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<latexit sha1_base64="qP54o8bNqV/IzCf6GD4ScNKT3QU=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwISURQZdFNy4r2Ac0IdxMJ+3QySTMTIRSunXjr7hxoYhb/8Cdf+MkzUJbDwxzOOdeZs4JU86Udpxvq7Kyura+Ud2sbW3v7O7Z+wcdlWSS0DZJeCJ7ISjKmaBtzTSnvVRSiENOu+H4Jve7D1Qqloh7PUmpH8NQsIgR0EYKbBxiTyeYYO/MEMiKOwSJPZEFuRDYdafhFMDLxC1JHZVoBfaXN0hIFlOhCQel+q6Tan8KUjPC6azmZYqmQMYwpH1DBcRU+dMiyQyfGGWAo0SaIzQu1N8bU4iVmsShmYxBj9Sil4v/ef1MR1f+lIk001SQ+UNRxrHJnteCB0xSovnEECCSmb9iMgIJRJvyaqYEdzHyMumcN1yn4d5d1JvXZR1VdISO0Sly0SVqolvUQm1E0CN6Rq/ozXqyXqx362M+WrHKnUP0B9bnD44zmFo=</latexit><latexit sha1_base64="qP54o8bNqV/IzCf6GD4ScNKT3QU=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwISURQZdFNy4r2Ac0IdxMJ+3QySTMTIRSunXjr7hxoYhb/8Cdf+MkzUJbDwxzOOdeZs4JU86Udpxvq7Kyura+Ud2sbW3v7O7Z+wcdlWSS0DZJeCJ7ISjKmaBtzTSnvVRSiENOu+H4Jve7D1Qqloh7PUmpH8NQsIgR0EYKbBxiTyeYYO/MEMiKOwSJPZEFuRDYdafhFMDLxC1JHZVoBfaXN0hIFlOhCQel+q6Tan8KUjPC6azmZYqmQMYwpH1DBcRU+dMiyQyfGGWAo0SaIzQu1N8bU4iVmsShmYxBj9Sil4v/ef1MR1f+lIk001SQ+UNRxrHJnteCB0xSovnEECCSmb9iMgIJRJvyaqYEdzHyMumcN1yn4d5d1JvXZR1VdISO0Sly0SVqolvUQm1E0CN6Rq/ozXqyXqx362M+WrHKnUP0B9bnD44zmFo=</latexit><latexit sha1_base64="qP54o8bNqV/IzCf6GD4ScNKT3QU=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwISURQZdFNy4r2Ac0IdxMJ+3QySTMTIRSunXjr7hxoYhb/8Cdf+MkzUJbDwxzOOdeZs4JU86Udpxvq7Kyura+Ud2sbW3v7O7Z+wcdlWSS0DZJeCJ7ISjKmaBtzTSnvVRSiENOu+H4Jve7D1Qqloh7PUmpH8NQsIgR0EYKbBxiTyeYYO/MEMiKOwSJPZEFuRDYdafhFMDLxC1JHZVoBfaXN0hIFlOhCQel+q6Tan8KUjPC6azmZYqmQMYwpH1DBcRU+dMiyQyfGGWAo0SaIzQu1N8bU4iVmsShmYxBj9Sil4v/ef1MR1f+lIk001SQ+UNRxrHJnteCB0xSovnEECCSmb9iMgIJRJvyaqYEdzHyMumcN1yn4d5d1JvXZR1VdISO0Sly0SVqolvUQm1E0CN6Rq/ozXqyXqx362M+WrHKnUP0B9bnD44zmFo=</latexit><latexit sha1_base64="qP54o8bNqV/IzCf6GD4ScNKT3QU=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwISURQZdFNy4r2Ac0IdxMJ+3QySTMTIRSunXjr7hxoYhb/8Cdf+MkzUJbDwxzOOdeZs4JU86Udpxvq7Kyura+Ud2sbW3v7O7Z+wcdlWSS0DZJeCJ7ISjKmaBtzTSnvVRSiENOu+H4Jve7D1Qqloh7PUmpH8NQsIgR0EYKbBxiTyeYYO/MEMiKOwSJPZEFuRDYdafhFMDLxC1JHZVoBfaXN0hIFlOhCQel+q6Tan8KUjPC6azmZYqmQMYwpH1DBcRU+dMiyQyfGGWAo0SaIzQu1N8bU4iVmsShmYxBj9Sil4v/ef1MR1f+lIk001SQ+UNRxrHJnteCB0xSovnEECCSmb9iMgIJRJvyaqYEdzHyMumcN1yn4d5d1JvXZR1VdISO0Sly0SVqolvUQm1E0CN6Rq/ozXqyXqx362M+WrHKnUP0B9bnD44zmFo=</latexit>
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Florian Bernlochner Fantastic Bs and where to find them

• What’s wrong with “old” physics?


• The open questions: 
• Rotation curves from spiral galaxies 

indicate existence of new type of matter 
(Dark matter or short DM)

‣ Similar evidence for DM in the temperature 

fluctuations of cosmic background radiation


• Neutrinos have mass (they oscillate)

• Not a theory of everything: Quantum 

mechanics and gravity do not bond

‣ Perhaps both are a limit of a more fundamental 

theory?

!4

Everybody talks about new physics — why?

Successfully describes most phenomena 
recorded at particle physics experiments

rotation curves of 
spiral galaxies

Ve
lo

ci
ty

 

radius 

v(r) = const.
<latexit sha1_base64="7BnqQZlQ9RVVPAyAgueFysIjjGg=">AAAB/XicdVDJSgNBEO2JW4zbuNy8NAYhXoYZETUHIejFYwSzQDKEnk4nadLTM3TXBOMQ/BUvHhTx6n9482/sLILrg4LHe1VU1QtiwTW47ruVmZtfWFzKLudWVtfWN+zNraqOEkVZhUYiUvWAaCa4ZBXgIFg9VoyEgWC1oH8x9msDpjSP5DUMY+aHpCt5h1MCRmrZO4OCOsBnuAnsBlIaSQ3OqGXnXafoesVjD/8mnuNOkEczlFv2W7Md0SRkEqggWjc8NwY/JQo4FWyUayaaxYT2SZc1DJUkZNpPJ9eP8L5R2rgTKVMS8ET9OpGSUOthGJjOkEBP//TG4l9eI4HOqZ9yGSfAJJ0u6iQCQ4THUeA2V4yCGBpCqOLmVkx7RBEKJrCcCeHzU/w/qR46nut4V0f50vksjizaRXuogDx0gkroEpVRBVF0i+7RI3qy7qwH69l6mbZmrNnMNvoG6/UD6OaU5Q==</latexit><latexit sha1_base64="7BnqQZlQ9RVVPAyAgueFysIjjGg=">AAAB/XicdVDJSgNBEO2JW4zbuNy8NAYhXoYZETUHIejFYwSzQDKEnk4nadLTM3TXBOMQ/BUvHhTx6n9482/sLILrg4LHe1VU1QtiwTW47ruVmZtfWFzKLudWVtfWN+zNraqOEkVZhUYiUvWAaCa4ZBXgIFg9VoyEgWC1oH8x9msDpjSP5DUMY+aHpCt5h1MCRmrZO4OCOsBnuAnsBlIaSQ3OqGXnXafoesVjD/8mnuNOkEczlFv2W7Md0SRkEqggWjc8NwY/JQo4FWyUayaaxYT2SZc1DJUkZNpPJ9eP8L5R2rgTKVMS8ET9OpGSUOthGJjOkEBP//TG4l9eI4HOqZ9yGSfAJJ0u6iQCQ4THUeA2V4yCGBpCqOLmVkx7RBEKJrCcCeHzU/w/qR46nut4V0f50vksjizaRXuogDx0gkroEpVRBVF0i+7RI3qy7qwH69l6mbZmrNnMNvoG6/UD6OaU5Q==</latexit><latexit sha1_base64="7BnqQZlQ9RVVPAyAgueFysIjjGg=">AAAB/XicdVDJSgNBEO2JW4zbuNy8NAYhXoYZETUHIejFYwSzQDKEnk4nadLTM3TXBOMQ/BUvHhTx6n9482/sLILrg4LHe1VU1QtiwTW47ruVmZtfWFzKLudWVtfWN+zNraqOEkVZhUYiUvWAaCa4ZBXgIFg9VoyEgWC1oH8x9msDpjSP5DUMY+aHpCt5h1MCRmrZO4OCOsBnuAnsBlIaSQ3OqGXnXafoesVjD/8mnuNOkEczlFv2W7Md0SRkEqggWjc8NwY/JQo4FWyUayaaxYT2SZc1DJUkZNpPJ9eP8L5R2rgTKVMS8ET9OpGSUOthGJjOkEBP//TG4l9eI4HOqZ9yGSfAJJ0u6iQCQ4THUeA2V4yCGBpCqOLmVkx7RBEKJrCcCeHzU/w/qR46nut4V0f50vksjizaRXuogDx0gkroEpVRBVF0i+7RI3qy7qwH69l6mbZmrNnMNvoG6/UD6OaU5Q==</latexit><latexit sha1_base64="7BnqQZlQ9RVVPAyAgueFysIjjGg=">AAAB/XicdVDJSgNBEO2JW4zbuNy8NAYhXoYZETUHIejFYwSzQDKEnk4nadLTM3TXBOMQ/BUvHhTx6n9482/sLILrg4LHe1VU1QtiwTW47ruVmZtfWFzKLudWVtfWN+zNraqOEkVZhUYiUvWAaCa4ZBXgIFg9VoyEgWC1oH8x9msDpjSP5DUMY+aHpCt5h1MCRmrZO4OCOsBnuAnsBlIaSQ3OqGXnXafoesVjD/8mnuNOkEczlFv2W7Md0SRkEqggWjc8NwY/JQo4FWyUayaaxYT2SZc1DJUkZNpPJ9eP8L5R2rgTKVMS8ET9OpGSUOthGJjOkEBP//TG4l9eI4HOqZ9yGSfAJJ0u6iQCQ4THUeA2V4yCGBpCqOLmVkx7RBEKJrCcCeHzU/w/qR46nut4V0f50vksjizaRXuogDx0gkroEpVRBVF0i+7RI3qy7qwH69l6mbZmrNnMNvoG6/UD6OaU5Q==</latexit>
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<latexit sha1_base64="VULEeYdZNQDlTisHPIBq43FtZzA=">AAACAnicdVDLSgMxFM3UV62vUVfiJliEuikTEbULoejGZQX7gM5QMmmmDc1kxiRTKMPgxl9x40IRt36FO//G9CH4PHDhcM693HuPH3OmtOO8W7m5+YXFpfxyYWV1bX3D3txqqCiRhNZJxCPZ8rGinAla10xz2oolxaHPadMfXIz95pBKxSJxrUcx9ULcEyxgBGsjdeydYUkewDPoqhupUzeQmKQoS2WWdeyiU644qHKM4G+Cys4ERTBDrWO/ud2IJCEVmnCsVBs5sfZSLDUjnGYFN1E0xmSAe7RtqMAhVV46eSGD+0bpwiCSpoSGE/XrRIpDpUahbzpDrPvqpzcW//LaiQ5OvZSJONFUkOmiIOFQR3CcB+wySYnmI0MwkczcCkkfmxi0Sa1gQvj8FP5PGodl5JTR1VGxej6LIw92wR4oAQROQBVcghqoAwJuwT14BE/WnfVgPVsv09acNZvZBt9gvX4ALBCXUg==</latexit><latexit sha1_base64="VULEeYdZNQDlTisHPIBq43FtZzA=">AAACAnicdVDLSgMxFM3UV62vUVfiJliEuikTEbULoejGZQX7gM5QMmmmDc1kxiRTKMPgxl9x40IRt36FO//G9CH4PHDhcM693HuPH3OmtOO8W7m5+YXFpfxyYWV1bX3D3txqqCiRhNZJxCPZ8rGinAla10xz2oolxaHPadMfXIz95pBKxSJxrUcx9ULcEyxgBGsjdeydYUkewDPoqhupUzeQmKQoS2WWdeyiU644qHKM4G+Cys4ERTBDrWO/ud2IJCEVmnCsVBs5sfZSLDUjnGYFN1E0xmSAe7RtqMAhVV46eSGD+0bpwiCSpoSGE/XrRIpDpUahbzpDrPvqpzcW//LaiQ5OvZSJONFUkOmiIOFQR3CcB+wySYnmI0MwkczcCkkfmxi0Sa1gQvj8FP5PGodl5JTR1VGxej6LIw92wR4oAQROQBVcghqoAwJuwT14BE/WnfVgPVsv09acNZvZBt9gvX4ALBCXUg==</latexit><latexit sha1_base64="VULEeYdZNQDlTisHPIBq43FtZzA=">AAACAnicdVDLSgMxFM3UV62vUVfiJliEuikTEbULoejGZQX7gM5QMmmmDc1kxiRTKMPgxl9x40IRt36FO//G9CH4PHDhcM693HuPH3OmtOO8W7m5+YXFpfxyYWV1bX3D3txqqCiRhNZJxCPZ8rGinAla10xz2oolxaHPadMfXIz95pBKxSJxrUcx9ULcEyxgBGsjdeydYUkewDPoqhupUzeQmKQoS2WWdeyiU644qHKM4G+Cys4ERTBDrWO/ud2IJCEVmnCsVBs5sfZSLDUjnGYFN1E0xmSAe7RtqMAhVV46eSGD+0bpwiCSpoSGE/XrRIpDpUahbzpDrPvqpzcW//LaiQ5OvZSJONFUkOmiIOFQR3CcB+wySYnmI0MwkczcCkkfmxi0Sa1gQvj8FP5PGodl5JTR1VGxej6LIw92wR4oAQROQBVcghqoAwJuwT14BE/WnfVgPVsv09acNZvZBt9gvX4ALBCXUg==</latexit><latexit sha1_base64="VULEeYdZNQDlTisHPIBq43FtZzA=">AAACAnicdVDLSgMxFM3UV62vUVfiJliEuikTEbULoejGZQX7gM5QMmmmDc1kxiRTKMPgxl9x40IRt36FO//G9CH4PHDhcM693HuPH3OmtOO8W7m5+YXFpfxyYWV1bX3D3txqqCiRhNZJxCPZ8rGinAla10xz2oolxaHPadMfXIz95pBKxSJxrUcx9ULcEyxgBGsjdeydYUkewDPoqhupUzeQmKQoS2WWdeyiU644qHKM4G+Cys4ERTBDrWO/ud2IJCEVmnCsVBs5sfZSLDUjnGYFN1E0xmSAe7RtqMAhVV46eSGD+0bpwiCSpoSGE/XrRIpDpUahbzpDrPvqpzcW//LaiQ5OvZSJONFUkOmiIOFQR3CcB+wySYnmI0MwkczcCkkfmxi0Sa1gQvj8FP5PGodl5JTR1VGxej6LIw92wR4oAQROQBVcghqoAwJuwT14BE/WnfVgPVsv09acNZvZBt9gvX4ALBCXUg==</latexit>

observed

expected

r
<latexit sha1_base64="NHboKX36mCNnzj/MSO38GEeFAwM=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqqlsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD04ojUQ=</latexit><latexit sha1_base64="NHboKX36mCNnzj/MSO38GEeFAwM=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqqlsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD04ojUQ=</latexit><latexit sha1_base64="NHboKX36mCNnzj/MSO38GEeFAwM=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqqlsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD04ojUQ=</latexit><latexit sha1_base64="NHboKX36mCNnzj/MSO38GEeFAwM=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqqlsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD04ojUQ=</latexit>

v <latexit sha1_base64="fC09/5Cai5TljpoGmJAXTXti4Ok=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6huycQQr7AiwdFvPpJ3vwbO4vg+qDg8V4VVfXCVHBtPO/dWVpeWV1bz23kN7e2d3YLe/t1nWSKYY0lIlHNkGoUXGLNcCOwmSqkcSiwEQ6up35jiErzRN6aUYpBTHuSR5xRY6XqsFMoem7J80vnPvlNfNeboQgLVDqFt3Y3YVmM0jBBtW75XmqCMVWGM4GTfDvTmFI2oD1sWSppjDoYzw6dkGOrdEmUKFvSkJn6dWJMY61HcWg7Y2r6+qc3Ff/yWpmJLoMxl2lmULL5oigTxCRk+jXpcoXMiJEllClubyWsTxVlxmaTtyF8fkr+J/VT1/dcv3pWLF8t4sjBIRzBCfhwAWW4gQrUgAHCPTzCk3PnPDjPzsu8dclZzBzANzivH1Q4jUg=</latexit><latexit sha1_base64="fC09/5Cai5TljpoGmJAXTXti4Ok=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6huycQQr7AiwdFvPpJ3vwbO4vg+qDg8V4VVfXCVHBtPO/dWVpeWV1bz23kN7e2d3YLe/t1nWSKYY0lIlHNkGoUXGLNcCOwmSqkcSiwEQ6up35jiErzRN6aUYpBTHuSR5xRY6XqsFMoem7J80vnPvlNfNeboQgLVDqFt3Y3YVmM0jBBtW75XmqCMVWGM4GTfDvTmFI2oD1sWSppjDoYzw6dkGOrdEmUKFvSkJn6dWJMY61HcWg7Y2r6+qc3Ff/yWpmJLoMxl2lmULL5oigTxCRk+jXpcoXMiJEllClubyWsTxVlxmaTtyF8fkr+J/VT1/dcv3pWLF8t4sjBIRzBCfhwAWW4gQrUgAHCPTzCk3PnPDjPzsu8dclZzBzANzivH1Q4jUg=</latexit><latexit sha1_base64="fC09/5Cai5TljpoGmJAXTXti4Ok=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6huycQQr7AiwdFvPpJ3vwbO4vg+qDg8V4VVfXCVHBtPO/dWVpeWV1bz23kN7e2d3YLe/t1nWSKYY0lIlHNkGoUXGLNcCOwmSqkcSiwEQ6up35jiErzRN6aUYpBTHuSR5xRY6XqsFMoem7J80vnPvlNfNeboQgLVDqFt3Y3YVmM0jBBtW75XmqCMVWGM4GTfDvTmFI2oD1sWSppjDoYzw6dkGOrdEmUKFvSkJn6dWJMY61HcWg7Y2r6+qc3Ff/yWpmJLoMxl2lmULL5oigTxCRk+jXpcoXMiJEllClubyWsTxVlxmaTtyF8fkr+J/VT1/dcv3pWLF8t4sjBIRzBCfhwAWW4gQrUgAHCPTzCk3PnPDjPzsu8dclZzBzANzivH1Q4jUg=</latexit><latexit sha1_base64="fC09/5Cai5TljpoGmJAXTXti4Ok=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6huycQQr7AiwdFvPpJ3vwbO4vg+qDg8V4VVfXCVHBtPO/dWVpeWV1bz23kN7e2d3YLe/t1nWSKYY0lIlHNkGoUXGLNcCOwmSqkcSiwEQ6up35jiErzRN6aUYpBTHuSR5xRY6XqsFMoem7J80vnPvlNfNeboQgLVDqFt3Y3YVmM0jBBtW75XmqCMVWGM4GTfDvTmFI2oD1sWSppjDoYzw6dkGOrdEmUKFvSkJn6dWJMY61HcWg7Y2r6+qc3Ff/yWpmJLoMxl2lmULL5oigTxCRk+jXpcoXMiJEllClubyWsTxVlxmaTtyF8fkr+J/VT1/dcv3pWLF8t4sjBIRzBCfhwAWW4gQrUgAHCPTzCk3PnPDjPzsu8dclZzBzANzivH1Q4jUg=</latexit>

Temperature fluctuations in 
the cosmic background 

radiation



Florian Bernlochner Fantastic Bs and where to find them

• Our best theory to describe particle collider phenomena
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The Standard Model of Particle Physics (SM)
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standard matter unstable matter force carriers

Goldstone

bosons

outside

standard model

1st 2nd 3rd generation

Relativistic quantum field theory, 
describes 3 of the 4 fundamental 
Forces


• Electromagnetism


• Weak Force


• Strong Force

Classifies all particles into


• 6 quarks + 6 anti-quarks


• 6 leptonen + 6 anti-leptons


• 4 Types of interaction particles


• 1 Higgs boson



Florian Bernlochner Fantastic Bs and where to find them

• One of the most impressive predictions: 
magnetic moment of the electron

!6

The SM: a great success story with flaws

~p = m~v
<latexit sha1_base64="xRydvvQQTcedZmxH4zTHNo+iIWE=">AAAB+nicbZDLSgMxFIYz9VbrbapLN8EiuCozIuhGKLpxWcFeoB1KJj1tQ5PMkGQqZeyjuHGhiFufxJ1vYzqdhbb+EPj4zzmckz+MOdPG876dwtr6xuZWcbu0s7u3f+CWD5s6ShSFBo14pNoh0cCZhIZhhkM7VkBEyKEVjm/n9dYElGaRfDDTGAJBhpINGCXGWj233J0AxTG+xgJnOOm5Fa/qZcKr4OdQQbnqPfer249oIkAayonWHd+LTZASZRjlMCt1Ew0xoWMyhI5FSQToIM1On+FT6/TxIFL2SYMz9/dESoTWUxHaTkHMSC/X5uZ/tU5iBldBymScGJB0sWiQcGwiPM8B95kCavjUAqGK2VsxHRFFqLFplWwI/vKXV6F5XvW9qn9/Uand5HEU0TE6QWfIR5eohu5QHTUQRY/oGb2iN+fJeXHenY9Fa8HJZ47QHzmfP08Rkrk=</latexit><latexit sha1_base64="xRydvvQQTcedZmxH4zTHNo+iIWE=">AAAB+nicbZDLSgMxFIYz9VbrbapLN8EiuCozIuhGKLpxWcFeoB1KJj1tQ5PMkGQqZeyjuHGhiFufxJ1vYzqdhbb+EPj4zzmckz+MOdPG876dwtr6xuZWcbu0s7u3f+CWD5s6ShSFBo14pNoh0cCZhIZhhkM7VkBEyKEVjm/n9dYElGaRfDDTGAJBhpINGCXGWj233J0AxTG+xgJnOOm5Fa/qZcKr4OdQQbnqPfer249oIkAayonWHd+LTZASZRjlMCt1Ew0xoWMyhI5FSQToIM1On+FT6/TxIFL2SYMz9/dESoTWUxHaTkHMSC/X5uZ/tU5iBldBymScGJB0sWiQcGwiPM8B95kCavjUAqGK2VsxHRFFqLFplWwI/vKXV6F5XvW9qn9/Uand5HEU0TE6QWfIR5eohu5QHTUQRY/oGb2iN+fJeXHenY9Fa8HJZ47QHzmfP08Rkrk=</latexit><latexit sha1_base64="xRydvvQQTcedZmxH4zTHNo+iIWE=">AAAB+nicbZDLSgMxFIYz9VbrbapLN8EiuCozIuhGKLpxWcFeoB1KJj1tQ5PMkGQqZeyjuHGhiFufxJ1vYzqdhbb+EPj4zzmckz+MOdPG876dwtr6xuZWcbu0s7u3f+CWD5s6ShSFBo14pNoh0cCZhIZhhkM7VkBEyKEVjm/n9dYElGaRfDDTGAJBhpINGCXGWj233J0AxTG+xgJnOOm5Fa/qZcKr4OdQQbnqPfer249oIkAayonWHd+LTZASZRjlMCt1Ew0xoWMyhI5FSQToIM1On+FT6/TxIFL2SYMz9/dESoTWUxHaTkHMSC/X5uZ/tU5iBldBymScGJB0sWiQcGwiPM8B95kCavjUAqGK2VsxHRFFqLFplWwI/vKXV6F5XvW9qn9/Uand5HEU0TE6QWfIR5eohu5QHTUQRY/oGb2iN+fJeXHenY9Fa8HJZ47QHzmfP08Rkrk=</latexit><latexit sha1_base64="xRydvvQQTcedZmxH4zTHNo+iIWE=">AAAB+nicbZDLSgMxFIYz9VbrbapLN8EiuCozIuhGKLpxWcFeoB1KJj1tQ5PMkGQqZeyjuHGhiFufxJ1vYzqdhbb+EPj4zzmckz+MOdPG876dwtr6xuZWcbu0s7u3f+CWD5s6ShSFBo14pNoh0cCZhIZhhkM7VkBEyKEVjm/n9dYElGaRfDDTGAJBhpINGCXGWj233J0AxTG+xgJnOOm5Fa/qZcKr4OdQQbnqPfer249oIkAayonWHd+LTZASZRjlMCt1Ew0xoWMyhI5FSQToIM1On+FT6/TxIFL2SYMz9/dESoTWUxHaTkHMSC/X5uZ/tU5iBldBymScGJB0sWiQcGwiPM8B95kCavjUAqGK2VsxHRFFqLFplWwI/vKXV6F5XvW9qn9/Uand5HEU0TE6QWfIR5eohu5QHTUQRY/oGb2iN+fJeXHenY9Fa8HJZ47QHzmfP08Rkrk=</latexit>

~L = ~r ^ ~p
<latexit sha1_base64="5/zP9Ofnn+9ZPgPtAHP87ojXNyA=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiuCqJCLoRim5cuKhgL9CEMpmctEMnF2YmlRK6cuOruHGhiFufwZ1v4zTNQlt/GPjmP+cwc34v4Uwqy/o2SkvLK6tr5fXKxubW9o65u9eScSooNGnMY9HxiATOImgqpjh0EgEk9Di0veH1tN4egZAsju7VOAE3JP2IBYwSpa2eeeiMgOJbfIlzENh5AL8Ps1vSM6tWzcqFF8EuoIoKNXrml+PHNA0hUpQTKbu2lSg3I0IxymFScVIJCaFD0oeuxoiEIN0sX2OCj7Xj4yAW+kQK5+7viYyEUo5DT3eGRA3kfG1q/lfrpiq4cDMWJamCiM4eClKOVYynmWCfCaCKjzUQKpj+K6YDIghVOrmKDsGeX3kRWqc126rZd2fV+lURRxkdoCN0gmx0juroBjVQE1H0iJ7RK3oznowX4934mLWWjGJmH/2R8fkDn+GXTg==</latexit><latexit sha1_base64="5/zP9Ofnn+9ZPgPtAHP87ojXNyA=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiuCqJCLoRim5cuKhgL9CEMpmctEMnF2YmlRK6cuOruHGhiFufwZ1v4zTNQlt/GPjmP+cwc34v4Uwqy/o2SkvLK6tr5fXKxubW9o65u9eScSooNGnMY9HxiATOImgqpjh0EgEk9Di0veH1tN4egZAsju7VOAE3JP2IBYwSpa2eeeiMgOJbfIlzENh5AL8Ps1vSM6tWzcqFF8EuoIoKNXrml+PHNA0hUpQTKbu2lSg3I0IxymFScVIJCaFD0oeuxoiEIN0sX2OCj7Xj4yAW+kQK5+7viYyEUo5DT3eGRA3kfG1q/lfrpiq4cDMWJamCiM4eClKOVYynmWCfCaCKjzUQKpj+K6YDIghVOrmKDsGeX3kRWqc126rZd2fV+lURRxkdoCN0gmx0juroBjVQE1H0iJ7RK3oznowX4934mLWWjGJmH/2R8fkDn+GXTg==</latexit><latexit sha1_base64="5/zP9Ofnn+9ZPgPtAHP87ojXNyA=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiuCqJCLoRim5cuKhgL9CEMpmctEMnF2YmlRK6cuOruHGhiFufwZ1v4zTNQlt/GPjmP+cwc34v4Uwqy/o2SkvLK6tr5fXKxubW9o65u9eScSooNGnMY9HxiATOImgqpjh0EgEk9Di0veH1tN4egZAsju7VOAE3JP2IBYwSpa2eeeiMgOJbfIlzENh5AL8Ps1vSM6tWzcqFF8EuoIoKNXrml+PHNA0hUpQTKbu2lSg3I0IxymFScVIJCaFD0oeuxoiEIN0sX2OCj7Xj4yAW+kQK5+7viYyEUo5DT3eGRA3kfG1q/lfrpiq4cDMWJamCiM4eClKOVYynmWCfCaCKjzUQKpj+K6YDIghVOrmKDsGeX3kRWqc126rZd2fV+lURRxkdoCN0gmx0juroBjVQE1H0iJ7RK3oznowX4934mLWWjGJmH/2R8fkDn+GXTg==</latexit><latexit sha1_base64="5/zP9Ofnn+9ZPgPtAHP87ojXNyA=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiuCqJCLoRim5cuKhgL9CEMpmctEMnF2YmlRK6cuOruHGhiFufwZ1v4zTNQlt/GPjmP+cwc34v4Uwqy/o2SkvLK6tr5fXKxubW9o65u9eScSooNGnMY9HxiATOImgqpjh0EgEk9Di0veH1tN4egZAsju7VOAE3JP2IBYwSpa2eeeiMgOJbfIlzENh5AL8Ps1vSM6tWzcqFF8EuoIoKNXrml+PHNA0hUpQTKbu2lSg3I0IxymFScVIJCaFD0oeuxoiEIN0sX2OCj7Xj4yAW+kQK5+7viYyEUo5DT3eGRA3kfG1q/lfrpiq4cDMWJamCiM4eClKOVYynmWCfCaCKjzUQKpj+K6YDIghVOrmKDsGeX3kRWqc126rZd2fV+lURRxkdoCN0gmx0juroBjVQE1H0iJ7RK3oznowX4934mLWWjGJmH/2R8fkDn+GXTg==</latexit>

ML = � e

2m
~L

<latexit sha1_base64="Q4im43dGLSImW6/RWaRrSePutNk=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWJIi6EYounFRoYJ9QBPKZHrTDp08mJkUSsjKjb/ixoUibv0Gd/6N0zYLbT1w4XDOvdx7jxdzJpVlfRtLyyura+uFjeLm1vbOrrm335RRIig0aMQj0faIBM5CaCimOLRjASTwOLS84c3Eb41ASBaFD2ocgxuQfsh8RonSUtc8uuumtQxf4TPs+ILQFLK0EmTYGQHFta5ZssrWFHiR2DkpoRz1rvnl9CKaBBAqyomUHduKlZsSoRjlkBWdREJM6JD0oaNpSAKQbjp9I8MnWulhPxK6QoWn6u+JlARSjgNPdwZEDeS8NxH/8zqJ8i/dlIVxoiCks0V+wrGK8CQT3GMCqOJjTQgVTN+K6YDoNJROrqhDsOdfXiTNStm2yvb9eal6ncdRQIfoGJ0iG12gKrpFddRAFD2iZ/SK3own48V4Nz5mrUtGPnOA/sD4/AEWYpeZ</latexit><latexit sha1_base64="Q4im43dGLSImW6/RWaRrSePutNk=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWJIi6EYounFRoYJ9QBPKZHrTDp08mJkUSsjKjb/ixoUibv0Gd/6N0zYLbT1w4XDOvdx7jxdzJpVlfRtLyyura+uFjeLm1vbOrrm335RRIig0aMQj0faIBM5CaCimOLRjASTwOLS84c3Eb41ASBaFD2ocgxuQfsh8RonSUtc8uuumtQxf4TPs+ILQFLK0EmTYGQHFta5ZssrWFHiR2DkpoRz1rvnl9CKaBBAqyomUHduKlZsSoRjlkBWdREJM6JD0oaNpSAKQbjp9I8MnWulhPxK6QoWn6u+JlARSjgNPdwZEDeS8NxH/8zqJ8i/dlIVxoiCks0V+wrGK8CQT3GMCqOJjTQgVTN+K6YDoNJROrqhDsOdfXiTNStm2yvb9eal6ncdRQIfoGJ0iG12gKrpFddRAFD2iZ/SK3own48V4Nz5mrUtGPnOA/sD4/AEWYpeZ</latexit><latexit sha1_base64="Q4im43dGLSImW6/RWaRrSePutNk=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWJIi6EYounFRoYJ9QBPKZHrTDp08mJkUSsjKjb/ixoUibv0Gd/6N0zYLbT1w4XDOvdx7jxdzJpVlfRtLyyura+uFjeLm1vbOrrm335RRIig0aMQj0faIBM5CaCimOLRjASTwOLS84c3Eb41ASBaFD2ocgxuQfsh8RonSUtc8uuumtQxf4TPs+ILQFLK0EmTYGQHFta5ZssrWFHiR2DkpoRz1rvnl9CKaBBAqyomUHduKlZsSoRjlkBWdREJM6JD0oaNpSAKQbjp9I8MnWulhPxK6QoWn6u+JlARSjgNPdwZEDeS8NxH/8zqJ8i/dlIVxoiCks0V+wrGK8CQT3GMCqOJjTQgVTN+K6YDoNJROrqhDsOdfXiTNStm2yvb9eal6ncdRQIfoGJ0iG12gKrpFddRAFD2iZ/SK3own48V4Nz5mrUtGPnOA/sD4/AEWYpeZ</latexit><latexit sha1_base64="Q4im43dGLSImW6/RWaRrSePutNk=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWJIi6EYounFRoYJ9QBPKZHrTDp08mJkUSsjKjb/ixoUibv0Gd/6N0zYLbT1w4XDOvdx7jxdzJpVlfRtLyyura+uFjeLm1vbOrrm335RRIig0aMQj0faIBM5CaCimOLRjASTwOLS84c3Eb41ASBaFD2ocgxuQfsh8RonSUtc8uuumtQxf4TPs+ILQFLK0EmTYGQHFta5ZssrWFHiR2DkpoRz1rvnl9CKaBBAqyomUHduKlZsSoRjlkBWdREJM6JD0oaNpSAKQbjp9I8MnWulhPxK6QoWn6u+JlARSjgNPdwZEDeS8NxH/8zqJ8i/dlIVxoiCks0V+wrGK8CQT3GMCqOJjTQgVTN+K6YDoNJROrqhDsOdfXiTNStm2yvb9eal6ncdRQIfoGJ0iG12gKrpFddRAFD2iZ/SK3own48V4Nz5mrUtGPnOA/sD4/AEWYpeZ</latexit>

in QM

~ML = gL
e

2m
~S

<latexit sha1_base64="+fgUUky5xcX1qwDiLFArgQFp/Do=">AAACDXicbVDLSsNAFJ34rPVVdelmsAquSlIE3QhFNy4qVLQPaEKYTG/aoZMHM5NCCfkBN/6KGxeKuHXvzr9xmnahrQcuHM65l3vv8WLOpDLNb2NpeWV1bb2wUdzc2t7ZLe3tt2SUCApNGvFIdDwigbMQmoopDp1YAAk8Dm1veD3x2yMQkkXhgxrH4ASkHzKfUaK05JaO7RFQfOum9Qxf4r5bx7YvCE0hS6tBhnP33i2VzYqZAy8Sa0bKaIaGW/qyexFNAggV5UTKrmXGykmJUIxyyIp2IiEmdEj60NU0JAFIJ82/yfCJVnrYj4SuUOFc/T2RkkDKceDpzoCogZz3JuJ/XjdR/oWTsjBOFIR0ushPOFYRnkSDe0wAVXysCaGC6VsxHRCdhtIBFnUI1vzLi6RVrVhmxbo7K9euZnEU0CE6QqfIQueohm5QAzURRY/oGb2iN+PJeDHejY9p65IxmzlAf2B8/gBwfJqF</latexit><latexit sha1_base64="+fgUUky5xcX1qwDiLFArgQFp/Do=">AAACDXicbVDLSsNAFJ34rPVVdelmsAquSlIE3QhFNy4qVLQPaEKYTG/aoZMHM5NCCfkBN/6KGxeKuHXvzr9xmnahrQcuHM65l3vv8WLOpDLNb2NpeWV1bb2wUdzc2t7ZLe3tt2SUCApNGvFIdDwigbMQmoopDp1YAAk8Dm1veD3x2yMQkkXhgxrH4ASkHzKfUaK05JaO7RFQfOum9Qxf4r5bx7YvCE0hS6tBhnP33i2VzYqZAy8Sa0bKaIaGW/qyexFNAggV5UTKrmXGykmJUIxyyIp2IiEmdEj60NU0JAFIJ82/yfCJVnrYj4SuUOFc/T2RkkDKceDpzoCogZz3JuJ/XjdR/oWTsjBOFIR0ushPOFYRnkSDe0wAVXysCaGC6VsxHRCdhtIBFnUI1vzLi6RVrVhmxbo7K9euZnEU0CE6QqfIQueohm5QAzURRY/oGb2iN+PJeDHejY9p65IxmzlAf2B8/gBwfJqF</latexit><latexit sha1_base64="+fgUUky5xcX1qwDiLFArgQFp/Do=">AAACDXicbVDLSsNAFJ34rPVVdelmsAquSlIE3QhFNy4qVLQPaEKYTG/aoZMHM5NCCfkBN/6KGxeKuHXvzr9xmnahrQcuHM65l3vv8WLOpDLNb2NpeWV1bb2wUdzc2t7ZLe3tt2SUCApNGvFIdDwigbMQmoopDp1YAAk8Dm1veD3x2yMQkkXhgxrH4ASkHzKfUaK05JaO7RFQfOum9Qxf4r5bx7YvCE0hS6tBhnP33i2VzYqZAy8Sa0bKaIaGW/qyexFNAggV5UTKrmXGykmJUIxyyIp2IiEmdEj60NU0JAFIJ82/yfCJVnrYj4SuUOFc/T2RkkDKceDpzoCogZz3JuJ/XjdR/oWTsjBOFIR0ushPOFYRnkSDe0wAVXysCaGC6VsxHRCdhtIBFnUI1vzLi6RVrVhmxbo7K9euZnEU0CE6QqfIQueohm5QAzURRY/oGb2iN+PJeDHejY9p65IxmzlAf2B8/gBwfJqF</latexit><latexit sha1_base64="+fgUUky5xcX1qwDiLFArgQFp/Do=">AAACDXicbVDLSsNAFJ34rPVVdelmsAquSlIE3QhFNy4qVLQPaEKYTG/aoZMHM5NCCfkBN/6KGxeKuHXvzr9xmnahrQcuHM65l3vv8WLOpDLNb2NpeWV1bb2wUdzc2t7ZLe3tt2SUCApNGvFIdDwigbMQmoopDp1YAAk8Dm1veD3x2yMQkkXhgxrH4ASkHzKfUaK05JaO7RFQfOum9Qxf4r5bx7YvCE0hS6tBhnP33i2VzYqZAy8Sa0bKaIaGW/qyexFNAggV5UTKrmXGykmJUIxyyIp2IiEmdEj60NU0JAFIJ82/yfCJVnrYj4SuUOFc/T2RkkDKceDpzoCogZz3JuJ/XjdR/oWTsjBOFIR0ushPOFYRnkSDe0wAVXysCaGC6VsxHRCdhtIBFnUI1vzLi6RVrVhmxbo7K9euZnEU0CE6QqfIQueohm5QAzURRY/oGb2iN+PJeDHejY9p65IxmzlAf2B8/gBwfJqF</latexit> ~S
<latexit sha1_base64="Mx0Fm8tlimlJ16OzflSNvsykrQo=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt2kw27m0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1DJVDBtMCqnaAdUoeIwNw43AdqKQRoHAVjC6nfmtMSrNZfxoJgn6ER3EPOSMGis1u2Nk5KFXrrhVdw6ySrycVCBHvVf+6vYlSyOMDRNU647nJsbPqDKcCZyWuqnGhLIRHWDH0phGqP1sfu2UnFmlT0KpbMWGzNXfExmNtJ5Ege2MqBnqZW8m/ud1UhNe+xmPk9RgzBaLwlQQI8nsddLnCpkRE0soU9zeStiQKsqMDahkQ/CWX14lzYuq51a9+8tK7SaPowgncArn4MEV1OAO6tAABk/wDK/w5kjnxXl3PhatBSefOYY/cD5/AAqKjsM=</latexit><latexit sha1_base64="Mx0Fm8tlimlJ16OzflSNvsykrQo=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt2kw27m0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1DJVDBtMCqnaAdUoeIwNw43AdqKQRoHAVjC6nfmtMSrNZfxoJgn6ER3EPOSMGis1u2Nk5KFXrrhVdw6ySrycVCBHvVf+6vYlSyOMDRNU647nJsbPqDKcCZyWuqnGhLIRHWDH0phGqP1sfu2UnFmlT0KpbMWGzNXfExmNtJ5Ege2MqBnqZW8m/ud1UhNe+xmPk9RgzBaLwlQQI8nsddLnCpkRE0soU9zeStiQKsqMDahkQ/CWX14lzYuq51a9+8tK7SaPowgncArn4MEV1OAO6tAABk/wDK/w5kjnxXl3PhatBSefOYY/cD5/AAqKjsM=</latexit><latexit sha1_base64="Mx0Fm8tlimlJ16OzflSNvsykrQo=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt2kw27m0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1DJVDBtMCqnaAdUoeIwNw43AdqKQRoHAVjC6nfmtMSrNZfxoJgn6ER3EPOSMGis1u2Nk5KFXrrhVdw6ySrycVCBHvVf+6vYlSyOMDRNU647nJsbPqDKcCZyWuqnGhLIRHWDH0phGqP1sfu2UnFmlT0KpbMWGzNXfExmNtJ5Ege2MqBnqZW8m/ud1UhNe+xmPk9RgzBaLwlQQI8nsddLnCpkRE0soU9zeStiQKsqMDahkQ/CWX14lzYuq51a9+8tK7SaPowgncArn4MEV1OAO6tAABk/wDK/w5kjnxXl3PhatBSefOYY/cD5/AAqKjsM=</latexit><latexit sha1_base64="Mx0Fm8tlimlJ16OzflSNvsykrQo=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt2kw27m0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1DJVDBtMCqnaAdUoeIwNw43AdqKQRoHAVjC6nfmtMSrNZfxoJgn6ER3EPOSMGis1u2Nk5KFXrrhVdw6ySrycVCBHvVf+6vYlSyOMDRNU647nJsbPqDKcCZyWuqnGhLIRHWDH0phGqP1sfu2UnFmlT0KpbMWGzNXfExmNtJ5Ege2MqBnqZW8m/ud1UhNe+xmPk9RgzBaLwlQQI8nsddLnCpkRE0soU9zeStiQKsqMDahkQ/CWX14lzYuq51a9+8tK7SaPowgncArn4MEV1OAO6tAABk/wDK/w5kjnxXl3PhatBSefOYY/cD5/AAqKjsM=</latexit>

Dirac equation,

in relat. QMgL = 2

<latexit sha1_base64="b4bxQ0G0joKUERapGHNFIegieX0=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe6CoI0QtLGwiGA+IDnC3mYuWbK3d+zuCeHIj7CxUMTW32Pnv3GTXKGJDwYe780wMy9IBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw789tPqDSP5aOZJOhHdCh5yBk1VmoP+/fkmtT65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwys+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtGpVz616DxeV+k0eRxFO4BTOwYNLqMMdNKAJDMbwDK/w5iTOi/PufCxaC04+cwx/4Hz+ALzvjoE=</latexit><latexit sha1_base64="b4bxQ0G0joKUERapGHNFIegieX0=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe6CoI0QtLGwiGA+IDnC3mYuWbK3d+zuCeHIj7CxUMTW32Pnv3GTXKGJDwYe780wMy9IBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw789tPqDSP5aOZJOhHdCh5yBk1VmoP+/fkmtT65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwys+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtGpVz616DxeV+k0eRxFO4BTOwYNLqMMdNKAJDMbwDK/w5iTOi/PufCxaC04+cwx/4Hz+ALzvjoE=</latexit><latexit sha1_base64="b4bxQ0G0joKUERapGHNFIegieX0=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe6CoI0QtLGwiGA+IDnC3mYuWbK3d+zuCeHIj7CxUMTW32Pnv3GTXKGJDwYe780wMy9IBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw789tPqDSP5aOZJOhHdCh5yBk1VmoP+/fkmtT65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwys+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtGpVz616DxeV+k0eRxFO4BTOwYNLqMMdNKAJDMbwDK/w5iTOi/PufCxaC04+cwx/4Hz+ALzvjoE=</latexit><latexit sha1_base64="b4bxQ0G0joKUERapGHNFIegieX0=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe6CoI0QtLGwiGA+IDnC3mYuWbK3d+zuCeHIj7CxUMTW32Pnv3GTXKGJDwYe780wMy9IBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw789tPqDSP5aOZJOhHdCh5yBk1VmoP+/fkmtT65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwys+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtGpVz616DxeV+k0eRxFO4BTOwYNLqMMdNKAJDMbwDK/w5iTOi/PufCxaC04+cwx/4Hz+ALzvjoE=</latexit>

Deviations of 2 through polarisation of the vacuum

aeexp =
ge � 2

2
= (1015906520188.4± 4.3)⇥ 10�12

<latexit sha1_base64="XMYAbKziwehDz/mLUerGD5SDNdk="></latexit><latexit sha1_base64="XMYAbKziwehDz/mLUerGD5SDNdk="></latexit><latexit sha1_base64="XMYAbKziwehDz/mLUerGD5SDNdk="></latexit><latexit sha1_base64="XMYAbKziwehDz/mLUerGD5SDNdk="></latexit>

aeSM =
ge � 2

2
= (1015906520205.4± 28)⇥ 10�12

<latexit sha1_base64="FRLXotunudwpe0dLT8UrTWE1GTk="></latexit><latexit sha1_base64="FRLXotunudwpe0dLT8UrTWE1GTk="></latexit><latexit sha1_base64="FRLXotunudwpe0dLT8UrTWE1GTk="></latexit><latexit sha1_base64="FRLXotunudwpe0dLT8UrTWE1GTk="></latexit>

Precision prediction over 8 orders of magnitudes!



Florian Bernlochner Fantastic Bs and where to find them

• One of the most impressive predictions: 
magnetic moment of the electron

!7

The SM: a great success story with flaws

• But ask the SM what the energy density of the 
vacuum in the universe is, you get a surprise

Dark Energy
drives the expansion of 

the universe

~p = m~v
<latexit sha1_base64="xRydvvQQTcedZmxH4zTHNo+iIWE=">AAAB+nicbZDLSgMxFIYz9VbrbapLN8EiuCozIuhGKLpxWcFeoB1KJj1tQ5PMkGQqZeyjuHGhiFufxJ1vYzqdhbb+EPj4zzmckz+MOdPG876dwtr6xuZWcbu0s7u3f+CWD5s6ShSFBo14pNoh0cCZhIZhhkM7VkBEyKEVjm/n9dYElGaRfDDTGAJBhpINGCXGWj233J0AxTG+xgJnOOm5Fa/qZcKr4OdQQbnqPfer249oIkAayonWHd+LTZASZRjlMCt1Ew0xoWMyhI5FSQToIM1On+FT6/TxIFL2SYMz9/dESoTWUxHaTkHMSC/X5uZ/tU5iBldBymScGJB0sWiQcGwiPM8B95kCavjUAqGK2VsxHRFFqLFplWwI/vKXV6F5XvW9qn9/Uand5HEU0TE6QWfIR5eohu5QHTUQRY/oGb2iN+fJeXHenY9Fa8HJZ47QHzmfP08Rkrk=</latexit><latexit sha1_base64="xRydvvQQTcedZmxH4zTHNo+iIWE=">AAAB+nicbZDLSgMxFIYz9VbrbapLN8EiuCozIuhGKLpxWcFeoB1KJj1tQ5PMkGQqZeyjuHGhiFufxJ1vYzqdhbb+EPj4zzmckz+MOdPG876dwtr6xuZWcbu0s7u3f+CWD5s6ShSFBo14pNoh0cCZhIZhhkM7VkBEyKEVjm/n9dYElGaRfDDTGAJBhpINGCXGWj233J0AxTG+xgJnOOm5Fa/qZcKr4OdQQbnqPfer249oIkAayonWHd+LTZASZRjlMCt1Ew0xoWMyhI5FSQToIM1On+FT6/TxIFL2SYMz9/dESoTWUxHaTkHMSC/X5uZ/tU5iBldBymScGJB0sWiQcGwiPM8B95kCavjUAqGK2VsxHRFFqLFplWwI/vKXV6F5XvW9qn9/Uand5HEU0TE6QWfIR5eohu5QHTUQRY/oGb2iN+fJeXHenY9Fa8HJZ47QHzmfP08Rkrk=</latexit><latexit sha1_base64="xRydvvQQTcedZmxH4zTHNo+iIWE=">AAAB+nicbZDLSgMxFIYz9VbrbapLN8EiuCozIuhGKLpxWcFeoB1KJj1tQ5PMkGQqZeyjuHGhiFufxJ1vYzqdhbb+EPj4zzmckz+MOdPG876dwtr6xuZWcbu0s7u3f+CWD5s6ShSFBo14pNoh0cCZhIZhhkM7VkBEyKEVjm/n9dYElGaRfDDTGAJBhpINGCXGWj233J0AxTG+xgJnOOm5Fa/qZcKr4OdQQbnqPfer249oIkAayonWHd+LTZASZRjlMCt1Ew0xoWMyhI5FSQToIM1On+FT6/TxIFL2SYMz9/dESoTWUxHaTkHMSC/X5uZ/tU5iBldBymScGJB0sWiQcGwiPM8B95kCavjUAqGK2VsxHRFFqLFplWwI/vKXV6F5XvW9qn9/Uand5HEU0TE6QWfIR5eohu5QHTUQRY/oGb2iN+fJeXHenY9Fa8HJZ47QHzmfP08Rkrk=</latexit><latexit sha1_base64="xRydvvQQTcedZmxH4zTHNo+iIWE=">AAAB+nicbZDLSgMxFIYz9VbrbapLN8EiuCozIuhGKLpxWcFeoB1KJj1tQ5PMkGQqZeyjuHGhiFufxJ1vYzqdhbb+EPj4zzmckz+MOdPG876dwtr6xuZWcbu0s7u3f+CWD5s6ShSFBo14pNoh0cCZhIZhhkM7VkBEyKEVjm/n9dYElGaRfDDTGAJBhpINGCXGWj233J0AxTG+xgJnOOm5Fa/qZcKr4OdQQbnqPfer249oIkAayonWHd+LTZASZRjlMCt1Ew0xoWMyhI5FSQToIM1On+FT6/TxIFL2SYMz9/dESoTWUxHaTkHMSC/X5uZ/tU5iBldBymScGJB0sWiQcGwiPM8B95kCavjUAqGK2VsxHRFFqLFplWwI/vKXV6F5XvW9qn9/Uand5HEU0TE6QWfIR5eohu5QHTUQRY/oGb2iN+fJeXHenY9Fa8HJZ47QHzmfP08Rkrk=</latexit>

~L = ~r ^ ~p
<latexit sha1_base64="5/zP9Ofnn+9ZPgPtAHP87ojXNyA=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiuCqJCLoRim5cuKhgL9CEMpmctEMnF2YmlRK6cuOruHGhiFufwZ1v4zTNQlt/GPjmP+cwc34v4Uwqy/o2SkvLK6tr5fXKxubW9o65u9eScSooNGnMY9HxiATOImgqpjh0EgEk9Di0veH1tN4egZAsju7VOAE3JP2IBYwSpa2eeeiMgOJbfIlzENh5AL8Ps1vSM6tWzcqFF8EuoIoKNXrml+PHNA0hUpQTKbu2lSg3I0IxymFScVIJCaFD0oeuxoiEIN0sX2OCj7Xj4yAW+kQK5+7viYyEUo5DT3eGRA3kfG1q/lfrpiq4cDMWJamCiM4eClKOVYynmWCfCaCKjzUQKpj+K6YDIghVOrmKDsGeX3kRWqc126rZd2fV+lURRxkdoCN0gmx0juroBjVQE1H0iJ7RK3oznowX4934mLWWjGJmH/2R8fkDn+GXTg==</latexit><latexit sha1_base64="5/zP9Ofnn+9ZPgPtAHP87ojXNyA=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiuCqJCLoRim5cuKhgL9CEMpmctEMnF2YmlRK6cuOruHGhiFufwZ1v4zTNQlt/GPjmP+cwc34v4Uwqy/o2SkvLK6tr5fXKxubW9o65u9eScSooNGnMY9HxiATOImgqpjh0EgEk9Di0veH1tN4egZAsju7VOAE3JP2IBYwSpa2eeeiMgOJbfIlzENh5AL8Ps1vSM6tWzcqFF8EuoIoKNXrml+PHNA0hUpQTKbu2lSg3I0IxymFScVIJCaFD0oeuxoiEIN0sX2OCj7Xj4yAW+kQK5+7viYyEUo5DT3eGRA3kfG1q/lfrpiq4cDMWJamCiM4eClKOVYynmWCfCaCKjzUQKpj+K6YDIghVOrmKDsGeX3kRWqc126rZd2fV+lURRxkdoCN0gmx0juroBjVQE1H0iJ7RK3oznowX4934mLWWjGJmH/2R8fkDn+GXTg==</latexit><latexit sha1_base64="5/zP9Ofnn+9ZPgPtAHP87ojXNyA=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiuCqJCLoRim5cuKhgL9CEMpmctEMnF2YmlRK6cuOruHGhiFufwZ1v4zTNQlt/GPjmP+cwc34v4Uwqy/o2SkvLK6tr5fXKxubW9o65u9eScSooNGnMY9HxiATOImgqpjh0EgEk9Di0veH1tN4egZAsju7VOAE3JP2IBYwSpa2eeeiMgOJbfIlzENh5AL8Ps1vSM6tWzcqFF8EuoIoKNXrml+PHNA0hUpQTKbu2lSg3I0IxymFScVIJCaFD0oeuxoiEIN0sX2OCj7Xj4yAW+kQK5+7viYyEUo5DT3eGRA3kfG1q/lfrpiq4cDMWJamCiM4eClKOVYynmWCfCaCKjzUQKpj+K6YDIghVOrmKDsGeX3kRWqc126rZd2fV+lURRxkdoCN0gmx0juroBjVQE1H0iJ7RK3oznowX4934mLWWjGJmH/2R8fkDn+GXTg==</latexit><latexit sha1_base64="5/zP9Ofnn+9ZPgPtAHP87ojXNyA=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiuCqJCLoRim5cuKhgL9CEMpmctEMnF2YmlRK6cuOruHGhiFufwZ1v4zTNQlt/GPjmP+cwc34v4Uwqy/o2SkvLK6tr5fXKxubW9o65u9eScSooNGnMY9HxiATOImgqpjh0EgEk9Di0veH1tN4egZAsju7VOAE3JP2IBYwSpa2eeeiMgOJbfIlzENh5AL8Ps1vSM6tWzcqFF8EuoIoKNXrml+PHNA0hUpQTKbu2lSg3I0IxymFScVIJCaFD0oeuxoiEIN0sX2OCj7Xj4yAW+kQK5+7viYyEUo5DT3eGRA3kfG1q/lfrpiq4cDMWJamCiM4eClKOVYynmWCfCaCKjzUQKpj+K6YDIghVOrmKDsGeX3kRWqc126rZd2fV+lURRxkdoCN0gmx0juroBjVQE1H0iJ7RK3oznowX4934mLWWjGJmH/2R8fkDn+GXTg==</latexit>

ML = � e

2m
~L

<latexit sha1_base64="Q4im43dGLSImW6/RWaRrSePutNk=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWJIi6EYounFRoYJ9QBPKZHrTDp08mJkUSsjKjb/ixoUibv0Gd/6N0zYLbT1w4XDOvdx7jxdzJpVlfRtLyyura+uFjeLm1vbOrrm335RRIig0aMQj0faIBM5CaCimOLRjASTwOLS84c3Eb41ASBaFD2ocgxuQfsh8RonSUtc8uuumtQxf4TPs+ILQFLK0EmTYGQHFta5ZssrWFHiR2DkpoRz1rvnl9CKaBBAqyomUHduKlZsSoRjlkBWdREJM6JD0oaNpSAKQbjp9I8MnWulhPxK6QoWn6u+JlARSjgNPdwZEDeS8NxH/8zqJ8i/dlIVxoiCks0V+wrGK8CQT3GMCqOJjTQgVTN+K6YDoNJROrqhDsOdfXiTNStm2yvb9eal6ncdRQIfoGJ0iG12gKrpFddRAFD2iZ/SK3own48V4Nz5mrUtGPnOA/sD4/AEWYpeZ</latexit><latexit sha1_base64="Q4im43dGLSImW6/RWaRrSePutNk=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWJIi6EYounFRoYJ9QBPKZHrTDp08mJkUSsjKjb/ixoUibv0Gd/6N0zYLbT1w4XDOvdx7jxdzJpVlfRtLyyura+uFjeLm1vbOrrm335RRIig0aMQj0faIBM5CaCimOLRjASTwOLS84c3Eb41ASBaFD2ocgxuQfsh8RonSUtc8uuumtQxf4TPs+ILQFLK0EmTYGQHFta5ZssrWFHiR2DkpoRz1rvnl9CKaBBAqyomUHduKlZsSoRjlkBWdREJM6JD0oaNpSAKQbjp9I8MnWulhPxK6QoWn6u+JlARSjgNPdwZEDeS8NxH/8zqJ8i/dlIVxoiCks0V+wrGK8CQT3GMCqOJjTQgVTN+K6YDoNJROrqhDsOdfXiTNStm2yvb9eal6ncdRQIfoGJ0iG12gKrpFddRAFD2iZ/SK3own48V4Nz5mrUtGPnOA/sD4/AEWYpeZ</latexit><latexit sha1_base64="Q4im43dGLSImW6/RWaRrSePutNk=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWJIi6EYounFRoYJ9QBPKZHrTDp08mJkUSsjKjb/ixoUibv0Gd/6N0zYLbT1w4XDOvdx7jxdzJpVlfRtLyyura+uFjeLm1vbOrrm335RRIig0aMQj0faIBM5CaCimOLRjASTwOLS84c3Eb41ASBaFD2ocgxuQfsh8RonSUtc8uuumtQxf4TPs+ILQFLK0EmTYGQHFta5ZssrWFHiR2DkpoRz1rvnl9CKaBBAqyomUHduKlZsSoRjlkBWdREJM6JD0oaNpSAKQbjp9I8MnWulhPxK6QoWn6u+JlARSjgNPdwZEDeS8NxH/8zqJ8i/dlIVxoiCks0V+wrGK8CQT3GMCqOJjTQgVTN+K6YDoNJROrqhDsOdfXiTNStm2yvb9eal6ncdRQIfoGJ0iG12gKrpFddRAFD2iZ/SK3own48V4Nz5mrUtGPnOA/sD4/AEWYpeZ</latexit><latexit sha1_base64="Q4im43dGLSImW6/RWaRrSePutNk=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWJIi6EYounFRoYJ9QBPKZHrTDp08mJkUSsjKjb/ixoUibv0Gd/6N0zYLbT1w4XDOvdx7jxdzJpVlfRtLyyura+uFjeLm1vbOrrm335RRIig0aMQj0faIBM5CaCimOLRjASTwOLS84c3Eb41ASBaFD2ocgxuQfsh8RonSUtc8uuumtQxf4TPs+ILQFLK0EmTYGQHFta5ZssrWFHiR2DkpoRz1rvnl9CKaBBAqyomUHduKlZsSoRjlkBWdREJM6JD0oaNpSAKQbjp9I8MnWulhPxK6QoWn6u+JlARSjgNPdwZEDeS8NxH/8zqJ8i/dlIVxoiCks0V+wrGK8CQT3GMCqOJjTQgVTN+K6YDoNJROrqhDsOdfXiTNStm2yvb9eal6ncdRQIfoGJ0iG12gKrpFddRAFD2iZ/SK3own48V4Nz5mrUtGPnOA/sD4/AEWYpeZ</latexit>

in QM

~ML = gL
e

2m
~S

<latexit sha1_base64="+fgUUky5xcX1qwDiLFArgQFp/Do=">AAACDXicbVDLSsNAFJ34rPVVdelmsAquSlIE3QhFNy4qVLQPaEKYTG/aoZMHM5NCCfkBN/6KGxeKuHXvzr9xmnahrQcuHM65l3vv8WLOpDLNb2NpeWV1bb2wUdzc2t7ZLe3tt2SUCApNGvFIdDwigbMQmoopDp1YAAk8Dm1veD3x2yMQkkXhgxrH4ASkHzKfUaK05JaO7RFQfOum9Qxf4r5bx7YvCE0hS6tBhnP33i2VzYqZAy8Sa0bKaIaGW/qyexFNAggV5UTKrmXGykmJUIxyyIp2IiEmdEj60NU0JAFIJ82/yfCJVnrYj4SuUOFc/T2RkkDKceDpzoCogZz3JuJ/XjdR/oWTsjBOFIR0ushPOFYRnkSDe0wAVXysCaGC6VsxHRCdhtIBFnUI1vzLi6RVrVhmxbo7K9euZnEU0CE6QqfIQueohm5QAzURRY/oGb2iN+PJeDHejY9p65IxmzlAf2B8/gBwfJqF</latexit><latexit sha1_base64="+fgUUky5xcX1qwDiLFArgQFp/Do=">AAACDXicbVDLSsNAFJ34rPVVdelmsAquSlIE3QhFNy4qVLQPaEKYTG/aoZMHM5NCCfkBN/6KGxeKuHXvzr9xmnahrQcuHM65l3vv8WLOpDLNb2NpeWV1bb2wUdzc2t7ZLe3tt2SUCApNGvFIdDwigbMQmoopDp1YAAk8Dm1veD3x2yMQkkXhgxrH4ASkHzKfUaK05JaO7RFQfOum9Qxf4r5bx7YvCE0hS6tBhnP33i2VzYqZAy8Sa0bKaIaGW/qyexFNAggV5UTKrmXGykmJUIxyyIp2IiEmdEj60NU0JAFIJ82/yfCJVnrYj4SuUOFc/T2RkkDKceDpzoCogZz3JuJ/XjdR/oWTsjBOFIR0ushPOFYRnkSDe0wAVXysCaGC6VsxHRCdhtIBFnUI1vzLi6RVrVhmxbo7K9euZnEU0CE6QqfIQueohm5QAzURRY/oGb2iN+PJeDHejY9p65IxmzlAf2B8/gBwfJqF</latexit><latexit sha1_base64="+fgUUky5xcX1qwDiLFArgQFp/Do=">AAACDXicbVDLSsNAFJ34rPVVdelmsAquSlIE3QhFNy4qVLQPaEKYTG/aoZMHM5NCCfkBN/6KGxeKuHXvzr9xmnahrQcuHM65l3vv8WLOpDLNb2NpeWV1bb2wUdzc2t7ZLe3tt2SUCApNGvFIdDwigbMQmoopDp1YAAk8Dm1veD3x2yMQkkXhgxrH4ASkHzKfUaK05JaO7RFQfOum9Qxf4r5bx7YvCE0hS6tBhnP33i2VzYqZAy8Sa0bKaIaGW/qyexFNAggV5UTKrmXGykmJUIxyyIp2IiEmdEj60NU0JAFIJ82/yfCJVnrYj4SuUOFc/T2RkkDKceDpzoCogZz3JuJ/XjdR/oWTsjBOFIR0ushPOFYRnkSDe0wAVXysCaGC6VsxHRCdhtIBFnUI1vzLi6RVrVhmxbo7K9euZnEU0CE6QqfIQueohm5QAzURRY/oGb2iN+PJeDHejY9p65IxmzlAf2B8/gBwfJqF</latexit><latexit sha1_base64="+fgUUky5xcX1qwDiLFArgQFp/Do=">AAACDXicbVDLSsNAFJ34rPVVdelmsAquSlIE3QhFNy4qVLQPaEKYTG/aoZMHM5NCCfkBN/6KGxeKuHXvzr9xmnahrQcuHM65l3vv8WLOpDLNb2NpeWV1bb2wUdzc2t7ZLe3tt2SUCApNGvFIdDwigbMQmoopDp1YAAk8Dm1veD3x2yMQkkXhgxrH4ASkHzKfUaK05JaO7RFQfOum9Qxf4r5bx7YvCE0hS6tBhnP33i2VzYqZAy8Sa0bKaIaGW/qyexFNAggV5UTKrmXGykmJUIxyyIp2IiEmdEj60NU0JAFIJ82/yfCJVnrYj4SuUOFc/T2RkkDKceDpzoCogZz3JuJ/XjdR/oWTsjBOFIR0ushPOFYRnkSDe0wAVXysCaGC6VsxHRCdhtIBFnUI1vzLi6RVrVhmxbo7K9euZnEU0CE6QqfIQueohm5QAzURRY/oGb2iN+PJeDHejY9p65IxmzlAf2B8/gBwfJqF</latexit> ~S
<latexit sha1_base64="Mx0Fm8tlimlJ16OzflSNvsykrQo=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt2kw27m0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1DJVDBtMCqnaAdUoeIwNw43AdqKQRoHAVjC6nfmtMSrNZfxoJgn6ER3EPOSMGis1u2Nk5KFXrrhVdw6ySrycVCBHvVf+6vYlSyOMDRNU647nJsbPqDKcCZyWuqnGhLIRHWDH0phGqP1sfu2UnFmlT0KpbMWGzNXfExmNtJ5Ege2MqBnqZW8m/ud1UhNe+xmPk9RgzBaLwlQQI8nsddLnCpkRE0soU9zeStiQKsqMDahkQ/CWX14lzYuq51a9+8tK7SaPowgncArn4MEV1OAO6tAABk/wDK/w5kjnxXl3PhatBSefOYY/cD5/AAqKjsM=</latexit><latexit sha1_base64="Mx0Fm8tlimlJ16OzflSNvsykrQo=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt2kw27m0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1DJVDBtMCqnaAdUoeIwNw43AdqKQRoHAVjC6nfmtMSrNZfxoJgn6ER3EPOSMGis1u2Nk5KFXrrhVdw6ySrycVCBHvVf+6vYlSyOMDRNU647nJsbPqDKcCZyWuqnGhLIRHWDH0phGqP1sfu2UnFmlT0KpbMWGzNXfExmNtJ5Ege2MqBnqZW8m/ud1UhNe+xmPk9RgzBaLwlQQI8nsddLnCpkRE0soU9zeStiQKsqMDahkQ/CWX14lzYuq51a9+8tK7SaPowgncArn4MEV1OAO6tAABk/wDK/w5kjnxXl3PhatBSefOYY/cD5/AAqKjsM=</latexit><latexit sha1_base64="Mx0Fm8tlimlJ16OzflSNvsykrQo=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt2kw27m0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1DJVDBtMCqnaAdUoeIwNw43AdqKQRoHAVjC6nfmtMSrNZfxoJgn6ER3EPOSMGis1u2Nk5KFXrrhVdw6ySrycVCBHvVf+6vYlSyOMDRNU647nJsbPqDKcCZyWuqnGhLIRHWDH0phGqP1sfu2UnFmlT0KpbMWGzNXfExmNtJ5Ege2MqBnqZW8m/ud1UhNe+xmPk9RgzBaLwlQQI8nsddLnCpkRE0soU9zeStiQKsqMDahkQ/CWX14lzYuq51a9+8tK7SaPowgncArn4MEV1OAO6tAABk/wDK/w5kjnxXl3PhatBSefOYY/cD5/AAqKjsM=</latexit><latexit sha1_base64="Mx0Fm8tlimlJ16OzflSNvsykrQo=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt2kw27m0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1DJVDBtMCqnaAdUoeIwNw43AdqKQRoHAVjC6nfmtMSrNZfxoJgn6ER3EPOSMGis1u2Nk5KFXrrhVdw6ySrycVCBHvVf+6vYlSyOMDRNU647nJsbPqDKcCZyWuqnGhLIRHWDH0phGqP1sfu2UnFmlT0KpbMWGzNXfExmNtJ5Ege2MqBnqZW8m/ud1UhNe+xmPk9RgzBaLwlQQI8nsddLnCpkRE0soU9zeStiQKsqMDahkQ/CWX14lzYuq51a9+8tK7SaPowgncArn4MEV1OAO6tAABk/wDK/w5kjnxXl3PhatBSefOYY/cD5/AAqKjsM=</latexit>

Dirac equation,

in relat. QM

1 cm3

1 erg = 6.2x 1011 eV= 10-7 Joule ≈ 1 wing 
flap of a fly

1 cm3

Off by 120 orders of magnitudes ?!?

gL = 2
<latexit sha1_base64="b4bxQ0G0joKUERapGHNFIegieX0=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe6CoI0QtLGwiGA+IDnC3mYuWbK3d+zuCeHIj7CxUMTW32Pnv3GTXKGJDwYe780wMy9IBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw789tPqDSP5aOZJOhHdCh5yBk1VmoP+/fkmtT65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwys+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtGpVz616DxeV+k0eRxFO4BTOwYNLqMMdNKAJDMbwDK/w5iTOi/PufCxaC04+cwx/4Hz+ALzvjoE=</latexit><latexit sha1_base64="b4bxQ0G0joKUERapGHNFIegieX0=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe6CoI0QtLGwiGA+IDnC3mYuWbK3d+zuCeHIj7CxUMTW32Pnv3GTXKGJDwYe780wMy9IBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw789tPqDSP5aOZJOhHdCh5yBk1VmoP+/fkmtT65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwys+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtGpVz616DxeV+k0eRxFO4BTOwYNLqMMdNKAJDMbwDK/w5iTOi/PufCxaC04+cwx/4Hz+ALzvjoE=</latexit><latexit sha1_base64="b4bxQ0G0joKUERapGHNFIegieX0=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe6CoI0QtLGwiGA+IDnC3mYuWbK3d+zuCeHIj7CxUMTW32Pnv3GTXKGJDwYe780wMy9IBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw789tPqDSP5aOZJOhHdCh5yBk1VmoP+/fkmtT65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwys+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtGpVz616DxeV+k0eRxFO4BTOwYNLqMMdNKAJDMbwDK/w5iTOi/PufCxaC04+cwx/4Hz+ALzvjoE=</latexit><latexit sha1_base64="b4bxQ0G0joKUERapGHNFIegieX0=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe6CoI0QtLGwiGA+IDnC3mYuWbK3d+zuCeHIj7CxUMTW32Pnv3GTXKGJDwYe780wMy9IBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw789tPqDSP5aOZJOhHdCh5yBk1VmoP+/fkmtT65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwys+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtGpVz616DxeV+k0eRxFO4BTOwYNLqMMdNKAJDMbwDK/w5iTOi/PufCxaC04+cwx/4Hz+ALzvjoE=</latexit>

Deviations of 2 through polarisation of the vacuum

aeexp =
ge � 2

2
= (1015906520188.4± 4.3)⇥ 10�12
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aeSM =
ge � 2

2
= (1015906520205.4± 28)⇥ 10�12
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Precision prediction over 8 orders of magnitudes!
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The intensity frontier and the Belle II-Experimenti.g Introduction: Direct versus indirect searches (1/2)

Direct Searches

1. Obvious path to NP:
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New Physics

. . .

`

2. Need a target region:

Region of phase space,
process, .. (e.g. NP ! dijets)

3. Models can have large
parameter space that need to
be scanned

Model driven or ’Bump’ hunting

Indirect Searches

1. Less obvious path to NP

� �

New Physics

2. Need a process that can be
predicted at high precision for
the SM

3. Model independent searches
based on general operators
and Wilson Coe�cients

Model driven or independent

Both approaches complement each other.
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New Physics

SMCosm
os

Energy

Intensity

New 
Physics?

• Cosmos: Use the universe as a laboratory


• Energy: Direct production of new physics 
(observe new phenomena or new particles)


• Intensity: Indirect Search of new physics through 
corrections of well known processes

E = mc2
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12 fermions

(+12 anti-fermions)

increasing mass !

5 bosons

(+1 opposite charge W )

standard matter unstable matter force carriers
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bosons
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1st 2nd 3rd generation

B meson: a hydrogen atom for our 
understanding of the strong 

interaction / QCD

mQ ! 1
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! i
1 + /v

2v · k + i✏
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k: Measure for how far the b-quark is away from its 
mass-shell

colour
field

• At Belle II we search for New Physics, by producing 
huge amounts of beauty or short b quarks  

‣ All quarks carry colour charges and only exist as 
bound states (with the exception of the top quark)

v: four-velocity of the b-quarks
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• Life time of a B meson:                
𝝉 ≈1.5 x 10-12 seconds
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<latexit sha1_base64="6Wkqj7CP7E1VYgXI4UNJQIOfx5w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1FjpvvV41itX3Ko7A1kmXk4qkKPeK391+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiEnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhFd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLy6R5XvXcqnd3Uald53EU4QiO4RQ8uIQa3EIdGsBgAM/wCm+OcF6cd+dj3lpw8plD+APn8wfRxo16</latexit><latexit sha1_base64="6Wkqj7CP7E1VYgXI4UNJQIOfx5w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1FjpvvV41itX3Ko7A1kmXk4qkKPeK391+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiEnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhFd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLy6R5XvXcqnd3Uald53EU4QiO4RQ8uIQa3EIdGsBgAM/wCm+OcF6cd+dj3lpw8plD+APn8wfRxo16</latexit><latexit sha1_base64="6Wkqj7CP7E1VYgXI4UNJQIOfx5w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1FjpvvV41itX3Ko7A1kmXk4qkKPeK391+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiEnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhFd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLy6R5XvXcqnd3Uald53EU4QiO4RQ8uIQa3EIdGsBgAM/wCm+OcF6cd+dj3lpw8plD+APn8wfRxo16</latexit><latexit sha1_base64="6Wkqj7CP7E1VYgXI4UNJQIOfx5w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1FjpvvV41itX3Ko7A1kmXk4qkKPeK391+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiEnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhFd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLy6R5XvXcqnd3Uald53EU4QiO4RQ8uIQa3EIdGsBgAM/wCm+OcF6cd+dj3lpw8plD+APn8wfRxo16</latexit>

e�, µ�, ⌧�
<latexit sha1_base64="IHt9P+Ms+J8CoCYCRAyN4Qbii2A=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgQsuMCLosunFZwT6gHUsmvW1Dk8yQZMQy9FfcuFDErT/izr8xnc5CWw+EezjnXu7NCWPOtPG8b6ewsrq2vlHcLG1t7+zuufvlpo4SRaFBIx6pdkg0cCahYZjh0I4VEBFyaIXjm5nfegSlWSTvzSSGQJChZANGibFSzy3Dw9kp7ookK4bY2nMrXtXLgJeJn5MKylHvuV/dfkQTAdJQTrTu+F5sgpQowyiHaambaIgJHZMhdCyVRIAO0uz2KT62Sh8PImWfNDhTf0+kRGg9EaHtFMSM9KI3E//zOokZXAUpk3FiQNL5okHCsYnwLAjcZwqo4RNLCFXM3orpiChCjY2rZEPwF7+8TJrnVd+r+ncXldp1HkcRHaIjdIJ8dIlq6BbVUQNR9ISe0St6c6bOi/PufMxbC04+c4D+wPn8AaPOkuE=</latexit><latexit sha1_base64="IHt9P+Ms+J8CoCYCRAyN4Qbii2A=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgQsuMCLosunFZwT6gHUsmvW1Dk8yQZMQy9FfcuFDErT/izr8xnc5CWw+EezjnXu7NCWPOtPG8b6ewsrq2vlHcLG1t7+zuufvlpo4SRaFBIx6pdkg0cCahYZjh0I4VEBFyaIXjm5nfegSlWSTvzSSGQJChZANGibFSzy3Dw9kp7ookK4bY2nMrXtXLgJeJn5MKylHvuV/dfkQTAdJQTrTu+F5sgpQowyiHaambaIgJHZMhdCyVRIAO0uz2KT62Sh8PImWfNDhTf0+kRGg9EaHtFMSM9KI3E//zOokZXAUpk3FiQNL5okHCsYnwLAjcZwqo4RNLCFXM3orpiChCjY2rZEPwF7+8TJrnVd+r+ncXldp1HkcRHaIjdIJ8dIlq6BbVUQNR9ISe0St6c6bOi/PufMxbC04+c4D+wPn8AaPOkuE=</latexit><latexit sha1_base64="IHt9P+Ms+J8CoCYCRAyN4Qbii2A=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgQsuMCLosunFZwT6gHUsmvW1Dk8yQZMQy9FfcuFDErT/izr8xnc5CWw+EezjnXu7NCWPOtPG8b6ewsrq2vlHcLG1t7+zuufvlpo4SRaFBIx6pdkg0cCahYZjh0I4VEBFyaIXjm5nfegSlWSTvzSSGQJChZANGibFSzy3Dw9kp7ookK4bY2nMrXtXLgJeJn5MKylHvuV/dfkQTAdJQTrTu+F5sgpQowyiHaambaIgJHZMhdCyVRIAO0uz2KT62Sh8PImWfNDhTf0+kRGg9EaHtFMSM9KI3E//zOokZXAUpk3FiQNL5okHCsYnwLAjcZwqo4RNLCFXM3orpiChCjY2rZEPwF7+8TJrnVd+r+ncXldp1HkcRHaIjdIJ8dIlq6BbVUQNR9ISe0St6c6bOi/PufMxbC04+c4D+wPn8AaPOkuE=</latexit><latexit sha1_base64="IHt9P+Ms+J8CoCYCRAyN4Qbii2A=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgQsuMCLosunFZwT6gHUsmvW1Dk8yQZMQy9FfcuFDErT/izr8xnc5CWw+EezjnXu7NCWPOtPG8b6ewsrq2vlHcLG1t7+zuufvlpo4SRaFBIx6pdkg0cCahYZjh0I4VEBFyaIXjm5nfegSlWSTvzSSGQJChZANGibFSzy3Dw9kp7ookK4bY2nMrXtXLgJeJn5MKylHvuV/dfkQTAdJQTrTu+F5sgpQowyiHaambaIgJHZMhdCyVRIAO0uz2KT62Sh8PImWfNDhTf0+kRGg9EaHtFMSM9KI3E//zOokZXAUpk3FiQNL5okHCsYnwLAjcZwqo4RNLCFXM3orpiChCjY2rZEPwF7+8TJrnVd+r+ncXldp1HkcRHaIjdIJ8dIlq6BbVUQNR9ISe0St6c6bOi/PufMxbC04+c4D+wPn8AaPOkuE=</latexit>

⌫̄e, ⌫̄µ, ⌫̄⌧
<latexit sha1_base64="3JTnyn4OG2nqo31dyDh9fG1KToY=">AAACEHicbZDLSgMxFIYzXmu9jbp0EyyiCykzIuiy6MZlBXuBzjBk0kwbmmSGXIQy9BHc+CpuXCji1qU738a0HaS2/hD48p9zSM4fZ4wq7XnfztLyyuraemmjvLm1vbPr7u03VWokJg2cslS2Y6QIo4I0NNWMtDNJEI8ZacWDm3G99UCkoqm418OMhBz1BE0oRtpakXsSxEjCQJiInMFfDriZvWlkIrfiVb2J4CL4BVRAoXrkfgXdFBtOhMYMKdXxvUyHOZKaYkZG5cAokiE8QD3SsSgQJyrMJwuN4LF1ujBJpT1Cw4k7O5EjrtSQx7aTI91X87Wx+V+tY3RyFeZUZEYTgacPJYZBncJxOrBLJcGaDS0gLKn9K8R9JBHWNsOyDcGfX3kRmudV36v6dxeV2nURRwkcgiNwCnxwCWrgFtRBA2DwCJ7BK3hznpwX5935mLYuOcXMAfgj5/MHGNqb/w==</latexit><latexit sha1_base64="3JTnyn4OG2nqo31dyDh9fG1KToY=">AAACEHicbZDLSgMxFIYzXmu9jbp0EyyiCykzIuiy6MZlBXuBzjBk0kwbmmSGXIQy9BHc+CpuXCji1qU738a0HaS2/hD48p9zSM4fZ4wq7XnfztLyyuraemmjvLm1vbPr7u03VWokJg2cslS2Y6QIo4I0NNWMtDNJEI8ZacWDm3G99UCkoqm418OMhBz1BE0oRtpakXsSxEjCQJiInMFfDriZvWlkIrfiVb2J4CL4BVRAoXrkfgXdFBtOhMYMKdXxvUyHOZKaYkZG5cAokiE8QD3SsSgQJyrMJwuN4LF1ujBJpT1Cw4k7O5EjrtSQx7aTI91X87Wx+V+tY3RyFeZUZEYTgacPJYZBncJxOrBLJcGaDS0gLKn9K8R9JBHWNsOyDcGfX3kRmudV36v6dxeV2nURRwkcgiNwCnxwCWrgFtRBA2DwCJ7BK3hznpwX5935mLYuOcXMAfgj5/MHGNqb/w==</latexit><latexit sha1_base64="3JTnyn4OG2nqo31dyDh9fG1KToY=">AAACEHicbZDLSgMxFIYzXmu9jbp0EyyiCykzIuiy6MZlBXuBzjBk0kwbmmSGXIQy9BHc+CpuXCji1qU738a0HaS2/hD48p9zSM4fZ4wq7XnfztLyyuraemmjvLm1vbPr7u03VWokJg2cslS2Y6QIo4I0NNWMtDNJEI8ZacWDm3G99UCkoqm418OMhBz1BE0oRtpakXsSxEjCQJiInMFfDriZvWlkIrfiVb2J4CL4BVRAoXrkfgXdFBtOhMYMKdXxvUyHOZKaYkZG5cAokiE8QD3SsSgQJyrMJwuN4LF1ujBJpT1Cw4k7O5EjrtSQx7aTI91X87Wx+V+tY3RyFeZUZEYTgacPJYZBncJxOrBLJcGaDS0gLKn9K8R9JBHWNsOyDcGfX3kRmudV36v6dxeV2nURRwkcgiNwCnxwCWrgFtRBA2DwCJ7BK3hznpwX5935mLYuOcXMAfgj5/MHGNqb/w==</latexit><latexit sha1_base64="3JTnyn4OG2nqo31dyDh9fG1KToY=">AAACEHicbZDLSgMxFIYzXmu9jbp0EyyiCykzIuiy6MZlBXuBzjBk0kwbmmSGXIQy9BHc+CpuXCji1qU738a0HaS2/hD48p9zSM4fZ4wq7XnfztLyyuraemmjvLm1vbPr7u03VWokJg2cslS2Y6QIo4I0NNWMtDNJEI8ZacWDm3G99UCkoqm418OMhBz1BE0oRtpakXsSxEjCQJiInMFfDriZvWlkIrfiVb2J4CL4BVRAoXrkfgXdFBtOhMYMKdXxvUyHOZKaYkZG5cAokiE8QD3SsSgQJyrMJwuN4LF1ujBJpT1Cw4k7O5EjrtSQx7aTI91X87Wx+V+tY3RyFeZUZEYTgacPJYZBncJxOrBLJcGaDS0gLKn9K8R9JBHWNsOyDcGfX3kRmudV36v6dxeV2nURRwkcgiNwCnxwCWrgFtRBA2DwCJ7BK3hznpwX5935mLYuOcXMAfgj5/MHGNqb/w==</latexit>

�
<latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit>

gVcb
<latexit sha1_base64="M9i7cRIS9GIUZLqAr88Cec0mZ0Y=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+nfntJ1SaJ/LBTFIMYjqUPOKMGit1hqTVz1k47Vdrbt2dg6wSryA1KNDsV796g4RlMUrDBNW667mpCXKqDGcCp5VepjGlbEyH2LVU0hh1kM/vnZIzqwxIlChb0pC5+nsip7HWkzi0nTE1I73szcT/vG5mousg5zLNDEq2WBRlgpiEzJ4nA66QGTGxhDLF7a2EjaiizNiIKjYEb/nlVdK6qHtu3bu/rDVuijjKcAKncA4eXEED7qAJPjAQ8Ayv8OY8Oi/Ou/OxaC05xcwx/IHz+QO9wo/D</latexit><latexit sha1_base64="M9i7cRIS9GIUZLqAr88Cec0mZ0Y=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+nfntJ1SaJ/LBTFIMYjqUPOKMGit1hqTVz1k47Vdrbt2dg6wSryA1KNDsV796g4RlMUrDBNW667mpCXKqDGcCp5VepjGlbEyH2LVU0hh1kM/vnZIzqwxIlChb0pC5+nsip7HWkzi0nTE1I73szcT/vG5mousg5zLNDEq2WBRlgpiEzJ4nA66QGTGxhDLF7a2EjaiizNiIKjYEb/nlVdK6qHtu3bu/rDVuijjKcAKncA4eXEED7qAJPjAQ8Ayv8OY8Oi/Ou/OxaC05xcwx/IHz+QO9wo/D</latexit><latexit sha1_base64="M9i7cRIS9GIUZLqAr88Cec0mZ0Y=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+nfntJ1SaJ/LBTFIMYjqUPOKMGit1hqTVz1k47Vdrbt2dg6wSryA1KNDsV796g4RlMUrDBNW667mpCXKqDGcCp5VepjGlbEyH2LVU0hh1kM/vnZIzqwxIlChb0pC5+nsip7HWkzi0nTE1I73szcT/vG5mousg5zLNDEq2WBRlgpiEzJ4nA66QGTGxhDLF7a2EjaiizNiIKjYEb/nlVdK6qHtu3bu/rDVuijjKcAKncA4eXEED7qAJPjAQ8Ayv8OY8Oi/Ou/OxaC05xcwx/IHz+QO9wo/D</latexit><latexit sha1_base64="M9i7cRIS9GIUZLqAr88Cec0mZ0Y=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+nfntJ1SaJ/LBTFIMYjqUPOKMGit1hqTVz1k47Vdrbt2dg6wSryA1KNDsV796g4RlMUrDBNW667mpCXKqDGcCp5VepjGlbEyH2LVU0hh1kM/vnZIzqwxIlChb0pC5+nsip7HWkzi0nTE1I73szcT/vG5mousg5zLNDEq2WBRlgpiEzJ4nA66QGTGxhDLF7a2EjaiizNiIKjYEb/nlVdK6qHtu3bu/rDVuijjKcAKncA4eXEED7qAJPjAQ8Ayv8OY8Oi/Ou/OxaC05xcwx/IHz+QO9wo/D</latexit>

g
<latexit sha1_base64="EiJK/E3trRLz9TAmnUyajZ6CuPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzHWM6w==</latexit><latexit sha1_base64="EiJK/E3trRLz9TAmnUyajZ6CuPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzHWM6w==</latexit><latexit sha1_base64="EiJK/E3trRLz9TAmnUyajZ6CuPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzHWM6w==</latexit><latexit sha1_base64="EiJK/E3trRLz9TAmnUyajZ6CuPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzHWM6w==</latexit>mc,b ! 1
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Decays via the Weak interaction

(analogous to radioactive β± decays)
e.g.



Florian Bernlochner Fantastic Bs and where to find them

• Collide electrons and positrons at a centre of mass energy 
of about 2 x B meson mass

!12

The “Setup” of a B-factory

⌥(4S)e+ e�

p
s = 10.58GeV
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Das “Setup” einer B-Fabrik

⌥(4S)e+ e�

p
s = 10.58GeV

hbb̄i

hbq̄i hb̄qi

q̄ q

Pulls quark-anti-quark pair
from vacuum

q q

• Collide electrons and positrons at a centre of mass energy 
of about 2 x B meson mass

Fragmentation into two
B mesons
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Das “Setup” einer B-Fabrik
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• Collide electrons and positrons at a centre of mass energy 
of about 2 x B meson mass



Florian Bernlochner Fantastic Bs and where to find them

• Integral idea: nano-beams 
• 50 nm vertical spot size, reduces beam spot by factor of 20

• Major upgrade of existing facilities needed

!16

A next-generation Super-B-Factory in the making

P. Raimondi for SuperB

2011 2018

Groundbreaking

Ceremony

2012

First CollisionsConstruction

Positron damping 


ring finished

2013 2014 2015 2016 2017

Installation

Superconducting


final focusing magnets

First Beams

circulating Japan

Tsukuba / 
KEK

Tokyo

Replaced old beam pipes with TiN 
coated beam pipes with antechambers

New superconducting final focusing magnets near the  IP

Belle
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A next-generation Super-B-Factory in the making

Groundbreaking

Ceremony First CollisionsConstruction


Positron damping 

ring finished

Installation

Superconducting


final focusing magnets

First Beams

circulating

Muon system

Calorimeter

Drift-
chamber

Tracker / IP

P. Raimondi for SuperB

Japan
Tsukuba / 

KEK

Tokyo

Belle

• Integral idea: nano-beams 
• 50 nm vertical spot size, reduces beam spot by factor of 20

• Major upgrade of existing facilities needed
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Belle II at SuperKEKB

● Located at KEK, Tsukuba.

(Japanese national HEP laboratory)
● �⇥⇤⌅
● ⇧⌃⌥� ⌦↵���✏⇣⌘

The project

| Dark sector physics with photons at Belle II | S Cunliffe 25.09.2018

Linac

SuperKEKB-Ring (HER+LER)
Belle II Detector

Electrons (7 GeV) - Positron (4 GeV) Accelerator
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Overview.

>What we show at conferences:
(measured background, MC event)
BELLE BELLE II

background
x20

!19

The Belle II Detector
Needs to deal with 40 x higher Luminosity:


‣Higher collision rates 
Higher trigger rates 
Higher demands on DAQ & Computing 

‣ More Background

More Radiation Damage

Higher Occupancy, more Hits from Background processes

Belle

Belle II

Background 
x 20
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Phase 1 
w/o QCS/Belle II

Phase 2 
BEAST II, no VXD

Phase 3 
Physics run w/ VXD

≈ 50 × Belle

• Belle II start progresses in three phases

Ramp-Up

Goal until 2026:  
Produce 
100 x 109 
B meson- 

pairs /  
integrated  

Luminosity of 
50/ab

recorded 
≈ 0.5/fb It is hard to make predictions, 

especially about the future!



First Belle II collision: 26 April 2018 00:38 GMT+09:00



First hadronic Belle II collision

Lpeak = 5.5⇥ 1033/cm2/s
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Ldesign = 8⇥ 1035/cm2/s
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Tracking and ECL work well
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Tracking and ECL work well

| Dark sector physics with photons at Belle II | S Cunliffe 25.09.2018

Radiative dimuon events in first data
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Tracking and ECL work well

| Dark sector physics with photons at Belle II | S Cunliffe 25.09.2018

Radiative dimuon events in first data

“rediscovery of the Photon”

e+e� ! µ+µ��
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Charmonium and SL B-Meson decays
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2018 preliminary

-1 L dt = 472 pb∫

Figure 1: This figure shows the invariant mass distribution of J/ ! e+e�candidates in
472 pb�1 of collision data. Events are required to contain at least three good tracks to
purify the sample with processes of the type e+e� !hadrons, while rejecting beam induced
background, Bhabha scattering, and other low multiplicity background sources. The e+ and
e� candidates are tracks required to have impact parameters, |d0| and |z0| < 0.5 cm and
3.0 cm respectively. EECL/p � 0.9 is applied to both e+ and e�. Bremsstrahlung photons
with E� < 1.0 GeV are added to e+and e� tracks in a cone < 5�. The J/ candidates are
searched in, 0.4  p⇤J/ 2 GeV. The internal document reference is BELLE2-NOTE-PH-
2018-014.
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Figure 1: The cos ✓BY =
2E⇤

BE⇤
Y �M2

B�m2
Y

2p⇤Bp⇤Y
distribution of B̄0 ! D⇤+e�⌫̄e candidates using

250 pb�1 of collision data, where E⇤
Y , p

⇤
Y , and mY are the CM energy, momentum, and in-

variant mass of the D⇤e system, MB is the nominal B mass, and E⇤
B, p

⇤
B are the CM energy

and momentum of the B, inferred from the CMmachine energy. For correctly reconstructed
B candidates, ignoring mismeasurements and the spread in machine energy, ✓BY is the CM
angle between theB and Y momenta. Here the data (points with error bars) is overlaid with
the combination of MC events, scaled to the same area as the data. D0 candidates are re-
constructed from K�⇡+ pairs, selected without particle identification requirements, within
the invariant mass range 1.85 GeV/c2 < mK⇡ < 1.88 GeV/c2. D⇤+ candidates are recon-
structed from a D0 candidate and a ⇡+ candidate track, with the invariant-mass di↵erence
between the D⇤+ and D0 candidates in the range 0.144 GeV/c2 < �m < 0.148 GeV/c2.
The momentum of D⇤+ candidates is required to satisfy p⇤D⇤+ < 2.5 GeV/c. Continuum
e+e� ! qq̄ background is suppressed with the Fox-Wolfram moment ratio R2 < 0.25.
Electron candidates are selected with requirements on the energy-to-momentum ratio
EECL/p > 0.8 and on the shower width parameter E9/E21 > 0.94, and must have center-
of-mass momentum in the range 1.2 GeV/c < p⇤l < 2.4 GeV/c. The internal document
reference is BELLE2-NOTE-PH-2018-018.
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angle between theB and Y momenta. Here the data (points with error bars) is overlaid with
the combination of MC events, scaled to the same area as the data. D0 candidates are re-
constructed from K�⇡+ pairs, selected without particle identification requirements, within
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Electron candidates are selected with requirements on the energy-to-momentum ratio
EECL/p > 0.8 and on the shower width parameter E9/E21 > 0.94, and must have center-
of-mass momentum in the range 1.2 GeV/c < p⇤l < 2.4 GeV/c. The internal document
reference is BELLE2-NOTE-PH-2018-018.
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<latexit sha1_base64="L3PBIUmHeXxqsOaQS5DbC4danYg=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiCGJNRNBl0Y24qmAv0KRlMj1ph04mYWailNhHceNCEbc+iTvfxulloa0/DHz85xzmnD9IOFPacb6t3NLyyupafr2wsbm1vWMXd+sqTiWFGo15LJsBUcCZgJpmmkMzkUCigEMjGFyP640HkIrF4l4PE/Aj0hMsZJRoY3Xs4u2pV1UMezrG0D6G9knHLjllZyK8CO4MSmimasf+8roxTSMQmnKiVMt1Eu1nRGpGOYwKXqogIXRAetAyKEgEys8mq4/woXG6OIyleULjift7IiORUsMoMJ0R0X01Xxub/9VaqQ4v/YyJJNUg6PSjMOXY3DnOAXeZBKr50AChkpldMe0TSag2aRVMCO78yYtQPyu7hu/OS5WrWRx5tI8O0BFy0QWqoBtURTVE0SN6Rq/ozXqyXqx362PamrNmM3voj6zPH0X6krM=</latexit><latexit sha1_base64="L3PBIUmHeXxqsOaQS5DbC4danYg=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiCGJNRNBl0Y24qmAv0KRlMj1ph04mYWailNhHceNCEbc+iTvfxulloa0/DHz85xzmnD9IOFPacb6t3NLyyupafr2wsbm1vWMXd+sqTiWFGo15LJsBUcCZgJpmmkMzkUCigEMjGFyP640HkIrF4l4PE/Aj0hMsZJRoY3Xs4u2pV1UMezrG0D6G9knHLjllZyK8CO4MSmimasf+8roxTSMQmnKiVMt1Eu1nRGpGOYwKXqogIXRAetAyKEgEys8mq4/woXG6OIyleULjift7IiORUsMoMJ0R0X01Xxub/9VaqQ4v/YyJJNUg6PSjMOXY3DnOAXeZBKr50AChkpldMe0TSag2aRVMCO78yYtQPyu7hu/OS5WrWRx5tI8O0BFy0QWqoBtURTVE0SN6Rq/ozXqyXqx362PamrNmM3voj6zPH0X6krM=</latexit><latexit sha1_base64="L3PBIUmHeXxqsOaQS5DbC4danYg=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiCGJNRNBl0Y24qmAv0KRlMj1ph04mYWailNhHceNCEbc+iTvfxulloa0/DHz85xzmnD9IOFPacb6t3NLyyupafr2wsbm1vWMXd+sqTiWFGo15LJsBUcCZgJpmmkMzkUCigEMjGFyP640HkIrF4l4PE/Aj0hMsZJRoY3Xs4u2pV1UMezrG0D6G9knHLjllZyK8CO4MSmimasf+8roxTSMQmnKiVMt1Eu1nRGpGOYwKXqogIXRAetAyKEgEys8mq4/woXG6OIyleULjift7IiORUsMoMJ0R0X01Xxub/9VaqQ4v/YyJJNUg6PSjMOXY3DnOAXeZBKr50AChkpldMe0TSag2aRVMCO78yYtQPyu7hu/OS5WrWRx5tI8O0BFy0QWqoBtURTVE0SN6Rq/ozXqyXqx362PamrNmM3voj6zPH0X6krM=</latexit><latexit sha1_base64="L3PBIUmHeXxqsOaQS5DbC4danYg=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiCGJNRNBl0Y24qmAv0KRlMj1ph04mYWailNhHceNCEbc+iTvfxulloa0/DHz85xzmnD9IOFPacb6t3NLyyupafr2wsbm1vWMXd+sqTiWFGo15LJsBUcCZgJpmmkMzkUCigEMjGFyP640HkIrF4l4PE/Aj0hMsZJRoY3Xs4u2pV1UMezrG0D6G9knHLjllZyK8CO4MSmimasf+8roxTSMQmnKiVMt1Eu1nRGpGOYwKXqogIXRAetAyKEgEys8mq4/woXG6OIyleULjift7IiORUsMoMJ0R0X01Xxub/9VaqQ4v/YyJJNUg6PSjMOXY3DnOAXeZBKr50AChkpldMe0TSag2aRVMCO78yYtQPyu7hu/OS5WrWRx5tI8O0BFy0QWqoBtURTVE0SN6Rq/ozXqyXqx362PamrNmM3voj6zPH0X6krM=</latexit>
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<latexit sha1_base64="bFdVaAnz8BPkcaGG2mm7SoBPdFM=">AAACEnicbZDLSgMxFIYz9VbrrerSTbAIXsuMCLos1YXLCvYCnbZk0jNtaCYzJBmhDH0GN76KGxeKuHXlzrcxnXahrQcCH/9/Difn9yLOlLbtbyuzsLi0vJJdza2tb2xu5bd3aiqMJYUqDXkoGx5RwJmAqmaaQyOSQAKPQ90bXI/9+gNIxUJxr4cRtALSE8xnlGgjdfJHrkckLrdt7OoQ45t2cuye4pMRhvYZNpTarog70MkX7KKdFp4HZwoFNK1KJ//ldkMaByA05USppmNHupUQqRnlMMq5sYKI0AHpQdOgIAGoVpKeNMIHRuliP5TmCY1T9fdEQgKlhoFnOgOi+2rWG4v/ec1Y+1ethIko1iDoZJEfc2yuH+eDu0wC1XxogFDJzF8x7RNJqDYp5kwIzuzJ81A7LzqG7y4KpfI0jizaQ/voEDnoEpXQLaqgKqLoET2jV/RmPVkv1rv1MWnNWNOZXfSnrM8f+6GaiA==</latexit><latexit sha1_base64="bFdVaAnz8BPkcaGG2mm7SoBPdFM=">AAACEnicbZDLSgMxFIYz9VbrrerSTbAIXsuMCLos1YXLCvYCnbZk0jNtaCYzJBmhDH0GN76KGxeKuHXlzrcxnXahrQcCH/9/Difn9yLOlLbtbyuzsLi0vJJdza2tb2xu5bd3aiqMJYUqDXkoGx5RwJmAqmaaQyOSQAKPQ90bXI/9+gNIxUJxr4cRtALSE8xnlGgjdfJHrkckLrdt7OoQ45t2cuye4pMRhvYZNpTarog70MkX7KKdFp4HZwoFNK1KJ//ldkMaByA05USppmNHupUQqRnlMMq5sYKI0AHpQdOgIAGoVpKeNMIHRuliP5TmCY1T9fdEQgKlhoFnOgOi+2rWG4v/ec1Y+1ethIko1iDoZJEfc2yuH+eDu0wC1XxogFDJzF8x7RNJqDYp5kwIzuzJ81A7LzqG7y4KpfI0jizaQ/voEDnoEpXQLaqgKqLoET2jV/RmPVkv1rv1MWnNWNOZXfSnrM8f+6GaiA==</latexit><latexit sha1_base64="bFdVaAnz8BPkcaGG2mm7SoBPdFM=">AAACEnicbZDLSgMxFIYz9VbrrerSTbAIXsuMCLos1YXLCvYCnbZk0jNtaCYzJBmhDH0GN76KGxeKuHXlzrcxnXahrQcCH/9/Difn9yLOlLbtbyuzsLi0vJJdza2tb2xu5bd3aiqMJYUqDXkoGx5RwJmAqmaaQyOSQAKPQ90bXI/9+gNIxUJxr4cRtALSE8xnlGgjdfJHrkckLrdt7OoQ45t2cuye4pMRhvYZNpTarog70MkX7KKdFp4HZwoFNK1KJ//ldkMaByA05USppmNHupUQqRnlMMq5sYKI0AHpQdOgIAGoVpKeNMIHRuliP5TmCY1T9fdEQgKlhoFnOgOi+2rWG4v/ec1Y+1ethIko1iDoZJEfc2yuH+eDu0wC1XxogFDJzF8x7RNJqDYp5kwIzuzJ81A7LzqG7y4KpfI0jizaQ/voEDnoEpXQLaqgKqLoET2jV/RmPVkv1rv1MWnNWNOZXfSnrM8f+6GaiA==</latexit><latexit sha1_base64="bFdVaAnz8BPkcaGG2mm7SoBPdFM=">AAACEnicbZDLSgMxFIYz9VbrrerSTbAIXsuMCLos1YXLCvYCnbZk0jNtaCYzJBmhDH0GN76KGxeKuHXlzrcxnXahrQcCH/9/Difn9yLOlLbtbyuzsLi0vJJdza2tb2xu5bd3aiqMJYUqDXkoGx5RwJmAqmaaQyOSQAKPQ90bXI/9+gNIxUJxr4cRtALSE8xnlGgjdfJHrkckLrdt7OoQ45t2cuye4pMRhvYZNpTarog70MkX7KKdFp4HZwoFNK1KJ//ldkMaByA05USppmNHupUQqRnlMMq5sYKI0AHpQdOgIAGoVpKeNMIHRuliP5TmCY1T9fdEQgKlhoFnOgOi+2rWG4v/ec1Y+1ethIko1iDoZJEfc2yuH+eDu0wC1XxogFDJzF8x7RNJqDYp5kwIzuzJ81A7LzqG7y4KpfI0jizaQ/voEDnoEpXQLaqgKqLoET2jV/RmPVkv1rv1MWnNWNOZXfSnrM8f+6GaiA==</latexit>
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<latexit sha1_base64="uzKxSakfeaZ03HJV0KdlUIjblyc=">AAAB/XicbVDLSgNBEOyNrxhf6+PmZTAIHiTsiqDHoBePEUwMZJcwO+lNhsw+mJkVYgj+ihcPinj1P7z5N042e9DEghmKqm66u4JUcKUd59sqLS2vrK6V1ysbm1vbO/buXkslmWTYZIlIZDugCgWPsam5FthOJdIoEHgfDK+n/v0DSsWT+E6PUvQj2o95yBnVRuraBwHxdEIU8U6Jh0LkX9euOjUnB1kkbkGqUKDRtb+8XsKyCGPNBFWq4zqp9sdUas4ETipepjClbEj72DE0phEqf5xvPyHHRumRMJHmxZrk6u+OMY2UGkWBqYyoHqh5byr+53UyHV76Yx6nmcaYzQaFmSDm3mkUpMclMi1GhlAmudmVsAGVlGkTWMWE4M6fvEhaZzXXqbm359X6VRFHGQ7hCE7AhQuoww00oAkMHuEZXuHNerJerHfrY1ZasoqeffgD6/MHYL2T4Q==</latexit><latexit sha1_base64="uzKxSakfeaZ03HJV0KdlUIjblyc=">AAAB/XicbVDLSgNBEOyNrxhf6+PmZTAIHiTsiqDHoBePEUwMZJcwO+lNhsw+mJkVYgj+ihcPinj1P7z5N042e9DEghmKqm66u4JUcKUd59sqLS2vrK6V1ysbm1vbO/buXkslmWTYZIlIZDugCgWPsam5FthOJdIoEHgfDK+n/v0DSsWT+E6PUvQj2o95yBnVRuraBwHxdEIU8U6Jh0LkX9euOjUnB1kkbkGqUKDRtb+8XsKyCGPNBFWq4zqp9sdUas4ETipepjClbEj72DE0phEqf5xvPyHHRumRMJHmxZrk6u+OMY2UGkWBqYyoHqh5byr+53UyHV76Yx6nmcaYzQaFmSDm3mkUpMclMi1GhlAmudmVsAGVlGkTWMWE4M6fvEhaZzXXqbm359X6VRFHGQ7hCE7AhQuoww00oAkMHuEZXuHNerJerHfrY1ZasoqeffgD6/MHYL2T4Q==</latexit><latexit sha1_base64="uzKxSakfeaZ03HJV0KdlUIjblyc=">AAAB/XicbVDLSgNBEOyNrxhf6+PmZTAIHiTsiqDHoBePEUwMZJcwO+lNhsw+mJkVYgj+ihcPinj1P7z5N042e9DEghmKqm66u4JUcKUd59sqLS2vrK6V1ysbm1vbO/buXkslmWTYZIlIZDugCgWPsam5FthOJdIoEHgfDK+n/v0DSsWT+E6PUvQj2o95yBnVRuraBwHxdEIU8U6Jh0LkX9euOjUnB1kkbkGqUKDRtb+8XsKyCGPNBFWq4zqp9sdUas4ETipepjClbEj72DE0phEqf5xvPyHHRumRMJHmxZrk6u+OMY2UGkWBqYyoHqh5byr+53UyHV76Yx6nmcaYzQaFmSDm3mkUpMclMi1GhlAmudmVsAGVlGkTWMWE4M6fvEhaZzXXqbm359X6VRFHGQ7hCE7AhQuoww00oAkMHuEZXuHNerJerHfrY1ZasoqeffgD6/MHYL2T4Q==</latexit><latexit sha1_base64="uzKxSakfeaZ03HJV0KdlUIjblyc=">AAAB/XicbVDLSgNBEOyNrxhf6+PmZTAIHiTsiqDHoBePEUwMZJcwO+lNhsw+mJkVYgj+ihcPinj1P7z5N042e9DEghmKqm66u4JUcKUd59sqLS2vrK6V1ysbm1vbO/buXkslmWTYZIlIZDugCgWPsam5FthOJdIoEHgfDK+n/v0DSsWT+E6PUvQj2o95yBnVRuraBwHxdEIU8U6Jh0LkX9euOjUnB1kkbkGqUKDRtb+8XsKyCGPNBFWq4zqp9sdUas4ETipepjClbEj72DE0phEqf5xvPyHHRumRMJHmxZrk6u+OMY2UGkWBqYyoHqh5byr+53UyHV76Yx6nmcaYzQaFmSDm3mkUpMclMi1GhlAmudmVsAGVlGkTWMWE4M6fvEhaZzXXqbm359X6VRFHGQ7hCE7AhQuoww00oAkMHuEZXuHNerJerHfrY1ZasoqeffgD6/MHYL2T4Q==</latexit>
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Florian Bernlochner Fantastic Bs and where to find them !26

a Fantastic B: Semileptonic decays with 𝝉

R =
b ! q ⌧ ⌫̄⌧
b ! q `⌫̄`
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Observable of choice:

• Experimental systematics cancel 
in ratio


• Theory uncertainties cancel in 
ratio

Benefits: 

QCD:

The R(D(⇤)) anomaly
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Measuring |Vub| and |Vcb|
* Decays don’t happen at quark level, non-perturbative physics make things
complicated
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* Hadronic transition matrix element needs to be Lorentz covariant

! Function of Lorentz vectors and scalars of the decay ! p
2
B , p

2
X , pB · pX

! On-shell B ! X decay: form factors encode non-perturbative physics

* Form factors unknown functions of q
2 = (pB � pX )2 = (p` + p⌫)2

* E.g. decay rate in the SM for B ! scalar ` ⌫̄` decay: f = single form factor

|Vqb|2 ⇥ �(B ! X ` ⌫̄`) = |Vqb|2 ⇥ G
2
F �0

h
f (q2)

i2

12 / 31

B ⇡ 2.4%
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Interplay of theory and experiment

to measure non-perturbative 
dynamics

!27

Two aspects:

2) Precise prediction of 
R in the SM

1) Precise determination 
of R

Need excellent understanding of 
semileptonic background decays

R =
b ! q ⌧ ⌫̄⌧
b ! q `⌫̄`

R(D(⇤),⇡, J/ )

` = e, µ

Observable of choice:

Experimentally most important:

a Fantastic B: Semileptonic decays with 𝝉

SM
⇡0 D0 D⇤ 0

spin configuration

Wave function hcq̄i
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Chapter 5. B ! ⌧ ⌫ 5.2. Measurement
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Figure 5.6.: Visualization of the ⌧ branching fractions: used in this thesis (red arc);
into exclusive decay-channels (outer circle); and into inclusive hadronic
and leptonic decay-channels (inner circle).
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𝝉
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Experimental aspects

` = e, µ

1. Leptonic or 
Hadronic 𝝉 decays?

2. Albeit not necessarily a rare decay of O(%) in BF, difficult to 
separate from normalisation and backgrounds

Measuring |Vub| and |Vcb|
* Decays don’t happen at quark level, non-perturbative physics make things
complicated
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* Hadronic transition matrix element needs to be Lorentz covariant

! Function of Lorentz vectors and scalars of the decay ! p
2
B , p

2
X , pB · pX

! On-shell B ! X decay: form factors encode non-perturbative physics

* Form factors unknown functions of q
2 = (pB � pX )2 = (p` + p⌫)2

* E.g. decay rate in the SM for B ! scalar ` ⌫̄` decay: f = single form factor

|Vqb|2 ⇥ �(B ! X ` ⌫̄`) = |Vqb|2 ⇥ G
2
F �0

h
f (q2)

i2

12 / 31

LHCb: Isolation criteria, displacement of D(*) and 𝝉, kinematics

B-Factories: Full reconstruction of event (Tagging), matching topology, kinematics

Measuring |Vub| and |Vcb|
* Decays don’t happen at quark level, non-perturbative physics make things
complicated
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* Hadronic transition matrix element needs to be Lorentz covariant

! Function of Lorentz vectors and scalars of the decay ! p
2
B , p

2
X , pB · pX

! On-shell B ! X decay: form factors encode non-perturbative physics

* Form factors unknown functions of q
2 = (pB � pX )2 = (p` + p⌫)2

* E.g. decay rate in the SM for B ! scalar ` ⌫̄` decay: f = single form factor

|Vqb|2 ⇥ �(B ! X ` ⌫̄`) = |Vqb|2 ⇥ G
2
F �0

h
f (q2)

i2

12 / 31

Some properties (e.g. 𝝉 polarisation) only 
accessible in hadronic decays.

R(D(⇤)) =
B(B ! D(⇤)⌧ ⌫̄⌧ )

B(B ! D(⇤)`⌫̄`)
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How does one measure R(D/D*) at a B-factory?

Semileptonic decays	at	B	Factories
• e+/e-	collisions	producing	ϒ(4S) →BB̅ 

• Using	fully	reconstructed	B-tag	and	a	
constraint	to	the	ϒ(4S) mass,	possible	to	
measure	the	momentum	of	the	B-signal

à”A	beam	of	B	mesons!”

• Then,	the	missing	mass	(neutrinos)	can	be	
measured	with	high	precision.

• Small	(~10-3)	B-tag	efficiency	compensated	
by	large	integrated	luminosity	

π

π
π

K

ν

l

B

ϒ(4S)
e+ e-

B̅

l

J/ψ

K

π

tag

ν
τD*

D0
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22/06/17 Concezio	Bozzi	-- Recent	LHCb	results	on	SL	decays 15

Nice Illustration 

from C. Bozzi

‣ e+/e- collision produces Y(4S) → BB 

‣ Fully reconstruct one of the two B-
mesons (‘tag’) → possible to measure 
momentum of signal B 

‣ Missing four-momentum (neutrinos) 
can be reconstructed with high 
precision


✓ Small efficiency (~0.2-0.4%) 
compensated by large integrated 
luminosity 

pmiss = (pbeam � pBtag � pD(⇤) � p`)

Tagging approach in a nut-shell:
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Semileptonic decays	at	B	Factories
• e+/e-	collisions	producing	ϒ(4S) →BB̅ 

• Using	fully	reconstructed	B-tag	and	a	
constraint	to	the	ϒ(4S) mass,	possible	to	
measure	the	momentum	of	the	B-signal

à”A	beam	of	B	mesons!”

• Then,	the	missing	mass	(neutrinos)	can	be	
measured	with	high	precision.

• Small	(~10-3)	B-tag	efficiency	compensated	
by	large	integrated	luminosity	
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How does one measure R(D/D*) at a B-factory?
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Nice Illustration 

from C. Bozzi

‣ e+/e- collision produces Y(4S) → BB 

‣ Fully reconstruct one of the two B-
mesons (‘tag’) → possible to measure 
momentum of signal B 

‣ Missing four-momentum (neutrinos) 
can be reconstructed with high 
precision


✓ Small efficiency (~0.2-0.4%) 
compensated by large integrated 
luminosity 

pmiss = (pbeam � pBtag � pD(⇤) � p`)

Tagging approach in a nut-shell:

𝓁
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How does one measure R(D/D*) at a B-factory?

Semileptonic decays	at	B	Factories
• e+/e-	collisions	producing	ϒ(4S) →BB̅ 
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Nice Illustration 

from C. Bozzi

‣ e+/e- collision produces Y(4S) → BB 

‣ Fully reconstruct one of the two B-
mesons (‘tag’) → possible to measure 
momentum of signal B 

‣ Missing four-momentum (neutrinos) 
can be reconstructed with high 
precision


✓ Small efficiency (~0.2-0.4%) 
compensated by large integrated 
luminosity 

pmiss = (pbeam � pBtag � pD(⇤) � p`)

Tagging approach in a nut-shell:

𝓁

✓ Demand matching topology

Se
m
ile
pt
on

ic
de

ca
ys
	a
t	B

	F
ac
to
rie

s
•
e+
/e

- 	c
ol
lis
io
ns
	p
ro
du

ci
ng
	ϒ
(4
S)

 →
B

B̅
 

•
U
sin

g	
fu
lly
	re

co
ns
tr
uc
te
d	
B-
ta
g	
an
d	
a	

co
ns
tr
ai
nt
	to

	th
e	
ϒ
(4
S)

 m
as
s,
	p
os
sib

le
	to

	
m
ea
su
re
	th

e	
m
om

en
tu
m
	o
f	t
he

	B
-s
ig
na
l

à
”A

	b
ea
m
	o
f	B

	m
es
on

s!
”

•
Th

en
,	t
he

	m
iss
in
g	
m
as
s	(
ne

ut
rin

os
)	c
an
	b
e	

m
ea
su
re
d	
w
ith

	h
ig
h	
pr
ec
isi
on

.
•
Sm

al
l	(
~1
0-

3 )
	B
-t
ag
	e
ffi
ci
en

cy
	c
om

pe
ns
at
ed

	
by
	la
rg
e	
in
te
gr
at
ed

	lu
m
in
os
ity

	

π

π
π

K

ν

l

B

ϒ
(4
S)

e
+

e
-

B̅

lJ/ψ

K

π

ta
g

ν
τ

D
*

D
0

si
gn
al

22
/0
6/
17

Co
nc
ez
io
	B
oz
zi	
--
Re

ce
nt
	L
HC

b	
re
su
lts
	o
n	
SL
	d
ec
ay
s

15

Semileptonic decays	at	B	Factories
• e+/e-	collisions	producing	ϒ(4S) →BB̅ 

• Using	fully	reconstructed	B-tag	and	a	
constraint	to	the	ϒ(4S) mass,	possible	to	
measure	the	momentum	of	the	B-signal

à”A	beam	of	B	mesons!”
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First measurement by BaBar

‣ Use 𝝉→eνν and 𝝉→𝝁νν to reconstruct 𝝉-lepton 


‣ Simultaneous analysis of R(D) vs. R(D*) using B0→D*-𝝉ν, B-→D*0𝝉ν , 
B0→D-𝝉ν, B-→D0𝝉ν

mmiss2

|p
l*|

Signal

|pl*|

mmiss2

B→D(*)𝝉[𝝉→lνν ]ν

B→D(*)𝝉[𝝉→lνν ]ν

‣ Unbinned maximum likelihood fit in 2D to mmiss2 and |pl*|

Phys.Rev.Lett. 109,101802 (2012)
Phys.Rev.D 88, 072012 (2013)

p2miss =
�
pbeam � pBtag � pD(⇤) � p`

�2
=

<latexit sha1_base64="jm7PcM+JCXFAYLpGGlFxHSL7YtI="></latexit><latexit sha1_base64="jm7PcM+JCXFAYLpGGlFxHSL7YtI="></latexit><latexit sha1_base64="jm7PcM+JCXFAYLpGGlFxHSL7YtI="></latexit><latexit sha1_base64="jm7PcM+JCXFAYLpGGlFxHSL7YtI="></latexit>
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‣ Use 𝝉→eνν and 𝝉→𝝁νν to reconstruct 𝝉-lepton 


‣ Simultaneous analysis of R(D) vs. R(D*) using B0→D*-𝝉ν, B-→D*0𝝉ν , 
B0→D-𝝉ν, B-→D0𝝉ν

‣ Unbinned maximum likelihood fit in 2D to mmiss2 and |pl*|

mmiss2

|p
l*|

Signal

|pl*|

mmiss2

Normalisation

mν2 ~ 0 GeV2

B→D(*)lν

B→D(*)lν

Phys.Rev.Lett. 109,101802 (2012)
Phys.Rev.D 88, 072012 (2013)

First measurement by BaBar
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‣ Use 𝝉→eνν and 𝝉→𝝁νν to reconstruct 𝝉-lepton 


‣ Simultaneous analysis of R(D) vs. R(D*) using B0→D*-𝝉ν, B-→D*0𝝉ν , 
B0→D-𝝉ν, B-→D0𝝉ν

‣ Unbinned maximum likelihood fit in 2D to mmiss2 and |pl*|

mmiss2

|p
l*|

Signal

|pl*|

mmiss2

Normalisation

Other Background mν2 ~ 0 GeV2

Phys.Rev.Lett. 109,101802 (2012)
Phys.Rev.D 88, 072012 (2013)

First measurement by BaBar
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‣ Use 𝝉→eνν and 𝝉→𝝁νν to reconstruct 𝝉-lepton 


‣ Simultaneous analysis of R(D) vs. R(D*) using B0→D*-𝝉ν, B-→D*0𝝉ν , 
B0→D-𝝉ν, B-→D0𝝉ν

‣ Unbinned maximum likelihood fit in 2D to mmiss2 and |pl*|
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FIG. 8. (Color online). Comparison of the m2
miss and |p∗

ℓ | distributions of the D
(∗)ℓ samples (data points) with the projections of

the results of the isospin-unconstrained fit (stacked colored distributions). The region above the dashed line of the background
component corresponds to BB background and the region below corresponds to continuum. The peak at m2

miss = 0 in
the background component is due to charge cross-feed events. The |p∗

ℓ | distributions show the signal-enriched region with
m2

miss ≥ 1GeV2, thus excluding most of the normalization events in these samples.

B → D∗∗(τ−/ℓ−)ν branching fractions: As noted
above, the sharp peak in the m2

miss distribution of the
D(∗)π0ℓ samples constrains contributions from B →
D(∗)πℓν decays. Events with additional unreconstructed
particles contribute to the tail of the m2

miss distribution
and, thus, are more difficult to separate from other back-
grounds and signal events. This is the case for B →
D∗∗τ−ντ decays, which are combined with B → D∗∗ℓ−νℓ
decays in the D∗∗(ℓ/τ)ν PDFs with the relative propor-
tion R(D∗∗)PS = 0.18. This value has been derived
from the ratio of the available phase space. The same
estimate applied to B → D(∗)ℓ−νℓ decays results in
R(D)PS = 0.279 and R(D∗)PS = 0.251, values that are
58% and 32% smaller than the measured values. Tak-
ing this comparison as guidance for the error on R(D∗∗),
we increase R(D∗∗) by 50%, recalculate the D∗∗(ℓ/τ)ν
PDFs, and repeat the fit. As a result, the values of R(D)
and R(D∗) decrease by 1.8% and 1.7%, respectively. The
impact is relatively small, because B → D∗∗τ−ντ con-

tributions are small with respect to signal decays, which
have much higher reconstruction efficiencies.
Unmeasured B → D∗∗(→ D(∗)ππ)ℓνℓ decays: To as-

sess the impact of other potential B → D∗∗ℓ−νℓ contri-
butions, we modify the standard fit by adding an addi-
tional component. Out of the four contributions listed
in Table VI, the three-body decays of the D∗∗ states
with L = 1 give the best agreement in the fits to the
D(∗)π0ℓ samples. For this decay chain, the m2

miss distri-
bution has a long tail due to an additional undetected
pion. This could account for some of the observed excess
at 1 < m2

miss < 2GeV2 in Fig. 9. We assign the observed
change in R(D(∗)) as a systematic uncertainty.

2. Cross-feed Constraints

MC statistics: Constraints on the efficiency ratios
that link contributions from the same source are taken

R(D)  = 0.440 ± 0.058 (stat) ± 0.042 (syst) (2σ from SM)

R(D*) = 0.332 ± 0.024 (stat) ± 0.018 (syst) (2.7σ from SM)

✓ Combination is 3.4σ from SM
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FIG. 6. (Color online) Projections of the simulated m2
miss

and |p∗
ℓ | distributions and the PDFs for the following contri-

butions to the D0ℓ sample: (a), (b) D0τν; (c), (d) D0ℓν; (e),
(f) D∗0ℓν; (g), (h) D∗∗(ℓ/τ )ν, and (i), (j) BB background.
The light and dark blue (gray) bands mark the 1σ and 2σ en-
velopes of the variations of the PDF projections due to their
statistical uncertainty.

C. Fit Results

Figures 7 and 8 show the m2
miss and |p∗

ℓ | projections
of the fits to the D(∗)ℓ samples. In Fig. 7, the |p∗

ℓ |
projections do not include events with m2

miss > 1GeV2,
i.e., most of the signal events. In Fig. 8, the vertical
scale is enlarged and the horizontal axis is extended for
the m2

miss projection to reveal the signal and background
contributions. The |p∗

ℓ | projections emphasize the signal
events by excluding events with m2

miss < 1GeV2. Both
figures demonstrate that the fit describes the data well
and the observed differences are consistent with the sta-
tistical and systematic uncertainties on the PDFs and
the background contributions.

Figure 9 shows the m2
miss and |p∗

ℓ | projections of the fit
to the four D(∗)π0ℓ samples. The narrow m2

miss peak is
described well by the fit. It tightly constrains contribu-
tions from B → D(∗)πℓν decays, including the nonreso-
nant D(∗)π states as well as decays of D∗∗ states, narrow

or wide. There appears to be a small excess of events
in the data for 1 < m2

miss < 2GeV2. This might be
an indication for an underestimation of the D∗∗(ℓ/τ)ν
background. The impact of this effect is assessed as a
systematic uncertainty.
The fit determines, for each signal decay mode, the

number of signal events in the data sample, Nsig, and the
corresponding number of normalization events, Nnorm.
We derive the ratios of branching fractions as

R(D(∗)) =
Nsig

Nnorm

εnorm
εsig

, (26)

where εsig/εnorm is the ratio of efficiencies (including
the τ± branching fractions) taken from MC simula-
tion. These relative efficiencies are larger for R(D) than
for R(D∗), because the q2 > 4GeV2 requirement re-
jects a larger fraction of B → Dℓ−νℓ decays than of
B → D∗ℓ−νℓ decays, while keeping almost 100% of
B → D(∗)τ−ντ decays..

The results of the fits in terms of the number of events,
the efficiency ratios, andR(D(∗)) are listed in Table VIII,
for both the standard and the isospin-constrained fits.
Due to the large signal feed-down, there are significant
negative correlations between the fits to the Dℓ and D∗ℓ
samples. The statistical correlations are−0.59 forR(D0)
and R(D∗0), −0.23 for R(D+) and R(D∗+), and −0.45
for R(D) and R(D∗).

VII. SYSTEMATIC UNCERTAINTIES

Table V lists the systematic uncertainties considered
in this analysis, as well as their correlations in the mea-
surements ofR(D) andR(D∗). We distinguish two kinds
of uncertainties that affect the measurement of R(D(∗)):
additive uncertainties which impact the signal and back-
ground yields and thereby the significance of the results,
and multiplicative uncertainties that affect the εsig/εnorm
ratios and, thus, do not change the significance. The lim-
ited size of the simulated signal and background samples
impact both additive and multiplicative uncertainties.

A. Additive uncertainties:

Additive uncertainties affect the results of the fit. To
asses their impact, we vary the source of uncertainty 1000
times following a given distribution, and repeat the fit for
each variation. We adopt as the uncertainty the standard
deviation of the distribution of the resulting R(D(∗)) val-
ues. From this ensemble of fits, we also estimate the cor-
relation between the uncertainties of R(D) and R(D∗).

1. PDF Estimation

MC statistics: We employ a bootstrap algorithm [36]
to estimate the uncertainty due to the limited size of

Phys.Rev.Lett. 109,101802 (2012)
Phys.Rev.D 88, 072012 (2013)

First measurement by BaBar
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E.g. first BaBar measurement

‣ Use 𝝉→eνν and 𝝉→𝝁νν to reconstruct 𝝉-lepton 


‣ Simultaneous analysis of R(D) vs. R(D*) using B0→D*-𝝉ν, B-→D*0𝝉ν , 
B0→D-𝝉ν, B-→D0𝝉ν

‣ Unbinned maximum likelihood fit in 2D to mmiss2 and |pl*|

Problematic 
background:

B ! D⇤⇤ `/⌧ ⌫̄`
<latexit sha1_base64="XRcGfDOn05kI5oSOA6GG2QeHpYA="></latexit><latexit sha1_base64="XRcGfDOn05kI5oSOA6GG2QeHpYA="></latexit><latexit sha1_base64="XRcGfDOn05kI5oSOA6GG2QeHpYA="></latexit><latexit sha1_base64="XRcGfDOn05kI5oSOA6GG2QeHpYA="></latexit>

First model-independent 
prediction of  
and analysis of QCD modelling: 

B ! D⇤⇤ ⌧ ⌫̄`
<latexit sha1_base64="9AYMwtX40senwEX8N2lUnGq9x2g="></latexit><latexit sha1_base64="9AYMwtX40senwEX8N2lUnGq9x2g="></latexit><latexit sha1_base64="9AYMwtX40senwEX8N2lUnGq9x2g="></latexit><latexit sha1_base64="9AYMwtX40senwEX8N2lUnGq9x2g="></latexit>

FB et al.,
Phys. Rev. D 95, 014022 (2017), Phys. Rev. D 97, 075011 (2018)
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the uncertainties. These ratios, however, are in good
agreement with Eqs. (34) and (35).

Of the mass parameters, ⇤̄ has substantially bigger un-
certainty than ⇤̄0 � ⇤̄ or ⇤̄⇤ � ⇤̄. Varying ⇤̄ by ±50MeV
while keeping the di↵erences fixed has a negligible im-
pact compared to other uncertainties included. This is
consistent with the fact that in Approximation A the only
dependence on ⇤̄ is via ⇤̄0 � ⇤̄ and ⇤̄⇤ � ⇤̄.

Figure 2 shows the di↵erential decay rates of the Ap-
proximation C fits as functions of w for m` = 0 and
m` = m⌧ , with the corresponding 68% uncertainty
bands. The LLSW model prediction is also shown for
the di↵erential decay rates: the dashed (dotted) curves
show Approximation B1 (B2) and the normalization of
the leading Isgur-Wise function was determined using the
averaged semileptonic D1 branching fraction, which gives
⌧(1) = 0.80. The Approximation C fit using the full dif-
ferential semileptonic and nonleptonic information con-
strain the shape stronger than the LLSW model, which
only uses the D1 rate information.

We also explore in Approximation C the impact of
additional chromomagnetic contributions. The available
experimental information does not allow to disentangle
subleading Isgur-Wise function contributions from chro-
momagnetic terms. Figure 3 shows the dependence of
R(D⇤⇤) on one of the chromomagnetic contributions at

a time. For the narrow 3
2

+
states the only strong depen-

dence comes from ⌘1. This originates from large factors
in the rate expressions, and if introduced as an additional
free parameter in the Approximation C fit, its size is con-
strained to be about ±200 MeV, but it is also strongly
correlated to other subleading Isgur-Wise function nor-
malizations. For the broad 1

2

+
states the strongest de-

pendence comes from �1. If introduced as an additional
free parameter in the Approximation C fit, its size is con-
strained to be about ±100 MeV.

To account for these subleading Isgur-Wise functions
parameterizing chromoagnetic e↵ects, we can recalculate
the ratios of semi-tauonic and semileptonic rates by in-
troducing an additional uncertainty of ±200 MeV and
±100 MeV on ⌘1 and �1, respectively. We thus obtain

R(D⇤
2) = 0.07± 0.01 , eR(D⇤

2) = 0.17± 0.01 ,

R(D1) = 0.10± 0.02 , eR(D1) = 0.20± 0.02 ,

R(D⇤
1) = 0.06± 0.02 , eR(D⇤

1) = 0.18± 0.02 ,

R(D0) = 0.08± 0.04 , eR(D0) = 0.25± 0.06 , (38)

and for the ratio of the sum over all four D⇤⇤ states,

R(D⇤⇤) = 0.085± 0.012 . (39)

These uncertainties are not much greater than those in
Eqs. (34) and (35).

IV. Bs ! D⇤⇤
s ` ⌫̄ DECAYS

An important di↵erence between B ! D
⇤⇤
`⌫̄ and

Bs ! D
⇤⇤
s
`⌫̄ is that the two lightest excited Ds states

observed are fairly narrow. They are lighter than the
mD(⇤) +mK mass thresholds, so they can only decay to

D
(⇤)
s ⇡, which violate isospin (if these are the D

⇤⇤
s

isos-

inglet s
⇡l
l

= 1
2

+
orbitally excited states). Due to these

narrow widths, semi-tauonic Bs decay to the spin-zero
meson, Bs ! D

⇤
s0⌧ ⌫̄, may be easier to measure than

B ! D
⇤
0⌧ ⌫̄, and may provide good sensitivity to pos-

sible scalar interactions from new physics.2 Table XII
summarizes the relevant masses and widths.
While the s

⇡l
l

= 3
2

+
doublets in both the D

⇤⇤
s

and
B

⇤⇤
s

cases have masses “as expected”, about 100MeV
above their non-strange counterparts, the masses of the
s
⇡l
l

= 1
2

+
doublet of D⇤⇤

s
states are surprisingly close to

their non-strange counterparts. (Which is why the dis-
covery of the D

⇤
s0 [41] was such a surprise.) This unex-

pected spectrum makes the analysis in this Section more
uncertain than in the previous ones.
It is possible that interpreting the D

⇤
s0 and D

⇤
s1 as the

lightest orbitally excited states is oversimplified (and this
is what our description assumes), and we have higher con-

fidence that our description of the decays to the s⇡l
l

= 3
2

+

Ds1 and D
⇤
s2 states should be reliable. The first ex-

ploratory lattice QCD studies that obtain the D
⇤
s0 and

D
⇤
s1 masses in agreement with data appeared only re-

cently [42]. To be more specific, assuming that the
D

⇤
s0 is the lightest orbitally excited Ds state, theoreti-

cal predictions for B(Ds0 ! D
⇤
s
�)/B(Ds0 ! Ds⇡) tend

to be above [43–45] the CLEO upper bound, B(Ds0 !
D

⇤
s
�)/B(Ds0 ! Ds⇡) < 0.059 (90% CL) [46]. TheD(⇤)

K

molecular picture of these states also faces challenges,
e.g., the lack of observed isospin partners [47]. It is pos-
sible that the correct description is a mixture of these.
However, given that the CLEO bound [46] was obtained
with 13.5/fb data, and the Belle bound on the above ra-
tio < 0.18 (90% CL) [48] used 87/fb, while the BABAR

result < 0.16 (95% CL) [49] used 232/fb, remeasuring
B(Ds0 ! D

⇤
s
�)/B(Ds0 ! Ds⇡) using the full BABAR

and Belle data would be desirable.
Another piece of data is that the mass splittings within

each heavy quark spin symmetry doublets appear to
be consistent with nominal SU(3) breaking between the
strange and non-strange states. This supports the fact
that the mass splittings in the s

⇡l
l

= 1
2

+
doublets are

comparable to mD⇤ � mD ' mD⇤
s
� mDs , unlike what

LLSW considered based on the data in 1997.
For the HQET mass parameters we use ⇤̄s = ⇤̄ +

90MeV, motivated by mBs �mB . We also estimate ⇤̄0
s
�

⇤̄s = 0.41GeV using Eq. (1.10) in Ref. [9]. For ⇤̄0
s
�⇤̄⇤

s
we

estimate 0.13GeV from the (2555�2425)MeV di↵erence
in Table XIII. (These values are also shown in Table IV.).

2 We thank Marcello Rotondo for drawing our attention to this.
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Work on redoing R(D/D*) analysis  
with novel tagging in Karlsruhe
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Expect factor of 2 improvement in statistical precision due to new tagging
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How do we predict R(D/D*) and similar ratios in the SM?

H
µ
Lµ = hB(p)|V µ �A

µ|D(p0)iLµ =
⇥
f+(q

2) (p+ p
0)
µ
+ f�(q

2) (p� p
0)
µ⇤

Lµ

f+(q
2) f�(q

2)

Four-momentum transfer squared encodes QCD dynamics

Vqb
W −

−

ν̄
b

qu

u

Features of the Beamer Class

|Vub| =

s
Bmeas

⌧B �pred
(1)

M = L
µ
Hµ (2)

Bmeas = |Vub|2 �pred ⌧B / |Vub|2
Z

|M|2 (3)

Vub (4)

Vcb (5)

"RVub (6)
c

⌧�

⌫̄⌧

Leptonic & Hadronic 

current

1. 

2. 

⇠ v(p`) (m` +m⌫) ū(p⌫) = 0

SM

Example: 
B ! D ⌧ ⌫̄`
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⇠ v(p`) (m` +m⌫) ū(p⌫) = 0

Can be studied with light lepton 
modes, but also in lattice (high q2) 

or sum rules 12
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FIG. 5. Fit to the measured ��/�w spectrum of the decay B ! D`⌫`, assuming the CLN form-factor parameterization
(Eq. (13)). The points with error bars are the data. Their respective uncertainties are shown by the vertical error bars; the
bin widths are shown by the horizontal bars. The solid curve corresponds to the result of the fit. The shaded area around this
curve indicates the uncertainty in the coe�cients of the CLN parameters.

between them is expected to be small since the collaborations use di↵erent heavy-quark methods, lattice NRQCD
[33] for HPQCD and the Fermilab method [34] for FNAL/MILC. We therefore assume the two LQCD results to be
uncorrelated in our fits.

Note that LQCD yields results for both the f+ and f0 form factors while the experimental distribution ��i/�w
depends on f+ only. Using the kinematic constraint from Eq. 7, we can include the LQCD results for f0 into the fit,
allowing us to better constrain f+. Following Ref. [15], we implement this constraint by expressing a0,0 in terms of
the other a+,n and a0,n coe�cients. FNAL/MILC obtains values for both the f+ and the f0 form factors at w values
of 1, 1.08, and 1.16. The full covariance matrix for these six measurements is available in Table VII of Ref. [15].

The form factors determined by HPQCD are based on a di↵erent form factor parameterization by Bourrely, Caprini
and Lellouch (BCL), see Ref. [35]. BCL uses an expansion in a conformal mapping variable to o↵er perturbative QCD
scaling also at higher q2 values. The formulae and pole choices used by HPQCD can be seen in Eqs. A1 to A6 of

Ref. [32]. As a result of their fit they provide the coe�cients a(0)
0

, a(0)
1

, a(0)
2

, a(+)

0
, a(+)

1
, and a(+)

2
, together with their

6⇥6 covariance matrix (Table VII of Ref. [32]). To be able to include these results in the same fit as the FNAL/MILC

How do we predict R(D/D*) and similar ratios in the SM? SM

Example: 
B ! D ⌧ ⌫̄`
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* Strategy: analogous to B ! D(⇤) ⌧ ⌫̄⌧

Belle
SM

FIG. 1: The helicity angles ✓`, ✓v, and � characterizing the B̄ ! D⇤ ` ⌫̄` decay are shown: the
helicity angle ✓` is defined as the angle between the lepton and the direction opposite the B-meson
in the virtual W -boson restframe; similarly ✓v is defined as the angle between the D meson and
the direction opposite the B-meson in the D⇤ restframe; finally the angle � is defined as the tilting
angle between the two decay planes spanned by the W � ` and D⇤ �D systems in the B-meson
restframe.
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FIG. 5: The best fit values (solid red histograms) and the corresponding ��2 + 1 errors (dashed
histograms) are shown.

Parameter This result World Average

|Vcb|⇥ 103 37.4± 1.2 39.2± 0.7

⇢2D⇤ 1.04± 0.13 1.20± 0.03

R1(1) 1.38± 0.07 1.40± 0.03

R2(1) 0.86± 0.10 0.85± 0.02

TABLE V: The best-fit values of the fit is compared with the world average from Ref. [27].

kaon, charged and neutral pions not used in the hierarchical full reconstruction algorithm.
The B

0 ! D
⇤�

`
+
⌫` signal decays and background processes are separated using an un-

binned fit to the missing mass squared of the events, reconstructed from the tag side and
the signal side information. The total and di↵erential signal yields in kinematic observables
are extracted. The kinematic observables are the recoil parameter w and three decay an-
gles, fully characterizing the B

0 ! D
⇤�

`
+
⌫` decay. The statistical correlations of the four

variables are determined and the yields are unfolded to decay widths, reverting acceptance
and migration e↵ects. From the total yield the total B0 ! D
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+
⌫` branching fraction is

determined and a preliminary value of

B(B0 ! D
⇤�

`
+
⌫`) = (4.95± 0.11± 0.21)⇥ 10�2

, (30)
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FIG. 1: The helicity angles ✓`, ✓v, and � characterizing the B̄ ! D⇤ ` ⌫̄` decay are shown: the
helicity angle ✓` is defined as the angle between the lepton and the direction opposite the B-meson
in the virtual W -boson restframe; similarly ✓v is defined as the angle between the D meson and
the direction opposite the B-meson in the D⇤ restframe; finally the angle � is defined as the tilting
angle between the two decay planes spanned by the W � ` and D⇤ �D systems in the B-meson
restframe.
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3. Extraction of the signal yield in the projections of the kinematic variables
In order to measure the di�erential branching ratio projections as functions of the four kinematic variables,
the signal yields have to be extracted in each bin of the kinematic distributions. Therefore, a fit to the
missing mass squared is performed in each bin to determine the signal and the background contributions.

3.1. The missing mass squared distribution
The missing mass squared, m2

mis, of a semileptonic decay is a variable that quantifies the invariant mass
corresponding to the undetected momentum. It is given by:

m2
mis = (pB � pD� � p�)2 , (7)

where pi are the reconstructed momenta. For B � D��� decays, only the neutrino is undetected. The
signal therefore peaks around the neutrino mass, which is zero. Correctly reconstructed B � D��� decays
form a narrower peak than the wrongly reconstructed ones. Background decays however are not expected
to peak around zero. The B � D���� component peaks at positive values of m2

mis, as some particles have
not been found. In contrary to this, the B � D�� component peaks around negative values of m2

mis, as
an additional particle has wrongly been assigned to the signal B decay. Continuum background is uniform
in m2

mis. The distributions are shown in Fig. 9. This variable is therefore well suited to separate signal
from background and can be used in a fit. Nevertheless, correctly and wrongly reconstructed B � D���
events can hardly be separated as both components exhibit very similar shapes in m2

mis and the resulting
yields are strongly anti-correlated, leading to a large fit uncertainty for the yields of correctly reconstructed
signal decays. To avoid this both components have been fitted together and treated as the signal in what
follows. The drawback of this approach is larger migrations of events between the bins of the reconstructed
kinematic distributions with respect to the true distributions, as the resolution of the kinematic variable
reconstruction is worse for the sum of correctly and wrongly reconstructed events.

Further, one introduces the implicit assumption that the fraction of wrongly and correctly reconstructed
events in MC is consistent between data and MC. In App. B a study is documented that investigates this
assumption by explicitly separating both components by employing the small di�erences in resolution to
disentangle both fit yields. No evidence is seen that the ratio in data and MC is di�erent.
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Figure 9: m2
mis distributions for the selected charged (left) and neutral (right) B � D��� candidates.

3.2. Unbinned likelihood fit using Kernel estimation
To extract the signal yields in bins of the kinematic distributions for charged and neutral B mesons, an
unbinned likelihood fit to the m2

mis distribution in each bin has been performed. The fit is executed using
the RooFit [11] package and the templates for the signal and background m2

mis originate from MC. The
free parameters in the fit to data are the signal and background normalizations. The resulting yields are
typically anti-correlated with a correlation of up to -30%.

To obtain smooth PDFs for the signal and background components, Gaussian kernel estimators are used
to approximate the underlying probability density funcions (PDFs) using the package of RooKeysPdfs: a
smooth PDF is constructed by summing Gaussian functions a width proportional to the event density in the
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FIG. 3: The reconstructed kinematic variables w, cos ✓`, cos ✓v, and � are shown.

maximum likelihood fit to the M
2
miss distribution. Wrongly and correctly reconstructed

signal candidates cannot be easily distinguished as they exhibit a very similar resolution
in M

2
miss, and in what follows their sum total with a single signal component is extracted.

Incorrectly reconstructed D
⇤�-mesons are treated as a resolution e↵ect in the variables

in question when extracting the form factors, cf. Section VIII. Similarly, all backgrounds
are merged into a single component, fixing their relative contributions to the values in the
simulation.

The likelihood function has the form

L(M2
miss; ⌫

sig
, ⌫

bkg) =
e
�⌫

n!

nY

i

✓
⌫
sigS(M2

miss i) + ⌫
bkgB(M2

miss i)

◆
(15)

with ⌫
sig the fitted number of signal events, ⌫bkg the fitted number of background events.

It is ⌫ = ⌫
sig + ⌫

bkg the mean value of the Poisson distribution for n observed events
in data. Further, S(M2

miss i) and B(M2
miss i) denote the signal and background probability

distribution functions (PDFs) evaluated for an event i with a value of missing mass squared
of M2

miss i. The likelihood Eq. 15 is maximized numerically, either for all events or in bins of
the kinematic observables. The number of signal events is not constrained to be positive in
the fit. The signal and background PDFs are constructed from signal and background MC
events using Gaussian kernel estimators [23] and it was tested with pseudo-experiments and
independent subsets of MC events that the fitting procedure is statistically unbiased.
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FIG. 4: The M2
miss distributions after the likelihood fit for three representative bins in w, cos ✓`,

and � are shown. The PDFs were integrated over the corresponding bin boundaries to allow for
an easier comparison between the data points and the signal and background contributions.

VI. UNFOLDING OF DIFFERENTIAL YIELDS

Finite detector resolution and for example the mis-reconstruction of D or D
⇤�-mesons

result in migrations between the kinematic bins of {w, cos ✓`, cos ✓v,�}: events with a true
value placed in bin j might be reconstructed in a di↵erent bin i. Such migrations can
be expressed in a matrix of conditional probabilities, P(reco bin i | true bin j), called the
detector response as

Mij = P(reco bin i | true bin j) , (24)

for each kinematic observable. The vector of extracted yields ⌫sig of a given kinematic
observable x can then be related to the vector of di↵erential branching fractions �B/�x as

�B/�x = (✏reco✏tag)
�1 ⇥M�1 ⇥ ⌫sig . (25)

Here the e�ciency of reconstructing an event with a given true value of the kinematic variable
x inside a bin j is parametrized as a diagonal matrix ✏reco✏tag:

(✏reco✏tag)jj = A(true bin j) , (26)
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New precision prediction for R(D) / R(D*)
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FIG. 2. The measured B ! D
(⇤)

l⌫̄ decay distributions [54, 56] compared to the best fit contours

(dark blue curves) for the “Lw�1+SR” fit, using LQCD at all w and QCDSR constraints. The blue

bands show the 68% CL regions. The orange curves and bands show the central values and the

68% CL regions of the fit predictions for d�(B ! D
(⇤)

⌧ ⌫̄)/dw.

44%. For |Vcb| the fit gives

|Vcb| = (39.3± 1.0)⇥ 10�3 . (40)

This is higher than the “Lw=1+SR” result, because the value of ⇢̄2⇤ is also higher.

The correlation matrices for all fits are shown in Appendix B. In the “Lw=1” and “Lw�1”
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Key idea: link both channels using model 
independent QCD properties (HQET) of form factors

FB et al., 
Phys. Rev. D 95, 115008 (2017)

Scenario R(D) R(D⇤) Correlation

Lw=1 0.292± 0.005 0.255± 0.005 41%

Lw=1+SR 0.291± 0.005 0.255± 0.003 57%

NoL 0.273± 0.016 0.250± 0.006 49%

NoL+SR 0.295± 0.007 0.255± 0.004 43%

Lw�1 0.298± 0.003 0.261± 0.004 19%

Lw�1+SR 0.299± 0.003 0.257± 0.003 44%

th:Lw�1+SR 0.306± 0.005 0.256± 0.004 33%

Data [9] 0.403± 0.047 0.310± 0.017 �23%

Refs. [53, 57, 59] 0.300± 0.008 — —

Ref. [58] 0.299± 0.003 — —

Ref. [34] — 0.252± 0.003 —

TABLE IV. The R(D) and R(D⇤) predictions for our fit scenarios, the world average of the data,

and other theory predictions. The fit scenarios are described in the text and in Table I. The bold

numbers are our most precise predictions.

In Fig. 5 we illustrate the impacts NP might have on the allowed R(D)�R(D⇤) regions,

assuming the dominance of one new physics operator in a standard four-Fermi basis. NP

couplings are permitted to have an arbitrary phase, generating allowed regions rather than

single contours. We display the allowed regions generated for the “NoL+SR” best fit values;

the “Lw�1+SR” best fit values; and for leading order contributions only, i.e., ↵s, "c,b ! 0,

with ⇢̄2⇤ = 1.24. The small variation between the “NoL+SR” and “Lw�1+SR” regions

illustrates the good consistency of the predictions obtained with and without LQCD. On

each plot, we also include for comparison the corresponding contours (dashed lines) produced

by a NP OV � OA coupling. The latter rescales R(D) and R(D⇤) keeping their ratio fixed.

Solid dots indicate the SM point for each case. For scalar currents, if NP only contributes

to OS (OP ) then only R(D) (R(D⇤)) is a↵ected in accordance with Eq. (10b) (Eq. (11a)),

respectively. We plot the allowed regions for the OS ± OP linear combinations, which are

also motivated by specific NP models.
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FIG. 2. The measured B ! D
(⇤)

l⌫̄ decay distributions [54, 56] compared to the best fit contours

(dark blue curves) for the “Lw�1+SR” fit, using LQCD at all w and QCDSR constraints. The blue

bands show the 68% CL regions. The orange curves and bands show the central values and the

68% CL regions of the fit predictions for d�(B ! D
(⇤)

⌧ ⌫̄)/dw.

44%. For |Vcb| the fit gives

|Vcb| = (39.3± 1.0)⇥ 10�3 . (40)

This is higher than the “Lw=1+SR” result, because the value of ⇢̄2⇤ is also higher.

The correlation matrices for all fits are shown in Appendix B. In the “Lw=1” and “Lw�1”
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FIG. 2. Fit of the HQET predictions in Eq. (8) to the LQCD results [16] and the LHCb spectrum [15] for the 6 form factors
(red bands). The heather gray bands and data points show the LQCD prediction, see text for details.

using instead of w the conformal parameters z or z⇤ yield
nearly identical fits. Fits with ⇣ linear in either w, z, or
z⇤ are poor. Adding more q2 values from the BCL fit
of the LQCD result to our sampling indicates no prefer-
ence for the inclusion of higher order terms in w� 1. We
fit b̂1,2 as constants, which is appropriate at the current
level of sensitivity. We do not include explicitly an un-
certainty for neglected higher order terms in Eq. (8); two
form factors, f3 and g3, receive no ⇤2

QCD/m
2
c corrections,

so their agreement with LQCD in the right-most plots in
Fig. 2 indicates that those are probably small.

All fits have acceptable �2 values, and they all yield
compatible values for the slope and curvature of the lead-
ing Isgur-Wise function. The fit of the HQET predictions
to the lattice QCD form factors determines fairly pre-
cisely the b̂1,2 parameters, which occur at O(⇤2

QCD/m
2
c).

The significance of b̂1 6= 0 is over 3�. However b̂1(1)
is much smaller than the model dependent estimate
b̂1(1) ' �3⇤̄2

⇤, obtained in Eq. (5.5) of Ref. [19].

The red bands in Figures 1 and 2 show the combined
fit using both LHCb and LQCD information. This agree-
ment shows that the HQET predictions in Eq. (8 describe
the form factors and the experimental spectrum at the
current level of uncertainties. This also holds for the fit
using the LHCb spectrum (and constraints on b̂1,2). Ta-
ble II shows the correlation matrix of the LHCb + LQCD
fit. Table I also shows our SM predictions for R(⇤c) from
each of the 3 fits, and Fig. 1 shows the predicted di↵er-
ential rate d�(⇤b ! ⇤c⌧ ⌫̄)/dq2 as a blue band.

⇣0 ⇣00 b̂1 b̂2 m1S
b �mbc

⇣0 1.00 �0.94 �0.14 0.11 0.11 �0.01

⇣00 �0.94 1.00 0.13 �0.02 �0.10 0.00

b̂1 �0.14 0.13 1.00 0.10 �0.21 0.10

b̂2 0.11 �0.02 0.10 1.00 �0.63 0.05

m1S
b 0.11 �0.10 �0.21 �0.63 1.00 �0.00

�mbc �0.01 1.00 0.10 0.05 0.00 �0.00

TABLE II. Correlation matrix of the HQET parameters de-
termined from the fit to the LHCb measurement and the
LQCD form factors.

CONCLUSIONS

Measurements of ⇤b ! ⇤c`⌫̄ decays will play impor-
tant roles in elucidating the tantalizing hints of new
physics in the measurements of R(D(⇤)), and refining our
understanding of determinations of the CKM element
|Vcb|. We derived new model independent predictions
for these decays, and found that fitting the LHCb data
for d�(⇤b ! ⇤cµ⌫̄)/dq2 substantially reduces the uncer-
tainty of the SM prediction for R(⇤c). We obtained

R(⇤c) = 0.324 ± 0.004 . (11)

Combining the lattice information with the measured
spectrum produces the most precise prediction of R(⇤c)
to date, significantly improving the precision over the
lattice QCD prediction, R(⇤c) = 0.3328 ± 0.0070 ±
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New precision prediction for R(D) / R(D*)

Applied similar idea to Baryons to derive most
precise prediction for R(Λc): 

New predictions for ⇤b ! ⇤c semileptonic decays and tests of heavy quark symmetry
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The heavy quark e↵ective theory makes model independent predictions for semileptonic ⇤b ! ⇤c

decays in terms of a small set of parameters. No subleading Isgur-Wise function occurs at order
⇤QCD/mc,b, and only two sub-subleading functions enter at order ⇤2

QCD/m
2
c . These features allow

us to fit the form factors and decay rates calculated up to order ⇤2
QCD/m

2
c to LHCb data and lattice

QCD calculations. We derive a significantly more precise standard model prediction for the ratio
B(⇤b ! ⇤c⌧ ⌫̄)/B(⇤b ! ⇤cµ⌫̄) than prior results, and find the expansion in ⇤QCD/mc well-behaved,
addressing a long-standing question. Our results allow more precise and reliable calculations of
⇤b ! ⇤c`⌫̄ rates, and are systematically improvable with better data on the µ (or e) modes.

INTRODUCTION

Semileptonic decays mediated by b ! c`⌫̄ transitions
give tantalizing hints of deviations from the standard
model (SM), in the ratios

R(D(⇤)) = �(B ! D(⇤)⌧ ⌫̄)
�
�(B ! D(⇤)l⌫̄) , (1)

where l = µ, e. Combining the D and D⇤ results, the ten-
sion with the SM is 4� [1]. Precision control of hadronic
matrix elements are crucial to predict the ratios of de-
cay rates; A better understanding of the heavy quark
expansion to O(⇤2

QCD/m
2
c) is required, as it is largely re-

sponsible for the di↵erent uncertainty estimates of R(D⇤)
in the SM [2–4]. The same hadronic matrix elements are
also crucial to resolve tensions between inclusive and ex-
clusive determinations of |Vcb| [2–9].
The baryonic ⇤b ! ⇤c`⌫̄ decays provide a theoreti-

cally cleaner laboratory than B ! D(⇤)`⌫̄ to examine
O(⇤2

QCD/m
2
c) terms, as heavy quark symmetry [10–12]

provides stronger constraints. The O(⇤QCD/mc,b) con-
tributions yield no new nonperturbative functions be-
yond the leading order Isgur-Wise function, significantly
reducing the number of hadronic parameters order by or-
der in the heavy quark e↵ective theory (HQET) [13, 14]
description of these decays. This allows us to determine
to the O(⇤2

QCD/m
2
c) contributions to an exclusive decay

for the first time, without any model dependent assump-
tions.
In this letter we examine the HQET predictions at

O(⇤2
QCD/m

2
c) and fit them to a recent LHCb measure-

ment of ⇤b ! ⇤cµ⌫̄ [15] and/or lattice QCD (LQCD)
results [16]. Doing so, we obtain the most precise SM
prediction so far for

R(⇤c) = �(⇤b ! ⇤c⌧ ⌫̄)
�
�(⇤b ! ⇤cµ⌫̄) , (2)

improvable with future data. We find that the
O(⇤2

QCD/m
2
c) corrections have the expected character-

istic size, suggesting that the heavy quark expansion is
well behaved in such decays at the mc scale.

Testing HQET predictions not only provides a path
to reducing theoretical uncertainties in precision R(D(⇤))
predictions and extraction of |Vcb|, but also improves the
sensitivity to possible new physics contributions. Mea-
suring semileptonic decays mediated by the same parton-
level transition between di↵erent hadrons is important,
as they improve the statistics, entail di↵erent system-
atic uncertainties, and give complementary information
on possible new physics. LHCb projections show that
the precision of R(⇤c) will be near those of R(D(⇤)) in
the future [17], making this channel very important.

HQET EXPANSION OF THE FORM FACTORS

The semileptonic ⇤b ! ⇤c`⌫̄ form factors in HQET
are conventionally defined for the SM currents as [18–20]

h⇤c(p
0, s0)|c̄�⌫b|⇤b(p, s)i

= ūc(v
0, s0)

⇥
f1�µ + f2vµ + f3v

0
µ

⇤
ub(v, s) ,

h⇤c(p
0, s0)|c̄�⌫�5b|⇤b(p, s)i

= ūc(v
0, s0)

⇥
g1�µ + g2vµ + g3v

0
µ

⇤
�5 ub(v, s) , (3)

where p = m⇤bv, p
0 = m⇤cv

0, and the fi and gi form
factors are functions of w = v · v0. The spinors are nor-
malized to ūu = 2m.

The ⇤b,c baryons are singlets of heavy quark spin sym-
metry, with the “brown muck” of the light degrees of
freedom in the spin-0 ground state. Therefore,

m⇤Q = mQ + ⇤̄⇤ � �⇤
1 /2mQ + . . . , (4)

where Q = b, c, the ellipsis denotes terms higher order in
⇤QCD/mQ and m⇤b = 5.620GeV, m⇤c = 2.286GeV [21].
The parameter ⇤̄⇤ is the energy of the light degrees of
freedom in the mQ � ⇤QCD limit, and �⇤

1 is related to
the heavy quark kinetic energy in the ⇤b,c baryons. As in
Ref. [22], we use the 1S scheme [23–25] to eliminate the
leading renormalon ambiguities in the quark masses (and
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FITS TO LHCb AND LATTICE QCD DATA

To determine the nonperturbative quantities that oc-
cur in the HQET expansion of the form factors in Eq. (8),
assess the behavior of the expansion in ⇤QCD/mc, and de-
rive precise SM predictions for R(⇤c) in Eq. (2), we fit the
LHCb measurement of d�(⇤b ! ⇤cµ⌫̄)/dq2 [15] or/and
a LQCD determination of the six form factors [16].

The LHCb experiment measured the q2 spectrum in 7
bins, normalized to unity [15]. This reduces its e↵ective
degrees of freedom from 7 to 6 (as any one bin is deter-
mined by the sum of the others). The measurement is
shown as the data points in Fig. 1.

The lattice QCD results [16] for the 6 form factors are
published as fits to the BCL parametrization [40], using
either 11 or 17 parameters. We derive predictions for
f1,2,3 and g1,2,3 using the 17 parameter result at three
q2 values, q2 =

�
1GeV2, q2max/2, q2max � 1GeV2

 
, pre-

serving their full correlation structure in order to con-
struct an appropriate covariance matrix. The di↵erence
in the form factor values obtained using the 17 or the
11 parameter results is added as an additional uncorre-
lated uncertainty. This slightly di↵ers from the prescrip-
tion proposed in Ref. [16], using the maximal di↵erences,
which cannot preserve the correlation structure between
the form factor values. The 18 form factor values used in
our fits are shown as data points in Fig. 2. The LQCD
predictions, following the prescription of Ref. [16], are
shown as heather gray bands, and the uncertainties are in
good agreement. The heather gray band in Fig. 1 shows
the LQCD prediction for the normalized spectrum, using
the BCL parametrization.

The SM prediction for the decay rate for arbitrary
charged lepton mass is

d�

dw
=

G2
F m5

⇤b
|Vcb|

2

24⇡3

(q̂2 � ⇢`)2

q̂4
r3
p
w2 � 1

⇢✓
1 +

⇢`
2q̂2

◆

⇥

h
(w � 1)

�
2q̂2f2

1 + F
2
+

�
+ (w + 1)

�
2q̂2g21 + G

2
+

�i

+
3⇢`
2q̂2

h
(w + 1)F2

0 + (w � 1)G2
0

i�
, (9)

where ⇢` = m2
`/m

2
⇤b
, r = m⇤c/m⇤b , q̂2 ⌘ q2/m2

⇤b
=

1 � 2rw + r2, and

F+ = (1 + r)f1 + (w + 1)(r f2 + f3) = (1 + r)f+ , (10)

G+ = (1 � r)g1 � (w � 1)(r g2 + g3) = (1 � r)g+ ,

F0 = (1 � r)f1 � (rw � 1)f2 + (w � r)f3 = (1 � r)f0 ,

G0 = (1 + r)g1 + (rw � 1)g2 � (w � r)g3 = (1 + r)g0 .

Combined with f1 = f? and g1 = g?, Eqs. (10) relate
fi and gi to the other common form factor basis, f?,+,0

and g?,+,0, used in Ref. [16]. Our result in Eq. (9) agrees
with those in Refs. [16, 41].

In our fits to the LHCb data, we integrate the rate
predictions that follow from Eqs. (8) and (9) over each
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FIG. 1. The red band shows our fit of the HQET predic-
tions to d�(⇤b ! ⇤cµ⌫̄)/dq2 measured by LHCb [15] and the
LQCD form factors [16]. The heather gray band shows the
LQCD prediction. The blue curve shows our prediction for
d�(⇤b ! ⇤c⌧ ⌫̄)/dq2.

bin, and minimize a �2 function. The LQCD predictions
are fitted by minimizing a �2 function that includes the
18 values and their correlations, as described above.

We explore three scenarios: (i) fitting only the LHCb
spectrum; (ii) fitting only the LQCD data; and (iii) a
combined fit the the LHCb data and the LQCD informa-
tion. The resulting HQET parameters are summarized
in Table I. For the fit to only the LHCb spectrum, the
unknown absolute normalization of the measurement re-
moves the sensitivity to b̂1,2. Therefore, we constrain
them to 0 by a Gaussian with a 2GeV2(⇡ 3⇤̄2

⇤) un-
certainty, motivated by a model dependent estimate for
b1(1) [19]. This allows our 3 fits to have the same pa-
rameters, and be compared to one another. In all fits,
m1S

b and �mbc are constrained using Gaussian uncertain-
ties. The leading order Isgur-Wise function is fitted as
⇣ = 1+ (w � 1)⇣ 0 + 1

2 (w � 1)2⇣ 00. Alternative expansions

LHCb LQCD LHCb + LQCD

⇣0 �2.17 ± 0.26 �2.05 ± 0.13 �2.04 ± 0.08

⇣00 4.10 ± 1.05 2.93 ± 0.43 3.16 ± 0.38

b̂1/GeV2 0.24 ± 1.92 ⇤ �0.44 ± 0.16 �0.46 ± 0.15

b̂2/GeV2 0.45 ± 1.88 ⇤ �0.41 ± 0.40 �0.39 ± 0.39

m1S
b /GeV 4.71 ± 0.05 4.72 ± 0.05 4.72 ± 0.05

�mbc/GeV 3.40 ± 0.02 3.40 ± 0.02 3.40 ± 0.02

�2/ndf 0.77/4 2.42/14 7.20/20

R(⇤c) 0.3209 ± 0.0041 0.3313 ± 0.0101 0.3237 ± 0.0036

TABLE I. HQET parameters extracted from the 3 fits dis-
cussed in the text. Predictions for R(⇤c) for each fits are
shown in the last row. The b̂1,2 values marked with an aster-
isk were constrained in the fit, see text for details.
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FITS TO LHCb AND LATTICE QCD DATA

To determine the nonperturbative quantities that oc-
cur in the HQET expansion of the form factors in Eq. (8),
assess the behavior of the expansion in ⇤QCD/mc, and de-
rive precise SM predictions for R(⇤c) in Eq. (2), we fit the
LHCb measurement of d�(⇤b ! ⇤cµ⌫̄)/dq2 [15] or/and
a LQCD determination of the six form factors [16].

The LHCb experiment measured the q2 spectrum in 7
bins, normalized to unity [15]. This reduces its e↵ective
degrees of freedom from 7 to 6 (as any one bin is deter-
mined by the sum of the others). The measurement is
shown as the data points in Fig. 1.

The lattice QCD results [16] for the 6 form factors are
published as fits to the BCL parametrization [40], using
either 11 or 17 parameters. We derive predictions for
f1,2,3 and g1,2,3 using the 17 parameter result at three
q2 values, q2 =
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1GeV2, q2max/2, q2max � 1GeV2

 
, pre-

serving their full correlation structure in order to con-
struct an appropriate covariance matrix. The di↵erence
in the form factor values obtained using the 17 or the
11 parameter results is added as an additional uncorre-
lated uncertainty. This slightly di↵ers from the prescrip-
tion proposed in Ref. [16], using the maximal di↵erences,
which cannot preserve the correlation structure between
the form factor values. The 18 form factor values used in
our fits are shown as data points in Fig. 2. The LQCD
predictions, following the prescription of Ref. [16], are
shown as heather gray bands, and the uncertainties are in
good agreement. The heather gray band in Fig. 1 shows
the LQCD prediction for the normalized spectrum, using
the BCL parametrization.
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and g?,+,0, used in Ref. [16]. Our result in Eq. (9) agrees
with those in Refs. [16, 41].

In our fits to the LHCb data, we integrate the rate
predictions that follow from Eqs. (8) and (9) over each
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combined fit the the LHCb data and the LQCD informa-
tion. The resulting HQET parameters are summarized
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unknown absolute normalization of the measurement re-
moves the sensitivity to b̂1,2. Therefore, we constrain
them to 0 by a Gaussian with a 2GeV2(⇡ 3⇤̄2

⇤) un-
certainty, motivated by a model dependent estimate for
b1(1) [19]. This allows our 3 fits to have the same pa-
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b and �mbc are constrained using Gaussian uncertain-
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cussed in the text. Predictions for R(⇤c) for each fits are
shown in the last row. The b̂1,2 values marked with an aster-
isk were constrained in the fit, see text for details.
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Most precise prediction to date
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independent QCD properties (HQET) of form factors
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Florian Bernlochner Fantastic Bs and where to find them

The Decay Topology

The decay is completely described by:
✓`, ✓K , � and q2 = M2

`+`�
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Intoduction Angular Analysis Result!48

Another Fantastic B: Semileptonic decays with 𝓁𝓁

The Decay Topology

How does this transition proceed?
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(b) NP example

I We analyze b ! s`` in the decay of B0
! K⇤(892)0`+`�

I The angular distributions might reveal physics beyond the Standard Model

I We reconstruct B mesons in the Belle dataset
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Intoduction Angular Analysis Result

R(K) =
B(B+ ! K+ µµ)

B(B+ ! K+ e e)

R(K⇤) =
B(B0 ! K⇤0 µµ)

B(B0 ! K⇤0 e e)

= 1± small corrections

Observables of choice:

Angular relations and  
kinematic dependence:
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I We analyze b ! s`` in the decay of B0
! K⇤(892)0`+`�

I The angular distributions might reveal physics beyond the Standard Model

I We reconstruct B mesons in the Belle dataset
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Intoduction Angular Analysis Result

SM

New Physics:



R(K ⇤) preliminary

Low (central)-q2 result compatible with SM at 2.2 � 2.4(2.4 � 2.5)�

Similar behaviour shown by R(K ) measurement

Statistically dominated measurement, with slightly larger uncertainties than
R(K ) one, expected at ⇡+0.040

�0.027 level after Run II

Daniele Marangotto (SM@LHC 2017) Rare Decays at LHCb 02/05/2017 7 / 19

Tension with the SM 2.2-2.5σTension with the SM 2.2-2.5σ

R(K )

Test of lepton universality in B
+
! K

+ dileptonic decays, µ� vs e
�

The branching fraction ratio is close to one in the SM

R(K ) =
B(B+

! K
+µ+µ�)

B(B+ ! K+e+e�)
= 1 ±O(10�2) arXiv:1605.07633

LHCb Run I measurement in 1 < q
2 < 6 2/c

4 most precise to date

LHCb: PRL 113 (2014) 151601
Belle: PRL 103 (2009) 171801
BaBar: PRD 86 (2012) 032012

Compatible with SM at 2.6�

Expected statistical uncertainty
⇡ 0.03 after Run II, size of
current systematic uncertainty

Systematic uncertainty
dominated by signal and
background parametrization, to
be reduced in the future

Daniele Marangotto (SM@LHC 2017) Rare Decays at LHCb 02/05/2017 5 / 19

Tension with the SM 2.6σ 

› First full angular analysis of B0→K*0µµ: measured all CP-averaged
angular terms and CP-asymmetries
› Can construct less form-factor dependent ratios of observables

Angular Analyses

CERN SeminarSimone Bifani 7
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2.8 and 3.0 ss from SM
• JHEP 02 (2016) 104
• PRL 118 (2017)

• ATLAS-CONF-2017-023
• CMS-PAS-BPH-15-008

Tension with the SM 2.8-3σ 

R(K) =
B(B+ ! K+ µµ)

B(B+ ! K+ e e)

R(K⇤) =
B(B0 ! K⇤0 µµ)

B(B0 ! K⇤0 e e)

q2 = m2
``
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Tension with the SM 2.8-3σ 
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Figure 1: Two-dimensional constraints in the plane of NP contributions to the real parts of
the Wilson coe�cients C9 and C10 (left) or C9 and C

0
9 (right), assuming all other

Wilson coe�cients to be SM-like. For the constraints from the B ! K
⇤
µ
+
µ
� and

Bs ! �µ
+
µ
� angular observables from individual experiments as well as for the

constraints from branching ratio measurements of all experiments (“BR only”), we
show the 1� (��

2
⇡ 2.3) contours, while for the global fit (“all”), we show the 1, 2,

and 3� contours.

contours showing the constraints coming from the angular analyses of individual experiments,
as well as from branching ratio measurements of all experiments.

We observe that the individual constraints are all compatible with the global fit at the 1� or
2� level. While the CMS angular analysis shows good agreement with the SM expectations,
all other individual constraints show a deviation from the SM. In view of their precision,
the angular analysis and branching ratio measurements of LHCb still dominate the global fit
(cf. Figs. 5, 7, 6 and 8), leading to a similar allowed region as in previous analyses. We do not
find any significant preference for non-zero NP contributions in C10 or C

0
9 in these two simple

scenarios.
Similarly to our analysis of scenarios with NP in one Wilson coe�cient, we repeat the

fits doubling the form factor uncertainties and doubling the uncertainties of non-factorizable
corrections. For NP in C9 and C10, we find that the pull is reduced from 4.6� to 3.7� and 3.8�,
respectively. For NP in C9 and C

0
9 the pull is reduced from 4.9� to 4.1� and 4.2�, respectively.

The impact of the inflated uncertainties is also illustrated in Fig. 2. Doubling the hadronic
uncertainties is not su�cient to achieve agreement between data and SM predictions at the 3�

level.

3.3. New physics or hadronic e↵ects?

It is conceivable that hadronic e↵ects that are largely underestimated could mimic new physics
in the Wilson coe�cient C9 [25]. As first quantified in [61] and later considered in [24,26,27,34],

6

In 2015, the LHCb collaboration presented their B ! K
⇤
µ
+
µ
� angular analysis based on the

full Run 1 data set, confirming the tension found earlier [32]. Several updated global analyses
have confirmed that a consistent description of the tensions in terms of NP is possible [33–35],
while an explanation in terms of an unexpectedly large hadronic e↵ect cannot be excluded.
Recent analyses by Belle [36,37] also seem to indicate tensions in angular observables consistent
with LHCb. At Moriond Electroweak 2017, ATLAS [38] and CMS [39] finally presented their
preliminary results for the angular observables based on the full Run 1 data sets. The aim of the
present paper is to reconsider the status of the B ! K

⇤
µ
+
µ
� anomaly in view of these results.

Our analysis is built on our previous global analyses of NP in b ! s transitions [13, 33, 40, 41]
and makes use of the open source code flavio [42].

2. E↵ective Hamiltonian and observables

The e↵ective Hamiltonian for b ! s transitions can be written as

He↵ = �
4 GF
p

2
VtbV

⇤
ts

e
2

16⇡2

X

i

(CiOi + C
0
iO

0
i) + h.c. (1)

and we consider NP e↵ects in the following set of dimension-6 operators,

O9 = (s̄�µPLb)(¯̀�µ
`) , O

0
9 = (s̄�µPRb)(¯̀�µ

`) , (2)

O10 = (s̄�µPLb)(¯̀�µ
�5`) , O

0
10 = (s̄�µPRb)(¯̀�µ

�5`) . (3)

We neither consider new physics in scalar operators, as they are strongly constrained by
Bs ! µ

+
µ
� (see [43] for a recent analysis), nor in dipole operators, which are strongly con-

strained by inclusive and exclusive radiative decays (see [44] for a recent analysis). We also do
not consider new physics in four-quark operators, although an e↵ect in certain b ! cc̄s opera-
tors could potentially relax some of the tensions in B ! K

⇤
µ
+
µ
� angular observables [45].

In our numerical analysis, we include the following observables.

• Angular observables in B
0

! K
⇤0

µ
+
µ
� measured by CDF [46], LHCb [32], ATLAS* [38],

and CMS* [39,47,48],

• B
0,±

! K
⇤0,±

µ
+
µ
� branching ratios by LHCb* [16,49], CMS [47,48], and CDF [46],

• B
0,±

! K
0,±

µ
+
µ
� branching ratios by LHCb [16] and CDF [46],

• Bs ! �µ
+
µ
� branching ratio by LHCb* [17] and CDF [46],

• Bs ! �µ
+
µ
� angular observables by LHCb* [17],

• the branching ratio of the inclusive decay B ! Xsµ
+
µ
� measured by BaBar [50].

Items marked with an asterisk have been updated since our previous global fit [33]. Concerning
B

0
! K

⇤0
µ
+
µ
�, both LHCb and ATLAS have performed measurements of CP-averaged

angular observables Si as well as of the closely related “optimized” observables P
0
i . While

LHCb gives also the full correlation matrices and the choice of basis is thus irrelevant (up to
non-Gaussian e↵ects which are anyway impossible to take into account using publicly available
information), ATLAS does not give correlations, so the choice can make a di↵erence in principle.
We have chosen to use the P

0
i measurements, but have explicitly checked that the best-fit regions

and pulls do not change significantly when using the Si observables.
We do not include the following measurements.

2

SM

Global Fit

5�
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NP model independent analysis:

Controversy about non-local 
QCD contributions in SM:



Florian Bernlochner Fantastic Bs and where to find them !51

Alternative paths to that fantastic B: Inclusively

The Decay Topology

How does this transition proceed?
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(a) SM example
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(b) NP example

I We analyze b ! s`` in the decay of B0
! K⇤(892)0`+`�

I The angular distributions might reveal physics beyond the Standard Model

I We reconstruct B mesons in the Belle dataset
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Intoduction Angular Analysis Result

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

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

�

<latexit sha1_base64="FIcLmA4SNtBp4NFnS+gCCha9KwU=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkATyma7SZduNmF3IpTQH+HFgyJe/T3e/Ddu2xy09cHA470ZZuaFmRQGXffbWVvf2NzaruxUd/f2Dw5rR8cdk+aa8TZLZap7ITVcCsXbKFDyXqY5TULJu+H4buZ3n7g2IlWPOMl4kNBYiUgwilbq+qGIY386qNXdhjsHWSVeSepQojWoffnDlOUJV8gkNabvuRkGBdUomOTTqp8bnlE2pjHvW6powk1QzM+dknOrDEmUalsKyVz9PVHQxJhJEtrOhOLILHsz8T+vn2N0ExRCZTlyxRaLolwSTMnsdzIUmjOUE0so08LeStiIasrQJlS1IXjLL6+SzmXDcxvew1W9eVvGUYFTOIML8OAamnAPLWgDgzE8wyu8OZnz4rw7H4vWNaecOYE/cD5/AFZnj44=</latexit><latexit sha1_base64="FIcLmA4SNtBp4NFnS+gCCha9KwU=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkATyma7SZduNmF3IpTQH+HFgyJe/T3e/Ddu2xy09cHA470ZZuaFmRQGXffbWVvf2NzaruxUd/f2Dw5rR8cdk+aa8TZLZap7ITVcCsXbKFDyXqY5TULJu+H4buZ3n7g2IlWPOMl4kNBYiUgwilbq+qGIY386qNXdhjsHWSVeSepQojWoffnDlOUJV8gkNabvuRkGBdUomOTTqp8bnlE2pjHvW6powk1QzM+dknOrDEmUalsKyVz9PVHQxJhJEtrOhOLILHsz8T+vn2N0ExRCZTlyxRaLolwSTMnsdzIUmjOUE0so08LeStiIasrQJlS1IXjLL6+SzmXDcxvew1W9eVvGUYFTOIML8OAamnAPLWgDgzE8wyu8OZnz4rw7H4vWNaecOYE/cD5/AFZnj44=</latexit><latexit sha1_base64="FIcLmA4SNtBp4NFnS+gCCha9KwU=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkATyma7SZduNmF3IpTQH+HFgyJe/T3e/Ddu2xy09cHA470ZZuaFmRQGXffbWVvf2NzaruxUd/f2Dw5rR8cdk+aa8TZLZap7ITVcCsXbKFDyXqY5TULJu+H4buZ3n7g2IlWPOMl4kNBYiUgwilbq+qGIY386qNXdhjsHWSVeSepQojWoffnDlOUJV8gkNabvuRkGBdUomOTTqp8bnlE2pjHvW6powk1QzM+dknOrDEmUalsKyVz9PVHQxJhJEtrOhOLILHsz8T+vn2N0ExRCZTlyxRaLolwSTMnsdzIUmjOUE0so08LeStiIasrQJlS1IXjLL6+SzmXDcxvew1W9eVvGUYFTOIML8OAamnAPLWgDgzE8wyu8OZnz4rw7H4vWNaecOYE/cD5/AFZnj44=</latexit><latexit sha1_base64="FIcLmA4SNtBp4NFnS+gCCha9KwU=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkATyma7SZduNmF3IpTQH+HFgyJe/T3e/Ddu2xy09cHA470ZZuaFmRQGXffbWVvf2NzaruxUd/f2Dw5rR8cdk+aa8TZLZap7ITVcCsXbKFDyXqY5TULJu+H4buZ3n7g2IlWPOMl4kNBYiUgwilbq+qGIY386qNXdhjsHWSVeSepQojWoffnDlOUJV8gkNabvuRkGBdUomOTTqp8bnlE2pjHvW6powk1QzM+dknOrDEmUalsKyVz9PVHQxJhJEtrOhOLILHsz8T+vn2N0ExRCZTlyxRaLolwSTMnsdzIUmjOUE0so08LeStiIasrQJlS1IXjLL6+SzmXDcxvew1W9eVvGUYFTOIML8OAamnAPLWgDgzE8wyu8OZnz4rw7H4vWNaecOYE/cD5/AFZnj44=</latexit>

incl.

All possible final statesInclusive Xs
<latexit sha1_base64="T720vG0aPWB+ZpEp6vdMuimbvgs=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9dPq671a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5Az74jcI=</latexit><latexit sha1_base64="T720vG0aPWB+ZpEp6vdMuimbvgs=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9dPq671a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5Az74jcI=</latexit><latexit sha1_base64="T720vG0aPWB+ZpEp6vdMuimbvgs=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9dPq671a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5Az74jcI=</latexit><latexit sha1_base64="T720vG0aPWB+ZpEp6vdMuimbvgs=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9dPq671a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5Az74jcI=</latexit>

Exclusive K,K⇤,K⇡, ...
<latexit sha1_base64="I0aLizoJi83MbNRzqAwqzFpmiWQ=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSKIlJCIoMuiG6GbCvYBbSyT6aQdOpmEmYlYQn/FjQtF3Poj7vwbp20W2nrgXg7n3MvcOUHCmdKu+22trK6tb2wWtorbO7t7+/ZBqaniVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHQz9VuPVCoWi3s9Tqgf4YFgISNYG6lnl2oVVHs4Mw11E1ZBjuP07LLruDOgZeLlpAw56j37q9uPSRpRoQnHSnU8N9F+hqVmhNNJsZsqmmAywgPaMVTgiCo/m90+QSdG6aMwlqaERjP190aGI6XGUWAmI6yHatGbiv95nVSHV37GRJJqKsj8oTDlSMdoGgTqM0mJ5mNDMJHM3IrIEEtMtImraELwFr+8TJrnjuc63t1FuXqdx1GAIziGU/DgEqpwC3VoAIEneIZXeLMm1ov1bn3MR1esfOcQ/sD6/AGT25GL</latexit><latexit sha1_base64="I0aLizoJi83MbNRzqAwqzFpmiWQ=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSKIlJCIoMuiG6GbCvYBbSyT6aQdOpmEmYlYQn/FjQtF3Poj7vwbp20W2nrgXg7n3MvcOUHCmdKu+22trK6tb2wWtorbO7t7+/ZBqaniVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHQz9VuPVCoWi3s9Tqgf4YFgISNYG6lnl2oVVHs4Mw11E1ZBjuP07LLruDOgZeLlpAw56j37q9uPSRpRoQnHSnU8N9F+hqVmhNNJsZsqmmAywgPaMVTgiCo/m90+QSdG6aMwlqaERjP190aGI6XGUWAmI6yHatGbiv95nVSHV37GRJJqKsj8oTDlSMdoGgTqM0mJ5mNDMJHM3IrIEEtMtImraELwFr+8TJrnjuc63t1FuXqdx1GAIziGU/DgEqpwC3VoAIEneIZXeLMm1ov1bn3MR1esfOcQ/sD6/AGT25GL</latexit><latexit sha1_base64="I0aLizoJi83MbNRzqAwqzFpmiWQ=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSKIlJCIoMuiG6GbCvYBbSyT6aQdOpmEmYlYQn/FjQtF3Poj7vwbp20W2nrgXg7n3MvcOUHCmdKu+22trK6tb2wWtorbO7t7+/ZBqaniVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHQz9VuPVCoWi3s9Tqgf4YFgISNYG6lnl2oVVHs4Mw11E1ZBjuP07LLruDOgZeLlpAw56j37q9uPSRpRoQnHSnU8N9F+hqVmhNNJsZsqmmAywgPaMVTgiCo/m90+QSdG6aMwlqaERjP190aGI6XGUWAmI6yHatGbiv95nVSHV37GRJJqKsj8oTDlSMdoGgTqM0mJ5mNDMJHM3IrIEEtMtImraELwFr+8TJrnjuc63t1FuXqdx1GAIziGU/DgEqpwC3VoAIEneIZXeLMm1ov1bn3MR1esfOcQ/sD6/AGT25GL</latexit><latexit sha1_base64="I0aLizoJi83MbNRzqAwqzFpmiWQ=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSKIlJCIoMuiG6GbCvYBbSyT6aQdOpmEmYlYQn/FjQtF3Poj7vwbp20W2nrgXg7n3MvcOUHCmdKu+22trK6tb2wWtorbO7t7+/ZBqaniVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHQz9VuPVCoWi3s9Tqgf4YFgISNYG6lnl2oVVHs4Mw11E1ZBjuP07LLruDOgZeLlpAw56j37q9uPSRpRoQnHSnU8N9F+hqVmhNNJsZsqmmAywgPaMVTgiCo/m90+QSdG6aMwlqaERjP190aGI6XGUWAmI6yHatGbiv95nVSHV37GRJJqKsj8oTDlSMdoGgTqM0mJ5mNDMJHM3IrIEEtMtImraELwFr+8TJrnjuc63t1FuXqdx1GAIziGU/DgEqpwC3VoAIEneIZXeLMm1ov1bn3MR1esfOcQ/sD6/AGT25GL</latexit>

One specific final state



Florian Bernlochner Fantastic Bs and where to find them !52

Alternative paths to that fantastic B: Inclusively

detector and knowledge of the interacting energies and momenta of the colliding e+e� when
compared with LHCb.
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Figure 2: Projected global fit for C9 and C10, when assuming the SM and using as constraints
measurements of the helicity amplitudes of inclusive B ! Xsl+l� decays from 5ab�1 of Belle II
data (left). A comparison of the global constraint on C9 and C10, when assuming CNP

9 = �1 and
from measuring the helicity amplitudes of B ! Xsl+l� decays at Belle II for 1, 5 and 50ab�1 of
data with the current constraint from the angular analysis and branching fraction measurement
of B0 ! K⇤0µ+µ� decays by LHCb (right). All global fit contours correspond to 1� confidence
intervals.

The main objective of the research proposed here will be to perform the first measurement
of the three helicity amplitudes of inclusive b ! sll decays with 5ab�1 of Belle II data and the
Belle legacy dataset (⇠0.7ab�1). The measured helicity amplitudes will be subsequently used
in a global fit to determine the Wilson coe�cients C9 and C10. A study4 was performed to
assess the potential sensitivity of the proposed measurement to C9 and C10. In practice given
the low branching fraction of the decay, 6 ⇥ 10�6, a sensible use of the low event count will be
to measure the helicty amplitudes integrated over chosen intervals of q2. Here the integral of a
helcity amplitude from q21 to q22 is denoted as Hi(q21, q

2
2). Figure 2 (left) shows the constraints from

measuring various combinations of helicity amplitude integrals, Hi(q21, q
2
2)., for 5ab

�1 on C9 and
C10. While Figure 2 (right) shows the corresponding constraints when assuming 1, 5 and 50ab�1

and compares these with the constraint from the angular and branching fraction measurements
of B0 ! K⇤0µ+µ� decays at LHCb. This demonstrates that the measurement with 5ab�1 will
be competitive with the existing LHCb exclusive B0 ! K⇤0µ+µ� measurement. This will be a
highly significant physics result for the field of particle physics given the orthogonal probe it o↵ers
into the NP hints observed in excluisve b! sl+l� decays. Furthermore it will be one of the first
major physics results from the Belle II collaboration.

The measurement will be made in both electron (l = e) and muon (l = e) channels. This
will give the possibility of further investigating the hints of lepton flavour violation in b! sl+l�

transitions. In particular, it will be possible to look at the separate constaints on C9 and C10 from

4
This study assumes an e�ciency of 2% which is compatable with the e�ciency of the previous measurement

of
d�
dq2 made by Belle and presented in Ref. [15]

iii

The Decay Topology

How does this transition proceed?
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(a) SM example
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(b) NP example

I We analyze b ! s`` in the decay of B0
! K⇤(892)0`+`�

I The angular distributions might reveal physics beyond the Standard Model

I We reconstruct B mesons in the Belle dataset
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Intoduction Angular Analysis Result
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<latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit>

�

<latexit sha1_base64="FIcLmA4SNtBp4NFnS+gCCha9KwU=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkATyma7SZduNmF3IpTQH+HFgyJe/T3e/Ddu2xy09cHA470ZZuaFmRQGXffbWVvf2NzaruxUd/f2Dw5rR8cdk+aa8TZLZap7ITVcCsXbKFDyXqY5TULJu+H4buZ3n7g2IlWPOMl4kNBYiUgwilbq+qGIY386qNXdhjsHWSVeSepQojWoffnDlOUJV8gkNabvuRkGBdUomOTTqp8bnlE2pjHvW6powk1QzM+dknOrDEmUalsKyVz9PVHQxJhJEtrOhOLILHsz8T+vn2N0ExRCZTlyxRaLolwSTMnsdzIUmjOUE0so08LeStiIasrQJlS1IXjLL6+SzmXDcxvew1W9eVvGUYFTOIML8OAamnAPLWgDgzE8wyu8OZnz4rw7H4vWNaecOYE/cD5/AFZnj44=</latexit><latexit sha1_base64="FIcLmA4SNtBp4NFnS+gCCha9KwU=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkATyma7SZduNmF3IpTQH+HFgyJe/T3e/Ddu2xy09cHA470ZZuaFmRQGXffbWVvf2NzaruxUd/f2Dw5rR8cdk+aa8TZLZap7ITVcCsXbKFDyXqY5TULJu+H4buZ3n7g2IlWPOMl4kNBYiUgwilbq+qGIY386qNXdhjsHWSVeSepQojWoffnDlOUJV8gkNabvuRkGBdUomOTTqp8bnlE2pjHvW6powk1QzM+dknOrDEmUalsKyVz9PVHQxJhJEtrOhOLILHsz8T+vn2N0ExRCZTlyxRaLolwSTMnsdzIUmjOUE0so08LeStiIasrQJlS1IXjLL6+SzmXDcxvew1W9eVvGUYFTOIML8OAamnAPLWgDgzE8wyu8OZnz4rw7H4vWNaecOYE/cD5/AFZnj44=</latexit><latexit sha1_base64="FIcLmA4SNtBp4NFnS+gCCha9KwU=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkATyma7SZduNmF3IpTQH+HFgyJe/T3e/Ddu2xy09cHA470ZZuaFmRQGXffbWVvf2NzaruxUd/f2Dw5rR8cdk+aa8TZLZap7ITVcCsXbKFDyXqY5TULJu+H4buZ3n7g2IlWPOMl4kNBYiUgwilbq+qGIY386qNXdhjsHWSVeSepQojWoffnDlOUJV8gkNabvuRkGBdUomOTTqp8bnlE2pjHvW6powk1QzM+dknOrDEmUalsKyVz9PVHQxJhJEtrOhOLILHsz8T+vn2N0ExRCZTlyxRaLolwSTMnsdzIUmjOUE0so08LeStiIasrQJlS1IXjLL6+SzmXDcxvew1W9eVvGUYFTOIML8OAamnAPLWgDgzE8wyu8OZnz4rw7H4vWNaecOYE/cD5/AFZnj44=</latexit><latexit sha1_base64="FIcLmA4SNtBp4NFnS+gCCha9KwU=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkATyma7SZduNmF3IpTQH+HFgyJe/T3e/Ddu2xy09cHA470ZZuaFmRQGXffbWVvf2NzaruxUd/f2Dw5rR8cdk+aa8TZLZap7ITVcCsXbKFDyXqY5TULJu+H4buZ3n7g2IlWPOMl4kNBYiUgwilbq+qGIY386qNXdhjsHWSVeSepQojWoffnDlOUJV8gkNabvuRkGBdUomOTTqp8bnlE2pjHvW6powk1QzM+dknOrDEmUalsKyVz9PVHQxJhJEtrOhOLILHsz8T+vn2N0ExRCZTlyxRaLolwSTMnsdzIUmjOUE0so08LeStiIasrQJlS1IXjLL6+SzmXDcxvew1W9eVvGUYFTOIML8OAamnAPLWgDgzE8wyu8OZnz4rw7H4vWNaecOYE/cD5/AFZnj44=</latexit>

incl.

All possible final statesInclusive Xs
<latexit sha1_base64="T720vG0aPWB+ZpEp6vdMuimbvgs=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9dPq671a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5Az74jcI=</latexit><latexit sha1_base64="T720vG0aPWB+ZpEp6vdMuimbvgs=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9dPq671a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5Az74jcI=</latexit><latexit sha1_base64="T720vG0aPWB+ZpEp6vdMuimbvgs=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9dPq671a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5Az74jcI=</latexit><latexit sha1_base64="T720vG0aPWB+ZpEp6vdMuimbvgs=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9dPq671a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5Az74jcI=</latexit>

Exclusive K,K⇤,K⇡, ...
<latexit sha1_base64="I0aLizoJi83MbNRzqAwqzFpmiWQ=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSKIlJCIoMuiG6GbCvYBbSyT6aQdOpmEmYlYQn/FjQtF3Poj7vwbp20W2nrgXg7n3MvcOUHCmdKu+22trK6tb2wWtorbO7t7+/ZBqaniVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHQz9VuPVCoWi3s9Tqgf4YFgISNYG6lnl2oVVHs4Mw11E1ZBjuP07LLruDOgZeLlpAw56j37q9uPSRpRoQnHSnU8N9F+hqVmhNNJsZsqmmAywgPaMVTgiCo/m90+QSdG6aMwlqaERjP190aGI6XGUWAmI6yHatGbiv95nVSHV37GRJJqKsj8oTDlSMdoGgTqM0mJ5mNDMJHM3IrIEEtMtImraELwFr+8TJrnjuc63t1FuXqdx1GAIziGU/DgEqpwC3VoAIEneIZXeLMm1ov1bn3MR1esfOcQ/sD6/AGT25GL</latexit><latexit sha1_base64="I0aLizoJi83MbNRzqAwqzFpmiWQ=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSKIlJCIoMuiG6GbCvYBbSyT6aQdOpmEmYlYQn/FjQtF3Poj7vwbp20W2nrgXg7n3MvcOUHCmdKu+22trK6tb2wWtorbO7t7+/ZBqaniVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHQz9VuPVCoWi3s9Tqgf4YFgISNYG6lnl2oVVHs4Mw11E1ZBjuP07LLruDOgZeLlpAw56j37q9uPSRpRoQnHSnU8N9F+hqVmhNNJsZsqmmAywgPaMVTgiCo/m90+QSdG6aMwlqaERjP190aGI6XGUWAmI6yHatGbiv95nVSHV37GRJJqKsj8oTDlSMdoGgTqM0mJ5mNDMJHM3IrIEEtMtImraELwFr+8TJrnjuc63t1FuXqdx1GAIziGU/DgEqpwC3VoAIEneIZXeLMm1ov1bn3MR1esfOcQ/sD6/AGT25GL</latexit><latexit sha1_base64="I0aLizoJi83MbNRzqAwqzFpmiWQ=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSKIlJCIoMuiG6GbCvYBbSyT6aQdOpmEmYlYQn/FjQtF3Poj7vwbp20W2nrgXg7n3MvcOUHCmdKu+22trK6tb2wWtorbO7t7+/ZBqaniVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHQz9VuPVCoWi3s9Tqgf4YFgISNYG6lnl2oVVHs4Mw11E1ZBjuP07LLruDOgZeLlpAw56j37q9uPSRpRoQnHSnU8N9F+hqVmhNNJsZsqmmAywgPaMVTgiCo/m90+QSdG6aMwlqaERjP190aGI6XGUWAmI6yHatGbiv95nVSHV37GRJJqKsj8oTDlSMdoGgTqM0mJ5mNDMJHM3IrIEEtMtImraELwFr+8TJrnjuc63t1FuXqdx1GAIziGU/DgEqpwC3VoAIEneIZXeLMm1ov1bn3MR1esfOcQ/sD6/AGT25GL</latexit><latexit sha1_base64="I0aLizoJi83MbNRzqAwqzFpmiWQ=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSKIlJCIoMuiG6GbCvYBbSyT6aQdOpmEmYlYQn/FjQtF3Poj7vwbp20W2nrgXg7n3MvcOUHCmdKu+22trK6tb2wWtorbO7t7+/ZBqaniVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHQz9VuPVCoWi3s9Tqgf4YFgISNYG6lnl2oVVHs4Mw11E1ZBjuP07LLruDOgZeLlpAw56j37q9uPSRpRoQnHSnU8N9F+hqVmhNNJsZsqmmAywgPaMVTgiCo/m90+QSdG6aMwlqaERjP190aGI6XGUWAmI6yHatGbiv95nVSHV37GRJJqKsj8oTDlSMdoGgTqM0mJ5mNDMJHM3IrIEEtMtImraELwFr+8TJrnjuc63t1FuXqdx1GAIziGU/DgEqpwC3VoAIEneIZXeLMm1ov1bn3MR1esfOcQ/sD6/AGT25GL</latexit>

One specific final state

• Benefit: 

• Theory completely independent for 

predicting inclusive decays.

• Alternative path to determine C9 and 

C10 Wilson coefficients

• Major background: semileptonic decays 

with 


• Measurement only at low q2 = mll  possible

Example toy fit to extract
C9 and C10 at low q2 with angular

information

William Sutcliffe (KIT)

B ! D[! K ¯̀⌫]`⌫̄
<latexit sha1_base64="rSbvknCBOijGh2RouQ8BqcHiRL0="></latexit><latexit sha1_base64="rSbvknCBOijGh2RouQ8BqcHiRL0="></latexit><latexit sha1_base64="rSbvknCBOijGh2RouQ8BqcHiRL0="></latexit><latexit sha1_base64="rSbvknCBOijGh2RouQ8BqcHiRL0="></latexit>



Florian Bernlochner Fantastic Bs and where to find them !53

Alternative paths to that fantastic B: Inclusively
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<latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit>

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

�

<latexit sha1_base64="FIcLmA4SNtBp4NFnS+gCCha9KwU=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkATyma7SZduNmF3IpTQH+HFgyJe/T3e/Ddu2xy09cHA470ZZuaFmRQGXffbWVvf2NzaruxUd/f2Dw5rR8cdk+aa8TZLZap7ITVcCsXbKFDyXqY5TULJu+H4buZ3n7g2IlWPOMl4kNBYiUgwilbq+qGIY386qNXdhjsHWSVeSepQojWoffnDlOUJV8gkNabvuRkGBdUomOTTqp8bnlE2pjHvW6powk1QzM+dknOrDEmUalsKyVz9PVHQxJhJEtrOhOLILHsz8T+vn2N0ExRCZTlyxRaLolwSTMnsdzIUmjOUE0so08LeStiIasrQJlS1IXjLL6+SzmXDcxvew1W9eVvGUYFTOIML8OAamnAPLWgDgzE8wyu8OZnz4rw7H4vWNaecOYE/cD5/AFZnj44=</latexit><latexit sha1_base64="FIcLmA4SNtBp4NFnS+gCCha9KwU=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkATyma7SZduNmF3IpTQH+HFgyJe/T3e/Ddu2xy09cHA470ZZuaFmRQGXffbWVvf2NzaruxUd/f2Dw5rR8cdk+aa8TZLZap7ITVcCsXbKFDyXqY5TULJu+H4buZ3n7g2IlWPOMl4kNBYiUgwilbq+qGIY386qNXdhjsHWSVeSepQojWoffnDlOUJV8gkNabvuRkGBdUomOTTqp8bnlE2pjHvW6powk1QzM+dknOrDEmUalsKyVz9PVHQxJhJEtrOhOLILHsz8T+vn2N0ExRCZTlyxRaLolwSTMnsdzIUmjOUE0so08LeStiIasrQJlS1IXjLL6+SzmXDcxvew1W9eVvGUYFTOIML8OAamnAPLWgDgzE8wyu8OZnz4rw7H4vWNaecOYE/cD5/AFZnj44=</latexit><latexit sha1_base64="FIcLmA4SNtBp4NFnS+gCCha9KwU=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkATyma7SZduNmF3IpTQH+HFgyJe/T3e/Ddu2xy09cHA470ZZuaFmRQGXffbWVvf2NzaruxUd/f2Dw5rR8cdk+aa8TZLZap7ITVcCsXbKFDyXqY5TULJu+H4buZ3n7g2IlWPOMl4kNBYiUgwilbq+qGIY386qNXdhjsHWSVeSepQojWoffnDlOUJV8gkNabvuRkGBdUomOTTqp8bnlE2pjHvW6powk1QzM+dknOrDEmUalsKyVz9PVHQxJhJEtrOhOLILHsz8T+vn2N0ExRCZTlyxRaLolwSTMnsdzIUmjOUE0so08LeStiIasrQJlS1IXjLL6+SzmXDcxvew1W9eVvGUYFTOIML8OAamnAPLWgDgzE8wyu8OZnz4rw7H4vWNaecOYE/cD5/AFZnj44=</latexit><latexit sha1_base64="FIcLmA4SNtBp4NFnS+gCCha9KwU=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkATyma7SZduNmF3IpTQH+HFgyJe/T3e/Ddu2xy09cHA470ZZuaFmRQGXffbWVvf2NzaruxUd/f2Dw5rR8cdk+aa8TZLZap7ITVcCsXbKFDyXqY5TULJu+H4buZ3n7g2IlWPOMl4kNBYiUgwilbq+qGIY386qNXdhjsHWSVeSepQojWoffnDlOUJV8gkNabvuRkGBdUomOTTqp8bnlE2pjHvW6powk1QzM+dknOrDEmUalsKyVz9PVHQxJhJEtrOhOLILHsz8T+vn2N0ExRCZTlyxRaLolwSTMnsdzIUmjOUE0so08LeStiIasrQJlS1IXjLL6+SzmXDcxvew1W9eVvGUYFTOIML8OAamnAPLWgDgzE8wyu8OZnz4rw7H4vWNaecOYE/cD5/AFZnj44=</latexit>

incl.

All possible final statesInclusive Xs
<latexit sha1_base64="T720vG0aPWB+ZpEp6vdMuimbvgs=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9dPq671a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5Az74jcI=</latexit><latexit sha1_base64="T720vG0aPWB+ZpEp6vdMuimbvgs=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9dPq671a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5Az74jcI=</latexit><latexit sha1_base64="T720vG0aPWB+ZpEp6vdMuimbvgs=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9dPq671a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5Az74jcI=</latexit><latexit sha1_base64="T720vG0aPWB+ZpEp6vdMuimbvgs=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9dPq671a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5Az74jcI=</latexit>

Exclusive K,K⇤,K⇡, ...
<latexit sha1_base64="I0aLizoJi83MbNRzqAwqzFpmiWQ=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSKIlJCIoMuiG6GbCvYBbSyT6aQdOpmEmYlYQn/FjQtF3Poj7vwbp20W2nrgXg7n3MvcOUHCmdKu+22trK6tb2wWtorbO7t7+/ZBqaniVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHQz9VuPVCoWi3s9Tqgf4YFgISNYG6lnl2oVVHs4Mw11E1ZBjuP07LLruDOgZeLlpAw56j37q9uPSRpRoQnHSnU8N9F+hqVmhNNJsZsqmmAywgPaMVTgiCo/m90+QSdG6aMwlqaERjP190aGI6XGUWAmI6yHatGbiv95nVSHV37GRJJqKsj8oTDlSMdoGgTqM0mJ5mNDMJHM3IrIEEtMtImraELwFr+8TJrnjuc63t1FuXqdx1GAIziGU/DgEqpwC3VoAIEneIZXeLMm1ov1bn3MR1esfOcQ/sD6/AGT25GL</latexit><latexit sha1_base64="I0aLizoJi83MbNRzqAwqzFpmiWQ=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSKIlJCIoMuiG6GbCvYBbSyT6aQdOpmEmYlYQn/FjQtF3Poj7vwbp20W2nrgXg7n3MvcOUHCmdKu+22trK6tb2wWtorbO7t7+/ZBqaniVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHQz9VuPVCoWi3s9Tqgf4YFgISNYG6lnl2oVVHs4Mw11E1ZBjuP07LLruDOgZeLlpAw56j37q9uPSRpRoQnHSnU8N9F+hqVmhNNJsZsqmmAywgPaMVTgiCo/m90+QSdG6aMwlqaERjP190aGI6XGUWAmI6yHatGbiv95nVSHV37GRJJqKsj8oTDlSMdoGgTqM0mJ5mNDMJHM3IrIEEtMtImraELwFr+8TJrnjuc63t1FuXqdx1GAIziGU/DgEqpwC3VoAIEneIZXeLMm1ov1bn3MR1esfOcQ/sD6/AGT25GL</latexit><latexit sha1_base64="I0aLizoJi83MbNRzqAwqzFpmiWQ=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSKIlJCIoMuiG6GbCvYBbSyT6aQdOpmEmYlYQn/FjQtF3Poj7vwbp20W2nrgXg7n3MvcOUHCmdKu+22trK6tb2wWtorbO7t7+/ZBqaniVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHQz9VuPVCoWi3s9Tqgf4YFgISNYG6lnl2oVVHs4Mw11E1ZBjuP07LLruDOgZeLlpAw56j37q9uPSRpRoQnHSnU8N9F+hqVmhNNJsZsqmmAywgPaMVTgiCo/m90+QSdG6aMwlqaERjP190aGI6XGUWAmI6yHatGbiv95nVSHV37GRJJqKsj8oTDlSMdoGgTqM0mJ5mNDMJHM3IrIEEtMtImraELwFr+8TJrnjuc63t1FuXqdx1GAIziGU/DgEqpwC3VoAIEneIZXeLMm1ov1bn3MR1esfOcQ/sD6/AGT25GL</latexit><latexit sha1_base64="I0aLizoJi83MbNRzqAwqzFpmiWQ=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSKIlJCIoMuiG6GbCvYBbSyT6aQdOpmEmYlYQn/FjQtF3Poj7vwbp20W2nrgXg7n3MvcOUHCmdKu+22trK6tb2wWtorbO7t7+/ZBqaniVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHQz9VuPVCoWi3s9Tqgf4YFgISNYG6lnl2oVVHs4Mw11E1ZBjuP07LLruDOgZeLlpAw56j37q9uPSRpRoQnHSnU8N9F+hqVmhNNJsZsqmmAywgPaMVTgiCo/m90+QSdG6aMwlqaERjP190aGI6XGUWAmI6yHatGbiv95nVSHV37GRJJqKsj8oTDlSMdoGgTqM0mJ5mNDMJHM3IrIEEtMtImraELwFr+8TJrnjuc63t1FuXqdx1GAIziGU/DgEqpwC3VoAIEneIZXeLMm1ov1bn3MR1esfOcQ/sD6/AGT25GL</latexit>

One specific final state

B ! D[! K ¯̀⌫]`⌫̄
<latexit sha1_base64="rSbvknCBOijGh2RouQ8BqcHiRL0="></latexit><latexit sha1_base64="rSbvknCBOijGh2RouQ8BqcHiRL0="></latexit><latexit sha1_base64="rSbvknCBOijGh2RouQ8BqcHiRL0="></latexit><latexit sha1_base64="rSbvknCBOijGh2RouQ8BqcHiRL0="></latexit>

At low q2 SM prediction depends 
on b-Quark PDF inside B-Meson:

Example toy fit to extract
C9 and C10 at low q2 with angular

information• Benefit: 

• Theory completely independent for 

predicting inclusive decays.

• Alternative path to determine C9 and 

C10 Wilson coefficients

• Major background: semileptonic decays 

with 


• Measurement only at low q2 = mll  possible



Florian Bernlochner Fantastic Bs and where to find them !54

Alternative paths to that fantastic B: Inclusively
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<latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit>

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

�

<latexit sha1_base64="FIcLmA4SNtBp4NFnS+gCCha9KwU=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkATyma7SZduNmF3IpTQH+HFgyJe/T3e/Ddu2xy09cHA470ZZuaFmRQGXffbWVvf2NzaruxUd/f2Dw5rR8cdk+aa8TZLZap7ITVcCsXbKFDyXqY5TULJu+H4buZ3n7g2IlWPOMl4kNBYiUgwilbq+qGIY386qNXdhjsHWSVeSepQojWoffnDlOUJV8gkNabvuRkGBdUomOTTqp8bnlE2pjHvW6powk1QzM+dknOrDEmUalsKyVz9PVHQxJhJEtrOhOLILHsz8T+vn2N0ExRCZTlyxRaLolwSTMnsdzIUmjOUE0so08LeStiIasrQJlS1IXjLL6+SzmXDcxvew1W9eVvGUYFTOIML8OAamnAPLWgDgzE8wyu8OZnz4rw7H4vWNaecOYE/cD5/AFZnj44=</latexit><latexit sha1_base64="FIcLmA4SNtBp4NFnS+gCCha9KwU=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkATyma7SZduNmF3IpTQH+HFgyJe/T3e/Ddu2xy09cHA470ZZuaFmRQGXffbWVvf2NzaruxUd/f2Dw5rR8cdk+aa8TZLZap7ITVcCsXbKFDyXqY5TULJu+H4buZ3n7g2IlWPOMl4kNBYiUgwilbq+qGIY386qNXdhjsHWSVeSepQojWoffnDlOUJV8gkNabvuRkGBdUomOTTqp8bnlE2pjHvW6powk1QzM+dknOrDEmUalsKyVz9PVHQxJhJEtrOhOLILHsz8T+vn2N0ExRCZTlyxRaLolwSTMnsdzIUmjOUE0so08LeStiIasrQJlS1IXjLL6+SzmXDcxvew1W9eVvGUYFTOIML8OAamnAPLWgDgzE8wyu8OZnz4rw7H4vWNaecOYE/cD5/AFZnj44=</latexit><latexit sha1_base64="FIcLmA4SNtBp4NFnS+gCCha9KwU=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkATyma7SZduNmF3IpTQH+HFgyJe/T3e/Ddu2xy09cHA470ZZuaFmRQGXffbWVvf2NzaruxUd/f2Dw5rR8cdk+aa8TZLZap7ITVcCsXbKFDyXqY5TULJu+H4buZ3n7g2IlWPOMl4kNBYiUgwilbq+qGIY386qNXdhjsHWSVeSepQojWoffnDlOUJV8gkNabvuRkGBdUomOTTqp8bnlE2pjHvW6powk1QzM+dknOrDEmUalsKyVz9PVHQxJhJEtrOhOLILHsz8T+vn2N0ExRCZTlyxRaLolwSTMnsdzIUmjOUE0so08LeStiIasrQJlS1IXjLL6+SzmXDcxvew1W9eVvGUYFTOIML8OAamnAPLWgDgzE8wyu8OZnz4rw7H4vWNaecOYE/cD5/AFZnj44=</latexit><latexit sha1_base64="FIcLmA4SNtBp4NFnS+gCCha9KwU=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkATyma7SZduNmF3IpTQH+HFgyJe/T3e/Ddu2xy09cHA470ZZuaFmRQGXffbWVvf2NzaruxUd/f2Dw5rR8cdk+aa8TZLZap7ITVcCsXbKFDyXqY5TULJu+H4buZ3n7g2IlWPOMl4kNBYiUgwilbq+qGIY386qNXdhjsHWSVeSepQojWoffnDlOUJV8gkNabvuRkGBdUomOTTqp8bnlE2pjHvW6powk1QzM+dknOrDEmUalsKyVz9PVHQxJhJEtrOhOLILHsz8T+vn2N0ExRCZTlyxRaLolwSTMnsdzIUmjOUE0so08LeStiIasrQJlS1IXjLL6+SzmXDcxvew1W9eVvGUYFTOIML8OAamnAPLWgDgzE8wyu8OZnz4rw7H4vWNaecOYE/cD5/AFZnj44=</latexit>

incl.

All possible final statesInclusive Xs
<latexit sha1_base64="T720vG0aPWB+ZpEp6vdMuimbvgs=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9dPq671a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5Az74jcI=</latexit><latexit sha1_base64="T720vG0aPWB+ZpEp6vdMuimbvgs=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9dPq671a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5Az74jcI=</latexit><latexit sha1_base64="T720vG0aPWB+ZpEp6vdMuimbvgs=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9dPq671a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5Az74jcI=</latexit><latexit sha1_base64="T720vG0aPWB+ZpEp6vdMuimbvgs=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9dPq671a9mjcHWSV+QapQoNF3v3qDhGUxSsME1brre6kJcqoMZwKnlV6mMaVsTIfYtVTSGHWQz0+dkjOrDEiUKFvSkLn6eyKnsdaTOLSdMTUjvezNxP+8bmai6yDnMs0MSrZYFGWCmITM/iYDrpAZMbGEMsXtrYSNqKLM2HQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c4L86787FoLTnFzDH8gfP5Az74jcI=</latexit>

Exclusive K,K⇤,K⇡, ...
<latexit sha1_base64="I0aLizoJi83MbNRzqAwqzFpmiWQ=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSKIlJCIoMuiG6GbCvYBbSyT6aQdOpmEmYlYQn/FjQtF3Poj7vwbp20W2nrgXg7n3MvcOUHCmdKu+22trK6tb2wWtorbO7t7+/ZBqaniVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHQz9VuPVCoWi3s9Tqgf4YFgISNYG6lnl2oVVHs4Mw11E1ZBjuP07LLruDOgZeLlpAw56j37q9uPSRpRoQnHSnU8N9F+hqVmhNNJsZsqmmAywgPaMVTgiCo/m90+QSdG6aMwlqaERjP190aGI6XGUWAmI6yHatGbiv95nVSHV37GRJJqKsj8oTDlSMdoGgTqM0mJ5mNDMJHM3IrIEEtMtImraELwFr+8TJrnjuc63t1FuXqdx1GAIziGU/DgEqpwC3VoAIEneIZXeLMm1ov1bn3MR1esfOcQ/sD6/AGT25GL</latexit><latexit sha1_base64="I0aLizoJi83MbNRzqAwqzFpmiWQ=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSKIlJCIoMuiG6GbCvYBbSyT6aQdOpmEmYlYQn/FjQtF3Poj7vwbp20W2nrgXg7n3MvcOUHCmdKu+22trK6tb2wWtorbO7t7+/ZBqaniVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHQz9VuPVCoWi3s9Tqgf4YFgISNYG6lnl2oVVHs4Mw11E1ZBjuP07LLruDOgZeLlpAw56j37q9uPSRpRoQnHSnU8N9F+hqVmhNNJsZsqmmAywgPaMVTgiCo/m90+QSdG6aMwlqaERjP190aGI6XGUWAmI6yHatGbiv95nVSHV37GRJJqKsj8oTDlSMdoGgTqM0mJ5mNDMJHM3IrIEEtMtImraELwFr+8TJrnjuc63t1FuXqdx1GAIziGU/DgEqpwC3VoAIEneIZXeLMm1ov1bn3MR1esfOcQ/sD6/AGT25GL</latexit><latexit sha1_base64="I0aLizoJi83MbNRzqAwqzFpmiWQ=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSKIlJCIoMuiG6GbCvYBbSyT6aQdOpmEmYlYQn/FjQtF3Poj7vwbp20W2nrgXg7n3MvcOUHCmdKu+22trK6tb2wWtorbO7t7+/ZBqaniVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHQz9VuPVCoWi3s9Tqgf4YFgISNYG6lnl2oVVHs4Mw11E1ZBjuP07LLruDOgZeLlpAw56j37q9uPSRpRoQnHSnU8N9F+hqVmhNNJsZsqmmAywgPaMVTgiCo/m90+QSdG6aMwlqaERjP190aGI6XGUWAmI6yHatGbiv95nVSHV37GRJJqKsj8oTDlSMdoGgTqM0mJ5mNDMJHM3IrIEEtMtImraELwFr+8TJrnjuc63t1FuXqdx1GAIziGU/DgEqpwC3VoAIEneIZXeLMm1ov1bn3MR1esfOcQ/sD6/AGT25GL</latexit><latexit sha1_base64="I0aLizoJi83MbNRzqAwqzFpmiWQ=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSKIlJCIoMuiG6GbCvYBbSyT6aQdOpmEmYlYQn/FjQtF3Poj7vwbp20W2nrgXg7n3MvcOUHCmdKu+22trK6tb2wWtorbO7t7+/ZBqaniVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHQz9VuPVCoWi3s9Tqgf4YFgISNYG6lnl2oVVHs4Mw11E1ZBjuP07LLruDOgZeLlpAw56j37q9uPSRpRoQnHSnU8N9F+hqVmhNNJsZsqmmAywgPaMVTgiCo/m90+QSdG6aMwlqaERjP190aGI6XGUWAmI6yHatGbiv95nVSHV37GRJJqKsj8oTDlSMdoGgTqM0mJ5mNDMJHM3IrIEEtMtImraELwFr+8TJrnjuc63t1FuXqdx1GAIziGU/DgEqpwC3VoAIEneIZXeLMm1ov1bn3MR1esfOcQ/sD6/AGT25GL</latexit>

One specific final state

B ! D[! K ¯̀⌫]`⌫̄
<latexit sha1_base64="rSbvknCBOijGh2RouQ8BqcHiRL0="></latexit><latexit sha1_base64="rSbvknCBOijGh2RouQ8BqcHiRL0="></latexit><latexit sha1_base64="rSbvknCBOijGh2RouQ8BqcHiRL0="></latexit><latexit sha1_base64="rSbvknCBOijGh2RouQ8BqcHiRL0="></latexit>

At low q2 SM prediction depends 
on b-Quark PDF inside B-Meson:

Can be constrained 
with two-body or other 
decays, e.g. 

B ! Xs�
<latexit sha1_base64="hyO5r3eqQ08rJM8SKciVeZ35vIM=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0VwFZIa2rordeOygn1AE8JkOmmHziRhZlIooX/ixoUibv0Td/6Nk7aCih64cDjnXu69J0wZlcq2P4zSxubW9k55t7K3f3B4ZB6f9GSSCUy6OGGJGIRIEkZj0lVUMTJIBUE8ZKQfTm8Kvz8jQtIkvlfzlPgcjWMaUYyUlgLTbENPJXAQSOiNEecoMKu2dd2s19w6tC3bbjg1pyC1hnvlQkcrBapgjU5gvnujBGecxAozJOXQsVPl50goihlZVLxMkhThKRqToaYx4kT6+fLyBbzQyghGidAVK7hUv0/kiEs556Hu5EhN5G+vEP/yhpmKmn5O4zRTJMarRVHGoP61iAGOqCBYsbkmCAuqb4V4ggTCSodV0SF8fQr/J72a5diWc+dWW+11HGVwBs7BJXBAA7TALeiALsBgBh7AE3g2cuPReDFeV60lYz1zCn7AePsEjT2S9w==</latexit><latexit sha1_base64="hyO5r3eqQ08rJM8SKciVeZ35vIM=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0VwFZIa2rordeOygn1AE8JkOmmHziRhZlIooX/ixoUibv0Td/6Nk7aCih64cDjnXu69J0wZlcq2P4zSxubW9k55t7K3f3B4ZB6f9GSSCUy6OGGJGIRIEkZj0lVUMTJIBUE8ZKQfTm8Kvz8jQtIkvlfzlPgcjWMaUYyUlgLTbENPJXAQSOiNEecoMKu2dd2s19w6tC3bbjg1pyC1hnvlQkcrBapgjU5gvnujBGecxAozJOXQsVPl50goihlZVLxMkhThKRqToaYx4kT6+fLyBbzQyghGidAVK7hUv0/kiEs556Hu5EhN5G+vEP/yhpmKmn5O4zRTJMarRVHGoP61iAGOqCBYsbkmCAuqb4V4ggTCSodV0SF8fQr/J72a5diWc+dWW+11HGVwBs7BJXBAA7TALeiALsBgBh7AE3g2cuPReDFeV60lYz1zCn7AePsEjT2S9w==</latexit><latexit sha1_base64="hyO5r3eqQ08rJM8SKciVeZ35vIM=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0VwFZIa2rordeOygn1AE8JkOmmHziRhZlIooX/ixoUibv0Td/6Nk7aCih64cDjnXu69J0wZlcq2P4zSxubW9k55t7K3f3B4ZB6f9GSSCUy6OGGJGIRIEkZj0lVUMTJIBUE8ZKQfTm8Kvz8jQtIkvlfzlPgcjWMaUYyUlgLTbENPJXAQSOiNEecoMKu2dd2s19w6tC3bbjg1pyC1hnvlQkcrBapgjU5gvnujBGecxAozJOXQsVPl50goihlZVLxMkhThKRqToaYx4kT6+fLyBbzQyghGidAVK7hUv0/kiEs556Hu5EhN5G+vEP/yhpmKmn5O4zRTJMarRVHGoP61iAGOqCBYsbkmCAuqb4V4ggTCSodV0SF8fQr/J72a5diWc+dWW+11HGVwBs7BJXBAA7TALeiALsBgBh7AE3g2cuPReDFeV60lYz1zCn7AePsEjT2S9w==</latexit><latexit sha1_base64="hyO5r3eqQ08rJM8SKciVeZ35vIM=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0VwFZIa2rordeOygn1AE8JkOmmHziRhZlIooX/ixoUibv0Td/6Nk7aCih64cDjnXu69J0wZlcq2P4zSxubW9k55t7K3f3B4ZB6f9GSSCUy6OGGJGIRIEkZj0lVUMTJIBUE8ZKQfTm8Kvz8jQtIkvlfzlPgcjWMaUYyUlgLTbENPJXAQSOiNEecoMKu2dd2s19w6tC3bbjg1pyC1hnvlQkcrBapgjU5gvnujBGecxAozJOXQsVPl50goihlZVLxMkhThKRqToaYx4kT6+fLyBbzQyghGidAVK7hUv0/kiEs556Hu5EhN5G+vEP/yhpmKmn5O4zRTJMarRVHGoP61iAGOqCBYsbkmCAuqb4V4ggTCSodV0SF8fQr/J72a5diWc+dWW+11HGVwBs7BJXBAA7TALeiALsBgBh7AE3g2cuPReDFeV60lYz1zCn7AePsEjT2S9w==</latexit>

Example toy fit to extract
C9 and C10 at low q2 with angular

information• Benefit: 

• Theory completely independent for 

predicting inclusive decays.

• Alternative path to determine C9 and 

C10 Wilson coefficients

• Major background: semileptonic decays 

with 


• Measurement only at low q2 = mll  possible



Florian Bernlochner Fantastic Bs and where to find them

• b →s ɣ decay rate:


• Eɣ spectrum determined by nonpert. B distribution (shape function)


• Tail for sufficiently small Eɣ is mostly perturbative 


• Y(4S) boost and experimental resolution further smear things out

!55

Constraining the Shape-Function
The Challenge of B ! Xs�.
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b ! s�

�bs

b ! s� transition rate: d�/dE� = |C7|
2 �(E� � mb/2)

E� spectrum determined by nonpert. B distribution (shape function)

Tail (and integral down to) sufficiently small E� is mostly perturbative

⌥(4S) boost and exp. resolution further smears it all out

Most experimental sensitivity comes from peak region at higher E�

I Analogous story, a bit more complicated, for B ! Xu`⌫ & B ! Xs`
+
`
�
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d�/dE� ⇠ �(E� �mb/2)
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The Challenge of B ! Xs�.

0

1

2

2

3

4

0.5

1.5

1.6 1.8 2.2 2.4

2.5

2.6 2.8

3.5

E� [GeV]

(d
�
s
/
d
E

�
)
/
�
s

[G
eV

�
1
]

b ! s�
nonpert. bF

�Bs

b ! s� transition rate: d�/dE� = |C7|
2 �(E� � mb/2)

E� spectrum determined by nonpert. B distribution (shape function)
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Most experimental sensitivity comes from peak region at higher E�

I Analogous story, a bit more complicated, for B ! Xu`⌫ & B ! Xs`
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Constraining the Shape-Function

• b →s ɣ decay rate:


• Eɣ spectrum determined by nonpert. B distribution (shape function)


• Tail for sufficiently small Eɣ is mostly perturbative 


• Y(4S) boost and experimental resolution further smear things out

d�/dE� ⇠ �(E� �mb/2)
<latexit sha1_base64="qRik4HPtUk1oLxl1KAkPTfZG0J0=">AAACK3icbZBNSyNBEIZ7XD/jV3b36KUxCHrQzARBj6KIe1QwKmTCUNNTiU26Z4buGjEM+T978a940IO74tX/YScG8euFhpenqqiuN86VtOT7/72JH5NT0zOzc5X5hcWl5erPX2c2K4zApshUZi5isKhkik2SpPAiNwg6Vnge9w6G9fMrNFZm6Sn1c2xr6KayIwWQQ1F1PyS8pjIZ8PAItAZe52/kMAq7IxZaqXmYoCJYf4ObXEcxrzc2omrN3/JH4l9NMDY1NtZxVL0Lk0wUGlMSCqxtBX5O7RIMSaFwUAkLizmIHnSx5WwKGm27HN064GuOJLyTGfdS4iP6fqIEbW1fx65TA13az7Uh/K7WKqiz2y5lmheEqXhd1CkUp4wPg+OJNChI9Z0BYaT7KxeXYECQi7fiQgg+n/zVnDW2AudPtmt7++M4ZtkKW2XrLGA7bI/9YcesyQT7y27ZA/vn3Xj33qP39No64Y1nfrMP8p5fAH0opeU=</latexit><latexit sha1_base64="qRik4HPtUk1oLxl1KAkPTfZG0J0=">AAACK3icbZBNSyNBEIZ7XD/jV3b36KUxCHrQzARBj6KIe1QwKmTCUNNTiU26Z4buGjEM+T978a940IO74tX/YScG8euFhpenqqiuN86VtOT7/72JH5NT0zOzc5X5hcWl5erPX2c2K4zApshUZi5isKhkik2SpPAiNwg6Vnge9w6G9fMrNFZm6Sn1c2xr6KayIwWQQ1F1PyS8pjIZ8PAItAZe52/kMAq7IxZaqXmYoCJYf4ObXEcxrzc2omrN3/JH4l9NMDY1NtZxVL0Lk0wUGlMSCqxtBX5O7RIMSaFwUAkLizmIHnSx5WwKGm27HN064GuOJLyTGfdS4iP6fqIEbW1fx65TA13az7Uh/K7WKqiz2y5lmheEqXhd1CkUp4wPg+OJNChI9Z0BYaT7KxeXYECQi7fiQgg+n/zVnDW2AudPtmt7++M4ZtkKW2XrLGA7bI/9YcesyQT7y27ZA/vn3Xj33qP39No64Y1nfrMP8p5fAH0opeU=</latexit><latexit sha1_base64="qRik4HPtUk1oLxl1KAkPTfZG0J0=">AAACK3icbZBNSyNBEIZ7XD/jV3b36KUxCHrQzARBj6KIe1QwKmTCUNNTiU26Z4buGjEM+T978a940IO74tX/YScG8euFhpenqqiuN86VtOT7/72JH5NT0zOzc5X5hcWl5erPX2c2K4zApshUZi5isKhkik2SpPAiNwg6Vnge9w6G9fMrNFZm6Sn1c2xr6KayIwWQQ1F1PyS8pjIZ8PAItAZe52/kMAq7IxZaqXmYoCJYf4ObXEcxrzc2omrN3/JH4l9NMDY1NtZxVL0Lk0wUGlMSCqxtBX5O7RIMSaFwUAkLizmIHnSx5WwKGm27HN064GuOJLyTGfdS4iP6fqIEbW1fx65TA13az7Uh/K7WKqiz2y5lmheEqXhd1CkUp4wPg+OJNChI9Z0BYaT7KxeXYECQi7fiQgg+n/zVnDW2AudPtmt7++M4ZtkKW2XrLGA7bI/9YcesyQT7y27ZA/vn3Xj33qP39No64Y1nfrMP8p5fAH0opeU=</latexit><latexit sha1_base64="qRik4HPtUk1oLxl1KAkPTfZG0J0=">AAACK3icbZBNSyNBEIZ7XD/jV3b36KUxCHrQzARBj6KIe1QwKmTCUNNTiU26Z4buGjEM+T978a940IO74tX/YScG8euFhpenqqiuN86VtOT7/72JH5NT0zOzc5X5hcWl5erPX2c2K4zApshUZi5isKhkik2SpPAiNwg6Vnge9w6G9fMrNFZm6Sn1c2xr6KayIwWQQ1F1PyS8pjIZ8PAItAZe52/kMAq7IxZaqXmYoCJYf4ObXEcxrzc2omrN3/JH4l9NMDY1NtZxVL0Lk0wUGlMSCqxtBX5O7RIMSaFwUAkLizmIHnSx5WwKGm27HN064GuOJLyTGfdS4iP6fqIEbW1fx65TA13az7Uh/K7WKqiz2y5lmheEqXhd1CkUp4wPg+OJNChI9Z0BYaT7KxeXYECQi7fiQgg+n/zVnDW2AudPtmt7++M4ZtkKW2XrLGA7bI/9YcesyQT7y27ZA/vn3Xj33qP39No64Y1nfrMP8p5fAH0opeU=</latexit>



Florian Bernlochner Fantastic Bs and where to find them !57

Constraining the Shape-Function
The Challenge of B ! Xs�.
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• b →s ɣ decay rate:


• Eɣ spectrum determined by nonpert. B distribution (shape function)


• Tail for sufficiently small Eɣ is mostly perturbative 


• Y(4S) boost and experimental resolution further smear things out

d�/dE� ⇠ �(E� �mb/2)
<latexit sha1_base64="qRik4HPtUk1oLxl1KAkPTfZG0J0=">AAACK3icbZBNSyNBEIZ7XD/jV3b36KUxCHrQzARBj6KIe1QwKmTCUNNTiU26Z4buGjEM+T978a940IO74tX/YScG8euFhpenqqiuN86VtOT7/72JH5NT0zOzc5X5hcWl5erPX2c2K4zApshUZi5isKhkik2SpPAiNwg6Vnge9w6G9fMrNFZm6Sn1c2xr6KayIwWQQ1F1PyS8pjIZ8PAItAZe52/kMAq7IxZaqXmYoCJYf4ObXEcxrzc2omrN3/JH4l9NMDY1NtZxVL0Lk0wUGlMSCqxtBX5O7RIMSaFwUAkLizmIHnSx5WwKGm27HN064GuOJLyTGfdS4iP6fqIEbW1fx65TA13az7Uh/K7WKqiz2y5lmheEqXhd1CkUp4wPg+OJNChI9Z0BYaT7KxeXYECQi7fiQgg+n/zVnDW2AudPtmt7++M4ZtkKW2XrLGA7bI/9YcesyQT7y27ZA/vn3Xj33qP39No64Y1nfrMP8p5fAH0opeU=</latexit><latexit sha1_base64="qRik4HPtUk1oLxl1KAkPTfZG0J0=">AAACK3icbZBNSyNBEIZ7XD/jV3b36KUxCHrQzARBj6KIe1QwKmTCUNNTiU26Z4buGjEM+T978a940IO74tX/YScG8euFhpenqqiuN86VtOT7/72JH5NT0zOzc5X5hcWl5erPX2c2K4zApshUZi5isKhkik2SpPAiNwg6Vnge9w6G9fMrNFZm6Sn1c2xr6KayIwWQQ1F1PyS8pjIZ8PAItAZe52/kMAq7IxZaqXmYoCJYf4ObXEcxrzc2omrN3/JH4l9NMDY1NtZxVL0Lk0wUGlMSCqxtBX5O7RIMSaFwUAkLizmIHnSx5WwKGm27HN064GuOJLyTGfdS4iP6fqIEbW1fx65TA13az7Uh/K7WKqiz2y5lmheEqXhd1CkUp4wPg+OJNChI9Z0BYaT7KxeXYECQi7fiQgg+n/zVnDW2AudPtmt7++M4ZtkKW2XrLGA7bI/9YcesyQT7y27ZA/vn3Xj33qP39No64Y1nfrMP8p5fAH0opeU=</latexit><latexit sha1_base64="qRik4HPtUk1oLxl1KAkPTfZG0J0=">AAACK3icbZBNSyNBEIZ7XD/jV3b36KUxCHrQzARBj6KIe1QwKmTCUNNTiU26Z4buGjEM+T978a940IO74tX/YScG8euFhpenqqiuN86VtOT7/72JH5NT0zOzc5X5hcWl5erPX2c2K4zApshUZi5isKhkik2SpPAiNwg6Vnge9w6G9fMrNFZm6Sn1c2xr6KayIwWQQ1F1PyS8pjIZ8PAItAZe52/kMAq7IxZaqXmYoCJYf4ObXEcxrzc2omrN3/JH4l9NMDY1NtZxVL0Lk0wUGlMSCqxtBX5O7RIMSaFwUAkLizmIHnSx5WwKGm27HN064GuOJLyTGfdS4iP6fqIEbW1fx65TA13az7Uh/K7WKqiz2y5lmheEqXhd1CkUp4wPg+OJNChI9Z0BYaT7KxeXYECQi7fiQgg+n/zVnDW2AudPtmt7++M4ZtkKW2XrLGA7bI/9YcesyQT7y27ZA/vn3Xj33qP39No64Y1nfrMP8p5fAH0opeU=</latexit><latexit sha1_base64="qRik4HPtUk1oLxl1KAkPTfZG0J0=">AAACK3icbZBNSyNBEIZ7XD/jV3b36KUxCHrQzARBj6KIe1QwKmTCUNNTiU26Z4buGjEM+T978a940IO74tX/YScG8euFhpenqqiuN86VtOT7/72JH5NT0zOzc5X5hcWl5erPX2c2K4zApshUZi5isKhkik2SpPAiNwg6Vnge9w6G9fMrNFZm6Sn1c2xr6KayIwWQQ1F1PyS8pjIZ8PAItAZe52/kMAq7IxZaqXmYoCJYf4ObXEcxrzc2omrN3/JH4l9NMDY1NtZxVL0Lk0wUGlMSCqxtBX5O7RIMSaFwUAkLizmIHnSx5WwKGm27HN064GuOJLyTGfdS4iP6fqIEbW1fx65TA13az7Uh/K7WKqiz2y5lmheEqXhd1CkUp4wPg+OJNChI9Z0BYaT7KxeXYECQi7fiQgg+n/zVnDW2AudPtmt7++M4ZtkKW2XrLGA7bI/9YcesyQT7y27ZA/vn3Xj33qP39No64Y1nfrMP8p5fAH0opeU=</latexit>



Florian Bernlochner Fantastic Bs and where to find them !58

The Challenge of B ! Xs�.
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Constraining the Shape-Function

• b →s ɣ decay rate:


• Eɣ spectrum determined by nonpert. B distribution (shape function)


• Tail for sufficiently small Eɣ is mostly perturbative 


• Y(4S) boost and experimental resolution further smear things out
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The Challenge of B ! Xs�.
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Constraining the Shape-Function

• b →s ɣ decay rate:


• Eɣ spectrum determined by nonpert. B distribution (shape function)


• Tail for sufficiently small Eɣ is mostly perturbative 


• Y(4S) boost and experimental resolution further smear things out
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Fig. 12.5 The e�ect of the convergence of the shape function on m1S
b and |C incl.

7 Vtb V �
ts| for

di�erent bases and with fits for with two (c01), three (c012), four (c0123), and five

(c01234) coe⇥cients. The ellipses denote the corresponding ��2 = 1 confidence

regions as calculated from the experimental uncertainties.
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SIMBA: effort to determine 
nonpert. B distribution
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Effective Field Theories (EFTs) and New Physics

The poster child of EFT-based indirect 
searches for new physics

The B ! Xs� Microscope.

The poster child of EFT-based indirect search for new physics
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) Precise measurement of b ! s� rate at low scale gives access to
possible new contributions at high scales
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new heavy particles


running in loop
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SIMBA result for |C7| and mbResults.
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FB et al., to appear 

Results.

No perturbative uncertainties included yet
I Going to be similar in size to fit uncertainties
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shape function encodes details 
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a priori unknown, for some applications 
as important as knowing the Proton 

PDF at the LHC
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Figure 7: Future prospects for measurements of R(D) and R(D⇤). The SM and future ex-

pected uncertainties at milestone III are combined to predict the significance with which a

given point can be excluded if the current central values remain the same (red lines). The

expected uncertainties from Belle II (green) and LHCb (blue) alone are shown as the shaded

bands. The relatively small size of the SM uncertainty compared to the current experimental

constraints can be seen in Fig. A.10, where the uncertainties are shown separately.

uncertainties are assumed to be negligible in this study. The development of
theoretical uncertainties is much harder to predict. For quantities accessible
to lattice QCD, the expected improvment in computing power allows to safely
assume significant improvements on the five to ten year time scale considered
here. In semi-leptonic decays, this concerns in particular the hadronic form
factors. Even though current lattice calculations of B ! K

⇤ form factors also
face systematic uncertainties due to the finite K

⇤ lifetime, a solution of this
challenge is realistic in the near future [55]. For B ! K form factors, this
problem is absent. It thus seems realistic to assume a reduction of all form
factor uncertainties by a factor of two by the time of reaching milestone II [28]
and we assume this in our numerics. For the remaining uncertainties, in par-
ticular systematic uncertainties due to non-factorizable hadronic contributions,
we conservatively assume they will stay the same as at present, even though
data-driven methods might allow to reduce them in the future [56, 57].

For b! s`
+
`
� and radiative b! s� transitions, the effective Hamiltonian

can be expressed as

He↵ = �
4GF
p

2
�t

X

i

(CiOi + C
0
iO

0
i) + h.c., (1)

where GF is the Fermi constant and �t = VtbV
⇤
ts is a CKM factor. In a large

class of new physics models, the most important new physics effects in these
transitions appear in the Wilson coefficients Ci of the following dimension-6
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FB et al., arXiv:1709.10308
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Figure 8: In the two-dimensional scans of pairs of Wilson coefficients, the current average

(not filled) as well as the extrapolations to future sensitivities (filled) of LHCb at milestones

I, II and III (exclusive) and Belle II at milestones I and II (inclusive and exclusive) are given.

The central values of the extrapolations have been evaluated in the NP scenarios listed in

Table 5. The contours correspond to 1� uncertainty bands. The Standard Model point (black

dot) with the 1�, 3�, 5� and 7� exclusion contours with a combined sensitivity of LHCb’s

50 fb
�1

and Belle II’s 50 ab
�1

datasets is indicated in light grey. The primed operators show

no tensions with respect to the SM; hence no SM exclusions are provided.
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Full Event Interpretation or FEI

1.1. Analysis Strategy

In this note, first studies evaluating the hadronic tagging performance are summarised.

To this end events are reconstructed without any signal-side selection and the Btag kinematic

is studied. A sample enriched in correctly reconstructed candidates is obtained via cutting

on the FEI classifier, and the number of B-meson candidate events is obtained by fitting

the beam-constrained mass, mbc, defined as

mbc =

q
s/4 � |~p ⇤

Btag
|2 , (1)

with ~p ⇤
Btag

denoting the reconstructed three-momentum of the Btag candidate in the ⌥ (4S)
rest frame, and

p
s denotes the beam energy.

2. SELECTION

2.1. Overview

The FEI algorithms reconstructs hadronic tag candidates from over 100 explicit decay

channels, with more than 10000 distinct decay chains. The first objects are by the recon-

struction software are charged tracks, neutral clusters, and displaced vertices. In six distinct

stages, these objects are interpreted as final state particles (e±, µ±, K±, ⇡±, KL, �), com-

bined to firm intermediate particles (J/ , ⇡0, KS, D,D⇤
) and eventually combined to form

the Btag candidate. The procedure is summarised in Figure 2.

At each level, a probability in the form of a multivariate classifier is constructed. This

classifier is built from a set of input features (e.g. four-momentum, vertex information) and

was trained using simulated Phase II ⌥ (4S) ! BB̄ MC events. At the final stage, each

B-meson candidate has an associated signal probability built from the preceding features

and classifiers, which can be used to discriminate correctly identified Btag candidate events

from random combinations. In each event, the candidate with the highest probability is

kept.
4 FEI
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Fig. 2: Schematic overview of the FEI. The algorithm
operates on objects identified by the reconstruction
software of the Belle II detectors: charged tracks, neu-
tral clusters and displaced vertices. In six distinct
stages, these basics objects are interpreted as final state
particles (e+, µ+, K+, ⇡+, K0

L, �) combined to form in-
termediate particles (J/� , ⇡0, K0

S, D, D⇤) and finally
form the tag-side B mesons.

the detector (background) or even consists of a random
combination of hits from beam-background (also back-
ground).

All candidates available at the current stage are
combined to intermediate particle candidates in the
subsequent stages, until candidates for the desired B
mesons are created. Each intermediate particle has mul-
tiple possible decay-channels, which can be used to cre-
ate valid candidates. For instance, a B� candidate can
be created by combining a D0 and a ⇡� candidate, or
by combining a D0, a ⇡� and a ⇡0 candidate. The used
D0 candidate could be created from a K� and a ⇡+, or
from a K0

S and a ⇡0.
The FEI reconstructs more than 100 explicit decay-

channels, leading to more than O(10000) distinct decay-
chains.

3.2 Multivariate Classification

The FEI employs multivariate classifiers to estimate
the probability of each candidate to be correct. Hence,
each candidate created by the FEI (regardless at which
stage) has an associated signal probability �, which
can be used to discriminate correctly identified candi-
dates from background.

For each final state particle and for each decay-
channel of an intermediate particle, a multivariate clas-
sifier is trained which estimates the probability that
the candidate is correct. In order to use all available

information at each stage, a network of multivariate
classifiers is built, following the hierarchical structure.

For instance, the classifier built for the decay of
B� ! D0⇡� would use � of the D0 and ⇡� candidates,
to estimate the � of the B� candidate created by com-
bining the aforementioned D0 and ⇡� candidates.

Additional input features of the classifiers are the
kinematic and vertex fit information of the candidate
and its daughters. The multivariate classifiers used by
the FEI are trained on Monte Carlo (MC) simulated
events. The training is fully automatized and distributed
using a map-reduce approach.

As can be seen in Figure 2 the available information
flows from the data provided by the detector through
the intermediate candidates into the final B meson can-
didates, yielding a single number which can be used
to distinguish correctly from incorrectly identified Btag

mesons. This allows to tune the trade-off between tag-
side-efficiency and tag-side-purity of the algorithm by
requiring a minimal �. However, most exclusive mea-
surements by Belle, which used the previous FR algo-
rithm, chose a working point near the maximum tag-
side-efficiency as described in Section 2.

3.3 Combinatorics

It is not possible to consider all possible B meson candi-
dates created by all possible combinations. The amount
of possible combinations scales with the factorial in the
number of tracks and clusters. This problem is known as
combinatorics in high-energy physics. Furthermore,
it is not worthwhile to consider all possible B meson
candidates, because all of them (except for two in the
best-case scenario) are wrong.

The FEI uses two sets of so-called cuts. A cut is
a criterion a candidate has to fulfill to be considered
further. For instance one could demand that the beam-
constrained mass of the B meson candidate is near
the nominal mass 5.28 GeV of a B meson particle, or
that a µ+ candidate has a large µ likelihood calculated
from the measurements in the particle-identification
sub-detectors.

Directly after the creation of the candidate (either
from a track/cluster, or by combining other candidates),
but before the application of the multivariate classifier,
the FEI uses loose and fast pre-cuts to remove wrongly
identified candidates (background), without loosing sig-
nal. The main purpose of these cuts is to save comput-
ing time and to reduce the memory consumption. These
pre-cuts are applied separately for each decay-channel.

At first, a very loose fixed cut is applied on a quan-
tity which is fast to calculate e.g. the energy for pho-

FIG. 2: Schematic overview of the FEI algorithm.
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1. INTRODUCTION

The reconstruction of the second B-meson is an essential analysis technique at B-factories

to study missing energy decays, e.g. final states with a single or multiple neutrinos in the final

state or more exotic signatures involving dark matter. For Belle II a novel algorithm, the Full

Event Interpretation [1] or short FEI, was developed to reconstruct exclusive tag-candidates.

The algorithm relies machine learning to automatically identify plausible B-meson decay-

chains and can use hadronic and semileptonic tag-side decays to do so. An illustration of

the tag- and signal-side is shown in Figure 1.
2 FEI

�(4S)
Btag Bsig

��

µ
+

�µ

��

signal-sidetag-side

Fig. 1: Schematic overview of a �(4S) decay: (Left)
a common tag-side decay B�

tag ! D0(! K0
S(!

⇡�⇡+)⇡�⇡+)⇡� and (right) a typical signal-side-decay
B+

sig ! ⌧+(! µ+⌫µ⌫� )⌫� . The two sides are overlap
spatially in the detector, therefore the assignment of a
measured track to one of the sides is not known a priori.

[16]. It automatically constructs plausible Btag meson
decay-chains compatible with the observed tracks and
clusters, and calculates for each decay-chain the prob-
ability of it correctly describing the true process. “Ex-
clusive” refers to the reconstruction of a particle (here
the Btag) assuming an explicit decay-channel.

Consequently, exclusive tagging reconstructs the Btag

independently of the Bsig using either hadronic or
semileptonic B meson decay-channels. The decay-
chain of the Btag is explicitly reconstructed and there-
fore the assignment of tracks and clusters to the tag-side
and signal-side is known.

In the case of a measurement of an exclusive branch-
ing fraction like Bsig ! ⌧ ⌫� , the entire decay-chain of
the �(4S) is known. Consequently, all tracks and clus-
ters measured by the detector should be accounted for.
In particular, the requirement of no additional tracks,
besides the ones used for the reconstruction of the
�(4S), is an extremely powerful and efficient way to re-
move most reducible1 background. This requirement is
called the completeness-constraint throughout this
text.

In the case of a measurement of an inclusive branch-
ing fraction like Bsig ! Xu�⌫, all remaining tracks and
clusters besides the ones used for the lepton � and the
Btag meson are identified with the Xu system. Hence,
the branching fraction can be determined without ex-
plicitly assuming a decay-chain for the Xu system.

The performance of an exclusive tagging algorithm
depends on the tagging efficiency (that is the fraction
of �(4S) events which can be tagged), the tag-side-
efficiency (that is the fraction of �(4S) events with a
correct tag) and on the quality of the recovered infor-
mation, which determines the tag-side-purity (that is

1 Reducible background has distinct final state products
from the signal.

the fraction of the tagged �(4S) events with a correct
tag) of the tagged events.

The exclusive tag typically provides a pure sample
(i.e. purities up to 90% are possible), but it suffers from
a low tag-side-efficiency of a few percent, since only a
tiny fraction of the B decays can be explicitly recon-
structed due to the large amount of possible decay-
channels and their high-multiplicity, as well as the im-
perfect reconstruction efficiency of tracks and clusters.

Both the quality of the recovered information and
the systematic uncertainties depend on the decay-channel
of the Btag, therefore we distinguish further between
hadronic and semileptonic exclusive tagging.

Hadronic tagging considers only hadronic B decay-
chains for the tag-side [4, Section 7.4.1]. Hence, the
four-momentum of the Btag is well-known and the tagged
sample is very pure. A typical hadronic B decay has a
branching fraction of O(10�3). In consequence, hadronic
tagging suffers from a low tag-side-efficiency. It is only
possible for a tiny fraction of the recorded events, be-
cause the large combinatorics of high-multiplicity decay-
channels requires tight selection criteria.

Semileptonic tagging considers only semileptonic
B ! D�⌫ and B ! D⇤�⌫ decay-channels [4, Section
7.4.2]. Due to the presence of a high momentum lepton
these decay-channels can be easily identified and the
semileptonic tagging usually yields a higher tag-side-
efficiency compared to hadronic tagging. On the other
hand, the semileptonic tag suffers from missing kine-
matic information due to the neutrino in the final state
of the decay. Hence, the sample is not as pure as in the
hadronic case.

To conclude, the FEI provides a hadronic and semilep-
tonic tag for B± and B0 mesons. This enables the mea-
surement of exclusive decays with several neutrinos and
inclusive decays. In both cases the FEI provides an ex-
plicit tag-side decay-chain with an associated probabil-
ity.

2 Previous work

Previous experiments already developed and success-
fully employed tagging algorithms. In order to compare
the algorithms to one another, the maximum achiev-
able tag-side-efficiency is of particular interest, because
the tag-side-efficiency is directly related to the signal
selection efficiency of the measurement. On the other
hand the achievable tag-side-purity is only of limited
use, because the achievable final purity of the final se-
lection used for the measurement is dominated by the
completeness-constraint. Hence, most of the incorrect
tags can be easily discarded and the final purity de-
pends strongly on the considered signal decay-channel.

FIG. 1: A schematic overview of tag- and signal-side is shown: The ⌥ (4S) decays into a tag-side,
B�

tag ! D0(! KS(! ⇡+⇡�)⇡+⇡�)⇡�, and a signal-side B+
sig ! ⌧+(! µ+⌫µ⌫̄⌧ )⌫⌧ .
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‣ Significant improvement of performance
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Table 2: Summary of the maximum tag-side efficiency of
different setups on simulated data from the last official
Monte Carlo campaign of the Belle experiment. The
maximum tag-side efficiency on recorded data is lower
(see Section 4.1).

B
±

B
0

Hadronic

FEI with FR channels 0.53 % 0.33 %

FEI 0.76 % 0.46 %

Semileptonic

FEI 1.80 % 2.04 %

4.3 Outlook for Belle II

As the Belle II reconstruction software is still being
optimized and no large recorded experimental data set
was available at the time of writing, hence the final tag-
side efficiency cannot be determined reliably for Belle
II at this point. Preliminary results can be found in
[10] which indicate a worse overall performance. This is
likely due to the increased beam background caused by
the higher luminosity of the collider, which does lead to
additional tracks and neutral energy depositions. This
additional detector activity is not yet fully rejected by
the Belle II reconstruction algorithms [10] and future
improvements are likely possible.

5 Discussion

The multivariate classifiers used by the FEI are trained
on Monte Carlo simulated events. Depending on the
training procedure and the type of events provided to
the training, the multivariate classifiers of the FEI are
optimized for different objectives.

In this article, we presented a so-called generic
adaption of the FEI. The generic refers to that the FEI
was trained independently of any specific signal-side us-
ing 180 million simulated ⌥(4S) events. This setup op-
timizes the tag-side efficiency of a “generic” ⌥(4S).

Other versions of the FEI exist which optimize the
tag-side efficiency of specific signal events like B ! ⌧ ⌫.
The so-called specific FEI is trained on the remaining
tracks and clusters after a potential signal B meson was
already identified. The training uses simulated ⌥(4S)
events and simulated signal events. As a consequence,
the classifiers can be specifically trained to identify cor-
rectly reconstructed Btag mesons for signal events and
can focus on reducing non-trivial background which is
not discarded by the completeness constraint. The spe-

cific FEI was first introduced as a proof of concept by
Keck [22] and used in Metzner [20].

Roughly half of the improvements with respect to
the previous algorithm can be attributed to the addi-
tionally considered decay channels. Future extensions
are currently investigated which use semileptonic D me-
son decays, baryonic decays and decays including K0

L

particles.
It should also be noted that the FEI algorithm can

be applied, with little modification, to the ⌥(5S) res-
onance. This resonance decays into a pair of B(⇤)B(⇤)

and B0
s
(⇤)

B0
s
(⇤)

mesons. The powerful completeness con-
straint can still be applied in this situation.

6 Conclusion

The Full Event Interpretation is a new exclusive
tagging algorithm developed for the Belle II experiment
and will be used to measure a wide range of decays
with a minimum of detectable information. The algo-
rithm exploits the unique setup of B factories and sig-
nificantly improves the tag-side efficiency compared to
its predecessor algorithms.

The tag-side efficiency for hadronically tagged B
mesons was validated and calibrated using Belle data.
Furthermore, the hadronic and the semileptonic tag
provided by FEI have already been used in several val-
idation measurements [10, 23, 18] using the full ⌥(4S)
dataset recorded by the Belle experiment. Similar stud-
ies and measurements for Belle II are anticipated as
soon as the experiment records a sufficient amount of
collision events.

There are several ways that the FEI algorithm could
be further refined and applied to so far unexplored ap-
plications. These will provide an exciting and fruitful
area of future research.
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Fig. 4: Receiver operating characteristic of charged Btag

mesons extracted from a fit of the beam-constrained
mass on converted Belle data. The FEI outperforms the
FR algorithms performance at low and high purity.

Fig. 5: Receiver operating characteristic of neutral Btag

mesons extracted from a fit of the beam-constrained
mass on converted Belle data. The FEI outperforms the
FR algorithms performance at low and intermediate pu-
rity. At high purity the tag-side efficiency cannot be
extracted reliably.

combining such with potential signal-side-candidates,
applying the completeness constraint (i.e. requiring no
additional tracks in the event), and performing the best
Btag candidate selection as the final step of the selec-
tion procedure. This procedure was successfully used
by several measurements to validate the expected im-
provements on recorded data: [10, 20, 18].

4.2 Semileptonic Tag

The performance of the semileptonic tag provided by
the FEI is studied using simulated Belle events. The

Fig. 6: Beam-constrained mass distribution of charged
Btag mesons in the low tag-side purity region on con-
verted Belle data.

Fig. 7: Beam-constrained mass distribution of charged
Btag mesons in the high tag-side purity region on con-
verted Belle data.

maximum tag-side efficiencies are summarized in Ta-
ble 2. Receiver operating characteristics extracted from
simulated events can be found in Keck [10]. The results
obtained from simulated events, and the fact that the
hadronic and semileptonic tag only share five out of
six reconstruction stages, indicate a significant increase
in the maximum tag-side efficiency. The semileptonic
tag was successfully used by Keck [10] to determine the
branching fraction of B ! ⌧ ⌫⌧ on the full ⌥(4S) dataset
recorded by the Belle experiment, with a smaller rel-
ative statistical uncertainty than obtained previously.
However, no studies with well-known calibration chan-
nels as described in Kronenbitter [21] and no signal-side
independent determination of the ROCs as described in
Kirchgessner [8], are available yet.

B±
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(a) Two-dimensional likelihood scan (b) One-dimensional likelihood scan and Bayesian PDF

FIG. 3: The left plot shows the two dimensional likelihood contour for the combined measurement of B+
! `+⌫`�

and B+
! ⇡0`+⌫`. The ellipses correspond to the given confidence level, including systematic uncertainties. The

right plot shows the one dimensional likelihood contour and its conversion into a Bayesian PDF F(⌫j |n) using a flat

prior for the B+
! `+⌫`� measurement, see Section III for details.

contains all systematic uncertainties discussed in Sec-
tion V. The significance over the background only hy-
pothesis for the B+

! `+⌫`� signal, as calculated us-
ing the likelihood ratio, is 1.4 standard deviations. The
B+

! ⇡0`+⌫` branching fraction is found to be

B(B+
! ⇡0`+⌫`) = (7.9± 0.6± 0.6)⇥ 10�5 , (16)

and in good agreement with the value of Ref. [20] and is424

more precise than the measurement of Ref. [28]. A sum-425

mary of all fit results, including fits to the individual elec-426

tron and muon samples are summarised in Table II. Fig-427

ure 3 shows the two-dimensional likelihood ratio contour428

�2� for both branching fractions. The correlation be-429

tween �B(B+
! `+⌫`�) and B(B+

! ⇡0`+⌫`) is found430

to be ⇢ = �2.7%.431

Due to the low significance of the observed B+
!

`+⌫`� signal, we convert the likelihood into a Bayesian
probability density function (PDF), with the proce-
dure detailed in Section III. Figure 3 shows the one-
dimensional likelihood ratio contour and the obtained
Bayesian PDF, which was obtained using a flat prior in
the partial branching fraction. The resulting limit for
B+

! `+⌫`� at 90% CL is

�B(B+
! `+⌫`�) < 3.0⇥ 10�6 at 90%CL (17)

This provides a significant more precise limit than prior432

searches, and a summary of previous limits and individ-433

ual limits for the electron and muon signal channel can434

be found in Table III.435

Using the measured B+
! `+⌫`� and B+

! ⇡0`+⌫`
branching fractions, the first inverse moment �B of the
leading-twist B meson light-cone distribution amplitude

�+ can be determined. Instead of directly using the mea-
sured B+

! `+⌫`� partial branching fraction, we use the
theoretically well understood B+

! ⇡0`+⌫` decay rate to
derive a measurement of �B which is independent of Vub .
The value of �B is related to this ratio as

R⇡ =
�B(B+

! `+⌫`�)

B(B+
! ⇡0`+⌫`)

=
��(�B)

�(B+
! ⇡0`+⌫`)

(18)

with ��(�B) denoting the partial decay rate as a func-

tion of �B and with E� > 1 GeV, and �(B+
! ⇡0`+⌫`)

denoting the total decay rate of B+
! ⇡0`+⌫`. Using

our measurement and taking into account the full exper-
imental covariance we measure

Rmeas

⇡ = (1.7± 1.4)⇥ 102 . (19)

For the prediction of the B+
! ⇡0`+⌫` de-

cay rate, we use the global fit Ref. [16] of
�(B+

! ⇡0`+⌫`) = (2.4± 0.2)⇥ 10�12 GeV. For the
partial B+

! `+⌫`� decay rate the predictions and un-
certainties of Ref. [2] extrapolated to E� > 1 GeV are
used. In Ref. [2] three di↵erent models are used to evalu-
ate the dependence of the partial decay rate on the func-
tional form of the light-cone distribution amplitude. Fig-
ure 4 shows the predicted and measured R⇡ ratio as a
function of �B . We numerically solve Eq. 18 and in Ta-
ble IV the determined value of �B for each of the three
models are given, including the corresponding theoreti-
cal uncertainties of Ref. [2]. We use the shift in central
value between all three models to also quote a value of
�B , whose uncertainties should incorporate the overall
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(a) Two-dimensional likelihood scan (b) One-dimensional likelihood scan and Bayesian PDF

FIG. 3: The left plot shows the two dimensional likelihood contour for the combined measurement of B+
! `+⌫`�

and B+
! ⇡0`+⌫`. The ellipses correspond to the given confidence level, including systematic uncertainties. The

right plot shows the one dimensional likelihood contour and its conversion into a Bayesian PDF F(⌫j |n) using a flat

prior for the B+
! `+⌫`� measurement, see Section III for details.

contains all systematic uncertainties discussed in Sec-
tion V. The significance over the background only hy-
pothesis for the B+

! `+⌫`� signal, as calculated us-
ing the likelihood ratio, is 1.4 standard deviations. The
B+

! ⇡0`+⌫` branching fraction is found to be

B(B+
! ⇡0`+⌫`) = (7.9± 0.6± 0.6)⇥ 10�5 , (16)

and in good agreement with the value of Ref. [20] and is424

more precise than the measurement of Ref. [28]. A sum-425

mary of all fit results, including fits to the individual elec-426

tron and muon samples are summarised in Table II. Fig-427

ure 3 shows the two-dimensional likelihood ratio contour428

�2� for both branching fractions. The correlation be-429

tween �B(B+
! `+⌫`�) and B(B+

! ⇡0`+⌫`) is found430

to be ⇢ = �2.7%.431

Due to the low significance of the observed B+
!

`+⌫`� signal, we convert the likelihood into a Bayesian
probability density function (PDF), with the proce-
dure detailed in Section III. Figure 3 shows the one-
dimensional likelihood ratio contour and the obtained
Bayesian PDF, which was obtained using a flat prior in
the partial branching fraction. The resulting limit for
B+

! `+⌫`� at 90% CL is

�B(B+
! `+⌫`�) < 3.0⇥ 10�6 at 90%CL (17)

This provides a significant more precise limit than prior432

searches, and a summary of previous limits and individ-433

ual limits for the electron and muon signal channel can434

be found in Table III.435

Using the measured B+
! `+⌫`� and B+

! ⇡0`+⌫`
branching fractions, the first inverse moment �B of the
leading-twist B meson light-cone distribution amplitude

�+ can be determined. Instead of directly using the mea-
sured B+

! `+⌫`� partial branching fraction, we use the
theoretically well understood B+

! ⇡0`+⌫` decay rate to
derive a measurement of �B which is independent of Vub .
The value of �B is related to this ratio as

R⇡ =
�B(B+

! `+⌫`�)

B(B+
! ⇡0`+⌫`)

=
��(�B)

�(B+
! ⇡0`+⌫`)

(18)

with ��(�B) denoting the partial decay rate as a func-

tion of �B and with E� > 1 GeV, and �(B+
! ⇡0`+⌫`)

denoting the total decay rate of B+
! ⇡0`+⌫`. Using

our measurement and taking into account the full exper-
imental covariance we measure

Rmeas

⇡ = (1.7± 1.4)⇥ 102 . (19)

For the prediction of the B+
! ⇡0`+⌫` de-

cay rate, we use the global fit Ref. [16] of
�(B+

! ⇡0`+⌫`) = (2.4± 0.2)⇥ 10�12 GeV. For the
partial B+

! `+⌫`� decay rate the predictions and un-
certainties of Ref. [2] extrapolated to E� > 1 GeV are
used. In Ref. [2] three di↵erent models are used to evalu-
ate the dependence of the partial decay rate on the func-
tional form of the light-cone distribution amplitude. Fig-
ure 4 shows the predicted and measured R⇡ ratio as a
function of �B . We numerically solve Eq. 18 and in Ta-
ble IV the determined value of �B for each of the three
models are given, including the corresponding theoreti-
cal uncertainties of Ref. [2]. We use the shift in central
value between all three models to also quote a value of
�B , whose uncertainties should incorporate the overall

excellent agreement with world average
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FIG. 3: The left plot shows the two dimensional likelihood contour for the combined measurement of B+
! `+⌫`�

and B+
! ⇡0`+⌫`. The ellipses correspond to the given confidence level, including systematic uncertainties. The

right plot shows the one dimensional likelihood contour and its conversion into a Bayesian PDF F(⌫j |n) using a flat

prior for the B+
! `+⌫`� measurement, see Section III for details.
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! `+⌫`� partial branching fraction, we use the
theoretically well understood B+
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derive a measurement of �B which is independent of Vub .
The value of �B is related to this ratio as
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with ��(�B) denoting the partial decay rate as a func-

tion of �B and with E� > 1 GeV, and �(B+
! ⇡0`+⌫`)

denoting the total decay rate of B+
! ⇡0`+⌫`. Using

our measurement and taking into account the full exper-
imental covariance we measure

Rmeas

⇡ = (1.7± 1.4)⇥ 102 . (19)

For the prediction of the B+
! ⇡0`+⌫` de-

cay rate, we use the global fit Ref. [16] of
�(B+

! ⇡0`+⌫`) = (2.4± 0.2)⇥ 10�12 GeV. For the
partial B+

! `+⌫`� decay rate the predictions and un-
certainties of Ref. [2] extrapolated to E� > 1 GeV are
used. In Ref. [2] three di↵erent models are used to evalu-
ate the dependence of the partial decay rate on the func-
tional form of the light-cone distribution amplitude. Fig-
ure 4 shows the predicted and measured R⇡ ratio as a
function of �B . We numerically solve Eq. 18 and in Ta-
ble IV the determined value of �B for each of the three
models are given, including the corresponding theoreti-
cal uncertainties of Ref. [2]. We use the shift in central
value between all three models to also quote a value of
�B , whose uncertainties should incorporate the overall
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(a) B+ ! e+⌫e� final state (b) B+ ! µ+⌫µ� final state

(c) B+ ! ⇡0e+⌫e final state (d) B+ ! ⇡0µ+⌫µ final state

FIG. 2: The post-fit M2

miss distributions for the simultaneous fit to the four categories are shown (cf. Section III).
The individual fit components are shown as coloured histograms, and the gray histogram shows their sum.

ties [20]. The uncertainty on the B+
! `+⌫`� signal407

model is estimated by correcting the simulated events408

from the prediction of Ref. [14], to the state-of-the-art409

prediction of Ref. [1].410

The e↵ect of all systematic uncertainties are directly
incorporated into the likelihood Eq. 7 via the replacement
of

⌫j fij ! ⌫j fij ⇥
systY

k

�
1 + ✓k✏ijk

�
, (14)

and constrained using the standard normal distributions411

G(✓k) in Eq. 8 for uncertainties ✏ijk of a source k of a412

component j and a given bin i. Systematic and statistical413

uncertainties are separated from each other using scans of414

the likelihood contour in which the systematic nuisance415

parameters are kept fixed at their best fit value.416

VI. RESULTS417

Figure 2 shows the M2

miss distribution of the selected418

data events in the four categories of B+
! e+⌫e� , B

+
!419

µ+⌫µ� , B
+
! ⇡0e+⌫e, and B+

! ⇡0µ+⌫µ. The selected420

events are used to maximize the likelihood function Eq. 7421

numerically, determining the four (B+
! `+⌫`�) and422

three (B+
! ⇡0`+⌫`) event types detailed in Section III.423

The fitted B+
! `+⌫`� signal, B+

! ⇡0`+⌫` normali-
sation and other background contributions are shown as
coloured histograms and the summed signal plus back-
ground template is shown as a filled gray histogram. The
obtained observed partial B+

! `+⌫`� branching frac-
tion with E� > 1 GeV is

�B(B+
! `+⌫`�) = (1.4± 1.0± 0.4)⇥ 10�6 , (15)

where the first error is statistical and the second error
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excellent agreement with world average
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(a) Two-dimensional likelihood scan (b) One-dimensional likelihood scan and Bayesian PDF

FIG. 3: The left plot shows the two dimensional likelihood contour for the combined measurement of B+
! `+⌫`�

and B+
! ⇡0`+⌫`. The ellipses correspond to the given confidence level, including systematic uncertainties. The

right plot shows the one dimensional likelihood contour and its conversion into a Bayesian PDF F(⌫j |n) using a flat

prior for the B+
! `+⌫`� measurement, see Section III for details.

contains all systematic uncertainties discussed in Sec-
tion V. The significance over the background only hy-
pothesis for the B+

! `+⌫`� signal, as calculated us-
ing the likelihood ratio, is 1.4 standard deviations. The
B+

! ⇡0`+⌫` branching fraction is found to be

B(B+
! ⇡0`+⌫`) = (7.9± 0.6± 0.6)⇥ 10�5 , (16)

and in good agreement with the value of Ref. [20] and is424

more precise than the measurement of Ref. [28]. A sum-425

mary of all fit results, including fits to the individual elec-426

tron and muon samples are summarised in Table II. Fig-427

ure 3 shows the two-dimensional likelihood ratio contour428

�2� for both branching fractions. The correlation be-429

tween �B(B+
! `+⌫`�) and B(B+

! ⇡0`+⌫`) is found430

to be ⇢ = �2.7%.431

Due to the low significance of the observed B+
!

`+⌫`� signal, we convert the likelihood into a Bayesian
probability density function (PDF), with the proce-
dure detailed in Section III. Figure 3 shows the one-
dimensional likelihood ratio contour and the obtained
Bayesian PDF, which was obtained using a flat prior in
the partial branching fraction. The resulting limit for
B+

! `+⌫`� at 90% CL is

�B(B+
! `+⌫`�) < 3.0⇥ 10�6 at 90%CL (17)

This provides a significant more precise limit than prior432

searches, and a summary of previous limits and individ-433

ual limits for the electron and muon signal channel can434

be found in Table III.435

Using the measured B+
! `+⌫`� and B+

! ⇡0`+⌫`
branching fractions, the first inverse moment �B of the
leading-twist B meson light-cone distribution amplitude

�+ can be determined. Instead of directly using the mea-
sured B+

! `+⌫`� partial branching fraction, we use the
theoretically well understood B+

! ⇡0`+⌫` decay rate to
derive a measurement of �B which is independent of Vub .
The value of �B is related to this ratio as

R⇡ =
�B(B+

! `+⌫`�)

B(B+
! ⇡0`+⌫`)

=
��(�B)

�(B+
! ⇡0`+⌫`)

(18)

with ��(�B) denoting the partial decay rate as a func-

tion of �B and with E� > 1 GeV, and �(B+
! ⇡0`+⌫`)

denoting the total decay rate of B+
! ⇡0`+⌫`. Using

our measurement and taking into account the full exper-
imental covariance we measure

Rmeas

⇡ = (1.7± 1.4)⇥ 102 . (19)

For the prediction of the B+
! ⇡0`+⌫` de-

cay rate, we use the global fit Ref. [16] of
�(B+

! ⇡0`+⌫`) = (2.4± 0.2)⇥ 10�12 GeV. For the
partial B+

! `+⌫`� decay rate the predictions and un-
certainties of Ref. [2] extrapolated to E� > 1 GeV are
used. In Ref. [2] three di↵erent models are used to evalu-
ate the dependence of the partial decay rate on the func-
tional form of the light-cone distribution amplitude. Fig-
ure 4 shows the predicted and measured R⇡ ratio as a
function of �B . We numerically solve Eq. 18 and in Ta-
ble IV the determined value of �B for each of the three
models are given, including the corresponding theoreti-
cal uncertainties of Ref. [2]. We use the shift in central
value between all three models to also quote a value of
�B , whose uncertainties should incorporate the overall

• Upper limit: 
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(a) B+ ! e+⌫e� final state (b) B+ ! µ+⌫µ� final state

(c) B+ ! ⇡0e+⌫e final state (d) B+ ! ⇡0µ+⌫µ final state

FIG. 2: The post-fit M2

miss distributions for the simultaneous fit to the four categories are shown (cf. Section III).
The individual fit components are shown as coloured histograms, and the gray histogram shows their sum.

ties [20]. The uncertainty on the B+
! `+⌫`� signal407

model is estimated by correcting the simulated events408

from the prediction of Ref. [14], to the state-of-the-art409

prediction of Ref. [1].410

The e↵ect of all systematic uncertainties are directly
incorporated into the likelihood Eq. 7 via the replacement
of

⌫j fij ! ⌫j fij ⇥
systY

k

�
1 + ✓k✏ijk

�
, (14)

and constrained using the standard normal distributions411

G(✓k) in Eq. 8 for uncertainties ✏ijk of a source k of a412

component j and a given bin i. Systematic and statistical413

uncertainties are separated from each other using scans of414

the likelihood contour in which the systematic nuisance415

parameters are kept fixed at their best fit value.416

VI. RESULTS417

Figure 2 shows the M2

miss distribution of the selected418

data events in the four categories of B+
! e+⌫e� , B

+
!419

µ+⌫µ� , B
+
! ⇡0e+⌫e, and B+

! ⇡0µ+⌫µ. The selected420

events are used to maximize the likelihood function Eq. 7421

numerically, determining the four (B+
! `+⌫`�) and422

three (B+
! ⇡0`+⌫`) event types detailed in Section III.423

The fitted B+
! `+⌫`� signal, B+

! ⇡0`+⌫` normali-
sation and other background contributions are shown as
coloured histograms and the summed signal plus back-
ground template is shown as a filled gray histogram. The
obtained observed partial B+

! `+⌫`� branching frac-
tion with E� > 1 GeV is

�B(B+
! `+⌫`�) = (1.4± 1.0± 0.4)⇥ 10�6 , (15)

where the first error is statistical and the second error

7

(a) B+ ! e+⌫e� final state (b) B+ ! µ+⌫µ� final state

(c) B+ ! ⇡0e+⌫e final state (d) B+ ! ⇡0µ+⌫µ final state

FIG. 2: The post-fit M2

miss distributions for the simultaneous fit to the four categories are shown (cf. Section III).
The individual fit components are shown as coloured histograms, and the gray histogram shows their sum.

ties [20]. The uncertainty on the B+
! `+⌫`� signal407

model is estimated by correcting the simulated events408

from the prediction of Ref. [14], to the state-of-the-art409

prediction of Ref. [1].410

The e↵ect of all systematic uncertainties are directly
incorporated into the likelihood Eq. 7 via the replacement
of

⌫j fij ! ⌫j fij ⇥
systY

k

�
1 + ✓k✏ijk

�
, (14)

and constrained using the standard normal distributions411

G(✓k) in Eq. 8 for uncertainties ✏ijk of a source k of a412

component j and a given bin i. Systematic and statistical413

uncertainties are separated from each other using scans of414

the likelihood contour in which the systematic nuisance415

parameters are kept fixed at their best fit value.416

VI. RESULTS417

Figure 2 shows the M2

miss distribution of the selected418

data events in the four categories of B+
! e+⌫e� , B

+
!419

µ+⌫µ� , B
+
! ⇡0e+⌫e, and B+

! ⇡0µ+⌫µ. The selected420

events are used to maximize the likelihood function Eq. 7421

numerically, determining the four (B+
! `+⌫`�) and422

three (B+
! ⇡0`+⌫`) event types detailed in Section III.423

The fitted B+
! `+⌫`� signal, B+

! ⇡0`+⌫` normali-
sation and other background contributions are shown as
coloured histograms and the summed signal plus back-
ground template is shown as a filled gray histogram. The
obtained observed partial B+

! `+⌫`� branching frac-
tion with E� > 1 GeV is

�B(B+
! `+⌫`�) = (1.4± 1.0± 0.4)⇥ 10�6 , (15)

where the first error is statistical and the second error

Introduction

• B meson pair is produced at the ⌥(4S) resonance
with no additional particles

• Measurement of missing energy modes possible

• New tagging algorithm for Belle II developeda

• Opposite B meson can now be reconstructed with
higher efficiency compared to the Belle approach

• New method applied to (converted) Belle MC/data
and later Belle II

• Update of the Belle hadronically tagged B+ ! `+⌫`�
analysisb

• Determination of the first inverse moment �B of the
light-cone distribution amplitude of the B meson

aarXiv:1807.08680 (2018)
bPhys. Rev. D 91, 112009 (2015)

Moritz J. Gelb – B+ ! `+⌫`� 2

Signal

Moritz Gelb, FB et al.
arxiv: 1810.12976
accepted by PRD
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Validation using Belle II data

Signal Probability
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• Another great testing ground: 

• apply FEI to Belle II data and see if we can find 

some B mesons in hadronic modes!


• Classifier output of 0.5/fb Phase II data

• After applying a shape fit to generic and continuum

William Sutcliffe, FB
shown at CKM 2018
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Validation using Belle II data
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<latexit sha1_base64="iuId/yj2qzqHjTa43katEKNmPzE=">AAAB9HicbZBNSwMxEIZn61etX1WPXoJF8FR3RdBjqRePFewHtGvJprNtaDa7JtlCKf0dXjwo4tUf481/Y9ruQVtfCDy8M8NM3iARXBvX/XZya+sbm1v57cLO7t7+QfHwqKHjVDGss1jEqhVQjYJLrBtuBLYShTQKBDaD4e2s3hyh0jyWD2acoB/RvuQhZ9RYy68+uhekE1BFLHWLJbfszkVWwcugBJlq3eJXpxezNEJpmKBatz03Mf6EKsOZwGmhk2pMKBvSPrYtShqh9ifzo6fkzDo9EsbKPmnI3P09MaGR1uMosJ0RNQO9XJuZ/9XaqQlv/AmXSWpQssWiMBXExGSWAOlxhcyIsQXKFLe3EjagijJjcyrYELzlL69C47LsuWXv/qpUqWZx5OEETuEcPLiGCtxBDerA4Ame4RXenJHz4rw7H4vWnJPNHMMfOZ8/f96QnA==</latexit><latexit sha1_base64="iuId/yj2qzqHjTa43katEKNmPzE=">AAAB9HicbZBNSwMxEIZn61etX1WPXoJF8FR3RdBjqRePFewHtGvJprNtaDa7JtlCKf0dXjwo4tUf481/Y9ruQVtfCDy8M8NM3iARXBvX/XZya+sbm1v57cLO7t7+QfHwqKHjVDGss1jEqhVQjYJLrBtuBLYShTQKBDaD4e2s3hyh0jyWD2acoB/RvuQhZ9RYy68+uhekE1BFLHWLJbfszkVWwcugBJlq3eJXpxezNEJpmKBatz03Mf6EKsOZwGmhk2pMKBvSPrYtShqh9ifzo6fkzDo9EsbKPmnI3P09MaGR1uMosJ0RNQO9XJuZ/9XaqQlv/AmXSWpQssWiMBXExGSWAOlxhcyIsQXKFLe3EjagijJjcyrYELzlL69C47LsuWXv/qpUqWZx5OEETuEcPLiGCtxBDerA4Ame4RXenJHz4rw7H4vWnJPNHMMfOZ8/f96QnA==</latexit><latexit sha1_base64="iuId/yj2qzqHjTa43katEKNmPzE=">AAAB9HicbZBNSwMxEIZn61etX1WPXoJF8FR3RdBjqRePFewHtGvJprNtaDa7JtlCKf0dXjwo4tUf481/Y9ruQVtfCDy8M8NM3iARXBvX/XZya+sbm1v57cLO7t7+QfHwqKHjVDGss1jEqhVQjYJLrBtuBLYShTQKBDaD4e2s3hyh0jyWD2acoB/RvuQhZ9RYy68+uhekE1BFLHWLJbfszkVWwcugBJlq3eJXpxezNEJpmKBatz03Mf6EKsOZwGmhk2pMKBvSPrYtShqh9ifzo6fkzDo9EsbKPmnI3P09MaGR1uMosJ0RNQO9XJuZ/9XaqQlv/AmXSWpQssWiMBXExGSWAOlxhcyIsQXKFLe3EjagijJjcyrYELzlL69C47LsuWXv/qpUqWZx5OEETuEcPLiGCtxBDerA4Ame4RXenJHz4rw7H4vWnJPNHMMfOZ8/f96QnA==</latexit><latexit sha1_base64="iuId/yj2qzqHjTa43katEKNmPzE=">AAAB9HicbZBNSwMxEIZn61etX1WPXoJF8FR3RdBjqRePFewHtGvJprNtaDa7JtlCKf0dXjwo4tUf481/Y9ruQVtfCDy8M8NM3iARXBvX/XZya+sbm1v57cLO7t7+QfHwqKHjVDGss1jEqhVQjYJLrBtuBLYShTQKBDaD4e2s3hyh0jyWD2acoB/RvuQhZ9RYy68+uhekE1BFLHWLJbfszkVWwcugBJlq3eJXpxezNEJpmKBatz03Mf6EKsOZwGmhk2pMKBvSPrYtShqh9ifzo6fkzDo9EsbKPmnI3P09MaGR1uMosJ0RNQO9XJuZ/9XaqQlv/AmXSWpQssWiMBXExGSWAOlxhcyIsQXKFLe3EjagijJjcyrYELzlL69C47LsuWXv/qpUqWZx5OEETuEcPLiGCtxBDerA4Ame4RXenJHz4rw7H4vWnJPNHMMfOZ8/f96QnA==</latexit>
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• Another great testing ground: 

• apply FEI to Belle II data and see if we can find 

some B mesons in hadronic modes!


• Classifier output of 0.5/fb Phase II data

• After applying a shape fit to generic and continuum

• Found 374 +/- 40 charged and 176 +/- 23 neutral B 
meson candidates from fitting

beam constrained B Meson mass

beam constrained B Meson massMbc =
p

s/4� |~pB |2
<latexit sha1_base64="SLUuiGir2zs/BCRAP+L8tMBgZfE=">AAACEnicbVC7SgNBFJ2Nrxhfq5Y2F4OghXE3BLQRQmxshAjmAdm4zE4myZDZhzOzgbDJN9j4KzYWitha2fk3Th6FJh64cDjnXu69x4s4k8qyvo3U0vLK6lp6PbOxubW9Y+7uVWUYC0IrJOShqHtYUs4CWlFMcVqPBMW+x2nN612N/VqfCsnC4E4NItr0cSdgbUaw0pJrnty4iSN88MgILsGRD0Il8qwApzAEp08JRG4Jhvd5GLlm1spZE8AisWcki2You+aX0wpJ7NNAEY6lbNhWpJoJFooRTkcZJ5Y0wqSHO7ShaYB9KpvJ5KURHGmlBe1Q6AoUTNTfEwn2pRz4nu70serKeW8s/uc1YtW+aCYsiGJFAzJd1I45qBDG+UCLCUoUH2iCiWD6ViBdLDBROsWMDsGef3mRVPM528rZt4VssTSLI40O0CE6RjY6R0V0jcqoggh6RM/oFb0ZT8aL8W58TFtTxmxmH/2B8fkDv46bmg==</latexit><latexit sha1_base64="SLUuiGir2zs/BCRAP+L8tMBgZfE=">AAACEnicbVC7SgNBFJ2Nrxhfq5Y2F4OghXE3BLQRQmxshAjmAdm4zE4myZDZhzOzgbDJN9j4KzYWitha2fk3Th6FJh64cDjnXu69x4s4k8qyvo3U0vLK6lp6PbOxubW9Y+7uVWUYC0IrJOShqHtYUs4CWlFMcVqPBMW+x2nN612N/VqfCsnC4E4NItr0cSdgbUaw0pJrnty4iSN88MgILsGRD0Il8qwApzAEp08JRG4Jhvd5GLlm1spZE8AisWcki2You+aX0wpJ7NNAEY6lbNhWpJoJFooRTkcZJ5Y0wqSHO7ShaYB9KpvJ5KURHGmlBe1Q6AoUTNTfEwn2pRz4nu70serKeW8s/uc1YtW+aCYsiGJFAzJd1I45qBDG+UCLCUoUH2iCiWD6ViBdLDBROsWMDsGef3mRVPM528rZt4VssTSLI40O0CE6RjY6R0V0jcqoggh6RM/oFb0ZT8aL8W58TFtTxmxmH/2B8fkDv46bmg==</latexit><latexit sha1_base64="SLUuiGir2zs/BCRAP+L8tMBgZfE=">AAACEnicbVC7SgNBFJ2Nrxhfq5Y2F4OghXE3BLQRQmxshAjmAdm4zE4myZDZhzOzgbDJN9j4KzYWitha2fk3Th6FJh64cDjnXu69x4s4k8qyvo3U0vLK6lp6PbOxubW9Y+7uVWUYC0IrJOShqHtYUs4CWlFMcVqPBMW+x2nN612N/VqfCsnC4E4NItr0cSdgbUaw0pJrnty4iSN88MgILsGRD0Il8qwApzAEp08JRG4Jhvd5GLlm1spZE8AisWcki2You+aX0wpJ7NNAEY6lbNhWpJoJFooRTkcZJ5Y0wqSHO7ShaYB9KpvJ5KURHGmlBe1Q6AoUTNTfEwn2pRz4nu70serKeW8s/uc1YtW+aCYsiGJFAzJd1I45qBDG+UCLCUoUH2iCiWD6ViBdLDBROsWMDsGef3mRVPM528rZt4VssTSLI40O0CE6RjY6R0V0jcqoggh6RM/oFb0ZT8aL8W58TFtTxmxmH/2B8fkDv46bmg==</latexit><latexit sha1_base64="SLUuiGir2zs/BCRAP+L8tMBgZfE=">AAACEnicbVC7SgNBFJ2Nrxhfq5Y2F4OghXE3BLQRQmxshAjmAdm4zE4myZDZhzOzgbDJN9j4KzYWitha2fk3Th6FJh64cDjnXu69x4s4k8qyvo3U0vLK6lp6PbOxubW9Y+7uVWUYC0IrJOShqHtYUs4CWlFMcVqPBMW+x2nN612N/VqfCsnC4E4NItr0cSdgbUaw0pJrnty4iSN88MgILsGRD0Il8qwApzAEp08JRG4Jhvd5GLlm1spZE8AisWcki2You+aX0wpJ7NNAEY6lbNhWpJoJFooRTkcZJ5Y0wqSHO7ShaYB9KpvJ5KURHGmlBe1Q6AoUTNTfEwn2pRz4nu70serKeW8s/uc1YtW+aCYsiGJFAzJd1I45qBDG+UCLCUoUH2iCiWD6ViBdLDBROsWMDsGef3mRVPM528rZt4VssTSLI40O0CE6RjY6R0V0jcqoggh6RM/oFb0ZT8aL8W58TFtTxmxmH/2B8fkDv46bmg==</latexit>

William Sutcliffe, FB
shown at CKM 2018



b ! c ⌧ ⌫̄⌧
<latexit sha1_base64="qP54o8bNqV/IzCf6GD4ScNKT3QU=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwISURQZdFNy4r2Ac0IdxMJ+3QySTMTIRSunXjr7hxoYhb/8Cdf+MkzUJbDwxzOOdeZs4JU86Udpxvq7Kyura+Ud2sbW3v7O7Z+wcdlWSS0DZJeCJ7ISjKmaBtzTSnvVRSiENOu+H4Jve7D1Qqloh7PUmpH8NQsIgR0EYKbBxiTyeYYO/MEMiKOwSJPZEFuRDYdafhFMDLxC1JHZVoBfaXN0hIFlOhCQel+q6Tan8KUjPC6azmZYqmQMYwpH1DBcRU+dMiyQyfGGWAo0SaIzQu1N8bU4iVmsShmYxBj9Sil4v/ef1MR1f+lIk001SQ+UNRxrHJnteCB0xSovnEECCSmb9iMgIJRJvyaqYEdzHyMumcN1yn4d5d1JvXZR1VdISO0Sly0SVqolvUQm1E0CN6Rq/ozXqyXqx362M+WrHKnUP0B9bnD44zmFo=</latexit><latexit sha1_base64="qP54o8bNqV/IzCf6GD4ScNKT3QU=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwISURQZdFNy4r2Ac0IdxMJ+3QySTMTIRSunXjr7hxoYhb/8Cdf+MkzUJbDwxzOOdeZs4JU86Udpxvq7Kyura+Ud2sbW3v7O7Z+wcdlWSS0DZJeCJ7ISjKmaBtzTSnvVRSiENOu+H4Jve7D1Qqloh7PUmpH8NQsIgR0EYKbBxiTyeYYO/MEMiKOwSJPZEFuRDYdafhFMDLxC1JHZVoBfaXN0hIFlOhCQel+q6Tan8KUjPC6azmZYqmQMYwpH1DBcRU+dMiyQyfGGWAo0SaIzQu1N8bU4iVmsShmYxBj9Sil4v/ef1MR1f+lIk001SQ+UNRxrHJnteCB0xSovnEECCSmb9iMgIJRJvyaqYEdzHyMumcN1yn4d5d1JvXZR1VdISO0Sly0SVqolvUQm1E0CN6Rq/ozXqyXqx362M+WrHKnUP0B9bnD44zmFo=</latexit><latexit sha1_base64="qP54o8bNqV/IzCf6GD4ScNKT3QU=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwISURQZdFNy4r2Ac0IdxMJ+3QySTMTIRSunXjr7hxoYhb/8Cdf+MkzUJbDwxzOOdeZs4JU86Udpxvq7Kyura+Ud2sbW3v7O7Z+wcdlWSS0DZJeCJ7ISjKmaBtzTSnvVRSiENOu+H4Jve7D1Qqloh7PUmpH8NQsIgR0EYKbBxiTyeYYO/MEMiKOwSJPZEFuRDYdafhFMDLxC1JHZVoBfaXN0hIFlOhCQel+q6Tan8KUjPC6azmZYqmQMYwpH1DBcRU+dMiyQyfGGWAo0SaIzQu1N8bU4iVmsShmYxBj9Sil4v/ef1MR1f+lIk001SQ+UNRxrHJnteCB0xSovnEECCSmb9iMgIJRJvyaqYEdzHyMumcN1yn4d5d1JvXZR1VdISO0Sly0SVqolvUQm1E0CN6Rq/ozXqyXqx362M+WrHKnUP0B9bnD44zmFo=</latexit><latexit sha1_base64="qP54o8bNqV/IzCf6GD4ScNKT3QU=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwISURQZdFNy4r2Ac0IdxMJ+3QySTMTIRSunXjr7hxoYhb/8Cdf+MkzUJbDwxzOOdeZs4JU86Udpxvq7Kyura+Ud2sbW3v7O7Z+wcdlWSS0DZJeCJ7ISjKmaBtzTSnvVRSiENOu+H4Jve7D1Qqloh7PUmpH8NQsIgR0EYKbBxiTyeYYO/MEMiKOwSJPZEFuRDYdafhFMDLxC1JHZVoBfaXN0hIFlOhCQel+q6Tan8KUjPC6azmZYqmQMYwpH1DBcRU+dMiyQyfGGWAo0SaIzQu1N8bU4iVmsShmYxBj9Sil4v/ef1MR1f+lIk001SQ+UNRxrHJnteCB0xSovnEECCSmb9iMgIJRJvyaqYEdzHyMumcN1yn4d5d1JvXZR1VdISO0Sly0SVqolvUQm1E0CN6Rq/ozXqyXqx362M+WrHKnUP0B9bnD44zmFo=</latexit>

b ! s ``
<latexit sha1_base64="uzKxSakfeaZ03HJV0KdlUIjblyc=">AAAB/XicbVDLSgNBEOyNrxhf6+PmZTAIHiTsiqDHoBePEUwMZJcwO+lNhsw+mJkVYgj+ihcPinj1P7z5N042e9DEghmKqm66u4JUcKUd59sqLS2vrK6V1ysbm1vbO/buXkslmWTYZIlIZDugCgWPsam5FthOJdIoEHgfDK+n/v0DSsWT+E6PUvQj2o95yBnVRuraBwHxdEIU8U6Jh0LkX9euOjUnB1kkbkGqUKDRtb+8XsKyCGPNBFWq4zqp9sdUas4ETipepjClbEj72DE0phEqf5xvPyHHRumRMJHmxZrk6u+OMY2UGkWBqYyoHqh5byr+53UyHV76Yx6nmcaYzQaFmSDm3mkUpMclMi1GhlAmudmVsAGVlGkTWMWE4M6fvEhaZzXXqbm359X6VRFHGQ7hCE7AhQuoww00oAkMHuEZXuHNerJerHfrY1ZasoqeffgD6/MHYL2T4Q==</latexit><latexit sha1_base64="uzKxSakfeaZ03HJV0KdlUIjblyc=">AAAB/XicbVDLSgNBEOyNrxhf6+PmZTAIHiTsiqDHoBePEUwMZJcwO+lNhsw+mJkVYgj+ihcPinj1P7z5N042e9DEghmKqm66u4JUcKUd59sqLS2vrK6V1ysbm1vbO/buXkslmWTYZIlIZDugCgWPsam5FthOJdIoEHgfDK+n/v0DSsWT+E6PUvQj2o95yBnVRuraBwHxdEIU8U6Jh0LkX9euOjUnB1kkbkGqUKDRtb+8XsKyCGPNBFWq4zqp9sdUas4ETipepjClbEj72DE0phEqf5xvPyHHRumRMJHmxZrk6u+OMY2UGkWBqYyoHqh5byr+53UyHV76Yx6nmcaYzQaFmSDm3mkUpMclMi1GhlAmudmVsAGVlGkTWMWE4M6fvEhaZzXXqbm359X6VRFHGQ7hCE7AhQuoww00oAkMHuEZXuHNerJerHfrY1ZasoqeffgD6/MHYL2T4Q==</latexit><latexit sha1_base64="uzKxSakfeaZ03HJV0KdlUIjblyc=">AAAB/XicbVDLSgNBEOyNrxhf6+PmZTAIHiTsiqDHoBePEUwMZJcwO+lNhsw+mJkVYgj+ihcPinj1P7z5N042e9DEghmKqm66u4JUcKUd59sqLS2vrK6V1ysbm1vbO/buXkslmWTYZIlIZDugCgWPsam5FthOJdIoEHgfDK+n/v0DSsWT+E6PUvQj2o95yBnVRuraBwHxdEIU8U6Jh0LkX9euOjUnB1kkbkGqUKDRtb+8XsKyCGPNBFWq4zqp9sdUas4ETipepjClbEj72DE0phEqf5xvPyHHRumRMJHmxZrk6u+OMY2UGkWBqYyoHqh5byr+53UyHV76Yx6nmcaYzQaFmSDm3mkUpMclMi1GhlAmudmVsAGVlGkTWMWE4M6fvEhaZzXXqbm359X6VRFHGQ7hCE7AhQuoww00oAkMHuEZXuHNerJerHfrY1ZasoqeffgD6/MHYL2T4Q==</latexit><latexit sha1_base64="uzKxSakfeaZ03HJV0KdlUIjblyc=">AAAB/XicbVDLSgNBEOyNrxhf6+PmZTAIHiTsiqDHoBePEUwMZJcwO+lNhsw+mJkVYgj+ihcPinj1P7z5N042e9DEghmKqm66u4JUcKUd59sqLS2vrK6V1ysbm1vbO/buXkslmWTYZIlIZDugCgWPsam5FthOJdIoEHgfDK+n/v0DSsWT+E6PUvQj2o95yBnVRuraBwHxdEIU8U6Jh0LkX9euOjUnB1kkbkGqUKDRtb+8XsKyCGPNBFWq4zqp9sdUas4ETipepjClbEj72DE0phEqf5xvPyHHRumRMJHmxZrk6u+OMY2UGkWBqYyoHqh5byr+53UyHV76Yx6nmcaYzQaFmSDm3mkUpMclMi1GhlAmudmVsAGVlGkTWMWE4M6fvEhaZzXXqbm359X6VRFHGQ7hCE7AhQuoww00oAkMHuEZXuHNerJerHfrY1ZasoqeffgD6/MHYL2T4Q==</latexit>

Ground work /  
Assistance

I. Fantastic

Boot camp

II. 

III. 

IV. 
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Belle II Plans 2019 and 2020: Phase III ramp-up

B2GM, October 2018 Phillip URQUIJO

Early phase 3 integrated luminosity
• 2018 (0.5 fb-1 no VXD) 

• Guesstimated rate 

• March  (2 - 2.5 fb-1) 

• April (10 - 15 fb-1) 

• May (15 - 20 fb-1) 

• June (15 - 25 fb-1) 

• Conservative (40 fb-1) 

• Agressive (60 fb-1)
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The next years will be exciting!

!73

LHCb & Belle II: Partners in breaking out of the SM
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Summary : 

Belle II will study many fantastic Bs and I hope I 
could show you where and how we will find them!

++ LHCb very rare decays with visible final states

++ LHCb large sample of Baryons with b-quarks and Bs mesons

++ Belle II better detector for final states with missing energy (hermetic design)

++ Belle II complementary measurements using inclusive decays

Both experiments have unique strengths and weaknesses:

Next year and the years to come will be exciting!

Preparatory work crucial; without it no competitive 
measurements!

Belle II won’t operate alone: LHCb will be a formidable 
partner or opponent ;-)
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More Information



Florian Bernlochner Fantastic Bs and where to find them

• Imagine you build a new experiment, but you have plenty of similar 
data lying around from a previous run.

• But computing system completely changed; but old data invaluable tool to train 

PhD students and Postdoc


• B2BII: Belle to Belle II conversions made easy

• Converts Belle files into Belle II format

!76

Practice makes perfect: B2BII

Belle
mDST-files

Belle
database

Panther
tables

B2BII
MdstInput

„fixed” Panther
tables

B2BII
FixMdst

B2BII
ConvertMdst

Belle II
mDST-files

Belle II beam
parameters

Belle II
database

belle_legacy library

pz
<latexit sha1_base64="URzA9Ipp9QSbwE4oQ4kCCmnfnng=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aRdutmE3Y1QQ3+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5EpXksH8wkQT+iQ8lDzqix1n3Sf+qXK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5qlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasIrP+MySQ1KtvgoTAUxMZndTQZcITNiYoEyxe2uhI2ooszYdEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfP24mjeE=</latexit><latexit sha1_base64="URzA9Ipp9QSbwE4oQ4kCCmnfnng=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aRdutmE3Y1QQ3+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5EpXksH8wkQT+iQ8lDzqix1n3Sf+qXK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5qlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasIrP+MySQ1KtvgoTAUxMZndTQZcITNiYoEyxe2uhI2ooszYdEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfP24mjeE=</latexit><latexit sha1_base64="URzA9Ipp9QSbwE4oQ4kCCmnfnng=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aRdutmE3Y1QQ3+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5EpXksH8wkQT+iQ8lDzqix1n3Sf+qXK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5qlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasIrP+MySQ1KtvgoTAUxMZndTQZcITNiYoEyxe2uhI2ooszYdEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfP24mjeE=</latexit><latexit sha1_base64="URzA9Ipp9QSbwE4oQ4kCCmnfnng=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aRdutmE3Y1QQ3+CFw+KePUXefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c2s3n5EpXksH8wkQT+iQ8lDzqix1n3Sf+qXK27VnYusgpdDBXI1+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtShqh9rP5qlNyZp0BCWNlnzRk7v6eyGik9SQKbGdEzUgv12bmf7VuasIrP+MySQ1KtvgoTAUxMZndTQZcITNiYoEyxe2uhI2ooszYdEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzmfP24mjeE=</latexit>

of charged tracks

Conversion flow
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• Interaction eigenstates ≠ mass eigenstates

‣ Direct consequence of massive quarks in the SM

!77

Weak decays and the CKM-Matrix
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The mass matrices can be diagonalized by two separate unitary transformations A and B:

A†
u Mu Bu =

Q

ca
mu 0 0
0 mc 0
0 0 mt

R

db , (2.24)

A†
d

Md Bd =

Q

ca
md 0 0
0 ms 0
0 0 mb

R

db , (2.25)

A†
l
Ml Bl =

Q

ca
me 0 0
0 mµ 0
0 0 m·

R

db . (2.26)

Although the up- and down-type quarks are in the same SU(2)W doublet, their masses are
non-degenerate and therefore one needs di�erent transformations to diagonalize Mu and Md.
Diagonalizing the mass matrices leave the free field terms of the quark and lepton fields invariant,
e.g. the left-handed kinetic quark energy term is given by

1
B†

uu†
L

B†
d
d†

L

2
“0 i /̂

A
BuuL

BddL

B

= Q̄i

L i /̂ Qi

L . (2.27)

These unitary transformations define a new set of (mass) eigenstates,

uR = Au uÕ
R

, uL = Bu uÕ
L

,
dR = Ad dÕ

R
, dL = Bd dÕ

L
,

lR = Al lÕ
R

, lL = Bl lÕ
L

,
(2.28)

and the original left-handed quark doublet QL becomes
A

uL

dL

B

=
A

BuuÕ
L

BddÕ
L

B

= Bu

A
uÕ

L

VCKM dÕ
L

B

, (2.29)

where the Cabibbo-Kobayashi-Maskawa (CKM) mixing matrix is defined by

VCKM = B†
u Bd . (2.30)

Reparametrizing the Standard Model Lagrangian in terms of the mass eigenstates results in no
changes for the free field terms of the quarks, cf. Eq. (2.27). The coupling to the Z0 boson and
the electromagnetic coupling also are una�ected, since they both involve no couplings between
up- and down-type quark fields. The weak coupling to the W ± bosons, however, is a�ected:

LW ± quark int. = g2Ô
2

W +
µ ūÕ

L “µ VCKM dÕ
L + h.c. , (2.31)

and as a consequence flavor changing charged currents occur at tree-level in the Standard Model.
Unitary matrices form a group under matrix multiplication, i.e. the CKM matrix Eq. (2.30) is
unitary and specified by nine real parameters. The CKM matrix elements,

VCKM =

Q

ca
Vud Vus Vub
Vcd Vcs Vcb
Vtd Vts Vtb

R

db , (2.32)

11

CKM Matrix
SM: unitarity 3x3 matrix

Cabibbo   Kobayashi  Maskawa

Completely determined through 4 parameters

(3 mixing angles and 1 CP-violating phase)
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A next-generation Super-B-Factory in the making

850 Physicists

109 Institutes

25 countriesBelle
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Cosmic ray in PXD + SVD
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Phase II Luminosity

- Peak Luminosity: 5.5 x 1033 cm-2 s-1

- β*y = 3 mm;  σ*y~ 333 nm (Goal β*y = 0.3 mm)

Goals of Phase II:
- Verification of nano-beam scheme
- Achieve inst. Luminosity                 

of O(1034 cm-2s-1)

FIG. 3: Distribution of the longitudinal component of the interaction vertex estimated using z0
parameter of single tracks originating from the interaction vertex. The plot is based on data
collected in runs 1869 � 2047 in May 19th-21st 2018. The center of the distribution is estimated
using its median. The spread of the distribution is estimated using half of the symmetric range
around the median containing 68% of the distribution, �68. The spread of the distribution shown in
the figure is not corrected for the estimated uncertainty in z0 of 0.025 cm. When the z0 resolution
is subtracted in quadrature, the unfolded �z = 0.049 cm.

3

FIG. 2: Schematic view of Belle-II beam crossing at the interaction region. The spread of the

z vertex distribution can be estimated as �z =

p
✏x�⇤

xp
2�x

where for Belle-II optics in phase 2 the

horizontal emittance ✏x = 4 ⇥ 10�6 mm, �⇤
x = 200 mm, and the crossing angle �x = 41 mrad

leading to expected �z = 0.049 cm.

2

p

x
horizontal emittance ✏x = 4 ⇥ 10�6 mm, �⇤

x = 200 mm, and the crossing angle
� = 0.049 cm.

σ ~ 550 µm

z0
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Beam Backgrounds

Synchrotron Radiation

Injection Background

Touschek Scattering

Beam-gas

Radiative Bhabha

Two photon process
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Machine Parameters

To achieve the necessary sensitivity to further push the intensity frontier, the instantaneous 
luminosity needed to increase from 2.1x 1034 cm-2 s-1to 8 x 1035 cm-2 s-1

The key to this is a beam-configuration called the nano-beam scheme that squeeze the beam 
to have a very small vertical spot size of about 50 nm

Nano-Beam Scheme 

12 
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LER / HER KEKB SuperKEKB

 Energy [GeV] 3.5 / 8 4.0 / 7.0

𝛃y* [mm] 5.9 / 5.9 0.27 / 0.30

𝛃x* [mm] 1200 32 / 25

I± [A] 1.64 / 1.19 3.6 / 2.6

𝛇±y 0.129 / 0.09 0.09 / 0.09

𝜺 [nm] 18 / 24 3.2 / 4.6

# of bunches 1584 2500

Luminosity [1034 cm-2 s-1] 2,1 80
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◆

vertical 𝛃 function

beam current beam-beam parameter
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Major upgrade of existing accelerator needed
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More Phase II “rediscovery plots”

Ks ! ⇡+⇡�
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Figure 1: This figure shows the invariant mass distributions of charm candidates in 5 pb�1

of collision data, in the mode D⇤+ ! D0⇡+, D0 ! K�⇡+. On the left is a 2-D plot
of �M and M(K⇡), on the upper right is �M for 1.845 < M(K⇡) < 1.885 GeV/c2

and on the lower right is M(K⇡) for 0.144 < �M < 0.146 GeV/c2. Events are required
to contain at least three good tracks to purity the sample with processes of the type
e+e� ! hadrons, while rejecting beam induced background, Bhabha scattering, and other
low multiplicity background sources. The charged kaon and pion tracks are required to
have impact parameters, |d0| and |z0| less than 0.5 cm and 3.0 cm respectively. No particle
identification criteria are applied. The D⇤ candidates are required to have a centre-of-mass
momentum of greater than 2.5 GeV/c to select cc̄ events. The internal document reference
is BELLE2-NOTE-PH-2018-004.
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D⇤+ ! D0[! K�⇡+]⇡+
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Tau-Pair production

B2GM, October 2018 Phillip URQUIJO

Rediscoveries & measurements in phase 2

• Integrated luminosity (official luminosity)  

• ISR ee → ππ γ, KK γ 

• Hyperons 

• ee → ττ  

• Charm D→charged hadronic 

• Charm D→neutral 

• Charm baryons  

• B hadronic 

• B semileptonic 

• B FEI reconstruction
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News from the Vertex detector

Strip-detector (4 layers) half-shells 
successfully assembled and merged

First recorded cosmic event 
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Tracking details

Page 15

Tracking details
● Newer, larger wire drift chamber. Improvement from Belle.
● High luminosity: 40% of wire hits from machine background.

– Boosted Decision Tree step to suppress.
● Legendre based signal tracking for wire chamber.

| Dark sector physics with photons at Belle II | S Cunliffe 25.09.2018
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Tracking details
● Newer, larger wire drift chamber. Improvement from Belle.
● High luminosity: 40% of wire hits from machine background.

– Boosted Decision Tree step to suppress.
● Legendre based signal tracking for wire chamber.
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• Newer, larger wire drift chamber. Improvements from 
Belle


• High luminosity: 40% of wire hits from machine 
background.

• Multivariate methods used to suppress  

• Legendre based tracking for wire chamber.
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• Bremsstrahlung recovery is important to adequately measure final 
states with electrons, like 

• Belle: cone extrapolation around IP trajectory → want to do something 

smarter for Belle II

!87

Bremsstrahlung recovery and track fitting Patrick Ecker, Thomas Hauth, FB
Bachelor thesis

14 4 New Approach on Bremsstrahlung Finding

extrapolation

track points

IP

primary 
cluster

bremsstrahlung
cluster

extrapolation

secondary cluster

acceptance
range
cluster

acceptance 
range
extrapolation

match
extrapolation

secondary cluster

acceptance
range
cluster

acceptance 
range
extrapolation

no match

Figure 4.1: Idea for finding bremsstrahlung in the Belle II detector.

matches the position of a secondary ECL cluster (a cluster which is not already associated
to a track). The matching is done by assigning an acceptance range to both the cluster and
the extrapolation. It is then checked if the acceptance ranges overlap or not. If there is an
overlap, the ECL cluster is assumed to be a bremsstrahlung cluster, which was generated
by a photon radiated from the original electron. The found cluster then gets associated
with the primary ECL cluster, which was produced by the electron. The idea is also shown
in Figure 4.1.
The acceptance range which is assigned to the cluster and the extrapolated position depends
on two parameters: The error on the position and an acceptance factor, which can be chosen
by the user.
One of the expected benefits of this approach is that the lost energy via bremsstrahlung
can be added more exactly at the point the radiation happened and not all at the perigee
like it was done in the method used at Belle. So a more accurate track fit can be expected.

4.3 ECL Position Resolution
For the given approach to be effective a good position resolution of the ECL is needed, so
the found energy can be added to the electron energy at the correct layer of the tracking
detector. Therefore in this section it is tested which characteristics the electron has to
possess, so photons, which were radiated at different layers, can be distinguished in the
ECL.
The problem can be simplified by looking for electrons with a trajectory in the x-y-plane.
Additionally the layers of the tracking detectors and the ECL wall are approximated as
perfect circles. In Figure 4.2 a draft of the simplified problem is given.

The distance between the hits on the ECL of two photons which were radiated at different
layers only depends on the curvature of the track. The curvature is given by

! =
q

pt · ↵

As it can be seen in this formula, the only variable parameter is the transverse momentum
of the electron. Because of that, the aim is to get a formula for the distance between the
ECL hits, depending on the transverse momentum of the electron.

20 4 New Approach on Bremsstrahlung Finding
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Figure 4.4: Distribution of the bremsstrahlung photons vertices over the radial distance to
the detector center ⇢. The radii of the VXD layers are presented in red, the
ones of the virtual hits in orange.

of the track point with the given sorting parameter from the Data Store. Then the lost
energy can be added at this position, what should lead to an improved track fit and an
improved energy reconstruction.

VXD CDC wall BP
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Figure 5.7: Comparison of the bremsstrahlung finding efficiency and fake rate, depending
on the energy of the primary electron, between the new approach for Belle II
and the Belle method. Left side: Belle method with a cone angle of 5 �. Right
side: Belle II approach with an acceptance factor of 3.0.

Figure 5.8: Comparison of the bremsstrahlung finding efficiency, depending on the
bremsstrahlung photon vertices, between the new approach for Belle II and
the Belle method. Left side: Belle method with a cone angle of 5 �. Right side:
Belle II approach with an acceptance factor of 3.0.

One of the problems with the Belle method was, that in particular for low energetic tracks
it was not possible to find bremsstrahlung photons, which were radiated at outer layers in
the VXD. This problem is shown in Figure 5.8. Drawn from the comparison between the
old and the new method the conclusion can be made that this problem is solved with the
implementation, developed in this thesis.

Belle Method New Method not straightforward 
to incorporate into track 
fitting

ACTS
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Calorimeter details
The “ECL”

Timing and minimal 
cluster energy requirement
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• Hadronic tagging allows to enforce matching 
topologies for charged tracks

• Does not work well for neutrals; typically no events or only 

events with a well reconstructed 𝜋0 candidate are rejected
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Why are D** decays selected?

Semileptonic decays	at	B	Factories
• e+/e-	collisions	producing	ϒ(4S) →BB̅ 

• Using	fully	reconstructed	B-tag	and	a	
constraint	to	the	ϒ(4S) mass,	possible	to	
measure	the	momentum	of	the	B-signal

à”A	beam	of	B	mesons!”

• Then,	the	missing	mass	(neutrinos)	can	be	
measured	with	high	precision.

• Small	(~10-3)	B-tag	efficiency	compensated	
by	large	integrated	luminosity	
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FIG. 1. Strong decays of the D0 and D0⇤ into the 1S and 1P states involving, one or two pion emissions (left), and all decays
including the near o↵-shell transitions with a ⇢ and ⌘ (right). The style and opacity of the lines connecting the states indicate
the orbital angular momentum of the partial wave. The grey bands correspond to the measured widths of the 2S and 1P states.

nonresonant contribution [8] no longer needs to be large.
This would be a problem, because in the soft pion limit
a first principles calculation is possible [9], giving a too
small rate at this region of phase space. A large nonres-
onant rate at high D(⇤)⇡ invariant mass would disagree
with the inclusive lepton spectrum measurements and the
measured semi-exclusive B ! D(⇤)⇡`⌫̄ rate.

2) The D0(⇤) states decay to one of the D(⇤) states
either with one pion emission in a p-wave, or with two
pion emission in an s-wave. However, they can decay
with one pion emission in an s-wave to members of the
s⇡l
l = 1

2

+
states, and could thus enhance the observed

decay rate to the s⇡l
l = 1

2

+
states, and thus give rise to

the “1/2 vs. 3/2 puzzle”. The allowed strong decays are
illustrated in Figure 1 (including those only allowed by
the substantial widths of these particles). It is plausible
that the decay modes of the D0(⇤) to the 1S and 1P charm
meson states may be comparable.

3) With the relatively low mass of the D0(⇤) states, the
inclusive lepton spectrum can stay quite hard, in agree-
ment with the observations.

4) The B(B ! D(⇤)⇡`⌫̄) measurement quoted is not in
conflict with our hypothesis, since the decay of the D0(⇤)

would yield two or more pions most of the time.

III. THE B ! D0(⇤)`⌫̄ DECAY RATE

Since the quantum numbers of the D0(⇤) are the same
as those of the D(⇤), the theoretical expressions for the
decay rates in terms of the form factors, and the defi-
nitions of the form factors themselves, are identical to
the well known formulae for B ! D(⇤)`⌫̄ [10]. As for

B ! D(⇤)`⌫̄, in the mc,b � ⇤QCD limit, the six form
factors are determined by a single universal Isgur-Wise
function [11], which we denote by ⇠2(w). Here w = v · v0

is the recoil parameter, v is the velocity of the B meson,
and v0 is that of the D0(⇤). We define
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,

where, in each equation, r = mD0(⇤)/mB , and in the
mc,b � ⇤QCD limit F (w) = G(w) = ⇠2(w).

Heavy quark symmetry implies ⇠2(1) = 0, so the rate
near zero recoil comes entirely from ⇤QCD/mc,b correc-
tions. Away from w = 1, ⇠2(w) is no longer power
suppressed; however, since the kinematic range is only
1 < w < 1.3, the role of ⇤QCD/mc,b corrections, which
are no longer universal, can be very large [12]. Before
turning to model calculations, note that there is a qual-
itative argument that near w = 1 the slope of ⇠2(w),
and probably those of F (w) and G(w) as well, should be
positive. In B ! D0(⇤) transition, in the quark model,
the main e↵ect of the wave function of the brown muck
changing from the 1S to the 2S state is to increase the
expectation value of the distance from the heavy quark
of a spherically symmetric wave function. Thus the over-
lap of the initial and final state wave functions should
increase as w increases above 1.

It is not easy to calculate these B ! D0(⇤)`⌫̄ form fac-
tors. Below, we use estimates from a quark model pre-
diction [13], hoped to be trustable near w = 1, and from

FB et al, Phys.Rev. D85 (2012) 094033
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B̄ ! D(⇤) ⇡ ⇡ ` ⌫̄`B ! D(⇤) ⌧ ⌫̄⌧
! `⌫̄`⌫⌧ not reconstructed or missing particles

Problem at a glance:

looks like
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nonresonant contribution [8] no longer needs to be large.
This would be a problem, because in the soft pion limit
a first principles calculation is possible [9], giving a too
small rate at this region of phase space. A large nonres-
onant rate at high D(⇤)⇡ invariant mass would disagree
with the inclusive lepton spectrum measurements and the
measured semi-exclusive B ! D(⇤)⇡`⌫̄ rate.

2) The D0(⇤) states decay to one of the D(⇤) states
either with one pion emission in a p-wave, or with two
pion emission in an s-wave. However, they can decay
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the “1/2 vs. 3/2 puzzle”. The allowed strong decays are
illustrated in Figure 1 (including those only allowed by
the substantial widths of these particles). It is plausible
that the decay modes of the D0(⇤) to the 1S and 1P charm
meson states may be comparable.

3) With the relatively low mass of the D0(⇤) states, the
inclusive lepton spectrum can stay quite hard, in agree-
ment with the observations.

4) The B(B ! D(⇤)⇡`⌫̄) measurement quoted is not in
conflict with our hypothesis, since the decay of the D0(⇤)

would yield two or more pions most of the time.
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nitions of the form factors themselves, are identical to
the well known formulae for B ! D(⇤)`⌫̄ [10]. As for
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factors are determined by a single universal Isgur-Wise
function [11], which we denote by ⇠2(w). Here w = v · v0
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where, in each equation, r = mD0(⇤)/mB , and in the
mc,b � ⇤QCD limit F (w) = G(w) = ⇠2(w).

Heavy quark symmetry implies ⇠2(1) = 0, so the rate
near zero recoil comes entirely from ⇤QCD/mc,b correc-
tions. Away from w = 1, ⇠2(w) is no longer power
suppressed; however, since the kinematic range is only
1 < w < 1.3, the role of ⇤QCD/mc,b corrections, which
are no longer universal, can be very large [12]. Before
turning to model calculations, note that there is a qual-
itative argument that near w = 1 the slope of ⇠2(w),
and probably those of F (w) and G(w) as well, should be
positive. In B ! D0(⇤) transition, in the quark model,
the main e↵ect of the wave function of the brown muck
changing from the 1S to the 2S state is to increase the
expectation value of the distance from the heavy quark
of a spherically symmetric wave function. Thus the over-
lap of the initial and final state wave functions should
increase as w increases above 1.

It is not easy to calculate these B ! D0(⇤)`⌫̄ form fac-
tors. Below, we use estimates from a quark model pre-
diction [13], hoped to be trustable near w = 1, and from
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Figure 8.4: Charmed semileptonic branching fractions. The D∗∗ only include the two-body decays,
D∗∗ → D(∗)π, of the 4 orbitally excited states listed in Table 4.3. The sum of the exclusive charmed
semileptonic decays falls about 1.4% short of the inclusive rate, in absolute terms.
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Figure 8.5: m2
miss projection of the D∗∗(→ D(∗)ππ)ℓν ⇒ D0π0 component.

the excess using the following sources:

• Non-resonant B → D(∗)πℓν: simulated with Goity-Roberts. With the same particles in

the final state, they have similar m2
miss and p∗ℓ distributions as D∗∗(→ D(∗)π)ℓν events.

• Non-resonant B → D(∗)ππℓν: simulated according to phase space. Higher m2
miss, softer

p∗ℓ and lower efficiency than D∗∗(→ D(∗)π)ℓν.

• B → D(∗)ηℓν: simulated according to phase space. Very similar distributions to the B →
D(∗)ππℓν component.

• B → D∗∗(→ D(∗)ππ)ℓν: simulated with ISGW2. Figure 8.5 shows their m2
miss distribution

in the D(∗)π0 sample. Compared to the two-body decays (Fig. C.21 to C.24), the m2
miss peak

is lower and has a longer tail, due to the additional missing particle. The p∗ℓ spectrum remains

the same.

We repeat the fit four times including each of these contributions separately. This is done

including an additional PDF to each of the 4 channels in the signal and D(∗)π0 samples. The yield in

each channel is free in the fit, but linked between the signal and D(∗)π0 samples using the constraints

from the simulation. The additional components are poorly constrained, with uncertainties ranging

‣ We don’t know what is the 
exclusive make-up of 14% of all 
semileptonic decays

Problem at a glance:

• Hadronic tagging allows to enforce matching 
topologies for charged tracks

• Does not work well for neutrals; typically no events or only 

events with a well reconstructed 𝜋0 candidate are rejected

‣ Decays from higher charm 
resonances can sneak past
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p∗ℓ and lower efficiency than D∗∗(→ D(∗)π)ℓν.

• B → D(∗)ηℓν: simulated according to phase space. Very similar distributions to the B →
D(∗)ππℓν component.

• B → D∗∗(→ D(∗)ππ)ℓν: simulated with ISGW2. Figure 8.5 shows their m2
miss distribution

in the D(∗)π0 sample. Compared to the two-body decays (Fig. C.21 to C.24), the m2
miss peak

is lower and has a longer tail, due to the additional missing particle. The p∗ℓ spectrum remains

the same.

We repeat the fit four times including each of these contributions separately. This is done

including an additional PDF to each of the 4 channels in the signal and D(∗)π0 samples. The yield in

each channel is free in the fit, but linked between the signal and D(∗)π0 samples using the constraints

from the simulation. The additional components are poorly constrained, with uncertainties ranging

Semi-inclusive search most promising strategy
D⇤⇤ = D⇤⇤(1P ) ! D(⇤)⇡
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FIG. 1. Strong decays of the D0 and D0⇤ into the 1S and 1P states involving, one or two pion emissions (left), and all decays
including the near o↵-shell transitions with a ⇢ and ⌘ (right). The style and opacity of the lines connecting the states indicate
the orbital angular momentum of the partial wave. The grey bands correspond to the measured widths of the 2S and 1P states.

nonresonant contribution [8] no longer needs to be large.
This would be a problem, because in the soft pion limit
a first principles calculation is possible [9], giving a too
small rate at this region of phase space. A large nonres-
onant rate at high D(⇤)⇡ invariant mass would disagree
with the inclusive lepton spectrum measurements and the
measured semi-exclusive B ! D(⇤)⇡`⌫̄ rate.

2) The D0(⇤) states decay to one of the D(⇤) states
either with one pion emission in a p-wave, or with two
pion emission in an s-wave. However, they can decay
with one pion emission in an s-wave to members of the
s⇡l
l = 1

2

+
states, and could thus enhance the observed

decay rate to the s⇡l
l = 1

2

+
states, and thus give rise to

the “1/2 vs. 3/2 puzzle”. The allowed strong decays are
illustrated in Figure 1 (including those only allowed by
the substantial widths of these particles). It is plausible
that the decay modes of the D0(⇤) to the 1S and 1P charm
meson states may be comparable.

3) With the relatively low mass of the D0(⇤) states, the
inclusive lepton spectrum can stay quite hard, in agree-
ment with the observations.

4) The B(B ! D(⇤)⇡`⌫̄) measurement quoted is not in
conflict with our hypothesis, since the decay of the D0(⇤)

would yield two or more pions most of the time.

III. THE B ! D0(⇤)`⌫̄ DECAY RATE

Since the quantum numbers of the D0(⇤) are the same
as those of the D(⇤), the theoretical expressions for the
decay rates in terms of the form factors, and the defi-
nitions of the form factors themselves, are identical to
the well known formulae for B ! D(⇤)`⌫̄ [10]. As for

B ! D(⇤)`⌫̄, in the mc,b � ⇤QCD limit, the six form
factors are determined by a single universal Isgur-Wise
function [11], which we denote by ⇠2(w). Here w = v · v0

is the recoil parameter, v is the velocity of the B meson,
and v0 is that of the D0(⇤). We define

d�D0⇤

dw
=

G2
F |Vcb|

2 m5
B

48⇡3
r3(1 � r)2

p
w2 � 1 (w + 1)2

⇥


1 +

4w

w + 1

1 � 2rw + r2

(1 � r)2

�⇥
F (w)

⇤2
, (2)

d�D0

dw
=

G2
F |Vcb|

2 m5
B

48⇡3
r3(1 + r)2 (w2

� 1)3/2
⇥
G(w)

⇤2
,

where, in each equation, r = mD0(⇤)/mB , and in the
mc,b � ⇤QCD limit F (w) = G(w) = ⇠2(w).

Heavy quark symmetry implies ⇠2(1) = 0, so the rate
near zero recoil comes entirely from ⇤QCD/mc,b correc-
tions. Away from w = 1, ⇠2(w) is no longer power
suppressed; however, since the kinematic range is only
1 < w < 1.3, the role of ⇤QCD/mc,b corrections, which
are no longer universal, can be very large [12]. Before
turning to model calculations, note that there is a qual-
itative argument that near w = 1 the slope of ⇠2(w),
and probably those of F (w) and G(w) as well, should be
positive. In B ! D0(⇤) transition, in the quark model,
the main e↵ect of the wave function of the brown muck
changing from the 1S to the 2S state is to increase the
expectation value of the distance from the heavy quark
of a spherically symmetric wave function. Thus the over-
lap of the initial and final state wave functions should
increase as w increases above 1.

It is not easy to calculate these B ! D0(⇤)`⌫̄ form fac-
tors. Below, we use estimates from a quark model pre-
diction [13], hoped to be trustable near w = 1, and from

pmiss = p⌫ =
�
pe+ e� � ptag � pXq � p`

�

* Strategy: identical to

pXq = pD(⇤) + p⇡ + p⇡

FB et al, Phys.Rev. D85 (2012) 094033

B ! D(⇤) ⌧ ⌫̄⌧

B ! D(⇤)⇡+ ⇡� ` ⌫̄`
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D⇡+⇡�`�⌫, B ! D⇤⇡+⇡�`�⌫, other BB events,
and continuum events. Contributions to the B !
D(⇤)⇡+⇡�`�⌫ channels from B ! D(⇤)⇡±⇡0`�⌫
and B ! D(⇤)⇡0⇡0`�⌫ decays (cross-feed) are
treated as signal.

A fraction of signal decays are reconstructed with
a B meson charge di↵ering by ±1 from the true B
meson charge and contribute to the wrong signal
channel. We determine this fraction for each sig-
nal channel in simulation and fix the correspond-
ing yield ratio in the fit. Hadronic B meson decays
in which a hadron is misidentified as a lepton can
peak near U = 0. We estimate these small con-
tributions using simulation and hold them fixed in
the fit to the D(⇤)`�⌫ channels. Simulation indi-
cates that these peaking backgrounds are negligible
for the D(⇤)⇡+⇡�`�⌫ channels.

Fits to ensembles of parameterized MC pseudo-
experiments are used to validate the fit. All fitted
parameters exhibit unbiased means and variances.

The results for the D(⇤)⇡+⇡�`�⌫ channels are
shown in Fig. 2 with the corresponding signal
yields in Table I. The fitted yields for all back-
ground components are consistent with the val-
ues expected from MC. The only known source of
B ! D⇡+⇡�`�⌫ decays is B ! D1(2420)`�⌫ with
D1(2420) ! D⇡+⇡�. If we remove these D1(2420)
decays by vetoing events with 0.5 < m(D⇡+⇡�) �
m(D) < 0.6GeV/c2, the signal yields are reduced
to 84.3± 27.7 events in D0⇡+⇡�, and 37.3± 15.9 in
D+⇡+⇡�, which indicates that D1(2420) ! D⇡+⇡�

is not the only source for the observed signals.

TABLE I: Event yields and estimated e�ciencies (✏) for
the signal channels. The quoted uncertainties are statis-
tical only. The fourth column gives the statistical signif-
icance, S =

p
2�L, where �L is the di↵erence between

the log-likelihood value of the default fit and a fit with
the signal yield fixed to zero. The last column gives the
total significance, Stot, where systematic uncertainties
are included.

Channel Yield ✏⇥ 104 S Stot

D0`�⌫` 5567± 102 2.73± 0.01 > 40 > 40

D+`�⌫` 3236± 74 1.69± 0.01 > 40 > 40

D⇤0`�⌫` 9987± 126 2.03± 0.01 > 40 > 40

D⇤+`�⌫` 5404± 83 1.14± 0.01 > 40 > 40

D0⇡⇡`�⌫ 171± 30 1.18± 0.03 5.4 5.0

D+⇡⇡`�⌫ 56± 17 0.51± 0.02 3.5 3.0

D⇤0⇡⇡`�⌫ 74± 36 1.11± 0.02 1.8 1.6

D⇤+⇡⇡`�⌫ 65± 18 0.49± 0.02 3.3 3.0
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FIG. 2: Measured U distributions and results of the fit
for the (a) D0⇡⇡`�⌫, (b) D+⇡⇡`�⌫, (c) D⇤0⇡⇡`�⌫, and
(d) D⇤+⇡⇡`�⌫ samples.

Systematic uncertainties arising from limited
knowledge of branching fractions, form factors, and
detector response are evaluated. These impact
the determination of the PDF shapes, fixed back-
grounds, cross-feed contributions, and signal e�-
ciencies. The leading uncertainties arise from ig-
norance of potential resonance structure in the
D(⇤)⇡+⇡� final state, the limited size of MC sam-
ples used to derive PDFs, and the modeling of dis-
tributions of variables used in the Fisher discrim-
inants. The dependence on the D(⇤)⇡⇡ produc-
tion process is investigated by using, in turn, each
of the individual mechanisms listed previously to
model the signal. We assign the maximum deviation

between the branching fraction ratios R(⇤)
⇡+⇡� ob-

tained from the nominal and alternative decay mod-
els as an uncertainty, giving 7.8% for D0⇡+⇡�`�⌫,
10.5% for D+⇡+⇡�`�⌫, 19.2% for D⇤0⇡+⇡�`�⌫,
and 13.4% for D⇤+⇡+⇡�`�⌫. The impact of the
statistical uncertainties of the PDFs are estimated
from fits to 1300 simulated data sets, obtained from

U = Emiss � |~pmiss|

Background subtraction via unbinned 
likelihood fit in

U = Emiss � |~pmiss|

Simultaneous extraction of all channels:
 [ D0, D+, D*0, D*+ ] 𝝅+ 𝝅-

B(B ! D⇡⇡ ` ⌫̄`) + B(B ! D⇤⇡⇡ ` ⌫̄`) =
�
0.52+0.14

�0.07
+0.27
�0.13

�
%

8.1. PROBABILITY DENSITY FUNCTIONS 107

B(B0 → Xcℓ
−ν̄ℓ) ∼ 10 .9%

2 .3%

D∗0ℓ−ν̄ℓ
5.5%

D∗∗ℓ−ν̄ℓ

1.7%

???

1.4%

D0ℓ−ν̄ℓ

Figure 8.4: Charmed semileptonic branching fractions. The D∗∗ only include the two-body decays,
D∗∗ → D(∗)π, of the 4 orbitally excited states listed in Table 4.3. The sum of the exclusive charmed
semileptonic decays falls about 1.4% short of the inclusive rate, in absolute terms.
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Figure 8.5: m2
miss projection of the D∗∗(→ D(∗)ππ)ℓν ⇒ D0π0 component.

the excess using the following sources:

• Non-resonant B → D(∗)πℓν: simulated with Goity-Roberts. With the same particles in

the final state, they have similar m2
miss and p∗ℓ distributions as D∗∗(→ D(∗)π)ℓν events.

• Non-resonant B → D(∗)ππℓν: simulated according to phase space. Higher m2
miss, softer

p∗ℓ and lower efficiency than D∗∗(→ D(∗)π)ℓν.

• B → D(∗)ηℓν: simulated according to phase space. Very similar distributions to the B →
D(∗)ππℓν component.

• B → D∗∗(→ D(∗)ππ)ℓν: simulated with ISGW2. Figure 8.5 shows their m2
miss distribution

in the D(∗)π0 sample. Compared to the two-body decays (Fig. C.21 to C.24), the m2
miss peak

is lower and has a longer tail, due to the additional missing particle. The p∗ℓ spectrum remains

the same.

We repeat the fit four times including each of these contributions separately. This is done

including an additional PDF to each of the 4 channels in the signal and D(∗)π0 samples. The yield in

each channel is free in the fit, but linked between the signal and D(∗)π0 samples using the constraints

from the simulation. The additional components are poorly constrained, with uncertainties ranging

Background suppression via Fisher-
discriminant

~0.9% still unknown

unmeasured neutral components added via isospin extrapolation

Thomas Lueck, Bob Kowalewski, FB
Phys. Rev. Lett. 116, 041801 (2016)



Florian Bernlochner Fantastic Bs and where to find them

• Flavour tagging: 

• important tool for time-dependent and time-integrated CPV measurements
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Flavour Tagger with Deep Neural Networks

Ingredients of CPV-Measurements

B0 ! J/ K 0
s : Measurement of sin(2�)

reconstruct the signal-side

measure distance between vertices
�t = �z/��c

important aspect:
determine the Flavor of the tag-side

Jochen Gemmler B-meson Flavor Tagging with Deep Neural Networks at Belle (II) 27.06.2018 5/20

sin 2�
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Golden mode

Flavor Tagging Categories

flavor-specific categories
Primary Leptons

Secondary Leptons

Slow Pion

Fast Strange Particles

Slow Strange Particles

decay processes

b̄ ! c̄ `+⌫

b̄ ! c̄ ! s̄ `�⌫̄

B0 ! D⇤�X ,D⇤� ! D̄0⇡�

B0 ! K+Xcc̄

b̄ ! c̄ ! s̄

Jochen Gemmler B-meson Flavor Tagging with Deep Neural Networks at Belle (II) 27.06.2018 6/20

• Current approaches use categories
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• Great playground for deep learning: 

• Human made high-level categories versus full set of input observables
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Flavour Tagger with Deep Neural Networks

Flavor Tagging - New Approach

Architecture: 9 layer perceptron

nodes

x(k+1)
i = �(k+1)

⇣P
j=1 w(k)

ij x(k)
j + w(k)

i0

⌘

Jochen Gemmler B-meson Flavor Tagging with Deep Neural Networks at Belle (II) 27.06.2018 10/20

Flavor Tagging - Input Features

Features
10 charged tracks at maximum

sorted by momentum, grouped
by charge

pCMS , cos(✓CMS), �CMS

electron, pion, muon, kaon,
proton ID

hit count of the Belle II-tracking
detectors (3)

track perigee (dr, dz)

pValue

overall 140 input features
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8 layers with 300 nodes each

DNN



Florian Bernlochner Fantastic Bs and where to find them

• Great playground for deep learning: 

• Human made high-level categories versus full set of input observables

!96

Flavour Tagger with Deep Neural Networks

Receiver Operating Characteristic

false positive rate
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Classifier
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Effective Tagging Efficiency on Monte Carlo

CP Asymmetry

Aobs
CP = (1 � 2w)Ames

CP

Q =
6X

i=1

✏i(1 � 2wi)
2

ri = 1 � 2wi

Category Based Deep Neural Network

Belle J/ K 0
S 0.293 ± 0.01 1 0.3442±0.0009

1DOI: 10.1016/j.nima.2004.06.159
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Feature Representation - Hidden Layers

Visualization with T-distributed Stochastic Neighbour Embedding (TSNE)
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T-distributed Stochastic Neighbour Embedding (TSNE) 



Feature Representation - Hidden Layer
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Feature Representation - Hidden Layer
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Excerpt of my work on the 
subject of semileptonic decays:

Phys.Rev. D85 (2012) 094033

Phys. Rev. D 92, 115019 (2015)

Eur.Phys.J. C74 (2014) no.6, 2914 

Phys. Rev. D 95, 014022 (2017)

Phys. Rev. D 96, 091503 (2017)

Phys. Rev. D 97, 075011 (2018)

Phys. Rev. D 95, 115008 (2017)

Belle

BELLE-CONF-1612

Phys. Rev. Lett. 116, 041801 (2016)
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