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We explore diboson and top quark pair productions in proton-proton collisions at a new centreof-mass energy, 5 TeV, using 304 pb−1 of data collected in 2017 by the CMS experiment at the
LHC. The diboson, WW, WZ, and ZZ, cross sections are measured analyzing events with two,
three or four charged leptons in the final state. The measured cross sections are compared with
NNLO predictions and across other experiments. The top quark pair production measurement is
performed using events with one electron and one muon of opposite sign, and at least two jets.
To reduce the statistical uncertainty, a combination with the result in the l+jets channel, based on
27.4 pb−1 of data collected in 2015 at the same center-of-mass energy, is then performed.
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A new energy centre-of-mass energy is explored for the diboson (𝑊 +𝑊 − , 𝑊 ± 𝑍 and 𝑍 𝑍) [1]
and top quark pair production (𝑡 𝑡¯) [2]. These processes are important. They are tests of the Standard
Model (SM) of particle physics and irreducible backgrounds in other SM measurements and beyond
the SM searches.
In this publication, measurements of the diboson and 𝑡 𝑡¯ production cross sections in protonproton collisions at a center-of-mass energy of 5.02 TeV at the CERN LHC, corresponding to an
integrated luminosity of 304pb−1 , are presented. These analyses are performed using a data set
recorded with the CMS experiment [3] in 2017 and it is characterized by a relatively low number of
additional interactions per bunch crossing as compared to the measurements performed at higher
center-of-mass energies.

2. Diboson cross section measurement
In the case of the diboson production measurement, the object selection relies on precise lepton
identification which is achieved using a MVA discriminant trained [4] to separate between prompt
and nonprompt lepton sources.
Several signal regions (SR) are defined to properly distinguish from 𝑊 +𝑊 − , 𝑊 ± 𝑍 and 𝑍 𝑍
contributions using variables such as the multiplicity and flavour of the leptons involved in the final
state, the transverse momentum of the leptons, the minimum amount of missing energy, the number
of jets in the final state and consistency between the invariant mass of a lepton pair, originated after
a Z boson decay, and the mass of the Z boson.
Most background contributions, including photon conversions, charge mismeasurement, and
those processes yielding prompt leptons in the final state, such as 𝑡 𝑡¯, single top, Drell–Yan(DY), and
diboson production, are estimated from simulation. Backgrounds involving one or more nonprompt
leptons are estimated from simulation aided by control samples in data in those categories with two
leptons in the final state and exclusively from simulation otherwise.
The number of events in the SRs are measured in a counting experiments in regions with high
signal purity. The total cross section is measured as:
𝜎=

SR
𝑁signal

BR (𝑉 → 𝑋 𝑋)BR (𝑉 → 𝑋 𝑋)𝜖 L
2

,
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where L is the total integrated luminosity, 𝜖 the efficiency of the lepton reconstruction and the
𝑆𝑅
is the number of obtained signal events, estimated
additional phase space requirements, and 𝑁 𝑠𝑖𝑔𝑛𝑎𝑙
for each SR by performing a maximum likelihood fit to the yields with a single free-floating
parameter that corresponds to the normalization of the signal process.
The measured cross sections for the WW, WZ, and ZZ productions, shown in 1, are [1]: 𝜎𝑊 𝑊 =
+0.5
+2.5
+2.6 (𝑠𝑦𝑠𝑡) pb, 𝜎
+2.4
+0.5
36.5+5.5
(𝑠𝑡𝑎𝑡)−2.5
𝑊 𝑍 = 6.4−2.1 (𝑠𝑡𝑎𝑡)−0.3 (𝑠𝑦𝑠𝑡) pb and 𝜎𝑍 𝑍 = 5.3−2.0 (𝑠𝑡𝑎𝑡)−0.4 (𝑠𝑦𝑠𝑡)
−5.1
pb. These values are consistent with MATRIX predictions at next-to-next-to-leading-order (NNLO)
QCD times next-to-leading order electroweak cross sections (NNLO QCD×NLO EWK).
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Figure 1: Results obtained in this analysis and other diboson production cross section measure-ments at
different center-of-mass energies for the CMS, ATLAS, CDF, and D0 Collaborations are presented, and
compared with the NNLO QCD×NLO EW and NLO predictions from MATRIX [5]. The vertical error bars
represent the uncertainty in the measured cross section. [1]

3. 𝑡 𝑡¯ cross section measurement
For top quark pair production cross section measurement, events with one electron and one
muon with opposite charge are selected. In addition, events are required to have at least two jets
and a dilepton invariant mass above 20 GeV to reduce DY and other backgrounds from low mass
resonances and from photon conversions.
After the event selection, background events arise mainly from tW, DY, and VV production
in which at least two prompt leptons emerge from the Z or W boson decays. The tW and VV
contributions are estimated from simulation and the DY events are estimated from data.
The 𝑡 𝑡¯ production cross section is extracted by performing a counting experiment:
𝜎=

𝑁 − 𝑁bkg
,
𝜖 ABL
3

(2)
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Figure 2: Summary of CMS measurements of 𝜎𝑡 𝑡¯ in pp collisions at different center-of-mass energies,
compared to the NNLO+NNLL prediction. The vertical bars and bands represent the total uncertainties in
the data and in the predictions respectively. [2]
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where 𝑁 is the number of observed events, 𝑁bkg is the number of estimated background events,
𝜖 is the event selection efficiency, A is the total acceptance, B is the branching fraction of W boson
pair 𝑡 𝑡¯ → 𝑒 ± 𝜇∓ of 3.194% [6], and L is the integrated luminosity.
The measured inclusive cross section for a top quark mass of 172.5 GeV is: 𝜎𝑡 𝑡¯ = 60.3 ±
5.0(𝑠𝑡𝑎𝑡) ± 2.8(𝑠𝑦𝑠𝑡) ± 0.9(𝑙𝑢𝑚𝑖) pb = 60.3 ± 5.5(𝑡𝑜𝑡) pb. This result is combined with that
obtained in the ℓ+jets decay channel [7], corresponding to a luminosity of 27.4 pb−1 , to reduce the
statistical limitation: 𝜎𝑡 𝑡¯ = 62.6±4.1(𝑠𝑡𝑎𝑡) ±3.0(𝑠𝑦𝑠𝑡 + 𝑙𝑢𝑚𝑖) pb = 62.6±5.0(𝑡𝑜𝑡) pb. Both results
are in agreement with the SM prediction at NNLO in QCD including soft-gluon resummation at
NNLL, as shown in Figure 2.

