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Motivations
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Searches for visibly decaying dark photon

Dark matter connection

Muon g-2 connection



Dark Matter Exists In Nature

Overwhelming evidence from cosmological data.
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Is dark matter a particle? Can it be detected in labs?  
How does it interact?

• Galactic rotational curves 
• Bullet cluster 
• Large scale structure 
• CMB

Curious questions:



The Elusive Dark Matter
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Maybe.  

WIMP dark matter has been widely 
explored in the past decade.

Yes, this is 
how we knew 
it exists.

No no

Gravity Strong E&M

Weak



A Drought of Discovery

5



New Force in the Dark
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dark 
forces

Dark matter + dark force = Dark Sector 

Plausible, think of how rich the physics 

in SM sector is, and ΩDM~5Ωbaryon

Gravity Strong E&M Weak

✓ ✘ ✘ ✘



Welcome to the Dark Sector
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Standard 
Model

Two sectors: 
Gauge singlets with respect to each other.



Dark Photon as a Hair of Dark Sector
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Gauge kinetic mixing
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Features of Kinetic Mixing
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(On-shell photon q2=0)

The SM photon created from this mixing cannot be on-shell, 
could only turn into charged pairs.

I will assume A’ to be massive in most of the talk.

X
A0⇤
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Fµ⌫F
0µ⌫ ! q2✏ · ✏0 � (q · ✏)(q · ✏0)

<latexit sha1_base64="iJey3nu+w5n/srk404KJIT2zutI="></latexit><latexit sha1_base64="iJey3nu+w5n/srk404KJIT2zutI="></latexit><latexit sha1_base64="iJey3nu+w5n/srk404KJIT2zutI="></latexit>

M !
1

q2 " m2
A!

"q2 # 0
<latexit sha1_base64="XfszIyXT5baEnYTHzZSl0jDkqD0="></latexit><latexit sha1_base64="XfszIyXT5baEnYTHzZSl0jDkqD0="></latexit><latexit sha1_base64="XfszIyXT5baEnYTHzZSl0jDkqD0="></latexit>

X
�⇤

<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>

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>

(On-shell dark photon q2=mA’2)

M / 1

q2
"q2 6= 0

<latexit sha1_base64="SEaZl4E+Xga3o5APeJzIQ40xJcU="></latexit><latexit sha1_base64="SEaZl4E+Xga3o5APeJzIQ40xJcU="></latexit><latexit sha1_base64="SEaZl4E+Xga3o5APeJzIQ40xJcU="></latexit>
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Thus if mA’ is small enough to fool all our experiments, can 
redefine �c��so that A’ decouples.

No decoupling if dark electrons are around, milli-charged 
particles.

m2
A ! ! 0

<latexit sha1_base64="dHZyHmZwUJb/w9645BUG6F3CsFQ=">AAAB9HicbVBNTwIxEJ31E/EL9eilkRg9kV1iot5QLx4xcYUEFtItXWhou5u2qyEb/ocXD2q8+mO8+W8ssAcFXzLJy3szmZkXJpxp47rfztLyyuraemGjuLm1vbNb2tt/0HGqCPVJzGPVDLGmnEnqG2Y4bSaKYhFy2giHNxO/8UiVZrG8N6OEBgL3JYsYwcZKHdHNrk7GnSpqmxi53VLZrbhToEXi5aQMOerd0le7F5NUUGkIx1q3PDcxQYaVYYTTcbGdappgMsR92rJUYkF1kE2vHqNjq/RQFCtb0qCp+nsiw0LrkQhtp8BmoOe9ifif10pNdBFkTCapoZLMFkUpR/bFSQSoxxQlho8swUQxeysiA6wwMTaoog3Bm395kfjVymXFvTsr167zNApwCEdwCh6cQw1uoQ4+EFDwDK/w5jw5L8678zFrXXLymQP4A+fzB0yAkUQ=</latexit><latexit sha1_base64="dHZyHmZwUJb/w9645BUG6F3CsFQ=">AAAB9HicbVBNTwIxEJ31E/EL9eilkRg9kV1iot5QLx4xcYUEFtItXWhou5u2qyEb/ocXD2q8+mO8+W8ssAcFXzLJy3szmZkXJpxp47rfztLyyuraemGjuLm1vbNb2tt/0HGqCPVJzGPVDLGmnEnqG2Y4bSaKYhFy2giHNxO/8UiVZrG8N6OEBgL3JYsYwcZKHdHNrk7GnSpqmxi53VLZrbhToEXi5aQMOerd0le7F5NUUGkIx1q3PDcxQYaVYYTTcbGdappgMsR92rJUYkF1kE2vHqNjq/RQFCtb0qCp+nsiw0LrkQhtp8BmoOe9ifif10pNdBFkTCapoZLMFkUpR/bFSQSoxxQlho8swUQxeysiA6wwMTaoog3Bm395kfjVymXFvTsr167zNApwCEdwCh6cQw1uoQ4+EFDwDK/w5jw5L8678zFrXXLymQP4A+fzB0yAkUQ=</latexit><latexit sha1_base64="dHZyHmZwUJb/w9645BUG6F3CsFQ=">AAAB9HicbVBNTwIxEJ31E/EL9eilkRg9kV1iot5QLx4xcYUEFtItXWhou5u2qyEb/ocXD2q8+mO8+W8ssAcFXzLJy3szmZkXJpxp47rfztLyyuraemGjuLm1vbNb2tt/0HGqCPVJzGPVDLGmnEnqG2Y4bSaKYhFy2giHNxO/8UiVZrG8N6OEBgL3JYsYwcZKHdHNrk7GnSpqmxi53VLZrbhToEXi5aQMOerd0le7F5NUUGkIx1q3PDcxQYaVYYTTcbGdappgMsR92rJUYkF1kE2vHqNjq/RQFCtb0qCp+nsiw0LrkQhtp8BmoOe9ifif10pNdBFkTCapoZLMFkUpR/bFSQSoxxQlho8swUQxeysiA6wwMTaoog3Bm395kfjVymXFvTsr167zNApwCEdwCh6cQw1uoQ4+EFDwDK/w5jw5L8678zFrXXLymQP4A+fzB0yAkUQ=</latexit>

A’ production in high 
energy experiments

Low energy tests of 
Coulomb 1/r

X X X

M / ! (1 + "2 + · · · )
<latexit sha1_base64="h0UA2J+oIL2ktEBG+eJwagfLWtY=">AAACH3icbVDNSgMxGMz6W+tf1aOXYBEqQtktgnorevEiKFgVumv5Nk3b0GwSkqxQlj6KF1/FiwcV8ebbmK17UOtAYDLzfSQzseLMWN//9GZm5+YXFktL5eWV1bX1ysbmtZGpJrRFJJf6NgZDORO0ZZnl9FZpCknM6U08PM39m3uqDZPiyo4UjRLoC9ZjBKyTOpXDMAE7IMCz8zEOlZbKShwCVwPAtQDv4/AeNFWGcSnuGvmddKU1e51K1a/7E+BpEhSkigpcdCofYVeSNKHCEg7GtANf2SgDbRnhdFwOU0MVkCH0adtRAQk1UTYJOMa7TunintTuCIsn6s+NDBJjRknsJvM45q+Xi/957dT2jqKMCZVaKsj3Q72UY1dC3hbuMk2J5SNHgGjm/orJADQQ6zotuxKCv5GnSatRP677lwfV5knRRgltox1UQwE6RE10hi5QCxH0gJ7QC3r1Hr1n7817/x6d8YqdLfQL3ucXIRyh4Q==</latexit><latexit sha1_base64="h0UA2J+oIL2ktEBG+eJwagfLWtY=">AAACH3icbVDNSgMxGMz6W+tf1aOXYBEqQtktgnorevEiKFgVumv5Nk3b0GwSkqxQlj6KF1/FiwcV8ebbmK17UOtAYDLzfSQzseLMWN//9GZm5+YXFktL5eWV1bX1ysbmtZGpJrRFJJf6NgZDORO0ZZnl9FZpCknM6U08PM39m3uqDZPiyo4UjRLoC9ZjBKyTOpXDMAE7IMCz8zEOlZbKShwCVwPAtQDv4/AeNFWGcSnuGvmddKU1e51K1a/7E+BpEhSkigpcdCofYVeSNKHCEg7GtANf2SgDbRnhdFwOU0MVkCH0adtRAQk1UTYJOMa7TunintTuCIsn6s+NDBJjRknsJvM45q+Xi/957dT2jqKMCZVaKsj3Q72UY1dC3hbuMk2J5SNHgGjm/orJADQQ6zotuxKCv5GnSatRP677lwfV5knRRgltox1UQwE6RE10hi5QCxH0gJ7QC3r1Hr1n7817/x6d8YqdLfQL3ucXIRyh4Q==</latexit><latexit sha1_base64="h0UA2J+oIL2ktEBG+eJwagfLWtY=">AAACH3icbVDNSgMxGMz6W+tf1aOXYBEqQtktgnorevEiKFgVumv5Nk3b0GwSkqxQlj6KF1/FiwcV8ebbmK17UOtAYDLzfSQzseLMWN//9GZm5+YXFktL5eWV1bX1ysbmtZGpJrRFJJf6NgZDORO0ZZnl9FZpCknM6U08PM39m3uqDZPiyo4UjRLoC9ZjBKyTOpXDMAE7IMCz8zEOlZbKShwCVwPAtQDv4/AeNFWGcSnuGvmddKU1e51K1a/7E+BpEhSkigpcdCofYVeSNKHCEg7GtANf2SgDbRnhdFwOU0MVkCH0adtRAQk1UTYJOMa7TunintTuCIsn6s+NDBJjRknsJvM45q+Xi/957dT2jqKMCZVaKsj3Q72UY1dC3hbuMk2J5SNHgGjm/orJADQQ6zotuxKCv5GnSatRP677lwfV5knRRgltox1UQwE6RE10hi5QCxH0gJ7QC3r1Hr1n7817/x6d8YqdLfQL3ucXIRyh4Q==</latexit>

! ⇠ " (1 + #2 + á á á)
<latexit sha1_base64="wwEClGsdgFqr0xKVdLBLBYWH+38=">AAACF3icbVDLTgIxFO3gC/GFunTTSEwwJjhDTNQd0Y1LTERIGCR3SoGGPiZth4QQPsONv+LGhRq3uvNvLI+FgidpenrOvbm9J4o5M9b3v73U0vLK6lp6PbOxubW9k93duzcq0YRWiOJK1yIwlDNJK5ZZTmuxpiAiTqtR73rsV/tUG6bknR3EtCGgI1mbEbBOamZPQ8M6ArC7BA6Bx13A+QCf4LAPmsaGcSUfiuM3aSlrjpvZnF/wJ8CLJJiRHJqh3Mx+hS1FEkGlJRyMqQd+bBtD0JYRTkeZMDE0BtKDDq07KkFQ0xhOFhvhI6e0cFtpd6TFE/V3xxCEMQMRuUoBtmvmvbH4n1dPbPuiMWQyTiyVZDqonXBsFR6nhFtMU2L5wBEgmrm/YtIFDcS6LDMuhGB+5UVSKRYuC/7tWa50NUsjjQ7QIcqjAJ2jErpBZVRBBD2iZ/SK3rwn78V79z6mpSlv1rOP/sD7/AEkmp4o</latexit><latexit sha1_base64="wwEClGsdgFqr0xKVdLBLBYWH+38=">AAACF3icbVDLTgIxFO3gC/GFunTTSEwwJjhDTNQd0Y1LTERIGCR3SoGGPiZth4QQPsONv+LGhRq3uvNvLI+FgidpenrOvbm9J4o5M9b3v73U0vLK6lp6PbOxubW9k93duzcq0YRWiOJK1yIwlDNJK5ZZTmuxpiAiTqtR73rsV/tUG6bknR3EtCGgI1mbEbBOamZPQ8M6ArC7BA6Bx13A+QCf4LAPmsaGcSUfiuM3aSlrjpvZnF/wJ8CLJJiRHJqh3Mx+hS1FEkGlJRyMqQd+bBtD0JYRTkeZMDE0BtKDDq07KkFQ0xhOFhvhI6e0cFtpd6TFE/V3xxCEMQMRuUoBtmvmvbH4n1dPbPuiMWQyTiyVZDqonXBsFR6nhFtMU2L5wBEgmrm/YtIFDcS6LDMuhGB+5UVSKRYuC/7tWa50NUsjjQ7QIcqjAJ2jErpBZVRBBD2iZ/SK3rwn78V79z6mpSlv1rOP/sD7/AEkmp4o</latexit><latexit sha1_base64="wwEClGsdgFqr0xKVdLBLBYWH+38=">AAACF3icbVDLTgIxFO3gC/GFunTTSEwwJjhDTNQd0Y1LTERIGCR3SoGGPiZth4QQPsONv+LGhRq3uvNvLI+FgidpenrOvbm9J4o5M9b3v73U0vLK6lp6PbOxubW9k93duzcq0YRWiOJK1yIwlDNJK5ZZTmuxpiAiTqtR73rsV/tUG6bknR3EtCGgI1mbEbBOamZPQ8M6ArC7BA6Bx13A+QCf4LAPmsaGcSUfiuM3aSlrjpvZnF/wJ8CLJJiRHJqh3Mx+hS1FEkGlJRyMqQd+bBtD0JYRTkeZMDE0BtKDDq07KkFQ0xhOFhvhI6e0cFtpd6TFE/V3xxCEMQMRuUoBtmvmvbH4n1dPbPuiMWQyTiyVZDqonXBsFR6nhFtMU2L5wBEgmrm/YtIFDcS6LDMuhGB+5UVSKRYuC/7tWa50NUsjjQ7QIcqjAJ2jErpBZVRBBD2iZ/SK3rwn78V79z6mpSlv1rOP/sD7/AEkmp4o</latexit>

A0⇤
<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="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="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>

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>

�⇤
<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>

�⇤
<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>

�⇤
<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>
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X
�⇤

<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>

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>

(Valid for generic q2)M / 1

q2
"q2 6= 0

<latexit sha1_base64="SEaZl4E+Xga3o5APeJzIQ40xJcU="></latexit><latexit sha1_base64="SEaZl4E+Xga3o5APeJzIQ40xJcU="></latexit><latexit sha1_base64="SEaZl4E+Xga3o5APeJzIQ40xJcU="></latexit>

For massive A’, it effectively couples to SM particles as

"eA0
µJ

µ
EM

<latexit sha1_base64="UBBbmJAAXNGzpI5BTwTr14utnDw=">AAACC3icbVDLSgMxFM34rPVVdekmWERXZSqCuquKIIJQwbGFTi2Z9E4bmmSGJFMoQz/Ajb/ixoWKW3/AnX9j+kC09UDg5JxzSe4JYs60cd0vZ2Z2bn5hMbOUXV5ZXVvPbWze6ShRFDwa8UhVA6KBMwmeYYZDNVZARMChEnTOB36lC0qzSN6aXgx1QVqShYwSY6VGLu93iYJYMx5JDPh0r+GLBF81Ul8JfHHdv7dXm3IL7hD4hxQnSR6NUW7kPv1mRBMB0lBOtK4V3djUU6IMoxz6WT/REBPaIS2oWSqJAF1Ph8v08a5VmjiMlD3S4KH6eyIlQuueCGxSENPWk95A/M+rJSY8rqdMxokBSUcPhQnHJsKDZnCTKaCG9ywhVDH7V0zbRBFqbH9ZW8LUytPEOyicFNybw3zpbNxGBm2jHbSPiugIldAlKiMPUfSAntALenUenWfnzXkfRWec8cwW+gPn4xvhNJpw</latexit><latexit sha1_base64="UBBbmJAAXNGzpI5BTwTr14utnDw=">AAACC3icbVDLSgMxFM34rPVVdekmWERXZSqCuquKIIJQwbGFTi2Z9E4bmmSGJFMoQz/Ajb/ixoWKW3/AnX9j+kC09UDg5JxzSe4JYs60cd0vZ2Z2bn5hMbOUXV5ZXVvPbWze6ShRFDwa8UhVA6KBMwmeYYZDNVZARMChEnTOB36lC0qzSN6aXgx1QVqShYwSY6VGLu93iYJYMx5JDPh0r+GLBF81Ul8JfHHdv7dXm3IL7hD4hxQnSR6NUW7kPv1mRBMB0lBOtK4V3djUU6IMoxz6WT/REBPaIS2oWSqJAF1Ph8v08a5VmjiMlD3S4KH6eyIlQuueCGxSENPWk95A/M+rJSY8rqdMxokBSUcPhQnHJsKDZnCTKaCG9ywhVDH7V0zbRBFqbH9ZW8LUytPEOyicFNybw3zpbNxGBm2jHbSPiugIldAlKiMPUfSAntALenUenWfnzXkfRWec8cwW+gPn4xvhNJpw</latexit><latexit sha1_base64="UBBbmJAAXNGzpI5BTwTr14utnDw=">AAACC3icbVDLSgMxFM34rPVVdekmWERXZSqCuquKIIJQwbGFTi2Z9E4bmmSGJFMoQz/Ajb/ixoWKW3/AnX9j+kC09UDg5JxzSe4JYs60cd0vZ2Z2bn5hMbOUXV5ZXVvPbWze6ShRFDwa8UhVA6KBMwmeYYZDNVZARMChEnTOB36lC0qzSN6aXgx1QVqShYwSY6VGLu93iYJYMx5JDPh0r+GLBF81Ul8JfHHdv7dXm3IL7hD4hxQnSR6NUW7kPv1mRBMB0lBOtK4V3djUU6IMoxz6WT/REBPaIS2oWSqJAF1Ph8v08a5VmjiMlD3S4KH6eyIlQuueCGxSENPWk95A/M+rJSY8rqdMxokBSUcPhQnHJsKDZnCTKaCG9ywhVDH7V0zbRBFqbH9ZW8LUytPEOyicFNybw3zpbNxGBm2jHbSPiugIldAlKiMPUfSAntALenUenWfnzXkfRWec8cwW+gPn4xvhNJpw</latexit>

Simple BSM model, one new particle and two parameters:

!
<latexit sha1_base64="QMlYJJ7r2wVM/fuoPMtySbfkxI8=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2k3bpZjfsTgol9Gd48aDi1X/jzX/jts1BWx8MPN6bYWZelApu0PO+ndLa+sbmVnm7srO7t39QPTx6MirTDAKmhNLtiBoQXEKAHAW0Uw00iQS0otHdzG+NQRuu5CNOUggTOpA85oyilTrdMdWQGi6U7FVrXt2bw10lfkFqpECzV/3q9hXLEpDIBDWm43sphjnVyJmAaaWbGUgpG9EBdCyVNAET5vOTp+6ZVfpurLQtie5c/T2R08SYSRLZzoTi0Cx7M/E/r5NhfB3mXKYZgmSLRXEmXFTu7H+3zzUwFBNLKNPc3uqyIdWUoU2pYkPwl19eJcFF/abuPVzWGrdFGmVyQk7JOfHJFWmQe9IkAWFEkWfySt4cdF6cd+dj0Vpyiplj8gfO5w8jspFa</latexit><latexit sha1_base64="QMlYJJ7r2wVM/fuoPMtySbfkxI8=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2k3bpZjfsTgol9Gd48aDi1X/jzX/jts1BWx8MPN6bYWZelApu0PO+ndLa+sbmVnm7srO7t39QPTx6MirTDAKmhNLtiBoQXEKAHAW0Uw00iQS0otHdzG+NQRuu5CNOUggTOpA85oyilTrdMdWQGi6U7FVrXt2bw10lfkFqpECzV/3q9hXLEpDIBDWm43sphjnVyJmAaaWbGUgpG9EBdCyVNAET5vOTp+6ZVfpurLQtie5c/T2R08SYSRLZzoTi0Cx7M/E/r5NhfB3mXKYZgmSLRXEmXFTu7H+3zzUwFBNLKNPc3uqyIdWUoU2pYkPwl19eJcFF/abuPVzWGrdFGmVyQk7JOfHJFWmQe9IkAWFEkWfySt4cdF6cd+dj0Vpyiplj8gfO5w8jspFa</latexit><latexit sha1_base64="QMlYJJ7r2wVM/fuoPMtySbfkxI8=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2k3bpZjfsTgol9Gd48aDi1X/jzX/jts1BWx8MPN6bYWZelApu0PO+ndLa+sbmVnm7srO7t39QPTx6MirTDAKmhNLtiBoQXEKAHAW0Uw00iQS0otHdzG+NQRuu5CNOUggTOpA85oyilTrdMdWQGi6U7FVrXt2bw10lfkFqpECzV/3q9hXLEpDIBDWm43sphjnVyJmAaaWbGUgpG9EBdCyVNAET5vOTp+6ZVfpurLQtie5c/T2R08SYSRLZzoTi0Cx7M/E/r5NhfB3mXKYZgmSLRXEmXFTu7H+3zzUwFBNLKNPc3uqyIdWUoU2pYkPwl19eJcFF/abuPVzWGrdFGmVyQk7JOfHJFWmQe9IkAWFEkWfySt4cdF6cd+dj0Vpyiplj8gfO5w8jspFa</latexit>

mA0
<latexit sha1_base64="lChnK48FojSImYa1d0YzkIzdct4=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPoKWxEUG9RLx4juEkgWcLsZDYZM49lZlYIS/7BiwcVr36QN//GSbIHjRY0FFXddHdFCWfG+v6XV1haXlldK66XNja3tnfKu3tNo1JNaEAUV7odYUM5kzSwzHLaTjTFIuK0FY1upn7rkWrDlLy344SGAg8kixnB1klN0cuujie9csWv+jOgv6SWkwrkaPTKn92+Iqmg0hKOjenU/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNrt2go6c0kex0q6kRTP150SGhTFjEblOge3QLHpT8T+vk9r4IsyYTFJLJZkvilOOrELT11GfaUosHzuCiWbuVkSGWGNiXUAlF0Jt8eW/JDitXlb9u7NK/TpPowgHcAgnUINzqMMtNCAAAg/wBC/w6inv2Xvz3uetBS+f2Ydf8D6+AaXQjrU=</latexit><latexit sha1_base64="lChnK48FojSImYa1d0YzkIzdct4=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPoKWxEUG9RLx4juEkgWcLsZDYZM49lZlYIS/7BiwcVr36QN//GSbIHjRY0FFXddHdFCWfG+v6XV1haXlldK66XNja3tnfKu3tNo1JNaEAUV7odYUM5kzSwzHLaTjTFIuK0FY1upn7rkWrDlLy344SGAg8kixnB1klN0cuujie9csWv+jOgv6SWkwrkaPTKn92+Iqmg0hKOjenU/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNrt2go6c0kex0q6kRTP150SGhTFjEblOge3QLHpT8T+vk9r4IsyYTFJLJZkvilOOrELT11GfaUosHzuCiWbuVkSGWGNiXUAlF0Jt8eW/JDitXlb9u7NK/TpPowgHcAgnUINzqMMtNCAAAg/wBC/w6inv2Xvz3uetBS+f2Ydf8D6+AaXQjrU=</latexit><latexit sha1_base64="lChnK48FojSImYa1d0YzkIzdct4=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPoKWxEUG9RLx4juEkgWcLsZDYZM49lZlYIS/7BiwcVr36QN//GSbIHjRY0FFXddHdFCWfG+v6XV1haXlldK66XNja3tnfKu3tNo1JNaEAUV7odYUM5kzSwzHLaTjTFIuK0FY1upn7rkWrDlLy344SGAg8kixnB1klN0cuujie9csWv+jOgv6SWkwrkaPTKn92+Iqmg0hKOjenU/MSGGdaWEU4npW5qaILJCA9ox1GJBTVhNrt2go6c0kex0q6kRTP150SGhTFjEblOge3QLHpT8T+vk9r4IsyYTFJLJZkvilOOrELT11GfaUosHzuCiWbuVkSGWGNiXUAlF0Jt8eW/JDitXlb9u7NK/TpPowgHcAgnUINzqMMtNCAAAg/wBC/w6inv2Xvz3uetBS+f2Ydf8D6+AaXQjrU=</latexit>



Origin of the Kinetic Mixing
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If the dark U(1)D symmetry is fundamental, then the kinetic 
mixing with SM U(1)Y is gauge invariant, ε exists in UV.

If U(1)D from SU(N)D breaking at higher scales, no ε in the UV. 
Generated by particle loops charged under SU(N)D and U(1)Y.

Tr(T a! )F 0a
µ⌫Bµ⌫

<latexit sha1_base64="MNUK5hmrk8b1xGoZfHD+ow73bgE=">AAACFHicbZDNSgMxFIUz9a/Wv1GXboJFrCBlRgR1VyqIywodW+i0JZOmbWiSGZKMUIZ5CTe+ihsXKm5duPNtTNtBtHog8HHuvdzcE0SMKu04n1ZuYXFpeSW/Wlhb39jcsrd3blUYS0w8HLJQNgOkCKOCeJpqRpqRJIgHjDSC0eWk3rgjUtFQ1PU4Im2OBoL2KUbaWF37OPElh3WZwlK9g6BfG9IjeHXYQd3E57Ev4hRWv7FrF52yMxX8C24GRZCp1rU//F6IY06Exgwp1XKdSLcTJDXFjKQFP1YkQniEBqRlUCBOVDuZXpXCA+P0YD+U5gkNp+7PiQRxpcY8MJ0c6aGar03M/2qtWPfP2wkVUayJwLNF/ZhBHcJJRLBHJcGajQ0gLKn5K8RDJBHWJsiCCcGdP/kveCfli7Jzc1qsVLM08mAP7IMScMEZqIBrUAMewOAePIJn8GI9WE/Wq/U2a81Z2cwu+CXr/QsZ+53G</latexit><latexit sha1_base64="MNUK5hmrk8b1xGoZfHD+ow73bgE=">AAACFHicbZDNSgMxFIUz9a/Wv1GXboJFrCBlRgR1VyqIywodW+i0JZOmbWiSGZKMUIZ5CTe+ihsXKm5duPNtTNtBtHog8HHuvdzcE0SMKu04n1ZuYXFpeSW/Wlhb39jcsrd3blUYS0w8HLJQNgOkCKOCeJpqRpqRJIgHjDSC0eWk3rgjUtFQ1PU4Im2OBoL2KUbaWF37OPElh3WZwlK9g6BfG9IjeHXYQd3E57Ev4hRWv7FrF52yMxX8C24GRZCp1rU//F6IY06Exgwp1XKdSLcTJDXFjKQFP1YkQniEBqRlUCBOVDuZXpXCA+P0YD+U5gkNp+7PiQRxpcY8MJ0c6aGar03M/2qtWPfP2wkVUayJwLNF/ZhBHcJJRLBHJcGajQ0gLKn5K8RDJBHWJsiCCcGdP/kveCfli7Jzc1qsVLM08mAP7IMScMEZqIBrUAMewOAePIJn8GI9WE/Wq/U2a81Z2cwu+CXr/QsZ+53G</latexit><latexit sha1_base64="MNUK5hmrk8b1xGoZfHD+ow73bgE=">AAACFHicbZDNSgMxFIUz9a/Wv1GXboJFrCBlRgR1VyqIywodW+i0JZOmbWiSGZKMUIZ5CTe+ihsXKm5duPNtTNtBtHog8HHuvdzcE0SMKu04n1ZuYXFpeSW/Wlhb39jcsrd3blUYS0w8HLJQNgOkCKOCeJpqRpqRJIgHjDSC0eWk3rgjUtFQ1PU4Im2OBoL2KUbaWF37OPElh3WZwlK9g6BfG9IjeHXYQd3E57Ev4hRWv7FrF52yMxX8C24GRZCp1rU//F6IY06Exgwp1XKdSLcTJDXFjKQFP1YkQniEBqRlUCBOVDuZXpXCA+P0YD+U5gkNp+7PiQRxpcY8MJ0c6aGar03M/2qtWPfP2wkVUayJwLNF/ZhBHcJJRLBHJcGajQ0gLKn5K8RDJBHWJsiCCcGdP/kveCfli7Jzc1qsVLM08mAP7IMScMEZqIBrUAMewOAePIJn8GI9WE/Wq/U2a81Z2cwu+CXr/QsZ+53G</latexit>

B
<latexit sha1_base64="mGrc731QsPIFLZUntZfENvog0/A=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG+lXjy2YGyhDWWznbRrN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQSeZYuizRCSqHVKNgkv0DTcC26lCGocCW+Hodua3nlBpnsh7M04xiOlA8ogzaqzUrPfKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzolZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmugwmXaWZQssWiKBPEJGT2NelzhcyIsSWUKW5vJWxIFWXGZlOyIXjLL68S/6J6U3Wbl5VaPU+jCCdwCufgwRXU4A4a4AMDhGd4hTfn0Xlx3p2PRWvByWeO4Q+czx8Cq4yZ</latexit><latexit sha1_base64="mGrc731QsPIFLZUntZfENvog0/A=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG+lXjy2YGyhDWWznbRrN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQSeZYuizRCSqHVKNgkv0DTcC26lCGocCW+Hodua3nlBpnsh7M04xiOlA8ogzaqzUrPfKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzolZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmugwmXaWZQssWiKBPEJGT2NelzhcyIsSWUKW5vJWxIFWXGZlOyIXjLL68S/6J6U3Wbl5VaPU+jCCdwCufgwRXU4A4a4AMDhGd4hTfn0Xlx3p2PRWvByWeO4Q+czx8Cq4yZ</latexit><latexit sha1_base64="mGrc731QsPIFLZUntZfENvog0/A=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG+lXjy2YGyhDWWznbRrN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQSeZYuizRCSqHVKNgkv0DTcC26lCGocCW+Hodua3nlBpnsh7M04xiOlA8ogzaqzUrPfKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzolZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmugwmXaWZQssWiKBPEJGT2NelzhcyIsSWUKW5vJWxIFWXGZlOyIXjLL68S/6J6U3Wbl5VaPU+jCCdwCufgwRXU4A4a4AMDhGd4hTfn0Xlx3p2PRWvByWeO4Q+czx8Cq4yZ</latexit>

!�"
<latexit sha1_base64="RZxKGVVp/h7FlcV2cPUkZb4M690=">AAAB+nicbZBNS8NAEIYn9avWr1iPXoJF8FQSEdRb0YvHCkYLTSib7aRdutmE3Y1YSv+KFw8qXv0l3vw3btMctPWFhYd3ZpjZN8o4U9p1v63Kyura+kZ1s7a1vbO7Z+/X71WaS4o+TXkqOxFRyJlAXzPNsZNJJEnE8SEaXc/qD48oFUvFnR5nGCZkIFjMKNHG6tn1gBMx4Bi0hyyQBfbshtt0CznL4JXQgFLtnv0V9FOaJyg05USprudmOpwQqRnlOK0FucKM0BEZYNegIAmqcFLcPnWOjdN34lSaJ7RTuL8nJiRRapxEpjMheqgWazPzv1o31/FFOGEiyzUKOl8U59zRqTMLwukziVTzsQFCJTO3OnRIJKHaxFUzIXiLX14G/7R52XRvzxqtqzKNKhzCEZyAB+fQghtogw8UnuAZXuHNmlov1rv1MW+tWOXMAfyR9fkDjsOUUw==</latexit><latexit sha1_base64="RZxKGVVp/h7FlcV2cPUkZb4M690=">AAAB+nicbZBNS8NAEIYn9avWr1iPXoJF8FQSEdRb0YvHCkYLTSib7aRdutmE3Y1YSv+KFw8qXv0l3vw3btMctPWFhYd3ZpjZN8o4U9p1v63Kyura+kZ1s7a1vbO7Z+/X71WaS4o+TXkqOxFRyJlAXzPNsZNJJEnE8SEaXc/qD48oFUvFnR5nGCZkIFjMKNHG6tn1gBMx4Bi0hyyQBfbshtt0CznL4JXQgFLtnv0V9FOaJyg05USprudmOpwQqRnlOK0FucKM0BEZYNegIAmqcFLcPnWOjdN34lSaJ7RTuL8nJiRRapxEpjMheqgWazPzv1o31/FFOGEiyzUKOl8U59zRqTMLwukziVTzsQFCJTO3OnRIJKHaxFUzIXiLX14G/7R52XRvzxqtqzKNKhzCEZyAB+fQghtogw8UnuAZXuHNmlov1rv1MW+tWOXMAfyR9fkDjsOUUw==</latexit><latexit sha1_base64="RZxKGVVp/h7FlcV2cPUkZb4M690=">AAAB+nicbZBNS8NAEIYn9avWr1iPXoJF8FQSEdRb0YvHCkYLTSib7aRdutmE3Y1YSv+KFw8qXv0l3vw3btMctPWFhYd3ZpjZN8o4U9p1v63Kyura+kZ1s7a1vbO7Z+/X71WaS4o+TXkqOxFRyJlAXzPNsZNJJEnE8SEaXc/qD48oFUvFnR5nGCZkIFjMKNHG6tn1gBMx4Bi0hyyQBfbshtt0CznL4JXQgFLtnv0V9FOaJyg05USprudmOpwQqRnlOK0FucKM0BEZYNegIAmqcFLcPnWOjdN34lSaJ7RTuL8nJiRRapxEpjMheqgWazPzv1o31/FFOGEiyzUKOl8U59zRqTMLwukziVTzsQFCJTO3OnRIJKHaxFUzIXiLX14G/7R52XRvzxqtqzKNKhzCEZyAB+fQghtogw8UnuAZXuHNmlov1rv1MW+tWOXMAfyR9fkDjsOUUw==</latexit>

A0a
<latexit sha1_base64="N+i4xr+yetk5kcyE8rtNP1xNrLE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUG9VLx4rGFtoY9lsN+3S3U3Y3Qgl9C948aDi1V/kzX/jps1BWx8MPN6bYWZemHCmjet+O6Wl5ZXVtfJ6ZWNza3unurv3oONUEeqTmMeqHWJNOZPUN8xw2k4UxSLktBWObnK/9USVZrG8N+OEBgIPJIsYwSaXro4fca9ac+vuFGiReAWpQYFmr/rV7cckFVQawrHWHc9NTJBhZRjhdFLpppommIzwgHYslVhQHWTTWyfoyCp9FMXKljRoqv6eyLDQeixC2ymwGep5Lxf/8zqpiS6CjMkkNVSS2aIo5cjEKH8c9ZmixPCxJZgoZm9FZIgVJsbGU7EhePMvLxL/tH5Zd+/Oao3rIo0yHMAhnIAH59CAW2iCDwSG8Ayv8OYI58V5dz5mrSWnmNmHP3A+fwDNB42c</latexit><latexit sha1_base64="N+i4xr+yetk5kcyE8rtNP1xNrLE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUG9VLx4rGFtoY9lsN+3S3U3Y3Qgl9C948aDi1V/kzX/jps1BWx8MPN6bYWZemHCmjet+O6Wl5ZXVtfJ6ZWNza3unurv3oONUEeqTmMeqHWJNOZPUN8xw2k4UxSLktBWObnK/9USVZrG8N+OEBgIPJIsYwSaXro4fca9ac+vuFGiReAWpQYFmr/rV7cckFVQawrHWHc9NTJBhZRjhdFLpppommIzwgHYslVhQHWTTWyfoyCp9FMXKljRoqv6eyLDQeixC2ymwGep5Lxf/8zqpiS6CjMkkNVSS2aIo5cjEKH8c9ZmixPCxJZgoZm9FZIgVJsbGU7EhePMvLxL/tH5Zd+/Oao3rIo0yHMAhnIAH59CAW2iCDwSG8Ayv8OYI58V5dz5mrSWnmNmHP3A+fwDNB42c</latexit><latexit sha1_base64="N+i4xr+yetk5kcyE8rtNP1xNrLE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUG9VLx4rGFtoY9lsN+3S3U3Y3Qgl9C948aDi1V/kzX/jps1BWx8MPN6bYWZemHCmjet+O6Wl5ZXVtfJ6ZWNza3unurv3oONUEeqTmMeqHWJNOZPUN8xw2k4UxSLktBWObnK/9USVZrG8N+OEBgIPJIsYwSaXro4fca9ac+vuFGiReAWpQYFmr/rV7cckFVQawrHWHc9NTJBhZRjhdFLpppommIzwgHYslVhQHWTTWyfoyCp9FMXKljRoqv6eyLDQeixC2ymwGep5Lxf/8zqpiS6CjMkkNVSS2aIo5cjEKH8c9ZmixPCxJZgoZm9FZIgVJsbGU7EhePMvLxL/tH5Zd+/Oao3rIo0yHMAhnIAH59CAW2iCDwSG8Ayv8OYI58V5dz5mrSWnmNmHP3A+fwDNB42c</latexit>

B
<latexit sha1_base64="mGrc731QsPIFLZUntZfENvog0/A=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG+lXjy2YGyhDWWznbRrN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQSeZYuizRCSqHVKNgkv0DTcC26lCGocCW+Hodua3nlBpnsh7M04xiOlA8ogzaqzUrPfKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzolZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmugwmXaWZQssWiKBPEJGT2NelzhcyIsSWUKW5vJWxIFWXGZlOyIXjLL68S/6J6U3Wbl5VaPU+jCCdwCufgwRXU4A4a4AMDhGd4hTfn0Xlx3p2PRWvByWeO4Q+czx8Cq4yZ</latexit><latexit sha1_base64="mGrc731QsPIFLZUntZfENvog0/A=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG+lXjy2YGyhDWWznbRrN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQSeZYuizRCSqHVKNgkv0DTcC26lCGocCW+Hodua3nlBpnsh7M04xiOlA8ogzaqzUrPfKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzolZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmugwmXaWZQssWiKBPEJGT2NelzhcyIsSWUKW5vJWxIFWXGZlOyIXjLL68S/6J6U3Wbl5VaPU+jCCdwCufgwRXU4A4a4AMDhGd4hTfn0Xlx3p2PRWvByWeO4Q+czx8Cq4yZ</latexit><latexit sha1_base64="mGrc731QsPIFLZUntZfENvog0/A=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG+lXjy2YGyhDWWznbRrN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQSeZYuizRCSqHVKNgkv0DTcC26lCGocCW+Hodua3nlBpnsh7M04xiOlA8ogzaqzUrPfKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzolZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmugwmXaWZQssWiKBPEJGT2NelzhcyIsSWUKW5vJWxIFWXGZlOyIXjLL68S/6J6U3Wbl5VaPU+jCCdwCufgwRXU4A4a4AMDhGd4hTfn0Xlx3p2PRWvByWeO4Q+czx8Cq4yZ</latexit>

A0a
<latexit sha1_base64="N+i4xr+yetk5kcyE8rtNP1xNrLE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUG9VLx4rGFtoY9lsN+3S3U3Y3Qgl9C948aDi1V/kzX/jps1BWx8MPN6bYWZemHCmjet+O6Wl5ZXVtfJ6ZWNza3unurv3oONUEeqTmMeqHWJNOZPUN8xw2k4UxSLktBWObnK/9USVZrG8N+OEBgIPJIsYwSaXro4fca9ac+vuFGiReAWpQYFmr/rV7cckFVQawrHWHc9NTJBhZRjhdFLpppommIzwgHYslVhQHWTTWyfoyCp9FMXKljRoqv6eyLDQeixC2ymwGep5Lxf/8zqpiS6CjMkkNVSS2aIo5cjEKH8c9ZmixPCxJZgoZm9FZIgVJsbGU7EhePMvLxL/tH5Zd+/Oao3rIo0yHMAhnIAH59CAW2iCDwSG8Ayv8OYI58V5dz5mrSWnmNmHP3A+fwDNB42c</latexit><latexit sha1_base64="N+i4xr+yetk5kcyE8rtNP1xNrLE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUG9VLx4rGFtoY9lsN+3S3U3Y3Qgl9C948aDi1V/kzX/jps1BWx8MPN6bYWZemHCmjet+O6Wl5ZXVtfJ6ZWNza3unurv3oONUEeqTmMeqHWJNOZPUN8xw2k4UxSLktBWObnK/9USVZrG8N+OEBgIPJIsYwSaXro4fca9ac+vuFGiReAWpQYFmr/rV7cckFVQawrHWHc9NTJBhZRjhdFLpppommIzwgHYslVhQHWTTWyfoyCp9FMXKljRoqv6eyLDQeixC2ymwGep5Lxf/8zqpiS6CjMkkNVSS2aIo5cjEKH8c9ZmixPCxJZgoZm9FZIgVJsbGU7EhePMvLxL/tH5Zd+/Oao3rIo0yHMAhnIAH59CAW2iCDwSG8Ayv8OYI58V5dz5mrSWnmNmHP3A+fwDNB42c</latexit><latexit sha1_base64="N+i4xr+yetk5kcyE8rtNP1xNrLE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lEUG9VLx4rGFtoY9lsN+3S3U3Y3Qgl9C948aDi1V/kzX/jps1BWx8MPN6bYWZemHCmjet+O6Wl5ZXVtfJ6ZWNza3unurv3oONUEeqTmMeqHWJNOZPUN8xw2k4UxSLktBWObnK/9USVZrG8N+OEBgIPJIsYwSaXro4fca9ac+vuFGiReAWpQYFmr/rV7cckFVQawrHWHc9NTJBhZRjhdFLpppommIzwgHYslVhQHWTTWyfoyCp9FMXKljRoqv6eyLDQeixC2ymwGep5Lxf/8zqpiS6CjMkkNVSS2aIo5cjEKH8c9ZmixPCxJZgoZm9FZIgVJsbGU7EhePMvLxL/tH5Zd+/Oao3rIo0yHMAhnIAH59CAW2iCDwSG8Ayv8OYI58V5dz5mrSWnmNmHP3A+fwDNB42c</latexit>

Tr( T aT bT c)F 0a
µ⌫B

µ⌫F
�
m2

a,b(!
2)
�

! ! 2dbc8
<latexit sha1_base64="0CvTlRBHRp/T4i60J0MfsGo2tqM="></latexit><latexit sha1_base64="0CvTlRBHRp/T4i60J0MfsGo2tqM="></latexit><latexit sha1_base64="0CvTlRBHRp/T4i60J0MfsGo2tqM="></latexit>

" ⇠ (16⇡2
)

�1egD , or (16⇡2
)

�2eg3D
<latexit sha1_base64="6IWCsslLyDsLrNOj68pggNf/rH0="></latexit><latexit sha1_base64="6IWCsslLyDsLrNOj68pggNf/rH0="></latexit><latexit sha1_base64="6IWCsslLyDsLrNOj68pggNf/rH0="></latexit>
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Existing constraints (colored regions excluded)

• Heavier than 100GeV, 
usual Z’ search

• Lighter than MeV, 
cosmologically long 
lived dark photon
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!
<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>

mA0 (GeV)
<latexit sha1_base64="a18noVEBgKR1hBdjG7ePNl5QU98=">AAAB+nicbVDLSsNAFJ3UV62vWJduBotYNyUVQd1VXeiygmkLTQiT6aQdOjMJMxOxhPyKGxcqbv0Sd/6N0weirQcuHM65l3vvCRNGlXacL6uwtLyyulZcL21sbm3v2LvllopTiYmLYxbLTogUYVQQV1PNSCeRBPGQkXY4vB777QciFY3FvR4lxOeoL2hEMdJGCuwyD7LLoxx6sOpJDm9I6ziwK07NmQD+kPo8qYAZmoH96fVinHIiNGZIqW7dSbSfIakpZiQveakiCcJD1CddQwXiRPnZ5PYcHhqlB6NYmhIaTtTfExniSo14aDo50gM1743F/7xuqqNzP6MiSTUReLooShnUMRwHAXtUEqzZyBCEJTW3QjxAEmFt4iqZEBZeXiTuSe2i5tydVhpXszSKYB8cgCqogzPQALegCVyAwSN4Ai/g1cqtZ+vNep+2FqzZzB74A+vjG/9Fkqk=</latexit><latexit sha1_base64="a18noVEBgKR1hBdjG7ePNl5QU98=">AAAB+nicbVDLSsNAFJ3UV62vWJduBotYNyUVQd1VXeiygmkLTQiT6aQdOjMJMxOxhPyKGxcqbv0Sd/6N0weirQcuHM65l3vvCRNGlXacL6uwtLyyulZcL21sbm3v2LvllopTiYmLYxbLTogUYVQQV1PNSCeRBPGQkXY4vB777QciFY3FvR4lxOeoL2hEMdJGCuwyD7LLoxx6sOpJDm9I6ziwK07NmQD+kPo8qYAZmoH96fVinHIiNGZIqW7dSbSfIakpZiQveakiCcJD1CddQwXiRPnZ5PYcHhqlB6NYmhIaTtTfExniSo14aDo50gM1743F/7xuqqNzP6MiSTUReLooShnUMRwHAXtUEqzZyBCEJTW3QjxAEmFt4iqZEBZeXiTuSe2i5tydVhpXszSKYB8cgCqogzPQALegCVyAwSN4Ai/g1cqtZ+vNep+2FqzZzB74A+vjG/9Fkqk=</latexit><latexit sha1_base64="a18noVEBgKR1hBdjG7ePNl5QU98=">AAAB+nicbVDLSsNAFJ3UV62vWJduBotYNyUVQd1VXeiygmkLTQiT6aQdOjMJMxOxhPyKGxcqbv0Sd/6N0weirQcuHM65l3vvCRNGlXacL6uwtLyyulZcL21sbm3v2LvllopTiYmLYxbLTogUYVQQV1PNSCeRBPGQkXY4vB777QciFY3FvR4lxOeoL2hEMdJGCuwyD7LLoxx6sOpJDm9I6ziwK07NmQD+kPo8qYAZmoH96fVinHIiNGZIqW7dSbSfIakpZiQveakiCcJD1CddQwXiRPnZ5PYcHhqlB6NYmhIaTtTfExniSo14aDo50gM1743F/7xuqqNzP6MiSTUReLooShnUMRwHAXtUEqzZyBCEJTW3QjxAEmFt4iqZEBZeXiTuSe2i5tydVhpXszSKYB8cgCqogzPQALegCVyAwSN4Ai/g1cqtZ+vNep+2FqzZzB74A+vjG/9Fkqk=</latexit>

• Assume A’ decays 
back to SM particles.
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Search for resonance in dilepton invariant mass (bump hunt).

BaBar collaboration (2014)

BaBar: production via radiative return, prompt decay
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Current limit:  ! < 10-3,  for 

A 0
<latexit sha1_base64="jf9+V6hVRmkEfDbGbqvVfZiS034=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPoKWwkoN6iXjxGcU0gWcLspDcZMju7zMwKYckfePGg4tVP8ubfOHkI8VXQUFR1090VJIJr47ofTm5hcWl5Jb9aWFvf2Nwqbu/c6ThVDD0Wi1g1A6pRcIme4UZgM1FIo0BgIxhcjv3GPSrNY3lrhgn6Ee1JHnJGjZVuzg87xVKl7E5A3F/kyyrBDPVO8b3djVkaoTRMUK1bFTcxfkaV4UzgqNBONSaUDWgPW5ZKGqH2s8mlI3JglS4JY2VLGjJR5ycyGmk9jALbGVHT1z+9sfiX10pNeOpnXCapQcmmi8JUEBOT8dukyxUyI4aWUKa4vZWwPlWUGRtOYT6E/4l3XD4ru9fVUu1ilkYe9mAfjqACJ1CDK6iDBwxCeIAneHYGzqPz4rxOW3PObGYXvsF5+wRiwIzK</latexit><latexit sha1_base64="jf9+V6hVRmkEfDbGbqvVfZiS034=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPoKWwkoN6iXjxGcU0gWcLspDcZMju7zMwKYckfePGg4tVP8ubfOHkI8VXQUFR1090VJIJr47ofTm5hcWl5Jb9aWFvf2Nwqbu/c6ThVDD0Wi1g1A6pRcIme4UZgM1FIo0BgIxhcjv3GPSrNY3lrhgn6Ee1JHnJGjZVuzg87xVKl7E5A3F/kyyrBDPVO8b3djVkaoTRMUK1bFTcxfkaV4UzgqNBONSaUDWgPW5ZKGqH2s8mlI3JglS4JY2VLGjJR5ycyGmk9jALbGVHT1z+9sfiX10pNeOpnXCapQcmmi8JUEBOT8dukyxUyI4aWUKa4vZWwPlWUGRtOYT6E/4l3XD4ru9fVUu1ilkYe9mAfjqACJ1CDK6iDBwxCeIAneHYGzqPz4rxOW3PObGYXvsF5+wRiwIzK</latexit><latexit sha1_base64="jf9+V6hVRmkEfDbGbqvVfZiS034=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPoKWwkoN6iXjxGcU0gWcLspDcZMju7zMwKYckfePGg4tVP8ubfOHkI8VXQUFR1090VJIJr47ofTm5hcWl5Jb9aWFvf2Nwqbu/c6ThVDD0Wi1g1A6pRcIme4UZgM1FIo0BgIxhcjv3GPSrNY3lrhgn6Ee1JHnJGjZVuzg87xVKl7E5A3F/kyyrBDPVO8b3djVkaoTRMUK1bFTcxfkaV4UzgqNBONSaUDWgPW5ZKGqH2s8mlI3JglS4JY2VLGjJR5ycyGmk9jALbGVHT1z+9sfiX10pNeOpnXCapQcmmi8JUEBOT8dukyxUyI4aWUKa4vZWwPlWUGRtOYT6E/4l3XD4ru9fVUu1ilkYe9mAfjqACJ1CDK6iDBwxCeIAneHYGzqPz4rxOW3PObGYXvsF5+wRiwIzK</latexit>

50 MeV ! mA! ! 10 GeV
<latexit sha1_base64="57IojcM/ITfFDD1AxlT1ypRwWVg=">AAACGXicbVDLSgMxFM3UV62vqks3wSK6kDIjirqrutCNUMFpC52hZNLbNjSZGZKMUIZ+hxt/xY0LFZe68m9MH4q2HgicnHMuyT1BzJnStv1pZWZm5+YXsou5peWV1bX8+kZFRYmk4NKIR7IWEAWcheBqpjnUYglEBByqQfdi4FfvQCoWhbe6F4MvSDtkLUaJNlIj7xzZ3n7qSYGvodL3OCilmMCikZ7t/lyd78ylyTTyBbtoD4GniTMmBTRGuZF/95oRTQSEmnKiVN2xY+2nRGpGOfRzXqIgJrRL2lA3NCQClJ8OV+vjHaM0cSuS5oQaD9XfEykRSvVEYJKC6I6a9Abif1490a0TP2VhnGgI6eihVsKxjvCgJ9xkEqjmPUMIlcz8FdMOkYRq02bOlOBMrjxN3IPiadG+OSyUzsdtZNEW2kZ7yEHHqISuUBm5iKJ79Iie0Yv1YD1Zr9bbKJqxxjOb6A+sjy8zo5/y</latexit><latexit sha1_base64="57IojcM/ITfFDD1AxlT1ypRwWVg=">AAACGXicbVDLSgMxFM3UV62vqks3wSK6kDIjirqrutCNUMFpC52hZNLbNjSZGZKMUIZ+hxt/xY0LFZe68m9MH4q2HgicnHMuyT1BzJnStv1pZWZm5+YXsou5peWV1bX8+kZFRYmk4NKIR7IWEAWcheBqpjnUYglEBByqQfdi4FfvQCoWhbe6F4MvSDtkLUaJNlIj7xzZ3n7qSYGvodL3OCilmMCikZ7t/lyd78ylyTTyBbtoD4GniTMmBTRGuZF/95oRTQSEmnKiVN2xY+2nRGpGOfRzXqIgJrRL2lA3NCQClJ8OV+vjHaM0cSuS5oQaD9XfEykRSvVEYJKC6I6a9Abif1490a0TP2VhnGgI6eihVsKxjvCgJ9xkEqjmPUMIlcz8FdMOkYRq02bOlOBMrjxN3IPiadG+OSyUzsdtZNEW2kZ7yEHHqISuUBm5iKJ79Iie0Yv1YD1Zr9bbKJqxxjOb6A+sjy8zo5/y</latexit><latexit sha1_base64="57IojcM/ITfFDD1AxlT1ypRwWVg=">AAACGXicbVDLSgMxFM3UV62vqks3wSK6kDIjirqrutCNUMFpC52hZNLbNjSZGZKMUIZ+hxt/xY0LFZe68m9MH4q2HgicnHMuyT1BzJnStv1pZWZm5+YXsou5peWV1bX8+kZFRYmk4NKIR7IWEAWcheBqpjnUYglEBByqQfdi4FfvQCoWhbe6F4MvSDtkLUaJNlIj7xzZ3n7qSYGvodL3OCilmMCikZ7t/lyd78ylyTTyBbtoD4GniTMmBTRGuZF/95oRTQSEmnKiVN2xY+2nRGpGOfRzXqIgJrRL2lA3NCQClJ8OV+vjHaM0cSuS5oQaD9XfEykRSvVEYJKC6I6a9Abif1490a0TP2VhnGgI6eihVsKxjvCgJ9xkEqjmPUMIlcz8FdMOkYRq02bOlOBMrjxN3IPiadG+OSyUzsdtZNEW2kZ7yEHHqISuUBm5iKJ79Iie0Yv1YD1Zr9bbKJqxxjOb6A+sjy8zo5/y</latexit>
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Displaced Dark Photon
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Fixed-target experiments:

!
<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>

mA0 (GeV)
<latexit sha1_base64="a18noVEBgKR1hBdjG7ePNl5QU98=">AAAB+nicbVDLSsNAFJ3UV62vWJduBotYNyUVQd1VXeiygmkLTQiT6aQdOjMJMxOxhPyKGxcqbv0Sd/6N0weirQcuHM65l3vvCRNGlXacL6uwtLyyulZcL21sbm3v2LvllopTiYmLYxbLTogUYVQQV1PNSCeRBPGQkXY4vB777QciFY3FvR4lxOeoL2hEMdJGCuwyD7LLoxx6sOpJDm9I6ziwK07NmQD+kPo8qYAZmoH96fVinHIiNGZIqW7dSbSfIakpZiQveakiCcJD1CddQwXiRPnZ5PYcHhqlB6NYmhIaTtTfExniSo14aDo50gM1743F/7xuqqNzP6MiSTUReLooShnUMRwHAXtUEqzZyBCEJTW3QjxAEmFt4iqZEBZeXiTuSe2i5tydVhpXszSKYB8cgCqogzPQALegCVyAwSN4Ai/g1cqtZ+vNep+2FqzZzB74A+vjG/9Fkqk=</latexit><latexit sha1_base64="a18noVEBgKR1hBdjG7ePNl5QU98=">AAAB+nicbVDLSsNAFJ3UV62vWJduBotYNyUVQd1VXeiygmkLTQiT6aQdOjMJMxOxhPyKGxcqbv0Sd/6N0weirQcuHM65l3vvCRNGlXacL6uwtLyyulZcL21sbm3v2LvllopTiYmLYxbLTogUYVQQV1PNSCeRBPGQkXY4vB777QciFY3FvR4lxOeoL2hEMdJGCuwyD7LLoxx6sOpJDm9I6ziwK07NmQD+kPo8qYAZmoH96fVinHIiNGZIqW7dSbSfIakpZiQveakiCcJD1CddQwXiRPnZ5PYcHhqlB6NYmhIaTtTfExniSo14aDo50gM1743F/7xuqqNzP6MiSTUReLooShnUMRwHAXtUEqzZyBCEJTW3QjxAEmFt4iqZEBZeXiTuSe2i5tydVhpXszSKYB8cgCqogzPQALegCVyAwSN4Ai/g1cqtZ+vNep+2FqzZzB74A+vjG/9Fkqk=</latexit><latexit sha1_base64="a18noVEBgKR1hBdjG7ePNl5QU98=">AAAB+nicbVDLSsNAFJ3UV62vWJduBotYNyUVQd1VXeiygmkLTQiT6aQdOjMJMxOxhPyKGxcqbv0Sd/6N0weirQcuHM65l3vvCRNGlXacL6uwtLyyulZcL21sbm3v2LvllopTiYmLYxbLTogUYVQQV1PNSCeRBPGQkXY4vB777QciFY3FvR4lxOeoL2hEMdJGCuwyD7LLoxx6sOpJDm9I6ziwK07NmQD+kPo8qYAZmoH96fVinHIiNGZIqW7dSbSfIakpZiQveakiCcJD1CddQwXiRPnZ5PYcHhqlB6NYmhIaTtTfExniSo14aDo50gM1743F/7xuqqNzP6MiSTUReLooShnUMRwHAXtUEqzZyBCEJTW3QjxAEmFt4iqZEBZeXiTuSe2i5tydVhpXszSKYB8cgCqogzPQALegCVyAwSN4Ai/g1cqtZ+vNep+2FqzZzB74A+vjG/9Fkqk=</latexit>

Decay probability: ⇠ L D

! c"
/ #2m2

A !

<latexit sha1_base64="Vx2TpN0eETlVv9mfgrPya2znDsY="></latexit><latexit sha1_base64="Vx2TpN0eETlVv9mfgrPya2znDsY="></latexit><latexit sha1_base64="Vx2TpN0eETlVv9mfgrPya2znDsY="></latexit>

decay length=constant



Status of Dark Photon Search
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The near future (before 2021) Dark Sectors Community Report 
(1608.08632)

!
<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>

mA0 (GeV)
<latexit sha1_base64="a18noVEBgKR1hBdjG7ePNl5QU98=">AAAB+nicbVDLSsNAFJ3UV62vWJduBotYNyUVQd1VXeiygmkLTQiT6aQdOjMJMxOxhPyKGxcqbv0Sd/6N0weirQcuHM65l3vvCRNGlXacL6uwtLyyulZcL21sbm3v2LvllopTiYmLYxbLTogUYVQQV1PNSCeRBPGQkXY4vB777QciFY3FvR4lxOeoL2hEMdJGCuwyD7LLoxx6sOpJDm9I6ziwK07NmQD+kPo8qYAZmoH96fVinHIiNGZIqW7dSbSfIakpZiQveakiCcJD1CddQwXiRPnZ5PYcHhqlB6NYmhIaTtTfExniSo14aDo50gM1743F/7xuqqNzP6MiSTUReLooShnUMRwHAXtUEqzZyBCEJTW3QjxAEmFt4iqZEBZeXiTuSe2i5tydVhpXszSKYB8cgCqogzPQALegCVyAwSN4Ai/g1cqtZ+vNep+2FqzZzB74A+vjG/9Fkqk=</latexit><latexit sha1_base64="a18noVEBgKR1hBdjG7ePNl5QU98=">AAAB+nicbVDLSsNAFJ3UV62vWJduBotYNyUVQd1VXeiygmkLTQiT6aQdOjMJMxOxhPyKGxcqbv0Sd/6N0weirQcuHM65l3vvCRNGlXacL6uwtLyyulZcL21sbm3v2LvllopTiYmLYxbLTogUYVQQV1PNSCeRBPGQkXY4vB777QciFY3FvR4lxOeoL2hEMdJGCuwyD7LLoxx6sOpJDm9I6ziwK07NmQD+kPo8qYAZmoH96fVinHIiNGZIqW7dSbSfIakpZiQveakiCcJD1CddQwXiRPnZ5PYcHhqlB6NYmhIaTtTfExniSo14aDo50gM1743F/7xuqqNzP6MiSTUReLooShnUMRwHAXtUEqzZyBCEJTW3QjxAEmFt4iqZEBZeXiTuSe2i5tydVhpXszSKYB8cgCqogzPQALegCVyAwSN4Ai/g1cqtZ+vNep+2FqzZzB74A+vjG/9Fkqk=</latexit><latexit sha1_base64="a18noVEBgKR1hBdjG7ePNl5QU98=">AAAB+nicbVDLSsNAFJ3UV62vWJduBotYNyUVQd1VXeiygmkLTQiT6aQdOjMJMxOxhPyKGxcqbv0Sd/6N0weirQcuHM65l3vvCRNGlXacL6uwtLyyulZcL21sbm3v2LvllopTiYmLYxbLTogUYVQQV1PNSCeRBPGQkXY4vB777QciFY3FvR4lxOeoL2hEMdJGCuwyD7LLoxx6sOpJDm9I6ziwK07NmQD+kPo8qYAZmoH96fVinHIiNGZIqW7dSbSfIakpZiQveakiCcJD1CddQwXiRPnZ5PYcHhqlB6NYmhIaTtTfExniSo14aDo50gM1743F/7xuqqNzP6MiSTUReLooShnUMRwHAXtUEqzZyBCEJTW3QjxAEmFt4iqZEBZeXiTuSe2i5tydVhpXszSKYB8cgCqogzPQALegCVyAwSN4Ai/g1cqtZ+vNep+2FqzZzB74A+vjG/9Fkqk=</latexit>



How about dark matter?

17

Taking dark matter into account can have a strong impact on 
the dark photon search.

Opportunity to explore both dark matter and dark photon.

Two possibilities:

• Dark photon mediates interaction between DM and SM 
particles; And serves as a dark force.

• Dark photon itself could be a DM candidate.

The main motivation for scrutinizing dark photon physics.
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Dark photon couples to dark matter
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X

! !

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>

gD

�!
<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>

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>
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<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>

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="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>

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>

Secluded DM (�O�#�F���O�v): motivated by indirect detection anomalies: 
Time scale for each detection process to occur can be quite different.

Dark Photon as a Dark Force

Asymmetric DM: ΩDM~5Ωbaryon, naturally expect DM mass ~5GeV.  
Require a light dark photon to efficiently deplete symmetric relics in 
early universe.

Ñ
�v �v
�v �v



Dark Photon as a Dark Force

Spergel, Steinhardt (1999)�r�v�v�Þ�v�v ����1 barn

Large cross section at low velocity through light dark photon exchange.
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For a recent review, see 
Tulin, Yu (2017)

Dwarf galaxies: core/cusp problem? Simulations with WIMP gives 
cusp; Self interaction can yield core. A controversial topic, but viewed as 
a hint for special dark matter properties.

! !
gD

gD
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<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>



With a particle spectrum,                      , A’ does not decay into �v, 
so the visible dark photon limits shown earlier still hold.

Strawman Model

21

All of these reasons point to a simple dark sector (dark QED)

Standard 
Model

�

X

�

�
gD

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>

"
<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>

Simple setup: dark photon = mediator = dark force

m! > mA !
<latexit sha1_base64="157vhH62OdEYl/3UGYHxyNIBzSc=">AAAB+XicbZDLSsNAFIZP6q3WW6pLN4NFdFVSEdSNVN24rGBsoQ1hMp20QyeTMDNRSsyjuHGh4tY3cefbOL0g2vrDwMd/zuGc+YOEM6Ud58sqLCwuLa8UV0tr6xubW3Z5+07FqSTUJTGPZSvAinImqKuZ5rSVSIqjgNNmMLga1Zv3VCoWi1s9TKgX4Z5gISNYG8u3y5GfdUif5egcGbw4yH274lSdsdAP1GahAlM1fPuz041JGlGhCcdKtWtOor0MS80Ip3mpkyqaYDLAPdo2KHBElZeNT8/RvnG6KIyleUKjsft7IsORUsMoMJ0R1n01WxuZ/9XaqQ5PvYyJJNVUkMmiMOVIx2iUA+oySYnmQwOYSGZuRaSPJSbapFUyIcx9eR7co+pZ1bk5rtQvp2kUYRf24BBqcAJ1uIYGuEDgAZ7gBV6tR+vZerPeJ60FazqzA39kfXwDqXCTJw==</latexit><latexit sha1_base64="157vhH62OdEYl/3UGYHxyNIBzSc=">AAAB+XicbZDLSsNAFIZP6q3WW6pLN4NFdFVSEdSNVN24rGBsoQ1hMp20QyeTMDNRSsyjuHGh4tY3cefbOL0g2vrDwMd/zuGc+YOEM6Ud58sqLCwuLa8UV0tr6xubW3Z5+07FqSTUJTGPZSvAinImqKuZ5rSVSIqjgNNmMLga1Zv3VCoWi1s9TKgX4Z5gISNYG8u3y5GfdUif5egcGbw4yH274lSdsdAP1GahAlM1fPuz041JGlGhCcdKtWtOor0MS80Ip3mpkyqaYDLAPdo2KHBElZeNT8/RvnG6KIyleUKjsft7IsORUsMoMJ0R1n01WxuZ/9XaqQ5PvYyJJNVUkMmiMOVIx2iUA+oySYnmQwOYSGZuRaSPJSbapFUyIcx9eR7co+pZ1bk5rtQvp2kUYRf24BBqcAJ1uIYGuEDgAZ7gBV6tR+vZerPeJ60FazqzA39kfXwDqXCTJw==</latexit><latexit sha1_base64="157vhH62OdEYl/3UGYHxyNIBzSc=">AAAB+XicbZDLSsNAFIZP6q3WW6pLN4NFdFVSEdSNVN24rGBsoQ1hMp20QyeTMDNRSsyjuHGh4tY3cefbOL0g2vrDwMd/zuGc+YOEM6Ud58sqLCwuLa8UV0tr6xubW3Z5+07FqSTUJTGPZSvAinImqKuZ5rSVSIqjgNNmMLga1Zv3VCoWi1s9TKgX4Z5gISNYG8u3y5GfdUif5egcGbw4yH274lSdsdAP1GahAlM1fPuz041JGlGhCcdKtWtOor0MS80Ip3mpkyqaYDLAPdo2KHBElZeNT8/RvnG6KIyleUKjsft7IsORUsMoMJ0R1n01WxuZ/9XaqQ5PvYyJJNVUkMmiMOVIx2iUA+oySYnmQwOYSGZuRaSPJSbapFUyIcx9eR7co+pZ1bk5rtQvp2kUYRf24BBqcAJ1uIYGuEDgAZ7gBV6tR+vZerPeJ60FazqzA39kfXwDqXCTJw==</latexit>

With dark matter, new signatures become available.



Limit from BaBar:  " gD ≲ 10-2 – 10-1

Essig, Mardon, Papucci, Volansky, Zhong 
(1309.5084)

Missing energy signals from dark matter:

Mono-photon from ISR

Light Dark Matter at B Factories
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<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>
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Having dark photon FSR can help

Large ! D makes it more likely,
X

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>
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<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>
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"
<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>

"
<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>

! e+ e! ! ! ø! + nA " ! " n +1
D

<latexit sha1_base64="FNbt3PP7JG/81rEqQ839C6fU+kw="></latexit><latexit sha1_base64="FNbt3PP7JG/81rEqQ839C6fU+kw="></latexit><latexit sha1_base64="FNbt3PP7JG/81rEqQ839C6fU+kw="></latexit>



Dark Matter Bound States

23

�
�$�Q�J�T���T�C�F�K�W�U�������5�K�\�G���Q�H���R�Q�V�G�P�V�K�C�N���Y�G�N�N���
�c�&�O�v��������≲���O�#�F
����

Probing dark force in labs: produce DM pairs, put them 
together for long enough, let them interact with each other.

!

ø!

Dark Matter Bound State
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 natural consequence: Dark force makes bound states.

The dark analog of positronium
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! D (1!! )

!

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>

ø!

The dark Upsilon, produced the same way as the SM Upsilon, 
but decays within dark sector first.



An, Echenard, Pospelov, YZ (1510.05020, PRL)

Dark Matter Bound States @ BaBar

24

X

! D (1!! )

!

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>

ø!

important when �c�& is large 
�^�b�
�����^�����`���c�&��

The dark Upsilon, produced the same way as the SM Upsilon, 
but decays within dark sector first.
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! D (1!! )
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<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>

ø!

important when �c�& is large 
�^�b�
�����^�����`���c�&��

The dark Upsilon, produced the same way as the SM Upsilon, 
but decays within dark sector first.
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ø!

6 charged track: very low SM backgroundimportant when �c�& is large 
�^�b�
�����^�����`���c�&��

The dark Upsilon, produced the same way as the SM Upsilon, 
but decays within dark sector first.



Again, 6-charged track final states. We derive new limits based on 
existing Babar data by combining the two channels.

! D (JPC = 0�+)! D (J P C = 1 !! )

For fermionic DM, two nearly-degenerate ground states

V ⇤
X

�⇤
X

X

X
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<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>

mA0 (GeV)
<latexit sha1_base64="a18noVEBgKR1hBdjG7ePNl5QU98=">AAAB+nicbVDLSsNAFJ3UV62vWJduBotYNyUVQd1VXeiygmkLTQiT6aQdOjMJMxOxhPyKGxcqbv0Sd/6N0weirQcuHM65l3vvCRNGlXacL6uwtLyyulZcL21sbm3v2LvllopTiYmLYxbLTogUYVQQV1PNSCeRBPGQkXY4vB777QciFY3FvR4lxOeoL2hEMdJGCuwyD7LLoxx6sOpJDm9I6ziwK07NmQD+kPo8qYAZmoH96fVinHIiNGZIqW7dSbSfIakpZiQveakiCcJD1CddQwXiRPnZ5PYcHhqlB6NYmhIaTtTfExniSo14aDo50gM1743F/7xuqqNzP6MiSTUReLooShnUMRwHAXtUEqzZyBCEJTW3QjxAEmFt4iqZEBZeXiTuSe2i5tydVhpXszSKYB8cgCqogzPQALegCVyAwSN4Ai/g1cqtZ+vNep+2FqzZzB74A+vjG/9Fkqk=</latexit><latexit sha1_base64="a18noVEBgKR1hBdjG7ePNl5QU98=">AAAB+nicbVDLSsNAFJ3UV62vWJduBotYNyUVQd1VXeiygmkLTQiT6aQdOjMJMxOxhPyKGxcqbv0Sd/6N0weirQcuHM65l3vvCRNGlXacL6uwtLyyulZcL21sbm3v2LvllopTiYmLYxbLTogUYVQQV1PNSCeRBPGQkXY4vB777QciFY3FvR4lxOeoL2hEMdJGCuwyD7LLoxx6sOpJDm9I6ziwK07NmQD+kPo8qYAZmoH96fVinHIiNGZIqW7dSbSfIakpZiQveakiCcJD1CddQwXiRPnZ5PYcHhqlB6NYmhIaTtTfExniSo14aDo50gM1743F/7xuqqNzP6MiSTUReLooShnUMRwHAXtUEqzZyBCEJTW3QjxAEmFt4iqZEBZeXiTuSe2i5tydVhpXszSKYB8cgCqogzPQALegCVyAwSN4Ai/g1cqtZ+vNep+2FqzZzB74A+vjG/9Fkqk=</latexit><latexit sha1_base64="a18noVEBgKR1hBdjG7ePNl5QU98=">AAAB+nicbVDLSsNAFJ3UV62vWJduBotYNyUVQd1VXeiygmkLTQiT6aQdOjMJMxOxhPyKGxcqbv0Sd/6N0weirQcuHM65l3vvCRNGlXacL6uwtLyyulZcL21sbm3v2LvllopTiYmLYxbLTogUYVQQV1PNSCeRBPGQkXY4vB777QciFY3FvR4lxOeoL2hEMdJGCuwyD7LLoxx6sOpJDm9I6ziwK07NmQD+kPo8qYAZmoH96fVinHIiNGZIqW7dSbSfIakpZiQveakiCcJD1CddQwXiRPnZ5PYcHhqlB6NYmhIaTtTfExniSo14aDo50gM1743F/7xuqqNzP6MiSTUReLooShnUMRwHAXtUEqzZyBCEJTW3QjxAEmFt4iqZEBZeXiTuSe2i5tydVhpXszSKYB8cgCqogzPQALegCVyAwSN4Ai/g1cqtZ+vNep+2FqzZzB74A+vjG/9Fkqk=</latexit>

BelleII

Future BelleII
Hfuture limit, aD=0.25L

Hfuture limit, aD=0.5L
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Dark photon itself as dark matter



Dark Photon Itself as Dark Matter

28

Minimalistic approach: dark photon becomes cosmological 
stable if much lighter than MeV scale.
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<latexit sha1_base64="vBzIxpWKw/HJ1lCdqHXMqHv+LJc="></latexit><latexit sha1_base64="vBzIxpWKw/HJ1lCdqHXMqHv+LJc="></latexit><latexit sha1_base64="vBzIxpWKw/HJ1lCdqHXMqHv+LJc="></latexit>

! A ! ! ! !̄ ⇠ 1

"2
1

G2
F m

5
A !

⇠ 1028 sec

!
10" 7

"

" 2 !
1 keV
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" 5

<latexit sha1_base64="JNV/hOYJBA/3m3dSZtzTXMLiw3I="></latexit><latexit sha1_base64="JNV/hOYJBA/3m3dSZtzTXMLiw3I="></latexit><latexit sha1_base64="JNV/hOYJBA/3m3dSZtzTXMLiw3I="></latexit>

X

!
<latexit sha1_base64="z17dCmvZJjMflP9oW9n0QkGsV9Q=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsJ+3SzSbsboQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd2XWq9bcujsDWSZeQWpQoNmrfnX7CctilIYJqnXHc1MT5FQZzgROKt1MY0rZiA6wY6mkMeogn506ISdW6ZMoUbakITP190ROY63HcWg7Y2qGetGbiv95ncxEl0HOZZoZlGy+KMoEMQmZ/k36XCEzYmwJZYrbWwkbUkWZselUbAje4svLxD+rX9Xdu/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OcJ5cd6dj3lrySlmDuEPnM8fzB+Nqg==</latexit><latexit sha1_base64="z17dCmvZJjMflP9oW9n0QkGsV9Q=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsJ+3SzSbsboQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd2XWq9bcujsDWSZeQWpQoNmrfnX7CctilIYJqnXHc1MT5FQZzgROKt1MY0rZiA6wY6mkMeogn506ISdW6ZMoUbakITP190ROY63HcWg7Y2qGetGbiv95ncxEl0HOZZoZlGy+KMoEMQmZ/k36XCEzYmwJZYrbWwkbUkWZselUbAje4svLxD+rX9Xdu/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OcJ5cd6dj3lrySlmDuEPnM8fzB+Nqg==</latexit><latexit sha1_base64="z17dCmvZJjMflP9oW9n0QkGsV9Q=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsJ+3SzSbsboQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd2XWq9bcujsDWSZeQWpQoNmrfnX7CctilIYJqnXHc1MT5FQZzgROKt1MY0rZiA6wY6mkMeogn506ISdW6ZMoUbakITP190ROY63HcWg7Y2qGetGbiv95ncxEl0HOZZoZlGy+KMoEMQmZ/k36XCEzYmwJZYrbWwkbUkWZselUbAje4svLxD+rX9Xdu/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OcJ5cd6dj3lrySlmDuEPnM8fzB+Nqg==</latexit>

⌫̄
<latexit sha1_base64="Q/CfrhwDDnD3IGpttvnxU6hLvD0=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQplsN+3SzSbsboQS+iO8eFDx6v/x5r9x2+ag1QcDj/dmmJkXZYJr47pfTmVldW19o7pZ29re2d2r7x886DRXlPk0FanqRqiZ4JL5hhvBuplimESCdaLxzczvPDKleSrvzSRjYYJDyWNO0VipE0SoApn36w236c5B/hKvJA0o0e7XP4NBSvOESUMFat3z3MyEBSrDqWDTWpBrliEd45D1LJWYMB0W83On5MQqAxKnypY0ZK7+nCgw0XqSRLYzQTPSy95M/M/r5Sa+DAsus9wwSReL4lwQk5LZ72TAFaNGTCxBqri9ldARKqTGJlSzIXjLL/8l/lnzqunenTda12UaVTiCYzgFDy6gBbfQBh8ojOEJXuDVyZxn5815X7RWnHLmEH7B+fgGxROPYw==</latexit><latexit sha1_base64="Q/CfrhwDDnD3IGpttvnxU6hLvD0=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQplsN+3SzSbsboQS+iO8eFDx6v/x5r9x2+ag1QcDj/dmmJkXZYJr47pfTmVldW19o7pZ29re2d2r7x886DRXlPk0FanqRqiZ4JL5hhvBuplimESCdaLxzczvPDKleSrvzSRjYYJDyWNO0VipE0SoApn36w236c5B/hKvJA0o0e7XP4NBSvOESUMFat3z3MyEBSrDqWDTWpBrliEd45D1LJWYMB0W83On5MQqAxKnypY0ZK7+nCgw0XqSRLYzQTPSy95M/M/r5Sa+DAsus9wwSReL4lwQk5LZ72TAFaNGTCxBqri9ldARKqTGJlSzIXjLL/8l/lnzqunenTda12UaVTiCYzgFDy6gBbfQBh8ojOEJXuDVyZxn5815X7RWnHLmEH7B+fgGxROPYw==</latexit><latexit sha1_base64="Q/CfrhwDDnD3IGpttvnxU6hLvD0=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQplsN+3SzSbsboQS+iO8eFDx6v/x5r9x2+ag1QcDj/dmmJkXZYJr47pfTmVldW19o7pZ29re2d2r7x886DRXlPk0FanqRqiZ4JL5hhvBuplimESCdaLxzczvPDKleSrvzSRjYYJDyWNO0VipE0SoApn36w236c5B/hKvJA0o0e7XP4NBSvOESUMFat3z3MyEBSrDqWDTWpBrliEd45D1LJWYMB0W83On5MQqAxKnypY0ZK7+nCgw0XqSRLYzQTPSy95M/M/r5Sa+DAsus9wwSReL4lwQk5LZ72TAFaNGTCxBqri9ldARKqTGJlSzIXjLL/8l/lnzqunenTda12UaVTiCYzgFDy6gBbfQBh8ojOEJXuDVyZxn5815X7RWnHLmEH7B+fgGxROPYw==</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>

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>

"
<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>

XA!
<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>

"
<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>

�⇤
<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>

e
<latexit sha1_base64="8g0P2hkn1tmY+V1wE8v60UKiD0I=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa2KtU3Zo7A1kmXkGqUKDRq3x1+wnLYpSGCap1x3NTE+RUGc4ETsrdTGNK2YgOsGOppDHqIJ8dOiGnVumTKFG2pCEz9fdETmOtx3FoO2NqhnrRm4r/eZ3MRFdBzmWaGZRsvijKBDEJmX5N+lwhM2JsCWWK21sJG1JFmbHZlG0I3uLLy8Q/r13X3OZFtX5TpFGCYziBM/DgEupwBw3wgQHCM7zCm/PovDjvzse8dcUpZo7gD5zPHzeUjLw=</latexit><latexit sha1_base64="8g0P2hkn1tmY+V1wE8v60UKiD0I=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa2KtU3Zo7A1kmXkGqUKDRq3x1+wnLYpSGCap1x3NTE+RUGc4ETsrdTGNK2YgOsGOppDHqIJ8dOiGnVumTKFG2pCEz9fdETmOtx3FoO2NqhnrRm4r/eZ3MRFdBzmWaGZRsvijKBDEJmX5N+lwhM2JsCWWK21sJG1JFmbHZlG0I3uLLy8Q/r13X3OZFtX5TpFGCYziBM/DgEupwBw3wgQHCM7zCm/PovDjvzse8dcUpZo7gD5zPHzeUjLw=</latexit><latexit sha1_base64="8g0P2hkn1tmY+V1wE8v60UKiD0I=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa2KtU3Zo7A1kmXkGqUKDRq3x1+wnLYpSGCap1x3NTE+RUGc4ETsrdTGNK2YgOsGOppDHqIJ8dOiGnVumTKFG2pCEz9fdETmOtx3FoO2NqhnrRm4r/eZ3MRFdBzmWaGZRsvijKBDEJmX5N+lwhM2JsCWWK21sJG1JFmbHZlG0I3uLLy8Q/r13X3OZFtX5TpFGCYziBM/DgEupwBw3wgQHCM7zCm/PovDjvzse8dcUpZo7gD5zPHzeUjLw=</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="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="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>
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log10(mA ! / eV)

<latexit sha1_base64="I/ix3gWWsxYDE0bUJsLZklKkKlE=">AAACAXicbVDLSsNAFJ3UV62vqCtxM1jEuqmJCOqu6sZlBdMWmhAm02k7dCYTZiZCCcGNv+LGhYpb/8Kdf+P0gWj1wIXDOfdy7z1RwqjSjvNpFebmFxaXisulldW19Q17c6uhRCox8bBgQrYipAijMfE01Yy0EkkQjxhpRoOrkd+8I1JREd/qYUICjnox7VKMtJFCe8dnohdmrpNXeJhdHOTwyJccksZhaJedqjMG/CbuLCmDKeqh/eF3BE45iTVmSKm26yQ6yJDUFDOSl/xUkQThAeqRtqEx4kQF2fiFHO4bpQO7QpqKNRyrPycyxJUa8sh0cqT7atYbif957VR3z4KMxkmqSYwni7opg1rAUR6wQyXBmg0NQVhScyvEfSQR1ia1kgnhz8t/iXdcPa86Nyfl2uU0jSLYBXugAlxwCmrgGtSBBzC4B4/gGbxYD9aT9Wq9TVoL1nRmG/yC9f4FZvCVsQ==</latexit><latexit sha1_base64="I/ix3gWWsxYDE0bUJsLZklKkKlE=">AAACAXicbVDLSsNAFJ3UV62vqCtxM1jEuqmJCOqu6sZlBdMWmhAm02k7dCYTZiZCCcGNv+LGhYpb/8Kdf+P0gWj1wIXDOfdy7z1RwqjSjvNpFebmFxaXisulldW19Q17c6uhRCox8bBgQrYipAijMfE01Yy0EkkQjxhpRoOrkd+8I1JREd/qYUICjnox7VKMtJFCe8dnohdmrpNXeJhdHOTwyJccksZhaJedqjMG/CbuLCmDKeqh/eF3BE45iTVmSKm26yQ6yJDUFDOSl/xUkQThAeqRtqEx4kQF2fiFHO4bpQO7QpqKNRyrPycyxJUa8sh0cqT7atYbif957VR3z4KMxkmqSYwni7opg1rAUR6wQyXBmg0NQVhScyvEfSQR1ia1kgnhz8t/iXdcPa86Nyfl2uU0jSLYBXugAlxwCmrgGtSBBzC4B4/gGbxYD9aT9Wq9TVoL1nRmG/yC9f4FZvCVsQ==</latexit><latexit sha1_base64="I/ix3gWWsxYDE0bUJsLZklKkKlE=">AAACAXicbVDLSsNAFJ3UV62vqCtxM1jEuqmJCOqu6sZlBdMWmhAm02k7dCYTZiZCCcGNv+LGhYpb/8Kdf+P0gWj1wIXDOfdy7z1RwqjSjvNpFebmFxaXisulldW19Q17c6uhRCox8bBgQrYipAijMfE01Yy0EkkQjxhpRoOrkd+8I1JREd/qYUICjnox7VKMtJFCe8dnohdmrpNXeJhdHOTwyJccksZhaJedqjMG/CbuLCmDKeqh/eF3BE45iTVmSKm26yQ6yJDUFDOSl/xUkQThAeqRtqEx4kQF2fiFHO4bpQO7QpqKNRyrPycyxJUa8sh0cqT7atYbif957VR3z4KMxkmqSYwni7opg1rAUR6wQyXBmg0NQVhScyvEfSQR1ia1kgnhz8t/iXdcPa86Nyfl2uU0jSLYBXugAlxwCmrgGtSBBzC4B4/gGbxYD9aT9Wq9TVoL1nRmG/yC9f4FZvCVsQ==</latexit>

log10 !
<latexit sha1_base64="WAWMmQCA6F0oa+4MYy3+xK8Jnn4=">AAAB/XicbVBNS8NAEJ3Ur1q/quLJy2IRPJVEBPVW9OKxgtFCE8pmu2mXbnbD7qZQQsG/4sWDilf/hzf/jZu2iLY+GHi8N8PMvCjlTBvX/XJKS8srq2vl9crG5tb2TnV3717LTBHqE8mlakVYU84E9Q0znLZSRXEScfoQDa4L/2FIlWZS3JlRSsME9wSLGcHGSp3qQcBlr5N77hgFQ6xoqhkv9JpbdydAP8SbJzWYodmpfgZdSbKECkM41rrtuakJc6wMI5yOK0GmaYrJAPdo21KBE6rDfHL+GB1bpYtiqWwJgybq74kcJ1qPksh2Jtj09bxXiP957czEF2HORJoZKsh0UZxxZCQqskBdpigxfGQJJorZWxHpY4WJsYlVbAgLLy8S/7R+WXdvz2qNq1kaZTiEIzgBD86hATfQBB8I5PAEL/DqPDrPzpvzPm0tObOZffgD5+MbgpKVZg==</latexit><latexit sha1_base64="WAWMmQCA6F0oa+4MYy3+xK8Jnn4=">AAAB/XicbVBNS8NAEJ3Ur1q/quLJy2IRPJVEBPVW9OKxgtFCE8pmu2mXbnbD7qZQQsG/4sWDilf/hzf/jZu2iLY+GHi8N8PMvCjlTBvX/XJKS8srq2vl9crG5tb2TnV3717LTBHqE8mlakVYU84E9Q0znLZSRXEScfoQDa4L/2FIlWZS3JlRSsME9wSLGcHGSp3qQcBlr5N77hgFQ6xoqhkv9JpbdydAP8SbJzWYodmpfgZdSbKECkM41rrtuakJc6wMI5yOK0GmaYrJAPdo21KBE6rDfHL+GB1bpYtiqWwJgybq74kcJ1qPksh2Jtj09bxXiP957czEF2HORJoZKsh0UZxxZCQqskBdpigxfGQJJorZWxHpY4WJsYlVbAgLLy8S/7R+WXdvz2qNq1kaZTiEIzgBD86hATfQBB8I5PAEL/DqPDrPzpvzPm0tObOZffgD5+MbgpKVZg==</latexit><latexit sha1_base64="WAWMmQCA6F0oa+4MYy3+xK8Jnn4=">AAAB/XicbVBNS8NAEJ3Ur1q/quLJy2IRPJVEBPVW9OKxgtFCE8pmu2mXbnbD7qZQQsG/4sWDilf/hzf/jZu2iLY+GHi8N8PMvCjlTBvX/XJKS8srq2vl9crG5tb2TnV3717LTBHqE8mlakVYU84E9Q0znLZSRXEScfoQDa4L/2FIlWZS3JlRSsME9wSLGcHGSp3qQcBlr5N77hgFQ6xoqhkv9JpbdydAP8SbJzWYodmpfgZdSbKECkM41rrtuakJc6wMI5yOK0GmaYrJAPdo21KBE6rDfHL+GB1bpYtiqWwJgybq74kcJ1qPksh2Jtj09bxXiP957czEF2HORJoZKsh0UZxxZCQqskBdpigxfGQJJorZWxHpY4WJsYlVbAgLLy8S/7R+WXdvz2qNq1kaZTiEIzgBD86hATfQBB8I5PAEL/DqPDrPzpvzPm0tObOZffgD5+MbgpKVZg==</latexit>
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log10(mA ! / eV)

<latexit sha1_base64="I/ix3gWWsxYDE0bUJsLZklKkKlE=">AAACAXicbVDLSsNAFJ3UV62vqCtxM1jEuqmJCOqu6sZlBdMWmhAm02k7dCYTZiZCCcGNv+LGhYpb/8Kdf+P0gWj1wIXDOfdy7z1RwqjSjvNpFebmFxaXisulldW19Q17c6uhRCox8bBgQrYipAijMfE01Yy0EkkQjxhpRoOrkd+8I1JREd/qYUICjnox7VKMtJFCe8dnohdmrpNXeJhdHOTwyJccksZhaJedqjMG/CbuLCmDKeqh/eF3BE45iTVmSKm26yQ6yJDUFDOSl/xUkQThAeqRtqEx4kQF2fiFHO4bpQO7QpqKNRyrPycyxJUa8sh0cqT7atYbif957VR3z4KMxkmqSYwni7opg1rAUR6wQyXBmg0NQVhScyvEfSQR1ia1kgnhz8t/iXdcPa86Nyfl2uU0jSLYBXugAlxwCmrgGtSBBzC4B4/gGbxYD9aT9Wq9TVoL1nRmG/yC9f4FZvCVsQ==</latexit><latexit sha1_base64="I/ix3gWWsxYDE0bUJsLZklKkKlE=">AAACAXicbVDLSsNAFJ3UV62vqCtxM1jEuqmJCOqu6sZlBdMWmhAm02k7dCYTZiZCCcGNv+LGhYpb/8Kdf+P0gWj1wIXDOfdy7z1RwqjSjvNpFebmFxaXisulldW19Q17c6uhRCox8bBgQrYipAijMfE01Yy0EkkQjxhpRoOrkd+8I1JREd/qYUICjnox7VKMtJFCe8dnohdmrpNXeJhdHOTwyJccksZhaJedqjMG/CbuLCmDKeqh/eF3BE45iTVmSKm26yQ6yJDUFDOSl/xUkQThAeqRtqEx4kQF2fiFHO4bpQO7QpqKNRyrPycyxJUa8sh0cqT7atYbif957VR3z4KMxkmqSYwni7opg1rAUR6wQyXBmg0NQVhScyvEfSQR1ia1kgnhz8t/iXdcPa86Nyfl2uU0jSLYBXugAlxwCmrgGtSBBzC4B4/gGbxYD9aT9Wq9TVoL1nRmG/yC9f4FZvCVsQ==</latexit><latexit sha1_base64="I/ix3gWWsxYDE0bUJsLZklKkKlE=">AAACAXicbVDLSsNAFJ3UV62vqCtxM1jEuqmJCOqu6sZlBdMWmhAm02k7dCYTZiZCCcGNv+LGhYpb/8Kdf+P0gWj1wIXDOfdy7z1RwqjSjvNpFebmFxaXisulldW19Q17c6uhRCox8bBgQrYipAijMfE01Yy0EkkQjxhpRoOrkd+8I1JREd/qYUICjnox7VKMtJFCe8dnohdmrpNXeJhdHOTwyJccksZhaJedqjMG/CbuLCmDKeqh/eF3BE45iTVmSKm26yQ6yJDUFDOSl/xUkQThAeqRtqEx4kQF2fiFHO4bpQO7QpqKNRyrPycyxJUa8sh0cqT7atYbif957VR3z4KMxkmqSYwni7opg1rAUR6wQyXBmg0NQVhScyvEfSQR1ia1kgnhz8t/iXdcPa86Nyfl2uU0jSLYBXugAlxwCmrgGtSBBzC4B4/gGbxYD9aT9Wq9TVoL1nRmG/yC9f4FZvCVsQ==</latexit>

log10 !
<latexit sha1_base64="WAWMmQCA6F0oa+4MYy3+xK8Jnn4=">AAAB/XicbVBNS8NAEJ3Ur1q/quLJy2IRPJVEBPVW9OKxgtFCE8pmu2mXbnbD7qZQQsG/4sWDilf/hzf/jZu2iLY+GHi8N8PMvCjlTBvX/XJKS8srq2vl9crG5tb2TnV3717LTBHqE8mlakVYU84E9Q0znLZSRXEScfoQDa4L/2FIlWZS3JlRSsME9wSLGcHGSp3qQcBlr5N77hgFQ6xoqhkv9JpbdydAP8SbJzWYodmpfgZdSbKECkM41rrtuakJc6wMI5yOK0GmaYrJAPdo21KBE6rDfHL+GB1bpYtiqWwJgybq74kcJ1qPksh2Jtj09bxXiP957czEF2HORJoZKsh0UZxxZCQqskBdpigxfGQJJorZWxHpY4WJsYlVbAgLLy8S/7R+WXdvz2qNq1kaZTiEIzgBD86hATfQBB8I5PAEL/DqPDrPzpvzPm0tObOZffgD5+MbgpKVZg==</latexit><latexit sha1_base64="WAWMmQCA6F0oa+4MYy3+xK8Jnn4=">AAAB/XicbVBNS8NAEJ3Ur1q/quLJy2IRPJVEBPVW9OKxgtFCE8pmu2mXbnbD7qZQQsG/4sWDilf/hzf/jZu2iLY+GHi8N8PMvCjlTBvX/XJKS8srq2vl9crG5tb2TnV3717LTBHqE8mlakVYU84E9Q0znLZSRXEScfoQDa4L/2FIlWZS3JlRSsME9wSLGcHGSp3qQcBlr5N77hgFQ6xoqhkv9JpbdydAP8SbJzWYodmpfgZdSbKECkM41rrtuakJc6wMI5yOK0GmaYrJAPdo21KBE6rDfHL+GB1bpYtiqWwJgybq74kcJ1qPksh2Jtj09bxXiP957czEF2HORJoZKsh0UZxxZCQqskBdpigxfGQJJorZWxHpY4WJsYlVbAgLLy8S/7R+WXdvz2qNq1kaZTiEIzgBD86hATfQBB8I5PAEL/DqPDrPzpvzPm0tObOZffgD5+MbgpKVZg==</latexit><latexit sha1_base64="WAWMmQCA6F0oa+4MYy3+xK8Jnn4=">AAAB/XicbVBNS8NAEJ3Ur1q/quLJy2IRPJVEBPVW9OKxgtFCE8pmu2mXbnbD7qZQQsG/4sWDilf/hzf/jZu2iLY+GHi8N8PMvCjlTBvX/XJKS8srq2vl9crG5tb2TnV3717LTBHqE8mlakVYU84E9Q0znLZSRXEScfoQDa4L/2FIlWZS3JlRSsME9wSLGcHGSp3qQcBlr5N77hgFQ6xoqhkv9JpbdydAP8SbJzWYodmpfgZdSbKECkM41rrtuakJc6wMI5yOK0GmaYrJAPdo21KBE6rDfHL+GB1bpYtiqWwJgybq74kcJ1qPksh2Jtj09bxXiP957czEF2HORJoZKsh0UZxxZCQqskBdpigxfGQJJorZWxHpY4WJsYlVbAgLLy8S/7R+WXdvz2qNq1kaZTiEIzgBD86hATfQBB8I5PAEL/DqPDrPzpvzPm0tObOZffgD5+MbgpKVZg==</latexit>
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DM detector for 
solar dark photon
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Muon g-2 connection
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Very simple explanation using the dark photon.
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<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>

mA0 (GeV)
<latexit sha1_base64="a18noVEBgKR1hBdjG7ePNl5QU98=">AAAB+nicbVDLSsNAFJ3UV62vWJduBotYNyUVQd1VXeiygmkLTQiT6aQdOjMJMxOxhPyKGxcqbv0Sd/6N0weirQcuHM65l3vvCRNGlXacL6uwtLyyulZcL21sbm3v2LvllopTiYmLYxbLTogUYVQQV1PNSCeRBPGQkXY4vB777QciFY3FvR4lxOeoL2hEMdJGCuwyD7LLoxx6sOpJDm9I6ziwK07NmQD+kPo8qYAZmoH96fVinHIiNGZIqW7dSbSfIakpZiQveakiCcJD1CddQwXiRPnZ5PYcHhqlB6NYmhIaTtTfExniSo14aDo50gM1743F/7xuqqNzP6MiSTUReLooShnUMRwHAXtUEqzZyBCEJTW3QjxAEmFt4iqZEBZeXiTuSe2i5tydVhpXszSKYB8cgCqogzPQALegCVyAwSN4Ai/g1cqtZ+vNep+2FqzZzB74A+vjG/9Fkqk=</latexit><latexit sha1_base64="a18noVEBgKR1hBdjG7ePNl5QU98=">AAAB+nicbVDLSsNAFJ3UV62vWJduBotYNyUVQd1VXeiygmkLTQiT6aQdOjMJMxOxhPyKGxcqbv0Sd/6N0weirQcuHM65l3vvCRNGlXacL6uwtLyyulZcL21sbm3v2LvllopTiYmLYxbLTogUYVQQV1PNSCeRBPGQkXY4vB777QciFY3FvR4lxOeoL2hEMdJGCuwyD7LLoxx6sOpJDm9I6ziwK07NmQD+kPo8qYAZmoH96fVinHIiNGZIqW7dSbSfIakpZiQveakiCcJD1CddQwXiRPnZ5PYcHhqlB6NYmhIaTtTfExniSo14aDo50gM1743F/7xuqqNzP6MiSTUReLooShnUMRwHAXtUEqzZyBCEJTW3QjxAEmFt4iqZEBZeXiTuSe2i5tydVhpXszSKYB8cgCqogzPQALegCVyAwSN4Ai/g1cqtZ+vNep+2FqzZzB74A+vjG/9Fkqk=</latexit><latexit sha1_base64="a18noVEBgKR1hBdjG7ePNl5QU98=">AAAB+nicbVDLSsNAFJ3UV62vWJduBotYNyUVQd1VXeiygmkLTQiT6aQdOjMJMxOxhPyKGxcqbv0Sd/6N0weirQcuHM65l3vvCRNGlXacL6uwtLyyulZcL21sbm3v2LvllopTiYmLYxbLTogUYVQQV1PNSCeRBPGQkXY4vB777QciFY3FvR4lxOeoL2hEMdJGCuwyD7LLoxx6sOpJDm9I6ziwK07NmQD+kPo8qYAZmoH96fVinHIiNGZIqW7dSbSfIakpZiQveakiCcJD1CddQwXiRPnZ5PYcHhqlB6NYmhIaTtTfExniSo14aDo50gM1743F/7xuqqNzP6MiSTUReLooShnUMRwHAXtUEqzZyBCEJTW3QjxAEmFt4iqZEBZeXiTuSe2i5tydVhpXszSKYB8cgCqogzPQALegCVyAwSN4Ai/g1cqtZ+vNep+2FqzZzB74A+vjG/9Fkqk=</latexit>

! e
<latexit sha1_base64="farxGzh15g9bGvJsYopMSXNiF20=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juCaQLGF20kmGzM6sM7OBsOQ7vHhQ8erPePNvnDwQTSxoKKq66e6KEsGN9f0vL7eyura+kd8sbG3v7O4V9w8ejEo1w4ApoXQjogYFlxhYbgU2Eo00jgTWo8HNxK8PURuu5L0dJRjGtCd5lzNqnRS2hlRjYrhQkmC7WPLL/hTkh1QWSQnmqLWLn62OYmmM0jJBjWlW/MSGGdWWM4HjQis1mFA2oD1sOippjCbMpkePyYlTOqSrtCtpyVT9PZHR2JhRHLnOmNq+WfQm4n9eM7XdyzDjMkktSjZb1E0FsYpMEiAdrpFZMXKEMs3drYT1qabMupwKLoSll5dJcFa+Kvt356Xq9TyNPBzBMZxCBS6gCrdQgwAYPMITvMCrN/SevTfvfdaa8+Yzh/AH3sc3QYuR9A==</latexit><latexit sha1_base64="farxGzh15g9bGvJsYopMSXNiF20=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juCaQLGF20kmGzM6sM7OBsOQ7vHhQ8erPePNvnDwQTSxoKKq66e6KEsGN9f0vL7eyura+kd8sbG3v7O4V9w8ejEo1w4ApoXQjogYFlxhYbgU2Eo00jgTWo8HNxK8PURuu5L0dJRjGtCd5lzNqnRS2hlRjYrhQkmC7WPLL/hTkh1QWSQnmqLWLn62OYmmM0jJBjWlW/MSGGdWWM4HjQis1mFA2oD1sOippjCbMpkePyYlTOqSrtCtpyVT9PZHR2JhRHLnOmNq+WfQm4n9eM7XdyzDjMkktSjZb1E0FsYpMEiAdrpFZMXKEMs3drYT1qabMupwKLoSll5dJcFa+Kvt356Xq9TyNPBzBMZxCBS6gCrdQgwAYPMITvMCrN/SevTfvfdaa8+Yzh/AH3sc3QYuR9A==</latexit><latexit sha1_base64="farxGzh15g9bGvJsYopMSXNiF20=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juCaQLGF20kmGzM6sM7OBsOQ7vHhQ8erPePNvnDwQTSxoKKq66e6KEsGN9f0vL7eyura+kd8sbG3v7O4V9w8ejEo1w4ApoXQjogYFlxhYbgU2Eo00jgTWo8HNxK8PURuu5L0dJRjGtCd5lzNqnRS2hlRjYrhQkmC7WPLL/hTkh1QWSQnmqLWLn62OYmmM0jJBjWlW/MSGGdWWM4HjQis1mFA2oD1sOippjCbMpkePyYlTOqSrtCtpyVT9PZHR2JhRHLnOmNq+WfQm4n9eM7XdyzDjMkktSjZb1E0FsYpMEiAdrpFZMXKEMs3drYT1qabMupwKLoSll5dJcFa+Kvt356Xq9TyNPBzBMZxCBS6gCrdQgwAYPMITvMCrN/SevTfvfdaa8+Yzh/AH3sc3QYuR9A==</latexit>

! e
<latexit sha1_base64="farxGzh15g9bGvJsYopMSXNiF20=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juCaQLGF20kmGzM6sM7OBsOQ7vHhQ8erPePNvnDwQTSxoKKq66e6KEsGN9f0vL7eyura+kd8sbG3v7O4V9w8ejEo1w4ApoXQjogYFlxhYbgU2Eo00jgTWo8HNxK8PURuu5L0dJRjGtCd5lzNqnRS2hlRjYrhQkmC7WPLL/hTkh1QWSQnmqLWLn62OYmmM0jJBjWlW/MSGGdWWM4HjQis1mFA2oD1sOippjCbMpkePyYlTOqSrtCtpyVT9PZHR2JhRHLnOmNq+WfQm4n9eM7XdyzDjMkktSjZb1E0FsYpMEiAdrpFZMXKEMs3drYT1qabMupwKLoSll5dJcFa+Kvt356Xq9TyNPBzBMZxCBS6gCrdQgwAYPMITvMCrN/SevTfvfdaa8+Yzh/AH3sc3QYuR9A==</latexit><latexit sha1_base64="farxGzh15g9bGvJsYopMSXNiF20=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juCaQLGF20kmGzM6sM7OBsOQ7vHhQ8erPePNvnDwQTSxoKKq66e6KEsGN9f0vL7eyura+kd8sbG3v7O4V9w8ejEo1w4ApoXQjogYFlxhYbgU2Eo00jgTWo8HNxK8PURuu5L0dJRjGtCd5lzNqnRS2hlRjYrhQkmC7WPLL/hTkh1QWSQnmqLWLn62OYmmM0jJBjWlW/MSGGdWWM4HjQis1mFA2oD1sOippjCbMpkePyYlTOqSrtCtpyVT9PZHR2JhRHLnOmNq+WfQm4n9eM7XdyzDjMkktSjZb1E0FsYpMEiAdrpFZMXKEMs3drYT1qabMupwKLoSll5dJcFa+Kvt356Xq9TyNPBzBMZxCBS6gCrdQgwAYPMITvMCrN/SevTfvfdaa8+Yzh/AH3sc3QYuR9A==</latexit><latexit sha1_base64="farxGzh15g9bGvJsYopMSXNiF20=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juCaQLGF20kmGzM6sM7OBsOQ7vHhQ8erPePNvnDwQTSxoKKq66e6KEsGN9f0vL7eyura+kd8sbG3v7O4V9w8ejEo1w4ApoXQjogYFlxhYbgU2Eo00jgTWo8HNxK8PURuu5L0dJRjGtCd5lzNqnRS2hlRjYrhQkmC7WPLL/hTkh1QWSQnmqLWLn62OYmmM0jJBjWlW/MSGGdWWM4HjQis1mFA2oD1sOippjCbMpkePyYlTOqSrtCtpyVT9PZHR2JhRHLnOmNq+WfQm4n9eM7XdyzDjMkktSjZb1E0FsYpMEiAdrpFZMXKEMs3drYT1qabMupwKLoSll5dJcFa+Kvt356Xq9TyNPBzBMZxCBS6gCrdQgwAYPMITvMCrN/SevTfvfdaa8+Yzh/AH3sc3QYuR9A==</latexit>

If mA’≪mμ, 

If mA’≫mμ, 

! (gµ ! 2)
2

=
"2#
2$

<latexit sha1_base64="HqWryKrfZJCXChlLR4o3Zs/9Z7o="></latexit><latexit sha1_base64="HqWryKrfZJCXChlLR4o3Zs/9Z7o="></latexit><latexit sha1_base64="HqWryKrfZJCXChlLR4o3Zs/9Z7o="></latexit>

! (gµ ! 2)
2

=
"2#
3$

m2
µ

m2
A !

<latexit sha1_base64="FRIE/Y9Z66h7oNoOF4NEQQHYGH0="></latexit><latexit sha1_base64="FRIE/Y9Z66h7oNoOF4NEQQHYGH0="></latexit><latexit sha1_base64="FRIE/Y9Z66h7oNoOF4NEQQHYGH0="></latexit>
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This very simple explanation has been ruled out.

NA48/ 2 : ! 0 ! " A! ! " e+ e"
<latexit sha1_base64="RPVDs5exPku2XF3HXH7esN+0IhA="></latexit><latexit sha1_base64="RPVDs5exPku2XF3HXH7esN+0IhA="></latexit><latexit sha1_base64="RPVDs5exPku2XF3HXH7esN+0IhA="></latexit>

BaBar : e+ e! ! A" ! e+ e! , µ+ µ!
<latexit sha1_base64="8PDTD1uXlMsh0lAnN1hWoQF7/2w="></latexit><latexit sha1_base64="8PDTD1uXlMsh0lAnN1hWoQF7/2w="></latexit><latexit sha1_base64="8PDTD1uXlMsh0lAnN1hWoQF7/2w="></latexit>

Electron g ! 2
<latexit sha1_base64="5REmGB7MBxNBmb2xW2N3ZvQPWog=">AAAB+3icbVBNSwMxEJ31s9av1R69BIvgxbItgnoriuCxgmsL3aVk02wbmk2WJCuUpf4VLx5UvPpHvPlvTD8QbX0w8Hhvhpl5UcqZNp735Swtr6yurRc2iptb2zu77t7+vZaZItQnkkvVirCmnAnqG2Y4baWK4iTitBkNrsZ+84EqzaS4M8OUhgnuCRYzgo2VOm4pD1SCrjklRkkxClDvpNZxy17FmwD9kOo8KcMMjY77GXQlyRIqDOFY63bVS02YY2UY4XRUDDJNU0wGuEfblgqcUB3mk+NH6MgqXRRLZUsYNFF/T+Q40XqYRLYzwaav572x+J/Xzkx8HuZMpJmhgkwXxRlHRqJxEqjLlP2aDy3BRDF7KyJ9rDAxNq+iDWHh5UXi1yoXFe/2tFy/nKVRgAM4hGOowhnU4QYa4AOBITzBC7w6j86z8+a8T1uXnNlMCf7A+fgGQYqUDg==</latexit><latexit sha1_base64="5REmGB7MBxNBmb2xW2N3ZvQPWog=">AAAB+3icbVBNSwMxEJ31s9av1R69BIvgxbItgnoriuCxgmsL3aVk02wbmk2WJCuUpf4VLx5UvPpHvPlvTD8QbX0w8Hhvhpl5UcqZNp735Swtr6yurRc2iptb2zu77t7+vZaZItQnkkvVirCmnAnqG2Y4baWK4iTitBkNrsZ+84EqzaS4M8OUhgnuCRYzgo2VOm4pD1SCrjklRkkxClDvpNZxy17FmwD9kOo8KcMMjY77GXQlyRIqDOFY63bVS02YY2UY4XRUDDJNU0wGuEfblgqcUB3mk+NH6MgqXRRLZUsYNFF/T+Q40XqYRLYzwaav572x+J/Xzkx8HuZMpJmhgkwXxRlHRqJxEqjLlP2aDy3BRDF7KyJ9rDAxNq+iDWHh5UXi1yoXFe/2tFy/nKVRgAM4hGOowhnU4QYa4AOBITzBC7w6j86z8+a8T1uXnNlMCf7A+fgGQYqUDg==</latexit><latexit sha1_base64="5REmGB7MBxNBmb2xW2N3ZvQPWog=">AAAB+3icbVBNSwMxEJ31s9av1R69BIvgxbItgnoriuCxgmsL3aVk02wbmk2WJCuUpf4VLx5UvPpHvPlvTD8QbX0w8Hhvhpl5UcqZNp735Swtr6yurRc2iptb2zu77t7+vZaZItQnkkvVirCmnAnqG2Y4baWK4iTitBkNrsZ+84EqzaS4M8OUhgnuCRYzgo2VOm4pD1SCrjklRkkxClDvpNZxy17FmwD9kOo8KcMMjY77GXQlyRIqDOFY63bVS02YY2UY4XRUDDJNU0wGuEfblgqcUB3mk+NH6MgqXRRLZUsYNFF/T+Q40XqYRLYzwaav572x+J/Xzkx8HuZMpJmhgkwXxRlHRqJxEqjLlP2aDy3BRDF7KyJ9rDAxNq+iDWHh5UXi1yoXFe/2tFy/nKVRgAM4hGOowhnU4QYa4AOBITzBC7w6j86z8+a8T1uXnNlMCf7A+fgGQYqUDg==</latexit>

Clearly, electron coupling 
is the killer.

What’s the next 
experimental target?
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!
<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>

mA0 (GeV)
<latexit sha1_base64="a18noVEBgKR1hBdjG7ePNl5QU98=">AAAB+nicbVDLSsNAFJ3UV62vWJduBotYNyUVQd1VXeiygmkLTQiT6aQdOjMJMxOxhPyKGxcqbv0Sd/6N0weirQcuHM65l3vvCRNGlXacL6uwtLyyulZcL21sbm3v2LvllopTiYmLYxbLTogUYVQQV1PNSCeRBPGQkXY4vB777QciFY3FvR4lxOeoL2hEMdJGCuwyD7LLoxx6sOpJDm9I6ziwK07NmQD+kPo8qYAZmoH96fVinHIiNGZIqW7dSbSfIakpZiQveakiCcJD1CddQwXiRPnZ5PYcHhqlB6NYmhIaTtTfExniSo14aDo50gM1743F/7xuqqNzP6MiSTUReLooShnUMRwHAXtUEqzZyBCEJTW3QjxAEmFt4iqZEBZeXiTuSe2i5tydVhpXszSKYB8cgCqogzPQALegCVyAwSN4Ai/g1cqtZ+vNep+2FqzZzB74A+vjG/9Fkqk=</latexit><latexit sha1_base64="a18noVEBgKR1hBdjG7ePNl5QU98=">AAAB+nicbVDLSsNAFJ3UV62vWJduBotYNyUVQd1VXeiygmkLTQiT6aQdOjMJMxOxhPyKGxcqbv0Sd/6N0weirQcuHM65l3vvCRNGlXacL6uwtLyyulZcL21sbm3v2LvllopTiYmLYxbLTogUYVQQV1PNSCeRBPGQkXY4vB777QciFY3FvR4lxOeoL2hEMdJGCuwyD7LLoxx6sOpJDm9I6ziwK07NmQD+kPo8qYAZmoH96fVinHIiNGZIqW7dSbSfIakpZiQveakiCcJD1CddQwXiRPnZ5PYcHhqlB6NYmhIaTtTfExniSo14aDo50gM1743F/7xuqqNzP6MiSTUReLooShnUMRwHAXtUEqzZyBCEJTW3QjxAEmFt4iqZEBZeXiTuSe2i5tydVhpXszSKYB8cgCqogzPQALegCVyAwSN4Ai/g1cqtZ+vNep+2FqzZzB74A+vjG/9Fkqk=</latexit><latexit sha1_base64="a18noVEBgKR1hBdjG7ePNl5QU98=">AAAB+nicbVDLSsNAFJ3UV62vWJduBotYNyUVQd1VXeiygmkLTQiT6aQdOjMJMxOxhPyKGxcqbv0Sd/6N0weirQcuHM65l3vvCRNGlXacL6uwtLyyulZcL21sbm3v2LvllopTiYmLYxbLTogUYVQQV1PNSCeRBPGQkXY4vB777QciFY3FvR4lxOeoL2hEMdJGCuwyD7LLoxx6sOpJDm9I6ziwK07NmQD+kPo8qYAZmoH96fVinHIiNGZIqW7dSbSfIakpZiQveakiCcJD1CddQwXiRPnZ5PYcHhqlB6NYmhIaTtTfExniSo14aDo50gM1743F/7xuqqNzP6MiSTUReLooShnUMRwHAXtUEqzZyBCEJTW3QjxAEmFt4iqZEBZeXiTuSe2i5tydVhpXszSKYB8cgCqogzPQALegCVyAwSN4Ai/g1cqtZ+vNep+2FqzZzB74A+vjG/9Fkqk=</latexit>
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!
<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>

Z !
<latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit><latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit><latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit>

µ, !
<latexit sha1_base64="7qLKUHjugLXoJoqT0o5/ZB3/fuA=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8SNiIoN6CXjxGcE0ku4TZyWwyZGZ2mYcQlnyFFw8qXv0db/6Nk2QPmljQUFR1090VZ5xp4/vf3tLyyuraemmjvLm1vbNb2dt/0KlVhAYk5alqx1hTziQNDDOctjNFsYg5bcXDm4nfeqJKs1Tem1FGI4H7kiWMYOOkx1DYUxQabLuVql/zp0CLpF6QKhRoditfYS8lVlBpCMdad+p+ZqIcK8MIp+NyaDXNMBniPu04KrGgOsqnB4/RsVN6KEmVK2nQVP09kWOh9UjErlNgM9Dz3kT8z+tYk1xGOZOZNVSS2aLEcmRSNPke9ZiixPCRI5go5m5FZIAVJsZlVHYh1OdfXiTBWe2q5t+dVxvXRRolOIQjOIE6XEADbqEJARAQ8Ayv8OYp78V79z5mrUteMXMAf+B9/gCkYo/X</latexit><latexit sha1_base64="7qLKUHjugLXoJoqT0o5/ZB3/fuA=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8SNiIoN6CXjxGcE0ku4TZyWwyZGZ2mYcQlnyFFw8qXv0db/6Nk2QPmljQUFR1090VZ5xp4/vf3tLyyuraemmjvLm1vbNb2dt/0KlVhAYk5alqx1hTziQNDDOctjNFsYg5bcXDm4nfeqJKs1Tem1FGI4H7kiWMYOOkx1DYUxQabLuVql/zp0CLpF6QKhRoditfYS8lVlBpCMdad+p+ZqIcK8MIp+NyaDXNMBniPu04KrGgOsqnB4/RsVN6KEmVK2nQVP09kWOh9UjErlNgM9Dz3kT8z+tYk1xGOZOZNVSS2aLEcmRSNPke9ZiixPCRI5go5m5FZIAVJsZlVHYh1OdfXiTBWe2q5t+dVxvXRRolOIQjOIE6XEADbqEJARAQ8Ayv8OYp78V79z5mrUteMXMAf+B9/gCkYo/X</latexit><latexit sha1_base64="7qLKUHjugLXoJoqT0o5/ZB3/fuA=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8SNiIoN6CXjxGcE0ku4TZyWwyZGZ2mYcQlnyFFw8qXv0db/6Nk2QPmljQUFR1090VZ5xp4/vf3tLyyuraemmjvLm1vbNb2dt/0KlVhAYk5alqx1hTziQNDDOctjNFsYg5bcXDm4nfeqJKs1Tem1FGI4H7kiWMYOOkx1DYUxQabLuVql/zp0CLpF6QKhRoditfYS8lVlBpCMdad+p+ZqIcK8MIp+NyaDXNMBniPu04KrGgOsqnB4/RsVN6KEmVK2nQVP09kWOh9UjErlNgM9Dz3kT8z+tYk1xGOZOZNVSS2aLEcmRSNPke9ZiixPCRI5go5m5FZIAVJsZlVHYh1OdfXiTBWe2q5t+dVxvXRRolOIQjOIE6XEADbqEJARAQ8Ayv8OYp78V79z5mrUteMXMAf+B9/gCkYo/X</latexit>

! IR = ! UV +
<latexit sha1_base64="CcBW6sg+nX3YSlY0vY4nRaIhJpo=">AAACFXicbVDLSgMxFM3UV62vUZdugkUQxDIVQV0IRTe6q+K0hc5QMmmmDU0yQ5IplGG+wo2/4saFilvBnX9j2s5CWw9cODnnXnLvCWJGlXacb6uwsLi0vFJcLa2tb2xu2ds7DRUlEhMXRyySrQApwqggrqaakVYsCeIBI81gcD32m0MiFY3Egx7FxOeoJ2hIMdJG6tjH3hBJEivKzCv1JIe39xm8hHOy28jgUccuOxVnAjhPqjkpgxz1jv3ldSOccCI0ZkipdtWJtZ8iqSlmJCt5iSIxwgPUI21DBeJE+enkrAweGKULw0iaEhpO1N8TKeJKjXhgOjnSfTXrjcX/vHaiw3M/pSJONBF4+lGYMKgjOM4IdqkkWLORIQhLanaFuI8kwtokWTIhVGdPnifuSeWi4tydlmtXeRpFsAf2wSGogjNQAzegDlyAwSN4Bq/gzXqyXqx362PaWrDymV3wB9bnDzILnvA=</latexit><latexit sha1_base64="CcBW6sg+nX3YSlY0vY4nRaIhJpo=">AAACFXicbVDLSgMxFM3UV62vUZdugkUQxDIVQV0IRTe6q+K0hc5QMmmmDU0yQ5IplGG+wo2/4saFilvBnX9j2s5CWw9cODnnXnLvCWJGlXacb6uwsLi0vFJcLa2tb2xu2ds7DRUlEhMXRyySrQApwqggrqaakVYsCeIBI81gcD32m0MiFY3Egx7FxOeoJ2hIMdJG6tjH3hBJEivKzCv1JIe39xm8hHOy28jgUccuOxVnAjhPqjkpgxz1jv3ldSOccCI0ZkipdtWJtZ8iqSlmJCt5iSIxwgPUI21DBeJE+enkrAweGKULw0iaEhpO1N8TKeJKjXhgOjnSfTXrjcX/vHaiw3M/pSJONBF4+lGYMKgjOM4IdqkkWLORIQhLanaFuI8kwtokWTIhVGdPnifuSeWi4tydlmtXeRpFsAf2wSGogjNQAzegDlyAwSN4Bq/gzXqyXqx362PaWrDymV3wB9bnDzILnvA=</latexit><latexit sha1_base64="CcBW6sg+nX3YSlY0vY4nRaIhJpo=">AAACFXicbVDLSgMxFM3UV62vUZdugkUQxDIVQV0IRTe6q+K0hc5QMmmmDU0yQ5IplGG+wo2/4saFilvBnX9j2s5CWw9cODnnXnLvCWJGlXacb6uwsLi0vFJcLa2tb2xu2ds7DRUlEhMXRyySrQApwqggrqaakVYsCeIBI81gcD32m0MiFY3Egx7FxOeoJ2hIMdJG6tjH3hBJEivKzCv1JIe39xm8hHOy28jgUccuOxVnAjhPqjkpgxz1jv3ldSOccCI0ZkipdtWJtZ8iqSlmJCt5iSIxwgPUI21DBeJE+enkrAweGKULw0iaEhpO1N8TKeJKjXhgOjnSfTXrjcX/vHaiw3M/pSJONBF4+lGYMKgjOM4IdqkkWLORIQhLanaFuI8kwtokWTIhVGdPnifuSeWi4tydlmtXeRpFsAf2wSGogjNQAzegDlyAwSN4Bq/gzXqyXqx362PaWrDymV3wB9bnDzILnvA=</latexit>

kinetic mixing term allowed. 
Generalized dark photon:

! IR
<latexit sha1_base64="ZvBHEEF1FiUmlZ8weh+byjUaVDk=">AAAB/HicbVDLSgMxFM3UV62v8bFzEyyCqzIVQd0V3eiuimMLnaFk0ts2NMkMSaZQh+KvuHGh4tYPceffmD4QbT1w4eSce8m9J0o408bzvpzcwuLS8kp+tbC2vrG55W7v3Os4VRR8GvNY1SOigTMJvmGGQz1RQETEoRb1Lkd+rQ9Ks1jemUECoSAdydqMEmOlprsX9ImCRDNuX1mgBL6+HTbdolfyxsA/pDxLimiKatP9DFoxTQVIQznRulH2EhNmRBlGOQwLQaohIbRHOtCwVBIBOszG2w/xoVVauB0rW9Lgsfp7IiNC64GIbKcgpqtnvZH4n9dITfsszJhMUgOSTj5qpxybGI+iwC2mgBo+sIRQxeyumHaJItTYwAo2hLmT54l/XDoveTcnxcrFNI082kcH6AiV0SmqoCtURT6i6AE9oRf06jw6z86b8z5pzTnTmV30B87HNx9dlTM=</latexit><latexit sha1_base64="ZvBHEEF1FiUmlZ8weh+byjUaVDk=">AAAB/HicbVDLSgMxFM3UV62v8bFzEyyCqzIVQd0V3eiuimMLnaFk0ts2NMkMSaZQh+KvuHGh4tYPceffmD4QbT1w4eSce8m9J0o408bzvpzcwuLS8kp+tbC2vrG55W7v3Os4VRR8GvNY1SOigTMJvmGGQz1RQETEoRb1Lkd+rQ9Ks1jemUECoSAdydqMEmOlprsX9ImCRDNuX1mgBL6+HTbdolfyxsA/pDxLimiKatP9DFoxTQVIQznRulH2EhNmRBlGOQwLQaohIbRHOtCwVBIBOszG2w/xoVVauB0rW9Lgsfp7IiNC64GIbKcgpqtnvZH4n9dITfsszJhMUgOSTj5qpxybGI+iwC2mgBo+sIRQxeyumHaJItTYwAo2hLmT54l/XDoveTcnxcrFNI082kcH6AiV0SmqoCtURT6i6AE9oRf06jw6z86b8z5pzTnTmV30B87HNx9dlTM=</latexit><latexit sha1_base64="ZvBHEEF1FiUmlZ8weh+byjUaVDk=">AAAB/HicbVDLSgMxFM3UV62v8bFzEyyCqzIVQd0V3eiuimMLnaFk0ts2NMkMSaZQh+KvuHGh4tYPceffmD4QbT1w4eSce8m9J0o408bzvpzcwuLS8kp+tbC2vrG55W7v3Os4VRR8GvNY1SOigTMJvmGGQz1RQETEoRb1Lkd+rQ9Ks1jemUECoSAdydqMEmOlprsX9ImCRDNuX1mgBL6+HTbdolfyxsA/pDxLimiKatP9DFoxTQVIQznRulH2EhNmRBlGOQwLQaohIbRHOtCwVBIBOszG2w/xoVVauB0rW9Lgsfp7IiNC64GIbKcgpqtnvZH4n9dITfsszJhMUgOSTj5qpxybGI+iwC2mgBo+sIRQxeyumHaJItTYwAo2hLmT54l/XDoveTcnxcrFNI082kcH6AiV0SmqoCtURT6i6AE9oRf06jw6z86b8z5pzTnTmV30B87HNx9dlTM=</latexit>

g!
<latexit sha1_base64="9rL852LUL15QCv2SJ+LGPf01TSI=">AAAB6HicbVBNS8NAEJ3Ur1q/oh69LBbRU0lFUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x+4Fo64OBx3szzMwLU8G18bwvp7C0vLK6VlwvbWxube+4u3sPOskUQ58lIlHNkGoUXKJvuBHYTBXSOBTYCAfXY7/xiErzRN6bYYpBTHuSR5xRY6W73nHHLXsVbwLyQ6rzpAwz1DvuZ7ubsCxGaZigWreqXmqCnCrDmcBRqZ1pTCkb0B62LJU0Rh3kk0tH5MgqXRIlypY0ZKL+nshprPUwDm1nTE1fz3tj8T+vlZnoIsi5TDODkk0XRZkgJiHjt0mXK2RGDC2hTHF7K2F9qigzNpySDWHh5UXin1YuK97tWbl2NUujCAdwCCdQhXOowQ3UwQcGETzBC7w6A+fZeXPep60FZzazD3/gfHwDnEaM8A==</latexit><latexit sha1_base64="9rL852LUL15QCv2SJ+LGPf01TSI=">AAAB6HicbVBNS8NAEJ3Ur1q/oh69LBbRU0lFUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x+4Fo64OBx3szzMwLU8G18bwvp7C0vLK6VlwvbWxube+4u3sPOskUQ58lIlHNkGoUXKJvuBHYTBXSOBTYCAfXY7/xiErzRN6bYYpBTHuSR5xRY6W73nHHLXsVbwLyQ6rzpAwz1DvuZ7ubsCxGaZigWreqXmqCnCrDmcBRqZ1pTCkb0B62LJU0Rh3kk0tH5MgqXRIlypY0ZKL+nshprPUwDm1nTE1fz3tj8T+vlZnoIsi5TDODkk0XRZkgJiHjt0mXK2RGDC2hTHF7K2F9qigzNpySDWHh5UXin1YuK97tWbl2NUujCAdwCCdQhXOowQ3UwQcGETzBC7w6A+fZeXPep60FZzazD3/gfHwDnEaM8A==</latexit><latexit sha1_base64="9rL852LUL15QCv2SJ+LGPf01TSI=">AAAB6HicbVBNS8NAEJ3Ur1q/oh69LBbRU0lFUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x+4Fo64OBx3szzMwLU8G18bwvp7C0vLK6VlwvbWxube+4u3sPOskUQ58lIlHNkGoUXKJvuBHYTBXSOBTYCAfXY7/xiErzRN6bYYpBTHuSR5xRY6W73nHHLXsVbwLyQ6rzpAwz1DvuZ7ubsCxGaZigWreqXmqCnCrDmcBRqZ1pTCkb0B62LJU0Rh3kk0tH5MgqXRIlypY0ZKL+nshprPUwDm1nTE1fz3tj8T+vlZnoIsi5TDODkk0XRZkgJiHjt0mXK2RGDC2hTHF7K2F9qigzNpySDWHh5UXin1YuK97tWbl2NUujCAdwCCdQhXOowQ3UwQcGETzBC7w6A+fZeXPep60FZzazD3/gfHwDnEaM8A==</latexit>

L! -L"  ZÕ 
like

dark photon
like

de Gouvea, Machado, YZ (in preparation)

Anomaly free model.
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! IR
<latexit sha1_base64="ZvBHEEF1FiUmlZ8weh+byjUaVDk=">AAAB/HicbVDLSgMxFM3UV62v8bFzEyyCqzIVQd0V3eiuimMLnaFk0ts2NMkMSaZQh+KvuHGh4tYPceffmD4QbT1w4eSce8m9J0o408bzvpzcwuLS8kp+tbC2vrG55W7v3Os4VRR8GvNY1SOigTMJvmGGQz1RQETEoRb1Lkd+rQ9Ks1jemUECoSAdydqMEmOlprsX9ImCRDNuX1mgBL6+HTbdolfyxsA/pDxLimiKatP9DFoxTQVIQznRulH2EhNmRBlGOQwLQaohIbRHOtCwVBIBOszG2w/xoVVauB0rW9Lgsfp7IiNC64GIbKcgpqtnvZH4n9dITfsszJhMUgOSTj5qpxybGI+iwC2mgBo+sIRQxeyumHaJItTYwAo2hLmT54l/XDoveTcnxcrFNI082kcH6AiV0SmqoCtURT6i6AE9oRf06jw6z86b8z5pzTnTmV30B87HNx9dlTM=</latexit><latexit sha1_base64="ZvBHEEF1FiUmlZ8weh+byjUaVDk=">AAAB/HicbVDLSgMxFM3UV62v8bFzEyyCqzIVQd0V3eiuimMLnaFk0ts2NMkMSaZQh+KvuHGh4tYPceffmD4QbT1w4eSce8m9J0o408bzvpzcwuLS8kp+tbC2vrG55W7v3Os4VRR8GvNY1SOigTMJvmGGQz1RQETEoRb1Lkd+rQ9Ks1jemUECoSAdydqMEmOlprsX9ImCRDNuX1mgBL6+HTbdolfyxsA/pDxLimiKatP9DFoxTQVIQznRulH2EhNmRBlGOQwLQaohIbRHOtCwVBIBOszG2w/xoVVauB0rW9Lgsfp7IiNC64GIbKcgpqtnvZH4n9dITfsszJhMUgOSTj5qpxybGI+iwC2mgBo+sIRQxeyumHaJItTYwAo2hLmT54l/XDoveTcnxcrFNI082kcH6AiV0SmqoCtURT6i6AE9oRf06jw6z86b8z5pzTnTmV30B87HNx9dlTM=</latexit><latexit sha1_base64="ZvBHEEF1FiUmlZ8weh+byjUaVDk=">AAAB/HicbVDLSgMxFM3UV62v8bFzEyyCqzIVQd0V3eiuimMLnaFk0ts2NMkMSaZQh+KvuHGh4tYPceffmD4QbT1w4eSce8m9J0o408bzvpzcwuLS8kp+tbC2vrG55W7v3Os4VRR8GvNY1SOigTMJvmGGQz1RQETEoRb1Lkd+rQ9Ks1jemUECoSAdydqMEmOlprsX9ImCRDNuX1mgBL6+HTbdolfyxsA/pDxLimiKatP9DFoxTQVIQznRulH2EhNmRBlGOQwLQaohIbRHOtCwVBIBOszG2w/xoVVauB0rW9Lgsfp7IiNC64GIbKcgpqtnvZH4n9dITfsszJhMUgOSTj5qpxybGI+iwC2mgBo+sIRQxeyumHaJItTYwAo2hLmT54l/XDoveTcnxcrFNI082kcH6AiV0SmqoCtURT6i6AE9oRf06jw6z86b8z5pzTnTmV30B87HNx9dlTM=</latexit>

g!
<latexit sha1_base64="9rL852LUL15QCv2SJ+LGPf01TSI=">AAAB6HicbVBNS8NAEJ3Ur1q/oh69LBbRU0lFUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x+4Fo64OBx3szzMwLU8G18bwvp7C0vLK6VlwvbWxube+4u3sPOskUQ58lIlHNkGoUXKJvuBHYTBXSOBTYCAfXY7/xiErzRN6bYYpBTHuSR5xRY6W73nHHLXsVbwLyQ6rzpAwz1DvuZ7ubsCxGaZigWreqXmqCnCrDmcBRqZ1pTCkb0B62LJU0Rh3kk0tH5MgqXRIlypY0ZKL+nshprPUwDm1nTE1fz3tj8T+vlZnoIsi5TDODkk0XRZkgJiHjt0mXK2RGDC2hTHF7K2F9qigzNpySDWHh5UXin1YuK97tWbl2NUujCAdwCCdQhXOowQ3UwQcGETzBC7w6A+fZeXPep60FZzazD3/gfHwDnEaM8A==</latexit><latexit sha1_base64="9rL852LUL15QCv2SJ+LGPf01TSI=">AAAB6HicbVBNS8NAEJ3Ur1q/oh69LBbRU0lFUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x+4Fo64OBx3szzMwLU8G18bwvp7C0vLK6VlwvbWxube+4u3sPOskUQ58lIlHNkGoUXKJvuBHYTBXSOBTYCAfXY7/xiErzRN6bYYpBTHuSR5xRY6W73nHHLXsVbwLyQ6rzpAwz1DvuZ7ubsCxGaZigWreqXmqCnCrDmcBRqZ1pTCkb0B62LJU0Rh3kk0tH5MgqXRIlypY0ZKL+nshprPUwDm1nTE1fz3tj8T+vlZnoIsi5TDODkk0XRZkgJiHjt0mXK2RGDC2hTHF7K2F9qigzNpySDWHh5UXin1YuK97tWbl2NUujCAdwCCdQhXOowQ3UwQcGETzBC7w6A+fZeXPep60FZzazD3/gfHwDnEaM8A==</latexit><latexit sha1_base64="9rL852LUL15QCv2SJ+LGPf01TSI=">AAAB6HicbVBNS8NAEJ3Ur1q/oh69LBbRU0lFUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x+4Fo64OBx3szzMwLU8G18bwvp7C0vLK6VlwvbWxube+4u3sPOskUQ58lIlHNkGoUXKJvuBHYTBXSOBTYCAfXY7/xiErzRN6bYYpBTHuSR5xRY6W73nHHLXsVbwLyQ6rzpAwz1DvuZ7ubsCxGaZigWreqXmqCnCrDmcBRqZ1pTCkb0B62LJU0Rh3kk0tH5MgqXRIlypY0ZKL+nshprPUwDm1nTE1fz3tj8T+vlZnoIsi5TDODkk0XRZkgJiHjt0mXK2RGDC2hTHF7K2F9qigzNpySDWHh5UXin1YuK97tWbl2NUujCAdwCCdQhXOowQ3UwQcGETzBC7w6A+fZeXPep60FZzazD3/gfHwDnEaM8A==</latexit>

— Constraints for the usual  
dark photon (NA48/2) can be 
avoided.

If so, Z’ lighter than 210 MeV 
mainly decays into neutrinos.

de Gouvea, Machado, YZ (in preparation)

If εe≪g’, hierarchical couplings 
of Z’ to electron and Lμ & Lτ.
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Invisible decay constraint on 
dark photon (NA64)

Neutrino trident production
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! IR

<latexit sha1_base64="ZvBHEEF1FiUmlZ8weh+byjUaVDk=">AAAB/HicbVDLSgMxFM3UV62v8bFzEyyCqzIVQd0V3eiuimMLnaFk0ts2NMkMSaZQh+KvuHGh4tYPceffmD4QbT1w4eSce8m9J0o408bzvpzcwuLS8kp+tbC2vrG55W7v3Os4VRR8GvNY1SOigTMJvmGGQz1RQETEoRb1Lkd+rQ9Ks1jemUECoSAdydqMEmOlprsX9ImCRDNuX1mgBL6+HTbdolfyxsA/pDxLimiKatP9DFoxTQVIQznRulH2EhNmRBlGOQwLQaohIbRHOtCwVBIBOszG2w/xoVVauB0rW9Lgsfp7IiNC64GIbKcgpqtnvZH4n9dITfsszJhMUgOSTj5qpxybGI+iwC2mgBo+sIRQxeyumHaJItTYwAo2hLmT54l/XDoveTcnxcrFNI082kcH6AiV0SmqoCtURT6i6AE9oRf06jw6z86b8z5pzTnTmV30B87HNx9dlTM=</latexit><latexit sha1_base64="ZvBHEEF1FiUmlZ8weh+byjUaVDk=">AAAB/HicbVDLSgMxFM3UV62v8bFzEyyCqzIVQd0V3eiuimMLnaFk0ts2NMkMSaZQh+KvuHGh4tYPceffmD4QbT1w4eSce8m9J0o408bzvpzcwuLS8kp+tbC2vrG55W7v3Os4VRR8GvNY1SOigTMJvmGGQz1RQETEoRb1Lkd+rQ9Ks1jemUECoSAdydqMEmOlprsX9ImCRDNuX1mgBL6+HTbdolfyxsA/pDxLimiKatP9DFoxTQVIQznRulH2EhNmRBlGOQwLQaohIbRHOtCwVBIBOszG2w/xoVVauB0rW9Lgsfp7IiNC64GIbKcgpqtnvZH4n9dITfsszJhMUgOSTj5qpxybGI+iwC2mgBo+sIRQxeyumHaJItTYwAo2hLmT54l/XDoveTcnxcrFNI082kcH6AiV0SmqoCtURT6i6AE9oRf06jw6z86b8z5pzTnTmV30B87HNx9dlTM=</latexit><latexit sha1_base64="ZvBHEEF1FiUmlZ8weh+byjUaVDk=">AAAB/HicbVDLSgMxFM3UV62v8bFzEyyCqzIVQd0V3eiuimMLnaFk0ts2NMkMSaZQh+KvuHGh4tYPceffmD4QbT1w4eSce8m9J0o408bzvpzcwuLS8kp+tbC2vrG55W7v3Os4VRR8GvNY1SOigTMJvmGGQz1RQETEoRb1Lkd+rQ9Ks1jemUECoSAdydqMEmOlprsX9ImCRDNuX1mgBL6+HTbdolfyxsA/pDxLimiKatP9DFoxTQVIQznRulH2EhNmRBlGOQwLQaohIbRHOtCwVBIBOszG2w/xoVVauB0rW9Lgsfp7IiNC64GIbKcgpqtnvZH4n9dITfsszJhMUgOSTj5qpxybGI+iwC2mgBo+sIRQxeyumHaJItTYwAo2hLmT54l/XDoveTcnxcrFNI082kcH6AiV0SmqoCtURT6i6AE9oRf06jw6z86b8z5pzTnTmV30B87HNx9dlTM=</latexit>

g!
<latexit sha1_base64="9rL852LUL15QCv2SJ+LGPf01TSI=">AAAB6HicbVBNS8NAEJ3Ur1q/oh69LBbRU0lFUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x+4Fo64OBx3szzMwLU8G18bwvp7C0vLK6VlwvbWxube+4u3sPOskUQ58lIlHNkGoUXKJvuBHYTBXSOBTYCAfXY7/xiErzRN6bYYpBTHuSR5xRY6W73nHHLXsVbwLyQ6rzpAwz1DvuZ7ubsCxGaZigWreqXmqCnCrDmcBRqZ1pTCkb0B62LJU0Rh3kk0tH5MgqXRIlypY0ZKL+nshprPUwDm1nTE1fz3tj8T+vlZnoIsi5TDODkk0XRZkgJiHjt0mXK2RGDC2hTHF7K2F9qigzNpySDWHh5UXin1YuK97tWbl2NUujCAdwCCdQhXOowQ3UwQcGETzBC7w6A+fZeXPep60FZzazD3/gfHwDnEaM8A==</latexit><latexit sha1_base64="9rL852LUL15QCv2SJ+LGPf01TSI=">AAAB6HicbVBNS8NAEJ3Ur1q/oh69LBbRU0lFUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x+4Fo64OBx3szzMwLU8G18bwvp7C0vLK6VlwvbWxube+4u3sPOskUQ58lIlHNkGoUXKJvuBHYTBXSOBTYCAfXY7/xiErzRN6bYYpBTHuSR5xRY6W73nHHLXsVbwLyQ6rzpAwz1DvuZ7ubsCxGaZigWreqXmqCnCrDmcBRqZ1pTCkb0B62LJU0Rh3kk0tH5MgqXRIlypY0ZKL+nshprPUwDm1nTE1fz3tj8T+vlZnoIsi5TDODkk0XRZkgJiHjt0mXK2RGDC2hTHF7K2F9qigzNpySDWHh5UXin1YuK97tWbl2NUujCAdwCCdQhXOowQ3UwQcGETzBC7w6A+fZeXPep60FZzazD3/gfHwDnEaM8A==</latexit><latexit sha1_base64="9rL852LUL15QCv2SJ+LGPf01TSI=">AAAB6HicbVBNS8NAEJ3Ur1q/oh69LBbRU0lFUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x+4Fo64OBx3szzMwLU8G18bwvp7C0vLK6VlwvbWxube+4u3sPOskUQ58lIlHNkGoUXKJvuBHYTBXSOBTYCAfXY7/xiErzRN6bYYpBTHuSR5xRY6W73nHHLXsVbwLyQ6rzpAwz1DvuZ7ubsCxGaZigWreqXmqCnCrDmcBRqZ1pTCkb0B62LJU0Rh3kk0tH5MgqXRIlypY0ZKL+nshprPUwDm1nTE1fz3tj8T+vlZnoIsi5TDODkk0XRZkgJiHjt0mXK2RGDC2hTHF7K2F9qigzNpySDWHh5UXin1YuK97tWbl2NUujCAdwCCdQhXOowQ3UwQcGETzBC7w6A+fZeXPep60FZzazD3/gfHwDnEaM8A==</latexit>

e
<latexit sha1_base64="8g0P2hkn1tmY+V1wE8v60UKiD0I=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa2KtU3Zo7A1kmXkGqUKDRq3x1+wnLYpSGCap1x3NTE+RUGc4ETsrdTGNK2YgOsGOppDHqIJ8dOiGnVumTKFG2pCEz9fdETmOtx3FoO2NqhnrRm4r/eZ3MRFdBzmWaGZRsvijKBDEJmX5N+lwhM2JsCWWK21sJG1JFmbHZlG0I3uLLy8Q/r13X3OZFtX5TpFGCYziBM/DgEupwBw3wgQHCM7zCm/PovDjvzse8dcUpZo7gD5zPHzeUjLw=</latexit><latexit sha1_base64="8g0P2hkn1tmY+V1wE8v60UKiD0I=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa2KtU3Zo7A1kmXkGqUKDRq3x1+wnLYpSGCap1x3NTE+RUGc4ETsrdTGNK2YgOsGOppDHqIJ8dOiGnVumTKFG2pCEz9fdETmOtx3FoO2NqhnrRm4r/eZ3MRFdBzmWaGZRsvijKBDEJmX5N+lwhM2JsCWWK21sJG1JFmbHZlG0I3uLLy8Q/r13X3OZFtX5TpFGCYziBM/DgEupwBw3wgQHCM7zCm/PovDjvzse8dcUpZo7gD5zPHzeUjLw=</latexit><latexit sha1_base64="8g0P2hkn1tmY+V1wE8v60UKiD0I=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa2KtU3Zo7A1kmXkGqUKDRq3x1+wnLYpSGCap1x3NTE+RUGc4ETsrdTGNK2YgOsGOppDHqIJ8dOiGnVumTKFG2pCEz9fdETmOtx3FoO2NqhnrRm4r/eZ3MRFdBzmWaGZRsvijKBDEJmX5N+lwhM2JsCWWK21sJG1JFmbHZlG0I3uLLy8Q/r13X3OZFtX5TpFGCYziBM/DgEupwBw3wgQHCM7zCm/PovDjvzse8dcUpZo7gD5zPHzeUjLw=</latexit>

e
<latexit sha1_base64="8g0P2hkn1tmY+V1wE8v60UKiD0I=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa2KtU3Zo7A1kmXkGqUKDRq3x1+wnLYpSGCap1x3NTE+RUGc4ETsrdTGNK2YgOsGOppDHqIJ8dOiGnVumTKFG2pCEz9fdETmOtx3FoO2NqhnrRm4r/eZ3MRFdBzmWaGZRsvijKBDEJmX5N+lwhM2JsCWWK21sJG1JFmbHZlG0I3uLLy8Q/r13X3OZFtX5TpFGCYziBM/DgEupwBw3wgQHCM7zCm/PovDjvzse8dcUpZo7gD5zPHzeUjLw=</latexit><latexit sha1_base64="8g0P2hkn1tmY+V1wE8v60UKiD0I=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa2KtU3Zo7A1kmXkGqUKDRq3x1+wnLYpSGCap1x3NTE+RUGc4ETsrdTGNK2YgOsGOppDHqIJ8dOiGnVumTKFG2pCEz9fdETmOtx3FoO2NqhnrRm4r/eZ3MRFdBzmWaGZRsvijKBDEJmX5N+lwhM2JsCWWK21sJG1JFmbHZlG0I3uLLy8Q/r13X3OZFtX5TpFGCYziBM/DgEupwBw3wgQHCM7zCm/PovDjvzse8dcUpZo7gD5zPHzeUjLw=</latexit><latexit sha1_base64="8g0P2hkn1tmY+V1wE8v60UKiD0I=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa2KtU3Zo7A1kmXkGqUKDRq3x1+wnLYpSGCap1x3NTE+RUGc4ETsrdTGNK2YgOsGOppDHqIJ8dOiGnVumTKFG2pCEz9fdETmOtx3FoO2NqhnrRm4r/eZ3MRFdBzmWaGZRsvijKBDEJmX5N+lwhM2JsCWWK21sJG1JFmbHZlG0I3uLLy8Q/r13X3OZFtX5TpFGCYziBM/DgEupwBw3wgQHCM7zCm/PovDjvzse8dcUpZo7gD5zPHzeUjLw=</latexit>

Z
<latexit sha1_base64="GL6i6Mv6u9GDg57IOVjqw8wA8rc=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx5bMLbYhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/VbT6g0j+WdGSfoR3QgecgZNVZqPvTKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Ok+jCEdwDKdQgwuowy00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8m84yx</latexit><latexit sha1_base64="GL6i6Mv6u9GDg57IOVjqw8wA8rc=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx5bMLbYhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/VbT6g0j+WdGSfoR3QgecgZNVZqPvTKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Ok+jCEdwDKdQgwuowy00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8m84yx</latexit><latexit sha1_base64="GL6i6Mv6u9GDg57IOVjqw8wA8rc=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx5bMLbYhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/VbT6g0j+WdGSfoR3QgecgZNVZqPvTKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Ok+jCEdwDKdQgwuowy00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8m84yx</latexit>

Z
<latexit sha1_base64="GL6i6Mv6u9GDg57IOVjqw8wA8rc=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx5bMLbYhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/VbT6g0j+WdGSfoR3QgecgZNVZqPvTKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Ok+jCEdwDKdQgwuowy00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8m84yx</latexit><latexit sha1_base64="GL6i6Mv6u9GDg57IOVjqw8wA8rc=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx5bMLbYhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/VbT6g0j+WdGSfoR3QgecgZNVZqPvTKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Ok+jCEdwDKdQgwuowy00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8m84yx</latexit><latexit sha1_base64="GL6i6Mv6u9GDg57IOVjqw8wA8rc=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx5bMLbYhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/VbT6g0j+WdGSfoR3QgecgZNVZqPvTKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Ok+jCEdwDKdQgwuowy00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8m84yx</latexit>

!
<latexit sha1_base64="z17dCmvZJjMflP9oW9n0QkGsV9Q=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsJ+3SzSbsboQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd2XWq9bcujsDWSZeQWpQoNmrfnX7CctilIYJqnXHc1MT5FQZzgROKt1MY0rZiA6wY6mkMeogn506ISdW6ZMoUbakITP190ROY63HcWg7Y2qGetGbiv95ncxEl0HOZZoZlGy+KMoEMQmZ/k36XCEzYmwJZYrbWwkbUkWZselUbAje4svLxD+rX9Xdu/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OcJ5cd6dj3lrySlmDuEPnM8fzB+Nqg==</latexit><latexit sha1_base64="z17dCmvZJjMflP9oW9n0QkGsV9Q=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsJ+3SzSbsboQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd2XWq9bcujsDWSZeQWpQoNmrfnX7CctilIYJqnXHc1MT5FQZzgROKt1MY0rZiA6wY6mkMeogn506ISdW6ZMoUbakITP190ROY63HcWg7Y2qGetGbiv95ncxEl0HOZZoZlGy+KMoEMQmZ/k36XCEzYmwJZYrbWwkbUkWZselUbAje4svLxD+rX9Xdu/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OcJ5cd6dj3lrySlmDuEPnM8fzB+Nqg==</latexit><latexit sha1_base64="z17dCmvZJjMflP9oW9n0QkGsV9Q=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsJ+3SzSbsboQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd2XWq9bcujsDWSZeQWpQoNmrfnX7CctilIYJqnXHc1MT5FQZzgROKt1MY0rZiA6wY6mkMeogn506ISdW6ZMoUbakITP190ROY63HcWg7Y2qGetGbiv95ncxEl0HOZZoZlGy+KMoEMQmZ/k36XCEzYmwJZYrbWwkbUkWZselUbAje4svLxD+rX9Xdu/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OcJ5cd6dj3lrySlmDuEPnM8fzB+Nqg==</latexit>

ø!
<latexit sha1_base64="Q/CfrhwDDnD3IGpttvnxU6hLvD0=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQplsN+3SzSbsboQS+iO8eFDx6v/x5r9x2+ag1QcDj/dmmJkXZYJr47pfTmVldW19o7pZ29re2d2r7x886DRXlPk0FanqRqiZ4JL5hhvBuplimESCdaLxzczvPDKleSrvzSRjYYJDyWNO0VipE0SoApn36w236c5B/hKvJA0o0e7XP4NBSvOESUMFat3z3MyEBSrDqWDTWpBrliEd45D1LJWYMB0W83On5MQqAxKnypY0ZK7+nCgw0XqSRLYzQTPSy95M/M/r5Sa+DAsus9wwSReL4lwQk5LZ72TAFaNGTCxBqri9ldARKqTGJlSzIXjLL/8l/lnzqunenTda12UaVTiCYzgFDy6gBbfQBh8ojOEJXuDVyZxn5815X7RWnHLmEH7B+fgGxROPYw==</latexit><latexit sha1_base64="Q/CfrhwDDnD3IGpttvnxU6hLvD0=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQplsN+3SzSbsboQS+iO8eFDx6v/x5r9x2+ag1QcDj/dmmJkXZYJr47pfTmVldW19o7pZ29re2d2r7x886DRXlPk0FanqRqiZ4JL5hhvBuplimESCdaLxzczvPDKleSrvzSRjYYJDyWNO0VipE0SoApn36w236c5B/hKvJA0o0e7XP4NBSvOESUMFat3z3MyEBSrDqWDTWpBrliEd45D1LJWYMB0W83On5MQqAxKnypY0ZK7+nCgw0XqSRLYzQTPSy95M/M/r5Sa+DAsus9wwSReL4lwQk5LZ72TAFaNGTCxBqri9ldARKqTGJlSzIXjLL/8l/lnzqunenTda12UaVTiCYzgFDy6gBbfQBh8ojOEJXuDVyZxn5815X7RWnHLmEH7B+fgGxROPYw==</latexit><latexit sha1_base64="Q/CfrhwDDnD3IGpttvnxU6hLvD0=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQplsN+3SzSbsboQS+iO8eFDx6v/x5r9x2+ag1QcDj/dmmJkXZYJr47pfTmVldW19o7pZ29re2d2r7x886DRXlPk0FanqRqiZ4JL5hhvBuplimESCdaLxzczvPDKleSrvzSRjYYJDyWNO0VipE0SoApn36w236c5B/hKvJA0o0e7XP4NBSvOESUMFat3z3MyEBSrDqWDTWpBrliEd45D1LJWYMB0W83On5MQqAxKnypY0ZK7+nCgw0XqSRLYzQTPSy95M/M/r5Sa+DAsus9wwSReL4lwQk5LZ72TAFaNGTCxBqri9ldARKqTGJlSzIXjLL/8l/lnzqunenTda12UaVTiCYzgFDy6gBbfQBh8ojOEJXuDVyZxn5815X7RWnHLmEH7B+fgGxROPYw==</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>

Z !
<latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit><latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit><latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit>

Z
<latexit sha1_base64="GL6i6Mv6u9GDg57IOVjqw8wA8rc=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx5bMLbYhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/VbT6g0j+WdGSfoR3QgecgZNVZqPvTKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Ok+jCEdwDKdQgwuowy00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8m84yx</latexit><latexit sha1_base64="GL6i6Mv6u9GDg57IOVjqw8wA8rc=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx5bMLbYhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/VbT6g0j+WdGSfoR3QgecgZNVZqPvTKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Ok+jCEdwDKdQgwuowy00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8m84yx</latexit><latexit sha1_base64="GL6i6Mv6u9GDg57IOVjqw8wA8rc=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx5bMLbYhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/VbT6g0j+WdGSfoR3QgecgZNVZqPvTKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Ok+jCEdwDKdQgwuowy00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8m84yx</latexit>

Z
<latexit sha1_base64="GL6i6Mv6u9GDg57IOVjqw8wA8rc=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx5bMLbYhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/VbT6g0j+WdGSfoR3QgecgZNVZqPvTKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Ok+jCEdwDKdQgwuowy00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8m84yx</latexit><latexit sha1_base64="GL6i6Mv6u9GDg57IOVjqw8wA8rc=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx5bMLbYhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/VbT6g0j+WdGSfoR3QgecgZNVZqPvTKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Ok+jCEdwDKdQgwuowy00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8m84yx</latexit><latexit sha1_base64="GL6i6Mv6u9GDg57IOVjqw8wA8rc=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx5bMLbYhrLZTtq1m03Y3Qgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/VbT6g0j+WdGSfoR3QgecgZNVZqPvTKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Ok+jCEdwDKdQgwuowy00wAMGCM/wCm/Oo/PivDsf89aCk88cwh84nz8m84yx</latexit>

!
<latexit sha1_base64="z17dCmvZJjMflP9oW9n0QkGsV9Q=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsJ+3SzSbsboQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd2XWq9bcujsDWSZeQWpQoNmrfnX7CctilIYJqnXHc1MT5FQZzgROKt1MY0rZiA6wY6mkMeogn506ISdW6ZMoUbakITP190ROY63HcWg7Y2qGetGbiv95ncxEl0HOZZoZlGy+KMoEMQmZ/k36XCEzYmwJZYrbWwkbUkWZselUbAje4svLxD+rX9Xdu/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OcJ5cd6dj3lrySlmDuEPnM8fzB+Nqg==</latexit><latexit sha1_base64="z17dCmvZJjMflP9oW9n0QkGsV9Q=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsJ+3SzSbsboQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd2XWq9bcujsDWSZeQWpQoNmrfnX7CctilIYJqnXHc1MT5FQZzgROKt1MY0rZiA6wY6mkMeogn506ISdW6ZMoUbakITP190ROY63HcWg7Y2qGetGbiv95ncxEl0HOZZoZlGy+KMoEMQmZ/k36XCEzYmwJZYrbWwkbUkWZselUbAje4svLxD+rX9Xdu/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OcJ5cd6dj3lrySlmDuEPnM8fzB+Nqg==</latexit><latexit sha1_base64="z17dCmvZJjMflP9oW9n0QkGsV9Q=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsJ+3SzSbsboQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd2XWq9bcujsDWSZeQWpQoNmrfnX7CctilIYJqnXHc1MT5FQZzgROKt1MY0rZiA6wY6mkMeogn506ISdW6ZMoUbakITP190ROY63HcWg7Y2qGetGbiv95ncxEl0HOZZoZlGy+KMoEMQmZ/k36XCEzYmwJZYrbWwkbUkWZselUbAje4svLxD+rX9Xdu/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OcJ5cd6dj3lrySlmDuEPnM8fzB+Nqg==</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>

!
<latexit sha1_base64="z17dCmvZJjMflP9oW9n0QkGsV9Q=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsJ+3SzSbsboQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd2XWq9bcujsDWSZeQWpQoNmrfnX7CctilIYJqnXHc1MT5FQZzgROKt1MY0rZiA6wY6mkMeogn506ISdW6ZMoUbakITP190ROY63HcWg7Y2qGetGbiv95ncxEl0HOZZoZlGy+KMoEMQmZ/k36XCEzYmwJZYrbWwkbUkWZselUbAje4svLxD+rX9Xdu/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OcJ5cd6dj3lrySlmDuEPnM8fzB+Nqg==</latexit><latexit sha1_base64="z17dCmvZJjMflP9oW9n0QkGsV9Q=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsJ+3SzSbsboQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd2XWq9bcujsDWSZeQWpQoNmrfnX7CctilIYJqnXHc1MT5FQZzgROKt1MY0rZiA6wY6mkMeogn506ISdW6ZMoUbakITP190ROY63HcWg7Y2qGetGbiv95ncxEl0HOZZoZlGy+KMoEMQmZ/k36XCEzYmwJZYrbWwkbUkWZselUbAje4svLxD+rX9Xdu/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OcJ5cd6dj3lrySlmDuEPnM8fzB+Nqg==</latexit><latexit sha1_base64="z17dCmvZJjMflP9oW9n0QkGsV9Q=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsJ+3SzSbsboQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LBjFMMYjqQPOKMGivdd2XWq9bcujsDWSZeQWpQoNmrfnX7CctilIYJqnXHc1MT5FQZzgROKt1MY0rZiA6wY6mkMeogn506ISdW6ZMoUbakITP190ROY63HcWg7Y2qGetGbiv95ncxEl0HOZZoZlGy+KMoEMQmZ/k36XCEzYmwJZYrbWwkbUkWZselUbAje4svLxD+rX9Xdu/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OcJ5cd6dj3lrySlmDuEPnM8fzB+Nqg==</latexit>

Z !"
<latexit sha1_base64="J+e1geJ9KSPKjE9Ln6APU1OuKKU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKKh5KIoN6KXjxWMLbYxrLZbtqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOFMG9f9dhYWl5ZXVktr5fWNza3tys7uvY5TRahPYh6rVog15UxS3zDDaStRFIuQ02Y4vM795hNVmsXyzowSGgjclyxiBJtcejh6POlWqm7NnQDNE68gVSjQ6Fa+Or2YpIJKQzjWuu25iQkyrAwjnI7LnVTTBJMh7tO2pRILqoNscusYHVqlh6JY2ZIGTdTfExkWWo9EaDsFNgM96+Xif147NdFFkDGZpIZKMl0UpRyZGOWPox5TlBg+sgQTxeytiAywwsTYeMo2BG/25Xnin9Yua+7tWbV+VaRRgn04gGPw4BzqcAMN8IHAAJ7hFd4c4bw4787HtHXBKWb24A+czx+f+I1+</latexit><latexit sha1_base64="J+e1geJ9KSPKjE9Ln6APU1OuKKU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKKh5KIoN6KXjxWMLbYxrLZbtqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOFMG9f9dhYWl5ZXVktr5fWNza3tys7uvY5TRahPYh6rVog15UxS3zDDaStRFIuQ02Y4vM795hNVmsXyzowSGgjclyxiBJtcejh6POlWqm7NnQDNE68gVSjQ6Fa+Or2YpIJKQzjWuu25iQkyrAwjnI7LnVTTBJMh7tO2pRILqoNscusYHVqlh6JY2ZIGTdTfExkWWo9EaDsFNgM96+Xif147NdFFkDGZpIZKMl0UpRyZGOWPox5TlBg+sgQTxeytiAywwsTYeMo2BG/25Xnin9Yua+7tWbV+VaRRgn04gGPw4BzqcAMN8IHAAJ7hFd4c4bw4787HtHXBKWb24A+czx+f+I1+</latexit><latexit sha1_base64="J+e1geJ9KSPKjE9Ln6APU1OuKKU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKKh5KIoN6KXjxWMLbYxrLZbtqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOFMG9f9dhYWl5ZXVktr5fWNza3tys7uvY5TRahPYh6rVog15UxS3zDDaStRFIuQ02Y4vM795hNVmsXyzowSGgjclyxiBJtcejh6POlWqm7NnQDNE68gVSjQ6Fa+Or2YpIJKQzjWuu25iQkyrAwjnI7LnVTTBJMh7tO2pRILqoNscusYHVqlh6JY2ZIGTdTfExkWWo9EaDsFNgM96+Xif147NdFFkDGZpIZKMl0UpRyZGOWPox5TlBg+sgQTxeytiAywwsTYeMo2BG/25Xnin9Yua+7tWbV+VaRRgn04gGPw4BzqcAMN8IHAAJ7hFd4c4bw4787HtHXBKWb24A+czx+f+I1+</latexit> µ+

<latexit sha1_base64="9BOpXnaY4sMl1qFFuYphPphIozc=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBAEIeyKoN6CXjxGcE0gWcPsZDYZMjO7zEMIS77BiwcVr/6QN//GSbIHTSxoKKq66e6KM8608f1vb2l5ZXVtvbRR3tza3tmt7O0/6NQqQkOS8lS1YqwpZ5KGhhlOW5miWMScNuPhzcRvPlGlWSrvzSijkcB9yRJGsHFS2BH28bRbqfo1fwq0SIKCVKFAo1v56vRSYgWVhnCsdTvwMxPlWBlGOB2XO1bTDJMh7tO2oxILqqN8euwYHTulh5JUuZIGTdXfEzkWWo9E7DoFNgM9703E/7y2NclllDOZWUMlmS1KLEcmRZPPUY8pSgwfOYKJYu5WRAZYYWJcPmUXQjD/8iIJz2pXNf/uvFq/LtIowSEcwQkEcAF1uIUGhECAwTO8wpsnvRfv3fuYtS55xcwB/IH3+QPmb45G</latexit><latexit sha1_base64="9BOpXnaY4sMl1qFFuYphPphIozc=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBAEIeyKoN6CXjxGcE0gWcPsZDYZMjO7zEMIS77BiwcVr/6QN//GSbIHTSxoKKq66e6KM8608f1vb2l5ZXVtvbRR3tza3tmt7O0/6NQqQkOS8lS1YqwpZ5KGhhlOW5miWMScNuPhzcRvPlGlWSrvzSijkcB9yRJGsHFS2BH28bRbqfo1fwq0SIKCVKFAo1v56vRSYgWVhnCsdTvwMxPlWBlGOB2XO1bTDJMh7tO2oxILqqN8euwYHTulh5JUuZIGTdXfEzkWWo9E7DoFNgM9703E/7y2NclllDOZWUMlmS1KLEcmRZPPUY8pSgwfOYKJYu5WRAZYYWJcPmUXQjD/8iIJz2pXNf/uvFq/LtIowSEcwQkEcAF1uIUGhECAwTO8wpsnvRfv3fuYtS55xcwB/IH3+QPmb45G</latexit><latexit sha1_base64="9BOpXnaY4sMl1qFFuYphPphIozc=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBAEIeyKoN6CXjxGcE0gWcPsZDYZMjO7zEMIS77BiwcVr/6QN//GSbIHTSxoKKq66e6KM8608f1vb2l5ZXVtvbRR3tza3tmt7O0/6NQqQkOS8lS1YqwpZ5KGhhlOW5miWMScNuPhzcRvPlGlWSrvzSijkcB9yRJGsHFS2BH28bRbqfo1fwq0SIKCVKFAo1v56vRSYgWVhnCsdTvwMxPlWBlGOB2XO1bTDJMh7tO2oxILqqN8euwYHTulh5JUuZIGTdXfEzkWWo9E7DoFNgM9703E/7y2NclllDOZWUMlmS1KLEcmRZPPUY8pSgwfOYKJYu5WRAZYYWJcPmUXQjD/8iIJz2pXNf/uvFq/LtIowSEcwQkEcAF1uIUGhECAwTO8wpsnvRfv3fuYtS55xcwB/IH3+QPmb45G</latexit>

µ!
<latexit sha1_base64="uKVHsMUiENrebLQ9uxF44au+pmc=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBC8GHZFUG9BLx4juCaQrGF2MpsMmZld5iGEJd/gxYOKV3/Im3/jJNmDJhY0FFXddHfFGWfa+P63t7S8srq2Xtoob25t7+xW9vYfdGoVoSFJeapaMdaUM0lDwwynrUxRLGJOm/HwZuI3n6jSLJX3ZpTRSOC+ZAkj2Dgp7Aj7eNqtVP2aPwVaJEFBqlCg0a18dXopsYJKQzjWuh34mYlyrAwjnI7LHatphskQ92nbUYkF1VE+PXaMjp3SQ0mqXEmDpurviRwLrUcidp0Cm4Ge9ybif17bmuQyypnMrKGSzBYlliOTosnnqMcUJYaPHMFEMXcrIgOsMDEun7ILIZh/eZGEZ7Wrmn93Xq1fF2mU4BCO4AQCuIA63EIDQiDA4Ble4c2T3ov37n3MWpe8YuYA/sD7/AHpdY5I</latexit><latexit sha1_base64="uKVHsMUiENrebLQ9uxF44au+pmc=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBC8GHZFUG9BLx4juCaQrGF2MpsMmZld5iGEJd/gxYOKV3/Im3/jJNmDJhY0FFXddHfFGWfa+P63t7S8srq2Xtoob25t7+xW9vYfdGoVoSFJeapaMdaUM0lDwwynrUxRLGJOm/HwZuI3n6jSLJX3ZpTRSOC+ZAkj2Dgp7Aj7eNqtVP2aPwVaJEFBqlCg0a18dXopsYJKQzjWuh34mYlyrAwjnI7LHatphskQ92nbUYkF1VE+PXaMjp3SQ0mqXEmDpurviRwLrUcidp0Cm4Ge9ybif17bmuQyypnMrKGSzBYlliOTosnnqMcUJYaPHMFEMXcrIgOsMDEun7ILIZh/eZGEZ7Wrmn93Xq1fF2mU4BCO4AQCuIA63EIDQiDA4Ble4c2T3ov37n3MWpe8YuYA/sD7/AHpdY5I</latexit><latexit sha1_base64="uKVHsMUiENrebLQ9uxF44au+pmc=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBC8GHZFUG9BLx4juCaQrGF2MpsMmZld5iGEJd/gxYOKV3/Im3/jJNmDJhY0FFXddHfFGWfa+P63t7S8srq2Xtoob25t7+xW9vYfdGoVoSFJeapaMdaUM0lDwwynrUxRLGJOm/HwZuI3n6jSLJX3ZpTRSOC+ZAkj2Dgp7Aj7eNqtVP2aPwVaJEFBqlCg0a18dXopsYJKQzjWuh34mYlyrAwjnI7LHatphskQ92nbUYkF1VE+PXaMjp3SQ0mqXEmDpurviRwLrUcidp0Cm4Ge9ybif17bmuQyypnMrKGSzBYlliOTosnnqMcUJYaPHMFEMXcrIgOsMDEun7ILIZh/eZGEZ7Wrmn93Xq1fF2mU4BCO4AQCuIA63EIDQiDA4Ble4c2T3ov37n3MWpe8YuYA/sD7/AHpdY5I</latexit>
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! IR
<latexit sha1_base64="ZvBHEEF1FiUmlZ8weh+byjUaVDk=">AAAB/HicbVDLSgMxFM3UV62v8bFzEyyCqzIVQd0V3eiuimMLnaFk0ts2NMkMSaZQh+KvuHGh4tYPceffmD4QbT1w4eSce8m9J0o408bzvpzcwuLS8kp+tbC2vrG55W7v3Os4VRR8GvNY1SOigTMJvmGGQz1RQETEoRb1Lkd+rQ9Ks1jemUECoSAdydqMEmOlprsX9ImCRDNuX1mgBL6+HTbdolfyxsA/pDxLimiKatP9DFoxTQVIQznRulH2EhNmRBlGOQwLQaohIbRHOtCwVBIBOszG2w/xoVVauB0rW9Lgsfp7IiNC64GIbKcgpqtnvZH4n9dITfsszJhMUgOSTj5qpxybGI+iwC2mgBo+sIRQxeyumHaJItTYwAo2hLmT54l/XDoveTcnxcrFNI082kcH6AiV0SmqoCtURT6i6AE9oRf06jw6z86b8z5pzTnTmV30B87HNx9dlTM=</latexit><latexit sha1_base64="ZvBHEEF1FiUmlZ8weh+byjUaVDk=">AAAB/HicbVDLSgMxFM3UV62v8bFzEyyCqzIVQd0V3eiuimMLnaFk0ts2NMkMSaZQh+KvuHGh4tYPceffmD4QbT1w4eSce8m9J0o408bzvpzcwuLS8kp+tbC2vrG55W7v3Os4VRR8GvNY1SOigTMJvmGGQz1RQETEoRb1Lkd+rQ9Ks1jemUECoSAdydqMEmOlprsX9ImCRDNuX1mgBL6+HTbdolfyxsA/pDxLimiKatP9DFoxTQVIQznRulH2EhNmRBlGOQwLQaohIbRHOtCwVBIBOszG2w/xoVVauB0rW9Lgsfp7IiNC64GIbKcgpqtnvZH4n9dITfsszJhMUgOSTj5qpxybGI+iwC2mgBo+sIRQxeyumHaJItTYwAo2hLmT54l/XDoveTcnxcrFNI082kcH6AiV0SmqoCtURT6i6AE9oRf06jw6z86b8z5pzTnTmV30B87HNx9dlTM=</latexit><latexit sha1_base64="ZvBHEEF1FiUmlZ8weh+byjUaVDk=">AAAB/HicbVDLSgMxFM3UV62v8bFzEyyCqzIVQd0V3eiuimMLnaFk0ts2NMkMSaZQh+KvuHGh4tYPceffmD4QbT1w4eSce8m9J0o408bzvpzcwuLS8kp+tbC2vrG55W7v3Os4VRR8GvNY1SOigTMJvmGGQz1RQETEoRb1Lkd+rQ9Ks1jemUECoSAdydqMEmOlprsX9ImCRDNuX1mgBL6+HTbdolfyxsA/pDxLimiKatP9DFoxTQVIQznRulH2EhNmRBlGOQwLQaohIbRHOtCwVBIBOszG2w/xoVVauB0rW9Lgsfp7IiNC64GIbKcgpqtnvZH4n9dITfsszJhMUgOSTj5qpxybGI+iwC2mgBo+sIRQxeyumHaJItTYwAo2hLmT54l/XDoveTcnxcrFNI082kcH6AiV0SmqoCtURT6i6AE9oRf06jw6z86b8z5pzTnTmV30B87HNx9dlTM=</latexit>

g!
<latexit sha1_base64="9rL852LUL15QCv2SJ+LGPf01TSI=">AAAB6HicbVBNS8NAEJ3Ur1q/oh69LBbRU0lFUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x+4Fo64OBx3szzMwLU8G18bwvp7C0vLK6VlwvbWxube+4u3sPOskUQ58lIlHNkGoUXKJvuBHYTBXSOBTYCAfXY7/xiErzRN6bYYpBTHuSR5xRY6W73nHHLXsVbwLyQ6rzpAwz1DvuZ7ubsCxGaZigWreqXmqCnCrDmcBRqZ1pTCkb0B62LJU0Rh3kk0tH5MgqXRIlypY0ZKL+nshprPUwDm1nTE1fz3tj8T+vlZnoIsi5TDODkk0XRZkgJiHjt0mXK2RGDC2hTHF7K2F9qigzNpySDWHh5UXin1YuK97tWbl2NUujCAdwCCdQhXOowQ3UwQcGETzBC7w6A+fZeXPep60FZzazD3/gfHwDnEaM8A==</latexit><latexit sha1_base64="9rL852LUL15QCv2SJ+LGPf01TSI=">AAAB6HicbVBNS8NAEJ3Ur1q/oh69LBbRU0lFUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x+4Fo64OBx3szzMwLU8G18bwvp7C0vLK6VlwvbWxube+4u3sPOskUQ58lIlHNkGoUXKJvuBHYTBXSOBTYCAfXY7/xiErzRN6bYYpBTHuSR5xRY6W73nHHLXsVbwLyQ6rzpAwz1DvuZ7ubsCxGaZigWreqXmqCnCrDmcBRqZ1pTCkb0B62LJU0Rh3kk0tH5MgqXRIlypY0ZKL+nshprPUwDm1nTE1fz3tj8T+vlZnoIsi5TDODkk0XRZkgJiHjt0mXK2RGDC2hTHF7K2F9qigzNpySDWHh5UXin1YuK97tWbl2NUujCAdwCCdQhXOowQ3UwQcGETzBC7w6A+fZeXPep60FZzazD3/gfHwDnEaM8A==</latexit><latexit sha1_base64="9rL852LUL15QCv2SJ+LGPf01TSI=">AAAB6HicbVBNS8NAEJ3Ur1q/oh69LBbRU0lFUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x+4Fo64OBx3szzMwLU8G18bwvp7C0vLK6VlwvbWxube+4u3sPOskUQ58lIlHNkGoUXKJvuBHYTBXSOBTYCAfXY7/xiErzRN6bYYpBTHuSR5xRY6W73nHHLXsVbwLyQ6rzpAwz1DvuZ7ubsCxGaZigWreqXmqCnCrDmcBRqZ1pTCkb0B62LJU0Rh3kk0tH5MgqXRIlypY0ZKL+nshprPUwDm1nTE1fz3tj8T+vlZnoIsi5TDODkk0XRZkgJiHjt0mXK2RGDC2hTHF7K2F9qigzNpySDWHh5UXin1YuK97tWbl2NUujCAdwCCdQhXOowQ3UwQcGETzBC7w6A+fZeXPep60FZzazD3/gfHwDnEaM8A==</latexit>
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! IR

<latexit sha1_base64="ZvBHEEF1FiUmlZ8weh+byjUaVDk=">AAAB/HicbVDLSgMxFM3UV62v8bFzEyyCqzIVQd0V3eiuimMLnaFk0ts2NMkMSaZQh+KvuHGh4tYPceffmD4QbT1w4eSce8m9J0o408bzvpzcwuLS8kp+tbC2vrG55W7v3Os4VRR8GvNY1SOigTMJvmGGQz1RQETEoRb1Lkd+rQ9Ks1jemUECoSAdydqMEmOlprsX9ImCRDNuX1mgBL6+HTbdolfyxsA/pDxLimiKatP9DFoxTQVIQznRulH2EhNmRBlGOQwLQaohIbRHOtCwVBIBOszG2w/xoVVauB0rW9Lgsfp7IiNC64GIbKcgpqtnvZH4n9dITfsszJhMUgOSTj5qpxybGI+iwC2mgBo+sIRQxeyumHaJItTYwAo2hLmT54l/XDoveTcnxcrFNI082kcH6AiV0SmqoCtURT6i6AE9oRf06jw6z86b8z5pzTnTmV30B87HNx9dlTM=</latexit><latexit sha1_base64="ZvBHEEF1FiUmlZ8weh+byjUaVDk=">AAAB/HicbVDLSgMxFM3UV62v8bFzEyyCqzIVQd0V3eiuimMLnaFk0ts2NMkMSaZQh+KvuHGh4tYPceffmD4QbT1w4eSce8m9J0o408bzvpzcwuLS8kp+tbC2vrG55W7v3Os4VRR8GvNY1SOigTMJvmGGQz1RQETEoRb1Lkd+rQ9Ks1jemUECoSAdydqMEmOlprsX9ImCRDNuX1mgBL6+HTbdolfyxsA/pDxLimiKatP9DFoxTQVIQznRulH2EhNmRBlGOQwLQaohIbRHOtCwVBIBOszG2w/xoVVauB0rW9Lgsfp7IiNC64GIbKcgpqtnvZH4n9dITfsszJhMUgOSTj5qpxybGI+iwC2mgBo+sIRQxeyumHaJItTYwAo2hLmT54l/XDoveTcnxcrFNI082kcH6AiV0SmqoCtURT6i6AE9oRf06jw6z86b8z5pzTnTmV30B87HNx9dlTM=</latexit><latexit sha1_base64="ZvBHEEF1FiUmlZ8weh+byjUaVDk=">AAAB/HicbVDLSgMxFM3UV62v8bFzEyyCqzIVQd0V3eiuimMLnaFk0ts2NMkMSaZQh+KvuHGh4tYPceffmD4QbT1w4eSce8m9J0o408bzvpzcwuLS8kp+tbC2vrG55W7v3Os4VRR8GvNY1SOigTMJvmGGQz1RQETEoRb1Lkd+rQ9Ks1jemUECoSAdydqMEmOlprsX9ImCRDNuX1mgBL6+HTbdolfyxsA/pDxLimiKatP9DFoxTQVIQznRulH2EhNmRBlGOQwLQaohIbRHOtCwVBIBOszG2w/xoVVauB0rW9Lgsfp7IiNC64GIbKcgpqtnvZH4n9dITfsszJhMUgOSTj5qpxybGI+iwC2mgBo+sIRQxeyumHaJItTYwAo2hLmT54l/XDoveTcnxcrFNI082kcH6AiV0SmqoCtURT6i6AE9oRf06jw6z86b8z5pzTnTmV30B87HNx9dlTM=</latexit>

g!
<latexit sha1_base64="9rL852LUL15QCv2SJ+LGPf01TSI=">AAAB6HicbVBNS8NAEJ3Ur1q/oh69LBbRU0lFUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x+4Fo64OBx3szzMwLU8G18bwvp7C0vLK6VlwvbWxube+4u3sPOskUQ58lIlHNkGoUXKJvuBHYTBXSOBTYCAfXY7/xiErzRN6bYYpBTHuSR5xRY6W73nHHLXsVbwLyQ6rzpAwz1DvuZ7ubsCxGaZigWreqXmqCnCrDmcBRqZ1pTCkb0B62LJU0Rh3kk0tH5MgqXRIlypY0ZKL+nshprPUwDm1nTE1fz3tj8T+vlZnoIsi5TDODkk0XRZkgJiHjt0mXK2RGDC2hTHF7K2F9qigzNpySDWHh5UXin1YuK97tWbl2NUujCAdwCCdQhXOowQ3UwQcGETzBC7w6A+fZeXPep60FZzazD3/gfHwDnEaM8A==</latexit><latexit sha1_base64="9rL852LUL15QCv2SJ+LGPf01TSI=">AAAB6HicbVBNS8NAEJ3Ur1q/oh69LBbRU0lFUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x+4Fo64OBx3szzMwLU8G18bwvp7C0vLK6VlwvbWxube+4u3sPOskUQ58lIlHNkGoUXKJvuBHYTBXSOBTYCAfXY7/xiErzRN6bYYpBTHuSR5xRY6W73nHHLXsVbwLyQ6rzpAwz1DvuZ7ubsCxGaZigWreqXmqCnCrDmcBRqZ1pTCkb0B62LJU0Rh3kk0tH5MgqXRIlypY0ZKL+nshprPUwDm1nTE1fz3tj8T+vlZnoIsi5TDODkk0XRZkgJiHjt0mXK2RGDC2hTHF7K2F9qigzNpySDWHh5UXin1YuK97tWbl2NUujCAdwCCdQhXOowQ3UwQcGETzBC7w6A+fZeXPep60FZzazD3/gfHwDnEaM8A==</latexit><latexit sha1_base64="9rL852LUL15QCv2SJ+LGPf01TSI=">AAAB6HicbVBNS8NAEJ3Ur1q/oh69LBbRU0lFUG9FLx6rGFtoQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x+4Fo64OBx3szzMwLU8G18bwvp7C0vLK6VlwvbWxube+4u3sPOskUQ58lIlHNkGoUXKJvuBHYTBXSOBTYCAfXY7/xiErzRN6bYYpBTHuSR5xRY6W73nHHLXsVbwLyQ6rzpAwz1DvuZ7ubsCxGaZigWreqXmqCnCrDmcBRqZ1pTCkb0B62LJU0Rh3kk0tH5MgqXRIlypY0ZKL+nshprPUwDm1nTE1fz3tj8T+vlZnoIsi5TDODkk0XRZkgJiHjt0mXK2RGDC2hTHF7K2F9qigzNpySDWHh5UXin1YuK97tWbl2NUujCAdwCCdQhXOowQ3UwQcGETzBC7w6A+fZeXPep60FZzazD3/gfHwDnEaM8A==</latexit>

X

! 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>

e
<latexit sha1_base64="8g0P2hkn1tmY+V1wE8v60UKiD0I=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa2KtU3Zo7A1kmXkGqUKDRq3x1+wnLYpSGCap1x3NTE+RUGc4ETsrdTGNK2YgOsGOppDHqIJ8dOiGnVumTKFG2pCEz9fdETmOtx3FoO2NqhnrRm4r/eZ3MRFdBzmWaGZRsvijKBDEJmX5N+lwhM2JsCWWK21sJG1JFmbHZlG0I3uLLy8Q/r13X3OZFtX5TpFGCYziBM/DgEupwBw3wgQHCM7zCm/PovDjvzse8dcUpZo7gD5zPHzeUjLw=</latexit><latexit sha1_base64="8g0P2hkn1tmY+V1wE8v60UKiD0I=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa2KtU3Zo7A1kmXkGqUKDRq3x1+wnLYpSGCap1x3NTE+RUGc4ETsrdTGNK2YgOsGOppDHqIJ8dOiGnVumTKFG2pCEz9fdETmOtx3FoO2NqhnrRm4r/eZ3MRFdBzmWaGZRsvijKBDEJmX5N+lwhM2JsCWWK21sJG1JFmbHZlG0I3uLLy8Q/r13X3OZFtX5TpFGCYziBM/DgEupwBw3wgQHCM7zCm/PovDjvzse8dcUpZo7gD5zPHzeUjLw=</latexit><latexit sha1_base64="8g0P2hkn1tmY+V1wE8v60UKiD0I=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa2KtU3Zo7A1kmXkGqUKDRq3x1+wnLYpSGCap1x3NTE+RUGc4ETsrdTGNK2YgOsGOppDHqIJ8dOiGnVumTKFG2pCEz9fdETmOtx3FoO2NqhnrRm4r/eZ3MRFdBzmWaGZRsvijKBDEJmX5N+lwhM2JsCWWK21sJG1JFmbHZlG0I3uLLy8Q/r13X3OZFtX5TpFGCYziBM/DgEupwBw3wgQHCM7zCm/PovDjvzse8dcUpZo7gD5zPHzeUjLw=</latexit>

e
<latexit sha1_base64="8g0P2hkn1tmY+V1wE8v60UKiD0I=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa2KtU3Zo7A1kmXkGqUKDRq3x1+wnLYpSGCap1x3NTE+RUGc4ETsrdTGNK2YgOsGOppDHqIJ8dOiGnVumTKFG2pCEz9fdETmOtx3FoO2NqhnrRm4r/eZ3MRFdBzmWaGZRsvijKBDEJmX5N+lwhM2JsCWWK21sJG1JFmbHZlG0I3uLLy8Q/r13X3OZFtX5TpFGCYziBM/DgEupwBw3wgQHCM7zCm/PovDjvzse8dcUpZo7gD5zPHzeUjLw=</latexit><latexit sha1_base64="8g0P2hkn1tmY+V1wE8v60UKiD0I=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa2KtU3Zo7A1kmXkGqUKDRq3x1+wnLYpSGCap1x3NTE+RUGc4ETsrdTGNK2YgOsGOppDHqIJ8dOiGnVumTKFG2pCEz9fdETmOtx3FoO2NqhnrRm4r/eZ3MRFdBzmWaGZRsvijKBDEJmX5N+lwhM2JsCWWK21sJG1JFmbHZlG0I3uLLy8Q/r13X3OZFtX5TpFGCYziBM/DgEupwBw3wgQHCM7zCm/PovDjvzse8dcUpZo7gD5zPHzeUjLw=</latexit><latexit sha1_base64="8g0P2hkn1tmY+V1wE8v60UKiD0I=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa2KtU3Zo7A1kmXkGqUKDRq3x1+wnLYpSGCap1x3NTE+RUGc4ETsrdTGNK2YgOsGOppDHqIJ8dOiGnVumTKFG2pCEz9fdETmOtx3FoO2NqhnrRm4r/eZ3MRFdBzmWaGZRsvijKBDEJmX5N+lwhM2JsCWWK21sJG1JFmbHZlG0I3uLLy8Q/r13X3OZFtX5TpFGCYziBM/DgEupwBw3wgQHCM7zCm/PovDjvzse8dcUpZo7gD5zPHzeUjLw=</latexit>

Z !
<latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit><latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</latexit><latexit sha1_base64="dMuxWBKF1CLW1apiDuyAJdNfI7c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lFUG9FLx6rGFtsQ9lsJ+3SzSbsboQS+g+8eFDx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLS8srqWnG9tLG5tb1T3t170HGqGHosFrFqBVSj4BI9w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdPR53yxW36k5BFkktJxXI0eiWvzq9mKURSsME1bpdcxPjZ1QZzgSOS51UY0LZkPaxbamkEWo/m146JkdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEF37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseGUbAi1+ZcXiXdavay6t2eV+lWeRhEO4BBOoAbnUIcbaIAHDEJ4hld4c4bOi/PufMxaC04+sw9/4Hz+AIcljOI=</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="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>

Neutrino-electron scattering 
as explanation of MinoBooNE 
low energy excess.



Conclusion
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We are not yet able to explore the nature of DM in labs.

Dark Photon is a simple and well motivated candidate of 
portals to dark sector — a (light) weakly coupled world.

Many ongoing and proposals to look for it.

Interplay between dark photon with dark matter physics 
could play an important role.

Cast a wide net in both theory and experiments.


