
Argonne / Brookhaven team. The 
quad exceeded specifications with a 
rise time of only 1.6 microseconds. It 
also passed the test of being an 
almost perfectly linear quadrupole 
during this fast rise period. 

The Michigan people have now 
geared up a production line for a 
dozen pulsed quads plus a few 
spares. The ferrite poles are about 
70 per cent finished and the coil 
winding operation is well under way. 
Much of the work is being done by 
students, both graduate and under
graduate, and the entire job should 
be finished in a few months time, 
almost a year ahead of schedule 
and almost a factor of two below 
the original cost estimate of 
$ 450 000. 

FRASCATI/CERN 
Streamer tubes in 
particle detectors 
The study of the details of ionization 
in gases and their subsequent appli
cations in particle detectors were 
initiated particularly by the group of 
Georges Charpak at CERN where 
multiwire proportional chambers 
and drift chambers were invented in 
1968. There have been many sur
prises which have not been in line 
with the 'folklore' on gas discharges 
which had grown up from the work 
earlier this century. 

Recent work on conditions which 
produce 'self-quenching streamers' 
has rapidly found application in 
detection systems. The develop
ments at Fermilab were reported in 
our May issue (page 1 52) but they 
were not the first of their kind. We 
believe the first application of the 
technique was at Frascati by the 
group of E. larocci. In 1978 a 330 
tube array was built for use on the 
Adone storage ring. Also since 

1979, 8000 tubes based on this 
work have been built at Orsay for 
photon and muon detectors. 

The Frascati group passed infor
mation on their experience with 
streamer tubes to the CHARM colla
boration (CERN/Hamburg/Amster-
dam/Rome/Moscow) carrying out 
neutrino experiments on the SPS at 
CERN. Since 1 979 the collaboration 
has added a very large streamer tube 
system to their 'fine-grained' calori-
metric detector of marble plates, 
proportional drift tubes and scintilla
tors so as to improve the spatial 
resolution when measuring hadronic 
and electromagnetic showers. 

The added system consists of 
20 000 streamer tubes each 3 m 
long with a 50 micron central anode 
wire. The tubes are arranged in 
planes of 256 oriented at right 
angles to the proportional drift tubes 
across the beam direction so that the 
signals from the two types of tube 
together give both coordinates of the 
traversing charged particles. Each 
streamer tube is only 9 mm across 
and thus particle trajectories are 
located with good accuracy. 

An advantage of the limited 
streamer mode is that the streamer 
tubes are not very sensitive to the 
operating conditions. Performance is 
about the same over some 500 V 
around 3.8 kV and over some 20 per 
cent variation in the gas mixture. The 
resulting signals from the streamers 
produced in the tubes traversed by 
particles have a mean output voltage 
of around 1 5 mV so that the subse
quent electronics are simple and 
inexpensive. The tubes are contin
uously sensitive to the arrival of 
particles apart from a 'dead-time' of 
less than 100 microseconds in the 
few millimeter streamer region. 

An even larger system of 43 000 
streamer tubes has been under con
struction since 1980 by a CERN/ 
Frascati/M Man/Torino collabora

tion for the proton decay search in 
the Mont Blanc tunnel. This 3.5 m 
cubic set-up has a calorimeter con
sisting of 134 iron plates 1 cm thick 
interleaved with 1 cm tubes. These 
tubes have a further unusual feature 
deriving from the early Adone detec
tor - they are plastic (PVC) tubes, 
made cfinductive by means of a 
graphite coating. This graphite ca
thode has high resistivity whicfe 
makes the tubes transparent to 
pulsed fields and allows the use of 
simple external pick-up electrodes to 
localize the streamers. Bidimen-
sional track localization in a single 
tube layer is achieved by the use of 
two strip (1 cm x 3.5 m) arrays, 
parallel and orthogonal to the wires, 
to pick up induced pulses from the 
streamers inside the graphite ca
thode tubes. 

In this detector for the Mont Blanc 
experiment the wires do not supply 
direct readout but are simply con
nected to the high voltage. The total 
number of readout strips is about 
80 000, for a total sensitive area of 
3400 m 2 . Inexpensive readout elec
tronics (developed by LeCroy) is con J
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nected directly to the end of the 
strips. 

A test calorimeter (1 x 1 x 3.5 m, 
1 5 tons) has been assembled with 
3000 tubes and 6000 strips and 
recently exposed to electron, pion 
and gamma beams so as to prepare 
for proton decay identification and 
neutrino background rejection. 
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