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Rare B decays at LHCb and Belle 2
➤ The physics program at both LHCb and Belle 2 is focused on 

the precision measurement of heavy flavour processes 

➤ Such precision measurements are potentially sensitive to 
new physics (NP) effects 

�2

Example B decay Example NP contribution
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➤ If NP flavour is SM like - 
reduced sensitivity from 
rare decays 

➤ If NP flavour structure 
generic (i.e.    
couplings), rare decays 
very sensitive ~    .    

Rare B decays and new physics
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[A. Buras, arxiv:1505.00618]  
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Flavour violating coupling
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LHCb and Belle 2
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LHCb: proton-proton Belle 2: electron-positron
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LHCb and Belle 2
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LHCb: proton-proton Belle 2: electron-positron
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LHCb and Belle 2
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LHCb: proton-proton Belle 2: electron-positron

�IP = (15 + 29/pT [GeV])µm
<latexit sha1_base64="ByDZxAgmwcOr2ghlg/opNT3mhnU="></latexit><latexit sha1_base64="0foY4giNdrqR9h/+qDn7zg/nMzs="></latexit><latexit sha1_base64="0foY4giNdrqR9h/+qDn7zg/nMzs="></latexit><latexit sha1_base64="UxuR/+pwTLF0V6lyZHMfilBlhW0="></latexit>

�IP ⇠ 20µm
<latexit sha1_base64="fDbQlQjMW00dhvo1j7OFB+/30xU="></latexit><latexit sha1_base64="fDbQlQjMW00dhvo1j7OFB+/30xU="></latexit><latexit sha1_base64="fDbQlQjMW00dhvo1j7OFB+/30xU="></latexit><latexit sha1_base64="fDbQlQjMW00dhvo1j7OFB+/30xU="></latexit>

Int. J. Mod. Phys. A 30 (2015) 1530022 arXiv:1011.0352
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Final state radiation and PHOTOS 
in B physics
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Final State Radiation (FSR)
➤ Creation of charged particles during the decay of B mesons 

can cause some energy to be radiated through photons 

➤ FSR must be well accounted for in simulation, in order to 
correctly model distributions on which e.g. efficiencies may 
be dependent
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no FSR
FSR

LHCb unofficial, simulation, generator-level

Bs ! �ee
<latexit sha1_base64="nS0rHct316mFLqZKA8TQnWduciA=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tF8FQSEfRY6sVjBfsBTQib7aRdutmE3Y1SQr34V7x4UMSr/8Kb/8Ztm4O2Phh4vDfDzLww5Uxpx/m2Siura+sb5c3K1vbO7p69f9BWSSYptGjCE9kNiQLOBLQ00xy6qQQShxw64eh66nfuQSqWiDs9TsGPyUCwiFGijRTYR40gVxNPssFQEymTB+ylQ4YBArvq1JwZ8DJxC1JFBZqB/eX1E5rFIDTlRKme66Taz4nUjHKYVLxMQUroiAygZ6ggMSg/n30wwadG6eMokaaExjP190ROYqXGcWg6Y6KHatGbiv95vUxHV37ORJppEHS+KMo41gmexoH7TALVfGwIoZKZWzEdEkmoNqFVTAju4svLpH1ec52ae3tRrTeKOMroGJ2gM+SiS1RHN6iJWoiiR/SMXtGb9WS9WO/Wx7y1ZBUzh+gPrM8flO+W8w==</latexit><latexit sha1_base64="nS0rHct316mFLqZKA8TQnWduciA=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tF8FQSEfRY6sVjBfsBTQib7aRdutmE3Y1SQr34V7x4UMSr/8Kb/8Ztm4O2Phh4vDfDzLww5Uxpx/m2Siura+sb5c3K1vbO7p69f9BWSSYptGjCE9kNiQLOBLQ00xy6qQQShxw64eh66nfuQSqWiDs9TsGPyUCwiFGijRTYR40gVxNPssFQEymTB+ylQ4YBArvq1JwZ8DJxC1JFBZqB/eX1E5rFIDTlRKme66Taz4nUjHKYVLxMQUroiAygZ6ggMSg/n30wwadG6eMokaaExjP190ROYqXGcWg6Y6KHatGbiv95vUxHV37ORJppEHS+KMo41gmexoH7TALVfGwIoZKZWzEdEkmoNqFVTAju4svLpH1ec52ae3tRrTeKOMroGJ2gM+SiS1RHN6iJWoiiR/SMXtGb9WS9WO/Wx7y1ZBUzh+gPrM8flO+W8w==</latexit><latexit sha1_base64="nS0rHct316mFLqZKA8TQnWduciA=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tF8FQSEfRY6sVjBfsBTQib7aRdutmE3Y1SQr34V7x4UMSr/8Kb/8Ztm4O2Phh4vDfDzLww5Uxpx/m2Siura+sb5c3K1vbO7p69f9BWSSYptGjCE9kNiQLOBLQ00xy6qQQShxw64eh66nfuQSqWiDs9TsGPyUCwiFGijRTYR40gVxNPssFQEymTB+ylQ4YBArvq1JwZ8DJxC1JFBZqB/eX1E5rFIDTlRKme66Taz4nUjHKYVLxMQUroiAygZ6ggMSg/n30wwadG6eMokaaExjP190ROYqXGcWg6Y6KHatGbiv95vUxHV37ORJppEHS+KMo41gmexoH7TALVfGwIoZKZWzEdEkmoNqFVTAju4svLpH1ec52ae3tRrTeKOMroGJ2gM+SiS1RHN6iJWoiiR/SMXtGb9WS9WO/Wx7y1ZBUzh+gPrM8flO+W8w==</latexit><latexit sha1_base64="nS0rHct316mFLqZKA8TQnWduciA=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tF8FQSEfRY6sVjBfsBTQib7aRdutmE3Y1SQr34V7x4UMSr/8Kb/8Ztm4O2Phh4vDfDzLww5Uxpx/m2Siura+sb5c3K1vbO7p69f9BWSSYptGjCE9kNiQLOBLQ00xy6qQQShxw64eh66nfuQSqWiDs9TsGPyUCwiFGijRTYR40gVxNPssFQEymTB+ylQ4YBArvq1JwZ8DJxC1JFBZqB/eX1E5rFIDTlRKme66Taz4nUjHKYVLxMQUroiAygZ6ggMSg/n30wwadG6eMokaaExjP190ROYqXGcWg6Y6KHatGbiv95vUxHV37ORJppEHS+KMo41gmexoH7TALVfGwIoZKZWzEdEkmoNqFVTAju4svLpH1ec52ae3tRrTeKOMroGJ2gM+SiS1RHN6iJWoiiR/SMXtGb9WS9WO/Wx7y1ZBUzh+gPrM8flO+W8w==</latexit>
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Final State Radiation (FSR)
➤ Creation of charged particles during the decay of B mesons 

can cause some energy to be radiated through photons 

➤ FSR must be well accounted for in simulation, in order to 
correctly model distributions on which e.g. efficiencies may 
be dependent
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no FSR
FSR

LHCb unofficial, simulation, generator-level

Bs ! �ee
<latexit sha1_base64="nS0rHct316mFLqZKA8TQnWduciA=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tF8FQSEfRY6sVjBfsBTQib7aRdutmE3Y1SQr34V7x4UMSr/8Kb/8Ztm4O2Phh4vDfDzLww5Uxpx/m2Siura+sb5c3K1vbO7p69f9BWSSYptGjCE9kNiQLOBLQ00xy6qQQShxw64eh66nfuQSqWiDs9TsGPyUCwiFGijRTYR40gVxNPssFQEymTB+ylQ4YBArvq1JwZ8DJxC1JFBZqB/eX1E5rFIDTlRKme66Taz4nUjHKYVLxMQUroiAygZ6ggMSg/n30wwadG6eMokaaExjP190ROYqXGcWg6Y6KHatGbiv95vUxHV37ORJppEHS+KMo41gmexoH7TALVfGwIoZKZWzEdEkmoNqFVTAju4svLpH1ec52ae3tRrTeKOMroGJ2gM+SiS1RHN6iJWoiiR/SMXtGb9WS9WO/Wx7y1ZBUzh+gPrM8flO+W8w==</latexit><latexit sha1_base64="nS0rHct316mFLqZKA8TQnWduciA=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tF8FQSEfRY6sVjBfsBTQib7aRdutmE3Y1SQr34V7x4UMSr/8Kb/8Ztm4O2Phh4vDfDzLww5Uxpx/m2Siura+sb5c3K1vbO7p69f9BWSSYptGjCE9kNiQLOBLQ00xy6qQQShxw64eh66nfuQSqWiDs9TsGPyUCwiFGijRTYR40gVxNPssFQEymTB+ylQ4YBArvq1JwZ8DJxC1JFBZqB/eX1E5rFIDTlRKme66Taz4nUjHKYVLxMQUroiAygZ6ggMSg/n30wwadG6eMokaaExjP190ROYqXGcWg6Y6KHatGbiv95vUxHV37ORJppEHS+KMo41gmexoH7TALVfGwIoZKZWzEdEkmoNqFVTAju4svLpH1ec52ae3tRrTeKOMroGJ2gM+SiS1RHN6iJWoiiR/SMXtGb9WS9WO/Wx7y1ZBUzh+gPrM8flO+W8w==</latexit><latexit sha1_base64="nS0rHct316mFLqZKA8TQnWduciA=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tF8FQSEfRY6sVjBfsBTQib7aRdutmE3Y1SQr34V7x4UMSr/8Kb/8Ztm4O2Phh4vDfDzLww5Uxpx/m2Siura+sb5c3K1vbO7p69f9BWSSYptGjCE9kNiQLOBLQ00xy6qQQShxw64eh66nfuQSqWiDs9TsGPyUCwiFGijRTYR40gVxNPssFQEymTB+ylQ4YBArvq1JwZ8DJxC1JFBZqB/eX1E5rFIDTlRKme66Taz4nUjHKYVLxMQUroiAygZ6ggMSg/n30wwadG6eMokaaExjP190ROYqXGcWg6Y6KHatGbiv95vUxHV37ORJppEHS+KMo41gmexoH7TALVfGwIoZKZWzEdEkmoNqFVTAju4svLpH1ec52ae3tRrTeKOMroGJ2gM+SiS1RHN6iJWoiiR/SMXtGb9WS9WO/Wx7y1ZBUzh+gPrM8flO+W8w==</latexit><latexit sha1_base64="nS0rHct316mFLqZKA8TQnWduciA=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tF8FQSEfRY6sVjBfsBTQib7aRdutmE3Y1SQr34V7x4UMSr/8Kb/8Ztm4O2Phh4vDfDzLww5Uxpx/m2Siura+sb5c3K1vbO7p69f9BWSSYptGjCE9kNiQLOBLQ00xy6qQQShxw64eh66nfuQSqWiDs9TsGPyUCwiFGijRTYR40gVxNPssFQEymTB+ylQ4YBArvq1JwZ8DJxC1JFBZqB/eX1E5rFIDTlRKme66Taz4nUjHKYVLxMQUroiAygZ6ggMSg/n30wwadG6eMokaaExjP190ROYqXGcWg6Y6KHatGbiv95vUxHV37ORJppEHS+KMo41gmexoH7TALVfGwIoZKZWzEdEkmoNqFVTAju4svLpH1ec52ae3tRrTeKOMroGJ2gM+SiS1RHN6iJWoiiR/SMXtGb9WS9WO/Wx7y1ZBUzh+gPrM8flO+W8w==</latexit>

SOLUTION: use the PHOTOS simulation package
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What is PHOTOS?

➤ PHOTOS (E. Barberio, B. van Eijk, Z. Was, P .Golonka) [Comput. 
Phys. Commun. 66 (1991) 115] has been around since ~1990 

➤ PHOTOS is a MC package which corrects a MC event *after 
it has been fully generated* to account for FSR 

➤ Already has long history of use in previous B factories

�10

Data

sim. corrected using 
PHOTOS

Belle, 2005Example of PHOTOS 
applied in B physics: 
energy spectrum of 
electrons used in Vub 
measurement at Belle 

Phys. Lett. B621, 28-40, 2005
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How PHOTOS corrects simulation
➤ WARNING - experimentalists very superficial interpretation!

�11

Assuming only one charged particle and no FSR
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<latexit sha1_base64="iJiqkIvjepfXvQI+ypuRFJlLGX0=">AAAB8XicbVBNSwMxEM36WetX1aOXYBE8LUmR6rHoxWMF+4HtUrJp2oZms0syK5Sl/8KLB0W8+m+8+W9M20W0+mDg8d4MM/PCREkLhHx6K6tr6xubha3i9s7u3n7p4LBp49Rw0eCxik07ZFYoqUUDJCjRToxgUahEKxxfz/zWgzBWxvoOJokIIjbUciA5Ayfdd2EkgPUyOu2VysQnc2DiV6uVCqH4W6E5KaMc9V7po9uPeRoJDVwxazuUJBBkzIDkSkyL3dSKhPExG4qOo5pFwgbZ/OIpPnVKHw9i40oDnqs/JzIWWTuJQtcZMRjZZW8m/ud1UhhcBpnUSQpC88WiQaowxHj2Pu5LIzioiSOMG+luxXzEDOPgQiq6EOjyy39Js+JT4tPb83LtKo+jgI7RCTpDFF2gGrpBddRAHGn0iJ7Ri2e9J+/Ve1u0rnj5zBH6Be/9C67EkOk=</latexit><latexit sha1_base64="iJiqkIvjepfXvQI+ypuRFJlLGX0=">AAAB8XicbVBNSwMxEM36WetX1aOXYBE8LUmR6rHoxWMF+4HtUrJp2oZms0syK5Sl/8KLB0W8+m+8+W9M20W0+mDg8d4MM/PCREkLhHx6K6tr6xubha3i9s7u3n7p4LBp49Rw0eCxik07ZFYoqUUDJCjRToxgUahEKxxfz/zWgzBWxvoOJokIIjbUciA5Ayfdd2EkgPUyOu2VysQnc2DiV6uVCqH4W6E5KaMc9V7po9uPeRoJDVwxazuUJBBkzIDkSkyL3dSKhPExG4qOo5pFwgbZ/OIpPnVKHw9i40oDnqs/JzIWWTuJQtcZMRjZZW8m/ud1UhhcBpnUSQpC88WiQaowxHj2Pu5LIzioiSOMG+luxXzEDOPgQiq6EOjyy39Js+JT4tPb83LtKo+jgI7RCTpDFF2gGrpBddRAHGn0iJ7Ri2e9J+/Ve1u0rnj5zBH6Be/9C67EkOk=</latexit><latexit sha1_base64="iJiqkIvjepfXvQI+ypuRFJlLGX0=">AAAB8XicbVBNSwMxEM36WetX1aOXYBE8LUmR6rHoxWMF+4HtUrJp2oZms0syK5Sl/8KLB0W8+m+8+W9M20W0+mDg8d4MM/PCREkLhHx6K6tr6xubha3i9s7u3n7p4LBp49Rw0eCxik07ZFYoqUUDJCjRToxgUahEKxxfz/zWgzBWxvoOJokIIjbUciA5Ayfdd2EkgPUyOu2VysQnc2DiV6uVCqH4W6E5KaMc9V7po9uPeRoJDVwxazuUJBBkzIDkSkyL3dSKhPExG4qOo5pFwgbZ/OIpPnVKHw9i40oDnqs/JzIWWTuJQtcZMRjZZW8m/ud1UhhcBpnUSQpC88WiQaowxHj2Pu5LIzioiSOMG+luxXzEDOPgQiq6EOjyy39Js+JT4tPb83LtKo+jgI7RCTpDFF2gGrpBddRAHGn0iJ7Ri2e9J+/Ve1u0rnj5zBH6Be/9C67EkOk=</latexit><latexit sha1_base64="iJiqkIvjepfXvQI+ypuRFJlLGX0=">AAAB8XicbVBNSwMxEM36WetX1aOXYBE8LUmR6rHoxWMF+4HtUrJp2oZms0syK5Sl/8KLB0W8+m+8+W9M20W0+mDg8d4MM/PCREkLhHx6K6tr6xubha3i9s7u3n7p4LBp49Rw0eCxik07ZFYoqUUDJCjRToxgUahEKxxfz/zWgzBWxvoOJokIIjbUciA5Ayfdd2EkgPUyOu2VysQnc2DiV6uVCqH4W6E5KaMc9V7po9uPeRoJDVwxazuUJBBkzIDkSkyL3dSKhPExG4qOo5pFwgbZ/OIpPnVKHw9i40oDnqs/JzIWWTuJQtcZMRjZZW8m/ud1UhhcBpnUSQpC88WiQaowxHj2Pu5LIzioiSOMG+luxXzEDOPgQiq6EOjyy39Js+JT4tPb83LtKo+jgI7RCTpDFF2gGrpBddRAHGn0iJ7Ri2e9J+/Ve1u0rnj5zBH6Be/9C67EkOk=</latexit>
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P (~p = 0)
<latexit sha1_base64="AV7uFn/fyvOwn30mlxr+RtY/dFs=">AAAB83icdVDLSgMxFM3UV62vqks3wSLUzZDpw9aFUHTjsoJ9QGcomTTThmZmQpIplKG/4caFIm79GXf+jelDUNEDFw7n3Mu99/iCM6UR+rAya+sbm1vZ7dzO7t7+Qf7wqK3iRBLaIjGPZdfHinIW0ZZmmtOukBSHPqcdf3wz9zsTKhWLo3s9FdQL8TBiASNYG8ltFt0JJamYXaHzfr6A7BKqO+UqRPYFQrVqxZBLhFC5BB0bLVAAKzT7+Xd3EJMkpJEmHCvVc5DQXoqlZoTTWc5NFBWYjPGQ9gyNcEiVly5unsEzowxgEEtTkYYL9ftEikOlpqFvOkOsR+q3Nxf/8nqJDupeyiKRaBqR5aIg4VDHcB4AHDBJieZTQzCRzNwKyQhLTLSJKWdC+PoU/k/aJdtBtnNXKTSuV3FkwQk4BUXggBpogFvQBC1AgAAP4Ak8W4n1aL1Yr8vWjLWaOQY/YL19AlZZkTk=</latexit><latexit sha1_base64="AV7uFn/fyvOwn30mlxr+RtY/dFs=">AAAB83icdVDLSgMxFM3UV62vqks3wSLUzZDpw9aFUHTjsoJ9QGcomTTThmZmQpIplKG/4caFIm79GXf+jelDUNEDFw7n3Mu99/iCM6UR+rAya+sbm1vZ7dzO7t7+Qf7wqK3iRBLaIjGPZdfHinIW0ZZmmtOukBSHPqcdf3wz9zsTKhWLo3s9FdQL8TBiASNYG8ltFt0JJamYXaHzfr6A7BKqO+UqRPYFQrVqxZBLhFC5BB0bLVAAKzT7+Xd3EJMkpJEmHCvVc5DQXoqlZoTTWc5NFBWYjPGQ9gyNcEiVly5unsEzowxgEEtTkYYL9ftEikOlpqFvOkOsR+q3Nxf/8nqJDupeyiKRaBqR5aIg4VDHcB4AHDBJieZTQzCRzNwKyQhLTLSJKWdC+PoU/k/aJdtBtnNXKTSuV3FkwQk4BUXggBpogFvQBC1AgAAP4Ak8W4n1aL1Yr8vWjLWaOQY/YL19AlZZkTk=</latexit><latexit sha1_base64="AV7uFn/fyvOwn30mlxr+RtY/dFs=">AAAB83icdVDLSgMxFM3UV62vqks3wSLUzZDpw9aFUHTjsoJ9QGcomTTThmZmQpIplKG/4caFIm79GXf+jelDUNEDFw7n3Mu99/iCM6UR+rAya+sbm1vZ7dzO7t7+Qf7wqK3iRBLaIjGPZdfHinIW0ZZmmtOukBSHPqcdf3wz9zsTKhWLo3s9FdQL8TBiASNYG8ltFt0JJamYXaHzfr6A7BKqO+UqRPYFQrVqxZBLhFC5BB0bLVAAKzT7+Xd3EJMkpJEmHCvVc5DQXoqlZoTTWc5NFBWYjPGQ9gyNcEiVly5unsEzowxgEEtTkYYL9ftEikOlpqFvOkOsR+q3Nxf/8nqJDupeyiKRaBqR5aIg4VDHcB4AHDBJieZTQzCRzNwKyQhLTLSJKWdC+PoU/k/aJdtBtnNXKTSuV3FkwQk4BUXggBpogFvQBC1AgAAP4Ak8W4n1aL1Yr8vWjLWaOQY/YL19AlZZkTk=</latexit><latexit sha1_base64="AV7uFn/fyvOwn30mlxr+RtY/dFs=">AAAB83icdVDLSgMxFM3UV62vqks3wSLUzZDpw9aFUHTjsoJ9QGcomTTThmZmQpIplKG/4caFIm79GXf+jelDUNEDFw7n3Mu99/iCM6UR+rAya+sbm1vZ7dzO7t7+Qf7wqK3iRBLaIjGPZdfHinIW0ZZmmtOukBSHPqcdf3wz9zsTKhWLo3s9FdQL8TBiASNYG8ltFt0JJamYXaHzfr6A7BKqO+UqRPYFQrVqxZBLhFC5BB0bLVAAKzT7+Xd3EJMkpJEmHCvVc5DQXoqlZoTTWc5NFBWYjPGQ9gyNcEiVly5unsEzowxgEEtTkYYL9ftEikOlpqFvOkOsR+q3Nxf/8nqJDupeyiKRaBqR5aIg4VDHcB4AHDBJieZTQzCRzNwKyQhLTLSJKWdC+PoU/k/aJdtBtnNXKTSuV3FkwQk4BUXggBpogFvQBC1AgAAP4Ak8W4n1aL1Yr8vWjLWaOQY/YL19AlZZkTk=</latexit>

P(~p) ! ch(~q)Yi(~qi)
<latexit sha1_base64="/bQrQRM0U1y8NbF90I6pii4mVTA=">AAACJnicbZDLSgMxFIYzXmu9VV26CRbBbsqMCLoRim5cVrBV6QxDJj1tg5mLyZlqGeZp3PgqblxURNz5KKYXwdsPgS//OYfk/EEihUbbfrdmZufmFxYLS8XlldW19dLGZlPHqeLQ4LGM1VXANEgRQQMFSrhKFLAwkHAZ3JyO6pd9UFrE0QUOEvBC1o1ER3CGxvJLxy7CPaowq+d7bh94luQV6irR7SFTKr6jvDfxb/PKtZ+J/Os24opfKttVeyz6F5wplMlUdb80dNsxT0OIkEumdcuxE/QyplBwCXnRTTUkjN+wLrQMRiwE7WXjNXO6a5w27cTKnAjp2P0+kbFQ60EYmM6QYU//ro3M/2qtFDtHXiaiJEWI+OShTiopxnSUGW0LBRzlwADjSpi/mliYYhxNskUTgvN75b/Q3K86dtU5PyjXTqZxFMg22SF7xCGHpEbOSJ00CCcP5IkMyYv1aD1br9bbpHXGms5skR+yPj4BQOKm2Q==</latexit><latexit sha1_base64="/bQrQRM0U1y8NbF90I6pii4mVTA=">AAACJnicbZDLSgMxFIYzXmu9VV26CRbBbsqMCLoRim5cVrBV6QxDJj1tg5mLyZlqGeZp3PgqblxURNz5KKYXwdsPgS//OYfk/EEihUbbfrdmZufmFxYLS8XlldW19dLGZlPHqeLQ4LGM1VXANEgRQQMFSrhKFLAwkHAZ3JyO6pd9UFrE0QUOEvBC1o1ER3CGxvJLxy7CPaowq+d7bh94luQV6irR7SFTKr6jvDfxb/PKtZ+J/Os24opfKttVeyz6F5wplMlUdb80dNsxT0OIkEumdcuxE/QyplBwCXnRTTUkjN+wLrQMRiwE7WXjNXO6a5w27cTKnAjp2P0+kbFQ60EYmM6QYU//ro3M/2qtFDtHXiaiJEWI+OShTiopxnSUGW0LBRzlwADjSpi/mliYYhxNskUTgvN75b/Q3K86dtU5PyjXTqZxFMg22SF7xCGHpEbOSJ00CCcP5IkMyYv1aD1br9bbpHXGms5skR+yPj4BQOKm2Q==</latexit><latexit sha1_base64="/bQrQRM0U1y8NbF90I6pii4mVTA=">AAACJnicbZDLSgMxFIYzXmu9VV26CRbBbsqMCLoRim5cVrBV6QxDJj1tg5mLyZlqGeZp3PgqblxURNz5KKYXwdsPgS//OYfk/EEihUbbfrdmZufmFxYLS8XlldW19dLGZlPHqeLQ4LGM1VXANEgRQQMFSrhKFLAwkHAZ3JyO6pd9UFrE0QUOEvBC1o1ER3CGxvJLxy7CPaowq+d7bh94luQV6irR7SFTKr6jvDfxb/PKtZ+J/Os24opfKttVeyz6F5wplMlUdb80dNsxT0OIkEumdcuxE/QyplBwCXnRTTUkjN+wLrQMRiwE7WXjNXO6a5w27cTKnAjp2P0+kbFQ60EYmM6QYU//ro3M/2qtFDtHXiaiJEWI+OShTiopxnSUGW0LBRzlwADjSpi/mliYYhxNskUTgvN75b/Q3K86dtU5PyjXTqZxFMg22SF7xCGHpEbOSJ00CCcP5IkMyYv1aD1br9bbpHXGms5skR+yPj4BQOKm2Q==</latexit><latexit sha1_base64="/bQrQRM0U1y8NbF90I6pii4mVTA=">AAACJnicbZDLSgMxFIYzXmu9VV26CRbBbsqMCLoRim5cVrBV6QxDJj1tg5mLyZlqGeZp3PgqblxURNz5KKYXwdsPgS//OYfk/EEihUbbfrdmZufmFxYLS8XlldW19dLGZlPHqeLQ4LGM1VXANEgRQQMFSrhKFLAwkHAZ3JyO6pd9UFrE0QUOEvBC1o1ER3CGxvJLxy7CPaowq+d7bh94luQV6irR7SFTKr6jvDfxb/PKtZ+J/Os24opfKttVeyz6F5wplMlUdb80dNsxT0OIkEumdcuxE/QyplBwCXnRTTUkjN+wLrQMRiwE7WXjNXO6a5w27cTKnAjp2P0+kbFQ60EYmM6QYU//ro3M/2qtFDtHXiaiJEWI+OShTiopxnSUGW0LBRzlwADjSpi/mliYYhxNskUTgvN75b/Q3K86dtU5PyjXTqZxFMg22SF7xCGHpEbOSJ00CCcP5IkMyYv1aD1br9bbpHXGms5skR+yPj4BQOKm2Q==</latexit>

Mother
Leading charged particle

Other particles 

What happens before PHOTOS QED correction is applied:

d�Born
(P ! chY ) = |MBorn|2 ⇥ PHSP(mP ,mch,MY )dcos✓1d�1

<latexit sha1_base64="5mzq8d9V64GWEaUgDLrY5f+2yCE=">AAACY3icbVFdaxQxFM2MWutW7bT6JkJwEbZQlplSsC9CqS99EUZ0+8HOdshksjuh+RiSO+qa5k/65psv/g+zH4K2Xkg4nHMP9+akagW3kKY/ovje/QcbDzcf9bYeP3m6nezsnlndGcpGVAttLipimeCKjYCDYBetYURWgp1X1+8W+vlnZizX6hPMWzaRZKb4lFMCgSqTb3Vh+UySK1cA+wpGuhNtlPeDvDB81gAxRn/BtLncw2 /xzftyJd9cuQNfAJfM4j++/PRj7vFAli73++Gmjd8P/Zd+r6baFtAwIKXLfF20DV+AMumnw3RZ+C7I1qCP1pWXyfei1rSTTAEVxNpxlrYwccQAp4L5XtFZ1hJ6TWZsHKAiYb2JW2bk8evA1HiqTTgK8JL92+GItHYuq9ApCTT2trYg/6eNO5geTRxXbQdM0dWgaScwaLwIHNfcMApiHgChhoddQ5zEEArhW3ohhOz2k++Cs4Nhlg6zD4f945N1HJvoBXqFBihDb9AxOkU5GiGKfkYb0XaURL/irXg3fr5qjaO15xn6p+KXvwGUMLlI</latexit><latexit sha1_base64="5mzq8d9V64GWEaUgDLrY5f+2yCE=">AAACY3icbVFdaxQxFM2MWutW7bT6JkJwEbZQlplSsC9CqS99EUZ0+8HOdshksjuh+RiSO+qa5k/65psv/g+zH4K2Xkg4nHMP9+akagW3kKY/ovje/QcbDzcf9bYeP3m6nezsnlndGcpGVAttLipimeCKjYCDYBetYURWgp1X1+8W+vlnZizX6hPMWzaRZKb4lFMCgSqTb3Vh+UySK1cA+wpGuhNtlPeDvDB81gAxRn/BtLncw2 /xzftyJd9cuQNfAJfM4j++/PRj7vFAli73++Gmjd8P/Zd+r6baFtAwIKXLfF20DV+AMumnw3RZ+C7I1qCP1pWXyfei1rSTTAEVxNpxlrYwccQAp4L5XtFZ1hJ6TWZsHKAiYb2JW2bk8evA1HiqTTgK8JL92+GItHYuq9ApCTT2trYg/6eNO5geTRxXbQdM0dWgaScwaLwIHNfcMApiHgChhoddQ5zEEArhW3ohhOz2k++Cs4Nhlg6zD4f945N1HJvoBXqFBihDb9AxOkU5GiGKfkYb0XaURL/irXg3fr5qjaO15xn6p+KXvwGUMLlI</latexit><latexit sha1_base64="5mzq8d9V64GWEaUgDLrY5f+2yCE=">AAACY3icbVFdaxQxFM2MWutW7bT6JkJwEbZQlplSsC9CqS99EUZ0+8HOdshksjuh+RiSO+qa5k/65psv/g+zH4K2Xkg4nHMP9+akagW3kKY/ovje/QcbDzcf9bYeP3m6nezsnlndGcpGVAttLipimeCKjYCDYBetYURWgp1X1+8W+vlnZizX6hPMWzaRZKb4lFMCgSqTb3Vh+UySK1cA+wpGuhNtlPeDvDB81gAxRn/BtLncw2 /xzftyJd9cuQNfAJfM4j++/PRj7vFAli73++Gmjd8P/Zd+r6baFtAwIKXLfF20DV+AMumnw3RZ+C7I1qCP1pWXyfei1rSTTAEVxNpxlrYwccQAp4L5XtFZ1hJ6TWZsHKAiYb2JW2bk8evA1HiqTTgK8JL92+GItHYuq9ApCTT2trYg/6eNO5geTRxXbQdM0dWgaScwaLwIHNfcMApiHgChhoddQ5zEEArhW3ohhOz2k++Cs4Nhlg6zD4f945N1HJvoBXqFBihDb9AxOkU5GiGKfkYb0XaURL/irXg3fr5qjaO15xn6p+KXvwGUMLlI</latexit><latexit sha1_base64="5mzq8d9V64GWEaUgDLrY5f+2yCE=">AAACY3icbVFdaxQxFM2MWutW7bT6JkJwEbZQlplSsC9CqS99EUZ0+8HOdshksjuh+RiSO+qa5k/65psv/g+zH4K2Xkg4nHMP9+akagW3kKY/ovje/QcbDzcf9bYeP3m6nezsnlndGcpGVAttLipimeCKjYCDYBetYURWgp1X1+8W+vlnZizX6hPMWzaRZKb4lFMCgSqTb3Vh+UySK1cA+wpGuhNtlPeDvDB81gAxRn/BtLncw2 /xzftyJd9cuQNfAJfM4j++/PRj7vFAli73++Gmjd8P/Zd+r6baFtAwIKXLfF20DV+AMumnw3RZ+C7I1qCP1pWXyfei1rSTTAEVxNpxlrYwccQAp4L5XtFZ1hJ6TWZsHKAiYb2JW2bk8evA1HiqTTgK8JL92+GItHYuq9ApCTT2trYg/6eNO5geTRxXbQdM0dWgaScwaLwIHNfcMApiHgChhoddQ5zEEArhW3ohhOz2k++Cs4Nhlg6zD4f945N1HJvoBXqFBihDb9AxOkU5GiGKfkYb0XaURL/irXg3fr5qjaO15xn6p+KXvwGUMLlI</latexit>

Matrix element Phasespace terms
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How PHOTOS corrects simulation
➤ WARNING - experimentalists very superficial interpretation!

�12

Including FSR radiation in the process:

0 < k < kmax(mP ,mch,mY )
<latexit sha1_base64="SeFp2zPbs2NPSN2qAOac2LDVJd0=">AAACCHicbVC7TsMwFHV4lvIKMDIQUSEVCVUJQoKhQwULY5HoA7VR5LhOa8V2IttBVFFGFn6FhQGEWPkENv4GN80ALUey79E598q+x48pkcq2v42FxaXlldXSWnl9Y3Nr29zZbcsoEQi3UEQj0fWhxJRw3FJEUdyNBYbMp7jjh1cTv3OPhSQRv1XjGLsMDjkJCIJKS555YNfDeuilDD5kVealzexE32iUl7vs2DMrds3OYc0TpyAVUKDpmV/9QYQShrlCFErZc+xYuSkUiiCKs3I/kTiGKIRD3NOUQ4alm+aLZNaRVgZWEAl9uLJy9fdECpmUY+brTgbVSM56E/E/r5eo4MJNCY8ThTmaPhQk1FKRNUnFGhCBkaJjTSASRP/VQiMoIFI6u7IOwZldeZ60T2uOXXNuziqNyyKOEtgHh6AKHHAOGuAaNEELIPAInsEreDOejBfj3fiYti4Yxcwe+APj8wcfMJll</latexit><latexit sha1_base64="SeFp2zPbs2NPSN2qAOac2LDVJd0=">AAACCHicbVC7TsMwFHV4lvIKMDIQUSEVCVUJQoKhQwULY5HoA7VR5LhOa8V2IttBVFFGFn6FhQGEWPkENv4GN80ALUey79E598q+x48pkcq2v42FxaXlldXSWnl9Y3Nr29zZbcsoEQi3UEQj0fWhxJRw3FJEUdyNBYbMp7jjh1cTv3OPhSQRv1XjGLsMDjkJCIJKS555YNfDeuilDD5kVealzexE32iUl7vs2DMrds3OYc0TpyAVUKDpmV/9QYQShrlCFErZc+xYuSkUiiCKs3I/kTiGKIRD3NOUQ4alm+aLZNaRVgZWEAl9uLJy9fdECpmUY+brTgbVSM56E/E/r5eo4MJNCY8ThTmaPhQk1FKRNUnFGhCBkaJjTSASRP/VQiMoIFI6u7IOwZldeZ60T2uOXXNuziqNyyKOEtgHh6AKHHAOGuAaNEELIPAInsEreDOejBfj3fiYti4Yxcwe+APj8wcfMJll</latexit><latexit sha1_base64="SeFp2zPbs2NPSN2qAOac2LDVJd0=">AAACCHicbVC7TsMwFHV4lvIKMDIQUSEVCVUJQoKhQwULY5HoA7VR5LhOa8V2IttBVFFGFn6FhQGEWPkENv4GN80ALUey79E598q+x48pkcq2v42FxaXlldXSWnl9Y3Nr29zZbcsoEQi3UEQj0fWhxJRw3FJEUdyNBYbMp7jjh1cTv3OPhSQRv1XjGLsMDjkJCIJKS555YNfDeuilDD5kVealzexE32iUl7vs2DMrds3OYc0TpyAVUKDpmV/9QYQShrlCFErZc+xYuSkUiiCKs3I/kTiGKIRD3NOUQ4alm+aLZNaRVgZWEAl9uLJy9fdECpmUY+brTgbVSM56E/E/r5eo4MJNCY8ThTmaPhQk1FKRNUnFGhCBkaJjTSASRP/VQiMoIFI6u7IOwZldeZ60T2uOXXNuziqNyyKOEtgHh6AKHHAOGuAaNEELIPAInsEreDOejBfj3fiYti4Yxcwe+APj8wcfMJll</latexit><latexit sha1_base64="SeFp2zPbs2NPSN2qAOac2LDVJd0=">AAACCHicbVC7TsMwFHV4lvIKMDIQUSEVCVUJQoKhQwULY5HoA7VR5LhOa8V2IttBVFFGFn6FhQGEWPkENv4GN80ALUey79E598q+x48pkcq2v42FxaXlldXSWnl9Y3Nr29zZbcsoEQi3UEQj0fWhxJRw3FJEUdyNBYbMp7jjh1cTv3OPhSQRv1XjGLsMDjkJCIJKS555YNfDeuilDD5kVealzexE32iUl7vs2DMrds3OYc0TpyAVUKDpmV/9QYQShrlCFErZc+xYuSkUiiCKs3I/kTiGKIRD3NOUQ4alm+aLZNaRVgZWEAl9uLJy9fdECpmUY+brTgbVSM56E/E/r5eo4MJNCY8ThTmaPhQk1FKRNUnFGhCBkaJjTSASRP/VQiMoIFI6u7IOwZldeZ60T2uOXXNuziqNyyKOEtgHh6AKHHAOGuAaNEELIPAInsEreDOejBfj3fiYti4Yxcwe+APj8wcfMJll</latexit>

Photon momentum restricted by phase space

d�FSR
(P ! chY �) = |MchY � |2 ⇥ PHSP(mP ,mch,MY , k)kdkdcos✓1d�1dcos✓2d�2

<latexit sha1_base64="hrCr1srEwofuRRL3pDL8SJL4hno="></latexit><latexit sha1_base64="hrCr1srEwofuRRL3pDL8SJL4hno="></latexit><latexit sha1_base64="hrCr1srEwofuRRL3pDL8SJL4hno="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="J8ZJAJRolYjA0W0qmk1nw0VHsaM="></latexit><latexit sha1_base64="J8ZJAJRolYjA0W0qmk1nw0VHsaM="></latexit><latexit sha1_base64="ngSzY18yJVnq8Z3Z3suyg6m73ZY="></latexit><latexit sha1_base64="hrCr1srEwofuRRL3pDL8SJL4hno="></latexit><latexit sha1_base64="hrCr1srEwofuRRL3pDL8SJL4hno="></latexit><latexit sha1_base64="hrCr1srEwofuRRL3pDL8SJL4hno="></latexit><latexit sha1_base64="hrCr1srEwofuRRL3pDL8SJL4hno="></latexit><latexit sha1_base64="hrCr1srEwofuRRL3pDL8SJL4hno="></latexit><latexit sha1_base64="hrCr1srEwofuRRL3pDL8SJL4hno="></latexit>

d�FSR
(P ! chY �) = |MchY � |2 ⇥ PHSP(mP ,mch,MY , k)⇥ kdkdcos✓1d�1dcos✓2d�2

<latexit sha1_base64="nfdiXH5K+2nRR6lt9mawcweNbgc="></latexit><latexit sha1_base64="nfdiXH5K+2nRR6lt9mawcweNbgc="></latexit><latexit sha1_base64="nfdiXH5K+2nRR6lt9mawcweNbgc="></latexit><latexit sha1_base64="nfdiXH5K+2nRR6lt9mawcweNbgc="></latexit>

Photon angles wrt ch

Photon momentumDifferent matrix element

Phasespace term now 
includes photon kinematics  
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How PHOTOS corrects simulation

➤                        is calculated, according to the properties of 
the charged particle (ch)  

➤ A brem. photon is then generated according to  

➤ Once the photon has been generated, the event is 
modified accordingly

�13

From no FSR to FSR: assume factorisation of bremsstrahlung 
kernels in leading log approximation

|MchY � |2 = |MBorn|2 ⇥ bremsstrahlung factor
<latexit sha1_base64="0VfHrMSa+Ef44VGEA9h0fl/6sMk="></latexit><latexit sha1_base64="0VfHrMSa+Ef44VGEA9h0fl/6sMk="></latexit><latexit sha1_base64="0VfHrMSa+Ef44VGEA9h0fl/6sMk="></latexit><latexit sha1_base64="0VfHrMSa+Ef44VGEA9h0fl/6sMk="></latexit>

|MchY � |2 = |MBorn|2 ⇥ bremsstrahlung factor
<latexit sha1_base64="Vxgd+N16mohVk+qHuxqqKkLy1DY="></latexit><latexit sha1_base64="Vxgd+N16mohVk+qHuxqqKkLy1DY="></latexit><latexit sha1_base64="Vxgd+N16mohVk+qHuxqqKkLy1DY="></latexit><latexit sha1_base64="Vxgd+N16mohVk+qHuxqqKkLy1DY="></latexit>

Functional form of brem. factor   dependent on properties of chf
<latexit sha1_base64="G2CV8GjUlAdsO+Pe9txIOGXx0/s=">AAAB6HicbVBNSwMxEM3Wr1q/qh69BIvgadkUtT0WvXhswX5Au5RsOtvGZrNLkhVK6S/w4kERr/4kb/4bs20RtT4YeLw3w8y8IBFcG8/7dHJr6xubW/ntws7u3v5B8fCopeNUMWiyWMSqE1ANgktoGm4EdBIFNAoEtIPxTea3H0BpHss7M0nAj+hQ8pAzaqzUCPvFkueWyQWpXOGMeJekionrzfFNSmiJer/40RvELI1AGiao1l3iJcafUmU4EzAr9FINCWVjOoSupZJGoP3p/NAZPrPKAIexsiUNnqs/J6Y00noSBbYzomak/3qZ+J/XTU1Y9adcJqkByRaLwlRgE+PsazzgCpgRE0soU9zeitmIKsqMzaZgQ1h5eZW0yi7xXNK4KNWul3Hk0Qk6ReeIoAqqoVtUR03EEKBH9IxenHvnyXl13hatOWc5c4x+wXn/AgQHjRE=</latexit><latexit sha1_base64="G2CV8GjUlAdsO+Pe9txIOGXx0/s=">AAAB6HicbVBNSwMxEM3Wr1q/qh69BIvgadkUtT0WvXhswX5Au5RsOtvGZrNLkhVK6S/w4kERr/4kb/4bs20RtT4YeLw3w8y8IBFcG8/7dHJr6xubW/ntws7u3v5B8fCopeNUMWiyWMSqE1ANgktoGm4EdBIFNAoEtIPxTea3H0BpHss7M0nAj+hQ8pAzaqzUCPvFkueWyQWpXOGMeJekionrzfFNSmiJer/40RvELI1AGiao1l3iJcafUmU4EzAr9FINCWVjOoSupZJGoP3p/NAZPrPKAIexsiUNnqs/J6Y00noSBbYzomak/3qZ+J/XTU1Y9adcJqkByRaLwlRgE+PsazzgCpgRE0soU9zeitmIKsqMzaZgQ1h5eZW0yi7xXNK4KNWul3Hk0Qk6ReeIoAqqoVtUR03EEKBH9IxenHvnyXl13hatOWc5c4x+wXn/AgQHjRE=</latexit><latexit sha1_base64="G2CV8GjUlAdsO+Pe9txIOGXx0/s=">AAAB6HicbVBNSwMxEM3Wr1q/qh69BIvgadkUtT0WvXhswX5Au5RsOtvGZrNLkhVK6S/w4kERr/4kb/4bs20RtT4YeLw3w8y8IBFcG8/7dHJr6xubW/ntws7u3v5B8fCopeNUMWiyWMSqE1ANgktoGm4EdBIFNAoEtIPxTea3H0BpHss7M0nAj+hQ8pAzaqzUCPvFkueWyQWpXOGMeJekionrzfFNSmiJer/40RvELI1AGiao1l3iJcafUmU4EzAr9FINCWVjOoSupZJGoP3p/NAZPrPKAIexsiUNnqs/J6Y00noSBbYzomak/3qZ+J/XTU1Y9adcJqkByRaLwlRgE+PsazzgCpgRE0soU9zeitmIKsqMzaZgQ1h5eZW0yi7xXNK4KNWul3Hk0Qk6ReeIoAqqoVtUR03EEKBH9IxenHvnyXl13hatOWc5c4x+wXn/AgQHjRE=</latexit><latexit sha1_base64="G2CV8GjUlAdsO+Pe9txIOGXx0/s=">AAAB6HicbVBNSwMxEM3Wr1q/qh69BIvgadkUtT0WvXhswX5Au5RsOtvGZrNLkhVK6S/w4kERr/4kb/4bs20RtT4YeLw3w8y8IBFcG8/7dHJr6xubW/ntws7u3v5B8fCopeNUMWiyWMSqE1ANgktoGm4EdBIFNAoEtIPxTea3H0BpHss7M0nAj+hQ8pAzaqzUCPvFkueWyQWpXOGMeJekionrzfFNSmiJer/40RvELI1AGiao1l3iJcafUmU4EzAr9FINCWVjOoSupZJGoP3p/NAZPrPKAIexsiUNnqs/J6Y00noSBbYzomak/3qZ+J/XTU1Y9adcJqkByRaLwlRgE+PsazzgCpgRE0soU9zeitmIKsqMzaZgQ1h5eZW0yi7xXNK4KNWul3Hk0Qk6ReeIoAqqoVtUR03EEKBH9IxenHvnyXl13hatOWc5c4x+wXn/AgQHjRE=</latexit>

f(k, cos✓2,�2)
<latexit sha1_base64="yLjyR9DosWOTgtnTJ+Nct0egXYw=">AAACBHicbZDLSsNAFIYn9VbrLeqym8EiVCglKYIui25cVrCt0IQwmU6aoZMLMydCCV248VXcuFDErQ/hzrdx2mahrT8MfPznHM6c308FV2BZ30ZpbX1jc6u8XdnZ3ds/MA+PeirJJGVdmohE3vtEMcFj1gUOgt2nkpHIF6zvj69n9f4Dk4on8R1MUuZGZBTzgFMC2vLMalAfN2iiHAgZEC9vTRtOGvIZnHlmzWpac+FVsAuooUIdz/xyhgnNIhYDFUSpgW2l4OZEAqeCTStOplhK6JiM2EBjTCKm3Hx+xBSfameIg0TqFwOeu78nchIpNYl83RkRCNVybWb+VxtkEFy6OY/TDFhMF4uCTGBI8CwRPOSSURATDYRKrv+KaUgkoaBzq+gQ7OWTV6HXatpW0749r7WvijjKqIpOUB3Z6AK10Q3qoC6i6BE9o1f0ZjwZL8a78bFoLRnFzDH6I+PzB+Rel5k=</latexit><latexit sha1_base64="yLjyR9DosWOTgtnTJ+Nct0egXYw=">AAACBHicbZDLSsNAFIYn9VbrLeqym8EiVCglKYIui25cVrCt0IQwmU6aoZMLMydCCV248VXcuFDErQ/hzrdx2mahrT8MfPznHM6c308FV2BZ30ZpbX1jc6u8XdnZ3ds/MA+PeirJJGVdmohE3vtEMcFj1gUOgt2nkpHIF6zvj69n9f4Dk4on8R1MUuZGZBTzgFMC2vLMalAfN2iiHAgZEC9vTRtOGvIZnHlmzWpac+FVsAuooUIdz/xyhgnNIhYDFUSpgW2l4OZEAqeCTStOplhK6JiM2EBjTCKm3Hx+xBSfameIg0TqFwOeu78nchIpNYl83RkRCNVybWb+VxtkEFy6OY/TDFhMF4uCTGBI8CwRPOSSURATDYRKrv+KaUgkoaBzq+gQ7OWTV6HXatpW0749r7WvijjKqIpOUB3Z6AK10Q3qoC6i6BE9o1f0ZjwZL8a78bFoLRnFzDH6I+PzB+Rel5k=</latexit><latexit sha1_base64="yLjyR9DosWOTgtnTJ+Nct0egXYw=">AAACBHicbZDLSsNAFIYn9VbrLeqym8EiVCglKYIui25cVrCt0IQwmU6aoZMLMydCCV248VXcuFDErQ/hzrdx2mahrT8MfPznHM6c308FV2BZ30ZpbX1jc6u8XdnZ3ds/MA+PeirJJGVdmohE3vtEMcFj1gUOgt2nkpHIF6zvj69n9f4Dk4on8R1MUuZGZBTzgFMC2vLMalAfN2iiHAgZEC9vTRtOGvIZnHlmzWpac+FVsAuooUIdz/xyhgnNIhYDFUSpgW2l4OZEAqeCTStOplhK6JiM2EBjTCKm3Hx+xBSfameIg0TqFwOeu78nchIpNYl83RkRCNVybWb+VxtkEFy6OY/TDFhMF4uCTGBI8CwRPOSSURATDYRKrv+KaUgkoaBzq+gQ7OWTV6HXatpW0749r7WvijjKqIpOUB3Z6AK10Q3qoC6i6BE9o1f0ZjwZL8a78bFoLRnFzDH6I+PzB+Rel5k=</latexit><latexit sha1_base64="yLjyR9DosWOTgtnTJ+Nct0egXYw=">AAACBHicbZDLSsNAFIYn9VbrLeqym8EiVCglKYIui25cVrCt0IQwmU6aoZMLMydCCV248VXcuFDErQ/hzrdx2mahrT8MfPznHM6c308FV2BZ30ZpbX1jc6u8XdnZ3ds/MA+PeirJJGVdmohE3vtEMcFj1gUOgt2nkpHIF6zvj69n9f4Dk4on8R1MUuZGZBTzgFMC2vLMalAfN2iiHAgZEC9vTRtOGvIZnHlmzWpac+FVsAuooUIdz/xyhgnNIhYDFUSpgW2l4OZEAqeCTStOplhK6JiM2EBjTCKm3Hx+xBSfameIg0TqFwOeu78nchIpNYl83RkRCNVybWb+VxtkEFy6OY/TDFhMF4uCTGBI8CwRPOSSURATDYRKrv+KaUgkoaBzq+gQ7OWTV6HXatpW0749r7WvijjKqIpOUB3Z6AK10Q3qoC6i6BE9o1f0ZjwZL8a78bFoLRnFzDH6I+PzB+Rel5k=</latexit>

d�FSR(P ! chY �) = d�Born(P ! chY )f(k, cos✓2,�2)kdkdcos✓2d�2
<latexit sha1_base64="1yvXgFXeleAn6bT1Ofts++szGdo=">AAACaHicbVFbi9NAGJ3E29pVN94Q8WXYIrSwlGQR9EVYVhAf66V7oanly2SSDJlLmPmilFD8j775A3zxVzjtVrG7Hhg4nHM+vpkzWSOFwzj+EYTXrt+4eWvndm/3zt17e9H9ByfOtJbxCTPS2LMMHJdC8wkKlPyssRxUJvlpVr9Z+adfuHXC6E+4aPhMQalFIRigl+bRtzx1olTwuXv78cNyMKapFWWFYK35Sll1npagFAzpa/o3eGys9sntID0fFoP6gBmXYsUR5t3h8iBtKrEiwzqv8y0r/2PNo348itegV0myIX2ywXgefU9zw1rFNTIJzk2TuMFZBxYFk3zZS1vHG2A1lHz qqQbF3axbF7Wkz72S08JYfzTStfrvRAfKuYXKfFIBVu6ytxL/501bLF7NOqGbFrlmF4uKVlI0dNU6zYXlDOXCE2BW+Lv6zsACQ/83PV9CcvnJV8nJ4SiJR8n7F/2j400dO+QZ2ScDkpCX5Ii8I2MyIYz8DHaDR8Hj4FcYhU/CpxfRMNjMPCRbCPd/A1Vfueo=</latexit><latexit sha1_base64="1yvXgFXeleAn6bT1Ofts++szGdo=">AAACaHicbVFbi9NAGJ3E29pVN94Q8WXYIrSwlGQR9EVYVhAf66V7oanly2SSDJlLmPmilFD8j775A3zxVzjtVrG7Hhg4nHM+vpkzWSOFwzj+EYTXrt+4eWvndm/3zt17e9H9ByfOtJbxCTPS2LMMHJdC8wkKlPyssRxUJvlpVr9Z+adfuHXC6E+4aPhMQalFIRigl+bRtzx1olTwuXv78cNyMKapFWWFYK35Sll1npagFAzpa/o3eGys9sntID0fFoP6gBmXYsUR5t3h8iBtKrEiwzqv8y0r/2PNo348itegV0myIX2ywXgefU9zw1rFNTIJzk2TuMFZBxYFk3zZS1vHG2A1lHz qqQbF3axbF7Wkz72S08JYfzTStfrvRAfKuYXKfFIBVu6ytxL/501bLF7NOqGbFrlmF4uKVlI0dNU6zYXlDOXCE2BW+Lv6zsACQ/83PV9CcvnJV8nJ4SiJR8n7F/2j400dO+QZ2ScDkpCX5Ii8I2MyIYz8DHaDR8Hj4FcYhU/CpxfRMNjMPCRbCPd/A1Vfueo=</latexit><latexit sha1_base64="1yvXgFXeleAn6bT1Ofts++szGdo=">AAACaHicbVFbi9NAGJ3E29pVN94Q8WXYIrSwlGQR9EVYVhAf66V7oanly2SSDJlLmPmilFD8j775A3zxVzjtVrG7Hhg4nHM+vpkzWSOFwzj+EYTXrt+4eWvndm/3zt17e9H9ByfOtJbxCTPS2LMMHJdC8wkKlPyssRxUJvlpVr9Z+adfuHXC6E+4aPhMQalFIRigl+bRtzx1olTwuXv78cNyMKapFWWFYK35Sll1npagFAzpa/o3eGys9sntID0fFoP6gBmXYsUR5t3h8iBtKrEiwzqv8y0r/2PNo348itegV0myIX2ywXgefU9zw1rFNTIJzk2TuMFZBxYFk3zZS1vHG2A1lHz qqQbF3axbF7Wkz72S08JYfzTStfrvRAfKuYXKfFIBVu6ytxL/501bLF7NOqGbFrlmF4uKVlI0dNU6zYXlDOXCE2BW+Lv6zsACQ/83PV9CcvnJV8nJ4SiJR8n7F/2j400dO+QZ2ScDkpCX5Ii8I2MyIYz8DHaDR8Hj4FcYhU/CpxfRMNjMPCRbCPd/A1Vfueo=</latexit><latexit sha1_base64="1yvXgFXeleAn6bT1Ofts++szGdo=">AAACaHicbVFbi9NAGJ3E29pVN94Q8WXYIrSwlGQR9EVYVhAf66V7oanly2SSDJlLmPmilFD8j775A3zxVzjtVrG7Hhg4nHM+vpkzWSOFwzj+EYTXrt+4eWvndm/3zt17e9H9ByfOtJbxCTPS2LMMHJdC8wkKlPyssRxUJvlpVr9Z+adfuHXC6E+4aPhMQalFIRigl+bRtzx1olTwuXv78cNyMKapFWWFYK35Sll1npagFAzpa/o3eGys9sntID0fFoP6gBmXYsUR5t3h8iBtKrEiwzqv8y0r/2PNo348itegV0myIX2ywXgefU9zw1rFNTIJzk2TuMFZBxYFk3zZS1vHG2A1lHz qqQbF3axbF7Wkz72S08JYfzTStfrvRAfKuYXKfFIBVu6ytxL/501bLF7NOqGbFrlmF4uKVlI0dNU6zYXlDOXCE2BW+Lv6zsACQ/83PV9CcvnJV8nJ4SiJR8n7F/2j400dO+QZ2ScDkpCX5Ii8I2MyIYz8DHaDR8Hj4FcYhU/CpxfRMNjMPCRbCPd/A1Vfueo=</latexit>

d�FSR(P ! chY �) = d�Born(P ! chY )f(k, cos✓2,�2)kdkdcos✓2d�2
<latexit sha1_base64="1yvXgFXeleAn6bT1Ofts++szGdo=">AAACaHicbVFbi9NAGJ3E29pVN94Q8WXYIrSwlGQR9EVYVhAf66V7oanly2SSDJlLmPmilFD8j775A3zxVzjtVrG7Hhg4nHM+vpkzWSOFwzj+EYTXrt+4eWvndm/3zt17e9H9ByfOtJbxCTPS2LMMHJdC8wkKlPyssRxUJvlpVr9Z+adfuHXC6E+4aPhMQalFIRigl+bRtzx1olTwuXv78cNyMKapFWWFYK35Sll1npagFAzpa/o3eGys9sntID0fFoP6gBmXYsUR5t3h8iBtKrEiwzqv8y0r/2PNo348itegV0myIX2ywXgefU9zw1rFNTIJzk2TuMFZBxYFk3zZS1vHG2A1lHz qqQbF3axbF7Wkz72S08JYfzTStfrvRAfKuYXKfFIBVu6ytxL/501bLF7NOqGbFrlmF4uKVlI0dNU6zYXlDOXCE2BW+Lv6zsACQ/83PV9CcvnJV8nJ4SiJR8n7F/2j400dO+QZ2ScDkpCX5Ii8I2MyIYz8DHaDR8Hj4FcYhU/CpxfRMNjMPCRbCPd/A1Vfueo=</latexit><latexit sha1_base64="1yvXgFXeleAn6bT1Ofts++szGdo=">AAACaHicbVFbi9NAGJ3E29pVN94Q8WXYIrSwlGQR9EVYVhAf66V7oanly2SSDJlLmPmilFD8j775A3zxVzjtVrG7Hhg4nHM+vpkzWSOFwzj+EYTXrt+4eWvndm/3zt17e9H9ByfOtJbxCTPS2LMMHJdC8wkKlPyssRxUJvlpVr9Z+adfuHXC6E+4aPhMQalFIRigl+bRtzx1olTwuXv78cNyMKapFWWFYK35Sll1npagFAzpa/o3eGys9sntID0fFoP6gBmXYsUR5t3h8iBtKrEiwzqv8y0r/2PNo348itegV0myIX2ywXgefU9zw1rFNTIJzk2TuMFZBxYFk3zZS1vHG2A1lHz qqQbF3axbF7Wkz72S08JYfzTStfrvRAfKuYXKfFIBVu6ytxL/501bLF7NOqGbFrlmF4uKVlI0dNU6zYXlDOXCE2BW+Lv6zsACQ/83PV9CcvnJV8nJ4SiJR8n7F/2j400dO+QZ2ScDkpCX5Ii8I2MyIYz8DHaDR8Hj4FcYhU/CpxfRMNjMPCRbCPd/A1Vfueo=</latexit><latexit sha1_base64="1yvXgFXeleAn6bT1Ofts++szGdo=">AAACaHicbVFbi9NAGJ3E29pVN94Q8WXYIrSwlGQR9EVYVhAf66V7oanly2SSDJlLmPmilFD8j775A3zxVzjtVrG7Hhg4nHM+vpkzWSOFwzj+EYTXrt+4eWvndm/3zt17e9H9ByfOtJbxCTPS2LMMHJdC8wkKlPyssRxUJvlpVr9Z+adfuHXC6E+4aPhMQalFIRigl+bRtzx1olTwuXv78cNyMKapFWWFYK35Sll1npagFAzpa/o3eGys9sntID0fFoP6gBmXYsUR5t3h8iBtKrEiwzqv8y0r/2PNo348itegV0myIX2ywXgefU9zw1rFNTIJzk2TuMFZBxYFk3zZS1vHG2A1lHz qqQbF3axbF7Wkz72S08JYfzTStfrvRAfKuYXKfFIBVu6ytxL/501bLF7NOqGbFrlmF4uKVlI0dNU6zYXlDOXCE2BW+Lv6zsACQ/83PV9CcvnJV8nJ4SiJR8n7F/2j400dO+QZ2ScDkpCX5Ii8I2MyIYz8DHaDR8Hj4FcYhU/CpxfRMNjMPCRbCPd/A1Vfueo=</latexit><latexit sha1_base64="1yvXgFXeleAn6bT1Ofts++szGdo=">AAACaHicbVFbi9NAGJ3E29pVN94Q8WXYIrSwlGQR9EVYVhAf66V7oanly2SSDJlLmPmilFD8j775A3zxVzjtVrG7Hhg4nHM+vpkzWSOFwzj+EYTXrt+4eWvndm/3zt17e9H9ByfOtJbxCTPS2LMMHJdC8wkKlPyssRxUJvlpVr9Z+adfuHXC6E+4aPhMQalFIRigl+bRtzx1olTwuXv78cNyMKapFWWFYK35Sll1npagFAzpa/o3eGys9sntID0fFoP6gBmXYsUR5t3h8iBtKrEiwzqv8y0r/2PNo348itegV0myIX2ywXgefU9zw1rFNTIJzk2TuMFZBxYFk3zZS1vHG2A1lHz qqQbF3axbF7Wkz72S08JYfzTStfrvRAfKuYXKfFIBVu6ytxL/501bLF7NOqGbFrlmF4uKVlI0dNU6zYXlDOXCE2BW+Lv6zsACQ/83PV9CcvnJV8nJ4SiJR8n7F/2j400dO+QZ2ScDkpCX5Ii8I2MyIYz8DHaDR8Hj4FcYhU/CpxfRMNjMPCRbCPd/A1Vfueo=</latexit>

d�FSR(P ! chY �) = d�Born(P ! chY )f(k, cos✓2,�2)kdkdcos✓2d�2
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How PHOTOS interfaces with simulation

➤ PHOTOS needs access to the information of the mother and 
daughters of a process to calculate  

➤ An MC generator must allow for e.g reading, adding, 
modification and list making of particles in event trees -> 
HepMC event record 

➤ PHOTOS interface with C++ HepMC well-developed
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How PHOTOS interfaces with simulation

➤ PHOTOS needs access to the information of the mother and 
daughters of a process to calculate  

➤ An MC generator must allow for e.g reading, adding, 
modification and list making of particles in event trees -> 
HepMC event record 

➤ PHOTOS interface with C++ HepMC well-developed
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PHOTOS only deals with 
FSR at Belle 2 and LHCb

http://photospp.web.cern.ch/photospp/
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How PHOTOS interfaces with LHCb
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LHCb simulation framework (GAUSS): 
Event Generation

Simulate particles 
produced directly in 
pp collisions

Decay particles 
(heavy flavour)

External lib: Pythia External lib: EvtGen 

LHCb interface

Ext. lib: PHOTOS++

Event modified to 
correct for FSR

HepMC 

event

To detector 
simulation

PHOTOS is automatically 
called within EvtGen at LHCb 
unless user states otherwise

LHCb-specific version of 
EvtGen package developed

PHOTOS++ refers to the 
version of PHOTOS 
implemented in C++

 B information passed on

https://evtgen.hepforge.org
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 B information passed on

How PHOTOS interfaces with LHCb
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LHCb simulation framework (GAUSS): 
Event Generation

Simulate particles 
produced directly in 
pp collisions

Decay particles 
(heavy flavour)

External lib: Pythia External lib: EvtGen 

LHCb interface

Ext. lib: PHOTOS++

Event modified to 
correct for FSR

HepMC 

event

To detector 
simulation

PHOTOS is automatically 
called within EvtGen at LHCb 
unless user states otherwise

LHCb-specific version of 
EvtGen package developed

Interface with PHOTOS in both 
Belle 2 and LHCb simulation is 
via the EvtGen package 

PHOTOS++ refers to the 
version of PHOTOS 
implemented in C++

https://evtgen.hepforge.org
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The EvtGen library 
‣EvtGen is a Monte Carlo event generator 
that simulates the decays of heavy flavour 
particles, primarily B and D mesons. 

‣Contains a range of decay models for 
intermediate and final states containing 
scalar, vector and tensor mesons or 
resonances, as well as leptons, photons and 
baryons 

‣Takes into account angular and time-
dependent correlations which allows for the 
simulation of CP-violating processes

�18
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EvtGen and PHOTOS: specifics
➤ Treatment of interference between between photon emission 

from multiple sources important for precision in B decays 

➤ Interference modelled via universal weight 

�19[*] max weight = 2n�1
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Decay products charge

Decay products momenta

Photon energy & polarisation

Eur. Phys. J. C 45, 97–107 (2006) 

➤                              -> upto 7 
charged particles in decay[*] (higher 
= increase in CPU time) 

Wmulti|max = 64
<latexit sha1_base64="ClfJlrYAPQytbj3izNnep5s8VHA=">AAACCXicbVBNS8NAEN3Ur1q/oh69LBbBU0lE1ItQ9OKxgv2ANoTNdtsu3U3C7kRaYq5e/CtePCji1X/gzX/jts1BWx8MPN6bYWZeEAuuwXG+rcLS8srqWnG9tLG5tb1j7+41dJQoyuo0EpFqBUQzwUNWBw6CtWLFiAwEawbD64nfvGdK8yi8g3HMPEn6Ie9xSsBIvo2bfioTATxL/fShA2wESqaSjLIsw5f47NS3y07FmQIvEjcnZZSj5ttfnW5EE8lCoIJo3XadGLyUKOBUsKzUSTSLCR2SPmsbGhLJtJdOP8nwkVG6uBcpUyHgqfp7IiVS67EMTKckMNDz3kT8z2sn0LvwUh7GCbCQzhb1EoEhwpNYcJcrRkGMDSFUcXMrpgOiCAUTXsmE4M6/vEgaJxXXqbi3p+XqVR5HER2gQ3SMXHSOqugG1VAdUfSIntErerOerBfr3fqYtRasfGYf/YH1+QNbzJq0</latexit><latexit sha1_base64="ClfJlrYAPQytbj3izNnep5s8VHA=">AAACCXicbVBNS8NAEN3Ur1q/oh69LBbBU0lE1ItQ9OKxgv2ANoTNdtsu3U3C7kRaYq5e/CtePCji1X/gzX/jts1BWx8MPN6bYWZeEAuuwXG+rcLS8srqWnG9tLG5tb1j7+41dJQoyuo0EpFqBUQzwUNWBw6CtWLFiAwEawbD64nfvGdK8yi8g3HMPEn6Ie9xSsBIvo2bfioTATxL/fShA2wESqaSjLIsw5f47NS3y07FmQIvEjcnZZSj5ttfnW5EE8lCoIJo3XadGLyUKOBUsKzUSTSLCR2SPmsbGhLJtJdOP8nwkVG6uBcpUyHgqfp7IiVS67EMTKckMNDz3kT8z2sn0LvwUh7GCbCQzhb1EoEhwpNYcJcrRkGMDSFUcXMrpgOiCAUTXsmE4M6/vEgaJxXXqbi3p+XqVR5HER2gQ3SMXHSOqugG1VAdUfSIntErerOerBfr3fqYtRasfGYf/YH1+QNbzJq0</latexit><latexit sha1_base64="ClfJlrYAPQytbj3izNnep5s8VHA=">AAACCXicbVBNS8NAEN3Ur1q/oh69LBbBU0lE1ItQ9OKxgv2ANoTNdtsu3U3C7kRaYq5e/CtePCji1X/gzX/jts1BWx8MPN6bYWZeEAuuwXG+rcLS8srqWnG9tLG5tb1j7+41dJQoyuo0EpFqBUQzwUNWBw6CtWLFiAwEawbD64nfvGdK8yi8g3HMPEn6Ie9xSsBIvo2bfioTATxL/fShA2wESqaSjLIsw5f47NS3y07FmQIvEjcnZZSj5ttfnW5EE8lCoIJo3XadGLyUKOBUsKzUSTSLCR2SPmsbGhLJtJdOP8nwkVG6uBcpUyHgqfp7IiVS67EMTKckMNDz3kT8z2sn0LvwUh7GCbCQzhb1EoEhwpNYcJcrRkGMDSFUcXMrpgOiCAUTXsmE4M6/vEgaJxXXqbi3p+XqVR5HER2gQ3SMXHSOqugG1VAdUfSIntErerOerBfr3fqYtRasfGYf/YH1+QNbzJq0</latexit><latexit sha1_base64="ClfJlrYAPQytbj3izNnep5s8VHA=">AAACCXicbVBNS8NAEN3Ur1q/oh69LBbBU0lE1ItQ9OKxgv2ANoTNdtsu3U3C7kRaYq5e/CtePCji1X/gzX/jts1BWx8MPN6bYWZeEAuuwXG+rcLS8srqWnG9tLG5tb1j7+41dJQoyuo0EpFqBUQzwUNWBw6CtWLFiAwEawbD64nfvGdK8yi8g3HMPEn6Ie9xSsBIvo2bfioTATxL/fShA2wESqaSjLIsw5f47NS3y07FmQIvEjcnZZSj5ttfnW5EE8lCoIJo3XadGLyUKOBUsKzUSTSLCR2SPmsbGhLJtJdOP8nwkVG6uBcpUyHgqfp7IiVS67EMTKckMNDz3kT8z2sn0LvwUh7GCbCQzhb1EoEhwpNYcJcrRkGMDSFUcXMrpgOiCAUTXsmE4M6/vEgaJxXXqbi3p+XqVR5HER2gQ3SMXHSOqugG1VAdUfSIntErerOerBfr3fqYtRasfGYf/YH1+QNbzJq0</latexit>
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EvtGen and PHOTOS: specifics
➤ Minimum threshold for photons to be generated explicitly: 

~0.1       [**] for the case of a B meson 

If any expert in the audience thinks these settings could be optimised, 
please let us know!

�20[**]10�7
<latexit sha1_base64="wHv/4tJYB2KS8iAy+gF6WLwptFk=">AAAB73icbVBNS8NAEJ34WetX1aOXxSL0YklEqMeCF48V7Ae0sWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2Z++4lrI2J1j5OE+xEdKhEKRtFKHc99yC5qU9Ivld2qOwdZJV5OypCj0S999QYxSyOukElqTNdzE/QzqlEwyafFXmp4QtmYDnnXUkUjbvxsfu+UnFtlQMJY21JI5urviYxGxkyiwHZGFEdm2ZuJ/3ndFMNrPxMqSZErtlgUppJgTGbPk4HQnKGcWEKZFvZWwkZUU4Y2oqINwVt+eZW0LqueW/Xursr1Sh5HAU7hDCrgQQ3qcAsNaAIDCc/wCm/Oo/PivDsfi9Y1J585gT9wPn8AlECO6w==</latexit><latexit sha1_base64="wHv/4tJYB2KS8iAy+gF6WLwptFk=">AAAB73icbVBNS8NAEJ34WetX1aOXxSL0YklEqMeCF48V7Ae0sWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2Z++4lrI2J1j5OE+xEdKhEKRtFKHc99yC5qU9Ivld2qOwdZJV5OypCj0S999QYxSyOukElqTNdzE/QzqlEwyafFXmp4QtmYDnnXUkUjbvxsfu+UnFtlQMJY21JI5urviYxGxkyiwHZGFEdm2ZuJ/3ndFMNrPxMqSZErtlgUppJgTGbPk4HQnKGcWEKZFvZWwkZUU4Y2oqINwVt+eZW0LqueW/Xursr1Sh5HAU7hDCrgQQ3qcAsNaAIDCc/wCm/Oo/PivDsfi9Y1J585gT9wPn8AlECO6w==</latexit><latexit sha1_base64="wHv/4tJYB2KS8iAy+gF6WLwptFk=">AAAB73icbVBNS8NAEJ34WetX1aOXxSL0YklEqMeCF48V7Ae0sWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2Z++4lrI2J1j5OE+xEdKhEKRtFKHc99yC5qU9Ivld2qOwdZJV5OypCj0S999QYxSyOukElqTNdzE/QzqlEwyafFXmp4QtmYDnnXUkUjbvxsfu+UnFtlQMJY21JI5urviYxGxkyiwHZGFEdm2ZuJ/3ndFMNrPxMqSZErtlgUppJgTGbPk4HQnKGcWEKZFvZWwkZUU4Y2oqINwVt+eZW0LqueW/Xursr1Sh5HAU7hDCrgQQ3qcAsNaAIDCc/wCm/Oo/PivDsfi9Y1J585gT9wPn8AlECO6w==</latexit><latexit sha1_base64="wHv/4tJYB2KS8iAy+gF6WLwptFk=">AAAB73icbVBNS8NAEJ34WetX1aOXxSL0YklEqMeCF48V7Ae0sWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2Z++4lrI2J1j5OE+xEdKhEKRtFKHc99yC5qU9Ivld2qOwdZJV5OypCj0S999QYxSyOukElqTNdzE/QzqlEwyafFXmp4QtmYDnnXUkUjbvxsfu+UnFtlQMJY21JI5urviYxGxkyiwHZGFEdm2ZuJ/3ndFMNrPxMqSZErtlgUppJgTGbPk4HQnKGcWEKZFvZWwkZUU4Y2oqINwVt+eZW0LqueW/Xursr1Sh5HAU7hDCrgQQ3qcAsNaAIDCc/wCm/Oo/PivDsfi9Y1J585gT9wPn8AlECO6w==</latexit>

in units of half the decaying particles mass 

KeV
<latexit sha1_base64="Z2FhWEJDtznDdk0WbUmqelXTA4w=">AAAB83icbVBNS8NAEN34WetX1aOXxSL0VBIR9FjwInipYD+gCWWznbRLd5OwOxFL6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwlQKg6777aytb2xubZd2yrt7+weHlaPjtkkyzaHFE5nobsgMSBFDCwVK6KYamAoldMLxzczvPII2IokfcJJCoNgwFpHgDK3k+whPqFV+B+1pv1J16+4cdJV4BamSAs1+5csfJDxTECOXzJie56YY5Eyj4BKmZT8zkDI+ZkPoWRozBSbI5zdP6blVBjRKtK0Y6Vz9PZEzZcxEhbZTMRyZZW8m/uf1Moyug1zEaYYQ88WiKJMUEzoLgA6EBo5yYgnjWthbKR8xzTjamMo2BG/55VXSvqh7bt27v6w2akUcJXJKzkiNeOSKNMgtaZIW4SQlz+SVvDmZ8+K8Ox+L1jWnmDkhf+B8/gBr75HW</latexit><latexit sha1_base64="Z2FhWEJDtznDdk0WbUmqelXTA4w=">AAAB83icbVBNS8NAEN34WetX1aOXxSL0VBIR9FjwInipYD+gCWWznbRLd5OwOxFL6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwlQKg6777aytb2xubZd2yrt7+weHlaPjtkkyzaHFE5nobsgMSBFDCwVK6KYamAoldMLxzczvPII2IokfcJJCoNgwFpHgDK3k+whPqFV+B+1pv1J16+4cdJV4BamSAs1+5csfJDxTECOXzJie56YY5Eyj4BKmZT8zkDI+ZkPoWRozBSbI5zdP6blVBjRKtK0Y6Vz9PZEzZcxEhbZTMRyZZW8m/uf1Moyug1zEaYYQ88WiKJMUEzoLgA6EBo5yYgnjWthbKR8xzTjamMo2BG/55VXSvqh7bt27v6w2akUcJXJKzkiNeOSKNMgtaZIW4SQlz+SVvDmZ8+K8Ox+L1jWnmDkhf+B8/gBr75HW</latexit><latexit sha1_base64="Z2FhWEJDtznDdk0WbUmqelXTA4w=">AAAB83icbVBNS8NAEN34WetX1aOXxSL0VBIR9FjwInipYD+gCWWznbRLd5OwOxFL6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwlQKg6777aytb2xubZd2yrt7+weHlaPjtkkyzaHFE5nobsgMSBFDCwVK6KYamAoldMLxzczvPII2IokfcJJCoNgwFpHgDK3k+whPqFV+B+1pv1J16+4cdJV4BamSAs1+5csfJDxTECOXzJie56YY5Eyj4BKmZT8zkDI+ZkPoWRozBSbI5zdP6blVBjRKtK0Y6Vz9PZEzZcxEhbZTMRyZZW8m/uf1Moyug1zEaYYQ88WiKJMUEzoLgA6EBo5yYgnjWthbKR8xzTjamMo2BG/55VXSvqh7bt27v6w2akUcJXJKzkiNeOSKNMgtaZIW4SQlz+SVvDmZ8+K8Ox+L1jWnmDkhf+B8/gBr75HW</latexit><latexit sha1_base64="Z2FhWEJDtznDdk0WbUmqelXTA4w=">AAAB83icbVBNS8NAEN34WetX1aOXxSL0VBIR9FjwInipYD+gCWWznbRLd5OwOxFL6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwlQKg6777aytb2xubZd2yrt7+weHlaPjtkkyzaHFE5nobsgMSBFDCwVK6KYamAoldMLxzczvPII2IokfcJJCoNgwFpHgDK3k+whPqFV+B+1pv1J16+4cdJV4BamSAs1+5csfJDxTECOXzJie56YY5Eyj4BKmZT8zkDI+ZkPoWRozBSbI5zdP6blVBjRKtK0Y6Vz9PZEzZcxEhbZTMRyZZW8m/uf1Moyug1zEaYYQ88WiKJMUEzoLgA6EBo5yYgnjWthbKR8xzTjamMo2BG/55VXSvqh7bt27v6w2akUcJXJKzkiNeOSKNMgtaZIW4SQlz+SVvDmZ8+K8Ox+L1jWnmDkhf+B8/gBr75HW</latexit>

Example of energy spectra 
of photon generated by 
PHOTOS in B0 ! K⇤0µµ

<latexit sha1_base64="azjARVue/HeMahFq9E+N9AQ2Z8w=">AAACBnicbVDLSgMxFM3UV62vUZciBIsgLsqMCLqsuhHcVLAPaKclk2ba0DyGJKOUoSs3/oobF4q49Rvc+Tem7Sy09XAvHM65l+SeMGZUG8/7dnILi0vLK/nVwtr6xuaWu71T0zJRmFSxZFI1QqQJo4JUDTWMNGJFEA8ZqYeDq7FfvydKUynuzDAmAUc9QSOKkbFSx92/bKfeqKVor2+QUvIB3rTTY6vwxFbHLXolbwI4T/yMFEGGSsf9anUlTjgRBjOkddP3YhOkSBmKGRkVWokmMcID1CNNSwXiRAfp5IwRPLRKF0ZS2RYGTtTfGyniWg95aCc5Mn09643F/7xmYqLzIKUiTgwRePpQlDBoJBxnArtUEWzY0BKEFbV/hbiPFMLGJlewIfizJ8+T2knJ90r+7WmxfJHFkQd74AAcAR+cgTK4BhVQBRg8gmfwCt6cJ+fFeXc+pqM5J9vZBX/gfP4AAfiY0A==</latexit><latexit sha1_base64="azjARVue/HeMahFq9E+N9AQ2Z8w=">AAACBnicbVDLSgMxFM3UV62vUZciBIsgLsqMCLqsuhHcVLAPaKclk2ba0DyGJKOUoSs3/oobF4q49Rvc+Tem7Sy09XAvHM65l+SeMGZUG8/7dnILi0vLK/nVwtr6xuaWu71T0zJRmFSxZFI1QqQJo4JUDTWMNGJFEA8ZqYeDq7FfvydKUynuzDAmAUc9QSOKkbFSx92/bKfeqKVor2+QUvIB3rTTY6vwxFbHLXolbwI4T/yMFEGGSsf9anUlTjgRBjOkddP3YhOkSBmKGRkVWokmMcID1CNNSwXiRAfp5IwRPLRKF0ZS2RYGTtTfGyniWg95aCc5Mn09643F/7xmYqLzIKUiTgwRePpQlDBoJBxnArtUEWzY0BKEFbV/hbiPFMLGJlewIfizJ8+T2knJ90r+7WmxfJHFkQd74AAcAR+cgTK4BhVQBRg8gmfwCt6cJ+fFeXc+pqM5J9vZBX/gfP4AAfiY0A==</latexit><latexit sha1_base64="azjARVue/HeMahFq9E+N9AQ2Z8w=">AAACBnicbVDLSgMxFM3UV62vUZciBIsgLsqMCLqsuhHcVLAPaKclk2ba0DyGJKOUoSs3/oobF4q49Rvc+Tem7Sy09XAvHM65l+SeMGZUG8/7dnILi0vLK/nVwtr6xuaWu71T0zJRmFSxZFI1QqQJo4JUDTWMNGJFEA8ZqYeDq7FfvydKUynuzDAmAUc9QSOKkbFSx92/bKfeqKVor2+QUvIB3rTTY6vwxFbHLXolbwI4T/yMFEGGSsf9anUlTjgRBjOkddP3YhOkSBmKGRkVWokmMcID1CNNSwXiRAfp5IwRPLRKF0ZS2RYGTtTfGyniWg95aCc5Mn09643F/7xmYqLzIKUiTgwRePpQlDBoJBxnArtUEWzY0BKEFbV/hbiPFMLGJlewIfizJ8+T2knJ90r+7WmxfJHFkQd74AAcAR+cgTK4BhVQBRg8gmfwCt6cJ+fFeXc+pqM5J9vZBX/gfP4AAfiY0A==</latexit><latexit sha1_base64="azjARVue/HeMahFq9E+N9AQ2Z8w=">AAACBnicbVDLSgMxFM3UV62vUZciBIsgLsqMCLqsuhHcVLAPaKclk2ba0DyGJKOUoSs3/oobF4q49Rvc+Tem7Sy09XAvHM65l+SeMGZUG8/7dnILi0vLK/nVwtr6xuaWu71T0zJRmFSxZFI1QqQJo4JUDTWMNGJFEA8ZqYeDq7FfvydKUynuzDAmAUc9QSOKkbFSx92/bKfeqKVor2+QUvIB3rTTY6vwxFbHLXolbwI4T/yMFEGGSsf9anUlTjgRBjOkddP3YhOkSBmKGRkVWokmMcID1CNNSwXiRAfp5IwRPLRKF0ZS2RYGTtTfGyniWg95aCc5Mn09643F/7xmYqLzIKUiTgwRePpQlDBoJBxnArtUEWzY0BKEFbV/hbiPFMLGJlewIfizJ8+T2knJ90r+7WmxfJHFkQd74AAcAR+cgTK4BhVQBRg8gmfwCt6cJ+fFeXc+pqM5J9vZBX/gfP4AAfiY0A==</latexit>

Photon energy / MeV
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EvtGen and PHOTOS: interfacing issues

➤ One distinction of EvtGen is that it does not store the initial 
4-momenta of the colliding input beam particles, just that of 
the already generated B meson 

➤ In version v3.60 of PHOTOS this caused issues as this beam 
information was required 

✓ This has been since rectified (with much help from the 
PHOTOS developers) in v3.61

�21

p p B
<latexit sha1_base64="iZT4ekXtWEa32jQpkEjFjZB+FKI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuO2XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBlBSMxQ==</latexit><latexit sha1_base64="iZT4ekXtWEa32jQpkEjFjZB+FKI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuO2XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBlBSMxQ==</latexit><latexit sha1_base64="iZT4ekXtWEa32jQpkEjFjZB+FKI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuO2XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBlBSMxQ==</latexit><latexit sha1_base64="iZT4ekXtWEa32jQpkEjFjZB+FKI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuO2XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBlBSMxQ==</latexit>

only B info
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EvtGen and PHOTOS: more interfacing

➤ Although the PHOTOS interfacing runs smoothly, the 
running of PHOTOS within EvtGen takes a non-neglible 
amount of time (~45%) 

➤ Much of this processing time is spent creating the HepMC 
event for Photos++, then extracting the information back 

➤ Could there be a more efficient way of doing this?

�22

EvtGen code currently being 
modified to run in multi-threaded 
environments - any plans for 
something similar in PHOTOS?

Any other upcoming developments 
in PHOTOS that EvtGen developers 
should be aware of?



�23

PHOTOS in practice: a use case example
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➤ Very theoretically clean as hadronic contributions cancel 

➤ QED corrections however do not necessarily cancel and so 
must be well controlled 

➤ It is key that we model these QED corrections to a good 
level in our simulation 

R(X) =
B(B ! Xµµ)

B(B ! Xee)
<latexit sha1_base64="HRLXMH3gDewl3VSpIJXRnycrVQM="></latexit><latexit sha1_base64="HRLXMH3gDewl3VSpIJXRnycrVQM="></latexit><latexit sha1_base64="HRLXMH3gDewl3VSpIJXRnycrVQM="></latexit><latexit sha1_base64="HRLXMH3gDewl3VSpIJXRnycrVQM="></latexit>

Example measurement: lepton flavour universality



   GDR-InF workshop, 2019                   Eluned Smith �25

➤ Accuracy of QED corrections of particular importance, 
given the tensions observed with the SM in these 
measurements

Example measurement: lepton flavour universality

Phys. Rev. Lett. 122, 191801 (2019)

BaBar :PRD 86 (2012) 032012
Belle :PRL 103 (2009) 171801

Belle 2019 :arXiv:1904.02440BaBar :PRD 86 (2012) 032012
Belle :PRL 103 (2009) 171801

JHEP 08 (2017) 055
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➤ Expected magnitude of QED corrections on 

�26

Example measurement: lepton flavour universality

R(K(⇤))
<latexit sha1_base64="lw1njgMsXzpB7nHvRllc6ae0G7w=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSK0HsquCHqseBG8VLEf2K4lm2bb0CS7JFmhLP0XXjwo4tV/481/Y9ruQVsfDDzem2FmXhBzpo3rfjtLyyura+u5jfzm1vbObmFvv6GjRBFaJxGPVCvAmnImad0ww2krVhSLgNNmMLya+M0nqjSL5L0ZxdQXuC9ZyAg2Vnq4K908pqWT8rjcLRTdijsFWiReRoqQodYtfHV6EUkElYZwrHXbc2Pjp1gZRjgd5zuJpjEmQ9ynbUslFlT76fTiMTq2Sg+FkbIlDZqqvydSLLQeicB2CmwGet6biP957cSEF37KZJwYKslsUZhwZCI0eR/1mKLE8JElmChmb0VkgBUmxoaUtyF48y8vksZpxXMr3u1ZsXqZxZGDQziCEnhwDlW4hhrUgYCEZ3iFN0c7L8678zFrXXKymQP4A+fzB7LWj5w=</latexit><latexit sha1_base64="lw1njgMsXzpB7nHvRllc6ae0G7w=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSK0HsquCHqseBG8VLEf2K4lm2bb0CS7JFmhLP0XXjwo4tV/481/Y9ruQVsfDDzem2FmXhBzpo3rfjtLyyura+u5jfzm1vbObmFvv6GjRBFaJxGPVCvAmnImad0ww2krVhSLgNNmMLya+M0nqjSL5L0ZxdQXuC9ZyAg2Vnq4K908pqWT8rjcLRTdijsFWiReRoqQodYtfHV6EUkElYZwrHXbc2Pjp1gZRjgd5zuJpjEmQ9ynbUslFlT76fTiMTq2Sg+FkbIlDZqqvydSLLQeicB2CmwGet6biP957cSEF37KZJwYKslsUZhwZCI0eR/1mKLE8JElmChmb0VkgBUmxoaUtyF48y8vksZpxXMr3u1ZsXqZxZGDQziCEnhwDlW4hhrUgYCEZ3iFN0c7L8678zFrXXKymQP4A+fzB7LWj5w=</latexit><latexit sha1_base64="lw1njgMsXzpB7nHvRllc6ae0G7w=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSK0HsquCHqseBG8VLEf2K4lm2bb0CS7JFmhLP0XXjwo4tV/481/Y9ruQVsfDDzem2FmXhBzpo3rfjtLyyura+u5jfzm1vbObmFvv6GjRBFaJxGPVCvAmnImad0ww2krVhSLgNNmMLya+M0nqjSL5L0ZxdQXuC9ZyAg2Vnq4K908pqWT8rjcLRTdijsFWiReRoqQodYtfHV6EUkElYZwrHXbc2Pjp1gZRjgd5zuJpjEmQ9ynbUslFlT76fTiMTq2Sg+FkbIlDZqqvydSLLQeicB2CmwGet6biP957cSEF37KZJwYKslsUZhwZCI0eR/1mKLE8JElmChmb0VkgBUmxoaUtyF48y8vksZpxXMr3u1ZsXqZxZGDQziCEnhwDlW4hhrUgYCEZ3iFN0c7L8678zFrXXKymQP4A+fzB7LWj5w=</latexit><latexit sha1_base64="lw1njgMsXzpB7nHvRllc6ae0G7w=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSK0HsquCHqseBG8VLEf2K4lm2bb0CS7JFmhLP0XXjwo4tV/481/Y9ruQVsfDDzem2FmXhBzpo3rfjtLyyura+u5jfzm1vbObmFvv6GjRBFaJxGPVCvAmnImad0ww2krVhSLgNNmMLya+M0nqjSL5L0ZxdQXuC9ZyAg2Vnq4K908pqWT8rjcLRTdijsFWiReRoqQodYtfHV6EUkElYZwrHXbc2Pjp1gZRjgd5zuJpjEmQ9ynbUslFlT76fTiMTq2Sg+FkbIlDZqqvydSLLQeicB2CmwGet6biP957cSEF37KZJwYKslsUZhwZCI0eR/1mKLE8JElmChmb0VkgBUmxoaUtyF48y8vksZpxXMr3u1ZsXqZxZGDQziCEnhwDlW4hhrUgYCEZ3iFN0c7L8678zFrXXKymQP4A+fzB7LWj5w=</latexit>

No FSR FSR

Diagrams taken from proponents of Eur.Phys.J. C76 (2016) no.8, 440  Eur.Phys.J. C76 (2016) no.8, 440
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➤ Expected magnitude of QED corrections on 

�27

Example measurement: lepton flavour universality

R(K(⇤))
<latexit sha1_base64="lw1njgMsXzpB7nHvRllc6ae0G7w=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSK0HsquCHqseBG8VLEf2K4lm2bb0CS7JFmhLP0XXjwo4tV/481/Y9ruQVsfDDzem2FmXhBzpo3rfjtLyyura+u5jfzm1vbObmFvv6GjRBFaJxGPVCvAmnImad0ww2krVhSLgNNmMLya+M0nqjSL5L0ZxdQXuC9ZyAg2Vnq4K908pqWT8rjcLRTdijsFWiReRoqQodYtfHV6EUkElYZwrHXbc2Pjp1gZRjgd5zuJpjEmQ9ynbUslFlT76fTiMTq2Sg+FkbIlDZqqvydSLLQeicB2CmwGet6biP957cSEF37KZJwYKslsUZhwZCI0eR/1mKLE8JElmChmb0VkgBUmxoaUtyF48y8vksZpxXMr3u1ZsXqZxZGDQziCEnhwDlW4hhrUgYCEZ3iFN0c7L8678zFrXXKymQP4A+fzB7LWj5w=</latexit><latexit sha1_base64="lw1njgMsXzpB7nHvRllc6ae0G7w=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSK0HsquCHqseBG8VLEf2K4lm2bb0CS7JFmhLP0XXjwo4tV/481/Y9ruQVsfDDzem2FmXhBzpo3rfjtLyyura+u5jfzm1vbObmFvv6GjRBFaJxGPVCvAmnImad0ww2krVhSLgNNmMLya+M0nqjSL5L0ZxdQXuC9ZyAg2Vnq4K908pqWT8rjcLRTdijsFWiReRoqQodYtfHV6EUkElYZwrHXbc2Pjp1gZRjgd5zuJpjEmQ9ynbUslFlT76fTiMTq2Sg+FkbIlDZqqvydSLLQeicB2CmwGet6biP957cSEF37KZJwYKslsUZhwZCI0eR/1mKLE8JElmChmb0VkgBUmxoaUtyF48y8vksZpxXMr3u1ZsXqZxZGDQziCEnhwDlW4hhrUgYCEZ3iFN0c7L8678zFrXXKymQP4A+fzB7LWj5w=</latexit><latexit sha1_base64="lw1njgMsXzpB7nHvRllc6ae0G7w=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSK0HsquCHqseBG8VLEf2K4lm2bb0CS7JFmhLP0XXjwo4tV/481/Y9ruQVsfDDzem2FmXhBzpo3rfjtLyyura+u5jfzm1vbObmFvv6GjRBFaJxGPVCvAmnImad0ww2krVhSLgNNmMLya+M0nqjSL5L0ZxdQXuC9ZyAg2Vnq4K908pqWT8rjcLRTdijsFWiReRoqQodYtfHV6EUkElYZwrHXbc2Pjp1gZRjgd5zuJpjEmQ9ynbUslFlT76fTiMTq2Sg+FkbIlDZqqvydSLLQeicB2CmwGet6biP957cSEF37KZJwYKslsUZhwZCI0eR/1mKLE8JElmChmb0VkgBUmxoaUtyF48y8vksZpxXMr3u1ZsXqZxZGDQziCEnhwDlW4hhrUgYCEZ3iFN0c7L8678zFrXXKymQP4A+fzB7LWj5w=</latexit><latexit sha1_base64="lw1njgMsXzpB7nHvRllc6ae0G7w=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSK0HsquCHqseBG8VLEf2K4lm2bb0CS7JFmhLP0XXjwo4tV/481/Y9ruQVsfDDzem2FmXhBzpo3rfjtLyyura+u5jfzm1vbObmFvv6GjRBFaJxGPVCvAmnImad0ww2krVhSLgNNmMLya+M0nqjSL5L0ZxdQXuC9ZyAg2Vnq4K908pqWT8rjcLRTdijsFWiReRoqQodYtfHV6EUkElYZwrHXbc2Pjp1gZRjgd5zuJpjEmQ9ynbUslFlT76fTiMTq2Sg+FkbIlDZqqvydSLLQeicB2CmwGet6biP957cSEF37KZJwYKslsUZhwZCI0eR/1mKLE8JElmChmb0VkgBUmxoaUtyF48y8vksZpxXMr3u1ZsXqZxZGDQziCEnhwDlW4hhrUgYCEZ3iFN0c7L8678zFrXXKymQP4A+fzB7LWj5w=</latexit>

=

The size of the QED correction will depend on allowed range of 
reconstructed B mass, as well as the lepton mass

Diagrams taken from proponents of Eur.Phys.J. C76 (2016) no.8, 440  Eur.Phys.J. C76 (2016) no.8, 440
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Example measurement: lepton flavour universality

�28

B+ ! K+ll
<latexit sha1_base64="t/1C8alGXjM1b3Wi6FRV/nftyZM=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCIJREBD1WvQheKtgPaGPZbDft0k027E6UEooX/4oXD4p49Vd489+4aXPQ1gcDj/dmmJnnx4JrcJxva25+YXFpubBSXF1b39i0t7brWiaKshqVQqqmTzQTPGI14CBYM1aMhL5gDX9wmfmNe6Y0l9EtDGPmhaQX8YBTAkbq2LsXd+nRqK14rw9EKfmArzNBYNGxS07ZGQPPEjcnJZSj2rG/2l1Jk5BFQAXRuuU6MXgpUcCpYKNiO9EsJnRAeqxlaERCpr10/MIIHxiliwOpTEWAx+rviZSEWg9D33SGBPp62svE/7xWAsGZl/IoToBFdLIoSAQGibM8cJcrRkEMDSFUcXMrpn2iCAWTWtGE4E6/PEvqx2XXKbs3J6XKeR5HAe2hfXSIXHSKKugKVVENUfSIntErerOerBfr3fqYtM5Z+cwO+gPr8weqYJbw</latexit><latexit sha1_base64="t/1C8alGXjM1b3Wi6FRV/nftyZM=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCIJREBD1WvQheKtgPaGPZbDft0k027E6UEooX/4oXD4p49Vd489+4aXPQ1gcDj/dmmJnnx4JrcJxva25+YXFpubBSXF1b39i0t7brWiaKshqVQqqmTzQTPGI14CBYM1aMhL5gDX9wmfmNe6Y0l9EtDGPmhaQX8YBTAkbq2LsXd+nRqK14rw9EKfmArzNBYNGxS07ZGQPPEjcnJZSj2rG/2l1Jk5BFQAXRuuU6MXgpUcCpYKNiO9EsJnRAeqxlaERCpr10/MIIHxiliwOpTEWAx+rviZSEWg9D33SGBPp62svE/7xWAsGZl/IoToBFdLIoSAQGibM8cJcrRkEMDSFUcXMrpn2iCAWTWtGE4E6/PEvqx2XXKbs3J6XKeR5HAe2hfXSIXHSKKugKVVENUfSIntErerOerBfr3fqYtM5Z+cwO+gPr8weqYJbw</latexit><latexit sha1_base64="t/1C8alGXjM1b3Wi6FRV/nftyZM=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCIJREBD1WvQheKtgPaGPZbDft0k027E6UEooX/4oXD4p49Vd489+4aXPQ1gcDj/dmmJnnx4JrcJxva25+YXFpubBSXF1b39i0t7brWiaKshqVQqqmTzQTPGI14CBYM1aMhL5gDX9wmfmNe6Y0l9EtDGPmhaQX8YBTAkbq2LsXd+nRqK14rw9EKfmArzNBYNGxS07ZGQPPEjcnJZSj2rG/2l1Jk5BFQAXRuuU6MXgpUcCpYKNiO9EsJnRAeqxlaERCpr10/MIIHxiliwOpTEWAx+rviZSEWg9D33SGBPp62svE/7xWAsGZl/IoToBFdLIoSAQGibM8cJcrRkEMDSFUcXMrpn2iCAWTWtGE4E6/PEvqx2XXKbs3J6XKeR5HAe2hfXSIXHSKKugKVVENUfSIntErerOerBfr3fqYtM5Z+cwO+gPr8weqYJbw</latexit><latexit sha1_base64="t/1C8alGXjM1b3Wi6FRV/nftyZM=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCIJREBD1WvQheKtgPaGPZbDft0k027E6UEooX/4oXD4p49Vd489+4aXPQ1gcDj/dmmJnnx4JrcJxva25+YXFpubBSXF1b39i0t7brWiaKshqVQqqmTzQTPGI14CBYM1aMhL5gDX9wmfmNe6Y0l9EtDGPmhaQX8YBTAkbq2LsXd+nRqK14rw9EKfmArzNBYNGxS07ZGQPPEjcnJZSj2rG/2l1Jk5BFQAXRuuU6MXgpUcCpYKNiO9EsJnRAeqxlaERCpr10/MIIHxiliwOpTEWAx+rviZSEWg9D33SGBPp62svE/7xWAsGZl/IoToBFdLIoSAQGibM8cJcrRkEMDSFUcXMrpn2iCAWTWtGE4E6/PEvqx2XXKbs3J6XKeR5HAe2hfXSIXHSKKugKVVENUfSIntErerOerBfr3fqYtM5Z+cwO+gPr8weqYJbw</latexit>

Size of QED correction

[accounting for only log-enhanced QED corrections]

Different minimum B masses correspond to those used in the 
Run 1 LHCb          analysis [Phys. Rev. Lett. 113 (2014) 151601]R(K)

<latexit sha1_base64="1ULkwsUxmNyi31IwviE4yHcZlks=">AAAB63icbVDLSgMxFM3UV62vqks3wSLUzZApUl0W3QhuqtgHtEPJpJk2NMkMSUYoQ3/BjQtF3PpD7vwbM+0gWj1w4XDOvdx7TxBzpg1Cn05hZXVtfaO4Wdra3tndK+8ftHWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJleZ33mgSrNI3ptpTH2BR5KFjGCTSXfVm9NBuYJcNAdEbr1eqyEPfiteTiogR3NQ/ugPI5IIKg3hWOueh2Ljp1gZRjidlfqJpjEmEzyiPUslFlT76fzWGTyxyhCGkbIlDZyrPydSLLSeisB2CmzGetnLxP+8XmLCCz9lMk4MlWSxKEw4NBHMHodDpigxfGoJJorZWyEZY4WJsfGUbAje8st/Sbvmesj1bs8qjcs8jiI4AsegCjxwDhrgGjRBCxAwBo/gGbw4wnlyXp23RWvByWcOwS84718iIo2h</latexit><latexit sha1_base64="1ULkwsUxmNyi31IwviE4yHcZlks=">AAAB63icbVDLSgMxFM3UV62vqks3wSLUzZApUl0W3QhuqtgHtEPJpJk2NMkMSUYoQ3/BjQtF3PpD7vwbM+0gWj1w4XDOvdx7TxBzpg1Cn05hZXVtfaO4Wdra3tndK+8ftHWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJleZ33mgSrNI3ptpTH2BR5KFjGCTSXfVm9NBuYJcNAdEbr1eqyEPfiteTiogR3NQ/ugPI5IIKg3hWOueh2Ljp1gZRjidlfqJpjEmEzyiPUslFlT76fzWGTyxyhCGkbIlDZyrPydSLLSeisB2CmzGetnLxP+8XmLCCz9lMk4MlWSxKEw4NBHMHodDpigxfGoJJorZWyEZY4WJsfGUbAje8st/Sbvmesj1bs8qjcs8jiI4AsegCjxwDhrgGjRBCxAwBo/gGbw4wnlyXp23RWvByWcOwS84718iIo2h</latexit><latexit sha1_base64="1ULkwsUxmNyi31IwviE4yHcZlks=">AAAB63icbVDLSgMxFM3UV62vqks3wSLUzZApUl0W3QhuqtgHtEPJpJk2NMkMSUYoQ3/BjQtF3PpD7vwbM+0gWj1w4XDOvdx7TxBzpg1Cn05hZXVtfaO4Wdra3tndK+8ftHWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJleZ33mgSrNI3ptpTH2BR5KFjGCTSXfVm9NBuYJcNAdEbr1eqyEPfiteTiogR3NQ/ugPI5IIKg3hWOueh2Ljp1gZRjidlfqJpjEmEzyiPUslFlT76fzWGTyxyhCGkbIlDZyrPydSLLSeisB2CmzGetnLxP+8XmLCCz9lMk4MlWSxKEw4NBHMHodDpigxfGoJJorZWyEZY4WJsfGUbAje8st/Sbvmesj1bs8qjcs8jiI4AsegCjxwDhrgGjRBCxAwBo/gGbw4wnlyXp23RWvByWcOwS84718iIo2h</latexit><latexit sha1_base64="1ULkwsUxmNyi31IwviE4yHcZlks=">AAAB63icbVDLSgMxFM3UV62vqks3wSLUzZApUl0W3QhuqtgHtEPJpJk2NMkMSUYoQ3/BjQtF3PpD7vwbM+0gWj1w4XDOvdx7TxBzpg1Cn05hZXVtfaO4Wdra3tndK+8ftHWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJleZ33mgSrNI3ptpTH2BR5KFjGCTSXfVm9NBuYJcNAdEbr1eqyEPfiteTiogR3NQ/ugPI5IIKg3hWOueh2Ljp1gZRjidlfqJpjEmEzyiPUslFlT76fzWGTyxyhCGkbIlDZyrPydSLLSeisB2CmzGetnLxP+8XmLCCz9lMk4MlWSxKEw4NBHMHodDpigxfGoJJorZWyEZY4WJsfGUbAje8st/Sbvmesj1bs8qjcs8jiI4AsegCjxwDhrgGjRBCxAwBo/gGbw4wnlyXp23RWvByWcOwS84718iIo2h</latexit>

 Eur.Phys.J. C76 (2016) no.8, 440
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Example measurement: lepton flavour universality
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Larger QED effect in 
electrons partially 
compensated for by 
tighter mass cut in 
muons

Expected QED correction

Different minimum B masses correspond to those used in the 
Run 1 LHCb          analysis [Phys. Rev. Lett. 113 (2014) 151601]R(K)
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Example measurement: lepton flavour universality

�30

Larger QED effect in 
electrons partially 
compensated for by 
tighter mass cut in 
muons

Expected QED correction

Different minimum B masses correspond to those used in the 
Run 1 LHCb          analysis [Phys. Rev. Lett. 113 (2014) 151601]R(K)

<latexit sha1_base64="1ULkwsUxmNyi31IwviE4yHcZlks=">AAAB63icbVDLSgMxFM3UV62vqks3wSLUzZApUl0W3QhuqtgHtEPJpJk2NMkMSUYoQ3/BjQtF3PpD7vwbM+0gWj1w4XDOvdx7TxBzpg1Cn05hZXVtfaO4Wdra3tndK+8ftHWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJleZ33mgSrNI3ptpTH2BR5KFjGCTSXfVm9NBuYJcNAdEbr1eqyEPfiteTiogR3NQ/ugPI5IIKg3hWOueh2Ljp1gZRjidlfqJpjEmEzyiPUslFlT76fzWGTyxyhCGkbIlDZyrPydSLLSeisB2CmzGetnLxP+8XmLCCz9lMk4MlWSxKEw4NBHMHodDpigxfGoJJorZWyEZY4WJsfGUbAje8st/Sbvmesj1bs8qjcs8jiI4AsegCjxwDhrgGjRBCxAwBo/gGbw4wnlyXp23RWvByWcOwS84718iIo2h</latexit><latexit sha1_base64="1ULkwsUxmNyi31IwviE4yHcZlks=">AAAB63icbVDLSgMxFM3UV62vqks3wSLUzZApUl0W3QhuqtgHtEPJpJk2NMkMSUYoQ3/BjQtF3PpD7vwbM+0gWj1w4XDOvdx7TxBzpg1Cn05hZXVtfaO4Wdra3tndK+8ftHWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJleZ33mgSrNI3ptpTH2BR5KFjGCTSXfVm9NBuYJcNAdEbr1eqyEPfiteTiogR3NQ/ugPI5IIKg3hWOueh2Ljp1gZRjidlfqJpjEmEzyiPUslFlT76fzWGTyxyhCGkbIlDZyrPydSLLSeisB2CmzGetnLxP+8XmLCCz9lMk4MlWSxKEw4NBHMHodDpigxfGoJJorZWyEZY4WJsfGUbAje8st/Sbvmesj1bs8qjcs8jiI4AsegCjxwDhrgGjRBCxAwBo/gGbw4wnlyXp23RWvByWcOwS84718iIo2h</latexit><latexit sha1_base64="1ULkwsUxmNyi31IwviE4yHcZlks=">AAAB63icbVDLSgMxFM3UV62vqks3wSLUzZApUl0W3QhuqtgHtEPJpJk2NMkMSUYoQ3/BjQtF3PpD7vwbM+0gWj1w4XDOvdx7TxBzpg1Cn05hZXVtfaO4Wdra3tndK+8ftHWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJleZ33mgSrNI3ptpTH2BR5KFjGCTSXfVm9NBuYJcNAdEbr1eqyEPfiteTiogR3NQ/ugPI5IIKg3hWOueh2Ljp1gZRjidlfqJpjEmEzyiPUslFlT76fzWGTyxyhCGkbIlDZyrPydSLLSeisB2CmzGetnLxP+8XmLCCz9lMk4MlWSxKEw4NBHMHodDpigxfGoJJorZWyEZY4WJsfGUbAje8st/Sbvmesj1bs8qjcs8jiI4AsegCjxwDhrgGjRBCxAwBo/gGbw4wnlyXp23RWvByWcOwS84718iIo2h</latexit><latexit sha1_base64="1ULkwsUxmNyi31IwviE4yHcZlks=">AAAB63icbVDLSgMxFM3UV62vqks3wSLUzZApUl0W3QhuqtgHtEPJpJk2NMkMSUYoQ3/BjQtF3PpD7vwbM+0gWj1w4XDOvdx7TxBzpg1Cn05hZXVtfaO4Wdra3tndK+8ftHWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJleZ33mgSrNI3ptpTH2BR5KFjGCTSXfVm9NBuYJcNAdEbr1eqyEPfiteTiogR3NQ/ugPI5IIKg3hWOueh2Ljp1gZRjidlfqJpjEmEzyiPUslFlT76fzWGTyxyhCGkbIlDZyrPydSLLSeisB2CmzGetnLxP+8XmLCCz9lMk4MlWSxKEw4NBHMHodDpigxfGoJJorZWyEZY4WJsfGUbAje8st/Sbvmesj1bs8qjcs8jiI4AsegCjxwDhrgGjRBCxAwBo/gGbw4wnlyXp23RWvByWcOwS84718iIo2h</latexit>

 Eur.Phys.J. C76 (2016) no.8, 440

 Eur.Phys.J. C76 (2016) no.8, 440



   GDR-InF workshop, 2019                   Eluned Smith

Example measurement: lepton flavour universality
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Larger QED effect in 
electrons particularly 
compensated for by 
tighter mass cut in 
muons

Expected QED correctionExpected QED correction

As will be discussed in next slides, these corrections are well account for in 
LHCb analyses, via the use of PHOTOS

Different minimum B masses correspond to those used in the 
Run 1 LHCb          analysis [Phys. Rev. Lett. 113 (2014) 151601]R(K)
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How well does PHOTOS model these effects?
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Comparing the loss of events at generator level in simulation with the 
expected corresponding QED correction, this effect seems to be well 
simulated 
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Comparing the loss of events at generator level in simulation with the 
expected corresponding QED correction, this effect seems to be well 
simulated 

Conclusion of [Eur.Phys.J. C76 (2016) no.8, 440]:estimate of              agrees 
with results obtained by PHOTOS within 

�R(K)
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±1%
<latexit sha1_base64="tOQaHaf0VnHwmlWdbtbU/Dx0Wzo=">AAAB7XicdVDLSgMxFM3UV62vqks3wVJwNWT6sHVXdOOygn1AZyiZNG1jk8mQZIQy9B/cuFDErf/jzr8xfQgqeuDC4Zx7ufeeMOZMG4Q+nMza+sbmVnY7t7O7t3+QPzxqa5koQltEcqm6IdaUs4i2DDOcdmNFsQg57YSTq7nfuadKMxndmmlMA4FHERsygo2V2n4sPL/YzxeQW0J1r1yFyD1HqFatWHKBECqXoOeiBQpghWY//+4PJEkEjQzhWOueh2ITpFgZRjid5fxE0xiTCR7RnqURFlQH6eLaGSxaZQCHUtmKDFyo3ydSLLSeitB2CmzG+rc3F//yeokZ1oOURXFiaESWi4YJh0bC+etwwBQlhk8twUQxeyskY6wwMTagnA3h61P4P2mXXA+53k2l0LhcxZEFJ+AUnAEP1EADXIMmaAEC7sADeALPjnQenRfnddmacVYzx+AHnLdPJp+O2A==</latexit><latexit sha1_base64="tOQaHaf0VnHwmlWdbtbU/Dx0Wzo=">AAAB7XicdVDLSgMxFM3UV62vqks3wVJwNWT6sHVXdOOygn1AZyiZNG1jk8mQZIQy9B/cuFDErf/jzr8xfQgqeuDC4Zx7ufeeMOZMG4Q+nMza+sbmVnY7t7O7t3+QPzxqa5koQltEcqm6IdaUs4i2DDOcdmNFsQg57YSTq7nfuadKMxndmmlMA4FHERsygo2V2n4sPL/YzxeQW0J1r1yFyD1HqFatWHKBECqXoOeiBQpghWY//+4PJEkEjQzhWOueh2ITpFgZRjid5fxE0xiTCR7RnqURFlQH6eLaGSxaZQCHUtmKDFyo3ydSLLSeitB2CmzG+rc3F//yeokZ1oOURXFiaESWi4YJh0bC+etwwBQlhk8twUQxeyskY6wwMTagnA3h61P4P2mXXA+53k2l0LhcxZEFJ+AUnAEP1EADXIMmaAEC7sADeALPjnQenRfnddmacVYzx+AHnLdPJp+O2A==</latexit><latexit sha1_base64="tOQaHaf0VnHwmlWdbtbU/Dx0Wzo=">AAAB7XicdVDLSgMxFM3UV62vqks3wVJwNWT6sHVXdOOygn1AZyiZNG1jk8mQZIQy9B/cuFDErf/jzr8xfQgqeuDC4Zx7ufeeMOZMG4Q+nMza+sbmVnY7t7O7t3+QPzxqa5koQltEcqm6IdaUs4i2DDOcdmNFsQg57YSTq7nfuadKMxndmmlMA4FHERsygo2V2n4sPL/YzxeQW0J1r1yFyD1HqFatWHKBECqXoOeiBQpghWY//+4PJEkEjQzhWOueh2ITpFgZRjid5fxE0xiTCR7RnqURFlQH6eLaGSxaZQCHUtmKDFyo3ydSLLSeitB2CmzG+rc3F//yeokZ1oOURXFiaESWi4YJh0bC+etwwBQlhk8twUQxeyskY6wwMTagnA3h61P4P2mXXA+53k2l0LhcxZEFJ+AUnAEP1EADXIMmaAEC7sADeALPjnQenRfnddmacVYzx+AHnLdPJp+O2A==</latexit><latexit sha1_base64="tOQaHaf0VnHwmlWdbtbU/Dx0Wzo=">AAAB7XicdVDLSgMxFM3UV62vqks3wVJwNWT6sHVXdOOygn1AZyiZNG1jk8mQZIQy9B/cuFDErf/jzr8xfQgqeuDC4Zx7ufeeMOZMG4Q+nMza+sbmVnY7t7O7t3+QPzxqa5koQltEcqm6IdaUs4i2DDOcdmNFsQg57YSTq7nfuadKMxndmmlMA4FHERsygo2V2n4sPL/YzxeQW0J1r1yFyD1HqFatWHKBECqXoOeiBQpghWY//+4PJEkEjQzhWOueh2ITpFgZRjid5fxE0xiTCR7RnqURFlQH6eLaGSxaZQCHUtmKDFyo3ydSLLSeitB2CmzG+rc3F//yeokZ1oOURXFiaESWi4YJh0bC+etwwBQlhk8twUQxeyskY6wwMTagnA3h61P4P2mXXA+53k2l0LhcxZEFJ+AUnAEP1EADXIMmaAEC7sADeALPjnQenRfnddmacVYzx+AHnLdPJp+O2A==</latexit>
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Summary
➤ The correct simulation of QED corrections in B physics is 

paramount to obtaining reliable results 

➤ PHOTOS is used for final state QED corrections in both 
Belle 2 and LHCb 

➤ For both the LHCb and Belle 2 simulation, the interface with 
the PHOTOS package is via the EvtGen library, which sets 
the relevant, B physics appropriate, parameters. 

➤ PHOTOS currently appears to model QED corrections to a 
good level 

➤ Further optimisation could be made with the interfacing of 
EvtGen with PHOTOS

�37


