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MC event generator features 

‣ the complete NLO QED µ-e scattering amplitudes are built in   

‣ both µ- and µ+ cases can be chosen 

‣ fully-exclusive events are generated in the CM frame and then 
they are boosted to the Target Rest frame 

‣ Literature:           
G. Balossini, C.M. Carloni Calame, G. Montagna, O. Nicrosini and F. Piccinini              
Matching perturbative and parton shower corrections to Bhabha process at flavor 
factories  Nucl. Phys. B 758 (2006) 227 - hep-ph/0607181 

M. Cacciari, G. Montagna, O. Nicrosini and F. Piccinini                                                           
SABSPV: A Monte Carlo integrator for small angle Bhabha scattering                                
Comput. Phys. Commun. 90 (1995) 301 - hep-ph/9507245  
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‣ the exact and complete NLO QED amplitudes calculation is 
performed in the on-shell renormalization scheme 

‣ Feynman’s diagrams have been manipulated with the help of 
FORM, rewriting 2-3-4 points function of 1-loop integrals as  
Lorentz-covariant tensor coefficients ( J.Vermaseren, https://nikhef.nl/~form )       

‣ tensors coefficients are decomposed into a combination of scalar 
coefficient functions, which are evaluated numerically with 
LOOPTOOLS libraries                       ( T.Hahn, https://www.feynarts.de/looptools ) 

‣ full µ and e mass dependency is kept 

‣ fermions’ helicity is kept explicit 

‣ IR singularities are regularized with the introduction of a 
vanishingly small photon mass λ

NLO QED μ-e scattering: calculation features

https://nikhef.nl/~form
https://www.feynarts.de/looptools
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NLO QED Amplitudes

LO and NLO vacuum polarization diagrams

• ALO

p1 p3

p2 p4

µ� µ�

e� e�

t = t24 = t13

• A
virtual

NLO

p2 p4

e� e�

p1 p3

µ� µ�

leptons

p2 p4

e� e�

p1 p3

µ� µ�

hadrons
+top

C.M. Carloni Calame (INFN, Pavia) µe scattering at NLO 6 / 16

Born

LO and NLO vacuum polarization diagrams

• ALO

p1 p3

p2 p4

µ� µ�

e� e�

t = t24 = t13

• A
virtual

NLO

p2 p4

e� e�

p1 p3

µ� µ�

leptons

p2 p4

e� e�

p1 p3

µ� µ�

hadrons
+top

C.M. Carloni Calame (INFN, Pavia) µe scattering at NLO 6 / 16

NLO Vacuum Polarization 
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NLO QED Amplitudes
NLO real diagrams A1�
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‣ muon line real radiationvirtual correctionNLO virtual diagrams Avirtual

NLO
(dependent on �)
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NLO real diagrams A1�
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NLO virtual diagrams Avirtual
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real radiationvirtual correction ‣ electron line 

MVµ
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<latexit sha1_base64="B4RQOYS3hwj/aMMm7vQ6qXnmSaI=">AAACBnicdVDLSgNBEJyNrxhfqzl6GQyCp7CJgnqLePEiRDFGSMLSO+nEIbMPZnqFsOwH+BVe9eRJvPobHvwXd2MEn3WZoqqbrikvUtKQ47xahZnZufmF4mJpaXlldc1e37g0YawFtkSoQn3lgUElA2yRJIVXkUbwPYVtb3Sc++0b1EaGwQWNI+z5MAzkQAqgTHLtctcHuhagktPUTc7dZDdNXbviVOtODv6b1KqT16mwKZqu/dbthyL2MSChwJhOzYmol4AmKRSmpW5sMAIxgiF2MhqAj6aXTMKnfDs2QCGPUHOp+ETErxsJ+MaMfS+bzKOan14u/uV1Yhoc9BIZRDFhIPJDJBVODhmhZdYK8r7USAR5cuQy4AI0EKGWHITIxDirqZT18flp/j9p1auHVedsr9I4mhZTZJtsi+2wGttnDXbCmqzFBBuzO3bPHqxb69F6sp4/RgvWdKfMvsF6eQeH35l0</latexit><latexit sha1_base64="B4RQOYS3hwj/aMMm7vQ6qXnmSaI=">AAACBnicdVDLSgNBEJyNrxhfqzl6GQyCp7CJgnqLePEiRDFGSMLSO+nEIbMPZnqFsOwH+BVe9eRJvPobHvwXd2MEn3WZoqqbrikvUtKQ47xahZnZufmF4mJpaXlldc1e37g0YawFtkSoQn3lgUElA2yRJIVXkUbwPYVtb3Sc++0b1EaGwQWNI+z5MAzkQAqgTHLtctcHuhagktPUTc7dZDdNXbviVOtODv6b1KqT16mwKZqu/dbthyL2MSChwJhOzYmol4AmKRSmpW5sMAIxgiF2MhqAj6aXTMKnfDs2QCGPUHOp+ETErxsJ+MaMfS+bzKOan14u/uV1Yhoc9BIZRDFhIPJDJBVODhmhZdYK8r7USAR5cuQy4AI0EKGWHITIxDirqZT18flp/j9p1auHVedsr9I4mhZTZJtsi+2wGttnDXbCmqzFBBuzO3bPHqxb69F6sp4/RgvWdKfMvsF6eQeH35l0</latexit><latexit sha1_base64="B4RQOYS3hwj/aMMm7vQ6qXnmSaI=">AAACBnicdVDLSgNBEJyNrxhfqzl6GQyCp7CJgnqLePEiRDFGSMLSO+nEIbMPZnqFsOwH+BVe9eRJvPobHvwXd2MEn3WZoqqbrikvUtKQ47xahZnZufmF4mJpaXlldc1e37g0YawFtkSoQn3lgUElA2yRJIVXkUbwPYVtb3Sc++0b1EaGwQWNI+z5MAzkQAqgTHLtctcHuhagktPUTc7dZDdNXbviVOtODv6b1KqT16mwKZqu/dbthyL2MSChwJhOzYmol4AmKRSmpW5sMAIxgiF2MhqAj6aXTMKnfDs2QCGPUHOp+ETErxsJ+MaMfS+bzKOan14u/uV1Yhoc9BIZRDFhIPJDJBVODhmhZdYK8r7USAR5cuQy4AI0EKGWHITIxDirqZT18flp/j9p1auHVedsr9I4mhZTZJtsi+2wGttnDXbCmqzFBBuzO3bPHqxb69F6sp4/RgvWdKfMvsF6eQeH35l0</latexit>

MR2
<latexit sha1_base64="Mt2xCcY67qeggCvBx7bPzPTyOG0=">AAACBnicdVDLSgNBEJyNrxhfqzl6GQyCp7AJgnqLePEiRDEmkISld9KJQ2YfzPQKYdkP8Cu86smTePU3PPgv7sYIPusyRVU3XVNepKQhx3m1CnPzC4tLxeXSyura+oa9uXVlwlgLbIlQhbrjgUElA2yRJIWdSCP4nsK2Nz7J/fYNaiPD4JImEfZ9GAVyKAVQJrl2uecDXQtQyVnqJhduUk9T16441bqTg/8mter0dSpshqZrv/UGoYh9DEgoMKZbcyLqJ6BJCoVpqRcbjECMYYTdjAbgo+kn0/Ap340NUMgj1FwqPhXx60YCvjET38sm86jmp5eLf3ndmIaH/UQGUUwYiPwQSYXTQ0ZombWCfCA1EkGeHLkMuAANRKglByEyMc5qKmV9fH6a/09a9epR1TnfrzSOZ8UU2TbbYXusxg5Yg52yJmsxwSbsjt2zB+vWerSerOeP0YI12ymzb7Be3gGGT5lz</latexit><latexit sha1_base64="Mt2xCcY67qeggCvBx7bPzPTyOG0=">AAACBnicdVDLSgNBEJyNrxhfqzl6GQyCp7AJgnqLePEiRDEmkISld9KJQ2YfzPQKYdkP8Cu86smTePU3PPgv7sYIPusyRVU3XVNepKQhx3m1CnPzC4tLxeXSyura+oa9uXVlwlgLbIlQhbrjgUElA2yRJIWdSCP4nsK2Nz7J/fYNaiPD4JImEfZ9GAVyKAVQJrl2uecDXQtQyVnqJhduUk9T16441bqTg/8mter0dSpshqZrv/UGoYh9DEgoMKZbcyLqJ6BJCoVpqRcbjECMYYTdjAbgo+kn0/Ap340NUMgj1FwqPhXx60YCvjET38sm86jmp5eLf3ndmIaH/UQGUUwYiPwQSYXTQ0ZombWCfCA1EkGeHLkMuAANRKglByEyMc5qKmV9fH6a/09a9epR1TnfrzSOZ8UU2TbbYXusxg5Yg52yJmsxwSbsjt2zB+vWerSerOeP0YI12ymzb7Be3gGGT5lz</latexit><latexit sha1_base64="Mt2xCcY67qeggCvBx7bPzPTyOG0=">AAACBnicdVDLSgNBEJyNrxhfqzl6GQyCp7AJgnqLePEiRDEmkISld9KJQ2YfzPQKYdkP8Cu86smTePU3PPgv7sYIPusyRVU3XVNepKQhx3m1CnPzC4tLxeXSyura+oa9uXVlwlgLbIlQhbrjgUElA2yRJIWdSCP4nsK2Nz7J/fYNaiPD4JImEfZ9GAVyKAVQJrl2uecDXQtQyVnqJhduUk9T16441bqTg/8mter0dSpshqZrv/UGoYh9DEgoMKZbcyLqJ6BJCoVpqRcbjECMYYTdjAbgo+kn0/Ap340NUMgj1FwqPhXx60YCvjET38sm86jmp5eLf3ndmIaH/UQGUUwYiPwQSYXTQ0ZombWCfCA1EkGeHLkMuAANRKglByEyMc5qKmV9fH6a/09a9epR1TnfrzSOZ8UU2TbbYXusxg5Yg52yJmsxwSbsjt2zB+vWerSerOeP0YI12ymzb7Be3gGGT5lz</latexit>

MR4
<latexit sha1_base64="8O/v93wa/ceOmxhM81onP97pdRk=">AAACBnicdVDLSgNBEJz1GeMrmqOXwSB4CpsQUG8RL16EKMYEkrD0TjpxyOyDmV4hLPsBfoVXPXkSr/6GB//F3TWCz7pMUdVN15QbKmnItl+tufmFxaXlwkpxdW19Y7O0tX1lgkgLbItABbrrgkElfWyTJIXdUCN4rsKOOznJ/M4NaiMD/5KmIQ48GPtyJAVQKjmlct8Duhag4rPEiS+cuJEkTqliV+t2Bv6b1Kr5a1fYDC2n9NYfBiLy0CehwJhezQ5pEIMmKRQmxX5kMAQxgTH2UuqDh2YQ5+ETvhcZoICHqLlUPBfx60YMnjFTz00ns6jmp5eJf3m9iEaHg1j6YUToi+wQSYX5ISO0TFtBPpQaiSBLjlz6XIAGItSSgxCpGKU1FdM+Pj/N/yftevWoap83Ks3jWTEFtsN22T6rsQPWZKesxdpMsCm7Y/fswbq1Hq0n6/ljdM6a7ZTZN1gv74lvmXU=</latexit><latexit sha1_base64="8O/v93wa/ceOmxhM81onP97pdRk=">AAACBnicdVDLSgNBEJz1GeMrmqOXwSB4CpsQUG8RL16EKMYEkrD0TjpxyOyDmV4hLPsBfoVXPXkSr/6GB//F3TWCz7pMUdVN15QbKmnItl+tufmFxaXlwkpxdW19Y7O0tX1lgkgLbItABbrrgkElfWyTJIXdUCN4rsKOOznJ/M4NaiMD/5KmIQ48GPtyJAVQKjmlct8Duhag4rPEiS+cuJEkTqliV+t2Bv6b1Kr5a1fYDC2n9NYfBiLy0CehwJhezQ5pEIMmKRQmxX5kMAQxgTH2UuqDh2YQ5+ETvhcZoICHqLlUPBfx60YMnjFTz00ns6jmp5eJf3m9iEaHg1j6YUToi+wQSYX5ISO0TFtBPpQaiSBLjlz6XIAGItSSgxCpGKU1FdM+Pj/N/yftevWoap83Ks3jWTEFtsN22T6rsQPWZKesxdpMsCm7Y/fswbq1Hq0n6/ljdM6a7ZTZN1gv74lvmXU=</latexit><latexit sha1_base64="8O/v93wa/ceOmxhM81onP97pdRk=">AAACBnicdVDLSgNBEJz1GeMrmqOXwSB4CpsQUG8RL16EKMYEkrD0TjpxyOyDmV4hLPsBfoVXPXkSr/6GB//F3TWCz7pMUdVN15QbKmnItl+tufmFxaXlwkpxdW19Y7O0tX1lgkgLbItABbrrgkElfWyTJIXdUCN4rsKOOznJ/M4NaiMD/5KmIQ48GPtyJAVQKjmlct8Duhag4rPEiS+cuJEkTqliV+t2Bv6b1Kr5a1fYDC2n9NYfBiLy0CehwJhezQ5pEIMmKRQmxX5kMAQxgTH2UuqDh2YQ5+ETvhcZoICHqLlUPBfx60YMnjFTz00ns6jmp5eJf3m9iEaHg1j6YUToi+wQSYX5ISO0TFtBPpQaiSBLjlz6XIAGItSSgxCpGKU1FdM+Pj/N/yftevWoap83Ks3jWTEFtsN22T6rsQPWZKesxdpMsCm7Y/fswbq1Hq0n6/ljdM6a7ZTZN1gv74lvmXU=</latexit>

MR1
<latexit sha1_base64="uu8Pf9YXZZjqwTxzy1AGYkn6Hfk=">AAACBHicbVA9SwNBEN2LXzF+JVraLAbBKtyJoHZBGxshijGBJBxzm0lcsvfB7pwSjqv9FbZaWYmt/8PC/+JdTKGJr3q8N8O8eV6kpCHb/rQKC4tLyyvF1dLa+sbmVrmyfWvCWAtsilCFuu2BQSUDbJIkhe1II/iewpY3Os/91j1qI8PghsYR9nwYBnIgBVAmueVK1we6E6CSy9RNrl0ndctVu2ZPwOeJMyVVNkXDLX91+6GIfQxIKDCm49gR9RLQJIXCtNSNDUYgRjDETkYD8NH0kkn0lO/HBijkEWouFZ+I+HsjAd+Yse9lk3lQM+vl4n9eJ6bBSS+RQRQTBiI/RFLh5JARWmadIO9LjUSQJ0cuAy5AAxFqyUGITIyzkkpZH87s9/OkeVg7rdlXR9X62bSYIttle+yAOeyY1dkFa7AmE+yBPbFn9mI9Wq/Wm/X+M1qwpjs77A+sj2+h3Zhh</latexit><latexit sha1_base64="uu8Pf9YXZZjqwTxzy1AGYkn6Hfk=">AAACBHicbVA9SwNBEN2LXzF+JVraLAbBKtyJoHZBGxshijGBJBxzm0lcsvfB7pwSjqv9FbZaWYmt/8PC/+JdTKGJr3q8N8O8eV6kpCHb/rQKC4tLyyvF1dLa+sbmVrmyfWvCWAtsilCFuu2BQSUDbJIkhe1II/iewpY3Os/91j1qI8PghsYR9nwYBnIgBVAmueVK1we6E6CSy9RNrl0ndctVu2ZPwOeJMyVVNkXDLX91+6GIfQxIKDCm49gR9RLQJIXCtNSNDUYgRjDETkYD8NH0kkn0lO/HBijkEWouFZ+I+HsjAd+Yse9lk3lQM+vl4n9eJ6bBSS+RQRQTBiI/RFLh5JARWmadIO9LjUSQJ0cuAy5AAxFqyUGITIyzkkpZH87s9/OkeVg7rdlXR9X62bSYIttle+yAOeyY1dkFa7AmE+yBPbFn9mI9Wq/Wm/X+M1qwpjs77A+sj2+h3Zhh</latexit><latexit sha1_base64="uu8Pf9YXZZjqwTxzy1AGYkn6Hfk=">AAACBHicbVA9SwNBEN2LXzF+JVraLAbBKtyJoHZBGxshijGBJBxzm0lcsvfB7pwSjqv9FbZaWYmt/8PC/+JdTKGJr3q8N8O8eV6kpCHb/rQKC4tLyyvF1dLa+sbmVrmyfWvCWAtsilCFuu2BQSUDbJIkhe1II/iewpY3Os/91j1qI8PghsYR9nwYBnIgBVAmueVK1we6E6CSy9RNrl0ndctVu2ZPwOeJMyVVNkXDLX91+6GIfQxIKDCm49gR9RLQJIXCtNSNDUYgRjDETkYD8NH0kkn0lO/HBijkEWouFZ+I+HsjAd+Yse9lk3lQM+vl4n9eJ6bBSS+RQRQTBiI/RFLh5JARWmadIO9LjUSQJ0cuAy5AAxFqyUGITIyzkkpZH87s9/OkeVg7rdlXR9X62bSYIttle+yAOeyY1dkFa7AmE+yBPbFn9mI9Wq/Wm/X+M1qwpjs77A+sj2+h3Zhh</latexit>
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NLO QED Amplitudes
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C.M. Carloni Calame (INFN, Pavia) µe scattering at NLO 7 / 16

virtual correction‣ box diagrams 

MX
<latexit sha1_base64="LGZRuNBivFAEhxYW5uh504fa5Js=">AAACAnicbVA9SwNBEN2LXzF+JGppsxgEq3ARQe2CNjZCBM8EkiPMbSZxyd4Hu3NCOFL6K2y1shJb/4iF/8W78wpNfNXjvRnmzfMiJQ3Z9qdVWlpeWV0rr1c2Nre2q7Wd3TsTxlqgI0IV6q4HBpUM0CFJCruRRvA9hR1vcpn5nQfURobBLU0jdH0YB3IkBVAqDWrVvg90L0Al17NB0p0NanW7Yefgi6RZkDor0B7UvvrDUMQ+BiQUGNNr2hG5CWiSQuGs0o8NRiAmMMZeSgPw0bhJHnzGD2MDFPIINZeK5yL+3kjAN2bqe+lkFtPMe5n4n9eLaXTmJjKIYsJAZIdIKswPGaFl2gjyodRIBFly5DLgAjQQoZYchEjFOK2okvbRnP9+kTjHjfOGfXNSb10UxZTZPjtgR6zJTlmLXbE2c5hgMXtiz+zFerRerTfr/We0ZBU7e+wPrI9vdLeXww==</latexit><latexit sha1_base64="LGZRuNBivFAEhxYW5uh504fa5Js=">AAACAnicbVA9SwNBEN2LXzF+JGppsxgEq3ARQe2CNjZCBM8EkiPMbSZxyd4Hu3NCOFL6K2y1shJb/4iF/8W78wpNfNXjvRnmzfMiJQ3Z9qdVWlpeWV0rr1c2Nre2q7Wd3TsTxlqgI0IV6q4HBpUM0CFJCruRRvA9hR1vcpn5nQfURobBLU0jdH0YB3IkBVAqDWrVvg90L0Al17NB0p0NanW7Yefgi6RZkDor0B7UvvrDUMQ+BiQUGNNr2hG5CWiSQuGs0o8NRiAmMMZeSgPw0bhJHnzGD2MDFPIINZeK5yL+3kjAN2bqe+lkFtPMe5n4n9eLaXTmJjKIYsJAZIdIKswPGaFl2gjyodRIBFly5DLgAjQQoZYchEjFOK2okvbRnP9+kTjHjfOGfXNSb10UxZTZPjtgR6zJTlmLXbE2c5hgMXtiz+zFerRerTfr/We0ZBU7e+wPrI9vdLeXww==</latexit><latexit sha1_base64="LGZRuNBivFAEhxYW5uh504fa5Js=">AAACAnicbVA9SwNBEN2LXzF+JGppsxgEq3ARQe2CNjZCBM8EkiPMbSZxyd4Hu3NCOFL6K2y1shJb/4iF/8W78wpNfNXjvRnmzfMiJQ3Z9qdVWlpeWV0rr1c2Nre2q7Wd3TsTxlqgI0IV6q4HBpUM0CFJCruRRvA9hR1vcpn5nQfURobBLU0jdH0YB3IkBVAqDWrVvg90L0Al17NB0p0NanW7Yefgi6RZkDor0B7UvvrDUMQ+BiQUGNNr2hG5CWiSQuGs0o8NRiAmMMZeSgPw0bhJHnzGD2MDFPIINZeK5yL+3kjAN2bqe+lkFtPMe5n4n9eLaXTmJjKIYsJAZIdIKswPGaFl2gjyodRIBFly5DLgAjQQoZYchEjFOK2okvbRnP9+kTjHjfOGfXNSb10UxZTZPjtgR6zJTlmLXbE2c5hgMXtiz+zFerRerTfr/We0ZBU7e+wPrI9vdLeXww==</latexit>

MXX
<latexit sha1_base64="9GziE4H0L8LB+wk4X50cHhC5uSM=">AAACA3icbVA9SwNBEN2LXzF+nVraLAbBKlxEULugjY0QwTOBJIS5zSQu2ftgdy4QjrT+ClutrMTWH2Lhf/HuvEITX/V4b4Z587xISUOO82mVlpZXVtfK65WNza3tHXt3796EsRboilCFuu2BQSUDdEmSwnakEXxPYcsbX2V+a4LayDC4o2mEPR9GgRxKAZRKfdvu+kAPAlRyM+sn7fasb1edmpODL5J6QaqsQLNvf3UHoYh9DEgoMKZTdyLqJaBJCoWzSjc2GIEYwwg7KQ3AR9NL8uQzfhQboJBHqLlUPBfx90YCvjFT30sns5xm3svE/7xOTMPzXiKDKCYMRHaIpML8kBFappUgH0iNRJAlRy4DLkADEWrJQYhUjNOOKmkf9fnvF4l7UruoOben1cZlUUyZHbBDdszq7Iw12DVrMpcJNmFP7Jm9WI/Wq/Vmvf+MlqxiZ5/9gfXxDSjEmCU=</latexit><latexit sha1_base64="9GziE4H0L8LB+wk4X50cHhC5uSM=">AAACA3icbVA9SwNBEN2LXzF+nVraLAbBKlxEULugjY0QwTOBJIS5zSQu2ftgdy4QjrT+ClutrMTWH2Lhf/HuvEITX/V4b4Z587xISUOO82mVlpZXVtfK65WNza3tHXt3796EsRboilCFuu2BQSUDdEmSwnakEXxPYcsbX2V+a4LayDC4o2mEPR9GgRxKAZRKfdvu+kAPAlRyM+sn7fasb1edmpODL5J6QaqsQLNvf3UHoYh9DEgoMKZTdyLqJaBJCoWzSjc2GIEYwwg7KQ3AR9NL8uQzfhQboJBHqLlUPBfx90YCvjFT30sns5xm3svE/7xOTMPzXiKDKCYMRHaIpML8kBFappUgH0iNRJAlRy4DLkADEWrJQYhUjNOOKmkf9fnvF4l7UruoOben1cZlUUyZHbBDdszq7Iw12DVrMpcJNmFP7Jm9WI/Wq/Vmvf+MlqxiZ5/9gfXxDSjEmCU=</latexit><latexit sha1_base64="9GziE4H0L8LB+wk4X50cHhC5uSM=">AAACA3icbVA9SwNBEN2LXzF+nVraLAbBKlxEULugjY0QwTOBJIS5zSQu2ftgdy4QjrT+ClutrMTWH2Lhf/HuvEITX/V4b4Z587xISUOO82mVlpZXVtfK65WNza3tHXt3796EsRboilCFuu2BQSUDdEmSwnakEXxPYcsbX2V+a4LayDC4o2mEPR9GgRxKAZRKfdvu+kAPAlRyM+sn7fasb1edmpODL5J6QaqsQLNvf3UHoYh9DEgoMKZTdyLqJaBJCoWzSjc2GIEYwwg7KQ3AR9NL8uQzfhQboJBHqLlUPBfx90YCvjFT30sns5xm3svE/7xOTMPzXiKDKCYMRHaIpML8kBFappUgH0iNRJAlRy4DLkADEWrJQYhUjNOOKmkf9fnvF4l7UruoOben1cZlUUyZHbBDdszq7Iw12DVrMpcJNmFP7Jm9WI/Wq/Vmvf+MlqxiZ5/9gfXxDSjEmCU=</latexit>
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NLO calculation: details
the total cross section can be divided into two contribution by the 
different number of final state particles

�NLO = �µe + �µe� = �2! 2 + �2! 3
<latexit sha1_base64="Q3zH1CuwGxLoyV4Pv4L2bzYHACs="></latexit><latexit sha1_base64="Q3zH1CuwGxLoyV4Pv4L2bzYHACs="></latexit><latexit sha1_base64="Q3zH1CuwGxLoyV4Pv4L2bzYHACs="></latexit>
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<latexit sha1_base64="D6yqqWbpIxULFUFUqzl/cuNYrGw="></latexit><latexit sha1_base64="D6yqqWbpIxULFUFUqzl/cuNYrGw="></latexit><latexit sha1_base64="D6yqqWbpIxULFUFUqzl/cuNYrGw="></latexit>
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<latexit sha1_base64="Iy+cwI0vF5eVMaaRX28stRW7b8M="></latexit><latexit sha1_base64="Iy+cwI0vF5eVMaaRX28stRW7b8M="></latexit><latexit sha1_base64="Iy+cwI0vF5eVMaaRX28stRW7b8M="></latexit>

the integration over the real contribution can be done using slicing 
techniques with soft-limit approximation by the introduction of an 
arbitrary small photon energy cutoff ωs
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<latexit sha1_base64="EGhvMG4fYfIkd4yEaic1brTXOkU="></latexit><latexit sha1_base64="EGhvMG4fYfIkd4yEaic1brTXOkU="></latexit><latexit sha1_base64="EGhvMG4fYfIkd4yEaic1brTXOkU="></latexit>
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<latexit sha1_base64="PIdAP3viIfbSMFyw+0jAOfiOQsQ="></latexit><latexit sha1_base64="PIdAP3viIfbSMFyw+0jAOfiOQsQ="></latexit><latexit sha1_base64="PIdAP3viIfbSMFyw+0jAOfiOQsQ="></latexit>

soft factorization
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NLO calculation: radiation setup

‣ µ radiation setup

8
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⇤
<latexit sha1_base64="6hS1V2jUbYsKNalwekrSC1WYvr4="></latexit><latexit sha1_base64="6hS1V2jUbYsKNalwekrSC1WYvr4="></latexit><latexit sha1_base64="6hS1V2jUbYsKNalwekrSC1WYvr4="></latexit>

NLO muon-line correction and NLO electron-line correction are           
2 different gauge-invariant subset of the whole total cross-section
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‣ e radiation setup
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<latexit sha1_base64="XzfJAvsuZyYZYy2SKH0uwrQ4UG4="></latexit><latexit sha1_base64="XzfJAvsuZyYZYy2SKH0uwrQ4UG4="></latexit><latexit sha1_base64="XzfJAvsuZyYZYy2SKH0uwrQ4UG4="></latexit><latexit sha1_base64="Y0WCs03Gg+J9qyBgbcBNzAHK9Qo=">AAAB43icbVC7TsNAEFyHVzABQk1zIkKiimwaoEOioQwSJpESK1pfNuGU80N3a6TIyg/QUlEhPouCf8E2KYAw1WhmVzs7UaaVZc/7cBobm1vbO81dd6/l7h8ctlsPNs2NpECmOjWDCC1plVDAijUNMkMYR5r60fym8vtPZKxKk3teZBTGOEvUVEnkUuqN2x2v69UQ68RfkQ6sMG5/jiapzGNKWGq0duh7GYcFGlZS09Id5ZYylHOc0bCkCcZkw6KOuRSnuUVORUZGKC1qkX5uFBhbu4ijcjJGfrR/vUr8zxvmPL0MC5VkOVMiq0OsNNWHrDSq/J/ERBlixio5CZUIiQaZySiBUpZiXhbilnX4f59fJ8F596rr3XnQhGM4gTPw4QKu4RZ6EICECTzDi2OdV+ftu7WGs6rvCH7Bef8CAxGOhg==</latexit><latexit sha1_base64="eKDSxnZ5Xt14RaTF0Gestb180gA="></latexit><latexit sha1_base64="mQY3wkxR3soUTVeQ1FaIEqNjUYI="></latexit><latexit sha1_base64="kjmrn9/7DnNi++ubrPEfxH+k84Y="></latexit><latexit sha1_base64="XzfJAvsuZyYZYy2SKH0uwrQ4UG4="></latexit><latexit sha1_base64="XzfJAvsuZyYZYy2SKH0uwrQ4UG4="></latexit><latexit sha1_base64="XzfJAvsuZyYZYy2SKH0uwrQ4UG4="></latexit><latexit sha1_base64="XzfJAvsuZyYZYy2SKH0uwrQ4UG4="></latexit><latexit sha1_base64="XzfJAvsuZyYZYy2SKH0uwrQ4UG4="></latexit>

NLO calculation: radiation setup
NLO muon-line correction and NLO electron-line correction are           
2 different gauge-invariant subset of the whole total cross-section
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‣ µ-e radiation setup
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NLO calculation: radiation setup
NLO muon-line correction and NLO electron-line correction are           
2 different gauge-invariant subset of the whole total cross-section
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Numerical cross-checks 
‣ Feynman’s amplitudes have been calculated independently by at 

least two of us 

‣ both LOOPTOOLS and COLLIER libraries have been used to 
evaluate 1-loop tensor coefficients and scalar 2-3-4 points function 
in the NLO calculations   ( A.Denner, S.Dittmaier, L. Hofer, https://collier.hepforge.org ) 

‣ UV finiteness, λ and ωs independence are verified with high 
numerical accuracy  

‣ 3 independent implementation of the 3-body phase-space have 
been done to cross-check the final results

‣ perfect agreement !
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Conclusions 

‣ the comparison with other independent results gives a      
high-accuracy perfect agreement          ( M. Fael, M. Passera et al. ) 

‣  3 different setup for NLO event generation are available:                       

1. only µ radiation,   

2. only e radiation,   

3. both µ-e radiation 

‣ any type of experimental cut can be implemented and 
reproduced through the fully-exclusive event generation
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