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2

2008

2009

MadDipole: automatic generation of color and 
helicity correlated Born squared amplitudes
[RF, Gehrmann, Greiner, 0908.2128]

2010

MadFKS (final state): FKS subtraction 
including efficient phase-space generation
[RF, Frixione, Maltoni & Stelzer, 0908.4272]

MadFKS (initial state): FKS subtraction 
including efficient phase-space generation
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2011

Automatic determination of the MC 
subtraction terms

MC subtraction terms implemented: Herwig6

aMC@NLO validated against MC@NLO
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2011

Automatic determination of the MC 
subtraction terms

MC subtraction terms implemented: Herwig6

aMC@NLO validated against MC@NLO

MadLoop [Hirschi, RF, Frixione, Garzelli, Maltoni, Pittau, 1103.0621]: 
standalone package to compute one-loop loop amplitudes 
using MG trees using CutTools (OPP reduction method) 
[Ossola, Papadopoulos & Pittau, hep-ph/0609007, 0711.3596]

Htt [RF, Frixione, Hirschi, Maltoni, Pittau, Torrielli, 1104.5613]

l±νbb & l+l-bb [RF, Frixione, Hirschi, Maltoni, Pittau, Torrielli, 1106.6019]

Website http://amcatnlo.cern.ch on-line

http://amcatnlo.cern.ch
http://amcatnlo.cern.ch
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2012

MC subtraction terms: Pythia6 (Q2)

4lepton [RF, Frixione, Hirschi, Maltoni, Pittau, Torrielli, 1110.4783]

l±νjj [RF, Frixione, Hirschi, Maltoni, Pittau, Torrielli, 1110.5502]

Automatic determination of scale dependence
& PDF uncertainties

Processes with divergent Born validated

MC subtraction terms: Pythia6 (pT) & Herwig++ (initial state)

today
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2012

MC subtraction terms: Pythia6 (Q2)

4lepton [RF, Frixione, Hirschi, Maltoni, Pittau, Torrielli, 1110.4783]

l±νjj [RF, Frixione, Hirschi, Maltoni, Pittau, Torrielli, 1110.5502]

Automatic determination of scale dependence
& PDF uncertainties

Processes with divergent Born validated

MC subtraction terms: Pythia6 (pT) & Herwig++ (initial state)

today

MadLoop & MadFKS rewritten in MadGraph5 (in progress): 
aMC@NLO going fully public

MC subtraction terms: Pythia8 & Herwig++ (in progress)
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Contents

Current status of the MC subtraction terms

Automatic determination of scale dependence and 
PDF uncertainties

MG5 and going completely public
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Current status of 
MC subtraction

The MC subtraction terms are Shower Monte Carlo specific: each 
partons shower needs different subtraction terms

Current status of aMC@NLO is

aMC@NLO/Herwig6: working and fully tested

aMC@NLO/Pythia6 (Q2-ordered): working and well-tested

aMC@NLO/Pythia6 (pT-ordered): initial state implemented, 
final state is work in progress. High priority

aMC@NLO/Pythia8: initial state implemented, final state is 
work in progress. High priority

aMC@NLO/Herwig++: all implemented but final state needs 
still validation. Lower priority
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Scale dependence and 
PDF uncertainties

Any short-distance cross section can be written as a 
linear combination of scale and PDF dependent 
terms, with coefficients independent of both scales 
and PDFs.

Therefore, saving these coefficients in the event file 
allows for a posterior evaluation of scale and PDF 
uncertainties, by evaluating their dependence event-
by-event, without needing to rerun the generation of 
the events

7
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Reweighting at LO

Straight-forward at LO

Factorization scale only enters PDFs

Renormalization scale only enters in alpha_s

So, we can simply reweight event-by-events with the factor

to get the scale & PDF dependence

8

fa(µF )⌦ fb(µF )⌦ ↵s(µR)
b|M |2

where

Ri = f 0
1(x1;i, µ

0
F )f

0
2(x2;i, µ

0
F )g

2b
S (µ0

R)w
(B,n)(Kn;i)

,

d�(LO)

dµBjdµn
(Kn;i, x1;i, x2;i) . (1.11)

The denominator here is computed using eq. (1.4), i.e. with the original choices of scales

and PDFs. As we shall show in the following, an analogous equation will hold for both the

NLO and MC@NLO cases. From eq. (1.4) we obtain:

Ri =
f 0
1(x1;i, µ

0
F )f

0
2(x2;i, µ

0
F )g

2b
S (µ0

R)

f1(x1;i, µF )f2(x2;i, µF )g2bS (µR)
, (1.12)

which shows explicitly that the computation of Ri does not entail any matrix-element

calculation. Therefore, after performing the bulk of the calculation, i.e. the determination

of the set in eq. (1.6), one can fill a “central” histogram with the weights defined in

eq. (1.7), and as many “variation” histograms as one likes with the weights that appear

on the r.h.s. of eq. (1.10), by simply recomputing the factors Ri for all the di↵erent scales

and PDFs needed.

The procedure outlined above is exact when applied to eq. (1.8), but it implies an

approximation in the case of eq. (1.9). This is because the quantity MC(Kn;i, x1;i, x2;i)

does contain an implicit dependence on fi, and these are not replaced by f 0
i when using

eq. (1.10) (since such a replacement would imply performing the shower for each new choice

of PDFs). However, this approximation is usually a very good one, barring perhaps large-

rapidity regions. This is empirically well known, and is due to the fact that the Sudakov

form factors used in the backward evolution of initial-state partons are sensitive to the

ratios of PDFs, whose variation is much smaller than that of their absolute values (the

more so within a PDF-error set, which is the typical application of the procedure discussed

here). Furthermore, it should be clear that both scale and PDF uncertainties are defined

using well-motivated but ultimately arbitrary conventions, and therefore are not quantities

that can be computed with arbitrary precision. Hence, in this context the approximation

mentioned before is quite negligible.

We now turn to discussing the case of NLO short-distance cross sections. Equa-

tion (1.4) is generalized as follows:

d�(NLO) =
X

↵

d�(NLO,↵) , (1.13)

d�(NLO,↵) = f1(x
(↵)
1 , µ

(↵)
F )f2(x

(↵)
2 , µ

(↵)
F )W (↵)dµBjdµn+1 , (1.14)

where ↵ = E, S, C, and SC correspond to the contributions of the fully-resolved config-

uration (the event), and of its soft, collinear, and soft-collinear limits (the counterevents)

respectively. The quantities W (↵) will be written as follows:

W (↵) = g2b+2
S (µ(↵)

R )

 

cW
(↵)
0 +cW (↵)

F log
µ
(↵)2

F

Q2
+cW (↵)

R log
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R

Q2

!

+ g2bS (µ(↵)
R )cWB�↵S , (1.15)
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Dependence in the 
shower

This procedure of reweighting events takes only the 
dependence on the PDFs of the hard matrix elements into 
account

Also the parton shower depends on the (ratios of) PDFs

Empirically, this dependence is small (perhaps in large-
rapidity regions of phase-space) and can usually be 
neglected; If not, one needs to run the shower for each set 
independently.
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Reweighting at NLO

A bit more involved at NLO

Scales also enters the process explicitly

In aMC@NLO it is even a bit more involved...

10

where Q is the Ellis-Sexton scale; in eq. (1.15), this scale (which is extensively used in

the manipulation of the one-loop contribution – see ref. [?] for a discussion in the context

of MadFKS) o↵ers a convenient way to parametrize the dependence on the factorization

and renormalization scales. As the notation in eqs. (1.14) and (1.15) suggests, the values

that these scales take in the event and counterevents may be di↵erent from each other

(however, they must tend to the same value when considering the various infrared limits).

Furthermore, eq. (1.14) takes into account the fact that, when using event projection

to write an NLO partonic cross section (see ref. [?]), the Bjorken x’s of the event and

counterevents need not coincide. The last term on the r.h.s. of eq. (1.15) is the Born

contribution, which in MadFKS can be integrated simultaneously with the other terms

that enter an NLO cross section; having a soft-type kinematics, it is naturally associated

with the soft counterterm. The coe�cients cW (↵)
0 , cW (↵)

F , and cW (↵)
R introduced in eq. (1.15)

are the analogue of w(B,n) defined in eq. (1.5) – they are scale- and PDF-independent;

their explicit forms will be given in appendix A. As far as cWB is concerned, it is equal to

w(B,n), up to a normalization factor (due to the di↵erent integration measures in eq. (1.4)

and (1.14)).

The integration of the NLO cross section leads to the set of weighted events2:

(

n
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(↵)
1;i , x

(↵)
2;i , ⌅

(↵)
i

oSC

↵=E
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, (1.16)

with
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⇣

K(↵)
n+1;i, x

(↵)
1;i , x

(↵)
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⌘

. (1.17)

Equation (1.8) is generalized as follows:

N
X
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↵

⇥
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⇣
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i . (1.18)

As is well known, for any given i the weights defined in eq. (1.17) may diverge, but the sum

in eq. (1.18) is finite for any infrared-safe observable. When changing scales and PDFs,

we can now adopt the same procedure introduced before for the LO cross sections, and

defined the rescaling factors:
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R (K(↵)
n+1;i) log
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2We remind the reader that parton-level, NLO events not matched with showers cannot be unweighted

without the introduction of an arbitrary and unphysical cuto↵.
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Reweighting at 
MC@NLO

11

for weighted events, and
!!!!(H)

i

!!! =
!!!!(S)

i

!!! = constant (2.30)

for unweighted events. One can now define rescaling factors analogous to those of eqs. (2.13)

and (2.21):
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F )f !
2(x

(MC,c)
2;i , µ!(E)

F )g2b+2
S (µ!(E)

R )w(MC,c)

+
*

!=S,C,SC

f !
1(x

(!)
1;i , µ

!(S)
F )f !

2(x
(!)
2;i , µ

!(S)
F )

-

g2b+2
S (µ!(S)

R )

.

/%W (!)
0 (ES;i) +%W (!)

F (ES;i) log
&
µ!(S)

F

Q

'2

+%W (!)
R (ES;i) log

&
µ!(S)

R

Q

'2
0

1

+ g2bS (µ!(S)
R )%WB(ES;i)#!S

2+,
d!(S)

d"Bjd"n+1
(ES;i) . (2.32)

Several observations are in order here. Firstly, the weights defined in eq. (2.29) are finite,

at variance with those relevant to the computation of the parton-level NLO cross section,

eq. (2.19). This is due to the properties of the MC counterterms, and to the fact that

the kinematics of the H and S events is uniquely defined. Secondly, and as a consequence

of the former point, the quantities relevant to the counterevents are summed together in

eq. (2.32), at variance with what happens in eq. (2.21). Thirdly, in eqs. (2.31) and (2.32)

the scales entering the counterevents have been set equal to the values assumed in the

soft configurations, and those entering the MC counterterms equal to the corresponding

NLO event contributions. Many variants of these choices are possible (which is part of the

ambiguity in the definition of the scale dependence in an NLO computation), and those

given here are simply the current defaults in aMC@NLO.

Using the definitions given above, eq. (2.11) is generalized as follows:

NH*

i=1

"(O (MC(EH;i))"OLOW)"(OUPP "O (MC(EH;i))) !
(H)
i R(H)

i , (2.33)

NS*

i=1

"(O (MC(ES;i))"OLOW)"(OUPP "O (MC(ES;i))) !(S)
i R(S)

i . (2.34)

– 9 –

More details can be found in
[RF, Frixione, Hirschi, Maltoni, Pittau, Torrielli, 1110.4783]
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Dependence in the 
shower

Another issue arrises here for MC@NLO:

NLO PDFs can be negative, which is something that 
parton showers are not able to deal with (in general)

Also, by not using the same PDF in the hard matrix 
elements and the parton shower, there is a mismatch 
between the cancellation of contributions from S and H 
events

Empirically these effects are small (because the dependence 
in the shower is on ratios of PDFs only) and it is common 
practice to use a different PDF in the shower than in the 
hard matrix elements (usually LO)

12
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In practice:
NLO event file
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  <event>
  8     66 0.21341783D-07 0.17630329D+03 0.75467723D-02 0.12982704D+00
        5 -1    0    0  501    0 0.00000000D+00 0.00000000D+00 0.35995691D+02 0.36334450D+02 0.49500000D+01 0.0000D+00 0.0000D+00
       -5 -1    0    0    0  502 0.00000000D+00 0.00000000D+00 -.21452182D+03 0.21457892D+03 0.49500000D+01 0.0000D+00 0.0000D+00
       23  2    1    2    0    0 -.36758481D+01 -.29575520D+02 -.16296618D+03 0.21728455D+03 0.14059294D+03 0.0000D+00 0.0000D+00
      -11  1    3    3    0    0 0.38255724D+01 -.48895441D+01 -.47220436D+01 0.78000218D+01 0.00000000D+00 0.0000D+00 0.0000D+00
       11  1    3    3    0    0 0.28490378D+02 0.41808349D+02 -.81435178D+02 0.95871413D+02 0.00000000D+00 0.0000D+00 0.0000D+00
      -13  1    3    3    0    0 -.14251913D+02 -.58912946D+02 -.57843590D+02 0.83783847D+02 0.00000000D+00 0.0000D+00 0.0000D+00
       13  1    3    3    0    0 -.21739885D+02 -.75813794D+01 -.18965366D+02 0.29829265D+02 0.00000000D+00 0.0000D+00 0.0000D+00
       21  1    1    2  501  502 0.36758481D+01 0.29575520D+02 -.15559952D+02 0.33628825D+02 0.75000000D+00 0.0000D+00 0.0000D+00
# 2  7  2  2  1 0.29803074D+02 0.29803074D+02 3  7  0 0.00000000D+00 0.00000000D+00 0.00000000D+00 0.00000000D+00 0.00000000D+00
  <rwgt>
 0.81082415D-04 0.00000000D+00
 0.10340521D-01 0.61345451D-01 0.00000000D+00 0.00000000D+00 0.00000000D+00 0.00000000D+00 0.00000000D+00 0.00000000D+00
 0.95757349D+02 0.00000000D+00 0.00000000D+00 0.95757349D+02
 0.81150042D+02 0.00000000D+00 0.00000000D+00 -.81150042D+02
 0.64382801D+01 0.38255724D+01 -.48895441D+01 0.17055220D+01
 0.52604721D+02 0.28490378D+02 0.41808349D+02 -.14408920D+02
 0.61081025D+02 -.14251913D+02 -.58912946D+02 0.75524433D+01
 0.23593055D+02 -.21739885D+02 -.75813794D+01 0.51509551D+01
 0.33190310D+02 0.36758481D+01 0.29575520D+02 0.14607308D+02
 0.70296472D+02 0.00000000D+00 0.00000000D+00 0.70296472D+02
 0.70296472D+02 0.00000000D+00 0.00000000D+00 -.70296472D+02
 0.56527889D+01 0.39818980D+01 -.36317634D+01 0.17055220D+01
 0.63313468D+02 0.29989085D+02 0.53866808D+02 -.14408920D+02
 0.49672604D+02 -.12819978D+02 -.47391733D+02 0.75524433D+01
 0.21954084D+02 -.21151006D+02 -.28433110D+01 0.51509551D+01
 0.00000000D+00 0.00000000D+00 0.00000000D+00 0.00000000D+00
 0.4567946201D-15 0.0000000000D+00 0.0000000000D+00 0.0000000000D+00
 0.0000000000D+00 0.0000000000D+00 0.0000000000D+00 0.0000000000D+00
 0.00000000D+00 0.00000000D+00 0.00000000D+00 0.00000000D+00
  </rwgt>
  </event>

Coefficients needed to do 
the reweighting.
From these coefficients, the 
event weight can be computed 
for any new functional form 
for the scales, or any PDF set
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Reweight script

The reweight script reads the event file and computes the 
new scale and PDF dependence

No new matrix element evaluations and therefore very quick 
(reading/writing the event files takes the most amount of 
time...)

14

events.lhe events.lhe.rwgt
reweight script
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  <event>
  8     66 0.21943624E-07 0.67725434E+02 0.75467723E-02 0.10678127E+00
       -2 -1    0    0    0  501 0.00000000E+00 0.00000000E+00 0.21865056E+02 0.21867397E+02 0.32000000E+00 0.0000E+00 0.0000E+00
        2 -1    0    0  501    0 0.00000000E+00 0.00000000E+00 -.48855436E+03 0.48855447E+03 0.32000000E+00 0.0000E+00 0.0000E+00
       23  2    1    2    0    0 0.16090158E+02 0.31869394E+01 -.12083553E+03 0.15224618E+03 0.91151646E+02 0.0000E+00 0.0000E+00
       23  2    1    2    0    0 -.16090158E+02 -.31869394E+01 -.34585377E+03 0.35817569E+03 0.91683921E+02 0.0000E+00 0.0000E+00
      -11  1    4    4    0    0 0.16220397E+01 -.23289878E+02 -.32030340E+03 0.32115310E+03 0.00000000E+00 0.0000E+00 0.0000E+00
       11  1    4    4    0    0 -.17712197E+02 0.20102938E+02 -.25550375E+02 0.37022584E+02 0.00000000E+00 0.0000E+00 0.0000E+00
      -13  1    3    3    0    0 0.12060879E+02 -.42965600E+02 -.73678665E+02 0.86139731E+02 0.00000000E+00 0.0000E+00 0.0000E+00
       13  1    3    3    0    0 0.40292781E+01 0.46152539E+02 -.47156870E+02 0.66106447E+02 0.00000000E+00 0.0000E+00 0.0000E+00
# 1  7  1  1  2 0.23702464D+01 0.23702464D+01 8  0  0 0.99999991D+00 0.84548723D+00 0.11830766D+01 0.98156783D+00 0.10267446D+01
  <rwgt>
 0.10306710E-01 0.10306709E-01   3  20
 0.10306709E-01 0.90862088E-02 0.11513117E-01
 0.10871266E-01 0.95373645E-02 0.12193627E-01
 0.98411827E-02 0.87141917E-02 0.10951977E-01
 0.10313303E-01 0.10301480E-01
 0.10321776E-01 0.10289802E-01
 0.10277207E-01 0.10350505E-01
 0.10293111E-01 0.10315859E-01
 0.10316430E-01 0.10293186E-01
 0.10357758E-01 0.10275027E-01
 0.10321112E-01 0.10287327E-01
 0.10368743E-01 0.10284177E-01
 0.10335460E-01 0.10243760E-01
 0.10319797E-01 0.10294243E-01
 0.10172879E-01 0.10545410E-01
 0.10382578E-01 0.10259974E-01
 0.10286192E-01 0.10316187E-01
 0.10321502E-01 0.10305549E-01
 0.10339783E-01 0.10241545E-01
 0.10327529E-01 0.10298882E-01
 0.10288284E-01 0.10319506E-01
 0.10288937E-01 0.10317910E-01
 0.10252000E-01 0.10321048E-01
 0.10336564E-01 0.10298902E-01
  </rwgt>
  </event>

NLO event file

Scale uncertainties
(3x3 dependence on fac and ren scales)

PDF uncertainties
(40 MSTW error sets)
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  <event>
  8     66 0.21943624E-07 0.67725434E+02 0.75467723E-02 0.10678127E+00
       -2 -1    0    0    0  501 0.00000000E+00 0.00000000E+00 0.21865056E+02 0.21867397E+02 0.32000000E+00 0.0000E+00 0.0000E+00
        2 -1    0    0  501    0 0.00000000E+00 0.00000000E+00 -.48855436E+03 0.48855447E+03 0.32000000E+00 0.0000E+00 0.0000E+00
       23  2    1    2    0    0 0.16090158E+02 0.31869394E+01 -.12083553E+03 0.15224618E+03 0.91151646E+02 0.0000E+00 0.0000E+00
       23  2    1    2    0    0 -.16090158E+02 -.31869394E+01 -.34585377E+03 0.35817569E+03 0.91683921E+02 0.0000E+00 0.0000E+00
      -11  1    4    4    0    0 0.16220397E+01 -.23289878E+02 -.32030340E+03 0.32115310E+03 0.00000000E+00 0.0000E+00 0.0000E+00
       11  1    4    4    0    0 -.17712197E+02 0.20102938E+02 -.25550375E+02 0.37022584E+02 0.00000000E+00 0.0000E+00 0.0000E+00
      -13  1    3    3    0    0 0.12060879E+02 -.42965600E+02 -.73678665E+02 0.86139731E+02 0.00000000E+00 0.0000E+00 0.0000E+00
       13  1    3    3    0    0 0.40292781E+01 0.46152539E+02 -.47156870E+02 0.66106447E+02 0.00000000E+00 0.0000E+00 0.0000E+00
# 1  7  1  1  2 0.23702464D+01 0.23702464D+01 8  0  0 0.99999991D+00 0.84548723D+00 0.11830766D+01 0.98156783D+00 0.10267446D+01
  <rwgt>
 0.10306710E-01 0.10306709E-01   3  20
 0.10306709E-01 0.90862088E-02 0.11513117E-01
 0.10871266E-01 0.95373645E-02 0.12193627E-01
 0.98411827E-02 0.87141917E-02 0.10951977E-01
 0.10313303E-01 0.10301480E-01
 0.10321776E-01 0.10289802E-01
 0.10277207E-01 0.10350505E-01
 0.10293111E-01 0.10315859E-01
 0.10316430E-01 0.10293186E-01
 0.10357758E-01 0.10275027E-01
 0.10321112E-01 0.10287327E-01
 0.10368743E-01 0.10284177E-01
 0.10335460E-01 0.10243760E-01
 0.10319797E-01 0.10294243E-01
 0.10172879E-01 0.10545410E-01
 0.10382578E-01 0.10259974E-01
 0.10286192E-01 0.10316187E-01
 0.10321502E-01 0.10305549E-01
 0.10339783E-01 0.10241545E-01
 0.10327529E-01 0.10298882E-01
 0.10288284E-01 0.10319506E-01
 0.10288937E-01 0.10317910E-01
 0.10252000E-01 0.10321048E-01
 0.10336564E-01 0.10298902E-01
  </rwgt>
  </event>

NLO event file

Scale uncertainties
(3x3 dependence on fac and ren scales)

PDF uncertainties
(40 MSTW error sets)

Cannot simply save max and min: 
dependence is correlated within a given 
bin of a distribution.
First the plots need to be filled before the 
dependence can be computed
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Filling histograms

Shower the LHE events as usual, but fill a separate 
histogram for each of the values of the scales and PDF set

Compute --from the final set of histograms-- the uncertainties 
bin-by-bin

16

events.lhe.rwgt
histograms for 

each scale value 
and PDF set

Parton shower
& analysis
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Results
4-lepton production

Scale dependence and PDF 
uncertainties computed without 
extra CPU cost

Statistical fluctuations are 
correlated: cleaner extraction of 
uncertainties

Low-pT region dominated by S-
events (NLO scale dependence), 
high-pT region by H-events 
(“LO+1j” scale dependence)

17Figure 1: Four-lepton invariant mass (left panel) and transverse momentum (right panel), as pre-
dicted by aMC@NLO(solid black), aMC@LO(solid blue), and at the (parton-level) NLO (dashed
red) and LO (dashed magenta). The middle insets show the aMC@NLO scale (dashed red) and
PDF (black solid) fractional uncertainties, and the lower insets the ratio of the two leptonic channels,
eq. (3.5). See the text for details.

These have very di!erent behaviours w.r.t. the extra radiation provided by the parton

shower, with the former being (almost) completely insensitive to it, and the latter (almost)

maximally sensitive to it. In fact, the predictions for the invariant mass are basically

independent of the shower, with NLO (LO) being equal to aMC@NLO (aMC@LO) over

the whole range considered. The NLO corrections amount largely to an overall rescaling,

with a very minimal tendency to harden the spectrum. The four-lepton pT , on the other

hand, is a well known example of an observable whose distribution at the parton-level LO

is a delta function (in this case, at pT = 0). Radiation, be it through either showering or

hard emission provided by real matrix elements in the NLO computation, fills the phase

space with radically di!erent characteristics, aMC@LO being meaningful at small pT and

NLO parton level at large pT – aMC@NLO correctly interpolates between the two. The

di!erent behaviours under extra radiation of the two observables shown in fig. 1 is reflected

in the scale uncertainty: while in the case of the invariant mass the band becomes very

marginally wider towards large M(e+e!µ+µ!) values, the corresponding e!ect is dramatic

in the case of the transverse momentum. This is easy to understand from the purely

perturbative point of view, and is due to the fact that, in spite of being O(!S) for any

pT > 0, the transverse momentum in this range is e!ectively an LO observable (the NLO

e!ects being confined to pT = 0). The matching with shower blurs this picture, and in

particular it gives rise to the counterintuitive result where the scale dependence increases,

rather than decreasing, when moving towards large pT [18]. Finally, the lower insets of

fig. 1 display the ratio defined in eq. (3.5) which, in agreement with the results of table 2,

is equal to one half in the whole kinematic ranges considered. The only exception is the

small invariant mass region, where o!-resonance e!ects become relevant.

– 13 –
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Results
4-lepton production

Scales and PDFs not the 
only sources of 
uncertainties

Dependence on the shower 
can be significant; in 
particular in the region of 
phase-space where the 
Sudakov dominates

18

Figure 4: Same observables as in fig. 1, for aMC@NLO+gg HERWIG (solid black) and Pythia

(dashed blue) results. The rescaled gg contributions withHERWIG (open black boxes) and Pythia

(open blue circles) are shown separately. Middle insets: scale (dashed red) and PDF (solid black)
fractional uncertainties. Lower insets: aMC@LO/(aMC@NLO+gg) with HERWIG (solid black)
and Pythia (dashed blue).

O(!S), the predictions are quite independent of whether a shower is generated or not.

Slight di!erences can be seen in the case of the "" distribution, which is indeed known to

be more sensitive than pseudorapidity to extra radiation. The small-pT dominance ensures

that scale and PDF uncertainties are flat over the whole kinematic ranges, and of the order

of those relevant to total cross section.

We now discuss the impact of the O(!2
S) gg channel on our predictions. The argument

for considering such a channel, despite its being of the same perturbative order as all other

NNLO contributions which cannot be included, is the dominance of its parton luminosity

over those of the qq̄ and qg channels. This dominance grows stronger with decreasing

final-state invariant masses, and hence the O(!2
S) versus NLO comparison is significantly

influenced by the cut in eq. (3.3) – by lowering such a cut, the relative importance of the

gg contribution will grow bigger than the 5%-ish reported in table 2. We also discuss in the

following the di!erences that arise when matching our calculation to Pythia6 rather than

toHERWIG. We remind the reader that, depending on input parameters, Pythia is rather

e!ective in producing radiation in the whole kinematically-accessible phase space. This is

not particularly useful in the context of a matched computation, where hard radiation

is provided (in a way fully consistent with perturbation theory) by the underlying real-

emission matrix elements. Therefore, we have set the maximum virtuality in Pythia

equal to the four-lepton invariant mass. For consistency, this setting has been used also

when showering the gg-initiated contribution.

Figures 4, 5 and 6 present the same observables as figs. 1, 2 and 3 respectively. In

the main frame, we show the aMC@NLO predictions plus the gg contribution (including

shower), as resulting from HERWIG (solid black) and Pythia (dashed blue) – we shall

– 16 –
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MadGraph 5

Already in the hands of some CMS & ATLAS experimentalist:
close collaboration with valuable feedback from both sides

However, before making it completely public, the code is being 
rewritten in MadGraph5.

This improves user-friendliness by using the standard MG5 
conventions

It will remove some of the limitations of the code

Will lead to a more modular framework: much easier to improve 
on separate parts of the code without breaking anything else

After this has been done and well-tested, the code will become 
publicly available to all

19
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Conclusions

 aMC@NLO is up and running

Matching to Herwig6 & Pythia6 (Q2) completely implemented and 
validated; Herwig++ implemented, but not yet tested; Pythia6 (pT) 
& Pythia8 initial state done, final state is still work in progress;

Evaluation of scale dependence & PDF uncertainty with no extra 
CPU costs

Already available to most important users (experimentalists)

When rewrite in MG5 is done, available to all

our website: http://amcatnlo.cern.ch/

20
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