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Around the Laboratories 
A full cell of the Brookhaven Colliding 
Beam Accelerator consisting of eight 
superconducting magnets (six dipoles and 
two quadrupoles) installed in the completed 
ring tunnel. The cell was successfully 
powered to design field, corresponding to 
400 GeVproton beams, on 25 February. 

(Photo Brookhaven) 

BROOKHAVEN 
All the way with CBA 
A series of Important milestones in 
the Colliding Beam Accelerator pro­
ject at Brookhaven have been 
passed ahead of schedule. These are 
the decision on the nature of the 
machine (which was due in April), a 
test of a full cell of the magnet lattice 
(due in March), and a demonstration 
that the required magnet field quality 
can be achieved (due in March). All 
these achievements came in Febru­
ary, as mentioned briefly in our pre­
vious issue. 

There were three possible options 
for the CBA which came under ser­
ious consideration when technical 
and cost difficulties cast doubt on 
the reasonableness of the ISABELLE 
proton-proton project. The options 
were for a proton-proton, a proton-
electron or a heavy ion collider. A 
number of studies were carried out 
by working groups including physi­
cists from inside and outside the 
Laboratory, to examine the physics 
interest, technical feasibility, cost 
and time schedule for each case. 

On 24 February Brookhaven Direc­
tor Nick Samios announced the deci­
sion to go for a proton-proton col­
lider as proposed in the original 
ISABELLE project. This choice was 
made because this would hopefully 
provide greater potential for impor­
tant discoveries, because of the 
broader experimental programme it 
would make possible, and because 
of the greater interest in pp physics 
expressed by the high energy phy­
sics community. The cost savings 
with the other options would be 
modest and were not considered 
sufficient to compensate for the de­
crease in physics potential. The ep 
and heavy ion physics options may 
prove appropriate for extensions of 
the CBA in the future. 

It is thus the proton-proton option 
which will be presented at a major 
review of the USA high energy phy­
sics programme now being carried 
out by the Department of Energy. In 
June the subpanel of HEPAP will also 
re-examine the Brookhaven proposal 
at the traditional meeting at Woods 
Hole. The main design parameters 
remain as 400 GeV per beam in t w o 
separate rings, luminosities up to 
1Q33 p e r c m 2 p e r s w j t ^ s j x interac­
tion regions. The physics interest 
has been reinforced by the recent 
results f rom the proton-antiproton 
collider at CERN (see March issue) 
and there is growing conviction that 
detection techniques will be able to 
cope with the high event rate and 
complex interactions which the CBA 
would provide. 

The major technical problem 
which had dogged the ISABELLE 
project was development of the su­
perconducting dipoles for the stor-

age rings. The February successes 
put the problem comfortably into the 
past. 

The first magnet milestone was 
reached on 20 February when the 
eighth successive dipole of a produc­
tion series was measured and 
proved to have, like its seven prede­
cessors, the field quality required for 
storage ring operation. Thus the La­
boratory now feels confident that the 
magnets not only reach or exceed 
the required peak field for 400 GeV 
operation but also have the field con­
figuration to store beams for a long 
time and can be produced consis­
tently wi th such parameters. 

A few days later on 25 February, a 
full cell of the magnet lattice of the 
storage rings, consisting of six su­
perconducting dipoles and t w o qua­
drupoles, was successfully powered 
to 5.3 T which corresponds to the 
design beam energy of 400 GeV. 
This field was sustained for four 
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The downstream end of the new quadrupi 
muon channel at the Brookhaven Alternati 
Gradient Synchrotron. The magnet was 
salvaged from the US Space Radiations 
Effect Laboratory. 

(Photo Brookhaven) 

hours with a current of 3.77 kA in the 
coils at a temperature of 4.1 K while 
measurements were carried out. The 
current was then raised to 3.86 kA 
and the magnets quenched. This per­
formance is satisfying in itself but 
also indicated that a good margin of 
safety should exist in terms of reach­
ing design figures when the proper 
refrigeration system is used to take 
the operating temperature below 
3.8 K. 

The time required to cool the cell 
to superconducting temperature is 
three days on the basis of the test, 
which is consistent wi th the esti­
mated time for cooldown of the 
CBA. The initial powering of the cell 
was made at a cautious 0.5 A per s 
ramp rate but shortly afterwards it 
was possible to cycle the full field at a 
maximum CBA operating ramp rate 
of 8 A per s (corresponding to an 
8 minute rise time to 400 GeV). Re­
petitive cycling of the magnets to full 
field was then carried out and, in 
addition, the cell was operated for 
25 hours in the d.c. mode at full cur­
rent. 

The CBA project calls for peak 
rates of magnet production and test­
ing to rise to eight magnets per 
week. A complete magnet factory 
plan has been prepared involving an 
area of over 6000 m 2 . Production of 
the 60 dipoles and 20 quadrupoles 
for the first sextant is planned for 
February 1984 wi th the first magnet 
ready for testing by 1 October of this 
year. 

Now that the CBA project has 
clearly got its technical act together, 
the deliberations of the HEPAP and 
DOE bodies which survey the USA 
high energy physics programme 
remain difficult but at least will be 
conducted with greater confidence. 
The CBA project will require about 
another $250 million and it will not 
be easy to ensure an appropriate rate 
of funding while at the same time 

pursuing the Stanford Linear Collider 
and the Fermilab Tevatron pro­
jects. 

Stopping muons 
The Alternating Gradient Synchro­
tron (AGS) has just brought into 
operation its latest experimental fa­
cility, the recently completed stop­
ping muon beam (D2). This has been 
built in cooperation wi th Columbia 
University's Nevis Laboratory to pro­
vide a beam of some 0.3 x 1 0 8 nega­
tive muons per 1 0 1 2 incident 120 
MeV protons, resulting in some 1 0 6 

negative muons being stopped per 
second per gram per c m 2 over a 24 
c m 2 area. The unique feature is the 
use of the time structure of the AGS 
to produce a 20 ns pulse of pions or 
muons at instantaneous rates of 
1 0 1 5 per second. In this operating 
mode, the AGS delivers one of its 12 
beam bunches of 1 0 1 2 protons to the 

muon beam target at the D tare 
station and the other 11 bunches 
the neutrino beam target at the U si 
t ion. The beam can alternatively u 
the regular slow extracted bee 
mode and provide a muon flux wi t l 
4 0 % duty factor. 

The first of t w o approved expe 
ments, E745 by a Columbia / CEI 
team (a test of quantum electroc 
namics by measuring the vacuum p 
larization in muonic helium), has t 
gun to use the beam to measi 
fluxes and backgrounds. For this e 
périment, the beam will operate 
the single proton bunch mode. T 
second experiment, E754, a mu 
spin rotation study by a Bell Labs 
Brookhaven / George Mason / V 
ginia State / William & Mary tea 
will get its turn in the spring wi th t 
regular slow extracted beam. 

The stopping muon beam has 
interesting history. It is a joint eff< 
between Columbia and Brookhav* 
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The CERN five-cell superconducting cavity 
which has now operated successfully in 
the PETRA ring at DESY, seen here removed 
from its cryostat. (In our April edition, on 
page 86, we erroneously attributed this 
cavity to a Karlsruhe/CERN/DESY 
collaboration.) 

(Photo CERN 231.11.82) 

and t w o funding agencies (US 
Department of Energy and the Na­
tional Science Foundation), and uses 
components from four Laboratories 
— Argonne, Brookhaven, Nevis, and 
the Space Radiations Effect Labora­
tory (SREL). It required the demise of 
SREL to provide the quadrupole 
muon channel, the closing of the Ne­
vis Cyclotron to provide the rest of 
the magnets, power supplies and 
shielding, and the end of the ZGS at 
Argonne to provide some of the pro­
ton beam transport and power sup­
plies. One can truly say that old ac­
celerators don't die, they just get 
recycled by the Brookhaven 'Used 
Accelerator Department'. 

DESY/CERN 
CERN's 
superconducting 
cavity in PETRA 
In an important pointer to the future, 
a CERN superconducting r.f. acceler­
ating cavity has operated successful­
ly in the PETRA electron-positron 
ring. 

Superconducting cavities require 
much less power than conventional 
copper r.f. cavities and provide high­
er electric fields to accelerate 
charged particles. They will be es­
sential to move the peak energy at 
LEP beyond the 50 GeV per beam 
scheduled in Phase I. For the PETRA 
storage ring at DESY, assuming that 
an accelerating gradient of 3 M V / m 
can be achieved, the beam energy 
could be raised to 30 GeV. There is 
considerable optimism among the 
specialists that the necessary tech­
nology to go superconducting is at 
last being mastered. 

An important argument in favour 
of superconducting cavities is econ­
omy. Even taking into account the 
costs of maintaining a cryogenic sys­
tem, superconducting cavities pro­

vide an attractive alternative even for 
machines which in principle could 
work wi th normal cavities. Adding to 
this the positive results made wi th 
superconducting magnets at Fermi-
lab and recently for HERA at DESY, 
one may conclude that the dream of 
an 'all-superconducting' accelerator 
is near. There are already projects for 
small inexpensive industrial storage 
rings for X-ray lithography running in 
a cryogenic bath. 

The first successful beam tests of 
a 1500 MHz structure in CESR and a 
500 MHz single cell cavity in PETRA 
demonstrated that the storage ring 
environment does not degrade the 
superconducting properties of the 
cavities (see June 1982 issue, page 
175). The 500 MHz cavity tested at 

The first nine-cell cavity for a prototype . 
superconducting r.f. module to be installed 
at PETRA towards the end of the year. 

(Photo DESY) 
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Diagram of the double nine-cell 
superconducting cavity for PETRA. 

PETRA had been built at the Kernfor-
sehungszentrum Karlsruhe in a colla­
boration with CERN and DESY. 

On 16 February a superconducting 
cavity built at CERN was installed in 
the tunnel of the PETRA storage ring 
at DESY. A t the end of the Janu­
ary/March PETRA shutdown, the 
cavity was well set up and ready to 
demonstrate its performance in the 
presence of stored beams. 

The five-cell cavity is designed to 
run at the PETRA frequency of 500 
MHz. It was tested earlier at CERN 
and provided an accelerating field of 
2.8 M V / m . It is made of niobium 
sheet, electron-beam welded at the 
CERN workshops. It is equipped wi th 
all the facilities needed for operation 
within a storage ring—a high power 
coupler, higher order mode couplers 
and a tuner system. 

Beam tests began at PETRA on 25 
March. Initially the cavity was ex­
cited by the beam without applying 
r.f. power. A first survey of higher 
order mode excitations caused by 
the beam was made. In the evening 
of 28 March the crew was able to 
work for the first time wi th a DESY 
klystron. Later that night, the super­
conducting cavity took over the 
beam and stored it at 7 GeV. For 
these tests a field gradient of 2.2 
M V / m was used and the maximum 
current stored in two bunches 
reached 1.7 mA. 

The cavity was operated with a 

refrigerator from DESY. Wi th its own 
cryostat and refrigerator control it is 
hoped to operate it in PETRA for sev­
eral months and to be integrated as 
much as possible into the existing 
PETRA control system. 

Meanwhile, possible parameters 
for a PETRA ring with superconduct­
ing cavities replacing the conven­
tional units were presented at the 
recent Sante Fe Particle Accelerator 
Conference by a DESY-Wuppertal 
group. The dissipated beam power 
(due to synchrotron radiation at 30 
GeV) of such a machine would re­
quire a new vacuum pipe. To obtain a 
reasonable luminosity, new quadru-
poles, probably of the superconduct­
ing microbeta type, would be needed 
at the interaction points. Upgrading 
PETRA seems at present very ques­
tionable, particularly in view of the 
recent positive developments of 
HERA. However superconducting 
cavities may come in as energy sav­
ers and defray their installation costs 
by reducing the electricity bill, a fac­
tor which is also valid for HERA and 
other accelerators. 

As a first step, a prototype super­
conducting module for PETRA is 
now being built. The mechanical and 
cryogenic design of this prototype 
module fulfils the space require­
ments of the existing PETRA tunnel. 
It was choosen to work at 1 GHz for 
several practical reasons. The 4.2 m 
space between quadrupoles at PE­

TRA led to a double nine cell struc­
ture. 

A single cell and a five-cell unit cor­
responding to the same frequency 
and dimensions had already been 
tested. While the single cell provided 
a relatively high accelerating field of 
5.3 M V / m , the five-cell cavity gave 
an excellent value of 3.2 M V / m . 

The first nine-cell unit was com­
pleted in the second half of March. 
These cavities are electron-welded 
by a German industrial firm and 
chemically polished at the Physics 
Institute of the University of Wup-
pertal. Cryogenics, r.f. components 
and w indows, as well as the cryostat 
for the test module, are being pre­
pared at DESY to be installed at 
PETRA in the winter shutdown. 

In parallel wi th these develop­
ments, the 1000 inverse nanobarn 
per day mark was exceeded in March 
at the DORIS II ring, more than doub­
ling its December performance. The 
two groups working there. Crystal 
Ball and ARGUS, are busy keeping up 
with the increased f low of data. The 
energy corresponded to the produc­
tion of upsilon prime, at 5.016 GeV 
per beam. 

Recent measurements at DORIS II 
demonstrated that the beams there 
can also be polarized, as was already 
suspected by the experimentalists. 
A value of 80 per cent was measured 
at the upsilon prime energy using the 
laser light method. 

CERN 
More jets 
One of the highlights of last year's 
physics results was the new evi­
dence for the production of hadron 
jets in the high transverse energy 
products emerging from particle col­
lisions, both in the 62 GeV collision 
energy range at -the Intersecting 
Storage Rings and the much higher 

130 CERN Courier, May 1983 



collision energies available in the SPS 
proton-antiproton collider (see May 
1982 issue, page 147, and October 
1982 issue, page 327). 

New results from the ISR now un­
derline this phenomenon of cluster­
ing of the hadronic debris, inter­
preted as coming from the violent 
collisions which disturb the quarks 
(and gluons) sitting inside the target 
nucléons. 

The CERN / Oxford / Rockefeller 
collaboration at Intersection 1 uses a 
superconducting magnet around a 
system of cylindrical drift chambers 
and lead-scintillator modules. Lead 
glass modules outside the magnet 
extend the coverage of electromag­
netic showers. It is an improved ver­
sion of the apparatus previously 
used by a CERN/Columbia/Oxford/ 
Rockefeller team. 

All energies in the interior shower 
counters and the exterior lead-glass 
modules were summed, and data 
taking was triggered if this exceeded 
a specified level. Multiple events 
were rejected. 

If attention isfocused on high trans­
verse energy (up to 30 GeV), there is 
a marked clustering of the detected 
neutral particles. This is confirmed 
by an analysis of each event, which 
shows clearly how the secondary 
particles group into t w o back-to-
back sprays as the total transverse 
energy is increased. 

Interesting results are also coming 
in f rom the CERN / Dortmund / Hei­
delberg / Warsaw collaboration 
working wi th the Split Field Magnet 
in Intersection 4 of the ISR. These 
complement their classic jet studies 
using single particle triggers (see 
May 1982 issue, page 147). 

This group has long been among 
the stalwart supporters of the jet 
phenomenon. Their triggers select 
those events which include a single 
high transverse momentum particle. 
Although this represents only a small 

The neutral particle (electromagnetic) energy 
from a high transverse energy (34 GeV) 
event as seen by the detector of the 
CERN/Oxford/Rockefeller team at 
Intersection 1 of the CERN ISR. Such lego 
plots' are a way of 'unwrapping' the energy 
deposited over the full solid angle, and are 
becoming increasingly popular in jet physics. 

In the subsequent clustering analysis, 
signals from neighbouring counters get 
combined, so that the jets are especially 
clear (right). But even without subsequent 
analysis, the pattern of energy as received 
in the separate counters is jet-like enough 
(left). 

fraction of jet production, these 
single particle triggers have a clean 
signature and provide a convenient 
way of studying the composition of 
jet-like events. 

The CDHW team now has some 
further results f rom a systematic 
comparison of high transverse mo­
mentum positive pion and negative 
kaon production in proton-proton 
collisions at.ISR energies. 

While a positive pion ('up'quark 
bound wi th a ' down ' antiquark) has 
quarks in common with the proton 
(up, up, down quarks), a negative 
kaon (strange, antiup) does not. 
However high transverse momen-

Diagrams illustrating the difference between 
quark-quark (top) and quark-gluon 
interactions in the production of 'jets ' of 
hadrons. The straight lines indicate quarks 
and the looped lines gluons. In both cases 
a gluon is exchanged. The quarks and 
gluons do not materialize as free particles, 
producing instead sprays of hadrons. 
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turn negative kaons are still frequent­
ly found in the hadronic debris 
emerging from these violent colli­
sions in the ISR. 

The behaviour of the accompany­
ing particles is found to depend on 
the type of trigger particle used. In 
the pion case, t w o hadron jets are 
seen to come off predominantly 
back to back. However the jets in the 
kaon case are not mutually opposite, 
indicating that another mechanism 
might be at work. 

As well as quarks, the colliding 
particles also contain gluons. Differ­
ent quantum numbers are conserved 
in gluon and quark interactions 
(gluons, unlike quarks, carry no expli­
cit 'f lavours'). In addition, the quarks 
and gluons inside hadrons have dif­
ferent characteristics. 

The properties of the jets in the 
t w o cases are seen to be very differ­
ent. This systematic difference ties 
in wi th the quantum number restric­
tions and with the observation in 
neutrino experiments that the gluon 
component of nucléons is 'softer' 
than the quark component. 

The relative levels of kaon and 
pion production is also consistent 
wi th calculations on the different me­
chanisms involved. This basic inter­
action of three gluons (field particles) 
at one space-time point is something 
unique to the underlying theory of 
quark-gluon interactions (quantum 
chromodynamics). The fact that this 
interaction can now be measured 
and successfully compared wi th pre­
dictions greatly extends the confi­
dence in the underlying theory. 

Ratio of high transverse momentum events 
triggered by negative kaons and pions, as 
seen by a CERH/Dortmund/Heidelberg/ 
Warsaw collaboration at the CERN 
Intersecting Storage Rings. The observed 
behaviour ties in with calculations (solid 
line) which include the effect of three gluons 
interacting at one space-time point. Leaving 
out the three-gluon contribution spoils the 
agreement (dashed line). 

STANFORD 
Preparing for SLC 
Preparations for the proposed Stan­
ford Linear Collider (SLC) continue to 
go well. T w o major components, 
the electron damping ring and the 
50 Megawatt klystron performed 
well in first tests at the end of Februa­
ry. The damping rings are required 
for improving the beam quality be­
fore final acceleration of the bunches 
and the new klystrons are necessary 
to increase the final energy of the 
linac from the present 32 GeV to 
50 GeV. 

On Sunday morning, 27 February, 
SLC experimenters watched a beam 
circulate in the newly completed 
damping ring. The test fol lowed a 
series of weekend runs. Although 
the distributed ion-pumps were not 
yet on, the beam lifetime was already 
longer than 3 minutes. In subsequent 

tests, this lifetime increased to near­
ly one hour. 

In normal operation the electron 
beams will be stored for about 5 mil­
liseconds between SLC pulses. The 
injected beam consisted of about 4 x 
1 0 9 electrons f rom the PEP gun wi th 
about half the beam concentrated 
into one bunch. 

A new 50 Megawatt klystron for 
the SLC was successfully tested on 
25 February. The 6-cavity tube, 
operating at a repetition rate of 60 Hz 
wi th a 2 microsecond pulse width, 
produced 52.8 M W at the expected 
efficiency of 45 percent. Meanwhile, 
a second tube has been completed 
and a third is in bake-out. The next 
step is to run these tubes with a 5-
microsecond pulse and a repetition 
rate of 180 Hz. This requires building 
a pulsed high-voltage power supply 
(modulator) big enough to challenge 
the new klystrons. Tests are immi­
nent. 
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First beam stored in the new damping ring 
for the proposed SLC linear collider at 
SLAC. The happily circulating electron 
bunch recorded a pulse each time it passed 
a monitor in the ring, giving the even pattern 
on the left. Then a new bunch was injected, 
and the variations in beam position began 
to be damped (right). 

Late last year, the Mark II detector 
was chosen to be the first experi­
ment to use the new machine. Let­
ters of intent for a second experi­
ment had then been invited, but this 
idea has now been shelved. Instead, 
the Experimental Program Advisory 
Committee will decide on one of t w o 
possible primary options. Broadly, 
one option allows for a second exist­
ing detector, suitably upgraded, 
which would alternate data-taking 
with Mark II until such a time as a 
completely new detector becomes 
available. The second option fore­
sees an all-out effort to build a new 
advanced detector as quickly as 
possible. This would at first alternate 
with Mark II in the collision area, and 
eventually replace it. 

Meanwhile, the PEP electron-posi­
tron ring at SLAC continues to break 
records (see April issue, page 98). 
Peak luminosity has been boosted to 
3 x 1 0 3 1 cm" 2 s" 1 , while daily inte-

grated luminosity has attained 1400 
inverse nanobarns. 

A committee, distinctively chris­
tened 'PEP-Up', has been set up to 
examine alternative future pro­
grammes at PEP. It is chaired by Ger-
son Goldhaber. 

DUBNA 
Superconductivity — 
highway or hard way 
to Nuclotron? 
High energy physics with heavy ions 
(relativistic nuclear physics) began 
twelve years ago at the Laboratory 
of High Energies in Dubna. The accel­
eration of heavy nuclei (from deute-
rons to neon and recently polarized 
deuterons) at the Synchrophasotron 
has breathed new life into the ma­
chine which has been in operation 
since 1957. 

Following this work a supercon­
ducting synchrotron of energy 15 — 
25 GeV, called the Nuclotron, is con­
sidered of great interest for the fur­
ther development of relativistic nu­
clear physics. To this end, the Labo­
ratory of High Energies has been 
working on the technology of 2 to 
2.5 T superconducting iron yoke 
magnets. Such magnets have some 
advantages over both conventional 
magnets and 5 T superconducting 
magnets. 

The weight of the superconduct­
ing magnet can be up to twenty 
times smaller than a 'warm' magnet 
of the same aperture due to the high 
current density in the superconduct­
ing coil (up to 500 A per mm 2 ) . More­
over, because of the smaller energy 
consumption the operation cost is 
much lower even taking into account 
costs for the helium cryostat and 
refrigerator. 

Comparing the Dubna magnets 
wi th 5 T superconducting magnets, 
the quantity of superconductor per 
magnet unit length is smaller by a 
factor of ten. This decreases energy 
losses under pulsed operation and 
field shape distortions, inherent in 
superconducting coils due to 'frozen' 
currents and so on. A closely wrap­
ped iron yoke lowers the number of 
required ampere turns of the coil by a 
factor of t w o , shapes the field and 
shields external fields. It also acts as 
a restraining band to fix the coil 
geometry. The absence of a non­
magnetic band makes the structure 
simpler and less expensive, as well 
as decreasing the stored energy. 
Lower stored energy affects both the 
necessary power supply for the ac­
celerator magnets and their reliabili­
ty, allowing easier evacuation of the 
energy in any accidental transition to 
normal state. 

A further lowering of the cost is 
possible by eliminating the helium 
cryostat. The magnet is then force-
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Three prototype cells for a model 1.5 GeV 
superconducting synchrotron being 
assembled at Dubna prior to successful 
tests. The 2.5 T magnets have been 
specially designed with a view to eventually 
building a synchrotron, called the Nuclotron. 

(Photo Dubna) 

cooled by liquid helium in hollow su­
perconducting cable. This brings the 
Dubna magnets still closer to con­
ventional types. The first pulsed su­
perconducting magnet wi th forced 
two-phase helium circulation was 
successfully tested in 1980 and had 
excellent characteristics. The pre­
dicted field value was achieved wi th­
out training and the same field was 
reached when the frequency of trian­
gular cycles was as high as 1 Hz. 

Besides the magnet design, the 
application of superconductivity in 
an accelerator leads to some prob­
lems of integration of the magnets 
wi th the r.f., vacuum, injection and 
extraction systems, etc. A model 
1.5 GeV superconducting synchro­
tron is being designed at the Labora­
tory of High Energies to solve these 
problems and gain experience. The 
accelerator will contain more than 
100 superconducting dipole and 
quadrupole magnets, in 24 regular 
F0D0 cells each 1.5 m long, and t w o 
matched 9 m straight sections. 

The first step was the construction 
of three prototype cells which have 
been cooled and tested. Experience 
wi th the magnet system has an­
swered many important questions 
not only concerning the design of the 
model synchrotron, but also the 
eventual construction of accelera­
tors of the Nuclotron type for the 
acceleration of heavy ions. 

DARESBURY 
Nuclear Structure 
Facility in action 
As mentioned briefly in the previous 
issue (page 98), first major experi­
ments have been carried out at the 
Nuclear Structure Facility (NSF) at 
Daresbury. Nuclear physicists work­
ing in the UK thus have a major new 
research tool . 

The tandem accelerator at the 
heart of the facility has achieved sta­
ble operation wi th 18 MV on its ter­
minal. The machine feeds a range of 
new experimental apparatus and a 
broad programme of studies is plan­
ned, including several important 
investigations of rapidly rotating 
nuclei. 

The NSF is an advanced version of 
the tandem electrostatic accelerator 
which for the past two decades 
has been used with great effect in 

many nuclear physics laboratories 
throughout the wor ld. These ma­
chines are capable of accelerating a 
wide range of nuclear species and 
are noted for their excellent energy 
resolution and easy energy variab­
ility. 

Construction began in 1974. The 
; tandem is contained in a steel pres­
sure vessel, 40 m long and 8 m wide, 
inside a 70 m high vertical tower. Ini­
tial operation will be wi th some 
20 MV on the terminal, although 
electrostatic tests have shown that 
the ultimate design voltage of 30 M V 
can be reached. 

The most critical component limit­
ing this voltage is the evacuated tube 
through which the accelerated ions 
pass. So far, the tandem with the 
Mk I accelerator tube installed has 
been operated at 19.5 MV for short 
periods, and since last December 
has run reliably at 18 MV for exper­
imental work. Over the coming 
months, the accelerator will slowly 
be taken to higher voltages as oper­
ating experience is gained and ac­
cording to the needs of the exper­
imental programme. 

In parallel wi th the construction of 
the accelerator, there were prepara­
tions for the experimental pro­
gramme in close collaboration wi th 
prospective users. Seven beam sta­
tions were approved for the first 
phase of operation. Three of them 
will be devoted to in-beam gamma 
ray spectroscopy and related stu­
dies. A precision 1 m diameter scat­
tering chamber and a multi-element, 
high resolution magnetic spectro­
meter occupy t w o other beamlines 
which will support a wide variety of 
charged particle scattering and reac­
tion studies. An isotope separator 
and a recoil separator have been 
specifically designed for the study of 
unstable nuclei. 

The recoil separator is a combina­
tion of t w o crossed-field analysers 
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A prominent local landmark — the 70 m 
high tower housing the Nuclear Structure 
Facility at Daresbury. The experimental 
programme at the NSF is now under way. 

and a magnetic spectrometer. It is 
capable of detecting short-lived pro­
ducts of nuclear fusion reactions re­
coiling near zero degrees. Recent 
work in Germany has reawakened 
speculation that superheavy nuclei 
can be formed in fusion reactions. If 
this is so, the recoil separator cou­
pled to the NSF tandem will be an 
ideal combination for studying them. 
The isotope separator is basically of 
conventional design and can be 
operated in both on-line and off-line 
modes. More unconventional are the 
associated laser equipment and dilu­
tion refrigerator. Shapes and sizes of 
nuclei can be deduced f rom studies 
of laser-induced resonance fluores­
cence. Measurement of the gamma 
decay of nuclei oriented at the low 
temperatures (about 6 mK) of the re­
frigerator yields basic information 
about nuclear excited states. The 
ability to apply these techniques to 
beams of ions from the isotope sep­
arator will provide unique facilities 
for studying short-lived nuclei far 
f rom the line of beta stability. 

So far experimental work has con­
centrated on investigating the be­
haviour of nuclei subjected to a high 
degree of rotational stress. This has 
demanded the full capability and ver­
satility of the NSF tandem. Acceler­
ated beams of isotopically enriched 
titanium, sulphur and calcium ions 
have been used to produce nuclei 
spinning at record speeds, and the 
cascades of de-excitation gamma 
rays were detected and recorded us­
ing a unique array of gamma detec­
tors called TESSA. Evidence has al­
ready been obtained which seems to 
confirm theoretical predictions that 

General view of the NSF isotope separator. 
Ions are separated by the dipole magnet 
(foreground). The beamline on the left leads 
to a dilution refrigerator, while that on the 
right guides particles to a laser cell for 
resonance fluorescence experiments. 

(Photos Daresbury) 
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Physics monitor 

dramatic changes occur in the struc­
ture of a spinning nucleus at certain 
critical values of rotational frequen­
cy. In a normal nucleus, neutrons and 
protons move cooperatively in pairs, 
rather like electrons in a supercon­
ducting metal. However, as the 
nucleus rotates, the Coriolis force 
causes the pairs to break apart at 
given frequencies and tries to align 
the individual nuclear spins wi th the 
rotation axis. At very high spins, ex­
tensive realignment of the nucléons 
is expected. These effects are analo­
gous to the quenching of supercon­
ductivity by an applied magnetic 
field. Scientists are encouraged by 
these early results and look forward 
to a period of rapid advance in under­
standing high spin phenomena in 
nuclei. 

These first experiments are only 
part of the planned programme for 
research using the NSF and scien­
tists from many UK universities will 
extend their studies into many differ­
ent areas of nuclear physics in the 
near future as the other major pieces 
of equipment are commissioned and 
brought on-line. 

A compilation of world data on the elastic 
scattering of protons on protons compared 
with protons on antiprotons (top), negative 
and positive kaons on protons (centre) and 
positive and negative pions on protons 
(below). The b parameter gives the 
exponential decrease with momentum 
transfer of the elastic scattering spectrum. 
These results suggest that at high energies 
b varies with momentum in the same way 
for all hadrons. 

Universal hadron 
behaviour 
Current dogma says that hadrons 
(particles which interact through the 
strong nuclear force) are composite, 
wi th an internal quark structure. 
Naturally, recent experiments have 
tended to look more at the hard col­
lisions when individual quarks crash 
into each other, rather than the soft 

collisions due to collective quark 
interactions. 

However the soft collective inter­
actions still have a clear physics in­
terest. Axiomatics says that the laws 
of these soft collisions should fol low 
certain fundamental theorems ex­
pressed as 'dispersion relations' 
(mathematical convolutions incorpo­
rating the natural assumptions of 
analyticity, unitarity and crossing 
symmetry). Each time higher ener-
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Left, direct measurements of the total 
pion-proton cross-section and the new 
extrapolation of these results to higher 
energies, based on measurements of small 
angle scattering by a recent experiment at 
the CERN SPS 400 GeV machine. The 
shaded area is the region within which the 

high energy behaviour has to be confined. 
On the right, the corresponding extrapolation 
for proton-proton scattering, from an earlier 
experiment at the Intersecting Storage 
Rings. Disregarding the scale, the similarity 
is striking. 

gies become available, it is important 
to verify these theorems, as their 
breakdown above a certain energy 
would have far-reaching implications 
for our understanding. For instance, 
it could throw doubt on the concept 
of 'causality' — related cause and 
effect. 

Total and elastic cross-sections 
are among the basic yardsticks of 
hadronic interactions. (For a given 
pair of hadrons, the total cross-sec­
tion is a measure of how generally 
reactive the particles are, while the 
elastic cross-section measures to 
what extent the particles just bounce 
off each other, without otherwise 
changing their form.) The variation of 
these cross-sections with energy for 
pions, kaons and protons scattering 
from protons is known at the ener­
gies accessible in accelerator Labor­
atories. The comparison and con­
trast of these results provide valua­
ble insights. 

New information now comes from 
a recently completed study of small 
angle elastic pion-proton and pro­
ton-proton scattering by a Clermont 
Ferrand / Leningrad / Lyon / Uppsala 
collaboration which was the first 
joint CERN / USSR experiment at the 
CERN SPS 400 GeV proton synchro­
tron. The apparatus consisted of a 
forward magnetic spectrometer 
equipped with wire chambers, and 
the special IKAR hydrogen ionization 
chamber, built in Leningrad, capable 
of measuring the low energy proton 
target recoils down to energies as 
low as one MeV. 

At very small momentum trans­
fers, the level of electromagnetic ef­
fects is comparable to the hadronic, 
and this provides a useful probe of 
the hadronic interaction (determining 
the ratio of the real to imaginary parts 
of the scattering amplitude). As the 
momentum transfer increases, the 
hadronic behaviour dominates, and 

parameters of forward elastic scat­
tering can be measured. 

The pion-proton measurements 
were analysed with the aid of disper­
sion relations. Earlier experiments at 
lower energies had cast some doubt, 
but the new results come down in 
favour of the dispersion relation pic­
ture, and moreover show that it is 
valid up to at least 100 GeV beam 
energy. 

Renewed confidence in the ap­
proach made it tempting to use the 
technique to extrapolate to higher 
energies, beyond those directly ac­
cessible at today's accelerators. The 
pion-proton total cross-section (re­
lated to elastic scattering through the 
so-called 'optical theorem') is pre­
dicted to continue rising (approxi­
mately as the square of the logarithm 
of the energy) up to at least 2000 
GeV pion beam energy, when the 
cross-section reaches 28 mb (see 
diagram). 
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This pion-proton information can 
be usefully compared to that for pro­
ton-proton scattering measured by a 
CERN / Rome group at the CERN 
Intersecting Storage Rings. Interest­
ingly enough, the rate of increase 
wi th energy is found to be similar in 
the t w o cases, but for proton-proton 
scattering an effective beam energy 
of 10 000 GeV is required to make 
the cross-section increase by 20 per 
cent above its minimum value, while 
in pion-proton scattering this already 
occurs by 2000 GeV. 

The new measurements of the 
(logarithmic) slope of the pion-pro­
ton elastic scattering show an in­
creased slope at smaller momentum 
transfer, as in proton-proton scatter­
ing. Looking at the energy depen­
dence at fixed small momentum 
transfer, the slope increases wi th en­
ergy at about the same rate in the 
t w o cases — both forward elastic 
scattering peaks shrink wi th energy. 
A compilation of world data on dif­
ferent elastic scattering processes 
in fact reveals that at very high ener­
gies the same shrinkage will be seen 
for all hadrons. 

These results indicate an under­
lying universal behaviour of the 
dynamics of collective quark inter­
actions, independent of the quark 
composition of the colliding parti­
cles. 

(We are grateful to T. Ekelôf for 
supplying us with this information. 
In a future article, we will go on to 
cover the comparison of proton-pro­
ton and proton-antiproton scattering 
data from the ISR and the data from 
the extreme energies attained in the 
SPS proton-antiproton collider.) 

At the Vienna Wire Chamber Conference, 
Georges Charpak from CERN (left) now a 
'father-figure' in the field as the inventor 
of multiwire proportional chambers and 
drift chambers, with V. S. Peskov from 
Moscow University who gave an excellent 
invited talk. 

(Fotozentrum am Schwarzenbergplatz) 

Vienna Wire Chamber 
Conference 
After those of 1978 and 1980, a 
third Wire Chamber Conference was 
held from 15-18 February in the 
Technical University of Vienna. 
There were about 190 participants 
from 25 countries, spanning from 
the East to the far West. The eight 
invited speakers — R. Bock, G. Char­
pak, J . Engler, A. R. Faruqui, E. la-
rocci, I. Lehraus, V.S. Peskov, A. H. 
Walenta — covered the field from 
sophisticated applications in biology 
and medicine, via software, to the 
state of the art of gaseous detectors. 
In some forty other talks the speak­
ers tackled in more detail the topics 
of gaseous detectors, calorimetry 
and associated electronics and soft­
ware. 

The number of participants work­
ing in fields other than high energy 
physics was higher than at the two 

previous Conferences in the series. 
Another positive sign was that, 
mixed in wi th the 'o ld ' experts, there 
were a few young and brilliant new­
comers giving talks on novel tech­
niques like high density projection 
chambers, improvements of TPCs or 
calorimeters wi th barium fluoride 
scintillator. 

The Vienna Coffee House cele­
brates its 300th anniversary this 
year and organizers from the Insti­
tute of High Energy Physics of the 
Austrian Academy of Science de­
cided to schedule long coffee 
breaks. This had a useful side effect 
in that the poster section, with 25 
presentations, was highly fre­
quented and a real success. Social 
events included a concert in the old 
University and a Heurigen — an edify­
ing evening, devoted to eight white 
wines, called 'Mess-Wein' since 
they are specially selected for con­
sumption by priests... 
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Physics with GANIL 

Last month (see page 87) we carried 
an article on the start-up of the 
French GANIL (Grand Accélérateur 
National d'Ions Lourds) machine at 
Caen. It is based on a sequence of 
cyclotrons operating at the same fre­
quency, and today's physics inter­
ests confirm the imaginative thinking 
behind the launching of the project 
ten years ago. 

GANIL is a national Laboratory 
open to both French and non-French 
physicists. Intensive use of the beam 
can therefore be expected, requiring 
high equipment reliability. The beam 
is shared in time and delivered to two 
parallel experiments in consecutive 
bursts. 

The major elements of the exper­
imental areas were planned jointly by 
the various French Laboratories, 
which then spread amongst them­
selves the research and develop­
ment of specific components. At the 
beginning of 1983, four of the ten 
experimental halls planned were 
commissioned, although the pur­
poses of all ten are already well de­
fined (see plan) : 
— D1 houses a 1 m diameter scatter­

ing chamber linked to a 5 m time-
of-flight base; 

— D2, for the time being a general-
purpose hall, will ultimately house 
the Cyrano scattering chamber 
giving measurements inside and 
outside the horizontal plane; 

— G1 houses Nautilus, a large 3 m 
diameter chamber, designed to 
accommodate large detectors; 

— G2, specially designed for the 
measurement of reaction-pro­
duced gammas, is a low intensity 
hall to avoid excessive back­
ground noise; 

— G3 will house a large spectrometer 
(SPEG), scheduled to come into 
operation next year for precise 
studies; 

— G4 is a general-purpose hall ; 
— D3 and D4 house the Super Strip­

ped Ion Line (LISE) for atomic phy­
sics activities and the exotic nuclei 
search; 

- D5 will house a mass spectrome­
ter and also the irradiation installa­
tions for condensed matter phy­
sics, and has therefore been de­
signed for high beam intensities. 
Physics experiments began on 20 

January, with atomic physics and 
condensed matter physics account­
ing for some 10 per cent of exper­
imental time. Letters of intent and 
experiment proposals are divided 
into the nuclear and non-nuclear ca­
tegories and then reviewed by sepa­
rate experiments committees. By the 
end of January, 51 letters of intent 
for nuclear physics experiments had 
been received and 26 for non-nu­
clear activities. To date, 29 propo­
sals for nuclear physics experiments 
have been approved for phase 1 of 
GANIL. 

GANIL's performances will permit 

research of heavy ion nuclear reac­
tions in the 20 to 100 MeV/ nucléon 
energy region where there is little 
available data (the SARA accelerator 
at the Institut des Sciences Nu­
cléaires in Grenoble has been deliver­
ing light ion beams of up to 30 
MeV/nucleon since summer 1982 — 
see July/August 1982 issue, page 
234). This is a key region in nuclear 
physics because there is expected to 
be a transition between the collec­
tive nuclear behaviour, widely stud­
ied below 10 MeV/nucleon, and a 
'nucleonic' behaviour, where the nu­
cleus would behave as a loose as­
sembly of constituent nucléons. This 
is also the region where the incident 
nucléons have velocities comparable 
with those of the nucléons in the tar­
get nucleus (Fermi motion) and to the 
speed of sound in nuclear matter. 

It is hoped that the study of 
phenomena at the frontier between 
two well-studied types of behaviour 
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People 
and things 

and the observation of new types of system consists of four MODCOMP 
reaction will improve our under- (CLASSIC 7860) computers, each 
standing of this transition. with a maximum acquisition rate of 

GANIL's energy region is also ideal 100 000 words of 16 bits per sec-
for the production of highly excited ond. The computers are linked to the 
nuclei with a very high angular mom- data acquisition system via a CA-
entum and of new nuclear species, MAC system containing special mo­
tor which LISE is specifically de- dules manufactured to the MBNIM 
signed. standard and designed to select out 

The first batch of nuclear experi- interesting events and to control 
ments approved for phase 1 of GA- their rate of transfer into the com-
NIL will chart a region hitherto only puter. 
partly explored. The fields to be stu­
died, depending on the incident ener­
gy and the projectile, are as fol­
lows: 
- transfer of the incident momen­

tum towards the target nucleus; 
- evolution of the asymmetry de­

gree of freedom during the trans­
fer of nucléons; 

- elastic or quasi-elastic scattering 
of nuclei; 

- fragmentation of the projectile and 
the target during collision; 

- production of neutral pions below 
the threshold; 

- fusion and fission phenomena and 
the production of high-spin nu­
clei; 

- the production of exotic nuclei. 
In the field of non-nuclear physics, 

the approved experiments will stu­
dy; 
- the behaviour of materials irra­

diated by high-energy heavy ions 
(disorder production or, converse­
ly, recrysallization) ; 

- electronic transitions in heavy hy­
drogen-, helium- and lithium-like 
atoms; 

- charge exchange mechanisms in 
high-speed collisions. 
For phase 1, the Committee for 

Non-Nuclear Physics Experiments 
has also approved development of a 
series of ambitious experimental de­
vices in anticipation of the consider­
able variety of reaction products ex­
pected at these energies. 

The experimental data acquisition Marian Danysz 

Marian Danysz, who died on Fe­
bruary 9, was one of the best 
known Polish physicists. His major 
contribution to elementary particle 
physics was the discovery, togeth­
er with J. Pniewski, of hypernuclei 
in 1953. He realized at an early 
stage that progress in science re­
quires broad international cooper­
ation. By the 1960s the Warsaw 
group worked in close collabora­
tion with groups from Bristol, Brus­
sels, CERN, Dublin and London, 
and also from Belgrade, Berlin, 
Budapest, Dubna and Prague. As 
the first deputy director of the 
Joint Institute for Nuclear Research 
at Dubna, he initiated the collabo­
ration between that institute and 
CERN. It was also on his initiative 
that Poland became a CERN 
Observer State and he was the 
first Polish representative at CERN 
Council. Apart from his efforts to 
maintain international contacts 
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A view of the experiment at the reactor of 
the Institut Laue-Langevin (ILL), Grenoble, 
France, by a CERN/ILL/Padova/Rutherford/ 
Sussex collaboration which looked for signs 
of neutron-antineutron oscillations. The 
experiment has recently been completed 
and preliminary results are emerging. There 
appear to be no signs of oscillations. (In 
our previous issue, we inadvertently 
attributed this experiment to a CERN/ILL 
collaboration.) 

among physicists, he was very 
active in high energy physics 
research in Warsaw. He was a 
member of the Polish Academy of 
Sciences and the Heidelberg Acad­
emy. On his retirement in 1977 he 
received an honorary doctorate 
from Warsaw University. 

Dr. J. Schutten, Managing Director 
of the Netherlands National Insti­
tute for Nuclear Physics and High 
Energy Physics (NIKHEF) at Am­
sterdam, died on 10 March. For 
ten years he was Technical Direc­
tor of the Institute for Nuclear Phy­
sics Research (IKO), and in 1981 
became Managing Director of NIK­
HEF, which now includes IKO. He 
personified the bond between the 
two sections of the Institute — 
Nuclear Physics (K) and High Ener­
gy Physics (H). He is sadly missed 
by his colleagues. 

On people 

Yuval Ne'eman is Israel's first 
Minister of Science and Develop­
ment. Wolf son Professor at the 
School of Physics and Astronomy 
and director of the Sackler Institute 
of Advanced Studies at Tel A viv, 
Ne 'eman represents the Tehiya 
party in Israel's parliament, the 
Knesset, and is co-director of the 
Center for Particle Theory of the 
University of Texas, Austin. He is 
best known in physics for his des­
cription of hadron symmetries us­
ing unitary groups, for which he 
recently received the Wigner medal 
for work in group theory. This 
work, together with that of Murray 
Gell-Mann, helped pave the way 
for our present understanding of 
the 'flavour' properties of hadrons. 
He has also had a varied and distin­
guished career in other sectors. 

J. D. Lawson of the Rutherford 
Appleton Laboratory was recently 
elected Fellow of the prestigious 
UK Royal Society. The FRS acco­
lade comes to John Lawson after 
many major contributions to parti­
cle beam physics, ranging from 
klystron development, through 
fusion (and the famous 'Lawson 
criteria ') through to the basic phy­
sics of accelerators. As demon­
strated at the recent Oxford con­
ference on new acceleration 
techniques (see December 1982 
issue), his broad knowledge is reg­
ularly sought in assessing new 
ideas. 

Accelerator School developments 

We reported in the March issue 
(page 60) that CERN is in the pro­
cess of setting up an Accelerator 
School. A Provisional Advisory 
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Dr. Hirta Firnberg, Austrian Minister for 
Science and Research, visiting the CERN 
stand at the Austrian Science Fair in Vienna 
on 26 February. She is in conversation with 
Reinhard Budde near a model of the tunnel 
for the proposed LEP electron-positron ring 
for CERN. 

Committee has been appointed to 
assist in the planning of various 
School activities. There is general 
agreement that the first course 
organized by the School should be 
on facilities for proton-antiproton 
collisions. With the recent exciting 
results obtained in this field, it is 
a good time to examine all the 
aspects of this kind of project in 
detail, emphasizing those that can 
lead to further advances. The 
course will last about two weeks 
and will take place at CERN in 
October. More details will be pub­
lished in the near future. 

The School and its Advisory 
Committee are also planning a 
second course, devoted to basic 
and general accelerator physics 
for the benefit of physicists and 
engineers entering the field. The 
tentative date is late summer 
1984, but the location is still un­
decided. Other Accelerator School 
activities are still under discussion. 

Superconducting cable exceeds 
rating 

The superconducting cable project 
at Brookhaven continues to make 
progress. A 1000 MVA test unit 
for power transmission has two 
130 m superconducting cables 
rated for 4 kA in a 138 kV three-
phase system. Recent tests aimed 
at determining how high above the 
rated values the cables could go. 
The voltage was run up to 190 
kV and held there for over twelve 
hours. After the overvoltage test, 
the current was run up to 6 kA 
and all went well for half an hour, 
until a termination component was 
damaged. After repairs, a remain­
ing test aims to investigate wheth­
er the cables will sustain a voltage 
pulse of some 650 kV, such as 
might be experienced in a lightning 
strike. 

CESR experiments 

For the first time since electron-
positron collisions were achieved 
in the CESR ring at Cornell in Au­
gust 1979, plans are being pre­
pared for a major reorganization 
of the experimental programme, 
providing new opportunities for 
individuals or groups not currently 
working at CESR. Although CESRfs 
luminosity has reached 14 inverse 
picobarns per month, several 
efforts aimed at increasing the 
luminosity are already under way, 
and could improve performance 
by an order of magnitude. 

Cornell is also inviting new pro­
posals for experiments in the North 
Area, currently occupied by the 
CUSB detector. This would be­
come available near October 1985. 
Interested groups should submit 
letters of intent by 1 July this year, 
and the complete proposal by 15 

September. Further information on 
the CESR North Area is available 
from Karl Berkelman at Cornell, 
telephone (607) 256-4198. 

Meanwhile the other CESR detec­
tor, CLEO, is constructing a new 
inner detector with vertex detector 
and drift chamber able to measure 
energy loss. A new outer detector 
to improve particle identification 
is also being considered. A Work­
shop is scheduled for 31 May — 
4 June to launch a proposal for 
these outer detector improve­
ments. Individuals and groups are 
encouraged to participate, and it 
is hoped that a broader collabora­
tion will result. Information about 
the Workshop is available from 
Murdock Gilchriese, telephone 
(607) 256-5197. 

It will be interesting to see what 
experimental plans emerge for 
future work at CESR. 
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More new radioactivity 

Three kinds of radioactivity are 
common in the breakup of natural 
nuclei — alpha decay, beta decay 
and spontaneous fission. In 1981, 
an experiment at the UNILAC hea­
vy ion accelerator at GSI Darmstadt 
discovered the emission of protons 
from the ground state of the new 
rare earth isotope lutetium 151. 

Excited states of nuclei formed 
in beta decay, for example, can 
show other types of radioactive 
behaviour. In such 'beta-delayed' 
radioactivity, the excited nuclear 
states can emit other particles. 

Several years ago, a team at the 
CERN synchro-cyclotron discov­
ered the beta-delayed emission of 
two neutrons in the decay of li­
thium 11 to beryllium 11. Now a 
team at Berkeley has detected the 
beta-delayed emission of two pro­
tons in the decay of the highly 

unstable nucleus aluminium 22, 
which has a complement of only 
nine neutrons, compared to the 
14 present in the stable isotope. 
With a half life of only 70 millise­
conds, the aluminium isotope was 
manufactured by bombarding a 
magnesium target with helium-3 
beams from the Berkeley 88-inch 
cyclotron. 

Solitons at Edinburgh 

The Union Canal in Edinburgh, 
Scotland, skirts the boundary of 
Heriot-Watt University, near the 
spot where scientist and engineer 
John Scott Russell discovered the 
solitary wave in August 1834. 

Although the phenomenon was 
largely ignored for some 130 
years, the study of 'solitons' as 
they are now known, has boomed. 
So what better place for a recent 
soliton research conference and 

workshop than Heriot-Watt Uni­
versity? 

One highlight of the meeting was 
the unveiling of two plaques on 
the banks of the canal to comme­
morate the 1834 discovery. Unfor­
tunately an attempt to recreate a 
soliton in the canal failed, but the 
research programme continues 
undeterred. 

Jean Groz receives 1 000 SFr from CERN 
Director General Herwig Schopper for an 
idea which saves considerable money and 
effort in processing CERN pay slips. This 
is the first award to be made in CERN's 
recently established Suggestion Award 
scheme. 
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RUTHERFORD APPLETON LABORATORY 

HIGH ENERGY PHYSICS 
RESEARCH ASSOCIATES 

There are vacancies for Research Associates to 
work wi th experimental groups in high energy phy­
sics. Groups from the Rutherford Appleton Labora­
tory are working on experiments at CERN, DESY and 
SLAC. 

Candidates should normally be less than 28 years 
old. Appointments are made for 3 years, wi th pos­
sible extensions of up to 2 years. RAs are based 
either at the accelerator laboratory where their ex­
periment is conducted, or at RAL depending on the 
requirements of the experiment. W e have in addi­
tion home-based programmes on development of 
detectors, microprocessor systems, etc. Most ex­
periments include UK university personnel wi th 
whom particularly close collaborations are main­
tained. 

Please write for an application form quoting VN 045 
to 
Recruitment Office, R20 , 
Rutherford Appleton Laboratory, 
Chilton, Didcot, Oxfordshire 0 X 1 1 OQX, 
ENGLAND. 

POSTDOCTORAL OPPORTUNITIES IN 
EXPERIMENTAL 

NUCLEAR PHYSICS 
The experimental nuclear physics group of the Los Alamos 

National Laboratory has postdoctoral opportunities available in 
programs of current interest to the Laboratory's Physics Divis­
ion. Basic research programs include heavy-ion collisions at low, 
medium and very high incident energies, low energy antipro-
ton-nucleus collisions, neutrino mass and oscillation measure­
ments, medium energy proton and pion scattering, neutron 
physics, very low energy reactions of astro physical and fusion 
reactor interest, kaon-nucleus physics, and high pressure equa-
tion-of-state experiments. These positions offer an excellent op­
portunity for communication with our large theoretical physics 
divisions and our unsurpassed computer facilities offer superb 
research opportunities. 

The Los Alamos National Laboratory is operated by the 
University of California for the Department of Energy. Our loca­
tion in the mountains of northern New Mexico offers a pleasant 
life-style, a pollution free environment and ample recreational 
activities. Postdoctoral appointments are for one year and may 
be renewable for a second year. We provide competitive salaries 
and fringe benefits, which includes 24 days annual vacation. 
Candidates no more than three years past their Ph.D are invited 
to apply. 
To apply, please send resume in confidence, by Sept. 1,1983 to: 

Jane Roberson, Associate Group Leader 
Personnel Administration Division, DIV 83-L 
Los Alamos National Laboratory 
Los Alamos, NM 87545 

University of California 

An Affirmative Action/Equal Opportunity Employer: Women, 
Minorities, Handicapped and Veterans are Urged to Apply. 

D I V I S I O N A L F E L L O W 
IN 

E X P E R I M E N T A L PARTICLE PHYSICS 

The Lawrence Berkeley Laboratory is seeking an 
outs tand ing young exper imental is t in part ic le physics for 
appo in tmen t as Divisional Fellow in its Physics, Computer 
Science and Mathemat ics Division. The posi t ion has a t e r m of 
up t o f ive years, w i t h the expectat ion t h a t the Fellow's 
professional accomplishments and g r o w t h wi l l lead t o 
considerat ion for p romot ion t o Senior Staff Scientist. 

The Fellow wi l l be expected t o con t r ibu te substantial 
or ig ina l research ei ther in an ongo ing p rogram at LBL or in a 
program of his o w n in i t ia t ion. Major research ef for ts at 
present include the Mark II and TPC detectors at SLAC, 
par t ic ipat ion in the CDF detector at Fermi lab, a high energy 
muon exper iment at Fermilab and a low energy muon 
exper iment at TRIUMF. Considerable detec tor research and 
deve lopment for fu tu re exper iments are also par t of t he LBL 
p rog ram. Applicants should have t w o or more years of 
postdoctoral research experience and have demonst ra ted 
abi l i ty in particle physics research. 

Please send inquiries w i t h professional résumé, list of 
publ icat ions, and the names of four referees t o 

J.D.Jackson, Head 
Physics CSM Division 
Lawrence Berkeley Laboratory 
University of California 
Berkeley, CA 94720 

An Equal Opportunity Employer MIFIH. 

L A W R E N C E BERKELEY L A B O R A T O R Y 

Advertisements in CERN COURIER 
Format A 4 Monthly publication 
All advertisements are published in both English and French 
editions. Second language versions accepted wi thout extra 
charge. 

Cost per insert ion (Swiss Francs) 
Space Actual size (mm) 
(page) w id th by height 1 3 5 10 

insert ion insert ions insert ions insertior 

V i 1 8 5 x 2 6 5 1550 1500 1450 1350 

1 / 2 1 9 0 x 2 6 5 8 5 0 8 2 0 8 0 0 7 5 0 

1 / 4 9 0 x 1 3 0 4 8 0 4 5 0 4 3 0 4 1 0 

Supplement for: 
— each additional colour 
— Covers: 
Cover 3 (one colour) 
Cover 4 (one colour) 
Publication date 
Closing date for 
positive f i lms and copy 

1 5 0 0 SwF 

1 8 5 0 S w F 
2 4 5 0 SwF 
1 st of month of cover date: 

1 st of month preceding cover date 
The cost of making f i lms and of 
translation for advertisements are 
charged in addit ion. 

Screen (offset) 60 or 5 4 Swiss (1 50 English) 
Advert isements cancelled after 1 st 
of month preceding cover date wil l 
be invoiced. 

Advert ising space is l imited to 5 0 % of contents and insertions 
are selected on a str ict f i rst-come first-served basis. 
These rates are effective for the year 1982 . 

All enquiries t o : 
Micheline FA LCI OLA / CERN COURIER -
CH-1211 Geneva 23 Switzerland 
Tel. (022) 8 3 41 0 3 Telex 2 3 6 9 8 

CERN 
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SCINTILLATORS 
FOR LARGE AREA 

APPLICATIONS 
Lower cost per light output than any compet i t ive 
product . Polycast Techno logy Corpora t ion is the 
only company that can economica l l y p roduce large 
quant i t ies of h igh-qual i ty, cast acryl ic scint i l lators for 
the large sca le part ic le exper iments of the 1 9 8 0 s . 
Here 's why : 

ACADEMIC 

Multi Production Units; 

Dedicated Equipment: 

Efficient Production Rates: 

Sheet Size: 

Sheet Thickness: 

Physical Properties: 

Light Yield: 
Attenuation: 
Maximum Emission: 
Decay Time: 

26 individual cell casting machines. 

Guaranteed Uniformity. 1 or more 
casting machines can be dedicated to 
scintillators. 

30 sheets cast per machine batch, 
batch sizes up to 2000 Kg. 

Up to 185 cm x 254 cm. 

1.5 mm to 102 mm. 

PS10 Acrylic Scintillator 

45% of Anthracene. 
150 cm. 
415 nm. 

PALYCAST 
Polycast Techno logy Corpora t ion 
P O Box 1 4 1 , S tamfo rd , C T 06904 , U S A 
Toll Free 800-243-9002 
in Connect icu t (203) 327 -6010 T W X 710 -474 -3894 

A+D PRODUCTS SA 
2 5 0 2 Bienne r. Albert Anker 23 

Tél . 0 3 2 23 63 12 / 23 5 5 82 Télex. 3 4 8 3 4 ADPRO 

CIM Modules 
À + D PRODUCTS manufactures currently CERN 

Instrument Modules (CIM) 

« gF BEI ** *> 

FAST DIGITAL VOLTMETER MODULE 

Please contact us for addi t ional information 
We also represent for Switzer land: 

f \ Delta Elektronika BV (NL) 
Wallis Electronics L td (UK) 
E/M Electronic Measurements Inc. (USA) 

\ J C 2e 

METHODS OF STEADY-
STATE REACTOR 
PHYSICS IN NUCLEAR 
DESIGN 

R.J.J. Stammler and M.J. Abbate 
April/May 1983, c. 500pp.r 0.12.663320.7 
In preparation 

The field- of reactor physics is approached in this 
text in an entirely new way; it presents the com­
puterization of methods used in reactor physics 
design and thereby fills a gap between normal 
textbook treatments and reactor analysis in practice. 
The material presented draws on extensive indus­
trial experience with the development of compu­
tational tools for reactor design, which ensures that 
the methods discussed are both modern and have 
proven their usefulness. 

POSITION-SENSITIVE 
DETECTION OF 
THERMAL NEUTRONS 

edited by Pierre Convert 
and J . Bruce Forsyth 
April/May 1983, cASOpp., 0.12.186180.5 
In preparation 

The aim of the workshop on which this volume is 
based was to bring together the originators and 
users of position sensitive detection systems. In 
addition to specialist review talks and over thirty 
original contributions on both the construction 
and application of neutron PSDs, the editors have 
provided several introductory chapters describing 
the principles of neutron detection in general, and 
the design and use of position-sensitive detectors 
in particular. 

APIC Studies in Data Processing No 17 

FORTRAN 
OPTIMIZATION 

Michael Metcalf 
October 1982, xiv + 242pp., 0.12.492480.8 
f 24.00/£12.80 (UK only) 

This book deals, for the first time, with the whole 
topic of FORTRAN optimization, explaining the 
relevant hardware and modern compiling techniques 
before going systematically through the procedures 
which may be applied to optimize source code. 
Attention is given to distinguishing the types of 
compilers used. All IBM and CDC compilers are 
treated in detail. The use of super-computers is 
introduced, and the questions of program porta­
bility and the future shape of FORTRAN are 
covered. 
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New! 
• Analog light-guide transmission 
• Rated and actual values (2 channels) ; Resolution 
• and stability 1 x 10 4 ; Option 5 x 10 5 ; V24 inter-
• section. 
I A/D converter offset: type 10 jiV; Transmission : 
I serial, 9600 baud; Analog limit frequency: 
I 1 -channel 8 Hz, 2-channel 4 Hz. 
I Constant-output power supply units 
I E.g.: 0 - 3 k V d . c . , 0 - 2 0 0 mA, 0 - 100 W ; 
I Stability 1 x 1 0 4 . 
I H.v. capacitor chargers 
I for sawtooth operation up to 100 kV. Power up 

to 20,000 Joules/s; Charging rate up to 200 Hz. 
Cassette power supply units 

18 types, 100 V to 30 kV. 
Output power 30 and 60 W. 
Stability and ripple 10 3 , Option 10 5 . 

Plug-in modules I 
30 and 60 W up to 30 kV; Stability 1 x 10 3 . I 

H.v. plug connectors I 
Coaxial up to 300 kV d.c. with cable. • 

HEIN2INEER 
Regel-undMeBtechnik 

HappingerStr7l 
8200Rosenheim 
Te-: 08031/64141 
Telex.0525777 

FDMT101 
Fast Multimode Discr. 
Pair/Meantimer 
For best timing with two PM's at long scintillators. 

3 Channel in a Single NIM 
• New Design 
• Compact 
• Low Cost 
• High Rate 

Discriminator: 
- Thresholds int. or remote contrôlable 
- Linearrange: -5mV to -5V 
- Daisy chain inputs 
- Leading edge/diff./low level timing 
- Direct out: time over thr. LL-dual 

NIM Ampl. + LED-lnd. 
- Bandwidth 150 MHz 
Analog Meantimer: 
- Range up to 60 ns 
- Fast reset on end of range-recovery-time ̂  5 ns 
- No single trigger outputs 
- Time resolution ± 100 ps 
- Output width 5 to 500 ns 

1 — 1 v v i u u i o ro but 

Licence SE] 
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WHICH STREAK CAMERA SYSTEM 
IS BEST FOR YOU? 

CALL OR WRITE FOR DESCRIPTIVE LITERATURE 

HAMAMATSU CORPORATION • 420 SOUTH AVENUE • MIDDLESEX, NEW JERSEY 08846 • PHONE:(201) 469-6640 
International Offices in Major Countries of Europe and Asia. 
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10 PICOSECOND 2 PICOSECOND 
TEMPORALDISPERSER MODEL C979 TEMPORALDISPERSER MODEL C1370 
The C979 streak camera has a proven record of dependabil i ty The C1370 of fers s t r ingent time resolut ion in a streak 
that is unequalled. Users wor ldwide report the C979 is both camera that ful f i l ls the special needs of ultra-fast kinetics, 
easy to use and trouble-free. . T i m e resolut ion better than 2 ps 

• Dynamic range better than 1:100 • Trigger j i t ter less than ± 3 0 p s 
• Triggerj i t ter less than ± 3 0 p s . Ultra-fast or s low plug-in available 
• Streak t ime/fu l l screen 1,2,5,10 ns/15mm fast plug-in, . Gated input 

10,20,50,100 ns/15mm slow plug-in . B r Q a d s p e c t r a | r a p g e 2 Q Q „ 8 5 0 n m 

• Broad spectral range 200 ~ 850 nm 

SYNCHROSCAN 10 PICOSECOND 1 NANOSECOND 
TEMPORALDISPERSER MODEL C1587 TEMPORALDISPERSER MODEL C1155 
The C1587 features a newly developed, low jitter, high- The C1155 provides a larger t ime window for recording 
speed repeatable sine-wave sweep generator and an MCP phenomena that cannot be captured at picosecond speed, 
synchroscan streak tube. . T j m e r e S o l u t i o n better than 1 ns 

• Synchronous streaking . W i d e r a n g e o f s t r e a k t i m e s f r o m 1 0 0 n s t 0 1 m s 

• Triggerj i t ter less than ± 5 p s . Dynamic range better than 1:100 
• Plug-in capabil i ty f rom 50 Mhz to 200 Mhz . Broad spectral range 200 -1100 nm 
• Gated input 
• Broad spectral range 200 ~ 850 nm 

X-RAY 
TEMPORALDISPERSER MODEL C1102X All models feature an exclusive Hamamatsu streak tube 

TheC1102Xenab lesyoutoach ieveh ightempora l reso lu t ion w i t h ^ n m i ^ a n " e ' P l a t e < M C P ) f o r w e a ^ ^ Q n a l 
in the x-ray region. A streak tube with a gold photocathode amplification >10«. Needs no external .mage intensifier, 
deposited on the inner surface of its beryl l ium window A l 1 a r e available wi th ful ly integrated electronic readout, 
provides spectral response of 1 to 10 KeV. UV opt ics are available for Models C979, C1155, C1370 

• Time resolution better than 30 ps a n d C1587. 
• Triggerj i t ter less than ± 3 0 p s 



IllÉlifÊfli^ 

the multichannel 
analyzer that 
contains everything 
you need, at a price 
ffiaf makes sense. 

We at The Nucleus believe that multichannel analyzers 
should be affordable, so we created the QUANTUM a 
lis everything you need for basic spectrometry at a 
price that will surprise you. We also believe that 
instruments should be easy to use so we designed the 
QUANTUM 8 with simple well marked controls that 
even an inexperienced operator can master in minutes. 
With 1024 channel ADC and memory, built-in 
preamplifier/amplifier, high voltage supply, 5" video 
display with multiple ROI's, and RS-232C serial port as 
standard features, the QUANTUM 8 is the best value 
for money today. 

And if that's not enough, then look at the option list of 

smoothing, stripping, transfer, recycle, real time clock, 

X-Y output and MCS with Mossbauer control. 

For more information call or write 

TENNELEC 
1 ' G m b H 

M u n c h n e r Strasse 5 0 , D 8 0 2 5 Unterhaching 

W e s t G e r m a n y 

Telephone 0 8 9 / 6 1 1 -5060 /TLX 52 4608 

P.O. Box 2561, Oak Ridge, TN 37830-2561 
Telephone (615) 482-4041, Telex 557-482 
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• Solid dependability: that's our TH 7800 line of image sensors 
• Linear sensors: data rates to 10 M H z , up to 2048 elements, 
attractively priced, ready now, numerous applications 
• Area sensors: we have them, too. 

• Solid dependability: THOMSON-CSF, of course 

THOMSON-CSF DIVISION TUBES ÉLECTRONIQUES 
38, RUE VAUTHIER / BP 305 / 92102 BOULOGNE-BILLANCOURT CEDEX / FRANCE / TÉL. : (33.1) 604.81.75 

SPAIN BRAZIL 
USA 
THOMSON-CSF 
COMPONENTS CORPORATION 
RUTHERFORD NJ (201) 438 2300 

BRAZIL 
THOMSON-CSF 
COMPONENTES DO BRASIL Ltda 
SAÔ PAULO (11) 542.47.22 

CANADA 
THOMSON-CSF CANADA Ltd./Ltee. 
OTTAWA (613) 236.36.28 

G E R M A N Y 

GERMANY 
THOMSON-CSF 
BAUELEMENTE GmbH 
M0NCHEN (089) 78 79-0 
UNITED KINGDOM 
THOMSON-CSF 
COMPONENTS AND MATERIALS Ltd. 
BASINGSTOKE (256) 29.155 

ITALY 
THOMSON-CSF COMPONENT! 
ROMA (6) 638.14.58 

SPAIN 
THOMSON-CSF 
COMPONENTES Y TUBOS S.A. 
MADRID (1) 419.88.42 
SWEDEN 
THOMSON-CSF 
KOMPONENTER & ELEKTRONROR AB 
STOCKHOLM (8) 225815 

JAPAN 
THOMSON JAPAN K.K. 
TOKYO (3) 264.63.46 

CD 
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V, A, Q : 

MULTIMÈTRE 2 0 3 2 

Les points positifs du A/I 2032: 

Moins libres pour lo mesure • Angle de lecture tou­

jours optimol • Gamme supplémentoire de 

2 0 0 Ohm • Test des diodes • Ronfleur de tronsition 

• Mesures DC 2000h 

METRAWATT 
AG fur Messapparate 
Felsenrainstrasse I • CH-8052 Zur ich • Tel . 01-302 35 35 

1700 Fribourg • Tel . 0 3 7 - 2 4 7 7 5 7 

ccnn c o u r i e r 

A un ique adve r t i s i ng m e d i u m fo r 
sc ien t i f i c a n d t echn i ca l e q u i p m e n t 

CERN COURIER is the internationally recognized 
news magazine of high energy physics. Distributed 
to all the major Laboratories of the world active 
in this dynamic field of fundamental research, it is 
compulsive reading for scientists, engineers, ad­
ministrators, information media and buyers. Written 
in simple language and published simultaneously 
in English and French it has become the natural 
communication medium for particle physicists in 
Europe, the USA, theSoviet Union, Japan — every­
where where the fundamental nature of matter is 
studied. 

Published from CERN, Switzerland, it also has 
correspondents in the Laboratories of Argonne, 
Berkeley, Brookhaven, Cornell, Fermi, Los Alamos 
and Stanford in the USA, Darmstadt, DESY and 
Karlsruhe in Germany, Orsay and Saclay in France, 
Frascati in Italy, Daresbury and Rutherford in the 
U.K., SIN in Switzerland, Dubna and Novosibirsk 
intheUSSR, KEKinJapan, TRIUMF in Canada and 
Peking in China. 

The annual expenditure on high energy physics 
in Europe is about 1000 million Swiss francs. 
The expenditure in the USA is about $ 400 million. 
There is similar expenditure in the Soviet Union. 

CERN COURIER is the way into all high energy 
physics research Laboratories. If you have a 
market in this field, there is no surer way to make 
your products known than by advertising in CERN 
COURIER. 

All enquiries to : 
Advert is ing Manager 
Michel ine Falciola 
CERN C O U R I E R 
CERN 
CH - 1211 G E N E V A 23 
Te l . (022) 8 3 4 1 03 
Telex 2 3 6 9 8 

Micropositioning 
with linear and rotary 
positioners. Available 
with micrometer or no 
backlash worm gear 
drives. Suitable for hori­
zontal or vertical mount­
ing. These modular 
units can be combined 

with Piezo, Stepping Motor 
or DC Motor Drives 

translators wJÊj^^^^^^^^^^^^Ê 
for generation and mea- W^^^^^^^^^^^^^m 
sûrement of distance 8 R ^ ^ H ^ ^ ^ ^ ^ ^ ^ ^ H 
variations to below I Ĥ ^̂ ^̂ ^̂ ^̂ ^̂ H 
0,01 |jm. Stepping motor I jS^m flj^B^^^HH 
drives with resolution 8 wË^Ë z^^mlÊK^Êm 
up to 4000 steps/revo- MW^^É^^^ 
lution, controls with • | | | ^ h S ^ h H 8 ^ H É M 
IEC-Bus interface, pro- WÊÊIÊ^^^^^^^^^^^B 
grammable. 

DC Motor drives for micropositioners; motorized micro­
meter drives; DC power supplies. 

Bleichistrasse 8 

G Poly science AG 
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Meeting your 
C A M A C needs 

3 N e w C r a t e 
C o n t r o l l e r s 

3921 
LSI-11 CRATE CONTROLLER 

Houses an L S I - 1 1 / 2 , L S I - 1 1 / 2 3 , or SBC-11 /21 D E C 
processor f o r stand-alone or aux i l i a ry con t ro l l e r 
app l ica t ions 

- Features -

• C o m b i n e d crate con t ro l l e r and processor 
• Ful l LSI -11 bus c o m p a t i b i l i t y 
• 22 -b i t addressing capab i l i t y 
• Ful l so f tware suppo r t 
• Four l /O-mapped registers f o r all C A M A C opera t ions 
• Expandab le via f r o n t panel LSI -11 bus 
• Stand-alone o r aux i l i a ry con t ro l l e r 
• Real - t ime c lock 

C o n t a c t u s 
for m o r e i n f o r m a t i o n 

K i n e t i c S y s t e m s 

3988 
GPIB CRATE CONTROLLER 

Provides f o r C A M A C I/O in a GPIB -con t ro l l ed system 

- Features -

• Comp le te C A M A C / G P I B in ter face 
• Ful l GPIB ( IEEE-488) capab i l i t y 
• Single data t ransfers 
• Q-scan and Q-stop b lock data transfers 
• GPIB service request capab i l i t y 
• Swi tch-selectable t a l k / l i s ten address 
• Ma in or aux i l i a r y crate con t ro l l e r 
• A u x i l i a r y c o n t r o l l e r s u p p o r t 

3989 
RS-232 CRATE CONTROLLER 

A l l o w s a C A M A C crate t o be dr iven f r o m a c o m p u t e r 
serial p o r t , m o d e m , C R T t e r m i n a l , o r o the r RS-232-
compa t i b l e device 

- Features -

• C o m p u t e r independen t 
• Strap-selectable f o r RS-422 
• User-selectable Baud rate and data f o r m a t 
• Ma in o r aux i l i a r y crate con t ro l l e r 
• A u x i l i a r y con t ro l l e r suppo r t 
• Data l i nk c o n t r o l signals 
• M u l t i d r o p s ignal l ing c o m p a t i b i l i t y 
• Q-scan and Q-stop b lock data transfers 
• PROM-based so f tware 
• Manual crate con t ro l l e r capab i l i t y 

U.S.A. 
11 Maryknoll Drive 
Lockport, IL 60441 
Phone: (815) 838 0005 
TWX: 910 638 2831 

Pacific Northwest Office 
P.O. Box 4221 
Fremont, CA 94539 
Phone: (415)490 8544 

Western Region Office 
4234 Fairlands Drive 
Pleasanton, C A 94566 
Phone: (415) 829 9020 
TWX: 910 389 6898 

Europe (Service) 
3 Chemin de Tavernay 
1218 Geneva, Switzerland 
Phone: (022) 98 44 45 
Telex: 28 96 22 

Europe (Marketing) 
Gewerbestrasse 13 
CH-4528 Zuchwil, Switzerland 
Phone: (065) 25 29 25 
Telex: 34 94 95 
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AGELTRO AG 
Isenrietstrasse 19, CH-8617 Mônchaltorf 

Telefon 01-9481314 Telex 58608 
AGELTRO 
Industrievertretungen und Beratung 
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14001 

Well-founded informations give 
you a personal lead in any 
project management Take for 
example 

Carbon fiber 
construction elements 

We provide easily built-in 
safety in Know-how. 

for specific use in experimental 
physics, for panels, pipes, 
shaped parts and combination 
products. 

Please request detailed infor­
mation. Mr H. Mauch will be glad 
to advise you personally. 

We offer a range that is based 
on 25 years' experience and 
know how through successful 
collaboration with field specia­
lists. 

StesalitAG 
Kunststoffwerk 
CH-4249 Zullwil/SO 
Telefon 061/80 06 01, Telex 63182 Ï 

Q_ 
o3 

Eiskalte Kàlte sicher lagern in Speicher- und Transportbehàltern fur 

Flussigstickstoff bis -196°C Flussighelium bis -269°C 

Je nachdem, wieviel Flussigstickstoff 
Sie brauchen, kônnen Sie Behàlter 
von 251 bis 3001 Inhalt auswàhlen. 
Aile Behàlter zeichnet aus: druckloses 
System, extrem geringer Kàlteverlust, 
an aile Système anzuschlieBen. 
Rollen machen die Behàlter leicht 
fahrbar. 
Und dazu ein Jahr Garantie. 

Unser Flussigstickstoff-Service 
liefert die Kàlte frei Haus. 

Gase+Kàlte SchweiBen + Schneiden 

Fur Laborexperimente, innerbetriebliche 
Transporte stehen Behàlter von 301 

bis 5001 zur Wahl. Als Zwischen-
speicher konzipiert gibt es 2501 bis 

2000 I groBe Behàlter. 
Je nach Anwendungszweck drucklos 

Oder in Druckausfuhrung bis 6 bar. 
Allen gemeinsam ist die erstklassige 

Bauweise: Superisolierung, abgas-
gekuhlte Strahlungsschilde, fahrbar, 

Edelstahl (kleine Behàlter auch in 
Aluminium). 

Ebenfalls ein Jahr Garantie. 

Spezialfahrzeuge sichern die 
Versorgung in der Bundesrepublik 

Deutschland. 

MESSER GRIESHEIM/TV 
Messer Griesheim GmbH d 2.2030 W • ^ 
Homberger StraBe 12 • 4000 Dusseldorf 1 W ^ 
Telefon (0211 ) 4 30 31 
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Bursting 
discs 

for over- and 
underpressure 

protection 

111 

i 

also in micro-
weldet construction 

with He leakage 
test 

all kind of connec­
tions incl. KF 
and CF flanges 

wide material 
selection 

Rembe MeR- und 
kRegeltechnik GmbH 

Post fach1203 

5790 Brilon 
W-Germany 

Telefon ( 0 2 9 6 1 ) 2 0 7 1 

Telex 8 4 6 0 4 10 

Louis Schleiffer AG 
S C H W I Z E R S T R . ZA C H - 8 6 I O U S T E R • 

SdWfhMinwe. T E L E F O N 0 1 / 9 4 0 2 1 5 1 T E L E X 5 2 8 1 5 sdMfhMkiwe. 

mochten Sie unser Lieferprogramm uber . . . . 

TEMPERATURFUHLER 
genauer kennenlernen? Schauen Sie bei uns 
rein . . . . 

SENSOR 83 

BASEL 

1 7 . - 1 9 . Mai 83 HALLE 3, STAND 136 

Gerne senden wir Ihnen kostenlos eine 
Eintr i t tskarte Oder unser Lieferprogramm. 

• T E M P E R A T U R F U H L E R A L L E R A R T , 
M E S S G E R À T E U N D Z U B E H O R T E I L E 

RÉSOLVEZ VOS PROBLEMES DE NEUTRONS  
GET YOUR NEUTRON PROBLEMS SOLVED OUT 

AVEC 
WITH c 

R 
A 

c o u n t e r He  

c o m p t e u r à 3 H e 

rel iable  
robus te 

4f 

a u t o n o m y : 3 0 hours w i t h 12 V Ni -Cd accumu la to r  

a u t o n o m i e : 3 0 heures sur accumu la teu r Cd-Ni 12 V 

A 
L 

microprocessor  
mic roprocesseur 

a u t o m a t i c reading  
a u t o m a t i q u e 

Système CE A Déb i t d 'équ iva len t de dose 1 A 5 _ r / u 
CEA System Equ iva len t dose rate 1 0 1 0 m - r e m / h 

Équiva lent de dose 
Equ iva len t dose 

0 — 1 0 5 m-rem 

T e m p s de c u m u l  
T i m i n g  

0 - 10 h 

n a r ^ ^ B I I V Agence Commercia le : Z .A . de C o u r t a b œ u f - A v . d ' Is lande E V O L I C 4 - 9 1 9 4 0 LES U L I S 
• l O l U B U A Commerc ia l Branch : Té l . (6) 9 2 8 . 5 9 . 4 6 - T é l e x : 691 259 F 
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H. V. ferroresonant P. S. 
for sputter-ion pumps 

These units supply a regulated vol­

tage approaching 7 KV at no load, 

4,5 KV at 30 mA and 35 mA short-

circuited. All components are able 

to withstand up to 10 7 rad. per year 

so that they can be positioned close 

to the pump avoiding long H. V. 

leads. Control is achieved by low 

voltage signals and a suitable con­

troller can handle up to 24 units. 

The tranformer is double vacuum 

treated and potted to eliminate co­

rona failures. 

@LTRONIX 

Gril lenweg 4 , CH-2504 Biel, Switzerland 

Telephone (032) 42 4 4 45 -

Telex 3 4 6 3 7 

BRD - Telephone (07221) 6 16 53 -

Telex 78 110 

Sweden - Telephone (08) 2 8 28 4 0 -

Telex 10 7 3 8 

Ni_ - Telephone (05945) 1 27 0 0 -

Telex 53 3 0 1 

Partout où l'œil 
ne peut accéder.. 

Endoscopes 
flexibles 
à fibres de verre 
pour l'inspection directe de corps creux 
non accessibles aux yeux. 0 3-14 m, 
longueurs utiles 0,5-12 m. Eclairage 
de l'objet par lumière halogène intégrée. 
Alimentation par pile et secteur. 

For opt ical 
inter ior inspect ions. 

horoscopes, 
fiberscopes. 

Ask for details. 

TECHNOKONTROLLAG 
I 8049 Zurich, lmbisbuhlstr.144 Telefon 01 56 56 33 
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A leading manufacturer of advanced data acqu i s i t i on systems 

TRANSIAC, a major supp l ie r of high-energy and fus ion physics research equip­
ment is now represented in Switzer land by SEN E lec t ron ique , which i s proud t o 
present these l a t e s t s t a t e - o f - t h e - a r t products: 

TR1024 Budget Priced 
High Resolution 
Multilayer 
Graphics Termina) 

Extra sharp 1024 x 780 p ixe l CRT 
di splay 

Faster graphics drawing at 1 microsj 
per p ixe l 

Overlaying of mu l t i p l e image or bui 
fe r menus and graphics w i th multip 
memory planes 

Terminal i n s t r u c t i o n set conform! 
e n t i r e l y to tha t of Tektronix® 40 
Series at a f r a c t i o n of the cost 

U t i l i z a t i o n of P l o t - 1 0 @ , ISSCO® 
DI-3000® programs, exact ly as ) 
use them now 

Take advantage of TRANSIAC's propri 
t a ry hardware enhancements to use t 
NEC 7220 Graphics Con t ro l l e r Chi 
prov id ing hor izon ta l s c r o l l i n g , ve 
t i c a l s c r o l l i n g , zoom, e t c . 

ANSI Standard X3.64 VT100 
b i l i t y soon ava i l ab le 

Optional CAMAC packaging 

compat 

These are several other of TRANSIAC's f i n e products: 

2001 - 100MHz 8 - b i t Transient Recorder 
2008 - 25MHz 8 - b i t Single Board T r a n s i ­

ent Recorder 
2010 - 20MHz 10-b i t Transient Recorder 
2012 - 5MHz 12-b i t Transient Recorder 
2108 - 20MHz Signal Averager 

3016 - 16-channel 16-b i t DAC 
6001 - Microprocessor Crate Cont ro l le r 
7001 - Semi-autonomous Data Acquisi t ion! 

Con t ro l l e r and D i g i t i z e r 
7004 - 32-channel Fast Gated Integrator 
TRAQ I Data Acqu i s i t i on System 

SEN ELECTRONICS S.A. 
Avenue Ernest-Pictet 31 ; Tel. (022) 4 4 2 9 4 0 - T l x 23 359ch -CH-1211 GENÈVE 13 

OFFICES THROUGHOUT THE WORLD E L E C T R O N I Q U E 



TÉNNEL0ÏC 

4 5 4 C 
QUAD CFD 

Z/CJMON 

We're Proud to Introduce . . . 

Our New 200 MHZ Quad 
Constant Fraction Discriminator 

TYPICAL WALK vs DYNAMIC RANGE 
FRACTION «0.2 

INPUT SIGNAL RISETIME 51.0 n««c 
EXTERNAL DELAY = 0.9 ni«c 

INPUT DYNAMIC RANGE 

Here's Why: 
• 2 0 0 MHz guaranteed! (240 MHz typical) 

• Walk typically ^ ± 30 psec for 100:1 input 
dynamic range 

• 1000:1 input dynamic range 

• Exclusive individual discriminator gating 
and bin gating 

• Three independent fast negative outputs 
per channel 

• Output LED indicates each channel is 
processing signals 

• Selectable fraction modules and leading 
edge, too. 

Our TC 454 Quad Constant Fraction Discriminator is the best. 
Put one in your laboratory — call us today! 

TENNELEC 
6 0 1 T u r n p i k e , O a k R i d g e , Tennessee 3 7 8 3 0 

U S A 

Telephone 615 -483 -8405 /TWX 810-572-1018 

M u n c h n e r Strasse 5 0 , D 8 0 2 5 Unterhaching 

W e s t G e r m a n y 

Telephone 0 8 9 / 6 1 1 - 5 0 6 0 / T L X 52 4608 
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AD*811 
with 8 peak-
measuring 
ADC's in a 
single-width 
CAMAC 
module. 

amplifiers in the 
range of 0 to + 2 v.-

1 bittes with f i a 
: sampling of êo or 

slowly changing 
voltages. ;,: 

Features include: 
• 1 -mV resolution with an 11 -bit 

range (2047 channels) plus 
overflow. K * 

• Excellent linearity and stability. 

• 0.5 MS fast clear. 

• Full LAM logic. 

• Automatic testing and 
calibration checks. 

For more details write: 

EG&GOFtTEC 
100 Midland Road 
Oak Ridge, Tennessee 
USA. 37830 

n EGzB ORTEC 

Poussière fine, particules 
en suspension peuvent 
être retenues par ies fil­
tres Luwa. Nous en 
avons une gamme com­
plète à votre disposition. 

Succursa/es, licenciés et représentations dans plus de 60 pays. 

Luwa 
Luwa SA 
Filtres + Equipement de Protection 
Kanalstrasse 5,8152 Glattbrugg, Téléphone 01/8101010 

Die mit 
Sprachubertragung 

Speziel l an die 
neuen A n f o r d e r u n g e n 
der S icherhe i t a n -
gepass t : 

• Kuge ls ichere 
M i k rophone fur ^ : 

den D i rek te inbau / 
in Panzerglas 

• Indiv iduel le 
Anpassung an 
die Scha l te ran-
lage d a n k Z 

; ;Modu l techn ik 
• M o d e r n e ' 

S teuere lek t ron ik 
Erhal t l ich in dre i 
Bet r iebsar ten-

• E inwegsp rechen 
• W e c h s e l s p r e c h e n 

- • G e g e n s p r e c h e n 
- - • S c h a l t e r - K a s s e n r a u m s p r e c h e n 

SCHORI E AG Elektronik 
Bottigenstrasse 37 Interphonie 
CH-3018Bern 
Telefon 031 56 31 66 Stanzerei 
Telex 911166 sori Werkzeugbau 

5 C H O R I 
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S p d l m a n ' s High P o w e r 
resonant inver ter outper forms 

units 9 t imes its s ize 

• Indestructible in 
Vacuum Arcs 

• Lowest Stored Energy 
• Upto200KV... 

UptolOKW 

• • H H H H H f l H H H H i H H H i H H H H H H H H H H H i 

I6'-V̂ *&'M 

Power for 
Lasers 
• Current Driven 

for Pulsed Lasers 

Typical Voltage Pulse Waveform 

RHP 3KW Series 
* Rexibilrty for the Laboratory 
• Voltage Ranges From 3KV to 200KV. 
* Automatic Crossover for Current or Voltage Regulation. 
• Fully Programmable 

The most important breakthrough 
in High Voltage Power Supply 
technology in more than 20 years 

Spellman's new series resonant inverter produces pure 
sinusoidal current to generate high voltage power without 
the disadvantages inherent in conventional technologies... 
eliminating line frequency magnetic components... elim­
inating vacuum tubes...eliminating oil. This high frequency 
approach reduces size and weight while the sinusoidal 
shape of the current waveform eliminates electromagnetic 
interference and provides failsafe current limiting and 
short circuit protection. Low stored energy and 50 KHz 
ripple frequency contribute to the unit's indestructibility under 
vacuum arcing. 

Other Applications 
• Klystron and T W T Supplies • E-Beam Systems 
• Capacitor Chargers 

Features 
• Extremely Compact Design • 0 . 0 1 % Voltage Regulation 
• 0 .02% RMS Ripple • High Frequency Operation 

Options 
• Remote Voltage Programming • Wide Range of Additional 
Options • IEEE Bus Interface • Voltage and Current Test Points 

SpeHman 
High Voltage Electronics Corp 
7 Fairchild Avenue, Plainview, New York 11803 (516) 349-8686 TWX: 510-221-2155 
Engineering opportunities available. Write to personnel department. 
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ALL THE TOOLS 
YOU'LL EVER NEED 

H ELI-TR AN® open-cycle 
coolers are a simple-to-use 
source of refrigeration from 
below 2K to 300K. 

DISPLEX® closed-cycle 
refrigerators provide reliable, 
continuous-duty cooling 
from 10Kto450K. 

HELIPLEX® closed-cycle 
refrigerator is a liquid-
cryogen-free source of con­
tinuous cooling from 3.7K 
to300K. 

Reliable, useful cryogenic 
equipment from Air 
Products is indispensable 
to the researcher working 
at low temperatures. 

DISPLEX® cryopumps and 
LN2-free cold traps offer 
clean, fast vacuum. 

And...Air Products has the 
most complete line of 
accessories vital to spec­
troscopy, ESR, DLTS, NMR, 
matrix isolation, Hall effect, 
and other low-temperature 
research. 

Send for our latest catalog. 

Air Products and Chemi­
cals, Inc., Dept. APD-SG, 
1919 Vultee Street, 
Allentown, PA 18103, [215) 
481-3975. Telex: 84-7416. 

ADVANCED PRODUCTS 
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FLOWMETERS 

Calibrated and non-
calibrated instruments for 
liquids and gas 

Available from our stock 
in Zurich 

Heraeus 
Quartz glass 

lenses, mirrors, 
cuvettes, hatches, 
disks, prisms, 
rods, tubes 

Triple prism in isotopic and homogeneous 
SUPRASIL quality, deposited on the moon in 
a retro-reflector-system as part of the 
Apollo program. 

Ask for further information 

Oerlikonerstrasse 88 
tel. 0 1 / 3 1 1 40 40 

8057 Zurich 

SYSTEME 5 7 0 0 
UN PRODUIT 
"HAUTE PERFORMANCE" 
TRANSMISSION DE DONNEES 
ANALOGIQUES PAR FIBRE 
OPTIQUE 

• L'expérience considérable de DMC dans le domaine des convertisseurs U/F et 
F/U est primordiale pour la réalisation de ce système de transmission. 

• Très simple d'emploi, ces deux "pet i ts" modules sont reliés par un câble 
fibre optique dont la longueur peut atteindre 2 Km sans l'utilisation de 
répétiteurs. 

D y n a m i c 
M e a s u r e m e n t s 
C o r p ,  

MODULATOR SA 
KÔNIZSTRASSE 1 9 4 / 3 0 9 7 BERN-LIEBEFELD 
TEL.(031)5922 22 

LTR SERIES 
2.0K-300K 
OPEN-CYCLE 
REFRIGERATOR 
.. .useful cooling to 
below 2 kelvins 

The new Heli-Tran® LTR Series 
open-cycle refrigerator gives 
added cryogenic capability to the 
researcher investigating 
phenomena from below 2 kelvins 
to ambient. 

This proven system operates 
simply and reproducibly. It 
requires no vacuum source for 
transfer.. .only for temperature 
reduction at the sample. 
Temperature stability ± 0.01 K 
[liquid region); ± 1 % of absolute 
[gas region). 

Complete system includes sam­
ple holder, transfer line, temper­
ature controller. 
Write for technical data. Air 
Products and Chemicals, Inc., 
Dept. A P D - S G , 1919Vul tee 
Street, Allentown, PA 18103 , 
(215 ) 4 8 1 - 3 9 7 5 , Telex: 8 4 - 7 4 1 6 . 

ADVANCED PRODUCTS 
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19"-Rack provided for 
Transmitter Adaption 

CLIMA 

• Meteorological dataproGessing in a 19"-Rack • completely wired with plug 
connection for transmitters • modul-technic provides high flexibility 
• use of sophisticated electronic components easy to service due to modular design 

ADOLF THIES GMBH + CO KG 3400 Gôttingen Hauptstr. 76 Klima-, MeB- und Regel-
geràte Postfach 3536 + 3541 Telefon 0551/792052 Telex 096722 Telegramm MeBthies 

B-Range 
New range of LEMO miniaturi­
zed connectors with single 
key or twin polarisations keys. 
Solder or crimped contacts. 
This new range of connectors 
has from 2 to 80 contacts 
suitable for screened or un­
screened cables between 1,5 
and 25mm overall diameter. 
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EEV ignitrons 
A to E a n d b e y o n d . 

nJ 

No one understands 
ignitron technology - or the 
needs of the people 

who use i t -
better than 

b EEV That's 
because our 

experience in 
this field is 
unrivalled. And 
it shows - in 
the most 
versatile and 

advanced range of 
ignitrons available anywhei e in 
Europe today 

Take our compact A range 
Ten different models in all to 
meet the widest requirements 
in capacitor discharge, 

crowbar and resistance 
welding applications. 

Then comes the 
B range which, like 
all other sizes apart 
from A, incorporates 
EEV's unique water 
cooling system. This 
ensures maximum 

cooling at exactly the right 
point, eliminating hot spots and 
sludge. 

Next up is the C range where the 
choice includes the BK 4 9 4 / 7 6 7 1 

with coaxial cathode and the 
powerful BK 544. And there are 
no less than seven different 
models to choose from in the 

* D range. -
s Finally comes the big one 

- EEV's B K 4 9 6 - d e s i g n e d f o r 
capacitor discharge applica­

tions with the very largest 
switching capability This E 
range is used in Culham 

Laboratory's one 
Megajoule test \—; 

facility I 

f 

Next t ime you have a 
special requirement for a 
switching ignitron, talk to 
the people who know the 
subject f rom A-Z. 

I J 

Lnj 

EEVlgnitrons 
English Electric Valve Co Ltd, Carholme Road, Lincoln LN11SE England. Tel: 0522 26352. Telex: 56114. 

EEV Inc, 7 Westchester Plaza, Elmsford, NY 10523, USA. Tel: 914 592 6050. Telex: 646180. 
EEV Canada Ltd, 67 Westmore Drive, Rexdale, Ontario M9V 3Y6. Tel: 416 745 9494. Telex: 06 989 363. 
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The PMT.. .Whose time has come. 

Photon Detection and Discrimination At Its Best. 
Our new PMT series give you fast and precise t ime 
characteristics w i th good single electron resolution 
to facilitate multiplier noise discrimination. 
When your high energy physics project involves fast scin­
tillation or Cherenkov radiation detection and tirme-of-
fl ight or coincidence t iming techniques — reliability of 

your components is 
v i t a l . O u r m u l t i ­
p u r p o s e 1 2 - s t a g e 
photomult ip l ier tube 
X P 2 2 6 2 gives you 
exceptionally fast rise 
t ime (2.0 nsec), 7 0 % 
single electron resolu­
t ion, very good linear­
i ty and best of al l , 
reliable performance 

Single electron spectrum obtained with an XP2262 tube. frOITI each tube. O U T 

XP2252 2-inch head-on type PMT is the newest member 
of our ever expanding family, and is recommended for 
new designs as well as for detector upgrades. 

Our w o r l d w i d e exper ience in high energy physics 
includes contr ibut ionstoprojectssuch as The Plastic Ball, 
The Mark II and III Detectors, BNL Neutrino Detector, 
Crystal Box, and in Europe, in the CERN Intermediate 
Vector Bosons Search. COME, SEE THE LIGHT! Contact 
us today, wr i te for complete information to AMPEREX. 

A m p e r e x 
• A NORTH AMERICAN PHILIPS COMPANY 

230 Duffy Avenue, Hicksville, NY 11802, telephone 516/ 
931-6200. Outside USA: contact Philips, EL COMA, 5600 
MD, Eindhoven, The Netherlands. 


