arXiv:hep-ex/0011072 21 Nov 2000

International Journal of Modern Physics A,

f_{c World Scientific Publishing Company}

PRELIMINARY RESULTS ON CHARMED MESON SPECTROSCOPY

SHAHZAD SARWAR Laboratori Nazionali di Frascati, v. E.Fermi, 40 - Frascati - 00044 Italy

on behalf of the FOCUS Collaboration �

We report the preliminary measurement by the FOCUS Collaboration (E831 at Fermilab) of masses and widths of the L=1 charm mesons D�02 and D�+2 . The fit of the invariant mass distribution requires an additional term to account for a broad structure over background.

We present preliminary results from the FOCUS experiment (E831 at Fermilab) on the spectroscopy of bound states of a charm quark and a light quark with orbital angular momentum L = 1, called D�_2 (cū, cd̄). A theoretical framework for the spectrum of heavy-light mesons is given by Heavy Quark Symmetry (HQS), which predicts both narrow and broad states. While the narrow states are well established, the evidence for the broad states (both in the c-quark and in the b-quark sector) is much less stringent^2.

The data for this paper were collected in the Wideband photoproduction experiment FOCUS during the Fermilab 1996–1997 fixed-target run. FOCUS is a considerably upgraded version of a previous experiment, E687^1. In FOCUS, a forward multi-particle spectrometer is used to measure the interactions of high-energy photons on a segmented BeO target. We obtained a sample of over 1 million fully reconstructed charm particles in the three major decay modes: D → Kπ, K2π, K3π.

The decays D^0 → K�π^+, D^+ → K�π^+π^+, D^0 → K�π^+π�π^+, D�^+ → D^0π^+

�_{Coauthors: J.M. Link, V.S. Paolone, M. Reyes, P.M. Yager (UC DAVIS); J.C. Anjos, I.}

Bediaga, C. Göbel, J. Magnin, J.M. de Miranda, I.M. Pepe, A.C. dos Reis, F. Simão (CPBF, Rio de Janeiro); S. Carrillo, E. Casimiro, H. Mendez, A.Sánchez-Hernández,, C. Uribe, F. Vasquez (CINVESTAV, México City); L. Cinquini, J.P. Cumalat, J.E. Ramirez, B. O’Reilly, E.W. Vaandering (CU Boulder); J.N. Butler, H.W.K. Cheung, I. Gaines, P.H. Garbincius, L.A. Garren, E. Gottschalk, S.A. Gourlay, P.H. Kasper, A.E. Kreymer, R. Kutschke (Fermilab); S. Bianco, F.L. Fabbri, S. Sarwar, A. Zallo (INFN Frascati); C. Cawlfield, D.Y. Kim, K.S. Park, A. Rahimi, J. Wiss (UI Champaign); R. Gardner (Indiana ); Y.S. Chung, J.S. Kang, B.R. Ko, J.W. Kwak, K.B. Lee, S.S. Myung, H. Park (Korea University, Seoul); G. Alimonti, M. Boschini, D. Brambilla, B. Caccianiga, A. Calandrino, P. D’Angelo, M. DiCorato, P. Dini, M. Giammarchi, P. Inzani, F. Leveraro, S. Malvezzi, D. Menasce, M. Mezzadri, L. Milazzo, L. Moroni, D. Pedrini, F. Prelz, M. Rovere, A. Sala, S. Sala (INFN and Milano); T.F. Davenport III (UNC Asheville); V. Arena, G. Boca, G. Bonomi, G. Gianini, G. Liguori, M. Merlo, D. Pantea, S.P. Ratti, C. Riccardi, P. Torre, L. Viola, P. Vitulo (INFN and Pavia); H. Hernandez, A.M. Lopez, L. Mendez, A. Mirles, E. Montiel, D. Olaya, J. Quinones, C. Rivera, Y. Zhang (Mayaguez, Puerto Rico); N. Copty, M. Purohit, J.R. Wilson (USC Columbia); K. Cho, T. Handler (UT Knoxville); D. Engh, W.E. Johns, M. Hosack, M.S. Nehring, M. Sales, P.D. Sheldon, K. Stenson, M.S. Webster (Vanderbilt); M. Sheaff (Wisconsin, Madison); Y. Kwon (Yonsei University, Korea).

1

Table 1. Preliminary measurements of masses and widths for narrow structures in D+π� and D^0π^+ invariant mass spectra. Mass Width MeV/c2 MeV/c2

D�0_{2 2463.5} �_{1.5} �_{1.5 30.5} �_{1.9} �_{3.8}

PDG2000 2458.9 � 2.0 23 � 5

D�+_{2 2468.2} �_{1.5} �_{1.4 28.6} �_{1.3} �_{3.8}

PDG2000 2459 � 4 25+8�7

were selected^3 . The D^+ or D^0 candidates were combined with the pion tracks in the primary vertex to form L=1 D-meson candidates in channels D^+π� and D^0π^+. Figure 1a,b) shows the distribution in the invariant mass difference ΔM_0 ≡ M (D^+π�) − M (D^+) + M_{P DG}(D^+). The plot shows a pronounced peak, consistent with being due to a D�^0_2 of mass M ≈ 2460 MeV/c^2. Because of the narrow width, this state has traditionally been identified as the J = 2^+ state. The additional enhancement at M ≈ 2300 MeV/c^2 is consistent, as verified from Monte Carlo simulations, with arising from the feed-down of the states D^0_1 and D�^0_2 decaying to D�^+π�, with the D�^+ subsequently decaying to D^+ and undetected neutral pion. The D�^0_2 signal was fitted with a relativistic D-wave Breit-Wigner function, convoluted with a gaussian resolution function (σ = 7 MeV). The background was fitted with the sum of an exponential, and two gaussians for the feed-downs described above, whose peaks and widths were fixed at the Monte Carlo values. The slope of the exponential was fixed to the value determined by a fit to the wrong-side events mass distribution, which is very well described by a single-slope exponential in the entire fitting interval 2250 − 3000 MeV/c^2. For this fit we get a χ^2/dof = 2, and a Γ = 55 ± 3 MeV/c^2 D�^0_2 width non compatible with the PDG2000 world average of Γ = 23 ± 5 MeV/c^2. We then add an S-wave relativistic Breit-Wigner function to the fit, which improves the fit quality χ^2/dof = 0.9, and provides a width Γ = 30 ± 2 MeV/c^2 compatible to the PDG2000 value. The mass difference ΔM_+ ≡ M (D^0π^+) − M (D^0) + M_{P DG}(D^0) spectrum (Fig. 1d,e) shows structures similar to those in the ΔM_0 spectrum, and the fitting procedure follows the same guidelines.

Several systematics checks have been performed to verify the stability of our measurements of masses and widths^3. As one example we show (Fig.1c,f) how a P > 10 GeV/c cut on the momentum of the soft pion provides peak and width statistically compatible. Table 1 summarizes the preliminary results on the measurements of masses and widths.

In conclusion, the study of the Dπ mass spectrum provides new preliminary values of the masses and widths for the D�_2 meson (Tab. 1). The Dπ mass spectrum (once subtracted the background, the D�_2 signal, and the expected feed-downs) shows an excess of events centered around 2420 MeV/c^2 and about 185 MeV/c^2 wide. The observed excess could be reminiscent of the broad D�_0 predicted by HQS, or of a feed-down from another broad state such as the D_1(j_q = 1/2), possibly interfering. Work is in progress to verify such hypothesis.

Figure 1: The D^+π� (D^0π^+) mass spectra is shown in insets a, b, c (d, e, f). Insets c, f show the effect of a soft pion momentum cut.

We wish to acknowledge the assistance of the staffs of Fermi National Accelerator Laboratory, the INFN of Italy, and the physics departments of the collaborating institutions. This research was supported in part by the U. S. National Science Foundation, the U. S. Department of Energy, the Italian Istituto Nazionale di Fisica Nucleare and Ministero dell’Università e della Ricerca Scientifica e Tecnologica, the Brazilian Conselho Nacional de Desenvolvimento Científico e Tecnológico, CONACyT-México, the Korean Ministry of Education, and the Korean Science and Engineering Foundation.

References

1. P. L. Frabetti et al. (E687 Coll.), Nucl. Instrum. Meth. A320, 519 (1992). 2. F.L. Fabbri, In *Frascati 1999, Had. spectr.* 627-639; S. Bianco, hep-ex/9911034. 3. F.L. Fabbri for the FOCUS Coll., ICHEP 2000, Osaka, hep-ex/0011044.