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1. Charm spectroscopy

After the discovery oD andDs ground states, the QCD potential moddls [1] were able to
predict successfully the masses of many excited charmed mesons. Ithe0fi&ervations of two
new narrow stated)’,(2317) [g] and D« (2460 [f], with masses consistently lower than expec-
tations, raised considerable interest in the spectroscopy of heavy sné&erently the B-factories
observed newd; [A] andDs; [f] states decaying tB*) andD*/K systems respectively (Talfle 1).

| Mass (GeVé¢?) | Width (GeVk?) | Decay mode
D(2550 | 25394+4.5+6.8 | 130+12+13 D
D*(2600 | 26087+2.4+25| 96+6+3 | Dort, D, Dt
D(2750 | 27524+1.7+27| 71+6+11 D
D*(2760) | 27633+2.3+2.3 | 60.9+51+3.6 DOrrt, D
D% (2710 2710+ 222 149+ 773 | DK*, DK, D*FKQ
£5(2860) 2862+215 48+3+6 | DOK*, D*KQ, D*+K2
Ds3(3040 3044+8"3° 239+35'45 D*+K2

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

The LHCb detector{]6] at the Large Hadron Collider is a single arm speetier designed to
study the properties of charm and beauty hadrons. Using 32Dqdlnata collected in 2011, large
samples 0D? — K—mrt, D* — K-t rt andD*+ — DOt are reconstructed and combined with
mt, K+ andK — " . The resultingd*) randD*)K mass spectra show that the LHCb exper-
iment has the potential to carry out a programme of charm spectroscoptheitame sensistivity
as the B-factories. With the total integrated luminosity recorded in 2011, wéevdble to confirm
the observations dd; andDs; resonances (Tabjé 1) and establish their quantum numbers.

1.1 D; spectroscopy

The DOt (Fig. [L&) andD*r (Fig. [[b) mass spectra show similar features except for the
largeD*t — DOmr peak at theD®mr™ threshold (theD*® — D1~ decay is forbidden due to the
insufficient phase-space). The two spectra have prominent peaksponding td5(2460* and
D3(2460° respectively. Th®m™ mass spectrum shows a peak at about 2.3 Getilie to the
feed-down of decays from tHe;(2420* andD3(2460" to D*Orr™ where theD*° goes toD?r°
and ther® is missing in the reconstruction. Similar®;f 7~ shows feed-down peaks due to the
decays of thé;(2420° andD3(2460° to D** i~ where theD**+ decays tdD* ri°.

TheD** 1~ mass distribution (Fid. lL.c) shows a promin&nt2420° peak with a shoulder on
the right side corresponding to tig(2460° signal.

1.2 Dgj spectroscopy

The DK+ andD*K{ mass spectra are shown in Fifjs. [d -1e. They present similar features.
The single bin peaks at 2.4 Ge¥/results from decays db« (2536 " to D*°K* or D*"K2 in
which ther® or y from theD* decay is missed. We also observe prominent narrow signals due
to theD%,(2573*. The D*+Kg distribution (Fig[Jf) shows a narrow peak at threshold due to the
Ds1(2536)" meson.
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Figure 1: D™ 11 (top) and DK (bottom)mass distributions. The inset plot shows an expanded
view of theD®rr™ high mass region.

2. Charm production

2.1 DO production asymmetry

CP violation studies must account for any initial state asymmetry. Here we présefirst
measurement okp (D), the production asymmetry of prompf mesons within the LHCb accep-
tance [[¥], inppcollisions at a centre-of-mass energg= 7 TeV. The analysis uses the full dataset
of 37 pb! collected by LHCb in 2010. Selections are applied to provide a samiié ef Kt
candidate decays and sampleshsf — DO candidate decays, with® — K=, K*K~ and
1. The raw asymmetrieSgaw for aDP final statef can be written as:

Aran(f) = Acp(f) +Ao(f) +Ap(D) (2.1)
Araw(f)* = Acp(f) +Ap(f) +Ap(D°) + Ap(7E) (2.2)

whereAcp is the intrinsic physics CP asymmetry aAgd is the detection asymmetry due to the
detector response for charge conjugate final state particles. It czote [f] that:

ARAw(K_IT+) — ARAW(K_ T[+)* +ARAw(K_K+)* = AP(DO) +ACP(K_K+) (23)
Araw(K ™ 1T") — Araw(K ™ 1T7)* + Agan( T 1) * = Ap(DP) + Acp(rr tt) (2.4)

Taking the average oficp(K~"K™) = (-0.2340.17)% andAcp(mt" ) = (+0.20+ 0.22)% as
inputs, the system of equatiofs]2.3}2.4 is over-constraimedD?) is evaluated by solving the
system with a Bayesian minimization. Figyle 2 showgD°) as evaluated in one-dimensional
bins of pr andn separately. No significant dependence is seen within the present statistiea
tainties. Therefore a weigthed average is performed to yield a mys(®) = (—1.084 0.32t +
0.12yst)%. The largest systematic uncertainty is related to effects from the trigger wiadow
and differences between the offline and trigger mass resolutions.
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Figure 2: Measured charm production asymmetry in bing ¢eft) and pr (right).

2.2 Open charm production asymmetry cross-section

Open charm production ipp collisions at a centre-of-mass energi{s = 7 TeV has been
studied with the LHCb detector using an integrated luminosity of 1.8% . Cross-sections
have been determined f@°, D**, D*, andD{ in bins of transverse momentum and rapidity in
the region 0 ot <8 GeVk and 2 <y <4.5. The results are in a good agreement both in shape and
absolute normalisation with theoretical predictions. A direct comparis@toindD* gives the
cross-section ratio as(D") /o (D¢) = 2.32+ 0.27stat = 0.26syst. We find a totakc cross-section

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

3. Summary

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