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1. Spectra of identified charged particlesl)

The spectra of the charged particles n°, Kt, p(P) and A (A) have
been measured over a wide range of momenta. The particles were identified
by time-of-flight systems and by Cerenkov counters. The integrated lu-
mincsities and numbers of hadronic events collected at various ¢.m. energies
W are given in the following table.

— N
W {GeY) det (nb"l) hadronic events
12 - 14 1720 2962
22 - 30 3200 2289
30 - 36.7 80312 22388

t -
In Fig. 1 we show the fraction of charged t, K™, and p{p) among all

charged hadrons as a function of momentum, At particle momenta of 0.4 GeV/c
more than 90% of the charged hadrons are pions. With increasing momentum
the fraction of n* among the charged hadrons decreases while the fractions
of I<t and p{p) are increasing. At W = 34 GeV ani a momentum of 5 GeV/c

the particle fractions are approximately »° : K~ : p(p) = 0.55 : 0.3 : 0.15.

T p(B) and A{R) is shown as

In Fig. 2 the average multipiicity of nt, K
function of W. The yield of p(p) is rising faster with W than that of W

and Kt. At W = 34 GeV the ratio p(p) : W is twice as large as at W = 5 GeV.
On average an event at W = 34 GeV contains 10.3 + 0.4 ™, 2.0 + 0.2 Kt,

0.8 + 0.1 p(p) and 0.33 + 0.04 A (1). Note that in both figures the ™
spectra include particles from Kg decav, the p(p) spectra include particles

from hyperon decay {like A,i).

We measured also inclusive Do productionz). Assuming po, p+, o to have
equal production rates we find that =~ 30% of all ot result from o decay.

2. Scale breaking in inclusive charged particle producti0n3)

The scaled cross section sda/dxp (with Xy = D/Ebeam) for inclusive
charged particle productien is shown in Fig. 3 for c.m. energies betweer
12.0 and 36.7 GeY. Scale breaking is observed. For xp > 0.2 the cross
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section decreases by =~ 20% when W increases from 14 to 35 GeV. When
parametrizing the s-dependence of the scaled cross section as

vl In (s/lGeVZ) a fit yields the curves shown in Fig. 3. The values
of cy are given in Fig. 4, together with similar results cbtained by the

PLUTC experiment.

*q .
3. 0~ preduction

Production of charmed hadrons is of special interest since charmed
hadrons {as well as bottom hadrons) contain the primary charm guark (resp.
battom quark). That is because at PETRA energies (for our data sample
W~ 3Z GeV) production of charmed and bottom hadrons from the sea is neg-
ligible. We determined the cross section for inclusive p** production and
its'production angular distribution in a search for electromagnetic-weak
tnterference effects in charm quark pair production. D*+ were identified
through the decays o™t - 0%* {branching ratio 44 + 10%) and I
(branching ratio 3.0 + 0.6%). Fig. 5 shows the distribution of the mass dif-
ference aM = M{K w+w+) - M(K'a+) for M(K-n+) masses in the D° mass region
{1.74 - 1.98 GeV) and for high energetic D"Ur with fractional energy x =
B bt/ Ebeam > 0 5, assuming each particle in turn to be a kaon and a
p1on The decay 9 = 0% is indicated by the rirrow peak centered arcund

0.145 GeV. Its width agrees with the eibected rms resolution of about
1.5 MeV. Fig. 6 shows the scaled cross section s - do/dx for inclusive
D"‘i productien, after correcting for decays other than D*+.+ 2%t
0% + K'n*. The production angular distribution of p** (Fig. 7) is asymmetric.
A fit to the form I + a cos@ + c0529 (where parameter a is fitted) yields an
asymmetry of A = -0.35 + 0.14. For comparison, an asymmetry of about -0.14
is expected for production of charm quarks.

Provided statistics can be improved in the future, the study of D*i

production will allow to measure the weak neutral coupling of the charm quark.

4. Neutral weak current effectsq)

Electroweak interference effects have been studied in lTepton pair
production e'e” +e'e”, u+u_, o Fig. 8 shows the measured differential
cross sections at an average W = 34.4 GeV, normalized to the QED cross
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section. In case of u+u_ production an asymmetric angular distribution
is seen, The measured forward-backward charge asymmetries Auu and ATT
are given in the following tabie together with the values AGNS expected
from the standard GWS theory.

1

EVIS | nb Pneasured Agus | Lcos8l
vt 2sen | 70200 | -0.106+40.023 | -0.002 | < 1.0
oo | 577 | 65800 | -0.056+0.044 | -0.080 | < 0.8

The data have been corrected for higher order QED processes. The measured

asymmetry A oy o -0.104 + 0.023 is in good agreement with the value -0. 092

expected from GWS theory. Within the GWS theory a combined fit to the ete”

and u ¥, cross sections gave s1n28w = 0,47 fg_g?. Assuming MZ = 90 GeV¥, a

fit of the vector and axial-vector couplings resulted in 92 = -0.04 + 0.06,
gZ 0.26 + 0.07. This is in good agreement with the prediction of the GWS
theory: ¢, = = 0.25 (1 - 451n§8 }2 = 0.0016 for sine, = 0.23, and g’ = 0.25.
[f we fix 9, = 0.0016 and 9, 0.25, we can fit for the mass of the 7°

the 95% confidence limits are 46 GeV < MZ < 155 GeV.

5. Hadronic cross section c(e+e— - hadrons)s)

The ratio R = o(e+e' -+ hadrons) / g, was measured for c.m. energies W
between 12.0 and 36.7 GeV with a precision of typically +5.2%. The error in-
cludes a systematic error of +2% for higher order {> a”} QED corrections.

For W > 14 Ge¥, R is constant with an average R = 4.7 + 0.03 (stat} + 0.20
{syst). Quarks are found to be pointlike with a mass-parameter describing a
possible quark formfactor: A, > 186 GeV. A comparison with R values from other

+
PETRA experiments is dcne by Heinzelmanne)

6. Search for charged Higgs and technipionsy)

We have searched for charged Higgs mesons and technipions {denoted as
H+-) in the process e'e” -+ H'E™. While the leptonic decay H » rGT for masses
My= 8- 13 GeV had been excluded by cther experimentsa}. we studied the pro-



cess where both H decay into hadrons: H' + <5 and cb. From our sample

of 20000 hadronic events (corresponding to a total integrated luminosity
of 71.5 pb'1 at c.m. energies between 33 and 37 GeV) we find that pro-
duction of charged Higgs and technipions is excluded (with 95% c.1.} in

the mass range 5 - 13 GeV and for hadronic nranching ratios larger than
about 70% for the decay HY + ¢5 and cb (see Fig. 9), provided

BR(H » cb) / BR{H » c3) < 0.5 as expected by theory. In Fig. 9 our result
is shown together with the JADE result. Taken together, the two experiments
exclude the existence of a pointlike charged scalar particie, with decay
modes as discussed, in the mass range between 5 and 13 GeV.

7. Leptonic decays of b-quarks

From a study of inclusive ut and e spectra from hadronic events at c.m.
energies around 34.6 GeV we obtained the branching ratios:

BR{b > uvX) = 15.0 + 3.5 (stat.) + 3.5 {syst.) %, and
BR(b - evX) = 13.6 + 4.9 (stat.) + 4.0 (syst.) %.

The forward-backward charge asymmetries of the leptons were determined to
Aluy = -0.17 + 0.10 and A{e) = -0.11 + 0.17, compared to an asymmetry of
-0.084 as expected from GWS thecry.

8. Radiative width of §'{1515)%

In photon-photon collisions we observed the excitation of the f'(1515)
and its decay into k'K~ (Fig. 10a) and into ngg (Fig. 10b). Assuming the
f' is produced in a helicity = 2 state, we determined the product of radiative
width times branching ratio for the decay into KR : T{f' > yy) - BR(f' + KK) =
0.11 + 0.02 {stat.} + 0.04 (syst.) keV. The decay f* - KK is dominant. Using
the limits 0.5 < BR(f' + KK) < 1 an¢ the radiative width of the 2 meson,
r(f0 + vy) = 2.95 + 0.40 keV (Ref.10) we estimated the mixing angle 8 of the
JPC = 2'" nonet within the framework of SU(3) to be within the 95% confidence
Vimits: 25.4° < @ « 34.7°. This agrees with the value 8 = 28° + 3° obtained
from the quadratic Gell-Mann Okubo mass formuia. The small radiative width
r(f' » yy) constrains the fraction of non-strange quarks in f' to be < 3%
(35% c.1.).
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9, Observation of a narrow structure at 2.1 GeV inyy>mm =«

A narrow structure has been observed in the four pion system of the
peaction yy > 1 n ntx . The data correspond to a total integrated lTumi-
nosity of about 84 pb'l, most of them taken at a beam energy of 18.3 GeV.
The exclusive = n v x  channel was separated from events with additional,

" undetected particles by requiring a low net momentum transverse to the

beam: |2 ET[ < 0.070 GeV/c. Assigning pion masses to all particles there

are a total of 3955 events with a © w n 7 mass My, < 4 GeV. The M,

mass distribution (Fig. 11) shows a narrow structure near 2.1 GeV. A smooth
background of the shape {a + b - M} - exp{-c - M) was fitted to the data
between 1.65 and 3.00 GeV, including the signal region near 2.1 GeV. In

the mass interval 2.05 - 2.15 GeV the fit predicts 190 + 14 events, where-

as 250 events are observed. This deviaticn from the smooth curve corresponds
to an effect of 4.3 standard deviations. Interpreting the structure as a re-
sonance we fitted a non-relativistic Breit-Wigner shape plus a smooth back-
ground to the data, folding the Breit-Wigner with a Gaussian distribution

in order to account for our mass resolution (o = 25 MeV). The fit gave

My = 2.100 + 0.020 GeV for the mass (the error includes a systematic un-
certainty of 0.020 GeV), T = 0.030 + 0.034 GeV for the width of the Breit-
Wigner, and N0 = 97 + 40 events under the Breit-Wigner curve. After correcting
for acceptance (which is 4% on average) the coupling strength to yy is
determined to l"YY = [1.25 + 0.5 {stat.) + 0.5 {syst.})] / (20 + 1} (keV)

where J is the spin of the assumed resonance.
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Figure Captions:

Fig. 1
Fig. 2
Fig. 3
Fig. 4
Fig. 5
Fig. &

Fig. 7
Fig. 8

Fig. 9

+ -
Inclusive charged particle production. Fraction of =, K=, plmp)

as function of particle momentum at c.m. energies W = 14, 22 and
34 Gev.

Inclusive charged particle production, Averaged multiplicity
. F . _
of a7, K7, p(p}, and & (%) as function of c.m, energy.

Inclusive charged particle production. $caled cross section
s dq/dxp as function of the square of the c.m. energy s = HZ.
The curves show fits of the form 1 + < In (5/1GeV2).

Inclusive charged particle production. Coefficients ¢ {see
curves in Fig. 3} as function of Xy 38 measured by TASSQ and PLUTO.
p*t preduction. Distribution of the difference of the invariant
masses M = M(K'r ') - M(K'+") for M(K™r') masses in the 00 mass
region, and for x > 0.5, The charée conjugated combinations are
included,

*. ) .

ot producticn. Scaled crouss section s do/dx as function of
= *

X = Eg*/ Ebeam'

. ‘
D+ production. Distribution of the production angle cosQD*
for x » 0.5. The curves are fits of the form 1 + a cosd + c0529

(full curve) and 1 + c0329 {dashed curve).

Lepton pair production. Differential cross section do/de, divided
by the QED cross section, for pair production of efe™, v'u™, 7.

Search far charged Higgs and technipions., Limits on the hadronic
branching ratio (Bhad) as function of mass My, . Also shown are
the limits on the leptonic branching ratio (BTv) as obtained by
the JADE experiment.
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Fig.
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Production of f'(1515)

Distribution of the invariant mass M(K+K'). The full curve is the
result of a fit with interfering contributions from fo, Az

and f', and a background. The dotted curve shows the contributions
from fo, A2 and f'. The background contribution is given by the
dashed 1ine.

Distribution of the invariant mass M(KJ K2). The full curve is
the result of a fit with interfering contributions from fo, AZ’
and f', and a background (dashed line).

Reaction yy » = v = n . Distribution of the four pion mass My,
The curve shows the result of a fit of a Breit-Wigner plus a smooth
background.
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