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mt from tt̄j @ LHC
<latexit sha1_base64="VrZhta4QeOvUvLAaQJKfBCP+mek=">AAACInicbVDLSgMxFM3UV62vqks3wSK4KjMiqLtCN124qGAf0Cklk2ba2GRmSO4IZZj+iht/xY0LRV0JfozptIK2HrhwOOfe5N7jRYJrsO1PK7eyura+kd8sbG3v7O4V9w+aOowVZQ0ailC1PaKZ4AFrAAfB2pFiRHqCtbxRdeq37pnSPAxuYRyxriSDgPucEjBSr3jlZm8knohZmsge4AlOXCWxr0KZ4gm4HlEJpHdGr/x417VqmvaKJbtsZ8DLxJmTEpqj3iu+u/2QxpIFQAXRuuPYEXQTooBTwdKCG2sWEToiA9YxNCCS6W6SrZfiE6P0sR8qUwHgTP09kRCp9Vh6plMSGOpFbyr+53Vi8C+7CQ+iGFhAZx/5scAQ4mleuM8VoyDGhhCquNkV0yFRhIJJtWBCcBZPXibNs7Jjl52b81LlfB5HHh2hY3SKHHSBKqiG6qiBKHpAT+gFvVqP1rP1Zn3MWnPWfOYQ/YH19Q3DkaRO</latexit><latexit sha1_base64="VrZhta4QeOvUvLAaQJKfBCP+mek=">AAACInicbVDLSgMxFM3UV62vqks3wSK4KjMiqLtCN124qGAf0Cklk2ba2GRmSO4IZZj+iht/xY0LRV0JfozptIK2HrhwOOfe5N7jRYJrsO1PK7eyura+kd8sbG3v7O4V9w+aOowVZQ0ailC1PaKZ4AFrAAfB2pFiRHqCtbxRdeq37pnSPAxuYRyxriSDgPucEjBSr3jlZm8knohZmsge4AlOXCWxr0KZ4gm4HlEJpHdGr/x417VqmvaKJbtsZ8DLxJmTEpqj3iu+u/2QxpIFQAXRuuPYEXQTooBTwdKCG2sWEToiA9YxNCCS6W6SrZfiE6P0sR8qUwHgTP09kRCp9Vh6plMSGOpFbyr+53Vi8C+7CQ+iGFhAZx/5scAQ4mleuM8VoyDGhhCquNkV0yFRhIJJtWBCcBZPXibNs7Jjl52b81LlfB5HHh2hY3SKHHSBKqiG6qiBKHpAT+gFvVqP1rP1Zn3MWnPWfOYQ/YH19Q3DkaRO</latexit><latexit sha1_base64="VrZhta4QeOvUvLAaQJKfBCP+mek=">AAACInicbVDLSgMxFM3UV62vqks3wSK4KjMiqLtCN124qGAf0Cklk2ba2GRmSO4IZZj+iht/xY0LRV0JfozptIK2HrhwOOfe5N7jRYJrsO1PK7eyura+kd8sbG3v7O4V9w+aOowVZQ0ailC1PaKZ4AFrAAfB2pFiRHqCtbxRdeq37pnSPAxuYRyxriSDgPucEjBSr3jlZm8knohZmsge4AlOXCWxr0KZ4gm4HlEJpHdGr/x417VqmvaKJbtsZ8DLxJmTEpqj3iu+u/2QxpIFQAXRuuPYEXQTooBTwdKCG2sWEToiA9YxNCCS6W6SrZfiE6P0sR8qUwHgTP09kRCp9Vh6plMSGOpFbyr+53Vi8C+7CQ+iGFhAZx/5scAQ4mleuM8VoyDGhhCquNkV0yFRhIJJtWBCcBZPXibNs7Jjl52b81LlfB5HHh2hY3SKHHSBKqiG6qiBKHpAT+gFvVqP1rP1Zn3MWnPWfOYQ/YH19Q3DkaRO</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="mp7VDOcpFOIjwK+Tw+NPNq1i8Ko=">AAACF3icbZBLS8NAFIVv6qvWV3XrZrAIrkriRt0VunHhooJVoQlhMp20ozNJmLkRSoh/xY1/xY0LRV35b5zWCtp6YODjnHncOVEmhUHX/XQqC4tLyyvV1dra+sbmVn17/dKkuWa8y1KZ6uuIGi5FwrsoUPLrTHOqIsmvotv2OL+649qINLnAUcYDRQeJiAWjaK2wfuJP7igimfOyUCGSe1L4WpFYp6ok9+hHVBdY3li/9ZOdnbbLMqw33KY7EZkHbwoNmKoT1t/9fspyxRNkkhrT89wMg4JqFEzysubnhmeU3dIB71lMqOImKCbjlWTfOn0Sp9quBMnE/X2ioMqYkYrsTkVxaGazsflf1ssxPg4KkWQ58oR9PxTnkmBKxn2RvtCcoRxZoEwLOythQ6opQ9tqzZbgzX55Hi4Pm57b9M5dqMIu7MEBeHAELTiFDnSBwQM8wQu8Oo/Os/P2XVfFmfa2A3/kfHwBvF6izw==</latexit><latexit sha1_base64="mp7VDOcpFOIjwK+Tw+NPNq1i8Ko=">AAACF3icbZBLS8NAFIVv6qvWV3XrZrAIrkriRt0VunHhooJVoQlhMp20ozNJmLkRSoh/xY1/xY0LRV35b5zWCtp6YODjnHncOVEmhUHX/XQqC4tLyyvV1dra+sbmVn17/dKkuWa8y1KZ6uuIGi5FwrsoUPLrTHOqIsmvotv2OL+649qINLnAUcYDRQeJiAWjaK2wfuJP7igimfOyUCGSe1L4WpFYp6ok9+hHVBdY3li/9ZOdnbbLMqw33KY7EZkHbwoNmKoT1t/9fspyxRNkkhrT89wMg4JqFEzysubnhmeU3dIB71lMqOImKCbjlWTfOn0Sp9quBMnE/X2ioMqYkYrsTkVxaGazsflf1ssxPg4KkWQ58oR9PxTnkmBKxn2RvtCcoRxZoEwLOythQ6opQ9tqzZbgzX55Hi4Pm57b9M5dqMIu7MEBeHAELTiFDnSBwQM8wQu8Oo/Os/P2XVfFmfa2A3/kfHwBvF6izw==</latexit><latexit sha1_base64="WUP/eATctu22keqq/cEI6Dd8Vwg=">AAACInicbVDLSgMxFM3UV62vUZdugkVwVWZEUHeFbrpwUcE+oFNKJs20scnMkNwRyjD9FTf+ihsXiroS/BjTh6CtBy4czrk3uff4seAaHOfTyq2srq1v5DcLW9s7u3v2/kFDR4mirE4jEamWTzQTPGR14CBYK1aMSF+wpj+sTPzmPVOaR+EtjGLWkaQf8oBTAkbq2lfe9I3UFwnLUtkFPMappyQOVCQzPAbPJyqF7M7o5R/vulrJsq5ddErOFHiZuHNSRHPUuva714toIlkIVBCt264TQyclCjgVLCt4iWYxoUPSZ21DQyKZ7qTT9TJ8YpQeDiJlKgQ8VX9PpERqPZK+6ZQEBnrRm4j/ee0EgstOysM4ARbS2UdBIjBEeJIX7nHFKIiRIYQqbnbFdEAUoWBSLZgQ3MWTl0njrOQ6JffGKZbP53Hk0RE6RqfIRReojKqohuqIogf0hF7Qq/VoPVtv1sesNWfNZw7RH1hf38JRpEo=</latexit><latexit sha1_base64="VrZhta4QeOvUvLAaQJKfBCP+mek=">AAACInicbVDLSgMxFM3UV62vqks3wSK4KjMiqLtCN124qGAf0Cklk2ba2GRmSO4IZZj+iht/xY0LRV0JfozptIK2HrhwOOfe5N7jRYJrsO1PK7eyura+kd8sbG3v7O4V9w+aOowVZQ0ailC1PaKZ4AFrAAfB2pFiRHqCtbxRdeq37pnSPAxuYRyxriSDgPucEjBSr3jlZm8knohZmsge4AlOXCWxr0KZ4gm4HlEJpHdGr/x417VqmvaKJbtsZ8DLxJmTEpqj3iu+u/2QxpIFQAXRuuPYEXQTooBTwdKCG2sWEToiA9YxNCCS6W6SrZfiE6P0sR8qUwHgTP09kRCp9Vh6plMSGOpFbyr+53Vi8C+7CQ+iGFhAZx/5scAQ4mleuM8VoyDGhhCquNkV0yFRhIJJtWBCcBZPXibNs7Jjl52b81LlfB5HHh2hY3SKHHSBKqiG6qiBKHpAT+gFvVqP1rP1Zn3MWnPWfOYQ/YH19Q3DkaRO</latexit><latexit sha1_base64="VrZhta4QeOvUvLAaQJKfBCP+mek=">AAACInicbVDLSgMxFM3UV62vqks3wSK4KjMiqLtCN124qGAf0Cklk2ba2GRmSO4IZZj+iht/xY0LRV0JfozptIK2HrhwOOfe5N7jRYJrsO1PK7eyura+kd8sbG3v7O4V9w+aOowVZQ0ailC1PaKZ4AFrAAfB2pFiRHqCtbxRdeq37pnSPAxuYRyxriSDgPucEjBSr3jlZm8knohZmsge4AlOXCWxr0KZ4gm4HlEJpHdGr/x417VqmvaKJbtsZ8DLxJmTEpqj3iu+u/2QxpIFQAXRuuPYEXQTooBTwdKCG2sWEToiA9YxNCCS6W6SrZfiE6P0sR8qUwHgTP09kRCp9Vh6plMSGOpFbyr+53Vi8C+7CQ+iGFhAZx/5scAQ4mleuM8VoyDGhhCquNkV0yFRhIJJtWBCcBZPXibNs7Jjl52b81LlfB5HHh2hY3SKHHSBKqiG6qiBKHpAT+gFvVqP1rP1Zn3MWnPWfOYQ/YH19Q3DkaRO</latexit><latexit sha1_base64="VrZhta4QeOvUvLAaQJKfBCP+mek=">AAACInicbVDLSgMxFM3UV62vqks3wSK4KjMiqLtCN124qGAf0Cklk2ba2GRmSO4IZZj+iht/xY0LRV0JfozptIK2HrhwOOfe5N7jRYJrsO1PK7eyura+kd8sbG3v7O4V9w+aOowVZQ0ailC1PaKZ4AFrAAfB2pFiRHqCtbxRdeq37pnSPAxuYRyxriSDgPucEjBSr3jlZm8knohZmsge4AlOXCWxr0KZ4gm4HlEJpHdGr/x417VqmvaKJbtsZ8DLxJmTEpqj3iu+u/2QxpIFQAXRuuPYEXQTooBTwdKCG2sWEToiA9YxNCCS6W6SrZfiE6P0sR8qUwHgTP09kRCp9Vh6plMSGOpFbyr+53Vi8C+7CQ+iGFhAZx/5scAQ4mleuM8VoyDGhhCquNkV0yFRhIJJtWBCcBZPXibNs7Jjl52b81LlfB5HHh2hY3SKHHSBKqiG6qiBKHpAT+gFvVqP1rP1Zn3MWnPWfOYQ/YH19Q3DkaRO</latexit><latexit sha1_base64="VrZhta4QeOvUvLAaQJKfBCP+mek=">AAACInicbVDLSgMxFM3UV62vqks3wSK4KjMiqLtCN124qGAf0Cklk2ba2GRmSO4IZZj+iht/xY0LRV0JfozptIK2HrhwOOfe5N7jRYJrsO1PK7eyura+kd8sbG3v7O4V9w+aOowVZQ0ailC1PaKZ4AFrAAfB2pFiRHqCtbxRdeq37pnSPAxuYRyxriSDgPucEjBSr3jlZm8knohZmsge4AlOXCWxr0KZ4gm4HlEJpHdGr/x417VqmvaKJbtsZ8DLxJmTEpqj3iu+u/2QxpIFQAXRuuPYEXQTooBTwdKCG2sWEToiA9YxNCCS6W6SrZfiE6P0sR8qUwHgTP09kRCp9Vh6plMSGOpFbyr+53Vi8C+7CQ+iGFhAZx/5scAQ4mleuM8VoyDGhhCquNkV0yFRhIJJtWBCcBZPXibNs7Jjl52b81LlfB5HHh2hY3SKHHSBKqiG6qiBKHpAT+gFvVqP1rP1Zn3MWnPWfOYQ/YH19Q3DkaRO</latexit><latexit sha1_base64="VrZhta4QeOvUvLAaQJKfBCP+mek=">AAACInicbVDLSgMxFM3UV62vqks3wSK4KjMiqLtCN124qGAf0Cklk2ba2GRmSO4IZZj+iht/xY0LRV0JfozptIK2HrhwOOfe5N7jRYJrsO1PK7eyura+kd8sbG3v7O4V9w+aOowVZQ0ailC1PaKZ4AFrAAfB2pFiRHqCtbxRdeq37pnSPAxuYRyxriSDgPucEjBSr3jlZm8knohZmsge4AlOXCWxr0KZ4gm4HlEJpHdGr/x417VqmvaKJbtsZ8DLxJmTEpqj3iu+u/2QxpIFQAXRuuPYEXQTooBTwdKCG2sWEToiA9YxNCCS6W6SrZfiE6P0sR8qUwHgTP09kRCp9Vh6plMSGOpFbyr+53Vi8C+7CQ+iGFhAZx/5scAQ4mleuM8VoyDGhhCquNkV0yFRhIJJtWBCcBZPXibNs7Jjl52b81LlfB5HHh2hY3SKHHSBKqiG6qiBKHpAT+gFvVqP1rP1Zn3MWnPWfOYQ/YH19Q3DkaRO</latexit><latexit sha1_base64="VrZhta4QeOvUvLAaQJKfBCP+mek=">AAACInicbVDLSgMxFM3UV62vqks3wSK4KjMiqLtCN124qGAf0Cklk2ba2GRmSO4IZZj+iht/xY0LRV0JfozptIK2HrhwOOfe5N7jRYJrsO1PK7eyura+kd8sbG3v7O4V9w+aOowVZQ0ailC1PaKZ4AFrAAfB2pFiRHqCtbxRdeq37pnSPAxuYRyxriSDgPucEjBSr3jlZm8knohZmsge4AlOXCWxr0KZ4gm4HlEJpHdGr/x417VqmvaKJbtsZ8DLxJmTEpqj3iu+u/2QxpIFQAXRuuPYEXQTooBTwdKCG2sWEToiA9YxNCCS6W6SrZfiE6P0sR8qUwHgTP09kRCp9Vh6plMSGOpFbyr+53Vi8C+7CQ+iGFhAZx/5scAQ4mleuM8VoyDGhhCquNkV0yFRhIJJtWBCcBZPXibNs7Jjl52b81LlfB5HHh2hY3SKHHSBKqiG6qiBKHpAT+gFvVqP1rP1Zn3MWnPWfOYQ/YH19Q3DkaRO</latexit>
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Motivations For ttγ   
z  Besides              more exclusive final states can be accessed @ LHC 

z  Their cross sections much smaller à Information on couplings to  

z          direct way to measure top quark charge 

z                                                                  à Indirectly from                                        in        

z  Test exotic physics scenarios: top-like quarks with   

 
 
 
 
 
 
 
 
 
 
 

Melnikov, Schulze, Scharf ‘11 

Qt = QW �Qb�jet
<latexit sha1_base64="wod00ir1VBq/5deYBU59+w8BGQg=">AAACCnicbVC7SgNBFJ31GeMramkzGgSbhF0JaCMEbCyzYB6QhGV2cpOMmX0wc1cIy9Y2/oqNhSK2foGdf+PkUWjigQuHc+6duff4sRQabfvbWlldW9/YzG3lt3d29/YLB4cNHSWKQ51HMlItn2mQIoQ6CpTQihWwwJfQ9Ec3E7/5AEqLKLzDcQzdgA1C0RecoZG8wkln+kbqywSy1PXw2vWatERdL/VL94BZ5hWKdtmegi4TZ06KZI6aV/jq9CKeBBAil0zrtmPH2E2ZQsElZPlOoiFmfMQG0DY0ZAHobjpdI6NnRunRfqRMhUin6u+JlAVajwPfdAYMh3rRm4j/ee0E+1fdVIRxghDy2Uf9RFKM6CQX2hMKOMqxIYwrYXalfMgU42jSy5sQnMWTl0njouzYZcetFKuVeRw5ckxOyTlxyCWpkltSI3XCySN5Jq/kzXqyXqx362PWumLNZ47IH1ifP9hQmkk=</latexit><latexit sha1_base64="wod00ir1VBq/5deYBU59+w8BGQg=">AAACCnicbVC7SgNBFJ31GeMramkzGgSbhF0JaCMEbCyzYB6QhGV2cpOMmX0wc1cIy9Y2/oqNhSK2foGdf+PkUWjigQuHc+6duff4sRQabfvbWlldW9/YzG3lt3d29/YLB4cNHSWKQ51HMlItn2mQIoQ6CpTQihWwwJfQ9Ec3E7/5AEqLKLzDcQzdgA1C0RecoZG8wkln+kbqywSy1PXw2vWatERdL/VL94BZ5hWKdtmegi4TZ06KZI6aV/jq9CKeBBAil0zrtmPH2E2ZQsElZPlOoiFmfMQG0DY0ZAHobjpdI6NnRunRfqRMhUin6u+JlAVajwPfdAYMh3rRm4j/ee0E+1fdVIRxghDy2Uf9RFKM6CQX2hMKOMqxIYwrYXalfMgU42jSy5sQnMWTl0njouzYZcetFKuVeRw5ckxOyTlxyCWpkltSI3XCySN5Jq/kzXqyXqx362PWumLNZ47IH1ifP9hQmkk=</latexit><latexit sha1_base64="wod00ir1VBq/5deYBU59+w8BGQg=">AAACCnicbVC7SgNBFJ31GeMramkzGgSbhF0JaCMEbCyzYB6QhGV2cpOMmX0wc1cIy9Y2/oqNhSK2foGdf+PkUWjigQuHc+6duff4sRQabfvbWlldW9/YzG3lt3d29/YLB4cNHSWKQ51HMlItn2mQIoQ6CpTQihWwwJfQ9Ec3E7/5AEqLKLzDcQzdgA1C0RecoZG8wkln+kbqywSy1PXw2vWatERdL/VL94BZ5hWKdtmegi4TZ06KZI6aV/jq9CKeBBAil0zrtmPH2E2ZQsElZPlOoiFmfMQG0DY0ZAHobjpdI6NnRunRfqRMhUin6u+JlAVajwPfdAYMh3rRm4j/ee0E+1fdVIRxghDy2Uf9RFKM6CQX2hMKOMqxIYwrYXalfMgU42jSy5sQnMWTl0njouzYZcetFKuVeRw5ckxOyTlxyCWpkltSI3XCySN5Jq/kzXqyXqx362PWumLNZ47IH1ifP9hQmkk=</latexit><latexit sha1_base64="wod00ir1VBq/5deYBU59+w8BGQg=">AAACCnicbVC7SgNBFJ31GeMramkzGgSbhF0JaCMEbCyzYB6QhGV2cpOMmX0wc1cIy9Y2/oqNhSK2foGdf+PkUWjigQuHc+6duff4sRQabfvbWlldW9/YzG3lt3d29/YLB4cNHSWKQ51HMlItn2mQIoQ6CpTQihWwwJfQ9Ec3E7/5AEqLKLzDcQzdgA1C0RecoZG8wkln+kbqywSy1PXw2vWatERdL/VL94BZ5hWKdtmegi4TZ06KZI6aV/jq9CKeBBAil0zrtmPH2E2ZQsElZPlOoiFmfMQG0DY0ZAHobjpdI6NnRunRfqRMhUin6u+JlAVajwPfdAYMh3rRm4j/ee0E+1fdVIRxghDy2Uf9RFKM6CQX2hMKOMqxIYwrYXalfMgU42jSy5sQnMWTl0njouzYZcetFKuVeRw5ckxOyTlxyCWpkltSI3XCySN5Jq/kzXqyXqx362PWumLNZ47IH1ifP9hQmkk=</latexit>

tt̄
<latexit sha1_base64="dRGc5ngKb966+Lw1dN9klN9L9xI=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVECrosuHFZwT6gCWUynbRDJ5MwcyOUmIW/4saFIm79DXf+jdM0C209cOFwzr1z554gEVyD43xblbX1jc2t6nZtZ3dv/8A+POrqOFWUdWgsYtUPiGaCS9YBDoL1E8VIFAjWC6Y3c7/3wJTmsbyHWcL8iIwlDzklYKShfeIVb2SBSFmegRcQlUGeD+2603AK4FXilqSOSrSH9pc3imkaMQlUEK0HrpOAnxEFnAqW17xUs4TQKRmzgaGSREz7WbE7x+dGGeEwVqYk4EL9PZGRSOtZFJjOiMBEL3tz8T9vkEJ47WdcJikwSReLwlRgiPE8DDziilEQM0MIVdz8FdMJUYSCiaxmQnCXT14l3cuG6zTcu2a91SzjqKJTdIYukIuuUAvdojbqIIoe0TN6RW/Wk/VivVsfi9aKVc4coz+wPn8Ae8uW/Q==</latexit><latexit sha1_base64="dRGc5ngKb966+Lw1dN9klN9L9xI=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVECrosuHFZwT6gCWUynbRDJ5MwcyOUmIW/4saFIm79DXf+jdM0C209cOFwzr1z554gEVyD43xblbX1jc2t6nZtZ3dv/8A+POrqOFWUdWgsYtUPiGaCS9YBDoL1E8VIFAjWC6Y3c7/3wJTmsbyHWcL8iIwlDzklYKShfeIVb2SBSFmegRcQlUGeD+2603AK4FXilqSOSrSH9pc3imkaMQlUEK0HrpOAnxEFnAqW17xUs4TQKRmzgaGSREz7WbE7x+dGGeEwVqYk4EL9PZGRSOtZFJjOiMBEL3tz8T9vkEJ47WdcJikwSReLwlRgiPE8DDziilEQM0MIVdz8FdMJUYSCiaxmQnCXT14l3cuG6zTcu2a91SzjqKJTdIYukIuuUAvdojbqIIoe0TN6RW/Wk/VivVsfi9aKVc4coz+wPn8Ae8uW/Q==</latexit><latexit sha1_base64="dRGc5ngKb966+Lw1dN9klN9L9xI=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVECrosuHFZwT6gCWUynbRDJ5MwcyOUmIW/4saFIm79DXf+jdM0C209cOFwzr1z554gEVyD43xblbX1jc2t6nZtZ3dv/8A+POrqOFWUdWgsYtUPiGaCS9YBDoL1E8VIFAjWC6Y3c7/3wJTmsbyHWcL8iIwlDzklYKShfeIVb2SBSFmegRcQlUGeD+2603AK4FXilqSOSrSH9pc3imkaMQlUEK0HrpOAnxEFnAqW17xUs4TQKRmzgaGSREz7WbE7x+dGGeEwVqYk4EL9PZGRSOtZFJjOiMBEL3tz8T9vkEJ47WdcJikwSReLwlRgiPE8DDziilEQM0MIVdz8FdMJUYSCiaxmQnCXT14l3cuG6zTcu2a91SzjqKJTdIYukIuuUAvdojbqIIoe0TN6RW/Wk/VivVsfi9aKVc4coz+wPn8Ae8uW/Q==</latexit><latexit sha1_base64="dRGc5ngKb966+Lw1dN9klN9L9xI=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVECrosuHFZwT6gCWUynbRDJ5MwcyOUmIW/4saFIm79DXf+jdM0C209cOFwzr1z554gEVyD43xblbX1jc2t6nZtZ3dv/8A+POrqOFWUdWgsYtUPiGaCS9YBDoL1E8VIFAjWC6Y3c7/3wJTmsbyHWcL8iIwlDzklYKShfeIVb2SBSFmegRcQlUGeD+2603AK4FXilqSOSrSH9pc3imkaMQlUEK0HrpOAnxEFnAqW17xUs4TQKRmzgaGSREz7WbE7x+dGGeEwVqYk4EL9PZGRSOtZFJjOiMBEL3tz8T9vkEJ47WdcJikwSReLwlRgiPE8DDziilEQM0MIVdz8FdMJUYSCiaxmQnCXT14l3cuG6zTcu2a91SzjqKJTdIYukIuuUAvdojbqIIoe0TN6RW/Wk/VivVsfi9aKVc4coz+wPn8Ae8uW/Q==</latexit>

pp ! tt̄� ! `+⌫`bb̄jj� @ 14 TeV LHC
<latexit sha1_base64="GCnqKhhWvcaaFlNRlx1YC2HrpkY="></latexit><latexit sha1_base64="GCnqKhhWvcaaFlNRlx1YC2HrpkY="></latexit><latexit sha1_base64="GCnqKhhWvcaaFlNRlx1YC2HrpkY="></latexit><latexit sha1_base64="GCnqKhhWvcaaFlNRlx1YC2HrpkY="></latexit>

Qt �! �tt̄� ⇠ Q2
t @ LHC

<latexit sha1_base64="AF8BK4+ri9Ezamc93ujjFPpAEf8="></latexit><latexit sha1_base64="AF8BK4+ri9Ezamc93ujjFPpAEf8="></latexit><latexit sha1_base64="AF8BK4+ri9Ezamc93ujjFPpAEf8="></latexit><latexit sha1_base64="AF8BK4+ri9Ezamc93ujjFPpAEf8="></latexit>

Qt = �4/3
<latexit sha1_base64="T0w3Y+APLClKAE6tqwbX0IHIkSM=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIbqyJFnQjFNy4bME+oA1hMp20QycPZiZCCcGNv+LGhSJu/Qp3/o3TNAutHrhwOOfeuXOPF3MmlWV9GaWl5ZXVtfJ6ZWNza3vH3N3ryCgRhLZJxCPR87CknIW0rZjitBcLigOP0643uZn53XsqJIvCOzWNqRPgUch8RrDSkmseDPI3Uo8nNEtbrkLX6LR+doEy16xaNSsH+kvsglShQNM1PwfDiCQBDRXhWMq+bcXKSbFQjHCaVQaJpDEmEzyifU1DHFDppPn6DB1rZYj8SOgKFcrVnxMpDqScBp7uDLAay0VvJv7n9RPlXzkpC+NE0ZDMF/kJRypCszzQkAlKFJ9qgolg+q+IjLHAROnUKjoEe/Hkv6RzXrOtmt2qVxv1Io4yHMIRnIANl9CAW2hCGwg8wBO8wKvxaDwbb8b7vLVkFDP78AvGxzeXWJYu</latexit><latexit sha1_base64="T0w3Y+APLClKAE6tqwbX0IHIkSM=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIbqyJFnQjFNy4bME+oA1hMp20QycPZiZCCcGNv+LGhSJu/Qp3/o3TNAutHrhwOOfeuXOPF3MmlWV9GaWl5ZXVtfJ6ZWNza3vH3N3ryCgRhLZJxCPR87CknIW0rZjitBcLigOP0643uZn53XsqJIvCOzWNqRPgUch8RrDSkmseDPI3Uo8nNEtbrkLX6LR+doEy16xaNSsH+kvsglShQNM1PwfDiCQBDRXhWMq+bcXKSbFQjHCaVQaJpDEmEzyifU1DHFDppPn6DB1rZYj8SOgKFcrVnxMpDqScBp7uDLAay0VvJv7n9RPlXzkpC+NE0ZDMF/kJRypCszzQkAlKFJ9qgolg+q+IjLHAROnUKjoEe/Hkv6RzXrOtmt2qVxv1Io4yHMIRnIANl9CAW2hCGwg8wBO8wKvxaDwbb8b7vLVkFDP78AvGxzeXWJYu</latexit><latexit sha1_base64="T0w3Y+APLClKAE6tqwbX0IHIkSM=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIbqyJFnQjFNy4bME+oA1hMp20QycPZiZCCcGNv+LGhSJu/Qp3/o3TNAutHrhwOOfeuXOPF3MmlWV9GaWl5ZXVtfJ6ZWNza3vH3N3ryCgRhLZJxCPR87CknIW0rZjitBcLigOP0643uZn53XsqJIvCOzWNqRPgUch8RrDSkmseDPI3Uo8nNEtbrkLX6LR+doEy16xaNSsH+kvsglShQNM1PwfDiCQBDRXhWMq+bcXKSbFQjHCaVQaJpDEmEzyifU1DHFDppPn6DB1rZYj8SOgKFcrVnxMpDqScBp7uDLAay0VvJv7n9RPlXzkpC+NE0ZDMF/kJRypCszzQkAlKFJ9qgolg+q+IjLHAROnUKjoEe/Hkv6RzXrOtmt2qVxv1Io4yHMIRnIANl9CAW2hCGwg8wBO8wKvxaDwbb8b7vLVkFDP78AvGxzeXWJYu</latexit><latexit sha1_base64="T0w3Y+APLClKAE6tqwbX0IHIkSM=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIbqyJFnQjFNy4bME+oA1hMp20QycPZiZCCcGNv+LGhSJu/Qp3/o3TNAutHrhwOOfeuXOPF3MmlWV9GaWl5ZXVtfJ6ZWNza3vH3N3ryCgRhLZJxCPR87CknIW0rZjitBcLigOP0643uZn53XsqJIvCOzWNqRPgUch8RrDSkmseDPI3Uo8nNEtbrkLX6LR+doEy16xaNSsH+kvsglShQNM1PwfDiCQBDRXhWMq+bcXKSbFQjHCaVQaJpDEmEzyifU1DHFDppPn6DB1rZYj8SOgKFcrVnxMpDqScBp7uDLAay0VvJv7n9RPlXzkpC+NE0ZDMF/kJRypCszzQkAlKFJ9qgolg+q+IjLHAROnUKjoEe/Hkv6RzXrOtmt2qVxv1Io4yHMIRnIANl9CAW2hCGwg8wBO8wKvxaDwbb8b7vLVkFDP78AvGxzeXWJYu</latexit>

tt̄, tt̄j
<latexit sha1_base64="yd8/dtZ/iMMK2sksiMu7Bw++ctA=">AAACCnicbZDLSsNAFIYnXmu9RV26GS2CCymJFHRZcOOygr1AG8pkOmnHTiZh5kQoIWs3voobF4q49Qnc+TZO0wjaemDg4//PmTnz+7HgGhzny1paXlldWy9tlDe3tnd27b39lo4SRVmTRiJSHZ9oJrhkTeAgWCdWjIS+YG1/fDX12/dMaR7JW5jEzAvJUPKAUwJG6ttHvfyO1BcJy1Lo+USlkJ3hH7rL+nbFqTp54UVwC6igohp9+7M3iGgSMglUEK27rhODlxIFnAqWlXuJZjGhYzJkXYOShEx7ab5Ghk+MMsBBpMyRgHP190RKQq0noW86QwIjPe9Nxf+8bgLBpZdyGSfAJJ09FCQCQ4SnueABV4yCmBggVHGzK6YjoggFk17ZhODOf3kRWudV16m6N7VKvVbEUUKH6BidIhddoDq6Rg3URBQ9oCf0gl6tR+vZerPeZ61LVjFzgP6U9fEN2fubkg==</latexit><latexit sha1_base64="yd8/dtZ/iMMK2sksiMu7Bw++ctA=">AAACCnicbZDLSsNAFIYnXmu9RV26GS2CCymJFHRZcOOygr1AG8pkOmnHTiZh5kQoIWs3voobF4q49Qnc+TZO0wjaemDg4//PmTnz+7HgGhzny1paXlldWy9tlDe3tnd27b39lo4SRVmTRiJSHZ9oJrhkTeAgWCdWjIS+YG1/fDX12/dMaR7JW5jEzAvJUPKAUwJG6ttHvfyO1BcJy1Lo+USlkJ3hH7rL+nbFqTp54UVwC6igohp9+7M3iGgSMglUEK27rhODlxIFnAqWlXuJZjGhYzJkXYOShEx7ab5Ghk+MMsBBpMyRgHP190RKQq0noW86QwIjPe9Nxf+8bgLBpZdyGSfAJJ09FCQCQ4SnueABV4yCmBggVHGzK6YjoggFk17ZhODOf3kRWudV16m6N7VKvVbEUUKH6BidIhddoDq6Rg3URBQ9oCf0gl6tR+vZerPeZ61LVjFzgP6U9fEN2fubkg==</latexit><latexit sha1_base64="yd8/dtZ/iMMK2sksiMu7Bw++ctA=">AAACCnicbZDLSsNAFIYnXmu9RV26GS2CCymJFHRZcOOygr1AG8pkOmnHTiZh5kQoIWs3voobF4q49Qnc+TZO0wjaemDg4//PmTnz+7HgGhzny1paXlldWy9tlDe3tnd27b39lo4SRVmTRiJSHZ9oJrhkTeAgWCdWjIS+YG1/fDX12/dMaR7JW5jEzAvJUPKAUwJG6ttHvfyO1BcJy1Lo+USlkJ3hH7rL+nbFqTp54UVwC6igohp9+7M3iGgSMglUEK27rhODlxIFnAqWlXuJZjGhYzJkXYOShEx7ab5Ghk+MMsBBpMyRgHP190RKQq0noW86QwIjPe9Nxf+8bgLBpZdyGSfAJJ09FCQCQ4SnueABV4yCmBggVHGzK6YjoggFk17ZhODOf3kRWudV16m6N7VKvVbEUUKH6BidIhddoDq6Rg3URBQ9oCf0gl6tR+vZerPeZ61LVjFzgP6U9fEN2fubkg==</latexit><latexit sha1_base64="yd8/dtZ/iMMK2sksiMu7Bw++ctA=">AAACCnicbZDLSsNAFIYnXmu9RV26GS2CCymJFHRZcOOygr1AG8pkOmnHTiZh5kQoIWs3voobF4q49Qnc+TZO0wjaemDg4//PmTnz+7HgGhzny1paXlldWy9tlDe3tnd27b39lo4SRVmTRiJSHZ9oJrhkTeAgWCdWjIS+YG1/fDX12/dMaR7JW5jEzAvJUPKAUwJG6ttHvfyO1BcJy1Lo+USlkJ3hH7rL+nbFqTp54UVwC6igohp9+7M3iGgSMglUEK27rhODlxIFnAqWlXuJZjGhYzJkXYOShEx7ab5Ghk+MMsBBpMyRgHP190RKQq0noW86QwIjPe9Nxf+8bgLBpZdyGSfAJJ09FCQCQ4SnueABV4yCmBggVHGzK6YjoggFk17ZhODOf3kRWudV16m6N7VKvVbEUUKH6BidIhddoDq6Rg3URBQ9oCf0gl6tR+vZerPeZ61LVjFzgP6U9fEN2fubkg==</latexit>

tt̄�
<latexit sha1_base64="eFT028EJ0gP3pBJXZGC1gxxcpRA=">AAACBXicbVDLSsNAFJ3UV62vqEtdBIvgqiRS0GXBjcsK9gFNKDfTSTt0JgkzN0IJ2bjxV9y4UMSt/+DOv3H6WGjrgQuHc+6dufeEqeAaXffbKq2tb2xulbcrO7t7+wf24VFbJ5mirEUTkahuCJoJHrMWchSsmyoGMhSsE45vpn7ngSnNk/geJykLJAxjHnEKaKS+ferP3shDkbEiRz8ElWPhD0FKKPp21a25MzirxFuQKlmg2be//EFCM8lipAK07nluikEOCjkVrKj4mWYp0DEMWc/QGCTTQT7boHDOjTJwokSZitGZqb8ncpBaT2RoOiXgSC97U/E/r5dhdB3kPE4zZDGdfxRlwsHEmUbiDLhiFMXEEKCKm10dOgIFFE1wFROCt3zyKmlf1jy35t3Vq436Io4yOSFn5IJ45Io0yC1pkhah5JE8k1fyZj1ZL9a79TFvLVmLmWPyB9bnDzGZmZg=</latexit><latexit sha1_base64="eFT028EJ0gP3pBJXZGC1gxxcpRA=">AAACBXicbVDLSsNAFJ3UV62vqEtdBIvgqiRS0GXBjcsK9gFNKDfTSTt0JgkzN0IJ2bjxV9y4UMSt/+DOv3H6WGjrgQuHc+6dufeEqeAaXffbKq2tb2xulbcrO7t7+wf24VFbJ5mirEUTkahuCJoJHrMWchSsmyoGMhSsE45vpn7ngSnNk/geJykLJAxjHnEKaKS+ferP3shDkbEiRz8ElWPhD0FKKPp21a25MzirxFuQKlmg2be//EFCM8lipAK07nluikEOCjkVrKj4mWYp0DEMWc/QGCTTQT7boHDOjTJwokSZitGZqb8ncpBaT2RoOiXgSC97U/E/r5dhdB3kPE4zZDGdfxRlwsHEmUbiDLhiFMXEEKCKm10dOgIFFE1wFROCt3zyKmlf1jy35t3Vq436Io4yOSFn5IJ45Io0yC1pkhah5JE8k1fyZj1ZL9a79TFvLVmLmWPyB9bnDzGZmZg=</latexit><latexit sha1_base64="eFT028EJ0gP3pBJXZGC1gxxcpRA=">AAACBXicbVDLSsNAFJ3UV62vqEtdBIvgqiRS0GXBjcsK9gFNKDfTSTt0JgkzN0IJ2bjxV9y4UMSt/+DOv3H6WGjrgQuHc+6dufeEqeAaXffbKq2tb2xulbcrO7t7+wf24VFbJ5mirEUTkahuCJoJHrMWchSsmyoGMhSsE45vpn7ngSnNk/geJykLJAxjHnEKaKS+ferP3shDkbEiRz8ElWPhD0FKKPp21a25MzirxFuQKlmg2be//EFCM8lipAK07nluikEOCjkVrKj4mWYp0DEMWc/QGCTTQT7boHDOjTJwokSZitGZqb8ncpBaT2RoOiXgSC97U/E/r5dhdB3kPE4zZDGdfxRlwsHEmUbiDLhiFMXEEKCKm10dOgIFFE1wFROCt3zyKmlf1jy35t3Vq436Io4yOSFn5IJ45Io0yC1pkhah5JE8k1fyZj1ZL9a79TFvLVmLmWPyB9bnDzGZmZg=</latexit><latexit sha1_base64="eFT028EJ0gP3pBJXZGC1gxxcpRA=">AAACBXicbVDLSsNAFJ3UV62vqEtdBIvgqiRS0GXBjcsK9gFNKDfTSTt0JgkzN0IJ2bjxV9y4UMSt/+DOv3H6WGjrgQuHc+6dufeEqeAaXffbKq2tb2xulbcrO7t7+wf24VFbJ5mirEUTkahuCJoJHrMWchSsmyoGMhSsE45vpn7ngSnNk/geJykLJAxjHnEKaKS+ferP3shDkbEiRz8ElWPhD0FKKPp21a25MzirxFuQKlmg2be//EFCM8lipAK07nluikEOCjkVrKj4mWYp0DEMWc/QGCTTQT7boHDOjTJwokSZitGZqb8ncpBaT2RoOiXgSC97U/E/r5dhdB3kPE4zZDGdfxRlwsHEmUbiDLhiFMXEEKCKm10dOgIFFE1wFROCt3zyKmlf1jy35t3Vq436Io4yOSFn5IJ45Io0yC1pkhah5JE8k1fyZj1ZL9a79TFvLVmLmWPyB9bnDzGZmZg=</latexit>

�, H, Z,W
±

<latexit sha1_base64="JmiDk4BOQgBMCqjX3e2AgNpLsWY=">AAACCnicbVC7TsMwFHV4lvIKMLIYKiSGqkpQJRgrsXQsEn2IJlSO67RWbSeyHaQqyszCr7AwgBArX8DG3+CmGaDlSFc6Oude+94TxIwq7Tjf1srq2vrGZmmrvL2zu7dvHxx2VJRITNo4YpHsBUgRRgVpa6oZ6cWSIB4w0g0m1zO/+0CkopG41dOY+ByNBA0pRtpIA/vEy99IA5aQLPVGiHNUhc0qvKvC7r0X82xgV5yakwMuE7cgFVCgNbC/vGGEE06Exgwp1XedWPspkppiRrKylygSIzxBI9I3VCBOlJ/ma2TwzChDGEbSlNAwV39PpIgrNeWB6eRIj9WiNxP/8/qJDq/8lIo40UTg+UdhwqCO4CwXOKSSYM2mhiAsqdkV4jGSCGuTXtmE4C6evEw6FzXXqbk39UqjXsRRAsfgFJwDF1yCBmiCFmgDDB7BM3gFb9aT9WK9Wx/z1hWrmDkCf2B9/gAbiZnN</latexit><latexit sha1_base64="JmiDk4BOQgBMCqjX3e2AgNpLsWY=">AAACCnicbVC7TsMwFHV4lvIKMLIYKiSGqkpQJRgrsXQsEn2IJlSO67RWbSeyHaQqyszCr7AwgBArX8DG3+CmGaDlSFc6Oude+94TxIwq7Tjf1srq2vrGZmmrvL2zu7dvHxx2VJRITNo4YpHsBUgRRgVpa6oZ6cWSIB4w0g0m1zO/+0CkopG41dOY+ByNBA0pRtpIA/vEy99IA5aQLPVGiHNUhc0qvKvC7r0X82xgV5yakwMuE7cgFVCgNbC/vGGEE06Exgwp1XedWPspkppiRrKylygSIzxBI9I3VCBOlJ/ma2TwzChDGEbSlNAwV39PpIgrNeWB6eRIj9WiNxP/8/qJDq/8lIo40UTg+UdhwqCO4CwXOKSSYM2mhiAsqdkV4jGSCGuTXtmE4C6evEw6FzXXqbk39UqjXsRRAsfgFJwDF1yCBmiCFmgDDB7BM3gFb9aT9WK9Wx/z1hWrmDkCf2B9/gAbiZnN</latexit><latexit sha1_base64="JmiDk4BOQgBMCqjX3e2AgNpLsWY=">AAACCnicbVC7TsMwFHV4lvIKMLIYKiSGqkpQJRgrsXQsEn2IJlSO67RWbSeyHaQqyszCr7AwgBArX8DG3+CmGaDlSFc6Oude+94TxIwq7Tjf1srq2vrGZmmrvL2zu7dvHxx2VJRITNo4YpHsBUgRRgVpa6oZ6cWSIB4w0g0m1zO/+0CkopG41dOY+ByNBA0pRtpIA/vEy99IA5aQLPVGiHNUhc0qvKvC7r0X82xgV5yakwMuE7cgFVCgNbC/vGGEE06Exgwp1XedWPspkppiRrKylygSIzxBI9I3VCBOlJ/ma2TwzChDGEbSlNAwV39PpIgrNeWB6eRIj9WiNxP/8/qJDq/8lIo40UTg+UdhwqCO4CwXOKSSYM2mhiAsqdkV4jGSCGuTXtmE4C6evEw6FzXXqbk39UqjXsRRAsfgFJwDF1yCBmiCFmgDDB7BM3gFb9aT9WK9Wx/z1hWrmDkCf2B9/gAbiZnN</latexit><latexit sha1_base64="JmiDk4BOQgBMCqjX3e2AgNpLsWY=">AAACCnicbVC7TsMwFHV4lvIKMLIYKiSGqkpQJRgrsXQsEn2IJlSO67RWbSeyHaQqyszCr7AwgBArX8DG3+CmGaDlSFc6Oude+94TxIwq7Tjf1srq2vrGZmmrvL2zu7dvHxx2VJRITNo4YpHsBUgRRgVpa6oZ6cWSIB4w0g0m1zO/+0CkopG41dOY+ByNBA0pRtpIA/vEy99IA5aQLPVGiHNUhc0qvKvC7r0X82xgV5yakwMuE7cgFVCgNbC/vGGEE06Exgwp1XedWPspkppiRrKylygSIzxBI9I3VCBOlJ/ma2TwzChDGEbSlNAwV39PpIgrNeWB6eRIj9WiNxP/8/qJDq/8lIo40UTg+UdhwqCO4CwXOKSSYM2mhiAsqdkV4jGSCGuTXtmE4C6evEw6FzXXqbk39UqjXsRRAsfgFJwDF1yCBmiCFmgDDB7BM3gFb9aT9WK9Wx/z1hWrmDkCf2B9/gAbiZnN</latexit>

Qt = +
2

3
with CL � 5� @ LHC

<latexit sha1_base64="WGiQxwTFqJIXpx+KU1zb7u+Ako8="></latexit><latexit sha1_base64="WGiQxwTFqJIXpx+KU1zb7u+Ako8="></latexit><latexit sha1_base64="WGiQxwTFqJIXpx+KU1zb7u+Ako8="></latexit><latexit sha1_base64="WGiQxwTFqJIXpx+KU1zb7u+Ako8="></latexit>
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z  Probe the structure of the ttγ vertex à  SM +  contributions from dimension-six 
effective operators 

z  Constrains on anomalous couplings 
 
z Measure cross section ratio (also of various differential distributions) 

« More stable against radiative corrections  
«  Reduced scale dependence à Various uncertainties cancel in ratio 
«  Enhanced predictive power à Interesting to probe new physics @ LHC 

Motivations For ttγ   

R =
�pp!tt̄�

�pp!tt̄
<latexit sha1_base64="HGW3WUCE7LXyy4mOR929iHYF26Y="></latexit><latexit sha1_base64="HGW3WUCE7LXyy4mOR929iHYF26Y="></latexit><latexit sha1_base64="HGW3WUCE7LXyy4mOR929iHYF26Y="></latexit><latexit sha1_base64="HGW3WUCE7LXyy4mOR929iHYF26Y="></latexit>

Ltt̄� = �eQtt̄�
µtAµ � et̄

i�µ⌫(pt � pt̄)⌫
mt

(d�V + id�A�5) tAµ
<latexit sha1_base64="u7GvPLUwrbUax6PaIT/Q00W0DlE="></latexit><latexit sha1_base64="u7GvPLUwrbUax6PaIT/Q00W0DlE="></latexit><latexit sha1_base64="u7GvPLUwrbUax6PaIT/Q00W0DlE="></latexit><latexit sha1_base64="u7GvPLUwrbUax6PaIT/Q00W0DlE="></latexit>

Aguilar-Saavedra ‘09 
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z  First evidence: CDF  @ TeVatron 

z Observation: ATLAS @ LHC7 TeV 
 
 
z Measurements: ATLAS & CMS @ LHC8 TeV 

z  For now due to small statistics only σttγ   à  semi-leptonic channel 

z  LHC Run 2 @ 13 TeV, HL-LHC @ 14 TeV,  HE-LHC @ 27 TeV, …   
 
z More exclusive observables, various properties of top quarks, ratio(s) …  
      

CDF Collaboration ‘11 
 
 
 
ATLAS Collaboration ‘15 
 
 
 
ATLAS Collaboration ‘17 
CMS Collaboration ‘17 

ttγ @ LHC   
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ttγ @ LHC   
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tt̄� , tt̄Z , tt̄H , tt̄W
±

@ LHC
<latexit sha1_base64="domYzbbFyZHGzJ1v8Pzffus1+r8="></latexit><latexit sha1_base64="domYzbbFyZHGzJ1v8Pzffus1+r8="></latexit><latexit sha1_base64="domYzbbFyZHGzJ1v8Pzffus1+r8="></latexit><latexit sha1_base64="domYzbbFyZHGzJ1v8Pzffus1+r8="></latexit>
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tt̄ , tt̄j , tt̄� , tt̄Z , tt̄H , tt̄W
±

@ LHC
<latexit sha1_base64="/5qpKKnv8HPQ5qlc2xMqhMVFX9A="></latexit><latexit sha1_base64="/5qpKKnv8HPQ5qlc2xMqhMVFX9A="></latexit><latexit sha1_base64="/5qpKKnv8HPQ5qlc2xMqhMVFX9A="></latexit><latexit sha1_base64="/5qpKKnv8HPQ5qlc2xMqhMVFX9A="></latexit>



z NLO corrections for on-shell top quarks à General idea about size of NLO 
corrections, can not provide reliable description of top quark decay products 

« NLO QCD: 
 
 
« NLO electroweak: 

z  For more realistic studies decays are needed  

« NLO QCD for on-shell top quarks + PS  à Top decays in parton shower 
approximation, omitting photon emission in PS evolution & omitting tt 
spin correlations  

« NLO QCD in NWA à NLO QCD corrections to top production & 
decays, photon emission of top quark decay product & tt spin 
correlations included  

Duan, Ma, Zhang, Han, Guo, Wang ’09 ’11 
Maltoni, Pagani, Tsinikos ’15 
 
 
Duan, Zhang, Wang, Song, Li ’16 
 

Theoretical Predictions For ttγ 

Kardos, Trocsanyi ’14 
	

Melnikov, Schulze, Scharf  ‘11 
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ttγ in NWA @ LHC  
pp ! tt̄� ! `+⌫`bb̄jj� @ 14 TeV LHC

<latexit sha1_base64="GCnqKhhWvcaaFlNRlx1YC2HrpkY="></latexit><latexit sha1_base64="GCnqKhhWvcaaFlNRlx1YC2HrpkY="></latexit><latexit sha1_base64="GCnqKhhWvcaaFlNRlx1YC2HrpkY="></latexit><latexit sha1_base64="GCnqKhhWvcaaFlNRlx1YC2HrpkY="></latexit>

Melnikov, Schulze, Scharf ‘11 

z  Large fraction of isolated photons comes from radiative decay of tops   
 

�NLO = 138 fb �NLO

��Prod. = 60.9 fb �NLO

��Dec. = 77.2 fb
<latexit sha1_base64="eLNgJUFijNg8QvUppxQo8TA+IFU="></latexit><latexit sha1_base64="eLNgJUFijNg8QvUppxQo8TA+IFU="></latexit><latexit sha1_base64="eLNgJUFijNg8QvUppxQo8TA+IFU="></latexit><latexit sha1_base64="eLNgJUFijNg8QvUppxQo8TA+IFU="></latexit>
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z  In NWA tops are restricted to on-shell states 

z  Approximation is controlled by the ratio  
 
z  Contributions from diagrams involving two top-quark resonances  

z  Should be accurate for sufficiently inclusive observables 

z  Indeed à Off-shell effects for σ at few % level @ NLO in QCD 
  

tt (di-lepton) 
 
tt (semi-leptonic) 
 
ttH (di-lepton) 
 
ttj (di-lepton) 
 
ttγ  (di-lepton) 

How Good Is NWA?   

Denner, Dittmaier, Kallweit, Pozzorini ’11 ’12 
Bevilacqua, Czakon, van Hameren, Papadopoulos, Worek ’11 

Denner, Pellen ’18 

Denner, Feger ‘15 

Bevilacqua, Hartanto, Kraus, Worek ’16 ‘18 

Bevilacqua, Hartanto, Kraus, Weber, Worek ‘18 

�t/mt ⇡ 0.8%
<latexit sha1_base64="vg7hSC+MM6mqySSCowR9zvGfoJE=">AAACEXicbVDLSsNAFJ34rPUVdelmsAiuaiIFuyy40GUF2wpNCDfTqQ7OJGHmRiwhv+DGX3HjQhG37tz5N04fC18HLhzOuXfm3hNnUhj0vE9nbn5hcWm5slJdXVvf2HS3trsmzTXjHZbKVF/GYLgUCe+gQMkvM81BxZL34puTsd+75dqINLnAUcZDBVeJGAoGaKXIPQgmbxSxzHlZBKegFER4qCKkAWSZTu+oV28G+2Xk1ry6NwH9S/wZqZEZ2pH7EQxSliueIJNgTN/3MgwL0CiY5GU1yA3PgN3AFe9bmoDiJiwm25R03yoDOky1rQTpRP0+UYAyZqRi26kAr81vbyz+5/VzHDbDQiRZjjxh04+GuaSY0nE8dCA0ZyhHlgDTwu5K2TVoYGhDrNoQ/N8n/yXdo7rv1f3zRq3VmMVRIbtkjxwQnxyTFjkjbdIhjNyTR/JMXpwH58l5dd6mrXPObGaH/IDz/gUQC50O</latexit><latexit sha1_base64="vg7hSC+MM6mqySSCowR9zvGfoJE=">AAACEXicbVDLSsNAFJ34rPUVdelmsAiuaiIFuyy40GUF2wpNCDfTqQ7OJGHmRiwhv+DGX3HjQhG37tz5N04fC18HLhzOuXfm3hNnUhj0vE9nbn5hcWm5slJdXVvf2HS3trsmzTXjHZbKVF/GYLgUCe+gQMkvM81BxZL34puTsd+75dqINLnAUcZDBVeJGAoGaKXIPQgmbxSxzHlZBKegFER4qCKkAWSZTu+oV28G+2Xk1ry6NwH9S/wZqZEZ2pH7EQxSliueIJNgTN/3MgwL0CiY5GU1yA3PgN3AFe9bmoDiJiwm25R03yoDOky1rQTpRP0+UYAyZqRi26kAr81vbyz+5/VzHDbDQiRZjjxh04+GuaSY0nE8dCA0ZyhHlgDTwu5K2TVoYGhDrNoQ/N8n/yXdo7rv1f3zRq3VmMVRIbtkjxwQnxyTFjkjbdIhjNyTR/JMXpwH58l5dd6mrXPObGaH/IDz/gUQC50O</latexit><latexit sha1_base64="vg7hSC+MM6mqySSCowR9zvGfoJE=">AAACEXicbVDLSsNAFJ34rPUVdelmsAiuaiIFuyy40GUF2wpNCDfTqQ7OJGHmRiwhv+DGX3HjQhG37tz5N04fC18HLhzOuXfm3hNnUhj0vE9nbn5hcWm5slJdXVvf2HS3trsmzTXjHZbKVF/GYLgUCe+gQMkvM81BxZL34puTsd+75dqINLnAUcZDBVeJGAoGaKXIPQgmbxSxzHlZBKegFER4qCKkAWSZTu+oV28G+2Xk1ry6NwH9S/wZqZEZ2pH7EQxSliueIJNgTN/3MgwL0CiY5GU1yA3PgN3AFe9bmoDiJiwm25R03yoDOky1rQTpRP0+UYAyZqRi26kAr81vbyz+5/VzHDbDQiRZjjxh04+GuaSY0nE8dCA0ZyhHlgDTwu5K2TVoYGhDrNoQ/N8n/yXdo7rv1f3zRq3VmMVRIbtkjxwQnxyTFjkjbdIhjNyTR/JMXpwH58l5dd6mrXPObGaH/IDz/gUQC50O</latexit><latexit sha1_base64="vg7hSC+MM6mqySSCowR9zvGfoJE=">AAACEXicbVDLSsNAFJ34rPUVdelmsAiuaiIFuyy40GUF2wpNCDfTqQ7OJGHmRiwhv+DGX3HjQhG37tz5N04fC18HLhzOuXfm3hNnUhj0vE9nbn5hcWm5slJdXVvf2HS3trsmzTXjHZbKVF/GYLgUCe+gQMkvM81BxZL34puTsd+75dqINLnAUcZDBVeJGAoGaKXIPQgmbxSxzHlZBKegFER4qCKkAWSZTu+oV28G+2Xk1ry6NwH9S/wZqZEZ2pH7EQxSliueIJNgTN/3MgwL0CiY5GU1yA3PgN3AFe9bmoDiJiwm25R03yoDOky1rQTpRP0+UYAyZqRi26kAr81vbyz+5/VzHDbDQiRZjjxh04+GuaSY0nE8dCA0ZyhHlgDTwu5K2TVoYGhDrNoQ/N8n/yXdo7rv1f3zRq3VmMVRIbtkjxwQnxyTFjkjbdIhjNyTR/JMXpwH58l5dd6mrXPObGaH/IDz/gUQC50O</latexit>
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NWA vs. Off-Shell Effects  

Denner, Dittmaier, Kallweit, Pozzorini, Schulze ‘12 11	

z Off-shell results vs. results with (spin-correlated) NWA  

z  Tens of per cent in phase-space regions where       suppressed as signal  
 
z  Important as background to Higgs and BSM searches  
    

tt̄
<latexit sha1_base64="dRGc5ngKb966+Lw1dN9klN9L9xI=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVECrosuHFZwT6gCWUynbRDJ5MwcyOUmIW/4saFIm79DXf+jdM0C209cOFwzr1z554gEVyD43xblbX1jc2t6nZtZ3dv/8A+POrqOFWUdWgsYtUPiGaCS9YBDoL1E8VIFAjWC6Y3c7/3wJTmsbyHWcL8iIwlDzklYKShfeIVb2SBSFmegRcQlUGeD+2603AK4FXilqSOSrSH9pc3imkaMQlUEK0HrpOAnxEFnAqW17xUs4TQKRmzgaGSREz7WbE7x+dGGeEwVqYk4EL9PZGRSOtZFJjOiMBEL3tz8T9vkEJ47WdcJikwSReLwlRgiPE8DDziilEQM0MIVdz8FdMJUYSCiaxmQnCXT14l3cuG6zTcu2a91SzjqKJTdIYukIuuUAvdojbqIIoe0TN6RW/Wk/VivVsfi9aKVc4coz+wPn8Ae8uW/Q==</latexit><latexit sha1_base64="dRGc5ngKb966+Lw1dN9klN9L9xI=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVECrosuHFZwT6gCWUynbRDJ5MwcyOUmIW/4saFIm79DXf+jdM0C209cOFwzr1z554gEVyD43xblbX1jc2t6nZtZ3dv/8A+POrqOFWUdWgsYtUPiGaCS9YBDoL1E8VIFAjWC6Y3c7/3wJTmsbyHWcL8iIwlDzklYKShfeIVb2SBSFmegRcQlUGeD+2603AK4FXilqSOSrSH9pc3imkaMQlUEK0HrpOAnxEFnAqW17xUs4TQKRmzgaGSREz7WbE7x+dGGeEwVqYk4EL9PZGRSOtZFJjOiMBEL3tz8T9vkEJ47WdcJikwSReLwlRgiPE8DDziilEQM0MIVdz8FdMJUYSCiaxmQnCXT14l3cuG6zTcu2a91SzjqKJTdIYukIuuUAvdojbqIIoe0TN6RW/Wk/VivVsfi9aKVc4coz+wPn8Ae8uW/Q==</latexit><latexit sha1_base64="dRGc5ngKb966+Lw1dN9klN9L9xI=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVECrosuHFZwT6gCWUynbRDJ5MwcyOUmIW/4saFIm79DXf+jdM0C209cOFwzr1z554gEVyD43xblbX1jc2t6nZtZ3dv/8A+POrqOFWUdWgsYtUPiGaCS9YBDoL1E8VIFAjWC6Y3c7/3wJTmsbyHWcL8iIwlDzklYKShfeIVb2SBSFmegRcQlUGeD+2603AK4FXilqSOSrSH9pc3imkaMQlUEK0HrpOAnxEFnAqW17xUs4TQKRmzgaGSREz7WbE7x+dGGeEwVqYk4EL9PZGRSOtZFJjOiMBEL3tz8T9vkEJ47WdcJikwSReLwlRgiPE8DDziilEQM0MIVdz8FdMJUYSCiaxmQnCXT14l3cuG6zTcu2a91SzjqKJTdIYukIuuUAvdojbqIIoe0TN6RW/Wk/VivVsfi9aKVc4coz+wPn8Ae8uW/Q==</latexit><latexit sha1_base64="dRGc5ngKb966+Lw1dN9klN9L9xI=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVECrosuHFZwT6gCWUynbRDJ5MwcyOUmIW/4saFIm79DXf+jdM0C209cOFwzr1z554gEVyD43xblbX1jc2t6nZtZ3dv/8A+POrqOFWUdWgsYtUPiGaCS9YBDoL1E8VIFAjWC6Y3c7/3wJTmsbyHWcL8iIwlDzklYKShfeIVb2SBSFmegRcQlUGeD+2603AK4FXilqSOSrSH9pc3imkaMQlUEK0HrpOAnxEFnAqW17xUs4TQKRmzgaGSREz7WbE7x+dGGeEwVqYk4EL9PZGRSOtZFJjOiMBEL3tz8T9vkEJ47WdcJikwSReLwlRgiPE8DDziilEQM0MIVdz8FdMJUYSCiaxmQnCXT14l3cuG6zTcu2a91SzjqKJTdIYukIuuUAvdojbqIIoe0TN6RW/Wk/VivVsfi9aKVc4coz+wPn8Ae8uW/Q==</latexit>
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NWA vs. Off-Shell Effects  

pp ! tt̄ ! `+⌫`µ
�⌫̄µbb̄ @ 13 TeV LHC

<latexit sha1_base64="bhal4jsxcNO5gJIrJLJCSxUb4OQ="></latexit><latexit sha1_base64="bhal4jsxcNO5gJIrJLJCSxUb4OQ="></latexit><latexit sha1_base64="bhal4jsxcNO5gJIrJLJCSxUb4OQ="></latexit><latexit sha1_base64="bhal4jsxcNO5gJIrJLJCSxUb4OQ="></latexit>

Heinrich, Maier, Nisius, Schlenk, Schulze, Scyboz, Winter ‘18 

z Observables used for a recent top quark mass determination 
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NWA vs. Off-Shell Effects  
z Observable used for a recent top quark mass determination 

Bevilacqua, Hartanto, M. Kraus, M. Schulze, M. Worek ‘18 

R(mpole
t , ⇢s) =

1

�tt̄j

d�tt̄j

d⇢s
(mpole

t , ⇢s) ⇢s =
2m0

Mtt̄j
<latexit sha1_base64="QiuuJZKCyHP3oyfD33mqPDiV7pc="></latexit><latexit sha1_base64="QiuuJZKCyHP3oyfD33mqPDiV7pc="></latexit><latexit sha1_base64="QiuuJZKCyHP3oyfD33mqPDiV7pc="></latexit><latexit sha1_base64="QiuuJZKCyHP3oyfD33mqPDiV7pc="></latexit>

pp ! tt̄j ! `+⌫`µ
�⌫̄µbb̄j @ 13 TeV LHC

<latexit sha1_base64="n9w+oFVYmpFS7/iNATs0YDr3qDw="></latexit><latexit sha1_base64="n9w+oFVYmpFS7/iNATs0YDr3qDw="></latexit><latexit sha1_base64="n9w+oFVYmpFS7/iNATs0YDr3qDw="></latexit><latexit sha1_base64="n9w+oFVYmpFS7/iNATs0YDr3qDw="></latexit>
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NWA vs. Off-Shell Effects  

Bevilacqua, Hartanto, M. Kraus, M. Schulze, M. Worek ‘18 

2.5 fb-1 
pp ! tt̄j ! `+⌫`µ

�⌫̄µbb̄j @ 13 TeV LHC
<latexit sha1_base64="n9w+oFVYmpFS7/iNATs0YDr3qDw="></latexit><latexit sha1_base64="n9w+oFVYmpFS7/iNATs0YDr3qDw="></latexit><latexit sha1_base64="n9w+oFVYmpFS7/iNATs0YDr3qDw="></latexit><latexit sha1_base64="n9w+oFVYmpFS7/iNATs0YDr3qDw="></latexit>
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NWA vs. Off-Shell Effects  

Bevilacqua, Hartanto, M. Kraus, M. Schulze, M. Worek ‘18 

25 fb-1 
pp ! tt̄j ! `+⌫`µ

�⌫̄µbb̄j @ 13 TeV LHC
<latexit sha1_base64="n9w+oFVYmpFS7/iNATs0YDr3qDw="></latexit><latexit sha1_base64="n9w+oFVYmpFS7/iNATs0YDr3qDw="></latexit><latexit sha1_base64="n9w+oFVYmpFS7/iNATs0YDr3qDw="></latexit><latexit sha1_base64="n9w+oFVYmpFS7/iNATs0YDr3qDw="></latexit>
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z  Feynman Diagrams à 628 @ LO for gg channel  
 

z NLO à 4348 real emission & 36032 @ 1-loop for gg channel 
 
z   Most complicated à  90 heptagons & 958 hexagons 

NWA vs. Off-Shell Effects  

 ttγ in NWA 
up to pentagons   

ttγ  full  
up to heptagons 

tt̄� +X @ O(↵3
s↵

5)
<latexit sha1_base64="kOwjlAnC1RhqKQw2GFOt68gbDnI="></latexit><latexit sha1_base64="kOwjlAnC1RhqKQw2GFOt68gbDnI="></latexit><latexit sha1_base64="kOwjlAnC1RhqKQw2GFOt68gbDnI="></latexit><latexit sha1_base64="kOwjlAnC1RhqKQw2GFOt68gbDnI="></latexit>

tt̄� +X @ O(↵2
s↵

5)
<latexit sha1_base64="LVDrjRTDV0qaW2wM7z8mhAG4yME="></latexit><latexit sha1_base64="LVDrjRTDV0qaW2wM7z8mhAG4yME="></latexit><latexit sha1_base64="LVDrjRTDV0qaW2wM7z8mhAG4yME="></latexit><latexit sha1_base64="LVDrjRTDV0qaW2wM7z8mhAG4yME="></latexit>
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z  Putting simply                     violates gauge invariance  

z Gauge-invariant treatment  à  Complex Mass Scheme  

z             à   Incorporated into top mass via:  

z  All matrix elements evaluated using  complex masses  
 
z  Another non trivial aspect à Evaluation of one-loop scalar integrals  
  
z  Scalar integrals with complex masses  à  Supported e.g. by ONELOOP  
 

 
Denner, Dittmaier,  Roth, Wackeroth ‘99  
Denner, Dittmaier, Roth,  Wieders ‘05 
 
 
 
 
 
 
 
 
 
 
 
 

                                             van Hameren ’11  

Top Resonances   
�t 6= 0

<latexit sha1_base64="M0Z0J6A/g8tAIIKgRE4/xW4epWk=">AAACCXicbVDLSgMxFM3UV62vUZdugkVwVWakoMuCC11WsA/oDEMmvW1Dk8yQZIQyzNaNv+LGhSJu/QN3/o3pY6GtBy4czrk3uffEKWfaeN63U1pb39jcKm9Xdnb39g/cw6O2TjJFoUUTnqhuTDRwJqFlmOHQTRUQEXPoxOPrqd95AKVZIu/NJIVQkKFkA0aJsVLk4mD2Rh7zDIo8D26IECTKTYEDCdgrisitejVvBrxK/AWpogWakfsV9BOaCZCGcqJ1z/dSE+ZEGUY5FJUg05ASOiZD6FkqiQAd5rMtCnxmlT4eJMqWNHim/p7IidB6ImLbKYgZ6WVvKv7n9TIzuApzJtPMgKTzjwYZxybB01hwnymghk8sIVQxuyumI6IINTa8ig3BXz55lbQvar5X8+/q1UZ9EUcZnaBTdI58dIka6BY1UQtR9Iie0St6c56cF+fd+Zi3lpzFzDH6A+fzBy/DmpE=</latexit><latexit sha1_base64="M0Z0J6A/g8tAIIKgRE4/xW4epWk=">AAACCXicbVDLSgMxFM3UV62vUZdugkVwVWakoMuCC11WsA/oDEMmvW1Dk8yQZIQyzNaNv+LGhSJu/QN3/o3pY6GtBy4czrk3uffEKWfaeN63U1pb39jcKm9Xdnb39g/cw6O2TjJFoUUTnqhuTDRwJqFlmOHQTRUQEXPoxOPrqd95AKVZIu/NJIVQkKFkA0aJsVLk4mD2Rh7zDIo8D26IECTKTYEDCdgrisitejVvBrxK/AWpogWakfsV9BOaCZCGcqJ1z/dSE+ZEGUY5FJUg05ASOiZD6FkqiQAd5rMtCnxmlT4eJMqWNHim/p7IidB6ImLbKYgZ6WVvKv7n9TIzuApzJtPMgKTzjwYZxybB01hwnymghk8sIVQxuyumI6IINTa8ig3BXz55lbQvar5X8+/q1UZ9EUcZnaBTdI58dIka6BY1UQtR9Iie0St6c56cF+fd+Zi3lpzFzDH6A+fzBy/DmpE=</latexit><latexit sha1_base64="M0Z0J6A/g8tAIIKgRE4/xW4epWk=">AAACCXicbVDLSgMxFM3UV62vUZdugkVwVWakoMuCC11WsA/oDEMmvW1Dk8yQZIQyzNaNv+LGhSJu/QN3/o3pY6GtBy4czrk3uffEKWfaeN63U1pb39jcKm9Xdnb39g/cw6O2TjJFoUUTnqhuTDRwJqFlmOHQTRUQEXPoxOPrqd95AKVZIu/NJIVQkKFkA0aJsVLk4mD2Rh7zDIo8D26IECTKTYEDCdgrisitejVvBrxK/AWpogWakfsV9BOaCZCGcqJ1z/dSE+ZEGUY5FJUg05ASOiZD6FkqiQAd5rMtCnxmlT4eJMqWNHim/p7IidB6ImLbKYgZ6WVvKv7n9TIzuApzJtPMgKTzjwYZxybB01hwnymghk8sIVQxuyumI6IINTa8ig3BXz55lbQvar5X8+/q1UZ9EUcZnaBTdI58dIka6BY1UQtR9Iie0St6c56cF+fd+Zi3lpzFzDH6A+fzBy/DmpE=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="RV1ihD1HFBvLEnDdly6saxgv/gU=">AAAB/nicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuNBlBfuATimZ9LYNTTJDkhHKMFs3/hU3LhTxZ7jz35hOu9DWA4GPc/K4OVEiuLG+/+2VNja3tnfKu5W96v7BYe2o2jZxqhm2WCxi3Y2oQcEVtiy3AruJRiojgZ1oejPPO4+oDY/Vg50l2Jd0rPiIM2qdNaiRsLgji0SKeZaFt1RKOshsTkKFxM/zQa3uN/xCZB2CJdRhqeag9hUOY5ZKVJYJakwv8BPbz6i2nAnMK2FqMKFsSsfYc6ioRNPPiilycuacIRnF2i1lSeH+PpFRacxMRm6npHZiVrO5+V/WS+3oqp9xlaQWFVs8NEoFsTGZ10KGXCOzYuaAMs3drIRNqKbMuvIqroRg9cvr0L5oBH4juPehDCdwCucQwCVcwx00oQUMnuAF3uDde/ZevY9FXSVv2dsx/JH3+QOPMZkr</latexit><latexit sha1_base64="RV1ihD1HFBvLEnDdly6saxgv/gU=">AAAB/nicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuNBlBfuATimZ9LYNTTJDkhHKMFs3/hU3LhTxZ7jz35hOu9DWA4GPc/K4OVEiuLG+/+2VNja3tnfKu5W96v7BYe2o2jZxqhm2WCxi3Y2oQcEVtiy3AruJRiojgZ1oejPPO4+oDY/Vg50l2Jd0rPiIM2qdNaiRsLgji0SKeZaFt1RKOshsTkKFxM/zQa3uN/xCZB2CJdRhqeag9hUOY5ZKVJYJakwv8BPbz6i2nAnMK2FqMKFsSsfYc6ioRNPPiilycuacIRnF2i1lSeH+PpFRacxMRm6npHZiVrO5+V/WS+3oqp9xlaQWFVs8NEoFsTGZ10KGXCOzYuaAMs3drIRNqKbMuvIqroRg9cvr0L5oBH4juPehDCdwCucQwCVcwx00oQUMnuAF3uDde/ZevY9FXSVv2dsx/JH3+QOPMZkr</latexit><latexit sha1_base64="Dr59A9vUr1WdFM8zZF0k5GrOJp4=">AAACCXicbVBNSwMxEM3Wr1q/Vj16CRbBU8mKoMeCBz1WsK3QLSWbTtvQJLskWaEse/XiX/HiQRGv/gNv/hvTbQ/a+mDg8d5MMvOiRHBjCfn2Siura+sb5c3K1vbO7p6/f9AycaoZNFksYn0fUQOCK2habgXcJxqojAS0o/HV1G8/gDY8Vnd2kkBX0qHiA86odVLPx2HxRhaJFPIsC6+plLSX2RyHCjDJ855fJTVSAC+TYE6qaI5Gz/8K+zFLJSjLBDWmE5DEdjOqLWcC8kqYGkgoG9MhdBxVVILpZsUWOT5xSh8PYu1KWVyovycyKo2ZyMh1SmpHZtGbiv95ndQOLrsZV0lqQbHZR4NUYBvjaSy4zzUwKyaOUKa52xWzEdWUWRdexYUQLJ68TFpntYDUgltSrZ/P4yijI3SMTlGALlAd3aAGaiKGHtEzekVv3pP34r17H7PWkjefOUR/4H3+AC6Dmo0=</latexit><latexit sha1_base64="M0Z0J6A/g8tAIIKgRE4/xW4epWk=">AAACCXicbVDLSgMxFM3UV62vUZdugkVwVWakoMuCC11WsA/oDEMmvW1Dk8yQZIQyzNaNv+LGhSJu/QN3/o3pY6GtBy4czrk3uffEKWfaeN63U1pb39jcKm9Xdnb39g/cw6O2TjJFoUUTnqhuTDRwJqFlmOHQTRUQEXPoxOPrqd95AKVZIu/NJIVQkKFkA0aJsVLk4mD2Rh7zDIo8D26IECTKTYEDCdgrisitejVvBrxK/AWpogWakfsV9BOaCZCGcqJ1z/dSE+ZEGUY5FJUg05ASOiZD6FkqiQAd5rMtCnxmlT4eJMqWNHim/p7IidB6ImLbKYgZ6WVvKv7n9TIzuApzJtPMgKTzjwYZxybB01hwnymghk8sIVQxuyumI6IINTa8ig3BXz55lbQvar5X8+/q1UZ9EUcZnaBTdI58dIka6BY1UQtR9Iie0St6c56cF+fd+Zi3lpzFzDH6A+fzBy/DmpE=</latexit><latexit sha1_base64="M0Z0J6A/g8tAIIKgRE4/xW4epWk=">AAACCXicbVDLSgMxFM3UV62vUZdugkVwVWakoMuCC11WsA/oDEMmvW1Dk8yQZIQyzNaNv+LGhSJu/QN3/o3pY6GtBy4czrk3uffEKWfaeN63U1pb39jcKm9Xdnb39g/cw6O2TjJFoUUTnqhuTDRwJqFlmOHQTRUQEXPoxOPrqd95AKVZIu/NJIVQkKFkA0aJsVLk4mD2Rh7zDIo8D26IECTKTYEDCdgrisitejVvBrxK/AWpogWakfsV9BOaCZCGcqJ1z/dSE+ZEGUY5FJUg05ASOiZD6FkqiQAd5rMtCnxmlT4eJMqWNHim/p7IidB6ImLbKYgZ6WVvKv7n9TIzuApzJtPMgKTzjwYZxybB01hwnymghk8sIVQxuyumI6IINTa8ig3BXz55lbQvar5X8+/q1UZ9EUcZnaBTdI58dIka6BY1UQtR9Iie0St6c56cF+fd+Zi3lpzFzDH6A+fzBy/DmpE=</latexit><latexit sha1_base64="M0Z0J6A/g8tAIIKgRE4/xW4epWk=">AAACCXicbVDLSgMxFM3UV62vUZdugkVwVWakoMuCC11WsA/oDEMmvW1Dk8yQZIQyzNaNv+LGhSJu/QN3/o3pY6GtBy4czrk3uffEKWfaeN63U1pb39jcKm9Xdnb39g/cw6O2TjJFoUUTnqhuTDRwJqFlmOHQTRUQEXPoxOPrqd95AKVZIu/NJIVQkKFkA0aJsVLk4mD2Rh7zDIo8D26IECTKTYEDCdgrisitejVvBrxK/AWpogWakfsV9BOaCZCGcqJ1z/dSE+ZEGUY5FJUg05ASOiZD6FkqiQAd5rMtCnxmlT4eJMqWNHim/p7IidB6ImLbKYgZ6WVvKv7n9TIzuApzJtPMgKTzjwYZxybB01hwnymghk8sIVQxuyumI6IINTa8ig3BXz55lbQvar5X8+/q1UZ9EUcZnaBTdI58dIka6BY1UQtR9Iie0St6c56cF+fd+Zi3lpzFzDH6A+fzBy/DmpE=</latexit><latexit sha1_base64="M0Z0J6A/g8tAIIKgRE4/xW4epWk=">AAACCXicbVDLSgMxFM3UV62vUZdugkVwVWakoMuCC11WsA/oDEMmvW1Dk8yQZIQyzNaNv+LGhSJu/QN3/o3pY6GtBy4czrk3uffEKWfaeN63U1pb39jcKm9Xdnb39g/cw6O2TjJFoUUTnqhuTDRwJqFlmOHQTRUQEXPoxOPrqd95AKVZIu/NJIVQkKFkA0aJsVLk4mD2Rh7zDIo8D26IECTKTYEDCdgrisitejVvBrxK/AWpogWakfsV9BOaCZCGcqJ1z/dSE+ZEGUY5FJUg05ASOiZD6FkqiQAd5rMtCnxmlT4eJMqWNHim/p7IidB6ImLbKYgZ6WVvKv7n9TIzuApzJtPMgKTzjwYZxybB01hwnymghk8sIVQxuyumI6IINTa8ig3BXz55lbQvar5X8+/q1UZ9EUcZnaBTdI58dIka6BY1UQtR9Iie0St6c56cF+fd+Zi3lpzFzDH6A+fzBy/DmpE=</latexit><latexit sha1_base64="M0Z0J6A/g8tAIIKgRE4/xW4epWk=">AAACCXicbVDLSgMxFM3UV62vUZdugkVwVWakoMuCC11WsA/oDEMmvW1Dk8yQZIQyzNaNv+LGhSJu/QN3/o3pY6GtBy4czrk3uffEKWfaeN63U1pb39jcKm9Xdnb39g/cw6O2TjJFoUUTnqhuTDRwJqFlmOHQTRUQEXPoxOPrqd95AKVZIu/NJIVQkKFkA0aJsVLk4mD2Rh7zDIo8D26IECTKTYEDCdgrisitejVvBrxK/AWpogWakfsV9BOaCZCGcqJ1z/dSE+ZEGUY5FJUg05ASOiZD6FkqiQAd5rMtCnxmlT4eJMqWNHim/p7IidB6ImLbKYgZ6WVvKv7n9TIzuApzJtPMgKTzjwYZxybB01hwnymghk8sIVQxuyumI6IINTa8ig3BXz55lbQvar5X8+/q1UZ9EUcZnaBTdI58dIka6BY1UQtR9Iie0St6c56cF+fd+Zi3lpzFzDH6A+fzBy/DmpE=</latexit><latexit sha1_base64="M0Z0J6A/g8tAIIKgRE4/xW4epWk=">AAACCXicbVDLSgMxFM3UV62vUZdugkVwVWakoMuCC11WsA/oDEMmvW1Dk8yQZIQyzNaNv+LGhSJu/QN3/o3pY6GtBy4czrk3uffEKWfaeN63U1pb39jcKm9Xdnb39g/cw6O2TjJFoUUTnqhuTDRwJqFlmOHQTRUQEXPoxOPrqd95AKVZIu/NJIVQkKFkA0aJsVLk4mD2Rh7zDIo8D26IECTKTYEDCdgrisitejVvBrxK/AWpogWakfsV9BOaCZCGcqJ1z/dSE+ZEGUY5FJUg05ASOiZD6FkqiQAd5rMtCnxmlT4eJMqWNHim/p7IidB6ImLbKYgZ6WVvKv7n9TIzuApzJtPMgKTzjwYZxybB01hwnymghk8sIVQxuyumI6IINTa8ig3BXz55lbQvar5X8+/q1UZ9EUcZnaBTdI58dIka6BY1UQtR9Iie0St6c56cF+fd+Zi3lpzFzDH6A+fzBy/DmpE=</latexit>

�t
<latexit sha1_base64="6NueeXerI1Lj/P+Ym9yUd57xZnM=">AAACBHicbVDLSgMxFM3UV62vUZfdBIvgqsyIoMuCC11WsA9ohyGTZtrQJDMkGaGEWbjxV9y4UMStH+HOvzGdzkJbD1w4nHNvcu+JUkaV9rxvp7K2vrG5Vd2u7ezu7R+4h0ddlWQSkw5OWCL7EVKEUUE6mmpG+qkkiEeM9KLp9dzvPRCpaCLu9SwlAUdjQWOKkbZS6NaHxRsmYhnJjRneIM5RaHQO8zx0G17TKwBXiV+SBijRDt2v4SjBGSdCY4aUGvheqgODpKaYkbw2zBRJEZ6iMRlYKhAnKjDFAjk8tcoIxom0JTQs1N8TBnGlZjyynRzpiVr25uJ/3iDT8VVgqEgzTQRefBRnDOoEzhOBIyoJ1mxmCcKS2l0hniCJsLa51WwI/vLJq6R73vS9pn930WhdlHFUQR2cgDPgg0vQAregDToAg0fwDF7Bm/PkvDjvzseiteKUM8fgD5zPH/cbmOA=</latexit><latexit sha1_base64="6NueeXerI1Lj/P+Ym9yUd57xZnM=">AAACBHicbVDLSgMxFM3UV62vUZfdBIvgqsyIoMuCC11WsA9ohyGTZtrQJDMkGaGEWbjxV9y4UMStH+HOvzGdzkJbD1w4nHNvcu+JUkaV9rxvp7K2vrG5Vd2u7ezu7R+4h0ddlWQSkw5OWCL7EVKEUUE6mmpG+qkkiEeM9KLp9dzvPRCpaCLu9SwlAUdjQWOKkbZS6NaHxRsmYhnJjRneIM5RaHQO8zx0G17TKwBXiV+SBijRDt2v4SjBGSdCY4aUGvheqgODpKaYkbw2zBRJEZ6iMRlYKhAnKjDFAjk8tcoIxom0JTQs1N8TBnGlZjyynRzpiVr25uJ/3iDT8VVgqEgzTQRefBRnDOoEzhOBIyoJ1mxmCcKS2l0hniCJsLa51WwI/vLJq6R73vS9pn930WhdlHFUQR2cgDPgg0vQAregDToAg0fwDF7Bm/PkvDjvzseiteKUM8fgD5zPH/cbmOA=</latexit><latexit sha1_base64="6NueeXerI1Lj/P+Ym9yUd57xZnM=">AAACBHicbVDLSgMxFM3UV62vUZfdBIvgqsyIoMuCC11WsA9ohyGTZtrQJDMkGaGEWbjxV9y4UMStH+HOvzGdzkJbD1w4nHNvcu+JUkaV9rxvp7K2vrG5Vd2u7ezu7R+4h0ddlWQSkw5OWCL7EVKEUUE6mmpG+qkkiEeM9KLp9dzvPRCpaCLu9SwlAUdjQWOKkbZS6NaHxRsmYhnJjRneIM5RaHQO8zx0G17TKwBXiV+SBijRDt2v4SjBGSdCY4aUGvheqgODpKaYkbw2zBRJEZ6iMRlYKhAnKjDFAjk8tcoIxom0JTQs1N8TBnGlZjyynRzpiVr25uJ/3iDT8VVgqEgzTQRefBRnDOoEzhOBIyoJ1mxmCcKS2l0hniCJsLa51WwI/vLJq6R73vS9pn930WhdlHFUQR2cgDPgg0vQAregDToAg0fwDF7Bm/PkvDjvzseiteKUM8fgD5zPH/cbmOA=</latexit><latexit sha1_base64="6NueeXerI1Lj/P+Ym9yUd57xZnM=">AAACBHicbVDLSgMxFM3UV62vUZfdBIvgqsyIoMuCC11WsA9ohyGTZtrQJDMkGaGEWbjxV9y4UMStH+HOvzGdzkJbD1w4nHNvcu+JUkaV9rxvp7K2vrG5Vd2u7ezu7R+4h0ddlWQSkw5OWCL7EVKEUUE6mmpG+qkkiEeM9KLp9dzvPRCpaCLu9SwlAUdjQWOKkbZS6NaHxRsmYhnJjRneIM5RaHQO8zx0G17TKwBXiV+SBijRDt2v4SjBGSdCY4aUGvheqgODpKaYkbw2zBRJEZ6iMRlYKhAnKjDFAjk8tcoIxom0JTQs1N8TBnGlZjyynRzpiVr25uJ/3iDT8VVgqEgzTQRefBRnDOoEzhOBIyoJ1mxmCcKS2l0hniCJsLa51WwI/vLJq6R73vS9pn930WhdlHFUQR2cgDPgg0vQAregDToAg0fwDF7Bm/PkvDjvzseiteKUM8fgD5zPH/cbmOA=</latexit>

µ2
t = m2

t � imt�t
<latexit sha1_base64="QzND2QlPkvSTixeSMadr2nsmbBA=">AAACHXicbZBNS8MwGMdTX+d8q3r0UhyCBx3tGOhFGHjQ4wT3AmstaZZuYUlbklQYoV/Ei1/FiwdFPHgRv41p14NuPhDy4/+85Mk/SCgR0ra/jaXlldW19cpGdXNre2fX3NvvijjlCHdQTGPeD6DAlES4I4mkuJ9wDFlAcS+YXOX53gPmgsTRnZwm2GNwFJGQICi15JtNt5ihApriTCmXpfcNX8nsks3uM+Keshzca8gYzCnLfLNm1+0irEVwSqiBMtq++ekOY5QyHElEoRADx06kpyCXBFGcVd1U4ASiCRzhgcYIMiw8VWyWWcdaGVphzPWJpFWovzsUZEJMWaArGZRjMZ/Lxf9yg1SGF54iUZJKHKHZQ2FKLRlbuVXWkHCMJJ1qgIgTvauFxpBDJLWhVW2CM//lReg26o5dd26btVaztKMCDsEROAEOOActcAPaoAMQeATP4BW8GU/Gi/FufMxKl4yy5wD8CePrBwgko64=</latexit><latexit sha1_base64="QzND2QlPkvSTixeSMadr2nsmbBA=">AAACHXicbZBNS8MwGMdTX+d8q3r0UhyCBx3tGOhFGHjQ4wT3AmstaZZuYUlbklQYoV/Ei1/FiwdFPHgRv41p14NuPhDy4/+85Mk/SCgR0ra/jaXlldW19cpGdXNre2fX3NvvijjlCHdQTGPeD6DAlES4I4mkuJ9wDFlAcS+YXOX53gPmgsTRnZwm2GNwFJGQICi15JtNt5ihApriTCmXpfcNX8nsks3uM+Keshzca8gYzCnLfLNm1+0irEVwSqiBMtq++ekOY5QyHElEoRADx06kpyCXBFGcVd1U4ASiCRzhgcYIMiw8VWyWWcdaGVphzPWJpFWovzsUZEJMWaArGZRjMZ/Lxf9yg1SGF54iUZJKHKHZQ2FKLRlbuVXWkHCMJJ1qgIgTvauFxpBDJLWhVW2CM//lReg26o5dd26btVaztKMCDsEROAEOOActcAPaoAMQeATP4BW8GU/Gi/FufMxKl4yy5wD8CePrBwgko64=</latexit><latexit sha1_base64="QzND2QlPkvSTixeSMadr2nsmbBA=">AAACHXicbZBNS8MwGMdTX+d8q3r0UhyCBx3tGOhFGHjQ4wT3AmstaZZuYUlbklQYoV/Ei1/FiwdFPHgRv41p14NuPhDy4/+85Mk/SCgR0ra/jaXlldW19cpGdXNre2fX3NvvijjlCHdQTGPeD6DAlES4I4mkuJ9wDFlAcS+YXOX53gPmgsTRnZwm2GNwFJGQICi15JtNt5ihApriTCmXpfcNX8nsks3uM+Keshzca8gYzCnLfLNm1+0irEVwSqiBMtq++ekOY5QyHElEoRADx06kpyCXBFGcVd1U4ASiCRzhgcYIMiw8VWyWWcdaGVphzPWJpFWovzsUZEJMWaArGZRjMZ/Lxf9yg1SGF54iUZJKHKHZQ2FKLRlbuVXWkHCMJJ1qgIgTvauFxpBDJLWhVW2CM//lReg26o5dd26btVaztKMCDsEROAEOOActcAPaoAMQeATP4BW8GU/Gi/FufMxKl4yy5wD8CePrBwgko64=</latexit><latexit sha1_base64="QzND2QlPkvSTixeSMadr2nsmbBA=">AAACHXicbZBNS8MwGMdTX+d8q3r0UhyCBx3tGOhFGHjQ4wT3AmstaZZuYUlbklQYoV/Ei1/FiwdFPHgRv41p14NuPhDy4/+85Mk/SCgR0ra/jaXlldW19cpGdXNre2fX3NvvijjlCHdQTGPeD6DAlES4I4mkuJ9wDFlAcS+YXOX53gPmgsTRnZwm2GNwFJGQICi15JtNt5ihApriTCmXpfcNX8nsks3uM+Keshzca8gYzCnLfLNm1+0irEVwSqiBMtq++ekOY5QyHElEoRADx06kpyCXBFGcVd1U4ASiCRzhgcYIMiw8VWyWWcdaGVphzPWJpFWovzsUZEJMWaArGZRjMZ/Lxf9yg1SGF54iUZJKHKHZQ2FKLRlbuVXWkHCMJJ1qgIgTvauFxpBDJLWhVW2CM//lReg26o5dd26btVaztKMCDsEROAEOOActcAPaoAMQeATP4BW8GU/Gi/FufMxKl4yy5wD8CePrBwgko64=</latexit>

17	



HELAC-NLO 

HELAC-NLO 

HELAC-1LOOP 

CUTTOOLS 

ONELOOP 

HELAC-DIPOLES KALEU Bevilacqua, Czakon, Garzelli, 
van Hameren, Kardos, 

Papadopoulos, Pittau, Worek ‘13 

Czakon, Papadopoulos, Worek ’09 
Bevilacqua, Czakon, Kubocz, Worek ‘13 

van Hameren ‘11 

van Hameren, Papadopoulos,  Pittau ‘09 

Ossola, Papadopoulos, Pittau ‘08 

van Hameren ‘10 
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z Different lepton generations 

z                          interference effects neglected  à  Per-mille level  @ LO  
 
z  Contribution from b quarks in the initial state neglected à Effect < 0.1% @ LO  

z  Requirement: exactly two b-jets, one photon, two charged leptons &           

z   Inclusive cuts  &  

z  Isolation condition for photon: 

«  Reject event if condition not fulfilled for all 
 
 
z  For hard photon                                       à  Predictions decreased by 3% 

z  Kinematics-independent scales:  

Setup 

pp ! e+⌫eµ
�⌫̄µbb̄� +X

<latexit sha1_base64="doP2VtP8fEGjc8xV/bRiV7+2IzA="></latexit><latexit sha1_base64="doP2VtP8fEGjc8xV/bRiV7+2IzA="></latexit><latexit sha1_base64="doP2VtP8fEGjc8xV/bRiV7+2IzA="></latexit><latexit sha1_base64="doP2VtP8fEGjc8xV/bRiV7+2IzA="></latexit>

�⇤ ! `±`⌥
<latexit sha1_base64="rQPDRHI+nXTpImoA9feonDYhCEU=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0UQFyWRgi4LblxWsA9o2jKZ3rRDZ5IwMxFKyF+48VfcuFDEre78G6dpFtp6YOBwzr137j1+zJnSjvNtldbWNza3ytuVnd29/QP78KitokRSaNGIR7LrEwWchdDSTHPoxhKI8Dl0/OnN3O88gFQsCu/1LIa+IOOQBYwSbaShXfPyGanPE8jS1BsTIcjgAns6wh5wPvBiURARZ9nQrjo1JwdeJW5BqqhAc2h/eaOIJgJCTTlRquc6se6nRGpGOWQVL1EQEzolY+gZGhIBqp/mO2X4zCgjHETSvFDjXP3dkRKh1Ez4plIQPVHL3lz8z+slOrjupyyMEw0hXXwUJBybo+ch4RGTQDWfGUKoZGZXTCdEEqpNlBUTgrt88ippX9Zcp+be1auNehFHGZ2gU3SOXHSFGugWNVELUfSIntErerOerBfr3fpYlJasoucY/YH1+QP306Ba</latexit><latexit sha1_base64="rQPDRHI+nXTpImoA9feonDYhCEU=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0UQFyWRgi4LblxWsA9o2jKZ3rRDZ5IwMxFKyF+48VfcuFDEre78G6dpFtp6YOBwzr137j1+zJnSjvNtldbWNza3ytuVnd29/QP78KitokRSaNGIR7LrEwWchdDSTHPoxhKI8Dl0/OnN3O88gFQsCu/1LIa+IOOQBYwSbaShXfPyGanPE8jS1BsTIcjgAns6wh5wPvBiURARZ9nQrjo1JwdeJW5BqqhAc2h/eaOIJgJCTTlRquc6se6nRGpGOWQVL1EQEzolY+gZGhIBqp/mO2X4zCgjHETSvFDjXP3dkRKh1Ez4plIQPVHL3lz8z+slOrjupyyMEw0hXXwUJBybo+ch4RGTQDWfGUKoZGZXTCdEEqpNlBUTgrt88ippX9Zcp+be1auNehFHGZ2gU3SOXHSFGugWNVELUfSIntErerOerBfr3fpYlJasoucY/YH1+QP306Ba</latexit><latexit sha1_base64="rQPDRHI+nXTpImoA9feonDYhCEU=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0UQFyWRgi4LblxWsA9o2jKZ3rRDZ5IwMxFKyF+48VfcuFDEre78G6dpFtp6YOBwzr137j1+zJnSjvNtldbWNza3ytuVnd29/QP78KitokRSaNGIR7LrEwWchdDSTHPoxhKI8Dl0/OnN3O88gFQsCu/1LIa+IOOQBYwSbaShXfPyGanPE8jS1BsTIcjgAns6wh5wPvBiURARZ9nQrjo1JwdeJW5BqqhAc2h/eaOIJgJCTTlRquc6se6nRGpGOWQVL1EQEzolY+gZGhIBqp/mO2X4zCgjHETSvFDjXP3dkRKh1Ez4plIQPVHL3lz8z+slOrjupyyMEw0hXXwUJBybo+ch4RGTQDWfGUKoZGZXTCdEEqpNlBUTgrt88ippX9Zcp+be1auNehFHGZ2gU3SOXHSFGugWNVELUfSIntErerOerBfr3fpYlJasoucY/YH1+QP306Ba</latexit><latexit sha1_base64="rQPDRHI+nXTpImoA9feonDYhCEU=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0UQFyWRgi4LblxWsA9o2jKZ3rRDZ5IwMxFKyF+48VfcuFDEre78G6dpFtp6YOBwzr137j1+zJnSjvNtldbWNza3ytuVnd29/QP78KitokRSaNGIR7LrEwWchdDSTHPoxhKI8Dl0/OnN3O88gFQsCu/1LIa+IOOQBYwSbaShXfPyGanPE8jS1BsTIcjgAns6wh5wPvBiURARZ9nQrjo1JwdeJW5BqqhAc2h/eaOIJgJCTTlRquc6se6nRGpGOWQVL1EQEzolY+gZGhIBqp/mO2X4zCgjHETSvFDjXP3dkRKh1Ez4plIQPVHL3lz8z+slOrjupyyMEw0hXXwUJBybo+ch4RGTQDWfGUKoZGZXTCdEEqpNlBUTgrt88ippX9Zcp+be1auNehFHGZ2gU3SOXHSFGugWNVELUfSIntErerOerBfr3fpYlJasoucY/YH1+QP306Ba</latexit>

pT (�) > 25 GeV
<latexit sha1_base64="4VboNCJ4uffg4Vb6WjZ6wDWpoFE=">AAACEnicbVC7SgNBFJ2Nrxhfq5Y2g0FImrAbIlpJwELLCHlBNoTZyU0yZGZ3mZkVwrL+go2/YmOhiK2VnX/j5FFo4oELh3Punbn3+BFnSjvOt5VZW9/Y3Mpu53Z29/YP7MOjpgpjSaFBQx7Ktk8UcBZAQzPNoR1JIMLn0PLH11O/dQ9SsTCo60kEXUGGARswSrSRenbRm72R+DyGNIl69YI3JEKQIr7C5XP8kHhS4BtopmnPzjslZwa8StwFyaMFaj37y+uHNBYQaMqJUh3XiXQ3IVIzyiHNebGCiNAxGULH0IAIUN1ktk6Kz4zSx4NQmgo0nqm/JxIilJoI33QKokdq2ZuK/3mdWA8uuwkLolhDQOcfDWKOdYin+eA+k0A1nxhCqGRmV0xHRBKqTYo5E4K7fPIqaZZLrlNy7yr5amURRxadoFNUQC66QFV0i2qogSh6RM/oFb1ZT9aL9W59zFsz1mLmGP2B9fkD/36c9Q==</latexit><latexit sha1_base64="4VboNCJ4uffg4Vb6WjZ6wDWpoFE=">AAACEnicbVC7SgNBFJ2Nrxhfq5Y2g0FImrAbIlpJwELLCHlBNoTZyU0yZGZ3mZkVwrL+go2/YmOhiK2VnX/j5FFo4oELh3Punbn3+BFnSjvOt5VZW9/Y3Mpu53Z29/YP7MOjpgpjSaFBQx7Ktk8UcBZAQzPNoR1JIMLn0PLH11O/dQ9SsTCo60kEXUGGARswSrSRenbRm72R+DyGNIl69YI3JEKQIr7C5XP8kHhS4BtopmnPzjslZwa8StwFyaMFaj37y+uHNBYQaMqJUh3XiXQ3IVIzyiHNebGCiNAxGULH0IAIUN1ktk6Kz4zSx4NQmgo0nqm/JxIilJoI33QKokdq2ZuK/3mdWA8uuwkLolhDQOcfDWKOdYin+eA+k0A1nxhCqGRmV0xHRBKqTYo5E4K7fPIqaZZLrlNy7yr5amURRxadoFNUQC66QFV0i2qogSh6RM/oFb1ZT9aL9W59zFsz1mLmGP2B9fkD/36c9Q==</latexit><latexit sha1_base64="4VboNCJ4uffg4Vb6WjZ6wDWpoFE=">AAACEnicbVC7SgNBFJ2Nrxhfq5Y2g0FImrAbIlpJwELLCHlBNoTZyU0yZGZ3mZkVwrL+go2/YmOhiK2VnX/j5FFo4oELh3Punbn3+BFnSjvOt5VZW9/Y3Mpu53Z29/YP7MOjpgpjSaFBQx7Ktk8UcBZAQzPNoR1JIMLn0PLH11O/dQ9SsTCo60kEXUGGARswSrSRenbRm72R+DyGNIl69YI3JEKQIr7C5XP8kHhS4BtopmnPzjslZwa8StwFyaMFaj37y+uHNBYQaMqJUh3XiXQ3IVIzyiHNebGCiNAxGULH0IAIUN1ktk6Kz4zSx4NQmgo0nqm/JxIilJoI33QKokdq2ZuK/3mdWA8uuwkLolhDQOcfDWKOdYin+eA+k0A1nxhCqGRmV0xHRBKqTYo5E4K7fPIqaZZLrlNy7yr5amURRxadoFNUQC66QFV0i2qogSh6RM/oFb1ZT9aL9W59zFsz1mLmGP2B9fkD/36c9Q==</latexit><latexit sha1_base64="4VboNCJ4uffg4Vb6WjZ6wDWpoFE=">AAACEnicbVC7SgNBFJ2Nrxhfq5Y2g0FImrAbIlpJwELLCHlBNoTZyU0yZGZ3mZkVwrL+go2/YmOhiK2VnX/j5FFo4oELh3Punbn3+BFnSjvOt5VZW9/Y3Mpu53Z29/YP7MOjpgpjSaFBQx7Ktk8UcBZAQzPNoR1JIMLn0PLH11O/dQ9SsTCo60kEXUGGARswSrSRenbRm72R+DyGNIl69YI3JEKQIr7C5XP8kHhS4BtopmnPzjslZwa8StwFyaMFaj37y+uHNBYQaMqJUh3XiXQ3IVIzyiHNebGCiNAxGULH0IAIUN1ktk6Kz4zSx4NQmgo0nqm/JxIilJoI33QKokdq2ZuK/3mdWA8uuwkLolhDQOcfDWKOdYin+eA+k0A1nxhCqGRmV0xHRBKqTYo5E4K7fPIqaZZLrlNy7yr5amURRxadoFNUQC66QFV0i2qogSh6RM/oFb1ZT9aL9W59zFsz1mLmGP2B9fkD/36c9Q==</latexit>

X

i

ET,i ⇥(R�R�i)  ET,�

✓
1� cos(R)

1� cos(R�j)

◆

<latexit sha1_base64="MmmaoKr6U+2Gfl0dyzA7ws6jm1s="></latexit><latexit sha1_base64="MmmaoKr6U+2Gfl0dyzA7ws6jm1s="></latexit><latexit sha1_base64="MmmaoKr6U+2Gfl0dyzA7ws6jm1s="></latexit><latexit sha1_base64="MmmaoKr6U+2Gfl0dyzA7ws6jm1s="></latexit>

R  R�j with R�j = 0.4
<latexit sha1_base64="fejm9kB0gxtNY0GHC1EwnBCHz9o=">AAACJ3icbZDLSgMxFIYz9VbrrerSTbAIroYZKehGKbhxWYu9QKcMmfS0jSYzQ5JRyjA+jRtfxY2gIrr0TUwvC9t6IPDx/+ckJ38Qc6a043xbuaXlldW1/HphY3Nre6e4u9dQUSIp1GnEI9kKiALOQqhrpjm0YglEBByawd3lyG/eg1QsCm/0MIaOIP2Q9Rgl2kh+8cIb35EGPIEsrXkccM1PvT4RguDbDD+mnhT4gemB4Rnr3LHLmV8sObYzLrwI7hRKaFpVv/jmdSOaCAg15USptuvEupMSqRnlkBW8REFM6B3pQ9tgSASoTjreMcNHRuniXiTNCTUeq38nUiKUGorAdAqiB2reG4n/ee1E9846KQvjRENIJw/1Eo51hEeh4S6TQDUfGiBUMrMrpgMiCdUm2oIJwZ3/8iI0TmzXsd3rcqlSnsaRRwfoEB0jF52iCrpCVVRHFD2hF/SOPqxn69X6tL4mrTlrOrOPZsr6+QVWyKYZ</latexit><latexit sha1_base64="fejm9kB0gxtNY0GHC1EwnBCHz9o=">AAACJ3icbZDLSgMxFIYz9VbrrerSTbAIroYZKehGKbhxWYu9QKcMmfS0jSYzQ5JRyjA+jRtfxY2gIrr0TUwvC9t6IPDx/+ckJ38Qc6a043xbuaXlldW1/HphY3Nre6e4u9dQUSIp1GnEI9kKiALOQqhrpjm0YglEBByawd3lyG/eg1QsCm/0MIaOIP2Q9Rgl2kh+8cIb35EGPIEsrXkccM1PvT4RguDbDD+mnhT4gemB4Rnr3LHLmV8sObYzLrwI7hRKaFpVv/jmdSOaCAg15USptuvEupMSqRnlkBW8REFM6B3pQ9tgSASoTjreMcNHRuniXiTNCTUeq38nUiKUGorAdAqiB2reG4n/ee1E9846KQvjRENIJw/1Eo51hEeh4S6TQDUfGiBUMrMrpgMiCdUm2oIJwZ3/8iI0TmzXsd3rcqlSnsaRRwfoEB0jF52iCrpCVVRHFD2hF/SOPqxn69X6tL4mrTlrOrOPZsr6+QVWyKYZ</latexit><latexit sha1_base64="fejm9kB0gxtNY0GHC1EwnBCHz9o=">AAACJ3icbZDLSgMxFIYz9VbrrerSTbAIroYZKehGKbhxWYu9QKcMmfS0jSYzQ5JRyjA+jRtfxY2gIrr0TUwvC9t6IPDx/+ckJ38Qc6a043xbuaXlldW1/HphY3Nre6e4u9dQUSIp1GnEI9kKiALOQqhrpjm0YglEBByawd3lyG/eg1QsCm/0MIaOIP2Q9Rgl2kh+8cIb35EGPIEsrXkccM1PvT4RguDbDD+mnhT4gemB4Rnr3LHLmV8sObYzLrwI7hRKaFpVv/jmdSOaCAg15USptuvEupMSqRnlkBW8REFM6B3pQ9tgSASoTjreMcNHRuniXiTNCTUeq38nUiKUGorAdAqiB2reG4n/ee1E9846KQvjRENIJw/1Eo51hEeh4S6TQDUfGiBUMrMrpgMiCdUm2oIJwZ3/8iI0TmzXsd3rcqlSnsaRRwfoEB0jF52iCrpCVVRHFD2hF/SOPqxn69X6tL4mrTlrOrOPZsr6+QVWyKYZ</latexit><latexit sha1_base64="fejm9kB0gxtNY0GHC1EwnBCHz9o=">AAACJ3icbZDLSgMxFIYz9VbrrerSTbAIroYZKehGKbhxWYu9QKcMmfS0jSYzQ5JRyjA+jRtfxY2gIrr0TUwvC9t6IPDx/+ckJ38Qc6a043xbuaXlldW1/HphY3Nre6e4u9dQUSIp1GnEI9kKiALOQqhrpjm0YglEBByawd3lyG/eg1QsCm/0MIaOIP2Q9Rgl2kh+8cIb35EGPIEsrXkccM1PvT4RguDbDD+mnhT4gemB4Rnr3LHLmV8sObYzLrwI7hRKaFpVv/jmdSOaCAg15USptuvEupMSqRnlkBW8REFM6B3pQ9tgSASoTjreMcNHRuniXiTNCTUeq38nUiKUGorAdAqiB2reG4n/ee1E9846KQvjRENIJw/1Eo51hEeh4S6TQDUfGiBUMrMrpgMiCdUm2oIJwZ3/8iI0TmzXsd3rcqlSnsaRRwfoEB0jF52iCrpCVVRHFD2hF/SOPqxn69X6tL4mrTlrOrOPZsr6+QVWyKYZ</latexit>

↵ = ↵(0) = 1/137
<latexit sha1_base64="N1vGVL/wK3Orngta0Gch1H9Wvr0=">AAACDXicbVC7TsMwFHXKq5RXgJHFoiCVpcRQqSyVKrEwFok+pCaqHNdprTpOZDtIVdQfYOFXWBhAiJWdjb/BTTNA4UiWj8659/r6+DFnSjvOl1VYWV1b3yhulra2d3b37P2DjooSSWibRDySPR8rypmgbc00p71YUhz6nHb9yfXc795TqVgk7vQ0pl6IR4IFjGBtpIF94mYzUp8ndJa6mMdj3FhcFeesgc7RZX02sMtO1ckA/xKUkzLI0RrYn+4wIklIhSYcK9VHTqy9FEvNCKezkpsoGmMywSPaN1TgkCovzTaZwVOjDGEQSXOEhpn6syPFoVLT0DeVIdZjtezNxf+8fqKDKy9lIk40FWTxUJBwqCM4jwYOmaRE86khmEhmdoVkjCUm2gRYMiGg5S//JZ2LKnKq6LZWbtbyOIrgCByDCkCgDprgBrRAGxDwAJ7AC3i1Hq1n6816X5QWrLznEPyC9fENF4ia0g==</latexit><latexit sha1_base64="N1vGVL/wK3Orngta0Gch1H9Wvr0=">AAACDXicbVC7TsMwFHXKq5RXgJHFoiCVpcRQqSyVKrEwFok+pCaqHNdprTpOZDtIVdQfYOFXWBhAiJWdjb/BTTNA4UiWj8659/r6+DFnSjvOl1VYWV1b3yhulra2d3b37P2DjooSSWibRDySPR8rypmgbc00p71YUhz6nHb9yfXc795TqVgk7vQ0pl6IR4IFjGBtpIF94mYzUp8ndJa6mMdj3FhcFeesgc7RZX02sMtO1ckA/xKUkzLI0RrYn+4wIklIhSYcK9VHTqy9FEvNCKezkpsoGmMywSPaN1TgkCovzTaZwVOjDGEQSXOEhpn6syPFoVLT0DeVIdZjtezNxf+8fqKDKy9lIk40FWTxUJBwqCM4jwYOmaRE86khmEhmdoVkjCUm2gRYMiGg5S//JZ2LKnKq6LZWbtbyOIrgCByDCkCgDprgBrRAGxDwAJ7AC3i1Hq1n6816X5QWrLznEPyC9fENF4ia0g==</latexit><latexit sha1_base64="N1vGVL/wK3Orngta0Gch1H9Wvr0=">AAACDXicbVC7TsMwFHXKq5RXgJHFoiCVpcRQqSyVKrEwFok+pCaqHNdprTpOZDtIVdQfYOFXWBhAiJWdjb/BTTNA4UiWj8659/r6+DFnSjvOl1VYWV1b3yhulra2d3b37P2DjooSSWibRDySPR8rypmgbc00p71YUhz6nHb9yfXc795TqVgk7vQ0pl6IR4IFjGBtpIF94mYzUp8ndJa6mMdj3FhcFeesgc7RZX02sMtO1ckA/xKUkzLI0RrYn+4wIklIhSYcK9VHTqy9FEvNCKezkpsoGmMywSPaN1TgkCovzTaZwVOjDGEQSXOEhpn6syPFoVLT0DeVIdZjtezNxf+8fqKDKy9lIk40FWTxUJBwqCM4jwYOmaRE86khmEhmdoVkjCUm2gRYMiGg5S//JZ2LKnKq6LZWbtbyOIrgCByDCkCgDprgBrRAGxDwAJ7AC3i1Hq1n6816X5QWrLznEPyC9fENF4ia0g==</latexit><latexit sha1_base64="N1vGVL/wK3Orngta0Gch1H9Wvr0=">AAACDXicbVC7TsMwFHXKq5RXgJHFoiCVpcRQqSyVKrEwFok+pCaqHNdprTpOZDtIVdQfYOFXWBhAiJWdjb/BTTNA4UiWj8659/r6+DFnSjvOl1VYWV1b3yhulra2d3b37P2DjooSSWibRDySPR8rypmgbc00p71YUhz6nHb9yfXc795TqVgk7vQ0pl6IR4IFjGBtpIF94mYzUp8ndJa6mMdj3FhcFeesgc7RZX02sMtO1ckA/xKUkzLI0RrYn+4wIklIhSYcK9VHTqy9FEvNCKezkpsoGmMywSPaN1TgkCovzTaZwVOjDGEQSXOEhpn6syPFoVLT0DeVIdZjtezNxf+8fqKDKy9lIk40FWTxUJBwqCM4jwYOmaRE86khmEhmdoVkjCUm2gRYMiGg5S//JZ2LKnKq6LZWbtbyOIrgCByDCkCgDprgBrRAGxDwAJ7AC3i1Hq1n6816X5QWrLznEPyC9fENF4ia0g==</latexit>

pmiss
T

<latexit sha1_base64="ih5567AcskpZTcy3dZp8Dd0Mdbc=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJqUpQJRgrsTAWqS+pCZHjOq1V24lsB6mKsrDwKywMIMTKP7DxN7hpBmg50pWOzrnXvveECaNKO863VVlb39jcqm7Xdnb39g/sw6OeilOJSRfHLJaDECnCqCBdTTUjg0QSxENG+uH0Zu73H4hUNBYdPUuIz9FY0IhipI0U2Kde8UYWspTkWRJ07jNPcsipUnke2HWn4RSAq8QtSR2UaAf2lzeKccqJ0JghpYauk2g/Q1JTzEhe81JFEoSnaEyGhgrEifKzYoMcnhtlBKNYmhIaFurviQxxpWY8NJ0c6Yla9ubif94w1dG1n1GRpJoIvPgoShnUMZxHAkdUEqzZzBCEJTW7QjxBEmFtgquZENzlk1dJ77LhOg33rllvNcs4quAEnIEL4IIr0AK3oA26AINH8AxewZv1ZL1Y79bHorVilTPH4A+szx/Ng5lY</latexit><latexit sha1_base64="ih5567AcskpZTcy3dZp8Dd0Mdbc=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJqUpQJRgrsTAWqS+pCZHjOq1V24lsB6mKsrDwKywMIMTKP7DxN7hpBmg50pWOzrnXvveECaNKO863VVlb39jcqm7Xdnb39g/sw6OeilOJSRfHLJaDECnCqCBdTTUjg0QSxENG+uH0Zu73H4hUNBYdPUuIz9FY0IhipI0U2Kde8UYWspTkWRJ07jNPcsipUnke2HWn4RSAq8QtSR2UaAf2lzeKccqJ0JghpYauk2g/Q1JTzEhe81JFEoSnaEyGhgrEifKzYoMcnhtlBKNYmhIaFurviQxxpWY8NJ0c6Yla9ubif94w1dG1n1GRpJoIvPgoShnUMZxHAkdUEqzZzBCEJTW7QjxBEmFtgquZENzlk1dJ77LhOg33rllvNcs4quAEnIEL4IIr0AK3oA26AINH8AxewZv1ZL1Y79bHorVilTPH4A+szx/Ng5lY</latexit><latexit sha1_base64="ih5567AcskpZTcy3dZp8Dd0Mdbc=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJqUpQJRgrsTAWqS+pCZHjOq1V24lsB6mKsrDwKywMIMTKP7DxN7hpBmg50pWOzrnXvveECaNKO863VVlb39jcqm7Xdnb39g/sw6OeilOJSRfHLJaDECnCqCBdTTUjg0QSxENG+uH0Zu73H4hUNBYdPUuIz9FY0IhipI0U2Kde8UYWspTkWRJ07jNPcsipUnke2HWn4RSAq8QtSR2UaAf2lzeKccqJ0JghpYauk2g/Q1JTzEhe81JFEoSnaEyGhgrEifKzYoMcnhtlBKNYmhIaFurviQxxpWY8NJ0c6Yla9ubif94w1dG1n1GRpJoIvPgoShnUMZxHAkdUEqzZzBCEJTW7QjxBEmFtgquZENzlk1dJ77LhOg33rllvNcs4quAEnIEL4IIr0AK3oA26AINH8AxewZv1ZL1Y79bHorVilTPH4A+szx/Ng5lY</latexit><latexit sha1_base64="ih5567AcskpZTcy3dZp8Dd0Mdbc=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJqUpQJRgrsTAWqS+pCZHjOq1V24lsB6mKsrDwKywMIMTKP7DxN7hpBmg50pWOzrnXvveECaNKO863VVlb39jcqm7Xdnb39g/sw6OeilOJSRfHLJaDECnCqCBdTTUjg0QSxENG+uH0Zu73H4hUNBYdPUuIz9FY0IhipI0U2Kde8UYWspTkWRJ07jNPcsipUnke2HWn4RSAq8QtSR2UaAf2lzeKccqJ0JghpYauk2g/Q1JTzEhe81JFEoSnaEyGhgrEifKzYoMcnhtlBKNYmhIaFurviQxxpWY8NJ0c6Yla9ubif94w1dG1n1GRpJoIvPgoShnUMZxHAkdUEqzZzBCEJTW7QjxBEmFtgquZENzlk1dJ77LhOg33rllvNcs4quAEnIEL4IIr0AK3oA26AINH8AxewZv1ZL1Y79bHorVilTPH4A+szx/Ng5lY</latexit>

µR = µF = µ0 = mt/2
<latexit sha1_base64="uAcgxA1fxRID/3hHfosFkjTuaC0=">AAACDnicbVBNS8MwGE7n15xfVY9egmPgabZjoJfBQBCPU9wHrKWkWbqFJW1JUmGU/QIv/hUvHhTx6tmb/8a060E3H8jLw/O8b/Lm8WNGpbKsb6O0tr6xuVXeruzs7u0fmIdHPRklApMujlgkBj6ShNGQdBVVjAxiQRD3Gen706vM7z8QIWkU3qtZTFyOxiENKEZKS55Zc/I7Up8lZJ46PPHuWlm9zqvV4p46b8w9s2rVrRxwldgFqYICHc/8ckYRTjgJFWZIyqFtxcpNkVAUMzKvOIkkMcJTNCZDTUPEiXTTfJU5rGllBINI6BMqmKu/J1LEpZxxX3dypCZy2cvE/7xhooJLN6VhnCgS4sVDQcKgimCWDRxRQbBiM00QFlTvCvEECYSVTrCiQ7CXv7xKeo26bdXt22a13SziKIMTcArOgA0uQBvcgA7oAgwewTN4BW/Gk/FivBsfi9aSUcwcgz8wPn8ALsGcGQ==</latexit><latexit sha1_base64="uAcgxA1fxRID/3hHfosFkjTuaC0=">AAACDnicbVBNS8MwGE7n15xfVY9egmPgabZjoJfBQBCPU9wHrKWkWbqFJW1JUmGU/QIv/hUvHhTx6tmb/8a060E3H8jLw/O8b/Lm8WNGpbKsb6O0tr6xuVXeruzs7u0fmIdHPRklApMujlgkBj6ShNGQdBVVjAxiQRD3Gen706vM7z8QIWkU3qtZTFyOxiENKEZKS55Zc/I7Up8lZJ46PPHuWlm9zqvV4p46b8w9s2rVrRxwldgFqYICHc/8ckYRTjgJFWZIyqFtxcpNkVAUMzKvOIkkMcJTNCZDTUPEiXTTfJU5rGllBINI6BMqmKu/J1LEpZxxX3dypCZy2cvE/7xhooJLN6VhnCgS4sVDQcKgimCWDRxRQbBiM00QFlTvCvEECYSVTrCiQ7CXv7xKeo26bdXt22a13SziKIMTcArOgA0uQBvcgA7oAgwewTN4BW/Gk/FivBsfi9aSUcwcgz8wPn8ALsGcGQ==</latexit><latexit sha1_base64="uAcgxA1fxRID/3hHfosFkjTuaC0=">AAACDnicbVBNS8MwGE7n15xfVY9egmPgabZjoJfBQBCPU9wHrKWkWbqFJW1JUmGU/QIv/hUvHhTx6tmb/8a060E3H8jLw/O8b/Lm8WNGpbKsb6O0tr6xuVXeruzs7u0fmIdHPRklApMujlgkBj6ShNGQdBVVjAxiQRD3Gen706vM7z8QIWkU3qtZTFyOxiENKEZKS55Zc/I7Up8lZJ46PPHuWlm9zqvV4p46b8w9s2rVrRxwldgFqYICHc/8ckYRTjgJFWZIyqFtxcpNkVAUMzKvOIkkMcJTNCZDTUPEiXTTfJU5rGllBINI6BMqmKu/J1LEpZxxX3dypCZy2cvE/7xhooJLN6VhnCgS4sVDQcKgimCWDRxRQbBiM00QFlTvCvEECYSVTrCiQ7CXv7xKeo26bdXt22a13SziKIMTcArOgA0uQBvcgA7oAgwewTN4BW/Gk/FivBsfi9aSUcwcgz8wPn8ALsGcGQ==</latexit><latexit sha1_base64="uAcgxA1fxRID/3hHfosFkjTuaC0=">AAACDnicbVBNS8MwGE7n15xfVY9egmPgabZjoJfBQBCPU9wHrKWkWbqFJW1JUmGU/QIv/hUvHhTx6tmb/8a060E3H8jLw/O8b/Lm8WNGpbKsb6O0tr6xuVXeruzs7u0fmIdHPRklApMujlgkBj6ShNGQdBVVjAxiQRD3Gen706vM7z8QIWkU3qtZTFyOxiENKEZKS55Zc/I7Up8lZJ46PPHuWlm9zqvV4p46b8w9s2rVrRxwldgFqYICHc/8ckYRTjgJFWZIyqFtxcpNkVAUMzKvOIkkMcJTNCZDTUPEiXTTfJU5rGllBINI6BMqmKu/J1LEpZxxX3dypCZy2cvE/7xhooJLN6VhnCgS4sVDQcKgimCWDRxRQbBiM00QFlTvCvEECYSVTrCiQ7CXv7xKeo26bdXt22a13SziKIMTcArOgA0uQBvcgA7oAgwewTN4BW/Gk/FivBsfi9aSUcwcgz8wPn8ALsGcGQ==</latexit>

Frixione ‘98 
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Scale Dependence 

�LO

pp!e+⌫eµ�⌫̄µbb̄�
= 8.27 +2.92(35%)

�2.01(24%)
fb

<latexit sha1_base64="8ts47d2W/1k9qu/U7LjR64Hpyi0="></latexit><latexit sha1_base64="8ts47d2W/1k9qu/U7LjR64Hpyi0="></latexit><latexit sha1_base64="8ts47d2W/1k9qu/U7LjR64Hpyi0="></latexit><latexit sha1_base64="8ts47d2W/1k9qu/U7LjR64Hpyi0="></latexit>

�NLO

pp!e+⌫eµ�⌫̄µbb̄�
= 7.44 +0.07( 1%)

�1.03(14%)
fb

<latexit sha1_base64="aBcvuytf4iV1pfa45DBF4SZgCDg="></latexit><latexit sha1_base64="aBcvuytf4iV1pfa45DBF4SZgCDg="></latexit><latexit sha1_base64="aBcvuytf4iV1pfa45DBF4SZgCDg="></latexit><latexit sha1_base64="aBcvuytf4iV1pfa45DBF4SZgCDg="></latexit>

z @ LO: gg channel dominates 79%, qq channel follows with 21%  

z  Photons are predominantly radiated off tops & top decay products 

z Negative & moderate NLO corrections of 10% 

z  Theoretical uncertainties à 35% @ LO & 14% @ NLO ê 2.5  

µR 6= µF , 0.5 < µR/µF < 2
<latexit sha1_base64="uwv4Yt3QfS4Rrged5LYo//rd7BE=">AAACGXicbZDLSgMxFIYz9VbrbdSlm2ARXEidKRVddFEQxGUVe4FOKZn0tA3NZIYkI5ShPoYbX8WNC0Vc6sq3MZ12oa0HAh//f05y8vsRZ0o7zreVWVpeWV3Lruc2Nre2d+zdvboKY0mhRkMeyqZPFHAmoKaZ5tCMJJDA59Dwh5cTv3EPUrFQ3OlRBO2A9AXrMUq0kTq246V3JD6PYZx4Qdy59QTgCVyd4AencFZOxdNUKRfHHTvvFJy08CK4M8ijWVU79qfXDWkcgNCUE6VarhPpdkKkZpTDOOfFCiJCh6QPLYOCBKDaSbrVGB8ZpYt7oTRHaJyqvycSEig1CnzTGRA9UPPeRPzPa8W6d9FOmIhiDYJOH+rFHOsQT2LCXSaBaj4yQKhkZldMB0QSqk2YOROCO//lRagXC65TcG9K+UppFkcWHaBDdIxcdI4q6BpVUQ1R9Iie0St6s56sF+vd+pi2ZqzZzD76U9bXD0Vcn7k=</latexit><latexit sha1_base64="uwv4Yt3QfS4Rrged5LYo//rd7BE=">AAACGXicbZDLSgMxFIYz9VbrbdSlm2ARXEidKRVddFEQxGUVe4FOKZn0tA3NZIYkI5ShPoYbX8WNC0Vc6sq3MZ12oa0HAh//f05y8vsRZ0o7zreVWVpeWV3Lruc2Nre2d+zdvboKY0mhRkMeyqZPFHAmoKaZ5tCMJJDA59Dwh5cTv3EPUrFQ3OlRBO2A9AXrMUq0kTq246V3JD6PYZx4Qdy59QTgCVyd4AencFZOxdNUKRfHHTvvFJy08CK4M8ijWVU79qfXDWkcgNCUE6VarhPpdkKkZpTDOOfFCiJCh6QPLYOCBKDaSbrVGB8ZpYt7oTRHaJyqvycSEig1CnzTGRA9UPPeRPzPa8W6d9FOmIhiDYJOH+rFHOsQT2LCXSaBaj4yQKhkZldMB0QSqk2YOROCO//lRagXC65TcG9K+UppFkcWHaBDdIxcdI4q6BpVUQ1R9Iie0St6s56sF+vd+pi2ZqzZzD76U9bXD0Vcn7k=</latexit><latexit sha1_base64="uwv4Yt3QfS4Rrged5LYo//rd7BE=">AAACGXicbZDLSgMxFIYz9VbrbdSlm2ARXEidKRVddFEQxGUVe4FOKZn0tA3NZIYkI5ShPoYbX8WNC0Vc6sq3MZ12oa0HAh//f05y8vsRZ0o7zreVWVpeWV3Lruc2Nre2d+zdvboKY0mhRkMeyqZPFHAmoKaZ5tCMJJDA59Dwh5cTv3EPUrFQ3OlRBO2A9AXrMUq0kTq246V3JD6PYZx4Qdy59QTgCVyd4AencFZOxdNUKRfHHTvvFJy08CK4M8ijWVU79qfXDWkcgNCUE6VarhPpdkKkZpTDOOfFCiJCh6QPLYOCBKDaSbrVGB8ZpYt7oTRHaJyqvycSEig1CnzTGRA9UPPeRPzPa8W6d9FOmIhiDYJOH+rFHOsQT2LCXSaBaj4yQKhkZldMB0QSqk2YOROCO//lRagXC65TcG9K+UppFkcWHaBDdIxcdI4q6BpVUQ1R9Iie0St6s56sF+vd+pi2ZqzZzD76U9bXD0Vcn7k=</latexit><latexit sha1_base64="uwv4Yt3QfS4Rrged5LYo//rd7BE=">AAACGXicbZDLSgMxFIYz9VbrbdSlm2ARXEidKRVddFEQxGUVe4FOKZn0tA3NZIYkI5ShPoYbX8WNC0Vc6sq3MZ12oa0HAh//f05y8vsRZ0o7zreVWVpeWV3Lruc2Nre2d+zdvboKY0mhRkMeyqZPFHAmoKaZ5tCMJJDA59Dwh5cTv3EPUrFQ3OlRBO2A9AXrMUq0kTq246V3JD6PYZx4Qdy59QTgCVyd4AencFZOxdNUKRfHHTvvFJy08CK4M8ijWVU79qfXDWkcgNCUE6VarhPpdkKkZpTDOOfFCiJCh6QPLYOCBKDaSbrVGB8ZpYt7oTRHaJyqvycSEig1CnzTGRA9UPPeRPzPa8W6d9FOmIhiDYJOH+rFHOsQT2LCXSaBaj4yQKhkZldMB0QSqk2YOROCO//lRagXC65TcG9K+UppFkcWHaBDdIxcdI4q6BpVUQ1R9Iie0St6s56sF+vd+pi2ZqzZzD76U9bXD0Vcn7k=</latexit>

Bevilacqua, Hartanto, Kraus, Weber, Worek ‘18 
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z Assuming the same setup our ratio results @ LO & @ NLO 

 
 
z  Errors  from scale dependence assuming correlation of processes 

z  Receives (negative) NLO corrections à 8%. Scale uncertainties of R  à 6% 

z More stable against corrections, reduced error à Enhanced predictive power 

z Next step:                                 à  Interesting observables to probe BSM @ LHC  

Cross Section Ratio 

R =
�LO

pp!e+⌫eµ�⌫̄µbb̄�

�LO

pp!e+⌫eµ�⌫̄µbb̄

= (4.94± 0.08)⇥ 10�3

<latexit sha1_base64="X6qaouNYdY/eNWzKE0U1WkZCTIY="></latexit><latexit sha1_base64="X6qaouNYdY/eNWzKE0U1WkZCTIY="></latexit><latexit sha1_base64="X6qaouNYdY/eNWzKE0U1WkZCTIY="></latexit><latexit sha1_base64="X6qaouNYdY/eNWzKE0U1WkZCTIY="></latexit>

R =
�NLO

pp!e+⌫eµ�⌫̄µbb̄�

�NLO

pp!e+⌫eµ�⌫̄µbb̄

= (4.56± 0.28)⇥ 10�3

<latexit sha1_base64="OwIjElMU+YOaFX97UaicoSVuvGM="></latexit><latexit sha1_base64="OwIjElMU+YOaFX97UaicoSVuvGM="></latexit><latexit sha1_base64="OwIjElMU+YOaFX97UaicoSVuvGM="></latexit><latexit sha1_base64="OwIjElMU+YOaFX97UaicoSVuvGM="></latexit>

Bevilacqua, Hartanto, Kraus, Weber, Worek ‘18 

R =
d�tt̄�/dX

d�tt̄/dX
<latexit sha1_base64="mFsIEurnvM3qq7g493H/v3BqIuE="></latexit><latexit sha1_base64="mFsIEurnvM3qq7g493H/v3BqIuE="></latexit><latexit sha1_base64="mFsIEurnvM3qq7g493H/v3BqIuE="></latexit><latexit sha1_base64="mFsIEurnvM3qq7g493H/v3BqIuE="></latexit>
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Distributions  
z  Crucial to study corrections to distributions 
  
z  Two observables relevant for BSM searches:   

Bevilacqua, Hartanto, Kraus, Weber, Worek ‘18 

z    

z Distribution, its scale dependence 
and differential K-factor 

z Differential K-factor varying only 
from −8% to −18% (in the plotted 
range) 

z Quite stable against higher order 
corrections à Better suited for BSM 
searches  

pT (�)
<latexit sha1_base64="XHpzwjlUd+vJso37UymyU2DGw2Q=">AAACA3icbVDLSsNAFJ34rPUVdaebwSLUTUmkoMuCG5cV+oImhMl00g6dmYSZiVBCwI2/4saFIm79CXf+jdM0C209cOFwzr1z554wYVRpx/m21tY3Nre2KzvV3b39g0P76Lin4lRi0sUxi+UgRIowKkhXU83IIJEE8ZCRfji9nfv9ByIVjUVHzxLiczQWNKIYaSMF9qlXvJGFLCV5BpOgU/fGiHN0mQd2zWk4BeAqcUtSAyXagf3ljWKcciI0Zkipoesk2s+Q1BQzkle9VJEE4Skak6GhAnGi/KzYn8MLo4xgFEtTQsNC/T2RIa7UjIemkyM9UcveXPzPG6Y6uvEzKpJUE4EXi6KUQR3DeSBwRCXBms0MQVhS81eIJ0girE1sVROCu3zyKuldNVyn4d43a61mGUcFnIFzUAcuuAYtcAfaoAsweATP4BW8WU/Wi/VufSxa16xy5gT8gfX5A/X6l6c=</latexit><latexit sha1_base64="XHpzwjlUd+vJso37UymyU2DGw2Q=">AAACA3icbVDLSsNAFJ34rPUVdaebwSLUTUmkoMuCG5cV+oImhMl00g6dmYSZiVBCwI2/4saFIm79CXf+jdM0C209cOFwzr1z554wYVRpx/m21tY3Nre2KzvV3b39g0P76Lin4lRi0sUxi+UgRIowKkhXU83IIJEE8ZCRfji9nfv9ByIVjUVHzxLiczQWNKIYaSMF9qlXvJGFLCV5BpOgU/fGiHN0mQd2zWk4BeAqcUtSAyXagf3ljWKcciI0Zkipoesk2s+Q1BQzkle9VJEE4Skak6GhAnGi/KzYn8MLo4xgFEtTQsNC/T2RIa7UjIemkyM9UcveXPzPG6Y6uvEzKpJUE4EXi6KUQR3DeSBwRCXBms0MQVhS81eIJ0girE1sVROCu3zyKuldNVyn4d43a61mGUcFnIFzUAcuuAYtcAfaoAsweATP4BW8WU/Wi/VufSxa16xy5gT8gfX5A/X6l6c=</latexit><latexit sha1_base64="XHpzwjlUd+vJso37UymyU2DGw2Q=">AAACA3icbVDLSsNAFJ34rPUVdaebwSLUTUmkoMuCG5cV+oImhMl00g6dmYSZiVBCwI2/4saFIm79CXf+jdM0C209cOFwzr1z554wYVRpx/m21tY3Nre2KzvV3b39g0P76Lin4lRi0sUxi+UgRIowKkhXU83IIJEE8ZCRfji9nfv9ByIVjUVHzxLiczQWNKIYaSMF9qlXvJGFLCV5BpOgU/fGiHN0mQd2zWk4BeAqcUtSAyXagf3ljWKcciI0Zkipoesk2s+Q1BQzkle9VJEE4Skak6GhAnGi/KzYn8MLo4xgFEtTQsNC/T2RIa7UjIemkyM9UcveXPzPG6Y6uvEzKpJUE4EXi6KUQR3DeSBwRCXBms0MQVhS81eIJ0girE1sVROCu3zyKuldNVyn4d43a61mGUcFnIFzUAcuuAYtcAfaoAsweATP4BW8WU/Wi/VufSxa16xy5gT8gfX5A/X6l6c=</latexit><latexit sha1_base64="XHpzwjlUd+vJso37UymyU2DGw2Q=">AAACA3icbVDLSsNAFJ34rPUVdaebwSLUTUmkoMuCG5cV+oImhMl00g6dmYSZiVBCwI2/4saFIm79CXf+jdM0C209cOFwzr1z554wYVRpx/m21tY3Nre2KzvV3b39g0P76Lin4lRi0sUxi+UgRIowKkhXU83IIJEE8ZCRfji9nfv9ByIVjUVHzxLiczQWNKIYaSMF9qlXvJGFLCV5BpOgU/fGiHN0mQd2zWk4BeAqcUtSAyXagf3ljWKcciI0Zkipoesk2s+Q1BQzkle9VJEE4Skak6GhAnGi/KzYn8MLo4xgFEtTQsNC/T2RIa7UjIemkyM9UcveXPzPG6Y6uvEzKpJUE4EXi6KUQR3DeSBwRCXBms0MQVhS81eIJ0girE1sVROCu3zyKuldNVyn4d43a61mGUcFnIFzUAcuuAYtcAfaoAsweATP4BW8WU/Wi/VufSxa16xy5gT8gfX5A/X6l6c=</latexit>

pT (�) & �R(b2, �)
<latexit sha1_base64="/NpJDnWYWw0oNXQ/BMFw1hLPOyA=">AAACHnicbVBNSwMxEM36WetX1aOXYFEqSNkVRY+CHjxWsa3QLctsOm1Dk90lyQplqX/Ei3/FiwdFBE/6b0zrHvx6MPB4byaZeWEiuDau++FMTc/Mzs0XFoqLS8srq6W19YaOU8WwzmIRq+sQNAoeYd1wI/A6UQgyFNgMB6djv3mDSvM4ujLDBNsSehHvcgbGSkHp0J+8kYUixVFGk+Cq4vdAStilt/4OvaX+GQoD9LISBvt7uTUKSmW36k5A/xIvJ2WSoxaU3vxOzFKJkWECtG55bmLaGSjDmcBR0U81JsAG0MOWpRFI1O1sstqIblulQ7uxshUZOlG/T2QgtR7K0HZKMH392xuL/3mt1HSP2xmPktRgxL4+6qaCmpiOs6IdrpAZMbQEmOJ2V8r6oIAZm2jRhuD9PvkvaexXPbfqXRyUTw7yOApkk2yRCvHIETkh56RG6oSRO/JAnsizc+88Oi/O61frlJPPbJAfcN4/ARMBoRo=</latexit><latexit sha1_base64="/NpJDnWYWw0oNXQ/BMFw1hLPOyA=">AAACHnicbVBNSwMxEM36WetX1aOXYFEqSNkVRY+CHjxWsa3QLctsOm1Dk90lyQplqX/Ei3/FiwdFBE/6b0zrHvx6MPB4byaZeWEiuDau++FMTc/Mzs0XFoqLS8srq6W19YaOU8WwzmIRq+sQNAoeYd1wI/A6UQgyFNgMB6djv3mDSvM4ujLDBNsSehHvcgbGSkHp0J+8kYUixVFGk+Cq4vdAStilt/4OvaX+GQoD9LISBvt7uTUKSmW36k5A/xIvJ2WSoxaU3vxOzFKJkWECtG55bmLaGSjDmcBR0U81JsAG0MOWpRFI1O1sstqIblulQ7uxshUZOlG/T2QgtR7K0HZKMH392xuL/3mt1HSP2xmPktRgxL4+6qaCmpiOs6IdrpAZMbQEmOJ2V8r6oIAZm2jRhuD9PvkvaexXPbfqXRyUTw7yOApkk2yRCvHIETkh56RG6oSRO/JAnsizc+88Oi/O61frlJPPbJAfcN4/ARMBoRo=</latexit><latexit sha1_base64="/NpJDnWYWw0oNXQ/BMFw1hLPOyA=">AAACHnicbVBNSwMxEM36WetX1aOXYFEqSNkVRY+CHjxWsa3QLctsOm1Dk90lyQplqX/Ei3/FiwdFBE/6b0zrHvx6MPB4byaZeWEiuDau++FMTc/Mzs0XFoqLS8srq6W19YaOU8WwzmIRq+sQNAoeYd1wI/A6UQgyFNgMB6djv3mDSvM4ujLDBNsSehHvcgbGSkHp0J+8kYUixVFGk+Cq4vdAStilt/4OvaX+GQoD9LISBvt7uTUKSmW36k5A/xIvJ2WSoxaU3vxOzFKJkWECtG55bmLaGSjDmcBR0U81JsAG0MOWpRFI1O1sstqIblulQ7uxshUZOlG/T2QgtR7K0HZKMH392xuL/3mt1HSP2xmPktRgxL4+6qaCmpiOs6IdrpAZMbQEmOJ2V8r6oIAZm2jRhuD9PvkvaexXPbfqXRyUTw7yOApkk2yRCvHIETkh56RG6oSRO/JAnsizc+88Oi/O61frlJPPbJAfcN4/ARMBoRo=</latexit><latexit sha1_base64="/NpJDnWYWw0oNXQ/BMFw1hLPOyA=">AAACHnicbVBNSwMxEM36WetX1aOXYFEqSNkVRY+CHjxWsa3QLctsOm1Dk90lyQplqX/Ei3/FiwdFBE/6b0zrHvx6MPB4byaZeWEiuDau++FMTc/Mzs0XFoqLS8srq6W19YaOU8WwzmIRq+sQNAoeYd1wI/A6UQgyFNgMB6djv3mDSvM4ujLDBNsSehHvcgbGSkHp0J+8kYUixVFGk+Cq4vdAStilt/4OvaX+GQoD9LISBvt7uTUKSmW36k5A/xIvJ2WSoxaU3vxOzFKJkWECtG55bmLaGSjDmcBR0U81JsAG0MOWpRFI1O1sstqIblulQ7uxshUZOlG/T2QgtR7K0HZKMH392xuL/3mt1HSP2xmPktRgxL4+6qaCmpiOs6IdrpAZMbQEmOJ2V8r6oIAZm2jRhuD9PvkvaexXPbfqXRyUTw7yOApkk2yRCvHIETkh56RG6oSRO/JAnsizc+88Oi/O61frlJPPbJAfcN4/ARMBoRo=</latexit>
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Distributions  
z  Crucial to study corrections to distributions 
  
z  Two observables relevant for BSM searches:  

Bevilacqua, Hartanto, Kraus, Weber, Worek ‘18 

pT (�) & �R(b2, �)
<latexit sha1_base64="/NpJDnWYWw0oNXQ/BMFw1hLPOyA=">AAACHnicbVBNSwMxEM36WetX1aOXYFEqSNkVRY+CHjxWsa3QLctsOm1Dk90lyQplqX/Ei3/FiwdFBE/6b0zrHvx6MPB4byaZeWEiuDau++FMTc/Mzs0XFoqLS8srq6W19YaOU8WwzmIRq+sQNAoeYd1wI/A6UQgyFNgMB6djv3mDSvM4ujLDBNsSehHvcgbGSkHp0J+8kYUixVFGk+Cq4vdAStilt/4OvaX+GQoD9LISBvt7uTUKSmW36k5A/xIvJ2WSoxaU3vxOzFKJkWECtG55bmLaGSjDmcBR0U81JsAG0MOWpRFI1O1sstqIblulQ7uxshUZOlG/T2QgtR7K0HZKMH392xuL/3mt1HSP2xmPktRgxL4+6qaCmpiOs6IdrpAZMbQEmOJ2V8r6oIAZm2jRhuD9PvkvaexXPbfqXRyUTw7yOApkk2yRCvHIETkh56RG6oSRO/JAnsizc+88Oi/O61frlJPPbJAfcN4/ARMBoRo=</latexit><latexit sha1_base64="/NpJDnWYWw0oNXQ/BMFw1hLPOyA=">AAACHnicbVBNSwMxEM36WetX1aOXYFEqSNkVRY+CHjxWsa3QLctsOm1Dk90lyQplqX/Ei3/FiwdFBE/6b0zrHvx6MPB4byaZeWEiuDau++FMTc/Mzs0XFoqLS8srq6W19YaOU8WwzmIRq+sQNAoeYd1wI/A6UQgyFNgMB6djv3mDSvM4ujLDBNsSehHvcgbGSkHp0J+8kYUixVFGk+Cq4vdAStilt/4OvaX+GQoD9LISBvt7uTUKSmW36k5A/xIvJ2WSoxaU3vxOzFKJkWECtG55bmLaGSjDmcBR0U81JsAG0MOWpRFI1O1sstqIblulQ7uxshUZOlG/T2QgtR7K0HZKMH392xuL/3mt1HSP2xmPktRgxL4+6qaCmpiOs6IdrpAZMbQEmOJ2V8r6oIAZm2jRhuD9PvkvaexXPbfqXRyUTw7yOApkk2yRCvHIETkh56RG6oSRO/JAnsizc+88Oi/O61frlJPPbJAfcN4/ARMBoRo=</latexit><latexit sha1_base64="/NpJDnWYWw0oNXQ/BMFw1hLPOyA=">AAACHnicbVBNSwMxEM36WetX1aOXYFEqSNkVRY+CHjxWsa3QLctsOm1Dk90lyQplqX/Ei3/FiwdFBE/6b0zrHvx6MPB4byaZeWEiuDau++FMTc/Mzs0XFoqLS8srq6W19YaOU8WwzmIRq+sQNAoeYd1wI/A6UQgyFNgMB6djv3mDSvM4ujLDBNsSehHvcgbGSkHp0J+8kYUixVFGk+Cq4vdAStilt/4OvaX+GQoD9LISBvt7uTUKSmW36k5A/xIvJ2WSoxaU3vxOzFKJkWECtG55bmLaGSjDmcBR0U81JsAG0MOWpRFI1O1sstqIblulQ7uxshUZOlG/T2QgtR7K0HZKMH392xuL/3mt1HSP2xmPktRgxL4+6qaCmpiOs6IdrpAZMbQEmOJ2V8r6oIAZm2jRhuD9PvkvaexXPbfqXRyUTw7yOApkk2yRCvHIETkh56RG6oSRO/JAnsizc+88Oi/O61frlJPPbJAfcN4/ARMBoRo=</latexit><latexit sha1_base64="/NpJDnWYWw0oNXQ/BMFw1hLPOyA=">AAACHnicbVBNSwMxEM36WetX1aOXYFEqSNkVRY+CHjxWsa3QLctsOm1Dk90lyQplqX/Ei3/FiwdFBE/6b0zrHvx6MPB4byaZeWEiuDau++FMTc/Mzs0XFoqLS8srq6W19YaOU8WwzmIRq+sQNAoeYd1wI/A6UQgyFNgMB6djv3mDSvM4ujLDBNsSehHvcgbGSkHp0J+8kYUixVFGk+Cq4vdAStilt/4OvaX+GQoD9LISBvt7uTUKSmW36k5A/xIvJ2WSoxaU3vxOzFKJkWECtG55bmLaGSjDmcBR0U81JsAG0MOWpRFI1O1sstqIblulQ7uxshUZOlG/T2QgtR7K0HZKMH392xuL/3mt1HSP2xmPktRgxL4+6qaCmpiOs6IdrpAZMbQEmOJ2V8r6oIAZm2jRhuD9PvkvaexXPbfqXRyUTw7yOApkk2yRCvHIETkh56RG6oSRO/JAnsizc+88Oi/O61frlJPPbJAfcN4/ARMBoRo=</latexit>

z    
 
z NLO corrections have strongly altered 

shape 

z  Corrections from −29% to +122% 

z Distortion up to 150% 

z   Similar effects for other observables 
 

�R(b2, �)
<latexit sha1_base64="Ba1UARi8zMEmPNmuxD9x0sZIQUQ=">AAACDHicbVDLSgMxFM34rPVVdekmWIQKUmZKQZcFXbisYh/QKeVOetuGJjNDkhHK0A9w46+4caGIWz/AnX9j+lho64HA4Zxzk5sTxIJr47rfzsrq2vrGZmYru72zu7efOzis6yhRDGssEpFqBqBR8BBrhhuBzVghyEBgIxheTfzGAyrNo/DejGJsS+iHvMcZGCt1cnl/ekcaiATHKfWvURigd4WgUzr3+yAlnI1tyi26U9Bl4s1JnsxR7eS+/G7EEomhYQK0bnlubNopKMOZwHHWTzTGwIbQx5alIUjU7XS6yJieWqVLe5GyJzR0qv6eSEFqPZKBTUowA73oTcT/vFZiepftlIdxYjBks4d6iaAmopNmaJcrZEaMLAGmuN2VsgEoYMb2l7UleItfXib1UtFzi95tOV8pz+vIkGNyQgrEIxekQm5IldQII4/kmbySN+fJeXHenY9ZdMWZzxyRP3A+fwC/Ppq1</latexit><latexit sha1_base64="Ba1UARi8zMEmPNmuxD9x0sZIQUQ=">AAACDHicbVDLSgMxFM34rPVVdekmWIQKUmZKQZcFXbisYh/QKeVOetuGJjNDkhHK0A9w46+4caGIWz/AnX9j+lho64HA4Zxzk5sTxIJr47rfzsrq2vrGZmYru72zu7efOzis6yhRDGssEpFqBqBR8BBrhhuBzVghyEBgIxheTfzGAyrNo/DejGJsS+iHvMcZGCt1cnl/ekcaiATHKfWvURigd4WgUzr3+yAlnI1tyi26U9Bl4s1JnsxR7eS+/G7EEomhYQK0bnlubNopKMOZwHHWTzTGwIbQx5alIUjU7XS6yJieWqVLe5GyJzR0qv6eSEFqPZKBTUowA73oTcT/vFZiepftlIdxYjBks4d6iaAmopNmaJcrZEaMLAGmuN2VsgEoYMb2l7UleItfXib1UtFzi95tOV8pz+vIkGNyQgrEIxekQm5IldQII4/kmbySN+fJeXHenY9ZdMWZzxyRP3A+fwC/Ppq1</latexit><latexit sha1_base64="Ba1UARi8zMEmPNmuxD9x0sZIQUQ=">AAACDHicbVDLSgMxFM34rPVVdekmWIQKUmZKQZcFXbisYh/QKeVOetuGJjNDkhHK0A9w46+4caGIWz/AnX9j+lho64HA4Zxzk5sTxIJr47rfzsrq2vrGZmYru72zu7efOzis6yhRDGssEpFqBqBR8BBrhhuBzVghyEBgIxheTfzGAyrNo/DejGJsS+iHvMcZGCt1cnl/ekcaiATHKfWvURigd4WgUzr3+yAlnI1tyi26U9Bl4s1JnsxR7eS+/G7EEomhYQK0bnlubNopKMOZwHHWTzTGwIbQx5alIUjU7XS6yJieWqVLe5GyJzR0qv6eSEFqPZKBTUowA73oTcT/vFZiepftlIdxYjBks4d6iaAmopNmaJcrZEaMLAGmuN2VsgEoYMb2l7UleItfXib1UtFzi95tOV8pz+vIkGNyQgrEIxekQm5IldQII4/kmbySN+fJeXHenY9ZdMWZzxyRP3A+fwC/Ppq1</latexit><latexit sha1_base64="Ba1UARi8zMEmPNmuxD9x0sZIQUQ=">AAACDHicbVDLSgMxFM34rPVVdekmWIQKUmZKQZcFXbisYh/QKeVOetuGJjNDkhHK0A9w46+4caGIWz/AnX9j+lho64HA4Zxzk5sTxIJr47rfzsrq2vrGZmYru72zu7efOzis6yhRDGssEpFqBqBR8BBrhhuBzVghyEBgIxheTfzGAyrNo/DejGJsS+iHvMcZGCt1cnl/ekcaiATHKfWvURigd4WgUzr3+yAlnI1tyi26U9Bl4s1JnsxR7eS+/G7EEomhYQK0bnlubNopKMOZwHHWTzTGwIbQx5alIUjU7XS6yJieWqVLe5GyJzR0qv6eSEFqPZKBTUowA73oTcT/vFZiepftlIdxYjBks4d6iaAmopNmaJcrZEaMLAGmuN2VsgEoYMb2l7UleItfXib1UtFzi95tOV8pz+vIkGNyQgrEIxekQm5IldQII4/kmbySN+fJeXHenY9ZdMWZzxyRP3A+fwC/Ppq1</latexit>
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Distributions  
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Summary & Outlook 
z NLO QCD to ttγ production @ LHC with complete off-shell effects completed 

z  Complete description à  Photon emission from tops & top decay products, NLO 
corrections to production & decays & tt spin correlations & off-shell effects  

 
z  Relevant for (anomalous) couplings extraction   

z  Relevant for BSM searches 

«                         &                                  &                                         & … 

 
z   Next steps: 
 

«  Studies: Various kinematics-dependent scales & PDF uncertainties  
«  Comparisons: NWA vrs. off-shell effects 
« Applications: SM parameter extraction, disentangling and constraining 

anomalous couplings  

R =
d�tt̄�/dX

d�tt̄/dX
<latexit sha1_base64="mFsIEurnvM3qq7g493H/v3BqIuE="></latexit><latexit sha1_base64="mFsIEurnvM3qq7g493H/v3BqIuE="></latexit><latexit sha1_base64="mFsIEurnvM3qq7g493H/v3BqIuE="></latexit><latexit sha1_base64="mFsIEurnvM3qq7g493H/v3BqIuE="></latexit>

pT (�) & �R(b2, �)
<latexit sha1_base64="/NpJDnWYWw0oNXQ/BMFw1hLPOyA=">AAACHnicbVBNSwMxEM36WetX1aOXYFEqSNkVRY+CHjxWsa3QLctsOm1Dk90lyQplqX/Ei3/FiwdFBE/6b0zrHvx6MPB4byaZeWEiuDau++FMTc/Mzs0XFoqLS8srq6W19YaOU8WwzmIRq+sQNAoeYd1wI/A6UQgyFNgMB6djv3mDSvM4ujLDBNsSehHvcgbGSkHp0J+8kYUixVFGk+Cq4vdAStilt/4OvaX+GQoD9LISBvt7uTUKSmW36k5A/xIvJ2WSoxaU3vxOzFKJkWECtG55bmLaGSjDmcBR0U81JsAG0MOWpRFI1O1sstqIblulQ7uxshUZOlG/T2QgtR7K0HZKMH392xuL/3mt1HSP2xmPktRgxL4+6qaCmpiOs6IdrpAZMbQEmOJ2V8r6oIAZm2jRhuD9PvkvaexXPbfqXRyUTw7yOApkk2yRCvHIETkh56RG6oSRO/JAnsizc+88Oi/O61frlJPPbJAfcN4/ARMBoRo=</latexit><latexit sha1_base64="/NpJDnWYWw0oNXQ/BMFw1hLPOyA=">AAACHnicbVBNSwMxEM36WetX1aOXYFEqSNkVRY+CHjxWsa3QLctsOm1Dk90lyQplqX/Ei3/FiwdFBE/6b0zrHvx6MPB4byaZeWEiuDau++FMTc/Mzs0XFoqLS8srq6W19YaOU8WwzmIRq+sQNAoeYd1wI/A6UQgyFNgMB6djv3mDSvM4ujLDBNsSehHvcgbGSkHp0J+8kYUixVFGk+Cq4vdAStilt/4OvaX+GQoD9LISBvt7uTUKSmW36k5A/xIvJ2WSoxaU3vxOzFKJkWECtG55bmLaGSjDmcBR0U81JsAG0MOWpRFI1O1sstqIblulQ7uxshUZOlG/T2QgtR7K0HZKMH392xuL/3mt1HSP2xmPktRgxL4+6qaCmpiOs6IdrpAZMbQEmOJ2V8r6oIAZm2jRhuD9PvkvaexXPbfqXRyUTw7yOApkk2yRCvHIETkh56RG6oSRO/JAnsizc+88Oi/O61frlJPPbJAfcN4/ARMBoRo=</latexit><latexit sha1_base64="/NpJDnWYWw0oNXQ/BMFw1hLPOyA=">AAACHnicbVBNSwMxEM36WetX1aOXYFEqSNkVRY+CHjxWsa3QLctsOm1Dk90lyQplqX/Ei3/FiwdFBE/6b0zrHvx6MPB4byaZeWEiuDau++FMTc/Mzs0XFoqLS8srq6W19YaOU8WwzmIRq+sQNAoeYd1wI/A6UQgyFNgMB6djv3mDSvM4ujLDBNsSehHvcgbGSkHp0J+8kYUixVFGk+Cq4vdAStilt/4OvaX+GQoD9LISBvt7uTUKSmW36k5A/xIvJ2WSoxaU3vxOzFKJkWECtG55bmLaGSjDmcBR0U81JsAG0MOWpRFI1O1sstqIblulQ7uxshUZOlG/T2QgtR7K0HZKMH392xuL/3mt1HSP2xmPktRgxL4+6qaCmpiOs6IdrpAZMbQEmOJ2V8r6oIAZm2jRhuD9PvkvaexXPbfqXRyUTw7yOApkk2yRCvHIETkh56RG6oSRO/JAnsizc+88Oi/O61frlJPPbJAfcN4/ARMBoRo=</latexit><latexit sha1_base64="/NpJDnWYWw0oNXQ/BMFw1hLPOyA=">AAACHnicbVBNSwMxEM36WetX1aOXYFEqSNkVRY+CHjxWsa3QLctsOm1Dk90lyQplqX/Ei3/FiwdFBE/6b0zrHvx6MPB4byaZeWEiuDau++FMTc/Mzs0XFoqLS8srq6W19YaOU8WwzmIRq+sQNAoeYd1wI/A6UQgyFNgMB6djv3mDSvM4ujLDBNsSehHvcgbGSkHp0J+8kYUixVFGk+Cq4vdAStilt/4OvaX+GQoD9LISBvt7uTUKSmW36k5A/xIvJ2WSoxaU3vxOzFKJkWECtG55bmLaGSjDmcBR0U81JsAG0MOWpRFI1O1sstqIblulQ7uxshUZOlG/T2QgtR7K0HZKMH392xuL/3mt1HSP2xmPktRgxL4+6qaCmpiOs6IdrpAZMbQEmOJ2V8r6oIAZm2jRhuD9PvkvaexXPbfqXRyUTw7yOApkk2yRCvHIETkh56RG6oSRO/JAnsizc+88Oi/O61frlJPPbJAfcN4/ARMBoRo=</latexit>

R =
�tt̄j

�tt̄
<latexit sha1_base64="gPCyXZQWoNyJyfc1vIHkZqyyFQU=">AAACLHicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoBeh4MWjilWhuyyzabbGZj9IZoUS9gd58a8I4sEiXv0dpmsPan0w8HhvJpl5US6FRtcdO7W5+YXFpfpyY2V1bX2jubl1rbNCMd5lmczUbQSaS5HyLgqU/DZXHJJI8ptoeDrxbx640iJLr3CU8yCBQSpiwQCtFDZP/eoNE8mCl8b4DCS9LE/8WAEzvhaDBEKDfgTKYHlfljOaRdhsuW23Ap0l3pS0yBTnYfPF72esSHiKTILWPc/NMTCgUDDJy4ZfaJ4DG8KA9yxNIeE6MNWiJd2zSp/GmbKVIq3UnxMGEq1HSWQ7E8A7/debiP95vQLj48CINC+Qp+z7o7iQFDM6SY72heIM5cgSYErYXSm7A5sT2nwbNgTv78mz5Pqg7blt7+Kw1TmcxlEnO2SX7BOPHJEOOSPnpEsYeSTP5I2MnSfn1Xl3Pr5ba850Zpv8gvP5BT2Xqz0=</latexit><latexit sha1_base64="gPCyXZQWoNyJyfc1vIHkZqyyFQU=">AAACLHicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoBeh4MWjilWhuyyzabbGZj9IZoUS9gd58a8I4sEiXv0dpmsPan0w8HhvJpl5US6FRtcdO7W5+YXFpfpyY2V1bX2jubl1rbNCMd5lmczUbQSaS5HyLgqU/DZXHJJI8ptoeDrxbx640iJLr3CU8yCBQSpiwQCtFDZP/eoNE8mCl8b4DCS9LE/8WAEzvhaDBEKDfgTKYHlfljOaRdhsuW23Ap0l3pS0yBTnYfPF72esSHiKTILWPc/NMTCgUDDJy4ZfaJ4DG8KA9yxNIeE6MNWiJd2zSp/GmbKVIq3UnxMGEq1HSWQ7E8A7/debiP95vQLj48CINC+Qp+z7o7iQFDM6SY72heIM5cgSYErYXSm7A5sT2nwbNgTv78mz5Pqg7blt7+Kw1TmcxlEnO2SX7BOPHJEOOSPnpEsYeSTP5I2MnSfn1Xl3Pr5ba850Zpv8gvP5BT2Xqz0=</latexit><latexit sha1_base64="gPCyXZQWoNyJyfc1vIHkZqyyFQU=">AAACLHicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoBeh4MWjilWhuyyzabbGZj9IZoUS9gd58a8I4sEiXv0dpmsPan0w8HhvJpl5US6FRtcdO7W5+YXFpfpyY2V1bX2jubl1rbNCMd5lmczUbQSaS5HyLgqU/DZXHJJI8ptoeDrxbx640iJLr3CU8yCBQSpiwQCtFDZP/eoNE8mCl8b4DCS9LE/8WAEzvhaDBEKDfgTKYHlfljOaRdhsuW23Ap0l3pS0yBTnYfPF72esSHiKTILWPc/NMTCgUDDJy4ZfaJ4DG8KA9yxNIeE6MNWiJd2zSp/GmbKVIq3UnxMGEq1HSWQ7E8A7/debiP95vQLj48CINC+Qp+z7o7iQFDM6SY72heIM5cgSYErYXSm7A5sT2nwbNgTv78mz5Pqg7blt7+Kw1TmcxlEnO2SX7BOPHJEOOSPnpEsYeSTP5I2MnSfn1Xl3Pr5ba850Zpv8gvP5BT2Xqz0=</latexit><latexit sha1_base64="gPCyXZQWoNyJyfc1vIHkZqyyFQU=">AAACLHicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoBeh4MWjilWhuyyzabbGZj9IZoUS9gd58a8I4sEiXv0dpmsPan0w8HhvJpl5US6FRtcdO7W5+YXFpfpyY2V1bX2jubl1rbNCMd5lmczUbQSaS5HyLgqU/DZXHJJI8ptoeDrxbx640iJLr3CU8yCBQSpiwQCtFDZP/eoNE8mCl8b4DCS9LE/8WAEzvhaDBEKDfgTKYHlfljOaRdhsuW23Ap0l3pS0yBTnYfPF72esSHiKTILWPc/NMTCgUDDJy4ZfaJ4DG8KA9yxNIeE6MNWiJd2zSp/GmbKVIq3UnxMGEq1HSWQ7E8A7/debiP95vQLj48CINC+Qp+z7o7iQFDM6SY72heIM5cgSYErYXSm7A5sT2nwbNgTv78mz5Pqg7blt7+Kw1TmcxlEnO2SX7BOPHJEOOSPnpEsYeSTP5I2MnSfn1Xl3Pr5ba850Zpv8gvP5BT2Xqz0=</latexit>
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