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What is MG5_aMC?

•A Python framework that handles tree-level, one-
loop, LO and NLO, LO+PS, NLO+PS and merged 
calculations.

•MadGraph5 and MadLoop generate tree-level and 
one loop matrix-element.

•Several outputs are possible, both as standalone 
(to be used in native or independent applications) 
or as a full-fledged codes that generate events 
(MadEvent at LO, aMC@NLO at NLO).

•Full BSM support at LO, starts at NLO.
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• Mass production in MadGraph5"
•aMC@NLO"
•Conclusion
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Plan
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Event Generation Shower/
Hadronization Full Simulation

•MadGraph5"
•aMC@NLO"
•…

•Pythia"
•Herwig"
•…

•ATLAS"
•CMS"
•DELPHES"
•…"

SLOW FAST VERY SLOW

•We need method to minimize the amount of time 
use in Full Sim -> minimize number of events
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•Idea: use one (un)weighted generations and 
associate additional weights from different 
hypothesis. "
!

•Can be run on the flight inside MG5
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ME-Reweighting
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•This is NOT a 1D histogram re-weighting"
➡ This is a Fully differential re-weighting"

•This assume that the Phase-Space is the 
same"

➡ Bad for scan over mass"
➡ Good for scan over coupling"

• Output in LHEF version 3 format

7

Remark
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Non Definite positive

2

O(⇤2)

+
O(⇤)

2

O(⇤0)

+

Motivation:

SM!
Model independent!

Dominant

BSM!
Model dependent!

Sub-Dominant

Idea:
•Compute them separately	


•Have a new syntax for such selection (NP^2=)

Status:
•Release this week
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aMC@NLO

Pheno 2011 - Madison Fabio Maltoni

MadGraph

THE                JOINT VENTURE 

 MC@NLOCutTools

FKS 

FKS 
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•Why automation?"
➡Time: Don’t have to wait for a theorist!"
➡Robust: Easier to test, to trust

•Why NLO?"
➡Reliable prediction of the total rate"
➡Reduction of the theoretical uncertainty

•Why matched to the PS?"
➡Matching cure some fix-order ill behaved 
observables

10

aMC@NLO
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•Is it Really automatic?

11

DEMO 
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• 1) Download the code

12

DEMO
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•launch the code [./bin/mg5_aMC]"
➡Exactly like MG5 !!!

13

DEMO
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•You can enter ANY process!"
➡add [QCD] for NLO functionalities"

generate p p > t t~ [QCD]"
generate p p > e+ e- mu+ mu- [QCD]"
generate p p > w+ w- j j [QCD]

14

DEMO
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•Create your aMC@NLO code"
➡output PATH"

•Run it:"
➡launch [PATH]
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•Create your aMC@NLO code"
➡output PATH"

•Run it:"
➡launch [PATH]
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Second Question:
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Compilation

Check Poles 
cancelation
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hundreds of processes
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•Only NLO in QCD (Electroweak well in 
progress)"

•Mainly the SM"
➡Tools for creating NLO-UFO"
➡2HDM is under validation"

•Support for Merging at NLO"
➡FxFx (Herwig6)"
➡FxFx (Pythia8 -> Friday release)"
➡UnLops (Pythia8 -> Friday release)

19

Status of aMC@NLO
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•WISH-LIST:"
➡For a sample of events include the decay 
of unstable final states particles."

➡Keep full spin correlations and finite 
width effect"

➡Keep unweighted events"
➡Decay LO accurate

20

MadSpin
•How to handle the decay of particle?
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➡For a sample of events include the decay 
of unstable final states particles."

➡Keep full spin correlations and finite 
width effect"

➡Keep unweighted events"
➡Decay LO accurate

20

MadSpin
•How to handle the decay of particle?

•Can be done via ME re-weighting
[Frixione, Leanen, Motylinski,Webber (2007)]



Mattelaer Olivier MCNET School 2014

•Fully automatic"
➡Fully integrated in MG5 [LO and NLO]"
➡Can do BSM decay (from SM production)

21

MadSpin

 0.0001

 0.001

 0.01

 0  25  50  75  100  125  150  175  200

1/
σ

 d
σ

/d
p T

(l+ ) [
1/

G
eV

]

pT(l+) [GeV]

Scalar Higgs

NLO  Spin correlations on
LO  Spin correlations on

NLO  Spin correlations off
LO  Spin correlations off

 0.4

 0.45

 0.5

 0.55

 0.6

-1 -0.5  0  0.5  1

1/
σ

 d
σ

/d
co

s(
φ)

cos(φ)

Scalar Higgs

NLO  Spin correlations on
LO  Spin correlations on

NLO  Spin correlations off
LO  Spin correlations off

Figure 5: Next-to-leading-order cross sections differential in pT (l+) (left pane) and in cosφ (right
pane) for tt̄H events with or without spin correlation effects. For comparison, also the leading-
order results are shown. Events were generated with aMC@NLO, then decayed with MadSpin,
and finally passed to Herwig for shower and hadronization.
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Figure 6: Next-to-leading-order cross sections differential in pT (l+) (left pane) and in cosφ
(right pane) for tt̄A events with or without spin correlation effects. Events were generated with
aMC@NLO, then decayed with MadSpin, and finally passed to Herwig for shower and hadroniza-
tion.

that preserving spin correlations is more important than including NLO corrections for this

observable. However, we observe that the inclusion of both, as it is done here, is necessary

for an accurate prediction of the distribution of events with respect to cos(φ). In general, a

scheme including both spin correlation effects and QCD corrections is preferred: it retains

the good features of a NLO calculation, i.e. reduced uncertainties due to scale dependence

(not shown), while keeping the correlations between the top decay products.

The results for the pseudo-scalar Higgs boson are shown in Figure 6. The effects of the

spin correlations on the transverse momentum of the charged lepton are similar as in the

case of a scalar Higgs boson: about 10% at small pT , increasing to about 40% at pT = 200

GeV. On the other hand, the cos(φ) does not show any significant effect from the spin-

correlations. Therefore this observable could possibly help in determining the CP nature of

the Higgs boson, underlining the importance of the inclusion of the spin correlation effects.

– 14 –
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Conclusion

•Various Method for Mass production @LO"
➡ ME re-weighting"
➡ Non Definite Matrix-Element

Madgraph5:

aMC@NLO:
•Fully automatic tool for NLO computation"

➡ Cross-section (like MCFM)"
➡ Generation of Events (matched to PS)"

•Decay with full-spin correlation (MadSpin)


