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We present evidence for the exclusive reaction e *e

~— D DX observed with the Mark III detec-

tor at the SLAC storage ring SPEAR. The D,T is reconstructed in the ¢z ¥ decay mode, while the

* +

A is detected as a narrow peak in the recoil-mass distribution. The mass of the D;* is found to be
2109.3 £ 2.1 £ 3.1 MeV/c?, yielding a D;* -D; mass difference of 137.9 +2.1 = 4.3 MeV/c?. The width
of the D¥ is <22 MeV/c? at the 90%-confidence level. The observed signal corresponds to
olete ™ —DID¥ +D," D)%) B(DF — ¢nt) =306+ 11 pbat Vs =4.14 GeV.

PACS numbers: 14.40.Jz, 13.25.4m, 13.65.+i

In the quark model, the lowest-lying ¢35 pseudoscalar
meson, the D, has a higher-mass vector-meson partner,
the DF*.' In models with hyperfine corrections,? the
DX mass is predicted to lie 80 to 150 MeV/c? above
that of the D,*. Evidence has been presented for a nar-
row state decaying into a D% meson and a photon.®*
Exclusive production of this state in association with the
D in e*e ™ annihilation would provide new evidence
that it is indeed the Dy*. This Letter reports the first evi-
dence of the exclusive reaction e e ~— Dt D¥ ~, where
the D,T is observed in the decay

DY — on™t ()
or in the cascade
DY~ —yD~, D —on". (2)

A precise measurement of the D;* mass is also reported.

The data sample represents an integrated luminosity
of 6.30 = 0.46 pb ~! at /s =4.14 GeV, collected with the
Mark III detector at the SLAC storage ring SPEAR. A
detailed description of the detector has been given else-
where.? Tracking information from the drift chamber,
and time-of-flight (TOF) measurements from scintilla-
tion counters, are used in this analysis.

The analysis proceeds with the isolation of events con-
taining one or more ¢’s. A charged particle is identified
as a kaon with use of TOF.® The r-K separation is
better than So for kaons from reactions (1) and (2).”

Figure 1 shows the mass distribution of oppositely
charged kaon pairs. The mass of a ¢ candidate is re-
quired to be within 10 MeV/c? of the nominal ¢ mass.
The ¢ candidates are selected by the combining of a ¢
with each of the remaining charged tracks, assumed to
be pions. A scatter plot of the ¢x* mass versus the
recoil mass is shown in Fig. 2. Evidence for D,* D~
production appears as a cluster of events near
M(¢n*)=1.97 GeV/c? and M(recoil) =2.10 GeV/c>.
Another cluster near M(pz*)=1.87 GeV/c? and
M (recoil) =2.01 GeV/c? is evidence for production of
D*D*~, with DT — ¢x*.® Figure 3(a) shows the

80 T T T LE—
&
S
3
(&)
o~
o
<
=]
<
%)
=
a
=
=4 = 4
W
0 L |
0.99 1.0 1.03 .05

K¥K™ MASS  (Gevc?)

FIG. 1. The K*K ™ invariant-mass distribution. A fit to
this distribution, with use of a Breit-Wigner line shape and a
polynomial background, with ['(¢) =4.2 MeV/c?, yields M (¢)
=1019.3+0.4 MeV/c? and 6=2.1 £ 0.8 MeV/c2
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FIG. 2. Scatter plot of M (¢r*) vs M(recoil).

recoil-mass distribution when the ¢zt mass is restricted

to the D,* region, 1.92 to 2.02 GeV/c2. This distribution
contains the recoil from the D,*’s produced in reactions
(1) and (2). No significant evidence for e¥e™
— DD, DY — ¢nt is observed. The photon from
the decay Dy *— yD;* is not used in this analysis be-
cause of the limited energy resolution of the calorimeter.
The D mass resolution would not be significantly im-
proved, and the photon selection is ambiguous in events
with many neutral showers.

The decay Dt — ¢nt is isolated by the requirement
that the recoil mass lie between 2.04 and 2.18 GeV/c?
[Fig. 3(b)]. An unbinned maximum-likelihood fit to this
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FIG. 3. (a) The projection of Mf(recoil) for 1.92
<M(pr™) <2.02 GeV/c? (b) The projection of M(¢x*) for
2.04 < M(recoil) < 2.18 GeV/c% The fit is described in the
text. (c) The projection of M(px™) for 1.97 < M(recoil)
<2.05 GeV/c?
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distribution with a Gaussian plus background yields
26.7+5.2 (stat.) signal events above 5.6 background
events. The fitted D,% mass is 1972.4+3.7+3.7
MeV/c2. The background shape is determined from the
¢t mass distribution obtained by the combination of ¢
candidates with pions from different events. The mass
resolution determined by Monte Carlo simulation
(c=15.1 MeV/c?) is imposed in the fit. The systematic
error includes variation of the selection criteria (2.4
MeV/c?), and uncertainties in the background shape
(2.5 MeV/c?) and in the momentum scale® (1.1
MeV/c?).

The analysis procedure and the absolute-mass scale
are checked by investigating D decays in the data sam-
ple. The decay D*— ¢n™* is observed by the restricting
of the recoil mass to the D* mass region, 1.97 to 2.05
GeV/c? The result is shown in Fig. 3(c): A fit with a
Gaussian and a flat background yields a D* mass of
1860+7+4 MeV/c2. The reactions D°— K "z,
DK xtztx",and D*— K ztx* are analyzed
with similar particle identification and recoil require-
ments, giving fitted masses of 1865.3+1.2 MeV/c?
1865.3 1.3 MeV/c?, and 1870.6 = 2.6 MeV/c?2, respec-
tively (statistical errors only).

To improve the DS mass resolution, a D; mass'® of
1971.4 MeV/c? is imposed as a constraint in the calcula-
tion of the recoil mass.!! The resulting recoil-mass dis-
tribution (Fig. 4) shows a narrow peak at 2.11 GeV/c?
from reaction (1), on a broad structure between 2.07 and
2.15 GeV/c? from reaction (2). A fit to this distribution
yields

M(DFX)=2109.3+2.1%3.1 MeV/c%

The shape of the signal distribution and the resolution
(5.0 MeV/c?) are determined from a Monte Carlo simu-
lation which includes radiative corrections.'? The back-
ground shape is determined from K TK = sidebands
around the ¢. The systematic error includes contribu-
tions from the uncertainties in the D,t mass (1.7
MeV/c?), the center-of-mass energy at SPEAR (1.7
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FIG. 4. The recoil-mass distribution with the D;* mass con-
strained at 1971.4 MeV/c2. The fit is described in the text.
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MeV), the radiative corrections (1.2 MeV/c?), the selec-
tion criteria (1.5 MeV/c?), the background shape (0.5
MeV/c?), and the momentum scale (0.1 MeV/c?). The
result implies '3

MDX)—M(D,)=1379+2.1+43MeV/c?

A maximum-likelihood calculation using the constrained
recoil mass yields I'(DF¥) <22 MeV/c? at 90%-confi-
dence level. The width and mass of the D are allowed
to vary, while the resolution is fixed.

The decay angle distributions for the ¢ in the D,* heli-

clete " —DID¥ +D,"D¥*)B(Dt — ¢nt) =30

The systematic error includes contributions from the un-
certainties in the detection efficiency (31%), the integrat-
ed luminosity (7%), and the background shape (15%).
The contamination of the ¢z sample by nonresonant
Dt — KtK ~ %t decays is negligible (< 0.5 events) for
B(Df— K*K " x*)=B(D;* — ¢n*). The decay D;*
— K*k* — K*K "rt does not feed into the ¢r™*
sample because it is excluded by the ¢ requirement on
the K*K ~ mass. This mode will be addressed in a fu-
ture Mark III publication.

The measured D,*-D; mass difference can be com-
pared with other vector-pseudoscalar splittings. For
mesons containing at least one light quark, the mass-
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FIG. 5. (a) The cos8, distribution in the D" helicity frame.
(b) The cosy + distribution in the ¢ helicity frame. The data
are not acceptance corrected. The curves show the distribu-
tions from a Monte Carlo simulation which includes equal
amounts of reactions (1) and (2), plus 18% background as
determined from the fit to Fig. 3(b).

city frame, and the K * in the decay ¢ helicity frame are
shown in Fig. 5. Since the D, helicity frame cannot be
determined for the D,* decays produced in reaction (2),
all events are assumed to arise from reaction (1). For
the hypothesis JP(D;) =0~ and JP(D;f)=1", the con-
fidence levels of the cosf, and cosfg + distributions with
use of the Kolmogorov-Smirnov test'# are 0.62 and 0.39,
respectively.

The production cross section times branching fraction
is determined with the assumption of B(D¥t— yD")
=100%. With use of the number of observed D,*
— ¢nt decays (26.7£5.2), and a D;t — ¢x* detection
efficiency of 0.071, the result is

+ 11 pb.

squared difference, Ay .=M?*(1")—=M?*07), is ap-
proximately constant.!® This effect has motivated calcu-
lations of the mass-squared difference within models
which assume a simple confining potential.'® These
models predict A, 2=64ra, | w(0)|?/9u, where w(0) is
the wave function at the origin and y is the reduced mass
of the quarks. An approximately constant mass-squared
difference follows for specific choices of a; and the form
of the potential.'® Our measurement of the Df-D, mass
difference results in A,>=0.563+0.020 (GeV/c?)?,
which is consistent with this empirical rule.

In summary, the exclusive reaction e te”—DID¥"
at Vs =4.14 GeV is observed. The production cross sec-
tion times branching fraction and the D,* mass are mea-
sured. The decay angular distributions are consistent
with those expected for a pseudoscalar D; and a vector
DJ. These results are in good agreement with previous
measurements of the D, '7 and the D¥.*
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IThe Dt and D** were formerly denoted the F* and F**,
respectively. Throughout this paper we adopt the convention
that reference to a state also implies reference to its charge
conjugate.

2For a recent discussion see S. Godfrey and N. Isgur, Phys.
Rev. D 32, 189 (1985), and references therein.

3The first evidence for the D+ was reported by R. Bran-
delik er al., Phys. Lett. 70B, 132 (1977), and R. Brandelik et
al., Phys. Lett. 80B, 412 (1979). These measurements were
not confirmed by R. Partridge et al.,, Phys. Rev. Lett. 47, 760
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