*} e Fermi National Accelerator Laboratory

FERMILAB-CONF-94/117-T

Spectra of Heavyv-Light Mesons

Estia J. Eichten.” Christopher T. Hill," and Chris Quigg*
Fermi National Accelerator Laboratory
P.0O. Box 300, Batavia, Illinois 60510

May 25. 1994

Abstract

We present templates for the spectra of highly excited heavy-light
(Qg) mesons that are derived from potential-model descriptions of
quarkonium (QQ) spectra.

When we have information about the energy levels of one family of heavy-
light mesons, heavy-quark symmetry is an apt tool for mapping that infor-
mation onto another heavy-light family [1]. When that information is lack-
ing for all the heavy-light families (charmed mesons and above). we must
fall back upon more model-dependent considerations. It is noteworthy that
the spin-independent spectra of heavy-light mesons calculated in potentials
constructed to describe the v and T spectra reproduce the known general
features of the heavy-light spectra. particularly along the leading Regge tra-
jectory. The calculated energy levels define templates that may be useful
in anticipating the spectroscopy and in making preliminary assignments of
levels discovered in the future.

We consider two functional forms for the potential that give reasonable
accounts of the ¢ and 0b spectra: the QCD-motivated potential given by
Buchmiiller and Tye [2]. with {constituent) quark masses

m,. = [.48 GeV/c~ m, = 1.88 GeV/e®
m, = 0.45 GeV/c* m, = mg = 0.30 GeV/c” :

*Internet address: eichten€fnal.gov
"Internet address: hillefnal.gov
‘Internet address: quigg@fnal.gov

# Operated by Universities Research Association Inc. under contract with the United States Department ot Energy



FERMILAB-CONF-94/117-T

and a Coulomb-plus-linear potential (the “Cornell potential”) [3],
K T

/ T = - —

V(r) . + poik

with

m. = 1.84 GeV/c* my = 5.18 GeV/c?
m, = 0.45 GeV/c? m, = my = 0.32 GeV/c?
K = 0.52 a=234GeV™" .

We solve the Schriédinger equation, turning a blind eye to the fact that
heavy-light mesons are far from nonrelativistic systems [4]. For each meson
flavor, we adjust the 1S energy level to the value

3M(17)+ M(07)
4

M(15) =

determined from experiment {5, 6]. The resulting spin-independent spectra
of K, D, D,, B, and B, mesons are presented in Table 1 for the Buchmiiller-
Tye potential and in Table 2 for the Cornell potential. The essential features
of the spectra are quite similar in the two potentials. We have not attempted
to estimate spin splittings. The relativistic quark model of Godfrey and Isgur
[7], which includes an estimate of spin splittings, gives similar predictions
[8]. v
In the figures that follow, the Buchmiiller-Tye spectra are compared
with what is known experimentally [5. 6, 9]. The agreement encourages us
to take the calculated energy levels as good first guesses for the positions of
the unobserved levels. In addition to the 2~ and 3~ states whose properties
we have predicted in [1], the first radial excitations of the D, and B, may
be especially good candidates for discovery.

Fermilab is operated by Universities Research Association, Inc.. under
contract DE-AC02-76CHO3000 with the U.S. Department of Energy.
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Table 1: Masses (in GeV/c?) of heavy-light mesons in the Buchmiiller-Tye
potential. The 1S center of gravity has been adjusted to match experiment.

Level K D D, B B,
1S  0.7943 1.973 2.075 5.313 5.403
2P 1.312 2.460 2.538 5.790 5.854
2S 1.592 2.710 2.761 6.029 6.064
3D 1.715 2.830 2.880 6.149 6.183
3P 1.962 3.051 3.077 6.361 6.369
4F 2.066 3.149 3.172 6.457 6.462
3S 2.205 3.269 3.271 6.569 6.552

Table 2: Masses (in GeV/c?) of heavy-light mesons in the Cornell potential.
The 1S center of gravity has been adjusted to match experiment.

Level K D D, B B,
15 0.7943 1973 2.075 5.313 5.403
2P 1.326 2.463 2.541 5.806 5.864
2S 1.636 2.732 2.781 6.064 6.088
3D 1.749 2.843 2.893 6.176 6.200
3P 2.028 3.089 3.115 6.413 6.411
4F 2.123 3.178 3.200 6.500 6.495
3S 2.299 3.325 3.326 6.640 6.612
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Spectrum of K Mesons
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Figure 1: Spectrum of strange mesons in the Buchmiiller-Tye potential.
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Figure 2: Spectrum of observed strange mesons.
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Figure 3: Spectrum of charmed mesons in the Buchmiiller-Tye potential.
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Figure 4: Spectrum of observed charmed mesons.
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Figure 5: Spectrum of charmed-strange mesons in the Buchmiiller-Tye po-

tential.
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Figure 6: Spectrum
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Speétrum of D, Mesons
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Spectrum of By, Mesons
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Figure 7: Spectrum of B mesons in the Buchmiiller-Tye potential.
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Figure 8: Spectrum of observed B mesons.
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Figure 9: Spectrum of B, mesons in the Buchmiiller-Tye potential.
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Figure 10: Spectrum of observed B, mesons.
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