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BSM@NLO for collider physics
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Status of automation
NLO QCD corrections in SM fully automated since few years 

First fully automated NLO EW computations  

BSM automation is just starting: 

Tree level - many codes claim to have fully automatized tree-level computations. In 
practice, they will work as long as your BSM model is a simple extension of the SM or 
the MSSM 

In principle the community converged to a single standard for specifying models 
called UFO  (Universal FeynRules Output). Adopted for example by MadGraph5, 
Herwig  7  and Sherpa. But UFO  means different things to different people - often 
incompatible things. 

Recently, first automation of BSM NLO computations 
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BSM@NLO
NLO QCD corrections for squark pair production first calculated in 1997. Some things 
are still done the same way. 

IR divergences at NLO are simple, e.g. dipoles are universal and depend only on 
quantum numbers. Dipole subtraction available for arbitrary model. 

Renormalization is the problem. One available tool: automated generation of 
renormalized UFO models using FeynRules and NLOCT 

For now works for simple extensions of the SM: 2HDM, spin 2, MSSM-like SUSY QCD 
etc. 

Not all models on-shell renormalizable. For non-minimal SUSY models even the SQCD 
sector might not be on-shell renormalizable (e.g. MRSSM).
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Semi-automated calculations
UFO model + GoSam + Madgraph5 with hacked renormalization constants 

The setup works well for squarks, a no-go for Dirac gluinos
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How far can you trust your hacked calculation?
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Resonances in real emission diagrams
appearance of on-shell gluino when  

2 popular ways of treating them 

diagram removal (DR) 

diagram subtraction (DS) 

for DR one needs to carefully choose the 
gauge 

DR breaks gauge invariance 

unphysical gauges break factorization of 
collinear singularities — use family of light-
cone gauges defined by
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Effect of Dirac gluinos 

MSSM contains virtual corrections which 
grow together with  

but no such corrections in the MRSSM 

Non-decoupling of sgluons 

difference between gauge coupling g 
and gluino coupling  

translates into 

But the effort is worthwhile
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Automation of  decay calculations in BSM 
models
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FlexibleDecays
Phenomenological studies of BSM models require the knowledge of particles’ 
decay chains 

For BSM particles tree-level is enough 

Use modification of SM particles (especially Higgs) width to constrain BSM 
models 

Common tool in study of BSM physics is a spectrum generator: SPheno, 
SOFTSUSY, Suspect, IsaJet, SARAH/SPheno, FlexibleSUSY 

The goal: Implement (as precise as possible) calculation of Higgs branching 
ratios in the FlexibleSUSY  spectrum generator - think HDECAY  for arbitrary 
model 

SARAH/SPheno already does it. Need for an independent validation. Can we be 
better? 
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General strategy
For the moment, implement leading order computation, i.e. tree-level or 1-loop 
(depending on the channel) 

Take over known, universal higher order corrections. E.g. for the                 that 
would be 4-loop QCD in leading               expansion. 

For SM, MSSM or THDM the precision should be the same as HDECAY 

Treatment of BSM corrections to lower order SM processes, like                , is not 
fully clear yet

H → bb̄
mb/mH

H → bb̄



Side tour: First idea
Spectrum generators naturally work with running parameters. No easy access to 
on-shell parameters other than masses. 

Why not calculate corrections to in  scheme          or         scheme? 

Should give the same result as on-shell up to scheme dependent higher order 
terms 

Somehow no-one does calculations of observables in schemes different than 
on-shell. The closest one gets is expressing result of on-shell calculation through                                          
       parameters.
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Side tour: First idea
Spectrum generators naturally work with running parameters. No easy access to 
on-shell parameters other than masses. 

Why not calculate corrections to in  scheme          or         scheme? 

Should give the same result as on-shell up to scheme dependent higher order 
terms 

Somehow no-one does calculations of observables in schemes different than 
on-shell. The closest one gets is expressing result of on-shell calculation through                                          
       parameters.
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<latexit sha1_base64="RbXoAu/jtzo0HxhjuYumN6LfnV0=">AAAB/XicbVC7SgNBFL0bXzG+4qOzWQyCVdi1MZ0BLSxjMA/ILmF2MpsMmX0wc1eMy+Kv2FgoYquVH2Hn3zh5FJp4YOBwzj3cO8eLBVdoWd9Gbml5ZXUtv17Y2Nza3inu7jVVlEjKGjQSkWx7RDHBQ9ZAjoK1Y8lI4AnW8oYXY791y6TiUXiDo5i5AemH3OeUoJa6xQMn0vY4nTrI7jC9rGdZt1iyytYE5iKxZ6R0/vlRB41at/jl9CKaBCxEKohSHduK0U2JRE4FywpOolhM6JD0WUfTkARMuenk+sw81krP9COpX4jmRP2dSEmg1Cjw9GRAcKDmvbH4n9dJ0K+4KQ/jBFlIp4v8RJgYmeMqzB6XjKIYaUKo5PpWkw6IJBR1YQVdgj3/5UXSPC3bml9bpWoFpsjDIRzBCdhwBlW4gho0gMI9PMIzvBgPxpPxarxNR3PGLLMPf2C8/wAt0JfT</latexit><latexit sha1_base64="8CvkSKAPbzzAQRoNskwgMqaryb0=">AAAB/XicbVDLSsNAFJ3UV62v+NgJEiyCq5K4sTsLunDZin1AE8pkOmmHTh7M3Ig1BFf+hxsXiri1Kz/Cnd/gTzhpu9DWAwOHc+7h3jluxJkE0/zScguLS8sr+dXC2vrG5pa+vdOQYSwIrZOQh6LlYkk5C2gdGHDaigTFvstp0x2cZ37zhgrJwuAahhF1fNwLmMcIBiV19D07VHaWTmygt5BcXKVpRy+aJXMMY55YU1I8+xjVvh8ORtWO/ml3QxL7NADCsZRty4zASbAARjhNC3YsaYTJAPdoW9EA+1Q6yfj61DhSStfwQqFeAMZY/Z1IsC/l0HfVpI+hL2e9TPzPa8fglZ2EBVEMNCCTRV7MDQiNrAqjywQlwIeKYCKYutUgfSwwAVVYQZVgzX55njROSpbiNbNYKaMJ8mgfHaJjZKFTVEGXqIrqiKA79Iie0Yt2rz1pr9rbZDSnTTO76A+09x83y5oY</latexit><latexit sha1_base64="8CvkSKAPbzzAQRoNskwgMqaryb0=">AAAB/XicbVDLSsNAFJ3UV62v+NgJEiyCq5K4sTsLunDZin1AE8pkOmmHTh7M3Ig1BFf+hxsXiri1Kz/Cnd/gTzhpu9DWAwOHc+7h3jluxJkE0/zScguLS8sr+dXC2vrG5pa+vdOQYSwIrZOQh6LlYkk5C2gdGHDaigTFvstp0x2cZ37zhgrJwuAahhF1fNwLmMcIBiV19D07VHaWTmygt5BcXKVpRy+aJXMMY55YU1I8+xjVvh8ORtWO/ml3QxL7NADCsZRty4zASbAARjhNC3YsaYTJAPdoW9EA+1Q6yfj61DhSStfwQqFeAMZY/Z1IsC/l0HfVpI+hL2e9TPzPa8fglZ2EBVEMNCCTRV7MDQiNrAqjywQlwIeKYCKYutUgfSwwAVVYQZVgzX55njROSpbiNbNYKaMJ8mgfHaJjZKFTVEGXqIrqiKA79Iie0Yt2rz1pr9rbZDSnTTO76A+09x83y5oY</latexit><latexit sha1_base64="aVk8ieM3Z4ZXmyi/fngriP2QPFA=">AAAB/XicbVC7TsMwFHXKq5RXeGwsFhUSU5Ww0LESDIwF0YfURJXjuq1Vx4nsG0SJIn6FhQGEWPkPNv4Gp80ALUeydHTOPbrXJ4gF1+A431ZpZXVtfaO8Wdna3tnds/cP2jpKFGUtGolIdQOimeCStYCDYN1YMRIGgnWCyWXud+6Z0jySdzCNmR+SkeRDTgkYqW8feZGx83TqAXuA9Oo2y/p21ak5M+Bl4hakigo0+/aXN4hoEjIJVBCte64Tg58SBZwKllW8RLOY0AkZsZ6hkoRM++ns+gyfGmWAh5EyTwKeqb8TKQm1noaBmQwJjPWil4v/eb0EhnU/5TJOgEk6XzRMBIYI51XgAVeMgpgaQqji5lZMx0QRCqawiinBXfzyMmmf11zDb5xqo17UUUbH6ASdIRddoAa6Rk3UQhQ9omf0it6sJ+vFerc+5qMlq8gcoj+wPn8Ab0OVzA==</latexit>

MS
<latexit sha1_base64="KRH8d/lvDR5f7h6rtPVwtlXeXv4=">AAAB/XicbVC7SgNBFL0bXzG+1kdnsxgEq7BrYzoDNjZCfOQByRJmJ5NkyOyDmbtiXBZ/xcZCEVut/Ag7/8bZJIUmHhg4nHMP987xIsEV2va3kVtYXFpeya8W1tY3NrfM7Z26CmNJWY2GIpRNjygmeMBqyFGwZiQZ8T3BGt7wLPMbt0wqHgY3OIqY65N+wHucEtRSx9xrh9rO0kkb2R0mF9dp2jGLdskew5onzpQUTz8/rkCj2jG/2t2Qxj4LkAqiVMuxI3QTIpFTwdJCO1YsInRI+qylaUB8ptxkfH1qHWqla/VCqV+A1lj9nUiIr9TI9/SkT3CgZr1M/M9rxdgruwkPohhZQCeLerGwMLSyKqwul4yiGGlCqOT6VosOiCQUdWEFXYIz++V5Uj8uOZpf2sVKGSbIwz4cwBE4cAIVOIcq1IDCPTzCM7wYD8aT8Wq8TUZzxjSzC39gvP8APRWX3Q==</latexit><latexit sha1_base64="//eSC+KdVU3NB3EjLWwPhWWeuuE=">AAAB/XicbVDLSsNAFJ3UV62v+NgJEiyCq5K4sTsLbtwILdoHNKFMppN26OTBzI1YQ3Dlf7hxoYhbu/Ij3PkN/oSTtgttPTBwOOce7p3jRpxJMM0vLbewuLS8kl8trK1vbG7p2zsNGcaC0DoJeShaLpaUs4DWgQGnrUhQ7LucNt3BeeY3b6iQLAyuYRhRx8e9gHmMYFBSR9+zQ2Vn6cQGegvJ5VWadvSiWTLHMOaJNSXFs49R7fvhYFTt6J92NySxTwMgHEvZtswInAQLYITTtGDHkkaYDHCPthUNsE+lk4yvT40jpXQNLxTqBWCM1d+JBPtSDn1XTfoY+nLWy8T/vHYMXtlJWBDFQAMyWeTF3IDQyKowukxQAnyoCCaCqVsN0scCE1CFFVQJ1uyX50njpGQpXjOLlTKaII/20SE6RhY6RRV0gaqojgi6Q4/oGb1o99qT9qq9TUZz2jSzi/5Ae/8BRxCaIg==</latexit><latexit sha1_base64="//eSC+KdVU3NB3EjLWwPhWWeuuE=">AAAB/XicbVDLSsNAFJ3UV62v+NgJEiyCq5K4sTsLbtwILdoHNKFMppN26OTBzI1YQ3Dlf7hxoYhbu/Ij3PkN/oSTtgttPTBwOOce7p3jRpxJMM0vLbewuLS8kl8trK1vbG7p2zsNGcaC0DoJeShaLpaUs4DWgQGnrUhQ7LucNt3BeeY3b6iQLAyuYRhRx8e9gHmMYFBSR9+zQ2Vn6cQGegvJ5VWadvSiWTLHMOaJNSXFs49R7fvhYFTt6J92NySxTwMgHEvZtswInAQLYITTtGDHkkaYDHCPthUNsE+lk4yvT40jpXQNLxTqBWCM1d+JBPtSDn1XTfoY+nLWy8T/vHYMXtlJWBDFQAMyWeTF3IDQyKowukxQAnyoCCaCqVsN0scCE1CFFVQJ1uyX50njpGQpXjOLlTKaII/20SE6RhY6RRV0gaqojgi6Q4/oGb1o99qT9qq9TUZz2jSzi/5Ae/8BRxCaIg==</latexit><latexit sha1_base64="KTfo+f2vVE4qXekYfG2GYvPCBIs=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5K4scuCGzdCRfuAJpTJdNoOnUzCzI1YQ/BX3LhQxK3/4c6/cdJmoa0HBg7n3MO9c4JYcA2O822VVlbX1jfKm5Wt7Z3dPXv/oK2jRFHWopGIVDcgmgkuWQs4CNaNFSNhIFgnmFzmfueeKc0jeQfTmPkhGUk+5JSAkfr2kRcZO0+nHrAHSK9vs6xvV52aMwNeJm5BqqhAs29/eYOIJiGTQAXRuuc6MfgpUcCpYFnFSzSLCZ2QEesZKknItJ/Ors/wqVEGeBgp8yTgmfo7kZJQ62kYmMmQwFgvern4n9dLYFj3Uy7jBJik80XDRGCIcF4FHnDFKIipIYQqbm7FdEwUoWAKq5gS3MUvL5P2ec01/MapNupFHWV0jE7QGXLRBWqgK9RELUTRI3pGr+jNerJerHfrYz5asorMIfoD6/MHfoiV1g==</latexit>

If you know the answer, please don’t spoil it for others ;)
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Simplest example: H → bb̄

mb
<latexit sha1_base64="fcT+Ry/9lEXRQQzWRBPnunAy2J8=">AAAB6nicbZDLSgMxFIbP1Futt6pLQaJFcFVm3Oiy4MaFi4r2Au1QMumZNjTJDElGKKXgC7hxoYhbn8idb2N6WWjrD4GP/5xDzvmjVHBjff/by62srq1v5DcLW9s7u3vF/YO6STLNsMYSkehmRA0KrrBmuRXYTDVSGQlsRIPrSb3xiNrwRD3YYYqhpD3FY86odda97ESdYskv+1ORZQjmUKqctI+fAKDaKX61uwnLJCrLBDWmFfipDUdUW84EjgvtzGBK2YD2sOVQUYkmHE1XHZMz53RJnGj3lCVT9/fEiEpjhjJynZLavlmsTcz/aq3MxlfhiKs0s6jY7KM4E8QmZHI36XKNzIqhA8o0d7sS1qeaMuvSKbgQgsWTl6F+UQ4c37k0bmGmPBzBKZxDAJdQgRuoQg0Y9OAZXuHNE96L9+59zFpz3nzmEP7I+/wBG5WPJw==</latexit><latexit sha1_base64="4FX8em0ynjSrz2qABu/tkJAjCXA=">AAAB6nicbZDLSgMxFIbP1Futt6pLQaJFcFVmutFlwY0LFxXtBdqhZNLMNDTJDElGGIY+ghsXirj1aVy68xV8CtPLQlt/CHz85xxyzh8knGnjul9OYWV1bX2juFna2t7Z3SvvH7R0nCpCmyTmseoEWFPOJG0aZjjtJIpiEXDaDkZXk3r7gSrNYnlvsoT6AkeShYxgY6070Q/65YpbdadCy+DNoVI/6R1n0cd3o1/+7A1ikgoqDeFY667nJsbPsTKMcDou9VJNE0xGOKJdixILqv18uuoYnVlngMJY2ScNmrq/J3IstM5EYDsFNkO9WJuY/9W6qQkv/ZzJJDVUktlHYcqRidHkbjRgihLDMwuYKGZ3RWSIFSbGplOyIXiLJy9Dq1b1LN/aNG5gpiIcwSmcgwcXUIdraEATCETwCM/w4nDnyXl13matBWc+cwh/5Lz/AOHakTs=</latexit><latexit sha1_base64="4FX8em0ynjSrz2qABu/tkJAjCXA=">AAAB6nicbZDLSgMxFIbP1Futt6pLQaJFcFVmutFlwY0LFxXtBdqhZNLMNDTJDElGGIY+ghsXirj1aVy68xV8CtPLQlt/CHz85xxyzh8knGnjul9OYWV1bX2juFna2t7Z3SvvH7R0nCpCmyTmseoEWFPOJG0aZjjtJIpiEXDaDkZXk3r7gSrNYnlvsoT6AkeShYxgY6070Q/65YpbdadCy+DNoVI/6R1n0cd3o1/+7A1ikgoqDeFY667nJsbPsTKMcDou9VJNE0xGOKJdixILqv18uuoYnVlngMJY2ScNmrq/J3IstM5EYDsFNkO9WJuY/9W6qQkv/ZzJJDVUktlHYcqRidHkbjRgihLDMwuYKGZ3RWSIFSbGplOyIXiLJy9Dq1b1LN/aNG5gpiIcwSmcgwcXUIdraEATCETwCM/w4nDnyXl13matBWc+cwh/5Lz/AOHakTs=</latexit><latexit sha1_base64="BhwfjvLv5gVeXieWcQuo/tntKbI=">AAAB6nicbZA9SwNBEIbn4leMX1FLm8UgWIU7Gy0DNhYWEU0MJEfY2+wlS3b3jt05IRz5CTYWitj6i+z8N26SKzTxhYWHd2bYmTdKpbDo+99eaW19Y3OrvF3Z2d3bP6geHrVtkhnGWyyRielE1HIpNG+hQMk7qeFURZI/RuPrWf3xiRsrEv2Ak5SHig61iAWj6Kx71Y/61Zpf9+ciqxAUUINCzX71qzdIWKa4Riaptd3ATzHMqUHBJJ9WepnlKWVjOuRdh5oqbsN8vuqUnDlnQOLEuKeRzN3fEzlV1k5U5DoVxZFdrs3M/2rdDOOrMBc6zZBrtvgoziTBhMzuJgNhOEM5cUCZEW5XwkbUUIYunYoLIVg+eRXaF/XA8Z1fa9wWcZThBE7hHAK4hAbcQBNawGAIz/AKb570Xrx372PRWvKKmWP4I+/zB0b2jcw=</latexit>

m̂b
<latexit sha1_base64="Shyyeds25YYc0gdUPpJYJ3JD5Gc=">AAAB73icbZC7SgNBFIbPxluMt6ilIKNBsAq7NloGbCwsIpgLZJcwO5lNhszOrjNnhbAEfAYbC0VsfR0738bJpdDEHwY+/nMOc84fplIYdN1vp7Cyura+UdwsbW3v7O6V9w+aJsk04w2WyES3Q2q4FIo3UKDk7VRzGoeSt8Lh9aTeeuTaiETd4yjlQUz7SkSCUbRW2x9QJHE37JYrbtWdiiyDN4dK7cQ/fgKAerf85fcSlsVcIZPUmI7nphjkVKNgko9LfmZ4StmQ9nnHoqIxN0E+3XdMzqzTI1Gi7VNIpu7viZzGxozi0HbGFAdmsTYx/6t1MoyuglyoNEOu2OyjKJMEEzI5nvSE5gzlyAJlWthdCRtQTRnaiEo2BG/x5GVoXlQ9y3c2jVuYqQhHcArn4MEl1OAG6tAABhKe4RXenAfnxXl3PmatBWc+cwh/5Hz+AHnLkRI=</latexit><latexit sha1_base64="ImvnmbR3Fc0AFG8shtLP/UpSpTE=">AAAB73icbZC7SgNBFIbPeo3xFrUUZDQIVmHXRsuAjYVFBHOB7BJmJ5NkyOzsOnNWWJa8hI2FIra+iqWdr+BTOLkUmvjDwMd/zmHO+cNECoOu++UsLa+srq0XNoqbW9s7u6W9/YaJU814ncUy1q2QGi6F4nUUKHkr0ZxGoeTNcHg1rjcfuDYiVneYJTyIaF+JnmAUrdXyBxRJ1Ak7pbJbcScii+DNoFw99o+y/sd3rVP69LsxSyOukElqTNtzEwxyqlEwyUdFPzU8oWxI+7xtUdGImyCf7Dsip9bpkl6s7VNIJu7viZxGxmRRaDsjigMzXxub/9XaKfYug1yoJEWu2PSjXioJxmR8POkKzRnKzAJlWthdCRtQTRnaiIo2BG/+5EVonFc8y7c2jRuYqgCHcAJn4MEFVOEaalAHBhIe4RlenHvnyXl13qatS85s5gD+yHn/AUAfkyY=</latexit><latexit sha1_base64="ImvnmbR3Fc0AFG8shtLP/UpSpTE=">AAAB73icbZC7SgNBFIbPeo3xFrUUZDQIVmHXRsuAjYVFBHOB7BJmJ5NkyOzsOnNWWJa8hI2FIra+iqWdr+BTOLkUmvjDwMd/zmHO+cNECoOu++UsLa+srq0XNoqbW9s7u6W9/YaJU814ncUy1q2QGi6F4nUUKHkr0ZxGoeTNcHg1rjcfuDYiVneYJTyIaF+JnmAUrdXyBxRJ1Ak7pbJbcScii+DNoFw99o+y/sd3rVP69LsxSyOukElqTNtzEwxyqlEwyUdFPzU8oWxI+7xtUdGImyCf7Dsip9bpkl6s7VNIJu7viZxGxmRRaDsjigMzXxub/9XaKfYug1yoJEWu2PSjXioJxmR8POkKzRnKzAJlWthdCRtQTRnaiIo2BG/+5EVonFc8y7c2jRuYqgCHcAJn4MEFVOEaalAHBhIe4RlenHvnyXl13qatS85s5gD+yHn/AUAfkyY=</latexit><latexit sha1_base64="YQvNGXIadYMH+eZUxG0cl1+Fl9M=">AAAB73icbZA9SwNBEIbn/IzxK2ppsxgEq3Bno2XAxsIigvmA5Ah7m71kye7euTsnhCN/wsZCEVv/jp3/xk1yhSa+sPDwzgw780apFBZ9/9tbW9/Y3Nou7ZR39/YPDitHxy2bZIbxJktkYjoRtVwKzZsoUPJOajhVkeTtaHwzq7efuLEi0Q84SXmo6FCLWDCKzur0RhSJ6kf9StWv+XORVQgKqEKhRr/y1RskLFNcI5PU2m7gpxjm1KBgkk/LvczylLIxHfKuQ00Vt2E+33dKzp0zIHFi3NNI5u7viZwqaycqcp2K4sgu12bmf7VuhvF1mAudZsg1W3wUZ5JgQmbHk4EwnKGcOKDMCLcrYSNqKEMXUdmFECyfvAqty1rg+N6v1u+KOEpwCmdwAQFcQR1uoQFNYCDhGV7hzXv0Xrx372PRuuYVMyfwR97nD6Usj7c=</latexit>

Since  the amplitude is technically taken off-shell, there 
are no IR divergences.  

                      works like an IR regulator. In the limit          
we expect to get back an on-shell result

� = mb � m̂b
<latexit sha1_base64="kqlvww/YfT6XIxVrCHuf0tZb/ek=">AAACAHicbZA9SwNBEIbn4leMRqMWFjaLQbAx3NmYRgjYWEYwH5Acx95mkyzZvTt254QQ0vhXbCwUsbX0J9j5b9xLUmjiCwsP78wwO2+YSGHQdb+d3Nr6xuZWfruws1vc2y8dHDZNnGrGGyyWsW6H1HApIt5AgZK3E82pCiVvhaObrN564NqIOLrHccJ9RQeR6AtG0VpB6bjb4xIpuSYqCMkF6Q4pZhiUym7FnYmsgreAcq34mRIAqAelr24vZqniETJJjel4boL+hGoUTPJpoZsanlA2ogPesRhRxY0/mR0wJWfW6ZF+rO2LkMzc3xMTqowZq9B2KopDs1zLzP9qnRT7VX8ioiRFHrH5on4qCcYkS4P0hOYM5dgCZVrYvxI2pJoytJkVbAje8smr0LyseJbvbBpVmCsPJ3AK5+DBFdTgFurQAAZTeIIXeHUenWfnzXmft+acxcwR/JHz8QOR+ZaM</latexit><latexit sha1_base64="AEaSe0Tc93kWHs9fAsLRUnDsqM0=">AAACAHicbZDLSsNAFIYnXmu0GnXhws1gKbixJG7sRigI4rKCvUAbwmQyaYdOLsycCCV046sI4kIRty59BHe+jZO2C239YeDjP+dw5vx+KrgC2/42VlbX1jc2S1vm9k55d8/aP2irJJOUtWgiEtn1iWKCx6wFHATrppKRyBes44+uinrnnknFk/gOxilzIzKIecgpAW151lE/YAIIvsSR5+Mz3B8SKNCzKnbNngovgzOHSqP8mVWvzaemZ331g4RmEYuBCqJUz7FTcHMigVPBJmY/UywldEQGrKcxJhFTbj49YIKr2glwmEj9YsBT9/dETiKlxpGvOyMCQ7VYK8z/ar0Mwrqb8zjNgMV0tijMBIYEF2nggEtGQYw1ECq5/iumQyIJBZ2ZqUNwFk9ehvZ5zdF8q9Ooo5lK6BidoFPkoAvUQDeoiVqIogl6RC/o1Xgwno03433WumLMZw7RHxkfP+EEl4c=</latexit><latexit sha1_base64="AEaSe0Tc93kWHs9fAsLRUnDsqM0=">AAACAHicbZDLSsNAFIYnXmu0GnXhws1gKbixJG7sRigI4rKCvUAbwmQyaYdOLsycCCV046sI4kIRty59BHe+jZO2C239YeDjP+dw5vx+KrgC2/42VlbX1jc2S1vm9k55d8/aP2irJJOUtWgiEtn1iWKCx6wFHATrppKRyBes44+uinrnnknFk/gOxilzIzKIecgpAW151lE/YAIIvsSR5+Mz3B8SKNCzKnbNngovgzOHSqP8mVWvzaemZ331g4RmEYuBCqJUz7FTcHMigVPBJmY/UywldEQGrKcxJhFTbj49YIKr2glwmEj9YsBT9/dETiKlxpGvOyMCQ7VYK8z/ar0Mwrqb8zjNgMV0tijMBIYEF2nggEtGQYw1ECq5/iumQyIJBZ2ZqUNwFk9ehvZ5zdF8q9Ooo5lK6BidoFPkoAvUQDeoiVqIogl6RC/o1Xgwno03433WumLMZw7RHxkfP+EEl4c=</latexit><latexit sha1_base64="O+tfszQXhYMOqXvtuKysLb/1Tmg=">AAACAHicbZDLSsNAFIYn9VbrLerChZvBIrixJG7sRii4cVnBXqAJYTKZtEMnkzBzIpTSja/ixoUibn0Md76NkzYLbf1h4OM/53Dm/GEmuAbH+bYqa+sbm1vV7drO7t7+gX141NVprijr0FSkqh8SzQSXrAMcBOtnipEkFKwXjm+Leu+RKc1T+QCTjPkJGUoec0rAWIF94kVMAME3OAlCfIm9EYECA7vuNJy58Cq4JdRRqXZgf3lRSvOESaCCaD1wnQz8KVHAqWCzmpdrlhE6JkM2MChJwrQ/nR8ww+fGiXCcKvMk4Ln7e2JKEq0nSWg6EwIjvVwrzP9qgxzipj/lMsuBSbpYFOcCQ4qLNHDEFaMgJgYIVdz8FdMRUYSCyaxmQnCXT16F7lXDNXzv1FvNMo4qOkVn6AK56Bq10B1qow6iaIae0St6s56sF+vd+li0Vqxy5hj9kfX5A1pblOg=</latexit>

� ! 0
<latexit sha1_base64="XYuRz87AtT7lrkfhclstrleEjPk=">AAAB83icbZC7SgNBFIbPxluMt6ilzWAQrMKujekM2FhGMRfILmF2dpIMmZ1dZs4KYclr2FgoYmtv5UPY+TZOLoUm/jDw8Z9zmHP+MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMkmmGW+yRCa6E1LDpVC8iQIl76Sa0ziUvB2Orqf19gPXRiTqHscpD2I6UKIvGEVr+X7EJVLiY0LcXrniVt2ZyCp4C6hcfX7cgVWjV/7yo4RlMVfIJDWm67kpBjnVKJjkk5KfGZ5SNqID3rWoaMxNkM92npAz60Skn2j7FJKZ+3sip7Ex4zi0nTHFoVmuTc3/at0M+7UgFyrNkCs2/6ifSWJPnAZAIqE5Qzm2QJkWdlfChlRThjamkg3BWz55FVoXVc/yrVup12CuIpzAKZyDB5dQhxtoQBMYpPAIz/DiZM6T8+q8zVsLzmLmGP7Ief8BycKTAA==</latexit><latexit sha1_base64="TpiL8S6ViPmB1tBAyCfMAUd61Tw=">AAAB83icbZC7SgNBFIZn4y3GW9RSkMEgWIVdG9MZsLFMwFwgu4TZ2ZNkyOyFmbNCWFL6CjYWitjap/Ih7HwGX8LJpdDEHwY+/nMOc87vJ1JotO0vK7e2vrG5ld8u7Ozu7R8UD4+aOk4VhwaPZazaPtMgRQQNFCihnShgoS+h5Q9vpvXWPSgt4ugORwl4IetHoic4Q2O5bgASGXUxpna3WLLL9kx0FZwFlK4/JvXvh9NJrVv8dIOYpyFEyCXTuuPYCXoZUyi4hHHBTTUkjA9ZHzoGIxaC9rLZzmN6bpyA9mJlXoR05v6eyFio9Sj0TWfIcKCXa1Pzv1onxV7Fy0SUpAgRn3/USyU1J04DoIFQwFGODDCuhNmV8gFTjKOJqWBCcJZPXoXmZdkxXLdL1QqZK09OyBm5IA65IlVyS2qkQThJyCN5Ji9Waj1Zr9bbvDVnLWaOyR9Z7z/TvZVF</latexit><latexit sha1_base64="TpiL8S6ViPmB1tBAyCfMAUd61Tw=">AAAB83icbZC7SgNBFIZn4y3GW9RSkMEgWIVdG9MZsLFMwFwgu4TZ2ZNkyOyFmbNCWFL6CjYWitjap/Ih7HwGX8LJpdDEHwY+/nMOc87vJ1JotO0vK7e2vrG5ld8u7Ozu7R8UD4+aOk4VhwaPZazaPtMgRQQNFCihnShgoS+h5Q9vpvXWPSgt4ugORwl4IetHoic4Q2O5bgASGXUxpna3WLLL9kx0FZwFlK4/JvXvh9NJrVv8dIOYpyFEyCXTuuPYCXoZUyi4hHHBTTUkjA9ZHzoGIxaC9rLZzmN6bpyA9mJlXoR05v6eyFio9Sj0TWfIcKCXa1Pzv1onxV7Fy0SUpAgRn3/USyU1J04DoIFQwFGODDCuhNmV8gFTjKOJqWBCcJZPXoXmZdkxXLdL1QqZK09OyBm5IA65IlVyS2qkQThJyCN5Ji9Waj1Zr9bbvDVnLWaOyR9Z7z/TvZVF</latexit><latexit sha1_base64="+zipD7lEWHR7IPdkjtycloyyGRA=">AAAB83icbZBNS8NAEIYn9avWr6pHL4tF8FQSL/ZY8OKxgv2AJpTNZtMu3WzC7kQooX/DiwdFvPpnvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53K1vbO7l51v3ZweHR8Uj8965k014x3WSpTPQip4VIo3kWBkg8yzWkSSt4Pp3eLev+JayNS9YizjAcJHSsRC0bRWr4fcYmU+JgSd1RvuE13KbIJXgkNKNUZ1b/8KGV5whUySY0Zem6GQUE1Cib5vObnhmeUTemYDy0qmnATFMud5+TKOhGJU22fQrJ0f08UNDFmloS2M6E4Meu1hflfbZhj3AoKobIcuWKrj+JcEnviIgASCc0ZypkFyrSwuxI2oZoytDHVbAje+smb0LtpepYf3Ea7VcZRhQu4hGvw4BbacA8d6AKDDJ7hFd6c3Hlx3p2PVWvFKWfO4Y+czx8LRJD5</latexit>
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Kinoshita double cut rules



 Explanation
Known for a long time - see ”How to regularize the infrared and mass singularities in 
QCD” by Humpert and van Neervan 

Giving mass to gluon will work in this example because there is only one 

The difference is in finite terms, which explains why the limit              exists 

We still want to look into it closer as I’m not satisfied by it. If someone has any comments, 
there are more than welcome.
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 Conclusions and prospects:
BSM automation is far from trivial. Covering all possible models might be next-to-
impossible. 

Still, for a broad class of models, the automation is in reach. 

The need for automation in BSM community has a different source than in the SM. In SM 
N-loop calculations are way to complex to do them „by hand”. In BSM you don’t want to 
spend 5 years calculating corrections in model which most likely is not realized in nature. 

The problem of the community is lack of testing and lack of clearly stated limitations of 
codes and even what is understood as SUSY 

On our end the FlexibleDecays  module will provide (almost) state of the art 
computation of Higgs decay widths with clearly stated limitations. If your model fails, you 
will know why and it will make it easier for us to fix it. 

There’s a need for close cooperation between users and developers. We cannot even 
foreseen all the corner cases. FlexibleSUSY development is done in public, on GitHub. 
If you have a problem, open an issue. Also, if there’s a regression error, you can trace it.
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