
On the reduction of negative weights in MC@NLO

Paolo Torrielli
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Outline

I Negative weights.

I Negative weights in MC@NLO.

I A new NLO+PS matching: MC@NLO-∆.

I Some results.

I Outlook / open issues.
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Negative weights (I)

I Cross section beyond LO not positive definite locally in phase space.

I Not a conceptual problem, just a reduction in generation efficiency.

I Main effect: larger event samples for a given target MC accuracy.

I Generate N = N+ + N− unweighted (up to a sign) events

N− = f N with negative weight, N+ = (1− f )N with positive weight, 0 ≤ f < 0.5.

σ = ω
(

N+ − N− ±
√

N+ + N−
)

= ω
(

(1− 2f )N ±
√

N
)
.

I Same thing for positive-definite generation

σ = ω′
(

M ±
√

M
)
.
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Negative weights (II)

σ = ω
(

(1− 2f )N ±
√

N
)

= ω′
(

M ±
√

M
)
.

I To reach the same MC error

N =
M

(1− 2f )2
.

I For example: with f = 30%, which may occur for complicated processes, N = 6.25×M.

I In experiments a significant amount of time is spent after event generation (detector
simulation, ...).

I Reduction of negative weights and sample size at the price of some increase in generation
time can still be beneficial.
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MC@NLO

dσMC@NLO = dΦB dΦrad

[
B + V∫
dΦrad

+ KPS

]
F (n)

PS + dΦB dΦrad

[
R − KPS

]
F (n+1)

PS

= dσ(S)(ΦB ,Φrad)F (n)
PS + dσ(H)(ΦB ,Φrad)F (n+1)

PS

I F (j)
PS = shower spectrum starting from j- body kinematics

I S events. Showered by the PS starting from Born (n-body) kinematics F (n)
PS

H events. Showered by the PS starting from real (n + 1-body) kinematics F (n+1)
PS

I KPS = Monte Carlo counterterm: O(αS) expansion of the shower emission probability

dΦrad KPS ∝ D(q, µ1, µ2)
∑

c

∑
`∈c

dq2

q2
dz
ᾱS(q2)

2π
P(z)

q2, z shower variables (depend on colour flow c, line `); D dampening profile.

q

1

0 !2

D

!1

Paolo Torrielli On the reduction of negative weights in MC@NLO 5 / 22



Negative weights in MC@NLO: S events

dσ(S)(ΦB ,Φrad)F (n)
PS = dΦB dΦrad

[
B + V∫
dΦrad

+ KPS

]
F (n)

PS

I S events have Born kinematics, but dσ(S) has support in the full n + 1-body phase space.

I Locally in the n + 1-body phase space their weight can be negative.

I Negative S weights can be reduced by folding [Nason, 0709.2085] (used in POWHEG-BOX
[Alioli, et al., 1002.2581])

I First integrate S short-distance cross section over dΦrad, and then generate Born phase
space, i.e.

dσ(S)(ΦB ,Φrad)F (n)
PS → F (n)

PS

∫
dΦrad

dσ(S)(ΦB ,Φrad)

dΦrad
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Negative weights in MC@NLO: S-event folding

I In practice

F (n)
PS

∫
dΦrad

dσ(S)(ΦB ,Φrad)

dΦrad
∼ F (n)

PS

nξ∑
i=1

ny∑
j=1

nφ∑
k=1

wijk

nξny nφ

dσ(S)(ΦB , ξi , yj , φk )

dΦrad

I At a fixed Born phase-space point (ΦB) one generates nξ × ny × nφ radiative configurations
(ξ, y , φ are the FKS variables for the radiative phase space).

Possible using the MINT integrator [Nason, 0709.2085].

I The more the one averages over radiative variables, the more the negative contributions are
reduced (dominated by Born).

I Price to pay: increase running time in generation of S events (typically a factor up to
nξ × ny × nφ).

I This is a purely technical aspect, i.e. no change in the matching formula.
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Negative weights in MC@NLO: H events

dσ(H)(ΦB ,Φrad)F (n+1)
PS = dΦB dΦrad

[
R − KPS

]
F (n+1)

PS

I Sketch for pT of the Born-level system

pT

S events

H events: KPS >~ R

H events: KPS ~ 0

Before showering (unphysical)

fixed NLO

=⇒

pT

showered S events

showered H events

After showering (physical)

MC@NLO spectrum

fixed NLO
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Negative weights in MC@NLO: H events

pT

S events

H events: KPS >~ R

H events: KPS ~ 0

Before showering (unphysical)

fixed NLO

=⇒

pT

showered S events

showered H events

After showering (physical)

MC@NLO spectrum

fixed NLO

I Negative H weights come mainly from small/intermediate pT configurations.

I This region is PS-dominated: efficiently filled by S events after showering.

I In this region, H events have little impact on shapes of distributions, mostly affect
normalisation.

I MC@NLO is allowing many negative H events there at short-distance level,
which are eventually totally compensated by the shower.

I A new matching scheme, MC@NLO-∆, to reduce this problem in the first place.
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MC@NLO-∆ (I)
I Main reasoning behind MC@NLO-∆: suppress R − KPS at small pT .

pT

S events

H events: KPS >~ R

H events: KPS ~ 0

Before showering (unphysical)

fixed NLO

=⇒

pT

S events for MC@NLO(!)

Before showering (unphysical)

fixed NLO

H events for MC@NLO(!)

I Suppression factor 0 ≤ ∆ ≤ 1, with support in the n + 1-body phase.

I ∆ designed not to spoil any of the MC@NLO accuracy properties.

I ∆ constructed with sole PS information, can be used to enrich the NLO – PS cross talk.
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MC@NLO-∆ (II)

dσMC@NLO = dσ(S)(ΦB ,Φrad)F (n)
PS + dσ(H)(ΦB ,Φrad)F (n+1)

PS

→

dσMC@NLO(∆) =
[
dσ(S)(ΦB ,Φrad) + dσ(H)(ΦB ,Φrad) (1−∆)

]
F (n)

PS

+ dσ(H)(ΦB ,Φrad) ∆ F (n+1)
PS

I ∆ = 1 + O(αS): difference w.r.t. MC@NLO starts at O(α2
S), preserving NLO accuracy.

I
∫

dσMC@NLO(∆) =
∫

dσMC@NLO =
∫

dσNLO.

I ∆→ 0 in the S/C region, to dampen H events there.

I In the S/C region this enforces dσMC@NLO(∆) ∝ F (n)
PS in a stronger way than dσMC@NLO.

The proportionality factor in the S/C region tends to [B + V +
∫

dΦradR], PS-independent.

I MC@NLO-∆ much less sensitive than MC@NLO to showers with incorrect soft limit.

I ∆→ 1 in the hard region, to preserve exact NLO matrix-element information there.
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Construction of ∆ factor
I ∆ is constructed as the product of no-emission probabilities associated with all QCD legs

present at Born level

∆ =
n∏

i=1

Πi (q, µ)

=
n∏

i=1

Fi exp
{
− 1

N`i

∑
`i

∑
j

∫ µ2

q2

dt
t
ᾱS(t)

2π

∫ 1−ε(t,`i )

ε(t,`i )
dz

1
2

Pji (z)
}
.

I Suppression factors for all potential Born-level radiators.

I Stronger suppression where the PS is expected to radiate more.

I Fi = fi (x , q)/fi (x , µ) for i in the initial state, Fi = 1 in the final state.

I Gluons enter two dipoles: we take a (PS-driven) weighted average of the two contributions
where the contribution with the smaller scale q has larger weight.

I One needs enforce ∆ = 1 if q > µ, or in a PS dead zone.

I ∆ provided numerically by the PS, for each phase-space point.
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Choice of scales entering the ∆ factor (I)

∆ =
n∏

i=1

Πi (q, µ)

I ‘Starting’ scales µ are typical hard scales associated with the kinematics of the process.

I Pick randomly a Born-level colour flow, depending on its relative contribution to KPS .

I Compute reference scales M2
ab = (k̄a + k̄b)2, with k̄ = Born-level momenta

ab colour-connected partons in the picked flow.

I One shower starting scale per dipole end: µab = D−1(rab, µ1,ab, µ2,ab)

rab = flat random numbers, and µi,ab = fi Mab

f1,2 = O(1) factors to assess shower-scale systematics.
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Choice of scales entering the ∆ factor (II)

∆ =
n∏

i=1

Πi (q, µ)

I ‘Stopping’ scales q must be q → 0 for soft/collinear radiation (∆→ 0), and q ' µ for hard
radiation (∆→ 1).

I We passe Born kinematics and colour flow + real kinematics to the PS.

I PS returns qab = shower variable associated with the real radiation occurring from radiator a,
colour-connected to b; in general qab 6= qba.

1 2

q12 ~ pT(g,1) 
q21 ~ pT(g,2) >> q12
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Remarks
I Parton shower called at run time (and not only after event generation) to get information on

I no-emission probabilities → pre-tabulated shower Sudakovs

I target scales qij

I Cross-talk may become beneficial in MadGraph5 aMC@NLO: may lead to abandon
hard-coded KPS and gain flexibility.

I LH events can be naturally endowed with two scales per colour dipole
µij for S events, qij for H events.

I Especially relevant for complex multi-leg processes, where one shower starting scale per
event may be suboptimal.

procedure on the r.h.s. of eq. (4.1). The integers n⇠, ny, and n' are called folding pa-

rameters, and are under the user’s control. We shall discuss their use in sect. 5; for the

time being, note that by choosing all of the folding parameters equal to one we recover the

standard S-event generating functional.

We conclude this section with a few words on the shower scales associated with hard

events in the context of MC@NLO-�. These are defined as is described in sect. 3.2, and

included in LHE files by means of the <scales> tag. In particular, a typical LHE will read

as follows:

<event>

....

<scales muf=’1.0E+01’ mur=’1.0E+01’ ... scalup_a_b=’X’ ...>

</scales>

</event>

For each event, there are as many scalup a b entries as is necessary, with a and b being

equal to either k̄ and C�(k̄) for S events (see eq. (3.38)), or k and C�(k) for H events (see

eq. (3.44))21. The values X written above represent either the starting scales µk̄C�(k̄) for S
events or the stopping scales

p
tkC�(k) for H events. As is shown in the example above, the

<scales> tag is the last entry of a LHE. This structure is compatible with the guidelines

of the Les Houches accord [23, 24], and with any recent Pythia8 8.2 version.

5 Results

In this section we present MC@NLO-� predictions for several hadroproduction processes,

and compare them with their MC@NLO counterparts. All of these results have been ob-

tained by means of MG5 aMC [17] and Pythia8 [19]; the implementation of the MC@NLO-�

prescription in the former, and the corresponding utility modules in the latter, will become

publicly available shortly after the release of this paper.

We have performed our runs by adopting the default MG5 aMC parameters; all results

are relevant to pp collisions at
p

S = 13 TeV. The particle masses and widths are set as

follows:

mt = 173 GeV , mH = 125 GeV , (5.1)

mW = 80.385 GeV , mZ = 91.188 GeV , (5.2)

�W = 2.047600 GeV , �Z = 2.441404 GeV . (5.3)

Both the Higgs and the top-quark widths have been set equal to zero, the latter choice

being allowed by the specific production processes we have considered, that do not feature

internal top-quark propagators which might go on-shell. We have adopted the central

NNPDF2.3 PDF set [25], that is associated with the value

↵S(mZ) = 0.119 . (5.4)

21In other words, {a,b}={I,J}, where I and J label two particles in the LHE file such that

ICOLUP(K,I)=ICOLUP(L,J), with K, L 2 {1, 2}.

– 21 –
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Results - setup

I LHC at 13 TeV.

I NNPDF2.3 with αS(MZ ) = 0.119.

I Central µR , µF = HT /2 = 1
2
∑

i

√
m2

i + p2
T ,i .

I MadGraph5 aMC@NLO interfaced with PYTHIA8.

I No hadronisation, no underlying event, no QED showers.
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Results (I)

MC@NLO MC@NLO-�

111 221 441 �-111 �-221 �-441

pp ! e+e� 6.9% (1.3) 3.5% (1.2) 3.2% (1.1) 5.7% (1.3) 2.4% (1.1) 2.0% (1.1)

pp ! e+⌫e 7.2% (1.4) 3.8% (1.2) 3.4% (1.2) 5.9% (1.3) 2.5% (1.1) 2.3% (1.1)

pp ! H 10.4% (1.6) 4.9% (1.2) 3.4% (1.2) 7.5% (1.4) 2.0% (1.1) 0.5% (1.0)

pp ! Hbb̄ 40.3% (27) 38.4% (19) 38.0% (17) 36.6% (14) 32.6% (8.2) 31.3% (7.2)

pp ! W+j 21.7% (3.1) 16.5% (2.2) 15.7% (2.1) 14.2% (2.0) 7.9% (1.4) 7.4% (1.4)

pp ! W+tt̄ 16.2% (2.2) 15.2% (2.1) 15.1% (2.1) 13.2% (1.8) 11.9% (1.7) 11.5% (1.7)

pp ! tt̄ 23.0% (3.4) 20.2% (2.8) 19.6% (2.7) 13.6% (1.9) 9.3% (1.5) 7.7% (1.4)

Table 1: Fractions of negative-weight events, f , and the corresponding relative costs,

c(f) (in round brackets), for the processes in eqs. (5.7)–(5.13), computed with MC@NLO

(columns 2–4) and with MC@NLO-� (columns 5–7), for three di↵erent choices of the

folding parameters.

The default choices of these parameters for all of the processes in eqs. (5.7)–(5.13), except

for that in eq. (5.10), are the following:

 = 1 , f̂1 = 0.1 , f̂2 = 1 , (5.15)

while in the case of eq. (5.10) we set:

 =
1

2
, f̂1 = 0.1 , f̂2 = 1 . (5.16)

The reduced value of the  parameter in eq. (5.16) w.r.t. that of eq. (5.15) is in keeping

with the findings of ref. [28]. In the case of MC@NLO, we use (see eq. (3.22)):

R =
HT

2
, (5.17)

which has been the MG5 aMC default since version 2.5.323.

We start by reporting, in table 1, the overall fractions f of negative-weight events,

expressed in percentage, for the processes in eqs. (5.7)–(5.13). For each such fraction, we

also give the value of the corresponding relative cost, defined in eq. (1.6) and computed

with C± = 0 – these are the entries in round brackets. For each of the processes that we

have considered, there are six results; those in columns 2 to 4 are obtained with MC@NLO,

while those in columns 5 to 7 are obtained with MC@NLO-�. The three results relevant

to a given matching prescription (either MC@NLO or MC@NLO-�) di↵er by the choices

of the folding parameters

n⇠ , ny , n' , (5.18)

23This renders a direct comparison of the present MC@NLO results for Hbb̄ production with those of

ref. [28] impossible, in view of a di↵erent choice of the scale R made in that paper. However, the combination

of eqs. (5.16) and (5.17) leads to predictions which are rather similar to those obtained with the ↵ = 1/4

choice of ref. [28], i.e. the default there. See that paper for more details.

– 23 –

I 111, 221, 441, are the folding parameters nξ, ny , nφ.

I Number in brackets is the ‘relative cost’ defined as 1/(1− 2f )2.

I ∆ + folding quite effective for t t̄ , or Wj .

I Hbb̄ still challenging. Ongoing further investigation.
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Results (II)
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Figure 2: Transverse momentum of the e+e� pair (left panel) and of the e+⌫e pair

(right panel), for the process in eqs. (5.7) and (5.8), respectively. Both MC@NLO (brown

histograms) and MC@NLO-� (blue histograms) results are shown, for three choices of

folding parameters.

mostly concentrated in the intermediate region; therefore, such an observable is essentially

a worst-case scenario as far as this systematics is concerned. Indeed, for the purpose of

a comparison between MC@NLO and MC@NLO-� predictions, we have verified that the

conclusions that can be drawn by studying the transverse momentum of the Born system

have a rather general validity, in that by far and large they encompass the cases of the

other observables that we have considered.

Our results are displayed in figs. 2–4 for the processes in eqs. (5.7)–(5.12); the case of

tt̄ production will be dealt with later (see sect. 5.1). These figures feature two panels, each

relevant to a specific process, composed of a main frame and a lower inset, and all have

the same layout. In the main frame there are six histograms, three of which are relevant to

MC@NLO predictions (brown lines) and the other three to MC@NLO-� predictions (blue

lines). The three results in each set di↵er from each other by the choice of the folding

parameters: (n⇠, ny, n') = (1, 1, 1) (i.e. no folding; solid), (n⇠, ny, n') = (2, 2, 1) (dashed),

and (n⇠, ny, n') = (4, 4, 1) (dotted). Thus, the six curves in the main frames correspond

to the six results associated with each process in table 1. The lower insets of the figures

show the bin-by-bin ratios of each of the histograms that appear in the main frames, over

the histogram relevant to the corresponding MC@NLO result with no folding; the same

plotting patterns as in the main frames are employed.

In fig. 2 we present the predictions for the Z- (left panel) and W+-mediated (right

panel) first-family lepton pair production of eqs. (5.7) and (5.8); not surprisingly, they look

very similar to each other, and the only reason to show both of them is their prominence

– 25 –

I pT (Born system) = maximally sensitive to matching systematics.

I Same shape at small pT , O(5%) difference in the matching region, same shape and
normalisation at high pT .

I Difference compatible with systematics effects from shower-scale variations (not shown).

I Folding does not affect distributions, just statistics.
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Results (III)

for both SM measurements and new-physics searches at the LHC. The MC@NLO and

MC@NLO-� results are within ±5% of each other in the whole range considered. They

coincide in absolute value at large pT , in keeping with one of the defining features of the

MC@NLO matching, namely that in hard regions both the shape and the normalisation

must coincide, up to small shower e↵ects, with the underlying fixed-order NLO predic-

tion. This shows that such a feature is also exhibited by MC@NLO-�, as is expected by

construction. At small transverse momenta the MC@NLO and MC@NLO-� results have

the same shapes, which in the case of the former matching prescription is known to coin-

cide with that of the underlying parton-shower MC; again, this shows that this property

holds for MC@NLO-� as well. As was anticipated, the di↵erences between MC@NLO and

MC@NLO-� are visible in the intermediate-pT region, and must be attributed to matching

systematics; in fact, they are of the same order as those one would obtain e.g. by varying

the f↵ parameters that control the starting scale(s) of the parton showers; we shall give

in sect. 5.1 an explicit example on this point. We finally remark that, for both of the

matching prescriptions, the di↵erences between the results obtained with di↵erent folding

parameters are statistically compatible with zero, which confirms the nature of the folding

as a technical tool which has no impact on physics predictions.
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Figure 3: As in fig. 2, for the transverse momentum of the Higgs (left panel) and of

the Hbb̄ system (right panel), for the processes in eqs. (5.9) and (5.10), respectively. The

latter displays an additional MC@NLO-� curve (red dotted); see the text for details, in

particular eq. (5.14) for the definition of the parameter .

In fig. 3 we show the results for production processes that feature an SM Higgs –

single-inclusive (eq. (5.9)) in the left panel, and in association with a bb̄ pair (eq. (5.10))

in the right panel. As far as single-inclusive production is concerned, the same comments

as for the lepton-pair processes of fig. 2 can be repeated verbatim. While this fact could

have been expected, it is nevertheless an excellent test of the MC@NLO-� machinery. In

– 26 –
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Figure 5: As in fig. 2, for the transverse momentum of the tt̄ pair, for the process in

eq. (5.13).

the context of MC@NLO-type matchings, the latter quantities are meaningful only in a

technical, as opposed to a physical, sense. In order to do so, on top of considering the

results obtained with the parameters in eq. (5.15), we also use what follows:

 = 1 , f̂1 = 0.1 , f̂2 = 0.55 , (5.19)

 = 1 , f̂1 = 0.55 , f̂2 = 1 . (5.20)

We call the settings of eqs. (5.15), (5.19), and (5.20) the baseline, lower, and upper choices

respectively, and abbreviate these names where necessary as b, l, and u. We stress that

this notation has no phenomenological implications. In other words, we do not claim

that the baseline choice should be regarded as the default option when a comparison to

data is performed; it is simply the choice of settings which is formally closest to the one

usually adopted in MG5 aMC MC@NLO simulations. Whether it is the baseline, the lower,

or the upper settings (or something else altogether) that are best for phenomenological

MC@NLO-� applications is an open question, which is beyond the scope of the present

paper.

In fig. 6 we consider again the transverse momentum of the tt̄ pair. There are six

panels in the figure, and all of them have the same layout. The black histograms are

the MC@NLO (upper row) and MC@NLO-� (lower row) results; by definition, they are

obtained after parton showers. The brown histograms represent results at the hard-event

level, i.e. before parton showers; the dark-brown (peaking at relatively larger pT ’s) and

light-brown (peaking at relatively smaller pT ’s) ones are associated with positive-weight

– 29 –

I Similar pattern for gluon fusion Higgs production as for DY.

I For t t̄ up to 30% difference in the matching region.
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Figure 4: As in fig. 2, for the transverse momentum of the W -hardest jet system (left

panel) and of the W+tt̄ system (right panel), for the processes in eqs. (5.11) and (5.12),

respectively. In the right panel, the fixed-order result (red solid) is also shown.

theory. We have verified that, by plotting this distribution at the level of the hard events,

the MC@NLO and MC@NLO-� results are on top of each other, and on top of the FO

one; thus, the di↵erences between the former two predictions are indeed stemming from

di↵erent shower-scale assignments.

5.1 A closer look at tt̄ production

In this section we discuss in more details the case of tt̄ hadroproduction (eq. (5.13)); this

will give us the opportunity to re-consider the arguments of sect. 2 in light of a specific

example. We start by considering the analogue of the observables displayed in figs. 2–4,

namely the transverse momentum of the tt̄ pair. This is shown in fig. 5, whose layout is

identical to that of the figures considered so far. The conclusions are also qualitatively

fairly similar to those relevant to the other processes. We note that the di↵erences between

the MC@NLO and MC@NLO-� predictions are larger here in the intermediate region;

we anticipate (see fig. 6) that this is not the signal of a genuine discrepancy between the

two prescriptions, but it rather reflects a matching uncertainty that a↵ects both matching

techniques in a similar manner. The large-pT region also exhibits some of the features

relevant to W+tt̄ production that we have described in fig. 4; they are however milder

here, owing to the distribution being less steep and the final-state less massive than in the

previous case (thus, the asymptotic regime occurs at pT values relatively smaller than in

the case of W+tt̄ production).

We now study how the predictions after parton showers (e.g. those in fig. 5) are related

to the hard events they stem from; the reader must bear in mind that, as always in

– 28 –

I Wtt̄ : asymptotic regime approached very slowly, shower effects at hundreds of GeV.

I MC@NLO-∆ converges to NLO faster than MC@NLO.

I MC@NLO’s single shower scale may be suboptimal w.r.t. multiple scales based on the
kinematics of the single dipoles.
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Figure 6: Transverse momentum of the tt̄ pair, after parton showers (black histograms),

and before parton showers for positive-weight (dark brown histograms) and negative-weight

(light brown histograms) events; see the text for details.

and negative-weight events, respectively; in order to display them together, the latter are

plotted by flipping their signs. Note that only H events contribute to the hard-event

histograms, since for S events one has pT (tt̄) = 0, which is outside the domain of fig. 6. For

each type of histogram (after parton showers and before parton showers with event weights

of either sign) there are three curves; the dotted, solid, and dashed ones are obtained with

the lower (eq. (5.19)), baseline (eq. (5.15)), and upper (eq. (5.20)) settings, respectively. It

follows that the solid black histograms are the same predictions as those already shown in

fig. 5 as blue curves. The three panels in each of the two rows of fig. 6 di↵er by the choice

of the folding parameters.

There are several pieces of information that can be extracted from fig. 6. We start

by observing that the three panels on each row are essentially indistinguishable from one

another. This is what we expect, since they di↵er by the choice of the folding parameters;

such a choice must induce di↵erences statistically compatible with zero for physical distri-

butions (black histograms), and must not a↵ect H-event distributions (brown histograms)

– note that the latter statement would not be true in the case of S events, as we shall docu-

ment below. The choice of the f̂↵ parameters gives a measure of the matching systematics

after parton showers; we note that such systematics (identified as the cumulative di↵erence

among the three black histograms that appear on any given panel) are very similar, but

not identical, in MC@NLO and MC@NLO-�; this confirms that, for precision studies,

MC@NLO-� matching uncertainties are best assessed independently of the corresponding

MC@NLO ones. As was anticipated, the MC@NLO and MC@NLO-� systematics emerg-

– 30 –

ing from fig. 6 are consistent with the di↵erences between the MC@NLO and MC@NLO-�

predictions of fig. 5. At variance with the physical results, those at the hard-event level

(brown histograms) exhibit a very strong dependence on the f̂↵ parameters: this need not

be surprising, owing to their unphysical nature. However, such a large dependence o↵ers

one the possibility of a better understanding of the interplay between positive weights,

negative weights, and scale assignments.
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Figure 7: As in fig. 6 for the invariant mass of the tt̄ pair. For hard events before parton

shower, only H ones are shown.

In order to proceed, we note preliminarily that the hard-event distributions in fig. 6

are nothing but the distribution in pT (tt̄) as is predicted solely by the short-distance cross

section d�(H) (for MC@NLO, see eq. (2.1)) and d�(�,H) (for MC@NLO-�, see eq. (3.1));

one simply plots the positive and negative contributions separately. This follows from

the fact that by not performing parton showers one leaves the parton-level kinematical

configurations unchanged. Furthermore, we remark that the value of pT (tt̄) is a good

estimate of the stopping scale relevant to the Sudakov form factor that dominates in the

construction of � (i.e. the smallest one); as far as the corresponding starting scale is

concerned, its value will be in the range (f̂1µt, f̂2µt) (see eqs. (3.25) and (3.26)), with µt

predominantly of the order of the top mass; on average, the starting scale will be roughly

equal to (f̂1 + f̂2)µt/2.

As the comparison of eq. (2.2) with eq. (3.2) shows, we have:

d�(�,H) = d�(H)� ⌘
�
d�(NLO,E) � d�(MC)

�
� . (5.21)

One of the implications of what has been said about the stopping and starting scales is

that � ! 0 for small pT (tt̄). Thus, the cross section in this region must be much smaller

– 31 –

I MC@NLO vs MC@NLO-∆: positive (brown) and negative (orange) H events and showered
results (black) in t t̄ production.

I Solid: (f1 = 0.1, f2 = 1.0), dotted: (f1 = 0.1, f2 = 0.55), dashed: (f1 = 0.55, f2 = 1.0).
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Outlook
I Reduction of negative weights in MC@NLO achieved by folding for S events, by modifying

matching prescription for H events: MC@NLO-∆.

I Some physics and technical benefits of MC@NLO-∆.

I Reduction of negative weights and size of event samples
I Better scale assignments (one scale per dipole end)
I Reduced sensitivity to PS in the soft limit
I Enhanced flexibility in the MadGraph5 aMC@NLO implementation

I Some drawbacks: folding and MC@NLO-∆ may increase the running time.

I I consider it as a first step of a more general revision of MC@NLO formalism, and of its
implementation in MadGraph5 aMC@NLO.

I Work in progress / open questions.

I Optimise implementation to reduce running times
I Other ways to tackle the problem with less drawbacks? A couple of ideas to be investigated.
I Revision of the matching scheme: a chance not only to reduce negative weights but also to include

subleading terms?
I What is the formal logarithmic accuracy of MC@NLO / MC@NLO-∆?

Thank you for your attention
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