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Cover photograph: Winter scene at the Wilson Synchrotron Laboratory at 

Cornell. This winter has seen the first physics results from Cornell's new 

CESR electron-positron storage ring, described in our lead article. (Photo 

Cornell) 
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We come to praise CESR 

Now producing its first physics results is 
the CESR electron-positron ring at Cornell. 
The ring (right) is mounted in the same 
tunnel as the Cornell electron synchrotron 
(left), which acts as injector. 

(Photo Cornell) 

T h e end of 1 9 7 9 s a w a n e w h igh 
ene rgy phys ics m a c h i n e c o m e 
s m o o t h l y in to ac t i on as t h e e l e c t r o n -

p o s i t r o n s to rage r ing CESR at Cor 
nel l began o p e r a t i o n and p r o d u c e d 
i ts f i r s t phys ics resu l ts . 

Du r i ng Oc tober , t he re w a s a 
pe r iod of n ine days runn ing fo r t he 
t w o e x p e r i m e n t s — CLEO (a Corne l l 
/ Ha rva rd / Roches te r / Ru tge rs / 
Sy racuse / V a n d e r b i l t co l l abo ra t i on , 
see A u g u s t 1 9 7 8 issue, page 2 5 4 ) 
and C U S B (a C o l u m b i a / S t o n y 
B r o o k g roup) . A l t h o u g h m u c h of t h e 
t i m e w a s s p e n t t u n i n g up t h e exper 
i m e n t s and s t u d y i n g b a c k g r o u n d 
and t r i gge r rates, t h e f ina l t h ree days 
w e r e d e v o t e d t o a phys ics run in t he 
ups i lon reg ion , near 9.5 G e V t o t a l 
energy . 

T h e i n teg ra ted l u m i n o s i t y d u r i n g 
th i s th ree day per iod w a s a p p r o x i 
m a t e l y 3 0 n b " 1 and a b o u t 2 0 n b " 1 

w a s c l ocked by t h e e x p e r i m e n t s 
du r i ng runs. The b e a m s f r o m t h e 

Corne l l e lec t ron s y n c h r o t r o n are 
in jec ted in to CESR at 5.5 GeV, 
w h e r e m o s t of t he p rev ious in jec t ion 
s tud ies have been car r ied ou t , and 
t h e r ing is r a m p e d d o w n to t h e 
o p e r a t i n g energy. Peak l um inos i t i es 
of a b o u t 2 x 1 0 3 0 per c m 2 per s w e r e 
ach ieved , t h e average l u m i n o s i t y 
over a t h ree t o f ou r hour per iod be ing 
as h igh as 5 x 1 0 2 9 . B e a m l i f e t imes 
range up t o fou r hours at 5.5 GeV. 

The CLEO d e t e c t o r w a s run w i t h 
six of t h e e igh t o c t a n t s ins ta l led , 
h o w e v e r par t ic le i den t i f i ca t ion sys 
t e m s in t he o c t a n t s w e r e st i l l be ing 
t u n e d up. M o v i n g o u t w a r d f r o m t h e 
b e a m p ipe, t he appa ra tus cons i s t ed 
o f b e a m p ipe m u l t i w i r e p ropo r t i ona l 
c h a m b e r s ( w i t h pos i t i on m e a s u r e 
m e n t a long the beam) , cy l indr ica l 
d r i f t c h a m b e r , so leno id co i l , ou te r 
d r i f t chambe r , t i m e - o f - f l i g h t c o u n t 
ers, and f ina l ly p ropo r t i ona l t u b e 
s h o w e r c h a m b e r s . The m u o n c h a m 
bers ou t s i de the i ron m a g n e t y o k e 

w e r e st i l l be i ng t es ted . The so leno id 
m a g n e t w a s ope ra ted at 3.7 k i l o -
gauss . 

The o the r expe r imen t , C U S B , had 
a b o u t ha l f i ts s o d i u m iod ide b locks 
ins ta l led d u r i n g t h e Oc tobe r run and 
o b s e r v e d f i f t y e l ec t r on -pos i t r on 
s c a t t e r i n g even ts . M o r e of t he d e t e c 
to r w a s s o o n ins ta l led , ready t o c a t c h 
s o m e of t h e ac t i on in N o v e m b e r , 
w h e n CESR w a s largely d e v o t e d t o a 
scan fo r t h e ups i lon and ups i lon 
p r i m e resonances . 

B o t h d e t e c t o r s obse rved the t w o 
resonances w i t h exce l len t r eso lu 
t i o n . Resu l ts h o w e v e r are st i l l p re 
l im inary , w i t h c ross -sec t i ons a w a i t 
ing f ina l e f f i c iency co r rec t i ons and 
w i t h a ' l o ca l ' ene rgy scale be ing used 
w h i c h m i g h t need t o be sh i f t ed by up 
t o 2 0 M e V . 

T h e o b s e r v e d energy reso lu t ion of 
a p p r o x i m a t e l y 3 .6 M e V agrees w e l l 
w i t h t h e p r e d i c t e d va lue and is a 
s i gn i f i can t i m p r o v e m e n t over p re -



777e three upsilon resonances as seen by 
the CUSB (Columbia / Stony Brook) 
experiment at CESR. Similar results have 
been obtained by the CLEO group in the 
other intersection region. The results are 
preliminary, and the energy scale (energy 
per beam) has yet to be fixed absolutely. 

v ious resul ts . There is genera l ag ree 
m e n t w i t h the i n teg ra ted c ross -
sec t ions prev ious ly obse rved at t h e 
D O R I S e lec t ron -pos i t ron r ing at 
DESY. 

Encouraged by these nice r e s o n 
ances, t he t w o expe r imen ta l g roups 
dec ided to sk ip a schedu led t w o 
w e e k s h u t d o w n and scan t he energy 
reg ion a round 10 .4 GeV fo r t he th i rd 
m e m b e r of t he fami l y , t h e ups i lon 
doub le p r ime. 

The s to rage r ing ran beaut i fu l l y , 
w i t h the average l um inos i t y inc reas
ing as the run p rogressed . T o w a r d s 
the end of December , t he average 
l um inos i t y reg is te red by each exper i 
m e n t w a s over 4 0 nb~ 1 per day, t he 
peak l um inos i t y be ing abou t 2 x 1 0 3 0 

per c m 2 per s. 

W i t h i n a f e w days t he ups i lon 
doub le p r ime w a s f o u n d , and du r i ng 
t he f o l l o w i n g w e e k it w a s care fu l ly 
exp lo red . Ana lys i s is under w a y t o 
c o m p a r e the lep ton ic w i d t h s of t he 

th ree ups i lon resonances w i t h each 
o the r and w i t h theory . 

M e a n w h i l e i m p r o v e m e n t s are 
be ing m a d e t o CESR to increase t he 
l um inos i t y fo r t he nex t runn ing 
per iod . E lec t ros ta t ic separa to r p la tes 
have been insta l led on e i ther s ide of 
t h e t w o in te rac t ion reg ions t o enab le 
t h e e lec t ron and pos i t ron b e a m s t o 
be separa ted ver t ica l ly so as no t t o 
in f luence each o ther dur ing t h e c r i t i 
cal phases of in ject ion. 

A n o t h e r fea tu re of CESR is 
t he synch ro t r on rad ia t ion fac i l i ty , 
CHESS, w h i c h a lso c a m e into oper 
a t ion in Oc tobe r w i t h one of t he 
th ree h igh energy X- ray beaml ines 
be ing used fo r t w o exper imen ts . The 
f i rst , a co l l abora t ion of Bel l Labora to 
ries, S ta te Un ivers i t y of N e w Y o r k at 
A lbany , Pr ince ton Un ivers i t y and 
DESY, used an i n te r fe romete r t o 
s tudy t he loca t ion of a t o m s on a 
b r o m i n e mono laye r in a crys ta l . The 
o the r s p e c t r o m e t e r used a s ing le 

c rys ta l of s i l i con t o ob ta in a t u n e d 
seconda ry b e a m . A l l th ree X - ray 
beam l i nes are n o w avai lable f q ^ 
e x p e r i m e n t s by schedu led users. 

The remarkab l y rap id cons t ruc t i on 
and c o m m i s s i o n i n g of th is la test 
e l ec t r on -pos i t r on r ing is a cred i t t o 
t h e Corne l l g roup . W i t h an energy 
fa l l i ng b e t w e e n the SPEAR and 
D O R I S r ings and the i r PEP and 
PETRA successors , CESR wi l l have 
an in te res t ing phys ics reg ion all t o 
i tself, and cou ld reap a r ich harves t of 
resul ts . 



The LEP project The 30 km circumference LEP ring 
superimposed on a map of the CERN 
Laboratory region on the Franco-Swiss 
frontier near Geneva. This positioning is 
likely to be close to that finally selected if 
the project is authorized. The LEP ring passes 
alongside the existing SPS, so that it would 
not be difficult to connect the two rings at 
some future date, should the physics 
programme call for it. Eight experimental 
halls (P/-P8) are indicated, three of them 
(P3, 4, 5) being reached by tunnels into the 
Jura mountains. 

A t its 6 4 t h Sess ion on 1 9 - 2 0 
December , t he CERN Counc i l re 
ce ived a d o c u m e n t f r o m its S c i e n 
t i f ic Pol icy C o m m i t t e e en t i t l ed 'P ro 
posa l fo r t he next ma jo r acce le ra to r 
p ro jec t at CERN ' . Fo l l ow ing t h e 
s tud ies w h i c h have been car r ied ou t 
over t he past f e w years , t h e SPC 
r e c o m m e n d e d t ha t t h e 'Des ign 
~ + u d y of a 2 2 t o 1 3 0 G e V e l e c t r o n -

p o s i t r o n co l l id ing b e a m m a c h i n e 
(LEP)' shou ld be used as t h e basis fo r 
p lann ing t h e next acce le ra to r fo r 
CERN and r e c o m m e n d e d t h a t t he 
acce le ra to r shou ld be bu i l t ad jacen t 
t o t h e ex is t ing Labora tory . 

These r e c o m m e n d a t i o n s w e r e 
m o s t l y f avou rab l y rece ived by t h e 
de lega tes of t he CERN M e m b e r 
S ta tes and t he s tage s e e m s set fo r 
t h e f o r m a l p resen ta t i on of t he 
p ro jec t in J u n e of th is year. 

In th is op t im i s t i c a t m o s p h e r e w e 
ske t ch aga in , in s imp l i f i ed f o r m , t h e 
phys ics b a c k g r o u n d aga ins t w h i c h 
t h e LEP pro jec t is be ing p roposed 
and descr ibe s o m e of t he fea tu res of 
t h e mach ine as d r a w n f r o m t h e 
Hesign s tudy m e n t i o n e d above (do

r m e n t C E R N / I S R - L E P / 7 9 - 3 3 , 
m o r e c o m m o n l y k n o w n as t he 'P ink 
Book ' ) . 

Our present knowledge of 
the structure of matter 

Rarely has t he fee l ing been so 
s t r o n g t h a t a clear u n d e r s t a n d i n g is 
e m e r g i n g of t he s t r uc tu re of m a t t e r 
and of t he fo rces w h i c h g o v e r n its 
behav iour . 

The l ist of w h a t w e be l ieve t o be 
t he f u n d a m e n t a l c o m p o n e n t s of 
m a t t e r has sh runk t o a hand fu l of 
l ep tons and a hand fu l of quarks . Our 
eve ryday w o r l d is bu i l t up essent ia l l y 
o f j us t f ou r par t ic les — t w o qua rks 
( the ' u p ' quark and t h e ' d o w n ' quark) 
and t w o lep tons ( the e lec t ron and 
t he e lec t ron - t ype neu t r ino) . 

T w o up quarks , w i t h e lec t r ic 
cha rge + 2 / 3 and a d o w n quark w i t h 
cha rge - 1 / 3 , bu i ld a p ro ton car ry ing 
a s ing le pos i t i ve charge. T w o d o w n 
quarks p lus an up quark bu i ld a 
neu t ron car ry ing zero e lect r ic 
charge . Pro tons and neu t rons bu i ld 
t h e hund reds of d i f fe ren t t ypes of 
nuclei . Toge ther w i t h electrons, these 
nuc le i bu i ld t he d i f fe ren t t ypes of 
a t o m . E lec t ron - t ype neu t r inos are 
needed in add i t ion , to exp la in , fo r 
examp le , h o w s o m e of t he energy is 
car r ied a w a y in rad ioac t ive decay. 
T h u s w i t h th is handfu l of par t ic les 
w e can ana lyse t he s t ruc tu re of our 
eve ryday w o r l d . 

To be c o m p l e t e w e shou ld add 
t h a t t he qua rk c o m e s in " three 
va r ian ts each w i t h a p roper ty g iven 
t he n a m e of ' co lour ' (for examp le , a 

red up quark , a b lue up quark and a 
y e l l o w up quark) t h o u g h th is n o m e n 
c la tu re has n o t h i n g t o do w i t h our 
n o r m a l c o n c e p t i o n of colour. A l s o 
w e have t h e an t ipar t i c le coun te r 
par ts t o ou r par t i c les — fo r examp le , 
t he pos i t ron w h i c h is t h e an t ie lec -
t r o n , ca r ry ing a pos i t i ve ra ther t h a n a 
nega t i ve charge . Never the less w e 
can reasonab ly ta lk of our eve ryday 
w o r l d as be ing bu i l t up essent ia l ly of 
a q u a r t e t of par t ic les . 

Bu t N a t u r e does no t s top there . 
W h e n h igher energ ies are in ac t i on 
f u r t he r q u a r t e t s of par t ic les c o m e 
in to p lay ; t h e y are l ike ca rbon cop ies 
of t h e basic q u a r t e t bu t heavier. T h u s 
at acce le ra to rs and s to rage r ings w e 
have d i scove red par t ic les w h i c h f i t in 
w i t h t h e ex is tence of a second heav
ier q u a r t e t — t w o quarks (s t range 



and charmed) and t w o lep tons ( the 
m u o n and m u o n - t y p e neut r ino) . A t 
st i l l h igher energies the re is recent 
ev idence for a th i rd heavier qua r te t 
— t w o quarks ( b o t t o m and top , the 
second of w h i c h has no t ye t been 
observed) and t w o lep tons (the tau 
and the tau - t ype neut r ino , the 
second of w h i c h has ye t t o be 
seen). 

How the particles behave 

Given these sets of par t ic les h o w 
do w e expla in the i r behav iou r? Unt i l 
ve ry recent ly it w a s c u s t o m a r y t o 
d iv ide par t ic le behav iour in to th ree 
ca tegor ies because of t he qu i te 
d is t inc t re lat ive s t reng ths of t he 
d i f fe ren t e f fec ts — said t o be 
con t ro l l ed by the e lec t romagne t i c 
fo rce , the s t rong fo rce and the w e a k 
fo rce . 

The unders tand ing of t he e lec t ro 
magne t i c fo rce , f i rs t of all in t he 
un i t i ng of e lectr ic and magne t i c 
p h e n o m e n a and t hen in t he f o r m u l a 
t i on of the theory of q u a n t u m elec
t r odynam ics , is one of t he c r o w n i n g 
g lor ies of physics. It is poss ib le t o 
ca lcu la te the behav iour of par t ic les 
under the in f luence of th is fo rce w i t h 
per fec t prec is ion. 

The theory descr ibes h o w the 
fo rce acts in t e r m s of t he exchange 
of mass less par t ic les (photons) be 
t w e e n the par t ic les sens i t ive t o the 
fo rce . The pho tons can man i fes t 
t hemse l ves as radio w a v e s , v is ib le 
l ight, heat , X - r a d i a t i o n . . . If im i ta t i on 
is t he s incerest f o r m of f l a t te ry t hen 
t he theo ry of q u a n t u m e lec t rody 
namics is h ighly regarded. The 
a t t e m p t s to unders tand t h e o ther 
t w o fo rces f o l l o w the s a m e pa t 
te rn . 

Present t heo ry a t t e m p t s t o des 
cr ibe h o w the s t rong fo rce acts by 
pos tu la t i ng o ther exchange pa r t i 
cles, w h i c h have been g iven the 

The constituents of matter as we now know 
them. A quartet of particles (two quarks 
and two leptons) explains how our everyday 
world is built up. Two additional quartets, 
like heavier carbon copies of the first come 
into play at higher energies, such as exist 
on a galactic scale or are created in particle 
accelerators. 



name gluons since they stick the 
quarks together so well that they 
have not yet been observed in isola
tion. These gluons carry the strong 
force property of colour between the 
quarks. 

The theory, because of having 
chosen the name colour for the 
strong force property, is known as 
quantum chromodynamics. It is far 
lorn being complete but it has a 
lumber of successes to its credit and 
last year received experimental sup
port from results at the PETRA 
storage ring at the DESY Laboratory 
where indirect evidence of gluons 
was seen. 

For the weak force, the present 
interpretation is so dependent on the 
electromagnetic force that it is no 
longer appropriate to speak of them 
separately and they are now com
bined in the so-called 'electroweak' 
theory. 

The weak effects are explained by 
the existence of further exchange 
particles called intermediate bosons. 
For charged current interactions, 
where particles change electric 
charges, the carrier particles are 
named the W + and W~ bosons; for 
neutral current interactions, where 
charges are not changed, the carrier 
particle is named the Z° boson. It 
was the discovery at GERN in 1973 
of neutral current interactions, pre
dicted by the theory, which spurred 
the electroweak theory on its now 
very successful way. 

The selection of an 
electron-positron ring 

It is against this physics back
ground that the European particle 
physics community made its choice 
of a high energy electron-positron 
storage ring as the machine most 
likely to contribute important new 
discoveries. This choice of LEP has 

involved, especially, discussions and 
work under the auspices of the Euro
pean Committee for Future Acceler
ators (ECFA) and design studies at 
CERN with contributions from other 
Laboratories in the Member States. 

There had previously been studies 
of the advantages of building a 
multi-TeV fixed target proton synch
rotron or high energy proton-proton 
storage rings. Also developments of 
beam cooling techniques have ena
bled intense antiproton beams to be 
produced. This has led to proton-
antiproton projects in the CERN SPS 
and at Fermilab to collide beams at 
several hundred GeV. 

Experiments at such hadron ma
chines should reveal, in particular, 
vital information about quark and 
gluon behaviour. For some other 
topics their data could be compli
cated to analyse because of the 
three quark structure of the colliding 
particles. To tackle many of the 
outstanding questions concerning 
the electroweak theory will not be 
easy on such machines because of 
the unavoidable dominance of the 
strong force. It is hoped that, when 
the proton-antiproton collider 
comes into operation at the SPS in 
1981, it will produce evidence of the 
carriers of the weak force but it is 
unlikely that the complexities of the 
collisions will permit their detailed 
study. 

A high energy electron-positron 
collider will provide cleaner condi
tions for the production and study of 
the Ws and Z°. It could in addition be 
the scene of new particle discoveries 
(where its predecessors — SPEAR 
at the Stanford Linear Accelerator 
Center and DORIS at DESY — were 
so successful) filling in missing gaps 
in the quark/lepton quartets, reveal
ing whether there are further quar
tets, discovering another type of 
particle known as the Higgs boson 
which is required by theory to give 

other particles their mass. 
Also, when the storage ring is 

taken to 100 or 150 GeV collision 
energy, it should see the weak and 
electomagnetic effects become of 
comparable strength (since the 
weak becomes 'stronger' with ener
gy). There are specific predictions 
about what should happen at these 
energies which it will be important to 
check. 

LEP should be able to attack these 
problems and cover the many theo
retical predictions which now exist. 
It would be even more dramatic if 
the predictions were not confirmed. 
We have always run into new 
phenomena when higher energy 
ranges became accessible and have 
to be open to new discoveries which 
could considerably modify our pre
sent theories. 

In addition to these physics rea
sons for the selection of LEP as 
Europe's machine for the future, 
there is a balance in the likely devel
opment of particle physics research 
facilities throughout the world. In the 
USA, Brookhaven is building 400 
GeV proton-proton storage rings 
(ISABELLE) and Fermilab is building 
a 1 TeV proton synchrotron (Energy 
Doubler). In the USSR, a 3 TeV 
proton synchrotron is planned for 
Serpukhov. Further complementary 
facilities may emerge at DESY in 
Europe, at Stanford in the USA, at 
Tokyo in Japan and at Peking in 
China. 

The design of LEP 

The design of LEP has been 
through several iterations and has 
now settled on a ring of 30.6 km 
circumference with eight long 
straight sections (four with 10 m 
free space for the installation of 
experiments using full luminosity, 
four with 20 m and half luminosity) 



A full scale 'concrete magnet' which uses 
the technique developed at CERN of filling 
the inter-lamination spaces with mortar. 
This can be done because of the low peak 
fields which are required. The technique has 
resulted in magnets of adequate quality with 
better mechanical properties and with about 
half the weight and at half the cost of 
conventional types. 

(Photo CERN 3.1.80) 

tunnel led adjacent to the exist ing 
SPS. This posi t ioning could enable a 
link be tween the t w o machines at 
some later date, if there were good 
physics reasons for doing so, and 
several parameters have been set to 
keep such a possibi l i ty open. 

The tunnel l ing technique was we l l 
mastered in the const ruct ion of the 
SPS and wi l l ensure m in imum 
disturbance to the envi ronment . 
Some 4 0 test borings have been 
carried out over the proposed LEP 
site so as to determine the height of 
the stable molasse rock wh i ch wi l l 
inf luence the precise posi t ion of the 
ring. The machine wi l l require access 
shafts to the straight sect ions, or 
tunnels where the machine passes 
under the Jura mounta ins. By t i l t ing 
the plane of the machine, excavat ion 
of one or more exper imental halls 
may be possible. 

The injector wi l l be buil t under the 
exist ing Intersect ing Storage Rings 
(and may use ISR magnets and 
vacuum chambers). It w i l l involve a 
2 0 0 M e V electron linac, a converter 
target for the product ion of the posi 
t rons, a positron linac and a 6 0 0 
MeV accumulator r ing, fo l l owed by a 
2 2 GeV synchrotron. 2 2 GeV wi l l be 
the inject ion energy into LEP, set t ing 
a lower energy l imit for exper iments 
wh i ch makes contact w i t h the top 
energies of PETRA at DESY and PEP 
at Stanford. 

A to ta l f i l l ing t ime of 1 5 minutes is 
foreseen to achieve about 6 x 1 0 1 2 

particles per beam, refi l l ing every 
t w o hours to sustain an acceptable 
luminosi ty. Injection wi l l be into four 
bunches of positrons orbi t ing in one 
di rect ion and four bunches of elec
t rons orbi t ing in the opposi te direc
t ion so that coll isions occur at the 
eight straight sections. 

The design luminosi ty is 1 0 3 2 per 
c m 2 per s at 8 6 GeV. It is not 
possible to sustain this luminosi ty 
over the who le energy range but it 

w i l l be kept as high as possible (no 
worse than fal l ing w i th the inverse 
square of the energy) by using a 
series of wigg ler magnets. 

The beam l i fet ime due to beam-
gas bremsstrahlung wi l l be 2 0 hours 
w i t h a design pressure of 3 x 1 0 9 torr 
in the main ring vacuum chamber. 
The chamber construct ion, using 
extruded a lumin ium, wi l l fo l low pr in
ciples developed when bui lding 
lower energy machines. It needs to 
cope w i t h power densit ies of 1 - 2 
k W per m at 8 6 GeV, due to syn
chrotron radiat ion f rom the beams, 
and wi l l have water -coo led wal ls 
plus 8 m m of lead shielding on the 
outside and 3 m m on the inside of 
the gaps of the magnets to avoid 
excessive radiation outside the 
chamber. A 7 m long test chamber 
has been bui l t and installed in a 
prototype magnet. 

It is to keep the synchrotron radia
t ion emerg ing f rom the beams (and 
hence the energy wh ich the radio-
f requency has to supply to hold the 
part icle energies constant) to an 
acceptable level that the radius of 
LEP is so big. The energy lost in 
synchrot ron radiation increases as 
thé four th power of the beam energy 
but is inversely proport ional to the 
radius. 

Despite the large radius of LEP it 
w i l l be necessary to make up some 
2 5 M W of power loss when operat
ing at 8 6 GeV. Energy consumpt ion 

wi l l thus be a signif icant burden on 
LEP operat ion. It is ant ic ipated that 
the CERN Laboratory as a who le 
( fo l lowing the c lose-down of other 
machines and fur ther energy eco
nomies wh i ch are being made) may 
rise to about 8 0 0 G W h per year at 
the end of the 1 9 8 0 s w i th LEP in 
act ion. This compares w i th 6 6 0 
G W h in 1 9 7 8 wh ich was then about 
0 .06 per cent of Europe's power 
consumpt ion . 

Some 2 2 km of the large c i r cum
ference of the ring wi l l be taken up by 
bending magnets. In addi t ion there 
wi l l be a lmost 2 0 0 0 focusing and 
correct ion magnets (quadrupole' 
sextupoles, etc ). The signif icant 
feature of the bending magnets 
compared w i t h those in conven
t ional accelerators and storage rings 
is that they need to produce only 
very low f ields (0 .123 T even at 1 3 0 
GeV operat ion). This has led to a 
new idea in magnet construct ion 
wh ich has had a major impact on 
reducing costs. 

Instead of the magnet cores being 
bui l t of closely packed steel lamina
t ions, the laminat ions are spaced out 
(1.5 m m th ick at 5.5 m m pitch) and 
the gaps in be tween are f i l led w i t h 
low-shr inkage, corrosion- inhibi t ing 
mortar. This results in magnets w i t h 
excel lent mechanical propert ies and 
sat is factory magnet ic propert ies for 
a cost about half that of convent ional 
types. A ful l -scale magnet, 5.68 m 



A half-scale low loss cavity where 
preliminary tests have been carried out of 
the idea of transferring power from the LEP 
ring cavities when it is not needed for 
accelerating the particle bunches. This is an 
important idea to reduce the LEP energy 
burden. A full power low loss cavity is 
near in g completion. 

(Photo CERN 338.4. 79) 

long, of this type w a s tes ted in 
December and me t all t he required 
parameters . Ano the r cost -sav ing 
Resign decision concerning the 
Sending magnets is t o p o w e r t h e m 
using wa te r -coo led a lumin ium bars 
running in a t w o - t u r n c i rcui t all 
a round the ring connect ing the 
magne ts in series. 

A crucial componen t of the ma
chine, since it is here tha t the energy 
requ i rements have thei r impor tan t 
repercussions, is the radio- f re
quency accelerat ing sys tem. It is 
in tended to instal l copper cavi t ies 
init ial ly, operat ing at a f requency of 
3 5 3 MHz. To reach 8 6 GeV wi l l 
require 7 6 8 cavi t ies, pos i t ioned 
ei ther side of the long s t ra ight 
sect ions, over a to ta l length of 
1 6 2 9 m. 

A var iety of measures are being 
pursued in an a t t emp t t o opt imize 
the r.f. sys tem. The f i rst concerns r.f. 
p o w e r sources. Deve lopment pro

g r a m m e s have star ted in co l labora
t ion w i t h European industry t o 
improve the eff ic iencies avai lable 
f r om k lyst rons or tet rodes. A w a t c h 
is being kept on progress w i t h newer 
devices — the gyrocon and the t r i ro-
t ron (being invest igated at Los 
A lamos and Stan ford respect ively). 

Secondly a novel idea is being 
invest igated involv ing t ransferr ing 
the r.f. power into low- loss s torage 
cavi t ies f r o m the r ing cavit ies, w h e r e 
considerable r.f. power is lost in heat, 
dur ing the t ime intervals be tween 
the passage of the bunches of par t i 
cles. Half-scale spherical s torage 
cavi t ies have been bui l t of sheet 
copper at CERN and Q-factors 9 5 
per cent of the theoret ica l value have 
been measured. A 5 0 0 M H z storage 
resonator for high power tests is 
under cons t ruc t ion . 

In the longer te rm, the mos t 
impor tan t cont r ibut ion t o the r.f. 
power p rob lem w o u l d come f r o m 

the deve lopmen t of superconduc t 
ing cavit ies. W i t h copper cavi t ies it is 
d i f f icu l t t o envisage pushing the 
peak energy of LEP m u c h beyond 9 0 
GeV and the lower power c o n s u m p 
t ion of superconduc t ing cavi t ies w i l l 
cer ta in ly be needed to reach the 
peak des ign energy of 1 3 0 GeV. 

This chal lenge is being tack led on 
t w o f ronts . First of all a CERN / 
DESY / Kar lsruhe col laborat ion has 
prepared t w o superconduct ing s in 
gle cell cavi t ies w i t h the a im of 
opera t ing t h e m in actual s torage r ing 
cond i t ions on the DORIS mach ine at 
DESY. The results of tests at Kar ls
ruhe are repor ted on page 2 0 . 

Secondly , several European Un i 
versi t ies (Genoa, Paris X l -Orsay , 
Wupper ta l ) are wo rk i ng w i t h CERN 
to deve lop superconduc t ing cavit ies. 
A single cell n iob ium cavi ty w a s 
opera ted recent ly at 5 0 0 MHz. It 
ach ieved Qva lues of 2.1 x 1 0 9 a t l o w 
f ie ld gradients fa l l ing to 1.7 x 1 0 9 at 
an accelerat ing f ie ld gradient of 3 
M V / m . A peak gradient of 4.6 M V / 
m w a s reached, l imi ted by therma l 
b r e a k d o w n at a we ld ing seam. The 
next s tep w i l l be to bui ld mul t ice l l 
cavi t ies and to a t t emp t to reach 
s imi lar f igures in these st ructures. 

Other sys tems for LEP wi l l use the 
exper ience and faci l i t ies deve loped 
at CERN on the exist ing accelera
tors . In part icular, the cont ro l sys tem 
w i l l f o l l ow the new phi losophy 
deve loped so successful ly dur ing the 
cons t ruc t ion of the 4 0 0 GeV SPS 
(see, for example, December issue 
1 9 7 3 ) . The needs of the wa te r coo l 
ing sys tem and the electr ic i ty supply 
sys tem can fo r tunate ly be met f r o m 
the pipes and power lines w h i c h 
w e r e b rough t to the CERN site for 
the SPS ( f rom lac Léman and the 
French electr ic i ty gr id at Génissiat 
respect ively) . 

The exper imenta l halls at the 
s t ra ight sect ions are each des igned 
to a c c o m m o d a t e detec t ion sys tems 



A single cell superconducting radio-frequency 
cavity which has recently been tested 
successfully at CERN. The development of 
superconducting cavities is vital if the peak 
design energies of LEP are to be achieved. 

(Photo CERN 3.12.79) 

wh ich are not, in general , expected 
to g row m u c h bigger than those 
current ly instal led at PETRA and 
PEP (given ant ic ipated deve lopment 
in detect ion techniques) . Five of the 
halls w i l l have space for one detec
t ion sys tem t o be w o r k e d on wh i le 
another is in place in the ring. A 
so-cal led push-pul l a r rangement w i l l 
enable the t w o detectors to be 
exchanged. As yet there has been no 
need to th ink in much detai l about 
part icular sys tems but this wi l l begin 
to get under w a y in June at a meet 
ing in Uppsala (see page 24) . 

ECFA in i t iated an examinat ion of 
the manpower and f inancial re
sources avai lable to the high energy 
physics c o m m u n i t y in Europe (see 
the fo l l ow ing art ic le in th is issue) t o 
check tha t the advent of LEP w o u l d 
not perturb the present methods of 
co l laborat ion in exper iments at 
CERN f r om Europe's research 
centres. The indicat ions are that , if 
present levels of suppor t are ma in 
ta ined, an excel lent p rog ramme of 
exper iments can be moun ted at 
LEP. 

Costs and times cal es 

The design of LEP as laid d o w n in 
the 'Pink Book ' makes it possible to 
es t imate const ruc t ion costs and 
t imescales. There is great concern in 
the high energy physics c o m m u n i t y 
to bring the machine into act ion as 
early as possible so as not to lose the 
very s t rong posi t ion wh i ch CERN 
has acquired amongs t the wor ld ' s 
high energy physics Laborator ies. 

By the mid -1 9 8 0 s , it is l ikely tha t 
the research potent ia l of the excel 
lent machines w h i c h are n o w in 
operat ion at CERN wi l l be surpassed 
by the coming into operat ion of the 
Energy Doubler and ISABELLE. It is 
hoped tha t LEP's f i rst beams wi l l not 
be far behind. 

However the speed w i t h wh i ch 

LEP can come into operat ion w i l l 
depend predominant ly on the annual 
rate of expendi ture wh i ch can be 
author ized by the CERN M e m b e r 
States. It is proposed tha t the LEP 
project w i l l be f inanced f r om w i th in 
present annual CERN budgets 
( 6 0 0 mil l ion Swiss f rancs at 1 9 7 8 
prices) by closing d o w n or reducing 
the research p rogrammes on some 
of the exist ing CERN machines and 
by reducing fur ther machine deve l 
opment . Thus it is p lanned to close 
d o w n the Intersect ing Storage 
Rings, and possibly the 6 0 0 M e V 
synchro-cyc lo t ron, and to curtai l the 
deve lopment of research on the 
SPS. 

A lmos t all componen ts of LEP w i l l 
need to be in place in order to begin 
operat ion but t w o i tems could be 
bui l t up to their ful l comp lemen t 
progressively. One is the amoun t of 
radio- f requency power ins ta l led ; 
the other is the number of detec

t ion sys tems instal led for the expe 
ments . Because of this, the physi 
p rog ramme wi l l probably be co 
f ron ted in stages corresponding 
the progressive instal lat ion of radi 
f requency cavit ies, a l lowing pr 
gressively higher peak energies to I 
reached, and the progressive buil 
up of the exper iments around tl 
col l is ion regions. 

The stage at wh i ch a ful l compl 
men t of copper cavit ies w i l l 1 

instal led is referred to as Stage 1. 
corresponds to an available radi 
f requency power of 9 6 M W givinc 
peak energy of about 9 0 GeV (a 
propr iate for W part icle product io 
It w i l l , however, be possible to bee 
operat ion at a 1 / 6 stage w 
16 M W of r.f. power giv ing 
energy of 5 0 GeV (appropr iate foi 
part ic le product ion) or a 1 / 3 sta 
w i t h 3 2 M W of r.f. power giv ing 
energy of 6 5 GeV. 

The const ruc t ion schedule pi 



pared in the design study would 
allow the 1 / 3 stage to be reached in 
1988 with four of the experimental 
areas in action, if authorization to 
build is given in 1981. The cost 
estimate for the 1 / 3 stage is 1065 
million Swiss francs and a further 
210 million Swiss francs would be 
needed to complete Stage 1. 

The peak energy could be pushed 
Jttle beyond 90 GeV with further 

copper cavities but significant ad

vance to the Stage 2 aim of 
130 GeV requires the installation of 
superconducting cavities. Until the 
development programme for the 
production of such cavities is much 
further advanced it is not reasonable 
to state costs or timescales to reach 
Stage 2. 

The LEP project as described in the 
'Pink Book' carries the very strong 
support of the European high energy 
physics community. In June of this 

year it is intended to present the 
project formally to the delegates of 
the twelve Member States of CERN. 
It is hoped that authorization for 
construction will be obtained a year 
later, in June 1981, and will have 
passed through all the necessary 
governmental approvals by the end 
of that year. If this is achieved, LEP 
could begin to take shape at the 
beginning of 1982. 

High Energy Physics in Europe 

A thorough survey of the present and 
possible future activities and re
sources in high energy physics in the 
CERN Member States has been 
carried out by a Working Group of 
ECFA (European Committee for Fu
ture Accelerators) under the Chair
manship of John Mulvey. The aim 
'^s been to obtain a view of the 

^esent European scene and to see 
whether it looks well adapted to the 
effective exploitation of possible 
future machines in Europe (particu
l a r LEP) and the rest of the world. A 
report (ECFA/RC/79/47) has been 
presented to ECFA. 

The high energy physics commun
ity in the twelve CERN Member 
States comprises about 2000 ex
perimental and 1000 theoretical 
physicists centred in some 140 
universities and research institutes. 
88 per cent of the experimental 
physicists are spread around re
search centres in Europe while 
12 per cent are employed at the two 
major accelerator Laboratories, 
CERN and DESY. Nearly a quarter of 
the physicists are research students 
of whom about 190 obtain their 

degrees each year. A half of this 
influx of young people moves to 
other work within three years of 
taking the degree. 

A survey carried out a year ago 
revealed that between 50 and 60 
per cent of the experimentalists util
ized the 400 GeV proton synchro
tron, the SPS, at CERN and that 
trend continues with the advent at 
the SPS of the proton-antiproton 
collider. The total number involved in 
the CERN research programme (not 
counting the synchro-cyclotron) was 
about 1350. About 320 physicists 
were using electron-positron ma
chines with 230 of them on PETRA 
at DESY. Some 90 physicists based 
their main experimental activities at 
USA Laboratories (mainly Fermilab 
and SLAC) and 25 at Serpukhov 
(half of them on the Mirabelle bubble 
chamber). To balance this move
ment, some 70 American and 
90 Soviet and Eastern European 
physicists came to CERN and 
another 20 American physicists to 
DESY. While mentioning bubble 
chambers, it is interesting to note 
that, since the previous survey in 

1966, the number of experimenters 
using only the bubble chamber or 
emulsion techniques has fallen from 
55 to 19 per cent. 

Direct financial support for the 
experimental programme (not in
cluding salaries, overheads and 'cen
tral' computing costs) is estimated 
at about 146 million Swiss francs in 
1978. About half came from the two 
host Laboratories and some 13 MSF 
of the remaining University money 
was absorbed by travel and subsis
tence expenses. The manpower sup
port (engineers, technicians, pro
grammers) for the experimental pro
gramme involved some 2650 man-
years in 1978, about one third being 
provided in the two host Laborato
ries. 

The size of collaborations has 
grown with the complexity of the 
experiments and a collaboration of 
about 40 physicists is now typical 
with some collaborations reaching 
70 or 80. The average size of a team 
coming from a single institute is 
6.5. 

In looking towards the future, a 
scenario has been drawn up in 



The future pattern of high energy physics 
research in terms of the main machines 
which could be available in the coming 
decade. The question marks indicate possible 
start-up dates for projects yet to be 
approved. Dotted lines indicate periods 
devoted to preparation of experiments. 

w h i c h obviously the large e lec t ron-
posi t ron storage ring LEP f igures as 
f i rst pr ior i ty for Europe. The W o r k i n g 
Group stressed tha t LEP should not 
be delayed. Operat ion is assumed to 
star t in 1 9 8 8 so as not to leave 
CERN too long w i t h the SPS and the 
pro ton-ant ip ro ton col l ider as its f ron t 
l ine machines since these are l ikely 
to be over taken by machines in the 
USA by the m i d - 1 9 8 0 s . Too long a 
shif t of balance to the U S A w o u l d 
make it d i f f icu l t for Europe to recover 
its present status. It is hoped tha t a 
new machine at DESY wi l l do much 
to fi l l the gap f r o m the m id -80s . (We 
hope to have more on the DESY 
plans in a f o r thcoming issue.) 

The W o r k i n g Group c o m m e n t s 
tha t the fu ture scenar io takes a 
s igni f icant s tep t owards a s i tuat ion 
w h e r e n e w faci l i t ies in the di f ferent 
regions of the wo r l d are c o m p l e m e n 
tary rather than dupl icated, br ing ing 
economies whi le sti l l a l low ing the 

In the context of the sharing of 
facilities world-wide, the most 
positive recommendation we 
have yet seen came from the 
Fermilab Physics Advisory Com
mittee last year concerning 
policy towards non-USA groups. 
Other similar statements are 
likely to appear in the final re
port from the ECFA Working 
Group and from the Interna
tional Committee for Future 
Accelerators, ICFA. The Fermi
lab Committee said: 
'The predominant considerations 
in accepting or rejecting any 
experimental proposal should 
continue to be the physics mer
it the technical feasibility, the 
capability of the group and the 
resources required. The Labo
ratory should welcome 

outside money or equipment, 
but such opportunities should 
not have excessive weight in 
determining the choice among 
proposals. The national or insti
tutional affiliations of propon
ents should not per se influence 
the acceptance or rejection of 
proposals. We expect that for
eign groups would naturally 
want to team up with local 
experimenters, and the Labora
tory should encourage this. 
However, we do not feel that 
it is in the interests of the Labo
ratory or of the field of particle 
physics to establish quotas or 
restrict the international char
acter of the field. We hope that 
other major laboratories around 
the world would have similar 
policies'. 



Numbers of people involved in high energy physics research in Europe 

research to advance on a broad front. 
This implies, however, that experi
mental physicists from any region 
should be allowed to have access to 
these facilities and be given the 
support necessary to use them. 

The Working Group assumes 
^ o m e 200 European physicists will 

be drawn to use the Energy Doubler 
at Fermilab and the ISABELLE 
storage rings at Brookhaven and 
later in the decade some 80 being 
drawn to use UNK in the USSR. A 
return flow of physicists from the 
USA and USSR is anticipated for 
LEP and the new DESY machine. 

If facilities in Europe develop as it 
is assumed, the number of users of 
fixed target facilities at the SPS 
would be likely to fall from 1000 to 
500 while the users of colliding 
beam machines increase from 550 
to 1000 mainly through the use of 
LEP and the new machine at 
DESY. 

The initial LEP experimental pro
gramme is assumed to comprise six 
experiments at an average cost of 

30 MSF involving some 450 physi
cists from the CERN Member States 
(later rising to 600). If the present 
pattern and levels of financial sup
port are sustained and the experi
ments are carried out by large colla
borations 50 to 100 (physicists), the 
necessary finance would be assured. 
It implies, however, that the host 
Laboratories must continue to have 
provision in their budgets to meet 
half the capital costs of the experi
ments. For CERN this would involve 
about 90 MSF over the three or four 
years prior to LEP start-up. The 
necessary technical support could 
also be found if present levels are 
sustained. 

The Working Group was wary of 
the centralization of effort and 
resources implied by the size and 
complexity of the experiments and 
stressed the importance of providing 
resources to enable contributions to 
be made by physicists working in 
their home Laboratories. This would 
also strengthen the contribution 
made by high energy physicists to 

local academic life, improve the 
training of graduate students and 
lead to broader contact with a wider 
local community including local 
industries. 

The 'concluding remarks' of the 
report the Working Group state 
'Europe today possesses a broad 
range of front rank facilities for high 
energy physics research and the 
proposals under discussion would 
provide great opportunities for the 
future'. 



Around the Laboratories 

At the recent Fermilab Tevatron Neutrino 
Workshop Robert Shrock of Stony Brook 
discusses tests for tau neutrinos. 

(Photo Fermilab) 

FERMILAB 
Tevatron 
Muon-Neutrino 
Workshop 
Ideas! Big fat fuzzy ones — long 
skinny shiny ones . . . ideas of every 
kind f lew through the air of the 
Fermilab audi tor ium (cafeteria, 
at r ium, etc.) during four days of a 
Muon-Neut r ino Workshop in Janua
ry. It was the f irst public discussion 
of the plans of Fermilab users and 
staff for the physics and facil i t ies 
that could happen w i t h the advent of 
the Tevatron. 

Tom Kirk, currently on leave f rom 
his posit ion as Head of the Neutr ino 
Department, organized the W o r k 
shop. More than 2 0 0 scient ists at
tended, many f rom Europe, Russia 
and Japan, to discuss the coming era 
of 1 TeV lepton physics. 

The Tevatron Neutr ino Depart
ment construct ion and beam design 
plans were presented by Tom Kirk, 
Ray Stefanski, Dennis Theriot and 
J im Walker. John Peoples, Research 
Division Head, out l ined the t ime 
schedule for bringing on the Teva
t ron wh ich calls for extract ion of 
beam to the f irst exper iments in 
1 9 8 2 . The programme hits its ful l 
str ide in 1 9 8 3 - 8 4 w i t h complet ion 
of a 7 5 0 GeV muon beam and other 
large-scale facil i t ies. 

W i t h paper designs plastered 
across the audi tor ium wal ls, the 
experiments took over ! New ways of 
detect ing particle coll isions and 
showers were presented by Bill 
Carithers (Berkeley) w h o described 
his recent interest ing experiments 
on l imi ted Geiger mode gas dis
charges, and Mikhai l Kubantsev 
(ITEP) w h o described prel iminary 
tests for a 1 0 0 ton high pressure 
argon gas detector for neutr ino 
physics. 

Enthusiasm for the new high ener
gy, high intensity muon beam was 
strong as eleven speakers extol led 
the vir tues of high precision experi
ments that may have the best 
chance to measure the parameters 
of the leading candidate theory of 
st rong interactions (quantum chro-
modynamics, QCD) and the best 
weak interaction theory (Weinberg-
Salam). The gains to be made w i t h 
the new muon beam are probably 
the most dramat ic at the Tevatron 
since it is here that the improvement 
over existing Fermilab facil i t ies is 
greatest. 

Pamela Surko (Princeton) showed 
how the natural polarization of the 
muons could be exploited to make a 
crit ical test of the Weinberg-Salam 
theory. Her ideas make use of an 
existing Fermilab apparatus, the 
mul t i -muon spectrometer, in a new 
way. 

The remaining experimenters ex
plored the interesting possibil it ies of 
neutr ino physics as it wi l l be 
extended w i t h the Tevatron. Frank 
Taylor (North Illinois), Frank Sciull i 
(Cal. Tech) and others presented 
informat ion on the t w o large neu
tr ino detectors now at Fermilab, 
whi le Jack Steinberger (CERN) and 
his colleagues reviewed the Teva
t ron possibil it ies of the CERN W A 1 
detector. The plans concentrated on 
capabil i t ies of existing neutr ino de
tectors for the new energy regime 
and on the rewards that higher 
energy wi l l bring. 

A m o n g the topics that wi l l benefi t 
f rom the neutr ino beams are fur ther 
study of nucléon structure funct ions 
w i t h compar ison to QCD and study 
of mu l t imuon events as a probe of 
heavy quark product ion. A topic that 
should benefi t signif icantly f rom the 
higher energies is that of neutr ino-
electron elastic scattering. 

Experiments w i th 'p rompt ' neutr i 
nos, obtained f rom burying a proton 

beam in a beam dump, came in for 
extensive discussion. Unfortunately, 
a muon or electron is born w i t h each 
neutr ino and the muons must b 
el iminated before the neutr inos can* 
be used for experiments. Mike 
Peters (Hawaii) gave a useful talk on 
the tools for calculat ing an appro
priate muon shield and both he and 
Richard Fine (Columbia) explained 
how such a shield might be 
constructed using magnets f rom the 
retir ing Argonne ZGS accelerator. 

Neutr ino bubble chamber physics 
was reviewed in some detail. Horst 
W a c h s m u t h (CERN / Wisconsin) 
unveiled ideas for a new bubble 
chamber opt imized for neutr ino phy
sics at Tevatron energies. It wou ld 
be smal ler than the existing Fermilab 
15 foo t Bubble Chamber, having 
a vo lume of only 10 cubic meters, 
and wou ld be almost completely 
surrounded by electronic detectors 
for part icle type and momen tum 



measurements. The chamber could 
also function as a visible target spec
trometer for hadron physics. Vincent 
Peterson, who organized the bubble 
chamber presentations, reported en
thusiastic support for the project 
among bubble chamber aficion
ados. 

The Workshop demonstrated a 
high level of user interest in lepton 

^nysics with the Tevatron with 
comparable interest in both muon 
and neutrino experiments. 

Fermilab has requested that po
tential users submit Tevatron propo
sals for neutrino and muon physics 
by 25 April. Open presentations are 
scheduled for 15/16 May. The first 
consideration by the Physics Advi
sory Committee will be at its June 
meeting and, because the number of 
proposals is likely to be large and 
each requiring considerable scrutiny, 
it is not likely that final decisions will 
be made immediately after the June 
meeting. 

Users interested in preparing pro
posals for the Tevatron are encour
aged to contact Shigeki Mori, acting 
lead of the Neutrino Department at 
Fermilab, for the latest description of 
beams and facilities which are 
expected to be available. 

Emulsion hybrid 
spectrometer 
Extending the Weinberg-Salam 
theory from leptons to quarks 
required the existence of a fourth 
quark carrying a new quantum 
number, 'charm'. Since charm 
should disappear only in weak 
decays, theorists have agreed for 
some time that the lifetime for the 
lightest charmed particle of each 
type should be relatively long, of the 
order of 10~ 1 3s. 

Initially, experimental results were 
in disarray indicating lifetimes either 
less than 10~ 1 4 or approaching 

10" 1 2 s. During 1979, data from 
several CERN and Fermilab experi
ments have favoured lifetimes in the 
1 0 - 1 3 s range (see for example June 
1979 issue, page 152 and Septem
ber 1979 issue, page 253). 

More data is now available thanks 
to a US/Canada/Japan collabora
tion which has carried out a run in 
the Fermilab single-horn neutrino 
beam with an emulsion hybrid spec
trometer, using 24 litres of Fuji emul
sion as the target. 

A neutrino beam was chosen 
because the fraction of events with 
charm should be quite large (5 to 10 
per cent). The spectrometer serves 
the double purpose of locating 
events in the emulsion and identify
ing the type of charmed particle 
through its decay kinematics. The 
spectrometer was operated with a 
low-bias trigger demanding only 
that more than two charged parti
cles leave the target and that at least 
two of them appear downstream of 
the magnet. 

Some 2200 charged and neutral 
current neutrino interactions have 
been reconstructed from the data. 
The emulsion has been scanned for 
about 40 per cent of these events of 
which 500 have been found. Of the 
tagged events not found, half were 
lost to fiducial volume cuts and the 
rest to scanning inefficiencies. The 
efficiency for finding tagged events 
is approximately twice that of pre

vious hybrid experiments due to a 
new track follow-back technique 
used in conjunction with conven
tional volume scanning. 

Twenty-two multiprong charm 
decays have been found in these 
500 events, along with an additional 
dozen 'kink' tracks which exhibit a 
sudden large change in direction 
without evidence of interaction. 
Multiprong decay lengths range 
from 5 to 13 000 jim. Decay 
products have been identified in the 
large-aperture spectrometer by a 
variety of techniques - magnetic 
analysis, time-of-flight separation of 
charged pions, kaons and protons, 
lead glass identification of electrons, 
gamma rays and neutral pions, and 
muon identification by penetration 
through steel. A calorimeter meas
ured total hadronic energy. 

Of the multiprong decays, three 
have been identified as charmed 
lambdas, four as neutral D mesons, 
two as charged Ds and two as 
charged F mesons. One candidate 
for the weak decay of a charmed 
sigma has been found with a proper 
decay time of 0.5 x 10~ 1 3s. If this 
identification is correct, the event is 
quite surprising because theorists 

An example of a charmed particle decay as 
recorded in emulsion by a US I Canada I 
Japan collaboration at Fermilab. A neutrino 
interacts with a nucleus in the emulsion at 
point A. The central ongoing track is analysed 
as an F meson which decays at point B into 
four particles, three of which are identified 
in the spectrometer as pions. 



Apparatus used by a CERN / Collège de 
France / Ecole Polytechnique (Palai seau) / 
Orsay / Sac/ay group studying the production 
of muon pairs by hadrons. The beam from 
the SPS first meets liquid hydrogen and 
platinum targets in series (bottom right) 
before passing into the hadron absorber. 
Immediately downstream is a large 
superconducting magnet. This magnet and 
the detectors further downstream contain 
a total of 26 000 sense wires mounted in 
31 planes. 

(Photo CERN 166.7.79) 

expec ted th i s par t ic le t o be mass i ve 

e n o u g h t o decay s t rong ly . Five 

even ts cou ld be a t t r i b u t e d t o e i ther 

D or F mesons , and t h e r e m a i n i n g 

m u l t i p r o n g and k ink even ts are st i l l 

under s tudy . 

Based on these s ta t i s t i cs , 

c h a r m e d s i g m a s and l a m b d a s and 

neu t ra l D m e s o n s have l i f e t imes 

s o m e w h a t shor te r t h a n 1 0 - 1 3 s 

w h i l e cha rged D and F m e s o n s l ive 

cons ide rab ly longer t h a n 1 0 ~ 1 3 s . A 

t es t based on th is f o l l o w - b a c k t e c h 

n ique has been used t o ver i f y t h a t 

t he e f f i c iency fo r f i nd i ng neu t ra l 

decays is h igh. The ind i ca t i on t h a t 

t he neut ra l D l i fe t ime is an o rder of 

m a g n i t u d e shor te r t h a n t h e c h a r g e d 

D l i f e t ime the re fo re appears t o be 

real and no t t he resul t of s cann ing 

b iases. (This is a lso s u p p o r t e d by 

ev idence t h a t the neut ra l D has a 

h igher level of non - l ep ton i c d e 

cays.) 

P roduc t i on d y n a m i c s , such as the 

n u m b e r of c h a r m e d par t ic les c o m i n g 

f r o m the s t rong decays of exc i ted 

s ta tes and the f r ac t i on of t he 

hadron ic energy car r ied by the 

c h a r m e d par t ic le , are be ing inves t i 

ga ted . The expe r imen te r s expec t t o 

f i nd abou t f i f t y c h a r m decays in the 

c o m p l e t e da ta samp le , and hope t o 

iden t i f y t w o th i rds of t hese u n a m b i 

guous ly . A n o t h e r run w i t h i m p r o v e d 

appa ra tus is p lanned . 

CERN 
Hadronic information 
f rom lepton pairs 
A l t h o u g h t h e p r o d u c t i o n ra tes of 

m u o n s and e lec t rons in hadron ic 

e x p e r i m e n t s is re la t ive ly sma l l c o m 

pared w i t h the p r o d u c t i o n of h a 

d rons , the i r p roper t ies are very 

d i f fe ren t f r o m the a c c o m p a n y i n g 

par t i c les and t hey can be readi ly 

iden t i f i ed and measu red . In p a r t i c u 

lar, t he s tudy of l e p t o n - a n t i l e p t o n 

pairs is n o w a p o w e r f u l had ron 

phys ics too l . 

A w a y f r o m sharp resonances l ike 

t h e J / p s i and the ups i lon , t h e 

s m o o t h l y va ry ing c o n t i n u u m p r o 

d u c t i o n of lep ton pairs p rov ides 

i n f o r m a t i o n on the quarks ins ide t h e 

co l l id ing hadrons . 

Th is c o n t i n u u m d i lep ton p r o d u c 

t i on is u n d e r s t o o d t o be due t o t he 

so -ca l led ' D r e l l - Y a n ' m e c h a n i s m in 

w h i c h a qua rk f r o m one of t he co l l i d 

ing had rons ann ih i la tes e l e c t r o m a g -

net ica l ly w i t h an an t iquark f r o m t h e 

o the r had ron to f o r m a heavy p h o t o n , 

w h i c h subsequen t l y decays in to a 

l e p t o n - a n t i l e p t o n pair. Th is m e a n s 

t h a t w h i l e the expe r imen ts use 

hadron b e a m s and hadron ta rge ts , 

t h e e f fec ts s tud ied are no t neces 

sar i ly h a d r o n i c ! 

The c o n t i n u u m d i m u o n s p rov ide a 

va luab le labora to ry for t he s tudy of 

t h e inner cons t i t uen ts o f had rons 

w h i c h c o m p l e m e n t s the i n f o rma t i on 

p rov i ded by d e e p inelast ic l e p t o n -

nuc leon sca t t e r i ng . S ince the inc i 

d e n t had rons are no t l im i ted t o 

p ro tons , t h e Dre l l -Yan m e t h o d car 

a lso p robe t h e quark s t ruc tu re ot 

uns tab le hadrons , such as p ions, 

w h i c h c a n n o t be used as ta rge ts fo r 

l ep ton b e a m s . 

The m o d e l has been success fu l in 

a c c o u n t i n g fo r m a n y of t h e obse rved 

f ea tu res of t h e l ep ton -an t i l ep ton 

s p e c t r u m , such as t he s imp le a d d i 

t i ve d e p e n d e n c e on t h e mass n u m 

ber of t h e t a r g e t mater ia l , t he a n g u 

lar d i s t r i bu t i on of t h e o u t g o i n g 

d i m u o n s , t he d i f fe ren t behav iou r 

o b s e r v e d us ing pos i t i ve and n e g a 

t i ve p ion b e a m s , and the var ia t ion of 

t he d i m u o n levels w i t h energy ( 'scal 

ing ' ) . 

I m p o r t a n t n e w ev idence f r o m a 

CERN / Co l lège de France / Ecole 

Po l y techn ique (Palaiseau) / Orsay / 

Sac lay g r o u p ( N A 3 ) in t he N o r t h 

A rea s t u d y i n g t he p roduc t i on of 



muon pairs by different kinds of 
hadrons indicates that something 
else is going on. 

Using high resolution differential 
DISC Cherenkov ('Cedar') counters, 
the experiment is able to identify the 
incoming hadrons in the intense 
(5x 10 7 particles per second) sec
ondary SPS hadron beam. This 
°nables data to be collected simulta

neously for negative pions, antipro
tons and negative kaons (negatively-
charged beam), and, using threshold 
Cherenkovs in addition, for protons 
and positive pions and kaons (posi
tively-charged beam). 

The NA3 group has measured the 
quark structure of the pion and has 
obtained the first evidence for 
production of upsilons using pion 
beams (see September 1979 issue, 
page 257). In this experiment, the 
copious production of J/psis is 
particularly useful for checking and 
correlating the continuum dimuon 
data. 

The observed shape of the dimuon 
continuum spectrum, using the large 
angular acceptance of the appara
tus, gives a handle on the 'structure 
functions' which describe the distri
bution of quarks inside hadrons, and 
the results are in good agreement 
with independent structure function 
measurements from high energy 
neutrino interactions. It is particu
larly encouraging that two very 
different types of experiment pro
vide the same picture of the quarks 
inside nucléons. 

These structure functions can 
then be used to calculate the 
expected overall magnitude of the 
dimuon continuum signal. However 
measurements are more than twice 
as large as the calculated levels. 

In proton-nucleon collisions, each 
of the colliding particles contains 
three valence quarks, and the anti-
quarks for Drell-Yan processes have 
to be supplied by the 'sea' of virtual 

quarks and antiquarks which sur
rounds the valence quarks. The rela
tive level of sea and valence quark 
contributions for input into the Drell-
Yan calculation is obtained from 
neutrino scattering data. 

However if instead of being bom
barded with protons, the targets are 
bombarded with antiprotons, which 
contain three valence antiquarks, the 
dominant contribution to back
ground dimuon production comes 
instead from interactions between 
pairs of valence quarks. Since the 
antiproton has the same structure 
function (for antiquarks) as that of 
the proton (for quarks), the calcula
tions require a minimum of empirical 
input. 

After their first antiproton data 
became available last summer, the 
group embarked on an intense 
period of data-taking which has 
produced some 350 antiproton ev
ents with muon pairs above the 
J/psi mass region. These show that 
the ratio of the observed and calcu
lated levels of dimuon production 
using antiprotons is consistent with 
the result obtained using protons. 
This means that the high dimuon 
signal cannot be simply explained in 
terms of an increased contribution 
from sea quarks. The data also 
allows the first determination of the 
antiproton structure function. 

Another possibility is that coher
ent nuclear effects in the target are 
responsible, which can be checked 
by using a hydrogen target. Using 
pion beams on hydrogen, the NA3 
experiment still produces the same 
ratio of observed to calculated 
dimuon levels, so ruling out this 
explanation. 

The use of a hydrogen target also 
provides data free of nuclear compli
cations, and enables absolute cross-
sections to be obtained. In practice, 
the experiment uses hydrogen and 
heavy (platinum) targets simulta

neously, which enables the additive 
dependence on mass number to be 
checked. 

Another suggestion is that the 
high dimuon yield could be hadronic, 
rather than electromagnetic, in ori
gin. Such an effect would contribute 
equally to the results using positive 
and negative pion beams. However 
the difference between the NA3 
results with positive and negative 
pion beams still yields the same high 
dimuon level as before. 

More evidence for a high dimuon 
cross-section comes from the 
Indiana / Imperial College London / 
Saclay/Southampton collaboration 
studying dimuon production by pion 
beams in the West Experimental 
Area of the SPS. This group has also 
seen a candidate for the beauty 
meson (see September 1979 issue, 
page 257). 

Taken together, the evidence sug
gests that the Drell-Yan model for 
dimuon production needs to be 
modified. The disagreement could 
be due to the gluons responsible 
for the inter-quark forces, and this 
provides fuel for theoreticians devel
oping field theories of quarks and 
gluons. The considerable difference 
between the observed and calcu
lated dimuon levels means that the 
effects due to gluons must be 
large. 

Digging 
for antiprotons 
The CERN antiproton project is 
taking shape. The antiprotons, pro
duced by the primary proton beam 
from the 28 GeV proton synchrotron 
(PS), will be stochastically cooled 
and stored in the new Antiproton 
Accumulator (AA) ring. From here, 
the low energy antiprotons will be 
fed to the PS (via TTL2) and acceler
ated to 26 GeV before being ejected 



The intricate layout of beamlines for the 
CERN antiproton project: the new tunnels 
TT70 and TT6, to supply antiprotons to the 
SPS and ISR respectively, have now been 
excavated. 

in to a n e w tunne l (TT70) lead ing t o 
the SPS, w h e r e they w i l l be acceler
a ted to 2 7 0 GeV (see S e p t e m b e r 
1 9 7 8 issue, page 2 9 1 ) . A n o t h e r 
n e w tunne l (TT6) w i l l take an t i p ro 
t ons t o w a r d s the In te rsec t ing S t o 
rage Rings (ISR). 

The 4 0 0 met re T T 7 0 tunne l has 
h o w been excavated , t he l inks w i t h 
the ex is t ing SPS e jec t ion tunne l 
(TT60) for t he W e s t Exper imenta l 
Area , and w i t h the PS tunne l hav ing 
been made dur ing the end-o f -year 
s h u t d o w n . 

The an t ip ro tons w i l l be in jec ted 
in to the SPS us ing the ex t rac t ion 
channe l normal ly used t o supp ly 
p ro tons t o the W e s t Exper imenta l 
A rea . Ext racted p ro tons can also be 
t ranspo r ted t h r o u g h T T 7 0 back t o 
the PS. This w i l l a l l ow the beaml ine 
t o be t uned w i t h p ro tons and w i l l 

A pessimist's view of tunnelling operations, 
by Phil Bryant. 



/. X-ray spectra from muonic atoms formed 
in aluminium as observed by a Bologna 
group at the CERN synchro-cyclotron. The 
spectra are different depending on whether 
the atoms are formed by direct injection of 
muons into an aluminium target (top curve), 
by diffusion of muonic hydrogen (middle 

provide a means of synchronizing 
the t w o accelerators. 

Excavation is also complete for the 
TT6 tunnel to take the ant iprotons 
f rom the PS towards the ISR. TT6 
passes underneath the TT2 beam-
line wh ich takes protons f rom the PS 
towards the SPS and the ISR. This 
creates a potential radiation hazard, 
and to ensure that work in TT6 can 
continue whi le TT2 is in operat ion, 
special col l imators have been in
stalled in TT2 and shielding added to 
the tunnel floor. 

Muons with memory 
A Bologna team carrying out experi
ments at the CERN synchro-cyclo
tron have added more informat ion 
concerning some intriguing observa
t ions on muonic atoms. It seems 
that, in certain circumstances, the 
atoms can remember in which way 
they have been formed and behave 
accordingly. 

The effects were first seen at 
Dubna in 1967 when different spec
tra were observed f rom liquid argon 
depending upon whether the muon 
wen t into orbit in the argon atom via 
direct injection of a muon beam or 
via diffusion of muonic hydrogen 
through the liquid argon. It is thought 
that the different angular momenta 
involved in the format ion of the atom 
by the t w o processes may be the 
reason for the atoms behaving as if 
they remembered how they had 
been created. 

The Bologna team saw the effects 
for the first t i m e j n solids in 1 9 7 8 
using aluminium. They repeated the 
experiments using the diffusion of 
muonic deuter ium. Again different 
behaviour of the resulting muonic 
atoms was observed. They then 
moved to atoms of higher atomic 
number since all previous work had 
been on light atoms. Measurements 
on liquid xenon did not show differ-

curve) or by diffusion of muonic deuterium 
(bottom curve). 
2. The differences disappear for X-ray 
spectra from heavier elements. The top 
curve is obtained by direct injection of muons 
into a xenon target and the bottom curve 
by diffusion of atomic hydrogen. 

ences in behaviour depending on 
how the atom is formed. 

Thus muonic atoms remember 
whether they have been formed by 
muon beams, muonic hydrogen dif
fusion or muonic deuter ium diffusion 
but only w i th atoms of the lighter 
e lements of the periodic table. 

BROOKHAVEN 
Hypernuclei 
Hypernuclei are formed when the 
usual nucléon components of 
atomic nuclei are t ransformed into 
more exotic particles (hyperons) by 
bombarding them w i th a beam of 
kaons. 

They were first seen in 1953 , but 
systematic studies have only been 
possible in recent years, thanks to 
the availabil i ty of high flux kaon 
beams and precise spectrometers. 
They can be used to test nuclear 
theories in different systems and to 
discover processes and excited 
states not seen found in ordinary 
nuclei. 

A programme of hypernuclear 
studies at Brookhaven is now wel l 
under way. First results conf irm the 
existence of t w o states in carbon, 
f irst discovered at CERN, and extend 
the knowledge of their quantum 
numbers through measurements of 
angular distr ibutions. 

A novel feature of the experiment 
is the large range of momen tum 
transfer covered — f rom 7 0 - 2 8 0 
MeV. There are several classes of 
hypernuclei wh ich require such large 
momen tum transfers for their for
mat ion, and the experiment shows 
evidence for some of these states, 
whi le other expected states are not 
seen. 

A Brookhaven / Princeton / M I T / 
Houston / Vassar / Carnegie-
Mel lon group used 8 0 0 MeV kaons 
to search for hypernuclei produced 



in carbon. States near threshold 
were detected by measuring the 
momenta of the incident kaon and 
the outgoing pion, the particles being 
identified by Cherenkov counters. 

Detection of states of width 
1-2 MeV required very precise 
momentum measurements, the re
sultant resolution varying between 
2.5 and 4.5 MeV, depending on the 
thickness of the target. The AGS 
Low Energy Separated Beam I 
supplied 2 x 10 5 negative kaons per 
pulse, the kaons making up seven 
per cent of the total flux. 

Two states were seen, one with a 
lambda binding energy of 10.79 
± 0.11 MeV, and another 11 MeV 
above. The angular distribution of 
the first bound state infers that it is 
the ground state of the carbon 
hypernucleus. The angular distribu
tion of the 11 MeV excited state at 
small angles (less than 8°) indicates 
formation of a spin zero, positive 

parity (0+) state, however the pro
duction level at 15° exceeds what 
could be expected from 0 + states. 
This hints that a new state, possibly 
with spin two and positive parity, is 
being seen. 

In the near future, the experiment
ers plan to study hypernuclear 
formation in other light nuclei in 
order to understand better the 
anomalously low lambda-nucleus 
spin orbit interaction discovered at 
CERN (see November 1978 issue, 
page 395). They then plan a search 
for hypernuclear gamma rays using 
apparatus modified for higher rates. 
Discussions have started on the 
design of a new, larger-acceptance 
beam and spectrometer. 
A single cell niobium superconducting cavity 
built for tests in the DORIS electron-positron 
storage ring at DESY. The project involves 
a DESY I Karlsruhe I CERN collaboration 
and successful tests have been carried out 
at Karlsruhe. 

(Photo Karlsruhe) 

KARLSRUHE 
New results with 
superconducting 
cavities 
As a result of work by a CERN / 
DESY / KfK (Kernforschungszen-
trum Karlsruhe) collaboration on th 
development of superconducting 
cavities (see October 1978 issue, 
page 343), two single cell niobium 
cavities have been tested at Karls
ruhe. 

The cavities are designed for an 
acceleration test in the DORIS elec
tron-positron storage ring at DESY 
and are therefore designed for oper
ation at 500 MHz. They have a 
100kW input coupling and two 
higher mode output couplings, and 
the beam tubes are matched to the 
vacuum tube of DORIS. The princi
pal dimensions of the two cylindrical 
cavities are: outer diameter 
470 mm, beam tube radius 60 mm, 
length of cylinders 270 and 
225 mm, wall thickness 4 mm 
shunt impedance (Cu, 300 K)l 
22 MH/m, Q-value (Cu, 300 K) 
4 x 1 0 4 . 

The ratio of the peak surface elec
tric field and accelerating field is 
minimized to a value of about 2 t?y 
giving the transition from the beam 
tubes to the endplates of the cylinder 
an elliptical shape. The corners at the 
outer circumference of the cylinder 
are sharp. 

Most parts of the cavity are made 
from 4 mm thick niobium sheet with 
only the coupling parts being ma
chined from solid niobium. All parts 
were assembled by argon arc weld
ing and the manufacturing carried 
out by two different industrial firms. 
Improvement of some welds and all 
surface treatments were done at 
Karlsruhe, including electropolishing 
and high vacuum firing at 1850°C. 



For testing, the cavities were 
mounted in a laboratory cryostat 
with the future beam axis vertical. 
The coupling holes were closed with 
niobium blind flanges, which had to 
ensure a superconducting contact. A 
mu-metal screen reduced the 
earth's magnetic field. Input cou
pling was achieved by a movable 

coupling probe in one of the beam 
Kibes. Twenty-six carbon resistance 
thermometers were distributed at 
critical points in order to detect heat 
pulses and thereby locate sources of 
loss. 

After cooling to 4.2 K, which took 
about six hours, the surface was 
improved by r.f. conditioning at 
slowly increasing field levels. Finally 
a curve of Q-values versus peak 
electric field was measured up to the 
breakdown field. The breakdown 
was studied by looking at the oscil
loscope picture of r.f. amplitude 
versus time and at signals from the 
carbon resistors. Also the d.c. com
ponent of electron current hitting the 
input coupling and X-ray production 
by electrons were observed. 

^ After a series of measurements, 
the best values were obtained in the 
longer cavity. An accelerating field of 
3.7MV/m could be reached at 
4.2 K (the intended operating tem
perature) at a Q-value of 109. The 
breakdown is magnetic (reducing 
the temperature to 2 K increases the 
limiting field to 4.1 MV/m) but elec
trons are present at this field level. 

At 3 MV/m electron loading is 
unimportant and Q is up to nearly 
2 x 109. If operation at 3 MV/m 
could be obtained in LEP, an energy 
in excess of 110 GeV could be 

The drift chamber of the Time Projection 
Chamber at TRIUMF prior to its installation 
in the 'Chicago' magnet on the right On the 
left is a hexagonal array of detector pads. 
The chamber is being used in an experiment 
looking for muon to electron conversion. 

(Photo C K. Hargrove) 

reached and the dissipation would 
be less than 3 W per cavity. The 
shorter cavity reached lower fields 
(2.5 MV/m) but, in both cases, the 
limiting phenomenon was located 
near one of the output couplings. 
This is under investigation. 

After the success of these tests, all 
r.f. and cryogenic components are 
now assembled for final tests at 
DORIS later this year. 

TRIUMF 
Looking for 
muon-electron 
conversion 
First tests of apparatus to look for 
muon-electron conversion were car
ried out at TRIUMF in December. 
Muon-electron conversion is a rare 
'flavour-changing' interaction, and 
its branching ratio relative to muon 

capture has an upper limit of 7 x 
10 - 1 1 (setbyanexperimentatSIN — 
see January/February 1978 issue, 
page 26). 

The TRIUMF experiment aims to 
push this limit down by more than an 
order of magnitude to provide a 
stringent test of modern unified 
gauge theories. Various gauge the
ory models allow this conversion as 
well as other muon number violating 
processes (such as the decay of a 
muon into an electron and a photon) 
to occur at branching ratios down to 
10" 1 4 . In several models the conver
sion process is the most probable of 
the flavour-changing reactions. 

A collaboration from the National 
Research Council of Canada, the 
Universities of Victoria, British 
Columbia and Montreal, TRIUMF, 
Virginia Polytechnic Institute, the 
University of Chicago, Los Alamos 
and Carlton University, headed by 
D. A. Bryman and C. K. Hargrove, is 



A typical electron event seen in the TRIUMF 
Time Projection Chamber. The upper display 
shows three contiguous sectors of the 
chamber with a reconstructed track of an 
electron on a projection normal to the 
magnetic field. At the bottom, the orthogonal 
view of the track is reconstructed. The views 
at the lower left show in which sector of 
the array the event occurred. 

d o i n g t h e expe r imen t . T h e a p p a r a t u s 
is a s imp l i f i ed ve rs ion o f t h e T i m e 
Pro jec t ion C h a m b e r (TPC) d e v e l 
o p e d by Dave N y g r e n and co l l abo ra 
to rs at Berke ley . 

In t h e T R I U M F T P C a large v o l u m e 
a t m o s p h e r i c p ressure d r i f t c h a m b e r 
is p l aced in a u n i f o r m m a g n e t i c f i e ld . 
E lec t rons e m i t t e d f o l l o w i n g m u o n 
decay or c a p t u r e are b e n t by t h e 
m a g n e t i c f ie ld as t h e y pass t h r o u g h 
t h e c h a m b e r gas. T h e resu l t i ng i on i 
za t ion e lec t rons are f o r c e d by an 
e lec t r i c f i e ld o n t o p ropo r t i ona l w i r e 
d e t e c t o r s a t e i ther e n d o f t h e gas 
v o l u m e . T h e d e t e c t o r s m e a s u r e t h e 
x -y pos i t i ons of t h e ion iza t ion e lec
t r ons d i rec t l y , and the i r z pos i t i ons 
are d e t e r m i n e d by t i m e of dr i f t . T h e 
large sens i t i ve v o l u m e g ives a so l id 
ang le o f ove r 2TC s te rad ians . T h e dr i f t 
s y s t e m requ i res on l y t w o p lanes o f 
w i r e de tec to r s , l ead ing t o m a j o r 
s imp l i f i ca t i ons in e lec t ron i cs and 
c h a m b e r h a r d w a r e . 

T h e d r i f t c h a m b e r is 1 2 3 c m 
co rner t o corner w i t h a d r i f t reg ion 
6 8 . 5 c m long s u r r o u n d e d by f ie ld 
s h a p i n g w i r e s 1.3 c m apar t . It has a 
cen t ra l h igh vo l t age w i r e p lane 
requ i r ing 6 k V w h e n us ing a gas 
m i x t u r e o f 8 0 per cen t a rgon a n d 2 0 
per c e n t m e t h a n e . T h e m a g n e t , 
p r o v i d e d by t h e Un ive rs i t y o f Ch i ca 
go , w a s or ig ina l l y des igned by Va l 
Te legd i . It has a f ie ld reg ion 1 2 2 x 
1 5 2 c m w i t h a gap of 9 1 . 4 c m and 
t h e f ie ld u n i f o r m i t y is be t te r t h a n 0 .5 
per cen t w i t h 0 .9 T at a cu r ren t o f 
1.8 kA. 

Pre l im inary t es t s w e r e car r ied o u t 
in t he D e c e m b e r run. 7 0 M e V e lec
t r ons f r o m t h e decay o f pos i t i ve 
p ions (b ranch ing ra t io 1.2 x 1 0 - 4 ) 
and 5 3 M e V e lec t rons f r o m t h e e n d 
po in t o f t h e d i s t r i bu t i on f r o m t h e 
decay o f pos i t i ve m u o n s w e r e used 
t o s t u d y t h e p e r f o r m a n c e cha rac te r 
is t ics. T h e s e m e a s u r e m e n t s , t o 
ge the r w i t h e s t i m a t e s based on t h e 

p e r f o r m a n c e o f a s m a l l p r o t o t y p e 
c h a m b e r , i nd ica te t h a t t h e pos i t i on 
reso lu t i on w i l l be be t te r t h a n 
2 2 5 | i m in t h e x -y p lane and b e t t ^ 
t h a n 2 m m in t h e d r i f t d i rec t i on , 
resu l t i ng in a m o m e n t u m reso lu t i on 
o f a b o u t 1 per cent . 



People and things 

Drasco Jovanovic 

On people 

/ *t the December meeting of the 
% £ / ? / V Council, Jean Teillac was re

elected President with Paul Levaux 
and Gunther Lehr re-elected Vice-
Presidents. Karl Nielsen becomes 
Chairman of the Finance Committee 
in succession to M. Gigliarelli Fiumi. 
Godfrey Stafford remains as Chair
man of the Scientific Policy Commit
tee and Ingmar Bergstrôm has been 
elected as a new member. Within 
CERN, the appointment of Fritz 
Ferger as Leader of the Intersecting 
Storage Rings Division has been 
extended for one year from 1 July. 
Giorgio Bellettini has succeeded 
Jean Perez-y-Jorba as Chairman of 
the ISR Experiments Committee. 

A new Division has been set up 
for the ISABELLE project at Brook
haven. Called Magnet Construction 
and under the leadership of 

WilliJentschke 

Edward Bleser, it has responsibility 
for the design and construction of 
the superconducting magnets for 
the storage rings. Mark Barton re
mains head of the Accelerator Divi
sion with responsibility for all other 
technical aspects of the machine. 
Kjell Johnsen, on leave from CERN, 
is acting as Deputy Project Head, 
assisting Jim Sanford. 

On 20 December a ceremony was 
held at CERN in memory of Lew 
Ko war ski. Jules Guéron, Charles 
Peyrou, Denis de Rougemont and 
Jean-Albert Mussard recalled differ
ent aspects of the career and per
sonality of this remarkable man. 

At Fermilab, Norman Ramsey has 
been elected President of Universi
ties Research Association following 
the sad death of Milt White. The 
Physics Department at the Labora
tory has been separated out from 

the Research Division. Drasco Jova
novic has been appointed Chairman 
of the Department with Tom Nash 
as Deputy. Shigeki Mori succeeds 
Tom Kirk as Head of the Neutrino 
Department and Marvin Johnson 
will head the Research Services. 

On 4 February a ceremony was held 
at the DESY Laboratory to mark 
the honorary award of Professor 
Emeritus to Willi Jentschke by the 
University of Hamburg. Wilhelm 
Watcher and Karl Strauch were the 
main speakers at the ceremony. 

Herman Feshbach from MIT be
came President of the American 
Physical Society in January. He is 
well known for his theoretical work 
in nuclear physics. He is a member 
of the National Academy of 
Sciences, the Nuclear Physics Com
mission of IUPAP and the Board 
of Trustees of AU I. 

The 1980 Dannie Heinemann prize 
for Mathematical Physics has been 
awarded to James Glim of Rocke
feller and Arthur Jaffe of Harvard 
for their contributions to quantum 
field theory. 

New computer for CERN 

Now arrived at CERN is a new Con
trol Data Corporation (CDC) Cyber 
170 Model 720 computer, which 
will soon replace a CDC 6400 ma
chine as one of the two front-end 
processors for the main 7600 com
puter. The second front-end proces
sor is a CDC 6500. 

Records 

In December, both 'big machines' 
broke records for intensity of accel
erated beam. The Fermilab main 
ring went to 2.562 x 1013 protons 
at 400 GeV (beating 2.528x10J3 



1979 Nobel Prizewinner Sheldon Glashow 
caught in an apprehensive mood in a recent 
visit to CERN. 

(Photo CERN 301.12.79) 

achieved in 1977). Its record at 
350 GeV is 3.703 x 1013 set in Feb
ruary 1979. The CERN SPS, thanks 
to magnificent performance from 
the PS, which supplies it with parti
cles, reached 2.58 x 1013 protons 
at 200 GeV, but more is expected 
with the implementation of the In
tensity Improvement Programme. 

Conferences 

From 17-24 March a Europhysics 
Study Conference on the Unification 
of Fundamental Interactions is being 
held at Erice in Sicily. It will cover 
present thinking on unified field 
theories with emphasis on schemes 
to unify the strong, electromagnetic 
and weak interactions and super-
unification schemes to pull in grav
ity also. J. Ellis, S. Ferrara and 
P. Van Nieuwenhuizen are Confer
ence Organizers. 

The SecondNovosibirsk/SLAC Con
ference on Storage Ring Instrumen
tation is taking place at the Stanford 
Linear Accelerator Center from 
5-11 March. It will cover the latest 
developments in storage ring detec
tor construction and performance. 
Pier Oddone at SLAC is Program 
Chairman. 

An International Conference on 
Experimentation at LEP will be held 
at the University of Uppsala in 
Sweden from 16-20 June. It will 
review experimental techniques 
relevant to the proposed high en
ergy electron-positron ring. It is 
planned that CERN will take this 
opportunity to initiate a LEP detec
tor development programme by 
offering some technical and finan
cial assistance to those people who 
wish to work on new and interesting 
detector developments. It is there
fore important that all novel ideas, 
no matter how preliminary, be pre
sented in the poster sessions of 
the Conference. Tord Ekelôf at 
CERN is Scientific Secretary. Ses
sions will cover particle identifica
tion, calorimetry, track chamber 
spectrometers, data handling, future 
developments and LEP detector set
ups. 

On 2-13 July an A dvanced Studies 
Institute on the Techniques and 
Concepts of High Energy Physics 
will be held at St. Croix in the Virgin 
Islands. The organization of the 
Institute involves NATO, the US 
Department of Energy, Fermilab 
and the University of Rochester. It 
is designed for advanced graduate 
students and recent Ph.D. experi
mentalists. Further information from 
Tom Ferbel Fermilab, Mail Station 
888, P.O. Box 500, Batavia, Illinois 
60510. 

On 28-31 May an International 
Symposium on the History of Parti
cle Physics will be held at Fermilab 
covering elementary particles, cos
mic rays and quantum field theory 
in the 1930s and 40s prior to the 
era of the great accelerators. An 
eminent gathering of physicists and 
historians will be present. Further 
information from L. Hoddeson, 
Fermilab, Mail Station 109, P.O. 
Box 500, Batavia, Illinois 60510. 

On 11-15 August the Second Inter
national Topical Meeting on Muon 
Spin Rotation will be held at the 
University of British Columbia, Van
couver. Further information can be 
obtained from J.H. Brewer at 
TRIUMF. 

The Proceedings of the International 
Conference on High Energy Physics 
organized by the European Physical 
Society in Geneva, Switzerland, 
from 27 June to 4 July 1979, are 
now available on order from Mrs. 
J. Lef/ey, Scientific Information 
Service, CERN, 1211 Geneva 23, 
Switzerland, price 30 Swiss francs 
for the two volumes, post free. 

SLAC Single Pass Collider 

It has been decided at the Stanford 
Linear Accelerator Center to put 
money into research and develop
ment for the Single Pass Collider 
Project (see December 1979 issue, 
page 404). The aim is to achieve 
50 GeV colliding electron-positron 
beams with modest luminosity in 
a system capable of rapid construc
tion at comparatively low cost. It 
is hoped to present a proposal to 
the Department of Energy in the 
next few months and the most rapid 
construction schedule envisages 
colliding beams by 1984. 



LeCroy 
R E S E A R C H S Y S T E M S S A W 

is expanding in 

S A L E S 
and can offer you a challenging position if you are: 
— Experienced in High Energy Physics. 
— Familiar w i th both, CAMAC and NI M standards. 
— Fluent either in French or in English w i th a thor

ough knowledge of the other language, German 
would be an asset. 

— Swiss nationality or in possession of a valid work
ing permit. 

Previous experience in Sales wi l l be preferred. 

W e do offer: 

— Young and dynamic environment. 
— Social benefits. 
— Compensation commensurate w i th knowledge 

and experience. 

Please submit us your offer including a handwri t ten 
curriculum vitae. 

E U R O P E A N P R O D U C T S D IV IS ION 
A V E N U E L O U I S - C A S A I 81 

1 2 1 6 COINTRIN-GENÈVE S U I S S E 

ORGANISATION EUROPÉENNE 
POUR LA RECHERCHE NUCLÉAIRE 
EUROPEAN ORGANIZATION 
FOR NUCLEAR RESEARCH 

A j o b 
in G e n e v a 

C E R N has, and wil l have, some openings for young engi
neers w i th qualif ications in electrical or electronics engi
neering, in applied physics or in computer science. Preference 
wil l be given to candidates w i th only a few years experience, 
on-the-job training being provided by the organization. 

In particular, we are looking for candidates wi th some expe
rience in, or an inclination for, control engineering, either on 
the software or the hardware side, analog and /o r digital 
electronics, power engineering, RF techniques, etc. 

Fields of activities are: development, operation, maintenance 
and modif ication of our large research facilities, they offer 
challenging tasks in the forefront of technology, in a s t imu
lating atmosphere, and w i th satisfying employment condi
tions. 

Good knowledge of English or French is a must, some 
knowledge of the other language would be an advantage. 

Wr i te for an application form mentioning réf. ING-80-1 to 

L e a d e r , P e r s o n n e l D i v i s i o n , 
C E R N , 
C H - 1 2 1 1 - G E N E V A 2 3 . 

D e u t s c h e s 
E l e k t r o n e n -
S y n c h r o t r o n D E S Y 
Hamburg 

has a pos i t i on avai lab le 

f o r a P h . D . - p h y s i c i s t f o r w o r k i n a c c e l e r a t o r p h y s i c s . 

The m a i n sub jec t is b e a m op t i cs , i.e. t heo re t i ca l and expe r imen ta l 

i nves t iga t ions of t h e phys ics of par t i c le t ra jec to r i es inc lud ing n o n 

l inear cor rec t ions , in acce le ra to rs and s to rage r ings. 

Exper ience w i t h c o m p l e x c o m p u t e r p r o g r a m s (For t ran IV) is requ i 

red, e .g . fo r t he d e v e l o p m e n t of o p t i m i z a t i o n rou t ines fo r op t i cs 

w i t h preset p roper t ies . 

Re levant exper ience at f o re i gn i ns t i t u tes is des i red . 

Sa lary and socia l serv ices are equ iva len t t o t h e cond i t i ons of 
publ ic adm in i s t ra t i on in Ge rmany . 

W r i t t e n app l i ca t ion inc lud ing c u r r i c u l u m v i tae , ind ica t ion of 

ear l iest poss ib le avai lab i l i ty , and re ferences, are t o be adressed t o 

the Persona lab te i lung, 

D E U T S C H E S E L E K T R O N E N - S Y N C H R O T R O N D E S Y 
Notkes t rasse 8 5 , D 2 0 0 0 H a m b u r g 5 2 , W e s t e r n G e r m a n y 



We called upon the 
elements to help cool 
the BK496 Ignitron. 

Water! 
We were developing ignitrons at 

Lincoln for capacitor discharge 
applications with a very large switching 
capability. The problem was, how to 
keep them cool. 

Well, despite existing systems, we 
realised we'd have to develop our own. 

The result is the unique water 
cooling system in use on EEV ignitrons, |j 
and a further result is the high level of Jj? 
acceptability these tubes have won. 

For example, they are playing 
a major role at the One-Mega-Joule 
Test Facility at Culham Laboratory. 

The system uses a graded 
copper coil which provides maxi
mum cooling at exactly the right 

point on the valve. Getting water to the 
right place at the right time, guarantees 
freedom from hot spots and sludge-free, 
efficient cooling. 

The BK496 has an extra large getter 
which can be reactivated at any time, 
resulting in a near-perfect indefinite 
vacuum, two long-life ignitors, a firing 
time of less than a microsecond and 
high voltage hold-off capability. 

The combination of high-
technology with practicality that led 
to the BK496 design is typical of the 
radical thinking of EEV Engineers. 

So is the maturity of judge
ment born of over 30 years in 
this field. 

Find out more by getting in touch with us at Lincoln. 
Telephone Lincoln (0522) 26352 or write to us at 

Carholme Road, Lincoln, LN11SF, England. 

E E V 
ENGLISH ELECTRIC VALVE CO LTD, CHELMSFORD, ESSEX CM1 2QU, ENGLAND. TEL (0245) 61777. TELEX 99103. GRAMS ENELECTICO CHELMSFORD 

A MEMBER OF THE GEC GROUP 



For fusion: use the switch tube 
from 
Brown Boveri B B C 

CQK 200-4 
Made in S w i t z e r l a n d 

Hr.004 

^ S ing le t u b e fo r h i g h vo l t age / p o w e r s w i t c h a n d 
regu la to r se rv i ce . P e r f o r m a n c e d a t a i n c l u d e : 
3 0 s e c p u l s e of 100 A c u r r e n t a n d 1000 k W a n o d e 
d i s s i p a t i o n f o l l o w e d b y ho ld -o f f vo l tages of u p t o 
150 kV. 

De l i ve red fo r t h e MFTF S y s t e m at L i ve rmore a n d 
p l a n n e d fo r severa l E u r o p e a n p ro jec t s , as a 
c o m p l e t e uni t i n c l u d i n g t u b e , a c c e s s o r i e s a n d 
SFq h o o d . 

For fu l l d e t a i l s o n t h e B r o w n Bover i s w i t c h t u b e 
t e c h n o l o g y w r i t e t o D e p a r t m e n t EKR-V, 

BBC 
BROWN BOVERI 
B B C B r o w n , Bover i & C o m p a n y , L i m i t e d 
C H - 5 4 0 1 B a d e n / S w i t z e r l a n d 



D E S Y 
D e u t s c h e s E l e k t r o n e n -

S y n c h r o t r o n 
i n H a m b u r g 

Due to change in the experimental program, the fo l lowing 
equipment is available for disposal - subject to prior sale -

1 1 h i g h p r e s s u r e C e r e n k o v c o u n t e r s , 

v o l u m e 7 0 t o 6 0 0 I 

1 c o m p r e s s o r a n d s t o r a g e u n i t f o r 

F r e o n R 1 3 ( C e r e n k o v ) . 

For information please contact: 

DESY D-2000 Hamburg 52 
Notkestrasse 8 5 
Mr.A.Krolzig 
Tel . : 0 4 0 / 8 9 69 8 3 5 0 

LSM1®und Floppies 
in e i n e m G e h a u s e 

» si 

m Kompaktes Gehâuse 19"BX10.5"HX21'T 
• Single oder Double Sided, Single oder 
Double Density Floppies • Àusserst rascher 
Datentransfer • Backplane fur LSI-11-Karten 
vorhanden: 14 Dual- oder 7 Quad-Boards • 
Kompatibilitàt mit IBM 3740, IBM 2/2D, DEC 
RX01®# Power Supply eingebaut • Vernunf-
tige Lieferfristen 
®Markenzeichen von Digital Equipment 

B e l l i k o n e r s t r a s s e 218 
C H - 8 9 6 8 M u t s c h e l l e n 

T e l . 0 5 7 5 4 6 5 5 T e l e x 5 4 0 7 0 

Av. L o u i s C a s a i 81 | 
CH-1216 Genève 
Tél. 0 2 2 9 8 7 8 ] 

POLYRADIAMETER 

MIP10 
MEASURER 

MCB1 

• 4 R A N G E S : 10,100,1 000, 10 000 c s _ 1 

• 5 P R O B E S : • 3 R A N G E S : o to 1 000 cs 1 

• SMIBM : S o f t p f r o m 30 K e V • Ba t te ry l i fe : 40 h w i t h batter ies or 

• S M I B G : P f r o m 250 K e V • accumula to r set • R ® R Y „ w 5 

* f r o m 10 K e V . l ight : 2,1 kg • | t h r e s h o l d ^ K e V „ 

• S M I G : Z f r o m 30 K e V • o u t p u t s : scaler • , B A J T E R Y S 

• S M I X : X f r o m 5 K e V • pr in ter • l ight : 0,320 kg ^ 

• S M I A ^ e f f i c i e n c y 40 % ( 2 3 9 P u ) £ 

^ I C o m m e r c i a l o f f ice : H e a d o f f i ce : 

| " 1 " 9 p H E l I I V 1 7 - m e P a u l B e r t Z l L a Vallée du Parc 
I I D I U E U À 92120 M O N T R O U G E ( F R A N C E ) 37600 L O C H E S ( F R A N C E ) 

Tél. .655.24.29 Tél. : (47) 59.32.32. - Télex : 750 808 F j 



Ultra-sensit ive c a m e r a t u b e s 
for sc ient i f ic appl icat ions. 

THOMSON-CSF offers, ex-stock, Nocticon® and Super-
noct icon® c a m e r a tubes ( respect ive ly SIT and ISIT 
gener ic types) w i th input pho toca thode d iameters of 
either 16 m m or 2 5 m m . The intensif ier sect ion of the 
Supernoc t i con may be ga ted or may have a n o n 
s tandard spect ra l sensit iv i ty ( red- or b lue -ex tended , 
for examp le ) . These tubes , w h i c h permi t convent iona l 
low-l ight te lev is ion techn iques to be used at scene 
i l luminat ions of d o w n to 10~ 5 lux, are ideal for many 
scient i f ic app l ica t ions : 
• p ick ing up the weak , ins tantaneous images f rom 
f lash rad iograph ic sys tems, 

• h igh s p e e d c ine for obse rv ing rapidely evo lv ing phe 
n o m e n a (even t h o u g h the total l ight may be h igh, the 
p h o t o n s / s e c o n d may be low), 

• pho ton coun t ing in as t ronomy and nuclear sc ience , 

• observat ion of ionisat ion c h a m b e r s , 

• X-ray spec t roscopy , 

• tomography . 

Our t e a m of camera - t ube specia l is ts is at your d isposa l 
to d i scuss these or any other scient i f ic appl icat ions 
that interest you . 

THOMSON-CSF 
T H O M S O N - C S F D I V I S I O N T U B E S ÉLECTRONIQUES 

3 8 , RUE VAUTHIER / 9 2 1 0 0 B O U L O G N E - B I L L A N C O U R T / F R A N C E / TÉL. : (33.1) 6 0 4 . 8 1 . 7 5 

B R A Z I L - THOMSON-CSF COMPONENTES DO BRASIL LTD A 
CP. : 4854 / BROOKLIN / SAO PAULO / TEL. : (55.11) 61 64 83 
G E R M A N Y - THOMSON-CSF ELEKTRONENRÔHREN 
LEERBACHSTR. 58 / 6000 FRANKFURT AM MAIN. 1 
TEL. : (49.611) 71 72 81 
ITALY - THOMSON-CSF TUBI ELETTRONICI SRL 
VIALE DEGLI AMMIRAGLI 71 /1 - 00136 ROMA 
TEL. : (39.6) 63814 58 
J A P A N - THOMSON-CSF JAPAN K.K. / TBR BUILDING 
KOJIMACHI 5-7/ CHIYODA-KU / TOKYO IT 102 
TEL. : (81.3) 264 63 41 

SPAIN - THOMSON-CSF COMPONENTES Y TUBOS S.A. 
CALLE ALMAGRO 3 / MADRID 4 / TEL. : (34.1) 419 88 42 
S W E D E N - THOMSON-CSF KOMPONENTER & ELEKTRONRÔR AB 
BOX 27080 / S 10251 STOCKHOLM 27 / TEL. : (46.8) 225815 
U N I T E D K I N G D O M - THOMSON-CSF COMPONENTS AND MATERIALS LTD 
RINGWAY HOUSE / BELL ROAD / BASINGSTOKE RG24 OQG 
TEL. : (44.256) 29155 
U S A - THOMSON-CSF ELECTRON TUBES 
750 BLOOMFIELD AVENUE / CLIFTON NJ 07015 
TEL. : (1.201) 77910 04 
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<3ES> b e n s o n - v a r i a n 

EUROPE'S NUMBER O N E C O M P U T E R DRAFT ING 

Automatic Drafting Machines 
< Drum Plotters 

• extensive machine programm 
• microcomputer based data-processing 
• speed: 5 -80 cm/sec. on axis 
• compatible with CCITT V24, EIA, 

RS-232C 
• interfaces for many computers 
• speed controled vector generator 
• different paper size on the same machine 
• lenght of paper rolls up to 50 meters 
• acceleration up to 6 G 
• vector generator, circular and linear 

interpolator 
• 1/3/4 pens 

< Electrostat ic Printer/Plotter 
• paper with up to 36 inches 
• optimal contrast with patented 

toner-system 
• 128 ASCII-character set standard 
• high speed Print/Plot mod. up to 

2000 lines/min. resp. 10 cm/sec. 
• interfaces available to most 

common computer 
• high resolution 0,1 mm horizontal 
• high accuracy 0,1 % vertical 

B e l l i k o n e r s t r a s s e 2 1 8 f M A H A v . L o u i s C a s a i 8 1 
C H - 8 9 6 8 M u t s c h e l l e n S l l l l l C H - 1 2 1 6 Genève 

T e l . 0 5 7 5 4 6 5 5 T e l e x 5 4 0 7 0 U I U I I Tél. 0 2 2 9 8 7 8 7 7 

Flatbed Plotter 
• 4 pens or dosible tool or 

engraving head 
• maximum plat speed up to 

300 mm on axis 
• microcomputer controled 
• six formats: A4 - A3 - A2 - A1 -

2A0 (ISO) 



E x c e l l e n t s t a b i l i t y — t y p i c a l l y 50 ppm/° C in c losed- loop 
ope ra t i on (a t tendan t c o m p u t e r p rov id ing d ig i ta l feedback) . 
E x c e l l e n t c a l i b r a t i o n a c c u r a c y — ± 0 . 3 % (moni to r po in t ) . 
L i n e a r i t y = ± 0.1 % . 
E c o n o m i c a l b u l k s u p p l y — m i n i m i z e s pr ice and space re
q u i r e m e n t s . 
S a f e t y - e n g i n e e r e d t o prov ide lockou t , avo id ing po ten t i a l l y 
le tha l e lec t r i ca l s h o c k s . 
C o n v e n i e n t , e c o n o m i c a l pos i t i ve lock ing b lock c o n n e c t o r s 
w i t h bu i l t - in in te r lock . M 
E x t e n d e d v o l t a g e r a n g e — ± 3 kV. 
H i g h r e s o l u t i o n — 1 0 - b i t p r o g r a m m a b i l i t y a l l ows 3 V (2 V) 
s teps for t he 3 kV (2 kV) range. 
F u l l y p r o t e c t e d — T h e r m a l 

Shor t c i r cu i t 
Overvo l tage 
User sa fe ty 

high voltage channels 
in a CAMAC module! 
LeCroy's Model HV2432 is a new concept in h igh vo l tage 
s y s t e m s for p a r t i c l e p h y s i c s d e t e c t o r a r r a y s . A 
soph is t i ca ted des ign a l l ows all of the HV regu la t ion cir
cu i t ry to be packaged w i t h i n a s ing le hybr id . As a resul t , 
the Model HV2432 o f fe rs except iona l dens i ty and 
economy. The uni t cons i s t s of 32 h igh vo l tage regula tors in 
a doub le-w id th C A M A C modu le . Each ou tpu t vo l tage can 
be ind iv idua l ly set under C A M A C con t ro l . Further, the 
HV2432 provides a mon i to r point w h i c h , under C A M A C pro
gram con t ro l , a l l ows each hybr id to be read out by an exter
nal ADC to prov ide exce l len t ca l ib ra t ion accuracy . The unit 
can be used for e i ther pos i t ive or negat ive app l i ca t i ons . 

The Model HV2432 is the main bu i ld ing b lock of a 
mu l t i channe l compu te r -p rog rammab le h igh vo l tage supp ly 
sys tem. As a C A M A C modu le , the device requires only an 
external bulk supp ly and one ADC for in i t ia l se tup . It re
qui res no spec ia l in te r face and no separate cont ro l cab les . 
The so f tware requi red is s imp le and easy to wr i te . The unit 
is p ro tec ted aga ins t shor t c i r cu i t s and therma l over load. 

The HV2432 is an e c o n o m i c a l , easy - to -use so lu t ion to 
your HV needs. Con tac t your local LeCroy representat ive 
for deta i ls . 

LeCroy J 
Innovators in Instrumentation 

H e a d q u a r t e r s : 700 S. M a i n St., Sp r ing Va l ley , N.Y. 10977. O f f i c e s : C h i c a g o , (312) 626-6726; New E n g l a n d , (603) 483-8755; New York. (914) 425-0412; Palo 
A l t o , (4151 856-1806; Geneva , S w i t z e r l a n d , (41 22) 98 97 97; H e i d e l b e r g , W. Ge rmany , (06221) 28192; H a m b u r g . W. G e r m a n y . (040) 54 2713; Les Ul is , F rance 
907.38.97; W h e a t l e y , O x f o r d , E n g l a n d , (08677) 3540. Rep resen ta t i ves t h r o u g h o u t the w o r l d 



A N A L Y S E U R ROHDE&SCHWARZ 

V E C T O R I E L Z P V 

0 , 1 . . . 1 0 0 0 M H z 

• V o l t m è t r e v e c t o r i e l d i g i t a l 

• I n d i c a t i o n d i r e c t e d e s p a r a m è t r e s S e t d e 
l ' i m p é d a n c e / a d m i t t a n c e 

• S é l e c t i o n a u t o m a t i q u e d e s g a m m e s 

• M e s u r e d u t e m p s d e p r o p a g a t i o n de g r o u p e 

• C o m p a t i b l e a u x B u s IEC 

• S y s t è m e a n a l y s e u r d e c i r c u i t p i l o t é pa r 
c a l c u l a t e u r 

Représentation générale 
et service 
pour la Suisse 

| R O S C H I 3 0 0 0 Berne 3 1 , P.O.B. 63 
-yy) w m Télex 3 2 1 3 7 

a Télécommunication S A Téléphone 031 4 4 2 7 1 1 

precision light guides 

Expertise in handling all types of scintillator material 
Backed by many years of experience, a leading UK manufacturer now offers 

their highly sophisticated and specialised service throughout Europe. 
Full design, manufacturing and technical facilities available. 

For a fast and efficient service contact: 

Carv i l l e L i m i t e d , S t a t i o n R o a d , D o r k i n g , S u r r e y 
T e l : (0306) 8 1 6 8 1 T e l e x : 8 5 9 4 4 4 



L A M B D A 
Alimentations stabilisées 

I Semi-conducteurs de régulation 
de^e&irtation mondiale 

t •. - t • • f * : .y. • j™,.̂ n..,,(rar.ir-TJi **** M̂k • ' 

A L A M B D A , e r C o n s t r u c t e u r m o n d i a l d ' a l i m e n t a t i o n s stabilisées 

E L E C T R O N I Q U E B . P . 7 7 - 9 1 4 0 3 O r s a y C e d e x Tél. 0 1 2 . 1 4 . 8 7 - Télex 6 9 1 6 1 7 F. V e e c l a m . 

D e m a n d e z nos cata logues gratuits 
Al imentat ions stabilisées (Vol . 1.) 
Composants de régulation (Vol . 2.) 



Announcing... 
LeCroy's new E C L i n c of 
high-density trigger logic in CAMAC 
featuring... 

* R e m o t e event s i m u l a t i o n via C A M A C programmab i l i t y 
* H igh -speed E C L o p e r a t i o n 
* Rel iab le , s i m p l e s y s t e m in te rconnec t ion via inexpensive t w i s t e d pairs or f lat c a b l e s 
* Low c o s t — i d e a l for large s y s t e m app l ica t ions 
* A n e x p a n d i n g var iety of fas t logic a n d d a t a acqu is i t ion uni ts 

S Y S T E M M O D U L E S 

Model 4415* 
1 6 - C h a n n e l , 4 0 M H z N o n - U p d a t i n g D i s c r i m i n a t o r 

Model 4416 

1 6 - C h a n n e l , 2 0 0 M H z U p d a t i n g D i s c r i m i n a t o r 

Model 4417 
1 6 - C h a n n e l , 2 0 0 M H z U p d a t i n g S h a p e r / L i n e 
R e p e a t e r 
Model 4504* 
4 - C h a n n e l , 4 - l n p u t L o o k u p M e m o r y L o g i c U n i t 

Model 4508* 

2 - C h a n n e l , 8 - l n p u t L o o k u p M e m o r y L o g i c U n i t 

Model 4516 
1 6 - C h a n n e l , 3 - F o l d L o g i c U n i t 

Model 4418 
1 6 - C h a n n e l P r o g r a m m b l e L o g i c D e l a y 

Model 4424 
1 6 - C h a n n e l , 2 0 0 M H z , 2 4 - B i t S c a l e r 

Model 4448 
4 8 - B i t C o i n c i d e n c e R e g i s t e r / P a t t e r n U n i t 
* Preview 

LeCroy's new 4000 Series ECLine of CAMAC 
ins t rumenta t ion is des igned to meet the high 
dens i ty requi rements of today 's large-scale ex
per iments . Using th is new range of modules 
the exper imenter can not only achieve fu ' 
computer cont ro l of his exper iment , but can 
also store the comple te s ta tus of his sys tem 
logic on tape a long w i th o ther exper imenta l 
data. 

ECLine of fers the advantage of program
mable test features, permi t t ing convenient 
event s imu la t ion as wel l as easy point- to-point 
sys tem check w i thou t the need to remove any 
cables. 

The f ront-panel connector organizat ion has 
been designed so that ei ther s ing le tw is ted pairs or 
f lat cables may be used to connec t one unit to another. 
This new techn ique of fers very rel iable con tac ts and 
min imal in te rconnect ion d i f f i cu l t y at the lowest poss ib le 
cost . 

For deta i ls on th is unique new ECLine of CAMAC ins t rumen 
ta t ion con tac t your nearest LeCroy sales o f f ice . 

E U R O P E A N P R O D U C T S D I V I S I O N 
H e a d q u a r t e r s : 8 1 , a v e n u e L o u i s C a s a i , 1 2 1 6 C o i n t r i n - G e n e v a , S w i t z e r l a n d ; (41 22 ) i 
( 0 6 2 2 1 ) 2 8 1 9 2 ; H a m b u r g , W . G e r m a n y , (040 ) 5 4 2 7 13 ; W h e a t l e y , O x f o r d , E n g l a n d , 
C h i c a g o , (312) 6 2 6 - 6 7 2 6 ; P a l o A l t o , ( 4 1 5 ) 8 5 6 - 1 8 0 6 . 

LeCroy 
18 9 7 9 7 . O f f i c e s : L e s U l i s , F r a n c e , 9 0 7 . 3 8 . 9 7 ; H e i d e l b e r g , W . G e r m a n y , 
( 0 8 6 7 7 ) 3 5 4 0 ; N e w Y o r k , (914 ) 4 2 5 - 0 4 1 2 ; N e w E n g l a n d , (603) 4 8 3 - 8 7 5 5 ; 

R e p r e s e n t a t i v e s t h r o u g h o u t t h e w o r l d . 



Photo: The «Red Tower» central t ime source 
in the City of Solothurn, Switzer land. 
Completed in 1411. 

Over 500 years of Swiss 
time-keeping know-how 

— now available in Camac format! 

The s ingle Camac w i d t h Clock and Calendar modu le Type 1413 conta ins 
a ba t te ry -bu f fe red c rys ta l -con t ro l led au tonomous c lock and e lect ron ic 
ca lendar o f fe r ing to ta l i m m u n i t y t o power loss cond i t ions . T i m e and 
da te can be read via t he Camac da taway and visual ly at t he f ron t panel . 

T h i s n e w - g e n e r a t i o n t i m e k e e p e r e n a b l e s y o u t o : 

• L a b e l y o u r s y s t e m r e c o r d s w i t h t h e c u r r e n t d a y , m o n t h , 
y e a r a n d t i m e a c c u r a t e t o 1 io s e c o n d 

• L o g p o w e r f a i l u r e s a n d a l a r m s 

• M e a s u r e t h e d u r a t i o n o f p o w e r f a i l u r e s 

• P o w e r - d o w n y o u r s y s t e m w i t h o u t l o s i n g y o u r a b s o l u t e 
t i m e r e f e r e n c e 

S a v e a l l t h a t s o f t w a r e o v e r h e a d 
n o r m a l l y a s s o c i a t e d w i t h t h e 
r e a l t i m e c l o c k i n y o u r c o m p u t e r . 

b o r e r 
B o r e r E l e c t r o n i c s A G 

P O S T F A C H , C H - 4 5 0 1 S O L O T H U R N / S W I T Z E R L A N D T E L : 0 6 5 • 3111 3 1 , T E L E X : 3 4 2 2 8 

14ltgfr ELECTRONICS 
I CORPORATION 

• m>* •"•»• • * « j j g 

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

rodutct Functions 

4885A Controller 
Controls BUS-based system from 
any RS-232 serial command source. 
Accepts high-level commands and 
generates signals to transmit data 
between BUS and command source. 
Allows any time-sharing system or 
minicomputer to become an IEEE 
BUS Controller. 

Three units that can function as 
talker, listener, talker/listener to inter
face any programmable binary or BCD 
device with the IEEE 488 BUS. Logic 
functions and data paths /*p-
controlled for maximum flexibil ity. 

C A S S E T T E R E C O R D E R S 
P R I N T E R S 

^ f e s M i ^ 1 * T E R M I N A L S 

^ ^ W ^ ^ ^ ' P - ' T E L E T Y P E S 

A N Y R S - 2 3 2 
P E R I P H E R A L S 

Y//, 4 8 8 B U S 
E X P A N D E R 

S E C O N D A R Y 
4 8 8 B U S 

4884 Coupler 
Bi-directional talker/listener link be
tween bus and any RS-232 or 20 mA 
TTY type devices. Coupler functions 
alterable via internal program to 
match your format requirements. 

4810 Analyzer 
Allows quick debugging of initial bus 
hook-up and system program. Internal 
memory lets you review system com
mands to isolate faults. Can act as 
manual controller, check-out device or 
field trouble-shooting aid. 

ICS Products Bell ikonerstrasse 2 1 8 
CH-8968 Mutschel len 

Tel. 057 5 4 6 55 Telex 5 4 0 7 0 SIOU 
uni 

Av. Louis Casai 81 
C H - 1 2 1 6 G e n e v e 
T é l . 0 2 2 98 78 77 



CAMERA CRATE 

R A D I A T I O N R E S I S T A N T V I D E O C A M E R A 

RÉF: C E R N ( C H ) , S A C L A Y ( F R ) f O R S A Y ( F R ) 

CONSTRUCTIONS ÉLECTRONIQUES ET MÉCANIQUES 

DU LÉMAN - C.E.M.E.L 

^GEMEÏL̂  Rue Leone de Joinvi l le 

' \ I I ^ /n . 0 1 1 7 0 G EX FRANCE 
T e L ( 5 0 ) 4 1 5 0 0 7 

E t t o r e M a j o r a n a I n t e r n a t i o n a l S c i e n c e S e r i e s 
Physical Sciences 
S E R I E S E D I T O R : A N T O N I N O Z I C H I C H I 

E U R O P E A N P H Y S I C A L S O C I E T Y , G E N E V A , S W I T Z E R L A N D 

Vo lume 1 

Interacting Bosons in 
Nuclear Physics 
edited by F . I A C H E L L O 

Interacting Bosons in Nuclear Physics b r i n g s t oge the r exper ts 

i n the f i e l d f r o m f i f t een c o u n t r i e s to examine the p resen t 

s tatus o f t he i n t e r a c t i n g b o s o n m o d e l f r o m b o t h t h e o r e t i c a l 

and e x p e r i m e n t a l v i e w p o i n t s . I n - d e p t h coverage is g i ven to 

p a r t i c u l a r aspects o f t he m o d e l ; as w e l l as en t i r e l y n e w areas 

of t h e o r y a n d resea rch . 202 p p . , 1979, $29.50 ($35.40/£l8.59 

outs ide US) 

Vo lume 2 

Hadronic Matter at 
Extreme Energy Density 
edited by L . S E R T O R I O and I V . C A B I B B O 

Hadronic Matter at Extreme Energy Density un i t es r e n o w n e d 

au tho r i t i e s f r o m a va r ie t y o f d i sc ip l i nes . I t p resen ts 

c o n t r i b u t i o n s to supe rg rav i t y a n d h a d r o n c h r o m o d y n a m i c s 

w i t h s ta t is t ica l boo t s t r ap mode l s , and exp lo res t h e i r 

i m p l i c a t i o n s f o r cosmo logy , a p p r o x . 350 pp. , 1980, $42.50 

($51.00/£26.78 ou ts ide US) 

Vo lume 3 

Computer Techniques in 
Radiation Transport and 
Dosimetry 
edited by W A L T E R R . N E L S O N and T H E O D O R E M . J E N K I N S 

Th is v o l u m e p r o v i d e s a c o m p r e h e n s i v e s u m m a r y o f n e w 

advances i n c o m p u t e r t echn iques as they app ly to r a d i a t i o n 

p r o t e c t i o n a n d to areas ou ts ide th is i m m e d i a t e f i e l d — i n c l u d i n g 

med i ca l phys i cs , de tec to r des ign i n h igh -ene rgy phys i cs , 

acce le ra to r c o m p o n e n t des ign, a n d c o s m i c ray phys ics . 534 

pp. , 1980, $55.00 ($66.00/£34.65 ou ts ide US) 

Vo lume 4 

Exotic Atoms '79 
F u n d a m e n t a l I n t e r a c t i o n s a n d 
S t r u c t u r e o f M a t t e r 
edited by K E N N E T H C R O W E , J E A N D U C L O S , 

G I O V A N N I F I O R E N T I N I , and G A B R I E L E T O R E L L I 

I n t e g r a t i n g t w o m a i n areas o f n u c l e a r p h y s i c s — f u n d a m e n t a l 

i n t e rac t i ons o f e l e m e n t a r y pa r t i c l es and app l i ca t i ons to the 

s t r u c t u r e o f m a t t e r — E r o t i c Atoms '79 p resen ts t he f i nd ings o f 

l ead ing sc ien t is ts i n these f ie lds , a n d p r o v i d e s an exce l len t 

i n t r o d u c t i o n to t he sub jec t f o r n o n e x p e r t s . 414 pp. , 1980, 

$45.00 ($54.00/£28.35 ou ts ide US) 

f > 
• f f e t m THE LANGUAGE OF SCIENCE Plenum 
PUBLISHING CORPORATION 

227 West 17th Street, New York , N.Y. 10011 

I n U n i t e d K i n g d o m : B lack A r r o w House 

2 Chandos Road, L o n d o n NW10 6NR, Eng land 

C A M E R A HEAD 



THE OLD 
R928 
HAS NO 
PEER 
W e apologize for advertising 
an old photomultiplier tube, 
but the R 9 2 8 is just about 
the best multialkali P M T 
around. W i d e spectral 
response, high anode 
sensitivity, high cathode 
sensitivity, high current 
stability, anti-hysteresis 
design and low dark current 
provide just about every 
feature you need . 

S P E C T R A L R E S P O N S E 

200 400 600 800 
Wavelength (nm) 

1000 

UNLESS 
YOU WANT 
EXTENDED 
RED 
Our R 9 3 6 offers sensitivity 
beyond 9 5 0 nm to fill the 
need for high resolution 
light detection in the 
extended red range. In 
addition to the red 
extension, our R 9 3 6 also 
offers most of the good 
features of the R928. It isn't 
quite as good in the blue. 
W e suggest you test them 
both soon. 

S P E C T R A L R E S P O N S E 

400 600 800 1000 
Wavelength (nm) 

Try these tubes in spectrophotometry, gas chromatography, nitric 
oxide and other measurements. We think you'll find their 
performance is outstanding. 

C A L L O R W R I T E F O R D A T A S H E E T S . 

H A M A M A T S U 
HAMAMATSU CORPORATION • 420 SOUTH AVENUE • MIDDLESEX, NEW JERSEY 08846 • PHONE: (201) 469-6640 

International Offices in Major Countries of Europe and Asia 



Le saviez-vous déjà ? 

Nous 

A r g e n t o n s l ' a l u m i n i u m . . . 

... et nous chromons (mat, dur, brillant), nickelons, cuivrons, étamons 
ou dorons l'aluminium selon les cas. C'est nouveau et c'est pourtant 
déjà un secteur de production important de notre entreprise. 

EN effet, jusqu'à des temps récents, 
l'aluminium ne pouvait pas être 

anobli galvaniquement en série (seule 
l'oxydation anodique était possible). 
Mais après quatre ans d'essais et six 
ans de production, nous avons acquis 
l'expérience nécessaire pour allier les 
propriétés favorables de l'aluminium, 
comme 

— le faible poids 
— la facilité de moulage (fonte injec

tée, moulage sous pression) 
— l'usinage mécanique aisé 
— la grande variété de profils pré

formés pour la construction, .etc., 
aux avantages de l'anoblissement gal
vanique. 

Nous pouvons anoblir désormais l'alu
minium et ses alliages (comme d'ail
leurs tous les autres métaux). Ce déve
loppement dans un domaine technique 
nouveau présente un intérêt pour vous 
aussi. 
Trois exemples pris parmi les possi
bilités d'application vous convaincront 
du modernisme et de la qualité de 
l'anoblissement de l'aluminium: 

1 . Des dépôts de chrome dur sur des 
alliages d'aluminium leur confèrent 

2. 

des propriétés de surface supé
rieures à celles des meilleurs aciers 
pour la dureté et les propriétés de 
friction. On peut donc associer le 
faible poids de l'aluminium et les 
excellentes propriétés de surface du 
chrome. L'industrie aéronautique 
pour laquelle les techniques de 
construction légère sont indispen
sables fait un appel croissant à ces 
procédés. 

Elément conducteur de haute fréquence en aluminium, 
argenté galvaniquement. Ce procédé permet le rem
placement du cuivre par un alliage d'aluminium, 
argenté galvaniquement (alliage pouvant comporter 
jusqu'à 12% de Si). 

Par l'utilisation d'éléments de 
commutation en fonte d'aluminium 
dorée ou argentée, il est possible 
de parvenir à une réduction impor
tante du poids et du prix tout en 
conservant la bonne conductibilité 
électrique de l'aluminium. Dans le 
secteur technique de basse tension, 

on a pu augmenter la conductibilité 
superficielle de châssis en alumi
nium. 

3. Des coffrets et certains éléments 
d'instruments de mesure optiques 
et mécaniques peuvent être fabri
qués en aluminium injecté. Dans ce 
cas aussi, le gain de poids est im
portant. Les surfaces de mesure et 
de friction peuvent également être 
chromées mat. 

PLUSIEURS années de recherches, 
de développement et de productio 

industrielle dans le domaine de l ' ano^ 
blissement de l'aluminium nous ont 
fourni l'expérience qui nous permettra 
de résoudre vos problèmes particuliers 
dans ce domaine. 
Nous souhaitons la discussion. De
mandez conseil à l'un de nos ingé
nieurs. Ou simplement, téléphonez-
nous. 

Steiger SA Atelier galvanotechnique 
1800 Vevey 
0 2 1 / 5 1 7 2 7 7 

Notre programme de production: 
Tous les traitements classiques dans le domaine galvanotechnique (Spécialités: Travaux de précision, metallisation galvanique de matières synthétiques. Traitement galv. de VAluminium) 



VACRYFLUX NS 
For H i g h M a g n e t i c Fields i n e x c s s s o H O T JP«g|»r 
Successfully tested flat cable with 
fully transposed solid diffusion 
A15-Nb 3 Sn superconductors 
with high current densities 
and for application at high 
flux densities. 

Copper stabilization in 
connection with diffusion 
barriers. 

W^ÊÊ 

VACUUMSCHMELZE GMBH 
G r u n e r W e g 3 7 , D - 6 4 5 0 H a n a u , T e l . : ( 0 6 1 8 1 ) 3 6 2 - 1 

P I C O P A C 
D C / D C -
P O W E R 

S U P P L I E S 

A p p l i c a t i o n s : 
Jon Pump Supplies, 

Photomult ipl ier Tubes, 
Ionisation Gauges, Gas 
Laser etc. 

Input Voltage: + 1 2 to + 28 V DC 
Output Voltage: up to 2 0 0 0 0 V DC 
F e a t u r e s : Corona Free, Proven High Reliability, 
Miniaturized Packaging, «Field Tested» in Space, 
Wide Adjustement Range. 
VELONEX developed a 25 kV regulated Power 
Supply (the highest voltage aerospace supply ever 
utilized) which was landed on the moon by Apollo 
16. 
For further Information contact Stolz, Geneva. 
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SUPERCOOL 
& LOW COST 
A T L E A S T 60°C C O O L E R 
cathode operating 
temperature is provided by the 
new air- and water-cooled 
SUPERCOOL thermoelectric 
PMT chambers (Models 
TE-206 TSRF and TE-210 
TSRF). Eliminating bulky 
compressors, they provide 
excellent temperature stability 
and operating reliability. Both 
feature No-Dew Window 
Heaters, Front Mounting 

Adapter and Fully Wired 
Socket Assembly for all 
standard PMTs. They accept 
options offered for all 
standard PFR housings. 

$ 9 9 0 T H E R M O E L E C T R I C P M T 
C H A M B E R S I N C L U D E 
P O W E R S U P P L Y — Low Cost 
Model TE-182 TSRF provides 
features noted above and 
replaces PFR Model TE-102. 

US Prices only 

A s k a b o u t o u r n e w 
2 1 - p i n C e r a m i c S o c k e t f o r 
c o o l i n g t o d r y i c e t e m p e r a t u r e s C a l l ( 6 1 7 ) 7 7 4 - 3 2 5 0 o r w r i t e : 

Products for Research, Inc. 
88 Holten Street, Danvers, MA 01923 

CABLE: P H O T O C O O L TELEX 94-0287 



WHAT'S I N S I D E MAKES 
THE DIFFERENCE 

P M I ' s P r e c i s i o n A n a l o g S w i t c h e s a n d M u l t i 
p l e x e r s a r e d i f f e ren t . P i n - c o m p a t i b l e w i t h 
p o p u l a r m o d e l s , t h e y a v o i d t h e d r a w b a c k s 
o f M O S t e c h n o l o g y b y u s i n g a n a d v a n c e d 
B i fe t d e s i g n . 
O v e r v o l t a g e p r o t e c t i o n , f r e e d o m f r o m s t a t i c 
c h a r g e p r o b l e m s , l o w n o i s e , l o w c r o s s t a l k 
a r e t h e r e s u l t s . B u t m o s t i m p o r t a n t , p r e c i s i o n 
is s i g n i f i c a n t l y i m p r o v e d , a s R 0 n c h a n g e w i t h 
s i g n a l a n d t e m p e r a t u r e is a l m o s t n e g l i g i b l e 
c o m p a r e d t o M O S s w i t c h e s . P r e c i s i o n a n a l o g 
m e a s u r e m e n t c i r c u i t s n e e d p r e c i s i o n 
s w i t c h e s ! 

T h e n e w f a m i l y o f q u a d a n a l o g s w i t c h e s 
S W - 0 1 / 0 2 / 0 3 / 0 4 h a s «201 /202» p i n o u t ; t w o 
of t h e m h a v e a d d i t i o n a l d i s a b l e f u n c t i o n . 
A d e s i g n , w h i c h c o m p e n s a t e s f o r v a r i a t i o n o f 
R o n o v e r s i g n a l v o l t a g e a n d t e m p e r a t u r e , 
a l l o w s PMI t o s p e c i f y a n d g u a r a n t e e M A X 
v a l u e s f o r R 0 n a n d i ts v a r i a t i o n s , w h e r e o t h e r s 
s h o w b a r e l y « typ ica l» o r n o t h i n g at a l l . 

P M I ' s m u l t i p l e x e r s of s i m i l a r B i fe t d e s i g n c o m e 
in 5 0 6 . . . 5 0 9 p i n o u t w i t h 1 x 8 , 2 x 4 , 1 x 16 
a n d 2 x 8 c h a n n e l s . A l l h a v e b r e a k - b e f o r e -
m a k e c h a r a c t e r i s t i c , a n d d i s a b l e f u n c t i o n 
w h i c h a l l o w s c o m b i n a t i o n i n t o m u l t i p l e s w i t c h 
g r o u p s . 

S2> 
PRECISION MONOLITHICS INC. 
Santa Clara, California, USA 
A Subsidiary of Bourns Inc. 
EUROPEAN HEADQUARTERS 
Bourns AG, 6340 Baar, Switzer land 

Brandenburg. T h e power 
behind t h e supply. 

Brandenburg's reputation for designing and producing H.V. 
power supplies and modules is unique. 
For their range is unequalled by any other manufacturer. 
So, whatever your appl icat ion, think Brandenburg first. 
They've almost certainly got a unit that 's ideal fo ryour 
requirements. I 
And they'l l supply on quick delivery and offer excellent aftei 
sales service. Please request their latest colour catalogue 
now. 
You'll f ind it both powerful , and interesting. 

b r a n d e n b u r g 
Appointed agents worldwide. 

Brandenburg Limited, 939 London Road, Thornton Heath, & 
Surrey CR4 6JE, England. Tele: 01-689 0441 Telex: 946149 $ 

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

The MAP™ Series of Floating Point Array Processors 
f rom CSPI Inc. provide unprecedented throughput as 
wel l as fast math for all popular minicomputers. 

MAP is a fully supported intel l igent coprocessor w i th fast 
FORTRAN control led I /O Interfaces and powerful ar i th
metic capabilit ies. 

Its unique mult iprocessor architecture al lows asyn
chronous Input-Output at transfer rates up to 4 0 
Megabytes w i th minimal Host overhead. 

The new MAP 6400 offers 6 4 Bit double precision-
f loat ing point ar i thmetic capabil it ies equivalent to those 
of large mainframes, at a fract ion of the cost. 

C S P l nc :40 Linnel Circle 
BILLERICA, Massachusetts 0 1 8 2 1 , tel. 6 1 7 / 2 7 2 6 0 2 0 

14, rue de l 'Ancien Port - Tél. (022) 3 2 97 2 0 
Télex 2 3 3 4 3 marli ch - 1201 Geneva, Switzerland 

m a r l i s.a 



Stesalit resolves your 
individual problems 
in fiberglass 
construction 
— for science 
and advanced technic. 
F r a m e s f o r 
p r o p o r t i o n a l c h a m b e r s 
s p a r k c h a m b e r s 
d r i f t c h a m b e r s 
c o a s t i n g b o x e s f o r C e r e n k o v c o u n t e r s 
s p a c e r e s e a r c h 
a n d m e d i c a l a s s i s t a n c e . 
S u c h p a r t s c a n a l s o b e 
m a n u f a c t u r e d in c o m b i n a t i o n 
w i t h c a r b o n f i b e r . 

Stesalit AG 
Kunststoffwerk 
CH-4249 Zullwil SO 
Telefon 061-800601 
Telex 63182 03.001 

mCISIOHCOMPOHNTS 
FOR HUCUAR RESEARCH 6 HUCLEARPOWBl 

BELLOWS EXPANSION JOINTS 
VACUUM VESSELS 
TOKAMAKS 
BEAM TUBES 
THIN-WALL FABRICATIONS 
METAL SEALS 
FLEXIBLE METALLIC HOSE 
TRANSFER LINES 
COUPLINGS 

A V I C A 
GR0UP0F COMPANIES 

A v i c a E q u i p m e n t L t d . . 
M a r k R o a d , H e m e l H e m p s t e a d , 
H e r t f o r d s h i r e . H P 2 7 D Q 
T e l e p h o n e : H e m e l H e m p s t e a d 6 4 7 1 1 
T e l e x : 8 2 2 5 6 

A v i c a I n t e r n a t i o n a l 
B P 1 4 7 P r i n c i p a u t é d e M o n a c o 
T e l e p h o n e : ( 9 3 ) 3 0 - 0 9 - 3 9 
T e l e x : 4 6 9 7 7 1 M C 

All-stainless-steel thick wal l , 
rectangular section ultra high 
vacuum vessel for the storage 
ring of the Synchrotron 
Radiation Source (SRS) 
at the Daresbury 
Laboratory of the Science | 
Research Counci l . ^ I 



Proje ts 
exécutés 
sur m e s u r e . . . 
Désirez-vous déplacer des charges de 0,1 
jusqu 'à 1000 tonnes? Aucun p rob lème 
pour nous ! Nous pouvons le fa i re 
sans autre avec nos é léments de 
levage à broches l ivrables en 

F l o w m e t e r s 

unités normal isées de 0 .5 , 2 .5 , 
1 0 , 1 5 , 2 0 , 2 5 , 5 0 et 1 0 0 1 

i de charge de levage. Modè les 
à b locage au tomat ique 
réglables pour une durée à 
déterminer . Marche 
synchronisée aussi en cas 
de plusieurs uni tés. 
Longueur de broche 
jusqu 'à 8 m. Rayon 
d'action de - 5 0 °C 
jusqu 'à 150°C. 
Vi tesses de 
levage min ima 
possibles. 

Ca l ib ra ted and n o n -
ca l ib ra ted i n s t r u m e n t s fo r 
l iqu ids and gas 

Ava i l ab le f r o m our s t o c k 
in Zu r i ch 

H e r a e u s 
Quartz glass 

type 1100 

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

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

A s k fo r f u r t h e r i n f o r m a t i o n 

f o r m e r l y W i s m e r A G 

Oer l i koners t rasse 8 8 
Tel . 0 1 / 4 6 4 0 4 0 
8 0 5 7 Zu r i ch 

DANBRIDGE 
DENMARK 

Genera l purpose and 
precision R-C-L D e c a d e s 

Nous fourn issons en ou t re : 
Engrenages coniques, 
accoup lements , arbres de 
jonc t ion , pal iers ver t icaux, 
souf f le ts à plis pour la 
protect ion des broches. 

pfaffsilberblau 
PFAFFSILBERBLAU WIIMDEN UND HEBEZEUGE AG 
Furtbachstrasse 364 8107 Buchs/ZH Tel. (01) 844 14 66 

Attract iv Prices! 
For further information contact 
Stolz, Geneva. 

emu 
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LAKE SHORE tRVOTROnitS 
is 

The 
Answer 

For all of your 
CRYOGENIC NEEDS! D i a m o n d T o o l s f o r a l l p u r p o s e s 

Our spec ia l i ty 
Diamond turning and mil l ing tools for non-ferrous metals 

and plastics 

CBN-Tools 

Other products 
Special diamond tools for the watch and jewellery industries 

Diamond-tipped dressing tools 

( Diamond wheels and grinding p i n s - Diamond sawing whee l s -

Diamond files and burs 

Hardness testers - Glass cutters and diamond scribers 

Custom-designed tools - Tool-bit repolishing work 

Precise, top-quality work. First-class references 

V O E G E L I & W I R Z L T D C H - 2 5 0 2 B i e n n e / B i e l 
Diamondcut t ingand lapping works Gurzelenstr. 16 

Phone: 032/41 21 81 

Telex: 349 1 9 5 d i a m c h 

OSCILLATORS 
Miniature Clock Oscillators 

• F r e q u e n c y r a n g e 
0 , 1 H z t o 3 0 M H z 

• H i g h s t a b i l i t y 

• T e m p e r a t u r e r a n g e 

0 ° C t o + 7 0 ° C o r m i l . 

- 5 5 ° t o + 1 2 5 ° C 

• H y b r i d t e c h n o l o g y 

• H i g h R e l i a b i l i t y 

• O u t p u t T T L , C M O S 

• P a c k a g e T O 5 , T O 8 , D I L 
L o w p r o f i l e 

Precision Crystal Oscillators 

XO's TCXO's VCO's 
t F r e q u e n c y r a n g e 0 , 0 1 H z t o 2 0 0 M H z 

• S t a b i l i t y u p t o ± 0 , 0 1 p p m 

• T e m p e r a t u r e r a n g e - 5 0 ° C t o + 1 0 0 ° C 

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

• L o w p o w e r c o n s u m p t i o n 

• O u t p u t T T L , C M O S , S i n e , E C L 

Crystals, Crystal-Filters available 

Full R a n g e Dig i ta l 
C r y o g e n i c T h e r m o m e t e r 

M o d e l D R C - 7 0 
• 1 t o 4 0 0 K R a n g e 
• R e c o r d e r O u t p u t & O p t i o n a l B C D 

O u t p u t • O p t i o n a l 2, 5 o r 10 S e n s o r I n p u t 
• I n t e r c h a n g e a b l e S e n s o r s 
• S o l i d S t a t e C o n s t r u c t i o n & R e l i a b i l i t y 
• 0 . 1 K R e s o l u t i o n 

T h e D R C - 7 0 o f f e r s f o r t h e f i rs t t i m e , fu l l 
r a n g e t e m p e r a t u r e i n d i c a t i o n f r o m 1 t o 
4 0 0 K e l v i n w i t h c o m p l e t e l y i n t e r c h a n g e 
a b l e s e n s o r s . 

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

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

T h e u n i q u e d e s i g n a n d t h e u s e o f t h e 
p r o v e n D T - 5 0 0 S i l i c o n D i o d e s e n s o r 
m a k e s t h e D R C - 7 0 t h e o b v i o u s c h o i c e 
f o r b o t h r o u t i n e o r s p e c i a l l a b r e 
q u i r e m e n t s . 

For details and literature write, 
call, or telex 

® Lake Shore 
Cryotronicsjnc. 
64 East W a l n u t St.. Westerv i l l e , O h i o 4 3 0 8 1 

(614) 8 9 1 - 2 2 4 3 Te lex: 2 4 - 5 4 1 5 C r y o t r o n W T V L 

Western Sales and Service 
4422 Macdona ld Ave., Suite 5 

Richmond, CA 94805 (415) 237-9914 

Contact us direct, or our representatives 

In Europe: Cryophysics 
Oxford, England 
(865) 7 2 2 8 2 4 

Darmstadt, W Germany 
(6151) 7 4 0 8 1 

Geneva, Switzer land 
(22) 3 2 9 5 2 0 

Versai l les, France 
(1) 9 5 0 6 5 7 8 

I n Japan: 
Niki Glass Co. Ltd. 

(03 )503 -2787 
A L P H A - B E T A E L E C T R O N I C S A G 

8 0 6 0 Z U R I C H T E L . 0 1 / 4 3 7 0 7 0 " f r 
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EST uËI^eIIIfISW*UTÉ 
Dans f usine de Srive; chaque tabe est testé à Par ailleurs toutes tes informations sont enregistrée1 

toutes tes étapes de sa fabrication, en particulier fa et disponibles immédiatement sur uneconsote reliée 
: ::. formation des pbotocathodes est contrôlée en temps â un ordinateur 

réel par ordinateur. 

——r 

;777L.J 
::::::::: ̂ V̂̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂  

2.'.... .! .'. .' .... •< 

130, AVENUE LEDRU-ROLLIN - 75540 PARIS CEDEX 11 - TÉL. (1) 355.44.99 - TÉLEX : 680495 F I 
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RANGE 

N U C L E A R 

L I M I T E D 

N E 1 0 2 A f o r g e n e r a l p u r p o s e s . 
L i g h t o u t p u t 6 5 % . L i g h t a t t e n t u a t i o n 2 . 5 m . 

N E 1 1 0 f o r b e s t l i g h t t r a n s m i s s i o n . 
L i g h t o u t p u t 6 0 % . L i g h t a t t e n t u a t i o n 4 m . 

N E 1 1 4 f o r l a r g e i n s t a l l a t i o n s . 
L i g h t o u t p u t 5 0 % . L i g h t a t t e n t u a t i o n 4 m . 

P I L O T U f o r u l t r a f a s t t i m i n g . 
L i g h t o u t p u t 6 7 % . L i g h t a t t e n t u a t i o n 1 m . 

P u l s e w i d t h 1 . 2 n s . 

a n d N E W N E 1 0 4 B o p t i m i s e d f o r u s e w i t h B B Q l i g h t g u i d e s . 

L i g h t o u t p u t 5 9 % . L i g h t a t t e n t u a t i o n 1 . 2 m . 

* N o t e : A l l l i g h t o u t p u t f i g u r e s r e l a t i v e t o a n t h r a c e n e . 

S i g h t h i l l , E d i n b u r g h E H 1 1 4 E Y , S c o t l a n d . 
T e l . 0 3 1 - 4 4 3 4 0 6 0 T e l e x 7 2 3 3 3 C a b l e s N u c l e a r , E d i n b u r g h . 

Nuclear Enterprises G m b H NE Nuclear Enterprises 
Schwanthalerst rasse 7 4 , 8 M i i n c h e n 2 25 C h e m i n François-Lehmann ( 
G e r m a n y Telephone 53-62-23 1218 Grand-Sacconex, Genève (• M I 
Telex 529938 Swi tzer land . Tel. (022) 98-16-61 I 

THE 
UNRIVALLED 

N 



N E W m o d e l 5 5 0 L RF P O W E R A M P L I F I E R 

Applications: 
Consider model 550Lfor applications in high energy physics 

1 -5 - 4 0 0 M H z , 5 0 w a t t s 
o v e r 1 0 0 w a t t s t o 2 2 0 M H z 
This latest amplifier from ENI offers 50 dB gain within 
plus or minus 1.5 dB from 1.5 to 400 MHz. All har
monics are at least 25 dB below fundamental at full 
output power and lower at reduced power. The ampli
fier is unconditionally stable and will not oscillate or 
suffer damage for any combination of source or load 
impedance. The model 550L is sufficiently linear to 
faithfully reproduce complex waveforms including 
pulse signals from a standard laboratory generator or 
sweeper. 

including its use as a linear accelerator driver. 

F o r m o r e d a t a c o n t a c t y o u r l o c a l R e p r e s e n t a t i v e o r d i r e c t t o E N I . 

g a n t POWER 

Cl MM SYSTEMS, LTD. 

ENI 
3 0 0 0 WINTON ROAD SOUTH 

ROCHESTER, NEW YORK 14623 

Tel.: 7 1 6 - 4 7 3 - 7 3 3 0 ; Telex 9 7 - 8 2 8 3 ENI ROC 

23 OLD PARK ROAD, HITCHIN, HERTFORDSHIRE 
SG5 2JS ENGLAND 

Tel.: (0462) 5 1 7 1 1 ; Telex: 8 2 5 1 5 3 ENI UK G 

SI VOUS AVEZ BESOIN D'UN CONNECTEUR POUR CIRCUITS IMPRIMES, IL SERAIT ILLOGIQUE D'ACHETER AUTRE CHOSE - PAR EXEMPLE UN RABAIS PLUS N'IMPORTE QUOI. TOUT COMPTE FAIT, VOUS NE SOLUTIONNEZ PAS N'IMPORTE COMMENT VOS PROBLEMES TECHNIQUES.... 
LES TROIS SERIES 8600/8607/8609 DE SOURIAU OFFRENT LA BONNE SOLUTION 
DANSLA MAJORITE | f t | f e g -

DE PLUS, LEUR NIVEAU TECHNIQUE ELEVE VOUS EST OFFERT A UN PRIX 
ABORDABLE. 

i l 

mxn-
III 

1 1 * 

S3! 
SSr* 

SERIE 8600/8607/8609 
S o c i é t é £ PRECIMATION 
R u e d e l 'Hôpita l 1 2 - 2 5 0 1 B i e n n e 

T é l . 0 3 2 2 2 3 2 2 3 T é l e x 3 4 2 2 2 p r e c i c h 

8 6 0 0 : pour exigences extrêmes. Encartage di
rect, pas 3,96, carte 1,6 mm (simple ou double 
face). Contacts haute flexibilité en deux par
ties, résistance de contact inférieure à 5 mil-
liohms, 1000 enfichages sans usure de la carte. 
8 6 0 7 : série universelle, à encartage direct ou 
enfichable, pas 2,54/3,81/3,96 mm. Résistan
ce de contact max. 10 milliohms, durée de vie 
500 enfichages. Norme CCTU HE 901/902. 
8 6 0 9 : spécialement pour la carte Europe 100 x 
160 mm. Enfichable, pas 2,54 mm. Isolant à 
deux ou trois rangées d'alvéoles, équipement 
avec contacts individuel (16-32-64-96 pôles), 
courant admissible 2A. Norme VG 95324 et 
DIN 41612. 

'•^Xylogics Disk Système und Controller fur Mikro- und Minicomputer 

• Voile Hardware- und Softwarekompatibilitàt 
mit 
D A T A GENERAL®, D E C ( L S M 1 , PDP-11)®, 

INTEL® 
• Diagnostikprogramme fur den Service 
• Subsysteme mit bekannten CONTROL DATA 

Disk Drives (pro Drive: 10, 32, 80, 96, 300 MB) 
• Aussergewôhnliche Preis-/Leistungsverhàltnisse 

Unsere Dokumentation erlàutert Ihnen die 
Vorteile! 

Markenze ichen : ©Data General © Digital Equipment ©Intel 

Bel l ikonerst rasse 218 
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Av. Louis Casa i 81 
CH-1216 Genève 
Tél. 0 2 2 98 78 77 
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•111 

o f f e r i n g y o u 

faster delivery 

maximum uptime 

easy maintenance 

faster service 

full two-year warranty 

1 5 0 0 - P 1 K 

all t h e s t a n d a r d f e a t u r e s 
* f u l l y comp l i es w i t h latest C A M A C spec i f i ca t ions 

* operates f r o m 1 0 0 V , 1 2 0 V , o r 2 2 0 V (s t rap 
selectable) 

[ir t h i s fu l l -s ize cra te has a 25 -s ta t i on m u l t i l a y e r 
p r i n t e d Da taway 

k p o w e r supp l y and f an u n i t s are removab le f o r 
easy i ns ta l l a t i on and ma in tenance 

* ± 2 4 V , + 1 2 V , ± 6 V DC o u t p u t s are p r o v i d e d 

* + 6 vo l t s source del ivers a f u l l 4 2 amperes 

i t p u s h - b u t t o n me te r i ng m o n i t o r s vol tages and 
c u r r e n t loads f r o m al l sources 

inc ludes overvo l tage and c u r r e n t l i m i t i n g 

a n d m o r e 
H o w d i d w e m a k e a g o o d C A M A C cra te be t te r? 

By e m p l o y i n g m o d u l a r c o n s t r u c t i o n t echn iques 

in m a n u f a c t u r i n g o u r p o w e r supp l y and f a n 

un i t s . N o w . . . 

i t al l subassembl ies are m o d u l a r and p lugab le 

ic each s u b u n i t is separate ly b u i l t and tes ted 
be fo re assembly 

i t i n d i v i d u a l par ts can be easily unp lugged 
and serv iced 

N o t o n l y does t h i s f ac i l i t a t e c ra te m a n u f a c t u r i n g 

and ma in tenance , b u t i t also insures y o u r 

a p p l i c a t i o n a m a x i m u m o f u p t i m e . 

Please c o n t a c t us fo r addit ional i n fo rmat ion 

Kinetic Systems International S.A. 
D e p t . C C 3 0 * 6 C h e m i n d e T a v e r n a y » 1 2 1 8 G e n e v a , S w i t z e r l a n d » T e l . ( 0 2 2 ) 9 8 4 4 4 5 « T e l e x 2 8 9 6 2 2 
K i n e t i c S y s t e m S C o r p o r a t i o n « 1 1 M a r y k n o l l D r i v e * L o c k p o r t , I l l i n o i s 6 0 4 4 1 « T e l . 8 1 5 8 3 8 0 0 0 5 * T W X 9 1 0 6 3 8 2 8 3 1 

the 
(CAMAC] 

people 

W e a r e n o w m a n u f a c t u r i n g o u r o w n 



PHOTOELASTIC MODULATORS 

ERKOVOX 

Le téléphone «mains libres» 
des PTT 

(Modèle 150 avec clavier normalisé PTT, 

pour une meilleure commutation automatique 

parole-écoute et l'atténuation des bruits) 

Pour que le chef de service, 
la secrétaire, 

le mandataire et tous les autres 
«gros utilisateurs» 

puissent téléphoner et travailler 
plus facilement, commodément 

et efficacement ou organiser 
une conférence téléphonique. 

Ericsson SA 
Télécommunications 

1022 Chavannes-Renens 2, rue de la Mouline 

Tél. 021/35 45 21 

Le service clientèle de votre Direction 

d'arrondissement des téléphones (tél. 13/113) 

ou les installateurs concessionnaires 

des PTT de votre région vous fourniront 

tous les renseignements utiles. 

(Piezo-Optical, b i refr ingence modulators) 

for ampl i tude and polar izat ion 

modula t ion, d ichro ism, 

stra in, and polar izat ion 

measurements 
M O D E L J C K - C F 

Two series for UV/Visible and / . f t , w i th 
improved character is t ics: 

P E M S e r i e s JCK-Series 

Application UV/Visible 
near I.R. 

Infrared 

Wavelength 
Range 

0.18 to 9.5/jm 0.16 to 19/;m 

Amplitude 
Retardation 

± 0.25 wave to 
2pm 

± 0.25 wave to 
12pm 

Aperture 0.70" 1.40" 

Angular 
Acceptance 

50° 50° 

Standard 
Frequency 

50 kHz 40, 57 and 37 kHz 

Optical 
Material 

Fused Silica 
Calcium Fluoride 

Fused Silica 
Calcium Fluoride 

Zinc Selenide 

HINDS International, Inc 
Inst ruments Division 

P.O. Box 4327 

Port land, OR 97208 
Phone (503) 234-7411 
TLX 36-0259 

C h a n t i e r s m o d e r n e s 
S.A. au capital de Fr. 3 0 0 0 0 0 0 0 f 

8 8 , r u e d e Vi l l îers 

9 2 5 3 2 L E V A L L O I S - P E R R E T - C É D E X 

T é l é p h o n e : 7 5 7 - 3 1 - 4 0 

T é l e x : 6 1 0 2 0 2 

Paris - Bo rdeaux - V i t ro l l es - Nan tes - Le Havre 

La Réun ion - L ibrev i l le - Po in te -à -P î t re 

A b i d j a n 



C A M A C 
T h e n e w c o m m u n i c a t i o n g iant : 
3 CI 2092 

f r o m S E N E L E C T R O N I Q U E 

mmm 

* 3 indépendant RS232/20 mA channels 
in a single width CAMAC module 

* high speed data links (50 to 19200 bauds) 
* buffered operation (1 K byte) 

* no jumpers, but a powerful microprocessor for speed 
and data-format control through CAMAC 

. d e s c r i p t i o n 

This s ing le-wid th CAMAC modu le contains 3 independent channels w i th h igh 
speed UARTS and buffered inputs /outputs . 

It has been specif ical ly designed as the universal interface for microprocessor 
cont ro l led CAMAC systems where at least one high speed data l ink w i th the host 
compute r and one m e d i u m speed data link w i t h local interfaces are essential. 

The use of an internal microprocessor provides s igni f icant f lex ib i l i ty and speed of 
opera t i on : its role is to pass in format ion f r om the CAMAC buffers to the inpu t / 
oupu t m e m o r y wo rk ing w i t h the UARTS, and to contro l the data f low. 

Speeds and data- format are CAMAC p rog rammab le to a l low best ut i l isat ion of the 
unit. Transmission standards are 20mA current loop or EIA RS 232 C, j umper 
selectable. Outputs are standard 25 pin CANNON connectors. . 

Front panel Leds indicate the status of the modu le (Transmit/Receive) on each 
channel plus Overrun and T ime-out are c o m m o n to all channels. A rear panel 
t r igger s ignal is avai lable for DMA transfer synchron isat ion. 

. a p p l i c a t i o n s 

• Crate to crate commun ica t ions 

CAMAC/ex terna l devices interfacing 

• Front-end I/O processor for Intel l igent Crate Control lers 

This uni t is specif ical ly useful when connected w i th our ACC 2099/ACC 2103 
Aux i l l i a ry Crate Control lers to speed-up the I/O transfers when processing t ime 
is cr i t ical . 

main computer / In te l l igent Crate'Control ler l ink, etc, etc. 

F r a n c e : O R T E C S a r i ; 7, rue des Solets; Tel. (1) 6872571 - Tlx 202553F, F-94 RUNGIS - G e r m a n y : S E N E L E K T R O N I K 
G m b H ; Brandstucken 11; Tel. 041 802046 - Tlx 2163705d, D-2000 HAMBURG 53 - D I D A S Dig i ta l S y s t e m ; Radspielstrasse 8; 

Tel. 089 91 6710 - Tlx 529167d - D-8000 MÛNCHEN 81 - S w i t z e r l a n d : S E N E L E C T R O N I Q U E S A ; CP 39; 

Tel. (022) 442940 - Tlx 23359ch - CH-1211 GENÈVE 13 - S E N E L E K T R O N I K A G ; Austrasse 4; Tel. (01) 9455103; 

Tlx 58257ch - CH-8604 VOLKETSWIL - U n i t e d K i n g d o m : S E N E L E C T R O N I C S L T D ; London Street; Chertsey; Tel. 

9328.66744 - GB - KT168AP SURREY - O F F I C E S T H R O U G H O U T T H E W O R L D . 

H e a d q u a r t e r s : 
S E N E L E C T R O N I C S S .A . ; A v e n u e Ernest -P ic te t 3 1 ; Tel . (022) 4 4 2 9 4 0 - T lx 23359ch - C H - 1 2 1 1 GENÈVE 13. E L E C T R O N I Q U E 



Haefely Today 

Particle Accelerators 
High-Voltage DC Power Supplies 
Irradiation Systems 

for Research, Radiotherapy and Industry 

Thirty years ago, Haefely built the first ion and elec
tron accelerators for high and ultra-high voltages 
although requirements at that time were extremely 
sophisticated. 
Today, Haefely is working on ever more ambitious 
projects and has become a reliable partner with ex
perience in a wide field of activities: • DC acceler
ators for ions and electrons up to 4 MeV • High-
power electron accelerators for industrial radiation 
processing, design of complete irradiation systems 
• Electron accelerators with ultra-high stability of 
the accelerating voltage for high-voltage electron 
microscopy • Neutron generators for cancer therapy 
and industrial applications • High-voltage dc gener
ators with high outpout power • High-voltage dc 
power supplies for pulsed load or with high out put 
voltage stability • Modular high-voltage dc gener
ators 
Send for our brochure entitled: "Haefely Today" 

® 
® 
© 

6 0 k W e l e c t r o n a c c e l e r a t o r 
i n a p a i n t c u r i n g f a c i l i t y 
C a n c e r t h e r a p y s y s t e m w i t h 
f a s t n e u t r o n s 
8 5 0 k V i n j e c t o r p o w e r 
s u p p l y 
4 5 0 k V / 3 . 5 m A m o d u l a r 
h i g h v o l t a g e D C p o w e r 
s u p p l y 

E m i l e H a e f e l y & C o L t d B a s e l 
P . O . B o x 
C H - 4 0 2 8 B a s e l / S w i t z e r l a n d 
T e l e p h o n e 0 6 1 / 4 1 18 17 
T e l e x 6 2 4 6 9 e h b c h 

H A E F E L Y 

Cancel your liquid 
helium order . . . 
Get a HELIPLEX™ 
refrigerator. 

7 7 K 

2 0 K 

4 . 5 K 

Forget about the cost of liquid helium and 
the bother of handling it. With the HELIPLEX 
Model CS-308 closed-cycle refrigerator you get 
stable temperatures down to 3.7K. 

This refrigerator is highly reliable — its major 
components have been proven in the field for 5 
years. It operates virtually unattended and op
tionally gives you automatic temperature con
trol and readout. Normal maintenance interval 
is 9,000 hours, and it is field maintainable. 

The HELIPLEX 308 refrigerator has a conve
niently small cold end (the refrigerator is only 
35" high). This makes it useful for a variety of 
research and industrial applications with a selec
tion of temperature controllers, interface designs 
and radiation shields available. 

For more information, write or call Advanced 
Products Department, Air Products and Chem
icals, Inc., Box 2802, Allentown, PA 18105. 
(215) 398-8419. 



T h e P F E I F F E R - T U R B O * 
f o r t h e p r o d u c t i o n o f e x t r e m e l y c l e a n h i g h 

a n d u l t r a - h i g h v a c u u m 

T h e smal lest t u r b o - m o l e c u l a r 
p u m p , t h e P F E I F F E R - T U R B O 
1 1 0 , is b u i l t t o t h e s i ng le - f l ow 
des ign. F r e q u e n c y analys is has 
s h o w n t h a t b y e m p l o y i n g n e w l y -
deve loped h igh -p rec is ion bal l 
bear ings and a new f o r m o f o i l 
c i r c u l a t i n g l u b r i c a t i o n t h e r u n 
n ing p rope r t i es have been i m p r o 
ved . These a l t e ra t i ons have 
he lped t o increase t h e l i fe o f t h e 
e q u i p m e n t and reduced b o t h 
noise o u t p u t and v i b r a t i o n . C o m 
panies using t h i s e q u i p m e n t p lace 
a great deal o f va lue in these 
resul ts. 

T h e d o u b l e - f l o w P F E I F F E R -
T U R B O 2 7 0 and 5 1 0 t r a n s m i t 
t h e i r f u l l v o l u m e f l o w rate at t h e 

i n t a k e p o r t t o t h e v a c u u m c h a m 
ber. T h e p o s i t i o n o f t h e v a c u u m 
c h a m b e r p u m p i n g p o r t is u n i m 
p o r t a n t here as no adap to rs o r 
bends w h i c h c o u l d reduce 
v o l u m e f l o w rate are r e q u i r e d , 
even w h e n t h e p u m p i n g p o r t is 
p o o r l y p o s i t i o n e d . W i c k o i l c i r c u 
la t ing l u b r i c a t i o n enables t h e 
p u m p t o be insta l led a n y w h e r e 
regardless o f p o s i t i o n as long as 
t h e sha f t rema ins h o r i z o n t a l . T h e 
back i ng p u m p can be l i nked 
d i r e c t l y t o t h e P F E I F F E R -
T U R B O b y means o f a co r ruga
ted hose w i t h o u t m a k i n g p ro tec 

t i ve e q u i p m e n t such as zeo l i t e 
t raps , f o r e x a m p l e , necessary. 

* T h e P F E I F F E R T U R B O is a t u r b o -
mo lecu la r p u m p w h i c h creates h y d r o 
carbon- f ree h igh and u l t ra -h igh va
c u u m at a cons tan t v o l u m e f l o w rate 
f o r al l gases be tween 10-2 and 10-9 
m bar. 

A R T H U R P F E I F F E R 
V a k u u m t e c h n i k Wetz la r G m b H 
Postf ach 1 2 8 0 
D - 6 3 3 4 Asslar 



'. T h e c r y o g e n i c ĵjjp 
g a s b e a r i n g 
t u r b o e x p a n d e r 
w h i c h d o e s n o t n e e d 
o u t s i d e s u p p o r t . 
(unlike o thers . . . ) //mmk J 

Usual gas bearing systems depend ^ fill] 1 .,-.|[L/;/< 
on an external source of pressur- >^^^PilliK^p 
ized gas. We have succeeded ^ • K s / 
in developing a self-supporting 
autonomous system. 
The shaft floats on gas cushions ^ 
created by its own rotation. It 
spins—amazingly—at several hun
dred thousand rev/min without the j O J 
slightest wear. Neither bear ing LLfl( 
gas nor seal gas have to be di-
verted from the process. Controls /pZK r̂ 
are fewer and simpler. fe^îft 
A story too fantastic to believe ... & • i^S'S 

• b u t true: ~- ;— |::/.':'••/• 
Our turboexpander is at the heart 
of dozens of cryogenic plants 
around the world. 

Sulzer Brothers Limited 
CH-8401 Winterthur, Switzerland 
Cryogenics Department 
Telephone 052 8 1 3 7 2 8 / 8 1 3 8 2 3 
Telex 76165 

SULZER 


