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Angular analyses of semileptonic B decays
CHALLENGES OF SEMILEPTONIC B DECAYS                                19/04/2022

▸ New Physics searches, complementary to Lepton Universality tests

▸ Hadronic Form Factors measurements

▸ In this talk: ongoing                               studies at LHCb
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Semileptonic decays
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▸ Helicity angles distributions (and derived observables) are sensitive to New Physics 
contributions and hadronic interactions (Form Factors)

(Electroweak) couplings + QCD encompassed by Form Factors
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Semileptonic decays @LHCb

▸ Partial reconstruction → unconstrained kinematics: (with a single missing particle we can 
solve for the missing 3-momentum, with a quadratic ambiguity)
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Non-reconstructable neutrino(s)

▸ Partial reconstruction → large backgrounds: need to fully exploit vertex topology 
information, track isolation, available kinematic information

Primary Vertex 
(pp collision) Decay Vertex

τ decay mode BR[%]

17.39±0.0
417.82±0.0
49.31±0.05

4.62±0.05
18.82±0.0

525.49±0.9
9

⌧ ! µ⌫⌫
<latexit sha1_base64="gag4poEQ8oWmq7c/8AKji0vPCtM=">AAACBnicbVC7SgNBFJ2Nrxhfq5YiDAbBKuyKoGXQxjKCeUB2CbOTSTJkHss8hLCksvFXbCwUsfUb7PwbZ5MtNPHAhcM5996Ze5KUUW2C4NsrrayurW+UNytb2zu7e/7+QUtLqzBpYsmk6iRIE0YFaRpqGOmkiiCeMNJOxje5334gSlMp7s0kJTFHQ0EHFCPjpJ5/HBlkIyNhxC2MpGvNN2WRsFNXPb8a1IIZ4DIJC1IFBRo9/yvqS2w5EQYzpHU3DFITZ0gZihmZViKrSYrwGA1J11GBONFxNjtjCk+d0ocDqVwJA2fq74kMca0nPHGdHJmRXvRy8T+va83gKs6oSK0hAs8fGlgG3dl5JrBPFcGGTRxBWFH3V4hHSCFsXHIVF0K4ePIyaZ3XQsfvLqr16yKOMjgCJ+AMhOAS1MEtaIAmwOARPINX8OY9eS/eu/cxby15xcwh+APv8wfoTJlm</latexit><latexit sha1_base64="gag4poEQ8oWmq7c/8AKji0vPCtM=">AAACBnicbVC7SgNBFJ2Nrxhfq5YiDAbBKuyKoGXQxjKCeUB2CbOTSTJkHss8hLCksvFXbCwUsfUb7PwbZ5MtNPHAhcM5996Ze5KUUW2C4NsrrayurW+UNytb2zu7e/7+QUtLqzBpYsmk6iRIE0YFaRpqGOmkiiCeMNJOxje5334gSlMp7s0kJTFHQ0EHFCPjpJ5/HBlkIyNhxC2MpGvNN2WRsFNXPb8a1IIZ4DIJC1IFBRo9/yvqS2w5EQYzpHU3DFITZ0gZihmZViKrSYrwGA1J11GBONFxNjtjCk+d0ocDqVwJA2fq74kMca0nPHGdHJmRXvRy8T+va83gKs6oSK0hAs8fGlgG3dl5JrBPFcGGTRxBWFH3V4hHSCFsXHIVF0K4ePIyaZ3XQsfvLqr16yKOMjgCJ+AMhOAS1MEtaIAmwOARPINX8OY9eS/eu/cxby15xcwh+APv8wfoTJlm</latexit><latexit sha1_base64="gag4poEQ8oWmq7c/8AKji0vPCtM=">AAACBnicbVC7SgNBFJ2Nrxhfq5YiDAbBKuyKoGXQxjKCeUB2CbOTSTJkHss8hLCksvFXbCwUsfUb7PwbZ5MtNPHAhcM5996Ze5KUUW2C4NsrrayurW+UNytb2zu7e/7+QUtLqzBpYsmk6iRIE0YFaRpqGOmkiiCeMNJOxje5334gSlMp7s0kJTFHQ0EHFCPjpJ5/HBlkIyNhxC2MpGvNN2WRsFNXPb8a1IIZ4DIJC1IFBRo9/yvqS2w5EQYzpHU3DFITZ0gZihmZViKrSYrwGA1J11GBONFxNjtjCk+d0ocDqVwJA2fq74kMca0nPHGdHJmRXvRy8T+va83gKs6oSK0hAs8fGlgG3dl5JrBPFcGGTRxBWFH3V4hHSCFsXHIVF0K4ePIyaZ3XQsfvLqr16yKOMjgCJ+AMhOAS1MEtaIAmwOARPINX8OY9eS/eu/cxby15xcwh+APv8wfoTJlm</latexit><latexit sha1_base64="gag4poEQ8oWmq7c/8AKji0vPCtM=">AAACBnicbVC7SgNBFJ2Nrxhfq5YiDAbBKuyKoGXQxjKCeUB2CbOTSTJkHss8hLCksvFXbCwUsfUb7PwbZ5MtNPHAhcM5996Ze5KUUW2C4NsrrayurW+UNytb2zu7e/7+QUtLqzBpYsmk6iRIE0YFaRpqGOmkiiCeMNJOxje5334gSlMp7s0kJTFHQ0EHFCPjpJ5/HBlkIyNhxC2MpGvNN2WRsFNXPb8a1IIZ4DIJC1IFBRo9/yvqS2w5EQYzpHU3DFITZ0gZihmZViKrSYrwGA1J11GBONFxNjtjCk+d0ocDqVwJA2fq74kMca0nPHGdHJmRXvRy8T+va83gKs6oSK0hAs8fGlgG3dl5JrBPFcGGTRxBWFH3V4hHSCFsXHIVF0K4ePIyaZ3XQsfvLqr16yKOMjgCJ+AMhOAS1MEtaIAmwOARPINX8OY9eS/eu/cxby15xcwh+APv8wfoTJlm</latexit>

⌧ ! e⌫⌫
<latexit sha1_base64="Xc6AfH5FBTD/LQ55NKk0NGxez3U=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVZkRQZdFNy4r2Ad0hpJJ0zY0kxmSG6EMBTf+ihsXirj1J9z5N2baWWjrgQuHc+69yT1RKrgGz/t2Siura+sb5c3K1vbO7p67f9DSiVGUNWkiEtWJiGaCS9YEDoJ1UsVIHAnWjsY3ud9+YErzRN7DJGVhTIaSDzglYKWeexQAMQEkmAWJ7cvXZIE0U1s9t+rVvBnwMvELUkUFGj33K+gn1MRMAhVE667vpRBmRAGngk0rgdEsJXRMhqxrqSQx02E2u2GKT63Sx4NE2ZKAZ+rviYzEWk/iyHbGBEZ60cvF/7yugcFVmHGZGmCSzh8aGIHtzXkguM8VoyAmlhCquP0rpiOiCAUbW8WG4C+evExa5zXf8ruLav26iKOMjtEJOkM+ukR1dIsaqIkoekTP6BW9OU/Oi/PufMxbS04xc4j+wPn8AeMqmE8=</latexit><latexit sha1_base64="Xc6AfH5FBTD/LQ55NKk0NGxez3U=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVZkRQZdFNy4r2Ad0hpJJ0zY0kxmSG6EMBTf+ihsXirj1J9z5N2baWWjrgQuHc+69yT1RKrgGz/t2Siura+sb5c3K1vbO7p67f9DSiVGUNWkiEtWJiGaCS9YEDoJ1UsVIHAnWjsY3ud9+YErzRN7DJGVhTIaSDzglYKWeexQAMQEkmAWJ7cvXZIE0U1s9t+rVvBnwMvELUkUFGj33K+gn1MRMAhVE667vpRBmRAGngk0rgdEsJXRMhqxrqSQx02E2u2GKT63Sx4NE2ZKAZ+rviYzEWk/iyHbGBEZ60cvF/7yugcFVmHGZGmCSzh8aGIHtzXkguM8VoyAmlhCquP0rpiOiCAUbW8WG4C+evExa5zXf8ruLav26iKOMjtEJOkM+ukR1dIsaqIkoekTP6BW9OU/Oi/PufMxbS04xc4j+wPn8AeMqmE8=</latexit><latexit sha1_base64="Xc6AfH5FBTD/LQ55NKk0NGxez3U=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVZkRQZdFNy4r2Ad0hpJJ0zY0kxmSG6EMBTf+ihsXirj1J9z5N2baWWjrgQuHc+69yT1RKrgGz/t2Siura+sb5c3K1vbO7p67f9DSiVGUNWkiEtWJiGaCS9YEDoJ1UsVIHAnWjsY3ud9+YErzRN7DJGVhTIaSDzglYKWeexQAMQEkmAWJ7cvXZIE0U1s9t+rVvBnwMvELUkUFGj33K+gn1MRMAhVE667vpRBmRAGngk0rgdEsJXRMhqxrqSQx02E2u2GKT63Sx4NE2ZKAZ+rviYzEWk/iyHbGBEZ60cvF/7yugcFVmHGZGmCSzh8aGIHtzXkguM8VoyAmlhCquP0rpiOiCAUbW8WG4C+evExa5zXf8ruLav26iKOMjtEJOkM+ukR1dIsaqIkoekTP6BW9OU/Oi/PufMxbS04xc4j+wPn8AeMqmE8=</latexit><latexit sha1_base64="Xc6AfH5FBTD/LQ55NKk0NGxez3U=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVZkRQZdFNy4r2Ad0hpJJ0zY0kxmSG6EMBTf+ihsXirj1J9z5N2baWWjrgQuHc+69yT1RKrgGz/t2Siura+sb5c3K1vbO7p67f9DSiVGUNWkiEtWJiGaCS9YEDoJ1UsVIHAnWjsY3ud9+YErzRN7DJGVhTIaSDzglYKWeexQAMQEkmAWJ7cvXZIE0U1s9t+rVvBnwMvELUkUFGj33K+gn1MRMAhVE667vpRBmRAGngk0rgdEsJXRMhqxrqSQx02E2u2GKT63Sx4NE2ZKAZ+rviYzEWk/iyHbGBEZ60cvF/7yugcFVmHGZGmCSzh8aGIHtzXkguM8VoyAmlhCquP0rpiOiCAUbW8WG4C+evExa5zXf8ruLav26iKOMjtEJOkM+ukR1dIsaqIkoekTP6BW9OU/Oi/PufMxbS04xc4j+wPn8AeMqmE8=</latexit>

⌧ ! 3⇡⌫
<latexit sha1_base64="sgBYRcoS7zxMzduKyRtW4zp4SYM=">AAAB+HicbZDLSsNAFIZP6q3WS6Mu3QwWwVVJVNBl0Y3LCvYCTSiT6aQdOpmEuQg19EncuFDErY/izrdx2mahrT8MfPznHOacP8o4U9rzvp3S2vrG5lZ5u7Kzu7dfdQ8O2yo1ktAWSXkquxFWlDNBW5ppTruZpDiJOO1E49tZvfNIpWKpeNCTjIYJHgoWM4K1tfpuNdDYBDpFF0HGAmH6bs2re3OhVfALqEGhZt/9CgYpMQkVmnCsVM/3Mh3mWGpGOJ1WAqNohskYD2nPosAJVWE+X3yKTq0zQHEq7RMazd3fEzlOlJokke1MsB6p5drM/K/WMzq+DnMmMqOpIIuPYsORPXSWAhowSYnmEwuYSGZ3RWSEJSbaZlWxIfjLJ69C+7zuW76/rDVuijjKcAwncAY+XEED7qAJLSBg4Ble4c15cl6cd+dj0Vpyipkj+CPn8wduNZLt</latexit><latexit sha1_base64="sgBYRcoS7zxMzduKyRtW4zp4SYM=">AAAB+HicbZDLSsNAFIZP6q3WS6Mu3QwWwVVJVNBl0Y3LCvYCTSiT6aQdOpmEuQg19EncuFDErY/izrdx2mahrT8MfPznHOacP8o4U9rzvp3S2vrG5lZ5u7Kzu7dfdQ8O2yo1ktAWSXkquxFWlDNBW5ppTruZpDiJOO1E49tZvfNIpWKpeNCTjIYJHgoWM4K1tfpuNdDYBDpFF0HGAmH6bs2re3OhVfALqEGhZt/9CgYpMQkVmnCsVM/3Mh3mWGpGOJ1WAqNohskYD2nPosAJVWE+X3yKTq0zQHEq7RMazd3fEzlOlJokke1MsB6p5drM/K/WMzq+DnMmMqOpIIuPYsORPXSWAhowSYnmEwuYSGZ3RWSEJSbaZlWxIfjLJ69C+7zuW76/rDVuijjKcAwncAY+XEED7qAJLSBg4Ble4c15cl6cd+dj0Vpyipkj+CPn8wduNZLt</latexit><latexit sha1_base64="sgBYRcoS7zxMzduKyRtW4zp4SYM=">AAAB+HicbZDLSsNAFIZP6q3WS6Mu3QwWwVVJVNBl0Y3LCvYCTSiT6aQdOpmEuQg19EncuFDErY/izrdx2mahrT8MfPznHOacP8o4U9rzvp3S2vrG5lZ5u7Kzu7dfdQ8O2yo1ktAWSXkquxFWlDNBW5ppTruZpDiJOO1E49tZvfNIpWKpeNCTjIYJHgoWM4K1tfpuNdDYBDpFF0HGAmH6bs2re3OhVfALqEGhZt/9CgYpMQkVmnCsVM/3Mh3mWGpGOJ1WAqNohskYD2nPosAJVWE+X3yKTq0zQHEq7RMazd3fEzlOlJokke1MsB6p5drM/K/WMzq+DnMmMqOpIIuPYsORPXSWAhowSYnmEwuYSGZ3RWSEJSbaZlWxIfjLJ69C+7zuW76/rDVuijjKcAwncAY+XEED7qAJLSBg4Ble4c15cl6cd+dj0Vpyipkj+CPn8wduNZLt</latexit><latexit sha1_base64="sgBYRcoS7zxMzduKyRtW4zp4SYM=">AAAB+HicbZDLSsNAFIZP6q3WS6Mu3QwWwVVJVNBl0Y3LCvYCTSiT6aQdOpmEuQg19EncuFDErY/izrdx2mahrT8MfPznHOacP8o4U9rzvp3S2vrG5lZ5u7Kzu7dfdQ8O2yo1ktAWSXkquxFWlDNBW5ppTruZpDiJOO1E49tZvfNIpWKpeNCTjIYJHgoWM4K1tfpuNdDYBDpFF0HGAmH6bs2re3OhVfALqEGhZt/9CgYpMQkVmnCsVM/3Mh3mWGpGOJ1WAqNohskYD2nPosAJVWE+X3yKTq0zQHEq7RMazd3fEzlOlJokke1MsB6p5drM/K/WMzq+DnMmMqOpIIuPYsORPXSWAhowSYnmEwuYSGZ3RWSEJSbaZlWxIfjLJ69C+7zuW76/rDVuijjKcAwncAY+XEED7qAJLSBg4Ble4c15cl6cd+dj0Vpyipkj+CPn8wduNZLt</latexit>

⌧ ! 3⇡⇡0⌫
<latexit sha1_base64="/Sv1I4h28yWRK9u+UNDrVPR2q9Q=">AAACAHicbVC7SgNBFL3rM8bXqoWFzWAQrMKuCloGbSwjmAdk1zA7mSRDZmeXeQhh2cZfsbFQxNbPsPNvnCRbaOKBC4dz7mXmnCjlTGnP+3aWlldW19ZLG+XNre2dXXdvv6kSIwltkIQnsh1hRTkTtKGZ5rSdSorjiNNWNLqZ+K1HKhVLxL0epzSM8UCwPiNYW6nrHgYam0An6DxIGbLzkHl5IEzXrXhVbwq0SPyCVKBAvet+Bb2EmJgKTThWquN7qQ4zLDUjnOblwCiaYjLCA9qxVOCYqjCbBsjRiVV6qJ9IO0Kjqfr7IsOxUuM4spsx1kM1703E/7yO0f2rMGMiNZoKMnuobziygSdtoB6TlGg+tgQTyexfERliiYm2nZVtCf585EXSPKv6lt9dVGrXRR0lOIJjOAUfLqEGt1CHBhDI4Rle4c15cl6cd+djtrrkFDcH8AfO5w8gwJYY</latexit><latexit sha1_base64="/Sv1I4h28yWRK9u+UNDrVPR2q9Q=">AAACAHicbVC7SgNBFL3rM8bXqoWFzWAQrMKuCloGbSwjmAdk1zA7mSRDZmeXeQhh2cZfsbFQxNbPsPNvnCRbaOKBC4dz7mXmnCjlTGnP+3aWlldW19ZLG+XNre2dXXdvv6kSIwltkIQnsh1hRTkTtKGZ5rSdSorjiNNWNLqZ+K1HKhVLxL0epzSM8UCwPiNYW6nrHgYam0An6DxIGbLzkHl5IEzXrXhVbwq0SPyCVKBAvet+Bb2EmJgKTThWquN7qQ4zLDUjnOblwCiaYjLCA9qxVOCYqjCbBsjRiVV6qJ9IO0Kjqfr7IsOxUuM4spsx1kM1703E/7yO0f2rMGMiNZoKMnuobziygSdtoB6TlGg+tgQTyexfERliiYm2nZVtCf585EXSPKv6lt9dVGrXRR0lOIJjOAUfLqEGt1CHBhDI4Rle4c15cl6cd+djtrrkFDcH8AfO5w8gwJYY</latexit><latexit sha1_base64="/Sv1I4h28yWRK9u+UNDrVPR2q9Q=">AAACAHicbVC7SgNBFL3rM8bXqoWFzWAQrMKuCloGbSwjmAdk1zA7mSRDZmeXeQhh2cZfsbFQxNbPsPNvnCRbaOKBC4dz7mXmnCjlTGnP+3aWlldW19ZLG+XNre2dXXdvv6kSIwltkIQnsh1hRTkTtKGZ5rSdSorjiNNWNLqZ+K1HKhVLxL0epzSM8UCwPiNYW6nrHgYam0An6DxIGbLzkHl5IEzXrXhVbwq0SPyCVKBAvet+Bb2EmJgKTThWquN7qQ4zLDUjnOblwCiaYjLCA9qxVOCYqjCbBsjRiVV6qJ9IO0Kjqfr7IsOxUuM4spsx1kM1703E/7yO0f2rMGMiNZoKMnuobziygSdtoB6TlGg+tgQTyexfERliiYm2nZVtCf585EXSPKv6lt9dVGrXRR0lOIJjOAUfLqEGt1CHBhDI4Rle4c15cl6cd+djtrrkFDcH8AfO5w8gwJYY</latexit><latexit sha1_base64="/Sv1I4h28yWRK9u+UNDrVPR2q9Q=">AAACAHicbVC7SgNBFL3rM8bXqoWFzWAQrMKuCloGbSwjmAdk1zA7mSRDZmeXeQhh2cZfsbFQxNbPsPNvnCRbaOKBC4dz7mXmnCjlTGnP+3aWlldW19ZLG+XNre2dXXdvv6kSIwltkIQnsh1hRTkTtKGZ5rSdSorjiNNWNLqZ+K1HKhVLxL0epzSM8UCwPiNYW6nrHgYam0An6DxIGbLzkHl5IEzXrXhVbwq0SPyCVKBAvet+Bb2EmJgKTThWquN7qQ4zLDUjnOblwCiaYjLCA9qxVOCYqjCbBsjRiVV6qJ9IO0Kjqfr7IsOxUuM4spsx1kM1703E/7yO0f2rMGMiNZoKMnuobziygSdtoB6TlGg+tgQTyexfERliiYm2nZVtCf585EXSPKv6lt9dVGrXRR0lOIJjOAUfLqEGt1CHBhDI4Rle4c15cl6cd+djtrrkFDcH8AfO5w8gwJYY</latexit>

⌧ ! ⇡⌫
<latexit sha1_base64="IFrX8McibM+yaVsbfxZrJQJSiJk=">AAAB+HicbZDLSgMxFIbPeK310lGXboJFcFVmRNBl0Y3LCvYCnVIyaaYNzWSG5ESopU/ixoUibn0Ud76N6WWhrT8EPv5zDjnnj3MpDAbBt7e2vrG5tV3YKe7u7R+U/MOjhsmsZrzOMpnpVkwNl0LxOgqUvJVrTtNY8mY8vJ3Wm49cG5GpBxzlvJPSvhKJYBSd1fVLEVIbYUaiXJBI2a5fDirBTGQVwgWUYaFa1/+KehmzKVfIJDWmHQY5dsZUo2CST4qRNTynbEj7vO1Q0ZSbzni2+IScOadHkky7p5DM3N8TY5oaM0pj15lSHJjl2tT8r9a2mFx3xkLlFrli848SK4k7dJoC6QnNGcqRA8q0cLsSNqCaMnRZFV0I4fLJq9C4qISO7y/L1ZtFHAU4gVM4hxCuoAp3UIM6MLDwDK/w5j15L9679zFvXfMWM8fwR97nD1HMkto=</latexit><latexit sha1_base64="IFrX8McibM+yaVsbfxZrJQJSiJk=">AAAB+HicbZDLSgMxFIbPeK310lGXboJFcFVmRNBl0Y3LCvYCnVIyaaYNzWSG5ESopU/ixoUibn0Ud76N6WWhrT8EPv5zDjnnj3MpDAbBt7e2vrG5tV3YKe7u7R+U/MOjhsmsZrzOMpnpVkwNl0LxOgqUvJVrTtNY8mY8vJ3Wm49cG5GpBxzlvJPSvhKJYBSd1fVLEVIbYUaiXJBI2a5fDirBTGQVwgWUYaFa1/+KehmzKVfIJDWmHQY5dsZUo2CST4qRNTynbEj7vO1Q0ZSbzni2+IScOadHkky7p5DM3N8TY5oaM0pj15lSHJjl2tT8r9a2mFx3xkLlFrli848SK4k7dJoC6QnNGcqRA8q0cLsSNqCaMnRZFV0I4fLJq9C4qISO7y/L1ZtFHAU4gVM4hxCuoAp3UIM6MLDwDK/w5j15L9679zFvXfMWM8fwR97nD1HMkto=</latexit><latexit sha1_base64="IFrX8McibM+yaVsbfxZrJQJSiJk=">AAAB+HicbZDLSgMxFIbPeK310lGXboJFcFVmRNBl0Y3LCvYCnVIyaaYNzWSG5ESopU/ixoUibn0Ud76N6WWhrT8EPv5zDjnnj3MpDAbBt7e2vrG5tV3YKe7u7R+U/MOjhsmsZrzOMpnpVkwNl0LxOgqUvJVrTtNY8mY8vJ3Wm49cG5GpBxzlvJPSvhKJYBSd1fVLEVIbYUaiXJBI2a5fDirBTGQVwgWUYaFa1/+KehmzKVfIJDWmHQY5dsZUo2CST4qRNTynbEj7vO1Q0ZSbzni2+IScOadHkky7p5DM3N8TY5oaM0pj15lSHJjl2tT8r9a2mFx3xkLlFrli848SK4k7dJoC6QnNGcqRA8q0cLsSNqCaMnRZFV0I4fLJq9C4qISO7y/L1ZtFHAU4gVM4hxCuoAp3UIM6MLDwDK/w5j15L9679zFvXfMWM8fwR97nD1HMkto=</latexit><latexit sha1_base64="IFrX8McibM+yaVsbfxZrJQJSiJk=">AAAB+HicbZDLSgMxFIbPeK310lGXboJFcFVmRNBl0Y3LCvYCnVIyaaYNzWSG5ESopU/ixoUibn0Ud76N6WWhrT8EPv5zDjnnj3MpDAbBt7e2vrG5tV3YKe7u7R+U/MOjhsmsZrzOMpnpVkwNl0LxOgqUvJVrTtNY8mY8vJ3Wm49cG5GpBxzlvJPSvhKJYBSd1fVLEVIbYUaiXJBI2a5fDirBTGQVwgWUYaFa1/+KehmzKVfIJDWmHQY5dsZUo2CST4qRNTynbEj7vO1Q0ZSbzni2+IScOadHkky7p5DM3N8TY5oaM0pj15lSHJjl2tT8r9a2mFx3xkLlFrli848SK4k7dJoC6QnNGcqRA8q0cLsSNqCaMnRZFV0I4fLJq9C4qISO7y/L1ZtFHAU4gVM4hxCuoAp3UIM6MLDwDK/w5j15L9679zFvXfMWM8fwR97nD1HMkto=</latexit>

⌧ ! ⇢⌫
<latexit sha1_base64="z5uUgd+23/udV4uabK2kFQiXsng=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69BIvgqSQi6LHoxWMF+wFNKJvttl262YTd2UIJ/SdePCji1X/izX/jts1BWx/s8nhvhpl5cSa4Rt//dkobm1vbO+Xdyt7+weGRe3zS0qlRlDVpKlLViYlmgkvWRI6CdTLFSBIL1o7H93O/PWFK81Q+4TRjUUKGkg84JWilnuuGSEyIqReqkf2k6blVv+Yv4K2ToCBVKNDouV9hP6UmYRKpIFp3Az/DKCcKORVsVgmNZhmhYzJkXUslSZiO8sXmM+/CKn1vkCr7JHoL9XdHThKtp0lsKxOCI73qzcX/vK7BwW2Uc5kZZJIuBw2M8Oyl8xi8PleMophaQqjidlePjogiFG1YFRtCsHryOmld1QLLH6+r9bsijjKcwTlcQgA3UIcHaEATKEzgGV7hzcmdF+fd+ViWlpyi5xT+wPn8ASa3k1Q=</latexit><latexit sha1_base64="z5uUgd+23/udV4uabK2kFQiXsng=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69BIvgqSQi6LHoxWMF+wFNKJvttl262YTd2UIJ/SdePCji1X/izX/jts1BWx/s8nhvhpl5cSa4Rt//dkobm1vbO+Xdyt7+weGRe3zS0qlRlDVpKlLViYlmgkvWRI6CdTLFSBIL1o7H93O/PWFK81Q+4TRjUUKGkg84JWilnuuGSEyIqReqkf2k6blVv+Yv4K2ToCBVKNDouV9hP6UmYRKpIFp3Az/DKCcKORVsVgmNZhmhYzJkXUslSZiO8sXmM+/CKn1vkCr7JHoL9XdHThKtp0lsKxOCI73qzcX/vK7BwW2Uc5kZZJIuBw2M8Oyl8xi8PleMophaQqjidlePjogiFG1YFRtCsHryOmld1QLLH6+r9bsijjKcwTlcQgA3UIcHaEATKEzgGV7hzcmdF+fd+ViWlpyi5xT+wPn8ASa3k1Q=</latexit><latexit sha1_base64="z5uUgd+23/udV4uabK2kFQiXsng=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69BIvgqSQi6LHoxWMF+wFNKJvttl262YTd2UIJ/SdePCji1X/izX/jts1BWx/s8nhvhpl5cSa4Rt//dkobm1vbO+Xdyt7+weGRe3zS0qlRlDVpKlLViYlmgkvWRI6CdTLFSBIL1o7H93O/PWFK81Q+4TRjUUKGkg84JWilnuuGSEyIqReqkf2k6blVv+Yv4K2ToCBVKNDouV9hP6UmYRKpIFp3Az/DKCcKORVsVgmNZhmhYzJkXUslSZiO8sXmM+/CKn1vkCr7JHoL9XdHThKtp0lsKxOCI73qzcX/vK7BwW2Uc5kZZJIuBw2M8Oyl8xi8PleMophaQqjidlePjogiFG1YFRtCsHryOmld1QLLH6+r9bsijjKcwTlcQgA3UIcHaEATKEzgGV7hzcmdF+fd+ViWlpyi5xT+wPn8ASa3k1Q=</latexit><latexit sha1_base64="z5uUgd+23/udV4uabK2kFQiXsng=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69BIvgqSQi6LHoxWMF+wFNKJvttl262YTd2UIJ/SdePCji1X/izX/jts1BWx/s8nhvhpl5cSa4Rt//dkobm1vbO+Xdyt7+weGRe3zS0qlRlDVpKlLViYlmgkvWRI6CdTLFSBIL1o7H93O/PWFK81Q+4TRjUUKGkg84JWilnuuGSEyIqReqkf2k6blVv+Yv4K2ToCBVKNDouV9hP6UmYRKpIFp3Az/DKCcKORVsVgmNZhmhYzJkXUslSZiO8sXmM+/CKn1vkCr7JHoL9XdHThKtp0lsKxOCI73qzcX/vK7BwW2Uc5kZZJIuBw2M8Oyl8xi8PleMophaQqjidlePjogiFG1YFRtCsHryOmld1QLLH6+r9bsijjKcwTlcQgA3UIcHaEATKEzgGV7hzcmdF+fd+ViWlpyi5xT+wPn8ASa3k1Q=</latexit>

<latexit sha1_base64="qaxZ5Bafo14IMLG5FAKQH5Zq+W8=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi+ClgmkLbS2b7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFySCa+O6387S8srq2npho7i5tb2zW9rbr+s4VQx9FotYNQOqUXCJvuFGYDNRSKNAYCMY3kz8xhMqzWP5YEYJdiLalzzkjBor+XeP2em4Wyq7FXcKski8nJQhR61b+mr3YpZGKA0TVOuW5yamk1FlOBM4LrZTjQllQ9rHlqWSRqg72fTYMTm2So+EsbIlDZmqvycyGmk9igLbGVEz0PPeRPzPa6UmvOpkXCapQclmi8JUEBOTyeekxxUyI0aWUKa4vZWwAVWUGZtP0Ybgzb+8SOpnFe+i4t6fl6vXeRwFOIQjOAEPLqEKt1ADHxhweIZXeHOk8+K8Ox+z1iUnnzmAP3A+fwCCC458</latexit>

K+

<latexit sha1_base64="PEt5sBPJhmp+zGlzf4nQ8nmosUI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBi2VXRD0WvXisYD+gXUs2zbah2SQkWaEs/RFePCji1d/jzX9j2u5BWx8MPN6bYWZepDgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGplqQhtEcqnbETaUM0EblllO20pTnESctqLR7dRvPVFtmBQPdqxomOCBYDEj2Dqp1VXsMTub9MoVv+rPgJZJkJMK5Kj3yl/dviRpQoUlHBvTCXxlwwxrywink1I3NVRhMsID2nFU4ISaMJudO0EnTumjWGpXwqKZ+nsiw4kx4yRynQm2Q7PoTcX/vE5q4+swY0KllgoyXxSnHFmJpr+jPtOUWD52BBPN3K2IDLHGxLqESi6EYPHlZdI8rwaX1eD+olK7yeMowhEcwykEcAU1uIM6NIDACJ7hFd485b14797HvLXg5TOH8Afe5w83K49+</latexit>

⇡�

<latexit sha1_base64="PEt5sBPJhmp+zGlzf4nQ8nmosUI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBi2VXRD0WvXisYD+gXUs2zbah2SQkWaEs/RFePCji1d/jzX9j2u5BWx8MPN6bYWZepDgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGplqQhtEcqnbETaUM0EblllO20pTnESctqLR7dRvPVFtmBQPdqxomOCBYDEj2Dqp1VXsMTub9MoVv+rPgJZJkJMK5Kj3yl/dviRpQoUlHBvTCXxlwwxrywink1I3NVRhMsID2nFU4ISaMJudO0EnTumjWGpXwqKZ+nsiw4kx4yRynQm2Q7PoTcX/vE5q4+swY0KllgoyXxSnHFmJpr+jPtOUWD52BBPN3K2IDLHGxLqESi6EYPHlZdI8rwaX1eD+olK7yeMowhEcwykEcAU1uIM6NIDACJ7hFd485b14797HvLXg5TOH8Afe5w83K49+</latexit>

⇡�

CHALLENGES OF SEMILEPTONIC B DECAYS                                19/04/2022

▸ All b-hadron species you can dream of - Not included in this talk: other exclusive decays 
(baryons: complementary spin-structure) !

▸ Millions of signal candidates already collected
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miss = (pB � pD⇤ � pµ)

2
<latexit sha1_base64="GFfNq+ZjFVapaVrBAZ15yLJ9f5I=">AAACGHicbVC7TsMwFHXKq5RXgJHFokIqAyWpkGBBqgoDY5HoQ2rSyHHd1qqdRLaDVEX5DBZ+hYUBhFi78Te4aQYoHMnW8Tn36voeP2JUKsv6Mgorq2vrG8XN0tb2zu6euX/QlmEsMGnhkIWi6yNJGA1IS1HFSDcSBHGfkY4/uZn7nUciJA2DBzWNiMvRKKBDipHSkmeecy9xBIecSpn2k1p6XYm8pJGe6fu2nzhIqjR7ODxOT/s1zyxbVSsD/EvsnJRBjqZnzpxBiGNOAoUZkrJnW5FyEyQUxYykJSeWJEJ4gkakp2mAOJFuki2WwhOtDOAwFPoECmbqz44EcSmn3NeVHKmxXPbm4n9eL1bDKzehQRQrEuDFoGHMoArhPCU4oIJgxaaaICyo/ivEYyQQVjrLkg7BXl75L2nXqrbm9xfleiOPowiOwDGoABtcgjq4A03QAhg8gRfwBt6NZ+PV+DA+F6UFI+85BL9gzL4BJEygbw==</latexit><latexit sha1_base64="GFfNq+ZjFVapaVrBAZ15yLJ9f5I=">AAACGHicbVC7TsMwFHXKq5RXgJHFokIqAyWpkGBBqgoDY5HoQ2rSyHHd1qqdRLaDVEX5DBZ+hYUBhFi78Te4aQYoHMnW8Tn36voeP2JUKsv6Mgorq2vrG8XN0tb2zu6euX/QlmEsMGnhkIWi6yNJGA1IS1HFSDcSBHGfkY4/uZn7nUciJA2DBzWNiMvRKKBDipHSkmeecy9xBIecSpn2k1p6XYm8pJGe6fu2nzhIqjR7ODxOT/s1zyxbVSsD/EvsnJRBjqZnzpxBiGNOAoUZkrJnW5FyEyQUxYykJSeWJEJ4gkakp2mAOJFuki2WwhOtDOAwFPoECmbqz44EcSmn3NeVHKmxXPbm4n9eL1bDKzehQRQrEuDFoGHMoArhPCU4oIJgxaaaICyo/ivEYyQQVjrLkg7BXl75L2nXqrbm9xfleiOPowiOwDGoABtcgjq4A03QAhg8gRfwBt6NZ+PV+DA+F6UFI+85BL9gzL4BJEygbw==</latexit><latexit sha1_base64="GFfNq+ZjFVapaVrBAZ15yLJ9f5I=">AAACGHicbVC7TsMwFHXKq5RXgJHFokIqAyWpkGBBqgoDY5HoQ2rSyHHd1qqdRLaDVEX5DBZ+hYUBhFi78Te4aQYoHMnW8Tn36voeP2JUKsv6Mgorq2vrG8XN0tb2zu6euX/QlmEsMGnhkIWi6yNJGA1IS1HFSDcSBHGfkY4/uZn7nUciJA2DBzWNiMvRKKBDipHSkmeecy9xBIecSpn2k1p6XYm8pJGe6fu2nzhIqjR7ODxOT/s1zyxbVSsD/EvsnJRBjqZnzpxBiGNOAoUZkrJnW5FyEyQUxYykJSeWJEJ4gkakp2mAOJFuki2WwhOtDOAwFPoECmbqz44EcSmn3NeVHKmxXPbm4n9eL1bDKzehQRQrEuDFoGHMoArhPCU4oIJgxaaaICyo/ivEYyQQVjrLkg7BXl75L2nXqrbm9xfleiOPowiOwDGoABtcgjq4A03QAhg8gRfwBt6NZ+PV+DA+F6UFI+85BL9gzL4BJEygbw==</latexit><latexit sha1_base64="GFfNq+ZjFVapaVrBAZ15yLJ9f5I=">AAACGHicbVC7TsMwFHXKq5RXgJHFokIqAyWpkGBBqgoDY5HoQ2rSyHHd1qqdRLaDVEX5DBZ+hYUBhFi78Te4aQYoHMnW8Tn36voeP2JUKsv6Mgorq2vrG8XN0tb2zu6euX/QlmEsMGnhkIWi6yNJGA1IS1HFSDcSBHGfkY4/uZn7nUciJA2DBzWNiMvRKKBDipHSkmeecy9xBIecSpn2k1p6XYm8pJGe6fu2nzhIqjR7ODxOT/s1zyxbVSsD/EvsnJRBjqZnzpxBiGNOAoUZkrJnW5FyEyQUxYykJSeWJEJ4gkakp2mAOJFuki2WwhOtDOAwFPoECmbqz44EcSmn3NeVHKmxXPbm4n9eL1bDKzehQRQrEuDFoGHMoArhPCU4oIJgxaaaICyo/ivEYyQQVjrLkg7BXl75L2nXqrbm9xfleiOPowiOwDGoABtcgjq4A03QAhg8gRfwBt6NZ+PV+DA+F6UFI+85BL9gzL4BJEygbw==</latexit>

Data
ντ D*→B 

X')Xν l→(c D*H→B 
ν D**l→B 
νµ D*→B 

Combinatorial
µMisidentified 

▸ Essential use of track isolation and control 
regions to describe the sample composition▸ Analyses with  muons: signal dominated

Backgrounds

L(B )PV
0 DV(B )0
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<latexit sha1_base64="yoxiGmJ/Xnzj/3It9h2Qx4j1ESw=">AAAB+HicbVBNSwMxEJ2tX7V+dNWjl2ARPJVdEfRY9OKxgm2FdinZdLYNze6GJFuoS3+JFw+KePWnePPfmH4g2vpgmMd7M2TyQim4Np735RTW1jc2t4rbpZ3dvf2ye3DY1GmmGDZYKlL1EFKNgifYMNwIfJAKaRwKbIXDm6nfGqHSPE3uzVhiENN+wiPOqLFS1y13RshyOenmHYnKdrfiVb0ZyA/xl0kFFqh33c9OL2VZjIlhgmrd9j1pgpwqw5nASamTaZSUDWkf25YmNEYd5LPDJ+TUKj0SpcpWYshM/b2R01jrcRzayZiagV72puJ/Xjsz0VWQ80RmBhM2fyjKBDEpmaZAelwhM2JsCWWK21sJG1BFmbFZlWwIK19eJc3zqu9V/buLSu16EUcRjuEEzsCHS6jBLdShAQwyeIIXeHUenWfnzXmfjxacxc4R/IHz8Q2XQZOu</latexit><latexit sha1_base64="yoxiGmJ/Xnzj/3It9h2Qx4j1ESw=">AAAB+HicbVBNSwMxEJ2tX7V+dNWjl2ARPJVdEfRY9OKxgm2FdinZdLYNze6GJFuoS3+JFw+KePWnePPfmH4g2vpgmMd7M2TyQim4Np735RTW1jc2t4rbpZ3dvf2ye3DY1GmmGDZYKlL1EFKNgifYMNwIfJAKaRwKbIXDm6nfGqHSPE3uzVhiENN+wiPOqLFS1y13RshyOenmHYnKdrfiVb0ZyA/xl0kFFqh33c9OL2VZjIlhgmrd9j1pgpwqw5nASamTaZSUDWkf25YmNEYd5LPDJ+TUKj0SpcpWYshM/b2R01jrcRzayZiagV72puJ/Xjsz0VWQ80RmBhM2fyjKBDEpmaZAelwhM2JsCWWK21sJG1BFmbFZlWwIK19eJc3zqu9V/buLSu16EUcRjuEEzsCHS6jBLdShAQwyeIIXeHUenWfnzXmfjxacxc4R/IHz8Q2XQZOu</latexit><latexit sha1_base64="yoxiGmJ/Xnzj/3It9h2Qx4j1ESw=">AAAB+HicbVBNSwMxEJ2tX7V+dNWjl2ARPJVdEfRY9OKxgm2FdinZdLYNze6GJFuoS3+JFw+KePWnePPfmH4g2vpgmMd7M2TyQim4Np735RTW1jc2t4rbpZ3dvf2ye3DY1GmmGDZYKlL1EFKNgifYMNwIfJAKaRwKbIXDm6nfGqHSPE3uzVhiENN+wiPOqLFS1y13RshyOenmHYnKdrfiVb0ZyA/xl0kFFqh33c9OL2VZjIlhgmrd9j1pgpwqw5nASamTaZSUDWkf25YmNEYd5LPDJ+TUKj0SpcpWYshM/b2R01jrcRzayZiagV72puJ/Xjsz0VWQ80RmBhM2fyjKBDEpmaZAelwhM2JsCWWK21sJG1BFmbFZlWwIK19eJc3zqu9V/buLSu16EUcRjuEEzsCHS6jBLdShAQwyeIIXeHUenWfnzXmfjxacxc4R/IHz8Q2XQZOu</latexit><latexit sha1_base64="yoxiGmJ/Xnzj/3It9h2Qx4j1ESw=">AAAB+HicbVBNSwMxEJ2tX7V+dNWjl2ARPJVdEfRY9OKxgm2FdinZdLYNze6GJFuoS3+JFw+KePWnePPfmH4g2vpgmMd7M2TyQim4Np735RTW1jc2t4rbpZ3dvf2ye3DY1GmmGDZYKlL1EFKNgifYMNwIfJAKaRwKbIXDm6nfGqHSPE3uzVhiENN+wiPOqLFS1y13RshyOenmHYnKdrfiVb0ZyA/xl0kFFqh33c9OL2VZjIlhgmrd9j1pgpwqw5nASamTaZSUDWkf25YmNEYd5LPDJ+TUKj0SpcpWYshM/b2R01jrcRzayZiagV72puJ/Xjsz0VWQ80RmBhM2fyjKBDEpmaZAelwhM2JsCWWK21sJG1BFmbFZlWwIK19eJc3zqu9V/buLSu16EUcRjuEEzsCHS6jBLdShAQwyeIIXeHUenWfnzXmfjxacxc4R/IHz8Q2XQZOu</latexit>

▸ Analyses with taus: background dominated

Unofficial

<latexit sha1_base64="Pe9T5FGqmDM7/NJ5Tu9eHTRk+YQ=">AAACBHicdVDLTgIxFO3gC/GFumTTSExwMynIAO4IunCJiYAJA6RTCjR0OpO2Y0ImLNz4K25caIxbP8Kdf2N5mKjRkzQ5Oefe3J7jhZwpjdCHlVhZXVvfSG6mtrZ3dvfS+wdNFUSS0AYJeCBvPKwoZ4I2NNOc3oSSYt/jtOWNz2d+65ZKxQJxrSch7fh4KNiAEayN1Etnat0YTaGrA3jRjXMuVvpk6voRdEXUS2eRXUCO45Qgsp3ymeGGVArotFyBeRvNkQVL1Hvpd7cfkMinQhOOlWrnUag7MZaaEU6nKTdSNMRkjIe0bajAPlWdeB5iCo+N0oeDQJonNJyr3zdi7Cs18T0z6WM9Ur+9mfiX1470oNKJmQgjTQVZHBpEHJrIs0Zgn0lKNJ8Ygolk5q+QjLDERJveUqaEr6Twf9Is2PmSXbwqZqu1ZR1JkAFHIAfyoAyq4BLUQQMQcAcewBN4tu6tR+vFel2MJqzlziH4AevtE6pgl4Q=</latexit>

B0 ! D(⇤)µ⌫

<latexit sha1_base64="+8RHd7Yb2zDZpmWwI08PknXxhD8=">AAACBXicdVDLSgMxFM34rPU16lIXwSLoZkirfbgr1YVLBWuFTlsyaWqDmcyQ3BHK0I0bf8WNC0Xc+g/u/BvTWkFFDwQO59zLzTlBLIUBQt6dqemZ2bn5zEJ2cWl5ZdVdW78wUaIZr7NIRvoyoIZLoXgdBEh+GWtOw0DyRnB9NPIbN1wbEalzGMS8FdIrJXqCUbBSx92qtVMyxD5E+Lid7vrUwN7QB5pgXyUdN0e8AikWiyVMvGL50HJLKgWyX67gvEfGyKEJTjvum9+NWBJyBUxSY5p5EkMrpRoEk3yY9RPDY8qu6RVvWqpoyE0rHacY4h2rdHEv0vYpwGP1+0ZKQ2MGYWAnQwp989sbiX95zQR6lVYqVJwAV+zzUC+R2GYeVYK7QnMGcmAJZVrYv2LWp5oysMVlbQlfSfH/5KLg5UvewdlBrlqb1JFBm2gb7aI8KqMqOkGnqI4YukX36BE9OXfOg/PsvHyOTjmTnQ30A87rB3b0l/Y=</latexit>

B0 ! D(⇤)⌧⌫

~300k 
B→D*μν, 
[D*→D  π] 
in Run 1
Run2 ~x4

Phys. Rev. Lett. 115, 111803 (2015)

~90% purity
0

https://arxiv.org/pdf/1506.08614.pdf
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Partial reconstruction
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▸ With more than one missing neutrino: 
B rest frame approximation

<latexit sha1_base64="yqmRQls8QJGg2oK+Vz1IJZtaCJ4="></latexit>

(��z)B = (��z)D⇤µ =) (pz)B =
mB

m(D⇤µ)
(pz)D⇤µ

▸ With only one missing particle: longitudinal neutrino (or B) 
momentum component known up to a two-fold ambiguity

▸ Pick one solution randomly
▸ Use linear regression prediction 

JHEP 2 (2017) 021
▸ Use a proxy variable

<latexit sha1_base64="NXEzTT2f6IaFSHHSIfsewp4NGqc=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXw0Rsp90V3bisYB/SlpJJM21okglJRihDv8KNC0Xc+jnu/BvTh6CiB0IO59zLvfdEijNjg+DDW1ldW9/YzG3lt3d29/YLB4dNk6Sa0AZJeKLbETaUM0kblllO20pTLCJOW9H4aua37qk2LJG3dqJoT+ChZDEj2DrpTvWzrqJaTfuFYuCjMAhRGQZ+KaygauiI+1C1DJEfzFEES9T7hffuICGpoNISjo3poEDZXoa1ZYTTab6bGqowGeMh7TgqsaCml80XnsJTpwxgnGj3pIVz9XtHhoUxExG5SoHtyPz2ZuJfXie1caWXMalSSyVZDIpTDm0CZ9fDAdOUWD5xBBPN3K6QjLDGxLqM8i6Er0vh/6R57qOSH9xcFGuXyzhy4BicgDOAQAhq4BrUQQMQIMADeALPnvYevRfvdVG64i17jsAPeG+fxPyRDw==</latexit>p?

<latexit sha1_base64="NXEzTT2f6IaFSHHSIfsewp4NGqc=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXw0Rsp90V3bisYB/SlpJJM21okglJRihDv8KNC0Xc+jnu/BvTh6CiB0IO59zLvfdEijNjg+DDW1ldW9/YzG3lt3d29/YLB4dNk6Sa0AZJeKLbETaUM0kblllO20pTLCJOW9H4aua37qk2LJG3dqJoT+ChZDEj2DrpTvWzrqJaTfuFYuCjMAhRGQZ+KaygauiI+1C1DJEfzFEES9T7hffuICGpoNISjo3poEDZXoa1ZYTTab6bGqowGeMh7TgqsaCml80XnsJTpwxgnGj3pIVz9XtHhoUxExG5SoHtyPz2ZuJfXie1caWXMalSSyVZDIpTDm0CZ9fDAdOUWD5xBBPN3K6QjLDGxLqM8i6Er0vh/6R57qOSH9xcFGuXyzhy4BicgDOAQAhq4BrUQQMQIMADeALPnvYevRfvdVG64i17jsAPeG+fxPyRDw==</latexit>p?

<latexit sha1_base64="lhdCbeeq104/O61Yae5JMm53kmA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXrJkd+/YnRNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x882iQzjDdYIhPTiqjlUmjeQIGSt1LDqYokb0bDm6nffOLGikQ/4CjloaJ9LWLBKDrpvqOybrniV/0ZyDIJclKBHPVu+avTS1imuEYmqbXtwE8xHFODgkk+KXUyy1PKhrTP245qqrgNx7NTJ+TEKT0SJ8aVRjJTf0+MqbJ2pCLXqSgO7KI3Ff/z2hnGV+FY6DRDrtl8UZxJggmZ/k16wnCGcuQIZUa4WwkbUEMZunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnSe/HevY95a8HLZw7hD7zPH16wjdo=</latexit>µ

<latexit sha1_base64="vXXDBjPhlKtinsJ4F+G8st1TSa4=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjK2pbMsunFZwT6kM5RMmrahSWZIMkIZ+hVuXCji1s9x59+YtiOo6IELh3Pu5d57ooQzbRD6cApr6xubW8Xt0s7u3v5B+fCoo+NUEdomMY9VL8KaciZp2zDDaS9RFIuI0240vVr43XuqNIvlrZklNBR4LNmIEWysdBfIdJAFIp0PyhXkNjxU932IXLSEJVVUq9Z86OVKBeRoDcrvwTAmqaDSEI617nsoMWGGlWGE03kpSDVNMJniMe1bKrGgOsyWB8/hmVWGcBQrW9LApfp9IsNC65mIbKfAZqJ/ewvxL6+fmpEfZkwmqaGSrBaNUg5NDBffwyFTlBg+swQTxeytkEywwsTYjEo2hK9P4f+kc+F6dRfd1CrNyzyOIjgBp+AceKABmuAatEAbECDAA3gCz45yHp0X53XVWnDymWPwA87bJ39zkN8=</latexit>⌫µ

<latexit sha1_base64="J9SbBL0N4t1EBm7h4xDFwBc7ex4=">AAAB9HicdVDLSgMxFM3UV62vqks3wSLUzTAjtdPuirpwWcE+oDOWTJq2oUlmTDKFMvQ73LhQxK0f486/MX0IKnrgcg/n3EtuThgzqrTjfFiZldW19Y3sZm5re2d3L79/0FRRIjFp4IhFsh0iRRgVpKGpZqQdS4J4yEgrHF3O/NaYSEUjcasnMQk4GgjapxhpIwVXd2nRR0qfTn2edPMFx3Y9x3PL0LHPvYpb9Qwxza2WoWs7cxTAEvVu/t3vRTjhRGjMkFId14l1kCKpKWZkmvMTRWKER2hAOoYKxIkK0vnRU3hilB7sR9KU0HCuft9IEVdqwkMzyZEeqt/eTPzL6yS6XwlSKuJEE4EXD/UTBnUEZwnAHpUEazYxBGFJza0QD5FEWJucciaEr5/C/0nzzHbLdummVKhdLOPIgiNwDIrABR6ogWtQBw2AwT14AE/g2Rpbj9aL9boYzVjLnUPwA9bbJ9cBki8=</latexit>

D(⇤)µ

<latexit sha1_base64="/5hZpfHaKEMX0TeQAzkMoqqHfMk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMdSLx4rmFpoY9lsp+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMfRZLGLVDqlGwSX6hhuB7UQhjUKBD+H4ZuY/PKHSPJb3ZpJgENGh5APOqLGS33jM3GmvXHGr7hxklXg5qUCOZq/81e3HLI1QGiao1h3PTUyQUWU4EzgtdVONCWVjOsSOpZJGqINsfuyUnFmlTwaxsiUNmau/JzIaaT2JQtsZUTPSy95M/M/rpGZwHWRcJqlByRaLBqkgJiazz0mfK2RGTCyhTHF7K2EjqigzNp+SDcFbfnmVtC6q3mW1dler1Bt5HEU4gVM4Bw+uoA630AQfGHB4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/fXiOfQ==</latexit>

B0
<latexit sha1_base64="B0j28zMHoC5ykScoflzlhjeAPo0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BItQLyWRoh6LevBYwX5gG8tmu2mXbjZhdyKU0H/hxYMiXv033vw3btsctPXBwOO9GWbm+bHgGh3n28qtrK6tb+Q3C1vbO7t7xf2Dpo4SRVmDRiJSbZ9oJrhkDeQoWDtWjIS+YC1/dD31W09MaR7JexzHzAvJQPKAU4JGerh5TMtdovF00iuWnIozg71M3IyUIEO9V/zq9iOahEwiFUTrjuvE6KVEIaeCTQrdRLOY0BEZsI6hkoRMe+ns4ol9YpS+HUTKlER7pv6eSEmo9Tj0TWdIcKgXvan4n9dJMLj0Ui7jBJmk80VBImyM7On7dp8rRlGMDSFUcXOrTYdEEYompIIJwV18eZk0zyrueaV6Vy3VrrI48nAEx1AGFy6gBrdQhwZQkPAMr/BmaevFerc+5q05K5s5hD+wPn8A9ASQdg==</latexit>

D(⇤)
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LHCb Simulation Phys. Rev. D101 (2020) 072004

https://arxiv.org/abs/1611.08522
https://arxiv.org/abs/2001.03225
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Differential measurements

▸ Helicity angles distributions (and derived observables) are sensitive to New Physics 
contributions and hadronic interactions (Form Factors)

⌧(! µ⌫⌫)
<latexit sha1_base64="bbvuQi14V/gFsPlAnp84pGi+qDE=">AAAB/3icbVDLSsNAFJ34rPVVFdy4GSxC3YSkBm13RTcuK9gHNKFMppN26GQSZiZCiV34K25cKOLW33Dn3zhpo/g6cOFwzr3ce48fMyqVZb0bC4tLyyurhbXi+sbm1nZpZ7cto0Rg0sIRi0TXR5IwyklLUcVINxYEhT4jHX98kfmdGyIkjfi1msTEC9GQ04BipLTUL+27CiWw4qoIumECXT6r436pbJvWDNAyq07Nceqa5MqnVQY5mv3SmzuIcBISrjBDUvZsK1ZeioSimJFp0U0kiREeoyHpacpRSKSXzu6fwiOtDGAQCV1cwZn6fSJFoZST0NedIVIj+dvLxP+8XqKCmpdSHieKcDxfFCQM6m+zMOCACoIVm2iCsKD6VohHSCCsdGRFHYJl1jOcfr38l7Srpn1iOldOuXGex1EAB+AQVIANzkADXIImaAEMbsE9eARPxp3xYDwbL/PWBSOf2QM/YLx+AJFxlVE=</latexit>

<latexit sha1_base64="OLKJ0Qs28jpAweOlr6WmwBdeIkE=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnRmEByhL3NXrJkd+/YnRNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x882iQzjDdYIhPTiqjlUmjeQIGSt1LDqYokb0bDm6nffOLGikQ/4CjloaJ9LWLBKDrpvqOybrniV/0ZyDIJclKBHPVu+avTS1imuEYmqbXtwE8xHFODgkk+KXUyy1PKhrTP245qqrgNx7NTJ+TEKT0SJ8aVRjJTf0+MqbJ2pCLXqSgO7KI3Ff/z2hnGV+FY6DRDrtl8UZxJggmZ/k16wnCGcuQIZUa4WwkbUEMZunRKLoRg8eVl8nhWDS6qwd15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnSe/HevY95a8HLZw7hD7zPH19Wjdw=</latexit>µLHCb Simulation

LHCb Simulation LHCb Simulation

Resolutions to be modelled, 
but good sensitivity with 
large datasets!

<latexit sha1_base64="yG6wwdZMs1TP7tIkKMm5hIveJcc=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cK9gOaUDbbabt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuh8yAFAoaKFBCO9HAolBCKxzdzfzWGLQRsXrESQJBxAZK9AVnaKXAxyEg62Y+SDntlitu1Z2DrhIvJxWSo94tf/m9mKcRKOSSGdPx3ASDjGkUXMK05KcGEsZHbAAdSxWLwATZ/OgpPbNKj/ZjbUshnau/JzIWGTOJQtsZMRyaZW8m/ud1UuzfBJlQSYqg+GJRP5UUYzpLgPaEBo5yYgnjWthbKR8yzTjanEo2BG/55VXSvKh6V1Xv4bJSu83jKJITckrOiUeuSY3ckzppEE6eyDN5JW/O2Hlx3p2PRWvByWeOyR84nz82V5Jk</latexit>

✓`

<latexit sha1_base64="OtFut2t1oeeBbCZBcPqXrEbV6x4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6p7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA9ejkE=</latexit>

`

CHALLENGES OF SEMILEPTONIC B DECAYS                                19/04/2022

arXiv:1808.08865

https://arxiv.org/abs/1808.08865
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Differential measurements

▸ Helicity angles distributions (and derived observables) are sensitive to New Physics 
contributions and hadronic interactions (Form Factors)

<latexit sha1_base64="yG6wwdZMs1TP7tIkKMm5hIveJcc=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cK9gOaUDbbabt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuh8yAFAoaKFBCO9HAolBCKxzdzfzWGLQRsXrESQJBxAZK9AVnaKXAxyEg62Y+SDntlitu1Z2DrhIvJxWSo94tf/m9mKcRKOSSGdPx3ASDjGkUXMK05KcGEsZHbAAdSxWLwATZ/OgpPbNKj/ZjbUshnau/JzIWGTOJQtsZMRyaZW8m/ud1UuzfBJlQSYqg+GJRP5UUYzpLgPaEBo5yYgnjWthbKR8yzTjanEo2BG/55VXSvKh6V1Xv4bJSu83jKJITckrOiUeuSY3ckzppEE6eyDN5JW/O2Hlx3p2PRWvByWeOyR84nz82V5Jk</latexit>

✓`

<latexit sha1_base64="OtFut2t1oeeBbCZBcPqXrEbV6x4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6p7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA9ejkE=</latexit>

`

CHALLENGES OF SEMILEPTONIC B DECAYS                                19/04/2022
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LHCb Simulation

LHCb Simulation LHCb Simulation

▸                           decays
<latexit sha1_base64="T4GZ01y4osiDO8+eCGKWxxFBpbQ=">AAACAHicdVDLSsNAFJ3UV62vqAsXbgaL4KqkbRpdlurCZQX7gCYtk+mkHTqZhJmJUEI2/oobF4q49TPc+TdOH4KKHhg4nHMvd87xY0alsqwPI7eyura+kd8sbG3v7O6Z+wdtGSUCkxaOWCS6PpKEUU5aiipGurEgKPQZ6fiTy5nfuSNC0ojfqmlMvBCNOA0oRkpLA/Oo0U+tzFURvOqnLpIqc8PE5cnALFol23aqlQrUxKk4NXtBqnYNlkvWHEWwRHNgvrvDCCch4QozJGWvbMXKS5FQFDOSFdxEkhjhCRqRnqYchUR66TxABk+1MoRBJPTjCs7V7xspCqWchr6eDJEay9/eTPzL6yUquPBSyuNEEY4Xh4KEQZ131gYcUkGwYlNNEBZU/xXiMRIIK91ZQZfwlRT+T9qVUtkp2Td2sd5Y1pEHx+AEnIEyOAd1cA2aoAUwyMADeALPxr3xaLwYr4vRnLHcOQQ/YLx9AhXklsQ=</latexit>

B0 ! D⇤µ⌫

▸ Solution of quadratic equation (solid) compared to 
B rest frame approximation (dashed)
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EFT: Modelling New Physics (and hadronic) effects

quark, e.g. b charged lepton

neutrino

⌧ , µ
<latexit sha1_base64="mD9jefNXepPkgZq4DKd0gcZSZrE="></latexit>

lighter quark, e.g. c

<latexit sha1_base64="d/yfdSXGzvIgoLW7CvRe7dTVjgw="></latexit>

Heff =
GFp
2
Vcb

X

i

CiOi

▸ HAMMER tool (Bernlochner, Duell, Ligeti, Papucci, 
Robinson, Eur. Phys. J. C 80, 883 (2020) ) to re-
weight MC events and obtain “dynamic” templates, 
(for-)folding in the experimental resolution 

▸ Extract Wilson Coefficients and hadronic Form Factor 
parameters from a fit to data (arXiv:2007.12605)
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Mean  0.0563− 

Std Dev     0.932

 / ndf 2χ  28.78 / 27

Constant  3.26± 83.16 

Mean      0.03017±0.06944 − 

Sigma     0.0211± 0.9282 

<latexit sha1_base64="EzinUZkvczvRtHMNTIAf3RDfF5Y=">AAACIHicbVDLSsNAFJ34rPUVdelmsAiCUBIR60YoduNGqWgf0MYwmU7aoZNJmJkIJeRT3Pgrblwoojv9GidtFrb1wMCZc+7l3nu8iFGpLOvbWFhcWl5ZLawV1zc2t7bNnd2mDGOBSQOHLBRtD0nCKCcNRRUj7UgQFHiMtLxhLfNbj0RIGvJ7NYqIE6A+pz7FSGnJNSvdAKkBRiyppS6FF3Dq/5DcXafweFa8qaeuWbLK1hhwntg5KYEcddf86vZCHAeEK8yQlB3bipSTIKEoZiQtdmNJIoSHqE86mnIUEOkk4wNTeKiVHvRDoR9XcKz+7UhQIOUo8HRltqmc9TLxP68TK//cSSiPYkU4ngzyYwZVCLO0YI8KghUbaYKwoHpXiAdIIKx0pkUdgj178jxpnpTts7J9e1qqXuZxFMA+OABHwAYVUAVXoA4aAIMn8ALewLvxbLwaH8bnpHTByHv2wBSMn1+5XqNU</latexit>

Ci = CSM
i + CNP

i

Wilson coefficients

Effective operators

CHALLENGES OF SEMILEPTONIC B DECAYS                                19/04/2022

https://gitlab.com/mpapucci/Hammer
https://link.springer.com/article/10.1140/epjc/s10052-020-8304-0
https://arxiv.org/abs/2007.12605
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<latexit sha1_base64="d/yfdSXGzvIgoLW7CvRe7dTVjgw="></latexit>

Heff =
GFp
2
Vcb

X

i

CiOi

<latexit sha1_base64="zjzH0R/Ful6BYsohb0aYqGYg5f0="></latexit>

=
GFp
2
Vcb

h
(1 + gV )c̄�µb+ (�1 + gA)c̄�µ�5b

+gSi@µ(c̄b) + gP i@µ(c̄�5b)

+gT i@
⌫(c̄i�µ⌫b) + gT5i@

⌫(c̄i�µ⌫�5b)
i

¯̀�µ(1� �5)⌫` + h.c.

SM

<latexit sha1_base64="Pe9T5FGqmDM7/NJ5Tu9eHTRk+YQ=">AAACBHicdVDLTgIxFO3gC/GFumTTSExwMynIAO4IunCJiYAJA6RTCjR0OpO2Y0ImLNz4K25caIxbP8Kdf2N5mKjRkzQ5Oefe3J7jhZwpjdCHlVhZXVvfSG6mtrZ3dvfS+wdNFUSS0AYJeCBvPKwoZ4I2NNOc3oSSYt/jtOWNz2d+65ZKxQJxrSch7fh4KNiAEayN1Etnat0YTaGrA3jRjXMuVvpk6voRdEXUS2eRXUCO45Qgsp3ymeGGVArotFyBeRvNkQVL1Hvpd7cfkMinQhOOlWrnUag7MZaaEU6nKTdSNMRkjIe0bajAPlWdeB5iCo+N0oeDQJonNJyr3zdi7Cs18T0z6WM9Ur+9mfiX1470oNKJmQgjTQVZHBpEHJrIs0Zgn0lKNJ8Ygolk5q+QjLDERJveUqaEr6Twf9Is2PmSXbwqZqu1ZR1JkAFHIAfyoAyq4BLUQQMQcAcewBN4tu6tR+vFel2MJqzlziH4AevtE6pgl4Q=</latexit>

B0 ! D(⇤)µ⌫
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<latexit sha1_base64="x2OcirlAl84kBttRjXHdxGL7gyU="></latexit>

Re(VqRlL) = {�0.5,�0.2,�0.1, 0.0, 0.1, 0.2, 0.5}

LHCb Simulation LHCb Simulation

LHCb SimulationLHCb Simulation

https://hammer.physics.lbl.gov/HammerManual.pdf
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<latexit sha1_base64="d/yfdSXGzvIgoLW7CvRe7dTVjgw="></latexit>

Heff =
GFp
2
Vcb

X

i

CiOi

<latexit sha1_base64="zjzH0R/Ful6BYsohb0aYqGYg5f0="></latexit>

=
GFp
2
Vcb

h
(1 + gV )c̄�µb+ (�1 + gA)c̄�µ�5b

+gSi@µ(c̄b) + gP i@µ(c̄�5b)

+gT i@
⌫(c̄i�µ⌫b) + gT5i@

⌫(c̄i�µ⌫�5b)
i

¯̀�µ(1� �5)⌫` + h.c.

SM

<latexit sha1_base64="Pe9T5FGqmDM7/NJ5Tu9eHTRk+YQ=">AAACBHicdVDLTgIxFO3gC/GFumTTSExwMynIAO4IunCJiYAJA6RTCjR0OpO2Y0ImLNz4K25caIxbP8Kdf2N5mKjRkzQ5Oefe3J7jhZwpjdCHlVhZXVvfSG6mtrZ3dvfS+wdNFUSS0AYJeCBvPKwoZ4I2NNOc3oSSYt/jtOWNz2d+65ZKxQJxrSch7fh4KNiAEayN1Etnat0YTaGrA3jRjXMuVvpk6voRdEXUS2eRXUCO45Qgsp3ymeGGVArotFyBeRvNkQVL1Hvpd7cfkMinQhOOlWrnUag7MZaaEU6nKTdSNMRkjIe0bajAPlWdeB5iCo+N0oeDQJonNJyr3zdi7Cs18T0z6WM9Ur+9mfiX1470oNKJmQgjTQVZHBpEHJrIs0Zgn0lKNJ8Ygolk5q+QjLDERJveUqaEr6Twf9Is2PmSXbwqZqu1ZR1JkAFHIAfyoAyq4BLUQQMQcAcewBN4tu6tR+vFel2MJqzlziH4AevtE6pgl4Q=</latexit>

B0 ! D(⇤)µ⌫

H
am

m
er

 M
an

ua
l

<latexit sha1_base64="Ekl+DjekyaGNnVmEvdUmNcVOV4A="></latexit>

d4
�

dq2dcos✓ddcos✓`d�
/ I1ccos

2✓d + I1ssin
2✓d

+

h
I2ccos

2✓d + I2ssin
2✓d

i
cos2✓`

+

h
I6ccos

2✓d + I6ssin
2✓d

i
cos✓`

+

h
I3cos2�+ I9sin2�

i
sin

2✓`sin
2✓d

+

h
I4cos�+ I8sin�

i
sin2✓`sin2✓d

+

h
I5cos�+ I7sin�

i
sin✓Lsin2✓d

▸ Measure angular coefficients (depend on 
amplitudes - q   dependence) which relate to 
the Wilson Coefficients

▸ Measure directly Wilson Coefficients

▸ Strategies considered:

2

https://hammer.physics.lbl.gov/HammerManual.pdf
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<latexit sha1_base64="Pe9T5FGqmDM7/NJ5Tu9eHTRk+YQ=">AAACBHicdVDLTgIxFO3gC/GFumTTSExwMynIAO4IunCJiYAJA6RTCjR0OpO2Y0ImLNz4K25caIxbP8Kdf2N5mKjRkzQ5Oefe3J7jhZwpjdCHlVhZXVvfSG6mtrZ3dvfS+wdNFUSS0AYJeCBvPKwoZ4I2NNOc3oSSYt/jtOWNz2d+65ZKxQJxrSch7fh4KNiAEayN1Etnat0YTaGrA3jRjXMuVvpk6voRdEXUS2eRXUCO45Qgsp3ymeGGVArotFyBeRvNkQVL1Hvpd7cfkMinQhOOlWrnUag7MZaaEU6nKTdSNMRkjIe0bajAPlWdeB5iCo+N0oeDQJonNJyr3zdi7Cs18T0z6WM9Ur+9mfiX1470oNKJmQgjTQVZHBpEHJrIs0Zgn0lKNJ8Ygolk5q+QjLDERJveUqaEr6Twf9Is2PmSXbwqZqu1ZR1JkAFHIAfyoAyq4BLUQQMQcAcewBN4tu6tR+vFel2MJqzlziH4AevtE6pgl4Q=</latexit>

B0 ! D(⇤)µ⌫
▸ Extract directly Wilson Coefficients and FF parameters from fit to data

▸ Shape analysis only - no attempt to measure             , lose sensitivity to yield changes
<latexit sha1_base64="xg0PFonHYkZHvzou4/bhbuO21PU=">AAAB73icdVDLSsNAFL2pr1pfVZduBovgKiRpGl0W3bisYGuhDWUynbRDJw9nJkJJ+xNuXCji1t9x5984fQgqeuDC4Zx7ufeeIOVMKsv6MAorq2vrG8XN0tb2zu5eef+gJZNMENokCU9EO8CSchbTpmKK03YqKI4CTm+D0eXMv72nQrIkvlHjlPoRHsQsZAQrLbUnrV5OgumkV65Yput6VcdBmniOV3MXpOrWkG1ac1RgiUav/N7tJySLaKwIx1J2bCtVfo6FYoTTaambSZpiMsID2tE0xhGVfj6/d4pOtNJHYSJ0xQrN1e8TOY6kHEeB7oywGsrf3kz8y+tkKjz3cxanmaIxWSwKM45UgmbPoz4TlCg+1gQTwfStiAyxwETpiEo6hK9P0f+k5Zi2Z7rXbqV+sYyjCEdwDKdgwxnU4Qoa0AQCHB7gCZ6NO+PReDFeF60FYzlzCD9gvH0C1mqQhQ==</latexit>

|Vcb|
▸ To be considered also as benchmark study/measurement 
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<latexit sha1_base64="Pe9T5FGqmDM7/NJ5Tu9eHTRk+YQ=">AAACBHicdVDLTgIxFO3gC/GFumTTSExwMynIAO4IunCJiYAJA6RTCjR0OpO2Y0ImLNz4K25caIxbP8Kdf2N5mKjRkzQ5Oefe3J7jhZwpjdCHlVhZXVvfSG6mtrZ3dvfS+wdNFUSS0AYJeCBvPKwoZ4I2NNOc3oSSYt/jtOWNz2d+65ZKxQJxrSch7fh4KNiAEayN1Etnat0YTaGrA3jRjXMuVvpk6voRdEXUS2eRXUCO45Qgsp3ymeGGVArotFyBeRvNkQVL1Hvpd7cfkMinQhOOlWrnUag7MZaaEU6nKTdSNMRkjIe0bajAPlWdeB5iCo+N0oeDQJonNJyr3zdi7Cs18T0z6WM9Ur+9mfiX1470oNKJmQgjTQVZHBpEHJrIs0Zgn0lKNJ8Ygolk5q+QjLDERJveUqaEr6Twf9Is2PmSXbwqZqu1ZR1JkAFHIAfyoAyq4BLUQQMQcAcewBN4tu6tR+vFel2MJqzlziH4AevtE6pgl4Q=</latexit>

B0 ! D(⇤)µ⌫
▸ Extract directly Wilson Coefficients and FF parameters from fit to data

▸ Shape analysis only - no attempt to measure             , lose sensitivity to yield changes
<latexit sha1_base64="xg0PFonHYkZHvzou4/bhbuO21PU=">AAAB73icdVDLSsNAFL2pr1pfVZduBovgKiRpGl0W3bisYGuhDWUynbRDJw9nJkJJ+xNuXCji1t9x5984fQgqeuDC4Zx7ufeeIOVMKsv6MAorq2vrG8XN0tb2zu5eef+gJZNMENokCU9EO8CSchbTpmKK03YqKI4CTm+D0eXMv72nQrIkvlHjlPoRHsQsZAQrLbUnrV5OgumkV65Yput6VcdBmniOV3MXpOrWkG1ac1RgiUav/N7tJySLaKwIx1J2bCtVfo6FYoTTaambSZpiMsID2tE0xhGVfj6/d4pOtNJHYSJ0xQrN1e8TOY6kHEeB7oywGsrf3kz8y+tkKjz3cxanmaIxWSwKM45UgmbPoz4TlCg+1gQTwfStiAyxwETpiEo6hK9P0f+k5Zi2Z7rXbqV+sYyjCEdwDKdgwxnU4Qoa0AQCHB7gCZ6NO+PReDFeF60FYzlzCD9gvH0C1mqQhQ==</latexit>

|Vcb|
▸ To be considered also as benchmark study/measurement 

▸  B→D**μν description using BLR parametrisation (arxiv:1711.03110, Phys. Rev. D 95, 
014022 (2017)) and parameter values from R(D) vs R(D*)

▸ Despite the small contribution, care needed to choose 
B→D*𝞃ν  model (and evaluating impact of the choice)

▸ Data-driven techniques when possible (background from mis-
identified particles, random track combinations)

https://arxiv.org/pdf/1711.03110.pdf
https://arxiv.org/abs/1606.09300
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Parameter with Run1 dataset 
statisticsΔR1 1.42E-02

ΔR2 1.20E-02

Δ⍴^2 1.70E-02

Expected sensitivity (stat)

▸ SM fits: using CLN (Nuclear Physics B 530 (1998) 153-181) , BGL (Phys.Rev. D56 
(1997) 6895-6911) and BLPR parametrisations

Parameter with Run1 dataset statistics

Δa0 6E-05

Δa1 4E-03

Δa2 8E-02

Δb1 6E-04

Δb2 1E-02

Δc1 7E-05

Δc2 1E-03

Δd0 9E-04

▸ Precision comparable (Run1 only) to latest B-
factory measurements (Phys. Rev. D 100, 
052007 (2019), Phys. Rev. Lett. 123, 091801 
(2019)), and increased (as expected) wrt 
LHCb R(D*) measurement on same dataset

Expected sensitivity (stat)

CLN

BGL

<latexit sha1_base64="ZCWEvPynmAJavcuVofm+MqICYkw="></latexit>

d�

dq2
=

G2
F |Vcb|2

192⇡3M3

k

q5
(q2 �m2

l )
2

=
h
(2q2 +m2

l )(2q
2|f |2 + |F 1|2 + 2k2q4|g|2) + 3m2

l k
2q2|F 2|2

i

<latexit sha1_base64="nOXcVlAEC++GtMuMtpQUuY5TBsI="></latexit>

F (q2) =
1

P (q2)�(q2; t0)

X

n

anz(q
2; t0)

n

https://www.sciencedirect.com/science/article/pii/S0550321398003502?via%3Dihub
https://arxiv.org/abs/hep-ph/9705252
https://arxiv.org/abs/1809.03290
https://arxiv.org/abs/1903.10002
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▸ Using BLPR parametrisation for SM and NP fits 
▸ Incorporates HQET predictions that relate the FFs for NP matrix elements to the SM ones

▸ Calculations by Bernlochner et. al. Phys. Rev. D 95, 115008 (2017) , using both the 
leading and          xxxxxxxx  sub-leading Isgur-Wise function - starting values for fit 
parameters from fit in Phys. Rev. D 95, 115008 (2017) without any experimental inputs

<latexit sha1_base64="Lj+kbhgOZb8TcqZh8OrgDfnqOsY="></latexit>O(⇤QCD/mb)

Parameter Starting value with Run1 dataset statistics

1.24+/-0.08 0.02-0.08

-0.06+/-0.02 O(0.1)

0.0+/-0.02 0.2-1.0

0.05+/-0.02 fixed *

0.30+/-0.04 0.1-0.2

-0.05+/-0.10 ~1

7.5 1-10
<latexit sha1_base64="FRJ0zWrIvgBESEpM9eGgzd6MG4Q=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZKYRpdFNy4r2LTQhjKZTtqxk5kwMxFK6D+4caGIW//HnX/j9CGo6IELh3Pu5d574oxRpR3nwyqtrK6tb5Q3K1vbO7t71f2DUIlcYtLCggnZiZEijHLS0lQz0skkQWnMSDseX8389j2Rigp+qycZiVI05DShGGkjhWG/8Jxpv1pzbN8PzjwPGhJ4Qd1fkDO/Dl3bmaMGlmj2q++9gcB5SrjGDCnVdZ1MRwWSmmJGppVerkiG8BgNSddQjlKiomJ+7RSeGGUAEyFNcQ3n6veJAqVKTdLYdKZIj9Rvbyb+5XVznVxEBeVZrgnHi0VJzqAWcPY6HFBJsGYTQxCW1NwK8QhJhLUJqGJC+PoU/k9Cz3YD27/xa43LZRxlcASOwSlwwTlogGvQBC2AwR14AE/g2RLWo/VivS5aS9Zy5hD8gPX2CXgYjxY=</latexit>

V20

<latexit sha1_base64="u4rsWa2n891QPv+pPxppcqMmDkk=">AAAB7nicdVDLSsNAFL2pr1pfVZduBotQNyFJ0+iy6MZlBfuANpTJdNIOnTyYmQgl9CPcuFDErd/jzr9x+hBU9MCFwzn3cu89QcqZVJb1YRTW1jc2t4rbpZ3dvf2D8uFRWyaZILRFEp6IboAl5SymLcUUp91UUBwFnHaCyfXc79xTIVkS36lpSv0Ij2IWMoKVljp9qnDVPh+UK5bpul7NcZAmnuPV3SWpuXVkm9YCFVihOSi/94cJySIaK8KxlD3bSpWfY6EY4XRW6meSpphM8Ij2NI1xRKWfL86doTOtDFGYCF2xQgv1+0SOIymnUaA7I6zG8rc3F//yepkKL/2cxWmmaEyWi8KMI5Wg+e9oyAQlik81wUQwfSsiYywwUTqhkg7h61P0P2k7pu2Z7q1baVyt4ijCCZxCFWy4gAbcQBNaQGACD/AEz0ZqPBovxuuytWCsZo7hB4y3T60Qjyk=</latexit>

⌘(1)
<latexit sha1_base64="+xWcvFMSXojbTH6Bvm7mLL+wN8o=">AAAB73icdVDJSgNBEO2JW4xb1KOXxiDGyzAzmYweg148RjALJEPo6dQkTXoWu3uEEPITXjwo4tXf8ebf2FkEFX1Q8Hiviqp6QcqZVJb1YeRWVtfWN/Kbha3tnd294v5BUyaZoNCgCU9EOyASOIuhoZji0E4FkCjg0ApGVzO/dQ9CsiS+VeMU/IgMYhYySpSW2l1Q5LRsn/WKJct0Xa/iOFgTz/Gq7oJU3Cq2TWuOElqi3iu+d/sJzSKIFeVEyo5tpcqfEKEY5TAtdDMJKaEjMoCOpjGJQPqT+b1TfKKVPg4ToStWeK5+n5iQSMpxFOjOiKih/O3NxL+8TqbCC3/C4jRTENPFojDjWCV49jzuMwFU8bEmhAqmb8V0SAShSkdU0CF8fYr/J03HtD3TvXFLtctlHHl0hI5RGdnoHNXQNaqjBqKIowf0hJ6NO+PReDFeF605YzlziH7AePsEDzaPWg==</latexit>

⌘0(1)

<latexit sha1_base64="fRsub90D9eh1Zx3zCpUy26sSAO4=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSxC3YQkTaPLohuXFewDmhAm00k7dPJgZiLU0C9x40IRt36KO//G6UNQ0QMXDufcy733hBmjQprmh1ZaW9/Y3CpvV3Z29/ar+sFhV6Q5x6SDU5byfogEYTQhHUklI/2MExSHjPTCydXc790RLmia3MppRvwYjRIaUYykkgK96o2RLDw8poE9q1tngV4zDcdxG7YNFXFtt+ksScNpQsswF6iBFdqB/u4NU5zHJJGYISEGlplJv0BcUszIrOLlgmQIT9CIDBRNUEyEXywOn8FTpQxhlHJViYQL9ftEgWIhpnGoOmMkx+K3Nxf/8ga5jC78giZZLkmCl4uinEGZwnkKcEg5wZJNFUGYU3UrxGPEEZYqq4oK4etT+D/p2oblGs6NU2tdruIog2NwAurAAuegBa5BG3QABjl4AE/gWbvXHrUX7XXZWtJWM0fgB7S3TySkksY=</latexit>

�̂2(1)
<latexit sha1_base64="49oEwS84g2+pRkABv3LWUhzpYC4=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0Wsm5CkaXRZdOOygn1AE8JkOmmHTh7MTAol9E/cuFDErX/izr9x+hBU9MCFwzn3cu89YcaokKb5oZXW1jc2t8rblZ3dvf0D/fCoI9KcY9LGKUt5L0SCMJqQtqSSkV7GCYpDRrrh+GbudyeEC5om93KaET9Gw4RGFCOppEDXvRGShYdHNLBn5zXrItCrpuE4bt22oSKu7TacJak7DWgZ5gJVsEIr0N+9QYrzmCQSMyRE3zIz6ReIS4oZmVW8XJAM4TEakr6iCYqJ8IvF5TN4ppQBjFKuKpFwoX6fKFAsxDQOVWeM5Ej89ubiX14/l9GVX9AkyyVJ8HJRlDMoUziPAQ4oJ1iyqSIIc6puhXiEOMJShVVRIXx9Cv8nHduwXMO5c6rN61UcZXACTkENWOASNMEtaIE2wGACHsATeNYK7VF70V6XrSVtNXMMfkB7+wSKBpL3</latexit>

�̂2
0(1)

<latexit sha1_base64="VT8nIqxtgB/A+D/jfylh64JwfsY=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0Wsm5CkaXRZdOOygn1AE8JkOmmHTh7MTAol9E/cuFDErX/izr9x+hBU9MCFwzn3cu89YcaokKb5oZXW1jc2t8rblZ3dvf0D/fCoI9KcY9LGKUt5L0SCMJqQtqSSkV7GCYpDRrrh+GbudyeEC5om93KaET9Gw4RGFCOppEDXvRGShYdHNKjPzmvWRaBXTcNx3LptQ0Vc2204S1J3GtAyzAWqYIVWoL97gxTnMUkkZkiIvmVm0i8QlxQzMqt4uSAZwmM0JH1FExQT4ReLy2fwTCkDGKVcVSLhQv0+UaBYiGkcqs4YyZH47c3Fv7x+LqMrv6BJlkuS4OWiKGdQpnAeAxxQTrBkU0UQ5lTdCvEIcYSlCquiQvj6FP5POrZhuYZz51Sb16s4yuAEnIIasMAlaIJb0AJtgMEEPIAn8KwV2qP2or0uW0vaauYY/ID29gmLj5L4</latexit>

ˆ! 3
0(1)

<latexit sha1_base64="gNEI+aq4CDra+bN3bFK2gAfnYnU=">AAAB/HicdVDLSsNAFJ34rPUV7dLNYBFchSRNo8uiG5cV7AOaGCbTSTt08mBmIoRQf8WNC0Xc+iHu/BunD0FFD1w4nHMv994TZowKaZof2srq2vrGZmWrur2zu7evHxx2RZpzTDo4ZSnvh0gQRhPSkVQy0s84QXHISC+cXM783h3hgqbJjSwy4sdolNCIYiSVFOg1L0S89Pg4nQalh4Sc3tqBXjcNx3Ebtg0VcW236SxIw2lCyzDnqIMl2oH+7g1TnMckkZghIQaWmUm/RFxSzMi06uWCZAhP0IgMFE1QTIRfzo+fwhOlDGGUclWJhHP1+0SJYiGKOFSdMZJj8dubiX95g1xG535JkyyXJMGLRVHOoEzhLAk4pJxgyQpFEOZU3QrxGHGEpcqrqkL4+hT+T7q2YbmGc+3UWxfLOCrgCByDU2CBM9ACV6ANOgCDAjyAJ/Cs3WuP2ov2umhd0ZYzNfAD2tsnqKSVcw==</latexit>

⇢̄2⇤

* large correlation between Δ𝛘3 and Δ⍴^2 
* depending on different NP scenario 

Expected sensitivity (stat)*
▸ Intended approach (at least from 

HAMMER) was SM fit to B→D*μν 
and use FF HQET parameters as 
input for NP fit to B→D*𝞃ν 

▸ High statistics B→D*μν analysis 
still useful - need for BGL and 
CLN + NP in HAMMER

▸ Need to see how to present the 
results (e.g. NP+Hadr ? etc)

https://arxiv.org/pdf/1703.05330.pdf
https://arxiv.org/pdf/1703.05330.pdf


16

New Physics Wilson Coefficients
CHALLENGES OF SEMILEPTONIC B DECAYS                                19/04/2022

▸ Ideally no assumption about the NP structure (Eur. Phys. J. C 80, 883 (2020))

▸ In practice easier searches for specific NP models (e.g. Bhattacharya et. al. JHEP 05 (2019) 
191)

▸ Studied different NP scenarios (plan to report fit results for each)

VqRlL VqLlL SqRlL 
(SqLlL)

TqLlL  

VqRlL

VqLlL

SqRlL 
(SqLlL)

TqLlL

VqRlL+VqLlL+ 
SqRlL+ TqLlL

Expected  (stat - 
Run1) uncertainty 
on WC

WC floating in fit
<latexit sha1_base64="xKrWnBmxVSvt1wp918T3eF197/s=">AAAB83icdVDLSgMxFM34rPVVdekmWARXw8wwfSyLbnRXwT6gM5RMmmlDk8yQZIQy9DfcuFDErT/jzr8x01ZQ0QOBwzn3ck9OlDKqtON8WGvrG5tb26Wd8u7e/sFh5ei4q5JMYtLBCUtkP0KKMCpIR1PNSD+VBPGIkV40vSr83j2RiibiTs9SEnI0FjSmGGkjBQFHeoIRy2/mfFipOrbve16jDg2pNWsNd0m8ug9d21mgClZoDyvvwSjBGSdCY4aUGrhOqsMcSU0xI/NykCmSIjxFYzIwVCBOVJgvMs/huVFGME6keULDhfp9I0dcqRmPzGSRUf32CvEvb5DpuBnmVKSZJgIvD8UZgzqBRQFwRCXBms0MQVhSkxXiCZIIa1NT2ZTw9VP4P+l6tlu3/Vu/2rpc1VECp+AMXAAXNEALXIM26AAMUvAAnsCzlVmP1ov1uhxds1Y7J+AHrLdPx4KSMw==</latexit>Im

<latexit sha1_base64="wnhukCstB95jVbotvC5RPQTKoes=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQhLSx7LoxmUV+4AmlMn0ph06eTAzEUrob7hxoYhbf8adf+OkraCiBwYO59zLPXOClDOpLOvDWFvf2NzaLu2Ud/f2Dw4rR8ddmWSCQocmPBH9gEjgLIaOYopDPxVAooBDL5heFX7vHoRkSXynZin4ERnHLGSUKC15XkTUhBKe385hWKlapus6TqOONak1aw17SZy6i23TWqCKVmgPK+/eKKFZBLGinEg5sK1U+TkRilEO87KXSUgJnZIxDDSNSQTSzxeZ5/hcKyMcJkK/WOGF+n0jJ5GUsyjQk0VG+dsrxL+8QabCpp+zOM0UxHR5KMw4VgkuCsAjJoAqPtOEUMF0VkwnRBCqdE1lXcLXT/H/pOuYdt10b9xq63JVRwmdojN0gWzUQC10jdqogyhK0QN6Qs9GZjwaL8brcnTNWO2coB8w3j4ByRiSNA==</latexit>

Re

<latexit sha1_base64="xKrWnBmxVSvt1wp918T3eF197/s=">AAAB83icdVDLSgMxFM34rPVVdekmWARXw8wwfSyLbnRXwT6gM5RMmmlDk8yQZIQy9DfcuFDErT/jzr8x01ZQ0QOBwzn3ck9OlDKqtON8WGvrG5tb26Wd8u7e/sFh5ei4q5JMYtLBCUtkP0KKMCpIR1PNSD+VBPGIkV40vSr83j2RiibiTs9SEnI0FjSmGGkjBQFHeoIRy2/mfFipOrbve16jDg2pNWsNd0m8ug9d21mgClZoDyvvwSjBGSdCY4aUGrhOqsMcSU0xI/NykCmSIjxFYzIwVCBOVJgvMs/huVFGME6keULDhfp9I0dcqRmPzGSRUf32CvEvb5DpuBnmVKSZJgIvD8UZgzqBRQFwRCXBms0MQVhSkxXiCZIIa1NT2ZTw9VP4P+l6tlu3/Vu/2rpc1VECp+AMXAAXNEALXIM26AAMUvAAnsCzlVmP1ov1uhxds1Y7J+AHrLdPx4KSMw==</latexit>Im

<latexit sha1_base64="xKrWnBmxVSvt1wp918T3eF197/s=">AAAB83icdVDLSgMxFM34rPVVdekmWARXw8wwfSyLbnRXwT6gM5RMmmlDk8yQZIQy9DfcuFDErT/jzr8x01ZQ0QOBwzn3ck9OlDKqtON8WGvrG5tb26Wd8u7e/sFh5ei4q5JMYtLBCUtkP0KKMCpIR1PNSD+VBPGIkV40vSr83j2RiibiTs9SEnI0FjSmGGkjBQFHeoIRy2/mfFipOrbve16jDg2pNWsNd0m8ug9d21mgClZoDyvvwSjBGSdCY4aUGrhOqsMcSU0xI/NykCmSIjxFYzIwVCBOVJgvMs/huVFGME6keULDhfp9I0dcqRmPzGSRUf32CvEvb5DpuBnmVKSZJgIvD8UZgzqBRQFwRCXBms0MQVhSkxXiCZIIa1NT2ZTw9VP4P+l6tlu3/Vu/2rpc1VECp+AMXAAXNEALXIM26AAMUvAAnsCzlVmP1ov1uhxds1Y7J+AHrLdPx4KSMw==</latexit>Im

<latexit sha1_base64="xKrWnBmxVSvt1wp918T3eF197/s=">AAAB83icdVDLSgMxFM34rPVVdekmWARXw8wwfSyLbnRXwT6gM5RMmmlDk8yQZIQy9DfcuFDErT/jzr8x01ZQ0QOBwzn3ck9OlDKqtON8WGvrG5tb26Wd8u7e/sFh5ei4q5JMYtLBCUtkP0KKMCpIR1PNSD+VBPGIkV40vSr83j2RiibiTs9SEnI0FjSmGGkjBQFHeoIRy2/mfFipOrbve16jDg2pNWsNd0m8ug9d21mgClZoDyvvwSjBGSdCY4aUGrhOqsMcSU0xI/NykCmSIjxFYzIwVCBOVJgvMs/huVFGME6keULDhfp9I0dcqRmPzGSRUf32CvEvb5DpuBnmVKSZJgIvD8UZgzqBRQFwRCXBms0MQVhSkxXiCZIIa1NT2ZTw9VP4P+l6tlu3/Vu/2rpc1VECp+AMXAAXNEALXIM26AAMUvAAnsCzlVmP1ov1uhxds1Y7J+AHrLdPx4KSMw==</latexit>Im

<latexit sha1_base64="xKrWnBmxVSvt1wp918T3eF197/s=">AAAB83icdVDLSgMxFM34rPVVdekmWARXw8wwfSyLbnRXwT6gM5RMmmlDk8yQZIQy9DfcuFDErT/jzr8x01ZQ0QOBwzn3ck9OlDKqtON8WGvrG5tb26Wd8u7e/sFh5ei4q5JMYtLBCUtkP0KKMCpIR1PNSD+VBPGIkV40vSr83j2RiibiTs9SEnI0FjSmGGkjBQFHeoIRy2/mfFipOrbve16jDg2pNWsNd0m8ug9d21mgClZoDyvvwSjBGSdCY4aUGrhOqsMcSU0xI/NykCmSIjxFYzIwVCBOVJgvMs/huVFGME6keULDhfp9I0dcqRmPzGSRUf32CvEvb5DpuBnmVKSZJgIvD8UZgzqBRQFwRCXBms0MQVhSkxXiCZIIa1NT2ZTw9VP4P+l6tlu3/Vu/2rpc1VECp+AMXAAXNEALXIM26AAMUvAAnsCzlVmP1ov1uhxds1Y7J+AHrLdPx4KSMw==</latexit>Im <latexit sha1_base64="xKrWnBmxVSvt1wp918T3eF197/s=">AAAB83icdVDLSgMxFM34rPVVdekmWARXw8wwfSyLbnRXwT6gM5RMmmlDk8yQZIQy9DfcuFDErT/jzr8x01ZQ0QOBwzn3ck9OlDKqtON8WGvrG5tb26Wd8u7e/sFh5ei4q5JMYtLBCUtkP0KKMCpIR1PNSD+VBPGIkV40vSr83j2RiibiTs9SEnI0FjSmGGkjBQFHeoIRy2/mfFipOrbve16jDg2pNWsNd0m8ug9d21mgClZoDyvvwSjBGSdCY4aUGrhOqsMcSU0xI/NykCmSIjxFYzIwVCBOVJgvMs/huVFGME6keULDhfp9I0dcqRmPzGSRUf32CvEvb5DpuBnmVKSZJgIvD8UZgzqBRQFwRCXBms0MQVhSkxXiCZIIa1NT2ZTw9VP4P+l6tlu3/Vu/2rpc1VECp+AMXAAXNEALXIM26AAMUvAAnsCzlVmP1ov1uhxds1Y7J+AHrLdPx4KSMw==</latexit>Im <latexit sha1_base64="xKrWnBmxVSvt1wp918T3eF197/s=">AAAB83icdVDLSgMxFM34rPVVdekmWARXw8wwfSyLbnRXwT6gM5RMmmlDk8yQZIQy9DfcuFDErT/jzr8x01ZQ0QOBwzn3ck9OlDKqtON8WGvrG5tb26Wd8u7e/sFh5ei4q5JMYtLBCUtkP0KKMCpIR1PNSD+VBPGIkV40vSr83j2RiibiTs9SEnI0FjSmGGkjBQFHeoIRy2/mfFipOrbve16jDg2pNWsNd0m8ug9d21mgClZoDyvvwSjBGSdCY4aUGrhOqsMcSU0xI/NykCmSIjxFYzIwVCBOVJgvMs/huVFGME6keULDhfp9I0dcqRmPzGSRUf32CvEvb5DpuBnmVKSZJgIvD8UZgzqBRQFwRCXBms0MQVhSkxXiCZIIa1NT2ZTw9VP4P+l6tlu3/Vu/2rpc1VECp+AMXAAXNEALXIM26AAMUvAAnsCzlVmP1ov1uhxds1Y7J+AHrLdPx4KSMw==</latexit>Im <latexit sha1_base64="xKrWnBmxVSvt1wp918T3eF197/s=">AAAB83icdVDLSgMxFM34rPVVdekmWARXw8wwfSyLbnRXwT6gM5RMmmlDk8yQZIQy9DfcuFDErT/jzr8x01ZQ0QOBwzn3ck9OlDKqtON8WGvrG5tb26Wd8u7e/sFh5ei4q5JMYtLBCUtkP0KKMCpIR1PNSD+VBPGIkV40vSr83j2RiibiTs9SEnI0FjSmGGkjBQFHeoIRy2/mfFipOrbve16jDg2pNWsNd0m8ug9d21mgClZoDyvvwSjBGSdCY4aUGrhOqsMcSU0xI/NykCmSIjxFYzIwVCBOVJgvMs/huVFGME6keULDhfp9I0dcqRmPzGSRUf32CvEvb5DpuBnmVKSZJgIvD8UZgzqBRQFwRCXBms0MQVhSkxXiCZIIa1NT2ZTw9VP4P+l6tlu3/Vu/2rpc1VECp+AMXAAXNEALXIM26AAMUvAAnsCzlVmP1ov1uhxds1Y7J+AHrLdPx4KSMw==</latexit>Im
<latexit sha1_base64="wnhukCstB95jVbotvC5RPQTKoes=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQhLSx7LoxmUV+4AmlMn0ph06eTAzEUrob7hxoYhbf8adf+OkraCiBwYO59zLPXOClDOpLOvDWFvf2NzaLu2Ud/f2Dw4rR8ddmWSCQocmPBH9gEjgLIaOYopDPxVAooBDL5heFX7vHoRkSXynZin4ERnHLGSUKC15XkTUhBKe385hWKlapus6TqOONak1aw17SZy6i23TWqCKVmgPK+/eKKFZBLGinEg5sK1U+TkRilEO87KXSUgJnZIxDDSNSQTSzxeZ5/hcKyMcJkK/WOGF+n0jJ5GUsyjQk0VG+dsrxL+8QabCpp+zOM0UxHR5KMw4VgkuCsAjJoAqPtOEUMF0VkwnRBCqdE1lXcLXT/H/pOuYdt10b9xq63JVRwmdojN0gWzUQC10jdqogyhK0QN6Qs9GZjwaL8brcnTNWO2coB8w3j4ByRiSNA==</latexit>

Re
<latexit sha1_base64="wnhukCstB95jVbotvC5RPQTKoes=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQhLSx7LoxmUV+4AmlMn0ph06eTAzEUrob7hxoYhbf8adf+OkraCiBwYO59zLPXOClDOpLOvDWFvf2NzaLu2Ud/f2Dw4rR8ddmWSCQocmPBH9gEjgLIaOYopDPxVAooBDL5heFX7vHoRkSXynZin4ERnHLGSUKC15XkTUhBKe385hWKlapus6TqOONak1aw17SZy6i23TWqCKVmgPK+/eKKFZBLGinEg5sK1U+TkRilEO87KXSUgJnZIxDDSNSQTSzxeZ5/hcKyMcJkK/WOGF+n0jJ5GUsyjQk0VG+dsrxL+8QabCpp+zOM0UxHR5KMw4VgkuCsAjJoAqPtOEUMF0VkwnRBCqdE1lXcLXT/H/pOuYdt10b9xq63JVRwmdojN0gWzUQC10jdqogyhK0QN6Qs9GZjwaL8brcnTNWO2coB8w3j4ByRiSNA==</latexit>

Re
<latexit sha1_base64="wnhukCstB95jVbotvC5RPQTKoes=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQhLSx7LoxmUV+4AmlMn0ph06eTAzEUrob7hxoYhbf8adf+OkraCiBwYO59zLPXOClDOpLOvDWFvf2NzaLu2Ud/f2Dw4rR8ddmWSCQocmPBH9gEjgLIaOYopDPxVAooBDL5heFX7vHoRkSXynZin4ERnHLGSUKC15XkTUhBKe385hWKlapus6TqOONak1aw17SZy6i23TWqCKVmgPK+/eKKFZBLGinEg5sK1U+TkRilEO87KXSUgJnZIxDDSNSQTSzxeZ5/hcKyMcJkK/WOGF+n0jJ5GUsyjQk0VG+dsrxL+8QabCpp+zOM0UxHR5KMw4VgkuCsAjJoAqPtOEUMF0VkwnRBCqdE1lXcLXT/H/pOuYdt10b9xq63JVRwmdojN0gWzUQC10jdqogyhK0QN6Qs9GZjwaL8brcnTNWO2coB8w3j4ByRiSNA==</latexit>

Re

<latexit sha1_base64="wnhukCstB95jVbotvC5RPQTKoes=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQhLSx7LoxmUV+4AmlMn0ph06eTAzEUrob7hxoYhbf8adf+OkraCiBwYO59zLPXOClDOpLOvDWFvf2NzaLu2Ud/f2Dw4rR8ddmWSCQocmPBH9gEjgLIaOYopDPxVAooBDL5heFX7vHoRkSXynZin4ERnHLGSUKC15XkTUhBKe385hWKlapus6TqOONak1aw17SZy6i23TWqCKVmgPK+/eKKFZBLGinEg5sK1U+TkRilEO87KXSUgJnZIxDDSNSQTSzxeZ5/hcKyMcJkK/WOGF+n0jJ5GUsyjQk0VG+dsrxL+8QabCpp+zOM0UxHR5KMw4VgkuCsAjJoAqPtOEUMF0VkwnRBCqdE1lXcLXT/H/pOuYdt10b9xq63JVRwmdojN0gWzUQC10jdqogyhK0QN6Qs9GZjwaL8brcnTNWO2coB8w3j4ByRiSNA==</latexit>

Re

<latexit sha1_base64="wnhukCstB95jVbotvC5RPQTKoes=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQhLSx7LoxmUV+4AmlMn0ph06eTAzEUrob7hxoYhbf8adf+OkraCiBwYO59zLPXOClDOpLOvDWFvf2NzaLu2Ud/f2Dw4rR8ddmWSCQocmPBH9gEjgLIaOYopDPxVAooBDL5heFX7vHoRkSXynZin4ERnHLGSUKC15XkTUhBKe385hWKlapus6TqOONak1aw17SZy6i23TWqCKVmgPK+/eKKFZBLGinEg5sK1U+TkRilEO87KXSUgJnZIxDDSNSQTSzxeZ5/hcKyMcJkK/WOGF+n0jJ5GUsyjQk0VG+dsrxL+8QabCpp+zOM0UxHR5KMw4VgkuCsAjJoAqPtOEUMF0VkwnRBCqdE1lXcLXT/H/pOuYdt10b9xq63JVRwmdojN0gWzUQC10jdqogyhK0QN6Qs9GZjwaL8brcnTNWO2coB8w3j4ByRiSNA==</latexit>

Re

<latexit sha1_base64="wnhukCstB95jVbotvC5RPQTKoes=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQhLSx7LoxmUV+4AmlMn0ph06eTAzEUrob7hxoYhbf8adf+OkraCiBwYO59zLPXOClDOpLOvDWFvf2NzaLu2Ud/f2Dw4rR8ddmWSCQocmPBH9gEjgLIaOYopDPxVAooBDL5heFX7vHoRkSXynZin4ERnHLGSUKC15XkTUhBKe385hWKlapus6TqOONak1aw17SZy6i23TWqCKVmgPK+/eKKFZBLGinEg5sK1U+TkRilEO87KXSUgJnZIxDDSNSQTSzxeZ5/hcKyMcJkK/WOGF+n0jJ5GUsyjQk0VG+dsrxL+8QabCpp+zOM0UxHR5KMw4VgkuCsAjJoAqPtOEUMF0VkwnRBCqdE1lXcLXT/H/pOuYdt10b9xq63JVRwmdojN0gWzUQC10jdqogyhK0QN6Qs9GZjwaL8brcnTNWO2coB8w3j4ByRiSNA==</latexit>

Re

<latexit sha1_base64="wnhukCstB95jVbotvC5RPQTKoes=">AAAB83icdVDLSsNAFJ34rPVVdelmsAiuQhLSx7LoxmUV+4AmlMn0ph06eTAzEUrob7hxoYhbf8adf+OkraCiBwYO59zLPXOClDOpLOvDWFvf2NzaLu2Ud/f2Dw4rR8ddmWSCQocmPBH9gEjgLIaOYopDPxVAooBDL5heFX7vHoRkSXynZin4ERnHLGSUKC15XkTUhBKe385hWKlapus6TqOONak1aw17SZy6i23TWqCKVmgPK+/eKKFZBLGinEg5sK1U+TkRilEO87KXSUgJnZIxDDSNSQTSzxeZ5/hcKyMcJkK/WOGF+n0jJ5GUsyjQk0VG+dsrxL+8QabCpp+zOM0UxHR5KMw4VgkuCsAjJoAqPtOEUMF0VkwnRBCqdE1lXcLXT/H/pOuYdt10b9xq63JVRwmdojN0gWzUQC10jdqogyhK0QN6Qs9GZjwaL8brcnTNWO2coB8w3j4ByRiSNA==</latexit>

Re
<latexit sha1_base64="gKYc1dVENNtsiWwVJgSHha/D4NQ=">AAAB/XicdVDLSsNAFJ3UV62v+Ni5GSxCXViSkD6WRTfurGAf0MYymU7aoZMHMxOhhuCvuHGhiFv/w51/46StoKIHBg7n3Ms9c9yIUSEN40PLLS2vrK7l1wsbm1vbO/ruXluEMcekhUMW8q6LBGE0IC1JJSPdiBPku4x03Ml55nduCRc0DK7lNCKOj0YB9ShGUkkD/aDvIznGiCWXack0bpJTKz0Z6EWjbNuWVatCRSr1Ss2cE6tqQ7NszFAECzQH+nt/GOLYJ4HEDAnRM41IOgnikmJG0kI/FiRCeIJGpKdogHwinGSWPoXHShlCL+TqBRLO1O8bCfKFmPqumsyyit9eJv7l9WLp1Z2EBlEsSYDnh7yYQRnCrAo4pJxgyaaKIMypygrxGHGEpSqsoEr4+in8n7Stslkt21d2sXG2qCMPDsERKAET1EADXIAmaAEM7sADeALP2r32qL1or/PRnLbY2Qc/oL19Apz6lLQ=</latexit>

O(10�2)
<latexit sha1_base64="3pU1kOUZwO1MkEsQww20pWiXl2U=">AAAB/XicdVDLSsNAFJ3UV62v+Ni5GSxCXViSkD6WRTfurGAf0MYymU7aoZMHMxOhhuCvuHGhiFv/w51/46StoKIHBg7n3Ms9c9yIUSEN40PLLS2vrK7l1wsbm1vbO/ruXluEMcekhUMW8q6LBGE0IC1JJSPdiBPku4x03Ml55nduCRc0DK7lNCKOj0YB9ShGUkkD/aDvIznGiCWXack0bpJTMz0Z6EWjbNuWVatCRSr1Ss2cE6tqQ7NszFAECzQH+nt/GOLYJ4HEDAnRM41IOgnikmJG0kI/FiRCeIJGpKdogHwinGSWPoXHShlCL+TqBRLO1O8bCfKFmPqumsyyit9eJv7l9WLp1Z2EBlEsSYDnh7yYQRnCrAo4pJxgyaaKIMypygrxGHGEpSqsoEr4+in8n7Stslkt21d2sXG2qCMPDsERKAET1EADXIAmaAEM7sADeALP2r32qL1or/PRnLbY2Qc/oL19Apt0lLM=</latexit>

O(10�1)
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Uncertainties increase, 
generally within same 
order of magnitude, 
fits less stable

https://link.springer.com/article/10.1140/epjc/s10052-020-8304-0
https://arxiv.org/abs/1903.02567
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B0 ! D(⇤)⌧⌫

▸ Ideally shape + rate analysis, i.e. R(D) vs R(D*) determination simultaneous to WC

▸ Sensitivity studies need to include the full set of (at times poorly known) backgrounds
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This proposalRun I+II+III
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▸ Additional observables can be used to constrain NP contributions - while preparing/in 
addition to simultaneous R(D) vs R(D*) and angular analyses (e.g. D* polarisation, 
measured by Belle                                                                                                   , …)

arXiv:1602.03030

<latexit sha1_base64="Ar1Ww+9/nxZBaUHtaRvTSbimQP4="></latexit>

FD⇤

L = 0.60± 0.08(stat)± 0.04(syst) arXiv:1903.03102

Becirevic et.al.

https://arxiv.org/abs/1602.03030
https://arxiv.org/abs/1903.03102
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▸ Ideally shape + rate analysis, i.e. R(D) vs R(D*) determination simultaneous to WC

▸ Sensitivity studies need to include the full set of (at times poorly known) backgrounds

▸ Better angular resolutions when using 3-prong hadronic tau decays 
JHEP 11 (2019) 133

competitive 
with Belle-II 
(3-prong)

JHEP 06 (2021) 177

▸ Lower statistics than muonic decays samples, 
large backgrounds, external inputs needed for  
R(D), R(D*)
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Y = D⇤�⌧+ , estimated up to a two-fold ambiguity

https://arxiv.org/pdf/1908.04643.pdf
https://arxiv.org/pdf/2105.02596.pdf
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Summary
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▸ Angular analyses of SL decays are possible at LHCb …

▸ … with different challenges with respect to the B factories

▸ Started developing these analyses from the semi-muonic decays

▸ More leptons, observables, b-hadrons to come!



Back-up
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dq2
=

G2
F |Vcb|2|⌘EW |2|~p|q2
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Electroweak  + phase space 

QCD

Differential 
decay rate

Helicity amplitudes
component encompassed by form factors

*considering 
lepton mass 

Semileptonic decays
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