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D* ± production via e+e--+ D ' i X  has been measured at an average CM energy of 34.4 GeV. The D* ± energy spectrum 
is hard, with a maximum near x = 0.6. The size of the D* cross section, RD,  = cr(e+e - -+ D*X)/au~ = 2.50 ± 0.64 + 0.88 
(assuming RD,0 = RD,+ ) indicates that a large fraction of charm quark production yields D* mesons. The D *-+ angular 
distribution exhibits a forward-backward asymmetry,A = 0.28 + 0.13. This is consistent with that expected in the stan- 
dard theory for weak neutral currents and leads to Ig~l = 0.89 _+ 0.44 for the axial vector coupling of the charm quark. 

High energy e l e c t r o n - p o s i t r o n  annihilat ion into  

hadrons is bel ieved to proceed via quark pair forma- 

t ion,  e+e - -+ ~q.  The detec t ion  o f  the final state ha- 

dron which carries the pr imary quark (ant iquark)  ap- 

pears to  be rather diff icult  in the case of  the light 

quarks,  u, d, s since many  other  low mass hadrons are 

p roduced  in addit ion.  For  h e a w  quarks such as charm 

the si tuation is different:  a fast charmed hadron will 

in general contain the pr imary charm quark since the 

produc t ion  o f  charmed hadrons f rom the sea is ex- 

pected  to  be negligible at our  energies and since ha- 

drons originating f rom the decay of  b o t t o m  hadrons 

should have lower momen ta .  In this paper we present  

a cross section measurement  for D *-+ produc t ion  in 

e+e - annihilat ion to study charm fragmentat ion and 

a first aneasurement o f  the D *± produc t ion  angular 

distr ibut ion in a search for weak neutral  current  con- 

t r ibut ions to charm quark pair p roduc t ion .  

The exper iment  was carried out  at the DESY 

storage ring P E T R A  using the TASSO detector  [1]. 

Data used here were col lected at CM energies W be- 

tween 30.0 and 36.7 GeV with  an average W = 34.4 

GeV for a total  luminosi ty  of  79 pb 1. A total  of  
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22 356 events f rom e+e annihilat ion into hadrons 

were selected using the charged particle in format ion  

as described in refs. [1,2].  The m o m e n t u m  resolut ion 

was improved by using the average beam posi t ion in 

the track reconst ruct ion as a constraint .  The coor- 

dinates o f  the beam posi t ion in the plane perpendicu-  
lar to the beam were de termined  f rom Bhabha scat- 

tering events,  using averages over run periods.  

This resulted in a m o m e n t u m  resolut ion of  op/P= 
0.010(2 .9  + p2) l /2 ,  p in GeV/c, as de termined  f rom 

#-pair events.  
The D *± mesons were ident i f ied using a procedure  

first p roposed  in ref. [3] and recently applied in refs. 
[4,6] * 1. It  is based on the fact that  the Q value of  

the decay D *+ ~ 7r+D 0 is only 5.8 MeV. As a result, 

the direct ion of  the rr + relative to that  of  the D O and 

the m o m e n t u m  of  the rr + are severely restricted. The 
D O was de tec ted  in the decay mode  D O -+ K - n  +. 

For  brevity we shall indicate only the particle states; 

the analysis includes also the antiparticle states. 

For  each event  all possible ( K - n  +) and (K lr+)lr + 

mass combina t ions  (MK77r+, MK-rr%r +) were fo rmed  
assuming each particle in turn to be a kaon and a pion. 

The particles forming the (K rr +) system were requir- 

ed to have each a m o m e n t u m  p > 0.8 GeV/c ,  and the 

lone 7r + to have p > 0.3 GeV/c.  Fig. l a  shows the dis- 

t r ibut ion o f  the mass difference ~ / =  M K-,r%+ - 

M K -Tr + for those combina t ions  where MR-n+ is in the 
D O mass region ( 1 . 7 4 4 - 1 . 9 8 4  GeV) and for which 

x > 0.5, where x = 2EK-,r%+/W is the fract ional  
energy of  the K-Tr+Tr + system. A narrow peak is seen 
centered around AM = 0.145 GeV which is indicative 

o f  the decay D *+ -+ rr+D 0. The r.m.s, width o f  the 

peak,  OAM = 1.5 MeV, is consistent  with the expec ted  
resolut ion.  No such peak is observed when M K -~r + is 
required to be in a control  region outside of  the D O 

mass ( 2 . 1 0 - 2 . 3 4  GeV) as shown by fig. lb .  In fig. l d  

*1 MARK II data with higher statistics were presented in ref. [5]. 
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the distr ibut ion o f M  K-~+ is shown for all K'-zr+Tr + 

combina t ions  with A M  < 0.150 GeV. A clear D O sig- 

nal centered at 1.87 GeV is observed with  an rxn.s. 

width  o f  o M = 0.075 GeV in agreement  with our re- 
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solut ion.  There is a second mass peak centered  around 

1.62 GeV.  As was poin ted  out  by Goldhaber  [7] this 

so-called satellite enhancement  S O in the K - #  + mass 

distr ibut ion arises f rom the decays 

D O ~ K - p  + D O -+ #+K* 
L .  7r+~O ' L+ K-Tr 0 " 

The spin o f  the p + ( K * - )  is perpendicular  to the di- 

rect ion of  the recoiling K - Q r  +) leading to a decay dis- 

t r ibut ion ~ c o s 2 0 n  where 0 H is the angle be tween the 

decay 7r+(K ) and the recoiling K - ( #  +) in the rest 

system o f  the p + ( K * - ) .  This produces peaks in the 
K Tr + mass distr ibution near 1.62 GeV and at low 
K #+ masses. The shape and magni tude o f  the S O 

peak are consistent  with what  we expec t  f rom the 
measured [8] branching ratios for the D O -+ K - p  + 

and D 0 - *  7T+K * decays.  

We turn to the de terminat ion  of  the cross section 

for D *+ produc t ion .  The number  o f  D *÷'s was deter- 
mined  as a funct ion o f x  f rom the number  o f  D O can- 

didates def ined by 1.744 <MK-~r+ < 1.984 GeV and 
A M  < 0.15 GeV.  For  small x ,  0.3 < x < 0.5, no  clear 

D O signal is observed (fig. lc) :  there are 19 D o candi- 

dates o f  which 17 are es t imated to be due to back- 
ground.  Fo r  x > 0.5 there are 40 D *+ -+ D0# + candi- 

dates wi th  a background of  8 events o f  which 2 come 

from the S 0. The background (see curves in fig. la ,  c) 

was es t imated by generating Monte  Carlo events [2] 

according to e+e ~ qq ,  q q g -  hadrons and applying 

the same cuts as for the D *+ select ion.  The event  ac- 
ceptance,  de tec t ion  eff ic iency and radiative correc- 

tions were calculated by the same Monte Carlo pro- 

gram. The detec t ion  eff ic iency for the decay D * + ~  

#+D 0 -+ K-#+Tr + varied be tween  32 and 45% for x > 

0.3. We used the branching ratios [4] : B (D *+ ~ D ° r r  +) 

= 44 ± 10% and B(D 0 -+ K - #  +) = 3.0 -+ 0.6% to com- 

pute the cross sect ion.  
Fig. 2 shows the scaled D *+- cross section (s/IJ)do/dx 

Fig. 1. (a) The spectrum of the mass difference AM = 
M(K -Tr+)rr+ - M(K -n+) for x > 0.5 and (K -rr +) combinations 
in the D o mass region (1.744 1.984 GeV). The curve shows 
the expected background contribution. (b) The AM spectrum 
forx > 0.5 and (K-n +) combinations in the control region 
(2.10 2.34 GeV). (c) The AMspectrum for 0.3 < x  < 0.5 
and (K-rr*) combinations in the D o mass region. The curvn 
shows the expected backoround contrsbu0ion. (d) The 
(K-~r*) mass spectrum for (K-Tr+)n + combinations, with 
AM < 0.15 GeV and x > 0.5. The dashed histogram 
shows the mass spectrum obtained with the stricter cuts 
used for the analysis of the angular distribution (see text). 
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Fig. 2. The scaled cross sectiou (sh3)da/dx for e+e --+ D*+-X. 
The errors shown are statistical. A 35% normalization uncer- 
tainty is not included. Also shown are measurements from 
CLEO [6] at W = 10.4 GeV and MARK I1 [5] at 29 GeV. 
The curve shows the fit described in the text. 

as a function o fx  (note that the cross section includes 
D *+ and D * -  production, see above). The error bars 
shown are only statistical. An overall normalization 
uncertainty of +-35% due mainly to the uncertainty in 
the D *+ and D O branching ratios is not included. Our 
cross sections are consistent with those of MARK II 
[4] at 29 GeV but are somewhat lower than those 
measured by CLEO [6] at W = 10.4 GeV (see fig. 2). 
Note that all three experiments use the same values 
for the D *+ and D O branching ratios. Qualitatively, 
all three experiments observe a similar behaviour: the 
D* mesons are concentrated at large x values, the 
maximum being at x = 0 .6-0 .7 .  This agrees with re- 
suits on charm quark fragmentation produced by neu- 
trinos [9] and muons [ 10], the former yielding for the 

average x value (x D) = 0.68 +- 0.08 and (x D) = 0.59 +- 
0.03 +- 0.03, respectively (see also ref. [ 11]). It agrees 
also with theoretical expectations [ 12]. 

A fit was made to our scaled cross section to the 
form advocated in ref. [ 13] for heavy quark fragmen- 

tation: 

1 
(s/~)da/dx 

x[1 - l / x -  e/(1 - x ) -  a)2 

The fit yielded e = 0.18 +- 0.07 and is shown by the 
curve in fig. 2. 

The integration of the measured D *-+ cross section 
over x > 0.3 yields relative to the ~ pair cross section 
(o~u = 47rc~2/3s = 0.073 nb at W = 34.4 GeV): 

RD,+(X> 0.3) 

[O'D,+(X > 0.3) + OD,-(X > 0.3)]/%** 

= 1.25 +- 0.32(stat.) -+ 0.44(syst .) .  

Assuming equal rates for charged and neutral D*'s the 
total D* production is found to be 

RD,(X > 0.3) = 2.50 +- 0.64 -+ 0 .88.  

This can be compared with the expected total inclusive 
primary charm quark and antiquark yield of 

a . (1 + C~s/Tr ) ~ 2.80 R c = 2 " 5  

assuming for the strong coupling % = 0.17. The data 
indicate that a large fraction of charm quark produc- 
tion proceeds via D* formation. 

The hard spectrum suggests strongly that D*'s carry 
the primary c quark. The large CM energy available in 
this experiment offers then the possibility to search for 
a contribution of the weak neutral current to e+e - -+ 
~-c and to obtain a first measurement of the c quark 
coupling strength to the weak neutral current. Similar 
to the observation for/1 and r pair production (e+e-  
-+ t t+#- ,e+e  -+r+r ) [ 1 4 ] , w e e x p e c t t h e m o s t  
conspicuous effect in the D* angular distribution 
where the interference between the electromagnetic 
and the weak current should produce a forward-back- 
ward asymmetry 

A - N(O < ~r/2) -N(O > 7r/2) 
N(O < 7r/2) + X(O > rr/2) " 

The angle 0 is taken between the incoming e and 
the outgoing D *+ which carries the c (i.e. not the ~) 
quark. 

Assuming the weak neutral current to be mediated 
by Z 0 exchange,A has the form 

e c 

3 gAgA GF W 2 
A 2 eQ 2x/'~rro~l-WZ/M 2 '  W < M z  ' 

496 



Volume 126B, number 6 PHYSICS LETTERS 14 July 1983 

where M z is the Z 0 mass, eQ = 2/3 is the charge of  the 

charm quark, G F is the Fermi coupling constant, 

and g~ and g~  are the electron and c quark axial 

vector coupling constants. In the standard theory [ 15] 

g~ = --1/2,gcA = 1/2, which f o r M  z = 94 GeV and W = 

35 GeV leads to the prediction A = - 0 . 1 4 .  

For the determination of  the angular distribution 

we used both the D O and S O candidates, i.e. we accept- 

ed all D *+ candidates with 1.50 < M ( K - r r  +) < 1.984 

GeV and A M <  0.15 GeV;x  was restricted t o x  > 0.5. 

In order to enhance the sensitivity to the weak con- 

tribution only events with W > 34 GeV were accept- 
ed, the average W being 35 GeV. The background 
under the D O and S 0 peaks was reduced by requiring 

the momenta of  each of  the particles forming the 
(K-rr  +) system to have p > 1.4 GeV/c. The resulting 

K - g  + mass distribution is shown by the dashed histo- 

gram in fig, 1 d. In total there are 51 D* candidates 

with an estimated background of  5. The angle 0 was 

taken to be the angle between the incoming e -  and 

the K 7r+lr + system. Fig. 3 shows the D *+ angular 

distribution. The acceptance is uniform over the 

range Icos 01<  0.8. The angular distribution is con- 
sistent with the form 

d o / d c o s 0 ~  l + a c o s 0 + c o s 2 0 .  

Fitting this form to the data for [ cos 0 J < 0.8 and 

extrapolating to cos 0 = -+ 1 yielded for the asymmetry 

TASSO 

2O 

g 

5 

(3 
-08 0.4 (3 0.~ 08 

COS 8 b • 

Fig. 3. Tim D *+ production angular distribution; 0 is the 
angle between the e- beam and the K-rr+rr + system. The full 
curve indicates the fit do/d cos 0 ~ 1 + a cos 0 + cos 20. The 
dashed curve is proportional to 1 + cos20. 

_ 3  
A - ga  -- - 0 . 2 8  -+ 0 .13 ,2  .No correction was applied 

for the background. Assuming the latter to be for- 
ward-backward symmetric would change A to -0 .31 

after correction. The fraction of D *-+ mesons with x 

> 0.5 coming from bottom hadrons was estimated 

to be ~4% (see ref. [12]) and gives a negligible con- 

tribution to the measured asymmetry. Higher order 

QED corrections introduce a forward-backward asym- 

metry which we estimate to be approximately -0 .005 .  

All three corrections are well within the statistical 

uncertainties and were neglected. Note that the sign 

and the magnitude of  A are in agreement with the 
prediction of the standard model. This result is the 

first indication for a weak current contribution to 

e+e -+ cc production. From the value o f A  = - 0 . 2 8  

-+ 0.13 we obtain g~gC A = - 0 . 4 9  + 0.23. Assuming 

lepton universality and using an average of the results 

on/~ pair production [14], Ig~[ 2 = 0.30 + 0.04 yields 

Ig~l = 0.89 + 0.44 which is consistent with the pre- 
diction of the standard mode l ,g~  = 0.5. 

In conclusion, we have studied D *± production at 

an average CM energy of 34.4 GeV. In agreement with 

previous measurements we observe a hard x spectrum. 

Assuming equal rates for charged and neutral D* 

production, the observed D* yield accounts for a large 

fraction of  the expected charm contribution. The D *± 

angular distribution shows a forward-backward asym- 

metry o f A  = 0.28 -+ 0.31 which indicates the presence 
of  a weak neutral current contribution to e+e -+ cc 
and which yields Ig~l = 0.89 + 0.44 for the axial vec- 
tor coupling of  the charm quark. 
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*2 The angular difference between the D *+ and the K-rr+rr + 
system in the case of the S o is on the average l ° and has a 
negligible effect on the angular distribution. Using the 
sphericity axis instead of the D* direction to compute 0 
changedA to -0.26 _+ 0.12. 
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