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Predictions from NLO pQCD and alpgen are compared to the data. (b) The ratio
of data and predictions from NLO pQCD + corrections, sherpa, and pythia to the
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would be impossible. We choose to focus on the current matrix element calculations with matched parton showers, as implemented
in sherpa and alpgen, as previous measurements indicate these
provide the best description of boson + jets final states [9,13]. The
alpgen matrix element calculation can be interfaced to the pythia
or herwig parton shower and hadronization models, and we test
both. Further, to assess the impact of the additional matrix el-

2-loop prescription for αs . Finally, using pythia v6.421 with the
p T -ordered shower [34], for which there is currently no tune using the CTEQ6.1M PDFs, so instead the Perugia∗ tune [35] using
the MRST2007 modified LO (LO∗ ) PDFs [36] is used. This results
in three different alpgen predictions, and in each case the default
matching procedure is applied after hadronization, with each parton jet required to match a particle level jet with p T > 18 GeV, by
requiring " R (jet, jet) < 0.4. To determine the impact of the matching to the alpgen matrix elements calculation, herwig and pythia
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Fig. 2. The measured normalized cross section in bins of !φ( Z , jet) for Z /γ ∗ + jet + X events for p TZ > 45 GeV. The distribution is shown in (a) and compared to fixed
order calculations in (b), parton shower generators in (c), and the same parton shower generators matched to alpgen matrix elements in (d). All ratios in (b), (c), and (d) are
shown relative to sherpa, which provides the best description of data overall.
Table 1
The measured cross section in bins of !φ( Z , jet) for Z /γ ∗ + jet + X events with
p TZ > 25 GeV, normalized to the measured Z /γ ∗ cross section.

Table 2
The measured cross section in bins of !φ( Z , jet) for Z /γ ∗ + jet + X events with
p TZ > 45 GeV, normalized to the measured Z /γ ∗ cross section.

PL B 682 (2010) 370-380

Z-jet Angles: Δϕ, pTZ>45GeV
parton shower MC

376

DØ Collaboration / Physics Letters B 682 (2010) 370–380

problem for
Pythia, too?

pQCD
pQCD

matching MC

Fig. 2. The measured normalized cross section in bins of !φ( Z , jet) for Z /γ ∗ + jet + X events for p TZ > 45 GeV. The distribution is shown in (a) and compared to fixed
order calculations in (b), parton shower generators in (c), and the same parton shower generators matched to alpgen matrix elements in (d). All ratios in (b), (c), and (d) are
shown relative to sherpa, which provides the best description of data overall.
Table 1
The measured cross section in bins of !φ( Z , jet) for Z /γ ∗ + jet + X events with
p TZ > 25 GeV, normalized to the measured Z /γ ∗ cross section.

Table 2
The measured cross section in bins of !φ( Z , jet) for Z /γ ∗ + jet + X events with
p TZ > 45 GeV, normalized to the measured Z /γ ∗ cross section.

PL B 682 (2010) 370-380

Z-jet Angles: Δy, pTZ>25GeV
DØ Collaboration / Physics Letters B 682 (2010) 370–380

parton shower MC

377

problem for
Herwig?

problem for
Alpgen?

pQCD

matching MC
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order calculations in (b), parton shower generators in (c), and the same parton shower generators matched to alpgen matrix elements in (d). All ratios in (b), (c), and (d) are
shown relative to sherpa, which provides the best description of data overall.
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Fig. 4. The measured normalized cross section in bins of |! y ( Z , jet)| for Z /γ ∗ + jet + X events for p TZ > 45 GeV. The distribution is shown in (a) and compared to fixed
order calculations in (b), parton shower generators in (c), and the same parton shower generators matched to alpgen matrix elements in (d). All ratios in (b), (c), and (d) are
shown relative to sherpa, which provides the best description of data overall.
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down in alpgen and the corresponding pythia showering confirm
that this is the case.
In summary, we have presented the first measurements at
a hadron collider of the Z /γ ∗ + jet + X normalized differential cross section in !φ( Z , jet), |! y ( Z , jet)|, and | y boost ( Z + jet)|.
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Fig. 6. The measured normalized cross section in bins of | y boost ( Z + jet)| for Z /γ ∗ + jet + X events for p TZ > 45 GeV. The distribution is shown in (a) and compared to fixed
order calculations in (b), parton shower generators in (c), and the same parton shower generators matched to alpgen matrix elements in (d). All ratios in (b), (c), and (d) are
shown relative to sherpa, which provides the best description of data overall.
Table 5
The measured cross section in bins of | y boost ( Z + jet)| (denoted | y b |) for Z /γ ∗ +
jet + X events with p TZ > 25 GeV, normalized to the measured Z /γ ∗ cross section.
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× dpTdσ(jet) for the third jet in Z/γ ∗ +3 jets+X events, compared to the predictions

of mcfm lo. The ratios of data and theory predictions to mcfm nlo are shown (b) for pQCD predictions corrected to the
particle level, (c) for three parton-shower event generator models, and (d) for two event generators matching matrix-elements
to a parton shower. The scale uncertainties were evaluated by varying the factorization and renormalization scales by a factor
of two.

Conclusion
MC with matching algorithms are a huge improvement over PS only
generators.
Still, none of the existing MC provides a “perfect” description of all
variables. As experimentalists we still have to re-weight our MC
distributions. This is important as we train our NN with MC!
The scale uncertainties are in general too large!

THANKS to all
theorists working on
the MCs for us!

