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The electroweak production asymmetry and the decay fragmentation function for e*e™ — cT have been measured at \/5
=29 GeV using charged D* production over the full kinematic range. The data were taken at PEP using the High Resolu-
tion Spectrometer. The measured asymmetry is —0.12 + 0.08. The total production cross section in units of the point cross
section corrected for initial state radiation is RD* =2.7+0.9.

The characteristics of charm quark production and
fragmentation in high energy e*e™ annihilations have
been analyzed previously using charged D* produc-
tion [1-5]. We have also reported results based on
direct DO and D* production [5,6]. In this paper we
use charged D* production to measure the charm frag-
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mentation function and electroweak asymmetry. The
data come from an integrated luminosity of 106 pb=1
collected by the High Resolution Spectrometer (HRS)
over a two year running period at PEP at a center of
mass energy of 29 GeV *!,

In the standard model [7] the e*e™ annihilation

*! This data sample includes the 19.6 pb~! of data reported
in ref. [S].
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proceeds via y and Z0 intermediate states so that in
the reaction e*e ™ - cC the amplitudes of the two
processes interfere to produce an asymmetry in the
production angular distribution. The angular distribu-
tion is described by the form 1 +a cos 8 + cos? 8,
where 0 is the angle between the incoming electron
and the outgoing ¢ quark, and the integrated for-
ward—backward asymmetry A = 34/8 is given by

F s
g%e° —_— (1)

where M is the Z0 mass, q is the charge of the ¢
quark, and g°®, g¢ are the electron and quark axial vec-
tor coupling constants. The predicted asymmetry at
V5= 29 GeV, using My = 94 GeV, g = 2/3, and g¢
= —g®=1/2,is 4 = —0.095. Since the charm quark
cannot be observed directly, 8 is determined by the
line of flight of charmed D* mesons with high frac-
tional energy Z = 2E |, /\/s, where £, is the energy
of the meson 2.

We have observed charged D* production in the
decay mode

D** > D0r*, )

with the DO decaying into the K~ n*, K n*#"n~ and

K~ 7" 70 modes. Our analysis also includes the charge
conjugate states. The D*’s were isolated using the ex-
cellent mass resolution of the HRS and by exploiting
the fact that the Q value of reaction (2) is only 5.8
MeV, so that the D*+-D0 mass difference (§) is well
determined.

The HRS is a general purpose detector using a
1.62 T solenoidal magnetic field and is described else-
where [8] . The resolution for high momentum tracks
at large angles is measured to be op/p ~2 X 10-3p
(v in GeV/c). The shower energy is measured with an
electromagnetic calorimeter in both barrel and end-
cap regions with a typical resolution of o(£)/E = 0.18/
VE (E in GeV). The detector was triggered if (i) at
least two tracks were observed in the central drift
chamber, or (ii) a minimum of 4.8 GeV shower ener-
gy was deposited in the calorimeter, or (iii) at least
one track and a minimum of 2.4 GeV shower energy
were observed. To select a clean sample of the an-

#2 A Monte Carlo analysis, using our observed Z distribution,
shows our asymmetry measurement is not significantly af-
fected by this choice of angle.
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nihilation multihadron events, the following was re-
quired: (i) a minimum of five well reconstructed
charged tracks, (ii) Z|p;| = 7.5 GeV, where Z|p,] is
the scalar sum of the total momenta of the tracks,
(iii) total shower energy deposited in the barrel calo-
rimeter > 1.0 GeV. In reconstructing DO and D* de-
cays, no particle identification was used and each
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Fig. 1. The quantity 6, (a) for D® - K™n* with 1.81 < My,
< 1.92GeV and Z > 0.4, (b) for D® - K ~n*n*r~ with 1.81
<My 4, < 1.92GeVand Z > 0.6, (c) for D® » K~n*r® with
1.55<My, < 1.70 GeVand Z > 0.6, (d) for D® > K~n*
with 1.81 < MKn <192GeVand 0.2 <Z < 0.4 and lcose,’:l
<0.8.
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track in the events passing the above cuts was taken
as both a kaon and a pion. All K™ n* combinations
were used and the quantity § = (M __+ .~ M, _ )
was determined for those combinations with 1.81
<My . <1.92 GeV which is the mass region for
DY decays. The same technique was used also for the
K~ 77" 7~ decay of the DO. Fig. 1a shows the mass
difference § distribution for the K~ 7" decay mode
with Z« 22 0.4 and fig. 1b the 6 distribution for the
K™ n*n~n* decay mode with Zp« > 0.6. Prominent
peaks are evident at 6 ~ 0.145 GeV. Fig. 2a shows
the K™ 7% (Zpx > 0.4) and fig. 2b the K~ n*n~ 7"
(Zpx = 0.6) effective mass distributions for 0.143
<8 <0.149 GeV. The peaks at 1.86 GeV show clear
evidence for D* production with small backgrounds.
These D* candidates were used for the asymmetry
measurement.

For the Knn9 decay mode of the DY, no attempt
was made to reconstruct the 70. The well known ki-
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Fig. 1. (a) Mass of the K« system with 0.143 < 5 < 0.149
GeV and Z > 0.4. (b) Mass of the Knan system with 0.143
<86<0.149 GeVand Z > 0.6.
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nematic enhancement around 1.6 GeV, the so called
SO peak [9], formed by the K~ a* from the DO was
used. This region corresponds to the DO decays where
the DO has a velocity close to that of the K™t sys-
tem, so that the resolution in & is still good. Fig. 1c
shows the distribution of § = MK‘n+n+ — MK_”,, for
1.55 <MK_”,, < 1.70 GeV. A signal, corresponding
to D** production is observed around § = 0.145 GeV,
although the peak is broadened due to the missing 70.
The uncertainty in the calculated D* direction of
flight due to the unobserved 79 was minimized by
demanding a high observed fractional momentum in
the K™n*n* system, namely Z_ . , > 0.6. Events
with 0.143 < 6 < 0.153 GeV were chosen for the
asymmetry measurement.

The production angular distribution for the D**
is shown in fig. 3 after combining all the decay modes.
There are 182 events in the range [cos8| < 0.7 with
an estimated background of == 10%. We have checked
these data for systematic biases and other effects
which could influence the asymmetry measurement
and have found none of any significance. Using events
generated with the LUND Monte Carlo program with
Feynman—Field fragmentation [10] we have found
a uniform acceptance for the Z and cos 8 ranges used.
In addition, this study indicates that less than 5% of
D** in this sample originate from b fragmentation.
No corrections are, therefore, required and a fit of
the data to the form 1 +acos8 + cos?8 givesa =
—0.39+£0.23 and 4 = -0.15 £ 0.09.

We have also independently measured the charm
quark asymmetry using the inclusive K™ 7+ decay of
the DO and the K~ n*#* decay of the D*. This anal-
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Fig. 3. The production angular distribution of D** events.
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ysis ¥ yielded an asymmetry of 4 = —0.08 £ 0.12.
This result combined with our D* measurement
yields our most precise value of A = —0.12 + 0.08
which is in good agreement with the standard model
prediction of 4 = —0.095. This result can be com-

pared with previous measurements by the TASSO col-

laboration [4] at /s =34.4 GeV of 4 = —0.28 +0.13
which was later updated [11] to 4 = -0.13 £0.10.

In measuring the fragmentation function over the
range 0.2 <Zp« < 1.0 only the Knm decay mode was
used and a more restrictive vertex requirement was
imposed. To reduce background in the region of 0.2
< Zp=«+<0.4, events were selected with jcos H:I
< 0.8 where 6 is the decay angle of the DO in its
helicity frame #%. A clear signal is observed as shown
in fig. 1d for this Z range when the angle cut is im-
posed. This angle cut was not imposed for Zp« > 04
where the background is low. The number of D** ob-
served as a function of Z were corrected for the de-
cay branching ratios ** and the detector acceptance.
No correction for DOD0 mixing was made since it is
not observed in the data. This is consistent with an
expected mixing amplitude [12] of < 10-3 and the
best experimental limit [13] of < 5%.

Fig. 4a shows the fragmentation function D(Z)
= (1/N)dN/dZ and fig. 4b the scaling cross section
(s/B)do/dZ for this analysis together with previous
results [1,4] . Fitting the data to the parameteriza-
tion of ref. [14] *8 yields e = 0.41 jg(l)g Table 1
lists the data for each region of Z, along with the cor-
responding efficiencies. The experimental data peaks
near Z = 0.55 and has a mean value of 0.53 + 0.03.
This hard fragmentation is undoubtedly due to the
process e*te— — c€, with the D* containing the pri-
mary charmed quark since charmed mesons from the

*3 we observe inclusive signals for D*— K~n*r* and D°
— K~n* which when added yield Ng =120, Ng= 139,
where subscripts F and B refer to the forward and back-
ward regions of the angular distribution. A detailed anal-
ysis of this inclusive D® and D* production is in ref. [6].

#4 15 the region ZD* > 0.4 where the background is negligi-
ble, the D® decay is observed to be isotropic as expected
for a 0~ object. At low Z however, mgmflcant background
is observed which peaks in the region |cosé_ *I > 0.8.

*5 We use the D branching fractions B(D® — K “z%) = 0.030
+ 0.006 and B(D**— DO%z*) = 0.44 + 0.10.

#6 peterson et al. [14] suggest, D(z) = (4/2)[1 — 1/z — €/
(1 — z)] ~2, where the parameter e is a function of the
charmed-quark mass.
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Fig. 4. (a) The fragmentation function D(Z) = (1/N)dN/dZ
versus Z. {b) The scaling cross section as a function of Z for
this experiment and previous results.

process e*e— — bb are expected to carry a much
smaller fraction of the available energy. We note that
although our results extend to low Z where b frag-
mentation is expected to be important compared to
charm fragmentation we have not separated the two
components in our analysis.

Assuming o(D**) = o(D*?) from isospin conserva-
tion, the measured total D™ cross section, corrected

Table 1
The invariant cross section and fragmentation function for
D** production.

z Efficiency £ g—;’ (ub GeV2)  D(2) = }lv%—’zv
02-04 0249 0.168 + 0.049 123+ 0.36
04-05  0.42 0.185 * 0.060 1.44 £ 0.46
05-06 045 0.391 £ 0.070 3.07 £ 0.55
06-0.7 049 0.211 £ 0.050 1.68 + 0.40
0.7-08 055 0.118 £ 0.035 0.94 * 0.28
08-1.0  0.62 0.026 + 0.011 0.21 + 0.08

a) Includes correction for decay angle cut.
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for acceptance, is o(D* + D*) = 0.31 + 0.10 nb. This
value, divided by the muon pair point cross section
corrected for initial state radiation, gives an R value
of R(D* + D*) = 2.7 £ 0.9 in good agreement with
2.5 £ 0.64 + 0.88 measured by the TASSO group [4].
The expected inclusive R value for all charm produc-
tion using o, = 0.17 is 3.53, which includes 0.7 units
of R for the b decay into charm.

In conclusion D** production has been studied at
a center of mass energy of 29 GeV with the HRS. The
charm quark asymmetry measured at v/s = 29 GeV
is 4 =-0.15+0.09, from the charged D* sample,
where the DO from the D** decayed into K™ #¥,
K a*n*7~, or K" 7*70. Combining this result with
the asymmetry measured in inclusive D production
gives 4 = -0.12 + 0.08. The fragmentation function
is hard indicating that the D* contains the primary
charmed quark and the size of the production cross

section indicates that a large fraction of charmed quark

events proceeds through D* formation.

This work was supported by the US Department
of Energy and in part by the Sloan Foundation. We
acknowledge the work of the technical staffs of SLAC
and the collaborating institutions whose efforts made
the experiment possible.

PHYSICS LETTERS

11 October 1984
References

[1] J.M. Yelton et al., Phys. Rev, Lett. 49 (1982) 430.

[2] C. Bebek et al., Phys. Rev. Lett. 49 (1982) 610.

[3] P. Avery et al., Phys. Rev. Lett. 51 (1983) 1139.

[4] M. Althoft et al., Phys, Lett. 126B (1983) 493;

M. Althoff et al., Phys. Lett. 138B (1984) 317.

{5] S. Ahlen et al., Phys. Rev. Lett. 51 (1983) 1147.

[6] M. Derrick et al., Phys. Rev. Lett., to be published.

[7] S. Weinberg, Phys. Rev. Lett. 19 (1967) 1264; Phys.
Rev. D5 (1972) 1412;

A. Salam and J.C. Ward, Phys. Lett. 13 (1964) 168;
S.L. Glashow, Nucl, Phys. 22 (1961) 579.

[8] D. Rubin et al., Nucl. Instrum. Methods 203 (1982) 119;
G. Baranko et al., Nucl. Instrum. Methods 169 (1980)
413;

D. Bender et al., Phys. Rev. D30 (1984) 515.

19] G. Goldhaber, Proc. Leptonic session of the 18th Ren-
contre De Moriond (La Plagne-Savoie-France, March
13-19, 1983), ed. J. Tran Tranh Van,

[10} B. Andersson et al., Phys. Rep. 97 (1983) 33.

[11] B. Naroska, Proc. 1983 Intern. Symp. on Lepton and
photon interactions at high energies (Ithaca, 1983).

{12} L.L. Chau et al,, Phys. Rev. D27 (1983) 2145.

[13] A. Bodek et al., Phys. Lett. 113B (1982) 82.

{14} C. Peterson et al., Phys. Rev. D27 (1983) 105.

265



