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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United Slates Government or any agency thereof.



1. Introduction

The study of multi-particie final state in high-energy reactions has a long
history. Detailed studies of hadronic interactions at Fermilab1) and at the CERN
ISR2) have shown that particles are emitted in clear jets of hadrons along the
beam directions. For the highest energies, a small fraction of events contains
large-angle jets originating from hard collisions, in addition to the beam and
target fragmentation products3.

The clearest observation of jets has been in high-energy e+e~ reactions.
Hadronic interactions contain 5 or 6 valence quarks already in the initial state.
The final state in e+e~ annihilation represents at the parton level a relatively
simple dynamical system: a. qi} state plus possibly a hard gluon4) therefore jets
produced in c+e~ annihilation have to be considered as the cleanest ones. The
study of their properties can help, not only to understand quark fragmentation
but may also serve as an important tool in the analysis of the much more complex
mechanism in hadronic interactions5'.

In this paper we present preliminary results of the overall features of our first
sample of e+e~" annihilation events at 29 GeV.

The data were taken using the High Resolution Spectrometer (HRS) operated
at the PEP storage ring at the Stanford Linear Accelerator Center.

2. Description of the Apparatus and Event Selection

The HRS, shown in Fig. 1, is a general purpose e+e~ detector that provides
excellent measurements of charged particle momenta.

The tracking is done in a 1.62 T magnetic field by a combination of a 15 layer
inner drift chamber covering 90% of 4JT and 2 layers of drift tubes comprising
an outer drift chamber which covers .62 of 4JT. The momentum resolution for
14.5 GeV/c particles reaching the outer drift chamber is <rp = 1.0 X 10~3p2

(GeV), while the inner drift chamber alone measures momenta to a precision of
5.0 X 10"3p2 (GeV).

The tracking system is surrounded by lead scintillation sandwich electro-
magnetic calorimeters (barrel and end-cap). The energy resolution is a(E) =
.16\/E (E in GeV) and <r(E) — .20\/E for the barrel and end-cap, respectively.
The position of the showering particle is determined by a set of proportional
tubes.
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Fig. 1. Cross section view of the High Resolution Spectrome-
ter.

The total detector thickness is .02Xo from the annihilation point to the outer
tracking layer.

One photon annihilation events were triggered by the observation of > 2
tracks in the drift chamber or by the deposition of > 4.8 GeV of neutral energy
in the calorimeters.

The data presented were obtained during 1981-1982 PEP running cycle and
correspond to an integrated luminosity of 19.6 pb~l. The normal PEP operating
energy was 14.5 GeV per beam, but a small fraction of the data were taken at
14.02 GeV per beam.

To eliminate beam-gas and two photon background the events selected for
this analysis had > 5 charged prongs with a vertex constrained to the interaction
point, a visible energy of E| p | > 8 GeV and > 2.0 GeV of energy deposited in
the calorimeters.

The selected tracks were required to extrapolate to the beam vertex and to
have an emission angle > 25° to the beam axis. These cuts accepted most of
the charged tracks from K° and A decays. Minimum and maximum momentum
values for any accepted track were pmin = .1 GeV and pmax = 15 GeV.

3. Two Jet Events Selection

Our two jet sample was selected and studied in terms of the jet variables
sphericity (5), aplanarity (A) and thrust )



In order to select a sample of q q fragmentation events, we used the distribu-
tion of events in the sphericity-aplanarity space shown in Fig. 2. The definition
of a two-jet event is arbitrary because gluon emission is a radiative process, but
we choose S < .25 and A < .1 to define the two jet sample used in this paper.
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Fig. 2. Distribution of events in the sphericity-aplanarity
space.

In the following we restrict our studies to the two jet sample and, since we
will be concentratmg on the charged particles, we further require that both jets
have > 2 GeV/c of charged particle momentum. The jet axis of the selected two
jet sample is defined by the T axis. In order to minimize any geometrical bias in
the detector events were required to have the T axis > 45° with respect to the
beam direction. The net measured charge was required < 4 units.

With these selections we tagged 4183 events as two jet events. The distri-
bution in azimuthal and polar angle of the T axis is shown in Fig. 3, in good
agreement with the expected distribution isotropic and (1 + cos2 0), respectively.

4. Results

4.1 MULTIPLICITY

The multiplicity distribution of our data, shown in Fig. 4 as a fraction of
the mean, as first suggested by Koba, Nielsen and Olesen8' (KNO), is in good
agreement with inclusive PETRA data9'.

Our data are compared with the KNO distribution of pp and p p annihilation
data. Our results show a narrower distribution than the pp data, while are similar
to pp annihilation data.
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Fig. 3. Distribution of (a) polar angle (0), (b) azimuthal angle
(<j>) of the thrust axis. The expected 1 + cos2 9 and isotropic <j>
are shown as the lines.

4.2 T E S T OF FRAGMENTATION INDEPENDENCE

We have performed a few simple tests to understand to what extent the quark
jets fragment independently. We assign the charged particles in a given event to
one or the other jet, according to which detector hemisphere they populate; the
equator is the plane perpendicular to the thrust axis.
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, Fig. 4. KNO multiplicity distribution for the two jet sample
compared to the Slattery fit to the pp results10'and pp annihi-
lation data.11'

Figure 5 shows the distribution of the mean multiplicity in one jet (F) com-
pared to the number of charged particles in the second jet (B). There is clearly
not a strong correlation between the multiplicities in the two hemispheres. We
have repeated the analysis (Fig. 5b) with the central rapidity region (|y| < 1)
removed. This selection minimizes possible biasses coming from particles in the
central region whose jet assignment could be affected by the uncertainties of the
thrust axis direction. It also removes the low momentum particles that are not
reconstructed by the HRS with full efficiency.

The data are compared with a Monte-Carlo prediction using Field-Feynman
fragmentation technique (dashed curve).12'The agreement is good, supporting the
idea of independent fragme^. ition of the two jets. Our data are also contrasted to
the results of proton-proton collisions13'at s/s = 31 atd 63 GeV (full and dotted
lines). While e+e~ annihilation data favor independent fragmentation, hadronic
data show a positive correlation between the two hemispheres multiplicities.
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Fig. 5. Forward-backward multiplicity correlations (a) all data,
(b) region \y\ < 1 removed. Dashed lines indicate Monte Carlo
with Field and Feynman parameterization; solid lines indicate
hadronic (pp) data at y/s = 31 GeV; and dotted lines indicate
hadronic (pp) data at ,/a = 63 GeV.

The jet mass (M) has been calculated using only the charged particles and
assigning pion masses to the observed hadrons. The lack of a F/B dependence
of the jet mass of Fig. 6 further supports the idea of independent fragmentation
of the q and q.

4.3 CHARGE COMPENSATION

In Fig. 7 we show
y-Z < 5.5 where:

for a test region selection in the range 2.5 <

<t>(y\,yi) = (p+ (yi,yn) + p (si,yz))-(p ((vi,V2) + p (yi,y2))

and
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Fig. 7. Charge compensation test. The curve shows the Monte
Carlo results.



The data show a predominant local charge compensation but, in addition,
there is a finite correlation in the opposite jet with y < 0, such as would be ex-
pected if the jets originated from the fragmentation of oppositely charged quark
pairs. A3 seen from the line, the Monte-Carlo events which come from charged
quark fragmentation give a reasonable representation of the data. Similar results
have already been reported by the TASSO collaboration14).

4.4 CORRELATIONS IN RAPIDITY

The early results from Fermilab1) and the ISR2) showed that the particle
produced exhibit short range clustering in rapidity. Recent e+e~ data also show
similar effects15).

The two body correlation function that we use is:

R =

where

1 dV i
IT Ste) = = ~~~i—J— i / P2\yi> y2)dyidy2 = = < n(n — 1) >aayxdyi J

\da f
- —r~ ; / Pi{y)dy = < n >

a ay J
and

< n(n — 1) >

Since if is a ratio of density functions it is relatively free of experimental biasses.

The multiplicity dependence of Rce is shown in Fig. 8. The correlation
strength, as measured by Rcc, is rather independent of multiplicity. Hadroaic
data at the ISR seem to show a decrease in the height of the correlation as the
multiplicity increases16). It must be pointed out that the data of Ref. 16 are not
relatively normalized (/ = 1) while our data have / = .892, .914 and .955 for
the three different bands of multiplicities studied.
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Fig. 8. Multiplicity dependence of central region charge-charge
correlation Rec for (a) 5 < nch < 9, (b) 10 < nch < 12 and
(c) nch < 13.

In Fig. 9 we compare our distribution of Rcc for four different rapidity inter-
vals with pp data analyzed by subtracting the leading protons1?). The agreement
is amazingly good, especially if contrasted with the same data without substrac-
tion of the leading particles16'17).
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The short range correlation effect, observed in hadronic interactions, has
been commonly explained in terms of cluster models.18' An alternative method
for studying particle clustering in rapidity is to use the rapidity gap between the
charged particles.19) If particles uniformly populate the full rapidity range (yj)
available for a given multiplicity and the multiplicity distribution is Poisson-like
with mean < n > then the density of gaps (r) per unit of rapidity should be

P(r) = pexp(-pr)

where

Figure 10a shows the gap distribution of our two-jet sample. The line, which
is the prediction of the above equation, with a slope of two, gives a good repre-
sentation of the data. The rapidity distribution between negative particles shown
in Fig. 10b also agrees with the above simple model, but now the slope in 1/2 of
that for the all-charged case.

It has been suggested19) that the gap distribution at large gaps should charac-
terize the cluster density rather than the pion density. Hadron data at Fermilab
give some support to this idea.19) Our e+e~ data do not support this suggestion.
Furthermore, since the slope is just equal to the pion rapidity density, the cluster
multiplicity would be a* 1 charged pion on average.

5. Conclusions

Our data suggest that:

1. Partons fragment independently

2. Jets are initiated by charged quarks

3. Short range rapidity correlations are similar to those observed in hadron
interactions qualitatively, but quantitative comparisions require careful
work.

4. Cluster models do not seem to fit e+e~ annihilation data.

l l
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