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Type of generation

Fix Order

+Parton 
Shower

Merged !
Sample
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• MadWidth: Computation of the width!
• MadSpin: Decay with full-spin correlation!
• MadAnalysis5: Plotting interface!
• SysCalc: Computation of uncertainty!
• MadWeight: Matrix-Element Method!
• ….

7
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• Main production 
mechanism for Higgs & 
Higgs associated 
processes!

• Contribution for NNLO 
computation!

• Correction to shape 
of observables

10

Loop Induced

• The phase-space 
integration is based 
on the born diagram!

• Loop evaluation are 
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• Need Leading Color 
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writing Events 
associated to the 
loop !
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Loop Induced

• The phase-space 
integration is based 
on the born diagram!

• Loop evaluation are 
extremely slow!

• Need Leading Color 
information for 
writing Events 
associated to the 
loop !

!

Difficulties? Solution
• Use Effective Field 
Theory (=> Tree)!

• And correct the mass 
effect!

!

!

!

W
new

=
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new

|2

|M
old

|2 ⇤W
old

• Difficult control on 
numerical uncertainty!

• Wrong Leading Color 
information/helicity!

• Not generic!
!
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Exact Integration

•The phase-space 
integration is based 
on the born diagram!

•Loop evaluation are 
extremely slow!

•Need Leading Color 
information for 
writing Events 
associated to the 
loop !

!

Difficulties? Solution

•Contract the loop to 
have tree-level 
diagrams which drive 
the integration multi-
channel!

•Use Monte-Carlo over 
helicity!

•Increase parallelization!
•Compute the loop with 
the color flow algebra!

!
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Exact Integration
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•generate g g > h [QCD]!
•output!
•launch

13

First Example: g g> h
User Input

HEFT

Loop Induced
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•Higgs Production up to two loop!
➡ not considering the VBS production

15

Matched/Merged
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Other Processes
Triple Higgs @100TeV Charge Pair Production

Same Sign Top
�
loop

= 2.23(1)10�15pb

g g > g a   &  g g > g g a
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• 2 to 2 processes: OK on a laptop!
• 2 to 3 processes: OK on a small size cluster!
• 2 to 4 processes: Specific case

17

Status

Process Syntax Cross section (pb)
Single boson + jets 13 TeV

a.1 pp!H p p > h [noborn=QCD] 17.77± 0.060 +31.3%
�23.1%

+0.7%
�1.0%

a.2 pp!Hj p p > h j [noborn=QCD] 14.82± 0.010 +43.9%
�28.4%

+0.6%
�0.9%

a.3 pp!Hjj p p > h j j [noborn=QCD] 8.807± 0.010 +65.3%
�36.9%

+0.8%
�1.0%

a.4 gg!Zg g g > z g [noborn=QCD] 51.80± 0.050 +46.3%
�29.4%

+0.7%
�1.1%

a.5 gg!Zgg g g > z g g [noborn=QCD] 0.0 0%
0%

0%
0%

a.6 gg! �g g g > a g [noborn=QCD] 0.0 0%
0%

0%
0%

a.7 gg! �gg g g > a g g [noborn=QCD] 0.0 0%
0%

0%
0%

Table 1. Discuss litterature

Process Syntax Cross section (pb)
Double bosons + jet 13 TeV

b.1 pp!HH p p > h h [noborn=QCD] 1.547± 0.002 · 10�2 +29.5%
�21.4%

+1.3%
�1.3%

b.2 pp!HHj p p > h h j [noborn=QCD] 0.0 0%
0%

0%
0%

b.3 pp!H�j p p > h a j [noborn=QCD] 0.0 0%
0%

0%
0%

b.4 gg!HZ g g > h z [noborn=QCD] 6.180± 0.010 · 10�2 +28.7%
�20.9%

+1.1%
�1.2%

b.5 gg!HZg g g > h z g [noborn=QCD] 0.0 0%
0%

0%
0%

b.6 gg!ZZ g g > z z [noborn=QCD] 1.182± 0.003 +26.5%
�19.8%

+0.7%
�1.0%

b.7 gg!ZZg g g > z z g [noborn=QCD] 0.0 0%
0%

0%
0%

b.8 gg!Z� g g > z a [noborn=QCD] 1.211± 0.006 +29.2%
�21.7%

+0.8%
�1.1%

b.9 gg!Z�g g g > z a g [noborn=QCD] 0.0 0%
0%

0%
0%

b.10 gg! �� g g > a a [noborn=QCD] 5.119± 0.007 · 10+2 +68.8%
�42.0%

+1.1%
�1.5%

b.11 gg! ��g g g > a a g [noborn=QCD] 0.0 0%
0%

0%
0%

b.12 gg!W+W+
g g > w+ w- [noborn=QCD] 3.698± 0.010 +26.0%

�19.4%
+0.7%
�1.0%

b.13 gg!W+W�g g g > w+ w- g [noborn=QCD] 0.0 0%
0%

0%
0%

Table 2. Discuss litterature

– 4 –
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Process Syntax Cross section (pb)
Triple bosons 13 TeV

c.1 pp!HHH p p > h h h [noborn=QCD] 0.0 0%
0%

0%
0%

c.2 gg!HHZ g g > h h z [noborn=QCD] 0.0 0%
0%

0%
0%

c.3 gg!HZZ g g > h z z [noborn=QCD] 0.0 0%
0%

0%
0%

c.4 gg!HZ� g g > h z a [noborn=QCD] 0.0 0%
0%

0%
0%

c.5 pp!H�� p p > h a a [noborn=QCD] 0.0 0%
0%

0%
0%

c.6 pp!HW+W�
g g > h w+ w- [noborn=QCD] 0.0 0%

0%
0%
0%

c.7 gg!ZZZ g g > z z z [noborn=QCD] 0.0 0%
0%

0%
0%

c.8 gg!ZZ� g g > z z a [noborn=QCD] 0.0 0%
0%

0%
0%

c.9 gg!Z�� g g > z a a [noborn=QCD] 0.0 0%
0%

0%
0%

c.10 gg!ZW+W�
g g > z w+ w- [noborn=QCD] 0.0 0%

0%
0%
0%

c.11 gg! ��� g g > a a a [noborn=QCD] 0.0 0%
0%

0%
0%

c.12 gg! �W+W�
g g > a w+ w- [noborn=QCD] 0.0 0%

0%
0%
0%

Table 3. Discuss litterature

Process Syntax Cross section (pb)
Selected 2 ! 4 13 TeV

d.1 pp!Hjjj p p > h j j j [noborn=QCD] 0.0 0%
0%

0%
0%

d.2 pp!HHjj p p > h h j j [noborn=QCD] 0.0 0%
0%

0%
0%

d.3 gg! e+e�µ+µ�
g g > e+ e- mu+ mu- [noborn=QCD] 0.0 0%

0%
0%
0%

d.4 pp!HZ�j g g > h z a g [noborn=QCD] 0.0 0%
0%

0%
0%

d.5 gg!W+W�W+W�
g g > w+ w- w+ w- [noborn=QCD] 0.0 0%

0%
0%
0%

e+e� processes ŝ = 500 GeV

e.1 e+e� ! ggg e+ e- > g g g [noborn=QED] 0.0 0%
0%

0%
0%

e.2 e+e� !HH e+ e- > h h [noborn=QED] 0.0 0%
0%

0%
0%

e.3 e+e� !HHgg e+ e- > h h g g [noborn=QED] 0.0 0%
0%

0%
0%

Table 4. Discuss litterature

– 5 –

Process Syntax Cross section (pb)
Triple bosons 13 TeV

c.1 pp!HHH p p > h h h [noborn=QCD] 0.0 0%
0%

0%
0%

c.2 gg!HHZ g g > h h z [noborn=QCD] 0.0 0%
0%

0%
0%

c.3 gg!HZZ g g > h z z [noborn=QCD] 0.0 0%
0%

0%
0%

c.4 gg!HZ� g g > h z a [noborn=QCD] 0.0 0%
0%

0%
0%

c.5 pp!H�� p p > h a a [noborn=QCD] 0.0 0%
0%

0%
0%

c.6 pp!HW+W�
g g > h w+ w- [noborn=QCD] 0.0 0%

0%
0%
0%

c.7 gg!ZZZ g g > z z z [noborn=QCD] 0.0 0%
0%

0%
0%

c.8 gg!ZZ� g g > z z a [noborn=QCD] 0.0 0%
0%

0%
0%

c.9 gg!Z�� g g > z a a [noborn=QCD] 0.0 0%
0%

0%
0%

c.10 gg!ZW+W�
g g > z w+ w- [noborn=QCD] 0.0 0%

0%
0%
0%

c.11 gg! ��� g g > a a a [noborn=QCD] 0.0 0%
0%

0%
0%

c.12 gg! �W+W�
g g > a w+ w- [noborn=QCD] 0.0 0%

0%
0%
0%

Table 3. Discuss litterature

Process Syntax Cross section (pb)
Selected 2 ! 4 13 TeV

d.1 pp!Hjjj p p > h j j j [noborn=QCD] 0.0 0%
0%

0%
0%

d.2 pp!HHjj p p > h h j j [noborn=QCD] 0.0 0%
0%

0%
0%

d.3 gg! e+e�µ+µ�
g g > e+ e- mu+ mu- [noborn=QCD] 0.0 0%

0%
0%
0%

d.4 pp!HZ�j g g > h z a g [noborn=QCD] 0.0 0%
0%

0%
0%

d.5 gg!W+W�W+W�
g g > w+ w- w+ w- [noborn=QCD] 0.0 0%

0%
0%
0%

e+e� processes ŝ = 500 GeV

e.1 e+e� ! ggg e+ e- > g g g [noborn=QED] 0.0 0%
0%

0%
0%

e.2 e+e� !HH e+ e- > h h [noborn=QED] 0.0 0%
0%

0%
0%

e.3 e+e� !HHgg e+ e- > h h g g [noborn=QED] 0.0 0%
0%

0%
0%

Table 4. Discuss litterature
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Mattelaer Olivier Looping up to be MAD

• MadGraph5_aMC@NLO!
➡ Framework for LO and NLO computation!
➡ Fixed order or matched to the shower!
➡ Merging possible!

• Loop-Induced!
➡ Code Ready !
➡ Full Validation in progress (and fine 
tuning)!

➡ Will be released soon

18

Conclusion


