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Abstract. The t t¯ + 1-jet + X differential cross-section in proton–proton collisions at 7 TeV centre
of mass energy is investigated with respect to its sensitivity to the top quark mass. The analysis includes higher order QCD corrections at NLO. The impact of the renormalization scale (μR ),
the factorization (μF ) scale and of the choice of different proton’s PDF (parton distribution function) has been evaluated. In this study it is concluded that differential jet rates offer a promising
option for alternative mass measurements of the top quark, with theoretical uncertainties below
1 GeV.
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1. Introduction: t t̄ + 1-jet + X at NLO and definition of the observable
Calculations for t t¯ + 1-jet + X final states were performed at NLO for hadronic collisions
at both the Tevatron and the LHC [1]. Updated results of this calculation for the present
LHC operating conditions at 7 TeV are shown in table 1 which summarizes the results
for calculations at LO and NLO accuracy in QCD considering different top quark pole
masses. To estimate the impact of higher order corrections, the criteria used in ref. [1]
p
p
were followed. The central results were obtained using μ ≡ μR = μF = m top (m top being
the pole top quark mass) and the CTEQ6.6 [2] PDF set. The scale dependences were being
studied by varying the renormalization and factorization scales between μ = m top /2 and
μ = 2m top . Finally, the PDF dependences were studied by comparing the results obtained
with the CTEQ6.6 and MSTW2008nlo90cl [3] PDF sets.
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Table 1. t t¯+1-jet+ X cross-section for proton–proton collisions at 7 TeV for different
p
m top . Jets were reconstructed using the FastJet Package [4] and the anti-Kt algorithm
[5] with R = 0.4. A selection cut of pT (jet) >50 GeV and |η| < 2.5 are applied to
define the jet.
p

σt t¯ j

m top
(GeV)
160
165
170
175
180

LO

NLO

48.177(2)
41.739(2)
36.275(4)+20
−12 (scale) ± 1(pdf)
31.620(3)
27.641(1)

60.08(7)
52.19(6)
45.44(5)+1
−6 (scale) ± 1(pdf)
39.66(4)
34.69(4)

The observable we propose as alternative method to measure the top quark mass is
defined by
dn 3 p
1 dσt t¯ j p
(m top , μ, ρs ) =
(m top , μ, ρs ),
dρs
σt t¯ j dρs

(1)

where σt t¯ j denotes the cross-section for pp → t t¯ + 1-jet + X . The variable ρs is defined
√
√
as ρs = 2m 0 / st t¯ j with m 0 = 170 GeV and st t¯ j is the invariant mass squared of the
multijet system.
2. Results and discussions
p

The differential distribution (dn 3 /dρs )(m top , μ, ρs ) was studied using NLO calculations
p
[1] for different top quark pole masses from m top = 160 to 180 GeV. The results are
shown in figure 1a. A clear separation between the mass distributions for different top
quark masses is observed except in the region of 0.55 < ρs < 0.62 where the curves
p
cross due to the normalization of (dn 3 /dρs )(m top , μ, ρs ). As a consequence, a decrease
of sensitivity is observed in the crossing region.
The impact of the scale (solid line) and the PDF choice (dashed line) on the top mass
value (for m top = 170 GeV) considered in this exercise is shown in figure 1b. It shows
that a theoretical uncertainty of 500–600 MeV can be reached in a mass measurement
in the ρs > 0.62 interval considering the given scale and PDF choice dependences. The
crossing region is again excluded due to the vanishing sensitivity. These curves were
obtained by assuming a linear dependence of n 3 on the top quark mass for intervals of
p
m top = 5 GeV.
2.1 Systematic studies with POWHEG
To further investigate the impact of higher orders and the effect of parton shower, we have
compared the predictions for the n 3 distribution using different approximations: perturbative LO, POWHEG t t¯ [6] at NLO and POWHEG t t¯ +1-jet+ X [7] at NLO. The study was
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Figure 1. (a) dn 3 /dρs (m top , μ) calculated at NLO for different masses m top =
p
160, 170 and 180 GeV. For m top = 170 GeV the scale and PDF uncertainties evaluated as discussed in the text are shown. (b) This plot indicates the impact of the scale
(magenta solid line) and the PDF choices (blue dashed line) on the top mass value (for
p
m top = 170 GeV). The crossing region is excluded.

performed at partonic level for stable top quarks. The partonic shower was implemented
using Pythia [8].
The comparison between fixed-order NLO and all these different approaches gives consistent results, especially in a large ρs interval (ρs > 0.4) where small differences are seen.
This shows that in general perturbative corrections are small and well under control.

3. Conclusions and prospects
p

In this article a new distribution dn 3 /dρs (m top , μ) is presented and its theoretical properties are studied at NLO accuracy. The distribution is shown to be sensitive to the top
quark mass with well-understood theoretical behaviour with respect to the scale variations
and PDF choices. Using the distribution n 3 to measure the top quark mass an uncertainty
below 1 GeV could be reached.
This study was presented to the society at the 2011 Lepton–Photon Conference for the
first time as a new way to measure a top quark mass in proton–proton colliders that can
be compatible and at the same time competitive with the other known methods. This is
a preliminary study that will be completed in future publications. Some of the planned
improvements are summarized here:
(1) Optimization of the kinematical cuts on the jet.
(2) Additional tests should be performed to evaluate the theoretical dependences, for
example: consider to study the scale dependences separately for the numerator or
p
the denominator of the dn 3 /dρs (m top , μ) distribution.
(3) Study the impact of more realistic/experimental situations identifying decayed top
quarks and jets within an LHC detector framework.
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