


CERN, the European Organization for 
Nuclear Research, was established in 
1954 to provide for collaboration 
among European States in nuclear re­
search of a pure scientific and funda­
mental character, and in research 
essentially related thereto'. It acts as a 
European centre and co-ordinator of 
research, theoretical and experimental, 
in the field of sub-nuclear physics. This 
branch of science is concerned w i th 
the fundamental questions of the basic 
laws governing the structure of matter. 
The Organization has its seat at Meyrin 
near Geneva in Switzerland. There are 
t w o adjoining Laboratories known as 
CERN Laboratory I and CERN Labo­
ratory I I . 

CERN Laboratory I has existed since 
1954. Its experimental programme is 
based on the use of t w o proton ac­
celerators — a 600 MeV synchro-cyclo­
tron (SC) and a 28 GeV synchrotron 
(PS). Large intersecting storage rings 
( ISR), are fed w i th protons from the PS 
for experiments w i th col l id ing beams. 
Scientists from many European Un i ­
versities as wel l as from CERN itself 
take part in the experiments and it is 
estimated that some 1500 physicists 
draw research material f rom CERN. 

The CERN Laboratory I site covers 
about 80 hectares almost equally 
divided on either side of the frontier 
between France and Switzerland. The 
staff totals about 3200 people and, in 
addi t ion, there are about 1000 Fellows 
and Scientif ic Associates. Twelve Euro­
pean countries contr ibute, in proport ion 
to their net national income, to the 
CERN Laboratory I budget, wh ich totals 
410 mil l ion Swiss francs in 1975. 

CERN Laboratory II came into being 
in 1 9 7 1 . It is supported by eleven 
countries. A 'super proton synchrotron' 
(SPS), capable of a peak energy of 
400 GeV, is being constructed. CERN 
Laboratory II also spans the Franco-
Swiss frontier w i th 412 hectares in France 
and 68 hectares in Switzerland. Its bud­
get for 1975 is 237.9 mil l ion Swiss francs 
and the staff totals about 450. 

CERN COURIER is published monthly 
in English and French edit ions. It is 
distr ibuted free to CERN employees 
and others interested in sub-nuclear 
physics. 
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Further contacts with China 
In conversation at the National Peoples Congress 
Palace, left to right, Mme Charpak, Mrs Weiss-
kopf, G. Charpak, Mrs Jentschke, V.F. Weisskopf, 
W.K. Jentschke, Wu Lein-Fu, two Chinese 
interpreters, L. Van Hove, Mme Van Hove. 

(Photo Hsinhua News Agency) 

In the Summer of 1973 a delegat ion 
of physicists f rom the Peoples Repub­
lic of China, headed by Professor 
Chang W e n - Y u , made an extensive 
tour of h igh energy physics Labo­
ratories in the USA conc lud ing w i t h a 
week 's visi t to CERN. In September 
there was a return visi t f rom CERN by 
W.K. Jentschke (Director General of 
Laboratory I ) , G. Charpak, L. Van Hove 

~^nd V.F. Weisskopf. The inv i ta t ion for 
.nis visi t proved to be much more 
than an act of reciprocal hospital i ty. 
The discussions in China were w i d e -
ranging and tho rough and carried the 
contacts between the scient i f ic c o m ­
munit ies a stage further. 

Since the 1973 tour, the Academia 
Sinica ( the Chinese Academy of 
Sciences) has decided to establish an 
Inst i tute of High Energy Physics head­
ed by Chang W e n - Y u . This is n o w 
being set up in Peking w i t h a sizable 
staff. The Inst i tute is to w o r k on 
theoret ical h igh energy physics, par­
t ic le detector ins t rumentat ion and 
h igh energy accelerator studies. O b ­
v iously, in order to part ic ipate in ex­
perimental h igh energy physics f rom 
-Within China, the cho ice of an appro­

bate accelerator at th is stage of the 
research is not easy. 

The tour of the CERN group centred 
on Peking and Shangha i ; it t ook in 
several Universit ies, Inst i tutes and 
factor ies. The visi tors saw, for example 
the w o r k on contro l led thermonuclear 
fus ion ( invo lv ing laser techno logy and 
a m in i -Tokomak) at the Inst i tute of 

Physics at Peking, on computers (1 [is 
per operat ion) at the Universi ty of 
Peking where there is a theoret ical 
g roup in h igh energy physics, on lasers, 
th in f i lms and integrated circuits at 
Tsing Hua Universi ty, on reactor t ech ­
no logy at the Inst i tute of A tom ic 
Energy in Peking, on nuclear physics 
invo lv ing the use of a cyc lo t ron ( i n ­
c lud ing isotope product ion) at the 
Inst i tute of A tomic Energy S h a n g h a i . . . 

Some very f ine work , of ten emerg­
ing f rom modest means, was seen in 
the f ie ld of inst rumentat ion. This i n ­
c luded integrated circuits, many other 
electronic instruments and mul t iw i re 
chambers (a f o l l o w - u p f rom a cham­
ber passed by Charpak to the Chinese 
delegat ion in 1973) . It wasa l soobv ious 
that part of the role of the Universit ies 
is seen as that of research centres to 
feed know ledge into industry. 

Despite their achievements, the 
hosts insisted that China is a 'deve lop­
ing ' count ry in need of scient i f ic and 
technical input f rom the 'deve loped ' 
countr ies. Together w i t h th is, however, 
there was strong emphasis on self-
reliance. Though avid to learn f rom 
experience elsewhere, they insist that 
it must be the Chinese people t h e m ­
selves that do the wo rk and apply the 
know ledge . 

A t Peking and Shanghai , the CERN 
visitors gave lectures on the present 
status of h igh energy physics and its 
organizat ion in Western Europe. These 
talks, part icularly in Peking, were f o l ­
l owed by long, animated discussions 

w h i c h revealed that the Chinese phy­
sicists are we l l up - to -da te w i t h recent 
deve lopments and able to partake 
in in formed debate on current theories. 

On 13 September in Peking, there 
were t w o impor tant discussions c o n ­
cern ing the future development of the 
relat ionships between the scient i f ic 
communi t ies . In the morn ing , the inter­
est of the Chinese physicists in c o n ­
t i nu ing the contact was expressed by 
Professor Chien Shan-Ts iang, V ice-
Chairman of the Inst i tute of A tom ic 
Energy dur ing a tour of the Inst i tute. 
This was reiterated by Professor W u 
Y i u - H s u n , Vice-President of the A c a ­
demia Sin ica, at a dinner offered to 
the CERN visitors in the evening. 

These exchanges led to a h igh l igh t 
of the tour — a meet ing w i t h W u Lein-
Fu, V ice-Chai rman of the Standing 
Commi t tee of the Nat ional Peoples 
Congress. The Vice-Chai rman said 
that China wishes to see the contacts 
and exchanges w i t h h igh energy phy­
sicists, part icular ly of CERN, extended 
and again stressed the readiness of 
China to learn f rom scient i f ic and 
technica l experience elsewhere. 

In conc lud ing discussions w i t h 
Chang W e n - Y u , Tsu Hong-Yan and 
Tu T u n g - S h e n g of the Inst i tute of 
H igh Energy Physics, future exchanges 
of in format ion and of people were 
discussed. Concern ing the exchange 
of people, w e can f in ish w i t h a typical 
Chinese proverb quoted by W u Lein-
fu — 'One eye is better than a hundred 
ears'! 
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Around the Laboratories 

DESY 
PETRA construction 
to begin 
As part of the measures taken to 
st imulate the economy in the Federal 
Republ ic of Germany, the Min is t ry for 
Research and Techno logy has al locat­
ed money for the bu i ld ings of the 
proposed 19 GeV e lec t ron-pos i t ron 
storage r ing, PETRA. Add i t iona l funds 
to ta l l ing 14.85 mi l l ion D M have being 
granted for 1 9 7 5 / 7 6 to the DESY 
Laboratory for th is purpose. 

The funds inc lude money spec i f i ­
cal ly assigned to the bu i ld ing of extra 
exper imental halls. In the PETRA pro­
posal , money is requested for the 
const ruc t ion of four exper imental halls. 
The machine des ign, however , has 
e ight beam intersect ion regions and 
the possibi l i ty of four other halls, being 
bui l t in the context of internat ional 
col laborat ion in the use of the machine, 
was left open. The money that has 
been al located is to cover the c o n ­
s t ruct ion of six halls, t w o of t hem to 
ensure accommodat ion for exper i ­
mental teams f rom other countr ies. 

The addi t ional budgetary a l locat ion 
has passed th rough all the relevant 
Commit tees. Since const ruc t ion plans 
are already comple te , bu i ld ing w i l l go 
ahead immediate ly w h e n the formal 
not i f icat ion is received f rom the 
Min is t ry . 

Improvements at the synchrotron 

In the midst of the exc i tement c o n ­
cerning the PETRA decis ion, the Labo­
ratory cont inues to tackle its imme­
diate tasks. A s h u t d o w n of the 7.5 GeV 
electron synchrot ron and the DORIS 
e lec t ron-pos i t ron storage r ings ex­
tended f rom 18 Augus t to 30 Sep tem­
ber w h i l e a series of improvements 
were imp lemented. Normal operat ion 
has n o w resumed. 

The eject ion system f rom the syn ­

chrotron for DORIS was rebui l t and 
the transfer channels be tween the 
machines were modi f ied to raise the 
DORIS in ject ion energy f rom 2 to 
4.3 GeV. It is n o w possible to f i l l 
DORIS at all operat ion energies, 
e l iminat ing the necessity of 'energy 
ramp ing ' in the storage ring itself. 
This w i l l improve operat ion at h igh 
energies. 

The 4 0 0 M e V linac II in jector has 
been modi f ied to y ie ld higher posi t ron 
currents. The linac used to have 
12 accelerator sect ions w i t h the elec­
t ron-pos i t ron converter pos i t ioned be­
h ind sect ion 5. The converter has n o w 
been moved downs t ream by t w o sec­
t ions leading to a 4 0 % increase in the 
energy of the bombard ing electrons 
and to a higher posi t ron y ie ld. A t the 
same t ime, t w o accelerator sect ions 
were added at the end of the l inac to 
keep the emerging posi t ron energy u n ­
changed. 

The l inac I injector was also m o d i ­
f ied for higher energy. In the usual 
DORIS in ject ion scheme, posi t rons 
and electrons can be fed in on a pulse-
to -pu lse basis. This necessitates s imu l ­
taneous operat ion of l inac II as a pos i ­
t ron injector and l inac I as an electron 
injector into the synchro t ron , the 
energy of l inac I was raised f rom 40 
to 60 MeV by doub l ing the klystron 
power. 

In readiness for pro ton in ject ion 
into the synchrot ron ( to take a first 
look at e lec t ron-pro ton co l l id ing beam 
prob lems) , a Van de Graaff proton 
injector was received in Augus t after 
successful test ing at the manufacturers. 
Its instal lat ion in the inner exper i ­
mental area of the synchrot ron begun 
in September and the proton in ject ion 
channel was instal led. The r.f. acceler­
at ing uni t for proton accelerat ion in 
the synchrot ron has been operated 
dur ing the summer, but technica l di f ­
f icul t ies in the contro l systems have 
caused some delay. The accelerat ing 
uni t was not, therefore, instal led dur­

ing the s h u t d o w n and w i l l probably 
be moved in in November. 

The storage rings, DORIS, are look­
ing in progressively better shape. 
Dur ing recent months , they have 
mainly operated at energies of 1.5 and 
1.84 GeV at currents of about 2 x 
250 m A and a beam l i fet ime greater 
than 10 hours. The average luminosi ty , 
over a per iod of several weeks, was 
about 4 x 1 0 2 9 per c m 2 per s. 

IN2P3 
Establishing centre 
at Annecy 
Construct ion of a Nuclear Physics 
Inst i tute is n o w in progress at Annecy 
in France (45 km f rom CERN) . It is to 
be a research centre speci f ical ly for 
the French Nat ional Inst i tute of N u ­
clear Physics and Particle Physics, 
k n o w n abbreviatedly as IN2P3. The 
aim is to have a laboratory close to 
CERN w h i c h can serve as a base for 
the physicists w h o are using the major 
CERN faci l i t ies and preparing for t h ^ 
future SPS experiments. Mos t of t h _ 
physicists w i l l come f rom the High 
Energy Div is ion of the IPN at Orsay. 

The const ruc t ion is on a 45-hectare 
site special ly set aside for the deve lop­
ment of the Universi ty of Annecy as 
part of the Universi ty of Savoie. 
Bu i ld ing is scheduled for comple t ion 
in Ju l y 1976 w h e n Professor M. Vivar-
gent , w h o is in charge of the project, 
w i l l be appo in ted the Director. It is 
in tended that personnel w i l l inc lude 
th i r ty - f ive physicists and about f i f ty 
technic ians and administrat ive staff, 
whose task w i l l be to prepare and 
carry ou t exper iments at CERN. A 
programme has already been d rawn 
up, compr is ing exper iments at present 
under w a y at the PS — the systematic 
invest igat ion of heavy mass particles, 
such as the J / ^ , w i t h the symmetr ical 
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The curtains of wires of a cylindrical mu/tiwire 
proportional chamber built at Orsay to look at 
the events produced by colliding electron-
positron beams in the new storage rings, DCI. 
Behind the wires can be seen a not unfamiliar 
journal. One could say that the appearance of 
CERN COURIER is always an event. . . 

(Photo Orsay) 

bispectrometer ( in co l laborat ion w i t h 
a team f rom I ISN Brussels) and the 
s tudy of sp in -dependent effects in 
p ro ton -p ro ton interact ions ( in c o l ­
laborat ion w i t h CERN and Oxford 
teams) . It also inc ludes current ISR 
exper iments — the s tudy of isobaric 
p roduct ion in the 1-4 interact ion region 
( in col laborat ion w i t h teams f rom 
CERN, Hamburg and V ienna) and the 

*"tudy of large-angle correlat ions ( in 
co l laborat ion w i t h Scandinav ian and 
M I T teams) . Finally the programme 
covers exper iments in preparat ion for 
the SPS — study of l a rge -momen tum 
transfer hadronic elastic interact ions 
( in col laborat ion w i t h teams f rom 
CERN, Genoa, Oslo and Universi ty 
Col lege London) and a s tudy of 
muon inelastic scatter ing using a large 
spectrometer, as part of a European 
co l laborat ion. 

ORSAY 
Cylindrical detector ac­
curate and transparent 
~A so lenoid magnet ic detector, w h i c h 
>vill be instal led on the new DCI 
e lect ron-pos i t ron co l l id ing beam ma­
chine at Orsay (see J u l y issue, page 
2 2 9 ) , is being used at present on the 
smaller storage r ing A C O . It has been 
in operat ion for nine months . 

The detector was des igned dur ing 
the very f irst f e w months f o l l o w i n g 
the deve lopment of mu l t iw i re propor­
t ional chambers at CERN, and has 
incorporated the most sophist icated 
features of this type of chamber. The 
so lenoid sets up a f ie ld of 0.9 T and 
encloses four concentr ic cyl indr ical 
proport ional chambers 0.26 to 1.60 m 
in diameter and 0.5 to 1.06 m long . 
This part icular geometry gives an 
acceptance of 2TT in the azimuthal 
plane. Mu l t ip le scatter ing is min imised 
by the extreme transparency of the 
chambers (6 x 1 0 4 radiat ion leng th) . 

A problem w i t h these techniques is 
to measure both co-ord inates w i t h a 
s ingle chamber. A novel method i n ­
vo lv ing detect ion in the cathode plane 
in con junc t ion w i t h the t radi t ional 
method of detect ion in the anode plane 
has been developed and has been in 
use at the Laboratory for four years. 
The chamber has anode wires parallel 
to the axis and t w o sets of cathode 
wires incl ined at ± 45° to the anode 
wi re direct ion supported by coated 
glass f ibres. This array makes it pos­
sible to locate the track of a charged 
particle to w i t h i n 0.6 mm. The accur­
acy of the cathode measurement is 
very nearly as good as that of the 
anode measurement, w h i c h is d i f f icu l t 
to achieve in this type of detector. 

A charged particle describes a he l i ­
cal t rajectory in the solenoid and is 
p icked out by four readings, making 
it possible to measure the momen tum 
to w i t h i n 0 .5%. The data is read-out 
by an on- l ine computer f rom amp l i ­

fiers associated w i t h each of the 
11 520 anode or cathode wires. The 
events may be moni tored dur ing the 
exper iment on a display screen. A new 
measurement of the fo rm factor of 
the p ion at l o w energy has already 
been made using th is detector. 

DUBNA 
News on relativistic 
nuclear physics 
'Relat iv ist ic nuclear physics ' . is a new 
t rend , on the boundary between h igh 
energy nuclear physics and elementary 
part icle physics. It embraces the f ie ld 
of mu l t i -ba ryon phenomena, corre­
spond ing to the cond i t ion where a 
part icle has momen tum (p) very much 
greater than its mass (m) . 

One of the characterist ic pheno­
mena is the cumulat ive effect w h e n a 
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part icle, such as a p ion , receives 
energy f rom a group of nucleons in a 
relativist ic nucleus. In 1 9 7 1 , it was 
announced that Dubna had seen such 
an effect in the product ion of p ions by 
relativistic deuterons. These exper i ­
ments also proved the scale invariance 
of the interact ion of relativistic nuclei 
w i t h hadrons, as A . M . Bald in, Director 
of the Laboratory of High Energy, 
predicted. 

The ratio of the dif ferential cross-
sect ions of p ion product ion by deute­
rons and by protons at zero degrees 
for the same p / p m a x ratio was f ound 
to be independent of the energy of 
the inc ident particles and of the pions 
produced. The exper iments were car­
ried w i t h 11 GeV deuterons, f rom the 
synchro-phasot ron . 

Since these first results, research in 
the f ie ld of relativistic nuclear physics 
has progressed in var ious direct ions 
using a variety of techniques. 

The group led by V.S. Stavinski j has 
invest igated meson product ion on 
various nuclei look ing at the back­
ward p ions produced in the col l is ion 
of a nucleus at rest bombarded by a 
pro ton. Invest igat ions were made w i t h 
the nuclei of 6 L i , 7 L i , C, A l , Cu, 1 4 4 S m , 
1 5 4 S m , 1 8 2 W , 1 8 6 W , and Pb and it was 
s h o w n that the invariant cross-sect ion 
of cumula t ive p ion product ion i n ­
creases pract ical ly l inearly w i t h atomic 
we igh t . 

W i th higher cumulat ive orders ( i n ­
creasing the number of nucleons of 
the f ragment ing nucleus) and w i t h 
secondary particles other than pions, 
the exponent in the dependence of 
the cross-sect ion on the atomic n u m ­
ber, A, becomes greater than unity. 
The dependences of the cross-sect ion 
on the atomic number were deter­
mined up to A 2 (when the secondary 
part icle is a deuteron) . These depen­
dences conf i rm the existence of g roup 
and col lect ive dependences of n u ­
cleons in nucle i . Scale invariance of the 
part icle p roduc t ion cross-sect ion was 

also s h o w n to apply in the region of 
cumulat ive orders higher than 2. 

Studies have been made of proton 
emission in the backward d i rect ion 
dur ing h igh energy p ion interact ions 
w i t h carbon nucle i . These exper iments 
were carried ou t in a 2 m propane 
bubble chamber exposed to a 4 0 GeV 
meson beam at Serpukhov. It was 
f o u n d that in processes where the 
pro ton is emi t ted backward w i t h a 
momen tum of over 3 0 0 M e V / c , (i.e. 
w h e n the cumulat ive effect takes 
place) scale invariance is observed in 
the 5 to 4 0 GeV energy range. Research 
into the cumulat ive effect is con t i nu ­
ing. 

Other exper iments at Dubna involve 
a 17 GeV alpha part icle beam directed 
on to the S K M - 2 0 0 instal lat ion, the 
main part of w h i c h is a 2 m streamer 
chamber in a magnet ic f ie ld. The 
main aim is to s tudy the characterist ics 
of the interact ion of relativistic nuclei 
w i t h other nucle i . A t present studies 
are being carried out on the inter­
act ion of alphas w i t h l i th ium nuclei 
in a target inserted in the streamer 
chamber. 

Emulsions have been irradiated in 
beams of relativistic deuterons and 
alpha-part ic les and the init ial results 
on the interact ions w i t h the emuls ion 
nuclei g ive in format ion on tota l i n ­
elastic cross-sect ions. 

Preparatory w o r k is being carried 
ou t in order to direct beams of relat iv­
istic nuclei f rom the synchro -phaso­
t ron to the bubb le chambers — 2 m 
propane, 1 m hydrogen and 26 litre 
xenon chambers. 

A b ig programme of research is 
under w a y at the synchro-phasot ron 
bombard ing a th in internal target. S l ow 
recoil protons are recorded by te le­
scopes of semiconductor detectors. 
This or ig inal techn ique was success­
fu l ly used in exper iments at Serpu­
khov and at the Fermi Lab. The current 
programme concerns studies of elastic 
scatter ing of nuclei on nuclei and the 

f ragmentat ion of a fast pr imary nucleus 
and the target nucleus. 

Similar to the exper iments carried 
out w i t h a th in internal target at 
Dubna are the col laborat ive exper i ­
ments w h i c h are part of a Soviet -
Amer ican Agreement for scient i f ic and 
technical co-opera t ion . The f o r t hcom­
ing w o r k includes a s tudy of elastic 
and inelastic p ro ton-he l ium scatter ing 
at the 4 0 0 GeV Fermi Lab accelerator 

For research in relativistic n u c l e a r -
physics, it is desirable to accelerate 
heavy nuclei also. To obta in such 
beams it is preferable f irst to str ip the 
atoms of all orb i t ing electrons in an 
ion source. Prel iminary accelerat ion 
can then be carried out w i t h the usual 
injectors and they can subsequent ly 
be accelerated in a synchrot ron. 
Development w o r k is being carried 
out at Dubna on a cryogenic variant 
of the e lec t ron-beam source of mu l t i -
charged ions (KRION) w h i c h is a l ­
ready able to produce beams of nuclei 
of elements w i t h Z f rom 6 to 10 w i t h 
an intensi ty of 1 0 1 0 particles per pulse 
and also h igh ly -charged ions such as 
A + 1 5 , X e + 2 9 . 

Ionizat ion in th is source is produced 
by a magnet ical ly focused electroi 
beam w h i c h has a current densi ty 
w h i c h increases dur ing the pulse. To 
fu l ly ionize n i t rogen atoms in the 
KRION electron beam, it is necessary 
to hold the ions in the electron beam 
region for 4 0 to 50 ms wh i l e the beam 
densi ty rises to 30 A / c m 2 . A vacuum 
of 2 x 1 0 1 1 torr in th is region is pro­
duced by cryosorpt ion. A supercon­
duc t ing solenoid (1.5 T) focuses the 
beam. The length of the source is 1 m, 
the quant i ty of l iqu id hel ium stored is 
20 I and the consumpt ion of l iqu id 
hel ium 0.2 l /hour. To obta in beams of 
nuclei of heavier elements, the current 
densi ty of the electron beam in the 
source needs to be increased. 

The prospects offered by research 
in the f ie ld of relativistic nuclear phy­
sics depend on being able to make a 
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Layout of the injection units of the 12 GeV proton 
synchrotron nearing completion in Japan. It 
shows the location of the proposed new experi­
mental facility for nuclear and medical experi­
ments which would make use of the 'spare' 
500 MeV protons which will be available from 
the booster. 

detai led study of the asymptot ic region 
of the interact ion of relativist ic nucle i . 
The need for invest igat ions in this f ie ld 
is d ictated primari ly by the deve lop­
ment of the physics of s t rong inter­
act ions requir ing the invest igat ion of 
complex systems. Impor tant features of 
col l is ions of relativistic nuclei compar­
ed w i t h col l is ions of part icles are — 
the internal structure of the co l l id ing 
ob jec ts is k n o w n (at least in the n o n -
.elativist ic region) and the quan tum 
numbers of the co l l id ing objects can 
be varied over a w ide range; invest iga­
t ions can be made into mul t ip le pro­
cesses w h e n many part icles are pre­
sent and not on ly into the f inal state 
(cumulat ive ef fects) ; it is possible to 
make more just i f ied use of statist ical 
and hydro-dynamica l approachess ince 
averaging is over at greater number 
of conf igurat ions. The nuclei may 
serve as a realistic quark model of the 
relativist ic object . 

To investigate th is asymptot ic re­
g ion , the energy level in the Dubna 
synchro-phasot ron (up to 5.5 GeV/c 
per nuc leon) is not h igh enough . It 
seems essential to have an energy of 
At least 10 to 15 GeV per nuc leon. 

ubna has therefore prepared a p ro­
posal for const ruc t ing a cryogenic 
accelerator for relativist ic nuclei — a 
nuc leot ron w i t h an energy of about 
15 to 20 GeV per nuc leon , able to 
accelerate the nuclei of l ight and 
med ium elements. A n analysis of the 
list of problems that can be tack led by 
exper iments on a nuc leo t ron , cover ing 
an extremely w i d e range of quest ions, 
s h o w s that the nuc leot ron cou ld be­
come a very useful ad junc t to the 
fami ly of exist ing and p lanned h igh 
energy accelerators. 

KEK 
Boosting the booster 
Const ruc t ion of t h e . 12 GeV pro ton 
synchrot ron at the Nat ional Laboratory 

for H igh Energy Physics, KEK, in 
Japan proceeds on schedule. Dur ing 
the summer, tests on the 5 0 0 MeV 
booster con t inued and some impor­
tant decisions were taken. 

The 20 MeV linac has v i r tual ly 
reached its design intensity of 100 mA. 
A 95 m A beam at 20 MeV was 
achieved dur ing a test run f rom an 
input of 200 mA at 750 keV provided 
by the preinjector. The ion source is 
in fact prov id ing a 260 m A pulse. 

60 m A being lost at present dur ing 
transfer to the l inac tank. 

It has proved di f f icu l t to accelerate 
these h igh intensit ies th rough the 
booster. The r.f. vo l tage pulse appears 
to be t oo short and the result ing 
'bucket ' where the protons are cap­
tured and accelerated is too smal l . It 
has therefore been dec ided to add 
another r.f. cavi ty to spread the bucket. 

A n e w faci l i ty is being proposed to 
make use of the abil i t ies of the l inac 
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The new computer building, which has 
recently been completed and occupied at 
Stanford, looking serene in its Californian setting. 
It houses the Laboratory's IBM computers 
which are extensively used in 'real time' data 
processing on-line to experiments. The com­
puter system is also used by IBM for 'field 
tests' in developing advanced software. 

(Photo SLAC) 

and booster to provide more 5 0 0 MeV 
proton pulses than the main 12 GeV 
r ing can s w a l l o w (on ly nine pulses 
out of t w e n t y ) . It emerged as a jo in t 
proposal f rom a nuclear physics ex­
per imental g roup and a neutron di f­
f ract ion research group. Doctors in a 
cancer therapy g roup have also started 
to s tudy the appl icat ion of the proton 
beam for medical t reatment. 

A proposal is be ing put together 
ready for a budget request for 1976. 
It involves a pulsed m a g n e t a long the 
transfer l ine be tween the booster and 
the main r ing, def lect ing some of the 
5 0 0 MeV beam pulses to a n e w ex­
per imental faci l i ty . 

RUTHERFORD 
Laser facility 
On 3 October, the UK Science 
Research Counc i l announced that it 

is establ ishing central laser faci l i t ies 
at the Rutherford Laboratory for the 
use of Universi ty scientists. The in i ­
t ial investment of £ 1 mi l l ion w i l l 
cover the purchase of a versati le h igh 
power neodymium glass laser plus 
d iagnost ic and exper imental equ ip ­
ment. The tota l cost of p rov id ing and 
operat ing the faci l i t ies over the next 
six years is foreseen as £ 5.7 mi l l ion 
and there w i l l be a deve lopment pro­
gramme on laser and opt ical t echno l ­
ogy w h i c h may lead to the use of 
higher power lasers in the future. 

This decis ion f o l l ows a s tudy by a 
Commi t tee chaired by D.J. Bradley. 
It aims to sustain the h igh qual i ty of 
the UK research programmes invo lv ing 
h igh power laser pulses, in the l ight 
(no pun in tended) of progress in 
other countr ies, part icular ly the USA, 
USSR, Japan , France and Germany. 

The research programme w i l l tackle 
subjects such as — very dense plasmas 
produced by laser compress ion ; n o n ­

linear interact ions of laser radiat ion 
w i t h matter; laser deve lopment . . . 
The possible use of laser beams to 
induce contro l led fus ion reactions 
( w h i c h has been promoted perhaps 
rather prematurely) is not a direct part 
of the programme but if such a 
possib i l i ty is to be invest igated in the 
UK at a later stage, the in format ion 
com ing f rom the research at the 
Rutherford Laboratory w o u l d be e 
impor tant input . 

The main h igh power laser system 
w i l l be capable of power densit ies of 
over 1 0 9 M W per c m 2 , the laser 
del iver ing 10 J in 100 ps ( rod a m ­
pl i f ier) or over 2 0 0 J in 3 0 0 ps (disc 
ampl i f ie r ) . Extension to higher powers 
cou ld readily be made. It w i l l be 
possible to spl i t the disc ampl i f ier 
ou tpu t in to t w o beams to g ive s y m ­
metrical i r radiat ions. 

The comple te system is expected 
to be in operat ion, in i t ia l ly in t e m ­
porary accommoda t i on , f i f teen months 
f rom the t ime it is ordered. The broad 
suppor t for the Universi ty scientists, 
w h i c h can be prov ided by the exper i ­
enced Rutherford Laboratory, shou ld 
further st rengthen the UK researc k 

effort in this f ie ld . 

BROOK-HAVEN 
ISABELLE magnet 
outdoes design 
requirement 
On 6 October, a pro to type super­
conduc t i ng magnet for the proposed 
2 0 0 GeV proton storage rings, ISA-
BELLE, t opped the design f ie ld of 4 T 
the f irst t ime it was powered . The 
magnet is a fu l l size proto type 4 .25 m 
long. A prel iminary look at the f ie ld 
qual i ty in the d ipo le (no t at the ends) 
indicates that the f ie ld harmonics are 
also at the levels w h i c h w o u l d be 
appropriate for the operat ion of ISA-
BELLE. 
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A t the t ime of w r i t i ng , no detai led 
measurements of f ie ld qual i ty have 
been made. The magnet has been 
powered once more and quenched at 
the same f ie ld level t h o u g h the oper­
at ing temperature was s l ight ly higher 
(4.7 K compared to 4.3 K). This may 
indicate that the magnet w i l l - t ra in to 
higher f ields. 

This is the second fu l l size super­
c o n d u c t i n g d ipo le to be bui l t . The f irst, 
whose performance was reported in 
the September issue, page 273 , was 
hardly a fair test of the design since it 
was bui l t in a considerable hurry. To 
have hit the jackpot w i t h the second 
w i t h o u t any t ra in ing of the magnet is 
mak ing the ISABELLE project people 
very happy. 

ARGONNE 
Record energy 
for polarized protons 
On 30 September, polar ized protons 
were accelerated in the A rgonne Zero 
Gradient Synchro t ron to a new peak 
m o m e n t u m of 12 GeV/c . The c l imb 
o th is new high energy was a c c o m ­

pl ished in on ly 30 hours of machine 
deve lopment t ime despite the fact that 
f ive new depolar iz ing resonances ( t w o 
s t rong and three weak ) had to be 
crossed in go ing beyond the previous 
peak. 

In Ju l y 1973, the ZGS became the 
f irst accelerator to g ive polarized pro­
ton beams of GeV energy. Since then , 
operat ion w i t h polarized protons has 
been l imi ted to energies of 6 GeV for 
lack of funds and because of l imi ta­
t ions in the beam-l ines used to convey 
the polarized protons to exper iments. 
There has, however , been plenty of 
or ig inal w o r k to do w i t h polarised 
beams up to 6 GeV. N o w th ings are 
ready for higher energies. A new beam-
line w i t h superconduc t ing magnets is 
be ing instal led to take 12 GeV polar­

ized protons to the Effective Mass 
Spectrometer (see October issue 1974) 
and they can also be taken to the 
12 foo t bubble chamber. 

The speed w i t h w h i c h the beam 
energy cou ld be taken higher is a c o n ­
sequence of several improvements 
since the 1973 tests w h e n t w o weeks 
w o r k was needed to achieve 6 GeV. 
The higher beam intensi ty and the use 
of a fast polarimeter made it much 
easier to locate and cross the depo ­
larized resonances by means of rapid 
tune shifts using a pulsed quadrupole 
system. 

Improvements in the polarized ion 
source and in accelerat ion ef f ic iency 
give a beam over an order of magni tude 
more intense than was available t w o 
years ago. The fast polarimeter was 
developed by the group of C. Johnson 
at CERN and taken to the ZGS for 
test ing. It consists of t w o telescopes 
each w i t h three counters look ing at 
the recoil particles f rom a small po ly ­
ethylene target mounted in the ex­
tracted beam just outs ide the acceler­
ator r ing. Abso lu te measurement of 
the polar izat ion was per formed, as 
before, w i t h a polarimeter consist ing 
of a pair of doub le arm spectrometers. 

A t 9.5 GeV/c , w h e n the last s t rong 
resonance was crossed, the proton 
beam polar izat ion was measured as 
67 ± 1 2 % and no change was seen 
up to 12 GeV/c using the CERN polar i ­
meter. (A t the t ime of w r i t i ng the 
absolute value at the highest energies 
has not been checked.) 

A mon th of ZGS operat ion w i t h 
12 GeV polarized protons has n o w 
been scheduled for February of next 
year and further t ime is ant ic ipated 
later in the year. On the basis of the 
September tests the experimenters can 
expect an intensity of around 5 x 1 0 9 

polarized protons per pulse in the 
extracted beam. 

The avai labi l i ty of h igh energy 
polarized protons makes possible a 
series of measurements on p ro ton -

proton elastic scatter ing for the first 
t ime in the GeV energy range. This 
w i l l determine exper imental ly the a m ­
pl i tudes that govern the process. Be­
cause each particle in the init ial and 
f inal states has spin 1/2, a m in imum 
of nine independent measurements 
are required to make a unique deter­
minat ion of the ampl i tudes (assuming 
pari ty conservat ion and t ime reversal 
invar iance) . These measurements are 
being made by an A r g o n n e - N o r t h -
western g roup mainly at a beam 
m o m e n t u m of 6 GeV/c . A n array of 
propor t iona l w i re chambers is used to 
detect bo th scattered and recoil p ro ­
tons emerg ing f rom a polarized proton 
target. 

The first measurements have used 
the polar ized beam in con junc t ion w i t h 
an ethylene g lyco l polarized target in 
w h i c h the proton spins are a l igned 
vert ical ly, approximately normal to the 
scat ter ing plane. The polar izat ion of 
the pro ton beam, as it comes f rom the 
ZGS, is also in the vertical d i rect ion. 
However , the number of independent 
measurements that can be made w i t h 
the spin direct ions normal to the 
scatter ing plane is l imited and measure­
ments w i t h the polarizat ion or iented 
in the scatter ing plane are also re­
qui red. 

For th is purpose, a new super­
conduc t i ng sp in - t ipp ing magnet has 
been put into service. The so lenoid 
rotates the spins of the beam protons 
by 90° about the beam direct ion as 
they pass th rough it. It is a co ld bore 
magnet designed and fabr icated by 
Amer ican Magnet ics Inc., in co l labora­
t ion w i t h Argonne , and the cryostat 
was bui l t by Cryogenic Associates. 
The coi l w i n d i n g is 12.25 cm inner 
diameter and 178 cm long. The opera­
t ional current is 4 2 0 A, p roduc ing an 
integral f ie ld of 11.3 T.m for 6 GeV/c 
operat ion. The magnet has been in 
operat ion at the ZGS for several 
months w i t h o u t any problems. 

A polar imeter has recently been 
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The spin-tipping solenoid installed on the 
extracted polarized proton beam at Argonne 
which rotates proton spins in the incoming 
beam by 90° as they pass along its bore. It 
has been in operation for several months 
without problems. The tangle of wires is also 
associated with the polarized proton target and 
proportional wire chamber detectors of the 
experiment which are barely distinguishable on 
the left of the photograph. 

(Photo Argonne) 

added to measure the polar izat ion of 
the recoil protons. It consists of a 
b lock of carbon w i t h t w o propor t ional 
w i re chambers on either side. The spin 
of the recoil p ro ton is analyzed by a 
second scatter ing in the carbon, de ­
tected by the mul t iw i re propor t ional 
chambers. The polar imeter can be 
used to analyze polar izat ion c o m ­
ponents transverse to the recoil par­
t ic les d i rect ion of mo t i on , both normal 
to the scat ter ing plane and in the 
scat ter ing plane. 

The comb ina t ion of all these e le­
ments has a l l owed the f irst measure­
ment at h igh energies of a tr ip le sp in -
correlat ion parameter, denoted as (S, 
N; 0, S ) . In th is notat ion the spin 
or ientat ion of all four particles is g iven 
in the order: beam, target ; scattered 
part ic le, recoi l . Polarizat ion normal to 
the p roduc t ion plane is denoted by N, 
a long the part icle d i rect ion by L, and 
transverse to these t w o by S. A zero 
denotes that the part icle spin is not 
observed. In th is no ta t ion , a conven ­
t ional polarized target scatter ing ex­
per iment measures (0 , N ; 0, 0) w h i c h 
is the polar izat ion parameter. Earlier 
exper iments at the ZGS have measured 
such quant i t ies as ( N , N ; 0, 0) or 
(0 , N ; 0, N ) . In addi t ion to the t r ip le-
spin correlat ion measurement, the pre­
sent exper iment can measure (S, 0 ; 
0, S ) , by averaging over the target 
polar izat ion, and (0 , N ; 0, N ) , by 
averaging over the beam polar izat ion 
and detect ing a recoil part icle in the 
polar imeter in the plane of the first 
scat ter ing. 

The next step w i l l be to use a target 
w h i c h can be polarized in the scat­
ter ing plane, p rov id ing L- and S- type 
target polar izat ions. For th is, the pre­
sent polarized target magnet w i l l be 
replaced by a pair of superconduc t ing 
Helmhol tz coi ls w i t h the f ie ld direc­
t i on in the hor izontal plane. This m a g ­
net has been bui l t and successful ly 
tested and w i l l soon be instal led for 
operat ion in the exper iment next year. 

FERM1LAB 
On computing 
Compu t i ng for the exper imental pro­
gramme at the 4 0 0 GeV proton syn ­
chrot ron of the Fermi Nat ional Accelera­
tor Laboratory covers three basic tasks 
— on- l ine compu t i ng at the exper i ­
ments themselves, 'fast tu rna round ' 
compu t i ng to back up exper iments 
tak ing data and batch processing of 
the bu lk of the exper imental data. 

A b o u t 35 small computers are i n ­
vo lved in on - l i ne compu t i ng (main ly 
PDP-11 s used in a Fermilab con f igura­
t ion cal led B ISON — Basic Instrument 
for the Suppor t of On- l i ne Needs) . 
Fast tu rn -a round compu t i ng is imp le­
mented in the computer centre in a 
room on the 7 th f loor of the Hi-r ise 
bu i ld ing . A C D C 6 6 0 0 (131 kwo rds 
o f memory) has been instal led there 
since 1973. Its capaci ty became 
saturated this year and a second CDC 

(65 kwords of memory) was instal led 
in the summer of th is year. The t w o 
computers w i l l be l inked together in 
November and are expected to cater 
for the compu t i ng needs th rough to 
the middle of next year. 

A broad band data commun ica t ions 
ne twork ( B I S O N - N E T ) l inks the cen ­
tral computers to the small on - l i ne 
computers enabl ing sample checks on 
data to be made in 'real t ime' . The 
p roduc t ion pro to type modules for 
B I S O N - N E T are instal led. 

Remote j ob entry terminals are also 
being developed. They w i l l be able to 
ta lk to either the Fermilab computer 
centre or the I B M 3 7 0 / 1 9 5 at the 
A rgonne Nat ional Laboratory. 

The instal led compu t i ng faci l i t ies at 
the Laboratory are l imi ted, main ly due 
to the restricted f inancia l resources, 
and there are long range plans for 
major n e w equ ipment to cater for the 
needs in to the 1980s. Nevertheless, 
the Fermilab expects to be able to 
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SPIN-TIPPING 
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(12 Tesla-meters) 

POLARIZED 
TARGET SCATTERED 
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RECOIL 
PARTICLE 

V POLARIMETER 

Schematic diagram of the experiment measuring 
the 'triple spin correlation parameter' in proton-
proton elastic scattering. It requires the high 
energy polarized proton beam from the Argonne 
Zero Gradient Synchrotron, a spin-tip ping 
superconducting solenoid to rotate the proton 
spins, a polarized target and a polarimeter to 
analyze the spin of the recoil proton. 

POLARIZED 
BEAM 

mainta in a ' lean but adequate and 
responsive computer capabi l i ty ' . (A 
report by A.E. Brenner on the c o m ­

m u t i n g service appears in the Sep tem-
er issue of NALREP.) 

TRIUMF 
Cyclotron performance 
The cyc lo t ron at the T R I U M F Labo­
ratory in Canada is n o w in regular 
operat ion and exper iments are we l l 
under way . Proton beams w i t h ener­
gies be tween 1 8 0 to 5 2 0 MeV have 
been extracted and a 4 8 M-A average 
current was accelerated in a pulsed 
mode ( 1 0 0 f x s / 1 0 ms) . ( In normal 
operat ion currents are kept lower to 
keep radioact iv i ty prob lems manage­
able.) 

The mach ine is operated on a 
4 d a y s / w e e k schedule, 2 4 hours per 
day, over periods of e ight weeks f o l ­
l o w e d by a f e w weeks s h u t d o w n to 

take a look inside the cyc lo t ron and 
to implement improvements. Three 
8 hour shif ts per week go to machine 
deve lopment , the rest of the t ime 
go ing to feeding t w o beams s imu l ­
taneously to experiments. There are 
t w o exper imental halls on opposi te 
sides of the machine. Extracted beam 
currents are held d o w n to 3 0 0 nA in 
the 'Meson Hal l ' and 5 0 nA in the 
'Proton Hal l ' . 

The cyc lo t ron has a un ique abi l i ty 
t o send beams of independent ly var i ­
able energy and intensity to the t w o 
exper imental halls w h i c h can thus 
have their schedules f ixed indepen­
dent of one another. This is possible 
because of the accelerat ion of negative 
hydrogen ions. The ions are str ipped 
by in t roduc ing targets into the magnet 
gap y ie ld ing protons w h i c h are then 
bent out of the machine by the f ie ld 
w h i c h w a s ho ld ing in the negat ive 
ions. The radial locat ion of the targets 
dictates the energy of the emerg ing 
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protons and the extent to w h i c h the 
targets protrude into the beam sets 
the relative intensit ies of the emerging 
beams ( the absolute intensit ies be ing 
set by cont ro l l ing the intensi ty at 
in jec t ion) . The successful performance 
of these systems has been one of the 
most grat i fy ing features of the cyc lo ­
t ron operat ion. In general, cond i t ions 
are so reproducib le that it may soon 
be possible to let a computer set up 
the operat ing parameters. 

Mach ine deve lopment is concen ­
t ra t ing on s low ly increasing the i n ­
tensi ty towards 1 0 0 ptA, improv ing 
beam qual i ty ( reduc ing the emi t tance) , 
ach iev ing better vacuum cond i t ions 
( 1 0 ~ 8 Torr rather than 2 x 1 0 - 7 Tor r ) , 
accelerat ing polarized ions ( 3 0 0 nA 
w i t h 8 0 % polarizat ion have been 
obta ined f rom a Lamb shift type ion 
source) , and instal l ing a th i rd har­
mon ic r.f. ampl i f ier to give separated 
turn accelerat ion w h i c h w i l l reduce 
energy spread t o 1 0 0 keV at 5 0 0 MeV. 
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CERN News The SPS control room. In the foreground is the 
console which is now integrated into the control 
system. The top left and top right consoles are 
used for simulation runs and safety monitoring 
respectively. • 

On 23 September Academician P.L Kapitza 
visited the CERN Laboratories. He is pictured 
here (right) down the tunnel of the 400 GeV pro­
ton synchrotron listening to the explanations of 
R. Levy-Mandel. 

PS comes on again 
As w e reported in the September issue 
(page 2 6 9 ) , on 29 Augus t a fire broke 
ou t near the Sou th Hall of the proton 
synchrot ron. Besides damage due to 
the f ire itself, there has been consider­
able secondary damage caused by 
hydrochlor ic acid f rom the interact ion 
of burn ing PVC insulat ion and h u m i d ­
ity. The PS power s tat ion, the power 
suppl ies for the auxi l iary magnets, 
poleface w i n d i n g s and the in ject ion 
correct ion components , t im ing circuits, 
the hydraul ics of fast kicker magnet 97 
and many other pieces of equ ipment 
in the South Hall extension were all 
damaged to some extent, depend ing 
on h o w close they were to the fire. 

Thanks to the advice of J . Birabeau 
f rom the Surface Treatment workshop , 
a lot of electronic equ ipment was 
saved by fast c leaning act ion dur ing 
the week -end f o l l o w i n g the fire. Later, 
t w o special ist f i rms (Reichenberger 
and Al l ianz) helped by prov id ing the 
materials and the technica l instruct ions 
for c leaning up the cor rod ing electrical 
and electronic equ ipment . 

Rebui ld ing of the damaged equ ip ­
ment started in parallel w i t h the c lean­
ing operat ions and on 10 Sep­
tember the Linac started up again w i t h 
a provisional power l ine. On 15 Sep­
tember the Booster was able to take 
up the runn ing w i t h some machine 
exper iments and the target date of 
24 September for the s tar t -up of the 
w h o l e machine was achieved. This 
was thanks to great efforts, f rom both 
inside the PS Div is ion and outs ide 
(main ly the Site and Bui ld ings D iv i ­
s ions) , help ing those responsible for 
the damaged material. 

The physics programme is being 
operated at a reduced level for a f e w 
weeks hav ing started as p lanned on 
25 September w i t h internal targets 1 
and 8 shar ing beam at 19 GeV/c . The 
beam energy was not higher because 
of the non-avai lab i l i ty of the poleface 

w i n d i n g power supply but the spil l 
length was increased (600 ms) and 
the repet i t ion t ime was faster ( 1 . 8 s) 
than usual. Fi l l ing of the Intersect ing 
Storage Rings was done at 15 GeV/c . 
It proved possible to adjust the 
machine intensi ty to the level needed 
by the users (1.5 x 1 0 1 2 protons per 
pulse for the internal targets and 
2 x 1 0 1 2 ppp for the ISR) , despite the 
fact that the l o w energy correct ions 
were not usable, thanks to the use of 
the Booster in in ject ion. The next step, 
on 10 October, was to increase the 
energy to the usual levels of 2 6 - 2 4 
GeV/c using a power supply prov ided 
and adjusted to the characterist ics of 
the poleface w ind ings supp ly by ISR 
staff. S l o w eject ion 62 cou ld also 
start at that date. For the f o l l ow ing 
run, after an e ight day stop ( instead 
of 10 days ini t ia l ly foreseen), it w i l l 
a lmost be possible to carry ou t the 
normal exper imental programme, 
t h o u g h w i t h many provis ional so lu ­

t ions. The effects of the f ire are l ikely 
to be around t i l l Christmas. 

SPS control system 
taking shape 
One of the cont ro l consoles of the 
4 0 0 GeV proton synchrot ron is n o w 
connected via its computer and thk_ 
message transfer system to the satell i te 
computers w h i c h direct ly moni tor and 
contro l the machine components . 
Dia logue tests w i t h the computers 
have been under w a y since the beg in ­
n ing of Augus t and the entire system 
seems to be operat ing we l l . 

A l l t w e n t y - f o u r N O R D - 1 0 c o m ­
puters ini t ial ly ordered have been on 
site for some t ime and seventeen of 
them are n o w instal led in their dest ined 
posi t ions. The others are in act ion in 
the laboratories and the assembly hall . 

CERN 310.9.75 
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where they are used for ad just ing and 
test ing SPS equ ipment . This use has 
made it possible to check the rel iabi l i ty 
of the computers, w h i c h has proved 
we l l up to speci f icat ion, and to perfect 
the N O D A L language w h i c h w i l l be 
used in cont ro l l ing the machine. 
N O D A L is a very s imple interpretat ive 
language w h i c h can be learned qu ick ly 
by unspecial ised personnel , thus a l ­
l o w i n g those direct ly responsible for 
machine components to compose their 
o w n moni to r ing programs. 

The seven computers for the main 
contro l bu i ld ing are all n o w in place. 
The message transfer system, instal led 
by T ITN , has been used to t ransmit 
several mi l l ion messages be tween 
computers and it has achieved the 
speci f ied reliabil i ty. The contro l room 
has three man-mach ine d ia logue c o n ­
soles and a four th , simpler one, for 
mon i to r ing and safety. Console No. 1 
has been operat ing in the s imulat ion 
mode since Easter and is being used 
to develop programs and to test the 
man-mach ine d ia logue. Console No. 2 
is already l inked to the message t rans­
fer system and, since the beg inn ing 
of Augus t , it is th is console w h i c h has 
been involved in the tests of the chain 
— console / message transfer system / 
satell i te computer . 

The three consoles w i l l be almost 
ident ical and the accelerator w i l l nor­
mal ly be contro l led f rom a single one 
of them. The others w i l l be used for 
the separate cont ro l of part icular c o m ­

ponents dur ing machine s tudy periods 
and to contro l beam-l ines and exper i ­
mental areas dur ing periods of physics 
operat ion. 

W i t h the b lack -and -wh i te and c o l ­
our televis ion display screens and the 
s imple N O D A L language, machine 
cont ro l should become chi ld 's play, 
once the system is properly run- in — 
given reasonably br ight chi ldren. 

SC going up 
The 6 0 0 MeV synchro-cyc lo t ron is 
gradual ly c l imb ing towards the h igh 
level of performance w h i c h is the aim 
of the machine improvement pro­
gramme. A n internal beam intensi ty 
of 2.8 {iA was achieved in September. 

The repet i t ion rate of the machine, 
w h i c h is contro l led by the rotary c o n ­
denser, w i l l have to be raised in order 
to obta in the rated intensi ty of 10 piA. 
Only one in every t w o of the sixteen 
accelerat ion cycles in each turn of the 
rotor in the stator was used in a t ta in­
ing 2.8 [iA. W h e n all the cycles are in 
use, the repet i t ion rate w i l l be doub led , 
but before this is done a large number 
of precaut ions need to be taken. The 
equ ipment is h igh ly sophist icated and 
has to be nursed very gradual ly to its 
max imum performance. Since there 
are t w o rotary condensers, changes 
can be made w h e n necessary and 
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weak points can be corrected as they 
are ident i f ied. 

The vol tages appl ied to the Dee 
electrode in the synchro-cyc lo t ron w i l l 
also have to be increased to raise the 
intensi ty further. The range so far used 
has been restricted to between 14 
and 18 kV (vary ing dur ing the cycle) 
wh i l e the electrode is designed to 
w i ths tand a vol tage of 30 kV. The 
effect of increasing the vol tage is to 
capture and accelerate more particles. 
It is n o w possible to say that to attain 
10 [iA there wi l l be no need to go 
much beyond 20 kV. This shou ld 
ensure greater machine rel iabi l i ty, 
since it w i l l be runn ing we l l w i t h i n its 
l imits. 

Measurements on the beam itself 
have s h o w n that the ampl i tude of the 
radial and vert ical osci l lat ions is lower 
than 1 cm , a very good f igure for th is 
t ype of machine. Paradoxical ly, th is 
excel lent qual i ty is a d rawback w h e n 
a t tempt ing to share the beam between 
an internal target and an extract ion 
channel . It is much more d i f f icu l t t o 
spl i t the present small beam precisely 
than it was w i t h the o ld machine 's 
larger one! Extraction eff ic iency is n o w 
at 7 0 % compared w i t h the previous 
f igure of 7 % (not 1 % as ment ioned 
in the J u l y issue). 

Radiat ion problems, such as those 
associated w i t h the useful life of the 
uni ts of the internal targets, are also 
beg inn ing to raise their heads. This 
w i l l become more important as the 
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Inside the tunnel which will house the iron 
shielding for the neutrino beam-line. The photo­
graph shows a 14 ton disc which has been 
carried by a trolley on rails to the position in the 
tunnel where it is to be unloaded. 425 of these 
discs, each 2.50 m in diameter and 40 cm thick, 
will be installed to stop all particles other than 
neutrinos. 

intensi ty increases further. One so lu ­
t i o n , invo lv ing the eventual e l imina­
t ion of internal targets, is being c o n ­
sidered but it requires new f i t t ing ou t 
of exper imental areas. The op t imum 
solut ions are se ldom the cheapest. 

A new machine t r ick w h i c h is n o w 
being used is to reverse the SC m a g ­
netic f ie ld and invert the central region 
so that the protons circulate in the 
opposi te d i rect ion. This makes it pos­
sible to extract a w ider variety of 
secondary particles f rom the internal 
targets. This operat ion is made easier 
by the central region arrangement, 
w h i c h a l lows it t o be removed and 
inverted very qu ick ly . 

The ef f ic iency of the beam transfer 
l ine to the ISOLDE isotope separator 
on- l ine , w h i c h comprises a 60 m beam-
l ine, has n o w risen to 8 8 % , g iv ing 
ISOLDE beams of h igh intensity. 

Iron in the 
neutrino line 
Work has started on the instal lat ion 
of the sh ie ld ing w h i c h is designed to 
f i l ter ou t all part icles other than neu ­
t r inos en route f rom the 4 0 0 GeV pro­
ton synchrot ron to the 3.7 m European 
Bubble Chamber, BEBC, ready for the 
neutr ino exper iments w h i c h w i l l be an 
impor tant part of the SPS programme. 

To produce the neutr inos, protons 
f rom the SPS are di rected on to a 
target near the accelerator r ing g iv ing 
rise to the produc t ion of p ions and 
kaons w i t h an average energy of 
around 4 0 GeV/c . A magnet w i l l c o n ­
centrate these particles in to a 13 mrad 
cone and a second magnet , 9 0 m 
downs t ream, w i l l fur ther focus the 
beam. The pions and kaons w i l l then 
enter a vacuum tube measuring 1.20 m 
in diameter and 3 0 0 m long , in w h i c h 
most of t hem w i l l decay, g iv ing rise 
to muons and neutr inos. 

Once the neutr inos have been pro­
duced , all other part icles, in part icular 
the muons, have to be e l iminated f rom 
the beam. This w i l l be the task of the 
sh ie ld ing, w h i c h is n o w being instal led, 
compr is ing 170 m of iron ( f o l l owed by 
180 m of ear th) . Calculat ions s h o w 
that th is sh ie ld ing (equiva lent to 
2 3 0 m of iron w i t h a densi ty of 7.2) 
w i l l reduce the muon f lux f rom 1 0 1 3 

to 10 in each machine pulse, under 
standard operat ing cond i t ions . 

The iron sh ie ld ing is be ing erected 
in an underground tunne l w i t h a 4 % 
slope, s ince the neutr ino beam is 
c l imb ing up f rom the underground 
SPS to BEBC at g round level. It c o n ­
sists of 4 2 5 iron discs, f rom w h i c h an 
arc is cut so that they can stand on 
the f loor of the tunne l . Each disc, is 
2.50 m in diameter, 40 cm th ick , and 
we ighs about 14 tons. They are lower ­
ed d o w n a shaft, and run on a ra i l -
moun ted tro l ley to their desired loca­
t ion at a rate of ten per day. Gaps 

be tween the discs and the tunne l wa l ls 
are then f i l led w i t h concrete to s top 
particles w h i c h migh t o therwise sneak 
th rough . The concrete is of a type 
w h i c h does not adhere to the iron 
w h i c h can thus be readily salvaged at 
a later date if necessary. This is qu i te 
a substant ial long- te rm investment. 

A gap has been left in the shie ld ing 
after the f irst ten metres for the insta l ­
lat ion of muon detectors and simi lar, 
spaces w i l l be left every 20 m so that 
detectors can moni to r the muon f lux 
progressively t h rough the sh ie ld ing. 
Posi t ion ing of the shie ld ing w i l l be 
complete by the end of the year. 
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Recent discoveries 
in high energy physics 

At the 14th International Cosmic Ray Conference 
at Munich in August, Professor S chop per, 
Director of the DESY Laboratory, 
reviewed the recent findings. This is an abridged 
version of his talk. It is a little more specialised 
than we normally include but, for those who 
recall some of their physics education, it adds 
background to the arguments that we have been 
sketching in recent articles. 

A/hy are physicists so exci ted about 
the new part icle discoveries — the J 
or ^ fami ly of particles f o u n d at Brook-
haven, DESY and Stanford? First of 
all it had not been expected that 
bosons (spin = 1 part icles) more than 
t w e n t y t imes heavier than the l ightest 
boson, the p ion , w o u l d exist. In par­
t icular, the new ly d iscovered bosons, 
J or + at 3.1 GeV, and <|/ at 3.7 GeV, 
do not f i t in the wel l establ ished quark 
classif icat ion scheme. Secondly , b o ­
sons w i t h masses larger than 3 GeV 
have many possibi l i t ies to decay into 
l ighter particles, yet the l i fet imes of the 
J / ^ and ty' are about 1 0 0 0 t imes longer 
than expected. Finally, a n e w law of 
nature is necessary to understand these 
extremely long l i fet imes and some of 
*he part icle decay propert ies. 

Point/ike constituents of particles 

Before discussing possible exp lana­
t ions of the n e w part icles, there are 
other interest ing results w h i c h were 
k n o w n before the discovery of the J 
and particles and w h i c h have some 
bearing on their interpretat ion. 

In 1973 there were already ind ica­
t ions at the Cambr idge Electron A c ­
celerator that the cross-sect ion for 
e lect ron-pos i t ron annih i la t ion had an 
anomalous behaviour above centre of 
mass energies of 2 GeV. If the a n ­
nih i la t ion into hadrons, particles fee l ­
ing the strong force, is compared to 
the annih i la t ion into po in t l ike part icles, 
such as muons, w e expect that the 
ratio of the cross-sect ions R = G ( e + 

+ e - > hadrons ) /cr ( e + + e~-> muons) 

w i l l be less than 1 . This is because the 
coup l ing of the pho ton , produced in 
the e lect ron-posi t ron interact ion to 
hadrons is reduced by destruct ive inter­
ference f rom the different parts of the 
hadron. Indeed for hadrons w i t h a 
f in i te radius R should approach 0 if 
the energy gets very large. 

If, however, the hadrons conta in 
point l ike const i tuents (partons or 
quarks) R should approach a constant 
l imit asymptot ical ly . For example, it 
can be assumed that the pho ton c o n ­
verts into a quark-ant iquark pair and 
the quarks subsequent ly decay into 
normal particles. The pho ton-quark 
coup l ing strength is g iven by the 
electric charges of the quarks and R 
shou ld approach the value of the sum 
of all the charges squared. For the 
three w e l l - k n o w n quarks w i t h their 
charges of ( - 1 / 3 , - 1 / 3 , 2 / 3 ) w e ex­
pected R to settle at 2 / 3 . The exper i ­
mental results demonstrate that R 
neither goes to zero nor approaches 
2 / 3 but tends to rise even at the 
highest energies accessible at present. 
The ful l interpretat ion is sti l l lacking 
but the behaviour of R indicates that 
the hadrons conta in point l ike cons t i ­
tuents and that there must be more 
such const i tuents than the three 
k n o w n quarks. 

Possible explanations of the new 
particles 

The possibi l i ty was considered that 
the n e w particles are leptons, feel ing 
the weak interact ion, w h i c h w o u l d 
explain their long l i fetimes. However , 
several experiments showed that they 
are subject to the strong interact ion 
and hence are hadrons of the boson 
type because of their spin 1 . Know ing 
the coup l ing strength of the nuclear 
forces and the number of decay chan ­
nels into l ighter particles w h i c h are 
open , the decay w i d t h ( w h i c h gives 
the l i fet ime via the uncerta inty p r in ­
ciple) of a hadron w i t h a mass above 
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3 GeV shou ld be 4 0 to 200 MeV 
whereas the measured w id ths are a 
thousand t imes smaller. 

The explanat ions that have survived 
so far are theoret ical models in w h i c h 
a n e w quan tum number is in t roduced 
g iv ing a new select ion rule or s ym­
metry pr incip le w h i c h inhibi ts the 
decay. In terms of quarks, a n e w 
quan tum number implies that the 
number of quarks has to be increased. 
I w i l l describe the charm model based 
on four quarks; it is the simplest and, 
for my personal taste, the most 
attract ive model . It is by no means 
clear w h i c h of the models w i l l turn 
out to be correct, if any, but the most 
impor tant qual i tat ive features of the 
f o l l o w i n g descr ipt ion are l ikely to be 
incorporated in a future theory. 

The usual quark model has three 
uni ts, the u, d and s quarks, w h i c h 
are the bu i ld ing bricks of all the 
hadrons. The three quarks have spin 
112 and baryon number 1 / 3 . They are 
d is t ingu ished by their electric charges 
represented by the th i rd componen t 
of isospin l 3 (u is isospin up and d is 
isospin d o w n ) and their hypercharge, 
Y, w h i c h is closely related to the 
strangeness quan tum number (s is 
the strange' quark) . Mesons can be 
obta ined by comb in ing a quark w i t h 
an ant iquark and baryons by c o m ­
b in ing three quarks (for example the 
proton is uud and the neutron is udd ) . 
The great success of the quark model 
is based on the fact that it a ccom­
modates all of the several hundred 
k n o w n hadrons into this classif icat ion 
scheme and, indeed, some previously 
u n k n o w n particles cou ld be predicted. 

The n e w particles, however, do not 
f i t in to the three quark model . To 
incorporate t hem, the existence of a 
four th quark w i t h a new quan tum 
number, charm C = + 1 , has been 
proposed. 

If w e then construct the possible 
combina t ions of quark and ant iquark 
g iven four of each, w e arrive at a 
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The quark model of the mesons. All possible 
combinations of a quark (u, d, s) and antiquark 
(u, d, s) to form a meson can be obtained by 
superimposing the triangle representing the 
antiquarks on the three edges of the quark 
triangle as shown on the left. It gives a group of 
nine particles, a nonet, and the three particles in 
the centre are combinations of a quark and its 
own antiquark. 
Since the spins of the quark and antiquark can 
be parallel (ortho-quarkonium) or antiparallel 
(para-quarkonium) there should be two such 
nonets. In fact all the vector (Jp = ~j) and 
pseudoscalar (Jp = o) mesons found in Nature 
exactly fit the quark model predictions as indi­
cated on the right. 

three d imensional structure and there 
are three new particles D + , D° and F + , 
w h i c h are composed of a charmed 
and an ordinary quark, w h i c h shou ld 
exist. They have the charm number 
C = +1 and their ant ipart ic les have 
C = - 1 . In add i t ion , there is one more 
part icle composed of the charm quark 
and its ant iquark (charmon ium) hav-
ing C = +1 + - 1 = 0 (h idden charm) . 
This state w i t h parallel spins (o r tho-
charmon ium) is ident i f ied w i t h the 
new part icle J/ty. The second new 
part icle <|/ is interpreted as the f irst 
radial ly exci ted state of o r thocharmo-
n ium. This explains, among other 
th ings , w h y the <|/ decays preferen­
t ia l ly in to the g round state J / ^ . 

This interpretat ion opens a n e w 
f ie ld of charmon ium spectroscopy. 
One of the results is that the b ind ing 
energy in charmon ium is small so that 
the mass of the charmed quark is 
rough ly half of the J / + mass, i.e. about 
1.6 GeV. From the 'ord inary ' quarko-

n ium system one can infer masses for 
the 'ord inary ' quarks of the order 0.3 
to 0.5 GeV and hence the charmed 
quark is much heavier. Using this 
know ledge one can est imate the 
masses of the charmed D and F par­
t icles — since they are composed of 
a charmed and an ordinary quark, w e 
expect masses of about (1.6 + 0.4) 
= 2 GeV. M a n y searches for these 
particles have been performed but so 
far their existence has not been de­
f in i te ly establ ished. 

The reason for in t roduc ing a new 
quan tum number was not on ly to f i t 
the n e w particles into the quark 
scheme, but also to explain their 
nar row decay w id ths . This can be 
achieved by app ly ing 'Zwe ig 's rule' 
as descr ibed in the diagram be low. 
It shou ld be ment ioned that Zwe ig 's 
rule, w h i c h appl ies to all hadrons and 
not just to the new part icles, is an 
empir ical rule w h i c h is not yet under­
s tood. 

Charmonium spectroscopy and the Pc 

and X particles 

The quark-ant iquark state of a meson 
is a system similar to the p ro ton -
electron system in the hydrogen atom 
and one might hope to get a wea l th 
of in format ion f rom its possible energy 
levels, just as was achieved f rom the 
hydrogen atom earlier th is century. 
For ordinary mesons, the quant i tat ive 
t reatment is d i f f icu l t s ince ordinary 
quarks have a l o w mass and relativistic 
effects are important . For charmon ium 
on the other hand the classical n o n -
relativistic procedure shou ld be qui te 
adequate since the mass of the charm­
ed quark is rather large. The gooo^ 
o ld Schroedinger equat ion becomes 
honourable again, except that the 
force b ind ing the t w o quarks is not 
k n o w n . From f ie ld theoret ical a rgu­
ments, the force be tween t w o quarks 
shou ld be rather weak at small d is­
tances becoming stronger at larger 

Left: If we build mesons withfour quarks (u, d, 
s, c) and four antiquarks (u, d, s, c) we get the 
structure shown. Compared to our three quark 
structure above, note the appearance of charmo­
nium (cc) at the centre which is believed to be 
the newly discovered J/ty particle, and of the D 
and F particles containing a charm quark or 
antiquark. 

Right: Possible decays of charmonium which are 
inhibited a) by energy conservation, b) and c) 
by 'Zweig's rule'. This empirical rule says that 
interactions which can be drawn with initial and 
final particles as throughgoing lines (representing 
the participating quarks and antiquarks) are 
allowed. Interactions involving unconnected 
loops are hindered. 

* cs = F + 

sc = F" 
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Charmonium, consisting of a charm quark, c, 
and a charm antiquark, c. This is the most popular 
interpretation of the new particles. As with the 
proton-electron system of the hydrogen atom, 
there are several possible energy states of char­
monium. Some of them are indicated, together 
with their angular momentum and spin designa­
tions. The particles which have so far been 
discovered (ty, <]/, Pc, X) fit well into such an 
interpretation. 

distances. (This m igh t be a reason 
w h y quarks have not been separated.) 
Phenomenolog ica l f i ts to the energy 
level scheme of quarkon ium use po ten ­
t ials w i t h a distance, r, dependence 
w h i c h is in be tween a Cou lomb 
potent ia l (vary ing as 1/r) and a har­
mon ic osci l lator potent ia l (vary ing as 
r 2 ) . For these reasons, invest igat ing 
charmon ium cou ld play a key role in 
understanding st rong interact ions by 
g iv ing clearer in format ion on the force 
act ing be tween quarks. 

As w i t h the hydrogen a tom, one 
expects di f ferent sequences of energy 
levels for cha rmon ium accord ing to 
the orbital angular momenta ( t h e s , p , 
d , . . . levels) due to one quark mov ­
ing around the other. The levels above 
the lowest level cor respond to radial 
exci tat ions. For a C o u l o m b potent ia l 
the 1p and 2s energy levels are i den ­
t ica l . Since the quark potent ia l is sup ­
posed to be s t ronger than the Cou lomb, 
the 1p shou ld be lower than the 2s 
energy level in cha rmon ium and hence 
the posi t ion of the 1 p level cou ld g ive 
valuable in format ion on the quark 
potent ia l . 

Aga in analogously to the hydrogen 
a tom, one has to in t roduce hyperf ine 
spl i t t ing (HFS) and spin orbi t sp l i t t ing 
(LS) of the levels s ince the quarks 
have spin 112. The levels w i t h opposi te 
spin or ientat ion (S = 0) are expected 
to be lower than those w i t h parallel 
spin (S = 1 ) . The LS coup l ing spl i ts 
the p states w i t h S = 1 into 3 states 
w i t h J = 0+, 1 + , 2 + . 

Between the var ious levels, t rans i ­
t ions are possible (again in comple te 
analogy w i t h the hydrogen a tom) 
w h e n the proper select ion rules are 
observed. The t ransi t ion <|/ - > + + TUTU 

induced by the st rong interact ion is 
the strongest of all s ince the suppres­
s ion, by Zwe ig 's rule, does not reduce 
this t ransi t ion probabi l i ty to the magn i ­
tude of e lect romagnet ic t ransi t ions. 
For e lectromagnet ic t ransi t ions, pari ty 
conservat ion has the consequence 

that the orbital angular momen tum 
must change by one unit . 

The transi t ion f (3.7) ->• + (3.1) 
+ y + y was detected at DESY, 
prov ing the existence of an inter­
mediate state w h i c h was named P c . 
The energies of the gammas were 
f o u n d to be 160 and 4 2 0 MeV cor­
responding to a P c mass of 3.52 or 
3.26 GeV depending on the sequence 
in w h i c h the photons are emi t ted. 
T w o states at 3.53 and 3.41 GeV have 
been ident i f ied also at Stanford by 
their decays into hadrons; the f irst 
cou ld be ident ical w i t h P c . If these 
states are ident i f ied w i t h the predicted 
states, w e can d raw the conc lus ion 
that the quark potent ial has indeed a 
stronger r dependence than the C o u ­
lomb potent ia l and, secondly, the LS 
spl i t t ing is of the order of 100 MeV 
w h i c h is surpr is ingly large. (Maybe 
history is repeating itself s ince a large 
LS spl i t t ing in nuclei was or ig inal ly 
met w i t h scept ic ism.) 

A lso, at DESY, there is evidence 
for the decay (3.1) X (-> yy) + y 
w i t h the mass of X about 2.8 GeV. 
This cou ld be the expected decay of 
paracharmonium (J = 1) into o r tho -
charmon ium by f l ipp ing the spins. If 
th is interpretat ion is r ight, it implies 
a rather large (about 3 0 0 MeV) hyper­
f ine sp l i t t ing. 

It seems that the predict ions of the 
charm model are being veri f ied one 
after the other w i t h the except ion of 
the detect ion of the charmed mesons, 
D and F. It must be ment ioned, h o w ­
ever, that some dif ferent theoret ical 
approaches, part icularly the co lour 
mode l , can be made compat ib le w i t h 
the data and much more exper imental 
in format ion is required before the 
w h o l e quest ion is sett led. 

The neutral current of the weak 
interaction 

A dif ferent subject has a very interest­
ing relat ionship w i t h the n e w particle 
discoveries. 

C H A R M O N I U M c c Ortho <j^-<j> 

Para <£>—h 

i = o " r o+ r 
Spins fj f t f t 

1 = 0 0 1 1 

The electromagnet ic interact ion be­
tween t w o electrons can be descr ibed 
by the exchange of a pho ton . In a 
similar way , the weak interact ion can 
be descr ibed by the exchange of an 
intermediate boson, W. There are t w o 
di f ferences. The range of the inter­
act ion is ( b y t h e uncertainty pr inciple) 
determined by the mass M B of the 
boson as h / M B c . The inf ini te range of 
the e lect romagnet ic force is associated 
w i t h the van ish ing mass of the pho ton 
whereas the very short range (less 
than 10 1 7 cm) of the weak force 
impl ies a h igh mass for the boson 
(over 3 0 GeV) . This h igh mass is 
probably the reason w h y it has not 
been f o u n d so far. The second essen­
t ial d i f ference is that the photon does 
not carry electric charge whereas the 
W does. In the famil iar weak inter­
act ion the incoming lepton changes 
its charge due to the fact that a 
charged boson is exchanged. 
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In spite of these dif ferences, t heo ­
rists have tr ied for 20 years to f i nd a 
uni f ied f ie ld theory for the electro­
magnet ic and weak interact ion based 
on the pr incip le of 'gauge invar iance' 
in w h i c h an addi t ional symmetry is 
assumed to exist be tween the t w o 
interact ions. A number of theories 
were proposed and almost all required 
that the intermediate boson cou ld be 
neutral as we l l as charged. The neutral 
boson, Z°, is in a w a y a brother of the 
pho ton . 

If the Z° exists, some processes 
shou ld be observed w h i c h are not 
possible by an exchange of the charged 
W. The most s t ra ight forward is the 
elastic scatter ing of an electron and 
a neutr ino. Another process is the 
inelastic neutr ino scatter ing f rom pro­
tons w i t h the proton breaking up in 
several hadrons and the neutr ino not 
chang ing . The incoming lepton in 
these interact ions does not change 
s ign and they are k n o w n as neutral 
current interact ions. In 1973 such 
processes were observed in the heavy 
l iqu id bubble chamber Gargamelle at 
CERN and then in other exper iments 
at the FermiLab and elsewhere. 

This d iscovery opens the possibi l i ty 
for a uni f ied theory. However , imme­
diately, a d i f f icu l ty arose. Weak inter­
act ions in w h i c h a strange part icle is 
conver ted into a non-s t range hadron 
shou ld be a l l owed , thanks to the 
part ic ipat ion of Z°, but exper iments 
s h o w e d that these processes are about 
1 0 5 t imes less l ikely to take place than 
expected. 

To remedy this d i f f icu l ty it had been 
proposed that , instead of descr ib ing 
the hadrons by three quarks, a four th 
quark w i t h a new property cal led 
charm shou ld be in t roduced. This 
hypothesis was brought fo rward in 
1970 ( long before the new particles 
were found ! ) but d id not meet w i t h 
great enthusiasm. Nevertheless, be­
sides exp la in ing the suppression of 
neutral current events w i t h a change 

of strangeness, the hypothesis of a 
charmed quark has an addi t ional 
v i r tue. 

The weak interact ion is formula ted 
in terms of interact ing pairs of par­
t icles. It is evident that three quarks 
cannot be g rouped easily in pairs. 
Since it had been f ound that the d 
and s quarks, part ic ipate in the weak 
interact ion on ly as a mixture, it is the 
mixture, denoted by d ' , that is treated 
as a single ent i ty as regards the weak 
interact ion. The pair (u , d') is then 
used to describe the weak interact ion 
of hadrons. The w a y in w h i c h d and 
s mix are expressed by a mix ing angle 
6 and d ' = d cos 6 + s sin 6. 6 was 
determined f rom exper imental decay 
rates as 6 = 0.26 w h i c h impl ies that 
the strange quark is invo lved only 
weak ly because sin 6 is smal l . 

The picture is appreciably changed 
w i t h four quarks. N o w a second quark 
pair (c, s') w i t h s' = s cos 6 - d sin 6 
can interact w i t h lepton pairs. There 
is then fu l l symmetry between lepton 
and quark pairs. St rong and weak 
interact ions differ in that leptons have 
integer charges wh i le quarks have th i rd 
integer charges and the d and s quarks 
part ic ipate in the weak interact ions as 
a mixture. Though these ideas met 
w i t h great scept ic ism ini t ial ly, they 
appear in a complete ly di f ferent l ight 
after the discovery of the new particles. 

The detect ion of the new particles 
has opened the door to a new branch 
of hadron physics and a better under­
s tanding of the symmetr ies govern ing 
the structure of elementary particles 
migh t ensue. The discovery of neutral 
currents in weak interact ions might 
provide a basis for un i fy ing the electro­
magnet ic and weak forces. 

The concept of a charmed quark or 
any other extension of the three clas­
sical quarks w i l l g ive new insights 
about the basic units of matter and 
perhaps y ie ld l inks between the weak 
and st rong interact ions. 

Of course, many detai led, but also 
fundamenta l , problems remain. Are 
quarks real particles or mathemat ical 
symbols for certain symmetr ies? Such 
phi losophical quest ions are certainly 
very interest ing but, for me as an 
exper imental physic ist , it is already 
very exc i t ing and grat i fy ing that u n -
predicted new facts have been f ound 
and that relat ions be tween pheno­
mena w h i c h had seemed complete ly 
d isconnected before have been estab­
l ished. 
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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 

are look ing for a univers i ty- t ra ined 

H I G H - E N E R G Y P H Y S I C I S T 

to take up an appo in tment immediate ly or at a date 
to be agreed. Candidates shou ld be in possession of 
a Ph. D. or D. Sc. degree or have considerable 
experience in carry ing ou t exper iments w i t h acceler­
ators. 

The successful candidate w i l l be appo in ted to the 
h igh ly responsible posi t ion of Contact M a n for LRS 
w i t h the research groups and inst i tutes in Germany 
and w i l l represent LRS in that country . 

LRS is a dynamic company manufactur ing N I M and 
C A M A C standard electronic equ ipment for fast t r i g ­
ger ing and measurement of the type used in h i g h -
energy physics exper iments. 

The head of f ice of LRS is located in West Nyack, 
N.Y., USA, and its European headquarters are in 
Geneva, Swi tzer land. 

Appl ica t ions, w i t h cur r icu lum vitae and details of 
previous employment , shou ld be sent t o : 

Dr. Johannes Gu tmann , 

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 , av. Louis-Casai", 
C H - 1 2 1 6 G e n e v a 

P E A R S O N 
V e r y H i g h V o l t a g e 

P U L S E 

T R A N S F O R M E R S 

Pearson Electronics, Inc. specializes in the develop­
ment design, and manufacture of very-high and 
super-high-voltage, high-power pulse transformers 
and related modulator components. Typical pulse 
transformers manufactured by Pearson Electronics, 
Inc. range in output voltage from 40 kV to 600 kV. 
Other Pearson pulse-modulator components include 
precision current transformers, voltage dividers, and 
charging inductors. Inquiries regarding specific 
requirements for these components are welcomed. 

P E A R S O N E L E C T R O N I C S , I N C . 
4007 Transport St., Palo A l t o , Cal i fornia 94303 , U. S. A. 

Te lephone (415) 3 2 6 - 7 2 8 5 

Denmark at CERN '75 
N o v e m b e r 2 5 t h - 2 8 t h 

T h e Federa t ion of Danish Industr ies 
and 

T h e Assoc ia t ion of Electronics M a n u f a c t u r e r s in D e n m a r k 
in co-operation w i th 

T h e Danish Foreign Serv ice 
invite you to 

DENMARK AT CERN '75 EXHIBITION 
CERN Administration Centre 

A team of engineers f rom Danish manufacturers of electronic equipment w i l l present their products. 

Meet us and become acquainted w i t h Danish Industry. 
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SALE OF SCIENTIF IC 
E Q U I P M E N T 

The CERN Stores 
have a large selection 
of scientific equipment 
from the 
Nuclear Physics Division, 
for sale at favourable prices 

The main items available are: 

1 . C R T osci l loscopes: 

SOLARTRON mod. CD1400 
TEKTRONIX mod. 517, 545 and 360 

p lug-
ins 

C/A, D, G, K, L, N, O, R, S, 80, 8 1 , 85 

2. Signal generators : 

TEKTRONIX mod. 1 6 1 , 162, 163 Pulse Generators 
mod. 180A Time Mark Generator 
mod. 105 Square wave Generator 

EPIC mod. 300 Pulse Generator 
NAGARD mod. 5002ABC Pulse Generator 

3. Pulse ampl i f ie rs : 

HEWLETT-PACKARD mod. 4 6 0 A / B 
ORTEC mod. 105 
HAMNER mod. 380 

4. D ig i ta l v o l t m e t e r s and accessories: 

D Y N A M C O mod. D M 2 0 2 2 
SOLARTRON mod. LM1480 
HEWLETT-PACKARD mod. 457A A.C. to D.C. Converter 

5. P o w e r supplies: 

OLTRONIX mod. LS14, LS15 
mod. LS25, LS27, LS28 

HALELETTRONICA mod. P7D 
BRANDENBURG 20 KV, 10 mA 

6. A . C . stabi l izers: 

SORENSEN mod. 1000-2S (1000 VA) 
mod. 3000-2S (3000 VA) 

7. Nuclear e lectronics modules: 
CERN types: 

1010, 1040 Supply b in. 2103, 2105, 2107, 2108 Trigger Generators 
2209, 2213 Linear Gate 2605, 2607 Delay-Trigger Generators 
2613, 2615 Pulse Shaper 4104, 4107 Ampli f iers 
4 1 0 5 , 4 1 0 6 , Splitters 4122, 4123, 4124 Mixers 
4107 
6006, 6011 Discriminators 6219, 6220, 6225 Coincidences 
6703 Time to Amp. 7015 Pulse Encoder 

Conventer 
Other types: 
EGG mod. C102, C104, C126, Coincidences 

C144 
mod. F104, F105 Fan-Out Inverter 
mod. OR100 Or Gate 
mod. T 1 0 1 , T R 1 0 4 Discriminators 

CHRONETICS mod. 154 Discriminator 

8. O ther ins t ruments : 

HEWLETT-PACKARD mod. 520A Fast Scaler 
mod. 561 B Digital Printer 

PHILIPS mod. PR2200P Pen Recorder 
LEEDS A N D NORTHRUP mod. 60101S Pen Recorder 

DC Potentiometer 
GRUNDIG mod. PV1900 TV Moni tor 

Those interested 
should contact 

the fo l lowing address: CERN MAGASINS/RECUPERATION 
1211 GENEVA 23-Swi tzer land 
Tel. (022) 41 9811 Ext. 2180 
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DEGUSSA 

DEGUSSIT 
The material for heavy-duty applications 

•••II 
W • 1 1 

I f I III 

Degussit ceramic oxide materials to DIN 40 685, of a luminium oxide, spinel, zirco­
nium oxide, magnesium oxide and si l icon nitr ide, for uses where extremely high 
chemical , heat, mechanical and electrical resistance are required. 

Available in the form o f : 

- capillary, open and bl ind tubes, to protect and insulate thermocouples; 
- crucibles, annealing boxes, boats, for annealing and metl ing at high temperatures; 
- nozzles and thread guides, for the manufacture and processing of chemical f ibres; 
- electrical insulators and components, for electron tubes and electrical instru­

ments; 
- sl ip-r ings and bearings, for sealing pumps; 
- precision gr inding tools, such as wheels, whetstones, miniature files and hand 

laps, for work on extremely hard materials. 

Talk to us about vour problems - w e shall be happy to advise you . 

Degussa (Schweiz) AG 
Postfach 2050 • 8040 Zurich • Telefon 01 -54 39 00 • Telex 57946 
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"the accepted 
method 

of solving all 
cleaning problems 

involving 
radioactive 

materials' 

Supplied to licenced installations 
employing radio active sources 

throughout the world 

Evaluation samples and literature free f r o m : 

France: Prolabo, 
12 rue Pelee, Paris X I erne 

Germany: Fluka Feinchemikalien GmbH, 
7910 Neu-Ulm, Lilienthalstr. 8 
Western Germany 

* Italy: B D H Italia SpA 
2 0 1 2 6 / M i l a n o , V ia E. Breda 1 4 2 

Spain: I nt erf a I 
General Orgaz. 2 1 , Madr id-20 

Portugal: Parque Vaclnogenico 
Serra da Amore i ra , Odivelas. 

Norway: Christian Falchenberg 
Sandgt 2 , Trondheim 

Sweden: Novakemi Akt iebolag 
Molkomsbacken 3 7 , 123 .47 Farsta 

Denmark: As Hitapharma 
D K 1 2 5 3 Copenhagen K. 

Holland: 

* Switzerland; 

* U.S.A.: 

Canada: 

Australia: 

New Zealand: 

* South Africa: 

Proton 
V/h Ten Oosten de Reus N.V., 
Karperweg 3 7 - 4 1 , Amsterdam 7 
Technosa 
C H 1 0 0 9 Pully-Lausanne, Avenue General 
Guisan 5 8 

Harleco 
480, Democrat Road, Gibbstown, 
N.J. 08027, U.S.A. 
Canlab 
Division of Harleco 

H.B. Selby & Co. 
Al l branches 

Geo. W. Wi l ton & Co. 
P.O. Box 3 6 7 , Well ington. 

Hickman & Kleber L t d . 
271 Umbi lo Road , Durban. 

N.B. In these * countries DECON 90 is sold as CONTRAD 
and in Germany as DCN 90. 

D E C O N L A B O R A T O R I E S L I M I T E D , E L L E N S T R E E T , P O R T S L A D E , B R I G H T O N , E N G L A N D 

Te lephone: 0 2 7 3 4 1 4 3 7 1 Te lex : 8 7 4 4 3 
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DTl 
High Field Superconductor 
VACRYFLUX 

5001 

V/SL 
VACUUMSCHMELZE 

S i n g l e c o r e c o n d u c t o r s f o r m a g n e t s of h i g h h o m o g e n e i t y . 
M u l t i f i l a m e n t c o n d u c t o r s w i t h c i r c u l a r o r r e c t a n g u l a r 

c r o s s - s e c t i o n c o n t a i n i n g 60 t o 3721 t w i s t e d s u p e r c o n ­
d u c t i n g f i l a m e n t s w i t h s m a l l e s t d i a m e t e r s of 1 0 / i m ( p h o t o g r . ) 

f o r d y n a m i c a p p l i c a t i o n -

Fu l l y t r a n s p o s e d b r a i d s fo r p u l s e d D.C. m a g n e t s a n d 
s u p e r c o n d u c t i n g m a c h i n e s . 

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

V A C U U M S C H M E L Z E G M B H - D 645 H A N A U 

Etabl issements 

B O U R G E O I S 

S.A. cap i ta l 1 200 000 F. 
34, rue de Liege 
75008 P A R I S 

Te lex 28 363 Cetaver Paris 

Rubans, tresses, cordon nets, tubes, articles indus­
t r i e s speciaux pour : 

- e m p l o i s d ie lec t r iques 

- f re t tages, enrubannages, etc. . . 

Specialises en matieres synthetiques : 

- f i l de verre (s i l ionne e t verranne) 

- f i l p o l y a m i d e 

- f i l po lyes te r re t rac tab le o u non 

- si I ice 

- Kevlar 

- f i l s t he rmos tab les ( N o m e x , Kerme l ) 

e tc . . . 

QUESTIONNEZ-NOUS 

Heraeiu fours electr iques 
et 
verres de si l ice 

A p p a r e i l s d e l a b o r a t o i r e e t indust r ie ls 

Etuves de chauf fage 
Incubateurs 
Etuves a v ide 
Plaques chauf fantes 
Fours a mouf le 
Fours tubulai res 
Fours a creuset 

En q u a r t z 

Apparei ls a dist i l ler 
Apparei ls de laboratoire 
Emetteurs infrarouges 
Thermop longeur 
Si l ice pour I 'opt ique 

Four a creuset 
type Tik/R 11/12 

Demandez la documen ta t i on aupres de 

vo rm. W I S M E R A G 

Oerl ikonerstrasse 88 
te l . 0 1 / 4 6 4 0 40 

8057 Zur ich 
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Where trouble-free and 
reliable operation is of 
decisive importance-

there you will find the 
PFEIFFERTURBO 

As, for instance, in combination wi th this distr i­
butor magnet of a tandem accelerator and many 
other units for which long service intervals be­
long to the indispensable operating conditions. 
Of course, the PFEIFFERTURBO offers even more; 
its vibration-free running, high compression ratio 
for hydrogen and other volatile gases, its easy 
servicing, low operating cost, high reliability, 
wide working range at constant pumping speed,... 

PM 800 004 PE 7308 

there is still much more in it that is decisive! It is 
not for nothingthat PFEIFFER isthe leading manu­
facturer of turbomolecular pumps. 
Do you know already the PFEIFFER TURBO? The 
TPU200 or theTPU 400? W e shall be pleased to 
provide you wi th technically important informa­
t ion on these pumps. Your post card wi th the 
catch word „PFEIFFERTURBO" wil l do. By return 
mail you wil l receive detailed l iterature. 
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BALZERS-owned Sales Companies i n : 
Zu r i ch (CH) , Frankfur t /M (D ) , W i e n (A) , 
Kungsbacka (S), Berkhamsted (GB), 

L Santa Ana (USA) , Meudon (F), Mi lano (I) 

ARTHUR PFEIFFER V A K U U M T E C H N I K GMBH 
Postfach 
D-6330 Wetz lar 
A company of the BALZERS-Group 



C A N B E R R A E L E K T R O I M I K 
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O R T E C 
V I P 1 0 a n d W I N 1 5 G e ( L i ) ' s : 

: • 10, 15 (and 30) % efficiency 
# standard production = low cost ! 

# supply from stock 

# fast repair t ime (e.g. 7 days, VIP 10) 

Deutsch Schweiz: 

F R I T Z W E B E R 
In der Rehweid 8 
8122 Pfaffhausen ZH 
Tel. 0 1 / 8 2 5 1 8 44 

O R T E C G m b H 
Herkomerplatz 2 
D-8 Munchen 86 
Tel. 089 /9871 73 

Suisse romande: 

I N S T R U M A T I C 
Dr. R. Jankow & Cie 

1246 Corsier GE 
Tel. 022/51 23 52 

Modules secteur miniature 

Baisse de prix 
Alimentations SCI 
avec transformateurs 
a I'epreuve des courts-circuits, 
livrables sur stocks 

P r i x : 
en Frs., sans ICHA, 30 jours net 
10 jours 2 % 
Rabais de quanti te des 5 pieces: 5% 
des 10 pieces: 10 % 

P o u r O p . A m p . ± 1 5 V : 
Modele P2. 15. 25 K 

P2. 15. 60 K 
P2. 15. 100 K 
P2. 15. 200 K 
P2. 15. 300 K 

25 mA 
60 mA 

100 mA 
200 mA 
300 mA 

P o u r l o g i q u e 5 V : 
Modele P 1 . 5. 500 K 500 mA 

P 1 . 5 . 1000 K 1000 mA 
P1. 5. 2000 K 2000 mA 

Autres tensions et puissances sur demande 

1 -4 pieces 

80 .— 
125.— 
147.— 
206.— 
293.— 

136.-
179.-
255.-

T e l e m e t e r E l e c t r o n i c A G 
8 0 2 7 Z u r i c h T e l . 0 1 2 5 7 8 7 2 
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ALIMENTATIONS 
SYSTEME CIM 
Version I: + 8V 12A Version I I : + 8V 10A 

+ 30V 2A - 8V 10A 

Protect ions: Etablissement, coupure < 1 ms 
La chute de Tune quelconque des tensions entrame la di'sparition de I'autre en un temps < 1 ms 

A u t r e s f a b r i c a t i o n s : 

Chassis d'alimentation aux normes CAM AC et NIM 
Blocs d'equipement Convertisseurs continu-continu 
Alimentations de laboratoire. Alimentations speciales 

S A P H Y M O - S T E L 
5 1 , rue de I 'Amiral-Mouchez F 75013 PARIS, Telex: TESAFISAPHYMO 24 780 E 
Te lephone: 588-16 -39 

FISCHER electric CONNECTORS, 
50 Ohm, for C A M A C SERIE 101 A004 
(compatible w i th LEMO 00250 
homologated by CERN-GENEVA) 
These Connectors show the same 
characteristics than all the wel l known 
FISCHER-CONNECTORS 
w i th sel f- locking. 

Plug for cable: to be soldered 
type S 101 A 0 0 4 

Plug for cable: to be cr imped 
type S 101 A004 -1 

Socket type D 101 A 0 0 4 
Cap for D 101 A004 type 101.00.315 
Socket w i th cable-clamp 

type DK 101 A004 

This new type satisfies the most exacting 
customers. 

Please ask for our special documentat ion 
concerning these new connectors and for 
our general catalogue concerning our 
range of coaxial, mult iple and mixed 
Connectors. 

W . W . F I S C H E R 

CH - 1143 APPLES 
<P (021) 77 37 11 

Telex 24 259 fisch ch 

srcfwc 
groupe Forges de Strasbourg 

e q u i p e m e n t d e b u r e a u x 
MEUBLES 

ET RAYONNAGES 

Strafor SA 

3000 Be rne 15, W e l t p o s t s t r a s s e 17 

Te lephone 031 44 73 01 

• 
Points de vente : 

Bale, Berne, Geneve, Neuchate l , Zur ich 

Ce qui est bon pour Phomme 
est excellent pour Tentreprise. 
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Etancheite... Quand 2 clients sur 3 
ont des problemes particuliers, 

le mieux est de posseder 
une methode universale 

Une methode qui permet de resoudre au 
niveau du joint n'importe quel probleme d'etancheite. 
II nous a fallacies'annees pour lamettre au point, a partir 
d'etudes realisees pour le secteur nucleaire, le plus 
exigeant dans ce domaine. Desormais I'efficacite d'un 
joint peut se calculer d'avance, ainsi que les parametres 
a respecter pour chaque type d'application. Les resul-
tats sont garantis : il vous suffit de nous indiquer avec 
precision les conditions d'utilisation. 

Nous avons aussi un stock permanent de 
pres de 5 000 joints differents : celui qu'il vous taut s'y 
trouve peut-etre. 

Dans tous les cas, le service technique 
Joints Fargere est a votre disposition pour vous conseil-
ler: I'etancheite e'est son probleme. 

: E E F = l 
JOINTS FARGERE 

90, rue de la Roche-du-Geai 
42029 Saint-Etienne Cedex!France 
Tel, : (77) 33.09.26 
Telex : 33 697 F 

91, rue Carnot 
92300 Levallois France 
Te l . : (1)7,57/431512 
Te lex : 63 817 F 

E. LOTTI S.A 
Reactifs MERCK 

Produits chimiques 

Produits pharmaceutiques 

Traitement des eaux 

Produits pour piscines 

PLUS DE 
5000 PRODUITS 
EN STOCK 

8, RUE BAYLON, 1227 CAROUGE 
TELEPHONE 42 57 66 / 42 57 65 
TELEX: 289 382 LOTI. CH. 
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DYROLOK 

Flareless 
Tube Fittings 

AVAILABLE 

• in brass, 316 SS, 

steel, monel and 

aluminium 

• in sizes from 
1/16" to 1 " OD / 
3 mm to 12 mm 

• for high vacuum 

pressure — temperature — 

cryogenics 

m a p 
K e m i 

HOKE 

MATKEMI AG 
4106 Therwil 
Erlenstrasse 27 
Tel.061/734822 
Telex 62440 

Distributor for Switzerland 





NIM high voltage units 
For: Multi-wire Proportional Chambers, 
Semiconductor Detectors,Scintillation Detectors 

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

S I G H T H I L L , E D I N B U R G H EH11 4EY, S C O T L A N D 
Te lephone: 031 -443 4060 
Cables: Nuc lear , Edinburgh Telex: 72333 
Associate Companies 
Nuclear Enterprises G m b H , Schwanthalerstrasse 74, 
8 Munchen 2, Germany. Tel: 5 3 - 6 2 - 2 3 . Telex: 5 2 9 9 3 8 . 
Nuclear Enterprises Inc., 935 Terminal Way, San Carlos, 
California 9 4 0 7 0 . Tel: 41 5 593 1455 . Telex: 3 4 8 3 7 1 . 
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you can fit any of these 
compatible supply units 

into our NIM and CAMAC crates. 

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

S E N E L E K T R O N I K AG 

S E N E L E K T R O N I K GmbH 

r s j 
Case Postale 33 1211 GENEVE 13 tel (OSS] 4 4 89 4 0 tlx S3359ch • H H k f l I j j ^ ^ M 

Im Zentrum 1B 3604 VOLKETSWIL, ZURICH tel COD B6 51 0 3 tlx 58257ch ^ ^ ^ H ^ ^ ^ H ^ ^ ^ H 

Postfach 223 2 0 0 0 WEDEL-HAMBURG tel 04103 6S8S tlx 21B3 548d E L E C T R O N I Q U E 



Its working range, its precision, its 
attachments and accessories make the 
microdensitometer MDM 3 the image 
analysis system of highest perfection. 
• H igh reso lu t i on : Measu r i ng a p p e r t u r e 

c o n t i n u o u s l y va r iab le f r o m 4 mm t o 1 jum. 
• W i d e d e n s i t y range f r o m 0.2 t o 4 .5 D. 
• X ax is e x p a n s i o n f r o m 1 : 1 t o 1 : 1 0 0 0 . 
• Dens i t y l i n e a r i t y : + 1 %. 
• R e p e a t a b i l i t y : 

D e n s i t y ; 0.5 % of fu l l s c a l e d e f l e c t i o n , 
Pos i t i on : 0.5 % of s c a n l eng th . 

• C o m p u t e r c o n t r o l l e d image a n a l y s i s 
s y s t e m s ava i lab le . 

• Ras te r s c a n n i n g d ig i ta l da ta s y s t e m s ava i lab le . 
• Doub le b e a m o p t i c a l s y s t e m s . 
• La rge s p e c i m e n t a b l e : s p e c i m e n s up to 

2 4 0 mm X 1 1 5 mm. 
• A p r o j e c t i o n s y s t e m a l l ows the o p e r a t o r t o 

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

Y o u s h o u l d s e n d fo r ou r l i t e ra tu re . 

TECHNICAL OPERATIONS Ltd 

Nieder lassung fur Deutsch land 
u. Ve r t re tung fur d ie Schwe iz 

JOYCE 
LOEBL 

7417 Pfu l l ingen • Romers t r . 90 
T e l e f o n : ( 0 7 1 21) 7 3 0 2 1 
Te lex : 07 2 9 6 5 1 

• LABO-Nr. 203 



Plus d'incertitude dans vos 
mesures d'analyses de gaz 



MODEL 5175 
HIGH TEMPERATURE LINEAR POSITION TRANSDUCER 

P R O D U C T D E S C R I P T I O N 
Measures l inear pos i t ion up t o 6" and w i l l prov ide 
an equ iva len t ou tpu t s ignal p ropor t iona l to change 
in pos i t ion . T ransducer w iper is pos i t ioned a long a 
prec is ion e lec t r i ca l e l emen t thus a l l ow ing the i npu t 
vol tage to be d i v ided as a f unc t i on of the mechan ica l 
inpu t . 

F E A T U R E S 
• H igh Level Ou tpu t S ignal 
•+260°c Opera t ing Capabi l i ty 
• S ta in less Steel Cons t ruc t ion 
• Con t inuous Shaf t Rotat ion 
• Sand, Dust and Fungus Protect ion 
• R a d i a t i o n resistant on r e q u e s t 

P R I N C I P L E O F O P E R A T I O N 
The t ransducer con tac ts are pos i t ioned a long a pre­
c is ion e lec t r i ca l e l emen t wh i ch var ies the res is tance. 
Exci ted by e i t h e r " a n AC or DC inpu t vol tage, me­
chan ica l back lash is e l i m i n a t e d by a posi t ive con­
nec t ion between the sha f t and con tac t assembly . 

BOURNS (Schweiz) AG Baarerstrasse 8 6301 Zug 
Tel. 042 23 22 42 Telex 78 722 



the 
revolutionary 

MULTICHANNEL ANALYZER 
Conventional MCATs are big, expensive, full of little-used features, and require 
a wealth of ancillary electronics to make basic measurements. The LRS Model 
3001 qVt® Multichannel Analyzer is different, It's packaged in standard re­
search hardware, costs a realistic $1,995*, provides uncompromising perfor­
mance, and measures physics parameters directly. Truly a revolution in analy­
zer design, 

mmm m m Wkmm 

COMPACT PACKAGING Hybrid/LSI technology now permits 
a complete 1024-channel high-performance analyzer to be 
housed in a NIM module/It's more portable, it's less costly, and 
it joins the rest of your research instruments in a standard NIM 
bin. Perfect for multiparameter, multiple-detector applications. 

3 DIRECT ANALYSIS MODES Actually 3 analyzers in 1: 
$:ln the q (charge) mode, the 3001. directly integrates photo-

multiplier anode pulses without the need for a charge-sensi­
tive preamp or pulse stretcher. Less electronics and less 
noise, ADC sensitivity is 0.25 pC/channel The integration 
interval is adjustable from 10-500 nsec for compatibility with 
a wide range of scintillators including fast plastic, Nal, and 
lead glass. A fast linear gate and direct coupling eliminate 
pi leu p and subsequent baseline shift 

V; ln the V (voltage) mode, the 3001 operates as a conventional 
pulse height analyzer accepting 0 to 1 volt inputs from am­
plifiers or other voltage sources, Built-in lower level dis­
criminator can be adjusted to < channel 1 or fired externally. 
Useful for low-gain detectors with preamps, 

(time) mode, the o/W® replaces the standard TAC-
pmbination with a built-in time-to-digital converter. It 

•start/stop inputs directly to accumulate time dura-
* ra with switch-selectable resolution of 100 psec/ 

1 nsec/channel. 

ERATION Memory contents>(i 6 bits): can be 
near/log fashion on any oscilloscope, even-dur~! 

umulation. Intensified channel markers simplify 
Segmentate memory allows'analysis over 
or in 256-channel tquadrants (for-spectra 
ut gain changes. . . . Built-in linear gate and 

"I logic decisions right at the analyzer. . 
w ; a l interface-conn^cto-permits data from::;; 

aded into memory for histogramming 
Riding conventional data readout to 

MAC dataway. . "< 

n the new '3001 qV& -MCA, 
CROY RESEARCH SYSTEMS 
ew York, or your local Sales 

*Wlthirt U.S.A.. Slightly higher abroad 

L e C r o y R e s e a r c h S y s t e m s 

Innovators in Instrumentation 
LeCROY RESEARCH SYSTEMS CORP.? 126 N, Rte, 303; West Nyack, N.Y. U.S.A.; (914) 358-7900; TWX: 710-575-2629. LeCROY RESEARCH SYSTEMS 
SAj 81 Avenye Louis-Casai; 1216 Cointrin-Geneva, Switzerland; (022) 34 39 23 • LeCROY RESEARCH SYSTEMS LTD.; 74 High Street, Wheatley, Oxford­
shire 0X9 1XP, U X ; <0S677) 3540 • CANBERRA ELEKTRONIK GMBH; 6000 Frankfurt/Main 70; Geleitstrasse 10, West Germany; (0611) 624074 • 
AFTSC ENGINEERING LTD,; 4251 Steeles Avenue, West; Downsview, Ontario, Canada M3N 1V7; (416) 661-9722 • OFFICES THROUGHOUT THE WORLD 



is helping things happen 
at KMSF 
Our Model 1400 provides vital cooling 
for their laser-fusion program 
The search for new energy sources is 
being pursued in a number of promis­
ing areas, including the utilization of 
controlled thermonuclear reactions. 

KMS Fusion of Ann Arbor is in the 
development phase of a system to pro­
duce useful energy from laser-induced 
thermonuclear activity. In the KMSF 
system, energy pulses from a mode-
locked YAG laser are amplified and 
focused on microscopic targets—glass 
spheres filled with deuterium or deuterium and tritium. 
KMSF reports having formed plasmas with tempera­
tures of 20,000,000°C and densities of 10 2 4 nuclei 
per cubic centimeter (20 times the density of solid 
deuterium) by compression of the targets. 

CTi's model 1400 Helium Liquefier/Refrigerator 
supplies liquid helium to cool five 40-kilogauss super­

conducting magnets that activate five 
Faraday rotators. These rotators serve 
as optical gates to protect the upstream 
amplifiers and optics from damaging 
reflected energy and make possible 
the unique KMSF double-pass arrange­
ment that in effect doubles the gain of 
the amplifiers. 

The Model 1400 is the standard by 
which all other low-temperature sys­
tems are judged. Laboratories and 

research centers worldwide depend upon the reliable 
Model 1400 for liquid helium supply or for closed-
cycle cooling of superconducting magnets, cryopumps, 
and gas recondensers. 

Write or call CTi-Cryogenics today for complete 
technical and price information on the versatile and 
reliable Model 1400. 

E r - C r y o g e n i c s 
a Division of Cryogenic Technology, inc. 
Kelvin Park, Waltham, Massachusetts 02154 
(617) 890-9400 


