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Need for merging

Without multi-jet 
merging, jets that are 
produced in association 
with the top quark pair, 
cannot be described with 
high precision

Variation is large, and 
could easily span orders 
of magnitude
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Need for merging

However, in current measurements there are still comparisons made with non-
merged results

Statements are made that “POWHEG (with hdamp) describes the data best”, which 
cannot be concluded without taking the MC uncertainties into account
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Merging at NLO

In MadGraph5_aMC@NLO, we have tried to make it as simple as possible

./bin/mg5_aMC

generate p p > t t~ [QCD] @0

add process p p > t t~ j [QCD] @1

add process p p > t t~ j j [QCD] @2

output

launch

In the run_card, set the ickkw parameter to

3 to activate FxFx merging (tested with herwig6, herwig++ & pythia8) or 
see http://amcatnlo.web.cern.ch/amcatnlo/FxFx_merging.htm for more details

4 to activate UNLOPS merging (pythia8)
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MG5_aMC features

Event weights to include scale & PDF uncertainties event-by-event 
at no extra cost

Decays with MadSpin: spin correlations included

LHEF events are independent from the merging scale

Only shower needs to be rerun to estimate merging scale 
systematics

FxFx merging with Herwig++ and Pythia8 allows for study of the 
MC dependence

FxFx can be compared to UNLOPS merging for Pythia8

5



Rikkert Frederix

This is an output file created in Illustrator CS3

Colour reproduction
The badge version must only be reproduced on a 
plain white background using the correct blue:
 Pantone: 286
 CMYK: 100  75  0  0 
 RGB: 56  97  170
 Web: #3861AA

Where colour reproduction is not faithful, or the 
background is not plain white, the logo should be 
reproduced in black or white – whichever provides 
the greatest contrast. The outline version of the 
logo may be reproduced in another colour in 
instances of single-colour print.

Clear space
A clear space must be respected around the logo: 
other graphical or text elements must be no closer 
than 25% of the logo’s width.

Placement on a document
Use of the logo at top-left or top-centre of a 
document is reserved for official use.

Minimum size
Print: 10mm
Web: 60px

 
CERN Graphic Charter: use of the outline version of the CERN logo

Merging scale

Check that your results are “independent” from the merging scale  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

These plots are for ttbar+0/1j @ NLO; ttbar+2j @NLO is a tough calculation 
but can be included to improve the description of 2-jet observables
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Figure 12: tt̄ production, with N = 1, sharp D function, and Sudakov reweighting. Pair pT (upper
left), hardest-jet pT (upper right), d1 (lower left), and d2 (lower right) are shown.

However, there are a few specific features that are worth stressing. Firstly, the merging

systematics is greater than previously observed. In part, this is due to the very large

range of matching scales adopted here, but it is also related to the dynamics of the present

process. Namely, up to quite large pT values (one can use the pair transverse momentum

to be definite) the standalone MC@NLO tt̄+ 0j result is larger in absolute normalization

than the tt̄+1j one; this is the combined effect of the fact that the shower easily produces

hard radiation (as a consequence of the top mass driving the setting of the shower scale to

relatively large values), and of the large K factor in the tt̄ + 0j NLO computation. This

feature is easily seen e.g. in the upper inset of the upper-left panel of fig. 12 – the relative

difference between the dashed blue and dotted red histograms is about 30% for pT (tt̄) ≥
100 GeV. Secondly, there is a good agreement between Alpgen, and the merged-NLO

– 33 –

RF & Frixione: JHEP 1212 (2012) 061 
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remarks

Dependence on the merging scale much smaller as in LO merging methods

However, its dependence is non-zero. Moreover:

There is no theorem that tells you what this scale should be

The scale cannot be taken too large: one looses formally NLO accuracy 
in exclusive observables

The scale cannot be taken too small: one looses formally NLO accuracy 
in inclusive observables

Always vary it at least so that both sides of the analyses’ jet definition are 
covered

e.g. if jets are defined with 40 GeV pT, vary the merging scale from 
below to above 40 GeV.
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Heavy Flavour

Not obvious how to separate ttbar+HF predictions from ttbar
+light jet production

Simplest method: use 4-flavour scheme predictions

Do not include the b-quark in the definition of the proton nor 
the matrix-element jets

Generate a separate sample using ttbb matrix elements, which 
contributes to ttbar, ttbar+b-jet and ttbar+2b-jets
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4FS: possible issues

Introduces a logarithm (log[mb2/Q2]) in the perturbative series 
which might spoil its convergence

Probably okay for b quarks

Probably not okay for c quarks

Parton shower uses 5 flavours (or even 6): mismatch between 4FS 
matrix element predictions and what is used in the parton shower

Also a problem in the 5FS, because in the 5FS bottom quarks are 
massless in the matrix elements

No completely satisfactory solution
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Summary

MadGraph5_aMC@NLO can be used for the simulation of 
ttbar+jets and ttbb

For ttbar+jets, FxFx merging can be used

Use a large variation of the merging scale: in general 
from below to above the jet definition

For ttbar+HF, use the ttbb process (4 flavour scheme)

No ideal solution for ttcc. Best treated as part of ttbar+jets
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