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Modelling and Computational improvements to 
the simulation of single vector-boson plus jet 

processes for the ATLAS experiment



Introduction

➯ ATLAS has spent the better part of two years developing the next 
generation of multi-jet merged V+jets samples

➯ A particular focus on the CPU cost of these samples, the statistical aspects, 
and modelling in the high jet momenta phase-space. Documented in a 
recently paper submitted to JHEP [arXiv:2112.09588]

➯ Samples recently developed that will become default in ATLAS for Run-3:
– Sherpa 2.2.11 0-2j@NLO + 3-4j@LO using MEPS@NLO 
– MG_aMC@NLO+Pythia8 0-3j@NLO FxFx merged
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ATLAS-CONF-2021-033

“Legacy Run-2 setup”

https://arxiv.org/abs/2112.09588
http://cdsweb.cern.ch/record/2777239


CPU benchmarking

➯ The Sherpa event generator is heavily used throughout ATLAS, with 
the production of V+jets being the dominant CPU sink

➯ As part of recent efforts, we characterized the speed in terms of 
perturbative accuracy and additional “features”

➯ Benchmarking was run on machines at CERN with no additional load
➯ The CPU time was expressed using HS06 seconds
➯ A remaining point to still understand: how does this translate into a 

real world environment. However the purpose of this exercise was 
to identify bottlenecks and general areas where we can improve
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Perturbative accuracy
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Overall tread: more 
final state partons à
more CPU time



Perturbative accuracy
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Very large increase going from 
1j@NLO à 2j@NLO



Perturbative accuracy
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All results in this plot are relying on 
Sherpa’s STRICT METS scale setting 
algorithm

When running the 0-2j@NLO setup 
with a renormalization scale equal to 
the scalar sum of outgoing partons, 
CPU cost is reduced by a factor 
of 5 to 19.4 HS06 seconds

à On par with MG+Pythia8 FxFx
setup with the same perturbative 
accuracy: ~26 HS06 seconds

à However, the modeling in Sherpa 
is degraded when using this event 
level scale (though not in FxFx)



Additional “features”
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Additional “features”
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Reduction x3 in 
computing time! 
à H-events are 
consuming a lot of the 
CPU time



Additional “features”
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Small impact on physics performance 
and well within scale variations



Additional “features”
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Non-negligible CPU cost for the 
evaluation of NLO EWvirt corrections 
and additional scale & PDF weights;      
all together totals >300 weights

à Improved NLO EW accuracy 
considered mandatory

à Additional weights are still 
cheaper than re-running samples 
with modified parameters

Impressive progress already being 
made to reduce the cost of these 
additions (see next talk) 



NLO EWvirt corrections
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Slicing & biasing



Phase-space slicing

➯ Previous V+jets productions were split into six slices at matrix element level 
using the max(HT,PTV) variable à best coverage for wide range of analyses

➯ Slicing increases number of samples that analyses need to process:
– Samples are heavy-flavor filtered too, so x3 additional samples for each slice

➯ For other processes, observe ”stitching” effects due to mis-match between 
definition of observables at analysis level compared to generator

March 24, 2022 Matthew Gignac (SCIPP) 13



Phase-space enhancement

➯ “Differential enhancement”: biasing function set to the inverse 
of the differential cross section as a function of each 2->n process

➯ “Analytic enhancement”: biasing function analytic formula 
parameterized according to set of observables, independent of 2->n
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Phase-space enhancement

➯ “Differential enhancement”: biasing function set to the inverse 
of the differential cross section as a function of each 2->n process

➯ “Analytic enhancement”: biasing function analytic formula 
parameterized according to set of observables, independent of 2->n
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Event weight variance
àDifferential enhancement leads 

to very large spread of weights
àLargely attributed to the 

enhancement of each individual 
2àn process, giving rise to this 
observed “banding” structure

Relative uncertainty



Phase-space enhancement

➯ “Differential enhancement”: biasing function set to the inverse 
of the differential cross section as a function of each 2->n process

➯ “Analytic enhancement”: biasing function analytic formula 
parameterized according to set of observables, independent of 2->n
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Event weight variance
àAnalytic enhancement 

significantly well more behaved!
àVariance is almost constant as a 

function of enhancement variable!

Relative uncertainty



Statistical precision
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As expected, large spread of weights observed 
when using the differential enhancement 
approach, huge inflation of relative uncertainty



Statistical precision
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Negative weights will also 
affect the resulting uncertainty

Using a clustering scheme for the calculation of NLO/LO 
k-factor that relies on the simple 2à2 process:
à Doesn’t affect the physics performance
à Shifts the negative weights away from the high cross 
section regions of phase-space, meaning less overall 
statistics that we to generate



Mass enhancement
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Interesting side note: what about other 
phase-spaces not necessarily requiring 
high pT and HT events? 

à Sampling of higher pT & HT phase-
spaces along ~uncorrelated variables   
(e.g. mV) results in larger weight spreads

à Approach taken by ATLAS: produce 
high mV sample (e.g >120 GeV) which is 
enhanced in mV, and combine with the 
inclusive maxHTPTV sample

à Minor outstanding issues revealed in 
this exercise: normalization of the 
enhancement function affects fraction of 
“overweight” events that ultimately can 
change the physics à care needed!
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Impact on computing resources



CPU of production setups
➯ Benchmarked the CPU of two production setups: legacy 2.2.1 sliced 

setup, and most recently 2.2.11 with all additional features
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Some of these add additional CPU time, some of them reduce it à how 
do the setups compare when everything is simultaneously deployed?



CPU of production setups
➯ Benchmarked the CPU of two production setups: legacy 2.2.1 sliced 

setup, and most recently 2.2.11 with all additional features
➯ General trend: the higher maxHTPTV slices sample higher 

multiplicity final states, and would require more CPU time
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CPU of production setups
➯ Benchmarked the CPU of two production setups: legacy 2.2.1 sliced 

setup, and most recently 2.2.11 with all additional features
➯ General trend: the higher maxHTPTV slices sample higher 

multiplicity final states, and would require more CPU time
➯ Functional form will impact the analytically enhanced sample
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Effective luminosity
➯ As a consistent measure of the performance of 

the samples, calculate effective luminosity for a 
fixed 200M events reference point

➯ Assuming the relative number of events per slice 
that historically were produced by ATLAS 
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Analytic enhancement can roughly 
match the sliced setup!

Using the benchmarked numbers from 
the previous slide, cost to produce:
• Sherpa 2.2.11 : 238 HS06 years
• Sherpa 2.2.1: 444 HS06 years

à Nearly a factor of two reduction in 
CPU resources, while exceeding the 
legacy setup in terms of NLO QCD & 
EW accuracy, more OTF weights, etc…



Conclusions

➯ ATLAS has recently published a paper focused on the modeling 
and computational aspects of the generation of multi-jet merged 
V+jets samples [arXiv:2112.09588]

➯ Additional studies on the modeling performance mostly not 
discussed in this talk: EW input scheme, unordered PS histories, 
CSS splitting kernals, etc…

➯ Achieved nearly a factor of two reduction in the CPU resources 
compared to a legacy setup used by ATLAS for more than 5 years, 
while simultaneously improving the modelling & accuracy 

➯ Large scale production of this setup has proceeded smoothly and 
available for use within ATLAS

➯ Achievements wouldn’t have been possible without the 
involvement and expertise of the theory community
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https://arxiv.org/abs/2112.09588

