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Dark Photon - Model Basics
<latexit sha1_base64="qX3XkI6zkQNQ3pA+mrJ2CGY+Lus=">AAACHHicbVDLSsNAFJ3UV62vqEs3wSK4sSRV1I1QFMSFiwr2AU0Mk+mkHTqZCTMToYR8iBt/xY0LRdy4EPwbp20EbT0wcDjnXu6cE8SUSGXbX0Zhbn5hcam4XFpZXVvfMDe3mpInAuEG4pSLdgAlpoThhiKK4nYsMIwCilvB4GLkt+6xkISzWzWMsRfBHiMhQVBpyTcP3QiqPoI0vc7ODtxQQJS6OJaEcpal1ezST90ocVmSte9+mG+W7Yo9hjVLnJyUQY66b364XY6SCDOFKJSy49ix8lIoFEEUZyU3kTiGaAB7uKMpgxGWXjoOl1l7WulaIRf6MWWN1d8bKYykHEaBnhxFkdPeSPzP6yQqPPVSwuJEYYYmh8KEWopbo6asLhEYKTrUBCJB9F8t1Ie6IKX7LOkSnOnIs6RZrTjHFefmqFw7z+sogh2wC/aBA05ADVyBOmgABB7AE3gBr8aj8Wy8Ge+T0YKR72yDPzA+vwEfbKNI</latexit>
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<latexit sha1_base64="iNts8aQqGS5qqHZI1/re9wnnKbo="></latexit>

L � �1

4
A

0µ⌫A
0

µ⌫ +
1

2
mA0A

02 + LD
int + LSM

int

<latexit sha1_base64="emqdY9l6QCozbUAOwokZ60t6Rj0=">AAACGXicbVDLSgMxFM34rPU16tJNsIiuykwRdVl1oRuhgn1AZyiZ9LYNTWaGJCOUoX6GG3/FjQtFXOrKvzFtB9HWA4GTc84luSeIOVPacb6sufmFxaXl3Ep+dW19Y9Pe2q6pKJEUqjTikWwERAFnIVQ10xwasQQiAg71oH8x8ut3IBWLwls9iMEXpBuyDqNEG6llO65zn3pS4GuoDT0OSikmsGilZwdD/HMvTTKXJtOyC07RGQPPEjcjBZSh0rI/vHZEEwGhppwo1XSdWPspkZpRDsO8lyiICe2TLjQNDYkA5afjzYZ43yht3ImkOaHGY/X3REqEUgMRmKQguqemvZH4n9dMdOfUT1kYJxpCOnmok3CsIzyqCbeZBKr5wBBCJTN/xbRHJKHalJk3JbjTK8+SWqnoHhfdm6NC+TyrI4d20R46RC46QWV0hSqoiih6QE/oBb1aj9az9Wa9T6JzVjazg/7A+vwGoxKgFA==</latexit>

10 MeV . mA0 . 2 GeV

…but could be 
anything!

new vector field strength
photon field strength

Kinetic mixing:



Dark Photons + DM
<latexit sha1_base64="qX3XkI6zkQNQ3pA+mrJ2CGY+Lus=">AAACHHicbVDLSsNAFJ3UV62vqEs3wSK4sSRV1I1QFMSFiwr2AU0Mk+mkHTqZCTMToYR8iBt/xY0LRdy4EPwbp20EbT0wcDjnXu6cE8SUSGXbX0Zhbn5hcam4XFpZXVvfMDe3mpInAuEG4pSLdgAlpoThhiKK4nYsMIwCilvB4GLkt+6xkISzWzWMsRfBHiMhQVBpyTcP3QiqPoI0vc7ODtxQQJS6OJaEcpal1ezST90ocVmSte9+mG+W7Yo9hjVLnJyUQY66b364XY6SCDOFKJSy49ix8lIoFEEUZyU3kTiGaAB7uKMpgxGWXjoOl1l7WulaIRf6MWWN1d8bKYykHEaBnhxFkdPeSPzP6yQqPPVSwuJEYYYmh8KEWopbo6asLhEYKTrUBCJB9F8t1Ie6IKX7LOkSnOnIs6RZrTjHFefmqFw7z+sogh2wC/aBA05ADVyBOmgABB7AE3gBr8aj8Wy8Ge+T0YKR72yDPzA+vwEfbKNI</latexit>
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Dark Photons + SM
<latexit sha1_base64="qX3XkI6zkQNQ3pA+mrJ2CGY+Lus=">AAACHHicbVDLSsNAFJ3UV62vqEs3wSK4sSRV1I1QFMSFiwr2AU0Mk+mkHTqZCTMToYR8iBt/xY0LRdy4EPwbp20EbT0wcDjnXu6cE8SUSGXbX0Zhbn5hcam4XFpZXVvfMDe3mpInAuEG4pSLdgAlpoThhiKK4nYsMIwCilvB4GLkt+6xkISzWzWMsRfBHiMhQVBpyTcP3QiqPoI0vc7ODtxQQJS6OJaEcpal1ezST90ocVmSte9+mG+W7Yo9hjVLnJyUQY66b364XY6SCDOFKJSy49ix8lIoFEEUZyU3kTiGaAB7uKMpgxGWXjoOl1l7WulaIRf6MWWN1d8bKYykHEaBnhxFkdPeSPzP6yQqPPVSwuJEYYYmh8KEWopbo6asLhEYKTrUBCJB9F8t1Ie6IKX7LOkSnOnIs6RZrTjHFefmqFw7z+sogh2wC/aBA05ADVyBOmgABB7AE3gBr8aj8Wy8Ge+T0YKR72yDPzA+vwEfbKNI</latexit>
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<latexit sha1_base64="raMONaYtvUXKuAKfP3E/9XEnNZM=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KomIeqx68VjFfkAbymY7aZduNmF3I5TQf+DFgyJe/Ufe/Ddu2xy09cHA470ZZuYFieDauO63s7S8srq2Xtgobm5t7+yW9vYbOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxjeTvzmEyrNY/loRgn6Ee1LHnJGjZUerk+6pbJbcacgi8TLSRly1Lqlr04vZmmE0jBBtW57bmL8jCrDmcBxsZNqTCgb0j62LZU0Qu1n00vH5NgqPRLGypY0ZKr+nshopPUoCmxnRM1Az3sT8T+vnZrwys+4TFKDks0WhakgJiaTt0mPK2RGjCyhTHF7K2EDqigzNpyiDcGbf3mRNM4q3kXFuz8vV2/yOApwCEdwCh5cQhXuoAZ1YBDCM7zCmzN0Xpx352PWuuTkMwfwB87nD/UWjPw=</latexit>
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Search Strategy for Dark Photons
Colliders: 

Proton Beam dumps:
CHARM, NuCal, NA62

U70, LSND

Electron beam dump:
E137

Orsay Linac

<latexit sha1_base64="N8R2KgI5g8e4cCj5Ypu/uDHTpVc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMgiGFXRD0GvXiMYB6QbMLspDcZMzu7zMwKYck/ePGgiFf/x5t/4+Rx0GhBQ1HVTXdXkAiujet+Obml5ZXVtfx6YWNza3unuLtX13GqGNZYLGLVDKhGwSXWDDcCm4lCGgUCG8HwZuI3HlFpHst7M0rQj2hf8pAzaqxUx84Jdk67xZJbdqcgf4k3JyWYo9otfrZ7MUsjlIYJqnXLcxPjZ1QZzgSOC+1UY0LZkPaxZamkEWo/m147JkdW6ZEwVrakIVP150RGI61HUWA7I2oGetGbiP95rdSEV37GZZIalGy2KEwFMTGZvE56XCEzYmQJZYrbWwkbUEWZsQEVbAje4st/Sf2s7F2UvbvzUuV6HkceDuAQjsGDS6jALVShBgwe4Ale4NWJnWfnzXmfteac+cw+/ILz8Q3EmI6a</latexit>

e+e�

<latexit sha1_base64="r58Yo1cIs9Qy4isVh33kttbfVsU=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnFmEByhL3NXLJkb2/Z3RNCyD+wsVDE1n9k579xk1yhiQ8GHu/NMDMvUoIb6/vfXmFldW19o7hZ2tre2d0r7x88mjTTDBssFaluRdSg4BIblluBLaWRJpHAZjS8mfrNJ9SGp/LBjhSGCe1LHnNGrZPuleqWK37Vn4EskyAnFchR75a/Or2UZQlKywQ1ph34yoZjqi1nAielTmZQUTakfWw7KmmCJhzPLp2QE6f0SJxqV9KSmfp7YkwTY0ZJ5DoTagdm0ZuK/3ntzMZX4ZhLlVmUbL4ozgSxKZm+TXpcI7Ni5AhlmrtbCRtQTZl14ZRcCMHiy8vk8awaXFSDu/NK7TqPowhHcAynEMAl1OAW6tAABjE8wyu8eUPvxXv3PuatBS+fOYQ/8D5/AKs0jXQ=</latexit>pp LHCb, ATLAS, CMS

BaBar, Belle II, 
KLOE

1507.02809

Belle II Detector (Torben Ferber) 27
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A′ 

γ

2202.034522203.05090



Search Strategy for Dark Photons<latexit sha1_base64="qX3XkI6zkQNQ3pA+mrJ2CGY+Lus=">AAACHHicbVDLSsNAFJ3UV62vqEs3wSK4sSRV1I1QFMSFiwr2AU0Mk+mkHTqZCTMToYR8iBt/xY0LRdy4EPwbp20EbT0wcDjnXu6cE8SUSGXbX0Zhbn5hcam4XFpZXVvfMDe3mpInAuEG4pSLdgAlpoThhiKK4nYsMIwCilvB4GLkt+6xkISzWzWMsRfBHiMhQVBpyTcP3QiqPoI0vc7ODtxQQJS6OJaEcpal1ezST90ocVmSte9+mG+W7Yo9hjVLnJyUQY66b364XY6SCDOFKJSy49ix8lIoFEEUZyU3kTiGaAB7uKMpgxGWXjoOl1l7WulaIRf6MWWN1d8bKYykHEaBnhxFkdPeSPzP6yQqPPVSwuJEYYYmh8KEWopbo6asLhEYKTrUBCJB9F8t1Ie6IKX7LOkSnOnIs6RZrTjHFefmqFw7z+sogh2wC/aBA05ADVyBOmgABB7AE3gBr8aj8Wy8Ge+T0YKR72yDPzA+vwEfbKNI</latexit>
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Search Strategy for Dark Photons<latexit sha1_base64="qX3XkI6zkQNQ3pA+mrJ2CGY+Lus=">AAACHHicbVDLSsNAFJ3UV62vqEs3wSK4sSRV1I1QFMSFiwr2AU0Mk+mkHTqZCTMToYR8iBt/xY0LRdy4EPwbp20EbT0wcDjnXu6cE8SUSGXbX0Zhbn5hcam4XFpZXVvfMDe3mpInAuEG4pSLdgAlpoThhiKK4nYsMIwCilvB4GLkt+6xkISzWzWMsRfBHiMhQVBpyTcP3QiqPoI0vc7ODtxQQJS6OJaEcpal1ezST90ocVmSte9+mG+W7Yo9hjVLnJyUQY66b364XY6SCDOFKJSy49ix8lIoFEEUZyU3kTiGaAB7uKMpgxGWXjoOl1l7WulaIRf6MWWN1d8bKYykHEaBnhxFkdPeSPzP6yQqPPVSwuJEYYYmh8KEWopbo6asLhEYKTrUBCJB9F8t1Ie6IKX7LOkSnOnIs6RZrTjHFefmqFw7z+sogh2wC/aBA05ADVyBOmgABB7AE3gBr8aj8Wy8Ge+T0YKR72yDPzA+vwEfbKNI</latexit>
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Search Strategy for Dark Photons

Production

<latexit sha1_base64="sIrhmP25Mo95lzA4n5DYoPhPOP8=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ6KomIeqx68VjBtIW2ls120y7dbMLuRCihv8GLB0W8+oO8+W/ctjlo64OBx3szzMwLEikMuu63s7S8srq2Xtgobm5t7+yW9vbrJk414z6LZaybATVcCsV9FCh5M9GcRoHkjWB4O/EbT1wbEasHHCW8E9G+EqFgFK3kXz9mJ+NuqexW3CnIIvFyUoYctW7pq92LWRpxhUxSY1qem2AnoxoFk3xcbKeGJ5QNaZ+3LFU04qaTTY8dk2Or9EgYa1sKyVT9PZHRyJhRFNjOiOLAzHsT8T+vlWJ41cmESlLkis0WhakkGJPJ56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/DmX14k9bOKd1Hx7s/L1Zs8jgIcwhGcggeXUIU7qIEPDAQ8wyu8Ocp5cd6dj1nrkpPPHMAfOJ8/bU2OcA==</latexit>

A
0

<latexit sha1_base64="1HbveT5JU6V0eK6wHlVYfExiar0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rAT3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiOOPGw==</latexit>�
<latexit sha1_base64="xMmzZ8oIJjf5cZY9E9PnFrqFSiM=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4kJKIqMeiF48V7Ac2sWy2k3bpZhN2N0Ip/RdePCji1X/jzX/jts1BWx8MPN6bYWZemAqujet+O0vLK6tr64WN4ubW9s5uaW+/oZNMMayzRCSqFVKNgkusG24EtlKFNA4FNsPBzcRvPqHSPJH3ZphiENOe5BFn1FjpwU/5o3vqo6GdUtmtuFOQReLlpAw5ap3Sl99NWBajNExQrduem5pgRJXhTOC46GcaU8oGtIdtSyWNUQej6cVjcmyVLokSZUsaMlV/T4xorPUwDm1nTE1fz3sT8T+vnZnoKhhxmWYGJZstijJBTEIm75MuV8iMGFpCmeL2VsL6VFFmbEhFG4I3//IiaZxVvIuKd3derl7ncRTgEI7gBDy4hCrcQg3qwEDCM7zCm6OdF+fd+Zi1Ljn5zAH8gfP5A+RMkGk=</latexit>

⇡0, ⌘

Meson decays

<latexit sha1_base64="XlCwPq+nV5NmTzUWLvAPYeXZbFo="></latexit>

BR(⇡0/⌘ ! �A0) = 2"2
 
1� m2

A0

m2
⇡0,⌘

!
BR(⇡0/⌘ ! ��)

Uncertainties in 
meson production 2309.08604



Search Strategy for Dark Photons

Production

<latexit sha1_base64="7aEnkRGOq8ZTLcdN6YWLPtO8oYA=">AAACGHicbVC7TsMwFHXKu7wCjCwWFWpZSlIhYEHisTAWRB9SUyrHdVqrdpLaDlJl5TNY+BUWBhBi7cbf4D4GaDmSpaNz7tX1OX7MqFSO821lFhaXlldW17LrG5tb2/bOblVGicCkgiMWibqPJGE0JBVFFSP1WBDEfUZqfu9m5NeeiJA0Ch/UICZNjjohDShGykgt+/jCCwTC2i15MU01b+mrfPpYSrUnOLy+TwtXeU9FsO/5SOh+etSyc07RGQPOE3dKcmCKcsseeu0IJ5yECjMkZcN1YtXUSCiKGUmzXiJJjHAPdUjD0BBxIpt6HCyFh0ZpwyAS5oUKjtXfGxpxKQfcN5Mcqa6c9Ubif14jUcF5U9MwThQJ8eRQkDBooo5agm0qCFZsYAjCgpq/QtxFpihlusyaEtzZyPOkWiq6p0X37iR3eT2tYxXsgwNQAC44A5fgFpRBBWDwDF7BO/iwXqw369P6moxmrOnOHvgDa/gDd5yfag==</latexit>

=
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Direct Production

<latexit sha1_base64="sIrhmP25Mo95lzA4n5DYoPhPOP8=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ6KomIeqx68VjBtIW2ls120y7dbMLuRCihv8GLB0W8+oO8+W/ctjlo64OBx3szzMwLEikMuu63s7S8srq2Xtgobm5t7+yW9vbrJk414z6LZaybATVcCsV9FCh5M9GcRoHkjWB4O/EbT1wbEasHHCW8E9G+EqFgFK3kXz9mJ+NuqexW3CnIIvFyUoYctW7pq92LWRpxhUxSY1qem2AnoxoFk3xcbKeGJ5QNaZ+3LFU04qaTTY8dk2Or9EgYa1sKyVT9PZHRyJhRFNjOiOLAzHsT8T+vlWJ41cmESlLkis0WhakkGJPJ56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/DmX14k9bOKd1Hx7s/L1Zs8jgIcwhGcggeXUIU7qIEPDAQ8wyu8Ocp5cd6dj1nrkpPPHMAfOJ8/bU2OcA==</latexit>

A
0

<latexit sha1_base64="sIrhmP25Mo95lzA4n5DYoPhPOP8=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ6KomIeqx68VjBtIW2ls120y7dbMLuRCihv8GLB0W8+oO8+W/ctjlo64OBx3szzMwLEikMuu63s7S8srq2Xtgobm5t7+yW9vbrJk414z6LZaybATVcCsV9FCh5M9GcRoHkjWB4O/EbT1wbEasHHCW8E9G+EqFgFK3kXz9mJ+NuqexW3CnIIvFyUoYctW7pq92LWRpxhUxSY1qem2AnoxoFk3xcbKeGJ5QNaZ+3LFU04qaTTY8dk2Or9EgYa1sKyVT9PZHRyJhRFNjOiOLAzHsT8T+vlWJ41cmESlLkis0WhakkGJPJ56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/DmX14k9bOKd1Hx7s/L1Zs8jgIcwhGcggeXUIU7qIEPDAQ8wyu8Ocp5cd6dj1nrkpPPHMAfOJ8/bU2OcA==</latexit>

A
0

<latexit sha1_base64="1HbveT5JU6V0eK6wHlVYfExiar0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rAT3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiOOPGw==</latexit>�
<latexit sha1_base64="dBROObMZQtF7DH6C5+P/BWqNq/M=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8eK9gPaWDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/naXlldW19cJGcXNre2e3tLff0HGqGNZZLGLVCqhGwSXWDTcCW4lCGgUCm8HwZuI3n1BpHssHM0rQj2hf8pAzaqx0j4+n3VLZrbhTkEXi5aQMOWrd0lenF7M0QmmYoFq3PTcxfkaV4UzguNhJNSaUDWkf25ZKGqH2s+mpY3JslR4JY2VLGjJVf09kNNJ6FAW2M6JmoOe9ifif105NeOVnXCapQclmi8JUEBOTyd+kxxUyI0aWUKa4vZWwAVWUGZtO0Ybgzb+8SBpnFe+i4t2dl6vXeRwFOIQjOAEPLqEKt1CDOjDowzO8wpsjnBfn3fmYtS45+cwB/IHz+QPmCo2M</latexit>

e+

<latexit sha1_base64="ni8dLxIEbgjIY0966wE/ix1fVO4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWNF+wFtLJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/GbT6g0j+WDGSXoR7QvecgZNVa6x8fTbqnsVtwpyCLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwXOykGhPKhrSPbUsljVD72fTUMTm2So+EsbIlDZmqvycyGmk9igLbGVEz0PPeRPzPa6cmvPIzLpPUoGSzRWEqiInJ5G/S4wqZESNLKFPc3krYgCrKjE2naEPw5l9eJI2zindR8e7Oy9XrPI4CHMIRnIAHl1CFW6hBHRj04Rle4c0Rzovz7nzMWpecfOYA/sD5/AHpEo2O</latexit>

e�
<latexit sha1_base64="maY5H75yoLbHAJO0Qagak9JdQn8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbOLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LejBP0IzqQPOSMGivVH3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD3ZWM+w==</latexit>q

<latexit sha1_base64="i61kbGRJnPSC+5ucolqOvYi0HGI=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KomIeix68VjFfkAbymY7aZduNnF3I5TQf+DFgyJe/Ufe/Ddu2xy09cHA470ZZuYFieDauO63s7S8srq2Xtgobm5t7+yW9vYbOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxjeTPzmEyrNY/lgRgn6Ee1LHnJGjZXuH0+6pbJbcacgi8TLSRly1Lqlr04vZmmE0jBBtW57bmL8jCrDmcBxsZNqTCgb0j62LZU0Qu1n00vH5NgqPRLGypY0ZKr+nshopPUoCmxnRM1Az3sT8T+vnZrwys+4TFKDks0WhakgJiaTt0mPK2RGjCyhTHF7K2EDqigzNpyiDcGbf3mRNM4q3kXFuzsvV6/zOApwCEdwCh5cQhVuoQZ1YBDCM7zCmzN0Xpx352PWuuTkMwfwB87nDz4VjSw=</latexit>

q0



Search Strategy for Dark Photons

Production
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Dark Photons from proton beam experiments

Discovery potential in (future) experiments

[FASER Collaboration]
[SHiP Collaboration]

<latexit sha1_base64="qX3XkI6zkQNQ3pA+mrJ2CGY+Lus=">AAACHHicbVDLSsNAFJ3UV62vqEs3wSK4sSRV1I1QFMSFiwr2AU0Mk+mkHTqZCTMToYR8iBt/xY0LRdy4EPwbp20EbT0wcDjnXu6cE8SUSGXbX0Zhbn5hcam4XFpZXVvfMDe3mpInAuEG4pSLdgAlpoThhiKK4nYsMIwCilvB4GLkt+6xkISzWzWMsRfBHiMhQVBpyTcP3QiqPoI0vc7ODtxQQJS6OJaEcpal1ezST90ocVmSte9+mG+W7Yo9hjVLnJyUQY66b364XY6SCDOFKJSy49ix8lIoFEEUZyU3kTiGaAB7uKMpgxGWXjoOl1l7WulaIRf6MWWN1d8bKYykHEaBnhxFkdPeSPzP6yQqPPVSwuJEYYYmh8KEWopbo6asLhEYKTrUBCJB9F8t1Ie6IKX7LOkSnOnIs6RZrTjHFefmqFw7z+sogh2wC/aBA05ADVyBOmgABB7AE3gBr8aj8Wy8Ge+T0YKR72yDPzA+vwEfbKNI</latexit>

L = � ✏

2
Fµ⌫X

µ⌫

SM
<latexit sha1_base64="raMONaYtvUXKuAKfP3E/9XEnNZM=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KomIeqx68VjFfkAbymY7aZduNmF3I5TQf+DFgyJe/Ufe/Ddu2xy09cHA470ZZuYFieDauO63s7S8srq2Xtgobm5t7+yW9vYbOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxjeTvzmEyrNY/loRgn6Ee1LHnJGjZUerk+6pbJbcacgi8TLSRly1Lqlr04vZmmE0jBBtW57bmL8jCrDmcBxsZNqTCgb0j62LZU0Qu1n00vH5NgqPRLGypY0ZKr+nshopPUoCmxnRM1Az3sT8T+vnZrwys+4TFKDks0WhakgJiaTt0mPK2RGjCyhTHF7K2EDqigzNpyiDcGbf3mRNM4q3kXFuz8vV2/yOApwCEdwCh5cQhXuoAZ1YBDCM7zCmzN0Xpx352PWuuTkMwfwB87nD/UWjPw=</latexit>

A0

SM

SM

<latexit sha1_base64="RHwTlay4glKc7TF+5pmnwRkm6mA="></latexit>

LSM
int = "eA0

µJ
µ
em

Approved!



Search Strategy for Dark Photons

Production
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Proton 
bremsstrahlung!



Production of 
BSM particles

Proton 
Bremsstrahlung

<latexit sha1_base64="Upu1nXnwfjTH4bzs2udTNARFiyQ="></latexit>

Le↵ � "eA
0

µp̄�
µp

Any process including protons
p . p

p .
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X
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diffractive
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diffractive
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Production of 
BSM particles

Proton 
Bremsstrahlung

<latexit sha1_base64="Upu1nXnwfjTH4bzs2udTNARFiyQ="></latexit>

Le↵ � "eA
0

µp̄�
µp

Any process including protons
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p .
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p
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P

~ 25% ~ 11%~ 25%

~ 8% ~ 56%

elastic semi 
diffractive

double 
diffractive inelastic



Production of 
BSM particles

                       Blümlein, Brunner

Proton 
Bremsstrahlung

<latexit sha1_base64="LENYL7XsWThxmatgbT/1AdkEHCk=">AAACA3icbVDLSgMxFM34rPU16k43wSIVCmVGRF1W3bisYB/QGUsmzbShmUxIMkIZBtz4K25cKOLWn3Dn35hpu9DWA4HDOfeSe04gGFXacb6thcWl5ZXVwlpxfWNza9ve2W2qOJGYNHDMYtkOkCKMctLQVDPSFpKgKGCkFQyvc7/1QKSiMb/TI0H8CPU5DSlG2khde19UoBchPQiCtJ55OoaiDCuX92k569olp+qMAeeJOyUlMEW9a395vRgnEeEaM6RUx3WE9lMkNcWMZEUvUUQgPER90jGUo4goPx1nyOCRUXowjKV5XMOx+nsjRZFSoygwk/m5atbLxf+8TqLDCz+lXCSacDz5KEwYNFHzQmCPSoI1GxmCsKTmVogHSCKsTW1FU4I7G3meNE+q7lnVvT0t1a6mdRTAATgEx8AF56AGbkAdNAAGj+AZvII368l6sd6tj8nogjXd2QN/YH3+AA8bloE=</latexit>

p+ P ! p0 +A
0

<latexit sha1_base64="YfSZXisrTOg6tS1EuwQV6Oyjn3c=">AAACBnicbVDLSsNAFJ3UV62vqEsRBosoFEsioi6rblxWsA9o0jKZTtqhM0mYmQglZOXGX3HjQhG3foM7/8ZpmoW2Hhg4nHMvd87xIkalsqxvo7CwuLS8Ulwtra1vbG6Z2ztNGcYCkwYOWSjaHpKE0YA0FFWMtCNBEPcYaXmjm4nfeiBC0jC4V+OIuBwNAupTjJSWeuY+6SYnaQU6A8Q5clQIMwFWrrrJUdozy1bVygDniZ2TMshR75lfTj/EMSeBwgxJ2bGtSLkJEopiRtKSE0sSITxCA9LRNECcSDfJYqTwUCt96IdCv0DBTP29kSAu5Zh7epIjNZSz3kT8z+vEyr90ExpEsSIBnh7yYwZ12kknsE8FwYqNNUFYUP1XiIdIIKx0cyVdgj0beZ40T6v2edW+OyvXrvM6imAPHIBjYIMLUAO3oA4aAINH8AxewZvxZLwY78bHdLRg5Du74A+Mzx9AGpe1</latexit>

e� + � ! e� +A
0

like FWW-approach for electron 
beams

<latexit sha1_base64="8VkTVXJ0lR2qQMPxZIRuWYI9zWM=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC22oWy2L+3SzSbsboQS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBD8H4JvcfnlBpHst7M0nQj+hQ8pAzaqz02IuoGQVB1pz2qzW37s5AlolXkBoUaParX71BzNIIpWGCat313MT4GVWGM4HTSi/VmFA2pkPsWipphNrPZomn5MQqAxLGyj5pyEz9vZHRSOtJFNjJPKFe9HLxP6+bmvDKz7hMUoOSzT8KU0FMTPLzyYArZEZMLKFMcZuVsBFVlBlbUsWW4C2evEzaZ3Xvou7dndca10UdZTiCYzgFDy6hAbfQhBYwkPAMr/DmaOfFeXc+5qMlp9g5hD9wPn8AvE2Q9g==</latexit>P

<latexit sha1_base64="sIrhmP25Mo95lzA4n5DYoPhPOP8=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ6KomIeqx68VjBtIW2ls120y7dbMLuRCihv8GLB0W8+oO8+W/ctjlo64OBx3szzMwLEikMuu63s7S8srq2Xtgobm5t7+yW9vbrJk414z6LZaybATVcCsV9FCh5M9GcRoHkjWB4O/EbT1wbEasHHCW8E9G+EqFgFK3kXz9mJ+NuqexW3CnIIvFyUoYctW7pq92LWRpxhUxSY1qem2AnoxoFk3xcbKeGJ5QNaZ+3LFU04qaTTY8dk2Or9EgYa1sKyVT9PZHRyJhRFNjOiOLAzHsT8T+vlWJ41cmESlLkis0WhakkGJPJ56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/DmX14k9bOKd1Hx7s/L1Zs8jgIcwhGcggeXUIU7qIEPDAQ8wyu8Ocp5cd6dj1nrkpPPHMAfOJ8/bU2OcA==</latexit>

A
0

<latexit sha1_base64="qdypOXGDmwA01D/ZWSZmV407PWQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB3BGM+g==</latexit>p
<latexit sha1_base64="JF2UsQaGLYoK2yun5cMUGDUMyWY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE1GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6SE575YpbdWcgy8TLSQVy1Hvlr24/ZmmE0jBBte54bmL8jCrDmcBJqZtqTCgb0QF2LJU0Qu1ns0sn5MQqfRLGypY0ZKb+nshopPU4CmxnRM1QL3pT8T+vk5rw2s+4TFKDks0XhakgJibTt0mfK2RGjC2hTHF7K2FDqigzNpySDcFbfHmZNM+r3mXVu7+o1G7yOIpwBMdwBh5cQQ3uoA4NYBDCM7zCmzNyXpx352PeWnDymUP4A+fzBzyQjSs=</latexit>

p0

<latexit sha1_base64="sIrhmP25Mo95lzA4n5DYoPhPOP8=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ6KomIeqx68VjBtIW2ls120y7dbMLuRCihv8GLB0W8+oO8+W/ctjlo64OBx3szzMwLEikMuu63s7S8srq2Xtgobm5t7+yW9vbrJk414z6LZaybATVcCsV9FCh5M9GcRoHkjWB4O/EbT1wbEasHHCW8E9G+EqFgFK3kXz9mJ+NuqexW3CnIIvFyUoYctW7pq92LWRpxhUxSY1qem2AnoxoFk3xcbKeGJ5QNaZ+3LFU04qaTTY8dk2Or9EgYa1sKyVT9PZHRyJhRFNjOiOLAzHsT8T+vlWJ41cmESlLkis0WhakkGJPJ56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/DmX14k9bOKd1Hx7s/L1Zs8jgIcwhGcggeXUIU7qIEPDAQ8wyu8Ocp5cd6dj1nrkpPPHMAfOJ8/bU2OcA==</latexit>

A
0

<latexit sha1_base64="1HbveT5JU6V0eK6wHlVYfExiar0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rAT3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiOOPGw==</latexit>�

<latexit sha1_base64="9IalHxru9irTlLm1iLkjVHAs8eo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx4rmLbQxrLZTtulm03Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RRWVtfWN4qbpa3tnd298v5BQ8epYuizWMSqFVKNgkv0DTcCW4lCGoUCm+Hoduo3n1BpHssHM04wiOhA8j5n1FjJx8fsbNItV9yqOwNZJl5OKpCj3i1/dXoxSyOUhgmqddtzExNkVBnOBE5KnVRjQtmIDrBtqaQR6iCbHTshJ1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBxmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadkQ/AWX14mjfOqd1n17i8qtZs8jiIcwTGcggdXUIM7qIMPDDg8wyu8OdJ5cd6dj3lrwclnDuEPnM8frYuOmg==</latexit>

e�
<latexit sha1_base64="9IalHxru9irTlLm1iLkjVHAs8eo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx4rmLbQxrLZTtulm03Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RRWVtfWN4qbpa3tnd298v5BQ8epYuizWMSqFVKNgkv0DTcCW4lCGoUCm+Hoduo3n1BpHssHM04wiOhA8j5n1FjJx8fsbNItV9yqOwNZJl5OKpCj3i1/dXoxSyOUhgmqddtzExNkVBnOBE5KnVRjQtmIDrBtqaQR6iCbHTshJ1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBxmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadkQ/AWX14mjfOqd1n17i8qtZs8jiIcwTGcggdXUIM7qIMPDDg8wyu8OdJ5cd6dj3lrwclnDuEPnM8frYuOmg==</latexit>

e�

But: what is the “pomeron cloud”? 
Only valid for quasi-elastic 

processes?
?



Production of 
BSM particles

                       Blümlein, Brunner
Recent developments:

                    Saeid Foroughi-Abari, Adam Ritz

Proton 
Bremsstrahlung

<latexit sha1_base64="MWVryVeofUxF3MawzdmTfM/wAzs="></latexit>

d�pp!A
0
+X(s) ⇡ dPp!p0A0 ⇥ �p0p(s

0
)



Production of 
BSM particles

                    Saeid Foroughi-Abari, Adam Ritz

Proton 
Bremsstrahlung
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X
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P

Cancellation between Initial- 
and Final-State radiation!

Elastic and single-diffractive 
events suppressed!



Production of 
BSM particles

Recent developments:
                    Saeid Foroughi-Abari, Adam Ritz

Proton 
Bremsstrahlung
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~ 25% ~ 11%~ 25%

~ 8% ~ 56%



Production of 
BSM particles

Work in progress:
                    Saeid Foroughi-Abari, PR, Adam Ritz

Proton 
Bremsstrahlung

}<latexit sha1_base64="eGFHkKhV1l7rTHdCgFYUhVcCGm0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU6PTLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDt7GM4g==</latexit>

X

<latexit sha1_base64="sIrhmP25Mo95lzA4n5DYoPhPOP8=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ6KomIeqx68VjBtIW2ls120y7dbMLuRCihv8GLB0W8+oO8+W/ctjlo64OBx3szzMwLEikMuu63s7S8srq2Xtgobm5t7+yW9vbrJk414z6LZaybATVcCsV9FCh5M9GcRoHkjWB4O/EbT1wbEasHHCW8E9G+EqFgFK3kXz9mJ+NuqexW3CnIIvFyUoYctW7pq92LWRpxhUxSY1qem2AnoxoFk3xcbKeGJ5QNaZ+3LFU04qaTTY8dk2Or9EgYa1sKyVT9PZHRyJhRFNjOiOLAzHsT8T+vlWJ41cmESlLkis0WhakkGJPJ56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/DmX14k9bOKd1Hx7s/L1Zs8jgIcwhGcggeXUIU7qIEPDAQ8wyu8Ocp5cd6dj1nrkpPPHMAfOJ8/bU2OcA==</latexit>

A
0

<latexit sha1_base64="qdypOXGDmwA01D/ZWSZmV407PWQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB3BGM+g==</latexit>p

<latexit sha1_base64="qdypOXGDmwA01D/ZWSZmV407PWQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB3BGM+g==</latexit>p

<latexit sha1_base64="JF2UsQaGLYoK2yun5cMUGDUMyWY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE1GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6SE575YpbdWcgy8TLSQVy1Hvlr24/ZmmE0jBBte54bmL8jCrDmcBJqZtqTCgb0QF2LJU0Qu1ns0sn5MQqfRLGypY0ZKb+nshopPU4CmxnRM1QL3pT8T+vk5rw2s+4TFKDks0XhakgJibTt0mfK2RGjC2hTHF7K2FDqigzNpySDcFbfHmZNM+r3mXVu7+o1G7yOIpwBMdwBh5cQQ3uoA4NYBDCM7zCmzNyXpx352PeWnDymUP4A+fzBzyQjSs=</latexit>

p0

<latexit sha1_base64="MWVryVeofUxF3MawzdmTfM/wAzs="></latexit>

d�pp!A
0
+X(s) ⇡ dPp!p0A0 ⇥ �p0p(s

0
)

Improved description of splitting vertex:
• Splitting function
• Form factors



Splitting functions

<latexit sha1_base64="qdypOXGDmwA01D/ZWSZmV407PWQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB3BGM+g==</latexit>p
<latexit sha1_base64="8HotZ7L9jIC+JMZElREUEsd2+jQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD1H2M9Q==</latexit>

k

<latexit sha1_base64="JF2UsQaGLYoK2yun5cMUGDUMyWY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE1GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6SE575YpbdWcgy8TLSQVy1Hvlr24/ZmmE0jBBte54bmL8jCrDmcBJqZtqTCgb0QF2LJU0Qu1ns0sn5MQqfRLGypY0ZKb+nshopPU4CmxnRM1QL3pT8T+vk5rw2s+4TFKDks0XhakgJibTt0mfK2RGjC2hTHF7K2FDqigzNpySDcFbfHmZNM+r3mXVu7+o1G7yOIpwBMdwBh5cQQ3uoA4NYBDCM7zCmzNyXpx352PeWnDymUP4A+fzBzyQjSs=</latexit>

p0

Infinite momentum frame:
<latexit sha1_base64="6qjCsvQ1XQoW3X/eTwsWvg9udfA="></latexit>

pµ = (pp +
m2

p

2pp
,0, pp),

kµ = (zpp +
p2T +m2

A0

2zpp
,pT , zpp)

p0µ = ((1� z)pp +
p2T +m2

p

2pp(1� z)
,�pT , (1� z)pp)

<latexit sha1_base64="STHG5hOh+HnjEsaeW0ziBR7SBQQ="></latexit>

dPp!p0A0 ⌘ w(z, p2T )dzdp
2
T



Splitting functions

<latexit sha1_base64="qdypOXGDmwA01D/ZWSZmV407PWQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB3BGM+g==</latexit>p
<latexit sha1_base64="8HotZ7L9jIC+JMZElREUEsd2+jQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD1H2M9Q==</latexit>

k

<latexit sha1_base64="JF2UsQaGLYoK2yun5cMUGDUMyWY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE1GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6SE575YpbdWcgy8TLSQVy1Hvlr24/ZmmE0jBBte54bmL8jCrDmcBJqZtqTCgb0QF2LJU0Qu1ns0sn5MQqfRLGypY0ZKb+nshopPU4CmxnRM1QL3pT8T+vk5rw2s+4TFKDks0XhakgJibTt0mfK2RGjC2hTHF7K2FDqigzNpySDcFbfHmZNM+r3mXVu7+o1G7yOIpwBMdwBh5cQQ3uoA4NYBDCM7zCmzNyXpx352PeWnDymUP4A+fzBzyQjSs=</latexit>

p0

Straightforward calculation:

divergent for

Dawson approach

with

<latexit sha1_base64="STHG5hOh+HnjEsaeW0ziBR7SBQQ="></latexit>

dPp!p0A0 ⌘ w(z, p2T )dzdp
2
T

<latexit sha1_base64="Gp/PJbIERZubZGIpRiIlgc6kGyQ="></latexit>

wV (z, p
2
T ) =

↵✏
2

2⇡H


z � z(1�z)

⇣2m2
p+m

2
A0

H

⌘
+

H

2zm2
A0

�

<latexit sha1_base64="Wp7ejp+B3AcnMiOd4uKT7VXpzzc=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK6KjMi6rLqxmUF+4DpUDJp2obmMSR3hDL0M9y4UMStX+POvzFtZ6GtBwKHc+4l95w4EdyC7397hZXVtfWN4mZpa3tnd6+8f9C0OjWUNagW2rRjYpngijWAg2DtxDAiY8Fa8ehu6reemLFcq0cYJyySZKB4n1MCTgplN7s5nXRAY79brvhVfwa8TIKcVFCOerf81elpmkqmgApibRj4CUQZMcCpYJNSJ7UsIXREBix0VBHJbJTNTp7gE6f0cF8b9xTgmfp7IyPS2rGM3aQkMLSL3lT8zwtT6F9HGVdJCkzR+Uf9VGAXcZof97hhFMTYEUINd7diOiSGUHAtlVwJwWLkZdI8rwaX1eDholK7zesooiN0jM5QgK5QDd2jOmogijR6Rq/ozQPvxXv3PuajBS/fOUR/4H3+AF/FkKk=</latexit>

mA0 ! 0

<latexit sha1_base64="hs+mmWFGs+XPVu1At+cffG6hLMM=">AAACFnicbZDLTgIxFIY7eEO8oS7dNBIjRCEzE6MuUTcsMeGWcJl0SoGGdmZsOyQw4Snc+CpuXGiMW+POt7FcFgr+SZOv/zkn7fndgFGpTPPbiK2srq1vxDcTW9s7u3vJ/YOK9EOBSRn7zBc1F0nCqEfKiipGaoEgiLuMVN3+3aReHRAhqe+V1DAgTY66Hu1QjJS2nGS2kB6dB06pZWca5CGkAzi9nI1aNncCDWkrO8pwJ7o5HbdsJ5kyc+ZUcBmsOaTAXEUn+dVo+zjkxFOYISnrlhmoZoSEopiRcaIRShIg3EddUtfoIU5kM5quNYYn2mnDji/08RScur8nIsSlHHJXd3KkenKxNjH/q9VD1bluRtQLQkU8PHuoEzKofDjJCLapIFixoQaEBdV/hbiHBMJKJ5nQIViLKy9Dxc5Zlznr/iKVv53HEQdH4BikgQWuQB4UQBGUAQaP4Bm8gjfjyXgx3o2PWWvMmM8cgj8yPn8AEdCczw==</latexit>

H(z, p2T ) ⌘ p
2
T + z

2
m

2
p + (1� z)m2

A0



Splitting functions

<latexit sha1_base64="qdypOXGDmwA01D/ZWSZmV407PWQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB3BGM+g==</latexit>p

<latexit sha1_base64="8HotZ7L9jIC+JMZElREUEsd2+jQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD1H2M9Q==</latexit>

k

<latexit sha1_base64="JF2UsQaGLYoK2yun5cMUGDUMyWY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE1GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6SE575YpbdWcgy8TLSQVy1Hvlr24/ZmmE0jBBte54bmL8jCrDmcBJqZtqTCgb0QF2LJU0Qu1ns0sn5MQqfRLGypY0ZKb+nshopPU4CmxnRM1QL3pT8T+vk5rw2s+4TFKDks0XhakgJibTt0mfK2RGjC2hTHF7K2FDqigzNpySDcFbfHmZNM+r3mXVu7+o1G7yOIpwBMdwBh5cQQ3uoA4NYBDCM7zCmzNyXpx352PeWnDymUP4A+fzBzyQjSs=</latexit>

p0

Dawson approach:
<latexit sha1_base64="97vrtPmqpcnXhzPygA/DmFLHGNE=">AAACEHicbVC7TsMwFHV4lvIKMLIYKkS7lAQhYEGqYGEsEn1ITVo5rttadRzLdpCqqJ/Awq+wMIAQKyMbf4PTZoCWc3Wlo3PulX1PIBhV2nG+rYXFpeWV1dxafn1jc2vb3tmtqyiWmNRwxCLZDJAijHJS01Qz0hSSoDBgpBEMb1K/8UCkohG/1yNB/BD1Oe1RjLSROvaxFyCZxOO2LIq2JyQNSQkOvYO0TmDcVkVRglfQ6dgFp+xMAOeJm5ECyFDt2F9eN8JxSLjGDCnVch2h/QRJTTEj47wXKyIQHqI+aRnKUUiUn0wOGsMjo3RhL5KmuYYT9fdGgkKlRmFgJkOkB2rWS8X/vFase5d+QrmINeF4+lAvZlBHME0HdqkkWLORIQhLav4K8QBJhLXJMG9CcGdPnif107J7XnbvzgqV6yyOHNgHh6AIXHABKuAWVEENYPAInsEreLOerBfr3fqYji5Y2c4e+APr8wcKcJqi</latexit>

ūr(p0)k/us(p) = 0

Use

<latexit sha1_base64="STHG5hOh+HnjEsaeW0ziBR7SBQQ="></latexit>

dPp!p0A0 ⌘ w(z, p2T )dzdp
2
T

<latexit sha1_base64="20Su98m6CUmLt8tqR1pFUjYW9Es="></latexit>

"µ0 (k) ⌘ "µL(k)�
kµ

mA0
=

mA0

(k0 + |~k|)
(�1,~k/|~k|)

<latexit sha1_base64="IiwaJVm4IGdnhoKOZzyVl6ln+UI="></latexit>

w
e↵
V (z, p2T )=

↵✏
2

2⇡H


1 + (1� z)2

z
� z(1� z)

✓
2m2

p +m
2
A0

H

◆�



Splitting functions

<latexit sha1_base64="qdypOXGDmwA01D/ZWSZmV407PWQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB3BGM+g==</latexit>p

<latexit sha1_base64="8HotZ7L9jIC+JMZElREUEsd2+jQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD1H2M9Q==</latexit>

k

<latexit sha1_base64="JF2UsQaGLYoK2yun5cMUGDUMyWY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE1GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6SE575YpbdWcgy8TLSQVy1Hvlr24/ZmmE0jBBte54bmL8jCrDmcBJqZtqTCgb0QF2LJU0Qu1ns0sn5MQqfRLGypY0ZKb+nshopPU4CmxnRM1QL3pT8T+vk5rw2s+4TFKDks0XhakgJibTt0mfK2RGjC2hTHF7K2FDqigzNpySDcFbfHmZNM+r3mXVu7+o1G7yOIpwBMdwBh5cQQ3uoA4NYBDCM7zCmzNyXpx352PeWnDymUP4A+fzBzyQjSs=</latexit>

p0

Dawson approach:
<latexit sha1_base64="97vrtPmqpcnXhzPygA/DmFLHGNE=">AAACEHicbVC7TsMwFHV4lvIKMLIYKkS7lAQhYEGqYGEsEn1ITVo5rttadRzLdpCqqJ/Awq+wMIAQKyMbf4PTZoCWc3Wlo3PulX1PIBhV2nG+rYXFpeWV1dxafn1jc2vb3tmtqyiWmNRwxCLZDJAijHJS01Qz0hSSoDBgpBEMb1K/8UCkohG/1yNB/BD1Oe1RjLSROvaxFyCZxOO2LIq2JyQNSQkOvYO0TmDcVkVRglfQ6dgFp+xMAOeJm5ECyFDt2F9eN8JxSLjGDCnVch2h/QRJTTEj47wXKyIQHqI+aRnKUUiUn0wOGsMjo3RhL5KmuYYT9fdGgkKlRmFgJkOkB2rWS8X/vFase5d+QrmINeF4+lAvZlBHME0HdqkkWLORIQhLav4K8QBJhLXJMG9CcGdPnif107J7XnbvzgqV6yyOHNgHh6AIXHABKuAWVEENYPAInsEreLOerBfr3fqYji5Y2c4e+APr8wcKcJqi</latexit>

ūr(p0)k/us(p) = 0

Use

<latexit sha1_base64="STHG5hOh+HnjEsaeW0ziBR7SBQQ="></latexit>

dPp!p0A0 ⌘ w(z, p2T )dzdp
2
T

<latexit sha1_base64="20Su98m6CUmLt8tqR1pFUjYW9Es="></latexit>

"µ0 (k) ⌘ "µL(k)�
kµ

mA0
=

mA0

(k0 + |~k|)
(�1,~k/|~k|)

<latexit sha1_base64="IiwaJVm4IGdnhoKOZzyVl6ln+UI="></latexit>

w
e↵
V (z, p2T )=

↵✏
2

2⇡H


1 + (1� z)2

z
� z(1� z)

✓
2m2

p +m
2
A0

H

◆�
<latexit sha1_base64="mjV053xBbOTuhUQw/PqFr9F8ZjI=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyiBym7Iuqx6sVjBfsB7bJk07QNTbJLki2Upf/EiwdFvPpPvPlvTNs9aOuDgcd7M8zMixLOtPG8b6ewsrq2vlHcLG1t7+zuufsHDR2nitA6iXmsWhHWlDNJ64YZTluJolhEnDaj4f3Ub46o0iyWT2ac0EDgvmQ9RrCxUui6IsxuTyfnIkxQx8TIC92yV/FmQMvEz0kZctRC96vTjUkqqDSEY63bvpeYIMPKMMLppNRJNU0wGeI+bVsqsaA6yGaXT9CJVbqoFytb0qCZ+nsiw0LrsYhsp8BmoBe9qfif105N7ybImExSQyWZL+qlHNkXpzGgLlOUGD62BBPF7K2IDLDCxNiwSjYEf/HlZdK4qPhXFf/xsly9y+MowhEcwxn4cA1VeIAa1IHACJ7hFd6czHlx3p2PeWvByWcO4Q+czx/4e5KU</latexit>

mA0 ,mp ! 0



Form factors

<latexit sha1_base64="Upu1nXnwfjTH4bzs2udTNARFiyQ="></latexit>

Le↵ � "eA
0

µp̄�
µp

<latexit sha1_base64="azDw2YJBdWfLH7l31OM3Q0DbBN4="></latexit>

hN |Jµ
em|Ni=ū(p0)


�µFN

1 (k2)+
i�µ⌫(p0�p)⌫

2mN
FN
2 (k2)

�
u(p)

<latexit sha1_base64="w1Ki7FLCR9JaN1qmWG+KKmC4hls=">AAAB+3icbVDLSgMxFL3js9bXWJdugkVwIWVGRF0W3bisYB/QGUomzXRCk8mQZMRS+ituXCji1h9x59+YtrPQ1gOXezjnXnJzoowzbTzv21lZXVvf2Cxtlbd3dvf23YNKS8tcEdokkkvVibCmnKW0aZjhtJMpikXEaTsa3k799iNVmsn0wYwyGgo8SFnMCDZW6rmVQCXyDAVS0AG2PUtYz616NW8GtEz8glShQKPnfgV9SXJBU0M41rrre5kJx1gZRjidlINc0wyTIR7QrqUpFlSH49ntE3RilT6KpbKVGjRTf2+MsdB6JCI7KbBJ9KI3Ff/zurmJr8MxS7Pc0JTMH4pzjoxE0yBQnylKDB9Zgoli9lZEEqwwMTausg3BX/zyMmmd1/zLmn9/Ua3fFHGU4AiO4RR8uII63EEDmkDgCZ7hFd6cifPivDsf89EVp9g5hD9wPn8Ay/+TpA==</latexit>

⇢,!,�

Hadronic resonant contributions

1601.06190 VMD, Unitarity&Analytic Model
2109.12961 Dispersion relation 

<latexit sha1_base64="9rg8sQzTl43tRQGHoOGQAhsBwcA=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSLUS9ktoh6LgnisYD+w3ZZsmm1Ds9mQZIWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5geRMG9f9dlZW19Y3NnNb+e2d3b39wsFhQ8eJIrROYh6rVoA15UzQumGG05ZUFEcBp81gdDP1m09UaRaLBzOW1I/wQLCQEWys9HjblT1WGnUrZ71C0S27M6Bl4mWkCBlqvcJXpx+TJKLCEI61bnuuNH6KlWGE00m+k2gqMRnhAW1bKnBEtZ/OLp6gU6v0URgrW8Kgmfp7IsWR1uMosJ0RNkO96E3F/7x2YsIrP2VCJoYKMl8UJhyZGE3fR32mKDF8bAkmitlbERlihYmxIeVtCN7iy8ukUSl7F2Xv/rxYvc7iyMExnEAJPLiEKtxBDepAQMAzvMKbo50X5935mLeuONnMEfyB8/kDVyOQDA==</latexit>

F p
i (k

2)



Photon interactions with protons

Production 

Scattering

<latexit sha1_base64="qdypOXGDmwA01D/ZWSZmV407PWQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB3BGM+g==</latexit>p

<latexit sha1_base64="MeFBEacdlEdUgzKGfmyrJdv5788=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOJsmQ2dlhplcISz7CiwdFvPo93vwbJ8keNLGgoajqprsr0lJY9P1vr7C2vrG5Vdwu7ezu7R+UD4+aNkkN4w2WyMS0I2q5FIo3UKDkbW04jSPJW9H4bua3nrixIlGPONE8jOlQiYFgFJ3U6kbUZHraK1f8qj8HWSVBTiqQo94rf3X7CUtjrpBJam0n8DWGGTUomOTTUje1XFM2pkPecVTRmNswm587JWdO6ZNBYlwpJHP190RGY2snceQ6Y4oju+zNxP+8ToqDmzATSqfIFVssGqSSYEJmv5O+MJyhnDhCmRHuVsJG1FCGLqGSCyFYfnmVNC+qwVU1eLis1G7zOIpwAqdwDgFcQw3uoQ4NYDCGZ3iFN097L96797FoLXj5zDH8gff5A5nIj78=</latexit>

p̄
<latexit sha1_base64="oha5blz+kDNM3ibOkMzb0biNtpo=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCIJZERD0WvXisYD+gSctmO22XbjZhdyOEUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZF8ScKe0431ZhZXVtfaO4Wdra3tnds/cPmipKJIUGjXgk2wFRwJmAhmaaQzuWQMKAQysY30791iNIxSLxoNMY/JAMBRswSrSRenYZuqfQPcOejnDsBURm8aRnV5yqMwNeJm5OKihHvWd/ef2IJiEITTlRquM6sfYzIjWjHCYlL1EQEzomQ+gYKkgIys9mx0/wsVH6eBBJU0Ljmfp7IiOhUmkYmM6Q6JFa9Kbif14n0YNrP2MiTjQIOl80SDg2n06TwH0mgWqeGkKoZOZWTEdEEqpNXiUTgrv48jJpnlfdy6p7f1Gp3eRxFNEhOkInyEVXqIbuUB01EEUpekav6M16sl6sd+tj3lqw8pky+gPr8wfAPJQ1</latexit>

e+e� ! pp̄

<latexit sha1_base64="dBROObMZQtF7DH6C5+P/BWqNq/M=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8eK9gPaWDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/naXlldW19cJGcXNre2e3tLff0HGqGNZZLGLVCqhGwSXWDTcCW4lCGgUCm8HwZuI3n1BpHssHM0rQj2hf8pAzaqx0j4+n3VLZrbhTkEXi5aQMOWrd0lenF7M0QmmYoFq3PTcxfkaV4UzguNhJNSaUDWkf25ZKGqH2s+mpY3JslR4JY2VLGjJVf09kNNJ6FAW2M6JmoOe9ifif105NeOVnXCapQclmi8JUEBOTyd+kxxUyI0aWUKa4vZWwAVWUGZtO0Ybgzb+8SBpnFe+i4t2dl6vXeRwFOIQjOAEPLqEKt1CDOjDowzO8wpsjnBfn3fmYtS45+cwB/IHz+QPmCo2M</latexit>

e+

<latexit sha1_base64="ni8dLxIEbgjIY0966wE/ix1fVO4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWNF+wFtLJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/GbT6g0j+WDGSXoR7QvecgZNVa6x8fTbqnsVtwpyCLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwXOykGhPKhrSPbUsljVD72fTUMTm2So+EsbIlDZmqvycyGmk9igLbGVEz0PPeRPzPa6cmvPIzLpPUoGSzRWEqiInJ5G/S4wqZESNLKFPc3krYgCrKjE2naEPw5l9eJI2zindR8e7Oy9XrPI4CHMIRnIAHl1CFW6hBHRj04Rle4c0Rzovz7nzMWpecfOYA/sD5/AHpEo2O</latexit>

e�Sachs Form factors:

<latexit sha1_base64="9T8wmm3ywq5VDNg66UKhLnKqPPA=">AAAB+HicbZDLSgNBEEVr4ivGR0ZdumkMghvDjIi6DLpxGcE8IBlDT6eSNOl50N0jxCFf4saFIm79FHf+jZ3JLDTxQsPhVhVddf1YcKUd59sqrKyurW8UN0tb2zu7ZXtvv6miRDJssEhEsu1ThYKH2NBcC2zHEmngC2z545tZvfWIUvEovNeTGL2ADkM+4IxqY/XsMj6ckph0dUQy6tkVp+pkIsvg5lCBXPWe/dXtRywJMNRMUKU6rhNrL6VScyZwWuomCmPKxnSIHYMhDVB5abb4lBwbp08GkTQv1CRzf0+kNFBqEvimM6B6pBZrM/O/WifRgysv5WGcaAzZ/KNBIog5c5YC6XOJTIuJAcokN7sSNqKSMm2yKpkQ3MWTl6F5VnUvqu7deaV2ncdRhEM4ghNw4RJqcAt1aACDBJ7hFd6sJ+vFerc+5q0FK585gD+yPn8An+2Rxg==</latexit>

e�p ! e�p

<latexit sha1_base64="ni8dLxIEbgjIY0966wE/ix1fVO4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWNF+wFtLJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/GbT6g0j+WDGSXoR7QvecgZNVa6x8fTbqnsVtwpyCLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwXOykGhPKhrSPbUsljVD72fTUMTm2So+EsbIlDZmqvycyGmk9igLbGVEz0PPeRPzPa6cmvPIzLpPUoGSzRWEqiInJ5G/S4wqZESNLKFPc3krYgCrKjE2naEPw5l9eJI2zindR8e7Oy9XrPI4CHMIRnIAHl1CFW6hBHRj04Rle4c0Rzovz7nzMWpecfOYA/sD5/AHpEo2O</latexit>

e�
<latexit sha1_base64="ni8dLxIEbgjIY0966wE/ix1fVO4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWNF+wFtLJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/GbT6g0j+WDGSXoR7QvecgZNVa6x8fTbqnsVtwpyCLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwXOykGhPKhrSPbUsljVD72fTUMTm2So+EsbIlDZmqvycyGmk9igLbGVEz0PPeRPzPa6cmvPIzLpPUoGSzRWEqiInJ5G/S4wqZESNLKFPc3krYgCrKjE2naEPw5l9eJI2zindR8e7Oy9XrPI4CHMIRnIAHl1CFW6hBHRj04Rle4c0Rzovz7nzMWpecfOYA/sD5/AHpEo2O</latexit>

e�

<latexit sha1_base64="qdypOXGDmwA01D/ZWSZmV407PWQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB3BGM+g==</latexit>p <latexit sha1_base64="qdypOXGDmwA01D/ZWSZmV407PWQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB3BGM+g==</latexit>p



 State of the Art Form factors

2109.12961

<latexit sha1_base64="PCa48T83nAZE8Nx+MjntKQhl4QM=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgED6UkIuqx6EXopYJthSaUzXbTLt1swu5GKKHgxb/ixYMiXv0T3vw3btsctPUxA4/3ZtidFyScKe0431ZhaXllda24XtrY3NresXf3WipOJaFNEvNY3gdYUc4EbWqmOb1PJMVRwGk7GF5P/PYDlYrF4k6PEupHuC9YyAjWRuraB17CTFVQ3QuwzOrjCvLkIEZG69plp+pMgRaJm5My5Gh07S+vF5M0okITjpXquE6i/QxLzQin45KXKppgMsR92jFU4IgqP5veMEbHRumhMJamhUZT9fdGhiOlRlFgJiOsB2rem4j/eZ1Uh5d+xkSSairI7KEw5UjHaBII6jFJieYjQzCRzPwVkQGWmGgTW8mE4M6fvEhap1X3vOrenpVrV3kcRTiEIzgBFy6gBjfQgCYQeIRneIU368l6sd6tj9lowcp39uEPrM8fiCSW0A==</latexit>

⇡⇡,KK̄, ⇢⇡• Continuum contributions
• Vector meson poles
• Discussion of two-photon 

effect 
• Fit to space- and timelike 

data
• …



 State of the Art Form factors 2109.12961

Scattering

Production 



 State of the Art Form factors 2109.12961

<latexit sha1_base64="9T8wmm3ywq5VDNg66UKhLnKqPPA=">AAAB+HicbZDLSgNBEEVr4ivGR0ZdumkMghvDjIi6DLpxGcE8IBlDT6eSNOl50N0jxCFf4saFIm79FHf+jZ3JLDTxQsPhVhVddf1YcKUd59sqrKyurW8UN0tb2zu7ZXtvv6miRDJssEhEsu1ThYKH2NBcC2zHEmngC2z545tZvfWIUvEovNeTGL2ADkM+4IxqY/XsMj6ckph0dUQy6tkVp+pkIsvg5lCBXPWe/dXtRywJMNRMUKU6rhNrL6VScyZwWuomCmPKxnSIHYMhDVB5abb4lBwbp08GkTQv1CRzf0+kNFBqEvimM6B6pBZrM/O/WifRgysv5WGcaAzZ/KNBIog5c5YC6XOJTIuJAcokN7sSNqKSMm2yKpkQ3MWTl6F5VnUvqu7deaV2ncdRhEM4ghNw4RJqcAt1aACDBJ7hFd6sJ+vFerc+5q0FK585gD+yPn8An+2Rxg==</latexit>

e�p ! e�p
<latexit sha1_base64="9T8wmm3ywq5VDNg66UKhLnKqPPA=">AAAB+HicbZDLSgNBEEVr4ivGR0ZdumkMghvDjIi6DLpxGcE8IBlDT6eSNOl50N0jxCFf4saFIm79FHf+jZ3JLDTxQsPhVhVddf1YcKUd59sqrKyurW8UN0tb2zu7ZXtvv6miRDJssEhEsu1ThYKH2NBcC2zHEmngC2z545tZvfWIUvEovNeTGL2ADkM+4IxqY/XsMj6ckph0dUQy6tkVp+pkIsvg5lCBXPWe/dXtRywJMNRMUKU6rhNrL6VScyZwWuomCmPKxnSIHYMhDVB5abb4lBwbp08GkTQv1CRzf0+kNFBqEvimM6B6pBZrM/O/WifRgysv5WGcaAzZ/KNBIog5c5YC6XOJTIuJAcokN7sSNqKSMm2yKpkQ3MWTl6F5VnUvqu7deaV2ncdRhEM4ghNw4RJqcAt1aACDBJ7hFd6sJ+vFerc+5q0FK585gD+yPn8An+2Rxg==</latexit>

e�p ! e�p

<latexit sha1_base64="oha5blz+kDNM3ibOkMzb0biNtpo=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCIJZERD0WvXisYD+gSctmO22XbjZhdyOEUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZF8ScKe0431ZhZXVtfaO4Wdra3tnds/cPmipKJIUGjXgk2wFRwJmAhmaaQzuWQMKAQysY30791iNIxSLxoNMY/JAMBRswSrSRenYZuqfQPcOejnDsBURm8aRnV5yqMwNeJm5OKihHvWd/ef2IJiEITTlRquM6sfYzIjWjHCYlL1EQEzomQ+gYKkgIys9mx0/wsVH6eBBJU0Ljmfp7IiOhUmkYmM6Q6JFa9Kbif14n0YNrP2MiTjQIOl80SDg2n06TwH0mgWqeGkKoZOZWTEdEEqpNXiUTgrv48jJpnlfdy6p7f1Gp3eRxFNEhOkInyEVXqIbuUB01EEUpekav6M16sl6sd+tj3lqw8pky+gPr8wfAPJQ1</latexit>

e+e� ! pp̄

<latexit sha1_base64="oha5blz+kDNM3ibOkMzb0biNtpo=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCIJZERD0WvXisYD+gSctmO22XbjZhdyOEUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZF8ScKe0431ZhZXVtfaO4Wdra3tnds/cPmipKJIUGjXgk2wFRwJmAhmaaQzuWQMKAQysY30791iNIxSLxoNMY/JAMBRswSrSRenYZuqfQPcOejnDsBURm8aRnV5yqMwNeJm5OKihHvWd/ef2IJiEITTlRquM6sfYzIjWjHCYlL1EQEzomQ+gYKkgIys9mx0/wsVH6eBBJU0Ljmfp7IiOhUmkYmM6Q6JFa9Kbif14n0YNrP2MiTjQIOl80SDg2n06TwH0mgWqeGkKoZOZWTEdEEqpNXiUTgrv48jJpnlfdy6p7f1Gp3eRxFNEhOkInyEVXqIbuUB01EEUpekav6M16sl6sd+tj3lqw8pky+gPr8wfAPJQ1</latexit>

e+e� ! pp̄

Unphysical region Unphysical region

<latexit sha1_base64="31p+7yXJA6Ee0JT8hg6J1W+v7JQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoB6DXjxGMA9I1jA7mU3GzGOZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63l1tb39jcym8Xdnb39g+Kh0dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfmtJ6oNU/LejhMaCjyQLGYEWyc1q6KXPFR6xZJf9udAqyTISAky1HvFr25fkVRQaQnHxnQCP7HhBGvLCKfTQjc1NMFkhAe046jEgppwMr92is6c0kex0q6kRXP198QEC2PGInKdAtuhWfZm4n9eJ7XxVThhMkktlWSxKE45sgrNXkd9pimxfOwIJpq5WxEZYo2JdQEVXAjB8surpFkpBxfl4K5aql1nceThBE7hHAK4hBrcQh0aQOARnuEV3jzlvXjv3seiNedlM8fwB97nD/gZjrw=</latexit>

4m2
p



 State of the Art Form factors 2109.12961

<latexit sha1_base64="9T8wmm3ywq5VDNg66UKhLnKqPPA=">AAAB+HicbZDLSgNBEEVr4ivGR0ZdumkMghvDjIi6DLpxGcE8IBlDT6eSNOl50N0jxCFf4saFIm79FHf+jZ3JLDTxQsPhVhVddf1YcKUd59sqrKyurW8UN0tb2zu7ZXtvv6miRDJssEhEsu1ThYKH2NBcC2zHEmngC2z545tZvfWIUvEovNeTGL2ADkM+4IxqY/XsMj6ckph0dUQy6tkVp+pkIsvg5lCBXPWe/dXtRywJMNRMUKU6rhNrL6VScyZwWuomCmPKxnSIHYMhDVB5abb4lBwbp08GkTQv1CRzf0+kNFBqEvimM6B6pBZrM/O/WifRgysv5WGcaAzZ/KNBIog5c5YC6XOJTIuJAcokN7sSNqKSMm2yKpkQ3MWTl6F5VnUvqu7deaV2ncdRhEM4ghNw4RJqcAt1aACDBJ7hFd6sJ+vFerc+5q0FK585gD+yPn8An+2Rxg==</latexit>

e�p ! e�p

<latexit sha1_base64="9T8wmm3ywq5VDNg66UKhLnKqPPA=">AAAB+HicbZDLSgNBEEVr4ivGR0ZdumkMghvDjIi6DLpxGcE8IBlDT6eSNOl50N0jxCFf4saFIm79FHf+jZ3JLDTxQsPhVhVddf1YcKUd59sqrKyurW8UN0tb2zu7ZXtvv6miRDJssEhEsu1ThYKH2NBcC2zHEmngC2z545tZvfWIUvEovNeTGL2ADkM+4IxqY/XsMj6ckph0dUQy6tkVp+pkIsvg5lCBXPWe/dXtRywJMNRMUKU6rhNrL6VScyZwWuomCmPKxnSIHYMhDVB5abb4lBwbp08GkTQv1CRzf0+kNFBqEvimM6B6pBZrM/O/WifRgysv5WGcaAzZ/KNBIog5c5YC6XOJTIuJAcokN7sSNqKSMm2yKpkQ3MWTl6F5VnUvqu7deaV2ncdRhEM4ghNw4RJqcAt1aACDBJ7hFd6sJ+vFerc+5q0FK585gD+yPn8An+2Rxg==</latexit>

e�p ! e�p

<latexit sha1_base64="oha5blz+kDNM3ibOkMzb0biNtpo=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCIJZERD0WvXisYD+gSctmO22XbjZhdyOEUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZF8ScKe0431ZhZXVtfaO4Wdra3tnds/cPmipKJIUGjXgk2wFRwJmAhmaaQzuWQMKAQysY30791iNIxSLxoNMY/JAMBRswSrSRenYZuqfQPcOejnDsBURm8aRnV5yqMwNeJm5OKihHvWd/ef2IJiEITTlRquM6sfYzIjWjHCYlL1EQEzomQ+gYKkgIys9mx0/wsVH6eBBJU0Ljmfp7IiOhUmkYmM6Q6JFa9Kbif14n0YNrP2MiTjQIOl80SDg2n06TwH0mgWqeGkKoZOZWTEdEEqpNXiUTgrv48jJpnlfdy6p7f1Gp3eRxFNEhOkInyEVXqIbuUB01EEUpekav6M16sl6sd+tj3lqw8pky+gPr8wfAPJQ1</latexit>

e+e� ! pp̄
<latexit sha1_base64="oha5blz+kDNM3ibOkMzb0biNtpo=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCIJZERD0WvXisYD+gSctmO22XbjZhdyOEUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZF8ScKe0431ZhZXVtfaO4Wdra3tnds/cPmipKJIUGjXgk2wFRwJmAhmaaQzuWQMKAQysY30791iNIxSLxoNMY/JAMBRswSrSRenYZuqfQPcOejnDsBURm8aRnV5yqMwNeJm5OKihHvWd/ef2IJiEITTlRquM6sfYzIjWjHCYlL1EQEzomQ+gYKkgIys9mx0/wsVH6eBBJU0Ljmfp7IiOhUmkYmM6Q6JFa9Kbif14n0YNrP2MiTjQIOl80SDg2n06TwH0mgWqeGkKoZOZWTEdEEqpNXiUTgrv48jJpnlfdy6p7f1Gp3eRxFNEhOkInyEVXqIbuUB01EEUpekav6M16sl6sd+tj3lqw8pky+gPr8wfAPJQ1</latexit>

e+e� ! pp̄

Unphysical region Unphysical region

Our region of interest!



Form factors

1601.06190 VMD, Unitarity&Analytic Model
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Unitary & Analytic Model

Proton EM Form Factors

Dirac (U&A)
Pauli (U&A)
Dirac (eVMD)
Pauli (eVMD)

Based on PDG values for 
physical vector meson poles

<latexit sha1_base64="1vD35c9ye6tjj1NX2xLs7/P+rRQ=">AAACP3icbZBLS8NAFIUnPmt9RV26CRbRhZRERF0WXeiygn1AE8LNdNIOnUnCzEQoof/MjX/BnVs3LhRx685pG7QPLwx899xzmZkTJIxKZdsvxsLi0vLKamGtuL6xubVt7uzWZZwKTGo4ZrFoBiAJoxGpKaoYaSaCAA8YaQS96+G88UCEpHF0r/oJ8Th0IhpSDEpLvlnnfubGnHRgcPKLR5OsG/cGOIc/43Q/Z9Arvlmyy/aorHlwciihvKq++ey2Y5xyEinMQMqWYyfKy0AoihkZFN1UkgRwDzqkpTECTqSXjf4/sA610rbCWOgTKWukTm5kwKXs80A7OaiunJ0Nxf9mrVSFl15GoyRVJMLji8KUWSq2hmFabSoIVqyvAbCg+q0W7oIArHTkRR2CM/vleaiflp3zsnN3Vqpc5XEU0D46QMfIQReogm5RFdUQRo/oFb2jD+PJeDM+ja+xdcHId/bQVBnfP0fCsD8=</latexit>

m!,m!0 ,m!00 ,�!,�!0 ,�!00
<latexit sha1_base64="TM9eTTCB743byKprSp5C8Jb+dLg=">AAACM3icbZDLSsNAFIYnXmu9RV26CRbRhZRERF0WXSiuKtgLNCFMppN26FzCzEQooe/kxhdxIYgLRdz6Dk7biLX1wMA3/38OM+ePEkqUdt0Xa25+YXFpubBSXF1b39i0t7brSqQS4RoSVMhmBBWmhOOaJpriZiIxZBHFjah3OfQb91gqIvid7ic4YLDDSUwQ1EYK7RsWZr7sisFRDge/ZNC/gozBn5bJ25RpmkO75JbdUTmz4OVQAnlVQ/vJbwuUMsw1olCplucmOsig1ARRPCj6qcIJRD3YwS2DHDKsgmy088DZN0rbiYU0h2tnpE5OZJAp1WeR6WRQd9W0NxT/81qpjs+DjPAk1Zij8UNxSh0tnGGATptIjDTtG4BIEvNXB3WhhEibmIsmBG965VmoH5e907J3e1KqXORxFMAu2AOHwANnoAKuQRXUAAIP4Bm8gXfr0Xq1PqzPceuclc/sgD9lfX0DR/CrRw==</latexit>

m⇢,m⇢0 ,m⇢00 ,�⇢,�⇢0 ,�⇢00
<latexit sha1_base64="atJZa0I6sA+kM7tTmDq1KPyrec8=">AAACM3icbZDLSgMxFIYzXmu9jbp0EyyiCykzIuqy6EJxVcFeoDMMmTTThiaZIckIZeg7ufFFXAjiQhG3voNpO2JtPRD48v/nkJw/TBhV2nFerLn5hcWl5cJKcXVtfWPT3tquqziVmNRwzGLZDJEijApS01Qz0kwkQTxkpBH2Lod+455IRWNxp/sJ8TnqCBpRjLSRAvuGB5mXdOngKIeDXzLoXSHO0U/L5G3KNM2BXXLKzqjgLLg5lEBe1cB+8toxTjkRGjOkVMt1Eu1nSGqKGRkUvVSRBOEe6pCWQYE4UX422nkA943ShlEszREajtTJiQxxpfo8NJ0c6a6a9obif14r1dG5n1GRpJoIPH4oShnUMRwGCNtUEqxZ3wDCkpq/QtxFEmFtYi6aENzplWehflx2T8vu7UmpcpHHUQC7YA8cAhecgQq4BlVQAxg8gGfwBt6tR+vV+rA+x61zVj6zA/6U9fUN9/mrFw==</latexit>

m�,m�0 ,m�00 ,��,��0 ,��00



Form factors

Off-shell form factor:
<latexit sha1_base64="S4lN4pwWpKvVIsFxRF8ql3va69o="></latexit>

Fpp0V (p
02) =

1

1 + (p02 �m2
p)

2/⇤4
p

<latexit sha1_base64="p/sWX9S4gkwEEeiMUXBu/6TxGLM=">AAACG3icbVDLSgMxFM3UV62vUZdugkVwVWaKqMuiC124qGAf0BlKJr1tQ5OZIckIZajf4cZfceNCEVeCC//GtB18tB4IHM45N8k9QcyZ0o7zaeUWFpeWV/KrhbX1jc0te3unrqJEUqjRiEeyGRAFnIVQ00xzaMYSiAg4NILB+dhv3IJULApv9DAGX5BeyLqMEm2ktl1271JPCnwB9ZHHQSnFBPauzAUd0o7xt1T+ibXtolNyJsDzxM1IEWWotu13rxPRRECoKSdKtVwn1n5KpGaUw6jgJQpiQgekBy1DQyJA+elktxE+MEoHdyNpTqjxRP09kRKh1FAEJimI7qtZbyz+57US3T31UxbGiYaQTh/qJhzrCI+Lwh0mgWo+NIRQycxfMe0TSag2dRZMCe7syvOkXi65xyX3+qhYOcvqyKM9tI8OkYtOUAVdoiqqIYru0SN6Ri/Wg/VkvVpv02jOymZ20R9YH1+vmqEy</latexit>

1 GeV . ⇤p . 2 GeVwith

<latexit sha1_base64="tBtLFP19mHJgTWCG9WqtFD88DEY=">AAACF3icbVDLSgMxFM3UV62vUZdugkXagpSZIupGKArFZQX7gHY6ZNJMG5qZCUlGKEP/wo2/4saFIm5159+YtrPQ1gOBwznncnOPxxmVyrK+jczK6tr6RnYzt7W9s7tn7h80ZRQLTBo4YpFoe0gSRkPSUFQx0uaCoMBjpOWNbqZ+64EISaPwXo05cQI0CKlPMVJacs1yzaXFUa9yygu9SglewZqbcF5oTopzoatoQCRMUyXXzFtlawa4TOyU5EGKumt+dfsRjgMSKsyQlB3b4spJkFAUMzLJdWNJOMIjNCAdTUOktznJ7K4JPNFKH/qR0C9UcKb+nkhQIOU48HQyQGooF72p+J/XiZV/6SQ05LEiIZ4v8mMGVQSnJcE+FQQrNtYEYUH1XyEeIoGw0lXmdAn24snLpFkp2+dl++4sX71O68iCI3AMisAGF6AKbkEdNAAGj+AZvII348l4Md6Nj3k0Y6Qzh+APjM8fKAicMQ==</latexit>

Fi(k
2, p02) = Fpp0V (p

02)⇥ Fi(k
2)

controls off-shell behaviour of intermediate proton

<latexit sha1_base64="qdypOXGDmwA01D/ZWSZmV407PWQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB3BGM+g==</latexit>p

<latexit sha1_base64="8HotZ7L9jIC+JMZElREUEsd2+jQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD1H2M9Q==</latexit>

k

<latexit sha1_base64="JF2UsQaGLYoK2yun5cMUGDUMyWY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE1GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6SE575YpbdWcgy8TLSQVy1Hvlr24/ZmmE0jBBte54bmL8jCrDmcBJqZtqTCgb0QF2LJU0Qu1ns0sn5MQqfRLGypY0ZKb+nshopPU4CmxnRM1QL3pT8T+vk5rw2s+4TFKDks0XhakgJibTt0mfK2RGjC2hTHF7K2FDqigzNpySDcFbfHmZNM+r3mXVu7+o1G7yOIpwBMdwBh5cQQ3uoA4NYBDCM7zCmzNyXpx352PeWnDymUP4A+fzBzyQjSs=</latexit>

p0
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Preliminary results:

<latexit sha1_base64="p/sWX9S4gkwEEeiMUXBu/6TxGLM=">AAACG3icbVDLSgMxFM3UV62vUZdugkVwVWaKqMuiC124qGAf0BlKJr1tQ5OZIckIZajf4cZfceNCEVeCC//GtB18tB4IHM45N8k9QcyZ0o7zaeUWFpeWV/KrhbX1jc0te3unrqJEUqjRiEeyGRAFnIVQ00xzaMYSiAg4NILB+dhv3IJULApv9DAGX5BeyLqMEm2ktl1271JPCnwB9ZHHQSnFBPauzAUd0o7xt1T+ibXtolNyJsDzxM1IEWWotu13rxPRRECoKSdKtVwn1n5KpGaUw6jgJQpiQgekBy1DQyJA+elktxE+MEoHdyNpTqjxRP09kRKh1FAEJimI7qtZbyz+57US3T31UxbGiYaQTh/qJhzrCI+Lwh0mgWo+NIRQycxfMe0TSag2dRZMCe7syvOkXi65xyX3+qhYOcvqyKM9tI8OkYtOUAVdoiqqIYru0SN6Ri/Wg/VkvVpv02jOymZ20R9YH1+vmqEy</latexit>

1 GeV . ⇤p . 2 GeV



Production of 
BSM particles

• Drell-Yan
• Meson decays
• Bremsstrahlung
• Is there more than this?
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sub-dominant

A. Berlin, F. Kling

in lower mass range

?

<latexit sha1_base64="qX3XkI6zkQNQ3pA+mrJ2CGY+Lus=">AAACHHicbVDLSsNAFJ3UV62vqEs3wSK4sSRV1I1QFMSFiwr2AU0Mk+mkHTqZCTMToYR8iBt/xY0LRdy4EPwbp20EbT0wcDjnXu6cE8SUSGXbX0Zhbn5hcam4XFpZXVvfMDe3mpInAuEG4pSLdgAlpoThhiKK4nYsMIwCilvB4GLkt+6xkISzWzWMsRfBHiMhQVBpyTcP3QiqPoI0vc7ODtxQQJS6OJaEcpal1ezST90ocVmSte9+mG+W7Yo9hjVLnJyUQY66b364XY6SCDOFKJSy49ix8lIoFEEUZyU3kTiGaAB7uKMpgxGWXjoOl1l7WulaIRf6MWWN1d8bKYykHEaBnhxFkdPeSPzP6yQqPPVSwuJEYYYmh8KEWopbo6asLhEYKTrUBCJB9F8t1Ie6IKX7LOkSnOnIs6RZrTjHFefmqFw7z+sogh2wC/aBA05ADVyBOmgABB7AE3gBr8aj8Wy8Ge+T0YKR72yDPzA+vwEfbKNI</latexit>

L = � ✏

2
Fµ⌫X

µ⌫



Where/how do we produce dark photons in proton-proton 
collisions?

<latexit sha1_base64="j/0IMovEFvwLNc3LBXOd6rsuxzI=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20sWy2m3btZjfsboQS+h+8eFDEq//Hm//GTZuDtj4YeLw3w8y8MOFMG9f9dkorq2vrG+XNytb2zu5edf+gpWWqCPWJ5FJ1QqwpZ4L6hhlOO4miOA45bYfjm9xvP1GlmRT3ZpLQIMZDwSJGsLFSq5ewB7fSr9bcujsDWiZeQWpQoNmvfvUGkqQxFYZwrHXXcxMTZFgZRjidVnqppgkmYzykXUsFjqkOstm1U3RilQGKpLIlDJqpvycyHGs9iUPbGWMz0oteLv7ndVMTXQUZE0lqqCDzRVHKkZEofx0NmKLE8IklmChmb0VkhBUmxgaUh+AtvrxMWmd176Lu3Z3XGtdFHGU4gmM4BQ8uoQG30AQfCDzCM7zCmyOdF+fd+Zi3lpxi5hD+wPn8Aattjok=</latexit>

⇡0

<latexit sha1_base64="eJEtnExAVz9tB51rNwFw5rKO0Wk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0swm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKOZSnyMdVGtu3Z2DrBKvIDUo0BxUv/rDmKURV8gkNabnuQn6GdUomOSzSj81PKFsQke8Z6miETd+Nr91Rs6sMiRhrG0pJHP190RGI2OmUWA7I4pjs+zl4n9eL8Xwxs+ESlLkii0WhakkGJP8cTIUmjOUU0so08LeStiYasrQxlOxIXjLL6+S9kXdu6p7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AArajj4=</latexit>⌘

<latexit sha1_base64="qX3XkI6zkQNQ3pA+mrJ2CGY+Lus=">AAACHHicbVDLSsNAFJ3UV62vqEs3wSK4sSRV1I1QFMSFiwr2AU0Mk+mkHTqZCTMToYR8iBt/xY0LRdy4EPwbp20EbT0wcDjnXu6cE8SUSGXbX0Zhbn5hcam4XFpZXVvfMDe3mpInAuEG4pSLdgAlpoThhiKK4nYsMIwCilvB4GLkt+6xkISzWzWMsRfBHiMhQVBpyTcP3QiqPoI0vc7ODtxQQJS6OJaEcpal1ezST90ocVmSte9+mG+W7Yo9hjVLnJyUQY66b364XY6SCDOFKJSy49ix8lIoFEEUZyU3kTiGaAB7uKMpgxGWXjoOl1l7WulaIRf6MWWN1d8bKYykHEaBnhxFkdPeSPzP6yQqPPVSwuJEYYYmh8KEWopbo6asLhEYKTrUBCJB9F8t1Ie6IKX7LOkSnOnIs6RZrTjHFefmqFw7z+sogh2wC/aBA05ADVyBOmgABB7AE3gBr8aj8Wy8Ge+T0YKR72yDPzA+vwEfbKNI</latexit>

L = � ✏

2
Fµ⌫X

µ⌫



Additional Production Modes?
Unknown Sources

<latexit sha1_base64="j/0IMovEFvwLNc3LBXOd6rsuxzI=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20sWy2m3btZjfsboQS+h+8eFDEq//Hm//GTZuDtj4YeLw3w8y8MOFMG9f9dkorq2vrG+XNytb2zu5edf+gpWWqCPWJ5FJ1QqwpZ4L6hhlOO4miOA45bYfjm9xvP1GlmRT3ZpLQIMZDwSJGsLFSq5ewB7fSr9bcujsDWiZeQWpQoNmvfvUGkqQxFYZwrHXXcxMTZFgZRjidVnqppgkmYzykXUsFjqkOstm1U3RilQGKpLIlDJqpvycyHGs9iUPbGWMz0oteLv7ndVMTXQUZE0lqqCDzRVHKkZEofx0NmKLE8IklmChmb0VkhBUmxgaUh+AtvrxMWmd176Lu3Z3XGtdFHGU4gmM4BQ8uoQG30AQfCDzCM7zCmyOdF+fd+Zi3lpxi5hD+wPn8Aattjok=</latexit>

⇡0

<latexit sha1_base64="eJEtnExAVz9tB51rNwFw5rKO0Wk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0swm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKOZSnyMdVGtu3Z2DrBKvIDUo0BxUv/rDmKURV8gkNabnuQn6GdUomOSzSj81PKFsQke8Z6miETd+Nr91Rs6sMiRhrG0pJHP190RGI2OmUWA7I4pjs+zl4n9eL8Xwxs+ESlLkii0WhakkGJP8cTIUmjOUU0so08LeStiYasrQxlOxIXjLL6+S9kXdu6p7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AArajj4=</latexit>⌘



Additional Production Modes?
Beam remnants

Before or as part of 
hadronization

<latexit sha1_base64="j/0IMovEFvwLNc3LBXOd6rsuxzI=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20sWy2m3btZjfsboQS+h+8eFDEq//Hm//GTZuDtj4YeLw3w8y8MOFMG9f9dkorq2vrG+XNytb2zu5edf+gpWWqCPWJ5FJ1QqwpZ4L6hhlOO4miOA45bYfjm9xvP1GlmRT3ZpLQIMZDwSJGsLFSq5ewB7fSr9bcujsDWiZeQWpQoNmvfvUGkqQxFYZwrHXXcxMTZFgZRjidVnqppgkmYzykXUsFjqkOstm1U3RilQGKpLIlDJqpvycyHGs9iUPbGWMz0oteLv7ndVMTXQUZE0lqqCDzRVHKkZEofx0NmKLE8IklmChmb0VkhBUmxgaUh+AtvrxMWmd176Lu3Z3XGtdFHGU4gmM4BQ8uoQG30AQfCDzCM7zCmyOdF+fd+Zi3lpxi5hD+wPn8Aattjok=</latexit>

⇡0

<latexit sha1_base64="eJEtnExAVz9tB51rNwFw5rKO0Wk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0swm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKOZSnyMdVGtu3Z2DrBKvIDUo0BxUv/rDmKURV8gkNabnuQn6GdUomOSzSj81PKFsQke8Z6miETd+Nr91Rs6sMiRhrG0pJHP190RGI2OmUWA7I4pjs+zl4n9eL8Xwxs+ESlLkii0WhakkGJP8cTIUmjOUU0so08LeStiYasrQxlOxIXjLL6+S9kXdu6p7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AArajj4=</latexit>⌘

Hadronization of 
final states



Additional Production Modes? Final-State 
Radiation

Initial-State 
Radiation

<latexit sha1_base64="j/0IMovEFvwLNc3LBXOd6rsuxzI=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20sWy2m3btZjfsboQS+h+8eFDEq//Hm//GTZuDtj4YeLw3w8y8MOFMG9f9dkorq2vrG+XNytb2zu5edf+gpWWqCPWJ5FJ1QqwpZ4L6hhlOO4miOA45bYfjm9xvP1GlmRT3ZpLQIMZDwSJGsLFSq5ewB7fSr9bcujsDWiZeQWpQoNmvfvUGkqQxFYZwrHXXcxMTZFgZRjidVnqppgkmYzykXUsFjqkOstm1U3RilQGKpLIlDJqpvycyHGs9iUPbGWMz0oteLv7ndVMTXQUZE0lqqCDzRVHKkZEofx0NmKLE8IklmChmb0VkhBUmxgaUh+AtvrxMWmd176Lu3Z3XGtdFHGU4gmM4BQ8uoQG30AQfCDzCM7zCmyOdF+fd+Zi3lpxi5hD+wPn8Aattjok=</latexit>

⇡0

<latexit sha1_base64="eJEtnExAVz9tB51rNwFw5rKO0Wk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0swm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKOZSnyMdVGtu3Z2DrBKvIDUo0BxUv/rDmKURV8gkNabnuQn6GdUomOSzSj81PKFsQke8Z6miETd+Nr91Rs6sMiRhrG0pJHP190RGI2OmUWA7I4pjs+zl4n9eL8Xwxs+ESlLkii0WhakkGJP8cTIUmjOUU0so08LeStiYasrQxlOxIXjLL6+S9kXdu6p7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AArajj4=</latexit>⌘



Identify relevant processes

Any process including partons
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Identify relevant processes
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Modelling in Herwig

Bähr, Gieseke,
Seymour

Dijet-like Event                  

Multiple Partonic 
Interactions (MPI)

+
<latexit sha1_base64="me2Qp0NAkgP4kqExs1GgvAb9F1A=">AAAB/HicbZDLSsNAFIZP6q3WW7RLN4NFdFUSEXVZdOOygr1AG8tkOmmHTibpzEQIob6KGxeKuPVB3Pk2TtsstPWHgY//nMOc8/sxZ0o7zrdVWFldW98obpa2tnd29+z9g6aKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NHNtN56pFKxSNzrNKZeiAeCBYxgbayeXR6j8UN2MkFdHaGce3bFqTozoWVwc6hArnrP/ur2I5KEVGjCsVId14m1l2GpGeF0UuomisaYjPCAdgwKHFLlZbPlJ+jYOH0URNI8odHM/T2R4VCpNPRNZ4j1UC3WpuZ/tU6igysvYyJONBVk/lGQcGQOnSaB+kxSonlqABPJzK6IDLHERJu8SiYEd/HkZWieVd2Lqnt3Xqld53EU4RCO4BRcuIQa3EIdGkAghWd4hTfryXqx3q2PeWvBymfK8EfW5w9TzZPs</latexit>

qq
0
! qq

0

QCD 2-to-2
<latexit sha1_base64="TH5aEZhI8trr6J0wx4tGgUoTWm4=">AAACF3icbVC7TsMwFHXKq4RXgJHFogIxRQlCwFjBwlgk+pCaqHJcp7XqOIntIFVR/4KFX2FhACFW2Pgb3DRI0HIly+ece6/sc4KEUakc58uoLC2vrK5V182Nza3tHWt3ryXjTGDSxDGLRSdAkjDKSVNRxUgnEQRFASPtYHQ97bfviZA05ndqnBA/QgNOQ4qR0lLPslOYwmNPxfpKPc8cwMGMalDQ9Iem0LbtnlVzbKcouAjcEtRAWY2e9en1Y5xFhCvMkJRd10mUnyOhKGZkYnqZJAnCIzQgXQ05ioj088LXBB5ppQ/DWOjDFSzU3xs5iqQcR4GejJAayvneVPyv181UeOnnlCeZIhzPHgozBrXRaUiwTwXBio01QFhQ/VeIh0ggrHSUpg7Bnbe8CFqntntuu7dntfpVGUcVHIBDcAJccAHq4AY0QBNg8ACewAt4NR6NZ+PNeJ+NVoxyZx/8KePjG/gDm2o=</latexit>qq ! qq

gg ! gg

gq ! gq...



ISR

MPI

Dijet-like event

MPI

Dijet-like event
FSR



ISR

FSR



Validity

• Why does MPI vanish in both cases for higher 
masses and        ? 

• Are ISR and Bremsstrahlung related?

<latexit sha1_base64="DXfUvzidX19fDRrcI3rcd6qz010=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK/YI2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vp7C2vrG5Vdwu7ezu7R+UD49aOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjfzfz2EyrNY9kwkwT9iA4lDzmjxkqPSb/RL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m586JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSEN37GZZIalGyxKEwFMTGZ/U0GXCEzYmIJZYrbWwkbUUWZsemUbAje8surpHVR9a6q3sNlpXabx1GEEziFc/DgGmpwD3VoAoMhPMMrvDnCeXHenY9Fa8HJZ47hD5zPHzaEjcE=</latexit>pT

ISR FSR



Conclusions

• Production of dark photons only partially 
understood!

• future experiments soon will have a more 
robust description of proton Bremsstrahlung

SHiP

How relevant are additional production modes?

Forward Physics Facility

ISR and FSR + are Bremsstrahlung and ISR related?

Is there more to do in beam remnants and hadronization?


