The neutrino detector of Serpukhov’s Tagged
Neutrino Facility (TNF) with its two Big liquid
ARgon Spectrometers (BARSes) interleaved
with muon iron toroid spectrometers.

nos from the sun is lower than
expected. This could be a manifesta-
tion of neutrino oscillations or could
be due to a problem with the solar
models used to predict the expected
neutrino flux. Los Alamos has piayed
a major role in the SAGE experiment
in Russia to detect solar neutrinos
using gallium. With gallium, the
detection energy threshold is low
enough that neutrinos from the main
energy-producing solar (proton-
proton) reactions can be detected;
should the flux measured in this
experiment also be low, new neutrino
properties must be the culprit.

Los Alamos is also participating in
the Sudbury Neutrino Observatory
(SNO) experiment in Canada using
1000 tonnes of heavy water to
observe solar neutrinos both via
charged current and neutral current
reactions. This is a promising experi-
ment because the rate of neutral
current events should be independ-
ent of whether or not neutrinos
oscillate, while the charged current
rate is initiated only by electron
neutrinos. SNO is expected to begin
data-taking in late 1995.

SERPUKHOV

Neutrino investigations at the
Serpukhov accelerator of the
Institute for High Energy Physics,
Protvino, Russia, date back to 1968.
A neutrino channel for wide band
beams, consisting of a 70 GeV
proton transport system, target,
focusing system for secondary
hadrons, 140m decay pipe and
12,000 ton iron muon filter, under the
leadership of V.Kotov, A.Samoilov
and R.Rzaev from the Beam Depart-
ment, was constructed from 1969 to
1974.
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The original focusing system
proposed by A. Samoilov still gives
neutrino fluxes of about 20 billion
particles per square metre per spill
over 5 microsec.

The initial 20-ton neutrino detector
based on optical spark chambers
was a joint IHEP-ITEP(Moscow)
effort led by A.Mukhin and V.
Kaftanov. First neutrino events were
detected in April 1974. The next eight
years with this detector covered
many aspects of neutrino behaviour -
dimuon production, quasielastic and
total cross-sections, and ‘prompt’
neutrinos from beam dump experi-
ments.

Initial experience with emulsion
targets for neutrinos showed feasibil-
ity of this technique for studying
charmed particle production.

The average neutrino energy from
the Serpukhov accelerator is around

10 GeV. Al these energies, neutrinos
do not probe deeply and low multi-
plicity final states dominate.

This called for a neutrino detector
capable of seeing individual particles
in the final state. The result was the
7 cubic metre SCAT (from the Rus-
sian abbreviation for Serpukhov
CAmera Heavy) propane-freon
bubble chamber.

Construction of this chamber took
almost a decade (1965-1974). Many
USSR industrial enterprises took
part, supervised by the Efremov
Laboratory, Leningrad (V.Titov) and
IHEP (E.Kuznetzov). First neutrino
event pictures were obtained in May
1975.

This bubble chamber went on to
provide the bulk of the neutrino data,
with the international Protvino/
Zeuthen (East Germany) team, co-
spokesmen V.Ammosov and
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EPAC94

FOURTH EUROPEAN PARTICLE ACCELERATOR CONFERENCE
Queen Elizabeth II Conference Centre, London,
27 June to 1 July 1994

After Rome, Nice and Berlin, the fourth conference in the series will be held at the
prestigious Queen Elizabeth II Conference Centre, opposite Westminster Abbey and only
a short walk from the Houses of Parliament, in the city of Westminster, London.

The conference aims to provide a comprehensive overview of research, technology and
special applications in the field of accelerators. In the planning of the programme special
emphasis is placed on excellent review papers and particular attention will be paid to
high-intensity accelerators. The programme will include invited talks, contributed papers,
oral poster presentations and poster sessions. Parallel sessions will be kept to a minimum.

Papers from the whole field of accelerators are solicited, including low- and high-energy
machines and accelerators for medical and industrial purposes. The deadline for the
receipt of Abstracts at the Scientific Secretariat is 15 December 1993.

An industrial exhibition, as well as an exhibition of CERN's proposed LHC Project, will be
held during part of the conference and the conference programme will include a special
session whose theme will be the transfer of technology from accelerator laboratories to
industry. Information regarding the exhibition and seminar may be obtained from the
Exhibition Manager.

Local organization is in the hands of the RAL and Daresbury laboratories. The
registration fee is £225 if received before the deadline of 27 April 1994 and is increased to
£250 thereafter. Due to the huge demand for accommeodation in London in June and July,
requests for accommodation should also be made prior to this date. Complete
information concerning registration and accommodation may be obtained from the
Conference Secretariat.

World-Wide Web (W3) and Internet Gopher will be used as additional means of
disseminating information on the conference as it becomes available. Indications as to
how to use these systems, as well as complete information on the conference are given in
the First Announcement and Call for Papers available from the Conference Secretariats.

EPAC94 Conference Secretariat Scientific Secretariat Exhibition Secretariat
Mrs. Susan Humphreys Mrs. Ch. Petit-Jean-Genaz Neil Marks
Rutherford Appleton Laboratory  EPAC Executive Secretary Industrial Exhibition Manager
Chilton, Didcot CERN - AC Daresbury Laboratory
UK - Oxon OX11 0QX CH - 1211 Geneva 23 Daresbury, Warrington
Tel. +44 235 44 67 50 Tel. +41 22 767 3275 UK - Cheshire WA4 4AD
Fax. +44 235 44 66 65 Fax. +41 22 767 86 66 Tel. +44 925 603 148/432
Fax. +44 925 603 196

What's so Special

about Salford Fortran?

A compiler is a compiler is a compiler -
right? Wrong! If you write programs for a
living, you probably use your compiler 20 times a
day, and a poor compiler wastes your time and your
company’s money every time. Slow compilation, silly
restrictions, poor diagnostics and downright bugs - these
are the rule, but the exception is Salford FTN77. FTN77
is highly stable and has the best diagnostics in the
business. 1t compiles 6 or 7 times faster than the
big-name competition, but produces smaller objects and
faster executables.

But it's not just the absence of vices that makes FTN77
so good. There are dozens of features you won't find in
lesser products, like virtual memory support, an
integrated debugger and profiler, in-line assembler and a
Windows development library. The /UNDEF switch,
unique to Salford compilers, will regularly save hours of
debugging by spotting the use df undefined memory
areas at run-time.

Don't skimp on the tools of your trade, buy the best -
Salford FTN77/486.

Also available with full support from Polyhedron are Fortran 90, C++ and Pascal
compilers from the same stable.

SCIENTA

HIGH VOLTAGE SYSTEMS

The SCIENTA High Voltage System is designed to be used
wherever high voltages with low power and high precision is
needed. The perfect choice for e.g. electrostatic field applications.

* Modular system provides unfimited flexibility up to 6000 V
(Max 250 modules)

* Each module is controlled via optical fibres, and fully
galvanically floating

¢ High stability and linearity

Long time stability: 5 ppm over one week
Linearity: < 5 ppm measured to 1500 V

Scienta Instrument AB Seminariegaton 33 H Phone: Int +46-18-50 01 60
$-752 28 Uppsala, Sweden Fax:  Int:+46-18-54 36 38

Polyhedron Software Ltd.
Linden House 83 igh Steet, T ooss-a0057 [P0 [wlnedlirom
United Kingdom Bormmssaree 100015.461 S@ﬁﬂ@@? @)

Standlake, WITNEY, X8 7RH  Fax 0865-300232
US TOLL-FREE FAX 1-800-777-5519

S

ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

Forum on
Boundary Scan for digital
and mixed-signal boards

January 20 & 21, 1994
CERN - Main Auditorium

A two-day forum on test bus standards
organized in collaboration with
Ecole Polytechnique Fédérale de Lausanne (LEG/C3i)
Institut National Polytechnique de Grenoble (TIMA)

Morning  Tutorial sessions given by international specialists
- JTAG Boundary Scan standard
- mixed-signal extension bus under development

Afternoon Panels and demonstrations on hardware and software
products available on the market.

Information and application forms may be obtained from

CERN Technical Training Secretariat
1211 Geneva 23 - Switzerland
Tel.: (+41.22) 767.44.60 - Fax : (+41.22) 785.08.38
e-mail: eductech@cernvm.cern.ch
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The first ‘impact’ of perestroika on Russian
fundamental science was on 11 June 1989,
when three railway wagons loaded with slabs
for Serpukhov’s new UNK synchrotron and
moving at 50 km/h slammed into the SCAT
heavy liquid bubble chamber, ready for its
autumn neutrino run. With characteristic
determination, the Serpukhov physicists

R.Nahnhauer, publishing more than
30 articles.

Among the research highlights were
measurements of the electroweak
mixing angle from full measurement
of single pion coherent production,
pioneer measurements of charmed
baryon production, and the recent
first observation of quasielastic
production of the charmed doubly
charged sigma* (2450).

The chamber lived for a respectable
18 years and just managed to survive
through the 1989 “perestroika” (see
photo). It saw a new era in neutrino
investigations at IHEP with the
availability of the booster. It was only
in 1992, after 1.7 million pictures, that
the last of the large bubble chamber
“Mohicans” finally disappeared from
the scene.

The new booster increased the
intensity of the proton beam on the
neutrino target from 3 billion to 12
billion particles per cycle. The first
successful run with the booster was
in October 1987. For this SCAT was
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recalled the words of a folk song - “Our armour
was strong and our hands were still quick.”
SCAT was fixed in just two months and started
to work with new propane-freon mixture
(event in right corner) just as successfully as it
did before with freon (electron-neutrino event
in left corner).

éi,} MRS

filled with light propane-freon mixture
(90% propane).

A 100-ton conventional fine-grain
calorimetric neutrino detector with a
downstream muon spectrometer of
magnetized steel toroids was built by
a collaboration of IHEP, JINR(Dubna)
and IHEP {(Zeuthen) (cospokesmen
A.Vovenko, S. Bunyatov and M.
Walter). The target consists of 36
horizontal planes of liquid scintillation
counters alternating with aluminium
plates inside magnetized iron frames.
This detector can detect both muon-
and electron-neutrino interactions,
and analysis of nucleon quark struc-
ture (structure functions) for momen-
tum transfer is in progress.

A new experiment aims to push
back the limits in the search for
electron-/tau-neutrino oscillations in
unfocussed hadron decays in a short
12.5m decay pipe.

Looking to make maximum use of
neutrino beams at full booster
intensities, Neutrino Department
head Sergei Denisov hit on the idea

of tagged neutrinos. Recently physi-
cists from Pisa, Dubna, Zeuthen and
Protvino, led by Denisov, have
completed construction of the
Tagged Neutrino Facility (TNF).

The novel idea is to detect simulta-
neously all other particles in the
decays of kaons giving electron- and
muon-type néutrinos. It uses a
special tagging station (TS) between
the decay pipe and muon shielding,
consisting of eight 4x4 metre planes
of scintillation hodoscopes and a
2000-cell electromagnetic calorim-
eter. This information allows electron
and muon identification, reconstructs
their trajectories, and measures
energies of emerging electrons and
gammas to tell where the kaon decay
happened, together with the direction
of the neutrino and its energy.

A special narrow-band neutrino
beam and a novel neutrino detector
were constructed for TNF. The
detector consists of two Big liquid
ARgon Spectrometers (BARSes),
each containing 300 tons of liquid
argon. An important BARS feature is
its high ratio of active to passive
material, giving good energy resolu-
tion, especially for electrons.

BARSes are followed by muon
spectrometers of 5-m diameter
magnetized iron toroids interleaved
with drift tubes. The main advan-
tages of the tagged neutrino beam
are good energy resolution (3-5%)
and low background (2-3 orders of
magnitude less than in usual neutrino
beams). It is hoped that the TNF will
start data collection next year.

Plans for IHEP neutrino expeti-
ments were linked to the construction
of the new 3 TeV UNK, whose proton
beam intensity would have been
considerably higher than other
synchrotrons. However these hopes
began to fade and vanished last year
for the present generation of physi-
cists when a decision was taken to
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complete the construction of the
initial 600 GeV UNK machine and to
limit work on the superconducting

3 TeV UNK accelerator to R&D. But
even at 600 GeV the rate of neutrino
interactions is interesting, and sight-
ing the tau-neutrino and searching for
oscillations into tau-neutrinos in new
kinematic regions are still on the
cards.

JAPAN

With the research structure for high
energy physics attaining maturity,
experimental neutrino physics flour-
ished in Japan in the 1980s. Neu-
trino studies during this period used
three approaches: accelerators,
nuclear beta decays, and a deep
underground experiment. The latter,
using an imaging water Cherenkov
detector, was so successful that it is
being considerably expanded and will
dominate Japanese research in this
field in the 90s.

In the 80s, the E10 experiment
(KEK/Tokyo/Osaka) was the first to
search for a heavy neutrino in
stopped-kaon decays at the Japa-
nese KEK Laboratory’s 12 GeV
Proton Synchrotron, and was soon
followed by dedicated experiments,
E89 and E104 (Tokyo/KEK). Using a
high resolution magnetic spectro-
meter with an extensive photon-veto
system, a good 1982 limit linked
mass and mixing probability in the
100 MeV mass range. After ten
years, the synchrotron is again to go
into action for neutrino-related
research (experiment E261a - see
below).

At KEK's TRISTAN electron-
positron collider, the VENUS Col-
laboration studied radiative neutrino-
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pair production, and combining their
data with those from other electron-
positron colliders, concluded that the
number of light neutrino species had
to be less than four, even before LEP
experiments made their definitive
1989 measurement.

In late 1980, motivated by a claim
by a Moscow experiment for the finite
mass of the electron antineutrino, a
group including physicists from INS
(Institute for Nuclear Study, Tokyo)
had proposed a precision measure-
ment of the tritium beta-ray spectrum
nearits end point. Emphasis from
the beginning was on reliable calibra-
tion.

About four years were spent devel-
oping an optimal beta-ray source and
on calibration to give high quality
measurements. Over the subse-
quent four years, a series of meas-
urements gave a 13 eV upper mass
limit.

Early in 1991, a KEK/INS collabora-
tion, including also some American
physicists, embarked on a decisive
experiment on the controversial 17
keV neutrino. Knowing the danger of
relying on subtle effects in beta
spectrum slopes, they searched for a
neutrino emission threshold effect in
the spectrum with high resolution,
low background and unprecedentedly
high statistics. The result of a three
month measurement clearly excluded
such a neutrino.

Towards the end of the 1970s, the
very attractive idea of the Grand
Unification of forces had fostered a
new generation of large underground
experiments to search for the pre-
dicted decay of the proton. In Japan
the large Kamiokande underground
experiment (Tokyo/Institute for
Cosmic Ray Research/KEK/Niigata
collaboration) looked for proton
decay in the 3000-ton imaging water
Cherenkov detector 1000 m under-
ground. Installation of 1000 specially

designed photomultiplier tubes was
completed in July 1983 and the first
result reported six months later.

Detector response was calibrated
using electrons (below 5 MeV) from
stopped cosmic-ray muons.

Successful measurement of such
low energy electrons showed how
the detector codld also recognize
recoil electrons from low energy
neutrino interactions. To improve
sensitivity to nucleon decay and to
lower the energy threshold for solar
neutrino detection, the collaboration
was expanded to include a Pennsyi-
vania group. A water Cherenkov
veto counter was constructed around
the main body, and the water purifier
as well as the electronic system
considerably improved. The up-
graded detector, Kamiokande-i,
went live at the end of 1985 and
produced its first result the following
year from 48.5 days of data.

To further reduce background
radioactivity, work continued through
1986 to improve the water purifica-
tion system.

These painful efforts were dramati-
cally rewarded. On 25 February
1987, a telefax informed the group of
an astronomically ‘nearby’ super-
nova. Perhaps the detector’s routine
running could have intercepted
neutrinos from this explosion.

Data tapes were immediately rushed
to Tokyo for analysis.

On 27 February a whole night was
spent scanning the few hundred
pages of energy-versus-time plots
collected over 2.5 days. An unmis-
takable burst of activity soon showed
up. Recorded on 23 February at 07:
35: 35 UT (=1 minute) and lasting 13
seconds, it contained 11 electron
events with each energy ranging
from 7.5 to 36 MeV. These neutrinos
from the SN1987A supernova
marked the beginning of neutrino
astronomy.
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