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DUNE is a Multi-purpose Experiment

Suggestion of this talk: let us try to get prepared for the 
unexpected. New dark matter signals from light weakly coupled 
dark sector theories.

Besides its day job: In the history, there has been a fascinating 
tradition for ! detectors to discover unexpected signals.

DUNE will be one of the largest particle physics experiments 
in the coming decade. New generation of !  detectors.
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Energy threshold of neutrino detectors:                   ~ MeV.E th
! ! detector
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E = µv2 = 10! 6µ ! a few hundred keV< E th
! ! detector
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A inspiring challenge. Design new low threshold detectors, or 
Consider new dark matter theories that offer larger E.

For non-relativistic halo dark matter, available recoil energy in 
the elastic scattering
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A inspiring challenge. Design new low threshold detectors, or 
Consider new dark matter theories that offer larger E.

Borexino as exception:                 ~ 200 keV, sensitive to DM velocities 
close to cutoff (halo), stronger annual modulation effects.

Eby, Fox, Harnik, Kribs (private communication)

E th
Borexino
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Make Dark Matter More Energetic

¥ Create a dark matter beam striking on ! -detector.

Batell, Pospelov, Ritz (0906.5614)

¥ Boosting dark matter due to astrophysical origins.

¥ Self-Destructing Dark Matter.

Grossman, Harnik, Telem, YZ (1712.00455)

Berger, ShinÕs talks 
Bringmann, Pospelov (1810.10543)

¥ Neutrino beam: !- philic dark matter carries away MET.

Jeffrey BerrymanÕs talk 

de Gouv•a, Berryman, Kelly, YZ (1802.00009), Kelly, YZ (to appear)

[ND]

[ND]

[FD]

[FD]

[N(F)D=near (far) detector]
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This Talk

¥ Create a dark matter beam striking on ! -detector. [ND]
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This Talk
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This Talk

¥ I will present our new idea, and explain why it is important, 
based on existing LAr detectors, e.g. MicroBooNE.

¥ Many similar aspects apply to the DUNE near detector.

¥ Create a dark matter beam striking on ! -detector. [ND]
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L int = ( ! eJµ
SM + gD ø"# µ " ) A!

µ
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strong limits from 
dark photon searches

allowed to be sizable

X

!

_
!

q, e-

q, e+
_

AÕ"

!

The dark analog of QED: massive dark photon AÕ portal to DM 
! (fermion or scalar).

Benchmark Model
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Roadmap From Early Universe

M !
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<latexit sha1_base64="2ndk9PwjJG7Jv8w+uQ+Ie8F15Vc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx4rGFtoQtlsN+3SzSbuToQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88mCTTjHsskYnuhNRwKRT3UKDknVRzGoeSt8PRzdRvP3FtRKLucZzyIKYDJSLBKFqp44dU+2woetWaW3dnIMukUZAaFGj1ql9+P2FZzBUySY3pNtwUg5xqFEzyScXPDE8pG9EB71qqaMxNkM/unZATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/r5thdBnkQqUZcsXmi6JMEkzI9HnSF5ozlGNLKNPC3krYkGrK0EZUsSE0Fl9eJt5Z/aru3p3XmtdFGmU4gmM4hQZcQBNuoQUeMJDwDK/w5jw6L8678zFvLTnFzCH8gfP5A2cxj74=</latexit><latexit sha1_base64="2ndk9PwjJG7Jv8w+uQ+Ie8F15Vc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx4rGFtoQtlsN+3SzSbuToQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88mCTTjHsskYnuhNRwKRT3UKDknVRzGoeSt8PRzdRvP3FtRKLucZzyIKYDJSLBKFqp44dU+2woetWaW3dnIMukUZAaFGj1ql9+P2FZzBUySY3pNtwUg5xqFEzyScXPDE8pG9EB71qqaMxNkM/unZATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/r5thdBnkQqUZcsXmi6JMEkzI9HnSF5ozlGNLKNPC3krYkGrK0EZUsSE0Fl9eJt5Z/aru3p3XmtdFGmU4gmM4hQZcQBNuoQUeMJDwDK/w5jw6L8678zFvLTnFzCH8gfP5A2cxj74=</latexit><latexit sha1_base64="2ndk9PwjJG7Jv8w+uQ+Ie8F15Vc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx4rGFtoQtlsN+3SzSbuToQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88mCTTjHsskYnuhNRwKRT3UKDknVRzGoeSt8PRzdRvP3FtRKLucZzyIKYDJSLBKFqp44dU+2woetWaW3dnIMukUZAaFGj1ql9+P2FZzBUySY3pNtwUg5xqFEzyScXPDE8pG9EB71qqaMxNkM/unZATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/r5thdBnkQqUZcsXmi6JMEkzI9HnSF5ozlGNLKNPC3krYkGrK0EZUsSE0Fl9eJt5Z/aru3p3XmtdFGmU4gmM4hQZcQBNuoQUeMJDwDK/w5jw6L8678zFvLTnFzCH8gfP5A2cxj74=</latexit>

SM
<latexit sha1_base64="TITa6KKmitbRjTUwNjvRvxXpjfA=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hY0I6i3oxYsQ0U0CyRJmJ7PJmHksM7NCWPIPXjyoePWDvPk3TpI9aGJBQ1HVTXdXlHBmrO9/e0vLK6tr64WN4ubW9s5uaW+/YVSqCQ2I4kq3ImwoZ5IGlllOW4mmWEScNqPh9cRvPlFtmJIPdpTQUOC+ZDEj2Dqp0dEC3d92S2W/4k+BFkk1J2XIUe+Wvjo9RVJBpSUcG9Ou+okNM6wtI5yOi53U0ASTIe7TtqMSC2rCbHrtGB07pYdipV1Ji6bq74kMC2NGInKdAtuBmfcm4n9eO7XxRZgxmaSWSjJbFKccWYUmr6Me05RYPnIEE83crYgMsMbEuoCKLoTq/MuLJDitXFb8u7Ny7SpPowCHcAQnUIVzqMEN1CEAAo/wDK/w5invxXv3PmatS14+cwB/4H3+AFt0joQ=</latexit><latexit sha1_base64="TITa6KKmitbRjTUwNjvRvxXpjfA=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hY0I6i3oxYsQ0U0CyRJmJ7PJmHksM7NCWPIPXjyoePWDvPk3TpI9aGJBQ1HVTXdXlHBmrO9/e0vLK6tr64WN4ubW9s5uaW+/YVSqCQ2I4kq3ImwoZ5IGlllOW4mmWEScNqPh9cRvPlFtmJIPdpTQUOC+ZDEj2Dqp0dEC3d92S2W/4k+BFkk1J2XIUe+Wvjo9RVJBpSUcG9Ou+okNM6wtI5yOi53U0ASTIe7TtqMSC2rCbHrtGB07pYdipV1Ji6bq74kMC2NGInKdAtuBmfcm4n9eO7XxRZgxmaSWSjJbFKccWYUmr6Me05RYPnIEE83crYgMsMbEuoCKLoTq/MuLJDitXFb8u7Ny7SpPowCHcAQnUIVzqMEN1CEAAo/wDK/w5invxXv3PmatS14+cwB/4H3+AFt0joQ=</latexit><latexit sha1_base64="TITa6KKmitbRjTUwNjvRvxXpjfA=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hY0I6i3oxYsQ0U0CyRJmJ7PJmHksM7NCWPIPXjyoePWDvPk3TpI9aGJBQ1HVTXdXlHBmrO9/e0vLK6tr64WN4ubW9s5uaW+/YVSqCQ2I4kq3ImwoZ5IGlllOW4mmWEScNqPh9cRvPlFtmJIPdpTQUOC+ZDEj2Dqp0dEC3d92S2W/4k+BFkk1J2XIUe+Wvjo9RVJBpSUcG9Ou+okNM6wtI5yOi53U0ASTIe7TtqMSC2rCbHrtGB07pYdipV1Ji6bq74kMC2NGInKdAtuBmfcm4n9eO7XxRZgxmaSWSjJbFKccWYUmr6Me05RYPnIEE83crYgMsMbEuoCKLoTq/MuLJDitXFb8u7Ny7SpPowCHcAQnUIVzqMEN1CEAAo/wDK/w5invxXv3PmatS14+cwB/4H3+AFt0joQ=</latexit>

SM
<latexit sha1_base64="TITa6KKmitbRjTUwNjvRvxXpjfA=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hY0I6i3oxYsQ0U0CyRJmJ7PJmHksM7NCWPIPXjyoePWDvPk3TpI9aGJBQ1HVTXdXlHBmrO9/e0vLK6tr64WN4ubW9s5uaW+/YVSqCQ2I4kq3ImwoZ5IGlllOW4mmWEScNqPh9cRvPlFtmJIPdpTQUOC+ZDEj2Dqp0dEC3d92S2W/4k+BFkk1J2XIUe+Wvjo9RVJBpSUcG9Ou+okNM6wtI5yOi53U0ASTIe7TtqMSC2rCbHrtGB07pYdipV1Ji6bq74kMC2NGInKdAtuBmfcm4n9eO7XxRZgxmaSWSjJbFKccWYUmr6Me05RYPnIEE83crYgMsMbEuoCKLoTq/MuLJDitXFb8u7Ny7SpPowCHcAQnUIVzqMEN1CEAAo/wDK/w5invxXv3PmatS14+cwB/4H3+AFt0joQ=</latexit><latexit sha1_base64="TITa6KKmitbRjTUwNjvRvxXpjfA=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hY0I6i3oxYsQ0U0CyRJmJ7PJmHksM7NCWPIPXjyoePWDvPk3TpI9aGJBQ1HVTXdXlHBmrO9/e0vLK6tr64WN4ubW9s5uaW+/YVSqCQ2I4kq3ImwoZ5IGlllOW4mmWEScNqPh9cRvPlFtmJIPdpTQUOC+ZDEj2Dqp0dEC3d92S2W/4k+BFkk1J2XIUe+Wvjo9RVJBpSUcG9Ou+okNM6wtI5yOi53U0ASTIe7TtqMSC2rCbHrtGB07pYdipV1Ji6bq74kMC2NGInKdAtuBmfcm4n9eO7XxRZgxmaSWSjJbFKccWYUmr6Me05RYPnIEE83crYgMsMbEuoCKLoTq/MuLJDitXFb8u7Ny7SpPowCHcAQnUIVzqMEN1CEAAo/wDK/w5invxXv3PmatS14+cwB/4H3+AFt0joQ=</latexit><latexit sha1_base64="TITa6KKmitbRjTUwNjvRvxXpjfA=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hY0I6i3oxYsQ0U0CyRJmJ7PJmHksM7NCWPIPXjyoePWDvPk3TpI9aGJBQ1HVTXdXlHBmrO9/e0vLK6tr64WN4ubW9s5uaW+/YVSqCQ2I4kq3ImwoZ5IGlllOW4mmWEScNqPh9cRvPlFtmJIPdpTQUOC+ZDEj2Dqp0dEC3d92S2W/4k+BFkk1J2XIUe+Wvjo9RVJBpSUcG9Ou+okNM6wtI5yOi53U0ASTIe7TtqMSC2rCbHrtGB07pYdipV1Ji6bq74kMC2NGInKdAtuBmfcm4n9eO7XxRZgxmaSWSjJbFKccWYUmr6Me05RYPnIEE83crYgMsMbEuoCKLoTq/MuLJDitXFb8u7Ny7SpPowCHcAQnUIVzqMEN1CEAAo/wDK/w5invxXv3PmatS14+cwB/4H3+AFt0joQ=</latexit>

A !"
<latexit sha1_base64="WLhB3eKxY6Xrhjbw1AWTFMZkXY4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKKh5KIoN6qXjxWMLbQxrLZbtqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOFMG9f9dhYWl5ZXVktr5fWNza3tys7ug45TRahPYh6rVog15UxS3zDDaStRFIuQ02Y4vMn95hNVmsXy3owSGgjclyxiBJtcujp6POlWqm7NnQDNE68gVSjQ6Fa+Or2YpIJKQzjWuu25iQkyrAwjnI7LnVTTBJMh7tO2pRILqoNscusYHVqlh6JY2ZIGTdTfExkWWo9EaDsFNgM96+Xif147NdFFkDGZpIZKMl0UpRyZGOWPox5TlBg+sgQTxeytiAywwsTYeMo2BG/25Xnin9Yua+7dWbV+XaRRgn04gGPw4BzqcAsN8IHAAJ7hFd4c4bw4787HtHXBKWb24A+czx954o1l</latexit><latexit sha1_base64="WLhB3eKxY6Xrhjbw1AWTFMZkXY4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKKh5KIoN6qXjxWMLbQxrLZbtqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOFMG9f9dhYWl5ZXVktr5fWNza3tys7ug45TRahPYh6rVog15UxS3zDDaStRFIuQ02Y4vMn95hNVmsXy3owSGgjclyxiBJtcujp6POlWqm7NnQDNE68gVSjQ6Fa+Or2YpIJKQzjWuu25iQkyrAwjnI7LnVTTBJMh7tO2pRILqoNscusYHVqlh6JY2ZIGTdTfExkWWo9EaDsFNgM96+Xif147NdFFkDGZpIZKMl0UpRyZGOWPox5TlBg+sgQTxeytiAywwsTYeMo2BG/25Xnin9Yua+7dWbV+XaRRgn04gGPw4BzqcAsN8IHAAJ7hFd4c4bw4787HtHXBKWb24A+czx954o1l</latexit><latexit sha1_base64="WLhB3eKxY6Xrhjbw1AWTFMZkXY4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKKh5KIoN6qXjxWMLbQxrLZbtqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOFMG9f9dhYWl5ZXVktr5fWNza3tys7ug45TRahPYh6rVog15UxS3zDDaStRFIuQ02Y4vMn95hNVmsXy3owSGgjclyxiBJtcujp6POlWqm7NnQDNE68gVSjQ6Fa+Or2YpIJKQzjWuu25iQkyrAwjnI7LnVTTBJMh7tO2pRILqoNscusYHVqlh6JY2ZIGTdTfExkWWo9EaDsFNgM96+Xif147NdFFkDGZpIZKMl0UpRyZGOWPox5TlBg+sgQTxeytiAywwsTYeMo2BG/25Xnin9Yua+7dWbV+XaRRgn04gGPw4BzqcAsN8IHAAJ7hFd4c4bw4787HtHXBKWb24A+czx954o1l</latexit>

! !
<latexit sha1_base64="tE9TEppjKTV0Zf7Bs//013+iPV4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBPJRUBPVW9OKxgrGFNpbJdtMu3U3i7kYooX/CiwcVr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz32yksLa+srhXXSxubW9s75d29ex2nijKPxiJWrQA1EzxinuFGsFaiGMpAsGYwvJ74zSemNI+jOzNKmC+xH/GQUzRWanX6KCU+nHTLFbfqTkEWSS0nFcjR6Ja/Or2YppJFhgrUul1zE+NnqAyngo1LnVSzBOkQ+6xtaYSSaT+b3jsmR1bpkTBWtiJDpurviQyl1iMZ2E6JZqDnvYn4n9dOTXjhZzxKUsMiOlsUpoKYmEyeJz2uGDViZAlSxe2thA5QITU2opINoTb/8iLxTquXVff2rFK/ytMowgEcwjHU4BzqcAMN8ICCgGd4hTfn0Xlx3p2PWWvByWf24Q+czx8Pso+E</latexit><latexit sha1_base64="tE9TEppjKTV0Zf7Bs//013+iPV4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBPJRUBPVW9OKxgrGFNpbJdtMu3U3i7kYooX/CiwcVr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz32yksLa+srhXXSxubW9s75d29ex2nijKPxiJWrQA1EzxinuFGsFaiGMpAsGYwvJ74zSemNI+jOzNKmC+xH/GQUzRWanX6KCU+nHTLFbfqTkEWSS0nFcjR6Ja/Or2YppJFhgrUul1zE+NnqAyngo1LnVSzBOkQ+6xtaYSSaT+b3jsmR1bpkTBWtiJDpurviQyl1iMZ2E6JZqDnvYn4n9dOTXjhZzxKUsMiOlsUpoKYmEyeJz2uGDViZAlSxe2thA5QITU2opINoTb/8iLxTquXVff2rFK/ytMowgEcwjHU4BzqcAMN8ICCgGd4hTfn0Xlx3p2PWWvByWf24Q+czx8Pso+E</latexit><latexit sha1_base64="tE9TEppjKTV0Zf7Bs//013+iPV4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBPJRUBPVW9OKxgrGFNpbJdtMu3U3i7kYooX/CiwcVr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz32yksLa+srhXXSxubW9s75d29ex2nijKPxiJWrQA1EzxinuFGsFaiGMpAsGYwvJ74zSemNI+jOzNKmC+xH/GQUzRWanX6KCU+nHTLFbfqTkEWSS0nFcjR6Ja/Or2YppJFhgrUul1zE+NnqAyngo1LnVSzBOkQ+6xtaYSSaT+b3jsmR1bpkTBWtiJDpurviQyl1iMZ2E6JZqDnvYn4n9dOTXjhZzxKUsMiOlsUpoKYmEyeJz2uGDViZAlSxe2thA5QITU2opINoTb/8iLxTquXVff2rFK/ytMowgEcwjHU4BzqcAMN8ICCgGd4hTfn0Xlx3p2PWWvByWf24Q+czx8Pso+E</latexit>

X
!

<latexit sha1_base64="qlt5pu0S3o4w+UuImCYoFDJAcl4=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juBpIljA7mU2GzM4sM72BsOQzvHhQ8erfePNvnDwQTSxoKKq66e6KUiks+v6XV1hZXVvfKG6WtrZ3dvfK+wcPVmeG8YBpqU0zopZLoXiAAiVvpobTJJL8MRrcTPzHITdWaHWPo5SHCe0pEQtG0Umt9pAanlohteqUK37Vn4L8kNoiqcAcjU75s93VLEu4Qiapta2an2KYU4OCST4utTPLU8oGtMdbjiqacBvm05PH5MQpXRJr40ohmaq/J3KaWDtKIteZUOzbRW8i/ue1Mowvw1yoNEOu2GxRnEmCmkz+J11hOEM5coQyI9ythPWpoQxdSiUXwtLLyyQ4q15V/bvzSv16nkYRjuAYTqEGF1CHW2hAAAw0PMELvHroPXtv3vusteDNZw7hD7yPbyUfkVs=</latexit><latexit sha1_base64="qlt5pu0S3o4w+UuImCYoFDJAcl4=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juBpIljA7mU2GzM4sM72BsOQzvHhQ8erfePNvnDwQTSxoKKq66e6KUiks+v6XV1hZXVvfKG6WtrZ3dvfK+wcPVmeG8YBpqU0zopZLoXiAAiVvpobTJJL8MRrcTPzHITdWaHWPo5SHCe0pEQtG0Umt9pAanlohteqUK37Vn4L8kNoiqcAcjU75s93VLEu4Qiapta2an2KYU4OCST4utTPLU8oGtMdbjiqacBvm05PH5MQpXRJr40ohmaq/J3KaWDtKIteZUOzbRW8i/ue1Mowvw1yoNEOu2GxRnEmCmkz+J11hOEM5coQyI9ythPWpoQxdSiUXwtLLyyQ4q15V/bvzSv16nkYRjuAYTqEGF1CHW2hAAAw0PMELvHroPXtv3vusteDNZw7hD7yPbyUfkVs=</latexit><latexit sha1_base64="qlt5pu0S3o4w+UuImCYoFDJAcl4=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juBpIljA7mU2GzM4sM72BsOQzvHhQ8erfePNvnDwQTSxoKKq66e6KUiks+v6XV1hZXVvfKG6WtrZ3dvfK+wcPVmeG8YBpqU0zopZLoXiAAiVvpobTJJL8MRrcTPzHITdWaHWPo5SHCe0pEQtG0Umt9pAanlohteqUK37Vn4L8kNoiqcAcjU75s93VLEu4Qiapta2an2KYU4OCST4utTPLU8oGtMdbjiqacBvm05PH5MQpXRJr40ohmaq/J3KaWDtKIteZUOzbRW8i/ue1Mowvw1yoNEOu2GxRnEmCmkz+J11hOEM5coQyI9ythPWpoQxdSiUXwtLLyyQ4q15V/bvzSv16nkYRjuAYTqEGF1CHW2hAAAw0PMELvHroPXtv3vusteDNZw7hD7yPbyUfkVs=</latexit>

WIMP-like : ! v ! "2#D
<latexit sha1_base64="N7Ij7hLG9RNs312Bxjp0DL+yRbE="></latexit><latexit sha1_base64="N7Ij7hLG9RNs312Bxjp0DL+yRbE="></latexit><latexit sha1_base64="N7Ij7hLG9RNs312Bxjp0DL+yRbE="></latexit>

secluded DM : ! v ! " 2
D

<latexit sha1_base64="7ETgYT8ibc4H4M+bSZMdFXhNquc=">AAACGnicbVDLSgNBEJz1bXxFPXoZDIKnsAmCj5OoBy+CglEhG0PvbCcZnN0dZnrFsOQ/vPgrXjyoeBMv/o2TGMRXwUBR1U1PVaiVtOT7797I6Nj4xOTUdGFmdm5+obi4dGbTzAisiVSl5iIEi0omWCNJCi+0QYhDhefh1X7fP79GY2WanFJXYyOGdiJbUgA5qVmsBoQ3lFsUKoswCvjBUW+HBzywsh0Dv+aBNqmmlAegdAeaB5fVZrHkl/0B+Bep/CYlNsRxs/gaRKnIYkxIKLC2XvE1NXIwJIXCXiHILGoQV9DGuqMJxGgb+SBbj685JeKt1LiXEB+o3zdyiK3txqGbjIE69rfXF//z6hm1thq5THRGmIjPQ61McZe1XxSPpEFBqusICCPdX7nogAFBrs6CK+FP5L+kVi1vl/2TjdLu3rCNKbbCVtk6q7BNtssO2TGrMcFu2T17ZE/enffgPXsvn6Mj3nBnmf2A9/YBYMygkA==</latexit><latexit sha1_base64="7ETgYT8ibc4H4M+bSZMdFXhNquc=">AAACGnicbVDLSgNBEJz1bXxFPXoZDIKnsAmCj5OoBy+CglEhG0PvbCcZnN0dZnrFsOQ/vPgrXjyoeBMv/o2TGMRXwUBR1U1PVaiVtOT7797I6Nj4xOTUdGFmdm5+obi4dGbTzAisiVSl5iIEi0omWCNJCi+0QYhDhefh1X7fP79GY2WanFJXYyOGdiJbUgA5qVmsBoQ3lFsUKoswCvjBUW+HBzywsh0Dv+aBNqmmlAegdAeaB5fVZrHkl/0B+Bep/CYlNsRxs/gaRKnIYkxIKLC2XvE1NXIwJIXCXiHILGoQV9DGuqMJxGgb+SBbj685JeKt1LiXEB+o3zdyiK3txqGbjIE69rfXF//z6hm1thq5THRGmIjPQ61McZe1XxSPpEFBqusICCPdX7nogAFBrs6CK+FP5L+kVi1vl/2TjdLu3rCNKbbCVtk6q7BNtssO2TGrMcFu2T17ZE/enffgPXsvn6Mj3nBnmf2A9/YBYMygkA==</latexit><latexit sha1_base64="7ETgYT8ibc4H4M+bSZMdFXhNquc=">AAACGnicbVDLSgNBEJz1bXxFPXoZDIKnsAmCj5OoBy+CglEhG0PvbCcZnN0dZnrFsOQ/vPgrXjyoeBMv/o2TGMRXwUBR1U1PVaiVtOT7797I6Nj4xOTUdGFmdm5+obi4dGbTzAisiVSl5iIEi0omWCNJCi+0QYhDhefh1X7fP79GY2WanFJXYyOGdiJbUgA5qVmsBoQ3lFsUKoswCvjBUW+HBzywsh0Dv+aBNqmmlAegdAeaB5fVZrHkl/0B+Bep/CYlNsRxs/gaRKnIYkxIKLC2XvE1NXIwJIXCXiHILGoQV9DGuqMJxGgb+SBbj685JeKt1LiXEB+o3zdyiK3txqGbjIE69rfXF//z6hm1thq5THRGmIjPQ61McZe1XxSPpEFBqusICCPdX7nogAFBrs6CK+FP5L+kVi1vl/2TjdLu3rCNKbbCVtk6q7BNtssO2TGrMcFu2T17ZE/enffgPXsvn6Mj3nBnmf2A9/YBYMygkA==</latexit>

!

ø! A!
<latexit sha1_base64="vDvAnZa2Badgk1DDiDLBs8Jsv8M=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9VLx6rGFtoQ9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFpeWV1rbhe2tjc2t4p7+49mjjVjHsslrFuBdRwKRT3UKDkrURzGgWSN4PhzcRvPnFtRKwecJRwP6J9JULBKFrp/uq4W664VXcKskhqOalAjka3/NXpxSyNuEImqTHtmpugn1GNgkk+LnVSwxPKhrTP25YqGnHjZ9NLx+TIKj0SxtqWQjJVf09kNDJmFAW2M6I4MPPeRPzPa6cYXviZUEmKXLHZojCVBGMyeZv0hOYM5cgSyrSwtxI2oJoytOGUbAi1+ZcXiXdavay6d2eV+nWeRhEO4BBOoAbnUIdbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AGFBjMk=</latexit><latexit sha1_base64="vDvAnZa2Badgk1DDiDLBs8Jsv8M=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9VLx6rGFtoQ9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFpeWV1rbhe2tjc2t4p7+49mjjVjHsslrFuBdRwKRT3UKDkrURzGgWSN4PhzcRvPnFtRKwecJRwP6J9JULBKFrp/uq4W664VXcKskhqOalAjka3/NXpxSyNuEImqTHtmpugn1GNgkk+LnVSwxPKhrTP25YqGnHjZ9NLx+TIKj0SxtqWQjJVf09kNDJmFAW2M6I4MPPeRPzPa6cYXviZUEmKXLHZojCVBGMyeZv0hOYM5cgSyrSwtxI2oJoytOGUbAi1+ZcXiXdavay6d2eV+nWeRhEO4BBOoAbnUIdbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AGFBjMk=</latexit><latexit sha1_base64="vDvAnZa2Badgk1DDiDLBs8Jsv8M=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9VLx6rGFtoQ9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFpeWV1rbhe2tjc2t4p7+49mjjVjHsslrFuBdRwKRT3UKDkrURzGgWSN4PhzcRvPnFtRKwecJRwP6J9JULBKFrp/uq4W664VXcKskhqOalAjka3/NXpxSyNuEImqTHtmpugn1GNgkk+LnVSwxPKhrTP25YqGnHjZ9NLx+TIKj0SxtqWQjJVf09kNDJmFAW2M6I4MPPeRPzPa6cYXviZUEmKXLHZojCVBGMyeZv0hOYM5cgSyrSwtxI2oJoytOGUbAi1+ZcXiXdavay6d2eV+nWeRhEO4BBOoAbnUIdbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AGFBjMk=</latexit>

A !
<latexit sha1_base64="vDvAnZa2Badgk1DDiDLBs8Jsv8M=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9VLx6rGFtoQ9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFpeWV1rbhe2tjc2t4p7+49mjjVjHsslrFuBdRwKRT3UKDkrURzGgWSN4PhzcRvPnFtRKwecJRwP6J9JULBKFrp/uq4W664VXcKskhqOalAjka3/NXpxSyNuEImqTHtmpugn1GNgkk+LnVSwxPKhrTP25YqGnHjZ9NLx+TIKj0SxtqWQjJVf09kNDJmFAW2M6I4MPPeRPzPa6cYXviZUEmKXLHZojCVBGMyeZv0hOYM5cgSyrSwtxI2oJoytOGUbAi1+ZcXiXdavay6d2eV+nWeRhEO4BBOoAbnUIdbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AGFBjMk=</latexit><latexit sha1_base64="vDvAnZa2Badgk1DDiDLBs8Jsv8M=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9VLx6rGFtoQ9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFpeWV1rbhe2tjc2t4p7+49mjjVjHsslrFuBdRwKRT3UKDkrURzGgWSN4PhzcRvPnFtRKwecJRwP6J9JULBKFrp/uq4W664VXcKskhqOalAjka3/NXpxSyNuEImqTHtmpugn1GNgkk+LnVSwxPKhrTP25YqGnHjZ9NLx+TIKj0SxtqWQjJVf09kNDJmFAW2M6I4MPPeRPzPa6cYXviZUEmKXLHZojCVBGMyeZv0hOYM5cgSyrSwtxI2oJoytOGUbAi1+ZcXiXdavay6d2eV+nWeRhEO4BBOoAbnUIdbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AGFBjMk=</latexit><latexit sha1_base64="vDvAnZa2Badgk1DDiDLBs8Jsv8M=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9VLx6rGFtoQ9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFpeWV1rbhe2tjc2t4p7+49mjjVjHsslrFuBdRwKRT3UKDkrURzGgWSN4PhzcRvPnFtRKwecJRwP6J9JULBKFrp/uq4W664VXcKskhqOalAjka3/NXpxSyNuEImqTHtmpugn1GNgkk+LnVSwxPKhrTP25YqGnHjZ9NLx+TIKj0SxtqWQjJVf09kNDJmFAW2M6I4MPPeRPzPa6cYXviZUEmKXLHZojCVBGMyeZv0hOYM5cgSyrSwtxI2oJoytOGUbAi1+ZcXiXdavay6d2eV+nWeRhEO4BBOoAbnUIdbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AGFBjMk=</latexit>

forbidden DM
:

M !
!

M A
!

<latexit sha1_base64="WR+8pMVFGvImfjw5zNJqi0yhO00=">AAACFnicbVDJSgNBEO1xjXGLevTSGERPYSKCyykuBy+BCEYDmRB6eipJk56eobtGDEP+wou/4sWDilfx5t/YWRCNPmh4/V4VVfX8WAqDrvvpTE3PzM7NZxayi0vLK6u5tfVrEyWaQ5VHMtI1nxmQQkEVBUqoxRpY6Eu48btnA//mFrQRkbrCXgyNkLWVaAnO0ErNXMFDuMO0FWlfBAEoj56X+8fUo+WmxzuCehKMMSK0//Rkp9/M5d2COwT9JsVJkidjVJq5Dy+IeBKCQi6ZMfWiG2MjZRoFl9DPeomBmPEua0PdUsVCMI10eFefblsloHY3+xTSofqzI2WhMb3Qt5Uhw46Z9Abif149wdZhIxUqThAUHw1qJZJiRAch0UBo4Ch7ljCuhd2V8g7TjKONMmtD+HPyX1LdKxwV3Mv9fOl0nEaGbJItskuK5ICUyAWpkCrh5J48kmfy4jw4T86r8zYqnXLGPRvkF5z3Lye6ntg=</latexit><latexit sha1_base64="WR+8pMVFGvImfjw5zNJqi0yhO00=">AAACFnicbVDJSgNBEO1xjXGLevTSGERPYSKCyykuBy+BCEYDmRB6eipJk56eobtGDEP+wou/4sWDilfx5t/YWRCNPmh4/V4VVfX8WAqDrvvpTE3PzM7NZxayi0vLK6u5tfVrEyWaQ5VHMtI1nxmQQkEVBUqoxRpY6Eu48btnA//mFrQRkbrCXgyNkLWVaAnO0ErNXMFDuMO0FWlfBAEoj56X+8fUo+WmxzuCehKMMSK0//Rkp9/M5d2COwT9JsVJkidjVJq5Dy+IeBKCQi6ZMfWiG2MjZRoFl9DPeomBmPEua0PdUsVCMI10eFefblsloHY3+xTSofqzI2WhMb3Qt5Uhw46Z9Abif149wdZhIxUqThAUHw1qJZJiRAch0UBo4Ch7ljCuhd2V8g7TjKONMmtD+HPyX1LdKxwV3Mv9fOl0nEaGbJItskuK5ICUyAWpkCrh5J48kmfy4jw4T86r8zYqnXLGPRvkF5z3Lye6ntg=</latexit><latexit sha1_base64="WR+8pMVFGvImfjw5zNJqi0yhO00=">AAACFnicbVDJSgNBEO1xjXGLevTSGERPYSKCyykuBy+BCEYDmRB6eipJk56eobtGDEP+wou/4sWDilfx5t/YWRCNPmh4/V4VVfX8WAqDrvvpTE3PzM7NZxayi0vLK6u5tfVrEyWaQ5VHMtI1nxmQQkEVBUqoxRpY6Eu48btnA//mFrQRkbrCXgyNkLWVaAnO0ErNXMFDuMO0FWlfBAEoj56X+8fUo+WmxzuCehKMMSK0//Rkp9/M5d2COwT9JsVJkidjVJq5Dy+IeBKCQi6ZMfWiG2MjZRoFl9DPeomBmPEua0PdUsVCMI10eFefblsloHY3+xTSofqzI2WhMb3Qt5Uhw46Z9Abif149wdZhIxUqThAUHw1qJZJiRAch0UBo4Ch7ljCuhd2V8g7TjKONMmtD+HPyX1LdKxwV3Mv9fOl0nEaGbJItskuK5ICUyAWpkCrh5J48kmfy4jw4T86r8zYqnXLGPRvkF5z3Lye6ntg=</latexit>

M !
=

M A
!

<latexit sha1_base64="8swkMn6n4siSFBCT5yqIoLO/JqQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUA9C1YuXQgVjC20Im+2mXbrZxN1NoYT+Di8eVLz6Z7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLS8srpWXC9tbG5t75R39x5VnEpCXRLzWLYCrChngrqaaU5biaQ4CjhtBoPbid8cUqlYLB70KKFehHuChYxgbSSv7ndIn13V/ez6eOyXK3bVngItEicnFcjR8MtfnW5M0ogKTThWqu3YifYyLDUjnI5LnVTRBJMB7tG2oQJHVHnZ9OgxOjJKF4WxNCU0mqq/JzIcKTWKAtMZYd1X895E/M9rpzq88DImklRTQWaLwpQjHaNJAqjLJCWajwzBRDJzKyJ9LDHRJqeSCcGZf3mRuKfVy6p9f1ap3eRpFOEADuEEHDiHGtxBA1wg8ATP8Apv1tB6sd6tj1lrwcpn9uEPrM8fSvyRVA==</latexit><latexit sha1_base64="8swkMn6n4siSFBCT5yqIoLO/JqQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUA9C1YuXQgVjC20Im+2mXbrZxN1NoYT+Di8eVLz6Z7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLS8srpWXC9tbG5t75R39x5VnEpCXRLzWLYCrChngrqaaU5biaQ4CjhtBoPbid8cUqlYLB70KKFehHuChYxgbSSv7ndIn13V/ez6eOyXK3bVngItEicnFcjR8MtfnW5M0ogKTThWqu3YifYyLDUjnI5LnVTRBJMB7tG2oQJHVHnZ9OgxOjJKF4WxNCU0mqq/JzIcKTWKAtMZYd1X895E/M9rpzq88DImklRTQWaLwpQjHaNJAqjLJCWajwzBRDJzKyJ9LDHRJqeSCcGZf3mRuKfVy6p9f1ap3eRpFOEADuEEHDiHGtxBA1wg8ATP8Apv1tB6sd6tj1lrwcpn9uEPrM8fSvyRVA==</latexit><latexit sha1_base64="8swkMn6n4siSFBCT5yqIoLO/JqQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUA9C1YuXQgVjC20Im+2mXbrZxN1NoYT+Di8eVLz6Z7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLS8srpWXC9tbG5t75R39x5VnEpCXRLzWLYCrChngrqaaU5biaQ4CjhtBoPbid8cUqlYLB70KKFehHuChYxgbSSv7ndIn13V/ez6eOyXK3bVngItEicnFcjR8MtfnW5M0ogKTThWqu3YifYyLDUjnI5LnVTRBJMB7tG2oQJHVHnZ9OgxOjJKF4WxNCU0mqq/JzIcKTWKAtMZYd1X895E/M9rpzq88DImklRTQWaLwpQjHaNJAqjLJCWajwzBRDJzKyJ9LDHRJqeSCcGZf3mRuKfVy6p9f1ap3eRpFOEADuEEHDiHGtxBA1wg8ATP8Apv1tB6sd6tj1lrwcpn9uEPrM8fSvyRVA==</latexit>
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Dark Matter Elastic Scattering

Light dark particles can be probed at neutrino experiments.

! + ! µ+ " µ
<latexit sha1_base64="FgZx78+EDgxOqeYt6WcxAH8k9oA=">AAAB/3icbZDLSsNAFIYnXmu9RV24cDNYBEEoiQjqrujGZQVjC00Mk+mkHTozCXMRSunGV3HjQsWtr+HOt3HSZqGtPwx8/Occzpw/yRlV2vO+nYXFpeWV1cpadX1jc2vb3dm9V5mRmAQ4Y5lsJ0gRRgUJNNWMtHNJEE8YaSWD66LeeiRS0Uzc6WFOIo56gqYUI22t2N0Pc/pwAkOdwZCbgoSJLcVuzat7E8F58EuogVLN2P0Kuxk2nAiNGVKq43u5jkZIaooZGVdDo0iO8AD1SMeiQJyoaDQ5YAyPrNOFaSbtExpO3N8TI8SVGvLEdnKk+2q2Vpj/1TpGpxfRiIrcaCLwdFFqGLTnFmnALpUEaza0gLCk9q8Q95FEWNvMqjYEf/bkeQhO65d17/as1rgq06iAA3AIjoEPzkED3IAmCAAGY/AMXsGb8+S8OO/Ox7R1wSln9sAfOZ8/ssmVZA==</latexit><latexit sha1_base64="FgZx78+EDgxOqeYt6WcxAH8k9oA=">AAAB/3icbZDLSsNAFIYnXmu9RV24cDNYBEEoiQjqrujGZQVjC00Mk+mkHTozCXMRSunGV3HjQsWtr+HOt3HSZqGtPwx8/Occzpw/yRlV2vO+nYXFpeWV1cpadX1jc2vb3dm9V5mRmAQ4Y5lsJ0gRRgUJNNWMtHNJEE8YaSWD66LeeiRS0Uzc6WFOIo56gqYUI22t2N0Pc/pwAkOdwZCbgoSJLcVuzat7E8F58EuogVLN2P0Kuxk2nAiNGVKq43u5jkZIaooZGVdDo0iO8AD1SMeiQJyoaDQ5YAyPrNOFaSbtExpO3N8TI8SVGvLEdnKk+2q2Vpj/1TpGpxfRiIrcaCLwdFFqGLTnFmnALpUEaza0gLCk9q8Q95FEWNvMqjYEf/bkeQhO65d17/as1rgq06iAA3AIjoEPzkED3IAmCAAGY/AMXsGb8+S8OO/Ox7R1wSln9sAfOZ8/ssmVZA==</latexit><latexit sha1_base64="FgZx78+EDgxOqeYt6WcxAH8k9oA=">AAAB/3icbZDLSsNAFIYnXmu9RV24cDNYBEEoiQjqrujGZQVjC00Mk+mkHTozCXMRSunGV3HjQsWtr+HOt3HSZqGtPwx8/Occzpw/yRlV2vO+nYXFpeWV1cpadX1jc2vb3dm9V5mRmAQ4Y5lsJ0gRRgUJNNWMtHNJEE8YaSWD66LeeiRS0Uzc6WFOIo56gqYUI22t2N0Pc/pwAkOdwZCbgoSJLcVuzat7E8F58EuogVLN2P0Kuxk2nAiNGVKq43u5jkZIaooZGVdDo0iO8AD1SMeiQJyoaDQ5YAyPrNOFaSbtExpO3N8TI8SVGvLEdnKk+2q2Vpj/1TpGpxfRiIrcaCLwdFFqGLTnFmnALpUEaza0gLCk9q8Q95FEWNvMqjYEf/bkeQhO65d17/as1rgq06iAA3AIjoEPzkED3IAmCAAGY/AMXsGb8+S8OO/Ox7R1wSln9sAfOZ8/ssmVZA==</latexit>

! p ! ! p (t-channel A!)
<latexit sha1_base64="eUe+i6zTQmw3UadkY9Sjgly+z08=">AAACFHicbZDLSgMxFIYzXmu9VV26CRaxgpapCOqu6sZlBWsLnVIy6WkbmskMyRmxDH0JN76KGxcqbl24821ML4K2nhD4+P9zSM7vR1IYdN0vZ2Z2bn5hMbWUXl5ZXVvPbGzemjDWHMo8lKGu+syAFArKKFBCNdLAAl9Cxe9eDvzKHWgjQnWDvQjqAWsr0RKcoZUamQOPdwSNqIch/UF7cugh3GNyyDtMKZB9j57v7TcyWTfvDotOQ2EMWTKuUiPz6TVDHgegkEtmTK3gRlhPmEbBJfTTXmwgYrzL2lCzqFgApp4Mt+rTXas0aSvU9iqkQ/X3RMICY3qBbzsDhh0z6Q3E/7xajK3TeiJUFCMoPnqoFUtqIxhERJtCA0fZs8C4Fvav1MagGUcbZNqGUJhceRrKR/mzvHt9nC1ejNNIkW2yQ3KkQE5IkVyREikTTh7IE3khr86j8+y8Oe+j1hlnPLNF/pTz8Q2qrJzV</latexit><latexit sha1_base64="eUe+i6zTQmw3UadkY9Sjgly+z08=">AAACFHicbZDLSgMxFIYzXmu9VV26CRaxgpapCOqu6sZlBWsLnVIy6WkbmskMyRmxDH0JN76KGxcqbl24821ML4K2nhD4+P9zSM7vR1IYdN0vZ2Z2bn5hMbWUXl5ZXVvPbGzemjDWHMo8lKGu+syAFArKKFBCNdLAAl9Cxe9eDvzKHWgjQnWDvQjqAWsr0RKcoZUamQOPdwSNqIch/UF7cugh3GNyyDtMKZB9j57v7TcyWTfvDotOQ2EMWTKuUiPz6TVDHgegkEtmTK3gRlhPmEbBJfTTXmwgYrzL2lCzqFgApp4Mt+rTXas0aSvU9iqkQ/X3RMICY3qBbzsDhh0z6Q3E/7xajK3TeiJUFCMoPnqoFUtqIxhERJtCA0fZs8C4Fvav1MagGUcbZNqGUJhceRrKR/mzvHt9nC1ejNNIkW2yQ3KkQE5IkVyREikTTh7IE3khr86j8+y8Oe+j1hlnPLNF/pTz8Q2qrJzV</latexit><latexit sha1_base64="eUe+i6zTQmw3UadkY9Sjgly+z08=">AAACFHicbZDLSgMxFIYzXmu9VV26CRaxgpapCOqu6sZlBWsLnVIy6WkbmskMyRmxDH0JN76KGxcqbl24821ML4K2nhD4+P9zSM7vR1IYdN0vZ2Z2bn5hMbWUXl5ZXVvPbGzemjDWHMo8lKGu+syAFArKKFBCNdLAAl9Cxe9eDvzKHWgjQnWDvQjqAWsr0RKcoZUamQOPdwSNqIch/UF7cugh3GNyyDtMKZB9j57v7TcyWTfvDotOQ2EMWTKuUiPz6TVDHgegkEtmTK3gRlhPmEbBJfTTXmwgYrzL2lCzqFgApp4Mt+rTXas0aSvU9iqkQ/X3RMICY3qBbzsDhh0z6Q3E/7xajK3TeiJUFCMoPnqoFUtqIxhERJtCA0fZs8C4Fvav1MagGUcbZNqGUJhceRrKR/mzvHt9nC1ejNNIkW2yQ3KkQE5IkVyREikTTh7IE3khr86j8+y8Oe+j1hlnPLNF/pTz8Q2qrJzV</latexit>

! µ n ! µ! p, ! µ n
<latexit sha1_base64="i1Wc27c+y+zucHmjRa+okxpWJNA=">AAACCXicbVBPS8MwHE3nvzn/VT16iQ7Bg45WBPU29OJxgnWDtZY0S7ewJC1JKoyysxe/ihcPKl79Bt78NmZbEd18EHi89/vxy3tRyqjSjvNllebmFxaXysuVldW19Q17c+tWJZnExMMJS2QrQoowKoinqWaklUqCeMRIM+pfjvzmPZGKJuJGD1IScNQVNKYYaSOF9q4vstDnGRTQ1wk07O4Ipoc+/NFDu+rUnDHgLHELUgUFGqH96XcSnHEiNGZIqbbrpDrIkdQUMzKs+JkiKcJ91CVtQwXiRAX5OMoQ7hulA+NEmic0HKu/N3LElRrwyExypHtq2huJ/3ntTMdnQU5Fmmki8ORQnDFoQo96gR0qCdZsYAjCkpq/QtxDEmFt2quYEtzpyLPEO66d15zrk2r9omijDHbAHjgALjgFdXAFGsADGDyAJ/ACXq1H69l6s94noyWr2NkGf2B9fAOSaJkc</latexit><latexit sha1_base64="i1Wc27c+y+zucHmjRa+okxpWJNA=">AAACCXicbVBPS8MwHE3nvzn/VT16iQ7Bg45WBPU29OJxgnWDtZY0S7ewJC1JKoyysxe/ihcPKl79Bt78NmZbEd18EHi89/vxy3tRyqjSjvNllebmFxaXysuVldW19Q17c+tWJZnExMMJS2QrQoowKoinqWaklUqCeMRIM+pfjvzmPZGKJuJGD1IScNQVNKYYaSOF9q4vstDnGRTQ1wk07O4Ipoc+/NFDu+rUnDHgLHELUgUFGqH96XcSnHEiNGZIqbbrpDrIkdQUMzKs+JkiKcJ91CVtQwXiRAX5OMoQ7hulA+NEmic0HKu/N3LElRrwyExypHtq2huJ/3ntTMdnQU5Fmmki8ORQnDFoQo96gR0qCdZsYAjCkpq/QtxDEmFt2quYEtzpyLPEO66d15zrk2r9omijDHbAHjgALjgFdXAFGsADGDyAJ/ACXq1H69l6s94noyWr2NkGf2B9fAOSaJkc</latexit><latexit sha1_base64="i1Wc27c+y+zucHmjRa+okxpWJNA=">AAACCXicbVBPS8MwHE3nvzn/VT16iQ7Bg45WBPU29OJxgnWDtZY0S7ewJC1JKoyysxe/ihcPKl79Bt78NmZbEd18EHi89/vxy3tRyqjSjvNllebmFxaXysuVldW19Q17c+tWJZnExMMJS2QrQoowKoinqWaklUqCeMRIM+pfjvzmPZGKJuJGD1IScNQVNKYYaSOF9q4vstDnGRTQ1wk07O4Ipoc+/NFDu+rUnDHgLHELUgUFGqH96XcSnHEiNGZIqbbrpDrIkdQUMzKs+JkiKcJ91CVtQwXiRAX5OMoQ7hulA+NEmic0HKu/N3LElRrwyExypHtq2huJ/3ntTMdnQU5Fmmki8ORQnDFoQo96gR0qCdZsYAjCkpq/QtxDEmFt2quYEtzpyLPEO66d15zrk2r9omijDHbAHjgALjgFdXAFGsADGDyAJ/ACXq1H69l6s94noyWr2NkGf2B9fAOSaJkc</latexit>

! 0, " , á á á! #A!, A! ! $ ø$
<latexit sha1_base64="O/t9vDIo1gOxHnUd3l/X55NYGT0=">AAACIXicbVDLTgIxFO3gC/GFunTTSAwuDBmMibID3bjExBESBsmdUqChnZm0d0wI4Vvc+CtuXKhhZ/wZy2Oh4E3anJxz723PCWIpDLrul5NaWV1b30hvZra2d3b3svsHDyZKNOMei2Sk6wEYLkXIPRQoeT3WHFQgeS3o30z02hPXRkThPQ5i3lTQDUVHMEBLtbIlPxaP7hn1OYK92xEa6mNE/S4oBbSStyTNVPIzkvUE9QPQE9DK5tyCOy26DIpzkCPzqrayY7ueJYqHyCQY0yi6MTaHoFEwyUcZPzE8BtaHLm9YGILipjmcWhzRE8u0aSfS9oRIp+zviSEoYwYqsJ0KsGcWtQn5n9ZIsHPVHIowTpCHbPZQJ5HU2p3kRdtCc4ZyYAEwLexfKeuBBoY21YwNobhoeRl454VSwb27yJWv52mkyRE5JqekSC5JmdySKvEII8/klbyTD+fFeXM+nfGsNeXMZw7Jn3K+fwBYQ6Cv</latexit><latexit sha1_base64="O/t9vDIo1gOxHnUd3l/X55NYGT0=">AAACIXicbVDLTgIxFO3gC/GFunTTSAwuDBmMibID3bjExBESBsmdUqChnZm0d0wI4Vvc+CtuXKhhZ/wZy2Oh4E3anJxz723PCWIpDLrul5NaWV1b30hvZra2d3b3svsHDyZKNOMei2Sk6wEYLkXIPRQoeT3WHFQgeS3o30z02hPXRkThPQ5i3lTQDUVHMEBLtbIlPxaP7hn1OYK92xEa6mNE/S4oBbSStyTNVPIzkvUE9QPQE9DK5tyCOy26DIpzkCPzqrayY7ueJYqHyCQY0yi6MTaHoFEwyUcZPzE8BtaHLm9YGILipjmcWhzRE8u0aSfS9oRIp+zviSEoYwYqsJ0KsGcWtQn5n9ZIsHPVHIowTpCHbPZQJ5HU2p3kRdtCc4ZyYAEwLexfKeuBBoY21YwNobhoeRl454VSwb27yJWv52mkyRE5JqekSC5JmdySKvEII8/klbyTD+fFeXM+nfGsNeXMZw7Jn3K+fwBYQ6Cv</latexit><latexit sha1_base64="O/t9vDIo1gOxHnUd3l/X55NYGT0=">AAACIXicbVDLTgIxFO3gC/GFunTTSAwuDBmMibID3bjExBESBsmdUqChnZm0d0wI4Vvc+CtuXKhhZ/wZy2Oh4E3anJxz723PCWIpDLrul5NaWV1b30hvZra2d3b3svsHDyZKNOMei2Sk6wEYLkXIPRQoeT3WHFQgeS3o30z02hPXRkThPQ5i3lTQDUVHMEBLtbIlPxaP7hn1OYK92xEa6mNE/S4oBbSStyTNVPIzkvUE9QPQE9DK5tyCOy26DIpzkCPzqrayY7ueJYqHyCQY0yi6MTaHoFEwyUcZPzE8BtaHLm9YGILipjmcWhzRE8u0aSfS9oRIp+zviSEoYwYqsJ0KsGcWtQn5n9ZIsHPVHIowTpCHbPZQJ5HU2p3kRdtCc4ZyYAEwLexfKeuBBoY21YwNobhoeRl454VSwb27yJWv52mkyRE5JqekSC5JmdySKvEII8/klbyTD+fFeXM+nfGsNeXMZw7Jn3K+fwBYQ6Cv</latexit>

Same signal as neutrino neutral-current interaction (background here).

!  scattering important if

! !

! "
! ! 2

<latexit sha1_base64="zV8jqv57kGRMNCVlAYcUk+ZJv1o=">AAACFXicbZBPS8MwGMZT/875r+rRS3AIXhzdENTb0IvHCdYN1lrSLF3DkrQk6WCUfgovfhUvHlS8Ct78NmZbD7r5QODH874vb94nTBlV2nG+raXlldW19cpGdXNre2fX3tu/V0kmMXFxwhLZDZEijAriaqoZ6aaSIB4y0gmH15N6Z0Skoom40+OU+BwNBI0oRtpYgX3qRRLh3GvHNPBwTIsSRVZAT1EOvRGSJFWUJeKhGdg1p+5MBRehUUINlGoH9pfXT3DGidCYIaV6DSfVfo6kppiRoupliqQID9GA9AwKxIny8+lZBTw2Th9GiTRPaDh1f0/kiCs15qHp5EjHar42Mf+r9TIdXfg5FWmmicCzRVHGoE7gJCPYp5JgzcYGEJbU/BXiGJmctEmyakJozJ+8CG6zfll3bs9qrasyjQo4BEfgBDTAOWiBG9AGLsDgETyDV/BmPVkv1rv1MWtdssqZA/BH1ucPd9ufww==</latexit><latexit sha1_base64="zV8jqv57kGRMNCVlAYcUk+ZJv1o=">AAACFXicbZBPS8MwGMZT/875r+rRS3AIXhzdENTb0IvHCdYN1lrSLF3DkrQk6WCUfgovfhUvHlS8Ct78NmZbD7r5QODH874vb94nTBlV2nG+raXlldW19cpGdXNre2fX3tu/V0kmMXFxwhLZDZEijAriaqoZ6aaSIB4y0gmH15N6Z0Skoom40+OU+BwNBI0oRtpYgX3qRRLh3GvHNPBwTIsSRVZAT1EOvRGSJFWUJeKhGdg1p+5MBRehUUINlGoH9pfXT3DGidCYIaV6DSfVfo6kppiRoupliqQID9GA9AwKxIny8+lZBTw2Th9GiTRPaDh1f0/kiCs15qHp5EjHar42Mf+r9TIdXfg5FWmmicCzRVHGoE7gJCPYp5JgzcYGEJbU/BXiGJmctEmyakJozJ+8CG6zfll3bs9qrasyjQo4BEfgBDTAOWiBG9AGLsDgETyDV/BmPVkv1rv1MWtdssqZA/BH1ucPd9ufww==</latexit><latexit sha1_base64="zV8jqv57kGRMNCVlAYcUk+ZJv1o=">AAACFXicbZBPS8MwGMZT/875r+rRS3AIXhzdENTb0IvHCdYN1lrSLF3DkrQk6WCUfgovfhUvHlS8Ct78NmZbD7r5QODH874vb94nTBlV2nG+raXlldW19cpGdXNre2fX3tu/V0kmMXFxwhLZDZEijAriaqoZ6aaSIB4y0gmH15N6Z0Skoom40+OU+BwNBI0oRtpYgX3qRRLh3GvHNPBwTIsSRVZAT1EOvRGSJFWUJeKhGdg1p+5MBRehUUINlGoH9pfXT3DGidCYIaV6DSfVfo6kppiRoupliqQID9GA9AwKxIny8+lZBTw2Th9GiTRPaDh1f0/kiCs15qHp5EjHar42Mf+r9TIdXfg5FWmmicCzRVHGoE7gJCPYp5JgzcYGEJbU/BXiGJmctEmyakJozJ+8CG6zfll3bs9qrasyjQo4BEfgBDTAOWiBG9AGLsDgETyDV/BmPVkv1rv1MWtdssqZA/BH1ucPd9ufww==</latexit>

Flux ratio: Scattering cross 
section ratio:

! ! p

! " p
!

" 2e2g2
D /M 4

A !

g4/M 4
W

<latexit sha1_base64="IlJLG+/3F7IVqv9YhB8f9dLlEw4="></latexit><latexit sha1_base64="IlJLG+/3F7IVqv9YhB8f9dLlEw4="></latexit><latexit sha1_base64="IlJLG+/3F7IVqv9YhB8f9dLlEw4="></latexit>

! !
M A !

!
gD M W

" 10! 3
!

1
gD

" 1/ 2 !
M A !

100 MeV

"

<latexit sha1_base64="5/4FQ6veGx59rxR2u01UBAcprU4="></latexit><latexit sha1_base64="5/4FQ6veGx59rxR2u01UBAcprU4="></latexit><latexit sha1_base64="5/4FQ6veGx59rxR2u01UBAcprU4="></latexit>

Batell, Pospelov, Ritz (0906.5614)
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Limits From MiniBooNE

Beam dump mode run in 2012-13. Look for nuclear (electron) recoils.

! 2
<latexit sha1_base64="EF5+pvSYNAyBRijkLBGn6qedV8c=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8laQI6q3oxWMFYwttLJvtpF262Y27m0Ip/R1ePKh49c9489+4bXPQ1gcDj/dmmJkXpZxp43nfzsrq2vrGZmGruL2zu7dfOjh80DJTFAMquVTNiGjkTGBgmOHYTBWSJOLYiAY3U78xRKWZFPdmlGKYkJ5gMaPEWClsD4nCVDMuxWO1Uyp7FW8Gd5n4OSlDjnqn9NXuSpolKAzlROuW76UmHBNlGOU4KbYzjSmhA9LDlqWCJKjD8ezoiXtqla4bS2VLGHem/p4Yk0TrURLZzoSYvl70puJ/Xisz8WU4ZiLNDAo6XxRn3DXSnSbgdplCavjIEkIVs7e6tE8UocbmVLQh+IsvL5OgWrmqeHfn5dp1nkYBjuEEzsCHC6jBLdQhAApP8Ayv8OYMnRfn3fmYt644+cwR/IHz+QNQ/ZH+</latexit><latexit sha1_base64="EF5+pvSYNAyBRijkLBGn6qedV8c=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8laQI6q3oxWMFYwttLJvtpF262Y27m0Ip/R1ePKh49c9489+4bXPQ1gcDj/dmmJkXpZxp43nfzsrq2vrGZmGruL2zu7dfOjh80DJTFAMquVTNiGjkTGBgmOHYTBWSJOLYiAY3U78xRKWZFPdmlGKYkJ5gMaPEWClsD4nCVDMuxWO1Uyp7FW8Gd5n4OSlDjnqn9NXuSpolKAzlROuW76UmHBNlGOU4KbYzjSmhA9LDlqWCJKjD8ezoiXtqla4bS2VLGHem/p4Yk0TrURLZzoSYvl70puJ/Xisz8WU4ZiLNDAo6XxRn3DXSnSbgdplCavjIEkIVs7e6tE8UocbmVLQh+IsvL5OgWrmqeHfn5dp1nkYBjuEEzsCHC6jBLdQhAApP8Ayv8OYMnRfn3fmYt644+cwR/IHz+QNQ/ZH+</latexit><latexit sha1_base64="EF5+pvSYNAyBRijkLBGn6qedV8c=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8laQI6q3oxWMFYwttLJvtpF262Y27m0Ip/R1ePKh49c9489+4bXPQ1gcDj/dmmJkXpZxp43nfzsrq2vrGZmGruL2zu7dfOjh80DJTFAMquVTNiGjkTGBgmOHYTBWSJOLYiAY3U78xRKWZFPdmlGKYkJ5gMaPEWClsD4nCVDMuxWO1Uyp7FW8Gd5n4OSlDjnqn9NXuSpolKAzlROuW76UmHBNlGOU4KbYzjSmhA9LDlqWCJKjD8ezoiXtqla4bS2VLGHem/p4Yk0TrURLZzoSYvl70puJ/Xisz8WU4ZiLNDAo6XxRn3DXSnSbgdplCavjIEkIVs7e6tE8UocbmVLQh+IsvL5OgWrmqeHfn5dp1nkYBjuEEzsCHC6jBLdQhAApP8Ayv8OYMnRfn3fmYt644+cwR/IHz+QNQ/ZH+</latexit>

10! 5
<latexit sha1_base64="TRjSGG4NDq3cmatb/8SVLK/OzlY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURRb0VvXisYGyhjWWznbZLN5uwuxFK6I/w4kHFq//Hm//GbZuDtj4YeLw3w8y8MBFcG9f9dgpLyyura8X10sbm1vZOeXfvQcepYuizWMSqGVKNgkv0DTcCm4lCGoUCG+HwZuI3nlBpHst7M0owiGhf8h5n1Fip4bmP2cn5uFOuuFV3CrJIvJxUIEe9U/5qd2OWRigNE1TrlucmJsioMpwJHJfaqcaEsiHtY8tSSSPUQTY9d0yOrNIlvVjZkoZM1d8TGY20HkWh7YyoGeh5byL+57VS07sMMi6T1KBks0W9VBATk8nvpMsVMiNGllCmuL2VsAFVlBmbUMmG4M2/vEj80+pV1b07q9Su8zSKcACHcAweXEANbqEOPjAYwjO8wpuTOC/Ou/Mxay04+cw+/IHz+QOt246s</latexit><latexit sha1_base64="TRjSGG4NDq3cmatb/8SVLK/OzlY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURRb0VvXisYGyhjWWznbZLN5uwuxFK6I/w4kHFq//Hm//GbZuDtj4YeLw3w8y8MBFcG9f9dgpLyyura8X10sbm1vZOeXfvQcepYuizWMSqGVKNgkv0DTcCm4lCGoUCG+HwZuI3nlBpHst7M0owiGhf8h5n1Fip4bmP2cn5uFOuuFV3CrJIvJxUIEe9U/5qd2OWRigNE1TrlucmJsioMpwJHJfaqcaEsiHtY8tSSSPUQTY9d0yOrNIlvVjZkoZM1d8TGY20HkWh7YyoGeh5byL+57VS07sMMi6T1KBks0W9VBATk8nvpMsVMiNGllCmuL2VsAFVlBmbUMmG4M2/vEj80+pV1b07q9Su8zSKcACHcAweXEANbqEOPjAYwjO8wpuTOC/Ou/Mxay04+cw+/IHz+QOt246s</latexit><latexit sha1_base64="TRjSGG4NDq3cmatb/8SVLK/OzlY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURRb0VvXisYGyhjWWznbZLN5uwuxFK6I/w4kHFq//Hm//GbZuDtj4YeLw3w8y8MBFcG9f9dgpLyyura8X10sbm1vZOeXfvQcepYuizWMSqGVKNgkv0DTcCm4lCGoUCG+HwZuI3nlBpHst7M0owiGhf8h5n1Fip4bmP2cn5uFOuuFV3CrJIvJxUIEe9U/5qd2OWRigNE1TrlucmJsioMpwJHJfaqcaEsiHtY8tSSSPUQTY9d0yOrNIlvVjZkoZM1d8TGY20HkWh7YyoGeh5byL+57VS07sMMi6T1KBks0W9VBATk8nvpMsVMiNGllCmuL2VsAFVlBmbUMmG4M2/vEj80+pV1b07q9Su8zSKcACHcAweXEANbqEOPjAYwjO8wpuTOC/Ou/Mxay04+cw+/IHz+QOt246s</latexit>

10! 6
<latexit sha1_base64="WP2m/MAVJkiZBJNKlOAy2Qr0IK4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBiyUR8eNW9OKxgrGFNpbNdtou3WzC7kYooT/CiwcVr/4fb/4bt20O2vpg4PHeDDPzwkRwbVz32yksLa+srhXXSxubW9s75d29Bx2niqHPYhGrZkg1Ci7RN9wIbCYKaRQKbITDm4nfeEKleSzvzSjBIKJ9yXucUWOlhuc+Zifn40654lbdKcgi8XJSgRz1Tvmr3Y1ZGqE0TFCtW56bmCCjynAmcFxqpxoTyoa0jy1LJY1QB9n03DE5skqX9GJlSxoyVX9PZDTSehSFtjOiZqDnvYn4n9dKTe8yyLhMUoOSzRb1UkFMTCa/ky5XyIwYWUKZ4vZWwgZUUWZsQiUbgjf/8iLxT6tXVffurFK7ztMowgEcwjF4cAE1uIU6+MBgCM/wCm9O4rw4787HrLXg5DP78AfO5w+vX46t</latexit><latexit sha1_base64="WP2m/MAVJkiZBJNKlOAy2Qr0IK4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBiyUR8eNW9OKxgrGFNpbNdtou3WzC7kYooT/CiwcVr/4fb/4bt20O2vpg4PHeDDPzwkRwbVz32yksLa+srhXXSxubW9s75d29Bx2niqHPYhGrZkg1Ci7RN9wIbCYKaRQKbITDm4nfeEKleSzvzSjBIKJ9yXucUWOlhuc+Zifn40654lbdKcgi8XJSgRz1Tvmr3Y1ZGqE0TFCtW56bmCCjynAmcFxqpxoTyoa0jy1LJY1QB9n03DE5skqX9GJlSxoyVX9PZDTSehSFtjOiZqDnvYn4n9dKTe8yyLhMUoOSzRb1UkFMTCa/ky5XyIwYWUKZ4vZWwgZUUWZsQiUbgjf/8iLxT6tXVffurFK7ztMowgEcwjF4cAE1uIU6+MBgCM/wCm9O4rw4787HrLXg5DP78AfO5w+vX46t</latexit><latexit sha1_base64="WP2m/MAVJkiZBJNKlOAy2Qr0IK4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBiyUR8eNW9OKxgrGFNpbNdtou3WzC7kYooT/CiwcVr/4fb/4bt20O2vpg4PHeDDPzwkRwbVz32yksLa+srhXXSxubW9s75d29Bx2niqHPYhGrZkg1Ci7RN9wIbCYKaRQKbITDm4nfeEKleSzvzSjBIKJ9yXucUWOlhuc+Zifn40654lbdKcgi8XJSgRz1Tvmr3Y1ZGqE0TFCtW56bmCCjynAmcFxqpxoTyoa0jy1LJY1QB9n03DE5skqX9GJlSxoyVX9PZDTSehSFtjOiZqDnvYn4n9dKTe8yyLhMUoOSzRb1UkFMTCa/ky5XyIwYWUKZ4vZWwgZUUWZsQiUbgjf/8iLxT6tXVffurFK7ztMowgEcwjF4cAE1uIU6+MBgCM/wCm9O4rw4787HrLXg5DP78AfO5w+vX46t</latexit>

10! 7
<latexit sha1_base64="2LyUhU8rjb0DU+9aKhfnlDzbAOk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURoXorevFYwdhCW8tmO2mXbjZhdyOU0B/hxYOKV/+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBnsYhVK6AaBZfoG24EthKFNAoENoPRzdRvPqHSPJb3ZpxgN6IDyUPOqLFS03Mfs7PapFeuuFV3BrJMvJxUIEejV/7q9GOWRigNE1TrtucmpptRZTgTOCl1Uo0JZSM6wLalkkaou9ns3Ak5sUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z2unJrzsZlwmqUHJ5ovCVBATk+nvpM8VMiPGllCmuL2VsCFVlBmbUMmG4C2+vEz88+pV1b27qNSv8zSKcATHcAoe1KAOt9AAHxiM4Ble4c1JnBfn3fmYtxacfOYQ/sD5/AGw446u</latexit><latexit sha1_base64="2LyUhU8rjb0DU+9aKhfnlDzbAOk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURoXorevFYwdhCW8tmO2mXbjZhdyOU0B/hxYOKV/+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBnsYhVK6AaBZfoG24EthKFNAoENoPRzdRvPqHSPJb3ZpxgN6IDyUPOqLFS03Mfs7PapFeuuFV3BrJMvJxUIEejV/7q9GOWRigNE1TrtucmpptRZTgTOCl1Uo0JZSM6wLalkkaou9ns3Ak5sUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z2unJrzsZlwmqUHJ5ovCVBATk+nvpM8VMiPGllCmuL2VsCFVlBmbUMmG4C2+vEz88+pV1b27qNSv8zSKcATHcAoe1KAOt9AAHxiM4Ble4c1JnBfn3fmYtxacfOYQ/sD5/AGw446u</latexit><latexit sha1_base64="2LyUhU8rjb0DU+9aKhfnlDzbAOk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURoXorevFYwdhCW8tmO2mXbjZhdyOU0B/hxYOKV/+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBnsYhVK6AaBZfoG24EthKFNAoENoPRzdRvPqHSPJb3ZpxgN6IDyUPOqLFS03Mfs7PapFeuuFV3BrJMvJxUIEejV/7q9GOWRigNE1TrtucmpptRZTgTOCl1Uo0JZSM6wLalkkaou9ns3Ak5sUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z2unJrzsZlwmqUHJ5ovCVBATk+nvpM8VMiPGllCmuL2VsCFVlBmbUMmG4C2+vEz88+pV1b27qNSv8zSKcATHcAoe1KAOt9AAHxiM4Ble4c1JnBfn3fmYtxacfOYQ/sD5/AGw446u</latexit>

10! 8
<latexit sha1_base64="HZPVdtji910h3rhilEixyDKDdL4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURwXorevFYwdhCW8tmO2mXbjZhdyOU0B/hxYOKV/+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBnsYhVK6AaBZfoG24EthKFNAoENoPRzdRvPqHSPJb3ZpxgN6IDyUPOqLFS03Mfs7PapFeuuFV3BrJMvJxUIEejV/7q9GOWRigNE1TrtucmpptRZTgTOCl1Uo0JZSM6wLalkkaou9ns3Ak5sUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z2unJqx1My6T1KBk80VhKoiJyfR30ucKmRFjSyhT3N5K2JAqyoxNqGRD8BZfXib+efWq6t5dVOrXeRpFOIJjOAUPLqEOt9AAHxiM4Ble4c1JnBfn3fmYtxacfOYQ/sD5/AGyZ46v</latexit><latexit sha1_base64="HZPVdtji910h3rhilEixyDKDdL4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURwXorevFYwdhCW8tmO2mXbjZhdyOU0B/hxYOKV/+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBnsYhVK6AaBZfoG24EthKFNAoENoPRzdRvPqHSPJb3ZpxgN6IDyUPOqLFS03Mfs7PapFeuuFV3BrJMvJxUIEejV/7q9GOWRigNE1TrtucmpptRZTgTOCl1Uo0JZSM6wLalkkaou9ns3Ak5sUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z2unJqx1My6T1KBk80VhKoiJyfR30ucKmRFjSyhT3N5K2JAqyoxNqGRD8BZfXib+efWq6t5dVOrXeRpFOIJjOAUPLqEOt9AAHxiM4Ble4c1JnBfn3fmYtxacfOYQ/sD5/AGyZ46v</latexit><latexit sha1_base64="HZPVdtji910h3rhilEixyDKDdL4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURwXorevFYwdhCW8tmO2mXbjZhdyOU0B/hxYOKV/+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBnsYhVK6AaBZfoG24EthKFNAoENoPRzdRvPqHSPJb3ZpxgN6IDyUPOqLFS03Mfs7PapFeuuFV3BrJMvJxUIEejV/7q9GOWRigNE1TrtucmpptRZTgTOCl1Uo0JZSM6wLalkkaou9ns3Ak5sUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z2unJqx1My6T1KBk80VhKoiJyfR30ucKmRFjSyhT3N5K2JAqyoxNqGRD8BZfXib+efWq6t5dVOrXeRpFOIJjOAUPLqEOt9AAHxiM4Ble4c1JnBfn3fmYtxacfOYQ/sD5/AGyZ46v</latexit>

10! 9
<latexit sha1_base64="yP0jLH8vzVl5YKyk5ZOpbImDzLU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQXsrevFYwdpCG8tmu2mXbjZhdyKU0B/hxYOKV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgorq2vrG8XN0tb2zu5eef/gwcSpZrzJYhnrdkANl0LxJgqUvJ1oTqNA8lYwupn6rSeujYjVPY4T7kd0oEQoGEUrtTz3MTurTXrlilt1ZyDLxMtJBXI0euWvbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/Nzp2QE6v0SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjlZ0IlKXLF5ovCVBKMyfR30heaM5RjSyjTwt5K2JBqytAmVLIheIsvL5PmebVWde8uKvXrPI0iHMExnIIHl1CHW2hAExiM4Ble4c1JnBfn3fmYtxacfOYQ/sD5/AGz646w</latexit><latexit sha1_base64="yP0jLH8vzVl5YKyk5ZOpbImDzLU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQXsrevFYwdpCG8tmu2mXbjZhdyKU0B/hxYOKV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgorq2vrG8XN0tb2zu5eef/gwcSpZrzJYhnrdkANl0LxJgqUvJ1oTqNA8lYwupn6rSeujYjVPY4T7kd0oEQoGEUrtTz3MTurTXrlilt1ZyDLxMtJBXI0euWvbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/Nzp2QE6v0SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjlZ0IlKXLF5ovCVBKMyfR30heaM5RjSyjTwt5K2JBqytAmVLIheIsvL5PmebVWde8uKvXrPI0iHMExnIIHl1CHW2hAExiM4Ble4c1JnBfn3fmYtxacfOYQ/sD5/AGz646w</latexit><latexit sha1_base64="yP0jLH8vzVl5YKyk5ZOpbImDzLU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQXsrevFYwdpCG8tmu2mXbjZhdyKU0B/hxYOKV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgorq2vrG8XN0tb2zu5eef/gwcSpZrzJYhnrdkANl0LxJgqUvJ1oTqNA8lYwupn6rSeujYjVPY4T7kd0oEQoGEUrtTz3MTurTXrlilt1ZyDLxMtJBXI0euWvbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/Nzp2QE6v0SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjlZ0IlKXLF5ovCVBKMyfR30heaM5RjSyjTwt5K2JBqytAmVLIheIsvL5PmebVWde8uKvXrPI0iHMExnIIHl1CHW2hAExiM4Ble4c1JnBfn3fmYtxacfOYQ/sD5/AGz646w</latexit>

! D = 0 .5
<latexit sha1_base64="5gioX/o5SOEAg5EQBp65pfvGmmI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hFUQ9CUQ8eKxhbaELZbDft0s1m2d0IJfRvePGg4tVf481/47bNQVsfDDzem2FmXiQ508bzvp3S0vLK6lp5vbKxubW9U93de9Rppgj1ScpT1Y6wppwJ6htmOG1LRXEScdqKhjcTv/VElWapeDAjScME9wWLGcHGSkGAuRzg7u2V5551qzXP9aZAi6RekBoUaHarX0EvJVlChSEca92pe9KEOVaGEU7HlSDTVGIyxH3asVTghOown948RkdW6aE4VbaEQVP190SOE61HSWQ7E2wGet6biP95nczEF2HOhMwMFWS2KM44MimaBIB6TFFi+MgSTBSztyIywAoTY2Oq2BDq8y8vEv/EvXS9+9Na47pIowwHcAjHUIdzaMAdNMEHAhKe4RXenMx5cd6dj1lrySlm9uEPnM8fGNSQmg==</latexit><latexit sha1_base64="5gioX/o5SOEAg5EQBp65pfvGmmI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hFUQ9CUQ8eKxhbaELZbDft0s1m2d0IJfRvePGg4tVf481/47bNQVsfDDzem2FmXiQ508bzvp3S0vLK6lp5vbKxubW9U93de9Rppgj1ScpT1Y6wppwJ6htmOG1LRXEScdqKhjcTv/VElWapeDAjScME9wWLGcHGSkGAuRzg7u2V5551qzXP9aZAi6RekBoUaHarX0EvJVlChSEca92pe9KEOVaGEU7HlSDTVGIyxH3asVTghOown948RkdW6aE4VbaEQVP190SOE61HSWQ7E2wGet6biP95nczEF2HOhMwMFWS2KM44MimaBIB6TFFi+MgSTBSztyIywAoTY2Oq2BDq8y8vEv/EvXS9+9Na47pIowwHcAjHUIdzaMAdNMEHAhKe4RXenMx5cd6dj1lrySlm9uEPnM8fGNSQmg==</latexit><latexit sha1_base64="5gioX/o5SOEAg5EQBp65pfvGmmI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hFUQ9CUQ8eKxhbaELZbDft0s1m2d0IJfRvePGg4tVf481/47bNQVsfDDzem2FmXiQ508bzvp3S0vLK6lp5vbKxubW9U93de9Rppgj1ScpT1Y6wppwJ6htmOG1LRXEScdqKhjcTv/VElWapeDAjScME9wWLGcHGSkGAuRzg7u2V5551qzXP9aZAi6RekBoUaHarX0EvJVlChSEca92pe9KEOVaGEU7HlSDTVGIyxH3asVTghOown948RkdW6aE4VbaEQVP190SOE61HSWQ7E2wGet6biP95nczEF2HOhMwMFWS2KM44MimaBIB6TFFi+MgSTBSztyIywAoTY2Oq2BDq8y8vEv/EvXS9+9Na47pIowwHcAjHUIdzaMAdNMEHAhKe4RXenMx5cd6dj1lrySlm9uEPnM8fGNSQmg==</latexit>

M A ! = 3M ! > 2M !
<latexit sha1_base64="5+bm6aGMXxhP1OAo37REw8PHI58=">AAACBHicdZBLSwMxFIXv+Kz1NepSF8EiuirTKqgLperGTaGCYwvtMGTStA3NPEgyQhlm48a/4saFilt/hDv/jZm2Qn0dCHyccy9JjhdxJpVlfRhT0zOzc/O5hfzi0vLKqrm2fiPDWBBqk5CHouFhSTkLqK2Y4rQRCYp9j9O617/I8votFZKFwbUaRNTxcTdgHUaw0pZrblXd5Gw3RSdoX1OL9FiKTlG56mbomoVS0RoKWb/gKyrAWDXXfG+1QxL7NFCEYymbJStSToKFYoTTNN+KJY0w6eMubWoMsE+lkwx/kaId7bRRJxT6BAoN3cmNBPtSDnxPT/pY9eTPLDP/ypqx6hw5CQuiWNGAjC7qxBypEGWVoDYTlCg+0ICJYPqtiPSwwETp4vKTJfwPdrl4XLSuDgqV83EbOdiEbdiDEhxCBS6hBjYQuIMHeIJn4954NF6M19HolDHe2YBvMt4+Ado5lnM=</latexit><latexit sha1_base64="5+bm6aGMXxhP1OAo37REw8PHI58=">AAACBHicdZBLSwMxFIXv+Kz1NepSF8EiuirTKqgLperGTaGCYwvtMGTStA3NPEgyQhlm48a/4saFilt/hDv/jZm2Qn0dCHyccy9JjhdxJpVlfRhT0zOzc/O5hfzi0vLKqrm2fiPDWBBqk5CHouFhSTkLqK2Y4rQRCYp9j9O617/I8votFZKFwbUaRNTxcTdgHUaw0pZrblXd5Gw3RSdoX1OL9FiKTlG56mbomoVS0RoKWb/gKyrAWDXXfG+1QxL7NFCEYymbJStSToKFYoTTNN+KJY0w6eMubWoMsE+lkwx/kaId7bRRJxT6BAoN3cmNBPtSDnxPT/pY9eTPLDP/ypqx6hw5CQuiWNGAjC7qxBypEGWVoDYTlCg+0ICJYPqtiPSwwETp4vKTJfwPdrl4XLSuDgqV83EbOdiEbdiDEhxCBS6hBjYQuIMHeIJn4954NF6M19HolDHe2YBvMt4+Ado5lnM=</latexit><latexit sha1_base64="5+bm6aGMXxhP1OAo37REw8PHI58=">AAACBHicdZBLSwMxFIXv+Kz1NepSF8EiuirTKqgLperGTaGCYwvtMGTStA3NPEgyQhlm48a/4saFilt/hDv/jZm2Qn0dCHyccy9JjhdxJpVlfRhT0zOzc/O5hfzi0vLKqrm2fiPDWBBqk5CHouFhSTkLqK2Y4rQRCYp9j9O617/I8votFZKFwbUaRNTxcTdgHUaw0pZrblXd5Gw3RSdoX1OL9FiKTlG56mbomoVS0RoKWb/gKyrAWDXXfG+1QxL7NFCEYymbJStSToKFYoTTNN+KJY0w6eMubWoMsE+lkwx/kaId7bRRJxT6BAoN3cmNBPtSDnxPT/pY9eTPLDP/ypqx6hw5CQuiWNGAjC7qxBypEGWVoDYTlCg+0ICJYPqtiPSwwETp4vKTJfwPdrl4XLSuDgqV83EbOdiEbdiDEhxCBS6hBjYQuIMHeIJn4954NF6M19HolDHe2YBvMt4+Ado5lnM=</latexit>

!
<latexit sha1_base64="Qm6lV4JovvUXIWiyWTh5PCDrAuI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3l822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bKSOBQ==</latexit><latexit sha1_base64="Qm6lV4JovvUXIWiyWTh5PCDrAuI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3l822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bKSOBQ==</latexit><latexit sha1_base64="Qm6lV4JovvUXIWiyWTh5PCDrAuI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3l822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bKSOBQ==</latexit>

ø!
<latexit sha1_base64="2ndk9PwjJG7Jv8w+uQ+Ie8F15Vc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx4rGFtoQtlsN+3SzSbuToQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88mCTTjHsskYnuhNRwKRT3UKDknVRzGoeSt8PRzdRvP3FtRKLucZzyIKYDJSLBKFqp44dU+2woetWaW3dnIMukUZAaFGj1ql9+P2FZzBUySY3pNtwUg5xqFEzyScXPDE8pG9EB71qqaMxNkM/unZATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/r5thdBnkQqUZcsXmi6JMEkzI9HnSF5ozlGNLKNPC3krYkGrK0EZUsSE0Fl9eJt5Z/aru3p3XmtdFGmU4gmM4hQZcQBNuoQUeMJDwDK/w5jw6L8678zFvLTnFzCH8gfP5A2cxj74=</latexit><latexit sha1_base64="2ndk9PwjJG7Jv8w+uQ+Ie8F15Vc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx4rGFtoQtlsN+3SzSbuToQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88mCTTjHsskYnuhNRwKRT3UKDknVRzGoeSt8PRzdRvP3FtRKLucZzyIKYDJSLBKFqp44dU+2woetWaW3dnIMukUZAaFGj1ql9+P2FZzBUySY3pNtwUg5xqFEzyScXPDE8pG9EB71qqaMxNkM/unZATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/r5thdBnkQqUZcsXmi6JMEkzI9HnSF5ozlGNLKNPC3krYkGrK0EZUsSE0Fl9eJt5Z/aru3p3XmtdFGmU4gmM4hQZcQBNuoQUeMJDwDK/w5jw6L8678zFvLTnFzCH8gfP5A2cxj74=</latexit><latexit sha1_base64="2ndk9PwjJG7Jv8w+uQ+Ie8F15Vc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx4rGFtoQtlsN+3SzSbuToQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88mCTTjHsskYnuhNRwKRT3UKDknVRzGoeSt8PRzdRvP3FtRKLucZzyIKYDJSLBKFqp44dU+2woetWaW3dnIMukUZAaFGj1ql9+P2FZzBUySY3pNtwUg5xqFEzyScXPDE8pG9EB71qqaMxNkM/unZATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/r5thdBnkQqUZcsXmi6JMEkzI9HnSF5ozlGNLKNPC3krYkGrK0EZUsSE0Fl9eJt5Z/aru3p3XmtdFGmU4gmM4hQZcQBNuoQUeMJDwDK/w5jw6L8678zFvLTnFzCH8gfP5A2cxj74=</latexit>

SM
<latexit sha1_base64="TITa6KKmitbRjTUwNjvRvxXpjfA=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hY0I6i3oxYsQ0U0CyRJmJ7PJmHksM7NCWPIPXjyoePWDvPk3TpI9aGJBQ1HVTXdXlHBmrO9/e0vLK6tr64WN4ubW9s5uaW+/YVSqCQ2I4kq3ImwoZ5IGlllOW4mmWEScNqPh9cRvPlFtmJIPdpTQUOC+ZDEj2Dqp0dEC3d92S2W/4k+BFkk1J2XIUe+Wvjo9RVJBpSUcG9Ou+okNM6wtI5yOi53U0ASTIe7TtqMSC2rCbHrtGB07pYdipV1Ji6bq74kMC2NGInKdAtuBmfcm4n9eO7XxRZgxmaSWSjJbFKccWYUmr6Me05RYPnIEE83crYgMsMbEuoCKLoTq/MuLJDitXFb8u7Ny7SpPowCHcAQnUIVzqMEN1CEAAo/wDK/w5invxXv3PmatS14+cwB/4H3+AFt0joQ=</latexit><latexit sha1_base64="TITa6KKmitbRjTUwNjvRvxXpjfA=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hY0I6i3oxYsQ0U0CyRJmJ7PJmHksM7NCWPIPXjyoePWDvPk3TpI9aGJBQ1HVTXdXlHBmrO9/e0vLK6tr64WN4ubW9s5uaW+/YVSqCQ2I4kq3ImwoZ5IGlllOW4mmWEScNqPh9cRvPlFtmJIPdpTQUOC+ZDEj2Dqp0dEC3d92S2W/4k+BFkk1J2XIUe+Wvjo9RVJBpSUcG9Ou+okNM6wtI5yOi53U0ASTIe7TtqMSC2rCbHrtGB07pYdipV1Ji6bq74kMC2NGInKdAtuBmfcm4n9eO7XxRZgxmaSWSjJbFKccWYUmr6Me05RYPnIEE83crYgMsMbEuoCKLoTq/MuLJDitXFb8u7Ny7SpPowCHcAQnUIVzqMEN1CEAAo/wDK/w5invxXv3PmatS14+cwB/4H3+AFt0joQ=</latexit><latexit sha1_base64="TITa6KKmitbRjTUwNjvRvxXpjfA=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hY0I6i3oxYsQ0U0CyRJmJ7PJmHksM7NCWPIPXjyoePWDvPk3TpI9aGJBQ1HVTXdXlHBmrO9/e0vLK6tr64WN4ubW9s5uaW+/YVSqCQ2I4kq3ImwoZ5IGlllOW4mmWEScNqPh9cRvPlFtmJIPdpTQUOC+ZDEj2Dqp0dEC3d92S2W/4k+BFkk1J2XIUe+Wvjo9RVJBpSUcG9Ou+okNM6wtI5yOi53U0ASTIe7TtqMSC2rCbHrtGB07pYdipV1Ji6bq74kMC2NGInKdAtuBmfcm4n9eO7XxRZgxmaSWSjJbFKccWYUmr6Me05RYPnIEE83crYgMsMbEuoCKLoTq/MuLJDitXFb8u7Ny7SpPowCHcAQnUIVzqMEN1CEAAo/wDK/w5invxXv3PmatS14+cwB/4H3+AFt0joQ=</latexit>

SM
<latexit sha1_base64="TITa6KKmitbRjTUwNjvRvxXpjfA=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hY0I6i3oxYsQ0U0CyRJmJ7PJmHksM7NCWPIPXjyoePWDvPk3TpI9aGJBQ1HVTXdXlHBmrO9/e0vLK6tr64WN4ubW9s5uaW+/YVSqCQ2I4kq3ImwoZ5IGlllOW4mmWEScNqPh9cRvPlFtmJIPdpTQUOC+ZDEj2Dqp0dEC3d92S2W/4k+BFkk1J2XIUe+Wvjo9RVJBpSUcG9Ou+okNM6wtI5yOi53U0ASTIe7TtqMSC2rCbHrtGB07pYdipV1Ji6bq74kMC2NGInKdAtuBmfcm4n9eO7XxRZgxmaSWSjJbFKccWYUmr6Me05RYPnIEE83crYgMsMbEuoCKLoTq/MuLJDitXFb8u7Ny7SpPowCHcAQnUIVzqMEN1CEAAo/wDK/w5invxXv3PmatS14+cwB/4H3+AFt0joQ=</latexit><latexit sha1_base64="TITa6KKmitbRjTUwNjvRvxXpjfA=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hY0I6i3oxYsQ0U0CyRJmJ7PJmHksM7NCWPIPXjyoePWDvPk3TpI9aGJBQ1HVTXdXlHBmrO9/e0vLK6tr64WN4ubW9s5uaW+/YVSqCQ2I4kq3ImwoZ5IGlllOW4mmWEScNqPh9cRvPlFtmJIPdpTQUOC+ZDEj2Dqp0dEC3d92S2W/4k+BFkk1J2XIUe+Wvjo9RVJBpSUcG9Ou+okNM6wtI5yOi53U0ASTIe7TtqMSC2rCbHrtGB07pYdipV1Ji6bq74kMC2NGInKdAtuBmfcm4n9eO7XxRZgxmaSWSjJbFKccWYUmr6Me05RYPnIEE83crYgMsMbEuoCKLoTq/MuLJDitXFb8u7Ny7SpPowCHcAQnUIVzqMEN1CEAAo/wDK/w5invxXv3PmatS14+cwB/4H3+AFt0joQ=</latexit><latexit sha1_base64="TITa6KKmitbRjTUwNjvRvxXpjfA=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hY0I6i3oxYsQ0U0CyRJmJ7PJmHksM7NCWPIPXjyoePWDvPk3TpI9aGJBQ1HVTXdXlHBmrO9/e0vLK6tr64WN4ubW9s5uaW+/YVSqCQ2I4kq3ImwoZ5IGlllOW4mmWEScNqPh9cRvPlFtmJIPdpTQUOC+ZDEj2Dqp0dEC3d92S2W/4k+BFkk1J2XIUe+Wvjo9RVJBpSUcG9Ou+okNM6wtI5yOi53U0ASTIe7TtqMSC2rCbHrtGB07pYdipV1Ji6bq74kMC2NGInKdAtuBmfcm4n9eO7XxRZgxmaSWSjJbFKccWYUmr6Me05RYPnIEE83crYgMsMbEuoCKLoTq/MuLJDitXFb8u7Ny7SpPowCHcAQnUIVzqMEN1CEAAo/wDK/w5invxXv3PmatS14+cwB/4H3+AFt0joQ=</latexit>

A !"
<latexit sha1_base64="WLhB3eKxY6Xrhjbw1AWTFMZkXY4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKKh5KIoN6qXjxWMLbQxrLZbtqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOFMG9f9dhYWl5ZXVktr5fWNza3tys7ug45TRahPYh6rVog15UxS3zDDaStRFIuQ02Y4vMn95hNVmsXy3owSGgjclyxiBJtcujp6POlWqm7NnQDNE68gVSjQ6Fa+Or2YpIJKQzjWuu25iQkyrAwjnI7LnVTTBJMh7tO2pRILqoNscusYHVqlh6JY2ZIGTdTfExkWWo9EaDsFNgM96+Xif147NdFFkDGZpIZKMl0UpRyZGOWPox5TlBg+sgQTxeytiAywwsTYeMo2BG/25Xnin9Yua+7dWbV+XaRRgn04gGPw4BzqcAsN8IHAAJ7hFd4c4bw4787HtHXBKWb24A+czx954o1l</latexit><latexit sha1_base64="WLhB3eKxY6Xrhjbw1AWTFMZkXY4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKKh5KIoN6qXjxWMLbQxrLZbtqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOFMG9f9dhYWl5ZXVktr5fWNza3tys7ug45TRahPYh6rVog15UxS3zDDaStRFIuQ02Y4vMn95hNVmsXy3owSGgjclyxiBJtcujp6POlWqm7NnQDNE68gVSjQ6Fa+Or2YpIJKQzjWuu25iQkyrAwjnI7LnVTTBJMh7tO2pRILqoNscusYHVqlh6JY2ZIGTdTfExkWWo9EaDsFNgM96+Xif147NdFFkDGZpIZKMl0UpRyZGOWPox5TlBg+sgQTxeytiAywwsTYeMo2BG/25Xnin9Yua+7dWbV+XaRRgn04gGPw4BzqcAsN8IHAAJ7hFd4c4bw4787HtHXBKWb24A+czx954o1l</latexit><latexit sha1_base64="WLhB3eKxY6Xrhjbw1AWTFMZkXY4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKKh5KIoN6qXjxWMLbQxrLZbtqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOFMG9f9dhYWl5ZXVktr5fWNza3tys7ug45TRahPYh6rVog15UxS3zDDaStRFIuQ02Y4vMn95hNVmsXy3owSGgjclyxiBJtcujp6POlWqm7NnQDNE68gVSjQ6Fa+Or2YpIJKQzjWuu25iQkyrAwjnI7LnVTTBJMh7tO2pRILqoNscusYHVqlh6JY2ZIGTdTfExkWWo9EaDsFNgM96+Xif147NdFFkDGZpIZKMl0UpRyZGOWPox5TlBg+sgQTxeytiAywwsTYeMo2BG/25Xnin9Yua+7dWbV+XaRRgn04gGPw4BzqcAsN8IHAAJ7hFd4c4bw4787HtHXBKWb24A+czx954o1l</latexit>

! !
<latexit sha1_base64="tE9TEppjKTV0Zf7Bs//013+iPV4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBPJRUBPVW9OKxgrGFNpbJdtMu3U3i7kYooX/CiwcVr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz32yksLa+srhXXSxubW9s75d29ex2nijKPxiJWrQA1EzxinuFGsFaiGMpAsGYwvJ74zSemNI+jOzNKmC+xH/GQUzRWanX6KCU+nHTLFbfqTkEWSS0nFcjR6Ja/Or2YppJFhgrUul1zE+NnqAyngo1LnVSzBOkQ+6xtaYSSaT+b3jsmR1bpkTBWtiJDpurviQyl1iMZ2E6JZqDnvYn4n9dOTXjhZzxKUsMiOlsUpoKYmEyeJz2uGDViZAlSxe2thA5QITU2opINoTb/8iLxTquXVff2rFK/ytMowgEcwjHU4BzqcAMN8ICCgGd4hTfn0Xlx3p2PWWvByWf24Q+czx8Pso+E</latexit><latexit sha1_base64="tE9TEppjKTV0Zf7Bs//013+iPV4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBPJRUBPVW9OKxgrGFNpbJdtMu3U3i7kYooX/CiwcVr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz32yksLa+srhXXSxubW9s75d29ex2nijKPxiJWrQA1EzxinuFGsFaiGMpAsGYwvJ74zSemNI+jOzNKmC+xH/GQUzRWanX6KCU+nHTLFbfqTkEWSS0nFcjR6Ja/Or2YppJFhgrUul1zE+NnqAyngo1LnVSzBOkQ+6xtaYSSaT+b3jsmR1bpkTBWtiJDpurviQyl1iMZ2E6JZqDnvYn4n9dOTXjhZzxKUsMiOlsUpoKYmEyeJz2uGDViZAlSxe2thA5QITU2opINoTb/8iLxTquXVff2rFK/ytMowgEcwjHU4BzqcAMN8ICCgGd4hTfn0Xlx3p2PWWvByWf24Q+czx8Pso+E</latexit><latexit sha1_base64="tE9TEppjKTV0Zf7Bs//013+iPV4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBPJRUBPVW9OKxgrGFNpbJdtMu3U3i7kYooX/CiwcVr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz32yksLa+srhXXSxubW9s75d29ex2nijKPxiJWrQA1EzxinuFGsFaiGMpAsGYwvJ74zSemNI+jOzNKmC+xH/GQUzRWanX6KCU+nHTLFbfqTkEWSS0nFcjR6Ja/Or2YppJFhgrUul1zE+NnqAyngo1LnVSzBOkQ+6xtaYSSaT+b3jsmR1bpkTBWtiJDpurviQyl1iMZ2E6JZqDnvYn4n9dOTXjhZzxKUsMiOlsUpoKYmEyeJz2uGDViZAlSxe2thA5QITU2opINoTb/8iLxTquXVff2rFK/ytMowgEcwjHU4BzqcAMN8ICCgGd4hTfn0Xlx3p2PWWvByWf24Q+czx8Pso+E</latexit>

X
!

<latexit sha1_base64="qlt5pu0S3o4w+UuImCYoFDJAcl4=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juBpIljA7mU2GzM4sM72BsOQzvHhQ8erfePNvnDwQTSxoKKq66e6KUiks+v6XV1hZXVvfKG6WtrZ3dvfK+wcPVmeG8YBpqU0zopZLoXiAAiVvpobTJJL8MRrcTPzHITdWaHWPo5SHCe0pEQtG0Umt9pAanlohteqUK37Vn4L8kNoiqcAcjU75s93VLEu4Qiapta2an2KYU4OCST4utTPLU8oGtMdbjiqacBvm05PH5MQpXRJr40ohmaq/J3KaWDtKIteZUOzbRW8i/ue1Mowvw1yoNEOu2GxRnEmCmkz+J11hOEM5coQyI9ythPWpoQxdSiUXwtLLyyQ4q15V/bvzSv16nkYRjuAYTqEGF1CHW2hAAAw0PMELvHroPXtv3vusteDNZw7hD7yPbyUfkVs=</latexit><latexit sha1_base64="qlt5pu0S3o4w+UuImCYoFDJAcl4=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juBpIljA7mU2GzM4sM72BsOQzvHhQ8erfePNvnDwQTSxoKKq66e6KUiks+v6XV1hZXVvfKG6WtrZ3dvfK+wcPVmeG8YBpqU0zopZLoXiAAiVvpobTJJL8MRrcTPzHITdWaHWPo5SHCe0pEQtG0Umt9pAanlohteqUK37Vn4L8kNoiqcAcjU75s93VLEu4Qiapta2an2KYU4OCST4utTPLU8oGtMdbjiqacBvm05PH5MQpXRJr40ohmaq/J3KaWDtKIteZUOzbRW8i/ue1Mowvw1yoNEOu2GxRnEmCmkz+J11hOEM5coQyI9ythPWpoQxdSiUXwtLLyyQ4q15V/bvzSv16nkYRjuAYTqEGF1CHW2hAAAw0PMELvHroPXtv3vusteDNZw7hD7yPbyUfkVs=</latexit><latexit sha1_base64="qlt5pu0S3o4w+UuImCYoFDJAcl4=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juBpIljA7mU2GzM4sM72BsOQzvHhQ8erfePNvnDwQTSxoKKq66e6KUiks+v6XV1hZXVvfKG6WtrZ3dvfK+wcPVmeG8YBpqU0zopZLoXiAAiVvpobTJJL8MRrcTPzHITdWaHWPo5SHCe0pEQtG0Umt9pAanlohteqUK37Vn4L8kNoiqcAcjU75s93VLEu4Qiapta2an2KYU4OCST4utTPLU8oGtMdbjiqacBvm05PH5MQpXRJr40ohmaq/J3KaWDtKIteZUOzbRW8i/ue1Mowvw1yoNEOu2GxRnEmCmkz+J11hOEM5coQyI9ythPWpoQxdSiUXwtLLyyQ4q15V/bvzSv16nkYRjuAYTqEGF1CHW2hAAAw0PMELvHroPXtv3vusteDNZw7hD7yPbyUfkVs=</latexit>

thermal freeze out channel

MiniBooNE-DM Collaboration (1702.02688 & 1807.06137)
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M !
<latexit sha1_base64="4PsO2CmYTFiY+KUF1B7kC3NQf68=">AAAB7HicdVDLSgMxFL1TX7W+qi7dBIvgapgWoborunEjVHDaQjuUTJppYzPJkGSEMvQf3LhQcesHufNvzLQVfB4IOZxzL/feEyacaeN5705haXllda24XtrY3NreKe/utbRMFaE+kVyqTog15UxQ3zDDaSdRFMchp+1wfJH77TuqNJPixkwSGsR4KFjECDZWal31e2TE+uWK59a8HOg3qbqz36vAAs1++a03kCSNqTCEY627VS8xQYaVYYTTaamXappgMsZD2rVU4JjqIJttO0VHVhmgSCr7hEEz9WtHhmOtJ3FoK2NsRvqnl4t/ed3URKdBxkSSGirIfFCUcmQkyk9HA6YoMXxiCSaK2V0RGWGFibEBlWwIn5ei/4lfc89c7/qk0jhfpFGEAziEY6hCHRpwCU3wgcAt3MMjPDnSeXCenZd5acFZ9OzDNzivH8ZAjss=</latexit><latexit sha1_base64="4PsO2CmYTFiY+KUF1B7kC3NQf68=">AAAB7HicdVDLSgMxFL1TX7W+qi7dBIvgapgWoborunEjVHDaQjuUTJppYzPJkGSEMvQf3LhQcesHufNvzLQVfB4IOZxzL/feEyacaeN5705haXllda24XtrY3NreKe/utbRMFaE+kVyqTog15UxQ3zDDaSdRFMchp+1wfJH77TuqNJPixkwSGsR4KFjECDZWal31e2TE+uWK59a8HOg3qbqz36vAAs1++a03kCSNqTCEY627VS8xQYaVYYTTaamXappgMsZD2rVU4JjqIJttO0VHVhmgSCr7hEEz9WtHhmOtJ3FoK2NsRvqnl4t/ed3URKdBxkSSGirIfFCUcmQkyk9HA6YoMXxiCSaK2V0RGWGFibEBlWwIn5ei/4lfc89c7/qk0jhfpFGEAziEY6hCHRpwCU3wgcAt3MMjPDnSeXCenZd5acFZ9OzDNzivH8ZAjss=</latexit><latexit sha1_base64="4PsO2CmYTFiY+KUF1B7kC3NQf68=">AAAB7HicdVDLSgMxFL1TX7W+qi7dBIvgapgWoborunEjVHDaQjuUTJppYzPJkGSEMvQf3LhQcesHufNvzLQVfB4IOZxzL/feEyacaeN5705haXllda24XtrY3NreKe/utbRMFaE+kVyqTog15UxQ3zDDaSdRFMchp+1wfJH77TuqNJPixkwSGsR4KFjECDZWal31e2TE+uWK59a8HOg3qbqz36vAAs1++a03kCSNqTCEY627VS8xQYaVYYTTaamXappgMsZD2rVU4JjqIJttO0VHVhmgSCr7hEEz9WtHhmOtJ3FoK2NsRvqnl4t/ed3URKdBxkSSGirIfFCUcmQkyk9HA6YoMXxiCSaK2V0RGWGFibEBlWwIn5ei/4lfc89c7/qk0jhfpFGEAziEY6hCHRpwCU3wgcAt3MMjPDnSeXCenZd5acFZ9OzDNzivH8ZAjss=</latexit>

M A !
<latexit sha1_base64="jpxoW0bf7EdbAkgMnRTCGddfvGA=">AAAB7HicdVDLSgMxFL3js9ZX1aWbYBFdDdMiqLuqGzdCBacttEPJpJk2NpMMSUYoQ//BjQsVt36QO//GTFvB54GQwzn3cu89YcKZNp737szNLywuLRdWiqtr6xubpa3thpapItQnkkvVCrGmnAnqG2Y4bSWK4jjktBkOL3K/eUeVZlLcmFFCgxj3BYsYwcZKjatudnYw7pbKnlv1cqDfpOJOfq8MM9S7pbdOT5I0psIQjrVuV7zEBBlWhhFOx8VOqmmCyRD3adtSgWOqg2yy7RjtW6WHIqnsEwZN1K8dGY61HsWhrYyxGeifXi7+5bVTE50EGRNJaqgg00FRypGRKD8d9ZiixPCRJZgoZndFZIAVJsYGVLQhfF6K/id+1T11veujcu18lkYBdmEPDqECx1CDS6iDDwRu4R4e4cmRzoPz7LxMS+ecWc8OfIPz+gF9iI6b</latexit><latexit sha1_base64="jpxoW0bf7EdbAkgMnRTCGddfvGA=">AAAB7HicdVDLSgMxFL3js9ZX1aWbYBFdDdMiqLuqGzdCBacttEPJpJk2NpMMSUYoQ//BjQsVt36QO//GTFvB54GQwzn3cu89YcKZNp737szNLywuLRdWiqtr6xubpa3thpapItQnkkvVCrGmnAnqG2Y4bSWK4jjktBkOL3K/eUeVZlLcmFFCgxj3BYsYwcZKjatudnYw7pbKnlv1cqDfpOJOfq8MM9S7pbdOT5I0psIQjrVuV7zEBBlWhhFOx8VOqmmCyRD3adtSgWOqg2yy7RjtW6WHIqnsEwZN1K8dGY61HsWhrYyxGeifXi7+5bVTE50EGRNJaqgg00FRypGRKD8d9ZiixPCRJZgoZndFZIAVJsYGVLQhfF6K/id+1T11veujcu18lkYBdmEPDqECx1CDS6iDDwRu4R4e4cmRzoPz7LxMS+ecWc8OfIPz+gF9iI6b</latexit><latexit sha1_base64="jpxoW0bf7EdbAkgMnRTCGddfvGA=">AAAB7HicdVDLSgMxFL3js9ZX1aWbYBFdDdMiqLuqGzdCBacttEPJpJk2NpMMSUYoQ//BjQsVt36QO//GTFvB54GQwzn3cu89YcKZNp737szNLywuLRdWiqtr6xubpa3thpapItQnkkvVCrGmnAnqG2Y4bSWK4jjktBkOL3K/eUeVZlLcmFFCgxj3BYsYwcZKjatudnYw7pbKnlv1cqDfpOJOfq8MM9S7pbdOT5I0psIQjrVuV7zEBBlWhhFOx8VOqmmCyRD3adtSgWOqg2yy7RjtW6WHIqnsEwZN1K8dGY61HsWhrYyxGeifXi7+5bVTE50EGRNJaqgg00FRypGRKD8d9ZiixPCRJZgoZndFZIAVJsYGVLQhfF6K/id+1T11veujcu18lkYBdmEPDqECx1CDS6iDDwRu4R4e4cmRzoPz7LxMS+ecWc8OfIPz+gF9iI6b</latexit>

M !
=

M A
!

<latexit sha1_base64="8swkMn6n4siSFBCT5yqIoLO/JqQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUA9C1YuXQgVjC20Im+2mXbrZxN1NoYT+Di8eVLz6Z7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLS8srpWXC9tbG5t75R39x5VnEpCXRLzWLYCrChngrqaaU5biaQ4CjhtBoPbid8cUqlYLB70KKFehHuChYxgbSSv7ndIn13V/ez6eOyXK3bVngItEicnFcjR8MtfnW5M0ogKTThWqu3YifYyLDUjnI5LnVTRBJMB7tG2oQJHVHnZ9OgxOjJKF4WxNCU0mqq/JzIcKTWKAtMZYd1X895E/M9rpzq88DImklRTQWaLwpQjHaNJAqjLJCWajwzBRDJzKyJ9LDHRJqeSCcGZf3mRuKfVy6p9f1ap3eRpFOEADuEEHDiHGtxBA1wg8ATP8Apv1tB6sd6tj1lrwcpn9uEPrM8fSvyRVA==</latexit><latexit sha1_base64="8swkMn6n4siSFBCT5yqIoLO/JqQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUA9C1YuXQgVjC20Im+2mXbrZxN1NoYT+Di8eVLz6Z7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLS8srpWXC9tbG5t75R39x5VnEpCXRLzWLYCrChngrqaaU5biaQ4CjhtBoPbid8cUqlYLB70KKFehHuChYxgbSSv7ndIn13V/ez6eOyXK3bVngItEicnFcjR8MtfnW5M0ogKTThWqu3YifYyLDUjnI5LnVTRBJMB7tG2oQJHVHnZ9OgxOjJKF4WxNCU0mqq/JzIcKTWKAtMZYd1X895E/M9rpzq88DImklRTQWaLwpQjHaNJAqjLJCWajwzBRDJzKyJ9LDHRJqeSCcGZf3mRuKfVy6p9f1ap3eRpFOEADuEEHDiHGtxBA1wg8ATP8Apv1tB6sd6tj1lrwcpn9uEPrM8fSvyRVA==</latexit><latexit sha1_base64="8swkMn6n4siSFBCT5yqIoLO/JqQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUA9C1YuXQgVjC20Im+2mXbrZxN1NoYT+Di8eVLz6Z7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLS8srpWXC9tbG5t75R39x5VnEpCXRLzWLYCrChngrqaaU5biaQ4CjhtBoPbid8cUqlYLB70KKFehHuChYxgbSSv7ndIn13V/ez6eOyXK3bVngItEicnFcjR8MtfnW5M0ogKTThWqu3YifYyLDUjnI5LnVTRBJMB7tG2oQJHVHnZ9OgxOjJKF4WxNCU0mqq/JzIcKTWKAtMZYd1X895E/M9rpzq88DImklRTQWaLwpQjHaNJAqjLJCWajwzBRDJzKyJ9LDHRJqeSCcGZf3mRuKfVy6p9f1ap3eRpFOEADuEEHDiHGtxBA1wg8ATP8Apv1tB6sd6tj1lrwcpn9uEPrM8fSvyRVA==</latexit>

M !
=

M A
! / 2

<latexit sha1_base64="lRnmvp4av5xRu1Bk2nxCtKBonIU=">AAAB93icbVBNS8NAEJ3Ur1o/GvXoZbGInmpSBPUgVL14KVQwttCGsNlu2qWbD3Y3Qg39JV48qHj1r3jz37htc9DWBwOP92aYmecnnEllWd9GYWl5ZXWtuF7a2NzaLps7uw8yTgWhDol5LNo+lpSziDqKKU7biaA49Dlt+cObid96pEKyOLpXo4S6Ie5HLGAEKy15ZrnhdcmAXTa87OpofFLzzIpVtaZAi8TOSQVyND3zq9uLSRrSSBGOpezYVqLcDAvFCKfjUjeVNMFkiPu0o2mEQyrdbHr4GB1qpYeCWOiKFJqqvycyHEo5Cn3dGWI1kPPeRPzP66QqOHczFiWpohGZLQpSjlSMJimgHhOUKD7SBBPB9K2IDLDAROmsSjoEe/7lReLUqhdV6+60Ur/O0yjCPhzAMdhwBnW4hSY4QCCFZ3iFN+PJeDHejY9Za8HIZ/bgD4zPH6h1kfo=</latexit><latexit sha1_base64="lRnmvp4av5xRu1Bk2nxCtKBonIU=">AAAB93icbVBNS8NAEJ3Ur1o/GvXoZbGInmpSBPUgVL14KVQwttCGsNlu2qWbD3Y3Qg39JV48qHj1r3jz37htc9DWBwOP92aYmecnnEllWd9GYWl5ZXWtuF7a2NzaLps7uw8yTgWhDol5LNo+lpSziDqKKU7biaA49Dlt+cObid96pEKyOLpXo4S6Ie5HLGAEKy15ZrnhdcmAXTa87OpofFLzzIpVtaZAi8TOSQVyND3zq9uLSRrSSBGOpezYVqLcDAvFCKfjUjeVNMFkiPu0o2mEQyrdbHr4GB1qpYeCWOiKFJqqvycyHEo5Cn3dGWI1kPPeRPzP66QqOHczFiWpohGZLQpSjlSMJimgHhOUKD7SBBPB9K2IDLDAROmsSjoEe/7lReLUqhdV6+60Ur/O0yjCPhzAMdhwBnW4hSY4QCCFZ3iFN+PJeDHejY9Za8HIZ/bgD4zPH6h1kfo=</latexit><latexit sha1_base64="lRnmvp4av5xRu1Bk2nxCtKBonIU=">AAAB93icbVBNS8NAEJ3Ur1o/GvXoZbGInmpSBPUgVL14KVQwttCGsNlu2qWbD3Y3Qg39JV48qHj1r3jz37htc9DWBwOP92aYmecnnEllWd9GYWl5ZXWtuF7a2NzaLps7uw8yTgWhDol5LNo+lpSziDqKKU7biaA49Dlt+cObid96pEKyOLpXo4S6Ie5HLGAEKy15ZrnhdcmAXTa87OpofFLzzIpVtaZAi8TOSQVyND3zq9uLSRrSSBGOpezYVqLcDAvFCKfjUjeVNMFkiPu0o2mEQyrdbHr4GB1qpYeCWOiKFJqqvycyHEo5Cn3dGWI1kPPeRPzP66QqOHczFiWpohGZLQpSjlSMJimgHhOUKD7SBBPB9K2IDLDAROmsSjoEe/7lReLUqhdV6+60Ur/O0yjCPhzAMdhwBnW4hSY4QCCFZ3iFN+PJeDHejY9Za8HIZ/bgD4zPH6h1kfo=</latexit>

Almost all studies of elastic beam DM scattering have focused  
on the parameter space with mAÕ>2 m!  Ñ on shell intermediate AÕ.

WIMP-like 
regime
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Secluded 
regime
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Complimentary Regions on the Roadmap

M !
<latexit sha1_base64="4PsO2CmYTFiY+KUF1B7kC3NQf68=">AAAB7HicdVDLSgMxFL1TX7W+qi7dBIvgapgWoborunEjVHDaQjuUTJppYzPJkGSEMvQf3LhQcesHufNvzLQVfB4IOZxzL/feEyacaeN5705haXllda24XtrY3NreKe/utbRMFaE+kVyqTog15UxQ3zDDaSdRFMchp+1wfJH77TuqNJPixkwSGsR4KFjECDZWal31e2TE+uWK59a8HOg3qbqz36vAAs1++a03kCSNqTCEY627VS8xQYaVYYTTaamXappgMsZD2rVU4JjqIJttO0VHVhmgSCr7hEEz9WtHhmOtJ3FoK2NsRvqnl4t/ed3URKdBxkSSGirIfFCUcmQkyk9HA6YoMXxiCSaK2V0RGWGFibEBlWwIn5ei/4lfc89c7/qk0jhfpFGEAziEY6hCHRpwCU3wgcAt3MMjPDnSeXCenZd5acFZ9OzDNzivH8ZAjss=</latexit><latexit sha1_base64="4PsO2CmYTFiY+KUF1B7kC3NQf68=">AAAB7HicdVDLSgMxFL1TX7W+qi7dBIvgapgWoborunEjVHDaQjuUTJppYzPJkGSEMvQf3LhQcesHufNvzLQVfB4IOZxzL/feEyacaeN5705haXllda24XtrY3NreKe/utbRMFaE+kVyqTog15UxQ3zDDaSdRFMchp+1wfJH77TuqNJPixkwSGsR4KFjECDZWal31e2TE+uWK59a8HOg3qbqz36vAAs1++a03kCSNqTCEY627VS8xQYaVYYTTaamXappgMsZD2rVU4JjqIJttO0VHVhmgSCr7hEEz9WtHhmOtJ3FoK2NsRvqnl4t/ed3URKdBxkSSGirIfFCUcmQkyk9HA6YoMXxiCSaK2V0RGWGFibEBlWwIn5ei/4lfc89c7/qk0jhfpFGEAziEY6hCHRpwCU3wgcAt3MMjPDnSeXCenZd5acFZ9OzDNzivH8ZAjss=</latexit><latexit sha1_base64="4PsO2CmYTFiY+KUF1B7kC3NQf68=">AAAB7HicdVDLSgMxFL1TX7W+qi7dBIvgapgWoborunEjVHDaQjuUTJppYzPJkGSEMvQf3LhQcesHufNvzLQVfB4IOZxzL/feEyacaeN5705haXllda24XtrY3NreKe/utbRMFaE+kVyqTog15UxQ3zDDaSdRFMchp+1wfJH77TuqNJPixkwSGsR4KFjECDZWal31e2TE+uWK59a8HOg3qbqz36vAAs1++a03kCSNqTCEY627VS8xQYaVYYTTaamXappgMsZD2rVU4JjqIJttO0VHVhmgSCr7hEEz9WtHhmOtJ3FoK2NsRvqnl4t/ed3URKdBxkSSGirIfFCUcmQkyk9HA6YoMXxiCSaK2V0RGWGFibEBlWwIn5ei/4lfc89c7/qk0jhfpFGEAziEY6hCHRpwCU3wgcAt3MMjPDnSeXCenZd5acFZ9OzDNzivH8ZAjss=</latexit>

M A !
<latexit sha1_base64="jpxoW0bf7EdbAkgMnRTCGddfvGA=">AAAB7HicdVDLSgMxFL3js9ZX1aWbYBFdDdMiqLuqGzdCBacttEPJpJk2NpMMSUYoQ//BjQsVt36QO//GTFvB54GQwzn3cu89YcKZNp737szNLywuLRdWiqtr6xubpa3thpapItQnkkvVCrGmnAnqG2Y4bSWK4jjktBkOL3K/eUeVZlLcmFFCgxj3BYsYwcZKjatudnYw7pbKnlv1cqDfpOJOfq8MM9S7pbdOT5I0psIQjrVuV7zEBBlWhhFOx8VOqmmCyRD3adtSgWOqg2yy7RjtW6WHIqnsEwZN1K8dGY61HsWhrYyxGeifXi7+5bVTE50EGRNJaqgg00FRypGRKD8d9ZiixPCRJZgoZndFZIAVJsYGVLQhfF6K/id+1T11veujcu18lkYBdmEPDqECx1CDS6iDDwRu4R4e4cmRzoPz7LxMS+ecWc8OfIPz+gF9iI6b</latexit><latexit sha1_base64="jpxoW0bf7EdbAkgMnRTCGddfvGA=">AAAB7HicdVDLSgMxFL3js9ZX1aWbYBFdDdMiqLuqGzdCBacttEPJpJk2NpMMSUYoQ//BjQsVt36QO//GTFvB54GQwzn3cu89YcKZNp737szNLywuLRdWiqtr6xubpa3thpapItQnkkvVCrGmnAnqG2Y4bSWK4jjktBkOL3K/eUeVZlLcmFFCgxj3BYsYwcZKjatudnYw7pbKnlv1cqDfpOJOfq8MM9S7pbdOT5I0psIQjrVuV7zEBBlWhhFOx8VOqmmCyRD3adtSgWOqg2yy7RjtW6WHIqnsEwZN1K8dGY61HsWhrYyxGeifXi7+5bVTE50EGRNJaqgg00FRypGRKD8d9ZiixPCRJZgoZndFZIAVJsYGVLQhfF6K/id+1T11veujcu18lkYBdmEPDqECx1CDS6iDDwRu4R4e4cmRzoPz7LxMS+ecWc8OfIPz+gF9iI6b</latexit><latexit sha1_base64="jpxoW0bf7EdbAkgMnRTCGddfvGA=">AAAB7HicdVDLSgMxFL3js9ZX1aWbYBFdDdMiqLuqGzdCBacttEPJpJk2NpMMSUYoQ//BjQsVt36QO//GTFvB54GQwzn3cu89YcKZNp737szNLywuLRdWiqtr6xubpa3thpapItQnkkvVCrGmnAnqG2Y4bSWK4jjktBkOL3K/eUeVZlLcmFFCgxj3BYsYwcZKjatudnYw7pbKnlv1cqDfpOJOfq8MM9S7pbdOT5I0psIQjrVuV7zEBBlWhhFOx8VOqmmCyRD3adtSgWOqg2yy7RjtW6WHIqnsEwZN1K8dGY61HsWhrYyxGeifXi7+5bVTE50EGRNJaqgg00FRypGRKD8d9ZiixPCRJZgoZndFZIAVJsYGVLQhfF6K/id+1T11veujcu18lkYBdmEPDqECx1CDS6iDDwRu4R4e4cmRzoPz7LxMS+ecWc8OfIPz+gF9iI6b</latexit>

M !
=

M A
!

<latexit sha1_base64="8swkMn6n4siSFBCT5yqIoLO/JqQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUA9C1YuXQgVjC20Im+2mXbrZxN1NoYT+Di8eVLz6Z7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLS8srpWXC9tbG5t75R39x5VnEpCXRLzWLYCrChngrqaaU5biaQ4CjhtBoPbid8cUqlYLB70KKFehHuChYxgbSSv7ndIn13V/ez6eOyXK3bVngItEicnFcjR8MtfnW5M0ogKTThWqu3YifYyLDUjnI5LnVTRBJMB7tG2oQJHVHnZ9OgxOjJKF4WxNCU0mqq/JzIcKTWKAtMZYd1X895E/M9rpzq88DImklRTQWaLwpQjHaNJAqjLJCWajwzBRDJzKyJ9LDHRJqeSCcGZf3mRuKfVy6p9f1ap3eRpFOEADuEEHDiHGtxBA1wg8ATP8Apv1tB6sd6tj1lrwcpn9uEPrM8fSvyRVA==</latexit><latexit sha1_base64="8swkMn6n4siSFBCT5yqIoLO/JqQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUA9C1YuXQgVjC20Im+2mXbrZxN1NoYT+Di8eVLz6Z7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLS8srpWXC9tbG5t75R39x5VnEpCXRLzWLYCrChngrqaaU5biaQ4CjhtBoPbid8cUqlYLB70KKFehHuChYxgbSSv7ndIn13V/ez6eOyXK3bVngItEicnFcjR8MtfnW5M0ogKTThWqu3YifYyLDUjnI5LnVTRBJMB7tG2oQJHVHnZ9OgxOjJKF4WxNCU0mqq/JzIcKTWKAtMZYd1X895E/M9rpzq88DImklRTQWaLwpQjHaNJAqjLJCWajwzBRDJzKyJ9LDHRJqeSCcGZf3mRuKfVy6p9f1ap3eRpFOEADuEEHDiHGtxBA1wg8ATP8Apv1tB6sd6tj1lrwcpn9uEPrM8fSvyRVA==</latexit><latexit sha1_base64="8swkMn6n4siSFBCT5yqIoLO/JqQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUA9C1YuXQgVjC20Im+2mXbrZxN1NoYT+Di8eVLz6Z7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLS8srpWXC9tbG5t75R39x5VnEpCXRLzWLYCrChngrqaaU5biaQ4CjhtBoPbid8cUqlYLB70KKFehHuChYxgbSSv7ndIn13V/ez6eOyXK3bVngItEicnFcjR8MtfnW5M0ogKTThWqu3YifYyLDUjnI5LnVTRBJMB7tG2oQJHVHnZ9OgxOjJKF4WxNCU0mqq/JzIcKTWKAtMZYd1X895E/M9rpzq88DImklRTQWaLwpQjHaNJAqjLJCWajwzBRDJzKyJ9LDHRJqeSCcGZf3mRuKfVy6p9f1ap3eRpFOEADuEEHDiHGtxBA1wg8ATP8Apv1tB6sd6tj1lrwcpn9uEPrM8fSvyRVA==</latexit>

M !
=

M A
! / 2

<latexit sha1_base64="lRnmvp4av5xRu1Bk2nxCtKBonIU=">AAAB93icbVBNS8NAEJ3Ur1o/GvXoZbGInmpSBPUgVL14KVQwttCGsNlu2qWbD3Y3Qg39JV48qHj1r3jz37htc9DWBwOP92aYmecnnEllWd9GYWl5ZXWtuF7a2NzaLps7uw8yTgWhDol5LNo+lpSziDqKKU7biaA49Dlt+cObid96pEKyOLpXo4S6Ie5HLGAEKy15ZrnhdcmAXTa87OpofFLzzIpVtaZAi8TOSQVyND3zq9uLSRrSSBGOpezYVqLcDAvFCKfjUjeVNMFkiPu0o2mEQyrdbHr4GB1qpYeCWOiKFJqqvycyHEo5Cn3dGWI1kPPeRPzP66QqOHczFiWpohGZLQpSjlSMJimgHhOUKD7SBBPB9K2IDLDAROmsSjoEe/7lReLUqhdV6+60Ur/O0yjCPhzAMdhwBnW4hSY4QCCFZ3iFN+PJeDHejY9Za8HIZ/bgD4zPH6h1kfo=</latexit><latexit sha1_base64="lRnmvp4av5xRu1Bk2nxCtKBonIU=">AAAB93icbVBNS8NAEJ3Ur1o/GvXoZbGInmpSBPUgVL14KVQwttCGsNlu2qWbD3Y3Qg39JV48qHj1r3jz37htc9DWBwOP92aYmecnnEllWd9GYWl5ZXWtuF7a2NzaLps7uw8yTgWhDol5LNo+lpSziDqKKU7biaA49Dlt+cObid96pEKyOLpXo4S6Ie5HLGAEKy15ZrnhdcmAXTa87OpofFLzzIpVtaZAi8TOSQVyND3zq9uLSRrSSBGOpezYVqLcDAvFCKfjUjeVNMFkiPu0o2mEQyrdbHr4GB1qpYeCWOiKFJqqvycyHEo5Cn3dGWI1kPPeRPzP66QqOHczFiWpohGZLQpSjlSMJimgHhOUKD7SBBPB9K2IDLDAROmsSjoEe/7lReLUqhdV6+60Ur/O0yjCPhzAMdhwBnW4hSY4QCCFZ3iFN+PJeDHejY9Za8HIZ/bgD4zPH6h1kfo=</latexit><latexit sha1_base64="lRnmvp4av5xRu1Bk2nxCtKBonIU=">AAAB93icbVBNS8NAEJ3Ur1o/GvXoZbGInmpSBPUgVL14KVQwttCGsNlu2qWbD3Y3Qg39JV48qHj1r3jz37htc9DWBwOP92aYmecnnEllWd9GYWl5ZXWtuF7a2NzaLps7uw8yTgWhDol5LNo+lpSziDqKKU7biaA49Dlt+cObid96pEKyOLpXo4S6Ie5HLGAEKy15ZrnhdcmAXTa87OpofFLzzIpVtaZAi8TOSQVyND3zq9uLSRrSSBGOpezYVqLcDAvFCKfjUjeVNMFkiPu0o2mEQyrdbHr4GB1qpYeCWOiKFJqqvycyHEo5Cn3dGWI1kPPeRPzP66QqOHczFiWpohGZLQpSjlSMJimgHhOUKD7SBBPB9K2IDLDAROmsSjoEe/7lReLUqhdV6+60Ur/O0yjCPhzAMdhwBnW4hSY4QCCFZ3iFN+PJeDHejY9Za8HIZ/bgD4zPH6h1kfo=</latexit>

Almost all studies of elastic beam DM scattering have focused  
on the parameter space with mAÕ>2 m!  Ñ on shell intermediate AÕ.

WIMP-like 
regime

sti
ll W

IM
P-lik

e

Secluded 
regime

Off shell AÕ for DM production

Much weaker limits for mAÕ<2 m!
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New Dark Matter Signals

Elastic scattering limited by large ! background (SM NC 
interactions). New ways of probing the mAÕ<2 m!  regime? 

Consider more rare processes (in view of neutrinos) that 
are triggered by dark matter.
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�R�T�Q�V�Q�P

�V�C�T�I�G�V �F�G�V�G�E�V�Q�T

!
<latexit sha1_base64="35AhcGyCls1bwmtZJNqtyAP5y+E=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juCaQLGF2MpsdMo9lZlYIS37BiwcVr36RN//G2SSIJhY0FFXddHdFKWfG+v6XV1pZXVvfKG9WtrZ3dveq+wcPRmWa0IAornQnwoZyJmlgmeW0k2qKRcRpOxrdFH77kWrDlLy345SGAg8lixnBtpB6JGH9as2v+1OgH9JYJDWYo9WvfvYGimSCSks4Nqbb8FMb5lhbRjidVHqZoSkmIzykXUclFtSE+fTWCTpxygDFSruSFk3V3xM5FsaMReQ6BbaJWfQK8T+vm9n4MsyZTDNLJZktijOOrELF42jANCWWjx3BRDN3KyIJ1phYF0/FhbD08jIJzupXdf/uvNa8nqdRhiM4hlNowAU04RZaEACBBJ7gBV494T17b977rLXkzWcO4Q+8j29uEY4G</latexit><latexit sha1_base64="35AhcGyCls1bwmtZJNqtyAP5y+E=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juCaQLGF2MpsdMo9lZlYIS37BiwcVr36RN//G2SSIJhY0FFXddHdFKWfG+v6XV1pZXVvfKG9WtrZ3dveq+wcPRmWa0IAornQnwoZyJmlgmeW0k2qKRcRpOxrdFH77kWrDlLy345SGAg8lixnBtpB6JGH9as2v+1OgH9JYJDWYo9WvfvYGimSCSks4Nqbb8FMb5lhbRjidVHqZoSkmIzykXUclFtSE+fTWCTpxygDFSruSFk3V3xM5FsaMReQ6BbaJWfQK8T+vm9n4MsyZTDNLJZktijOOrELF42jANCWWjx3BRDN3KyIJ1phYF0/FhbD08jIJzupXdf/uvNa8nqdRhiM4hlNowAU04RZaEACBBJ7gBV494T17b977rLXkzWcO4Q+8j29uEY4G</latexit><latexit sha1_base64="35AhcGyCls1bwmtZJNqtyAP5y+E=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juCaQLGF2MpsdMo9lZlYIS37BiwcVr36RN//G2SSIJhY0FFXddHdFKWfG+v6XV1pZXVvfKG9WtrZ3dveq+wcPRmWa0IAornQnwoZyJmlgmeW0k2qKRcRpOxrdFH77kWrDlLy345SGAg8lixnBtpB6JGH9as2v+1OgH9JYJDWYo9WvfvYGimSCSks4Nqbb8FMb5lhbRjidVHqZoSkmIzykXUclFtSE+fTWCTpxygDFSruSFk3V3xM5FsaMReQ6BbaJWfQK8T+vm9n4MsyZTDNLJZktijOOrELF42jANCWWjx3BRDN3KyIJ1phYF0/FhbD08jIJzupXdf/uvNa8nqdRhiM4hlNowAU04RZaEACBBJ7gBV494T17b977rLXkzWcO4Q+8j29uEY4G</latexit>

ø!
<latexit sha1_base64="0p/xhwtC1DuAKrwsfIpCRdrcOVM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx4rGFtoQplsN+3SzSbd3Qgl9E948aDi1d/jzX/j9gPR1gcDj/dmmJkXpoJr47pfTmFldW19o7hZ2tre2d0r7x886CRTlHk0EYlqhaiZ4JJ5hhvBWqliGIeCNcPBzcRvPjKleSLvzShlQYw9ySNO0Vip5YeofNrnnXLFrbpTkB9SWyQVmKPRKX/63YRmMZOGCtS6XXNTE+SoDKeCjUt+plmKdIA91rZUYsx0kE/vHZMTq3RJlChb0pCp+nsix1jrURzazhhNXy96E/E/r52Z6DLIuUwzwySdLYoyQUxCJs+TLleMGjGyBKni9lZC+6iQGhtRyYaw9PIy8c6qV1X37rxSv56nUYQjOIZTqMEF1OEWGuABBQFP8AKvztB5dt6c91lrwZnPHMIfOB/faJ6Pvw==</latexit><latexit sha1_base64="0p/xhwtC1DuAKrwsfIpCRdrcOVM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx4rGFtoQplsN+3SzSbd3Qgl9E948aDi1d/jzX/j9gPR1gcDj/dmmJkXpoJr47pfTmFldW19o7hZ2tre2d0r7x886CRTlHk0EYlqhaiZ4JJ5hhvBWqliGIeCNcPBzcRvPjKleSLvzShlQYw9ySNO0Vip5YeofNrnnXLFrbpTkB9SWyQVmKPRKX/63YRmMZOGCtS6XXNTE+SoDKeCjUt+plmKdIA91rZUYsx0kE/vHZMTq3RJlChb0pCp+nsix1jrURzazhhNXy96E/E/r52Z6DLIuUwzwySdLYoyQUxCJs+TLleMGjGyBKni9lZC+6iQGhtRyYaw9PIy8c6qV1X37rxSv56nUYQjOIZTqMEF1OEWGuABBQFP8AKvztB5dt6c91lrwZnPHMIfOB/faJ6Pvw==</latexit><latexit sha1_base64="0p/xhwtC1DuAKrwsfIpCRdrcOVM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx4rGFtoQplsN+3SzSbd3Qgl9E948aDi1d/jzX/j9gPR1gcDj/dmmJkXpoJr47pfTmFldW19o7hZ2tre2d0r7x886CRTlHk0EYlqhaiZ4JJ5hhvBWqliGIeCNcPBzcRvPjKleSLvzShlQYw9ySNO0Vip5YeofNrnnXLFrbpTkB9SWyQVmKPRKX/63YRmMZOGCtS6XXNTE+SoDKeCjUt+plmKdIA91rZUYsx0kE/vHZMTq3RJlChb0pCp+nsix1jrURzazhhNXy96E/E/r52Z6DLIuUwzwySdLYoyQUxCJs+TLleMGjGyBKni9lZC+6iQGhtRyYaw9PIy8c6qV1X37rxSv56nUYQjOIZTqMEF1OEWGuABBQFP8AKvztB5dt6c91lrwZnPHMIfOB/faJ6Pvw==</latexit>

! 0, " , . . .
<latexit sha1_base64="BckLZBXk/rlHpe3CKqfurnO9mJk=">AAAB+nicbVDLSgMxFM34rPU11qWbYBFcSJkRQd0V3bis4NhCO5ZMeqcNzTxI7ohl6K+4caHi1i9x59+YtrPQ1gMJh3PuITcnSKXQ6Djf1tLyyuraemmjvLm1vbNr71XudZIpDh5PZKJaAdMgRQweCpTQShWwKJDQDIbXE7/5CEqLJL7DUQp+xPqxCAVnaKSuXemk4sE5oR1AZu5egrprV52aMwVdJG5BqqRAo2t/mRzPIoiRS6Z123VS9HOmUHAJ43In05AyPmR9aBsaswi0n093H9Mjo/RomChzYqRT9XciZ5HWoygwkxHDgZ73JuJ/XjvD8MLPRZxmCDGfPRRmkmJCJ0XQnlDAUY4MYVwJsyvlA6YYR1NX2ZTgzn95kXintcuac3tWrV8VbZTIATkkx8Ql56RObkiDeISTJ/JMXsmbNbZerHfrYza6ZBWZffIH1ucP2X6TOQ==</latexit><latexit sha1_base64="BckLZBXk/rlHpe3CKqfurnO9mJk=">AAAB+nicbVDLSgMxFM34rPU11qWbYBFcSJkRQd0V3bis4NhCO5ZMeqcNzTxI7ohl6K+4caHi1i9x59+YtrPQ1gMJh3PuITcnSKXQ6Djf1tLyyuraemmjvLm1vbNr71XudZIpDh5PZKJaAdMgRQweCpTQShWwKJDQDIbXE7/5CEqLJL7DUQp+xPqxCAVnaKSuXemk4sE5oR1AZu5egrprV52aMwVdJG5BqqRAo2t/mRzPIoiRS6Z123VS9HOmUHAJ43In05AyPmR9aBsaswi0n093H9Mjo/RomChzYqRT9XciZ5HWoygwkxHDgZ73JuJ/XjvD8MLPRZxmCDGfPRRmkmJCJ0XQnlDAUY4MYVwJsyvlA6YYR1NX2ZTgzn95kXintcuac3tWrV8VbZTIATkkx8Ql56RObkiDeISTJ/JMXsmbNbZerHfrYza6ZBWZffIH1ucP2X6TOQ==</latexit><latexit sha1_base64="BckLZBXk/rlHpe3CKqfurnO9mJk=">AAAB+nicbVDLSgMxFM34rPU11qWbYBFcSJkRQd0V3bis4NhCO5ZMeqcNzTxI7ohl6K+4caHi1i9x59+YtrPQ1gMJh3PuITcnSKXQ6Djf1tLyyuraemmjvLm1vbNr71XudZIpDh5PZKJaAdMgRQweCpTQShWwKJDQDIbXE7/5CEqLJL7DUQp+xPqxCAVnaKSuXemk4sE5oR1AZu5egrprV52aMwVdJG5BqqRAo2t/mRzPIoiRS6Z123VS9HOmUHAJ43In05AyPmR9aBsaswi0n093H9Mjo/RomChzYqRT9XciZ5HWoygwkxHDgZ73JuJ/XjvD8MLPRZxmCDGfPRRmkmJCJ0XQnlDAUY4MYVwJsyvlA6YYR1NX2ZTgzn95kXintcuac3tWrV8VbZTIATkkx8Ql56RObkiDeISTJ/JMXsmbNbZerHfrYza6ZBWZffIH1ucP2X6TOQ==</latexit>

A !"
<latexit sha1_base64="PF5u0shNoytuzsGJ2YUtSnjXsqY=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0UUF2FSNW12VTcuKxhbaGOZTCft0MmDmYlQQn/BjQsVt36RO//GSVtBRQ9cOJxzL/fe4yecSYXQh1FYWFxaXimultbWNza3yts7tzJOBaEuiXks2j6WlLOIuoopTtuJoDj0OW35o8vcb91TIVkc3ahxQr0QDyIWMIJVLp0f3h33yhVkWlXbrp5AZNpOre7YmiDbsc/q0DLRFBUwR7NXfu/2Y5KGNFKEYyk7FkqUl2GhGOF0UuqmkiaYjPCAdjSNcEill01vncADrfRhEAtdkYJT9ftEhkMpx6GvO0OshvK3l4t/eZ1UBXUvY1GSKhqR2aIg5VDFMH8c9pmgRPGxJpgIpm+FZIgFJkrHU9IhfH0K/ydu1XRMdH1aaVzM0yiCPbAPjoAFaqABrkATuICAIXgAT+DZCI1H48V4nbUWjPnMLvgB4+0TCEGNyA==</latexit><latexit sha1_base64="PF5u0shNoytuzsGJ2YUtSnjXsqY=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0UUF2FSNW12VTcuKxhbaGOZTCft0MmDmYlQQn/BjQsVt36RO//GSVtBRQ9cOJxzL/fe4yecSYXQh1FYWFxaXimultbWNza3yts7tzJOBaEuiXks2j6WlLOIuoopTtuJoDj0OW35o8vcb91TIVkc3ahxQr0QDyIWMIJVLp0f3h33yhVkWlXbrp5AZNpOre7YmiDbsc/q0DLRFBUwR7NXfu/2Y5KGNFKEYyk7FkqUl2GhGOF0UuqmkiaYjPCAdjSNcEill01vncADrfRhEAtdkYJT9ftEhkMpx6GvO0OshvK3l4t/eZ1UBXUvY1GSKhqR2aIg5VDFMH8c9pmgRPGxJpgIpm+FZIgFJkrHU9IhfH0K/ydu1XRMdH1aaVzM0yiCPbAPjoAFaqABrkATuICAIXgAT+DZCI1H48V4nbUWjPnMLvgB4+0TCEGNyA==</latexit><latexit sha1_base64="PF5u0shNoytuzsGJ2YUtSnjXsqY=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0UUF2FSNW12VTcuKxhbaGOZTCft0MmDmYlQQn/BjQsVt36RO//GSVtBRQ9cOJxzL/fe4yecSYXQh1FYWFxaXimultbWNza3yts7tzJOBaEuiXks2j6WlLOIuoopTtuJoDj0OW35o8vcb91TIVkc3ahxQr0QDyIWMIJVLp0f3h33yhVkWlXbrp5AZNpOre7YmiDbsc/q0DLRFBUwR7NXfu/2Y5KGNFKEYyk7FkqUl2GhGOF0UuqmkiaYjPCAdjSNcEill01vncADrfRhEAtdkYJT9ftEhkMpx6GvO0OshvK3l4t/eZ1UBXUvY1GSKhqR2aIg5VDFMH8c9pmgRPGxJpgIpm+FZIgFJkrHU9IhfH0K/ydu1XRMdH1aaVzM0yiCPbAPjoAFaqABrkATuICAIXgAT+DZCI1H48V4nbUWjPnMLvgB4+0TCEGNyA==</latexit>

!
<latexit sha1_base64="VNOLMmk11Nk4YovNtEk1FRQe8Ac=">AAAB7HicbVDLSgNBEJz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIltA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odg6GcSRpaZjltp5qCiDltxaPbqd96otowJR/sOKWRgIFkCSNgndTsDkAI6FWqfs2fAS+ToCBVVKDRq3x1+4pkgkpLOBjTCfzURjloywink3I3MzQFMoIB7TgqQVAT5bNrJ/jUKX2cKO1KWjxTf0/kIIwZi9h1CrBDs+hNxf+8TmaTqyhnMs0slWS+KMk4tgpPX8d9pimxfOwIEM3crZgMQQOxLqCyCyFYfHmZhOe165p/f1Gt3xRplNAxOkFnKECXqI7uUAOFiKBH9Ixe0ZunvBfv3fuYt654xcwR+gPv8wfzBI7o</latexit><latexit sha1_base64="VNOLMmk11Nk4YovNtEk1FRQe8Ac=">AAAB7HicbVDLSgNBEJz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIltA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odg6GcSRpaZjltp5qCiDltxaPbqd96otowJR/sOKWRgIFkCSNgndTsDkAI6FWqfs2fAS+ToCBVVKDRq3x1+4pkgkpLOBjTCfzURjloywink3I3MzQFMoIB7TgqQVAT5bNrJ/jUKX2cKO1KWjxTf0/kIIwZi9h1CrBDs+hNxf+8TmaTqyhnMs0slWS+KMk4tgpPX8d9pimxfOwIEM3crZgMQQOxLqCyCyFYfHmZhOe165p/f1Gt3xRplNAxOkFnKECXqI7uUAOFiKBH9Ixe0ZunvBfv3fuYt654xcwR+gPv8wfzBI7o</latexit><latexit sha1_base64="VNOLMmk11Nk4YovNtEk1FRQe8Ac=">AAAB7HicbVDLSgNBEJz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIltA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odg6GcSRpaZjltp5qCiDltxaPbqd96otowJR/sOKWRgIFkCSNgndTsDkAI6FWqfs2fAS+ToCBVVKDRq3x1+4pkgkpLOBjTCfzURjloywink3I3MzQFMoIB7TgqQVAT5bNrJ/jUKX2cKO1KWjxTf0/kIIwZi9h1CrBDs+hNxf+8TmaTqyhnMs0slWS+KMk4tgpPX8d9pimxfOwIEM3crZgMQQOxLqCyCyFYfHmZhOe165p/f1Gt3xRplNAxOkFnKECXqI7uUAOFiKBH9Ixe0ZunvBfv3fuYt654xcwR+gPv8wfzBI7o</latexit>

!
<latexit sha1_base64="35AhcGyCls1bwmtZJNqtyAP5y+E=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juCaQLGF2MpsdMo9lZlYIS37BiwcVr36RN//G2SSIJhY0FFXddHdFKWfG+v6XV1pZXVvfKG9WtrZ3dveq+wcPRmWa0IAornQnwoZyJmlgmeW0k2qKRcRpOxrdFH77kWrDlLy345SGAg8lixnBtpB6JGH9as2v+1OgH9JYJDWYo9WvfvYGimSCSks4Nqbb8FMb5lhbRjidVHqZoSkmIzykXUclFtSE+fTWCTpxygDFSruSFk3V3xM5FsaMReQ6BbaJWfQK8T+vm9n4MsyZTDNLJZktijOOrELF42jANCWWjx3BRDN3KyIJ1phYF0/FhbD08jIJzupXdf/uvNa8nqdRhiM4hlNowAU04RZaEACBBJ7gBV494T17b977rLXkzWcO4Q+8j29uEY4G</latexit><latexit sha1_base64="35AhcGyCls1bwmtZJNqtyAP5y+E=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juCaQLGF2MpsdMo9lZlYIS37BiwcVr36RN//G2SSIJhY0FFXddHdFKWfG+v6XV1pZXVvfKG9WtrZ3dveq+wcPRmWa0IAornQnwoZyJmlgmeW0k2qKRcRpOxrdFH77kWrDlLy345SGAg8lixnBtpB6JGH9as2v+1OgH9JYJDWYo9WvfvYGimSCSks4Nqbb8FMb5lhbRjidVHqZoSkmIzykXUclFtSE+fTWCTpxygDFSruSFk3V3xM5FsaMReQ6BbaJWfQK8T+vm9n4MsyZTDNLJZktijOOrELF42jANCWWjx3BRDN3KyIJ1phYF0/FhbD08jIJzupXdf/uvNa8nqdRhiM4hlNowAU04RZaEACBBJ7gBV494T17b977rLXkzWcO4Q+8j29uEY4G</latexit><latexit sha1_base64="35AhcGyCls1bwmtZJNqtyAP5y+E=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juCaQLGF2MpsdMo9lZlYIS37BiwcVr36RN//G2SSIJhY0FFXddHdFKWfG+v6XV1pZXVvfKG9WtrZ3dveq+wcPRmWa0IAornQnwoZyJmlgmeW0k2qKRcRpOxrdFH77kWrDlLy345SGAg8lixnBtpB6JGH9as2v+1OgH9JYJDWYo9WvfvYGimSCSks4Nqbb8FMb5lhbRjidVHqZoSkmIzykXUclFtSE+fTWCTpxygDFSruSFk3V3xM5FsaMReQ6BbaJWfQK8T+vm9n4MsyZTDNLJZktijOOrELF42jANCWWjx3BRDN3KyIJ1phYF0/FhbD08jIJzupXdf/uvNa8nqdRhiM4hlNowAU04RZaEACBBJ7gBV494T17b977rLXkzWcO4Q+8j29uEY4G</latexit>

ø!
<latexit sha1_base64="0p/xhwtC1DuAKrwsfIpCRdrcOVM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx4rGFtoQplsN+3SzSbd3Qgl9E948aDi1d/jzX/j9gPR1gcDj/dmmJkXpoJr47pfTmFldW19o7hZ2tre2d0r7x886CRTlHk0EYlqhaiZ4JJ5hhvBWqliGIeCNcPBzcRvPjKleSLvzShlQYw9ySNO0Vip5YeofNrnnXLFrbpTkB9SWyQVmKPRKX/63YRmMZOGCtS6XXNTE+SoDKeCjUt+plmKdIA91rZUYsx0kE/vHZMTq3RJlChb0pCp+nsix1jrURzazhhNXy96E/E/r52Z6DLIuUwzwySdLYoyQUxCJs+TLleMGjGyBKni9lZC+6iQGhtRyYaw9PIy8c6qV1X37rxSv56nUYQjOIZTqMEF1OEWGuABBQFP8AKvztB5dt6c91lrwZnPHMIfOB/faJ6Pvw==</latexit><latexit sha1_base64="0p/xhwtC1DuAKrwsfIpCRdrcOVM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx4rGFtoQplsN+3SzSbd3Qgl9E948aDi1d/jzX/j9gPR1gcDj/dmmJkXpoJr47pfTmFldW19o7hZ2tre2d0r7x886CRTlHk0EYlqhaiZ4JJ5hhvBWqliGIeCNcPBzcRvPjKleSLvzShlQYw9ySNO0Vip5YeofNrnnXLFrbpTkB9SWyQVmKPRKX/63YRmMZOGCtS6XXNTE+SoDKeCjUt+plmKdIA91rZUYsx0kE/vHZMTq3RJlChb0pCp+nsix1jrURzazhhNXy96E/E/r52Z6DLIuUwzwySdLYoyQUxCJs+TLleMGjGyBKni9lZC+6iQGhtRyYaw9PIy8c6qV1X37rxSv56nUYQjOIZTqMEF1OEWGuABBQFP8AKvztB5dt6c91lrwZnPHMIfOB/faJ6Pvw==</latexit><latexit sha1_base64="0p/xhwtC1DuAKrwsfIpCRdrcOVM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx4rGFtoQplsN+3SzSbd3Qgl9E948aDi1d/jzX/j9gPR1gcDj/dmmJkXpoJr47pfTmFldW19o7hZ2tre2d0r7x886CRTlHk0EYlqhaiZ4JJ5hhvBWqliGIeCNcPBzcRvPjKleSLvzShlQYw9ySNO0Vip5YeofNrnnXLFrbpTkB9SWyQVmKPRKX/63YRmMZOGCtS6XXNTE+SoDKeCjUt+plmKdIA91rZUYsx0kE/vHZMTq3RJlChb0pCp+nsix1jrURzazhhNXy96E/E/r52Z6DLIuUwzwySdLYoyQUxCJs+TLleMGjGyBKni9lZC+6iQGhtRyYaw9PIy8c6qV1X37rxSv56nUYQjOIZTqMEF1OEWGuABBQFP8AKvztB5dt6c91lrwZnPHMIfOB/faJ6Pvw==</latexit>

!
<latexit sha1_base64="35AhcGyCls1bwmtZJNqtyAP5y+E=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juCaQLGF2MpsdMo9lZlYIS37BiwcVr36RN//G2SSIJhY0FFXddHdFKWfG+v6XV1pZXVvfKG9WtrZ3dveq+wcPRmWa0IAornQnwoZyJmlgmeW0k2qKRcRpOxrdFH77kWrDlLy345SGAg8lixnBtpB6JGH9as2v+1OgH9JYJDWYo9WvfvYGimSCSks4Nqbb8FMb5lhbRjidVHqZoSkmIzykXUclFtSE+fTWCTpxygDFSruSFk3V3xM5FsaMReQ6BbaJWfQK8T+vm9n4MsyZTDNLJZktijOOrELF42jANCWWjx3BRDN3KyIJ1phYF0/FhbD08jIJzupXdf/uvNa8nqdRhiM4hlNowAU04RZaEACBBJ7gBV494T17b977rLXkzWcO4Q+8j29uEY4G</latexit><latexit sha1_base64="35AhcGyCls1bwmtZJNqtyAP5y+E=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juCaQLGF2MpsdMo9lZlYIS37BiwcVr36RN//G2SSIJhY0FFXddHdFKWfG+v6XV1pZXVvfKG9WtrZ3dveq+wcPRmWa0IAornQnwoZyJmlgmeW0k2qKRcRpOxrdFH77kWrDlLy345SGAg8lixnBtpB6JGH9as2v+1OgH9JYJDWYo9WvfvYGimSCSks4Nqbb8FMb5lhbRjidVHqZoSkmIzykXUclFtSE+fTWCTpxygDFSruSFk3V3xM5FsaMReQ6BbaJWfQK8T+vm9n4MsyZTDNLJZktijOOrELF42jANCWWjx3BRDN3KyIJ1phYF0/FhbD08jIJzupXdf/uvNa8nqdRhiM4hlNowAU04RZaEACBBJ7gBV494T17b977rLXkzWcO4Q+8j29uEY4G</latexit><latexit sha1_base64="35AhcGyCls1bwmtZJNqtyAP5y+E=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juCaQLGF2MpsdMo9lZlYIS37BiwcVr36RN//G2SSIJhY0FFXddHdFKWfG+v6XV1pZXVvfKG9WtrZ3dveq+wcPRmWa0IAornQnwoZyJmlgmeW0k2qKRcRpOxrdFH77kWrDlLy345SGAg8lixnBtpB6JGH9as2v+1OgH9JYJDWYo9WvfvYGimSCSks4Nqbb8FMb5lhbRjidVHqZoSkmIzykXUclFtSE+fTWCTpxygDFSruSFk3V3xM5FsaMReQ6BbaJWfQK8T+vm9n4MsyZTDNLJZktijOOrELF42jANCWWjx3BRDN3KyIJ1phYF0/FhbD08jIJzupXdf/uvNa8nqdRhiM4hlNowAU04RZaEACBBJ7gBV494T17b977rLXkzWcO4Q+8j29uEY4G</latexit>

!
<latexit sha1_base64="35AhcGyCls1bwmtZJNqtyAP5y+E=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juCaQLGF2MpsdMo9lZlYIS37BiwcVr36RN//G2SSIJhY0FFXddHdFKWfG+v6XV1pZXVvfKG9WtrZ3dveq+wcPRmWa0IAornQnwoZyJmlgmeW0k2qKRcRpOxrdFH77kWrDlLy345SGAg8lixnBtpB6JGH9as2v+1OgH9JYJDWYo9WvfvYGimSCSks4Nqbb8FMb5lhbRjidVHqZoSkmIzykXUclFtSE+fTWCTpxygDFSruSFk3V3xM5FsaMReQ6BbaJWfQK8T+vm9n4MsyZTDNLJZktijOOrELF42jANCWWjx3BRDN3KyIJ1phYF0/FhbD08jIJzupXdf/uvNa8nqdRhiM4hlNowAU04RZaEACBBJ7gBV494T17b977rLXkzWcO4Q+8j29uEY4G</latexit><latexit sha1_base64="35AhcGyCls1bwmtZJNqtyAP5y+E=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juCaQLGF2MpsdMo9lZlYIS37BiwcVr36RN//G2SSIJhY0FFXddHdFKWfG+v6XV1pZXVvfKG9WtrZ3dveq+wcPRmWa0IAornQnwoZyJmlgmeW0k2qKRcRpOxrdFH77kWrDlLy345SGAg8lixnBtpB6JGH9as2v+1OgH9JYJDWYo9WvfvYGimSCSks4Nqbb8FMb5lhbRjidVHqZoSkmIzykXUclFtSE+fTWCTpxygDFSruSFk3V3xM5FsaMReQ6BbaJWfQK8T+vm9n4MsyZTDNLJZktijOOrELF42jANCWWjx3BRDN3KyIJ1phYF0/FhbD08jIJzupXdf/uvNa8nqdRhiM4hlNowAU04RZaEACBBJ7gBV494T17b977rLXkzWcO4Q+8j29uEY4G</latexit><latexit sha1_base64="35AhcGyCls1bwmtZJNqtyAP5y+E=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juCaQLGF2MpsdMo9lZlYIS37BiwcVr36RN//G2SSIJhY0FFXddHdFKWfG+v6XV1pZXVvfKG9WtrZ3dveq+wcPRmWa0IAornQnwoZyJmlgmeW0k2qKRcRpOxrdFH77kWrDlLy345SGAg8lixnBtpB6JGH9as2v+1OgH9JYJDWYo9WvfvYGimSCSks4Nqbb8FMb5lhbRjidVHqZoSkmIzykXUclFtSE+fTWCTpxygDFSruSFk3V3xM5FsaMReQ6BbaJWfQK8T+vm9n4MsyZTDNLJZktijOOrELF42jANCWWjx3BRDN3KyIJ1phYF0/FhbD08jIJzupXdf/uvNa8nqdRhiM4hlNowAU04RZaEACBBJ7gBV494T17b977rLXkzWcO4Q+8j29uEY4G</latexit>

A !"
<latexit sha1_base64="PF5u0shNoytuzsGJ2YUtSnjXsqY=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0UUF2FSNW12VTcuKxhbaGOZTCft0MmDmYlQQn/BjQsVt36RO//GSVtBRQ9cOJxzL/fe4yecSYXQh1FYWFxaXimultbWNza3yts7tzJOBaEuiXks2j6WlLOIuoopTtuJoDj0OW35o8vcb91TIVkc3ahxQr0QDyIWMIJVLp0f3h33yhVkWlXbrp5AZNpOre7YmiDbsc/q0DLRFBUwR7NXfu/2Y5KGNFKEYyk7FkqUl2GhGOF0UuqmkiaYjPCAdjSNcEill01vncADrfRhEAtdkYJT9ftEhkMpx6GvO0OshvK3l4t/eZ1UBXUvY1GSKhqR2aIg5VDFMH8c9pmgRPGxJpgIpm+FZIgFJkrHU9IhfH0K/ydu1XRMdH1aaVzM0yiCPbAPjoAFaqABrkATuICAIXgAT+DZCI1H48V4nbUWjPnMLvgB4+0TCEGNyA==</latexit><latexit sha1_base64="PF5u0shNoytuzsGJ2YUtSnjXsqY=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0UUF2FSNW12VTcuKxhbaGOZTCft0MmDmYlQQn/BjQsVt36RO//GSVtBRQ9cOJxzL/fe4yecSYXQh1FYWFxaXimultbWNza3yts7tzJOBaEuiXks2j6WlLOIuoopTtuJoDj0OW35o8vcb91TIVkc3ahxQr0QDyIWMIJVLp0f3h33yhVkWlXbrp5AZNpOre7YmiDbsc/q0DLRFBUwR7NXfu/2Y5KGNFKEYyk7FkqUl2GhGOF0UuqmkiaYjPCAdjSNcEill01vncADrfRhEAtdkYJT9ftEhkMpx6GvO0OshvK3l4t/eZ1UBXUvY1GSKhqR2aIg5VDFMH8c9pmgRPGxJpgIpm+FZIgFJkrHU9IhfH0K/ydu1XRMdH1aaVzM0yiCPbAPjoAFaqABrkATuICAIXgAT+DZCI1H48V4nbUWjPnMLvgB4+0TCEGNyA==</latexit><latexit sha1_base64="PF5u0shNoytuzsGJ2YUtSnjXsqY=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0UUF2FSNW12VTcuKxhbaGOZTCft0MmDmYlQQn/BjQsVt36RO//GSVtBRQ9cOJxzL/fe4yecSYXQh1FYWFxaXimultbWNza3yts7tzJOBaEuiXks2j6WlLOIuoopTtuJoDj0OW35o8vcb91TIVkc3ahxQr0QDyIWMIJVLp0f3h33yhVkWlXbrp5AZNpOre7YmiDbsc/q0DLRFBUwR7NXfu/2Y5KGNFKEYyk7FkqUl2GhGOF0UuqmkiaYjPCAdjSNcEill01vncADrfRhEAtdkYJT9ftEhkMpx6GvO0OshvK3l4t/eZ1UBXUvY1GSKhqR2aIg5VDFMH8c9pmgRPGxJpgIpm+FZIgFJkrHU9IhfH0K/ydu1XRMdH1aaVzM0yiCPbAPjoAFaqABrkATuICAIXgAT+DZCI1H48V4nbUWjPnMLvgB4+0TCEGNyA==</latexit>

A !
<latexit sha1_base64="Ykxb1xAbd1eqMVvQXRbw2GoOIj0=">AAAB6HicdVDLSsNAFJ34rPVVdelmsIiuwqRq2uyqblxWMbbQhjKZTtqhk0mYmQgl9A/cuFBx6ye582+cPgQVPXDhcM693HtPmHKmNEIf1sLi0vLKamGtuL6xubVd2tm9U0kmCfVJwhPZCrGinAnqa6Y5baWS4jjktBkOLyd+855KxRJxq0cpDWLcFyxiBGsj3ZwfdUtlZDsV162cQGS7XrXmuYYg13PPatCx0RRlMEejW3rv9BKSxVRowrFSbQelOsix1IxwOi52MkVTTIa4T9uGChxTFeTTS8fw0Cg9GCXSlNBwqn6fyHGs1CgOTWeM9UD99ibiX14701EtyJlIM00FmS2KMg51Aidvwx6TlGg+MgQTycytkAywxESbcIomhK9P4f/Er9ieja5Py/WLeRoFsA8OwDFwQBXUwRVoAB8QEIEH8ASeraH1aL1Yr7PWBWs+swd+wHr7BO+RjSw=</latexit><latexit sha1_base64="Ykxb1xAbd1eqMVvQXRbw2GoOIj0=">AAAB6HicdVDLSsNAFJ34rPVVdelmsIiuwqRq2uyqblxWMbbQhjKZTtqhk0mYmQgl9A/cuFBx6ye582+cPgQVPXDhcM693HtPmHKmNEIf1sLi0vLKamGtuL6xubVd2tm9U0kmCfVJwhPZCrGinAnqa6Y5baWS4jjktBkOLyd+855KxRJxq0cpDWLcFyxiBGsj3ZwfdUtlZDsV162cQGS7XrXmuYYg13PPatCx0RRlMEejW3rv9BKSxVRowrFSbQelOsix1IxwOi52MkVTTIa4T9uGChxTFeTTS8fw0Cg9GCXSlNBwqn6fyHGs1CgOTWeM9UD99ibiX14701EtyJlIM00FmS2KMg51Aidvwx6TlGg+MgQTycytkAywxESbcIomhK9P4f/Er9ieja5Py/WLeRoFsA8OwDFwQBXUwRVoAB8QEIEH8ASeraH1aL1Yr7PWBWs+swd+wHr7BO+RjSw=</latexit><latexit sha1_base64="Ykxb1xAbd1eqMVvQXRbw2GoOIj0=">AAAB6HicdVDLSsNAFJ34rPVVdelmsIiuwqRq2uyqblxWMbbQhjKZTtqhk0mYmQgl9A/cuFBx6ye582+cPgQVPXDhcM693HtPmHKmNEIf1sLi0vLKamGtuL6xubVd2tm9U0kmCfVJwhPZCrGinAnqa6Y5baWS4jjktBkOLyd+855KxRJxq0cpDWLcFyxiBGsj3ZwfdUtlZDsV162cQGS7XrXmuYYg13PPatCx0RRlMEejW3rv9BKSxVRowrFSbQelOsix1IxwOi52MkVTTIa4T9uGChxTFeTTS8fw0Cg9GCXSlNBwqn6fyHGs1CgOTWeM9UD99ibiX14701EtyJlIM00FmS2KMg51Aidvwx6TlGg+MgQTycytkAywxESbcIomhK9P4f/Er9ieja5Py/WLeRoFsA8OwDFwQBXUwRVoAB8QEIEH8ASeraH1aL1Yr7PWBWs+swd+wHr7BO+RjSw=</latexit>

e!
<latexit sha1_base64="eS2LtIJXQn7LP4Kg2TcklegVLIo=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgxbCRgHoLevEY0TWBZA2zk95kyOzsMjMrhCWf4MWDilf/yJt/4+QhxFdBQ1HVTXdXkAiujet+OLmFxaXllfxqYW19Y3OruL1zq+NUMfRYLGLVDKhGwSV6hhuBzUQhjQKBjWBwMfYb96g0j+WNGSboR7QnecgZNVa6xrujTrFUKbsTEPcX+bJKMEO9U3xvd2OWRigNE1TrVsVNjJ9RZTgTOCq0U40JZQPaw5alkkao/Wxy6ogcWKVLwljZkoZM1PmJjEZaD6PAdkbU9PVPbyz+5bVSE576GZdJalCy6aIwFcTEZPw36XKFzIihJZQpbm8lrE8VZcamU5gP4X/iHZfPyu5VtVQ7n6WRhz3Yh0OowAnU4BLq4AGDHjzAEzw7wnl0XpzXaWvOmc3swjc4b59WM41c</latexit><latexit sha1_base64="eS2LtIJXQn7LP4Kg2TcklegVLIo=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgxbCRgHoLevEY0TWBZA2zk95kyOzsMjMrhCWf4MWDilf/yJt/4+QhxFdBQ1HVTXdXkAiujet+OLmFxaXllfxqYW19Y3OruL1zq+NUMfRYLGLVDKhGwSV6hhuBzUQhjQKBjWBwMfYb96g0j+WNGSboR7QnecgZNVa6xrujTrFUKbsTEPcX+bJKMEO9U3xvd2OWRigNE1TrVsVNjJ9RZTgTOCq0U40JZQPaw5alkkao/Wxy6ogcWKVLwljZkoZM1PmJjEZaD6PAdkbU9PVPbyz+5bVSE576GZdJalCy6aIwFcTEZPw36XKFzIihJZQpbm8lrE8VZcamU5gP4X/iHZfPyu5VtVQ7n6WRhz3Yh0OowAnU4BLq4AGDHjzAEzw7wnl0XpzXaWvOmc3swjc4b59WM41c</latexit><latexit sha1_base64="eS2LtIJXQn7LP4Kg2TcklegVLIo=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgxbCRgHoLevEY0TWBZA2zk95kyOzsMjMrhCWf4MWDilf/yJt/4+QhxFdBQ1HVTXdXkAiujet+OLmFxaXllfxqYW19Y3OruL1zq+NUMfRYLGLVDKhGwSV6hhuBzUQhjQKBjWBwMfYb96g0j+WNGSboR7QnecgZNVa6xrujTrFUKbsTEPcX+bJKMEO9U3xvd2OWRigNE1TrVsVNjJ9RZTgTOCq0U40JZQPaw5alkkao/Wxy6ogcWKVLwljZkoZM1PmJjEZaD6PAdkbU9PVPbyz+5bVSE576GZdJalCy6aIwFcTEZPw36XKFzIihJZQpbm8lrE8VZcamU5gP4X/iHZfPyu5VtVQ7n6WRhz3Yh0OowAnU4BLq4AGDHjzAEzw7wnl0XpzXaWvOmc3swjc4b59WM41c</latexit>

e+
<latexit sha1_base64="x8GRq/un8r5F95Dm3AzCp310aMU=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoMgCGEjAfUW9OIxomsCyRpmJ73JkNnZZWZWCEs+wYsHFa/+kTf/xslDiK+ChqKqm+6uIBFcG9f9cHILi0vLK/nVwtr6xuZWcXvnVsepYuixWMSqGVCNgkv0DDcCm4lCGgUCG8HgYuw37lFpHssbM0zQj2hP8pAzaqx0jXdHnWKpUnYnIO4v8mWVYIZ6p/je7sYsjVAaJqjWrYqbGD+jynAmcFRopxoTyga0hy1LJY1Q+9nk1BE5sEqXhLGyJQ2ZqPMTGY20HkaB7Yyo6euf3lj8y2ulJjz1My6T1KBk00VhKoiJyfhv0uUKmRFDSyhT3N5KWJ8qyoxNpzAfwv/EOy6fld2raql2PksjD3uwD4dQgROowSXUwQMGPXiAJ3h2hPPovDiv09acM5vZhW9w3j4BUy2NWg==</latexit><latexit sha1_base64="x8GRq/un8r5F95Dm3AzCp310aMU=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoMgCGEjAfUW9OIxomsCyRpmJ73JkNnZZWZWCEs+wYsHFa/+kTf/xslDiK+ChqKqm+6uIBFcG9f9cHILi0vLK/nVwtr6xuZWcXvnVsepYuixWMSqGVCNgkv0DDcCm4lCGgUCG8HgYuw37lFpHssbM0zQj2hP8pAzaqx0jXdHnWKpUnYnIO4v8mWVYIZ6p/je7sYsjVAaJqjWrYqbGD+jynAmcFRopxoTyga0hy1LJY1Q+9nk1BE5sEqXhLGyJQ2ZqPMTGY20HkaB7Yyo6euf3lj8y2ulJjz1My6T1KBk00VhKoiJyfhv0uUKmRFDSyhT3N5KWJ8qyoxNpzAfwv/EOy6fld2raql2PksjD3uwD4dQgROowSXUwQMGPXiAJ3h2hPPovDiv09acM5vZhW9w3j4BUy2NWg==</latexit><latexit sha1_base64="x8GRq/un8r5F95Dm3AzCp310aMU=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoMgCGEjAfUW9OIxomsCyRpmJ73JkNnZZWZWCEs+wYsHFa/+kTf/xslDiK+ChqKqm+6uIBFcG9f9cHILi0vLK/nVwtr6xuZWcXvnVsepYuixWMSqGVCNgkv0DDcCm4lCGgUCG8HgYuw37lFpHssbM0zQj2hP8pAzaqx0jXdHnWKpUnYnIO4v8mWVYIZ6p/je7sYsjVAaJqjWrYqbGD+jynAmcFRopxoTyga0hy1LJY1Q+9nk1BE5sEqXhLGyJQ2ZqPMTGY20HkaB7Yyo6euf3lj8y2ulJjz1My6T1KBk00VhKoiJyfhv0uUKmRFDSyhT3N5KWJ8qyoxNpzAfwv/EOy6fld2raql2PksjD3uwD4dQgROowSXUwQMGPXiAJ3h2hPPovDiv09acM5vZhW9w3j4BUy2NWg==</latexit>

Ar
<latexit sha1_base64="Lppey50Sn1vG/Fwqi6nS/nH9b3g=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9RLx4juEkgWcLsZDYZM49lZlYIS/7BiwcVr36QN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0IAornQ7woZyJmlgmeW0nWiKRcRpKxrdTv3WE9WGKflgxwkNBR5IFjOCrZOaXS3Qte6VK37VnwEtk1pOKpCj0St/dfuKpIJKSzg2plPzExtmWFtGOJ2UuqmhCSYjPKAdRyUW1ITZ7NoJOnFKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauPLMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1AZVcCLXFl5dJcFa9qvr355X6TZ5GEY7gGE6hBhdQhztoQAAEHuEZXuHNU96L9+59zFsLXj5zCH/gff4AeBuOlw==</latexit><latexit sha1_base64="Lppey50Sn1vG/Fwqi6nS/nH9b3g=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9RLx4juEkgWcLsZDYZM49lZlYIS/7BiwcVr36QN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0IAornQ7woZyJmlgmeW0nWiKRcRpKxrdTv3WE9WGKflgxwkNBR5IFjOCrZOaXS3Qte6VK37VnwEtk1pOKpCj0St/dfuKpIJKSzg2plPzExtmWFtGOJ2UuqmhCSYjPKAdRyUW1ITZ7NoJOnFKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauPLMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1AZVcCLXFl5dJcFa9qvr355X6TZ5GEY7gGE6hBhdQhztoQAAEHuEZXuHNU96L9+59zFsLXj5zCH/gff4AeBuOlw==</latexit><latexit sha1_base64="Lppey50Sn1vG/Fwqi6nS/nH9b3g=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9RLx4juEkgWcLsZDYZM49lZlYIS/7BiwcVr36QN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0IAornQ7woZyJmlgmeW0nWiKRcRpKxrdTv3WE9WGKflgxwkNBR5IFjOCrZOaXS3Qte6VK37VnwEtk1pOKpCj0St/dfuKpIJKSzg2plPzExtmWFtGOJ2UuqmhCSYjPKAdRyUW1ITZ7NoJOnFKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauPLMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1AZVcCLXFl5dJcFa9qvr355X6TZ5GEY7gGE6hBhdQhztoQAAEHuEZXuHNU96L9+59zFsLXj5zCH/gff4AeBuOlw==</latexit>

Ar
<latexit sha1_base64="Lppey50Sn1vG/Fwqi6nS/nH9b3g=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9RLx4juEkgWcLsZDYZM49lZlYIS/7BiwcVr36QN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0IAornQ7woZyJmlgmeW0nWiKRcRpKxrdTv3WE9WGKflgxwkNBR5IFjOCrZOaXS3Qte6VK37VnwEtk1pOKpCj0St/dfuKpIJKSzg2plPzExtmWFtGOJ2UuqmhCSYjPKAdRyUW1ITZ7NoJOnFKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauPLMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1AZVcCLXFl5dJcFa9qvr355X6TZ5GEY7gGE6hBhdQhztoQAAEHuEZXuHNU96L9+59zFsLXj5zCH/gff4AeBuOlw==</latexit><latexit sha1_base64="Lppey50Sn1vG/Fwqi6nS/nH9b3g=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9RLx4juEkgWcLsZDYZM49lZlYIS/7BiwcVr36QN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0IAornQ7woZyJmlgmeW0nWiKRcRpKxrdTv3WE9WGKflgxwkNBR5IFjOCrZOaXS3Qte6VK37VnwEtk1pOKpCj0St/dfuKpIJKSzg2plPzExtmWFtGOJ2UuqmhCSYjPKAdRyUW1ITZ7NoJOnFKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauPLMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1AZVcCLXFl5dJcFa9qvr355X6TZ5GEY7gGE6hBhdQhztoQAAEHuEZXuHNU96L9+59zFsLXj5zCH/gff4AeBuOlw==</latexit><latexit sha1_base64="Lppey50Sn1vG/Fwqi6nS/nH9b3g=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9RLx4juEkgWcLsZDYZM49lZlYIS/7BiwcVr36QN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0IAornQ7woZyJmlgmeW0nWiKRcRpKxrdTv3WE9WGKflgxwkNBR5IFjOCrZOaXS3Qte6VK37VnwEtk1pOKpCj0St/dfuKpIJKSzg2plPzExtmWFtGOJ2UuqmhCSYjPKAdRyUW1ITZ7NoJOnFKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauPLMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1AZVcCLXFl5dJcFa9qvr355X6TZ5GEY7gGE6hBhdQhztoQAAEHuEZXuHNU96L9+59zFsLXj5zCH/gff4AeBuOlw==</latexit>

Go beyond elastic scattering: consider AÕ radiations. AÕ (on-shell) 
has to decay back into SM. Take advantage of its visible decay.

Signal: charged-lepton pair creation.

Dark showers possible in the large ! D 
and large log limit.

! ! N ! ! N + A !

! ! N ! ! N
!

" D

2#
log

Q2

M 2
A !

<latexit sha1_base64="FTakV+4IKyKloygjg+RUzu7LcPg="></latexit><latexit sha1_base64="FTakV+4IKyKloygjg+RUzu7LcPg="></latexit><latexit sha1_base64="FTakV+4IKyKloygjg+RUzu7LcPg="></latexit>

Dark Tridents

de Gouv•a, Fox, Harnik, Kelly, YZ (1809.06388)
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Invariant mass cut:  me+e-  = mAÕ for all dark trident signal events.

e!
<latexit sha1_base64="eS2LtIJXQn7LP4Kg2TcklegVLIo=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgxbCRgHoLevEY0TWBZA2zk95kyOzsMjMrhCWf4MWDilf/yJt/4+QhxFdBQ1HVTXdXkAiujet+OLmFxaXllfxqYW19Y3OruL1zq+NUMfRYLGLVDKhGwSV6hhuBzUQhjQKBjWBwMfYb96g0j+WNGSboR7QnecgZNVa6xrujTrFUKbsTEPcX+bJKMEO9U3xvd2OWRigNE1TrVsVNjJ9RZTgTOCq0U40JZQPaw5alkkao/Wxy6ogcWKVLwljZkoZM1PmJjEZaD6PAdkbU9PVPbyz+5bVSE576GZdJalCy6aIwFcTEZPw36XKFzIihJZQpbm8lrE8VZcamU5gP4X/iHZfPyu5VtVQ7n6WRhz3Yh0OowAnU4BLq4AGDHjzAEzw7wnl0XpzXaWvOmc3swjc4b59WM41c</latexit><latexit sha1_base64="eS2LtIJXQn7LP4Kg2TcklegVLIo=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgxbCRgHoLevEY0TWBZA2zk95kyOzsMjMrhCWf4MWDilf/yJt/4+QhxFdBQ1HVTXdXkAiujet+OLmFxaXllfxqYW19Y3OruL1zq+NUMfRYLGLVDKhGwSV6hhuBzUQhjQKBjWBwMfYb96g0j+WNGSboR7QnecgZNVa6xrujTrFUKbsTEPcX+bJKMEO9U3xvd2OWRigNE1TrVsVNjJ9RZTgTOCq0U40JZQPaw5alkkao/Wxy6ogcWKVLwljZkoZM1PmJjEZaD6PAdkbU9PVPbyz+5bVSE576GZdJalCy6aIwFcTEZPw36XKFzIihJZQpbm8lrE8VZcamU5gP4X/iHZfPyu5VtVQ7n6WRhz3Yh0OowAnU4BLq4AGDHjzAEzw7wnl0XpzXaWvOmc3swjc4b59WM41c</latexit><latexit sha1_base64="eS2LtIJXQn7LP4Kg2TcklegVLIo=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgxbCRgHoLevEY0TWBZA2zk95kyOzsMjMrhCWf4MWDilf/yJt/4+QhxFdBQ1HVTXdXkAiujet+OLmFxaXllfxqYW19Y3OruL1zq+NUMfRYLGLVDKhGwSV6hhuBzUQhjQKBjWBwMfYb96g0j+WNGSboR7QnecgZNVa6xrujTrFUKbsTEPcX+bJKMEO9U3xvd2OWRigNE1TrVsVNjJ9RZTgTOCq0U40JZQPaw5alkkao/Wxy6ogcWKVLwljZkoZM1PmJjEZaD6PAdkbU9PVPbyz+5bVSE576GZdJalCy6aIwFcTEZPw36XKFzIihJZQpbm8lrE8VZcamU5gP4X/iHZfPyu5VtVQ7n6WRhz3Yh0OowAnU4BLq4AGDHjzAEzw7wnl0XpzXaWvOmc3swjc4b59WM41c</latexit>

! e
<latexit sha1_base64="AG+fkIvva4jaepdDObU0EavcZpQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZTtqlm03Y3Qgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0qJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8O/PbT6g0T+SDmaQYxHQoecQZNVbyezLrY79ac+vuHGSVeAWpQYFWv/rVGyQsi1EaJqjWXc9NTZBTZTgTOK30Mo0pZWM6xK6lksaog3x+7JScWWVAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE10FOZdpZlCyxaIoE8QkZPY5GXCFzIiJJZQpbm8lbEQVZcbmU7EheMsvrxL/on5dd+8va82bIo0ynMApnIMHDWjCHbTABwYcnuEV3hzpvDjvzseiteQUM8fwB87nD0E2joI=</latexit><latexit sha1_base64="AG+fkIvva4jaepdDObU0EavcZpQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZTtqlm03Y3Qgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0qJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8O/PbT6g0T+SDmaQYxHQoecQZNVbyezLrY79ac+vuHGSVeAWpQYFWv/rVGyQsi1EaJqjWXc9NTZBTZTgTOK30Mo0pZWM6xK6lksaog3x+7JScWWVAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE10FOZdpZlCyxaIoE8QkZPY5GXCFzIiJJZQpbm8lbEQVZcbmU7EheMsvrxL/on5dd+8va82bIo0ynMApnIMHDWjCHbTABwYcnuEV3hzpvDjvzseiteQUM8fwB87nD0E2joI=</latexit><latexit sha1_base64="AG+fkIvva4jaepdDObU0EavcZpQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZTtqlm03Y3Qgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0qJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8O/PbT6g0T+SDmaQYxHQoecQZNVbyezLrY79ac+vuHGSVeAWpQYFWv/rVGyQsi1EaJqjWXc9NTZBTZTgTOK30Mo0pZWM6xK6lksaog3x+7JScWWVAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE10FOZdpZlCyxaIoE8QkZPY5GXCFzIiJJZQpbm8lbEQVZcbmU7EheMsvrxL/on5dd+8va82bIo0ynMApnIMHDWjCHbTABwYcnuEV3hzpvDjvzseiteQUM8fwB87nD0E2joI=</latexit>

n
<latexit sha1_base64="WJRcnYIeSIi725K1oHuE9EYFJ4Q=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaslepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuuc2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifP0UvjMU=</latexit><latexit sha1_base64="WJRcnYIeSIi725K1oHuE9EYFJ4Q=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaslepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuuc2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifP0UvjMU=</latexit><latexit sha1_base64="WJRcnYIeSIi725K1oHuE9EYFJ4Q=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaslepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuuc2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifP0UvjMU=</latexit>

p
<latexit sha1_base64="45Kqg4tBv39f+KrEKYRchtmVNS0=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZdc5sX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBINYzH</latexit><latexit sha1_base64="45Kqg4tBv39f+KrEKYRchtmVNS0=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZdc5sX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBINYzH</latexit><latexit sha1_base64="45Kqg4tBv39f+KrEKYRchtmVNS0=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZdc5sX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBINYzH</latexit>

!
<latexit sha1_base64="Ny+nMwIr1yoMBXRJtSTzFuuPo6A=">AAAB7HicdVDJSgNBEK2JW4xb1KOXxiB4ChMR1FvQi8cIThJIhlDT6Una9DJ09wgh5B+8eFDx6gd582+cLELcHhQ83quiql6UCG6d7394uaXlldW1/HphY3Nre6e4u1e3OjWUBVQLbZoRWia4YoHjTrBmYhjKSLBGNLia+I17ZizX6tYNExZK7Ckec4ouk+rtHkqJnWKpUvanIP4v8mWVYI5ap/je7mqaSqYcFWhtq+InLhyhcZwKNi60U8sSpAPssVZGFUpmw9H02jE5ypQuibXJSjkyVRcnRiitHcoo65To+vanNxH/8lqpi8/DEVdJ6piis0VxKojTZPI66XLDqBPDjCA1PLuV0D4apC4LqLAYwv8kOClflP2b01L1cp5GHg7gEI6hAmdQhWuoQQAU7uABnuDZ096j9+K9zlpz3nxmH77Be/sE9IOO6Q==</latexit><latexit sha1_base64="Ny+nMwIr1yoMBXRJtSTzFuuPo6A=">AAAB7HicdVDJSgNBEK2JW4xb1KOXxiB4ChMR1FvQi8cIThJIhlDT6Una9DJ09wgh5B+8eFDx6gd582+cLELcHhQ83quiql6UCG6d7394uaXlldW1/HphY3Nre6e4u1e3OjWUBVQLbZoRWia4YoHjTrBmYhjKSLBGNLia+I17ZizX6tYNExZK7Ckec4ouk+rtHkqJnWKpUvanIP4v8mWVYI5ap/je7mqaSqYcFWhtq+InLhyhcZwKNi60U8sSpAPssVZGFUpmw9H02jE5ypQuibXJSjkyVRcnRiitHcoo65To+vanNxH/8lqpi8/DEVdJ6piis0VxKojTZPI66XLDqBPDjCA1PLuV0D4apC4LqLAYwv8kOClflP2b01L1cp5GHg7gEI6hAmdQhWuoQQAU7uABnuDZ096j9+K9zlpz3nxmH77Be/sE9IOO6Q==</latexit><latexit sha1_base64="Ny+nMwIr1yoMBXRJtSTzFuuPo6A=">AAAB7HicdVDJSgNBEK2JW4xb1KOXxiB4ChMR1FvQi8cIThJIhlDT6Una9DJ09wgh5B+8eFDx6gd582+cLELcHhQ83quiql6UCG6d7394uaXlldW1/HphY3Nre6e4u1e3OjWUBVQLbZoRWia4YoHjTrBmYhjKSLBGNLia+I17ZizX6tYNExZK7Ckec4ouk+rtHkqJnWKpUvanIP4v8mWVYI5ap/je7mqaSqYcFWhtq+InLhyhcZwKNi60U8sSpAPssVZGFUpmw9H02jE5ypQuibXJSjkyVRcnRiitHcoo65To+vanNxH/8lqpi8/DEVdJ6piis0VxKojTZPI66XLDqBPDjCA1PLuV0D4apC4LqLAYwv8kOClflP2b01L1cp5GHg7gEI6hAmdQhWuoQQAU7uABnuDZ096j9+K9zlpz3nxmH77Be/sE9IOO6Q==</latexit>

W ⇤
<latexit sha1_base64="INeCP2rsMPSAYZCk7bvexode1Yg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBPJRUBPVW9OKxorGFNpbNdtIu3WzC7kYooT/BiwcVr/4jb/4bt20O2vpg4PHeDDPzgkRwbVz32yksLa+srhXXSxubW9s75d29Bx2niqHHYhGrVkA1Ci7RM9wIbCUKaRQIbAbD64nffEKleSzvzShBP6J9yUPOqLHSXfPxpFuuuFV3CrJIajmpQI5Gt/zV6cUsjVAaJqjW7ZqbGD+jynAmcFzqpBoTyoa0j21LJY1Q+9n01DE5skqPhLGyJQ2Zqr8nMhppPYoC2xlRM9Dz3kT8z2unJrzwMy6T1KBks0VhKoiJyeRv0uMKmREjSyhT3N5K2IAqyoxNp2RDqM2/vEi80+pl1b09q9Sv8jSKcACHcAw1OIc63EADPGDQh2d4hTdHOC/Ou/Mxay04+cw+/IHz+QM65Y1K</latexit><latexit sha1_base64="INeCP2rsMPSAYZCk7bvexode1Yg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBPJRUBPVW9OKxorGFNpbNdtIu3WzC7kYooT/BiwcVr/4jb/4bt20O2vpg4PHeDDPzgkRwbVz32yksLa+srhXXSxubW9s75d29Bx2niqHHYhGrVkA1Ci7RM9wIbCUKaRQIbAbD64nffEKleSzvzShBP6J9yUPOqLHSXfPxpFuuuFV3CrJIajmpQI5Gt/zV6cUsjVAaJqjW7ZqbGD+jynAmcFzqpBoTyoa0j21LJY1Q+9n01DE5skqPhLGyJQ2Zqr8nMhppPYoC2xlRM9Dz3kT8z2unJrzwMy6T1KBks0VhKoiJyeRv0uMKmREjSyhT3N5K2IAqyoxNp2RDqM2/vEi80+pl1b09q9Sv8jSKcACHcAw1OIc63EADPGDQh2d4hTdHOC/Ou/Mxay04+cw+/IHz+QM65Y1K</latexit><latexit sha1_base64="INeCP2rsMPSAYZCk7bvexode1Yg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBPJRUBPVW9OKxorGFNpbNdtIu3WzC7kYooT/BiwcVr/4jb/4bt20O2vpg4PHeDDPzgkRwbVz32yksLa+srhXXSxubW9s75d29Bx2niqHHYhGrVkA1Ci7RM9wIbCUKaRQIbAbD64nffEKleSzvzShBP6J9yUPOqLHSXfPxpFuuuFV3CrJIajmpQI5Gt/zV6cUsjVAaJqjW7ZqbGD+jynAmcFzqpBoTyoa0j21LJY1Q+9n01DE5skqPhLGyJQ2Zqr8nMhppPYoC2xlRM9Dz3kT8z2unJrzwMy6T1KBks0VhKoiJyeRv0uMKmREjSyhT3N5K2IAqyoxNp2RDqM2/vEi80+pl1b09q9Sv8jSKcACHcAw1OIc63EADPGDQh2d4hTdHOC/Ou/Mxay04+cw+/IHz+QM65Y1K</latexit>

! µ
<latexit sha1_base64="z7lKGDbiv2hwKjIGrVoX2gMrb70=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQtlsN+3S3U3YD6GE/ggvHlS8+n+8+W/ctjlo9cHA470ZZuYlOWfa+P6XV1lZXVvfqG7WtrZ3dvfq+wcPOrOK0JBkPFPdBGvKmaShYYbTbq4oFgmnnWR8M/M7j1Rplsl7M8lpLPBQspQRbJzUiaTtR8L26w2/6c+B/pKgJA0o0e7XP6NBRqyg0hCOte4Ffm7iAivDCKfTWmQ1zTEZ4yHtOSqxoDou5udO0YlTBijNlCtp0Fz9OVFgofVEJK5TYDPSy95M/M/rWZNexgWTuTVUksWi1HJkMjT7HQ2YosTwiSOYKOZuRWSEFSbGJVRzIQTLL/8l4VnzqunfnTda12UaVTiCYziFAC6gBbfQhhAIjOEJXuDVy71n7817X7RWvHLmEH7B+/gG14mPbw==</latexit><latexit sha1_base64="z7lKGDbiv2hwKjIGrVoX2gMrb70=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQtlsN+3S3U3YD6GE/ggvHlS8+n+8+W/ctjlo9cHA470ZZuYlOWfa+P6XV1lZXVvfqG7WtrZ3dvfq+wcPOrOK0JBkPFPdBGvKmaShYYbTbq4oFgmnnWR8M/M7j1Rplsl7M8lpLPBQspQRbJzUiaTtR8L26w2/6c+B/pKgJA0o0e7XP6NBRqyg0hCOte4Ffm7iAivDCKfTWmQ1zTEZ4yHtOSqxoDou5udO0YlTBijNlCtp0Fz9OVFgofVEJK5TYDPSy95M/M/rWZNexgWTuTVUksWi1HJkMjT7HQ2YosTwiSOYKOZuRWSEFSbGJVRzIQTLL/8l4VnzqunfnTda12UaVTiCYziFAC6gBbfQhhAIjOEJXuDVy71n7817X7RWvHLmEH7B+/gG14mPbw==</latexit><latexit sha1_base64="z7lKGDbiv2hwKjIGrVoX2gMrb70=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQtlsN+3S3U3YD6GE/ggvHlS8+n+8+W/ctjlo9cHA470ZZuYlOWfa+P6XV1lZXVvfqG7WtrZ3dvfq+wcPOrOK0JBkPFPdBGvKmaShYYbTbq4oFgmnnWR8M/M7j1Rplsl7M8lpLPBQspQRbJzUiaTtR8L26w2/6c+B/pKgJA0o0e7XP6NBRqyg0hCOte4Ffm7iAivDCKfTWmQ1zTEZ4yHtOSqxoDou5udO0YlTBijNlCtp0Fz9OVFgofVEJK5TYDPSy95M/M/rWZNexgWTuTVUksWi1HJkMjT7HQ2YosTwiSOYKOZuRWSEFSbGJVRzIQTLL/8l4VnzqunfnTda12UaVTiCYziFAC6gBbfQhhAIjOEJXuDVy71n7817X7RWvHLmEH7B+/gG14mPbw==</latexit>

! µ
<latexit sha1_base64="z7lKGDbiv2hwKjIGrVoX2gMrb70=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQtlsN+3S3U3YD6GE/ggvHlS8+n+8+W/ctjlo9cHA470ZZuYlOWfa+P6XV1lZXVvfqG7WtrZ3dvfq+wcPOrOK0JBkPFPdBGvKmaShYYbTbq4oFgmnnWR8M/M7j1Rplsl7M8lpLPBQspQRbJzUiaTtR8L26w2/6c+B/pKgJA0o0e7XP6NBRqyg0hCOte4Ffm7iAivDCKfTWmQ1zTEZ4yHtOSqxoDou5udO0YlTBijNlCtp0Fz9OVFgofVEJK5TYDPSy95M/M/rWZNexgWTuTVUksWi1HJkMjT7HQ2YosTwiSOYKOZuRWSEFSbGJVRzIQTLL/8l4VnzqunfnTda12UaVTiCYziFAC6gBbfQhhAIjOEJXuDVy71n7817X7RWvHLmEH7B+/gG14mPbw==</latexit><latexit sha1_base64="z7lKGDbiv2hwKjIGrVoX2gMrb70=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQtlsN+3S3U3YD6GE/ggvHlS8+n+8+W/ctjlo9cHA470ZZuYlOWfa+P6XV1lZXVvfqG7WtrZ3dvfq+wcPOrOK0JBkPFPdBGvKmaShYYbTbq4oFgmnnWR8M/M7j1Rplsl7M8lpLPBQspQRbJzUiaTtR8L26w2/6c+B/pKgJA0o0e7XP6NBRqyg0hCOte4Ffm7iAivDCKfTWmQ1zTEZ4yHtOSqxoDou5udO0YlTBijNlCtp0Fz9OVFgofVEJK5TYDPSy95M/M/rWZNexgWTuTVUksWi1HJkMjT7HQ2YosTwiSOYKOZuRWSEFSbGJVRzIQTLL/8l4VnzqunfnTda12UaVTiCYziFAC6gBbfQhhAIjOEJXuDVy71n7817X7RWvHLmEH7B+/gG14mPbw==</latexit><latexit sha1_base64="z7lKGDbiv2hwKjIGrVoX2gMrb70=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQtlsN+3S3U3YD6GE/ggvHlS8+n+8+W/ctjlo9cHA470ZZuYlOWfa+P6XV1lZXVvfqG7WtrZ3dvfq+wcPOrOK0JBkPFPdBGvKmaShYYbTbq4oFgmnnWR8M/M7j1Rplsl7M8lpLPBQspQRbJzUiaTtR8L26w2/6c+B/pKgJA0o0e7XP6NBRqyg0hCOte4Ffm7iAivDCKfTWmQ1zTEZ4yHtOSqxoDou5udO0YlTBijNlCtp0Fz9OVFgofVEJK5TYDPSy95M/M/rWZNexgWTuTVUksWi1HJkMjT7HQ2YosTwiSOYKOZuRWSEFSbGJVRzIQTLL/8l4VnzqunfnTda12UaVTiCYziFAC6gBbfQhhAIjOEJXuDVy71n7817X7RWvHLmEH7B+/gG14mPbw==</latexit>

Z !
<latexit sha1_base64="uimeroVfzR5JKUhbgJJObIo3dOw=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSKIh5KKoN6KXjxWNLbYxrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/nYXFpeWV1cJacX1jc2u7tLN7b+JUM+6xWMa6GVDDpVDcQ4GSNxPNaRRI3ggGV2O/8cS1EbG6w2HC/Yj2lAgFo2il24fH406p7FbcCcg8qeakDDnqndJXuxuzNOIKmaTGtKpugn5GNQom+ajYTg1PKBvQHm9ZqmjEjZ9NTh2RQ6t0SRhrWwrJRP09kdHImGEU2M6IYt/MemPxP6+VYnjuZ0IlKXLFpovCVBKMyfhv0hWaM5RDSyjTwt5KWJ9qytCmU7QhVGdfnifeSeWi4t6clmuXeRoF2IcDOIIqnEENrqEOHjDowTO8wpsjnRfn3fmYti44+cwe/IHz+QM/dI1N</latexit><latexit sha1_base64="uimeroVfzR5JKUhbgJJObIo3dOw=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSKIh5KKoN6KXjxWNLbYxrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/nYXFpeWV1cJacX1jc2u7tLN7b+JUM+6xWMa6GVDDpVDcQ4GSNxPNaRRI3ggGV2O/8cS1EbG6w2HC/Yj2lAgFo2il24fH406p7FbcCcg8qeakDDnqndJXuxuzNOIKmaTGtKpugn5GNQom+ajYTg1PKBvQHm9ZqmjEjZ9NTh2RQ6t0SRhrWwrJRP09kdHImGEU2M6IYt/MemPxP6+VYnjuZ0IlKXLFpovCVBKMyfhv0hWaM5RDSyjTwt5KWJ9qytCmU7QhVGdfnifeSeWi4t6clmuXeRoF2IcDOIIqnEENrqEOHjDowTO8wpsjnRfn3fmYti44+cwe/IHz+QM/dI1N</latexit><latexit sha1_base64="uimeroVfzR5JKUhbgJJObIo3dOw=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSKIh5KKoN6KXjxWNLbYxrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/nYXFpeWV1cJacX1jc2u7tLN7b+JUM+6xWMa6GVDDpVDcQ4GSNxPNaRRI3ggGV2O/8cS1EbG6w2HC/Yj2lAgFo2il24fH406p7FbcCcg8qeakDDnqndJXuxuzNOIKmaTGtKpugn5GNQom+ajYTg1PKBvQHm9ZqmjEjZ9NTh2RQ6t0SRhrWwrJRP09kdHImGEU2M6IYt/MemPxP6+VYnjuZ0IlKXLFpovCVBKMyfhv0hWaM5RDSyjTwt5KWJ9qytCmU7QhVGdfnifeSeWi4t6clmuXeRoF2IcDOIIqnEENrqEOHjDowTO8wpsjnRfn3fmYti44+cwe/IHz+QM/dI1N</latexit>

N
<latexit sha1_base64="D7mancucQcCJ5r9nhaEAxO5UVIU=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL56kBWMLbSib7aRdu9mE3Y1QQn+BFw8qXv1L3vw3btsctPXBwOO9GWbmBYng2rjut1NYWV1b3yhulra2d3b3yvsHDzpOFUOPxSJW7YBqFFyiZ7gR2E4U0igQ2ApGN1O/9YRK81jem3GCfkQHkoecUWOl5l2vXHGr7gxkmdRyUoEcjV75q9uPWRqhNExQrTs1NzF+RpXhTOCk1E01JpSN6AA7lkoaofaz2aETcmKVPgljZUsaMlN/T2Q00nocBbYzomaoF72p+J/XSU146WdcJqlByeaLwlQQE5Pp16TPFTIjxpZQpri9lbAhVZQZm03JhlBbfHmZeGfVq6rbPK/Ur/M0inAEx3AKNbiAOtxCAzxggPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDFM+MpQ==</latexit><latexit sha1_base64="D7mancucQcCJ5r9nhaEAxO5UVIU=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL56kBWMLbSib7aRdu9mE3Y1QQn+BFw8qXv1L3vw3btsctPXBwOO9GWbmBYng2rjut1NYWV1b3yhulra2d3b3yvsHDzpOFUOPxSJW7YBqFFyiZ7gR2E4U0igQ2ApGN1O/9YRK81jem3GCfkQHkoecUWOl5l2vXHGr7gxkmdRyUoEcjV75q9uPWRqhNExQrTs1NzF+RpXhTOCk1E01JpSN6AA7lkoaofaz2aETcmKVPgljZUsaMlN/T2Q00nocBbYzomaoF72p+J/XSU146WdcJqlByeaLwlQQE5Pp16TPFTIjxpZQpri9lbAhVZQZm03JhlBbfHmZeGfVq6rbPK/Ur/M0inAEx3AKNbiAOtxCAzxggPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDFM+MpQ==</latexit><latexit sha1_base64="D7mancucQcCJ5r9nhaEAxO5UVIU=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL56kBWMLbSib7aRdu9mE3Y1QQn+BFw8qXv1L3vw3btsctPXBwOO9GWbmBYng2rjut1NYWV1b3yhulra2d3b3yvsHDzpOFUOPxSJW7YBqFFyiZ7gR2E4U0igQ2ApGN1O/9YRK81jem3GCfkQHkoecUWOl5l2vXHGr7gxkmdRyUoEcjV75q9uPWRqhNExQrTs1NzF+RpXhTOCk1E01JpSN6AA7lkoaofaz2aETcmKVPgljZUsaMlN/T2Q00nocBbYzomaoF72p+J/XSU146WdcJqlByeaLwlQQE5Pp16TPFTIjxpZQpri9lbAhVZQZm03JhlBbfHmZeGfVq6rbPK/Ur/M0inAEx3AKNbiAOtxCAzxggPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDFM+MpQ==</latexit>

N
<latexit sha1_base64="D7mancucQcCJ5r9nhaEAxO5UVIU=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL56kBWMLbSib7aRdu9mE3Y1QQn+BFw8qXv1L3vw3btsctPXBwOO9GWbmBYng2rjut1NYWV1b3yhulra2d3b3yvsHDzpOFUOPxSJW7YBqFFyiZ7gR2E4U0igQ2ApGN1O/9YRK81jem3GCfkQHkoecUWOl5l2vXHGr7gxkmdRyUoEcjV75q9uPWRqhNExQrTs1NzF+RpXhTOCk1E01JpSN6AA7lkoaofaz2aETcmKVPgljZUsaMlN/T2Q00nocBbYzomaoF72p+J/XSU146WdcJqlByeaLwlQQE5Pp16TPFTIjxpZQpri9lbAhVZQZm03JhlBbfHmZeGfVq6rbPK/Ur/M0inAEx3AKNbiAOtxCAzxggPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDFM+MpQ==</latexit><latexit sha1_base64="D7mancucQcCJ5r9nhaEAxO5UVIU=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL56kBWMLbSib7aRdu9mE3Y1QQn+BFw8qXv1L3vw3btsctPXBwOO9GWbmBYng2rjut1NYWV1b3yhulra2d3b3yvsHDzpOFUOPxSJW7YBqFFyiZ7gR2E4U0igQ2ApGN1O/9YRK81jem3GCfkQHkoecUWOl5l2vXHGr7gxkmdRyUoEcjV75q9uPWRqhNExQrTs1NzF+RpXhTOCk1E01JpSN6AA7lkoaofaz2aETcmKVPgljZUsaMlN/T2Q00nocBbYzomaoF72p+J/XSU146WdcJqlByeaLwlQQE5Pp16TPFTIjxpZQpri9lbAhVZQZm03JhlBbfHmZeGfVq6rbPK/Ur/M0inAEx3AKNbiAOtxCAzxggPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDFM+MpQ==</latexit><latexit sha1_base64="D7mancucQcCJ5r9nhaEAxO5UVIU=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL56kBWMLbSib7aRdu9mE3Y1QQn+BFw8qXv1L3vw3btsctPXBwOO9GWbmBYng2rjut1NYWV1b3yhulra2d3b3yvsHDzpOFUOPxSJW7YBqFFyiZ7gR2E4U0igQ2ApGN1O/9YRK81jem3GCfkQHkoecUWOl5l2vXHGr7gxkmdRyUoEcjV75q9uPWRqhNExQrTs1NzF+RpXhTOCk1E01JpSN6AA7lkoaofaz2aETcmKVPgljZUsaMlN/T2Q00nocBbYzomaoF72p+J/XSU146WdcJqlByeaLwlQQE5Pp16TPFTIjxpZQpri9lbAhVZQZm03JhlBbfHmZeGfVq6rbPK/Ur/M0inAEx3AKNbiAOtxCAzxggPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDFM+MpQ==</latexit>

! 0
<latexit sha1_base64="0EE+qq/ugYFi3ZIenv1y0Gmicnw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoY9lsJ+3SzSbsboQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T940EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LejFMMYjqQPOKMGiv53ZQ/ur1qza27M5Bl4hWkBgWavepXt5+wLEZpmKBadzw3NUFOleFM4KTSzTSmlI3oADuWShqjDvLZsRNyYpU+iRJlSxoyU39P5DTWehyHtjOmZqgXvan4n9fJTHQZ5FymmUHJ5ouiTBCTkOnnpM8VMiPGllCmuL2VsCFVlBmbT8WG4C2+vEz8s/pV3b07rzWuizTKcATHcAoeXEADbqEJPjDg8Ayv8OZI58V5dz7mrSWnmDmEP3A+fwDgVI5C</latexit><latexit sha1_base64="0EE+qq/ugYFi3ZIenv1y0Gmicnw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoY9lsJ+3SzSbsboQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T940EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LejFMMYjqQPOKMGiv53ZQ/ur1qza27M5Bl4hWkBgWavepXt5+wLEZpmKBadzw3NUFOleFM4KTSzTSmlI3oADuWShqjDvLZsRNyYpU+iRJlSxoyU39P5DTWehyHtjOmZqgXvan4n9fJTHQZ5FymmUHJ5ouiTBCTkOnnpM8VMiPGllCmuL2VsCFVlBmbT8WG4C2+vEz8s/pV3b07rzWuizTKcATHcAoeXEADbqEJPjDg8Ayv8OZI58V5dz7mrSWnmDmEP3A+fwDgVI5C</latexit><latexit sha1_base64="0EE+qq/ugYFi3ZIenv1y0Gmicnw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoY9lsJ+3SzSbsboQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T940EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LejFMMYjqQPOKMGiv53ZQ/ur1qza27M5Bl4hWkBgWavepXt5+wLEZpmKBadzw3NUFOleFM4KTSzTSmlI3oADuWShqjDvLZsRNyYpU+iRJlSxoyU39P5DTWehyHtjOmZqgXvan4n9fJTHQZ5FymmUHJ5ouiTBCTkOnnpM8VMiPGllCmuL2VsCFVlBmbT8WG4C2+vEz8s/pV3b07rzWuizTKcATHcAoeXEADbqEJPjDg8Ayv8OZI58V5dz7mrSWnmDmEP3A+fwDgVI5C</latexit>

!
<latexit sha1_base64="Ny+nMwIr1yoMBXRJtSTzFuuPo6A=">AAAB7HicdVDJSgNBEK2JW4xb1KOXxiB4ChMR1FvQi8cIThJIhlDT6Una9DJ09wgh5B+8eFDx6gd582+cLELcHhQ83quiql6UCG6d7394uaXlldW1/HphY3Nre6e4u1e3OjWUBVQLbZoRWia4YoHjTrBmYhjKSLBGNLia+I17ZizX6tYNExZK7Ckec4ouk+rtHkqJnWKpUvanIP4v8mWVYI5ap/je7mqaSqYcFWhtq+InLhyhcZwKNi60U8sSpAPssVZGFUpmw9H02jE5ypQuibXJSjkyVRcnRiitHcoo65To+vanNxH/8lqpi8/DEVdJ6piis0VxKojTZPI66XLDqBPDjCA1PLuV0D4apC4LqLAYwv8kOClflP2b01L1cp5GHg7gEI6hAmdQhWuoQQAU7uABnuDZ096j9+K9zlpz3nxmH77Be/sE9IOO6Q==</latexit><latexit sha1_base64="Ny+nMwIr1yoMBXRJtSTzFuuPo6A=">AAAB7HicdVDJSgNBEK2JW4xb1KOXxiB4ChMR1FvQi8cIThJIhlDT6Una9DJ09wgh5B+8eFDx6gd582+cLELcHhQ83quiql6UCG6d7394uaXlldW1/HphY3Nre6e4u1e3OjWUBVQLbZoRWia4YoHjTrBmYhjKSLBGNLia+I17ZizX6tYNExZK7Ckec4ouk+rtHkqJnWKpUvanIP4v8mWVYI5ap/je7mqaSqYcFWhtq+InLhyhcZwKNi60U8sSpAPssVZGFUpmw9H02jE5ypQuibXJSjkyVRcnRiitHcoo65To+vanNxH/8lqpi8/DEVdJ6piis0VxKojTZPI66XLDqBPDjCA1PLuV0D4apC4LqLAYwv8kOClflP2b01L1cp5GHg7gEI6hAmdQhWuoQQAU7uABnuDZ096j9+K9zlpz3nxmH77Be/sE9IOO6Q==</latexit><latexit sha1_base64="Ny+nMwIr1yoMBXRJtSTzFuuPo6A=">AAAB7HicdVDJSgNBEK2JW4xb1KOXxiB4ChMR1FvQi8cIThJIhlDT6Una9DJ09wgh5B+8eFDx6gd582+cLELcHhQ83quiql6UCG6d7394uaXlldW1/HphY3Nre6e4u1e3OjWUBVQLbZoRWia4YoHjTrBmYhjKSLBGNLia+I17ZizX6tYNExZK7Ckec4ouk+rtHkqJnWKpUvanIP4v8mWVYI5ap/je7mqaSqYcFWhtq+InLhyhcZwKNi60U8sSpAPssVZGFUpmw9H02jE5ypQuibXJSjkyVRcnRiitHcoo65To+vanNxH/8lqpi8/DEVdJ6piis0VxKojTZPI66XLDqBPDjCA1PLuV0D4apC4LqLAYwv8kOClflP2b01L1cp5GHg7gEI6hAmdQhWuoQQAU7uABnuDZ096j9+K9zlpz3nxmH77Be/sE9IOO6Q==</latexit>

!
<latexit sha1_base64="Ny+nMwIr1yoMBXRJtSTzFuuPo6A=">AAAB7HicdVDJSgNBEK2JW4xb1KOXxiB4ChMR1FvQi8cIThJIhlDT6Una9DJ09wgh5B+8eFDx6gd582+cLELcHhQ83quiql6UCG6d7394uaXlldW1/HphY3Nre6e4u1e3OjWUBVQLbZoRWia4YoHjTrBmYhjKSLBGNLia+I17ZizX6tYNExZK7Ckec4ouk+rtHkqJnWKpUvanIP4v8mWVYI5ap/je7mqaSqYcFWhtq+InLhyhcZwKNi60U8sSpAPssVZGFUpmw9H02jE5ypQuibXJSjkyVRcnRiitHcoo65To+vanNxH/8lqpi8/DEVdJ6piis0VxKojTZPI66XLDqBPDjCA1PLuV0D4apC4LqLAYwv8kOClflP2b01L1cp5GHg7gEI6hAmdQhWuoQQAU7uABnuDZ096j9+K9zlpz3nxmH77Be/sE9IOO6Q==</latexit><latexit sha1_base64="Ny+nMwIr1yoMBXRJtSTzFuuPo6A=">AAAB7HicdVDJSgNBEK2JW4xb1KOXxiB4ChMR1FvQi8cIThJIhlDT6Una9DJ09wgh5B+8eFDx6gd582+cLELcHhQ83quiql6UCG6d7394uaXlldW1/HphY3Nre6e4u1e3OjWUBVQLbZoRWia4YoHjTrBmYhjKSLBGNLia+I17ZizX6tYNExZK7Ckec4ouk+rtHkqJnWKpUvanIP4v8mWVYI5ap/je7mqaSqYcFWhtq+InLhyhcZwKNi60U8sSpAPssVZGFUpmw9H02jE5ypQuibXJSjkyVRcnRiitHcoo65To+vanNxH/8lqpi8/DEVdJ6piis0VxKojTZPI66XLDqBPDjCA1PLuV0D4apC4LqLAYwv8kOClflP2b01L1cp5GHg7gEI6hAmdQhWuoQQAU7uABnuDZ096j9+K9zlpz3nxmH77Be/sE9IOO6Q==</latexit><latexit sha1_base64="Ny+nMwIr1yoMBXRJtSTzFuuPo6A=">AAAB7HicdVDJSgNBEK2JW4xb1KOXxiB4ChMR1FvQi8cIThJIhlDT6Una9DJ09wgh5B+8eFDx6gd582+cLELcHhQ83quiql6UCG6d7394uaXlldW1/HphY3Nre6e4u1e3OjWUBVQLbZoRWia4YoHjTrBmYhjKSLBGNLia+I17ZizX6tYNExZK7Ckec4ouk+rtHkqJnWKpUvanIP4v8mWVYI5ap/je7mqaSqYcFWhtq+InLhyhcZwKNi60U8sSpAPssVZGFUpmw9H02jE5ypQuibXJSjkyVRcnRiitHcoo65To+vanNxH/8lqpi8/DEVdJ6piis0VxKojTZPI66XLDqBPDjCA1PLuV0D4apC4LqLAYwv8kOClflP2b01L1cp5GHg7gEI6hAmdQhWuoQQAU7uABnuDZ096j9+K9zlpz3nxmH77Be/sE9IOO6Q==</latexit>

Fake signals

! µ
<latexit sha1_base64="z7lKGDbiv2hwKjIGrVoX2gMrb70=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQtlsN+3S3U3YD6GE/ggvHlS8+n+8+W/ctjlo9cHA470ZZuYlOWfa+P6XV1lZXVvfqG7WtrZ3dvfq+wcPOrOK0JBkPFPdBGvKmaShYYbTbq4oFgmnnWR8M/M7j1Rplsl7M8lpLPBQspQRbJzUiaTtR8L26w2/6c+B/pKgJA0o0e7XP6NBRqyg0hCOte4Ffm7iAivDCKfTWmQ1zTEZ4yHtOSqxoDou5udO0YlTBijNlCtp0Fz9OVFgofVEJK5TYDPSy95M/M/rWZNexgWTuTVUksWi1HJkMjT7HQ2YosTwiSOYKOZuRWSEFSbGJVRzIQTLL/8l4VnzqunfnTda12UaVTiCYziFAC6gBbfQhhAIjOEJXuDVy71n7817X7RWvHLmEH7B+/gG14mPbw==</latexit><latexit sha1_base64="z7lKGDbiv2hwKjIGrVoX2gMrb70=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQtlsN+3S3U3YD6GE/ggvHlS8+n+8+W/ctjlo9cHA470ZZuYlOWfa+P6XV1lZXVvfqG7WtrZ3dvfq+wcPOrOK0JBkPFPdBGvKmaShYYbTbq4oFgmnnWR8M/M7j1Rplsl7M8lpLPBQspQRbJzUiaTtR8L26w2/6c+B/pKgJA0o0e7XP6NBRqyg0hCOte4Ffm7iAivDCKfTWmQ1zTEZ4yHtOSqxoDou5udO0YlTBijNlCtp0Fz9OVFgofVEJK5TYDPSy95M/M/rWZNexgWTuTVUksWi1HJkMjT7HQ2YosTwiSOYKOZuRWSEFSbGJVRzIQTLL/8l4VnzqunfnTda12UaVTiCYziFAC6gBbfQhhAIjOEJXuDVy71n7817X7RWvHLmEH7B+/gG14mPbw==</latexit><latexit sha1_base64="z7lKGDbiv2hwKjIGrVoX2gMrb70=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQtlsN+3S3U3YD6GE/ggvHlS8+n+8+W/ctjlo9cHA470ZZuYlOWfa+P6XV1lZXVvfqG7WtrZ3dvfq+wcPOrOK0JBkPFPdBGvKmaShYYbTbq4oFgmnnWR8M/M7j1Rplsl7M8lpLPBQspQRbJzUiaTtR8L26w2/6c+B/pKgJA0o0e7XP6NBRqyg0hCOte4Ffm7iAivDCKfTWmQ1zTEZ4yHtOSqxoDou5udO0YlTBijNlCtp0Fz9OVFgofVEJK5TYDPSy95M/M/rWZNexgWTuTVUksWi1HJkMjT7HQ2YosTwiSOYKOZuRWSEFSbGJVRzIQTLL/8l4VnzqunfnTda12UaVTiCYziFAC6gBbfQhhAIjOEJXuDVy71n7817X7RWvHLmEH7B+/gG14mPbw==</latexit>

! µ
<latexit sha1_base64="z7lKGDbiv2hwKjIGrVoX2gMrb70=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQtlsN+3S3U3YD6GE/ggvHlS8+n+8+W/ctjlo9cHA470ZZuYlOWfa+P6XV1lZXVvfqG7WtrZ3dvfq+wcPOrOK0JBkPFPdBGvKmaShYYbTbq4oFgmnnWR8M/M7j1Rplsl7M8lpLPBQspQRbJzUiaTtR8L26w2/6c+B/pKgJA0o0e7XP6NBRqyg0hCOte4Ffm7iAivDCKfTWmQ1zTEZ4yHtOSqxoDou5udO0YlTBijNlCtp0Fz9OVFgofVEJK5TYDPSy95M/M/rWZNexgWTuTVUksWi1HJkMjT7HQ2YosTwiSOYKOZuRWSEFSbGJVRzIQTLL/8l4VnzqunfnTda12UaVTiCYziFAC6gBbfQhhAIjOEJXuDVy71n7817X7RWvHLmEH7B+/gG14mPbw==</latexit><latexit sha1_base64="z7lKGDbiv2hwKjIGrVoX2gMrb70=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQtlsN+3S3U3YD6GE/ggvHlS8+n+8+W/ctjlo9cHA470ZZuYlOWfa+P6XV1lZXVvfqG7WtrZ3dvfq+wcPOrOK0JBkPFPdBGvKmaShYYbTbq4oFgmnnWR8M/M7j1Rplsl7M8lpLPBQspQRbJzUiaTtR8L26w2/6c+B/pKgJA0o0e7XP6NBRqyg0hCOte4Ffm7iAivDCKfTWmQ1zTEZ4yHtOSqxoDou5udO0YlTBijNlCtp0Fz9OVFgofVEJK5TYDPSy95M/M/rWZNexgWTuTVUksWi1HJkMjT7HQ2YosTwiSOYKOZuRWSEFSbGJVRzIQTLL/8l4VnzqunfnTda12UaVTiCYziFAC6gBbfQhhAIjOEJXuDVy71n7817X7RWvHLmEH7B+/gG14mPbw==</latexit><latexit sha1_base64="z7lKGDbiv2hwKjIGrVoX2gMrb70=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQtlsN+3S3U3YD6GE/ggvHlS8+n+8+W/ctjlo9cHA470ZZuYlOWfa+P6XV1lZXVvfqG7WtrZ3dvfq+wcPOrOK0JBkPFPdBGvKmaShYYbTbq4oFgmnnWR8M/M7j1Rplsl7M8lpLPBQspQRbJzUiaTtR8L26w2/6c+B/pKgJA0o0e7XP6NBRqyg0hCOte4Ffm7iAivDCKfTWmQ1zTEZ4yHtOSqxoDou5udO0YlTBijNlCtp0Fz9OVFgofVEJK5TYDPSy95M/M/rWZNexgWTuTVUksWi1HJkMjT7HQ2YosTwiSOYKOZuRWSEFSbGJVRzIQTLL/8l4VnzqunfnTda12UaVTiCYziFAC6gBbfQhhAIjOEJXuDVy71n7817X7RWvHLmEH7B+/gG14mPbw==</latexit>

Z !
<latexit sha1_base64="uimeroVfzR5JKUhbgJJObIo3dOw=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSKIh5KKoN6KXjxWNLbYxrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/nYXFpeWV1cJacX1jc2u7tLN7b+JUM+6xWMa6GVDDpVDcQ4GSNxPNaRRI3ggGV2O/8cS1EbG6w2HC/Yj2lAgFo2il24fH406p7FbcCcg8qeakDDnqndJXuxuzNOIKmaTGtKpugn5GNQom+ajYTg1PKBvQHm9ZqmjEjZ9NTh2RQ6t0SRhrWwrJRP09kdHImGEU2M6IYt/MemPxP6+VYnjuZ0IlKXLFpovCVBKMyfhv0hWaM5RDSyjTwt5KWJ9qytCmU7QhVGdfnifeSeWi4t6clmuXeRoF2IcDOIIqnEENrqEOHjDowTO8wpsjnRfn3fmYti44+cwe/IHz+QM/dI1N</latexit><latexit sha1_base64="uimeroVfzR5JKUhbgJJObIo3dOw=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSKIh5KKoN6KXjxWNLbYxrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/nYXFpeWV1cJacX1jc2u7tLN7b+JUM+6xWMa6GVDDpVDcQ4GSNxPNaRRI3ggGV2O/8cS1EbG6w2HC/Yj2lAgFo2il24fH406p7FbcCcg8qeakDDnqndJXuxuzNOIKmaTGtKpugn5GNQom+ajYTg1PKBvQHm9ZqmjEjZ9NTh2RQ6t0SRhrWwrJRP09kdHImGEU2M6IYt/MemPxP6+VYnjuZ0IlKXLFpovCVBKMyfhv0hWaM5RDSyjTwt5KWJ9qytCmU7QhVGdfnifeSeWi4t6clmuXeRoF2IcDOIIqnEENrqEOHjDowTO8wpsjnRfn3fmYti44+cwe/IHz+QM/dI1N</latexit><latexit sha1_base64="uimeroVfzR5JKUhbgJJObIo3dOw=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSKIh5KKoN6KXjxWNLbYxrLZbtqlm03YnQgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/nYXFpeWV1cJacX1jc2u7tLN7b+JUM+6xWMa6GVDDpVDcQ4GSNxPNaRRI3ggGV2O/8cS1EbG6w2HC/Yj2lAgFo2il24fH406p7FbcCcg8qeakDDnqndJXuxuzNOIKmaTGtKpugn5GNQom+ajYTg1PKBvQHm9ZqmjEjZ9NTh2RQ6t0SRhrWwrJRP09kdHImGEU2M6IYt/MemPxP6+VYnjuZ0IlKXLFpovCVBKMyfhv0hWaM5RDSyjTwt5KWJ9qytCmU7QhVGdfnifeSeWi4t6clmuXeRoF2IcDOIIqnEENrqEOHjDowTO8wpsjnRfn3fmYti44+cwe/IHz+QM/dI1N</latexit>

! !
<latexit sha1_base64="tE9TEppjKTV0Zf7Bs//013+iPV4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBPJRUBPVW9OKxgrGFNpbJdtMu3U3i7kYooX/CiwcVr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz32yksLa+srhXXSxubW9s75d29ex2nijKPxiJWrQA1EzxinuFGsFaiGMpAsGYwvJ74zSemNI+jOzNKmC+xH/GQUzRWanX6KCU+nHTLFbfqTkEWSS0nFcjR6Ja/Or2YppJFhgrUul1zE+NnqAyngo1LnVSzBOkQ+6xtaYSSaT+b3jsmR1bpkTBWtiJDpurviQyl1iMZ2E6JZqDnvYn4n9dOTXjhZzxKUsMiOlsUpoKYmEyeJz2uGDViZAlSxe2thA5QITU2opINoTb/8iLxTquXVff2rFK/ytMowgEcwjHU4BzqcAMN8ICCgGd4hTfn0Xlx3p2PWWvByWf24Q+czx8Pso+E</latexit><latexit sha1_base64="tE9TEppjKTV0Zf7Bs//013+iPV4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBPJRUBPVW9OKxgrGFNpbJdtMu3U3i7kYooX/CiwcVr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz32yksLa+srhXXSxubW9s75d29ex2nijKPxiJWrQA1EzxinuFGsFaiGMpAsGYwvJ74zSemNI+jOzNKmC+xH/GQUzRWanX6KCU+nHTLFbfqTkEWSS0nFcjR6Ja/Or2YppJFhgrUul1zE+NnqAyngo1LnVSzBOkQ+6xtaYSSaT+b3jsmR1bpkTBWtiJDpurviQyl1iMZ2E6JZqDnvYn4n9dOTXjhZzxKUsMiOlsUpoKYmEyeJz2uGDViZAlSxe2thA5QITU2opINoTb/8iLxTquXVff2rFK/ytMowgEcwjHU4BzqcAMN8ICCgGd4hTfn0Xlx3p2PWWvByWf24Q+czx8Pso+E</latexit><latexit sha1_base64="tE9TEppjKTV0Zf7Bs//013+iPV4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBPJRUBPVW9OKxgrGFNpbJdtMu3U3i7kYooX/CiwcVr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz32yksLa+srhXXSxubW9s75d29ex2nijKPxiJWrQA1EzxinuFGsFaiGMpAsGYwvJ74zSemNI+jOzNKmC+xH/GQUzRWanX6KCU+nHTLFbfqTkEWSS0nFcjR6Ja/Or2YppJFhgrUul1zE+NnqAyngo1LnVSzBOkQ+6xtaYSSaT+b3jsmR1bpkTBWtiJDpurviQyl1iMZ2E6JZqDnvYn4n9dOTXjhZzxKUsMiOlsUpoKYmEyeJz2uGDViZAlSxe2thA5QITU2opINoTb/8iLxTquXVff2rFK/ytMowgEcwjHU4BzqcAMN8ICCgGd4hTfn0Xlx3p2PWWvByWf24Q+czx8Pso+E</latexit>N

<latexit sha1_base64="D7mancucQcCJ5r9nhaEAxO5UVIU=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL56kBWMLbSib7aRdu9mE3Y1QQn+BFw8qXv1L3vw3btsctPXBwOO9GWbmBYng2rjut1NYWV1b3yhulra2d3b3yvsHDzpOFUOPxSJW7YBqFFyiZ7gR2E4U0igQ2ApGN1O/9YRK81jem3GCfkQHkoecUWOl5l2vXHGr7gxkmdRyUoEcjV75q9uPWRqhNExQrTs1NzF+RpXhTOCk1E01JpSN6AA7lkoaofaz2aETcmKVPgljZUsaMlN/T2Q00nocBbYzomaoF72p+J/XSU146WdcJqlByeaLwlQQE5Pp16TPFTIjxpZQpri9lbAhVZQZm03JhlBbfHmZeGfVq6rbPK/Ur/M0inAEx3AKNbiAOtxCAzxggPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDFM+MpQ==</latexit><latexit sha1_base64="D7mancucQcCJ5r9nhaEAxO5UVIU=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL56kBWMLbSib7aRdu9mE3Y1QQn+BFw8qXv1L3vw3btsctPXBwOO9GWbmBYng2rjut1NYWV1b3yhulra2d3b3yvsHDzpOFUOPxSJW7YBqFFyiZ7gR2E4U0igQ2ApGN1O/9YRK81jem3GCfkQHkoecUWOl5l2vXHGr7gxkmdRyUoEcjV75q9uPWRqhNExQrTs1NzF+RpXhTOCk1E01JpSN6AA7lkoaofaz2aETcmKVPgljZUsaMlN/T2Q00nocBbYzomaoF72p+J/XSU146WdcJqlByeaLwlQQE5Pp16TPFTIjxpZQpri9lbAhVZQZm03JhlBbfHmZeGfVq6rbPK/Ur/M0inAEx3AKNbiAOtxCAzxggPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDFM+MpQ==</latexit><latexit sha1_base64="D7mancucQcCJ5r9nhaEAxO5UVIU=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL56kBWMLbSib7aRdu9mE3Y1QQn+BFw8qXv1L3vw3btsctPXBwOO9GWbmBYng2rjut1NYWV1b3yhulra2d3b3yvsHDzpOFUOPxSJW7YBqFFyiZ7gR2E4U0igQ2ApGN1O/9YRK81jem3GCfkQHkoecUWOl5l2vXHGr7gxkmdRyUoEcjV75q9uPWRqhNExQrTs1NzF+RpXhTOCk1E01JpSN6AA7lkoaofaz2aETcmKVPgljZUsaMlN/T2Q00nocBbYzomaoF72p+J/XSU146WdcJqlByeaLwlQQE5Pp16TPFTIjxpZQpri9lbAhVZQZm03JhlBbfHmZeGfVq6rbPK/Ur/M0inAEx3AKNbiAOtxCAzxggPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDFM+MpQ==</latexit>

N
<latexit sha1_base64="D7mancucQcCJ5r9nhaEAxO5UVIU=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL56kBWMLbSib7aRdu9mE3Y1QQn+BFw8qXv1L3vw3btsctPXBwOO9GWbmBYng2rjut1NYWV1b3yhulra2d3b3yvsHDzpOFUOPxSJW7YBqFFyiZ7gR2E4U0igQ2ApGN1O/9YRK81jem3GCfkQHkoecUWOl5l2vXHGr7gxkmdRyUoEcjV75q9uPWRqhNExQrTs1NzF+RpXhTOCk1E01JpSN6AA7lkoaofaz2aETcmKVPgljZUsaMlN/T2Q00nocBbYzomaoF72p+J/XSU146WdcJqlByeaLwlQQE5Pp16TPFTIjxpZQpri9lbAhVZQZm03JhlBbfHmZeGfVq6rbPK/Ur/M0inAEx3AKNbiAOtxCAzxggPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDFM+MpQ==</latexit><latexit sha1_base64="D7mancucQcCJ5r9nhaEAxO5UVIU=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL56kBWMLbSib7aRdu9mE3Y1QQn+BFw8qXv1L3vw3btsctPXBwOO9GWbmBYng2rjut1NYWV1b3yhulra2d3b3yvsHDzpOFUOPxSJW7YBqFFyiZ7gR2E4U0igQ2ApGN1O/9YRK81jem3GCfkQHkoecUWOl5l2vXHGr7gxkmdRyUoEcjV75q9uPWRqhNExQrTs1NzF+RpXhTOCk1E01JpSN6AA7lkoaofaz2aETcmKVPgljZUsaMlN/T2Q00nocBbYzomaoF72p+J/XSU146WdcJqlByeaLwlQQE5Pp16TPFTIjxpZQpri9lbAhVZQZm03JhlBbfHmZeGfVq6rbPK/Ur/M0inAEx3AKNbiAOtxCAzxggPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDFM+MpQ==</latexit><latexit sha1_base64="D7mancucQcCJ5r9nhaEAxO5UVIU=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL56kBWMLbSib7aRdu9mE3Y1QQn+BFw8qXv1L3vw3btsctPXBwOO9GWbmBYng2rjut1NYWV1b3yhulra2d3b3yvsHDzpOFUOPxSJW7YBqFFyiZ7gR2E4U0igQ2ApGN1O/9YRK81jem3GCfkQHkoecUWOl5l2vXHGr7gxkmdRyUoEcjV75q9uPWRqhNExQrTs1NzF+RpXhTOCk1E01JpSN6AA7lkoaofaz2aETcmKVPgljZUsaMlN/T2Q00nocBbYzomaoF72p+J/XSU146WdcJqlByeaLwlQQE5Pp16TPFTIjxpZQpri9lbAhVZQZm03JhlBbfHmZeGfVq6rbPK/Ur/M0inAEx3AKNbiAOtxCAzxggPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDFM+MpQ==</latexit>

e!
<latexit sha1_base64="eS2LtIJXQn7LP4Kg2TcklegVLIo=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgxbCRgHoLevEY0TWBZA2zk95kyOzsMjMrhCWf4MWDilf/yJt/4+QhxFdBQ1HVTXdXkAiujet+OLmFxaXllfxqYW19Y3OruL1zq+NUMfRYLGLVDKhGwSV6hhuBzUQhjQKBjWBwMfYb96g0j+WNGSboR7QnecgZNVa6xrujTrFUKbsTEPcX+bJKMEO9U3xvd2OWRigNE1TrVsVNjJ9RZTgTOCq0U40JZQPaw5alkkao/Wxy6ogcWKVLwljZkoZM1PmJjEZaD6PAdkbU9PVPbyz+5bVSE576GZdJalCy6aIwFcTEZPw36XKFzIihJZQpbm8lrE8VZcamU5gP4X/iHZfPyu5VtVQ7n6WRhz3Yh0OowAnU4BLq4AGDHjzAEzw7wnl0XpzXaWvOmc3swjc4b59WM41c</latexit><latexit sha1_base64="eS2LtIJXQn7LP4Kg2TcklegVLIo=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgxbCRgHoLevEY0TWBZA2zk95kyOzsMjMrhCWf4MWDilf/yJt/4+QhxFdBQ1HVTXdXkAiujet+OLmFxaXllfxqYW19Y3OruL1zq+NUMfRYLGLVDKhGwSV6hhuBzUQhjQKBjWBwMfYb96g0j+WNGSboR7QnecgZNVa6xrujTrFUKbsTEPcX+bJKMEO9U3xvd2OWRigNE1TrVsVNjJ9RZTgTOCq0U40JZQPaw5alkkao/Wxy6ogcWKVLwljZkoZM1PmJjEZaD6PAdkbU9PVPbyz+5bVSE576GZdJalCy6aIwFcTEZPw36XKFzIihJZQpbm8lrE8VZcamU5gP4X/iHZfPyu5VtVQ7n6WRhz3Yh0OowAnU4BLq4AGDHjzAEzw7wnl0XpzXaWvOmc3swjc4b59WM41c</latexit><latexit sha1_base64="eS2LtIJXQn7LP4Kg2TcklegVLIo=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgxbCRgHoLevEY0TWBZA2zk95kyOzsMjMrhCWf4MWDilf/yJt/4+QhxFdBQ1HVTXdXkAiujet+OLmFxaXllfxqYW19Y3OruL1zq+NUMfRYLGLVDKhGwSV6hhuBzUQhjQKBjWBwMfYb96g0j+WNGSboR7QnecgZNVa6xrujTrFUKbsTEPcX+bJKMEO9U3xvd2OWRigNE1TrVsVNjJ9RZTgTOCq0U40JZQPaw5alkkao/Wxy6ogcWKVLwljZkoZM1PmJjEZaD6PAdkbU9PVPbyz+5bVSE576GZdJalCy6aIwFcTEZPw36XKFzIihJZQpbm8lrE8VZcamU5gP4X/iHZfPyu5VtVQ7n6WRhz3Yh0OowAnU4BLq4AGDHjzAEzw7wnl0XpzXaWvOmc3swjc4b59WM41c</latexit>

e+
<latexit sha1_base64="x8GRq/un8r5F95Dm3AzCp310aMU=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoMgCGEjAfUW9OIxomsCyRpmJ73JkNnZZWZWCEs+wYsHFa/+kTf/xslDiK+ChqKqm+6uIBFcG9f9cHILi0vLK/nVwtr6xuZWcXvnVsepYuixWMSqGVCNgkv0DDcCm4lCGgUCG8HgYuw37lFpHssbM0zQj2hP8pAzaqx0jXdHnWKpUnYnIO4v8mWVYIZ6p/je7sYsjVAaJqjWrYqbGD+jynAmcFRopxoTyga0hy1LJY1Q+9nk1BE5sEqXhLGyJQ2ZqPMTGY20HkaB7Yyo6euf3lj8y2ulJjz1My6T1KBk00VhKoiJyfhv0uUKmRFDSyhT3N5KWJ8qyoxNpzAfwv/EOy6fld2raql2PksjD3uwD4dQgROowSXUwQMGPXiAJ3h2hPPovDiv09acM5vZhW9w3j4BUy2NWg==</latexit><latexit sha1_base64="x8GRq/un8r5F95Dm3AzCp310aMU=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoMgCGEjAfUW9OIxomsCyRpmJ73JkNnZZWZWCEs+wYsHFa/+kTf/xslDiK+ChqKqm+6uIBFcG9f9cHILi0vLK/nVwtr6xuZWcXvnVsepYuixWMSqGVCNgkv0DDcCm4lCGgUCG8HgYuw37lFpHssbM0zQj2hP8pAzaqx0jXdHnWKpUnYnIO4v8mWVYIZ6p/je7sYsjVAaJqjWrYqbGD+jynAmcFRopxoTyga0hy1LJY1Q+9nk1BE5sEqXhLGyJQ2ZqPMTGY20HkaB7Yyo6euf3lj8y2ulJjz1My6T1KBk00VhKoiJyfhv0uUKmRFDSyhT3N5KWJ8qyoxNpzAfwv/EOy6fld2raql2PksjD3uwD4dQgROowSXUwQMGPXiAJ3h2hPPovDiv09acM5vZhW9w3j4BUy2NWg==</latexit><latexit sha1_base64="x8GRq/un8r5F95Dm3AzCp310aMU=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoMgCGEjAfUW9OIxomsCyRpmJ73JkNnZZWZWCEs+wYsHFa/+kTf/xslDiK+ChqKqm+6uIBFcG9f9cHILi0vLK/nVwtr6xuZWcXvnVsepYuixWMSqGVCNgkv0DDcCm4lCGgUCG8HgYuw37lFpHssbM0zQj2hP8pAzaqx0jXdHnWKpUnYnIO4v8mWVYIZ6p/je7sYsjVAaJqjWrYqbGD+jynAmcFRopxoTyga0hy1LJY1Q+9nk1BE5sEqXhLGyJQ2ZqPMTGY20HkaB7Yyo6euf3lj8y2ulJjz1My6T1KBk00VhKoiJyfhv0uUKmRFDSyhT3N5KWJ8qyoxNpzAfwv/EOy6fld2raql2PksjD3uwD4dQgROowSXUwQMGPXiAJ3h2hPPovDiv09acM5vZhW9w3j4BUy2NWg==</latexit>

Neutrino trident production

! ! -trident ! 10! 5! NC
<latexit sha1_base64="VX0/q3u/ndXzJrgT3TFvwkfh9AY=">AAACJHicbVDLSgMxFM3Ud32NunQTLIKblhlRVHBRdONKFBwtdGrJpGkbmmSG5I5YhvkZN/6KGxcqLtz4LaYPRKsHAifn3HuTe6JEcAOe9+EUpqZnZufmF4qLS8srq+7a+rWJU01ZQGMR61pEDBNcsQA4CFZLNCMyEuwm6p0O/Js7pg2P1RX0E9aQpKN4m1MCVmq6x6HhHUmaWaglDlUaAruHrJyD5i2mIMfWl9j3brPy/vDyXXx+mjfdklfxhsB/iT8mJTTGRdN9DVsxTaWdTAUxpu57CTQyooFTwfJimBqWENojHVa3VBHJTCMbbpnjbau0cDvW9ijAQ/VnR0akMX0Z2UpJoGsmvYH4n1dPoX3YyLhKUmCKjh5qpwJDjAeR4RbXjILoW0Ko5vavmHaJJhRssEUbgj+58l8S7FaOKt7lXql6Mk5jHm2iLbSDfHSAqugMXaAAUfSAntALenUenWfnzXkflRaccc8G+gXn8ws7zKVC</latexit><latexit sha1_base64="VX0/q3u/ndXzJrgT3TFvwkfh9AY=">AAACJHicbVDLSgMxFM3Ud32NunQTLIKblhlRVHBRdONKFBwtdGrJpGkbmmSG5I5YhvkZN/6KGxcqLtz4LaYPRKsHAifn3HuTe6JEcAOe9+EUpqZnZufmF4qLS8srq+7a+rWJU01ZQGMR61pEDBNcsQA4CFZLNCMyEuwm6p0O/Js7pg2P1RX0E9aQpKN4m1MCVmq6x6HhHUmaWaglDlUaAruHrJyD5i2mIMfWl9j3brPy/vDyXXx+mjfdklfxhsB/iT8mJTTGRdN9DVsxTaWdTAUxpu57CTQyooFTwfJimBqWENojHVa3VBHJTCMbbpnjbau0cDvW9ijAQ/VnR0akMX0Z2UpJoGsmvYH4n1dPoX3YyLhKUmCKjh5qpwJDjAeR4RbXjILoW0Ko5vavmHaJJhRssEUbgj+58l8S7FaOKt7lXql6Mk5jHm2iLbSDfHSAqugMXaAAUfSAntALenUenWfnzXkflRaccc8G+gXn8ws7zKVC</latexit><latexit sha1_base64="VX0/q3u/ndXzJrgT3TFvwkfh9AY=">AAACJHicbVDLSgMxFM3Ud32NunQTLIKblhlRVHBRdONKFBwtdGrJpGkbmmSG5I5YhvkZN/6KGxcqLtz4LaYPRKsHAifn3HuTe6JEcAOe9+EUpqZnZufmF4qLS8srq+7a+rWJU01ZQGMR61pEDBNcsQA4CFZLNCMyEuwm6p0O/Js7pg2P1RX0E9aQpKN4m1MCVmq6x6HhHUmaWaglDlUaAruHrJyD5i2mIMfWl9j3brPy/vDyXXx+mjfdklfxhsB/iT8mJTTGRdN9DVsxTaWdTAUxpu57CTQyooFTwfJimBqWENojHVa3VBHJTCMbbpnjbau0cDvW9ijAQ/VnR0akMX0Z2UpJoGsmvYH4n1dPoX3YyLhKUmCKjh5qpwJDjAeR4RbXjILoW0Ko5vavmHaJJhRssEUbgj+58l8S7FaOKt7lXql6Mk5jHm2iLbSDfHSAqugMXaAAUfSAntALenUenWfnzXkflRaccc8G+gXn8ws7zKVC</latexit>

Require good particle ID (LArTPC)
<latexit sha1_base64="X4RxPkCeEniO1Z7ps6GJQkKzTdQ=">AAACE3icbZBPS8MwGMbT+W/Of1WPXoJDmAijE0G9TedBwcOU1Q3WMtI03cLSpiapMMo+hBe/ihcPKl69ePPbmG096OYDgR/P+75J3seLGZXKsr6N3Nz8wuJSfrmwsrq2vmFubt1JnghMbMwZFy0PScJoRGxFFSOtWBAUeow0vX5tVG8+ECEpjxpqEBM3RN2IBhQjpa2OeeCIEN6S+4QK4sAu5z50YIyEopgRjVcXDixdn4lGvbbfMYtW2RoLzkIlgyLIVO+YX47PcRKSSGGGpGxXrFi5aXb7sOAkksQI91GXtDVGKCTSTcdLDeGednwYcKFPpODY/T2RolDKQejpzhCpnpyujcz/au1EBSduSqM4USTCk4eChEHF4Sgh6OsosGIDDQgLqv8KcQ8JhJXOsaBDqEyvPAv2Yfm0bN0cFavnWRp5sAN2QQlUwDGogktQBzbA4BE8g1fwZjwZL8a78TFpzRnZzDb4I+PzB9VMnFU=</latexit><latexit sha1_base64="X4RxPkCeEniO1Z7ps6GJQkKzTdQ=">AAACE3icbZBPS8MwGMbT+W/Of1WPXoJDmAijE0G9TedBwcOU1Q3WMtI03cLSpiapMMo+hBe/ihcPKl69ePPbmG096OYDgR/P+75J3seLGZXKsr6N3Nz8wuJSfrmwsrq2vmFubt1JnghMbMwZFy0PScJoRGxFFSOtWBAUeow0vX5tVG8+ECEpjxpqEBM3RN2IBhQjpa2OeeCIEN6S+4QK4sAu5z50YIyEopgRjVcXDixdn4lGvbbfMYtW2RoLzkIlgyLIVO+YX47PcRKSSGGGpGxXrFi5aXb7sOAkksQI91GXtDVGKCTSTcdLDeGednwYcKFPpODY/T2RolDKQejpzhCpnpyujcz/au1EBSduSqM4USTCk4eChEHF4Sgh6OsosGIDDQgLqv8KcQ8JhJXOsaBDqEyvPAv2Yfm0bN0cFavnWRp5sAN2QQlUwDGogktQBzbA4BE8g1fwZjwZL8a78TFpzRnZzDb4I+PzB9VMnFU=</latexit><latexit sha1_base64="X4RxPkCeEniO1Z7ps6GJQkKzTdQ=">AAACE3icbZBPS8MwGMbT+W/Of1WPXoJDmAijE0G9TedBwcOU1Q3WMtI03cLSpiapMMo+hBe/ihcPKl69ePPbmG096OYDgR/P+75J3seLGZXKsr6N3Nz8wuJSfrmwsrq2vmFubt1JnghMbMwZFy0PScJoRGxFFSOtWBAUeow0vX5tVG8+ECEpjxpqEBM3RN2IBhQjpa2OeeCIEN6S+4QK4sAu5z50YIyEopgRjVcXDixdn4lGvbbfMYtW2RoLzkIlgyLIVO+YX47PcRKSSGGGpGxXrFi5aXb7sOAkksQI91GXtDVGKCTSTcdLDeGednwYcKFPpODY/T2RolDKQejpzhCpnpyujcz/au1EBSduSqM4USTCk4eChEHF4Sgh6OsosGIDDQgLqv8KcQ8JhJXOsaBDqEyvPAv2Yfm0bN0cFavnWRp5sAN2QQlUwDGogktQBzbA4BE8g1fwZjwZL8a78TFpzRnZzDb4I+PzB9VMnFU=</latexit>

Background

Perez-Gonzalez, HostertÕs talks
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Dark Matter Beam is Wider

de Gouv•a, Fox, Harnik, Kelly, YZ (1809.06388)

Without a dedicated running in the beam dump mode, Off-axis 
detector sees a relatively higher dark matter/neutrino ratio.

0.01 0.1 1.0
! "

neutrinos
<latexit sha1_base64="oChUsXzRkcxzH2Z2nP9G+eRo3Zk=">AAAB83icdZDLSgMxFIYz9VbrrerSTbAIroaMeOuu6MZlBccW2qFk0rQNzWVMMoUy9DncuFBx68u4821M21FU9IfA4fvP4Zz8ccKZsQi9e4WFxaXlleJqaW19Y3OrvL1za1SqCQ2J4ko3Y2woZ5KGlllOm4mmWMScNuLh5dRvjKg2TMkbO05oJHBfsh4j2DoUtbWAkqZWM6lMp1xB/gkKqqcBRD6aCX6RICcVkKveKb+1u4qkgkpLODamFaDERhnWlhFOJ6V2amiCyRD3acuVEgtqomx29AQeONKFPaXdkxbO6PeJDAtjxiJ2nQLbgfntTeFfXiu1vfMoYzJJLZVkvqiXcmgVnCYAu0xTYvnYFZho5m6FZIA1JtblVHIhfP4U/l+ER37VR9fHldpFnkYR7IF9cAgCcAZq4ArUQQgIuAP34BE8eSPvwXv2XuatBS+f2QU/5L1+AKrxkj0=</latexit><latexit sha1_base64="oChUsXzRkcxzH2Z2nP9G+eRo3Zk=">AAAB83icdZDLSgMxFIYz9VbrrerSTbAIroaMeOuu6MZlBccW2qFk0rQNzWVMMoUy9DncuFBx68u4821M21FU9IfA4fvP4Zz8ccKZsQi9e4WFxaXlleJqaW19Y3OrvL1za1SqCQ2J4ko3Y2woZ5KGlllOm4mmWMScNuLh5dRvjKg2TMkbO05oJHBfsh4j2DoUtbWAkqZWM6lMp1xB/gkKqqcBRD6aCX6RICcVkKveKb+1u4qkgkpLODamFaDERhnWlhFOJ6V2amiCyRD3acuVEgtqomx29AQeONKFPaXdkxbO6PeJDAtjxiJ2nQLbgfntTeFfXiu1vfMoYzJJLZVkvqiXcmgVnCYAu0xTYvnYFZho5m6FZIA1JtblVHIhfP4U/l+ER37VR9fHldpFnkYR7IF9cAgCcAZq4ArUQQgIuAP34BE8eSPvwXv2XuatBS+f2QU/5L1+AKrxkj0=</latexit><latexit sha1_base64="oChUsXzRkcxzH2Z2nP9G+eRo3Zk=">AAAB83icdZDLSgMxFIYz9VbrrerSTbAIroaMeOuu6MZlBccW2qFk0rQNzWVMMoUy9DncuFBx68u4821M21FU9IfA4fvP4Zz8ccKZsQi9e4WFxaXlleJqaW19Y3OrvL1za1SqCQ2J4ko3Y2woZ5KGlllOm4mmWMScNuLh5dRvjKg2TMkbO05oJHBfsh4j2DoUtbWAkqZWM6lMp1xB/gkKqqcBRD6aCX6RICcVkKveKb+1u4qkgkpLODamFaDERhnWlhFOJ6V2amiCyRD3acuVEgtqomx29AQeONKFPaXdkxbO6PeJDAtjxiJ2nQLbgfntTeFfXiu1vfMoYzJJLZVkvqiXcmgVnCYAu0xTYvnYFZho5m6FZIA1JtblVHIhfP4U/l+ER37VR9fHldpFnkYR7IF9cAgCcAZq4ArUQQgIuAP34BE8eSPvwXv2XuatBS+f2QU/5L1+AKrxkj0=</latexit>

dark matter
<latexit sha1_base64="43eZHnlw/qDNvqTrLWdCVGmb55k=">AAAB+XicdVDLSgMxFM3UV62vqS7dBIvgasjU0tZd0Y3LCo4tdIaSyWTa0ExmSDJKqf0UNy5U3Pon7vwb04egogcCh3Pu5Z6cMONMaYQ+rMLK6tr6RnGztLW9s7tnl/dvVJpLQj2S8lR2Q6woZ4J6mmlOu5mkOAk57YSji5nfuaVSsVRc63FGgwQPBIsZwdpIfbvsywRGWI6gDxOsNZV9u4Ict96sVxsQOdVGs3bqGoIWxHXQHBWwRLtvv/tRSvKECk04VqrnokwHEyw1I5xOS36uaIbJCA9oz1CBE6qCyTz6FB4bJYJxKs0TGs7V7xsTnCg1TkIzaeIN1W9vJv7l9XIdN4MJE1muqSCLQ3HOoU7hrAcYMUmJ5mNDMJHMZIVkiCUmpgJVMiV8/RT+T7yqc+agq1qldb5sowgOwRE4AS5ogBa4BG3gAQLuwAN4As/WvfVovVivi9GCtdw5AD9gvX0CUoOTnA==</latexit><latexit sha1_base64="43eZHnlw/qDNvqTrLWdCVGmb55k=">AAAB+XicdVDLSgMxFM3UV62vqS7dBIvgasjU0tZd0Y3LCo4tdIaSyWTa0ExmSDJKqf0UNy5U3Pon7vwb04egogcCh3Pu5Z6cMONMaYQ+rMLK6tr6RnGztLW9s7tnl/dvVJpLQj2S8lR2Q6woZ4J6mmlOu5mkOAk57YSji5nfuaVSsVRc63FGgwQPBIsZwdpIfbvsywRGWI6gDxOsNZV9u4Ict96sVxsQOdVGs3bqGoIWxHXQHBWwRLtvv/tRSvKECk04VqrnokwHEyw1I5xOS36uaIbJCA9oz1CBE6qCyTz6FB4bJYJxKs0TGs7V7xsTnCg1TkIzaeIN1W9vJv7l9XIdN4MJE1muqSCLQ3HOoU7hrAcYMUmJ5mNDMJHMZIVkiCUmpgJVMiV8/RT+T7yqc+agq1qldb5sowgOwRE4AS5ogBa4BG3gAQLuwAN4As/WvfVovVivi9GCtdw5AD9gvX0CUoOTnA==</latexit><latexit sha1_base64="43eZHnlw/qDNvqTrLWdCVGmb55k=">AAAB+XicdVDLSgMxFM3UV62vqS7dBIvgasjU0tZd0Y3LCo4tdIaSyWTa0ExmSDJKqf0UNy5U3Pon7vwb04egogcCh3Pu5Z6cMONMaYQ+rMLK6tr6RnGztLW9s7tnl/dvVJpLQj2S8lR2Q6woZ4J6mmlOu5mkOAk57YSji5nfuaVSsVRc63FGgwQPBIsZwdpIfbvsywRGWI6gDxOsNZV9u4Ict96sVxsQOdVGs3bqGoIWxHXQHBWwRLtvv/tRSvKECk04VqrnokwHEyw1I5xOS36uaIbJCA9oz1CBE6qCyTz6FB4bJYJxKs0TGs7V7xsTnCg1TkIzaeIN1W9vJv7l9XIdN4MJE1muqSCLQ3HOoU7hrAcYMUmJ5mNDMJHMZIVkiCUmpgJVMiV8/RT+T7yqc+agq1qldb5sowgOwRE4AS5ogBa4BG3gAQLuwAN4As/WvfVovVivi9GCtdw5AD9gvX0CUoOTnA==</latexit>

1!
<latexit sha1_base64="H6rMvCsWskKlFNVzx9SYSKBcLmI=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoY9lsJ+3SzSbsboQS+iO8eFDx6v/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T940EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LejFMMYjqQPOKMGiu1vMcu44r1qjW37s5AlolXkBoUaPaqX91+wrIYpWGCat3x3NQEOVWGM4GTSjfTmFI2ogPsWCppjDrIZ+dOyIlV+iRKlC1pyEz9PZHTWOtxHNrOmJqhXvSm4n9eJzPRZZBzmWYGJZsvijJBTEKmv5M+V8iMGFtCmeL2VsKGVFFmbEIVG4K3+PIy8c/qV3X37rzWuC7SKMMRHMMpeHABDbiFJvjAYATP8ApvTuq8OO/Ox7y15BQzh/AHzucPXQ6PHw==</latexit><latexit sha1_base64="H6rMvCsWskKlFNVzx9SYSKBcLmI=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoY9lsJ+3SzSbsboQS+iO8eFDx6v/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T940EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LejFMMYjqQPOKMGiu1vMcu44r1qjW37s5AlolXkBoUaPaqX91+wrIYpWGCat3x3NQEOVWGM4GTSjfTmFI2ogPsWCppjDrIZ+dOyIlV+iRKlC1pyEz9PZHTWOtxHNrOmJqhXvSm4n9eJzPRZZBzmWYGJZsvijJBTEKmv5M+V8iMGFtCmeL2VsKGVFFmbEIVG4K3+PIy8c/qV3X37rzWuC7SKMMRHMMpeHABDbiFJvjAYATP8ApvTuq8OO/Ox7y15BQzh/AHzucPXQ6PHw==</latexit><latexit sha1_base64="H6rMvCsWskKlFNVzx9SYSKBcLmI=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoY9lsJ+3SzSbsboQS+iO8eFDx6v/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T940EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LejFMMYjqQPOKMGiu1vMcu44r1qjW37s5AlolXkBoUaPaqX91+wrIYpWGCat3x3NQEOVWGM4GTSjfTmFI2ogPsWCppjDrIZ+dOyIlV+iRKlC1pyEz9PZHTWOtxHNrOmJqhXvSm4n9eJzPRZZBzmWYGJZsvijJBTEKmv5M+V8iMGFtCmeL2VsKGVFFmbEIVG4K3+PIy8c/qV3X37rzWuC7SKMMRHMMpeHABDbiFJvjAYATP8ApvTuq8OO/Ox7y15BQzh/AHzucPXQ6PHw==</latexit>

6!
<latexit sha1_base64="tso/q0v9B2Il6w6thRIETcPcv4Q=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KomIH7eiF48VjC20sWy2m3bpZhN2J0IJ/RFePKh49f9489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2l5ZXVtvbRR3tza3tmt7O0/mCTTjPsskYluhdRwKRT3UaDkrVRzGoeSN8PhzcRvPnFtRKLucZTyIKZ9JSLBKFqpef7YYUKzbqXq1twpyCLxClKFAo1u5avTS1gWc4VMUmPanptikFONgkk+Lncyw1PKhrTP25YqGnMT5NNzx+TYKj0SJdqWQjJVf0/kNDZmFIe2M6Y4MPPeRPzPa2cYXQa5UGmGXLHZoiiTBBMy+Z30hOYM5cgSyrSwtxI2oJoytAmVbQje/MuLxD+tXdXcu7Nq/bpIowSHcAQn4MEF1OEWGuADgyE8wyu8Oanz4rw7H7PWJaeYOYA/cD5/AGS7jyQ=</latexit><latexit sha1_base64="tso/q0v9B2Il6w6thRIETcPcv4Q=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KomIH7eiF48VjC20sWy2m3bpZhN2J0IJ/RFePKh49f9489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2l5ZXVtvbRR3tza3tmt7O0/mCTTjPsskYluhdRwKRT3UaDkrVRzGoeSN8PhzcRvPnFtRKLucZTyIKZ9JSLBKFqpef7YYUKzbqXq1twpyCLxClKFAo1u5avTS1gWc4VMUmPanptikFONgkk+Lncyw1PKhrTP25YqGnMT5NNzx+TYKj0SJdqWQjJVf0/kNDZmFIe2M6Y4MPPeRPzPa2cYXQa5UGmGXLHZoiiTBBMy+Z30hOYM5cgSyrSwtxI2oJoytAmVbQje/MuLxD+tXdXcu7Nq/bpIowSHcAQn4MEF1OEWGuADgyE8wyu8Oanz4rw7H7PWJaeYOYA/cD5/AGS7jyQ=</latexit><latexit sha1_base64="tso/q0v9B2Il6w6thRIETcPcv4Q=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KomIH7eiF48VjC20sWy2m3bpZhN2J0IJ/RFePKh49f9489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2l5ZXVtvbRR3tza3tmt7O0/mCTTjPsskYluhdRwKRT3UaDkrVRzGoeSN8PhzcRvPnFtRKLucZTyIKZ9JSLBKFqpef7YYUKzbqXq1twpyCLxClKFAo1u5avTS1gWc4VMUmPanptikFONgkk+Lncyw1PKhrTP25YqGnMT5NNzx+TYKj0SJdqWQjJVf0/kNDZmFIe2M6Y4MPPeRPzPa2cYXQa5UGmGXLHZoiiTBBMy+Z30hOYM5cgSyrSwtxI2oJoytAmVbQje/MuLxD+tXdXcu7Nq/bpIowSHcAQn4MEF1OEWGuADgyE8wyu8Oanz4rw7H7PWJaeYOYA/cD5/AGS7jyQ=</latexit>

60�
<latexit sha1_base64="WCEuVX7z7afFan07rVO6IwYtVlM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lF/LgVvXisYGyhjWWznbRLN5u4uxFK6J/w4kHFq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpLyyura8X10sbm1vZOeXfvXsepYuixWMSqFVCNgkv0DDcCW4lCGgUCm8HweuI3n1BpHss7M0rQj2hf8pAzaqzUOnMfOowr1i1X3Ko7BVkktZxUIEejW/7q9GKWRigNE1Trds1NjJ9RZTgTOC51Uo0JZUPax7alkkao/Wx675gcWaVHwljZkoZM1d8TGY20HkWB7YyoGeh5byL+57VTE174GZdJalCy2aIwFcTEZPI86XGFzIiRJZQpbm8lbEAVZcZGVLIh1OZfXiTeSfWy6t6eVupXeRpFOIBDOIYanEMdbqABHjAQ8Ayv8OY8Oi/Ou/Mxay04+cw+/IHz+QPTkI9e</latexit><latexit sha1_base64="WCEuVX7z7afFan07rVO6IwYtVlM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lF/LgVvXisYGyhjWWznbRLN5u4uxFK6J/w4kHFq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpLyyura8X10sbm1vZOeXfvXsepYuixWMSqFVCNgkv0DDcCW4lCGgUCm8HweuI3n1BpHss7M0rQj2hf8pAzaqzUOnMfOowr1i1X3Ko7BVkktZxUIEejW/7q9GKWRigNE1Trds1NjJ9RZTgTOC51Uo0JZUPax7alkkao/Wx675gcWaVHwljZkoZM1d8TGY20HkWB7YyoGeh5byL+57VTE174GZdJalCy2aIwFcTEZPI86XGFzIiRJZQpbm8lbEAVZcZGVLIh1OZfXiTeSfWy6t6eVupXeRpFOIBDOIYanEMdbqABHjAQ8Ayv8OY8Oi/Ou/Mxay04+cw+/IHz+QPTkI9e</latexit><latexit sha1_base64="WCEuVX7z7afFan07rVO6IwYtVlM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lF/LgVvXisYGyhjWWznbRLN5u4uxFK6J/w4kHFq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpLyyura8X10sbm1vZOeXfvXsepYuixWMSqFVCNgkv0DDcCW4lCGgUCm8HweuI3n1BpHss7M0rQj2hf8pAzaqzUOnMfOowr1i1X3Ko7BVkktZxUIEejW/7q9GKWRigNE1Trds1NjJ9RZTgTOC51Uo0JZUPax7alkkao/Wx675gcWaVHwljZkoZM1d8TGY20HkWB7YyoGeh5byL+57VTE174GZdJalCy2aIwFcTEZPI86XGFzIiRJZQpbm8lbEAVZcZGVLIh1OZfXiTeSfWy6t6eVupXeRpFOIBDOIYanEMdbqABHjAQ8Ayv8OY8Oi/Ou/Mxay04+cw+/IHz+QPTkI9e</latexit>

dFlux
d ! o! axis

<latexit sha1_base64="33f5ITl0K9RtWGEg+NpWDotf/4g=">AAACGnicbZDLSsNAFIYn9VbrLerSzWARXEhJi6DuioK4rGBsoQllMp20QycXZk6kJeQ93PgqblyouBM3vo3TNAtt/WHgn++cw8z5vVhwBZb1bZSWlldW18rrlY3Nre0dc3fvXkWJpMymkYhkxyOKCR4yGzgI1oklI4EnWNsbXU3r7QcmFY/CO5jEzA3IIOQ+pwQ06pkNx5eEpn3nBKeODPC1SMZZlt8dGDIgvRxHvq8JGXOVZT2zatWsXHjR1AtTRYVaPfPT6Uc0CVgIVBClunUrBjclEjgVLKs4iWIxoSMyYF1tQxIw5ab5bhk+0qSP/UjqEwLO6e+JlARKTQJPdwYEhmq+NoX/1boJ+OduysM4ARbS2UN+IjBEeBoU7nPJKIiJNoRKrv+K6ZDosEDHWdEh1OdXXjR2o3ZRs25Pq83LIo0yOkCH6BjV0RlqohvUQjai6BE9o1f0ZjwZL8a78TFrLRnFzD76I+PrBzjVoSA=</latexit><latexit sha1_base64="33f5ITl0K9RtWGEg+NpWDotf/4g=">AAACGnicbZDLSsNAFIYn9VbrLerSzWARXEhJi6DuioK4rGBsoQllMp20QycXZk6kJeQ93PgqblyouBM3vo3TNAtt/WHgn++cw8z5vVhwBZb1bZSWlldW18rrlY3Nre0dc3fvXkWJpMymkYhkxyOKCR4yGzgI1oklI4EnWNsbXU3r7QcmFY/CO5jEzA3IIOQ+pwQ06pkNx5eEpn3nBKeODPC1SMZZlt8dGDIgvRxHvq8JGXOVZT2zatWsXHjR1AtTRYVaPfPT6Uc0CVgIVBClunUrBjclEjgVLKs4iWIxoSMyYF1tQxIw5ab5bhk+0qSP/UjqEwLO6e+JlARKTQJPdwYEhmq+NoX/1boJ+OduysM4ARbS2UN+IjBEeBoU7nPJKIiJNoRKrv+K6ZDosEDHWdEh1OdXXjR2o3ZRs25Pq83LIo0yOkCH6BjV0RlqohvUQjai6BE9o1f0ZjwZL8a78TFrLRnFzD76I+PrBzjVoSA=</latexit><latexit sha1_base64="33f5ITl0K9RtWGEg+NpWDotf/4g=">AAACGnicbZDLSsNAFIYn9VbrLerSzWARXEhJi6DuioK4rGBsoQllMp20QycXZk6kJeQ93PgqblyouBM3vo3TNAtt/WHgn++cw8z5vVhwBZb1bZSWlldW18rrlY3Nre0dc3fvXkWJpMymkYhkxyOKCR4yGzgI1oklI4EnWNsbXU3r7QcmFY/CO5jEzA3IIOQ+pwQ06pkNx5eEpn3nBKeODPC1SMZZlt8dGDIgvRxHvq8JGXOVZT2zatWsXHjR1AtTRYVaPfPT6Uc0CVgIVBClunUrBjclEjgVLKs4iWIxoSMyYF1tQxIw5ab5bhk+0qSP/UjqEwLO6e+JlARKTQJPdwYEhmq+NoX/1boJ+OduysM4ARbS2UN+IjBEeBoU7nPJKIiJNoRKrv+K6ZDosEDHWdEh1OdXXjR2o3ZRs25Pq83LIo0yOkCH6BjV0RlqohvUQjai6BE9o1f0ZjwZL8a78TFrLRnFzD76I+PrBzjVoSA=</latexit>

! o! axis
<latexit sha1_base64="U+ikqPsZ+7UWlQJD86lDdfxi4+g=">AAAB/3icbVBNS8NAEN34WetX1IMHL4tF8CAlFUG9Fb14rGBsoQlhs920SzebsDsRS8jFv+LFg4pX/4Y3/43bNgdtfTDweG+GmXlhKrgGx/m2FhaXlldWK2vV9Y3NrW17Z/deJ5mizKWJSFQnJJoJLpkLHATrpIqROBSsHQ6vx377gSnNE3kHo5T5MelLHnFKwEiBve/BgAEJck/FOIki7wSTR66LwK45dWcCPE8aJamhEq3A/vJ6Cc1iJoEKonW34aTg50QBp4IVVS/TLCV0SPqsa6gkMdN+PnmgwEdG6eEoUaYk4In6eyInsdajODSdMYGBnvXG4n9eN4Pows+5TDNgkk4XRZnAkOBxGrjHFaMgRoYQqri5FdMBUYSCyaxqQmjMvjxP3NP6Zd25Pas1r8o0KugAHaJj1EDnqIluUAu5iKICPaNX9GY9WS/Wu/UxbV2wypk99AfW5w/bd5Yg</latexit><latexit sha1_base64="U+ikqPsZ+7UWlQJD86lDdfxi4+g=">AAAB/3icbVBNS8NAEN34WetX1IMHL4tF8CAlFUG9Fb14rGBsoQlhs920SzebsDsRS8jFv+LFg4pX/4Y3/43bNgdtfTDweG+GmXlhKrgGx/m2FhaXlldWK2vV9Y3NrW17Z/deJ5mizKWJSFQnJJoJLpkLHATrpIqROBSsHQ6vx377gSnNE3kHo5T5MelLHnFKwEiBve/BgAEJck/FOIki7wSTR66LwK45dWcCPE8aJamhEq3A/vJ6Cc1iJoEKonW34aTg50QBp4IVVS/TLCV0SPqsa6gkMdN+PnmgwEdG6eEoUaYk4In6eyInsdajODSdMYGBnvXG4n9eN4Pows+5TDNgkk4XRZnAkOBxGrjHFaMgRoYQqri5FdMBUYSCyaxqQmjMvjxP3NP6Zd25Pas1r8o0KugAHaJj1EDnqIluUAu5iKICPaNX9GY9WS/Wu/UxbV2wypk99AfW5w/bd5Yg</latexit><latexit sha1_base64="U+ikqPsZ+7UWlQJD86lDdfxi4+g=">AAAB/3icbVBNS8NAEN34WetX1IMHL4tF8CAlFUG9Fb14rGBsoQlhs920SzebsDsRS8jFv+LFg4pX/4Y3/43bNgdtfTDweG+GmXlhKrgGx/m2FhaXlldWK2vV9Y3NrW17Z/deJ5mizKWJSFQnJJoJLpkLHATrpIqROBSsHQ6vx377gSnNE3kHo5T5MelLHnFKwEiBve/BgAEJck/FOIki7wSTR66LwK45dWcCPE8aJamhEq3A/vJ6Cc1iJoEKonW34aTg50QBp4IVVS/TLCV0SPqsa6gkMdN+PnmgwEdG6eEoUaYk4In6eyInsdajODSdMYGBnvXG4n9eN4Pows+5TDNgkk4XRZnAkOBxGrjHFaMgRoYQqri5FdMBUYSCyaxqQmjMvjxP3NP6Zd25Pas1r8o0KugAHaJj1EDnqIluUAu5iKICPaNX9GY9WS/Wu/UxbV2wypk99AfW5w/bd5Yg</latexit>
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Since MicroBooNE began taking data in 2015, NuMI has delivered 
~1021 POT. !-related background events estimated to be ~ O(10).

MiniBooNE
<latexit sha1_base64="QtsuKDjKg/vwDKuIAWCltAkbl8Q=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb2ViuBFqeDaQruUbJptQ7PJmmQLZenv8OJBxat/xpv/xrTdg1YfDDzem2FmXphwpo3rfjmFpeWV1bXiemljc2t7p7y796Blqgj1ieRStUKsKWeC+oYZTluJojgOOW2Gw8up3xxRpZkU92ac0CDGfcEiRrCxUtBRMbphgtWlvL3qlitu1Z0B/SVeTiqQo9Etf3Z6kqQxFYZwrHXbcxMTZFgZRjidlDqppgkmQ9ynbUsFjqkOstnRE3RklR6KpLIlDJqpPycyHGs9jkPbGWMz0IveVPzPa6cmOg8yJpLUUEHmi6KUIyPRNAHUY4oSw8eWYKKYvRWRAVaYGJtTyYbgLb78l/gn1Yuqe3daqdXzNIpwAIdwDB6cQQ2uoQE+EHiEJ3iBV2fkPDtvzvu8teDkM/vwC87HN2zXkWo=</latexit><latexit sha1_base64="QtsuKDjKg/vwDKuIAWCltAkbl8Q=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb2ViuBFqeDaQruUbJptQ7PJmmQLZenv8OJBxat/xpv/xrTdg1YfDDzem2FmXphwpo3rfjmFpeWV1bXiemljc2t7p7y796Blqgj1ieRStUKsKWeC+oYZTluJojgOOW2Gw8up3xxRpZkU92ac0CDGfcEiRrCxUtBRMbphgtWlvL3qlitu1Z0B/SVeTiqQo9Etf3Z6kqQxFYZwrHXbcxMTZFgZRjidlDqppgkmQ9ynbUsFjqkOstnRE3RklR6KpLIlDJqpPycyHGs9jkPbGWMz0IveVPzPa6cmOg8yJpLUUEHmi6KUIyPRNAHUY4oSw8eWYKKYvRWRAVaYGJtTyYbgLb78l/gn1Yuqe3daqdXzNIpwAIdwDB6cQQ2uoQE+EHiEJ3iBV2fkPDtvzvu8teDkM/vwC87HN2zXkWo=</latexit><latexit sha1_base64="QtsuKDjKg/vwDKuIAWCltAkbl8Q=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb2ViuBFqeDaQruUbJptQ7PJmmQLZenv8OJBxat/xpv/xrTdg1YfDDzem2FmXphwpo3rfjmFpeWV1bXiemljc2t7p7y796Blqgj1ieRStUKsKWeC+oYZTluJojgOOW2Gw8up3xxRpZkU92ac0CDGfcEiRrCxUtBRMbphgtWlvL3qlitu1Z0B/SVeTiqQo9Etf3Z6kqQxFYZwrHXbcxMTZFgZRjidlDqppgkmQ9ynbUsFjqkOstnRE3RklR6KpLIlDJqpPycyHGs9jkPbGWMz0IveVPzPa6cmOg8yJpLUUEHmi6KUIyPRNAHUY4oSw8eWYKKYvRWRAVaYGJtTyYbgLb78l/gn1Yuqe3daqdXzNIpwAIdwDB6cQQ2uoQE+EHiEJ3iBV2fkPDtvzvu8teDkM/vwC87HN2zXkWo=</latexit>

to
M

innesota

<latexit sha1_base64="V3GfSZZKYS57sp6rxj4ALD4pgmw=">AAAB+3icbVDLSsNAFJ3UV62vaJduBovgqiQiqLuiGzdCBWMLTSiT6aQdOo8wMxFCqL/ixoWKW3/EnX/jtM1CWw9cOJxzL/feE6eMauN5305lZXVtfaO6Wdva3tndc/cPHrTMFCYBlkyqbow0YVSQwFDDSDdVBPGYkU48vp76nUeiNJXi3uQpiTgaCppQjIyV+m69CBWHRobwlgpBtDRo0ncbXtObAS4TvyQNUKLdd7/CgcQZJ8JghrTu+V5qogIpQzEjk1qYaZIiPEZD0rNUIE50VMyOn8BjqwxgIpUtYeBM/T1RIK51zmPbyZEZ6UVvKv7n9TKTXEQFFWlmiMDzRUnG7LNwmgQcUEWwYbklCCtqb4V4hBTCxuZVsyH4iy8vk+C0edn07s4arasyjSo4BEfgBPjgHLTADWiDAGCQg2fwCt6cJ+fFeXc+5q0Vp5ypgz9wPn8AF1CUnA==</latexit><latexit sha1_base64="V3GfSZZKYS57sp6rxj4ALD4pgmw=">AAAB+3icbVDLSsNAFJ3UV62vaJduBovgqiQiqLuiGzdCBWMLTSiT6aQdOo8wMxFCqL/ixoWKW3/EnX/jtM1CWw9cOJxzL/feE6eMauN5305lZXVtfaO6Wdva3tndc/cPHrTMFCYBlkyqbow0YVSQwFDDSDdVBPGYkU48vp76nUeiNJXi3uQpiTgaCppQjIyV+m69CBWHRobwlgpBtDRo0ncbXtObAS4TvyQNUKLdd7/CgcQZJ8JghrTu+V5qogIpQzEjk1qYaZIiPEZD0rNUIE50VMyOn8BjqwxgIpUtYeBM/T1RIK51zmPbyZEZ6UVvKv7n9TKTXEQFFWlmiMDzRUnG7LNwmgQcUEWwYbklCCtqb4V4hBTCxuZVsyH4iy8vk+C0edn07s4arasyjSo4BEfgBPjgHLTADWiDAGCQg2fwCt6cJ+fFeXc+5q0Vp5ypgz9wPn8AF1CUnA==</latexit><latexit sha1_base64="V3GfSZZKYS57sp6rxj4ALD4pgmw=">AAAB+3icbVDLSsNAFJ3UV62vaJduBovgqiQiqLuiGzdCBWMLTSiT6aQdOo8wMxFCqL/ixoWKW3/EnX/jtM1CWw9cOJxzL/feE6eMauN5305lZXVtfaO6Wdva3tndc/cPHrTMFCYBlkyqbow0YVSQwFDDSDdVBPGYkU48vp76nUeiNJXi3uQpiTgaCppQjIyV+m69CBWHRobwlgpBtDRo0ncbXtObAS4TvyQNUKLdd7/CgcQZJ8JghrTu+V5qogIpQzEjk1qYaZIiPEZD0rNUIE50VMyOn8BjqwxgIpUtYeBM/T1RIK51zmPbyZEZ6UVvKv7n9TKTXEQFFWlmiMDzRUnG7LNwmgQcUEWwYbklCCtqb4V4hBTCxuZVsyH4iy8vk+C0edn07s4arasyjSo4BEfgBPjgHLTADWiDAGCQg2fwCt6cJ+fFeXc+5q0Vp5ypgz9wPn8AF1CUnA==</latexit>

Booster beam
<latexit sha1_base64="qQVpCMRzNUWcR1ck6Tgi9egwcoI=">AAAB+XicbVBNSwMxFMz6WevXVo9egkXwVHZFUG+lXjxWcG2hXUo2fduGZpMlySpl7U/x4kHFq//Em//GtN2Dtg4Ehpk3vJeJUs608bxvZ2V1bX1js7RV3t7Z3dt3Kwf3WmaKQkAll6odEQ2cCQgMMxzaqQKSRBxa0eh66rceQGkmxZ0ZpxAmZCBYzCgxVuq5la5KcENKbUB1cWSTPbfq1bwZ8DLxC1JFBZo996vblzRLQBjKidYd30tNmBNlGOUwKXczDSmhIzKAjqWCJKDDfHb6BJ9YpY9jqewTBs/U34mcJFqPk8hOJsQM9aI3Ff/zOpmJL8OciTQzIOh8UZxxbCSe9oD7TAE1fGwJoYrZWzEdEkWoLUKXbQn+4peXSXBWu6p5t+fVeqNoo4SO0DE6RT66QHV0g5ooQBQ9omf0it6cJ+fFeXc+5qMrTpE5RH/gfP4AGlmTcg==</latexit><latexit sha1_base64="qQVpCMRzNUWcR1ck6Tgi9egwcoI=">AAAB+XicbVBNSwMxFMz6WevXVo9egkXwVHZFUG+lXjxWcG2hXUo2fduGZpMlySpl7U/x4kHFq//Em//GtN2Dtg4Ehpk3vJeJUs608bxvZ2V1bX1js7RV3t7Z3dt3Kwf3WmaKQkAll6odEQ2cCQgMMxzaqQKSRBxa0eh66rceQGkmxZ0ZpxAmZCBYzCgxVuq5la5KcENKbUB1cWSTPbfq1bwZ8DLxC1JFBZo996vblzRLQBjKidYd30tNmBNlGOUwKXczDSmhIzKAjqWCJKDDfHb6BJ9YpY9jqewTBs/U34mcJFqPk8hOJsQM9aI3Ff/zOpmJL8OciTQzIOh8UZxxbCSe9oD7TAE1fGwJoYrZWzEdEkWoLUKXbQn+4peXSXBWu6p5t+fVeqNoo4SO0DE6RT66QHV0g5ooQBQ9omf0it6cJ+fFeXc+5qMrTpE5RH/gfP4AGlmTcg==</latexit><latexit sha1_base64="qQVpCMRzNUWcR1ck6Tgi9egwcoI=">AAAB+XicbVBNSwMxFMz6WevXVo9egkXwVHZFUG+lXjxWcG2hXUo2fduGZpMlySpl7U/x4kHFq//Em//GtN2Dtg4Ehpk3vJeJUs608bxvZ2V1bX1js7RV3t7Z3dt3Kwf3WmaKQkAll6odEQ2cCQgMMxzaqQKSRBxa0eh66rceQGkmxZ0ZpxAmZCBYzCgxVuq5la5KcENKbUB1cWSTPbfq1bwZ8DLxC1JFBZo996vblzRLQBjKidYd30tNmBNlGOUwKXczDSmhIzKAjqWCJKDDfHb6BJ9YpY9jqewTBs/U34mcJFqPk8hOJsQM9aI3Ff/zOpmJL8OciTQzIOh8UZxxbCSe9oD7TAE1fGwJoYrZWzEdEkWoLUKXbQn+4peXSXBWu6p5t+fVeqNoo4SO0DE6RT66QHV0g5ooQBQ9omf0it6cJ+fFeXc+5qMrTpE5RH/gfP4AGlmTcg==</latexit>

NuMI beam
<latexit sha1_base64="TGqC6CI6WJSnuB7QAoc+C7Hwmws=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoO6KbnShVHBsoTOWTJppQ5PMkGSUMvQ/3LhQcevHuPNvTB8LbT0QOJxzD/fmRCln2rjut1NYWFxaXimultbWNza3yts79zrJFKE+SXiimhHWlDNJfcMMp81UUSwiThtR/2LkNx6p0iyRd2aQ0lDgrmQxI9hY6SFQAt1k11cBimyoXa64VXcMNE+8KanAFPV2+SvoJCQTVBrCsdYtz01NmGNlGOF0WAoyTVNM+rhLW5ZKLKgO8/HVQ3RglQ6KE2WfNGis/k7kWGg9EJGdFNj09Kw3Ev/zWpmJT8OcyTQzVJLJojjjyCRoVAHqMEWJ4QNLMFHM3opIDytMjC2qZEvwZr88T/yj6lnVvT2u1M6nbRRhD/bhEDw4gRpcQh18IKDgGV7hzXlyXpx352MyWnCmmV34A+fzB9QWkZ4=</latexit><latexit sha1_base64="TGqC6CI6WJSnuB7QAoc+C7Hwmws=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoO6KbnShVHBsoTOWTJppQ5PMkGSUMvQ/3LhQcevHuPNvTB8LbT0QOJxzD/fmRCln2rjut1NYWFxaXimultbWNza3yts79zrJFKE+SXiimhHWlDNJfcMMp81UUSwiThtR/2LkNx6p0iyRd2aQ0lDgrmQxI9hY6SFQAt1k11cBimyoXa64VXcMNE+8KanAFPV2+SvoJCQTVBrCsdYtz01NmGNlGOF0WAoyTVNM+rhLW5ZKLKgO8/HVQ3RglQ6KE2WfNGis/k7kWGg9EJGdFNj09Kw3Ev/zWpmJT8OcyTQzVJLJojjjyCRoVAHqMEWJ4QNLMFHM3opIDytMjC2qZEvwZr88T/yj6lnVvT2u1M6nbRRhD/bhEDw4gRpcQh18IKDgGV7hzXlyXpx352MyWnCmmV34A+fzB9QWkZ4=</latexit><latexit sha1_base64="TGqC6CI6WJSnuB7QAoc+C7Hwmws=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoO6KbnShVHBsoTOWTJppQ5PMkGSUMvQ/3LhQcevHuPNvTB8LbT0QOJxzD/fmRCln2rjut1NYWFxaXimultbWNza3yts79zrJFKE+SXiimhHWlDNJfcMMp81UUSwiThtR/2LkNx6p0iyRd2aQ0lDgrmQxI9hY6SFQAt1k11cBimyoXa64VXcMNE+8KanAFPV2+SvoJCQTVBrCsdYtz01NmGNlGOF0WAoyTVNM+rhLW5ZKLKgO8/HVQ3RglQ6KE2WfNGis/k7kWGg9EJGdFNj09Kw3Ev/zWpmJT8OcyTQzVJLJojjjyCRoVAHqMEWJ4QNLMFHM3opIDytMjC2qZEvwZr88T/yj6lnVvT2u1M6nbRRhD/bhEDw4gRpcQh18IKDgGV7hzXlyXpx352MyWnCmmV34A+fzB9QWkZ4=</latexit>

ICARUS
<latexit sha1_base64="YvDUpa3ic90LsZD56+gLxIdkxrM=">AAAB8HicdVDJSgNBEK2JW4zbqEcvjUHwFCYiqLdoLnqLy5hgMoSeTk/SpLtn6O4RwpC/8OJBxauf482/sbMIcXtQ8Hiviqp6YcKZNp734eTm5hcWl/LLhZXVtfUNd3PrVsepItQnMY9VI8Saciapb5jhtJEoikXIaT3sV0d+/Z4qzWJ5YwYJDQTuShYxgo2V7lpKoIvq6ZV/3XaL5ZI3BvJ+kS+rCFPU2u57qxOTVFBpCMdaN8teYoIMK8MIp8NCK9U0waSPu7RpqcSC6iAbXzxEe1bpoChWtqRBY3V2IsNC64EIbafApqd/eiPxL6+Zmug4yJhMUkMlmSyKUo5MjEbvow5TlBg+sAQTxeytiPSwwsTYkAqzIfxP/IPSScm7PCxWzqZp5GEHdmEfynAEFTiHGvhAQMIDPMGzo51H58V5nbTmnOnMNnyD8/YJuBSP1A==</latexit><latexit sha1_base64="YvDUpa3ic90LsZD56+gLxIdkxrM=">AAAB8HicdVDJSgNBEK2JW4zbqEcvjUHwFCYiqLdoLnqLy5hgMoSeTk/SpLtn6O4RwpC/8OJBxauf482/sbMIcXtQ8Hiviqp6YcKZNp734eTm5hcWl/LLhZXVtfUNd3PrVsepItQnMY9VI8Saciapb5jhtJEoikXIaT3sV0d+/Z4qzWJ5YwYJDQTuShYxgo2V7lpKoIvq6ZV/3XaL5ZI3BvJ+kS+rCFPU2u57qxOTVFBpCMdaN8teYoIMK8MIp8NCK9U0waSPu7RpqcSC6iAbXzxEe1bpoChWtqRBY3V2IsNC64EIbafApqd/eiPxL6+Zmug4yJhMUkMlmSyKUo5MjEbvow5TlBg+sAQTxeytiPSwwsTYkAqzIfxP/IPSScm7PCxWzqZp5GEHdmEfynAEFTiHGvhAQMIDPMGzo51H58V5nbTmnOnMNnyD8/YJuBSP1A==</latexit><latexit sha1_base64="YvDUpa3ic90LsZD56+gLxIdkxrM=">AAAB8HicdVDJSgNBEK2JW4zbqEcvjUHwFCYiqLdoLnqLy5hgMoSeTk/SpLtn6O4RwpC/8OJBxauf482/sbMIcXtQ8Hiviqp6YcKZNp734eTm5hcWl/LLhZXVtfUNd3PrVsepItQnMY9VI8Saciapb5jhtJEoikXIaT3sV0d+/Z4qzWJ5YwYJDQTuShYxgo2V7lpKoIvq6ZV/3XaL5ZI3BvJ+kS+rCFPU2u57qxOTVFBpCMdaN8teYoIMK8MIp8NCK9U0waSPu7RpqcSC6iAbXzxEe1bpoChWtqRBY3V2IsNC64EIbafApqd/eiPxL6+Zmug4yJhMUkMlmSyKUo5MjEbvow5TlBg+sAQTxeytiPSwwsTYkAqzIfxP/IPSScm7PCxWzqZp5GEHdmEfynAEFTiHGvhAQMIDPMGzo51H58V5nbTmnOnMNnyD8/YJuBSP1A==</latexit>

MicroBooNE
<latexit sha1_base64="B5KJElOgYa7x7r6Tjbvt+fxf9qM=">AAAB9HicdVDJSgNBFHwTtxi3qEcvjUHwFCYiqLcQEbwoERwTSMbQ0+kkTXoZunuUMOQ/vHhQ8erHePNv7CxC3AoeFFXv8YqKYs6M9f0PLzM3v7C4lF3OrayurW/kN7dujEo0oQFRXOl6hA3lTNLAMstpPdYUi4jTWtQ/Hfm1O6oNU/LaDmIaCtyVrMMItk66bWqBLhjRqqLU5VkrXygV/TGQ/4t8WQWYotrKvzfbiiSCSks4NqZR8mMbplhbRjgd5pqJoTEmfdylDUclFtSE6Tj1EO05pY06SruRFo3V2YsUC2MGInKbAtue+emNxL+8RmI7x2HKZJxYKsnkUSfhyCo0qgC1mabE8oEjmGjmsiLSwxoT64rKzZbwPwkOiidF/+qwUK5M28jCDuzCPpTgCMpwDlUIgICGB3iCZ+/ee/RevNfJasab3mzDN3hvnz0jkeI=</latexit><latexit sha1_base64="B5KJElOgYa7x7r6Tjbvt+fxf9qM=">AAAB9HicdVDJSgNBFHwTtxi3qEcvjUHwFCYiqLcQEbwoERwTSMbQ0+kkTXoZunuUMOQ/vHhQ8erHePNv7CxC3AoeFFXv8YqKYs6M9f0PLzM3v7C4lF3OrayurW/kN7dujEo0oQFRXOl6hA3lTNLAMstpPdYUi4jTWtQ/Hfm1O6oNU/LaDmIaCtyVrMMItk66bWqBLhjRqqLU5VkrXygV/TGQ/4t8WQWYotrKvzfbiiSCSks4NqZR8mMbplhbRjgd5pqJoTEmfdylDUclFtSE6Tj1EO05pY06SruRFo3V2YsUC2MGInKbAtue+emNxL+8RmI7x2HKZJxYKsnkUSfhyCo0qgC1mabE8oEjmGjmsiLSwxoT64rKzZbwPwkOiidF/+qwUK5M28jCDuzCPpTgCMpwDlUIgICGB3iCZ+/ee/RevNfJasab3mzDN3hvnz0jkeI=</latexit><latexit sha1_base64="B5KJElOgYa7x7r6Tjbvt+fxf9qM=">AAAB9HicdVDJSgNBFHwTtxi3qEcvjUHwFCYiqLcQEbwoERwTSMbQ0+kkTXoZunuUMOQ/vHhQ8erHePNv7CxC3AoeFFXv8YqKYs6M9f0PLzM3v7C4lF3OrayurW/kN7dujEo0oQFRXOl6hA3lTNLAMstpPdYUi4jTWtQ/Hfm1O6oNU/LaDmIaCtyVrMMItk66bWqBLhjRqqLU5VkrXygV/TGQ/4t8WQWYotrKvzfbiiSCSks4NqZR8mMbplhbRjgd5pqJoTEmfdylDUclFtSE6Tj1EO05pY06SruRFo3V2YsUC2MGInKbAtue+emNxL+8RmI7x2HKZJxYKsnkUSfhyCo0qgC1mabE8oEjmGjmsiLSwxoT64rKzZbwPwkOiidF/+qwUK5M28jCDuzCPpTgCMpwDlUIgICGB3iCZ+/ee/RevNfJasab3mzDN3hvnz0jkeI=</latexit>

SBND
<latexit sha1_base64="BDy68WAuj0ZFH5EqnaIqXTektBY=">AAAB7nicdVDLSgMxFL3xWeur6tJNsAiuylQEdVeqC1dS0bGFdiiZNNOGJpkxyQhl6E+4caHi1u9x59+YPoT6OnDhcM693HtPmAhurOd9oLn5hcWl5dxKfnVtfWOzsLV9a+JUU+bTWMS6ERLDBFfMt9wK1kg0IzIUrB72z0Z+/Z5pw2N1YwcJCyTpKh5xSqyTGi0t8XX18rxdKJZL3hjY+0W+rCJMUWsX3ludmKaSKUsFMaZZ9hIbZERbTgUb5lupYQmhfdJlTUcVkcwE2fjeId53SgdHsXalLB6rsxMZkcYMZOg6JbE989MbiX95zdRGJ0HGVZJapuhkUZQKbGM8eh53uGbUioEjhGrubsW0RzSh1kWUnw3hf+Iflk5L3tVRsVKdppGDXdiDAyjDMVTgAmrgAwUBD/AEz+gOPaIX9DppnUPTmR34BvT2CXchjyA=</latexit><latexit sha1_base64="BDy68WAuj0ZFH5EqnaIqXTektBY=">AAAB7nicdVDLSgMxFL3xWeur6tJNsAiuylQEdVeqC1dS0bGFdiiZNNOGJpkxyQhl6E+4caHi1u9x59+YPoT6OnDhcM693HtPmAhurOd9oLn5hcWl5dxKfnVtfWOzsLV9a+JUU+bTWMS6ERLDBFfMt9wK1kg0IzIUrB72z0Z+/Z5pw2N1YwcJCyTpKh5xSqyTGi0t8XX18rxdKJZL3hjY+0W+rCJMUWsX3ludmKaSKUsFMaZZ9hIbZERbTgUb5lupYQmhfdJlTUcVkcwE2fjeId53SgdHsXalLB6rsxMZkcYMZOg6JbE989MbiX95zdRGJ0HGVZJapuhkUZQKbGM8eh53uGbUioEjhGrubsW0RzSh1kWUnw3hf+Iflk5L3tVRsVKdppGDXdiDAyjDMVTgAmrgAwUBD/AEz+gOPaIX9DppnUPTmR34BvT2CXchjyA=</latexit><latexit sha1_base64="BDy68WAuj0ZFH5EqnaIqXTektBY=">AAAB7nicdVDLSgMxFL3xWeur6tJNsAiuylQEdVeqC1dS0bGFdiiZNNOGJpkxyQhl6E+4caHi1u9x59+YPoT6OnDhcM693HtPmAhurOd9oLn5hcWl5dxKfnVtfWOzsLV9a+JUU+bTWMS6ERLDBFfMt9wK1kg0IzIUrB72z0Z+/Z5pw2N1YwcJCyTpKh5xSqyTGi0t8XX18rxdKJZL3hjY+0W+rCJMUWsX3ludmKaSKUsFMaZZ9hIbZERbTgUb5lupYQmhfdJlTUcVkcwE2fjeId53SgdHsXalLB6rsxMZkcYMZOg6JbE989MbiX95zdRGJ0HGVZJapuhkUZQKbGM8eh53uGbUioEjhGrubsW0RzSh1kWUnw3hf+Iflk5L3tVRsVKdppGDXdiDAyjDMVTgAmrgAwUBD/AEz+gOPaIX9DppnUPTmR34BvT2CXchjyA=</latexit>

Experiments on 
Fermilab campus

! 700 m
<latexit sha1_base64="6VQ9pT58hrHb/p8w44EWgWp/I3k=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBg5StCNVb0YvHCsYWmlA22027dDcJu5tCCf0nXjyoePWnePPfuG1z0NYHA4/3ZpiZF6aCa4Pxt1NaW9/Y3CpvV3Z29/YP3MOjJ51kijKPJiJRnZBoJnjMPMONYJ1UMSJDwdrh6G7mt8dMaZ7Ej2aSskCSQcwjTomxUs91fc0l8pVEDYz9CyR7bhXX8BxoldQLUoUCrZ775fcTmkkWGyqI1t06Tk2QE2U4FWxa8TPNUkJHZMC6lsZEMh3k88un6MwqfRQlylZs0Fz9PZETqfVEhrZTEjPUy95M/M/rZia6DnIep5lhMV0sijKBTIJmMaA+V4waMbGEUMXtrYgOiSLU2LAqNoT68surxLus3dTww1W1eVukUYYTOIVzqEMDmnAPLfCAwhie4RXenNx5cd6dj0VrySlmjuEPnM8fqYuR6g==</latexit><latexit sha1_base64="6VQ9pT58hrHb/p8w44EWgWp/I3k=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBg5StCNVb0YvHCsYWmlA22027dDcJu5tCCf0nXjyoePWnePPfuG1z0NYHA4/3ZpiZF6aCa4Pxt1NaW9/Y3CpvV3Z29/YP3MOjJ51kijKPJiJRnZBoJnjMPMONYJ1UMSJDwdrh6G7mt8dMaZ7Ej2aSskCSQcwjTomxUs91fc0l8pVEDYz9CyR7bhXX8BxoldQLUoUCrZ775fcTmkkWGyqI1t06Tk2QE2U4FWxa8TPNUkJHZMC6lsZEMh3k88un6MwqfRQlylZs0Fz9PZETqfVEhrZTEjPUy95M/M/rZia6DnIep5lhMV0sijKBTIJmMaA+V4waMbGEUMXtrYgOiSLU2LAqNoT68surxLus3dTww1W1eVukUYYTOIVzqEMDmnAPLfCAwhie4RXenNx5cd6dj0VrySlmjuEPnM8fqYuR6g==</latexit><latexit sha1_base64="6VQ9pT58hrHb/p8w44EWgWp/I3k=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBg5StCNVb0YvHCsYWmlA22027dDcJu5tCCf0nXjyoePWnePPfuG1z0NYHA4/3ZpiZF6aCa4Pxt1NaW9/Y3CpvV3Z29/YP3MOjJ51kijKPJiJRnZBoJnjMPMONYJ1UMSJDwdrh6G7mt8dMaZ7Ej2aSskCSQcwjTomxUs91fc0l8pVEDYz9CyR7bhXX8BxoldQLUoUCrZ775fcTmkkWGyqI1t06Tk2QE2U4FWxa8TPNUkJHZMC6lsZEMh3k88un6MwqfRQlylZs0Fz9PZETqfVEhrZTEjPUy95M/M/rZia6DnIep5lhMV0sijKBTIJmMaA+V4waMbGEUMXtrYgOiSLU2LAqNoT68surxLus3dTww1W1eVukUYYTOIVzqEMDmnAPLfCAwhie4RXenNx5cd6dj0VrySlmjuEPnM8fqYuR6g==</latexit>

! 7.4!
<latexit sha1_base64="xlQTepNK41vYGDRbJ9m+5/y/nWs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikUL0VvXisYGyhSctmu2mX7iZhd6OU0P/hxYOKV3+MN/+N2zYHbX0w8Hhvhpl5YcqZ0o7zbZXW1jc2t8rblZ3dvf2D6uHRg0oySahHEp7ITogV5Symnmaa004qKRYhp+1wfDPz249UKpbE93qS0kDgYcwiRrA2Us9XTKCGXe/5hEnSr9Yc25kDrRK3IDUo0OpXv/xBQjJBY004VqrrOqkOciw1I5xOK36maIrJGA9p19AYC6qCfH71FJ0ZZYCiRJqKNZqrvydyLJSaiNB0CqxHatmbif953UxHl0HO4jTTNCaLRVHGkU7QLAI0YJISzSeGYCKZuRWREZaYaBNUxYTgLr+8SrwL+8p27uq15nWRRhlO4BTOwYUGNOEWWuABAQnP8Apv1pP1Yr1bH4vWklXMHMMfWJ8/wQWRkg==</latexit><latexit sha1_base64="xlQTepNK41vYGDRbJ9m+5/y/nWs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikUL0VvXisYGyhSctmu2mX7iZhd6OU0P/hxYOKV3+MN/+N2zYHbX0w8Hhvhpl5YcqZ0o7zbZXW1jc2t8rblZ3dvf2D6uHRg0oySahHEp7ITogV5Symnmaa004qKRYhp+1wfDPz249UKpbE93qS0kDgYcwiRrA2Us9XTKCGXe/5hEnSr9Yc25kDrRK3IDUo0OpXv/xBQjJBY004VqrrOqkOciw1I5xOK36maIrJGA9p19AYC6qCfH71FJ0ZZYCiRJqKNZqrvydyLJSaiNB0CqxHatmbif953UxHl0HO4jTTNCaLRVHGkU7QLAI0YJISzSeGYCKZuRWREZaYaBNUxYTgLr+8SrwL+8p27uq15nWRRhlO4BTOwYUGNOEWWuABAQnP8Apv1pP1Yr1bH4vWklXMHMMfWJ8/wQWRkg==</latexit><latexit sha1_base64="xlQTepNK41vYGDRbJ9m+5/y/nWs=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikUL0VvXisYGyhSctmu2mX7iZhd6OU0P/hxYOKV3+MN/+N2zYHbX0w8Hhvhpl5YcqZ0o7zbZXW1jc2t8rblZ3dvf2D6uHRg0oySahHEp7ITogV5Symnmaa004qKRYhp+1wfDPz249UKpbE93qS0kDgYcwiRrA2Us9XTKCGXe/5hEnSr9Yc25kDrRK3IDUo0OpXv/xBQjJBY004VqrrOqkOciw1I5xOK36maIrJGA9p19AYC6qCfH71FJ0ZZYCiRJqKNZqrvydyLJSaiNB0CqxHatmbif953UxHl0HO4jTTNCaLRVHGkU7QLAI0YJISzSeGYCKZuRWREZaYaBNUxYTgLr+8SrwL+8p27uq15nWRRhlO4BTOwYUGNOEWWuABAQnP8Apv1pP1Yr1bH4vWklXMHMMfWJ8/wQWRkg==</latexit>

We Already Have Data On Tape 
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! D = 0 .5
<latexit sha1_base64="5gioX/o5SOEAg5EQBp65pfvGmmI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hFUQ9CUQ8eKxhbaELZbDft0s1m2d0IJfRvePGg4tVf481/47bNQVsfDDzem2FmXiQ508bzvp3S0vLK6lp5vbKxubW9U93de9Rppgj1ScpT1Y6wppwJ6htmOG1LRXEScdqKhjcTv/VElWapeDAjScME9wWLGcHGSkGAuRzg7u2V5551qzXP9aZAi6RekBoUaHarX0EvJVlChSEca92pe9KEOVaGEU7HlSDTVGIyxH3asVTghOown948RkdW6aE4VbaEQVP190SOE61HSWQ7E2wGet6biP95nczEF2HOhMwMFWS2KM44MimaBIB6TFFi+MgSTBSztyIywAoTY2Oq2BDq8y8vEv/EvXS9+9Na47pIowwHcAjHUIdzaMAdNMEHAhKe4RXenMx5cd6dj1lrySlm9uEPnM8fGNSQmg==</latexit><latexit sha1_base64="5gioX/o5SOEAg5EQBp65pfvGmmI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hFUQ9CUQ8eKxhbaELZbDft0s1m2d0IJfRvePGg4tVf481/47bNQVsfDDzem2FmXiQ508bzvp3S0vLK6lp5vbKxubW9U93de9Rppgj1ScpT1Y6wppwJ6htmOG1LRXEScdqKhjcTv/VElWapeDAjScME9wWLGcHGSkGAuRzg7u2V5551qzXP9aZAi6RekBoUaHarX0EvJVlChSEca92pe9KEOVaGEU7HlSDTVGIyxH3asVTghOown948RkdW6aE4VbaEQVP190SOE61HSWQ7E2wGet6biP95nczEF2HOhMwMFWS2KM44MimaBIB6TFFi+MgSTBSztyIywAoTY2Oq2BDq8y8vEv/EvXS9+9Na47pIowwHcAjHUIdzaMAdNMEHAhKe4RXenMx5cd6dj1lrySlm9uEPnM8fGNSQmg==</latexit><latexit sha1_base64="5gioX/o5SOEAg5EQBp65pfvGmmI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hFUQ9CUQ8eKxhbaELZbDft0s1m2d0IJfRvePGg4tVf481/47bNQVsfDDzem2FmXiQ508bzvp3S0vLK6lp5vbKxubW9U93de9Rppgj1ScpT1Y6wppwJ6htmOG1LRXEScdqKhjcTv/VElWapeDAjScME9wWLGcHGSkGAuRzg7u2V5551qzXP9aZAi6RekBoUaHarX0EvJVlChSEca92pe9KEOVaGEU7HlSDTVGIyxH3asVTghOown948RkdW6aE4VbaEQVP190SOE61HSWQ7E2wGet6biP95nczEF2HOhMwMFWS2KM44MimaBIB6TFFi+MgSTBSztyIywAoTY2Oq2BDq8y8vEv/EvXS9+9Na47pIowwHcAjHUIdzaMAdNMEHAhKe4RXenMx5cd6dj1lrySlm9uEPnM8fGNSQmg==</latexit>

M A ! = 3M ! / 2 < 2M !
<latexit sha1_base64="OTiSRyU/wWH6scu0JioDP4R5XTM=">AAACBnicdVDLSsNAFJ3UV62vqEtBBovoqqZVUEGh6sZNoYKxhTaEyXTSDp1MwsxEKCE7N/6KGxcqbv0Gd/6Nk7ZCfR24cOace7lzjxcxKpVlfRi5qemZ2bn8fGFhcWl5xVxdu5FhLDCxcchC0fSQJIxyYiuqGGlGgqDAY6Th9S8yv3FLhKQhv1aDiDgB6nLqU4yUllxzs+YmZzspPIX7mrVxj6Z7FXgCKzU3e7hmsVyyhoDWL/JlFcEYddd8b3dCHAeEK8yQlK2yFSknQUJRzEhaaMeSRAj3UZe0NOUoINJJhnekcFsrHeiHQhdXcKhOTiQokHIQeLozQKonf3qZ+JfXipV/5CSUR7EiHI8W+TGDKoRZKLBDBcGKDTRBWFD9V4h7SCCsdHSFyRD+J3aldFyyrg6K1fNxGnmwAbbALiiDQ1AFl6AObIDBHXgAT+DZuDcejRfjddSaM8Yz6+AbjLdPxCCW5g==</latexit><latexit sha1_base64="OTiSRyU/wWH6scu0JioDP4R5XTM=">AAACBnicdVDLSsNAFJ3UV62vqEtBBovoqqZVUEGh6sZNoYKxhTaEyXTSDp1MwsxEKCE7N/6KGxcqbv0Gd/6Nk7ZCfR24cOace7lzjxcxKpVlfRi5qemZ2bn8fGFhcWl5xVxdu5FhLDCxcchC0fSQJIxyYiuqGGlGgqDAY6Th9S8yv3FLhKQhv1aDiDgB6nLqU4yUllxzs+YmZzspPIX7mrVxj6Z7FXgCKzU3e7hmsVyyhoDWL/JlFcEYddd8b3dCHAeEK8yQlK2yFSknQUJRzEhaaMeSRAj3UZe0NOUoINJJhnekcFsrHeiHQhdXcKhOTiQokHIQeLozQKonf3qZ+JfXipV/5CSUR7EiHI8W+TGDKoRZKLBDBcGKDTRBWFD9V4h7SCCsdHSFyRD+J3aldFyyrg6K1fNxGnmwAbbALiiDQ1AFl6AObIDBHXgAT+DZuDcejRfjddSaM8Yz6+AbjLdPxCCW5g==</latexit><latexit sha1_base64="OTiSRyU/wWH6scu0JioDP4R5XTM=">AAACBnicdVDLSsNAFJ3UV62vqEtBBovoqqZVUEGh6sZNoYKxhTaEyXTSDp1MwsxEKCE7N/6KGxcqbv0Gd/6Nk7ZCfR24cOace7lzjxcxKpVlfRi5qemZ2bn8fGFhcWl5xVxdu5FhLDCxcchC0fSQJIxyYiuqGGlGgqDAY6Th9S8yv3FLhKQhv1aDiDgB6nLqU4yUllxzs+YmZzspPIX7mrVxj6Z7FXgCKzU3e7hmsVyyhoDWL/JlFcEYddd8b3dCHAeEK8yQlK2yFSknQUJRzEhaaMeSRAj3UZe0NOUoINJJhnekcFsrHeiHQhdXcKhOTiQokHIQeLozQKonf3qZ+JfXipV/5CSUR7EiHI8W+TGDKoRZKLBDBcGKDTRBWFD9V4h7SCCsdHSFyRD+J3aldFyyrg6K1fNxGnmwAbbALiiDQ1AFl6AObIDBHXgAT+DZuDcejRfjddSaM8Yz6+AbjLdPxCCW5g==</latexit>
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!
<latexit sha1_base64="Qm6lV4JovvUXIWiyWTh5PCDrAuI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3l822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bKSOBQ==</latexit><latexit sha1_base64="Qm6lV4JovvUXIWiyWTh5PCDrAuI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3l822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bKSOBQ==</latexit><latexit sha1_base64="Qm6lV4JovvUXIWiyWTh5PCDrAuI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDUjMhvWG23TnQKvEK0kDSnSG9a/BKCGZoNIQjrXue25qghwrwwins9og0zTFZILHtG+pxILqIJ/fOkNnVhmhKFG2pEFz9fdEjoXWUxHaToFNrJe9QvzP62cmugpyJtPMUEkWi6KMI5Og4nE0YooSw6eWYKKYvRWRGCtMjI2nZkPwll9eJf5F87rp3l822jdlGlU4gVM4Bw9a0IY76IAPBGJ4hld4c4Tz4rw7H4vWilPOHMMfOJ8/bKSOBQ==</latexit>

ø!
<latexit sha1_base64="2ndk9PwjJG7Jv8w+uQ+Ie8F15Vc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx4rGFtoQtlsN+3SzSbuToQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88mCTTjHsskYnuhNRwKRT3UKDknVRzGoeSt8PRzdRvP3FtRKLucZzyIKYDJSLBKFqp44dU+2woetWaW3dnIMukUZAaFGj1ql9+P2FZzBUySY3pNtwUg5xqFEzyScXPDE8pG9EB71qqaMxNkM/unZATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/r5thdBnkQqUZcsXmi6JMEkzI9HnSF5ozlGNLKNPC3krYkGrK0EZUsSE0Fl9eJt5Z/aru3p3XmtdFGmU4gmM4hQZcQBNuoQUeMJDwDK/w5jw6L8678zFvLTnFzCH8gfP5A2cxj74=</latexit><latexit sha1_base64="2ndk9PwjJG7Jv8w+uQ+Ie8F15Vc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx4rGFtoQtlsN+3SzSbuToQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88mCTTjHsskYnuhNRwKRT3UKDknVRzGoeSt8PRzdRvP3FtRKLucZzyIKYDJSLBKFqp44dU+2woetWaW3dnIMukUZAaFGj1ql9+P2FZzBUySY3pNtwUg5xqFEzyScXPDE8pG9EB71qqaMxNkM/unZATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/r5thdBnkQqUZcsXmi6JMEkzI9HnSF5ozlGNLKNPC3krYkGrK0EZUsSE0Fl9eJt5Z/aru3p3XmtdFGmU4gmM4hQZcQBNuoQUeMJDwDK/w5jw6L8678zFvLTnFzCH8gfP5A2cxj74=</latexit><latexit sha1_base64="2ndk9PwjJG7Jv8w+uQ+Ie8F15Vc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx4rGFtoQtlsN+3SzSbuToQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88mCTTjHsskYnuhNRwKRT3UKDknVRzGoeSt8PRzdRvP3FtRKLucZzyIKYDJSLBKFqp44dU+2woetWaW3dnIMukUZAaFGj1ql9+P2FZzBUySY3pNtwUg5xqFEzyScXPDE8pG9EB71qqaMxNkM/unZATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/r5thdBnkQqUZcsXmi6JMEkzI9HnSF5ozlGNLKNPC3krYkGrK0EZUsSE0Fl9eJt5Z/aru3p3XmtdFGmU4gmM4hQZcQBNuoQUeMJDwDK/w5jw6L8678zFvLTnFzCH8gfP5A2cxj74=</latexit>

SM
<latexit sha1_base64="TITa6KKmitbRjTUwNjvRvxXpjfA=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hY0I6i3oxYsQ0U0CyRJmJ7PJmHksM7NCWPIPXjyoePWDvPk3TpI9aGJBQ1HVTXdXlHBmrO9/e0vLK6tr64WN4ubW9s5uaW+/YVSqCQ2I4kq3ImwoZ5IGlllOW4mmWEScNqPh9cRvPlFtmJIPdpTQUOC+ZDEj2Dqp0dEC3d92S2W/4k+BFkk1J2XIUe+Wvjo9RVJBpSUcG9Ou+okNM6wtI5yOi53U0ASTIe7TtqMSC2rCbHrtGB07pYdipV1Ji6bq74kMC2NGInKdAtuBmfcm4n9eO7XxRZgxmaSWSjJbFKccWYUmr6Me05RYPnIEE83crYgMsMbEuoCKLoTq/MuLJDitXFb8u7Ny7SpPowCHcAQnUIVzqMEN1CEAAo/wDK/w5invxXv3PmatS14+cwB/4H3+AFt0joQ=</latexit><latexit sha1_base64="TITa6KKmitbRjTUwNjvRvxXpjfA=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hY0I6i3oxYsQ0U0CyRJmJ7PJmHksM7NCWPIPXjyoePWDvPk3TpI9aGJBQ1HVTXdXlHBmrO9/e0vLK6tr64WN4ubW9s5uaW+/YVSqCQ2I4kq3ImwoZ5IGlllOW4mmWEScNqPh9cRvPlFtmJIPdpTQUOC+ZDEj2Dqp0dEC3d92S2W/4k+BFkk1J2XIUe+Wvjo9RVJBpSUcG9Ou+okNM6wtI5yOi53U0ASTIe7TtqMSC2rCbHrtGB07pYdipV1Ji6bq74kMC2NGInKdAtuBmfcm4n9eO7XxRZgxmaSWSjJbFKccWYUmr6Me05RYPnIEE83crYgMsMbEuoCKLoTq/MuLJDitXFb8u7Ny7SpPowCHcAQnUIVzqMEN1CEAAo/wDK/w5invxXv3PmatS14+cwB/4H3+AFt0joQ=</latexit><latexit sha1_base64="TITa6KKmitbRjTUwNjvRvxXpjfA=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hY0I6i3oxYsQ0U0CyRJmJ7PJmHksM7NCWPIPXjyoePWDvPk3TpI9aGJBQ1HVTXdXlHBmrO9/e0vLK6tr64WN4ubW9s5uaW+/YVSqCQ2I4kq3ImwoZ5IGlllOW4mmWEScNqPh9cRvPlFtmJIPdpTQUOC+ZDEj2Dqp0dEC3d92S2W/4k+BFkk1J2XIUe+Wvjo9RVJBpSUcG9Ou+okNM6wtI5yOi53U0ASTIe7TtqMSC2rCbHrtGB07pYdipV1Ji6bq74kMC2NGInKdAtuBmfcm4n9eO7XxRZgxmaSWSjJbFKccWYUmr6Me05RYPnIEE83crYgMsMbEuoCKLoTq/MuLJDitXFb8u7Ny7SpPowCHcAQnUIVzqMEN1CEAAo/wDK/w5invxXv3PmatS14+cwB/4H3+AFt0joQ=</latexit>

SM
<latexit sha1_base64="TITa6KKmitbRjTUwNjvRvxXpjfA=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hY0I6i3oxYsQ0U0CyRJmJ7PJmHksM7NCWPIPXjyoePWDvPk3TpI9aGJBQ1HVTXdXlHBmrO9/e0vLK6tr64WN4ubW9s5uaW+/YVSqCQ2I4kq3ImwoZ5IGlllOW4mmWEScNqPh9cRvPlFtmJIPdpTQUOC+ZDEj2Dqp0dEC3d92S2W/4k+BFkk1J2XIUe+Wvjo9RVJBpSUcG9Ou+okNM6wtI5yOi53U0ASTIe7TtqMSC2rCbHrtGB07pYdipV1Ji6bq74kMC2NGInKdAtuBmfcm4n9eO7XxRZgxmaSWSjJbFKccWYUmr6Me05RYPnIEE83crYgMsMbEuoCKLoTq/MuLJDitXFb8u7Ny7SpPowCHcAQnUIVzqMEN1CEAAo/wDK/w5invxXv3PmatS14+cwB/4H3+AFt0joQ=</latexit><latexit sha1_base64="TITa6KKmitbRjTUwNjvRvxXpjfA=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hY0I6i3oxYsQ0U0CyRJmJ7PJmHksM7NCWPIPXjyoePWDvPk3TpI9aGJBQ1HVTXdXlHBmrO9/e0vLK6tr64WN4ubW9s5uaW+/YVSqCQ2I4kq3ImwoZ5IGlllOW4mmWEScNqPh9cRvPlFtmJIPdpTQUOC+ZDEj2Dqp0dEC3d92S2W/4k+BFkk1J2XIUe+Wvjo9RVJBpSUcG9Ou+okNM6wtI5yOi53U0ASTIe7TtqMSC2rCbHrtGB07pYdipV1Ji6bq74kMC2NGInKdAtuBmfcm4n9eO7XxRZgxmaSWSjJbFKccWYUmr6Me05RYPnIEE83crYgMsMbEuoCKLoTq/MuLJDitXFb8u7Ny7SpPowCHcAQnUIVzqMEN1CEAAo/wDK/w5invxXv3PmatS14+cwB/4H3+AFt0joQ=</latexit><latexit sha1_base64="TITa6KKmitbRjTUwNjvRvxXpjfA=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hY0I6i3oxYsQ0U0CyRJmJ7PJmHksM7NCWPIPXjyoePWDvPk3TpI9aGJBQ1HVTXdXlHBmrO9/e0vLK6tr64WN4ubW9s5uaW+/YVSqCQ2I4kq3ImwoZ5IGlllOW4mmWEScNqPh9cRvPlFtmJIPdpTQUOC+ZDEj2Dqp0dEC3d92S2W/4k+BFkk1J2XIUe+Wvjo9RVJBpSUcG9Ou+okNM6wtI5yOi53U0ASTIe7TtqMSC2rCbHrtGB07pYdipV1Ji6bq74kMC2NGInKdAtuBmfcm4n9eO7XxRZgxmaSWSjJbFKccWYUmr6Me05RYPnIEE83crYgMsMbEuoCKLoTq/MuLJDitXFb8u7Ny7SpPowCHcAQnUIVzqMEN1CEAAo/wDK/w5invxXv3PmatS14+cwB/4H3+AFt0joQ=</latexit>

A !"
<latexit sha1_base64="WLhB3eKxY6Xrhjbw1AWTFMZkXY4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKKh5KIoN6qXjxWMLbQxrLZbtqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOFMG9f9dhYWl5ZXVktr5fWNza3tys7ug45TRahPYh6rVog15UxS3zDDaStRFIuQ02Y4vMn95hNVmsXy3owSGgjclyxiBJtcujp6POlWqm7NnQDNE68gVSjQ6Fa+Or2YpIJKQzjWuu25iQkyrAwjnI7LnVTTBJMh7tO2pRILqoNscusYHVqlh6JY2ZIGTdTfExkWWo9EaDsFNgM96+Xif147NdFFkDGZpIZKMl0UpRyZGOWPox5TlBg+sgQTxeytiAywwsTYeMo2BG/25Xnin9Yua+7dWbV+XaRRgn04gGPw4BzqcAsN8IHAAJ7hFd4c4bw4787HtHXBKWb24A+czx954o1l</latexit><latexit sha1_base64="WLhB3eKxY6Xrhjbw1AWTFMZkXY4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKKh5KIoN6qXjxWMLbQxrLZbtqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOFMG9f9dhYWl5ZXVktr5fWNza3tys7ug45TRahPYh6rVog15UxS3zDDaStRFIuQ02Y4vMn95hNVmsXy3owSGgjclyxiBJtcujp6POlWqm7NnQDNE68gVSjQ6Fa+Or2YpIJKQzjWuu25iQkyrAwjnI7LnVTTBJMh7tO2pRILqoNscusYHVqlh6JY2ZIGTdTfExkWWo9EaDsFNgM96+Xif147NdFFkDGZpIZKMl0UpRyZGOWPox5TlBg+sgQTxeytiAywwsTYeMo2BG/25Xnin9Yua+7dWbV+XaRRgn04gGPw4BzqcAsN8IHAAJ7hFd4c4bw4787HtHXBKWb24A+czx954o1l</latexit><latexit sha1_base64="WLhB3eKxY6Xrhjbw1AWTFMZkXY4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKKh5KIoN6qXjxWMLbQxrLZbtqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOFMG9f9dhYWl5ZXVktr5fWNza3tys7ug45TRahPYh6rVog15UxS3zDDaStRFIuQ02Y4vMn95hNVmsXy3owSGgjclyxiBJtcujp6POlWqm7NnQDNE68gVSjQ6Fa+Or2YpIJKQzjWuu25iQkyrAwjnI7LnVTTBJMh7tO2pRILqoNscusYHVqlh6JY2ZIGTdTfExkWWo9EaDsFNgM96+Xif147NdFFkDGZpIZKMl0UpRyZGOWPox5TlBg+sgQTxeytiAywwsTYeMo2BG/25Xnin9Yua+7dWbV+XaRRgn04gGPw4BzqcAsN8IHAAJ7hFd4c4bw4787HtHXBKWb24A+czx954o1l</latexit>

! !
<latexit sha1_base64="tE9TEppjKTV0Zf7Bs//013+iPV4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBPJRUBPVW9OKxgrGFNpbJdtMu3U3i7kYooX/CiwcVr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz32yksLa+srhXXSxubW9s75d29ex2nijKPxiJWrQA1EzxinuFGsFaiGMpAsGYwvJ74zSemNI+jOzNKmC+xH/GQUzRWanX6KCU+nHTLFbfqTkEWSS0nFcjR6Ja/Or2YppJFhgrUul1zE+NnqAyngo1LnVSzBOkQ+6xtaYSSaT+b3jsmR1bpkTBWtiJDpurviQyl1iMZ2E6JZqDnvYn4n9dOTXjhZzxKUsMiOlsUpoKYmEyeJz2uGDViZAlSxe2thA5QITU2opINoTb/8iLxTquXVff2rFK/ytMowgEcwjHU4BzqcAMN8ICCgGd4hTfn0Xlx3p2PWWvByWf24Q+czx8Pso+E</latexit><latexit sha1_base64="tE9TEppjKTV0Zf7Bs//013+iPV4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBPJRUBPVW9OKxgrGFNpbJdtMu3U3i7kYooX/CiwcVr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz32yksLa+srhXXSxubW9s75d29ex2nijKPxiJWrQA1EzxinuFGsFaiGMpAsGYwvJ74zSemNI+jOzNKmC+xH/GQUzRWanX6KCU+nHTLFbfqTkEWSS0nFcjR6Ja/Or2YppJFhgrUul1zE+NnqAyngo1LnVSzBOkQ+6xtaYSSaT+b3jsmR1bpkTBWtiJDpurviQyl1iMZ2E6JZqDnvYn4n9dOTXjhZzxKUsMiOlsUpoKYmEyeJz2uGDViZAlSxe2thA5QITU2opINoTb/8iLxTquXVff2rFK/ytMowgEcwjHU4BzqcAMN8ICCgGd4hTfn0Xlx3p2PWWvByWf24Q+czx8Pso+E</latexit><latexit sha1_base64="tE9TEppjKTV0Zf7Bs//013+iPV4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBPJRUBPVW9OKxgrGFNpbJdtMu3U3i7kYooX/CiwcVr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz32yksLa+srhXXSxubW9s75d29ex2nijKPxiJWrQA1EzxinuFGsFaiGMpAsGYwvJ74zSemNI+jOzNKmC+xH/GQUzRWanX6KCU+nHTLFbfqTkEWSS0nFcjR6Ja/Or2YppJFhgrUul1zE+NnqAyngo1LnVSzBOkQ+6xtaYSSaT+b3jsmR1bpkTBWtiJDpurviQyl1iMZ2E6JZqDnvYn4n9dOTXjhZzxKUsMiOlsUpoKYmEyeJz2uGDViZAlSxe2thA5QITU2opINoTb/8iLxTquXVff2rFK/ytMowgEcwjHU4BzqcAMN8ICCgGd4hTfn0Xlx3p2PWWvByWf24Q+czx8Pso+E</latexit>

X
!

<latexit sha1_base64="qlt5pu0S3o4w+UuImCYoFDJAcl4=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juBpIljA7mU2GzM4sM72BsOQzvHhQ8erfePNvnDwQTSxoKKq66e6KUiks+v6XV1hZXVvfKG6WtrZ3dvfK+wcPVmeG8YBpqU0zopZLoXiAAiVvpobTJJL8MRrcTPzHITdWaHWPo5SHCe0pEQtG0Umt9pAanlohteqUK37Vn4L8kNoiqcAcjU75s93VLEu4Qiapta2an2KYU4OCST4utTPLU8oGtMdbjiqacBvm05PH5MQpXRJr40ohmaq/J3KaWDtKIteZUOzbRW8i/ue1Mowvw1yoNEOu2GxRnEmCmkz+J11hOEM5coQyI9ythPWpoQxdSiUXwtLLyyQ4q15V/bvzSv16nkYRjuAYTqEGF1CHW2hAAAw0PMELvHroPXtv3vusteDNZw7hD7yPbyUfkVs=</latexit><latexit sha1_base64="qlt5pu0S3o4w+UuImCYoFDJAcl4=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juBpIljA7mU2GzM4sM72BsOQzvHhQ8erfePNvnDwQTSxoKKq66e6KUiks+v6XV1hZXVvfKG6WtrZ3dvfK+wcPVmeG8YBpqU0zopZLoXiAAiVvpobTJJL8MRrcTPzHITdWaHWPo5SHCe0pEQtG0Umt9pAanlohteqUK37Vn4L8kNoiqcAcjU75s93VLEu4Qiapta2an2KYU4OCST4utTPLU8oGtMdbjiqacBvm05PH5MQpXRJr40ohmaq/J3KaWDtKIteZUOzbRW8i/ue1Mowvw1yoNEOu2GxRnEmCmkz+J11hOEM5coQyI9ythPWpoQxdSiUXwtLLyyQ4q15V/bvzSv16nkYRjuAYTqEGF1CHW2hAAAw0PMELvHroPXtv3vusteDNZw7hD7yPbyUfkVs=</latexit><latexit sha1_base64="qlt5pu0S3o4w+UuImCYoFDJAcl4=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juBpIljA7mU2GzM4sM72BsOQzvHhQ8erfePNvnDwQTSxoKKq66e6KUiks+v6XV1hZXVvfKG6WtrZ3dvfK+wcPVmeG8YBpqU0zopZLoXiAAiVvpobTJJL8MRrcTPzHITdWaHWPo5SHCe0pEQtG0Umt9pAanlohteqUK37Vn4L8kNoiqcAcjU75s93VLEu4Qiapta2an2KYU4OCST4utTPLU8oGtMdbjiqacBvm05PH5MQpXRJr40ohmaq/J3KaWDtKIteZUOzbRW8i/ue1Mowvw1yoNEOu2GxRnEmCmkz+J11hOEM5coQyI9ythPWpoQxdSiUXwtLLyyQ4q15V/bvzSv16nkYRjuAYTqEGF1CHW2hAAAw0PMELvHroPXtv3vusteDNZw7hD7yPbyUfkVs=</latexit>

Better sensitivity using dark trident than elastic scattering.

CMB constraint does not apply to complex scalar, or ADM.

Relic density

ADM

CMB 
(fermion 
DM only)
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freeze out channel

Dark Trident at MicroBooNE: Reaches

de Gouv•a, Fox, Harnik, Kelly, YZ (1809.06388)
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! D = 0 .5
<latexit sha1_base64="5gioX/o5SOEAg5EQBp65pfvGmmI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hFUQ9CUQ8eKxhbaELZbDft0s1m2d0IJfRvePGg4tVf481/47bNQVsfDDzem2FmXiQ508bzvp3S0vLK6lp5vbKxubW9U93de9Rppgj1ScpT1Y6wppwJ6htmOG1LRXEScdqKhjcTv/VElWapeDAjScME9wWLGcHGSkGAuRzg7u2V5551qzXP9aZAi6RekBoUaHarX0EvJVlChSEca92pe9KEOVaGEU7HlSDTVGIyxH3asVTghOown948RkdW6aE4VbaEQVP190SOE61HSWQ7E2wGet6biP95nczEF2HOhMwMFWS2KM44MimaBIB6TFFi+MgSTBSztyIywAoTY2Oq2BDq8y8vEv/EvXS9+9Na47pIowwHcAjHUIdzaMAdNMEHAhKe4RXenMx5cd6dj1lrySlm9uEPnM8fGNSQmg==</latexit><latexit sha1_base64="5gioX/o5SOEAg5EQBp65pfvGmmI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hFUQ9CUQ8eKxhbaELZbDft0s1m2d0IJfRvePGg4tVf481/47bNQVsfDDzem2FmXiQ508bzvp3S0vLK6lp5vbKxubW9U93de9Rppgj1ScpT1Y6wppwJ6htmOG1LRXEScdqKhjcTv/VElWapeDAjScME9wWLGcHGSkGAuRzg7u2V5551qzXP9aZAi6RekBoUaHarX0EvJVlChSEca92pe9KEOVaGEU7HlSDTVGIyxH3asVTghOown948RkdW6aE4VbaEQVP190SOE61HSWQ7E2wGet6biP95nczEF2HOhMwMFWS2KM44MimaBIB6TFFi+MgSTBSztyIywAoTY2Oq2BDq8y8vEv/EvXS9+9Na47pIowwHcAjHUIdzaMAdNMEHAhKe4RXenMx5cd6dj1lrySlm9uEPnM8fGNSQmg==</latexit><latexit sha1_base64="5gioX/o5SOEAg5EQBp65pfvGmmI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hFUQ9CUQ8eKxhbaELZbDft0s1m2d0IJfRvePGg4tVf481/47bNQVsfDDzem2FmXiQ508bzvp3S0vLK6lp5vbKxubW9U93de9Rppgj1ScpT1Y6wppwJ6htmOG1LRXEScdqKhjcTv/VElWapeDAjScME9wWLGcHGSkGAuRzg7u2V5551qzXP9aZAi6RekBoUaHarX0EvJVlChSEca92pe9KEOVaGEU7HlSDTVGIyxH3asVTghOown948RkdW6aE4VbaEQVP190SOE61HSWQ7E2wGet6biP95nczEF2HOhMwMFWS2KM44MimaBIB6TFFi+MgSTBSztyIywAoTY2Oq2BDq8y8vEv/EvXS9+9Na47pIowwHcAjHUIdzaMAdNMEHAhKe4RXenMx5cd6dj1lrySlm9uEPnM8fGNSQmg==</latexit>

A positive discovery of " away from the thermal targets could help 
differentiate DM production mechanisms.

M A ! = M ! / 2
<latexit sha1_base64="7PxKrr0YQG1BL7e9MGJBD4h7rKo=">AAAB+XicdVDLSsNAFL2pr1pfqS7dDBbRVU2LoC6Eqhs3hQrGFtoSJtNJO3QyCTMTpcR+ihsXKm79E3f+jdOHUF8HLhzOuZd7OH7MmdKO82Fl5uYXFpeyy7mV1bX1DTu/eaOiRBLqkohHsuFjRTkT1NVMc9qIJcWhz2nd71+M/PotlYpF4loPYtoOcVewgBGsjeTZ+aqXnu0N0Smqei3SYwdlzy6Uis4YyPlFvqwCTFHz7PdWJyJJSIUmHCvVLDmxbqdYakY4HeZaiaIxJn3cpU1DBQ6paqfj6EO0a5QOCiJpRmg0VmcvUhwqNQh9sxli3VM/vZH4l9dMdHDcTpmIE00FmTwKEo50hEY9oA6TlGg+MAQTyUxWRHpYYqJNW7nZEv4nbrl4UnSuDguV82kbWdiGHdiHEhxBBS6hBi4QuIMHeIJn6956tF6s18lqxprebME3WG+fWkaSTw==</latexit><latexit sha1_base64="7PxKrr0YQG1BL7e9MGJBD4h7rKo=">AAAB+XicdVDLSsNAFL2pr1pfqS7dDBbRVU2LoC6Eqhs3hQrGFtoSJtNJO3QyCTMTpcR+ihsXKm79E3f+jdOHUF8HLhzOuZd7OH7MmdKO82Fl5uYXFpeyy7mV1bX1DTu/eaOiRBLqkohHsuFjRTkT1NVMc9qIJcWhz2nd71+M/PotlYpF4loPYtoOcVewgBGsjeTZ+aqXnu0N0Smqei3SYwdlzy6Uis4YyPlFvqwCTFHz7PdWJyJJSIUmHCvVLDmxbqdYakY4HeZaiaIxJn3cpU1DBQ6paqfj6EO0a5QOCiJpRmg0VmcvUhwqNQh9sxli3VM/vZH4l9dMdHDcTpmIE00FmTwKEo50hEY9oA6TlGg+MAQTyUxWRHpYYqJNW7nZEv4nbrl4UnSuDguV82kbWdiGHdiHEhxBBS6hBi4QuIMHeIJn6956tF6s18lqxprebME3WG+fWkaSTw==</latexit><latexit sha1_base64="7PxKrr0YQG1BL7e9MGJBD4h7rKo=">AAAB+XicdVDLSsNAFL2pr1pfqS7dDBbRVU2LoC6Eqhs3hQrGFtoSJtNJO3QyCTMTpcR+ihsXKm79E3f+jdOHUF8HLhzOuZd7OH7MmdKO82Fl5uYXFpeyy7mV1bX1DTu/eaOiRBLqkohHsuFjRTkT1NVMc9qIJcWhz2nd71+M/PotlYpF4loPYtoOcVewgBGsjeTZ+aqXnu0N0Smqei3SYwdlzy6Uis4YyPlFvqwCTFHz7PdWJyJJSIUmHCvVLDmxbqdYakY4HeZaiaIxJn3cpU1DBQ6paqfj6EO0a5QOCiJpRmg0VmcvUhwqNQh9sxli3VM/vZH4l9dMdHDcTpmIE00FmTwKEo50hEY9oA6TlGg+MAQTyUxWRHpYYqJNW7nZEv4nbrl4UnSuDguV82kbWdiGHdiHEhxBBS6hBi4QuIMHeIJn6956tF6s18lqxprebME3WG+fWkaSTw==</latexit>

Secluded scenario:
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ø! A!
<latexit sha1_base64="vDvAnZa2Badgk1DDiDLBs8Jsv8M=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9VLx6rGFtoQ9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFpeWV1rbhe2tjc2t4p7+49mjjVjHsslrFuBdRwKRT3UKDkrURzGgWSN4PhzcRvPnFtRKwecJRwP6J9JULBKFrp/uq4W664VXcKskhqOalAjka3/NXpxSyNuEImqTHtmpugn1GNgkk+LnVSwxPKhrTP25YqGnHjZ9NLx+TIKj0SxtqWQjJVf09kNDJmFAW2M6I4MPPeRPzPa6cYXviZUEmKXLHZojCVBGMyeZv0hOYM5cgSyrSwtxI2oJoytOGUbAi1+ZcXiXdavay6d2eV+nWeRhEO4BBOoAbnUIdbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AGFBjMk=</latexit><latexit sha1_base64="vDvAnZa2Badgk1DDiDLBs8Jsv8M=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9VLx6rGFtoQ9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFpeWV1rbhe2tjc2t4p7+49mjjVjHsslrFuBdRwKRT3UKDkrURzGgWSN4PhzcRvPnFtRKwecJRwP6J9JULBKFrp/uq4W664VXcKskhqOalAjka3/NXpxSyNuEImqTHtmpugn1GNgkk+LnVSwxPKhrTP25YqGnHjZ9NLx+TIKj0SxtqWQjJVf09kNDJmFAW2M6I4MPPeRPzPa6cYXviZUEmKXLHZojCVBGMyeZv0hOYM5cgSyrSwtxI2oJoytOGUbAi1+ZcXiXdavay6d2eV+nWeRhEO4BBOoAbnUIdbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AGFBjMk=</latexit><latexit sha1_base64="vDvAnZa2Badgk1DDiDLBs8Jsv8M=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9VLx6rGFtoQ9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFpeWV1rbhe2tjc2t4p7+49mjjVjHsslrFuBdRwKRT3UKDkrURzGgWSN4PhzcRvPnFtRKwecJRwP6J9JULBKFrp/uq4W664VXcKskhqOalAjka3/NXpxSyNuEImqTHtmpugn1GNgkk+LnVSwxPKhrTP25YqGnHjZ9NLx+TIKj0SxtqWQjJVf09kNDJmFAW2M6I4MPPeRPzPa6cYXviZUEmKXLHZojCVBGMyeZv0hOYM5cgSyrSwtxI2oJoytOGUbAi1+ZcXiXdavay6d2eV+nWeRhEO4BBOoAbnUIdbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AGFBjMk=</latexit>

A !
<latexit sha1_base64="vDvAnZa2Badgk1DDiDLBs8Jsv8M=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9VLx6rGFtoQ9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFpeWV1rbhe2tjc2t4p7+49mjjVjHsslrFuBdRwKRT3UKDkrURzGgWSN4PhzcRvPnFtRKwecJRwP6J9JULBKFrp/uq4W664VXcKskhqOalAjka3/NXpxSyNuEImqTHtmpugn1GNgkk+LnVSwxPKhrTP25YqGnHjZ9NLx+TIKj0SxtqWQjJVf09kNDJmFAW2M6I4MPPeRPzPa6cYXviZUEmKXLHZojCVBGMyeZv0hOYM5cgSyrSwtxI2oJoytOGUbAi1+ZcXiXdavay6d2eV+nWeRhEO4BBOoAbnUIdbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AGFBjMk=</latexit><latexit sha1_base64="vDvAnZa2Badgk1DDiDLBs8Jsv8M=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9VLx6rGFtoQ9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFpeWV1rbhe2tjc2t4p7+49mjjVjHsslrFuBdRwKRT3UKDkrURzGgWSN4PhzcRvPnFtRKwecJRwP6J9JULBKFrp/uq4W664VXcKskhqOalAjka3/NXpxSyNuEImqTHtmpugn1GNgkk+LnVSwxPKhrTP25YqGnHjZ9NLx+TIKj0SxtqWQjJVf09kNDJmFAW2M6I4MPPeRPzPa6cYXviZUEmKXLHZojCVBGMyeZv0hOYM5cgSyrSwtxI2oJoytOGUbAi1+ZcXiXdavay6d2eV+nWeRhEO4BBOoAbnUIdbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AGFBjMk=</latexit><latexit sha1_base64="vDvAnZa2Badgk1DDiDLBs8Jsv8M=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9VLx6rGFtoQ9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFpeWV1rbhe2tjc2t4p7+49mjjVjHsslrFuBdRwKRT3UKDkrURzGgWSN4PhzcRvPnFtRKwecJRwP6J9JULBKFrp/uq4W664VXcKskhqOalAjka3/NXpxSyNuEImqTHtmpugn1GNgkk+LnVSwxPKhrTP25YqGnHjZ9NLx+TIKj0SxtqWQjJVf09kNDJmFAW2M6I4MPPeRPzPa6cYXviZUEmKXLHZojCVBGMyeZv0hOYM5cgSyrSwtxI2oJoytOGUbAi1+ZcXiXdavay6d2eV+nWeRhEO4BBOoAbnUIdbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AGFBjMk=</latexit>

freeze out channel

de Gouv•a, Fox, Harnik, Kelly, YZ (1809.06388)

Dark Trident at MicroBooNE: Reaches
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Interestingly, outgoing AÕ most likely to travel along beam direction, 
with nuclear recoil perpendicular to beam direction.

A Closer Look: angular distributions

de Gouv•a, Fox, Harnik, Kelly, YZ (1809.06388)
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This is a generic feature that applies to all mass ranges we explore.

A Closer Look: angular distributions

de Gouv•a, Fox, Harnik, Kelly, YZ (1809.06388)
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neutrinos
<latexit sha1_base64="oChUsXzRkcxzH2Z2nP9G+eRo3Zk=">AAAB83icdZDLSgMxFIYz9VbrrerSTbAIroaMeOuu6MZlBccW2qFk0rQNzWVMMoUy9DncuFBx68u4821M21FU9IfA4fvP4Zz8ccKZsQi9e4WFxaXlleJqaW19Y3OrvL1za1SqCQ2J4ko3Y2woZ5KGlllOm4mmWMScNuLh5dRvjKg2TMkbO05oJHBfsh4j2DoUtbWAkqZWM6lMp1xB/gkKqqcBRD6aCX6RICcVkKveKb+1u4qkgkpLODamFaDERhnWlhFOJ6V2amiCyRD3acuVEgtqomx29AQeONKFPaXdkxbO6PeJDAtjxiJ2nQLbgfntTeFfXiu1vfMoYzJJLZVkvqiXcmgVnCYAu0xTYvnYFZho5m6FZIA1JtblVHIhfP4U/l+ER37VR9fHldpFnkYR7IF9cAgCcAZq4ArUQQgIuAP34BE8eSPvwXv2XuatBS+f2QU/5L1+AKrxkj0=</latexit><latexit sha1_base64="oChUsXzRkcxzH2Z2nP9G+eRo3Zk=">AAAB83icdZDLSgMxFIYz9VbrrerSTbAIroaMeOuu6MZlBccW2qFk0rQNzWVMMoUy9DncuFBx68u4821M21FU9IfA4fvP4Zz8ccKZsQi9e4WFxaXlleJqaW19Y3OrvL1za1SqCQ2J4ko3Y2woZ5KGlllOm4mmWMScNuLh5dRvjKg2TMkbO05oJHBfsh4j2DoUtbWAkqZWM6lMp1xB/gkKqqcBRD6aCX6RICcVkKveKb+1u4qkgkpLODamFaDERhnWlhFOJ6V2amiCyRD3acuVEgtqomx29AQeONKFPaXdkxbO6PeJDAtjxiJ2nQLbgfntTeFfXiu1vfMoYzJJLZVkvqiXcmgVnCYAu0xTYvnYFZho5m6FZIA1JtblVHIhfP4U/l+ER37VR9fHldpFnkYR7IF9cAgCcAZq4ArUQQgIuAP34BE8eSPvwXv2XuatBS+f2QU/5L1+AKrxkj0=</latexit><latexit sha1_base64="oChUsXzRkcxzH2Z2nP9G+eRo3Zk=">AAAB83icdZDLSgMxFIYz9VbrrerSTbAIroaMeOuu6MZlBccW2qFk0rQNzWVMMoUy9DncuFBx68u4821M21FU9IfA4fvP4Zz8ccKZsQi9e4WFxaXlleJqaW19Y3OrvL1za1SqCQ2J4ko3Y2woZ5KGlllOm4mmWMScNuLh5dRvjKg2TMkbO05oJHBfsh4j2DoUtbWAkqZWM6lMp1xB/gkKqqcBRD6aCX6RICcVkKveKb+1u4qkgkpLODamFaDERhnWlhFOJ6V2amiCyRD3acuVEgtqomx29AQeONKFPaXdkxbO6PeJDAtjxiJ2nQLbgfntTeFfXiu1vfMoYzJJLZVkvqiXcmgVnCYAu0xTYvnYFZho5m6FZIA1JtblVHIhfP4U/l+ER37VR9fHldpFnkYR7IF9cAgCcAZq4ArUQQgIuAP34BE8eSPvwXv2XuatBS+f2QU/5L1+AKrxkj0=</latexit>

dark matter
<latexit sha1_base64="43eZHnlw/qDNvqTrLWdCVGmb55k=">AAAB+XicdVDLSgMxFM3UV62vqS7dBIvgasjU0tZd0Y3LCo4tdIaSyWTa0ExmSDJKqf0UNy5U3Pon7vwb04egogcCh3Pu5Z6cMONMaYQ+rMLK6tr6RnGztLW9s7tnl/dvVJpLQj2S8lR2Q6woZ4J6mmlOu5mkOAk57YSji5nfuaVSsVRc63FGgwQPBIsZwdpIfbvsywRGWI6gDxOsNZV9u4Ict96sVxsQOdVGs3bqGoIWxHXQHBWwRLtvv/tRSvKECk04VqrnokwHEyw1I5xOS36uaIbJCA9oz1CBE6qCyTz6FB4bJYJxKs0TGs7V7xsTnCg1TkIzaeIN1W9vJv7l9XIdN4MJE1muqSCLQ3HOoU7hrAcYMUmJ5mNDMJHMZIVkiCUmpgJVMiV8/RT+T7yqc+agq1qldb5sowgOwRE4AS5ogBa4BG3gAQLuwAN4As/WvfVovVivi9GCtdw5AD9gvX0CUoOTnA==</latexit><latexit sha1_base64="43eZHnlw/qDNvqTrLWdCVGmb55k=">AAAB+XicdVDLSgMxFM3UV62vqS7dBIvgasjU0tZd0Y3LCo4tdIaSyWTa0ExmSDJKqf0UNy5U3Pon7vwb04egogcCh3Pu5Z6cMONMaYQ+rMLK6tr6RnGztLW9s7tnl/dvVJpLQj2S8lR2Q6woZ4J6mmlOu5mkOAk57YSji5nfuaVSsVRc63FGgwQPBIsZwdpIfbvsywRGWI6gDxOsNZV9u4Ict96sVxsQOdVGs3bqGoIWxHXQHBWwRLtvv/tRSvKECk04VqrnokwHEyw1I5xOS36uaIbJCA9oz1CBE6qCyTz6FB4bJYJxKs0TGs7V7xsTnCg1TkIzaeIN1W9vJv7l9XIdN4MJE1muqSCLQ3HOoU7hrAcYMUmJ5mNDMJHMZIVkiCUmpgJVMiV8/RT+T7yqc+agq1qldb5sowgOwRE4AS5ogBa4BG3gAQLuwAN4As/WvfVovVivi9GCtdw5AD9gvX0CUoOTnA==</latexit><latexit sha1_base64="43eZHnlw/qDNvqTrLWdCVGmb55k=">AAAB+XicdVDLSgMxFM3UV62vqS7dBIvgasjU0tZd0Y3LCo4tdIaSyWTa0ExmSDJKqf0UNy5U3Pon7vwb04egogcCh3Pu5Z6cMONMaYQ+rMLK6tr6RnGztLW9s7tnl/dvVJpLQj2S8lR2Q6woZ4J6mmlOu5mkOAk57YSji5nfuaVSsVRc63FGgwQPBIsZwdpIfbvsywRGWI6gDxOsNZV9u4Ict96sVxsQOdVGs3bqGoIWxHXQHBWwRLtvv/tRSvKECk04VqrnokwHEyw1I5xOS36uaIbJCA9oz1CBE6qCyTz6FB4bJYJxKs0TGs7V7xsTnCg1TkIzaeIN1W9vJv7l9XIdN4MJE1muqSCLQ3HOoU7hrAcYMUmJ5mNDMJHMZIVkiCUmpgJVMiV8/RT+T7yqc+agq1qldb5sowgOwRE4AS5ogBa4BG3gAQLuwAN4As/WvfVovVivi9GCtdw5AD9gvX0CUoOTnA==</latexit>

1!
<latexit sha1_base64="H6rMvCsWskKlFNVzx9SYSKBcLmI=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoY9lsJ+3SzSbsboQS+iO8eFDx6v/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T940EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LejFMMYjqQPOKMGiu1vMcu44r1qjW37s5AlolXkBoUaPaqX91+wrIYpWGCat3x3NQEOVWGM4GTSjfTmFI2ogPsWCppjDrIZ+dOyIlV+iRKlC1pyEz9PZHTWOtxHNrOmJqhXvSm4n9eJzPRZZBzmWYGJZsvijJBTEKmv5M+V8iMGFtCmeL2VsKGVFFmbEIVG4K3+PIy8c/qV3X37rzWuC7SKMMRHMMpeHABDbiFJvjAYATP8ApvTuq8OO/Ox7y15BQzh/AHzucPXQ6PHw==</latexit><latexit sha1_base64="H6rMvCsWskKlFNVzx9SYSKBcLmI=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoY9lsJ+3SzSbsboQS+iO8eFDx6v/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T940EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LejFMMYjqQPOKMGiu1vMcu44r1qjW37s5AlolXkBoUaPaqX91+wrIYpWGCat3x3NQEOVWGM4GTSjfTmFI2ogPsWCppjDrIZ+dOyIlV+iRKlC1pyEz9PZHTWOtxHNrOmJqhXvSm4n9eJzPRZZBzmWYGJZsvijJBTEKmv5M+V8iMGFtCmeL2VsKGVFFmbEIVG4K3+PIy8c/qV3X37rzWuC7SKMMRHMMpeHABDbiFJvjAYATP8ApvTuq8OO/Ox7y15BQzh/AHzucPXQ6PHw==</latexit><latexit sha1_base64="H6rMvCsWskKlFNVzx9SYSKBcLmI=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoY9lsJ+3SzSbsboQS+iO8eFDx6v/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T940EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LejFMMYjqQPOKMGiu1vMcu44r1qjW37s5AlolXkBoUaPaqX91+wrIYpWGCat3x3NQEOVWGM4GTSjfTmFI2ogPsWCppjDrIZ+dOyIlV+iRKlC1pyEz9PZHTWOtxHNrOmJqhXvSm4n9eJzPRZZBzmWYGJZsvijJBTEKmv5M+V8iMGFtCmeL2VsKGVFFmbEIVG4K3+PIy8c/qV3X37rzWuC7SKMMRHMMpeHABDbiFJvjAYATP8ApvTuq8OO/Ox7y15BQzh/AHzucPXQ6PHw==</latexit>

6!
<latexit sha1_base64="tso/q0v9B2Il6w6thRIETcPcv4Q=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KomIH7eiF48VjC20sWy2m3bpZhN2J0IJ/RFePKh49f9489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2l5ZXVtvbRR3tza3tmt7O0/mCTTjPsskYluhdRwKRT3UaDkrVRzGoeSN8PhzcRvPnFtRKLucZTyIKZ9JSLBKFqpef7YYUKzbqXq1twpyCLxClKFAo1u5avTS1gWc4VMUmPanptikFONgkk+Lncyw1PKhrTP25YqGnMT5NNzx+TYKj0SJdqWQjJVf0/kNDZmFIe2M6Y4MPPeRPzPa2cYXQa5UGmGXLHZoiiTBBMy+Z30hOYM5cgSyrSwtxI2oJoytAmVbQje/MuLxD+tXdXcu7Nq/bpIowSHcAQn4MEF1OEWGuADgyE8wyu8Oanz4rw7H7PWJaeYOYA/cD5/AGS7jyQ=</latexit><latexit sha1_base64="tso/q0v9B2Il6w6thRIETcPcv4Q=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KomIH7eiF48VjC20sWy2m3bpZhN2J0IJ/RFePKh49f9489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2l5ZXVtvbRR3tza3tmt7O0/mCTTjPsskYluhdRwKRT3UaDkrVRzGoeSN8PhzcRvPnFtRKLucZTyIKZ9JSLBKFqpef7YYUKzbqXq1twpyCLxClKFAo1u5avTS1gWc4VMUmPanptikFONgkk+Lncyw1PKhrTP25YqGnMT5NNzx+TYKj0SJdqWQjJVf0/kNDZmFIe2M6Y4MPPeRPzPa2cYXQa5UGmGXLHZoiiTBBMy+Z30hOYM5cgSyrSwtxI2oJoytAmVbQje/MuLxD+tXdXcu7Nq/bpIowSHcAQn4MEF1OEWGuADgyE8wyu8Oanz4rw7H7PWJaeYOYA/cD5/AGS7jyQ=</latexit><latexit sha1_base64="tso/q0v9B2Il6w6thRIETcPcv4Q=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KomIH7eiF48VjC20sWy2m3bpZhN2J0IJ/RFePKh49f9489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2l5ZXVtvbRR3tza3tmt7O0/mCTTjPsskYluhdRwKRT3UaDkrVRzGoeSN8PhzcRvPnFtRKLucZTyIKZ9JSLBKFqpef7YYUKzbqXq1twpyCLxClKFAo1u5avTS1gWc4VMUmPanptikFONgkk+Lncyw1PKhrTP25YqGnMT5NNzx+TYKj0SJdqWQjJVf0/kNDZmFIe2M6Y4MPPeRPzPa2cYXQa5UGmGXLHZoiiTBBMy+Z30hOYM5cgSyrSwtxI2oJoytAmVbQje/MuLxD+tXdXcu7Nq/bpIowSHcAQn4MEF1OEWGuADgyE8wyu8Oanz4rw7H7PWJaeYOYA/cD5/AGS7jyQ=</latexit>

60�
<latexit sha1_base64="WCEuVX7z7afFan07rVO6IwYtVlM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lF/LgVvXisYGyhjWWznbRLN5u4uxFK6J/w4kHFq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpLyyura8X10sbm1vZOeXfvXsepYuixWMSqFVCNgkv0DDcCW4lCGgUCm8HweuI3n1BpHss7M0rQj2hf8pAzaqzUOnMfOowr1i1X3Ko7BVkktZxUIEejW/7q9GKWRigNE1Trds1NjJ9RZTgTOC51Uo0JZUPax7alkkao/Wx675gcWaVHwljZkoZM1d8TGY20HkWB7YyoGeh5byL+57VTE174GZdJalCy2aIwFcTEZPI86XGFzIiRJZQpbm8lbEAVZcZGVLIh1OZfXiTeSfWy6t6eVupXeRpFOIBDOIYanEMdbqABHjAQ8Ayv8OY8Oi/Ou/Mxay04+cw+/IHz+QPTkI9e</latexit><latexit sha1_base64="WCEuVX7z7afFan07rVO6IwYtVlM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lF/LgVvXisYGyhjWWznbRLN5u4uxFK6J/w4kHFq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpLyyura8X10sbm1vZOeXfvXsepYuixWMSqFVCNgkv0DDcCW4lCGgUCm8HweuI3n1BpHss7M0rQj2hf8pAzaqzUOnMfOowr1i1X3Ko7BVkktZxUIEejW/7q9GKWRigNE1Trds1NjJ9RZTgTOC51Uo0JZUPax7alkkao/Wx675gcWaVHwljZkoZM1d8TGY20HkWB7YyoGeh5byL+57VTE174GZdJalCy2aIwFcTEZPI86XGFzIiRJZQpbm8lbEAVZcZGVLIh1OZfXiTeSfWy6t6eVupXeRpFOIBDOIYanEMdbqABHjAQ8Ayv8OY8Oi/Ou/Mxay04+cw+/IHz+QPTkI9e</latexit><latexit sha1_base64="WCEuVX7z7afFan07rVO6IwYtVlM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lF/LgVvXisYGyhjWWznbRLN5u4uxFK6J/w4kHFq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpLyyura8X10sbm1vZOeXfvXsepYuixWMSqFVCNgkv0DDcCW4lCGgUCm8HweuI3n1BpHss7M0rQj2hf8pAzaqzUOnMfOowr1i1X3Ko7BVkktZxUIEejW/7q9GKWRigNE1Trds1NjJ9RZTgTOC51Uo0JZUPax7alkkao/Wx675gcWaVHwljZkoZM1d8TGY20HkWB7YyoGeh5byL+57VTE174GZdJalCy2aIwFcTEZPI86XGFzIiRJZQpbm8lbEAVZcZGVLIh1OZfXiTeSfWy6t6eVupXeRpFOIBDOIYanEMdbqABHjAQ8Ayv8OY8Oi/Ou/Mxay04+cw+/IHz+QPTkI9e</latexit>
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!
<latexit sha1_base64="35AhcGyCls1bwmtZJNqtyAP5y+E=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juCaQLGF2MpsdMo9lZlYIS37BiwcVr36RN//G2SSIJhY0FFXddHdFKWfG+v6XV1pZXVvfKG9WtrZ3dveq+wcPRmWa0IAornQnwoZyJmlgmeW0k2qKRcRpOxrdFH77kWrDlLy345SGAg8lixnBtpB6JGH9as2v+1OgH9JYJDWYo9WvfvYGimSCSks4Nqbb8FMb5lhbRjidVHqZoSkmIzykXUclFtSE+fTWCTpxygDFSruSFk3V3xM5FsaMReQ6BbaJWfQK8T+vm9n4MsyZTDNLJZktijOOrELF42jANCWWjx3BRDN3KyIJ1phYF0/FhbD08jIJzupXdf/uvNa8nqdRhiM4hlNowAU04RZaEACBBJ7gBV494T17b977rLXkzWcO4Q+8j29uEY4G</latexit><latexit sha1_base64="35AhcGyCls1bwmtZJNqtyAP5y+E=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juCaQLGF2MpsdMo9lZlYIS37BiwcVr36RN//G2SSIJhY0FFXddHdFKWfG+v6XV1pZXVvfKG9WtrZ3dveq+wcPRmWa0IAornQnwoZyJmlgmeW0k2qKRcRpOxrdFH77kWrDlLy345SGAg8lixnBtpB6JGH9as2v+1OgH9JYJDWYo9WvfvYGimSCSks4Nqbb8FMb5lhbRjidVHqZoSkmIzykXUclFtSE+fTWCTpxygDFSruSFk3V3xM5FsaMReQ6BbaJWfQK8T+vm9n4MsyZTDNLJZktijOOrELF42jANCWWjx3BRDN3KyIJ1phYF0/FhbD08jIJzupXdf/uvNa8nqdRhiM4hlNowAU04RZaEACBBJ7gBV494T17b977rLXkzWcO4Q+8j29uEY4G</latexit><latexit sha1_base64="35AhcGyCls1bwmtZJNqtyAP5y+E=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juCaQLGF2MpsdMo9lZlYIS37BiwcVr36RN//G2SSIJhY0FFXddHdFKWfG+v6XV1pZXVvfKG9WtrZ3dveq+wcPRmWa0IAornQnwoZyJmlgmeW0k2qKRcRpOxrdFH77kWrDlLy345SGAg8lixnBtpB6JGH9as2v+1OgH9JYJDWYo9WvfvYGimSCSks4Nqbb8FMb5lhbRjidVHqZoSkmIzykXUclFtSE+fTWCTpxygDFSruSFk3V3xM5FsaMReQ6BbaJWfQK8T+vm9n4MsyZTDNLJZktijOOrELF42jANCWWjx3BRDN3KyIJ1phYF0/FhbD08jIJzupXdf/uvNa8nqdRhiM4hlNowAU04RZaEACBBJ7gBV494T17b977rLXkzWcO4Q+8j29uEY4G</latexit>

!
<latexit sha1_base64="35AhcGyCls1bwmtZJNqtyAP5y+E=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juCaQLGF2MpsdMo9lZlYIS37BiwcVr36RN//G2SSIJhY0FFXddHdFKWfG+v6XV1pZXVvfKG9WtrZ3dveq+wcPRmWa0IAornQnwoZyJmlgmeW0k2qKRcRpOxrdFH77kWrDlLy345SGAg8lixnBtpB6JGH9as2v+1OgH9JYJDWYo9WvfvYGimSCSks4Nqbb8FMb5lhbRjidVHqZoSkmIzykXUclFtSE+fTWCTpxygDFSruSFk3V3xM5FsaMReQ6BbaJWfQK8T+vm9n4MsyZTDNLJZktijOOrELF42jANCWWjx3BRDN3KyIJ1phYF0/FhbD08jIJzupXdf/uvNa8nqdRhiM4hlNowAU04RZaEACBBJ7gBV494T17b977rLXkzWcO4Q+8j29uEY4G</latexit><latexit sha1_base64="35AhcGyCls1bwmtZJNqtyAP5y+E=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juCaQLGF2MpsdMo9lZlYIS37BiwcVr36RN//G2SSIJhY0FFXddHdFKWfG+v6XV1pZXVvfKG9WtrZ3dveq+wcPRmWa0IAornQnwoZyJmlgmeW0k2qKRcRpOxrdFH77kWrDlLy345SGAg8lixnBtpB6JGH9as2v+1OgH9JYJDWYo9WvfvYGimSCSks4Nqbb8FMb5lhbRjidVHqZoSkmIzykXUclFtSE+fTWCTpxygDFSruSFk3V3xM5FsaMReQ6BbaJWfQK8T+vm9n4MsyZTDNLJZktijOOrELF42jANCWWjx3BRDN3KyIJ1phYF0/FhbD08jIJzupXdf/uvNa8nqdRhiM4hlNowAU04RZaEACBBJ7gBV494T17b977rLXkzWcO4Q+8j29uEY4G</latexit><latexit sha1_base64="35AhcGyCls1bwmtZJNqtyAP5y+E=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juCaQLGF2MpsdMo9lZlYIS37BiwcVr36RN//G2SSIJhY0FFXddHdFKWfG+v6XV1pZXVvfKG9WtrZ3dveq+wcPRmWa0IAornQnwoZyJmlgmeW0k2qKRcRpOxrdFH77kWrDlLy345SGAg8lixnBtpB6JGH9as2v+1OgH9JYJDWYo9WvfvYGimSCSks4Nqbb8FMb5lhbRjidVHqZoSkmIzykXUclFtSE+fTWCTpxygDFSruSFk3V3xM5FsaMReQ6BbaJWfQK8T+vm9n4MsyZTDNLJZktijOOrELF42jANCWWjx3BRDN3KyIJ1phYF0/FhbD08jIJzupXdf/uvNa8nqdRhiM4hlNowAU04RZaEACBBJ7gBV494T17b977rLXkzWcO4Q+8j29uEY4G</latexit>

Ar
<latexit sha1_base64="Lppey50Sn1vG/Fwqi6nS/nH9b3g=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9RLx4juEkgWcLsZDYZM49lZlYIS/7BiwcVr36QN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0IAornQ7woZyJmlgmeW0nWiKRcRpKxrdTv3WE9WGKflgxwkNBR5IFjOCrZOaXS3Qte6VK37VnwEtk1pOKpCj0St/dfuKpIJKSzg2plPzExtmWFtGOJ2UuqmhCSYjPKAdRyUW1ITZ7NoJOnFKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauPLMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1AZVcCLXFl5dJcFa9qvr355X6TZ5GEY7gGE6hBhdQhztoQAAEHuEZXuHNU96L9+59zFsLXj5zCH/gff4AeBuOlw==</latexit><latexit sha1_base64="Lppey50Sn1vG/Fwqi6nS/nH9b3g=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9RLx4juEkgWcLsZDYZM49lZlYIS/7BiwcVr36QN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0IAornQ7woZyJmlgmeW0nWiKRcRpKxrdTv3WE9WGKflgxwkNBR5IFjOCrZOaXS3Qte6VK37VnwEtk1pOKpCj0St/dfuKpIJKSzg2plPzExtmWFtGOJ2UuqmhCSYjPKAdRyUW1ITZ7NoJOnFKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauPLMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1AZVcCLXFl5dJcFa9qvr355X6TZ5GEY7gGE6hBhdQhztoQAAEHuEZXuHNU96L9+59zFsLXj5zCH/gff4AeBuOlw==</latexit><latexit sha1_base64="Lppey50Sn1vG/Fwqi6nS/nH9b3g=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9RLx4juEkgWcLsZDYZM49lZlYIS/7BiwcVr36QN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0IAornQ7woZyJmlgmeW0nWiKRcRpKxrdTv3WE9WGKflgxwkNBR5IFjOCrZOaXS3Qte6VK37VnwEtk1pOKpCj0St/dfuKpIJKSzg2plPzExtmWFtGOJ2UuqmhCSYjPKAdRyUW1ITZ7NoJOnFKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauPLMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1AZVcCLXFl5dJcFa9qvr355X6TZ5GEY7gGE6hBhdQhztoQAAEHuEZXuHNU96L9+59zFsLXj5zCH/gff4AeBuOlw==</latexit>

Ar
<latexit sha1_base64="Lppey50Sn1vG/Fwqi6nS/nH9b3g=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9RLx4juEkgWcLsZDYZM49lZlYIS/7BiwcVr36QN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0IAornQ7woZyJmlgmeW0nWiKRcRpKxrdTv3WE9WGKflgxwkNBR5IFjOCrZOaXS3Qte6VK37VnwEtk1pOKpCj0St/dfuKpIJKSzg2plPzExtmWFtGOJ2UuqmhCSYjPKAdRyUW1ITZ7NoJOnFKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauPLMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1AZVcCLXFl5dJcFa9qvr355X6TZ5GEY7gGE6hBhdQhztoQAAEHuEZXuHNU96L9+59zFsLXj5zCH/gff4AeBuOlw==</latexit><latexit sha1_base64="Lppey50Sn1vG/Fwqi6nS/nH9b3g=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9RLx4juEkgWcLsZDYZM49lZlYIS/7BiwcVr36QN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0IAornQ7woZyJmlgmeW0nWiKRcRpKxrdTv3WE9WGKflgxwkNBR5IFjOCrZOaXS3Qte6VK37VnwEtk1pOKpCj0St/dfuKpIJKSzg2plPzExtmWFtGOJ2UuqmhCSYjPKAdRyUW1ITZ7NoJOnFKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauPLMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1AZVcCLXFl5dJcFa9qvr355X6TZ5GEY7gGE6hBhdQhztoQAAEHuEZXuHNU96L9+59zFsLXj5zCH/gff4AeBuOlw==</latexit><latexit sha1_base64="Lppey50Sn1vG/Fwqi6nS/nH9b3g=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9RLx4juEkgWcLsZDYZM49lZlYIS/7BiwcVr36QN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0IAornQ7woZyJmlgmeW0nWiKRcRpKxrdTv3WE9WGKflgxwkNBR5IFjOCrZOaXS3Qte6VK37VnwEtk1pOKpCj0St/dfuKpIJKSzg2plPzExtmWFtGOJ2UuqmhCSYjPKAdRyUW1ITZ7NoJOnFKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauPLMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1AZVcCLXFl5dJcFa9qvr355X6TZ5GEY7gGE6hBhdQhztoQAAEHuEZXuHNU96L9+59zFsLXj5zCH/gff4AeBuOlw==</latexit>

A !"
<latexit sha1_base64="kXApLXTBkJCNRP/HU8WdjPans1g=">AAAB6nicbVDLSgMxFM3UV62vqks3wSKKiyEjvrqrunFZwbGFdiyZNG1Dk8yQZIQy9BfcuFBx6xe582/MtINo9cCFwzn3cu89YcyZNgh9OoW5+YXFpeJyaWV1bX2jvLl1p6NEEeqTiEeqGWJNOZPUN8xw2owVxSLktBEOrzK/8UCVZpG8NaOYBgL3Jesxgk0mXezfH3bKFeSiCSByT5BXPfXgt+LlpAJy1Dvlj3Y3Iomg0hCOtW55KDZBipVhhNNxqZ1oGmMyxH3aslRiQXWQTm4dwz2rdGEvUrakgRP150SKhdYjEdpOgc1Az3qZ+J/XSkzvPEiZjBNDJZku6iUcmghmj8MuU5QYPrIEE8XsrZAMsMLE2HhKNgRv9uW/xD9yqy66Oa7ULvM0imAH7IID4IEzUAPXoA58QMAAPIJn8OII58l5dd6mrQUnn9kGv+C8fwGZoI17</latexit><latexit sha1_base64="kXApLXTBkJCNRP/HU8WdjPans1g=">AAAB6nicbVDLSgMxFM3UV62vqks3wSKKiyEjvrqrunFZwbGFdiyZNG1Dk8yQZIQy9BfcuFBx6xe582/MtINo9cCFwzn3cu89YcyZNgh9OoW5+YXFpeJyaWV1bX2jvLl1p6NEEeqTiEeqGWJNOZPUN8xw2owVxSLktBEOrzK/8UCVZpG8NaOYBgL3Jesxgk0mXezfH3bKFeSiCSByT5BXPfXgt+LlpAJy1Dvlj3Y3Iomg0hCOtW55KDZBipVhhNNxqZ1oGmMyxH3aslRiQXWQTm4dwz2rdGEvUrakgRP150SKhdYjEdpOgc1Az3qZ+J/XSkzvPEiZjBNDJZku6iUcmghmj8MuU5QYPrIEE8XsrZAMsMLE2HhKNgRv9uW/xD9yqy66Oa7ULvM0imAH7IID4IEzUAPXoA58QMAAPIJn8OII58l5dd6mrQUnn9kGv+C8fwGZoI17</latexit><latexit sha1_base64="kXApLXTBkJCNRP/HU8WdjPans1g=">AAAB6nicbVDLSgMxFM3UV62vqks3wSKKiyEjvrqrunFZwbGFdiyZNG1Dk8yQZIQy9BfcuFBx6xe582/MtINo9cCFwzn3cu89YcyZNgh9OoW5+YXFpeJyaWV1bX2jvLl1p6NEEeqTiEeqGWJNOZPUN8xw2owVxSLktBEOrzK/8UCVZpG8NaOYBgL3Jesxgk0mXezfH3bKFeSiCSByT5BXPfXgt+LlpAJy1Dvlj3Y3Iomg0hCOtW55KDZBipVhhNNxqZ1oGmMyxH3aslRiQXWQTm4dwz2rdGEvUrakgRP150SKhdYjEdpOgc1Az3qZ+J/XSkzvPEiZjBNDJZku6iUcmghmj8MuU5QYPrIEE8XsrZAMsMLE2HhKNgRv9uW/xD9yqy66Oa7ULvM0imAH7IID4IEzUAPXoA58QMAAPIJn8OII58l5dd6mrQUnn9kGv+C8fwGZoI17</latexit>

A !
<latexit sha1_base64="lB0Uyh+D9RtMKn8VU+XU8nz62kc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA9LbPiK7eoF49RXBNIljA7mU2GzM4uM7NCWPIHXjyoePWTvPk3Th6IRgsaiqpuurvCVHBtMP505uYXFpeWCyvF1bX1jc3S1va9TjJFmU8TkahGSDQTXDLfcCNYI1WMxKFg9bB/NfLrD0xpnsg7M0hZEJOu5BGnxFjp9uKgXSpjF4+BsHuCvcqph74Vb0rKMEWtXfpodRKaxUwaKojWTQ+nJsiJMpwKNiy2Ms1SQvuky5qWShIzHeTjS4do3yodFCXKljRorP6cyEms9SAObWdMTE/PeiPxP6+Zmeg8yLlMM8MknSyKMoFMgkZvow5XjBoxsIRQxe2tiPaIItTYcIo2BG/25b/EP3IrLr45Llcvp2kUYBf24BA8OIMqXEMNfKAQwSM8w4vTd56cV+dt0jrnTGd24Bec9y+A/4zf</latexit><latexit sha1_base64="lB0Uyh+D9RtMKn8VU+XU8nz62kc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA9LbPiK7eoF49RXBNIljA7mU2GzM4uM7NCWPIHXjyoePWTvPk3Th6IRgsaiqpuurvCVHBtMP505uYXFpeWCyvF1bX1jc3S1va9TjJFmU8TkahGSDQTXDLfcCNYI1WMxKFg9bB/NfLrD0xpnsg7M0hZEJOu5BGnxFjp9uKgXSpjF4+BsHuCvcqph74Vb0rKMEWtXfpodRKaxUwaKojWTQ+nJsiJMpwKNiy2Ms1SQvuky5qWShIzHeTjS4do3yodFCXKljRorP6cyEms9SAObWdMTE/PeiPxP6+Zmeg8yLlMM8MknSyKMoFMgkZvow5XjBoxsIRQxe2tiPaIItTYcIo2BG/25b/EP3IrLr45Llcvp2kUYBf24BA8OIMqXEMNfKAQwSM8w4vTd56cV+dt0jrnTGd24Bec9y+A/4zf</latexit><latexit sha1_base64="lB0Uyh+D9RtMKn8VU+XU8nz62kc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA9LbPiK7eoF49RXBNIljA7mU2GzM4uM7NCWPIHXjyoePWTvPk3Th6IRgsaiqpuurvCVHBtMP505uYXFpeWCyvF1bX1jc3S1va9TjJFmU8TkahGSDQTXDLfcCNYI1WMxKFg9bB/NfLrD0xpnsg7M0hZEJOu5BGnxFjp9uKgXSpjF4+BsHuCvcqph74Vb0rKMEWtXfpodRKaxUwaKojWTQ+nJsiJMpwKNiy2Ms1SQvuky5qWShIzHeTjS4do3yodFCXKljRorP6cyEms9SAObWdMTE/PeiPxP6+Zmeg8yLlMM8MknSyKMoFMgkZvow5XjBoxsIRQxe2tiPaIItTYcIo2BG/25b/EP3IrLr45Llcvp2kUYBf24BA8OIMqXEMNfKAQwSM8w4vTd56cV+dt0jrnTGd24Bec9y+A/4zf</latexit>

A !
<latexit sha1_base64="lB0Uyh+D9RtMKn8VU+XU8nz62kc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA9LbPiK7eoF49RXBNIljA7mU2GzM4uM7NCWPIHXjyoePWTvPk3Th6IRgsaiqpuurvCVHBtMP505uYXFpeWCyvF1bX1jc3S1va9TjJFmU8TkahGSDQTXDLfcCNYI1WMxKFg9bB/NfLrD0xpnsg7M0hZEJOu5BGnxFjp9uKgXSpjF4+BsHuCvcqph74Vb0rKMEWtXfpodRKaxUwaKojWTQ+nJsiJMpwKNiy2Ms1SQvuky5qWShIzHeTjS4do3yodFCXKljRorP6cyEms9SAObWdMTE/PeiPxP6+Zmeg8yLlMM8MknSyKMoFMgkZvow5XjBoxsIRQxe2tiPaIItTYcIo2BG/25b/EP3IrLr45Llcvp2kUYBf24BA8OIMqXEMNfKAQwSM8w4vTd56cV+dt0jrnTGd24Bec9y+A/4zf</latexit><latexit sha1_base64="lB0Uyh+D9RtMKn8VU+XU8nz62kc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA9LbPiK7eoF49RXBNIljA7mU2GzM4uM7NCWPIHXjyoePWTvPk3Th6IRgsaiqpuurvCVHBtMP505uYXFpeWCyvF1bX1jc3S1va9TjJFmU8TkahGSDQTXDLfcCNYI1WMxKFg9bB/NfLrD0xpnsg7M0hZEJOu5BGnxFjp9uKgXSpjF4+BsHuCvcqph74Vb0rKMEWtXfpodRKaxUwaKojWTQ+nJsiJMpwKNiy2Ms1SQvuky5qWShIzHeTjS4do3yodFCXKljRorP6cyEms9SAObWdMTE/PeiPxP6+Zmeg8yLlMM8MknSyKMoFMgkZvow5XjBoxsIRQxe2tiPaIItTYcIo2BG/25b/EP3IrLr45Llcvp2kUYBf24BA8OIMqXEMNfKAQwSM8w4vTd56cV+dt0jrnTGd24Bec9y+A/4zf</latexit><latexit sha1_base64="lB0Uyh+D9RtMKn8VU+XU8nz62kc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA9LbPiK7eoF49RXBNIljA7mU2GzM4uM7NCWPIHXjyoePWTvPk3Th6IRgsaiqpuurvCVHBtMP505uYXFpeWCyvF1bX1jc3S1va9TjJFmU8TkahGSDQTXDLfcCNYI1WMxKFg9bB/NfLrD0xpnsg7M0hZEJOu5BGnxFjp9uKgXSpjF4+BsHuCvcqph74Vb0rKMEWtXfpodRKaxUwaKojWTQ+nJsiJMpwKNiy2Ms1SQvuky5qWShIzHeTjS4do3yodFCXKljRorP6cyEms9SAObWdMTE/PeiPxP6+Zmeg8yLlMM8MknSyKMoFMgkZvow5XjBoxsIRQxe2tiPaIItTYcIo2BG/25b/EP3IrLr45Llcvp2kUYBf24BA8OIMqXEMNfKAQwSM8w4vTd56cV+dt0jrnTGd24Bec9y+A/4zf</latexit>

e!
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¥ Large decay angles: observe multiple charged-lepton pairs. 

¥ Collimated lepton-jets: unlike LHC, created inside the detector, 
exotic tracks from dE/dx measurement.

Future Directions

Beyond trident: multiple dark 
photon radiations important for 
large ! D  ~ O(1).

DUNE PRISM.
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Well motivated and exciting opportunity for !  experiments 
(e.g. DUNE) to probe the nature of dark matter.

Conclusion and Outlook

Unlike neutrinos, plenty of new dark matter signals are allowed 
and to be tested, beyond elastic scattering Ñ be open minded.

I discussed the dark trident signal: charged-lepton pair creation 
triggered by dark matter in !  detectors. Low background.

More broadly speaking, a wide variety signatures: N,e recoils,    
ZÕ resonances, lepton jets, MET É (c.f. new physics list @ LHC)
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