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Early results on heavy flavours and onia from the ATLAS experiment are presented. The
signals for various charms states have been identified. Charmonia have also been isolated,
and both the prompt and non-prompt production cross-section determined for the .J ¢; al-
lowing comparisons with various theoretical predictions in a kinematic regime not previously
accessed. Exclusive B-meson states have been reconstructed, opening the prospect for an
exciting programme of study.

1 The ATLAS Experiment

The ATLAS detector ! has the familiar concentric cylindrical design common for collider ex-
periments. For the studics in this paper, the most important elements arc the Inner Detector,
which provides precise tracking information, and the Muon Spectrometer, which provides muon
identification and precise momentum measurements. The Inner Detector is composed of silicon
pixels, silicon strips and a transition radiation tracker. It sits in a solenoidal magnetic field
of 2 T, and provides tracking coverage out to a pscudorapidity, n, of 2.5. The nominal Inner
Detector performance gives a relative uncertainty on pr measurements in the barrel (1 < 1 5)
of 0 pr ~34-10"*pr ©0015. The Muon Spectrometer provides covcrage out to 7 < 27,
and sits in an a toroidal B-field with average strength ~ 05 T. It provides a fractional muon
momentum uncertainty of 10% up to momenta of ~ 1 TeV.

Muons provide a clean signature and Muon triggers are key to most of the heavy flavour mea-
surements. These provide a clean signature. In the early data taking, they could be run without
prescaling and momentum thresholds, but as the luminosity increased the single muon triggers
had to be prescaled for pr below 6 GeV; to compensate, di-muon triggers were introduced.

2 Heavy Flavour Production

2.1 Charmonia and Y states

Charmonia are of interest for several reasons. Firstly, they provide a standard candlc for the
commissioning and for studying the detector performance. Secondly, thcy provide important
insight into the production mechanisms at play at these energics, and various thcorctical pre-
dictions can be tested. Finally, they providc an esscntial building block to exclusive decay
channels such as the B, — J ¥¢ and B; — J wK, which are important for mcasurements of
CP violation and the effects of SUSY and other new physics processes.
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Figure 1: The charm and bottom onia spectra in dimuon events.

Figure 1 shows the dimuon spectrum using a suite of muon triggers recorded in 41pb~!
of 7 TeV data recorded in 2010 2 One muon is required to have pr > 4 GeV and the other
> 25 GeV. The J ¥ and ' resonances are clearly evident, with the mass peaks in excellent
agreement with the PDG averages. Similar spectra are shown for the Y mass region in the case
where both muons are detected in the barrel region. The T(1S) is clearly seem, while the T(25)
and Y(3S) can be distinguished separately. The resolution degrades as one or more of the muons
is detected in the barrel end-caps, but a cross-section measurement is possible and underway

2.2 Open charm meson cross-sections

ATLAS has also observed open charm mesons 2*. The D7 is reconstructed via the decay

chain D} — ¢7 — (K K)m, while the D" is reconstructed in the decay D* — Kwmm. The
D*t is observed using the usual mass-difference technique, seeking the slow pion peak in the
mass difference between D° candidates from K7 combinations and D* candidates from Knx
combinations. In all cases, the fitted mass peaks are in good agreement with PDG averages.
These signals have now been used to derive single differential cross-sections for the D* and D~
inpr and 7. These have then been compared with QCD-based Monte Carlo predictions from
MC@NLO?, and from POWHEG 6 applied in PYTHIA 7 and HERWIG 8. In all cases, the data
fall towards the upper range of the predictions, as illustrated for the D* in Figure 2, and for the
D¥* in Figure 3.
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(a) The D* cross-section with respect to pr.  (b) The D¥ cross-section with respect to |7].

Figure 3: The D* production cross-section.
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(a) The D** cross-section with respect to pr. (b) The D** cross-section with respect to |7).

Figure 2: The D** production cross-section.

3 The J v differential cross-section

Using the signals identified carlicr, ATLAS has derived doubly differential cross-sections for
J 1 production in bins of rapidity, y, and pr°. The mecasurement requires an extremely well-
understood and unbiased trigger selection. As a consequence, low luminosity data is employed
and only single muon triggers; at higher luminosities, the pre-scaling would require dimuon
triggers to obtain significant statistics, especially at lower pr, and very many sets with different
trigger conditions. The important inputs to the measurement are:

e The acceptance behaviour as a function of the spin-alignment. This is significant, and
the true spin-alignment at the LHC is not yet measured. The full range of possibilities is
considered in determining the associated systematic uncertainty.

e The muon reconstruction efficiencies. These are determined from the data, using a tag
and probe technique.

e The muon trigger efficiencies. These are also obtained from the data; however, therc are
insufficient statistics to obtain the fine-binning required, so Monte Carlo predictions are
used, which are then re-weighted to the measured values in larger bins.

A second measurcment is made of the production fraction of non-prompt J 1, which are almost
entirely produced from B-hadron decays, and often may be distinguished by the finite pseudo
decay length. The remainder of the J v are either produced directly or in the feed-down from
higher-mass charmonia. The non-prompt fraction is defined as

f :do(pp—>B+XAJ'z/1X') (1)
B= do(pp — InclusiveJ v.X")

This observable has the advantage that many systematic effects cancel. This allows combina-
tions of triggers to be employed, leading to increased statistics. For both measurements, the
principle of the measurement is simple. The J 3 yields are extracted from fits to the mass
spectra in each pr and y region. These are then translated into cross-sections by correcting for
detector acceptance, reconstruction and trigger efficiencies and for the small effects of bin-to-bin
migration. A per-candidate weighting procedure is used, with the weight defined as:

Here, the trigger efficiency is defined as:

w_l = A M '€t2rk '€+M(p; 77+) 'E?u(p; 77‘) 'gtrig (2)
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where A is the kinematic acceptance, M is a correction factor for bin migrations due to finite
detector resolution, &, is the ID tracking cfficiency and €, is the single-muon offline reconstruc-
tion efficiency. Here p% and T are the transverse momenta and pseudorapidities of the positive
and negative muons from the .J ¢ decay. The trigger efliciency Euig for a given J 1 candidate

is calculated from single-muon trigger efficiencies Sf;ig(p% n*) as follows:

Euig =1 - (1= &0 1)) - (1 - Eiglor 1)) (3)

The spin-alignment can be characterised by two angles with associated amplitudes, and so
the full range of possibilitics is limited by the four extreme points and a fifth point where both
amplitudes are zero (the flat hypothesis). For the presentation of the results, the flat hypothesis is
chosen, with the maximum deviation due to spin-alignment taken as the systematic uncertainty.
The inclusive cross-section is shown for two of the four rapidity regions studied in Figure 4 . Also
shown arc measurements from CMS 0. As a consequence of the trigger strategies chosen, CMS
extend to lower pr, while ATLAS increases the pr reach upwards. There is good agreement in
the regions of overlap.
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Figure 4: Illustrative inclusive J 1) production cross-sections .

The non-prompt fraction determination procceds in a similar way, but uses the pseudo-
proper lifetime and the mass of the candidates in the fits to extract the ratio in bins of pr and
y . Again, these are compared with CMS ! and (despite the different centre of mass cnergy)
CDF !!. There is good agrecment between the three experiments, with CDF providing the lowest
pr coverage and ATLAS the high-pr information, as illustrated in Figure 5 for the lowest of the
four rapidity regions studied. Agreement with the CDF point suggests indepdence of the ratio
from the center of mass energy.

Combining the two results, the prompt and non-prompt cross-sections can be extracted, as
illustrated in Figure 6 for another of the rapidity bins studied. The non-prompt cross-section
is compared with the FONLL 2 prediction for B — J ¢ X, and good agreement is found. The
prompt cross-section may be compared with various models. Of those used, the previously
popular colour evaporation model ' performs best, but it over-estimates the cross-section at
high pr.

4 Exclusive B-meson decays

In preparation for future studies, various exclusive B-meson decay channels have been investi-
gated. The decay Bt — J i K* has been reconstructed for both charged states. A clear signal
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Figure 5: Illustrative J/% non-prompt production fractions.
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Figure 6: Illustrative J/v production cross-sections .

is observed even without a cut on the lifetime propertics of the candidates (which is important
for lifetime-dependent studies), the signal is much purer if onc is made, as illustrated in Figure 7.
The mass obscrved is consistent with the PDF value for both selections and for both charged
states. Similarly, the decays B® — J ¢ K*(K~) and B* — J ¢(K K) have been observed and
their masses determined to be consistent with thc PDF cxpectations. Lifetime measurements
are underway. These results open the door to lifetime-difference and CP violating wecak phase
studies as statistics increase.

5 Conclusions

In the first year of 7 TeV data-taking, ATLAS has observed the charm- and bottom-onia states,
and has reconstructed important B-meson cxclusive decays. Various single-charm states have
also been observed and their single-differential production cross-sections measured. Doubly-
differential cross-section measurements have been made for the J ¥, and the prompt fraction
determined. Both results extend the previously available kinematic range, agreeing with previous
measurements in the areas of overlap. The prompt and non-prompt cross-sections have been
extracted and compared with theory. The non-prompt predictions fare well, while the prompt
predictions do less well at high pr. The immediate future includes lifetime measurements, early
CP violation studies and as wecll as studies of the B.. In the longer term, ATLAS will make
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Figure 7: The B* signal with and without lifetime cuts.

measurements of rare B-decays to muons.
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