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•What is MadGraph5_aMC@NLO
•What’s new
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Plan
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• FLO: fixed order tree-level/loop induced
• LO+PS: hard events showered
• LO merged: MLM/CKKW(L)
• fNLO: fixed order NLO
• NLO+PS: hard events showered (MC@NLO)
• NLO merged: FxFx/ UNLOPs
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Type of computation
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• FLO: fixed order tree-level/loop induced
• LO+PS: hard events showered
• LO merged: MLM/CKKW(L)
• fNLO: fixed order NLO
• NLO+PS: hard events showered (MC@NLO)
• NLO merged: FxFx/ UNLOPs

3

Type of computation

Everything is FULLY BSM COMPATIBLE
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•This is a Framework of tools 
➡ Width computation
➡ MadWeight
➡ MadSpin

4

What it is?

•This is a matrix element provider 
• tree-level and one loop
•example: Pythia8 and matchbox mode
•Your own format (PLUGIN mode)

➡ MadDM
➡  Systematics
➡  SLHA1/SLHA2
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Example of BSM@NLO
Slide copy from huasheng
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BSM (NLO) PROCESS OVERVIEW IN MG5AMC

• Colored scalar pair production
• Supersymmetric QCD
• Vector-like quark pair production

Degrande, Fuks, Hirschi, Proudom, HSS (PRD’15)

Degrande, Fuks, Hirschi, Proudom, HSS (PLB’16)

Les Houches 2015 (1605.02684) ; Fuks, HSS (to appear)

• BSM Higgs production
• Higgs characterisation model

Artoisenet et al. (JHEP’13); Maltoni, Mawatari, Zaro (EPJC’14); 
Demartin, Maltoni, Mawatari, Page, Zaro (EPJC’14); Demartin, Maltoni, 

Mawatari, Zaro (EPJC’15)

• Two-Higgs-Doublet Model Degrande (CPC’15); Degrande, Ubiali, Wiesemann, Zaro (JHEP’15)

• Georgi-Machacek model Degrande, Hartling, Logan, Peterson, Zaro (PRD’16)

• Spin-2 particle production Das, Degrande, Hirschi, Maltoni, HSS (1605.09359)

• Dark matter collider production (see also Antony Martini’s talk)
• s-channel mediator

• t-channel mediator Fuks, Hirschi, Mattelaer et al. (in preparation)

• spin 0 or 1 mediator Mattelaer Vryonidou (EPJC’15); Backovic, Kramer, Maltoni, Martini, Mawatari, Pellen 
(EPJC’15); Neubert, Wang, Zhang (JHEP’16); Arina et al. (1605.09242)

• spin 2 mediator Das, Degrande, Hirschi, Maltoni, Mawatari, HSS (in preparation)

• MSSM Degrande, Fuks, Goncalves-Netto, Hirschi, Lopez-Val, Mawatari, Pagani, Proudom, HSS, Zaro (in preparation)
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• SM effective field theory (see also Eleni Vryonidou and Celine Degrande’s talks)

8

BSM (NLO) PROCESS OVERVIEW IN MG5AMC

• Top FCNC processes
• ttbarZ/gamma production
• Single-top production

Degrande, Maltoni, Wang, Zhang (PRD’15); 
Durieux, Maltoni, Zhang (PRD’15)

Bylund, Maltoni, Tsinikos, Vryonidou, Zhang (JHEP’16)

Zhang (PRL’16)

• Other colorless particle production

• Top pair production via chromomagnetic dipole momenta Franzosi, Zhang (15)

• Heavy neutrino production Degrande, Mattelaer, Ruiz, Tumer (1602.06957)

Sunday, July 3, 16
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MSSM@NLO

New developments in Monte Carlo tools for new physics Benjamin Fuks -  08.05.2017 - 

Introduction                                                  Automating NLO-QCD calculations                                                  Phenomenology                                                 Conclusions

11

Total supersymmetric cross sections

✦ Impact of the NLO corrections
✤ Strong processes: cross section enhancement of 50%-100% (genuine NLO effects)
✤ Scale uncertainties of 10-15% (strong) or a few % (electroweak)
✤ Huge PDF uncertainties in the high mass region (expected to be self cured)

✦ Total rates at 13 TeV for SUSY particle pair production
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Scale

Scale 
& PDF

★ Parton densities: NNPDF 3.0★ Central scales: average SUSY mass

[ Frixione, BF, Hirschi, Mawatari, Shao, Sunder & Zaro (to appear) ]

[Frixione, Fuks, Hirschi, Mawatari,Shao,  Sunder & Zero (to appear)]

•New key component: 
➡ onshell subtraction [1607.05862]
➡ Improvement in NLOCT
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•  New LO interface 
➡ Pythia 8
➡ MadAnalysis 5 (See Benj talk)

•  Improvement in loop computation
•LHE output mode for fNLO
•  Additional weights

➡ Bias@LO
➡ BSM Re-Weighting
➡ Systematics

•  MadSpin

7

What’s new
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Pythia 8

Valentin Hirschi, ETHZ Developments and plans for MG5aMC 22.03.2017LHCTheory meeting

Pending publication (if ever :/): V.H., O. Mattelaer, S. Prestel

Pythia8 installation and use:
MG5_aMC > install pythia8
MG5_aMC > install mg5amc_py8_interface
ProcOuput > shower pythia8 run_01
[...]/ProcOuput/Cards/pythia8{

• Supports CKKW-L for LO merging

• Merging systematics weights propagated through HEPMC event files
• Ability easily output HEPMC events to a FIFO file

• Merging systematics computed on-the-fly
• Parallelization of Pythia8 runs

MLM  p p > Z + {0,1}j
• Do-it-all Pythia8 driver.

• No excuse anymore for sticking to Pythia6!

Slide copy from Hirschi

S. Prestzel, OM, V. Hirschi
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MadAnalysis 5

Valentin Hirschi, ETHZ Developments and plans for MG5aMC 22.03.2017LHCTheory meeting

V.H., B. Fuks

MA5 installation and use:

MG5_aMC > install madanalysis5  (no longer requires root){
• Implemented both for LO and NLO matched.
• Independent control on parton-level, hadron-level and recasting analysis
• One can bypass HEPMC and do the analysis directly from FIFO files.
• Analysis cards automatically generated and tailored to the process of interest

Slide copy from Hirschi

[1206.1599] B. Fuks, OM, V. Hirschi
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•  New LO interface 
➡ Pythia 8
➡ MadAnalysis 5 (See Benj talk)

•  Improvement in loop computation
•LHE output mode for fNLO
•  Additional weights

➡ Bias@LO
➡ BSM Re-Weighting
➡ Systematics

•  MadSpin

10

What’s new
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•Madloop relies many reduction tools:
➡ Ninja, Cuttools, IRIGI, GoLEM, PJFry, 
Samurai

➡ Adding Collier to the mix

11

MadLoop

Valentin Hirschi, ETHZ Developments and plans for MG5aMC 22.03.2017LHCTheory meeting

Related to V.H., T. Perraro [arXiv:1604.01363]

How much so mostly depends on:
  multiplicity
  loop numerator rank.

gg→ttgg

g-g-→z0z0z0z0

However still unclear how much 
more stable it is close to IR limits :
  Probably little improvements, if any.
  
Quad. prec. still necessary

Indeed the most 
stable option of all

• Unlimited loop propagator and 
numerator rank

•  In general not the fastest
• But faster TIR

•  But the more stable ones
• expansion around zero Gram

[1604.06792] 
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•  New LO interface 
➡ Pythia 8
➡ MadAnalysis 5 (See Benj talk)

•  Improvement in loop computation
•LHE output mode for fNLO
•  Additional weights

➡ Bias@LO
➡ BSM Re-Weighting
➡ Systematics

•  MadSpin

12

What’s new
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•  We decide to provide LHEF output for fNLO 
computation

•WARNING:
➡ Those events can not be showered
➡ Those events are weighted

•  This output are useful for plotting and MadSpin
•LHEF v3 format ( use <eventgroup>)

13

LHEF for fNLO
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•  New LO interface 
➡ Pythia 8
➡ MadAnalysis 5 (See Benj talk)

•  Improvement in loop computation
•Plugin mode
•  LHE output mode for fNLO
•  Additional weights

➡ Bias@LO
➡ BSM Re-Weighting
➡ Systematics

•  MadSpin
14

What’s new
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Th. Uncertainty

15

• generate p p > t t~
• output
• launch

• New module in pure python
• Rely to lhapdf interface trough python

• faster,  more flexible



Fabio MaltoniFabio MaltoniMattelaer Olivier MC4BSM 2017

Th uncertainty @NLO

16

• generate p p > t t~ [QCD]
• output
• launch

• set store_rwgt_info T

• systematics run_01 (OFFLINE)
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BSM Re-Weighting

17

Re-weighting are everywhere

BSM Re-weighting
•Change the events weights of a LHEF for 
various BSM theories.

•Re-use the same parton shower and 
detector simulation

•Fully differential

•  scale and pdf uncertainties (available both 
for LO and NLO computation)

•  loop induced processes
•  matching/merging
•  experimental re-weighting



Fabio MaltoniFabio MaltoniMattelaer Olivier MC4BSM 2017

LO

18

Re-Weighting
• Change the weight of the events

W
new

=
|M

new

|2

|M
old

|2 ⇤W
old

1404.7129 
1607.00763 

6 Mattelaer Olivier

predict the weight from any value of the coupling as
soon as the weights for two di↵erent values of the cou-
pling are known. This property can be used to further
speed up the computation of the weight.

Fig. 1 Di↵erential cross-section for pp ! ZW+ at 13 TeV
LHC. This correspond to the Standard model plus the op-
erator O

3

W for two di↵erent couplings value. Only the SM
contribution plus the interference term is kept on this plot.
See text for details.

4.2 ZH associated production in the E↵ective Field
Theory at NLO

For our first NLO validation, we consider the asso-
ciated production of a Z and H boson in the EFT
as implemented in the Higgs Characterisation frame-
work/model [32]. We use two of the benchmarks in-
troduced in [33]: HD and HDder. In more details, the
e↵ective Lagrangian relevant for this example is

LHD = �1

4

1

⇤
HWWZµ⌫Z

µ⌫H (20)

LHDder = � 1

⇤
H@ZZ⌫@µZ

µ⌫H +

(� 1

⇤
H@WW+

⌫ @µW
�µ⌫H + h.c.) , (21)

where ⇤ is the high energy scale (set to 1TeV), HWW ,
H@Z , H@W are dimensionless couplings (set to one).
H is the Higgs doublet field and Vµ⌫ = @µV⌫ � @⌫Vµ;
V = Z,W�,W+.

In Figure 2 we present the di↵erential cross-section
for the transverse momentum of the Higgs and for its ra-
pidity. In both cases, we present the curve for the SM,
HD and HDder benchmarks. For the transverse mo-
mentum, we start from an HDder sample of events and
perform the re-weighting to the other scenarios. While

Fig. 2 Di↵erential cross-section for pp ! ZH at 13 TeV LHC
featuring both LO and NLO re-weighting methods. Events
have been showered with Herwig6 [31]. See text for details.

for the rapidity we present the plot where the origi-
nal sample is the HD theory. Each re-weighted curve
is then compared with a dedicated generation and the
associated ratio plot is displayed below with the sta-
tistical uncertainty expected for the generation of two
independent samples. The agreement between the two
is excellent for both the NLO accurate re-weighting and
the Naive LO-like re-weighting. In this case the NLO
QCD e↵ects factorise from the BSM ones and there-
fore the NLO accuracy of the Naive LO-like approach
can only be spoiled by MC counter terms –which are as
expected quite mild–. One can also compare the statis-
tical fluctuations between the MG5 aMC curves and the
one obtained by re-weighting. If you look at the top
plot (transverse momenta) for the HD case, it is clear
that the statistical fluctuations are more pronounced
for the curve obtained by re-weighting. This is an ex-
ample of enhancement of statistical uncertainty due to
the re-weighting as discussed around Eq. 3 since in the

EFT Case

On the maximal use of Monte Carlo samples: re-weighting events at NLO accuracy 5

then apply the following re-weighting:

W↵,new
�,BB =

(Bnew + Vnew)

(Bold + Vold)
⇤W↵,old

�,BB

W↵,new
�,BC =

Bnew

Bold
⇤W↵,old

�,BC

W↵,new
�,V =

(Bnew + Vnew)

(Bold + Vold)
⇤W↵,old

�,V

W↵,new
�,R =

Rnew

Rold
⇤W�,R ,↵,old (16)

Both the virtual and the approximate virtual are re-
weighted by the same pre-factor which should allow
to limit the enhancement of the second integral. The
demonstration that such re-weighting is NLO accurate
is presented in appendix A. It can be intuitively un-
derstood considering (B+ V) as a single block which is
re-weighted accordingly.

3.3 Loop improved re-weighting

A third type of re-weighting was originally introduced
in the context of multiple Higgs production [18,28,29],
which we now briefly describe. In this case the idea is
to perform the NLO computation in the infinite top-
mass limit and then re-introduce the finite top-mass
e↵ects via re-weighting. Eq. 16 is directly applicable if
the exact finite virtual part is known. If not, one can
still use an approximate method:

W↵,new
�,B =

Bnew

Bold
⇤W↵,old

�,B ,

W↵,new
�,V =

Bnew

Bold
⇤W↵,old

�,V ,

W↵,new
�,R =

Rnew

Rold
⇤W↵,old

�,R . (17)

Both this method and the Naive LO-like method are
not NLO accurate. However one can expect that the
loop improved method has a better accuracy than the
other one due to the correct treatment of the various
counter terms.

4 Implementation and validation

The various methods of re-weighting discussed in the
previous section have been implemented in MG5 aMC and
are publicly available starting from version 2.4.0. At the
LO, the default re-weighting mode is based on the he-
licity information present in the event (Eq. 4), while
for NLO samples, the default re-weighting mode is the
NLO accurate one (Eq. 16). Fixed-order NLO genera-
tion can not be re-weighted since no event generation is
performed in this mode. A manual of the code is avail-
able online at the following address:
cp3.irmp.ucl.ac.be/projects/madgraph/wiki/Reweight.

In this section, we will present four validation ex-
amples covering the various types of re-weighting intro-
duced in the previous section. Since the purpose of this
section is mainly to validate our method, the details of
the simulation used (cuts, type of scale, ...) are kept to
a minimum. Otherwise stated, the settings used corre-
spond to the default value of MG5 aMC (version 2.4.0).

4.1 ZW associated production in the E↵ective Field
Theory at the LO

For the first validation, we will use the E↵ective Field
Theory (EFT) in the Electro-Weak sector [30]. We will
focus on the associated production of the W and Z

boson for the following dimension six operator:

O3W = Tr [Wµ⌫W
⌫⇢W⇢

µ] , (18)

with

Wµ⌫ =
i

2
gW ⌧ I(@µW

I
⌫ � @⌫W

I
µ + gW ✏IJKW J

µW
K
⌫ ) (19)

and gW is the weak gauge coupling, ⌧ I are the pauli
matrices and W I

µ is the gauge Field of SU(2).
In Figure 1 we present the di↵erential distributions

for the transverse momenta of the Z boson at LO accu-
racy. Starting from a sample of Standard Model events
(black solid curve), we have re-weighted our sample to
get the SM plus the interference term with the dimen-
sion six operator for two values of the associated cou-
pling: c = 50TeV�2 (dashed blue) and c = 500TeV�2

(dashed green). This second value is clearly outside the
validity region for the EFT approach as the di↵erential
distributions turns to be negative at low transverse mo-
mentum. Nevertheless, having such large e↵ects is in-
teresting for the validation of the re-weighting method.
The same di↵erential distributions are generated with
MG5 aMC (solid green and blue) and validates the re-
weighting method.

The ratios between the di↵erential curves obtained
with each method are presented in the second inset.
This inset contains also the statistical uncertainty (yel-
low band) for the ratio of two independent SM sam-
ples. The compatibility of those two ratio plots with
the expected statistical fluctuation validates our ap-
proach/code implementation. The first inset presents
the ratio between the EFT and SM predictions. It shows
that the method works correctly for quite small and
quite large modifications of the di↵erential distribu-
tions.

One can note that in the context of EFTs, the weight
is linear in the dim-6 coupling7 therefore it is trivial to

7 There would also be quadratic contribution if we include
the squared matrix element associated to the dimension six
operator.



Fabio MaltoniFabio MaltoniMattelaer Olivier MC4BSM 2017

NLO Re-Weighting

19

NLO method

• tracks the dependencies in the various matrix-
elements (born, virtual, real)

• re-weight each part according to the associated 
matrix-element

•compute the weight

4 Mattelaer Olivier

phase-space with a universal constant since the MC
counter terms connect the born and the real in a non
local way. Nevertheless, as we will see later, the e↵ect
of the MC counter terms are quite mild, as expected
since their contribution to the total cross-section are
exactly zero by construction. This allows the Naive LO-
like method to nicely approximate the NLO di↵eren-
tial cross-section for many processes/theories where the
last equation needs to be valid only phase-space point
by phase-space point (i.e. when the ratio of the real
matches the ratio of the Born and of the virtual in the
soft and/or collinear limit).

3.2 NLO re-weighting

In order to have an accurate NLO re-weighting method,
one should explicitly factorise out the dependence in
the (various) matrix elements (i.e. in the Born squared
matrix element –B– , the real squared matrix element
–R– and in the finite piece of the virtual –V–). We
use the decomposition of the di↵erential described in
[25]4 introduced in the context of the evaluation of the
systematics uncertainties:

d�↵ = f1(x1, µF )f2(x2, µF )
h
W↵

0 +W↵
F log (µF /Q)2 +

W↵
R log (µR/Q)2

i
d�↵, (9)

where the ↵ index is either R,S,C, SC,MC (see previ-
ous sub-section). Q is the Ellis-Sexton scale and d�↵ is
the phase-space measure.

The expression of the W↵
0 , W↵

F , W↵
R are given in the

appendix of [25] and are not repeated here. All those
expressions have linear dependencies in the Born, the
virtual, the real and the color connected Born BCC (this
term is defined in Eq. (3.24) of [26]). This allows us to
decompose the corresponding expressions as:5

W↵
� = B ⇤ C↵

�,B + BCC ⇤ C↵
�,B

CC

+ V ⇤ C↵
�,V +R ⇤ C↵

�,R (10)

where the � index is either 0, R or F . The C↵
�,• are ex-

pressions which do not depend of either the PDF/scale
or the matrix-element. From this expression we define
the following three terms:6

W↵
�,B ⌘ B ⇤ C↵

�,B + BCC ⇤ C↵
�,B

CC

, (11)

W↵
�,V ⌘ V ⇤ C↵

�,V , (12)

W↵
�,R ⌘ R ⇤ C↵

�,R. (13)

4 We also use the same (MC) counter terms as described in
that paper.
5 Due to the presence of multiple couter terms, the kine-

matic configuration on which the matrix-element is evaluated
is not unique: an implicit sum over such kinematical configu-
rations is assumed here and in the rest of the paper.
6 One can notice that W↵

�,V

= W↵

�,R

= 0 for � = R,F due

to the use of the Ellis-Sexton scale [6].

By keeping track of the W↵
�,• at the generation time

and writing it in the final event, one can perform an
NLO re-weighting by:

W↵,new
�,B =

Bnew

Bold
⇤W↵,old

�,B ,

W↵,new
�,V =

Vnew

Vold
⇤W↵,old

�,V ,

W↵,new
�,R =

Rnew

Rold
⇤W↵,old

�,R . (14)

The final weight associated to the event can then be
calculated by combining those various pieces as it is
done for the estimation of the systematics uncertainty
(see Appendix of [25]). One can notice that the color-
connected Born is simply re-weighted by the ratio of
the Born which can lead to a breaking of the NLO
accuracy of the method. However such an approxima-
tion does not consist in an additional limitation of the
method since the re-weighting factors should di↵er only
if the two theories present a di↵erence in the relative
importance of the various color-flows (a case already
not handled at LO accuracy).

More generally, the possible drawbacks and limita-
tions on the statistical precision of the method are the
same as for the LO case. However, for NLO calculations
in MG5 aMC we face one additional source of statistical
uncertainty due to the method used to integrate the
virtual contribution. This method reduces the number
of computations of the virtual by using an approximate
of the virtual contribution based on the Born ampli-
tudes times a fitted parameter . It performs a sepa-
rate phase-space integration to get the di↵erence be-
tween the virtual and its approximation (full descrip-
tion of the method is presented in Section 2.4.3 of [6]).
Schematically it can be written as:
Z

(B + V) =
Z

(B + B) +

Z
(V � B). (15)

If it exists a value of  such that B ⇡ V , the second
integral is approximately zero and does not need to be
probed as often as the first integral (thanks to impor-
tance sampling [27]), reducing the amount of time used
in the evaluation of the loop-diagrams. However the re-
weighting proposed in Eq. 14 will highly enhance the
contribution of the second integral since each term of
the integral will be re-weighted by a di↵erent factor,
having a direct impact on the statistical uncertainty.

To reduce this e↵ect, we propose to use a slightly
more advanced re-weighting technique. We split the
contribution proportional to the Born (W↵

�,B) in two
parts: W↵

�,BC and W↵
�,BB . W↵

�,BC is the part, propor-
tional to the Born, related to the one of the countert-
erms, while W↵

�,BB includes all of the other contribu-
tions (the Born itself and the approximate virtual). We
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phase-space with a universal constant since the MC
counter terms connect the born and the real in a non
local way. Nevertheless, as we will see later, the e↵ect
of the MC counter terms are quite mild, as expected
since their contribution to the total cross-section are
exactly zero by construction. This allows the Naive LO-
like method to nicely approximate the NLO di↵eren-
tial cross-section for many processes/theories where the
last equation needs to be valid only phase-space point
by phase-space point (i.e. when the ratio of the real
matches the ratio of the Born and of the virtual in the
soft and/or collinear limit).

3.2 NLO re-weighting

In order to have an accurate NLO re-weighting method,
one should explicitly factorise out the dependence in
the (various) matrix elements (i.e. in the Born squared
matrix element –B– , the real squared matrix element
–R– and in the finite piece of the virtual –V–). We
use the decomposition of the di↵erential described in
[25]4 introduced in the context of the evaluation of the
systematics uncertainties:

d�↵ = f1(x1, µF )f2(x2, µF )
h
W↵

0 +W↵
F log (µF /Q)2 +

W↵
R log (µR/Q)2

i
d�↵, (9)

where the ↵ index is either R,S,C, SC,MC (see previ-
ous sub-section). Q is the Ellis-Sexton scale and d�↵ is
the phase-space measure.

The expression of the W↵
0 , W↵

F , W↵
R are given in the

appendix of [25] and are not repeated here. All those
expressions have linear dependencies in the Born, the
virtual, the real and the color connected Born BCC (this
term is defined in Eq. (3.24) of [26]). This allows us to
decompose the corresponding expressions as:5

W↵
� = B ⇤ C↵

�,B + BCC ⇤ C↵
�,B

CC

+ V ⇤ C↵
�,V +R ⇤ C↵

�,R (10)

where the � index is either 0, R or F . The C↵
�,• are ex-

pressions which do not depend of either the PDF/scale
or the matrix-element. From this expression we define
the following three terms:6

W↵
�,B ⌘ B ⇤ C↵

�,B + BCC ⇤ C↵
�,B

CC

, (11)

W↵
�,V ⌘ V ⇤ C↵

�,V , (12)

W↵
�,R ⌘ R ⇤ C↵

�,R. (13)

4 We also use the same (MC) counter terms as described in
that paper.
5 Due to the presence of multiple couter terms, the kine-

matic configuration on which the matrix-element is evaluated
is not unique: an implicit sum over such kinematical configu-
rations is assumed here and in the rest of the paper.
6 One can notice that W↵

�,V

= W↵

�,R

= 0 for � = R,F due

to the use of the Ellis-Sexton scale [6].

By keeping track of the W↵
�,• at the generation time

and writing it in the final event, one can perform an
NLO re-weighting by:

W↵,new
�,B =

Bnew

Bold
⇤W↵,old

�,B ,

W↵,new
�,V =

Vnew

Vold
⇤W↵,old

�,V ,

W↵,new
�,R =

Rnew

Rold
⇤W↵,old

�,R . (14)

The final weight associated to the event can then be
calculated by combining those various pieces as it is
done for the estimation of the systematics uncertainty
(see Appendix of [25]). One can notice that the color-
connected Born is simply re-weighted by the ratio of
the Born which can lead to a breaking of the NLO
accuracy of the method. However such an approxima-
tion does not consist in an additional limitation of the
method since the re-weighting factors should di↵er only
if the two theories present a di↵erence in the relative
importance of the various color-flows (a case already
not handled at LO accuracy).

More generally, the possible drawbacks and limita-
tions on the statistical precision of the method are the
same as for the LO case. However, for NLO calculations
in MG5 aMC we face one additional source of statistical
uncertainty due to the method used to integrate the
virtual contribution. This method reduces the number
of computations of the virtual by using an approximate
of the virtual contribution based on the Born ampli-
tudes times a fitted parameter . It performs a sepa-
rate phase-space integration to get the di↵erence be-
tween the virtual and its approximation (full descrip-
tion of the method is presented in Section 2.4.3 of [6]).
Schematically it can be written as:
Z

(B + V) =
Z

(B + B) +

Z
(V � B). (15)

If it exists a value of  such that B ⇡ V , the second
integral is approximately zero and does not need to be
probed as often as the first integral (thanks to impor-
tance sampling [27]), reducing the amount of time used
in the evaluation of the loop-diagrams. However the re-
weighting proposed in Eq. 14 will highly enhance the
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having a direct impact on the statistical uncertainty.
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The final weight associated to the event can then be
calculated by combining those various pieces as it is
done for the estimation of the systematics uncertainty
(see Appendix of [25]). One can notice that the color-
connected Born is simply re-weighted by the ratio of
the Born which can lead to a breaking of the NLO
accuracy of the method. However such an approxima-
tion does not consist in an additional limitation of the
method since the re-weighting factors should di↵er only
if the two theories present a di↵erence in the relative
importance of the various color-flows (a case already
not handled at LO accuracy).

More generally, the possible drawbacks and limita-
tions on the statistical precision of the method are the
same as for the LO case. However, for NLO calculations
in MG5 aMC we face one additional source of statistical
uncertainty due to the method used to integrate the
virtual contribution. This method reduces the number
of computations of the virtual by using an approximate
of the virtual contribution based on the Born ampli-
tudes times a fitted parameter . It performs a sepa-
rate phase-space integration to get the di↵erence be-
tween the virtual and its approximation (full descrip-
tion of the method is presented in Section 2.4.3 of [6]).
Schematically it can be written as:
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If it exists a value of  such that B ⇡ V , the second
integral is approximately zero and does not need to be
probed as often as the first integral (thanks to impor-
tance sampling [27]), reducing the amount of time used
in the evaluation of the loop-diagrams. However the re-
weighting proposed in Eq. 14 will highly enhance the
contribution of the second integral since each term of
the integral will be re-weighted by a di↵erent factor,
having a direct impact on the statistical uncertainty.

To reduce this e↵ect, we propose to use a slightly
more advanced re-weighting technique. We split the
contribution proportional to the Born (W↵

�,B) in two
parts: W↵

�,BC and W↵
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�,BC is the part, propor-
tional to the Born, related to the one of the countert-
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�,BB includes all of the other contribu-
tions (the Born itself and the approximate virtual). We
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predict the weight from any value of the coupling as
soon as the weights for two di↵erent values of the cou-
pling are known. This property can be used to further
speed up the computation of the weight.

Fig. 1 Di↵erential cross-section for pp ! ZW+ at 13 TeV
LHC. This correspond to the Standard model plus the op-
erator O

3

W for two di↵erent couplings value. Only the SM
contribution plus the interference term is kept on this plot.
See text for details.

4.2 ZH associated production in the E↵ective Field
Theory at NLO

For our first NLO validation, we consider the asso-
ciated production of a Z and H boson in the EFT
as implemented in the Higgs Characterisation frame-
work/model [32]. We use two of the benchmarks in-
troduced in [33]: HD and HDder. In more details, the
e↵ective Lagrangian relevant for this example is

LHD = �1

4

1

⇤
HWWZµ⌫Z

µ⌫H (20)

LHDder = � 1

⇤
H@ZZ⌫@µZ

µ⌫H +

(� 1

⇤
H@WW+

⌫ @µW
�µ⌫H + h.c.) , (21)

where ⇤ is the high energy scale (set to 1TeV), HWW ,
H@Z , H@W are dimensionless couplings (set to one).
H is the Higgs doublet field and Vµ⌫ = @µV⌫ � @⌫Vµ;
V = Z,W�,W+.

In Figure 2 we present the di↵erential cross-section
for the transverse momentum of the Higgs and for its ra-
pidity. In both cases, we present the curve for the SM,
HD and HDder benchmarks. For the transverse mo-
mentum, we start from an HDder sample of events and
perform the re-weighting to the other scenarios. While

Fig. 2 Di↵erential cross-section for pp ! ZH at 13 TeV LHC
featuring both LO and NLO re-weighting methods. Events
have been showered with Herwig6 [31]. See text for details.

for the rapidity we present the plot where the origi-
nal sample is the HD theory. Each re-weighted curve
is then compared with a dedicated generation and the
associated ratio plot is displayed below with the sta-
tistical uncertainty expected for the generation of two
independent samples. The agreement between the two
is excellent for both the NLO accurate re-weighting and
the Naive LO-like re-weighting. In this case the NLO
QCD e↵ects factorise from the BSM ones and there-
fore the NLO accuracy of the Naive LO-like approach
can only be spoiled by MC counter terms –which are as
expected quite mild–. One can also compare the statis-
tical fluctuations between the MG5 aMC curves and the
one obtained by re-weighting. If you look at the top
plot (transverse momenta) for the HD case, it is clear
that the statistical fluctuations are more pronounced
for the curve obtained by re-weighting. This is an ex-
ample of enhancement of statistical uncertainty due to
the re-weighting as discussed around Eq. 3 since in the
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•modify the function to integrate
➡ change your cross-section
➡ possibility to preserve the cross-section

weighted events (useful for tail)
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LO Bias Module
Idea

PTJ bias
No bias
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•  New LO interface 
➡ Pythia 8
➡ MadAnalysis 5 (See Benj talk)

•  Improvement in loop computation
•Plugin mode
•  LHE output mode for fNLO
•  Additional weights

➡ Bias@LO
➡ BSM Re-Weighting
➡ Systematics

•  MadSpin
22

What’s new
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• Decaying events with full-spin correlation and off-
shell effects in the NWA

➡ Limitation: 2 body decay

23

MadSpin
Historically

Two year ago
• Special mode for Higgs decay: (set spinmode none)

• no spin-correlation
• no off-shell effects
• no restriction on production/decay

Two month ago
• New special mode: (set spinmode onshell)

•  Full spin-correlation
•  no off-shell effects
•  Allow N-body decay

[1212.3460]
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•MadGraph5_aMC@NLO is committed to 
support BSM physics

•MadGraph has now a plugin mode
➡ User hooks to include your 
contribution

•Re-Weighting method crucial to allow 
BSM@NLO
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CONCLUSION


