ing Z particles. Within a few months,
a survey of Z decays (which can go
among things into a neutrino-
antineutrino pair) showed that there
was room in Nature for only three
kinds of light neutrinos, those associ-
ated with the electron, the muon and
the tau. The lid had been shut on the
list of known patrticles.

Future

After the termination of CHARM Il in
the summer of 1991, CERN neutrino
operations came to a halt for the first

time in 28 years. CERN'’s neutrino
facilities have now been substantially
upgraded, while preparations forge
ahead for the third generation of
CERN neutrino studies, with two big
new experiments in the WA1/
CHARM style, and together involving
some 200 physicists. Upstream will
be CHORUS, Klaus Winter's major
Europe/Russia/Turkey/Japan col-
laboration using an 800 kilogram
emulsion target, while NOMAD (a
Europe/Russia/US/Australia collabo-
ration with Frangois Vannucci as
spokesman) will use a magnetic
spectrometer. The new CERN

neutrino beam could also serve more
distant detectors, but these plans are
still being discussed

The aim of CHORUS and NOMAD
is to look for interactions of the third
type of neutrino, that associated with
the tau lepton, and to search for
possible ‘oscillations’ between
neutrino tglpes, where a beam cycli-
cally changes its affinity as it travels
along. With the modest neutrino
playing a major role in the Universe
at large, these results could have a
vital bearing on new ideas in
astrophysics and cosmology.

Around the Neutrino Laboratories

BROOKHAVEN

Neutrino physics has been an inte-
gral part of the Brookhaven research
programme for much of the Laborato-
ry’s 46-year history. Milestones have
been the determination of the helicity
of neutrinos (1958), the establish-
ment of the existence of two kinds of
neutrinos (1962) for which Leon
Lederman, Mel Schwartz and Jack
Steinberger were awarded the 1988
Nobel Physics Prize, the discovery of
charmed baryons in the 7' Bubble
Chamber in 1975, and the ongoing
measurements by Ray Davis and
collaborators of solar neutrinos, first
reported in 1968.

There have also been significant
contributions to the understanding of
neutral currents in exclusive hadron
and electron channels. In addition
some of the earliest, and fo date
best, accelerator limits on electron-
muon neutrino oscillations are from
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Brookhaven experiments. The
Laboratory is also the ‘B’ in the IMB
underground experiment, buitt to
search for proton decay and which
caught neutrinos from the SN1987a
supernova.

At present Brookhaven is heavily
involved in the Gallex project in the
Gran Sasso and recently a new
collaboration has received scientific
approval for a long baseline experi-
ment to search for muon neutrino
oscillations via muon neutrino disap-
pearance.

History

In the mid-fifties a major issue was
the space-time structure of the weak
interaction. While it was clear that the
interaction had to be either scalar/
tensor or vector/axial-vector, there
was conflicting evidence for either
hypothesis. In preparing for an
invited talk on beta decay, Maurice
Goldhaber realized that not only
would a measurement of the neutrino

helicity (spin direction) clearly differ-
entiate between the two hypotheses
but also that there was an isotope of
europium which had the required
properties for the proposed measure-
ment. This classic experiment,
carried out by M. Goldhaber,

L. Grodzins and A.W. Sunyar on a
laboratory bench in an old army
barracks in the fall of 1957, took less
than two weeks from conception to
completion and showed the validity of
the vector/axial-vector picture.

Another issue at the time was
whether the neutrinos from beta
decay and pion decay were different.
The non-observation of the decay of
the muon into an electron and a
photon led G. Feinberg, then at
Brookhaven, and T.D. Lee and C.N.
Yang to suggest the existence of two
distinct neutrinos.

The experimental verification came
from the first neutrino experiment at
Brookhaven'’s Alternating Gradient
Synchrotron (AGS) accelerator,
commissioned in 1960. The basis for
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Leon Lederman (left), Mel Schwartz (right) and
Jack Steinberger were awarded the 1988
Nobel Physics Prize for their 1962 experiment
at Brookhaven which showed that neutrinos
come in more than one kind.

this experiment was when Mel
Schwartz saw that, with the weak
interaction increasing with energy,
then despite the relatively small yield
of neutrinos at an accelerator com-
pared to a reactor it should be
possible with a large detector to
detect neutrino interactions at an
accelerator.

The proposal was to create a
neutrino beam from the decay of
pions and kaons produced from an
internal AGS target. The outcome
(see page 4) was that the neutrinos
of pion decay are intrinsically differ-
ent to the neutrinos of beta decay.

The advent of neutral currents and
charm particles brought the next
phase of accelerator-based neutrino
activity. All the subsequent
Brookhaven experiments used a new
fast extracted beamline, commis-
sioned in 1973. The beam was
extracted in one turn by a fast kicker
and transported to the neutrino
target. The 8° bend in the transport
was accomplished using the first
superconducting magnet installed in
an accelerator complex. The parti-
cles from the target were focussed by
a magnetic horn system developed
by Bob Palmer and allowed to decay
in a 50 metre tunnel. The resulting
wide band beam peaked near 1 GeV
and had a long tail with approxi-
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mately 10% above 4 GeV. Essen-
tially unmodified, this beam was
Brookhaven’s neutrino source for
well over a decade. Intensity and
reliability have increased steadily to
the point where, once the new.
Booster is fully operational, it will be
possible to produce some 6 x 10
protons on target every 1.5 sec.
This high rate with the associated
timing structure is at the heart of all
present planning for continuing
neutrino physics at Brookhaven.

The beam was originally designed
for use with the 7' cryogenic bubble
chamber, built by Ralph Shutt’s
group, which first took data in 1974.
The first hydrogen exposure of the
chamber showed a charged current
event with a lambda decay and a
number of soft charged tracks.

After six months of painstaking work
a Brookhaven group led by Nick
Samios concluded that there were no
missing neutrals and that all the
charged tracks, apart from the muon,
were pions. This implied that a
hitherto classic selection rule had
been violated and the event was the
production of a charm patrticle - the
first observation of ‘open’ charm.
The c-suffix nomenclature for
charmed baryons introduced in these
papers went on to become standard.

The Brookhaven Bubble Chamber

Cont’d page 21

group headed by Samios and Palmer
together with the Columbia group led
by Charles Baltay were also working
during this period on E53 at
Fermilab. This heavy liquid experi-
ment in the Fermilab 15' bubble
chamber measured neutrino-electron
elastic scattering and produced
significant results on the strange
particle content of opposite sign
dilepton events, helping to establish
that charm production was the
source.

Not long after the Brookhaven
beamline became operational, two
electronic experiments began looking
at exclusive hadronic neutral current
interactions; E605, a Brookhaven/
Columbia/lliinois/Rockefeller collabo-
ration led by W. Lee, used an optical
spark chamber while E613, a
Brookhaven/Harvard/Pennsylvania/
Wisconsin collaboration with L. Sulak
and H.H. Williams as spokesmen,
used a large segmented liquid
scintillator detector.

The success of E613 led to a much
more ambitious liquid scintillator
project - E734 - a major US-dapan
collaboration led by R. Lanou, A.K.
Mann, Y. Nagashima and D.H. White
and eventually involving Brookhaven,
Brown, Hiroshima, KEK, Osaka and
SUNY Stony Brook. The initial goal
was to measure the elastic scattering
of neutrinos and antineutrinos on
electrons and protons. The 150 ton
main detector had segmented planes
of liquid scintillator followed by
proportional drift tubes. As well as
determining the weak mixing angle,
this measurement was also sensitive
to the strange quark content of the
proton.

E734 also provided one of the
earliest limits on the mixing angle in
muon-electron neutrino oscillations,
and since the detector was close to
the neutrino source the limit has
survived. Recently a dedicated

CERN Courier, November 1993



s °F
.
ITALIA

ot e o

Geneva, 30 November - 3 December 1993

/( Istituto nazionale
per il Commercio Estero
ltalian Institute
for Foreign Trade

For further information apply to:

Italienisches Institut fur Aussenhandel
Limmatstr. 23

CH 8005 ZURICH

Tel. (01) 2717505

Tix 045 822635 ICE CH

Fax (01) 2725414

Headquarters:
Via Liszt, 21
00144 ROMA-EUR
Tel. 06/59921

Fax 06/59926899




ABB SACE S.p.A.
Via Baioni, 35
24123 Bergamo
Tel. 035/395111

Fax 035/395433-395306

ALENIA SPAZIO S.p.A.
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ABB SACE

& Alenia

ANSALDO]

LV/MYV electrical equipment (circuit-breakers and switchboards)
and systems for the generation, transmission, distribution and
application of electrical power.

Alenia Spazio coordinates the activities of the, subsidiares Laben,
Proel Tecnologie, SSI (Space Software Italia) and Space Controls
Alenia Honeyweel.
Alenia Spazio has wide experience in complete space systems,
satellites for telecommunications, remote sensing, scientific
applications, space infrastructures, fixed and mobile ground
stations. Alenia Spazio manufactures Quadrics parallel super
computers under licence of the Italian Institute of Nuclear Physics
and derived from APE 100 special project.
Hosting:
* LABEN S.p.A.

S.S. Padana Superiore
20090 Vimodrone (MI)

Tel. 02/250751

Fax 02/2505515

ANSALDO Energia, subsidiary of Ansaldo, an integrated
electromechanical engineering group, produces: steam and gas
turbines, generators, hydro and geothermal generators, other
electric machines, transformers, desalinators, heat exchangers and
magnets: multipolar magnets for high energy physics, large
magnets for controlled fusion and detectors, magnets for MHD,
wigglers and inverters, superconducting cavities, magnets Sor

laboratories and biomedical applications.
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AUTOMA works in the field of the industrial, factory and
transport automation. Automa makes feasibility studies, design and
realization, commissioning and maintenance of turn-key
computerised systems for supervision, process control and on-line
quality control. Moreover, AUTOMA makes systems based on
artificial intelligence, machine vision and neural networks.




CAEN S.p.A. Electronic Instruments for High Energy Physics experiments in
Via Vetraia 11 different standards (NIM, CAMAC, VME and FASTBUS) and

55049 Viareggio (LU) custom developments.
Tel. 0584/338398

Fax 0584/338959 ]

National organization of small and medium-sized companies from
different manufacturing sectors providing members with services,
assistance and consultancy.

Participating with:

C.N.A.
(Confederazione Nazionale
dell’ Artigianto e della
Piccola Impresa)

Via Avellino, 6 M ¢ C.S.R. SERVICE * MOPLAST * M.P. di GARASSINO G.
10144 Torino ) Via Cavallo, 18 Via Cagliari, 11/a Via Ferrero, 4
Tel. 011/481604 10078 Venaria Reale (TO) 10090 Cascine Vica (TO) 10090 Cascine Vica (TO)
Fax 011/482950 Tel. 011/497711 Tel. 011/9593959 Tel. 011/9591110

Fax 011/495855 Fax 01179593098 Fax 011/9572424

* O.M.S. snc e SCANFERLA ¢ TECNO BAJARDI

Via Bard, 52 Viale Marconi, 10 Via De Sanctis, 102/10

10142 Torino 10051 Avigliana (TO) 10142 Torino

Tel. 011/7072855 Tel. 011/9367174 . Tel. 011/7072333

Fax 011/706634 Fax 011/9367191 Fax 011/7072529

CONSORZIO EXPO-ART - ° e : Export promotion consortium for engineering, wood, plastic and
Via F. Malavolti, 5 PR T electronics, etc. It provides members with commercial assistance
41100 Modena b’ and consultancy.
Tel. 059/820766 ‘ 'o Participating with:
Fax 059/820722 - “expo-art e CEVOLINI & C. s.r.l, * COXA s.rl, ¢ S.C.M. di Fregni & C. sne
Via Zarlati, 110 Via Don Milani, 15 Via Padre Torres, 8
41100 Modena 41100 Modena 41100 Modena
Tel. 059/330544 Tel. 059/251359 Tel. 059/250463
Fax 059/331288 Fax 059/253829 Fax 059/250453

* TECNOMATIC s.r.l.
Via Paraviana, 327
41057 Vignola (MO)
Tel. 059/773662
Fax 059/763753

CONSORZIO PER The consortium engages in managing, promoting and developing of
L’AREA DI RICERCA the “AREA Science Park”’, the first multidisciplinary science park
Loc. Padriciano, 99 /_\'—E/_\ in Italy. The park hosts over 700 scientists from government - and
34012 Trieste private - owned centres and laboratories who do research work in
Tel. 040/37551 such areas as biotechnology, materials science, microelectronics and

SciencePark

Fax 040/226698 biomedical equipment.

Participating with:

e BULL UNIX o SINCROTONE ® SyAC s.r.l.
Competence Center TRIESTE S.c.p.A. Via Ireneo della Croce, 4
¢/0 AREA Science Park Loc. Padriciano, 99 34126 Trieste
Loc. Padriciano, 99 34012 Trieste Tel. 040/368881
34012 Trieste Tel. 040/37581 Fax 040/368906
Tel. 040/398983 Fax 040/226338
Fax 040/226698
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CORONA srl

Strada Lombadore, 56
10040 Leini (TO)

Tel. 011/9981476

Fax 011/9974814

Printed circuit boards: double-side, multilayer, multiwire.

EUROPA Copper and copper alloy semis (rolled, tubes, rods and profiles,
METALLI-LMI SpA wires) and special products (mineral insulated copper cables,
Borgo Pinti, 99 T copper moulds, superconductors, memory alloys, etc.).

50121 Firenze RN

Tel. 055/49741 @}M

Fax 055/2479067

FIAT CIEI
(Componenti e Impianti

b 1 y 1
per 1 Energla ¢ 1 InduStrla FIAT COMPONENT! & IMPIANTI
S p A ) PER L'ENERGIA e L'INDUSTRIA

FIAT CIEI (GILARDINI Group), with its technological units
SEPA and CIEI, designs, develops and manufactares electronic
automation and instrumentation systems for energy (distributed
control systems, microelectronics for data acquisition eic.),

Via Cuneo, 21 components and systems for nuclear fusion and fission,

10154 Torino installations for power plants.

Tel. 011/26831-26001

Fax 011/2422395-2600524

FOCHI Participating with:

Via Portanova, 3 ¢ FOCHI ENERGIA s.r.L.

40123 Bologna ol Studies, procurement, fabrication, erection, start-up assistance,
Tel. 051/296111 =7 FOCHI maintenance, controls and diagnostics, revamping of conventional

Fax 051/253108 power plants, combined cycle power plants and repowering of
conventional thermal power plants, nuclear power plants,
cogeneration plants, heat distribution network, desalination plants,
maintenance and revamping, balance of plant.

* FBM HUDSON

ITALIA S.p.A.
Shell and tube heat exchangers, HP and LP feedwater heat
heaters, reactors and columns, high pressure and temperature
equipment, process waste heat boilers, recuperators, deaerators,
air-fin coolers, dry cooling towers, surface/direct contact steam
condensers, high and low pressure prefabricated piping,
desalination plants, offshore jacket systems, thin film evaporators,
complete skids of prefabricated components.

FRANCO CORRADI
Via Cornaggia, 11
20017 Rho (MI)

Tel, 02/9302955 franco Corradi

Fax 02/93169312

Insulating materials, elements for laser and optics, substrates - high
purity metals, temperature sensors and fine wire.
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Stainless-steel vacuum chambers, circular and not circular sections
for bending dipole, focalising quadrupole, sextupole, photons

MARTHA srl IMPIANTI
Via E. Wolf/Ferrari, 15

20141 Milano MARTHA. Jocusing, superconducting systems. Vacuum distillation plant for
Tel. 02/57409740 é trasformer oils regeneration, P.C.B. separation. Vacuum phase
Fax 02/55213510 separation plants. Storage platforms for P.C.B. Mercury,
Cadmium waste.
Hosting:

e THELMA s.r.l.

Thermal insulating materials. Special clothing for vacuum
components erection. Air conditioning system with powder
separation with cold trap, solvents recovery. Alfa in-line measuring
instruments.

OCEM S.p.A.
Via 2 Agosto 1980, 11
40016 San Giorgio di

OCEM S.p.A. POWER ELECTRONICS deals with the design and
production of power supply systems and produces power supplies
in a wide range of power, current and voltage. They are mainly

Piano (BO) intended for science laboratory applications and particularly for
Tel. 051/6650169 particle and plasma physics.

Fax 051/6650099

OLIVETTI The Olivetti Alpha AXP-based platform is built using most of the

Represented by: components found on conventional PCs, but integrated in an

OLIVETTI SCHWEITZ AG OliVEtti architecture that exploits the full capabilities of Windows NT.

85 Industriestrasse The Olivetti M6-620 Suprema is the latest member of the M6
CH-8304 Wallisellen Suprema high performance professional PC line, based on the new
Tel. 0041/01/8391522 Intel Pentiumi Microprocessor.

Fax 0041/01/8391611 The microprocessor of the M6-460 Suprema is the i486 DX2

- running at 66 MHz, but the system’s modular structure makes the
motherboard ideal for future evolution of the Intel 486 family.

PIRELLI CAVI S.p.A.
Viale Sarca 222.2

POWER CABLES: power transmission cables, from low fo
extremely high voltages - cables and wire for general and building

20126 Milano l: industries and/or special applications - laying, jointing and turn-
Tel. 02/64421 IRELLI key installations.
Fax 02/64424258 CAVI TELECOMMUNICATIONS CABLES: local and long distance

conventional and fibre optics cables - data and control cables -
cable laying, jointing and turn-key installations - main contracting
and project engineering.

CABLE ACCESSORIES.

RIAL VACUUM S.p.A. Ion pumps, qizadrupole mass spectrometers and dry pumping

Via P. Campanini systems designed to cover all applications related to clean vacuum
43100 Parma hl and ultra high vacuum, evaporation, surface studies, microscopics,
Tel. 0521/272120 i RIAL efc.

Fax 0521/270564
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RIVOIRA S.p.A.
Corso Belgio, 107
10153 Torino

Tel. 011/88041
Fax 011/8804428

SAES GETTERS S.p.A.
Via Gallarate, 215
20151 Milano

Tel. 02/30201

Fax 02/33403636

SILENA S.p.A.
Via Firenze, 3
20063 Cernusco sul
Naviglio (MI)

Tel. 02/92106331
Fax 02/92106293

SIO s.r.l.

(Air Liquide Group)
Via M. Idiomi, 8 -
P.O. Box 5§

20090 Assago (MI)
Tel. 02/45780-1
Fax 02/4880800

SOCIETA ITALIANA
AVIONICA S.p.A.
Via G. Servais, 125
10146 Torino

Tel. 011/7794844

Fax 011/725679

VARIAN S.p.A.
Via F.lli Varian, 54
10040 Leini (TO)
Tel. 011/9979111
Fax 01179979350
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RIVOIRA is an Italian company of the international group
PRAXAIR and deals with industrial gases (cylinders and bulks),
refrigerant, medical, pure and speciality gases. The production
structure is based on 4 air separation plants, 4 production
Sacilities, 10 filling stations and 2 helium filling stations.

Evaporable Barium getters, Alkali Metal Dispensers, Porous non
evaporable getters, getter pumps, gas purifiers, sputtering targets,
instrumentation for O°, H*0O, CO, H? CO? detection.

Design, production and sale of electronic instrumentation for
analysis of nuclear radiations, environmental measurements and

S | LE N A industrial application.

Stationary storage tanks for cryogenic liquified gases, cryogenic
systems, carbon dioxide production plants, nitrogen gas production
plants, PSA system, laboratory cryogenics.

SI10

SOCIETA DEL GRUPPO AIR LKRIDE

Software development designs, Real-Time software systems, system
design and system engineering, integrated logistic support.

Vacuum equipment production, high vacuum and ultra-high
vacuum systems, all vacuum components such as diffusion pumps,

Vari an@ ion pumps, turbomolecular pumps, flanges, fittings, valves,
Innovative Paaple Haking Tochmology Work vacuum gauges, leak detectors.




Charm comes out into the open. Photograph
from Brookhaven’s 7' cryogenic bubble
chamber showing a charged current event with
a lambda decay and six charged pion fracks.

neutrino oscillation experiment,
E776, a Columbia/John’s Hopkins/
fllinois collaboration with W. Lee as
spokesman, in the same beam but
located at 1 km, significantly im-
proved the mass limit for large mixing
angles.

The solar neutrino problem is still
one of the most intriguing unresolved
problems in physics. While it is clear
that the sun is a copious source of
neutrinos, it was only in the late
1950s with W.A. Fowler’s conjecture
that the solar cycle could be ex-
pected to produce boron-8 with its
high energy decay neutrino that it
seemed experimentally feasible to
detect solar neutrinos.

A number of potential detectors
were discussed and some test
modules built. The immediate
outcome was the Brookhaven Chem-
istry Department chlorine experiment
led by Ray Davis. This large tank of
chlorine-rich cleaning fluid has been
active in the Homestake gold mine in
Lead, South Dakota now for close to
30 years. The original projections
were that the total solar neutrino
capture rate in 520 metric tons of
chlorine would be 2 to 7 per day.
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Solar neutrino capture produces
argon-37 atoms which can be ex-
tracted and counted in a small
proportional counter with very low
noise electronics, developed in
Brookhaven’s Instrumentation Divi-
sion.

The original 1968 paper only gave
an upper limit on the solar neutrino
flux from boron-8 as the observed
rate was consistent with the back-
ground rate from the counter.
However more data, more sophisti-
cated analysis methods, and im-
provements in electronics led to a
definite determination of the fiux.

While the accumulated data over
the past years has sometimes led to
conjectures about solar cycles or
other phenomena, the observed rate
has been consistently less than solar
model predictions.

Brookhaven is a member of the IMB
collaboration which in 1979 proposed
to search for proton decay in a large
water Cherenkov detector. By 1983
they had already established that the
proton lifetime was much longer than
predicted by the minimal grand
unification model.

In the course of refining these limits,

the collaboration have extended their
mandate, covering also extraterres-
trial neutrinos, and making two
important measurements. In 1987
they observed 8 neutrino events
resulting from the SN1987A super-
nova explosion and recently have
noted an inconsistency between the
calculate@l and observed ratio for
atmospheric muon and electron
neutrinos.

Brookhaven’s solar neutrino tradi-
tion is extended with the new Gallex
experiment in the Italian Gran Sasso
Laboratory which sees neutrinos
from the primary solar proton-proton
interaction. The IMB group will also
participate in the Japanese Super-
kamiokande project (see page 32).

A new collaboration - Brookhaven,
UC Santa Barbara, Linfield College,
Los Alamos, New Mexico, Pennsyl-
vania, Southern, Temple, TRIUMF,
and Valparaiso - has recently had
scientific approval for a major new
initiative on neutrino oscillations.
The aim is to search for muon neu-
trino oscillations via muon neutrino
disappearance with emphasis on
small mass differences. The goal is
to cover the region allowed by the
anomalies in the atmospheric neu-
trino rates recently reported by both
Kamiokande and IMB with three
detectors, the furthest being at least
20 km from the neutrino target.

Brookhaven has had a long and
profitable association with the neu-
trino, with experiments which have
contributed greatly to our under-
standing of the neutrino itself, to the
evolution and validation of weak
interactions and the Standard Model
and which have exploited the neu-
trino as a probe of rare phenomena.
With a major hew experiment being
prepared, the Laboratory’s strong
neutrino tradition lives on.
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Wide and narrow
bands

Getting neutrino beams is all
about getting enough parent
particles. The pioneer neutrino
experiments at Brookhaven in
1962 used no focusing tricks,
however the invention of the
magnetic horn by Simon van der
Meer at CERN enabled a wide
range of parent kaon or pion
momenta to be concentrated into
a cone, boosting the subsequent
neutrino yield in a ‘wide band
beam’. The focusing horn also
selects the electric charge of the
pions and kaons, thereby deter-
mining whether neutrinos or anti-
neutrinos are oblained. However
there is little indication of what
the energies of these neutrinos
(or antineutrinos) are.

Another approach is the ‘narrow
band beam’, where a limited
range of parent pion or kaon
momenta is selected, giving a
forward peak. Here the offset of
the neutrinos from the forward
direction gives an indication of
their energy. However as pions
and kaons decay in different
ways, the resultant neutrino
beam covers two (narrow)
momentum bands, and is
‘dichromatic’. The first such
beams were used at Fermilab in
the early 1970s.

The Fermilab ‘flagship’ E1A neutrino experi-
ment pioneered the use of large neutrino
calorimeters. In this 1973 photo are, left to
right, standing, Alfred Mann, Richard Imley,
David Cline, T.Y. Ling, Don Reeder, Jim
Pilcher and Bernard Aubert; seated, Carlo
Rubbia, Karen Mattison and Fred Messing.
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FERMILAB

Neutrino experimentation at higher
energies was among the justifica-
tions for the construction of Fermilab
and the earliest studies utilized these
new beams produced with 350-400
GeV protons. This pre-Tevatron
period used both electronic counters
and the new 15-foot cryogenic
bubble chamber.

The counter experimental pro-
gramme was basically divided into
two generations. The first covered
the discovery of new phenomena and
confirmation of the parton model
using high rate wide-band and the
first dichromatic narrow-band neu-
trino beams. The second concen-
trated on precision measurements
with dichromatic beams.

One flagship experiment, desig-
nated “E1A”, was originally a collabo-
ration of Harvard, Pennsylvania and
Wisconsin, and was the prototype of
large neutrino calorimeters: a target/
calorimeter followed by a large set of
iron toroidal magnets. E1A and its
successor, E310 (which included

Rutgers), ran for a total of 6,650
hours from 1972 through 1978.
Contemporary with these experi-
ments was another large counter
experiment by CalTech and
Fermilab, designated originally as
E21A. Along with its successors,
E262, E320, and E356 (which
collected dater over some 4,600h)

it took part in the first generation
programme, and subsequently
spearheaded the second generation
with precision measurements of both
charged current structure functions
and the weak mixing angle. Finally,
this latter collaboration extended its
participation into the early Tevatron
era, and will continue through the
1990s.

The E1A-inspired programme
ended with E310 and a dedicated
low-mass, highly visible counter
neutrino experiment, E594 took its
place. E616 plus E594 constituted
the second generation of pre-
Tevatron Fermilab experiments.

The Fermilab “15-foot” bubble
chamber (actually, a 12 foot diameter
sphere with a 3 foot upstream nose),
began operation in 1973, with a
neon-hydrogen mixture exposed to
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