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Final-state radiation in decays
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▪ Studied using specialised simulation generators (plugins) 

▪ EvtGen generator relies on PHOTOS or PHOTONS++ generators 
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https://arxiv.org/abs/1011.0937
https://doi.org/10.1088/1126-6708/2008/12/018


Motivation

▪ Find alternatives to exploit multi-threading

▪ Find alternatives to study systematic effects 

 Especially those associated with interference effects
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EvtGen simulation  

𝑫𝟎 → 𝑲+𝝅− simulation with PHOTOS

See HFLAV Sec 11.3

stat. syst. FSR

No int v2.02
With int. v2.02
With int. v2.15

Hyperthreading

https://arxiv.org/pdf/2206.07501


Final-state radiation generators

▪ Treat the effect of FSR as a correction to the Born-level decay rate (or cross section)
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dΓradiative = dΓBorn 𝑓 𝛷  d𝛷 𝛷: Phase-space of photons

▪ Example (oversimplified): neutral scalar → 𝑒+𝑒− (single QED dipole)

From talk by 
Peter Skands

𝑠𝑖𝑗 = 𝑝𝑖 ⋅ 𝑝𝑗

Dot product of 4-momenta 

https://indico.cern.ch/event/1332395/contributions/5621973/attachments/2736872/4759876/23-MWA-QEDandIRD.pdf


Final-state radiation generators

▪ Determines “best” set of dipoles (no genuine multipole effects)

▪ Works as parton shower evolution interleaved with QCD, MPI, … 
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▪ Takes full (multipole) soft interference effects into account 

▪ Scalar QED, no spin dependence (but taken into account via ME corrections)

▪ Adds a number of photons to final state with predetermined kinematics (no interleaving) 

▪ Takes full (multipole) soft interference effects into account 

▪ Not limited to scalar QED (includes spin dependence)

▪ Works as parton shower evolution based on antenna approximation (can be interleaved) 

Pythia QED

YFS – Yennie-Frautschi-Suura 1961 (basis for PHOTOS, Herwig, Sherpa’s PHOTONS++)

Vincia QED Kleiss-Verheyen 2017, Brooks-Verheyen-Skands 2020

https://linkinghub.elsevier.com/retrieve/pii/0003491661901518
https://doi.org/10.1007/JHEP11(2017)182
https://www.sciencedirect.com/science/article/pii/S037026932030681X?via%3Dihub


PHOTOS for FSR
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Comput. Phys. Commun. 199, 86 (2016) arXiv:1011.0937

▪ [3] 𝑒+𝑒− → 𝑍/𝛾∗ → 𝜇+𝜇−(𝛾) 

▪ [5] 𝐵 → 𝐾𝜋 𝛾  

▪ [6] 𝑊 → 𝑙 𝜈 and 𝛾∗ → 𝜋+𝜋−   

Eur. Phys. J. C 50, 53–62 (2007)

Eur. Phys. J. C 51, 569–583 (2007)

Eur. Phys. J. C 70, 673–688 (2010)

https://arxiv.org/abs/2409.17209
https://link.springer.com/article/10.1140/epjc/s10052-006-0205-3
https://link.springer.com/article/10.1140/epjc/s10052-007-0316-5
https://link.springer.com/article/10.1140/epjc/s10052-010-1454-8


Sherpa’s PHOTONS++ for FSR

▪ PHOTONS++ in Sherpa can simulate emission of soft 
photons based on YFS approximation (mode 1)

▪ If switched on also hard photons based on collinear 
approximation (mode 2)
▪ Approx. matrix-element corrections (mode 20) or

▪ Exact matrix-element corrections (mode 21)

▪ With mode 1: fewer hard photons compared to PHOTOS 
(PHOTOS has matrix-element corrections implemented)

▪ With mode 2: generally good agreement with PHOTOS 

 Implemented switches for systematic studies
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Amount of radiated energy

𝐽/𝜓 → 𝜇+𝜇−

𝐽/𝜓 → 𝑒+𝑒−

New in EvtGen R03-00-00-beta1! 

https://iopscience.iop.org/article/10.1088/1126-6708/2008/12/018
https://iopscience.iop.org/article/10.1088/1126-6708/2004/02/056
https://gitlab.cern.ch/evtgen/evtgen/-/tags


▪ Vincia is embedded in Pythia8

▪ Algorithm implementation enables thread safety

▪ Developed EvtGen  Vincia interface based on existing dependency with Pythia8

 Not in EvtGen release yet (needs Vincia in Pythia8 release) 

Vincia QED shower for FSR

▪ Vincia parton shower evolution based on Antenna approximation (can be interleaved) 

▪ Recently adapted to radiate off hadrons (previously supporting only leptons)

▪ Matrix-element corrections (MECs) in progress  

 Currently implementing and validating  

 Preliminary results look promising
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Technical aspects

See talk by Giacomo

https://doi.org/10.1016/j.physletb.2020.135878


Interfaces between EvtGen and Plugins

▪ EvtGen objects translated 

▪ Into intermediate HepMC events (for PHOTONs)

▪ Directly into Sherpa or Pythia objects (for Photons and Vincia)

▪ EvtGen random number propagated (full seed control) 

▪ PHOTOS and Sherpa’s PHOTONS++ not thread-safe yet  mutex

▪ Need to mutex also HepMC translation (for PHOTOS)
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EvtGen particle with 
daughters

Decay translation

Update EvtGen particles 
if photons radiated

Generate radiation in plugin

Workflow

Review (for Sherpa) by Marek Schönherr and Frank Krauss 



Comparisons across generators

▪ Compare PHOTOS, PHOTONS++ with Vincia   
simulation with/out MEC
▪ Equalize photon pT(Energy) cutoff value (0.1 keV)

▪ Fill histograms only if photon energy above 0.1 MeV

▪ Vincia MECs obtained from Madgraph
▪ Currently generated manually for specific decays 

▪ Compare CPU consumption and                   
multithread speedup
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10−3

× 10−3

Energy of photons

𝐽/𝜓 → 𝑒+𝑒−

https://cp3.irmp.ucl.ac.be/projects/madgraph/


Comparisons between generators

▪ Good agreement (within ~10%) for energy and angular distributions

▪ All generators radiate more photons that PHOTOS
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𝐽/𝜓 → 𝑒+𝑒−

Amount of radiated energy Number of photons Angular distribution of photons



Comparisons between generators

▪ Energy range above 𝑀𝐽𝜓/2 kinematically accessible for events with more than one photon
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𝐽/𝜓 → 𝑒+𝑒−

Amount of radiated energy

𝑁 𝛾FSR = 1 𝑁 𝛾FSR = 2 𝑁 𝛾FSR = 3



Comparisons between generators

▪ Good agreement for all distributions
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𝐽/𝜓 → 𝜇+𝜇−

Amount of radiated energy Number of photons Angular distribution of photons



Comparisons between generators

▪ Good agreement among generators
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𝐷0 → 𝐾−𝜋+

Amount of radiated energy Number of photons Angular distribution of photons



Comparisons between generators

▪ Angular distribution and effect of MEC to be understood
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𝜌+ → 𝜋+𝜋0

Amount of radiated energy Number of photons Angular distribution of photons



Comparisons between generators

▪ Generally good agreement among generators

▪ Larger effect of MEC on tail
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𝜌0 → 𝜋+𝜋−

Amount of radiated energy Number of photons Angular distribution of photons



A word on timing

▪ Compare simulation time using 𝐽/𝜓 → 𝑒+𝑒− decay as benchmark

 Collinear singularities enhanced due to small electron mass
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 Largest consumption by exact matrix-element calculation

 Good precision/time trade-off for option 20 (will use as default)

 Potential speedup using Vincia or PHOTONS by about factor 4

Simulated 𝟏𝟎𝟎k events



Another word on timing

▪ Compare simulation time when simulating generic Υ 4𝑆 → 𝐵 ത𝐵

 Benchmark for general use
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 No large difference between PHOTONS options in generic case 

 Potential speedup using Vincia or PHOTONS by about factor 2 (even with MEC)

Simulated 𝟏𝟎𝟎k events



Checks with vincia-qed branch 
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 Best performance with Vincia!

 All tests passed with multi-threading without mutexing

𝐵𝑠
0 → 𝜙 → 𝐾+𝐾− 𝜇+𝜇−



Interleaving of FSR

Conventional FSR simulation
▪ Treat decay nodes sequentially
▪ Assume all particles have narrow widths

In a time evolution, photons can resolve resonances for 𝐸𝛾 < 𝛤

 Effect kicks in for offshell resonances

 Can distort resonance shape in regions far from pole (tails)

 Can give rise to interference effects

 Will affect kinematic distribution of final-state particles 

 Not considered in conventional approach

▪ Vincia can simulate the interleaving if provided with full decay chain 
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𝐵+

𝐽/𝜓 𝐾∗+

𝜇−𝜇+

𝐾𝑆
0 𝜋+

Effect more relevant for 
resonances with large widths



Summary and outlook

21

R03-00-00-beta1

▪ Implemented Sherpa PHOTONS++ as FSR alternative

 Validation shows good agreement between generators

 Speed-up  ∼ 2 × PHOTOS (single-threaded)

 Part of R03-00-00-beta1 

▪  Developed EvtGen  Vincia interface 

 First physics validation shows good agreement

 Efficient use of multi-threading 

 Currently developing and validating ME corrections

 Plan to work on implementation of interleaving

 Study virtual photon splitting 𝛾∗ → ℓℓ(ℎℎ)

▪ EvtGen and Vincia journal articles 

▪ Vincia merge-request into Pythia8
In preparation

https://gitlab.cern.ch/evtgen/evtgen/-/tags


Backup

22



Checks with vincia-qed branch 

23 Best performance with Vincia!

𝐽/𝜓 → 𝑒+𝑒− StdLib
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