
One of the first examples of a high energy 
antineutrino interaction in deuterium, seen 
in the 3.7 m BEBC bubble chamber. The 
invisible incident antineutrino strikes a 
neutron in a deuterium nucleus, producing 
eight charged particles — four positives 
bending away to the left, and four negatives 
to the right. In addition, at least one neutral 
particle is produced, as shown by the 
electron-positron pair seen a few centimetres 
from the primary vertex. The proton from 
the struck deuteron remains as a spectator, 
and is seen as the short stub track at the 
right of the primary vertex. 

Bubble chamber 
spectators 
This summer the 3.7 metre BEBC 
bubble chamber finished its first run 
filled with deuterium, providing 
126 000 excellent quality photo
graphs with neutrinos and 60 000 
with antineutrinos during a 30 day 
period. This was the first time that a 
deuterium-filled bubble chamber 
had been exposed to high energy 
antineutrinos. 

Just before the start of the run, 
work had been completed to up
grade the neutrino shielding in the 
West Area at CERN, allowing the 
use of primary proton beams at 
maximum SPS energies. 

Part of the old earth shielding had 
been replaced by a 4 x 4.6 x 36 m 
cast-iron plug, and a toroidal mag
net, 6 m in diameter and about 10 m 
long, inserted in the existing iron 
shield to focus muons onto the new 

plug. Previously, the primary proton 
energy had been limited by problems 
of muon background. 

Tiny bubbles are seen in the 
pictures due to electrons from the 
beta-decay of the tritium contamina
tion in the deuterium sample. How
ever the heavy water used at CERN 
to provide the deuterium for BEBC is 
extremely pure, with a tritium level 
less than 3x 10~15. 

The deuterium nucleus consists of 
a loosely-bound proton and neutron. 
This allows reactions on both types 
of nucléons to be studied in the 
bubble chamber without the second
ary effects that often obscure what 
happens with heavy liquid targets. 

This is particularly useful when the 
neutrinos interact with the neutrons 
from deuterons. In these reactions, 
the companion protons simply spec-
tate, seeing what happens in the 
interactions, but without being af
fected themselves. 

The short stub tracks caused by 
the recoil of these spectator protons 
enable the direction and momentum 
of the neutrons at the time of colli
sion to be determined, making 
detailed kinematical analysis possi
ble. 

SAC LAY 
Scintillating 
developments 
Physicists are using increasing num
bers of scintillators in particle phy
sics experiments. For instance, they 
are used in calorimeters for measur
ing the total energy of a particle by 
means of the light produced by 
secondary bursts passing through 
layers of scintillators. 

Until 1975 most scintillators con
sisted of a substrate of polyvinyl 
toluene (PVT), an aromatic sub
stance which emits a great quantity 
of ultra-violet radiation when trav
ersed by a particle. Fluorescent 
products thinly spread throughout 
the substrate convert the radiation 
into blue light. The substance is 
sandwiched between two glass 
plates having the high grade surface 
finish needed to collect the light 
through total reflection on the 
surfaces. 

It is, however, too expensive to 
manufacture PVT-based scintilla
tors for extensive use in calorimetry. 
A new type of scintillator was devel
oped at CERN with the help of indus
try in 1 975. This type (called 'Plexi-
pop', see November 1975 issue, 
page 346) consists of non-scintillat
ing plastic (polymethyl methacrylate 
or PMMA) containing naphthalene, 
an aromatic substance which pro
duces the primary ultra-violet and 
fluorescent substances which trans
form the radiation into blue light. 
This scintillator, which is also sand
wiched between glass plates, is 
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much cheaper than the PVT-based 
types, but it gives out only a quarter 
of the quantity of light. It was devel
oped for experiment NA3 at the 
CERN SPS (see September issue, 
page 257), but is now being used in 
calorimeters for a large number of 
other experiments. 

Together wi th industry, the Ele
mentary Particle Physics Depart
ment at Saclay has developed two 
alternatives for use in the proton-
antiproton colliding beam experi
ments UA1 and UA2 at the SPS. 

Using PMMA as the substrate, the 
first has provided a scintillator w i th a 
light output some three times higher 
than Plexipop at the same price. The 
main feature of this new scintillator, 
dubbed 'Altustipe', is the incorpora
tion of a large quantity of naphthal
ene (up to 15%). Its mechanical 
properties are similar to those of 
Plexipop. 

Although initially intended for ca-
lorimetry, the development has re
sulted in four industrial products, all 
of them cheap and suitable for a 
specific purpose — Altustipe UV for 
coupling to a wavelength converter 
(BBQ); Altustipe bluefordirect read
out via a photomultiplier; A l tu 
stipe yellow giving high transparen
cy; Altustipe fast emitt ing less light 
but wi th a fast response. 

Altustipe UV wil l be used in two 
important experiments. CERN has 
ordered thirteen tons for the axial 
field spectrometer (AFS) calorimeter 
at the ISR, while sixtons will be used 
in some of the calorimeters for 
experiment UA2. Further informa
tion may be obtained from Mr. 
Bourdinaud at Saclay. 

The other development has led to 
the perfection of a new type of 
scintillator and a new manufacturing 
process. The scintillator consists of 
polystyrene, an aromatic product 
providing the primary ultra-violet, 
and fluorescent products changing 

this radiation into light of 'any 
desired colour'. The light output of 
polystyrene is very close to that of 
polyvinyl toluene and these scintilla
tors are therefore highly luminous — 
about five t imes more so than Plexi
pop. 

Unlike PVT, polystyrene is a highly 
diffusing plastic material. Industry 
supplies it in granular form, which is 
injected into moulds or extruded at 
temperatures close to 200°C. 
Saclay has opted for the extrusion 
method of manufacture. In an initial 
operation, the scintillating product is 
incorporated into the granulate, 
which is then extruded into plates 
and passed between polished steel 
rollers. Plates wi th highly uniform 
characteristics (luminosity, trans
parency, surface finish and thick
ness) are produced at the rate of 
about 2 5 0 kg per hour. 

The scintillator is much cheaper 
than the Plexipop type, while the 
light output and transparency are 
similar to those of the best PVT 
scintillators coupled with a wave
length converter and wi th the same 
emission spectrum. The lengths of 
the scintillator plates are not limited, 
and remarkable precision can be 
obtained on the thickness. 

Fifteen tons of this ultra-violet 
radiation emitt ing substance have 
been ordered for experiment U A 1 . 
5 0 0 kg of the blue-light emitt ing 
type will also be produced for direct 
coupling to a photomultiplier. A 
document on the characteristics of 
this scintillator is being prepared and 
further information may be obtained 
from J.C. Thévenin at Saclay. 

These two types of product are 
complementary. Altustipe may be 
made in large thicknesses, but to a 
standard tolerance, while in the 
polystyrene extrusion process, al
though narrower tolerances are pos
sible, there is a practical limit to the 
thickness. 

FERMILAB 
New computer 
system 

Late in July, the Fermilab Computing 
Center completed its transition tc 
a new system. Three Cyber 175 
central processors delivered over the 
previous eight months were linked 
together in a loosely coupled fashion 
using a modified operating system. 
The system has access to 6 billion 
bytes of disk memory, 2 4 tape 
drives, communications processors 
and the usual complement of input / 
output equipment. The three central 
processors function symmetrically, 
and there is enough capacity to 
ensure that failure of any unit wil l not 
interfere w i th the rest of the system, 
although performance might be 
reduced. 

In the early days, the relatively 
small amount of computing that 
Fermilab required was satisfied by 
the nearby Argonne National Labo
ratory. For a while this was an 
acceptable solution, and remote job 
entry terminals plus a daily courier 
service were sufficient for the accel
erator design work, for the small 
amount of particle physics then in 
progress and for administrative 
computing. 

As the accelerator came into oper
ation and the first physics experi
ments began, it was clear that this 
initial arrangement would be inade
quate. Wi th the t ight funding of the 
early 70s, it was decided to intro
duce older equipment, available as a 
result of modern machines being 
delivered to other Laboratories. 
Thus, the PDP-10 from the old Prin
ceton/Pennsylvania Accelerator 
and a CDC 6 6 0 0 from Berkeley 
were delivered in 1971 and 1973 
respectively. Wi th this equipment 
and the continued use of Argonne, 
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