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HOT TOPICS IN FLAVOR PHYSICS



Outline:

•The usual suggestions for hot topics


•Not so well known


•Underdogs/Surprise
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Direct CPV plus control measurements

CPV in mixing

Baryonic analogue of : e.g. D → π+π−, K+K− Λc → pπ0, ΣK

See e.g. Fleischer et al. or
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ΔACP = ACP(D0 → K+K−) − ACP(D0 → π+π−)
LHCb 1903.08726
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Control hadronic contributions in charm system

See e.g. 


Wilkinson, AL 2011.04443



I) Imaginary part of CKM-elements = CP Violation

II) Instead of a W-Boson a charged Higgs particle could be exchanged

III) 


IV) Determination of SM-Parameter

• Leptonic Decays • Semileptonic Decays • Non-leptonic Decays
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Hadronic Difficulty of Meson Decays

Decay constant

Form Factors

Factorisation

III) QCD effects are crucial! Perturbative QCD corrections 
Non-perturbative: decay constants, form factors, factorisation 
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Decay constant

Form Factors

Factorisation
Ancient B anomalies 

Tree: , Vub Vcb

I) Imaginary part of CKM-elements = CP Violation

II) Instead of a W-Boson a charged Higgs particle could be exchanged

III) 


IV) Determination of SM-Parameter

III) QCD effects are crucial! Perturbative QCD corrections 
Non-perturbative: decay constants, form factors, factorisation 
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I) Imaginary part of CKM-elements = CP Violation

II) Instead of a W-Boson a charged Higgs particle could be exchanged

III) 


IV) Determination of SM-Parameter

III) QCD effects are crucial! Perturbative QCD corrections 
Non-perturbative: decay constants, form factors, factorisation 
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<latexit sha1_base64="UhQn5LgPY5huZBbfnIl5pL/QpJM=">AAAB6nicdVDLSgMxFM34rPVVdekmWAQ3DtNOH3ZXdNNlBccW2rFk0kwbmmSGJCOUob/gxoWKW7/InX9jpq2gogcuHM65l3vvCWJGlXacD2tldW19YzO3ld/e2d3bLxwc3qookZh4OGKR7AZIEUYF8TTVjHRjSRAPGOkEk6vM79wTqWgkbvQ0Jj5HI0FDipHOpNbdeX5QKDq245TrjTJ07KpbrTk1mCkV13VhyZAMRbBEe1B47w8jnHAiNGZIqV7JibWfIqkpZmSW7yeKxAhP0Ij0DBWIE+Wn81tn8NQoQxhG0pTQcK5+n0gRV2rKA9PJkR6r314m/uX1Eh1e+CkVcaKJwItFYcKgjmD2OBxSSbBmU0MQltTcCvEYSYS1iScL4etT+D/xynbDLl1Xis3LZRo5cAxOwBkogTpoghZoAw9gMAYP4Ak8W9x6tF6s10XrirWcOQI/YL19ArGkjY0=</latexit><latexit sha1_base64="UhQn5LgPY5huZBbfnIl5pL/QpJM=">AAAB6nicdVDLSgMxFM34rPVVdekmWAQ3DtNOH3ZXdNNlBccW2rFk0kwbmmSGJCOUob/gxoWKW7/InX9jpq2gogcuHM65l3vvCWJGlXacD2tldW19YzO3ld/e2d3bLxwc3qookZh4OGKR7AZIEUYF8TTVjHRjSRAPGOkEk6vM79wTqWgkbvQ0Jj5HI0FDipHOpNbdeX5QKDq245TrjTJ07KpbrTk1mCkV13VhyZAMRbBEe1B47w8jnHAiNGZIqV7JibWfIqkpZmSW7yeKxAhP0Ij0DBWIE+Wn81tn8NQoQxhG0pTQcK5+n0gRV2rKA9PJkR6r314m/uX1Eh1e+CkVcaKJwItFYcKgjmD2OBxSSbBmU0MQltTcCvEYSYS1iScL4etT+D/xynbDLl1Xis3LZRo5cAxOwBkogTpoghZoAw9gMAYP4Ak8W9x6tF6s10XrirWcOQI/YL19ArGkjY0=</latexit><latexit sha1_base64="UhQn5LgPY5huZBbfnIl5pL/QpJM=">AAAB6nicdVDLSgMxFM34rPVVdekmWAQ3DtNOH3ZXdNNlBccW2rFk0kwbmmSGJCOUob/gxoWKW7/InX9jpq2gogcuHM65l3vvCWJGlXacD2tldW19YzO3ld/e2d3bLxwc3qookZh4OGKR7AZIEUYF8TTVjHRjSRAPGOkEk6vM79wTqWgkbvQ0Jj5HI0FDipHOpNbdeX5QKDq245TrjTJ07KpbrTk1mCkV13VhyZAMRbBEe1B47w8jnHAiNGZIqV7JibWfIqkpZmSW7yeKxAhP0Ij0DBWIE+Wn81tn8NQoQxhG0pTQcK5+n0gRV2rKA9PJkR6r314m/uX1Eh1e+CkVcaKJwItFYcKgjmD2OBxSSbBmU0MQltTcCvEYSYS1iScL4etT+D/xynbDLl1Xis3LZRo5cAxOwBkogTpoghZoAw9gMAYP4Ak8W9x6tF6s10XrirWcOQI/YL19ArGkjY0=</latexit><latexit sha1_base64="UhQn5LgPY5huZBbfnIl5pL/QpJM=">AAAB6nicdVDLSgMxFM34rPVVdekmWAQ3DtNOH3ZXdNNlBccW2rFk0kwbmmSGJCOUob/gxoWKW7/InX9jpq2gogcuHM65l3vvCWJGlXacD2tldW19YzO3ld/e2d3bLxwc3qookZh4OGKR7AZIEUYF8TTVjHRjSRAPGOkEk6vM79wTqWgkbvQ0Jj5HI0FDipHOpNbdeX5QKDq245TrjTJ07KpbrTk1mCkV13VhyZAMRbBEe1B47w8jnHAiNGZIqV7JibWfIqkpZmSW7yeKxAhP0Ij0DBWIE+Wn81tn8NQoQxhG0pTQcK5+n0gRV2rKA9PJkR6r314m/uX1Eh1e+CkVcaKJwItFYcKgjmD2OBxSSbBmU0MQltTcCvEYSYS1iScL4etT+D/xynbDLl1Xis3LZRo5cAxOwBkogTpoghZoAw9gMAYP4Ak8W9x6tF6s10XrirWcOQI/YL19ArGkjY0=</latexit>
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<latexit sha1_base64="UhQn5LgPY5huZBbfnIl5pL/QpJM=">AAAB6nicdVDLSgMxFM34rPVVdekmWAQ3DtNOH3ZXdNNlBccW2rFk0kwbmmSGJCOUob/gxoWKW7/InX9jpq2gogcuHM65l3vvCWJGlXacD2tldW19YzO3ld/e2d3bLxwc3qookZh4OGKR7AZIEUYF8TTVjHRjSRAPGOkEk6vM79wTqWgkbvQ0Jj5HI0FDipHOpNbdeX5QKDq245TrjTJ07KpbrTk1mCkV13VhyZAMRbBEe1B47w8jnHAiNGZIqV7JibWfIqkpZmSW7yeKxAhP0Ij0DBWIE+Wn81tn8NQoQxhG0pTQcK5+n0gRV2rKA9PJkR6r314m/uX1Eh1e+CkVcaKJwItFYcKgjmD2OBxSSbBmU0MQltTcCvEYSYS1iScL4etT+D/xynbDLl1Xis3LZRo5cAxOwBkogTpoghZoAw9gMAYP4Ak8W9x6tF6s10XrirWcOQI/YL19ArGkjY0=</latexit><latexit sha1_base64="UhQn5LgPY5huZBbfnIl5pL/QpJM=">AAAB6nicdVDLSgMxFM34rPVVdekmWAQ3DtNOH3ZXdNNlBccW2rFk0kwbmmSGJCOUob/gxoWKW7/InX9jpq2gogcuHM65l3vvCWJGlXacD2tldW19YzO3ld/e2d3bLxwc3qookZh4OGKR7AZIEUYF8TTVjHRjSRAPGOkEk6vM79wTqWgkbvQ0Jj5HI0FDipHOpNbdeX5QKDq245TrjTJ07KpbrTk1mCkV13VhyZAMRbBEe1B47w8jnHAiNGZIqV7JibWfIqkpZmSW7yeKxAhP0Ij0DBWIE+Wn81tn8NQoQxhG0pTQcK5+n0gRV2rKA9PJkR6r314m/uX1Eh1e+CkVcaKJwItFYcKgjmD2OBxSSbBmU0MQltTcCvEYSYS1iScL4etT+D/xynbDLl1Xis3LZRo5cAxOwBkogTpoghZoAw9gMAYP4Ak8W9x6tF6s10XrirWcOQI/YL19ArGkjY0=</latexit><latexit sha1_base64="UhQn5LgPY5huZBbfnIl5pL/QpJM=">AAAB6nicdVDLSgMxFM34rPVVdekmWAQ3DtNOH3ZXdNNlBccW2rFk0kwbmmSGJCOUob/gxoWKW7/InX9jpq2gogcuHM65l3vvCWJGlXacD2tldW19YzO3ld/e2d3bLxwc3qookZh4OGKR7AZIEUYF8TTVjHRjSRAPGOkEk6vM79wTqWgkbvQ0Jj5HI0FDipHOpNbdeX5QKDq245TrjTJ07KpbrTk1mCkV13VhyZAMRbBEe1B47w8jnHAiNGZIqV7JibWfIqkpZmSW7yeKxAhP0Ij0DBWIE+Wn81tn8NQoQxhG0pTQcK5+n0gRV2rKA9PJkR6r314m/uX1Eh1e+CkVcaKJwItFYcKgjmD2OBxSSbBmU0MQltTcCvEYSYS1iScL4etT+D/xynbDLl1Xis3LZRo5cAxOwBkogTpoghZoAw9gMAYP4Ak8W9x6tF6s10XrirWcOQI/YL19ArGkjY0=</latexit><latexit sha1_base64="UhQn5LgPY5huZBbfnIl5pL/QpJM=">AAAB6nicdVDLSgMxFM34rPVVdekmWAQ3DtNOH3ZXdNNlBccW2rFk0kwbmmSGJCOUob/gxoWKW7/InX9jpq2gogcuHM65l3vvCWJGlXacD2tldW19YzO3ld/e2d3bLxwc3qookZh4OGKR7AZIEUYF8TTVjHRjSRAPGOkEk6vM79wTqWgkbvQ0Jj5HI0FDipHOpNbdeX5QKDq245TrjTJ07KpbrTk1mCkV13VhyZAMRbBEe1B47w8jnHAiNGZIqV7JibWfIqkpZmSW7yeKxAhP0Ij0DBWIE+Wn81tn8NQoQxhG0pTQcK5+n0gRV2rKA9PJkR6r314m/uX1Eh1e+CkVcaKJwItFYcKgjmD2OBxSSbBmU0MQltTcCvEYSYS1iScL4etT+D/xynbDLl1Xis3LZRo5cAxOwBkogTpoghZoAw9gMAYP4Ak8W9x6tF6s10XrirWcOQI/YL19ArGkjY0=</latexit>
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Form Factors
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III) QCD effects are crucial! Perturbative QCD corrections 
Non-perturbative: decay constants, form factors, factorisation 

Hadronic Difficulty of Meson Decays



• Leptonic Decays • Semileptonic Decays • Non-leptonic Decays
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<latexit sha1_base64="UhQn5LgPY5huZBbfnIl5pL/QpJM=">AAAB6nicdVDLSgMxFM34rPVVdekmWAQ3DtNOH3ZXdNNlBccW2rFk0kwbmmSGJCOUob/gxoWKW7/InX9jpq2gogcuHM65l3vvCWJGlXacD2tldW19YzO3ld/e2d3bLxwc3qookZh4OGKR7AZIEUYF8TTVjHRjSRAPGOkEk6vM79wTqWgkbvQ0Jj5HI0FDipHOpNbdeX5QKDq245TrjTJ07KpbrTk1mCkV13VhyZAMRbBEe1B47w8jnHAiNGZIqV7JibWfIqkpZmSW7yeKxAhP0Ij0DBWIE+Wn81tn8NQoQxhG0pTQcK5+n0gRV2rKA9PJkR6r314m/uX1Eh1e+CkVcaKJwItFYcKgjmD2OBxSSbBmU0MQltTcCvEYSYS1iScL4etT+D/xynbDLl1Xis3LZRo5cAxOwBkogTpoghZoAw9gMAYP4Ak8W9x6tF6s10XrirWcOQI/YL19ArGkjY0=</latexit><latexit sha1_base64="UhQn5LgPY5huZBbfnIl5pL/QpJM=">AAAB6nicdVDLSgMxFM34rPVVdekmWAQ3DtNOH3ZXdNNlBccW2rFk0kwbmmSGJCOUob/gxoWKW7/InX9jpq2gogcuHM65l3vvCWJGlXacD2tldW19YzO3ld/e2d3bLxwc3qookZh4OGKR7AZIEUYF8TTVjHRjSRAPGOkEk6vM79wTqWgkbvQ0Jj5HI0FDipHOpNbdeX5QKDq245TrjTJ07KpbrTk1mCkV13VhyZAMRbBEe1B47w8jnHAiNGZIqV7JibWfIqkpZmSW7yeKxAhP0Ij0DBWIE+Wn81tn8NQoQxhG0pTQcK5+n0gRV2rKA9PJkR6r314m/uX1Eh1e+CkVcaKJwItFYcKgjmD2OBxSSbBmU0MQltTcCvEYSYS1iScL4etT+D/xynbDLl1Xis3LZRo5cAxOwBkogTpoghZoAw9gMAYP4Ak8W9x6tF6s10XrirWcOQI/YL19ArGkjY0=</latexit><latexit sha1_base64="UhQn5LgPY5huZBbfnIl5pL/QpJM=">AAAB6nicdVDLSgMxFM34rPVVdekmWAQ3DtNOH3ZXdNNlBccW2rFk0kwbmmSGJCOUob/gxoWKW7/InX9jpq2gogcuHM65l3vvCWJGlXacD2tldW19YzO3ld/e2d3bLxwc3qookZh4OGKR7AZIEUYF8TTVjHRjSRAPGOkEk6vM79wTqWgkbvQ0Jj5HI0FDipHOpNbdeX5QKDq245TrjTJ07KpbrTk1mCkV13VhyZAMRbBEe1B47w8jnHAiNGZIqV7JibWfIqkpZmSW7yeKxAhP0Ij0DBWIE+Wn81tn8NQoQxhG0pTQcK5+n0gRV2rKA9PJkR6r314m/uX1Eh1e+CkVcaKJwItFYcKgjmD2OBxSSbBmU0MQltTcCvEYSYS1iScL4etT+D/xynbDLl1Xis3LZRo5cAxOwBkogTpoghZoAw9gMAYP4Ak8W9x6tF6s10XrirWcOQI/YL19ArGkjY0=</latexit><latexit sha1_base64="UhQn5LgPY5huZBbfnIl5pL/QpJM=">AAAB6nicdVDLSgMxFM34rPVVdekmWAQ3DtNOH3ZXdNNlBccW2rFk0kwbmmSGJCOUob/gxoWKW7/InX9jpq2gogcuHM65l3vvCWJGlXacD2tldW19YzO3ld/e2d3bLxwc3qookZh4OGKR7AZIEUYF8TTVjHRjSRAPGOkEk6vM79wTqWgkbvQ0Jj5HI0FDipHOpNbdeX5QKDq245TrjTJ07KpbrTk1mCkV13VhyZAMRbBEe1B47w8jnHAiNGZIqV7JibWfIqkpZmSW7yeKxAhP0Ij0DBWIE+Wn81tn8NQoQxhG0pTQcK5+n0gRV2rKA9PJkR6r314m/uX1Eh1e+CkVcaKJwItFYcKgjmD2OBxSSbBmU0MQltTcCvEYSYS1iScL4etT+D/xynbDLl1Xis3LZRo5cAxOwBkogTpoghZoAw9gMAYP4Ak8W9x6tF6s10XrirWcOQI/YL19ArGkjY0=</latexit>

Vub
<latexit sha1_base64="w4aHVwGHEYRx0Sz4tK3grvLbYH0=">AAAB7HicdVBNS8NAEJ34WetX1aOXxSJ4Ckm1tLkVvXisYNpCG8pmu23XbjZhdyOU0P/gxYOKV3+QN/+Nm7aCij4YeLw3w8y8MOFMacf5sFZW19Y3Ngtbxe2d3b390sFhS8WpJNQnMY9lJ8SKciaor5nmtJNIiqOQ03Y4ucr99j2VisXiVk8TGkR4JNiQEayN1Gr1szSc9Utlx/bq1ep5HTm243gVr2aI53luzUWuUXKUYYlmv/TeG8QkjajQhGOluq6T6CDDUjPC6azYSxVNMJngEe0aKnBEVZDNr52hU6MM0DCWpoRGc/X7RIYjpaZRaDojrMfqt5eLf3ndVA/rQcZEkmoqyGLRMOVIxyh/HQ2YpETzqSGYSGZuRWSMJSbaBFQ0IXx9iv4nfsX2bPfmoty4XKZRgGM4gTNwoQYNuIYm+EDgDh7gCZ6t2Hq0XqzXReuKtZw5gh+w3j4BvUyPcw==</latexit><latexit sha1_base64="w4aHVwGHEYRx0Sz4tK3grvLbYH0=">AAAB7HicdVBNS8NAEJ34WetX1aOXxSJ4Ckm1tLkVvXisYNpCG8pmu23XbjZhdyOU0P/gxYOKV3+QN/+Nm7aCij4YeLw3w8y8MOFMacf5sFZW19Y3Ngtbxe2d3b390sFhS8WpJNQnMY9lJ8SKciaor5nmtJNIiqOQ03Y4ucr99j2VisXiVk8TGkR4JNiQEayN1Gr1szSc9Utlx/bq1ep5HTm243gVr2aI53luzUWuUXKUYYlmv/TeG8QkjajQhGOluq6T6CDDUjPC6azYSxVNMJngEe0aKnBEVZDNr52hU6MM0DCWpoRGc/X7RIYjpaZRaDojrMfqt5eLf3ndVA/rQcZEkmoqyGLRMOVIxyh/HQ2YpETzqSGYSGZuRWSMJSbaBFQ0IXx9iv4nfsX2bPfmoty4XKZRgGM4gTNwoQYNuIYm+EDgDh7gCZ6t2Hq0XqzXReuKtZw5gh+w3j4BvUyPcw==</latexit><latexit sha1_base64="w4aHVwGHEYRx0Sz4tK3grvLbYH0=">AAAB7HicdVBNS8NAEJ34WetX1aOXxSJ4Ckm1tLkVvXisYNpCG8pmu23XbjZhdyOU0P/gxYOKV3+QN/+Nm7aCij4YeLw3w8y8MOFMacf5sFZW19Y3Ngtbxe2d3b390sFhS8WpJNQnMY9lJ8SKciaor5nmtJNIiqOQ03Y4ucr99j2VisXiVk8TGkR4JNiQEayN1Gr1szSc9Utlx/bq1ep5HTm243gVr2aI53luzUWuUXKUYYlmv/TeG8QkjajQhGOluq6T6CDDUjPC6azYSxVNMJngEe0aKnBEVZDNr52hU6MM0DCWpoRGc/X7RIYjpaZRaDojrMfqt5eLf3ndVA/rQcZEkmoqyGLRMOVIxyh/HQ2YpETzqSGYSGZuRWSMJSbaBFQ0IXx9iv4nfsX2bPfmoty4XKZRgGM4gTNwoQYNuIYm+EDgDh7gCZ6t2Hq0XqzXReuKtZw5gh+w3j4BvUyPcw==</latexit><latexit sha1_base64="w4aHVwGHEYRx0Sz4tK3grvLbYH0=">AAAB7HicdVBNS8NAEJ34WetX1aOXxSJ4Ckm1tLkVvXisYNpCG8pmu23XbjZhdyOU0P/gxYOKV3+QN/+Nm7aCij4YeLw3w8y8MOFMacf5sFZW19Y3Ngtbxe2d3b390sFhS8WpJNQnMY9lJ8SKciaor5nmtJNIiqOQ03Y4ucr99j2VisXiVk8TGkR4JNiQEayN1Gr1szSc9Utlx/bq1ep5HTm243gVr2aI53luzUWuUXKUYYlmv/TeG8QkjajQhGOluq6T6CDDUjPC6azYSxVNMJngEe0aKnBEVZDNr52hU6MM0DCWpoRGc/X7RIYjpaZRaDojrMfqt5eLf3ndVA/rQcZEkmoqyGLRMOVIxyh/HQ2YpETzqSGYSGZuRWSMJSbaBFQ0IXx9iv4nfsX2bPfmoty4XKZRgGM4gTNwoQYNuIYm+EDgDh7gCZ6t2Hq0XqzXReuKtZw5gh+w3j4BvUyPcw==</latexit>
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<latexit sha1_base64="UhQn5LgPY5huZBbfnIl5pL/QpJM=">AAAB6nicdVDLSgMxFM34rPVVdekmWAQ3DtNOH3ZXdNNlBccW2rFk0kwbmmSGJCOUob/gxoWKW7/InX9jpq2gogcuHM65l3vvCWJGlXacD2tldW19YzO3ld/e2d3bLxwc3qookZh4OGKR7AZIEUYF8TTVjHRjSRAPGOkEk6vM79wTqWgkbvQ0Jj5HI0FDipHOpNbdeX5QKDq245TrjTJ07KpbrTk1mCkV13VhyZAMRbBEe1B47w8jnHAiNGZIqV7JibWfIqkpZmSW7yeKxAhP0Ij0DBWIE+Wn81tn8NQoQxhG0pTQcK5+n0gRV2rKA9PJkR6r314m/uX1Eh1e+CkVcaKJwItFYcKgjmD2OBxSSbBmU0MQltTcCvEYSYS1iScL4etT+D/xynbDLl1Xis3LZRo5cAxOwBkogTpoghZoAw9gMAYP4Ak8W9x6tF6s10XrirWcOQI/YL19ArGkjY0=</latexit><latexit sha1_base64="UhQn5LgPY5huZBbfnIl5pL/QpJM=">AAAB6nicdVDLSgMxFM34rPVVdekmWAQ3DtNOH3ZXdNNlBccW2rFk0kwbmmSGJCOUob/gxoWKW7/InX9jpq2gogcuHM65l3vvCWJGlXacD2tldW19YzO3ld/e2d3bLxwc3qookZh4OGKR7AZIEUYF8TTVjHRjSRAPGOkEk6vM79wTqWgkbvQ0Jj5HI0FDipHOpNbdeX5QKDq245TrjTJ07KpbrTk1mCkV13VhyZAMRbBEe1B47w8jnHAiNGZIqV7JibWfIqkpZmSW7yeKxAhP0Ij0DBWIE+Wn81tn8NQoQxhG0pTQcK5+n0gRV2rKA9PJkR6r314m/uX1Eh1e+CkVcaKJwItFYcKgjmD2OBxSSbBmU0MQltTcCvEYSYS1iScL4etT+D/xynbDLl1Xis3LZRo5cAxOwBkogTpoghZoAw9gMAYP4Ak8W9x6tF6s10XrirWcOQI/YL19ArGkjY0=</latexit><latexit sha1_base64="UhQn5LgPY5huZBbfnIl5pL/QpJM=">AAAB6nicdVDLSgMxFM34rPVVdekmWAQ3DtNOH3ZXdNNlBccW2rFk0kwbmmSGJCOUob/gxoWKW7/InX9jpq2gogcuHM65l3vvCWJGlXacD2tldW19YzO3ld/e2d3bLxwc3qookZh4OGKR7AZIEUYF8TTVjHRjSRAPGOkEk6vM79wTqWgkbvQ0Jj5HI0FDipHOpNbdeX5QKDq245TrjTJ07KpbrTk1mCkV13VhyZAMRbBEe1B47w8jnHAiNGZIqV7JibWfIqkpZmSW7yeKxAhP0Ij0DBWIE+Wn81tn8NQoQxhG0pTQcK5+n0gRV2rKA9PJkR6r314m/uX1Eh1e+CkVcaKJwItFYcKgjmD2OBxSSbBmU0MQltTcCvEYSYS1iScL4etT+D/xynbDLl1Xis3LZRo5cAxOwBkogTpoghZoAw9gMAYP4Ak8W9x6tF6s10XrirWcOQI/YL19ArGkjY0=</latexit><latexit sha1_base64="UhQn5LgPY5huZBbfnIl5pL/QpJM=">AAAB6nicdVDLSgMxFM34rPVVdekmWAQ3DtNOH3ZXdNNlBccW2rFk0kwbmmSGJCOUob/gxoWKW7/InX9jpq2gogcuHM65l3vvCWJGlXacD2tldW19YzO3ld/e2d3bLxwc3qookZh4OGKR7AZIEUYF8TTVjHRjSRAPGOkEk6vM79wTqWgkbvQ0Jj5HI0FDipHOpNbdeX5QKDq245TrjTJ07KpbrTk1mCkV13VhyZAMRbBEe1B47w8jnHAiNGZIqV7JibWfIqkpZmSW7yeKxAhP0Ij0DBWIE+Wn81tn8NQoQxhG0pTQcK5+n0gRV2rKA9PJkR6r314m/uX1Eh1e+CkVcaKJwItFYcKgjmD2OBxSSbBmU0MQltTcCvEYSYS1iScL4etT+D/xynbDLl1Xis3LZRo5cAxOwBkogTpoghZoAw9gMAYP4Ak8W9x6tF6s10XrirWcOQI/YL19ArGkjY0=</latexit>
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I) Imaginary part of CKM-elements = CP Violation

II) Instead of a W-Boson a charged Higgs particle could be exchanged
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IV) Determination of SM-Parameter

III) QCD effects are crucial! Perturbative QCD corrections 
Non-perturbative: decay constants, form factors, factorisation 
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Tree: , Vub Vcb

 anomalies 
Tree

b → clν

QCDf

I) Imaginary part of CKM-elements = CP Violation

II) Instead of a W-Boson a charged Higgs particle could be exchanged

III) 


IV) Determination of SM-Parameter

III) QCD effects are crucial! Perturbative QCD corrections 
Non-perturbative: decay constants, form factors, factorisation 

Hadronic Difficulty of Meson Decays



Ancient Anomalies

:  inclusive vs. exclusive Vcb

Based on NNNLO-QCD!!!
Fael, Schönwald, Steinhauser 2011.13654

Bordone, Caddevilla, Gambino 2107.00604



Ancient Anomalies

:  inclusive vs. exclusive Vcb

Based on NNNLO-QCD!!!
Fael, Schönwald, Steinhauser 2011.13654

Bordone, Caddevilla, Gambino 2107.00604



Ancient Anomalies

:  inclusive vs. exclusive Vcb

Based on NNNLO-QCD!!!
Fael, Schönwald, Steinhauser 2011.13654

Bordone, Caddevilla, Gambino 2107.00604

Improved form factors

Study quark mass definitions



Ancient Anomalies

:  inclusive vs. exclusive Vcb

Based on NNNLO-QCD!!!

ΔMSM
s = 18.3+0.7

−1.2 ps−1

ΔMExp
s = 17.741(20) ps−1

ΔMSM
s = 16.0+0.6

−1.0 ps−1

Fael, Schönwald, Steinhauser 2011.13654

Bordone, Capdevilla, Gambino 2107.00604

Perfect match around  deviation3σ



B Anomalies
:  inclusive vs. exclusive affects also the  anomalies


  
Vcb b → sll

Altmannshofer, Lewis 2112.03437



B Anomalies
:  inclusive vs. exclusive affects also some of the  anomalies


  
Vcb b → sll

Altmannshofer, Lewis 2112.03437

Interesting suggestion 
to determine  

inclusive B decays 
directly with Lattice-QCD



The usual Suspects:
•High precision in γCKM

within the SM

Allow BSM effects in tree-level

Brod, AL, Tetlamatzi-Xolocotzi 1412.1446


AL, Tetlamatzi-Xolocotzi 1912.07621

LHCb


γ = (65.4+3.8
−4.2)∘



Ancient Anomalies

The D0 dimuon anomaly is still not settled: 3.6σ



Mixing

20th IFT Xmas Workshop, Madrid A. Lenz, December 11th 2014 - p. 20

The SM rules: B-mixing

b

d

t,c,u

t,c,u

W
-

b

db

d
t,c,u t,c,uW

-
b

d

|M12|, |Γ12| and φ = arg(−M12/Γ12) can be related to three observables:

■ Mass difference: ∆M := MH −ML ≈ 2|M12| (off-shell)
|M12| : heavy internal particles: t, SUSY, ...

■ Decay rate difference: ∆Γ := ΓL − ΓH ≈ 2|Γ12| cosφ (on-shell)
|Γ12| : light internal particles: u, c, ... (almost) no NP!!!

■ Flavor specific/semi-leptonic CP asymmetries: e.g. Bq → Xlν (semi-leptonic)

asl ≡ afs =
Γ(Bq(t) → f)− Γ(Bq(t) → f)

Γ(Bq(t) → f) + Γ(Bq(t) → f)
=

∣∣∣∣
Γ12

M12

∣∣∣∣ sinφ



 Status Quo: Mixing
ΔMs = 2 |Ms

12 |

Significant CKM dependence
By far dominant uncertainty

HQET-sum rules: 3-loop +  part of NNLO matching:  
*  mixing:  
  Siegen: Grozin, Klein, Mannel, Pivovarov  1606.06054, 1706.05910, 1806.00253 
*  and D mixing, , ,  and  lifetimes 
  Durham: Kirk (Rome), AL, Rauh (Bern) 1711.02100 
*  mixing 
  Durham: King, AL, Rauh (Bern) 1904.00940 
*  and  lifetimes 
  Siegen: King (Durham), AL, Rauh (Bern)  2112.03691

Bd

Bd D0 D+ Bd B+

Bs

Bs D+
s

Lattice 
*  ,  and  mixing: FNAL/MILC 1602.03560 
* Ratio of  and  mixing: RBC/UK QCD 1812.08791 
*  and  mixing: HQPCD 19007.01025

Bs Bd D
Bs Bd

Bs Bd

2-loop: Buras, Jamin, Weisz 
3-loop: Gorbahn,……

Matthew Black

3-loop: Gorbahn,…



 Status Quo: Mixing
ΔMd = (0.5065 ± 0.0019) ps−1

HFLAV 2021

ΔMs = (17.741 ± 0.020) ps−1

ΔMd = (0.533+0.022
−0.036) ps−1

1909.11087

Average lattice & sum rules

ΔMs = (18.4+0.7
−1.2) ps−1

Work in progress by  
RBC/UKQCD+JLQCD 2111.11287

http://lhcb-public.web.cern.ch

Higher precision for Bag



 Status Quo: Mixing

Altmannshofer, Lewis 2112.03437


King, Kirk, AL, Rauh 1911.07856 

The 2016 theory value for B-mixing has dramatic consequences 

for BSM models explaining the B anomalies

2019

Loopy determination of  and Vcb Vub

1712.06572

Direct determination of  ,  and VtdVtb VtsVtb Vts/Vtd



The usual Suspects:

•Semileptonic CP asymmetries   - Could explain Baryon asymmetry…ad
sl, as

sl



 Status Quo: Mixing
 


with  and  and   

Γ12 =
Λ3

m3
b

Γ̃6⟨Q̃6⟩ +
Λ4

m4
b

Γ̃7⟨Q̃7⟩ + . . .

⟨Q̃6⟩ ∝ f2
B B1,2,3 ⟨Q̃7⟩ ∝ f2

B R0,2,3, ms/mb f2
B B4,5 Γ̃i = Γ̃(0)

i +
α
4π

Γ̃(1)
i + . . .

• 1998 Beneke, Buchalla, Greub, AL, Nierste 
• 2003 Franco, Lubicz, Mescia, Tarantino 
• 2003 Beneke, Buchalla, AL, Nierste 
• 2006 AL, Nierste 
• ——————————————————————————————— 
• 2017 partly: Asatrian, Hovhannisyan, Nierste, Yeghiazaryan 
• 2020 partly: Asatrian, Asatryan, Hovhannisyan, Nierste, Tumasyan 
• 2021 partly: Gerlach, Nierste, Shtabovenko, Steinhauser 
• ——————————————————————————————— 
• 1996 Beneke, Buchalla, Dunietz 
• 2001 Dighe, Hurth, Kim 
• ——————————————————————————————— 
• 202x Nierste and friends 
• ——————————————————————————————— 
• 2007 Badin, Gabbiani, Petrov 

Γ̃(1)
6

Γ̃(0)
7

Γ̃(0)
8

Γ̃(2)
6

⟨Q̃6⟩ •  the same as for ,  new 
• 2016 FNAL/MILC  
• 2016-18  Grozin, Klein, Mannel, Pivovarov  
• 2017 Kirk, AL, Rauh  
• 2019 King, AL, Rauh  
• 2019 HPQCD 19007.01025 
• ————————————————— 
• So far only Vacuum insertion approximation 
• 2019 HPQCD 1910.00970

B1 ΔM B2,3,4,5

Bd
Bd
Bs

⟨Q̃7⟩

Γ̃(1)
7

ΔΓHQE
s = (0.091 ± 0.013) ps−1

ΔΓHQE
d = (2.6 ± 0.4) ⋅ 10−3 ps−1

ΔΓHFLAV
s = (0.082 ± 0.005) ps−1

ΔΓHFLAV
d = (−1.3 ± 6.6) ⋅ 10−3 ps−1

1912.07621 HFLAV, ATLAS 1605.07485 



 Status Quo: CPV in Mixing
In the ratio  theory uncertainties are cancellingΓ12/M12

• No CKM dependence! 
• No GIM suppression! 
• No imaginary part! 
• Small  
• Leading contribution to 

≈ 𝒪(5 ⋅ 10−3)
ΔΓ

• CKM suppression 
• GIM suppression 
• Imaginary part via CKM 
• Leading contribution to  
• Tiny contribution to 

afs

ΔΓ

VubVud

VtbVtd
= λ0.8

VubVus

VtbVts
= λ2.8

• Stronger CKM suppression 
• Very strong GIM suppression 
• Imaginary part via CKM 
• Subleading contribution to and afs ΔΓ

AL, Piscopo, Vlahos  
2007.03022

Alternative Scale Setting

1912.07621

Theory uncertainties might  
be larger, but this will only  
become relevant if the exp. 
precision reaches around 

2  aSM
fs

HFLAV 1970?



1. CP violation in Mixing: Consider a flavour specific (                ) decay 


2. CP violation in interference of mixing and decay


3. CP violation in decay


B → f

 CP Violation

=
e.g.  
or   
or 

B → Xlν
B̄s → D+

s π−

B̄d → D+K−

e.g.    
or 

Bs → J/Ψϕ
Bd → J/ΨKs

e.g.    
or 

ΔACP
D0 → π−π+, K−K+

See also  
1511.09466, 

hep-ph/0201071

No direct 
CP violation



Time evolution
Time evolution of neutral B mesons (quantum mechanics on a macroscopic scale)

With

and the tiny quantity  to be defined belowaq
fs



 Status Quo: CPV in Interference

If there is only one decay topology contributing to the decay

All hadronic uncertainties are cancelling exactly in the CP asymmetry! 
Gold-plated modes



 Status Quo: CPV in Interference
If there are two decay topologies contributing to the decay

 If penguins are small compared to tree-level, the hadronic corrections are 
cancelling to leading order and there is a correction proportional to r 

Penguin pollution

with r = |𝒜Peng
f | / |𝒜Tree

f |

Then the CP asymmetry depends on

Could also be BSM if there is  
only one SM amplitude



 Status Quo: CPV in Interference

Golden plated modes:    Bs → J/Ψϕ
Modification due to New Physics

Bs → J/Ψϕ

as
fs

not really constrained by ϕcc̄s
s

Realistic 
SM precision 

due to penguins



 Status Quo: CPV in Decay

The leading contribution to the CP asymmetry is proportional to   r = |𝒜Peng
f | / |𝒜Tree

f |

Extremely hard to predict! 
(In the case of CPV in interference the leading term was free of hadronic 


uncertainties and only the penguin corrections depended on r)



Direct CP asymmetries
•  puzzle still present, see. e.g. 1507.03700                                                  

Updates: 2002.03262 complete 2-loop penguins                                                                                                                      
2107.03819 QED corrections                                                                                                                                                        
2104.14871   Belle II                                                                                                                                              
SU(3) symmetry e.g. 1806.08783, 2111.06418,…                                                                                                               
comprehensive phenomenological study missing                                  

• : direct CP violation in the charm system  vs. 

    Experiment: LHCb 03/2019     

                                                                                  

     Theory: SM or not SM? 
     E.g.  1903.10952,1909.03063 vs. 1903.10490, 1909.11242 

B → Kπ

ACP(B0 → π0K̄0)

ΔACP D0 → K+K− D0 → π+π−

We need   r = |𝒜Peng
f | / |𝒜Tree

f |

We need   r = |𝒜Peng
f | / |𝒜Tree

f |



Not so well-known:



Not so well-known:
•  and    


• , e.g. differential  distr. & CP asym. in , see e.g. Rusov 1911.12819, 


•  transitions, e.g. Cornella, Isidori, König, Liechti, Owen 2001.04470


• Inclusive , e.g. Huber, Hurth, Jenkins, Lunghi, Qin, Vos  2007.04191 


• - angular distribution,  or even better   distribution                                                                                                                
q^2 distribution not enough, as effects of some NP operators can only be                                                                     
seen in particular angular observables 


•  for a complete LCSR analysis of nonlocal effects (charm loop etc. ) in ,                                      
accurate data on BR and amplitude decomposition are needed on hadronic -decays such as               

  where  are charmonia  and above,  also   (for  and  channels 
this type of data is available)                                                                                                                                            
The BR and  angular distributions of hadronic decays are needed as inputs (pole residues) in the dispersion relation for the  nonlocal amplitude to be matched to the LCSR calculation

τ(Bs)/τ(Bd) ΔΓd

b → dℓℓ q2 B → πℓℓ Rπ

b → sττ

B → Xsℓℓ

B → D*μν B → D*τν

Bs → ϕℓℓ
Bs

Bs → ψϕ ψ J/ψ, ψ(2S) Bs → D(*)D̄ϕ B → K B → K*
Bs → ϕℓℓ

Rusa Mandal, Clara Murgui, 

Ana Peñuelas, Antonio Pich 

2004.06726 

A. Khodjamirian

Remember: D0 di muon asymmetry….



τ(Bs)/τ(Bd)
A less well known 4 sigma anomaly :-)

SM based on 1711.02100,

based on hep-ph/0202106

and hep-ph/0203089 - obtained via

But be aware: 

so far large Darwin term has not been included

AL, Piscopo, Rusov	                 2004.09527


Mannel, Moreno, Pivovarov  2004.09485


Γs = 1/[τ(Bs)/τ(Bd)]HQE * 1/τ(Bd)EXP

Dominant uncertainty


ρ3
D(Bs) − ρ3

D(Bd)
Known from inclusive


 determinationVcb

unknown 



Precise lifetime ratio in Exp. and Theory can be

used to constrain BSM effects 

Examples:


• , see Bobeth, Haisch 1109.1826 


•New non-leptonic tree-level operators


• B meson baryogengesis


• ….

b → sττ

Still higher experimental precision needed

Ann Nelson,….

Gonzalo-Alvarez, Elor, Escudero

τ(Bs)/τ(Bd)



b → dℓℓ

Study also decays like


B → (π, ρ, ω)ℓℓ and Bs → (η, K*)ℓℓ



Surprise and/or Underdogs



Surprise and/or underdogs…:
•Inclusive semi-leptonic fit of moments in   decays at LHCb? Belle II?                                          
Determine also non-perturbative matrix elements 


•Inclusive semi-leptonic fit of moments of charm decays BESIII, Belle II?                                 
Determine also non-perturbative matrix elements 


•Non-leptonic tree-level decays: BSM in leading tree-level?  puzzle


• : determination of  depending only on decay constant 


•Very rare to impossible decays:  ,…. and also D decays                                        
 and friends     


•measurement of  from  decays with reasonable precision, Belle II?                                             
Test Cabibbo anomaly, without any lattice input


Bs
μ2

G(Bs), μ2
π(Bs), ρ3

D(Bs), . . .

μ2
G(D), μ2

π(D), ρ3
D(D), . . .

B → Kπ

Bc → τν Vcb fBc

B(s) → τμ, B → Kτμ
τ → μμμ

Vus τ



Test of our theory tools:

Surprise and/or underdogs…:
Total inclusive quantities, like lifetimes or 


inclusive semi-leptonic branching ratios:


Theoretically well-behaved


compared to crazy GIM cancellations in D- mixing

See also: charmed baryons Gratrex, Melic, Nisandzic 2204.11935



Convergence of HQE in the charm system?

Surprise and/or underdogs…:

D. King, AL, M.L. Piscopo, T. Rauh, A. Rusov, C. Vlahos 2109.13219

Experiment


HQE kinetic mass


HQE 1S mass

NLO-QCD

LO-QCD

3-loop


HQET SR

VIAEOMAssume

B = D

Take from


 fitVcb

• Huge uncertainties

• HQE covers experiment

•  deviation for SU(3)F breaking in sl< 1σ-1 -0.5 0 0.5 1 1.5 2



How to improve the precision of the  HQE in the charm system?

Surprise and/or underdogs…:

Could probably be extracted from 

momentum analysis of inclusive

 semileptonic D meson decays by

BESIII, Belle II,…

Lattice cross-check of HQET sum rules: Oliver Witzel, Matthew Black

Bag parameter determined with

3-loop HQET sum rules:1711.02100

New: ms corrections King, AL, Rauh, to appear

New: first ever determination of eye-contractions

 King, AL, Rauh, to appear



 Non-leptonic decays
3  to 9  deviation of experiment from QCDf predictions with standard error estimatesσ σ

N. Skidmore



 Non-leptonic decays
What could go wrong?



 Non-leptonic decays
What could go wrong?



 Non-leptonic decays
What could go wrong?

• Huber, Kränkl 1606.02888

• Bordone, Gubernari, Huber, Jung, vanDyk 

2007.10338

• Iguro, Kitahara 2008.01086

• Cai, Deng, Li, Yang 2103.04138
• Bordone, Greljo,Maryocca 2103.10332
• Beneke, Böer, Finauro, Vos 2107.03819


Similar for 
• Fleischer, Malami 2110.04240, 2109.04950


Bs → D∓
s K±



 Non-leptonic decays
What could go wrong?

• Huber, Kränkl 1606.02888

• Bordone, Gubernari, Huber, Jung, vanDyk 

2007.10338

• Iguro, Kitahara 2008.01086

• Cai, Deng, Li, Yang 2103.04138
• Bordone, Greljo,Maryocca 2103.10332
• Beneke, Böer, Finauro, Vos 2107.03819


Similar for 
• Fleischer, Malami 2110.04240, 2109.04950


Bs → D∓
s K±

In the SM the determination of  
is super precise

γ

update 
AL, Tetlalmatzi-Xolocotzi 

1912.07621

If there are BSM effects in non-
leptonic decays, the determination 

of  can be modified by  γ 𝒪(5∘)



 Non-leptonic decays
Things to check 

•BSM in  would also affect  AL, Müller, Piscopo, Rusov 

•Consider CP asymmetries in colour allowed tree-level decays 
      there is only one amplitude in the SM 

b → cūd τ(B+)/τ(Bd)

•Reconsidering QCDf uncertainty estimates: Khodjamirian, Piscopo, Rusov 
         if new effects will be found, then this 
         might also affect the estimate of charm loops



55
https://indico.scc.kit.edu/event/2641/



Flavour specific decays
•  is typically measured with semi-leptonic  decays
aq

fs Bq



Flavour specific decays
•  is typically measured with semi-leptonic  decays


• One could also use the flavour specific  decay

aq
fs Bq

B̄s → D+
s π−



Flavour specific decays
•  is typically measured with semi-leptonic  decays


• One could also use the flavour specific  decay

• Assume: there is new physics in these decays, potentially CP violating

aq
fs Bq

B̄s → D+
s π−

Discrepancy QCDf vs Exp. suggests r ≈ 0.1 − 0.2



Flavour specific decays
•  is typically measured with semi-leptonic  decays


• One could also use the flavour specific  decay

• Assume: there is new physics in these decays, potentially CP violating

• Derive CP asymmetry

aq
fs Bq

B̄s → D+
s π−

Constrained by 

semi-leptonic 


Measurements

≈ 2r sin ϕ sin φ < 0.40



Flavour specific decays
•  is typically measured with semi-leptonic  decays


• One could also use the flavour specific  decay

• Assume: there is new physics in these decays, potentially CP violating

• Derive CP asymmetry

aq
fs Bq

B̄s → D+
s π−

Constrained by 

semi-leptonic 


MeasurementsSignificant exp. deviation of  from  
= unambiguous and theory independent 

signal for BSM

Aq
fs aq

sl

≈ 2r sin ϕ sin φ < 0.40

Gershon, AL, Rusov, Skidmore 
2111.04478



Conclusion

Many, many interesting topics ahead of us


also besides the very important and interesting B anomalies



62
https://indico.ph.tum.de/event/6994/



Additional Material



 Status Quo: Charm Mixing
The charm system is theoretically

more difficult than the b system since


• 


• 


Nevertheless the Heavy Quark Expansion

might still converge in the charm system

αs(mc) ≈ 0.34

ΛQCD

mc
≈ 3

ΛQCD

mb

But for mixing it gets much worse

King, AL, Piscopo, Rauh, Rusov, Vlahos 
2109.13219



 Status Quo: Charm Mixing
B-mixing D-mixing



 Status Quo: Charm Mixing
B-mixing D-mixing

CKM dominant  GIM dominant

CKM suppressed   GIM suppressed

≡
≡

CKM suppressed  GIM dominant

CKM dominant  GIM suppressed

≡
≡



 Status Quo: Charm Mixing

2012:  by LHCbΔΓs

ΔΓnaive HQE
D

ΔΓEXp.
D

≈ 10−5 . . .10−4

AL, Piscopo, Vlahos  
2007.03022

HFLAV

Exclusive approaches



 Status Quo: Charm Mixing



 Status Quo: Charm Mixing
1) Vary  and 

     independently between

     1 GeV and 2 

      uncertainty increases 

          and exp. value is  

          covered

2) Choose scales somehow 

    phase space inspired as 


 exp. value is covered

μss,dd μds

mc
⇒

⇒
Exclusive and inclusive 
 approaches can over  

the experimental regions 

No precision determination possible


