Uncertainties in perturbative QCD calculations and Monte-Carlo simulations

S. Amoroso,’ R. Ball,2 M. Begel,? S. Bhattacharya,* M. Campanelli,> M. Diefenthaler,® S. Forte,”
A. Grohsjean,! S. Hoeche,® J. Huston,” D. Kar,'? F. Krauss,'' M. LeBlanc,'? S. Liuti,'® C. McLean,'* S.
Moch,' B. Nachman,'® P. Nadolsky,'” S. Prestel,'® J. Roloff,®> M. Schmitt,* M. Vos,'® and B. Ward?’

'DESY Hamburg
2 University of Edinburgh
3 Brookhaven National Laboratory
4 Northwestern University
5 University College London
8 Thomas Jefferson National Accelerator Facility
" University of Milan
8 Fermi National Accelerator Laboratory
 Michigan State University
10 University of Witwatersrand
Y IPPP, University of Durham
2 University of Arizona
13 University of Virginia
M University at Buffalo
15 Hamburg University
16 Lawrence Berkeley National Laboratory
17 Southern Methodist University
8 Lund University
Y IFIC Valencia
20 Baylor University
(Dated: 31 August 2020)

THIS IS A PLACEHOLDER FOR A LETTER OF INTEREST

Renormalization and factorization scale variations are
universally used to assess the expected uncertainty of per-
turbative QCD calculations. Processes with a large num-
ber of momentum scales and/or several massive particles
require a careful choice of the renormalization / factor-
ization scale in order to reflect the true QCD dynamics.
This contribution to the Snowmass process aims at pro-
viding a recommendation for scale choices in practical
computations.

Parton showers are universal tools to implement QCD
evolution in Monte-Carlo event generators and are used
throughout High-Energy Physics. They are based on a
unitary, momentum conserving Markovian evolution, and
can be compared to analytic approaches to QCD evolu-
tion in well defined limits. Beyond the choice of scales,
their intrinsic uncertainties include the choice of momen-

tum mapping and higher logarithmic contributions to the
splitting functions. This contribution to the Snowmass
process aims at a comprehensive assessment of these un-
certainties and at providing a recommendation for the
practical implementation of uncertainty estimates in ex-
perimental analyses.

General-purpose Monte-Carlo event generators often
contain technical parameters that aid the simulation of
physics effects while lacking a first principles theoretical
motivation. Variations of such parameters do not con-
stitute a well defined theoretical or statistical procedure
and must be regarded as pure modeling of unknown non-
perturbative or higher-order QCD effects. This contribu-
tion to the Snowmass process aims at clarifying when this
is the case and at providing practical recommendations
for experimental analyses.



