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The production of D* and D mesons has been studied in e+e - annihilations at x/~=29 GeV. The data, corresponding to an 
integrated luminosity of 300 pb- ~, were obtained using the HRS detector at PEP. The cross section is measured to be R (D o + 
D + ) = 2.40 + 0.35 and we determine the electroweak asymmetry to be - 9.9 + 2.7%, which corresponds to an axial vector coupling 
constant product g~gC = 0.26 + 0.07. 

Measurements of charm quark production and 
fragmentation provide tests of the standard model 
and are impor tant  in unders tanding fragmentat ion 
processes as well as weak decays of heavy quarks. The 
primary reaction e+e - --,ce is expected to have a for- 
ward-backward asymmetry due to interference be- 
tween the electromagnetic and weak product ion 
amplitudes. Results already published on the elec- 
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troweak asymmetry are in agreement with predic- 
tions although each individual  measurement  has 
significant errors [1 ]. Measurements of the cross 
section for charm meson product ion in the contin- 
uum are dependent  on the decay branching ratios of 
the D mesons. The values of these ratios [2] have 
changed significantly in the last few years which led 
to the possibility of a charm deficit in e+e - annihi-  
lation and B decay [ 3 ]. 

The results presented in this paper use fully recon- 
structed D*, D o and D + mesons together with the new 
M A R K  III branching ratios [4 ] to determine the to- 
tal cross section and fragmentation functions. The 
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most accurate measurement  to date of  the electro- 
weak asymmetry  is also presented using both recon- 
structed charm mesons and a new technique that  
involves tagging the D *+ --,DOn + decay using jus t  the 
n + . We have recently used this new technique to de- 
termine the D ° - , K - n  + branching ratio [5 ]. 

The data, taken at a center of  mass energy , ~ = 2 9  
GeV, were obta ined  using the high resolut ion spec- 
t rometer  (HRS)  at PEP and correspond to an inte- 
grated luminosi ty  of  300 p b -  ~. The HRS is a general 
purpose detector  using a solenoidal  magnet ic  field of  
1.62 T giving a resolut ion for high m o m e n t u m  tracks 
at large angles of  a p / p  ~- 2 × 10 - 3p ( p  in G e V / c )  [ 6 ]. 
No particle identification was used in the analysis and 
all particles produced were taken as both a kaon and 
a pion in the reconstruct ion o f  the charm D* and D 
mesons. 

We have previously publ ished results on charm 
meson product ion  [7] using fully reconstructed de- 
cays and the results presented here employ similar  
techniques. The charm mesons are observed in the 
decay modes  D ° - * K - n  + , D + - - * K - n + n +  and 
D * + - , D ° n  + (with the D o decaying into the K - n  +, 
K - n + n + n  - and  K - n + n  ° modes )  using our total  
sample of  hadronic  events and all possible mass com- 
binations.  Our  analysis also includes the charge con- 
jugate states. The backgrounds in each channel are 
different and in general are much higher at low Z 

( = 2 E  ........ / E c M  ). 
Fig. 1 a shows the K - n  + mass spectrum for Z >  0.45 

and Icos 0* I ~<0.7 and a clear D° signal is observed.  

The cut on the helicity angle (0~) greatly reduces the 
combinator ia l  background.  Similarly,  clear D + pro-  
duct ion is seen in fig. lb  which shows the K - n + n  + 
mass spectrum with Z >  0.45 and [cos 0~[ ) 0 . 3 .  The 
cut on the perpendicular  to the three body decay plane 
in the Knn center of  mass with respect to its line o f  
flight (0~) reduces the combinator ia l  background.  
The mass resolut ion in the D region is a -  ~ 17 MeV. 
Charged D* product ion  in the decay mode 
D*~---,D°n + with the D o decaying into the K - n  +, 
K - r t  +n+n - and K - n + n  ° modes  is isolated by using 
the excellent mass resolution of  the HRS and the fact 
that  the Q value of  the decay is only 5.8 MeV, so that  
the D* + - D o mass difference (6)  is well de termined,  
and clear signals with small backgrounds can be ob- 
served. For  the decay D ° ~ K - n  +, the quant i ty  
6 =  (Mr(-~+~+ --MK-~+ ) was de te rmined  for those 
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Fig. 1. (a) The mass of K n+ system with Z>0.45 and 
I cos 0* I ~< 0.7 (b) The mass of the K-7t+n + system with Z >  0.45 
and Icos 0~ I/>0.3. 

combina t ions  with 1.81 < MK- ~ ÷ < 1.92 GeV which 
is the mass region for D O decays seen in fig. la.  The 
same technique was also used for the K - n + n + n -  de- 
cay o f  the D °. The dis t r ibut ion in 6 for the K - n  + de- 
cay mode is shown in fig. 2a with the selection 
0.2~<ZD,~<0.4 and in fig. 2b for Z o , > 0 . 4 .  Promi-  
nent peaks are evident  at 6=  0.145 GeV. In order  to 
reduce background the events in fig. 2a were selected 
with I cos 0* I < 0.8 where 0* is the decay angle of  the 
D o in its helicity frame. The dis t r ibut ions  for the 
K - n + n + n  - decay of  the D O are s imilar  and  a clear 
signal is observed for the region Z >  0.6. For  the Knn ° 
decay mode  of  the D °, no a t tempt  was made  to recon- 
struct the n o and instead the well known kinemat ic  

enhancement  a round 1.6 GeV (the S o peak)  formed 
by the K - n  + from the D o was used. A clear signal 
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Fig. 2. The quantity ~ (a) for D°~K ~+ with 1.81~<MK~< 1.92 
GeV and 0.2~Z~<0.4 and 1cos0*] ~<0.8; (b) for D°--,K ~+ with 
1.81 ~<MK~< 1.92 GeV and Z>~ 0.4. 

c o r r e s p o n d i n g  to  D *+ p r o d u c t i o n  is o b s e r v e d  for  the  

r eg ion  Z >  0.4, a l t h o u g h  t he  p e a k  is b r o a d e n e d  due  to 
t he  m i s s i n g  ~o. 

T h e  d a t a  s h o w n  in figs. 1 a n d  2 h a v e  b e e n  u sed  to 

d e t e r m i n e  the  to ta l  cross  sec t ions  for  D °, D + a n d  D *+ 

p r o d u c t i o n  a n d  the  D * ~ D ° n  ( D ° - , K - ~  + ) e v e n t s  to  

d e t e r m i n e  the  f r a g m e n t a t i o n  f u n c t i o n s  o v e r  the  whole  

Z range.  T h e  d a t a  h a v e  b e e n  c o r r e c t e d  for  a c c e p t a n c e  

u s ing  M o n t e  C a r l o  e v e n t s  a n d  a ful l  d e t e c t o r  

s i m u l a t i o n .  

T h e  m a i n  u n c e r t a i n t y  in d e t e r m i n i n g  cross  sec- 
t i o n s  c o m e s  f r o m  the  e r ro r s  in  the  b r a n c h i n g  ra t ios  

for  the  o b s e r v e d  decay  m o d e s .  R e c e n t l y  t he  M A R K  

III  C o l l a b o r a t i o n  ha s  p u b l i s h e d  n e w  va lues  t he  for  D o 

a n d  D + decays  [ 4 ] ;  t he se  va lues  are  u sed  a d d i n g  t he  

s y s t e m a t i c  a n d  s ta t i s t i ca l  e r ro r s  in  q u a d r a t u r e .  T h i s  

Table 1 
Differential cross sections for charm meson production in e+e - 
annihilation at xfl~= 29 GeV. 

Z (s/fl) da/dZ (1/N) dN/dZ 

D* 0.2--,0.4 0.129+0.029 
fragmentation 0.4~0.5 0.168_+0.035 

0.5~0.6 0.237_+0.047 
0.6~0.7 0.122+0.027 
0.7--,0.8 0.070+0.017 
0.8~ 1.0 0.024 ± 0.007 

D ° 0.3~0.5 0.290_+0.058 
0.5-*0.6 0.286_+0.053 
0.6~0.7 0.235_+0.043 
0.741.0 0.054_+0.011 

D + 0.3-*0.5 0.053_+0.036 
0.5--*0.6 0.124_+0.031 
0.640.7 0.099±0.023 
0.7~ 1.0 0.017 ± 0.005 

1.366_+0.22 
1.868+0.27 
2.667+0.31 
1.391 ±0.23 
0.800_+0.13 
0.270_+0.05 

p r o c e d u r e  gives  B R ( D ° - ~  K - ~  + ) = 4.2 + 0 .56% a n d  

B R ( D + - , K  ~ + ~ + ) = 9 . 1 _ +  1.4%. O u r  r ecen t  mea -  

s u r e m e n t  [ 5 ] o f  B R ( D ° - ~ K - ~  + ) o f  4.5 _+ 0.8 _+ 0.5% 

is c o n s i s t e n t  w i t h  this .  T h e  D*- - ,D°~  + b r a n c h i n g  ra- 

t io  we use  is 0 .57_+0.056  [8]  ~1. T h e  r e su l t i ng  cross  

s ec t ions  o b t a i n e d  f r o m  o u r  d a t a  are  l i s t ed  in  t ab les  1 

a n d  2. T h e  f r a g m e n t a t i o n  f u n c t i o n  D(Z)= (1/N) 
X dN/dZ a n d  t he  sca l ing  cross  s ec t ion  (s/fl) da/dZ 
( g b  G e V  2) are  d e t e r m i n e d  o v e r  the  who le  Z r ange  

on ly  for  the  D *+. T h e  d a t a  peaks  n e a r  Z - - 0 . 5 3  w i th  

a m e a n  v a l u e  o f  ( Z )  = 0 .523 _+ 0 .017.  T h i s  h a r d  frag- 

m e n t a t i o n  is u n d o u b t e d l y  d u e  to the  p rocess  

e + e - ~ c e ,  w i t h  the  D* c o n t a i n i n g  t he  p r i m a r y  

c h a r m e d  qua rk ,  s ince  c h a r m e d  m e s o n s  f r o m  the  pro-  

cess e + e  - ~b13 are  e x p e c t e d  to ca r ry  a m u c h  sma l l e r  

1 We have used the measurement  of  ref. [ 8 ] of  0,57 ± 0.04 _+ 0.04 
combining the errors in quadrature. 

Table 2 
Total cross sections and R values for charm meson production in 
e+e annihilation at v/ss'=29 GeV. 

(nb) R 

D* ÷ + D *° 0.232 ± 0.041 1.99 + 0.35 
D O + I) ° 0.205 ± 0.031 1.76 _+ 0.27 
D + + D  - 0.075±0.014 0.64±0.12 
total D +, D O 0.280 ± 0.040 2.40+0.35 
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fraction o f  the available energy. We note that  al- 
though our results extend to low Z where b fragmen- 
tation is expected to be impor tant  compared  to charm 
fragmentat ion,  we have not separated the two com- 
ponents  in our analysis. Fig. 2a does show a signifi- 
cant  D* peak presumably  due to b fragmentat ion.  

The cross section expected for ce product ion  using 
as  = 0.17 is 2.8 units of  R with an addi t ional  0.8 units 
resulting from the b ~ c  transi t ion.  The values of  R 
are de te rmined  using D* product ion  over  the whole 
Z range and the D O and D + measurements  for 
Z > 0 . 4 5 .  The D O and D ÷ measurements  are cor- 
rected to the whole Z range assuming the rat io of  
D / D *  is the same for Z < 0 . 4 5  as it  is for Z > 0 . 4 5 .  
This ext rapola t ion implies  that  the rat io of  D * / D  in 
B decays is the same as for charm quark fragmenta-  
tion, which is in agreement  with measurements  from 
the CLEO Col laborat ion [ 9 ]. Since the decay o f  the 
D* results in ei ther a D o or  D + the total  R for charm 
meson product ion,  using the radia t ively  corrected 
cross section % , = 0 . 1 1 6  nb for x / s = 2 7 . 3  GeV, is 
R ( D ° + D ÷ ) = 2 . 4 0 + 0 . 3 5 .  Our  result when com- 
pared to the R = 3.6 expected, gives 67 + 10% for the 
fraction o f  charm quark f ragmenta t ion that  leads to 
D mesons in agreement  with the ( 7 1 + 6 + 1 0 ) %  
found by the CLEO Collaborat ion at x ~ =  10.55 GeV 
[ 10 ]. With  the expected rates for charm Ds and charm 
baryon product ion  it appears  that  the data  are consis- 
tent with a rather  small  charm deficit. Clearly more  
precise branching rat io measurements  are required.  
The rat io  of  the cross sections for D ° + D  ÷ produc-  
t ion to the D* product ion  is 1.20 + 0.25 in agreement  
with the 4 /3  expected from simple spin counting and 
the rat io RDo/RD+ for those D mesons not  coming 
from a D* parent  is 0 .9+0 .9 .  

In the s tandard  model  it is expected that  the inte- 
grated forward-backward  asymmetry for e + e -  ~ ce is 
given by 

3 1 gegC GF s 
A = -~ q 2 x / 2  ~o~ 1 -- s /MZz  ' ( 1 ) 

where Mz is the Z ° mass, q is the charge of  the c quark, 
and ge and gC are the electron and quark axial vector  
coupling constants.  This expression gives an asym- 
metry  at x ~ = 2 9  GeV, using M z = 9 4  GeV, q = 2 / 3 ,  
and gO= __ge= 1/2, ofA = - 0 . 0 9 4 .  The polar  angle 0 
used in our analysis is taken as the line of  flight of  

charm mesons with high fract ional  energy. This en- 
ergy cut also removes any significant bb product ion  
from our analysis. The product ion  angular  dis tr ibu-  
t ion for the sample of  D* + mesons is shown in fig. 
3a, with 660 events in the range I cos 01 ~< 0.7 and an 
es t ima ted  background of  < 10%. These da ta  have 
been checked for systematic biases and other  effects 
which could influence the asymmet ry  measurements  
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Fig. 3. (a) The production angular distribution for the D* + sam- 
ple at high Z. (b) The transverse momentum squared for all par- 
ticles with rspect to the thrust axis. The inset is the distribution 
expected for the ~s from D* decay. 
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and none of any significance were found. A fit of the 
data to the form ( l + a ( c o s  0)+cos20) gives A= 
- 0.061 -+ 0.039 for the full solid angle. 

We have also measured the charm quark asymme- 
try using the inclusive K - n  + decay of the D o and the 
K - n + n  + decay of the D +. The mass spectra shown 
in fig. 1 were combined and then divided into for- 
ward and backward hemispheres and the asymmetry 
A= ( F - B ) / ( F + B )  was measured by a simultane- 
ous fit using identical background shapes and signal 
shapes. Corrected to the full solid angle, this tech- 
nique yields A = - 0.178 -+ 0.082. 

A third measurement has been made using just the 
direction of the pion (n + ) from the decay D*-, D o 
nts. This pion has a maximum p~ of 0.039 GeV/c with 
respect to the D* line of flight and since the fragmen- 
tation function is hard it also has a small p~ with re- 
spect to the jet axis and hence the original quark line 
of flight. 

The actual width of the p2 distribution for the ns 
has important contributions from the uncertainty on 
the determination of the jet axis and Monte Carlo 
simulation was used to obtain the distribution ex- 
pected for the pions produced in D*-~Dn decays. The 
angular distribution of the D*+-+D°n + decay was 
taken to be flat as is indicated by our recent measure- 
ment [ 11 ]. The axis used to define Pt is a thrust axis 
computed using momentum squared weights and all 
charged particles in the hemisphere. 

Event cuts were applied to reduce the background 
due to events with poorly determined thrust axis or 
evidence of hard gluon emission. We have success- 
fully used this technique to measure the D°-~K-n + 
branching ratio and general details of the analysis can 
be found in ref. [ 5 ]. 

Fig. 3b shows the p ~ distribution for the data in the 
region 0.03<Xv<0.07 (Xv=2p/EcM) and 0.4 
< [cos 01 < 0.75, where 0 is the laboratory angle of the 
particle. These cuts were chosen to minimize the ef- 
fect of b13 events and to maximize the sensitivity to 
the asymmetry. A sharp low pt 2 structure is apparent 
due to the pions from D* decays. The inset in fig. 3b 
is the expected distribution for the ns from D* decays 
in our Monte Carlo sample of events with respect to 
a thrust axis calculated as for the real data. To extract 
the number of D*+--,D°n + decays from the p2 dis- 
tribution, a fit was performed to the shape of the sig- 
nal as determined from the Monte Carlo simulation 

and a smooth background term. The shape of the sig- 
nal was represented by two exponentials and deter- 
mined by fitting the Monte Carlo spectrum of 
D*+~D°n+ decays shown in the inset of fig. 3b. A 
fit to the form 

F(p 2) = N  O [exp( -B~ pt 2) +Cexp  ( - B 2 p 2 )  ] ,  
(2) 

where No is a normalisation factor chosen so that the 
integral over p~ is 1.0, yields Bj = 222.5 B2 = 33.4 and 
C=  0.049. The magnitude of the signal and the shape 
and magnitude of the background were determined 
by fitting the data to 

dN/dp~=NsF(p2t)+NB [exp(-Bp2)+K] , (3) 

where Ns is the number of D* decays and NB is the 
background normalization. The curve in fig. 3b is the 
result of this fit. The fit yields N(pt2>0.01)= 
1732 _+ 100 for the number of ns particles contribut- 
ing to this low p2region and with a signal to noise in 
the p2 < 0.01 (GeV/c) 2 region of about one to three. 
To determine the electroweak asymmetry the data 
were divided into cos 0< 0 and cos 0> 0 regions and 
these were subtracted. The result is an excess of 
243 _+ 83 events in the backward region forp 2 <0.01 
which, after correcting for the angular region used, 
leads to a final asymmetry of -0.123_+0.042. The 
effect of events being used twice was corrected for and 
the three asymmetry measurements were combined 
to yield an asymmetry for e+e --~ce using the charm 
meson as the direction of the quark to be 
- 0.099 + 0.027 corresponding to gegC = 0.26 _+ 0.07, 
values which are in excellent agreement with the pre- 
dictions of the standard model. 

In summary, for D* and D charm meson produc- 
tion in e+e - annihilations at xf~=29 GeV, we have 
found the total cross section R ( D ° + D + ) = 2 . 4 0  
_+0.35 and the electroweak asymmetry to be 
-9.9_+2.7%. 
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