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Abstract

We report the preliminary measurement by the FOCUS Collaboration (E831 at Fermilab)
of masses and widths of the L=1 charm mesby$andD;*. The fit of the invariant mass
distribution requires an additional term to account for a broad structure over background.
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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
momentuny. = 1, calledD;}(ci, cd). 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-quark and in thé-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 up-
graded 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 patrticles in
the three major decay model: — K, K27, K 3.

The decayd? — K7, D¥ — K—ntxt, DY — K—ntn—nt, D*t — DOx*
were selected[3]. Th®* or D° candidates were combined with the pion tracks in the pri-
mary vertex to form L=1D-meson candidates in channéls 7~ and D’z *. Figure 1a,b)
shows the distribution in the invariant mass differedckly = M (D n~) — M(D") +
Mppg(DT). The plot shows a pronounced peak, consistent with being due’xy af
massM =~ 2460 MeV /c?. Because of the narrow width, this state has traditionally been
identified as the/ = 2% state. The additional enhancement\dt~ 2300 MeV/c? is



Table 1: Preliminary measurements of masses and widths for narrow structiirésin
and D%z invariant mass spectra.

Mass Width
MeV /c? MeV /c?
D30 24635+15+1.5 305+1.9+38
PDG2000  2458.9+2.0 23+5
D;T 24682+ 1.5+ 1.4 286+ 1.3+38
PDG2000 2459 + 4 2518

consistent, as verified from Monte Carlo simulations, with arising from the feed-down of
the states)! and D;° decaying toD**=~, with the D** subsequently decaying 0"
and undetected neutral pion. Thg? signal was fitted with a relativistio-wave Breit-
Wigner function, convoluted with a gaussian resolution functiors- 7 MeV). The back-
ground 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
interval2250 — 3000 MeV /2. For this fit we get a?/dof = 2, and al’ = 55+3 MeV /c?
D3" width non compatible with the PDG2000 world averagé'ef 23 + 5 MeV /c?. We
then add anS-wave relativistic Breit-Wigner function to the fit, which improves the fit
quality x?/dof = 0.9, and provides a width" = 30 + 2MeV/c? compatible to the
PDG2000 value. The mass differensé/, = M (D°7") — M (D°) + Mppg(D°) spec-
trum (Fig. 1d,e) shows structures similar to those in &, spectrum, and the fitting
procedure follows the same guidelines.

Several systematics checks have been performed to verify the stability of our mea-
surements of masses and widths[3]. As one example we show (Fig.1c,f) How-a
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 thBw mass spectrum provides new preliminary values
of the masses and widths for thi& meson (Tab. 1). Thé&7 mass spectrum (once sub-
tracted the background, the; signal, and the expected feed-downs) shows an excess of
events centered arourd20 MeV /c* and aboutl 85 MeV /c* wide. The observed excess
could be reminiscent of the brodd; predicted by HQS, or of a feed-down from another
broad state such as tli& (j, = 1/2), possibly interfering. Work is in progress to verify
such hypothesis.
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Figure 1: TheD* 7~ (D7) mass spectra is shown in insets a, b, ¢ (d, e, f). Insets ¢, f
show the effect of a soft pion momentum cut.
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