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1. Introduction

Flavour physics at the ATLAS experiment encompasses a wide range of measurements, in-
cluding production cross-sections, spectroscopy, weak decays, lepton flavour universality violation
(LFUV), CP violation (CPV), precision lifetime measurements, and searches for and branching
ratio measurements of rare decays. Although ATLAS is a general-purpose detector, it remains
competitive in flavour physics due to large statistics, full phase space coverage that complements
LHCb, good muon performance, and ongoing trigger bandwidth optimizations.

The ATLAS detector features an inner detector (ID) consisting of pixel (PIX), semiconductor
tracker (SCT), and transition radiation tracker (TRT) systems, providing tracking for charged par-
ticles with transverse momentum 𝑝𝑇 > 0.5 GeV and pseudorapidity range |𝜂 | < 2.5 as defined in
[1]. During Run 2, the insertion of the insertable B-layer (IBL) provided additional hit information
which improved the resolution of the calculated vertices. This boosted the time resolution by 25%
compared to Run 1. The lifetime and mass resolutions of B-hadron candidates, calculated on a per
candidate basis, remain stable with increasing pile-up. The uncertainty on 𝜏 for each candidate is
propagated from the covariance matrices of the primary and secondary vertex fits, incorporating
errors on vertex positions, track momenta, and directions [2]. The muon spectrometer provides
triggering (|𝜂 | < 2.4) and precision tracking (|𝜂 | < 2.7).

2. Differential Cross-Section Measurements of 𝐷± and 𝐷±
𝑠 Meson Production

Measurements of 𝐷± and 𝐷±
𝑠 meson production distinguish between prompt (hadronization of

charm quarks from the primary hard scatter) and non-prompt (from 𝑏-hadron decays) production.
Previous measurements by ALICE [3–8], CMS [9], and LHCb [10, 11] used partial Run-2 datasets,
while ATLAS had a Run-1 measurement for 𝐷±. This document reports the first differential
cross-section for 𝐷±

𝑠 by ATLAS [12].
The results are compared to two theoretical models: General-Mass Variable-Flavour-Number

Scheme (GM-VFNS) [13–16], where the charm quark probability distribution function (PDF)
evolves with massless evolution but retains heavy quark mass in hard-scattering calculations, and
Fixed-Order Next-to-Leading-Log (FONLL) [17, 18], which calculates heavy quark production
in perturbative quantum chromodynamics (QCD), with non-perturbative fragmentation and decay
functions.

The decay channel 𝐷±/𝐷±
𝑠 → (𝜙 → 𝜇+𝜇−)𝜋± candidates require two opposite-charge muons

with 𝑝𝑇,1 > 6 GeV, 𝑝𝑇,2 > 6, 11 GeV, and |𝜂 | < 2.5. The dimuon invariant mass is required to be
consistent with the 𝜙 meson within an 𝜂-dependent window. The primary vertex (PV) is refitted
excluding the three candidate tracks.

Background is suppressed by cuts on the transverse decay length (𝐿𝑥𝑦) and transverse impact
parameter (𝑎0

𝑥𝑦: 𝐿𝑥𝑦/𝜎𝐿𝑥𝑦
> 3, |𝑎0

𝑥𝑦/𝜎𝑎0
𝑥𝑦
| < 4), good secondary vertex (SV) fit, 𝑝𝑇 > 12 GeV

and |𝜂 | < 2.5 for the final candidate, and selecting the best SV in multi-candidate events.
Reconstruction efficiency differs for prompt and non-prompt, so the non-prompt fraction is

constrained using lifetime templates from simulation. Data are binned in 9 𝑝𝑇 × 5 |𝜂 | bins, with
efficiencies from Monte Carlo (MC). An unbinned maximum likelihood fit models the signal with a
Voigtian (Breit-Wigner convolved with Gaussian) and the background with a quadratic exponential.
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For 𝐷±
𝑠 , this is the first differential cross-section by ATLAS, extending to 𝑝𝑇 ∼ 100 GeV. For

𝐷± there is good agreement with both models is observed at at low 𝑝𝑇 ; at higher 𝑝𝑇 , GM-VFNS
is higher than, while FONLL agrees with, data. For 𝐷±

𝑠 , GM-VFNS predicts higher cross-sections,
increasing with 𝑝𝑇 . Both models agree well in |𝜂 |.

The 𝐷±
𝑠 cross-section uncertainty is 12% at

√
𝑠 = 13 TeV (improved from 20% at 7 TeV). The

𝐷± cross-section uncertainty is 14% (higher than 11% at 7 TeV). Data are consistent with models,
though GM-VFNS and FONLL ratios differ significantly.

Figure 1: Inclusive D± and Ds± meson production cross-sections in a fiducial volume defined by |𝜂 | < 2.1
and 20<pT <100 GeV at

√
𝑠 = 7TeV and

√
𝑠 = 13TeV. The total uncertainties are shown for both the ATLAS

measurements and the theoretical predictions. The ratio of
√
𝑠 = 13TeV values over

√
𝑠 = 7TeV values are

also computed by assuming the uncertainties are independent for different centre-of-mass energies.[12]
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a b

c d

Figure 2: Differential cross-sections for 𝐷±mesons in bins of (a) |𝜂 | and (b) pT, and for 𝐷±
𝑠 mesons in bins of

(c) |𝜂 | and (d) pT. The measured values with the statistical and systematic uncertainty are represented by the
data points, while the theory predictions are shown as dotted and dashed lines, respectively; the uncertainties
on the theory predictions are represented by the hatched areas. The theory predictions are also divided by
the measured values to obtain the ratios between the predictions and the measurements shown in the bottom
panels.[12]
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3. Precision Measurement of the 𝐵0 Meson Lifetime Using 𝐵0 → 𝐽/𝜓𝐾∗0 Decays

ATLAS previously measured the 𝐵0
𝑠 → 𝐽/𝜓𝜙 lifetime [19] and this 𝐵0

𝑑
→ 𝐽/𝜓𝐾∗ analysis

validates it. Particle lifetimes are fundamental measurements to be made and compared with 𝐵-
hadron lifetimes computed in the Heavy-Quark Expansion (HQE) framework. HQE expands decay
rates (inversely related to lifetimes) in powers of 1/𝑚𝑄 (where 𝑚𝑄 is the heavy quark mass). The
leading term approximates free-quark decay, while higher-order terms account for non-perturbative
QCD effects from the hadron’s light degrees of freedom. Precise lifetime measurements, such
as ratios between B mesons (e.g., 𝜏(𝐵𝑠)/𝜏(𝐵𝑑)) or baryons like Λ𝑏, validate these expansions
and check convergence. Discrepancies between measured lifetimes and HQE predictions could
signal new physics beyond the Standard Model or violations of assumptions like local quark-hadron
duality. They also aid in precise determinations of CKM matrix elements (e.g., ∥𝑉𝑐𝑏∥) from
inclusive decays.

The measurement uses 2015–2018 𝑝𝑝 data at
√
𝑠 = 13 TeV (140 fb−1) [20]. Triggers select

𝐽/𝜓 → 𝜇+𝜇−, with muon 𝑝𝑇 thresholds of 4, 6, and 11 GeV (low thresholds at end-of-fills).
Average pile-up is 31. No displaced 𝐽/𝜓 vertex cuts are applied, trigger tracking are required
|𝑑0 | < 10 mm for all tracks.

𝐵0 → 𝐽/𝜓𝐾0 candidates require at least one 𝐽/𝜓 with 𝜒2/ndof < 10 and mass within a
window retaining 99.7% of candidates. For 𝐾∗, the 𝐾+𝜋−/𝐾−𝜋+ hypothesis closer to PDG 𝐾∗

mass is selected. 𝐽/𝜓 and 𝐾∗ are fitted to a common vertex, constrained to PDG 𝐽/𝜓 mass, retaining
𝜒2/ndof < 3. In 10% of events with multiple candidates (average 2.1), the smallest 𝜒2/ndof is
selected.

The signal mass is modelled with a Johnson distribution. Background has prompt (𝐽/𝜓 from
𝑝𝑝 → 𝐽/𝜓𝑋 + random 𝐾∗) and combinatorial (𝐽/𝜓 from 𝑏-hadron + random 𝐾∗) components,
modelled by linear + sigmoid functions.

The signal proper-decay time PDF is an exponential convolved with resolution function 𝑅. The
background PDF includes prompt and combinatorial terms.

Per-candidate time errors 𝜎𝜏𝑖 from vertex fits are used in 𝑅 for deconvolution. The are
calculated from tracking information and vertexing criteria. Efficiencies bias the time distribution
due to |𝑑0 | < 10 mm cuts. Additional corrections derived from Monte Carlo data are introduced to
adddress this.

Systematic uncertainties include mass model variations, time model, efficiency parametriza-
tion, alignment, and more, with total systematic uncertainty of 0.0035 ps.

The measured effective lifetime is 1.5053±0.0012 (stat.) ±0.0035 (syst.) ps, with 2,450,500 ±
2400 signal events. This is the world’s best single measurement, consistent with previous ATLAS
[21], LHCb [22, 23], CMS [24], CDF [27], D0 [28], Belle [25], and BaBar [26] results.

4. Conclusions

ATLAS continues competitive flavour physics measurements, including the world’s best 𝐵0

lifetime and new differential 𝐷±
𝑠 and 𝐷± cross-sections. More results can be found on the ATLAS

Twiki page.
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Figure 3: Plots show a) Invariant mass fit projection b) proper decay time fit projection and c) A comparison
of the current ATLAS result for the 𝐵0 lifetime with the previous ATLAS result and with those from other
experiments [19]
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