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Present: Loop Induced Processes

It is formally a NNLO contribution strongly enhanced by the large initial state gluon 
flux 

ZZ production at 13 TeV:  (Grazzini et al, ’19)

•  ~62% of NNLO corrections
•  ~9% of the total NNLO cross section 
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Figure 4. Differential distribution in m4ℓ at 8TeV (left) and 13TeV (right).

at small invariant masses: in the peak region they increase the NNLO cross section by

about 5% (7%) at
√
s = 8 (13)TeV. As m4ℓ increases, the impact of the ggNLO corrections

decreases, and it is only about +1% at m4ℓ ∼ 1TeV. This is not unexpected, since the gg

contribution is largest when gluons with smaller x are probed. On the contrary, the size of

the ggNLO/ggLO K-factor in the lower panel is relatively stable, with a moderate increase

at small m4ℓ. In both cases, comparing the nNNLO/NNLO and ggNLO/ggLO ratios, the

scale uncertainties do not fully cover the size of higher-order corrections in the peak region

of the distribution, which demonstrates the importance of the NLO corrections to the loop-

induced gluon fusion contribution. The impact of the qg channels on the ggNLO/ggLO

K-factor is about −10% at smaller m4ℓ values, but essentially vanishes in the tail of the

m4ℓ distribution.

In figure 5 we show the invariant-mass distribution of the primary (upper plots) and

secondary OSSF lepton pair (lower plots), ordered by the distance of their invariant masses

to the Z-boson mass. Both distributions are limited by the Z-mass window cut in the

fiducial phase space. The distribution of the lepton pair which is less close to mZ is

broader. More precisely, when the invariant mass of the lepton pair is mZ ± 20GeV, the

cross section is suppressed by about four and two orders of magnitude for the primary and

secondary lepton pair, respectively. Nonetheless, the impact of QCD corrections is uniform

in both cases, and independent of the collider energy. The NNLO uncertainty bands barely

overlap with the ones of the nNNLO result.

– 9 –
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Present: Loop Induced Processes
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Figure 6. Differential distribution in ∆yZZ at 8TeV (left) and 13TeV (right).

Figure 7. Differential distribution in pT,ℓ1 at 8TeV (left) and 13TeV (right).
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Present: External Amplitude Interface

Interface for external matrix elements generator (EXTAMP) in SHERPA used for the 
first time in:

Parton Shower and NLO-Matching 
Uncertainties in Higgs Boson Pair 
Production

S. Jones, S. Kuttimalai

RS term:          OpenLoops

B term:             OpenLoops

V poles:           Hard coded

V finite term:  Grid interpolation

β( ̂s) = 1 −
4M2

H

̂s

|cos θ | =
̂s + 2 ̂t − 2M2

H

̂sβ( ̂s)

Grid cons:
Top Mass cannot be varied

Grid pros:
Fast computational time

~ as long as the Born contribution
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Present: External Amplitude Interface

3.1 Comparison with previous NLO results

A very strong consistency check of the new implementation, which allows to test at the same
time the real amplitudes and their stability, the implementation of the grid for the virtual
two-loop amplitude and all the various parts of the code relevant for the NLO fixed order
computation is a comparison with the previous NLO results computed in Refs. [20, 22]. A
comparison at the level of individual phase space points shows that the grid interpolation
slightly increases the numerical uncertainty associated to the virtual amplitude results, which
were calculated with percent level precision in the previous publications. At the level of
differential distributions we found excellent agreement, not only for the full NLO results, but
also for the various other approximations available and for uncertainties related to scales
variation.

In Fig. 2 we show a comparison between the NLO predictions obtained with the
POWHEG-BOX generator and the original ones from Ref. [22]. In the MG5_aMC@NLO case, where
only showered results are available, we made a similar validation plot for the mhh distribution,
as it is insensitive to shower effects.

We should mention at this point that beyond p
h
T
⇠ 650 GeV, a systematic bias stemming

from lack of statistics in the grid starts to develop. As a consequence, the results obtained
with the grid will be systematically below the “true” results. The difference is within the
statistical uncertainty up to about ph

T
⇠ 750 GeV, and increases to about 20% at ph

T
⇠ 1 TeV

(and mhh ⇠ 2 TeV).
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Figure 2: The mhh and p
h
T distributions calculated from the grid versus the full calculation.

3.2 Comparisons at the level of Les Houches event files

Before presenting results for NLO predictions matched to the parton shower, we show
comparisons of NLO curves with results at the Les Houches event (LHE) level, after the first
hard emission is weighted with the Sudakov factor according to the POWHEG method. Even
though the LHE level predictions still need to be showered, such a comparison allows to
test the implementation and, once the results are fully showered, to disentangle the impact
of the shower from the one due to the POWHEG exponentiation. For observables which are
inclusive in the extra radiation, the fixed order NLO and LHE level predictions should be
in perfect agreement. We show the level of agreement between the NLO and LHE curves

– 7 –

Systematic uncertainties due to 
grid spacing are inside the 
statistical uncertainty
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Present: Validation LI@NLO within Sherpa

Figure 9: Parton shower e↵ects on the leading jet transverse momentum (left panel) and on the
scalar sum of jet transverse momenta. The uncertainty band around the fixed-order
result is obtained through variations of µF and µR. Uncertainties on the MC@NLO
results are generated by varying µPS.
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Figure 10: Parton shower e↵ects on the azimuthal separation between the Higgs bosons (left
panel) and on the transverse momentum of a randomly selected Higgs boson (right
panel). The uncertainty band around the fixed-order result is obtained through vari-
ations of µF and µR. Uncertainties on the MC@NLO predictions are generated by
varying µPS.
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Future: ???

1. Complete the validation checking PS matching

2. Phenomenology of LI processes

3. Toward the LHC-HL: precision measurements

4. Testing other available ME generator with EXTAMP

e.g. ggvvamp
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