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1. INTRODUCTION 

This report includes results from five PEP 
detector~: PELCO, HRS, ¥AC, MARK II and Tr~. A!l, 
except the TPC, are presently taking data at PEP. The 
TPC is 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 II) on T, nO, 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 c and b 
quarks. In Section 4 various new results on hadron 
production are reported. Section 5 summ~r~zes the new 
results. All data were obtained in e e collisions 
wi th total energy -18=29 GeV. 

2. PARTICLESEA~CHES 

2.1 Fractionally Charged Particles (TPC) 

The TPC collaboration has already reported new 
upper limits on a search for Q=±4/3 particles [1]. 
They now have new results on Q=±1/3, ±2/3 particles 
[2]. Simultaneous measurements of curvature and 
ionization losf idE/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 12dOO 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 pa r tic I e s are c I ear I y vis i b lei n Fig. 1. 
The search for fractionally riharged particles is made 
in two regions outside these bands, (a) between 4 and 
8 KeV/cm energy loss and (b) between 24 and ~O KeV/cm. 
A few tracks fall in region (b), but they are easi ly 
rejected as candidates by simple requirements: i) 
track must point to the primary vertex (reject 
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Fig. 1. lon.ization loss vs momentum for tracks in jets 
~s me~sured by the TPC detector [1]. ~egi~ns 
(a) and (b) are search regions for Q=1/3, 2/3 
parti~les. The lines indicate expected <dE/dx> 
curves for Q=1/3 (dashed) or Q=2/3 (~o)id) 
particles with masses of 3 and 10 GeV. 
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Fig. 2. Upper limits reported by the 1PC [2] 
production of particles with Q=1/3 (a), 
Q=2/3 (b). Results from MARK II. PEP14 
JADE are also shown [3]. Curve~ labelled I 
a momentum d~stribution dN/dp~p /E. curves 
use dN/dp~(p /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 
hadro~ic events, corresponding to /Ldt=77 pb • no 
candidates are found. 

The upper limits for IQI=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 limits_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 
re~orted [4] they can extend th~ !electron m~ss search, 
to values above the total e e energy by using the 
process represented in the di~g!am of Fig. Sa. The 

'radiative annihilation of e e into two photinos [5] 
provides sensitivity, depepding on the huninpsity, tp 
selectron masses as high as, e.g., 60 GeV at YS=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 7 energy, 
E . , where the QED background cannot+contri~ute. The 
bWb2 g round is due to processes like e e-y, ~ ~-7' and 
yyy where the two leptons or two of the photons escape 
along the beam pipe. A good acceptance for this 
process is therefore dependent upon the ability to 
detect tracks as close as possible to the beam pipe. 
The variable used is ET , the transverse energy of the 
detected photon. The ~ED background extends to a 
value of ET which is related to the smallest veto 
angle for the photons and leptons of the QED 
reactions. 

The measured ET spectrum is shown in Fig. 3d. 
This was obtained with a veto angle e ~ 5°, improved 
from the previous analysis [4] for whi~h e = 9 0 _12

0 

(Fig. 3c). The _integrated luminosity Yor the new 
analysis is 34 pb . No candidate events are found 
for ET > 3 GeV. For the old analysis, the minimum 1 
energy was 3 GeV and the search region was for ET > 
4.3 GeV. The lower limits, for the combIned 
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Fig. 3. (a) Radiative (e+e-) annihilation into 77. used 
for- selectron search. (b). diagram used for 
neutrino counting, (c) MAC's measured spectrum 
of transverse energy, for events with one 7 
only. Solid curve: spectrum of SED background 
processes. The veto angle was 9 ~12°. (d) same 
as (c) ~ith veto angl~ _~ _~o. Dashed curve: 
expected spectrum for e e ~111. 

Fig. 4 . The Tegion of excluded seleclron 
massive photinos (MAC [4]). 
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luminosity (73 pb -1) are as follows: 

m.:.. > 29 GeV 90%CL for ~ » mR, m_ = 0 
e 1 

m- > 35 GeV 90%CL for ~ =m , m", = 0 
e L 1 

where m
L 

and m
R 

are the masses for the left-handed and 
right-handed sele'ctron. For heavy photirios, limits 
lower than these are expected [5]. Figure 4 shows the 
region o,f. excluded masses for mL » ~. 

The same data can be used to calculate an upper 
limit on the numbe~ _of neutrin? genera~ions. ThZg 
radialive process e e ~ 1UP VIa a vIrtual 
(Fig .. 3b) 'can be used to estimate the number of light 
neutrinos [6]. Again, with nb candidates found a 90% 
CL upper limit can 'be determined: 

N < 43 v 

For comparison the upper limits set by the UA1 
[7] and UA2 [8] experiments in pp collisions from the 
ZO width measurement are as follows: 

UA1 
UA2 

r(Zo) < 8.5 GeV 
r(ZO) < 11 GeV 

N < 34' 
Nil < 47 

v 

TheUA1 group [7] also 
n~ulrino generations from 
e e branching ratio to be 

e ~ ti ma t est he 
the lowe r I imi t 
N < 18. v 

3. WEAK COUPLINGS OF bAND c QUARKS 

number of 
° of the Z ~ 

In e+e- annihilation heavy quarks are, produced 
via one photon or ZO intermediate states. At PEP and 
PETRA energies the interference between these two 
production mechanisms is expected to produce a 
measurable asymmetry in the distribution of the quark 
production angle with respect to the beam direction. 

the 

, 

In lowest order QED, and assuming 
forward-backward asymmetry can 

f 01 lows: 

I Zo, on y one 
be written as 

where Qf is 
a

e 
and a

f 

the charge of the final quark considered, 
are the axial coupling constants for the 
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electrons and the final quark, and, away from the ZO 
pole, X can be approximated with the expression 

GF sM2 
(2) X = 2 = -.042 for s = v29 GeV 

8ncdZ s-M Q z· 

The standard model predicts a =a
b
=-1. a =+1. e c 

Two methods h~ve 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 c 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) (and c. c. ) 

o . - + - + + - - + 0 with subsequent D decay Into K n, K n n n, K n 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 quarks, at most 

2 2 
b/c = Qb /Q c = 1/4 

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

New results from PEP since the Cornell Co~ference 
are from TPC [14] and HRS [11]. The TPC results are 
shown in Fig. 5. Here particle identification is uSfd 
to identify. the, kaon, in high momenlum.±(Don) 
combinations, I.e. z = 2E /~ > 0.5. The_

1
D peak 

includes 120 events, oRtained with 77 pb of data. 
0-+ - + 0 

T~e+d~c~y modes used are D ~ K n, K n nand 
K n n n 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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Fig. - 5. 
A - t..4(O.) - t..4(O) (GeV/r?) 

TPC re.fults on D-± production and asymmetry. 
(a) D- - DO mass difference (and c.c. states). 
The curve Is a fit to a Gaussian shape (a=3 
MeV) and a smooth background. (b) Asymmetry 

0-+ for events with D ~K n (and c.c. states). 

New results from HRS [11] on D- production and 
asymmetry are shown in Fig. 6. Here no particle 
identification is used, the good momentum resolution 
(op/p=O.l%p at high momentum) being sufficient to 
reduce ba£fgrounds. The sample analyzed corresponds 
to 120 pb of integrated luminosity+ Figure 6ashows 
the mass difference for the DO ~ K-w decay mode, wit~ 
the requirement z > 0.3 .. Figure6b shows the mass 
difference for another D decay mode and Fig. 6d shows 
the asymmetry for the combination of three decay 

0-+ - + 0 - + + -modes: D ~ K n , K n n. K nnw. The asymmetry 
from the whole sample is A = -0.OB±0.09. 

HRS [llJ has ~l~o measured the asymmetry using 
inclusive D ~ K w production. Because of the good 
momentum resolution. a DO peak is present in the Kw 
invariant mass (no particle identification is used), 
when the following two criteria are applied: i) 
require Icos6KI < 0.7, where OK is the angle between 
the kaon and toe D direction in the Kw rest frame, ii) 
require z > 0.5. Table I shows the aSl~etry obtained 
in this case; Fig. 6c 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 band c Quarks (TPC) 

This method uses semileptonic decays 01 hadrons 
9arryipg charm or bottom quantum n~bers to tag c and 
b quarks. 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 Ys = 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 produ~ed 
along the direction of the incident electron. 

There are various types of backgrounds to contend 
wi th:. 

a. Background due to 
electrons or muons. 

hadrons misidentified as 

b. For the electron case, source of backgrounds are 
real electrons from +1_ 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 Iowa momentum to be 
detected. 

c. Background from the other ¥eavy quark. _This is 
important because c ~ ~ whereas b ~ ~ , so the 
background from the other quark will tend to 
reduce the asymmetry. It is therefore important 
to select c or b enriched samples and to estimate 
the contribution from the other heavy quark. 

Two variables p and PT with respect to the thrust 
or sphericity axis of tlie 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 [15-16]. New results come from TPC [17] 
which analyzed heavy quark decays into 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 
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rejection. The hadron misidentification probability 
is. 0.003%-0.3%, dep~nding on p and PT. The major 
soUrce of background IS due to electrons from photon 
conver~ions in the mat~rial (0.2 r.l) in front of t~e 
TPC. Figure 7 shows the electron spectra for the 
samples with PT < 1 GeV/c and P T > 1.0 GeV/e. 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 wilh P > 1.5 GeV/c and PT < 1.0 GeV/e; the b 
enriched sample includes 80 events with p > 1.5 GeV/e 
and PT > 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 ± 6)% 
and (11 ± 3)% in the b-enriehed sample, respectively. 
Figures 7c-d show the background subtracted and 
acceptance-corrected distributions of the angle 
belween 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; 

o • 
a. values of a a obtained from D , D , e and ~ agree 

with each othgr. 

b. If we assume a = -1 as expected we obtain for the 
average over ail experiment the values: 

= 1.25±O.34 
= -1.03±O.24 

Standard Model: a 
c Standard Model: a b 

= 1 
-1 

In conclusion, the measured axial coupling 
constants for charm and botlom agree with the Standard 
Model predictions within ~ 30%. 
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Fig. 7; TPC results on prompt electron spectrum and 
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Table I. Results on heavy quark axial coupling constants, for 
electrons, ae and for band c quarks, aq . Here A is the 
measured asymmetry (see text). 

Exp. Quark Ref. rs A ('%) A (%) ae • a 
(GeV) Measured Expected q 

charm 

HRS D* 11 29 -8±9 -9 -0.8±0.9 
HRS DO 11 29 -1l±14 -9 -1.2±1.3 
TPC D* 14 29 -20i13 -9 --2.l±1.4 
TASSO D* 11 34 -13±10 -14 -0.9±0.7 
JADE D* 12 34 -27±14 -14 -1.9±1.O 
AvERAGE 0* -I.2l±O.43 

TPC e 17 29 (-22±16)b -9 -2.3±1. 7 
MAC lJ 15 29 (-5±11)a (-3)a -1.6±3.6 
MARK J lJ 16 35 -17±9 -1.2±0.6 
AvERAGE _ e, lJ -I. 33±O. S5 

AVERAGE charm -1.25±0.34 

bottom 

TPC e 17 29 (-:38±37)b -19 2.011.9 
MAC lJ 15 29 (-7±9)a (-12)a 0.610.7 
MARK II lJ,e 15 29 (_28+13)b 

-11 -19 1 5+0 . 7 
. -0.6 

MARK J lJ 16 35 -15±22 -25 0.6±0.9 
.TASSO lJ 16 34 -38±28 -27 1. 4±1. 0 
JADE lJ 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 e+e- collisions provides a 
simple source of jets that allow the study of the 
process of hadronization. The quark-parton model 
provides a ~i~ple explanation for the observed jet 
structure: e e annihilation first produces qq pairs 
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. 
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Over the past few years a number of models have 
been developed to study the fragmentation of quarks 
and gluon~ into hadroris. In these models, quarks and 
g 1 u on s f r a gm en tin t ~ had ron s e i the r II i n de pen den t I y " 
from other partons [1B]. or in "color singlet strings" 
[19] or in "parton showers" based on perturbative QCD 
[20-22]. Some Monte Carlo generators using 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 
the Cornell Conference [23] on 

from PEP since 
heavy quark 

fragmentation. particle content of 
production and flavor correlations will 

jets, baryon 
be reported. 

4.1 Heavy Quark Fragmentation 

Direct information on heavy quark fragmentation 
is more accessible from the data than for light 
quarks. Tagging of heavy quarks can be done through 
D~, DO and prompt leptons, as discusse<l in. Sec. 3. 
Since the c and b quarks are heavy, cc and bb pairs 
are unlikely to be created in the hadronizalion 
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] 

( 4 ) D ( z) = ! (1-} -(~~ z) r 
2 2 

'where A is a constant and €Q= m q/mQ 

Here Q and q indicate the heavy and light 
make the heavy hadron. The experimental 
usually compared to this form. 

14 

quark that 
results are 



., 

a) 0-· 
-CLEO ~.~\ TPC 

0.4t D MARK" 290GfN 
o TASSO 34.4GeV PreIi'ninaty 
D estimate 5.2GeV 

0.3 

t- I I I 

0.2 (c) 

0.1 

I 
~ -

... 0 
b) DO ~ 

c -CLEO -. 
D MARK II ~ 

5 0.4 f I t 'ti+t\ bI-

t-
..,.., -• 0.3 N 

:g -

, t 
tt 

0.2 ~ 

0.1 

+ I I I 
0 

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 0 0.2 0.4 0.6 0.8 0 0.1 

Xap/PMaa Z - Eo-lEt.am 

Fig.B. Results on n· fragmentation function. (a) 
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A. Chari fragmentation from D- (TPC). New 
results· on +D fragmentation are reported by TPC 
[14]. The n· _Do mass difference is shown in Fig. 5 
and details are given in Sec. 3.1. The fragmentation 
function is shown in Fig. Bc. A partial compilation 
of results from other experiments, on D· and DO 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 sda/dx. Values of <z> and 
01 £ are shown in Table II. All dala 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 c and b quark 
fragmentation inlo hadrons. From the lepton spectrum 
it is possible to infer the spectrum of the hadrons 
produced from heavy quarks and measure their z 
distributions. 
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New results from PEP are from DELCO(e) [27] and 
TPC(e,~) [17,14]. The TPC electron identification and 
dala have been discussed in Sec. 3.2. In the DELCO 
exp~riment, ~leclr9n id~ntificalion is ~a~e 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 counler with isobulane (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 moslly to 7 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 II [15]. 
Figure 9b shows the DELCO background substractedp 
distribution. This illustrates how effective the cut 
at P = 1 GeV is in separating the charm enriched from 
the tottom enriched samples. 

The TPC muon results [14] are shown in Fig. 10. 
The TPC muon system covers 98% of the sqlid angle with 
four layers of proportional chambers and a total iron 
thickness varying between 0.67 and 1.25 meters of 
steel. For this analysis only part of the solid angle 
is used and the muon momentum cutoff is at 2 GeV/c. 
The background from kaon decays is reduced by using 
the dE/dx particle identification in the TPC. The 
sample of 982 muon candidates includes a background 
from punch-through and decays of 38%. Figure 10 shows 
the background subtracted c and b enriched samples. 

The results obtained by the different groups are 
summarized in Table II. The procedure used is to make 
an overall fit to the data in bins of p and PT 
(including background) with four free paramelers: 
semileptonic branching ratios for band c quarks, € 

and E (see Eq. 4). From the values of E one can theR 
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 
summa r i zed i n Tab leI I . The res u 1 t s are i n goo d 
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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Electron momentum (GeV/c) ELECTRON PT (GeVlc) 

Fig.9. (a) Prompt electron spectrum from the TPC [17], 
DELCO [27] and MARK II [15]. (b) DELCO's 
backsround subtracted P

T 
distribution of direct 

electrons. Curves represent different 
contributions to the spectrum. 
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Fig.l0. TPC background subtracted spectra of direct 
muons (prel iminary) [14]. (a) Charm-enriched 
sample, (b) bottom-enriched sample. The 
different contributions to the spectrum shown 
are the result of a fit. 
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Fig. 11. The Peterson et al. [25] form for the charm and 
boltom fragmentation funclion

d 
calculated with 

E
c

=O.25±O.05 and £b=o.017±g:ga7 (see text). 

Can the results from the different experiments be 
averaged? This seems to be somewhat inappropriate 
because some experiments, i. e. MARK J [29] and MAC 
[15]. use a different variable z = (E+PL)/(EQ+po)' 
rather than 2Eh/~' TASSO [29] used both and g~ve 
results for c and b quarks that differ by (5-8)% for 
the two parameterizati~ns. Another difficulty is due 
to radiative corrections: DELCO quotes two values 
(with and without radiative corrections) that differ 
by (2-4)%. With caution then, we can average the 
results. For charm we average <z> as obtained from 
the'D- data. without including C the CLEO results, 
because the value of z. is very different from the 
oth~rs. This averagem(~ee Table II) agrees very well 
wit~ the average from the e; ~ data. For EC we also 
aver~ge the D dala. Fat lhe boltom quark, lhe errors 
on the measured €b are very asymmetric, so we choose 
to average <z>b and derive E. The results are as 
follows: 

<z> = 0.57±0.01 E = 0.25 ± 0.05 c c 

<z>b = 0.78±0.03 €b = 0.017 ± 0.010 

the errors are the ones obtained in the weighted 
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Table II. Heavy quark fragmentation results, from e+e
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). 

,Is <z>a £ Ref. 
Chapn 

MARK II D* 29 
CLEO D* 10.5 
TASSO 
HRS 

HRS 

TPC 

D* 34.4 
D* 29 
D~D+ 29 
D* 29 

Average D* 

MARK J J.l 

TASSO J.l 

TASSO e 

TPC J.l 

DELCO e 

Average ).i,e 
Bottom 

34.6 

34.4 

34.4 

29 

29 

MARK II e 29 

MARK II J.l 29 

MARK J J.l 34.6 

MAC J.l 29 

TASSO J.l 34.5 

TASSO e 34.5 

DELCO e 29 

TPC J.l 29. 

TPC e 29 

Average Bottom 

0.58±0.06 
[O.63±0.02]b 
O. 58± 0.04 
0.56±0.02 

O. 58±0 .02 
o .57±0. 01 

o .46±0 .05 

O 71+0.06 
· -0.13 

O 55+0.11 
· -0.09 

0.55±0.08 

0.66±0.06 

0.56±0.03 

0.79±0.09 

0.73±0.18 

0.75±0.07 

0.80±0.10 

O 81+0.05 
· -0.10 

0.75±0.08 

0.76±0.06 

0.83±0.06 

0.74±0.06 

0.78±0.03 

[0. 10± 0.02] b 
o .18± 0; 07 
o .29±0 .10 
O. 36± 0 .12 
O. 28± 0.11 
0.25±0.05 

10 
10 
11 
28 
28 
14 

(0.80±0.22)c· 28 

o 006+0 . 055 29 
· -0.006 

O 23+0.39 30 
. -0.18 

O 26+0.30 14 
. -0.14 

o 071+0 . 076 27 
· -0.038 

o 015+0 . 032 15 · -0.016 

o 043+0 .235 15 · -0.054 
. c 

(0.15±0.06) 28 

o 008+0 . 037 15 
· -0.008 

o 0025+0.0310 29 
. -0.0028 

o 022+0 . 042 30 
· -0.020 

o 025+0·034 27 
· -0.015 

o 0065+0.0204 14 
. -0.0042 

o 033+0 . 042 
· -0.023 

(0 017+0.010)d 
· -0.007 

17 

a All experiments, except MARK J and MAC, use z=2Ehl IS 
(see text). . 

bValues not included in the average. 
~This is the quoted value for IE:. 
Value obtained from <zb> . 

19 



average and do not reflect the problems discussed 
above. So these values are used 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 Parlicle Production 

Two types of data can be obtained by 
production of differenl particles in jets: 
yields and particle spectra. 

studying 
particle 

Particle yields provide information on 
multiplicities of qq pairs pulled from the vacuum, on 
the type of p~irs (i.e. u:d:s ratio), on the ratio of 
diquark to quark pairs (relevanl to one model of 
baryon production) and also on how many 
veclor-vs-pseudoscaiar particles (V/P ratio) are 
produced in the hadronization phase. 

Particle spectra provide information 
fragment~tion function, D(x). The speclra are 
pr~sented in distributions like 

D(x) = (1/ap) da/dx 

on the 
usually 

wilh x = 2Eh /YS (different variables are used by 
different expe'riments, x =2p/-Ys is of len used) and P 
is the velocity of the par~icle. D(x) represents then 
the probability that a particle is produced al x in a 
unit interval of x. 

In this 
production 
presented. 

section ,new results 
and on resonance 

on single 
production 

'particle 
wi 11 be 

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 nO 

produclion (TPC [14]). and on A and E (TPC [14]) .. 

Figure 12a shows the HRS inclusive charg~d 

particle _lspectrum (obtained in a sample of 
!Ldl=20pb ) compared with earlier results from TASSO 
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.4 .8 10-2 10-' 
z 1_'. (I-XF) u.S",. 

Inclusive cross sections for charged hadron 
production measured by HRS [33]. (a) Scaled 
cross section versus z=2p/.f"s. compared with 
TASSO [34]. (b) same data plotted in terms of 
x =2P L/Ts. p being the momentum component 
afons the tMrust axis_ The vertical axis is 
F(xr )=( l/u1r) (2E/...{S) (du/dxr >. 

[34J 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 morecappropriate to study longitudinal 
fragmentation prop~rties. The va~iable is xF' = 
2PL/-/S' where PL 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

F that the authors attribute to production of hadrons 
from light quarks. Monte Carlo studies indicate that 
hadrons that are decay products of particles 
contain-ing heavy quarks cont.ribute mostly in the 
region with x

F 
< 0.6. The curves represent separate 

fits to the data in .the ranges x F=D.l to 0.6 and 
x F=0.6 to 0.9 to the f~nction (l-xF)n. Values of n = 
3.36 ± D.DI and n = 2.16 ± 0.35 were obtained for the 
two regi~ns. These values of n support the hypothesis 
that light quarks are the major contributors at large 
x. Another question that HRS may be able to answer 
with their full sample of data is the behavior for 
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x~l, a region that so far has been inacces~i~le to 
other experiments. 

TPC has recently p~bliihed the normalize~ cross 
sections versus x for n , K , P and p [32]. The dE/dx 
measurements of the TPC (Fig. 13) are used to identify 
particles 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 ~mooth 
rits 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 n,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 baryon 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 forma 
baryon. The parameters used are as follows: slu 
probability ratio, p(s)/P(u)=O.3, and diquark to quark 
probability, P(qq)/P(q)=0.09. The integrated 
distributions give the following multiplicities: 

= 10.7 ± 0.6 
= 1.35 ± 0.13 
= 0.60 ± 0.08 

The preliminary inclusive nO differential cross 
sectioD. from the TPC [14] is shown in'Fig, 15a. The 
electromagnetic calorimeter (HEX) [35] of the TPC 
facility consists of six modules, outside the 1.4 
r.l. 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 7 conversion pairs in the 0.2 
r.l. ~f material ahead of the TPC. The two spectra 
agree with each other within errors. Photons from the o 
HEX are used to reconstruct n s at momenta P > 1 
GeV/c. no 
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Fig. f3. The TPC dE/dx measurement versus momentum [32]. 

Fig~ 14. 

Clean bands for ", K. p are seen. The inset 
shows the ratio to the .dE/dx expected for 
pions. for tracks with 3.5<p<6.0 GeV/c. 
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TPC normalized cross section versus x for 
pions. kaons and protons at .J"s=29 GeV [32]. 
The inset shows the comparison with TASSO [31L. 
The curves are calculated using the LUND Model. 
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Fig. 15. Neutral pion normalized cross section measured 

[] () . w'lth TPC' by the TPC 14. a Comparison 
charged pion data [32]. (b) Comparison with 
TASSO [36] and CELLO [37]. 

o The measured 11" spectrum, compared with TASSO 
[36] and CELLO [37] is shown in Fig. 15b. The 
comparison with TPC's measured charged pion' spectrum 
[32] is shown in Fig. 15a. The ratio 
2u(no )/(u(n+) + u(~-» = 0.92 ± 0.14 indicate~ 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 neutral pion energy is Eno=6,2±0.~ GeV, to 
be compared with the charged pIon energy of 
E

tr
±=12.1±0.7 GeV. The measured 11"0 multiplicty 

(lntegrated over the whole spectrum) is found to be 
N =5.3±0.7 to be compared with N =10.7±O.6 discussed no n± 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. 16a) 
selection criteria are based on kinematics of the A 
decay into 1I"-P, on flight distance and on requirements 
that the dE/dxmeasurements (Fig. 13) ftir 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 GeY/e 
and decreases to several per cent at 10 GeY/c. A 
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tolal of 570 As and As are obtained. The ~ sample was 
selected with criteria based on kinematics of the S ~ 

An decay, for a momentum P ... > 1 GeV/c, and on 
identification of the pi~n by dE7dx mea~~rement. The 
efficiency' was about 2%. Figure 16b shows the ~
signal of 16±4 events. the curves show the result of a 
fit with a smooth background and a Gaussian 
(u=18.7±4.3 MeV). The shape of the background 'was 
obtained by fitting+ the !~mple of "wrong sign 
combinations." i.e., Arr and rr A events (not shown).' 

Figure 16c shows the differential cross sections 
for protons, lambd~ and! as measured by the TPC. 
The curves are again obtained with the LUND model 
[19]~ The values of the relevant parameters are: 

R = P(qq)/P(q) = 0.085 
'r = (P(su)/P(ud»*(P(d)/P(s»=0.4 

where p(qq) and p(q) are the probabilities lo produce 
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), bul 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 

N = 0.60 ± 0.08 
P.P 

NA •A = 0.216 ± 0.013 ± 0.018 

N...:::: 
.. H .... - = 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 .. DELC~). 
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 parrumeter 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 pr~ce~s can be approximately predicted 
in some models and therefore it is important to try to 
measure it: 

New results on 
by MARK II [39]. on 
and on ¢ production 

*. 
p.and K 
K and <P 
by DELCO 

production are reported 
production by TPC [14.40] 
[41]. 

The MARK II data [39] used to study po and K· o 

production are shown in Fig. 17. No particle 
identification is used. so each track is considered 
a~t~rnatively to be a pion or a kaon. All possi£l~ 
n n pairs are plotted in Fig. 17a; all possible K n+ 
pair are shown in Fig. 17b. The 11"11" plot includes 
contributions from K· o where the K± has been 
misidentified as a pion. The K1I" plot includes 
contributions from K .p.~ where one of the pions has 
been misidenti·fied Is a kaon. as well as contribution 
from K*owhere the K and 11" are given the wrong mass 
assignment. Using only pairs with P > 1 GeV/6. a 
simultaneous fit to both distributions was made. 
adding contributions from background (a 4th urder 
polynomial). K , ~, p and K*. The shapes for these 
~tates are teose obtained· from Monte ~arl~; the 
normalizations are left free. After background 
subtraction. the results are shown in Fig. 17c.d

6 where each contribution is drawn separately. The p 
and K*o yields were obtained fr6m this fit to be N 
6255±780. NK*=3635±565. After acceptance correctfon 
for each state they obtain 

* u(K )/u(p) = 0.B7 ± O.1B±O.22 . 

• The number of p and K per event are: 

N = 0.410±O.051±0.067 
P 

NK* = O.356±0.056±0.095 

for 

for 

O.07<x<O.7 

O.07<x<O.7 

where the first error is from statistics, the second 
from sy~tematics. The po differential cross section. 
shown in Fig. 17e. agrees 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 K- and ~ production, [14,40] 
are shown in F_ig. 18. Here particle identification_i~ 
used a¥d_the resonances appear as peaks in the K n 
a~d K K invariant mass, respectively. The kaqns 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 is 
used [40]. From the measured dE/dx and momentum for 
each track and the empirically determined dE/dx c~rves 
for each particle type (i = e,n,K,p) a X is 
calculated for each track hypothesis. A probability 
f ~ r the t r a c k to be 0 f t yp e i i s, cal cui ate d from the 
X • and then weighted by the measured charged particle 
fractions [32] as function of momentum. A probability 
w > 70 % is then requi~ed for a kaon to be identified, 
assuring a puri.t~ of 70% on the average for the kaon 
sample. For the K analysis, a similar procedure is 
also used for the pion identification. 

-1 
In a 69 pb sample of data analyzed this way the 

K~ and KK invariant mass plots of Fig. 18a-care 
obtained., Fits with the sum of a Breit-Wigner shape 
t\nd a smooth ba~kgroun.4 to the "unlike signs" 
distributions yield 2250±120 K· events and 62±11 ¢ 
events. The r.m.s. width for the ~ peak in Fig. l8b 
is 6.2±0.4 MeV,· consistent with the detector 
resolution. T~a normali,zed in~lusive cross sections 
versus x (2E/fi) 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 o .1<x<0. 8 

N~ = 0.084 ± 0.013 ± 0.018 O. <x<l. 

The curves shown have been calculated with 
model [19J using slu = 0.3 and VIP = 1. 
with the data reasonably well. 

the LUND, 
They agree 

The DELCO results on ¢ production [ill are shown 
in Figs. 18d and lBe. 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 at _2.5 GeV/c. Figure 18d shows, the 
invar.iant 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 u=10 MeV, consistent with the 
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Table III. Particle yield measured at PEP and PETRA in e+e
Collisions in the IS = 29-34.5 GeVrange. 

Particle 

± 
1T 

KO+RO 

Particies/Event 

10.7 ±O.6 
10.3 ±0.4 

6.1 ±2.0 
5.2 ±1.8 
5.3 ±O.7 

" ", 

0.72±O.10±0.lS 

0.73±0.06 
0.410±O.05l±0.067 

,1.35±0.13 
2.0 ±O.2 

1.6 ±O.l 
1. 45±O. 08±0 .15 

0.39±O.04±0.05 
0.356±O.056±O.095 

0.084±0.013±O.01S 
'b (0.48±O.17) 

( 
, b 

0.2l±O.09) 
O. 31±O. OS± 0 .11 

(0.25±O.09)b 

Experiment Ref. Remarks 

TPC 
TASSO 

TASSO 
CELlO 
TPC 

JADE 

TASSO 
MARK II 

TPC 
TASSO 

TASSO 
JADE 

TPC 
MARK II 

TPC 

HRS 

HRS 

TASSO 
HRS 

32 
31 

36 
37 
14 

46 

42 
39 

'32 
31 

43 
44 

14 
39 

40 

11 
11 
11 
11 

x=0.1-0.7a 

x-O.l-O.S 
x=0.07-0.7 

x > 0.5 
x > 0.5 
x > 0.3 

(0.015±O.003:t0.00S)/B TASSO 45 

32 
31 

x>0.3 B=BR(F+~n) 

p+p 0.60±O.08 
0.8 ±O.l 

0.2l6±O.013±O.01S 
0.2S±0.04 

0.025±O.009±0.OOS 
0.026±O.OOS±O.009 

TPC 
TASSO 

TPC 
TASSO 

TPC 
TASSO 

14 
43 

14 
3S 

a In this x interval the TASSO result agrees very well with "the 
MARK II. 

bCa1culated by us, using lb =4.0. 
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Fig. lB. Vector meson production data. (a) K±w~ 

i¥v~riant mass from the TPC [14]. (b) and Cd) 
K K invariant mass from the TPC [40] and DELCO 
[41] respectively. (c) Same charge KK mass 
distribution from the TPC. (e) Normalized 
inclusive cross sections for K* and f 
production. The curves are calculated with the 
"Symmetric" LUND Model (solid lines) and with 
the "Standard" LUND Model (dashed lines). 
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resolution. The region of x covered is' 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. 

C. Sunnnary. 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 Pirticle yields and the new results 
presented here on K , n±, nO, 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 ori£inal 

o *0 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 dlstributipns for charged 
particles reported by the TPC (rr.K.p.A.E in Figs. 14 
and 16) are in agreement with expectations from the 
LUND Model with parameters 

u/s 
YIP 

= 0.3 
= 1 

qq/q 
(sd/ud)*(d/s) = 

0.085 
0.4 

The LUND Model [19] also agrees well with the K«:o and 
¢ distributions from the TPC. shown in Fig. 18. 

4.3 Characteristics of Proton Production in Jets 
(TPC) . 

Baryon production in quark 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 YS = 29 
GeV. The general trend is that at high momentum the 
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kaon and proton fractions (fKand f respectively) 
increase, whereas the pion fractIon degreases. 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 
PT' transverse· momentum to the sphericily axil? . is 
sfiown in Fig. 19b-e for different ranges of tolal 
momentum p. Here again a sharp increase with PT is 
observed. The same effect has been observed by the 
EMC collaboration in deep inelastic lepton-nucleon 
scatt.ering [48]. For momenta above 3.7 Ge~/c the PT 
dependence flattens out. 

The high value of f at large PT and the large f 
seen in T decays [49] ha~ stimulated speculations lha:r 
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 necessary to explain the data 
[47]. The aiternative mechanism is simply that f is 
constant at the le~el of primary produced hadroni and 
the apparent increase in f with p·and PT is due to 
the effects of resonance dgcays. 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 '!Slandard" LUND Model. Here f 
appears to be constant with PT' whereas among all th~ 
particles (solid line) f has a strong PT dependence. 
Only at large values of pP(Fig. 1ge), where resonance 
decay effects are suppressed, the flal PT dependence 
survives. 

Another aspect of proton production studied by 
the TPC group is the p distribution of protons at a 
fixed rapidity. FigUre~~Ob shows· the proton cross 
section (l/u)du/(dydPT) for the lyl<lregion. The 
corresponding pion cross section is also shown for 
comparison. The prolon PT distribution can be 
represented by a Gaussian shape with a = 0.55 ± 0.04 
GeV/c. The full lines represent the prediction of the 
LUND Model that has been tuned to describe the mean PT 
of the observed.mesons. It.r:produces the ~arge PT of 
the pro ton s wIt h no add II Ion a 1 ass urn p t Ions . The 
protons are likely to reflect the PT distribution of 
primary hadrons. whereas resonance decays soften the 
observed pion distributions. 
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The protonfr distributl~n can~lso ~e used to 
test baryon proAuction mechanisms. If a proton is 
made out of a diquark and a quark (both of which have 
the same PT di~tribution) th~ proton mean Pr is 
ex p e c ted ~ ODe ~ ..f2 (p T ) . 1ft h e pro ton ~ s rna d e 0 u t 
of three Independent qua¥ks (all three havIng the same 
mean Pr)' the mean proton p is expected to be ~..J3 
(Pr)' Included in Fig. 26b are curves obtained with 
the ~UND Monte Carlo for the diquark-quark case (full 
lines) and with a modified version of the program 
emu I at i ng the thre e· i nde:penden t qua rk hypo the sis 
(dashed lines). The diqua~k-quark model for the 
proton fits the data ve.ry well: The three independent 
quarks model fits the data also, although it appears 
to be slightly disfavored. 

In conclusion, new dat~ "on pioton production 
reported by the TPC [47] points out the effects of 

'resonance d~cays in the app~r~nt increase of proton 
production at large PT' To establish whether this 
increase is also due to Increased proton production in 
gluon jets, more data are needed and careful studies 
must be done to dise~tangle kinematic ~ffects. The 
study of PT distributions of protons shows a broader 
distribution for protons than for pions, this effect 
ca'n also be expla'ined by resonance decays. Fi.nally 
with the present statistics, the data ~annot 

distinguish between a baryon production mechanism with 
three ,independent quarks and a diquark-quark 
mechanism, although the latter seems to be favored by 
the data. 

4.4 Two PartfcleCorrelations (TPC). 

The study of two particle correlations in e+e
annihilation provides information on the hadronization 
proce~s' .. The initial state is a m~ssive virtual 
photon ,that decays into a qq pair (plus possibly a 
hard gluon) and then in the color field stretched 
between the two original quarks, other quark pairs are 
created. At a later time these quarks are transformed 
into observable hadrons. Correlations between 
par tic 1 est hat are far a par tin rap i d i t y,. (L R C) pro v ide 
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. 
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TPC. preliminary results on A-I correlatio~s 
[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: n~, KK and Kn [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 is 
important to know if baryon number is conse~ved 
I 0 c a I I y. i. e . . baryon p air s are produced c lose in 
rapidity space or if baryon numb'er is conserved 
globally. i.e .. there is no definite correlation 
belween the baryons produced in a jet. TASSO [51] and 
JADE [52] have reported data on pp and pp correlations 
that show evidence for local baryon compensation. 

The TPC collaboration reports new dala 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: 

A-A 13 events 
A-A 1 even t 
A-X 0 events 

-Background contribution to the A-A sample is estimated 
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to be 2.2±O.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 ~f the thirteen pairs have 
a small opening angle. which is interpreted to mean 
that they are produced in the sam~ jet. For each A a 
rapidity is calculated using the sphericity axis as 
the jet a xis . The dis t rib u t, ion a flAy I. the rap i d i t Y 
difference between the A and 1. is shown in Fi.g. 21b. 
On the average. for the ten pairs produced in the same 
jet. IAYI = O.4± 0.3. This aga.in 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 sampl.e 
has purity >75% for all rapidity ,values, whereas the 
pion sample has purity >90%. 

The two particle charge correlations reported by 
the TASSO colla·boration [53] showed evidence for the 
charged nature of' primary partons. A similar 
technique is used by the TPC collaboration to study 
11"11". KK and.K1I" corz:-elations. For each particle in a 
jet. a rapidity is calc~lated with respect to the 
sphericity axis. Then a test particle "a" at a given 
rapidity ~' is chosen and for all other particles of 
type lib" at rapidity. y; a charge density is calculated 

D(ab)=(Nb(opp. Q as "a") - Nb(same Q as "a"»/N
a 

The values of D(ab) versus y. for a test particle in 
the rapidity interval y'~i.5 to 4. are plotted in 
Fig. 22 ·for the three different ~ases: 11"11'. KK. 1I"K. 
The distributions are corrected for acceptance. 
particle misidentification and radiative effects. 
using our detector simulation in cO,njunction with the 
LUND generator [19]. The corrections are a function 
of rapidity as well as of the angl~ of the sphericity 
axis with respect to the beam lin~. Error bars in'the 
distributions include the systematic uncertainties 
associated with these co~rections. 
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quarks. The dot-dashed curves were calculated 
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mechanisms responsible for LRe and SRe. 
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The nn correlations in Fig. 22a are similar to 
the charge correlations reported by TASSO [53] and by 
Drijard et a1. [54] in an ISR experiment. There is a 
large peak (SRC) at about y=2 due t9 resonance decays 
and local ch~rge conservation. A LRC is evident as 
well; this is evidence for charged primary partons. 
Integration of the distribution shows that the n± 
charge is compensated by another pion (95±2)% of the 
time. 

The KK distribution in Fi~. 22b is qualitatively 
similar to that of Fig. 22a for nrr. However, for the 
KK distribution the relative strengths of the SRC and 
the LRC are almost equal, whereas for the nn case the 
SRC is stronger than the LRC. For the SRC the· only 
known resonance is the ~, which, as seen in Table III, 
is produced at a significant rate and contributes to 
the effect along with local strangeness compensation. 
The LRe are due to primary cc and ss quarks. as 
indicaled in Fig. 22e. 

Finally. the Krr correlation of Fig. 22c 
illustrates the effect of heavy quark decays. The LRC 
shows a significant same sign charge correlation. 
This can be explained wilh charm production as 
illustrated in Fig. 22f. The curves drawn in Fig. 22c 
are the predictions of the "symmetric" LUND model 
(solid line). of lhe same model without heavy c and b. 
quarks (dashed line) and of the Webber [20] model 
(dol-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: nn, KK and Krr. It is not possible to 
distinguish between these lwo models wilh lhe 
information contained in these graphs. 

In conclusion. short and long range flavor 
correlations have been observed by the TPC 
collaboralion. Short range correlalions indicale lhat 
quantum numbers are locally conserved. Long range 
correlations show that the primary quarks carry flavor 
and that heavy quarks produce sizable effecls. 

5. SUMMARY 

New results from TPC, DELCO, HRS, MAC and MARK II 
have been presented. 
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Limits on production of Q = 1/3. 2/3 particles in 
jets have been improved by about an order of ~agni-tude 
by the TPC. 

A new limit on 
electron has been 
photino mass. 

the mass 
set by 

of 
MAC 

the 
at 

supersymmetric 
35 GeV for zero 

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 
wotld average of these type of measurements yield (see 
Table I): 

a = 1.25±O.34 
c 

a b = -1.03±0.24 

where the Standard Model predicts a
c

=+l and a
b
=-l. 

New results on heavy quark fragmentation have 
been reported by DELCO and TPC. The Peterson et 
al. [25] 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 
assumption~ in baryon production models. New data on 
yields and spectta of K*, p, and ¢ add information 
relevant to the understanding of the s/u. ViP. and 
~/K· production ratios. 

TPC has made some detailed sttidies 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 wit~ 
u = O.55±0.04 GeV/c. 

New results have been presented on two particle 
correlations. that are expected to provide deeper 
understanding of the fragmentation process. Local 
baryon compensation has been observed by the TPC in 
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A-X production: Finally. fla~o! correlations have 
been studied by the TPC in e eannihilalion. Both 
short range and long range flavor compensation are 
observed in the nn. KK. and Kn charge~weighted 
rapidity correlations. 

This work was supported by the Department of Energy 
under contract No. DE-AC03-76SF0009B. 
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