


December 10, 1976 at Nobel Prize Ceremony. Ulrich and Gerda Becker together with Herman Feshbach.
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1980, Third Experiment with Ulrich Becker
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First check of scaling in PP interaction
in the time-like region
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1977, Fourth Experiment with Ulrich Becker
PETRA in Germany

Discovery of Gluons
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PETRA or PEP
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PETRA 30 GeV Collider in Germany




Assembly of MARK-J at PETRA
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Construction of the Drift Tubes, Building 44
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The drift tubes for Mark-J were developed and led by Ulrich Becker

DRIFT-TUBE ARRAYS FOR HIGH SPATIAL RESOLUTION

An array of 32 thin-walled drift tubes was traversed by a 20 GeV proton beam and the resulting track reconstructed. The spa-
tial resolution was measured as 3 function of the number of individual coordinates recorded. The frequency of 8-rays and the cri
teria for the rejection of nonstatistically distributed coordinates were studied. A value of @ = (156 = §) sm//N was obtained
using N drift tubes, while the accuracy of an individual tube was found 10 be ogype = 135 um

1. Introduction

Charged-particle detectors for future storage-ring
experiments [1] will require high spatial resolution
[2) and compact design, combined with maximum
operating reliability under high rate conditions. Thin-
walled drift tubes meet the above requirements.

The arrays consisted of 32 drift tubes of 1 cm
diameter with 0.25 mm aluminium walls. They had a
length of 30 cm and a tungsten wire of 40 um in their
centre. They were tested with 20 GeV protons at the
CERN PS, with different gas mixtures and at beam
rates up to 600 counts/s - cm. A spatial resolution of
Ogube S 135 pm has been achieved. Combining several
tubes results in a substantial improvement in resolu-
tion. Measurements incompatible with probability
criteria demanding a straight track are rejected and
therefore most of the 8-rays are climinated.

These tubes are operating at present with excellent
reliability under severe synchrotron radiation back-
ground at MARK J at PETRA [3].

2. Set-up and results

The beam b,4 of the CERN PS was used for the
studies. Fig. 1 shows the test set-up. Protons of 20
GeV energy traverse an array of 32 drift tubes in a
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2mm wide beam, defined by the two counters
trig 2 » trig 3. Trig |1 is used for suppression of acci-
dentals. The drift-tube array can be displaced perpen-
dicular to the beam and sense-wire direction with an
accuracy of 001 mm. The signal from the positive
sense wire (typically at +#2.20 kV) is shaped in a pre-
amplifier and recorded in a LeCroy 2228 8channel
time-to-digital converter (TDC) with a resolution of
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Fig. 1. Experimental set-up
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Discovery of Gluons at PETRA Germany
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Evidence from PETRA adds support for QCD and gluons
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Qver the past zeveral vears a theery of Lhe
sironag inlgractionn knows & quantum
chromedynamics has been developing.
This theary sasumes the existence of
fractionally charged quarks of spin '& and
that the force between the quarzks is car.
ried by a gluen, 8 massless spin-1 quan-
tum. Like the quark, it & widely believed
that the gluoe i3 not directly observ-
ahle.

Now expesiments ot PETRA, the new
electron-paositron storage ring at DESY

in Hamburg, Germany, which started
operating Last year with roughly 15 GeV
in mach bwans, are showing evidence for
the existence of gluons and are in sgree-
ment with the general picture of quantum
chromodynamses. Very recent analyses
af the PETRA data have determined a
value of the strong-interaction coupling
conatant, @, which & coesistent with
earlier memssusements involving the in.
alastie seattering of either neutrings or
muons on protons.
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of the panicies. M a the two lirga latas arw jois kFom decays of
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The expericents are beirg dane by four
groups ot DESY—Jade, Mark J, Pluto
and Tasmo  Preliminary results were re-
ported last summer and more recently at
The American Physical Scciety meetng
in Chicaga in January,

At prezent we have eviderce for five
kinds of quark—up, down, strangs,
charmed, bottom-and the strong ex-
pectation of o sixth—wa.  Quantum
chromodynamics requires that each kird
of quark have a quanium sumber called
culge, which comes in three varicties.
The theee quark colars trasifarm = &
(uncticaal triplet ol the group SU{D). Ta
make this SU{D) symmetry s local gaugs
symrselsy, one intmduces eight vector
gauge fields—colored gluors. Decause
the gluons caery culor, they interact with
each uther and thereby lead to 3 decrease
of the coupling as the energy i increased
(asymptozic (reedum).

Meat of tha #vidence in lavoe of quan-
tum chromodynamics preceded the
theary. Farexample, the rate of 2 neutral
picn decay inlo twy photuns was evadence
that up ard down quarks must cume in
threncoluex.  [n electrun-paiteca inter
actiona, the ratio cf hadrue praduction ta
leptoa peeduct:on ceuld be explained by
having culered quarks.  Usntil QCD, no
ane could fied a quantum Feld theory
that could explain all the experimantal

Usloked energy llow dlagram Sazed on ligire ©, camparad with OC0. quark-astiguark graduction
lwih yoev2qe Tansverid Moresium 300 Mev!cl and a model mising o2 ad chase soace.
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results.
At about the same Lime a3 QUD was
being develupad, experiments an deep

7

There are many sources of three jets events. By measuring many three jets events, we discovered that
their distribution only agrees with QCD predictions.
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a) Energy distribution in the event plane. The energy value
is proportional to the radial distances. The dashed
line is prediction of the gqg model.

b) Energy flow in the event plane as function of the polar
anglie f.

(MARK J data)




Celebration of Gluon Discovery at DESY and MIT




After the Cultural Revolution, in August 1977, Chinese scientists suggested sending 10
scientists each year to collaborate with our group. Since then, many Chinese scientists joined
our group and have made major contributions recognized worldwide.
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Trip to China to select students, November 1978
Reception with Minister of Science Fang Yi



