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1. Introduction

Measurements of the production and properties of open-charm hadrons give a window on
low-energy non-perturbative QCD, and provide essential input into theoretical calculations that
improve the precision and reach of flavour-physics investigations. Due the copious production of
charm hadrons at the LHC and the flexible LHCb trigger programme, LHCDb is in a position to
make numerous measurements of open-charm hadrons with world-leading precision.

The LHCDb detector [1] is a forward spectrometer, optimised for the study of b- and c-hadron
decays, and fully instrumented in the 2 < 11 < 5 pseudorapidity region. High resolution track-
ing close to the interaction point results in an impact parameter resolution of of 20 um for high
transverse momentum tracks, and a decay-time resolution of approximately 50 fs. Efficient dis-
crimination of charged hadrons with momenta in the range 1 — 100 GeV is achieved with two
ring-imaging Cherenkov detectors.

2. Measurement of D" meson production asymmetries at \/s = 7 and 8 TeV

Production asymmetries of charm hadrons produced in pp collisions are thought to be driven
by the effect of the proton valence quarks in the c¢¢ hadronisation process. As such, anti-charm
quarks preferentially form mesons, whereas charm quarks preferentially form baryons. This dif-
ference gives rise to kinematic differences between the charm and anti-charm mesons produced,
and therefore an observable charge asymmetry within the LHCb detector acceptance. However,
as the D meson' (c5) does not contain any of the proton valence quarks, such a process is
thought only to contribute indirectly to the observed charge asymmetry, defined as Ap(D]") =
[o(D}) — o(D;)]/[o(Df) + o(Dy)], where o(DT) is the inclusive prompt production cross-
section. As such, measurements of this quantity probe non-perturbative aspects of the hadronisation
process.

Here, the production asymmetry is measured [2] using promptly produced D, mesons decay-
ing to the D] — ¢(KTK~)x™ final state, where the number of D mesons are estimated using a
maximum-likelihood fit in bins of D{ rapidity and transverse momentum. The raw asymmetry in
the observed number of D" mesons, Ay, is corrected for the detection asymmetry of the final-state
hadrons, Ap, and the asymmetry due to D" mesons produced non-promptly from B meson decays,
Ap(B), with relative fraction fyy,, such that

1

Ap(D{) = T~ foe

R {Araw _AD _fbkgAP(B)} . (2-1)
The value of fig is found to be 4.12 £ 1.23%, using a combination of simulated data, and known
cross-sections and branching fractions. The production asymmetries of B hadrons are taken from
previous LHCb measurements, and overall the quantity foeAp is a small (€'(1 x 107%)) correction
to the raw production asymmetry. Detection asymmetries are determined using data-driven meth-
ods, and arise from the hardware and software triggers, pion and kaon-pair tracking asymmetries,
and from the PID requirements.

!Charged-conjugate decays are implied throughout, except in the definition of asymmetries.
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Figure 1: Production asymmetry in rapidity ranges of 2.0 < y < 3.0 (left), 3.0 < y < 3.5 (centre), 3.5 <
y < 4.5 (right), for the combined 7 and 8 TeV datasets. The LHCb measurements (points with error bars)
are compared with the Pythia 8.1 predictions (green bands) in each rapidity range, in bins of transverse
momentum, where the Pythia predictions account for statistical uncertainties only.

Results of the production asymmetry measurements for the combined 7 and 8 TeV datasets
can be seen in Figure 1. The predictions from Pythia 8.1 yield a moderate positive asymmetry
in all rapidity regions, with a strong dependence on transverse momentum. However the LHCb
results indicate a smaller, negative production asymmetry, with no pronounced dependence on
transverse momentum. Overall, the LHCD results indicate a 3.3 standard-deviation difference from
the hypothesis of zero production asymmetry for D" mesons at 7 and 8 TeV, within the LHCb
detector acceptance, corresponding to a value of Ap(D]") = (—0.524+0.13 (stat) £0.10 (syst))%.
These results are in agreement with, and supersede, previous LHCb measurements of this quantity
at 7 TeV [3].

3. Measurement of the Q0 baryon lifetime

Measurements of heavy-hadron lifetimes are useful inputs for non-perturbative terms in the
heavy quark expansion (HQE) technique used for predictions in quark-flavour physics. Charm
hadrons in particular are important: the small mass of the c-quark compared to the b-quark can
result in the size of these higher-order non-perturbative terms, those related to the contribution of
spectator quarks in the decay, being substantial. The lifetime of charm mesons are well known,
with all lifetimes being known to a relative precision of 1% or better, however the lifetime of
charm baryons are comparatively less well known, with the lifetime of the Q0 baryon known only
to a relative precision of 17%.

Here a measurement of the ratio of the Q¥ and D" hadron lifetimes is performed, using
3.0 fb~! of LHC Run 1 data from the LHCb experiment [4]. The QY baryon is reconstructed
using Q" — QY 1~ VX decays, where QY — pK~K~ 7", and the DT meson is reconstructed using
B — Dt~ v, X decays, where D™ — K~ m*n". In each case, X denotes additional unrecon-
structed particles. In each case, to reduce combinatorial background and the contribution from
promptly produced charm hadrons, it is required that neither the final-state hadrons nor the charm
hadron are consistent with originating from a primary vertex. The decay-time distribution of the se-
lected charm hadrons, as measured by the difference between the reconstructed beauty and charm
hadron decay vertices, is extracted using the sPlot technique [5], with a binned maximum like-
lihood fit to the invariant mass distribution of the final-state hadrons. The subsequent yield of
Q0 — pK~ K~ n* candidates is 978 £ 60, and the decay-time spectrum of Q¥ and D" hadrons can
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be seen in Figure 2. From these distributions, the ratio of the 92 and D lifetimes are found to be
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Figure 2: Decay-time distributions of Q(C) baryons (left), obtained from €;" — QB/J’V”X decays, and D™
mesons (right), obtained from B — D u~ v, X decays.

ng

=0.258+£0.023 +£0.010, (3.1)

Tp+
and therefore using the world-average value of the D™ lifetime, the QU lifetime is found to be

Ty =268 £24£10£2 fs. (3.2)

This value is approximately four times larger than, and inconsistent with, the current world-average
value of 69 + 12 fs from fixed-target experiments [6].

4. Summary

Measurements by the LHCb experiment of the production asymmetry of D] mesons at /s =7
and 8 TeV, and of the lifetime of the Q¥ baryon, are presented. These measurements provide valu-
able input to non-perturbative contributions to QCD calculations, give indications on the relative
importance of various competing contributions to charm baryon lifetimes, and will be used as input
to future LHCb analyses.
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