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Abstract

The Mark Il detector at SPEAR has been used to study D meson production

in e*e~ annihilation at center of mass energies between 3.8 and 6.7 GeV. The

neutral and charged D mesons are identified from their K*n* and K*ntmt decay

modes. Measurements of Fp and of the inclusive differential cross section

sdo/ dz are presented. The quasi two body cross sections opp, 0 e5. and o,.5e

are derived from an overall fit to the D recoil spectra. No evidence was found for

the associated production of charmed mesons and charmed baryons.
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1. Introduction

One of the most useful indicators of new phenomena in e*e~ annihilation
has been the energy dependence of K, the ratio of the hadronic to muon pair
cross sections. At energies above the prominent ¥ and ¥’ peaks, R exhibits a
complex energy dependence associated with the production of charmed parti-
cles. The production of charmed mesons has been studied at the ¥" and at
higher energies. These studies!? have determined the mass of the charged and
neutral D and D°, their spins®4, D and D° branching fractions? to various final
states, and production cross sections® at various center of mass energies. In
this paper we present the results of a study of D and D° production at center of
mass energies between 3.8 and 8.7 GeV using the SLAC-LBL Mark II detector at

the storage ring SPEAR.

Our measurements are presented in the following way. In section II we sum-
marize the relevant features of the detector. In section III, we discuss the meas-
urement of the energy dependence of inclusive neutral and charged D produc-
tion cross sections. In section IV we present more detailed results on the
inclusive momentum spectrum of D's at a center of mass energy of 5.2 GeV
where substantial statistics were accumulated. In section V we give an upper
limit for the cross section for the associated production process e*e A DN.
Section VI discusses the "resonance region” in R between roughly 3.8 and 4.4
GeV. The energy dependence of the production cross sections for the exclusive
reactions e*e = DD, e*e »D°D or D°D, and e*e "»D°D’ is discussed, and meas-
urements of the branching fractions for the decays of charged and neutral D°'s
to pions or photons are presented. Finally, the energy dependence of these
exclusive cross sections is compared to that dependence predicted theoretically

by the g§ potential model of Eichten et al.?!



II. Experimental Apparatus

The Mark II detector (see Figure 1) has been described in detail else-
where”®. We concentrate on relevant features. Starting at the interaction
region a particle first traverses a corrugated stainless steel vacuum pipe ahd a
set of trigger scintillation counters, which together comprise about .05 radiation
lengths of material. It then traverses a 16 layer drift chamber, a hodoscope of
48 time of flight counters, and an aluminum solenocidal coil which produces a
0.42 T axial magnetic field. Beyond the coil are eight lead-liquid argon elec-
tromagnetic shower counter modules and two or three layers of muon
identifiers, each layer consisting of 23 to 30 cm of iron and a set of proportional

tubes.

Cha;ged tracks are reconstructed from signals in the 16 cylindrical drift
chamber layers. The azirnuthal coordinates of charged tracks aré measured to
an rms accuracy of approximately 220 microns at each layer. The polar coordi-
nates are determined from the 10 “stereo” layers oriented at approximately +3°
to the beam axis. When a track can be constrained to pass through the vertex,
the charged particle rms momentum resolution is 6p/p =[(0.015)+(0.005p )?}%
where p is the transverse momentum in GeV/c. Without this constraint the
coefficient of the momentum-dependent term is doubled. Tracks are required
to come within ! em radially and within +10 cm longitudinally of the measured
beam crossing point. To insure more uniform detection efliciency and optimum
momentum resolution, tracks passing this selection were required to have
lcos®! < 0.75, where @ is the angle relative to the beam axis at the production
vertex. Measured momenta are corrected for dE/dz losses in material

traversed before entering the drift chamber.

The time of flight (TOF) scintillation counters which surround the drift

chamber provide timing information over 75% of 4m sr. Each TOF counter is a



2.54 cm thick Pilot F scintillator, 3.44 m long, and is viewed on each end by an
Amperex XP 2230 photomnultiplier tube. The system was calibrated using iso-
chronous light pulses from a nitrogen flashtube, brought to the center of each
counter through 10 m long light fibers. Signals from the tubes are fed to 12-bit
TDCs and ADCs, the latter allowing a pulse height correction to be made. These
slewing corrections are calculated offline from Bhabha-scattered electrons and

allow us to obtain a system resolution of 315 ps for hadrons.

The lead-liquid argon shower counter modules which surround the solenoid
are used to detect photons and identify high-energy electrons. The modules are
approximately 14 radiation lengths in depth, provide almost full 27 azimuthal
coverage about the beam direction, and cover 64% of 4w sr. The rms energy
resolution for photons above 500 MeV in the calorimeter is approximately
12%/VE (GeV), but deteriorates somewhat at lower energies due to the effect of

the coil. The angular resolution for photons is approximately 8 mrads.

The detector trigger employs a track-finding hardware processor which
requires at least one track to traverse the entire drift chamber and an addi-
tional track to cross at least 3 of the 5 inner layers. All D decays that we inves-

tigate have at least two charged tracks which traverse the entire chamber.

The luminosity of the data sample is monitored by a pair of small angle
scintillator and shower counters. These counters are positioned at 22 mrad
from the beam axis, and identify Bhabha-scattered electrons. The counters are
calibrated against larger angle Bhabha events measured in the fiducial volume

of the drift chamber and lead-liquid argon calorimeter.

D mesons used in this analysis were observed in the detector as peaks in
the invariant mass spectra of the decay modes D° » K~n* and D° » K*n~, and
Dt » K*mtnt. These modes were chosen because of their relatively large

branching fractions and because the invariant mass distributions had a better



ratio of signal to background than other decay channels.

To detect D's which decay in this way, we relied on the ability of the time of
flight counters to discriminate between charged pions and charged kaons. A
m—K separation of greater than 1 o time difference was possible for tracks with
a momentum less than 1.35 GeV/c. Similarly, n—p and K—p separation was
achieved for particle momenta less than 2.0 GeV/c. Each track was assigned
three weights corresponding to its possible identity as a pion, kaon, or proton
(anti-proton). Each weight was proportional to the Gaussian probability that it
the particle had the assumed identity, its measured flight time would have devi-
ated from the predicted flight time as much as observed. The normalization was
such that the sum of all weights corresponding to a given track was unity. A par-
ticle was considered to be a proton if it had a proton weight greater than 0.9, it
was called a kaon if it had a kaon weight greater than 0.5, and it was called a
pion otherwise. Particles also were considered to be pions if there was no time

of flight information available for them.

We eliminate positively identified leptons as follows. A second set of time of
flight weights was formed to discriminate between electrons (or positrons) and
pions if the momentum of the particle was less than 300 MeV/c. Tracks with an
electron weight greater than 0.8 were taken to be electrons. At momenta above
300 MeV/c, electron-pion discrimination was based on the longitudinal distribu-
tion of energy deposited in the liquid argon shower counters.? Above 800 MeV/c,

muons were distinguishable in the muon range counters.



III. The Inclusive D Production Cross Section

We have measured the ratio of the inclusive D meson production cross sec-
tion to the theoretical muon pair production cross section

o( D) +a(D")+0(D°)+a{D%)

Rp =
° o(utu)

for center of mass energies between 3.9 GeV and 6.7 GeV.

In this analysis we determine a model independent efficiency for detection
of D mesons. A previous measurement!? has shown that D meson production in
e*e” annihilation is consistent with being entirely two body or quasi-two body
below a center of mass energy of 4.4 GeV and more complex above this energy.
For this reason we have determined momentum dependent detection
efficiencies amd studied their sensitivity to the details of these various produc-

tion mechanisms.

The detection efliciencies were determined by using a Monte Carlo program
to generate D's at various momenta. The Monte Carlo is designed to represent

the properties of the detector as closely as possible. The D's were generated

both in an isotropic angular distribution and in the distributions g%w 1 + cos?@

where 0O is the angle between the D momentum and e* beam. The D's were then
allowed to decay, and the pions and kaons resulting from these decays were pro-
pagated through the detector. The pions and kaons were also allowed to decay,
and tracks were reconstructed and selected to determine the detection
efficiencies. The momentum dependence of the neutral and charged D detec-
tion eflficiencies is shown in Figure 2. Even though Figure 2 indicates a
difference of nearly 25% between the isotropic and anisotropic charged D detec-
tion efficiencies at 2 GeV /¢, it was found from the substantial statistics accumu-

lated at 52 GeV that the momentum distribution of D's is peaked at low



momenta. That behavior minimizes this source of uncertainty.

In Figure 3 we show the K*n* and K*m*nt invariant mass distributions in
the D meson region for the accumulated data divided into two center of mass
energy regions: 3.88-4.42 GeV (Figure 3a) and 4.5-6.0 GeV (Figure 3b). The
widths (o) obtained from the fits to a Gaussian plus a polynomial background are
17.2 £ 1.7 MeV (Kn), 12.3+ 1.5 MeV (Knr) at the lower energies and 13.8 +2.1 MeV
(Km), 12.4+3.3 MeV (K'rrrr) at the higher energies. The widths determined from
the Monte Carlo program (17 MeV for K, 15 MeV for Knn) are consistent with

these measurements and are almost independent of the D meson momentum.

We determined the amount of U preduction by analyzing our data in the fol-
lowing way. The numbers of charged and neutral D's produced at a particular
center offmass energy were determined from K *mt and K*mtnt invariant mass
distributions in various momentum bins. These invariant mass distributions for
each momentum bin were fit to a Gaussian distribution blus a qtiédratic back-
ground. The center of the Gaussian was fixed at the known D mass, and its width

was fixed to be the resolution width determined by the Monte Carlo simulation.

The number of produced D's was determined by divic:ling the detected
number of D's (the results of the invariant mass fits) by the detection efficiency
for isotropic production. The detection efliciency was evaluated at the center of
the D momentum bin. The Mark Il experiment has measured! the D%-» K nt
branching fraction and determined it to be 0.03+.008. The D*-»K n*n* branch-
ing ratio was determined to be 0.063+.011 These values were used to obtain the

total numbers of produced D's.

Systematic sources of uncertainty in the numbers of produced charged and
neutral D's are any deviation from the assumed isotropic production angular
distribution and any variation of the detection efficiency over the range of each

momentum slice. These sources of error together produced a systematic uncer-



tainty of less than 12% in the determination of the total number of neutral D's
produced and an uncertainty of, in general, less than 17% in the amount of
charged D production. To calculate the inclusive D production cross section
from the number of produced D's, luminosities!! based on wide angle Bhabha
scattering were used. These luminosities have a systematic error of 6% which is
negligible in relation to the other statistical and systematic sources of uncer-

tainty.

The results are given in Table 1 and plotted in Figure 4. In the region below
4.5 GeV, we observe structure in the total #p. Most of this structure comes from
the excess of D% over D*, which is expected if most of the D's come from D’
decay. The data were radiatively corrected according to the method of Bonneau
and Martin.!? These corrections are at most 15% near the 4 GeV structure and
less than 5% elsewhere. In Figure 5 we compare the Mark Il measurement of R
(the usual ratio of total hadronic cross section to muon pair cross section),!!23
with the sum of our measured value of Fp/ 2 and 2.5. The number 2.5 (+0.25) is
an estimate of the contribution from light (u,d,s) quarks based on the various
measured values of R below charm threshold.!3 From the comparison in Figure
5. we see that D production alone accounts for almost all of the charm contribu-
tion to R up to at least 6 GeV. The structure observed in Kp between 3.8 and 4.5

GeV is discussed in section V1.

One can use Figure 5 to set limits on the production cross section for the F
meson and for charmed baryons at 52 GeV. We assume that the light quark
(u.d,s) contribution to F is 2.5, independent of cm energy, and that within sta-
tistical errors R is equal to Rp/2 + 2.5. The systematic errors (roughly 20% on
Rp, 10% on the light quark contribution and 10% on R itself) then give a limit of
one half unit of R for the pair production cross section of ' mesons or charmed
baryons. This is consistent with the Mark Il measurement!* of AR = 0.3 for

charmed baryons above 5 GeV.



IV. Inclusive D Production at 5.2 GeV

The availability of a large data sample at 5.2 GeV made it feasible to investi-
gate in some detail the charm production characteristics at that center of mass
energy. In particular, we measured the differential distribution in the scaling
variable z, the ratio of total energy of the D meson to the beam energy. The

kinematic limits imposed by the large D mass are that 0.7 <z < 1.

We determined the quantity sdo/ dz in the same way as in section III, fitting
K*n* and K*m*nt invariant mass spectra within z bins of 0.05 units width to
Gaussian distributions of fixed mean and width, plus quadratic backgrounds. As
usual, s is the square of the center of mass energy. The detection efficiencies of
Figure 2 and the branching fractions measured in the Mark II detector for
DPs Knt and DY-»K n*nt were then used to determine sdg/dz. The individual

fits are shown in Figures 6 and 7 and the results are shown in Figure 8.

It is apparent that the quasi-two-body production processes DD, D°D+D°D,
and D°D° are not the dominant sources of D's at 52 GeV, since for such
processes D's must have 2>0.93. The data of Figure 8 indicate that less than
35% (90% confidence level) of D* production and less than 207% (90% confidence

level) of D° production occurs this way.!?

Figure 9 compares the distribution in sdo/ dz observed for D® production
at 5.2 GeV with the same quantity observed in e*e” production of n* and K
between 6.1 and 7.6 GeV.!7 Apart from the lowest and highest z bins, the slope of

the D° spectrum has a value consistent with that observed for n* and KL

We have parameterized the D® spectrum in the form sdo/dz = A(l-2)",
and, ignoring the threshold bin, obtained n = 0.9+0.4. This value of n is in
agreement with the previously reported!® value of 0.76*3§ obtained by the Mark
I experiment at a center of mass energy of 7.0 GeV. Since 5.2 GeV is rather

close to DD threshold this distribution is severely constrained by kinematic



effects and is thus not expected to accurately reflect the D fragmentation func-

tion at asymptotic energies.

V. Associated Production of Charmed Baryons and Charmed Mesons

We have previously reported!* the observation of inclusive charmed baryon
(Ac) production in e*e” annihilation at 5.2 GeV. At 5.2 GeV, it is kinematically
possible for the reactions e*e »A, D% and e*e A, D 7 (or the charge conju-
gate states) to occur. The identification of a D meson and a proton or anti-
proton in the same event would prove the existence of one of these reactions as

the threshold for e*e “»ppDD is about 5.6 GeV.

Two methods were used to search for these associated production
processes. The first method required the detection of a D and the directly pro-
duced proton or anti-proton, while the second method required the detection of

the D and a proton from the decay of the charmed baryon.

To employ the first method, the effective mass recoiling against the
detected D% system (or its charge conjugate) was calculated. Such a system
was defined as a K*n* or K¥m*ntn* mass combination in the range 1.82 GeV/c?
to 1.90 GeV/c? plus a particle identified by time of flight as being ap or . Only
13 such events were observed in the data sample of 5150 nb~!, and of these 13
events, none were observed to have a missing mass within 200 MeV/c? of the A,
mass '8 (2.284 GeV/c?). This gives a limit on associated production of less than
0.4 nb (0.12 units of R) at the 90% confidence level.

In the second method for determining the existence of associated produc-
tion, events were counted which contained ap and a D or ap and a D. The D
was observed through the decays D%»K*nt K*ntntnt, and D*->K*n*nt. Events

were labeled as having a D if the invariant mass of the K and n's was between
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1.82 GeV/c? and 1.90 GeV/c.? A background subtraction was made using invari-
ant mass combinations in the range of 1.85 GeV/c? to 1.69 GeV/c? or in the
range between 2.03 GeV/c? and 2.07 GeV/c.? Events in both the signal and the
sidebands were required to have a p or  which was identified by time of flight
with proton weight > 0.9. Sixteen such events were found containing ap or p in
the signal region and 17 such events were found in the sidebands, leaving no evi-
dence for associated production after background subtraction. From the
branching ratios'!® for D decay to K~ n*, K*n~n*n~, and K n*r*, and an isospin
statistical model estimate that the fraction of A; decays that lead to a proton is

0.6, an upper limit on associated production is estimated to be 0.4 nb, the same

as for the first method.

V1. Exclusive Channels in U Meson Production
In the 4 GeV region, three D production modes have been observed:!°

(1)e*e~ » DD _ .

(R)e*e”» DD or D°D

(3)e*te” » D°D
With the same data sample as in section III, the relative rates of production of
these three channels were measured at center of mass energies between 3.9 GeV
and 4.3 GeV. For the analysis of the exclusive channels, an event was said to be
a D candidate if the X*mt or K*m*nt invariant mass was between 1.B2 GeV/c?

and 1.90 GeV/c.?

Because of the limited data sample available and the small branching frac-
tions for D% » K-t and Dt » K n*n*, at most one D meson was detected in
each event containing charm. To establish which of the three reactions was the

mechanism for production of a particular D, the recoil effective mass opposite
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the D was calculated. If the D is directly produced, rather than the result of a
D°® decay, the observed recoil mass spectrum should be populated only around
the D and D’ masses smeared by the detector's momentum resolution. If the
detected D is the result of D’ decay, the distribution in effective recoil mass
observed is more complicated. The shape of the distribution then depends on
the angular distribution of the decay D about the direction of motion of the
parent D°. Using angular momentum conservation, one can show that in reac-

tion (R) the production angular distribution of the D meson with respect to the

D’ helicity axis is of the form :—g—~ 1 + a cos®@, with a = +1 for D° + D and

a = -1 for D’ » nD. For reaction (8), the angular distribution is again of the

form (—;—%'" 1 + a cos?@ if F wave production is ignored. The parameter a is not

calculable in (3) as it depends on the ratio of the 'P and 5P production ampli-

tudes, and also on the decay mode of the undetected D°.

The rates for reactions (1)-(3) were determined by fitting®® the recoil
effective mass squared spectrum in two ways. The first method assumed that the
angular distribution of a D relative to the direction of motion of its parent D’
was isotropic in reaction (3). The second method allowed for an angular depen-

dence of the form

dN 2
—_Nd() 1+acos<0

as mentioned earlier, where a was determined by the fitting program for reac-
tion (3). The angular dependence was assumed to be energy independent. but
different a's were allowed for the different decay modes of the D°. It was also
assumed that the intermediate photon produced in the e*e™ annihilation cou-
pled directly to the c€ quark pair which produced the observed D meson. Since
that implies the D's are in a pure isospin zero state, the cross sections are

related by:
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_ PDo
ODODO - 0D+D- p '

D&
3

pDO
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The p? factors account for phase space differences in the production of charged
and neutral D's produced in [ =1 states. Finally, it was assumed that
B(D**-D°n*)+B(D**-+D*n%)+B(D"*-+D*y) = 1,
B(D®-+D°n®)+B(D®+D%) =1 ..

The expected distribution of D's was convoluted with detector resolution to

obtain the fitting functions for neutral and charged D's as:
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dN® = LAMﬁsK,,(M,s)B(m»K-w)[2%,,1,0 +

. p
9 gepo|CE +B(D"+ DOnO) G+ B(D D7) CE+ B(D™ +Dn*)CF| 2 +
Do
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B(D%0+D0m0)CF +B(D*0+D%)CE + B(D**»D*n®)cg 22t ||+ go

R0 mp0

pD'O

Pp+

dN* = LAMje 2
ﬁ Knn GDOD‘O pDO

cs +

3

- J;D: [B(D**~D*))C§ + B(D**+D*n0)C} + C1] +
D

3
p ’ * L]
20yl ] [BD™*4D)CE + BD™*D'CE ) + @°
D’O

where @° and @* are quadratic parameterizations of the backgrounds and the
other parameters are defined in the Appendix. To check this fitting function, a
Monte Carlo model was constructed which generated reactions (1), (2), and (3)
and the subsequent D° decays according to the matrix elements given by Cahn
and Kayser.!® The distribution of neutral D's produced by the Monte Carlo at a
center of mass energy of 4.16 GeV is shown in Figure 10 together with the func-
tion fitted to the recoil mass squared distribution. The fitting procedure accu-

rately reproduced the input parameters of the Monte Carlo.

To increase the statistical accuracy of the fitting procedure, a simultaneous
X minimization was done to eight different data sets. These consisted of the
recoil mass squared spectra opposite both charged and neutral D's in the four
center of mass energy regions 3.88 GeV < £, < 4.02 GeV, 4.02 GeV < £,,, <4.15

GeV, E;,, = 4.16 GeV, and 4.15 GeV < E,, < 4.3 GeV exclusive of the 4.16 GeV
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data.

The results of this fitting are given in Tables 2 and 3 and shown for the iso-
tropic ﬁ‘t to the data from 4.02 to 4.15 GeV in Figure 11. The fact that the
results of the anisotropic and isotropic fits are nearly identical indicates that
the results obtained are relatively insensitive to the exact form of the produc-
tion matrix element. As a consistency check, the inclusive value of Kp from sec-
tion Il is compared with the value of Rp obtainable from Table 2. The com-
parison of these cross sections is shown in Table 4. The value of Kp resulting
from the exclusive channel analysis requires that Rp be the result of reactions
(1), (2), and (8), only. The good agreement between the two methods indicates
that the background parameterization used in the exclusive channel fits is rea-
sonable, especially since the two methods for determining the background were
complet;ly independent. In the inclusive analysis, the background was deter-
mined from the shape of the D invariant mass spectrurﬁ in D% or D°»K m and
D*-»K nw*n* while for the exclusive decays, the background determination came
entirely from the parameterization of the recoil mass spectrum opposite the D.

The branching ratios for D* decay determined by the fit are shown in Table 3

and are in good agreement with the previously reported Mark I resuits.!

Soon after the discovery of the D it was suggested that the relative ratios of
reactions (1), (2), and (3) could be described by simply counting the number of
spin states available to each reaction.?® This reasoning predicts the relative

ratios of these reactions as
a LT hew - O ewe — 3 s 4 3- . 7 31 .
oD 9p°p " Opeps =Ppp:-*Pp°p- Pp°p

At a center of mass energy of 4.16 GeV, this argument predicts the ratio
1:2.2:1.45 in contrast to the experimentally observed ratio of
(1.0+£0.6):(4.6+1.2):(9.8+1.6). A way to explain this ratio by introducing dynami-

cal arguments has been presented by Eichten et al.?! They postulate production
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of quark-antiquark pairs, attracted by a potential of the form
V(r) = —k/r+7/ a? where 7 is the g7 separation. Rates were calculated accord-
ing to non-relativistic quanturm mechanical rules assuming that the virtual pho-
ton produced in e*e~ annihilation couples directly to the ¢ ~¢ pair. The model
parameters are determined from the observed charmonium states. Figure 12
shows the predictions of this model for the energy dependence of the cross sec-
tions which describe reactions (1), (2), and (3). Overplotted are the results of
the isotropic fit given in Table 2 for these reactions. The relative magnitudes
observed are in approximate agreement with this model. DD production is
suppressed at all energies while D°D° production accounts for the bulk of
observed D's over the entire center of mass energy region from 3.9 GeV to 4.3
GeV. Agreement between the model and the observed DD and D'D+D°D pro-

duction cross sections is good in all four energy bins.

VII. Summary and Conclusion

The D meson production cross section has been measured at center of
mass energies between 3.88 and 6.7 GeV. The comparison of this cross section
to the total hadronic cross section leads one to conclude that D production
accounts for almost all the charm contribution to the total hadronic cross sec-
tion in this energy region. Over the limited kinematic range available, the
inclusive differential cross section sdo/dz at 5.2 GeV is well described by the
simple parameterization sdo/dz = A(1-z)" withn = 0.9:0.4. No -evidence was
found for the associated production of charmed mesons and charmed baryons at
5.2 GeV. An upper limit for this cross section is 0.4 nb at the 90% confidence
level. The energy dependences of the quasi-two-body production cross sections

Opp. Opep. and 0,.,. were measured between 3.88 GeV and 4.3 GeV. The

exclusive two body cross sections were found to have an energy dependence
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which is in reasonable agreement with the dependence predicted by Eichten et
al.’* as a dynamical consequence of a quark-antiquark binding potential. The
branching fractions for D° decay to Dm and Dy were found to be in agreement

with previous results. !0
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APPENDIX

Definition of Variables Appearing in the Fitting Functions

Variable

EKﬂ(M)g)

EKM(ME)

 B(D®-+ K~ )
B(D*-K*m*m*)
B(D*»X)

AMB

Definition

Integrated luminosity of data sample.

Momentum dependent detection efliciency

DO+ K~n* from Figure 2.

Momentum dependent detection efficiency

D s K*n~m from Figure 2.

Branching fraction for D°»K~n* = 0.03+.006.

Branching fraction for D*-+K~n*m* = 0.063+.011.

Branching fraction for D° decay to state X.

Bin width of data in dN/ dM# distribution.

for

for
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Recoil Mass Distributions dN/ dM#

Distribution Event Type
c§ ete” » D°D°
c? -+ D°D°, D*® » pOn®
cs - p°p°*
c§ - D**D~, D** » D°n*
c? - DOD°, D » D%
cd » DD, D0 » popd
c§ -+ DD’ , D** » D°n*
c? - DD, D™ » D%

7 Ce - D*D~
ci + D**D~, D** » D*n®
cs A - D*D*-
Cs -+ D**D~, D*y
ct - D**D*", D** » D*y
cz » D™D, D™+ D*nS|

Each distribution is normalized to unity when integrated over the possible
kinematic range. Each process refers to the charge conjugate process as well.
For ease in defining the distributions, a D° is the detected particle in all the C°

distributions and a D* is the detected particle in the C* distributions.
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TABLES

Measured Kp for each energy interval.
Two body cross sections from recoil mass fits.
Branching ratios from recoil mass fits.

Comparison of Inclusive D cross section obtained from invariant mass fits
and those obtained from recoil mass fits.
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FIGURE CAPTIONS

Cross sectional view of the Mark 11 detector.

Momentum dependent detection efficiencies for: (a) D°-+K"n*, (b)
D*sK-n*n*. Both diagrams show the effects of angular distribution in the
production angle of a D with respect to the beam direction. The solid lines
are our parameterizations of the isotropic production detection
efficiencies.

The K*nt and K*wtmt invariant mass distributions for accumulated data at
center of mass energies (a) between 3.88 and 4.42 GeV, and (b) between 4.5
and 6.0 GeV. The curves are the results of a fit to a Gaussian plus a polyno-
mial background.

The energy dependence of the inclusive D production cross section divided
by the muon pair production cross section for: (a) neutral D's alone, (b)
charged D's alone, and (c) charged and neutral D’'s together. A data point
from ref. 16 (MKI) is also shown.

Combarison of one half the inclusive D production cross section divided by
the muon pair production cross section plus 2.5 to the total pair production
(R). 2.5is approximately the value of X below charm threshold.

Invariant mass spectra for K*m combinations for 6 regions of z = REp/Vs.
The lines are our fits to the expected D%-+K n* mass spectra and are
described in the text.

Invariant mass spectra for K m*m* combinations for 6 regions of
z = 2Ep/ Vs . The lines are our fits to the expected D*+ K n*n" mass spec-
tra and are described in the text.

The differential scaling cross section sdo/ dz measured at a center of mass
energy of 5.2 GeV for (a) neutral D's and (b) charged D's.

Comparison of the differential scaling cross section sdo/ dz for neutral D's
produced at a center of mass energy of 5.2 GeV (Mark II) to that observed
for charged pions and neutral kaons produced between 6.1 and 7.8 GeV
(Mark 1).

The Monte Carlo produced recoil mass squared spectrum produced opposite
a detected neutral D at a center of mass energy of 4.16 GeV. The upper-
most curve is a fit to the spectrum using the fitting function described in
the text. The numbered curves show contributions from the processes: (1)
D°D°, (2) D°D%, (3) D**D-, D**-D°rn* (4) D7OD° D*-+D%°, (5) DD,
D0 D%, (6) DD, D" DOy, (7) DD, D*C>pOr0, (B) D**D*-, D**D0r*.
The double peak near 4.6 GeV?/ c* is a consequence of the angular distribu-
tion of the D° with respect to the D° helicity axis.
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Two of the eight recoil spectra simultaneously fit using the recoil distribu-
tion function described in the text. The data shown were taken at center of
mass energies between 4.02 and 4.15 GeV.

Comparison of the energy dependence of the exclusive D production cross
sections observed to that predicted by the model of Eichten et al.?!



Energy Luminosity No, of Events O+'B(D+‘>K—’1T+TT+) of B(DO+K-TT+) 04 O

(GeV) (nb™ 1) D~ p° - (nb) ‘O (nb) (nb) (nb)
3.88-4.02 374 18+ 9 23+ 6 .25 % .13 .17 £ .04 4.0%2.1 5.7%1.3
4.02-4.15 906 41 12 152 £ 15 .29 % .08 .54 * .06 4.6*1.3 18.0*2.0
4.16 1248 42 + 12 128+ 14 .19+ .06 .30 % .03 3.0%1.0 10.0%1.0
4.15-4.20 342 17+ 7 45+ 8 .27 % .12 .38 £ .07 4.3*1.9 12.7%2.3
4.20-4.30 672 25% 9 40 10 .23 % .06 .17 +.04 3.7*1.0 5.7%*1.3
4.30-4.40 221 26+ 8 19+ 9 .80 % .25 .34 % .15 12.7*4.0 11.3%5.0
4.40 - 4.42 1315 54 +16 160 + 18 25 % .07 40 * .05 4.0*1.1 13.3*1.7
4.50-4.85 1565 65 + 17 65 t15 .23 * .06 .13t .03 3.7%1.0 4.3*1.0
4,85-5.20 1655 57+18 74 £ 17 .27 % .09 .22+ .05 4.3*1.4 7.3x1.7
5.20 5110 118 £33 241 + 31 .15 .04 .18+ .03 2.4%t .6 6.0*1.0
5.20 - 6.00 753 8+12 3010 .08+'09 .19 % .05 1.3-’-1'4 6.31+1.7

- 4 - .04 - .6

6.5 -6.70 3650 44 + 16 54 +17 .10 .03 .07+ .02 l.6* .5 2.3+%0.7

Table 1

1.7+ .4
4.3+ 5
2.6 .3
3.4 .6
2.0+ .4
5.3%t1.4
3.9+ .4
2.0 .4
3.3+ .6
2.6+ .4
2.8" :2
2.0 .5

ve



Table 2. TFit Results

Energy Region

Cross Section 3.88 - 4.02 GeV 4,02 - 4,15 GevV 4,16 GeV 4,15 « 4.3 GeV

(nb)

+0.3 =

95 0.2__0.2 0.3+0.3 0.4*+0.2 0.3+0.3 §

‘ a]

OpaD 2.7x0.7 3.8+0.6 2.020.4 1.6 £0.5 §.

. [g]

O -- 5.7+0.8 4.4+0.6 3.1:0.€ .

by

>

+0.3 +0.3 =

o5 0.2_0.2 0'2—0.2 0.4%£0.3 0.3%£0.3 %"

OD*B 2.6 0.7 3.7+0.7 2.0+0.5 1.6+0.5 g

- - 5.9+1.2 4.4%0.7 3.240.8 o

)

[y

(nd

sz



D0
D*0
D*+
D*+
DX+

Table 3

Branching Ratios

Isotropic Fit Anisotropic Fit

.47 £ .09 .53 + ,12
.53 + .09 47 + .12
.44 i 007 044 t 010
.28 + ,07 .34 + .07
.28 + .10 22 .12

Mark I Result

«55
45

.60

H

.15
+ .15

+ .15

9z
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Inclusive D Production Cross Section
Before Radiative Corrections

Energy Recoil Inclusive
Region Method Method
(Gev) (nb) (nb)
3.88-4.02 2.9+ .8 4.9+1.3
4.02-4.15 9.8%1.0 9.4%1.0

4.16 6.8 .7 6.5 .7
4.15-4.30 5.1%1.0 5.7%1.4

Table 4
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