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Using the ARGUS detector at DORIS we have observed the production of the charged D* meson in e÷e - annihilation at 
a center of mass energy of 10 GeV. The D* fragmentation function has been measured using the decay channels D *÷ 

D°~r + and D O ~ K-Tr + and K-~r+Ir+~r -. 
We find a-Br for the channels D O ~ K-lr + and D O ~ K-rr+n+Tr - to be (23.6 ± 2.2 _+ 4.7) pb and (51.0 -+ 4.6 -+ 15.5) pb 

respectively, and the ratio of branching ratios Br(D ° ~ K-Tr+rr+Tr-)/Br(D ° ~ K-zr +) = 2.17 +- 0.28 +- 0.23. In addition we 
measure the mass difference M(D *+) -M(D °) to be (145.46 -+ 0.07 +- 0.03) MeV, and set an upper limit for D O - D O mix- 
ing of 0.11. 

High energy, non-resonant e÷e - annihilation into 
hadrons proceeds through the formation of a primary 
qE 1 pair which fragments into two hadron jets. Fast 
charmed hadrons will, in general, contain primary c 
quarks since the production of c~ pairs in the frag- 
mentat ion process is expected to be highly suppressed. 
The fragmentation process for c quarks can thus be 
studied by measuring the production of fast charmed 
mesons [1]. 

In this letter we present measurements of D *+ pro- 
duction (in the following we will omit explicit refer- 
ence to charge conjugate states) at the T and T '  reso- 
nance energies. The fragmentation function is com- 
pared to other experimental results and to two theo- 
retical models, the ratio of the decay widths, and the 
cross section times branching ratios, of D O ~ K-Tr + 
and D O ~ K-lr+Ir+~r - are determined. We also present 
a determination of the D *+, D O mass difference and 
an upper limit on D O - D O mixing. 

The data discussed here were collected with the 
ARGUS detector at the DORIS II storage ring at 
DESY. The event sample consists of 40 events/pb; 23% 
on the T,  67% on the T ' ,  and 10% on the continuum 
just below the T ' .  

The ARGUS detector is a solenoidal magnetic spec- 
trometer having a field of 0.8 T. The main characteris- 
tics of the detector, and the triggering scheme used 
have been described elsewhere [2]. In the following 
analysis we have used only information from the drift 
chamber and from the time-of-flight counters. 

The ARGUS drift chamber [3] is 2 m long and 0.9 
m in radius. There are 5940 sense wires arranged in 36 
concentric layers. Both drift time and the ionisation 
deposited are digitised. On average the spatial resolu- 
tion is 170/2 giving a momentum resolution of Op/p 
--- 0.012 at 1 GeV/c. 

In determining the specific ionization [dE/dx] of 
a track the truncated mean of the ionization deposited 
in a maximum of 36 chamber cells is used. This results 

in a resolution of a(dE)/dE = 0.042. Fig. 1 a shows a 
scatter plot of momentum versus dE/dx for a random 
selection of tracks traversing at least 20 chamber cells. 
The bands corresponding to ~r, K, p are clearly sepa- 
rated. Better than three standard deviation separation 
is achieved for n and K below 700 MeV/c, and for K 
and p below 1200 MeV/c. 

Surrounding the drift chamber there is a system of 
time-of-flight [TOF] counters [4]. There are 64 scin- 
tillators, each 2 cm thick, in the barrel system and 48 
in each end cap. In the barrel system the scintillators 
have a photomultiplier at each end, while those in the 
end cap are equipped with only one photomultiplier. 
In addition to digitising the time on each photomulti- 
plier, the pulse height is also digitised to allow for off- 
line correction of the timing. A time resolution of 220 
ps is achieved in the barrel counters, and 230 ps in the 
end caps. Fib. lb  shows a scatter plot of  momentum 
versus (mass) 2. The separation achieved is similar to 
that using the drift chamber. 

For each track in an event a X 2 for each mass hy- 
pothesis is calculated by adding the corresponding X 2 
values for the dE/dx and TOF measurements. The nor- 
malized probability for each mass hypothesis is then: 

Pt.=exp(-x2/2)/~exp(-x2/2), i = rr, K, p. 

A track is considered a candidate for each mass hy- 
pothesis which gives an acceptable probability. Tracks 
giving an acceptable probability for more than one 
mass hypothesis enter into several mass combinations 
with equal weight. The effect of varying the probabil- 
ity cut in the range 0.01 to 0.03 was studied and the 
results of the analysis were found to be insensitive to 
the exact value chosen in this range. 

We have identified charged D* mesons by means of 
a well established procedure [5] which exploits the 
low Q value (5.8 MeV) of the decay D *+ ~ DOn +. 
This gives very fine mass resolution in the mass differ- 
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Fig. 1. (a) Scatter plot o f  dE/dx versus log(p) in the ARGUS drift chamber. The bands attributed to  e, lr, K, and p are indicated. 
(b) Scatter plot of  (mass) 2 versus log(p) obtained using the ARGUS TOF system. The bands for e, ~r, K, and p are indicated. 

ence AM = M(D01r +) - M(D0), and allows the cascade 
decay events to be seen in the presence of  large combi- 
natorial background. To search for the decays 

D*+ -+ DOn+ 
1-* K - n  +, (1) 

and 
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D*+ ~ DOn + 

K-rr+rr+rr  - ,  (2 )  

we have f o r m e d  all invar ian t  mass c o m b i n a t i o n s  o f  K -  

cand ida tes  w i th  two  an d  four  charged  ,r c o m b i n a t i o n s  

o f  ne t  charge +2. The  mass  hypo thes i s  p r obab i l i t y  cu t  

was s e t / >  0 .01 .  This very  loose p robab i l i t y  cut  reduces  

the  b a c k g r o u n d  cons ide rab ly  while  losing on ly  a negli- 

gible a m o u n t  o f  the  signal. 

In figs. 2a and  2c we show the  mass d i f ference  

d i s t r ibu t ions  for  M ( K -  ,r+rr + ) - M ( K -  ~r + ) and  

M(K-,r+Ir+,r+Tr - )  - M ( K - I r + I r + r r - ) .  The subcombina -  
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Fig. 2. (a) The mass difference distribution for channel (1). A mass selection, 1825 ~ M(K-Tr +) ~ 1905 MeV was applied. D *+ pro- 
duction is evident. The solid line represents a gaussian fit with a polynomial background. The fit gives a = (0.87 ± 0.12) MeV and 
M(D *÷) - M ( D  0) = (145.41 ± 0.10) MeV. (b) The effective mass distribution of (DOn +) versus the fragmentation variable Xp for 
channel (1). The K-n  + combinations were constrained to the known D o mass in a kinematic fit. (c) As (a), but for channel (2). A 
mass selection of 1835 ~ M(K-*r+~r+~r -)  ~ 1895 MeV and a cut of x E ;~ 0.6 were applied, where x E = 2E(D*)/x/s. A fit gives a 
= (1.11 ± 0.11) MeV and M(D *+) - M ( D  °) = (145.51 ± 0.11) MeV. (d) As (b), but for channel (2). 
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tions K - n  +, in the former, and K-rr+rr+Tr- in the lat- 
ter, were required to be in the range of  the D O mass, 
specifically 1825 ~<M(K-rr +) ~< 1905 MeV, and 1835 
~< M(K-rt+lr+rt - )  <~ 1895 MeV. 

In both distributions there is a clear signal for the 
cascade decay D *+ --> DOn +. The fitted mass difference 
for channels (1) and (2) are 145.41 -+ 0.10 and 145.51 
+-+- 0.11 respectively. This yields an average of: 

AM = M(D *+) - M ( D  0) = (145.46 + 0.07 +-0.03)MeV. 

This is in good agreement with the world average 
[6] of  (145.41 + 0.24) MeV, and is considerably more 
precise. The estimated systematic error of  0.03 MeV 
includes the effect of  the 0.2% uncertainty in the mag- 
netic field calibration, of  uncertainties in corrections 
for energy losses between vertex and drift chamber, 
and of  varying the assumed form of  the background 
shape. 

The invariant mass distribution for K-r t  + and 
K-rr+rr+rt- contain essentially the same information 
as that contained in the mass difference distributions 
shown in figs. 2a and 2c, and are not shown here. 
However, fitting these mass distributions with a gauss- 
Jan line shape, plus a third order polynomial back- 
ground confirms our overall mass scale and our knowl- 
edge of  the experimental mass resolution. The fits 
yielded 191 + 19 events at a fitted mass of  (1864 __. 4) 
MeV in channel (1) and 216 -+ 21 events at a fitted 
mass of  (1866 -+ 3) MeV in channel (2). The masses in 
both channels agree well with previously reported [6] 
values of  the D O mass. The widths of  the signals are in 
very good agreement with the Monte Carlo predictions 
of  30 MeV in channel (1) and 20 MeV in channel (2). 

The fragmentation of  a c quark into a charmed 
meson is expected to result in a hard momentum spec- 
trum, while background invariant mass combinations 
should have a much softer momentum spectrum. In 
figs. 2(b) and 2(d) we show plots of  the D0rt + invari- 
ant mass spectrum against the fragmentation variable 
x~ ,wherex_  = p ~ . / p , ,  w i t h p -  = ( E  2 

-~M 2 xl/2.Pw- note t~l ax . . . .  wlax ,, beam 
- D.) . e nat ootnXp aria me energy scal- 
ing variable x E = ED./Ebeam have been used in the lit- 
erature. These are approximations to the light-core 
variable z = (E + Pll)hadron[(E + P)quark, equivalent in 
the scaling limit [7].  The variable Xp used here has the 
additional virtue of  spanning the same range [0, 1 ] for 
all experiments, regardless of  the center of  mass ener- 
gy. The alternative choice, xE, has a different thresh- 

old for our result and for those from PETRA and PEP. 
In producing these invariant mass distributions the 
K-rr  + and K-Ir+Tr+rt - combinations were constrained 
to the D O mass and a kinematic fit was performed. The 
number of  D *+ events in each Xp bin was extracted by 
fitting a gaussian with width fixed to the Monte Carlo 
prediction o f  the mass resolution, plus a polynomial 
background, to the DOg + mass spectrum in each Xp 
bin. 

Acceptances were calculated for both channels by 
means of  a Monte Carlo simulation. Events were gener- 
ated for the process e+e - -~ cE and allowed to frag- 
ment into D *+ according to the Field and Feynman 
model [8].  The resulting final state particles were 
tracked through a simulation of  the ARGUS detector 
and analysed with the standard program chain. The cal- 
culated acceptances as a function of  Xp range from 
0.13 at Xp of  0.25 to 0.33 at Xp of  0.95 for channel 
(1). The corresponding range of  acceptances for chan- 
nel (2) is from 0.08 to 0.21. 

We have estimated the systematic uncertainty in 
the acceptance calculation by comparing the geometri- 
cal acceptance for events of  this kinematical configura- 
tion with the acceptance estimate from the full Monte 
Carlo simulation. This comparison results in an esti- 
mate o f  0.78 for the single track efficiency. A sample 
of  representative multihadron events was also scanned 
by physicists. For events within the cuts for this anal- 
ysis the single track efficiency was estimated to be 
0.82. This leads to a 16% systematic uncertainty on 
the acceptance for channel (1) and 28% for channel 
(2). However, in determining the ratio of  the branch- 
ing ratios of  the two channels the uncertainty on the 
relative acceptances reduces to 10.5%. 

After acceptance correction the relative branching 
ratio of  the two channels is: 

Br(D 0 ~ K-Tr+zr+~r-)/Br(D 0 ~ K - n  +) 

= 2.17 + 0.28 + 0.23. 

This is a significant improvement in precision com- 
pared to the previous world average of  1.92 + 0.67 
[6]. 

Above xp of 0.5 the cross section times branching 
ratios (o-Br) for channels (1) and (2) are (14.0 + 1.3 
+ 2.6) pb and (30.3 + 2.7 + 9.0) pb respectively. The 
systematic errors include the acceptance uncertainty 
added in quadrature with an uncertainty on the lumi- 
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Fig. 3. s do/dxp for the D *+ based on the two channels. The 
error bars are statistical only. The dotted and solid curves re- 
sult from fits of the expressions (3) and (4) respectively. 

nosity measurement of  10%. The production rates o f  
the D *+ on the T, T ' ,  and the continuum are propor- 
tional to the luminosity divided by the square of  the 
center of  mass energy. Thus there is no indication, at 
the present level of  statistics, of  any D *+ production 
from the resonances. 

From the number of  D *+ events extracted as a 
function Of Xp we have produced the D *÷ fragmenta- 
tion function, by combining the data in both chan- 
nels. The result, corrected for acceptance, is shown in 
fig. 3. In determining the absolute normalization of  
this distribution we have used the values ofref.  [6] for 
the branching ratios of  D *+ --> D0rt + and D O -* K - n  +, 
combined with the above value for the ratio of  
branching ratios. It is interesting to compare this mea- 
sured distribution to forms predicted theoretically. 
We have compared the data to two typical models, 
that of  Peterson et al. [9] where 

s do/dXp ~ X p  1 [I - 1/Xp - e/(1 -Xp)] -2 ,  (3) 

and that o f  Kartvelishvill et al. [10] where: 

s do/dxp "~ Xp(1 - xp). (4) 

No attempt has been made to correct these expres- 
sions for the effects of  photon or gluon radiation. 

The fits for forms (3) and (4) are shown as the 
dotted and full curves in fig. 3. The best fitted param- 
eters are e = 0.19 -+ 0.03 with X 2 = 19.2 for 6 degrees 
of  freedom, and a = 1.5 -+ 0.2 with X 2 = 7.4 also for 6 
degrees of  freedom. Our data favour the form (4). 
They are less consistent with the form in (3), the main 
disagreement is in the Xp bin from 0.9 to 1.0. A 

change of  variable from Xp to x E = 2E(D*)/V~-'or the 
inclusion of  radiative corrections does not change this 
conclusion. 

The measurement of  the D* fragmentation function 
presented here represents an improvement in statisti- 
cal precision over results from CLEO in a similar ener- 
gy range and from PETRA and PEP at higher energies 
[ I ]. Within the statistical uncertainties our measure- 
ment is in agreement with these results. Comparison 
of  published measurements can be found in the litera- 
ture [7]. 

Using the fitted form of  the fragmentation func- 
tion due to Kartvelishvili we have evaluated o.Br for 
channels (1) and (2) extrapolated to x_ = 0. The re- 
suits are respectively (23.6 + 2.2 + 4.77 pb and (51.0 
-+ 4.6 + 15.5) pb. 

We have looked for the effect o f  D O - D O mixing 
in our data. A summary of  previous upper limits was 
given in a recent publication [11 ].  The method used 
here is based on the search for wrong signed D O decay 
of  the D *÷ in channel (1), that is the presence o f  D *+- 
like events in the mass conbination K+rr-rr ÷. Since the 
main source of  background is particle misidentifica- 
tion in the correct sign decays, we have chosen to 
work with a highly restricted sample. The only 
changes from the above selection criteria were to in- 
crease the probability cut from 0.01 to 0.10 and to re- 
quire xE>~ 0.7. The two mass difference plots ob- 
tained are shown in fig. 4. There are 30 events in the 
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correct sign mode,  and 2 events in the wrong sign 
mode,  where 2 background events were expected. This 
observation yields an 11% upper limit for D O - D --0 

mixing at 90% confidence level. 
In summary, we have determined more precise val- 

ues for the mass difference of  the D *÷ and D O and for 
the relative branching ratio of  D O into K-~r + and 
K-rr+Tr+rr - than previously known. The D O - D O 
mixing is found to be smaller than 11%. Finally, the 
fragmentation function o f  the D *+ meson is in very 
good agreement with the form x ~ (1 - x ) ,  while its 
agreement with the widely used Peterson form is less 

good. 
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