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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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z  Besides              more exclusive final states can be accessed @ LHC 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>

Motivations For ttγ   

3	On-shell production 
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<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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z  Besides              more exclusive final states can be accessed @ LHC 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>
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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>
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Motivations For ttγ   
 
z             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�
<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>

tt̄ V
<latexit sha1_base64="NGo3XGmKqwy1A6/cwbYC+wehWBw=">AAACA3icbZDLSsNAFIYnXmu9Rd3pZrAILqQkUtBlwY3LCvYCTSiT6aQdOpmEmROhhIAbX8WNC0Xc+hLufBunaRbaemDg4//PmTPzB4ngGhzn21pZXVvf2KxsVbd3dvf27YPDjo5TRVmbxiJWvYBoJrhkbeAgWC9RjESBYN1gcjPzuw9MaR7Le5gmzI/ISPKQUwJGGtjHXnFHFoiU5Rl4AVEZ5N4F7uQDu+bUnaLwMrgl1FBZrYH95Q1jmkZMAhVE677rJOBnRAGnguVVL9UsIXRCRqxvUJKIaT8r9uf4zChDHMbKHAm4UH9PZCTSehoFpjMiMNaL3kz8z+unEF77GZdJCkzS+aIwFRhiPAsED7liFMTUAKGKm7diOiaKUDCxVU0I7uKXl6FzWXcN3zVqzUYZRwWdoFN0jlx0hZroFrVQG1H0iJ7RK3qznqwX6936mLeuWOXMEfpT1ucPuEmYIw==</latexit><latexit sha1_base64="NGo3XGmKqwy1A6/cwbYC+wehWBw=">AAACA3icbZDLSsNAFIYnXmu9Rd3pZrAILqQkUtBlwY3LCvYCTSiT6aQdOpmEmROhhIAbX8WNC0Xc+hLufBunaRbaemDg4//PmTPzB4ngGhzn21pZXVvf2KxsVbd3dvf27YPDjo5TRVmbxiJWvYBoJrhkbeAgWC9RjESBYN1gcjPzuw9MaR7Le5gmzI/ISPKQUwJGGtjHXnFHFoiU5Rl4AVEZ5N4F7uQDu+bUnaLwMrgl1FBZrYH95Q1jmkZMAhVE677rJOBnRAGnguVVL9UsIXRCRqxvUJKIaT8r9uf4zChDHMbKHAm4UH9PZCTSehoFpjMiMNaL3kz8z+unEF77GZdJCkzS+aIwFRhiPAsED7liFMTUAKGKm7diOiaKUDCxVU0I7uKXl6FzWXcN3zVqzUYZRwWdoFN0jlx0hZroFrVQG1H0iJ7RK3qznqwX6936mLeuWOXMEfpT1ucPuEmYIw==</latexit><latexit sha1_base64="NGo3XGmKqwy1A6/cwbYC+wehWBw=">AAACA3icbZDLSsNAFIYnXmu9Rd3pZrAILqQkUtBlwY3LCvYCTSiT6aQdOpmEmROhhIAbX8WNC0Xc+hLufBunaRbaemDg4//PmTPzB4ngGhzn21pZXVvf2KxsVbd3dvf27YPDjo5TRVmbxiJWvYBoJrhkbeAgWC9RjESBYN1gcjPzuw9MaR7Le5gmzI/ISPKQUwJGGtjHXnFHFoiU5Rl4AVEZ5N4F7uQDu+bUnaLwMrgl1FBZrYH95Q1jmkZMAhVE677rJOBnRAGnguVVL9UsIXRCRqxvUJKIaT8r9uf4zChDHMbKHAm4UH9PZCTSehoFpjMiMNaL3kz8z+unEF77GZdJCkzS+aIwFRhiPAsED7liFMTUAKGKm7diOiaKUDCxVU0I7uKXl6FzWXcN3zVqzUYZRwWdoFN0jlx0hZroFrVQG1H0iJ7RK3qznqwX6936mLeuWOXMEfpT1ucPuEmYIw==</latexit><latexit sha1_base64="NGo3XGmKqwy1A6/cwbYC+wehWBw=">AAACA3icbZDLSsNAFIYnXmu9Rd3pZrAILqQkUtBlwY3LCvYCTSiT6aQdOpmEmROhhIAbX8WNC0Xc+hLufBunaRbaemDg4//PmTPzB4ngGhzn21pZXVvf2KxsVbd3dvf27YPDjo5TRVmbxiJWvYBoJrhkbeAgWC9RjESBYN1gcjPzuw9MaR7Le5gmzI/ISPKQUwJGGtjHXnFHFoiU5Rl4AVEZ5N4F7uQDu+bUnaLwMrgl1FBZrYH95Q1jmkZMAhVE677rJOBnRAGnguVVL9UsIXRCRqxvUJKIaT8r9uf4zChDHMbKHAm4UH9PZCTSehoFpjMiMNaL3kz8z+unEF77GZdJCkzS+aIwFRhiPAsED7liFMTUAKGKm7diOiaKUDCxVU0I7uKXl6FzWXcN3zVqzUYZRwWdoFN0jlx0hZroFrVQG1H0iJ7RK3qznqwX6936mLeuWOXMEfpT1ucPuEmYIw==</latexit>
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z  Probe the strength and the structure of ttγ vertex à  SM + contributions from 
dimension-six effective operators à Constrains on anomalous couplings  

 
z Measure cross section ratio (also differential ratios) 

 
 

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

z  Top quark charge asymmetry, differential top quark charge asymmetries, …  

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 
Schulze, Soreq ‘16  

Bevilacqua, Hartanto, Kraus, Weber, Worek ‘18 

Aguilar-Saavedra, Alvarez, Juste, Rubbo ‘14 6	



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 
and radiation patter from decays  

« 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 and 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  
pp ! tt̄

Denner, Dittmaier, Kallweit, Pozzorini, Schulze ‘12 



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 



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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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 

z  Output:  

²  theoretical predictions are stored in the form of the Ntuples Event Files  
² modified Les Houches & ROOT Event Files 
²  kinematical cuts can be changed  
²  new observables can be defined  
²  renormalisation or factorisation scale and PDF set can be changed  

Bern, Dixon, Febres Cordero,  
Hoeche, Ita, Kosower, Maitre ‘14 

17	



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   Photon:   

z  Isolation condition for photon: 

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

z  Electroweak coupling in the Gμ  scheme à account for some electroweak effects  

z  Kinematics-independent & kinematic-dependent scale:  

Setup for ttγ 
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>

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>

Frixione ‘98 

µ0 = mt/2, HT /4
<latexit sha1_base64="ARIpAjC0wSLHY5sBiF6pjU3UcNk=">AAACCXicbZBNS8MwGMfT+TbnW9Wjl+AQPMjWjoFehIGXHSfsDdZS0izdwpK2JKkwSq9e/CpePCji1W/gzW9j1vWgmw8Efvz/z5M8+fsxo1JZ1rdR2tjc2t4p71b29g8Oj8zjk76MEoFJD0csEkMfScJoSHqKKkaGsSCI+4wM/Nndwh88ECFpFHbVPCYuR5OQBhQjpSXPhE5+R+qzhGSpwxPPuuWeqjeuYNvr1puZZ1atmpUXXAe7gCooquOZX844wgknocIMSTmyrVi5KRKKYkayipNIEiM8QxMy0hgiTqSb5ltk8EIrYxhEQp9QwVz9PZEiLuWc+7qTIzWVq95C/M8bJSq4cVMaxokiIV4+FCQMqgguYoFjKghWbK4BYUH1rhBPkUBY6fAqOgR79cvr0G/UbM33zWqrWcRRBmfgHFwCG1yDFmiDDugBDB7BM3gFb8aT8WK8Gx/L1pJRzJyCP2V8/gAuUplF</latexit><latexit sha1_base64="ARIpAjC0wSLHY5sBiF6pjU3UcNk=">AAACCXicbZBNS8MwGMfT+TbnW9Wjl+AQPMjWjoFehIGXHSfsDdZS0izdwpK2JKkwSq9e/CpePCji1W/gzW9j1vWgmw8Efvz/z5M8+fsxo1JZ1rdR2tjc2t4p71b29g8Oj8zjk76MEoFJD0csEkMfScJoSHqKKkaGsSCI+4wM/Nndwh88ECFpFHbVPCYuR5OQBhQjpSXPhE5+R+qzhGSpwxPPuuWeqjeuYNvr1puZZ1atmpUXXAe7gCooquOZX844wgknocIMSTmyrVi5KRKKYkayipNIEiM8QxMy0hgiTqSb5ltk8EIrYxhEQp9QwVz9PZEiLuWc+7qTIzWVq95C/M8bJSq4cVMaxokiIV4+FCQMqgguYoFjKghWbK4BYUH1rhBPkUBY6fAqOgR79cvr0G/UbM33zWqrWcRRBmfgHFwCG1yDFmiDDugBDB7BM3gFb8aT8WK8Gx/L1pJRzJyCP2V8/gAuUplF</latexit><latexit sha1_base64="ARIpAjC0wSLHY5sBiF6pjU3UcNk=">AAACCXicbZBNS8MwGMfT+TbnW9Wjl+AQPMjWjoFehIGXHSfsDdZS0izdwpK2JKkwSq9e/CpePCji1W/gzW9j1vWgmw8Efvz/z5M8+fsxo1JZ1rdR2tjc2t4p71b29g8Oj8zjk76MEoFJD0csEkMfScJoSHqKKkaGsSCI+4wM/Nndwh88ECFpFHbVPCYuR5OQBhQjpSXPhE5+R+qzhGSpwxPPuuWeqjeuYNvr1puZZ1atmpUXXAe7gCooquOZX844wgknocIMSTmyrVi5KRKKYkayipNIEiM8QxMy0hgiTqSb5ltk8EIrYxhEQp9QwVz9PZEiLuWc+7qTIzWVq95C/M8bJSq4cVMaxokiIV4+FCQMqgguYoFjKghWbK4BYUH1rhBPkUBY6fAqOgR79cvr0G/UbM33zWqrWcRRBmfgHFwCG1yDFmiDDugBDB7BM3gFb8aT8WK8Gx/L1pJRzJyCP2V8/gAuUplF</latexit><latexit sha1_base64="ARIpAjC0wSLHY5sBiF6pjU3UcNk=">AAACCXicbZBNS8MwGMfT+TbnW9Wjl+AQPMjWjoFehIGXHSfsDdZS0izdwpK2JKkwSq9e/CpePCji1W/gzW9j1vWgmw8Efvz/z5M8+fsxo1JZ1rdR2tjc2t4p71b29g8Oj8zjk76MEoFJD0csEkMfScJoSHqKKkaGsSCI+4wM/Nndwh88ECFpFHbVPCYuR5OQBhQjpSXPhE5+R+qzhGSpwxPPuuWeqjeuYNvr1puZZ1atmpUXXAe7gCooquOZX844wgknocIMSTmyrVi5KRKKYkayipNIEiM8QxMy0hgiTqSb5ltk8EIrYxhEQp9QwVz9PZEiLuWc+7qTIzWVq95C/M8bJSq4cVMaxokiIV4+FCQMqgguYoFjKghWbK4BYUH1rhBPkUBY6fAqOgR79cvr0G/UbM33zWqrWcRRBmfgHFwCG1yDFmiDDugBDB7BM3gFb8aT8WK8Gx/L1pJRzJyCP2V8/gAuUplF</latexit>

18	

pT (�) > 25 GeV, |y� | < 2.5
<latexit sha1_base64="vaOlasLznwrUieLV6diXLItRyAM="></latexit><latexit sha1_base64="vaOlasLznwrUieLV6diXLItRyAM="></latexit><latexit sha1_base64="vaOlasLznwrUieLV6diXLItRyAM="></latexit><latexit sha1_base64="vaOlasLznwrUieLV6diXLItRyAM="></latexit>



ttγ - Fixed Scale  

z @ LO: gg channel dominates 79%, qq channel follows with 21%  
z Negative & moderate NLO corrections of 10% 
z  Theoretical uncertainties à 35% @ LO & 14% @ NLO ê 2.5  
z After Symmetrisation à 30% at LO and 7% at NLO ê 4.3 
  

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 

19	

µ0 = mt/2,CT14
<latexit sha1_base64="8a+cukcAX8H/TLR/x2tMYzuQDns=">AAACDnicbZBNS8MwGMfT+TbnW9Wjl+AYeJDZjoFehMEuHifsDdZS0izdwpK2JKkwSj+BF7+KFw+KePXszW9j1vWgmw8Efvz/z5M8+fsxo1JZ1rdR2tjc2t4p71b29g8Oj8zjk76MEoFJD0csEkMfScJoSHqKKkaGsSCI+4wM/Fl74Q8eiJA0CrtqHhOXo0lIA4qR0pJn1pz8jtRnCclShyeedcs9ddW4hKkjOGx37WaWeWbVqlt5wXWwC6iCojqe+eWMI5xwEirMkJQj24qVmyKhKGYkqziJJDHCMzQhI40h4kS6ab5KBmtaGcMgEvqECubq74kUcSnn3NedHKmpXPUW4n/eKFHBjZvSME4UCfHyoSBhUEVwkQ0cU0GwYnMNCAuqd4V4igTCSidY0SHYq19eh36jbmu+b1ZbzSKOMjgD5+AC2OAatMAd6IAewOARPINX8GY8GS/Gu/GxbC0Zxcwp+FPG5w8Y5pto</latexit><latexit sha1_base64="8a+cukcAX8H/TLR/x2tMYzuQDns=">AAACDnicbZBNS8MwGMfT+TbnW9Wjl+AYeJDZjoFehMEuHifsDdZS0izdwpK2JKkwSj+BF7+KFw+KePXszW9j1vWgmw8Efvz/z5M8+fsxo1JZ1rdR2tjc2t4p71b29g8Oj8zjk76MEoFJD0csEkMfScJoSHqKKkaGsSCI+4wM/Fl74Q8eiJA0CrtqHhOXo0lIA4qR0pJn1pz8jtRnCclShyeedcs9ddW4hKkjOGx37WaWeWbVqlt5wXWwC6iCojqe+eWMI5xwEirMkJQj24qVmyKhKGYkqziJJDHCMzQhI40h4kS6ab5KBmtaGcMgEvqECubq74kUcSnn3NedHKmpXPUW4n/eKFHBjZvSME4UCfHyoSBhUEVwkQ0cU0GwYnMNCAuqd4V4igTCSidY0SHYq19eh36jbmu+b1ZbzSKOMjgD5+AC2OAatMAd6IAewOARPINX8GY8GS/Gu/GxbC0Zxcwp+FPG5w8Y5pto</latexit><latexit sha1_base64="8a+cukcAX8H/TLR/x2tMYzuQDns=">AAACDnicbZBNS8MwGMfT+TbnW9Wjl+AYeJDZjoFehMEuHifsDdZS0izdwpK2JKkwSj+BF7+KFw+KePXszW9j1vWgmw8Efvz/z5M8+fsxo1JZ1rdR2tjc2t4p71b29g8Oj8zjk76MEoFJD0csEkMfScJoSHqKKkaGsSCI+4wM/Fl74Q8eiJA0CrtqHhOXo0lIA4qR0pJn1pz8jtRnCclShyeedcs9ddW4hKkjOGx37WaWeWbVqlt5wXWwC6iCojqe+eWMI5xwEirMkJQj24qVmyKhKGYkqziJJDHCMzQhI40h4kS6ab5KBmtaGcMgEvqECubq74kUcSnn3NedHKmpXPUW4n/eKFHBjZvSME4UCfHyoSBhUEVwkQ0cU0GwYnMNCAuqd4V4igTCSidY0SHYq19eh36jbmu+b1ZbzSKOMjgD5+AC2OAatMAd6IAewOARPINX8GY8GS/Gu/GxbC0Zxcwp+FPG5w8Y5pto</latexit><latexit sha1_base64="8a+cukcAX8H/TLR/x2tMYzuQDns=">AAACDnicbZBNS8MwGMfT+TbnW9Wjl+AYeJDZjoFehMEuHifsDdZS0izdwpK2JKkwSj+BF7+KFw+KePXszW9j1vWgmw8Efvz/z5M8+fsxo1JZ1rdR2tjc2t4p71b29g8Oj8zjk76MEoFJD0csEkMfScJoSHqKKkaGsSCI+4wM/Fl74Q8eiJA0CrtqHhOXo0lIA4qR0pJn1pz8jtRnCclShyeedcs9ddW4hKkjOGx37WaWeWbVqlt5wXWwC6iCojqe+eWMI5xwEirMkJQj24qVmyKhKGYkqziJJDHCMzQhI40h4kS6ab5KBmtaGcMgEvqECubq74kUcSnn3NedHKmpXPUW4n/eKFHBjZvSME4UCfHyoSBhUEVwkQ0cU0GwYnMNCAuqd4V4igTCSidY0SHYq19eh36jbmu+b1ZbzSKOMjgD5+AC2OAatMAd6IAewOARPINX8GY8GS/Gu/GxbC0Zxcwp+FPG5w8Y5pto</latexit>

LHC @ 13 TeV 



ttγ - Dynamical Scale  

  
z  Positive & small NLO corrections of 2.5% 
z  Theoretical uncertainties à 33% @ LO & 6% @ NLO ê 5.5 
z After symmerisation à 28% at LO & 4% at NLO ê 7 

  

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 

20	

µ0 = HT /4,CT14
<latexit sha1_base64="sXvNTi0iHr95BGLmtFbwtqJnPNE=">AAACDnicbZBNS8MwGMfT+TbnW9Wjl+AYeJDZSkEvwmCXHSfsDdZS0izbwpK2JKkwSj+BF7+KFw+KePXszW9j1vWgmw8Efvz/z5M8+Qcxo1JZ1rdR2tjc2t4p71b29g8Oj8zjk56MEoFJF0csEoMAScJoSLqKKkYGsSCIB4z0g1lz4fcfiJA0CjtqHhOPo0lIxxQjpSXfrLn5HWnAEpKlLk98667ld66cS5i6gsNmx3ayzDerVt3KC66DXUAVFNX2zS93FOGEk1BhhqQc2lasvBQJRTEjWcVNJIkRnqEJGWoMESfSS/NVMljTygiOI6FPqGCu/p5IEZdyzgPdyZGaylVvIf7nDRM1vvVSGsaJIiFePjROGFQRXGQDR1QQrNhcA8KC6l0hniKBsNIJVnQI9uqX16F3Xbc13zvVhlPEUQZn4BxcABvcgAZogTboAgwewTN4BW/Gk/FivBsfy9aSUcycgj9lfP4ArxCbJQ==</latexit><latexit sha1_base64="sXvNTi0iHr95BGLmtFbwtqJnPNE=">AAACDnicbZBNS8MwGMfT+TbnW9Wjl+AYeJDZSkEvwmCXHSfsDdZS0izbwpK2JKkwSj+BF7+KFw+KePXszW9j1vWgmw8Efvz/z5M8+Qcxo1JZ1rdR2tjc2t4p71b29g8Oj8zjk56MEoFJF0csEoMAScJoSLqKKkYGsSCIB4z0g1lz4fcfiJA0CjtqHhOPo0lIxxQjpSXfrLn5HWnAEpKlLk98667ld66cS5i6gsNmx3ayzDerVt3KC66DXUAVFNX2zS93FOGEk1BhhqQc2lasvBQJRTEjWcVNJIkRnqEJGWoMESfSS/NVMljTygiOI6FPqGCu/p5IEZdyzgPdyZGaylVvIf7nDRM1vvVSGsaJIiFePjROGFQRXGQDR1QQrNhcA8KC6l0hniKBsNIJVnQI9uqX16F3Xbc13zvVhlPEUQZn4BxcABvcgAZogTboAgwewTN4BW/Gk/FivBsfy9aSUcycgj9lfP4ArxCbJQ==</latexit><latexit sha1_base64="sXvNTi0iHr95BGLmtFbwtqJnPNE=">AAACDnicbZBNS8MwGMfT+TbnW9Wjl+AYeJDZSkEvwmCXHSfsDdZS0izbwpK2JKkwSj+BF7+KFw+KePXszW9j1vWgmw8Efvz/z5M8+Qcxo1JZ1rdR2tjc2t4p71b29g8Oj8zjk56MEoFJF0csEoMAScJoSLqKKkYGsSCIB4z0g1lz4fcfiJA0CjtqHhOPo0lIxxQjpSXfrLn5HWnAEpKlLk98667ld66cS5i6gsNmx3ayzDerVt3KC66DXUAVFNX2zS93FOGEk1BhhqQc2lasvBQJRTEjWcVNJIkRnqEJGWoMESfSS/NVMljTygiOI6FPqGCu/p5IEZdyzgPdyZGaylVvIf7nDRM1vvVSGsaJIiFePjROGFQRXGQDR1QQrNhcA8KC6l0hniKBsNIJVnQI9uqX16F3Xbc13zvVhlPEUQZn4BxcABvcgAZogTboAgwewTN4BW/Gk/FivBsfy9aSUcycgj9lfP4ArxCbJQ==</latexit><latexit sha1_base64="sXvNTi0iHr95BGLmtFbwtqJnPNE=">AAACDnicbZBNS8MwGMfT+TbnW9Wjl+AYeJDZSkEvwmCXHSfsDdZS0izbwpK2JKkwSj+BF7+KFw+KePXszW9j1vWgmw8Efvz/z5M8+Qcxo1JZ1rdR2tjc2t4p71b29g8Oj8zjk56MEoFJF0csEoMAScJoSLqKKkYGsSCIB4z0g1lz4fcfiJA0CjtqHhOPo0lIxxQjpSXfrLn5HWnAEpKlLk98667ld66cS5i6gsNmx3ayzDerVt3KC66DXUAVFNX2zS93FOGEk1BhhqQc2lasvBQJRTEjWcVNJIkRnqEJGWoMESfSS/NVMljTygiOI6FPqGCu/p5IEZdyzgPdyZGaylVvIf7nDRM1vvVSGsaJIiFePjROGFQRXGQDR1QQrNhcA8KC6l0hniKBsNIJVnQI9uqX16F3Xbc13zvVhlPEUQZn4BxcABvcgAZogTboAgwewTN4BW/Gk/FivBsfy9aSUcycgj9lfP4ArxCbJQ==</latexit>

LHC @ 13 TeV 
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ttγ - Distributions   
  
z Observable relevant for BSM searches:   

Bevilacqua, Hartanto, Kraus, Weber, Worek ‘18 

z Differential K-factor varying only 
from −8% to −18%  

z  Theoretical Error up to ±22% 
	

µ0 = mt/2,CT14
<latexit sha1_base64="8a+cukcAX8H/TLR/x2tMYzuQDns=">AAACDnicbZBNS8MwGMfT+TbnW9Wjl+AYeJDZjoFehMEuHifsDdZS0izdwpK2JKkwSj+BF7+KFw+KePXszW9j1vWgmw8Efvz/z5M8+fsxo1JZ1rdR2tjc2t4p71b29g8Oj8zjk76MEoFJD0csEkMfScJoSHqKKkaGsSCI+4wM/Fl74Q8eiJA0CrtqHhOXo0lIA4qR0pJn1pz8jtRnCclShyeedcs9ddW4hKkjOGx37WaWeWbVql t5wXWwC6iCojqe+eWMI5xwEirMkJQj24qVmyKhKGYkqziJJDHCMzQhI40h4kS6ab5KBmtaGcMgEvqECubq74kUcSnn3NedHKmpXPUW4n/eKFHBjZvSME4UCfHyoSBhUEVwkQ0cU0GwYnMNCAuqd4V4igTCSidY0SHYq19eh36jbmu+b1ZbzSKOMjgD5+AC2OAatMAd6IAewOARPINX8GY8GS/Gu/GxbC0Zxcwp+FPG5w8Y5pto</latexit><latexit sha1_base64="8a+cukcAX8H/TLR/x2tMYzuQDns=">AAACDnicbZBNS8MwGMfT+TbnW9Wjl+AYeJDZjoFehMEuHifsDdZS0izdwpK2JKkwSj+BF7+KFw+KePXszW9j1vWgmw8Efvz/z5M8+fsxo1JZ1rdR2tjc2t4p71b29g8Oj8zjk76MEoFJD0csEkMfScJoSHqKKkaGsSCI+4wM/Fl74Q8eiJA0CrtqHhOXo0lIA4qR0pJn1pz8jtRnCclShyeedcs9ddW4hKkjOGx37WaWeWbVql t5wXWwC6iCojqe+eWMI5xwEirMkJQj24qVmyKhKGYkqziJJDHCMzQhI40h4kS6ab5KBmtaGcMgEvqECubq74kUcSnn3NedHKmpXPUW4n/eKFHBjZvSME4UCfHyoSBhUEVwkQ0cU0GwYnMNCAuqd4V4igTCSidY0SHYq19eh36jbmu+b1ZbzSKOMjgD5+AC2OAatMAd6IAewOARPINX8GY8GS/Gu/GxbC0Zxcwp+FPG5w8Y5pto</latexit><latexit sha1_base64="8a+cukcAX8H/TLR/x2tMYzuQDns=">AAACDnicbZBNS8MwGMfT+TbnW9Wjl+AYeJDZjoFehMEuHifsDdZS0izdwpK2JKkwSj+BF7+KFw+KePXszW9j1vWgmw8Efvz/z5M8+fsxo1JZ1rdR2tjc2t4p71b29g8Oj8zjk76MEoFJD0csEkMfScJoSHqKKkaGsSCI+4wM/Fl74Q8eiJA0CrtqHhOXo0lIA4qR0pJn1pz8jtRnCclShyeedcs9ddW4hKkjOGx37WaWeWbVql t5wXWwC6iCojqe+eWMI5xwEirMkJQj24qVmyKhKGYkqziJJDHCMzQhI40h4kS6ab5KBmtaGcMgEvqECubq74kUcSnn3NedHKmpXPUW4n/eKFHBjZvSME4UCfHyoSBhUEVwkQ0cU0GwYnMNCAuqd4V4igTCSidY0SHYq19eh36jbmu+b1ZbzSKOMjgD5+AC2OAatMAd6IAewOARPINX8GY8GS/Gu/GxbC0Zxcwp+FPG5w8Y5pto</latexit><latexit sha1_base64="8a+cukcAX8H/TLR/x2tMYzuQDns=">AAACDnicbZBNS8MwGMfT+TbnW9Wjl+AYeJDZjoFehMEuHifsDdZS0izdwpK2JKkwSj+BF7+KFw+KePXszW9j1vWgmw8Efvz/z5M8+fsxo1JZ1rdR2tjc2t4p71b29g8Oj8zjk76MEoFJD0csEkMfScJoSHqKKkaGsSCI+4wM/Fl74Q8eiJA0CrtqHhOXo0lIA4qR0pJn1pz8jtRnCclShyeedcs9ddW4hKkjOGx37WaWeWbVql t5wXWwC6iCojqe+eWMI5xwEirMkJQj24qVmyKhKGYkqziJJDHCMzQhI40h4kS6ab5KBmtaGcMgEvqECubq74kUcSnn3NedHKmpXPUW4n/eKFHBjZvSME4UCfHyoSBhUEVwkQ0cU0GwYnMNCAuqd4V4igTCSidY0SHYq19eh36jbmu+b1ZbzSKOMjgD5+AC2OAatMAd6IAewOARPINX8GY8GS/Gu/GxbC0Zxcwp+FPG5w8Y5pto</latexit>

z  Positive corrections up to 13% 
z NLO error bands within the LO 

error band à Error up to ±8% 
 

µ0 = HT /4,CT14
<latexit sha1_base64="sXvNTi0iHr95BGLmtFbwtqJnPNE=">AAACDnicbZBNS8MwGMfT+TbnW9Wjl+AYeJDZSkEvwmCXHSfsDdZS0izbwpK2JKkwSj+BF7+KFw+KePXszW9j1vWgmw8Efvz/z5M8+Qcxo1JZ1rdR2tjc2t4p71b29g8Oj8zjk56MEoFJF0csEoMAScJoSLqKKkYGsSCIB4z0g1lz4fcfiJA0CjtqHhOPo0lIxxQjpSXfrLn5HWnAEpKlLk98667ld66cS5i6gsNmx3ayzDerVt3KC66DXUAVFNX2zS93FOGEk1BhhqQc2lasvBQJRTEjWcVNJIkRnqEJGWoMESfSS/NVMljTygiOI6FPqGCu/p5IEZdyzgPdyZGaylVvIf7nDRM1vvVSGsaJIiFePjROGFQRXGQDR1QQrNhcA8KC6l0hniKBsNIJVnQI9uqX16F3Xbc13zvVhlPEUQZn4BxcABvcgAZogTboAgwewTN4BW/Gk/FivBsfy9aSUcycgj9lfP4ArxCbJQ==</latexit><latexit sha1_base64="sXvNTi0iHr95BGLmtFbwtqJnPNE=">AAACDnicbZBNS8MwGMfT+TbnW9Wjl+AYeJDZSkEvwmCXHSfsDdZS0izbwpK2JKkwSj+BF7+KFw+KePXszW9j1vWgmw8Efvz/z5M8+Qcxo1JZ1rdR2tjc2t4p71b29g8Oj8zjk56MEoFJF0csEoMAScJoSLqKKkYGsSCIB4z0g1lz4fcfiJA0CjtqHhOPo0lIxxQjpSXfrLn5HWnAEpKlLk98667ld66cS5i6gsNmx3ayzDerVt3KC66DXUAVFNX2zS93FOGEk1BhhqQc2lasvBQJRTEjWcVNJIkRnqEJGWoMESfSS/NVMljTygiOI6FPqGCu/p5IEZdyzgPdyZGaylVvIf7nDRM1vvVSGsaJIiFePjROGFQRXGQDR1QQrNhcA8KC6l0hniKBsNIJVnQI9uqX16F3Xbc13zvVhlPEUQZn4BxcABvcgAZogTboAgwewTN4BW/Gk/FivBsfy9aSUcycgj9lfP4ArxCbJQ==</latexit><latexit sha1_base64="sXvNTi0iHr95BGLmtFbwtqJnPNE=">AAACDnicbZBNS8MwGMfT+TbnW9Wjl+AYeJDZSkEvwmCXHSfsDdZS0izbwpK2JKkwSj+BF7+KFw+KePXszW9j1vWgmw8Efvz/z5M8+Qcxo1JZ1rdR2tjc2t4p71b29g8Oj8zjk56MEoFJF0csEoMAScJoSLqKKkYGsSCIB4z0g1lz4fcfiJA0CjtqHhOPo0lIxxQjpSXfrLn5HWnAEpKlLk98667ld66cS5i6gsNmx3ayzDerVt3KC66DXUAVFNX2zS93FOGEk1BhhqQc2lasvBQJRTEjWcVNJIkRnqEJGWoMESfSS/NVMljTygiOI6FPqGCu/p5IEZdyzgPdyZGaylVvIf7nDRM1vvVSGsaJIiFePjROGFQRXGQDR1QQrNhcA8KC6l0hniKBsNIJVnQI9uqX16F3Xbc13zvVhlPEUQZn4BxcABvcgAZogTboAgwewTN4BW/Gk/FivBsfy9aSUcycgj9lfP4ArxCbJQ==</latexit><latexit sha1_base64="sXvNTi0iHr95BGLmtFbwtqJnPNE=">AAACDnicbZBNS8MwGMfT+TbnW9Wjl+AYeJDZSkEvwmCXHSfsDdZS0izbwpK2JKkwSj+BF7+KFw+KePXszW9j1vWgmw8Efvz/z5M8+Qcxo1JZ1rdR2tjc2t4p71b29g8Oj8zjk56MEoFJF0csEoMAScJoSLqKKkYGsSCIB4z0g1lz4fcfiJA0CjtqHhOPo0lIxxQjpSXfrLn5HWnAEpKlLk98667ld66cS5i6gsNmx3ayzDerVt3KC66DXUAVFNX2zS93FOGEk1BhhqQc2lasvBQJRTEjWcVNJIkRnqEJGWoMESfSS/NVMljTygiOI6FPqGCu/p5IEZdyzgPdyZGaylVvIf7nDRM1vvVSGsaJIiFePjROGFQRXGQDR1QQrNhcA8KC6l0hniKBsNIJVnQI9uqX16F3Xbc13zvVhlPEUQZn4BxcABvcgAZogTboAgwewTN4BW/Gk/FivBsfy9aSUcycgj9lfP4ArxCbJQ==</latexit>

pT (�)
<latexit sha1_base64="U9G+bIBlh33aGs7z9LucjEvqXOY=">AAACBHicbZBNS8MwGMdTX+d8q3rcJTiEeRmtDPQ48OJxwt5gLSXN0i0sSUuSCqP04MWv4sWDIl79EN78NmZdD7r5QODH//88yZN/mDCqtON8WxubW9s7u5W96v7B4dGxfXLaV3EqMenhmMVyGCJFGBWkp6lmZJhIgnjIyCCc3S78wQORisaiq+cJ8TmaCBpRjLSRArvmFXdkIUtJnsEk6Da8CeIcXcI8sOtO0ykKroNbQh2U1QnsL28c45QToTFDSo1cJ9F+hqSmmJG86qWKJAjP0ISMDArEifKzYoEcXhhlDKNYmiM0LNTfExniSs15aDo50lO16i3E/7xRqqMbP6MiSTURePlQlDKoY7hIBI6pJFizuQGEJTW7QjxFEmFtcquaENzVL69D/6rpGr5v1dutMo4KqIFz0AAuuAZtcAc6oAcweATP4BW8WU/Wi/VufSxbN6xy5gz8KevzB1Vpl9E=</latexit><latexit sha1_base64="U9G+bIBlh33aGs7z9LucjEvqXOY=">AAACBHicbZBNS8MwGMdTX+d8q3rcJTiEeRmtDPQ48OJxwt5gLSXN0i0sSUuSCqP04MWv4sWDIl79EN78NmZdD7r5QODH//88yZN/mDCqtON8WxubW9s7u5W96v7B4dGxfXLaV3EqMenhmMVyGCJFGBWkp6lmZJhIgnjIyCCc3S78wQORisaiq+cJ8TmaCBpRjLSRArvmFXdkIUtJnsEk6Da8CeIcXcI8sOtO0ykKroNbQh2U1QnsL28c45QToTFDSo1cJ9F+hqSmmJG86qWKJAjP0ISMDArEifKzYoEcXhhlDKNYmiM0LNTfExniSs15aDo50lO16i3E/7xRqqMbP6MiSTURePlQlDKoY7hIBI6pJFizuQGEJTW7QjxFEmFtcquaENzVL69D/6rpGr5v1dutMo4KqIFz0AAuuAZtcAc6oAcweATP4BW8WU/Wi/VufSxbN6xy5gz8KevzB1Vpl9E=</latexit><latexit sha1_base64="U9G+bIBlh33aGs7z9LucjEvqXOY=">AAACBHicbZBNS8MwGMdTX+d8q3rcJTiEeRmtDPQ48OJxwt5gLSXN0i0sSUuSCqP04MWv4sWDIl79EN78NmZdD7r5QODH//88yZN/mDCqtON8WxubW9s7u5W96v7B4dGxfXLaV3EqMenhmMVyGCJFGBWkp6lmZJhIgnjIyCCc3S78wQORisaiq+cJ8TmaCBpRjLSRArvmFXdkIUtJnsEk6Da8CeIcXcI8sOtO0ykKroNbQh2U1QnsL28c45QToTFDSo1cJ9F+hqSmmJG86qWKJAjP0ISMDArEifKzYoEcXhhlDKNYmiM0LNTfExniSs15aDo50lO16i3E/7xRqqMbP6MiSTURePlQlDKoY7hIBI6pJFizuQGEJTW7QjxFEmFtcquaENzVL69D/6rpGr5v1dutMo4KqIFz0AAuuAZtcAc6oAcweATP4BW8WU/Wi/VufSxbN6xy5gz8KevzB1Vpl9E=</latexit><latexit sha1_base64="U9G+bIBlh33aGs7z9LucjEvqXOY=">AAACBHicbZBNS8MwGMdTX+d8q3rcJTiEeRmtDPQ48OJxwt5gLSXN0i0sSUuSCqP04MWv4sWDIl79EN78NmZdD7r5QODH//88yZN/mDCqtON8WxubW9s7u5W96v7B4dGxfXLaV3EqMenhmMVyGCJFGBWkp6lmZJhIgnjIyCCc3S78wQORisaiq+cJ8TmaCBpRjLSRArvmFXdkIUtJnsEk6Da8CeIcXcI8sOtO0ykKroNbQh2U1QnsL28c45QToTFDSo1cJ9F+hqSmmJG86qWKJAjP0ISMDArEifKzYoEcXhhlDKNYmiM0LNTfExniSs15aDo50lO16i3E/7xRqqMbP6MiSTURePlQlDKoY7hIBI6pJFizuQGEJTW7QjxFEmFtcquaENzVL69D/6rpGr5v1dutMo4KqIFz0AAuuAZtcAc6oAcweATP4BW8WU/Wi/VufSxbN6xy5gz8KevzB1Vpl9E=</latexit> LHC @ 13 TeV 
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ttγ - Distributions  

µ0 = mt/2,CT14
<latexit sha1_base64="8a+cukcAX8H/TLR/x2tMYzuQDns=">AAACDnicbZBNS8MwGMfT+TbnW9Wjl+AYeJDZjoFehMEuHifsDdZS0izdwpK2JKkwSj+BF7+KFw+KePXszW9j1vWgmw8Efvz/z5M8+fsxo1JZ1rdR2tjc2t4p71b29g8Oj8zjk76MEoFJD0csEkMfScJoSHqKKkaGsSCI+4wM/Fl74Q8eiJA0CrtqHhOXo0lIA4qR0pJn1pz8jtRnCclShyeedcs9ddW4hKkjOGx37WaWeWbVqlt5wXWwC6iCojqe+eWMI5xwEirMkJQj24qVmyKhKGYkqziJJDHCMzQhI40h4kS6ab5KBmtaGcMgEvqECubq74kUcSnn3NedHKmpXPUW4n/eKFHBjZvSME4UCfHyoSBhUEVwkQ0cU0GwYnMNCAuqd4V4igTCSidY0SHYq19eh36jbmu+b1ZbzSKOMjgD5+AC2OAatMAd6IAewOARPINX8GY8GS/Gu/GxbC0Zxcwp+FPG5w8Y5pto</latexit><latexit sha1_base64="8a+cukcAX8H/TLR/x2tMYzuQDns=">AAACDnicbZBNS8MwGMfT+TbnW9Wjl+AYeJDZjoFehMEuHifsDdZS0izdwpK2JKkwSj+BF7+KFw+KePXszW9j1vWgmw8Efvz/z5M8+fsxo1JZ1rdR2tjc2t4p71b29g8Oj8zjk76MEoFJD0csEkMfScJoSHqKKkaGsSCI+4wM/Fl74Q8eiJA0CrtqHhOXo0lIA4qR0pJn1pz8jtRnCclShyeedcs9ddW4hKkjOGx37WaWeWbVqlt5wXWwC6iCojqe+eWMI5xwEirMkJQj24qVmyKhKGYkqziJJDHCMzQhI40h4kS6ab5KBmtaGcMgEvqECubq74kUcSnn3NedHKmpXPUW4n/eKFHBjZvSME4UCfHyoSBhUEVwkQ0cU0GwYnMNCAuqd4V4igTCSidY0SHYq19eh36jbmu+b1ZbzSKOMjgD5+AC2OAatMAd6IAewOARPINX8GY8GS/Gu/GxbC0Zxcwp+FPG5w8Y5pto</latexit><latexit sha1_base64="8a+cukcAX8H/TLR/x2tMYzuQDns=">AAACDnicbZBNS8MwGMfT+TbnW9Wjl+AYeJDZjoFehMEuHifsDdZS0izdwpK2JKkwSj+BF7+KFw+KePXszW9j1vWgmw8Efvz/z5M8+fsxo1JZ1rdR2tjc2t4p71b29g8Oj8zjk76MEoFJD0csEkMfScJoSHqKKkaGsSCI+4wM/Fl74Q8eiJA0CrtqHhOXo0lIA4qR0pJn1pz8jtRnCclShyeedcs9ddW4hKkjOGx37WaWeWbVqlt5wXWwC6iCojqe+eWMI5xwEirMkJQj24qVmyKhKGYkqziJJDHCMzQhI40h4kS6ab5KBmtaGcMgEvqECubq74kUcSnn3NedHKmpXPUW4n/eKFHBjZvSME4UCfHyoSBhUEVwkQ0cU0GwYnMNCAuqd4V4igTCSidY0SHYq19eh36jbmu+b1ZbzSKOMjgD5+AC2OAatMAd6IAewOARPINX8GY8GS/Gu/GxbC0Zxcwp+FPG5w8Y5pto</latexit><latexit sha1_base64="8a+cukcAX8H/TLR/x2tMYzuQDns=">AAACDnicbZBNS8MwGMfT+TbnW9Wjl+AYeJDZjoFehMEuHifsDdZS0izdwpK2JKkwSj+BF7+KFw+KePXszW9j1vWgmw8Efvz/z5M8+fsxo1JZ1rdR2tjc2t4p71b29g8Oj8zjk76MEoFJD0csEkMfScJoSHqKKkaGsSCI+4wM/Fl74Q8eiJA0CrtqHhOXo0lIA4qR0pJn1pz8jtRnCclShyeedcs9ddW4hKkjOGx37WaWeWbVqlt5wXWwC6iCojqe+eWMI5xwEirMkJQj24qVmyKhKGYkqziJJDHCMzQhI40h4kS6ab5KBmtaGcMgEvqECubq74kUcSnn3NedHKmpXPUW4n/eKFHBjZvSME4UCfHyoSBhUEVwkQ0cU0GwYnMNCAuqd4V4igTCSidY0SHYq19eh36jbmu+b1ZbzSKOMjgD5+AC2OAatMAd6IAewOARPINX8GY8GS/Gu/GxbC0Zxcwp+FPG5w8Y5pto</latexit>

µ0 = HT /4,CT14
<latexit sha1_base64="sXvNTi0iHr95BGLmtFbwtqJnPNE=">AAACDnicbZBNS8MwGMfT+TbnW9Wjl+AYeJDZSkEvwmCXHSfsDdZS0izbwpK2JKkwSj+BF7+KFw+KePXszW9j1vWgmw8Efvz/z5M8+Qcxo1JZ1rdR2tjc2t4p71b29g8Oj8zjk56MEoFJF0csEoMAScJoSLqKKkYGsSCIB4z0g1lz4fcfiJA0CjtqHhOPo0lIxxQjpSXfrLn5HWnAEpKlLk98667ld66cS5i6gsNmx3ayzDerVt3KC66DXUAVFNX2zS93FOGEk1BhhqQc2lasvBQJRTEjWcVNJIkRnqEJGWoMESfSS/NVMljTygiOI6FPqGCu/p5IEZdyzgPdyZGaylVvIf7nDRM1vvVSGsaJIiFePjROGFQRXGQDR1QQrNhcA8KC6l0hniKBsNIJVnQI9uqX16F3Xbc13zvVhlPEUQZn4BxcABvcgAZogTboAgwewTN4BW/Gk/FivBsfy9aSUcycgj9lfP4ArxCbJQ==</latexit><latexit sha1_base64="sXvNTi0iHr95BGLmtFbwtqJnPNE=">AAACDnicbZBNS8MwGMfT+TbnW9Wjl+AYeJDZSkEvwmCXHSfsDdZS0izbwpK2JKkwSj+BF7+KFw+KePXszW9j1vWgmw8Efvz/z5M8+Qcxo1JZ1rdR2tjc2t4p71b29g8Oj8zjk56MEoFJF0csEoMAScJoSLqKKkYGsSCIB4z0g1lz4fcfiJA0CjtqHhOPo0lIxxQjpSXfrLn5HWnAEpKlLk98667ld66cS5i6gsNmx3ayzDerVt3KC66DXUAVFNX2zS93FOGEk1BhhqQc2lasvBQJRTEjWcVNJIkRnqEJGWoMESfSS/NVMljTygiOI6FPqGCu/p5IEZdyzgPdyZGaylVvIf7nDRM1vvVSGsaJIiFePjROGFQRXGQDR1QQrNhcA8KC6l0hniKBsNIJVnQI9uqX16F3Xbc13zvVhlPEUQZn4BxcABvcgAZogTboAgwewTN4BW/Gk/FivBsfy9aSUcycgj9lfP4ArxCbJQ==</latexit><latexit sha1_base64="sXvNTi0iHr95BGLmtFbwtqJnPNE=">AAACDnicbZBNS8MwGMfT+TbnW9Wjl+AYeJDZSkEvwmCXHSfsDdZS0izbwpK2JKkwSj+BF7+KFw+KePXszW9j1vWgmw8Efvz/z5M8+Qcxo1JZ1rdR2tjc2t4p71b29g8Oj8zjk56MEoFJF0csEoMAScJoSLqKKkYGsSCIB4z0g1lz4fcfiJA0CjtqHhOPo0lIxxQjpSXfrLn5HWnAEpKlLk98667ld66cS5i6gsNmx3ayzDerVt3KC66DXUAVFNX2zS93FOGEk1BhhqQc2lasvBQJRTEjWcVNJIkRnqEJGWoMESfSS/NVMljTygiOI6FPqGCu/p5IEZdyzgPdyZGaylVvIf7nDRM1vvVSGsaJIiFePjROGFQRXGQDR1QQrNhcA8KC6l0hniKBsNIJVnQI9uqX16F3Xbc13zvVhlPEUQZn4BxcABvcgAZogTboAgwewTN4BW/Gk/FivBsfy9aSUcycgj9lfP4ArxCbJQ==</latexit><latexit sha1_base64="sXvNTi0iHr95BGLmtFbwtqJnPNE=">AAACDnicbZBNS8MwGMfT+TbnW9Wjl+AYeJDZSkEvwmCXHSfsDdZS0izbwpK2JKkwSj+BF7+KFw+KePXszW9j1vWgmw8Efvz/z5M8+Qcxo1JZ1rdR2tjc2t4p71b29g8Oj8zjk56MEoFJF0csEoMAScJoSLqKKkYGsSCIB4z0g1lz4fcfiJA0CjtqHhOPo0lIxxQjpSXfrLn5HWnAEpKlLk98667ld66cS5i6gsNmx3ayzDerVt3KC66DXUAVFNX2zS93FOGEk1BhhqQc2lasvBQJRTEjWcVNJIkRnqEJGWoMESfSS/NVMljTygiOI6FPqGCu/p5IEZdyzgPdyZGaylVvIf7nDRM1vvVSGsaJIiFePjROGFQRXGQDR1QQrNhcA8KC6l0hniKBsNIJVnQI9uqX16F3Xbc13zvVhlPEUQZn4BxcABvcgAZogTboAgwewTN4BW/Gk/FivBsfy9aSUcycgj9lfP4ArxCbJQ==</latexit>

z NLO Corrections up to -43% 
z  Theoretical uncertainties up to ±56% 

z NLO Corrections up to +8% 
z  Error reduced down to ±7%	

Dynamical scale very effective in stabilizing perturbative convergence. 
Provides smaller theoretical error ! 

For all considered observables errors are below (±10% - ±30%) ! 

LHC @ 13 TeV 
Bevilacqua, Hartanto, Kraus, Weber, Worek ‘18 pT (l1)

<latexit sha1_base64="JSwABMKcyzUXZuTFCAiBAGCuXEM=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIgVdFty4rNAbtCFMppN26GQSZiZCCXXjq7hxoYhb38Kdb+M0zUJbDwx8/P85c2b+IOFMacf5ttbWNza3tks75d29/YND++i4o+JUEtomMY9lL8CKciZoWzPNaS+RFEcBp91gcjv3uw9UKhaLlp4m1IvwSLCQEayN5Nung/yOLOApnWUo8VtV7ruXaObbFafm5IVWwS2gAkU1fftrMIxJGlGhCcdK9V0n0V6GpWaE01l5kCqaYDLBI9o3KHBElZfl22fowihDFMbSHKFRrv6eyHCk1DQKTGeE9Vgte3PxP6+f6vDGy5hIUk0FWSwKU450jOZxoCGTlGg+NYCJZOatiIyxxESb0MomBHf5y6vQuaq5hu/rlUa9iKMEZ3AOVXDhGhpwB01oA4FHeIZXeLOerBfr3fpYtK5ZxcwJ/Cnr8wet0JZQ</latexit><latexit sha1_base64="JSwABMKcyzUXZuTFCAiBAGCuXEM=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIgVdFty4rNAbtCFMppN26GQSZiZCCXXjq7hxoYhb38Kdb+M0zUJbDwx8/P85c2b+IOFMacf5ttbWNza3tks75d29/YND++i4o+JUEtomMY9lL8CKciZoWzPNaS+RFEcBp91gcjv3uw9UKhaLlp4m1IvwSLCQEayN5Nung/yOLOApnWUo8VtV7ruXaObbFafm5IVWwS2gAkU1fftrMIxJGlGhCcdK9V0n0V6GpWaE01l5kCqaYDLBI9o3KHBElZfl22fowihDFMbSHKFRrv6eyHCk1DQKTGeE9Vgte3PxP6+f6vDGy5hIUk0FWSwKU450jOZxoCGTlGg+NYCJZOatiIyxxESb0MomBHf5y6vQuaq5hu/rlUa9iKMEZ3AOVXDhGhpwB01oA4FHeIZXeLOerBfr3fpYtK5ZxcwJ/Cnr8wet0JZQ</latexit><latexit sha1_base64="JSwABMKcyzUXZuTFCAiBAGCuXEM=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIgVdFty4rNAbtCFMppN26GQSZiZCCXXjq7hxoYhb38Kdb+M0zUJbDwx8/P85c2b+IOFMacf5ttbWNza3tks75d29/YND++i4o+JUEtomMY9lL8CKciZoWzPNaS+RFEcBp91gcjv3uw9UKhaLlp4m1IvwSLCQEayN5Nung/yOLOApnWUo8VtV7ruXaObbFafm5IVWwS2gAkU1fftrMIxJGlGhCcdK9V0n0V6GpWaE01l5kCqaYDLBI9o3KHBElZfl22fowihDFMbSHKFRrv6eyHCk1DQKTGeE9Vgte3PxP6+f6vDGy5hIUk0FWSwKU450jOZxoCGTlGg+NYCJZOatiIyxxESb0MomBHf5y6vQuaq5hu/rlUa9iKMEZ3AOVXDhGhpwB01oA4FHeIZXeLOerBfr3fpYtK5ZxcwJ/Cnr8wet0JZQ</latexit><latexit sha1_base64="JSwABMKcyzUXZuTFCAiBAGCuXEM=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIgVdFty4rNAbtCFMppN26GQSZiZCCXXjq7hxoYhb38Kdb+M0zUJbDwx8/P85c2b+IOFMacf5ttbWNza3tks75d29/YND++i4o+JUEtomMY9lL8CKciZoWzPNaS+RFEcBp91gcjv3uw9UKhaLlp4m1IvwSLCQEayN5Nung/yOLOApnWUo8VtV7ruXaObbFafm5IVWwS2gAkU1fftrMIxJGlGhCcdK9V0n0V6GpWaE01l5kCqaYDLBI9o3KHBElZfl22fowihDFMbSHKFRrv6eyHCk1DQKTGeE9Vgte3PxP6+f6vDGy5hIUk0FWSwKU450jOZxoCGTlGg+NYCJZOatiIyxxESb0MomBHf5y6vQuaq5hu/rlUa9iKMEZ3AOVXDhGhpwB01oA4FHeIZXeLOerBfr3fpYtK5ZxcwJ/Cnr8wet0JZQ</latexit>
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ttγ - Distributions  

µ0 = mt/2,CT14
<latexit sha1_base64="8a+cukcAX8H/TLR/x2tMYzuQDns=">AAACDnicbZBNS8MwGMfT+TbnW9Wjl+AYeJDZjoFehMEuHifsDdZS0izdwpK2JKkwSj+BF7+KFw+KePXszW9j1vWgmw8Efvz/z5M8+fsxo1JZ1rdR2tjc2t4p71b29g8Oj8zjk76MEoFJD0csEkMfScJoSHqKKkaGsSCI+4wM/Fl74Q8eiJA0CrtqHhOXo0lIA4qR0pJn1pz8jtRnCclShyeedcs9ddW4hKkjOGx37WaWeWbVql t5wXWwC6iCojqe+eWMI5xwEirMkJQj24qVmyKhKGYkqziJJDHCMzQhI40h4kS6ab5KBmtaGcMgEvqECubq74kUcSnn3NedHKmpXPUW4n/eKFHBjZvSME4UCfHyoSBhUEVwkQ0cU0GwYnMNCAuqd4V4igTCSidY0SHYq19eh36jbmu+b1ZbzSKOMjgD5+AC2OAatMAd6IAewOARPINX8GY8GS/Gu/GxbC0Zxcwp+FPG5w8Y5pto</latexit><latexit sha1_base64="8a+cukcAX8H/TLR/x2tMYzuQDns=">AAACDnicbZBNS8MwGMfT+TbnW9Wjl+AYeJDZjoFehMEuHifsDdZS0izdwpK2JKkwSj+BF7+KFw+KePXszW9j1vWgmw8Efvz/z5M8+fsxo1JZ1rdR2tjc2t4p71b29g8Oj8zjk76MEoFJD0csEkMfScJoSHqKKkaGsSCI+4wM/Fl74Q8eiJA0CrtqHhOXo0lIA4qR0pJn1pz8jtRnCclShyeedcs9ddW4hKkjOGx37WaWeWbVql t5wXWwC6iCojqe+eWMI5xwEirMkJQj24qVmyKhKGYkqziJJDHCMzQhI40h4kS6ab5KBmtaGcMgEvqECubq74kUcSnn3NedHKmpXPUW4n/eKFHBjZvSME4UCfHyoSBhUEVwkQ0cU0GwYnMNCAuqd4V4igTCSidY0SHYq19eh36jbmu+b1ZbzSKOMjgD5+AC2OAatMAd6IAewOARPINX8GY8GS/Gu/GxbC0Zxcwp+FPG5w8Y5pto</latexit><latexit sha1_base64="8a+cukcAX8H/TLR/x2tMYzuQDns=">AAACDnicbZBNS8MwGMfT+TbnW9Wjl+AYeJDZjoFehMEuHifsDdZS0izdwpK2JKkwSj+BF7+KFw+KePXszW9j1vWgmw8Efvz/z5M8+fsxo1JZ1rdR2tjc2t4p71b29g8Oj8zjk76MEoFJD0csEkMfScJoSHqKKkaGsSCI+4wM/Fl74Q8eiJA0CrtqHhOXo0lIA4qR0pJn1pz8jtRnCclShyeedcs9ddW4hKkjOGx37WaWeWbVql t5wXWwC6iCojqe+eWMI5xwEirMkJQj24qVmyKhKGYkqziJJDHCMzQhI40h4kS6ab5KBmtaGcMgEvqECubq74kUcSnn3NedHKmpXPUW4n/eKFHBjZvSME4UCfHyoSBhUEVwkQ0cU0GwYnMNCAuqd4V4igTCSidY0SHYq19eh36jbmu+b1ZbzSKOMjgD5+AC2OAatMAd6IAewOARPINX8GY8GS/Gu/GxbC0Zxcwp+FPG5w8Y5pto</latexit><latexit sha1_base64="8a+cukcAX8H/TLR/x2tMYzuQDns=">AAACDnicbZBNS8MwGMfT+TbnW9Wjl+AYeJDZjoFehMEuHifsDdZS0izdwpK2JKkwSj+BF7+KFw+KePXszW9j1vWgmw8Efvz/z5M8+fsxo1JZ1rdR2tjc2t4p71b29g8Oj8zjk76MEoFJD0csEkMfScJoSHqKKkaGsSCI+4wM/Fl74Q8eiJA0CrtqHhOXo0lIA4qR0pJn1pz8jtRnCclShyeedcs9ddW4hKkjOGx37WaWeWbVql t5wXWwC6iCojqe+eWMI5xwEirMkJQj24qVmyKhKGYkqziJJDHCMzQhI40h4kS6ab5KBmtaGcMgEvqECubq74kUcSnn3NedHKmpXPUW4n/eKFHBjZvSME4UCfHyoSBhUEVwkQ0cU0GwYnMNCAuqd4V4igTCSidY0SHYq19eh36jbmu+b1ZbzSKOMjgD5+AC2OAatMAd6IAewOARPINX8GY8GS/Gu/GxbC0Zxcwp+FPG5w8Y5pto</latexit>

µ0 = HT /4,CT14
<latexit sha1_base64="sXvNTi0iHr95BGLmtFbwtqJnPNE=">AAACDnicbZBNS8MwGMfT+TbnW9Wjl+AYeJDZSkEvwmCXHSfsDdZS0izbwpK2JKkwSj+BF7+KFw+KePXszW9j1vWgmw8Efvz/z5M8+Qcxo1JZ1rdR2tjc2t4p71b29g8Oj8zjk56MEoFJF0csEoMAScJoSLqKKkYGsSCIB4z0g1lz4fcfiJA0CjtqHhOPo0lIxxQjpSXfrLn5HWnAEpKlLk98667ld66cS5i6gsNmx3ayzDerVt3KC66DXUAVFNX2zS93FOGEk1BhhqQc2lasvBQJRTEjWcVNJIkRnqEJGWoMESfSS/NVMljTygiOI6FPqGCu/p5IEZdyzgPdyZGaylVvIf7nDRM1vvVSGsaJIiFePjROGFQRXGQDR1QQrNhcA8KC6l0hniKBsNIJVnQI9uqX16F3Xbc13zvVhlPEUQZn4BxcABvcgAZogTboAgwewTN4BW/Gk/FivBsfy9aSUcycgj9lfP4ArxCbJQ==</latexit><latexit sha1_base64="sXvNTi0iHr95BGLmtFbwtqJnPNE=">AAACDnicbZBNS8MwGMfT+TbnW9Wjl+AYeJDZSkEvwmCXHSfsDdZS0izbwpK2JKkwSj+BF7+KFw+KePXszW9j1vWgmw8Efvz/z5M8+Qcxo1JZ1rdR2tjc2t4p71b29g8Oj8zjk56MEoFJF0csEoMAScJoSLqKKkYGsSCIB4z0g1lz4fcfiJA0CjtqHhOPo0lIxxQjpSXfrLn5HWnAEpKlLk98667ld66cS5i6gsNmx3ayzDerVt3KC66DXUAVFNX2zS93FOGEk1BhhqQc2lasvBQJRTEjWcVNJIkRnqEJGWoMESfSS/NVMljTygiOI6FPqGCu/p5IEZdyzgPdyZGaylVvIf7nDRM1vvVSGsaJIiFePjROGFQRXGQDR1QQrNhcA8KC6l0hniKBsNIJVnQI9uqX16F3Xbc13zvVhlPEUQZn4BxcABvcgAZogTboAgwewTN4BW/Gk/FivBsfy9aSUcycgj9lfP4ArxCbJQ==</latexit><latexit sha1_base64="sXvNTi0iHr95BGLmtFbwtqJnPNE=">AAACDnicbZBNS8MwGMfT+TbnW9Wjl+AYeJDZSkEvwmCXHSfsDdZS0izbwpK2JKkwSj+BF7+KFw+KePXszW9j1vWgmw8Efvz/z5M8+Qcxo1JZ1rdR2tjc2t4p71b29g8Oj8zjk56MEoFJF0csEoMAScJoSLqKKkYGsSCIB4z0g1lz4fcfiJA0CjtqHhOPo0lIxxQjpSXfrLn5HWnAEpKlLk98667ld66cS5i6gsNmx3ayzDerVt3KC66DXUAVFNX2zS93FOGEk1BhhqQc2lasvBQJRTEjWcVNJIkRnqEJGWoMESfSS/NVMljTygiOI6FPqGCu/p5IEZdyzgPdyZGaylVvIf7nDRM1vvVSGsaJIiFePjROGFQRXGQDR1QQrNhcA8KC6l0hniKBsNIJVnQI9uqX16F3Xbc13zvVhlPEUQZn4BxcABvcgAZogTboAgwewTN4BW/Gk/FivBsfy9aSUcycgj9lfP4ArxCbJQ==</latexit><latexit sha1_base64="sXvNTi0iHr95BGLmtFbwtqJnPNE=">AAACDnicbZBNS8MwGMfT+TbnW9Wjl+AYeJDZSkEvwmCXHSfsDdZS0izbwpK2JKkwSj+BF7+KFw+KePXszW9j1vWgmw8Efvz/z5M8+Qcxo1JZ1rdR2tjc2t4p71b29g8Oj8zjk56MEoFJF0csEoMAScJoSLqKKkYGsSCIB4z0g1lz4fcfiJA0CjtqHhOPo0lIxxQjpSXfrLn5HWnAEpKlLk98667ld66cS5i6gsNmx3ayzDerVt3KC66DXUAVFNX2zS93FOGEk1BhhqQc2lasvBQJRTEjWcVNJIkRnqEJGWoMESfSS/NVMljTygiOI6FPqGCu/p5IEZdyzgPdyZGaylVvIf7nDRM1vvVSGsaJIiFePjROGFQRXGQDR1QQrNhcA8KC6l0hniKBsNIJVnQI9uqX16F3Xbc13zvVhlPEUQZn4BxcABvcgAZogTboAgwewTN4BW/Gk/FivBsfy9aSUcycgj9lfP4ArxCbJQ==</latexit>

z NLO Corrections up to -76% 
z  Theoretical uncertainties up to ±186% 

z NLO Corrections up to -30% 
z  Error reduced down to ±31%	

LHC @ 13 TeV 
Bevilacqua, Hartanto, Kraus, Weber, Worek ‘18 pT (l2)

<latexit sha1_base64="Wi7BMRZnnYMzKUFFVF6UHHQfmGo=">AAACAXicbZDLSsNAFIZP6q3WW9SN4GawCHVTklLQZcGNywq9QRvCZDpph04uzEyEEuLGV3HjQhG3voU738ZpmoW2Hhj4+P9z5sz8XsyZVJb1bZQ2Nre2d8q7lb39g8Mj8/ikJ6NEENolEY/EwMOSchbSrmKK00EsKA48Tvve7Hbh9x+okCwKO2oeUyfAk5D5jGClJdc8G+V3pB5PaJai2O3UuNu4QplrVq26lRdaB7uAKhTVds2v0TgiSUBDRTiWcmhbsXJSLBQjnGaVUSJpjMkMT+hQY4gDKp00356hS62MkR8JfUKFcvX3RIoDKeeBpzsDrKZy1VuI/3nDRPk3TsrCOFE0JMtFfsKRitAiDjRmghLF5xowEUy/FZEpFpgoHVpFh2Cvfnkdeo26rfm+WW01izjKcA4XUAMbrqEFd9CGLhB4hGd4hTfjyXgx3o2PZWvJKGZO4U8Znz+vV5ZR</latexit><latexit sha1_base64="Wi7BMRZnnYMzKUFFVF6UHHQfmGo=">AAACAXicbZDLSsNAFIZP6q3WW9SN4GawCHVTklLQZcGNywq9QRvCZDpph04uzEyEEuLGV3HjQhG3voU738ZpmoW2Hhj4+P9z5sz8XsyZVJb1bZQ2Nre2d8q7lb39g8Mj8/ikJ6NEENolEY/EwMOSchbSrmKK00EsKA48Tvve7Hbh9x+okCwKO2oeUyfAk5D5jGClJdc8G+V3pB5PaJai2O3UuNu4QplrVq26lRdaB7uAKhTVds2v0TgiSUBDRTiWcmhbsXJSLBQjnGaVUSJpjMkMT+hQY4gDKp00356hS62MkR8JfUKFcvX3RIoDKeeBpzsDrKZy1VuI/3nDRPk3TsrCOFE0JMtFfsKRitAiDjRmghLF5xowEUy/FZEpFpgoHVpFh2Cvfnkdeo26rfm+WW01izjKcA4XUAMbrqEFd9CGLhB4hGd4hTfjyXgx3o2PZWvJKGZO4U8Znz+vV5ZR</latexit><latexit sha1_base64="Wi7BMRZnnYMzKUFFVF6UHHQfmGo=">AAACAXicbZDLSsNAFIZP6q3WW9SN4GawCHVTklLQZcGNywq9QRvCZDpph04uzEyEEuLGV3HjQhG3voU738ZpmoW2Hhj4+P9z5sz8XsyZVJb1bZQ2Nre2d8q7lb39g8Mj8/ikJ6NEENolEY/EwMOSchbSrmKK00EsKA48Tvve7Hbh9x+okCwKO2oeUyfAk5D5jGClJdc8G+V3pB5PaJai2O3UuNu4QplrVq26lRdaB7uAKhTVds2v0TgiSUBDRTiWcmhbsXJSLBQjnGaVUSJpjMkMT+hQY4gDKp00356hS62MkR8JfUKFcvX3RIoDKeeBpzsDrKZy1VuI/3nDRPk3TsrCOFE0JMtFfsKRitAiDjRmghLF5xowEUy/FZEpFpgoHVpFh2Cvfnkdeo26rfm+WW01izjKcA4XUAMbrqEFd9CGLhB4hGd4hTfjyXgx3o2PZWvJKGZO4U8Znz+vV5ZR</latexit><latexit sha1_base64="Wi7BMRZnnYMzKUFFVF6UHHQfmGo=">AAACAXicbZDLSsNAFIZP6q3WW9SN4GawCHVTklLQZcGNywq9QRvCZDpph04uzEyEEuLGV3HjQhG3voU738ZpmoW2Hhj4+P9z5sz8XsyZVJb1bZQ2Nre2d8q7lb39g8Mj8/ikJ6NEENolEY/EwMOSchbSrmKK00EsKA48Tvve7Hbh9x+okCwKO2oeUyfAk5D5jGClJdc8G+V3pB5PaJai2O3UuNu4QplrVq26lRdaB7uAKhTVds2v0TgiSUBDRTiWcmhbsXJSLBQjnGaVUSJpjMkMT+hQY4gDKp00356hS62MkR8JfUKFcvX3RIoDKeeBpzsDrKZy1VuI/3nDRPk3TsrCOFE0JMtFfsKRitAiDjRmghLF5xowEUy/FZEpFpgoHVpFh2Cvfnkdeo26rfm+WW01izjKcA4XUAMbrqEFd9CGLhB4hGd4hTfjyXgx3o2PZWvJKGZO4U8Znz+vV5ZR</latexit>

Dynamical scale very effective in stabilizing perturbative convergence. 
Provides smaller theoretical error ! 

For all considered observables errors are below (±10% - ±30%) ! 
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z  Can we decrease theoretical error even further for        ? 

z  For fiducial cross section with dynamical scale we have ±6% 

z  For differential distributions we have (±10% - ±30%) 

z Answer is yes !  à with ttγ/tt we have ±1% - ±3% for  
     absolute cross section ratio 
 
z Differential cross section ratios ±1% -± 6%  

z High precision comparable to NNLO QCD results for top quark physics ! 

z  Processes need to be correlated à top quark pair production excellent candidate  

z  Similar dynamical  scale choice need to be implemented for μ1 and μ2  ! 

 

 
 

Cross Section Ratio(s) – ttγ/tt 
tt̄�
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ttγ vs. tt 

Bevilacqua, Hartanto, Kraus, Weber, Worek ‘18 
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Cross Section Ratio – ttγ/tt 

z Our best NLO QCD predictions with dynamical scale choice:  
	

Bevilacqua, Hartanto, Kraus,  
Weber, Worek ‘18 
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Differential Cross Section Ratio 
Bevilacqua, Hartanto, Kraus, Weber, Worek ‘18 

z  Should be compared to uncertainties for absolute differential cross section 
²  up to ±10% for μ0 = HT / 4  &  up to ±50% for μ0 = mt / 2 

z When different scales are applied to numerator and denominator up to 40%-60%  

Theoretical 
uncertainties: 

 
z    ±1% − ±4%  

dynamical scales 

z   ±20% − ±25%  
fixed scale choice  

	



Summary & Outlook 
z  The most precise NLO QCD theoretical predictions for ttγ in di-lepton channel 

z  Complete description: 
²  Photon emission from tops and top decay products  
² NLO corrections to production & decays 
² All non-resonant diagrams, interferences, and off-shell effects of top quarks 

included 
² Also non-resonant and off-shell effects due to finite W-boson width included 
²  tt spin correlations 

 
z  Relevant for BSM searches and studies of top quark properties  

z Dynamical scale choice important for fiducial cross sections ! 
 
z  Cross section ratio(s) à to increase precision without going to NNLO QCD ! 

 
z   Next steps: 

«  Comparisons: NWA vs. off-shell effects dedicated studies for ttγ 
« Applications: SM parameter extraction, disentangling and constraining 

anomalous couplings and more …  28	


