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at the ATLAS experiment at the LHC at centre-of-mass energies of 2.76TeV,7TeV,8TeV, and
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the associated production of quarkonium with a vector boson using the ATLAS Run-1 dataset
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1. Introduction

ATLAS Collaboration has a very rich B-physics programme. Using data collected during
Run1, ATLAS observed two new states (χb(3P) and B±c (2S)) [1, 2], studied quarkonia produc-
tion [3 – 10] and measured properties of various b-hadrons [11 – 15]. In these proceedings, a small
selection of ATLAS results is presented.

The ATLAS detector [16] is a general purpose detector with cylindrical geometry1 and forward-
backward symmetric coverage in pseudorapidity (η). The detector consists of inner tracking de-
tectors (ID), calorimeters, the muon spectrometer (MS) and has a three-level trigger system. The
ID directly surrounds the beam pipe and is immersed in a 2T axial magnetic field generated by a
superconducting solenoid.

2. Study of B+
c → J/ψD+

s and B+
c → J/ψD∗+s decays

The B+
c meson is the only weakly decaying particle consisting of two heavy quarks. Its decays

to charmonium and a D+
s or a D∗+s meson can occur via colour-suppressed and colour-favoured

diagrams, as well as via the weak annihilation diagrams. This analysis uses the combination of
4.9fb−1 and 20.6fb−1 of pp data at

√
s = 7TeV and

√
s = 8TeV respectively and presents the

measurement of B+
c → J/ψD+

s and B+
c → J/ψD∗+s decays (see figure 1 left), normalised to B+

c →
J/ψπ+ decays and the polarisation in B+

c → J/ψD∗+s mode [14].
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Figure 1: Left: Mass distribution of J/ψD+
s candidates. The contribution of the B+

c → J/ψD+
s decay is

shown with the magenta long-dashed line. Brown dash-dot and green dotted lines show the B+
c → J/ψD∗+s

A00 and A±± component contributions, respectively. Blue dashed line shows the background model. Right:
Comparison of the results with other experiments and theoretical predictions [14].

The D+
s → φ(→ KK)π+ mode is used for the reconstruction of the D+

s meson, while the
D∗+s decays into a D+

s meson and a soft photon or π0, where no attempt to reconstruct the soft
neutral particles is attempted. The B+

c → J/ψD∗+s decay is described by three helicity amplitudes

1ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point (IP) in the centre
of the detector and the z-axis along the beam pipe. The x-axis points from the IP to the centre of the LHC ring, and
the y-axis points upward. Cylindrical coordinates (r,φ) are used in the transverse plane, φ being the azimuthal angle
around the beam pipe. The pseudorapidity η is defined in terms of the polar angle θ as η = − ln tan(θ/2) and the
transverse momentum pT is defined as pT = psinθ . The rapidity is defined as y = 0.5ln((E + pz)/(E− pz)), where E
and pz refer to energy and longitudinal momentum, respectively. The η–φ distance between two particles is defined as
∆R =

√
(∆η)2 +(∆φ)2.
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(A++,A−− and A00) since it is a transition of a pseudoscalar meson into a pair of vector states. The
J/ψ meson is reconstructed in its di-muon decay mode.

As illustrated in figure 1 (right), the following ratios of branching fractions are measured and
compared to experimental measurements and theoretical calculations: RD+

s /π+ =BB+
c →J/ψD+

s
/BB+

c →J/ψπ+ =

3.8±1.1(stat.)±0.4(syst.)±0.2(BF), RD∗+s /π+ =BB+
c →J/ψD∗+s

/BB+
c →J/ψπ+ = 10.4±3.1(stat.)±

1.5(syst.)±0.6(BF) and RD∗+s /D+
s
=BB+

c →J/ψD∗+s
/BB+

c →J/ψD+
s
= 2.8+1.2

−0.8 (stat.)±0.07(syst.), where
BF is the uncertainty from the BD+

s →φ(KK)π+ knowledge. Finally, the relative contribution of
the A±± component in B+

c → J/ψD∗+s decay is measured to be Γ±±/Γ = 0.38± 0.23(stat.)±
0.07(syst.). All measurements of branching fraction ratios and the transverse polarisation fraction
are found to be well described by theoretical approaches and other experimental measurements.

3. Observation of Λb in the decay Λ0
b→ ψ(2S)Λ0

ATLAS Collaboration observed the Λ0
b → ψ(2S)Λ0 decay [15] and measured the branching

ratio of Λ0
b→ψ(2S)Λ0 (see figure 2 left) and Λ0

b→ J/ψΛ0, which theoretical calculations predicts
0.8 with an uncertainty of about 0.1. The J/ψ and ψ(2S) mesons are reconstructed to their di-muon
decay mode (see figure 2 middle) and the Λ0→ pπ− (see figure 2 right).

Figure 2: Left: Invariant mass distributions for the combined sample of the selected Λ0
b and anti-Λ0

b candi-
dates obtained after their fits to the Λ0

b → ψ(2S)Λ0. Middle: The m(µµ) distributions for Λ0
b → ψ(2S)Λ0

candidates. Right: The m(pπ) distributions for Λ0
b→ ψ(2S)Λ0 candidates [15].

The branching ratio of the two Λ0
b → J/ψΛ0 and Λ0

b → ψ(2S)Λ0 is calculated as Γ(Λ0
b →

ψ(2S)Λ0)/Γ(Λ0
b→ J/ψΛ0)=Ncor(Λ

0
b→ψ(2S)Λ0)/Ncor(Λ

0
b→ J/ψΛ0)·B(J/ψ→ ``)/B(ψ(2S)→

``), where B is the branching fraction of the corresponding charmonium decay to a lepton pair and
Ncor is the number of Λ0

b signal events in the two decay modes, after correcting for detector effects
and selection efficiencies.

Using 20.6fb−1 of pp data at
√

s= 8TeV, the measured branching ratio of the two Λ0
b decays is

found to be Γ(Λ0
b→ψ(2S)Λ0)/Γ(Λ0

b→ J/ψΛ0)= 0.501±0.033(stat)±0.016(syst)±0.011(B).
The measured branching ratio falls inside the range of analogous B meson decays (0.5−0.8).

4. Prompt and non-prompt J/ψ and ψ(2S) production at
√

s = 2.76, 7, 8 and 13TeV

Measurements of quarkonia (heavy qq̄ bound states) production processes is a powerful tool to
study QCD. Although more than forty years passed since the discovery of the J/ψ meson, hidden
flavour production in hadronic collisions still provides challenges to both theory and experiment.
ATLAS Collaboration used pp collision data in a variety of centre-of-mass energies (2.76TeV [3],

3
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7 and 8TeV [4] and 13TeV [5]) to accurately measure the production of quarkonia in a broad range
of transverse momentum and rapidity.

ATLAS measurements include production cross-sections (see figure 3 left and middle), non-
prompt production fractions (see figure 3 right) and production ratios of ψ(2S) to J/ψ mesons.
Measurements have been compared to theoretical predictions, where a reasonable agreement is
observed. A consistency is also found by comparing ATLAS results to previous experimental
measurements in overlapping phase spaces. Studying the dependence of the non-prompt production
fraction from the

√
s, using energies from

√
s = 1.96TeV to

√
s = 13TeV, a significant difference

between the
√

s = 7TeV measurement and measurements at lower energies is observed (see 3
right).
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Figure 3: Differential prompt cross-section times dimuon branching fraction of J/ψ (left) and ψ(2S) (mid-
dle) as a function of pT for each slice of rapidity. For each increasing rapidity slice, an additional scaling
factor of 10 is applied to the plotted points for visual clarity. Along with the measurements the NLO NRQCD
theory predictions are presented. Right: Non-prompt differential J/ψ production fraction measured in the
most central rapidity region (|y|< 0.75) compared to previous measurements from ATLAS in pp collisions
at 2.76 and 7TeV, and from CDF in pp̄ collisions at

√
s = 1.96TeV [4, 5].

5. Associated production of Z bosons with prompt and non-prompt J/ψ mesons

Studying the associated production of electroweak bosons with quarkonia can provide con-
straints on the contributions from colour-octet and colour-singlet processes and can also be used
for the understanding of heavy flavour production with vector bosons. Additionally, it is a powerful
tool to model single and double parton interactions in pp collisions. Using 20.3fb−1 of pp colli-
sion data at

√
s = 8TeV, ATLAS Collaboration observed the production of prompt and non-prompt

J/ψ(→ µµ) mesons in association with a Z(→ ``) boson (`= µ,e) with a 5σ and 9σ significance
respectively [10].

Measurements include the fiducial cross-section ratio, defined as Rfid
Z+J/ψ

= ∑pT bins[Nec(Z +

J/ψ)−Nec
pileup]/N(Z) which is measured to be (36.8±6.7(stat.)±2.5(syst.))×10−7 for the prompt

and (65.8±9.2(stat.)±4.2(syst.))×10−7 for the non-prompt J/ψ +Z production, inclusive cross-
section ratio (total and as a function of pJ/ψ

T as shown in figure 4), assuming unpolarised J/ψ de-

4
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cays, which is measured to be (63±13(stat.)±5(syst.)±10(pol.))×10−7 and (102±15(stat.)±
5(syst.)± 3(pol.))× 10−7 for prompt and non-prompt J/ψ production respectively. Finally, sub-
tracting DPS contributions (Z and J/ψ produced from two different pairs of interacting partons),
in order to compare the SPS (Z and J/ψ produced from one pair of interacting partons) measure-
ment with theoretical models, the Z+ prompt J/ψ production cross-section ratio was found to be
(45±13(stat.)±6(syst.)±10(pol.))×10−7 and Z+ non-prompt J/ψ (94±15(stat.)±5(syst.)±
3(pol.))×10−7.

The Z boson and the J/ψ meson can be produced either from SPS or DPS processes. DPS
events are expected to be distributed uniformly along the azimuthal angle between the Z boson and
the J/ψ (∆φ ) because the Z and J/ψ particles are produced from two independent scatters. SPS
events are expected to show a back-to-back correlation ∆φ = π , since they originate from a single
parton interaction. Using the kinematic properties of the two final state particles and the assumption
that the first bin in the ∆φ(Z,J/ψ)< π/5 distribution is DPS dominated, the data uncertainties and
uncertainties inherent in the DPS estimate allow a lower limit σeff > 5.3mb(3.7mb) at 68%(95%)

confidence level to be extracted.
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Figure 4: Production cross-section of prompt (left) and (non-promtpt) J/ψ mesons in association with a Z
boson as a function of pJ/ψ

T , normalised to the inclusive Z cross-section. Overlaid on the prompt measure-
ment is the contribution to the total signal originating from DPS interactions as well as theoretical predictions
at NLO accuracy for the SPS contributions from CS and CO processes (which are added to the DPS estimate)
and presented in comparison to the data as solid bands [10].

6. Conclusions

ATLAS Collaboration used Run1 data to measure with great precision and observe new pro-
cesses in the heavy flavour sector. Already with the very first pb−1 of

√
s= 13TeV of data, observed

the difference in J/ψ non-prompt fraction centre-of-mass energy dependence, promising a fruitful
Run2 period.
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