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Track3
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(and several Plenary presentations)

Advanced Computing and 
Analysis Techniques 
in Physics Research
… Most talks are on HEP.
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The Art of pert.QCD
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GOOD TALKS! PLEASE LOOK SLIDES ON WEB

[6] Andrei KATAEV Higgs bbbar decay at NNLO and 
beyond : the uncertainties of QCD predictions
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[181] Thomas BINOTH LHC phenomenology at next-to-
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[181] Thomas BINOTH LHC phenomenology at next-to-
leading order QCD: theoretical progress and new results

Good review & GOLEM project including



Unitarity method

[206]W.Perkins Unitarity Methods for 1-loop amplitude

Boxes: quad cut, algebra Boxes: quad cut, algebra 
Triangles: triple cut leaves a 1 param. integral 
Bubbles: double cut leaves 2 param. integral
Numerical Implementations
CutTools    BlackHat

•Canonical basis approach produces clean expressions
•Already used extensively for 6 gluon scattering



Unitarity Method vs Feynman

colour ordered N-gluon amplitudes:
• unitarity based method 
～ τ(Tree) × τ(# cuts) ～ N9

• Feynman diagrams
～ τ(#Formfactors) × #Diagrams  ～Γ(N) 2N
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T.Binoth

～ τ(#Formfactors) × #Diagrams  ～Γ(N) 2N

• asymptotic behaviour not relevant for LHC 
region N ≤ 8
• for LHC both methods can/will do the job!

Multiloop, massive particles

•Unitarity method … In progress

•Feynman diagrams … established, not easy



Automated systems

Increasing collider energy and luminosity require calculations of processes 
with more and more particles in the final state 
with better and better precision
→ large scale computation
→ beyond man power (Human sometimes mistakes!)→ beyond man power (Human sometimes mistakes!)

[209]A.Sherstnev Monte-Carlo event generator 
CompHEP (version 4.5)
[226]Y.Kurihara Recent developments of GRACE
[216]T.Hahn FormCalc 6
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CompHEP
Goals:

•Automation of tree level diagram calculations
•“Unification” of symbolical and numerical calculation a full 
computational chain for phenomenologists
•Interfacing to other generators (for showering and 
hadronization) and further (full simulation)

Sherstnev

hadronization) and further (full simulation)
•Interfacing to NLO codes: cross section calculators, mass 
spectrum calculators
Flexibility for New (user-defined) Models
LanHEP – a program for generation of Feynman rules for user-defined model 
(developed by A.Semenov)
Works with super-multiplets and superpotential 
Generates all needed files for CompHEP (also FeynArts and LaTeX format)
Options for self-checking (charge conservation, BRST invariance, etc.)
Has been used for CompHEP SUSY models and many other BSM models



GRACE

•GRACE (EW, QCD, MSSM) 
tree-level computation,  available from GRACE Web

•GRACE/SUSY/loop  EW/MSSM 1-loop processes 
RC for ILC Higgs physics,  RC for *ino decay

• NLO-QCD event generators in GRACE

Kurihara

• NLO-QCD event generators in GRACE
toward full automation for QCD processes 
(based on subtraction method, phase-space slicing)

• NLO event generators in GR@PPAframework
• Tool development (other talks)



Feynart/Calc 
New Features in Version 6
• Intermediate FORM expressions get sent to 
Mathematica for abbreviations  significant size 
reduction.
• Code can be generated for the CutTools library.
• New Functions for registering abbreviations and 
subexpressions allow to `resume' sessions.
• Improvements in 4D Dirac chains for analytical 

Hahn

• Improvements in 4D Dirac chains for analytical 
purposes (choice of ordering, antisymmetrization).
• New MultiCore Package parallelizes Mathematica 
evaluations



Loop world

[196] Takahiro UEDA New implementation of the sector 
decomposition on FORM

[170] Tord RIEMANN New results for loop integrals

[194] Fukuko YUASA Numerical Evaluation of 
Feynman Integrals by a Direct Computation Method

Loop calculation is the key tool for higher order computation.
Many trial  can be possible… including experimental stage…



Sector decomposition

Numerical Results given

Use symbolic manipulation 
program FORM
overcome the memory problem

Numerical Results given



An example of results
Ueda



T.Riemann

hexagon.m – A new code for algebraic reduction of one-loop 
tensor integrals to scalar 2-,3-,4-point functions [new]

CSectors.m – Use sector decomposition to tensor integrals − 
numerical approach [an interface]numerical approach [an interface]

AMBRE.m – Derive Mellin-Barnes representations for multi-
loop tensor integrals without restriction to the loop-by-loop-
method [an update]



Riemann

Numerical example of  hexagon.m



“Direct” Computation Method
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Take ε 0.  Integrand : Hyperfunction

Keep εfinite. Purely numerical evaluation possible.

Estimate ε 0 limit from I[ εj] series.

Numerical Integration
• DQAGE in QUADPACK
by E. de Doncker et al.
• Double Exponential formulas (DE)

εextrapolation
•Wynn’s epsilon algorithm
•Aitken extrapolation

Parallel computation is introduced and tested scalability.



Yuasa



DIS, Moments, Sums…

[56] Mikhail ROGAL Computational aspects for three-loop 
DIS calculations

[180] Johannes BLUEMLEIN  From moments to functions in 
higher order QCD

[207] Yoshimasa KURIHARA Numerical calculations of [207] Yoshimasa KURIHARA Numerical calculations of 
Multiple Polylog functions



3-loop DIS Rogal



From Moments to Functions in Higher Order QCD

•Single Scale quantities depend on a scale z ∈ [0, 1], with z a ratio of Lorentz
invariants. One may perform a Mellin Transform over z

• Here one assumes N ∈ N,N > 0. 
Due to this the problem on hand becomes discrete.
• One may seek a description in terms of difference equations.

Problem: Rreconstruct the general formula for Single Scale quantities out of aProblem: Rreconstruct the general formula for Single Scale quantities out of a
finite number of fixed moments.
• Possible for recurrent quantities.
Design a general formalism to solve the problem

Example: Harmonic Sums or linear combinations



Application to 3-Loop Anomalous 
Dimensions and Wilson coefficients

Bluemlein



Multiple polylogarithm function
Multiple Polylog functions are often appered in the higher 
loop calculations.
Fast and numericaly stable evaluation for MPLs is highly 
desireble.

w=weight
=sum of wj

n=deapth



Mathematica
•Generation of MPL formula
•Integrate first variable
•Partial Fractioning
•Transformation
FORTRAN
•Numerical integration of NCI Procedure

Numerical evaluation of MPLs
Kurihara



[38] mikhail KALMYKOV Feynman Diagrams, 
Differential Reduction and Hypergeometric Functions

Hypergeometric Functions
• as an integral of the Euler or Mellin-Barnes type;
• by a series whose coecients satisfy certain recurrence relations;
• as a solution of a system of dierential and/or dierence equations    

(holonomic approach).

Application to Feynman diagrams: a few examplesApplication to Feynman diagrams: a few examples
•The all-order ε-expansion of the one-loop propagator with an arbitrary 
values of masses and external momentum  in terms of Nielsen polylog.

A.I.Davydychev, 1999; A.I.Davydychev & M.K., 2000, 2001;
•The term linear in ε for the one-loop vertex diagram with onexceptional 
kinematics in terms of Nielsen polylogarithms

Nierste, Mueller, Boehm, 1993
•The all-order ε-expansion for the one-loop vertex with non-exceptional 
kinematics in terms of multiple polylogarithms of two variables:

Davydychev, 2006; Tarasov, 2008





FORM: parallelize
[39] Mikhail TENTYUKOV Current status of FORM 
parallelization



Both ParFORM and TFORM are able to execute almost all 
FORM programs in parallel.
ParFORM supports more hardware architectures.   

TFORM supports parallelization of more FORM features.
ParFORM requires MPI, 

TFORM doesn’t: much easy to deploy.
TFORM is optimal for parallelization on small (<=8) TFORM is optimal for parallelization on small (<=8) 
number of CPUs. 

ParFORM is optimal for parallelization on large (>=6) 
number of CPUs.
The present development model inspired: new features 
first appear in TFORM and then in ParFORM.



ＬＨＣ generators

[41] Paolo BARTALINI The Monte Carlo generators in 
CMS

[8] Mikhail KIRSANOV Development, validation and 
maintenance of Monte Carlo event generators and maintenance of Monte Carlo event generators and 
generator services in the LHC era

[61] Sergey BELOV LCG MCDB and HepML, next step 
to unified interfaces of Monte-Carlo Simulation

CMS group
(Feature of ATLAS group is also referred sometimes.)



Physics requirements
Extra gluon emission described with ME at the highest Extra gluon emission described with ME at the highest 
possible order (+matching). Spin correlations neededpossible order (+matching). Spin correlations needed

Interface to dedicated tools may be needed. Interface to dedicated tools may be needed. 
Tuning with data is essentialTuning with data is essential

The MC description The MC description 
of LHC events isof LHC events is

tremendously tremendously 
complexcomplex

Interface to dedicated tools may be Interface to dedicated tools may be 
needed. Tuning with data necessaryneeded. Tuning with data necessary

MPI desirableMPI desirable
Tuning with data neededTuning with data needed

Other desirable features, from the experimentalist’s viewpoint:Other desirable features, from the experimentalist’s viewpoint:
• output in the Les Houches standard format • output in the Les Houches standard format 
• as much complete as possible coverage of SM phase space• as much complete as possible coverage of SM phase space
• user friendly inclusion of new physics signals• user friendly inclusion of new physics signals
• support• support 



MC Production: choice of the reference generators

The CMS way:The CMS way: MadGraphMadGraph+PYTHIA+PYTHIA as a reference as a reference 
ME generator for both SM and BSMME generator for both SM and BSM
→ → can treat all phase space coherently, including SM+BSM interferencescan treat all phase space coherently, including SM+BSM interferences
→ → do not give up higher leading order  matched QCD contributiondo not give up higher leading order  matched QCD contribution
→ → flexibility of including any new physicsflexibility of including any new physics

Matching: here pass events Matching: here pass events 
to experiment softwareto experiment software

Definition of different portions of Definition of different portions of 
phase space in collaboration withphase space in collaboration with the the 
MadGraph/MadEvent team, with MadGraph/MadEvent team, with 
theorytheory--validated LHE files and validated LHE files and 

+ Use ALPGEN+ Use ALPGEN+PYTHIA+PYTHIA and and 
MCatNLOMCatNLO+HERWIG+HERWIG as primary as primary 
comparisons for the analysescomparisons for the analyses

Further details here:Further details here: http://cp3wks05.fynu.ucl.ac.be/twiki/bin/view/Library/MadGraphSampleshttp://cp3wks05.fynu.ucl.ac.be/twiki/bin/view/Library/MadGraphSamples

theorytheory--validated LHE files and validated LHE files and 
corresponding binaries for Monte corresponding binaries for Monte 
Carlo productions.Carlo productions.
→ → Agree on the file contents (processes, Agree on the file contents (processes, 
cuts, settings)cuts, settings)

Large scale SM Production successfully Large scale SM Production successfully 
accomplished in 2008, now moving accomplished in 2008, now moving 
toward the BSM points using the same toward the BSM points using the same 
tools/procedurestools/procedures



KIRSANOV

GENSER2 and MCDB in production
Level 1 validation package TESTS in GENSER tests

all available generators
RIVET and MC-TESTER are also used for the

generators validation
New cross-platform tools (PKGSRC, Autotools) are

being evaluated



LCG Monte-Carlo Data Base (MCDB)
– provides storage, bookkeeping and access to MC simulated events
– numerous ways to access both MC data and metadata
– way to automatize passing data from ME to SH generators
• HepML
– schemes and libraries; automatic documentation of MC samples
– usage inside LHEF-formatted event samples
• LCG MCDB + HepML + LHEF

OUTLINE
BELOV

LCG MCDB Knowledge Base is already in use
• APIs for MCDB and HepML are available
• Detailed documentation allows users and experts
easily begin to work with LCG MCDB
• Using MCDB + HepML allows to make Monte-Carlo 
simulation more automatic and reliable

STATUS



SANC

[33] Vladimir KOLESNIKOV Standard SANC Modules

[31] Andrej ARBUZOV Radiative corrections to Drell-Yan 
like processes in SANC

Support of Analytic and Numerical Calculations for 
Experiments at Colliders
Computer system for semi-automatic calculations of realistic and pseudo-
observables for various processes of elementary particle interactions from 
the SM Lagrangian to event distributions at the one-loop precision level
 FORM+FORTRAN modules



QCD/EW  corrections for Drell-Yang by SANC



Rivet & Professor

[187] Andy BUCKLEY Tools for systematic event 
generator tuning and validation
Rivet itself is primarily a library of tools (event shape calculators,
jet algorithms, various definitions of a final state, . . . ) and a
growing collection of analysis routines which use them.

•Calculation tools (“projections”) automatically cache their results
•Histograms can be auto-booked from the reference data files 
•User analyses can be loaded at runtime as plugins

Professor Search “best” parameter set for a generator:
uses Rivet analyses to sample generater in multi- parameter spaces, 
interpolate the results, and predict optimal tunes.



Pythia 6 – new tuning: Tevatron

Some 
examples



GEANT4 upgrade
[17] Vladimir IVANTCHENKO Recent Progress of 
Geant4 Electromagnetic Physics and Readiness for the 
LHC Start

[37] Vladimir IVANTCHENKO Hadronic Physics in 
Geant4: Improvements and Status for LHC StartGeant4: Improvements and Status for LHC Start

Geant4 is a toolkit for simulation of particle transport and interaction with matter
Includes components for LHC and other applications:
Geometry
Tracking in electromagnetic fields
Physics interactions
Scoring and interfaces
Visualization



New EM physics available with G4 9.2

• Updated models for ionisation for hadrons/ions
• Relativistic bremsstrahlung model for electrons 

and positrons with E > 1 GeV
• Hadron-induced bremsstrahlung and e+e-pair • Hadron-induced bremsstrahlung and e+e-pair 

production 
• Updated positron annihilation to hadrons
• Tuned model for electron multiple scattering
• Alternative model for muon-multiple scattering

Coming December 2008





Geant4 hadronic physics 

General hadronic processes:
• Elastic
• Inelastic
• Neutron capture
• Neutron fission
• Lepton Lepton-nuclear
• Capture at rest• Capture at rest
• Charge exchange

Main recent developments focused on LHC test-beam problems:
• Quasi Quasi-elastic for longitudinal shower shape
• FTF(Fritiof: a classical string) model reviewed
• Bertini cascade  reviewed
• PreCompound reviewed
• Deexcitation reviewed





General research ( HEP )

[59] S.Zub Mathematical model of magnetically interacting 
rigid bodies
Poisson structure for two magnetic-interacting bodies
Computational modeling in  Maple/MatLab
The Hamiltonian formalism has been developed which results in a contact-free 
form of equations of motion for a system of magnetically interacting bodies.form of equations of motion for a system of magnetically interacting bodies.

[0] S.Bityukov Two approaches to Combinig Significance
Suppose one experiment sees a 3-sigma effect and another experiment
sees a 4-sigma effect. What is the combined significance?
Stouffer’s method (inverse normal method)
The combining significances works for significances which obey the normal 
distribution.



High precision computing
[166] David BAILEY High-Precision Arithmetic 
and Mathematical Physics

Interesting review for the 
software status and MANY 
examples which require HIGH 
precision.

And by many authors here in ACAT, the 
necessity of HIGH precision is demanded.

Wish commercial hardware to support QUAD or more!

Binoth: Blackhat use of multi-
precision library for a few percent 
of phase space points

Yuasa: quadruple precision by 
Fortran Compiler
octuple and higher precision with 
HMLib



Final words
Many good works presented in ACAT2008, Track3, 
Methodology of Computations in Theoretical Physics

LHC=Long and Hard Calculation   (T.Binoth)

Thank you for the organizers!

Wait and see next ACAT

Let’s work and bring results 
to next ACAT!


