Open charm and charmonium production at LHCb
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We see copious production of charmed hadrons in the early LHCb data. The status and plans for charm
production studies at LHCb are discussed, and preliminary signals are shown.

1. INTRODUCTION

The Large Hadron Collider (LHC) began col-
liding protons at a centre-of-mass energy of 7 TeV
at the end of March 2010. In the subsequent
months, the luminosity has increased more or less
exponentially: approximately 16 nb~' had been
delivered to each experiment at the start of the
BEACH2010 workshop, and at the time of writing
these proceedings this has risen to approximately
2 pb~!. Production of charmed hadrons is a nat-
ural topic to probe with these data samples: the
cross sections are large enough to make precise
measurements even with limited data samples,
and early studies on charm distributions will im-
prove our understanding of hadronic events at the
LHC for subsequent analyses. It is anticipated
that O(70 pb™ ") will be delivered during the 2010
run, and O(1 fb~') in 2011 [1]. In this note, we
discuss the status of measurements of the cross
section for prompt production of open and hid-
den charm mesons in pp collisions at /s = 7 TeV
in bins of rapidity y and transverse momentum
Pt

Charm and beauty hadrons are light compared
to the collision energy at the LHC, so their pro-
duction is concentrated in the forward region.
This motivates the design of LHCb [2], a single-
arm forward spectrometer, which instruments the
angular range 15 < 0, < 300 mrad and 15 <
0, < 250 mrad, corresponding to approximately
2.0 < n < 5.2, where 0, and 8, are the z and y
projections of the polar angle, n is the pseudora-
pidity, and the z-axis corresponds to the nominal
beam direction. This coverage is complementary
to the other large LHC experiments [3-5]. The

LHCDb detector includes a silicon microstrip Ver-
tex Locator (VELO) which is positioned at 5 mm
from the beam during data-taking; five down-
stream tracking stations which use a combina-
tion of silicon pixels and drift chambers; two Ring
Imaging Cherenkov (RICH) detectors with three
different radiators to cover the momentum range
2 < p < 100 GeV/¢; a calorimeter consting of a
Scintillator Pad Detector (SPD) to detect charged
particles, an electromagnetic calorimeter with a
preshower detector, and a hadronic calorimeter;
five muon stations; and a magnet with a field in-
tegral of 4 Tm.

Results at the BEACH2010 conference were
presented with samples of 2-14 nb~!. Where
available, equivalent plots from larger data sam-
ples have been substituted in these proceedings.

2. MEASUREMENT OF LUMINOSITY

The integrated luminosity of the data is an es-
sential input to cross section measurements. The
approach used at LHCb is to calibrate quanti-
ties which are expected to be proportional to the
instantaneous luminosity, such as the number of
hits in the SPD, with runs in which the luminosity
is measured directly. These calibrations can then
be used to determine the integrated luminosity
for a much larger data sample.

Two methods have been used to establish the
instantaneous luminosity. First, the profiles of
the beams can be measured directly in the VELO
using beam-gas events, which are recorded con-
tinuously by the LHCD trigger at a low rate for
calibration purposes. Given the bunch-crossing
frequency and beam currents, the luminosity can



[ LHCb
<« L Preliminary mean (J/ y)= 3090.9+ 0.3 MeV/c®
§ L \s=7Tev o (/)= 155+ 0.2 MeVic?
§ 108k [L-260 0 Nygoa (/1) = 13289+ 141 2
o E mean (’)=3679.2+ 0.3 MeV/c
=) - o()= 452+ 8.4MeVic?
= u
2 Nygna () = 423+ 50
IS PR G
2 100 g
[ F i
O u
| —SPU (U U U SR S U ST [N S S N S S NS T
2800 3000 3200 3400 36%0 3800 4000
M(pp*) (Mevic?)
— -7
N -
L 600 0%2s = 105.0+ 8.1 MeV/cZ]
%) M,, = 3073.6 + 7.8 MeV/c?
= Ng, = 1192 + 87 i
p *&é&ﬁ* Sig
3 L ¢ 4
7400 -
P L 4
g [ L 4 w;ﬁ. Fi
> L .
i, ]
2001~ LHCb 7
- Preliminary 1
- Vs =7 TeV Data b
PRRITUN NS SR ST SN N SN SN SUN SN N SN SU S S '
2500 3000 3500 4000

M(e*e) [MeV/c?|

Figure 1. The invariant mass spectra for ptpu~
(upper, 260 nb™!) and eTe~ (lower, 150 nb™').
The J/v and (2S5) resonances are visible. Note
the logarithmic y-axis in the upper plot.

then be inferred [6]. Second, a dedicated run can
be used for a Van der Meer scan [7]. The un-
certainty on the integrated luminosity when cal-
ibrated in this way at LHCD is estimated to be
10% at present.

3. CHARMONIA

The production mechanisms for ¢¢ bound states
at hadron colliders are still far from understood;
neither the Colour Singlet Model nor the Colour
Octet Model fully describes the existing exper-
imental data (see Ref. [8] and the references
therein). The total cross section, the p; spec-
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Figure 2. The pseudo-proper-time distribution
for J/1 — ptp~ candidates in 14.2 nb™ " of data.

trum, and the polarization of J¥ = 1~ ¢¢ states
are all of interest for probing this problem.

LHCD sees large signals for J/¢ — ptpu~ and
ete™, and a smaller but significant signal for
¥(2S) = ptp~ (Fig. 1). We can divide charmo-
nium at the LHC into two classes: those produced
at an event primary vertex (prompt), either di-
rectly or in the decay of a short-lived resonance
such as a heavier c¢ state, and those produced in
the decay of a long-lived B hadron (secondary).
LHCDb plans to measure the cross section as a
function of y and p, for both classes of production
separately. The two cases can be distinguished
using the pseudo-proper-lifetime ¢, of the decay,
defined as:

where d, is the projection in the z direction of the
distance between the decay vertex and the associ-
ated event primary vertex, M is the reconstructed
invariant mass, and p, is the z component of
the momentum. For prompt production, t, is
described by a narrow peak at zero with width
equal to the resolution; for secondary produc-
tion, it is described by an exponential with effec-
tive lifetime approximately equal to the average
b-hadron proper lifetime. This is illustrated for
J/¢ in Fig. 2. The fit also includes a component
for combinatoric background, determined from a
mass sideband above the J/1. The data clearly
require a secondary component to be present.

A measurement in fine-grained bins (0.5 in y
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Figure 3. J/v¢ yields from 14 nb™' of data,
not corrected for efficiency and including both
prompt and secondary components. The upper
plot shows the yield in bins of p; for 2.5 < y < 4.0,
and the lower plot shows the yield in bins of y for
0 < p; < 12 GeV/c. The points with error bars
show the measured yield with statistical uncer-
tainties only, and for comparison the shaded his-
togram shows the distribution seen in the LHCb
Monte Carlo.

x 1 GeV/c in p;) will require O(10-20 pb™!),
but preliminary studies in one-dimensional bins
are underway: the uncorrected yields seen in one-
dimensional bins are shown in Fig. 3. Firm con-
clusions cannot be drawn without systematic un-
certainties, but these initial results illustrate the
potential improvements from retuning the Monte
Carlo generator with early data.
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Figure 4. Invariant mass spectra for charmed
mesons from 125 nb~'.  Upper: m(K )
for D*t — D%+, DY — K-rt; lower:
m(K~nTrt).

4. CHARMED MESONS

Similar production studies are in progress for
the charmed mesons DY, D*, D** and D}. The
excellent signal quality is illustrated in Fig. 4. As
with the J/4, both prompt and secondary pro-
duction are expected at LHCb. However, because
the D°, DT, and D} fly a significant distance at
LHCDb, separating the two sources is more com-
plicated. The discriminating variable used is the
impact parameter (IP) of the D candidate with
respect to the associated event primary vertex:
prompt charm points back to the primary vertex
and so its IP distribution is dominated by the



resolution, whereas in general secondary charm
has a much larger IP. This is illustrated in Fig 5.
By fitting both the invariant mass spectrum and
the log(IP) distribution, the production rate of
prompt charm mesons can be measured. Inclu-
sive cross section measurements in bins of p; and
y using this technique are now underway.

5. OUTLOOK

The production measurements described above
are in progress and will be finalized over the com-
ing months. In the meantime, the LHC continues
to deliver ever-increasing luminosities. With the
much larger data samples expected by the end
of the 2010 run, LHCb will be able to search for
new physics in charm decays. Three key anal-
yses will be measurements of yop and Ar with
D% — K~ K% and K~ nt; searches for direct CP
violation in D* — K~ K7t and #~7nt7*; and
a search for DY — p+u~. These studies will bene-
fit greatly from the combination of copious charm
production, a large boost (especially valuable for
yop and Ar), and excellent charged particle iden-
tification across the full momentum range.
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Figure 5. The logarithm of the D° impact pa-
rameter distribution for B — D°(K~7+)u® can-
didates. The upper plot (3 nb™') shows the
background-subtracted distribution for inclusive
DO candidates; the histograms indicate the fitted
prompt and secondary components. The lower
plot (11 nb™') shows D° candidates after re-
quiring a B — D%u* tag, which suppresses the
prompt component strongly; the curves indicate
the components of the fit: prompt (solid), sec-
ondary (dashed), background (dotted), and their
sum (solid).



