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Comment

This issue (pages 103-109) contains
accounts of some of the work of the
Rutherford and Daresbury Laboratories in
the UK. These are the Laboratories referred
to by Professor B.H. Flowers at the CERN
Council Meeting in December 1967, when
he said that the UK was very ready to
consider how its national centres could
be used on a European basis.

Their particular interest in such a
scheme stems from the priorities clearly
laid down by the UK delegation at recent
Council Meetings (1) 300 GeV, (2) CERN
Meyrin, (3) National Laboratories. Con-
fronted with a ceiling on expenditure for
sub-nuclear physics, the attitude seems to
be that the international projects, where
the real frontier work is going on, must
have first claim, because without them the
other work has little meaning in the long
term. Most existing national Laboratories
would in any case change their character
in the shadow of a 300 GeV machine, and
it seems an appropriate time to confront
the ideal of full integration of such Labo-
ratories in a single pool of European
facilities.

The European Committee for Future
Accelerators has twice had a broad look
at the European programme in the course
of evaluating the cornerstone of this pro-
gramme for the future — the 300 GeV
project. ECFA suggested some desirable
machines for national projects (though
it was outside the Committee’s terms
of reference to recommend particular
projects to particular countries) and recom-
mended that ‘each particle accelerator
should, as far as possible, be exploited on
an international basis, even when the
accelerator has been built by a national
organization’. ECFA also intends to discuss
national accelerators at a future meeting.

Close collaboration has, of course,
always existed. There is regular exchange
of scientists, free access to information
and representation on committees of other
Laboratories, and there have been some
major operations such at the shuffling of
bubble chambers from one Laboratory to
another.

Nevertheless, national Laboratories are
national Laboratories. Obviously, selection
of the type of machine for such a Labo-
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in positioning the blocks and moves around in step with the construction work. The main contractor for
the civil engineering of the ISR is Sogene, Italy. (CERN/PI 163.4.68)



ratory and the selection of experiments
for the research programmes take account
of what is happening elsewhere and a
fairly logical list of complementary
machines and programmes have been
established. But, as costs and manpower
requirements rise, and as machines and
their related instrumentation become more
and more sophisticated, the time seems
ripe for fuller integration.

The practical difficulties are consider-
able. The research programmes of national
machines are at present almost entirely
filled from the local Universities — would
the national Universities suffer from inter-
nationalization of the Laboratories? How
would the financing of a Laboratory be
organized, if one country were encouraged
to build a particular machine there, while
other countries made extensive use of it?
How would Laboratories cope with large
teams of foreign scientists in terms of
language, education of children, accommo-
dation etc., without being geared to meet
these problems almost to the extent of
CERN itself? What body would recommend
a particular machine for a particular coun-
try? Would that body ever be able to tell
a country that it ought to shut a machine
down? Who would control the research
programmes in such Laboratories?....

But to confront these problems may
prove to be very important. Faced with
limited resources, some overall plan
should ideally operate. Let us hope that
when the sun of the 300 GeV machine
finally rises it will be surrounded by an
orderly array of satellites.

An aerial view of part of the CERN site. The
wheel shape of the proton synchrotron itself is
fairly obvious and, pointing from it towards the
bottom of the picture, is the tunnel housing the
neutrino beam-line. The large new building
(bottom centre of the picture) is the one which
will house Gargamelle.

In the background top left can be seen some of
the excavation work for the Booster (the new
higher-energy synchrotron injectorj and for the
Intersecting Storage Rings.

Gargamelle

CERN's new heavy liquid bubble chamber

In the April issue of CERN COURIER we
reproduced a photograph of the arrival
of the first piece of the new heavy liquid
bubble chamber ‘Gargamelle’. The 140 ton
base-plate for the magnet was towed onto
the site by two ftractors in a 48-wheel
convoy on 31 March. It seems an appro-
priate time to say something about this
significant addition to CERN’s research
equipment.

Its use

Gargamelle has been conceived principally
as an instrument for research on neutrinos.
The fascination of these elusive particles
has been brought out in several previous
articles in CERN COURIER (see particu-
larly the article by C.A. Ramm, vol. 6, p.
211). They are the most abundant particles
in the universe and their study will tell us
much about the weak interaction, the

only one in which they take part. Their
interactions are so rare that ten years
ago, our present ability to observe neu-
trinos was unimaginable. By 1963, it had
become possible at high-energy acceler-
ators, where large, refined detection equip-
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ment was already in use, to ‘see’ about
one neutrino an hour from the millions
that the accelerator produced. This will
have increased by the early 1970s to
something like 10000 per day and the
study of neutrinos will be on the same
footing as that of most other particles. At
CERN, Gargamelle will be one of the
important contributors to this advance.

For neutrino experiments, a heavy liquid
bubble chamber has two advantages over
a hydrogen bubble chamber:

i) It presents a more dense target so that
there are more particles with which
the neutrino can interact;

ii) The distance a neutral particle travels
in the liquid before producing charged
particles (which leave tracks giving
information about the parent neutral
particle) is shorter. Many important
neutrino interactions — such as the
elastic scattering of an antineutrino
and a proton producing a neutron —
yield neutral particles, and the ability
of the heavy liquid chamber to give
information on them is therefore
invaluable.
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A heavy liquid chamber is less favour-
able than the hydrogen chamber in the
complexity of the target it presents to the
incoming beam and in the accuracy with
which the particle tracks can be
measured. Also, it is worth adding here
that modified hydrogen chambers are now
coming into vogue containing hydrogen/
neon mixtures or a hydrogen target sur-
rounded by a hydrogen/neon mixture,
which compromise between the advan-
tages and disadvantages of pure hydrogen
and heavy liquid.

The main detector in the neutrino experi-
ments previously carried out at CERN has
been the CERN heavy liquid bubble
chamber, which has a volume of 1180
litres. Gargamelle is much bigger with
10 000 litres of useful volume. In a uniform
neutrino beam the event rate would be
proportional to the volume for the same
liquid. In fact, Gargamelle will contribute
about a factor of seven to the rate at
which neutrino interactions can be
observed.

The new chamber is being designed
and built at the Saclay Laboratory in
France, with help from Ecole Polytech-
nique, Orsay and industry and is being
given to CERN who are providing its
buildings and supplies. As mentioned
above, the first piece arrived recently and
the other components will arrive during
the course of the next year. The magnet is
coming directly to be assembled at CERN.
The other components will be first
assembled and tested at Saclay. It is
hoped to have the chamber in operation
at the end of 1969.
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Description of the chamber

The main features of the chamber are as
follows: the body (which is almost ready
for delivery) is a welded cylinder with
dished ends, 1.85 m in diameter and 4.5 m
long, with the axis of the cylinder in the
direction of the beam. It is constructed of
low carbon steel, 60 mm thick increasing
to 150 mm in the region of the ports. Iis
total volume is 12 m3? of which 10 m? is
‘useful volume’, i.e. can be seen by two
cameras. Two diaphragms, made of poly-
urethane elastromer 4 m by 1 m, running
in the direction of the axis on one side of
the chamber are used to vary the pressure
on the liquid. The liquid can be pure pro-
pane (when the chamber would contain 5
tons of liquid) to freon (15 tons) or any
intermediate mixture. Four fish-eye lenses,
with an angle of view of 110° are set in
apertures in each diaphragm; each set of
four have their images recorded on a
single film. There are 21 xenon filash
tubes distributed over the chamber behind
diaphragms to give ‘dark field’ illumination
(see CERN COURIER vol. 7, p. 144).

The chamber is surrounded by a
magnet designed to produce a field of
19 kG. The magnet yoke, weighing 800
tons, serves as support for the chamber,
the expansion system and the coils. The
two sets of coils weigh 80 tons each and
are mounted vertically; the field direction
is horizontal.

The name Gargamelle is taken from the
satirical novel ‘Gargantua’ by Rabelais
(1534) in which Gargamelle was the mother
of the giant Gargantua. She gave birth to
Gargantua through her ear. The asso-

A 1/8 scale model of Gargamelle has been
constructed of transparent coloured plexiglas so
that the way in which the different components
fit together can be seen. On the right are the
units of the pressure system culminating in the
diaphragms in the chamber (they look like two
pistons pointing in directions almost along the
diagonals of the photograph).

The optical system views the chamber through
fish-eyes lenses set in the diaphragms. The
chamber, magnet and coils can be picked out
and on the left is the illumination system.

ciation of headaches with Gargamelle is
appropriate even in modern times. The
construction of the new chamber has
created many problems for its makers.
Bringing forth the data from Gargamelle
will also cause some headaches. The
direct interpretation of the events recorded
on the two fiims will be much more
complicated than with smaller bubble
chambers. New scanning and measuring
techniques will be essential and already,
under the auspices of the Gargamelie
Users’” Committee, much development is
in progress.

Gargamelle, in combination with the
increases in repetition rate and intensity
per pulse of the proton synchrotron and
the refinements incorporated in the new
neutrino beam-line, should make the
coming years of neutrino research at
CERN very fruitful ones.



PS Shut down

A description of the major items of work which
will be done on and around the 28 GeV proton
synchrotron during the long shut down which
has just begun. The Editor wishes to thank

U. Jacob for considerable help in preparing
this information.

The proton synchrotron began a shut down
on 27 May which will last until the end of
September. The exceptionally long dura-
tion of this shut down is determined by
three important civil engineering projects:

i) The increase in the beam intensity of
the machine coming from the improve-
ment programme (higher repetition
rate and, eventually, higher intensity
per pulse) makes it necessary to add
extra shielding to guard against
increased radiation levels. During the
shut down, a series of pre-stressed
concrete beams will be constructed
over the target area for the South Hall.
These beams will make it possible to
pile more earth shielding on the roof.

#) An exit has to be cut through the
synchrotron ring building where the
proton beam is to be taken outtowards
the intersecting storage rings. The
junction of the ISR transfer tunnel at
the PS includes a passage through
the linear injector building (see
Figure).

iii) Further holes in the synchrotron ring
building are needed for connecting the

new higher energy injector. Openings
in the PS outer wall are being made
for injection into the booster and for
transfer from the booster to the syn-
chrotron, together with cabling and
access points (Figure).

New power supply

The new power supply for the PS magnet,
which is the major item in the first stage
of the PS improvement programme, will
be connected and commissioned with the
magnet as load during the shut down.
From October onwards, the PS should
then be in operation with an increased
repetition rate.

The new supply has a 1000 rev/min alter-
nator driven by a 6 MW asynchronous
motor. The total weight is about 216
tons including an 88 ton rotor. Its mean
power is 46 MVA with a peak power of
95 MVA supplying up to 6400 A at 11 kV
to the magnet.

It will make it possible to operate at
approximately twice the previous repe-
tition rate depending upon the machine

A drawing of the injection region of the proton
synchrotron showing the complex arrangements
of access points into the main magnet ring
tunnel. Several of these are being cut into the
tunnel during the shut down, as described in the
article. The existing linear accelerator is at
position A; B is the ring itself; C is the beam
transfer tunnel to the intersecting storage rings;
D is the position of the Booster synchrotron.

cycle called for by the experiments.
Commissioning with the magnet is planned
for June and August operating during the
late afternoon and night so as not to
interfere too much with other work which
will be going on in the ring.

Various other units of the PS have to
be modified to cope with the increase in
repetition rate and in flexibility of the
machine cycle (it will be possible to have
several ‘flat-tops’ at different energies
during one cycle). These include:

— replacing the cables, which connect
some of the magnets, by busbars which
can tolerate the increased power
dissipation

— modification to the B-pulse generator
and the B— and M—timing distri-
bution in the main control room (these
are units which synchronize the oper-
ation of the machine to the magnetic
field and to the power supply cycle
respectively)

— improvements to the controis of the
pole-face-windings generator to handle
more frequent operation at higher
energy

97



— installation of a new set of septum
magnets and a septum lens for the
slow ejection system, which will
operate at the faster repetition rate and
with longer flat-tops

— installation of a new power supply for
the bump coils used in the fast
ejection system emerging from straight
section 74, and of a new fast ejection
septum magnet in straight section 58.

General modifications

Every group connected with the machine
is taking advantage of the long shut down
to do thorough overhauls, to carry out
modifications and to install new equip-
ment. The list of jobs to be done covers
about fifty pages and only a few have
been selected for mention here.

On the Linac:

The beam transport for the 500 keV beam
will be improved. The radio-frequency
system for the accelerating cavities will
be modified in preparation for injection
into the Booster in the second stage of
the improvement programme. This requires
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longer, more intense pulses at a higher
repetition rate. A major overhaul will be
carried out on the refrigerators for the
vacuum pumps.

On the PS ring:

Vacuum chambers in three of the magnet
units will be changed for improved
versions and new vacuum tanks or special
vacuum chambers will be installed in six
of the straight sections. Additional back-
ieg windings will be installed on all 100
magnets to increase the flexibility of
closed-orbit correction at injection. This
control of closed orbit position may
eventually be done by the control room
computer.
The new full-aperture kicker (see CERN
COURIER vol. 8, page 26) will be installed
in straight section 66 and the pulse gener-
ator of fast kicker magnet 97 will be
improved so that
— the pulse duration (hence the number
of ejected bunches) can be adjusted
without restriction

— several bursts of protons can be
ejected in the same cycle

16.3.68

— the energy can be varied from burst
to burst and from cycle to cycle.

The fast ejection septum magnet in
straight section 1 and its hydraulic
actuator will be removed. Two water-
cooled sextupole lenses will be installed
in straight sections 35 and 95. It will be
possible to operate three ejection systems
(from straights 58, 62 and 74) with more
flexibility.

A pipe-line for demineralized water will
be installed around the ring for general
use — for example, for the ejection
magnet in straight section 16 and for the
new dipole magnets.

In the experimental halls:

The ejected proton beam which fed the
muon storage ring in the South Hall will
be removed (the experiment has finished
taking data). Two new beams will come
from straight section 8 — a low-energy
beam and a medium energy beam for elec-
tronics experiments in the South Hall. All
the other beams will remain basically the
same but improvements to be made will
nevertheless require their complete rebuild-
ing. The thermal capacity of the cooling
towers and heat exchangers for the beam
transport cooling system will be increased
by 30 %.

In the control room:

improvements will be made to the instru-
mentation, and the controls for the ejection
system will be regrouped to integrate the
modified controls of the fast kicker 97
and those of the full-aperture kicker 66.
The computer will receive an additional
8 K memory and the programming
system will be adopted to make use of it.

When the proton synchrotron comes
back into operation in the Autumn it will
be a thoroughly ‘serviced’ machine,
capable of more versatile operation at
higher repetition rates, and already partly
prepared for its further improvement in a
few years time.

The new magnet power supply which will
increase the pulse repetition rate of the proton
synchrotron. During the present shut down of the
PS, the power supply will be connected up to the
magnet and tested.



Fixing the heat-exchangers onto the body of the
1 metre model of the large European hydrogen
bubble chamber by metalizing with copper.

This technique was developed in the West
workshop and is being used for the first time on
the model. It ensures a good mechanical bond
and excellent heat conductivity.

The model is to be used for a thorough
investigation of the thermo-dynamic problems
connected with the new chamber. It will also
serve to study the behaviour at low temperatures
of the plastic materials intended for the
expansion system. The large European chamber
is unusual in having its expansion system
operating at the bottom of the chamber. The
model will also be used to study the chamber
optics.

The first cool-down of the model is scheduled for
the beginning of June.

CERN News

The Godet Workshop

In the last issue of CERN COURIER we
reported the sad death of R. Godet, head
of the surface treatment workshop. Under
his guidance this workshop tackled many
unusual and challenging problems. As a
further tribute to Godet's work we select
three of the achievements of the workshop
which merit particular mention.

Oxidation of aluminium strip

The surface treatment workshop was
called upon to oxidize an aluminium strip
to be used in a magnet coil where there
was need for near-perfect linearity in the
magnetic field. It was necessary to produce
a continuous strip, 2500 m long, covered
with a fine coating of aluminium oxide
which would serve as insulator between
the different layers of the coil. This
deposit of aluminium oxide was maintained
within a thickness of 1 to 1.5 microns.
After a series of tests, the workshop
applied three special techniques to master
the problem
i) The oxide layer was dyed blue and the
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thickness of the deposited layer was
then controlled by monitoring the
colour intensity.

iiy The oxidation process itself was
standard but by the simple manceuvre
of raising the temperature of the oxi-
dation bath from 20 to 30° C, a much
more flexible oxide layerwas achieved.
This flexibility was maintained when the
layer cooled and meant that the strip
could be wound into a coil with much
less likelihood of fissures appearing in
the insulator which could have resulted
in electrical breakdown.

iii) It was important that the very long
strip did not fracture during the depo-
sition of the oxide layer and a system
with the stip passing through several
stages like a chain was set up. Two
strips, in parallel, were wound from a
single spool drawn by a motor. They
passed through the different treatment
baths, feeding through rubber rollers,
and were finally wound on to a drum.

When the oxidation was taking place,
R. Godet was at the workshop day and
night to ensure that everything was work-
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in7J to plan. The result met the stringent
specification laid down.

Copper plating for the kicker magnet

As reported in CERN COURIER vol. 8,
page 26, a full-aperture kicker magnet has
been successfully commissioned for use
on the proton synchrotron. The magnet
makes it possible to select various combi-
nations of bunches from the twenty
bunches orbiting the machine to be ejected
down a fast-ejection beam-line. This full-
aperture kicker avoids the problems of
hydraulically plunging the small, more
conventional kickers into the synchrotron
vacuum vessel. It introduces however
various technical difficulties of its own,
most of which were covered in the above
article. One, which was not mentioned,
confronted the west workshop and the
surface treatment workshop.

In order to pick out individual bunches
for ejection, the magnet has to be capable
of reaching the required field strenght and
of returning again to zero field each in
times of the order of 100 ns. This made it
necessary to use ferrite as the magnet core,
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Then came the problem of coating the ferrite
first with silver-loaded araldite (done in the
west workshop) and then with copper, to
form the conductors of the magnet.

The copper-plating was done in the
surface treatment workshop. The handling
of the brittle ferrite cylinders was in itself
difficult — there were two of them each
2 m long, 30 cm in diameter weighing
about a ton. The coating of copper had to
be evenly distributed over this large sur-
face area with good adhesion and with
good bonds to metal fittings.

After many tests, Godet developed a
rapid method of plating the inside and out-
side of the cylinder at the same time. It
involved very careful setting up of the
electro-plating units including the cons-
fruction of a specially shaped anode. The
result was a perfectly even deposit of
copper over the whole cylinder which met
all the requirements asked of it.

Producing a septum

One type of magnet used in ejecting the
accelerated beam from the proton syn-
chrotron is known as a septum magnet.

CERNIPI 66.5.68

(See, for example, CERN COURIER vol. 6,
page 176.) The septum itself is a thin plate
of current-carrying metal which serves to
prevent the field in the magnet from influ-
encing the beam except when the beam is
deflected into the septum magnet. It shuts
off the gap between the top and bottom of
the C-shaped magnet so that magnetic
field outside the gap is eliminated.
The septum needs to be as thin as
possible so as to reduce the number of
particles which are lost by collision with
the septum when the beam is deflected
into the magnet. This need for a very thin
septum is complicated by several factors -
i) It has to cope with current densities
of the order of 250 A/mm?2
ii) The heating that this current produces
(several tens of degrees) causes a
thermal expansion each time the
magnet is pulsed and the septum and
its attachments have to cope with
millions of pulses without fracture due
to metal fatigue

iii} To keep the temperature effects as low
as possible the septum has to be built
in such a way that it can be cooled.
For example, water cooling can be
applied using water under pressure,
typically 25 kg/cm?. Finally, the whole
system has to operate in vacuum.

The surface treatment workshop was
asked to examine the problem of establish-
ing water cooling channels in a copper
septum 3 mm thick and 1 m long. Obvi-
ously, the solution of drilling holes through
such a long thin strip of metal was not
feasible. R. Godet tried many different ap-
proaches and finally settled on an electro-
forming technique, at a time when the tech-

A scale model linac cavity (15 cm in diameter)
which is being used in the linac section of the
ISR Department to optimize cavity design for
future linacs. This model has a ‘cross-bar’
structure — the stems supporting alternate
drift-tubes are at right angles (for the first
drift-tube in the photograph they are horizontal,
for the second vertical and so on).

Several structures of this type are now being
investigated. By changing the orientation and the
size of the stems it is possible to achieve
conditions which considerably improve the cavity
performance compared with the conventional
Alvarez structure. The advantages include making
it easier to cope with beam loading, more
uniform accelerating tields (dispensing with the
need for field flatteners) and less stringent
mechanical tolerances.



nique was far from being well-established.

The idea was simple — instead of
attempting to tunnel through the metal,
why not cut out the channels and then
cover them over. Taking a copper strip
about 2 mm thick, channels of square
cross-section were cut into the top side.
These channels were then filled with
indium and the top surface polished flat.
Over this flat indium/copper surface a
further millimetre of copper was electroli-
tically deposited. To ensure a good bond
which would not fracture during the pulsed
operation of the magnet, the copper of
the base and of the deposit had to be as
close in characteristics as it was possible
to achieve. The indium, which has a low
melting point, could then be removed by
heating and the channels given a final
chemical cleaning to ensure that their
walls were perfectly smooth.

The septums produced in this way have
given entire satisfaction in their perfor-
mance under their stringent operational
conditions in the proton synchrotron, and
the method of production has been taken
up at other accelerator Laboratories.
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On display

Computers usually yield the results of
their efforts in the form of thousands of
numbers printed on endless sheets of
paper. CERN’s computer output, for
example, covers some fifteen million
sheets of paper a year. In general, the
computer has not, up to now, been used
either to yield or to receive its information
in a more digestible way. Mechanical
plotters are being used to give data in
graphical form but are too slow for large
quantities of output.

One of the ways in which this digestion
problem is being tackied is to have the
computer present its information as a
graphical display on a cathode ray tube. A
user may then sit in front of this display
and, with the aid of a typewriter keyboard
and light pen, direct the computer in its
processing.

Since the beginning of this year, facili-
ties have been developed at CERN to
investigate the usefulness of such a dis-
play. A display console has been attached
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A display console in use with a CDC 3100
computer. On the left are two examples of
graphical display of functions generated by the
computer, and, on the right, the console is
being used with a ‘light-pen’ to examine particle
track configurations such as could be produced
in a new bubble chamber.

to the CDC 3100 computer in the Data
Handling Division.

There are some applications which
could prove valuable. One is to help
rescue ‘events’ that the automatic measur-
ing systems (such as the HPD, see CERN
COURIER vol. 8, page 79) have rejected.
For example, in measuring photographs of
particle tracks taken in spark chambers,
the automatic systems will reject say 5 to
10% of good events because of the
complexity of the event or the quality of
the picture. There has to be human inter-
vention if these events are to be absorbed
into the results. The measurements of the
events are recorded on magnetic tape and
from there, via the 3100, displayed on the
cathode ray tube. The operator can then
see what additional information is required
by the computer for the analysis and can
feed this information in using a keyboard
on the display console.

In the large photograph, the display is
being used for a related activity. When
developing the design of a new bubble
chamber, it is important to know what the
photographs of typical events taken in the

101



chamber will look like (to ensure that they
will be amenable to scanning and mea-
surement) and to select the best arran-
gement of camera positions and optics,
checking how the appearance of the
tracks varies as the cameras are moved
around. It is possible to generate artificial
events using the computer and these can
be projected on the display console as
they would appear in the bubble chamber.
The photograph shows a programmer
using a ‘light-pen’ to indicate measure-
ment points on the track. The measured
points are later used for testing the
geometry programmes for the new bubble
chambers. The name light-pen is a slight
misnomer as the light-pen is a device
which is sensitive to the light generated by
the CRT spot and is not really a drawing
device. However, it can tell the computer
the position of the spot, sensed by the
light-pen, and hence the position of the
light-pen.

Another application of the display was
suggested by Professor L. Van Hove who
saw this application at the University of
Santa-Barbara in the USA. It is known as
the Culler-Fried on-line computing system.
The combination of the display, the
computer and the keyboard serves as a
very sophisticated keyboard calculator at
which it is possible not only to perform
all the operations of a standard desk
calculator but also to perform operations
on functions and so explore solutions of
mathematical equations, with the great
advantage of being able to see immedi-
ately the form of the function presented
on the display. The two smail photographs
are examples of what the display can
present when being used in this way.

gy
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It is hoped that by the end of this year
sufficient experience will have been
gained in these areas of application to be
able to decide whether graphical displays
should be introduced as additional facili-
ties of the CERN central computing
installation.

The crane-bridge
cometh

At the beginning of May, sections of the
crane-bridges for the new experimental
hall (West Hall) being built alongside
the intersecting storage rings, arrived at
the site. CERN already has experience of
large cranes, such as the two serving the
East hall of the proton synchrotron which
span a width of 40.7 m and lift 20 and
40 tons. But the newcomers are even more
impressive.

To stand now in the West Hall, where
construction of the building itself is near-
ing completion, is like standing in a
football stadium. It has a floor area of
nearly 10000 m? and the cranes are to
span a width of 61.5 m and to move 160 m
along the length of the hall. Two crane-
bridges) will be installed, similar in dimen-
sions but differing in the weights they can
lift — 40 and 60 tons. The cranes will
operate separately but could be coupled
in case of need, to lift up to 100 tons.
Each consists of two huge parallel beams
the ends of which run on trolleys along
rails on the side walls of the experimental
hall.

Some other technical details: The
cranes can lift equipment up to a height
of 95 m at speeds of 5 m/min and
0.3 m/min. Each crane-bridge can move

along the hall at speeds of 50 m/min,
10 m/min and 0.2 m/min and the crane
chariots can move across the hall (across
the bridges at speeds of 30 m/min, 4 m/min
and 0.2 m/min. The more powerful crane
has a total weight of 200 tons and is
powered by a 140 kW motor; the other
weighs 180 tons with a 110 kW motor.

The manufacturer is Bartolomeis from
Milan, Italy who has supplied a number of
other cranes to CERN including the six
cranes for the magnet ring tunnel of the
ISR, two of which are already being ins-
talled. The total cost, including transport,
assembly and testing, approaches 800 000
Swiss francs.

The crane-bridge sections are now wait-
ing in the West Hall to be mounted in the
next few weeks ready for their tests which
are scheduled in July.

Arrival at the beginning of May of sections of the
huge crane-bridges for the West experimental hall
on the intersecting storage rings site. The total
weight of one bridge is 200 tons. The sections

in the protograph are the outer parts of a

bridge which will be connected by a central
piece 20 m long of 2.8 m by 1.3 m cross-section.
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News from abroad

Daresbury
Laboratory

The Daresbury Nuclear Physics Labora-
tory brought their 4 GeV electron syn-
chrotron, NINA, into operation in Decem-
ber 1966. By now, considerable experience
has been gained in operation of the
machine and a lively experimental pro-
gramme is under way involving teams from
UK Universities, the Laboratory itself and
other European research centres.

NINA

Over the last ten cycles NINA has provided
‘good beam’ for an average of 72'2% of the
experimental time. The regular operational
cycle has now increased the machine
time to 10 days on, 4 days off. Selected
energy has varied from 1 to 4 GeV, though
beams have been accelerated as high as
5 GeV. Average intensity has been about
1 uA and, though NINA is designed to cope
with 10 uA, not much effort has yet been
given to pushing the average figure higher;
‘machine physics’ has, instead, been
concentrated on achieving a thorough
understanding of the machine.

One reason for not moving to higher
intensity has been the unsteady per-
formance of the injector. It was designed
to meet a rather stringent specification (to
pack the beam within 1% energy spread
around the injection energy of 40 MeV)
and the required stability has proved
difficult to achieve. Several measures are
being taken or will be taken to improve
its performance. A motor alternator set,
locked to the main ring magnet cycle, is
at present being installed to power the
injector at the pulse repetition rate of the
machine, 53 Hz. This will avoid a 3 Hz
beat which appears on the beam current
when the injector is powered at the mains
frequency of 50 Hz.

Components for a positron injector have
arrived at the Laboratory and are being
installed; tests on positron beams will
probably begin in the Autumn. The target
where the positrons are produced by
bombardment with the 40 MeV electron
beam, is followed by a positron acceler-
ation stage before injection into the ring.
This positron accelerator is along the line
of the injector and, since taking the
electron beam through the positron
accelerator during normal electron oper-

ation would result in beam loss, a bypass
involving four 45° magnets has been built.
Use is to be made of this bypass for
refined control of the intensity and energy
of the electron beam. A collimator and
beam position indicator are installed at
the mid-point of the bypass and are
connected to one of the klystrons power-
ing the electron accelerator in an energy
servo-system.

The intensity from the injector is, at
present, usually held down to 60 to 100
mA since higher currents caused leaks in
the vacuum vessels at the injection point.
This led Daresbury to follow the example
of two other electron Laboratories (Cam-
bridge, USA, and DESY, Federal Republic
of Germany) in installing ceramic vessels
to replace their original ones of stainless
steel, titanium and fibre glass. A sufficient
number have been ordered to replace half
the vessels in the ring and two have
recently been installed at the injection
point. (A nice balancing act has arisen in
that DESY found their best contract with
Ferranti, UK, while Daresbury found theirs
with Feldmule, Germany.)

One ejected electron beam is already
in use and a further ejection system is
being built and will probably be installed
before the end of the year. The system in
operation achieves an ejection efficiency
of about 80 %, with spill times up to 1 ms,
and can be focused to a spot about 10
X 1 mm? at the target used in the experi-
ment. Its operation is temporarily restricted
to one pulse in three at 3 GeV due to the
limitations of the power supplies for the
kicker magnet. New supplies have been
built and are being connected to cope with
both higher energies and operation on
every pulse.

Use of a data-logging computer (an IBM
1800) in the machine control room is quite
advanced. 120 parameters are now on call
via the computer and their behaviour over
the previous six hours can be obtained. A
system is being developed which will give
a visual histogram every few seconds of
the intensity of the accelerated beam (over
200 to 300 pulses). The computer will also
be used to provide some administrative
information such as the causes of break-
down and the total number of pulses fed
to each experiment.

Experimental
Programme

The Laboratory is situated in the North of
England and is intended to serve parti-
cularly the Northern Universities. Teams
using or planning to use the machine
come from Glasgow, Lancaster, Liverpool,
Manchester and Sheffield. In addition, a
Strasbourg-Orsay group is scheduled to
start an experiment in a few months time,
and scientists from Pisa and Rome are
planning an experiment in collaboration
with Daresbury. There are three groups
based on the Laboratory itself and it is
not intended to increase the resident
experimental staff beyond this level.

The programme is as follows: A Man-
chester team are looking at the interaction
v+ p—-> Ko+ (29
The aim is to look at the cross-section for
the photo-production of the neutral kaon
and iis angular distribution, taking agamma
beam from NINA onto a hydrogen target.
This will check production mechanisms
such as the ‘Drell process’ and, if it proves
that production of the neutral kaons is as
high as expected, it will be possible to use
NINA as a source of neutral kaon beams
of intensity as high as or higher than
equivalent proton machines. The neutral
kaon is measured by regenerating short-
lived kaons and looking at their decays
into two charged pions by a system of
wire spark chambers (core read-out, on-
line to a PDP 8 computer) and a large
spectrometer magnet. Measurements at
9° have been completed and the detectors

are being repositioned at 3°.

A Liverpool team are investigating the
photo-production of neutral pions, and
eventually of higher neutral meson
resonances, over a wide angular range

vyt+tp—->a +p
They have initially concentrated on the
energy range around 1250 MeV. A spectro-
meter detects the emerging proton and
the neutral pion is seen in its decay
to two gammas in a large fead glass
counter with 49 photo-multipliers. This
experiment also uses a PDP 8 on-line com-
puter. They will measure production cross-
sections and angular distributions even-
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tually moving to higher energy to investi-
gate the eta meson.

A Glasgow, Sheffield collaboration are
examining elastic electron-proton scatter-
ing in an experiment set-up on the ejected
electron beam. Analysis of this scattering
usually assumes that any two-photon
contribution is negligible. Measuring the
polarization of the recoil proton is a way
of testing this assumption. In the experi-
ment, the recoil protons will be momentum
analysed in a magnetic spectrometer and
then scattered from a hydrogen target (50
cm long). The left-right asymmetry of the
scattered protons gives the polarization.
Four optical wide-gap spark chambers are
used to observe the proton scattering and
the film from these detectors will be
measured on ‘Cyclops’ at the Rutherford
Laboratory (see below).

One of the resident Daresbury groups
is looking at wide-angle symmetric pair
production of electrons and muons

y+p—>e"t+e +p
—u" +u+p

(wide-angle in this case means angles
between 5 to 10° as the cross-section
drops off very rapidly with increasing angle).
The initial work will be on electrons. It is an
important check of the validity of quantum
electrodynamics down to distances of the
order 107* cm, following in the wake of a
Harvard experiment which seemed to show
a breakdown of the theory and a Colum-
bia/DESY experiment which restored faith
(see CERN COURIER vol. 6, page 194).
The Daresbury experiment will achieve
higher accuracy and can take advantage
of the higher intensity from NINA to use
a hydrogen target (rather than a carbon
target as at DESY) to ensure being free of
nuclear interactions. Two identical spectro-
meter arms follow the target, each includ-
ing a threshold gas Cherenkov counter
and shower counters capablie of distin-
guishing an electron from a pion (which
can produce a ‘knock-on’ electron) to
better than 10 000 to 1.

Following this electron check, the
experiment will concentrate on muons and
will serve to probe the mysterious simi-
larity between the muon and the electron.
Simple but ingenious muon range counters
have been built with large scintillation
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counters preceeded by absorbers whose
thickness can be varied. They each
consist of two large forged-steel wedges,
one of which is fixed while the other can
slide up and down to present different
total thicknesses of steel to the beam. The
momentum of the muons will determine
the thickness through which they can
pass, and the counter will be able to
cover the range 0.9 to 25 GeV/c with a
resolution of about 5 %.

A Lancaster, Manchester group are
beginning to install equipment for an
experiment on the electroproduction of
nucleon resonances in inelastic electron-
proton scattering. A second Daresbury
group are collaborating with Pisa and
Rome in an experiment which will study
the electroproduction of pions near
threshold to measure the pion form

factor. A group from Orsay and Strasbourg
have proposed an experiment on the
photoproduction of positive pions in the
backward direction. This will extend an
investigation already carried out at lower
energies on the Orsay Linear Accelerator.

The two identical arms of the experiment to study
the photoproduction of electron and of muon
pairs, coming together in the experimental hall at
NINA. (Photo Daresbury Laboratory)

Finally, a Daresbury group are working
with physicists from Glasgow, Manchester
and Sheffield in the ‘Track Chamber
Collaboration’. Their initial aim is to carry
out a survey of photoproduction processes
using a tagged photon beam. To do this
they will construct a large magnet contain-
ing streamer chambers and will be the first
European group to construct such a large,
universal detector employing the new
technique of streamer chambers. (See
CERN COURIER vol. 7, page 219).

The intention is to insert two streamer
chambers in a magnet aperture 150 X
120 X 75 cm?i. Each chamber will have
transparent planes 100 X 100 cm? with a
gap of 30 cm. The electronics to provide
a 600 kV, 10 ns pulse across the gaps will
be virtually identical to those used on the
Stanford streamer chamber (a Marx
generator designed for 1 MV and a Blum-
lein transmission line). The interactions in
the chambers will be recorded by three
cameras looking through a hole in the top
yoke of the magnet. One important change
by comparison with Stanford is the hcpe
that it will prove possible to use a liquid




Testing a counter hodoscope at Daresbury.
(Photo Daresbury Laboratory)

hydrogen target (50 cm long, 2 cm dia-
meter) in one of the chambers; Stanford
used gaseous hydrogen. This project will
be completed in about 18 months time.

A higher energy
machine

The major project under consideration for
the future development of the Daresbury
Laboratory is the construction of a higher
energy electron synchrotron. A detailed
design study is nearing completion.

It has been designed for a peak energy
of 15 to 20 GeV and for high intensity
(initially 1 pnA possibly rising to 3 uA). This
would extend the range of electron and
photon physics which could be done in
Europe and it is estimated that it would
provide high energy secondary particle
beams with intensities higher than at equi-
valent energy proton machines. It would
enter the energy range of the electron
linear accelerator at Stanford (20 GeV),
with the advantage of longer duty cycle
to make possible many electronics experi-
ments which cannot be done at Stanford.
The only other comparable electron syn-
chrotron is at Cornell. This machine will
probably rise to an energy of 15 GeV from
the initial design figure of 10 GeV but it
was conceived and built essentially as a
University machine rather than a national
machine and its facilities are limited in
terms of the number and complexity
of experiments with which it can cope.

Daresbury plan to use the existing
machine, NINA, as injector for the higher
energy machine tapping off at 3 GeV when
the beam size is small (about 12 X 2 mm).
This makes it possible to accept a very
small vacuum vessel aperture (50 X 25
mm) and small magnets. A preliminary cost
estimate gives the cost of the new machine
as just above £ 3 million.

Symposium on
Intensity Measurement

A symposium on beam intensity measure-
ment was held at Daresbury on 22-26 April
bringing together about 45 specialists on
this subject from accelerator Laboratories
throughout the world. (V. Agoritsas, C.D.
Johnson and H. Wachsmuth attended from

CERN.) Below is a brief description of the
most popular methods of measuring beam
intensity.

The most reliable one is still the long-
established ‘Faraday cup’, though it has

become a little more sophisticated in
design with advancing years. The beam
is fired into the thick base of a cup-shaped
block of metal. A small magnetic field is
applied to bend any electrons scattered
from the base (which would be of com-
paratively low energy) into the walls of the
cup. The cup sits in a vacuum box with a
protruding snout, at the end of which is the
window through which the beam passes.
A magnet around the snout prevents any
secondary electrons from the window
reaching the cup. Measuring the charge
collected and knowing the unit of charge
carried by the particles gives the number
of particles in the beam directly. Simple
but effective; and people believe in the
accuracy of these devices to considerably
better than 1 %.

Calorimeters could also give a direct
measurement by recording the rise in
temperature produced when the beam
strikes the calorimeter, but they have
proved rather cumbersome in practice. A
large block of metal is needed to absorb
all the beam and it takes many beam
pulses to give a reasonable rise in
temperature.

All other devices measure the intensity
indirectly by observing effects produced
by the beam; to convert their readings into
absolute measurements, they are cali-
brated against a Faraday cup. ‘Quanta-
meters’ are used to measure the intensity
of photon beams. They consist of thick
metal plates where the photons produce
showers of electrons. Twelve to twenty of

these plates sit in a gas such as argon
with the spacing between the plates
specially arranged so that the read-out of
the charge they receive gives a Simpson
integration of the beam intensity. Gold-
plating of the plates has removed a lot of
trouble due to instabilities of the metal
surface. The conventional gas-filled quanta-
meter is not however suitable for high
intensities.

Another method using the phenomenon
of electron emission from a metal, which
is suitable for high intensities, is the
‘secondary emission chamber’. Here, very
thin foils are set up in vacuum and the
number of electrons knocked out of the
foils is recorded. These devices are used
for proton as well as electron beams —
for example, they are used to monitor the
ejected proton beams at the CERN syn-
chrotron. They are however very sensitive
to contamination of the foil surface.

All the above devices destroy, or inter-
fere with, the beam they are measuring.
Two types which are transparent to the
beam are toroid and cavity monitors.
Toroids use the beam as a single turn of
a transformer — passing it through a
ferrite ring which has windings to tap off
the current induced as a pulse of particles
goes through. Cavity monitors are tuned
to a harmonic of the r.f. structure of the
beam and as the beam passes through,
the voltage induced on the cavity can be
measured. Both these methods are very
useful for setting up beams and for rough
measurements but are not accurate beyond
about 10 %.
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Rutherford
LLaboratory

The Rutherford High Energy Laboratory
has been carrying out an experimental
programme with a 7 GeV proton synchro-
tron, Nimrod, since 1964. University groups
from throughout the UK participate in this
programme but visiting scientists from
Europe and the USA are also involved.
Major events in European collaboration
involving the Laboratory have been the
use of their 1.5 m hydrogen bubble
chamber at CERN, and the use of a 81 cm
hydrogen chamber from Saclay, France,
at the Laboratory.

NIMROD

Nimrod is operated on a three week cycle
which includes 16%> days of continuous
high energy physics. Operational efficien-
cies for these physics periods approach
90 %. Beam intensities vary from about 1.3
to 1.6 X 10'2 protons per pulse and 2 X
10'2 has been achieved. At present, the
repetition rate is down to 10 pulses per
minute (with a 500 ms flat top) since one
alternator of the main magnet power supply
is out of action with a damaged rotor; it
will be reinstalled during the summer.

One ejection system, involving a plunged
quadrupole and bending magnet, is used
to feed two ejected beam lines. An
ejection efficiency of about 35% (up to
5 X 10" protons at a target) is achieved
from one of the ejection systems which is
a fairly high figure for a constant gradient
machine. A further ejection system is being
developed to feed a large new experi-
mental hall (4300 m?) which will be
completed by the end of 1968. Work on a
Piccioni system using a septum magnet
and on resonant ejection is continuing in
parallel. The ejected beam will be com-
puter controlled and some preliminary
beam lay-outs for the large new hall have
already been prepared.

The planning of the beams drawn from
Nimrod aims to make the fullest use of the
available protons. One ejected proton
beam-line, for example, feeds five experi-
ments. They all draw secondary particles
from the same target and three can take
data without interfering with one another.
At present, there are in addition four
beam-lines using internal targets. Seven
experiments have run simultaneously on the
same machine pulse and it is quite usual to
have five counter experiments and a bubble
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chamber in action on the same pulse.

The major proposal for the development
of Nimrod itself is called PLANIM. it is a
project to increase the injection energy
into the main magnet ring from the exist-
ing 15 MeV to 50 MeV. This could be
comparatively economically achieved by
using the Laboratory’s second machine
— the PLA (proton linear accelerator) —
which is otherwise scheduled to finish
operation in October 1967. This 50 MeV
machine has served nuclear physics
experiments successfully for nine years
and is unique of its type in supplying
polarized proton beams and in having a
sophisticated time of flight system for
beam momentum measurements. However,
in assigning priorities for nuclear structure
research in the UK, it has been decided to
close down the research programme based
on the PLA. it was then that the possibility
of retaining the PLA itself as a higher
energy injector for Nimrod arose.

Investigations of the injected beam
behaviour in Nimrod indicate that the
machine is operating at, or very close to,
its space charge limit. (Some phenomena
will be examined more thoroughly in the
near future to check that this conclusion
is correct) By increasing the injection
energy to 50 MeV the space charge limit
should be increased by a factor of 3.
The knowledge which has been gained
about the radiation problems on Nimrod
now make an increase in beam intensity
of this order entirely acceptable.

Since a current of 70 mA would be
needed for Nimrod, some modifications
would be carried out on the first acceler-
ating cavity of the PLA, replacing grid
focusing (which results in high beam loss)
by quadrupole focusing. The costs of
rebuilding the PLA next to Nimrod, and
of leaving it in its present position and
transporting the beam over 200 m to
Nimrod, have been compared. The second
alternative appears the more economical.
The total cost of PLANIM is estimated as
about £ /> miilion.

Experimental
programme

Bubble chambers
There are three bubble chambers at the
Laboratory. One of them, an 80 cm helium

chamber, is not at present receiving beam.
It completed a very successful run for an
Oxford team gathering 700000 pictures
predominently with negative pions. It will
possibly come back into action for large
scale (high statistics) experiments involv-
ing pions and proton beams. Since the
helium nucleus has zero spin, it is possible
to analyse some interactions more simply
using helium as the target.

The biggest chamber is the 1.5 m
British National Hydrogen Bubble Chamber,
which was first operated at the CERN
proton synchrotron. It has recently started
physics again on Nimrod fed by beams
derived from an ejected proton beam. It
can receive pions, kaons and protons up
to a momentum of 8 GeV/c.

One interesting part of its experimental
programme is the planned use, later this
year, of a hyperon beam into the chamber.
Since hyperons are relatively short-lived
particles, it is necessary to set up the
target, where they are produced, almost
immediately in front of the chamber.
Lambda hyperons will be used to look at
lambda — proton interactions on which
very little information exists at present. If
this work proves successful, a sigma
hyperon beam may be used later.

A major development in the use of the
chamber will involve installing a hydrogen
target (1.5 m long, 4 cm diameter) sur-
rounded by a 10 9% hydrogen/90 % neon
mixture. (See CERN COURIER vol. 7, page
112). This technique, retaining the sim-
plicity of the hydrogen target while gaining
from the shorter conversion lengths in the
hydrogen/neon mixture, was developed at
CERN and DESY. CERN are building the
target and will participate with scientists
from University College London and
Rutherford in the first experiment ever to
use the new technique. This experiment,
proposed by the Rutherford Laboratory,
will look at the leptonic decay of lambda
hyperons produced using a narrow pencil
beam of pions

x+p—> A+ K
A->p+te+vw

The neon mixture makes it possible to
recognize the electron. In half a million
pictures, perhaps only 500 will show the
event but they will be very easy to pick
out. Oxford University are also planning



to use the target filled with deuterium,
surrounded by 5% hydrogen/95 % neon
to catch the gammas coming from neutral
meson resonances.

Another development on the chamber
will be a new expansion system to make it
possible to cycle the chamber faster so
that pictures can be taken twice on one
pulse from Nimrod.

The third chamber is a 14 m heavy
liquid chamber which has been in almost
continuous operation for several years. It
is at present filled with propane and a
team from*University College London are
using a 2.3 GeV/c negative kaon beam to
investigate the cascade particle.

Electronics experiments

The experimental programme covers
investigations of the weak interaction and
studies of resonances and of elastic
scattering.

A Birmingham/Rutherford team are using
separated kaon beams of momentum
between 0.5 and 1 GeV/c to look at elastic
scattering on protons. Their equipment
includes acoustic spark chambers and a
DDP 116 on-line computer linked to the
central computer. They will concentrate on
positive kaon scattering to look at the dis-
turbing ‘bumps’ which other groups have
observed and which may not be true
resonances as they do not fit SU6 theory.

A Westfield College/Rutherford team are
using a pion beam onto a hydrogen target
to produce the sigma hyperon

at +p— K+ 2
The aim is to measure the non-leptonic
decay parameters of the sigma by detect-

ing the decay into a proton and a neutral

pion. This will also check the Al = '
rule. Their equipment includes videcon
spark chambers and an [BM 1130
computer.

A Rutherford team are using a polarized
proton target to investigate positive pion-
proton elastic scattering. This is a comple-
mentary experiment to one the group
carried out with negative pions when they
identified three new resonances. Their
detection system includes about 150 hodo-
scope tubes and the electronics to cope
with the volume and complexity of the
data involve the use of very advanced
tunnel diode circuits. The Laboratory has
made a considerable contribution to the
progress of fast electronics.

A Cambridge/Rutherford team are carry-
ing out one of the many studies of the
neutral kaon which are under way at
accelerators throughout the world. They
produce the neutral kaon using a 1 GeV/c
negative pion beam onto a polythene
target and look with optical spark
chambers for the leptonic decay into a
pion, an electron and a neutrino.

Kesante+nw

The branching ratio is measured over the
first few kaon lifetimes. The experiment
will check the A S = A Q rule to an
accuracy of 1 to 3 %. The best accuracy
achieved to-date is about 10 %.

A Queen Mary Coliege/Rutherford/AERE
team are measuring the electron asym-
metry in the decay of the sigma hyperon.
They produce the sigma using a negative
pion beam onto a hydrogen target and the
detection system includes wire spark

The large new experimental hall with an area
of 4300 m? taking shape next to Nimrod.
(Photo Rutherford Laboratory)

chambers, with core read-out, on-line to a
computer. The branching ratio for the
electron decay is low so that only a few
events per day are recorded. The experi-
ment will give a measure of the parameter
o relating vector and axial vector currents.

An Oxford team have a separated
negative kaon beam in the momentum
range 1 to 2 GeV/c and look at the pro-
duction of neutral particles (such as the
lambda hyperon and the neutral pion).
They have optical spark chambers and
wire spark chambers with magnetostrictive
read-out.

A University College London/Rutherford
team are looking at negative kaon (1 to
2.3 GeV/c) proton elastic scattering using
wire spark chambers with core read-out
on-line to a PDP 8 computer.

A ‘Symposium on the use of Nimrod for
Nuclear Structure Physics’ was held at the
Laboratory on 21-23 March. Nuclear
structure physicists need access to higher
energy machines for some experiments
which will enable them to penetrate to
shorter distances in the nucleus. The
possibility of mounting such experiments
on Nimrod has been under consideration
for some time. They are quite demanding
in terms of equipment and time and would
have to be weighed against the in-roads
they could make on the high-energy
physics programme.

Computers

The computing system at the Laboratory
is built around an IBM 360/75 as the multi-
programming central computer. Via a
satellite computer, a DDP 224, which
collects and sends out information but
does not do any processing itself, it is
linked to an HPD and a CRT device for
automatic film measurement, and has
provision for up to six links with small
computers (such as the PDP 8) which are
on-line to experiments. Each of these
stations can have a two-way typewriter at
which it can receive messages from the

computer and send messages to the com-
puter to change parameters in a pro-
gramme or modify the course of a pro-
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gramme. This feature has proved a vital
asset to the computer users. The name
DAEDALUS has been forced on this
system, standing for Devices and Experi-
ments Direct Access Link Using System 360.

The IBM has proved adequate for the
present demand for computing in the
Laboratory. It has a main memory of
512 K bytes, a mass core of 1 M and disc
stores of 250 M and 28 M. It operates 24
hours a day with an efficiency around
95°% and most jobs are ‘turned round’
within an hour.

One HPD, very similar to the machine
at CERN (see CERN COURIER vol. 8,
page 80) has been in operation since
1967 and a second one is being built. The
CRT film measuring device is called
CYCLOPS. It involves a flying spot scann-
ing up and down a single line while the
film is moved across this line. As usual,
photomultipliers detect the changes in
light intensity caused by tracks on the
film. It has been used to measure the
CERN/Rutherford/Aachen experiment on
the long-lived kaon decay to two neutral
pions and is now working on an experi-
ment from Rutherford (leptonic decay of
the neutral kaon) and an experiment from
Daresbury (electron-proton scattering). It
may then take the CERN experiment on
interference of the neutral pions in long-
lived kaon decay. (All these experiments
use optical spark chambers.) The measure-
ment rate varies with the experiment
(affected by such things as the film size)
and can be as high as 2000 events per
hour.

An IBM 1130 came into operation on 2
May; it is to be connected on-line to the
rough digitizers (equivalent to the Milady
scanning tables at CERN) for the HPD. It
will control the preliminary rough measure-
ments on the film which passes to the
HPD to be precisely measured. The com-
puter has a disc store capable of collect-
ing a day’s worth of information to be
passed to the central computer.

Other developments on computers
include the intention to use the central
computer for some administrative data
processing, and a test of the practicality
of remote computing using a small com-
puter in London linked to the IBM 360 via
a telephone line.
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Static Compensator

It seems appropriate that the Laboratory
which has been most plagued with power
supply troubles should be the one to
pursue vigorously the idea of dispensing
with local rotating machinery in supplying
power to an accelerator magnet.

The problem is briefly this: Synchrotrons
operate as pulsed machines — this means
that say once every two seconds a great
surge of current is required to power the
magnet ring to hold the protons in their
orbits. Taking this power directly from the
electricity grid without any intermediate
stage would cause the voltage on the grid
to dip and rise with the synchrotron pulse
to an extent generally unacceptable to
other electricity consumers.

The solution universally adopted to-date
for large proton synchrotrons has been to
install a power supply for the magnet
where energy can be stored as kinetic
energy of the heavy rotating machinery.
This power supply then gives the surges
that the magnet requires and averages out
the effect on the grid. However, the
mechanical engineering problems in the
design of such a power supply are unique
and fiendishly dificult, and it is not surpris-
ing that practically every accelerator Labo-
ratory has had trouble from this source.
The Rutherford Laboratory, which has the
largest magnet power supply, has had
two major breakdowns which have stopped
or slowed the experimental programme.

The new idea rests on two developments.
First, it is now possible to build a static
system of heavy electrical plant which
will hold the voltage at the grid steaay.
Such a system has been called a Static
Compensator. Second, it is still necessary
to deal with the large pulse of energy (the
strain felt by the Laboratory rotating plant
is really being transferred to the rotating
plant feeding the grid) but electricity net-
works have now become so large that
when this pulse of energy is distributed
over the grid, it should be absorbed with-
out difficulty.

In order to test this second statement,
Nimrod, without its rotating plant, was
connected to the grid on 14-15 November
of last year. This was the first time that
any electricity network had taken such a

large pulsed load. The test was carried
out with the co-operation of the Central
Electricity Generating Board, the Southern
Electricity Board, the Atlas Computing
Laboratory, and Daresbury Laboratory who
used their instrumentation to print out the
fluctuations of the grid frequency as
Nimrod pulsed 150 miles away. A large
part of the UK network, which has a
maximum generation capacity of 40 000 MW
was connected up. Tests were carried out
around mid-day, when there is a heavy
load on the network ({the generation
condition was about 30500 MVA) and
around midnight, when the load on the
network is light (the generation condition
was about 18000 MVA). Nimrod was creat-
ing a cyclic energy swing of about 70
MW on this network.

When the results appeared, the effect
of Nimrod could not be distinguished, at
first sight, from the general ‘noise’ on the
network. However, using a computer pro-
gramme (called BOMM) for time series
analysis developed by the geophysicist
Prof. E.C. Bullard and his collaborators,
the effect of the regular Nimrod pulse
could be picked out quite clearly.

The surprising result was that the
disturbance due to Nimrod was lower that
had been calculated. (To give an example
of the figures involved —in one test series
the maximum frequency disturbance due
to Nimrod was 0.0187 % compared with a
calculated 0.0320%). Also the discrepancy
between the calculated and the observed
disturbance was greater in the tests
conducted at night. It is thought that this
was due to an unexpected partial response
of some of the turbine governors at the
generating stations. The calculations had
assumed only kinetic energy exchange
without any governors exceeding their
control ‘threshold’. During the day when
there was maximum energy in the network,
probably only a few generators receiving
their proportion of the load pulse, were
taken over threshold. At night, with mini-
mum energy, the same pulse caused more
generators to respond.

The tests showed that the impact of a
large pulsed load on an electricity network
is more favourable even than expected.

There are scme other developments on
this topic. CERN will carry out tests, with
the 28 GeV proton synchrotron as a pulsed



An artist's impression of the proposed high
field bubble chamber. The volume of liquid
hydrogen is 1.5 m diameter by 1.8 m high, and
a superconducting magnet establishes a field
of 70 kG at the centre of the chamber.

(Photo Rutherford Laboratory)

load on the Geneva grid, later this year.
The CERN plans have benefited greatly
from discussions with J. Fox. Itis intended
to dispense with rotating plant for the
American 200 GeV accelerator at Weston.
Some calculations have already been done
at the Rutherford Laboratory concerning
the use of a static compensator for the
proposed European 300 GeV accelerator.

‘Frequency Variation of the United Kingdom
Electricity Grid System during the 90 MVA Cyclic
Pulse Loading Test on 14/15 November 1967’ by
J.A. Fox and P. Kent.

High Field
Bubble Chamber

An important proposal for the future
development of the experimental facilities
at the Laboratoty is a 1.5 m hydrogen
bubble chamber with a magnetic field of
70 kG. An initial design study of this high
field bubble chamber (HFBC) was pre-
sented in January 1967. The chamber was
originally optimized for the analysis of
strong interactions at low (Nimrod)
energies. Further study, however, and the
development of the two-phase neon/
hydrogen systems to provide gamma
detection, indicate that the design is well
suited to the study of strong interactions
at all energies up to about 300 GeV. The
estimated cost is £ 21> million, and the
estimated construction time is four years.

The aim behind the proposal to con-
struct a chamber of, by now, modest
volume with a very high magnetic field
rather than a chamber of larger volume
with lower field, is primarily to improve
the precision of particle momentum
measurements. This is of particular interest
for the analysis of strong interactions
where present accuracies are insufficient.
The HFBC will give momentum measure-
ments of an accuracy better than 0.5 % at
about 10 GeV compared with the present
accuracies of about 3%. This will improve
the resolution of the mass of a resonance,
for example, to within 1 to 3 MeV com-
pared with 10 to 30 MeV. This will also
give unique assignment of evenis to the
correct physical channels and thereby
remove a major source of uncertainty with
present experiments. For many experi-
ments, the HFBC would be better than the
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large chambers now being built and it
would generally be as good even used at
the 300 GeV machine. It would not compete
with chambers of larger volume for neu-
trino experiments and in many ways would
be a complementary instrument to the
3.7 m hydrogen chamber being built for
CERN. Also, it has been designed for very
rapid cycling — capable of say ten pic-
tures per pulse — which will make high
statistics experiments possible in con-
junction with the improved resolution and
event identification.

The main characteristics of the proposed
chamber are as follows: The chamber
body is cylindrical in shape with the axis
of the cylinder vertical. Its diameter is 1.5
m and height 1.8 m (total volume 3300
litres; ‘useful’ volume 2200 litres). A super-
conducting magnet produces a field of
70 kG at the centre of the chamber and
has a stored energy of 300 MJ (approach-
ing that of the 3.7 m chamber). The
expansion system operates at the top of
the chamber using a full diameter plastic
piston sealed to the chamber walls with
omega bellows probably made from fibre
glass epoxy. The four cameras look from
the bottom of the chamber.

Preliminary work at the Laboratory is
concentrating on several technical pro-
blems. The magnet would be the first of

its size to produce such high fields. The
coils will experience very high stress
levels (the attractive force between them
is about 10000 tons) and research is under
way on coil materials and on methods of
building the coils. It is intended to wind
a 3 mm stainless steel strip with the super-
conductor, to give added strength. A small
coil is being built and may be tested in
BRARACOURCIX at CERN. On the optical
system, investigations are being carried
out on fish-eye lenses and on the possi-
bility of using a dark-field scotchlite
illumination system (see CERN COURIER
vol. 7, page 144). Test rigs are being buiit
for work on the resonant expansion system
and on the problems of clamping the
piston. Fibre glass epoxy omega bellows
have been tested at room temperature for
five million cycles without trouble. Other
research of more general interest is under
way at Oxford Engineering Department
(trying to find out what starts nucleate
boiling) and at Imperial College London
(on the use of holography).
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Reliable total pressure measurement from

1x 10-4 torr down to 1 x 10-13 torr

Accurate over entire range

Easy to operate

Convenient expanded-sale metering on control unit
Protected against overpressurization and short-circuits
Bakeable to 450 °C

Linear current / pressure characteristic
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Ask for
specification 043-11

Varian AG
Baarerstrasse 77
6300 Zug
Switzerland



Votre maison de confiance pour
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Photocopies — A ils d’éclai t s Z
otocopies ppareils d’éclairage e 3 CERN Z
dispositif de développement - Papiers % I

pgur photocopies - Installations pour la o2, {:; §5
photocopie. P ey onor®
' ORGRT (T

UCigap W

Héliographie — Appareils d’éclairage et
machines a développer - Nouveauté:
HELIOMATIC, machine & héliographier N -t

avec VARILUX permettant de faire varier OreS
la puissance d’éclairage - Papiers pour
développements a sec et semi-humides.

Bureau-Offset — Machines-offset et i

plaques-offset présensibilisées OZASOL. The S.urplus Stock and Salvage sec.tlon has a Ia.rge
selection of new and used electronic and electrical

spare-parts, also used electronic components in

Dessins — Machines & dessiner JENNY good condition.

et combinaison de dessins - Papiers 2
dessin (papiers pour dessins de détails),
listes de piéces, papiers transparents (a

calquer), papier pour croquis. Those interested should contact the Head of Stores
for further information at the following address:

Installations de reproduction pour hélio-
graphies, impression de plans, photo-
copies, travaux de photographie tech-
nique, réductions, agrandissements, tra- CERN - 1211 Geneva 23.
vaux de développement de microfilms.

OZALID SA ZURICH

W  TEXAS INSTRUMENTS

@ Maximum user convenience

® Solid-state circuitry

e Five operating positions

® High-accuracy guarded input

® Remote pen lift and time axis contro!

@ Exclusive enclosed infinite-resolution slidewires

® Bench and rack mountable

specifications

Accuracy: + 0.2 % of full scale or 5 uv, whichever
is greater

Time Base 2%
Linearity: + 0.1 of full scale
Time Base 1%

Repeatability: 0.1 % of full scale

Reference Supply: zener diode regulated with long term
stability of 0.1 %

Input Circuit: dc, floating and guarded; may be
operated at 500 v-dc max above
ground or single-ended grounded,
except for Time Base Module which
is unguarded

(021) 260114

—~ 1007 Lausanne 8, chemin des Bruyéres
H. W. TSChappeler AG 8008 Zurich Miihiebachstrasse 28 (051) 340777
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the simplest solution!

SEN 300 COUNTING EQUIPEMENT
with integrated circuits

100 Mhz

Unlimited applications e Up to 1000 channels e Scalers with visual display ¢ Modular
scalers [] Automatic readout of the system: from the simplest printers to the most
sophisticated output device

SOCIETE D'ELECTRONIQUE NUCLEAIRE — 31, AV. ERNEST-PICTET — 1211 GENEVA 13 — SWITZERLAND
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COUNTING . QONTENT

If you
want
{0 be
certain
of your
scaler
counting
accuracy

read on

GATE

INPUT

10 MHz -

1

The input-and gate-circuits of the new
AEC-NIM-Module Scalers are designed to

enable you to forget about pulse conditioning !

A useful two-lamp feature shows actual operation
of each scaler. The ‘counting’ lamp flashes when
the scaler accepts a pulse. The ‘content’ lamp
indicates difference from zero.

By pressing the ‘look’ button of any scaler the
contents can be seen on a central display unit.

A wide range of readout equipment is available.
The scalers can be interfaced to fast on-line
computers with a readout speed as high

as 32 x10¢ bits/sec.

Input characteristics Scaler Type 502

|
O

500

Yarn

Threshold mV

0

5 0 15 oo 0 10 20 30
Pulse width nS Rep. rate MHz

Many different types are available to meet
your specific requirements.

Counting speed of 10, 30 or 100 MHz

with or without input discriminator

gating facilities, coincidence or anti-coincidence

Please ask for full technical literature !

I ELECTRONICS

Switzerland: Heidenhubelstrasse 24, Solothurn

Telephone 065/2 85 45

Great Britain: 36 East Street, Shoreham-by-Sea, Sussex

Telephone 4305‘

Germany: Verkaufsbiiro Minchen, Kaiserstrasse 10, D-8000 Miinchen 23
Telephone 34 80 16

France: Sorelia Electronique, 150 rue de Chatou, 92 Colombes
Telephone 782.16.39-782.32.79

Italy: Boris G. F. Nardi, Via Capranica 16, Milano

Telephone 2362924-2361394



LeCROY RESEARCH SYéTEMs CORP.
1 Hayes St., Elmsford, N. Y. 10523's (914) 502-5010 * -
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Gas laser
type F 9094
with its
power supply

biS
lasers

&

F 9094 - 1 mW @ Length 35 cm
F 9133 - 5 mW @ Length 80 cm
LHN 1097 - 15 mW @ Length 80 cm
F 9146 -~ 30 mW @ Length 160 ¢cm
F 9136 — 50 mW e Length 190 cm

Two wavelengths 6328 A or 11500 A

|onised Araon

LGA 1098 — 250 mW on single mode @ Length 60 cm
LGA 1099 — 1 W on single mode @ Length 80 cm
LGA 1100 — 5 W on single mode @ Length 120 cm

Wavelenghts : 4880 @ 5145 @ 4965 @ 4765 @ 4579 A

Gl?

LGC 1101 — 10 W mean power on multimodes ® XA = 10.59 »
Length 1.20 metre.

Sealed tube ® Higher powers on request up to 300 W.

All these high reliability type lasers are in regular production and are
guaranteed.

OTHER PRODUCTS

PROFESSIONAL AND INDUSTRIAL APPLICATIONS TUBES e CARCINOTRONS O AND “M' e TYPE Q"
AND CROSSED FIELDS TRAVELLING WAVE TUBES e OSCILLATOR AND HIGH POWER e KLYSTRONS
MAGNETRONS » T-R CELLS e CATHODE-RAY AND STORAGE TUBES e WINIATRON e SUBMITRON e
RECEIVING TUBLS e REPEATER TUBES e CERAMIC TUBES e MOISE TUBES e NEON INDICATOR TUBES »
DISPLAY TUBES e ELECTROLUMINESCENCE e GAS LASERS e VACUUM OVENS o SEALED LEAD-INS e
ION PUMPS

CSF - COMPAGNIE GENERALE DE TELEGRAPHIE SANS FIL
GROUPEMENT TUBES ELECTRONIQUES

55, rue Greffulhe - 92 Levallois-Perret - France

Téléphone : 737-34-00
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Que votre probléme de mesure
soit analegique ou digital

c’est I'affaire de

SCHLUMBERGER!

Sl S i

ne’d to AEC nuclear standards

Simtec desig

" LOW-NOISE
PREAMPLIFIERS

™ ULTRA-STABLE
dOsclil:os;:ope LlNEAR

mod. CD 1400 AMPLIFIERS
D'une conception modulaire, cet oscilloscope est dispo-

nible avec 9 tiroirs interchangeables. Largeur de bande
DC-15MHz, sensibilité max. 100 pv/cm.

% DORUEOLEUR GHIVERSEL BABL: e

SGHULA AP W

Developed in conjunction with Chalk River Nuclear
Laboratories, the P-11 preamplifier and M-31 linear
amplifier provide a system featuring precise pole-zero
compensation and 1% pulse shape accuracy control.

MU“i'"}é"e Built in accordance with AEC/N.I.M. practice, they

numerique are exceptional for:

mod. A 1613 e Cooled germanium and silicon detector
spectroscopy

’ . ' N High resolution /high rate systems

Ce controleur universel d'un prix particuliérement avan-

tageux dispose de 6 fonctions: voltmétre (AC et DC), UNRIVALED IN PERFORMANCE

amperemétre (AC et DC) qhmmé’cre et capactnmét.re. Sur M-31 offers unusual stability, low noise accuracy

demande I'appareil est muni d'une sortie pour imprimante. and optimum control over pulse-height amplification.

o (.88 kev FWHM noise resolution at O pf for german-
ium detectors with the STANDARD P-11. Noise at
100 pf — 3.4 kev FWHM.
Rise time — 20 nsec to 10 pf, 60 nsec at 100 pf.

® 0.55 kev FWHM noise at 0 pf for germanium with the
HIGH RESOLUTION P-11HR. Noise at 15 pf — 1.2
kev FWHM.

» 0.32 kev FWHM noise at O pf for germanium with the
COOLED INPUT FET P-11HR-CN for low capacity
systems. Noise at 5 pf — 0.39 kev FWHM.

FET BURN-OUT PROTECTION CIRCUIT

for voltage transients up to £ 1,000 volts.
If these are the features and results you've been looking
. for, request a free demonstration of the Simtec P-11/
Sulvel_lr de spot M-31 system and prove them for yourself. Write, call or
enregistreur cable. At the same time, ask about our unique silicon
: detectors and lithium drifted detectors (operational from
—77° K to room temperature). Full information and
. s . i ilable. If you're not completely satisfied with
L'enregistreur Photodyne & asservissement photo- prices aval )
électrique est destiné a suivre avec une grande fidélité wﬁhsiigdﬁgfs Oc}fsy{g#gcpresent system — improve them
les déplacements d’un spot lumineux, vitesse de poursuite p :

800 n “./S., IO vitesses de paple de 0,5 a 500 ¥ m./lllln.,

1 ou 2 canaux.

3400 Metropolitan Boulevard E.,
Montreal 38, Canada
Telephone: (514) 728-4527

High Energy and Nuclear Equipment S.A.
2, Chemin de Tavernay,

SCHLUMBERGER. GENEVE
INSTRUMENTATION S.A. ZURICH

8, avenue de Frontenex 1211 GENEVE 6 Tél. (022) 35 99 50 g\;\f‘ig‘zde’ﬂsaa:;””ex' 1218 Geneve,
333, Badenerstrasse 8040 ZURICH Tél. (051) 52 88 80 Tel. (022) 34 17 07/34 17 05
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Nanologic 150 And The Paper Tigers

This is an invitation to compare Nano-
logic 150 specifications and perform-

ance with those of other commercial
counting/logic systems. It's a loaded
invitation because we're pretty sure of
the results — it has been done before,
by us and by some of your colleagues.
A lot of the on-paper similarities tend
to disappear as you'll see.

You'll find, for example, that Nanologic
is faster: random access to over 200
MHz for 2.5 ns or wider inputs; 5 ns or
better pulse burst resolution; 1.5 ns
FWHM coincidence resolving; 1.25 ns
rise/fall times . . .

And more stable: stability of threshold
with multiple pulse inputs better by a
factor of at least two; system stability

CHRONETICS
U.S.A.:

Europe: 39 Rue

100 psec/24 hours with a temperature
coefficient of less than 0.1%/°C; DC-
coupling throughout. Our M-150 Main
Frame is the only standard bin with a
power supply meeting or exceeding the
requirements of TID-20893 Type Il, Class
A

And more flexible. Fifteen multi-function
modules presently available, more en
route. Real functions not mini-
functions.

Thresholds and output widths continu-
ously variable over wider ranges. Switch
selection of normal or complementary
outputs and enable gating. More logic
functions. Bridged inputs where useful.

And more reliable because all com-
ponents are top quality to begin with,

Rothschild, Geneva,

used in conservative circuits designed

“for reliability as well as performance,

aged and temperature stabilized and
tested, and tested, and tested—at ele-
vated as well as normal temperatures.

Nanologic quality and performance have
made these the most widely used sys-
tems in high energy experiments; Nano-
logic 150 is Nanologic in every respect.
Compare its specifications and perform-
ance with any other AEC-compatible
system. It stands quite alone.

A roar here and there doesn’t make a
tiger.

Please write: or phone for tech data
available now. Or look us up at the AIP
Annual Meeting in Chicago—Booth 346.

500 Nuber Avenue, Mt. Vernon, New York (914) 699-4400 TWX 710 560 0014
Switzerland (022) 318180 TELEX 22266
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withthe INTERNATIONAL SERIES

The Nuclear Enterprises “International
Series” range of nuclear instrument
modules (NIMS) includes units for linear
signal processing. Each is compatible with
USAEC specification TID-20893 and has
the performance and characteristics essen-
tial for high resolution experiments —
excellent linearity, temperature stah-
ility, count rate capability, and very
fow noise performance.

NE 4603 AMPLIFIER provides
amplification and pulse shaping for high
resolution energy and timing analysis. Gain
is variable from 8 to 1024 by coarse and
fine controls, with non-linearity less than
0.1% to the full output of 11 volts, and with
a temperature coefficient better than
0.005%/°C. A differential input stage
provides common-mode rejection of
unwanted signals. Both energy and time
resolution are optimised by simultaneous
pulse outputs, shaped by single DL or RC
pole-zero cancelled differentiation with
quadruple RC integration, and double DL
or RC differentiation with or without the
RC integrations. With DDL shaping, re-
covery to 1% base-line from a X500
overload takes less than 5 microseconds.
When used for timing signal derivation,
the crossover walk with double DL or
short RC differentiation is less than 1
nanosecond for a 100:1 variation in pulse
amplitude.

NE 4606 BIASED AMPLIFIER
enables the expansion of a region of interest
in a spectrum by rejection of signals below
the lower edge of the region, and amplific-
ation of all resulting signais which exceed
the bias level. The bias level is variable by
a 10-turn control over the range 0-10 volts,
with a non-linearity of lessthan 10mV and a
temperature drift of 0.3mV/°C or 0.01%/°C,
whichever is the greater. The gain of the
amplifier is variable in switched steps from
X1 to X20 with non-linearity less than
10mV over the output range 0.2 volts to 10
volts, and with a temperature coefficient less
than 0.01%/°C. The NE 4610 Stretcher
can be used to shape the Biased Amplifier
output pulses to a form suitable for driving
the ADC of a multichannel analyser.

NE 4602 ANALYSER performs
accurate pulse height analysis by integral
or differential discrimination, The bias level
(E) and the channel width (AE) are
independently adjustable by 10-turn cal-
ibrated controls covering the range 0.1-10
volts, with non-linearity less than 10mV.
The bias level can be supplied externally for
use in spectrum scanning applications. The
resolving time for pulse pairs is less than
250 nanoseconds.

Other modules of the range for linear signal
processing include the NE 4618 Mixer for
summing up to 8 signals, the NE 4630

Amplifier-Analyser for single-channel
analysis, the NE 4623 Integral Discrim-
inator for simple threshold discrimination,
the NE 4614 Linear Gate for linear signal
routing, the NE 4615 Linear Delay for
matching signal timing, and the NE 4634
Fast Amplifier and NE 4635 Fast
Discriminator for the derivation of fast
timing signals.

Write to us for further information or for
help and assistance in the selection of units
for systems using these analogue units and
also the wide range of digital units available.
We have teams of experts eager to give your
individual problems immediate attention.

K

1968

NUCLEAR
ENTERPRISES
LIMITED

SIGHTHILL, EDINBURGH 11, SCOTLAND
Telephone 031-443 4060 Telex 72333

BATH RD., BEENHAM, READING, ENGLAND
Telephone Woothampton 2121 Telex 84475



These are the 7 huilding

hlocks of your next X-Y recorder system

The Hewlett-Packard 7004A X-Y
Recorder offers you a choice of
6 plug-ins. This means a degree
of flexibility that measures up
to your most exacting recording
problems.

Plug-in versatility is only part of the
story. Consider the high dynamic
performance. Input range is conti-
nuously variable from 0.3 mV to 26
volts/inch. With an acceleration
betterthan 1000 in/sec?and slewing
speed of 30 in/sec, you can use the
7004A to make X-Y, Y-T, or X-T plots
previously not possible. Now, for
example, you can plot discrete
points at speeds up to 50 points/sec.
Common electronics are located in
the 7004A frame to reduce the cost
of the plug-ins by eliminating cir-
cuitry duplication. The plug-ins may
be purchased initially with the frame
ata modest investment. Or they may
be bought later as requirements
arise. You pay only for the capability

7004A

you actually need at the moment.
You can convert the 7004A model
from an X-Y to a strip chart recorder.
You can have it bench or rack
mounted, use fan fold, roll of frame
charts, continuous grid rolls, or

11” x 17” graph paper. The list
goes on and on.

Contact your HP Field Engineer for
information on how the 7004A fits
into your particular application. He
can also assist you in selecting the
combination of plug-ins best suited
to your application.

Prices:

7004A Recorder $1320
17170A DC Coupler $ 55
17171A DC Pre-amplifier $ 255
17172A Time Base 4 205
17173A Null Detector § 205
17174A DC Offset $ 105
17175A Filter '$ 80

Excl. duty (F.O.B. Zurich - Geneva)

Hewpak AG
20, Zurcherstrasse, 8952 Schlieren, Zurich
Tel. (051) 9818 21

54, route des Acacias, 1211 Geneva 24
Tel. 437929

HEWLETT W PACKARD
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® - @ Instant instrumentation . . .

EG&G offers the most complete line
of high performance nuclear modules
available for immediate delivery

0"§ EG:G

NUCLEAR INSTRUMENTATION

Write or call for detailed specifications, EG&G, Inc.,
Nuclear Instrumentation Division, 40 Congress St., Salem, Mass. 0
’2 | Telephone: (617) 745-3200. Cables: EGGINC-SALEM.
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