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Key Concept 
 

AUTOMATION 



• Virtual corrections 
Automatized recently: 

• FEYNARTS/FORMCALC/LOOPTOOLS (public) 
 

• HELAC-NLO (public) 

 
• MadLoop 
  
• OpenLoops 

 

• GoSam (public) 
 

 
Dedicated programs also involve high level of 

automation: 
 

[Hahn et al.] 

Automation in NLO calculations 
• Different ingredients of a NLO calculation have also different 

levels of automation according to their complexity: 
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Born Real 
corrections 

Subtraction 
terms 

Virtual 
corrections 

NLO 

NLO Revolution 

[Bevilacqua, Czakon, van Hameren, 
 Papadopoulos, Pittau, Worek,  11] 
[Hirschi,Frederix,Frixione,Garzelli, 
Maltoni,Pittau ,11] 

[Cullen, Greiner, Heinrich, GL, Mastrolia, 
Ossola, Reiter, Tramontano, 11] 

Denner-Dittmaier et al., VBFNLO (public), MCFM (public), 
NGLUON (public), BLACKHAT, ROCKET. 

[Cascioli, Maierhöfer,Pozzorini , 12] 



NLO evolution 
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• Evolution from collection of pre-coded processes… 
… to generation of full NLO processes by the user “on the fly“! 
 

• Possible thanks to pioneering works: 
• improvements on the computation of tensor integrals, 
 

 

• application of unitarity to the computation of the one loop amplitudes, 
 
 

• reduction at the integrand level. 
 

• Automation allows 
• Self-organization / Process-independent framework / Avoid human mistakes / 

Focus on Pheno 

[Binoth et al. GOLEM95; Denner, Dittmaier et al.] 

[Bern, Dixon, Kosower; Britto, Cachazo, Feng] 

[Ossola, Papadopoulos, Pittau; Ellis, Giele, Kunszt, Melnikov] 



The GoSam Project: phylosophy  
Golem (General One Loop Evaluator of Matrix elements)   

Samurai (Scattering Amplitudes from Unitarity based Reduction At Integrand level)  
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An automated amplitude generation based on Feynman diagrams 
• Based upon: 

 

Algebraic generation of D-dimensional integrands via Feynman 
diagrams 
 

Reduction at the integrand level via D-dimensional extension 
of the OPP method 
 

Generation on the fly of the full rational term 



The GoSam Project: goals 
• Main targets: 

 

• Provide an automated tool for stable evaluation of one-
loop matrix elements 
 

• Be general and model independent (QCD, EW, MSSM, …) 
 

• Interface with existing tools (MadEvent, Sherpa, 
POWHEG BOX, …) 
 

• Build upon open source tools only (next slide) 
 

• Support open standards (for interfacing) 
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The GoSam Project: the codes 
 
 

GoSam: Python package to write code (fortran95) 
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Code generation 
• Diagram generation: 
 QGRAF [Nogueira  92] 

• Algebra: 
 FORM [Vermaseren  91] 

 SPINNEY [Cullen, Koch-Janusz, Reiter 10] 

• Code generator: 

 HAGGIES [Reiter 09] 

 
 

 

 

Generated code execution 
• Loop integral reduction: 
 SAMURAI [Mastrolia, Ossola, Reiter, Tramontano 10] 

 GOLEM95 [Binoth, Cullen, Guillet, Heinrich, Pilon, 
Reiter 08] 

 PJFRY [Yundin] 

• Scalar integral evaluation: 
 AVHOLO [van Hameren] 

 QCDLOOP [Ellis, Zanderighi] 

 GOLEM95C [Cullen, Guillet, Heinrich, Kleinschmidt, 
Pilon, Reiter, Rodgers 11] 

 All codes in gosam-contrib package Yellow codes distributed separately 



3-Steps to the Loop Amplitude 

Code set-up 

• Python program writes code files from template 
• QGRAPH writes structure of diagrams 

Code creation 
and compilation 

• Fortran code is compiled and amplitudes are written 
• FORM & SPINNEY read and manipulates amplitudes 
• HAGGIES optimizes expressions and writes fortran code 

Code execution 

• Fortran code computes amplitudes 
• SAMURAI/GOLEM95/… called to reduce integrals 
• AVHOLO/QCDLOOP/… called to evaluate scalar integrals 
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Reduction methods 

• SAMURAI  
 [Mastrolia, Ossola, Reiter, Tramontano 10] 

 
• Tensorial integrand-level reconstruction 
 [Heinrich, Ossola, Reiter, Tramontano 10] 

 with 
• GOLEM95C [Binoth, Cullen, Guillet, Heinrich, Kleinschmidt, Pilon, Reiter, Rodgers  11] 

• SAMURAI  [Mastrolia, Ossola, Reiter, Tramontano 10] 

• PJFry          [Yundin] 
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Reduction 
method can 

be choosen at 
runtime 



Reduction: strategies 
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Start 

End 

reduction = 0,2 
reduction = 3,4 

Samurai 

reduction = 0 
or test ok 

yes 

yes 

Tensorial 
reconstruction 

Golem95C 
or 

 PJFry 

Samurai 
(recon. numerator) 

yes 

reduction = 3 
or test ok 

yes 



Reduction: strategies 
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Start 

End 

reduction = 0,2 
reduction = 3,4 

Samurai 

reduction = 0 
or test ok 

yes 

yes 

Tensorial 
reconstruction 

Golem95C 
or 

 PJFry 

Samurai 
(recon. numerator) 

yes 

reduction = 3 
or test ok 

yes 

Rescue system: 
 

Check of the single pole 
with the IR single 

-> if difference above a 
threshold re-evaluate 
amplitude using the 

numerical tensor integrals 
(golem95c) 



A Walk through GoSam… 

• GoSam as a standalone code 
 

• Interfacing with an external Monte Carlo 
program: 
• The BLHA-interface 

  Sherpa | Powheg Box | … 

• An example with Sherpa/Powheg Box 
• The GoSam+Sherpa process packages 
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[Comput.Phys.Commun. 181 (2010) 1612-1622, 
arXiv:1001.1307 [hep-ph]] 



GoSam standalone: input card 
• Preparation of the input card “myprocess.rc“: 
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#!/bin/env /mt/home/luisonig/bin/gosam.py 
 

process_name=ttH 
process_path=./ttH_virtual 
 

#### physics options  ##### 
 

in=g,g                       # accepts also PDG codes 
out=H,t,t~ 
order=gs, 2, 4 
 

model=smdiag  
model.options= masses: mT mH, width: none, \  
      alpha: 0.0072973525376, mZ: 92.0584, mW: 80.376, \ 
      mT: 172.6, mH: 130.0, Nf:5, Nfgen:1 
 

zero=mU,mD,mC,mS,mB,wT,wB,wW,wZ,wH 
one=gs,e 
symmetries=family,generation 
helicities=[+-][+-]0[+-][+-] 
 

qgraf.options=onshell,notadpole,nosnail 
qgraf.verbatim=true=iprop[D,S,C,B, 0, 0] 

Look for example at  
Higgs-top-antitop production 

Models can be imported  
from FeynRules or LanHEP 

Specify which parameters should be  
set ALGEBRAICALLY to zero or one 

Options on helicity and 
loop diagrams 



GoSam standalone: input card 
• Preparation of the input card “myprocess.rc“ (continued): 
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#### program options #### 
 
extensions=samurai, golem95, dred 
 
# abbrev.level=helicity  # group , diagram 
# abbrev.limit=0 
 
form.bin=tform 
form.tempdir=/tmp 
fc.bin=gfortran -O2 
 
samurai.fcflags=-I${HOME}/include/samurai 
samurai.ldflags=-L${HOME}/lib/ -lqcdloop -lavh_olo \ 
 –lsamurai 
samurai.version=2.1.1 
 
golem95.fcflags=-I${HOME}/include/golem95 
golem95.ldflags=-L${HOME}/lib/ -lgolem  
 

Several other extension and options 
available. 

 For further details check our user 
manual: 

http://www.hepforge.org/archive/gosam/gosam-1.0.pdf 



GoSam standalone: generation/compilation 

• Generate code and compile 
$ gosam.py  myprocess.rc python code generates fortran95 code 
$ make source Form & Haggies process diagrams to write code 
$ make compile fortran95 code in compiled 
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GoSam standalone: documentation 
• Check produced code with automatic 

generated documentation before the 
full generation/run 
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• Documentation contains information 
about  

• the generated helicities 
• the colour basis 

 
 

• Loop diagrams are grouped into sets 
of diagrams which share loop 
propagators 



GoSam standalone: documentation 
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GoSam standalone: code ready to use 
• Contributions divided in directories by helicity 

 
 
 
 

• Many running options in common/config.f90 
• Model parameters in common/model.f90 
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Generated code comes with test.exe 
routine which allows to check cancellation of 
poles with built-in integrated dipoles: make 

test.exe 

Output of test.exe: 
#               LO:  0.6918083437862626E-04 
# NLO, finite part:   17.78339386183546     
# NLO, single pole:  -9.484483151742308     
# NLO, double pole:  -6.000000000000000     
# IR,  single pole:  -9.484483151741490     
# IR,  double pole:  -5.999999999999999     
#  Time/Event [ms]:                 280.000 



Example: pp    H t t 
Generation time: 1h 20min           Compilation time: 3h 6min                  Time for 1 PS point: 280 ms 
 

Machine:  Intel Core Quad CPU Q6600 @ 2.4 GHz / 6 GB RAM 
 

Process generated in DRED and converted to CDR at runtime 
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Comparison with MadLoop  [Hirschi,Frederix,Frixione,Garzelli, Maltoni,Pittau 11] 



GoSam: further tested calculations 
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with massive b‘s 

with massive b‘s 

EW corrections 

plus a large number of 2 to 2 processes 



GoSam: interface with MC 
• GoSam supports the Binoth-Les-Houches-Accord (BLHA) 

standards to interface with Monte Carlo generators: 
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Born Real corrections 

Subtraction  
terms Virtual corrections 

• Monte Carlo program: 
 Born / real corr. / sub. terms 

 

• One-loop Program (OLP): 
 virtual corr. 

 

• Pre-runtime comunication via 
“order“ and “contract“ files 
 

• At runtime: 
• OLP_Start() 
• OLP_EvalSubProcess() 

[arXiv:1001.1307 [hep-ph]] 



BLHA-interface: order & contract 
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In practice: GoSam+ Sherpa 

• Few steps needed to compute e.g. Z+1 jet @NLO: 
• Prepare Sherpa card according to your need and run it once 

• The “order“ file and the necessary tree-level code is generated 
 

• Run GoSam feeding the “order“ file and a configuration file with 
further needed inputs (paths / filtering options / …) 

 
 

• After the virtual code is set up, generate and compile it with 
configure / make / make install 
 

• The produced library libgolem_olp.so must be added to the 
SHERPA_LDADD option in the Sherpa card 
 

HAVE FUN WITH PHENOMENOLOGY 
G.Luisoni, 4th September 2012 

High level of 
automation and 

optimization in the 
generated code 

[In collaboration with M.Schonherr] 



In practice: GoSam+ Sherpa 
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Order file Contract file 

GoSam produces 
only the code 
strictly needed 
avoiding 
redundancies and 
exploiting crossing-
symmetry 



GoSam+Sherpa vs MCFM: W+1 jet  
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NUMBER OF EVENTS: 
 Born  :    5'000'000 x 5 
 Real   :  50'000'000 x 5 
 Virtual:   5'000'000 x 5 

PHYSICS: 
 LHC 8 TeV 
 
Cuts 
 pt_jet  > 20 GeV 
 eta_jet < 4.0 
 kt_alg, R=0.7 
 
Scale H_T 
 
PDFs cteq6mE.LHgrid 

TIMINGS: 
Set-up 
 Virtual: < 10 sec 
Generation & Compilation 
 Virtual: < 2 min 
Running  
Born   : ~10 min Real   : ~ 4h 20 min                Virtual: ~ 1h 10 min 
 
Machine Intel(R) Core(TM)2 Quad CPU    Q6600  @ 2.40GHz  

MCFM:   
 ncalls1/2: 100’000 
 itmx1/2: 10 
 time: 1h 18 min 



GoSam+Sherpa vs MCFM: W+ + W- 
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NUMBER OF EVENTS: 
 Born  :    5'000'000 x 5 
 Real   :  50'000'000 x 5 
 Virtual:   1'000'000 x 5 

PHYSICS: 
 LHC 8 TeV 
 
Cuts 
 no cuts in jets 
 
Scale 80 GeV 
 
PDFs cteq6mE.LHgrid 

TIMINGS: 
Set-up 
 Virtual: < 30 sec 
Generation & Compilation 
 Virtual:  <20 min 
Running  
Born   : ~15 min Real   : ~ 4h 20 min       Virtual: ~ 1h 35 min 
 
Machine Intel(R) Core(TM)2 Quad CPU    Q6600  @ 2.40GHz  

MCFM:   
 ncalls1/2: 600’000 
 itmx1/2: 10 
 time:  ~3h  



GoSam+Sherpa vs MCFM: W- + bb massive 
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NUMBER OF EVENTS: 
 Born  :    5'000'000 x 5 
 Real   :  50'000'000 x 10 
 Virtual:   5 '000'000 x 10 

PHYSICS: 
 LHC 8 TeV 
 
Cuts 
 pt_miss  > 20 GeV 
 pt_lepton > 10 GeV 
 inclusive in jets 
 
Scale H_T 
 
PDFs cteq6mE.LHgrid 

TIMINGS: 
Set-up 
                       Virtual: < 10 sec 
Generation & Compilation 
                       Virtual:  ~ 22 min 
Running  
Born   : ~9 min Real   : ~ 5h 20 min Virtual: ~ 11h 
 
Machine Intel(R) Core(TM)2 Quad CPU    Q6600  @ 2.40GHz  

MCFM:   
 ncalls1/2: 100’000 
 itmx1/2: 10 
 time:  ~7h 10 min 



GoSam+Sherpa vs Melia et al.: W+W+ + 2 jets  
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NUMBER OF EVENTS: 
 Born   :    1'000'000 x 5 
 Real   :   50'000'000 x 5 
 Virtual:    1'000'000 x 5 

PHYSICS: 
 LHC 14 TeV 
 
Cuts 
 pt_lep  > 20 GeV 
 |eta_lep| < 2.4 
  pt_miss  > 30 GeV 
 antikt_alg, R=0.4 
 
Scale 150 GeV 
PDFs MSTW2008nlo.LHgrid 

TIMINGS: 
Set-up 
 Virtual:  ~1 min 
Generation & Compilation 
 Virtual: ~ 5h 45 min 
Running  
Real    : ~ 14h 15 min Born+Virtual: ~ 14h 40 min 
 
Machine Intel(R) Core(TM)2 Quad CPU    Q6600  @ 2.40GHz  

Comparison with: 
Melia, Melnikov,  
Roentsch, Zanderighi; 
JHEP 1012 (2010) 053; 
[arXiv:1007.5313] 



NLO analyses with Rivet 
• Easy to perform phenomenological NLO analysis 

using e.g. GoSam+Sherpa in association with Rivet 
• LH-uncertainty study of W+1 jet    [LH2011-proceedings] 
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!!CAUTION!! 
Rivet cannot account for 

correct NLO statistical 
error (yet) 



GoSam+Sherpa Process Packages 
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http://gosam.hepforge.org/proc/ • Interface with Sherpa 1.4.0 (March 2012) 
via BLHA-interface (--enable-lhole) with a 
little additional patch. 
 

• Installation details on the webpage 

• Only 3 steps for NLO: 
• download 
• un-tar package 
• run ‘makecode‘ script 

• Script for plots is also attached  
• Example of interface with Rivet 
• Soon possibility to shower 
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GoSam+Powheg Box 
• Powheg Box - GoSam interface developed recently 

 

• Test examples against existing processes in the Powheg Box: 
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[In collaboration with C.Oleari and P.Nason] 



BSM physics with GoSam 

• New models can be added via  
FeynRules (UFO)[Christensen, Duhr]  LanHEP [Semenov] 
 

• Allows to compute one-loop corrections also for BSM 
phenomenology 

 
• Example:                                in MSSM  
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[Figure by G.Cullen and N.Greiner ] 

Veto:   
 pt_jet > 20 GeV 
 eta_jet < 4.5 
 
Scale Mz 



Conclusions and Outlook 
• GoSam is a code for the computation of one-loop multi-leg amplitudes 

• Based on Feynman diagrams 
• Uses D-dimensional reduction tecniques 
• Flexible and broadly applicable tool 
• Public 
• Easy to interface with MC event generator to perform full NLO calculations: 

• so far interfaced with: 

 
 
• Possibilities for precision studies using NLO parton-level matched with parton-

shower and with hadronization effects just around the corner 
• Possible to steer everything by just editing a single input card 

 

• We look forward to interfacing with other tools 
and performing NLO analyses for the LHC 
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http://gosam.hepforge.org/ 

SHERPA POWHEG BOX 



Backup slides… 
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Reduction methods: Samurai [default] 

• OPP reduction algorithm 
• D-dimensional extension 
• Coefficient of polynomials via DFT  
• Computation of the full rational term in one go 
 

For any one-loop amplitude: 

 
 
 
Result of integration can be expressed as linear combination of scalar integrals:  
boxes, triangles, bubbles, tadpoles and rational terms 
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[Ossola, Papadopoulos, Pittau 07] 

[Ellis, Giele, Kunszt, Melnikov 08] 

[Mastrolia et al. 08] 

[Internal GoSam algebraic handling] 

; ; 

; 

Integrals with       in 
the numerator 

[Mastrolia, Ossola, Reiter, Tramontano 10] 



Reduction methods: Tensorial Reconstr. 
• Tensorial reconstruction convoluted with tensor integrals: 
Rewrite numerator function as linear combination of tensors 

 
 
 
 
Determine the coefficients by sampling in       in a bottom-up approach 
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if then 

; 

4 systems, each sampling a monomial depending on one component of        only 

Allows to avoid 
numerical 

instabilities due to 
vanishing Gram 
determinants 

[Heinrich, Ossola, Reiter, Tramontano 10] 



Derive & Numpolvec 

• The latest version of GoSam also implements two new 
features to improve speed and precision:  
• derive: computes the numerator by expanding in a Taylor series 

 
 
 
  

 one-to-one correspondence between derivatives at             and the 
coefficients of the tensor integrals 

 

• numpolvec: uses numerical polarization vectors for external massless 
gauge bosons 

• This allows to reduce the code by generating only few helicities 
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OPP 
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[F.Tramontano 11] 



OPP 
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[F.Tramontano 11] 



OPP 
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[F.Tramontano 11] 



Rational term 
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[F.Tramontano 11] 



Rational term 
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[F.Tramontano 11] 



Precision tests 
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[G.Ossola EPS2001] 



W+W- + 2 jets @ NLO with GoSam 
• Part A: no 3rd gen. quarks in fermion loops and VB  attached to closed fermion loops, 
• Part B: VB attached to closed fermion loops, 
• Part C: 3rd gen. quarks in the loops. 
 
 
• No b quarks in both initial and final state 
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[Melia, Melnikov, Rontsch, Zanderighi 11] 

previously unknown 

[Greiner, Heinrich, Mastrolia, Ossola, Reiter, Tramontano 12] 

Part A: Part B: Part C: 



W+W- + 2 jets @ NLO with GoSam 
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[Greiner, Heinrich, Mastrolia, Ossola, Reiter, Tramontano 12] 



GoSam as standalone code 
• When the full code is ready: 

 
 
 
 
• Contributions divided in directories by helicity 
• Many configuration switches (renorm/scalar loop/reduction strategy) in 

   common/config.f90 

• QCD renormalization fully done 
• different parts can be steered from common/config.f90 
• different renormalization schemes implemented (DRED/tHV): can partially convert from one 

to another at runtime (DRED -> CDR) [DRED= dim. reduction, CDR= conv. Dim regulariz., tHV= tHooft-Veltman] 

• Yukawa coupling renormalization is missing! 

• Model parameters in common/model.f90 
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Approching the Gram 
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[Heinrich, Ossola, Reiter, Tramontano 10] 
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