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1. [INTRODUCTION

This report includes results from five PEP
detectors: DELCO, HRS, MAC, MARK II and TPC. All,
except the TPC, are presently taking data at PEP. The
TPC 1is being upgraded: a new superconducting coil is

being installed and other improvements are ©being
implemented.

The results discussed here are either new or
improved since the Cornell Conference. Other results
from PEP have been reported at this Conference by
George Trilling (MARK 1II) on T, D®, and b lifetimes
and a new limit on the tau neutrino mass, and by Bill
Ford on the MAC measurement of the b lifetime.

Section 2 will discuss new results on Particle
Searches and a limit on neutrino generations. Section
3 includes new data on weak couplings of ¢ and b
quarks. In Section 4 varicus new results on hadron
production are reported. Section 5 summarizes the new
results. All date were obtained in e e collisions
with total energy Vs=29 GeV. ’

2. PARTICLE SEARCHES

2.1 Fractionally Charged Particles (TPC)

The TPC ccollaboration has already reported new
upper limits on a search for Q=+4/3 particles [1].
They now have new results on Q=x1/3, x2/3 particles
[2]. Simultaneous measurements of curvature and
ionization loss (dE/dx) for each particle produced in
the reaction e e -hadrons allows the identification of
particles with charges different from unity.

Figure 1 shows the scatter plot of dE/dx versus
momentum for tracks with more than 80 ionization
samples produced in 12000 hadronic events. The
average charged multiplicity is 12.6 tracks per event.
The dE/dx resolution is 3.7%. The bands populated by
known Q=1 particles are clearly visible in Fig. 1.
The search for fractionally charged particles is made
in two regions outside these bands, (a) between 4 and
-8 KeV/em energy loss and (b) between 24 and 40 KeV/cm.
A few tracks fall in region (b), but they are easily
rejected as candidates by simple requirements: i)
. track must point to the primary vertex (reject
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Fig. 1. Ibnization loss vs momentum for tracks in jets
es measured by the TPC detector [1]. Regions
(a) and (b) are search regions for Q=1/3, 2/3
- particles. The lines indicate expected <dE/dx>
curves for Q=1/3 (dashed) or Q=2/3 (solid)
particles with masses of 3 and 10 GeV.
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Fig. 2. Upper 1limits reported by the TPC [2] on
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~ production of particles with Q=1/3 (e), and

Q=2/3 (b). Results from MARK 1I, PEP14 and
JADE are also shown [3]. Curves labelled 1 use
e momentum distribution dN/dp=p“/E, curves 11
/E) exp(-3.5E), E in GeV.
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deuterons and tritons from secondary interactions),
ii) ionization must be due to a single track (reject
- overlapping tracks). For the total sample of _%9000
hadronic events, corresponding to fLdt=77 pb ~, no
candidates are found. '

The upper limits for |Q|=1/3, 2/3 production are
shown in Fig. 2 as a function of quark mass. The
limits are mass and model dependent since the
acceptance of the apparatus is a sharp function of the
momentum of the particle. Results for two such models
are shown in the figure, as well as limi s_obtained by
other experiments [3] for the reaction e e -qq X.

2.2 Selectron Search and Neutrino Counting (MAC)

The MAC collaboration has new results on their

supersymmetric electron  search. As previously
reported [4] they can extend thg selectron mass search_
to values above the total e e energy by using the
process represented in the diggram of Fig. 3a. The
‘radiative annihilation of e e 1into two photinos [56]
provides sensitivity, depending on the luminosity, to
selectron masses as high as, e.g., 60 GeV at Vs=29
GeV.

The signature for this reaction is provided by - a
single gamma in the apparatus and nothing else. The
search can only be made above a value of ¥ energy,

where the QED background cannot contriEuEe. The

min’ . . -

bacﬁground is due to processes like e e ¥, u g ¥y, and
Y7y where the two leptons or two of the photons escape
along the beam pipe. A good acceptance for this

process 1is - therefore dependent upon the ability to
detect tracks as close as possible to the ©beam pipe.
The variable used is E_, the transverse energy of the
detected photon. The SED background extends to a
value of E which is related to the smallest veto
angle for ?he photons and leptons of the QED
reactions. :

The measured E,, spectrum is shown ig Fig. 3d.
This was obtained with a veto angle 6 & 5, improveg

from the previous analysis [4] for which @ = 9§%-12°
(Fig. 3c). The _jntegrated luminosity Yor the new
enalysis is 34 pb °. No candidate events are found
for E > 3 GeV. For the old analysis, the minimum 7y
energy was 3 GeV and the search region was for E >
4.3 GeV. The lower limits, for the combined
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luminosity (73 pb_l) are as follows:
_m; >‘29 GeV - 907%CL forvui >> mR'.p;:= 0

mé‘> 35»G¢V BO%CL for.m.R = mL . m; = 0
where m. and m_, are the masses for the_leftehanded and
right-handed selectron. For heavy photinos, limits
lower than these are expected [6]. Figure 4 shows the
region of excluded masses for mL >> mp.

A The same data can be used to calculate an upper
limit “on the number of neutrino generations. The
radiative process e e - vU via a virtual Z

(Fig. 3b) can be used to estimate the number of light
neutrinos [B8]. Again, with no candidates found a 90%
CL upper limit can be determined:. ' '

N < 43
N A v ,
For comparison the upper limits set by the WUAl
[7] and UAZ2 [B8] experiments in pp collisions from the
o' . -
Z" width measurement are as follows:
UAL r(z2) < 8.5 GeV' N < 34"
uaz  r(z°%) < 11 GeV N’ < 47 |
The UA1 group [?] also estimates the number _of
ngutrino generations from the lower limit of the 72~ -
e e branching ratio to be Nv < 18. .

3. WEAK COUPLINGS OF .-b AND c QUARKS

In e+e_ annihilation heavy quarks are produced

via one photon or Z° intermediate states. At PEP and
PETRA energies the interference between these two
production mechani sms is' expected to produce a

measurable asymmetry in the distribution of the quark
production angle with respect to the beam direction.

In lowest order QED, and assuming 'ohly one 2°,

the forward-backward asymmetry can be written as
follows: ' '

(1) A = (F-B)/(F+B) = -3/2x(a_.a,)/Q,

where Q_, is the charge of the final quark <considered,
a, and a, are the axial coupling constants for the



electrons and the final quark, and, away from the 2
pole, x can be approximated with the expression

GF 'sM2 _
(2) X = —~ ——5— = —.042 for s = V29 GeV
8Tav2 s-Myo - '
The standard model predicts ae=ab=—1, ac=+1.
Two methods have begn used to measure. this
asymmetry: a) use D and D mesons, products of the c

quark, and b) use leptons that are decay products of
hadrons produced in the hadronization of ¢ and b
quarks.

3.1_D* and D as Tag for c Quarks (HRS and TPC)

The charm quark is easily tagged by identifying
* :
D events using the decay

(3) p*t & p° At (and c. ¢. )

with subsequent D° decay into K mn', K n'n'n, Kn'n®
etc. The decay (3) has a small Q value (5.8 MeV) and
the D ~D mass difference exhibits a narrow peak at the
pion mass. The background from u, d, and s quarks
will be very small, whereas the contribution from b
quark can be calculated to be, depending on the

spectrum of D's from bottom gquarks, at most
' n 2,52 _
b/e = Q,°/Q,° = 1/4

Thiss method, originally used by the MARK 1
collaboration [9], has been used extensively in e e
collisions [10-12].

- New results from PEP since the Cornell Conference
are from TPC [14] and HRS [11]. The TPC results are
shown in Fig. 5. Here particle identification is us$d
to identify the kaon, in high momentum_  (D°n")
combinations, i.e. z = 2E_ /vVs > 0.5. The lD*t peak
includes 120 events, ogtained with_?l pb~ gf data.
The decay modes used are D° - K n', K#na° and
Knnwn and the charge <conjugate states. For the
asymmetry measurement (Fig. 5b) only the first decay
mode was used in order to minimize the background.
The value of the asymmetry is A = -.20+.13, where
-0.09 is expected.
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“ New results from HRS [11] on p* production and
asymmetry are shown: -in Fig. 6. Here no particle
identification is used, the good momentum resolution
(6p/p=0.1%p at high momentum) being sufficient to
reduce backgrounds. The sample analyzed corresponds
to 120 pbdb of integrated luminosity Figure 6a shows
the mass difference for the D° » K = decay mode, with:
the requirement =z > 0.4. '~ Figure 6b shows the mass
difference for another D decay mode and Fig. 6d shows
the asymgetry_ ior _tgeo combigaiign of three decay
modes: D > K# , Koan, Knnw. The asymmetry
from the whole sample is A = -0.08x0.09.

HRS [11; has also measured the asymmetry wusing
inclusive D - K ' production. Because of the good
momentum resolution, a D peak is present in the Kmr
invariant mass (no particle identification is used),
when the following two criteria are applied: i)
require |cosd,] < 0.7, where 6, is the angle between
the kaon and tge D direction in %he Kn rest frame, ii)
require z > 0.5. Table 1 shows the asXertry obtained
in this case; Fig. 6¢c shows the K n and c.c.)
.invariant mass distribution for the 120 pb = sample.
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3.2 Leptons as a Tag for b and ¢ Quarks (TPC)

This method uses semileptonic decays of hadrons
carrying charm or bottom quantum numbers to tag ¢ and
b gquarks. The assumption is that the thrust axis of
the jet containing the lepton gives the direction of
the produced quark. In addition, the charge of the

lepton is used to distinguish quark jets from.

antiquark jets. The expected asymmetry at Vs = 29 GeV
(34 GeV) is -9% (-14%) for c quarks and -19% (-26%)
for b quarks. The asymmetry is defined to be positive
if there are more quarks than antiquarks produced
along the direction of the incident electron.

There are various types of backgrounds to contend
with: .

a. Background due to hadrons misidentified as
electrons or muons.

b. For the electron case, source of backgrounds are
real electrons from ,y conversion pairs (in the
material between the e e interaction point and

the tracking detector) and Dalitz pairs for which

one of the electrons has too low a momentum to Dbe

detected.

¢. Background from the other Reavy ‘quark. This is
important because ¢ - & whereas b - % , so the
background from the other gquark will tend to
reduce the asymmetry. It is therefore -important

to select ¢ or b enriched samples and to estimate
the contribution from the other heavy quark.

Two variables p and p,, with respect to the thrust
or sphericity axis of tge jets are used to separate
the samples. In addition, an overall fit including as
variables the semileptonic branching ratios, the z
(z=2E/vs) distributions of the produced parent hadrons
and the backgrounds has to be made before asymmetries
are measured. '

Many groups have published results using this
technique [15-18]. New results come from TPC [17]
which analyzed heavy quark decays 1into electrons.
Electrons are identified by combining the information
from the electromagnetic calorimeter (HEX) and the
energy loss in the TPC. This allows a good hadronic

10



rejection. The hadron misidentification probability
is 0.003%-0.3%, depending on p and p,,. The major
soiirce of background is due to electrons "from photon
conversions in the material (0.2 r.l1) in front of the
TPC. Figure 7 shows the =electron spectra for the
samples with p, < 1 GeV/c and p,, > 1.0 GeV/c. Results
of the overall fit to the data will be discussed in

Sec. 4.1. For the asymmetry measurement, restricted
samples have ©been. chosen in order to reduce
backgrounds. The c—enriched sample comprises 270
events with p > 1.5 GeV/c and p, < 1.0 GeV/c; the b
enriched sample includes 80 events with p > 1.5 GeV/c
and p > 1.0 GeV/c. The contributions from c-e
decays, ©b-c—-e decays, b-e decays and backgrounds .are

(57 £+ 8)%, (7 £ 1)%, (12 + 2)% and (24 + 6)% in the
c—enriched sample and (20 + 3)%, (4 = 1)%, (65 = B)%
and (11 + 3)% in the b-~enriched sample, respectively.
Figures 7Tc—-d show the background subtracted and
acceptance-~corrected distributions of the angle
between the incident e and the thrust axis. The
results of the fits are shown in Table I.

3.3 Summary
Table I summarizes all the results obtained at
PEP and PETRA. Here the systematic and statistical

errors quoted by each experiment have been added in
quadrature.

We notice the following;

a. values of a a obtained from Do, D*, e and ¢ agree
with each othér.

b. [f we assume a = -1 as expected we obtain for the
average over afl experiment the values:

a, = 1.25+0.34 Standard Model: a, = 1
a, = -1.03+0.24 Standard Model: a, = -1
In conclusion, the measured  axial coupling

constants for charm and bottom agree with the Standard
Model predictions within = 30%.

11
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Table I. Results on heavy quark axial coupling constants, for
electrons, a, and for b and ¢ quarks, aq- Here A is the

measured asymmetry (see text).

Exp. Quark Ref. /s = A (%) A (%) a_ - a
(GeV) Measured Expected e q
charm
HRS D* 11 29 -8+9 -9 -0.8:0.9
HRS Do 11 29 -11+14 -9 -1.2+1.3
TPC D* 14 29 -20+13 -9 -2.1:1.4
TASSO D* 11 34 -13+10 -14 -0.9+0.7
JADE D* 12 34 -27+14 -14 -1.9:1.0
AVERAGE ~ D¥ -1.71%0.%43
TPC e 17 29 ~ (-22:16)b -9 -2.321.7
. - MAC u 15 29 (-5+11)8 (-3)a -1.6+3.6
~ MARK J u 16 35 ~17+9 -1.2+0.6
AVERAGE ~ e, n -1.33+:0.56
AVERAGE charm . «1.2540.34
bottom
TPC e 17 29  (-38:37)P  -19 2.0t1.9
MAC M 15 29 (-7:9)a (-12)a 0.6:0.7
MARK II u,e 15 29 (28715 .19 1.540-1
MARK J u 16 35 -15+22 -25 0.60.9
TASSO M 16 34 -38+28 -27 1.4+1.0
JADE u 16 34 -26%9 -26 1.0:0.3
AVERAGE bottom 1.03:0.24

a. Background not subtracted.
b. Derived quantity, not quoted by the authors.

4. HADRON PRODUCTION

Hadron production in efe_ collisions provides a
simple source of jets that allow the study of the
process of hadronization. The quark—parton model
provides a Eigple explanation for the observed ;et
structure: e e annihilation first produces q palrs
which later fragment into hadrons producing the
observed jets. The hadronization process, however, is
not that simple; there are still a number of
unanswered questions that need investigation.
Detailed experimental information is essential.

13



Over the past few years a number of models have
been developed to study the fragmentation of quarks
and gluons into hadrons. In these models, quarks and
gluons fragment into hadrons either "independently"”
from other partons [18], or in "color singlet strings"”
[19] or in "parton showers" based on perturbative QCD

[20-22]. Some Monte Carlo generators wusing these
different models have been made available to
experimentalists and comparisons with data can be
made. In this review the comparison will be mostly

made with the LUND Monte Carlo [19].

In this section results obtained from PEP since
the Cornell Conference [23] on heavy quark
fragmentation, particle content of jets, baryon
production and flavor correlations will be reported.

4.1 Heavy Quark Fragmentation

Direct information on heavy quark fragmentation
is more accessible from the data than for light
qgarks. Tagging of heavy quarks can be done through
D, D and prompt leptons, as discussed in Sec. 3.
Since the ¢ and b quarks are heavy, c€ and bb pairs
are wunlikely to be created in the hadronization

process. The suppression factor is model dependent,
but in first approximation it can be assumed that the
heavy mesons will usually contain a first rank

(primary) quark. -

Experimental results have shown that the
fragmentation function of heavy quarks is peaked at
high energy. The heavy hadron is very likely to carry
a large fraction (z=2E/Vs) of the available energy.
This was anticipated by Suzuki and Bjorken [24]. A
simple form for the fragmentation function of heavy
quarks has been suggested by Peterson et al. [25]

N T
(4) D(Z) - z (lz (l_z))
) . 2
where A is a constant and e¢.= m m
_ d eq= mg/mg
Here Q and q indicate the heavy and light gquark that

make the heavy hadron. The experimental results are
usually compared to this form. ‘

14
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cross sections from CLEO [10] and MARK Il [26],
(c) The TPC preliminary data on D
fragmentation [14].

A. Charm fragmentation from p* (TPC). New
results’ on*+D o fragmentation are rTeported by TPC
[14]. The D" -D  mass difference is shown in Fig. 5
and details are given in Sec. 3.1. The fragmentation
function is shown in Fig. 8c. A partial compilation

of results from other experiments, on D* and D° is
shown in Fig. Ba,b taken from Avery et al. [10]. Here
data from CLEO [10], TASSO [11], MARK II at 29 GeV
[10], and MARK II at 5.2 GeV [26] are shown in a plot

of the scaled cross section sdo/dx. Values of <z> and
of € are shown in Table I1I. All data agree within
errors.

B. _Results from prompt leptons (TPC, DELCO). As
discussed in Sec. 3.2, the prompt leptons in hadronic
events can be used as tag of ¢ and b quark
fragmentation into hadrons. From the lepton spectrum
it is possible to infer the spectrum of the hadrons
produced from heavy quarks and measure their =z
distributions.

15



New results from PEP are from DELCO(e) [27] and
TPC(e,u) [17,14]. The TPC electron identification and

data have been discussed in Sec. 3.2. In the DELCO
experiment, electron identification is made primarily
with a threshold Cerenkov counter, although extra

rejection of background is done with a shower counter.
Two separate experiments were carried out by filling
the Cerenkov counter with isobutane (range 0.5 to 2.5
GeV/c) and then with nitrogen (range 0.5-5.5 GeV/c).
Results from the two experiments agree within
statistics. Backgrounds to the electron signal are
due mostly to 9 conversions and misidentified hadrons"
(total of 28% and 18% for the two different
experimental conditions). Figure 9a shows the
electron cross section for +the DELCO measurements
along with those for TPC [17] and MARK I1 [15].
Figure 9b shows the DELCO ‘background substracted 'p
distribution. This illustrates how effective the cuI
at P, = 1 GeV is in separating the charm enriched from
the gottom enriched samples.

The TPC muon results [14] are shown 1in Fig. 10.
The TPC muon system covers 98% of the solid angle with
four layers of proportional chambers and a total iron
thickness varying between 0.87 and 1.25 meters of
steel. For this analysis only part of the sclid angle
is used and the muon meomentum cutoff is at 2 GeV/c.
The background from kaon decays is reduced by wusing
the dE/dx particle identification 1in the TPC. The
sample of 982 muon candidates includes a background
from punch—through and decays of 38%. Figure 10 shows
the background subtracted ¢ and b enriched samples.

The results obtained by the different groups are
summarized in Table I1. The procedure used is to make
an overall fit to the data in bins of p and p
(including background) with four free parameters:
semileptonic branching ratios for b and ¢ gquarks, e
and €, (see Eq. 4). From the values of € one can then
calcu?ate the <z> for each quark. Both € and <z> are
reported in Table II.

C. Summary. Many &experiments have measured
heavy quark fragmentation parameters. They are
summarized in Table 1I. The results are in good
agreement within errors in the measured values of <z>.
The values of ¢ show a larger variation, but, since
D(z) varies slowly with €, this does not imply a

variation in shape between the many experiments.
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The Peterson et al. [25] form for the charm and
bottom fragmentation function, calculated with

- — 0.010 t t .
ec—0.25i0.05 and eb—0.017io.oo7 (see text)

the results from the different experiments be
This seems to be somewhat inappropriate

because some experiments, i.e. MARK J [29] and MAC

[15], |us

e a different variable z = (E+pL)/(EQ+p ).

rather than 2Eh/VE. TASSO [29] wused both” and™ gdve

results

for ¢ and b quarks that differ by (5-B)% for

the two parameterizations.  Another difficulty is due
to radiative corrections: DELCO quotes two values
(with and without radiative corrections) that differ

by (2-4)
resultg.
the " D
because t
others.
with the
average t
on the me

-C

to avera

follows:
L<z>
<z>

the error

% . With caution. then, we can average the -
For charm we average <z>c as obtained from
data, without 1including the CLEQO results,
he value of Zin is very different f{from the
This average tsee Table I1) agrees very well
average from the e, p data. TFor €, We also
he D data. For the bottom quark, the errors
asured €, are very asymmetric, so we <choose

ge <z>b and derive €. The results are as

= 0.57+0.01 e, = 0.25 & 0.05

b = 0.78+0.03 €y

s are the ones obtained in the weighted

0.017 £ 0.010
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Table II. Heavy quark fragmentation results, from ete
experiments. In all cases systematic and statistical

errors have been added in quadrature for this summary.

Average values to be taken with caution (see text).

- - /5 <z>2 £ Ref.
: Charm _
MARK II D* 29 0.58:0.06 10
CLEO D* 10.5 [0.63:0.021°  [0.10:0.021® 10
TASSO D* 34.4 0.58+0.04 0.18:0:07 11
HRS D* 29 0.56%0.02 0.29+0.10 28
HRS p%p" 29 L 0.36:0.12 28
TPC D* 29 0.58:0.02 0.28:0.11 - 14
Average D¥ 0.57:0.01 0.25+0.05
MARK J u 34.6  0.46:0.05 (0.80:0.22)¢ " 28
. +0.06 4+0.055
TASSO  w  36.4  0.7170-9% 0.00672-532 29
+0.11 50,39
TASSO - e  34.4  0.5570 o9 0.2370-33 30
TPC w29 0.55:0.08 0.2679-39 14
DELCO e 29 . 0.66:0.06 0.071fg-8§g 27
"Average 1,e ' 0.5620.03 '
Bottom 40 032'
MARK II e 29 0.79+0.09 0.01570-03¢ 15
MARK II u 29 0.73:0.18 0.043%0-233 15
MARK J p 34.6 0.75:0.07 (0.15:0.06)¢ 28
' | _ +0.037
MAC 29 0.80:0.10 0.0087):03% 15
’ +0.05 +0.0310
TASSO  w  34.5  0.8170°]7 0.002570-0379 29
+0.042
TASSO €  34.5  0.75:0.08 0.02273:03% 30
' - +0.034
DELCO e 29 0.76:0.06 0.02570: 9% 27
™C . 29 0.83+0.06 o.oossfg-gggg 14
: S +0.042 14
TPC e 29 0.74:0.06 0.03379-032
Average Bottom  0.7820.03 (0.017%0-91%)d

211 experiments, except MARK J and MAC, use z=2Eh/vs
b(see text). . : :
Values not included in the average.
§This is the quoted value for Ve,

Value obtained from <z,>.
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average and do not reflect the problems discussed

above. So these values are wused  only to show
qualitatively the . difference ~between the two
fragmentation functions (Fig. 11). The best way to

obtain an average would be to fit all the data
together, rather than average the individual results.

4.2 Inclusive Particle Production

TwO'types of data can be obtained by studying
production of different part1cles in jets: particle
yields and particle spectra. - :

Particle yields provide information- on
multlpllcltles of q@ pairs pulled from the vacuum, on
the type of pairs (i.e. u:d:s ratio), on the ratio of
diquark to quark pairs (relevant to one model of
baryon productlon) and - also on how many
vector—-vs—pseudoscalar particles (V/P ratio) are

produced in the hadronization phase.

Particle =spectra provide information on. the
fragmentation function, D(x). The spectra are usually
presented in distributions like

D(x) = (1/08) do/dx

with x = 2E /V— (different variables are used by
different experlments, x_=2p/Vs is often used) and g
is the velocity of the par?lcle D(x) represents then
the probability that a partlcle is produced at x in a
unit interval of x. ' :

In this section new results on single " particle
production and on resonance production will be
presented. :

A. Single Particle Production (HRS,TPC). A large
fraction of the particles produced in a jet are pions
that are mostly decay products of resonances.  The
charged pion multiplicity has been measured by TASSO
[31] and now by TPC [32] to be about 10.5 out of 13
charged particles. New results discussed Here are on
charged particles (HRS [33] and TPC [32]), on 7 and =°
production (TPC [14]), and on A and = (TPC [14]).

Figure 12a shows the HRS inclusive  charged
particle _1spectrmn (obtained in a sample of
JLdt=20pb ) compared with earlier results from TASSO
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Fig.12. Inclusive cross sections for charged ' hadron

production measured by HRS [33]. (a) Scaled
cross section versus z=2p/Vs, compared with
TASSO [34]. (b) same data plotted in terms of
x.=2p,/Vs, P being the momentum component

along the thrust axis. The vertical axis

F(xF)=(1/an)(zE/4§)(da/dxF).

[34] at 14 and 34 GeV. The agreement is very good in
the overlap region. The HRS data extend to higher =z
values. The same ‘data are shown in Fig. 12b, plotted
in a variable more- appropriate to study longitudinal
fragmentation properties. The variable is x_. =
2p /Vs, where ©p, is the component of the momentum of
the particle along the thrust axis. The data . suggest
a flattening off of the spectrum at large values of x

that the authors attribute to production of: hadrons
from 1light quarks. Monte Carlo studies indicate that
hadrens that  are decay products of particles
containing heavy 4quarks contribute mostly in ‘the
region with x, < 0.6. The curves represent separate
fits to the data in +the ranges x_.,=0.1 to 0.6 and
xp=0.6 to 0.9 to the function (1-x )*." Values of n =
3.36 + 0.01 and n = 2.16 * 0.35 were obtained for the
two regions. These values of n support the hypothesis
that 1light quarks are the major contributors at large
Xx. Another question that HRS may be able to answer
with their full sample of data is the behavior for
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x-+1, a region that so far has been inaccessible to
other experiments.

TPC has recently pgbli hed the normalized <cross

sections versus x for n, K, p and p [32]. The dE/dx
measurements of the TPC (Fig. 13) are used to identify

paftic]es in jets. At low momentum simple counting in
the n,K,p, bands will provide the number of = particles
of the different species. In the region of ambiguity

with the electron band, electron subtraction is done
by estimating the &electron contamination by smooth
fits to the spectrum outside the region of ambiguity.

In the relativistic rise region the electron
subtracted spectrum is fit to a . sum of three
distributions (for =w,K,p) by maximum likelihood method
(see inset in Fig. 13). The final corrected
distributions for the three types of particles are
shown in Fig. 14. The curves are calculated using the
LUND model [19]. The Dbaryon production mechanism

included in this model assumes that a fraction of the
times a diquark anti-diquark pair is produced in the

color field rather than a quark antiquark  pair. The:
diquark pair then ‘combines with a quark to form a
baryon. The parameters used are as follows: s/u
probability ratio, P(s)/P(u)=0.3, and digquark to quark
probability, P(qq)/P(q)=0.09. The integrated
distributions give the following multiplicities: '

N":t = 10.7 + 0.6

NKi = 1.35 + 0.13

N = 0.60 + 0.08

- P.P

The preliminary inclusive n® differential cross

section from the TPC [14] is shown in Fig. 15a. The
electromagnetic calorimeter (HEX) [85] of the TPC
facility consists of six modules, outside the 1.4
r.l1. conventional magnet coil. Each module consists

of 40 layers of lead-fiberglass—aluminum laminates

with gold-plated tungsten wires in the 6 mm thick gas

gap. It operates in Geiger discharge mode, in a 1 atm '

argon ethyl—-bromide (4%) gas mix. The photon energy
resolution is 16% at 1 GeV. Photons can also be
reconstructed from ¥ conversion pairs in - the 0.2
r.1. of material ahead of the TPC. The two spectra
agree with each other within errors. Photons from the
HEX are used to reconstruct n s at momenta Pﬂo > 1

GeV/c.
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The curves are calculated using the LUND Model.
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The measured =° spectrum, compared with TASSO
[36] and CELLO [37] 1is shown in Fig. 15b. The
comparison with TPC's measured charged pion - spectrum
[32] is shown in Fig. 15a. The ratio
20(n°)/(o(nT) + o(n)) = 0.92 + 0.14 indicates a very
good agreement between the two spectra. The total
energy going into photons is measured to be E_=7.4+0.7
GeV. The mneutral pion energy is E" =6,2i0.g GeV, to
be compared with the charged pion_.energy  of
E +=12.1+£0.7 GeV. The measured =n multiplicty
(?ntegrated over the whole spectrum) is found to Dbe
N =5.3+0.7 to be compared with Nﬁi=10.710.6 discussed
above. :

The TPC Collaboration also reports results on A
and Z production [14]. TASSO first observed =
production with a sample of 14 events [38]. The TPC
results are shown in Fig. 16. The A sample (Fig. 186a)
selection criteria are based on kinematics of the A
decay into n p, on flight distance and on requirements
that the dE/dx measurements (Fig. 13) for the pions
and protons are consistent with the expected values

for the assigned mass hypothesis. The detection
efficiency for A reaches a maximum of 15% at 2 GeV/c
end decreases to several per cent at 10 GeV/c. A
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total of 570 As and As are obtained. The Z sample was
selected with criteria based on kinematics of the Z -
" Am decay, for & momentum P_> 1 GeV/c, and on
identification of the pion by dE/dx measurement. The
efficiency was about 2%. 'Figure 16b shows the E
signal of 18+4 events, the curves show the result of a
fit with a smooth  background and a Gaussian
(0=18.7+4.3 MeV). The shape of the background - was
obtained by fitting, the sample of "wrong sign
combinations,” i.e., Am and w® A events (not shown).:

) Figure 16c‘shpws the difﬂerential Cross sections
for protons, lambda and E as measured by the TPC.
The curves are again obtained with +the LUND. model

[19]. The values of the relevant parameters are:

P(aq)/P(q) = 0.085
(P(su)/P(ud))*(P(d)/P(s))=0.4

where P(qq) and P(q) are the probabilities to produce

R
T

o

a diquark or a quark pair, respectively. For r, the
extra strange—-diquark suppression factor, the flavors
are explicitly indicated. The values of these

parameters are different from the default values of
the LUND program (R=0.09, r=0.2), but they are not the
result of an overall fit. Particle yields obtained by
integrating the distributions of Fig. 16c over the
entire energy region, are ’

0.60 + 0.08

2
]

P.P
Ny % =0.216 + 0.013 = 0.018
N_ 5 = 0.025 + 0.009 + 0.006

where both statistical and systematic errors are
included (for +the first measurement the two errors
have been added in quadrature). The A and £ results
are in agreement with the TASSO results [38], shown in
Table III.

B. Resonance Production (MARK 'II, TPC, DELCQ).
The investigation <of resonance productin in e e
annihilation provides important information on parton
fragmentation. Most of the single particles we have
discussed in the previous paragraphs are decay
products of resonances, and therefore they are one
more step removed from the original partons. The
fraction of vector mesons produced, V/P ratio, is an
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important parameter in many models [18-22], therefore,
it is important to determine it from the data. In
addition, the mass spectrum of hadrons produced in the
hadronization process can be approximately predicted
in some models and therefore it is important to try to
measure it. o

. New results on p and'K*ipfoduction are reported
by MARK II [39], on K' and ¢ production by TPC [14,40]
and on ¢ production by DELCO [41].

The MARK II data [39] used to study po and K*°
production are shown ~in Fig. 17. No particle
identification is used, so each +track 1is considered
alternatively to be a pion or a kaon. All possible
n n pairs are plotted in Fig. 17a; all possible K nt
pair are shown in Egg. 17b. The ﬂﬂiplot includes
contributions from X where the K has been
misidentified as a pion. The Kmn plot includes
contributions from K ,p,w where one of the pions has
been Qgsidentified as a kaon, as well as contribution
from K = where the K and ©n are given the wrong mass
assignment. Using only pairs with P > 1 GeV/c, a
simultaneous fit to both distributions was made,
adding contributions from* background (a 4th order
polynomial), K., w, p and K . The shapes' for these
states are those obtained . from Monte Carlo; the
normalizations are left ‘free. After background
subtraction, the results are shown in Fig. 17c,d
where ggch contribution is drawn separately. The p
and K yields were obtained from this fit to be N =
6255+780, N_ *=36351+565. After acceptance correctfon
for each state they obtain

o(K*)/o(p) = 0.87 + 0.1Bx0.22

The number of p and K* per event are:

Np = 0.410+0.051+0.067 for 0.07<x<0.7

NK* = 0.356+0.056+0.085 . for 0.07<x<0.7
where the first error is from statistics, the second
from systematics. The p differential cross section,

shown in Fig. 17e, amgrees with earlier measurements by
TASSO [42]. The TASSO yield/event shown in Table III,
is integrated over the whole x range.
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The TPC results on XK' and $ production. [14,40]
are shown in Fig. 18. Here particle identification_ii
used and_the resonances appear as peaks in the XK =
and K K invariant mass, respectively. The kaons are
identified unambiguously at low momenta (Fig. 13). At
other momenta and in the overlap regions a method
based on the probability that a track be 'a kaon 1is
used [40]. From the measured dE/dx and momentum for
each track and the empirically determined dE/dx cyrves
for each particle type (i = e,n,K,p) a x is
calculated for each track hypothesis. A probability
fgr the track to be of type i is calculated from the
X ,» and then weighted by the measured charged particle
fractions [32] as function of momentum. - A probability
w > 70 % is then required for a kaon to be identified,
assuring a purity of 70% on the average for the kaon
sample. For the K° analysis, a similar procedure is
also used for the pion identification.

In a 69 pb_l sample of data analyzed this way the
Kn and KK invariant mass plots of Fig. 18a-c are

obtained. Fits with the sum of a Breit-Wigner shape
and a smooth background io the "unlike signs"”
distributions yield 2250+120 K events and 6211 ¢
events. = The r.m.s. width for the ¢ peak in Fig. 18b
is 6.210.4 MeV, consistent with the detector
resolution. The mnormalized inclusive cross sections
versus x (RE/Ys) for K and ¢ production are shown in
Fig. 18e. The - TPC results for K (preliminary) [14]
and for ¢ [40] produced per event are as follows:

NK* = 0.39 + 0.04 + 0.05 0.1<x<0.8

N¢ = 0.084 + 0.013 + 0.018 0. <x<1.

The curves shown have been calculated with the LUND-
model [19] wusing s/u = 0.3 and V/P = 1. They agree
with the data reasonably well.

The DELCO results on ¢ production [4]] are shown
in Figs. 18d and 1Be. A sample of 92 pb of data has

been used. The kaons are identified above 2.5 GeV/c
by a Cerenkov counter filled with isobutane with pion
threshold ai _2.5 GeV/c. Figure 18d shows = the
invariant K K mass distribution obtained when both
tracks are identified by the Cerenkov <counter. An
enhancement is observed at the ¢ mass, containing 26 ¢
with an estimate background of 14 events. The width

of the peak is o0=10 MeV,  consistent with the
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Table III.

Particle yield measured at PEP and PETRA in e+e‘
Collisions in the V8 = 29-34.5 GeV range.

Particles/Event

TASSO

38

Particle Experiment Ref. " Remarks
nt 10.7 0.6 “TPC 32
10.3 0.4 TASSO 31
o 6.1 £2.0 TASSO 36
v 5.2 *1.8 CELLO 37
5.3 £0.7 TPC 14
n 10.72:0.10:0.18 . JADE 46
p® 0.73+0.06 TASSO T 42 ‘
' 0.41020.051+0.067 MARK II 39 x=0.1-0.72
Kt 11.35%0.13 TPC 32 ‘
2.0 0.2 TASSO 31
KO+K° 1.6 #0.1 TASSO 43
B 1.45+0.0840.15 JADE 44
K*O4R %0 .0.39+0.04£0.05 TPC 14  x=0.1-0.8
0.356:0.056+0.095  MARK II 33  x=0.07-0.7
3  0.084:0.013:0.018 TPC 40 |
‘D° (0.48+0.17)P HRS 11 > 0.5 -
ot (0.21£0.09)° HRS 11 x>0.5
D't 0.31:0.08:0.11 TASSO 11 x> 0.3
p** (0.2540.09)P HRS 11 '
F* (0.015:0.003£0.005) /B TASSO 45  x>0.3 B=BR(F+¢T)
PP 0.60+0.08 TPC 32
0.8 0.1 TASSO 31
‘A+E ' 0.21620.013:0.018  TPC 14
- 0.28:0.04 TASSO 43
g7 0.025+0.009+0.008 TPC 14
0.026+0.008+0.009

ain this x interval the TASSO result agrees very well with the

MARK II.
b

Calculated by us, using Rh = 4.0.
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resolution. - The region of x covered 1is ~0.35<x<0.8.
The values obtained for the normalized cross section
are plotted in Fig. 18e and are in agreement with the
TPC data. ) ,

€. Summary. New results on single particle and
resonance production from PEP add information to the
wealth of data collected so far in e+e— annihilation

on jet production.

Table III 'is a compilation of the published
measurements on pirtigle yields and the new results
presented here on K°, -, m , p, A and £. Information

on resonant states is particularly important because

resonances are more directly related to the quantum
numbers and the production mechanisms of the original
partons. The new results reported here on p , K and
¢ production are also included in Table III.

The inclusive x distributions for charged
particles reported by HRS (Fig. 12) shows a flattening
off at large x, providing more information on light
quark fragmentation. The x distributions for charged
particles reported by the TPC (v ,K,p,A,E in TFigs. 14
and '16) are in agreement with expectations from the
LUND Model with parameters

‘ u/s = 0.3 qQu/q = 0.085
V/P =1 (sd/ud)*(d/s) = 0.4

The LUND Model [19] also agrees well with the'K*? and
¢ distributions from the TPC, shown in Fig. 18.

4.3 Characteristics of Proton Production in Jets

(TPC).

Baryon production in guark and gluon
fragmentation provides important information for the
study of jet formation. Baryons, because of their

large mass, experience little momentum degradation in
resonance decays, thus they carry information that
closely reflects the distribution of primary
fragmentation products.

The TPC group has done a detailed study of proton
production [47]. The data are shown in Fig. 19.
Figure 20a shows the TPC measured fraction [32] of
different charged particle species in jets at Vs = 29
GeV. The general trend is that at high momentum the
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kaon and proton fractions (f,.and f_respectively)
increase, whereas the pion fraction detreases. This
is well described by the LUND Model [19]. The
increase of f_ with momentum is shown in more -details
in Fig. 19a,P where now the "Standard” LUND is used
with the value qq/q = 0.075. The dependence of f on

transverse rmomentum to .the sphericity axis, is -
sgown in Fig. 19b-e for different ranges of total
momentum p. Here again a sharp increase with p; is
observed. The same effect has been observed by " the
EMC collaboration in deep inelastic lepton-nucleon
scattering [48]. For momenta above 3.7 GeV/c the Pr
dependence flattens out.

The hlgh value of f_ at large P and the large f
seen in T decays [49)] hal stimulated speculations tha
proton production increase is related to gluon
emission [50]. The TPC results can be explained with
an alternative mechanism, higher proton production in
gluon jets not  being mnecessary to explain the data
[47]. The alternatlve mechanism is simply that is
constant at the level of primary produced hadrong and
the apparent increase in f with p and p is due to
the effects of resonance décays. Resonances produce a
large number of low energy pions that dilute the
proton fraction in jets. The dashed lines in Fig. 19
show the fraction of protons among the primary hadrons
as calculated by the "Standard” LUND Model. Here f
appears to be constant with p whereas among all th
particles (solid line) f has a strong p, dependence.
Only at large values of p (Flg 19e), where resonance
decay effects -are suppressed, the flat Pq dependence
survives. :

Another aspect of proton production studied by
the TPC group is the p, distribution of protons at a -
fixed rapidity. Figureé Ob shows ' the proton <cross
section (l/a)da/(dyde ) for the |yl|<l region. The
corresponding pion cross section is also shown for
comparison. ° The proton p distribution can be
represented by a Gaussian shape with ¢ = 0.55 x 0.04
GeV/c.  The full lines represent the prediction of the
LUND Model that has been tuned to describe the mean p
of the observed mesons. It reproduces the large p,. o
the protons with no additional assumptions. The
protons are likely to reflect the p,, distribution of
primary hadrons, whereas resonance decays soften the
observed pion distributions.
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The proton p,, distribution can also' be used to
test baryon production mechanisms- If a proton is
made out of a diquark and a& quark (both of which have
the same p distribution) the proton mean p,, is
expected to Te = vZ (pp)_ . If the proton is made " out
of three independent qha?ks (all three having the same
mean p, ), the mean proton p,, is expected to be = V3
(pT) . Included in Fig. 20b are curves obtained with
the LUND Monte Carlo for the diquark—quark case (full
lines) and with a modified .version of the program
emulating . the three. independent quark hypothesis
(dashed lines). ‘The diquark-quark model for the
proton fits the date very well. The three independent
quarks model fits the data also, although it appears
to be slightly disfavored. :

: In conclusion, new data "on proton production
reported by the TPC [47] points out the effects of
‘resonance decays in the apparent increase of proton
production at large p,,. To establish whether this
increase is also due to lncreased proton production in
gluon jets, more data are needed and careful studies
must be done to disentangle kinematic effects. The
study of p, distributions of protons shows a broader
distribution for protons tham for piomns, this effect
can’ also be explained by resonance decays. Finally
with the present statistics, the data cannot
distinguish between a baryon production mechanism with
three ‘independent ‘quarks and a . diguark—quark
mechanism, &although the latter seems to be favored by
the data. :

4.4 Two Particle Correlations (TPC).

The study of two particle correlations in e+e—
annihilation provides information on the hadronization
process. The initial state is a massive virtual
photon that decays into a q pair (plus possibly a
hard gluon) and then in the color field stretched
between the two original quarks, other guark pairs are
created. At a later time these quarks are transformed .
into observable hadrons. - Correlations between
particles that are far apart in rapidity (LRC) provide
information on the initial partons and can test flavor
compensation. Correlations between particles that are
close in rapidity space (SRC) provide information on
local conservation of quantum numbers.

35



é
s :
- 4 e <
. H §
H >
£ <
Z
!

0 :
-0.8-04 0 0.4 0.8
cose

Fig.21. TPC preliminary results on A-K correlations

[14]. (a) Opening angle between the A and A.
(b) Distribution of rapidity difference between
the A and A.

The TPC collaboration is reporting A-A
correlation studies and, using particle
identification, presents results on flavor
correlations: #w, KK and Km [14]. :

A. Baryon Correlations. Baryons are made of
‘three quarks in a color singlet state. In order to
understand the mechanism of baryon production, it 1is
important to know if baryon number is conserved
locally, i.e., baryon pairs are produced <close in
rapidity space or if Dbaryon number 1is conserved
globally, i.e., there is no definite correlation
between the baryons produced in a jet. TASSO [51] and
JADE [52] heve reported data on pp and pp correlations
that show evidence for local baryon compensation.

The TPC collaboration reports new _data on A-A
correlations. In the sample of A and A discussed in
Sec. 4.2-A there are fourteen events with two entries.
They are divided as follows:

13 events
i event
0 events

>l|>!>
> >

Background contribution to the A-A sample is estimated
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to be 2.2+0.7 events as calculated by the TPC detector
simulation that uses the LUND Monte Carlo generator.
The distribution of the opening angle between the pair
is shown in Fig. 21a.  Ten of the thirteen pairs have
@ small opening angle, which is interpreted to mean
that they are produced in the same jet. For each A a
rapidity 1is calculated wusing the sphericity axis as
the jet axis. The distribution of |Ay|, the rapidity
difference between the A and A, is shown in Fig. 21b.
On the average, for the ten pairs produced in the same
jet, |Ay] = 0.4+ 0.3. This again shows evidence for

local baryon compensation.

B. Flavor Correlations. Because of particle
identification over a large solid angle, the TPC can
study correlations between particles of known flavor.
Kaon and pion identification is done using the method
discussed in Sec. 4.2-B. . For this analysis the
requirements on purity are more stringent, and tighter
cuts are imposed on the data. The final kaon sample
has purity >75% for all rapidity values, whereas the
pion sample has purity >90%. ' :

The two particle charge correlations reported by
the TASSO collaboration [53] showed evidence for the
charged nature of primary partons. A similar
technique 1is wused by the TPC collaboration to study
nr, KK and K7 correlations. For each particle in a
jet, a rapidity 1is calculated with respect to the
sphericity axis. Then a test particle "a"” at a given
rapidity y is chosen and for all other particles of
type "b” at rapidity. .y, a charge density is calculated

D(ab)=(Nb(opp. Q‘as "at) — Nb(sgme-Q as fa”))/Né

The values of D(ab) versus y, for a test -particle in
the rapidity interval y'=1.5 to 4, are plotted in

Fig. 22 for the three different cases: nm, KK, =K.
The distributions are corrected for acceptance,
particle misidentification and radiative’ effects,
using our detector simulation in conjunction with the
LUND generator [19]. The corrections are a function
of rapidity as well as of the angle of the sphericity
axis with respect to the beam line. Error bars in- the

:distributions include the systematic ,uhcértainties

associated with these corrections.

37



™PC (b) SRC

et K SRC FxK*
—— e
6* K- =* 6‘

PN IEILYEY

c\d

(£)

~ -2 0© 2
Rapidity y
Flavor tagged chargi _density+ D(ab), versus

‘repidity y for (a) mm , (b) KX and (c¢) n°K

The test particle has y’'=1.5-4.0. The solid
(dashed) curves show the expected correlation
from the LUND Model with (without) ¢ end b
quarks. The dot-dashed curves were calculated
with the Webber Model [20]. (d)-(f) Show some
mechanisms responsible for LRC and SRC.

38



The nm correlations in Fig. 22a are similar to
the charge correlations reported by TASSO [53] and by
Drijard et al. [54] in en ISR experiment. There is a
large peak (SRC) at about y=2 due to resonance decays
and local charge conservation. A LRC 1is evident as
well; this 1is evidence for charged primary partons,
Integration of the distribution shows that the =«
charge 1is compensated by another pion (95+2)% of the
time. '

The KK distribution in Fig. 22b is qualitatively
similar to that of Fig. 22a for mm. However, for the
KK distribution the relative strengths of the SRC and
the LRC are almost equal, whereas for the nim case the
SRC is stronger than the LRC. For the BSRC the only
known resonance is the ¢, which, as seen in Table 111,
is produced at a significant rate and contributes to
the effect along with local strangeness compensation.
The LRC are due to primary ¢ and s§ quarks, as
"indicated in Fig. 22e.

Finally, the Km correlation of Fig. 22¢c
illustrates the effect of heavy quark decays. The LRC
shows a significant same sign charge correlation.
This can be explained with charm production as
illustrated in Fig. 22f. The curves drawn in Fig. 22c
are the predictions of the “symmetric” LUND model
(solid line), of the same model without heavy c¢ and b,
quarks (dashed 1line) and of the Webber [20] model
(dot-dashed line). It is <clear that most of the
observed SRC and LRC are due to heavy quarks. The
Webber model and the LUND Model agree with the data
for all cases: aim, KK and Kn. It is not possible to
distinguish between these two models with the
information contained in these graphs.

In conclusion, short and long range flavor
-correlations have been observed by the TPC
collaboration. Short range correlations indicate that
quantum numbers are locally conserved. Long range
correlations show that the primary quarks carry flavor
and that heavy quarks produce sizable effects.

5. SUMMARY

New fesults from TPC, DELCO, HRS, MAC and MARK 11
have been presented.
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Limits on production of @ = 1/3, 2/3 particles in
jets have been improved by about an order of magnitude
by the TPC. ' ) : . :

A new limit on thé_ mass of the superSymmetric'
electron has been set by MAC at 35 GeV for zero

photino mass.

From the electroweak interference term, new
values of the axial weak coupling constant to charm-
and bottom have been reported by HRS and TPC. The

world average of these type of measurements yield (see
Table 1):

—-1.0320.24

a = 1.2540.34 ‘a
c b

where the Standard Model! predicts ac=+1 and ab=—1.

New results on heavy quark fragmentation have

been reported by DELCO and TPC. The Peterson et
al. [256] form of the fragmentation function fits the"
data. The ratio of the ¢ parameters obtained from an

average of the data is:
eb/ec = 0.07 £ 0.04

in agreement with what is expected from the ratio " of
the squared masses for charm and bottom (=0.10).

New data on jet composition and particle spectra
have been reported by HRS, TPC, MARK II, and DELCO.
Production of Z has been observed which, in conjuction
with A and proton information, can test some of the
assumptions in baryon produgtion models. New data on
yields and spectra of K , p, and ¢ add information
relevant to the understandlng of the s/u, V/P, and
®/K  production ratios.

TPC has made some detailed studies of proton
production and emphasized the effect of resonance
decays in the apparent increase of the proton fraction
with momentum and transverse momentum. The proton p
distribution is measured to have a Gaussian shape witg
c = 0.5520.04 GeV/c.

New results have been presented on two particle
correlations, that are expected o provide deeper
understanding of the fragmentation process. Local
baryon compensation has been observed by the TPC in
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A-R production. Finally, flayor <correlations have
been studied by the TPC in e e annihilation. Both.
short range and long range flavor compensation are
observed in the =nm, KK, and Kn charge-weighted
rapidity correlations. o ; S

This work was supported by the Department of Energy
under contract No. DE-ACO03-76SF00098. .
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