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Abstract

The production of the Y(%.46)- and Y'{10.02)-resonances in
e+e'—annihiiation has been observed in three, respectively two,
different experiments at DORIS. The observed leptonic decay widths
are consistent with Y and Y' being the ground and the first exited
state of a bound bb system, where b represents a heavy quark with
charge -1/3. The event topology at energies outside the Y reéonances
clearly exhibit 2-jet structure in good agreement with the quark
parton model. The characteristics of the Y direct hadronic decays

are consistent with the 3 gluon model.

Invited talk given at the Stockholm University
Symposium on High Energy Physics and the Role of Quarks,
September 14-15, 1978



1. Introduction

As indicated in the title, the present report is restricted to two
selected topics of the research programme at DORIS, namely the results
on the Y(9.46) and Y'(10.02) resonances (Section 4) and on the
formation of jets in hadron production by eTe -annihilation at high
energies (Section 5). The DORIS results on more classical topics such
as F- and F'-meson production, properties of the heavy lepton, total
cross section for hadron production, and charmonium spectroscopy are
covered by the talk of G. Goldhaber. The results reported here were
obtained by three experimental groups using different experimental
set-ups (Section 3). Thé investigations were made possibie by the
upgrading [11 of the DORIS energy range from E * 3 GeV/beam to

E 25 GeV per beam, invoiving the transformation from a double ring multi-
bunch-machine into a single ring single—bunchamachine (Section 2).

A status report on PETRA and PETRA experiments is given in Section 6.

The impetus for pushing the DORIS energy range up to centre of mass
energies around 10 GeV was the result of a Columbia-FNAL-Stony Brook
collaboration experiment [2] reported last year. In studying the
production of muon pairs by 400 GeV protons on Be, they discovered

a8 bump in the invariant mass cdistribution of the muon pairs which they
were later on able to resolve into three peaks called ¥{(9.4),
Y'(10.0) and Y''(10.3). Since the observed width was egual to the
experimental resclution, the situation was simijar to the J/¢ . The
Y was therefore interpreted as a spin parity 1 bound state of

a new Q§ pair, where Q is a heavy quark with a new flavour,

most probably a "b"- or "t"-quark. As in the case J/Y,

the best way of investigating such a QQ system is by

ete -annihilation. Standard non-relativistic potential
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models [3,4] of the Q0 system make specific predictions for the
reaction
efe” > Y » hadrons.

In particular, the leptonic decay width of the Y 1is a direct measure

of the square of the charge eQ of Q:

~ 2 2
where ¥(0) 1is the wave function at the origin. Eichten and Gottfried

find Pee = 0.7 keV for eQ = - 1/3.

From this value cne can estimate the expected peak cross section using

the Breit-Wigner formula:

127 Fee Th 127 ree

[8) =
peak wp rzow ¢

1

where Iy and T are the hadronic and the total width and
Fee <« T, =T The total width T s expected to be much smaller than
the energy spread of a storage ring which is estimated to be of the

20 MeV for DORIS at Y-energies. Taking this into

1

order of AT {beam)
account one finds a peak cross section of the order of 5 nb, which is

not very large, but acceptable.

2. DORIS

Fig.1 shows a sketch of the double ring system DORIS. In this system
electrons and positrons circulate in separate rings which cross each
other in the center of two straight sections. The rings have a mean
bending radius of 30 m. In this double ring mode each beam can contain
up to 480 bunches, providing high Tuminosity at Tow energies where the

maximum luminosity is limited by space charge effects. At the higher
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energies where the high freguency power is the Timiting factor, it is
preferabie to have electrons and positrcns concentrated in only one
bunch each. These two bunches circulate in opposite directions in
one ring. Up till September last year DESY was used in the double ring
mode at energies up to 3 GeV per beam. At the end of Tast year DORIS
was converted into a single ring, single bunch-machine in order to
extend the energy range up to 5 GeV per beam. This transformation [1]
required substantial modifications of the vacuum system and the beam
optics, as well as the installation of additional RF cavities. This
operation, which was done in several steps, was terminated in April,
1978, when DORIS started to operate smoothly in the Y region with a

30 cm'2 sec-l.

Tuminosity of about 10~
3. Detectors

The experiments [5,6,7] in the energy-region of the Y , have been carrie
out by three different experimental colilaborations denoted DASP iI,

PLUTO and DESY-Heideliberg I1.

Fig.2 shows the PLUTO-detectcor [5] in cross sections perpendicular and
parallel to the beam. In PLUTC a magnetic field of roughly 2 Tesla,
paraliel to the beam-directicon, is produced by a superconducting coil

of 1.4 diameter and 1 m length. To measure the tracks of charged
particles the interior of the coil is filled with a system of concentri-
cal multiwire proporticnal chambers. Hard photons and e]éctrons are
identified and angle- and energy-analysed in a system of shower counters
which covers 94% of the full solid angle. Muons are identified by

planar proportional tube chambers ocutside the iron yoke, all hadrons

being absorbed in the coil and in the return iron yoke.
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Fig.3 shows a sketch of the so called Double Arm Spectrometer DASP.
It consists of two magnetic spectrometer-arms on both sides of the
interaction region and a non-magnetic inner-detector in between. The
two magnetic spectrometer-arms provide high momentum resolution for all
charged particles and identification of e, u, m, k and p over a solid

angle of 0.9 steradians.

The non-magnetic inner-detector consists of scintiilation counters,
shower-counters and multiwire chambers. It measures the directions

of charged particles and of photons and determines the energy of photons
and electrons over 70% of full solid angle. The original DASP group [8]
included physicists of Aachen, PESY, Hamburg, Munich and Tokyo. Before
they all moved to PETRA, they have handed over the detector to a new
collaboration [6} involving physicists of DESY, Dortmund,

Heidelberg and Lund.

Fig.4 shows the so called DESY-Heidelberg-detector. It consists of a
system of hodoscopes and concentric drift-chambers near the beam-pipe,
surrounded by a system of lead glass and sodium jodide ccocunters. This
innerpart of the detector measures the directions of photons and of
charged particles and determines the energy of photons and electrons.
Time of flight counters on both sides and on top of the inner-detector
are used to reject cosmic ray muons. Muons originating in the inter-
action region are identified by planar drift chambers outside the

30 cm thick iren-absorber. The original DESY-Heidelberg-group [9] has
also moved to PETRA., The present measurements with this detector were

done by a DESY-Heidelberg-Hamburg-Munich-collaboration.

4. Production of Y({9.46) and Y'(10.02) in e+e’fAnnihi1ation

N + - .
The cross section for e'e = hadrons, was measured simultanecusly by
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the DASP [6] and the PLUTO [5] groups, covering the region from 9.2 to
9.48 GeV in steps of 5 to 10 MeV. The results of the DASP experiment
areshown in Fig.5. The visible cross section is plotted as a function
of the total (M energy. Whereas the cross section is flat up to
9.43 GeV, it shows a clear resonance peak centered at 9.46 + 0.01 GeV.
The r.m.s. width is 7.6 MeV, in good agreement with the energy spread
of the machine. Normalizing the continuum to the R-valve measured by
DASP at lower energies [8], and assuming the non-resonant part of the
cross section to be flat underneath the resonance, one can calculate
the integrated hadronic cross section for the Y . After taking into
account radiative effects [10], a value of [ S dif = 330 + 100 MeV nb
was obtained. Fig.6 shows the PLUTO result [5]. The detection
-efficiency in this experiment was 51%. The result is given in terms
of the total cross section. There is a flat behaviour below 9.35 GeV,
followed by a pronouced resonance centered at 9.46 + 0.01 GeV. The
r.m.s. width is 7.8 = 0.9 MeV, in good agreement with the machine
energy spread, indicating that the true total width T s smaller.

At the beginning of June, the PLUTO detector was removed from the inter-
action region of DORIS in order to be installed at PETRA. The DESY-
Heidelberg-detector was moved intc the interaction zone and used [71,
simultaneously with DASP {11], to make another scan of the Y region.
Their result is shown in Fig.7. The visible cross sections measured

by both groups are shown as a function of total C.M. energy. To derive
the absolute cross section for the DESY-Heidelberg experiment [7], the

continuum is horma]ized to the R-value measured by PLUTO [121.

To derive the leptonic width for the Y resonance, one makes use
of the following relation, cbtained by integrating the Breit-Wigner-

Formula for a J =1 state, over the energy.
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2 T r
g op = ST

"—“Fee<<I’h’-“F

The area underneath the resonance peak, muitiplied by MZ%/6n? is

approximately equal to Fee’ if Tge << T

To obtain the total width one has to determine the branching ratio

into y-pairs B =T /T . Knowing T =T the total width is
KH Hu Hu

ee’
given by Fee/Buu' Since Buu is rather small (~ 2%) and there is

a considerable background from electromagnetic production of u-pairs,

the experimental values for Buu obtained so far have rather large
errors. Fig.8 shows the pu-pair production measured by PLUTO [13] on

in the Y region.  The angular distribution is consistant with 1 ¥ cosze.

The results on the Y from the three experiments are listed in Table 1.

There is good agreement between the experiments on T The weighted

ge’
mean is 1.2 + 0.2 keV. The values for BUU have large errors and

therefore only lower Timits are obtained for the total width.

To derive the charge of the quark from the leptonic width T'ag?

use is made of tﬁe fact [14]), that the ratio ?ee/eQz i5

roughly the same, of the order of 11 keV, for all %nown

vector mesons. Fig.9 shows a diagram by Sakurai, in which this ratio

is plotted versus the mass of the vector meson. Within the errors,

this ratio for the ¢-, w~, ¢- and J/¥-mesons fall on a horizontal line
and a dependence on m or on m'1 as indicated by the dashed Tines

is excluded. (In non-rel.potential models, these two lines would corre-
spond to Coulomb and linear potentials respectively. So the true

potential seems to be somewhere between Coulomb and lineart)
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The measured ieptonic width of the Y s in excellent agreement with

this pattern for a quark charge of |

IeQ% = 1/3.

According to duality arguments the constancy of this ratio implies

the level spacing between the ground state and its first radial excita-
tion to be the same for all vecteor mesons [14]. The Columbia~FNAL-
Stony Brook experiment [2] gave a level spacing of about 600 MeV between
the Y' and the Y consistent with the mass difference between the

' oand the J/v,

After the observation of the Y at DORIS, it was tempting to push

the energy of DORIS even higher in order to search for the Y' . For
this purpose again more RF-cavities had to be installed bringing the
number of acceleration cells up to 40. At the beginning of August,
after many difficulties, caused by pushing the magnets to their limits,
DORIS started to produce lumingsity at a total energy of 10 GeV for

the DASP [15] and the DESY-Heidelberg [7] experiment.

The cross section curves observed by the two groups are shown in Fig.10.
The visible cross section for hadron production observed in each |
experiment shows a clear resonance peak at 10.02 GeV superimposed on

a smooth, nonresonant background.

Table II summarizes the results on the Y' obtained by the twe experi-
ments. The mass difference between Y' and Y has smaller uncertain-
ties than the errors in the mass values, which are largely due to the
uncertainty in the energy calibration of the machine. The mass
difference is about 30 MeV smaller than that between v' and J/v .

The Teptonic width is 3 to 4 times smaller than that of the Y,

consistent with non-relativistic quarkonium models. !
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Fig.11 shows the expectations for the leptonic width of the Y and
the Y' according to Quigg, Rosner and Thacker [4]}. The solid lines
and the dashed lines represent lower bounds for Q = - 1/3 and
0 =+ 2/3 respectively. The shaded region shows the widths predicted
for eQ = - 1/3 on the basis of twenty potentials which reproduce the

¥ and ¥' positicns and leptonic widths.

The full circle with the error bars represents the measured values.

The experimental point is seen to fall in the shaded

region calculated for Q = - 1/3. It is located far outside the region
permitted by the lower bounds for Q = 2/3. So the charge of the quark

is 1/3, corresponding to "bottom" or "beauty" quarks.

Compared to the ¥-family the knowledge of the Y-system is still rudimen-
tary. Let me mention oniy a few of the problems that remain.
1} What are the mass and the other properties of the Y" 7
2) What are the values of T and of the other decay
parameters of Y and Y' ?
3) 1Is the event structure on and off resonance different

or not? In particular, do the events show jet-structure?

5. Jets in Hadron Production by e'e -Annihilation

5.1 Quarks - Jets

According to current theory, there should be a striking difference

in the structure of hadron production events in e‘e -annihilation,
depending on whether the the total C.M, energy corresponds to the mass

of a resonance or not.

For non-resonant energies, the quark-parton-model predicts the e'e -

annihilation into hadrons to proceed via the production of a virtual
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qq pair, followed by the fragmentation of g and g into hadrons.
Since the transverse momenta of the final state particles with respect
to the momenta of g and q will be small, the trajectories of the
final hadron will be contained in two narrow cones called Jjets centred

around the direction of the quarks [16].

In a colliding beam experiment, where the incoming e+ and e have
equal and oppesite momenta, the two final state jets will move in

opposite directions aleng a common jet axis [16].

The jet axis will have an angular distribution with respaect to the

incident beam direction given by

do

o 1+ g cosze + P2 o sinZG cos2

@

where P is the beam polarization, ¢ the azimuta] angle, and
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transverse cross section

Q
—
1%

longitudinal cross section

s}
I}

If the quarks have spin 1/2, then o = 0 and ¢ =1 . Therefore,
for P = 0, one expects -%% =1+ cosze for the distribution of the
jet-axis. That hadron production cutside resonances does shqw 2-jet
structure is indicated by the events shown in Fig.12, 13 and 14
obtained by DASP II [17], DESY-Heidelberg II [18] and PLUTO [191. 1In
each case the tracks of the charged particles leaving the interaction
region are contained in a rather small double cone around a common
axis. The PLUTO-event of Fig.14 also shows this tc be true for the
gamma quanta as well (indicated by the numbers}. A quantative jet-
analysis requires a well defined procedure for finding the jet-axis.

Several methods are in use.

The most popular ones are based either on "sphericity"” S or on

"thrust™ T .

To determine the sphericity [20], one has to diagonalize for each

event the tensor

n
C

2 [
10 = o (p 6% - p% p%)
:

(nC = number of charged tracks) in order to find the pricipal axis.

if X are the eigenvalues of the tensor and A > Ay > A3 , the

1,2,3

quantities 3, defined by
3Ai

- 2 . ..
Si = XE—:TXEF:TXE are measures of PT with respect to axis 1 ,

and
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3 z pg (jet axis)
SE 3373y A3 w4 ;T
1 2 3 z P

is called sphericity.
Thrust [21] is defined as

2 max g P5

T =

it > >
, where 7% P; = I psn
.i

zlps|
in one hemisphere, defined by the plane normal to the thrust unit vector n.
T measures the maximum directed momentum.
In going from an isotropic to a jet 1ike structure S and T run through

the following ranges of values:

isotropic perfect jet
12520
172 <7 <1

Since T 1is linear in momentum, it is better suited for comparisons with
theoretical models. Experimentally there seems to be very little difference
between the axis defined by S and T . Fig.15 shows the distribution of
events measured by PLUTO [19] as a functich of the cosine of the angle & between
the axis defined by sphericity and by thrust, the upper diagram for the events
measured just below the Y resonance, the lower diagram for the events
obtained at the resonance. In both diagrams the events are concentrated at
cosd = 1, showing that there is very little difference between the sphericity
and the thrust axis. The results presented here include only charged particles.
It is therefore worth mentioning that the axis defined by the electromagnetic
showers have been found to coincide within the errors with the Jet axis for

the charge particles.

The sphericity distributions {191 determined by PLUTO at different energies

. are shown in Fig.16. The dashed curves represent phase space calculations.
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At the lower energies the measured distributions are very similar to the
'phase space expectations, whereas at the higher non-resonant energies the
distributions peak at smaller sphericities, indicating the importance of

quark-jet formation.

Fig.17 shows the angular distributions of the jet axis measured by PLUTO [19]
at 7.7 and 9.4 GeV. The solid Tine represents the 1 + c052 distribution. The

good agreement of the data with this curve gives strong support to the guark

parton model.

Fig.18 shows the average transverse momentum as a function of the total
C.M. energy [191. Whereas the average transverse momentum with respect to
the beam axis increases strongly with energy, the <pr>s with respect to the
jet axis, shows a much smaller increase. The opening angle of the jet

decreases from 33° at 5 GeV to 28° at 9.4 GeV.

5.2 Gluon Jets

According to QCD, the decay of the Y into hadrons should proceed through

3 gluons [22-26] 1in stript analogy to the 3v decay of the 381 state of
positronium. By a mechanism not yet understood, each of the gluons fragments

into a jet of hadrons:

Y - gluons -+ hadrons .

. [}
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Since in a storage ring experiment the Y s produced at rest, the momenta

~of the final state hadrons will be concentrated in a flat dislike structure.
One therefore expects some characteristic differences between the event

structure on and off resonance:

a) the mean sphericity <S> should be higher at the Y(9.46) than
outside,

b} the thrust <T> should be smaller,

2

¢) the jet axis should not show a 1 + cos®0 'distribution.

To search for a 3-jet structure in the hadronic decays of the Y(9.46),
the contributions due to the continuum (the quark-jets described above) and

those due to the vacuum polarization graph (one photon decay)

: i

must be subtracted from the sample of events measured in the Y mass region.

The direct hadronic part of the cross section is given by the expression:

on o off
0d1r L Ooff _ pr = gon o off | GOFf .(; Uyl ﬁEE;_;)

on of f

where o and o are the measured cross sections at the Y(9.46) and

at 9.4 GeV respectively, and oﬁp is the vacuum polarization part of the

on off

Ccross section at the Y mass. Oy and o o are the u pair production

cross sections on and off resonance.
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Fig.19 gives a comparison of the multiplicity distributions on and off
resonance, measured by the DESY-Heidelberg group [18]. The distribution
for the resonance events is shifted towards Targer multiplicities retative
to the off resonance distribution and the average multiplicity is rougly

one unit larger on resonance than outside.

In Fig.20a the measured sphericity distribution [271 at 9.4 GeV is compared
with 2 2 jet model prediction [28]. The distribution on resonance (Fig.20b)
is peaked at higher sphericities and this is even more true for the direct
decays (Fig.20c) alone. The measured distribution is rather well described
by the 3 gluon model (solid curve), but not by the phase space model

(dashed 1ine). The angular distributions on and off resonance (Fig.20d and

2

Fig.20e)is cohpétib]e with 1 +cos”0, but for the direct decay of the Y

the distribution is flatter (Fig.20f) consistent with the QCD estimate

1+ 0.39 ccsze.

Fig.21 shows the mean sphericity <S> as a function of the fotal energy [27].
There is a monotonic decrease of <S> with increasing energy outside resonances.
There is a striking disagreement with the phase space prediction, indicated
by the shaded area, which is above the measured points and increaées with
energy. The 2-jet model [28], which does not take into account charmed
particle production, predicts the distribution given by the dash dotted line.
The most striking feature of Fig.21 is the Targe increase of the sphericity
at the Y resonance over the neighbouring cff-resonance value. For the Y
direct decays the value <S> =-0.38 + 0.01 1is consistent within the errors
with the 3 gluon model prediction [24], but about four standard deviations

away from the phase space expectation.

To make a thorough search for a 3-jet structure at the Y(9.46), it is

useful to define three quantities
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Zki

1 + 12 + A3 ?

Q.

i=1 %

where the Xi are the eigenvalues of the sphericity tensor discussed above.
The Qi is a measure of the sguare of the parallel momentum Pi of an

event with respect to axis i , and

O+ R+ Q=1 and Q<0 <0 .

For ideal 2-jet, spherical, and disc-structures, respectively, one has the

following values of Qi

0, 0, 2, i3 -0
V3
Sphere  1/3 1/3 1/3 0
jet 0 0 1 1//3 ‘
disc 0 1/2 1/2 0
Q- 0
Plotting Q1 versus ~——:%;—-, all events will populate the shaded region
of an equilateral triangle of height 1.
%1
sphere
- 37

L disc t——-jets V3
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For a spherical, a 2-jet and a disc-11ke configuration, the events
will be concentrated in one of the corners of the shaded triangle,

as indicated.

For the events obtained from a 2-jet Monte Carlo calculation the
population of such a triangle is shown in Fig.22a. The concentration
of the events in the right hand corner is more clearly exhibitéd in
the three dimensional plot of Fig.22b, where the relative event
density is plotted in the vertical direction for the same sample of

events.

Figs.22c and 22f show the measured distributions for the off

resonance data and for the Y direct decays, respectively. The

9,4 GeV data have a distribution very similar to the 2-jet distribu-
tion, corresponding to small Ql values. The distribution of the Y
direct hadronic decays is very similar to one of Fig.22e, obtained

frﬁm a 3 gluon Monte Carlo calculation, but quite different from

the phase space distribution of Fig.22d and from the 2-jet distribution
of Fig.22b.

In Fig.23a, the mean value <Q1> is plotted as a function of the

total C.M. energy. There is a monotonic decrease with energy for the
non-resonant energies, somewhat Tess steep than the 2-jet model
prediction. A dramatic increase is observed at the mass of the Y ,
where the <Q1> for the Y direct decay amounts to 0.054 + 0.003,
which is significantly below the phase space expectation, but consistent

with the 3 gluon model calculation.

A quantity related to Q1 is the particle momentum component p(out)

perpendicular to the plane associated with Q1 . The number of events
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as a function of p for the 9.4 GeV data is seen in Fig.23b

(out)
to agree very well with the 2-jet model. For the Y direct decays
the distribution shown in Fig.23c is in very good agreement with the

3 gluon model, but incompatible with the phase space distribution.

Summarizing the jet analysis, we have seen that
a) the 2-jet structure is an important feature of e’e” - hadrons
outside resonances,
b) the 2-jet axes have an angular-distribution 1 + c0529 in
agreement with the quark parton model,
c) the jet structures for charged and for neutral particles are
very similar,

-1 P

d) the jet opening angle a = tg decreases from 33° at

Py, >

5 GeV to 28° at 9.4 Gev,

e) the properties of the Y direct decays deviate strongly from
the 2-jet structure and from phase space behaviour,

f) angular distribution, mean sphericity <S> , momenta triangle
distributions and related quantities are consistent with the

3 gluon decay hypothesis.

6. Status of PETRA and of PETRA-Experiment

The above results (Chapter 4) on the Y-family and its interpretation in
terms of a fifth type of quark, called b-guark, together.with the
existence of six kinds of Teptons (e, p, 7 and the corresponding
neutrinos) strongly suggest the existence of yet another type of quark,
called t-quark. The ground state ¢f the bound tt-system is estimated

to have an energy of = 30 GeV. The hadronic decay of such a heavy state,

resulting in higher energy secondaries and higher multiplicities than
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those encountered in the Y-decay {Chapter 5) should enable one to
more firmly establish the 3 gluon decay mechanism discussed above.
The various 0QQ combinations of the b- and t-quarks with each other
and with the u-, d-, s- and c-quarks are bound to open up a field of

spectroscopy, at least as rich as in the case of the J/¥ .

The need for e+e'fexperiments at energies far beyond those available
at DORIS and SPEAR had been recognized already some years ago and
was the reason for proposing and building a 2 x 19 GeV positron electron

tandem ring accelerator PETRA [29].

Fig.24 shows the lay-out of PETRA. The circumference of the ring is
2.3 km and the bending radius 197 m. The ring has octogonal shape
with rounded corners. There are eight straight sections, two of which
house the radic freguency system. The other six are available for
experiments, but for the time being only four interaction regions
(located in halls NL, SE, SW and NE) are equipped for experiments. The
7.5 GeV electron synchrotron DESY and the storage ring DGRIS are used
as injector and intermediate storage ring. The injection scheme 1is
indicated in Fig.24. Positrcns from a linac are injected into the
synchrotron, accelerated to 2.2 GeV and transferred and accumulated

in DORIS. Fast kickers then eject individual bunches from DORIS for
re-injection into DESY. After acceleration up to 7 GeV, these bunches
are injected into PETRA. The injection of electrons into PETRA proceeds
directly from the synchrotron, without using DORIS as an intensity

accumulator.

The first generation of experiments includes 5 different experimental

set-ups, namely



- 19 -
CELLO [30] (DESY-Karlsruhe-Munich-Orsay-Paris)
JADE  [31] (DESY-Hamburg-Heidelberg-Lancaster-Manchester-
Rutherford-Tokyc)
MARK dJ {32] (Aachen-DESY-MIT-NIKHEF)
PLUTO IT [33] (Aachen-Bergen-DESY-Hamburg-Maryland-Siegen-Wuppertal)
TASSO [34] (Aachen-Bonn-DESY-Hamburg~IC London-Oxford-Rutherford-

Weizmann-Wisconsin)

Sketches of these detectors are shown in Fig.25-29. Their locations

in the different experimental halls are indicated in Fig.Z24.

Both PLUTG II and CELLO use superconducting solenoids and, to eccnomize

on the crycgenic infrastructure, they are installed in one large
experimental hall. They will take turns in using one interaction

region. PLUTO IT (Fig.25) is an improved version of the detector shown

in Fig.2, having a thicker hadron absorber with Targe planar drift
chambers for muon identification. Like all other experiments it also has
two foreward spectrometers for luminosity and two photen scattering experi-
ments. CELLO, {(Fig.26) aiming primarily at the investigation of photon

and lepton production, uses a liquid argon calorimeter system outside a
thin walled coil for photon and electron detection and planar drift
chambers outside the return iron yoke for muon identificaticn. JADE and
TASSO both use normal conducting solenoids, In JADE good momentum reso-
lution is achieved by means of high pressure drift chambers with a spatial
resolution of about 50 y. Hadron identification is provided by &
measurement in 50 samplings. A system of 3000 Pb glass counters is used

for electron and photon identification. Muons are identified in planar

drift chambers outside the hadron absorber, formed by steel-boxes
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containing iron loaded concrete. In TASSO good momentum resolution

" is obtained by a relatively large radius of the sclenoid, using

conventional MWPCs and driftchambers as tracking elements. About

9 sterad of the sphere are covered with liquid argon calorimeters for
photon and electron detection, 2 x 1.5 sterad on both sides of the
interaction region are covered by hadron identification systems,
each consisting cut of three consecutive Cerenkov counters, one using
aerogel, the other two gas as radiators. Contrary to the four experi-
ments described, which aim at measuring all possible processes at the
same time, the MARK J detector is primarily designed to detect
asymmetries due to weak interaction effects, such as u pair
asymmetries. It uses anazimuﬁm].magnetic field inside large iron blocks,
which are interspaced with large planar drift chambers. Close to the
interaction point a system of Pb glas counters provides electron and

photon identification.

The PETRA proposal was submitted to the authorities in autumn 1974

and approved one year later. Construction started in January 1976 and
was finished in July 1978, about 9 months earlier than assumed in the

original proposal. In the same month stored beams of up to 5 mA

and energies between 5 and 8 GeV were achieved, with beam lifetimes of

several hours.

According to the original schedule, the experiments were to start in

summey 1979. The early comp]etion-of PETRA has challenged the experi-

mentalists to advance their schedule as well. At the time this talk was

delivered, the plan was to have three experiments, namely PLUTO, MARK J
and TASSO moved into the interaction regions during a two weeks shut

down in October 1978, and the JADZ experiment ready to be moved into
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the beam in December 1978, while the CELLO experiment was to be
ready spring 1979, By the time this report is written {November 1978),
the above three experiments are installed in their interaction regions,

28 ynd 10°2° em™? sec”?

and PETRA is delivering Tuminosities between 10~
at energies up to 8 GeV per beam. The first hadron production events
have already been observed by the PLUTO collaboration at a total energy

of 13 GeV.

The physics community at DESY is Jooking forward to an exciting period

of elementary particle research.

It is a pleasure to acknowledge the help of many collegues at DESY in

supplying me with figures on the various experiments,
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FIGURE CAPTIONS

Fig.1
Fig.2

Fig.3
Fig.4

Fig.5

Fig.6

Fig.7

Fig.8

Fig.9

Fig.10

Fig.11

Schematic view of DORIS and its injection system,

Cross sectional views of the solenoidal detector PLUTO

in planes perpendicular (left) and parallel (right) to
the beam axis.

Blow up view of the DASP detector.

Cross sectional view of the DESY-Heidelberg detector

ID = inner detector made of three cy1indricd1 drift
chambers (CD) and two polygonal hodoscopes (H) of
scintillation counters, CV = Pb converter, AC = active
converter (segmented Nal scintillator), CC = planar drift
chambers, CH = scintillation counter hodoscope, CS = time
of flight scintillation counters, MC = muon drift chambers.
Visible cross section for the reaction e'e” - hadrons
versus tﬁe total C.M. energy as measured by DASP [23],
Total cross section for e'e” - hadrons versus total
.M. energy as measured by PLUTO [24]. There is an
additional systematic error {(not shown) of 20%.

Visible cross section for hadron production versus the
total C.M. energy as measured by DASP II and by DESY—
Heidelberg II.

Angular distribution of muon pairs produced in the Y
region. PLUTO-data on and off resonance are combined.
The ratio Tee/Qg for (radial ground state) vector
mesons as a function of mass.

The Y'(10.02) resonance as measured by DASP II and
DESY-Heidelberg II.

Quarkonium model expectation for the leptonic widths of
Y(9.46) and Y'(10.02) and the weighted mean of the values

measured at DORIS ({full point) as given in Tables 1 and 2.



Fig.

Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

12

16

17

18

19

20

21

_23..
A 2-jet event measured by the inner detector of DASP
at 9.4 Gev. _
A 2-jet event measured by DESY-Heidelberg II at 9.4 GeV.
A 2-jet event measured by PLUTO at 9.35 GeV. The response
of shower counters is indicated by the numbers.
The angular difference between the Jet axis defined by
thrust and by sphericity, as determined by PLUTO. The
number of events collected next to the resonance (upper
diagram) and on resonance (Tower diagram) are plotted
versus the cosine of the angle between thrust and
sphericity axis.
Sphericity distributions as determined by PLUTO at
different energies.
Angular distributions of jet axis measured by PLUTO at 7.7
and 9.4 GeV., The curves represent 1 + coszo distributions,
The average transverse momentum as a function of the
total C.M. energy as measured by PLUTO.
Multiplicity distributions observed by DESY-Heidelberg 11
on and off resonance [18].
Sphericity distributions [27] and jet axis anguiar distri-
butions at 9.4 and 9.46 GeV. The dash-dotted Tine in (2)
represents the result of a 2-jet Monte Carlo calculation.
The dashed and the solid lines represent the phase space
and the 3 glucn expectations respectively. The dashed curves

in (d) and {e) represent 1 + cos?

corresponds tc 1 + (.39 cosze.

0 and the curve in (f)

The mean sphericity <S> versus total C.M. enerqgy, as
determined by PLUTO [271, compared with phase space,

3 gluon and 2-jet expectations.
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Fig.23

Fig.24

Fig.25

Fig.26

Fig.27
Fig.28

Fig.29
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Momentum space configuration triangle plots for the

PLUTO data and for phase space, 2-jet model and 3 gluon
decay mechanism.

(a) Mean observed <Q1> as a function of total C.M. energy
for events with > 4 prongs. |

(b) and (c¢) Xpout‘ distributions for the 9.4 GeV data

and the Y direct decays measured by PLUTO. The curve
in (b) represents the 2-jet model. The dashed and the
solid 1ines in (c) represent respectively phase space

and 3 gluons mechanism.

Schematic view of the 2 x 19 GeV electron positron
storage ring PETRA. The 7.3 GeV electron synchrotron DESY
and the storage ring DORIS, located inside the PETRA ring
serve as injector and intensity accumulator.

PLUTO II with improved hadron absorber and forward
spectrometer. |

Cross sectional views of CELLO in planes containing beam
axis and perpendicular to beam axis.

Cross sectional view of JADL in plane containing beam axis.
Cross sectional view of MARK J in plane containing beam
axis.

Cross sectional view of TASSC in plane perpendicular to

beam axis.
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TABLE 1

Results on Y(9.46)

M{Y) Exp.Width! Tae (Y) T
(Gel) Mevy | TRev) o (kev)
PLUTO 19.46 + 0.01| 18 + 2 1.3 £+ 0.4 (2.7 £ 2.0 > 20(2s.d.)
DASP I119.46 + 0.01| 18 + 2 1.5 + 0.4 |2.5 + 2.1 ] > 20(2s.d.)
D-H II 16.46 + 0.01| 17 = 2 1.04 = 0.28 ¢ 1.0 f %'g > 15(2s.d.)
Mean Values
Fee = (1.2 £ 0.2) keV
B ={(2.6 +1.4) %
Hu
r > 25 keV (95% c.1.}
(Best value I' = 46 keV)
TABLE 11
Results on Y'(10.02}
M(Y") MY Y-M(Y) Fee(Y') TanlY
(GEV) (MEV) (keV) ree
DASP 11 10.01z = 0.020 ] B85 « 11 0.35 + 0.14 | 4.3 + 1.5
D-H II 10.02 + 0.02 | 5860 + 10 0.32 + 0,13 | 3.3 + 0.9
Mean 10,016 + 0.020 j 558 = 10 0.33 £ 0.10 | 3.6 + 0.8

M(Y') = M(Y) < M{¥') - M(J/¥)
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