
After some evidence at CERN's LEP electron-
positron collider had hinted at the possibility of 
a new particle near 59GeV decaying into two 
photons, a hunt was rapidly launched at the 
Japanese KEK Laboratory's TRISTAN 
electron-positron collider. Shown here are the 
data from the three groups for the reaction 
producing two photons, with no narrow peak 
visible. All other channels are similarly 
unremarkable. 

The 3-ton ne prototype ICARUS liquid argon 
time projection chamber combines bubble 
chamber-like clarity with self triggering and 
electronic readout. Here a cosmic ray muon 
(top) slows down (denser signal), eventually 
coming to rest, emitting a delayed electron. 

To search for a narrow boson, 
TRISTAN made an energy scan 
between 57.4 and 59.5GeV in about 
0.25GeV steps. The measurement 
was done at the end of December, 
with about one inverse picobarn of 
data collected at each point. There is 
no indication of a narrow state - not 
only in the two photon channel, but 
also in all others. The result trans
lates into very stringent upper limits 
and effectively excludes any new 
boson that predominantly couples to 
two photons, as well as leptons, in 
the suspected mass range. The L3 
group's careful conclusion "a quan
tum electrodynamics fluctuation can 
not be ruled out " is strongly sup
ported. 

UNDERGROUND-1 
ICARUS prepares to fly 

Operating at CERN since 1991 is a 
3-tonne liquid argon time projection 
chamber, a detector breakthrough 
which combines the visual advan
tages of bubble chamber tracks with 
the flexibility of fully electronic data 
acquisition. The 3-tonne chamber is 
a prototype for a much larger con
figuration for the ICARUS* solar 
neutrino and proton decay detector to 
be installed in the Italian Gran Sasso 
underground laboratory. 

ICARUS (Imaging Cosmic And 
Rare Underground Signals) is built 
around the cryogenic imaging cham

ber idea initially proposed by Carlo 
Rubbia in 1977. With electrons 
drifting for a relatively long time 
(several milliseconds) and with 
sensitive amplifiers picking up the 
ionization from just a few millimetres 
of track, events can be imaged inside 
the cryogenic volume. A special 
arrangement of readout wires pro
vides drift time measurements and 
ensures simultaneous imaging in 
several different views. 

The prototype has shown that the 
challenges of obtaining ultra-pure 
argon and operating readout tech
niques for large sensitive volumes 
have been met. The full ICARUS 
detector (with three liquid argon 
modules each containing 5,000 
tonnes) will be able to detect low 
energy electrons (down to a few 
MeV) emerging from solar neutrino 
interactions, proton decays, or other 
rare events over a large volume. 

An ICARUS prototype cosmic ray hadron 
shower. 
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A simulation of a possible proton decay as it 
would be seen in ICARUS. A static proton 
produces a kaon, which is gradually brought to 
rest before decaying in turn. 

ICARUS' proponents call their 
detector an 'electronic bubble cham
ber' and the recorded tracks have an 
eerie bubble-chamber-like quality. 
However unlike a conventional 
bubble chamber, the events are self-
triggering, the device is continuously 
sensitive, and has all the advantages 
of electronic readout. Resolution is 
150 microns. In addition the bubble 
size (less than a millimetre in any 
direction) also gives a measurement 
of energy deposition. 

Readout uses three parallel wire 
planes - a screening/focusing grid, 
and an induction plane and a collec
tion plane with mutually orthogonal 
2mm-pitch wires. Maximum electron 
drift distance in the prototype is 42 
cm. For the full detector, where 
electrons will drift up to 2 metres, 
additional logic based on modern TV 
technology would give real time pulse 
identification. 

To attain the necessary level of 
purity, industrially clean argon (1 part 
per million of impurities) passes 
through a molecular sieve and an 
'oxysorb' impurity absorber. The 
technique is now able to handle 
liquid, a boon for such a large instal
lation, even a small plant coping with 
some 50 tonnes of liquid per hour. 

With precision Standard Model 
measurements from LEP now sug
gesting how the electroweak and 
strong forces might unify at higher 
energies, proton instability again 
becomes a burning issue, and 
ICARUS will be well suited to life
times up to 10 3 4 years, and a wide 
range of potential decay processes. 

The other major ICARUS goal is 
neutrino physics. With the solar 
neutrino question still wide open, 
ICARUS' ability to make model-
independent solar neutrino measure
ments should lead to new insights. 

Atmospheric neutrinos too need a 
closer look. 

As well as natural neutrinos, 
ICARUS could also monitor what 
happens to a neutrino beam from 
CERN after 730 kilometres. To 
provide particles for CERN's future 
LHC proton collider, a new proton 
line would be I5uilt linking the SPS 
synchrotron with the LEP tunnel, and 
this points almost exactly in the right 
direction for Gran Sasso. 

(*ln Greek mythology, Icarus tried to 
escape from Crete on wings made by 
his father, Daedalus. Venturing too 
close to the sun, the wax on the 
wings melted and he fell into the 
/Egean sea at the point now known 
as Icarla. Daedalus, an inventor 
employed by King Minos in Crete, 
had better luck, flying to Sicily. 
Hopefully the technology being 
developed for the ICARUS experi
ment will be more reliable than its 
mythological forebear.) 

UNDERGROUND-2 
New Soudan detector 
nears completion 

Late last year a team at Argonne put 
the finishing touches to the 227th 
4.3-ton calorimeter module for the 
Soudan 2 nucléon decay detector. 
This completed the fabrication of the 
steel and plastic drift chamber 
modules which began at Argonne 
and the Rutherford Appleton Labora
tory in 1985 (June 1991, page 16). 

Module components were con
structed by collaborators at Minne
sota and Oxford while Tufts built the 
active shield of proportional tubes 
which now surrounds the massive 
underground tracking calorimeter. 
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SIEMENS 

Accelerator and Magnet Systems 
for International Science 

Superconducting accelerator module for the 
JAERI FEL experiment, Japan 

Siemens offers the complete range of 
modern accelerator and magnet tech
nology, extending from research and 
development, design, construction and 
manufacturing up to commissioning 
and service: 

Superconducting accelerator modules for  
the JAERI FEL experiment in Japan 
Within two years four modules were 
designed, built, successfully tested and 
then supplied early 1993. Each of them 
is equipped with duplex cryoshields for 
reduction of standby losses to about 
3.5 W per module, a variable high-power 
coupler and a mechanical coarse and a 
piezo electric fine tuning system. 
Performance of the modules exceeds 
the guaranteed parameters. 

Superconducting accelerator magnets  
for the super collider SSC 
Under contract of the SSC laboratory/ 
Babcock & Wilcox Siemens is develop
ing and building the collared coils of the 
superconducting CQM magnets for the 
SSC collider. First short model coils 
have already been fabricated and 
passed all tests with excellent results. 
174 magnets will be built within the 
scope of prototype and low-rate initial 
production before series production of 
another 1,517 magnets starts. 

Assembly of the first short model coils of CQM magnets for 
the superconducting super collider SSC, USA 

We offer design, construction, com
missioning and service for: 

• Synchrotron radiation facilities 
• Linear accelerators 
• Proton tumor therapy accelerator 

systems 
• Normal and superconducting 

accelerator cavities 
• Normal and superconducting magnet 

systems 
• Beam transport lines 
• Vacuum chambers 
• Cryogenic components and systems 
• Beryllium windows 

Siemens AG 
Accelerator and Magnet Technology 
Friedrich-Ebert-Strafte 
W-5060 Bergisch Gladbach 1 
Germany 
Telephone: + 49 22 04 84 23 00 
Fax: + 49 22 04 84 23 05 

Accelerator and magnet 
technology from Siemens -
The full range of engineering 
and manufacturing services 
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The Soudan 2 detector, 700 metres under
ground. The rectangular boxes are the 4.3-ton 
calorimeter modules. The aluminum-extrusion 
proportional tubes of the active shield can be 
seen on the ceiling and walls of the cavern. 
Individual 4.3-ton modules in the foreground 
are undergoing performance tests prior to 
installation. 
(Photo T. Kafka) 

Candidate neutral current event from an 
atmospheric neutrino inelastic interaction in 
Soudan 2. A slow neutral pion (reconstructed 
mass of 137 MeV) decays into two nearly 
back-to-back gamma showers (top and lower 
right) which emerge from the neutrino 
interaction vertex. The straight track is the 
recoil proton, whose increasing ionization 
makes larger pulses as it slows down. Scales 
are in centimetres. 

The experiment is set up in the 
Soudan mine in a specially exca
vated cavern 700 metres beneath 
northern Minnesota's Iron Range. 
This historic century-old iron mine is 
maintained and operated as a tourist 
attraction by the Minnesota Depart
ment of Natural Resources, which 
also provides valuable assistance in 
operating the underground research 
laboratory. The overhead rock 
shields off cosmic rays which would 
confuse the search for rare events -
only neutrinos and a few of the 
highest energy cosmic ray muons 
can penetrate to this depth. 

Soudan 2 is designed to detect the 
spontaneous decay of protons or 
bound neutrons, predicted by Grand 
Unified Theories (GUTs) of the 
strong and electroweak forces. It is 
optimized for decays producing 
charged kaons, predicted by the 
supersymmetric GUTs favoured by 
extrapolations of LEP results (No
vember 1992, page 15), and for 
complicated modes difficult to ana
lyse in large water Cerenkov detec
tors. 

Ionization measurements and 

bubble-chamber-like event recon
structions allow Soudan 2 to distin
guish clearly between nucléon decay 
and the neutrino interactions which 
can mimic it. The ICARUS detector 
proposed for the Gran Sasso Labora
tory (see previous story) will eventu
ally be a strong competitor, but for 
the next few years Soudan 2 has a 
head start. The first 820 tons of 
Soudan 2 are now in routine opera
tion, with the detector scheduled to 
reach its final mass of 960 tons by 
this autumn. 

The experiment has been active 
since the first 250 tons came into full 
operation in 1989. So far more than 
1 fiducial kiloton year of exposure 
has been recorded for nucléon decay 
and cosmic neutrino searches. A 
sample of 15 million cosmic ray 
muons is also being studied to learn 
about the nuclear composition of 
cosmic ray primaries. This is aided 
by a surface detector measuring the 
energies of the parent air showers for 
a subset of the underground muon 
events. 

Soudan physicists have already 
published the results of a search for 

heavily ionizing magnetic monopole 
tracks, as well as tantalizing evi
dence for a burst of muons from the 
direction of Cygnus X-3 during its 
January 1991 radio flare. 

Soudan recently presented prelimi
nary measurements of atmospheric 
neutrino interactions from the first 
half kiloton year exposure. Although 
the statistics are still limited, the 
resulting ratio of muon- to electron-
neutrino interactions appears to 
support the anomalously low value 
obtained by the Irvine/Michigan/ 
Brookhaven (1MB) and Kamiokande 
water Cerenkov experiments. The 
Soudan neutrino sample will soon be 
doubled. A popular explanation of the 
unexpectedly low muon to electron 
neutrino ratio is that muon neutrinos 
oscillate into tau or electron neutrinos 
in the atmosphere. 

Physicists from the Tufts Soudan 
group recently put forward an alter
native idea: the electron neutrino rate 
may appear high because of con
tamination by positrons from proton 
decay (into a positron and a neutrino 
pair). Although physicists building big 
underground detectors have worked 
very hard to reduce the background 
to nucléon decay from atmospheric 
neutrinos, until now few have worried 
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Stesalit resolves your individual 
problems in 

f ibe rg lass 
c o n s t r u c t i o n 

for science and advanced 
technic. 
Please request detailed infor
mation. Mr H. Maueh will be glad 
to advise you personally. 
We offer a range that is based 
on 30 years' experience and 
know how through successful 
collaboration with field specia
lists. 

Stesalit AG 
Kunststoffwerk 

We provide easily built-in 
safety in Know-how. 

CH-4234 Zullwil SO 
Telephone 41.61.791 06 01 Fax 41.61.791 06 04 
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Wideband PWM 'Op Amp' Delivers 49kW 
For particle beam steering & focus with 5mA/°C stability—or deflection 
and scanning with 9V/us slew rate. Units parallel for higher power output. 

Model 
264 

Copley Controls iCorp. 
4 1 0 University Avenue 
Westwood, MA 0 2 0 9 0 
TEL (617) 329-8200 • FAX (617) 329-4055 
Company Contact: Melvin A. Berger 

Copley Controls ' wideband, 
filtered PWM power amplifiers 
look—to the load—like linear 
amplifiers. The 80 kHz switch
ing frequency enables power 
filters to be built into the 
amplifier 's case. MOSFET 
output bridge permits parallel
ing for high current. Copley 
amplifiers are ideal for driving 
a wide range of inductive loads. 

Specifications include DC-4 kHz 
bandwidth, 0.2% THD, and 
0.5mV/°C stability. Low heat 
dissipation yields >94% effi
ciency. Applications include 
beam steering, motion control, 
vibration suppression, magnetic 
lévitation, and ripple/harmonic 
neutralization. Improved cur
rent mode DC stability can be 
achieved with external shunt. 
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Model Continuous Output1  

220, 230 ±75V @ ±12A ±150V @ ±10A 
231, 261 ±160V @ ±55A ±330V @ ±25A 
233,263 ±160V@±110A ±330V @ ±50A 
234-1,264-1 ±160V@±180A ±330V @ ±90A 
234, 264 ±160V @ ±240A ±330V @ ±120A 
235, 265 ±160V @ ±300A ±330V @ ±150A 
* R a t i n g f o r IP E A K i s > 2 x I C O N T d e p e n d i n g o n d u t y f a c t o r a n d p u l s e w i d t h . 



RADIATION 
DETECTION 
& MEASUREMENT 

A fter the success of 
Dr. Glenn F. Knoll's 
first European semi

nar, HARSHAW/QS, Inter-
technique and CEA/DTA/ 
DAMRI announce a second 
conference for 1993. 
This unique experience is 
designed to help practitio
ners refresh their knowledge 
in areas outside their field 
and offers on opportunity for all to gain a broader 
perpective of radiation measurement options. The 
well renowned professor, Dr. Glenn F. Knoll, is the 

Dr. Glenn F. Knoll, holds a Master's 
degree from Stanford University and 

a Doctorate in Nuclear Engineering from 
the University of Michigan. 

author of "Radiation Detec
tion and Measurement". He 
will give an extended seminar 
elaborating on the second 
edition of his textbook. As a 
participant you will be able to 
interact with others in the 
same profession. The seminar 
atmosphere enables comfor
table interaction and encou
rages open discussion. Take a 

chance to share-in a learning experience that 
could prove to be extremely valuable to your 
company/institution. 

AT JUAN LES-PINS ON THE FRENCH "COTE D A Z U R " 

To receive complete information, please complete this form and mail or fax to ICA 
• Yes, please send me complete information on Dr. Glenn F. Knoll European seminar. 
• Yes, please register me on Dr. Glenn F. Knoll European seminar. 

Name Surname 

Company Function 

Adress 

City State/Prov 

Zip code Country 

Telephone Fax 

Information - Reservation 

ICA 
International Congress Agency 
Tel. : (33-1) 47 61 99 11 
Fax : (33-1) 47 61 07 09 
Telex : 633 679 F 
Adress : 23, rue d'lssy. 
92100 Boulogne. FRANCE. 
Contact: Jeanne Catala 

A S E M I N A R ORGANIZED BY 

After last year's success 



With its ability to cleanly identify a 
fraction of neutrino events by observ
ing recoil protons, the Soudan 
detector will be able to test this idea 
experimentally. As with other major 
underground facilities, Soudan has 
also been considered as a distant 
target for a beam of synthetic neutri
nos, in this case from Fermilab, 
searching for neutrino oscillations 
after 730 kilometres. If the atmos
pheric neutrino result is due to 
oscillations, many of Fermilab's 
muon neutrinos would become tau or 
electron neutrinos on their way to 
Soudan. This would decrease the 
fraction of the 900 interactions per 
year containing final state muons, 
and provide an unambiguous signal 
of neutrino oscillations. 

Attractive features of this proposal 
are both the operating Soudan 2 
detector and the possibility of build
ing a bigger detector at the same 
site. When the US Department of 
Energy approved the excavation in 
1983, they allowed for future follow-
on experiments by funding a space 
large enough for a second major 
detector after Soudan 2. Several 
ideas are now being developed. The 
neutrino beam from Fermilab is 
expected to be ready in 1998, after 
completion of the planned 5 kiloton 
year exposure for nucléon decay. 
With the construction of Soudan 2 
modules completed, the experiment 
is now on the threshold of a long 
programme of exciting particle 
physics measurements in its under
ground laboratory. 

Fermilab Director John Peoples is ICFA 
Chairman 1993-5. 

ICFA 

The 23rd meeting of ICFA (Interna
tional Committee for Future Accelera
tors) was held on 13 January at the 
Japanese KEK Laboratory. This 
committee, set up in 1976, promotes 
international collaboration in the 
construction and exploitation of very 
high energy accelerators, and organ
izes topical workshops and meetings. 

At the KEK meeting, there was 
major discussion on planning for a 
future TeV electron-positron linear 
collider, envisaged as the next very 
large accelerator following the SSC 
and LHC proton collider projects. 
Already there rs considerable interna
tional R&D collaboration for such a 
machine, and ICFA is much involved 
in promoting this collaboration and 
providing forums to discuss the 
accelerator and physics issues which 
arise as the project advances. 

The DESY, Hamburg, Laboratory in 
May will host an ICFA seminar on 
'Future Perspectives in High Energy 

Physics'. These seminars, held every 
three years, are among the most 
significant in-depth international 
reviews of the state of high energy 
physics, covering both the science 
itself and the essential accelerator 
tools. A major topic at the DESY 
Seminar vyill be TeV electron-positron 
linear colliders. 

ICFA people 

In January, John Peoples of Fermilab 
became ICFA Chairman (until De
cember 1995), succeeding Alexander 
Skrinsky of Novosibirsk. Long-
serving (since 1978) Secretary Owen 
Lock (CERN) retired from ICFA in 
December, his place being taken by 
Roy Rubinstein (Fermilab). Continuity 
is provided by Helga Schmal 
(CERN), who remains as Assistant 
Secretary. 

Unification, small and 
large 

Fruitful exchanges between particle 
physics, astrophysics and cosmology 
have become a common feature in 
the last decade. In January, Coral 
Gables near Miami was the stage for 
a 'Unified Symmetry in the Small and 
the Large' meeting. 

Coral Gables is a famous physics 
venue. In January 1964, the year that 
the quark model of hadrons 
emerged, Behram Kursunoglu 
initiated a series of particle physics 
meetings that continued for 20 years 
and formed a regular focus for this 
development. The final such meeting 
was in 1983, coinciding with both the 
80th birthday of field theory pioneer 
Paul Dirac, who worked in Florida 
towards the end of his career, and 
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