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Product of the functions 

for each components

tree 

loop 

Products of functions

Integrals over indefinite momenta

Amplitude T

Amplitude T

Infinity : renormalization

Discover new particles implicitly Hard calculation



Automatic computations and event 
generators, tree level 

From Lagrangian to Feynman rules 
• LanHEP (native symbolic language) 
• FeynRules (Mathematica) 
Tree level hard process integrand generator 
• CompHEP,(Squared amplitude, many models including MSSM), CalcHEP (SM, MSSM, + many) 
• Grace (Helicity amplitudes, SM),  
• FDC (Wang)  
• COMIX (multi-leg tree level event generator, color reccursive relation, many legs) 
• AMEGIC++ (parton level generator)  
• HELAC/Phegas (dyson-schwinger)  
• O’Mega (alpha algorithm) 
General purpose mainly tree level (all decay, 2->2, 2->3, some 2->4, ISR, PS and Hadronisation) 
• Pythia++, Ariadne, MC++ 
• Herwig++ 
• Isajet 
General purpose event generators based on automatic integrand callculations 
• Whizard (O’Mega) 
• Sherpa (using Comix and AMEGIC++, CKKW, Pythia (or Pythia like) 
• Madgraph, MadEvent 
• Graceful (based on Grace, interfaced to Pythia) in progress … 
Specific set of event generators 
• Gr@ppa (Grace for matrix elements and Pythia/Herwig for parton shower/Hadronization)  
• AlpGen (multi parton generation) 
Parton shower matching 
• CKKW, POWHEG, MLM, Subtraction method (matrix element matching with shower MC)  
Event database: 
• MC database (CompHEP) 
• JETWEB 



Automatic computations and event 
generators, NLO,… 

• RESBOS (Qt resummation NLO/NNLO, no parton shower necessary) lepton distributions in Drell-Yan-like 
processes); inclusive with respect to hadronic radiation 

NLO hard process 
NLO event generators (specific processes) 
• MC@NLO (Herwig + Subtraction methods: H, single Boson, single top, lepton pairs, H +W/Z, …) 
• MCFM (full spin correlation, Wbb, …) 
• BlackHat (one-loop, W/Z+3,4 jets) 
• NLOjet++ (Catani-Seymour dipole subtraction method  
• Rocket (N-gluon amplitude, 2-q +N-g, W +2-q + N-g, W +4 q +Ng… N> 20) 
• CutTools (one-loop amplitudes at integrand level) 
• JETRAD (inclusive 1 and 2 jet production) 
• JETI 
• FeynCalc (Mathematica/Form Passarino-Veltman reduction of one-loop amplitudes to standard scalar 

integrals) FeynArt, FeynRules, … 
• Grace one-loop  
• FDC (loop)  
• Golem (one-loop amplitude up-to six legs) 
• Phox family JetPhox (inclusive /hadron+jet, Diphox (hadron production of 2 , hadron+ , hadron+hadron) 



SUSY specific and Cosmology 

Spectrum calculations (RGE codes) 
• Isasusy 
• Softsusy 
• Spheno 
• Suspect 
Amplitude calculation Tree level 
• Grace/Susy (MSSM) 
One-loop dedicated 
• Prospino 
• Hprod 
One-loop General 
• Grace-susy One-loop 
• FormCalc 
• SloopS 
Cosmology 
• Micromegas: relic density computation based on LANHEP, CALCHEP 
• DarkSusy 
• NeutDriver 
• IsaRed 
Decay code 
• HDECAY 
• NMHDECAY 
• SDECAY 
Fitters 
• Fittino 
• Sfitter 
SLHA 
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LanHEP A. Semenov  

http://theory.sinp.msu.ru/~semenov 
/lanhep.html 

FDC J.-X. Wang  
www.ihep.ac.cn/lunwen/wjx/public_html

Rule  
generator

LagrangianDatabase for 
Feynman Rule



QGRAF P. Nogueira  

http://cfif.ist.utl.pt/~paulo/qgraf.html 
GRACE T.Kaneko  

FeynArts T. Hahn  
FDC J.-X. Wang  

www.ihep.ac.cn/lunwen/wjx/public_html
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T.Kaneko, S.Kawabata, Y.Shimizu, CPC 43 (1987) 279 

also  T.Sasaki, J.Comput. Phys. 22 (1976) 189  



LHC,ILC  multi-body final states are important

multiple integration : Numerial integration (adaptive MC)

Integrand : several singularity originating from physical 

reasons (Infrared, collinear, resonance, forward angle, 

gauge cancelation, …)

How to choose variables ?  (e.g., Dubinin’s talk)

Phase space 
for final state

amplitude
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Reduction 

momentum or  
Feyman x ?

amplitude

Loop integral 
library
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Extrapolate I( l) 
and get the result when  becomes 0 
using -algorithm by P.Wynn. 







Real part 

No reduction

Imag part 

No reduction

Dispersion 
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with reduction
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GRAPE-MP project is working

5GFLOPS in quad-precision 

Test 

board
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W production @LHC(ODAKA) 

W + 0 jet

μPS = μF = mW

W + 1 jet
Non-collinear terms 

PYTHIA “new” PS 
with ME corr.  

PYTHIA “old” PS 
with ME corr.  

Conceptual study in 

S. Odaka and Y. Kurihara, Eur. Phys. J. C 51 (2007) 867; hep-ph/0702138 

My prospect at PhysSim WS 
at KEK in 2004 

Low-Q simulations by PYTHIA/HERWIG are yet to be applied. 
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Z production at Tevatron (ODAKA) 

PYTHIA for simulating soft PS (1.0 < Q < 4.6 GeV), primordial kT (<kT> = 2.0 GeV/c),  
hadronization, and decays 

Nearly perfect through the entire measurement range 

Circles: CDF, Phys. Rev. Lett. 84, 845 (2000) 

Triangles: D0, Phys. Rev. D 61, 032004 (2000)  1.12 

D0 data and simulations are normalized to the total cross section of CDF. 

This determines the peak position. 

Substantial μF dependence 

GR@PPA 2.8 + PYTHIA 6.4 

No tunable parameter in GR@PPA 
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Z production  @LHC (ODAKA) 

Solid: GR@PPA 2.8 + PYTHIA 6.421 

Dashed: PYTHIA 6.421 built-in with new PS 

Dotted: HERWIG 6.510 

We will be able to plot 

measurement results soon. 
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