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1. Charm spectroscopy

After the discovery ofD andDs ground states, the QCD potential models [1] were able to
predict successfully the masses of many excited charmed mesons. In 2003the observations of two
new narrow states,D∗

s0(2317) [2] andDs1(2460) [3], with masses consistently lower than expec-
tations, raised considerable interest in the spectroscopy of heavy mesons. Recently the B-factories
observed newDJ [4] andDsJ [5] states decaying toD(∗)π andD(∗)K systems respectively (Table 1).

Mass (GeV/c2) Width (GeV/c2) Decay mode

D(2550) 2539.4±4.5±6.8 130±12±13 D∗+π−

D∗(2600) 2608.7±2.4±2.5 96±6±3 D0π+, D+π−, D∗+π−

D(2750) 2752.4±1.7±2.7 71±6±11 D∗+π−

D∗(2760) 2763.3±2.3±2.3 60.9±5.1±3.6 D0π+, D+π−

D∗
s1(2710) 2710±2+12

−7 149±7+39
−52 D0K+, D+K0

S, D∗+K0
S

D∗
sJ(2860) 2862±2+5

−2 48±3±6 D0K+, D+K0
S, D∗+K0

S

DsJ(3040) 3044±8+30
−5 239±35+46

−42 D∗+K0
S

Table 1: Masses and widths of theDJ andDsJ mesons recently observed at the B-factories.

The LHCb detector [6] at the Large Hadron Collider is a single arm spectrometer designed to
study the properties of charm and beauty hadrons. Using 320 pb−1 of data collected in 2011, large
samples ofD0 → K−π+, D+ → K−π+π+ andD∗+ → D0π+ are reconstructed and combined with
π+, K+ andK0

S → π+π−. The resultingD(∗)π andD(∗)K mass spectra show that the LHCb exper-
iment has the potential to carry out a programme of charm spectroscopy withthe same sensistivity
as the B-factories. With the total integrated luminosity recorded in 2011, we willbe able to confirm
the observations ofDJ andDsJ resonances (Table 1) and establish their quantum numbers.

1.1 DJ spectroscopy

The D0π+ (Fig. 1a) andD+π− (Fig. 1b) mass spectra show similar features except for the
largeD∗+ → D0π+ peak at theD0π+ threshold (theD∗0 → D+π− decay is forbidden due to the
insufficient phase-space). The two spectra have prominent peaks corresponding toD∗

2(2460)+ and
D∗

2(2460)0 respectively. TheD0π+ mass spectrum shows a peak at about 2.3 GeV/c2 due to the
feed-down of decays from theD1(2420)+ andD∗

2(2460)+ to D∗0π+ where theD∗0 goes toD0π0

and theπ0 is missing in the reconstruction. Similarly,D+π− shows feed-down peaks due to the
decays of theD1(2420)0 andD∗

2(2460)0 to D∗+π− where theD∗+ decays toD+π0.
TheD∗+π− mass distribution (Fig. 1c) shows a prominentD1(2420)0 peak with a shoulder on

the right side corresponding to theD∗
2(2460)0 signal.

1.2 DsJ spectroscopy

TheD0K+ andD+K0
S mass spectra are shown in Figs. 1d -1e. They present similar features.

The single bin peaks at 2.4 GeV/c2 results from decays ofDs1(2536)+ to D∗0K+ or D∗+K0
S in

which theπ0 or γ from theD∗ decay is missed. We also observe prominent narrow signals due
to theD∗

s2(2573)+. TheD∗+K0
S distribution (Fig. 1f) shows a narrow peak at threshold due to the

Ds1(2536)+ meson.
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Figure 1: D(∗)π (top) andD(∗)K (bottom)mass distributions. The inset plot shows an expanded
view of theD0π+ high mass region.

2. Charm production

2.1 D0 production asymmetry

CP violation studies must account for any initial state asymmetry. Here we present the first
measurement ofAP(D0), the production asymmetry of promptD0 mesons within the LHCb accep-
tance [7], inppcollisions at a centre-of-mass energy

√
s= 7 TeV. The analysis uses the full dataset

of 37 pb−1 collected by LHCb in 2010. Selections are applied to provide a sample ofD0 → K−π+

candidate decays and samples ofD∗+ → D0π+
s candidate decays, withD0 → K−π+,K+K− and

π+π−. The raw asymmetriesARAW for aD0 final statef can be written as:

ARAW( f ) = ACP( f )+AD( f )+AP(D
0) (2.1)

ARAW( f )∗ = ACP( f )+AD( f )+AP(D
0)+AD(πs) (2.2)

whereACP is the intrinsic physics CP asymmetry andAD is the detection asymmetry due to the
detector response for charge conjugate final state particles. It can beshown [7] that:

ARAW(K
−π+)−ARAW(K

−π+)∗+ARAW(K
−K+)∗ = AP(D

0)+ACP(K
−K+) (2.3)

ARAW(K
−π+)−ARAW(K

−π+)∗+ARAW(π−π+)∗ = AP(D
0)+ACP(π−π+) (2.4)

Taking the average ofACP(K−K+) = (−0.23± 0.17)% andACP(π+π−) = (+0.20± 0.22)% as
inputs, the system of equations 2.3-2.4 is over-constrained.AP(D0) is evaluated by solving the
system with a Bayesian minimization. Figure 2 showsAP(D0) as evaluated in one-dimensional
bins of pT andη separately. No significant dependence is seen within the present statistical uncer-
tainties. Therefore a weigthed average is performed to yield a resultAP(D0) = (−1.08±0.32stat.±
0.12syst.)%. The largest systematic uncertainty is related to effects from the trigger mass window
and differences between the offline and trigger mass resolutions.
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Figure 2: Measured charm production asymmetry in bins ofη (left) andpT (right).

2.2 Open charm production asymmetry cross-section

Open charm production inpp collisions at a centre-of-mass energy
√

s= 7 TeV has been
studied with the LHCb detector using an integrated luminosity of 1.81 nb−1 [8]. Cross-sections
have been determined forD0, D∗+, D+, andD+

s in bins of transverse momentum and rapidity in
the region 0 <pT < 8 GeV/c and 2 <y < 4.5. The results are in a good agreement both in shape and
absolute normalisation with theoretical predictions. A direct comparison ofD+

s andD+ gives the
cross-section ratio asσ(D+)/σ(D+

s ) = 2.32±0.27stat.±0.26syst.. We find a totalcc̄ cross-section
to producec-flavoured hadrons ï£ijin the full phase space ofσ(pp→ cc̄X) = 6.10±0.93 mb.

Updated results based on a larger 2010 dataset will be released soon.

3. Summary

LHCb is an excellent experiment for charm spectroscopy and production measurements with
emerging results and a bright future.

References

[1] S. Godfrey and N. Isgur,Mesons In A Relativized Quark Model With Chromodynamics, Phys. Rev. D
32 (1985) 189.

[2] B. Aubertet al. [ BABAR Collaboration ],Observation of a narrow meson decaying to D+
s π0 at a

mass of 2.32 GeV/c2, Phys. Rev. Lett.90 (2003) 242001.

[3] D. Bessonet al. [ CLEO Collaboration ],Observation of a narrow resonance of mass 2.46 GeV/c2

decaying to D∗+s π0 and confirmation of the D∗sJ(2317) state, Phys. Rev.D68 (2003) 032002.

[4] P. del Amo Sanchezet al. [The BABAR Collaboration],Observation of new resonances decaying to
Dπ and D∗π in inclusive e+e− collisions near

√
s=10.58 GeV,’ Phys. Rev. D82 (2010) 111101.

[5] B. Aubertet al. [BABAR Collaboration],Study of DsJ decays to D∗K in inclusive e+e− interactions,
Phys. Rev. D80 (2009) 092003. J. Brodzickaet al. [Belle Collaboration],Observation of a new DsJ

meson in B+ → D̄0D0K+ decays, Phys. Rev. Lett.100 (2008) 092001.

[6] A. A. Alves et al. [ LHCb Collaboration ],The LHCb Detector at the LHC, JINST3 (2008) S08005.

[7] R. Aaij et al. [LHCb Collaboration],A search for time-integrated CP violation in D0 → h+h decays
and a measurement of the D0 production asymmetry, LHCb-CONF-2011-023.

[8] R. Aaij et al. [LHCb Collaboration],Prompt charm production in pp collisions at
√

s= 7 TeV,
LHCb-CONF-2010-013.

4


