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Fermi National Accelerator 
Laboratory 

It w i l l have been obv ious f rom our 
recent issues that the Fermi Nat ional 
Accelerator Laboratory has rapidly 
establ ished itself among the f inest 
research centres in the f ie ld of h igh 
energy physics. It is operat ing the 
wor ld ' s highest energy, highest in ten­
sity proton accelerator and, unt i l it is 
jo ined by the CERN SPS, has a 
monopo l y on some almost complete ly 
unexplored regions of physics. 

This is reflected in the vocabulary 
of the h igh energy physicists at the 
Fermi Lab where the w o r d 'exc i tement ' 
is one of the most c o m m o n . In add i ­
t i on , there is someth ing about the 
atmosphere of the Laboratory w h i c h 
is new and st imulat ing. Both aesthet i ­
cal ly and managerial ly it is di f ferent 
f rom any of the establ ished h igh 
energy physics research centres. Aes­
thet ical ly , a site of great attractiveness 
has emerged f rom the corn f ie lds of 
I l l inois. Manager ia l ly , a w a y of operat­
ing the Laboratory w h i c h is not in l ine 
w i t h practices elsewhere has been 
implemented. Behind these features 
is the personal i ty of the Director, 
R.R. Wi l son , w h o set very ambi t ious 
goals and reached for those goals w i t h 
his o w n dist inct ive style. There have 
been problems en route but the Fermi 
Laboratory has emerged w i t h stature 
f rom its format ive years. 

Performance of accelerator 

Research is based on the use of the 
synchrot ron w h i c h is able to acceler­
ate protons to energies be tween 2 0 0 
and 4 0 0 GeV. Accelerat ion to 500 GeV 
w i l l be at tempted again w h e n repair 
of a commerc ia l t ransformer is c o m ­
pleted. The design intensi ty is set at 
the h igh level of 5 x 1 0 1 3 protons per 
pulse. 

Since the report g iven at the S tan­
ford Accelerator Conference (see J u n e 
issue page 199) reliable machine 
operat ion at 3 0 0 GeV energy (over 
75 % average operat ional ef f ic iency 

dur ing h igh energy physics runs) c o n ­
t inued th rough May and June . A 
4 0 0 GeV run dur ing intense heat 
rocked the boat a l itt le and the 
machine has taken t ime to settle d o w n 
again (eff ic iencies d o w n to 50 %) 
even t h o u g h operat ing back at 
3 0 0 GeV. In Augus t a t w o week run 
w i t h a 2 0 0 / 3 0 0 GeV beam pulse using 
a f ront porch was successful ly accom­
pl ished w i t h t w o experiments do ing 
physics w i t h s low spil l at both ener­
gies dur ing the same beam pulse. The 
next 4 0 0 GeV run w i l l wa i t several 
months unt i l the transformer is back 
in service. 

The recent rel iabi l i ty di f f icul t ies 
have been caused by a series of 
seemingly d isconnected faults and, in 
add i t ion , the g row ing beam intensi ty 
is br ing ing problems in its wake — 
both in terms of beam instabil i t ies 
and of the effect of the intense beams 
(part icular ly on the extract ion septa) . 
Since the Stanford Conference, the 
peak beam intensity has been i n ­
creased by 40 % to 1.4 x 1 0 1 3 protons 
per pulse and there have been some 
extended runs at 1 0 1 3 w i t h the 
accelerator operat ing reliably. 

Instal lat ion of a debuncher, to 
reduce the energy spread in the 
205 MeV beam f rom the l inac to the 
8 GeV booster, has enabled about 
20 % more protons to be fed th rough 
the booster. It has also improved the 
qual i ty of the beam so that w i t h 
s ing le- turn in ject ion into the booster 
v ir tual ly all the beam f rom the booster 
can be accelerated in the main r ing 
and w i t h t w o - t u r n in ject ion about 
90 % can be accelerated. Efficient 
four - tu rn booster in ject ion is the 
ul t imate aim. Another intensity gain 
came f rom in ject ing a th i r teenth pulse 
f rom the booster t o f i l l the main r ing 
c i rcumference; unt i l recently on ly 
twe lve had been manageable. 

The higher intensit ies are provok ing 
beam instabil i t ies in both the booster 
and the main r ing and there are signs 

of col lect ive phenomena. Work on 
cont ro l of resonances has been suc­
cessful in ho ld ing d o w n the insta­
bil i t ies so far. Further help shou ld 
come f rom horizontal and vertical 
super-dampers ( w h i c h feed back v o l ­
tage signals fast enough to deal w i t h 
f luc tuat ions in indiv idual bunches) 
due to be instal led in the main r ing in 
October. R.f. system beam loading 
problems and related longi tud ina l 
space charge problems are also being 
at tacked. 

These improvements are expected 
to take the peak intensi ty to around 
2 x 1 0 1 3 by the end of the year. Af ter 
that, the c l imb higher is l ikely to be 
much harder. There is a problem of l o w 
acceptance in the booster and its 
eject ion system w i l l be redesigned to 
take the septum further out of the 
vert ical aperture. A lso in the booster, 
the r.f. cavi ty suppl ies need at tent ion 
to increase the vol tage they can sup­
ply at the lower end of the f requency 
spect rum. T w o special cavit ies w i l l be 
instal led by the end of the year just 
to help at this lower end w h i c h should 
increase the acceptance of the booster 
by 4 0 %. 

In the meant ime, the high intensit ies 
have improved the abi l i ty to w ipe ou t 
electrostat ic e ject ion septa in the main 
r ing by depos i t ing too many protons 
on the septum wires and the protec­
t ion system to prevent this happening, 
n o w in the process of upgrad ing , is 
hav ing a hard j o b keeping pace w i t h 
the g r o w i n g numbers of protons. In 
a bad spel l , a couple of septa were 
seriously damaged w i t h i n a week. 
They are similar in design to those 
developed for the CERN SPS w i t h 
spr ing wi res to pul l any broken 
septum wi re ou t of the path of the 
beam. A techn ique of machine w i n d ­
ing the plane of septum wires has 
been t r ied ; it gave a plane accurate to 
one part in a thousand and took on ly 
one day to w i n d . If th is septum works 
we l l in the accelerator, machine 
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w i n d i n g w i l l become the standard 
method. 

It looks as if the accelerator requires 
a progressive shakedown as each new 
energy and intensity peak is scaled. 
Nevertheless, the accelerator team are 
obv ious ly capable of tak ing the p rob­
lems in their stride and each advance 
br ings a fresh gleam to the eyes of the 
high energy physicists w h o are we l l 
aware that they are s i t t ing on a 
physics go ld mine. 

Layout of experimental areas 

On the main ring itself is an internal 
target area where studies on proton 
interact ions over the who le range of 
energies f rom 8 GeV to 4 0 0 GeV are 
possible. A hydrogen jet target bui l t 
by a group of Soviet scientists f rom 
Dubna has been the major instal la­
t ion and there are also th in f ibre 
targets. 

The ejected beam serves three 
experimental areas k n o w n as Proton, 
Meson and Neutr ino. Dur ing normal 
operat ion all three are fed w i t h pro­
tons every pulse; usually there is s l ow 
eject ion over a one second f la t - top at 
the peak machine energy and then a 
short burst to the Neutr ino Area for 
the bubble chambers. There can also 
be a ' f ront porch ' at lower energy (say 
2 0 0 GeV dur ing a 300 GeV run) 
should some experiments require it. 
A t peak intensit ies it is possible to 
have 1 0 1 3 protons sent to the Neu ­

t r ino Area and still leave several t imes 
1 0 1 2 for each of the other Areas. 

The ejected beam is split first ( tak ing 
off a vert ical slice w i t h an electro­
static septum and several Lambertson 
type septum magnets) to bend pro­
tons off to the Proton Area. This Area 
is designed for experiments using 
primary protons of energy ' up to 
500 GeV and intensities up to 1 0 1 3 p ro­
tons per pulse. Thus the shie ld ing 
problems are severe and experiments 
are installed in channels be low ground 
level to take advantage of earth 
shie ld ing. Three of these subterranean 
channels exist (Pro ton-Eas t Pro ton-
Centre, Proton-West) and are fed by a 
spl i t t ing stat ion w h i c h either splits the 
proton beam to any channel , sends it 
to Centre and East or sends it to 
Centre and West. Eventually spl i t t ing 
to feed all channels w i l l be instal led. 
Proton-East is used to generate a 
neutral beam for pho toproduc t ion 
experiments (us ing a 30 m deuter ium 
fi lter, a beam w i t h only one neutron 
per 500 gammas is obta ined) and 
further downst ream an e lec t ron-pho­
ton faci l i ty is about hal fway to c o m ­
plet ion (experiments are expected 
next year). Proton-Centre is used for 
a lepton product ion experiment. Pro­
ton -Wes t is sti l l being brought into 
act ion. Eventually the Proton Area is 
l ikely to be a source of the highest 
energy secondary beams beyond the 
range w h i c h can be comfor tab ly 
handled in the Meson Area. 

Schematic representation of the beam layout 

in the experimental areas at the Fer mi Lab. 

The Meson Area takes a variety of secondary 

beams from a single target bombarded by 

protons up to 300 GeV energy. The Neutrino 

Area has detection systems for neutrinos 

generated by protons up to 500 GeV energy 

and muons up to 150 GeV. The Proton Area 

can take protons up to 500 GeV energy. 

After the ejected beam has had a 
f ract ion peeled off towards the Proton 
Area, a second vert ical spl i t is per­
fo rmed to send protons off towards 
the Meson Area. This area is operated 
for experiments w i t h secondary beams 
coming f rom a single target b o m ­
barded by a primary beam of energy 
up to 300 GeV and intensity up to 
about 1 0 1 3 protons. A b o u t ten exper i ­
ments can be set up s imul taneously 
using six f ixed beam-l ines ( M 1 -
280 GeV/c med ium resolut ion w h i c h 
has a second b ranch ; M 2 - 3 0 0 GeV/c 
di f f racted pro tons; M 3 - neutrons; 
M 4 - neutral kaons; M 5 - test beam; 
M 6 - 200 GeV/c h igh resolut ion 
w h i c h also has a second branch) . In 
general the charged beams have 
branchesto accommodate moreexper i -
ments and the neutral beams have 
experiments l ined up in series. The 
meson detector hall houses the bu lk 
of the equ ipment for the experiments 
w i t h some pre-fabr icated tunnels 
ex tend ing out on its downst ream 
end. Extending the abi l i ty of the beam-
line to the target (probably using 
superconduct ing magnets) w i l l even­
tual ly enable the area to draw secon­
dary beams f rom 4 0 0 GeV protons. 

Primary proton beam remaining 
after the t w o splits to the Proton and 
Meson areas cont inues on to the 
Neutr ino Area. This area is designed 
to use up to 500 GeV protons at the 
design intensi ty of 5 x 1 0 1 3 protons 
per pulse. The neutr inos are generated 
f rom pions and kaons a l lowed to 
decay over 4 0 0 m f rom the target 
bombarded by the proton beam. 
Focusing systems point the pions and 
kaons towards neutr ino detectors 
inc lud ing the 15 foo t bubble chamber 
w h i c h can take hydrogen, deuter ium 
or neon f i l l ings. After the decay 
region, 1000 m of earth shielding 
f i l ters out the particles other than 
neutr inos so as to avoid f lood ing the 
neutr ino detect ion systems w i t h other 
particles, part icularly muons. 
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The Meson hall which houses the bulk of the 

detection systems for experiments on 

secondary beams with energies up to 300 GeV. 

The beams, emerging from a single target, 

enter from the left and 'fingers' to accommodate 

additional detectors protrude behind the 

building on the right. 

By vary ing the target and focus ing 
system (run in on train loads on a 
nar row gauge rail sys tem), the para­
meters of the neutr ino beam can be 
changed. The beam can be either a 
' b road -band ' spectrum of neutr ino 
energies w i t h a 100 \is spil l via t w o 
pulsed focus ing horns (this is not 
compat ib le w i t h runn ing muon exper i ­
ments) , an alternative b road-band 
spectrum using focus ing quadrupoles 
w h i c h are not pulsed ( w h i c h a l lows 
muon experiments) or a d ichromat ic 
beam select ing pions and kaons of 
energy less than 200 GeV. 

The muons are col lected as a 
byproduc t to the neutr ino beam and 
used in a separate exper imental faci l i ty 
of f -set f rom the neutr ino l ine. A large 
spectrometer incorporat ing the magnet 
of the former Chicago cyc lo t ron 
magnet is used in the muon exper i ­
ments. A longs ide the muon spect ro­
meter is the first of t w o electronic 
detector set-ups (an iron calor imeter) 

for neutr ino exper iments; the second 
(a l iqu id scint i l lator calor imeter) is 
downs t ream of the 15 foo t chamber. 

Also in the Neutr ino Area is the 
30 inch bubble chamber former ly at 
Argonne. In associat ion w i t h a tagg ing 
system, th is is in use w i t h a hadron 
beam- l ine N3 of high resolut ion 
capable of handl ing particles up to 
500 GeV. A branch N5 takes hadrons 
around the neutr ino shield to the 
15 foo t chamber. 

Experimental programme 

The FermiLab has a user commun i t y 
of about 1150 high energy physicists. 
Of these up to 250 w i l l be at the 
Laboratory tak ing part in exper iments 
at any one t ime. As all the beam-l ines 
are brought into ful l ac t ion, th is 
number may rise to 350» or higher 
t hough the money available to f inance 
operat ion at this level may intervene 
to set the top l imit rather than the 

interest in the experimental p ro­
gramme. The physicists are predo­
minant ly f rom the USA but there is a 
st rong part ic ipat ion f rom other c o u n ­
tries, part icular ly the Soviet Un ion , 
and the f lags of t w e n t y nat ions were 
f l y ing at the dedicat ion ceremony of 
the Laboratory last May. 

Sixty exper iments have been c o m ­
pleted, about 30 others are set up in 
the exper imental areas either in a 
state to take data or test ing and 
another 30 are in the p ipe- l ine for 
instal lat ion dur ing the next year. In a 
normal week of operat ion about 
25 exper iments w i l l receive some 
beam, a th i rd of them tak ing data at 
any one t ime. This latter f igure is 
another w h i c h w i l l rise as the exper i ­
mental areas 'shake d o w n ' and as stil l 
h igher beam intensit ies are reached. 

The first series of experiments 
inc luded many of the 'search and 
survey' type, look ing in the new ly 
available energy range for such th ings 
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as the magnet ic monopo le and the 
isolated quark. There are stil l searches 
of this type go ing on but the emphasis 
is sw ing ing to more detai led studies 
of the behaviour of the di f ferent 
types of interact ion at h igh energies. 
Elastic and inelastic scatter ing exper i ­
ments are g r o w i n g in number as are 
exper iments w i t h mul t ipart ic le detec­
t ion systems and, further off, hyperon 
and neutral kaon experiments. 

As examples of w h a t is under w a y : 
In the Meson Area the tota l cross-
sect ion exper iment of the Brook-
h a v e n / Fe rm iLab / Rockefel ler team 
cont inues. They have already seen 
that the region over w h i c h the st rong 
interact ion acts, g rows as the energy 
increases for all hadrons (except for 
the ant ipro ton where the energies 
invest igated are probably not yet h igh 
enough ) . They are n o w runn ing at 
lower energies to l ink up the n e w data 
w i t h results f rom the CERN PS and 
Brookhaven and then hope to extend 
to the highest possible energies of the 
FermiLab part icular ly to conf i rm that 
the ant ip ro ton behaves like all the 
other hadrons. Ano ther exper iment is 
s tudy ing charge exchange at h igh 
energies in the interact ion be tween 
the negat ive p ion and the pro ton 
(g iv ing a neutral p ion and a neutron 
or an eta meson and a neutron) using 
a sophist icated neutral p ion detector 
developed by a Berkeley/Cal . Tech . 
team. The convers ion between protons 
and neutrons is an obv ious candidate 
for help ing to understand the st rong 
in teract ion. 

In the Neutr ino Area, a muon 
exper iment of the missing mass type, 
gather ing in format ion on ly on the 
i ncoming and ou tgo ing muons, has 
been comple ted and the muon spec­
t rometer is n o w able to s tudy the 
emerg ing hadrons and electrons as 
we l l . Data has already been col lected 
by a FermiLab /Ox fo rd /Ru ther fo rd 
team using hydrogen and deuter ium 
targets and the d i f f icu l t analysis task 

has begun. The t w o neutr ino exper i ­
ments using electronic detect ion 
systems of Cal. Tech. /FermiLab and 
Harvard/Fermi Lab/Pennsy lvan ia /Wis­
consin are con t inu ing in this c o m ­
pletely unexplored f ie ld and are being 
jo ined by the 15 foot bubble chamber 
whose present status is descr ibed 
be low. The 30 inch chamber w h i c h 
d id such f ru i t fu l w o r k in the first years 
of accelerator operat ion w i l l fade in 
importance as the 15 foo t comes on . 

In the Proton Area, the lepton ex­
periment of the Co lumbia /FermiLab 
team, w h i c h was one of those to spot 
the unexpected very h igh rate of 
p roduct ion of leptons f rom hadron 
col l is ions, is con t inu ing w i t h a detec­
t ion system adapted to catch both 
emerging leptons. A pho toproduc t ion 
exper iment of . Co lumb ia /Ferm iLab / 
Hawa i i / I l l i no is is n o w sett ing u p and 
w i l l also have an unexplored f ie ld to 
invest igate. 

The detect ion systems (w i t h the 
except ion of the 15 foo t chamber) are 
tai lored to the requirements of specif ic 
exper iments rather than being large 
mul t ipurpose systems such as are 
being devised for a large part of the 
CERN SPS experimental programme. 
This may prove to be a logical 
sequence in that the more qu ick ly 
bui l t special systems at the FermiLab 
w i l l be tak ing a first look at pheno­
mena in th is new energy range wh i l e 
comprehensive, general systems w i l l 
be in act ion for broader, more detai led 
studies w h e n the SPS comes on in 
a f e w years' t ime. 

15 foot bubble chamber 

At the end of Ju l y the 15 foo t bubb le 
chamber t ook its first pictures for 
physics. T w o experiments col lected a 
f e w thousand photographs, one s tudy­
ing neutr ino interact ions and the other 
s tudy ing hadron interact ions. 

The chamber operated for the first 
t ime in September 1973 (see vo l . 13, 

page 3 3 6 ) . Its major design para­
meters are — vo lume of 30 000 litres 
about 4.5 m a long the beam d i rect ion, 
capable of operat ing w i t h hydrogen, 
deuter ium or neon in a 3 T magnet ic 
f ie ld produced by a sur round ing 
superconduc t ing magnet, p iston 
p lung ing f rom be low at rates up to 
four t imes per accelerator cycle, t w o 
sets of three cameras posi t ioned on 
top . 

As is usual w i t h these large c o m ­
pl icated systems, the first engineer ing 
run uncovered a number of problems. 
The f ish-eye w i n d o w s th rough w h i c h 
the cameras see the chamber vo lume 
were ch ipped. They have been new ly 
designed but on ly four are installed to 
conf i rm that the t rouble has been 
cleared before the last t w o are made. 
(The t w o sets are in tended to operate 
independent ly of one another so that 
neutr ino and hadron pictures can be 
interleaved.) The piston and its seal 
were a source of dirt w h i c h spoi led 
the pictures. A n e w surface (f ibreglass 
f i l led te f lon) on the piston and a 
chrome plated seal seems to have 
cleared this. The cameras were not 
operat ing properly because the stray 
f ie ld of the superconduct ing magnet 
was af fect ing the motors w h i c h pul l 
the f i lm. This has been corrected 
( in i t ia l ly over-cor rected, tend ing to 
pul l the f i lm too hard — the motors 
had to be turned d o w n ) . 

The chamber was cooled again in 
J u n e w h e n the modi f icat ions were 
complete. The superconduct ing mag­
net was then brought on successful ly 
t h o u g h the f ie ld has been l imited to 
1.8 T unt i l extra refr igeration can be 
appl ied. The magnet is being handled 
rather g inger ly after the experience of 
the 3.7 m European bubble chamber, 
BEBC (see page 294 ) . The contact 
be tween the teams br ing ing in the 
15 foo t and BEBC has, incidental ly, 
been very helpful to both sides. 

Fairly reliable chamber operat ion 
was achieved over several runs g iv ing 
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reasonable qual i ty pictures. The track 
resolut ion is at the level of 3 0 0 pirn 
( the f i lm grain resolut ion l imit being 
100 ^m) under the f o l l o w i n g operat ing 
cond i t ions — temperature 25.5 K, 
chamber pressure m in imum of 22 psi, 
f lash operated as fast as 3 ms after 
passage of the beam g iv ing an 
unusual ly short t ime for bubb le g r o w t h 
and , hence, very g o o d resolut ion. 
There is sti l l some fogg ing due to 
dirt in the chamber and on the f i sh -
eyes but it is expected that th is w i l l 
get progressively better. Baffles may 
be needed to hide bubb l ing at Sco t ch -
lite jo in ts . The coated metal p iston 
remains in place and eddy currents in 
the metal are a s igni f icant load on the 
chamber refr igeration system. This 
l imits the picture tak ing rate at present 
to one per machine cycle and to 
approach the design rate it w i l l be 
necessary to install a plastic p is ton. 
Such a p is ton, consist ing of a plastic 
mushroom around a l ight stainless 
steel f rame, is on site be ing tested. 

The chamber has been wa rmed up 
again for a wash and brush up wh i l e 
the 30 inch chamber is back in ac t ion , 
and w o r k on the he l ium refr igeration 
system w i l l a t tempt to improve the 
magnet performance. Instal lat ion of 
the plastic p iston and addi t ional 
opt ics w i l l probably awa i t the next 
w a r m up so that mu l t i -pu ls ing on one 
accelerator cycle w i l l not take place 
before next year. The chamber is due 
back on the air about the end of 

October w i t h the t w o horn focus ing 
system instal led to help on the neu ­
t r ino pictures. It is then hoped to have 
extended physics runs. 

The first experiments inc lude a 
50 0 0 0 picture s tudy of hadron inter­
act ions by a FermiLab team using a 
2 5 0 GeV negative pion beam. This 
w i l l be used as a test exper iment to 
check the performance of the chamber. 
The neutr ino exper iment is a c o l ­
laborat ion of FermiLab and M ich igan 
w i t h physicists f rom ITEP M o s c o w 
and Serpukhov part ic ipat ing as part 
of the FermiLab team. They w i l l 
gather 3 0 0 000 pictures (hop ing soon 
to be seeing an event about once every 
t w e n t y pictures) for a comprehensive 
invest igat ion of neutr ino interact ions 
at h igh energies. Results are l ikely to 
come f rom this data over several years 
but some important in format ion migh t 
emerge in a f e w months. For example, 
the possibi l i ty of a new class of 
part icle w i t h associated ' charm ' q u a n ­
t u m number cou ld result in s ingle 
strange particles being produced in 
the neutr ino events. The 's ignature ' 
for this in terms of track conf igura t ion 
is rather clear in the neutr ino pictures 
and it may be possible to say some­
th ing about charm rather quick ly . The 
chamber cou ld also catch intermediate 
bosons up to a mass of about 7 GeV 
and w i l l add to the know ledge on 
neutral currents. The speed of analysis 
depends greatly on being able t o 
determine the neutron background . 

A probable neutrino interaction (the three 
tracks emerging from the vertex on the left of 
the picture where the invisible neutrinos have 
entered) photographed during the July/August 
run of the 15 foot bubble chamber. 

Add i t i ona l detectors around the 
chamber inc lude an external muon 
identi f ier — a blanket of mul t iw i re 
propor t ional chambers bui l t by a 
Berke ley /Hawai i col laborat ion w h i c h 
are being tested and w i l l be brought 
in to act ion later in connect ion w i t h 
the neutr ino studies to spot muons 
emerg ing f rom the chamber vo lume. 
A novel w a y of learning the energy 
d is t r ibut ion of the neutr ino beam 
go ing into the chamber has been 
proposed by the Soviet scientists 
invo lved in the neutr ino experiment. It 
is a Cherenkov counter w h i c h can pick 
ou t muons f rom a h igh background of 
other particles by using f ine straws to 
convey the Cherenkov l ight to pho to -
mult ip l iers. O n l y particles travel l ing 
a long the r ieutr ino beam d i rect ion, 
or at a very small angle to it, w i l l 
p roduce l ight w h i c h w i l l make its w a y 
to the photomul t ip l ie rs . By sett ing the 
pressure in the counter it can also be 
made to select muons as we l l as 
g iv ing their momen tum (and thus the 
m o m e n t u m of the neutr ino produced 
in the same decay) . The techn ique is 
be ing tested and looks promis ing. 

The Energy Doubler/Energy 
Saver/Beam Stretcher 

Future deve lopments at the FermiLab 
seem almost certain to be c losely 
bound to the progress in mastering the 
phenomenon of superconduct iv i ty . 
Physical sizes, const ruct ion and oper­
at ion costs of ' convent iona l ' magne t / 
power systems make it unreasonable at 
present to go any other than the super­
conduc t i ng w a y to bu i ld and power 
the next generat ion of proton acceler­
ators and storage rings. Thus there is 
g r o w i n g interest in bu i ld ing up exper­
tise in the f ie ld of superconduct iv i ty 
and in tack l ing practical projects as 
soon as is feasible. The next f e w top ics 
ind icate h o w this is being done. 

W i t h the convent iona l magnets 
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instal led in the main r ing, the highest 
possible f ie ld is 2.25 T, w h i c h means 
that the r ing can hold protons up to a 
peak energy of 500 GeV. Pulsed 
superconduc t ing magnets, based on 
the use of n iob ium- t i t an ium super­
conduc tor , are usual ly designed for 
about 4.5 T max imum f ie ld . Thus, a 
comple te set of such superconduc t ing 
magnets instal led in the FermiLab 
tunne l w o u l d ho ld protons up to a 
peak energy of 1000 GeV. This project 
is k n o w n as the Energy Doubler. 

The Doubler cou ld serve other 
purposes also. Power consumpt ion is 
a serious problem in operat ing the 
exis t ing machine at h igh energies. For 
example, even at the 3 0 0 GeV, 6 s 
repet i t ion rate, the average power 
required is 4 0 M W . To run at 4 0 0 GeV 
w i t h a short cycle t ime and a reason­
ably long f la t - top cou ld easily take the 
average power above 80 M W . The 
Doubler cou ld be used to do the last 
100 GeV's w o r t h of accelerat ion w i t h 
the convent iona l machine tak ing the 
protons to 3 0 0 GeV in 2 s and passing 
them to the Doubler for fur ther 
accelerat ion over 5 s p lus a 2 s f l a t - top 
for a to ta l pulse of 12 s but a s l ight ly 
improved du ty factor. This w o u l d 
absorb 20 M W average power . The 
Doubler cou ld also be used as a 
# beam-stretcher ' between 2 0 0 and 
500 GeV s imply to ho ld the beam so 
that it cou ld be d rawn off to exper i ­
ments over many seconds thus great ly 
increasing the du ty cycle of the 
machine and increasing its potent ia l 
for experiments. 

There are several parameters of the 
Doubler w h i c h lead to considerably 
di f ferent design approaches to those 
used elsewhere w h e n cons ider ing 
superconduct ing synchrotrons. The 
first is that s l ow rates of rise of the 
magnet ic f ie ld to the 1000 GeV level 
are envisaged g iv ing a cycle t ime 
close to 100 s. The convent iona l 
machine, having fed the Doubler , 
cou ld cont inue lower energy operat ion 

in the meant ime. The s low pulse rate 
eases the burden on the refr igeration 
system (a.c. losses are expected to be 
about 2 W per metre) and imposes 
less str ingent requirements on the 
superconductor itself. The second 
important Doubler parameter is the 
project cost. Since almost 2000 km of 
superconductor w o u l d be needed to 
bu i ld the thousand magnets of the 
complete r ing, th is cost restr ict ion 
involves buy ing superconductor for 
less than § 3 a metre and requires a 
h igh current densi ty design for the 
magnets. It also involves establ ishing 
s imple product ion techniques to keep 
magnet fabr icat ion costs d o w n . 

The Doubler w i l l be instal led in the 
main r ing tunne l suspended f rom the 
roof 1 m inside and 1 m above the 
exist ing r ing. It w i l l repeat the magnet 
latt ice w h i c h has 7 8 0 bendin'g m a g ­
nets (d ipoles 6 m long) and 150 qua-
drupoles. The bending magnets are 
seen as co ld bore, wa rm iron w i t h an 
el l ipt ical cross-sect ion about 20 x 
30 c m 2 . The aperture for the beam is 
set by the needs of resonant e ject ion 
and is an el l ipse about 5 x 3 c m 2 . 

Twe lve refrigerators, each of 
1500 W at 4.2 K equivalent coo l ing 
capaci ty, w i l l sit on top of the r ing 
tunne l next to the exist ing Service 
Bui ld ings. The hel ium to cool the 
magnet coi ls to superconduct ing t e m ­
perature has to be conveyed around 
almost 6 0 0 0 m of the tunnel c i r cum­
ference. A novel system has been 
invented where the hel ium f l o w s 
th rough the coi l region f rom magnet 
to magnet over a distance of 120 m. 
It then passes th rough a valve, boi ls 
and returns to the refrigerator in an 
annular space surrounding the magnet 
vessel act ing as a heat exchanger. No 
separate hel ium transfer lines are 
then needed in the tunne l . 

Both the magnet design and the 
refr igeration scheme are being tested. 
A series of d ipoles have been bui l t to 
invest igate product ion techniques. 

They have an inner stainless steel 
vacuum tube surrounded by molded 
f ibreglass epoxy w h i c h posi t ions the 
f irst layer of the superconduct ing coi l 
and has coo l ing channels cut into it. 

T w o further layers are added, w i t h 
in tervening coo l ing passages and 
steel bands are then c lamped around 
to g ive mechanteal r igidi ty. 

The superconductor has been of 
t w o types so far: sol id w i re 0.375 x 
0.2 c m 2 con ta in ing 2 3 0 0 f i laments 
of n iob ium- t i t an ium superconductor 
35 am diameter and 7 strand Ruther­
fo rd - t ype cable soldered into rectan­
gular cross-sect ion, as above, c o n ­
ta in ing 1120 f i laments 20 pun d ia­
meter for each strand. A b o u t ten 
di f ferent types of w i re of improved 
const ruc t ion are to be t r ied in the near 
fu ture as pi lot p roduct ion runs in pre­
parat ion for the f irst 3 0 0 km produc­
t ion run next Spr ing. 

Recent ly about ten dif ferent 0.75 m 
dipoles have been tested. A l l but t w o 
using the sol id w i re conductor . The 
magnets using sol id w i re have all 
s h o w n severe t ra in ing but those made 
f rom the cable conduc to r do not. The 
peak f ie ld has been 4.1 T but no 
measurement of f ie ld qual i ty in this 
recent series has been done yet since 
the pr imary purpose is to establish 
design concepts for the dipoles and to 
formulate t ra in ing criteria. Three 6 m 
dipoles have been bui l t using the 
sol id w i re conduc to r and have fal len 
we l l short of design f ie ld but are put 
to use in the refr igeration tests. 
( T w o 0.75 m d ipo les constructed the 
same w a y as the 6 m dipoles exhib i ted 
the same l o w f ie ld performance.) The 
comb ined achievements of the present 
0.75 m d ipo le series, namely, an 
improved structural system capable of 
suppor t ing f ields of 4.1 T and magnets 
f rom cables w h i c h exhib i t l i t t le t ra in­
ing , have encouraged the group to 
move on to a 3 m dipole using cable. 
This magnet w i l l be bui l t in a manner 
that w i l l a l l ow the f ie ld qual i ty 
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measurements to be made as was the 
case earlier in the or ig inal short d ipo le 
series of a year ago. 

M a n y of these tests are being car­
ried ou t in the model sect ion of main 
r ing tunne l , k n o w n as the Protomain. 
Componen t layout can also be checked 
there since convent iona l main r ing 
magnets and their suppl ies are also 
in pos i t ion. The in tent ion is to install 
e ight 6 m dipoles and t w o 2 m 
quadrupoles and to cool them using 
the 6 0 0 W refrigerator w h i c h has 
been instal led and tested. So far a 
120 m length of co-ax ia l pipe has 
been fed w i t h hel ium f rom th is refr i ­
gerator w i t h a 6 m d ipo le replacing 
the inner pipe at one end. The coo l ing 
system tests, part icular ly w i t h the 
powered 6 m magnet in place, have 
been encourag ing. 

W h e n these deve lopment stages 
bear frui t , the next step w i l l be to bu i ld 
enough magnets to install a loop of 
the Doubler in a sixth of the main r ing. 
This w i l l be coo led , powered and fed 
w i t h protons ejected f rom the r ing. 

Energy transfer system 

Some of the early decis ions in the 
design and const ruct ion of the acce l ­
erator at the Fermi Laboratory were 
based on the parameter of 2 0 0 GeV as 
the machine energy. Thus, the cables 
w h i c h l ink the substa t ion, where 
power arrives on the site, to the m a g ­
nets of the main r ing were bui l t to be 
comfor tab le w h e n transferr ing energy 
equivalent to 200 GeV operat ion. They 
are 13.8 kV cables w h i c h are thermal ly 
rated for 60 M V A . For higher than 
2 0 0 GeV operat ion the machine 
pulses are lengthened, keeping the 
power f l o w i n g th rough the cables 
d o w n to acceptable levels. Some 
4 0 0 GeV runs have been tr ied w i t h 
the cables carrying current equivalent 
to an 8 0 M V A thermal rat ing and a 
coup le of fai lures indicated that not 
much more cou ld be squeezed out 
of them. 

The ducts where the cables run 
cannot accommodate suff ic ient add i ­
t ional cable, so some n e w exercise is 
needed to make the system c o m ­
fortable for 500 GeV operat ion at 
100 M V A equivalent. A l t h o u g h insta l ­
l ing convent iona l cables in a n e w 
cable duc t w o u l d be the cheaper 
approach in terms of immediate invest­
ment, so much of the possible fu ture 
programme at the Laboratory is de ­
pendent on the use of supercon­
duct iv i ty that it was decided to bu i ld 
a superconduct ing energy transfer 
l ine be tween the substat ion and the 
main r ing — a distance of 5 0 0 m. If 
th is l ine is mastered successful ly at 
the 100 M V A level, it w o u l d also make 
a cont r ibu t ion to the deve lopment of 
large-scale systems to carry power in 
nat ional electr ic i ty networks. The l ine 
cou ld also pay for itself in* about f ive 
years in terms of operat ing costs for 
power compared w i t h addi t ional c o n ­
vent ional cables. 

To run the superconduct ing cable 
d.c. w o u l d be very cost ly because of 
the necessary terminat ions — the elec­
tr ical plant needed to shape the power 
f rom the l ine into the pulse for the 
accelerator magnets and vice-versa. 
The l ine w i l l therefore be a.c. w i t h 
six co-ax ia l conductors ( t w o three-
phase l inks) each capable of carry­
ing 6 2 5 0 A. 

The design of the cable absorbs 
some ideas f rom previous w o r k on 
superconduct ing power t ransmission, 
part icular ly that done at Brookhaven 
Nat ional Laboratory and at the Linde 
Div is ion of Un ion Carbide. The inner 
conduc to r w i l l be pure n iob ium cover­
ing a convo lu ted copper tube of a 
type already commercia l ly available. 
There is then t a p e - w o u n d insulat ion 
and an outer n iob ium layer on larger 
tube. This gives a reasonable degree 
of f lex ib i l i ty so that the cable cou ld be 
w o u n d on a drum. Rather than 
at tempt to l ink sect ions of cable w i t h 
the at tendant problems of super­

conduc t i ng jo in ts , it has been decided 
to run long lengths of cable and to 
pul l sect ions of cryostat around it, 
mak ing the junc t ions between these 
cryostat sect ions. Cool ing w i l l be by 
l iqu id he l ium and it is est imated that 
the refr igerat ion plant w i l l have to 
cope w i t h about 2 0 0 W. A n adequate 
refrigerator is already available at the 
Laboratory. 

The project is not really in l ine 
w i t h the interests of the power c o m ­
panies. They w i l l w a n t to use super­
conduc t i ng l ines at some hundreds of 
kV rather than the 13.8 kV of the 
FermiLab l ine. Nevertheless, the cur­
rents are comparable and any practical 
experience accumula ted in this f ie ld , 
w i l l be useful . It w i l l also serve to 
cont inue to st imulate industry for the 
p roduc t ion and appl icat ion of super­
conduc t i ng materials. 

The project was g iven the go ahead 
at the end of J u l y for a sum of 
$ 0.5 mi l l ion . It is hoped to have the 
superconduc t ing energy transmission 
l ine in operat ion early next year. 

Superconducting energy storage 

Superconduc t iv i t y cou ld also ease 
another prob lem at the Fermi Labo­
ratory and at the same t ime convey 
some impor tant in format ion to the 
electrical power industry w h i c h cou ld 
have great in f luence on its evo lu t ion 
in the years to come. 

The Laboratory problem is to ease 
the pain of pu ls ing the accelerator to 
5 0 0 GeV. This involves surges of 
power to and f rom the main r ing 
magnets over a t ime interval of about 
10 s. The power is d rawn direct f rom 
the Commonwea l t h Edison grid in the 
Chicago region and a special 'stat ic 
compensator ' system (see vo l . 8, 
page 108) is inserted between the 
accelerator and the gr id to prevent the 
reactive power surges f rom sw ing ing 
the vol tages on the gr id to an extent 
that t roubles other users. By 500 GeV 

2 8 9 



1. A cut away drawing of the superconducting 

energy storage coil which has been proposed 

by a Wisconsin/FermiLab collaboration to store 

10 MWh. It would provide power for the proton 

synchrotron. 

2. Cross-section of the energy storage coil. 

The 188 turns of superconductor (10 x 1.2 cm2) 

are in the central region and around the outside 

is the aluminium conductor which will take 

the brunt of the power surges. 

1. 

the real power surges are in the 
0.1 M W h region and the effect on the 
gr id is becoming uncomfor tab ly h igh. 
It w o u l d be nice to have a power 
store on site and to draw on it for the 
accelerator pulses wh i le the store is 
fed in a steady w a y f rom the gr id. 

The power industry's problem is on 
a much more dramatic scale. They 
have to install suff icient generator 
capacity to cope w i t h peak demand for 
electr ici ty dur ing the day and yet the 
demand drops by about a half dur ing 
the night. There is thus a vast invest­
ment in equipment wh i ch funct ions 
wel l be low ful l capacity for much of 
its life. In addi t ion, some plants (such 
as present nuclear reactors, the pro­
posed breeder reactor and coal sta­
t ions) cannot easily have their ou tpu t 
turned up and d o w n . Gas and oi l 
stat ions are therefore usually used for 
'peak ing ' to meet high demand. U n ­
fortunately, these are the expensive 
sources of power. If methods could be 
found to store huge amounts of 
power, generat ing plant cou ld be 
bui l t adequate only to meet the 
demand averaged over 24 hours. 

Several techniques of energy stor­
age are under study ( invo lv ing, for 
example, banks of batteries or c o m ­
pressed gases) and one technique is 
in use at hydroelectr ic plants (water 
is pumped up in of f -peak hours so 
that it can fall to drive turbines again 
dur ing peak demand) . The idea of 
stor ing energy in superconduct ing 

coils is the one that interests us here. 
It w i l l probably not be the cheapest 
technique in terms of capital invest­
m e n t but looks potential ly the most 
eff icient of all. The University of 
Wisconsin and Los Alamos have been 
interested in this idea for several years 
and other studies include those of 
M. Ferrier of the Electricité de France. 

In August 1973, the Wisconsin 
people (part icularly R.W. Boom, 
H.A. Peterson and W.C. Young) got 
together in a study group (chaired by 
F. Mi l ls) w i t h the Fermi Laboratory to 
design a storage system appropriate 
for the 500 GeV accelerator. The aim 
is to construct a 1 M W h store w h i c h 
could be tapped for 0.1 M W h over a 
10 s cycle. A scheme has emerged 
involv ing a coi l about 9 m in radius 
and of circular cross-sect ion, 0.7 m 
radius, w i t h 188 turns of super­
conductor (each turn having 4 parallel 
conductors) carrying 80 kA. The 
geometry ensures that no severe 
stresses are experienced in the coi l . 
The superconductor is n iob ium- t i ta ­
n ium in copper, g iv ing a conductor 
10 x 1.2 c m 2 of similar type to that 
used on the 15 foot bubble cham­
ber. 

A key feature is that the super­
conduct ing coi l is surrounded by a 
shield coil w h i c h is connected in 
parallel to it. The electrical parameters 
of the t w o coils ensure that it is thé 
shield coi l w h i c h gives almost all the 
0.1 M W h to the accelerator pulse f rom 

2. 

the 10 M W h stored. Thus, it is the 
shield w h i c h experiences the t em­
perature rise due to a.c. losses. It is 
w o u n d of 188 turns of ho l low a lu ­
min ium conductor cooled by hel ium 
gas to 40 K. Its heat rise w i l l require 
0.8 M W of room temperature refr i­
gerat ion to be installed. The power 
gr id can make up the power taken 
f rom the coils in comparat ively le i ­
surely fashion and it has been cal ­
culated that the effect of the grid of 
puls ing the accelerator at 500 GeV 
wi l l be less than that n o w experienced 
at 200 GeV. 

The power industry w o u l d even­
tual ly require huge systems to store 
up to 10 000 M W h but their cycle 
t imes w o u l d not have the compl ica­
t ions experienced in use at an ac­
celerator. The Wisconsin/FermiLab 
device w o u l d be an excellent test bed 
for large power storage systems and 
industry has already expressed interest 
in a pi lot project of this scale. 

Preliminary cost estimates are in 
the region of $ 20 mi l l ion and it is 
unl ikely that all this money could be 
f ound f rom w i th in the high energy 
physics budget in these bel t - t ightened 
days. It is hoped, therefore, that the 
power industry and energy agencies 
w i l l provide some f inancial support 
for the work . Support for research and 
development is needed dur ing the 
next year w i t h the intent ion of beg in­
n ing construct ion of the super­
conduct ing power store in 1975. 
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One of the FermiLab's most popular features — 
the herd of buffalo. It is touches like this and 
the 'prairie project' which show concern for 
environment and for the tradition of this region of 
America. It is also fun. 

POPAE 

For the much longer te rm, ideas are 
being shuf f led around concern ing 
very h igh energy storage r ing systems. 
The operat ion is under the code name 
'POPAE ' s tanding for Protons on 
Protons and Electrons. 

The tentat ive aim is to have c o l ­
l id ing beams of protons in the 
1000 GeV range in t w o intersect ing 
r ings and another r ing of electrons in 
the 20 GeV range. W i t h some m o d i ­
f icat ions for p roduc ing electrons, the 
ex is t ing (or energy doub led) acce l ­
erator cou ld be the source of all the 
part icles. Luminosi t ies in the 1 0 3 4 

per c m 2 per s region are dreamed of. 
Jus t h o w POPAE w i l l evolve is 

heavi ly dependent on the progress of 
w o r k on superconduc t ing magnets 
and on the Energy Doubler. M a n y of 
the basic parameters — magnet f ie ld 
strengths, r ing sizes, in ject ion energies 
— w o u l d change if the Doubler can 

be brought into operat ion. Never the­
less, T. Col l ins and D. Edwards are 
already w o r k i n g to str ing consistent 
sets of f igures together so as to get the 
th ink ing on the project on the move. 
A s tudy was held in September, 
invo lv ing storage r ing special ists f rom 
other Laboratories also. 

The scheme is obv ious ly a major 
exercise w h i c h is unl ikely to take the 
fo rm of a f i rm proposal for several 
years. It w i l l then be judged alongside 
developments at other Laboratories 
and against the alternative of bu i ld ing 
a much larger synchrot ron to raise 
peak pro ton energy, for example, to 
5 0 0 0 GeV. A n d f inal ly, the U S A 
government w o u l d need to be per­
suaded to provide the sp inach to get 
POPAE really go ing . 

Medical facility 

A possible non h igh energy physics 
o f f - shoo t in a comple te ly di f ferent 

area concerns the use of part ic le 
beams in medical therapy and d i ag ­
nostics. The l inac is able to supp ly 
intense beams of protons up to an 
energy of 2 0 0 MeV at a rate of 
15 pulses per second. The booster 
needs them for on ly about one second 
in every six, in l ine w i t h the tota l 
accelerator •cycle, and there are thus 
potent ia l protons ( w h i c h w o u l d be 
expensive to provide elsewhere) for 
other purposes if th is should prove 
useful . 

Med ica l appl icat ions of part icle 
beams have been touched on in our 
pages before. For cancer therapy 
there is interest in using pions ( the 
L A M P F machine at Los A lamos 
w i l l soon provide particles for treat­
ment of its f irst pat ient ) , heavy ions 
(such as are becoming available at 
Berkeley) and neutrons (such as are 
used at the Hammersmi th Hospital in 
the UK and at three centres suppor ted 
by the Nat ional Cancer Inst i tute in the 
U S A ) . Protons are also of interest 
part icular ly for d iagnost ic w o r k (see 
the report f rom Argonne , page 3 0 3 ) . 

The l inac at the FermiLab cou ld 
obv ious ly prov ide 2 0 0 MeV protons 
for t umour diagnosis and neutrons for 
therapy. Neutrons produced by a 
66 MeV pro ton beam ( w h i c h emerges 
f r om tank 3 of the l inac) w o u l d be 
capable of irradiat ions of 1 rad per 
second at a d is tance of 1 m f rom the 
target. L. Cohen f rom a Chicago 
hospi ta l has been prominent among 
the medical c o m m u n i t y concerned 
w i t h deve lop ing these possibi l i t ies and 
D. Y o u n g and M. A w s c h a l o m have 
led the studies in the Laboratory. 

Though ts f irst tu rned to the bu i ld ing 
of a c l in ical fac i l i t y at the ou tpu t end 
of the l inac so as to have 200 MeV 
protons and neutrons produced f rom 
6 6 M e V protons w h i c h have dr i f ted 
(st i l l be ing focused) t h rough the last 
tanks. Cost estimates for the fu l l 
c l in ical fac i l i t y looked h igh and it 
w o u l d have taken several years to 

2 9 1 



A night view from the top of Hi-Rise which again 
illustrates the architectural attractiveness of 
the site. It shows the 8 GeV booster with 
its central cooling pond and services building. In 
front of it is the cross-gallery, housing the 
control room, and on each side are the 
symmetric arms of the linac (on the right) and 
the link to the main ring (on the left). 

(Photos FermiLab) 

br ing into ac t ion ; present author iza­
t i on has therefore been l imi ted to 
tapp ing 66 MeV protons to do a series 
of studies on neutron beams. These 
w i l l involve measurements of target 
ef f ic iencies, design of neutron co l l i ­
mators and the cal ibrat ion of neut ron 
doses in relat ion to the doses avai lable 
at other t reatment centres. Whether 
th is 66 MeV test faci l i ty w i l l be set up 
close to the downs t ream end of tank 3 
or at the ou tpu t end of the l inac, is 
st i l l under d iscussion. 

A n y subsequent deve lopment to a 
fu l l c l in ical fac i l i ty to receive pat ients 
w i l l obv ious ly awai t the results of the 
tests. A nat ional advisory commi t tee 
has been set up to ensure that the 
FermiLab w o r k is co-ord ina ted w i t h 
other efforts in the USA on the medical 
appl icat ions of part icle beams. 

This rev iew of present act iv i t ies 
at the FermiLab w i l l carry w i t h it some 
of the f lavour of the Laboratory. The 

h igh energy of the accelerator is 
ref lected in the high energy of the 
staff. Drive and enthusiasm charac­
terize almost all that goes on . 

Of course, the Laboratory is n e w 
and it has for several years a m o n o ­
poly on a w i d e range of physics. It 
w o u l d be d i f f icu l t for the atmosphere 
to be stale in these circumstances. 
Nevertheless, there is a consc ious 
effort to sustain enthusiasm and to 
avoid as far as possible becoming 
inst i tut ional ized. Staff numbers (about 
1300 at present) are being kept l ow , 
staff mobi l i ty is being kept h igh. New , 
chal lenging projects are st imulated as 
much as possible. 

However , for the first t ime, f iscal 
year 1975 w h i c h began in Ju l y 
b rought no new construct ion money 
into the FermiLab. More is needed in 
order to bu i ld up the accelerator and 
the exper imental areas to cope w i t h 
the fu l l 5 0 0 GeV, 5 x 1 0 1 3 potent ia l . 
Operat ing money (cover ing salaries. 

general materials and the h igh power 
bi l l ) is at $ 35.6 mi l l ion for FY 1975 
(whereas about $ 60 mi l l ion is ca l ­
cu lated as necessary for fu l l opera­
t i on ) . To th is is added $ 11.3 mi l l ion 
for equ ipment such as detectors and 
beam- l ine components . $ 96.1 mi l l ion 
has been projected for the total Labo­
ratory needs of FY 1976. 

Leaving aside these major concerns 
w h i c h w i l l great ly inf luence the Labo­
ratory's fu ture, w e can give a l itt le 
space to ment ion ing other features 
of the FermiLab w h i c h deserve articles 
in themselves. 

A special effort has been made 
to establish a f ramework of equal 
emp loyment oppor tun i ty . The Labo­
ratory Pol icy Statement says categor i ­
cal ly ' in any conf l i c t be tween technical 
expediency and human r ights, w e 
shall s tand f i rmly on the side of human 
r ights ' . Thus posi t ive steps are taken 
to encourage the recrui tment and 
t ra in ing of staff f rom minor i ty groups. 

A spectacular site has been created. 
The archi tectural attractiveness of the 
central Hi -Rise bu i ld ing , the aud i to ­
r ium, the layout of the accelerator, the 
exper imental halls, etc. all lead to the 
suspic ion that the FermiLab is s p o n ­
sored by Kodak Ltd as we l l as the US 
A t o m i c Energy Commiss ion . 

Use is also be ing made of the site 
to preserve features of the region or to 
re-establ ish an ecologica l env i ron­
ment that has been lost. A herd of 
buf fa lo enjoys one f ie ld , a herd of 
A n g u s catt le (surely the most attract ive 
creatures of their genre) enjoys ano­
ther. The centre of the r ing is be ing 
g iven over to a long- te rm (ten year) 
project to restore an area of prairie to 
its pre-urbanizat ion state. It w i l l be 
the biggest nature reserve of its type 
in the w o r l d . 

Qui te apart f rom the central task 
of h igh energy physics research, the 
FermiLab is con t r ibu t ing to the enr ich­
ment of the scene in many other ways . 
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CERN News The frozen spin target in its cryostat, inserted 
between the poles of the high field magnet. 
This magnet is situated in one corner of a large 
volume magnet where the target is moved 
for experiments. 

New record in mental 
arithmetic 

A l t h o u g h in modern scient i f ic circles, 

the t rend is more and more, to reach 

for the computer w h e n there are any 

sums to do , there is st i l l one man at 

CERN w h o can use his o w n brain and 

compete w i t h the electronic usurpers. 

As a t radi t ional i tem in the series of 

lectures g iven to summer students, 

Wi l l em Klein demonstrated his powers 

of mental ar i thmet ic, s h o w i n g his 

prowess in memory exercises, rapid 

calculat ions, const ruc t ing magic 

squares, and lacing it all w i t h his o w n 

special brand of humour. But he kept 

his pièce de résistance for the end. 

In the September, 1973 , issue 

(page 258) w e reported his extract ion 

of the 19th root of a 133-d ig i t number. 

This year he wan ted to go one better. 

Six papers were passed around 

among the audience, on w h i c h m e m ­

bers wro te d o w n one f igure. The six-

d ig i t number .thus composed was fed 

in to a computer w h i c h , somewha t 

laboriously, mul t ip l ied the number by 

itself th i r ty-seven t imes to g ive a 

220 -d ig i t number. A team of people 

was needed to wr i te th is d o w n on the 

r o w of b lackboards, l ined up side by 

side. Wi l lem Klein then turned around 

to look at the number and , three 

minutes and twen ty -s i x seconds later, 

he staggered the audience by wr i t i ng 

ou t the six f igures of the 37 th root — 

f igures conf i rmed by the computer and 

by the members of the audience w h o 

had selected them. 

Frozen spins 
The const ruct ion of a f rozen spin 

target at CERN was proposed in 

November 1971 based on prel iminary 

invest igat ions descr ibed in CERN 

COURIER vo l . 1 1 , p. 353 . One of the 

di f f icul t ies of t radi t ional polarized 

targets — that is targets in w h i c h as 

many protons as possible are l ined up 

in a part icular d i rect ion — is that the 

target has to be conta ined between 

the poles of a very strong magnet and 

the space around in w h i c h detectors 

can be set up is rather l imi ted. 

In the frozen spin system, the target 

is first polarized dynamica l ly at near 

zero temperatures in an intense u n i ­

fo rm f ie ld of 2.5 T by irradiat ing it w i t h 

microwaves. The microwaves are then 

sw i t ched off, f o l l ow ing w h i c h the 

target cools stil l further and it can n o w 

be moved gent ly into a less intense 

and less un i form f ield of about 1.0 T. 

This f ie ld is created by a magnet w i t h 

a large vo lume between the pole 

pieces, w h i c h can be f i l led w i t h 

detectors cover ing a sol id angle of 

a lmost 4 n. The temperature of the 

target dur ing the irradiation is about 

0.5 K sett l ing to 0.05 K w h e n the 

m ic rowave power is cut off and the 

target has been moved into the beam. 

CERN 50.9.74 

A t such a temperature the target 

remains almost permanent ly polar ized. 

The large vo lume magnet employed 

is the o ld ETH magnet, w h i c h has had 

a long and honourable career at CERN. 

W i t h i n it, over to one corner, the 

polar iz ing magnet has been buil t . The 

target, 15 cm long and 1.6 cm d ia ­

meter consists of small propanedio l 

spheres w h i c h are loaded into the 

cryostat at l iqu id n i t rogen temper­

atures. Dur ing tests in Ju ly , less than 

1 % decay in polar izat ion was observed 

in a target w h i c h had been polarized 

to some 9 0 % , moved into the main 

magnet vo lume, kept there for e ight 

hours and then returned. 

Crucial to the operat ion of the 

system is the design of the d i lu t ion 

refrigerator w h i c h was developed by 

T. Ni in ikosk i in the L o w Temperature 

Laboratory of Helsinki Universi ty of 

Techno logy , wh i l e the other c ryo­

genic componen ts , the pump ing sys­

tem, the t ransport mechanism and the 
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The two types of conductor used for the 

BEBC coils. Two companies, Siemens and 

Thomson-Houston, had shared the 

manufacturing of the conductor, applying 

different techniques. The photo shows 

the different geometrical arrangement of the 

superconducting filaments in the copper 

strip; the electrical properties of both types are 

almost identical. 

This drawing illustrates a simplified model of 

the persistent currents. The transport current 

flows through the superconducting filaments 

(full lines). The radial component of the 

magnetic field (Br) penetrates the conductor 

strip through the side and induces eddy 

currents which are superimposed on the 

transport current. The simplest model assumes 

that the induced currents are concentrated along 

the edges of the conductor, flowing in one 

direction along the upper edge and in the 

opposite direction along the lower one 

(dashed lines). 

CERN 313.2.69 

N M R electronics.were made at CERN. 
Targets of up to 50 c m 3 vo lume can 

be accommodated in the cryostat. 
Through it 3 He is circulated at a rate 
of 25 m m o l / s w h i c h a l lows 100 m W 
of m ic rowave power to be fed in 
w i t h o u t the temperature exceeding 
500 mK. Polarization rates of 1 5 % / 
minute have been observed. The rate 
of coo l ing is such that after polar iz ing, 
100 mK is achieved in three minutes 
and 50 mK in eight minutes. The 
lowest temperature so far at tained is 
be low 15 mK but the precise value can 
not be measured w i t h the present 
thermometer system. The cryostat 
wo rks smooth ly w i t h no tendency 
towards instabil i t ies or osci l lat ions 
under normal operat ion and it is 
insensit ive to the rapid magnet ic f ie ld 
variat ions to w h i c h it is subjected 
w h e n being moved. 

The first experiment to be done 
w i t h the Frozen Spin Target is the 
measurement of all the spin para­

meters, P, A and R in the react ion 
7T - p -> K° A w h e n the A emerges in 
the backward direct ion and the inc i ­
dent p ion beam has a momen tum of 
5 GeV/c . The incoming beam, w h i c h 
comes to the target along the axis of 
the cryostat, is moni tored by t w o 
si l icon diodes mounted inside the 
cryostat where they operate at a 
temperature of 1 K. A n array of opt ical 
spark chambers v iewed by seven TV 
cameras, and scint i l lat ion counters 
record the emerging particles. The 
experiment is a col laborat ion between 
CERN, ETH Zur ich, Helsinki Universi ty 
of Techno logy, Imperial Col lege Lon ­
don and Southampton University. 

Persistent currents 
in the BEBC magnet 
As previously reported (see March 
p. 78 and June , p. 170) , the magnet of 
BEBC, the 3.70 m bubble chamber, 
has since last March been systemat i ­
cal ly taken to pieces because of inter­
mi t tent shor t -c i rcu i ts between the 
non-superconduc t ing auxil iary wi res 
and the coi ls and earth. This d id not 
prevent the magnet f rom reaching its 
design f ie ld. 

Af ter the coi ls had been examined, 
var ious theories were put fo rward to 
explain the causes of the short cir­
cui ts, and w e shall n o w summarize 
the s i tuat ion. 

General layout of the conductor 

The BEBC conduc to r was a major 
deve lopment in superconduct ing 
techno logy at the t ime of its design 
and manufacture in the years 1966 -
1969. It was Europe's first large 
scale indust r ia l , p roduc t ion , and i n ­
vo lved 65 km of str ip w i t h more than 
2 0 0 Nb Ti wi res (200 ^m diameter) in 
uni t lengths of 1.5 km (see pho to ) . 
This type of f lat, un tw is ted conductor 
has a h igh aspect ratio (61 mm high 
by 3 mm th ick) for side coo l ing and 
reflected the state of the art of manu ­
factur ing high d.c. current fu l ly s tab i ­
lized conductors at that t ime. Since 
then , the advanced requirements for 
pulsed appl icat ions have st imulated 
the deve lopment of new types of 
conductors w i t h tw is ted f i laments. In 
the meant ime, evidence has been 
accumula t ing on the existence of the 
so cal led 'persistent eddy currents' in 
d.c. systems. 

Origin of persistent currents 

In service the conduc tor usually sees 
not on ly the axial (useful) f ie ld of the 
magnet but also a radial f ie ld, the 
strength of w h i c h at any point depends 
on the posi t ion of that bit of the c o n ­
ductor relative to the w h o l e coi l . The 
radial f ie ld is perpendicular to the f lat 
faces of the conductor . Variat ions in 
the f ie ld , for example dur ing charging 
or d ischarging of the magnet, change 
the magnet ic f lux, and induce eddy 
currents as i l lustrated in the d raw ing . 
If one takes a very simple model , these 
currents f o l l o w the superconduct ing 
f i laments, the c ircui t being closed by 
short bridges in the copper substrate. 
The induced currents may be very 
large for a g iven f lux var iat ion, and 
may be as high as the cri t ical current 
of the indiv idual f i laments. The decay 
t ime of the currents is very long, due 
to the l o w resistance of copper at a 
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Winding of a pancake on a turn-table at 
CERN. The various strips which are wound 
together are (from left to right), (1) the 
cooling strip which leaves free space for the 
flow of liquid helium, (2) a stainless steel 
strip to take up the majority of the mechanical 
forces, (3, 4) insulating strips, (5) the heat 
strip, made of aluminium and already covered 
by an insulating foil, (6) insulating strip, 
(7) composite conductor. 

temperature of 4 K. Typical t ime 
constants range f rom weeks to many 
months accord ing to f ie ld plots over 
the coi l cross-sect ion, and th is 
just i f ies their descr ipt ion as 'persistent 
currents' . 

Eddies created dur ing charg ing or 
d ischarg ing are of course phenomena 
c o m m o n to all magnets. In conven ­
t ional ones they have very short t ime 
constants and can be neglected. In 
superconduct ing magnets w i t h tw is ted 
conductors they qu ick ly cancel each 
other. Only magnets bui l t w i t h f lat, 
non tw is ted conductors s h o w per­
sistent currents w i t h long t ime c o n ­
stants. 

Magnetic field of the persistent 
currents 

In the BEBC magnet, the zero- f ie ld 
measured after discharge of the coi ls 
amounts to 0.6 % of the rated f ie ld in 
the centre of the chamber and 1 .2% 
in the upper l imit of the visible region 
near the wal ls . A t fu l l current, th is 
rather inhorr iogeneous addi t ional f ie ld 
shou ld be much less because of the 
reduced current carry ing capaci ty of 
the conductor . The super imposed 
f ie ld w i l l decay very s l ow l y and the 
dri f t in value is est imated to be of the 
order of 0.1 -0.3 % over 100 hours. As 
the f ie ld has not been mapped over 
long periods of t ime, the above 
f igures are on ly estimates and it w i l l be 
necessary either to p lot con t inuous ly 
the f ie ld dri f t at some we l l k n o w n 
poin ts or to destroy the persistent 
currents before picture tak ing w i t h the 
chamber starts. Both eventual i t ies had 
been foreseen in the BEBC magnet. 

a) F ie ldmapping at any t ime is 
accompl ished w i t h an array of 180 
cal ibrated Hall probes, arranged 
around the wa l l of the chamber 
vacuum tank. Readings taken at the 
boundary , permit ca lcu lat ion of the 
f ie ld w i t h i n the chamber vo lume. The 
f ie ld precision ob ta ined dur ing the 

BEBC runs in 1973 was 5 x 10~ 4 . 
Data on the long term behaviour of the 
persistent f ie ld cou ld not be taken due 
to f requent charging and d ischarg ing 
of the magnet. 

The main d rawback of th is p ro ­
cedure lies in the qual i ty and stabi l i ty 
of the Hall probes. Repeated recal i -
brat ions over three years have not 
s h o w n any deter iorat ion and the 
method is therefore bel ieved to be 
reliable. 

b) The possibi l i ty of being able to 
make reliable measurements was much 
less certain in 1969 w h e n the prob lem 
of persistent currents had to be 
solved. A n alternative method was 
therefore tested on a model co i l . 
W h e n the coi l was w o u n d an insulated 
a lumin ium strip was inserted be tween 
the turns of the normal conductor . 
Passing a short current pulse th rough 
this heater strip in one pancake drives 
the pancake normal for a f ract ion of a 
second w h i c h is enough to destroy 

the persistent currents in it. The tota l 
f ie ld changes very l i t t le w h e n on ly one 
pancake is quenched at a t ime ; n e w 
persistent currents are therefore not 
induced. Such a procedure cou ld be 
appl ied to all the pancakes in tu rn . 

Af ter successful tests in the mode l , 
it was dec ided to w i n d a heater str ip 
into the BEBC coi ls (see photo) and 
to connect it to current leads on t op 
of the cryostats. Provision was made 
for connect ions to the outside of the 
vacuum tank, but the actual c o n ­
nect ing up was postponed unt i l later 
as it cou ld be done w i t h o u t d is­
mant l ing the cryostats. A l t h o u g h the 
model tests had proven the feasibi l i ty 
of the me thod , its appl icat ion to a 
magnet where 720 M J of energy is 
stored is not a t reatment to undertake 
l ight -hear tedly . The main drawbacks 
are obv ious : a rather h igh vol tage is 
required to discharge 2 5 0 kJ to 
quench a doub le pancake w i t h i n 
0.1 s and rather th ick wires (3 m m 2 ) 
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are needed to connect not on ly the 
heater strips but also the pancakes to 
the t o p of the cryostats. The magnet 
turns themselves must be used as 
return path for the heater current in 
order to get a bif i lar arrangement. This 
makes the prob lem of reliable insula­
t ion di f f icu l t . 

Movement of the conductors 

Dur ing the last run of BEBC, transient 
short c i rcui ts, both of the coi l to earth, 
and also be tween pancakes in the 
coi l had been observed. Careful meas­
urements indicated that they o r ig i ­
nated most l ikely f rom the connec t ing 
wi res to the heater strips and the coi l 
itself was not af fected. In spite of the 
shorts, the magnet had been b rought 
several t imes to the fu l l current of 
5 7 0 0 A , corresponding to 3.5 T in the 
chamber and 5 T on the inner turns of 
the magnet. It was nevertheless fel t , 
as reported earlier, that an immediate 
repair was necessary. Major damage 
to the coi ls themselves cou ld not be 
exc luded in the event of a series of 
s imul taneous breakdowns (for exam­
ple: general power fai lure at CERN 
and a hel ium compressor b reakdown. ) 

D ismant l ing started, and dur ing the 
second half of Apr i l the coi ls were 
opened and indeed s h o w e d the ex­
pected defects. One set of connec t ing 
wi res s h o w e d traces of arc ing either 
be tween these wires or f rom one w i re 
to a t ie rod. The coi ls themselves 
were not af fected, except for a minor 
trace of arc ing. The repair of the 
defect was st ra ight forward and all 
connec t ing wires of the heaters are 
be ing removed f o l l o w i n g the success­
fu l tr ial of the Hall probe reconstruc­
t i on . 

However , it shou ld be ment ioned 
that the heater w i n d i n g proved to be 
useful as a faul t detector because of 
its h igh magnet ic coup l ing w i t h the 
magnet coi ls. 

The inspect ion of the coi ls revealed 

another interest ing effect caused again 
by persistent currents. The inner turns 
of some pancakes were f ound to be 
part ly t i l ted and displaced inwards 
(i.e. t owards the centre of the co i l ) . 
This behaviour is unexpected if w e 
assume that on ly the transport current 
passes th rough the conductor . Then 
the forces on the inner turn are a lways 
directed ou twards , away f rom the 
centre. Buck l ing due to mechanical 
imperfect ions of the conduc to r is 
exc luded by the close tolerances 
imposed in its manufacture; thermal 
effects w o u l d require excessive t e m ­
perature gradients between the first 
and second turn w h i c h are ruled ou t 
by the hel ium f l o w pattern and the 
extremely s l o w coo l ing rate about 
1 °K /h . Persistent currents is the on ly 
k n o w n phenomenon w h i c h w o u l d 
create a to rque on the conduc tor and 
produce a force directed towards the 
centre of the co i l . 

Calculat ions have been made, 
assuming again the simple model 
ment ioned above, where the per­
sistent currents f l o w along the edges 
of the conductor . One sees that the 
upper edge of the conduc tor is sub ­
jected to a stronger force (away f rom 
the centre of the coi l ) than the lower 
one. This corresponds to a torque 
w h i c h is super imposed on w h a t is 
sti l l a net ou twa rd force if the per­
sistent current is not too b ig. If h o w ­
ever, the persistent current is larger 
than the t ransport current, the result­
ing current on the lower edge is 
reversed; thus creat ing an inward 
force. This is exact ly wha t happens 
dur ing charg ing of the magnet w h e n 
the t ransport current (for example 
1000 A ) is much smaller than the cr i t i ­
cal current (around 25 kA at th is f ie ld 
s t rength) . The max imum forces on the 
edges of the conductor are exerted 
w h e n the strength f ie ld is about half 
of the max imum. They can be as h igh 
as 100 N / c m of conductor length — 
enough to displace the conduc to r if 

the f r ic t ion force be tween it and its 
axial suppor t is insuff ic ient. 

The super imposed magnet ic forces 
decrease w h e n the main f ie ld is further 
increased above its m id -va lue ; 
because the di f ference between the 
cr i t ical current and the transport cur­
rent and therefore the persistent 
current becomes smaller. 

The hypothesis that very large 
persistent currents exist at l o w f ield is 
we l l suppor ted by calculat ions (based 
on the s imple model ) w h i c h recon­
struct the remanent f ie ld after c o m ­
plete d ischarg ing of the magnet. 
Indeed currents of 10 to 20 kA must 
be assumed in order to obta in the 
measured f ie ld . 

Improvements 

The damage to the insulat ion of some 
of the wi res connec t ing the heater 
str ips to the t op of the cryostat, was 
probably due to the movement of the 
conduc to r b r ing ing it into contact 
w i t h earth. A n overvol tage is pro­
duced w h e n the shorted loops are 
opened. The transient nature of these 
shorts is certainly best explained by 
the movement of the conductor . 

In order to restrict the movement , 
the inner turn is n o w held in place by 
addi t ional str ips of f iberglass-epoxy, 
and care has been taken to prevent 
contac t w i t h other metal l ic parts 
shou ld movement occur in the future. 

Other chambers 

The magnets of t w o Amer ican bubble 
chambers are w o u n d w i t h f lat c o n ­
ductors of similar des ign, the Argonne 
12 ft chamber and Brookhaven 7 f t 
chamber. The former has a max imum 
f ie ld of 1.8 T and an iron yoke thanks to 
w h i c h the radial f ie ld and consequent ly 
the persistent currents are negl ig ib ly 
smal l . 

The magnet of the 7 f t chamber 
w i t h its f ie ld of 3 T, in the absence of 
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Around the Laboratories 
1. The two large aperture spectrometers used 

in studies of inelastic electron scattering by 
Harvard and Cornell groups. The Harvard 
magnet is nearer the camera with the Cornell 
spectrometer visible behind it. 

(Photo Cornell) 

an iron yoke shows persistent cur­
rents, w i t h a super imposed magnet ic 
f ie ld and displacement of the inner 
conductor . Short circuits have not 
been observed in this magnet , due to 
the absence of th ick wi res or other 
metal l ic parts close to the inner turns 
of the coi l . Add i t iona l insulat ing 
pieces have been incorporated in 
order to prevent any fur ther d is ­
placements. 

A t the beg inn ing of September, 
magnet re-assembly was at the f o l l o w ­
ing stage: the coi ls were back in the 
cryostat and the t w o cryostats and the 
vacuum enclosure were being re­
instal led in the magnet ic sh ie ld ing. A 
start had been made w i t h a w h o l e 
series of operat ions such as p ip ing 
and electrical connect ions, var ious 
sorts of tests, etc. 

General tests on the magnet shou ld 
begin in November-December . 

Conference Proceedings 
Some copies- of the f o l l o w i n g C o n ­
ference Proceedings are sti l l avai lable 
f rom the CERN Scient i f ic In format ion 
Service at reduced prices: 
- CERN Sympos ium 1956 

(Vol . 1 . - Accelerators) SFr. 1 0 . — 
- Internat ional Conference 

on H igh Energy A c c e l ­
erators & Inst rumentat ion, 
CERN 1959 SFr. 10 .— 

- 14th Internat ional C o n ­
ference on High Energy 
Physics, Vienna 1968 SFr. 3 0 . — 

- Lund Internat ional C o n ­
ference on Elementary 
Particles, 1969 SFr. 3 0 . — 

- 8 th Internat ional C o n ­
ference on High Energy 
Accelerators, CERN 1971 SFr. 3 0 . — 

Requests shou ld be addressed t o : 
Mrs Jan ice Lefley 
Scient i f ic In format ion Service 
CERN — C H - 1 2 1 1 GENEVA 23 / 
Swi tzer land 

CORNELL 
Programme at 
electron synchrotron 
The Wi lson Synchrot ron Laboratory at 
Cornell Universi ty houses the highest 
energy electron synchrot ron in the 
w o r l d . The accelerator is at present 
capable of peak energies of 12 GeV 
and the experimental programme is 
geared to using the advantages in 
energy and duty cycle w h i c h are not 
available elsewhere. The linear acce l ­
erator at S LAC provides higher electron 
energies but much lower du ty cycle. 
The 7.5 GeV synchrotron at DESY is 
the nearest compet i tor in energy w i t h 
long du ty cycle. 

There are t w o ejected electron 
beams fed using a half integer 
resonance and t w o septa oppos i te 
each other at the same posi t ion in 
the r ing. They can each sl ide into 
the beam region independent ly , so 

that the d is t r ibut ion of electrons 
be tween the beams, each mainta in ing 
the fu l l du ty cycle, can be varied. Up 
to n o w , one beam has taken the bulk 
of the electrons wh i l e the other has 
been used on ly for sett ing up. Because 
of the types of exper iment using the 
ejected beams, th is s i tuat ion of one 
beam- l ine fak ing the large major i ty 
of the electrons is l ikely to be 
sustained. 

The use of pho ton beams has been 
out of fash ion for a wh i le , but an 
exper iment using a un ique pho ton 
beam, w h i c h is both ' tagged ' (so that 
the pho ton energies are k n o w n w i t h 
g o o d precis ion) and polarized (so 
that the part played by particle spins 
in the interact ions is we l l de f ined) , 
is being developed for use by a 
Rochester /Cornel l team to s tudy 
omega vector meson product ion and 
other th ings. In add i t ion , there is a 
synchrot ron radiat ion faci l i ty w h i c h 
cashes in on the fact that, t hough the 
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2. The magnet of the streamer chamber coming 
together in the experimental hall of the Cornell 
electron synchrotron. It will be used by a 
DESYI Cornell I Ithaca College collaboration 
to extend work already carried out at the 
DESY machine to higher energies. 

3. View of half of the eleven cell superconducting 
r.f. cavity, which was operated on the Cornell 
synchrotron to give the first ever acceleration 
of particles to GeV energies using 
sup erconductivity. 

(Photo Cornell) 

Cornel l machine cannot compete w i t h 
the intensi ty propert ies of the radiat ion 
emerg ing f rom the Stanford SPEAR 
storage r ing at lower energies, in the 
X- ray region (energies above 6 keV) 
it can provide pho ton beams not 
available anywhere else. A Corne l l / 
M I T team w i l l use a doub le crystal 
monochromator in a series of exper i ­
ments. 

Dur ing recent months most of the 
exper imental t ime has gone to studies 

of inelastic electron scatter ing carried 
out by Cornel l and Harvard groups. 
One exper iment concentrates on sort­
ing out the cont r ibu t ion of the 
long i tud ina l and of the transverse 
polar izat ion of the vir tual pho ton to 
the cross-sect ion in e lec t ron-nuc leon 
interact ions where dif ferent models of 
the nuclear structure have dif ferent 
predict ions. W i th t w o spectrometers 
of large aperture they are able to catch 
the products of the interact ions more 

ef f ic ient ly than previous experiments 
and , w i t h large amounts of data, do 
a more t ho rough analysis. 

Ano ther exper iment w i l l s tudy i n ­
elastic electron scatter ing f rom c o m ­
plex nucle i . One of the top ics is to 
measure the tota l cross-sect ion of 
the vir tual pho tons produced in the 
interact ions tô see the effect o f 
' s h a d o w i n g ' due to the presence of 
the nucléons. W i th incoming pho ­
ton beams, the expected shadow ing 
behaviour has been seen but, up to 
n o w , there is no evidence of 
shadow ing using electron beams. It 
is possible that the previous exper i ­
ments, w h i c h had on ly s ingle arm 
spectrometers, missed the w i d e angle 
bremsstrahlung. The n e w exper iment 
w i l l have a spectrometer and another 
'a rm ' w i t h a lead sheet to convert the 
pho tons and t w o blocks of scint i l lator 
( w i t h slots to let th rough the electron 
beam) each v i ewed by 32 pho to -
mult ip l iers. Tests indicate that th is 
array w i l l locate particles to w i t h i n 
± 0.5 cm. 

A l o w intensi ty ejected electron 
beam w i l l be used to feed t w o 
exper iments w h i c h w i l l bo th look 
at deep inelastic electron scatter ing. 
One is a DESY/Corne l l / l t haca College 
co l laborat ion invo lv ing the use of a 
streamer chamber as detector. The 
exper ienced team at DESY, where 
another streamer chamber is in act ion 
for electron energies up to 7.5 GeV, 
w i sh to extend their w o r k to higher 
energies and are prov id ing the cham­
ber and anci l lary equipment . The 
magnet for the streamer chamber 
reached Cornel l in Ju l y ( though the 
t ruck ing company seemed to have 
had some d i f f icu l ty in dec id ing pre­
cisely where to deposi t i t ) . Because of 
coo l ing l imi tat ions it w i l l be run at 
2 M W input power rather than its 
potent ia l 3 M W , but the loss of 
m o m e n t u m resolut ion due to runn ing 
at lower magnet ic f ie ld w i l l be 
compensated ( to achieve a resolut ion 
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4. Pattern produced by pointing a camera 
into a single block of lead glass with a 
photomultiplier against its far surface. The 
block is 48 cm long and of square cross-
section, 4.5 x 4.5 cm2. The photograph was 
taken at Cornell. 

(Photo by Dale Carson) 

of about 3 0 0 MeV) by hav ing other 
detectors in act ion in a hybr id se t -up. 
T w o mul t iw i re propor t ional chambers 
w i l l be instal led close to the streamer 
chamber vo lume and shower counters 
w i l l add an energy loss measurement. 
A b o u t 100 0 0 0 pictures s h o w i n g scat­
ter ing w i t h h igh transfer of energy are 
hoped for and they w i l l be measured 
on t w o HPDs at DESY. 

The second exper iment by a Cornel l 
g roup w i l l use a large aperture magnet 
f i l led w i t h mul t iw i re propor t ional 
chambers (about 20 0 0 0 wi res in a l l ) . 
A b o u t half the chambers are n o w 
complete and tested. To avoid f l ood ing 
the chambers w i t h unwan ted data, a 
very clean incoming electron beam 
is needed (and has been achieved up 
to the magnet input ) as we l l as special 
manoeuvres (such as horseshoe shap­
ed shields around the beam path 
th rough the chambers to prevent l o w 
energy electrons produced by the 
beam s w a m p i n g the chambers) . A n 
event rate of a f e w per second is 
ant ic ipated and, w h e n the system is 
eventual ly operat ing, it w i l l obv ious ly 
ou t -pace the capabi l i t ies of the strea­
mer chamber. 

A t present the exper imental p ro­
gramme involves about 8 0 physicists. 
W i th in the present scope of the pro­
gramme and suppor t faci l i t ies, about 
one more g roup cou ld be a c c o m m o ­
dated. This is a small enough number 
to enable the Laboratory to maintain 
its universi ty atmosphere w h i c h is 
un ique among h igh energy physics 
research centres. The current budget 
prov ided by the Nat ional Science 
Foundat ion is about $ 3.5 mi l l ion 
per year. 

Future developments at the Labo­
ratory depend heavi ly on the progress 
of the superconduct ing r.f. accelerat­
ing cavit ies. As reported in the J u n e 
issue (page 1 6 5 ) , encourag ing results 
have been obta ined w i t h the eleven 
cell test sect ion w h i c h was instal led 
in the synchrot ron earlier th is year. 

It achieved the first ever accelerat ion 
of beams to GeV energies using a 
superconduct ing accelerat ing st ruc­
ture. The test sect ion has n o w been 
removed to at tempt to improve its Q 
value by t idy ing up the n iob ium 
spacer located between the t w o halves 
of the structure proper. 

If these cavit ies can be mastered, 
they w i l l make it possible to pour 
more energy into the accelerat ing 
beam to compensate for the h igh 
energy losses due to synchrot ron 
radiat ion w h i c h rise rapidly w i t h 
increasing energy. A t present, for 
12 GeV operat ion, about 1.8 M W are 
pumped into the f ive cavit ies d is t r ib­
uted around the r ing and a h igh 
propor t ion of this is lost due to the 
resistance of the copper wa l l s of the 
cavit ies. A superconduct ing cavi ty 
w o u l d lose on ly about 20 W due to 
residual resistance in the cavi ty 
( t hough 4 0 k W of refrigerator power 
w o u l d be needed to prevent temper-

4 . 

ature r ise). 
If the superconduc t ing cavit ies 

succeed, a 25 GeV electron synchro­
t ron cou ld be feasible w i t h rebui l t 
magnets in the exist ing machine 
tunne l . A bigger j u m p in energy, 
however , w o u l d be much more desir­
able and some though t has been g iven 
to a n e w 5 0 to 70 GeV ring on a 
di f ferent site. Sums of money in the 
30 to 50 mi l l ion dol lar region w o u l d 
be needed for such a project. 

DUBNA 
Determining the life 
of the positive muon 
A further b ig increase in the accuracy 
of measurement of the life of the 
posi t ively charged muon has been 
achieved at the Jo in t Inst i tute for 
Nuclear Research by a team leaded by 
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H. Grunder and A. Ghiorso exchange 
congratulations during the lab's celebration 
of the Bevalac's success. 

V. Z inov. The posi t ive muon decays 
into a posi t ron, a neutr ino and an t i -
neutr ino w i t h a l i fet ime n o w deter­
mined to be 2.19711 ± 0 .00008 [is. 

The first relatively accurate measure­
ments (1 part in 10~ 3) were made by 
several groups dur ing 1 9 6 2 / 1 9 6 3 . 
Af ter an interrupt ion of ten years, 
J . Duc los et al., using a new techn ique, 
succeeded in increasing the accuracy 
by several t imes (2 .1973 ± 0 .0003 [is, 
as reported in Phys. Lett. 47 B, 
4 9 1 , 1973 ) . However , these and the 
preceding measurements suffered f rom 
a basic l imi tat ion on accuracy w h i c h 
s temmed f rom the small sol id angle 
over w h i c h the equ ipment cou ld 
record positrons. 

The special feature of the n e w 
techn ique is that the posi t rons result­
ing f rom muon decay can be recorded 
by a Cherenkov counter capable of 
operat ing in 47t -geometry. Conse­
quent ly it has been possible not on ly 
to increase the speed at w h i c h 
statist ics cou ld be co l lected, but also 
to reduce the background and e l im i ­
nate the effect of the asymmetr ic w a y 
in w h i c h the posi trons emerge. In 
add i t ion , in v i ew of the h igh pos i t ron 
energy of decay it has been possible to 
record them w i t h the d iscr iminator set 
at a fair ly h igh level and el iminate the 
background of l o w energy particles. 

The measurements were carried ou t 
on the synchro -cyc lo t ron , generat ing 
a pure muon beam w i t h a m o m e n t u m 
of 130 M e V / c and an intensi ty of 
7 x 1 0 3 particles. The Cherenkov 
counter was f i l led w i t h water w h i c h 
acted also as a target, in the centre of 
w h i c h the muons were s topped. On ly 
those events w h i c h corresponded to 
the appearance of just one muon and 
one posi t ron w i t h i n a gate 20 [is long 
were recorded by a computer w o r k i n g 
on- l i ne . Measurements were made 
dur ing four runs to ta l l ing 100 hours of 
accelerator operat ion dur ing w h i c h 
1 0 9 useful events were observed. 

A fur ther substant ial increase in 

accuracy cou ld be achieved w i t h such 
a se t -up by improv ing the high speed 
posi t ron detectors and exp lo i t ing to 
the fu l l their 4 TU capabi l i ty. 

BERKELEY 
Turn of the heavies 
Storming d o w n the hil l f rom the 
SuperH ILAC in the early hours of 
1 Augus t a beam of C 6 ions entered 
the Bevatron and 2.5 [iA were acceler­
ated up to an energy of 0.56 GeV/ 
nuc léon corresponding to 0.5 T in the 
magnets. This combina t ion of the 
modi f ied heavy ion linear accelerator 
and the rejuvenated Bevatron at the 
Lawrence Berkeley Laboratory, 
chr istened the Bevalac ( June issue, 
p. 213) is n o w the most power fu l 
heavy ion accelerator in operat ion. 
Not content w i t h th is first effort, the 
team headed by H. Grunder and 
A. Ghiorso set about t un ing the 
transport l ine and by the f o l l o w i n g 
af ternoon had injected 7.7 [iA — later 
10 [iA — and had raised a beam of 
1.6 x 1 0 9 particles to the max imum 
energy of 2.1 GeV/nuc leon . 

The transport l ine is a t r icky part of 
the h o o k - u p as the contro l system is, 
for the present, rather rudimentary, 
but before the end of the day some 
60 % ef f ic iency in transmission had 
been achieved and 15 \iA in jected. 
Moreover a beam of 4.5 x 1 0 8 ions 
had been successful ly extracted. Work 
over the next f e w days pushed the 
intensi ty of the injected beam of C 6 

ions up to 60 [iA and on 11 Augus t , 
the beam was used in an exper iment 
on the superdense nuclear states. 

That comple ted , a new run was 
started w i t h N e 1 0 ions and relatively 
qu ick ly a beam of 16 was being 
injected into the Bevatron and an 
extracted beam of up to 1.5 * 1 0 8 ions 
at fu l l energy was being recorded in 
the external beam channel , and was 

being used for exper iments by phy­
sicists f rom LBL and S LAC. 

Tests in the near future w i l l be made 
w i t h A 1 8 ions and it is hoped to w o r k 
up in due course to Kr 3 6 . For much 
heavier ions to be accelerated the 
vacuum system of the Bevatron w o u l d 
have to be improved. For the imme­
diate fu ture the most important j ob is 
to get a n e w computer system into 
operat ion w h i c h can take over the 
cont ro l of the entire beam transport 
and accelerat ion process. 

KEK 
Linac operates 
First beams were accelerated in the 
KEK linac of the Nat ional Laboratory 
for H igh Energy Physics at Tsukuba in 
Japan at the beg inn ing of August . A 
beam intensi ty of 3 m A at 20.3 MeV 
and a pulse length of 20 [is was 
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The 20 MeV linac which has a single tank. 
It is scheduled to feed beam to the booster 
at the end of the year. 

(Photo KEK) 

The signal from the first proton beam at 
20.3 MeV emerging from the linac at the Japanese 
National Laboratory for High Energy Physics. 
The pulse records about 4 m A of protons for 
about 20 fis. 

recorded. The 7 5 0 kV Cockcro f t -
Wa l ton preinjector was supp ly ing 
2 0 m A into the l inac and the beam 
capture ef f ic iency was very much as 
expected, s ince the phase stable angle 
is 6 0 ° and no pre-buncher was in 
operat ion. As the ion source was 
del iver ing 1 0 0 m A the losses dur ing 
transfer f rom preinjector to l inac seem 
excessive and a s tudy is be ing made 
of the cause. 

Accelerat ion takes place in a single 
tank w i t h a cavi ty 1 5 . 5 m long c o n ­
ta in ing 9 0 cells. A peak current of 
around 1 0 0 m A is w a n t e d w i t h a 
repet i t ion rate of 2 0 Hz. 

Tun ing of the system is n o w go ing 
on so that tests on the 5 0 0 MeV 
booster can begin in December. A t 
present, power is someth ing of a 
l im i ta t ion ; the Laboratory is served by 
a 1 7 0 0 kVA line and a generator of 
1 6 0 0 kVA but the 6 6 kV supp ly is due 
to come on stream on 1 0 November. 
Already, however , th is mon th (Sep­

tember) the new ly formed programme 
commi t tee is s tudy ing the first exper i ­
mental proposals for research w i t h 
the 1 0 GeV synchrot ron. 

VILLIGEN 
Progress at SIN 
Since the March news in CERN 
COURIER cover ing the successful 
operat ion of both cyc lo t ron acce l ­
erators and commiss ion ing of the first 
p ion beam, w o r k at the Swiss Inst i tute 
for Nuclear Research has concen ­
trated on f ive main f ie lds: 
- Reaching for the design goals of 
the Phil ips injector cyc lo t ron in the 
injector mode to the main r ing cyc lo ­
t ron so that it cou ld be handed over 
formal ly to S IN to assume respon­
sib i l i ty for runn ing in this mode ; 
- Improv ing the performance of bo th 
accelerators to increase the tota l p ro ­
ton t ransmiss ion; 
- Del iver ing l o w intensity (a f e w [iA) 
proton beam onto the th in p ion p ro­
duc t ion target for a series of exper i ­
mental runs in t w o p ion beams (TTM1 
and T T M 3 ) . These runs were scheduled 
to use rotat ing whee l targets designed 
for 1 0 0 [iA operat ion in contrast to the 
f irst p ion product ion run in February 
w h e n a temporary target was used; 
- Tra in ing personnel for operat ion and 
maintenance of the accelerator on a 
2 0 sh i f t /week basis; 

- Comp le t ing the extracted pro ton 
channe l , inc lud ing bo th target sta­
t ions and the main beam dump , and 
commiss ion ing fur ther secondary 
beams. 

The first three goals have been 
achieved and the others are we l l on 
the way . 

Up to 4he middle of March the 
in jector cyc lo t ron was used main ly to 
prov ide 7 2 MeV protons to the r ing 
accelerator for its init ial development . 
Serious efforts then started to reach 
the beam speci f icat ions - extract ion 
of 1 0 0 [xA of 7 2 MeV protons at 
5 0 . 6 7 M H z . 

The exact ing requirements were 
successful ly met at the end of March 
w h e n the intensi ty was increased to 
1 0 8 piA w i t h excel lent beam qual i ty. 
The stabi l i ty of the extracted beam 
was amply demonstrated in Apr i l 
w h e n over 1 0 0 {iA was produced for 
3 0 minutes, f o l l owed by an 8 hour run 
at 2 0 \LA. Af ter these results were 
obta ined, the f inal shor t ing bars were 
bui l t in to the r.f. system, a l l ow ing a 
rapid change f rom the 5 0 . 6 7 M H z 
injector mode to the 4 to 1 7 M H z 
variable energy mode. A t y p i c a l change 
f rom 7 2 M e V protons to 3 3 MeV d e u -
terons ( 8 . 5 M H z ) is carried out in on ly 
4 5 minutes. 

In J u n e the first operat ion of the 
w h o l e accelerator system under S IN 
responsibi l i ty began. This has i n ­
creasingly involved more SIN staff 
and considerable effort has been 
required to provide suf f ic ient ly reliable 
and stable beam condi t ions for an 
ef f ic ient experimental programme. 
Further impor tant w o r k needed to 
achieve th is is to improve the major 
source of b reakdown — the 5 0 M H z 
r.f. system of the injector, w h i c h is 
not yet equ ipped w i t h the f inal version 
of impor tant components such as the 
signal p i ck -up for the feed-back 
loops. 

The accelerators themselves behave 
we l l , once both machines have sett led 
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in to their operat ing equ i l ib r ium. To 
keep beam on target over several 
hours has been no prob lem. A t pre­
s e n t the tota l beam transmission 
ef f ic iency f rom the ou tpu t of the 
in jector cyc lo t ron to the p ion target 
can be tuned to typ ica l ly 4 0 to 50 % 
wh i l e , in the best cases, 70 to 75 % 
has been achieved w i t h intensit ies of 
1 to 2 ptA of extracted beam. Losses at 
h igh energy result ing in act ivat ion are 
w i t h i n , foreseen l imits. There is a 
s t rong correlat ion of injector set t ings, 
72 MeV beam qual i ty and the adjust­
ments of the in ject ion parameters into 
the r ing where most of the beam loss 
is occur r ing. The propert ies of the 
72 M e V injected beam also s t rong ly 
affect the extract ion ef f ic iency f rom 
the r ing and the extracted beam 
qual i ty. Even minor f luc tuat ions in the 
in jector cyc lo t ron internal source pro­
duce not iceable effects in the 5 9 0 MeV 
beam. A further series of beam 
invest igat ions is p lanned. 

Dur ing the trial operat ion w h i c h 
ended on 26 Augus t , the accelerator 
prov ided 150 ^ A ' h o u r s of 590 MeV 
protons beam to the th in p ion p ro­
duc t ion target. Currents of 0.1 to 
4 \iA have been prov ided under steady 
cond i t ions over periods of hours and 
dur ing one run, 8 H-A of extracted 
pro ton beam were prov ided w i t h o u t 
undue di f f icul t ies. Dur ing these runs 
the t ransmission ef f ic iency f rom r ing 
extract ion to target was 95 % or better. 

T w o experiments have been set t ing 
up and tak ing data on the TTM3 beam. 
The f irst g roup has successful ly 
observed, w i t h zero background , s i g ­
nature events f rom muon ic hel ium ( the 
8 keV X-ray f rom the 2P — 1S t ran ­
s i t ion) . The second g roup has obta ined 
prel iminary polar izat ion measurements 
at four angles w i t h 3 5 0 M e V / c 
i ncoming posit ive pions on a polar­
ized pro ton butanol target. In add i t ion 
a parasite exper iment has observed 
precession of polarized s topped muons 
in copper. 

The 7TM1 beam has been used for 
data tak ing in an exper iment on 
s topped pions in ho lm ium. The 
sp l i t t ing in the 5g — 4f p ionic t ransi ­
t ion has been seen and this is expected 
to y ield a 2 to 3 % measurement of the 
quadrupole moment . X-rays due to 
de-exc i ta t ion of rotat ional states of 
dyspros ium 156 f o l l ow ing ho lm ium 
pion capture have also been observed. 

A t w o mon th s h u t d o w n began on 
26 August . It w i l l be devoted to c o m ­
miss ioning the injector cyc lo t ron in 
the variable energy mode and instal ­
lat ion of better and more reliable c o m ­
ponents therein. The extracted proton 
channel w i l l be completed up to the 
main beam d u m p together w i t h the 
secondary beams f rom the second or 
th ick target s tat ion. These w i l l be the 
superconduct ing muon channel [xE1 
and \iE3, the medical p ion beam TTE3, 
the l o w energy beam TTE2, the h igh 
intensi ty beam TUE1 and the unpolar-
ized neutron beam nE1. Early in 
November, the experimental p ro­
gramme w i l l begin again and it is 
hoped to provide beam to sixteen 
exper iments by the end of the year. 

DARESBURY 
Catching gammas 
A n exper iment w h i c h uses many of 
the possible tr icks for s tudy ing char­
ged particles and photons is com ing 
into act ion on the 5 GeV electron 
synchrot ron at the Daresbury Labo­
ratory. It employs a large aperture 
spectrometer ( k n o w n as L A M P 2) and 
is fed w i t h a tagged photon beam, 
w i t h an energy range of 1.5 to 5 GeV, 
to look at the pho toproduc t ion of 
mu l t i -meson states f rom hydrogen or 
deuter ium targets. The exper iment is 
be ing carried out by a col laborat ion 
of Daresbury /Lancaster /Shef f ie ld . 

The spectrometer consists of a 
large magnet (1.5 x 0.75 m 2 aperture) 

w i t h e ight mu l t iw i re proport ional 
chamber modules, f o l l owed by a 
hodoscope and a large gamma detec­
tor. It is a f lex ib le system w h i c h can 
be appl ied to the invest igat ion of 
many interact ions. The most techn i ­
cal ly novel componen t is the gamma 
detector and w e w i l l concentrate here 
on descr ib ing Its abil i t ies. 

The gamma detect ion system is 
designed to measure the energies and 
the posi t ions of the photons produced 
in the meson decays. It consists of 
4 8 0 blocks of lead glass, each o b ­
served by a photomul t ip l ier , in t w o 
separate independent ly movable m o ­
dules of 2 4 0 b locks closely packed 
in a 15 x 16 matrix. The blocks were 
manufactured f rom type F2 -620362 
glass by O'Hara Ltd , Japan , and are 
each ( 8 0 x 8 0 x 4 0 0 ) m m 3 in vo lume. 
Each b lock in the matr ix is wrapped in 
a lumin ium fo i l and layers of po lyethe-
lene 0.05 m m th ick are layed between 
hor izontal layers. Si tuated in f ront of 
each modu le is a t w o plane, or x -y , 
scann ing system using a l ight emis­
sive d iode (LED) w h i c h can be 
moved under programmed contro l to 
the centre of any block. This enables 
the gain and cal ibrat ion of each glass 
b lock and its pho to tube to be checked 
w h e n the spectrometer is not re­
ce iv ing beam. 

To help cal ibrate the pho tomu l t i ­
plier and moni to r gain levels, it was 
dec ided to develop a new blue l ight 
emissive d iode made f rom ion imp lan­
ted s i l icon carbide since it has a very 
sui table f requency spectrum (similar 
to Cherenkov l ight in the lead glass). 
Tests indicate that accuracies of 
better than 1 0 % shou ld be possible. 
This w i l l u l t imately depend upon the 
spectral match ing of the d iode output , 
the photoca thodes of the p h o t o m u l -
t ipl iers and on the var iat ion in l ight 
t ransmission of the glass blocks. 

Measur ing and recording 4 8 0 pulse 
height d is t r ibut ions is done using a 
C A M A C ana logue- to -d ig i ta l conver-
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One of the two modules of lead glass blocks 
used in a total absorption gamma ray 
spectrometer at Daresbury. The components are 
(1) electronic racks, (2) x-y scan and interlock 
controls, (3) phototubes, (4) lead glass blocks, 
(5) x-scan shift, (6) y-scan shift, (7) stepper 
motors, (8) light source, (9) fan housing, 
(10) delay cables. 

ter. Channel stabi l i t ies of about 0.5 % 
have been ' achieved. A Honeywe l l 
316 computer , interfaced to a six 
crate C A M A C system, contro ls read­
out and test processes (such as 
operat ing the x - y scan system and 
photomul t ip l ie r h igh vo l tage mu l t i ­
plexer). The 316 takes care of test ing 
and cal ibrat ion but dur ing data tak ing 
it passes data to the main I B M 3 7 0 
computer via a 516 computer . 

The lead glass spectrometer w i l l 
measure gamma rays w i t h a resolut ion 
dE/E equal to about 20/E 1 / 2 . It is hoped 
to measure the posi t ion of a gamma 
ray enter ing a b lock to w i t h i n 20 m m . 

ARGONNE 
Proton radiography 
A part icular ly l ively top ic at A rgonne 
(as indicated in the J u n e issue, 
page 205) is the deve lopment of prac­
t ical methods of using pro ton beams 

to take medical radiographs. Dur ing 
the past year a small g roup has been 
w o r k i n g on this in co l laborat ion w i t h 
members of the medical facu l ty of the 
Universi ty of Chicago. 

The great attractiveness of the 
techn ique comes f rom the fact that 
the number of t ransmit ted protons 
varies very rapidly near the end of their 
range so that sl ight densi ty var iat ions 
in the material traversed can cause 
dramat ic changes in the number of 
emerg ing protons. This is in contrast to 
the behaviour of X-rays w h i c h are 
exponent ia l ly at tenuated wh i l e t ra­
versing matter. Since tumours and 
other abnormal i t ies in human t issue 
are characterized by changes in densi ty 
of a f e w percent or less f rom that of 
heal thy t issue, proton radiography 
cou ld make the detect ion of tumours 
more reliable at an earlier stage of 
deve lopment than is possible at pre­
sent and w i t h a s igni f icant ly smaller 
radiat ion dose. 

Tests of th is techn ique began in 
February of th is year w i t h a 200 M e V 
proton beam f rom the ZGS booster 
and photograph ic f i lm as a detector. 
A small depression 0.125 mm deep 
on one end of a 22.5 cm b lock of 
luci te cou ld be clearly p icked out , thus 
detect ing a densi ty var iat ion of less 
than one part in a thousand. 

In Apr i l , a l o w momen tum second­
ary pro ton beam f rom the ZGS was 
used on samples of human t issue. 
Sc int i l la t ion counters were used to 
def ine a nar row proton beam 7 m m in 
diameter and to record the number of 
part icles emerg ing on the oppos i te 
side of the sample. The measurements 
were made w i t h the samples immersed 
in water to help el iminate the effect of 
surface irregularit ies. The beam w a s 
scanned across the sample and the 
resul t ing con tour map of t ransmit ted 
intensi ty fo rmed the radiograph. The 
radiograph in the f igure is a v i ew of a 
human brain specimen w i t h a b lood 
c lot clearly visible. The total radiat ion 
dose required to make this radiograph 
was approx imate ly f ive mil l i rems. 

The abi l i ty of the techn ique to 
produce a we l l def ined image w o u l d 
not be great ly altered by the presence 
of the skul l , unl ike the s i tuat ion for 
X-rays. Based on experimental results 
and on ca lcu la t ion, it is bel ieved that 
breast tumours as small as 2 m m d ia ­
meter and brain tumours as small as 
4 m m can be detected using very 
l o w dose rates (less than 100 m i l l i ­
rems). 

By early next year the group plans 
to have a fac i l i ty for making pro ton 
radiographs of pat ients f rom the 
Univers i ty of Chicago hospital . This 
w i l l use a pro ton beam of 200 MeV or 
less f rom the ZGS booster co l l imated 
into a f ine penci l beam (about 1 m m 
w ide ) and scanned across the por t ion 
of the pat ient 's body to be examined. 
Integrat ing sc int i l la t ion counters w i l l 
be used ini t ia l ly to measure the t rans­
mi t ted intensi ty and a more soph is t i -
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Tests on proton radiography using a beam 
from the 200 MeV booster at Argonne. A brain 
specimen is contained in a water filled box 
visible at the centre of the photograph. It is 
scanned by moving it around in front of a low 
intensity proton beam coming in from the 
right. Counters detect the variation in intensity 
of the beam as it traverses different regions 
of the brain. 

(Photo Argonne) 

Map of the brain as produced by the proton 
beam. The darker region on the left is the 
location of a brain tumour. 

cated system using proport ional w i re 
chambers is under considerat ion. 

W h e n the pro ton radiography pro­
jec t was f irst discussed at A rgonne 
about a year ago, it was realized that, 
for pro ton rad iography to become a 
c o m m o n d iagnost ic t oo l , it w o u l d 
be necessary to have appropr iate 
pro ton beams •avai lable at hospital 
locat ions. A small accelerator to 
produce the modest beam energy and 
intensi ty required for radiography 
cou ld be s imple, reliable and inexpen­
sive. R.L. Mar t in produced a c o n ­
ceptual design for a 200 MeV proton 
d iagnost ic accelerator (PDA) w h i c h 
most hospitals cou ld afford and oper­
ate. It is a small synchrot ron acceler­
at ing negat ive hydrogen ions w i t h 
s l o w extract ion using a str ipper foi l to 
remove the t w o electrons f rom the 
ions after accelerat ion to fu l l energy. 
It is p lanned to bu i ld t w o of these 
machines, one for deve lopment studies 
at the ZGS and one for c l in ical studies 
at the Universi ty of Chicago. Detai led 
design and concept tests are under 
w a y on the magnet and vacuum 
system. 

The Argonne /Un ive rs i t y of Chicago 
g roup has recent ly received a t w o 
year contract f rom the Nat ional Cancer 
Inst i tute for a feasibi l i ty s tudy of 
p ro ton rad iography and they are very 
enthusiast ic about the eventual value 
of proton radiography in medical 
appl icat ions, as an example of the 
unexpected benef i ts w h i c h can result 
f rom the h igh energy physics research. 

Ron Mar t in expressed it in his usual 
pungen t style by saying that 'anyone 
w h o wan ts to shut d o w n accelerators 
such as the ZGS shou ld have their 
heads examined and in another year 
A rgonne w i l l have just the too l to do 
it w i t h . ' 
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Britain at CERN '74 
October 2 1 - 2 5 

The British Measurement, Control and Automation industries invite you to the 
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PCB series — BURNDY's reliability 

The new technologies of electronic circuits, by the use of high 
performance components, impose new concepts of reliability for 
the interconnecting systems such as printed circuit connectors. 
The researches, conducted on materials, manufacturing processes 
and protective coating techniques, gave birth to the PCB connector 
family. 
These new PC connectors with 2.54 mm spacing, are designed to 
accommodate printed circuit boards with 1.47 to 1.80 mm thickness, 
for board to board or board to wire connection. All the connectors, 
making part of the PCB family, are made of a reinforced thermo­
plastic material (Polysulfone) which offers high and constant 
dielectric properties as well as dimensional stability. With their 
tolerances, these connectors assure a perfect contact location and 
alignment in the body guaranteeing the optimum connection con­
ditions. 
The one beam spring contacts made of phosphor bronze are pre­
loaded assurjng high mechanical characteristics. This results, at 
minimum deflection, in the adequate contact force, eliminating the 
oxide films and at the same time circuit discontinuities. 
These performances guarantee low and stable electrical contact 
resistance. The very smooth and perfectly radiused contact area 
prevents undue protective plating wear of contact and printed 
circuit path, increasing the reliability of the connection. 
The gold contact protection assures an excellent resistance to cor­
rosion improving the electrical performances in low level signal 
circuit conditions. 
The PCB connectors are available with 0.6 x 0.6 mm terminals for 
solderless mini-wrap, hand solder or dip solder type terminations. 
Polarization is achieved by removable plastic key located between 
the contact positions. It aHows to make full use of all contact posi­
tions. The PCB family has three new products for specific applications. 

Main performances 

Current rating 
Operating temperature 
Operating Voltage 
Contact Resistance 
Insulation Resistance 
Contact retention 
Contact force 

3 A. 
— 55°C to + 125°C 
230 V RMS; 330 V DC 
< 7 m Q 
5.000 M O (min.) 
> 3 kg. 
> 50 gr. 
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The PCB Series 
1. The edge type printed circuit connector 

conform to the applicable CAM AC system 

requirements. This connector is available in 31 

and 43 contact positions. The insertion 

characteristics are enhanced by the chamfered 

card slot and the built-in guides at card slot 

ends. 

2. The edge type printed circuit connector in 

7 contact positions designed as receptacle for 

switches. The outer dimensions of this connector 

don't exceed those of the switch. 

3. The edge type printed circuit cont 

43 contact positions with location hi 

front side. These holes assure a perft 

on a mounting gauge, making this ct 

compatible with the new automatic \ 

techniques. 
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liquid Air, Nitrogen, Oxygen or Argon 
FOR t r anspor t , s t o rage a n d h a n d l i n g at m i n i m u m loss rates 
c o m b i n e d w i t h g rea t f l e x i b i l i t y 
T O E N S U R E pe r fec t re l i ab i l i t y t h a n k s t o t h e a p p l i c a t i o n o f 
a d v a n c e d a n d e x p e r i e n c e d t e c h n i q u e s a n d ma te r ia l s 

O U R T A N K S A N D C O N T A I N E R S A R E A T Y O U R D I S P O S A L 
SERIES RT D E W A R t y p e c o n t a i n e r , s ta in less s tee l , capac i t i es 
4, 5, 7, 10, 20, 37 l i t res 
SERIES T C o p e n c o n t a i n e r s , capac i t i e s 5, 10, 25, 32, 50, 100, 
200, 300, 400 l i t res 
SERIES T S B c o n t a i n e r f o r g r a v i t y f e e d i n g o f d i o d e c r yos ta t s , 
capac i t i es 10 a n d 25 l i t res 
SERIES R C B p rese rva t i on c o n t a i n e r f o r c r y o b i o l o g i c a l p u r p o s e s , 
capac i t i es 4, 12, 2 1 , 41 u p t o 1000 l i t res 
SERIES T a n d EF c l o s e d t a n k s f o r l i q u i d s u p p l y at l o w a n d 
m e d i u m pressure , capac i t i es 160, 170, 600 l i t res 

LAIR LIQUIDE 
divi/ion matériel cryogénique 
57,avcarnoc 9 4 5 0 0 cnampigny/m. 
cel. 8 8 3 9 7 4 0 ceiex 23884 ohampal champ 
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SINGLE & MULTI-PARAMETER 
4096 CHANNEL 
COMPUTER ANALYSER SYSTEMS 

All systems based on standard PDP11 
computer. 
Wide range of software available including 
programmes for single and multi-parameter 
analysis, Isotope identification, 
bi-dimensional display etc. 

Use of CAMAC allows easy expansion 
of systems 
Wide range of peripheral devices includes-
magnetic tape and cassettes, optional 
displays, fast paper tape readers etc. 
Wide range of ADC's available. 

THE BASIC ANALYSER SYSTEM 
The basic 4096 Channel system uses a PDP11-05 8k Memory 
computer operat ing in con junct ion w i t h the Nuclear Enterprises 
C A M A C Control ler 9 0 3 0 / 9 0 3 2 and NE C A M A C systems 
modules. The Nuclear Enterprises 4096 Channel A D C type 9060 
is incorporated and the use of 8 Buffer Registers in this A D C 
reduces systems dead t ime. 

Other modules provide display faci l i t ies, real and live t ime 
analysis. Control and communica t ion w i t h system is via ASR33 
Page Printer w i t h Paper Tape Reader and Punch. Full systems 
so f tware is available to a l low all rout ine mul t i -channel analysis 
investigations to be completed. Opt ional faci l i t ies may expand 
both sof tware and hardware conf igurat ions. 

For full details 
contact: 

NUCLEAR 
ENTERPRISES 
LIMITED 

B a t h R o a d , B e e n h a m , R e a d i n g R G 7 5 P R , E n g l a n d . T e l : 0 7 3 - 5 2 1 2 1 2 1 . T e l e x : 8 4 8 4 7 5 . C a b l e s : D e v i s o t o p e , W o o l h a m p t o n . 

A l s o a t : N u c l e a r En te rp r i ses G m b H , S c h w a n t h a l e r s t r a s s e 7 4 , 8 M u n c h e n 2 , G e r m a n y . T e l e p h o n e : 5 3 - 6 2 - 2 3 T e l e x : 5 2 9 9 3 8 

U . S . A . : N u c l e a r E n t e r p r i s e s I nc , 9 3 5 T e r m i n a l W a y , S a n C a r l o s , C a l i f o r n i a 9 4 0 7 0 T e l e p h o n e : 4 1 5 - 5 9 3 - 1 4 5 5 T e l e x : 3 4 8 3 7 1 . 

S w i t z e r l a n d : H i g h E n e r g y & N u c l e a r E q u i p m e n t S .A. , 2, c h e m i n d e T a v e r n a y , 

G r a n d - S a c o n n e x , 1 2 1 8 G e n e v a T e l . ( 0 2 2 ) 9 8 2 5 8 2 / 3 T e l e x 2 3 4 2 9 3 0 9 



Security depends on CCTV 

CHRONOLITE 8 
F u n k e n z e i t l u p e n a c h d e m C r a n z - S c h a r d i n - P r i n z i p 
f u r S c h l i e r e n - o d e r S c h a t t e n a u f n a h m e n in e i ne r 
F o l g e v o n 8 B i l d e r n v o n j e 3 0 m m D u r c h m e s s e r 
au f e iner 9 x 1 2 c m P la t te . 
B i l d f r e q u e n z e n v o n 1 b is 1 M i l l i o n B i l d e r n p r o 
S e k u n d e s t u f e n l o s e i ns te l l ba r . 
E i n s a t z g e b i e t e : G l a s i n d u s t r i e , Ba l l i s t i k , A e r o d y n a m i k , 
W i n d k a n à l e , K n a l l - D r u c k - u n d S t o s s w e l l e n in G a s e n 
o d e r F l ù s s i g k e i t e n , E insp r i t z - Z e r s t a u b u n g s - , B r u c h -
Ze r re i s - u n d M i s c h v o r g à n g e , s o w i e S p a n n u n g s o p t i k . 
S y n c h r o n i s a t i o n m i t t e l s K o n t a k t s c h l u s s o d e r I m p u l s . 

B i t t e f o r d e r n S ie U n t e r l a g e n an be i 

Geschoss uberholt Pulverschwaden Aufnahmefrequenz 
100 000 B/s 

IMPULSPHYSIK GmbH 
2 Hamburg 56 (Rissen) Sulidorfer Landstr. 400 
Tel . (040) 81 21 51 / FS 02189 514 f f id 

GUILD LI NE INFORMATION 

Standard Voltage 
Guildline Series 9150 

El 

4 t o 1 2 s a t u r a t e d s t a n d a r d u n i t s i n t e m p e r a t u r e -

s t a b i l i z e d c e l l 

V o l t a g e s t a b i l i z e d t o w i t h i n ± 1 p p m A ± 0 . 0 0 0 1 % 

T e m p e r a t u r e d r i f t 0 . 0 0 1 ° C / 2 4 h 

0 . 0 1 ° C / 5 y e a r s 

A m b i e n t t e m p e r a t u r e - 1 8 t o + 2 8 ° C 

P l e a s e w r i t e f o r f u r t h e r i n f o r m a t i o n . 

Kontron Electronic A G 4 
Bernerstrasse 169, 8048 Zurich, Telefon 01 62 82 82, Telex 57439 s 
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Surveillance equipment must be 
reliable. EEV camera tubes give you 
long life and performance you 



And on EEVvidicons,isoconsf  

intensifiera and pyro-electric tubes 
Reliable operation - hour after hour, 

year after year - is essential for closed 
circuit cameras. You're more likely to 
get this kind of consistent reliability 
from the camera tube experts : EEV. 

EEV vidicons cover all TV 
pick-up applications, in mono 
or colour, for most cameras -
in magnetically focussed and 
electrostatically focussed 
types (separate or integral 
mesh) with a range of 
photo surfaces. Special 
ragged types are 
available to with­

stand shock or vibration. 
For special applications at low 

light levels, or for detecting 
radiation outside the normal 

range of vision, EEV offers 
isocons, intensifies and pyro-

electric tubes. 
The EEV camera tube range is 

wide and growing. Every tube 
incorporates the benefits of EEV 

experience : good picture geometry 
and resolution with long life expectation. 

Write for type lists ; or if you have a 
specific requirement, call Camera Tube 

Sales at Chelmsford. 

EE Vand M-OV know how. 
E N G L I S H E L E C T R I C V A L V E C O L T D , C h e l m s f o r d , E s s e x , E n g l a n d C M 1 2 Q U . T e l : 0 2 4 5 6 1 7 7 7 . T e l e x : 9 9 1 0 3 . G r a m s : E n e l e c t i c o C h e l m s f o r d . &&C I 

r 

une nouvelle réalisation 
SODILEC.Ie bloc modulaire 

ainentation tri-source 
Dans un volume 

de 7 0 X 1 2 0 X 1 2 5 mm (1 litre) 

Voie 1 : 5 V - 2 A 

Voie 2 : + 10,5 V à + 16,5 V - 0,15 A 

Voie 3 : - 10,5 V à - 16,5 V - 0,15 A 

Possibilité de symétriser et dissymétriser 

les voies 2 et 3 par potentiomètre 

incorporé. 

N o t i c e s u r d e m a n d e . 

Les 3 voies sont protégées contre 

courts-circuits, surcharges et surtensions. 

Régulation : < 2 . 1 0 ~ 4 

Ondulation résiduelle : < 1 mV c/c 

Souplesse d'utilisation : Conçue pour 

alimenter à la fois circuits logiques 

(DTL, TTL, M0S et CMOS), et analogiques 

(Amplis opérationnels,...) 

e c 
7, avenue Louise 93360 NEUILLY-PLAISANCE 

Tél. : 927.38.07 TELEX : UPIEX 22 429 F 
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SIEMENS-ALBIS 
S O C I E T E A N O N Y M E 

Produits et équipements standards 
ou solution sur mesure... 

CAMAC, un système d'instrumentation universel 

Notre succursale SIEMENS-ALBIS SA à 
Renens près Lausanne assure la représentation 
exclusive des produits SIEMENS pour le CERN 
Laboratoires I et II. Elle met à votre disposition 
son savoir-faire et une gamme complète de 
service. 

• Envoyez-moi une 
documentation 

• Prenez rendez- vous 

Nom: 

Adresse: 

Siemens-Albis SA 
42, rue du Bugnon 
1020 Renens-Lausanne 
Tél. 021 349631 

• Composants électroni­
ques 

• Composants électro­
mécaniques 

• Informatique 

• Production d'énergie 

• Distribution d'énergie 

• Matériel industriel 

• Mesures, CAMAC 

• Calculateur 
de processus 

• Matériel d'installations 

• Eclairage 

• Télécommunications 

Siemens-Albis SA vous renseigne 
3 1 2 



only varian 
makes the 

confiât flange... 

...the worldwide 
standard for the 
most reliable 
seal known. 

P a t e n t e d s e a l i n g g e o m e t r y . 
( V a r i a n p a t e n t 3 .208 .758) 

The Varian Confiât®is: 

M a d e f r o m s p e c i a l l y s e l e c t e d a n d 
p r o c e s s e d s t a i n l e s s s t e e l f o r l e a k - f r e e 
i n t e g r i t y f r o m - 1 9 6 ° t o 5 0 0 ° C . 

R e l i a b l e f o r r e p e a t e d s e a l i n g s a n d t o 
p r e s s u r e b e l o w 1 0 " 1 3 T o r r . 

C o m p a t i b l e w i t h t h e w i d e s t r a n g e o f 
v a c u u m c o m p o n e n t s . 

F o r d e t a i l e d i n f o r m a t i o n o n V a r i a n ' s 
C o n f i â t ® f l a n g e s p l e a s e c o n t a c t : 

V a r i a n A G 
S t e i n h a u s e r s t r a s s e 
C H - 6 3 0 0 Z u g 
S w i t z e r l a n d 

varian 
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Commercial 
uranium... 

just another metal? 
Twice as dense as lead, 

becoming increasingly com­
petitive in price, and readily . 
ava i lab le-BNFL commercial 
uranium could be just the other 
metal you've been looking for. 

Currently in use for a wide 
range of radiological shielding 
and non destructive testing 
applications, balance weights 
for aircraft, colouring compounds 
for glass and ceramics and as a 

constituent of catalysts for the 
gas industry, BNFL commercial 
uranium is demonstrably a 
versatile material of great 
potential value to industry. 

For twenty years BNFL 
have been fabricating commer­
cial uranium-casting, machin­

ing, rolling, forging, extruding. 
All this expertise has been 

written into a Fact File on the 
metal, its properties, its handling 
and its applications. Every 
designer should have a c o p y -
send for yours today. 

BNFL 
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British Nuclear Fuels Limited 
Risley, Warrington, WA3 6AS 
Telephone: Warrington 35953 
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This 
is the 
"Do (almost) 
Everything" 
Camac 
Counter 

The Dual Preset Counter /T imer, 1006 
can be used fo r : 

— p r e s e t c o u n t / p r e s e t t i m e j o b s 
i n n u c l e a r c o u n t i n g 

— s e q u e n t i a l t i m e p r o g r a m m i n g 

— m a x i m u m v a l u e s u p e r v i s i o n 

— p a r a l i e l - t o - s e r i a l c o n v e r s i o n 
( p u l s e t r a i n g e n e r a t o r ) 

— « g â t e » s i g n a l g e n e r a t i o n 

— f r e q u e n c y d i v i s i o n 

Just a few of the features 
of the 1006 are: 

- 2 x 16 b i t s o f b u f f e r e d c o n t e n t 

- i n t e r m e d i a t e r e a d o u t p o s s i b i l i t y 

- s i m p l e d a i s y - c h a i n i n g 

llSlii i • . . .. . 
- o n e - s t e p r e - l o a d i n g b y a n e x t e r n a l 

p u l s e o r b y a C a m a c c o m m a n d 
- i n p u t s a n d o u t p u t s o p t i o n a l l y a t 

N I M or T I L - l e v e l 

- o u t p u t c a n b e v e t o e d 

M a g n e t o s t r i c t i v e R ibbon 
n o w available 

4 x 2 0 , 4 x 10 a n d 5 x 12 m i l s 

Please wr i te : 

M E S A T R O N I X 
P.O. Box 1584 Black Rock Turnpike 

FAIRFIELD, CT. Uni ted States of America 
06432 
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amplificateurs et préamplificateurs 
en «couches minces» 

pour compteurs proportionnels 
multifils 

C1T 
Mcàtël 

DEPARTEMENT PHYSIQUE ET MECANIQUE 
MICROELECTRONIQUE - SERVICE COMMERCIAL 

4 1 , r u e P é r i e r - 9 2 1 2 0 M O N T R O U G E - T é l . 253 .37 .90 - T é l e x : 2 7 4 3 1 F 
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Research and Development. Production of Equipment. After Sales Service. 

The heart of 140 vacuum pump systems used on the largest European 
nuclear accelerator at CERN (European Nuclear Research Center, Geneva) 

TURB0VAC450 
The turbomolecular pump of the 2 n d generation 
This novel design and its outstanding 
performance were achieved with the 
aid of extensive optimization studies 
b y means of a large electronic com­
puter. Based on the results of such 
studies LEYBOLD-HERAEUS designs 
and engineers the TURBOVAC 450 
which combines high pumping speed 
and low ultimate pressure of the 
order of 10 - 1 1 mbar. 

The TURBOVAC 450 produces 
ultraclean hydrocarbon-free vacuum 
- fea tu res vertical design, small size 
and low weight. 

The hydrocarbon partial pressure 
attained by the TURBOVAC 450 is less 
than 1 0 - 1 4 mbar. The pump can be 
directly flange-mounted on vacuum 
systems where it may easily be sub­
stituted for a diffusion pump. 

Due to entirely automatic control the 
TURBOVAC 450 is optimally suited 
for fast cycle times even under rough 
working condit ions.Within45seconds 
the TURBOVAC 450 pumps down a 
60 : l tr. vacuum chamber from atmos­
pheric pressure to 10~4 mbar. 

Incidentally, the operating costs are 
reduced to 1 /30 of those of a diffusion 
pump of comparable pumping speed; 

— and no more trouble at all with 
liquid nitrogen. 

TURBOVAC 450 wherever ultraclean 
vacuum is required • in research and 
industry-for clean surfaces-for pro­
ducts of high quality and long life. 

TURBOVAC450standsforoperational 
safety and reliability. 

We shall be pleased to send you 
more detailed information. 

LEYBOLD-HERAEUS 
D 5000 Kôln 51 • Postfach 510760 
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NbTï 
High Field Superconductor 

VACRYFLUX 
5001 

VAX. 
VACUUMSCHMELZE 

Single core conductors for magnets of high homogeneity. 
Multifilament conductors with circular or rectangular 

cross-section containing 60 to 3721 twisted supercon­
ducting filaments with smallest diameters of 10fx( photogr.) 

for dynamic application. 
Fully transposed braids for pulsed D.C. magnets and 

superconducting machines. 
Cryostatically stabilized high current superconducting 
composites for big magnets with high stored energy. 

VACUUMSCHMELZE GMBH- D 645 HANAU 

If y o u ' r e p l a n n i n g p r o g r e s s 

MESS- UND ® 
REGELTECHNIK 

Electronic J U M O „ T R O W I - P R I N T " and 
„TROFE-PRINT" temperature controllers 
for thermocouples or resistance sensors; 
in circuit-board holder or 19" drawer 
u n i t . . . the ideal space-saving controllers 
on E U R O P A printed circuit boards 

Universal mounting through separation of 
setting unit and circuit-board controller 

M. K. JUCHHEIM GMBH & CO - D-64 FULDA 
Telefon 0661/831 Telex 04-9701 

The tapered slabbing and reaming drill is 
economical and very useful 

D R I L L F I L E 
special drill 

for the economica l m o u n t i n g of car aerials and car 

radios, car cal l ing uni ts as we l l as te lecommunica t ion 

devices DRILLF ILE is recommended by leading f i rms 

all over the w o r l d . In its measurements DRILLFILE 
accommodates all requirements. 

TIPSWITOOL 
1564 DOMDIDIER/Switzerland 
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20UTREG 
SPEC 154 

p u t 
t h e i r 
c a r d s 
o n 
t h e 

w i t h 
t h e n e w V|| 
D u a l 1 6 bit: O u t p u t R e g i s t e r 

T h i s h i g h - e f f i c i e n c y i n s t r u m e n t c o n t a i n s 
t w o i n d i v i d u a l l y c o n t r o l l e d 16 b i t r e g i s ­
t e r s w h i c h w i l l e x e c u t e H A N D S H A K E 
d i a l o g u e s w i t h e x t e r n a l u n i t s . When 
c o n n e c t e d w i t h a S E N 2 1R 2002 D u a l 
Inpu t R e g i s t e r , 16 b i t w o r d s can be t r a n s ­
f e r r e d be tween two C A M A C s y s t e m s . 

T h e unusua l v e r s a t i l i t y of the 2051 l i e s 
in the two p l u g g a b l e ou tpu t s t a g e s , w h i c h 
p r o v i d e s y s t e m s o p e r a t o r s w i t h the p o s ­
s i b i l i t y of c h a n g i n g modu le ass ignmen t in 
a f e w s e c o n d s . A f u l l r a n g e of s t a n d a r d 
s tages i s a v a i l a b l e , c o v e r i n g the most 
f r e q u e n t l y r e q u i r e d w o r k i n g l e v e l s . 

P r i c e : S . F r s . 1 , 6 5 0 . 0 0 
cif Switzerland 

E L E C T R O N I Q U E 

31, Av. Ernest Pictet 1211 GENEVE 13 SUISSE 

SEN ELEKTRONIK AG ZURICH 

SEN ELEKTRONIK GmbH 

Case postale 3 3 Tel.(022)44 2 3 4 0 Telex 2 3 3 5 3 C H 

Tel. (01) SB 51 03 Telex 5 3 2 5 7 CH 

HAMBURG, Germany Tel. 04103 6 2 8 2 Telex 2183 5 4 8 • 

HBHIBI 



Electrotechnique 
Tel. (021) 711341 Telex 24 683 1110 Morges (Switzerland) 

3 2 0 

LEMO SELF-LOCKING 
CONNECTORS 
FORM A SOLID ROND. 
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A new surface analysis method 
for the uppermost 
monolayer region... 

...is the static secondary ion mass spectrometry 
(SIMS), used in an ion macroprobe under UHV 
condition.The ultra high vacuum system UTS202 
designed for this method is pumped down by a 
turbo-molecular pump and is bakeable at temper­
atures up to 400°C.The vacuum 
chamber is specially designed to 
facilitate the simple combination 
of SIMS with AES (Auger-Electron 
Spectrometry). 
Other features: 
• high surface sensitivity 
• direct detection of chemical 

compounds 
• detection of all elements, includ­

ing hydrogen 
• separation of isotopes 
• only negligible surface 

L BK 800 003 PE D N 1 6 2 8 

changes result from the analysis process 
• limits of resolution: < 10" 6 of a monolayer 

o r < 1 0 " 1 4 g for many elements and compounds. 
Basic possibilities: 
• surface analysis in the monolayer region 

• observation of surface reactions 
• analysis of inner boundary films 

and plotting concentration pro­
files of thin films 

• bulk analysis. 

Fields of application : 
Research, development and pro­
duction control in: 
Chemistry, Metallurgy, Semi-con­
ductor and thin film technology, 
Vacuum technology, Surface tech­
nology. 
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BALZERS-owned Sales Companies i n : 
Zu r i ch (CH) ,F rank fu r t /M (D) , W i e n (A) , 
Kungsbacka (S), Berkhamsted (GB), 
Santa Ana (USA), Meudon (F), Mi lano (I) 

B A L Z E R S 
BALZERS AKTIENGESELLSCHAFT 
fur Hochvakuumtechn ik und Dunne Schichten 
FL 9496 Balzers 



sensiine 
I N D U C T I V E L I N E A R 
D I S P L A C E M E N T T R A N S D U C E R S 

- The CXI série inc ludes 7 models cover ing the 2 to 200 mm stroke range. 
- T h e stroke to length ratio is extremely h igh due to a specia l coi l 

des ign. The 200 mm stroke t ransducer is only 280 mm long. 
- Rugged and sealed const ruc t ion adapted to operat ion in industr ial 

envi ronment. 
- Upon request electr ical connect ions th rough a LEMO snap in / snap out 

connector mounted direct ly on induct ive e lement body with 
inherent protect ion of the pins when the connec to r is removed. 

- L i n e a r i t y is better than ± 0,2 % for all models and ± 0,05 % for the 
stroke below 6 mm. 

—Separate electronic modu le hous ing the osci l la tor and the demodulator , 
fed direct ly by the 220 V / 50 Hz power l ine, and able to drive all 
induct ive element models . 

- O u t p u t s ignal avai lable s imul taneous ly in vo l tage (± 10 Volt) or current 
form (0 to 20 mA). 

- T h e output s ignal full stroke value and the zero c ross ing point can be 
adjusted separately by potent iometers housed in the electronic module . 

industries 
2, rue des Falaises 
CH - 1211 Geneva 8 
T e l . : (022) 21 51 33 
Te lex : 22 831 Lanat CH 

RICO-Gouttières à câbles 
Chemins de câbles 

Eléments fabriqués en série, disponibles 
['de stock, prêts à être assemblés selon le principe 
de la boîte de construction, permettent 
des gains de temps importants dans 
l'établissement des plans, dans les 
bureaux d'études, sur le chantier et à l'atelier. 

RIETH & Co. 
Fabrikfûr Eisenkonstruktionen 
D-7312 Kirchheim-Teck 
Tel. (07021) 45051 
Telex 07267881 

Max Bânninger AG 
8050 Zurich 
Nansenstr. 1 
Tel. 1/46 3642 

IliliiRl 

Mi 
Circuits imprimés 

c i c g G ^ S " 
Ch. de Rionza 5 — 1020 Renens/Suisse 

Tél . (021) 2 5 6 6 6 6 - 65 Te lex 2 5 6 4 0 
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Sharper than the eagle by day and better than the owl at night... 

.. ."see" with our image-sensing tubes 
and all the way from the far UV. to the far I.R. • VIDICONS for broadcast and industrial, medical, military CCTV 
cameras. All sizes, structures, target materials including Silicon • NOCTICONS* & SUPER-NOCTICONS* for 
low-light level TV pick-up • IMAGE INTENSIFIER TUBES, I.R., UV., visible range Electronic-Zoom* gated, dema-
gnifying types, cascaded or with microchannel plates • Whatever your imaging problem, make sure to get 

the best solution. 
* Registered trade mark 

TTHOMSON-CSF 
G R O U P E M E N T T U B E S É L E C T R O N I Q U E S / 8 , R U E C H A S S E L O U P - L A U B A T / 7 5 7 3 7 PARIS C E D E X 15 / F R A N C E / T É L . (1) 5 6 6 7 0 . 0 4 

Germany - THOMSON-CSF Elektronenrôhren GmbH / Am Leonhardsbrunn 10 / 6 FRANKFURT/MAIN / Tel. (0611) 70 20 99 
Italy -THOMSON-CSF Tubi Elettronici SRL / Viale degli Ammiragli 71 / ROMA/Tel. (6) 38 14 58 

Japan - THOMSON-CSF JAPAN K.K. / Kyosho Building /1.9.3 Hirakawa-cho / Chiyoda-ku / TOKYO f 102 / Tel. (03) 264 6341 
Sweden - THOMSON-CSF Elektronrôr AB / Box 27080 / S 10251 STOCKHOLM 27 / Tel. (08) 22 5815 

United Kingdom - THOMSON-CSF Electronic Tubes Ltd / Bilton House / Uxbridge Road / Ealing / LONDON W 5 2TT / Tel. (01) 579 55 11 / Telex : 25 659 
U.S.A. - THOMSON-CSF Electron Tubes Inc / 750 Bloomfield Avenue / CLIFTON NJ 07015 / Tel. (201) 7791004 m 
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L O W C O S T 
CAMAC 

NEW BHT 231 

NON-INDICATING 
BRANCH TERMINATOR 
EX. STOCK 950.00 F.S. 

CUT SYSTEM COST 

INSTRUMENTATION 
EMPTY MODULES 
BRANCH HIGHWAY CABLES 

SEMRA BENIN!EY 
(ELECTRONICS LTD.) 
B R I C K F I E L D L A N E , 

C H A N D L E R S F O R D , E A S T L E I G H 

H A M P S H I R E , U K , S 0 5 3 D P 

T E L . ( 0 4 2 1 5 ) 6 1 1 4 7 & 5 4 7 7 

Entreprise de peinture 

Suisse 
Moyen-Or ient 
Espagne- I ta l ie 
Afr ique du Nord 
Ile de la Réunion 
Belgique 

C.E.R.N. - GENÈVE 

Prézioso International S.A. 

S i è g e s o c i a l : 

1 5 , a v e n u e V i c t o r H u g o 

7 5 - P A R I S 1 6 e 

D i r e c t i o n a d m i n i s t r a t i v e : 

B .P. N ° 2 

S A I N T - C L A I R D U R H Ô N E 

3 8 3 7 0 Les R o c h e s d e C o n d r i e u 

T é l . ( 7 4 ) 8 5 5 3 0 7 

8 5 5 2 2 8 

T é l e x : 9 0 4 0 4 F 

Technical Rubber 
and Plastic Goods 

This is your 
a d d r e s s : 

8051 Z u r i c h 
T e l . ( 0 1 ) 4 0 11 00 

A s k for f r e e l i t e ra tu re by s e n d i n g th is c o u p o n 

• h o s e c a t a l o g u e 

• h y d r a u l i c h o s e c a t a l o g u e 

• a i r h o s e c a t a l o g u e 

• o - r i n g s a n d s e a l s c a t a l o g u e 

• r u b b e r s h e e t i n g s a m p l e b o o k 

• p o w e r t r a n s m i s s i o n e l e m e n t s 

• r u b b e r a n d p l a s t i c s p r o f i l e s 

• p r o t e c t i v e r u b b e r g l o v e s 

• M A A G i n f o r m p e r i o d i c a l 

• d i e l e c t r i c m a t e r i a l s 

N a m e 

D e p a r t m e n t 

I n t e r n a l t e l e p h o n e N o 

S p e c i a l i n t e r e s t s 

S i g n a t u r e _ D a t e _ 

W e h a v e s p e c i a l r a d i a t i o n res is tan t r u b b e r c o m p o u n d s tha t g i v e 
u n i q u e s e r v i c e - p l e a s e c o n t a c t us for h o s e s , pro f i les , s h e e t s , 
s e a l s , c a b l e s . 
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The World of 
TITANIUM 

W h a t d o y o u k n o w a b o u t T i t a n i u m ? T h i s v e r s a t i l e 

m e t a l c o m b i n e s s t r e n g t h w i t h l i g h t n e s s a n d e c o n o m y . 

T i t a n i u m h a s m a d e a w o r l d o f d i f f e r e n c e i n s o m a n y 

i n d u s t r i a l a p p l i c a t i o n s . 

S h o u l d n ' t y o u b e u s i n g i t ? F i n d o u t b y c o n t a c t i n g 

m e t a l l b o d i o LTD., 
P.O. B O X 2 9 6 S T E I N E N T O R S T R . 2 0 , C H - 4 0 1 0 B A S L E 
T E L . 0 6 1 2 3 8 9 5 3 T E L E X 6 2 2 7 0 

A g e n t s f o r 
T I T A N I U M M E T A L & A L L O Y S L I M I T E D , 

2 M E T A L E X C H A N G E B L D S . , L O N D O N , E.C.3. 

WAVETEK INFORMATION 
The new WAVETEK 159 
function generator 

J u s t p r e s s a b u t t o n — y o u r s e l e c t i o n is d i s p l a y e d b y 

a n L E D s y s t e m . 

A l l f u n c t i o n s c a n b e p r o g r a m m e d i n t h e A S C / I I C O D E 

K e y b o a r d f o r l o c a l i n p u t u p t o a m a x i m u m o f t e n 

d e v i c e s 

D i g i t a l d i s p l a y s f o r f r e q u e n c y , a m p l i t u d e , D C o f f s e t 

a n d f u n c t i o n s 

S i n e , t r i a n g u l a r , s q u a r e a n d s a w - t o o t h w a v e f o r m s 

u p t o 3 M H z 

C o n t i n u o u s , t r i g g e r e d o r g a t e d m o d e s 

K e y b o a r d c a n b e l o c k e d f o r f u l l c o m p u t e r c o n t r o l 

T r a d i t i o n a l W A V E T E K s p e c i f i c a t i o n 

Kontron Electronic AG 
Bernerstrasse 169.8048 Zurich, Telefon 01 62 82 82, Telex 57439 

LEYBOLD-HERAEUS 

Q 
Pompes rotatives 

à palettes 

Pompes -tr ivac®-S et - tr îvac-D 

B o n v i d e l im i te avec o u s a n s lest d 'a i r 

Déb i t é l evé m ê m e d a n s les basses p r e s s i o n s 

F o n c t i o n n e m e n t s i l e n c i e u x et e x e m p t d e v i b r a t i o n s 

R a c c o r d e m e n t pa r b r i d e s P N E U R O P 

G r a n d e r o b u s t e s s e , m ê m e en s e r v i c e c o n t i n u 

F i l t r age d ' h u i l e en c o n t i n u 

V a n n e d e s é c u r i t é i n c o r p o r é e 

P r o g r a m m e d ' a c c e s s o i r e s t r ès c o m p l e t 

LEYBOLD-HERAEUS AG 
O e r l i k o n e r s t r a s s e 88, T é l é p h o n e 01 46 58 43 

8057 ZURICH 

3 2 5 



Powerful 
partnership... 

Now, Hazemeyer of Holland and Brentford of England 
bring you a vast pooled 

experience in higly stabilized DC power supplies 

B r e n t f o r d o f E n g l a n d a n d H a z e m e y e r , f o r m e r l y S m i t N i j m e g e n , o f t h e N e t h e r l a n d s h a v e p o o l e d t h e i r 
v a s t e x p e r i e n c e i n D C p o w e r s u p p l i e s f o r n u c l e a r a n d p l a s m a r e s e a r c h . W i t h t h e i r b a c k g r o u n d o f h u n ­
d r e d s o f i n s t a l l a t i o n s a l l o v e r t h e w o r l d B r e n t f o r d / H a z e m e y e r p o w e r s u p p l i e s c a n p r o v i d e o u t p u t s f r o m 
1 k W t o 2 0 M W . 

S h o w t h e m y o u r l a t e s t r e q u i r e m e n t s a n d g e t t h e b e n e f i t f r o m t h i s u n i q u e p o o l i n g o f p o w e r b r a i n p o w e r . 

E x a m p l e s : 

• H i g h l y s t a b i l i z e d D C p o w e r s u p p l i e s f o r c u r r e n t s u p t o 2 0 k A a n d v o l t a g e s u p t o 2 k V a r e p o w e r i n g 
a m o n g s t o t h e r s b e n d i n g - a n d f o c u s s i n g m a g n e t s f o r p a r t i c l e a c c e l e r a t o r s i n G e n e v a ( C E R N ) , H a m ­
b u r g ( D E S Y ) , H a r w e l l ( R u t h e r f o r d L a b o r a t o r y ; D a r e s b u r y ; N I N A ) . 

• P u l s e d p o w e r s u p p l i e s a r e p r o d u c i n g l a r g e m a g n e t i c f i e l d s i n s e p t u m m a g n e t s . 

• A c c u r a t e l y c o n t r o l l e d p o w e r s u p p l i e s a r e c h a r g i n g c a p a c i t o r b a n k s f o r p l a s m a p h y s i c s e x p e r i m e n t s . 

• H i g h v o l t a g e r e c t i f i e r s a r e s u p p l y i n g p u l s e d i o n s o u r c e s u p t o 6 M W . 

• H e a v y c u r r e n t r e c t i f i e r s a r e g e n e r a t i n g l a r g e m a g n e t i c f i e l d s i n Z c o i l s t o s t a b i l i z e t o r o i d a l p l a s m a s . 

Hazemeyer 
H a z e m e y e r B . V . R T - d e p a r t m e n t 
P . O . B o x 2 3 , H e n g e l o , 
H o l l a n d , 
T e l e p h . 0 5 4 0 0 - 6 2 7 2 3 
T e l e x 4 4 8 9 2 

Brentford 
B r e n t f o r d E l e c t r i c L i m i t e d M a n o r 

R o y a l , C r a w l e y , W e s t S u s s e x R H 1 0 2 Q F 
E n g l a n d , 

T e l e p h . : C r a w l e y ( 0 2 9 3 ) 2 7 7 5 5 
T e l e x 8 7 2 5 2 

T h e p o w e r s e c t i o n o f a 1 8 5 v o l t 1 1 0 0 a m p e r e 
B r e n t f o r d / H a z e m e y e r h i g h l y s t a b i l i z e d D C p o w e r s u p p l y . 
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Compact packaging — 12 channels per 
s ingle-width module means fewer crates, 
smaller systems, less gate fan-out. 

Well-controlled pedestal — Advanced 
hydr id circui t f ront end el iminates 
peak shifts a n d / o r constant ca l ibrat ion. 

Excellent input impedance match — 
minimizes possibi l i ty of d ig i t i z ing input 
ref lect ions. 

10-bit resolution — one part in 1024. 

Widest dynamic range —4 times the range 
of 8-bit ADC's allows broader spectra, 
better accuracy, s impl i f ied setup. 

High sensitivity — 0.25 p icocou lomb 
per count. 

No feedthrough — Up to 1,000-fold overloads 
are rejected by fast gate, e l im ina t ing 
spurious data due to out -o f - t ime chamber 
f i r ings, noise, etc. 

Uniform sensitivity throughout gate 
interval — Negl ig ib le modula t ion of measure­
ment w i t h posi t ion of signal w i t h i n gate. 

Well-ventilated module — Low component 
count, less than one-f i f th of compet ing 
designs, permits free c i rculat ion of air for 
cooler, more rel iable, longer- last ing 
operat ion. 

Fast clear input — Enables fast reject ion 
of unwanted data w i t h i n 2 fis w i t hou t any 
dataway operat ion. 

DC test input — DC level at f ront-panel 
connector (or patch pins on dataway) 
injects propor t ional amount of charge into 
all ADC's simultaneously. 

Full LAM functions. 

High digitizing speed — w i thou t sacrifice 
in di f ferent ial l ineari ty. 

LAM and Q suppression — el iminates 
readout of empty modules. 

maim 

ADC's by 
the dozen 
The new Mode l 2 2 4 9 : 
12 ADC 's in a single 
c o m p a c t C A M A C module 

LRS has m o r e e x p e r i e n c e w i t h f as t - pu l se A D C s t h a n 
any o t h e r m a n u f a c t u r e r in t h e w o r l d . T h e M o d e l 2248 
8 - c h a n n e l A D C is t h e s t a n d a r d a t v i r t u a l l y al l p a r t i c l e 
acce le ra to rs . . . a n d t h o u s a n d s o f c h a n n e l s are 
a l ready in use in e x p e r i m e n t s . 

A l l th is e x p e r i e n c e has b e e n e m b o d i e d in o u r 
n e w e s t A D C , t h e 1 2 - c h a n n e l , 1 0 - b i t Model 2249, t o 
m a k e i t t h e m o s t ve rsa t i l e a n d r e l i a b l e A D C ava i l ab le . 
T h e n e w 2249 is d e s i g n e d s p e c i f i c a l l y f o r use in t h e 
m o s t d e m a n d i n g a p p l i c a t i o n s — a p p l i c a t i o n s such as 
p a r t i c l e i n d e n t i f i c a t i o n us i ng d E / d x c o u n t e r s . . . r e c o r d ­
i n g x - ray , n e u t r o n , o r r eco i l p r o t o n ene rg ies us ing 
lead glass o r o t h e r t o t a l e n e r g y a b s o r p t i o n c o u n t e r s 
. . . i m p r o v i n g t i m e r e s o l u t i o n by c o r r e c t i n g f o r s l e w i n g 
d u e t o va r iances in c o u n t e r o u t p u t a m p l i t u d e s . . . a n d 
d e b u g g i n g o r m o n i t o r i n g p r o p o r t i o n a l o r d r i f t c h a m b e r s . 

For f u r t h e r i n f o r m a t i o n , ca l l o r w r i t e 
Raymond Chevalley, T e c h n i c a l D i r e c t o r , LeCroy Research 
Systems SA, G e n e v a , o r y o u r l oca l LRS Sales O f f i c e . 

L R S 
L e C r o y R e s e a r c h S y s t e m s S A 
8 1 , A v e n u e L o u i s C a s a i • 1 2 1 6 C o i n t r i n - G e n e v a • S w i t z e r l a n d 

P h o n e : ( 0 2 2 ) 3 4 3 9 2 3 T e l e x : 2 8 2 3 0 

L e C R O Y R E S E A R C H S Y S T E M S C O R P O R A T I O N 

1 2 6 N o r t h R o u t e 3 0 3 W e s t N y a c k , N . Y . 1 0 9 9 4 

P h o n e : 9 1 4 / 3 5 8 - 7 9 0 0 • T W X : 7 1 0 - 5 7 5 - 2 6 2 9 • C a b l e : L E R E S C O 

SALES REPRESENTATIVES IN : 
S W I T Z E R L A N D 

LeCroy Research S y s t e m s S .A . 
81 , A v e n u e L o u i s - C a s a i 

1216 Co in t r i n -Geneva 
Sw i t ze r l and 

GERMANY 

Canbe r ra Elekt ron ik G m b H . 
Ge le l ts t rasse 10 

6000 F r a n k f u r t / M a i n 70 
W e s t Ge rmany 
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„allround" 
they say when talking about optical glass made by SCHOTT 

They could not pay us a better compliment. 
And it's no exaggeration; we really deserve it. 

Not only because we have been manu­
facturing optical glass for more than 
80 years, but because we offer the 
largest range of supplies — of highest à 
quality. This is just impossible J 
to imitate — say the experts. m 

Apart from the well-known production 
program we manufacture other 
top-quality glasses such as A 
# glass for fibre optics m 
# glass with interference layers 
# glass for the protection from JHj 
gamma rays # glass for laser Jfrjk 
technology, etc. JWlSi 

We are prepared to comply 
also with special wishes. In one 
word: "allround". 

SCHOTT JENAERGLASWERKSCHOTT&GEN,MAINZ 
(West Germany) 
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