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B → D(*) τ ν

!2(q = u, d)
<latexit sha1_base64="1XfLPVhpOyzw2yQ0/eR5eBodbYg=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSJUkLIrgl6EohePFewHtkvJZrNtaJJdk6xQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzL0g408Z1v52l5ZXVtfXCRnFza3tnt7S339RxqghtkJjHqh1gTTmTtGGY4bSdKIpFwGkrGN5M/NYTVZrF8t6MEuoL3JcsYgQbKz1UHtEVSk9ReNIrld2qOwVaJF5OypCj3it9dcOYpIJKQzjWuuO5ifEzrAwjnI6L3VTTBJMh7tOOpRILqv1sevEYHVslRFGsbEmDpurviQwLrUcisJ0Cm4Ge9ybif14nNdGlnzGZpIZKMlsUpRyZGE3eRyFTlBg+sgQTxeytiAywwsTYkIo2BG/+5UXSPKt6btW7Oy/XrvM4CnAIR1ABDy6gBrdQhwYQkPAMr/DmaOfFeXc+Zq1LTj5zAH/gfP4AJ1qPQg==</latexit><latexit sha1_base64="1XfLPVhpOyzw2yQ0/eR5eBodbYg=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSJUkLIrgl6EohePFewHtkvJZrNtaJJdk6xQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzL0g408Z1v52l5ZXVtfXCRnFza3tnt7S339RxqghtkJjHqh1gTTmTtGGY4bSdKIpFwGkrGN5M/NYTVZrF8t6MEuoL3JcsYgQbKz1UHtEVSk9ReNIrld2qOwVaJF5OypCj3it9dcOYpIJKQzjWuuO5ifEzrAwjnI6L3VTTBJMh7tOOpRILqv1sevEYHVslRFGsbEmDpurviQwLrUcisJ0Cm4Ge9ybif14nNdGlnzGZpIZKMlsUpRyZGE3eRyFTlBg+sgQTxeytiAywwsTYkIo2BG/+5UXSPKt6btW7Oy/XrvM4CnAIR1ABDy6gBrdQhwYQkPAMr/DmaOfFeXc+Zq1LTj5zAH/gfP4AJ1qPQg==</latexit><latexit sha1_base64="1XfLPVhpOyzw2yQ0/eR5eBodbYg=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSJUkLIrgl6EohePFewHtkvJZrNtaJJdk6xQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzL0g408Z1v52l5ZXVtfXCRnFza3tnt7S339RxqghtkJjHqh1gTTmTtGGY4bSdKIpFwGkrGN5M/NYTVZrF8t6MEuoL3JcsYgQbKz1UHtEVSk9ReNIrld2qOwVaJF5OypCj3it9dcOYpIJKQzjWuuO5ifEzrAwjnI6L3VTTBJMh7tOOpRILqv1sevEYHVslRFGsbEmDpurviQwLrUcisJ0Cm4Ge9ybif14nNdGlnzGZpIZKMlsUpRyZGE3eRyFTlBg+sgQTxeytiAywwsTYkIo2BG/+5UXSPKt6btW7Oy/XrvM4CnAIR1ABDy6gBrdQhwYQkPAMr/DmaOfFeXc+Zq1LTj5zAH/gfP4AJ1qPQg==</latexit><latexit sha1_base64="1XfLPVhpOyzw2yQ0/eR5eBodbYg=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSJUkLIrgl6EohePFewHtkvJZrNtaJJdk6xQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzL0g408Z1v52l5ZXVtfXCRnFza3tnt7S339RxqghtkJjHqh1gTTmTtGGY4bSdKIpFwGkrGN5M/NYTVZrF8t6MEuoL3JcsYgQbKz1UHtEVSk9ReNIrld2qOwVaJF5OypCj3it9dcOYpIJKQzjWuuO5ifEzrAwjnI6L3VTTBJMh7tOOpRILqv1sevEYHVslRFGsbEmDpurviQwLrUcisJ0Cm4Ge9ybif14nNdGlnzGZpIZKMlsUpRyZGE3eRyFTlBg+sgQTxeytiAywwsTYkIo2BG/+5UXSPKt6btW7Oy/XrvM4CnAIR1ABDy6gBrdQhwYQkPAMr/DmaOfFeXc+Zq1LTj5zAH/gfP4AJ1qPQg==</latexit>

q
<latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit>

b̄
<latexit sha1_base64="2XLTjSPb/gZ1uOjjtkiIp8ea2Tg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uxE1JOqVK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBE2SOyQ==</latexit><latexit sha1_base64="2XLTjSPb/gZ1uOjjtkiIp8ea2Tg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uxE1JOqVK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBE2SOyQ==</latexit><latexit sha1_base64="2XLTjSPb/gZ1uOjjtkiIp8ea2Tg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uxE1JOqVK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBE2SOyQ==</latexit><latexit sha1_base64="2XLTjSPb/gZ1uOjjtkiIp8ea2Tg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uxE1JOqVK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBE2SOyQ==</latexit>B

<latexit sha1_base64="cKKNiJAvov9h+v/RxRcqDB+2hwk=">AAACE3icbVDLSgMxFL3js9bXqEs3wSKISJkRQZelblxWsA+YDiWTpm1oJjMkGaEM8w9u/BU3LhRx68adf2M6HUFbDwROzrn35uYEMWdKO86XtbS8srq2Xtoob25t7+zae/stFSWS0CaJeCQ7AVaUM0GbmmlOO7GkOAw4bQfj66nfvqdSsUjc6UlM/RAPBRswgrWRevZp2s2HeHIY+KlTdXKcLZCsnvXsys8NLRK3IBUo0OjZn91+RJKQCk04VspznVj7KZaaEU6zcjdRNMZkjIfUM1TgkCo/zdfJ0LFR+mgQSXOERrn6uyPFoVKTMDCVIdYjNe9Nxf88L9GDKz9lIk40FWT20CDhSEdoGhDqM0mJ5hNDMJHM7IrICEtMtImxbEJw57+8SFrnVdepurcXlVq9iKMEh3AEJ+DCJdTgBhrQBAIP8AQv8Go9Ws/Wm/U+K12yip4D+APr4xv9HpnB</latexit><latexit sha1_base64="cKKNiJAvov9h+v/RxRcqDB+2hwk=">AAACE3icbVDLSgMxFL3js9bXqEs3wSKISJkRQZelblxWsA+YDiWTpm1oJjMkGaEM8w9u/BU3LhRx68adf2M6HUFbDwROzrn35uYEMWdKO86XtbS8srq2Xtoob25t7+zae/stFSWS0CaJeCQ7AVaUM0GbmmlOO7GkOAw4bQfj66nfvqdSsUjc6UlM/RAPBRswgrWRevZp2s2HeHIY+KlTdXKcLZCsnvXsys8NLRK3IBUo0OjZn91+RJKQCk04VspznVj7KZaaEU6zcjdRNMZkjIfUM1TgkCo/zdfJ0LFR+mgQSXOERrn6uyPFoVKTMDCVIdYjNe9Nxf88L9GDKz9lIk40FWT20CDhSEdoGhDqM0mJ5hNDMJHM7IrICEtMtImxbEJw57+8SFrnVdepurcXlVq9iKMEh3AEJ+DCJdTgBhrQBAIP8AQv8Go9Ws/Wm/U+K12yip4D+APr4xv9HpnB</latexit><latexit sha1_base64="cKKNiJAvov9h+v/RxRcqDB+2hwk=">AAACE3icbVDLSgMxFL3js9bXqEs3wSKISJkRQZelblxWsA+YDiWTpm1oJjMkGaEM8w9u/BU3LhRx68adf2M6HUFbDwROzrn35uYEMWdKO86XtbS8srq2Xtoob25t7+zae/stFSWS0CaJeCQ7AVaUM0GbmmlOO7GkOAw4bQfj66nfvqdSsUjc6UlM/RAPBRswgrWRevZp2s2HeHIY+KlTdXKcLZCsnvXsys8NLRK3IBUo0OjZn91+RJKQCk04VspznVj7KZaaEU6zcjdRNMZkjIfUM1TgkCo/zdfJ0LFR+mgQSXOERrn6uyPFoVKTMDCVIdYjNe9Nxf88L9GDKz9lIk40FWT20CDhSEdoGhDqM0mJ5hNDMJHM7IrICEtMtImxbEJw57+8SFrnVdepurcXlVq9iKMEh3AEJ+DCJdTgBhrQBAIP8AQv8Go9Ws/Wm/U+K12yip4D+APr4xv9HpnB</latexit><latexit sha1_base64="cKKNiJAvov9h+v/RxRcqDB+2hwk=">AAACE3icbVDLSgMxFL3js9bXqEs3wSKISJkRQZelblxWsA+YDiWTpm1oJjMkGaEM8w9u/BU3LhRx68adf2M6HUFbDwROzrn35uYEMWdKO86XtbS8srq2Xtoob25t7+zae/stFSWS0CaJeCQ7AVaUM0GbmmlOO7GkOAw4bQfj66nfvqdSsUjc6UlM/RAPBRswgrWRevZp2s2HeHIY+KlTdXKcLZCsnvXsys8NLRK3IBUo0OjZn91+RJKQCk04VspznVj7KZaaEU6zcjdRNMZkjIfUM1TgkCo/zdfJ0LFR+mgQSXOERrn6uyPFoVKTMDCVIdYjNe9Nxf88L9GDKz9lIk40FWT20CDhSEdoGhDqM0mJ5hNDMJHM7IrICEtMtImxbEJw57+8SFrnVdepurcXlVq9iKMEh3AEJ+DCJdTgBhrQBAIP8AQv8Go9Ws/Wm/U+K12yip4D+APr4xv9HpnB</latexit>

c̄
<latexit sha1_base64="Vt4+yOYfirCw63lVyeENz5gtZo4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPFi8cK9gPaUDbbSbt0swm7G6GEgn/BiwdFvPp7vPlv3KQ9aOuDgcd7M8zMCxLBtXHdb6e0tr6xuVXeruzs7u0fVA+P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3OZ+5xGV5rF8MNME/YiOJA85o8ZKnX5AFWGVQbXm1t0CZJV4C1KDBZqD6ld/GLM0QmmYoFr3PDcxfkaV4UzgrNJPNSaUTegIe5ZKGqH2s+LcGTmzypCEsbIlDSnU3xMZjbSeRoHtjKgZ62UvF//zeqkJr/2MyyQ1KNl8UZgKYmKS/06GXCEzYmoJZYrbWwkbU0WZsQnlIXjLL6+S9kXdc+ve/WWtcfM0j6MMJ3AK5+DBFTTgDprQAgYTeIZXeHMS58V5dz7mrSVnEeEx/IHz+QNwxY9d</latexit><latexit sha1_base64="Vt4+yOYfirCw63lVyeENz5gtZo4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPFi8cK9gPaUDbbSbt0swm7G6GEgn/BiwdFvPp7vPlv3KQ9aOuDgcd7M8zMCxLBtXHdb6e0tr6xuVXeruzs7u0fVA+P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3OZ+5xGV5rF8MNME/YiOJA85o8ZKnX5AFWGVQbXm1t0CZJV4C1KDBZqD6ld/GLM0QmmYoFr3PDcxfkaV4UzgrNJPNSaUTegIe5ZKGqH2s+LcGTmzypCEsbIlDSnU3xMZjbSeRoHtjKgZ62UvF//zeqkJr/2MyyQ1KNl8UZgKYmKS/06GXCEzYmoJZYrbWwkbU0WZsQnlIXjLL6+S9kXdc+ve/WWtcfM0j6MMJ3AK5+DBFTTgDprQAgYTeIZXeHMS58V5dz7mrSVnEeEx/IHz+QNwxY9d</latexit><latexit sha1_base64="Vt4+yOYfirCw63lVyeENz5gtZo4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPFi8cK9gPaUDbbSbt0swm7G6GEgn/BiwdFvPp7vPlv3KQ9aOuDgcd7M8zMCxLBtXHdb6e0tr6xuVXeruzs7u0fVA+P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3OZ+5xGV5rF8MNME/YiOJA85o8ZKnX5AFWGVQbXm1t0CZJV4C1KDBZqD6ld/GLM0QmmYoFr3PDcxfkaV4UzgrNJPNSaUTegIe5ZKGqH2s+LcGTmzypCEsbIlDSnU3xMZjbSeRoHtjKgZ62UvF//zeqkJr/2MyyQ1KNl8UZgKYmKS/06GXCEzYmoJZYrbWwkbU0WZsQnlIXjLL6+S9kXdc+ve/WWtcfM0j6MMJ3AK5+DBFTTgDprQAgYTeIZXeHMS58V5dz7mrSVnEeEx/IHz+QNwxY9d</latexit><latexit sha1_base64="Vt4+yOYfirCw63lVyeENz5gtZo4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPFi8cK9gPaUDbbSbt0swm7G6GEgn/BiwdFvPp7vPlv3KQ9aOuDgcd7M8zMCxLBtXHdb6e0tr6xuVXeruzs7u0fVA+P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3OZ+5xGV5rF8MNME/YiOJA85o8ZKnX5AFWGVQbXm1t0CZJV4C1KDBZqD6ld/GLM0QmmYoFr3PDcxfkaV4UzgrNJPNSaUTegIe5ZKGqH2s+LcGTmzypCEsbIlDSnU3xMZjbSeRoHtjKgZ62UvF//zeqkJr/2MyyQ1KNl8UZgKYmKS/06GXCEzYmoJZYrbWwkbU0WZsQnlIXjLL6+S9kXdc+ve/WWtcfM0j6MMJ3AK5+DBFTTgDprQAgYTeIZXeHMS58V5dz7mrSVnEeEx/IHz+QNwxY9d</latexit>

q
<latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit>

D(⇤)
<latexit sha1_base64="bhOJzxfXmAYuJjRyX2HgGZ4dtnw=">AAACGXicbZDLSsNAFIZP6q3WW9Slm2ARqkhJRNBlURcuK9gLpLFMptN26GQSZiZCCXkNN76KGxeKuNSVb+M0jaCtBwY+/v+cmTO/HzEqlW1/GYWFxaXlleJqaW19Y3PL3N5pyjAWmDRwyELR9pEkjHLSUFQx0o4EQYHPSMsfXU781j0Rkob8Vo0j4gVowGmfYqS01DXtpJNd4oqB7yV21c7qeA7Sq7ukcnSYpl2z/KNZ8+DkUIa86l3zo9MLcRwQrjBDUrqOHSkvQUJRzEha6sSSRAiP0IC4GjkKiPSSbKnUOtBKz+qHQh+urEz9PZGgQMpx4OvOAKmhnPUm4n+eG6v+uZdQHsWKcDx9qB8zS4XWJCarRwXBio01ICyo3tXCQyQQVjrMkg7Bmf3yPDRPqo5ddW5Oy7WLPI4i7ME+VMCBM6jBNdShARge4Ale4NV4NJ6NN+N92low8pld+FPG5zfplpvQ</latexit><latexit sha1_base64="bhOJzxfXmAYuJjRyX2HgGZ4dtnw=">AAACGXicbZDLSsNAFIZP6q3WW9Slm2ARqkhJRNBlURcuK9gLpLFMptN26GQSZiZCCXkNN76KGxeKuNSVb+M0jaCtBwY+/v+cmTO/HzEqlW1/GYWFxaXlleJqaW19Y3PL3N5pyjAWmDRwyELR9pEkjHLSUFQx0o4EQYHPSMsfXU781j0Rkob8Vo0j4gVowGmfYqS01DXtpJNd4oqB7yV21c7qeA7Sq7ukcnSYpl2z/KNZ8+DkUIa86l3zo9MLcRwQrjBDUrqOHSkvQUJRzEha6sSSRAiP0IC4GjkKiPSSbKnUOtBKz+qHQh+urEz9PZGgQMpx4OvOAKmhnPUm4n+eG6v+uZdQHsWKcDx9qB8zS4XWJCarRwXBio01ICyo3tXCQyQQVjrMkg7Bmf3yPDRPqo5ddW5Oy7WLPI4i7ME+VMCBM6jBNdShARge4Ale4NV4NJ6NN+N92low8pld+FPG5zfplpvQ</latexit><latexit sha1_base64="bhOJzxfXmAYuJjRyX2HgGZ4dtnw=">AAACGXicbZDLSsNAFIZP6q3WW9Slm2ARqkhJRNBlURcuK9gLpLFMptN26GQSZiZCCXkNN76KGxeKuNSVb+M0jaCtBwY+/v+cmTO/HzEqlW1/GYWFxaXlleJqaW19Y3PL3N5pyjAWmDRwyELR9pEkjHLSUFQx0o4EQYHPSMsfXU781j0Rkob8Vo0j4gVowGmfYqS01DXtpJNd4oqB7yV21c7qeA7Sq7ukcnSYpl2z/KNZ8+DkUIa86l3zo9MLcRwQrjBDUrqOHSkvQUJRzEha6sSSRAiP0IC4GjkKiPSSbKnUOtBKz+qHQh+urEz9PZGgQMpx4OvOAKmhnPUm4n+eG6v+uZdQHsWKcDx9qB8zS4XWJCarRwXBio01ICyo3tXCQyQQVjrMkg7Bmf3yPDRPqo5ddW5Oy7WLPI4i7ME+VMCBM6jBNdShARge4Ale4NV4NJ6NN+N92low8pld+FPG5zfplpvQ</latexit><latexit sha1_base64="bhOJzxfXmAYuJjRyX2HgGZ4dtnw=">AAACGXicbZDLSsNAFIZP6q3WW9Slm2ARqkhJRNBlURcuK9gLpLFMptN26GQSZiZCCXkNN76KGxeKuNSVb+M0jaCtBwY+/v+cmTO/HzEqlW1/GYWFxaXlleJqaW19Y3PL3N5pyjAWmDRwyELR9pEkjHLSUFQx0o4EQYHPSMsfXU781j0Rkob8Vo0j4gVowGmfYqS01DXtpJNd4oqB7yV21c7qeA7Sq7ukcnSYpl2z/KNZ8+DkUIa86l3zo9MLcRwQrjBDUrqOHSkvQUJRzEha6sSSRAiP0IC4GjkKiPSSbKnUOtBKz+qHQh+urEz9PZGgQMpx4OvOAKmhnPUm4n+eG6v+uZdQHsWKcDx9qB8zS4XWJCarRwXBio01ICyo3tXCQyQQVjrMkg7Bmf3yPDRPqo5ddW5Oy7WLPI4i7ME+VMCBM6jBNdShARge4Ale4NV4NJ6NN+N92low8pld+FPG5zfplpvQ</latexit>

W+
<latexit sha1_base64="ydh+xmpyfE5UA0GxGYPu4wQqvQM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWtB/QxrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzDhBP6IDyUPOqLHSfevxrFeuuFV3BrJMvJxUIEe9V/7q9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUJOrNInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w/Ovo14</latexit><latexit sha1_base64="ydh+xmpyfE5UA0GxGYPu4wQqvQM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWtB/QxrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzDhBP6IDyUPOqLHSfevxrFeuuFV3BrJMvJxUIEe9V/7q9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUJOrNInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w/Ovo14</latexit><latexit sha1_base64="ydh+xmpyfE5UA0GxGYPu4wQqvQM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWtB/QxrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzDhBP6IDyUPOqLHSfevxrFeuuFV3BrJMvJxUIEe9V/7q9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUJOrNInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w/Ovo14</latexit><latexit sha1_base64="ydh+xmpyfE5UA0GxGYPu4wQqvQM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWtB/QxrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzDhBP6IDyUPOqLHSfevxrFeuuFV3BrJMvJxUIEe9V/7q9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUJOrNInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWXl0nzvOq5Ve/uolK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w/Ovo14</latexit>

⌧+
<latexit sha1_base64="UV2m/Fg/Or+RadByNkwPLvjA/54=">AAACGHicdVBLSwMxGMzWV62vqkcvwSIIypotrW1vRS8eK9gHtGvJptk2NPsgyQpl6c/w4l/x4kERr735b8y2XVDRgcAwM1/yZZyQM6kQ+jQyK6tr6xvZzdzW9s7uXn7/oCWDSBDaJAEPRMfBknLm06ZiitNOKCj2HE7bzvg68dsPVEgW+HdqElLbw0OfuYxgpaV+/iLuzS/piqFjx8gsllGtUj1HZhlZtVJRE4SqtUs07Skc3Z9N+/lCGoJpCKYhaGmSoACWaPTzs94gIJFHfUU4lrJroVDZMRaKEU6nuV4kaYjJGA9pV1Mfe1Ta8XynKTzRygC6gdDHV3Cufp+IsSflxHN00sNqJH97ifiX142UW7Vj5oeRoj5ZPORGHKoAJi3BAROUKD7RBBPB9K6QjLDAROkuc7qE9Kfwf9IqmhYyrdtSoX61rCMLjsAxOAUWqIA6uAEN0AQEPIJn8ArejCfjxXg3PhbRjLGcOQQ/YMy+AMUGnHY=</latexit><latexit sha1_base64="UV2m/Fg/Or+RadByNkwPLvjA/54=">AAACGHicdVBLSwMxGMzWV62vqkcvwSIIypotrW1vRS8eK9gHtGvJptk2NPsgyQpl6c/w4l/x4kERr735b8y2XVDRgcAwM1/yZZyQM6kQ+jQyK6tr6xvZzdzW9s7uXn7/oCWDSBDaJAEPRMfBknLm06ZiitNOKCj2HE7bzvg68dsPVEgW+HdqElLbw0OfuYxgpaV+/iLuzS/piqFjx8gsllGtUj1HZhlZtVJRE4SqtUs07Skc3Z9N+/lCGoJpCKYhaGmSoACWaPTzs94gIJFHfUU4lrJroVDZMRaKEU6nuV4kaYjJGA9pV1Mfe1Ta8XynKTzRygC6gdDHV3Cufp+IsSflxHN00sNqJH97ifiX142UW7Vj5oeRoj5ZPORGHKoAJi3BAROUKD7RBBPB9K6QjLDAROkuc7qE9Kfwf9IqmhYyrdtSoX61rCMLjsAxOAUWqIA6uAEN0AQEPIJn8ArejCfjxXg3PhbRjLGcOQQ/YMy+AMUGnHY=</latexit><latexit sha1_base64="UV2m/Fg/Or+RadByNkwPLvjA/54=">AAACGHicdVBLSwMxGMzWV62vqkcvwSIIypotrW1vRS8eK9gHtGvJptk2NPsgyQpl6c/w4l/x4kERr735b8y2XVDRgcAwM1/yZZyQM6kQ+jQyK6tr6xvZzdzW9s7uXn7/oCWDSBDaJAEPRMfBknLm06ZiitNOKCj2HE7bzvg68dsPVEgW+HdqElLbw0OfuYxgpaV+/iLuzS/piqFjx8gsllGtUj1HZhlZtVJRE4SqtUs07Skc3Z9N+/lCGoJpCKYhaGmSoACWaPTzs94gIJFHfUU4lrJroVDZMRaKEU6nuV4kaYjJGA9pV1Mfe1Ta8XynKTzRygC6gdDHV3Cufp+IsSflxHN00sNqJH97ifiX142UW7Vj5oeRoj5ZPORGHKoAJi3BAROUKD7RBBPB9K6QjLDAROkuc7qE9Kfwf9IqmhYyrdtSoX61rCMLjsAxOAUWqIA6uAEN0AQEPIJn8ArejCfjxXg3PhbRjLGcOQQ/YMy+AMUGnHY=</latexit><latexit sha1_base64="UV2m/Fg/Or+RadByNkwPLvjA/54=">AAACGHicdVBLSwMxGMzWV62vqkcvwSIIypotrW1vRS8eK9gHtGvJptk2NPsgyQpl6c/w4l/x4kERr735b8y2XVDRgcAwM1/yZZyQM6kQ+jQyK6tr6xvZzdzW9s7uXn7/oCWDSBDaJAEPRMfBknLm06ZiitNOKCj2HE7bzvg68dsPVEgW+HdqElLbw0OfuYxgpaV+/iLuzS/piqFjx8gsllGtUj1HZhlZtVJRE4SqtUs07Skc3Z9N+/lCGoJpCKYhaGmSoACWaPTzs94gIJFHfUU4lrJroVDZMRaKEU6nuV4kaYjJGA9pV1Mfe1Ta8XynKTzRygC6gdDHV3Cufp+IsSflxHN00sNqJH97ifiX142UW7Vj5oeRoj5ZPORGHKoAJi3BAROUKD7RBBPB9K6QjLDAROkuc7qE9Kfwf9IqmhYyrdtSoX61rCMLjsAxOAUWqIA6uAEN0AQEPIJn8ArejCfjxXg3PhbRjLGcOQQ/YMy+AMUGnHY=</latexit>

⌫⌧
<latexit sha1_base64="ahH09yS5aDKidxMMD59VrMkEe4M=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeLaiEQ94CTlQUyHSkSCUbRS11dZ30ea9as1t+7OQVaJV5AaFGj2q1/+IGFZzBUySY3peW6KQU41Cib5tOJnhqeUjemQ9yxVNOYmyOf3TsmZVQYkSrQthWSu/p7IaWzMJA5tZ0xxZJa9mfif18swug5yodIMuWKLRVEmCSZk9jwZCM0ZyokllGlhbyVsRDVlaCOq2BC85ZdXSfui7rl17/6y1rgp4ijDCZzCOXhwBQ24gya0gIGEZ3iFN+fReXHenY9Fa8kpZo7hD5zPHzFjkA4=</latexit><latexit sha1_base64="ahH09yS5aDKidxMMD59VrMkEe4M=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeLaiEQ94CTlQUyHSkSCUbRS11dZ30ea9as1t+7OQVaJV5AaFGj2q1/+IGFZzBUySY3peW6KQU41Cib5tOJnhqeUjemQ9yxVNOYmyOf3TsmZVQYkSrQthWSu/p7IaWzMJA5tZ0xxZJa9mfif18swug5yodIMuWKLRVEmCSZk9jwZCM0ZyokllGlhbyVsRDVlaCOq2BC85ZdXSfui7rl17/6y1rgp4ijDCZzCOXhwBQ24gya0gIGEZ3iFN+fReXHenY9Fa8kpZo7hD5zPHzFjkA4=</latexit><latexit sha1_base64="ahH09yS5aDKidxMMD59VrMkEe4M=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeLaiEQ94CTlQUyHSkSCUbRS11dZ30ea9as1t+7OQVaJV5AaFGj2q1/+IGFZzBUySY3peW6KQU41Cib5tOJnhqeUjemQ9yxVNOYmyOf3TsmZVQYkSrQthWSu/p7IaWzMJA5tZ0xxZJa9mfif18swug5yodIMuWKLRVEmCSZk9jwZCM0ZyokllGlhbyVsRDVlaCOq2BC85ZdXSfui7rl17/6y1rgp4ijDCZzCOXhwBQ24gya0gIGEZ3iFN+fReXHenY9Fa8kpZo7hD5zPHzFjkA4=</latexit><latexit sha1_base64="ahH09yS5aDKidxMMD59VrMkEe4M=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeLaiEQ94CTlQUyHSkSCUbRS11dZ30ea9as1t+7OQVaJV5AaFGj2q1/+IGFZzBUySY3peW6KQU41Cib5tOJnhqeUjemQ9yxVNOYmyOf3TsmZVQYkSrQthWSu/p7IaWzMJA5tZ0xxZJa9mfif18swug5yodIMuWKLRVEmCSZk9jwZCM0ZyokllGlhbyVsRDVlaCOq2BC85ZdXSfui7rl17/6y1rgp4ijDCZzCOXhwBQ24gya0gIGEZ3iFN+fReXHenY9Fa8kpZo7hD5zPHzFjkA4=</latexit>

Standard Model (SM)• Sensitive probes for New Physics (NP) (leptoquarks, two 
Higgs doublets etc.) 

• NP could impact 

• observed lepton flavour universality (LFU) ratios,

(where    = e and μ)
<̀latexit sha1_base64="NiCNFQINCFG5T4iOY+JPxVaf5XA=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOph0L0qzW/7s9BVklQkBoUaParX71BzFKJyjJBjekGfmLDjGrLmcBZpZcaTCib0BF2HVVUogmz+a0zcuaUARnG2pWyZK7+nsioNGYqI9cpqR2bZS8X//O6qR1ehxlXSWpRscWiYSqIjUn+OBlwjcyKqSOUae5uJWxMNWXWxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8edJ78d69j0VryStmjuEPvM8fDWaOOw==</latexit><latexit sha1_base64="NiCNFQINCFG5T4iOY+JPxVaf5XA=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOph0L0qzW/7s9BVklQkBoUaParX71BzFKJyjJBjekGfmLDjGrLmcBZpZcaTCib0BF2HVVUogmz+a0zcuaUARnG2pWyZK7+nsioNGYqI9cpqR2bZS8X//O6qR1ehxlXSWpRscWiYSqIjUn+OBlwjcyKqSOUae5uJWxMNWXWxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8edJ78d69j0VryStmjuEPvM8fDWaOOw==</latexit><latexit sha1_base64="NiCNFQINCFG5T4iOY+JPxVaf5XA=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOph0L0qzW/7s9BVklQkBoUaParX71BzFKJyjJBjekGfmLDjGrLmcBZpZcaTCib0BF2HVVUogmz+a0zcuaUARnG2pWyZK7+nsioNGYqI9cpqR2bZS8X//O6qR1ehxlXSWpRscWiYSqIjUn+OBlwjcyKqSOUae5uJWxMNWXWxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8edJ78d69j0VryStmjuEPvM8fDWaOOw==</latexit><latexit sha1_base64="NiCNFQINCFG5T4iOY+JPxVaf5XA=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOph0L0qzW/7s9BVklQkBoUaParX71BzFKJyjJBjekGfmLDjGrLmcBZpZcaTCib0BF2HVVUogmz+a0zcuaUARnG2pWyZK7+nsioNGYqI9cpqR2bZS8X//O6qR1ehxlXSWpRscWiYSqIjUn+OBlwjcyKqSOUae5uJWxMNWXWxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8edJ78d69j0VryStmjuEPvM8fDWaOOw==</latexit>

R(D⇤) ⌘ B(B ! D⇤⌧+⌫⌧ )

B(B ! D⇤`+⌫`)
<latexit sha1_base64="LbvKSOBOdkmFyDVHuexj31htlcY="></latexit><latexit sha1_base64="LbvKSOBOdkmFyDVHuexj31htlcY="></latexit><latexit sha1_base64="LbvKSOBOdkmFyDVHuexj31htlcY="></latexit><latexit sha1_base64="LbvKSOBOdkmFyDVHuexj31htlcY="></latexit>

R(D) ⌘ B(B ! D⌧+⌫⌧ )

B(B ! D`+⌫`)
<latexit sha1_base64="ZpdthfrYsYqGwOD4Y0Kz3Mvah9g="></latexit><latexit sha1_base64="ZpdthfrYsYqGwOD4Y0Kz3Mvah9g="></latexit><latexit sha1_base64="ZpdthfrYsYqGwOD4Y0Kz3Mvah9g="></latexit><latexit sha1_base64="ZpdthfrYsYqGwOD4Y0Kz3Mvah9g="></latexit>

average of electron  
and muon modesB(B ! D(⇤)`⌫) =

<latexit sha1_base64="K1mxBnFom6q4HhlBFVFVAgRDDf0=">AAACCnicbVC7SgNBFJ2NrxhfUUub0SAkFmFXBG2EEC0sI5gHZNcwO7mbDJmdXWZmhbCktvFXbCwUsfUL7PwbJ49CEw8MHM65lzvn+DFnStv2t5VZWl5ZXcuu5zY2t7Z38rt7DRUlkkKdRjySLZ8o4ExAXTPNoRVLIKHPoekPrsZ+8wGkYpG408MYvJD0BAsYJdpInfxh6lLCcXVUrGJXR/j6Pi2elEYucI5dkZTwZSdfsMv2BHiRODNSQDPUOvkvtxvRJAShKSdKtR071l5KpGaUwyjnJgpiQgekB21DBQlBeekkyggfG6WLg0iaJzSeqL83UhIqNQx9MxkS3Vfz3lj8z2snOrjwUibiRIOg00NBwrHJPO4Fd5kEqvnQEEIlM3/FtE8kodq0lzMlOPORF0njtOzYZef2rFCpzurIogN0hIrIQeeogm5QDdURRY/oGb2iN+vJerHerY/paMaa7eyjP7A+fwCz3phX</latexit><latexit sha1_base64="K1mxBnFom6q4HhlBFVFVAgRDDf0=">AAACCnicbVC7SgNBFJ2NrxhfUUub0SAkFmFXBG2EEC0sI5gHZNcwO7mbDJmdXWZmhbCktvFXbCwUsfUL7PwbJ49CEw8MHM65lzvn+DFnStv2t5VZWl5ZXcuu5zY2t7Z38rt7DRUlkkKdRjySLZ8o4ExAXTPNoRVLIKHPoekPrsZ+8wGkYpG408MYvJD0BAsYJdpInfxh6lLCcXVUrGJXR/j6Pi2elEYucI5dkZTwZSdfsMv2BHiRODNSQDPUOvkvtxvRJAShKSdKtR071l5KpGaUwyjnJgpiQgekB21DBQlBeekkyggfG6WLg0iaJzSeqL83UhIqNQx9MxkS3Vfz3lj8z2snOrjwUibiRIOg00NBwrHJPO4Fd5kEqvnQEEIlM3/FtE8kodq0lzMlOPORF0njtOzYZef2rFCpzurIogN0hIrIQeeogm5QDdURRY/oGb2iN+vJerHerY/paMaa7eyjP7A+fwCz3phX</latexit><latexit sha1_base64="K1mxBnFom6q4HhlBFVFVAgRDDf0=">AAACCnicbVC7SgNBFJ2NrxhfUUub0SAkFmFXBG2EEC0sI5gHZNcwO7mbDJmdXWZmhbCktvFXbCwUsfUL7PwbJ49CEw8MHM65lzvn+DFnStv2t5VZWl5ZXcuu5zY2t7Z38rt7DRUlkkKdRjySLZ8o4ExAXTPNoRVLIKHPoekPrsZ+8wGkYpG408MYvJD0BAsYJdpInfxh6lLCcXVUrGJXR/j6Pi2elEYucI5dkZTwZSdfsMv2BHiRODNSQDPUOvkvtxvRJAShKSdKtR071l5KpGaUwyjnJgpiQgekB21DBQlBeekkyggfG6WLg0iaJzSeqL83UhIqNQx9MxkS3Vfz3lj8z2snOrjwUibiRIOg00NBwrHJPO4Fd5kEqvnQEEIlM3/FtE8kodq0lzMlOPORF0njtOzYZef2rFCpzurIogN0hIrIQeeogm5QDdURRY/oGb2iN+vJerHerY/paMaa7eyjP7A+fwCz3phX</latexit><latexit sha1_base64="K1mxBnFom6q4HhlBFVFVAgRDDf0=">AAACCnicbVC7SgNBFJ2NrxhfUUub0SAkFmFXBG2EEC0sI5gHZNcwO7mbDJmdXWZmhbCktvFXbCwUsfUL7PwbJ49CEw8MHM65lzvn+DFnStv2t5VZWl5ZXcuu5zY2t7Z38rt7DRUlkkKdRjySLZ8o4ExAXTPNoRVLIKHPoekPrsZ+8wGkYpG408MYvJD0BAsYJdpInfxh6lLCcXVUrGJXR/j6Pi2elEYucI5dkZTwZSdfsMv2BHiRODNSQDPUOvkvtxvRJAShKSdKtR071l5KpGaUwyjnJgpiQgekB21DBQlBeekkyggfG6WLg0iaJzSeqL83UhIqNQx9MxkS3Vfz3lj8z2snOrjwUibiRIOg00NBwrHJPO4Fd5kEqvnQEEIlM3/FtE8kodq0lzMlOPORF0njtOzYZef2rFCpzurIogN0hIrIQeeogm5QDdURRY/oGb2iN+vJerHerY/paMaa7eyjP7A+fwCz3phX</latexit>

c̄
<latexit sha1_base64="Vt4+yOYfirCw63lVyeENz5gtZo4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPFi8cK9gPaUDbbSbt0swm7G6GEgn/BiwdFvPp7vPlv3KQ9aOuDgcd7M8zMCxLBtXHdb6e0tr6xuVXeruzs7u0fVA+P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3OZ+5xGV5rF8MNME/YiOJA85o8ZKnX5AFWGVQbXm1t0CZJV4C1KDBZqD6ld/GLM0QmmYoFr3PDcxfkaV4UzgrNJPNSaUTegIe5ZKGqH2s+LcGTmzypCEsbIlDSnU3xMZjbSeRoHtjKgZ62UvF//zeqkJr/2MyyQ1KNl8UZgKYmKS/06GXCEzYmoJZYrbWwkbU0WZsQnlIXjLL6+S9kXdc+ve/WWtcfM0j6MMJ3AK5+DBFTTgDprQAgYTeIZXeHMS58V5dz7mrSVnEeEx/IHz+QNwxY9d</latexit><latexit sha1_base64="Vt4+yOYfirCw63lVyeENz5gtZo4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPFi8cK9gPaUDbbSbt0swm7G6GEgn/BiwdFvPp7vPlv3KQ9aOuDgcd7M8zMCxLBtXHdb6e0tr6xuVXeruzs7u0fVA+P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3OZ+5xGV5rF8MNME/YiOJA85o8ZKnX5AFWGVQbXm1t0CZJV4C1KDBZqD6ld/GLM0QmmYoFr3PDcxfkaV4UzgrNJPNSaUTegIe5ZKGqH2s+LcGTmzypCEsbIlDSnU3xMZjbSeRoHtjKgZ62UvF//zeqkJr/2MyyQ1KNl8UZgKYmKS/06GXCEzYmoJZYrbWwkbU0WZsQnlIXjLL6+S9kXdc+ve/WWtcfM0j6MMJ3AK5+DBFTTgDprQAgYTeIZXeHMS58V5dz7mrSVnEeEx/IHz+QNwxY9d</latexit><latexit sha1_base64="Vt4+yOYfirCw63lVyeENz5gtZo4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPFi8cK9gPaUDbbSbt0swm7G6GEgn/BiwdFvPp7vPlv3KQ9aOuDgcd7M8zMCxLBtXHdb6e0tr6xuVXeruzs7u0fVA+P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3OZ+5xGV5rF8MNME/YiOJA85o8ZKnX5AFWGVQbXm1t0CZJV4C1KDBZqD6ld/GLM0QmmYoFr3PDcxfkaV4UzgrNJPNSaUTegIe5ZKGqH2s+LcGTmzypCEsbIlDSnU3xMZjbSeRoHtjKgZ62UvF//zeqkJr/2MyyQ1KNl8UZgKYmKS/06GXCEzYmoJZYrbWwkbU0WZsQnlIXjLL6+S9kXdc+ve/WWtcfM0j6MMJ3AK5+DBFTTgDprQAgYTeIZXeHMS58V5dz7mrSVnEeEx/IHz+QNwxY9d</latexit><latexit sha1_base64="Vt4+yOYfirCw63lVyeENz5gtZo4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPFi8cK9gPaUDbbSbt0swm7G6GEgn/BiwdFvPp7vPlv3KQ9aOuDgcd7M8zMCxLBtXHdb6e0tr6xuVXeruzs7u0fVA+P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3OZ+5xGV5rF8MNME/YiOJA85o8ZKnX5AFWGVQbXm1t0CZJV4C1KDBZqD6ld/GLM0QmmYoFr3PDcxfkaV4UzgrNJPNSaUTegIe5ZKGqH2s+LcGTmzypCEsbIlDSnU3xMZjbSeRoHtjKgZ62UvF//zeqkJr/2MyyQ1KNl8UZgKYmKS/06GXCEzYmoJZYrbWwkbU0WZsQnlIXjLL6+S9kXdc+ve/WWtcfM0j6MMJ3AK5+DBFTTgDprQAgYTeIZXeHMS58V5dz7mrSVnEeEx/IHz+QNwxY9d</latexit>

q
<latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit>

D(⇤)
<latexit sha1_base64="bhOJzxfXmAYuJjRyX2HgGZ4dtnw=">AAACGXicbZDLSsNAFIZP6q3WW9Slm2ARqkhJRNBlURcuK9gLpLFMptN26GQSZiZCCXkNN76KGxeKuNSVb+M0jaCtBwY+/v+cmTO/HzEqlW1/GYWFxaXlleJqaW19Y3PL3N5pyjAWmDRwyELR9pEkjHLSUFQx0o4EQYHPSMsfXU781j0Rkob8Vo0j4gVowGmfYqS01DXtpJNd4oqB7yV21c7qeA7Sq7ukcnSYpl2z/KNZ8+DkUIa86l3zo9MLcRwQrjBDUrqOHSkvQUJRzEha6sSSRAiP0IC4GjkKiPSSbKnUOtBKz+qHQh+urEz9PZGgQMpx4OvOAKmhnPUm4n+eG6v+uZdQHsWKcDx9qB8zS4XWJCarRwXBio01ICyo3tXCQyQQVjrMkg7Bmf3yPDRPqo5ddW5Oy7WLPI4i7ME+VMCBM6jBNdShARge4Ale4NV4NJ6NN+N92low8pld+FPG5zfplpvQ</latexit><latexit sha1_base64="bhOJzxfXmAYuJjRyX2HgGZ4dtnw=">AAACGXicbZDLSsNAFIZP6q3WW9Slm2ARqkhJRNBlURcuK9gLpLFMptN26GQSZiZCCXkNN76KGxeKuNSVb+M0jaCtBwY+/v+cmTO/HzEqlW1/GYWFxaXlleJqaW19Y3PL3N5pyjAWmDRwyELR9pEkjHLSUFQx0o4EQYHPSMsfXU781j0Rkob8Vo0j4gVowGmfYqS01DXtpJNd4oqB7yV21c7qeA7Sq7ukcnSYpl2z/KNZ8+DkUIa86l3zo9MLcRwQrjBDUrqOHSkvQUJRzEha6sSSRAiP0IC4GjkKiPSSbKnUOtBKz+qHQh+urEz9PZGgQMpx4OvOAKmhnPUm4n+eG6v+uZdQHsWKcDx9qB8zS4XWJCarRwXBio01ICyo3tXCQyQQVjrMkg7Bmf3yPDRPqo5ddW5Oy7WLPI4i7ME+VMCBM6jBNdShARge4Ale4NV4NJ6NN+N92low8pld+FPG5zfplpvQ</latexit><latexit sha1_base64="bhOJzxfXmAYuJjRyX2HgGZ4dtnw=">AAACGXicbZDLSsNAFIZP6q3WW9Slm2ARqkhJRNBlURcuK9gLpLFMptN26GQSZiZCCXkNN76KGxeKuNSVb+M0jaCtBwY+/v+cmTO/HzEqlW1/GYWFxaXlleJqaW19Y3PL3N5pyjAWmDRwyELR9pEkjHLSUFQx0o4EQYHPSMsfXU781j0Rkob8Vo0j4gVowGmfYqS01DXtpJNd4oqB7yV21c7qeA7Sq7ukcnSYpl2z/KNZ8+DkUIa86l3zo9MLcRwQrjBDUrqOHSkvQUJRzEha6sSSRAiP0IC4GjkKiPSSbKnUOtBKz+qHQh+urEz9PZGgQMpx4OvOAKmhnPUm4n+eG6v+uZdQHsWKcDx9qB8zS4XWJCarRwXBio01ICyo3tXCQyQQVjrMkg7Bmf3yPDRPqo5ddW5Oy7WLPI4i7ME+VMCBM6jBNdShARge4Ale4NV4NJ6NN+N92low8pld+FPG5zfplpvQ</latexit><latexit sha1_base64="bhOJzxfXmAYuJjRyX2HgGZ4dtnw=">AAACGXicbZDLSsNAFIZP6q3WW9Slm2ARqkhJRNBlURcuK9gLpLFMptN26GQSZiZCCXkNN76KGxeKuNSVb+M0jaCtBwY+/v+cmTO/HzEqlW1/GYWFxaXlleJqaW19Y3PL3N5pyjAWmDRwyELR9pEkjHLSUFQx0o4EQYHPSMsfXU781j0Rkob8Vo0j4gVowGmfYqS01DXtpJNd4oqB7yV21c7qeA7Sq7ukcnSYpl2z/KNZ8+DkUIa86l3zo9MLcRwQrjBDUrqOHSkvQUJRzEha6sSSRAiP0IC4GjkKiPSSbKnUOtBKz+qHQh+urEz9PZGgQMpx4OvOAKmhnPUm4n+eG6v+uZdQHsWKcDx9qB8zS4XWJCarRwXBio01ICyo3tXCQyQQVjrMkg7Bmf3yPDRPqo5ddW5Oy7WLPI4i7ME+VMCBM6jBNdShARge4Ale4NV4NJ6NN+N92low8pld+FPG5zfplpvQ</latexit>q

<latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit>

b̄
<latexit sha1_base64="2XLTjSPb/gZ1uOjjtkiIp8ea2Tg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uxE1JOqVK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBE2SOyQ==</latexit><latexit sha1_base64="2XLTjSPb/gZ1uOjjtkiIp8ea2Tg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uxE1JOqVK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBE2SOyQ==</latexit><latexit sha1_base64="2XLTjSPb/gZ1uOjjtkiIp8ea2Tg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uxE1JOqVK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBE2SOyQ==</latexit><latexit sha1_base64="2XLTjSPb/gZ1uOjjtkiIp8ea2Tg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uxE1JOqVK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBE2SOyQ==</latexit>B

<latexit sha1_base64="cKKNiJAvov9h+v/RxRcqDB+2hwk=">AAACE3icbVDLSgMxFL3js9bXqEs3wSKISJkRQZelblxWsA+YDiWTpm1oJjMkGaEM8w9u/BU3LhRx68adf2M6HUFbDwROzrn35uYEMWdKO86XtbS8srq2Xtoob25t7+zae/stFSWS0CaJeCQ7AVaUM0GbmmlOO7GkOAw4bQfj66nfvqdSsUjc6UlM/RAPBRswgrWRevZp2s2HeHIY+KlTdXKcLZCsnvXsys8NLRK3IBUo0OjZn91+RJKQCk04VspznVj7KZaaEU6zcjdRNMZkjIfUM1TgkCo/zdfJ0LFR+mgQSXOERrn6uyPFoVKTMDCVIdYjNe9Nxf88L9GDKz9lIk40FWT20CDhSEdoGhDqM0mJ5hNDMJHM7IrICEtMtImxbEJw57+8SFrnVdepurcXlVq9iKMEh3AEJ+DCJdTgBhrQBAIP8AQv8Go9Ws/Wm/U+K12yip4D+APr4xv9HpnB</latexit><latexit sha1_base64="cKKNiJAvov9h+v/RxRcqDB+2hwk=">AAACE3icbVDLSgMxFL3js9bXqEs3wSKISJkRQZelblxWsA+YDiWTpm1oJjMkGaEM8w9u/BU3LhRx68adf2M6HUFbDwROzrn35uYEMWdKO86XtbS8srq2Xtoob25t7+zae/stFSWS0CaJeCQ7AVaUM0GbmmlOO7GkOAw4bQfj66nfvqdSsUjc6UlM/RAPBRswgrWRevZp2s2HeHIY+KlTdXKcLZCsnvXsys8NLRK3IBUo0OjZn91+RJKQCk04VspznVj7KZaaEU6zcjdRNMZkjIfUM1TgkCo/zdfJ0LFR+mgQSXOERrn6uyPFoVKTMDCVIdYjNe9Nxf88L9GDKz9lIk40FWT20CDhSEdoGhDqM0mJ5hNDMJHM7IrICEtMtImxbEJw57+8SFrnVdepurcXlVq9iKMEh3AEJ+DCJdTgBhrQBAIP8AQv8Go9Ws/Wm/U+K12yip4D+APr4xv9HpnB</latexit><latexit sha1_base64="cKKNiJAvov9h+v/RxRcqDB+2hwk=">AAACE3icbVDLSgMxFL3js9bXqEs3wSKISJkRQZelblxWsA+YDiWTpm1oJjMkGaEM8w9u/BU3LhRx68adf2M6HUFbDwROzrn35uYEMWdKO86XtbS8srq2Xtoob25t7+zae/stFSWS0CaJeCQ7AVaUM0GbmmlOO7GkOAw4bQfj66nfvqdSsUjc6UlM/RAPBRswgrWRevZp2s2HeHIY+KlTdXKcLZCsnvXsys8NLRK3IBUo0OjZn91+RJKQCk04VspznVj7KZaaEU6zcjdRNMZkjIfUM1TgkCo/zdfJ0LFR+mgQSXOERrn6uyPFoVKTMDCVIdYjNe9Nxf88L9GDKz9lIk40FWT20CDhSEdoGhDqM0mJ5hNDMJHM7IrICEtMtImxbEJw57+8SFrnVdepurcXlVq9iKMEh3AEJ+DCJdTgBhrQBAIP8AQv8Go9Ws/Wm/U+K12yip4D+APr4xv9HpnB</latexit><latexit sha1_base64="cKKNiJAvov9h+v/RxRcqDB+2hwk=">AAACE3icbVDLSgMxFL3js9bXqEs3wSKISJkRQZelblxWsA+YDiWTpm1oJjMkGaEM8w9u/BU3LhRx68adf2M6HUFbDwROzrn35uYEMWdKO86XtbS8srq2Xtoob25t7+zae/stFSWS0CaJeCQ7AVaUM0GbmmlOO7GkOAw4bQfj66nfvqdSsUjc6UlM/RAPBRswgrWRevZp2s2HeHIY+KlTdXKcLZCsnvXsys8NLRK3IBUo0OjZn91+RJKQCk04VspznVj7KZaaEU6zcjdRNMZkjIfUM1TgkCo/zdfJ0LFR+mgQSXOERrn6uyPFoVKTMDCVIdYjNe9Nxf88L9GDKz9lIk40FWT20CDhSEdoGhDqM0mJ5hNDMJHM7IrICEtMtImxbEJw57+8SFrnVdepurcXlVq9iKMEh3AEJ+DCJdTgBhrQBAIP8AQv8Go9Ws/Wm/U+K12yip4D+APr4xv9HpnB</latexit>

H
±

<latexit sha1_base64="2A8s5uTsmlWfzrLvjY4XOqbIZ0c=">AAACGXicbZBNS8MwGMdTX+d8q3r0EhyCBxmtCHocetlxgnuBto40S7ewJC1JKozSr+HFr+LFgyIe9eS3Mesq6OYDgR////MkT/5hwqjSjvNlLS2vrK6tVzaqm1vbO7v23n5HxanEpI1jFsteiBRhVJC2ppqRXiIJ4iEj3XB8PfW790QqGotbPUlIwNFQ0IhipI3Ut53MLy7x5DAMMqfuFHW6AHnzLvMTnud9u/ajwUVwS6iBslp9+8MfxDjlRGjMkFKe6yQ6yJDUFDOSV/1UkQThMRoSz6BAnKggK5bK4bFRBjCKpTlCw0L9PZEhrtSEh6aTIz1S895U/M/zUh1dBhkVSaqJwLOHopRBHcNpTHBAJcGaTQwgLKnZFeIRkghrE2bVhODOf3kROmd116m7N+e1xlUZRwUcgiNwAlxwARqgCVqgDTB4AE/gBbxaj9az9Wa9z1qXrHLmAPwp6/MbEgKckg==</latexit><latexit sha1_base64="2A8s5uTsmlWfzrLvjY4XOqbIZ0c=">AAACGXicbZBNS8MwGMdTX+d8q3r0EhyCBxmtCHocetlxgnuBto40S7ewJC1JKozSr+HFr+LFgyIe9eS3Mesq6OYDgR////MkT/5hwqjSjvNlLS2vrK6tVzaqm1vbO7v23n5HxanEpI1jFsteiBRhVJC2ppqRXiIJ4iEj3XB8PfW790QqGotbPUlIwNFQ0IhipI3Ut53MLy7x5DAMMqfuFHW6AHnzLvMTnud9u/ajwUVwS6iBslp9+8MfxDjlRGjMkFKe6yQ6yJDUFDOSV/1UkQThMRoSz6BAnKggK5bK4bFRBjCKpTlCw0L9PZEhrtSEh6aTIz1S895U/M/zUh1dBhkVSaqJwLOHopRBHcNpTHBAJcGaTQwgLKnZFeIRkghrE2bVhODOf3kROmd116m7N+e1xlUZRwUcgiNwAlxwARqgCVqgDTB4AE/gBbxaj9az9Wa9z1qXrHLmAPwp6/MbEgKckg==</latexit><latexit sha1_base64="2A8s5uTsmlWfzrLvjY4XOqbIZ0c=">AAACGXicbZBNS8MwGMdTX+d8q3r0EhyCBxmtCHocetlxgnuBto40S7ewJC1JKozSr+HFr+LFgyIe9eS3Mesq6OYDgR////MkT/5hwqjSjvNlLS2vrK6tVzaqm1vbO7v23n5HxanEpI1jFsteiBRhVJC2ppqRXiIJ4iEj3XB8PfW790QqGotbPUlIwNFQ0IhipI3Ut53MLy7x5DAMMqfuFHW6AHnzLvMTnud9u/ajwUVwS6iBslp9+8MfxDjlRGjMkFKe6yQ6yJDUFDOSV/1UkQThMRoSz6BAnKggK5bK4bFRBjCKpTlCw0L9PZEhrtSEh6aTIz1S895U/M/zUh1dBhkVSaqJwLOHopRBHcNpTHBAJcGaTQwgLKnZFeIRkghrE2bVhODOf3kROmd116m7N+e1xlUZRwUcgiNwAlxwARqgCVqgDTB4AE/gBbxaj9az9Wa9z1qXrHLmAPwp6/MbEgKckg==</latexit><latexit sha1_base64="2A8s5uTsmlWfzrLvjY4XOqbIZ0c=">AAACGXicbZBNS8MwGMdTX+d8q3r0EhyCBxmtCHocetlxgnuBto40S7ewJC1JKozSr+HFr+LFgyIe9eS3Mesq6OYDgR////MkT/5hwqjSjvNlLS2vrK6tVzaqm1vbO7v23n5HxanEpI1jFsteiBRhVJC2ppqRXiIJ4iEj3XB8PfW790QqGotbPUlIwNFQ0IhipI3Ut53MLy7x5DAMMqfuFHW6AHnzLvMTnud9u/ajwUVwS6iBslp9+8MfxDjlRGjMkFKe6yQ6yJDUFDOSV/1UkQThMRoSz6BAnKggK5bK4bFRBjCKpTlCw0L9PZEhrtSEh6aTIz1S895U/M/zUh1dBhkVSaqJwLOHopRBHcNpTHBAJcGaTQwgLKnZFeIRkghrE2bVhODOf3kROmd116m7N+e1xlUZRwUcgiNwAlxwARqgCVqgDTB4AE/gBbxaj9az9Wa9z1qXrHLmAPwp6/MbEgKckg==</latexit>

⌫⌧
<latexit sha1_base64="ahH09yS5aDKidxMMD59VrMkEe4M=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeLaiEQ94CTlQUyHSkSCUbRS11dZ30ea9as1t+7OQVaJV5AaFGj2q1/+IGFZzBUySY3peW6KQU41Cib5tOJnhqeUjemQ9yxVNOYmyOf3TsmZVQYkSrQthWSu/p7IaWzMJA5tZ0xxZJa9mfif18swug5yodIMuWKLRVEmCSZk9jwZCM0ZyokllGlhbyVsRDVlaCOq2BC85ZdXSfui7rl17/6y1rgp4ijDCZzCOXhwBQ24gya0gIGEZ3iFN+fReXHenY9Fa8kpZo7hD5zPHzFjkA4=</latexit><latexit sha1_base64="ahH09yS5aDKidxMMD59VrMkEe4M=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeLaiEQ94CTlQUyHSkSCUbRS11dZ30ea9as1t+7OQVaJV5AaFGj2q1/+IGFZzBUySY3peW6KQU41Cib5tOJnhqeUjemQ9yxVNOYmyOf3TsmZVQYkSrQthWSu/p7IaWzMJA5tZ0xxZJa9mfif18swug5yodIMuWKLRVEmCSZk9jwZCM0ZyokllGlhbyVsRDVlaCOq2BC85ZdXSfui7rl17/6y1rgp4ijDCZzCOXhwBQ24gya0gIGEZ3iFN+fReXHenY9Fa8kpZo7hD5zPHzFjkA4=</latexit><latexit sha1_base64="ahH09yS5aDKidxMMD59VrMkEe4M=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeLaiEQ94CTlQUyHSkSCUbRS11dZ30ea9as1t+7OQVaJV5AaFGj2q1/+IGFZzBUySY3peW6KQU41Cib5tOJnhqeUjemQ9yxVNOYmyOf3TsmZVQYkSrQthWSu/p7IaWzMJA5tZ0xxZJa9mfif18swug5yodIMuWKLRVEmCSZk9jwZCM0ZyokllGlhbyVsRDVlaCOq2BC85ZdXSfui7rl17/6y1rgp4ijDCZzCOXhwBQ24gya0gIGEZ3iFN+fReXHenY9Fa8kpZo7hD5zPHzFjkA4=</latexit><latexit sha1_base64="ahH09yS5aDKidxMMD59VrMkEe4M=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeLaiEQ94CTlQUyHSkSCUbRS11dZ30ea9as1t+7OQVaJV5AaFGj2q1/+IGFZzBUySY3peW6KQU41Cib5tOJnhqeUjemQ9yxVNOYmyOf3TsmZVQYkSrQthWSu/p7IaWzMJA5tZ0xxZJa9mfif18swug5yodIMuWKLRVEmCSZk9jwZCM0ZyokllGlhbyVsRDVlaCOq2BC85ZdXSfui7rl17/6y1rgp4ijDCZzCOXhwBQ24gya0gIGEZ3iFN+fReXHenY9Fa8kpZo7hD5zPHzFjkA4=</latexit>

⌧+
<latexit sha1_base64="UV2m/Fg/Or+RadByNkwPLvjA/54=">AAACGHicdVBLSwMxGMzWV62vqkcvwSIIypotrW1vRS8eK9gHtGvJptk2NPsgyQpl6c/w4l/x4kERr735b8y2XVDRgcAwM1/yZZyQM6kQ+jQyK6tr6xvZzdzW9s7uXn7/oCWDSBDaJAEPRMfBknLm06ZiitNOKCj2HE7bzvg68dsPVEgW+HdqElLbw0OfuYxgpaV+/iLuzS/piqFjx8gsllGtUj1HZhlZtVJRE4SqtUs07Skc3Z9N+/lCGoJpCKYhaGmSoACWaPTzs94gIJFHfUU4lrJroVDZMRaKEU6nuV4kaYjJGA9pV1Mfe1Ta8XynKTzRygC6gdDHV3Cufp+IsSflxHN00sNqJH97ifiX142UW7Vj5oeRoj5ZPORGHKoAJi3BAROUKD7RBBPB9K6QjLDAROkuc7qE9Kfwf9IqmhYyrdtSoX61rCMLjsAxOAUWqIA6uAEN0AQEPIJn8ArejCfjxXg3PhbRjLGcOQQ/YMy+AMUGnHY=</latexit><latexit sha1_base64="UV2m/Fg/Or+RadByNkwPLvjA/54=">AAACGHicdVBLSwMxGMzWV62vqkcvwSIIypotrW1vRS8eK9gHtGvJptk2NPsgyQpl6c/w4l/x4kERr735b8y2XVDRgcAwM1/yZZyQM6kQ+jQyK6tr6xvZzdzW9s7uXn7/oCWDSBDaJAEPRMfBknLm06ZiitNOKCj2HE7bzvg68dsPVEgW+HdqElLbw0OfuYxgpaV+/iLuzS/piqFjx8gsllGtUj1HZhlZtVJRE4SqtUs07Skc3Z9N+/lCGoJpCKYhaGmSoACWaPTzs94gIJFHfUU4lrJroVDZMRaKEU6nuV4kaYjJGA9pV1Mfe1Ta8XynKTzRygC6gdDHV3Cufp+IsSflxHN00sNqJH97ifiX142UW7Vj5oeRoj5ZPORGHKoAJi3BAROUKD7RBBPB9K6QjLDAROkuc7qE9Kfwf9IqmhYyrdtSoX61rCMLjsAxOAUWqIA6uAEN0AQEPIJn8ArejCfjxXg3PhbRjLGcOQQ/YMy+AMUGnHY=</latexit><latexit sha1_base64="UV2m/Fg/Or+RadByNkwPLvjA/54=">AAACGHicdVBLSwMxGMzWV62vqkcvwSIIypotrW1vRS8eK9gHtGvJptk2NPsgyQpl6c/w4l/x4kERr735b8y2XVDRgcAwM1/yZZyQM6kQ+jQyK6tr6xvZzdzW9s7uXn7/oCWDSBDaJAEPRMfBknLm06ZiitNOKCj2HE7bzvg68dsPVEgW+HdqElLbw0OfuYxgpaV+/iLuzS/piqFjx8gsllGtUj1HZhlZtVJRE4SqtUs07Skc3Z9N+/lCGoJpCKYhaGmSoACWaPTzs94gIJFHfUU4lrJroVDZMRaKEU6nuV4kaYjJGA9pV1Mfe1Ta8XynKTzRygC6gdDHV3Cufp+IsSflxHN00sNqJH97ifiX142UW7Vj5oeRoj5ZPORGHKoAJi3BAROUKD7RBBPB9K6QjLDAROkuc7qE9Kfwf9IqmhYyrdtSoX61rCMLjsAxOAUWqIA6uAEN0AQEPIJn8ArejCfjxXg3PhbRjLGcOQQ/YMy+AMUGnHY=</latexit><latexit sha1_base64="UV2m/Fg/Or+RadByNkwPLvjA/54=">AAACGHicdVBLSwMxGMzWV62vqkcvwSIIypotrW1vRS8eK9gHtGvJptk2NPsgyQpl6c/w4l/x4kERr735b8y2XVDRgcAwM1/yZZyQM6kQ+jQyK6tr6xvZzdzW9s7uXn7/oCWDSBDaJAEPRMfBknLm06ZiitNOKCj2HE7bzvg68dsPVEgW+HdqElLbw0OfuYxgpaV+/iLuzS/piqFjx8gsllGtUj1HZhlZtVJRE4SqtUs07Skc3Z9N+/lCGoJpCKYhaGmSoACWaPTzs94gIJFHfUU4lrJroVDZMRaKEU6nuV4kaYjJGA9pV1Mfe1Ta8XynKTzRygC6gdDHV3Cufp+IsSflxHN00sNqJH97ifiX142UW7Vj5oeRoj5ZPORGHKoAJi3BAROUKD7RBBPB9K6QjLDAROkuc7qE9Kfwf9IqmhYyrdtSoX61rCMLjsAxOAUWqIA6uAEN0AQEPIJn8ArejCfjxXg3PhbRjLGcOQQ/YMy+AMUGnHY=</latexit>

2HDM

[Front. Phys. 80, 1 (2000)]

c̄
<latexit sha1_base64="Vt4+yOYfirCw63lVyeENz5gtZo4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPFi8cK9gPaUDbbSbt0swm7G6GEgn/BiwdFvPp7vPlv3KQ9aOuDgcd7M8zMCxLBtXHdb6e0tr6xuVXeruzs7u0fVA+P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3OZ+5xGV5rF8MNME/YiOJA85o8ZKnX5AFWGVQbXm1t0CZJV4C1KDBZqD6ld/GLM0QmmYoFr3PDcxfkaV4UzgrNJPNSaUTegIe5ZKGqH2s+LcGTmzypCEsbIlDSnU3xMZjbSeRoHtjKgZ62UvF//zeqkJr/2MyyQ1KNl8UZgKYmKS/06GXCEzYmoJZYrbWwkbU0WZsQnlIXjLL6+S9kXdc+ve/WWtcfM0j6MMJ3AK5+DBFTTgDprQAgYTeIZXeHMS58V5dz7mrSVnEeEx/IHz+QNwxY9d</latexit><latexit sha1_base64="Vt4+yOYfirCw63lVyeENz5gtZo4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPFi8cK9gPaUDbbSbt0swm7G6GEgn/BiwdFvPp7vPlv3KQ9aOuDgcd7M8zMCxLBtXHdb6e0tr6xuVXeruzs7u0fVA+P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3OZ+5xGV5rF8MNME/YiOJA85o8ZKnX5AFWGVQbXm1t0CZJV4C1KDBZqD6ld/GLM0QmmYoFr3PDcxfkaV4UzgrNJPNSaUTegIe5ZKGqH2s+LcGTmzypCEsbIlDSnU3xMZjbSeRoHtjKgZ62UvF//zeqkJr/2MyyQ1KNl8UZgKYmKS/06GXCEzYmoJZYrbWwkbU0WZsQnlIXjLL6+S9kXdc+ve/WWtcfM0j6MMJ3AK5+DBFTTgDprQAgYTeIZXeHMS58V5dz7mrSVnEeEx/IHz+QNwxY9d</latexit><latexit sha1_base64="Vt4+yOYfirCw63lVyeENz5gtZo4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPFi8cK9gPaUDbbSbt0swm7G6GEgn/BiwdFvPp7vPlv3KQ9aOuDgcd7M8zMCxLBtXHdb6e0tr6xuVXeruzs7u0fVA+P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3OZ+5xGV5rF8MNME/YiOJA85o8ZKnX5AFWGVQbXm1t0CZJV4C1KDBZqD6ld/GLM0QmmYoFr3PDcxfkaV4UzgrNJPNSaUTegIe5ZKGqH2s+LcGTmzypCEsbIlDSnU3xMZjbSeRoHtjKgZ62UvF//zeqkJr/2MyyQ1KNl8UZgKYmKS/06GXCEzYmoJZYrbWwkbU0WZsQnlIXjLL6+S9kXdc+ve/WWtcfM0j6MMJ3AK5+DBFTTgDprQAgYTeIZXeHMS58V5dz7mrSVnEeEx/IHz+QNwxY9d</latexit><latexit sha1_base64="Vt4+yOYfirCw63lVyeENz5gtZo4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPFi8cK9gPaUDbbSbt0swm7G6GEgn/BiwdFvPp7vPlv3KQ9aOuDgcd7M8zMCxLBtXHdb6e0tr6xuVXeruzs7u0fVA+P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3OZ+5xGV5rF8MNME/YiOJA85o8ZKnX5AFWGVQbXm1t0CZJV4C1KDBZqD6ld/GLM0QmmYoFr3PDcxfkaV4UzgrNJPNSaUTegIe5ZKGqH2s+LcGTmzypCEsbIlDSnU3xMZjbSeRoHtjKgZ62UvF//zeqkJr/2MyyQ1KNl8UZgKYmKS/06GXCEzYmoJZYrbWwkbU0WZsQnlIXjLL6+S9kXdc+ve/WWtcfM0j6MMJ3AK5+DBFTTgDprQAgYTeIZXeHMS58V5dz7mrSVnEeEx/IHz+QNwxY9d</latexit>

q
<latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit>

D(⇤)
<latexit sha1_base64="bhOJzxfXmAYuJjRyX2HgGZ4dtnw=">AAACGXicbZDLSsNAFIZP6q3WW9Slm2ARqkhJRNBlURcuK9gLpLFMptN26GQSZiZCCXkNN76KGxeKuNSVb+M0jaCtBwY+/v+cmTO/HzEqlW1/GYWFxaXlleJqaW19Y3PL3N5pyjAWmDRwyELR9pEkjHLSUFQx0o4EQYHPSMsfXU781j0Rkob8Vo0j4gVowGmfYqS01DXtpJNd4oqB7yV21c7qeA7Sq7ukcnSYpl2z/KNZ8+DkUIa86l3zo9MLcRwQrjBDUrqOHSkvQUJRzEha6sSSRAiP0IC4GjkKiPSSbKnUOtBKz+qHQh+urEz9PZGgQMpx4OvOAKmhnPUm4n+eG6v+uZdQHsWKcDx9qB8zS4XWJCarRwXBio01ICyo3tXCQyQQVjrMkg7Bmf3yPDRPqo5ddW5Oy7WLPI4i7ME+VMCBM6jBNdShARge4Ale4NV4NJ6NN+N92low8pld+FPG5zfplpvQ</latexit><latexit sha1_base64="bhOJzxfXmAYuJjRyX2HgGZ4dtnw=">AAACGXicbZDLSsNAFIZP6q3WW9Slm2ARqkhJRNBlURcuK9gLpLFMptN26GQSZiZCCXkNN76KGxeKuNSVb+M0jaCtBwY+/v+cmTO/HzEqlW1/GYWFxaXlleJqaW19Y3PL3N5pyjAWmDRwyELR9pEkjHLSUFQx0o4EQYHPSMsfXU781j0Rkob8Vo0j4gVowGmfYqS01DXtpJNd4oqB7yV21c7qeA7Sq7ukcnSYpl2z/KNZ8+DkUIa86l3zo9MLcRwQrjBDUrqOHSkvQUJRzEha6sSSRAiP0IC4GjkKiPSSbKnUOtBKz+qHQh+urEz9PZGgQMpx4OvOAKmhnPUm4n+eG6v+uZdQHsWKcDx9qB8zS4XWJCarRwXBio01ICyo3tXCQyQQVjrMkg7Bmf3yPDRPqo5ddW5Oy7WLPI4i7ME+VMCBM6jBNdShARge4Ale4NV4NJ6NN+N92low8pld+FPG5zfplpvQ</latexit><latexit sha1_base64="bhOJzxfXmAYuJjRyX2HgGZ4dtnw=">AAACGXicbZDLSsNAFIZP6q3WW9Slm2ARqkhJRNBlURcuK9gLpLFMptN26GQSZiZCCXkNN76KGxeKuNSVb+M0jaCtBwY+/v+cmTO/HzEqlW1/GYWFxaXlleJqaW19Y3PL3N5pyjAWmDRwyELR9pEkjHLSUFQx0o4EQYHPSMsfXU781j0Rkob8Vo0j4gVowGmfYqS01DXtpJNd4oqB7yV21c7qeA7Sq7ukcnSYpl2z/KNZ8+DkUIa86l3zo9MLcRwQrjBDUrqOHSkvQUJRzEha6sSSRAiP0IC4GjkKiPSSbKnUOtBKz+qHQh+urEz9PZGgQMpx4OvOAKmhnPUm4n+eG6v+uZdQHsWKcDx9qB8zS4XWJCarRwXBio01ICyo3tXCQyQQVjrMkg7Bmf3yPDRPqo5ddW5Oy7WLPI4i7ME+VMCBM6jBNdShARge4Ale4NV4NJ6NN+N92low8pld+FPG5zfplpvQ</latexit><latexit sha1_base64="bhOJzxfXmAYuJjRyX2HgGZ4dtnw=">AAACGXicbZDLSsNAFIZP6q3WW9Slm2ARqkhJRNBlURcuK9gLpLFMptN26GQSZiZCCXkNN76KGxeKuNSVb+M0jaCtBwY+/v+cmTO/HzEqlW1/GYWFxaXlleJqaW19Y3PL3N5pyjAWmDRwyELR9pEkjHLSUFQx0o4EQYHPSMsfXU781j0Rkob8Vo0j4gVowGmfYqS01DXtpJNd4oqB7yV21c7qeA7Sq7ukcnSYpl2z/KNZ8+DkUIa86l3zo9MLcRwQrjBDUrqOHSkvQUJRzEha6sSSRAiP0IC4GjkKiPSSbKnUOtBKz+qHQh+urEz9PZGgQMpx4OvOAKmhnPUm4n+eG6v+uZdQHsWKcDx9qB8zS4XWJCarRwXBio01ICyo3tXCQyQQVjrMkg7Bmf3yPDRPqo5ddW5Oy7WLPI4i7ME+VMCBM6jBNdShARge4Ale4NV4NJ6NN+N92low8pld+FPG5zfplpvQ</latexit>

⌧+
<latexit sha1_base64="UV2m/Fg/Or+RadByNkwPLvjA/54=">AAACGHicdVBLSwMxGMzWV62vqkcvwSIIypotrW1vRS8eK9gHtGvJptk2NPsgyQpl6c/w4l/x4kERr735b8y2XVDRgcAwM1/yZZyQM6kQ+jQyK6tr6xvZzdzW9s7uXn7/oCWDSBDaJAEPRMfBknLm06ZiitNOKCj2HE7bzvg68dsPVEgW+HdqElLbw0OfuYxgpaV+/iLuzS/piqFjx8gsllGtUj1HZhlZtVJRE4SqtUs07Skc3Z9N+/lCGoJpCKYhaGmSoACWaPTzs94gIJFHfUU4lrJroVDZMRaKEU6nuV4kaYjJGA9pV1Mfe1Ta8XynKTzRygC6gdDHV3Cufp+IsSflxHN00sNqJH97ifiX142UW7Vj5oeRoj5ZPORGHKoAJi3BAROUKD7RBBPB9K6QjLDAROkuc7qE9Kfwf9IqmhYyrdtSoX61rCMLjsAxOAUWqIA6uAEN0AQEPIJn8ArejCfjxXg3PhbRjLGcOQQ/YMy+AMUGnHY=</latexit><latexit sha1_base64="UV2m/Fg/Or+RadByNkwPLvjA/54=">AAACGHicdVBLSwMxGMzWV62vqkcvwSIIypotrW1vRS8eK9gHtGvJptk2NPsgyQpl6c/w4l/x4kERr735b8y2XVDRgcAwM1/yZZyQM6kQ+jQyK6tr6xvZzdzW9s7uXn7/oCWDSBDaJAEPRMfBknLm06ZiitNOKCj2HE7bzvg68dsPVEgW+HdqElLbw0OfuYxgpaV+/iLuzS/piqFjx8gsllGtUj1HZhlZtVJRE4SqtUs07Skc3Z9N+/lCGoJpCKYhaGmSoACWaPTzs94gIJFHfUU4lrJroVDZMRaKEU6nuV4kaYjJGA9pV1Mfe1Ta8XynKTzRygC6gdDHV3Cufp+IsSflxHN00sNqJH97ifiX142UW7Vj5oeRoj5ZPORGHKoAJi3BAROUKD7RBBPB9K6QjLDAROkuc7qE9Kfwf9IqmhYyrdtSoX61rCMLjsAxOAUWqIA6uAEN0AQEPIJn8ArejCfjxXg3PhbRjLGcOQQ/YMy+AMUGnHY=</latexit><latexit sha1_base64="UV2m/Fg/Or+RadByNkwPLvjA/54=">AAACGHicdVBLSwMxGMzWV62vqkcvwSIIypotrW1vRS8eK9gHtGvJptk2NPsgyQpl6c/w4l/x4kERr735b8y2XVDRgcAwM1/yZZyQM6kQ+jQyK6tr6xvZzdzW9s7uXn7/oCWDSBDaJAEPRMfBknLm06ZiitNOKCj2HE7bzvg68dsPVEgW+HdqElLbw0OfuYxgpaV+/iLuzS/piqFjx8gsllGtUj1HZhlZtVJRE4SqtUs07Skc3Z9N+/lCGoJpCKYhaGmSoACWaPTzs94gIJFHfUU4lrJroVDZMRaKEU6nuV4kaYjJGA9pV1Mfe1Ta8XynKTzRygC6gdDHV3Cufp+IsSflxHN00sNqJH97ifiX142UW7Vj5oeRoj5ZPORGHKoAJi3BAROUKD7RBBPB9K6QjLDAROkuc7qE9Kfwf9IqmhYyrdtSoX61rCMLjsAxOAUWqIA6uAEN0AQEPIJn8ArejCfjxXg3PhbRjLGcOQQ/YMy+AMUGnHY=</latexit><latexit sha1_base64="UV2m/Fg/Or+RadByNkwPLvjA/54=">AAACGHicdVBLSwMxGMzWV62vqkcvwSIIypotrW1vRS8eK9gHtGvJptk2NPsgyQpl6c/w4l/x4kERr735b8y2XVDRgcAwM1/yZZyQM6kQ+jQyK6tr6xvZzdzW9s7uXn7/oCWDSBDaJAEPRMfBknLm06ZiitNOKCj2HE7bzvg68dsPVEgW+HdqElLbw0OfuYxgpaV+/iLuzS/piqFjx8gsllGtUj1HZhlZtVJRE4SqtUs07Skc3Z9N+/lCGoJpCKYhaGmSoACWaPTzs94gIJFHfUU4lrJroVDZMRaKEU6nuV4kaYjJGA9pV1Mfe1Ta8XynKTzRygC6gdDHV3Cufp+IsSflxHN00sNqJH97ifiX142UW7Vj5oeRoj5ZPORGHKoAJi3BAROUKD7RBBPB9K6QjLDAROkuc7qE9Kfwf9IqmhYyrdtSoX61rCMLjsAxOAUWqIA6uAEN0AQEPIJn8ArejCfjxXg3PhbRjLGcOQQ/YMy+AMUGnHY=</latexit>

⌫⌧
<latexit sha1_base64="ahH09yS5aDKidxMMD59VrMkEe4M=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeLaiEQ94CTlQUyHSkSCUbRS11dZ30ea9as1t+7OQVaJV5AaFGj2q1/+IGFZzBUySY3peW6KQU41Cib5tOJnhqeUjemQ9yxVNOYmyOf3TsmZVQYkSrQthWSu/p7IaWzMJA5tZ0xxZJa9mfif18swug5yodIMuWKLRVEmCSZk9jwZCM0ZyokllGlhbyVsRDVlaCOq2BC85ZdXSfui7rl17/6y1rgp4ijDCZzCOXhwBQ24gya0gIGEZ3iFN+fReXHenY9Fa8kpZo7hD5zPHzFjkA4=</latexit><latexit sha1_base64="ahH09yS5aDKidxMMD59VrMkEe4M=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeLaiEQ94CTlQUyHSkSCUbRS11dZ30ea9as1t+7OQVaJV5AaFGj2q1/+IGFZzBUySY3peW6KQU41Cib5tOJnhqeUjemQ9yxVNOYmyOf3TsmZVQYkSrQthWSu/p7IaWzMJA5tZ0xxZJa9mfif18swug5yodIMuWKLRVEmCSZk9jwZCM0ZyokllGlhbyVsRDVlaCOq2BC85ZdXSfui7rl17/6y1rgp4ijDCZzCOXhwBQ24gya0gIGEZ3iFN+fReXHenY9Fa8kpZo7hD5zPHzFjkA4=</latexit><latexit sha1_base64="ahH09yS5aDKidxMMD59VrMkEe4M=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeLaiEQ94CTlQUyHSkSCUbRS11dZ30ea9as1t+7OQVaJV5AaFGj2q1/+IGFZzBUySY3peW6KQU41Cib5tOJnhqeUjemQ9yxVNOYmyOf3TsmZVQYkSrQthWSu/p7IaWzMJA5tZ0xxZJa9mfif18swug5yodIMuWKLRVEmCSZk9jwZCM0ZyokllGlhbyVsRDVlaCOq2BC85ZdXSfui7rl17/6y1rgp4ijDCZzCOXhwBQ24gya0gIGEZ3iFN+fReXHenY9Fa8kpZo7hD5zPHzFjkA4=</latexit><latexit sha1_base64="ahH09yS5aDKidxMMD59VrMkEe4M=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeLaiEQ94CTlQUyHSkSCUbRS11dZ30ea9as1t+7OQVaJV5AaFGj2q1/+IGFZzBUySY3peW6KQU41Cib5tOJnhqeUjemQ9yxVNOYmyOf3TsmZVQYkSrQthWSu/p7IaWzMJA5tZ0xxZJa9mfif18swug5yodIMuWKLRVEmCSZk9jwZCM0ZyokllGlhbyVsRDVlaCOq2BC85ZdXSfui7rl17/6y1rgp4ijDCZzCOXhwBQ24gya0gIGEZ3iFN+fReXHenY9Fa8kpZo7hD5zPHzFjkA4=</latexit>

q
<latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit>
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<latexit sha1_base64="cKKNiJAvov9h+v/RxRcqDB+2hwk=">AAACE3icbVDLSgMxFL3js9bXqEs3wSKISJkRQZelblxWsA+YDiWTpm1oJjMkGaEM8w9u/BU3LhRx68adf2M6HUFbDwROzrn35uYEMWdKO86XtbS8srq2Xtoob25t7+zae/stFSWS0CaJeCQ7AVaUM0GbmmlOO7GkOAw4bQfj66nfvqdSsUjc6UlM/RAPBRswgrWRevZp2s2HeHIY+KlTdXKcLZCsnvXsys8NLRK3IBUo0OjZn91+RJKQCk04VspznVj7KZaaEU6zcjdRNMZkjIfUM1TgkCo/zdfJ0LFR+mgQSXOERrn6uyPFoVKTMDCVIdYjNe9Nxf88L9GDKz9lIk40FWT20CDhSEdoGhDqM0mJ5hNDMJHM7IrICEtMtImxbEJw57+8SFrnVdepurcXlVq9iKMEh3AEJ+DCJdTgBhrQBAIP8AQv8Go9Ws/Wm/U+K12yip4D+APr4xv9HpnB</latexit><latexit sha1_base64="cKKNiJAvov9h+v/RxRcqDB+2hwk=">AAACE3icbVDLSgMxFL3js9bXqEs3wSKISJkRQZelblxWsA+YDiWTpm1oJjMkGaEM8w9u/BU3LhRx68adf2M6HUFbDwROzrn35uYEMWdKO86XtbS8srq2Xtoob25t7+zae/stFSWS0CaJeCQ7AVaUM0GbmmlOO7GkOAw4bQfj66nfvqdSsUjc6UlM/RAPBRswgrWRevZp2s2HeHIY+KlTdXKcLZCsnvXsys8NLRK3IBUo0OjZn91+RJKQCk04VspznVj7KZaaEU6zcjdRNMZkjIfUM1TgkCo/zdfJ0LFR+mgQSXOERrn6uyPFoVKTMDCVIdYjNe9Nxf88L9GDKz9lIk40FWT20CDhSEdoGhDqM0mJ5hNDMJHM7IrICEtMtImxbEJw57+8SFrnVdepurcXlVq9iKMEh3AEJ+DCJdTgBhrQBAIP8AQv8Go9Ws/Wm/U+K12yip4D+APr4xv9HpnB</latexit><latexit sha1_base64="cKKNiJAvov9h+v/RxRcqDB+2hwk=">AAACE3icbVDLSgMxFL3js9bXqEs3wSKISJkRQZelblxWsA+YDiWTpm1oJjMkGaEM8w9u/BU3LhRx68adf2M6HUFbDwROzrn35uYEMWdKO86XtbS8srq2Xtoob25t7+zae/stFSWS0CaJeCQ7AVaUM0GbmmlOO7GkOAw4bQfj66nfvqdSsUjc6UlM/RAPBRswgrWRevZp2s2HeHIY+KlTdXKcLZCsnvXsys8NLRK3IBUo0OjZn91+RJKQCk04VspznVj7KZaaEU6zcjdRNMZkjIfUM1TgkCo/zdfJ0LFR+mgQSXOERrn6uyPFoVKTMDCVIdYjNe9Nxf88L9GDKz9lIk40FWT20CDhSEdoGhDqM0mJ5hNDMJHM7IrICEtMtImxbEJw57+8SFrnVdepurcXlVq9iKMEh3AEJ+DCJdTgBhrQBAIP8AQv8Go9Ws/Wm/U+K12yip4D+APr4xv9HpnB</latexit><latexit sha1_base64="cKKNiJAvov9h+v/RxRcqDB+2hwk=">AAACE3icbVDLSgMxFL3js9bXqEs3wSKISJkRQZelblxWsA+YDiWTpm1oJjMkGaEM8w9u/BU3LhRx68adf2M6HUFbDwROzrn35uYEMWdKO86XtbS8srq2Xtoob25t7+zae/stFSWS0CaJeCQ7AVaUM0GbmmlOO7GkOAw4bQfj66nfvqdSsUjc6UlM/RAPBRswgrWRevZp2s2HeHIY+KlTdXKcLZCsnvXsys8NLRK3IBUo0OjZn91+RJKQCk04VspznVj7KZaaEU6zcjdRNMZkjIfUM1TgkCo/zdfJ0LFR+mgQSXOERrn6uyPFoVKTMDCVIdYjNe9Nxf88L9GDKz9lIk40FWT20CDhSEdoGhDqM0mJ5hNDMJHM7IrICEtMtImxbEJw57+8SFrnVdepurcXlVq9iKMEh3AEJ+DCJdTgBhrQBAIP8AQv8Go9Ws/Wm/U+K12yip4D+APr4xv9HpnB</latexit> LQ
<latexit sha1_base64="OZEgCyAr3IC7Vz0xOGoMqMwmTxc=">AAACFHicbVDLSsNAFL2pr1pfUZdugkUQlJKIoMuiGxcuWrAPSEOZTCft0MkkzEyEEvIRbvwVNy4UcevCnX/jNI2grQcGzpxz7507x48Zlcq2v4zS0vLK6lp5vbKxubW9Y+7utWWUCExaOGKR6PpIEkY5aSmqGOnGgqDQZ6Tjj6+nfueeCEkjfqcmMfFCNOQ0oBgpLfXNk7SXD3HF0PdSu2bnOF0g2W0z65vVn6u1SJyCVKFAo29+9gYRTkLCFWZIStexY+WlSCiKGckqvUSSGOExGhJXU45CIr003yezjrQysIJI6MOVlau/O1IUSjkJfV0ZIjWS895U/M9zExVceinlcaIIx7OHgoRZKrKmCVkDKghWbKIJwoLqXS08QgJhpXOs6BCc+S8vkvZZzbFrTvO8Wr8q4ijDARzCMThwAXW4gQa0AMMDPMELvBqPxrPxZrzPSktG0bMPf2B8fAO3yJom</latexit><latexit sha1_base64="OZEgCyAr3IC7Vz0xOGoMqMwmTxc=">AAACFHicbVDLSsNAFL2pr1pfUZdugkUQlJKIoMuiGxcuWrAPSEOZTCft0MkkzEyEEvIRbvwVNy4UcevCnX/jNI2grQcGzpxz7507x48Zlcq2v4zS0vLK6lp5vbKxubW9Y+7utWWUCExaOGKR6PpIEkY5aSmqGOnGgqDQZ6Tjj6+nfueeCEkjfqcmMfFCNOQ0oBgpLfXNk7SXD3HF0PdSu2bnOF0g2W0z65vVn6u1SJyCVKFAo29+9gYRTkLCFWZIStexY+WlSCiKGckqvUSSGOExGhJXU45CIr003yezjrQysIJI6MOVlau/O1IUSjkJfV0ZIjWS895U/M9zExVceinlcaIIx7OHgoRZKrKmCVkDKghWbKIJwoLqXS08QgJhpXOs6BCc+S8vkvZZzbFrTvO8Wr8q4ijDARzCMThwAXW4gQa0AMMDPMELvBqPxrPxZrzPSktG0bMPf2B8fAO3yJom</latexit><latexit sha1_base64="OZEgCyAr3IC7Vz0xOGoMqMwmTxc=">AAACFHicbVDLSsNAFL2pr1pfUZdugkUQlJKIoMuiGxcuWrAPSEOZTCft0MkkzEyEEvIRbvwVNy4UcevCnX/jNI2grQcGzpxz7507x48Zlcq2v4zS0vLK6lp5vbKxubW9Y+7utWWUCExaOGKR6PpIEkY5aSmqGOnGgqDQZ6Tjj6+nfueeCEkjfqcmMfFCNOQ0oBgpLfXNk7SXD3HF0PdSu2bnOF0g2W0z65vVn6u1SJyCVKFAo29+9gYRTkLCFWZIStexY+WlSCiKGckqvUSSGOExGhJXU45CIr003yezjrQysIJI6MOVlau/O1IUSjkJfV0ZIjWS895U/M9zExVceinlcaIIx7OHgoRZKrKmCVkDKghWbKIJwoLqXS08QgJhpXOs6BCc+S8vkvZZzbFrTvO8Wr8q4ijDARzCMThwAXW4gQa0AMMDPMELvBqPxrPxZrzPSktG0bMPf2B8fAO3yJom</latexit><latexit sha1_base64="OZEgCyAr3IC7Vz0xOGoMqMwmTxc=">AAACFHicbVDLSsNAFL2pr1pfUZdugkUQlJKIoMuiGxcuWrAPSEOZTCft0MkkzEyEEvIRbvwVNy4UcevCnX/jNI2grQcGzpxz7507x48Zlcq2v4zS0vLK6lp5vbKxubW9Y+7utWWUCExaOGKR6PpIEkY5aSmqGOnGgqDQZ6Tjj6+nfueeCEkjfqcmMfFCNOQ0oBgpLfXNk7SXD3HF0PdSu2bnOF0g2W0z65vVn6u1SJyCVKFAo29+9gYRTkLCFWZIStexY+WlSCiKGckqvUSSGOExGhJXU45CIr003yezjrQysIJI6MOVlau/O1IUSjkJfV0ZIjWS895U/M9zExVceinlcaIIx7OHgoRZKrKmCVkDKghWbKIJwoLqXS08QgJhpXOs6BCc+S8vkvZZzbFrTvO8Wr8q4ijDARzCMThwAXW4gQa0AMMDPMELvBqPxrPxZrzPSktG0bMPf2B8fAO3yJom</latexit>

Leptoquarks

[Phys. Lett. B 191, 442 (1987); 448, 320(E) (1999)]  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R(D) and R(D*)

!3

0.2 0.3 0.4 0.5
R(D)

0.2

0.25

0.3

0.35

0.4R
(D

*)

HFLAV average

Average of SM predictions

 = 1.0 contours2χΔ

 0.003±R(D) = 0.299 
 0.005±R(D*) = 0.258 

HFLAV

Winter 2019

) = 27%2χP(

σ3

LHCb15

LHCb18

Belle17

Belle19 Belle15

BaBar12

HFLAV
Spring 2019

R(D(⇤)) ⌘ B(B ! D(⇤)⌧⌫⌧ )

B(B ! D(⇤)`⌫`)
<latexit sha1_base64="oeEEN1wqiQzJAavz8EDK/0DoneY="></latexit><latexit sha1_base64="IqROYR4lzdo4MfREW7lsRdw3JDQ="></latexit><latexit sha1_base64="IqROYR4lzdo4MfREW7lsRdw3JDQ="></latexit><latexit sha1_base64="/+hIWPbczL0IsJ5jQhUhfeb9c/s="></latexit>

• Ratios of branching fractions:

• Some common systematics are cancelled out 

• Theoretical uncertainty of form factors 

• Uncertainty of |Vcb| 

• Experimental uncertainty of efficiencies

Theory average: 
R(D)SM = 0.299 ± 0.003 

R(D*)SM = 0.258 ± 0.005 

With current data from Belle, LHCb and BABAR: 

• Latest Belle measurement brings down to the world 
average discrepancy from 3.8σ (HFAV 2018) to 3.1σ.[Phys.Rev. D94 9, 094008 (2016), Phys.Rev. D95 11, 115008 (2017)]

[JHEP 1711 061 (2017), JHEP 1712 060 (2017)]
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B → D(*) τ ν Reconstruction at B Factories
• Not a rare decay: 

• In SM,                                            0.66% and                                          1.23% B(B+ ! D̄0⌧+⌫⌧ ) =
<latexit sha1_base64="EIeOrS2jEJIxSrZihrBl8IrBPAo=">AAACF3icbVDLSgMxFM34rPVVdekmWISKUGZE0I1QqguXFewDOtNyJ03b0ExmSDJCGfoXbvwVNy4Ucas7/8ZMOwttPRA4OedeknP8iDOlbfvbWlpeWV1bz23kN7e2d3YLe/sNFcaS0DoJeShbPijKmaB1zTSnrUhSCHxOm/7oOvWbD1QqFop7PY6oF8BAsD4joI3ULZQTlwDH1Ump2jnFrg6x64PENx3bXCBONRF3k5RPTvBVt1C0y/YUeJE4GSmiDLVu4cvthSQOqNCEg1Jtx460l4DUjHA6ybuxohGQEQxo21ABAVVeMs01wcdG6eF+KM0RGk/V3xsJBEqNA99MBqCHat5Lxf+8dqz7l17CRBRrKsjsoX7MsYmfloR7TFKi+dgQIJKZv2IyBAlEmyrzpgRnPvIiaZyVHbvs3J0XK9Wsjhw6REeohBx0gSroFtVQHRH0iJ7RK3qznqwX6936mI0uWdnOAfoD6/MHT1Sdgw==</latexit><latexit sha1_base64="EIeOrS2jEJIxSrZihrBl8IrBPAo=">AAACF3icbVDLSgMxFM34rPVVdekmWISKUGZE0I1QqguXFewDOtNyJ03b0ExmSDJCGfoXbvwVNy4Ucas7/8ZMOwttPRA4OedeknP8iDOlbfvbWlpeWV1bz23kN7e2d3YLe/sNFcaS0DoJeShbPijKmaB1zTSnrUhSCHxOm/7oOvWbD1QqFop7PY6oF8BAsD4joI3ULZQTlwDH1Ump2jnFrg6x64PENx3bXCBONRF3k5RPTvBVt1C0y/YUeJE4GSmiDLVu4cvthSQOqNCEg1Jtx460l4DUjHA6ybuxohGQEQxo21ABAVVeMs01wcdG6eF+KM0RGk/V3xsJBEqNA99MBqCHat5Lxf+8dqz7l17CRBRrKsjsoX7MsYmfloR7TFKi+dgQIJKZv2IyBAlEmyrzpgRnPvIiaZyVHbvs3J0XK9Wsjhw6REeohBx0gSroFtVQHRH0iJ7RK3qznqwX6936mI0uWdnOAfoD6/MHT1Sdgw==</latexit><latexit sha1_base64="EIeOrS2jEJIxSrZihrBl8IrBPAo=">AAACF3icbVDLSgMxFM34rPVVdekmWISKUGZE0I1QqguXFewDOtNyJ03b0ExmSDJCGfoXbvwVNy4Ucas7/8ZMOwttPRA4OedeknP8iDOlbfvbWlpeWV1bz23kN7e2d3YLe/sNFcaS0DoJeShbPijKmaB1zTSnrUhSCHxOm/7oOvWbD1QqFop7PY6oF8BAsD4joI3ULZQTlwDH1Ump2jnFrg6x64PENx3bXCBONRF3k5RPTvBVt1C0y/YUeJE4GSmiDLVu4cvthSQOqNCEg1Jtx460l4DUjHA6ybuxohGQEQxo21ABAVVeMs01wcdG6eF+KM0RGk/V3xsJBEqNA99MBqCHat5Lxf+8dqz7l17CRBRrKsjsoX7MsYmfloR7TFKi+dgQIJKZv2IyBAlEmyrzpgRnPvIiaZyVHbvs3J0XK9Wsjhw6REeohBx0gSroFtVQHRH0iJ7RK3qznqwX6936mI0uWdnOAfoD6/MHT1Sdgw==</latexit><latexit sha1_base64="EIeOrS2jEJIxSrZihrBl8IrBPAo=">AAACF3icbVDLSgMxFM34rPVVdekmWISKUGZE0I1QqguXFewDOtNyJ03b0ExmSDJCGfoXbvwVNy4Ucas7/8ZMOwttPRA4OedeknP8iDOlbfvbWlpeWV1bz23kN7e2d3YLe/sNFcaS0DoJeShbPijKmaB1zTSnrUhSCHxOm/7oOvWbD1QqFop7PY6oF8BAsD4joI3ULZQTlwDH1Ump2jnFrg6x64PENx3bXCBONRF3k5RPTvBVt1C0y/YUeJE4GSmiDLVu4cvthSQOqNCEg1Jtx460l4DUjHA6ybuxohGQEQxo21ABAVVeMs01wcdG6eF+KM0RGk/V3xsJBEqNA99MBqCHat5Lxf+8dqz7l17CRBRrKsjsoX7MsYmfloR7TFKi+dgQIJKZv2IyBAlEmyrzpgRnPvIiaZyVHbvs3J0XK9Wsjhw6REeohBx0gSroFtVQHRH0iJ7RK3qznqwX6936mI0uWdnOAfoD6/MHT1Sdgw==</latexit>

B(B+ ! D̄⇤0⌧+⌫⌧ ) =
<latexit sha1_base64="PyXkeVAoe8Gr3tQ5wtI/9nnKQGw=">AAACGnicbZDLSgMxFIYz9VbrrerSTbAIVaHMiKAboVQXLivYC3TaciZN29BMZkgyQhnmOdz4Km5cKOJO3Pg2ZtoutPWHwJf/nENyfi/kTGnb/rYyS8srq2vZ9dzG5tb2Tn53r66CSBJaIwEPZNMDRTkTtKaZ5rQZSgq+x2nDG12n9cYDlYoF4l6PQ9r2YSBYnxHQxurmndglwHElKVY6p9jVAXY9kPimE5/YiblDlNoi6sYpJ8f4qpsv2CV7IrwIzgwKaKZqN//p9gIS+VRowkGplmOHuh2D1IxwmuTcSNEQyAgGtGVQgE9VO56sluAj4/RwP5DmCI0n7u+JGHylxr5nOn3QQzVfS83/aq1I9y/bMRNhpKkg04f6EccmgTQn3GOSEs3HBoBIZv6KyRAkEG3SzJkQnPmVF6F+VnLsknN3XihXZnFk0QE6REXkoAtURreoimqIoEf0jF7Rm/VkvVjv1se0NWPNZvbRH1lfP6fXnsM=</latexit><latexit sha1_base64="PyXkeVAoe8Gr3tQ5wtI/9nnKQGw=">AAACGnicbZDLSgMxFIYz9VbrrerSTbAIVaHMiKAboVQXLivYC3TaciZN29BMZkgyQhnmOdz4Km5cKOJO3Pg2ZtoutPWHwJf/nENyfi/kTGnb/rYyS8srq2vZ9dzG5tb2Tn53r66CSBJaIwEPZNMDRTkTtKaZ5rQZSgq+x2nDG12n9cYDlYoF4l6PQ9r2YSBYnxHQxurmndglwHElKVY6p9jVAXY9kPimE5/YiblDlNoi6sYpJ8f4qpsv2CV7IrwIzgwKaKZqN//p9gIS+VRowkGplmOHuh2D1IxwmuTcSNEQyAgGtGVQgE9VO56sluAj4/RwP5DmCI0n7u+JGHylxr5nOn3QQzVfS83/aq1I9y/bMRNhpKkg04f6EccmgTQn3GOSEs3HBoBIZv6KyRAkEG3SzJkQnPmVF6F+VnLsknN3XihXZnFk0QE6REXkoAtURreoimqIoEf0jF7Rm/VkvVjv1se0NWPNZvbRH1lfP6fXnsM=</latexit><latexit sha1_base64="PyXkeVAoe8Gr3tQ5wtI/9nnKQGw=">AAACGnicbZDLSgMxFIYz9VbrrerSTbAIVaHMiKAboVQXLivYC3TaciZN29BMZkgyQhnmOdz4Km5cKOJO3Pg2ZtoutPWHwJf/nENyfi/kTGnb/rYyS8srq2vZ9dzG5tb2Tn53r66CSBJaIwEPZNMDRTkTtKaZ5rQZSgq+x2nDG12n9cYDlYoF4l6PQ9r2YSBYnxHQxurmndglwHElKVY6p9jVAXY9kPimE5/YiblDlNoi6sYpJ8f4qpsv2CV7IrwIzgwKaKZqN//p9gIS+VRowkGplmOHuh2D1IxwmuTcSNEQyAgGtGVQgE9VO56sluAj4/RwP5DmCI0n7u+JGHylxr5nOn3QQzVfS83/aq1I9y/bMRNhpKkg04f6EccmgTQn3GOSEs3HBoBIZv6KyRAkEG3SzJkQnPmVF6F+VnLsknN3XihXZnFk0QE6REXkoAtURreoimqIoEf0jF7Rm/VkvVjv1se0NWPNZvbRH1lfP6fXnsM=</latexit><latexit sha1_base64="PyXkeVAoe8Gr3tQ5wtI/9nnKQGw=">AAACGnicbZDLSgMxFIYz9VbrrerSTbAIVaHMiKAboVQXLivYC3TaciZN29BMZkgyQhnmOdz4Km5cKOJO3Pg2ZtoutPWHwJf/nENyfi/kTGnb/rYyS8srq2vZ9dzG5tb2Tn53r66CSBJaIwEPZNMDRTkTtKaZ5rQZSgq+x2nDG12n9cYDlYoF4l6PQ9r2YSBYnxHQxurmndglwHElKVY6p9jVAXY9kPimE5/YiblDlNoi6sYpJ8f4qpsv2CV7IrwIzgwKaKZqN//p9gIS+VRowkGplmOHuh2D1IxwmuTcSNEQyAgGtGVQgE9VO56sluAj4/RwP5DmCI0n7u+JGHylxr5nOn3QQzVfS83/aq1I9y/bMRNhpKkg04f6EccmgTQn3GOSEs3HBoBIZv6KyRAkEG3SzJkQnPmVF6F+VnLsknN3XihXZnFk0QE6REXkoAtURreoimqIoEf0jF7Rm/VkvVjv1se0NWPNZvbRH1lfP6fXnsM=</latexit>

B�
tag

<latexit sha1_base64="dFhbOEoT7CQbiGntVfeuG5GtbB0=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6LHUi8cK9kPaWDbbTbt0swm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbG6x3HC/YgOlAgFo2ilh9rjeS9DOpj0SmW34s5AlomXkzLkqPdKX91+zNKIK2SSGtPx3AT9jGoUTPJJsZsanlA2ogPesVTRiBs/mx08IadW6ZMw1rYUkpn6eyKjkTHjKLCdEcWhWfSm4n9eJ8Xw2s+ESlLkis0XhakkGJPp96QvNGcox5ZQpoW9lbAh1ZShzahoQ/AWX14mzYuK51a8u8tytZbHUYBjOIEz8OAKqnALdWgAgwie4RXeHO28OO/Ox7x1xclnjuAPnM8fgYeQNA==</latexit><latexit sha1_base64="dFhbOEoT7CQbiGntVfeuG5GtbB0=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6LHUi8cK9kPaWDbbTbt0swm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbG6x3HC/YgOlAgFo2ilh9rjeS9DOpj0SmW34s5AlomXkzLkqPdKX91+zNKIK2SSGtPx3AT9jGoUTPJJsZsanlA2ogPesVTRiBs/mx08IadW6ZMw1rYUkpn6eyKjkTHjKLCdEcWhWfSm4n9eJ8Xw2s+ESlLkis0XhakkGJPp96QvNGcox5ZQpoW9lbAh1ZShzahoQ/AWX14mzYuK51a8u8tytZbHUYBjOIEz8OAKqnALdWgAgwie4RXeHO28OO/Ox7x1xclnjuAPnM8fgYeQNA==</latexit><latexit sha1_base64="dFhbOEoT7CQbiGntVfeuG5GtbB0=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6LHUi8cK9kPaWDbbTbt0swm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbG6x3HC/YgOlAgFo2ilh9rjeS9DOpj0SmW34s5AlomXkzLkqPdKX91+zNKIK2SSGtPx3AT9jGoUTPJJsZsanlA2ogPesVTRiBs/mx08IadW6ZMw1rYUkpn6eyKjkTHjKLCdEcWhWfSm4n9eJ8Xw2s+ESlLkis0XhakkGJPp96QvNGcox5ZQpoW9lbAh1ZShzahoQ/AWX14mzYuK51a8u8tytZbHUYBjOIEz8OAKqnALdWgAgwie4RXeHO28OO/Ox7x1xclnjuAPnM8fgYeQNA==</latexit><latexit sha1_base64="dFhbOEoT7CQbiGntVfeuG5GtbB0=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6LHUi8cK9kPaWDbbTbt0swm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbG6x3HC/YgOlAgFo2ilh9rjeS9DOpj0SmW34s5AlomXkzLkqPdKX91+zNKIK2SSGtPx3AT9jGoUTPJJsZsanlA2ogPesVTRiBs/mx08IadW6ZMw1rYUkpn6eyKjkTHjKLCdEcWhWfSm4n9eJ8Xw2s+ESlLkis0XhakkGJPp96QvNGcox5ZQpoW9lbAh1ZShzahoQ/AWX14mzYuK51a8u8tytZbHUYBjOIEz8OAKqnALdWgAgwie4RXeHO28OO/Ox7x1xclnjuAPnM8fgYeQNA==</latexit>

B+
sig

<latexit sha1_base64="GzUV7Lx8bDj9nuj53JDv2s+UPTg=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBAEIeyKoMcQLx4jmIcka5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63t7K6tr6xWdgqbu/s7u2XDg6bRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0M/VbT1QbpuS9HSc0FHggWcwItk56qD2e9zLDBpNeqexX/BnQMglyUoYc9V7pq9tXJBVUWsKxMZ3AT2yYYW0Z4XRS7KaGJpiM8IB2HJVYUBNms4Mn6NQpfRQr7UpaNFN/T2RYGDMWkesU2A7NojcV//M6qY2vw4zJJLVUkvmiOOXIKjT9HvWZpsTysSOYaOZuRWSINSbWZVR0IQSLLy+T5kUl8CvB3WW5WsvjKMAxnMAZBHAFVbiFOjSAgIBneIU3T3sv3rv3MW9d8fKZI/gD7/MHiRyQOQ==</latexit><latexit sha1_base64="GzUV7Lx8bDj9nuj53JDv2s+UPTg=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBAEIeyKoMcQLx4jmIcka5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63t7K6tr6xWdgqbu/s7u2XDg6bRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0M/VbT1QbpuS9HSc0FHggWcwItk56qD2e9zLDBpNeqexX/BnQMglyUoYc9V7pq9tXJBVUWsKxMZ3AT2yYYW0Z4XRS7KaGJpiM8IB2HJVYUBNms4Mn6NQpfRQr7UpaNFN/T2RYGDMWkesU2A7NojcV//M6qY2vw4zJJLVUkvmiOOXIKjT9HvWZpsTysSOYaOZuRWSINSbWZVR0IQSLLy+T5kUl8CvB3WW5WsvjKMAxnMAZBHAFVbiFOjSAgIBneIU3T3sv3rv3MW9d8fKZI/gD7/MHiRyQOQ==</latexit><latexit sha1_base64="GzUV7Lx8bDj9nuj53JDv2s+UPTg=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBAEIeyKoMcQLx4jmIcka5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63t7K6tr6xWdgqbu/s7u2XDg6bRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0M/VbT1QbpuS9HSc0FHggWcwItk56qD2e9zLDBpNeqexX/BnQMglyUoYc9V7pq9tXJBVUWsKxMZ3AT2yYYW0Z4XRS7KaGJpiM8IB2HJVYUBNms4Mn6NQpfRQr7UpaNFN/T2RYGDMWkesU2A7NojcV//M6qY2vw4zJJLVUkvmiOOXIKjT9HvWZpsTysSOYaOZuRWSINSbWZVR0IQSLLy+T5kUl8CvB3WW5WsvjKMAxnMAZBHAFVbiFOjSAgIBneIU3T3sv3rv3MW9d8fKZI/gD7/MHiRyQOQ==</latexit><latexit sha1_base64="GzUV7Lx8bDj9nuj53JDv2s+UPTg=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBAEIeyKoMcQLx4jmIcka5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63t7K6tr6xWdgqbu/s7u2XDg6bRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0M/VbT1QbpuS9HSc0FHggWcwItk56qD2e9zLDBpNeqexX/BnQMglyUoYc9V7pq9tXJBVUWsKxMZ3AT2yYYW0Z4XRS7KaGJpiM8IB2HJVYUBNms4Mn6NQpfRQr7UpaNFN/T2RYGDMWkesU2A7NojcV//M6qY2vw4zJJLVUkvmiOOXIKjT9HvWZpsTysSOYaOZuRWSINSbWZVR0IQSLLy+T5kUl8CvB3WW5WsvjKMAxnMAZBHAFVbiFOjSAgIBneIU3T3sv3rv3MW9d8fKZI/gD7/MHiRyQOQ==</latexit>

D̄0
<latexit sha1_base64="i3hXoFRlQOZl1sRMyMXK6F+B70A=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2A9oY5lsN+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUUdagsYhVO0DNBJesYbgRrJ0ohlEgWCsYXU/91hNTmsfy3owT5kc4kDzkFI2V2t0AFbl5cHvlilt1ZyDLxMtJBXLUe+Wvbj+macSkoQK17nhuYvwMleFUsEmpm2qWIB3hgHUslRgx7WezeyfkxCp9EsbKljRkpv6eyDDSehwFtjNCM9SL3lT8z+ukJrz0My6T1DBJ54vCVBATk+nzpM8Vo0aMLUGquL2V0CEqpMZGVLIheIsvL5PmWdVzq97deaV2lcdRhCM4hlPw4AJqcAt1aAAFAc/wCm/Oo/PivDsf89aCk88cwh84nz8LWY9N</latexit><latexit sha1_base64="i3hXoFRlQOZl1sRMyMXK6F+B70A=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2A9oY5lsN+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUUdagsYhVO0DNBJesYbgRrJ0ohlEgWCsYXU/91hNTmsfy3owT5kc4kDzkFI2V2t0AFbl5cHvlilt1ZyDLxMtJBXLUe+Wvbj+macSkoQK17nhuYvwMleFUsEmpm2qWIB3hgHUslRgx7WezeyfkxCp9EsbKljRkpv6eyDDSehwFtjNCM9SL3lT8z+ukJrz0My6T1DBJ54vCVBATk+nzpM8Vo0aMLUGquL2V0CEqpMZGVLIheIsvL5PmWdVzq97deaV2lcdRhCM4hlPw4AJqcAt1aAAFAc/wCm/Oo/PivDsf89aCk88cwh84nz8LWY9N</latexit><latexit sha1_base64="i3hXoFRlQOZl1sRMyMXK6F+B70A=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2A9oY5lsN+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUUdagsYhVO0DNBJesYbgRrJ0ohlEgWCsYXU/91hNTmsfy3owT5kc4kDzkFI2V2t0AFbl5cHvlilt1ZyDLxMtJBXLUe+Wvbj+macSkoQK17nhuYvwMleFUsEmpm2qWIB3hgHUslRgx7WezeyfkxCp9EsbKljRkpv6eyDDSehwFtjNCM9SL3lT8z+ukJrz0My6T1DBJ54vCVBATk+nzpM8Vo0aMLUGquL2V0CEqpMZGVLIheIsvL5PmWdVzq97deaV2lcdRhCM4hlPw4AJqcAt1aAAFAc/wCm/Oo/PivDsf89aCk88cwh84nz8LWY9N</latexit><latexit sha1_base64="i3hXoFRlQOZl1sRMyMXK6F+B70A=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2A9oY5lsN+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUUdagsYhVO0DNBJesYbgRrJ0ohlEgWCsYXU/91hNTmsfy3owT5kc4kDzkFI2V2t0AFbl5cHvlilt1ZyDLxMtJBXLUe+Wvbj+macSkoQK17nhuYvwMleFUsEmpm2qWIB3hgHUslRgx7WezeyfkxCp9EsbKljRkpv6eyDDSehwFtjNCM9SL3lT8z+ukJrz0My6T1DBJ54vCVBATk+nzpM8Vo0aMLUGquL2V0CEqpMZGVLIheIsvL5PmWdVzq97deaV2lcdRhCM4hlPw4AJqcAt1aAAFAc/wCm/Oo/PivDsf89aCk88cwh84nz8LWY9N</latexit>

⌧+
<latexit sha1_base64="Q8TLE7M6acjFv6zhof25KV5ZF2s=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/QxrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgorq2vrG8XN0tb2zu5eef+gaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3Uz91hPXRsTqHscJ9yM6UCIUjKKVml2k6cNZr1xxq+4MZJl4OalAjnqv/NXtxyyNuEImqTEdz03Qz6hGwSSflLqp4QllIzrgHUsVjbjxs9m1E3JilT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMqCRFrth8UZhKgjGZvk76QnOGcmwJZVrYWwkbUk0Z2oBKNgRv8eVl0jyvem7Vu7uo1K7zOIpwBMdwCh5cQg1uoQ4NYPAIz/AKb07svDjvzse8teDkM4fwB87nDz5gjuU=</latexit><latexit sha1_base64="Q8TLE7M6acjFv6zhof25KV5ZF2s=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/QxrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgorq2vrG8XN0tb2zu5eef+gaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3Uz91hPXRsTqHscJ9yM6UCIUjKKVml2k6cNZr1xxq+4MZJl4OalAjnqv/NXtxyyNuEImqTEdz03Qz6hGwSSflLqp4QllIzrgHUsVjbjxs9m1E3JilT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMqCRFrth8UZhKgjGZvk76QnOGcmwJZVrYWwkbUk0Z2oBKNgRv8eVl0jyvem7Vu7uo1K7zOIpwBMdwCh5cQg1uoQ4NYPAIz/AKb07svDjvzse8teDkM4fwB87nDz5gjuU=</latexit><latexit sha1_base64="Q8TLE7M6acjFv6zhof25KV5ZF2s=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/QxrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgorq2vrG8XN0tb2zu5eef+gaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3Uz91hPXRsTqHscJ9yM6UCIUjKKVml2k6cNZr1xxq+4MZJl4OalAjnqv/NXtxyyNuEImqTEdz03Qz6hGwSSflLqp4QllIzrgHUsVjbjxs9m1E3JilT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMqCRFrth8UZhKgjGZvk76QnOGcmwJZVrYWwkbUk0Z2oBKNgRv8eVl0jyvem7Vu7uo1K7zOIpwBMdwCh5cQg1uoQ4NYPAIz/AKb07svDjvzse8teDkM4fwB87nDz5gjuU=</latexit><latexit sha1_base64="Q8TLE7M6acjFv6zhof25KV5ZF2s=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWsB/QxrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgorq2vrG8XN0tb2zu5eef+gaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3Uz91hPXRsTqHscJ9yM6UCIUjKKVml2k6cNZr1xxq+4MZJl4OalAjnqv/NXtxyyNuEImqTEdz03Qz6hGwSSflLqp4QllIzrgHUsVjbjxs9m1E3JilT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMqCRFrth8UZhKgjGZvk76QnOGcmwJZVrYWwkbUk0Z2oBKNgRv8eVl0jyvem7Vu7uo1K7zOIpwBMdwCh5cQg1uoQ4NYPAIz/AKb07svDjvzse8teDkM4fwB87nDz5gjuU=</latexit>
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the companion B meson (Btag) reconstruction 
(Tagging) 

• a D(*)  
• a charged daughter of τ

• Leptonic τ decay 
• Hadronic τ decay

select the Bsig decay with

• Reconstruction of 𝜏 is challenging due to multiple neutrinos. 

• Need full reconstruction of the event. 

• Suppress non-𝐵𝐵 background and mis-reconstructed 
events. 

• Need a high statistics.
ϒ(4S)

!4

• Inclusive Tag 
ε = (100)%                   ?
Consistency of Btag

• Semileptonic Tag 
ε = O(1)%  
Knowledge of Btag
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• Hadronic Tag 
ε = O(0.1)%  
Exact knowledge of Btag
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Full Event Interpretation: B Tagging Software at Belle II 
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• FEI (Full Event Interpretation): Multivariate analysis with Boosted-Decision Tree (BDT) classifier.  

• The most evolved version of B tagging software developed for Belle II. 

• O(200) BDT classifiers trained on O(10,000) B decay channels to identify the Btag. 

• FEI was successfully used in recent Belle R(D(*)) measurement with a semileptonic tagging 
method. [Phys. Rev. Lett. 124, 161803 (2020)] 

[Comput. Softw. Big Sci. 3, 6 (2019)]

Full Event Interpretation algorithm for  reconstructionBtag

6Marco Milesi, ICHEP 2020

• Full Event Interpretation (FEI) algorithm developed in Belle II software →  
BDT classifiers trained on   decay channels to identifiy the 

!(200)
!(10,000) B Btag

• FEI successfully exploited in  
“semileptonic tag” analysis on Belle data 
analysed with the Belle II software.

R(D(*))

W. Sutcliffe’s talk

G. Caria et al. (Belle Collaboration), Phys. Rev. Lett. 124, 161803 


Detector Data

Final State 
Particles

Intermediate  
Stages

are selected and corresponding classification methods are trained using the detector informa-

tion. Building on this, intermediate particle candidates are reconstructed and a multivariate

classifier is trained for each employed decay channel. The MVC combines all information

about a candidate into a single value, the signal-probability. In consequence, candidates

from di↵erent decay channels can be treated equally in the following reconstruction steps.

For instance, the FEI currently reconstructs 15 decay channels of the D0. Afterwards, the

generated D0 candidates are used to reconstruct D⇤0 in 2 decay channels. All information

about the specific D0 decay channel of the candidate is encoded in its signal-probability,

which is available to the D⇤0 classifiers. In e↵ect, the hierarchical approach reconstructs

2 ⇥ 15 = 30 exclusive decay channels and provides a signal-probability for each candidate,

which makes use of all available information. Finally, the B candidates are reconstructed

and the corresponding classifiers are trained.

Fig. 50: Hierarchy of the Full Event Interpretation algorithm.

6.6.4. Training modes. The FEI has to be trained on Monte Carlo data and is applied

subsequently on real data after an analysis-specific signal-side selection. There are three

di↵erent types of events one has to consider in the training and application of the FEI:

� double-generic events - e+e� ! ⌥ (4S) ! BB for charged and neutral B pairs, where

both B mesons decay generically;

� continuum events - e+e� ! cc̄, ss̄, dd̄, uū;

� and signal events - e+e� ! ⌥ (4S) ! BB, where one B decays generically and the other

decays in an analysis-specific signal-channel like B+ ! ⌧+⌫.

120/690
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Recent R(D(*)) Measurements at Belle
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Belle @ KEKB
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• Hermetic spectrometer capable of 

• Tracking and momentum 
measurement of charged tracks  

• Vertex measurement 

• Particle ID 

• Collected 772 x 106 𝐵𝐵 events at 
KEKB factory (1999-2010), 

• asymmetric 𝑒+𝑒− collider at       
" 𝑠 = 10.58 GeV, in Japan. 

•  𝑒+ 𝑒- → Υ 4𝑆 → 𝐵𝐵 (very clean 
and well-known initial state) 

KEKB and belle detector

• Asymmetric e+e� collider at the
High Energy Accelerator Research
Organization(KEK), Japan

• 8 GeV e� collides to 3.5 GeV e+

at ⌥(4S) resonance

• Integrated luminosity of ⇠ 1 ab�1

• The main goal was to search for
CP violation in B meson decays

/ K
L
 detection

 14/15 lyr. RPC+Fe

Central Drift Chamber
       small cell +He/C2H6

CsI(Tl) 
   16X

0

 Aerogel Cherenkov cnt.
              n=1.015~1.030

Si vtx. det.
   3/4 lyr. DSSD

TOF counter

SC solenoid
   1.5T

8 GeV e

3.5 GeV e

Belle Detector

Abdul Basith

Recent results on hadronic B and B0
s decays at Belle 3 / 17
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Recent R(D(*)) Measurement in Belle with Semileptonic Tagging
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B±/0→ D(*)τ (ℓνν)ν

ϒ(4S)

B±/0→ D(*)ℓ ν

B±/0→ D(*)ℓ ν
B-tagB-signal

signal mode

normalization mode

Using a hierarchical algorithm 
based on Fast BDT 

(where    = e and μ)
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• “B-tag” and “B-signal” are required to be of opposite flavor 

• Analysis with the Belle II software framework. 

• 4 data samples: D+ ℓ−, D0 ℓ−, D*+ ℓ−, D*0 ℓ−

• D0 (Kππ0, Kπππ, Kπ, KSππ, KS π0, KSKK, KK, ππ),

• D+ (Kππ, KSππ0, KSπππ, KSπ, KKπ, KSK),

• D*+ (D0π, D+ π0), D*0 (D0 π0) 

combined reconstructed branching fractions

30% for D0

22% for D+

• 772 x 106 𝐵𝐵 events
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Key Observables
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• EECL : Energy deposited in the Electromagnetic Calorimeter 
(ECL) not associated with reconstructed particles. 

• Signal (B→ D(*)τ ν) and normalization (B→ D(*)ℓ ν) events 

peak near zero in EECL , 
• BDT classifier output (based on the XGBoost package): 

“class” 

• To separate reconstructed signal and normalization 

• Input variables: 

• visible energy, 

• m2
miss = (Ebeam � ED(⇤) � E`)

2 � (pD(⇤) + p`)
2

<latexit sha1_base64="Zb21xtWfRwkUxwfkKBxoe0W+LWw="></latexit><latexit sha1_base64="Zb21xtWfRwkUxwfkKBxoe0W+LWw="></latexit><latexit sha1_base64="Zb21xtWfRwkUxwfkKBxoe0W+LWw="></latexit><latexit sha1_base64="Zb21xtWfRwkUxwfkKBxoe0W+LWw="></latexit>

• ccos✓B,D(⇤)` ⌘
2EbeamED(⇤)` �m2

B �m2
D(⇤)`

2|pB ||pD(⇤)`|
<latexit sha1_base64="2H2lI9L/aG5vP7CX6pzlq7C0zy0="></latexit><latexit sha1_base64="2H2lI9L/aG5vP7CX6pzlq7C0zy0="></latexit><latexit sha1_base64="2H2lI9L/aG5vP7CX6pzlq7C0zy0="></latexit><latexit sha1_base64="2H2lI9L/aG5vP7CX6pzlq7C0zy0="></latexit>
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Key observables / Fit parameters
• Use a 2D fit for these 4 samples
• Energy, EECL, deposited in ECL not associated with reconstructed particles. 

Non-zero for  partially reconstructed B→D** l ν and other background.
• BDT classifier output (xBoost), based on visible energy, m2(miss) of signal side, cos θBD*l  

28
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�45 to +30 MeV/c2 around the nominal D0 mass, and193

from �36 to +24 MeV/c2 around the nominal D+ mass.194

These windows correspond to approximately [�1.2,+1.8]195

and [�1.0,+1.5] times the resolution, respectively. Can-196

didate D⇤+ mesons are reconstructed in the channels197

D0⇡+ and D+⇡0, and D⇤0 in the channel D0⇡0. We198

do not consider the D⇤0 ! D0� decay channel due to199

higher backgrounds.200

To improve the resolution of the D⇤ � D mass dif-201

ference, �M , for the D⇤+ ! D0⇡+ decay mode, the202

charged pion track from the D⇤+ is refitted to the D0
203

decay vertex. We require �M be within 2.5 MeV/c2 for204

the D⇤+ ! D0⇡+ decay mode, and within 2.0 MeV/c2205

for the D⇤+ ! D+⇡0 and D⇤0 ! D0⇡0 decay modes.206

These windows correspond to ±3.2 and ±2.0 times the207

resolution, respectively. We require a tighter mass win-208

dow in theD⇤ modes containing low-momentum (“slow”)209

⇡0 to suppress a large background arising from misrecon-210

structed neutral pions.211

In each event we require that there be two B candi-212

dates of opposite in flavor. While it is possible for sig-213

nal events to have the same flavor due to BB̄ mixing,214

we do not allow such events as they lead to ambiguous215

D⇤` pair assignment and hence to a larger combinatorial216

background.217

On the signal side, we require cos ✓B,D(⇤)` to be less218

than 1.0 and theD(⇤) momentum in the ⌥(4S) rest frame219

to be less than 2.0 GeV/c. Finally, we require that events220

contain no extra charged tracks, K0
S candidates, or ⇡0

221

candidates, which are reconstructed with the same crite-222

ria as those used for the D candidates.223

When multiple Btag or Bsig candidates are found in an224

event, we first select the Btag candidate with the high-225

est tagging classifier output, and then the Bsig candidate226

with the highest p-value resulting from the D or D⇤ ver-227

tex fit. The e�ciencies of the best candidate selection228

algorithm are 95%, 93%, 88%, and 86% for the D+`�,229

D0`�, D⇤+`� and D⇤0`� samples, respectively.230

IV. SIGNAL EXTRACTION231

To distinguish signal and normalization events from232

background processes, we use the sum of the energies233

of neutral clusters detected in the ECL that are not as-234

sociated with reconstructed particles, denoted as EECL.235

To mitigate the e↵ects of photons related to beam back-236

ground, for the EECL calculation we include only clusters237

with energies greater than 50, 100, and 150 MeV, respec-238

tively, from the barrel, forward, and backward calorime-239

ter regions [19]. Signal and normalization events peak240

near zero in EECL, while background events populate a241

wider range as shown in Figure 1. We require that EECL242

be less than 1.2 GeV.243

To separate reconstructed signal and normalization244

events, we employ a BDT based on the XGBoost pack-245

age [29]. The input variables to the BDT are cos ✓B,D(⇤)`;246

the approximate missing mass squared m2
miss = (Ebeam�247

ED(⇤) � E`)2 � (pD(⇤) + p`)2; the visible energy Evis =248 P
i Ei, where (Ei,pi) is the four-momentum of particle249

i. The BDT classifier is trained for each of the four250

D(⇤)` samples using MC events of signal and normaliza-251

tion modes. We do not apply any selection on the BDT252

classifier output, denoted as class; instead we use it as253

one of the fitting variables for the extraction of R(D(⇤)).254
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FIG. 1. EECL distributions for the signal, normalization, and
background taken from MC simulation. The distributions for
all decay modes are summed together and normalized to unity.

We extract the yields of signal and normalization255

modes from a two-dimensional (2D) extended maximum-256

likelihood fit to the variables class and EECL. The fit257

is performed simultaneously to the four D(⇤)` samples.258

The distribution of each sample is described as the sum259

of several components: D(⇤)⌧⌫, D(⇤)`⌫, feed-down from260

D⇤`(⌧)⌫ to D`(⌧)⌫, D⇤⇤`/⌧⌫, and other backgrounds.261

The PDFs of these components are determined from MC262

simulations. A large fraction of B ! D⇤`⌫ decays for263

both B0 and B+ is reconstructed in theD` samples (feed-264

down). We leave these two contributions free in the fit265

and use their fitted yields to estimate the feed-down rate266

ofB ! D⇤⌧⌫ decays. As the probability ofB ! D(`/⌧)⌫267

decays contributing to the D⇤` samples is small, the rate268

of this contribution is fixed to its expected value.269

The free parameters in the final fit are the yields of sig-270

nal, normalization, B ! D⇤⇤`⌫` and feed-down from D⇤`271

to D` components. The yields of other backgrounds are272

fixed to their MC expected values. The ratios R(D(⇤))273

are given by the formula:274

R(D(⇤)) =
1

2B(⌧� ! `�⌫̄`⌫⌧ )
· "norm

"sig
· Nsig

Nnorm
, (3)275

where "sig(norm) andNsig(norm) are the detection e�ciency276

and yields of signal (normalization) modes, and B(⌧� !277

`�⌫̄`⌫⌧ ) is the average of the world averages for ` = e and278

` = µ.279

To improve the accuracy of the MC simulation, we280

apply a series of correction factors determined from con-281

trol sample measurements. The lepton identification e�-282

ciencies are separately corrected for electrons and muons283

!15
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backgrounds.
To improve the resolution of the D⇤-D mass di↵erence,

�M , for the D⇤+ ! D0⇡+ decay mode, the charged pion
track from theD⇤+ is refitted to theD0 decay vertex. We
require �M be within 2.5 MeV/c2 around the nominal
D⇤-D mass di↵erence for the D⇤+ ! D0⇡+ decay mode,
and within 2.0 MeV/c2 for the D⇤+ ! D+⇡0 and D⇤0 !
D0⇡0 decay modes. These windows correspond to ±3.2
and ±2.0 times the resolution, respectively. We require
a tighter mass window in the D⇤ modes containing low-
momentum (“slow”) ⇡0 to suppress a large background
arising from misreconstructed neutral pions.

In each event we require that there be two B candi-
dates of opposite in flavor. While it is possible for sig-
nal events to have the same flavor due to BB̄ mixing,
we do not allow such events as they lead to ambiguous
D⇤` pair assignment and hence to a larger combinatorial
background.

On the signal side, we require cos ✓B,D(⇤)` to be less

than 1.0 and theD(⇤) momentum in the ⌥(4S) rest frame
to be less than 2.0 GeV/c. Finally, we require that events
contain no extra charged tracks, K0

S candidates, or ⇡0

candidates, which are reconstructed with the same crite-
ria as those used for the D candidates.

When multiple Btag or Bsig candidates are found in
an event, we select the Btag candidate with the highest
tagging classifier output, and the Bsig candidate with the
highest p-value resulting from theD orD⇤ vertex fit. The
e�ciencies of the best candidate selection algorithm are
95%, 93%, 88%, and 86% for the D+`�, D0`�, D⇤+`�

and D⇤0`� samples, respectively.

IV. SIGNAL EXTRACTION

To distinguish signal and normalization events from
background processes, we use the sum of the energies
of neutral clusters detected in the ECL that are not as-
sociated with reconstructed particles, denoted as EECL.
To mitigate the e↵ects of photons related to beam back-
ground, for the EECL calculation we include only clusters
with energies greater than 50, 100, and 150 MeV, respec-
tively, from the barrel, forward, and backward calorime-
ter regions [18]. Signal and normalization events peak
near zero in EECL, while background events populate a
wider range as shown in Figure 1. We require that EECL

be less than 1.2 GeV.
To separate reconstructed signal and normalization

events, we employ a BDT based on the XGBoost pack-
age [28]. The input variables to the BDT are cos ✓B,D(⇤)`;
the approximate missing mass squared m2

miss = (Ebeam�
ED(⇤) � E`)2 � (pD(⇤) + p`)2; the visible energy Evis =P

i Ei, where (Ei,pi) is the four-momentum of particle
i. The BDT classifier is trained for each of the four
D(⇤)` samples using MC events of signal and normaliza-
tion modes. We do not apply any selection on the BDT
classifier output, denoted as class; instead we use it as

one of the fitting variables for the extraction of R(D(⇤)).
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FIG. 1. EECL distributions for the signal, normalization, and
background taken from MC simulation. The distributions for
all decay modes are summed together and normalized to unity.

We extract the yields of signal and normalization
modes from a two-dimensional (2D) extended maximum-
likelihood fit to the variables class and EECL. The fit
is performed simultaneously to the four D(⇤)` samples.
The distribution of each sample is described as the sum
of several components: D(⇤)⌧⌫, D(⇤)`⌫, feed-down from
D⇤`(⌧)⌫ to D`(⌧)⌫, D⇤⇤`/⌧⌫, and other backgrounds.
The PDFs of these components are determined from MC
simulations. A large fraction of B ! D⇤`⌫ decays for
both B0 and B+ is reconstructed in theD` samples (feed-
down). We leave these two contributions free in the fit
and use their fitted yields to estimate the feed-down rate
ofB ! D⇤⌧⌫ decays. As the probability ofB ! D(`/⌧)⌫
decays contributing to the D⇤` samples is small, the rate
of this contribution is fixed to its expected value.
The free parameters in the final fit are the yields of

signal, normalization, B ! D⇤⇤`⌫` and feed-down from
D⇤` to D` components. The yield of fake D(⇤) events
is fixed to the value estimated from the �M sidebands.
The yields of other backgrounds are fixed to their MC
expected values. The ratios R(D(⇤)) are given by the
formula:

R(D(⇤)) =
1

2B(⌧� ! `�⌫̄`⌫⌧ )
· "norm

"sig
· Nsig

Nnorm
, (3)

where "sig(norm) andNsig(norm) are the detection e�ciency
and yields of signal (normalization) modes and B(⌧� !
`�⌫̄`⌫⌧ ) is the average of the world averages for ` = e and
` = µ.
To improve the accuracy of the MC simulation, we

apply a series of correction factors determined from con-
trol sample measurements. The lepton identification e�-
ciencies are separately corrected for electrons and muons
to account for di↵erences between data and simulations
in the detector responses. Correction factors for these
e�ciencies are evaluated as a functions of the lepton

• EECL	to	suppress	generic	background	
• BDT	classifier	to	dis3nguish	Signal	from	D(*)ℓν		
✓ based on XGBoost package 
✓ uses m2(miss), E(vis), cos θ(B,D(*)ℓ)  
• 2D	fit	to	(BDT	class,	EECL)

New in 2019
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B ! D(⇤)⌧⌫
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B ! D(⇤)`⌫
<latexit sha1_base64="UKWoDY61VvnziOKilngDW9gXJVA=">AAACFHicdVDLSgMxFM34rPU1KrhxEyxCdVFmVNTuSnXhsoJ9QKeWTHrbhmYyQ5IRytjf8APc6ie4E7fu/QJ/w/QhaNUDFw7nvo8fcaa047xbM7Nz8wuLqaX08srq2rq9sVlRYSwplGnIQ1nziQLOBJQ10xxqkQQS+Byqfu98mK/eglQsFNe6H0EjIB3B2owSbaSmvV3Eng7xxU2SPdgfYA84x56Im3bGyeUdN3/i4t/EzTkjZNAEpab94bVCGgcgNOVEqbrrRLqREKkZ5TBIe7GCiNAe6UDdUEECUI1kdP8A7xmlhduhNCE0HqnfOxISKNUPfFMZEN1V07mh+GeOds0BIKfW6/ZZI2EiijUIOt7ejjk2Ngwdwi0mgWreN4RQycwDeDiHUDNJpY0zX+/j/0nlMOce5Zyr40yhOPEohXbQLsoiF52iArpEJVRGFN2hB/SInqx769l6sV7HpTPWpGcL/YD19glnep2j</latexit>

R(D) and R(D⇤) with SL tagging
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We require �M be within 2.5 MeV/c2 around the nom-377

inal D⇤-D mass di↵erence for the D⇤+ ! D0⇡+ decay378

mode, and within 2.0 MeV/c2 for the D⇤+ ! D+⇡0 and379

D⇤0 ! D0⇡0 decay modes. These windows correspond380

to ±3.2 and ±2.0 times the resolution, respectively. We381

require a tighter mass window in the D⇤ modes contain-382

ing low-momentum (“slow”) ⇡0 to suppress a large con-383

tamination from the background arising from misrecon-384

structed neutral pions.385

In each event we require two B candidates that are386

opposite in flavor. Signal events may have the same flavor387

due to BB̄ mixing; we veto such events as they lead to388

ambiguous D⇤` pair assignment and hence to a larger389

combinatorial background.390

On the signal side, we require cos ✓B,D(⇤)` to be less391

than 1.0 and theD(⇤) momentum in the ⌥(4S) rest frame392

to be less than 2.0 GeV/c. Finally, we require that events393

contain no extra charged tracks, K0
S candidates, or ⇡0

394

candidates, which are reconstructed with the same crite-395

ria as those used for the D candidates.396

When multiple candidates are found in an event, we397

select the ⌥(4S) candidate(s) that contains the Btag can-398

didate with the highest tagging classifier output, and in399

case we have more than one ⌥(4S) candidate surviving400

this selection, we choose the one that contains the Bsig401

with the highest p-value for the D or D⇤ vertex fit. The402

e�ciencies of the best candidate selection algorithm are403

95%, 93%, 88%, and 86% for the D+`�, D0`�, D⇤+`�404

and D⇤0`� samples, respectively.405

IV. SIGNAL EXTRACTION406

To separate reconstructed signal and normalization407

events, we employ a BDT based on the XGBoost package408

[28]. The input variables to the BDT are cos ✓B,D(⇤)`,409

the approximate missing mass squared m2
miss = (

p
s/2�410

ED(⇤) � E`)2 � (pD(⇤) + p`)2, and the visible energy411

Evis =
P

i Ei, where (Ei,pi) is the four-momentum of412

particle i and
p
s is the beam energy defined in the ⌥(4S)413

rest frame. The BDT classifier is trained for each of the414

four D(⇤)` samples using MC events of signal and nor-415

malization modes. We do not apply any selection on416

the BDT classifier output, denoted as class, instead we417

use it as one of the fitting variables for the extraction of418

R(D(⇤)).419

To distinguish signal and normalization events from420

background processes, we use the sum of the energies421

of neutral clusters detected in the ECL that are not as-422

sociated with reconstructed particles, denoted as EECL.423

To mitigate the e↵ects of photons related to beam back-424

ground, in the EECL calculation we only include clusters425

with energies greater than 50, 100, and 150 MeV, respec-426

tively, from the barrel, forward, and backward calorime-427

ter regions [18]. Signal and normalization events peak428

near zero in EECL, while background events populate a429

wider range as shown in Figure 1. We require EECL be430

less than 1.2 GeV.431432
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FIG. 1. EECL distributions for the signal, normalization, and
background taken from MC simulation. The distributions for
all decay modes are summed together and normalized to unity.

To improve the accuracy of the MC simulation, we433

apply a series of correction factors determined from con-434

trol sample measurements. The lepton identification e�-435

ciencies are separately corrected for electrons and muons436

to account for di↵erences between data and simulations437

in the detector responses. Correction factors for these438

e�ciencies are evaluated as a functions of the lepton439

momentum and direction using e+e� ! e+e�`+`� and440

J/ ! `+`� decays.441

We reweight events to account for di↵ering yields of442

misreconstructed D(⇤) between data and MC simula-443

tions. The calibration factor for the fake charm cor-444

rection is provided by the ratio of two-dimensional (2D)445

histograms of class vs. EECL for the �M sideband of446

data and MC events. In order to correct for the dif-447

ference in Btag reconstruction e�ciencies between data448

and MC simulations, we build PDFs of correctly recon-449

structed and misreconstructed Btag candidates using MC450

samples, and perform a fit to data. The ratios between451

the measured and expected yields provide the Btag cali-452

bration factors.453

We extract the yields of signal and normalization454

modes from a 2D extended maximum-likelihood fit to455

the variables class and EECL. The fit is performed si-456

multaneously to the four D(⇤)` samples. The distribu-457

tion of each sample is described as the sum of several458

components: D(⇤)⌧⌫, D(⇤)`⌫, feed-down from D⇤`(⌧) to459

D`(⌧), D⇤⇤`/⌧⌫, and other backgrounds. The PDFs of460

these components are determined from MC simulations.461

A large fraction of B ! D⇤`⌫ decays for both B0 and462

B+ is reconstructed in the D` samples (feed-down). We463

leave those two contributions free in the fit and use their464

fitted yields to estimate the feed-down rate of B ! D⇤⌧⌫465

decays. As the probability of B ! D(`/⌧)⌫ decays con-466

tributing to the D⇤` samples is rare, the rate of the for-467

mer decay is fixed to its expected value.468

The free parameters in the final fit are the yields of469

signal, normalization, B ! D⇤⇤`⌫` and feed-down from470

Separation of signal/normalization
8

ത𝐵0 → 𝐷∗+ℓ− ҧ𝜈ℓ

ത𝐵0 → 𝐷∗+𝜏− ҧ𝜈𝜏

MC

Phys. Rev. D 94 (2016) 072007

cos 𝜃𝐵,𝐷(∗)ℓ =
𝑝𝐵

2 + 𝑝𝐷 ∗ ℓ
2
− 𝑝𝜈

2

2 𝑝𝐵 |𝑝𝐷(∗)ℓ|
=
(𝐸beam

2 − 𝑚𝐵
2) + (𝐸𝐷 ∗ ℓ

2 − 𝑚𝐷 ∗ ℓ
2 ) − 𝐸beam − 𝐸𝐷 ∗ ℓ

2

2 𝑝𝐵 |𝑝𝐷(∗)ℓ|

=
2𝐸beam𝐸𝐷(∗)ℓ − 𝑚𝐵

2 − 𝑚𝐷(∗)ℓ
2

2 𝑝𝐵 |𝑝𝐷(∗)ℓ|

𝑀miss
2 = 𝐸beam − 𝐸𝐷 ∗ ℓ

2 − 𝑝𝐵 − 𝑝𝐷 ∗ ℓ
2

= 0

𝑝𝐵 = 𝐸beam2 − 𝑚𝐵
2

𝑝𝐷 ∗ ℓ

𝑝𝜈

CM frame

cos 𝜃𝐵,𝐷(∗)ℓ
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Fit Results (D*ℓ− sample)

!10
R(D(⇤)) =

B(B ! D(⇤)⌧⌫⌧ )

B(B ! D(⇤)`⌫`)
=

1

2B(⌧� ! `�⌫̄`⌫⌧ )
· ✏norm

✏sig
· Nsig

Nnorm
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Fit to PDFs 
to the data
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FIG. 3. EECL fit projections and data points with statistical uncertainties in the D⇤+`� (top) and D⇤0`� (bottom) samples,
are shown for the full classifier region (left) and the signal region defined by the selection class > 0.9 (right).
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FIG. 3. EECL fit projections and data points with statistical uncertainties in the D⇤+`� (top) and D⇤0`� (bottom) samples,
are shown for the full classifier region (left) and the signal region defined by the selection class > 0.9 (right).
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Fit Results (Dℓ− sample)

!11
R(D(⇤)) =

B(B ! D(⇤)⌧⌫⌧ )

B(B ! D(⇤)`⌫`)
=

1

2B(⌧� ! `�⌫̄`⌫⌧ )
· ✏norm

✏sig
· Nsig

Nnorm
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FIG. 2. EECL fit projections and data points with statistical uncertainties in the D+`� (top) and D0`� (bottom) samples, for
the full classifier region (left) and the signal region defined by the selection class > 0.9 (right).
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Result on R(D) and R(D*)

!12

• Most precise measurement of R(D) and R(D*).


• First R(D) result with a semileptonic tag. 

R(D*)= 0.283 ± 0.018 ± 0.014

R(D) = 0.307 ± 0.037 ± 0.016 Agrees with SM within

0.2 σ

• The combined result agrees with the SM 

prediction within 0.8 σ.

• The results of this analysis, together with past 
Belle results combined gives compatibility with 

the SM within 1.6 σ.

Agrees with SM within

1.1 σ

Phys. Rev. Lett. 124, 161803 (2020)

Result

09-Jun-2020 Conference on Flavour Physics and CP violation 2020  |   S. Sandilya 15

• This new result is compatible with SM within 0.8V.
• The results of this analysis, together with past Belle results combined gives 

compatibility with the SM within 1.6V
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R(D) and R(D*) Status

!13

Experiment Tag Method τ Mode R(D) R(D*)

BABAR ’12 Hadronic 𝓵 νν 0.440 ± 0.058 ± 0.042 0.332 ± 0.024 ± 0.018

Belle ’15 Hadronic 𝓵 νν 0.375 ± 0.064 ± 0.026 0.293 ± 0.038 ± 0.015

LHCb ’15 - 𝓵 νν - 0.336 ± 0.027 ± 0.030

Belle ’16 Semileptonic 𝓵 νν - 0.302 ± 0.030 ± 0.011

Belle ’17 Hadronic πν,ρν - 0.270 ± 0.035 ± 0.027

LHCb ’18 - πππν - 0.291 ± 0.019 ± 0.029

Belle ’19 Semileptonic 𝓵 νν 0.307 ± 0.037 ± 0.016 0.283 ± 0.018 ± 0.014

AVERAGE 
(2019) - - 0.340 ± 0.027 ± 0.013 0.295 ± 0.011 ± 0.008

SM 0.299 ± 0.003 0.258 ± 0.005

B0

B0 B+

Experimental world average tension with SM prediction decreases from 3.8σ (Avg. 2018) to 3.1σ. 
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!14

Prospects for R(D(*)) Measurements at 
Belle II
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                  Belle II                   @               SuperKEKB

!15

electron		(7GeV)�

positron	(4GeV)�

KL	and	muon	detector:	
Resis:ve	Plate	Counter	(barrel)	
Scin:llator	+	WLSF	+	MPPC	(end-caps)�

Par:cle	Iden:fica:on		
Time-of-Propaga:on	counter	(barrel)	
Prox.	focusing	Aerogel	RICH	(fwd)	

Central	DriP	Chamber	
He(50%):C2H6(50%),	Small	cells,	long	
lever	arm,		fast	electronics	

EM	Calorimeter:	
CsI(Tl),	waveform	sampling	(barrel)	
Pure	CsI	+	waveform	sampling	(end-caps)	

Vertex	Detector	
2	layers	DEPFET	+	4	layers	DSSD	

Beryllium	beam	pipe	
2cm	diameter	

• SuperKEKB: 40 x higher instantaneous luminosity than KEKB → L = 6 × 1035 cm−2s−1 

• Belle II: major upgrade of the Belle detector.  
• Improved reconstruction algorithm, e.g. tracking, vertexing and particle identification. 

Covered by Toru Iijima “Belle II: Status and Highlights”on Monday September 21, 2020

Figure 2.1: Configuration of the SuperKEKB accelerator system.

31
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Current Belle II Dataset

!16

• Current data sample is too limited for 

semitauonic B measurements. 

• Studied data/MC comparisons to show the 

detector performance 

• Rediscovery of B0 → D*+ ℓ ν. 

• Expecting the first measurements with τ’s with 

𝒪(200 fb-1 ) in 2021. 

Z
Ldt = 34.6fb�1
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Data sample used in the studies 

presented today: 
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Lepton Identification Performance in 2020 Data

!17

electrons
Efficiencies and mis-identification rates for a representative bin in the detector “barrel” region

• e, Lratio > 0.9, p > 1 GeV/c → ⟨efficiency⟩ of 94% for 2% pion mis-id probability. 

• μ,Lratio > 0.9, p > 1 GeV/c → ⟨efficiency⟩ of 90% for 4% pion mis-id probability. 

Likelihood (L) ratio 
(with inputs from all sub-detectors)  

•B → D(*) τ ν analyses essentially depend on how well we identify leptons.

FIG. 10: Example ECL barrel bin for electronID with all measurements, e�ciencies and hadron-
lepton mis-identification rates overlaid. Note that the mis-identification rate has been inflated by
a factor 3 for illustration purposes.

FIG. 11: Example KLM barrel bin for muonID with all measurements, e�ciencies and hadron-
lepton mis-identification rates overlaid. Note that the mis-identification rate has been inflated by
a factor 3 for illustration purposes.

12

FIG. 10: Example ECL barrel bin for electronID with all measurements, e�ciencies and hadron-
lepton mis-identification rates overlaid. Note that the mis-identification rate has been inflated by
a factor 3 for illustration purposes.

FIG. 11: Example KLM barrel bin for muonID with all measurements, e�ciencies and hadron-
lepton mis-identification rates overlaid. Note that the mis-identification rate has been inflated by
a factor 3 for illustration purposes.
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muons

`ID =
L`

Le + Lµ + L⇡ + LK + Lp
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Improving Lepton Identification Using the ECL 

!18

• At low momentum, muons do not reach the dedicated muon detector (KLM) and 
electrons suffer significant energy losses due to bremsstrahlung. 

• To improve lepton-hadron separation: 
• combine several calorimetric observables (lateral shower shapes, extrapolated track 

depth in the ECL...) in a BDT.

• A factor of 10 reduction in π → e fake rate, and a factor of 2 in π → μ fake rate for p < 1 GeV/c (MC). 

Upgrades to lepton identification using the ECL

10Marco Milesi, ICHEP 2020

→ Combine several calorimetric observables (lateral shower shapes, 
extrapolated track depth in the ECL…) in a BDT to improve lepton-hadron 
separation.

• Factor 10 reduction in  fake rate, and a factor 2 in  fake rate for  (MC)π − e π − μ p < 1 GeV/c

• At low momentum, limit in KLM acceptance and large energy losses 
for electrons before the ECL make lepton identification a challenge.
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FIG. 19: Lepton identification e�ciency and ⇡ ! e (top), ⇡ ! µ (bottom) mis-identification
probability f as a function of plab for likelihood-based and BDT-based PID, in the ECL
barrel region. The cut on the classifier is arbitrarily chosen to result in a flat 95% average
e�ciency for correctly identifying e and µ in each of the three momentum categories. The
quantity shown in the bottom pad - �mis�ID = fBDT/fL� 1 - represents the relative di↵erence
in mis-identification probability of the BDT method with respect to the likelihood method.
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FIG. 19: Lepton identification e�ciency and ⇡ ! e (top), ⇡ ! µ (bottom) mis-identification
probability f as a function of plab for likelihood-based and BDT-based PID, in the ECL
barrel region. The cut on the classifier is arbitrarily chosen to result in a flat 95% average
e�ciency for correctly identifying e and µ in each of the three momentum categories. The
quantity shown in the bottom pad - �mis�ID = fBDT/fL� 1 - represents the relative di↵erence
in mis-identification probability of the BDT method with respect to the likelihood method.
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Rediscovery of B0  → D*+ ℓ νℓ (Untagged)

!19

Exclusive B̄0 → D*+ ℓνℓ
Flagship decay for  exclusive Vcb measurements!

Reconstruct  and  . 
Identify lepton using PID algorithms.
Suppress  events using pD*<2.4 GeV/c and R2 <0.3. 

D0 → K−π+ D*+ → D0πs

e+ e−→ qq̄

cosθBY = 2E*BE*Y −m2
B −m2

Y

2 |p*B | |p*Y |
Extract signal yield with a fit to  .cosθBY

ℬ(B̄0 → D*+ ℓν̄) = (4.60 ± 0.05(stat) ± 0.18(sys) ± 0.45πs) %
Compatible with current world average!
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6

cos✓BY =
2E⇤

BE
⇤
Y �m2

B �m2
Y

2|p⇤B ||p⇤Y |
<latexit sha1_base64="IQPzpc+VPTAmEyR/IvsGVSmx1Wo="></latexit><latexit sha1_base64="IQPzpc+VPTAmEyR/IvsGVSmx1Wo="></latexit><latexit sha1_base64="IQPzpc+VPTAmEyR/IvsGVSmx1Wo="></latexit><latexit sha1_base64="IQPzpc+VPTAmEyR/IvsGVSmx1Wo="></latexit>

B(B̄0 ! D⇤`⌫̄) = (4.60± 0.05(stat)± 0.18(sys)± 0.45⇡s)%
<latexit sha1_base64="JjlI4qsPyxKAAoO9spFTjmxpN0s="></latexit><latexit sha1_base64="JjlI4qsPyxKAAoO9spFTjmxpN0s="></latexit><latexit sha1_base64="JjlI4qsPyxKAAoO9spFTjmxpN0s="></latexit><latexit sha1_base64="JjlI4qsPyxKAAoO9spFTjmxpN0s="></latexit>

Reµ =
B(B̄0 ! D⇤+e�⌫̄e)

B(B̄0 ! D⇤+µ�⌫̄µ)
= 0.99± 0.03

<latexit sha1_base64="/RZ877th0dklUPUtgJTJVGOyR5Y="></latexit><latexit sha1_base64="/RZ877th0dklUPUtgJTJVGOyR5Y="></latexit><latexit sha1_base64="/RZ877th0dklUPUtgJTJVGOyR5Y="></latexit><latexit sha1_base64="/RZ877th0dklUPUtgJTJVGOyR5Y="></latexit>

• Signal yield extraction using a fit to 
cosθBY .

Compatible 
with current 
world average! 

B(B̄0 ! D⇤+`⌫̄) = (5.05± 0.14)%
<latexit sha1_base64="rWqkHbtkV/HqIyMNOOXXx9Cv9UA="></latexit><latexit sha1_base64="rWqkHbtkV/HqIyMNOOXXx9Cv9UA="></latexit><latexit sha1_base64="rWqkHbtkV/HqIyMNOOXXx9Cv9UA="></latexit><latexit sha1_base64="rWqkHbtkV/HqIyMNOOXXx9Cv9UA="></latexit>
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Rediscovery of B0  → D*+ ℓ νℓ (with hadronic tag)

!20

• Identify Btag candidate with Mbc>5.27 GeV/c2

 and FEI signal probability >0.001.
•  Reconstruct D0 meson from oppositely charged tracks 

with1.858 < MD < 1.878 GeV/c² . 
• Combine D0 and  to form D*+ with 0.143 < < 0.148 

GeV/c2

• Identify high momentum lepton with  GeV and 
combine with D*+ .

• Apply Emiss>0.3 GeV and determine 
• Extract signal yield using a fit to signal + background: 

−0.15 < ΔE < 0.1

πs ΔM

p*l > 1.0

M2
miss

Tagged Exclusive B0 → D*+ ℓνℓ

In agreement with world average!

15

ℬ(B̄0 → D*+ ℓνℓ) = (4.51 ± 0.41stat ± 0.27syst ± 0.45πs
) %

ℬ(B̄0 → D*+ ℓνℓ) = (5.05 ± 0.14) %
FIG. 2. The post-fit m2

miss distribution is shown.

Source Relative uncertainty (%)

Tracking of ⇡s 10%

MC modeling 5%

FEI Calibration 3%

Tracking of K, ⇡, ` 3%

N
B

0 2%

f+0 1%

Charm branching fractions 1%

Lepton ID 1%

Total 12%

TABLE I. Summary of the relative systematic uncertainties for the branching fraction measure-

ment.

12

• Signal yield extraction with fit to m2miss

m2
miss = (pe+e� � pBtag � pD⇤ � pl)

2
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B(B̄0 ! D⇤+`⌫̄) = (4.51± 0.41(stat)± 0.27(syst)± 0.45(⇡s))%
<latexit sha1_base64="+l+8nGl2fagg0NmZHKooIo/3MZo="></latexit><latexit sha1_base64="+l+8nGl2fagg0NmZHKooIo/3MZo="></latexit><latexit sha1_base64="+l+8nGl2fagg0NmZHKooIo/3MZo="></latexit><latexit sha1_base64="+l+8nGl2fagg0NmZHKooIo/3MZo="></latexit>

B(B̄0 ! D⇤+`⌫̄) = (5.05± 0.14)%
<latexit sha1_base64="rWqkHbtkV/HqIyMNOOXXx9Cv9UA="></latexit><latexit sha1_base64="rWqkHbtkV/HqIyMNOOXXx9Cv9UA="></latexit><latexit sha1_base64="rWqkHbtkV/HqIyMNOOXXx9Cv9UA="></latexit><latexit sha1_base64="rWqkHbtkV/HqIyMNOOXXx9Cv9UA="></latexit>

Compatible with current world average! 
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Prospects for B → D(*) τ ν at Belle II

B → Dτ(→𝓵νν)ν (with hadronic tagging), q2 distribution  

Belle (771 fb-1) type II 2HDM type II 2HDMBelle II (SM 50 ab-1)

Expected precision (stat and syst) for Belle II

[Belle II Physics Book; PETP 2019, 123C01 (2019)]

5 ab-1 50 ab-1

R(D) (±6.0 ± 3.9)% (±2.0 ±2.5)%
R(D*) (±3.0 ± 2.5)% (±1.0 ± 2.0)%

Pτ(D*) ±0.18 ± 0.08 ±0.06 ± 0.04

Belle II Prospects

09-Jun-2020 Conference on Flavour Physics and CP violation 2020  |   S. Sandilya 18

• Dedicated measurement for  BoD**ℓQℓ for systematics at Belle II is essential.

• Composition of the systematic uncertainty in each Belle analysis. (Tag, W decay mode)

The Belle II Physics Book, PTEP 2019, 123C01
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Expected precision for 

R(D(*)) and ƤW (D*) at Belle II

Belle II should be able confirm/deny this 

anomaly with 5ab-1.

Note: This projection doesn't 

include latest Belle measurement! 

• Additional distributions of observables to discriminate NP 
scenarios: 

• Polarizations Pτ(D*) and PD* (τ → π ν, τ →ρ ν) 

• Kinematic distributions (q2=(pτ +pν)2 and p*𝓵)

P⌧ (D
(⇤)) =

�+ � ��

�+ + ��
<latexit sha1_base64="5xAqpbSKgVJ8UjLXUtZ3JPbyCVg="></latexit><latexit sha1_base64="OHzqppXLgTh0ic5OcTosgXi7XI4="></latexit><latexit sha1_base64="OHzqppXLgTh0ic5OcTosgXi7XI4="></latexit><latexit sha1_base64="OfKLy0rX1DPYXK94eLglApR42gY=">AAACKXicbZDLSsNAFIYn3q23qks3g0WolpbEjW6EooIuK9gLNG05mU50cCYJMxOhhLyOG1/FjYKibn0Rp20Urf4w8POdczhzfi/iTGnbfrOmpmdm5+YXFnNLyyura/n1jYYKY0lonYQ8lC0PFOUsoHXNNKetSFIQHqdN7+ZkWG/eUqlYGFzqQUQ7Aq4C5jMC2qBevlrrJa6GOC2edpPi3m66e+T6EkjinoEQ0C3hcubKOP2GpS+W5nr5gl2xR8J/jZOZAspU6+Wf3H5IYkEDTTgo1XbsSHcSkJoRTtOcGysaAbmBK9o2NgBBVScZXZriHUP62A+leYHGI/pzIgGh1EB4plOAvlaTtSH8r9aOtX/YSVgQxZoGZLzIjznWIR7GhvtMUqL5wBggkpm/YnINJihtwh2G4Eye/Nc09iuOXXEu7EL1OItjAW2hbVREDjpAVXSOaqiOCLpDD+gZvVj31qP1ar2PW6esbGYT/ZL18QlLI6TF</latexit>

PD⇤ =
�L

�L + �T
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: the decay rate with  
the tau helicity +1/2 (-1/2)
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: the decay rate with longitudinally 
(transversely) polarized D*

[Belle PRD 97, 012004 (2018)] [BELLE-CONF-1805, 1903.03102]

PTEP 2019, 123C01 E. Kou et al.

Fig. 72. Expected Belle II constraints on the RD vs. RD∗ plane (left) and the RD∗ vs. Pτ (D∗) plane (right)
compared to existing experimental constraints from Belle. The SM predictions are indicated by the black
points with theoretical error bars. In the right panel, the NP scenarios “Scalar,” “Vector,” and “Tensor” assume
contributions from the operators OS1 , OV1 , and OT , respectively.

Fig. 73. Left: The B→ Dτν q2 distribution in the hadronic tag analysis and τ−→ ℓ−ν̄ℓντ with the full Belle
data sample [251]. Right: The projection to the 50 ab−1 Belle II dataset. In both panels, the solid histograms
show the predicted distribution shape with the 2HDM of type II at tan β/mH± = 0.5 (GeV/c2)−1. In the right
panel, pseudo-data are shown based on the SM hypothesis.
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Belle II/SuperKEKB Luminosity Prospect

Expected Precision at Belle II 

for R(D(*)), τ polarization

5 ab-1

Note: latest Belle semileptonic tag

is not included in the projection.

[The Belle II Physics Book, PTEP 2019, 123C01]

→ Verify current deviation from the SM
correlations of variables→NP model

Note: This projection doesn’t  
include latest Belle measurement!

[Belle II Physics Book; PETP 2019, 123C01 (2019)]

5 ab-1
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Prospects for B → D(*) τ ν at Belle II

B → Dτ(→𝓵νν)ν (with hadronic tagging), q2 distribution  

Belle (771 fb-1) type II 2HDM type II 2HDMBelle II (SM 50 ab-1)

5 ab-1 50 ab-1

R(D) (±6.0 ± 3.9)% (±2.0 ±2.5)%
R(D*) (±3.0 ± 2.5)% (±1.0 ± 2.0)%

Pτ(D*) ±0.18 ± 0.08 ±0.06 ± 0.04

Expected precision (stat and syst) for Belle II

[Belle II Physics Book; PETP 2019, 123C01 (2019)]

• Additional distributions of observables to discriminate NP 
scenarios: 

• Polarizations Pτ(D*) and PD* (τ → π ν, τ →ρ ν) 

• Kinematic distributions (q2=(pτ +pν)2 and p*𝓵)
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: the decay rate with longitudinally 
(transversely) polarized D*

[Belle PRD 97, 012004 (2018)] [BELLE-CONF-1805, 1903.03102]

[Belle II Physics Book; PETP 2019, 123C01 (2019)]

!22

PTEP 2019, 123C01 E. Kou et al.

Fig. 72. Expected Belle II constraints on the RD vs. RD∗ plane (left) and the RD∗ vs. Pτ (D∗) plane (right)
compared to existing experimental constraints from Belle. The SM predictions are indicated by the black
points with theoretical error bars. In the right panel, the NP scenarios “Scalar,” “Vector,” and “Tensor” assume
contributions from the operators OS1 , OV1 , and OT , respectively.

Fig. 73. Left: The B→ Dτν q2 distribution in the hadronic tag analysis and τ−→ ℓ−ν̄ℓντ with the full Belle
data sample [251]. Right: The projection to the 50 ab−1 Belle II dataset. In both panels, the solid histograms
show the predicted distribution shape with the 2HDM of type II at tan β/mH± = 0.5 (GeV/c2)−1. In the right
panel, pseudo-data are shown based on the SM hypothesis.
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PTEP 2019, 123C01 E. Kou et al.

Fig. 72. Expected Belle II constraints on the RD vs. RD∗ plane (left) and the RD∗ vs. Pτ (D∗) plane (right)
compared to existing experimental constraints from Belle. The SM predictions are indicated by the black
points with theoretical error bars. In the right panel, the NP scenarios “Scalar,” “Vector,” and “Tensor” assume
contributions from the operators OS1 , OV1 , and OT , respectively.

Fig. 73. Left: The B→ Dτν q2 distribution in the hadronic tag analysis and τ−→ ℓ−ν̄ℓντ with the full Belle
data sample [251]. Right: The projection to the 50 ab−1 Belle II dataset. In both panels, the solid histograms
show the predicted distribution shape with the 2HDM of type II at tan β/mH± = 0.5 (GeV/c2)−1. In the right
panel, pseudo-data are shown based on the SM hypothesis.
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Prospects for B → D(*) τ ν at Belle II
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[Phys. Rev., D92(7), 072014 (2015)]

• “Soft” light lepton in 𝐵 → 𝐷∗∗𝓵𝜈𝓵 resembles one created from τ, 

• need dedicated measurements of 𝐵 → 𝐷∗∗𝓵𝜈𝓵  with a large 
data sample.

and the fit projections are shown in Fig. 3. Figures 4 and 5
show the signal-enhanced (M2

miss > 2.0 GeV2=c4) fit pro-
jections in EECL (the most powerful classifier in the neural
network) and p!

l, respectively. In these figures, all back-
ground components except D!! background are combined
into the other-BG component for clarity. The best-fit yields
are given in Table III.
From the fit, the correlation between R and R! is −0.56;

each, in turn, is most strongly correlated with the D!!

background yields, with 0.1 to 0.2 for R and ≈0.3 for R!.

IX. SYSTEMATIC UNCERTAINTIES

The dominant systematic uncertainties arise from our
limited understanding of the D!! background and from
uncertainties in the fixed factors used in the fit. They are
summarized in Table IV and itemized below.
In the table, “Dð!ð!ÞÞlν shapes” refers to uncertainties in

the parameters that are used for the shape reweighting of
semileptonic decays. The effect on the result is extracted by
creating different sets of weights according to shape
hypotheses from varying individual production parameters
within their 1σ limits.

The D!! background has a strong influence on the
extracted yield of the tau signal because the two compo-
nents overlap in the M2

miss spectrum. In addition to the
shape uncertainties, there are uncertainties related to the
poorly determined branching fractions to the different D!!

states. The fit is therefore repeated several times: twice for
eachD!! state, with its branching fractions varied within its
uncertainties. We use the following uncertainties: 42.3%
for D!

2, 34.6% for D!
0, 14.9% for D1, 36.2% for D0

1, and
100.0% for the radially excited Dð2SÞ and D!ð2SÞ. The
best-fit variations in R are used as systematic uncertainties.
They are combined quadratically and quoted in Table IVas
“D!! composition.”
All fixed factors used in the fit are varied by their

uncertainty (arising from the MC sample size). The
influence of the uncertainty of these factors is shown
individually in Table IV. Most factors—especially the fixed
yields—have little influence on the overall uncertainty; the
efficiency ratios fD

þ;0
and fD

!þ;0

eff and the cross-feed prob-
ability ratios gþ;0 give the largest contributions, comparable
to the D!! composition and Dð!ð!ÞÞlν shape uncertainties.
To evaluate the effect of PDF uncertainties, the shapes of

all components are modified and the fit is repeated. The
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FIG. 4 (color online). Projections of the fit results and data points with statistical uncertainties in a signal-enhanced region of
M2

miss > 2.0 GeV2=c4 in the EECL dimension. Top left: Dþl−; top right: D!þl−; bottom left: D0l−; bottom right: D!0l−.
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Table 49. Composition of the systematic uncertainty in each Belle analysis. Relative uncertainties in percent
are shown. The analysis method and the τ decay mode are indicated in parentheses; their meaning is explained
in the caption of Table 48.

Belle (Had, ℓ−) Belle (Had, ℓ−) Belle (SL, ℓ−) Belle (Had, h−)
Source RD RD∗ RD∗ RD∗

MC statistics 4.4% 3.6% 2.5% +4.0
−2.9%

B→ D∗∗ℓνℓ 4.4% 3.4% +1.0
−1.7% 2.3%

Hadronic B 0.1% 0.1% 1.1% +7.3
−6.5%

Other sources 3.4% 1.6% +1.8
−1.4% 5.0%

Total 7.1% 5.2% +3.4
−3.5% +10.0

−9.0 %

of B → D∗∗ℓνℓ. In the BaBar analysis, the yield of the B → D∗∗ℓνℓ background is constrained
with control samples in which an additional neutral pion is required with respect to the nominal
event selection. This approach assumed that the D∗∗ branching ratio is saturated by D∗∗ → D(∗)π
modes (i.e. single pion transitions), which is not the case and may have caused some bias, although
a corresponding systematic uncertainty was applied. On the other hand, in the Belle analyses the
yield of the B → D∗∗ℓνℓ background, where D∗∗ decays to a variety of allowed modes, is floated
in the fit for the signal sample. For precision measurements at Belle II, dedicated measurements of
B → D∗∗ℓνℓ and hadronic B decays with a large data sample are essential. Other non-negligible
systematic uncertainties arise from the form factors of B → D(∗)ℓ/τν decays, background from
B → XcD(∗), and large cross-feed from B → D∗ℓ/τν to B → Dℓ/τν. Ultimately, Belle II must
also constrain B→ D∗∗τντ through dedicated measurements.

Theoretical interpretation: model independent In the presence of NP, semi-tauonic (B →
D(∗)τντ ) decays can be described by the most general effective Lagrangian of b→ cτ ν̄:

−Leff = 2
√

2GFVcb
[
(1 + CV1)OV1 + CV2OV2 + CS1OS1 + CS2OS2 + CT OT

]
, (136)

where the four-fermion operators are defined as

OV1 = c̄Lγ
µbL τ̄LγµνL, (137)

OV2 = c̄Rγ
µbR τ̄LγµνL, (138)

OS1 = c̄LbR τ̄RνL, (139)

OS2 = c̄RbL τ̄RνL, (140)

OT = c̄Rσ
µνbL τ̄RσµννL, (141)

and the CX terms (X = V1,2, S1,2, T ) denote the Wilson coefficients of the operators, OX , which
represent possible NP contributions. The SM condition requires that CX = 0 for all X types.

Here we will consider NP scenarios where only one CX at a time is non-zero. In addition, two
scenarios of non-vanishing CS2 = ±7.8CT , predicted by the SLQ

1 or RLQ
2 leptoquark model [225,273],

are considered. The BaBar study in Ref. [250] showed that the anomalous values of the ratios are
unlikely to be explained by a type II 2HDM charged Higgs, corresponding to the S1 scenario (CS1 ̸= 0)
above (of course, it also disfavors the SM). Their study showed that the acceptance and the measured
shapes of the kinematic distributions are affected by the existence of NP effects: most notably the
presence of a charged Higgs influences the q2 spectrum in B→ Dτν.
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Composition of the systematic uncertainties in each Belle analysis [Belle II Physics Book; PETP 2019, 123C01 (2019)]
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Experimental challenges

15Marco Milesi, ICHEP 2020

• Background from :B → D**ℓνℓ

→ (For exclusive analyses) improve 
 reconstruction efficiency.π0

→ Measure branching ratios with higher 
precision.

• Furthermore, for inclusive  analysis:B → Xτν

“soft” light lepton ( )τ −like

π0
γ
γ

ℓ

νℓ

D**
D±

B
lost pion

• Fake lepton suppression at low momenta, 
and improved LID calibration.

→ Handle background from leptonic charm 
decays B → D → ℓ

→ large background yield implies all MC processes’ 
’s must be measured with high precision.ℬ

Belle hadronic tag  analysis,  

Phys. Rev., D92(7), 072014 (2015) 

B → Dτν (τ → ℓνℓντ) M2
miss > 2.0 GeV2 /c4
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Conclusions
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• Belle recently provided the most precise measurements of R(D) and R(D*), 

• the first measurement of R(D) based on a semileptonic tagging, 

• reduces the tension between SM and world average. 

• Belle II collected ≈ 74 fb-1 of data, 

• preliminary lepton identification studies present good performance, 

• physics analyses will test the new developments soon. 

• Expecting first measurements of semi-tauonic B meson decays at Belle II in 2021. 

• R(D) and R(D*) : Expecting O(5%) precision (total uncertainty) with 5 ab-1 Belle II data 
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Extra
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Recent R(D(*)) Measurement in Belle with Semileptonic Tagging
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• 2D extended maximum-likelihood fit performed simultaneously. 
• Fit components are: 

• Signal: Free  
• Normalization: Free 

• B → D**ℓν: Free  

• Fake D(*) : Fixed (calibrated using the sidebands)  

• Feed-down for normalization: Free 

• B+ → D0ℓν :   B+ → (D*0 → D0 π0 / ɣ)ℓν, B0 → (D*+ → D0 π+) ℓν

• B0 → D+ℓν :   B0 → (D*+ →D+ π0) ℓν 

• Feed-down for signal: Constrained 

• Nfeed-down = K . ND*ℓ (K: Fixed to MC) 

• 𝑁feed−down = 𝐾 · 𝑁𝐷∗l (𝐾: Fixed to MC)  

• Other backgrounds: Fixed to MC  

• Continuum, fake lepton, 𝐵 → 𝐷 ∗ 𝐷(∗), etc.   



Belle

M
ea

su
re

m
en

ts
 o

f R
(D

) a
nd

 R
(D

* ) 
at

 B
el

le
 II

 —
—

- H
ül

ya
 A

TM
A

C
A

N
 —

—
- B

E
A

U
TY

 2
02

0

Lepton Identification Performance in 2020 Data
• Lepton id  and hadron mis-id performance in simulation calibrated to data using complementary set of decay channels.
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Lepton identification performance in 2020 data

8Marco Milesi, ICHEP 2020

• Lepton identification & hadron mis-id performance in simulation calibrated to data using 
several “standard candles” to cover broad  range.p Likelihood ratio (w/ inputs from all sub-detectors)

2.95 3 3.05 3.1 3.15 3.2
]2 [GeV/c−e+eM

0

1000

2000

3000

4000

5000)2
C

an
di

da
te

s 
/ (

5.
0 

M
eV

/c

Belle II (Preliminary)
-1 L dt = 34.6 fb∫

 282± = 28536 sigN

e+ e− → τ+ (1p)τ−(3p) (π → ℓ)

J/ψ → e+ e−

0.5 1 1.5 2 2.5 3 3.5 4
 [GeV/c]
l

p

1

10

210

310

410

510

610

710

&
DQ
GL
GD
WH
V 

/ (
20

 M
eV

/c
)

Belle II
Preliminary

-1L dt = 34.6 fb∫

ee → eell�VHOHFWLRQ

eeee

µµee

ππee

eeKK

Data

e+ e− → (e+ e−)ℓ+ ℓ−

SWUN�

Lepton ID efficiency Hadron mis-id.

J/ѱ→ℓℓ KS→ππ

ee→eeℓℓ ee→τ(1-p)τ(3-p)

ee→ee(") D*+→D0(K-π+)π+ 

ee→μμ" D*+→D0(K-π+)π+

1 2 3 4 5 6 7
 [GeV/c]
µ

p
0

20

40

60

80

100

120

140
310×

C
an

di
da

te
s 

/ (
 0

.1
0 

G
eV

/c
)

 (x100)γ-π+π→-e+MC: e

Belle II (Preliminary)  selectionγ-µ+µ →-e+e
-1 dt= 34.6 fbL ∫Data: 

e+ e− → μ+ μ−γ

BELLE2-NOTE-PL-2020-027 (https://docs.belle2.org/record/2062?ln=en)

J/ ! e+e�
<latexit sha1_base64="KYbb3ljD6sE++YEpdljtYvD+GtA=">AAAB+nicbVDLSsNAFJ3UV62vVJduBosgiDURQZdFN+Kqgn1Ak5bJ9KYdOpmEmYlSYj/FjQtF3Pol7vwbp4+Fth64cDjnXu69J0g4U9pxvq3c0vLK6lp+vbCxubW9Yxd36ypOJYUajXksmwFRwJmAmmaaQzORQKKAQyMYXI/9xgNIxWJxr4cJ+BHpCRYySrSROnbx9tRLFMOejjG0j6F90rFLTtmZAC8Sd0ZKaIZqx/7yujFNIxCacqJUy3US7WdEakY5jApeqiAhdEB60DJUkAiUn01OH+FDo3RxGEtTQuOJ+nsiI5FSwygwnRHRfTXvjcX/vFaqw0s/YyJJNQg6XRSmHJs/xzngLpNANR8aQqhk5lZM+0QSqk1aBROCO//yIqmflV2n7N6dlypXszjyaB8doCPkogtUQTeoimqIokf0jF7Rm/VkvVjv1se0NWfNZvbQH1ifP3gYktM=</latexit><latexit sha1_base64="KYbb3ljD6sE++YEpdljtYvD+GtA=">AAAB+nicbVDLSsNAFJ3UV62vVJduBosgiDURQZdFN+Kqgn1Ak5bJ9KYdOpmEmYlSYj/FjQtF3Pol7vwbp4+Fth64cDjnXu69J0g4U9pxvq3c0vLK6lp+vbCxubW9Yxd36ypOJYUajXksmwFRwJmAmmaaQzORQKKAQyMYXI/9xgNIxWJxr4cJ+BHpCRYySrSROnbx9tRLFMOejjG0j6F90rFLTtmZAC8Sd0ZKaIZqx/7yujFNIxCacqJUy3US7WdEakY5jApeqiAhdEB60DJUkAiUn01OH+FDo3RxGEtTQuOJ+nsiI5FSwygwnRHRfTXvjcX/vFaqw0s/YyJJNQg6XRSmHJs/xzngLpNANR8aQqhk5lZM+0QSqk1aBROCO//yIqmflV2n7N6dlypXszjyaB8doCPkogtUQTeoimqIokf0jF7Rm/VkvVjv1se0NWfNZvbQH1ifP3gYktM=</latexit><latexit sha1_base64="KYbb3ljD6sE++YEpdljtYvD+GtA=">AAAB+nicbVDLSsNAFJ3UV62vVJduBosgiDURQZdFN+Kqgn1Ak5bJ9KYdOpmEmYlSYj/FjQtF3Pol7vwbp4+Fth64cDjnXu69J0g4U9pxvq3c0vLK6lp+vbCxubW9Yxd36ypOJYUajXksmwFRwJmAmmaaQzORQKKAQyMYXI/9xgNIxWJxr4cJ+BHpCRYySrSROnbx9tRLFMOejjG0j6F90rFLTtmZAC8Sd0ZKaIZqx/7yujFNIxCacqJUy3US7WdEakY5jApeqiAhdEB60DJUkAiUn01OH+FDo3RxGEtTQuOJ+nsiI5FSwygwnRHRfTXvjcX/vFaqw0s/YyJJNQg6XRSmHJs/xzngLpNANR8aQqhk5lZM+0QSqk1aBROCO//yIqmflV2n7N6dlypXszjyaB8doCPkogtUQTeoimqIokf0jF7Rm/VkvVjv1se0NWfNZvbQH1ifP3gYktM=</latexit><latexit sha1_base64="KYbb3ljD6sE++YEpdljtYvD+GtA=">AAAB+nicbVDLSsNAFJ3UV62vVJduBosgiDURQZdFN+Kqgn1Ak5bJ9KYdOpmEmYlSYj/FjQtF3Pol7vwbp4+Fth64cDjnXu69J0g4U9pxvq3c0vLK6lp+vbCxubW9Yxd36ypOJYUajXksmwFRwJmAmmaaQzORQKKAQyMYXI/9xgNIxWJxr4cJ+BHpCRYySrSROnbx9tRLFMOejjG0j6F90rFLTtmZAC8Sd0ZKaIZqx/7yujFNIxCacqJUy3US7WdEakY5jApeqiAhdEB60DJUkAiUn01OH+FDo3RxGEtTQuOJ+nsiI5FSwygwnRHRfTXvjcX/vFaqw0s/YyJJNQg6XRSmHJs/xzngLpNANR8aQqhk5lZM+0QSqk1aBROCO//yIqmflV2n7N6dlypXszjyaB8doCPkogtUQTeoimqIokf0jF7Rm/VkvVjv1se0NWfNZvbQH1ifP3gYktM=</latexit>

J/ ! µ+µ�
<latexit sha1_base64="RQjCOHI5aiQmbv6oRMAeEQ3vnIk=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEQayJCLosuhFXFewDmlgm02k7dCYJMxOhxC78FTcuFHHrb7jzb5ymWWjrgRkO59zLvfcEMWdKO863NTe/sLi0XFgprq6tb2zaW9t1FSWS0BqJeCSbAVaUs5DWNNOcNmNJsQg4bQSDq7HfeKBSsSi808OY+gL3QtZlBGsjte3dmxMvVgx5OkKeSO6Psv+4bZecspMBzRI3JyXIUW3bX14nIomgoSYcK9VynVj7KZaaEU5HRS9RNMZkgHu0ZWiIBVV+mu0/QgdG6aBuJM0LNcrU3x0pFkoNRWAqBdZ9Ne2Nxf+8VqK7F37KwjjRNCSTQd2EI3PsOAzUYZISzYeGYCKZ2RWRPpaYaBNZ0YTgTp88S+qnZdcpu7dnpcplHkcB9mAfDsGFc6jANVShBgQe4Rle4c16sl6sd+tjUjpn5T078AfW5w8UrZTX</latexit><latexit sha1_base64="RQjCOHI5aiQmbv6oRMAeEQ3vnIk=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEQayJCLosuhFXFewDmlgm02k7dCYJMxOhxC78FTcuFHHrb7jzb5ymWWjrgRkO59zLvfcEMWdKO863NTe/sLi0XFgprq6tb2zaW9t1FSWS0BqJeCSbAVaUs5DWNNOcNmNJsQg4bQSDq7HfeKBSsSi808OY+gL3QtZlBGsjte3dmxMvVgx5OkKeSO6Psv+4bZecspMBzRI3JyXIUW3bX14nIomgoSYcK9VynVj7KZaaEU5HRS9RNMZkgHu0ZWiIBVV+mu0/QgdG6aBuJM0LNcrU3x0pFkoNRWAqBdZ9Ne2Nxf+8VqK7F37KwjjRNCSTQd2EI3PsOAzUYZISzYeGYCKZ2RWRPpaYaBNZ0YTgTp88S+qnZdcpu7dnpcplHkcB9mAfDsGFc6jANVShBgQe4Rle4c16sl6sd+tjUjpn5T078AfW5w8UrZTX</latexit><latexit sha1_base64="RQjCOHI5aiQmbv6oRMAeEQ3vnIk=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEQayJCLosuhFXFewDmlgm02k7dCYJMxOhxC78FTcuFHHrb7jzb5ymWWjrgRkO59zLvfcEMWdKO863NTe/sLi0XFgprq6tb2zaW9t1FSWS0BqJeCSbAVaUs5DWNNOcNmNJsQg4bQSDq7HfeKBSsSi808OY+gL3QtZlBGsjte3dmxMvVgx5OkKeSO6Psv+4bZecspMBzRI3JyXIUW3bX14nIomgoSYcK9VynVj7KZaaEU5HRS9RNMZkgHu0ZWiIBVV+mu0/QgdG6aBuJM0LNcrU3x0pFkoNRWAqBdZ9Ne2Nxf+8VqK7F37KwjjRNCSTQd2EI3PsOAzUYZISzYeGYCKZ2RWRPpaYaBNZ0YTgTp88S+qnZdcpu7dnpcplHkcB9mAfDsGFc6jANVShBgQe4Rle4c16sl6sd+tjUjpn5T078AfW5w8UrZTX</latexit><latexit sha1_base64="RQjCOHI5aiQmbv6oRMAeEQ3vnIk=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEQayJCLosuhFXFewDmlgm02k7dCYJMxOhxC78FTcuFHHrb7jzb5ymWWjrgRkO59zLvfcEMWdKO863NTe/sLi0XFgprq6tb2zaW9t1FSWS0BqJeCSbAVaUs5DWNNOcNmNJsQg4bQSDq7HfeKBSsSi808OY+gL3QtZlBGsjte3dmxMvVgx5OkKeSO6Psv+4bZecspMBzRI3JyXIUW3bX14nIomgoSYcK9VynVj7KZaaEU5HRS9RNMZkgHu0ZWiIBVV+mu0/QgdG6aBuJM0LNcrU3x0pFkoNRWAqBdZ9Ne2Nxf+8VqK7F37KwjjRNCSTQd2EI3PsOAzUYZISzYeGYCKZ2RWRPpaYaBNZ0YTgTp88S+qnZdcpu7dnpcplHkcB9mAfDsGFc6jANVShBgQe4Rle4c16sl6sd+tjUjpn5T078AfW5w8UrZTX</latexit>

PDF Parameter Central value Fit range

Gaussian 1

µ 0.498 GeV/c2 ±2%

�1 0.00269 GeV/c2 ±90%

Fraction 1.0 Fixed

Gaussian 2
�2 0.0297 GeV/c2 Fixed⇤

Fraction 0.347 Fixed

Gaussian 3
�3 0.00128 GeV/c2 Fixed⇤

Fraction 1.590 Fixed

* The ratio of this parameter and �1 remains fixed.

TABLE V: The initialisation values for the fit parameters for K0
S ! ⇡+⇡� as derived from MC,

and the ranges within which they are allowed to float.
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FIG. 3: The invariant mass distributions of J/ ! `+`� for ` = e (left) and ` = µ (right). The
dots represent collision data (proc11+prompt), the dashed lines are the separate components of
the total PDF that is fitted to the data, which is plotted as a red continuous line.

5.7. Binning definition

The e�ciency and fake rate measurement binning for electronID and muonID are de-
scribed in Tables VII-VIII.

We note that - due to the energy asymmetry of the colliding beams - high-momentum
leptons are more likely to occupy the forward angular region while low-momentum leptons
are more likely to be found in the backwards region. Some combinations of momentum and
angular bins are not seen to be su�ciently populated, and are therefore not reported here.

5.8. E�ciencies and data/MC corrections

The current low yield of J/ events prohibits finer binning in momentum and angular
regions. Therefore, results are presented only in bins with high statistics.

Charge-independent identification e�ciencies in data and MC as a function of momentum
for a cut of 0.9 on the global PID variable are shown in Figure 4, for a representative ✓ bin
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