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Preparation of Virtual Machine

1. Download setup script from web
$> wget http://fastnlo.hepforge.org/setup fastNLO.sh

2. Source script
$> source setup fastNLO.sh

3. Close your screen




Basics of QCD cross section calculation

Cross section in hadron hadron collisions in pQCD
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» strong coupling a. In order n @

* PDFs of two hadrons f,, f,

- Parton flavors a, b ((K_:__
* perturbative coefficent c,, , .

* renormalization and factorization scales u,

* momentum fractions Xx,, X, . @

PDF and a, are external input
Perturbative coefficients are independent from PDF and a.




Basics of QCD cross section calculation

Cross section in hadron hadron collisions in pQCD
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Application in PDF fits

For mstance ATLAS Inclusive Jet data
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A users view on (N)NLO calculations

Many (N)NLO calculations take months
(or even years) for reasonable precision

Recent developments require different
tools for e.qg. real or virtual contributions

Reqguirements for PDF fit

* Repeated cross section calculations
within O(s) or O(ms)

e Standardized format for various
processes

Several tools for specific applications
avallable

* (N)NLO program standalone
* ‘N-Tuple’ files
* Grid technigques

(N)NLO program
NLOJET++, MCFM,

BlackHat, NJet, DiffTop,
aMC@NLO, ... N-Tuple formats

Blackhat, NJet,
Binoth, ...

._,,_‘
= o '_"

Grid techniques
fastNLO, APPLgrid

Generality

Months/Years Hours Seconds
Sketch adapted from D. Maitre
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fastNLO working principle

Introduce a set of nodes | (‘grids’) g :" SEEEE
Replace PDF functions in (N)NLO code with o8
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Interpolation kernel must fulfill
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. Store coefficients in a table: O 0 |

The cross section for usage in PDF fits can be
rewritten as a simple sum
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More detalls on fastNLO

Storage of coefficients Is more general
» Scale dependent contributions are stored separately

X g, M) = ay +10g(U7 )y +10g(12 ) o +109° (17 ) g +109° (142 ) e +10g (17 ) log (17 ) e
log’s for NLO additional log’s in NNLO

« Store weights: W, Wg, We, Wrn, Wer, Wee fOr order a ™2 contributions

 This allows for free choice of renormalization and factorization scale without recalculation of
coefficients:
Two observables can be stored in table which can be employed for calculation of scales

Automated scan of the grids to phase space
* So-called ‘warm-up’ run: More detalls in hands-on session

Many other performance and memory size optimization S



Application procedure I: Table creation

(N)NLO Program

fastNLOCreate fnlo(,,steering.str®);
fnlo.SetOrderOfCalculation(int order);

fnlo.fEvent.SetProcessID(int id);

fnlo.fEvent.SetX1(double x1);
fnlo.fEvent.SetX2(double x2);

fnlo.fEvent.SetWeight(double w);
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fnlo.fScenario.SetObservable@(double pt);
fnlo.fScenario.SetObsScalel(double sl1);

O
nid
O
.
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)
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‘r”’,4 fnlo.Fill();

fnlo.SetNumberOfEvents(double nevents);
fnlo.WriteTable();

a

Program End

l

(N)NLO Result fastNLO Table

Initialize fastNLO class(es)

Pass the process specific
variables during the ‘event loop’
to fastNLO

 Order does not matter

 Many other convenient
Implementations possible

Pass all information to fastNLO

Set normalization of the MC
Integration and write table

Minimum implementation:
11 lines of code
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Application procedure |I: Evaluating tables

Evaluating requires interface to PDF library Intermediate step:

. | HAPDE Merge/Append LO tables

with NLO tables

* PDF fitting framework

» QCDNUM

Strong coupling evolution can be provided by extern al program or with shipped code

Usage In your program If you want to evaluate table file fnl1014.tab

#include <fastNLOLHAPDF.h>

[...]

// FastNLO example code in c++ for reading CMS incl.
// jets (PRL 107 (2011) 132001) with CT10 PDF set

fastNLOLHAPDF fnlo("fnll1014.tab","CT10.LHgrid",0);
fnlo.PrintCrossSections(); // Print cross section to screen
vector<double> cs = fnlo.GetCrossSection(); // Access cross sections for later usage

Standalone program(s) available: fnl o-t k-cppread or fnl o-t k-exanpl e
More options (like scaling variations,  a. settings, etc...) discussed in hands-on session
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Further information

http://fastnlo.hepforge.org/

FasthLO 15 hosted by Hepforge, IPFF Durham

fastNL.O

fast pQICD calculations far hadron-induced processes

Home Documentation Scenarios Code Interactive (maintenance) Links

General concept

The fasthLO project provides
computer code to create and
evaluate fast interpolation tables of
pre-computed coefficients in
perturbation theory for observables
in hadron-induced processes.

This allows fast theory predictions
of thezse observables for arbitrary
parton distribution functions {of
reqular shapel, renormalization or
factorization scale choices, andfor
values of alpha_siMz) as e.q.
needed in PDF fits or in
systematic studies. Yery time
consuming camplete
recalculations are thus avoided.

July 24, 2014

Small update of fastNLO Toolkit

Frerelease updated with small changes to eliminate some installation hiccups for the optional parts and to
remove some additional warnings found by other compilers. The updated package can be downloaded here,

Juby 17, 2014

Public prerelease of new fastNLO Toolkit

The new fasthLO Toolkit provides a librany with all functionality to create, fill, read, and evaluate interpolation
tables in the fasthLO format. It comes with a much improved structure that allows other programs to be interfaced
to fasttL O In addition, an example interface and code how to use MNLOjet++ with this toolkit 15 available. BEoth
packages can be downloaded from our code web pages.

Juby 16, 2014

Finally: New calculations for H1 multijets available
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Summary

fastNLO Is a tool for enabling the usage of time co  nsuming theory
prediction in (PDF) fits

It Is not a NLO program or a MC generator

For the usage of fastNLO two steps are required

1. Create table using the fastNLO toolkit code together with an (N)NLO
program (fastNLOCreate class) or download tables on
fastnlo.hepforge.org

2. Evaluate table and calculate cross sections using fastNLO stand-alone
program or use fastNLO within fitting framework (fastNLOReader class)

The usage of fastNLO tables in HERAFItter i1s explai  ned In other tutorials

More information, references and documentation Is f ound at
http://fastnlo.hepforge.org
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