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Can penguin-free measurements 
of         be competitive?�d,s

<latexit sha1_base64="b7nlbBifJIG3jLV8e+kCjnOsdp0=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoN6KXjxWMLbYhrLZbNulm03YnQgl9F948aDi1Z/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyHNxO/+cS1EYm6x1HKg5j2legJRtFKj510ILp5dGrG3UrVrblTkEXiFaQKBRrdylcnSlgWc4VMUmPanptikFONgkk+Lncyw1PKhrTP25YqGnMT5NOLx+TYKhHpJdqWQjJVf0/kNDZmFIe2M6Y4MPPeRPzPa2fYuwxyodIMuWKzRb1MEkzI5H0SCc0ZypEllGlhbyVsQDVlaEMq2xC8+ZcXiX9Wu6p5d+fV+nWRRgkO4QhOwIMLqMMtNMAHBgqe4RXeHOO8OO/Ox6x1ySlmDuAPnM8f/AGQqQ==</latexit><latexit sha1_base64="b7nlbBifJIG3jLV8e+kCjnOsdp0=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoN6KXjxWMLbYhrLZbNulm03YnQgl9F948aDi1Z/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyHNxO/+cS1EYm6x1HKg5j2legJRtFKj510ILp5dGrG3UrVrblTkEXiFaQKBRrdylcnSlgWc4VMUmPanptikFONgkk+Lncyw1PKhrTP25YqGnMT5NOLx+TYKhHpJdqWQjJVf0/kNDZmFIe2M6Y4MPPeRPzPa2fYuwxyodIMuWKzRb1MEkzI5H0SCc0ZypEllGlhbyVsQDVlaEMq2xC8+ZcXiX9Wu6p5d+fV+nWRRgkO4QhOwIMLqMMtNMAHBgqe4RXeHOO8OO/Ox6x1ySlmDuAPnM8f/AGQqQ==</latexit><latexit sha1_base64="b7nlbBifJIG3jLV8e+kCjnOsdp0=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoN6KXjxWMLbYhrLZbNulm03YnQgl9F948aDi1Z/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyHNxO/+cS1EYm6x1HKg5j2legJRtFKj510ILp5dGrG3UrVrblTkEXiFaQKBRrdylcnSlgWc4VMUmPanptikFONgkk+Lncyw1PKhrTP25YqGnMT5NOLx+TYKhHpJdqWQjJVf0/kNDZmFIe2M6Y4MPPeRPzPa2fYuwxyodIMuWKzRb1MEkzI5H0SCc0ZypEllGlhbyVsQDVlaEMq2xC8+ZcXiX9Wu6p5d+fV+nWRRgkO4QhOwIMLqMMtNMAHBgqe4RXeHOO8OO/Ox6x1ySlmDuAPnM8f/AGQqQ==</latexit><latexit sha1_base64="b7nlbBifJIG3jLV8e+kCjnOsdp0=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoN6KXjxWMLbYhrLZbNulm03YnQgl9F948aDi1Z/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyHNxO/+cS1EYm6x1HKg5j2legJRtFKj510ILp5dGrG3UrVrblTkEXiFaQKBRrdylcnSlgWc4VMUmPanptikFONgkk+Lncyw1PKhrTP25YqGnMT5NOLx+TYKhHpJdqWQjJVf0/kNDZmFIe2M6Y4MPPeRPzPa2fYuwxyodIMuWKzRb1MEkzI5H0SCc0ZypEllGlhbyVsQDVlaEMq2xC8+ZcXiX9Wu6p5d+fV+nWRRgkO4QhOwIMLqMMtNMAHBgqe4RXeHOO8OO/Ox6x1ySlmDuAPnM8f/AGQqQ==</latexit>
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• The precise measurements of         come  
from                    decays 
• Dominated by tree-level               transitions 
• DCS penguin contributions also present 

• The penguins bring uncertainty with them 
• A shift in the phase of interest 
• Can estimate the shift from control modes 

• SU(3) symmetry  
• Still have a residual systematic uncertainty 
• Will these become limiting? 

�d,s
<latexit sha1_base64="b7nlbBifJIG3jLV8e+kCjnOsdp0=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoN6KXjxWMLbYhrLZbNulm03YnQgl9F948aDi1Z/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyHNxO/+cS1EYm6x1HKg5j2legJRtFKj510ILp5dGrG3UrVrblTkEXiFaQKBRrdylcnSlgWc4VMUmPanptikFONgkk+Lncyw1PKhrTP25YqGnMT5NOLx+TYKhHpJdqWQjJVf0/kNDZmFIe2M6Y4MPPeRPzPa2fYuwxyodIMuWKzRb1MEkzI5H0SCc0ZypEllGlhbyVsQDVlaEMq2xC8+ZcXiX9Wu6p5d+fV+nWRRgkO4QhOwIMLqMMtNMAHBgqe4RXeHOO8OO/Ox6x1ySlmDuAPnM8f/AGQqQ==</latexit><latexit sha1_base64="b7nlbBifJIG3jLV8e+kCjnOsdp0=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoN6KXjxWMLbYhrLZbNulm03YnQgl9F948aDi1Z/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyHNxO/+cS1EYm6x1HKg5j2legJRtFKj510ILp5dGrG3UrVrblTkEXiFaQKBRrdylcnSlgWc4VMUmPanptikFONgkk+Lncyw1PKhrTP25YqGnMT5NOLx+TYKhHpJdqWQjJVf0/kNDZmFIe2M6Y4MPPeRPzPa2fYuwxyodIMuWKzRb1MEkzI5H0SCc0ZypEllGlhbyVsQDVlaEMq2xC8+ZcXiX9Wu6p5d+fV+nWRRgkO4QhOwIMLqMMtNMAHBgqe4RXeHOO8OO/Ox6x1ySlmDuAPnM8f/AGQqQ==</latexit><latexit sha1_base64="b7nlbBifJIG3jLV8e+kCjnOsdp0=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoN6KXjxWMLbYhrLZbNulm03YnQgl9F948aDi1Z/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyHNxO/+cS1EYm6x1HKg5j2legJRtFKj510ILp5dGrG3UrVrblTkEXiFaQKBRrdylcnSlgWc4VMUmPanptikFONgkk+Lncyw1PKhrTP25YqGnMT5NOLx+TYKhHpJdqWQjJVf0/kNDZmFIe2M6Y4MPPeRPzPa2fYuwxyodIMuWKzRb1MEkzI5H0SCc0ZypEllGlhbyVsQDVlaEMq2xC8+ZcXiX9Wu6p5d+fV+nWRRgkO4QhOwIMLqMMtNMAHBgqe4RXeHOO8OO/Ox6x1ySlmDuAPnM8f/AGQqQ==</latexit><latexit sha1_base64="b7nlbBifJIG3jLV8e+kCjnOsdp0=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoN6KXjxWMLbYhrLZbNulm03YnQgl9F948aDi1Z/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyHNxO/+cS1EYm6x1HKg5j2legJRtFKj510ILp5dGrG3UrVrblTkEXiFaQKBRrdylcnSlgWc4VMUmPanptikFONgkk+Lncyw1PKhrTP25YqGnMT5NOLx+TYKhHpJdqWQjJVf0/kNDZmFIe2M6Y4MPPeRPzPa2fYuwxyodIMuWKzRb1MEkzI5H0SCc0ZypEllGlhbyVsQDVlaEMq2xC8+ZcXiX9Wu6p5d+fV+nWRRgkO4QhOwIMLqMMtNMAHBgqe4RXeHOO8OO/Ox6x1ySlmDuAPnM8f/AGQqQ==</latexit>

B ! J/ X
<latexit sha1_base64="zsFZXLbGH8IT60n5uNvsnCoENso=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU01EUG+lXsRTBWMLTSyb7aZdutmE3Y1SQv+HFw8qXv0x3vw3btoctPXBwOO9GWbmBQlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79ypOJaEuiXksOwFWlDNBXc00p51EUhwFnLaD0VXutx+pVCwWd3qcUD/CA8FCRrA20kMTeTpGNydeohjq9Ko1u25PgRaJU5AaFGj1ql9ePyZpRIUmHCvVdexE+xmWmhFOJxUvVTTBZIQHtGuowBFVfja9eoKOjNJHYSxNCY2m6u+JDEdKjaPAdEZYD9W8l4v/ed1Uhxd+xkSSairIbFGYcmQ+zSNAfSYp0XxsCCaSmVsRGWKJiTZBVUwIzvzLi8Q9rV/WnduzWqNZpFGGAziEY3DgHBpwDS1wgYCEZ3iFN+vJerHerY9Za8kqZvbhD6zPHy8UkTQ=</latexit><latexit sha1_base64="zsFZXLbGH8IT60n5uNvsnCoENso=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU01EUG+lXsRTBWMLTSyb7aZdutmE3Y1SQv+HFw8qXv0x3vw3btoctPXBwOO9GWbmBQlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79ypOJaEuiXksOwFWlDNBXc00p51EUhwFnLaD0VXutx+pVCwWd3qcUD/CA8FCRrA20kMTeTpGNydeohjq9Ko1u25PgRaJU5AaFGj1ql9ePyZpRIUmHCvVdexE+xmWmhFOJxUvVTTBZIQHtGuowBFVfja9eoKOjNJHYSxNCY2m6u+JDEdKjaPAdEZYD9W8l4v/ed1Uhxd+xkSSairIbFGYcmQ+zSNAfSYp0XxsCCaSmVsRGWKJiTZBVUwIzvzLi8Q9rV/WnduzWqNZpFGGAziEY3DgHBpwDS1wgYCEZ3iFN+vJerHerY9Za8kqZvbhD6zPHy8UkTQ=</latexit><latexit sha1_base64="zsFZXLbGH8IT60n5uNvsnCoENso=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU01EUG+lXsRTBWMLTSyb7aZdutmE3Y1SQv+HFw8qXv0x3vw3btoctPXBwOO9GWbmBQlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79ypOJaEuiXksOwFWlDNBXc00p51EUhwFnLaD0VXutx+pVCwWd3qcUD/CA8FCRrA20kMTeTpGNydeohjq9Ko1u25PgRaJU5AaFGj1ql9ePyZpRIUmHCvVdexE+xmWmhFOJxUvVTTBZIQHtGuowBFVfja9eoKOjNJHYSxNCY2m6u+JDEdKjaPAdEZYD9W8l4v/ed1Uhxd+xkSSairIbFGYcmQ+zSNAfSYp0XxsCCaSmVsRGWKJiTZBVUwIzvzLi8Q9rV/WnduzWqNZpFGGAziEY3DgHBpwDS1wgYCEZ3iFN+vJerHerY9Za8kqZvbhD6zPHy8UkTQ=</latexit><latexit sha1_base64="zsFZXLbGH8IT60n5uNvsnCoENso=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU01EUG+lXsRTBWMLTSyb7aZdutmE3Y1SQv+HFw8qXv0x3vw3btoctPXBwOO9GWbmBQlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79ypOJaEuiXksOwFWlDNBXc00p51EUhwFnLaD0VXutx+pVCwWd3qcUD/CA8FCRrA20kMTeTpGNydeohjq9Ko1u25PgRaJU5AaFGj1ql9ePyZpRIUmHCvVdexE+xmWmhFOJxUvVTTBZIQHtGuowBFVfja9eoKOjNJHYSxNCY2m6u+JDEdKjaPAdEZYD9W8l4v/ed1Uhxd+xkSSairIbFGYcmQ+zSNAfSYp0XxsCCaSmVsRGWKJiTZBVUwIzvzLi8Q9rV/WnduzWqNZpFGGAziEY3DgHBpwDS1wgYCEZ3iFN+vJerHerY9Za8kqZvbhD6zPHy8UkTQ=</latexit>

��d,s
<latexit sha1_base64="YpefpuQ8wshyEIWHqGjCvz2MMl8=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBg5REBPVW1IPHCsYWmhA2m227dLMJu5tCCf0nXjyoePWnePPfuG1z0NYHA4/3ZpiZF2WcKe0431ZlZXVtfaO6Wdva3tnds/cPnlSaS0I9kvJUdiKsKGeCepppTjuZpDiJOG1Hw9up3x5RqVgqHvU4o0GC+4L1GMHaSKFt+3eUa+xnAxYW8ZmahHbdaTgzoGXilqQOJVqh/eXHKckTKjThWKmu62Q6KLDUjHA6qfm5ohkmQ9ynXUMFTqgKitnlE3RilBj1UmlKaDRTf08UOFFqnESmM8F6oBa9qfif18117yoomMhyTQWZL+rlHOkUTWNAMZOUaD42BBPJzK2IDLDERJuwaiYEd/HlZeKdN64b7sNFvXlTplGFIziGU3DhEppwDy3wgMAInuEV3qzCerHerY95a8UqZw7hD6zPH93Ck1w=</latexit><latexit sha1_base64="YpefpuQ8wshyEIWHqGjCvz2MMl8=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBg5REBPVW1IPHCsYWmhA2m227dLMJu5tCCf0nXjyoePWnePPfuG1z0NYHA4/3ZpiZF2WcKe0431ZlZXVtfaO6Wdva3tnds/cPnlSaS0I9kvJUdiKsKGeCepppTjuZpDiJOG1Hw9up3x5RqVgqHvU4o0GC+4L1GMHaSKFt+3eUa+xnAxYW8ZmahHbdaTgzoGXilqQOJVqh/eXHKckTKjThWKmu62Q6KLDUjHA6qfm5ohkmQ9ynXUMFTqgKitnlE3RilBj1UmlKaDRTf08UOFFqnESmM8F6oBa9qfif18117yoomMhyTQWZL+rlHOkUTWNAMZOUaD42BBPJzK2IDLDERJuwaiYEd/HlZeKdN64b7sNFvXlTplGFIziGU3DhEppwDy3wgMAInuEV3qzCerHerY95a8UqZw7hD6zPH93Ck1w=</latexit><latexit sha1_base64="YpefpuQ8wshyEIWHqGjCvz2MMl8=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBg5REBPVW1IPHCsYWmhA2m227dLMJu5tCCf0nXjyoePWnePPfuG1z0NYHA4/3ZpiZF2WcKe0431ZlZXVtfaO6Wdva3tnds/cPnlSaS0I9kvJUdiKsKGeCepppTjuZpDiJOG1Hw9up3x5RqVgqHvU4o0GC+4L1GMHaSKFt+3eUa+xnAxYW8ZmahHbdaTgzoGXilqQOJVqh/eXHKckTKjThWKmu62Q6KLDUjHA6qfm5ohkmQ9ynXUMFTqgKitnlE3RilBj1UmlKaDRTf08UOFFqnESmM8F6oBa9qfif18117yoomMhyTQWZL+rlHOkUTWNAMZOUaD42BBPJzK2IDLDERJuwaiYEd/HlZeKdN64b7sNFvXlTplGFIziGU3DhEppwDy3wgMAInuEV3qzCerHerY95a8UqZw7hD6zPH93Ck1w=</latexit><latexit sha1_base64="YpefpuQ8wshyEIWHqGjCvz2MMl8=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBg5REBPVW1IPHCsYWmhA2m227dLMJu5tCCf0nXjyoePWnePPfuG1z0NYHA4/3ZpiZF2WcKe0431ZlZXVtfaO6Wdva3tnds/cPnlSaS0I9kvJUdiKsKGeCepppTjuZpDiJOG1Hw9up3x5RqVgqHvU4o0GC+4L1GMHaSKFt+3eUa+xnAxYW8ZmahHbdaTgzoGXilqQOJVqh/eXHKckTKjThWKmu62Q6KLDUjHA6qfm5ohkmQ9ynXUMFTqgKitnlE3RilBj1UmlKaDRTf08UOFFqnESmM8F6oBa9qfif18117yoomMhyTQWZL+rlHOkUTWNAMZOUaD42BBPJzK2IDLDERJuwaiYEd/HlZeKdN64b7sNFvXlTplGFIziGU3DhEppwDy3wgMAInuEV3qzCerHerY95a8UqZw7hD6zPH93Ck1w=</latexit>

b ! cc̄s
<latexit sha1_base64="YBBbEMviVend4FY2NRjpA8VHH20=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMFYwttLJPtpl262YTdjVJC/4cXDype/THe/Ddu2xy09cHA470ZZuaFqeDauO63s7S8srq2Xtoob25t7+xW9vbvdZIpynyaiES1QtRMcMl8w41grVQxjEPBmuHweuI3H5nSPJF3ZpSyIMa+5BGnaKz0EHZMQmgnRJXTse5Wqm7NnYIsEq8gVSjQ6Fa+Or2EZjGThgrUuu25qQlyVIZTwcblTqZZinSIfda2VGLMdJBPrx6TY6v0SJQoW9KQqfp7IsdY61Ec2s4YzUDPexPxP6+dmegiyLlMM8MknS2KMkHsq5MISI8rRo0YWYJUcXsroQNUSI0NqmxD8OZfXiT+ae2y5t2eVetXRRolOIQjOAEPzqEON9AAHygoeIZXeHOenBfn3fmYtS45xcwB/IHz+QP275Jd</latexit><latexit sha1_base64="YBBbEMviVend4FY2NRjpA8VHH20=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMFYwttLJPtpl262YTdjVJC/4cXDype/THe/Ddu2xy09cHA470ZZuaFqeDauO63s7S8srq2Xtoob25t7+xW9vbvdZIpynyaiES1QtRMcMl8w41grVQxjEPBmuHweuI3H5nSPJF3ZpSyIMa+5BGnaKz0EHZMQmgnRJXTse5Wqm7NnYIsEq8gVSjQ6Fa+Or2EZjGThgrUuu25qQlyVIZTwcblTqZZinSIfda2VGLMdJBPrx6TY6v0SJQoW9KQqfp7IsdY61Ec2s4YzUDPexPxP6+dmegiyLlMM8MknS2KMkHsq5MISI8rRo0YWYJUcXsroQNUSI0NqmxD8OZfXiT+ae2y5t2eVetXRRolOIQjOAEPzqEON9AAHygoeIZXeHOenBfn3fmYtS45xcwB/IHz+QP275Jd</latexit><latexit sha1_base64="YBBbEMviVend4FY2NRjpA8VHH20=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMFYwttLJPtpl262YTdjVJC/4cXDype/THe/Ddu2xy09cHA470ZZuaFqeDauO63s7S8srq2Xtoob25t7+xW9vbvdZIpynyaiES1QtRMcMl8w41grVQxjEPBmuHweuI3H5nSPJF3ZpSyIMa+5BGnaKz0EHZMQmgnRJXTse5Wqm7NnYIsEq8gVSjQ6Fa+Or2EZjGThgrUuu25qQlyVIZTwcblTqZZinSIfda2VGLMdJBPrx6TY6v0SJQoW9KQqfp7IsdY61Ec2s4YzUDPexPxP6+dmegiyLlMM8MknS2KMkHsq5MISI8rRo0YWYJUcXsroQNUSI0NqmxD8OZfXiT+ae2y5t2eVetXRRolOIQjOAEPzqEON9AAHygoeIZXeHOenBfn3fmYtS45xcwB/IHz+QP275Jd</latexit><latexit sha1_base64="YBBbEMviVend4FY2NRjpA8VHH20=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMFYwttLJPtpl262YTdjVJC/4cXDype/THe/Ddu2xy09cHA470ZZuaFqeDauO63s7S8srq2Xtoob25t7+xW9vbvdZIpynyaiES1QtRMcMl8w41grVQxjEPBmuHweuI3H5nSPJF3ZpSyIMa+5BGnaKz0EHZMQmgnRJXTse5Wqm7NnYIsEq8gVSjQ6Fa+Or2EZjGThgrUuu25qQlyVIZTwcblTqZZinSIfda2VGLMdJBPrx6TY6v0SJQoW9KQqfp7IsdY61Ec2s4YzUDPexPxP6+dmegiyLlMM8MknS2KMkHsq5MISI8rRo0YWYJUcXsroQNUSI0NqmxD8OZfXiT+ae2y5t2eVetXRRolOIQjOAEPzqEON9AAHygoeIZXeHOenBfn3fmYtS45xcwB/IHz+QP275Jd</latexit>
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• Focus on      for now  
• Amongst other options are                decays 

• Tree-level decays without penguin diagrams 

• The value of      is independent of the decay 
• Test the SM using different processes 
• Any discrepancies are interesting 
• New physics (if we understand the penguins)

b ! cūd
<latexit sha1_base64="6tadS1WJpk4nB5cOWa4PXbE4X7M=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMFYwtNLLubTbt0swm7G6WE/g8vHlS8+mO8+W/ctjlo64OBx3szzMwjmeDauO63s7S8srq2Xtmobm5t7+zW9vbvdZorynyailR1CNZMcMl8w41gnUwxnBDB2mR4PfHbj0xpnso7M8pYmOC+5DGn2FjpgQQmRTQgWBX5OOrV6m7DnQItEq8kdSjR6tW+giilecKkoQJr3fXczIQFVoZTwcbVINcsw3SI+6xrqcQJ02ExvXqMjq0SoThVtqRBU/X3RIETrUcJsZ0JNgM9703E/7xubuKLsOAyyw2TdLYozgWyr04iQBFXjBoxsgRTxe2tiA6wwtTYoKo2BG/+5UXinzYuG97tWb15VaZRgUM4ghPw4ByacAMt8IGCgmd4hTfnyXlx3p2PWeuSU84cwB84nz/7nJJg</latexit><latexit sha1_base64="6tadS1WJpk4nB5cOWa4PXbE4X7M=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMFYwtNLLubTbt0swm7G6WE/g8vHlS8+mO8+W/ctjlo64OBx3szzMwjmeDauO63s7S8srq2Xtmobm5t7+zW9vbvdZorynyailR1CNZMcMl8w41gnUwxnBDB2mR4PfHbj0xpnso7M8pYmOC+5DGn2FjpgQQmRTQgWBX5OOrV6m7DnQItEq8kdSjR6tW+giilecKkoQJr3fXczIQFVoZTwcbVINcsw3SI+6xrqcQJ02ExvXqMjq0SoThVtqRBU/X3RIETrUcJsZ0JNgM9703E/7xubuKLsOAyyw2TdLYozgWyr04iQBFXjBoxsgRTxe2tiA6wwtTYoKo2BG/+5UXinzYuG97tWb15VaZRgUM4ghPw4ByacAMt8IGCgmd4hTfnyXlx3p2PWeuSU84cwB84nz/7nJJg</latexit><latexit sha1_base64="6tadS1WJpk4nB5cOWa4PXbE4X7M=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMFYwtNLLubTbt0swm7G6WE/g8vHlS8+mO8+W/ctjlo64OBx3szzMwjmeDauO63s7S8srq2Xtmobm5t7+zW9vbvdZorynyailR1CNZMcMl8w41gnUwxnBDB2mR4PfHbj0xpnso7M8pYmOC+5DGn2FjpgQQmRTQgWBX5OOrV6m7DnQItEq8kdSjR6tW+giilecKkoQJr3fXczIQFVoZTwcbVINcsw3SI+6xrqcQJ02ExvXqMjq0SoThVtqRBU/X3RIETrUcJsZ0JNgM9703E/7xubuKLsOAyyw2TdLYozgWyr04iQBFXjBoxsgRTxe2tiA6wwtTYoKo2BG/+5UXinzYuG97tWb15VaZRgUM4ghPw4ByacAMt8IGCgmd4hTfnyXlx3p2PWeuSU84cwB84nz/7nJJg</latexit><latexit sha1_base64="6tadS1WJpk4nB5cOWa4PXbE4X7M=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMFYwtNLLubTbt0swm7G6WE/g8vHlS8+mO8+W/ctjlo64OBx3szzMwjmeDauO63s7S8srq2Xtmobm5t7+zW9vbvdZorynyailR1CNZMcMl8w41gnUwxnBDB2mR4PfHbj0xpnso7M8pYmOC+5DGn2FjpgQQmRTQgWBX5OOrV6m7DnQItEq8kdSjR6tW+giilecKkoQJr3fXczIQFVoZTwcbVINcsw3SI+6xrqcQJ02ExvXqMjq0SoThVtqRBU/X3RIETrUcJsZ0JNgM9703E/7xubuKLsOAyyw2TdLYozgWyr04iQBFXjBoxsgRTxe2tiA6wwtTYoKo2BG/+5UXinzYuG97tWb15VaZRgUM4ghPw4ByacAMt8IGCgmd4hTfnyXlx3p2PWeuSU84cwB84nz/7nJJg</latexit>

�d
<latexit sha1_base64="s1ACWI9qjMd3jK6g6MFu9RvnZcU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMG2hDWWz2bRrN7thdyOU0P/gxYOKV3+QN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8tMEeoTyaXqhlhTzgT1DTOcdlNFcRJy2gnHtzO/80SVZlI8mElKgwQPBYsZwcZK7X46YoNoUK25dXcOtEq8gtSgQGtQ/epHkmQJFYZwrHXPc1MT5FgZRjidVvqZpikmYzykPUsFTqgO8vm1U3RmlQjFUtkSBs3V3xM5TrSeJKHtTLAZ6WVvJv7n9TITXwU5E2lmqCCLRXHGkZFo9jqKmKLE8IklmChmb0VkhBUmxgZUsSF4yy+vEv+ifl337i9rzZsijTKcwCmcgwcNaMIdtMAHAo/wDK/w5kjnxXl3PhatJaeYOYY/cD5/APT8juo=</latexit><latexit sha1_base64="s1ACWI9qjMd3jK6g6MFu9RvnZcU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMG2hDWWz2bRrN7thdyOU0P/gxYOKV3+QN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8tMEeoTyaXqhlhTzgT1DTOcdlNFcRJy2gnHtzO/80SVZlI8mElKgwQPBYsZwcZK7X46YoNoUK25dXcOtEq8gtSgQGtQ/epHkmQJFYZwrHXPc1MT5FgZRjidVvqZpikmYzykPUsFTqgO8vm1U3RmlQjFUtkSBs3V3xM5TrSeJKHtTLAZ6WVvJv7n9TITXwU5E2lmqCCLRXHGkZFo9jqKmKLE8IklmChmb0VkhBUmxgZUsSF4yy+vEv+ifl337i9rzZsijTKcwCmcgwcNaMIdtMAHAo/wDK/w5kjnxXl3PhatJaeYOYY/cD5/APT8juo=</latexit><latexit sha1_base64="s1ACWI9qjMd3jK6g6MFu9RvnZcU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMG2hDWWz2bRrN7thdyOU0P/gxYOKV3+QN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8tMEeoTyaXqhlhTzgT1DTOcdlNFcRJy2gnHtzO/80SVZlI8mElKgwQPBYsZwcZK7X46YoNoUK25dXcOtEq8gtSgQGtQ/epHkmQJFYZwrHXPc1MT5FgZRjidVvqZpikmYzykPUsFTqgO8vm1U3RmlQjFUtkSBs3V3xM5TrSeJKHtTLAZ6WVvJv7n9TITXwU5E2lmqCCLRXHGkZFo9jqKmKLE8IklmChmb0VkhBUmxgZUsSF4yy+vEv+ifl337i9rzZsijTKcwCmcgwcNaMIdtMAHAo/wDK/w5kjnxXl3PhatJaeYOYY/cD5/APT8juo=</latexit><latexit sha1_base64="s1ACWI9qjMd3jK6g6MFu9RvnZcU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMG2hDWWz2bRrN7thdyOU0P/gxYOKV3+QN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8tMEeoTyaXqhlhTzgT1DTOcdlNFcRJy2gnHtzO/80SVZlI8mElKgwQPBYsZwcZK7X46YoNoUK25dXcOtEq8gtSgQGtQ/epHkmQJFYZwrHXPc1MT5FgZRjidVvqZpikmYzykPUsFTqgO8vm1U3RmlQjFUtkSBs3V3xM5TrSeJKHtTLAZ6WVvJv7n9TITXwU5E2lmqCCLRXHGkZFo9jqKmKLE8IklmChmb0VkhBUmxgZUsSF4yy+vEv+ifl337i9rzZsijTKcwCmcgwcNaMIdtMAHAo/wDK/w5kjnxXl3PhatJaeYOYY/cD5/APT8juo=</latexit>

�d
<latexit sha1_base64="s1ACWI9qjMd3jK6g6MFu9RvnZcU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMG2hDWWz2bRrN7thdyOU0P/gxYOKV3+QN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8tMEeoTyaXqhlhTzgT1DTOcdlNFcRJy2gnHtzO/80SVZlI8mElKgwQPBYsZwcZK7X46YoNoUK25dXcOtEq8gtSgQGtQ/epHkmQJFYZwrHXPc1MT5FgZRjidVvqZpikmYzykPUsFTqgO8vm1U3RmlQjFUtkSBs3V3xM5TrSeJKHtTLAZ6WVvJv7n9TITXwU5E2lmqCCLRXHGkZFo9jqKmKLE8IklmChmb0VkhBUmxgZUsSF4yy+vEv+ifl337i9rzZsijTKcwCmcgwcNaMIdtMAHAo/wDK/w5kjnxXl3PhatJaeYOYY/cD5/APT8juo=</latexit><latexit sha1_base64="s1ACWI9qjMd3jK6g6MFu9RvnZcU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMG2hDWWz2bRrN7thdyOU0P/gxYOKV3+QN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8tMEeoTyaXqhlhTzgT1DTOcdlNFcRJy2gnHtzO/80SVZlI8mElKgwQPBYsZwcZK7X46YoNoUK25dXcOtEq8gtSgQGtQ/epHkmQJFYZwrHXPc1MT5FgZRjidVvqZpikmYzykPUsFTqgO8vm1U3RmlQjFUtkSBs3V3xM5TrSeJKHtTLAZ6WVvJv7n9TITXwU5E2lmqCCLRXHGkZFo9jqKmKLE8IklmChmb0VkhBUmxgZUsSF4yy+vEv+ifl337i9rzZsijTKcwCmcgwcNaMIdtMAHAo/wDK/w5kjnxXl3PhatJaeYOYY/cD5/APT8juo=</latexit><latexit sha1_base64="s1ACWI9qjMd3jK6g6MFu9RvnZcU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMG2hDWWz2bRrN7thdyOU0P/gxYOKV3+QN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8tMEeoTyaXqhlhTzgT1DTOcdlNFcRJy2gnHtzO/80SVZlI8mElKgwQPBYsZwcZK7X46YoNoUK25dXcOtEq8gtSgQGtQ/epHkmQJFYZwrHXPc1MT5FgZRjidVvqZpikmYzykPUsFTqgO8vm1U3RmlQjFUtkSBs3V3xM5TrSeJKHtTLAZ6WVvJv7n9TITXwU5E2lmqCCLRXHGkZFo9jqKmKLE8IklmChmb0VkhBUmxgZUsSF4yy+vEv+ifl337i9rzZsijTKcwCmcgwcNaMIdtMAHAo/wDK/w5kjnxXl3PhatJaeYOYY/cD5/APT8juo=</latexit><latexit sha1_base64="s1ACWI9qjMd3jK6g6MFu9RvnZcU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMG2hDWWz2bRrN7thdyOU0P/gxYOKV3+QN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8tMEeoTyaXqhlhTzgT1DTOcdlNFcRJy2gnHtzO/80SVZlI8mElKgwQPBYsZwcZK7X46YoNoUK25dXcOtEq8gtSgQGtQ/epHkmQJFYZwrHXPc1MT5FgZRjidVvqZpikmYzykPUsFTqgO8vm1U3RmlQjFUtkSBs3V3xM5TrSeJKHtTLAZ6WVvJv7n9TITXwU5E2lmqCCLRXHGkZFo9jqKmKLE8IklmChmb0VkhBUmxgZUsSF4yy+vEv+ifl337i9rzZsijTKcwCmcgwcNaMIdtMAHAo/wDK/w5kjnxXl3PhatJaeYOYY/cD5/APT8juo=</latexit>
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• World averages from the golden modes 

• What about                decays? 
• Measurement of                         decays from BaBar + Belle 
• Includes CP eigenstates and 

�s = �0.021± 0.031 rad
<latexit sha1_base64="fMFd8c39NIt7Jh2LYTkYPi3uKS8=">AAACDHicbZDNSsNAFIUn/tb6F3XpZrAKbixJFdSFUHTjsoKxhSaEyWTSDp1JwsxEKKE+gBtfxY0LFbc+gDvfxkmbhbYeGPg4917u3BOkjEplWd/G3PzC4tJyZaW6ura+sWlubd/JJBOYODhhiegESBJGY+IoqhjppIIgHjDSDgZXRb19T4SkSXyrhinxOOrFNKIYKW355r6b9qkv4QU8glbdatjQTXlBxzZ8cAWHAoVV36xpZyw4C3YJNVCq5ZtfbpjgjJNYYYak7NpWqrwcCUUxI6Oqm0mSIjxAPdLVGCNOpJePrxnBA+2EMEqEfrGCY/f3RI64lEMe6E6OVF9O1wrzv1o3U9GZl9M4zRSJ8WRRlDGoElhEA0MqCFZsqAFhQfVfIe4jgbDSARYh2NMnz4LTqJ/X7ZuTWvOyTKMCdsEeOAQ2OAVNcA1awAEYPIJn8ArejCfjxXg3Piatc0Y5swP+yPj8AarLl7Y=</latexit><latexit sha1_base64="fMFd8c39NIt7Jh2LYTkYPi3uKS8=">AAACDHicbZDNSsNAFIUn/tb6F3XpZrAKbixJFdSFUHTjsoKxhSaEyWTSDp1JwsxEKKE+gBtfxY0LFbc+gDvfxkmbhbYeGPg4917u3BOkjEplWd/G3PzC4tJyZaW6ura+sWlubd/JJBOYODhhiegESBJGY+IoqhjppIIgHjDSDgZXRb19T4SkSXyrhinxOOrFNKIYKW355r6b9qkv4QU8glbdatjQTXlBxzZ8cAWHAoVV36xpZyw4C3YJNVCq5ZtfbpjgjJNYYYak7NpWqrwcCUUxI6Oqm0mSIjxAPdLVGCNOpJePrxnBA+2EMEqEfrGCY/f3RI64lEMe6E6OVF9O1wrzv1o3U9GZl9M4zRSJ8WRRlDGoElhEA0MqCFZsqAFhQfVfIe4jgbDSARYh2NMnz4LTqJ/X7ZuTWvOyTKMCdsEeOAQ2OAVNcA1awAEYPIJn8ArejCfjxXg3Piatc0Y5swP+yPj8AarLl7Y=</latexit><latexit sha1_base64="fMFd8c39NIt7Jh2LYTkYPi3uKS8=">AAACDHicbZDNSsNAFIUn/tb6F3XpZrAKbixJFdSFUHTjsoKxhSaEyWTSDp1JwsxEKKE+gBtfxY0LFbc+gDvfxkmbhbYeGPg4917u3BOkjEplWd/G3PzC4tJyZaW6ura+sWlubd/JJBOYODhhiegESBJGY+IoqhjppIIgHjDSDgZXRb19T4SkSXyrhinxOOrFNKIYKW355r6b9qkv4QU8glbdatjQTXlBxzZ8cAWHAoVV36xpZyw4C3YJNVCq5ZtfbpjgjJNYYYak7NpWqrwcCUUxI6Oqm0mSIjxAPdLVGCNOpJePrxnBA+2EMEqEfrGCY/f3RI64lEMe6E6OVF9O1wrzv1o3U9GZl9M4zRSJ8WRRlDGoElhEA0MqCFZsqAFhQfVfIe4jgbDSARYh2NMnz4LTqJ/X7ZuTWvOyTKMCdsEeOAQ2OAVNcA1awAEYPIJn8ArejCfjxXg3Piatc0Y5swP+yPj8AarLl7Y=</latexit><latexit sha1_base64="fMFd8c39NIt7Jh2LYTkYPi3uKS8=">AAACDHicbZDNSsNAFIUn/tb6F3XpZrAKbixJFdSFUHTjsoKxhSaEyWTSDp1JwsxEKKE+gBtfxY0LFbc+gDvfxkmbhbYeGPg4917u3BOkjEplWd/G3PzC4tJyZaW6ura+sWlubd/JJBOYODhhiegESBJGY+IoqhjppIIgHjDSDgZXRb19T4SkSXyrhinxOOrFNKIYKW355r6b9qkv4QU8glbdatjQTXlBxzZ8cAWHAoVV36xpZyw4C3YJNVCq5ZtfbpjgjJNYYYak7NpWqrwcCUUxI6Oqm0mSIjxAPdLVGCNOpJePrxnBA+2EMEqEfrGCY/f3RI64lEMe6E6OVF9O1wrzv1o3U9GZl9M4zRSJ8WRRlDGoElhEA0MqCFZsqAFhQfVfIe4jgbDSARYh2NMnz4LTqJ/X7ZuTWvOyTKMCdsEeOAQ2OAVNcA1awAEYPIJn8ArejCfjxXg3Piatc0Y5swP+yPj8AarLl7Y=</latexit>

�s = �0.054± 0.021 rad
<latexit sha1_base64="RvDjeeImIdwvtBRDRuNsQuBtctI=">AAACDHicbZDNSsNAFIUn9a/Wv6hLN4NVcGNJSkVdCEU3LisYW2hCmEwm7dCZJMxMhFLqA7jxVdy4UHHrA7jzbZy0WWjrgYGPc+/lzj1ByqhUlvVtlBYWl5ZXyquVtfWNzS1ze+dOJpnAxMEJS0QnQJIwGhNHUcVIJxUE8YCRdjC4yuvteyIkTeJbNUyJx1EvphHFSGnLNw/ctE99CS/gMbRq1kkDuinPqW7DB1dwKFBY8c2qdiaC82AXUAWFWr755YYJzjiJFWZIyq5tpcobIaEoZmRccTNJUoQHqEe6GmPEifRGk2vG8FA7IYwSoV+s4MT9PTFCXMohD3QnR6ovZ2u5+V+tm6nozBvROM0UifF0UZQxqBKYRwNDKghWbKgBYUH1XyHuI4Gw0gHmIdizJ8+DU6+d1+ybRrV5WaRRBntgHxwBG5yCJrgGLeAADB7BM3gFb8aT8WK8Gx/T1pJRzOyCPzI+fwCyype7</latexit><latexit sha1_base64="RvDjeeImIdwvtBRDRuNsQuBtctI=">AAACDHicbZDNSsNAFIUn9a/Wv6hLN4NVcGNJSkVdCEU3LisYW2hCmEwm7dCZJMxMhFLqA7jxVdy4UHHrA7jzbZy0WWjrgYGPc+/lzj1ByqhUlvVtlBYWl5ZXyquVtfWNzS1ze+dOJpnAxMEJS0QnQJIwGhNHUcVIJxUE8YCRdjC4yuvteyIkTeJbNUyJx1EvphHFSGnLNw/ctE99CS/gMbRq1kkDuinPqW7DB1dwKFBY8c2qdiaC82AXUAWFWr755YYJzjiJFWZIyq5tpcobIaEoZmRccTNJUoQHqEe6GmPEifRGk2vG8FA7IYwSoV+s4MT9PTFCXMohD3QnR6ovZ2u5+V+tm6nozBvROM0UifF0UZQxqBKYRwNDKghWbKgBYUH1XyHuI4Gw0gHmIdizJ8+DU6+d1+ybRrV5WaRRBntgHxwBG5yCJrgGLeAADB7BM3gFb8aT8WK8Gx/T1pJRzOyCPzI+fwCyype7</latexit><latexit sha1_base64="RvDjeeImIdwvtBRDRuNsQuBtctI=">AAACDHicbZDNSsNAFIUn9a/Wv6hLN4NVcGNJSkVdCEU3LisYW2hCmEwm7dCZJMxMhFLqA7jxVdy4UHHrA7jzbZy0WWjrgYGPc+/lzj1ByqhUlvVtlBYWl5ZXyquVtfWNzS1ze+dOJpnAxMEJS0QnQJIwGhNHUcVIJxUE8YCRdjC4yuvteyIkTeJbNUyJx1EvphHFSGnLNw/ctE99CS/gMbRq1kkDuinPqW7DB1dwKFBY8c2qdiaC82AXUAWFWr755YYJzjiJFWZIyq5tpcobIaEoZmRccTNJUoQHqEe6GmPEifRGk2vG8FA7IYwSoV+s4MT9PTFCXMohD3QnR6ovZ2u5+V+tm6nozBvROM0UifF0UZQxqBKYRwNDKghWbKgBYUH1XyHuI4Gw0gHmIdizJ8+DU6+d1+ybRrV5WaRRBntgHxwBG5yCJrgGLeAADB7BM3gFb8aT8WK8Gx/T1pJRzOyCPzI+fwCyype7</latexit><latexit sha1_base64="RvDjeeImIdwvtBRDRuNsQuBtctI=">AAACDHicbZDNSsNAFIUn9a/Wv6hLN4NVcGNJSkVdCEU3LisYW2hCmEwm7dCZJMxMhFLqA7jxVdy4UHHrA7jzbZy0WWjrgYGPc+/lzj1ByqhUlvVtlBYWl5ZXyquVtfWNzS1ze+dOJpnAxMEJS0QnQJIwGhNHUcVIJxUE8YCRdjC4yuvteyIkTeJbNUyJx1EvphHFSGnLNw/ctE99CS/gMbRq1kkDuinPqW7DB1dwKFBY8c2qdiaC82AXUAWFWr755YYJzjiJFWZIyq5tpcobIaEoZmRccTNJUoQHqEe6GmPEifRGk2vG8FA7IYwSoV+s4MT9PTFCXMohD3QnR6ovZ2u5+V+tm6nozBvROM0UifF0UZQxqBKYRwNDKghWbKgBYUH1XyHuI4Gw0gHmIdizJ8+DU6+d1+ybRrV5WaRRBntgHxwBG5yCJrgGLeAADB7BM3gFb8aT8WK8Gx/T1pJRzOyCPzI+fwCyype7</latexit>

HFLAV WA 2018 
HFLAV Prelim 2019

For all things     , please see Francesca’s talk!�s
<latexit sha1_base64="zjoxb02BkonFlNCxGvMLxN1u1WQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWcG2hXUo2zbah2WxIskJZ+iO8eFDx6v/x5r8x2+5Bqw8GHu/NMDMvUoIb63lfqLKyura+Ud2sbW3v7O7V9w8eTJppygKailR3I2KY4JIFllvBukozkkSCdaLJTeF3Hpk2PJX3dqpYmJCR5DGnxDqp01djPjC1Qb3hNb058F/il6QBJdqD+md/mNIsYdJSQYzp+Z6yYU605VSwWa2fGaYInZAR6zkqScJMmM/PneETpwxxnGpX0uK5+nMiJ4kx0yRynQmxY7PsFeJ/Xi+z8WWYc6kyyyRdLIozgW2Ki9/xkGtGrZg6Qqjm7lZMx0QTal1CRQj+8st/SXDWvGr6d+eN1nWZRhWO4BhOwYcLaMEttCEAChN4ghd4RQo9ozf0vmitoHLmEH4BfXwDQjKPDQ==</latexit><latexit sha1_base64="zjoxb02BkonFlNCxGvMLxN1u1WQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWcG2hXUo2zbah2WxIskJZ+iO8eFDx6v/x5r8x2+5Bqw8GHu/NMDMvUoIb63lfqLKyura+Ud2sbW3v7O7V9w8eTJppygKailR3I2KY4JIFllvBukozkkSCdaLJTeF3Hpk2PJX3dqpYmJCR5DGnxDqp01djPjC1Qb3hNb058F/il6QBJdqD+md/mNIsYdJSQYzp+Z6yYU605VSwWa2fGaYInZAR6zkqScJMmM/PneETpwxxnGpX0uK5+nMiJ4kx0yRynQmxY7PsFeJ/Xi+z8WWYc6kyyyRdLIozgW2Ki9/xkGtGrZg6Qqjm7lZMx0QTal1CRQj+8st/SXDWvGr6d+eN1nWZRhWO4BhOwYcLaMEttCEAChN4ghd4RQo9ozf0vmitoHLmEH4BfXwDQjKPDQ==</latexit><latexit sha1_base64="zjoxb02BkonFlNCxGvMLxN1u1WQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWcG2hXUo2zbah2WxIskJZ+iO8eFDx6v/x5r8x2+5Bqw8GHu/NMDMvUoIb63lfqLKyura+Ud2sbW3v7O7V9w8eTJppygKailR3I2KY4JIFllvBukozkkSCdaLJTeF3Hpk2PJX3dqpYmJCR5DGnxDqp01djPjC1Qb3hNb058F/il6QBJdqD+md/mNIsYdJSQYzp+Z6yYU605VSwWa2fGaYInZAR6zkqScJMmM/PneETpwxxnGpX0uK5+nMiJ4kx0yRynQmxY7PsFeJ/Xi+z8WWYc6kyyyRdLIozgW2Ki9/xkGtGrZg6Qqjm7lZMx0QTal1CRQj+8st/SXDWvGr6d+eN1nWZRhWO4BhOwYcLaMEttCEAChN4ghd4RQo9ozf0vmitoHLmEH4BfXwDQjKPDQ==</latexit><latexit sha1_base64="zjoxb02BkonFlNCxGvMLxN1u1WQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWcG2hXUo2zbah2WxIskJZ+iO8eFDx6v/x5r8x2+5Bqw8GHu/NMDMvUoIb63lfqLKyura+Ud2sbW3v7O7V9w8eTJppygKailR3I2KY4JIFllvBukozkkSCdaLJTeF3Hpk2PJX3dqpYmJCR5DGnxDqp01djPjC1Qb3hNb058F/il6QBJdqD+md/mNIsYdJSQYzp+Z6yYU605VSwWa2fGaYInZAR6zkqScJMmM/PneETpwxxnGpX0uK5+nMiJ4kx0yRynQmxY7PsFeJ/Xi+z8WWYc6kyyyRdLIozgW2Ki9/xkGtGrZg6Qqjm7lZMx0QTal1CRQj+8st/SXDWvGr6d+eN1nWZRhWO4BhOwYcLaMEttCEAChN4ghd4RQo9ozf0vmitoHLmEH4BfXwDQjKPDQ==</latexit>

b ! cūd
<latexit sha1_base64="6tadS1WJpk4nB5cOWa4PXbE4X7M=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMFYwtNLLubTbt0swm7G6WE/g8vHlS8+mO8+W/ctjlo64OBx3szzMwjmeDauO63s7S8srq2Xtmobm5t7+zW9vbvdZorynyailR1CNZMcMl8w41gnUwxnBDB2mR4PfHbj0xpnso7M8pYmOC+5DGn2FjpgQQmRTQgWBX5OOrV6m7DnQItEq8kdSjR6tW+giilecKkoQJr3fXczIQFVoZTwcbVINcsw3SI+6xrqcQJ02ExvXqMjq0SoThVtqRBU/X3RIETrUcJsZ0JNgM9703E/7xubuKLsOAyyw2TdLYozgWyr04iQBFXjBoxsgRTxe2tiA6wwtTYoKo2BG/+5UXinzYuG97tWb15VaZRgUM4ghPw4ByacAMt8IGCgmd4hTfnyXlx3p2PWeuSU84cwB84nz/7nJJg</latexit><latexit sha1_base64="6tadS1WJpk4nB5cOWa4PXbE4X7M=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMFYwtNLLubTbt0swm7G6WE/g8vHlS8+mO8+W/ctjlo64OBx3szzMwjmeDauO63s7S8srq2Xtmobm5t7+zW9vbvdZorynyailR1CNZMcMl8w41gnUwxnBDB2mR4PfHbj0xpnso7M8pYmOC+5DGn2FjpgQQmRTQgWBX5OOrV6m7DnQItEq8kdSjR6tW+giilecKkoQJr3fXczIQFVoZTwcbVINcsw3SI+6xrqcQJ02ExvXqMjq0SoThVtqRBU/X3RIETrUcJsZ0JNgM9703E/7xubuKLsOAyyw2TdLYozgWyr04iQBFXjBoxsgRTxe2tiA6wwtTYoKo2BG/+5UXinzYuG97tWb15VaZRgUM4ghPw4ByacAMt8IGCgmd4hTfnyXlx3p2PWeuSU84cwB84nz/7nJJg</latexit><latexit sha1_base64="6tadS1WJpk4nB5cOWa4PXbE4X7M=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMFYwtNLLubTbt0swm7G6WE/g8vHlS8+mO8+W/ctjlo64OBx3szzMwjmeDauO63s7S8srq2Xtmobm5t7+zW9vbvdZorynyailR1CNZMcMl8w41gnUwxnBDB2mR4PfHbj0xpnso7M8pYmOC+5DGn2FjpgQQmRTQgWBX5OOrV6m7DnQItEq8kdSjR6tW+giilecKkoQJr3fXczIQFVoZTwcbVINcsw3SI+6xrqcQJ02ExvXqMjq0SoThVtqRBU/X3RIETrUcJsZ0JNgM9703E/7xubuKLsOAyyw2TdLYozgWyr04iQBFXjBoxsgRTxe2tiA6wwtTYoKo2BG/+5UXinzYuG97tWb15VaZRgUM4ghPw4ByacAMt8IGCgmd4hTfnyXlx3p2PWeuSU84cwB84nz/7nJJg</latexit><latexit sha1_base64="6tadS1WJpk4nB5cOWa4PXbE4X7M=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMFYwtNLLubTbt0swm7G6WE/g8vHlS8+mO8+W/ctjlo64OBx3szzMwjmeDauO63s7S8srq2Xtmobm5t7+zW9vbvdZorynyailR1CNZMcMl8w41gnUwxnBDB2mR4PfHbj0xpnso7M8pYmOC+5DGn2FjpgQQmRTQgWBX5OOrV6m7DnQItEq8kdSjR6tW+giilecKkoQJr3fXczIQFVoZTwcbVINcsw3SI+6xrqcQJ02ExvXqMjq0SoThVtqRBU/X3RIETrUcJsZ0JNgM9703E/7xubuKLsOAyyw2TdLYozgWyr04iQBFXjBoxsgRTxe2tiA6wwtTYoKo2BG/+5UXinzYuG97tWb15VaZRgUM4ghPw4ByacAMt8IGCgmd4hTfnyXlx3p2PWeuSU84cwB84nz/7nJJg</latexit>

B0 ! D(⇤)0h0
<latexit sha1_base64="Jmrr/tPWLqKP86q5wDVmbJ1n9fA=">AAAB/HicbVDLSgMxFL1TX7W+xsfOTbAI1UWZEUHdlerCZQXHFtppyaSZNjSTGZKMUIfir7hxoeLWD3Hn35g+Flo9EDg5517uvSdIOFPacb6s3MLi0vJKfrWwtr6xuWVv79ypOJWEeiTmsWwEWFHOBPU005w2EklxFHBaDwaXY79+T6VisbjVw4T6Ee4JFjKCtZE69l617aCWjtFVOysdHzmjvvl37KJTdiZAf4k7I0WYodaxP1vdmKQRFZpwrFTTdRLtZ1hqRjgdFVqpogkmA9yjTUMFjqjys8n2I3RolC4KY2me0Gii/uzIcKTUMApMZYR1X817Y/E/r5nq8NzPmEhSTQWZDgpTjsy14yhQl0lKNB8agolkZldE+lhiok1gBROCO3/yX+KdlC/K7s1psVKdpZGHfTiAErhwBhW4hhp4QOABnuAFXq1H69l6s96npTlr1rMLv2B9fAOdGpLx</latexit><latexit sha1_base64="Jmrr/tPWLqKP86q5wDVmbJ1n9fA=">AAAB/HicbVDLSgMxFL1TX7W+xsfOTbAI1UWZEUHdlerCZQXHFtppyaSZNjSTGZKMUIfir7hxoeLWD3Hn35g+Flo9EDg5517uvSdIOFPacb6s3MLi0vJKfrWwtr6xuWVv79ypOJWEeiTmsWwEWFHOBPU005w2EklxFHBaDwaXY79+T6VisbjVw4T6Ee4JFjKCtZE69l617aCWjtFVOysdHzmjvvl37KJTdiZAf4k7I0WYodaxP1vdmKQRFZpwrFTTdRLtZ1hqRjgdFVqpogkmA9yjTUMFjqjys8n2I3RolC4KY2me0Gii/uzIcKTUMApMZYR1X817Y/E/r5nq8NzPmEhSTQWZDgpTjsy14yhQl0lKNB8agolkZldE+lhiok1gBROCO3/yX+KdlC/K7s1psVKdpZGHfTiAErhwBhW4hhp4QOABnuAFXq1H69l6s96npTlr1rMLv2B9fAOdGpLx</latexit><latexit sha1_base64="Jmrr/tPWLqKP86q5wDVmbJ1n9fA=">AAAB/HicbVDLSgMxFL1TX7W+xsfOTbAI1UWZEUHdlerCZQXHFtppyaSZNjSTGZKMUIfir7hxoeLWD3Hn35g+Flo9EDg5517uvSdIOFPacb6s3MLi0vJKfrWwtr6xuWVv79ypOJWEeiTmsWwEWFHOBPU005w2EklxFHBaDwaXY79+T6VisbjVw4T6Ee4JFjKCtZE69l617aCWjtFVOysdHzmjvvl37KJTdiZAf4k7I0WYodaxP1vdmKQRFZpwrFTTdRLtZ1hqRjgdFVqpogkmA9yjTUMFjqjys8n2I3RolC4KY2me0Gii/uzIcKTUMApMZYR1X817Y/E/r5nq8NzPmEhSTQWZDgpTjsy14yhQl0lKNB8agolkZldE+lhiok1gBROCO3/yX+KdlC/K7s1psVKdpZGHfTiAErhwBhW4hhp4QOABnuAFXq1H69l6s96npTlr1rMLv2B9fAOdGpLx</latexit><latexit sha1_base64="Jmrr/tPWLqKP86q5wDVmbJ1n9fA=">AAAB/HicbVDLSgMxFL1TX7W+xsfOTbAI1UWZEUHdlerCZQXHFtppyaSZNjSTGZKMUIfir7hxoeLWD3Hn35g+Flo9EDg5517uvSdIOFPacb6s3MLi0vJKfrWwtr6xuWVv79ypOJWEeiTmsWwEWFHOBPU005w2EklxFHBaDwaXY79+T6VisbjVw4T6Ee4JFjKCtZE69l617aCWjtFVOysdHzmjvvl37KJTdiZAf4k7I0WYodaxP1vdmKQRFZpwrFTTdRLtZ1hqRjgdFVqpogkmA9yjTUMFjqjys8n2I3RolC4KY2me0Gii/uzIcKTUMApMZYR1X817Y/E/r5nq8NzPmEhSTQWZDgpTjsy14yhQl0lKNB8agolkZldE+lhiok1gBROCO3/yX+KdlC/K7s1psVKdpZGHfTiAErhwBhW4hhp4QOABnuAFXq1H69l6s96npTlr1rMLv2B9fAOdGpLx</latexit>

sin(�d) = 0.699± 0.017
<latexit sha1_base64="za1ti+pm3y+lqhkK7hOt5bMWVAg=">AAACBnicbZBPS8MwGMbT+W/Of1WPggSHMC+jFXHuIAy9eJxg3WAtJU3TLSxNS5IKo+zmxa/ixYOKVz+DN7+N2daDbr4Q8uN53pfkfYKUUaks69soLS2vrK6V1ysbm1vbO+bu3r1MMoGJgxOWiG6AJGGUE0dRxUg3FQTFASOdYHg98TsPREia8Ds1SokXoz6nEcVIack3D11Jec1NB9QPT+AltOrnzSZ001iTZTd8s6rvacFFsAuogqLavvnlhgnOYsIVZkjKnm2lysuRUBQzMq64mSQpwkPUJz2NHMVEevl0jzE81koIo0TowxWcqr8nchRLOYoD3RkjNZDz3kT8z+tlKrrwcsrTTBGOZw9FGYMqgZNQYEgFwYqNNCAsqP4rxAMkEFY6uooOwZ5feRGc03qzbt+eVVtXRRplcACOQA3YoAFa4Aa0gQMweATP4BW8GU/Gi/FufMxaS0Yxsw/+lPH5A1gNlfQ=</latexit><latexit sha1_base64="za1ti+pm3y+lqhkK7hOt5bMWVAg=">AAACBnicbZBPS8MwGMbT+W/Of1WPggSHMC+jFXHuIAy9eJxg3WAtJU3TLSxNS5IKo+zmxa/ixYOKVz+DN7+N2daDbr4Q8uN53pfkfYKUUaks69soLS2vrK6V1ysbm1vbO+bu3r1MMoGJgxOWiG6AJGGUE0dRxUg3FQTFASOdYHg98TsPREia8Ds1SokXoz6nEcVIack3D11Jec1NB9QPT+AltOrnzSZ001iTZTd8s6rvacFFsAuogqLavvnlhgnOYsIVZkjKnm2lysuRUBQzMq64mSQpwkPUJz2NHMVEevl0jzE81koIo0TowxWcqr8nchRLOYoD3RkjNZDz3kT8z+tlKrrwcsrTTBGOZw9FGYMqgZNQYEgFwYqNNCAsqP4rxAMkEFY6uooOwZ5feRGc03qzbt+eVVtXRRplcACOQA3YoAFa4Aa0gQMweATP4BW8GU/Gi/FufMxaS0Yxsw/+lPH5A1gNlfQ=</latexit><latexit sha1_base64="za1ti+pm3y+lqhkK7hOt5bMWVAg=">AAACBnicbZBPS8MwGMbT+W/Of1WPggSHMC+jFXHuIAy9eJxg3WAtJU3TLSxNS5IKo+zmxa/ixYOKVz+DN7+N2daDbr4Q8uN53pfkfYKUUaks69soLS2vrK6V1ysbm1vbO+bu3r1MMoGJgxOWiG6AJGGUE0dRxUg3FQTFASOdYHg98TsPREia8Ds1SokXoz6nEcVIack3D11Jec1NB9QPT+AltOrnzSZ001iTZTd8s6rvacFFsAuogqLavvnlhgnOYsIVZkjKnm2lysuRUBQzMq64mSQpwkPUJz2NHMVEevl0jzE81koIo0TowxWcqr8nchRLOYoD3RkjNZDz3kT8z+tlKrrwcsrTTBGOZw9FGYMqgZNQYEgFwYqNNCAsqP4rxAMkEFY6uooOwZ5feRGc03qzbt+eVVtXRRplcACOQA3YoAFa4Aa0gQMweATP4BW8GU/Gi/FufMxaS0Yxsw/+lPH5A1gNlfQ=</latexit><latexit sha1_base64="za1ti+pm3y+lqhkK7hOt5bMWVAg=">AAACBnicbZBPS8MwGMbT+W/Of1WPggSHMC+jFXHuIAy9eJxg3WAtJU3TLSxNS5IKo+zmxa/ixYOKVz+DN7+N2daDbr4Q8uN53pfkfYKUUaks69soLS2vrK6V1ysbm1vbO+bu3r1MMoGJgxOWiG6AJGGUE0dRxUg3FQTFASOdYHg98TsPREia8Ds1SokXoz6nEcVIack3D11Jec1NB9QPT+AltOrnzSZ001iTZTd8s6rvacFFsAuogqLavvnlhgnOYsIVZkjKnm2lysuRUBQzMq64mSQpwkPUJz2NHMVEevl0jzE81koIo0TowxWcqr8nchRLOYoD3RkjNZDz3kT8z+tlKrrwcsrTTBGOZw9FGYMqgZNQYEgFwYqNNCAsqP4rxAMkEFY6uooOwZ5feRGc03qzbt+eVVtXRRplcACOQA3YoAFa4Aa0gQMweATP4BW8GU/Gi/FufMxaS0Yxsw/+lPH5A1gNlfQ=</latexit>

sin(�d) = 0.71± 0.09

cos(�d) = 0.91± 0.25
<latexit sha1_base64="VqIGdPQoMz3BtfYnzbc/zVt5fdw=">AAACI3icbVDNSgMxGMz6W9e/VY9egkWol7JblFpEKHrxWMG1hW4p2TTbhmaTJckKpfRhvPgqXjxo8eLBdzFtV7CtA4FhZj6+fBMmjCrtul/Wyura+sZmbsve3tnd23cODh+VSCUmPhZMyEaIFGGUE19TzUgjkQTFISP1sH878etPRCoq+IMeJKQVoy6nEcVIG6ntXAWK8kKQ9Gi7cwavoVssezBIYkPcShDYARZqzq782qWLtpM3qSngMvEykgcZam1nHHQETmPCNWZIqabnJro1RFJTzMjIDlJFEoT7qEuahnIUE9UaTo8cwVOjdGAkpHlcw6n6d2KIYqUGcWiSMdI9tehNxP+8Zqqjy9aQ8iTVhOPZoihlUAs4aQx2qCRYs4EhCEtq/gpxD0mEtenVNiV4iycvE79UrBS9+/N89SZrIweOwQkoAA+UQRXcgRrwAQbP4BW8gw/rxXqzxtbnLLpiZTNHYA7W9w9ZD58+</latexit><latexit sha1_base64="VqIGdPQoMz3BtfYnzbc/zVt5fdw=">AAACI3icbVDNSgMxGMz6W9e/VY9egkWol7JblFpEKHrxWMG1hW4p2TTbhmaTJckKpfRhvPgqXjxo8eLBdzFtV7CtA4FhZj6+fBMmjCrtul/Wyura+sZmbsve3tnd23cODh+VSCUmPhZMyEaIFGGUE19TzUgjkQTFISP1sH878etPRCoq+IMeJKQVoy6nEcVIG6ntXAWK8kKQ9Gi7cwavoVssezBIYkPcShDYARZqzq782qWLtpM3qSngMvEykgcZam1nHHQETmPCNWZIqabnJro1RFJTzMjIDlJFEoT7qEuahnIUE9UaTo8cwVOjdGAkpHlcw6n6d2KIYqUGcWiSMdI9tehNxP+8Zqqjy9aQ8iTVhOPZoihlUAs4aQx2qCRYs4EhCEtq/gpxD0mEtenVNiV4iycvE79UrBS9+/N89SZrIweOwQkoAA+UQRXcgRrwAQbP4BW8gw/rxXqzxtbnLLpiZTNHYA7W9w9ZD58+</latexit><latexit sha1_base64="VqIGdPQoMz3BtfYnzbc/zVt5fdw=">AAACI3icbVDNSgMxGMz6W9e/VY9egkWol7JblFpEKHrxWMG1hW4p2TTbhmaTJckKpfRhvPgqXjxo8eLBdzFtV7CtA4FhZj6+fBMmjCrtul/Wyura+sZmbsve3tnd23cODh+VSCUmPhZMyEaIFGGUE19TzUgjkQTFISP1sH878etPRCoq+IMeJKQVoy6nEcVIG6ntXAWK8kKQ9Gi7cwavoVssezBIYkPcShDYARZqzq782qWLtpM3qSngMvEykgcZam1nHHQETmPCNWZIqabnJro1RFJTzMjIDlJFEoT7qEuahnIUE9UaTo8cwVOjdGAkpHlcw6n6d2KIYqUGcWiSMdI9tehNxP+8Zqqjy9aQ8iTVhOPZoihlUAs4aQx2qCRYs4EhCEtq/gpxD0mEtenVNiV4iycvE79UrBS9+/N89SZrIweOwQkoAA+UQRXcgRrwAQbP4BW8gw/rxXqzxtbnLLpiZTNHYA7W9w9ZD58+</latexit><latexit sha1_base64="VqIGdPQoMz3BtfYnzbc/zVt5fdw=">AAACI3icbVDNSgMxGMz6W9e/VY9egkWol7JblFpEKHrxWMG1hW4p2TTbhmaTJckKpfRhvPgqXjxo8eLBdzFtV7CtA4FhZj6+fBMmjCrtul/Wyura+sZmbsve3tnd23cODh+VSCUmPhZMyEaIFGGUE19TzUgjkQTFISP1sH878etPRCoq+IMeJKQVoy6nEcVIG6ntXAWK8kKQ9Gi7cwavoVssezBIYkPcShDYARZqzq782qWLtpM3qSngMvEykgcZam1nHHQETmPCNWZIqabnJro1RFJTzMjIDlJFEoT7qEuahnIUE9UaTo8cwVOjdGAkpHlcw6n6d2KIYqUGcWiSMdI9tehNxP+8Zqqjy9aQ8iTVhOPZoihlUAs4aQx2qCRYs4EhCEtq/gpxD0mEtenVNiV4iycvE79UrBS9+/N89SZrIweOwQkoAA+UQRXcgRrwAQbP4BW8gw/rxXqzxtbnLLpiZTNHYA7W9w9ZD58+</latexit>
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<latexit sha1_base64="7Zkwd8pVTk+MdVGqrktUI+aFTUc=">AAAB8XicbVDLSgMxFL3js9ZX1aWb0CJ0VWbcqLuiG8FNRccWpmPJpJk2NJMMSUYoQz/DjQsVt/6NO8GFn2L6WGjrIYHDOfdy7z1Rypk2rvvpLC2vrK6tFzaKm1vbO7ulvf07LTNFqE8kl6oVYU05E9Q3zHDaShXFScRpMxpcjP3mA1WaSXFrhikNE9wTLGYEGysFV/du56adMvs6pYpbcydAi8SbkUq9XP36BoBGp/TR7kqSJVQYwrHWgeemJsyxMoxwOiq2M01TTAa4RwNLBU6oDvPJyiN0ZJUuiqWyXxg0UX935DjRephEtjLBpq/nvbH4nxdkJj4NcybSzFBBpoPijCMj0fh+1GWKEsOHlmCimN0VkT5WmBibUtGG4M2fvEj849pZzbu2YZzDFAU4hDJUwYMTqMMlNMAHAhIe4RleHOM8Oa/O27R0yZn1HMAfOO8/K7aS8w==</latexit><latexit sha1_base64="xIR1c5zZWV1CRcLtGFifSGSVOzw=">AAAB8XicbVDLSgMxFM3UV62vqks3oUXoqsy4qe6KbgQ3FR1bmI4lk2ba0ExmSO4IZehnuFFQceuXuHUn+jGmj4W2HhI4nHMv994TJIJrsO1PK7e0vLK6ll8vbGxube8Ud/dudJwqylwai1i1AqKZ4JK5wEGwVqIYiQLBmsHgbOw375jSPJbXMEyYH5Ge5CGnBIzkXdzanat2ws3rFMt21Z4ALxJnRsr1UuX7q/b+2OgUP9rdmKYRk0AF0dpz7AT8jCjgVLBRoZ1qlhA6ID3mGSpJxLSfTVYe4UOjdHEYK/Ml4In6uyMjkdbDKDCVEYG+nvfG4n+el0J47GdcJikwSaeDwlRgiPH4ftzlilEQQ0MIVdzsimmfKELBpFQwITjzJy8S96h6UnUuTRinaIo8OkAlVEEOqqE6OkcN5CKKYnSPntCzBdaD9WK9Tktz1qxnH/2B9fYDSDSUiQ==</latexit><latexit sha1_base64="xIR1c5zZWV1CRcLtGFifSGSVOzw=">AAAB8XicbVDLSgMxFM3UV62vqks3oUXoqsy4qe6KbgQ3FR1bmI4lk2ba0ExmSO4IZehnuFFQceuXuHUn+jGmj4W2HhI4nHMv994TJIJrsO1PK7e0vLK6ll8vbGxube8Ud/dudJwqylwai1i1AqKZ4JK5wEGwVqIYiQLBmsHgbOw375jSPJbXMEyYH5Ge5CGnBIzkXdzanat2ws3rFMt21Z4ALxJnRsr1UuX7q/b+2OgUP9rdmKYRk0AF0dpz7AT8jCjgVLBRoZ1qlhA6ID3mGSpJxLSfTVYe4UOjdHEYK/Ml4In6uyMjkdbDKDCVEYG+nvfG4n+el0J47GdcJikwSaeDwlRgiPH4ftzlilEQQ0MIVdzsimmfKELBpFQwITjzJy8S96h6UnUuTRinaIo8OkAlVEEOqqE6OkcN5CKKYnSPntCzBdaD9WK9Tktz1qxnH/2B9fYDSDSUiQ==</latexit><latexit sha1_base64="p0lVPp04q/7WpVa4F0JGgK9e9ws=">AAAB8XicbVA9T8MwEL3wWcpXgZElokJiqhIWYKtgQWIpgtBKbagc12mtOnZkX5CqqD+DhQEQK/+GjX+D22aAlidbenrvTnf3olRwg5737Swtr6yurZc2yptb2zu7lb39B6MyTVlAlVC6FRHDBJcsQI6CtVLNSBIJ1oyGVxO/+cS04Ure4yhlYUL6ksecErRS++bR6951Um5ft1L1at4U7iLxC1KFAo1u5avTUzRLmEQqiDFt30sxzIlGTgUblzuZYSmhQ9JnbUslSZgJ8+nKY/fYKj03Vtp+ie5U/d2Rk8SYURLZyoTgwMx7E/E/r51hfB7mXKYZMklng+JMuKjcyf1uj2tGUYwsIVRzu6tLB0QTijalsg3Bnz95kQSntYuaf+tV65dFGiU4hCM4AR/OoA7X0IAAKCh4hld4c9B5cd6dj1npklP0HMAfOJ8/HS2QrQ==</latexit>
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• Studies of                                               decays, where  
• New DP model for the D decay, based on Belle  

data from                      decays 

• Time-dependent decay rate 

• Or, to fit for 

B0 ! D(⇤)h0, D ! K0
S⇡

+⇡�
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FIG. 1. (color online). The Dalitz plot data distributions
(points with error bars) for D0 ! K0

S⇡+⇡� from D⇤+ !
D0⇡+

s decays reconstructed from Belle e+e� ! cc̄ data, and
projections of the Dalitz fit. The red solid lines show the
projections of the total fit function including background, and
the grey regions show projections of the background.

test, a reduced �2 of 1.05 is obtained for 31 272 degrees of
freedom based on statistical uncertainties only, indicating
a relatively good quality of the fit [27–29, 38, 39].

The time-dependent Dalitz plot analysis of B0
!

D(⇤)h0 with D ! K0
S⇡

+⇡� decays is performed using
data samples containing 471 ⇥ 106 BB pairs recorded
with the BABAR detector [40, 41] at the asymmetric-
energy e+e� (3.1 on 9 GeV) collider PEP-II [42] and
772⇥ 106 BB pairs recorded with the Belle detector [21]
at the asymmetric-energy e+e� (3.5 on 8 GeV) collider
KEKB [22] collected at the ⌥ (4S) [23].

The light neutral hadron h0 is reconstructed in the
decay modes ⇡0

! ��, ⌘ ! �� and ⇡+⇡�⇡0, and
! ! ⇡+⇡�⇡0. Neutral D mesons are reconstructed in
the decay mode D ! K0

S⇡
+⇡�, and neutral D⇤ mesons

are reconstructed in the decay mode D⇤
! D⇡0. The de-

cay modes B0
! D⇡0, D⌘, D!, D⇤⇡0, and D⇤⌘, where

su�cient signal yields are reconstructed, are included in
the analysis. The selection requirements applied to the
reconstructed candidates are summarized in Ref. [20].

The B0
! D(⇤)h0 yields are determined by three-

dimensional unbinned maximum likelihood fits to the dis-
tributions of the observables M 0

bc, �E, and C
0
NNout

. The
beam-energy-constrained mass M 0

bc defined in Ref. [43]
is computed from the beam energy E⇤

beam in the c.m.
frame, the D(⇤) candidate momenta, and the h0 can-
didate direction of flight. The quantity M 0

bc provides
an observable that is insensitive to possible correlations

with the energy di↵erence �E = E⇤
B � E⇤

beam that can
be induced by energy mismeasurements for particles de-
tected in the electromagnetic calorimeters, for example,
caused by shower leakage e↵ects. The variable C

0
NNout

defined in Ref. [44] is constructed from the output of
a neural network multivariate classifier trained on event
shape information based on a combination of 16 mod-
ified Fox-Wolfram moments [45, 46] to identify back-
ground originating from e+e� ! qq (q 2 {u, d, s, c})
continuum events. The fit model accounts for contri-
butions from B0

! D(⇤)h0 signal decays, cross-feed from
partially-reconstructed B0

! D⇤h0 decays, background
from partially-reconstructed B+

!D(⇤)0⇢+ decays, com-
binatorial background from BB decays, and background
from continuum events. In total, a B0

! D(⇤)h0 sig-
nal yield of 1 129 ± 48 events in the BABAR data sample
and 1 567 ± 56 events in the Belle data sample is ob-
tained. The signal yields are summarized in Table IV of
Ref. [20]. The M 0

bc, �E, and C
0
NNout

data distributions
and fit projections are shown in Fig. 2.

The time-dependent Dalitz plot analysis follows
the technique established in the previous combined
BABAR+Belle time-dependent CP violation measurement

of B0
! D(⇤)

CPh
0 decays [25]. The measurement is per-

formed by maximizing the log-likelihood function con-
structed from the events reconstructed from BABAR and
Belle data [20]. The measurement includes all events
used in the previous M 0

bc, �E, and C
0
NNout

fits. In the
log-likelihood function, the p.d.f.s are functions of the ex-
perimental flavor-tagged proper-time interval and Dalitz
plot distributions for the signal and background com-
ponents. The signal p.d.f.s are constructed from Eqs. 1
and 2 convolved with experiment-specific resolution func-
tions to account for the finite vertex resolution [6, 47] and
including the e↵ect of incorrect flavor assignments [6, 48].
The p.d.f.s for the proper-time interval distributions of
the combinatorial background from BB̄ decays and back-
ground from continuum events account for background
from non-prompt and prompt particles convolved with ef-
fective resolution functions. The partially-reconstructed
B0

! D⇤h0 decays are modeled by the signal p.d.f. with
a di↵erent set of parameters to account for this cross-
feed contribution, and the background from partially-
reconstructed B+

!D(⇤)0⇢+ decays is parameterized by
an exponential p.d.f. convolved with the same resolution
functions as used for the signal.

In the fit, the parameters ⌧B0 , ⌧B+ , and �md are fixed
to the world averages [50], and the Dalitz plot amplitude
model parameters are fixed to the results of the D0

!

K0
S⇡

+⇡� Dalitz plot fit described above. The signal and
background fractions are evaluated on an event-by-event
basis from the three-dimensional fit of the M 0

bc, �E, and
C
0
NNout

observables. The only free parameters are sin 2�

e+e� ! cc̄
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model, which is newly established by performing a Dalitz plot amplitude analysis using a high-
statistics e+e� ! cc̄ data sample. CP violation is observed in B0 ! D(⇤)h0 decays at the level of 5.1
standard deviations. The significance for cos 2� > 0 is 3.7 standard deviations. The trigonometric
multifold solution ⇡/2 � � = (68.1 ± 0.7)� is excluded at the level of 7.3 standard deviations. The
measurement resolves an ambiguity in the determination of the apex of the CKM Unitarity Triangle.

PACS numbers: 11.30.Er, 12.15.Hh, 13.25.Hw

In the standard model (SM) of electroweak interac-
tions, the only source of CP violation is the irreducible
complex phase in the three-family Cabibbo-Kobayashi-
Maskawa (CKM) quark-mixing matrix [1]. The BABAR
and Belle experiments discovered CP violation in the B
meson system [2–5]. In particular, by time-dependent
CP violation measurements of the “gold plated” decay
mode1 B0

! J/ K0
S and other decays mediated by

b̄ ! c̄cs̄ transitions [6, 7], BABAR and Belle precisely
determined the parameter sin 2� ⌘ sin 2�1,2 where the
angle � of the CKM Unitarity Triangle is defined as
arg [�VcdV

⇤
cb/VtdV

⇤
tb] and Vij denotes a CKM matrix el-

ement. Inferring the CP -violating weak phase 2� from
these measurements of sin 2� leads to the trigonometric
two-fold ambiguity, 2� and ⇡�2� (a four-fold ambiguity
in �), and therefore to an ambiguity on the CKM Uni-
tarity Triangle. This ambiguity can be resolved by also
measuring cos 2�, which is experimentally accessible in B
meson decay modes involving multibody final states such
as B0

! J/ K0
S⇡

0 [8, 9], B0
! D⇤+D⇤�K0

S [10, 11],
B0

! K0
SK

+K� [12, 13], B0
! K0

S⇡
+⇡� [14, 15], and

B0
! D(⇤)h0 with D ! K0

S⇡
+⇡� decays (abbreviated

as B0
!

⇥
K0

S⇡
+⇡�⇤(⇤)

D
h0) [16–18]. However, no pre-

vious single measurement has been su�ciently sensitive
to establish the sign of cos 2�, to resolve the ambiguity
without further assumptions.

The decays B0
! D(⇤)h0, with D ! K0

S⇡
+⇡� and

h0
2 {⇡0, ⌘,!} denoting a light neutral hadron, provide

an elegant way to access cos 2� [19]. The B0
! D(⇤)h0

decay is predominantly mediated by CKM-favored b̄ !

c̄ud̄ tree amplitudes. Additional contributions from
CKM-disfavored b̄ ! ūcd̄ tree amplitudes that carry dif-
ferent weak phases are suppressed by |VubV

⇤
cd/VcbV

⇤
ud| ⇡

0.02 relative to the leading amplitudes and can be ne-
glected at the experimental sensitivity of the presented
measurement. The D ! K0

S⇡
+⇡� decay exhibits com-

plex interference structures that receive resonant and
nonresonant contributions to the three-body final state
from a rich variety of intermediate CP eigenstates and
quasi-flavor-specific decays. Knowledge of the variations
on the relative strong phase as a function of the three-
body Dalitz plot phase space enables measurements of

1
In this Letter the inclusion of charge-conjugated decay modes is

implied unless otherwise stated.
2 BABAR uses the notation � and Belle uses �1; hereinafter � is

used.

both sin 2� and cos 2� from the time evolution of the

B0
!

⇥
K0

S⇡
+⇡�⇤(⇤)

D
h0 multibody final state.

Assuming no CP violation in B0-B0 mixing and no di-

rect CP violation, the rate of the B0
!

⇥
K0

S⇡
+⇡�⇤(⇤)

D
h0

decays is proportional to

e
�|�t|
⌧
B0

2

n ⇥
|AD0 |

2 + |AD0 |
2
⇤

� q
�
|AD0 |

2
� |AD0 |

2
�
cos(�md�t)

+ 2q⌘h0 (�1)L Im
�
e�2i�

AD0A
⇤
D0

�
sin(�md�t)

o
,

(1)

where �t denotes the proper-time interval between the
decays of the two B mesons produced in the e+e� !

⌥ (4S) ! B0B0 event, and q = +1 (�1) represents
the b-flavor content when the accompanying B meson
is tagged as a B0 (B0). The parameters ⌧B0 and �md

are the neutral B meson lifetime and the B0-B0 os-
cillation frequency, respectively. The symbols AD0 ⌘

A(M2
K0

S⇡� ,M2
K0

S⇡+) and AD0 ⌘ A(M2
K0

S⇡+ ,M2
K0

S⇡�) de-

note the D0 and D0 decay amplitudes as functions of
the Lorentz-invariant Dalitz plot variables M2

K0
S⇡� ⌘

(pK0
S
+ p⇡�)2 and M2

K0
S⇡+ ⌘ (pK0

S
+ p⇡+)2, where the

symbol pi represents the four-momentum of a final state
particle i. The factor ⌘h0 is the CP eigenvalue of h0.
The quantity L is the orbital angular momentum of the
Dh0 or D⇤h0 system. The last term in Eq. (1) can be
rewritten as

Im
�
e�2i�

AD0A
⇤
D0

�
= Im

�
AD0A

⇤
D0

�
cos 2�

� Re
�
AD0A

⇤
D0

�
sin 2�, (2)

which allows sin 2� and cos 2� to be treated as indepen-
dent parameters.
Measurements of sin 2� and cos 2� in B0

! D(⇤)h0

with D ! K0
S⇡

+⇡� decays are experimentally chal-
lenging. The branching fractions of the B and D me-
son decays are low (O(10�4) and O(10�2), respectively),
and the neutral particles in the final state lead to large
backgrounds and low reconstruction e�ciencies. In ad-
dition, a detailed Dalitz plot amplitude model or other
experimental knowledge of the relative strong phase in
the three-body D meson decay is required. Previous
measurements of these decays performed separately by
BABAR and Belle were not su�ciently sensitive to estab-
lish CP violation [16–18], obtaining results far outside of
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an elegant way to access cos 2� [19]. The B0
! D(⇤)h0

decay is predominantly mediated by CKM-favored b̄ !

c̄ud̄ tree amplitudes. Additional contributions from
CKM-disfavored b̄ ! ūcd̄ tree amplitudes that carry dif-
ferent weak phases are suppressed by |VubV

⇤
cd/VcbV

⇤
ud| ⇡

0.02 relative to the leading amplitudes and can be ne-
glected at the experimental sensitivity of the presented
measurement. The D ! K0

S⇡
+⇡� decay exhibits com-

plex interference structures that receive resonant and
nonresonant contributions to the three-body final state
from a rich variety of intermediate CP eigenstates and
quasi-flavor-specific decays. Knowledge of the variations
on the relative strong phase as a function of the three-
body Dalitz plot phase space enables measurements of

1
In this Letter the inclusion of charge-conjugated decay modes is

implied unless otherwise stated.
2 BABAR uses the notation � and Belle uses �1; hereinafter � is

used.

both sin 2� and cos 2� from the time evolution of the

B0
!

⇥
K0

S⇡
+⇡�⇤(⇤)

D
h0 multibody final state.

Assuming no CP violation in B0-B0 mixing and no di-

rect CP violation, the rate of the B0
!

⇥
K0

S⇡
+⇡�⇤(⇤)

D
h0

decays is proportional to

e
�|�t|
⌧
B0

2

n ⇥
|AD0 |

2 + |AD0 |
2
⇤

� q
�
|AD0 |

2
� |AD0 |

2
�
cos(�md�t)

+ 2q⌘h0 (�1)L Im
�
e�2i�

AD0A
⇤
D0

�
sin(�md�t)

o
,

(1)

where �t denotes the proper-time interval between the
decays of the two B mesons produced in the e+e� !

⌥ (4S) ! B0B0 event, and q = +1 (�1) represents
the b-flavor content when the accompanying B meson
is tagged as a B0 (B0). The parameters ⌧B0 and �md

are the neutral B meson lifetime and the B0-B0 os-
cillation frequency, respectively. The symbols AD0 ⌘

A(M2
K0

S⇡� ,M2
K0

S⇡+) and AD0 ⌘ A(M2
K0

S⇡+ ,M2
K0

S⇡�) de-

note the D0 and D0 decay amplitudes as functions of
the Lorentz-invariant Dalitz plot variables M2

K0
S⇡� ⌘

(pK0
S
+ p⇡�)2 and M2

K0
S⇡+ ⌘ (pK0

S
+ p⇡+)2, where the

symbol pi represents the four-momentum of a final state
particle i. The factor ⌘h0 is the CP eigenvalue of h0.
The quantity L is the orbital angular momentum of the
Dh0 or D⇤h0 system. The last term in Eq. (1) can be
rewritten as

Im
�
e�2i�

AD0A
⇤
D0

�
= Im

�
AD0A

⇤
D0

�
cos 2�

� Re
�
AD0A

⇤
D0

�
sin 2�, (2)

which allows sin 2� and cos 2� to be treated as indepen-
dent parameters.
Measurements of sin 2� and cos 2� in B0

! D(⇤)h0

with D ! K0
S⇡

+⇡� decays are experimentally chal-
lenging. The branching fractions of the B and D me-
son decays are low (O(10�4) and O(10�2), respectively),
and the neutral particles in the final state lead to large
backgrounds and low reconstruction e�ciencies. In ad-
dition, a detailed Dalitz plot amplitude model or other
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the three-body D meson decay is required. Previous
measurements of these decays performed separately by
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• Find approximately 2700 signal decays 

• Combining with the new DP model for the D decay gives

8

FIG. 2. (color online). Data distributions for a) M 0
bc, b) �E, and c) C0

NNout
(points with error bars) for the BABAR and Belle

data samples combined. The solid black lines represent projections of the total fit function, and the colored dotted lines show
the signal and background components of the fit as indicated in the legend. In plotting the M 0

bc, �E, and C0
NNout

distributions,
each of the other two observables are required to satisfy M 0

bc > 5.272 GeV/c2, |�E| < 100 MeV, or 0 < C0
NNout

< 8 to select
signal-enhanced regions.

and cos 2�, and the results are

sin 2� = 0.80 ± 0.14 (stat.) ± 0.06 (syst.) ± 0.03 (model),

cos 2� = 0.91 ± 0.22 (stat.) ± 0.09 (syst.) ± 0.07 (model).
(4)

The second quoted uncertainty is the experimental sys-
tematic error, and the third is due to the D0

! K0
S⇡

+⇡�

decay amplitude model. The evaluation of these uncer-
tainties is described in detail in Ref. [20]. The linear
correlation between sin 2� and cos 2� is 5.1%. The re-
sult deviates less than 1.0 standard deviations from the
trigonometric constraint given by sin2 2� + cos2 2� = 1.

An alternative fit is performed to measure directly the
angle � using the signal p.d.f. constructed from Eq. (1),
and the result is

� = (22.5 ± 4.4 (stat.) ± 1.2 (syst.) ± 0.6 (model))� . (5)

The proper-time interval distributions and projections
of the fit for sin 2� and cos 2� are shown in Fig. 3 for
two di↵erent regions of the D0

! K0
S⇡

+⇡� phase space.
Figure 3a shows a region predominantly populated by

CP eigenstates, B0
!

⇥
K0

S⇢(770)
0
⇤(⇤)
D

h0. For these de-
cays, interference emerges between the amplitude for di-
rect decays of neutral B mesons into these final states
and those following B0-B0 oscillations. The time evolu-
tion exhibits mixing-induced CP violation governed by
the CP -violating weak phase 2�, which manifests as a
sinusoidal oscillation in the CP asymmetry. Figure 3b
shows a region predominantly populated by quasi-flavor-

specific decays, B0
! [K⇤(892)±⇡⌥]

(⇤)
D h0. For these de-

cays, the time evolution exhibits B0-B0 oscillations gov-
erned by the oscillation frequency, �md, which appears
as an oscillation proportional to cos(�md�t) in the cor-
responding asymmetry.

FIG. 3. (color online). Distributions of the proper-time
interval (data points with error bars) and the correspond-
ing asymmetries for B0 ! D(⇤)h0 candidates associated
with high-quality flavor tags for two di↵erent regions of the
D ! K0

S⇡+⇡� phase space and for the BABAR and Belle data
samples combined. The background has been subtracted us-
ing the sPlot technique [49], with weights obtained from the
fit presented in Fig. 2.

The measurement procedure is validated by various
cross-checks. The B0

! D(⇤)0h0 decays with the CKM-
favored D0

! K+⇡� decay have very similar kinemat-
ics and background composition as B0

! D(⇤)h0 with
D ! K0

S⇡
+⇡� decays and provide a high-statistics con-

trol sample. Using the same analysis approach, the
time-dependent CP violation measurement of the con-
trol sample results in mixing-induced and direct CP
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• Find approximately 2700 signal decays 

• Combining with the new DP model for the D decay gives

8

FIG. 2. (color online). Data distributions for a) M 0
bc, b) �E, and c) C0

NNout
(points with error bars) for the BABAR and Belle

data samples combined. The solid black lines represent projections of the total fit function, and the colored dotted lines show
the signal and background components of the fit as indicated in the legend. In plotting the M 0

bc, �E, and C0
NNout

distributions,
each of the other two observables are required to satisfy M 0

bc > 5.272 GeV/c2, |�E| < 100 MeV, or 0 < C0
NNout

< 8 to select
signal-enhanced regions.

and cos 2�, and the results are

sin 2� = 0.80 ± 0.14 (stat.) ± 0.06 (syst.) ± 0.03 (model),

cos 2� = 0.91 ± 0.22 (stat.) ± 0.09 (syst.) ± 0.07 (model).
(4)

The second quoted uncertainty is the experimental sys-
tematic error, and the third is due to the D0

! K0
S⇡

+⇡�

decay amplitude model. The evaluation of these uncer-
tainties is described in detail in Ref. [20]. The linear
correlation between sin 2� and cos 2� is 5.1%. The re-
sult deviates less than 1.0 standard deviations from the
trigonometric constraint given by sin2 2� + cos2 2� = 1.

An alternative fit is performed to measure directly the
angle � using the signal p.d.f. constructed from Eq. (1),
and the result is

� = (22.5 ± 4.4 (stat.) ± 1.2 (syst.) ± 0.6 (model))� . (5)

The proper-time interval distributions and projections
of the fit for sin 2� and cos 2� are shown in Fig. 3 for
two di↵erent regions of the D0

! K0
S⇡

+⇡� phase space.
Figure 3a shows a region predominantly populated by

CP eigenstates, B0
!

⇥
K0

S⇢(770)
0
⇤(⇤)
D

h0. For these de-
cays, interference emerges between the amplitude for di-
rect decays of neutral B mesons into these final states
and those following B0-B0 oscillations. The time evolu-
tion exhibits mixing-induced CP violation governed by
the CP -violating weak phase 2�, which manifests as a
sinusoidal oscillation in the CP asymmetry. Figure 3b
shows a region predominantly populated by quasi-flavor-

specific decays, B0
! [K⇤(892)±⇡⌥]

(⇤)
D h0. For these de-

cays, the time evolution exhibits B0-B0 oscillations gov-
erned by the oscillation frequency, �md, which appears
as an oscillation proportional to cos(�md�t) in the cor-
responding asymmetry.

FIG. 3. (color online). Distributions of the proper-time
interval (data points with error bars) and the correspond-
ing asymmetries for B0 ! D(⇤)h0 candidates associated
with high-quality flavor tags for two di↵erent regions of the
D ! K0

S⇡+⇡� phase space and for the BABAR and Belle data
samples combined. The background has been subtracted us-
ing the sPlot technique [49], with weights obtained from the
fit presented in Fig. 2.

The measurement procedure is validated by various
cross-checks. The B0

! D(⇤)0h0 decays with the CKM-
favored D0

! K+⇡� decay have very similar kinemat-
ics and background composition as B0

! D(⇤)h0 with
D ! K0

S⇡
+⇡� decays and provide a high-statistics con-

trol sample. Using the same analysis approach, the
time-dependent CP violation measurement of the con-
trol sample results in mixing-induced and direct CP
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Good prospects for Belle II (see later), more challenging for LHCb (upgrade) 
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• Best suited to fully charged final states e.g. 

• Simultaneous, time-dependent, Dalitz plot analysis 
• Consider (at least) CP even                                 decays to measure  
• Favoured, flavour specific                     decays to minimise systematics 

• An order of magnitude higher statistics than the CP even modes 
• Helps for both the amplitude model and flavour tagging uncertainties 

• Don’t forget about the suppressed                transition  
• Brings sensitivity to    that should be considered

B0 ! D̄0⇡+⇡�
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III. METHOD

Detailed descriptions of the method to extract CP violating phases from B → Dh0

(where h0 is a light neutral meson such as π0, η, etc.) can be found elsewhere [38, 48, 49].

(Similar discussions where h0 is a K0
S meson, relevant for the extraction of the angle γ, can

also be found in the literature [50, 51].) Here we provide only an outline of the method.

To simplify the discussion, we initially treat B decays to charm as being flavour-specific –

ie. we neglect b → uc̄d amplitudes, that are suppressed by a factor of approximately 0.02

compared to the favoured b → cūd amplitudes [52]. We consider the effects of suppressed

amplitudes at a later stage.

Consider the amplitude for a B0 decay to a point in the D̄0π+π− Dalitz plot, described

by the coordinates m2
+ ≡ m2(Dπ+) and m2

− ≡ m2(Dπ−). We define the amplitude as

A(B0 → D̄0π+π−) ≡ A(m2
+, m

2
−) =

∑

i

ciFi(m
2
+, m

2
−) , (1)

where we have used the isobar formalism to express the amplitude as a sum of contributions

from interfering resonances. The complex coefficients ci describe the magnitude and phase of

the contribution from each resonance i, while the strong dynamics (lineshapes and angular

distributions) are contained within the Fi functions. The sum over i will include excited

D mesons (eg. D∗−
2 ) and π+π− resonances (eg. ρ0). Feynman diagrams representing these

amplitudes are shown in Fig. 1.
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FIG. 1: Feynman diagrams for (left) a colour-favoured b̄ → c̄ud̄ transition resulting in a B0 →

D∗−
2 π+ decay, and (right) a colour-suppressed b̄ → c̄ud̄ transition resulting in a B0 → D̄0ρ0 decay.

The amplitude for the B̄0 decay to D0π+π− can be written similarly,

A(B̄0 → D0π+π−) ≡ Ā(m2
+, m

2
−) =

∑

i

c̄iF̄i(m
2
+, m

2
−) , (2)
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• Latest study of the Dalitz plot structure from LHCb 
• About 10000 candidates at 98% purity 
• Updated branching fraction measurement: 

Phys. Rev. D 92, 032002 (2015)
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Table 3: Resonant contributions to the nominal fit models and their properties. Parameters and
uncertainties of ⇢(770), !(782), ⇢(1450) and ⇢(1700) come from Ref. [90], and those of f2(1270)
and f0(2020) come from Ref. [32]. Parameters of f0(500), f0(980) and K-matrix formalism are
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are shown in Fig. 10. There is a significant contribution from the D⇤
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observed in Ref. [29] and a spin-3 assignment gives the best description. A detailed
discussion on the determination of the spin of D⇤

J(2760) is provided in Sec. 8.2.
The fit quality is evaluated by determining a �2 value by comparing the data and the

fit model in Nbins = 256 bins that are defined adaptively to ensure approximately equal
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and B(D⇤(2010)� ! D0⇡�) = (67.7 ± 0.5)% [32], the derived branching fraction of
B0

! D0⇡+⇡� in the kinematic regionm(D0⇡±) > 2.1 GeV/c2 is (8.46±0.14±0.40)⇥10�4,
where the first uncertainty is statistical and the second uncertainty comes from the
branching fraction of the normalisation channel.

7 Systematic uncertainties

7.1 Common systematic uncertainties and checks

Two categories of systematic uncertainties are considered, each of which is quoted separately.
They originate from the imperfect knowledge of the experimental conditions and from the

18
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6 Measurement of the B0 ! D0⇡+⇡�
branching frac-

tion

Measuring the branching fractions of the di↵erent resonant contributions requires knowledge
of the B0

! D0⇡+⇡� branching fraction. This branching fraction is normalised relative to
the B0

! D⇤(2010)�⇡+ decay that has the same final state, so systematic uncertainties are
reduced. Identical selections are applied to select B0

! D⇤(2010)�⇡+ and B0
! D0⇡+⇡�

candidates, the only di↵erence being that m(D0⇡�) < 2.1 GeV/c2 is used to select
D⇤(2010)� candidates. The kinematic constraints remove backgrounds from doubly
mis-identified D0

! K+⇡� or doubly Cabibbo-suppressed D0
! K�⇡+ decays and no

requirement is applied on m(D0⇡+).
The invariant mass distributions of m(D0⇡�) and m(D0⇡+⇡�) for the B0

!

D⇤(2010)�⇡+ candidates are shown in Fig. 11 and are fitted simultaneously to deter-
mine the signal and background contributions. The D⇤(2010)� signal distribution is

16
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• Time-dependent decay rates 

• With 

• The numerator for S can be written as 
• Highlights the additional sensitivity to                from the interference effects in the DP

8

where the index i is understood to run over the same set of resonances, except that the

charge of the excited D mesons will be opposite compared to the B0 decay case. Since F

contains strong dynamics only, we can assert Fi(m2
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−) = F̄i(m2

−, m
2
+) and, neglecting

direct CP in B decay, we have ci = c̄i both for the excited D mesons and for the π+π−

resonances (which can only be CP -even).

Following the usual formalism (see, for example, [6, 7, 8]), we write the time-dependent

decay rate of a B meson that is known to have specific flavour content (being either B0 or

B̄0 at time ∆t = 0) to a particular final state f or its CP conjugate f̄ as
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phys → f(∆t)) ∝ e−|∆t|/τB0 (1− Sf sin(∆m∆t) + Cf cos(∆m∆t)) , (3)
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phys → f(∆t)) ∝ e−|∆t|/τ

B0 (1 + Sf sin(∆m∆t)− Cf cos(∆m∆t)) , (4)

where Sf = 2 Im(λf)/(1 + |λ2f |), Cf = (1 − |λ2f |)/(1 + |λ2f |) and λf = q
p
Ā
A . In the above, τB0

is the average lifetime of the neutral B meson, ∆m is the mass difference between the two

eigenstates of the B0–B̄0 system which are described in terms of the flavour specific states

by the mixing parameters q and p as
∣
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∣BL (H)

〉

= p |B0⟩+ (−) q
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∣

∣B̄0
〉
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lifetime difference and assumed CPT invariance.)

In the case at hand, f represents a point in the Dπ+π− Dalitz plot. If we consider D
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where ηD is the CP eigenvalue of the DCP state. With the further substitution |q/p| = 1,

arg(q/p) = −2β, both good approximations in the Standard Model, we can write
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The numerator of the expression for S(m2
+, m

2
−) can be written as

2ηD
(

cos(2β)Im(A∗Ā)− sin(2β)Re(A∗Ā)
)

, making explicit the dependence of mixing-

induced CP violation on both sin(2β) and cos(2β). We note that one can choose to fit for

sin(2β) and cos(2β) independently, or alternatively one can fit directly for β. Although

the latter appears attractive, the expressions above make clear that in the former case

both parameters appear as coefficients of physically observable functions of the amplitudes,
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λ(m2
+, m

2
−) =

q

p
ηD

Ā(m2
+, m

2
−)

A(m2
+, m

2
−)

, (5)

where ηD is the CP eigenvalue of the DCP state. With the further substitution |q/p| = 1,

arg(q/p) = −2β, both good approximations in the Standard Model, we can write

S(m2
+, m

2
−) =

2 Im(e−2iβηDA∗Ā)
|A|2+|Ā|

2 =
2 Im

(

e−2iβηD
∑

i c
∗
iFi(m2

+, m
2
−)

∗ ∑
j c̄jF̄j(m2

+, m
2
−)

)

|
∑

i ciFi(m2
+, m

2
−)|2 + |

∑

i c̄iF̄i(m2
+, m

2
−)|2

, (6)

C(m2
+, m

2
−) =

|A|2−|Ā|
2

|A|2+|Ā|
2 =

|
∑

i ciFi(m2
+, m

2
−)|

2 − |
∑

i c̄iF̄i(m2
+, m

2
−)|

2

|
∑

i ciFi(m2
+, m

2
−)|2 + |

∑

i c̄iF̄i(m2
+, m

2
−)|2

. (7)

The numerator of the expression for S(m2
+, m

2
−) can be written as

2ηD
(

cos(2β)Im(A∗Ā)− sin(2β)Re(A∗Ā)
)

, making explicit the dependence of mixing-

induced CP violation on both sin(2β) and cos(2β). We note that one can choose to fit for

sin(2β) and cos(2β) independently, or alternatively one can fit directly for β. Although

the latter appears attractive, the expressions above make clear that in the former case

both parameters appear as coefficients of physically observable functions of the amplitudes,

cos(�d)
<latexit sha1_base64="PsVu6WbRY6HlLo06cdfF5j9wZ2Q=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBHqpSQiqLeiF48VjC00oWw2m3bpZnfZ3Qgl9G948aDi1V/jzX/jts1BWx8MPN6bYWZeLBnVxvO+nZXVtfWNzcpWdXtnd2+/dnD4qEWuMAmwYEJ1Y6QJo5wEhhpGulIRlMWMdOLR7dTvPBGlqeAPZixJlKEBpynFyFgpDLHQjVAOaT8569fqXtObwV0mfknqUKLdr32FicB5RrjBDGnd8z1pogIpQzEjk2qYayIRHqEB6VnKUUZ0VMxunrinVkncVChb3Lgz9fdEgTKtx1lsOzNkhnrRm4r/eb3cpFdRQbnMDeF4vijNmWuEOw3ATagi2LCxJQgram918RAphI2NqWpD8BdfXibBefO66d9f1Fs3ZRoVOIYTaIAPl9CCO2hDABgkPMMrvDm58+K8Ox/z1hWnnDmCP3A+fwDWg5EY</latexit><latexit sha1_base64="PsVu6WbRY6HlLo06cdfF5j9wZ2Q=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBHqpSQiqLeiF48VjC00oWw2m3bpZnfZ3Qgl9G948aDi1V/jzX/jts1BWx8MPN6bYWZeLBnVxvO+nZXVtfWNzcpWdXtnd2+/dnD4qEWuMAmwYEJ1Y6QJo5wEhhpGulIRlMWMdOLR7dTvPBGlqeAPZixJlKEBpynFyFgpDLHQjVAOaT8569fqXtObwV0mfknqUKLdr32FicB5RrjBDGnd8z1pogIpQzEjk2qYayIRHqEB6VnKUUZ0VMxunrinVkncVChb3Lgz9fdEgTKtx1lsOzNkhnrRm4r/eb3cpFdRQbnMDeF4vijNmWuEOw3ATagi2LCxJQgram918RAphI2NqWpD8BdfXibBefO66d9f1Fs3ZRoVOIYTaIAPl9CCO2hDABgkPMMrvDm58+K8Ox/z1hWnnDmCP3A+fwDWg5EY</latexit><latexit sha1_base64="PsVu6WbRY6HlLo06cdfF5j9wZ2Q=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBHqpSQiqLeiF48VjC00oWw2m3bpZnfZ3Qgl9G948aDi1V/jzX/jts1BWx8MPN6bYWZeLBnVxvO+nZXVtfWNzcpWdXtnd2+/dnD4qEWuMAmwYEJ1Y6QJo5wEhhpGulIRlMWMdOLR7dTvPBGlqeAPZixJlKEBpynFyFgpDLHQjVAOaT8569fqXtObwV0mfknqUKLdr32FicB5RrjBDGnd8z1pogIpQzEjk2qYayIRHqEB6VnKUUZ0VMxunrinVkncVChb3Lgz9fdEgTKtx1lsOzNkhnrRm4r/eb3cpFdRQbnMDeF4vijNmWuEOw3ATagi2LCxJQgram918RAphI2NqWpD8BdfXibBefO66d9f1Fs3ZRoVOIYTaIAPl9CCO2hDABgkPMMrvDm58+K8Ox/z1hWnnDmCP3A+fwDWg5EY</latexit><latexit sha1_base64="PsVu6WbRY6HlLo06cdfF5j9wZ2Q=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBHqpSQiqLeiF48VjC00oWw2m3bpZnfZ3Qgl9G948aDi1V/jzX/jts1BWx8MPN6bYWZeLBnVxvO+nZXVtfWNzcpWdXtnd2+/dnD4qEWuMAmwYEJ1Y6QJo5wEhhpGulIRlMWMdOLR7dTvPBGlqeAPZixJlKEBpynFyFgpDLHQjVAOaT8569fqXtObwV0mfknqUKLdr32FicB5RrjBDGnd8z1pogIpQzEjk2qYayIRHqEB6VnKUUZ0VMxunrinVkncVChb3Lgz9fdEgTKtx1lsOzNkhnrRm4r/eb3cpFdRQbnMDeF4vijNmWuEOw3ATagi2LCxJQgram918RAphI2NqWpD8BdfXibBefO66d9f1Fs3ZRoVOIYTaIAPl9CCO2hDABgkPMMrvDm58+K8Ox/z1hWnnDmCP3A+fwDWg5EY</latexit>
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• I’ve run some toys in Laura++ to get a feeling for the sensitivity 
• Estimate yields from Run 1 analysis and Run 2 conditions and 5% flavour tagging efficiency 
• Statistical precision for Run 1+2 (9fb-1): 
• Statistical precision for upgrade (50fb-1): 

• Reminder of the               world average:  
• Expected to scale with statistics in the LHCb upgrade era 
• Can’t compete directly with the statistics available - but not so far away 
• Run 1+2 a big improvement on current                results 

• Do not expect to be systematically limited 
• Control modes should keep them in check

sin(�d) = 0.699± 0.017
<latexit sha1_base64="za1ti+pm3y+lqhkK7hOt5bMWVAg=">AAACBnicbZBPS8MwGMbT+W/Of1WPggSHMC+jFXHuIAy9eJxg3WAtJU3TLSxNS5IKo+zmxa/ixYOKVz+DN7+N2daDbr4Q8uN53pfkfYKUUaks69soLS2vrK6V1ysbm1vbO+bu3r1MMoGJgxOWiG6AJGGUE0dRxUg3FQTFASOdYHg98TsPREia8Ds1SokXoz6nEcVIack3D11Jec1NB9QPT+AltOrnzSZ001iTZTd8s6rvacFFsAuogqLavvnlhgnOYsIVZkjKnm2lysuRUBQzMq64mSQpwkPUJz2NHMVEevl0jzE81koIo0TowxWcqr8nchRLOYoD3RkjNZDz3kT8z+tlKrrwcsrTTBGOZw9FGYMqgZNQYEgFwYqNNCAsqP4rxAMkEFY6uooOwZ5feRGc03qzbt+eVVtXRRplcACOQA3YoAFa4Aa0gQMweATP4BW8GU/Gi/FufMxaS0Yxsw/+lPH5A1gNlfQ=</latexit><latexit sha1_base64="za1ti+pm3y+lqhkK7hOt5bMWVAg=">AAACBnicbZBPS8MwGMbT+W/Of1WPggSHMC+jFXHuIAy9eJxg3WAtJU3TLSxNS5IKo+zmxa/ixYOKVz+DN7+N2daDbr4Q8uN53pfkfYKUUaks69soLS2vrK6V1ysbm1vbO+bu3r1MMoGJgxOWiG6AJGGUE0dRxUg3FQTFASOdYHg98TsPREia8Ds1SokXoz6nEcVIack3D11Jec1NB9QPT+AltOrnzSZ001iTZTd8s6rvacFFsAuogqLavvnlhgnOYsIVZkjKnm2lysuRUBQzMq64mSQpwkPUJz2NHMVEevl0jzE81koIo0TowxWcqr8nchRLOYoD3RkjNZDz3kT8z+tlKrrwcsrTTBGOZw9FGYMqgZNQYEgFwYqNNCAsqP4rxAMkEFY6uooOwZ5feRGc03qzbt+eVVtXRRplcACOQA3YoAFa4Aa0gQMweATP4BW8GU/Gi/FufMxaS0Yxsw/+lPH5A1gNlfQ=</latexit><latexit sha1_base64="za1ti+pm3y+lqhkK7hOt5bMWVAg=">AAACBnicbZBPS8MwGMbT+W/Of1WPggSHMC+jFXHuIAy9eJxg3WAtJU3TLSxNS5IKo+zmxa/ixYOKVz+DN7+N2daDbr4Q8uN53pfkfYKUUaks69soLS2vrK6V1ysbm1vbO+bu3r1MMoGJgxOWiG6AJGGUE0dRxUg3FQTFASOdYHg98TsPREia8Ds1SokXoz6nEcVIack3D11Jec1NB9QPT+AltOrnzSZ001iTZTd8s6rvacFFsAuogqLavvnlhgnOYsIVZkjKnm2lysuRUBQzMq64mSQpwkPUJz2NHMVEevl0jzE81koIo0TowxWcqr8nchRLOYoD3RkjNZDz3kT8z+tlKrrwcsrTTBGOZw9FGYMqgZNQYEgFwYqNNCAsqP4rxAMkEFY6uooOwZ5feRGc03qzbt+eVVtXRRplcACOQA3YoAFa4Aa0gQMweATP4BW8GU/Gi/FufMxaS0Yxsw/+lPH5A1gNlfQ=</latexit><latexit sha1_base64="za1ti+pm3y+lqhkK7hOt5bMWVAg=">AAACBnicbZBPS8MwGMbT+W/Of1WPggSHMC+jFXHuIAy9eJxg3WAtJU3TLSxNS5IKo+zmxa/ixYOKVz+DN7+N2daDbr4Q8uN53pfkfYKUUaks69soLS2vrK6V1ysbm1vbO+bu3r1MMoGJgxOWiG6AJGGUE0dRxUg3FQTFASOdYHg98TsPREia8Ds1SokXoz6nEcVIack3D11Jec1NB9QPT+AltOrnzSZ001iTZTd8s6rvacFFsAuogqLavvnlhgnOYsIVZkjKnm2lysuRUBQzMq64mSQpwkPUJz2NHMVEevl0jzE81koIo0TowxWcqr8nchRLOYoD3RkjNZDz3kT8z+tlKrrwcsrTTBGOZw9FGYMqgZNQYEgFwYqNNCAsqP4rxAMkEFY6uooOwZ5feRGc03qzbt+eVVtXRRplcACOQA3YoAFa4Aa0gQMweATP4BW8GU/Gi/FufMxaS0Yxsw/+lPH5A1gNlfQ=</latexit>

sin(�d) : ±0.06, cos(�d) : ±0.10
<latexit sha1_base64="XDUhAEhKCd3DwiepEqnFhTZmmfo=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0WoUEoi4mtVdOOygrGFJoTJZNIOnUzCzEQooT/hxl9x40LFrQt3/o3TNgvbeuDC4Zx7ufeeIGVUKsv6MUpLyyura+X1ysbm1vaOubv3IJNMYOLghCWiEyBJGOXEUVQx0kkFQXHASDsY3Iz99iMRkib8Xg1T4sWox2lEMVJa8s26KymvuWmf+uHxlZvGVsM6q7t16OJEzuq25ZtVbU8AF4ldkCoo0PLNbzdMcBYTrjBDUnZtK1VejoSimJFRxc0kSREeoB7paspRTKSXT74awSOthDBKhC6u4ET9O5GjWMphHOjOGKm+nPfG4n9eN1PRhZdTnmaKcDxdFGUMqgSOI4IhFQQrNtQEYUH1rRD3kUBY6SArOgR7/uVF4pw0Lhv23Wm1eV2kUQYH4BDUgA3OQRPcghZwAAZP4AW8gXfj2Xg1PozPaWvJKGb2wQyMr1+PoJwd</latexit><latexit sha1_base64="XDUhAEhKCd3DwiepEqnFhTZmmfo=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0WoUEoi4mtVdOOygrGFJoTJZNIOnUzCzEQooT/hxl9x40LFrQt3/o3TNgvbeuDC4Zx7ufeeIGVUKsv6MUpLyyura+X1ysbm1vaOubv3IJNMYOLghCWiEyBJGOXEUVQx0kkFQXHASDsY3Iz99iMRkib8Xg1T4sWox2lEMVJa8s26KymvuWmf+uHxlZvGVsM6q7t16OJEzuq25ZtVbU8AF4ldkCoo0PLNbzdMcBYTrjBDUnZtK1VejoSimJFRxc0kSREeoB7paspRTKSXT74awSOthDBKhC6u4ET9O5GjWMphHOjOGKm+nPfG4n9eN1PRhZdTnmaKcDxdFGUMqgSOI4IhFQQrNtQEYUH1rRD3kUBY6SArOgR7/uVF4pw0Lhv23Wm1eV2kUQYH4BDUgA3OQRPcghZwAAZP4AW8gXfj2Xg1PozPaWvJKGb2wQyMr1+PoJwd</latexit><latexit sha1_base64="XDUhAEhKCd3DwiepEqnFhTZmmfo=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0WoUEoi4mtVdOOygrGFJoTJZNIOnUzCzEQooT/hxl9x40LFrQt3/o3TNgvbeuDC4Zx7ufeeIGVUKsv6MUpLyyura+X1ysbm1vaOubv3IJNMYOLghCWiEyBJGOXEUVQx0kkFQXHASDsY3Iz99iMRkib8Xg1T4sWox2lEMVJa8s26KymvuWmf+uHxlZvGVsM6q7t16OJEzuq25ZtVbU8AF4ldkCoo0PLNbzdMcBYTrjBDUnZtK1VejoSimJFRxc0kSREeoB7paspRTKSXT74awSOthDBKhC6u4ET9O5GjWMphHOjOGKm+nPfG4n9eN1PRhZdTnmaKcDxdFGUMqgSOI4IhFQQrNtQEYUH1rRD3kUBY6SArOgR7/uVF4pw0Lhv23Wm1eV2kUQYH4BDUgA3OQRPcghZwAAZP4AW8gXfj2Xg1PozPaWvJKGb2wQyMr1+PoJwd</latexit><latexit sha1_base64="XDUhAEhKCd3DwiepEqnFhTZmmfo=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0WoUEoi4mtVdOOygrGFJoTJZNIOnUzCzEQooT/hxl9x40LFrQt3/o3TNgvbeuDC4Zx7ufeeIGVUKsv6MUpLyyura+X1ysbm1vaOubv3IJNMYOLghCWiEyBJGOXEUVQx0kkFQXHASDsY3Iz99iMRkib8Xg1T4sWox2lEMVJa8s26KymvuWmf+uHxlZvGVsM6q7t16OJEzuq25ZtVbU8AF4ldkCoo0PLNbzdMcBYTrjBDUnZtK1VejoSimJFRxc0kSREeoB7paspRTKSXT74awSOthDBKhC6u4ET9O5GjWMphHOjOGKm+nPfG4n9eN1PRhZdTnmaKcDxdFGUMqgSOI4IhFQQrNtQEYUH1rRD3kUBY6SArOgR7/uVF4pw0Lhv23Wm1eV2kUQYH4BDUgA3OQRPcghZwAAZP4AW8gXfj2Xg1PozPaWvJKGb2wQyMr1+PoJwd</latexit>

sin(�d) : ±0.018, cos(�d) : ±0.03
<latexit sha1_base64="VjGoqKw4YTZJWhC68o+HP5DtHl8=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgVaklUsLoqunFZwdhCE8JkMmmHTiZhZiKU0K9w46+4caHiVnDn3zhts9DWA5d7OOdeZu4JUkalsqxvY2FxaXlltbRWXt/Y3No2d3bvZZIJTBycsER0AiQJo5w4iipGOqkgKA4YaQeD67HffiBC0oTfqWFKvBj1OI0oRkpLvnnsSsqrbtqnfnh06aaxVbfsRs2tQRcncsY49c2KbhPAeWIXpAIKtHzzyw0TnMWEK8yQlF3bSpWXI6EoZmRUdjNJUoQHqEe6mnIUE+nlk7NG8FArIYwSoYsrOFF/b+QolnIYB3oyRqovZ72x+J/XzVTU8HLK00wRjqcPRRmDKoHjjGBIBcGKDTVBWFD9V4j7SCCsdJJlHYI9e/I8cU7qF3X79qzSvCrSKIF9cACqwAbnoAluQAs4AINH8AxewZvxZLwY78bHdHTBKHb2wB8Ynz8Qdpxc</latexit><latexit sha1_base64="VjGoqKw4YTZJWhC68o+HP5DtHl8=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgVaklUsLoqunFZwdhCE8JkMmmHTiZhZiKU0K9w46+4caHiVnDn3zhts9DWA5d7OOdeZu4JUkalsqxvY2FxaXlltbRWXt/Y3No2d3bvZZIJTBycsER0AiQJo5w4iipGOqkgKA4YaQeD67HffiBC0oTfqWFKvBj1OI0oRkpLvnnsSsqrbtqnfnh06aaxVbfsRs2tQRcncsY49c2KbhPAeWIXpAIKtHzzyw0TnMWEK8yQlF3bSpWXI6EoZmRUdjNJUoQHqEe6mnIUE+nlk7NG8FArIYwSoYsrOFF/b+QolnIYB3oyRqovZ72x+J/XzVTU8HLK00wRjqcPRRmDKoHjjGBIBcGKDTVBWFD9V4j7SCCsdJJlHYI9e/I8cU7qF3X79qzSvCrSKIF9cACqwAbnoAluQAs4AINH8AxewZvxZLwY78bHdHTBKHb2wB8Ynz8Qdpxc</latexit><latexit sha1_base64="VjGoqKw4YTZJWhC68o+HP5DtHl8=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgVaklUsLoqunFZwdhCE8JkMmmHTiZhZiKU0K9w46+4caHiVnDn3zhts9DWA5d7OOdeZu4JUkalsqxvY2FxaXlltbRWXt/Y3No2d3bvZZIJTBycsER0AiQJo5w4iipGOqkgKA4YaQeD67HffiBC0oTfqWFKvBj1OI0oRkpLvnnsSsqrbtqnfnh06aaxVbfsRs2tQRcncsY49c2KbhPAeWIXpAIKtHzzyw0TnMWEK8yQlF3bSpWXI6EoZmRUdjNJUoQHqEe6mnIUE+nlk7NG8FArIYwSoYsrOFF/b+QolnIYB3oyRqovZ72x+J/XzVTU8HLK00wRjqcPRRmDKoHjjGBIBcGKDTVBWFD9V4j7SCCsdJJlHYI9e/I8cU7qF3X79qzSvCrSKIF9cACqwAbnoAluQAs4AINH8AxewZvxZLwY78bHdHTBKHb2wB8Ynz8Qdpxc</latexit><latexit sha1_base64="VjGoqKw4YTZJWhC68o+HP5DtHl8=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgVaklUsLoqunFZwdhCE8JkMmmHTiZhZiKU0K9w46+4caHiVnDn3zhts9DWA5d7OOdeZu4JUkalsqxvY2FxaXlltbRWXt/Y3No2d3bvZZIJTBycsER0AiQJo5w4iipGOqkgKA4YaQeD67HffiBC0oTfqWFKvBj1OI0oRkpLvnnsSsqrbtqnfnh06aaxVbfsRs2tQRcncsY49c2KbhPAeWIXpAIKtHzzyw0TnMWEK8yQlF3bSpWXI6EoZmRUdjNJUoQHqEe6mnIUE+nlk7NG8FArIYwSoYsrOFF/b+QolnIYB3oyRqovZ72x+J/XzVTU8HLK00wRjqcPRRmDKoHjjGBIBcGKDTVBWFD9V4j7SCCsdJJlHYI9e/I8cU7qF3X79qzSvCrSKIF9cACqwAbnoAluQAs4AINH8AxewZvxZLwY78bHdHTBKHb2wB8Ynz8Qdpxc</latexit>

b ! cūd
<latexit sha1_base64="6tadS1WJpk4nB5cOWa4PXbE4X7M=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMFYwtNLLubTbt0swm7G6WE/g8vHlS8+mO8+W/ctjlo64OBx3szzMwjmeDauO63s7S8srq2Xtmobm5t7+zW9vbvdZorynyailR1CNZMcMl8w41gnUwxnBDB2mR4PfHbj0xpnso7M8pYmOC+5DGn2FjpgQQmRTQgWBX5OOrV6m7DnQItEq8kdSjR6tW+giilecKkoQJr3fXczIQFVoZTwcbVINcsw3SI+6xrqcQJ02ExvXqMjq0SoThVtqRBU/X3RIETrUcJsZ0JNgM9703E/7xubuKLsOAyyw2TdLYozgWyr04iQBFXjBoxsgRTxe2tiA6wwtTYoKo2BG/+5UXinzYuG97tWb15VaZRgUM4ghPw4ByacAMt8IGCgmd4hTfnyXlx3p2PWeuSU84cwB84nz/7nJJg</latexit><latexit sha1_base64="6tadS1WJpk4nB5cOWa4PXbE4X7M=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMFYwtNLLubTbt0swm7G6WE/g8vHlS8+mO8+W/ctjlo64OBx3szzMwjmeDauO63s7S8srq2Xtmobm5t7+zW9vbvdZorynyailR1CNZMcMl8w41gnUwxnBDB2mR4PfHbj0xpnso7M8pYmOC+5DGn2FjpgQQmRTQgWBX5OOrV6m7DnQItEq8kdSjR6tW+giilecKkoQJr3fXczIQFVoZTwcbVINcsw3SI+6xrqcQJ02ExvXqMjq0SoThVtqRBU/X3RIETrUcJsZ0JNgM9703E/7xubuKLsOAyyw2TdLYozgWyr04iQBFXjBoxsgRTxe2tiA6wwtTYoKo2BG/+5UXinzYuG97tWb15VaZRgUM4ghPw4ByacAMt8IGCgmd4hTfnyXlx3p2PWeuSU84cwB84nz/7nJJg</latexit><latexit sha1_base64="6tadS1WJpk4nB5cOWa4PXbE4X7M=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMFYwtNLLubTbt0swm7G6WE/g8vHlS8+mO8+W/ctjlo64OBx3szzMwjmeDauO63s7S8srq2Xtmobm5t7+zW9vbvdZorynyailR1CNZMcMl8w41gnUwxnBDB2mR4PfHbj0xpnso7M8pYmOC+5DGn2FjpgQQmRTQgWBX5OOrV6m7DnQItEq8kdSjR6tW+giilecKkoQJr3fXczIQFVoZTwcbVINcsw3SI+6xrqcQJ02ExvXqMjq0SoThVtqRBU/X3RIETrUcJsZ0JNgM9703E/7xubuKLsOAyyw2TdLYozgWyr04iQBFXjBoxsgRTxe2tiA6wwtTYoKo2BG/+5UXinzYuG97tWb15VaZRgUM4ghPw4ByacAMt8IGCgmd4hTfnyXlx3p2PWeuSU84cwB84nz/7nJJg</latexit><latexit sha1_base64="6tadS1WJpk4nB5cOWa4PXbE4X7M=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMFYwtNLLubTbt0swm7G6WE/g8vHlS8+mO8+W/ctjlo64OBx3szzMwjmeDauO63s7S8srq2Xtmobm5t7+zW9vbvdZorynyailR1CNZMcMl8w41gnUwxnBDB2mR4PfHbj0xpnso7M8pYmOC+5DGn2FjpgQQmRTQgWBX5OOrV6m7DnQItEq8kdSjR6tW+giilecKkoQJr3fXczIQFVoZTwcbVINcsw3SI+6xrqcQJ02ExvXqMjq0SoThVtqRBU/X3RIETrUcJsZ0JNgM9703E/7xubuKLsOAyyw2TdLYozgWyr04iQBFXjBoxsgRTxe2tiA6wwtTYoKo2BG/+5UXinzYuG97tWb15VaZRgUM4ghPw4ByacAMt8IGCgmd4hTfnyXlx3p2PWeuSU84cwB84nz/7nJJg</latexit>

b ! cc̄s
<latexit sha1_base64="YBBbEMviVend4FY2NRjpA8VHH20=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMFYwttLJPtpl262YTdjVJC/4cXDype/THe/Ddu2xy09cHA470ZZuaFqeDauO63s7S8srq2Xtoob25t7+xW9vbvdZIpynyaiES1QtRMcMl8w41grVQxjEPBmuHweuI3H5nSPJF3ZpSyIMa+5BGnaKz0EHZMQmgnRJXTse5Wqm7NnYIsEq8gVSjQ6Fa+Or2EZjGThgrUuu25qQlyVIZTwcblTqZZinSIfda2VGLMdJBPrx6TY6v0SJQoW9KQqfp7IsdY61Ec2s4YzUDPexPxP6+dmegiyLlMM8MknS2KMkHsq5MISI8rRo0YWYJUcXsroQNUSI0NqmxD8OZfXiT+ae2y5t2eVetXRRolOIQjOAEPzqEON9AAHygoeIZXeHOenBfn3fmYtS45xcwB/IHz+QP275Jd</latexit><latexit sha1_base64="YBBbEMviVend4FY2NRjpA8VHH20=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMFYwttLJPtpl262YTdjVJC/4cXDype/THe/Ddu2xy09cHA470ZZuaFqeDauO63s7S8srq2Xtoob25t7+xW9vbvdZIpynyaiES1QtRMcMl8w41grVQxjEPBmuHweuI3H5nSPJF3ZpSyIMa+5BGnaKz0EHZMQmgnRJXTse5Wqm7NnYIsEq8gVSjQ6Fa+Or2EZjGThgrUuu25qQlyVIZTwcblTqZZinSIfda2VGLMdJBPrx6TY6v0SJQoW9KQqfp7IsdY61Ec2s4YzUDPexPxP6+dmegiyLlMM8MknS2KMkHsq5MISI8rRo0YWYJUcXsroQNUSI0NqmxD8OZfXiT+ae2y5t2eVetXRRolOIQjOAEPzqEON9AAHygoeIZXeHOenBfn3fmYtS45xcwB/IHz+QP275Jd</latexit><latexit sha1_base64="YBBbEMviVend4FY2NRjpA8VHH20=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMFYwttLJPtpl262YTdjVJC/4cXDype/THe/Ddu2xy09cHA470ZZuaFqeDauO63s7S8srq2Xtoob25t7+xW9vbvdZIpynyaiES1QtRMcMl8w41grVQxjEPBmuHweuI3H5nSPJF3ZpSyIMa+5BGnaKz0EHZMQmgnRJXTse5Wqm7NnYIsEq8gVSjQ6Fa+Or2EZjGThgrUuu25qQlyVIZTwcblTqZZinSIfda2VGLMdJBPrx6TY6v0SJQoW9KQqfp7IsdY61Ec2s4YzUDPexPxP6+dmegiyLlMM8MknS2KMkHsq5MISI8rRo0YWYJUcXsroQNUSI0NqmxD8OZfXiT+ae2y5t2eVetXRRolOIQjOAEPzqEON9AAHygoeIZXeHOenBfn3fmYtS45xcwB/IHz+QP275Jd</latexit><latexit sha1_base64="YBBbEMviVend4FY2NRjpA8VHH20=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMFYwttLJPtpl262YTdjVJC/4cXDype/THe/Ddu2xy09cHA470ZZuaFqeDauO63s7S8srq2Xtoob25t7+xW9vbvdZIpynyaiES1QtRMcMl8w41grVQxjEPBmuHweuI3H5nSPJF3ZpSyIMa+5BGnaKz0EHZMQmgnRJXTse5Wqm7NnYIsEq8gVSjQ6Fa+Or2EZjGThgrUuu25qQlyVIZTwcblTqZZinSIfda2VGLMdJBPrx6TY6v0SJQoW9KQqfp7IsdY61Ec2s4YzUDPexPxP6+dmegiyLlMM8MknS2KMkHsq5MISI8rRo0YWYJUcXsroQNUSI0NqmxD8OZfXiT+ae2y5t2eVetXRRolOIQjOAEPzqEON9AAHygoeIZXeHOenBfn3fmYtS45xcwB/IHz+QP275Jd</latexit>
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• I’ve run some toys in Laura++ to get a feeling for the sensitivity 
• Estimate yields from Run 1 analysis and Run 2 conditions and 5% flavour tagging efficiency 
• Statistical precision for Run 1+2 (9fb-1): 
• Statistical precision for upgrade (50fb-1): 

• Reminder of the               world average:  
• Expected to scale with statistics in the LHCb upgrade era 
• Can’t compete directly with the statistics available - but not so far away 
• Run 1+2 a big improvement on current                results 

• Do not expect to be systematically limited 
• Control modes should keep them in check

sin(�d) = 0.699± 0.017
<latexit sha1_base64="za1ti+pm3y+lqhkK7hOt5bMWVAg=">AAACBnicbZBPS8MwGMbT+W/Of1WPggSHMC+jFXHuIAy9eJxg3WAtJU3TLSxNS5IKo+zmxa/ixYOKVz+DN7+N2daDbr4Q8uN53pfkfYKUUaks69soLS2vrK6V1ysbm1vbO+bu3r1MMoGJgxOWiG6AJGGUE0dRxUg3FQTFASOdYHg98TsPREia8Ds1SokXoz6nEcVIack3D11Jec1NB9QPT+AltOrnzSZ001iTZTd8s6rvacFFsAuogqLavvnlhgnOYsIVZkjKnm2lysuRUBQzMq64mSQpwkPUJz2NHMVEevl0jzE81koIo0TowxWcqr8nchRLOYoD3RkjNZDz3kT8z+tlKrrwcsrTTBGOZw9FGYMqgZNQYEgFwYqNNCAsqP4rxAMkEFY6uooOwZ5feRGc03qzbt+eVVtXRRplcACOQA3YoAFa4Aa0gQMweATP4BW8GU/Gi/FufMxaS0Yxsw/+lPH5A1gNlfQ=</latexit><latexit sha1_base64="za1ti+pm3y+lqhkK7hOt5bMWVAg=">AAACBnicbZBPS8MwGMbT+W/Of1WPggSHMC+jFXHuIAy9eJxg3WAtJU3TLSxNS5IKo+zmxa/ixYOKVz+DN7+N2daDbr4Q8uN53pfkfYKUUaks69soLS2vrK6V1ysbm1vbO+bu3r1MMoGJgxOWiG6AJGGUE0dRxUg3FQTFASOdYHg98TsPREia8Ds1SokXoz6nEcVIack3D11Jec1NB9QPT+AltOrnzSZ001iTZTd8s6rvacFFsAuogqLavvnlhgnOYsIVZkjKnm2lysuRUBQzMq64mSQpwkPUJz2NHMVEevl0jzE81koIo0TowxWcqr8nchRLOYoD3RkjNZDz3kT8z+tlKrrwcsrTTBGOZw9FGYMqgZNQYEgFwYqNNCAsqP4rxAMkEFY6uooOwZ5feRGc03qzbt+eVVtXRRplcACOQA3YoAFa4Aa0gQMweATP4BW8GU/Gi/FufMxaS0Yxsw/+lPH5A1gNlfQ=</latexit><latexit sha1_base64="za1ti+pm3y+lqhkK7hOt5bMWVAg=">AAACBnicbZBPS8MwGMbT+W/Of1WPggSHMC+jFXHuIAy9eJxg3WAtJU3TLSxNS5IKo+zmxa/ixYOKVz+DN7+N2daDbr4Q8uN53pfkfYKUUaks69soLS2vrK6V1ysbm1vbO+bu3r1MMoGJgxOWiG6AJGGUE0dRxUg3FQTFASOdYHg98TsPREia8Ds1SokXoz6nEcVIack3D11Jec1NB9QPT+AltOrnzSZ001iTZTd8s6rvacFFsAuogqLavvnlhgnOYsIVZkjKnm2lysuRUBQzMq64mSQpwkPUJz2NHMVEevl0jzE81koIo0TowxWcqr8nchRLOYoD3RkjNZDz3kT8z+tlKrrwcsrTTBGOZw9FGYMqgZNQYEgFwYqNNCAsqP4rxAMkEFY6uooOwZ5feRGc03qzbt+eVVtXRRplcACOQA3YoAFa4Aa0gQMweATP4BW8GU/Gi/FufMxaS0Yxsw/+lPH5A1gNlfQ=</latexit><latexit sha1_base64="za1ti+pm3y+lqhkK7hOt5bMWVAg=">AAACBnicbZBPS8MwGMbT+W/Of1WPggSHMC+jFXHuIAy9eJxg3WAtJU3TLSxNS5IKo+zmxa/ixYOKVz+DN7+N2daDbr4Q8uN53pfkfYKUUaks69soLS2vrK6V1ysbm1vbO+bu3r1MMoGJgxOWiG6AJGGUE0dRxUg3FQTFASOdYHg98TsPREia8Ds1SokXoz6nEcVIack3D11Jec1NB9QPT+AltOrnzSZ001iTZTd8s6rvacFFsAuogqLavvnlhgnOYsIVZkjKnm2lysuRUBQzMq64mSQpwkPUJz2NHMVEevl0jzE81koIo0TowxWcqr8nchRLOYoD3RkjNZDz3kT8z+tlKrrwcsrTTBGOZw9FGYMqgZNQYEgFwYqNNCAsqP4rxAMkEFY6uooOwZ5feRGc03qzbt+eVVtXRRplcACOQA3YoAFa4Aa0gQMweATP4BW8GU/Gi/FufMxaS0Yxsw/+lPH5A1gNlfQ=</latexit>

sin(�d) : ±0.06, cos(�d) : ±0.10
<latexit sha1_base64="XDUhAEhKCd3DwiepEqnFhTZmmfo=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0WoUEoi4mtVdOOygrGFJoTJZNIOnUzCzEQooT/hxl9x40LFrQt3/o3TNgvbeuDC4Zx7ufeeIGVUKsv6MUpLyyura+X1ysbm1vaOubv3IJNMYOLghCWiEyBJGOXEUVQx0kkFQXHASDsY3Iz99iMRkib8Xg1T4sWox2lEMVJa8s26KymvuWmf+uHxlZvGVsM6q7t16OJEzuq25ZtVbU8AF4ldkCoo0PLNbzdMcBYTrjBDUnZtK1VejoSimJFRxc0kSREeoB7paspRTKSXT74awSOthDBKhC6u4ET9O5GjWMphHOjOGKm+nPfG4n9eN1PRhZdTnmaKcDxdFGUMqgSOI4IhFQQrNtQEYUH1rRD3kUBY6SArOgR7/uVF4pw0Lhv23Wm1eV2kUQYH4BDUgA3OQRPcghZwAAZP4AW8gXfj2Xg1PozPaWvJKGb2wQyMr1+PoJwd</latexit><latexit sha1_base64="XDUhAEhKCd3DwiepEqnFhTZmmfo=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0WoUEoi4mtVdOOygrGFJoTJZNIOnUzCzEQooT/hxl9x40LFrQt3/o3TNgvbeuDC4Zx7ufeeIGVUKsv6MUpLyyura+X1ysbm1vaOubv3IJNMYOLghCWiEyBJGOXEUVQx0kkFQXHASDsY3Iz99iMRkib8Xg1T4sWox2lEMVJa8s26KymvuWmf+uHxlZvGVsM6q7t16OJEzuq25ZtVbU8AF4ldkCoo0PLNbzdMcBYTrjBDUnZtK1VejoSimJFRxc0kSREeoB7paspRTKSXT74awSOthDBKhC6u4ET9O5GjWMphHOjOGKm+nPfG4n9eN1PRhZdTnmaKcDxdFGUMqgSOI4IhFQQrNtQEYUH1rRD3kUBY6SArOgR7/uVF4pw0Lhv23Wm1eV2kUQYH4BDUgA3OQRPcghZwAAZP4AW8gXfj2Xg1PozPaWvJKGb2wQyMr1+PoJwd</latexit><latexit sha1_base64="XDUhAEhKCd3DwiepEqnFhTZmmfo=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0WoUEoi4mtVdOOygrGFJoTJZNIOnUzCzEQooT/hxl9x40LFrQt3/o3TNgvbeuDC4Zx7ufeeIGVUKsv6MUpLyyura+X1ysbm1vaOubv3IJNMYOLghCWiEyBJGOXEUVQx0kkFQXHASDsY3Iz99iMRkib8Xg1T4sWox2lEMVJa8s26KymvuWmf+uHxlZvGVsM6q7t16OJEzuq25ZtVbU8AF4ldkCoo0PLNbzdMcBYTrjBDUnZtK1VejoSimJFRxc0kSREeoB7paspRTKSXT74awSOthDBKhC6u4ET9O5GjWMphHOjOGKm+nPfG4n9eN1PRhZdTnmaKcDxdFGUMqgSOI4IhFQQrNtQEYUH1rRD3kUBY6SArOgR7/uVF4pw0Lhv23Wm1eV2kUQYH4BDUgA3OQRPcghZwAAZP4AW8gXfj2Xg1PozPaWvJKGb2wQyMr1+PoJwd</latexit><latexit sha1_base64="XDUhAEhKCd3DwiepEqnFhTZmmfo=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0WoUEoi4mtVdOOygrGFJoTJZNIOnUzCzEQooT/hxl9x40LFrQt3/o3TNgvbeuDC4Zx7ufeeIGVUKsv6MUpLyyura+X1ysbm1vaOubv3IJNMYOLghCWiEyBJGOXEUVQx0kkFQXHASDsY3Iz99iMRkib8Xg1T4sWox2lEMVJa8s26KymvuWmf+uHxlZvGVsM6q7t16OJEzuq25ZtVbU8AF4ldkCoo0PLNbzdMcBYTrjBDUnZtK1VejoSimJFRxc0kSREeoB7paspRTKSXT74awSOthDBKhC6u4ET9O5GjWMphHOjOGKm+nPfG4n9eN1PRhZdTnmaKcDxdFGUMqgSOI4IhFQQrNtQEYUH1rRD3kUBY6SArOgR7/uVF4pw0Lhv23Wm1eV2kUQYH4BDUgA3OQRPcghZwAAZP4AW8gXfj2Xg1PozPaWvJKGb2wQyMr1+PoJwd</latexit>

sin(�d) : ±0.018, cos(�d) : ±0.03
<latexit sha1_base64="VjGoqKw4YTZJWhC68o+HP5DtHl8=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgVaklUsLoqunFZwdhCE8JkMmmHTiZhZiKU0K9w46+4caHiVnDn3zhts9DWA5d7OOdeZu4JUkalsqxvY2FxaXlltbRWXt/Y3No2d3bvZZIJTBycsER0AiQJo5w4iipGOqkgKA4YaQeD67HffiBC0oTfqWFKvBj1OI0oRkpLvnnsSsqrbtqnfnh06aaxVbfsRs2tQRcncsY49c2KbhPAeWIXpAIKtHzzyw0TnMWEK8yQlF3bSpWXI6EoZmRUdjNJUoQHqEe6mnIUE+nlk7NG8FArIYwSoYsrOFF/b+QolnIYB3oyRqovZ72x+J/XzVTU8HLK00wRjqcPRRmDKoHjjGBIBcGKDTVBWFD9V4j7SCCsdJJlHYI9e/I8cU7qF3X79qzSvCrSKIF9cACqwAbnoAluQAs4AINH8AxewZvxZLwY78bHdHTBKHb2wB8Ynz8Qdpxc</latexit><latexit sha1_base64="VjGoqKw4YTZJWhC68o+HP5DtHl8=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgVaklUsLoqunFZwdhCE8JkMmmHTiZhZiKU0K9w46+4caHiVnDn3zhts9DWA5d7OOdeZu4JUkalsqxvY2FxaXlltbRWXt/Y3No2d3bvZZIJTBycsER0AiQJo5w4iipGOqkgKA4YaQeD67HffiBC0oTfqWFKvBj1OI0oRkpLvnnsSsqrbtqnfnh06aaxVbfsRs2tQRcncsY49c2KbhPAeWIXpAIKtHzzyw0TnMWEK8yQlF3bSpWXI6EoZmRUdjNJUoQHqEe6mnIUE+nlk7NG8FArIYwSoYsrOFF/b+QolnIYB3oyRqovZ72x+J/XzVTU8HLK00wRjqcPRRmDKoHjjGBIBcGKDTVBWFD9V4j7SCCsdJJlHYI9e/I8cU7qF3X79qzSvCrSKIF9cACqwAbnoAluQAs4AINH8AxewZvxZLwY78bHdHTBKHb2wB8Ynz8Qdpxc</latexit><latexit sha1_base64="VjGoqKw4YTZJWhC68o+HP5DtHl8=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgVaklUsLoqunFZwdhCE8JkMmmHTiZhZiKU0K9w46+4caHiVnDn3zhts9DWA5d7OOdeZu4JUkalsqxvY2FxaXlltbRWXt/Y3No2d3bvZZIJTBycsER0AiQJo5w4iipGOqkgKA4YaQeD67HffiBC0oTfqWFKvBj1OI0oRkpLvnnsSsqrbtqnfnh06aaxVbfsRs2tQRcncsY49c2KbhPAeWIXpAIKtHzzyw0TnMWEK8yQlF3bSpWXI6EoZmRUdjNJUoQHqEe6mnIUE+nlk7NG8FArIYwSoYsrOFF/b+QolnIYB3oyRqovZ72x+J/XzVTU8HLK00wRjqcPRRmDKoHjjGBIBcGKDTVBWFD9V4j7SCCsdJJlHYI9e/I8cU7qF3X79qzSvCrSKIF9cACqwAbnoAluQAs4AINH8AxewZvxZLwY78bHdHTBKHb2wB8Ynz8Qdpxc</latexit><latexit sha1_base64="VjGoqKw4YTZJWhC68o+HP5DtHl8=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgVaklUsLoqunFZwdhCE8JkMmmHTiZhZiKU0K9w46+4caHiVnDn3zhts9DWA5d7OOdeZu4JUkalsqxvY2FxaXlltbRWXt/Y3No2d3bvZZIJTBycsER0AiQJo5w4iipGOqkgKA4YaQeD67HffiBC0oTfqWFKvBj1OI0oRkpLvnnsSsqrbtqnfnh06aaxVbfsRs2tQRcncsY49c2KbhPAeWIXpAIKtHzzyw0TnMWEK8yQlF3bSpWXI6EoZmRUdjNJUoQHqEe6mnIUE+nlk7NG8FArIYwSoYsrOFF/b+QolnIYB3oyRqovZ72x+J/XzVTU8HLK00wRjqcPRRmDKoHjjGBIBcGKDTVBWFD9V4j7SCCsdJJlHYI9e/I8cU7qF3X79qzSvCrSKIF9cACqwAbnoAluQAs4AINH8AxewZvxZLwY78bHdHTBKHb2wB8Ynz8Qdpxc</latexit>

b ! cūd
<latexit sha1_base64="6tadS1WJpk4nB5cOWa4PXbE4X7M=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMFYwtNLLubTbt0swm7G6WE/g8vHlS8+mO8+W/ctjlo64OBx3szzMwjmeDauO63s7S8srq2Xtmobm5t7+zW9vbvdZorynyailR1CNZMcMl8w41gnUwxnBDB2mR4PfHbj0xpnso7M8pYmOC+5DGn2FjpgQQmRTQgWBX5OOrV6m7DnQItEq8kdSjR6tW+giilecKkoQJr3fXczIQFVoZTwcbVINcsw3SI+6xrqcQJ02ExvXqMjq0SoThVtqRBU/X3RIETrUcJsZ0JNgM9703E/7xubuKLsOAyyw2TdLYozgWyr04iQBFXjBoxsgRTxe2tiA6wwtTYoKo2BG/+5UXinzYuG97tWb15VaZRgUM4ghPw4ByacAMt8IGCgmd4hTfnyXlx3p2PWeuSU84cwB84nz/7nJJg</latexit><latexit sha1_base64="6tadS1WJpk4nB5cOWa4PXbE4X7M=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMFYwtNLLubTbt0swm7G6WE/g8vHlS8+mO8+W/ctjlo64OBx3szzMwjmeDauO63s7S8srq2Xtmobm5t7+zW9vbvdZorynyailR1CNZMcMl8w41gnUwxnBDB2mR4PfHbj0xpnso7M8pYmOC+5DGn2FjpgQQmRTQgWBX5OOrV6m7DnQItEq8kdSjR6tW+giilecKkoQJr3fXczIQFVoZTwcbVINcsw3SI+6xrqcQJ02ExvXqMjq0SoThVtqRBU/X3RIETrUcJsZ0JNgM9703E/7xubuKLsOAyyw2TdLYozgWyr04iQBFXjBoxsgRTxe2tiA6wwtTYoKo2BG/+5UXinzYuG97tWb15VaZRgUM4ghPw4ByacAMt8IGCgmd4hTfnyXlx3p2PWeuSU84cwB84nz/7nJJg</latexit><latexit sha1_base64="6tadS1WJpk4nB5cOWa4PXbE4X7M=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMFYwtNLLubTbt0swm7G6WE/g8vHlS8+mO8+W/ctjlo64OBx3szzMwjmeDauO63s7S8srq2Xtmobm5t7+zW9vbvdZorynyailR1CNZMcMl8w41gnUwxnBDB2mR4PfHbj0xpnso7M8pYmOC+5DGn2FjpgQQmRTQgWBX5OOrV6m7DnQItEq8kdSjR6tW+giilecKkoQJr3fXczIQFVoZTwcbVINcsw3SI+6xrqcQJ02ExvXqMjq0SoThVtqRBU/X3RIETrUcJsZ0JNgM9703E/7xubuKLsOAyyw2TdLYozgWyr04iQBFXjBoxsgRTxe2tiA6wwtTYoKo2BG/+5UXinzYuG97tWb15VaZRgUM4ghPw4ByacAMt8IGCgmd4hTfnyXlx3p2PWeuSU84cwB84nz/7nJJg</latexit><latexit sha1_base64="6tadS1WJpk4nB5cOWa4PXbE4X7M=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMFYwtNLLubTbt0swm7G6WE/g8vHlS8+mO8+W/ctjlo64OBx3szzMwjmeDauO63s7S8srq2Xtmobm5t7+zW9vbvdZorynyailR1CNZMcMl8w41gnUwxnBDB2mR4PfHbj0xpnso7M8pYmOC+5DGn2FjpgQQmRTQgWBX5OOrV6m7DnQItEq8kdSjR6tW+giilecKkoQJr3fXczIQFVoZTwcbVINcsw3SI+6xrqcQJ02ExvXqMjq0SoThVtqRBU/X3RIETrUcJsZ0JNgM9703E/7xubuKLsOAyyw2TdLYozgWyr04iQBFXjBoxsgRTxe2tiA6wwtTYoKo2BG/+5UXinzYuG97tWb15VaZRgUM4ghPw4ByacAMt8IGCgmd4hTfnyXlx3p2PWeuSU84cwB84nz/7nJJg</latexit>

b ! cc̄s
<latexit sha1_base64="YBBbEMviVend4FY2NRjpA8VHH20=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMFYwttLJPtpl262YTdjVJC/4cXDype/THe/Ddu2xy09cHA470ZZuaFqeDauO63s7S8srq2Xtoob25t7+xW9vbvdZIpynyaiES1QtRMcMl8w41grVQxjEPBmuHweuI3H5nSPJF3ZpSyIMa+5BGnaKz0EHZMQmgnRJXTse5Wqm7NnYIsEq8gVSjQ6Fa+Or2EZjGThgrUuu25qQlyVIZTwcblTqZZinSIfda2VGLMdJBPrx6TY6v0SJQoW9KQqfp7IsdY61Ec2s4YzUDPexPxP6+dmegiyLlMM8MknS2KMkHsq5MISI8rRo0YWYJUcXsroQNUSI0NqmxD8OZfXiT+ae2y5t2eVetXRRolOIQjOAEPzqEON9AAHygoeIZXeHOenBfn3fmYtS45xcwB/IHz+QP275Jd</latexit><latexit sha1_base64="YBBbEMviVend4FY2NRjpA8VHH20=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMFYwttLJPtpl262YTdjVJC/4cXDype/THe/Ddu2xy09cHA470ZZuaFqeDauO63s7S8srq2Xtoob25t7+xW9vbvdZIpynyaiES1QtRMcMl8w41grVQxjEPBmuHweuI3H5nSPJF3ZpSyIMa+5BGnaKz0EHZMQmgnRJXTse5Wqm7NnYIsEq8gVSjQ6Fa+Or2EZjGThgrUuu25qQlyVIZTwcblTqZZinSIfda2VGLMdJBPrx6TY6v0SJQoW9KQqfp7IsdY61Ec2s4YzUDPexPxP6+dmegiyLlMM8MknS2KMkHsq5MISI8rRo0YWYJUcXsroQNUSI0NqmxD8OZfXiT+ae2y5t2eVetXRRolOIQjOAEPzqEON9AAHygoeIZXeHOenBfn3fmYtS45xcwB/IHz+QP275Jd</latexit><latexit sha1_base64="YBBbEMviVend4FY2NRjpA8VHH20=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMFYwttLJPtpl262YTdjVJC/4cXDype/THe/Ddu2xy09cHA470ZZuaFqeDauO63s7S8srq2Xtoob25t7+xW9vbvdZIpynyaiES1QtRMcMl8w41grVQxjEPBmuHweuI3H5nSPJF3ZpSyIMa+5BGnaKz0EHZMQmgnRJXTse5Wqm7NnYIsEq8gVSjQ6Fa+Or2EZjGThgrUuu25qQlyVIZTwcblTqZZinSIfda2VGLMdJBPrx6TY6v0SJQoW9KQqfp7IsdY61Ec2s4YzUDPexPxP6+dmegiyLlMM8MknS2KMkHsq5MISI8rRo0YWYJUcXsroQNUSI0NqmxD8OZfXiT+ae2y5t2eVetXRRolOIQjOAEPzqEON9AAHygoeIZXeHOenBfn3fmYtS45xcwB/IHz+QP275Jd</latexit><latexit sha1_base64="YBBbEMviVend4FY2NRjpA8VHH20=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMFYwttLJPtpl262YTdjVJC/4cXDype/THe/Ddu2xy09cHA470ZZuaFqeDauO63s7S8srq2Xtoob25t7+xW9vbvdZIpynyaiES1QtRMcMl8w41grVQxjEPBmuHweuI3H5nSPJF3ZpSyIMa+5BGnaKz0EHZMQmgnRJXTse5Wqm7NnYIsEq8gVSjQ6Fa+Or2EZjGThgrUuu25qQlyVIZTwcblTqZZinSIfda2VGLMdJBPrx6TY6v0SJQoW9KQqfp7IsdY61Ec2s4YzUDPexPxP6+dmegiyLlMM8MknS2KMkHsq5MISI8rRo0YWYJUcXsroQNUSI0NqmxD8OZfXiT+ae2y5t2eVetXRRolOIQjOAEPzqEON9AAHygoeIZXeHOenBfn3fmYtS45xcwB/IHz+QP275Jd</latexit>

With the 300fb in upgrade II can expect 

Depending how well the penguin effects can be controlled, these can be 
very interesting…

sin(�d) : ±0.007, cos(�d) : ±0.017
<latexit sha1_base64="snr7oXGPV9T+8I9bXhk6G+1eEOA=">AAACFnicbVDNSsNAGNz4W+tf1KOXxSJUKCERoeqp6MVjBWMLTQibzaZdutmE3Y1QSt/Ci6/ixYOKV/Hm27hpc9DWgYVhZj6+/SbMGJXKtr+NpeWV1bX1ykZ1c2t7Z9fc27+XaS4wcXHKUtENkSSMcuIqqhjpZoKgJGSkEw6vC7/zQISkKb9To4z4CepzGlOMlJYC0/Ik5XUvG9AgOrn0ssS2bLvZ8BrQw6mcM5xmYNaKQAG4SJyS1ECJdmB+eVGK84RwhRmSsufYmfLHSCiKGZlUvVySDOEh6pOephwlRPrj6V0TeKyVCMap0I8rOFV/T4xRIuUoCXUyQWog571C/M/r5So+98eUZ7kiHM8WxTmDKoVFSTCigmDFRpogLKj+K8QDJBBWusqqLsGZP3mRuKfWheXcntVaV2UbFXAIjkAdOKAJWuAGtIELMHgEz+AVvBlPxovxbnzMoktGOXMA/sD4/AGQz5yZ</latexit><latexit sha1_base64="snr7oXGPV9T+8I9bXhk6G+1eEOA=">AAACFnicbVDNSsNAGNz4W+tf1KOXxSJUKCERoeqp6MVjBWMLTQibzaZdutmE3Y1QSt/Ci6/ixYOKV/Hm27hpc9DWgYVhZj6+/SbMGJXKtr+NpeWV1bX1ykZ1c2t7Z9fc27+XaS4wcXHKUtENkSSMcuIqqhjpZoKgJGSkEw6vC7/zQISkKb9To4z4CepzGlOMlJYC0/Ik5XUvG9AgOrn0ssS2bLvZ8BrQw6mcM5xmYNaKQAG4SJyS1ECJdmB+eVGK84RwhRmSsufYmfLHSCiKGZlUvVySDOEh6pOephwlRPrj6V0TeKyVCMap0I8rOFV/T4xRIuUoCXUyQWog571C/M/r5So+98eUZ7kiHM8WxTmDKoVFSTCigmDFRpogLKj+K8QDJBBWusqqLsGZP3mRuKfWheXcntVaV2UbFXAIjkAdOKAJWuAGtIELMHgEz+AVvBlPxovxbnzMoktGOXMA/sD4/AGQz5yZ</latexit><latexit sha1_base64="snr7oXGPV9T+8I9bXhk6G+1eEOA=">AAACFnicbVDNSsNAGNz4W+tf1KOXxSJUKCERoeqp6MVjBWMLTQibzaZdutmE3Y1QSt/Ci6/ixYOKV/Hm27hpc9DWgYVhZj6+/SbMGJXKtr+NpeWV1bX1ykZ1c2t7Z9fc27+XaS4wcXHKUtENkSSMcuIqqhjpZoKgJGSkEw6vC7/zQISkKb9To4z4CepzGlOMlJYC0/Ik5XUvG9AgOrn0ssS2bLvZ8BrQw6mcM5xmYNaKQAG4SJyS1ECJdmB+eVGK84RwhRmSsufYmfLHSCiKGZlUvVySDOEh6pOephwlRPrj6V0TeKyVCMap0I8rOFV/T4xRIuUoCXUyQWog571C/M/r5So+98eUZ7kiHM8WxTmDKoVFSTCigmDFRpogLKj+K8QDJBBWusqqLsGZP3mRuKfWheXcntVaV2UbFXAIjkAdOKAJWuAGtIELMHgEz+AVvBlPxovxbnzMoktGOXMA/sD4/AGQz5yZ</latexit><latexit sha1_base64="snr7oXGPV9T+8I9bXhk6G+1eEOA=">AAACFnicbVDNSsNAGNz4W+tf1KOXxSJUKCERoeqp6MVjBWMLTQibzaZdutmE3Y1QSt/Ci6/ixYOKV/Hm27hpc9DWgYVhZj6+/SbMGJXKtr+NpeWV1bX1ykZ1c2t7Z9fc27+XaS4wcXHKUtENkSSMcuIqqhjpZoKgJGSkEw6vC7/zQISkKb9To4z4CepzGlOMlJYC0/Ik5XUvG9AgOrn0ssS2bLvZ8BrQw6mcM5xmYNaKQAG4SJyS1ECJdmB+eVGK84RwhRmSsufYmfLHSCiKGZlUvVySDOEh6pOephwlRPrj6V0TeKyVCMap0I8rOFV/T4xRIuUoCXUyQWog571C/M/r5So+98eUZ7kiHM8WxTmDKoVFSTCigmDFRpogLKj+K8QDJBBWusqqLsGZP3mRuKfWheXcntVaV2UbFXAIjkAdOKAJWuAGtIELMHgEz+AVvBlPxovxbnzMoktGOXMA/sD4/AGQz5yZ</latexit>
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• An alternative model independent approach 
• Focuses on the channel  
• Simultaneous analysis with CP eigenstates possible 
• Double Dalitz analysis - binning in both (like GGSZ2) 
• Removes model uncertainties
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Figure 3. Equal-phase Dalitz plot binning (a), values of the parameters kj for j > 0 (blue circles)
and j < 0 (red pentagons) (b), and values of the parameters cj and sj (blue circles) (c) obtained
with the B0 ! D0⇡+⇡� decay amplitude model described in Appendix A.

Table 3. Estimates of the angle � measurement statistical precision for the three schemes with the
input value � = 22

�.

Measuring scheme Belle Belle II
LHCb

Run I Run II Upgr.

B0 ! D⇡+⇡� ⇡ 10
�

1.5� ⇡ 15
�

6
�

1.5�

Only D ! K0
S⇡

+⇡� ⇡ 15
�

2
� ⇡ 20

�
7
�

2
�

B0 ! D⇡+⇡� (symm) ⇡ 15
�

2
� ⇡ 20

�
10

�
2
�

Only D ! K0
S⇡

+⇡� ⇡ 20
�

2.5� ⇡ 25
�

13
�

3
�

B0 ! D(⇤)h0 5
�

0.7� — — —
Only D ! K0

S⇡
+⇡�

7
�

1.1� — — —
Only D ! fCP 6

�
0.8� — — —

The statistical precision of the angle � measurement for the initial value � = 22
�, ob-

tained with each of the three approaches, is shown in Table 3. The analysis of B0 ! D⇡+⇡�

decays provides precision about 1.5 times worse than the analysis of B0 ! Dh0 decays. The
prospects for the analysis of B0 ! Dh0 decays at LHCb are not clear since there are neutral
particles in the final state. The Belle II and upgraded LHCb have comparable potential to
measure the angle � in B0 ! D⇡+⇡� decays. A combination of the results from B0 ! Dh0

and B0 ! D⇡+⇡� analyses would yield the � precision in b ! cud transitions below one
degree.8

Figure 4 illustrates prospects for the Belle II experiment: a fit result for the dilution
factors dj (Figure 4a) and for the parameters cj and sj (Figure 4b) obtained with MC
simulation for the input value � = 22

�.
The results presented are obtained with a simple method of the Dalitz plot binning

8
At the moment, the uncertainty related to the Ci and Si parameters measurement is about 1.1�, as it is

stated in Ref. [23]. The precision level below one degree can be achieved only if a more precise measurement

of the parameters Ci and Si appears. Such a measurement can be provided by the BESIII collaboration

and by a future Super c-⌧ factory experiment.
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Table 2. Estimates of the signal yields for the B0 ! D0{h0, ⇡+⇡�}, D0 ! {fCP , K0
S⇡

+⇡�} (and
C-conjugated) decays at the Belle, Belle II and LHCb experiments.

Mode Belle Belle II
LHCb

Run I Run II Upgr.

B0 ! DCP⇡+⇡�
1.0 · 103 50 · 103 2.0 · 103 8 · 103 140 · 103

B0 ! [K0
S⇡

+⇡�
]D⇡+⇡�

1.3 · 103 65 · 103 1.2 · 103 5 · 103 84 · 103

B0 ! DCPh0 0.8 · 103 40 · 103 — — —
B0 ! [K0

S⇡
+⇡�

]Dh0 1.0 · 103 50 · 103 — — —

(a) (b) (c)

Figure 2. Dalitz plot distribution of the B0 ! D0⇡+⇡� decay (a), m
�
D0⇡+

�
distribution be-

low 3 GeV/c2 for m (⇡+⇡�
) > 1.6 GeV/c2 (b), and m (⇡+⇡�

) distribution below 1.6 GeV/c2 for
m

�
D0⇡+

�
> 3 GeV/c2 (c). The distributions are obtained with the B0 ! D0⇡+⇡� decay am-

plitude model described in Appendix A. The dashed and dot-dashed regions on the Dalitz plot
correspond to the distributions on the subplots (b) and (c), respectively.

distribution and distributions of the D0⇡+ and ⇡+⇡� invariant masses obtained with this
model are shown in Figure 2.

The equal-phase binning of the B0 ! D0⇡+⇡� decay Dalitz plot into 16 bins is per-
formed using this model. The bin regions obtained and corresponding values of the param-
eters kj , cj and sj are shown in Figure 3.

4.2 Numerical experiments

Three approaches to measure the angle � are considered. Each approach implies the joint
analysis of �t distributions for the B0 ! D⇡+⇡� with D meson decays into CP-specific
and K0

S⇡
+⇡� final states. These approaches are:

1. The fit based on Eqs. (3.6) and (3.7) with 17 free parameters: eight (cj , sj) pairs and
the angle �.

2. The fit using symmetrized B0 ! D⇡+⇡� decay Dalitz plot binning with nine free
parameters: eight dilution factors dj , defined in Eq. (3.13), and the angle �.

3. Model-independent measurement of the angle � in the B0 ! Dh0 decays as a refer-
ence. The angle � is the only free parameter in this case.

– 9 –

Double Dalitz approach from e.g. Phys.Rev.D81:014025,2010

B0 ! D⇡+⇡�, D ! K0
S⇡

+⇡�
<latexit sha1_base64="WYF6/q7r+QlqXApkRNxTdcRDzXw=">AAACGHicbVDNS8MwHE39nPOr6tFLcAiCc7QiqLcxdxC8TLRusHYlzbItLP0gSYVR9m948V/x4kHF627+N6ZdD3PzQcLjvd+P5D0vYlRIw/jRlpZXVtfWCxvFza3tnV19b/9JhDHHxMIhC3nLQ4IwGhBLUslIK+IE+R4jTW94k/rNZ8IFDYNHOYqI46N+QHsUI6kkVzdqHQPaMoR1aEe0c5rdZ2W7DOupetcx3IdZB7p6yagYGeAiMXNSAjkarj6xuyGOfRJIzJAQbdOIpJMgLilmZFy0Y0EihIeoT9qKBsgnwkmyZGN4rJQu7IVcnUDCTJ3dSJAvxMj31KSP5EDMe6n4n9eOZe/KSWgQxZIEePpQL2ZQZU5rgl3KCZZspAjCnKq/QjxAHGGpyiyqEsz5yIvEOq9cV8z7i1K1lrdRAIfgCJwAE1yCKrgFDWABDF7AG/gAn9qr9q59ad/T0SUt3zkAf6BNfgGrK5yQ</latexit><latexit sha1_base64="WYF6/q7r+QlqXApkRNxTdcRDzXw=">AAACGHicbVDNS8MwHE39nPOr6tFLcAiCc7QiqLcxdxC8TLRusHYlzbItLP0gSYVR9m948V/x4kHF627+N6ZdD3PzQcLjvd+P5D0vYlRIw/jRlpZXVtfWCxvFza3tnV19b/9JhDHHxMIhC3nLQ4IwGhBLUslIK+IE+R4jTW94k/rNZ8IFDYNHOYqI46N+QHsUI6kkVzdqHQPaMoR1aEe0c5rdZ2W7DOupetcx3IdZB7p6yagYGeAiMXNSAjkarj6xuyGOfRJIzJAQbdOIpJMgLilmZFy0Y0EihIeoT9qKBsgnwkmyZGN4rJQu7IVcnUDCTJ3dSJAvxMj31KSP5EDMe6n4n9eOZe/KSWgQxZIEePpQL2ZQZU5rgl3KCZZspAjCnKq/QjxAHGGpyiyqEsz5yIvEOq9cV8z7i1K1lrdRAIfgCJwAE1yCKrgFDWABDF7AG/gAn9qr9q59ad/T0SUt3zkAf6BNfgGrK5yQ</latexit><latexit sha1_base64="WYF6/q7r+QlqXApkRNxTdcRDzXw=">AAACGHicbVDNS8MwHE39nPOr6tFLcAiCc7QiqLcxdxC8TLRusHYlzbItLP0gSYVR9m948V/x4kHF627+N6ZdD3PzQcLjvd+P5D0vYlRIw/jRlpZXVtfWCxvFza3tnV19b/9JhDHHxMIhC3nLQ4IwGhBLUslIK+IE+R4jTW94k/rNZ8IFDYNHOYqI46N+QHsUI6kkVzdqHQPaMoR1aEe0c5rdZ2W7DOupetcx3IdZB7p6yagYGeAiMXNSAjkarj6xuyGOfRJIzJAQbdOIpJMgLilmZFy0Y0EihIeoT9qKBsgnwkmyZGN4rJQu7IVcnUDCTJ3dSJAvxMj31KSP5EDMe6n4n9eOZe/KSWgQxZIEePpQL2ZQZU5rgl3KCZZspAjCnKq/QjxAHGGpyiyqEsz5yIvEOq9cV8z7i1K1lrdRAIfgCJwAE1yCKrgFDWABDF7AG/gAn9qr9q59ad/T0SUt3zkAf6BNfgGrK5yQ</latexit><latexit sha1_base64="WYF6/q7r+QlqXApkRNxTdcRDzXw=">AAACGHicbVDNS8MwHE39nPOr6tFLcAiCc7QiqLcxdxC8TLRusHYlzbItLP0gSYVR9m948V/x4kHF627+N6ZdD3PzQcLjvd+P5D0vYlRIw/jRlpZXVtfWCxvFza3tnV19b/9JhDHHxMIhC3nLQ4IwGhBLUslIK+IE+R4jTW94k/rNZ8IFDYNHOYqI46N+QHsUI6kkVzdqHQPaMoR1aEe0c5rdZ2W7DOupetcx3IdZB7p6yagYGeAiMXNSAjkarj6xuyGOfRJIzJAQbdOIpJMgLilmZFy0Y0EihIeoT9qKBsgnwkmyZGN4rJQu7IVcnUDCTJ3dSJAvxMj31KSP5EDMe6n4n9eOZe/KSWgQxZIEePpQL2ZQZU5rgl3KCZZspAjCnKq/QjxAHGGpyiyqEsz5yIvEOq9cV8z7i1K1lrdRAIfgCJwAE1yCKrgFDWABDF7AG/gAn9qr9q59ad/T0SUt3zkAf6BNfgGrK5yQ</latexit>
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• Decay probability density 

• Upper case terms from the D Dalitz plot, lower case from the B Dalitz plot 
• Typically D Dalitz parameters are from CLEO or BESIII 
• Input small k’s from a time-integrated measurement with                      decays 

• Boils down to the fraction of events in each bin. Can now solve for  

JHEP03(2018)195

The expression Eq. (2.9) for the CP-specific D meson decays transforms into

DCP
j =

kj � k�j

kj + k�j
, (3.6a)

FCP
j = 2⇠D

p
kjk�j

kj + k�j
(sj cos 2� � cj sin 2�) . (3.6b)

The double Dalitz plot case with the D0 ! K0
S⇡

+⇡� decay results in

Dij =
Kikj � K�ik�j

Kikj +K�ik�j
, (3.7a)

Fij = 2

p
KiK�ikjk�j

Kikj +K�ik�j
⇥ [(Cisj � Sicj) cos 2� � (Cicj + Sisj) sin 2�] . (3.7b)

We consider the parameters Ki, Ci and Si to be known because they can be mea-
sured in decays of coherent D0D0 pairs [35]. The 2M parameters kj , M parameters cj ,
M parameters sj and the angle � constitute 4M + 1 unknown parameters.

The parameters kj can be measured precisely in the time-integrated analysis of B0 !
D0⇡+⇡� decays with D0 meson decaying into hadronic state K�⇡+. The expected fraction
of events in the jth Dalitz plot bin is

Nj ⇡ kj � r2D
1 � z

1 + z
(kj � k�j) , (3.8)

where

z ⌘ 1

1 + (�mB⌧B)
2 ⇡ 0.6, r2D ⌘

Br
�
D0 ! K+⇡��

Br (D0 ! K�⇡+)
⇡ 3.5 ⇥ 10

�3. (3.9)

The second term in Eq. (3.8) is negligible even at the Belle II precision level.
The B0 ! D⇡+⇡� with CP-specific D meson decays provide 2M independent con-

straints (Eq. (3.6)) and do not allow one to resolve the system. It should be noted that the
above statement does not depend on CP parity of the D meson final state, particularly, final
states with the same CP parities can be used and inclusion of a final state of the opposite
CP parity would not increase the number of constraints.

The B0 ! D⇡+⇡� with D ! K0
S⇡

+⇡� decay provide 2MN additional constraints
(Eq. (3.7)) allowing to measure the parameters cj and sj together with the angle � in the
joint analysis of the B0 ! D⇡+⇡� with CP-specific and D ! K0

S⇡
+⇡� decays for any N

and M.5 The B0 ! D⇡+⇡�, D ! K0
S⇡

+⇡� decays alone provide enough constraints to
measure the parameters cj and sj , and the angle � for 2M(N � 1) � 1.

5
An important feature of the described setup is that the values of sin 2� and cos 2� cannot be considered

as independent parameters. Indeed, the transformation

cj ! ⌘cj , sj ! ⌘sj , sin 2� ! sin 2�
⌘

, cos 2� ! cos 2�
⌘

(3.10)

with an arbitrary scale ⌘ 6= 0 does not change the expressions for decay probability densities and the scale ⌘

can not be determined.
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The expression Eq. (2.9) for the CP-specific D meson decays transforms into

DCP
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, (3.6a)

FCP
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⇥ [(Cisj � Sicj) cos 2� � (Cicj + Sisj) sin 2�] . (3.7b)

We consider the parameters Ki, Ci and Si to be known because they can be mea-
sured in decays of coherent D0D0 pairs [35]. The 2M parameters kj , M parameters cj ,
M parameters sj and the angle � constitute 4M + 1 unknown parameters.

The parameters kj can be measured precisely in the time-integrated analysis of B0 !
D0⇡+⇡� decays with D0 meson decaying into hadronic state K�⇡+. The expected fraction
of events in the jth Dalitz plot bin is

Nj ⇡ kj � r2D
1 � z

1 + z
(kj � k�j) , (3.8)

where

z ⌘ 1

1 + (�mB⌧B)
2 ⇡ 0.6, r2D ⌘

Br
�
D0 ! K+⇡��

Br (D0 ! K�⇡+)
⇡ 3.5 ⇥ 10

�3. (3.9)

The second term in Eq. (3.8) is negligible even at the Belle II precision level.
The B0 ! D⇡+⇡� with CP-specific D meson decays provide 2M independent con-

straints (Eq. (3.6)) and do not allow one to resolve the system. It should be noted that the
above statement does not depend on CP parity of the D meson final state, particularly, final
states with the same CP parities can be used and inclusion of a final state of the opposite
CP parity would not increase the number of constraints.

The B0 ! D⇡+⇡� with D ! K0
S⇡

+⇡� decay provide 2MN additional constraints
(Eq. (3.7)) allowing to measure the parameters cj and sj together with the angle � in the
joint analysis of the B0 ! D⇡+⇡� with CP-specific and D ! K0

S⇡
+⇡� decays for any N

and M.5 The B0 ! D⇡+⇡�, D ! K0
S⇡

+⇡� decays alone provide enough constraints to
measure the parameters cj and sj , and the angle � for 2M(N � 1) � 1.

5
An important feature of the described setup is that the values of sin 2� and cos 2� cannot be considered

as independent parameters. Indeed, the transformation

cj ! ⌘cj , sj ! ⌘sj , sin 2� ! sin 2�
⌘

, cos 2� ! cos 2�
⌘

(3.10)

with an arbitrary scale ⌘ 6= 0 does not change the expressions for decay probability densities and the scale ⌘

can not be determined.
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The relation (2.10) and symmetry of the Dalitz plot partitioning lead to the relations
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Flavour tag
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states with the same CP parities can be used and inclusion of a final state of the opposite
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• Results from toys (with realistic D and B Dalitz plot distributions) 
• Expected yields 

• Other inputs
Table 1. Experimental conditions adopted in numerical experiments.

Parameter Belle & Belle II LHCb

Time resolution �t (ps) 1.25 0.06

Tagging power "tag (%) 30 8

Background fraction (%) 30 5

The MC events are generated with probability density functions (PDFs) of the form

p (�t) = (1 � fbkg)

1Z

�1

pw
true

�
�t0

�
R

�
�t � �t0

�
d�t0 + fbkgR (�t) d�t0, (4.2)

where the resolution function R, employed also as the background PDF, is a Gaussian with
zero mean and fbkg is the background fraction. The function pw

true is a PDF from Sec. 3
with the wrong B meson flavor tagging probability w factor

pw
true(�t) / e

� |�t|
⌧B [1 + qB (1 � 2w) (D cos (�mB�t) � F sin (�mB�t))] . (4.3)

The tagging power "tag ⌘ (1 � 2w)2 characterizes effective reduction of data sample due
to non-ideality of a B meson flavour tagging procedure. The tagging power "tag = 0.3,
typical for B factory experiments, is employed for the Belle and Belle II and "tag = 0.08

is employed for the LHCb taking into account the recent progress in the flavour-tagging
algorithms at hadronic machines [37].7 The values of PDF parameters for the Belle (II) and
LHCb are chosen based on results from Refs. [15, 23, 38] and are shown in Table 1.

Table 2 shows estimates of the signal yields for the Belle, Belle II and LHCb experi-
ments. The estimates for Belle are obtained using the results from Refs. [15, 23, 39]. The
estimates for Belle II are obtained by extrapolating the Belle yields assuming the same ex-
perimental conditions and 50 times larger integrated luminosity. The estimate signal yields
corresponding to the data collected by LHCb in 2010 – 2012 are based on the results from
Refs. [38, 40, 41]. This period of data taking is referred to as Run I. The estimates for the
LHCb signal yields corresponding to the end of current data taking period (Run II) and to
the period of data taking after the planned upgrade (Upgr.) [42] are roughly estimated to
be, respectively, 4 and 70 times larger than the Run I values, assuming the corresponding
luminosity integrals equal 8 fb

�1 and 50 fb
�1.

The signal yields for B0 ! D⇡+⇡� with flavour-specific D meson decays are relatively
large for both Belle and LHCb. Thus, the uncertainties related to the parameters kj are
neglected.

4.1 Parameters of the B0 ! D0⇡+⇡� decay binned Dalitz plot

Two models of the B0 ! D0⇡+⇡� decay amplitude are available in Refs. [38, 39]. A simpli-
fied version of the model from Ref. [39] is used in this study (see Appendix A). The Dalitz

7
The flavor tagging power "tag at LHCb strongly depends on the decay channel and the actual value for

the B0 ! D⇡+⇡�
decay may differ from the adopted in this work value 0.08.
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Table 2. Estimates of the signal yields for the B0 ! D0{h0, ⇡+⇡�}, D0 ! {fCP , K0
S⇡

+⇡�} (and
C-conjugated) decays at the Belle, Belle II and LHCb experiments.

Mode Belle Belle II
LHCb

Run I Run II Upgr.

B0 ! DCP⇡+⇡�
1.0 · 103 50 · 103 2.0 · 103 8 · 103 140 · 103

B0 ! [K0
S⇡

+⇡�
]D⇡+⇡�

1.3 · 103 65 · 103 1.2 · 103 5 · 103 84 · 103

B0 ! DCPh0 0.8 · 103 40 · 103 — — —
B0 ! [K0

S⇡
+⇡�

]Dh0 1.0 · 103 50 · 103 — — —

(a) (b) (c)

Figure 2. Dalitz plot distribution of the B0 ! D0⇡+⇡� decay (a), m
�
D0⇡+

�
distribution be-

low 3 GeV/c2 for m (⇡+⇡�
) > 1.6 GeV/c2 (b), and m (⇡+⇡�

) distribution below 1.6 GeV/c2 for
m

�
D0⇡+

�
> 3 GeV/c2 (c). The distributions are obtained with the B0 ! D0⇡+⇡� decay am-

plitude model described in Appendix A. The dashed and dot-dashed regions on the Dalitz plot
correspond to the distributions on the subplots (b) and (c), respectively.

distribution and distributions of the D0⇡+ and ⇡+⇡� invariant masses obtained with this
model are shown in Figure 2.

The equal-phase binning of the B0 ! D0⇡+⇡� decay Dalitz plot into 16 bins is per-
formed using this model. The bin regions obtained and corresponding values of the param-
eters kj , cj and sj are shown in Figure 3.

4.2 Numerical experiments

Three approaches to measure the angle � are considered. Each approach implies the joint
analysis of �t distributions for the B0 ! D⇡+⇡� with D meson decays into CP-specific
and K0

S⇡
+⇡� final states. These approaches are:

1. The fit based on Eqs. (3.6) and (3.7) with 17 free parameters: eight (cj , sj) pairs and
the angle �.

2. The fit using symmetrized B0 ! D⇡+⇡� decay Dalitz plot binning with nine free
parameters: eight dilution factors dj , defined in Eq. (3.13), and the angle �.

3. Model-independent measurement of the angle � in the B0 ! Dh0 decays as a refer-
ence. The angle � is the only free parameter in this case.
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Table 1. Experimental conditions adopted in numerical experiments.
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is employed for the LHCb taking into account the recent progress in the flavour-tagging
algorithms at hadronic machines [37].7 The values of PDF parameters for the Belle (II) and
LHCb are chosen based on results from Refs. [15, 23, 38] and are shown in Table 1.
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ments. The estimates for Belle are obtained using the results from Refs. [15, 23, 39]. The
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corresponding to the data collected by LHCb in 2010 – 2012 are based on the results from
Refs. [38, 40, 41]. This period of data taking is referred to as Run I. The estimates for the
LHCb signal yields corresponding to the end of current data taking period (Run II) and to
the period of data taking after the planned upgrade (Upgr.) [42] are roughly estimated to
be, respectively, 4 and 70 times larger than the Run I values, assuming the corresponding
luminosity integrals equal 8 fb

�1 and 50 fb
�1.

The signal yields for B0 ! D⇡+⇡� with flavour-specific D meson decays are relatively
large for both Belle and LHCb. Thus, the uncertainties related to the parameters kj are
neglected.

4.1 Parameters of the B0 ! D0⇡+⇡� decay binned Dalitz plot

Two models of the B0 ! D0⇡+⇡� decay amplitude are available in Refs. [38, 39]. A simpli-
fied version of the model from Ref. [39] is used in this study (see Appendix A). The Dalitz

7
The flavor tagging power "tag at LHCb strongly depends on the decay channel and the actual value for

the B0 ! D⇡+⇡�
decay may differ from the adopted in this work value 0.08.

– 8 –

Table 2. Estimates of the signal yields for the B0 ! D0{h0, ⇡+⇡�}, D0 ! {fCP , K0
S⇡

+⇡�} (and
C-conjugated) decays at the Belle, Belle II and LHCb experiments.

Mode Belle Belle II
LHCb

Run I Run II Upgr.

B0 ! DCP⇡+⇡�
1.0 · 103 50 · 103 2.0 · 103 8 · 103 140 · 103

B0 ! [K0
S⇡

+⇡�
]D⇡+⇡�

1.3 · 103 65 · 103 1.2 · 103 5 · 103 84 · 103

B0 ! DCPh0 0.8 · 103 40 · 103 — — —
B0 ! [K0

S⇡
+⇡�

]Dh0 1.0 · 103 50 · 103 — — —

(a) (b) (c)

Figure 2. Dalitz plot distribution of the B0 ! D0⇡+⇡� decay (a), m
�
D0⇡+

�
distribution be-

low 3 GeV/c2 for m (⇡+⇡�
) > 1.6 GeV/c2 (b), and m (⇡+⇡�

) distribution below 1.6 GeV/c2 for
m

�
D0⇡+

�
> 3 GeV/c2 (c). The distributions are obtained with the B0 ! D0⇡+⇡� decay am-

plitude model described in Appendix A. The dashed and dot-dashed regions on the Dalitz plot
correspond to the distributions on the subplots (b) and (c), respectively.

distribution and distributions of the D0⇡+ and ⇡+⇡� invariant masses obtained with this
model are shown in Figure 2.

The equal-phase binning of the B0 ! D0⇡+⇡� decay Dalitz plot into 16 bins is per-
formed using this model. The bin regions obtained and corresponding values of the param-
eters kj , cj and sj are shown in Figure 3.

4.2 Numerical experiments

Three approaches to measure the angle � are considered. Each approach implies the joint
analysis of �t distributions for the B0 ! D⇡+⇡� with D meson decays into CP-specific
and K0

S⇡
+⇡� final states. These approaches are:

1. The fit based on Eqs. (3.6) and (3.7) with 17 free parameters: eight (cj , sj) pairs and
the angle �.

2. The fit using symmetrized B0 ! D⇡+⇡� decay Dalitz plot binning with nine free
parameters: eight dilution factors dj , defined in Eq. (3.13), and the angle �.

3. Model-independent measurement of the angle � in the B0 ! Dh0 decays as a refer-
ence. The angle � is the only free parameter in this case.

– 9 –

(a) (b) (c)

Figure 3. Equal-phase Dalitz plot binning (a), values of the parameters kj for j > 0 (blue circles)
and j < 0 (red pentagons) (b), and values of the parameters cj and sj (blue circles) (c) obtained
with the B0 ! D0⇡+⇡� decay amplitude model described in Appendix A.

Table 3. Estimates of the angle � measurement statistical precision for the three schemes with the
input value � = 22

�.

Measuring scheme Belle Belle II
LHCb

Run I Run II Upgr.

B0 ! D⇡+⇡� ⇡ 10
�

1.5� ⇡ 15
�

6
�

1.5�

Only D ! K0
S⇡

+⇡� ⇡ 15
�

2
� ⇡ 20

�
7
�

2
�

B0 ! D⇡+⇡� (symm) ⇡ 15
�

2
� ⇡ 20

�
10

�
2
�

Only D ! K0
S⇡

+⇡� ⇡ 20
�

2.5� ⇡ 25
�

13
�

3
�

B0 ! D(⇤)h0 5
�

0.7� — — —
Only D ! K0

S⇡
+⇡�

7
�

1.1� — — —
Only D ! fCP 6

�
0.8� — — —

The statistical precision of the angle � measurement for the initial value � = 22
�, ob-

tained with each of the three approaches, is shown in Table 3. The analysis of B0 ! D⇡+⇡�

decays provides precision about 1.5 times worse than the analysis of B0 ! Dh0 decays. The
prospects for the analysis of B0 ! Dh0 decays at LHCb are not clear since there are neutral
particles in the final state. The Belle II and upgraded LHCb have comparable potential to
measure the angle � in B0 ! D⇡+⇡� decays. A combination of the results from B0 ! Dh0

and B0 ! D⇡+⇡� analyses would yield the � precision in b ! cud transitions below one
degree.8

Figure 4 illustrates prospects for the Belle II experiment: a fit result for the dilution
factors dj (Figure 4a) and for the parameters cj and sj (Figure 4b) obtained with MC
simulation for the input value � = 22

�.
The results presented are obtained with a simple method of the Dalitz plot binning

8
At the moment, the uncertainty related to the Ci and Si parameters measurement is about 1.1�, as it is

stated in Ref. [23]. The precision level below one degree can be achieved only if a more precise measurement

of the parameters Ci and Si appears. Such a measurement can be provided by the BESIII collaboration

and by a future Super c-⌧ factory experiment.
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0.02 on
sin(�d)
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• Much less progress on this topic 
• Can use                         decays in a similar way to the                       case 
• Signal yields are much lower (factor ~10 from BF and ~4 from Bs production) 

• First observation came last year 
• Around 500 signal events in Run 1 

• Looking forwards 
• Expect ~2500 in Run 1+2 
• Upgrade should see ~20000 decays in the  

mode and ~2000 for   
• Adding flavour tagging, possible but will not be precise! 

�s
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Figure 4: Fit to the mD0K+K� invariant-mass distribution with the associated pull plot.

thus observed with an overwhelming statistical significance. The �2/ndf for each fit
is very good. The data distributions and fit results are shown in Figs. 3 and 4, and
Fig. 5 shows the same plots with logarithmic scale in order to visualise the shape and
the magnitude of each of the various background components. The pull distributions,
defined as (nfit

i � ni)/�fit
i are also shown in Figs. 3 and 4, where the bin number i of the

histogram of the mD0h+h� invariant mass contains ni candidates and the fit function
yields nfit

i decays, with a statistical uncertainty �fit
i . The pull distributions show that the

fits are unbiased.
For the B0

(s) ! D0K+K� channels, the fitted contributions for the B0
s ! D0K�⇡�

and B0 ! D0K+⇡+ decays are compatible with zero. These components are removed
one-by-one in the default fit. The results of these tests are compatible with the output of
the default fit. Therefore, no systematic uncertainty is applied.

Pseudoexperiments are generated using the default fit parameters with their uncer-
tainties (see Table 3), to build 500 (1000) samples of B0 ! D0⇡+⇡� (B0

(s) ! D0K+K�)
candidates according to the yields determined in data. The fit is then repeated on these
samples to compute the three most important observables NB0!D0⇡+⇡� , NB0!D0K+K� ,
and rB0

s/B
0 . No bias is seen in the three considered quantities. A coverage test is performed
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D̄0 ! K+⇡�
<latexit sha1_base64="Dl8TZpUInp6pPTMNyJQwaX5dzpI=">AAAB/nicbVBNS8NAEJ3Ur1q/ooIXL4tFEMSSiKDeinoQvFQwttCkZbPdtEs3H+xuhBJ78K948aDi1d/hzX/jts1BWx8MPN6bYWaen3AmlWV9G4W5+YXFpeJyaWV1bX3D3Ny6l3EqCHVIzGPR8LGknEXUUUxx2kgExaHPad3vX478+gMVksXRnRok1AtxN2IBI1hpqW3uuD4W2dWwZSFXxeimdegmrHXUNstWxRoDzRI7J2XIUWubX24nJmlII0U4lrJpW4nyMiwUI5wOS24qaYJJH3dpU9MIh1R62fj+IdrXSgcFsdAVKTRWf09kOJRyEPq6M8SqJ6e9kfif10xVcOZlLEpSRSMyWRSkHOlPR2GgDhOUKD7QBBPB9K2I9LDAROnISjoEe/rlWeIcV84r9u1JuXqRp1GEXdiDA7DhFKpwDTVwgMAjPMMrvBlPxovxbnxMWgtGPrMNf2B8/gCtrZTJ</latexit><latexit sha1_base64="Dl8TZpUInp6pPTMNyJQwaX5dzpI=">AAAB/nicbVBNS8NAEJ3Ur1q/ooIXL4tFEMSSiKDeinoQvFQwttCkZbPdtEs3H+xuhBJ78K948aDi1d/hzX/jts1BWx8MPN6bYWaen3AmlWV9G4W5+YXFpeJyaWV1bX3D3Ny6l3EqCHVIzGPR8LGknEXUUUxx2kgExaHPad3vX478+gMVksXRnRok1AtxN2IBI1hpqW3uuD4W2dWwZSFXxeimdegmrHXUNstWxRoDzRI7J2XIUWubX24nJmlII0U4lrJpW4nyMiwUI5wOS24qaYJJH3dpU9MIh1R62fj+IdrXSgcFsdAVKTRWf09kOJRyEPq6M8SqJ6e9kfif10xVcOZlLEpSRSMyWRSkHOlPR2GgDhOUKD7QBBPB9K2I9LDAROnISjoEe/rlWeIcV84r9u1JuXqRp1GEXdiDA7DhFKpwDTVwgMAjPMMrvBlPxovxbnxMWgtGPrMNf2B8/gCtrZTJ</latexit><latexit sha1_base64="Dl8TZpUInp6pPTMNyJQwaX5dzpI=">AAAB/nicbVBNS8NAEJ3Ur1q/ooIXL4tFEMSSiKDeinoQvFQwttCkZbPdtEs3H+xuhBJ78K948aDi1d/hzX/jts1BWx8MPN6bYWaen3AmlWV9G4W5+YXFpeJyaWV1bX3D3Ny6l3EqCHVIzGPR8LGknEXUUUxx2kgExaHPad3vX478+gMVksXRnRok1AtxN2IBI1hpqW3uuD4W2dWwZSFXxeimdegmrHXUNstWxRoDzRI7J2XIUWubX24nJmlII0U4lrJpW4nyMiwUI5wOS24qaYJJH3dpU9MIh1R62fj+IdrXSgcFsdAVKTRWf09kOJRyEPq6M8SqJ6e9kfif10xVcOZlLEpSRSMyWRSkHOlPR2GgDhOUKD7QBBPB9K2I9LDAROnISjoEe/rlWeIcV84r9u1JuXqRp1GEXdiDA7DhFKpwDTVwgMAjPMMrvBlPxovxbnxMWgtGPrMNf2B8/gCtrZTJ</latexit><latexit sha1_base64="Dl8TZpUInp6pPTMNyJQwaX5dzpI=">AAAB/nicbVBNS8NAEJ3Ur1q/ooIXL4tFEMSSiKDeinoQvFQwttCkZbPdtEs3H+xuhBJ78K948aDi1d/hzX/jts1BWx8MPN6bYWaen3AmlWV9G4W5+YXFpeJyaWV1bX3D3Ny6l3EqCHVIzGPR8LGknEXUUUxx2kgExaHPad3vX478+gMVksXRnRok1AtxN2IBI1hpqW3uuD4W2dWwZSFXxeimdegmrHXUNstWxRoDzRI7J2XIUWubX24nJmlII0U4lrJpW4nyMiwUI5wOS24qaYJJH3dpU9MIh1R62fj+IdrXSgcFsdAVKTRWf09kOJRyEPq6M8SqJ6e9kfif10xVcOZlLEpSRSMyWRSkHOlPR2GgDhOUKD7QBBPB9K2I9LDAROnISjoEe/rlWeIcV84r9u1JuXqRp1GEXdiDA7DhFKpwDTVwgMAjPMMrvBlPxovxbnxMWgtGPrMNf2B8/gCtrZTJ</latexit>

D ! K+K�, ⇡+⇡�
<latexit sha1_base64="HQOHeMYKJPsOHz71M14l0BEH/20=">AAACAnicbVDNS8MwHE39nPOr6k0vwSEI+6AVQb0N9SDsMsG6wdqNNMu2sDQtSSqMMvDiv+LFg4pX/wpv/jemWw+6+SDh8d7vR/KeHzEqlWV9GwuLS8srq7m1/PrG5ta2ubN7L8NYYOLgkIWi6SNJGOXEUVQx0owEQYHPSMMfXqV+44EISUN+p0YR8QLU57RHMVJa6pj719BVIay1i7V2ueSWoBvRdjG9yh2zYFWsCeA8sTNSABnqHfPL7YY4DghXmCEpW7YVKS9BQlHMyDjvxpJECA9Rn7Q05Sgg0ksmGcbwSCtd2AuFPlzBifp7I0GBlKPA15MBUgM566Xif14rVr1zL6E8ihXhePpQL2ZQp04LgV0qCFZspAnCguq/QjxAAmGla8vrEuzZyPPEOalcVOzb00L1MmsjBw7AITgGNjgDVXAD6sABGDyCZ/AK3own48V4Nz6mowtGtrMH/sD4/AHItJVC</latexit><latexit sha1_base64="HQOHeMYKJPsOHz71M14l0BEH/20=">AAACAnicbVDNS8MwHE39nPOr6k0vwSEI+6AVQb0N9SDsMsG6wdqNNMu2sDQtSSqMMvDiv+LFg4pX/wpv/jemWw+6+SDh8d7vR/KeHzEqlWV9GwuLS8srq7m1/PrG5ta2ubN7L8NYYOLgkIWi6SNJGOXEUVQx0owEQYHPSMMfXqV+44EISUN+p0YR8QLU57RHMVJa6pj719BVIay1i7V2ueSWoBvRdjG9yh2zYFWsCeA8sTNSABnqHfPL7YY4DghXmCEpW7YVKS9BQlHMyDjvxpJECA9Rn7Q05Sgg0ksmGcbwSCtd2AuFPlzBifp7I0GBlKPA15MBUgM566Xif14rVr1zL6E8ihXhePpQL2ZQp04LgV0qCFZspAnCguq/QjxAAmGla8vrEuzZyPPEOalcVOzb00L1MmsjBw7AITgGNjgDVXAD6sABGDyCZ/AK3own48V4Nz6mowtGtrMH/sD4/AHItJVC</latexit><latexit sha1_base64="HQOHeMYKJPsOHz71M14l0BEH/20=">AAACAnicbVDNS8MwHE39nPOr6k0vwSEI+6AVQb0N9SDsMsG6wdqNNMu2sDQtSSqMMvDiv+LFg4pX/wpv/jemWw+6+SDh8d7vR/KeHzEqlWV9GwuLS8srq7m1/PrG5ta2ubN7L8NYYOLgkIWi6SNJGOXEUVQx0owEQYHPSMMfXqV+44EISUN+p0YR8QLU57RHMVJa6pj719BVIay1i7V2ueSWoBvRdjG9yh2zYFWsCeA8sTNSABnqHfPL7YY4DghXmCEpW7YVKS9BQlHMyDjvxpJECA9Rn7Q05Sgg0ksmGcbwSCtd2AuFPlzBifp7I0GBlKPA15MBUgM566Xif14rVr1zL6E8ihXhePpQL2ZQp04LgV0qCFZspAnCguq/QjxAAmGla8vrEuzZyPPEOalcVOzb00L1MmsjBw7AITgGNjgDVXAD6sABGDyCZ/AK3own48V4Nz6mowtGtrMH/sD4/AHItJVC</latexit><latexit sha1_base64="HQOHeMYKJPsOHz71M14l0BEH/20=">AAACAnicbVDNS8MwHE39nPOr6k0vwSEI+6AVQb0N9SDsMsG6wdqNNMu2sDQtSSqMMvDiv+LFg4pX/wpv/jemWw+6+SDh8d7vR/KeHzEqlWV9GwuLS8srq7m1/PrG5ta2ubN7L8NYYOLgkIWi6SNJGOXEUVQx0owEQYHPSMMfXqV+44EISUN+p0YR8QLU57RHMVJa6pj719BVIay1i7V2ueSWoBvRdjG9yh2zYFWsCeA8sTNSABnqHfPL7YY4DghXmCEpW7YVKS9BQlHMyDjvxpJECA9Rn7Q05Sgg0ksmGcbwSCtd2AuFPlzBifp7I0GBlKPA15MBUgM566Xif14rVr1zL6E8ihXhePpQL2ZQp04LgV0qCFZspAnCguq/QjxAAmGla8vrEuzZyPPEOalcVOzb00L1MmsjBw7AITgGNjgDVXAD6sABGDyCZ/AK3own48V4Nz6mowtGtrMH/sD4/AHItJVC</latexit>
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• We also have some nice    modes 
• Analyses of decays like                    measure     
• Currently measuring     using the known value of  
• Can swap this when    is known more precisely 

• How precisely can we measure this  
 channel and the input for    ? 
• Will only reach current golden mode  

precision after Run 5!

�s
<latexit sha1_base64="rWOLb8qESsK78OtqOmVTfA2OYDU=">AAACC3icdVBNS8MwGE79nPNr6tFLcAgepLQymL0NvXicYN2gKyPN0i0sTUuSCqP0B3jxr3jxoOLVP+DNf2PaVVHRBxKePO/zJm+eIGFUKst6NxYWl5ZXVmtr9fWNza3txs7utYxTgYmLYxaLfoAkYZQTV1HFSD8RBEUBI71gel7UezdESBrzKzVLiB+hMachxUhpadhoZoPyEk+MAz+zTMc5/tryQTKhQ5lrV3EsAOek3aqIY0PbtEo0QYXusPE2GMU4jQhXmCEpPdtKlJ8hoShmJK8PUkkShKdoTDxNOYqI9LNyjhweamUEw1joxRUs1e8dGYqknEWBdkZITeTvWiH+VfNSFZ76GeVJqgjH84fClEEVwyIZOKKCYMVmmiAsqJ4V4gkSCCudX12H8PlT+D9xT0zHtC9bzc5ZlUYN7IMDcARs0AYdcAG6wAUY3IJ78AiejDvjwXg2XubWBaPq2QM/YLx+ACb5mgU=</latexit><latexit sha1_base64="rWOLb8qESsK78OtqOmVTfA2OYDU=">AAACC3icdVBNS8MwGE79nPNr6tFLcAgepLQymL0NvXicYN2gKyPN0i0sTUuSCqP0B3jxr3jxoOLVP+DNf2PaVVHRBxKePO/zJm+eIGFUKst6NxYWl5ZXVmtr9fWNza3txs7utYxTgYmLYxaLfoAkYZQTV1HFSD8RBEUBI71gel7UezdESBrzKzVLiB+hMachxUhpadhoZoPyEk+MAz+zTMc5/tryQTKhQ5lrV3EsAOek3aqIY0PbtEo0QYXusPE2GMU4jQhXmCEpPdtKlJ8hoShmJK8PUkkShKdoTDxNOYqI9LNyjhweamUEw1joxRUs1e8dGYqknEWBdkZITeTvWiH+VfNSFZ76GeVJqgjH84fClEEVwyIZOKKCYMVmmiAsqJ4V4gkSCCudX12H8PlT+D9xT0zHtC9bzc5ZlUYN7IMDcARs0AYdcAG6wAUY3IJ78AiejDvjwXg2XubWBaPq2QM/YLx+ACb5mgU=</latexit><latexit sha1_base64="rWOLb8qESsK78OtqOmVTfA2OYDU=">AAACC3icdVBNS8MwGE79nPNr6tFLcAgepLQymL0NvXicYN2gKyPN0i0sTUuSCqP0B3jxr3jxoOLVP+DNf2PaVVHRBxKePO/zJm+eIGFUKst6NxYWl5ZXVmtr9fWNza3txs7utYxTgYmLYxaLfoAkYZQTV1HFSD8RBEUBI71gel7UezdESBrzKzVLiB+hMachxUhpadhoZoPyEk+MAz+zTMc5/tryQTKhQ5lrV3EsAOek3aqIY0PbtEo0QYXusPE2GMU4jQhXmCEpPdtKlJ8hoShmJK8PUkkShKdoTDxNOYqI9LNyjhweamUEw1joxRUs1e8dGYqknEWBdkZITeTvWiH+VfNSFZ76GeVJqgjH84fClEEVwyIZOKKCYMVmmiAsqJ4V4gkSCCudX12H8PlT+D9xT0zHtC9bzc5ZlUYN7IMDcARs0AYdcAG6wAUY3IJ78AiejDvjwXg2XubWBaPq2QM/YLx+ACb5mgU=</latexit><latexit sha1_base64="rWOLb8qESsK78OtqOmVTfA2OYDU=">AAACC3icdVBNS8MwGE79nPNr6tFLcAgepLQymL0NvXicYN2gKyPN0i0sTUuSCqP0B3jxr3jxoOLVP+DNf2PaVVHRBxKePO/zJm+eIGFUKst6NxYWl5ZXVmtr9fWNza3txs7utYxTgYmLYxaLfoAkYZQTV1HFSD8RBEUBI71gel7UezdESBrzKzVLiB+hMachxUhpadhoZoPyEk+MAz+zTMc5/tryQTKhQ5lrV3EsAOek3aqIY0PbtEo0QYXusPE2GMU4jQhXmCEpPdtKlJ8hoShmJK8PUkkShKdoTDxNOYqI9LNyjhweamUEw1joxRUs1e8dGYqknEWBdkZITeTvWiH+VfNSFZ76GeVJqgjH84fClEEVwyIZOKKCYMVmmiAsqJ4V4gkSCCudX12H8PlT+D9xT0zHtC9bzc5ZlUYN7IMDcARs0AYdcAG6wAUY3IJ78AiejDvjwXg2XubWBaPq2QM/YLx+ACb5mgU=</latexit>

Bs ! DsK
<latexit sha1_base64="bedCPPTj9hwmDsn1pqsmRsCgWdo=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb2V6kHwUsG1hXYp2TTbhmaTNckWytLf4cWDilf/jDf/jWm7B219EPJ4b4aZeWHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+waOWqSLUJ5JL1QqxppwJ6htmOG0liuI45LQZDq+nfnNElWZSPJhxQoMY9wWLGMHGSkG9q1HHSHRj/7tuueJW3RnQMvFyUoEcjW75q9OTJI2pMIRjrduem5ggw8owwumk1Ek1TTAZ4j5tWypwTHWQzZaeoBOr9FAklX3CoJn6uyPDsdbjOLSVMTYDvehNxf+8dmqiyyBjIkkNFWQ+KEo5smdOE0A9pigxfGwJJorZXREZYIWJsTmVbAje4snLxD+rXlW9+/NKrZ6nUYQjOIZT8OACanALDfCBwBM8wyu8OSPnxXl3PualBSfvOYQ/cD5/AJ5IkOQ=</latexit><latexit sha1_base64="bedCPPTj9hwmDsn1pqsmRsCgWdo=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb2V6kHwUsG1hXYp2TTbhmaTNckWytLf4cWDilf/jDf/jWm7B219EPJ4b4aZeWHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+waOWqSLUJ5JL1QqxppwJ6htmOG0liuI45LQZDq+nfnNElWZSPJhxQoMY9wWLGMHGSkG9q1HHSHRj/7tuueJW3RnQMvFyUoEcjW75q9OTJI2pMIRjrduem5ggw8owwumk1Ek1TTAZ4j5tWypwTHWQzZaeoBOr9FAklX3CoJn6uyPDsdbjOLSVMTYDvehNxf+8dmqiyyBjIkkNFWQ+KEo5smdOE0A9pigxfGwJJorZXREZYIWJsTmVbAje4snLxD+rXlW9+/NKrZ6nUYQjOIZT8OACanALDfCBwBM8wyu8OSPnxXl3PualBSfvOYQ/cD5/AJ5IkOQ=</latexit><latexit sha1_base64="bedCPPTj9hwmDsn1pqsmRsCgWdo=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb2V6kHwUsG1hXYp2TTbhmaTNckWytLf4cWDilf/jDf/jWm7B219EPJ4b4aZeWHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+waOWqSLUJ5JL1QqxppwJ6htmOG0liuI45LQZDq+nfnNElWZSPJhxQoMY9wWLGMHGSkG9q1HHSHRj/7tuueJW3RnQMvFyUoEcjW75q9OTJI2pMIRjrduem5ggw8owwumk1Ek1TTAZ4j5tWypwTHWQzZaeoBOr9FAklX3CoJn6uyPDsdbjOLSVMTYDvehNxf+8dmqiyyBjIkkNFWQ+KEo5smdOE0A9pigxfGwJJorZXREZYIWJsTmVbAje4snLxD+rXlW9+/NKrZ6nUYQjOIZT8OACanALDfCBwBM8wyu8OSPnxXl3PualBSfvOYQ/cD5/AJ5IkOQ=</latexit><latexit sha1_base64="bedCPPTj9hwmDsn1pqsmRsCgWdo=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb2V6kHwUsG1hXYp2TTbhmaTNckWytLf4cWDilf/jDf/jWm7B219EPJ4b4aZeWHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+waOWqSLUJ5JL1QqxppwJ6htmOG0liuI45LQZDq+nfnNElWZSPJhxQoMY9wWLGMHGSkG9q1HHSHRj/7tuueJW3RnQMvFyUoEcjW75q9OTJI2pMIRjrduem5ggw8owwumk1Ek1TTAZ4j5tWypwTHWQzZaeoBOr9FAklX3CoJn6uyPDsdbjOLSVMTYDvehNxf+8dmqiyyBjIkkNFWQ+KEo5smdOE0A9pigxfGwJJorZXREZYIWJsTmVbAje4snLxD+rXlW9+/NKrZ6nUYQjOIZT8OACanALDfCBwBM8wyu8OSPnxXl3PualBSfvOYQ/cD5/AJ5IkOQ=</latexit>

� � �s
<latexit sha1_base64="mYKV+GXZZg3tbTx3RXiINdHeVZM=">AAAB93icbVBNS8NAEN3Ur1o/GvXoZbEIXiyJCOqt6MVjBWMLTQiT7aZdupuE3Y1QQ3+JFw8qXv0r3vw3btsctPXBwOO9GWbmRRlnSjvOt1VZWV1b36hu1ra2d3br9t7+g0pzSahHUp7KbgSKcpZQTzPNaTeTFETEaSca3Uz9ziOViqXJvR5nNBAwSFjMCGgjhXbdH4AQgE+xnw1ZqEK74TSdGfAycUvSQCXaof3l91OSC5powkGpnutkOihAakY4ndT8XNEMyAgGtGdoAoKqoJgdPsHHRunjOJWmEo1n6u+JAoRSYxGZTgF6qBa9qfif18t1fBkULMlyTRMyXxTnHOsUT1PAfSYp0XxsCBDJzK2YDEEC0SarmgnBXXx5mXhnzaume3feaF2XaVTRITpCJ8hFF6iFblEbeYigHD2jV/RmPVkv1rv1MW+tWOXMAfoD6/MHKM2SUA==</latexit><latexit sha1_base64="mYKV+GXZZg3tbTx3RXiINdHeVZM=">AAAB93icbVBNS8NAEN3Ur1o/GvXoZbEIXiyJCOqt6MVjBWMLTQiT7aZdupuE3Y1QQ3+JFw8qXv0r3vw3btsctPXBwOO9GWbmRRlnSjvOt1VZWV1b36hu1ra2d3br9t7+g0pzSahHUp7KbgSKcpZQTzPNaTeTFETEaSca3Uz9ziOViqXJvR5nNBAwSFjMCGgjhXbdH4AQgE+xnw1ZqEK74TSdGfAycUvSQCXaof3l91OSC5powkGpnutkOihAakY4ndT8XNEMyAgGtGdoAoKqoJgdPsHHRunjOJWmEo1n6u+JAoRSYxGZTgF6qBa9qfif18t1fBkULMlyTRMyXxTnHOsUT1PAfSYp0XxsCBDJzK2YDEEC0SarmgnBXXx5mXhnzaume3feaF2XaVTRITpCJ8hFF6iFblEbeYigHD2jV/RmPVkv1rv1MW+tWOXMAfoD6/MHKM2SUA==</latexit><latexit sha1_base64="mYKV+GXZZg3tbTx3RXiINdHeVZM=">AAAB93icbVBNS8NAEN3Ur1o/GvXoZbEIXiyJCOqt6MVjBWMLTQiT7aZdupuE3Y1QQ3+JFw8qXv0r3vw3btsctPXBwOO9GWbmRRlnSjvOt1VZWV1b36hu1ra2d3br9t7+g0pzSahHUp7KbgSKcpZQTzPNaTeTFETEaSca3Uz9ziOViqXJvR5nNBAwSFjMCGgjhXbdH4AQgE+xnw1ZqEK74TSdGfAycUvSQCXaof3l91OSC5powkGpnutkOihAakY4ndT8XNEMyAgGtGdoAoKqoJgdPsHHRunjOJWmEo1n6u+JAoRSYxGZTgF6qBa9qfif18t1fBkULMlyTRMyXxTnHOsUT1PAfSYp0XxsCBDJzK2YDEEC0SarmgnBXXx5mXhnzaume3feaF2XaVTRITpCJ8hFF6iFblEbeYigHD2jV/RmPVkv1rv1MW+tWOXMAfoD6/MHKM2SUA==</latexit><latexit sha1_base64="mYKV+GXZZg3tbTx3RXiINdHeVZM=">AAAB93icbVBNS8NAEN3Ur1o/GvXoZbEIXiyJCOqt6MVjBWMLTQiT7aZdupuE3Y1QQ3+JFw8qXv0r3vw3btsctPXBwOO9GWbmRRlnSjvOt1VZWV1b36hu1ra2d3br9t7+g0pzSahHUp7KbgSKcpZQTzPNaTeTFETEaSca3Uz9ziOViqXJvR5nNBAwSFjMCGgjhXbdH4AQgE+xnw1ZqEK74TSdGfAycUvSQCXaof3l91OSC5powkGpnutkOihAakY4ndT8XNEMyAgGtGdoAoKqoJgdPsHHRunjOJWmEo1n6u+JAoRSYxGZTgF6qBa9qfif18t1fBkULMlyTRMyXxTnHOsUT1PAfSYp0XxsCBDJzK2YDEEC0SarmgnBXXx5mXhnzaume3feaF2XaVTRITpCJ8hFF6iFblEbeYigHD2jV/RmPVkv1rv1MW+tWOXMAfoD6/MHKM2SUA==</latexit>

�s
<latexit sha1_base64="u0NXP2/fxM1DsIB85LjkRjLzdxU=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIljA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1knNbjpkPdOrVP2aPwNaJkFBqlCg0at8dfuKZIJKSzg2phP4qY1yrC0jnE7K3czQFJMRHtCOoxILaqJ8du0EnTqljxKlXUmLZurviRwLY8Yidp0C26FZ9Kbif14ns8lVlDOZZpZKMl+UZBxZhaavoz7TlFg+dgQTzdytiAyxxsS6gMouhGDx5WUSnteua8H9RbV+U6RRgmM4gTMI4BLqcAcNCIHAIzzDK7x5ynvx3r2PeeuKV8wcwR94nz8LuI75</latexit><latexit sha1_base64="u0NXP2/fxM1DsIB85LjkRjLzdxU=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIljA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1knNbjpkPdOrVP2aPwNaJkFBqlCg0at8dfuKZIJKSzg2phP4qY1yrC0jnE7K3czQFJMRHtCOoxILaqJ8du0EnTqljxKlXUmLZurviRwLY8Yidp0C26FZ9Kbif14ns8lVlDOZZpZKMl+UZBxZhaavoz7TlFg+dgQTzdytiAyxxsS6gMouhGDx5WUSnteua8H9RbV+U6RRgmM4gTMI4BLqcAcNCIHAIzzDK7x5ynvx3r2PeeuKV8wcwR94nz8LuI75</latexit><latexit sha1_base64="u0NXP2/fxM1DsIB85LjkRjLzdxU=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIljA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1knNbjpkPdOrVP2aPwNaJkFBqlCg0at8dfuKZIJKSzg2phP4qY1yrC0jnE7K3czQFJMRHtCOoxILaqJ8du0EnTqljxKlXUmLZurviRwLY8Yidp0C26FZ9Kbif14ns8lVlDOZZpZKMl+UZBxZhaavoz7TlFg+dgQTzdytiAyxxsS6gMouhGDx5WUSnteua8H9RbV+U6RRgmM4gTMI4BLqcAcNCIHAIzzDK7x5ynvx3r2PeeuKV8wcwR94nz8LuI75</latexit><latexit sha1_base64="u0NXP2/fxM1DsIB85LjkRjLzdxU=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIljA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1knNbjpkPdOrVP2aPwNaJkFBqlCg0at8dfuKZIJKSzg2phP4qY1yrC0jnE7K3czQFJMRHtCOoxILaqJ8du0EnTqljxKlXUmLZurviRwLY8Yidp0C26FZ9Kbif14ns8lVlDOZZpZKMl+UZBxZhaavoz7TlFg+dgQTzdytiAyxxsS6gMouhGDx5WUSnteua8H9RbV+U6RRgmM4gTMI4BLqcAcNCIHAIzzDK7x5ynvx3r2PeeuKV8wcwR94nz8LuI75</latexit>

�
<latexit sha1_base64="IXz3BfCmBc/H2nOynYCX23rtjOM=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3S3U3Y3Qgl9Ed48aDi1f/jzX9j0uag1QcDj/dmmJkXJoIb67pfTmVldW19o7pZ29re2d2r7x88mDjVlPk0FrHuhmiY4Ir5llvBuolmKEPBOuHkpvA7j0wbHqt7O01YIHGkeMQp2lzq9EcoJdYG9YbbdOcgf4lXkgaUaA/qn/1hTFPJlKUCjel5bmKDDLXlVLBZrZ8aliCd4Ij1cqpQMhNk83Nn5CRXhiSKdV7Kkrn6cyJDacxUhnmnRDs2y14h/uf1UhtdBhlXSWqZootFUSqIjUnxOxlyzagV05wg1Ty/ldAxaqQ2T6gIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O4jw7b877orXilDOH8AvOxzcpz479</latexit><latexit sha1_base64="IXz3BfCmBc/H2nOynYCX23rtjOM=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3S3U3Y3Qgl9Ed48aDi1f/jzX9j0uag1QcDj/dmmJkXJoIb67pfTmVldW19o7pZ29re2d2r7x88mDjVlPk0FrHuhmiY4Ir5llvBuolmKEPBOuHkpvA7j0wbHqt7O01YIHGkeMQp2lzq9EcoJdYG9YbbdOcgf4lXkgaUaA/qn/1hTFPJlKUCjel5bmKDDLXlVLBZrZ8aliCd4Ij1cqpQMhNk83Nn5CRXhiSKdV7Kkrn6cyJDacxUhnmnRDs2y14h/uf1UhtdBhlXSWqZootFUSqIjUnxOxlyzagV05wg1Ty/ldAxaqQ2T6gIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O4jw7b877orXilDOH8AvOxzcpz479</latexit><latexit sha1_base64="IXz3BfCmBc/H2nOynYCX23rtjOM=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3S3U3Y3Qgl9Ed48aDi1f/jzX9j0uag1QcDj/dmmJkXJoIb67pfTmVldW19o7pZ29re2d2r7x88mDjVlPk0FrHuhmiY4Ir5llvBuolmKEPBOuHkpvA7j0wbHqt7O01YIHGkeMQp2lzq9EcoJdYG9YbbdOcgf4lXkgaUaA/qn/1hTFPJlKUCjel5bmKDDLXlVLBZrZ8aliCd4Ij1cqpQMhNk83Nn5CRXhiSKdV7Kkrn6cyJDacxUhnmnRDs2y14h/uf1UhtdBhlXSWqZootFUSqIjUnxOxlyzagV05wg1Ty/ldAxaqQ2T6gIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O4jw7b877orXilDOH8AvOxzcpz479</latexit><latexit sha1_base64="IXz3BfCmBc/H2nOynYCX23rtjOM=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3S3U3Y3Qgl9Ed48aDi1f/jzX9j0uag1QcDj/dmmJkXJoIb67pfTmVldW19o7pZ29re2d2r7x88mDjVlPk0FrHuhmiY4Ir5llvBuolmKEPBOuHkpvA7j0wbHqt7O01YIHGkeMQp2lzq9EcoJdYG9YbbdOcgf4lXkgaUaA/qn/1hTFPJlKUCjel5bmKDDLXlVLBZrZ8aliCd4Ij1cqpQMhNk83Nn5CRXhiSKdV7Kkrn6cyJDacxUhnmnRDs2y14h/uf1UhtdBhlXSWqZootFUSqIjUnxOxlyzagV05wg1Ty/ldAxaqQ2T6gIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O4jw7b877orXilDOH8AvOxzcpz479</latexit>

�
<latexit sha1_base64="IXz3BfCmBc/H2nOynYCX23rtjOM=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3S3U3Y3Qgl9Ed48aDi1f/jzX9j0uag1QcDj/dmmJkXJoIb67pfTmVldW19o7pZ29re2d2r7x88mDjVlPk0FrHuhmiY4Ir5llvBuolmKEPBOuHkpvA7j0wbHqt7O01YIHGkeMQp2lzq9EcoJdYG9YbbdOcgf4lXkgaUaA/qn/1hTFPJlKUCjel5bmKDDLXlVLBZrZ8aliCd4Ij1cqpQMhNk83Nn5CRXhiSKdV7Kkrn6cyJDacxUhnmnRDs2y14h/uf1UhtdBhlXSWqZootFUSqIjUnxOxlyzagV05wg1Ty/ldAxaqQ2T6gIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O4jw7b877orXilDOH8AvOxzcpz479</latexit><latexit sha1_base64="IXz3BfCmBc/H2nOynYCX23rtjOM=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3S3U3Y3Qgl9Ed48aDi1f/jzX9j0uag1QcDj/dmmJkXJoIb67pfTmVldW19o7pZ29re2d2r7x88mDjVlPk0FrHuhmiY4Ir5llvBuolmKEPBOuHkpvA7j0wbHqt7O01YIHGkeMQp2lzq9EcoJdYG9YbbdOcgf4lXkgaUaA/qn/1hTFPJlKUCjel5bmKDDLXlVLBZrZ8aliCd4Ij1cqpQMhNk83Nn5CRXhiSKdV7Kkrn6cyJDacxUhnmnRDs2y14h/uf1UhtdBhlXSWqZootFUSqIjUnxOxlyzagV05wg1Ty/ldAxaqQ2T6gIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O4jw7b877orXilDOH8AvOxzcpz479</latexit><latexit sha1_base64="IXz3BfCmBc/H2nOynYCX23rtjOM=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3S3U3Y3Qgl9Ed48aDi1f/jzX9j0uag1QcDj/dmmJkXJoIb67pfTmVldW19o7pZ29re2d2r7x88mDjVlPk0FrHuhmiY4Ir5llvBuolmKEPBOuHkpvA7j0wbHqt7O01YIHGkeMQp2lzq9EcoJdYG9YbbdOcgf4lXkgaUaA/qn/1hTFPJlKUCjel5bmKDDLXlVLBZrZ8aliCd4Ij1cqpQMhNk83Nn5CRXhiSKdV7Kkrn6cyJDacxUhnmnRDs2y14h/uf1UhtdBhlXSWqZootFUSqIjUnxOxlyzagV05wg1Ty/ldAxaqQ2T6gIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O4jw7b877orXilDOH8AvOxzcpz479</latexit><latexit sha1_base64="IXz3BfCmBc/H2nOynYCX23rtjOM=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3S3U3Y3Qgl9Ed48aDi1f/jzX9j0uag1QcDj/dmmJkXJoIb67pfTmVldW19o7pZ29re2d2r7x88mDjVlPk0FrHuhmiY4Ir5llvBuolmKEPBOuHkpvA7j0wbHqt7O01YIHGkeMQp2lzq9EcoJdYG9YbbdOcgf4lXkgaUaA/qn/1hTFPJlKUCjel5bmKDDLXlVLBZrZ8aliCd4Ij1cqpQMhNk83Nn5CRXhiSKdV7Kkrn6cyJDacxUhnmnRDs2y14h/uf1UhtdBhlXSWqZootFUSqIjUnxOxlyzagV05wg1Ty/ldAxaqQ2T6gIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O4jw7b877orXilDOH8AvOxzcpz479</latexit>

�
<latexit sha1_base64="IXz3BfCmBc/H2nOynYCX23rtjOM=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3S3U3Y3Qgl9Ed48aDi1f/jzX9j0uag1QcDj/dmmJkXJoIb67pfTmVldW19o7pZ29re2d2r7x88mDjVlPk0FrHuhmiY4Ir5llvBuolmKEPBOuHkpvA7j0wbHqt7O01YIHGkeMQp2lzq9EcoJdYG9YbbdOcgf4lXkgaUaA/qn/1hTFPJlKUCjel5bmKDDLXlVLBZrZ8aliCd4Ij1cqpQMhNk83Nn5CRXhiSKdV7Kkrn6cyJDacxUhnmnRDs2y14h/uf1UhtdBhlXSWqZootFUSqIjUnxOxlyzagV05wg1Ty/ldAxaqQ2T6gIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O4jw7b877orXilDOH8AvOxzcpz479</latexit><latexit sha1_base64="IXz3BfCmBc/H2nOynYCX23rtjOM=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3S3U3Y3Qgl9Ed48aDi1f/jzX9j0uag1QcDj/dmmJkXJoIb67pfTmVldW19o7pZ29re2d2r7x88mDjVlPk0FrHuhmiY4Ir5llvBuolmKEPBOuHkpvA7j0wbHqt7O01YIHGkeMQp2lzq9EcoJdYG9YbbdOcgf4lXkgaUaA/qn/1hTFPJlKUCjel5bmKDDLXlVLBZrZ8aliCd4Ij1cqpQMhNk83Nn5CRXhiSKdV7Kkrn6cyJDacxUhnmnRDs2y14h/uf1UhtdBhlXSWqZootFUSqIjUnxOxlyzagV05wg1Ty/ldAxaqQ2T6gIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O4jw7b877orXilDOH8AvOxzcpz479</latexit><latexit sha1_base64="IXz3BfCmBc/H2nOynYCX23rtjOM=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3S3U3Y3Qgl9Ed48aDi1f/jzX9j0uag1QcDj/dmmJkXJoIb67pfTmVldW19o7pZ29re2d2r7x88mDjVlPk0FrHuhmiY4Ir5llvBuolmKEPBOuHkpvA7j0wbHqt7O01YIHGkeMQp2lzq9EcoJdYG9YbbdOcgf4lXkgaUaA/qn/1hTFPJlKUCjel5bmKDDLXlVLBZrZ8aliCd4Ij1cqpQMhNk83Nn5CRXhiSKdV7Kkrn6cyJDacxUhnmnRDs2y14h/uf1UhtdBhlXSWqZootFUSqIjUnxOxlyzagV05wg1Ty/ldAxaqQ2T6gIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O4jw7b877orXilDOH8AvOxzcpz479</latexit><latexit sha1_base64="IXz3BfCmBc/H2nOynYCX23rtjOM=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3S3U3Y3Qgl9Ed48aDi1f/jzX9j0uag1QcDj/dmmJkXJoIb67pfTmVldW19o7pZ29re2d2r7x88mDjVlPk0FrHuhmiY4Ir5llvBuolmKEPBOuHkpvA7j0wbHqt7O01YIHGkeMQp2lzq9EcoJdYG9YbbdOcgf4lXkgaUaA/qn/1hTFPJlKUCjel5bmKDDLXlVLBZrZ8aliCd4Ij1cqpQMhNk83Nn5CRXhiSKdV7Kkrn6cyJDacxUhnmnRDs2y14h/uf1UhtdBhlXSWqZootFUSqIjUnxOxlyzagV05wg1Ty/ldAxaqQ2T6gIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O4jw7b877orXilDOH8AvOxzcpz479</latexit>

Parameter Run II Upgrade Upgrade II
� � �s 10� 2.5� 1�

� 4� 1.5� 0.4�
<latexit sha1_base64="nNPQLXfUtbL8QYYW07j1LjkbBt0="></latexit><latexit sha1_base64="nNPQLXfUtbL8QYYW07j1LjkbBt0="></latexit><latexit sha1_base64="nNPQLXfUtbL8QYYW07j1LjkbBt0="></latexit><latexit sha1_base64="nNPQLXfUtbL8QYYW07j1LjkbBt0="></latexit>

�s = �0.021± 0.031 rad
<latexit sha1_base64="fMFd8c39NIt7Jh2LYTkYPi3uKS8=">AAACDHicbZDNSsNAFIUn/tb6F3XpZrAKbixJFdSFUHTjsoKxhSaEyWTSDp1JwsxEKKE+gBtfxY0LFbc+gDvfxkmbhbYeGPg4917u3BOkjEplWd/G3PzC4tJyZaW6ura+sWlubd/JJBOYODhhiegESBJGY+IoqhjppIIgHjDSDgZXRb19T4SkSXyrhinxOOrFNKIYKW355r6b9qkv4QU8glbdatjQTXlBxzZ8cAWHAoVV36xpZyw4C3YJNVCq5ZtfbpjgjJNYYYak7NpWqrwcCUUxI6Oqm0mSIjxAPdLVGCNOpJePrxnBA+2EMEqEfrGCY/f3RI64lEMe6E6OVF9O1wrzv1o3U9GZl9M4zRSJ8WRRlDGoElhEA0MqCFZsqAFhQfVfIe4jgbDSARYh2NMnz4LTqJ/X7ZuTWvOyTKMCdsEeOAQ2OAVNcA1awAEYPIJn8ArejCfjxXg3Piatc0Y5swP+yPj8AarLl7Y=</latexit><latexit sha1_base64="fMFd8c39NIt7Jh2LYTkYPi3uKS8=">AAACDHicbZDNSsNAFIUn/tb6F3XpZrAKbixJFdSFUHTjsoKxhSaEyWTSDp1JwsxEKKE+gBtfxY0LFbc+gDvfxkmbhbYeGPg4917u3BOkjEplWd/G3PzC4tJyZaW6ura+sWlubd/JJBOYODhhiegESBJGY+IoqhjppIIgHjDSDgZXRb19T4SkSXyrhinxOOrFNKIYKW355r6b9qkv4QU8glbdatjQTXlBxzZ8cAWHAoVV36xpZyw4C3YJNVCq5ZtfbpjgjJNYYYak7NpWqrwcCUUxI6Oqm0mSIjxAPdLVGCNOpJePrxnBA+2EMEqEfrGCY/f3RI64lEMe6E6OVF9O1wrzv1o3U9GZl9M4zRSJ8WRRlDGoElhEA0MqCFZsqAFhQfVfIe4jgbDSARYh2NMnz4LTqJ/X7ZuTWvOyTKMCdsEeOAQ2OAVNcA1awAEYPIJn8ArejCfjxXg3Piatc0Y5swP+yPj8AarLl7Y=</latexit><latexit sha1_base64="fMFd8c39NIt7Jh2LYTkYPi3uKS8=">AAACDHicbZDNSsNAFIUn/tb6F3XpZrAKbixJFdSFUHTjsoKxhSaEyWTSDp1JwsxEKKE+gBtfxY0LFbc+gDvfxkmbhbYeGPg4917u3BOkjEplWd/G3PzC4tJyZaW6ura+sWlubd/JJBOYODhhiegESBJGY+IoqhjppIIgHjDSDgZXRb19T4SkSXyrhinxOOrFNKIYKW355r6b9qkv4QU8glbdatjQTXlBxzZ8cAWHAoVV36xpZyw4C3YJNVCq5ZtfbpjgjJNYYYak7NpWqrwcCUUxI6Oqm0mSIjxAPdLVGCNOpJePrxnBA+2EMEqEfrGCY/f3RI64lEMe6E6OVF9O1wrzv1o3U9GZl9M4zRSJ8WRRlDGoElhEA0MqCFZsqAFhQfVfIe4jgbDSARYh2NMnz4LTqJ/X7ZuTWvOyTKMCdsEeOAQ2OAVNcA1awAEYPIJn8ArejCfjxXg3Piatc0Y5swP+yPj8AarLl7Y=</latexit><latexit sha1_base64="fMFd8c39NIt7Jh2LYTkYPi3uKS8=">AAACDHicbZDNSsNAFIUn/tb6F3XpZrAKbixJFdSFUHTjsoKxhSaEyWTSDp1JwsxEKKE+gBtfxY0LFbc+gDvfxkmbhbYeGPg4917u3BOkjEplWd/G3PzC4tJyZaW6ura+sWlubd/JJBOYODhhiegESBJGY+IoqhjppIIgHjDSDgZXRb19T4SkSXyrhinxOOrFNKIYKW355r6b9qkv4QU8glbdatjQTXlBxzZ8cAWHAoVV36xpZyw4C3YJNVCq5ZtfbpjgjJNYYYak7NpWqrwcCUUxI6Oqm0mSIjxAPdLVGCNOpJePrxnBA+2EMEqEfrGCY/f3RI64lEMe6E6OVF9O1wrzv1o3U9GZl9M4zRSJ8WRRlDGoElhEA0MqCFZsqAFhQfVfIe4jgbDSARYh2NMnz4LTqJ/X7ZuTWvOyTKMCdsEeOAQ2OAVNcA1awAEYPIJn8ArejCfjxXg3Piatc0Y5swP+yPj8AarLl7Y=</latexit>

�s = �0.054± 0.021 rad
<latexit sha1_base64="RvDjeeImIdwvtBRDRuNsQuBtctI=">AAACDHicbZDNSsNAFIUn9a/Wv6hLN4NVcGNJSkVdCEU3LisYW2hCmEwm7dCZJMxMhFLqA7jxVdy4UHHrA7jzbZy0WWjrgYGPc+/lzj1ByqhUlvVtlBYWl5ZXyquVtfWNzS1ze+dOJpnAxMEJS0QnQJIwGhNHUcVIJxUE8YCRdjC4yuvteyIkTeJbNUyJx1EvphHFSGnLNw/ctE99CS/gMbRq1kkDuinPqW7DB1dwKFBY8c2qdiaC82AXUAWFWr755YYJzjiJFWZIyq5tpcobIaEoZmRccTNJUoQHqEe6GmPEifRGk2vG8FA7IYwSoV+s4MT9PTFCXMohD3QnR6ovZ2u5+V+tm6nozBvROM0UifF0UZQxqBKYRwNDKghWbKgBYUH1XyHuI4Gw0gHmIdizJ8+DU6+d1+ybRrV5WaRRBntgHxwBG5yCJrgGLeAADB7BM3gFb8aT8WK8Gx/T1pJRzOyCPzI+fwCyype7</latexit><latexit sha1_base64="RvDjeeImIdwvtBRDRuNsQuBtctI=">AAACDHicbZDNSsNAFIUn9a/Wv6hLN4NVcGNJSkVdCEU3LisYW2hCmEwm7dCZJMxMhFLqA7jxVdy4UHHrA7jzbZy0WWjrgYGPc+/lzj1ByqhUlvVtlBYWl5ZXyquVtfWNzS1ze+dOJpnAxMEJS0QnQJIwGhNHUcVIJxUE8YCRdjC4yuvteyIkTeJbNUyJx1EvphHFSGnLNw/ctE99CS/gMbRq1kkDuinPqW7DB1dwKFBY8c2qdiaC82AXUAWFWr755YYJzjiJFWZIyq5tpcobIaEoZmRccTNJUoQHqEe6GmPEifRGk2vG8FA7IYwSoV+s4MT9PTFCXMohD3QnR6ovZ2u5+V+tm6nozBvROM0UifF0UZQxqBKYRwNDKghWbKgBYUH1XyHuI4Gw0gHmIdizJ8+DU6+d1+ybRrV5WaRRBntgHxwBG5yCJrgGLeAADB7BM3gFb8aT8WK8Gx/T1pJRzOyCPzI+fwCyype7</latexit><latexit sha1_base64="RvDjeeImIdwvtBRDRuNsQuBtctI=">AAACDHicbZDNSsNAFIUn9a/Wv6hLN4NVcGNJSkVdCEU3LisYW2hCmEwm7dCZJMxMhFLqA7jxVdy4UHHrA7jzbZy0WWjrgYGPc+/lzj1ByqhUlvVtlBYWl5ZXyquVtfWNzS1ze+dOJpnAxMEJS0QnQJIwGhNHUcVIJxUE8YCRdjC4yuvteyIkTeJbNUyJx1EvphHFSGnLNw/ctE99CS/gMbRq1kkDuinPqW7DB1dwKFBY8c2qdiaC82AXUAWFWr755YYJzjiJFWZIyq5tpcobIaEoZmRccTNJUoQHqEe6GmPEifRGk2vG8FA7IYwSoV+s4MT9PTFCXMohD3QnR6ovZ2u5+V+tm6nozBvROM0UifF0UZQxqBKYRwNDKghWbKgBYUH1XyHuI4Gw0gHmIdizJ8+DU6+d1+ybRrV5WaRRBntgHxwBG5yCJrgGLeAADB7BM3gFb8aT8WK8Gx/T1pJRzOyCPzI+fwCyype7</latexit><latexit sha1_base64="RvDjeeImIdwvtBRDRuNsQuBtctI=">AAACDHicbZDNSsNAFIUn9a/Wv6hLN4NVcGNJSkVdCEU3LisYW2hCmEwm7dCZJMxMhFLqA7jxVdy4UHHrA7jzbZy0WWjrgYGPc+/lzj1ByqhUlvVtlBYWl5ZXyquVtfWNzS1ze+dOJpnAxMEJS0QnQJIwGhNHUcVIJxUE8YCRdjC4yuvteyIkTeJbNUyJx1EvphHFSGnLNw/ctE99CS/gMbRq1kkDuinPqW7DB1dwKFBY8c2qdiaC82AXUAWFWr755YYJzjiJFWZIyq5tpcobIaEoZmRccTNJUoQHqEe6GmPEifRGk2vG8FA7IYwSoV+s4MT9PTFCXMohD3QnR6ovZ2u5+V+tm6nozBvROM0UifF0UZQxqBKYRwNDKghWbKgBYUH1XyHuI4Gw0gHmIdizJ8+DU6+d1+ybRrV5WaRRBntgHxwBG5yCJrgGLeAADB7BM3gFb8aT8WK8Gx/T1pJRzOyCPzI+fwCyype7</latexit>
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�
<latexit sha1_base64="IXz3BfCmBc/H2nOynYCX23rtjOM=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3S3U3Y3Qgl9Ed48aDi1f/jzX9j0uag1QcDj/dmmJkXJoIb67pfTmVldW19o7pZ29re2d2r7x88mDjVlPk0FrHuhmiY4Ir5llvBuolmKEPBOuHkpvA7j0wbHqt7O01YIHGkeMQp2lzq9EcoJdYG9YbbdOcgf4lXkgaUaA/qn/1hTFPJlKUCjel5bmKDDLXlVLBZrZ8aliCd4Ij1cqpQMhNk83Nn5CRXhiSKdV7Kkrn6cyJDacxUhnmnRDs2y14h/uf1UhtdBhlXSWqZootFUSqIjUnxOxlyzagV05wg1Ty/ldAxaqQ2T6gIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O4jw7b877orXilDOH8AvOxzcpz479</latexit><latexit sha1_base64="IXz3BfCmBc/H2nOynYCX23rtjOM=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3S3U3Y3Qgl9Ed48aDi1f/jzX9j0uag1QcDj/dmmJkXJoIb67pfTmVldW19o7pZ29re2d2r7x88mDjVlPk0FrHuhmiY4Ir5llvBuolmKEPBOuHkpvA7j0wbHqt7O01YIHGkeMQp2lzq9EcoJdYG9YbbdOcgf4lXkgaUaA/qn/1hTFPJlKUCjel5bmKDDLXlVLBZrZ8aliCd4Ij1cqpQMhNk83Nn5CRXhiSKdV7Kkrn6cyJDacxUhnmnRDs2y14h/uf1UhtdBhlXSWqZootFUSqIjUnxOxlyzagV05wg1Ty/ldAxaqQ2T6gIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O4jw7b877orXilDOH8AvOxzcpz479</latexit><latexit sha1_base64="IXz3BfCmBc/H2nOynYCX23rtjOM=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3S3U3Y3Qgl9Ed48aDi1f/jzX9j0uag1QcDj/dmmJkXJoIb67pfTmVldW19o7pZ29re2d2r7x88mDjVlPk0FrHuhmiY4Ir5llvBuolmKEPBOuHkpvA7j0wbHqt7O01YIHGkeMQp2lzq9EcoJdYG9YbbdOcgf4lXkgaUaA/qn/1hTFPJlKUCjel5bmKDDLXlVLBZrZ8aliCd4Ij1cqpQMhNk83Nn5CRXhiSKdV7Kkrn6cyJDacxUhnmnRDs2y14h/uf1UhtdBhlXSWqZootFUSqIjUnxOxlyzagV05wg1Ty/ldAxaqQ2T6gIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O4jw7b877orXilDOH8AvOxzcpz479</latexit><latexit sha1_base64="IXz3BfCmBc/H2nOynYCX23rtjOM=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3S3U3Y3Qgl9Ed48aDi1f/jzX9j0uag1QcDj/dmmJkXJoIb67pfTmVldW19o7pZ29re2d2r7x88mDjVlPk0FrHuhmiY4Ir5llvBuolmKEPBOuHkpvA7j0wbHqt7O01YIHGkeMQp2lzq9EcoJdYG9YbbdOcgf4lXkgaUaA/qn/1hTFPJlKUCjel5bmKDDLXlVLBZrZ8aliCd4Ij1cqpQMhNk83Nn5CRXhiSKdV7Kkrn6cyJDacxUhnmnRDs2y14h/uf1UhtdBhlXSWqZootFUSqIjUnxOxlyzagV05wg1Ty/ldAxaqQ2T6gIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O4jw7b877orXilDOH8AvOxzcpz479</latexit>
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• Can penguin-free measurements of          
be competitive? 
• The golden modes are named for good reason… 
• For      , things are not so far away though 
• Will provide an interesting test of the SM 

•Currently things look more difficult for  
• Can’t rely on equivalent help from Belle II 
• New ideas? 

•Perhaps a better question is “Are penguin- 
free measurements of        worthwhile?” 
• Absolutely

�d,s
<latexit sha1_base64="b7nlbBifJIG3jLV8e+kCjnOsdp0=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoN6KXjxWMLbYhrLZbNulm03YnQgl9F948aDi1Z/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyHNxO/+cS1EYm6x1HKg5j2legJRtFKj510ILp5dGrG3UrVrblTkEXiFaQKBRrdylcnSlgWc4VMUmPanptikFONgkk+Lncyw1PKhrTP25YqGnMT5NOLx+TYKhHpJdqWQjJVf0/kNDZmFIe2M6Y4MPPeRPzPa2fYuwxyodIMuWKzRb1MEkzI5H0SCc0ZypEllGlhbyVsQDVlaEMq2xC8+ZcXiX9Wu6p5d+fV+nWRRgkO4QhOwIMLqMMtNMAHBgqe4RXeHOO8OO/Ox6x1ySlmDuAPnM8f/AGQqQ==</latexit><latexit sha1_base64="b7nlbBifJIG3jLV8e+kCjnOsdp0=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoN6KXjxWMLbYhrLZbNulm03YnQgl9F948aDi1Z/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyHNxO/+cS1EYm6x1HKg5j2legJRtFKj510ILp5dGrG3UrVrblTkEXiFaQKBRrdylcnSlgWc4VMUmPanptikFONgkk+Lncyw1PKhrTP25YqGnMT5NOLx+TYKhHpJdqWQjJVf0/kNDZmFIe2M6Y4MPPeRPzPa2fYuwxyodIMuWKzRb1MEkzI5H0SCc0ZypEllGlhbyVsQDVlaEMq2xC8+ZcXiX9Wu6p5d+fV+nWRRgkO4QhOwIMLqMMtNMAHBgqe4RXeHOO8OO/Ox6x1ySlmDuAPnM8f/AGQqQ==</latexit><latexit sha1_base64="b7nlbBifJIG3jLV8e+kCjnOsdp0=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoN6KXjxWMLbYhrLZbNulm03YnQgl9F948aDi1Z/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyHNxO/+cS1EYm6x1HKg5j2legJRtFKj510ILp5dGrG3UrVrblTkEXiFaQKBRrdylcnSlgWc4VMUmPanptikFONgkk+Lncyw1PKhrTP25YqGnMT5NOLx+TYKhHpJdqWQjJVf0/kNDZmFIe2M6Y4MPPeRPzPa2fYuwxyodIMuWKzRb1MEkzI5H0SCc0ZypEllGlhbyVsQDVlaEMq2xC8+ZcXiX9Wu6p5d+fV+nWRRgkO4QhOwIMLqMMtNMAHBgqe4RXeHOO8OO/Ox6x1ySlmDuAPnM8f/AGQqQ==</latexit><latexit sha1_base64="b7nlbBifJIG3jLV8e+kCjnOsdp0=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoN6KXjxWMLbYhrLZbNulm03YnQgl9F948aDi1Z/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyHNxO/+cS1EYm6x1HKg5j2legJRtFKj510ILp5dGrG3UrVrblTkEXiFaQKBRrdylcnSlgWc4VMUmPanptikFONgkk+Lncyw1PKhrTP25YqGnMT5NOLx+TYKhHpJdqWQjJVf0/kNDZmFIe2M6Y4MPPeRPzPa2fYuwxyodIMuWKzRb1MEkzI5H0SCc0ZypEllGlhbyVsQDVlaEMq2xC8+ZcXiX9Wu6p5d+fV+nWRRgkO4QhOwIMLqMMtNMAHBgqe4RXeHOO8OO/Ox6x1ySlmDuAPnM8f/AGQqQ==</latexit>

�d
<latexit sha1_base64="s1ACWI9qjMd3jK6g6MFu9RvnZcU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMG2hDWWz2bRrN7thdyOU0P/gxYOKV3+QN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8tMEeoTyaXqhlhTzgT1DTOcdlNFcRJy2gnHtzO/80SVZlI8mElKgwQPBYsZwcZK7X46YoNoUK25dXcOtEq8gtSgQGtQ/epHkmQJFYZwrHXPc1MT5FgZRjidVvqZpikmYzykPUsFTqgO8vm1U3RmlQjFUtkSBs3V3xM5TrSeJKHtTLAZ6WVvJv7n9TITXwU5E2lmqCCLRXHGkZFo9jqKmKLE8IklmChmb0VkhBUmxgZUsSF4yy+vEv+ifl337i9rzZsijTKcwCmcgwcNaMIdtMAHAo/wDK/w5kjnxXl3PhatJaeYOYY/cD5/APT8juo=</latexit><latexit sha1_base64="s1ACWI9qjMd3jK6g6MFu9RvnZcU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMG2hDWWz2bRrN7thdyOU0P/gxYOKV3+QN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8tMEeoTyaXqhlhTzgT1DTOcdlNFcRJy2gnHtzO/80SVZlI8mElKgwQPBYsZwcZK7X46YoNoUK25dXcOtEq8gtSgQGtQ/epHkmQJFYZwrHXPc1MT5FgZRjidVvqZpikmYzykPUsFTqgO8vm1U3RmlQjFUtkSBs3V3xM5TrSeJKHtTLAZ6WVvJv7n9TITXwU5E2lmqCCLRXHGkZFo9jqKmKLE8IklmChmb0VkhBUmxgZUsSF4yy+vEv+ifl337i9rzZsijTKcwCmcgwcNaMIdtMAHAo/wDK/w5kjnxXl3PhatJaeYOYY/cD5/APT8juo=</latexit><latexit sha1_base64="s1ACWI9qjMd3jK6g6MFu9RvnZcU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMG2hDWWz2bRrN7thdyOU0P/gxYOKV3+QN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8tMEeoTyaXqhlhTzgT1DTOcdlNFcRJy2gnHtzO/80SVZlI8mElKgwQPBYsZwcZK7X46YoNoUK25dXcOtEq8gtSgQGtQ/epHkmQJFYZwrHXPc1MT5FgZRjidVvqZpikmYzykPUsFTqgO8vm1U3RmlQjFUtkSBs3V3xM5TrSeJKHtTLAZ6WVvJv7n9TITXwU5E2lmqCCLRXHGkZFo9jqKmKLE8IklmChmb0VkhBUmxgZUsSF4yy+vEv+ifl337i9rzZsijTKcwCmcgwcNaMIdtMAHAo/wDK/w5kjnxXl3PhatJaeYOYY/cD5/APT8juo=</latexit><latexit sha1_base64="s1ACWI9qjMd3jK6g6MFu9RvnZcU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMG2hDWWz2bRrN7thdyOU0P/gxYOKV3+QN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8tMEeoTyaXqhlhTzgT1DTOcdlNFcRJy2gnHtzO/80SVZlI8mElKgwQPBYsZwcZK7X46YoNoUK25dXcOtEq8gtSgQGtQ/epHkmQJFYZwrHXPc1MT5FgZRjidVvqZpikmYzykPUsFTqgO8vm1U3RmlQjFUtkSBs3V3xM5TrSeJKHtTLAZ6WVvJv7n9TITXwU5E2lmqCCLRXHGkZFo9jqKmKLE8IklmChmb0VkhBUmxgZUsSF4yy+vEv+ifl337i9rzZsijTKcwCmcgwcNaMIdtMAHAo/wDK/w5kjnxXl3PhatJaeYOYY/cD5/APT8juo=</latexit>

�s
<latexit sha1_base64="u0NXP2/fxM1DsIB85LjkRjLzdxU=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIljA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1knNbjpkPdOrVP2aPwNaJkFBqlCg0at8dfuKZIJKSzg2phP4qY1yrC0jnE7K3czQFJMRHtCOoxILaqJ8du0EnTqljxKlXUmLZurviRwLY8Yidp0C26FZ9Kbif14ns8lVlDOZZpZKMl+UZBxZhaavoz7TlFg+dgQTzdytiAyxxsS6gMouhGDx5WUSnteua8H9RbV+U6RRgmM4gTMI4BLqcAcNCIHAIzzDK7x5ynvx3r2PeeuKV8wcwR94nz8LuI75</latexit><latexit sha1_base64="u0NXP2/fxM1DsIB85LjkRjLzdxU=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIljA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1knNbjpkPdOrVP2aPwNaJkFBqlCg0at8dfuKZIJKSzg2phP4qY1yrC0jnE7K3czQFJMRHtCOoxILaqJ8du0EnTqljxKlXUmLZurviRwLY8Yidp0C26FZ9Kbif14ns8lVlDOZZpZKMl+UZBxZhaavoz7TlFg+dgQTzdytiAyxxsS6gMouhGDx5WUSnteua8H9RbV+U6RRgmM4gTMI4BLqcAcNCIHAIzzDK7x5ynvx3r2PeeuKV8wcwR94nz8LuI75</latexit><latexit sha1_base64="u0NXP2/fxM1DsIB85LjkRjLzdxU=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIljA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1knNbjpkPdOrVP2aPwNaJkFBqlCg0at8dfuKZIJKSzg2phP4qY1yrC0jnE7K3czQFJMRHtCOoxILaqJ8du0EnTqljxKlXUmLZurviRwLY8Yidp0C26FZ9Kbif14ns8lVlDOZZpZKMl+UZBxZhaavoz7TlFg+dgQTzdytiAyxxsS6gMouhGDx5WUSnteua8H9RbV+U6RRgmM4gTMI4BLqcAcNCIHAIzzDK7x5ynvx3r2PeeuKV8wcwR94nz8LuI75</latexit><latexit sha1_base64="u0NXP2/fxM1DsIB85LjkRjLzdxU=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R1FvQi8cIbhJIljA7mU3GzGOZmRXCkn/w4kHFqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1knNbjpkPdOrVP2aPwNaJkFBqlCg0at8dfuKZIJKSzg2phP4qY1yrC0jnE7K3czQFJMRHtCOoxILaqJ8du0EnTqljxKlXUmLZurviRwLY8Yidp0C26FZ9Kbif14ns8lVlDOZZpZKMl+UZBxZhaavoz7TlFg+dgQTzdytiAyxxsS6gMouhGDx5WUSnteua8H9RbV+U6RRgmM4gTMI4BLqcAcNCIHAIzzDK7x5ynvx3r2PeeuKV8wcwR94nz8LuI75</latexit>

�d,s
<latexit sha1_base64="b7nlbBifJIG3jLV8e+kCjnOsdp0=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoN6KXjxWMLbYhrLZbNulm03YnQgl9F948aDi1Z/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyHNxO/+cS1EYm6x1HKg5j2legJRtFKj510ILp5dGrG3UrVrblTkEXiFaQKBRrdylcnSlgWc4VMUmPanptikFONgkk+Lncyw1PKhrTP25YqGnMT5NOLx+TYKhHpJdqWQjJVf0/kNDZmFIe2M6Y4MPPeRPzPa2fYuwxyodIMuWKzRb1MEkzI5H0SCc0ZypEllGlhbyVsQDVlaEMq2xC8+ZcXiX9Wu6p5d+fV+nWRRgkO4QhOwIMLqMMtNMAHBgqe4RXeHOO8OO/Ox6x1ySlmDuAPnM8f/AGQqQ==</latexit><latexit sha1_base64="b7nlbBifJIG3jLV8e+kCjnOsdp0=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoN6KXjxWMLbYhrLZbNulm03YnQgl9F948aDi1Z/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyHNxO/+cS1EYm6x1HKg5j2legJRtFKj510ILp5dGrG3UrVrblTkEXiFaQKBRrdylcnSlgWc4VMUmPanptikFONgkk+Lncyw1PKhrTP25YqGnMT5NOLx+TYKhHpJdqWQjJVf0/kNDZmFIe2M6Y4MPPeRPzPa2fYuwxyodIMuWKzRb1MEkzI5H0SCc0ZypEllGlhbyVsQDVlaEMq2xC8+ZcXiX9Wu6p5d+fV+nWRRgkO4QhOwIMLqMMtNMAHBgqe4RXeHOO8OO/Ox6x1ySlmDuAPnM8f/AGQqQ==</latexit><latexit sha1_base64="b7nlbBifJIG3jLV8e+kCjnOsdp0=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoN6KXjxWMLbYhrLZbNulm03YnQgl9F948aDi1Z/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyHNxO/+cS1EYm6x1HKg5j2legJRtFKj510ILp5dGrG3UrVrblTkEXiFaQKBRrdylcnSlgWc4VMUmPanptikFONgkk+Lncyw1PKhrTP25YqGnMT5NOLx+TYKhHpJdqWQjJVf0/kNDZmFIe2M6Y4MPPeRPzPa2fYuwxyodIMuWKzRb1MEkzI5H0SCc0ZypEllGlhbyVsQDVlaEMq2xC8+ZcXiX9Wu6p5d+fV+nWRRgkO4QhOwIMLqMMtNMAHBgqe4RXeHOO8OO/Ox6x1ySlmDuAPnM8f/AGQqQ==</latexit><latexit sha1_base64="b7nlbBifJIG3jLV8e+kCjnOsdp0=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoN6KXjxWMLbYhrLZbNulm03YnQgl9F948aDi1Z/jzX/jts1BWx8MPN6bYWZemEph0HW/naXlldW19dJGeXNre2e3srf/YJJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyHNxO/+cS1EYm6x1HKg5j2legJRtFKj510ILp5dGrG3UrVrblTkEXiFaQKBRrdylcnSlgWc4VMUmPanptikFONgkk+Lncyw1PKhrTP25YqGnMT5NOLx+TYKhHpJdqWQjJVf0/kNDZmFIe2M6Y4MPPeRPzPa2fYuwxyodIMuWKzRb1MEkzI5H0SCc0ZypEllGlhbyVsQDVlaEMq2xC8+ZcXiX9Wu6p5d+fV+nWRRgkO4QhOwIMLqMMtNMAHBgqe4RXeHOO8OO/Ox6x1ySlmDuAPnM8f/AGQqQ==</latexit>


