sha1_base64="Q1q9GUI5N8wOBvQa75fLLkUAh/U=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4CokI6q3gxWMFYwttKJvtpF262cTdjVBC/4QXDype/T3e/Ddu2xy09cHA470ZZuZFmeDaeN63s7K6tr6xWdmqbu/s7u3XDg4fdJorhgFLRaraEdUouMTAcCOwnSmkSSSwFY1upn7rCZXmqbw34wzDhA4kjzmjxkrtLmaai1T2anXP9WYgy8QvSR1KNHu1r24/ZXmC0jBBte74XmbCgirDmcBJtZtrzCgb0QF2LJU0QR0Ws3sn5NQqfRKnypY0ZKb+nihoovU4iWxnQs1QL3pT8T+vk5v4Kiy4zHKDks0XxbkgJiXT50mfK2RGjC2hTHF7K2FDqigzNqKqDcFffHmZBOfutevfXdQbbplGBY7hBM7Ah0towC00IQAGAp7hFd6cR+fFeXc+5q0rTjlzBH/gfP4Asj+P4A==</latexit><latexit sha1_base64="Q1q9GUI5N8wOBvQa75fLLkUAh/U=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4CokI6q3gxWMFYwttKJvtpF262cTdjVBC/4QXDype/T3e/Ddu2xy09cHA470ZZuZFmeDaeN63s7K6tr6xWdmqbu/s7u3XDg4fdJorhgFLRaraEdUouMTAcCOwnSmkSSSwFY1upn7rCZXmqbw34wzDhA4kjzmjxkrtLmaai1T2anXP9WYgy8QvSR1KNHu1r24/ZXmC0jBBte74XmbCgirDmcBJtZtrzCgb0QF2LJU0QR0Ws3sn5NQqfRKnypY0ZKb+nihoovU4iWxnQs1QL3pT8T+vk5v4Kiy4zHKDks0XxbkgJiXT50mfK2RGjC2hTHF7K2FDqigzNqKqDcFffHmZBOfutevfXdQbbplGBY7hBM7Ah0towC00IQAGAp7hFd6cR+fFeXc+5q0rTjlzBH/gfP4Asj+P4A==</latexit>

(detector geometry, only for iBDM)

Both primary and secondary inside the fiducial volume

• Function of decay length of 𝜒2 (event generation assuming 
cumulatively isotopic flux of 𝜒1) 

• Conservatively, we calculate the maximum mean decay length 
in the laboratory frame for each parameter set 

(e,p,n)
NT

<latexit sha1_base64="dWjsAszpn9qPYkRdLUD1gy2+2bw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxJxcYW2lA22027dLMJuxOhlP4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHjybJNOM+S2Si2yE1XArFfRQoeTvVnMah5K1wdDPzW09cG5GoJo5THsR0oEQkGEUrPdz1mr1yxa26c5BV4uWkAjkavfJXt5+wLOYKmaTGdDw3xWBCNQom+bTUzQxPKRvRAe9YqmjMTTCZnzolZ1bpkyjRthSSufp7YkJjY8ZxaDtjikOz7M3E/7xOhlEtmAiVZsgVWyyKMkkwIbO/SV9ozlCOLaFMC3srYUOqKUObTsmG4C2/vEr8i+p11bu/rNRreRpFOIFTOAcPrqAOt9AAHxgM4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gBrio1j</latexit><latexit sha1_base64="dWjsAszpn9qPYkRdLUD1gy2+2bw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxJxcYW2lA22027dLMJuxOhlP4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHjybJNOM+S2Si2yE1XArFfRQoeTvVnMah5K1wdDPzW09cG5GoJo5THsR0oEQkGEUrPdz1mr1yxa26c5BV4uWkAjkavfJXt5+wLOYKmaTGdDw3xWBCNQom+bTUzQxPKRvRAe9YqmjMTTCZnzolZ1bpkyjRthSSufp7YkJjY8ZxaDtjikOz7M3E/7xOhlEtmAiVZsgVWyyKMkkwIbO/SV9ozlCOLaFMC3srYUOqKUObTsmG4C2/vEr8i+p11bu/rNRreRpFOIFTOAcPrqAOt9AAHxgM4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gBrio1j</latexit><latexit sha1_base64="dWjsAszpn9qPYkRdLUD1gy2+2bw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxJxcYW2lA22027dLMJuxOhlP4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHjybJNOM+S2Si2yE1XArFfRQoeTvVnMah5K1wdDPzW09cG5GoJo5THsR0oEQkGEUrPdz1mr1yxa26c5BV4uWkAjkavfJXt5+wLOYKmaTGdDw3xWBCNQom+bTUzQxPKRvRAe9YqmjMTTCZnzolZ1bpkyjRthSSufp7YkJjY8ZxaDtjikOz7M3E/7xOhlEtmAiVZsgVWyyKMkkwIbO/SV9ozlCOLaFMC3srYUOqKUObTsmG4C2/vEr8i+p11bu/rNRreRpFOIFTOAcPrqAOt9AAHxgM4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gBrio1j</latexit><latexit sha1_base64="dWjsAszpn9qPYkRdLUD1gy2+2bw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxJxcYW2lA22027dLMJuxOhlP4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHjybJNOM+S2Si2yE1XArFfRQoeTvVnMah5K1wdDPzW09cG5GoJo5THsR0oEQkGEUrPdz1mr1yxa26c5BV4uWkAjkavfJXt5+wLOYKmaTGdDw3xWBCNQom+bTUzQxPKRvRAe9YqmjMTTCZnzolZ1bpkyjRthSSufp7YkJjY8ZxaDtjikOz7M3E/7xOhlEtmAiVZsgVWyyKMkkwIbO/SV9ozlCOLaFMC3srYUOqKUObTsmG4C2/vEr8i+p11bu/rNRreRpFOIFTOAcPrqAOt9AAHxgM4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gBrio1j</latexit>

NT
<latexit sha1_base64="dWjsAszpn9qPYkRdLUD1gy2+2bw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxJxcYW2lA22027dLMJuxOhlP4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHjybJNOM+S2Si2yE1XArFfRQoeTvVnMah5K1wdDPzW09cG5GoJo5THsR0oEQkGEUrPdz1mr1yxa26c5BV4uWkAjkavfJXt5+wLOYKmaTGdDw3xWBCNQom+bTUzQxPKRvRAe9YqmjMTTCZnzolZ1bpkyjRthSSufp7YkJjY8ZxaDtjikOz7M3E/7xOhlEtmAiVZsgVWyyKMkkwIbO/SV9ozlCOLaFMC3srYUOqKUObTsmG4C2/vEr8i+p11bu/rNRreRpFOIFTOAcPrqAOt9AAHxgM4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gBrio1j</latexit><latexit sha1_base64="dWjsAszpn9qPYkRdLUD1gy2+2bw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxJxcYW2lA22027dLMJuxOhlP4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHjybJNOM+S2Si2yE1XArFfRQoeTvVnMah5K1wdDPzW09cG5GoJo5THsR0oEQkGEUrPdz1mr1yxa26c5BV4uWkAjkavfJXt5+wLOYKmaTGdDw3xWBCNQom+bTUzQxPKRvRAe9YqmjMTTCZnzolZ1bpkyjRthSSufp7YkJjY8ZxaDtjikOz7M3E/7xOhlEtmAiVZsgVWyyKMkkwIbO/SV9ozlCOLaFMC3srYUOqKUObTsmG4C2/vEr8i+p11bu/rNRreRpFOIFTOAcPrqAOt9AAHxgM4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gBrio1j</latexit><latexit sha1_base64="dWjsAszpn9qPYkRdLUD1gy2+2bw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxJxcYW2lA22027dLMJuxOhlP4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHjybJNOM+S2Si2yE1XArFfRQoeTvVnMah5K1wdDPzW09cG5GoJo5THsR0oEQkGEUrPdz1mr1yxa26c5BV4uWkAjkavfJXt5+wLOYKmaTGdDw3xWBCNQom+bTUzQxPKRvRAe9YqmjMTTCZnzolZ1bpkyjRthSSufp7YkJjY8ZxaDtjikOz7M3E/7xOhlEtmAiVZsgVWyyKMkkwIbO/SV9ozlCOLaFMC3srYUOqKUObTsmG4C2/vEr8i+p11bu/rNRreRpFOIFTOAcPrqAOt9AAHxgM4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gBrio1j</latexit><latexit sha1_base64="dWjsAszpn9qPYkRdLUD1gy2+2bw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxJxcYW2lA22027dLMJuxOhlP4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHjybJNOM+S2Si2yE1XArFfRQoeTvVnMah5K1wdDPzW09cG5GoJo5THsR0oEQkGEUrPdz1mr1yxa26c5BV4uWkAjkavfJXt5+wLOYKmaTGdDw3xWBCNQom+bTUzQxPKRvRAe9YqmjMTTCZnzolZ1bpkyjRthSSufp7YkJjY8ZxaDtjikOz7M3E/7xOhlEtmAiVZsgVWyyKMkkwIbO/SV9ozlCOLaFMC3srYUOqKUObTsmG4C2/vEr8i+p11bu/rNRreRpFOIFTOAcPrqAOt9AAHxgM4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gBrio1j</latexit>

Fixed for a given 
experiment



 

Backup: sensitivity
 

with signal efficiency

𝜎fid or 𝜎vis

✏
<latexit sha1_base64="Q1q9GUI5N8wOBvQa75fLLkUAh/U=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4CokI6q3gxWMFYwttKJvtpF262cTdjVBC/4QXDype/T3e/Ddu2xy09cHA470ZZuZFmeDaeN63s7K6tr6xWdmqbu/s7u3XDg4fdJorhgFLRaraEdUouMTAcCOwnSmkSSSwFY1upn7rCZXmqbw34wzDhA4kjzmjxkrtLmaai1T2anXP9WYgy8QvSR1KNHu1r24/ZXmC0jBBte74XmbCgirDmcBJtZtrzCgb0QF2LJU0QR0Ws3sn5NQqfRKnypY0ZKb+nihoovU4iWxnQs1QL3pT8T+vk5v4Kiy4zHKDks0XxbkgJiXT50mfK2RGjC2hTHF7K2FDqigzNqKqDcFffHmZBOfutevfXdQbbplGBY7hBM7Ah0towC00IQAGAp7hFd6cR+fFeXc+5q0rTjlzBH/gfP4Asj+P4A==</latexit><latexit sha1_base64="Q1q9GUI5N8wOBvQa75fLLkUAh/U=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4CokI6q3gxWMFYwttKJvtpF262cTdjVBC/4QXDype/T3e/Ddu2xy09cHA470ZZuZFmeDaeN63s7K6tr6xWdmqbu/s7u3XDg4fdJorhgFLRaraEdUouMTAcCOwnSmkSSSwFY1upn7rCZXmqbw34wzDhA4kjzmjxkrtLmaai1T2anXP9WYgy8QvSR1KNHu1r24/ZXmC0jBBte74XmbCgirDmcBJtZtrzCgb0QF2LJU0QR0Ws3sn5NQqfRKnypY0ZKb+nihoovU4iWxnQs1QL3pT8T+vk5v4Kiy4zHKDks0XxbkgJiXT50mfK2RGjC2hTHF7K2FDqigzNqKqDcFffHmZBOfutevfXdQbbplGBY7hBM7Ah0towC00IQAGAp7hFd6cR+fFeXc+5q0rTjlzBH/gfP4Asj+P4A==</latexit><latexit sha1_base64="Q1q9GUI5N8wOBvQa75fLLkUAh/U=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4CokI6q3gxWMFYwttKJvtpF262cTdjVBC/4QXDype/T3e/Ddu2xy09cHA470ZZuZFmeDaeN63s7K6tr6xWdmqbu/s7u3XDg4fdJorhgFLRaraEdUouMTAcCOwnSmkSSSwFY1upn7rCZXmqbw34wzDhA4kjzmjxkrtLmaai1T2anXP9WYgy8QvSR1KNHu1r24/ZXmC0jBBte74XmbCgirDmcBJtZtrzCgb0QF2LJU0QR0Ws3sn5NQqfRKnypY0ZKb+nihoovU4iWxnQs1QL3pT8T+vk5v4Kiy4zHKDks0XxbkgJiXT50mfK2RGjC2hTHF7K2FDqigzNqKqDcFffHmZBOfutevfXdQbbplGBY7hBM7Ah0towC00IQAGAp7hFd6cR+fFeXc+5q0rTjlzBH/gfP4Asj+P4A==</latexit><latexit sha1_base64="Q1q9GUI5N8wOBvQa75fLLkUAh/U=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4CokI6q3gxWMFYwttKJvtpF262cTdjVBC/4QXDype/T3e/Ddu2xy09cHA470ZZuZFmeDaeN63s7K6tr6xWdmqbu/s7u3XDg4fdJorhgFLRaraEdUouMTAcCOwnSmkSSSwFY1upn7rCZXmqbw34wzDhA4kjzmjxkrtLmaai1T2anXP9WYgy8QvSR1KNHu1r24/ZXmC0jBBte74XmbCgirDmcBJtZtrzCgb0QF2LJU0QR0Ws3sn5NQqfRKnypY0ZKb+nihoovU4iWxnQs1QL3pT8T+vk5v4Kiy4zHKDks0XxbkgJiXT50mfK2RGjC2hTHF7K2FDqigzNqKqDcFffHmZBOfutevfXdQbbplGBY7hBM7Ah0towC00IQAGAp7hFd6cR+fFeXc+5q0rTjlzBH/gfP4Asj+P4A==</latexit>

✏
<latexit sha1_base64="Q1q9GUI5N8wOBvQa75fLLkUAh/U=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4CokI6q3gxWMFYwttKJvtpF262cTdjVBC/4QXDype/T3e/Ddu2xy09cHA470ZZuZFmeDaeN63s7K6tr6xWdmqbu/s7u3XDg4fdJorhgFLRaraEdUouMTAcCOwnSmkSSSwFY1upn7rCZXmqbw34wzDhA4kjzmjxkrtLmaai1T2anXP9WYgy8QvSR1KNHu1r24/ZXmC0jBBte74XmbCgirDmcBJtZtrzCgb0QF2LJU0QR0Ws3sn5NQqfRKnypY0ZKb+nihoovU4iWxnQs1QL3pT8T+vk5v4Kiy4zHKDks0XxbkgJiXT50mfK2RGjC2hTHF7K2FDqigzNqKqDcFffHmZBOfutevfXdQbbplGBY7hBM7Ah0towC00IQAGAp7hFd6cR+fFeXc+5q0rTjlzBH/gfP4Asj+P4A==</latexit><latexit sha1_base64="Q1q9GUI5N8wOBvQa75fLLkUAh/U=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4CokI6q3gxWMFYwttKJvtpF262cTdjVBC/4QXDype/T3e/Ddu2xy09cHA470ZZuZFmeDaeN63s7K6tr6xWdmqbu/s7u3XDg4fdJorhgFLRaraEdUouMTAcCOwnSmkSSSwFY1upn7rCZXmqbw34wzDhA4kjzmjxkrtLmaai1T2anXP9WYgy8QvSR1KNHu1r24/ZXmC0jBBte74XmbCgirDmcBJtZtrzCgb0QF2LJU0QR0Ws3sn5NQqfRKnypY0ZKb+nihoovU4iWxnQs1QL3pT8T+vk5v4Kiy4zHKDks0XxbkgJiXT50mfK2RGjC2hTHF7K2FDqigzNqKqDcFffHmZBOfutevfXdQbbplGBY7hBM7Ah0towC00IQAGAp7hFd6cR+fFeXc+5q0rTjlzBH/gfP4Asj+P4A==</latexit><latexit sha1_base64="Q1q9GUI5N8wOBvQa75fLLkUAh/U=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4CokI6q3gxWMFYwttKJvtpF262cTdjVBC/4QXDype/T3e/Ddu2xy09cHA470ZZuZFmeDaeN63s7K6tr6xWdmqbu/s7u3XDg4fdJorhgFLRaraEdUouMTAcCOwnSmkSSSwFY1upn7rCZXmqbw34wzDhA4kjzmjxkrtLmaai1T2anXP9WYgy8QvSR1KNHu1r24/ZXmC0jBBte74XmbCgirDmcBJtZtrzCgb0QF2LJU0QR0Ws3sn5NQqfRKnypY0ZKb+nihoovU4iWxnQs1QL3pT8T+vk5v4Kiy4zHKDks0XxbkgJiXT50mfK2RGjC2hTHF7K2FDqigzNqKqDcFffHmZBOfutevfXdQbbplGBY7hBM7Ah0towC00IQAGAp7hFd6cR+fFeXc+5q0rTjlzBH/gfP4Asj+P4A==</latexit><latexit sha1_base64="Q1q9GUI5N8wOBvQa75fLLkUAh/U=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4CokI6q3gxWMFYwttKJvtpF262cTdjVBC/4QXDype/T3e/Ddu2xy09cHA470ZZuZFmeDaeN63s7K6tr6xWdmqbu/s7u3XDg4fdJorhgFLRaraEdUouMTAcCOwnSmkSSSwFY1upn7rCZXmqbw34wzDhA4kjzmjxkrtLmaai1T2anXP9WYgy8QvSR1KNHu1r24/ZXmC0jBBte74XmbCgirDmcBJtZtrzCgb0QF2LJU0QR0Ws3sn5NQqfRKnypY0ZKb+nihoovU4iWxnQs1QL3pT8T+vk5v4Kiy4zHKDks0XxbkgJiXT50mfK2RGjC2hTHF7K2FDqigzNqKqDcFffHmZBOfutevfXdQbbplGBY7hBM7Ah0towC00IQAGAp7hFd6cR+fFeXc+5q0rTjlzBH/gfP4Asj+P4A==</latexit>

(detector geometry, only for iBDM)

Both primary and secondary inside the fiducial volume

• Function of decay length of 𝜒2 (event generation assuming 
cumulatively isotopic flux of 𝜒1) 

• Conservatively, we calculate the maximum mean decay length 
in the laboratory frame for each parameter set 

(e,p,n)
NT

<latexit sha1_base64="dWjsAszpn9qPYkRdLUD1gy2+2bw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxJxcYW2lA22027dLMJuxOhlP4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHjybJNOM+S2Si2yE1XArFfRQoeTvVnMah5K1wdDPzW09cG5GoJo5THsR0oEQkGEUrPdz1mr1yxa26c5BV4uWkAjkavfJXt5+wLOYKmaTGdDw3xWBCNQom+bTUzQxPKRvRAe9YqmjMTTCZnzolZ1bpkyjRthSSufp7YkJjY8ZxaDtjikOz7M3E/7xOhlEtmAiVZsgVWyyKMkkwIbO/SV9ozlCOLaFMC3srYUOqKUObTsmG4C2/vEr8i+p11bu/rNRreRpFOIFTOAcPrqAOt9AAHxgM4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gBrio1j</latexit><latexit sha1_base64="dWjsAszpn9qPYkRdLUD1gy2+2bw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxJxcYW2lA22027dLMJuxOhlP4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHjybJNOM+S2Si2yE1XArFfRQoeTvVnMah5K1wdDPzW09cG5GoJo5THsR0oEQkGEUrPdz1mr1yxa26c5BV4uWkAjkavfJXt5+wLOYKmaTGdDw3xWBCNQom+bTUzQxPKRvRAe9YqmjMTTCZnzolZ1bpkyjRthSSufp7YkJjY8ZxaDtjikOz7M3E/7xOhlEtmAiVZsgVWyyKMkkwIbO/SV9ozlCOLaFMC3srYUOqKUObTsmG4C2/vEr8i+p11bu/rNRreRpFOIFTOAcPrqAOt9AAHxgM4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gBrio1j</latexit><latexit sha1_base64="dWjsAszpn9qPYkRdLUD1gy2+2bw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxJxcYW2lA22027dLMJuxOhlP4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHjybJNOM+S2Si2yE1XArFfRQoeTvVnMah5K1wdDPzW09cG5GoJo5THsR0oEQkGEUrPdz1mr1yxa26c5BV4uWkAjkavfJXt5+wLOYKmaTGdDw3xWBCNQom+bTUzQxPKRvRAe9YqmjMTTCZnzolZ1bpkyjRthSSufp7YkJjY8ZxaDtjikOz7M3E/7xOhlEtmAiVZsgVWyyKMkkwIbO/SV9ozlCOLaFMC3srYUOqKUObTsmG4C2/vEr8i+p11bu/rNRreRpFOIFTOAcPrqAOt9AAHxgM4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gBrio1j</latexit><latexit sha1_base64="dWjsAszpn9qPYkRdLUD1gy2+2bw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxJxcYW2lA22027dLMJuxOhlP4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHjybJNOM+S2Si2yE1XArFfRQoeTvVnMah5K1wdDPzW09cG5GoJo5THsR0oEQkGEUrPdz1mr1yxa26c5BV4uWkAjkavfJXt5+wLOYKmaTGdDw3xWBCNQom+bTUzQxPKRvRAe9YqmjMTTCZnzolZ1bpkyjRthSSufp7YkJjY8ZxaDtjikOz7M3E/7xOhlEtmAiVZsgVWyyKMkkwIbO/SV9ozlCOLaFMC3srYUOqKUObTsmG4C2/vEr8i+p11bu/rNRreRpFOIFTOAcPrqAOt9AAHxgM4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gBrio1j</latexit>

NT
<latexit sha1_base64="dWjsAszpn9qPYkRdLUD1gy2+2bw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxJxcYW2lA22027dLMJuxOhlP4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHjybJNOM+S2Si2yE1XArFfRQoeTvVnMah5K1wdDPzW09cG5GoJo5THsR0oEQkGEUrPdz1mr1yxa26c5BV4uWkAjkavfJXt5+wLOYKmaTGdDw3xWBCNQom+bTUzQxPKRvRAe9YqmjMTTCZnzolZ1bpkyjRthSSufp7YkJjY8ZxaDtjikOz7M3E/7xOhlEtmAiVZsgVWyyKMkkwIbO/SV9ozlCOLaFMC3srYUOqKUObTsmG4C2/vEr8i+p11bu/rNRreRpFOIFTOAcPrqAOt9AAHxgM4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gBrio1j</latexit><latexit sha1_base64="dWjsAszpn9qPYkRdLUD1gy2+2bw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxJxcYW2lA22027dLMJuxOhlP4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHjybJNOM+S2Si2yE1XArFfRQoeTvVnMah5K1wdDPzW09cG5GoJo5THsR0oEQkGEUrPdz1mr1yxa26c5BV4uWkAjkavfJXt5+wLOYKmaTGdDw3xWBCNQom+bTUzQxPKRvRAe9YqmjMTTCZnzolZ1bpkyjRthSSufp7YkJjY8ZxaDtjikOz7M3E/7xOhlEtmAiVZsgVWyyKMkkwIbO/SV9ozlCOLaFMC3srYUOqKUObTsmG4C2/vEr8i+p11bu/rNRreRpFOIFTOAcPrqAOt9AAHxgM4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gBrio1j</latexit><latexit sha1_base64="dWjsAszpn9qPYkRdLUD1gy2+2bw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxJxcYW2lA22027dLMJuxOhlP4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHjybJNOM+S2Si2yE1XArFfRQoeTvVnMah5K1wdDPzW09cG5GoJo5THsR0oEQkGEUrPdz1mr1yxa26c5BV4uWkAjkavfJXt5+wLOYKmaTGdDw3xWBCNQom+bTUzQxPKRvRAe9YqmjMTTCZnzolZ1bpkyjRthSSufp7YkJjY8ZxaDtjikOz7M3E/7xOhlEtmAiVZsgVWyyKMkkwIbO/SV9ozlCOLaFMC3srYUOqKUObTsmG4C2/vEr8i+p11bu/rNRreRpFOIFTOAcPrqAOt9AAHxgM4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gBrio1j</latexit><latexit sha1_base64="dWjsAszpn9qPYkRdLUD1gy2+2bw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxJxcYW2lA22027dLMJuxOhlP4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHjybJNOM+S2Si2yE1XArFfRQoeTvVnMah5K1wdDPzW09cG5GoJo5THsR0oEQkGEUrPdz1mr1yxa26c5BV4uWkAjkavfJXt5+wLOYKmaTGdDw3xWBCNQom+bTUzQxPKRvRAe9YqmjMTTCZnzolZ1bpkyjRthSSufp7YkJjY8ZxaDtjikOz7M3E/7xOhlEtmAiVZsgVWyyKMkkwIbO/SV9ozlCOLaFMC3srYUOqKUObTsmG4C2/vEr8i+p11bu/rNRreRpFOIFTOAcPrqAOt9AAHxgM4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gBrio1j</latexit>

Fixed for a given 
experiment



p

Fiducial volume

• Other subdominant  
bkg. negligible

• Zero-bkg. is easily 
achievable

e.g., primary: e-scattering, secondary e+ e-

e�/e+
<latexit sha1_base64="w/gQO/6KKqTnjDRgw/J9X8XScG8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIsgiDUR8eNW8OKxgrGFNi2b7aRdutmE3Y1QQn+EFw8qXv0/3vw3btsctPXBwOO9GWbmBQlnSjvOt1VYWl5ZXSuulzY2t7Z3yrt7jypOJUWPxjyWzYAo5Eygp5nm2Ewkkijg2AiGtxO/8YRSsVg86FGCfkT6goWMEm2kBnZOz7Bz0i1XnKozhb1I3JxUIEe9W/5q92KaRig05USplusk2s+I1IxyHJfaqcKE0CHpY8tQQSJUfjY9d2wfGaVnh7E0JbQ9VX9PZCRSahQFpjMieqDmvYn4n9dKdXjtZ0wkqUZBZ4vClNs6tie/2z0mkWo+MoRQycytNh0QSag2CZVMCO78y4vEO6/eVN37i0rtMk+jCAdwCMfgwhXU4A7q4AGFITzDK7xZifVivVsfs9aClc/swx9Ynz+ZfI6V</latexit><latexit sha1_base64="w/gQO/6KKqTnjDRgw/J9X8XScG8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIsgiDUR8eNW8OKxgrGFNi2b7aRdutmE3Y1QQn+EFw8qXv0/3vw3btsctPXBwOO9GWbmBQlnSjvOt1VYWl5ZXSuulzY2t7Z3yrt7jypOJUWPxjyWzYAo5Eygp5nm2Ewkkijg2AiGtxO/8YRSsVg86FGCfkT6goWMEm2kBnZOz7Bz0i1XnKozhb1I3JxUIEe9W/5q92KaRig05USplusk2s+I1IxyHJfaqcKE0CHpY8tQQSJUfjY9d2wfGaVnh7E0JbQ9VX9PZCRSahQFpjMieqDmvYn4n9dKdXjtZ0wkqUZBZ4vClNs6tie/2z0mkWo+MoRQycytNh0QSag2CZVMCO78y4vEO6/eVN37i0rtMk+jCAdwCMfgwhXU4A7q4AGFITzDK7xZifVivVsfs9aClc/swx9Ynz+ZfI6V</latexit><latexit sha1_base64="w/gQO/6KKqTnjDRgw/J9X8XScG8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIsgiDUR8eNW8OKxgrGFNi2b7aRdutmE3Y1QQn+EFw8qXv0/3vw3btsctPXBwOO9GWbmBQlnSjvOt1VYWl5ZXSuulzY2t7Z3yrt7jypOJUWPxjyWzYAo5Eygp5nm2Ewkkijg2AiGtxO/8YRSsVg86FGCfkT6goWMEm2kBnZOz7Bz0i1XnKozhb1I3JxUIEe9W/5q92KaRig05USplusk2s+I1IxyHJfaqcKE0CHpY8tQQSJUfjY9d2wfGaVnh7E0JbQ9VX9PZCRSahQFpjMieqDmvYn4n9dKdXjtZ0wkqUZBZ4vClNs6tie/2z0mkWo+MoRQycytNh0QSag2CZVMCO78y4vEO6/eVN37i0rtMk+jCAdwCMfgwhXU4A7q4AGFITzDK7xZifVivVsfs9aClc/swx9Ynz+ZfI6V</latexit><latexit sha1_base64="w/gQO/6KKqTnjDRgw/J9X8XScG8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIsgiDUR8eNW8OKxgrGFNi2b7aRdutmE3Y1QQn+EFw8qXv0/3vw3btsctPXBwOO9GWbmBQlnSjvOt1VYWl5ZXSuulzY2t7Z3yrt7jypOJUWPxjyWzYAo5Eygp5nm2Ewkkijg2AiGtxO/8YRSsVg86FGCfkT6goWMEm2kBnZOz7Bz0i1XnKozhb1I3JxUIEe9W/5q92KaRig05USplusk2s+I1IxyHJfaqcKE0CHpY8tQQSJUfjY9d2wfGaVnh7E0JbQ9VX9PZCRSahQFpjMieqDmvYn4n9dKdXjtZ0wkqUZBZ4vClNs6tie/2z0mkWo+MoRQycytNh0QSag2CZVMCO78y4vEO6/eVN37i0rtMk+jCAdwCMfgwhXU4A7q4AGFITzDK7xZifVivVsfs9aClc/swx9Ynz+ZfI6V</latexit>

⌫e/⌫̄e
<latexit sha1_base64="5+jVDo93K4dbBsYrs0zqwdGOlKk=">AAAB+nicbVDLSsNAFJ3UV62vWJduBovgqiYiPnYFNy4rGFtoQphMb9qhk0mYmYgl9FfcuFBx65e482+ctllo64ELZ865l7n3RBlnSjvOt1VZWV1b36hu1ra2d3b37P36g0pzScGjKU9lNyIKOBPgaaY5dDMJJIk4dKLRzdTvPIJULBX3epxBkJCBYDGjRBsptOu+yEPAp9iPiMSzR2g3nKYzA14mbkkaqEQ7tL/8fkrzBISmnCjVc51MBwWRmlEOk5qfK8gIHZEB9AwVJAEVFLPdJ/jYKH0cp9KU0Him/p4oSKLUOIlMZ0L0UC16U/E/r5fr+CoomMhyDYLOP4pzjnWKp0HgPpNANR8bQqhkZldMh0QSqk1cNROCu3jyMvHOmtdN9+680boo06iiQ3SETpCLLlEL3aI28hBFT+gZvaI3a2K9WO/Wx7y1YpUzB+gPrM8fBwiTTQ==</latexit><latexit sha1_base64="5+jVDo93K4dbBsYrs0zqwdGOlKk=">AAAB+nicbVDLSsNAFJ3UV62vWJduBovgqiYiPnYFNy4rGFtoQphMb9qhk0mYmYgl9FfcuFBx65e482+ctllo64ELZ865l7n3RBlnSjvOt1VZWV1b36hu1ra2d3b37P36g0pzScGjKU9lNyIKOBPgaaY5dDMJJIk4dKLRzdTvPIJULBX3epxBkJCBYDGjRBsptOu+yEPAp9iPiMSzR2g3nKYzA14mbkkaqEQ7tL/8fkrzBISmnCjVc51MBwWRmlEOk5qfK8gIHZEB9AwVJAEVFLPdJ/jYKH0cp9KU0Him/p4oSKLUOIlMZ0L0UC16U/E/r5fr+CoomMhyDYLOP4pzjnWKp0HgPpNANR8bQqhkZldMh0QSqk1cNROCu3jyMvHOmtdN9+680boo06iiQ3SETpCLLlEL3aI28hBFT+gZvaI3a2K9WO/Wx7y1YpUzB+gPrM8fBwiTTQ==</latexit><latexit sha1_base64="5+jVDo93K4dbBsYrs0zqwdGOlKk=">AAAB+nicbVDLSsNAFJ3UV62vWJduBovgqiYiPnYFNy4rGFtoQphMb9qhk0mYmYgl9FfcuFBx65e482+ctllo64ELZ865l7n3RBlnSjvOt1VZWV1b36hu1ra2d3b37P36g0pzScGjKU9lNyIKOBPgaaY5dDMJJIk4dKLRzdTvPIJULBX3epxBkJCBYDGjRBsptOu+yEPAp9iPiMSzR2g3nKYzA14mbkkaqEQ7tL/8fkrzBISmnCjVc51MBwWRmlEOk5qfK8gIHZEB9AwVJAEVFLPdJ/jYKH0cp9KU0Him/p4oSKLUOIlMZ0L0UC16U/E/r5fr+CoomMhyDYLOP4pzjnWKp0HgPpNANR8bQqhkZldMh0QSqk1cNROCu3jyMvHOmtdN9+680boo06iiQ3SETpCLLlEL3aI28hBFT+gZvaI3a2K9WO/Wx7y1YpUzB+gPrM8fBwiTTQ==</latexit><latexit sha1_base64="5+jVDo93K4dbBsYrs0zqwdGOlKk=">AAAB+nicbVDLSsNAFJ3UV62vWJduBovgqiYiPnYFNy4rGFtoQphMb9qhk0mYmYgl9FfcuFBx65e482+ctllo64ELZ865l7n3RBlnSjvOt1VZWV1b36hu1ra2d3b37P36g0pzScGjKU9lNyIKOBPgaaY5dDMJJIk4dKLRzdTvPIJULBX3epxBkJCBYDGjRBsptOu+yEPAp9iPiMSzR2g3nKYzA14mbkkaqEQ7tL/8fkrzBISmnCjVc51MBwWRmlEOk5qfK8gIHZEB9AwVJAEVFLPdJ/jYKH0cp9KU0Him/p4oSKLUOIlMZ0L0UC16U/E/r5fr+CoomMhyDYLOP4pzjnWKp0HgPpNANR8bQqhkZldMh0QSqk1cNROCu3jyMvHOmtdN9+680boo06iiQ3SETpCLLlEL3aI28hBFT+gZvaI3a2K9WO/Wx7y1YpUzB+gPrM8fBwiTTQ==</latexit>

⇡+
<latexit sha1_base64="ZmSPIeCsbAYORwTRhiRnLL8G2Ds=">AAAB63icbVBNS8NAEJ34WetX1aOXxSIIQklE/LgVvHisYGyhjWWznbRLN5uwuxFK6G/w4kHFq3/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dpaWV1bX1ksb5c2t7Z3dyt7+g04yxdBniUhUK6QaBZfoG24EtlKFNA4FNsPhzcRvPqHSPJH3ZpRiENO+5BFn1FjJ76T88bRbqbo1dwqySLyCVKFAo1v56vQSlsUoDRNU67bnpibIqTKcCRyXO5nGlLIh7WPbUklj1EE+PXZMjq3SI1GibElDpurviZzGWo/i0HbG1Az0vDcR//PamYmugpzLNDMo2WxRlAliEjL5nPS4QmbEyBLKFLe3EjagijJj8ynbELz5lxeJf1a7rnl359X6RZFGCQ7hCE7Ag0uowy00wAcGHJ7hFd4c6bw4787HrHXJKWYO4A+czx/Ve44y</latexit><latexit sha1_base64="ZmSPIeCsbAYORwTRhiRnLL8G2Ds=">AAAB63icbVBNS8NAEJ34WetX1aOXxSIIQklE/LgVvHisYGyhjWWznbRLN5uwuxFK6G/w4kHFq3/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dpaWV1bX1ksb5c2t7Z3dyt7+g04yxdBniUhUK6QaBZfoG24EtlKFNA4FNsPhzcRvPqHSPJH3ZpRiENO+5BFn1FjJ76T88bRbqbo1dwqySLyCVKFAo1v56vQSlsUoDRNU67bnpibIqTKcCRyXO5nGlLIh7WPbUklj1EE+PXZMjq3SI1GibElDpurviZzGWo/i0HbG1Az0vDcR//PamYmugpzLNDMo2WxRlAliEjL5nPS4QmbEyBLKFLe3EjagijJj8ynbELz5lxeJf1a7rnl359X6RZFGCQ7hCE7Ag0uowy00wAcGHJ7hFd4c6bw4787HrHXJKWYO4A+czx/Ve44y</latexit><latexit sha1_base64="ZmSPIeCsbAYORwTRhiRnLL8G2Ds=">AAAB63icbVBNS8NAEJ34WetX1aOXxSIIQklE/LgVvHisYGyhjWWznbRLN5uwuxFK6G/w4kHFq3/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dpaWV1bX1ksb5c2t7Z3dyt7+g04yxdBniUhUK6QaBZfoG24EtlKFNA4FNsPhzcRvPqHSPJH3ZpRiENO+5BFn1FjJ76T88bRbqbo1dwqySLyCVKFAo1v56vQSlsUoDRNU67bnpibIqTKcCRyXO5nGlLIh7WPbUklj1EE+PXZMjq3SI1GibElDpurviZzGWo/i0HbG1Az0vDcR//PamYmugpzLNDMo2WxRlAliEjL5nPS4QmbEyBLKFLe3EjagijJj8ynbELz5lxeJf1a7rnl359X6RZFGCQ7hCE7Ag0uowy00wAcGHJ7hFd4c6bw4787HrHXJKWYO4A+czx/Ve44y</latexit><latexit sha1_base64="ZmSPIeCsbAYORwTRhiRnLL8G2Ds=">AAAB63icbVBNS8NAEJ34WetX1aOXxSIIQklE/LgVvHisYGyhjWWznbRLN5uwuxFK6G/w4kHFq3/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dpaWV1bX1ksb5c2t7Z3dyt7+g04yxdBniUhUK6QaBZfoG24EtlKFNA4FNsPhzcRvPqHSPJH3ZpRiENO+5BFn1FjJ76T88bRbqbo1dwqySLyCVKFAo1v56vQSlsUoDRNU67bnpibIqTKcCRyXO5nGlLIh7WPbUklj1EE+PXZMjq3SI1GibElDpurviZzGWo/i0HbG1Az0vDcR//PamYmugpzLNDMo2WxRlAliEjL5nPS4QmbEyBLKFLe3EjagijJj8ynbELz5lxeJf1a7rnl359X6RZFGCQ7hCE7Ag0uowy00wAcGHJ7hFd4c6bw4787HrHXJKWYO4A+czx/Ve44y</latexit>

⇡�
<latexit sha1_base64="XjFY7IOOgdiEYIqsRleQZmr5ojc=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4sSQiftwKXjxWMLbQxrLZTtqlm03Y3Qgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemAqujet+O0vLK6tr66WN8ubW9s5uZW//QSeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HwZuI3n1Bpnsh7M0oxiGlf8ogzaqzkd1L+eNqtVN2aOwVZJF5BqlCg0a18dXoJy2KUhgmqddtzUxPkVBnOBI7LnUxjStmQ9rFtqaQx6iCfHjsmx1bpkShRtqQhU/X3RE5jrUdxaDtjagZ63puI/3ntzERXQc5lmhmUbLYoygQxCZl8TnpcITNiZAllittbCRtQRZmx+ZRtCN78y4vEP6td17y782r9okijBIdwBCfgwSXU4RYa4AMDDs/wCm+OdF6cd+dj1rrkFDMH8AfO5w/YgY40</latexit><latexit sha1_base64="XjFY7IOOgdiEYIqsRleQZmr5ojc=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4sSQiftwKXjxWMLbQxrLZTtqlm03Y3Qgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemAqujet+O0vLK6tr66WN8ubW9s5uZW//QSeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HwZuI3n1Bpnsh7M0oxiGlf8ogzaqzkd1L+eNqtVN2aOwVZJF5BqlCg0a18dXoJy2KUhgmqddtzUxPkVBnOBI7LnUxjStmQ9rFtqaQx6iCfHjsmx1bpkShRtqQhU/X3RE5jrUdxaDtjagZ63puI/3ntzERXQc5lmhmUbLYoygQxCZl8TnpcITNiZAllittbCRtQRZmx+ZRtCN78y4vEP6td17y782r9okijBIdwBCfgwSXU4RYa4AMDDs/wCm+OdF6cd+dj1rrkFDMH8AfO5w/YgY40</latexit><latexit sha1_base64="XjFY7IOOgdiEYIqsRleQZmr5ojc=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4sSQiftwKXjxWMLbQxrLZTtqlm03Y3Qgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemAqujet+O0vLK6tr66WN8ubW9s5uZW//QSeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HwZuI3n1Bpnsh7M0oxiGlf8ogzaqzkd1L+eNqtVN2aOwVZJF5BqlCg0a18dXoJy2KUhgmqddtzUxPkVBnOBI7LnUxjStmQ9rFtqaQx6iCfHjsmx1bpkShRtqQhU/X3RE5jrUdxaDtjagZ63puI/3ntzERXQc5lmhmUbLYoygQxCZl8TnpcITNiZAllittbCRtQRZmx+ZRtCN78y4vEP6td17y782r9okijBIdwBCfgwSXU4RYa4AMDDs/wCm+OdF6cd+dj1rrkFDMH8AfO5w/YgY40</latexit><latexit sha1_base64="XjFY7IOOgdiEYIqsRleQZmr5ojc=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4sSQiftwKXjxWMLbQxrLZTtqlm03Y3Qgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemAqujet+O0vLK6tr66WN8ubW9s5uZW//QSeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HwZuI3n1Bpnsh7M0oxiGlf8ogzaqzkd1L+eNqtVN2aOwVZJF5BqlCg0a18dXoJy2KUhgmqddtzUxPkVBnOBI7LnUxjStmQ9rFtqaQx6iCfHjsmx1bpkShRtqQhU/X3RE5jrUdxaDtjagZ63puI/3ntzERXQc5lmhmUbLYoygQxCZl8TnpcITNiZAllittbCRtQRZmx+ZRtCN78y4vEP6td17y782r9okijBIdwBCfgwSXU4RYa4AMDDs/wCm+OdF6cd+dj1rrkFDMH8AfO5w/YgY40</latexit>

µ+
<latexit sha1_base64="ZCRBeGeDI8CbpEuq6xitiURNwpc=">AAAB63icbVBNSwMxEJ34WetX1aOXYBEEoeyK+HErePFYwbWFdi3ZNNuGJtklyQpl6W/w4kHFq3/Im//GtN2Dtj4YeLw3w8y8KBXcWM/7RkvLK6tr66WN8ubW9s5uZW//wSSZpiygiUh0KyKGCa5YYLkVrJVqRmQkWDMa3kz85hPThifq3o5SFkrSVzzmlFgnBR2ZPZ52K1Wv5k2BF4lfkCoUaHQrX51eQjPJlKWCGNP2vdSGOdGWU8HG5U5mWErokPRZ21FFJDNhPj12jI+d0sNxol0pi6fq74mcSGNGMnKdktiBmfcm4n9eO7PxVZhzlWaWKTpbFGcC2wRPPsc9rhm1YuQIoZq7WzEdEE2odfmUXQj+/MuLJDirXdf8u/Nq/aJIowSHcAQn4MMl1OEWGhAABQ7P8ApvSKEX9I4+Zq1LqJg5gD9Anz/jJY47</latexit><latexit sha1_base64="ZCRBeGeDI8CbpEuq6xitiURNwpc=">AAAB63icbVBNSwMxEJ34WetX1aOXYBEEoeyK+HErePFYwbWFdi3ZNNuGJtklyQpl6W/w4kHFq3/Im//GtN2Dtj4YeLw3w8y8KBXcWM/7RkvLK6tr66WN8ubW9s5uZW//wSSZpiygiUh0KyKGCa5YYLkVrJVqRmQkWDMa3kz85hPThifq3o5SFkrSVzzmlFgnBR2ZPZ52K1Wv5k2BF4lfkCoUaHQrX51eQjPJlKWCGNP2vdSGOdGWU8HG5U5mWErokPRZ21FFJDNhPj12jI+d0sNxol0pi6fq74mcSGNGMnKdktiBmfcm4n9eO7PxVZhzlWaWKTpbFGcC2wRPPsc9rhm1YuQIoZq7WzEdEE2odfmUXQj+/MuLJDirXdf8u/Nq/aJIowSHcAQn4MMl1OEWGhAABQ7P8ApvSKEX9I4+Zq1LqJg5gD9Anz/jJY47</latexit><latexit sha1_base64="ZCRBeGeDI8CbpEuq6xitiURNwpc=">AAAB63icbVBNSwMxEJ34WetX1aOXYBEEoeyK+HErePFYwbWFdi3ZNNuGJtklyQpl6W/w4kHFq3/Im//GtN2Dtj4YeLw3w8y8KBXcWM/7RkvLK6tr66WN8ubW9s5uZW//wSSZpiygiUh0KyKGCa5YYLkVrJVqRmQkWDMa3kz85hPThifq3o5SFkrSVzzmlFgnBR2ZPZ52K1Wv5k2BF4lfkCoUaHQrX51eQjPJlKWCGNP2vdSGOdGWU8HG5U5mWErokPRZ21FFJDNhPj12jI+d0sNxol0pi6fq74mcSGNGMnKdktiBmfcm4n9eO7PxVZhzlWaWKTpbFGcC2wRPPsc9rhm1YuQIoZq7WzEdEE2odfmUXQj+/MuLJDirXdf8u/Nq/aJIowSHcAQn4MMl1OEWGhAABQ7P8ApvSKEX9I4+Zq1LqJg5gD9Anz/jJY47</latexit><latexit sha1_base64="ZCRBeGeDI8CbpEuq6xitiURNwpc=">AAAB63icbVBNSwMxEJ34WetX1aOXYBEEoeyK+HErePFYwbWFdi3ZNNuGJtklyQpl6W/w4kHFq3/Im//GtN2Dtj4YeLw3w8y8KBXcWM/7RkvLK6tr66WN8ubW9s5uZW//wSSZpiygiUh0KyKGCa5YYLkVrJVqRmQkWDMa3kz85hPThifq3o5SFkrSVzzmlFgnBR2ZPZ52K1Wv5k2BF4lfkCoUaHQrX51eQjPJlKWCGNP2vdSGOdGWU8HG5U5mWErokPRZ21FFJDNhPj12jI+d0sNxol0pi6fq74mcSGNGMnKdktiBmfcm4n9eO7PxVZhzlWaWKTpbFGcC2wRPPsc9rhm1YuQIoZq7WzEdEE2odfmUXQj+/MuLJDirXdf8u/Nq/aJIowSHcAQn4MMl1OEWGhAABQ7P8ApvSKEX9I4+Zq1LqJg5gD9Anz/jJY47</latexit>

µ�
<latexit sha1_base64="7unveFp2k9RwZP4M/hK4cJCtGkM=">AAAB63icbVBNSwMxEJ34WetX1aOXYBG8WHZF/LgVvHis4NpCu5Zsmm1Dk+ySZIWy9Dd48aDi1T/kzX9j2u5BWx8MPN6bYWZelApurOd9o6XlldW19dJGeXNre2e3srf/YJJMUxbQRCS6FRHDBFcssNwK1ko1IzISrBkNbyZ+84lpwxN1b0cpCyXpKx5zSqyTgo7MHk+7lapX86bAi8QvSBUKNLqVr04voZlkylJBjGn7XmrDnGjLqWDjciczLCV0SPqs7agikpkwnx47xsdO6eE40a6UxVP190ROpDEjGblOSezAzHsT8T+vndn4Ksy5SjPLFJ0tijOBbYInn+Me14xaMXKEUM3drZgOiCbUunzKLgR//uVFEpzVrmv+3Xm1flGkUYJDOIIT8OES6nALDQiAAodneIU3pNALekcfs9YlVMwcwB+gzx/mK449</latexit><latexit sha1_base64="7unveFp2k9RwZP4M/hK4cJCtGkM=">AAAB63icbVBNSwMxEJ34WetX1aOXYBG8WHZF/LgVvHis4NpCu5Zsmm1Dk+ySZIWy9Dd48aDi1T/kzX9j2u5BWx8MPN6bYWZelApurOd9o6XlldW19dJGeXNre2e3srf/YJJMUxbQRCS6FRHDBFcssNwK1ko1IzISrBkNbyZ+84lpwxN1b0cpCyXpKx5zSqyTgo7MHk+7lapX86bAi8QvSBUKNLqVr04voZlkylJBjGn7XmrDnGjLqWDjciczLCV0SPqs7agikpkwnx47xsdO6eE40a6UxVP190ROpDEjGblOSezAzHsT8T+vndn4Ksy5SjPLFJ0tijOBbYInn+Me14xaMXKEUM3drZgOiCbUunzKLgR//uVFEpzVrmv+3Xm1flGkUYJDOIIT8OES6nALDQiAAodneIU3pNALekcfs9YlVMwcwB+gzx/mK449</latexit><latexit sha1_base64="7unveFp2k9RwZP4M/hK4cJCtGkM=">AAAB63icbVBNSwMxEJ34WetX1aOXYBG8WHZF/LgVvHis4NpCu5Zsmm1Dk+ySZIWy9Dd48aDi1T/kzX9j2u5BWx8MPN6bYWZelApurOd9o6XlldW19dJGeXNre2e3srf/YJJMUxbQRCS6FRHDBFcssNwK1ko1IzISrBkNbyZ+84lpwxN1b0cpCyXpKx5zSqyTgo7MHk+7lapX86bAi8QvSBUKNLqVr04voZlkylJBjGn7XmrDnGjLqWDjciczLCV0SPqs7agikpkwnx47xsdO6eE40a6UxVP190ROpDEjGblOSezAzHsT8T+vndn4Ksy5SjPLFJ0tijOBbYInn+Me14xaMXKEUM3drZgOiCbUunzKLgR//uVFEpzVrmv+3Xm1flGkUYJDOIIT8OES6nALDQiAAodneIU3pNALekcfs9YlVMwcwB+gzx/mK449</latexit><latexit sha1_base64="7unveFp2k9RwZP4M/hK4cJCtGkM=">AAAB63icbVBNSwMxEJ34WetX1aOXYBG8WHZF/LgVvHis4NpCu5Zsmm1Dk+ySZIWy9Dd48aDi1T/kzX9j2u5BWx8MPN6bYWZelApurOd9o6XlldW19dJGeXNre2e3srf/YJJMUxbQRCS6FRHDBFcssNwK1ko1IzISrBkNbyZ+84lpwxN1b0cpCyXpKx5zSqyTgo7MHk+7lapX86bAi8QvSBUKNLqVr04voZlkylJBjGn7XmrDnGjLqWDjciczLCV0SPqs7agikpkwnx47xsdO6eE40a6UxVP190ROpDEjGblOSezAzHsT8T+vndn4Ksy5SjPLFJ0tijOBbYInn+Me14xaMXKEUM3drZgOiCbUunzKLgR//uVFEpzVrmv+3Xm1flGkUYJDOIIT8OES6nALDQiAAodneIU3pNALekcfs9YlVMwcwB+gzx/mK449</latexit>

⌫µ
<latexit sha1_base64="lQacaOHNRkcjlhD3zsy4DzwYxDE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkILx5UvPo/3vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSJ5K2Hwnbrzf8pj8H+kuCkjSgRLtf/4wGGbGCSkM41roX+LmJC6wMI5xOa5HVNMdkjIe056jEguq4mJ87RSdOGaA0U66kQXP150SBhdYTkbhOgc1IL3sz8T+vZ016FRdM5tZQSRaLUsuRydDsdzRgihLDJ45gopi7FZERVpgYl1DNhRAsv/yXhGfN62Zwd95oXZRpVOEIjuEUAriEFtxCG0IgMIYneIFXL/eevTfvfdFa8cqZQ/gF7+Mb1D+PZA==</latexit><latexit sha1_base64="lQacaOHNRkcjlhD3zsy4DzwYxDE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkILx5UvPo/3vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSJ5K2Hwnbrzf8pj8H+kuCkjSgRLtf/4wGGbGCSkM41roX+LmJC6wMI5xOa5HVNMdkjIe056jEguq4mJ87RSdOGaA0U66kQXP150SBhdYTkbhOgc1IL3sz8T+vZ016FRdM5tZQSRaLUsuRydDsdzRgihLDJ45gopi7FZERVpgYl1DNhRAsv/yXhGfN62Zwd95oXZRpVOEIjuEUAriEFtxCG0IgMIYneIFXL/eevTfvfdFa8cqZQ/gF7+Mb1D+PZA==</latexit><latexit sha1_base64="lQacaOHNRkcjlhD3zsy4DzwYxDE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkILx5UvPo/3vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSJ5K2Hwnbrzf8pj8H+kuCkjSgRLtf/4wGGbGCSkM41roX+LmJC6wMI5xOa5HVNMdkjIe056jEguq4mJ87RSdOGaA0U66kQXP150SBhdYTkbhOgc1IL3sz8T+vZ016FRdM5tZQSRaLUsuRydDsdzRgihLDJ45gopi7FZERVpgYl1DNhRAsv/yXhGfN62Zwd95oXZRpVOEIjuEUAriEFtxCG0IgMIYneIFXL/eevTfvfdFa8cqZQ/gF7+Mb1D+PZA==</latexit><latexit sha1_base64="lQacaOHNRkcjlhD3zsy4DzwYxDE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkILx5UvPo/3vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSJ5K2Hwnbrzf8pj8H+kuCkjSgRLtf/4wGGbGCSkM41roX+LmJC6wMI5xOa5HVNMdkjIe056jEguq4mJ87RSdOGaA0U66kQXP150SBhdYTkbhOgc1IL3sz8T+vZ016FRdM5tZQSRaLUsuRydDsdzRgihLDJ45gopi7FZERVpgYl1DNhRAsv/yXhGfN62Zwd95oXZRpVOEIjuEUAriEFtxCG0IgMIYneIFXL/eevTfvfdFa8cqZQ/gF7+Mb1D+PZA==</latexit>

⌫̄µ
<latexit sha1_base64="fff8rBOneJl1lZvB9nwZP9111hg=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkNLx5UvPo13vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSFCVYoUjafiRsv97wm/4c6C8JStKAEu1+/TMaZMQKKg3hWOte4OcmLrAyjHA6rUVW0xyTMR7SnqMSC6rjYn7zFJ04ZYDSTLmSBs3VnxMFFlpPROI6BTYjvezNxP+8njXpVVwwmVtDJVksSi1HJkOzANCAKUoMnziCiWLuVkRGWGFiXEw1F0Kw/PJfEp41r5vB3XmjdVGmUYUjOIZTCOASWnALbQiBQA5P8AKvnvWevTfvfdFa8cqZQ/gF7+MbK26RRw==</latexit><latexit sha1_base64="fff8rBOneJl1lZvB9nwZP9111hg=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkNLx5UvPo13vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSFCVYoUjafiRsv97wm/4c6C8JStKAEu1+/TMaZMQKKg3hWOte4OcmLrAyjHA6rUVW0xyTMR7SnqMSC6rjYn7zFJ04ZYDSTLmSBs3VnxMFFlpPROI6BTYjvezNxP+8njXpVVwwmVtDJVksSi1HJkOzANCAKUoMnziCiWLuVkRGWGFiXEw1F0Kw/PJfEp41r5vB3XmjdVGmUYUjOIZTCOASWnALbQiBQA5P8AKvnvWevTfvfdFa8cqZQ/gF7+MbK26RRw==</latexit><latexit sha1_base64="fff8rBOneJl1lZvB9nwZP9111hg=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkNLx5UvPo13vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSFCVYoUjafiRsv97wm/4c6C8JStKAEu1+/TMaZMQKKg3hWOte4OcmLrAyjHA6rUVW0xyTMR7SnqMSC6rjYn7zFJ04ZYDSTLmSBs3VnxMFFlpPROI6BTYjvezNxP+8njXpVVwwmVtDJVksSi1HJkOzANCAKUoMnziCiWLuVkRGWGFiXEw1F0Kw/PJfEp41r5vB3XmjdVGmUYUjOIZTCOASWnALbQiBQA5P8AKvnvWevTfvfdFa8cqZQ/gF7+MbK26RRw==</latexit><latexit sha1_base64="fff8rBOneJl1lZvB9nwZP9111hg=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkNLx5UvPo13vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSFCVYoUjafiRsv97wm/4c6C8JStKAEu1+/TMaZMQKKg3hWOte4OcmLrAyjHA6rUVW0xyTMR7SnqMSC6rjYn7zFJ04ZYDSTLmSBs3VnxMFFlpPROI6BTYjvezNxP+8njXpVVwwmVtDJVksSi1HJkOzANCAKUoMnziCiWLuVkRGWGFiXEw1F0Kw/PJfEp41r5vB3XmjdVGmUYUjOIZTCOASWnALbQiBQA5P8AKvnvWevTfvfdFa8cqZQ/gF7+MbK26RRw==</latexit>

e+
<latexit sha1_base64="FTBkemYDfx2OlHptYvYqDv6/Y7c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoi4set4MVjRWMLbSyb7bRdutmE3Y1QQn+CFw8qXv1H3vw3btsctPXBwOO9GWbmhYng2rjut1NYWl5ZXSuulzY2t7Z3yrt7DzpOFUOfxSJWzZBqFFyib7gR2EwU0igU2AiH1xO/8YRK81jem1GCQUT7kvc4o8ZKd/h40ilX3Ko7BVkkXk4qkKPeKX+1uzFLI5SGCap1y3MTE2RUGc4EjkvtVGNC2ZD2sWWppBHqIJueOiZHVumSXqxsSUOm6u+JjEZaj6LQdkbUDPS8NxH/81qp6V0GGZdJalCy2aJeKoiJyeRv0uUKmREjSyhT3N5K2IAqyoxNp2RD8OZfXiT+afWq6t2eVWrneRpFOIBDOAYPLqAGN1AHHxj04Rle4c0Rzovz7nzMWgtOPrMPf+B8/gBOZI1O</latexit><latexit sha1_base64="FTBkemYDfx2OlHptYvYqDv6/Y7c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoi4set4MVjRWMLbSyb7bRdutmE3Y1QQn+CFw8qXv1H3vw3btsctPXBwOO9GWbmhYng2rjut1NYWl5ZXSuulzY2t7Z3yrt7DzpOFUOfxSJWzZBqFFyib7gR2EwU0igU2AiH1xO/8YRK81jem1GCQUT7kvc4o8ZKd/h40ilX3Ko7BVkkXk4qkKPeKX+1uzFLI5SGCap1y3MTE2RUGc4EjkvtVGNC2ZD2sWWppBHqIJueOiZHVumSXqxsSUOm6u+JjEZaj6LQdkbUDPS8NxH/81qp6V0GGZdJalCy2aJeKoiJyeRv0uUKmREjSyhT3N5K2IAqyoxNp2RD8OZfXiT+afWq6t2eVWrneRpFOIBDOAYPLqAGN1AHHxj04Rle4c0Rzovz7nzMWgtOPrMPf+B8/gBOZI1O</latexit><latexit sha1_base64="FTBkemYDfx2OlHptYvYqDv6/Y7c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoi4set4MVjRWMLbSyb7bRdutmE3Y1QQn+CFw8qXv1H3vw3btsctPXBwOO9GWbmhYng2rjut1NYWl5ZXSuulzY2t7Z3yrt7DzpOFUOfxSJWzZBqFFyib7gR2EwU0igU2AiH1xO/8YRK81jem1GCQUT7kvc4o8ZKd/h40ilX3Ko7BVkkXk4qkKPeKX+1uzFLI5SGCap1y3MTE2RUGc4EjkvtVGNC2ZD2sWWppBHqIJueOiZHVumSXqxsSUOm6u+JjEZaj6LQdkbUDPS8NxH/81qp6V0GGZdJalCy2aJeKoiJyeRv0uUKmREjSyhT3N5K2IAqyoxNp2RD8OZfXiT+afWq6t2eVWrneRpFOIBDOAYPLqAGN1AHHxj04Rle4c0Rzovz7nzMWgtOPrMPf+B8/gBOZI1O</latexit><latexit sha1_base64="FTBkemYDfx2OlHptYvYqDv6/Y7c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoi4set4MVjRWMLbSyb7bRdutmE3Y1QQn+CFw8qXv1H3vw3btsctPXBwOO9GWbmhYng2rjut1NYWl5ZXSuulzY2t7Z3yrt7DzpOFUOfxSJWzZBqFFyib7gR2EwU0igU2AiH1xO/8YRK81jem1GCQUT7kvc4o8ZKd/h40ilX3Ko7BVkkXk4qkKPeKX+1uzFLI5SGCap1y3MTE2RUGc4EjkvtVGNC2ZD2sWWppBHqIJueOiZHVumSXqxsSUOm6u+JjEZaj6LQdkbUDPS8NxH/81qp6V0GGZdJalCy2aJeKoiJyeRv0uUKmREjSyhT3N5K2IAqyoxNp2RD8OZfXiT+afWq6t2eVWrneRpFOIBDOAYPLqAGN1AHHxj04Rle4c0Rzovz7nzMWgtOPrMPf+B8/gBOZI1O</latexit>

⌫e
<latexit sha1_base64="XHXewdyMTX+fxD+36PYC3hkTJgc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqt4KXjxWMLbQhrLZTtqlm03Y3Qgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0qJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8O/PbT6g0T+SDmaQYxHQoecQZNVbyezLrY79ac+vuHGSVeAWpQYFWv/rVGyQsi1EaJqjWXc9NTZBTZTgTOK30Mo0pZWM6xK6lksaog3x+7JScWWVAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE10HOZdpZlCyxaIoE8QkZPY5GXCFzIiJJZQpbm8lbEQVZcbmU7EheMsvrxL/on5T9+4va81GkUYZTuAUzsGDK2jCHbTABwYcnuEV3hzpvDjvzseiteQUM8fwB87nDz3sjnc=</latexit><latexit sha1_base64="XHXewdyMTX+fxD+36PYC3hkTJgc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqt4KXjxWMLbQhrLZTtqlm03Y3Qgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0qJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8O/PbT6g0T+SDmaQYxHQoecQZNVbyezLrY79ac+vuHGSVeAWpQYFWv/rVGyQsi1EaJqjWXc9NTZBTZTgTOK30Mo0pZWM6xK6lksaog3x+7JScWWVAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE10HOZdpZlCyxaIoE8QkZPY5GXCFzIiJJZQpbm8lbEQVZcbmU7EheMsvrxL/on5T9+4va81GkUYZTuAUzsGDK2jCHbTABwYcnuEV3hzpvDjvzseiteQUM8fwB87nDz3sjnc=</latexit><latexit sha1_base64="XHXewdyMTX+fxD+36PYC3hkTJgc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqt4KXjxWMLbQhrLZTtqlm03Y3Qgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0qJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8O/PbT6g0T+SDmaQYxHQoecQZNVbyezLrY79ac+vuHGSVeAWpQYFWv/rVGyQsi1EaJqjWXc9NTZBTZTgTOK30Mo0pZWM6xK6lksaog3x+7JScWWVAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE10HOZdpZlCyxaIoE8QkZPY5GXCFzIiJJZQpbm8lbEQVZcbmU7EheMsvrxL/on5T9+4va81GkUYZTuAUzsGDK2jCHbTABwYcnuEV3hzpvDjvzseiteQUM8fwB87nDz3sjnc=</latexit><latexit sha1_base64="XHXewdyMTX+fxD+36PYC3hkTJgc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqt4KXjxWMLbQhrLZTtqlm03Y3Qgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0qJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8O/PbT6g0T+SDmaQYxHQoecQZNVbyezLrY79ac+vuHGSVeAWpQYFWv/rVGyQsi1EaJqjWXc9NTZBTZTgTOK30Mo0pZWM6xK6lksaog3x+7JScWWVAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE10HOZdpZlCyxaIoE8QkZPY5GXCFzIiJJZQpbm8lbEQVZcbmU7EheMsvrxL/on5T9+4va81GkUYZTuAUzsGDK2jCHbTABwYcnuEV3hzpvDjvzseiteQUM8fwB87nDz3sjnc=</latexit>

⌫̄µ
<latexit sha1_base64="fff8rBOneJl1lZvB9nwZP9111hg=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkNLx5UvPo13vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSFCVYoUjafiRsv97wm/4c6C8JStKAEu1+/TMaZMQKKg3hWOte4OcmLrAyjHA6rUVW0xyTMR7SnqMSC6rjYn7zFJ04ZYDSTLmSBs3VnxMFFlpPROI6BTYjvezNxP+8njXpVVwwmVtDJVksSi1HJkOzANCAKUoMnziCiWLuVkRGWGFiXEw1F0Kw/PJfEp41r5vB3XmjdVGmUYUjOIZTCOASWnALbQiBQA5P8AKvnvWevTfvfdFa8cqZQ/gF7+MbK26RRw==</latexit><latexit sha1_base64="fff8rBOneJl1lZvB9nwZP9111hg=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkNLx5UvPo13vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSFCVYoUjafiRsv97wm/4c6C8JStKAEu1+/TMaZMQKKg3hWOte4OcmLrAyjHA6rUVW0xyTMR7SnqMSC6rjYn7zFJ04ZYDSTLmSBs3VnxMFFlpPROI6BTYjvezNxP+8njXpVVwwmVtDJVksSi1HJkOzANCAKUoMnziCiWLuVkRGWGFiXEw1F0Kw/PJfEp41r5vB3XmjdVGmUYUjOIZTCOASWnALbQiBQA5P8AKvnvWevTfvfdFa8cqZQ/gF7+MbK26RRw==</latexit><latexit sha1_base64="fff8rBOneJl1lZvB9nwZP9111hg=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkNLx5UvPo13vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSFCVYoUjafiRsv97wm/4c6C8JStKAEu1+/TMaZMQKKg3hWOte4OcmLrAyjHA6rUVW0xyTMR7SnqMSC6rjYn7zFJ04ZYDSTLmSBs3VnxMFFlpPROI6BTYjvezNxP+8njXpVVwwmVtDJVksSi1HJkOzANCAKUoMnziCiWLuVkRGWGFiXEw1F0Kw/PJfEp41r5vB3XmjdVGmUYUjOIZTCOASWnALbQiBQA5P8AKvnvWevTfvfdFa8cqZQ/gF7+MbK26RRw==</latexit><latexit sha1_base64="fff8rBOneJl1lZvB9nwZP9111hg=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkNLx5UvPo13vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSFCVYoUjafiRsv97wm/4c6C8JStKAEu1+/TMaZMQKKg3hWOte4OcmLrAyjHA6rUVW0xyTMR7SnqMSC6rjYn7zFJ04ZYDSTLmSBs3VnxMFFlpPROI6BTYjvezNxP+8njXpVVwwmVtDJVksSi1HJkOzANCAKUoMnziCiWLuVkRGWGFiXEw1F0Kw/PJfEp41r5vB3XmjdVGmUYUjOIZTCOASWnALbQiBQA5P8AKvnvWevTfvfdFa8cqZQ/gF7+MbK26RRw==</latexit>

⌫̄e
<latexit sha1_base64="UgLvLNz4J8pdoXGrhLjVWyO338o=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE/LgVvHisYGyxCWWznbZLN5uwuxFK6L/w4kHFqz/Hm//GbZuDtj4YeLw3w8y8KBVcG9f9dkorq2vrG+XNytb2zu5edf/gQSeZYuizRCSqHVGNgkv0DTcC26lCGkcCW9HoZuq3nlBpnsh7M04xjOlA8j5n1FjpMYioIoHMutit1ty6OwNZJl5BalCg2a1+Bb2EZTFKwwTVuuO5qQlzqgxnAieVINOYUjaiA+xYKmmMOsxnF0/IiVV6pJ8oW9KQmfp7Iqex1uM4sp0xNUO96E3F/7xOZvpXYc5lmhmUbL6onwliEjJ9n/S4QmbE2BLKFLe3EjakijJjQ6rYELzFl5eJf1a/rnt357XGRZFGGY7gGE7Bg0towC00wQcGEp7hFd4c7bw4787HvLXkFDOH8AfO5w+RlpBa</latexit><latexit sha1_base64="UgLvLNz4J8pdoXGrhLjVWyO338o=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE/LgVvHisYGyxCWWznbZLN5uwuxFK6L/w4kHFqz/Hm//GbZuDtj4YeLw3w8y8KBVcG9f9dkorq2vrG+XNytb2zu5edf/gQSeZYuizRCSqHVGNgkv0DTcC26lCGkcCW9HoZuq3nlBpnsh7M04xjOlA8j5n1FjpMYioIoHMutit1ty6OwNZJl5BalCg2a1+Bb2EZTFKwwTVuuO5qQlzqgxnAieVINOYUjaiA+xYKmmMOsxnF0/IiVV6pJ8oW9KQmfp7Iqex1uM4sp0xNUO96E3F/7xOZvpXYc5lmhmUbL6onwliEjJ9n/S4QmbE2BLKFLe3EjakijJjQ6rYELzFl5eJf1a/rnt357XGRZFGGY7gGE7Bg0towC00wQcGEp7hFd4c7bw4787HvLXkFDOH8AfO5w+RlpBa</latexit><latexit sha1_base64="UgLvLNz4J8pdoXGrhLjVWyO338o=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE/LgVvHisYGyxCWWznbZLN5uwuxFK6L/w4kHFqz/Hm//GbZuDtj4YeLw3w8y8KBVcG9f9dkorq2vrG+XNytb2zu5edf/gQSeZYuizRCSqHVGNgkv0DTcC26lCGkcCW9HoZuq3nlBpnsh7M04xjOlA8j5n1FjpMYioIoHMutit1ty6OwNZJl5BalCg2a1+Bb2EZTFKwwTVuuO5qQlzqgxnAieVINOYUjaiA+xYKmmMOsxnF0/IiVV6pJ8oW9KQmfp7Iqex1uM4sp0xNUO96E3F/7xOZvpXYc5lmhmUbL6onwliEjJ9n/S4QmbE2BLKFLe3EjakijJjQ6rYELzFl5eJf1a/rnt357XGRZFGGY7gGE7Bg0towC00wQcGEp7hFd4c7bw4787HvLXkFDOH8AfO5w+RlpBa</latexit><latexit sha1_base64="UgLvLNz4J8pdoXGrhLjVWyO338o=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE/LgVvHisYGyxCWWznbZLN5uwuxFK6L/w4kHFqz/Hm//GbZuDtj4YeLw3w8y8KBVcG9f9dkorq2vrG+XNytb2zu5edf/gQSeZYuizRCSqHVGNgkv0DTcC26lCGkcCW9HoZuq3nlBpnsh7M04xjOlA8j5n1FjpMYioIoHMutit1ty6OwNZJl5BalCg2a1+Bb2EZTFKwwTVuuO5qQlzqgxnAieVINOYUjaiA+xYKmmMOsxnF0/IiVV6pJ8oW9KQmfp7Iqex1uM4sp0xNUO96E3F/7xOZvpXYc5lmhmUbL6onwliEjJ9n/S4QmbE2BLKFLe3EjakijJjQ6rYELzFl5eJf1a/rnt357XGRZFGGY7gGE7Bg0towC00wQcGEp7hFd4c7bw4787HvLXkFDOH8AfO5w+RlpBa</latexit>

e�
<latexit sha1_base64="FcE1xfF9JuL5MQ96tFXE57CHiXk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyUR8eNW8OKxorGFNpbNdtou3WzC7kYooT/BiwcVr/4jb/4bt20O2vpg4PHeDDPzwkRwbVz32yksLa+srhXXSxubW9s75d29Bx2niqHPYhGrZkg1Ci7RN9wIbCYKaRQKbITD64nfeEKleSzvzSjBIKJ9yXucUWOlO3w86ZQrbtWdgiwSLycVyFHvlL/a3ZilEUrDBNW65bmJCTKqDGcCx6V2qjGhbEj72LJU0gh1kE1PHZMjq3RJL1a2pCFT9fdERiOtR1FoOyNqBnrem4j/ea3U9C6DjMskNSjZbFEvFcTEZPI36XKFzIiRJZQpbm8lbEAVZcamU7IhePMvLxL/tHpV9W7PKrXzPI0iHMAhHIMHF1CDG6iDDwz68Ayv8OYI58V5dz5mrQUnn9mHP3A+fwBRao1Q</latexit><latexit sha1_base64="FcE1xfF9JuL5MQ96tFXE57CHiXk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyUR8eNW8OKxorGFNpbNdtou3WzC7kYooT/BiwcVr/4jb/4bt20O2vpg4PHeDDPzwkRwbVz32yksLa+srhXXSxubW9s75d29Bx2niqHPYhGrZkg1Ci7RN9wIbCYKaRQKbITD64nfeEKleSzvzSjBIKJ9yXucUWOlO3w86ZQrbtWdgiwSLycVyFHvlL/a3ZilEUrDBNW65bmJCTKqDGcCx6V2qjGhbEj72LJU0gh1kE1PHZMjq3RJL1a2pCFT9fdERiOtR1FoOyNqBnrem4j/ea3U9C6DjMskNSjZbFEvFcTEZPI36XKFzIiRJZQpbm8lbEAVZcamU7IhePMvLxL/tHpV9W7PKrXzPI0iHMAhHIMHF1CDG6iDDwz68Ayv8OYI58V5dz5mrQUnn9mHP3A+fwBRao1Q</latexit><latexit sha1_base64="FcE1xfF9JuL5MQ96tFXE57CHiXk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyUR8eNW8OKxorGFNpbNdtou3WzC7kYooT/BiwcVr/4jb/4bt20O2vpg4PHeDDPzwkRwbVz32yksLa+srhXXSxubW9s75d29Bx2niqHPYhGrZkg1Ci7RN9wIbCYKaRQKbITD64nfeEKleSzvzSjBIKJ9yXucUWOlO3w86ZQrbtWdgiwSLycVyFHvlL/a3ZilEUrDBNW65bmJCTKqDGcCx6V2qjGhbEj72LJU0gh1kE1PHZMjq3RJL1a2pCFT9fdERiOtR1FoOyNqBnrem4j/ea3U9C6DjMskNSjZbFEvFcTEZPI36XKFzIiRJZQpbm8lbEAVZcamU7IhePMvLxL/tHpV9W7PKrXzPI0iHMAhHIMHF1CDG6iDDwz68Ayv8OYI58V5dz5mrQUnn9mHP3A+fwBRao1Q</latexit><latexit sha1_base64="FcE1xfF9JuL5MQ96tFXE57CHiXk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyUR8eNW8OKxorGFNpbNdtou3WzC7kYooT/BiwcVr/4jb/4bt20O2vpg4PHeDDPzwkRwbVz32yksLa+srhXXSxubW9s75d29Bx2niqHPYhGrZkg1Ci7RN9wIbCYKaRQKbITD64nfeEKleSzvzSjBIKJ9yXucUWOlO3w86ZQrbtWdgiwSLycVyFHvlL/a3ZilEUrDBNW65bmJCTKqDGcCx6V2qjGhbEj72LJU0gh1kE1PHZMjq3RJL1a2pCFT9fdERiOtR1FoOyNqBnrem4j/ea3U9C6DjMskNSjZbFEvFcTEZPI36XKFzIiRJZQpbm8lbEAVZcamU7IhePMvLxL/tHpV9W7PKrXzPI0iHMAhHIMHF1CDG6iDDwz68Ayv8OYI58V5dz5mrQUnn9mHP3A+fwBRao1Q</latexit>

⌫µ
<latexit sha1_base64="lQacaOHNRkcjlhD3zsy4DzwYxDE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkILx5UvPo/3vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSJ5K2Hwnbrzf8pj8H+kuCkjSgRLtf/4wGGbGCSkM41roX+LmJC6wMI5xOa5HVNMdkjIe056jEguq4mJ87RSdOGaA0U66kQXP150SBhdYTkbhOgc1IL3sz8T+vZ016FRdM5tZQSRaLUsuRydDsdzRgihLDJ45gopi7FZERVpgYl1DNhRAsv/yXhGfN62Zwd95oXZRpVOEIjuEUAriEFtxCG0IgMIYneIFXL/eevTfvfdFa8cqZQ/gF7+Mb1D+PZA==</latexit><latexit sha1_base64="lQacaOHNRkcjlhD3zsy4DzwYxDE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkILx5UvPo/3vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSJ5K2Hwnbrzf8pj8H+kuCkjSgRLtf/4wGGbGCSkM41roX+LmJC6wMI5xOa5HVNMdkjIe056jEguq4mJ87RSdOGaA0U66kQXP150SBhdYTkbhOgc1IL3sz8T+vZ016FRdM5tZQSRaLUsuRydDsdzRgihLDJ45gopi7FZERVpgYl1DNhRAsv/yXhGfN62Zwd95oXZRpVOEIjuEUAriEFtxCG0IgMIYneIFXL/eevTfvfdFa8cqZQ/gF7+Mb1D+PZA==</latexit><latexit sha1_base64="lQacaOHNRkcjlhD3zsy4DzwYxDE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkILx5UvPo/3vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSJ5K2Hwnbrzf8pj8H+kuCkjSgRLtf/4wGGbGCSkM41roX+LmJC6wMI5xOa5HVNMdkjIe056jEguq4mJ87RSdOGaA0U66kQXP150SBhdYTkbhOgc1IL3sz8T+vZ016FRdM5tZQSRaLUsuRydDsdzRgihLDJ45gopi7FZERVpgYl1DNhRAsv/yXhGfN62Zwd95oXZRpVOEIjuEUAriEFtxCG0IgMIYneIFXL/eevTfvfdFa8cqZQ/gF7+Mb1D+PZA==</latexit><latexit sha1_base64="lQacaOHNRkcjlhD3zsy4DzwYxDE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkILx5UvPo/3vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSJ5K2Hwnbrzf8pj8H+kuCkjSgRLtf/4wGGbGCSkM41roX+LmJC6wMI5xOa5HVNMdkjIe056jEguq4mJ87RSdOGaA0U66kQXP150SBhdYTkbhOgc1IL3sz8T+vZ016FRdM5tZQSRaLUsuRydDsdzRgihLDJ45gopi7FZERVpgYl1DNhRAsv/yXhGfN62Zwd95oXZRpVOEIjuEUAriEFtxCG0IgMIYneIFXL/eevTfvfdFa8cqZQ/gF7+Mb1D+PZA==</latexit>

No separation of e+/e-

480/yr/40kt
Track-based PID

(e from    )
Timing information

etc..

⇥
<latexit sha1_base64="cl53JNMcxu/bIUT3NP4Qi/WJfAE=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KomIH7eCF48VTFtoQ9lsN+3azSbsToQS+h+8eFDx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOThsmiTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR7dRvPXFtRKIecJzyIKYDJSLBKFqp2UURc9OrVN2aOwNZJl5BqlCg0at8dfsJy2KukElqTMdzUwxyqlEwySflbmZ4StmIDnjHUkXtkiCfXTshp1bpkyjRthSSmfp7IqexMeM4tJ0xxaFZ9Kbif14nw+g6yIVKM+SKzRdFmSSYkOnrpC80ZyjHllCmhb2VsCHVlKENqGxD8BZfXib+ee2m5t1fVOuXRRolOIYTOAMPrqAOd9AAHxg8wjO8wpuTOC/Ou/Mxb11xipkj+APn8wce6o78</latexit><latexit sha1_base64="cl53JNMcxu/bIUT3NP4Qi/WJfAE=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KomIH7eCF48VTFtoQ9lsN+3azSbsToQS+h+8eFDx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOThsmiTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR7dRvPXFtRKIecJzyIKYDJSLBKFqp2UURc9OrVN2aOwNZJl5BqlCg0at8dfsJy2KukElqTMdzUwxyqlEwySflbmZ4StmIDnjHUkXtkiCfXTshp1bpkyjRthSSmfp7IqexMeM4tJ0xxaFZ9Kbif14nw+g6yIVKM+SKzRdFmSSYkOnrpC80ZyjHllCmhb2VsCHVlKENqGxD8BZfXib+ee2m5t1fVOuXRRolOIYTOAMPrqAOd9AAHxg8wjO8wpuTOC/Ou/Mxb11xipkj+APn8wce6o78</latexit><latexit sha1_base64="cl53JNMcxu/bIUT3NP4Qi/WJfAE=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KomIH7eCF48VTFtoQ9lsN+3azSbsToQS+h+8eFDx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOThsmiTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR7dRvPXFtRKIecJzyIKYDJSLBKFqp2UURc9OrVN2aOwNZJl5BqlCg0at8dfsJy2KukElqTMdzUwxyqlEwySflbmZ4StmIDnjHUkXtkiCfXTshp1bpkyjRthSSmfp7IqexMeM4tJ0xxaFZ9Kbif14nw+g6yIVKM+SKzRdFmSSYkOnrpC80ZyjHllCmhb2VsCHVlKENqGxD8BZfXib+ee2m5t1fVOuXRRolOIYTOAMPrqAOd9AAHxg8wjO8wpuTOC/Ou/Mxb11xipkj+APn8wce6o78</latexit><latexit sha1_base64="cl53JNMcxu/bIUT3NP4Qi/WJfAE=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KomIH7eCF48VTFtoQ9lsN+3azSbsToQS+h+8eFDx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOThsmiTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR7dRvPXFtRKIecJzyIKYDJSLBKFqp2UURc9OrVN2aOwNZJl5BqlCg0at8dfsJy2KukElqTMdzUwxyqlEwySflbmZ4StmIDnjHUkXtkiCfXTshp1bpkyjRthSSmfp7IqexMeM4tJ0xxaFZ9Kbif14nw+g6yIVKM+SKzRdFmSSYkOnrpC80ZyjHllCmhb2VsCHVlKENqGxD8BZfXib+ee2m5t1fVOuXRRolOIYTOAMPrqAOd9AAHxg8wjO8wpuTOC/Ou/Mxb11xipkj+APn8wce6o78</latexit> < 1

Work in progress

N.C. events (smaller)

C.C. ⌫µ
<latexit sha1_base64="lQacaOHNRkcjlhD3zsy4DzwYxDE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkILx5UvPo/3vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSJ5K2Hwnbrzf8pj8H+kuCkjSgRLtf/4wGGbGCSkM41roX+LmJC6wMI5xOa5HVNMdkjIe056jEguq4mJ87RSdOGaA0U66kQXP150SBhdYTkbhOgc1IL3sz8T+vZ016FRdM5tZQSRaLUsuRydDsdzRgihLDJ45gopi7FZERVpgYl1DNhRAsv/yXhGfN62Zwd95oXZRpVOEIjuEUAriEFtxCG0IgMIYneIFXL/eevTfvfdFa8cqZQ/gF7+Mb1D+PZA==</latexit><latexit sha1_base64="lQacaOHNRkcjlhD3zsy4DzwYxDE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkILx5UvPo/3vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSJ5K2Hwnbrzf8pj8H+kuCkjSgRLtf/4wGGbGCSkM41roX+LmJC6wMI5xOa5HVNMdkjIe056jEguq4mJ87RSdOGaA0U66kQXP150SBhdYTkbhOgc1IL3sz8T+vZ016FRdM5tZQSRaLUsuRydDsdzRgihLDJ45gopi7FZERVpgYl1DNhRAsv/yXhGfN62Zwd95oXZRpVOEIjuEUAriEFtxCG0IgMIYneIFXL/eevTfvfdFa8cqZQ/gF7+Mb1D+PZA==</latexit><latexit sha1_base64="lQacaOHNRkcjlhD3zsy4DzwYxDE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkILx5UvPo/3vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSJ5K2Hwnbrzf8pj8H+kuCkjSgRLtf/4wGGbGCSkM41roX+LmJC6wMI5xOa5HVNMdkjIe056jEguq4mJ87RSdOGaA0U66kQXP150SBhdYTkbhOgc1IL3sz8T+vZ016FRdM5tZQSRaLUsuRydDsdzRgihLDJ45gopi7FZERVpgYl1DNhRAsv/yXhGfN62Zwd95oXZRpVOEIjuEUAriEFtxCG0IgMIYneIFXL/eevTfvfdFa8cqZQ/gF7+Mb1D+PZA==</latexit><latexit sha1_base64="lQacaOHNRkcjlhD3zsy4DzwYxDE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM4JpAdgmzk9lkyMzsMg8hLPkILx5UvPo/3vwbJ8keNFrQUFR1092V5Jxp4/tfXmVldW19o7pZ29re2d2r7x886MwqQkOS8Ux1E6wpZ5KGhhlOu7miWCScdpLxzczvPFKlWSbvzSSnscBDyVJGsHFSJ5K2Hwnbrzf8pj8H+kuCkjSgRLtf/4wGGbGCSkM41roX+LmJC6wMI5xOa5HVNMdkjIe056jEguq4mJ87RSdOGaA0U66kQXP150SBhdYTkbhOgc1IL3sz8T+vZ016FRdM5tZQSRaLUsuRydDsdzRgihLDJ45gopi7FZERVpgYl1DNhRAsv/yXhGfN62Zwd95oXZRpVOEIjuEUAriEFtxCG0IgMIYneIFXL/eevTfvfdFa8cqZQ/gF7+Mb1D+PZA==</latexit>

: accompanying µ
<latexit sha1_base64="OvPY7nwzlUrdZk6MNOGXmTWiprI=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM6JpAsoTZyWwyZGZ2mYcQlnyCFw8qXv0jb/6Nk2QPmljQUFR1090VZ5xp4/vfXmlldW19o7xZ2dre2d2r7h886tQqQkOS8lS1Y6wpZ5KGhhlO25miWMSctuLRzdRvPVGlWSofzDijkcADyRJGsHHSfVfYXrXm1/0Z0DIJClKDAs1e9avbT4kVVBrCsdadwM9MlGNlGOF0UulaTTNMRnhAO45KLKiO8tmpE3TilD5KUuVKGjRTf0/kWGg9FrHrFNgM9aI3Ff/zOtYkV1HOZGYNlWS+KLEcmRRN/0Z9pigxfOwIJoq5WxEZYoWJcelUXAjB4svLJDyrX9eDu/Na46JIowxHcAynEMAlNOAWmhACgQE8wyu8edx78d69j3lryStmDuEPvM8fx1GNng==</latexit><latexit sha1_base64="OvPY7nwzlUrdZk6MNOGXmTWiprI=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM6JpAsoTZyWwyZGZ2mYcQlnyCFw8qXv0jb/6Nk2QPmljQUFR1090VZ5xp4/vfXmlldW19o7xZ2dre2d2r7h886tQqQkOS8lS1Y6wpZ5KGhhlO25miWMSctuLRzdRvPVGlWSofzDijkcADyRJGsHHSfVfYXrXm1/0Z0DIJClKDAs1e9avbT4kVVBrCsdadwM9MlGNlGOF0UulaTTNMRnhAO45KLKiO8tmpE3TilD5KUuVKGjRTf0/kWGg9FrHrFNgM9aI3Ff/zOtYkV1HOZGYNlWS+KLEcmRRN/0Z9pigxfOwIJoq5WxEZYoWJcelUXAjB4svLJDyrX9eDu/Na46JIowxHcAynEMAlNOAWmhACgQE8wyu8edx78d69j3lryStmDuEPvM8fx1GNng==</latexit><latexit sha1_base64="OvPY7nwzlUrdZk6MNOGXmTWiprI=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM6JpAsoTZyWwyZGZ2mYcQlnyCFw8qXv0jb/6Nk2QPmljQUFR1090VZ5xp4/vfXmlldW19o7xZ2dre2d2r7h886tQqQkOS8lS1Y6wpZ5KGhhlO25miWMSctuLRzdRvPVGlWSofzDijkcADyRJGsHHSfVfYXrXm1/0Z0DIJClKDAs1e9avbT4kVVBrCsdadwM9MlGNlGOF0UulaTTNMRnhAO45KLKiO8tmpE3TilD5KUuVKGjRTf0/kWGg9FrHrFNgM9aI3Ff/zOtYkV1HOZGYNlWS+KLEcmRRN/0Z9pigxfOwIJoq5WxEZYoWJcelUXAjB4svLJDyrX9eDu/Na46JIowxHcAynEMAlNOAWmhACgQE8wyu8edx78d69j3lryStmDuEPvM8fx1GNng==</latexit><latexit sha1_base64="OvPY7nwzlUrdZk6MNOGXmTWiprI=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiM6JpAsoTZyWwyZGZ2mYcQlnyCFw8qXv0jb/6Nk2QPmljQUFR1090VZ5xp4/vfXmlldW19o7xZ2dre2d2r7h886tQqQkOS8lS1Y6wpZ5KGhhlO25miWMSctuLRzdRvPVGlWSofzDijkcADyRJGsHHSfVfYXrXm1/0Z0DIJClKDAs1e9avbT4kVVBrCsdadwM9MlGNlGOF0UulaTTNMRnhAO45KLKiO8tmpE3TilD5KUuVKGjRTf0/kWGg9FrHrFNgM9aI3Ff/zOtYkV1HOZGYNlWS+KLEcmRRN/0Z9pigxfOwIJoq5WxEZYoWJcelUXAjB4svLJDyrX9eDu/Na46JIowxHcAynEMAlNOAWmhACgQE8wyu8edx78d69j3lryStmDuEPvM8fx1GNng==</latexit>

⌫⌧
<latexit sha1_base64="IgRlYgryJ/x9LVshJ9Bm/4AYDHA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiftwKXjxWMLbQhLLZbtulm03cnRVK6J/w4kHFq7/Hm//GbZuDtj4YeLw3w8y8OBNco+d9O6WV1bX1jfJmZWt7Z3evun/woFOjKAtoKlLVjolmgksWIEfB2pliJIkFa8Wjm6nfemJK81Te4zhjUUIGkvc5JWildihNN0RiutWaV/dmcJeJX5AaFGh2q19hL6UmYRKpIFp3fC/DKCcKORVsUgmNZhmhIzJgHUslSZiO8tm9E/fEKj23nypbEt2Z+nsiJ4nW4yS2nQnBoV70puJ/Xsdg/yrKucwMMknni/pGuJi60+fdHleMohhbQqji9laXDokiFG1EFRuCv/jyMgnO6td1/+681rgo0ijDERzDKfhwCQ24hSYEQEHAM7zCm/PovDjvzse8teQUM4fwB87nD5lLj9Y=</latexit><latexit sha1_base64="IgRlYgryJ/x9LVshJ9Bm/4AYDHA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiftwKXjxWMLbQhLLZbtulm03cnRVK6J/w4kHFq7/Hm//GbZuDtj4YeLw3w8y8OBNco+d9O6WV1bX1jfJmZWt7Z3evun/woFOjKAtoKlLVjolmgksWIEfB2pliJIkFa8Wjm6nfemJK81Te4zhjUUIGkvc5JWildihNN0RiutWaV/dmcJeJX5AaFGh2q19hL6UmYRKpIFp3fC/DKCcKORVsUgmNZhmhIzJgHUslSZiO8tm9E/fEKj23nypbEt2Z+nsiJ4nW4yS2nQnBoV70puJ/Xsdg/yrKucwMMknni/pGuJi60+fdHleMohhbQqji9laXDokiFG1EFRuCv/jyMgnO6td1/+681rgo0ijDERzDKfhwCQ24hSYEQEHAM7zCm/PovDjvzse8teQUM4fwB87nD5lLj9Y=</latexit><latexit sha1_base64="IgRlYgryJ/x9LVshJ9Bm/4AYDHA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiftwKXjxWMLbQhLLZbtulm03cnRVK6J/w4kHFq7/Hm//GbZuDtj4YeLw3w8y8OBNco+d9O6WV1bX1jfJmZWt7Z3evun/woFOjKAtoKlLVjolmgksWIEfB2pliJIkFa8Wjm6nfemJK81Te4zhjUUIGkvc5JWildihNN0RiutWaV/dmcJeJX5AaFGh2q19hL6UmYRKpIFp3fC/DKCcKORVsUgmNZhmhIzJgHUslSZiO8tm9E/fEKj23nypbEt2Z+nsiJ4nW4yS2nQnBoV70puJ/Xsdg/yrKucwMMknni/pGuJi60+fdHleMohhbQqji9laXDokiFG1EFRuCv/jyMgnO6td1/+681rgo0ijDERzDKfhwCQ24hSYEQEHAM7zCm/PovDjvzse8teQUM4fwB87nD5lLj9Y=</latexit><latexit sha1_base64="IgRlYgryJ/x9LVshJ9Bm/4AYDHA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiftwKXjxWMLbQhLLZbtulm03cnRVK6J/w4kHFq7/Hm//GbZuDtj4YeLw3w8y8OBNco+d9O6WV1bX1jfJmZWt7Z3evun/woFOjKAtoKlLVjolmgksWIEfB2pliJIkFa8Wjm6nfemJK81Te4zhjUUIGkvc5JWildihNN0RiutWaV/dmcJeJX5AaFGh2q19hL6UmYRKpIFp3fC/DKCcKORVsUgmNZhmhIzJgHUslSZiO8tm9E/fEKj23nypbEt2Z+nsiJ4nW4yS2nQnBoV70puJ/Xsdg/yrKucwMMknni/pGuJi60+fdHleMohhbQqji9laXDokiFG1EFRuCv/jyMgnO6td1/+681rgo0ijDERzDKfhwCQ24hSYEQEHAM7zCm/PovDjvzse8teQUM4fwB87nD5lLj9Y=</latexit>

: too small flux

• (quasi-elastic) proton 
scattering: less bkg. ⇡

<latexit sha1_base64="kHtMqwmCGsED7eyBvI5NGfOBqno=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE/LgVvHisaGyhDWWz3bRLN5uwOxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM+6zRCa6HVLDpVDcR4GSt1PNaRxK3gpHN1O/9cS1EYl6wHHKg5gOlIgEo2il+24qetWaW3dnIMvEK0gNCjR71a9uP2FZzBUySY3peG6KQU41Cib5pNLNDE8pG9EB71iqaMxNkM9OnZATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/r5NhdBXkQqUZcsXmi6JMEkzI9G/SF5ozlGNLKNPC3krYkGrK0KZTsSF4iy8vE/+sfl337s5rjYsijTIcwTGcggeX0IBbaIIPDAbwDK/w5kjnxXl3PuatJaeYOYQ/cD5/ALm5jZU=</latexit><latexit sha1_base64="kHtMqwmCGsED7eyBvI5NGfOBqno=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE/LgVvHisaGyhDWWz3bRLN5uwOxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM+6zRCa6HVLDpVDcR4GSt1PNaRxK3gpHN1O/9cS1EYl6wHHKg5gOlIgEo2il+24qetWaW3dnIMvEK0gNCjR71a9uP2FZzBUySY3peG6KQU41Cib5pNLNDE8pG9EB71iqaMxNkM9OnZATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/r5NhdBXkQqUZcsXmi6JMEkzI9G/SF5ozlGNLKNPC3krYkGrK0KZTsSF4iy8vE/+sfl337s5rjYsijTIcwTGcggeX0IBbaIIPDAbwDK/w5kjnxXl3PuatJaeYOYQ/cD5/ALm5jZU=</latexit><latexit sha1_base64="kHtMqwmCGsED7eyBvI5NGfOBqno=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE/LgVvHisaGyhDWWz3bRLN5uwOxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM+6zRCa6HVLDpVDcR4GSt1PNaRxK3gpHN1O/9cS1EYl6wHHKg5gOlIgEo2il+24qetWaW3dnIMvEK0gNCjR71a9uP2FZzBUySY3peG6KQU41Cib5pNLNDE8pG9EB71iqaMxNkM9OnZATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/r5NhdBXkQqUZcsXmi6JMEkzI9G/SF5ozlGNLKNPC3krYkGrK0KZTsSF4iy8vE/+sfl337s5rjYsijTIcwTGcggeX0IBbaIIPDAbwDK/w5kjnxXl3PuatJaeYOYQ/cD5/ALm5jZU=</latexit><latexit sha1_base64="kHtMqwmCGsED7eyBvI5NGfOBqno=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE/LgVvHisaGyhDWWz3bRLN5uwOxFK6E/w4kHFq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMM+6zRCa6HVLDpVDcR4GSt1PNaRxK3gpHN1O/9cS1EYl6wHHKg5gOlIgEo2il+24qetWaW3dnIMvEK0gNCjR71a9uP2FZzBUySY3peG6KQU41Cib5pNLNDE8pG9EB71iqaMxNkM9OnZATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/r5NhdBXkQqUZcsXmi6JMEkzI9G/SF5ozlGNLKNPC3krYkGrK0KZTsSF4iy8vE/+sfl337s5rjYsijTIcwTGcggeX0IBbaIIPDAbwDK/w5kjnxXl3PuatJaeYOYQ/cD5/ALm5jZU=</latexit>

Background candidate: underground
iBDM

𝜒1: light BDM, 𝜒2: excited state

n



Backup: Sensitivities at DUNE vs HK

g12 = 1
<latexit sha1_base64="iJtkZGJI3DQ5Ae9iX6M4wSYg44g=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQT0IBS8eK1hbbEPZbDft0s0m7E6EEvovvHhQ8erP8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8ePZg41Yy3WCxj3Qmo4VIo3kKBkncSzWkUSN4Oxjczv/3EtRGxusdJwv2IDpUIBaNopcdhP/NqU3JNvH654lbdOcgq8XJSgRzNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzi6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF76mVBJilyxxaIwlQRjMnufDITmDOXEEsq0sLcSNqKaMrQhlWwI3vLLq6RVq15Vvbt6pVHP0yjCCZzCOXhwAQ24hSa0gIGCZ3iFN8c4L86787FoLTj5zDH8gfP5AzV+j3M=</latexit><latexit sha1_base64="iJtkZGJI3DQ5Ae9iX6M4wSYg44g=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQT0IBS8eK1hbbEPZbDft0s0m7E6EEvovvHhQ8erP8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8ePZg41Yy3WCxj3Qmo4VIo3kKBkncSzWkUSN4Oxjczv/3EtRGxusdJwv2IDpUIBaNopcdhP/NqU3JNvH654lbdOcgq8XJSgRzNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzi6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF76mVBJilyxxaIwlQRjMnufDITmDOXEEsq0sLcSNqKaMrQhlWwI3vLLq6RVq15Vvbt6pVHP0yjCCZzCOXhwAQ24hSa0gIGCZ3iFN8c4L86787FoLTj5zDH8gfP5AzV+j3M=</latexit><latexit sha1_base64="iJtkZGJI3DQ5Ae9iX6M4wSYg44g=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQT0IBS8eK1hbbEPZbDft0s0m7E6EEvovvHhQ8erP8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8ePZg41Yy3WCxj3Qmo4VIo3kKBkncSzWkUSN4Oxjczv/3EtRGxusdJwv2IDpUIBaNopcdhP/NqU3JNvH654lbdOcgq8XJSgRzNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzi6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF76mVBJilyxxaIwlQRjMnufDITmDOXEEsq0sLcSNqKaMrQhlWwI3vLLq6RVq15Vvbt6pVHP0yjCCZzCOXhwAQ24hSa0gIGCZ3iFN8c4L86787FoLTj5zDH8gfP5AzV+j3M=</latexit><latexit sha1_base64="iJtkZGJI3DQ5Ae9iX6M4wSYg44g=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQT0IBS8eK1hbbEPZbDft0s0m7E6EEvovvHhQ8erP8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8ePZg41Yy3WCxj3Qmo4VIo3kKBkncSzWkUSN4Oxjczv/3EtRGxusdJwv2IDpUIBaNopcdhP/NqU3JNvH654lbdOcgq8XJSgRzNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzi6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF76mVBJilyxxaIwlQRjMnufDITmDOXEEsq0sLcSNqKaMrQhlWwI3vLLq6RVq15Vvbt6pVHP0yjCCZzCOXhwAQ24hSa0gIGCZ3iFN8c4L86787FoLTj5zDH8gfP5AzV+j3M=</latexit>

g12 = 1
<latexit sha1_base64="iJtkZGJI3DQ5Ae9iX6M4wSYg44g=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQT0IBS8eK1hbbEPZbDft0s0m7E6EEvovvHhQ8erP8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8ePZg41Yy3WCxj3Qmo4VIo3kKBkncSzWkUSN4Oxjczv/3EtRGxusdJwv2IDpUIBaNopcdhP/NqU3JNvH654lbdOcgq8XJSgRzNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzi6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF76mVBJilyxxaIwlQRjMnufDITmDOXEEsq0sLcSNqKaMrQhlWwI3vLLq6RVq15Vvbt6pVHP0yjCCZzCOXhwAQ24hSa0gIGCZ3iFN8c4L86787FoLTj5zDH8gfP5AzV+j3M=</latexit><latexit sha1_base64="iJtkZGJI3DQ5Ae9iX6M4wSYg44g=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQT0IBS8eK1hbbEPZbDft0s0m7E6EEvovvHhQ8erP8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8ePZg41Yy3WCxj3Qmo4VIo3kKBkncSzWkUSN4Oxjczv/3EtRGxusdJwv2IDpUIBaNopcdhP/NqU3JNvH654lbdOcgq8XJSgRzNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzi6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF76mVBJilyxxaIwlQRjMnufDITmDOXEEsq0sLcSNqKaMrQhlWwI3vLLq6RVq15Vvbt6pVHP0yjCCZzCOXhwAQ24hSa0gIGCZ3iFN8c4L86787FoLTj5zDH8gfP5AzV+j3M=</latexit><latexit sha1_base64="iJtkZGJI3DQ5Ae9iX6M4wSYg44g=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQT0IBS8eK1hbbEPZbDft0s0m7E6EEvovvHhQ8erP8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8ePZg41Yy3WCxj3Qmo4VIo3kKBkncSzWkUSN4Oxjczv/3EtRGxusdJwv2IDpUIBaNopcdhP/NqU3JNvH654lbdOcgq8XJSgRzNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzi6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF76mVBJilyxxaIwlQRjMnufDITmDOXEEsq0sLcSNqKaMrQhlWwI3vLLq6RVq15Vvbt6pVHP0yjCCZzCOXhwAQ24hSa0gIGCZ3iFN8c4L86787FoLTj5zDH8gfP5AzV+j3M=</latexit><latexit sha1_base64="iJtkZGJI3DQ5Ae9iX6M4wSYg44g=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQT0IBS8eK1hbbEPZbDft0s0m7E6EEvovvHhQ8erP8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8ePZg41Yy3WCxj3Qmo4VIo3kKBkncSzWkUSN4Oxjczv/3EtRGxusdJwv2IDpUIBaNopcdhP/NqU3JNvH654lbdOcgq8XJSgRzNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzi6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF76mVBJilyxxaIwlQRjMnufDITmDOXEEsq0sLcSNqKaMrQhlWwI3vLLq6RVq15Vvbt6pVHP0yjCCZzCOXhwAQ24hSa0gIGCZ3iFN8c4L86787FoLTj5zDH8gfP5AzV+j3M=</latexit>

�2 ! X⇤�1 ! e+e��1
<latexit sha1_base64="LuIGV+YIr7IFBRA2ixjkcKuImFE=">AAACE3icbZDLSsNAFIYnXmu9RV26GSyCUCxJKai7ghuXFYwtNGmYTE/boZMLMxOhhD6EG1/FjQsVt27c+TZO0yy09YcDP985h5nzBwlnUlnWt7Gyura+sVnaKm/v7O7tmweH9zJOBQWHxjwWnYBI4CwCRzHFoZMIIGHAoR2Mr2f99gMIyeLoTk0S8EIyjNiAUaI08s2qS0fMr2NXxbjTc4lUOCd2TqBX1XVeIN+sWDUrF142dmEqqFDLN7/cfkzTECJFOZGya1uJ8jIiFKMcpmU3lZAQOiZD6GobkRCkl+VHTfGpJn08iIWuSOGc/t7ISCjlJAz0ZEjUSC72ZvC/XjdVg0svY1GSKojo/KFByrG+d5YQ7jMBVPGJNoQKpv+K6YgIQpXOsaxDsBdPXjZOvXZVs28blWajSKOEjtEJOkM2ukBNdINayEEUPaJn9IrejCfjxXg3PuajK0axc4T+yPj8AXXjnBY=</latexit><latexit sha1_base64="LuIGV+YIr7IFBRA2ixjkcKuImFE=">AAACE3icbZDLSsNAFIYnXmu9RV26GSyCUCxJKai7ghuXFYwtNGmYTE/boZMLMxOhhD6EG1/FjQsVt27c+TZO0yy09YcDP985h5nzBwlnUlnWt7Gyura+sVnaKm/v7O7tmweH9zJOBQWHxjwWnYBI4CwCRzHFoZMIIGHAoR2Mr2f99gMIyeLoTk0S8EIyjNiAUaI08s2qS0fMr2NXxbjTc4lUOCd2TqBX1XVeIN+sWDUrF142dmEqqFDLN7/cfkzTECJFOZGya1uJ8jIiFKMcpmU3lZAQOiZD6GobkRCkl+VHTfGpJn08iIWuSOGc/t7ISCjlJAz0ZEjUSC72ZvC/XjdVg0svY1GSKojo/KFByrG+d5YQ7jMBVPGJNoQKpv+K6YgIQpXOsaxDsBdPXjZOvXZVs28blWajSKOEjtEJOkM2ukBNdINayEEUPaJn9IrejCfjxXg3PuajK0axc4T+yPj8AXXjnBY=</latexit><latexit sha1_base64="LuIGV+YIr7IFBRA2ixjkcKuImFE=">AAACE3icbZDLSsNAFIYnXmu9RV26GSyCUCxJKai7ghuXFYwtNGmYTE/boZMLMxOhhD6EG1/FjQsVt27c+TZO0yy09YcDP985h5nzBwlnUlnWt7Gyura+sVnaKm/v7O7tmweH9zJOBQWHxjwWnYBI4CwCRzHFoZMIIGHAoR2Mr2f99gMIyeLoTk0S8EIyjNiAUaI08s2qS0fMr2NXxbjTc4lUOCd2TqBX1XVeIN+sWDUrF142dmEqqFDLN7/cfkzTECJFOZGya1uJ8jIiFKMcpmU3lZAQOiZD6GobkRCkl+VHTfGpJn08iIWuSOGc/t7ISCjlJAz0ZEjUSC72ZvC/XjdVg0svY1GSKojo/KFByrG+d5YQ7jMBVPGJNoQKpv+K6YgIQpXOsaxDsBdPXjZOvXZVs28blWajSKOEjtEJOkM2ukBNdINayEEUPaJn9IrejCfjxXg3PuajK0axc4T+yPj8AXXjnBY=</latexit><latexit sha1_base64="LuIGV+YIr7IFBRA2ixjkcKuImFE=">AAACE3icbZDLSsNAFIYnXmu9RV26GSyCUCxJKai7ghuXFYwtNGmYTE/boZMLMxOhhD6EG1/FjQsVt27c+TZO0yy09YcDP985h5nzBwlnUlnWt7Gyura+sVnaKm/v7O7tmweH9zJOBQWHxjwWnYBI4CwCRzHFoZMIIGHAoR2Mr2f99gMIyeLoTk0S8EIyjNiAUaI08s2qS0fMr2NXxbjTc4lUOCd2TqBX1XVeIN+sWDUrF142dmEqqFDLN7/cfkzTECJFOZGya1uJ8jIiFKMcpmU3lZAQOiZD6GobkRCkl+VHTfGpJn08iIWuSOGc/t7ISCjlJAz0ZEjUSC72ZvC/XjdVg0svY1GSKojo/KFByrG+d5YQ7jMBVPGJNoQKpv+K6YgIQpXOsaxDsBdPXjZOvXZVs28blWajSKOEjtEJOkM2ukBNdINayEEUPaJn9IrejCfjxXg3PuajK0axc4T+yPj8AXXjnBY=</latexit>

�2 ! X(⇤)�1 ! e+e��1
<latexit sha1_base64="PwUGAdqk2+zGwMiySn/ib6/G9mQ=">AAACF3icbZDNSsNAFIUn/tb6F3XpZrAIFbEmpaDuCm5cVjC20KRhMp20QyeTMDMRSuhjuPFV3LhQcas738ZpmoW2Hrhw+O69zNwTJIxKZVnfxtLyyuraemmjvLm1vbNr7u3fyzgVmDg4ZrHoBEgSRjlxFFWMdBJBUBQw0g5G19N++4EISWN+p8YJ8SI04DSkGCmNfPPcxUPq16GrYtjpZVUXSXUygTm1c0p6p7rOCuSbFatm5YKLxi5MBRRq+eaX249xGhGuMENSdm0rUV6GhKKYkUnZTSVJEB6hAelqy1FEpJflh03gsSZ9GMZCF1cwp783MhRJOY4CPRkhNZTzvSn8r9dNVXjpZZQnqSIczx4KUwb1vdOUYJ8KghUba4OwoPqvEA+RQFjpLMs6BHv+5EXj1GtXNfu2UWk2ijRK4BAcgSqwwQVoghvQAg7A4BE8g1fwZjwZL8a78TEbXTKKnQPwR8bnDzdPnYc=</latexit><latexit sha1_base64="PwUGAdqk2+zGwMiySn/ib6/G9mQ=">AAACF3icbZDNSsNAFIUn/tb6F3XpZrAIFbEmpaDuCm5cVjC20KRhMp20QyeTMDMRSuhjuPFV3LhQcas738ZpmoW2Hrhw+O69zNwTJIxKZVnfxtLyyuraemmjvLm1vbNr7u3fyzgVmDg4ZrHoBEgSRjlxFFWMdBJBUBQw0g5G19N++4EISWN+p8YJ8SI04DSkGCmNfPPcxUPq16GrYtjpZVUXSXUygTm1c0p6p7rOCuSbFatm5YKLxi5MBRRq+eaX249xGhGuMENSdm0rUV6GhKKYkUnZTSVJEB6hAelqy1FEpJflh03gsSZ9GMZCF1cwp783MhRJOY4CPRkhNZTzvSn8r9dNVXjpZZQnqSIczx4KUwb1vdOUYJ8KghUba4OwoPqvEA+RQFjpLMs6BHv+5EXj1GtXNfu2UWk2ijRK4BAcgSqwwQVoghvQAg7A4BE8g1fwZjwZL8a78TEbXTKKnQPwR8bnDzdPnYc=</latexit><latexit sha1_base64="PwUGAdqk2+zGwMiySn/ib6/G9mQ=">AAACF3icbZDNSsNAFIUn/tb6F3XpZrAIFbEmpaDuCm5cVjC20KRhMp20QyeTMDMRSuhjuPFV3LhQcas738ZpmoW2Hrhw+O69zNwTJIxKZVnfxtLyyuraemmjvLm1vbNr7u3fyzgVmDg4ZrHoBEgSRjlxFFWMdBJBUBQw0g5G19N++4EISWN+p8YJ8SI04DSkGCmNfPPcxUPq16GrYtjpZVUXSXUygTm1c0p6p7rOCuSbFatm5YKLxi5MBRRq+eaX249xGhGuMENSdm0rUV6GhKKYkUnZTSVJEB6hAelqy1FEpJflh03gsSZ9GMZCF1cwp783MhRJOY4CPRkhNZTzvSn8r9dNVXjpZZQnqSIczx4KUwb1vdOUYJ8KghUba4OwoPqvEA+RQFjpLMs6BHv+5EXj1GtXNfu2UWk2ijRK4BAcgSqwwQVoghvQAg7A4BE8g1fwZjwZL8a78TEbXTKKnQPwR8bnDzdPnYc=</latexit><latexit sha1_base64="PwUGAdqk2+zGwMiySn/ib6/G9mQ=">AAACF3icbZDNSsNAFIUn/tb6F3XpZrAIFbEmpaDuCm5cVjC20KRhMp20QyeTMDMRSuhjuPFV3LhQcas738ZpmoW2Hrhw+O69zNwTJIxKZVnfxtLyyuraemmjvLm1vbNr7u3fyzgVmDg4ZrHoBEgSRjlxFFWMdBJBUBQw0g5G19N++4EISWN+p8YJ8SI04DSkGCmNfPPcxUPq16GrYtjpZVUXSXUygTm1c0p6p7rOCuSbFatm5YKLxi5MBRRq+eaX249xGhGuMENSdm0rUV6GhKKYkUnZTSVJEB6hAelqy1FEpJflh03gsSZ9GMZCF1cwp783MhRJOY4CPRkhNZTzvSn8r9dNVXjpZZQnqSIczx4KUwb1vdOUYJ8KghUba4OwoPqvEA+RQFjpLMs6BHv+5EXj1GtXNfu2UWk2ijRK4BAcgSqwwQVoghvQAg7A4BE8g1fwZjwZL8a78TEbXTKKnQPwR8bnDzdPnYc=</latexit>

mX > 2m1
<latexit sha1_base64="85QgbCFg60X9itNecHvTdNUZikw=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lKQb1IwYvHCkYLaQib7aZdursJuxOhhP4MLx5UvPpvvPlv3LY5aOuDgcd7M8zMizPBDbjut1NZW9/Y3Kpu13Z29/YP6odHDybNNWU+TUWqezExTHDFfOAgWC/TjMhYsMd4fDPzH5+YNjxV9zDJWCjJUPGEUwJWCmTUw9e4hWXkRfWG23TnwKvEK0kDlehG9a/+IKW5ZAqoIMYEnptBWBANnAo2rfVzwzJCx2TIAksVkcyExfzkKT6zygAnqbalAM/V3xMFkcZMZGw7JYGRWfZm4n9ekENyGRZcZTkwRReLklxgSPHsfzzgmlEQE0sI1dzeiumIaELBplSzIXjLL68Sv9W8anp37UanXaZRRSfoFJ0jD12gDrpFXeQjilL0jF7RmwPOi/PufCxaK045c4z+wPn8AY6Fj58=</latexit><latexit sha1_base64="85QgbCFg60X9itNecHvTdNUZikw=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lKQb1IwYvHCkYLaQib7aZdursJuxOhhP4MLx5UvPpvvPlv3LY5aOuDgcd7M8zMizPBDbjut1NZW9/Y3Kpu13Z29/YP6odHDybNNWU+TUWqezExTHDFfOAgWC/TjMhYsMd4fDPzH5+YNjxV9zDJWCjJUPGEUwJWCmTUw9e4hWXkRfWG23TnwKvEK0kDlehG9a/+IKW5ZAqoIMYEnptBWBANnAo2rfVzwzJCx2TIAksVkcyExfzkKT6zygAnqbalAM/V3xMFkcZMZGw7JYGRWfZm4n9ekENyGRZcZTkwRReLklxgSPHsfzzgmlEQE0sI1dzeiumIaELBplSzIXjLL68Sv9W8anp37UanXaZRRSfoFJ0jD12gDrpFXeQjilL0jF7RmwPOi/PufCxaK045c4z+wPn8AY6Fj58=</latexit><latexit sha1_base64="85QgbCFg60X9itNecHvTdNUZikw=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lKQb1IwYvHCkYLaQib7aZdursJuxOhhP4MLx5UvPpvvPlv3LY5aOuDgcd7M8zMizPBDbjut1NZW9/Y3Kpu13Z29/YP6odHDybNNWU+TUWqezExTHDFfOAgWC/TjMhYsMd4fDPzH5+YNjxV9zDJWCjJUPGEUwJWCmTUw9e4hWXkRfWG23TnwKvEK0kDlehG9a/+IKW5ZAqoIMYEnptBWBANnAo2rfVzwzJCx2TIAksVkcyExfzkKT6zygAnqbalAM/V3xMFkcZMZGw7JYGRWfZm4n9ekENyGRZcZTkwRReLklxgSPHsfzzgmlEQE0sI1dzeiumIaELBplSzIXjLL68Sv9W8anp37UanXaZRRSfoFJ0jD12gDrpFXeQjilL0jF7RmwPOi/PufCxaK045c4z+wPn8AY6Fj58=</latexit><latexit sha1_base64="85QgbCFg60X9itNecHvTdNUZikw=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lKQb1IwYvHCkYLaQib7aZdursJuxOhhP4MLx5UvPpvvPlv3LY5aOuDgcd7M8zMizPBDbjut1NZW9/Y3Kpu13Z29/YP6odHDybNNWU+TUWqezExTHDFfOAgWC/TjMhYsMd4fDPzH5+YNjxV9zDJWCjJUPGEUwJWCmTUw9e4hWXkRfWG23TnwKvEK0kDlehG9a/+IKW5ZAqoIMYEnptBWBANnAo2rfVzwzJCx2TIAksVkcyExfzkKT6zygAnqbalAM/V3xMFkcZMZGw7JYGRWfZm4n9ekENyGRZcZTkwRReLklxgSPHsfzzgmlEQE0sI1dzeiumIaELBplSzIXjLL68Sv9W8anp37UanXaZRRSfoFJ0jD12gDrpFXeQjilL0jF7RmwPOi/PufCxaK045c4z+wPn8AY6Fj58=</latexit>

mX < 2m1
<latexit sha1_base64="mhBXrshywx5B5ZD/Hx2jqCPROxs=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lKQQUPBS8eKxgtpCFstpt26e4m7E6EEvozvHhQ8eq/8ea/cdvmoK0PBh7vzTAzL84EN+C6305lbX1jc6u6XdvZ3ds/qB8ePZg015T5NBWp7sXEMMEV84GDYL1MMyJjwR7j8c3Mf3xi2vBU3cMkY6EkQ8UTTglYKZBRD1/jFpaRF9UbbtOdA68SryQNVKIb1b/6g5TmkimgghgTeG4GYUE0cCrYtNbPDcsIHZMhCyxVRDITFvOTp/jMKgOcpNqWAjxXf08URBozkbHtlARGZtmbif95QQ7JZVhwleXAFF0sSnKBIcWz//GAa0ZBTCwhVHN7K6YjogkFm1LNhuAtv7xK/FbzqundtRuddplGFZ2gU3SOPHSBOugWdZGPKErRM3pFbw44L86787ForTjlzDH6A+fzB4tzj50=</latexit><latexit sha1_base64="mhBXrshywx5B5ZD/Hx2jqCPROxs=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lKQQUPBS8eKxgtpCFstpt26e4m7E6EEvozvHhQ8eq/8ea/cdvmoK0PBh7vzTAzL84EN+C6305lbX1jc6u6XdvZ3ds/qB8ePZg015T5NBWp7sXEMMEV84GDYL1MMyJjwR7j8c3Mf3xi2vBU3cMkY6EkQ8UTTglYKZBRD1/jFpaRF9UbbtOdA68SryQNVKIb1b/6g5TmkimgghgTeG4GYUE0cCrYtNbPDcsIHZMhCyxVRDITFvOTp/jMKgOcpNqWAjxXf08URBozkbHtlARGZtmbif95QQ7JZVhwleXAFF0sSnKBIcWz//GAa0ZBTCwhVHN7K6YjogkFm1LNhuAtv7xK/FbzqundtRuddplGFZ2gU3SOPHSBOugWdZGPKErRM3pFbw44L86787ForTjlzDH6A+fzB4tzj50=</latexit><latexit sha1_base64="mhBXrshywx5B5ZD/Hx2jqCPROxs=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lKQQUPBS8eKxgtpCFstpt26e4m7E6EEvozvHhQ8eq/8ea/cdvmoK0PBh7vzTAzL84EN+C6305lbX1jc6u6XdvZ3ds/qB8ePZg015T5NBWp7sXEMMEV84GDYL1MMyJjwR7j8c3Mf3xi2vBU3cMkY6EkQ8UTTglYKZBRD1/jFpaRF9UbbtOdA68SryQNVKIb1b/6g5TmkimgghgTeG4GYUE0cCrYtNbPDcsIHZMhCyxVRDITFvOTp/jMKgOcpNqWAjxXf08URBozkbHtlARGZtmbif95QQ7JZVhwleXAFF0sSnKBIcWz//GAa0ZBTCwhVHN7K6YjogkFm1LNhuAtv7xK/FbzqundtRuddplGFZ2gU3SOPHSBOugWdZGPKErRM3pFbw44L86787ForTjlzDH6A+fzB4tzj50=</latexit><latexit sha1_base64="mhBXrshywx5B5ZD/Hx2jqCPROxs=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lKQQUPBS8eKxgtpCFstpt26e4m7E6EEvozvHhQ8eq/8ea/cdvmoK0PBh7vzTAzL84EN+C6305lbX1jc6u6XdvZ3ds/qB8ePZg015T5NBWp7sXEMMEV84GDYL1MMyJjwR7j8c3Mf3xi2vBU3cMkY6EkQ8UTTglYKZBRD1/jFpaRF9UbbtOdA68SryQNVKIb1b/6g5TmkimgghgTeG4GYUE0cCrYtNbPDcsIHZMhCyxVRDITFvOTp/jMKgOcpNqWAjxXf08URBozkbHtlARGZtmbif95QQ7JZVhwleXAFF0sSnKBIcWz//GAa0ZBTCwhVHN7K6YjogkFm1LNhuAtv7xK/FbzqundtRuddplGFZ2gU3SOPHSBOugWdZGPKErRM3pFbw44L86787ForTjlzDH6A+fzB4tzj50=</latexit>

• DUNE preferred parameter region over HK although the size is 1/10 
(lower Eth, better resolution) 

• Difference is huge for p-scattering
Better for larger E1

Kim, Machado, Park, SS, To appear soon



Backup: Sensitivities at DUNE vs DarkSide

g12 = 1
<latexit sha1_base64="iJtkZGJI3DQ5Ae9iX6M4wSYg44g=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQT0IBS8eK1hbbEPZbDft0s0m7E6EEvovvHhQ8erP8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8ePZg41Yy3WCxj3Qmo4VIo3kKBkncSzWkUSN4Oxjczv/3EtRGxusdJwv2IDpUIBaNopcdhP/NqU3JNvH654lbdOcgq8XJSgRzNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzi6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF76mVBJilyxxaIwlQRjMnufDITmDOXEEsq0sLcSNqKaMrQhlWwI3vLLq6RVq15Vvbt6pVHP0yjCCZzCOXhwAQ24hSa0gIGCZ3iFN8c4L86787FoLTj5zDH8gfP5AzV+j3M=</latexit><latexit sha1_base64="iJtkZGJI3DQ5Ae9iX6M4wSYg44g=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQT0IBS8eK1hbbEPZbDft0s0m7E6EEvovvHhQ8erP8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8ePZg41Yy3WCxj3Qmo4VIo3kKBkncSzWkUSN4Oxjczv/3EtRGxusdJwv2IDpUIBaNopcdhP/NqU3JNvH654lbdOcgq8XJSgRzNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzi6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF76mVBJilyxxaIwlQRjMnufDITmDOXEEsq0sLcSNqKaMrQhlWwI3vLLq6RVq15Vvbt6pVHP0yjCCZzCOXhwAQ24hSa0gIGCZ3iFN8c4L86787FoLTj5zDH8gfP5AzV+j3M=</latexit><latexit sha1_base64="iJtkZGJI3DQ5Ae9iX6M4wSYg44g=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQT0IBS8eK1hbbEPZbDft0s0m7E6EEvovvHhQ8erP8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8ePZg41Yy3WCxj3Qmo4VIo3kKBkncSzWkUSN4Oxjczv/3EtRGxusdJwv2IDpUIBaNopcdhP/NqU3JNvH654lbdOcgq8XJSgRzNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzi6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF76mVBJilyxxaIwlQRjMnufDITmDOXEEsq0sLcSNqKaMrQhlWwI3vLLq6RVq15Vvbt6pVHP0yjCCZzCOXhwAQ24hSa0gIGCZ3iFN8c4L86787FoLTj5zDH8gfP5AzV+j3M=</latexit><latexit sha1_base64="iJtkZGJI3DQ5Ae9iX6M4wSYg44g=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQT0IBS8eK1hbbEPZbDft0s0m7E6EEvovvHhQ8erP8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8ePZg41Yy3WCxj3Qmo4VIo3kKBkncSzWkUSN4Oxjczv/3EtRGxusdJwv2IDpUIBaNopcdhP/NqU3JNvH654lbdOcgq8XJSgRzNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzi6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF76mVBJilyxxaIwlQRjMnufDITmDOXEEsq0sLcSNqKaMrQhlWwI3vLLq6RVq15Vvbt6pVHP0yjCCZzCOXhwAQ24hSa0gIGCZ3iFN8c4L86787FoLTj5zDH8gfP5AzV+j3M=</latexit>

g12 = 1
<latexit sha1_base64="iJtkZGJI3DQ5Ae9iX6M4wSYg44g=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQT0IBS8eK1hbbEPZbDft0s0m7E6EEvovvHhQ8erP8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8ePZg41Yy3WCxj3Qmo4VIo3kKBkncSzWkUSN4Oxjczv/3EtRGxusdJwv2IDpUIBaNopcdhP/NqU3JNvH654lbdOcgq8XJSgRzNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzi6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF76mVBJilyxxaIwlQRjMnufDITmDOXEEsq0sLcSNqKaMrQhlWwI3vLLq6RVq15Vvbt6pVHP0yjCCZzCOXhwAQ24hSa0gIGCZ3iFN8c4L86787FoLTj5zDH8gfP5AzV+j3M=</latexit><latexit sha1_base64="iJtkZGJI3DQ5Ae9iX6M4wSYg44g=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQT0IBS8eK1hbbEPZbDft0s0m7E6EEvovvHhQ8erP8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8ePZg41Yy3WCxj3Qmo4VIo3kKBkncSzWkUSN4Oxjczv/3EtRGxusdJwv2IDpUIBaNopcdhP/NqU3JNvH654lbdOcgq8XJSgRzNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzi6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF76mVBJilyxxaIwlQRjMnufDITmDOXEEsq0sLcSNqKaMrQhlWwI3vLLq6RVq15Vvbt6pVHP0yjCCZzCOXhwAQ24hSa0gIGCZ3iFN8c4L86787FoLTj5zDH8gfP5AzV+j3M=</latexit><latexit sha1_base64="iJtkZGJI3DQ5Ae9iX6M4wSYg44g=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQT0IBS8eK1hbbEPZbDft0s0m7E6EEvovvHhQ8erP8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8ePZg41Yy3WCxj3Qmo4VIo3kKBkncSzWkUSN4Oxjczv/3EtRGxusdJwv2IDpUIBaNopcdhP/NqU3JNvH654lbdOcgq8XJSgRzNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzi6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF76mVBJilyxxaIwlQRjMnufDITmDOXEEsq0sLcSNqKaMrQhlWwI3vLLq6RVq15Vvbt6pVHP0yjCCZzCOXhwAQ24hSa0gIGCZ3iFN8c4L86787FoLTj5zDH8gfP5AzV+j3M=</latexit><latexit sha1_base64="iJtkZGJI3DQ5Ae9iX6M4wSYg44g=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQT0IBS8eK1hbbEPZbDft0s0m7E6EEvovvHhQ8erP8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8ePZg41Yy3WCxj3Qmo4VIo3kKBkncSzWkUSN4Oxjczv/3EtRGxusdJwv2IDpUIBaNopcdhP/NqU3JNvH654lbdOcgq8XJSgRzNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzi6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF76mVBJilyxxaIwlQRjMnufDITmDOXEEsq0sLcSNqKaMrQhlWwI3vLLq6RVq15Vvbt6pVHP0yjCCZzCOXhwAQ24hSa0gIGCZ3iFN8c4L86787FoLTj5zDH8gfP5AzV+j3M=</latexit>

�2 ! X⇤�1 ! e+e��1
<latexit sha1_base64="LuIGV+YIr7IFBRA2ixjkcKuImFE=">AAACE3icbZDLSsNAFIYnXmu9RV26GSyCUCxJKai7ghuXFYwtNGmYTE/boZMLMxOhhD6EG1/FjQsVt27c+TZO0yy09YcDP985h5nzBwlnUlnWt7Gyura+sVnaKm/v7O7tmweH9zJOBQWHxjwWnYBI4CwCRzHFoZMIIGHAoR2Mr2f99gMIyeLoTk0S8EIyjNiAUaI08s2qS0fMr2NXxbjTc4lUOCd2TqBX1XVeIN+sWDUrF142dmEqqFDLN7/cfkzTECJFOZGya1uJ8jIiFKMcpmU3lZAQOiZD6GobkRCkl+VHTfGpJn08iIWuSOGc/t7ISCjlJAz0ZEjUSC72ZvC/XjdVg0svY1GSKojo/KFByrG+d5YQ7jMBVPGJNoQKpv+K6YgIQpXOsaxDsBdPXjZOvXZVs28blWajSKOEjtEJOkM2ukBNdINayEEUPaJn9IrejCfjxXg3PuajK0axc4T+yPj8AXXjnBY=</latexit><latexit sha1_base64="LuIGV+YIr7IFBRA2ixjkcKuImFE=">AAACE3icbZDLSsNAFIYnXmu9RV26GSyCUCxJKai7ghuXFYwtNGmYTE/boZMLMxOhhD6EG1/FjQsVt27c+TZO0yy09YcDP985h5nzBwlnUlnWt7Gyura+sVnaKm/v7O7tmweH9zJOBQWHxjwWnYBI4CwCRzHFoZMIIGHAoR2Mr2f99gMIyeLoTk0S8EIyjNiAUaI08s2qS0fMr2NXxbjTc4lUOCd2TqBX1XVeIN+sWDUrF142dmEqqFDLN7/cfkzTECJFOZGya1uJ8jIiFKMcpmU3lZAQOiZD6GobkRCkl+VHTfGpJn08iIWuSOGc/t7ISCjlJAz0ZEjUSC72ZvC/XjdVg0svY1GSKojo/KFByrG+d5YQ7jMBVPGJNoQKpv+K6YgIQpXOsaxDsBdPXjZOvXZVs28blWajSKOEjtEJOkM2ukBNdINayEEUPaJn9IrejCfjxXg3PuajK0axc4T+yPj8AXXjnBY=</latexit><latexit sha1_base64="LuIGV+YIr7IFBRA2ixjkcKuImFE=">AAACE3icbZDLSsNAFIYnXmu9RV26GSyCUCxJKai7ghuXFYwtNGmYTE/boZMLMxOhhD6EG1/FjQsVt27c+TZO0yy09YcDP985h5nzBwlnUlnWt7Gyura+sVnaKm/v7O7tmweH9zJOBQWHxjwWnYBI4CwCRzHFoZMIIGHAoR2Mr2f99gMIyeLoTk0S8EIyjNiAUaI08s2qS0fMr2NXxbjTc4lUOCd2TqBX1XVeIN+sWDUrF142dmEqqFDLN7/cfkzTECJFOZGya1uJ8jIiFKMcpmU3lZAQOiZD6GobkRCkl+VHTfGpJn08iIWuSOGc/t7ISCjlJAz0ZEjUSC72ZvC/XjdVg0svY1GSKojo/KFByrG+d5YQ7jMBVPGJNoQKpv+K6YgIQpXOsaxDsBdPXjZOvXZVs28blWajSKOEjtEJOkM2ukBNdINayEEUPaJn9IrejCfjxXg3PuajK0axc4T+yPj8AXXjnBY=</latexit><latexit sha1_base64="LuIGV+YIr7IFBRA2ixjkcKuImFE=">AAACE3icbZDLSsNAFIYnXmu9RV26GSyCUCxJKai7ghuXFYwtNGmYTE/boZMLMxOhhD6EG1/FjQsVt27c+TZO0yy09YcDP985h5nzBwlnUlnWt7Gyura+sVnaKm/v7O7tmweH9zJOBQWHxjwWnYBI4CwCRzHFoZMIIGHAoR2Mr2f99gMIyeLoTk0S8EIyjNiAUaI08s2qS0fMr2NXxbjTc4lUOCd2TqBX1XVeIN+sWDUrF142dmEqqFDLN7/cfkzTECJFOZGya1uJ8jIiFKMcpmU3lZAQOiZD6GobkRCkl+VHTfGpJn08iIWuSOGc/t7ISCjlJAz0ZEjUSC72ZvC/XjdVg0svY1GSKojo/KFByrG+d5YQ7jMBVPGJNoQKpv+K6YgIQpXOsaxDsBdPXjZOvXZVs28blWajSKOEjtEJOkM2ukBNdINayEEUPaJn9IrejCfjxXg3PuajK0axc4T+yPj8AXXjnBY=</latexit>

�2 ! X(⇤)�1 ! e+e��1
<latexit sha1_base64="PwUGAdqk2+zGwMiySn/ib6/G9mQ=">AAACF3icbZDNSsNAFIUn/tb6F3XpZrAIFbEmpaDuCm5cVjC20KRhMp20QyeTMDMRSuhjuPFV3LhQcas738ZpmoW2Hrhw+O69zNwTJIxKZVnfxtLyyuraemmjvLm1vbNr7u3fyzgVmDg4ZrHoBEgSRjlxFFWMdBJBUBQw0g5G19N++4EISWN+p8YJ8SI04DSkGCmNfPPcxUPq16GrYtjpZVUXSXUygTm1c0p6p7rOCuSbFatm5YKLxi5MBRRq+eaX249xGhGuMENSdm0rUV6GhKKYkUnZTSVJEB6hAelqy1FEpJflh03gsSZ9GMZCF1cwp783MhRJOY4CPRkhNZTzvSn8r9dNVXjpZZQnqSIczx4KUwb1vdOUYJ8KghUba4OwoPqvEA+RQFjpLMs6BHv+5EXj1GtXNfu2UWk2ijRK4BAcgSqwwQVoghvQAg7A4BE8g1fwZjwZL8a78TEbXTKKnQPwR8bnDzdPnYc=</latexit><latexit sha1_base64="PwUGAdqk2+zGwMiySn/ib6/G9mQ=">AAACF3icbZDNSsNAFIUn/tb6F3XpZrAIFbEmpaDuCm5cVjC20KRhMp20QyeTMDMRSuhjuPFV3LhQcas738ZpmoW2Hrhw+O69zNwTJIxKZVnfxtLyyuraemmjvLm1vbNr7u3fyzgVmDg4ZrHoBEgSRjlxFFWMdBJBUBQw0g5G19N++4EISWN+p8YJ8SI04DSkGCmNfPPcxUPq16GrYtjpZVUXSXUygTm1c0p6p7rOCuSbFatm5YKLxi5MBRRq+eaX249xGhGuMENSdm0rUV6GhKKYkUnZTSVJEB6hAelqy1FEpJflh03gsSZ9GMZCF1cwp783MhRJOY4CPRkhNZTzvSn8r9dNVXjpZZQnqSIczx4KUwb1vdOUYJ8KghUba4OwoPqvEA+RQFjpLMs6BHv+5EXj1GtXNfu2UWk2ijRK4BAcgSqwwQVoghvQAg7A4BE8g1fwZjwZL8a78TEbXTKKnQPwR8bnDzdPnYc=</latexit><latexit sha1_base64="PwUGAdqk2+zGwMiySn/ib6/G9mQ=">AAACF3icbZDNSsNAFIUn/tb6F3XpZrAIFbEmpaDuCm5cVjC20KRhMp20QyeTMDMRSuhjuPFV3LhQcas738ZpmoW2Hrhw+O69zNwTJIxKZVnfxtLyyuraemmjvLm1vbNr7u3fyzgVmDg4ZrHoBEgSRjlxFFWMdBJBUBQw0g5G19N++4EISWN+p8YJ8SI04DSkGCmNfPPcxUPq16GrYtjpZVUXSXUygTm1c0p6p7rOCuSbFatm5YKLxi5MBRRq+eaX249xGhGuMENSdm0rUV6GhKKYkUnZTSVJEB6hAelqy1FEpJflh03gsSZ9GMZCF1cwp783MhRJOY4CPRkhNZTzvSn8r9dNVXjpZZQnqSIczx4KUwb1vdOUYJ8KghUba4OwoPqvEA+RQFjpLMs6BHv+5EXj1GtXNfu2UWk2ijRK4BAcgSqwwQVoghvQAg7A4BE8g1fwZjwZL8a78TEbXTKKnQPwR8bnDzdPnYc=</latexit><latexit sha1_base64="PwUGAdqk2+zGwMiySn/ib6/G9mQ=">AAACF3icbZDNSsNAFIUn/tb6F3XpZrAIFbEmpaDuCm5cVjC20KRhMp20QyeTMDMRSuhjuPFV3LhQcas738ZpmoW2Hrhw+O69zNwTJIxKZVnfxtLyyuraemmjvLm1vbNr7u3fyzgVmDg4ZrHoBEgSRjlxFFWMdBJBUBQw0g5G19N++4EISWN+p8YJ8SI04DSkGCmNfPPcxUPq16GrYtjpZVUXSXUygTm1c0p6p7rOCuSbFatm5YKLxi5MBRRq+eaX249xGhGuMENSdm0rUV6GhKKYkUnZTSVJEB6hAelqy1FEpJflh03gsSZ9GMZCF1cwp783MhRJOY4CPRkhNZTzvSn8r9dNVXjpZZQnqSIczx4KUwb1vdOUYJ8KghUba4OwoPqvEA+RQFjpLMs6BHv+5EXj1GtXNfu2UWk2ijRK4BAcgSqwwQVoghvQAg7A4BE8g1fwZjwZL8a78TEbXTKKnQPwR8bnDzdPnYc=</latexit>

mX > 2m1
<latexit sha1_base64="85QgbCFg60X9itNecHvTdNUZikw=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lKQb1IwYvHCkYLaQib7aZdursJuxOhhP4MLx5UvPpvvPlv3LY5aOuDgcd7M8zMizPBDbjut1NZW9/Y3Kpu13Z29/YP6odHDybNNWU+TUWqezExTHDFfOAgWC/TjMhYsMd4fDPzH5+YNjxV9zDJWCjJUPGEUwJWCmTUw9e4hWXkRfWG23TnwKvEK0kDlehG9a/+IKW5ZAqoIMYEnptBWBANnAo2rfVzwzJCx2TIAksVkcyExfzkKT6zygAnqbalAM/V3xMFkcZMZGw7JYGRWfZm4n9ekENyGRZcZTkwRReLklxgSPHsfzzgmlEQE0sI1dzeiumIaELBplSzIXjLL68Sv9W8anp37UanXaZRRSfoFJ0jD12gDrpFXeQjilL0jF7RmwPOi/PufCxaK045c4z+wPn8AY6Fj58=</latexit><latexit sha1_base64="85QgbCFg60X9itNecHvTdNUZikw=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lKQb1IwYvHCkYLaQib7aZdursJuxOhhP4MLx5UvPpvvPlv3LY5aOuDgcd7M8zMizPBDbjut1NZW9/Y3Kpu13Z29/YP6odHDybNNWU+TUWqezExTHDFfOAgWC/TjMhYsMd4fDPzH5+YNjxV9zDJWCjJUPGEUwJWCmTUw9e4hWXkRfWG23TnwKvEK0kDlehG9a/+IKW5ZAqoIMYEnptBWBANnAo2rfVzwzJCx2TIAksVkcyExfzkKT6zygAnqbalAM/V3xMFkcZMZGw7JYGRWfZm4n9ekENyGRZcZTkwRReLklxgSPHsfzzgmlEQE0sI1dzeiumIaELBplSzIXjLL68Sv9W8anp37UanXaZRRSfoFJ0jD12gDrpFXeQjilL0jF7RmwPOi/PufCxaK045c4z+wPn8AY6Fj58=</latexit><latexit sha1_base64="85QgbCFg60X9itNecHvTdNUZikw=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lKQb1IwYvHCkYLaQib7aZdursJuxOhhP4MLx5UvPpvvPlv3LY5aOuDgcd7M8zMizPBDbjut1NZW9/Y3Kpu13Z29/YP6odHDybNNWU+TUWqezExTHDFfOAgWC/TjMhYsMd4fDPzH5+YNjxV9zDJWCjJUPGEUwJWCmTUw9e4hWXkRfWG23TnwKvEK0kDlehG9a/+IKW5ZAqoIMYEnptBWBANnAo2rfVzwzJCx2TIAksVkcyExfzkKT6zygAnqbalAM/V3xMFkcZMZGw7JYGRWfZm4n9ekENyGRZcZTkwRReLklxgSPHsfzzgmlEQE0sI1dzeiumIaELBplSzIXjLL68Sv9W8anp37UanXaZRRSfoFJ0jD12gDrpFXeQjilL0jF7RmwPOi/PufCxaK045c4z+wPn8AY6Fj58=</latexit><latexit sha1_base64="85QgbCFg60X9itNecHvTdNUZikw=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lKQb1IwYvHCkYLaQib7aZdursJuxOhhP4MLx5UvPpvvPlv3LY5aOuDgcd7M8zMizPBDbjut1NZW9/Y3Kpu13Z29/YP6odHDybNNWU+TUWqezExTHDFfOAgWC/TjMhYsMd4fDPzH5+YNjxV9zDJWCjJUPGEUwJWCmTUw9e4hWXkRfWG23TnwKvEK0kDlehG9a/+IKW5ZAqoIMYEnptBWBANnAo2rfVzwzJCx2TIAksVkcyExfzkKT6zygAnqbalAM/V3xMFkcZMZGw7JYGRWfZm4n9ekENyGRZcZTkwRReLklxgSPHsfzzgmlEQE0sI1dzeiumIaELBplSzIXjLL68Sv9W8anp37UanXaZRRSfoFJ0jD12gDrpFXeQjilL0jF7RmwPOi/PufCxaK045c4z+wPn8AY6Fj58=</latexit>

mX < 2m1
<latexit sha1_base64="mhBXrshywx5B5ZD/Hx2jqCPROxs=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lKQQUPBS8eKxgtpCFstpt26e4m7E6EEvozvHhQ8eq/8ea/cdvmoK0PBh7vzTAzL84EN+C6305lbX1jc6u6XdvZ3ds/qB8ePZg015T5NBWp7sXEMMEV84GDYL1MMyJjwR7j8c3Mf3xi2vBU3cMkY6EkQ8UTTglYKZBRD1/jFpaRF9UbbtOdA68SryQNVKIb1b/6g5TmkimgghgTeG4GYUE0cCrYtNbPDcsIHZMhCyxVRDITFvOTp/jMKgOcpNqWAjxXf08URBozkbHtlARGZtmbif95QQ7JZVhwleXAFF0sSnKBIcWz//GAa0ZBTCwhVHN7K6YjogkFm1LNhuAtv7xK/FbzqundtRuddplGFZ2gU3SOPHSBOugWdZGPKErRM3pFbw44L86787ForTjlzDH6A+fzB4tzj50=</latexit><latexit sha1_base64="mhBXrshywx5B5ZD/Hx2jqCPROxs=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lKQQUPBS8eKxgtpCFstpt26e4m7E6EEvozvHhQ8eq/8ea/cdvmoK0PBh7vzTAzL84EN+C6305lbX1jc6u6XdvZ3ds/qB8ePZg015T5NBWp7sXEMMEV84GDYL1MMyJjwR7j8c3Mf3xi2vBU3cMkY6EkQ8UTTglYKZBRD1/jFpaRF9UbbtOdA68SryQNVKIb1b/6g5TmkimgghgTeG4GYUE0cCrYtNbPDcsIHZMhCyxVRDITFvOTp/jMKgOcpNqWAjxXf08URBozkbHtlARGZtmbif95QQ7JZVhwleXAFF0sSnKBIcWz//GAa0ZBTCwhVHN7K6YjogkFm1LNhuAtv7xK/FbzqundtRuddplGFZ2gU3SOPHSBOugWdZGPKErRM3pFbw44L86787ForTjlzDH6A+fzB4tzj50=</latexit><latexit sha1_base64="mhBXrshywx5B5ZD/Hx2jqCPROxs=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lKQQUPBS8eKxgtpCFstpt26e4m7E6EEvozvHhQ8eq/8ea/cdvmoK0PBh7vzTAzL84EN+C6305lbX1jc6u6XdvZ3ds/qB8ePZg015T5NBWp7sXEMMEV84GDYL1MMyJjwR7j8c3Mf3xi2vBU3cMkY6EkQ8UTTglYKZBRD1/jFpaRF9UbbtOdA68SryQNVKIb1b/6g5TmkimgghgTeG4GYUE0cCrYtNbPDcsIHZMhCyxVRDITFvOTp/jMKgOcpNqWAjxXf08URBozkbHtlARGZtmbif95QQ7JZVhwleXAFF0sSnKBIcWz//GAa0ZBTCwhVHN7K6YjogkFm1LNhuAtv7xK/FbzqundtRuddplGFZ2gU3SOPHSBOugWdZGPKErRM3pFbw44L86787ForTjlzDH6A+fzB4tzj50=</latexit><latexit sha1_base64="mhBXrshywx5B5ZD/Hx2jqCPROxs=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lKQQUPBS8eKxgtpCFstpt26e4m7E6EEvozvHhQ8eq/8ea/cdvmoK0PBh7vzTAzL84EN+C6305lbX1jc6u6XdvZ3ds/qB8ePZg015T5NBWp7sXEMMEV84GDYL1MMyJjwR7j8c3Mf3xi2vBU3cMkY6EkQ8UTTglYKZBRD1/jFpaRF9UbbtOdA68SryQNVKIb1b/6g5TmkimgghgTeG4GYUE0cCrYtNbPDcsIHZMhCyxVRDITFvOTp/jMKgOcpNqWAjxXf08URBozkbHtlARGZtmbif95QQ7JZVhwleXAFF0sSnKBIcWz//GAa0ZBTCwhVHN7K6YjogkFm1LNhuAtv7xK/FbzqundtRuddplGFZ2gU3SOPHSBOugWdZGPKErRM3pFbw44L86787ForTjlzDH6A+fzB4tzj50=</latexit>

• e-scattering gets larger more rapidly than p-scattering as decreasing mX 

• DarkSide-20k sensitive for smaller mX (longer decay length: identify two signals) 

• DarkSide-20k can be competitive over DUNE when E1 and mX is small (Eth)



Backup: Higher Energy?

𝜒0 → 𝜒1 𝜒1𝜒1

𝜒2

Heurtier, Kim, Park, SS, 1905.13223,  
PRD 100, 055004 (2019)


