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Improved prediction of the ptZ distribution: combining 5FS and 4FS

accurate calculation, all the corrections of O(↵s G2
µ) to the partonic cross section are eval-

uated exactly, so that the corrections involving the bottom quark are of O(↵3
s G2

µ) but are

accurate only in the collinear limit. In Figure 15 we show, with NLO+PS accuracy, in black

dashed the complete pZ
? distribution in the 5FS and in red dashed the contribution given by

the subprocesses initiated by at least one bottom PDF. The size of the latter is consistent

with the overall contribution of O(4%) to the total cross section. After the matching of

exact NLO matrix elements with a QCD-PS that simulates parton radiation to all orders,

we have to consider the possibility that the emitted gluons split into bb̄ pairs which appear

as final state hard partons; such terms are of O(↵2
s G2

µ) (when the initial state contains

only valence light quarks) or higher. It is not possible to make a distinction between initial

and final state bottom contribution; we are thus lead to define the bottom contribution to

DY in the 5FS as the one given by all the events that contain at least one B hadron in

the final state (generated in the hadronization phase of the PYTHIA8 QCD-PS). We recall

that in the 5FS the cross section is evaluated with strong coupling constant running with

5 active flavors, inducing a bottom contribution also in the subprocesses initiated by light

quarks and gluons; the latter are not tagged by the B hadron selection.

In the 4FS, the bottom quark in the proton is by definition absent; lepton-pair produc-

tion in association with a bb̄ pair starts at O(↵2
sG

2
µ), with strong coupling constant running

with 4 active flavors. This LO cross section is exact in the description of the kinematics

of the massive bb̄ pair. In a NLO-QCD accurate calculations, also terms of O(↵3
sG

2
µ) are

exactly included. In this scheme, heavy quarks contributions to the ↵s running are decou-

pled and included in the renormalization condition. After matching with a QCD Parton

Shower, additional bb̄ pairs might be created, although with suppressed rate, starting from

O(↵4
sG

2
µ). In Figure 15 we show in green dotted the pZ

? distribution in the 4FS inclusive

over the b-quarks, at NLO-QCD, while in blue and in black solid we present the results

with NLO+PS accuracy, for two di↵erent choices of the shower scale. The sizeable impact

of the matching with a QCD-PS can be appreciated at glance.

3.2 Merging 4FS and 5FS results: bottom quark e↵ects on the pZ
? distribution

As discussed in Section 3.1, the improvement over the plain 5FS description can be obtained

by the subtraction of the bottom-related contributions and their replacement with the 4FS

results.

We define two physical distributions, namely the production of a lepton pair strictly

without B hadrons (our B-vetoed 5FS calculation, that we label 5FS-Bveto ) and the

production of a lepton-pair accompanied by at least one B hadron (our 4FS results), which

are complementary with respect to the additional particles beside the lepton pair. The

orthogonality of the two quantities allows us to take their sum and to consider it as our best

prediction for any DY observable, in particular for the lepton-pair transverse momentum

distribution, with respect to the treatment of the bottom quark e↵ects.

d�best

dpl
+l�
?

=
d�5FS�Bveto

dpl
+l�
?

+
d�4FS

dpl
+l�
?

(3.1)
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·the prediction of the ptZ distribution, inclusive over radiation, is split into two contributions
   with and without B hadrons in the final state

·we rely on the 5FS for the contributions without  B hadrons   (light quarks ~ massless partons)
                         4FS for the contributions with       B hadrons  (exact massive kinematics +NLOPS acc.)
   and we combine the two results

2

·in the 5FS B hadrons are generated by the QCD PS with two mechanisms:
            i) presence of a bottom quark in the initial state (b bbar  and bg initiated subprocesses)
            ii) gluon splitting into b bbar
  → the contribution without B hadrons is computed in the 5FS 
       imposing a veto on the presence of B hadrons  in the event analysis

·the contribution with B hadrons is computed in the 4FS 
   by definition the process pp→e⁺e⁻b bbar   contains   bottom quarks in the final state
   additional b bbar pairs may be produced by gluon splitting

·need to compare with analytical resummation in SCET, where a systematic handling of all
   large logarithmic corrections, at each ptZ value, is implemented
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Improved prediction of the ptZ distribution

·𝓡 expresses the distortion of the improved ptZ, with respect to the full plain 5FS prediction

·for a given B-veto distribution the 4FS part is added in different approximations
      of Shower scale (aMC@NLO) or damping factor scale (POWHEG)
·𝓡 is computed for a given PS tune

The impact of our combination is illustrated by the ratio of the shape of our best combi-

nation for the pZ
? distribution over the corresponding results obtained in the plain 5FS.

R(pl
+l�
? ) =

 
1

�best
fid

d�best

dpl
+l�
?
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·
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�5FS
fid

d�5FS

dpl
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?

!�1

(3.2)

In Figure 16 we show the function R(pl
+l�
? ), computed using, in all the terms that enter

in its definition, the same matching scheme (aMC@NLO in the left plot, POWHEG in the right

plot) and QCD PS model (PYTHIA8 ). We argue that the ratio deviates from one because

of the di↵erent content of perturbative terms associated to the treatment of the bottom

quark, and also for the choice of the Parton Shower phase space. We show in Figure 16 the
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Figure 16: Ratio of the pZ
? distribution in best approximation over the plain 5FS.

impact on R of our combination Equation 3.1, using di↵erent perturbative approximations

for the 4FS results: the fixed order 4FS at NLO-QCD is shown in purple; the default 4FS

prediction matched with (NLO+PS)-QCD accuracy is shown in brown (solid line); the 4FS

prediction, matched with (NLO+PS)-QCD accuracy, with modified shower scale is shown

in brown (dashed line).

RIFERIMENTO A Z+JET CFR POZZORINI

We plan to merge the results obtained in the 4FS and 5FS to improve the description

of the pZ
? spectrum including an improved treatment of the bottom quark e↵ects. In this

paper we are not developing a new code that merges the two sets of analytical results, but

we are rather performing an analysis of the events of the two simulations.

– 22 –

·distortion with a non trivial shape for ptZ<50 GeV
·in aMC@NLO effects at the ±1% level,  in POWHEG effects at the ±0.5% level
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