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Cut-Loop diagrams
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With a specific example

Consider                         :                         e+e− → γ → uū

Loop particles are denoted with a star. When MG is asked               
for                              it gives back eight diagrams. Two of them are:                                          e+e− → u∗ū∗uū

Selection is performed to keep 
only one cut-diagram per loop 
contributing in the process                                    ≡

≡

Diag 1 = [u∗(6)g∗(5)u∗(A)]

Diag 3 = [u∗(A)u∗(6)g∗(5)]

Tags are associated to each       
cut-diagram. Those whose tags 
are mirror and/or cyc l ic 
permutations of tags of diagram 
already in the loop-basis are 
taken out.                  

Additional custom filter to 
eliminate tadpoles and bubbles 
attached to external legs. 
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MadLoop in MG4
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What it could not do

✓No four-gluon vertex at born level :

✓All born contribution must factorize the same power of all coupling orders.

✕ No finite-width effects of unstable massive particles also appearing in the loop.

✕ Handle BSM models
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aMC@NLO
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Towards full automation

OPP - CutTools

Simple Call

LesHouches

interface

MC counter-terms

MadFKS

MG4

architecture: MG V4 

processindependent

 Pythia   

 Herwig 
or

SM

MG4 SM
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What ML4 could do
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Running time: Two weeks 
on a 150+ node cluster

Proof of efficient EPS 
handling withZtt̄

Successful cross-check 
against known results

Large K-factors sometimes

No cuts on b, robust 
numerics with small PT
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ML5 two years ago...
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aMC@NLO
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full automation

architecture: MG V5 

CutTools

any OLP
or

 Pythia   

 Herwig 

FeynRules

LesH
ouch

es

inter
fac

e

UFO format

or
Process

independent

Ready for

Experimentalists !
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MadLoop V4 to V5
Great improvements

Task MadLoop V4 MadLoop V5
Generation of L-Cut diagrams, loop-basis selection ✓- ✓++

Color Factor computation ✓- ✓
Counter-term (UV/R2) diagrams generation ✓- ✓
Mixed order perturbation (generation level) ✕ ✓

File output ✓-- ✓
Drawing of Loop diagrams ✕ ✓

Full SM implementation for QCD perturbations ✓ ✓
4-gluon R2 computation ✕ ✓
Automated parallel tests ✕ ✓

Automatic sanity checks (Ward, ε-2) ✓ ✓
EPS handling ✓ (no mp) ✕

Virtual squared ✓- ✕

Decay Chains ✕ ✕

Automatic loop-model creation ✕ ✕

Complex mass scheme and massive bosons in the loop ✕ ✕/✓

✓ = non-optimal | ✓ = done optimally | ✕ = not done | ✕ = not done YET   
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MadLoop5
Synthax

Process generation

 generate	  <process>	  <born_orders>	  [<option>=<pert_orders>]	  <born_orders>	  

Ex: generate	  p	  p	  >	  W+	  W-‐	  d	  d~	  QED=2	  [virt=QCD]	  QCD=6	  QED=4	  WEIGHTED=14

➠
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Results snapshot
How faster are they generated?

Process Generation time1Generation time1 Output size2Output size2 Compilation time3Compilation time3 Running time4Running time4

d	  d~	  >	  u	  u~ 8.750 s 5.378 s 200 Kb 268 Kb 0.931 s 2.996 s 0.0088 s 0.0094 s

d	  d~	  >	  d	  d~	  g 17.04 s 104.8 s 124 Kb 1.7 Mb 4.799 s 19.181 s 0.64 s 0.74 s

d	  d~	  >	  d	  d~	  u	  u~ 22.50 s 2094 s 232 Kb 3.3 Mb 37.75 s 45.02 s 1.93 s 2.34 s

g	  g	  >	  g	  g	  g	  g 38 min ✕ 25 Mb ✕ 211 min ✕ 72 min ✕

u	  d~	  >	  w+	  g	  g	  g 123 s ✕ 1Mb ✕ 43 s ✕ 121 s ✕

u	  d~	  >	  w+	  g	  g	  g	  g 64 min ✕ 17 Mb ✕ 9 min ✕ 137 min ✕

Why ?

The MG5 from_group algorithm is already much faster for tree-level diagrams.

It is modified so that bubbles and tadpoles are not generated.

When generating diagrams for a given L-Cut particle, all previously considered 
L-Cut particles are vetoed from being loop-lines.

2 : Of the equivalent matrix.f file. 4 : Per PS points, Color/Helicity summed.
MadLoop5 = ♦1 : Process generated retaining all contribution with massive top and bottom quarks.
 MadLoop4 = ♦
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next on pipe-line

Complex mass scheme for finite-width effects

Handle unstable PS points finite with quadrupole precision

Polish event-generation along with MadFKS5

Implement output for loop-induced processes

Automatic Loop UFO Model generation with FeynRules

Decay chains specifications

Case-study SUSY ? (If not already irrelevant by then:)

Speed upgrade? (probably relevant by then:)
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NLO event samples to be showered by the user

On-line running of MadLoop4 for a single phase-space point check.
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Final Word
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True Automation is at the door

First presentation of complete SM loop model in MG5.

aMC@NLO shows that an experimental analysis fully at NLO 
done without theory support is not science fiction any more !
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