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We demonstrate from heavy quark symmetry that the width of D(2637) claimed by
the DELPHI Collaboration is inconsistent with any bound state with one charm quark
predicted in.the D(2637) mass region, except possibly the D-wave orbitally excited states

D; and D ~~q=; or the radially excited state D’. The former two possibilities are

favoured by heavy quark mass relations.

A summary of the results of ref. I is provided. The conclusions are similar to
those found in the 3P0 mode12.

A new resonance D(2637) with mass 2637&2&6 MeV and total width< 15 MeV
at 9570 confidence has been discovered by the DELPHI Collaboration. It decays3
to D*+ T+T–, but has not been observed3’4 in D*T. 66 + 14 events have been
detected, making it a 4.7U effect3. However, the resonance has not been confirmed
by the CLEO and OPAL Collaborations in the decay channel it was observed in4.

We- shall interpret D(2637) assuming the validity of, (1) The DELPHI claim,
particularly the observed mass and very restrictive total width; (2) Experimental
data on established excited K-mesons, accepting that no new data is likely to be
forthcoming soon; (3) Lowest order heavy quark symmetry decag relations for K-
and D-mesons, used to extrapolate K-meson experimental data to the D-mesons;

and (4) Next to leading order heavy quark symmetry maw relations for K-, D- and
B-mesons.

It is instructive to review mass predictions for the various Jp D-meson states
from theory. The Jp = 1- state D*’, the radially excited D*, is predicted at
2640 MeV5 or 2629 MeV6, consistent with the DELPHI mass of D(2637). Of all
the masses that will be listed in thk paragraph, this will be the only case where
theory is consistent with experiment. The consistency of theory with experiment
led DELPHI to interpret D(2637) as the radially excited D*. It will be argued
that this interpretation of D(2637) is inconsistent with experimental total width of

D(2637), which implies that the model inputs of the theory calculations should be
re-examined. The 0- state D’, the radially excited D, is predicted at 2580 MeV5
or 2579 MeV6. The 1+ state D; ~q= ~, the broad P-wave state possibly already

observed’, is predicted at 2460 MeV5, 2501 MeV6 or 2585 MeV8. Here jq denotes
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the total angular momentum of the light quark. The broad P-wave 0+ state D; is
predicted at 2400 MeV5, 2438 MeV6 or 2554 MeV8. Next we consider the D-wave
states. The 1– state D1 ~q=; is predicted at 2820 MeV5; the 3– state D; at 2830

MeV5, 2760+70 MeV9 or 2721+23 MeVIO; and the 2– states D2 j,=+ and Dz ~q=~

at 2830 + 20 MeV5 or 2692 + 19 MeV1°. All masses quoted are from potential
models, except those of refs. “1°, which give noticeably lower values.

Our method of analysis closely parallels that of ref. 11.
In the first analysis, we require the total width of D(2637) to be <15 MeV, and

use the lowest order heavy quark symmetry decay relations12. The decay form factor
is assumed to be Gaussian: F’(p2) = I’(O) exp(–p2 / (6/32) ). The momentum of the

decay products in the rest frame of the initial state is p, and ./3has the standardl’kl
value of 0.4 GeV, although our conclusions are stable under variation of ~. By
analysing the decays of states to only Dn and D*T, all possible interpretations
of D (2637) previously discussed in the fourth paragraph have widths ~ 30 MeV,
and are hence inconsistent with the DELPHI datum, except for D; and Dz j,=;.
For these possibilities we calculate not only the Dm and D*T modes, but also the
D.K, D;K, Dq, D*q, D; (2460)T, D1 (2420)T and Dp modes, the last only for D;.
Both D; and D2 j,= ~ are found to possibly have total widths consistent with the
DELPHI datum, with the latter more likely. We caution that decays to D(mr).s,
D“ (mr)s and Dp, the last for D2 j,= ~ only, have not been calculated, due to lack
of reliable K-meson data.

A nodal Gaussian form factor

,~@2)=~@’(1.-w2‘Xp+’ (1)

is also considered. This form factor arisesl naturally in the phenomenologically
successful 3P0 model, for decays to Dm and D*T of all states mentioned in paragraph
four, except for D; and D2 j,=%. The states which can have the nodal Gaussian form

factor are analysed further. The cost of the new form factor is the introduction of
an additional parameter ~, which is fitted to the K-meson data. The decay widths
to DT and D*T for all states analysed are inconsistent with the DELPHI datum,
except possibly for D’. The ratio r of the K* (1680) widths to Kn and K*T is
experimentally equal tol 1.30t}~~ or 2.8 + 1.1. We find that the total D’ width
to D*T, D*v and D~K can be consistent with the DELPHI datum when ~ ~ 3.4.
Since this value of r is only barely consistent with experiment, and since there are
other possibly prominent decay modes that can not be deduced from K-rheson data,
the possibility that D(2637) can be D’ is unlikely. D’ is also not expected to decay
substantially in the decay mode D(2637) has actually been observed inl.

The second analysis requires the mass of D(2637) to be consistent with 2637+
2 + 6 MeV. It also assumes that D(2637) is the heavy quark symmetry partner of
the preliminary state B(5905), observed 13 by DELPHI with a mass of 5905 + 11
MeV, probably decaying to B* T+ T-. Since B(5905) is preliminary, the second
analysis should merely be regarded as an addendum to the first. Next to leading
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order heavy quark symmetry mass relational ’11 are then used to uncover the mass
of the K-meson partner of D(2637) and B(5905). The mass range of the K-meson
partner is found to be 1740 – 1910 MeV, so that K-mesons in this mass range, i.e.
FQ(1780) , K2(1770) , K2(1820) or K*(1680), can be partners of D(2637). K* (1680)
has a mass on the edge of the range allowed. One hence concludes that D(2637) has
the structure of D;, D2 ~~=:, D2 ~~=~, D*’ or D1 ~q=; , where the last possibility is
less likely.

The conclusions are, from our analysis of, (1) Decays, where we require the total
width of D (2637) to be < 15 MeV, that with a Gaussian form factor D (2637) can

be D; or D2 ~,=~, with the latter slightly preferred, and with a nodal Gaussian

form factor there is the unlikely possibility that D(2637) can be D’; (2) Masses:
here we require the mass of D(2637) to be consistent with 2637+2+6 MeV, and
D(2637) can be interpreted as D;, D2 ~q=; , D2 j,=:, D*’ or D1 jg=~, where the last
possibility is less likely. The conclusions suggest that D(2637) should preferably be
interpreted as D2 ~~= ~ or D;, in this order.

This research is supported by the Department of Energy under contract W-

7405-ENG-36.
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