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CERN, the European Organization for 
Nuclear Research, was established in 
1954 to '... provide for col laborat ion 
among European States in nuclear re­
search of a pure scientif ic and funda­
mental character, and in research 
essentially related thereto' . It acts as a 
European centre and co-ord inator of 
research, theoretical and experimental, 
in the f ield of sub-nuclear physics. This 
branch of science is concerned w i t h 
the fundamental questions of the basic 
laws governing the structure of matter. 
The Organization has its seat at Meyr in 
near Geneva in Switzer land. There are 
t w o adjoin ing Laboratories k n o w n as 
CERN Laboratory I and CERN Labo­
ratory I I . 

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

The CERN Laboratory I site covers 
about 80 hectares almost equally 
d iv ided on either side of the frontier 
between France and Switzer land. The 
staff totals about 3100 people and, in 
addi t ion, there are about 1100 Fel lows 
and Scienti f ic Associates. Twelve Euro­
pean countries contr ibute, in proport ion 
to their net national income, to the 
CERN Laboratory I budget, w h i c h totals 
382.9 mi l l ion Swiss francs in 1973. 

CERN Laboratory II came into being 
in 1 9 7 1 . It is supported by eleven 
countr ies. A 'super proton synchrot ron ' 
(SPS) , capable of a peak energy of 
4 0 0 GeV, is being constructed. CERN 
Laboratory II also spans the Franco-
Swiss frontier w i t h 412 hectares in France 
and 68 hectares in Switzer land. Its b u d ­
get for 1973 is 188 mi l l ion Swiss francs 
and the staff w i l l total about 370 
people by the end of the year. 

CERN COURIER is publ ished month ly 
in English and French edit ions. It is 
distr ibuted free to CERN employees 
and others interested in sub-nuclear 
physics. 
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Progress in construction of the SPS 
Part II: Controls, R.f., Civil engineering and Experimental areas 

The c o n t i n u i n g saga of t he b u i l d i n g o f 
t h e Super Pro ton Synchro t ron . . . Last 
m o n t h w e descr ibed h o w far t h i n g s 
had advanced w i t h t he i n j e c t i o n -
e jec t ion systems and w i t h t he r ing 
magne ts and the i r p o w e r supp l ies . 
Th is m o n t h w e t u rn t o o ther ma jo r 
features o f t he mach ine — the con t ro l 
sys tem, t h e rad io - f requency acce lera t ­
i ng sys tem, the c iv i l eng ineer ing w o r k 
o n t he site o f the n e w mach ine and t h e 
t w o exper imenta l areas w h i c h w i l l 
receive t h e accelerated p ro tons . 

Keeping control 

W o r k on the con t ro l sys tem of t he SPS 
has n o w m o v e d to t he ha rdware phase 
as t he deta i led requ i rements have been 
f i xed . This f o l l o w s a t h i n k i n g phase 
w h e n t he general p h i l o s o p h y w a s 
w o r k e d o u t ; the t h i n k has resu l ted in 
a con t ro l sys tem w i t h nove l features 
w h i c h w i l l ex tend t he t e c h n i q u e s o f 
accelerator con t ro l in several d i rec t ions . 

It is hard t o imag ine tha t o n l y f o u r 
years ago t he use o f c o m p u t e r s in 
mach ine con t ro l w a s st i l l a sub jec t fo r 
deba te (see, fo r examp le , v o l . 9 , 
page 1 6 6 ) . N o w accelerator con t ro l s 
are bu i l t a round compu te r s and t h e 
deba te is o n l y on h o w best t o use 
t h e m . The SPS team w e r e ab le t o 
learn f r o m the w o r k of o ther Labora ­
tor ies (par t icu lar ly o n t h e 4 0 0 GeV 
synch ro t ron at N A L and L A M P F at 
Los A l a m o s ) and t o make dec is ions 
in the l igh t o f the exper ience tha t had 
been ga thered . 

One nove l t y is t o m o v e a w a y f r o m 
t h e c o n c e p t of a large cent ra l con t ro l 
c o m p u t e r oversee ing smal l compu te rs . 
Instead of th is m o n o l i t h i c a p p r o a c h , 
t he con t ro l tasks w i l l be d i v i ded b e ­
t w e e n m a n y smal l or m e d i u m sized 
compu te r s w h i c h are e f fec t ive ly in ter ­
changeab le . Even at t he con t ro l c o n ­
soles themse lves there w i l l be th ree 
v i r tua l l y ident ica l compu te r s w h o s e 
f u n c t i o n w i l l be d ic ta ted o n l y by t h e 
so f twa re w h i c h is b r o u g h t i n to t h e m 

at a pa r t l cu la r t ime . Th is app roach loses 
the number c r u n c h i n g ab i l i t y o f a b ig 
c o m p u t e r bu t th is is rarely ca l led u p o n 
in mach ine con t ro l and for t he f e w 
occas ions w h e n it is needed (such as 
quad rupo le pos i t i on ing du r i ng c o m ­
miss ion ing ) a b icyc le r ide w i t h a 
magne t i c tape t o a l ink t o t he C E R N 
centra l compu te rs w i l l no t be t o o 
a rduous . 

The smal l c o m p u t e r so lu t i on is also 
cheaper. Norsk Da ta -E lek t ron ikk ( N o r ­
w a y ) is t o p rov ide 2 4 compu te r s o f 
the i r N O R D - 1 0 type . By early D e c e m ­
ber, six had arr ived at CERN a n d , 
apart f r o m some m ino r t ee th ing t r o u ­
bles w i t h fau l t y memor ies ( n o w c o m ­
p le te ly c u r e d ) , t hey are pe r fo rm ing 
exce l lent ly . A N O R D - I w a s lent 
w i t h i n t w o m o n t h s of t he con t rac t 
be ing s igned and w a s opera t ing sat is­
fac to r i l y w i t h i n a f e w hours of be ing 
p l u g g e d in . In add i t i on t o seven at t he 
con t ro l cent re , t hey w i l l be spr ink led 
in t h e six serv ice bu i l d ings a r o u n d t he 
c i r cumfe rence of t he SPS r ing and in 
t he exper imenta l areas. 

Nove l t y number t w o is in t he 
mys te r ious realm o f so f tware . A major 
p rob lem in the past has been t h e 
in te rdependence of p rograms tha t 
have t o be ' c o m p i l e d ' as a separate 
process before t hey can be run in t he 
compu te r . A system has been a d o p t e d 
in w h i c h t h e programs are kept as 
s ta tements o f a spec ia l ly deve loped 
con t ro l l anguage ca l led N O D A L . T h e s e 
s ta tements are in terpreted d i rec t l y 
w h e n t he p rogram is run and t he 
' in terpreter ' , res ident in each c o m ­
puter , has access t o all t he i n fo rma t i on 
necessary t o enable it t o make t he 
requi red cross-references and l inks. 
A v o i d i n g separate c o m p i l a t i o n means 
tha t changes can be made w i t h o u t 
d i s tu rb ing t h e w h o l e so f twa re sys tem. 
The s ta tements in N O D A L are very 
s imi lar t o those used in everyday 
speech in accelerator con t ro l . Th is 
results in great s imp l i c i t y , f l ex ib i l i t y 
and a large measure of ' ins tan t p r o ­

g r a m m i n g ' — w h i c h is so essential fo r 
c o m m i s s i o n i n g , ma in tenance and m a ­
ch ine s tud ies. 

T h e p rograms can be ca l led on and 
adap ted i nd i v idua l l y w i t h o u t d i s tu rb ­
ing a n y t h i n g else. A l so t h e m i n i -
p rog rams can be run o n any o f 
t he compu te rs . One t h i n g w h i c h is 
lost is speed of execu t i on . Howeve r , 
fo r a lmos t all con t ro l app l i ca t ions , a 
m i l l i second is no t forever and t he 
speed is en t i re ly adequate . 

A l l t he c o m p u t e r s are l inked t h r o u g h 
a Message Transfer Sys tem and one 
c o m p u t e r can ask ano ther t o per fo rm 
some measurement , con t ro l f u n c t i o n 
or ca l cu la t i on by us ing a f e w s imp le 
t y p e d s ta tements . 

A lot o f t h o u g h t has been g iven t o 
t he l ayou t of t h e centra l con t ro l r o o m , 
i t w i l l have th ree ident ica l conso les . 
On l y o n e w i l l be needed for rou t ine 
mach ine opera t i on bu t fo r c o m m i s ­
s i on i ng and mach ine deve lopmen t it 
w i l l be necessary t o have extens ive 
and separate con t ro l over such systems 
as t h e r.f., magne t p o w e r supp l ies , etc. 
In th is case it w i l l s imp ly be necessary 
t o cal l fo r t h e appropr ia te so f tware t o 
be s w i t c h e d t o a par t icu lar conso le . 

The s tage at w h i c h the h u m a n be ing 
comes in to t he p ic tu re ( the 'opera tor 
in ter face ' ) w i l l a lso have its novel t ies . 
In add i t i on t o some conven t i ona l 
con t ro l a ids, such as b lack and w h i t e 
te lev is ion d isp lay screens and c o m ­
puter i npu t keyboards , there w i l l be 
co lou r d isp lay screens (enab l ing more 
i n fo rma t i on t o be t ransmi t ted a n d 
absorbed o n o n e d i sp lay ) , a n e w t y p e 
of t o u c h b u t t o n screen ( to select t h e 
desi red con t ro l f u n c t i o n ) and a k n o b 
w i t h f e e d - b a c k f r o m the c o m p u t e r 
( s t i f f en ing t h e t u r n i n g mechan i sm so 
tha t , fo r examp le , m e g a w a t t s c a n n o t 
be t w i r l e d w i t h a l i t t le f i nge r ) . 

T h e w h o l e g a m u t o f l igh ts and 
s w i t c h e s and k n o b s etc., w h i c h c lu t ter 
t he con t ro l r ooms of yesteryear have 
to be represented on a s ing le conso le . 
It is v ia t h e t o u c h panel tha t t he 
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A control console being used to optimize the 
various control facilities which will be available 
to operate the accelerator. It is linked to one of 
the NORD-10 computers which can be seen on 
the right 

Below: Not the result of a life test on a machine 
operator but simply a bit of ergonomics while 
working out the best layout of the consoles for 
the SPS control room. 

CERN 1.8.73 

CERN 93.9.73 

requi red abi l i t ies are b rough t t o t he 
operator . Each b u t t o n has a label 
w r i t t e n on it by t he compute r . Pressing 
a b u t t o n changes the electr ical capa­
c i ty at tha t po in t beh ind the panel and 
selects a par t icu lar f u n c t i o n . The c o m ­
puter can r e - w r i t e the labels o n the 
bu t t ons at w i l l — t h e operator can 
thus choose t he sys tem he w ishes t o 
a d j u s t t he par t icu lar c o m p o n e n t , the 
proper ty he w i shes t o change and 
t hen i m p l e m e n t t h e change itself. 

The c o m p u t e r s are l inked to t h e 
e q u i p m e n t v ia C A M A C uni ts and a 
mu l t i p lex sys tem i nvo l v i ng nearly 3 0 0 0 
e lec t ron ic un i ts w h i c h w i l l be m a n u ­
fac tu red by Borer (Sw i t ze r l and ) . The 
message t ransfer sys tem w i l l be p r o ­
d u c e d by T I T N (France) and the many 
k i lometers o f cab le w i l l c o m e ma in ly 
f r o m T h o m p s o n - B r a n d t (F rance) . 
O d d l y e n o u g h , cab le w h i c h is more 
resistant t o rad ia t ion (us ing po l y ­
e thy lene) and is enc losed is a f l ame 
retardant s leeve, came o u t cheaper 
t han t he norma l cab le (us ing PVC) . 

I ns t rumen ta t i on for mon i t o r i ng the 
beam inc ludes m u c h s tandard e q u i p ­
ment ( beam cur ren t t ransformers, 
screens and te lev is ion , etc.) such as 
is f o u n d o n l o w e r energy accelerators. 
One p rob lem arose in the deve lopmen t 
of t he p i c k - u p s ta t ions. If t hey w e r e 
t o c o p e w i t h t he in jec ted beam, w h i c h 
t h e y c o u l d de tec t because of t he 
m o d u l a t i o n s it had hang ing a round 
f r o m its t ime in t h e PS, and in add i t i on 
cope w i t h t he 2 0 0 M H z tha t t he SPS 
r.f. sys tem subsequen t l y i n t r oduced , 
the assoc ia ted e lec t ron ics w o u l d be 
u n c o m f o r t a b l y comp l i ca ted . To over ­
c o m e th is a 2 0 0 M H z m o d u l a t i o n w i l l 
be i nduced in t h e beam before it 
leaves t he PS so tha t 2 0 0 M H z is t he 
o n l y f r equency t h e p i c k - u p s ta t ions 
need w o r r y abou t . 

The r.f. system 

W o r k o n t he rad io - f requency acce l ­
era t ing sys tem is bu i l d i ng up t o the 
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The power amplifier unit which operated for the 
first time at the manufacturers on 4 December. 
Five of these 125 kV units are built into each 
power amplifier feeding a radio-frequency 
accelerating cavity. 

(Photo SIEMENS) 

A full-scale two-cell model of the r.f. cavity to 
be used in the SPS shown installed for a series 
of tests in the proton synchrotron ring. It was used 
to study multipactoring, rebunching and the 
performance of the SPS phase lock system. 

t ime next year w h e n tests can be 
carried ou t on a comple te fu l l -sca le 
assembly of a . cavi ty and power 
ampli f ier. This w i l l be the m o m e n t of 
t ru th for the R.f. Group because the 
tests w h i c h can be carried ou t up t o 
that stage can on ly s imulate some of 
the operat ing cond i t ions but not all at 
the same t ime. 

Manufac tu re of all the necessary 
componen ts is n o w under way . The 
t w o large t rave l l i ng -wave cavit ies 
w h i c h w i l l sit in the SPS r ing are 
be ing manufactured by Leybo ld Her-
aeus (Federal Republ ic of Germany) . 
The copper -c lad steel sheets were 
ready in the midd le of the year and 
the f irst cavi ty sect ions have been 
ro l led, we lded and mach ined . Because 
of the manufac tu r ing techn ique , the 
copper surfaces do not emerge g l eam­
ing as r.f. accelerat ing structures o f ten 
do . However , w h e n the sect ions were 
tested, they revealed Q values of 95 % 
of the theoret ical va lue, at the des ign 
f requency. This is m u c h better than 
cou ld be expected and the s o m e w h a t 
unaesthet ic appearance can therefore 
be most happi ly accepted. 

A hal f -scale, t w o - c e l l mode l has 
been used to check the effects of 
errors in the impor tant d imens ions. 
This w a s necessary because it is 
in tended to do the t un ing of the cavi t ies 
by careful ly cont ro l l ing the m e c h a n ­
ical d imens ions dur ing manufac ture 
so that no tuners w i l l be needed on 
the f in ished cavit ies. 

Other impor tant tests have c o n ­
cerned the phenomenon of m u l t i ­
pac tor ing . This can be a p rob lem in 
the operat ion of r.f. equ ipmen t — it 
involves electrons bounc ing a round 
be tween the wal ls of the st ructure 
under part icular cond i t ions , suck ing 
up a large part of the power fed in to 
the cavi ty as they do so. A fu l l -s ize 
t w o - c e l l sect ion has been operated 
w i t h currents and vol tages in excess of 
those w h i c h w i l l be exper ienced in 
the SPS. It was instal led in the 28 GeV 
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In the depths of the earth at the location of 
straight-section No. 2. The mole has disappeared, 
continuing its burrowing around the ring, 
down the tunnel on the right. Emerging from the 
tunnel is part of the train which carries concrete 
lining sections towards the mole and brings back 
the molasse which has been cut out. 

synchro t ron t o observe its behav iour 
w i t h a p ro ton beam and no m u l t i -
pac to r ing w a s de tec ted after t he sec­
t i on had been cond i t i oned for a shor t 
w h i l e . 

Each cav i ty w i l l be fed w i t h 5 0 0 k W 
of r.f. p o w e r at 2 0 0 M Hz w h i c h w i l l be 
p rov ided by an ampl i f ier us ing f i ve 
125 k W p o w e r tubes. Three of these 
ampl i f ie rs are be ing bu i l t at S iemens 
(Federal Repub l ic of Ge rmany ) . The 
f i rst ba tch of tubes w a s success fu l l y 
tes ted at fu l l p o w e r in Oc tober a n d , 
on 4 December , t he f ina l vers ion of 
t he ampl i f ie r cav i ty w a s opera ted fo r 
t he f irst t ime. A n y o n e w h o has p layed 
w i t h h igh f requenc ies w i l l be aware 
h o w parasit ic modes can creep in 
everywhere in these systems. There 
are so m a n y possib i l i t ies tha t it is 
v i r tua l l y imposs ib le t o ca lcu la te t h e m 
all in advance and to take steps t o 
avo id t h e m . They need t o be e l i m i ­
nated w h i l e commiss i on i ng . A 5 0 0 k W 
un i t is schedu led t o be assembled at 
CERN by November of next year and 
it w i l l t hen be possib le t o test t he fu l l 
cha in of t he r.f. sys tem. 

C o m p o n e n t s for t ransmi t t i ng th i s 
r.f. p o w e r f r o m the ampl i f ie r t o t h e 
cav i t y w i l l also be on hand by t h e n . 
A m o n g the t r ick iest of t h e m are t h e 
ceramic v a c u u m w i n d o w s w h i c h l ink 
t he feeder l ines t o the cavi t ies. A nove l 
des ign has been deve loped w h i c h , by 
a v o i d i n g an r.f. s t ructure g i v i n g t e m ­
perature grad ients w h i c h such w i n ­
d o w s norma l l y exper ience, has e l i m i -
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nated the source of mechan ica l stress 
w h i c h o f ten causes such w i n d o w s t o 
f racture. In add i t i on , the des ign makes 
it possib le t o change a w i n d o w 
rap id ly and th is c o u l d be an impor tan t 
asset in t he h igh rad iat ion e n v i r o n ­
men t of the accelerator t unne l . 

A n o t h e r impor tan t task is the c o n ­
t ro l of the h igh p o w e r r.f. sys tem t o 
p rov ide ef f ic ient accelerat ion and 
hand l i ng of t he beam (capture , t r a n ­
s i t ion and d e b u n c h i n g ) . The l o w 
p o w e r r.f. compr ises several c losed 
loops con t ro l l i ng r.f. parameters. One 
example is t he phase lock w h i c h , by 
p i ck ing up s ignals d i rect ly f r om the 
bunches of p ro tons o rb i t i ng the r ing , 
ensures tha t the r.f. cavi t ies g ive the 
k icks of fu r ther energy at exac t ly t he 
r ight t ime. It is the f i rst t ime tha t a 
phase lock has been requi red for a 
p ro ton synchro t ron opera t ing at a 
f requency of 2 0 0 M H z and the t i m i n g 
prec is ion invo lved is unusua l l y h igh . 
A l l t he manoeuvres w i l l be d o n e at an 
in termedia te f requency a round 20 M H z 
us ing coherent mixers. A p ro to t ype 
has been made and successfu l ly 
tested w i t h t he PS beam. 

Radial s teer ing of the beam du r i ng 
accelerat ion w i l l require accurate c o n ­
t ro l of the f requency w h i c h w i l l be 
d o n e w i t h the help of a ded ica ted 
computer . The long i tud ina l behav iour 
o f t he beam, and hence t h e pe r f o rm­
ance of t he r.f. sys tem, w i l l be m o n i ­
to red by a w i d e band p i c k - u p s ta t ion 
(opera t ing at up t o several G H z ) . 

Here the major d i f f i cu l t ies are t o steer 
clear o f w a v e g u i d e modes w h i c h can 
arise f r o m the e lect rodes and f r om the 
v a c u u m chamber itself. 

Very civil engineering 

W e have t e n d e d t o keep in t o u c h w i t h 
the c iv i l eng ineer ing w o r k in the pages 
of CERN C O U R I E R because, up t o 
th is stage of t he game, it has been t h e 
mos t spectacu lar mani fes ta t ion of t he 
ac t iv i ty on t he SPS project . W e 
restr ict ourselves here, therefore, t o a 
qu i ck run t h r o u g h of the progress 
w h i c h has been ach ieved so far. 

S o m e tens of metres b e l o w g r o u n d , 
the mo le has c o n t i n u e d its bo r ing w a y 
round the 7 k m c i rcumference of t he 
SPS. On 12 December , t he Robb ins 
mach ine emerged at t he loca t ion of 
s t ra ight sec t ion 4 hav ing t hus carved 
ou t t he t unne l ha l fway a round t he 
r ing . 

O n average, it has advanced at t he 
rate of 2 0 m per day and has reached a 
peak of 3 5 m per day. In general t he 
w o r k has g o n e s m o o t h l y apart f r om 
runn ing in to pocke ts of methane 
w h i c h requ i red specia l measures for 
ven t i l a t i on . The exp los ive methane 
w a s somet imes accompan ied by l iqu id 
hyd roca rbons bu t , alas, no t in q u a n t i ­
t ies w h i c h w o u l d have t he s l ightest 
impac t o n the present fue l crisis. 

S o o n the access shaft , PP4, near 
s t ra ight sec t ion 4 w i l l take over as the 
po in t w h e r e spoi l is removed f r om the 
t unne l and w h e r e the concre te l in ing 
sect ions are i n t roduced . Th is w i l l 
l iberate t he half o f t he r ing w h i c h has 
al ready been bored ou t so tha t it can 
be t i d ied up ready for the insta l la t ion 
of mach ine c o m p o n e n t s . 

The tunne ls w h i c h w i l l house the 
in jec t ion beam- l i ne , b r ing ing the p r o ­
tons f r o m the PS, and the t w o e jected 
beam- l ines , t a k i n g the p ro tons t o the 
Wes t and No r th exper imenta l areas, 
have been excava ted . The access 
shaf ts a round t he c i rcumference of the 

366 



r ing are d u g ou t and most of t hem have 
their concrete l in ing . 

M e a n w h i l e , on the surface, all t he 
of f ice and laboratory bu i ld ings have 
been comp le ted , the last of t hem 
(B lock III) open ing its doors to the 
Laboratory II staff in November . Such 
s igns of c iv i l izat ion as a post o f f ice 
and a bank are in ac t ion and they w i l l 
be j o ined early next year by a res­
taurant . 

The power l ine, to br ing e lectr ic i ty 
at 3 8 0 kV f rom the nearest po in t on 
the European gr id at Genissiat to the 
site, is under cons t ruc t ion and shou ld 
be comp le ted in Apr i l of next year. 
Provis ion for b r ing ing the other i m ­
por tant commod i t y , water , is also we l l 
in hand . T w o large reservoirs ( 5 0 0 0 m 3 

each) are being bui l t on the Swiss 
part of the site and the p ipe- l ines , 
w h i c h w i l l carry the water f r om the 
p u m p i n g stat ion at Le Vengeron on 
Lac Leman, are be ing la id. 

The experimental areas 

The last major decis ions concern ing 
the SPS project were taken t owa rds 
the end of the year. They determine 
the general scheme of the part ic le 
beams w h i c h w i l l be avai lable for 
exper iments dur ing the f irst years after 
the accelerator has come in to opera­
t i on . These decis ions are ext remely i m ­
por tant (because, after al l , an exper i ­
menta l p rogramme w i t h very h igh 
energy beams is the purpose of the 

exercise) and the w h o l e of the 
part ic le physics c o m m u n i t y in Europe 
has been invo lved in w o r k i n g ou t the 
best possible so lu t ions w i t h i n the 
avai lable boundar ies of money, m a n ­
power and t ime. 

The process started, under the 
auspices of ECFA (European C o m ­
mit tee for Future Accelerators) , many 
years ago before the project w a s 
author ized. Ideas were up -da ted and 
ref ined by W o r k i n g Parties w h i c h 
presented their conc lus ions du r ing a 
s tudy week at Tirrenia in 1 9 7 2 (see 
vo l . 12, page 3 1 8 ) . Final ly, the SPSC 
( the 3 0 0 GeV Experiments C o m ­
mit tee) has received the f irst ' letters of 
in tent ' concern ing the exper imenta l 
p rogramme. This vast accumu la t i on 
of in fo rmat ion has led t o the f o l l o w i n g 
scheme: 

The accelerated beam ejected t o ­
wards the West exper imental area can 
be d i rec ted, in an underg round s w i t c h ­
yard , either on to a target (T7) t o 
prov ide secondary part icles for an r.f. 
separated beam, or on to a target (T9) 
t o prov ide neutr ino parents, or it can 
travel on as a pro ton beam. The p ro ­
t o n beam and the r.f. separated beam 
c l imb to the surface in the same tunne l 
emerg ing near the West Hal l . The r.f. 
beam goes to the 3.7 m European 
bubb le chamber, BEBC; the p ro ton 
beam can be spl i t t o bombard three 
targets ( T 1 , T3 , T5) g iv ing a series of 
secondary beams. 

Both the r.f. separated beam and 

The general scheme of beams which are fore­
seen for the West experimental area of the SPS. 
A neutrino beam reaches BEBC and other 
detectors via beam-line A/7. BEBC is also fed by 
an r.f. separated beam (S3), which climbs to the 
surface in the same tunnel as an ejected proton 
beam-line bringing protons to three targets 
(T1, T3, T5). These generate hadron and 
electron beams for experiments in the West Hall. 

the Wes t Hall beams w i l l be generated 
f rom a pr imary pro ton beam of 
2 0 0 GeV m a x i m u m energy. The r.f. 
beam (S3) can then select p ions, 
kaons, p ro tons or an t ip ro tons up to a 
m a x i m u m energy of 150 GeV. A n ­
other r.f. separated beam (S1) can be 
d r a w n f rom target T 1 . It w i l l serve the 
Omega spect rometer (us ing super­
c o n d u c t i n g r.f. cavi t ies be ing bui l t at 
Karlsruhe) w i t h p ions, kaons, p ro ­
tons and an t ip ro tons up to a m a x i m u m 
energy of 4 0 GeV. 

This second r.f. beam migh t also be 
used as an e l e c t r o n / p h o t o n beam- l ine 
to Omega ( w h e n it is referred to as 
S 1 / E 1 ) . A l te rnat ive ly electrons and 
pho tons c o u l d reach Omega via a 
d i f ferent beam- l i ne (E1) w h i c h cou ld 
be used for other exper iments not 
i nvo lv ing Omega. Target T3 provides 
h igh energy hadron beams (up to 
150 GeV a long beam- l ine H1) and 
target T5 w i l l be the source of special 
beams, a hyperon beam being a 
probab le example . 

It is the West Area Neut r ino Faci l i ty 
( W A N F ) w h i c h has seen the major 
changes s ince w e last d iscussed the 

367 



The general scheme of beams which are foreseen 
for the North experimental area of the SPS. 
The ejected proton beam is split onto three targets 
(T2, T4, T6) which generate secondary particle 
beams for experiments in the two zones. Note 
that the scale has been greatly reduced along the 
beam direction and exaggerated at right angles 
to it, so as to present the division of the beams. 

SPS exper imenta l p rog ramme in our 
pages. Previously it had been i n tended 
to use BEBC w i t h neut r inos genera ted 
f r o m a target bombarded w i t h p ro tons 
up t o a m a x i m u m energy of 2 0 0 GeV 
and to have higher energy neu t r ino 
exper iments in the Nor th exper imenta l 
area. It has n o w been dec ided to make 
W A N F an a l l - s i ng ing , a l l - d a n c i n g 
neut r ino fac i l i ty and to have no n e u ­
t r ino w o r k in the No r th , at least in t he 
early years of the exper imenta l p ro ­
g ramme. 

First of all the beam- l i ne is be ing 
bu i l t so tha t it can cope w i t h pr imary 
p ro tons of energy up t o 4 0 0 GeV. 
Second ly , it w i l l p rov ide ei ther w i d e ­
band or n a r r o w - b a n d neut r ino beams. 
Th i rd ly , more de tec t ion systems w i l l 
be set up in add i t i on to BEBC. 

Pions and kaons p roduced f r o m 
b o m b a r d i n g target T9 w i t h h igh 
energy pro tons, w i l l be focused and 
po in ted t o w a r d s the detectors. They 
travel d o w n a tunne l w h e r e they 
decay p roduc ing the neut r inos and 
also muons . These muons need to be 
f i l tered ou t of the beam and i ron disks 
w i l l be insta l led a long 1 7 0 m of 
t unne l ( f o l l o w e d by a fur ther 1 7 0 m 
of earth) to achieve th is . 

The w i d e - b a n d beam gives m a x i ­
m u m neut r ino in tensi ty and is p ro ­
duced by po in t i ng the pr imary p ro tons 
t o w a r d s the detectors before they hi t 
t he target and a t tempt ing t o ca tch t he 
m a x i m u m number of p ions and kaons 
us ing a f ocus ing horn and ref lector. 

Neut r inos w i l l then have energies 
rang ing up t o about 3 0 0 GeV bu t w i t h 
the peak f l ux be ing in the reg ion of 
some tens of GeV. The n a r r o w - b a n d 
beam gives lower neut r ino in tens i ty 
bu t more precisely k n o w n energies 
cu t t i ng o u t the lower energy peak. 
This is done by se lect ing, w i t h a 
magne t sys tem, the energies of t he 
p ions and kaons w h i c h are a l l owed to 
travel on t o decay in to neut r inos and 
the pr imary p ro ton beam is no t 
po in ted t o w a r d s the detectors so as 
to avo id neut r inos of d i f ferent ener­
gies, c o m i n g f r om other in teract ions 
in i t ia ted by the pro tons, reach ing the 
detectors. 

It is p roposed to move Gargamel le 
near BEBC to par t ic ipate in the n e u ­
t r ino exper iments , to add an external 
m u o n ident i f ier and to instal l de tec ­
tors for neu t r ino counter exper iments . 

The Nor th area plans have also been 
cons iderab ly mod i f i ed . The s l o w e ject ­
ed p ro ton beam rises t o w a r d s the sur­
face f r om the accelerator over a 
d is tance of 5 9 0 m. It can then be spl i t 
be tween three targets (T2, T4 , T6 ) 
housed in a separate target enc losure 
w h i c h is also c r o w d e d w i t h the f i r s t 
c o m p o n e n t s of six emerg ing b e a m -
l ines. From T2 and T4 , four beams are 
d r a w n to serve exper iments in Zone I. 
Th is Zone is n o w to the West rather 
t han East of the c o n t i n u i n g b e a m -
l ines. 

Target T2 gives part ic les d o w n the 
beam- l i ne H 2 / P 2 ( w h i c h is a h igh 

reso lu t ion hadron beam w i t h m a x i m u m 
energy up to 3 5 0 GeV or an a t tenuated 
p ro ton beam up to the fu l l mach ine 
energy w h i c h c o u l d be used as the 
source of specia l beams w i t h i n Zone I) 
and d o w n the beam- l i ne H 4 / E 4 ( w h i c h 
is a m e d i u m energy hadron beam of 
up to 2 7 0 GeV or an e l e c t r o n / p h o t o n 
beam) . Target T 4 gives part icles d o w n 
t w o fur ther beam- l ines , H6 ( w h i c h is 
another m e d i u m energy hadron beam 
of up t o 2 0 0 GeV) and H8 ( w h i c h is a 
h igh reso lu t ion hadron beam for 
energies up to 3 5 0 GeV) . 

N o w tha t neut r inos w i l l go West , it 
is in tended to l imi t Zone 2, at least i n i ­
t ia l ly , t o p ro ton and m u o n exper iments. 
Beam- l i ne P4 w i l l carry pro tons up t o 
fu l l mach ine energy and beam- l i ne 
M 2 w i l l carry m u o n s of energy up to 
2 5 0 GeV. 

Exper imenta l Zone 1 w i l l be covered 
by a huge hall (50><290 m 2 ) . The 
ar rangements for Zone 2 are not yet 
f rozen. T h o u g h th is w i l l be more 
expens ive in i t ia l ly t han cover ing exper­
iments w i t h ind iv idua l ' i g loos ' , it w i l l 
g ive greater f lex ib i l i t y in the use of the 
beams and over the years of exp lo i ­
ta t ion of the accelerator w i l l be m u c h 
more conven ien t and cheaper. 

The precise f o r m that the exper i ­
menta l fac i l i t ies are to take has, 
unders tandab ly , been the last major 
aspect of the SPS pro ject to be 
dec ided . They offer a w i d e range of 
possib i l i t ies to Europe's h igh energy 
physic is ts. 
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CERN News 

PS intensity record 
broken 
W e squeezed a ' late n e w s ' paragraph 
in to the last issue g i v i ng brief in for ­
ma t ion of an increase in the acceler­
ated beam in tens i ty of the 2 8 GeV 
p ro ton synchro t ron du r i ng a neu t r ino 
exper iment w i t h the heavy bubb le 
chamber Gargamel le . Dur ing th is ex­
p e r i m e n t w h i c h began on 1 4 N o v e m ­
ber at 19 .00 h and lasted for seven ­
t y - s i x hours, the average in tens i ty 
w a s 5 . 2 X 1 0 1 2 p ro tons per pulse at 
2 6 G e V / c an in tens i ty increase of a 
fac tor o f three over t h e usual PS 
average. 

Th is ach ievement is one of the mos t 
spectacu lar results of the imp rovemen t 
p rog ramme of t he mach ine w h i c h has 
been on hand for several years n o w . 
The t w o main a ims w e r e : 
- t o increase the mach ine repet i t ion 
rate ( th is w a s done in 1 9 6 8 w h e n a 
n e w magnet p o w e r supp l y w a s c o m ­
miss ioned shor ten ing the cyc le t ime 
to 2 s at 2 6 G e V / c ) ; 
- t o increase the number of p ro tons 
accelerated per pulse. 

In 1 9 6 9 , the in tens i ty c l imbed t o 
abou t 2 x 1 0 1 2 ppp , a l im i t d ic ta ted 
ma in ly by the in jec t ion energy of 
5 0 M e V f r om the l inac. The space 
charge effects, w h i c h all increase 
w i t h the dens i ty of the p ro tons in the 
beam, can be ove rcome on l y by 
increasing the in jec t ion energy. The 
so lu t i on adop ted w a s the cons t ruc ­
t i o n of a synchro t ron in jector , or 
Booster, inserted be tween the l inac 
and the PS r ing , t hus rais ing the p ro ­
t o n in jec t ion energy in to t he r ing f r o m 
5 0 to 8 0 0 MeV. 

To use the capabi l i t ies of t he 
Booster, it w a s necessary t o m o d i f y 
t he l inac cons iderab ly so as t o at ta in 
currents of 5 0 m A w i t h a pulse d u r a ­
t i o n of 1 0 0 [AS. G o i n g fur ther puts the 
l inac under severe s t ra in ; a n e w l inac 
w i l l be bu i l t (see November issue. 

p. 332 ) t o cope w i t h these requ i re­
ments w i t h compara t ive ease. 

Each pulse f rom the l inac is in jec ted 
over a m a x i m u m of f i f teen tu rns in to 
the four , 5 0 m diameter , super­
imposed r ings of t he Booster. Each 
r ing accelerates f ive bunches o f p ro ­
t o n s up t o 8 0 0 M e V and the bunches 
f r o m the fou r r ings are t hen t rans-
fered, one r ing after another , in to the 
PS r ing t o prov ide the t w e n t y bunches 
w h i c h are fur ther accelerated t o GeV 
energies. 

W h e n the November run began , t he 
Booster immed ia te ly looked in g o o d 
heal th . The doc to r i ng it had received 
seemed t o have cured the p rob lems 
w h i c h w e r e encoun te red earl ier in t he 
year (see J u l y issue, page 2 1 9 ) . The 
beam instabi l i t ies we re s tud ied du r i ng 
the summer and , at least as far as the 
in termedia te intensi t ies at w h i c h the 
Booster is n o w opera t ing are c o n ­
cerned, t hey seem we l l mastered. 

It has been possib le t o suppress t he 

The 800 MeV Booster at the CERN proton 
synchrotron whose excellent performance in 
November enabled the average intensity of the 
synchrotron to be increased by a factor of three. 
The photograph is taken at the location where 
the 50 MeV beam arrives from the linac (at the 
top). The four superposed rings of the Booster 
curve round on the right and the beam-lines 
which bring protons from the four levels in the 
Booster go off to the synchrotron on the left. 
(Two beam-lines are visible and these are 
merged into one before the*synchrotron ring.) 

CERN 27.10.72 

l ong i t ud ina l instabi l i t ies part ly by i n ­
creas ing t he energy spread of the l inac 
beam, and par t ly by imp rov ing t h e 
beam con t ro l w i t h the aid of the r.f. 
sys tem. A l ong i t ud ina l l y stable beam 
is n o w be ing ob ta ined . The transverse 
instabi l i t ies are more of a p rob lem. It 
is n o w poss ib le , thanks t o w o r k o n 
op t im i s i ng t h e opera t ing po in ts in t he 
Q H Q v p lo t , t o prevent s l o w beam 
b l o w - u p du r i ng t he accelerat ion cyc le , 
bu t t he beam can sti l l b l o w up 
rap id ly at i n jec t i on . 

The hor izonta l t ransverse ins tab i l ­
i t ies (be ta t ron osc i l la t ions) are t h e 
hardest t o e l im inate . To transfer osc i l ­
la t ion amp l i t udes t o the vert ical p lane 
' s k e w ' quadrupo les (a quad rupo le 
w i t h its axes inc l ined at 45° in re lat ion 
t o those of a f ocus ing or de focus ing 
quad rupo le ) can be powe red . Th is 
opera t ion increases the e f f ic iency of 
mu l t i t u rn in jec t ion and reduces t h e 
l i ke l ihood of ver t ica l b l o w - u p du r i ng 
t he acce lerat ion cyc le . The beam 
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emi t tances thus ob ta ined are st i l l 
acceptab le t o the PS main r ing . 

M a n y transfer tests in to the PS 
we re made du r ing Augus t . The beam 
recomb ina t i on sys tem, w h i c h br ings 
the bunches f r om the fou r Booster 
r ings t o the PS, w o r k s w e l l . Fine 
ad jus tments sti l l have to be made to 
reduce di f ferences ex is t ing f r o m one 
r ing t o another , but , a l t hough such 
ad jus tments take a pa in fu l l y l o n g 
t ime , they are no t f u n d a m e n t a l l y 
d i f f i cu l t . M a t c h i n g Booster emi t tance 
t o the acceptance of t he PS is i m ­
p rov ing at every test. 

A stable beam w a s ob ta ined f r o m 
the Booster in the m idd le of S e p t e m ­
ber and w a s progressively imp roved 
du r i ng October . On 10 Oc tober t rans­
fer tests began us ing Booster r ing 3. 
The 1 . 7 X 1 0 1 2 ppp beam c i rcu la t ing in 
th is r ing w a s t r i m m e d ver t ica l ly t o t he 
nomina l emi t tance before be ing passed 
t o the PS. The rema in ing 1 . 2 X 1 0 1 2 

pro tons we re all cap tured and acce l ­
erated w i t h o u t any l ong i tud ina l beam 
b l o w - u p . Transfer of the u n t r i m m e d 
beam w a s also t r ied , and 8 5 % w a s 
cap tu red , 1.5 x 1 0 1 2 p ro tons be ing 
accelerated w i t h o u t d i f f i cu l ty . 

The tests then m o v e d t o t he use of 
t he fou r r ings o f t he Booster. The 
in tens i ty in the transfer l ine reached 
6 x 1 0 1 2 p p p bu t there w a s a 3 0 % loss 
o n in jec t ion . Nevertheless, t he average 
in tens i ty in the PS reached 4.3 x 1 0 1 2 

p p p w i t h accelerat ion t o 2 6 G e V / c 
t ak ing p lace in g o o d cond i t i ons . O n 
th is occas ion , the g a m m a t rans i t ion 
j u m p proved par t icu lar ly e f fect ive 
and the beam remained stable. 

On 19 October , t he PS beam i n t e n ­
s i ty c l imbed , on average, t o 5 x 1 0 1 2 p p p . 
The fast e jec t ion system w a s t r ied and 
e jec t ion t o o k place w i t h abou t 9 7 % 
ef f ic iency. Dur ing the f irst f e w days o f 
November , the t r i m m e d beam f r o m 
the Booster w a s fu l l y cap tu red by 
t he PS. It w a s then poss ib le t o carry 
o u t t he exper iment w i t h Gargamel le 
a n d , f r o m 14 to 17 November , t o send 

the PS beam by fast e jec t ion t o w a r d s 
the large heavy l i qu id bubb le c h a m ­
ber for t he neut r ino exper iment . The 
beam w a s very stable and the average 
in tens i ty fo r the exper iment w a s 
5.2 X 1 0 1 2 ppp . The percentage of 
t ime loss t h r o u g h b reakdowns w a s 
on l y 3.3 %. 

The impor tan t factors are, f i rs t ly the 
e f f ic iency in the PS of nearly 1 0 0 % 
( in jec t i on , acce lerat ion, e jec t ion ) . 
Second ly , t he behav iour of the beam 
w a s simi lar t o tha t at 2 X 1 0 1 2 p p p 
w i t h o u t any long i tud ina l b l o w - u p and 
w i t h ver t ica l b l o w - u p by a fac tor of 
t w o occu r r i ng at h igh energies due t o 
c o u p l i n g resonances. 

From the po in t of v i e w of the n e u ­
t r ino exper iments w i t h Gargamel le , 
th is increase in in tens i ty is ref lected 
by a fac tor three increase in t he inter­
ac t ion rate in the bubb le chamber , 
w h i c h is an impor tan t he lp in t he 
invest iga t ion of w e a k in teract ions a n d , 
especia l ly , of neutral currents (see 
October issue, page 2 9 1 ) , a sub jec t o f 
great top ica l interest in t he w o r l d of 
h i gh energy physics. 

Experiments with BEBC 
The 3.7 m European bubb le chamber , 
BEBC, t o o k pho tog raphs in November 
fo r an exper iment be ing carr ied o u t 
by the B i r m i n g h a m / C E R N / G l a s g o w / 
He ide lberg /LPHE Paris co l labora t ion . 
Th is f irst exper iment w i t h the c h a m ­
ber star ted in J u n e w i t h a 9 G e V / c 
negat ive kaon beam but w a s inter­
rup ted in J u l y , as schedu led . 

The J u n e - J u l y run had a t r ip le a i m : 
t o check t he improvements made 
f o l l o w i n g t he eng ineer ing run in 
M a r c h , t o de termine the opt ica l para­
meters required for the geomet r ica l 
recons t i tu t ion of the t racks, and t o 
take the f irst ba tch of pho tos for a 
phys ics exper iment . 

The results we re p rom is ing : g o o d 
qua l i t y pho tos , successfu l tests of t he 

masks p laced b e t w e e n the ob jec t ive 
and the f i l m , removal of spur ious 
bubb les at t he f i sh-eyes and their par­
t ial e l im ina t ion o n the Scotch l i te . On 
the o ther h a n d , some d i f f icu l t ies 
appeared. It w a s no t possib le t o use 
all f ou r cameras, s ince one of the f i s h -
eyes had c racked du r i ng tests. A l so 
the p is ton w a s su r rounded by spur ious 
bubb les because the l ip seal w a s no t 
t i gh t e n o u g h and a gu ide had 
become bad ly w o r n , apparent ly due 
to a 2 m m misa l ignment of the p is ton 
w h e n co ld . Moreover , the i n c o m i n g 
beam w a s no t in g o o d shape. 

Beg inn ing in A u g u s t , a number o f 
mod i f i ca t i ons and repairs we re carr ied 
ou t , and the chamber w a s b rough t 
back in to opera t ion in m id -Oc tobe r . 
There w a s an unpleasant surpr ise 
because, desp i te the met i cu lous resett­
ing of t he p i s ton , its pos i t ion w h e n 
co ld w a s 4 m m ou t of t rue. Th is 
i nd ica ted tha t t h e cause of the p h e ­
n o m e n o n had n o t h i n g t o do w i t h the 
in i t ia l a l i gnment . Several days ' tests 
sugges ted tha t it w a s a thermal ef fect 
— c o n v e c t i o n in the hydrogen gas 
b e t w e e n t he c o l d p is ton head and the 
w a r m end of t he rod set t ing up an 
asymmetr ica l tempera ture grad ient and 
caus ing t he rod t o bend . Th is d i a g ­
nosis p roved cor rec t : e l im ina t ing c o n ­
vec t i on by in jec t ing w a r m hydrogen 
gas a long the rod , immed ia te ly cured 
the 4 m m fau l t . It is on l y a tempora ry 
remedy, howeve r , s ince it has the d is ­
advan tage of i n t r oduc ing heat b e l o w 
the p is ton head, w h i c h d is turbs t he 
tempera tu re in t he v is ib le v o l u m e of 
t he chamber . It can g ive rise t o 
spur ious bo i l i ng o n the b o t t o m of t he 
chamber . 

The second p rob lem w h i c h emerged 
du r i ng the summer run w a s resolved 
by us ing a l ip seal. This cons iderab ly 
reduces t he spur ious bo i l i ng a round 
the p i s t o n ; a r ing of smal l bubb les 
remains bu t it is ma in ly an aesthet ic 
d r a w b a c k s ince it does no t interfere 
w i t h t rack measurement and c o u l d be 
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Tracks recorded, at the end of November, in the 
3.7m European bubble chamber, BEBC. The 
picture covers the whole of the chamber and 
shows three areas. In the centre is the piston sur­
rounded by a ring of bubbles. The bottom of the 
chamber has valves and pressure and temperature 
sensors which appear as eight black dots (soon 
to be screened by Scotchlite). The wide circular 
area is the cylindrical wall of the chamber 

covered with Scotchlite strips. Six windows can 
be seen, two of which are already covered by 
Scotchlite. The lowest window is the beam 
access port, the others allow the secondary 
particles to leave. The parallel tracks are of 
negative kaons of 9 GeV/c; the other tracks are 
of cosmic rays or particles produced by inter­
actions outside the chamber. 

fur ther reduced if necessary. Other 
improvements have been made s ince 
mid -Oc tober . A l l t he f ish-eyes (one 
for each of the four cameras and one 
for the per iscope) are n o w in p lace, 
the beam has the required qua l i t y ( the 
chamber receives about t w e n t y kaons 
per pulse) and the qua l i ty of t he 
pho tos is very g o o d . 

Be tween 14 and 17 November , the 
28 GeV pro ton synchro t ron operated 
w i t h the Booster and the heavy l iqu id 

bubb le chamber (Gargamel le) and 
d id not prov ide beam for other exper i ­
ments. Immediate ly af terwards, t he 
PS had its usual f ou r -day main tenance 
s h u t d o w n . Dur ing these e ight days, 
w h e n there was no beam for BEBC, 
var ious magnet and chamber tests 
were carried out . On 18 November , 
the nomina l magnet current of 5 7 0 0 A 
w a s ob ta ined , cor respond ing t o a 
f ie ld of 3.5 T in the chamber vo lume. 
The cameras and the expansion sys­

t em con t i nued to func t i on normal ly in 
spi te of the s t rong f r inge f ie ld . H o w ­
ever, after t he th i rd test at fu l l f ie ld , an 
in termi t tent fau l t appeared in a super­
c o n d u c t i n g coi l — probab ly a m o ­
mentary shor t -c i rcu i t . Af ter sys tem­
at ical ly p o w e r i n g the coi l w i t h i n ­
creasingly h igher currents (up t o 
3 9 0 0 A ) , the fau l t d isappeared. 

BEBC is n o w opera t ing w i t h a 
metal p is ton and photos are be ing 
taken w i t h a magnet ic f ie ld of 2.2 T in 
the chamber. Everything seems to 
ind icate tha t it is n o w in a g o o d 
e n o u g h state t o take up its exper i ­
menta l p rog ramme in w h i c h scient ists 
f r om all over Europe are invo lved. 

Computing School 
The 1 9 7 4 CERN Schoo l of Compu t i ng 
w i l l be held in Godoysund near 
Bergen, No rway , f rom 11 - 2 4 A u g u s t 
1974 . It is t he th i rd Schoo l in th is 
series and is open to h igh energy 
physic is ts and compute r scient ists 
w o r k i n g in the CERN Member States 
or in Laborator ies c losely associated 
w i t h CERN. The number of par t i c i ­
pants w i l l be l imi ted to about 7 0 and 
the p rogramme w i l l inc lude courses 
on the f o l l o w i n g top i cs : 
P rogramming methods — Program­
m i n g d isc ip l ine by O.J. Dahl ( U n i ­
versi ty of Os lo ) , The Hydra system 
R. Bock ( C E R N ) , Sof tware engineer­
ing J . N . Bux ton (Univers i ty of War ­
w i c k ) . 
Compute r systems archi tecture — 
In t roduc t ion t o compute r systems 
archi tecture C. Otrage (CM Grenob le ) , 
Vir tual memory F. Sumner (Univers i ty 
of Manches te r ) , Mul t ip rocessor sys­
tems L Bol l iet (Univers i ty of Gre­
nob le ) , Specia l purpose processors 
C. Verkerk ( C E R N ) . 
Interact ive c o m p u t i n g — Survey of 
interact ive c o m p u t i n g A . J . Perlis (Yale 
Un ivers i ty ) , Erasme W . J a n k ( C E R N ) , 
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The Council of the European Physical Society 
met at CERN on 27 November. They are photo­
graphed here in session in the CERN Council 
Chamber under the chairmanship of Professor 
fi.B.G. Casimir, President of the Society. 

Members of the Assembly of the Department de 
I'Ain (the French Department where CERN 
Laboratory II is located) visited CERN on 
3 December. Dr. J.B. Adams (Director General of 
CERN Laboratory II), who is on the left in the 
photograph, welcomes M. Anthonioz (Vice-
President of the National Assembly), J. Saint-
Cyr (President of the Conseil general de I'Ain) 
and H. Boucoiran (Prefet de I'Ain). 

Data presentat ion J . H . Fr iedman 
( S L A C ) . 

AH cor respondence concern ing the 
Schoo l , i nc l ud ing requests for app l i ­
ca t ion fo rms and fur ther i n fo rmat ion , 
shou ld be addressed to the Sc ient i f ic 
Conference Secretariat, Mrs. I. Barnett 
or Miss D.A. Ca ton , CERN, 1211 
Geneva 23 , Sw i tze r land . 

Honour for CERN 
theoretician 
On 29 November , And re Mar t in of the 
CERN Theory D iv is ion w a s awarded 
the degree of Doc to r Honor is Causa of 
the Univers i ty of Lausanne. 

Dr. Mar t i n has w o r k e d at CERN 
since 1 9 5 9 , apart f rom in termi t tent 
visi ts e lsewhere inc lud ing a t w o year 
stay at Pr inceton and S tony Brook in 
the USA. His ma in research has been 
w o r k i n g ou t the log ica l consequences 
of general pr inc ip les concern ing par­
t ic le behav iour w h e n they co l l ide. 
W o r k i n g f r om pr inc ip les such as the 
conservat ion laws and causal i ty he 
has demonst ra ted h o w to establ ish 
l imits on such th ings as part ic le inter­
ac t ion cross-sect ions at h igh energy. 
He has thus made the l ink be tween 
the abstract general pr inc ip les of f ie ld 
theory and the part ic le propert ies 
w h i c h can be observed in exper iments. 
Mar t in has earned a w o r l d - w i d e repu ­
ta t ion for his w o r k in the theory of 
part ic le physics. 

A t the same ceremony, t w o other 
we l l k n o w n physic is ts received the 
same honou r — Piotr Kapitza for his 
con t r ibu t ions in many areas of p h y ­
sics, f r om nuclear physics t o the s tudy 
of the super f lu id i ty of he l ium, and 
David Schoenberg for his research in 
so l id state phys ics, part icular ly re­
lated t o superconduc t i v i t y and to the 
e lect ronic s t ructure of metals. 

CERN 29.12.73 

372 



Around the Laboratories 

UK Laboratories 
EPIC Project 
Dur ing the past year, the h igh energy 
physics c o m m u n i t y in the UK has been 
s tudy ing an ambi t ious project w h i c h is 
in tended to re -equ ip their physics p ro ­
g ramme for the 1980s. By then the 
t w o exist ing accelerators ( the 5 GeV 
elect ron synchro t ron N I N A at Dares-
bury and the 8 GeV pro ton synch ro ­
t ron N I M R O D at Ruther ford) w o u l d 
have had about f i f teen years of opera­
t i on and are l ikely t o have exhausted 
m u c h of the interest ing physics in 
thei r energy ranges. 

A t the present t ime, t h r o u g h o u t the 
w o r l d , most interest in terms of n e w 
faci l i t ies is concent ra ted on the poss i ­
bi l i t ies of e lec t ron -pos i t ron -p ro ton 
co l l i d ing beam systems. In the last 
issue, for example, w e reported on 
three separate meet ings related t o th is 
top ic . The project in the UK has there­
fore concent ra ted on such a sys tem, 
set t ing its s ights on reaching an 
energy of 14 GeV for e lect rons and 
pos i t rons and 2 0 0 GeV for pro tons. It 
is k n o w n as EPIC — Electron Proton 
Intersect ing Complex . 

Dur ing the year, e igh t W o r k i n g 
Groups have been s tudy ing the var ious 
areas of h igh energy physics w h i c h 
can be at tacked by such a system and 
accelerator teams f rom the t w o Labo­
ratories have p roduced a mach ine 
des ign and prel iminary cost est imates. 
The impl ica t ions of the project for t he 
to ta l European p rogramme (and in 
part icular the re lat ionship w i t h the 
w o r k of CERN) are also be ing c o n s i d ­
ered and the f irst moves to get t he 
project off the g round have been 
taken. 

The mach ine des ign has absorbed 
as many of the ex is t ing faci l i t ies as 
possible. This involves bu i l d ing the 
storage r ings l inked to the present 
locat ion of N I M R O D at t he Ruther­
fo rd Laboratory and b r ing ing N I N A to 

act as an energy booster in the in jec­
t ion system for the r ings. 

Electrons are accelerated in the 
N I N A l inac (p robab ly w i t h its energy 
raised) located in the hall of the exist­
ing N I M R O D injector. They are then 
t ranspor ted to N I N A or are conver ted 
in to posi t rons w h i c h also pass in to 
N INA . N I N A sits part ial ly in Exper i ­
mental Hall 1 and accelerates each 
type of part ic le to just over 2 GeV 
before t ransferr ing them to the storage 
r ing. 

In the storage r ing 1 0 1 2 e lectrons 
and 1 0 1 2 posi t rons, d is t r ibuted in four 
bunches ( t w o of each t y p e ) , are 
accelerated to a peak energy of 
14 GeV. The r ing has a to ta l c i r c u m ­
ference of 2 1 2 0 m, average radius of 
3 4 0 m, w i t h four 185 m stra ight sec­
t ions ( insert ions) where the bunches 
col l ide. The magnets for the e lec t ron-
posi t ron r ing are of conven t iona l 
t ype (peak bend ing magnet f ie ld 
about 0.28 T, peak quadrupo le f o c u s ­
ing f ie ld about 4.7 T / m ) . 

Protons are accelerated in the 
70 M e V N I M R O D l inac n o w under 
cons t ruc t ion and t ranspor ted t o N I N A 
where , w i t h a n e w addi t iona l r.f. 
system, their energy is increased to 
4 GeV before transferr ing t h e m to 
their s torage r ing. Several t imes 1 0 1 2 

protons d is t r ibuted in four bunches , 
are accelerated fur ther in the storage 
r ing located above the e lec t ron -pos i ­
t ron r ing in the same tunne l . 

Several possibi l i t ies for the p ro ton 
r ing have been s tud ied . The f irst 
involves the use of conven t iona l 
magnets (peak bend ing magnet f ie ld 
1.6 T) resul t ing in a m a x i m u m pro ton 
energy of 8 0 GeV. The second i n ­
volves the use of supe rconduc t i ng 
magnets (peak f ie ld 4.5 T) a round 
the r ing but tak ing up on l y half the 
avai lable c i rcumference in a miss ing 
magnet lat t ice and resul t ing in a 
m a x i m u m pro ton energy of 1 0 0 GeV. 
The th i rd involves a fu l l r ing of super­
conduc t i ng magnets resul t ing in a 

m a x i m u m pro ton energy of 2 0 0 GeV. 
Decis ions on th is top ic w i l l obv ious ly 
awa i t t he o u t c o m e of the latest 
stages of superconduc t ing magnet 
deve lopmen t w h i c h shou ld g ive a n ­
swers on reproduc ib i l i ty , rel iabi l i ty 
and cost. 

W i t h th is complex , h igh energy 
in teract ions of e lec t ron-pos i t ron , e lec­
t r o n - p r o t o n and p ro ton -p ro ton ( f i l l ing 
the e lect ron r ing w i t h protons) c o u l d 
be observed. M u c h w o r k has gone 
in to the s tudy of mach ine latt ices and 
the in teract ion regions. It is bel ieved 
tha t luminos i t ies of several t imes 1 0 3 1 

cou ld be ob ta ined . 
The pro ject is of a nature that can 

be tack led in several phases. Phase 1 , 
w h i c h is n o w under serious d iscus­
s ion , is t o bu i ld the 14 GeV e lec t ron-
pos i t ron r ing. The cost is est imated at 
£ 2 0 mi l l ion and th is money cou ld be 
f o u n d f r om the foreseeable budgets 
fo r the nat ional UK h igh energy 
phys ics p rog ramme prov ided that the 
ex is t ing machines, N I N A and N I M ­
R O D , are phased out . If th is approach 
t o the re -equ ipp ing of the faci l i t ies in 
the UK is accepted qu ick ly by the 
var ious part ies invo lved , cons t ruc t ion 
o f Phase 1 of EPIC cou ld beg in 
in 1975 . 

Cons t ruc t ion w o u l d not affect the 
par t ic ipat ion of UK scient ists in the 
exper imenta l programmes at CERN, 
except in the sense that more use of 
the CERN accelerators w o u l d be 
desirable in the absence of domest ic 
mach ines w h i l e EPIC is be ing bui l t . 
Mo re money w o u l d be avai lable for 
t he CERN programme to a c c o m ­
moda te th is . 

E lec t ron-pos i t ron co l l id ing beams 
of 14 GeV energy w i l l suppor t many 
interest ing exper iments and , after the 
comp le t i on of Phase 1 of EPIC, 
several years a round 1980 are l ikely 
t o be assigned to these exper iments. 
It is hoped t o have deve loped the 
mechan isms for broad European use of 
the fac i l i ty and European co l laborat ion 
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w i l l be even more w e l c o m e in c o n ­
f r on t i ng Phase 11 — the cons t ruc t i on of 
t he p ro ton r ing . By then it is hoped tha t 
supe rconduc t i v i t y w i l l be t h o r o u g h l y 
mastered so tha t a 2 0 0 GeV r ing (or a 
1 0 0 GeV r ing f o l l o w e d by a fu r ther 
Phase, d o u b l i n g the energy) cou ld 
be bui l t . 

BROOKHAVEN 
Superconducting 
magnet operates at 
AGS 
A t the beg inn ing of November a large 
supe rconduc t i ng bend ing magne t w a s 
b rough t in to opera t ion at t he A l te r ­
na t ing Gradient Synch ro t ron . It is 
insta l led t o g ive an 8 ° bend t o t he 
pr imary p ro ton beam in a n e w b e a m -
l ine lead ing t o the 7 f o o t b u b b l e 
chamber in the No r th Area . 

The per fo rmance of t he magne t 
seems to have answered several o u t ­
s tand ing ques t ions conce rn ing super­
c o n d u c t i n g magnets . One concerns 
t he reproduc ib i l i t y of magnets . T w o 
magne t sect ions have been bu i l t and 
s h o w ident ica l magnet i c character ­
ist ics t o one part in 10~ 5 w h i c h are 
also in agreement w i t h t he des ign 
compu ta t i ons . S ince the magne ts are 
made of s tandard mater ia ls us ing 
cons t ruc t i on techn iques w h i c h present 
no ou ts tand ing d i f f icu l t ies , it shou ld 

be possib le t o manufac tu re such 
magnets rel iably in industry. They are 
of a t ype tha t cou ld be used in fu tu re 
accelerators. A second ques t ion c o n ­
cerns the ab i l i ty of supe rconduc t i ng 
magnets t o w i t h s t a n d heavy doses of 
rad ia t ion. The magnet w i t h s t o o d large 
beam losses w i t h o u t p rob lem. In v i e w 
of these results, w e g ive qu i te a f e w 
of t he cons t ruc t ion detai ls. 

The magne t is cons t ruc ted in t w o 
sect ions w i t h a to ta l leng th of abou t 
4 m. It has a rectangular aper ture 
( ' w i n d o w f rame ' t ype) w i t h the i ron 
core su r round ing coi ls also o f rec­
tangu la r c ross-sec t ion . The overal l 
d imens ions are 37 .8 c m h igh and 
43 .5 cm w i d e . Other parameters can 
be seen in the table. 

The iron core, w r a p p e d c lose a round 
the co i l , reduces the ampere tu rns 
required for magnet ic f ie lds b e l o w 
saturat ion by a fac tor greater t han 
t w o . The magnet ic images of t he co i l 
in the i ron s imulate ex tended d ipo le 
sheets, p roduc ing very un i f o rm f ie lds 
b e l o w 2 T. A b o v e th is f ie ld , satura t ion 
requires an auxi l iary cor rec t ing co i l 
w h i c h is approx imate ly an a i r -core 
sex tupo le . The cor rec t ing co i l needs 
to be p o w e r e d at f ie ld levels o f abou t 
2 T increasing l inearly t o several per­
cent of t he d ipo le coi l ampere tu rns 
by 4 T. The comb ina t i on of t he t w o 
coi ls permi ts precise f ie lds t o be 
ob ta ined at all levels, as w e l l as 
p rov id ing avai lable sex tupo le t u n i n g 
w h e r e desi red. 

Cross-section of the superconducting dipole 
magnet operating at Brookhaven. Note that it is 
a warm bore magnet and has a separate sextupole 
correcting coil. The total length of the two 
magnet sections is about 4 m. Other major para­
meters are given below. 

Aperture diameter 7.3 cm 
Magnetic field 4 T 
Dipole 
Ampere-turns 408 000 
Current 1200 A 
Current Density 30.5 kA/cm 2 

Sextupole 
Ampere-turns 18 000 
Current 300 A 
Stored Energy 150 kJ per unit 
Inductance 0.2 h per unit 

The d ipo le co i l is w o u n d w i t h 
3 4 0 tu rns of supe rconduc to r c o m ­
posi te w i t h a rectangular c ross-sect ion 
of abou t 1.4 b y 2.9 m m 2 . In th i s 
conduc to r , 361 f i laments of n i o b i u m -
t i t an i um, 7 5 diameter, are e m b e d ­
ded in copper and the w h o l e matr ix 
is t w i s t e d one tu rn per inch . Sheets 
of anod ized h igh pur i ty a l um in i um are 
p laced b e t w e e n each of the vert ical 
layers o f c o n d u c t o r and are g rooved 
to p rov ide ver t ica l l i qu id he l ium c o o l ­
ant channe ls over 5 0 % of t he sur­
face area. The a l u m i n i u m gives g o o d 
thermal and d y n a m i c stabi l i ty . 

The magne t is immersed in l i qu id 
he l ium at 4 .5 K. It is des igned t o 
operate at t w i c e the magnet ic f ie ld o f 
conven t iona l magne ts and has been 
successfu l ly tes ted at 4 .4 T. This w a s 
reached after a f e w t ra in ing quenches 
— w h e r e the supe rconduc to r returns 
to t he norma l state due to a release 
of heat in t he mater ia l . T ra in ing refers 
to t he relief o f bu i l t - i n stresses (under 
the pressure due t o the magne t i c 
f ie ld) w h i c h o f ten g ives a smal l re­
lease of heat su f f ic ient t o cause a 
q u e n c h . A f te r in i t ia l t ra in ing the m a g ­
nets reached m a x i m u m f ie ld w i t h o u t 
q u e n c h even after repeated c o o l -
d o w n s f r o m r o o m temperature. 

The magne t i c character ist ics of t he 
t w o sec t ions agreed t o abou t 0 . 0 1 % 
w h i c h ind icates tha t it is pract ical t o 
p roduce m a n y of t h e m w i t h t h e 
expec ta t ion tha t t hey w i l l be m a g ­
net ica l ly and mechan ica l l y inter-
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View of the superconducting magnet installed in 
the new beam-line leading to the 7 foot bubble 
chamber in the North Area at the AGS. 

(Photo BNL) 

changeab le . The mechan ica l p rec i ­
s ion compares favourab ly w i t h the 
best conven t iona l magnets . Designs 
already exist on paper fo r magnets of 
even greater prec is ion t o g ive f ie lds 
of over 6 T. 

Deta i led des ign began a l i t t le over 
t w o years ago. S ince it is env isaged 
as a forerunner of more extens ive 
supe rconduc t i ng magnet beam t rans­
por t l ines, cons iderable a t ten t ion w a s 
g iven to mak ing it a comp le te system 
w h i c h w o u l d require l i t t le d i rect 
superv is ion. The he l ium refr igerator, 
located 10 m f r om the magnet , is 
connec ted to the magne t dewars by 
l iqu id n i t rogen sh ie lded transfer l ines. 
The dewars and refr igerator compr ise 
a c losed l oop to w h i c h have been 
added auxi l iary e q u i p m e n t fo r re­
cover ing and s tor ing the he l ium gas. 
The magnets , refr igerat ion and re­
covery systems have ins t rumenta t ion 
for au tomat ic opera t ion and prov is ion 
has been made for c o m p u t e r m o n i ­
t o r i ng . 

In the early hours of 25 October , 
t he external beam w a s set up. There 
remained the uncer ta in ty as to w h e t h e r 
a beam pulse w o u l d be su f f i c ien t ly 
free of stray part ic les t o keep the 
heat ing of the co i l due t o rad ia t ion 
w i t h i n acceptab le l imi ts . The pulse 
carries an energy of 1 0 k J at an i n t e n ­
si ty of 2 X 1 0 1 2 p ro tons and a f e w m J 
of heat per g ram of supe rconduc to r 
are suf f ic ient to cause a q u e n c h . The 
magne t passed its maiden pulse w i t h ­
ou t d i f f i cu l ty but , a f e w m inu tes later, 
a c o m p o n e n t fa i lure e lsewhere gave 
rise t o a heavy radiat ion overdose 
w h i c h quenched the magnets . 

In all subsequent s tud ies, t he m a g ­
net per fo rmed w i t h o u t i nc iden t at 
h igh in tensi ty (5><10 1 2 p ro tons per 
pulse) even under abnorma l beam 
heat ing cond i t i ons . Dur ing fau l t y oper ­
a t ion , the magnets received several 
hundred jou les of radiat ive energy in 
a t ime of 3 \is w i t h o u t q u e n c h i n g 
w h i l e smal l pressure pulses w e r e 

observed in the he l ium bath due t o 
momenta ry heat ing. This ab i l i ty t o 
absorb large beam losses is very 
s ign i f icant s ince fu ture supe rconduc t ­
ing accelerators depend on a reason­
able ab i l i ty to operate under c o n d i ­
t ions of heat ing due to sudden beam 
loss. Th is is the f i rst exper imenta l 
ev idence on th is fundamenta l ques t ion . 

The happy o u t c o m e f o l l o w e d some 
t imes of stress en route t o meet the 
schedu le for opera t ing the Nor th Area 
beam- l ine — inc lud ing the acc identa l 
des t ruc t ion of a coi l due t o over­
heat ing. The coi l had t o be sp l iced 
and part ia l ly r e w o u n d bu t n o w per­
fo rms as sat isfactor i ly as an u n ­
damaged one. Magne t des ign and 
cons t ruc t ion has been led by G.T. 
Danby and J . A l l inger and the Nor th 
Area Extract ion w o r k by R. B l umbe rg . 

It is an impor tan t ach ievement in 
t he f ie ld of superconduc t i v i t y fo r 
B rookhaven . Supe rconduc t i ng t e c h ­
no logy is relevant t o the fu tu re of 

h igh energy phys ics and is also 
centra l t o m a n y p romis ing deve lop ­
ments in the p roduc t i on and d is t r i ­
bu t i on of energy, in t ranspor t systems, 
etc. 

KEK 
Synchrotron 
construction in Japan 
Cons t ruc t i on of t he 12 GeV p ro ton 
synchro t ron at KEK ( K o - E n e r u g i - b u t -
su r i gaku -Kenkyusho w h i c h means 
H igh Energy Physics Laboratory) is 
n o w we l l advanced . The Laboratory 
is loca ted at t he Tsukuba Science Ci ty 
abou t 6 0 k m f rom Tokyo and is a 
nat iona l cent re fo r part ic le phys ics 
research in J a p a n . 

M a i n features of t he accelerator are 
— 2 0 M e V l inac (s ing le tank 15.5 m 
l ong ) t o p rov ide a m a x i m u m current 
o f 1 0 0 m A at a repet i t ion rate of 2 0 H z ; 
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Aerial view of the synchrotron site at Tsukuba. 
The ring shape of the accelerator can be 
distinguished upper left. Top left is the building 
to house the 75 cm bubble chamber. Adjoining 
the ring on the right is the large hail for counter 
experiments. Further round in the clockwise 
direction is the location of the linac and booster. 
It is impressive that fifteen months ago a similar 
view would have shown just the preinjector 
building and a series of holes. 

(Photo KEK) 

5 0 0 M e V booster ( rad ius 6 m, c o m ­
b ined f u n c t i o n magnets w i t h peak 
f ie ld of 1.1 T) t o p rov ide a m a x i m u m 
in tens i ty up t o 2 * 1 0 1 2 p ro tons per 
pu lse at 2 0 Hz; 12 GeV ma in r ing 
( rad ius 54 m separated f u n c t i o n m a g ­
nets w i t h peak f ie ld of 1.75 T) t o p r o ­
v ide over 2 x 1 0 1 2 p ro tons per pulse at 
a m a x i m u m repet i t ion rate of 0.5 Hz. 

The acce lerat ing c o l u m n of t he p re ­
in jec tor is in p lace and has been tes ted 
up t o a vo l tage of 8 5 0 kV. A n ion 
source , w i t h a n e w t ype of nozzle t y p e 
expans ion cup , has y ie lded abou t 
2 0 0 m A w i t h h igh br ightness. L inac 
cons t ruc t i on began in Apr i l 1971 and 
the tank , dr i f t tubes , r.f. p o w e r sys tem 
and con t ro ls are n o w in p lace. In 
fabr i ca t ion o f the tank and dr i f t t ubes , 
a m e t h o d of e lec t ro -p la t i ng coppe r 
o n t o steel w a s used and gave exce l ­
lent results — the sur face is s m o o t h 
t o w i t h i n 0.3 \im. The f i rst 2 0 M e V 
beam f r o m the l inac is schedu led fo r 
Ap r i l o f next year. 

The 5 0 0 M e V booster synch ro t ron 
has e ight C-shaped magnets and the i r 
ins ta l la t ion , toge ther w i t h the i r p o w e r 
suppl ies is a lmost comp le te . The r.f. 
system is st i l l under cons t ruc t i on . The 
booster is a fast cyc l i ng mach ine and 
w i l l p rov ide n ine pulses t o f i l l t he 
c i rcumference of the main r ing du r i ng 
one mach ine cyc le . It is schedu led t o 
accelerate beam to 5 0 0 M e V in 
September 1 9 7 4 and t o transfer p r o ­
t ons t o the ma in r ing six m o n t h s later. 

The main r ing has 4 8 C-shaped 
bend ing magne ts p lus 56 quadrupo les . 
Some of these magnets are a l ready in 
p lace and all are due to be de l ivered 
by M a r c h 1 9 7 4 . There are fou r l ong 
s t ra ight sec t ions t o be used for in jec ­
t i o n , fast e jec t ion t o a bubb le chamber 
(see p h o t o g r a p h c a p t i o n ) , s l o w e jec­
t i o n t o coun te r exper iments , and fo r 
r.f. cav i t ies. The r.f. system operates 
w i t h a ha rmon ic number of 9 and has 
a f r equency s w i n g f r om 0.67 t o 
0 .88 M H z . The r.f. un i ts , v a c u u m 

system and in jec t ion system w i l l be 
bu i l t by t he end of 1 9 7 4 so tha t f i rst 
h igh energy beams w i l l be avai lable 
in A u t u m n 1 9 7 5 . 

Preparat ions fo r t he exper imenta l 
p rog ramme are abou t t o beg in and 
early nex t year g roups w i l l be inv i ted 
t o p ropose exper iments . It is expec ted 
tha t t he mach ine w i l l serve abou t 
5 0 b u b b l e chamber phys ic is ts and 
5 0 coun te r phys ic is ts . A large number 
are l ike ly t o m o v e f r o m the 1.3 GeV 
e lec t ron synch ro t ron at T o k y o . 

Obv ious l y the energy range ava i l ­
able f r o m the f i rst h igh energy p ro ton 
mach ine in J a p a n is no longer in t he 
f ron t l ine of par t ic le phys ics research 
and t he accelerator bu i lders are h o p i n g 
t o deve lop fu r ther t he capabi l i t ies o f 
the i r fac i l i ty . A co l l i d i ng beam scheme 
k n o w n as T R I S T A N (Three Ring 
In tersect ing STorage Acce lera tor in 
N i p p o n ! ) is under s tudy. The f i rst 
s tage is fo r a r ing 6 4 8 m in d iameter 
w h i c h w o u l d take p ro tons t o 4 0 GeV 
and also e lec t rons t o 15 GeV. Th is 
c o u l d also be used for e l ec t ron -p ro ton 
exper iments . 

Th is r ing w o u l d use conven t iona l 
magne ts bu t w o r k on pu lsed super­
c o n d u c t i n g magne ts is t o start soon 
and t he second s tage of T R I S T A N is 
seen as t w o s u p e r c o n d u c t i n g r ings 
for p r o t o n - p r o t o n exper iments up t o 
1 8 0 GeV per beam. However , these 
add i t i ona l r ings are w e l l in t he fu tu re . 
It is un l i ke ly tha t t h e f i rst stage c o u l d 
start before 1 9 7 8 and t he second 
stage is ten years away . The acce l ­
erator phys ic is ts in J a p a n w i l l t hus 
have p len ty of t i m e t o master the i r 
present mach ine . 

ARGONNE 
TST tests 
A f i rst eng ineer ing run us ing a t rack 
sensi t ive target t o o k place w i t h t he 
A r g o n n e 12 f o o t bubb le chamber at 
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Photograph taken in the 75 cm hydrogen bubble 
chamber for the KEK synchrotron at the end of 
October. The chamber is being tested at the 
electron synchrotron at the Institute for Nuclear 
Study, University of Tokyo. 50 000 pictures 
were taken with 600 MeV electrons and posi­
trons. The chamber will move to the proton 
synchrotron site at Tsukuba mid-1974. 

t he end of October . S o m e tee th ing 
t roub les deve loped but , nevertheless, 
it w a s possible t o check per fo rmance 
over 23 5 0 0 expans ions and to c o n ­
f i rm tha t qua l i ty p ic tures, record ing 
part ic le t racks bo th ins ide and o u t ­
s ide the target s imu l taneous ly , c o u l d 
be taken. 

These tests are impor tan t s ince they 
are the f irst t ime that th is n e w t e c h ­
n ique has been used in a large c h a m ­
ber. They s h o w that the t echn ique 
can be ex tended to the n e w gener­
a t ion of chambers w i t h o u t great d i f ­
f i cu l ty . 

T r a c k sensi t ive target ' is t he name 
g iven to a v o l u m e of pure hyd rogen 
held in a perspex conta iner w i t h i n 
the larger v o l u m e of a bubb le chamber 
w h i c h is f i l led w i t h a h y d r o g e n / n e o n 
mix ture . I ncom ing h igh energy par­
t ic les interact in the hyd rogen v o l u m e , 
thus preserving the advan tage of 
hav ing in teract ions occur r ing on free 
protons. Part icles emerg ing f r o m the 
in teract ions may pass in to t he sur­
round ing h y d r o g e n / n e o n mix tu re , t hus 
ga in ing the advantage of heavier 
l iqu ids — a shorter rad iat ion leng th 
w i t h better gamma de tec t ion . 

The idea came f rom CERN and w a s 
deve loped at DESY and , par t icu lar ly , 
at the Ruther ford Laboratory. In c o l ­
laborat ion w i t h C E R N , Ruther ford has 
carr ied ou t a series of exper iments 
w i t h a TST in the 1.5 m b u b b l e 
chamber . They have gathered abou t 
2.6 mi l l ion p ic tures and f i lm analysis 

The tank of the 20 MeV linac for the KEK 
synchrotron. An electro-plating technique 
resulted in the highly polished finish which can 
be seen on the copper surfaces of the drift tubes 
and the r.f. cavity. 

(Photo KEK) 

is g o i n g w e l l . It looks possib le t o hand 
the f i lm to au tomat ic f i lm measur ing 
mach ines such as the HPDs and th is 
w i l l be t r ied early in 1 9 7 4 us ing 
6 0 0 0 0 pictures taken w i t h 4 GeV 
posi t ive p ions as the i n c o m i n g par­
t ic les. This w i l l be a s ign i f i cant exer­
cise because it w i l l great ly in f luence 
the fu tu re of TSTs if it can be s h o w n 
tha t t he f i lm can be t reated as for any 
conven t iona l bubb le chamber exper i ­
ment. 

(The Ruther ford 1.5 m chamber , 
inc identa l ly , is n o w c los ing d o w n . 
The magnet w i l l be used in a m u l t i -
part ic le spect rometer w i t h its aperture 
f i l led w i t h detectors, a la Omega. The 
bubb le chamber has had a busy l i fe, 
i nc lud ing t w o years of opera t ion at 
CERN in 1964 and 65 and , w i t h the 
TST w o r k , it goes ou t w i t h f l y i ng 
colours.) 

Fo l l ow ing the success at Ruther ford , 
TSTs have been spread ing. They have 
been bu i l t for the 8 0 inch chamber 
at B rookhaven , fo r the 12 f o o t c h a m ­
ber at A r g o n n e and are under s tudy 
for the 3.7 m European bubb le c h a m ­
ber at CERN and for the 15 f o o t 
chamber at Batavia. The 15 f o o t has 
been lucky in tha t its des ign came 
after the TST idea and has therefore 
already incorporated the necessary 
p l u m b i n g . These t w o last men t i oned 
b ig chambers w i l l especia l ly benef i t 
f r om the use of TSTs s ince they w i l l 
cope w i t h beams f rom the n e w h igh 
energy accelerators w h e r e the shorter 

rad ia t ion leng th of h y d r o g e n / n e o n 
w i l l he lp ex tend their abi l i t ies. 

The deve lopmen t at A r g o n n e also 
invo lved CERN and Ruther ford people . 
The target itself — a box of 8 m m 
plexig las, 2 0 0 c m x 36 c m x 8 t o 
10 c m — w a s bui l t at CERN by 
H. Leutz and J . T ischhauser and 
arr ived at A r g o n n e in September. 
The f o l l o w i n g m o n t h w a s absorbed 
by insta l la t ion in the 12 foo t chamber 
w i t h help f r o m Ruther ford and CERN 
vis i tors (P. Wi l l i ams , J . Ayres, E. Fi tz-
harris, H. Leutz ) . 

C o o l d o w n w a s comp le ted on 28 
October and opera t ion w a s tested 
under several d i f ferent opera t ing c o n ­
d i t ions . T o reduce the comp l i ca t ions , 
bo th the target and su r round ing 
v o l u m e w e r e f i l led w i t h hyd rogen . 
It w a s demons t ra ted that the TST 
c o u l d be kept at a temperature 1 t o 
2 K b e l o w tha t of the su r round ing 
l iqu id and th is w i l l be necessary t o 
g ive acceptab le t rack qua l i ty w h e n 
opera t ing w i t h h y d r o g e n / n e o n . 

The Zero Gradient Synch ro t ron 
w a s acce lerat ing polar ized pro tons t o 
6 GeV and sent a smal l f rac t ion of t he 
beam to t he chamber du r ing the tests 
so tha t abou t 6 0 0 0 pho tog raphs w e r e 
taken ( f r om abou t 23 5 0 0 expans ions) . 

D i f f icu l t ies deve loped w i t h the hy ­
d rogen f l o w ad jus tment t o the coo l i ng 
l oop w h i c h made it imposs ib le t o 
keep ref ined con t ro l of the temperature 
of the target in the region of 2 8 to 29 K. 
Some w o r k o n valves and i ns t rumen-
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Diagram of the track sensitive target which has 
been tested in the 12 foot bubble chamber at 
Argonne. The TSTis designed to contain a volume 
of hydrogen enclosed in perspex within a larger 
volume of hydrogen/neon mixture in such a way 
that particle tracks can be photographed in both 
liquids. 

A photograph taken during the tests which 
confirmed that the TST technique can be 
extended to large chambers without great 
difficulty. Tracks are visible inside and outside 
the target. The black shadows in the target 
location are there simply because, for the tests, 
the perspex enclosure was not constructed so as 
to be transparent to the cameras. This will 
easily be rectified in the final version. 

ta t ion shou ld clear th is . W h e n the 
chamber w a s reopened, a smal l 
crack w a s d iscovered near t he coo l i ng 
l o o p entrance. The target has been 
returned t o CERN for deta i led exam i ­
na t ion . A second target is schedu led 
to be bu i l t in a f e w mon ths ' t ime. 

Enough neon is avai lable for a 
second eng ineer ing run , hopefu l l y in 
the late Sp r ing of 1974 . By the end 
of the year it is hoped tha t the TST 
w i l l be in ac t ion for an A r g o n n e / 
C E R N / R u t h e r f o r d exper iment s tudy ­
ing 6 GeV pos i t ive p i o n - p r o t o n inter­
act ions. 

CERN COURIER 
Correspondents 
We close CERN COURIER for 1973, 
recording our thanks to the corres­
pondents from other Laboratories 
whose help in gathering up-to-date 
information for our pages has, as 
always, been very valuable. 
ARGONNE 
BATAVIA 
BERKELEY 
BONN 
BROOKHAVEN 
CORNELL 
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DARMSTADT 
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FRASCATI 
JAPAN 
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378 



MODEL 5175 
HIGH TEMPERATURE LINEAR POSITION TRANSDUCER 

P R O D U C T DESCRIPT ION 
Measures l inear pos i t ion up t o 6" and w i l l p rov ide 
an e q u i v a l e n t o u t p u t s igna l p ropo r t i ona l to change 
in pos i t i on . T r a n s d u c e r w i p e r is p o s i t i o n e d a l o n g a 
p rec i s i on e l ec t r i ca l e l e m e n t t h u s a l l o w i n g t h e i n p u t 
vo l tage to be d i v i ded as a f u n c t i o n of t he m e c h a n i c a l 
i npu t . 

M O D E L 5175 HIGH TEMPERATURE' 
LINEAR POSITION TRANSMITTER 

^• fe 'tMĵ îili'iyiSiiirt'MMh'fc'fc'a a » » > «iiiiiiiimn n 

F E A T U R E S 
• H igh Level O u t p u t S igna l 
•+260 °c O p e r a t i n g Capab i l i t y 
• S ta in l ess Stee l Cons t ruc t i on 
• C o n t i n u o u s Sha f t Ro ta t ion 
• Sand , Dus t a n d Fungus P ro tec t i on 

M O D E L 5175 HIGH T E M P E W T O R E 
LINEAR POSITION TRANSMITTER 

PRINCIPLE OF O P E R A T I O N 
The t r a n s d u c e r con tac t s are pos i t i oned a l o n g a p re ­
c i s ion e l ec t r i ca l e l e m e n t w h i c h var ies t h e res i s tance . 
Exc i ted by e i t h e r " a n AC or DC i n p u t vo l tage , m e ­
c h a n i c a l back lash is e l i m i n a t e d by a pos i t i ve c o n ­
nec t i on be tween t he sha f t a n d c o n t a c t a s s e m b l y . 

Bourns (Schweiz) A.G., Baarerstrasse 8 6301 Zug 
Tel. 042 23 22 42 Telex 78722 



SECURITY DEPENDS ON CCTV 

LAP 50 

Surveillance equipment must be reliable. 
E E V vidicons give you tube reliability you can 
depend on. 

Corps matrice en 
laiton ou inox 
etancheitevis-a-vis 
de I'exterieur me-
tallique. 

SELFA 
PARIS 

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

ROBINETS INDUSTRIELS ET NUCLEAIRES 
A SOUFFLETS METALLIQUES 

A r 

0 5 a 200 mm # Corps droi t ou equer re • Tempera tu re : — 270° C a + 650° C • 
Pression : uttra-vide a 500 bars • Reglage d 'ouver ture a levee totale, a passage 
di rect • Signal isat ion e lectr ique # Commande pneumat ique et a distance • Indica-
teur de posi t ion. 

SELFA 62, r u e d e la V i l l e t t e , 
75019 P A R I S F R A N C E 

Tel . 607 .35 .29 - 205.38 .26 

C a t a l o g u e su r d e m a n d e 



AND ON EEVVIDKONS. 
Reliable operation - hour after hour, 

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

EEV vidicons cover all TV 
pick-up applications, in mono or 
colour, for most cameras - in 
electrostatically focused and 
magnetically focused types 
(separate or integral mesh) 

with a range of photo-
surfaces. Special rugged 

types are available to with­
stand shock or vibration. 
The EEV vidicon range is wide. 

And it grows. And every tube 
offers you the benefits of EEV ex­

perience : good picture geometry and 
resolution and a long life expectation. 
Write for type lists: or if you have a 

problem, call our camera tube engineers 
at Chelmsford. 

EEV AND M-OV KNOW HOW. 
ENGLISH ELECTRIC VALVE CO LTD, Chelmsford, Essex, England CM1 2QU. Tel: 0245 61777. Telex: 99103. Grams: Enelectico Chelmsford. &&C I 

KEPCO INFORMATION \ I 
W h e n is a P o w e r S u p p l y N o t a 
P o w e r S u p p l y ? 

,REFERENCE 
( I n p u t ) 

PROPORTIONING x VOLTAGE 
• R E S I S T O R S — ^ ^ ^ FEEDBACK 

VNAA-
Rf 

L0A0< 

Power Operational Amplif ier/Power Supply 

• Bring feedback f rom current sensor and it w i l l 
regulate current 

• Bring voltage feedback and it w i l l regulate voltage 

• Bring feedback f rom your load and the power 
supply is a servo amp. 

Bipo la r O p e r a t i o n a l P o w e r S u p p l y 

+ 1 5 V t o - 1 5 V @ 2 0 amps 

+ 36 V t o - 3 6 V ® 1.5 amps 

+ 36 V t o - 3 6 V@ 5.0 amps 

+ 7 2 V t o - 7 2 V @ 1 . 5 a m p s 

+ 7 2 V t o - 7 2 V @ 5 . 0 a m p s 

Please ask fo r de ta i l ed d o c u m e n t a t i o n 

Best w ishes for Xmas and 
the N e w Year, f rom benilec s.a, 
For 1974 cons ider : 
C O M P U T O R B A S E D P .H .A . F R O M T R A C O R - N . S . I . 
T IM- I I Pulse Height Analyser and Mu l t ip le Scaler System. 

100 mHz -
8 K. 

A.D.C. 

CASSETTE 
FOR 

DATA-
PROGRAM 

DISPLAY QUAD 
SCALER 

I 
P . D . P . - I I DATA BUS. 

I 
| P . D . P . - I I C.P.U. 4 K . t o 3 2 K . 

Fully expandable System to have mul t ip le A.D.C. 's and Quad 
Scaler input units as required. 

C O M P U T O R T E R M I N A L S F R O M T H E H O U S E O F 
B E E H I V E . 
M I N I B E E Teletype replacement. 12 or 25 l ines-80 Char./ 

l ine. Tran./Rec. speeds up to 9600 baud. 

S U P E R B E E High grade unit . 12 or 25 l ines-80 Char./ l ine. 
Tran./Rec. speeds up to 9600 baud. Full Spec i ­
f icat ion. 

ASK FOR A T R I A L - D E M O MIN IBEE IN GENEVA. 

For more in format ion contact BOB BROOMFIELD. 

benilec s .a . 
18, rue Hof fmann - 1202 GENEVE 
TEL. (022) 33 23 20 / 33 23 29 - TELEX 28268 " B E L E C " Kontron Electronic AG 

Bernerstrasse 169,8048Zurich, Telefon 01 62 82 82, Telex 57439 
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Where all your attention has to be given to the process 
itself-there you will find the 

PFEIFFERTURBO 

As, for instance, in combination with this high 
vacuum coating plant BA 511 and many other 
units for which easy handling and simple opera­
tion are absolute requirements. 
Of course, the PFEIFFERTURBO 
offers even more; its vibration-
free running, high compression 
ratio for hydrogen and other 
volatile gases, its easy servicing, 
low operating cost, high reliabi­
lity, wide working range at cons­
tant pumping speed,... there is 
still much more in it that is deci­
sive! It is not for nothing that 

PFEIFFER is the leading manufacturer of turbo-
molecular pumps. 
Do you know already the PFEIFFER TURBO? The 

TPU 200 or the TPU 400? We 
shall be pleased to provide you 
with technically important infor­
mation on these pumps.Your post 
card with the catch word ..PFEIF­
FER TURBO" will do. By return 
mail you will receive detailed 
iterature. 

PM 800 005 PE 7308 

B A L Z E R S - o w n e d Sales C o m p a n i e s i n : 

Z u r i c h ( C H ) , F r a n k f u r t / M ( D ) , W i e n (A ) , 

Kungsbacka (S ) ,Be rkhams ted (GB) , 

Santa A n a ( U S A ) , M e u d o n (F), M i l ano (I) 

A R T H U R PFEIFFER V A K U U M T E C H N I K G M B H 
Postfach 
D-6330 W e t z l a r 
A company of the BALZERS-Group 
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The fast 
way to 
convert 
A-to-D 
inCamac 

;iililillii-:HsPiiii; 

m 
MJH 
nHHI 

System-minded modules for 
today's fastest most versatile 
A-to-D conversion in Camac: 

16*€har tne t Successive 
FET M u l t i p l e x e r + A p p r o x i m a t i o n A D C 

Type 1704 Types 1 2 4 3 / 4 4 

- 10 or 12-b i t resolution 

- Differential or uni-poiar inputs 

- Sample and Hold feature permits 
narrow t ime slot measurements or 
overlapped act ions in automatic 
scanning mode for maximum speed 

- Several Mult ip lexers can be cascaded 
for op t imum A D C usage 

~~ M i n i m u m total system access t imes in 
the fastest conf igurat ions: 

Randomly addressed 
In scanning mode 

10«b*t 12-b i t 
20[JLS 23{xs 
11 [AS 

b o r e r 
4500 S O L O T H U R N 2, S W I T Z E R L A N D 
te l : 0 6 5 / 4 88 21 telex: 34228 

W e tin S ie Fortschri t t p lanen 

SEED MESS- UNO ® 
REGELTECHNIK 

Elektronische JUMO-TROWl- und TROFE-
PRINT-Temperaturregler fur Thermo-
elemente oder Widerstandsfi ihler in Pla-
tinenhalterung oder 19"-Einschubkasten 
. . . die idealen platzsparenden Regler auf 
steckbarer Europaplatine 
U n i v e r s e l l e M o n t a g e d u r c h T r e n n u n g v o n 
S o l l w e r t e i n s t e l l e r u n d R e g l e r p l a t i n e . 

M.K.JUCHHEIM GMBH & CO • D-64 FULDA 3; 
Telefon 0661/831 Telex 04-9701 5 

^ oS 

/? o 4> 
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camac 
Dataway Display 

DA110 

« * « » • • • • • • • • • • • » « « • » * * « * 

• • • • • • • « « • • « « • « • 
* * * * » * * * $ 

DAI 10 
Data pick up module JDA 10 

Contro l and display crate CAI 10 

main features : 

• D A T A W A Y LINE DISPLAY by means of l ight emi t t ing diodes 

• SWITCH REGISTER, 24 read switches, on f r on t panel, simulate 
the presence of a 24 bi t register at the JDA 10 stat ion, 

• M A N U A L L A M D E M A N D 

SAIP 

Schlumberger 

FOR MORE I N F O R M A T I O N PLEASE CONTACT : 
SAIP/SCHLUMBERGER : BP 47 - 92222 Bagneux (France) 
Tel . : (1) 655.22.11 Telex : SAIPEX 25 075 F 



I 
Quality, Design and Performances are 
exclusive and so are the prices ! 

Sfrs. 1 3 8 0 . — 
V = , V a c , l = , l ac , q 

Our best r e f e r e n c e : 
more than 230 Inst ruments so ld in Swi tzer land , in 
1972, and dozens of them be ing in use at the CERN ! 

— 2000 measur ing po in ts 
— large d isplay, l is ib le at more than 10 m 
— very easy opera t ing 
— modular cons t ruc t ion w i th metal hous ing 
— accuracy 0,1 p.c. 
— BCD-output in s tandard vers ion 
— 24-hours-serv ice. 

to 

Techn ique M o d e r n e E lec t ron ique S.A. 
1844 V i l leneuve Te l . 021 / 60 22 41 

A T E L I E R S DE CONSTRUCTIONS 
ELECTRIQUES DE M E T Z 
Soc ie te A n o n y m e au cap i ta l de 2 4 0 0 0 0 0 f rancs 

Siege s o c i a l : 

7 - 1 1 , rue C l o t i l d e - A u b e r t i n 
5 7 - M E T Z 
Serv ice c o m m e r c i a l : 

Vo ie roma ine - P o n t - d e - S e m e c o u r t 
5 7 - M A I Z I E R E S - L E S - M E T Z 

Transformateurs de puissance 
a re f ro id issement a air, a I 'hui le, au pyra lene 
j usqu 'a 110 0 0 0 vo l t s 

U s i n e d e M e t z : 

Trans formateurs de 2 5 0 0 a 100 0 0 0 KVA 

T e l e p h o n e : 6 8 6 0 8 0 et 6 8 9 0 8 0 
T e l e g r a m m e : ELECTRIC METZ 
T e l e x : 8 6 2 3 7 F A C E M E T Z 

U s i n e d e M a i z i e r e s - L e s - M e t z ( 5 7 ) : 

Trans formateurs de 25 a 2 0 0 0 KVA 
T e l e p h o n e : 6 0 2 6 1 1 
T e l e x : 8 6 4 1 8 F A C E M A I Z I 

Wide Band, Precision 

C U R R E N T 
M O N I T O R 

Wi th a Pearson c u r r e n t m o n i t o r and an 
osc i l l oscope, y o u can measu re pulse o r 
ac cu r ren t s f r o m m i l l i a m p e r e s t o k i lo-
ampe res , in any c o n d u c t o r o r beam of 
charged par t ic les , a t any vo l tage level up 
t o a m i l l i on vo l t s , a t f r equenc ies up t o 
3 5 M H z or d o w n t o 1 Hz. 

The m o n i t o r is phys ica l l y iso la ted f r o m 
t h e c i rcu i t . I t is a c u r r e n t t r a n s f o r m e r 
capab le of h igh ly prec ise m e a s u r e m e n t 
of pu lse a m p l i t u d e and waveshape . The 
one shown above , f o r examp le , o f fe rs 
pu l se -amp l i t ude accu racy o f + 1 % , — 0 % 
( typ ica l of al l Pearson c u r r e n t m o n i t o r s ) , 
2 0 nanosecond r ise t i m e , and d roop o f 
o n l y 0 . 5 % pe r m i l l i s e c o n d . T h r e e d b 
b a n d w i d t h is 1 Hz t o 3 5 M H z . 

W h e t h e r you w ish t o measu re cu r ren t 
in a conduc to r , a k l ys t r on , o r a par t ic le 
acce lera tor , i t ' s l ike ly t h a t one o f o u r 
o f f - t h e - s h e l f m o d e l s ( r a n g i n g f r o m y2'* 
t o 1 0 % " ID) w i l l do t h e j o b . Con tac t us 
and we wi l l send y o u eng inee r i ng da ta . 

P E A R S O N E L E C T R O N I C S INC 
4007 Transport St., Palo Alto, California 94303 

Telephone (415) 326-7285 
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Powerful 
partnership... 

Now, Smit of Holland and Brentford of England bring you a vast 
pooled experience in higly stabilised DC power supplies 

In meet ing the sophis t ica ted DC power needs of nuclear research, t w o major European names stand 
ou t as leaders—Brent ford of England and Smi t of Ho l land . From n o w o n , they w i l l be poo l i ng their 
w o r l d - w i d e exper ience and resources t o tackle your fu ture needs in partnership. N o w y o u can be 
doub l y certain that , if there is a so lu t ion t o your special p rob lem, their power and e lectronics t echno logy 
teams w i l l f i nd it. Call in either company and a j o in t des ign and manufac tu r ing capab i l i t y w i l l be at 
your service. W i t h their backg round of hundreds of instal lat ions w o r l d - w i d e , Bren t fo rd /Smi t power 
suppl ies can prov ide ou tpu ts f r om 1 k W to 10 0 0 0 kW. S h o w t hem your latest requ i rement—and 
get the benef i t f r om th is un ique poo l ing of power bra inpower . 

Brentford 
Brent ford Electric L imi ted Manor 

Royal , Crawley , Sussex RH 10 2QF 
England, 

T e l e p h . : Crawley ( 0 2 9 3 ) 2 7 7 5 5 
Telex 8 7 2 5 2 

Smit 
Smi t N i jmegen BV 
Groenestraat 3 3 6 , 
N i jmegen , Nether lands. 
Te leph. : 0 8 0 - 5 5 8 6 0 0 . 
Telex : 4 8 1 6 7 . 

The power sect ion of a 185 vo l t 1 1 0 0 ampere 
Bren t fo rd /Smi t h igh ly stabi l ised DC p o w e r supp ly . 
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Q V J R T A L 
Route de Porrentruy 74 
2800 DELEMONT, Suisse 
Tel. (066) 22 39 44 

Production d'outils coupants et 
de pieces speciales en carbure 
de tungstene. 
Bureau de construction 
d'outils speciaux. 
Laboratoire de recherche en 
nouveaux procedes d'usinage. 
Construction de machines 
pour pieces speciales 
de haute precision. 

VIDAR INFORMATION 

Mesurer, surveiller, commander 
grace a VIDAC IV 
V I D A C IV ser t a la su rve i l l ance d e n o m b r e u s e s va leu rs 
l i m i t e s e t a la c o m m a n d e o u a la q u i t t a n c e d ' a l a r m e s lors 
de d e p a s s e m e n t d e va leu rs d e c o n s i g n e . A u c u n e p r o -
g r a m m a t i o n n 'est necessa i re . 

f x it * i i 

• M e s u r e r d e 1 0 . . . 1 0 0 0 
c a n a u x 

• S u r v e i l l a n c e j u s q u ' a 5 5 0 
pa i res de va leu rs de c o n ­
s i g n e 

• C o m m a n d e de d e p a s s e ­
m e n t d e va leu rs 

Se rv i ce s i m p l e 
Pas d e s o f t w a r e ! 

information 262 

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

P O L Y R A D I A M E T R E P O R T A T I F 

I P A B 7 1 Ref. 500 

Autonome, etanche, alarme 

C A R A C T E R I S T I Q U E S E L E C T R I Q U E S 

- Haute tens ion : var iab le de + 200 a + 2200 vol ts 
sur sonde 1 et sonde 2 

- Echel le de mesure : 10 - 100 - 1000 - 10000 c / s 
- P r e c i s i o n : m e i l l e u r e q u e 5% 
- Limites de tempera ture : - 10° C + 50° C 
- Seuil du discr iminateur : 1 vol t 
- Capac i tes equ iva lentes : GM - PM: 0 ,6 pF 

C P A - BF3- d i o d e s 0 , 0 4 p F 

C 0 M P T A G E 

ECHELLE DE C0MPTAGE SIMPLIFIEE 

E. C . S . 1 Ref. E. 521 

Portat ive, autonome, 6 decades 

C A R A C T E R I S T I Q U E S E L E C T R I Q U E S 

- Pretemps : 1 - 10 - 100 - 1000 s (precis ion 1 0 ~ 3 ) 

- Temps de resolut ion : < 5 y s (frequence 200 KHz) 
- Impulsions a 11 entree : po lar i te pos i t ive ou nega­

t i ve duree^>100ns 
- Reglage du seu i l : 0,1 a 10 V 
- Impedance d 'entree : 1 0 0 0 i \ 
- Temperature de fonct ionnement : - 10° C + 50° C 

O N a r d e u x 
85 Bd Gabr ie l Peri 92240 MALAKOFF - 656-65-35 + 

U s i n e : 37600 Loches - FRANCE Kontron Electronic AG 
H a r d s t r a s s e 235 8031 Z u r i c h T e l e f o n 051 44 56 90 T e l e x 52115 
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DILRID-DUAL-IN-LINE 
Relais Reed 

1—4 contacts 
Le nouveau re la is D ILRID ( D U A L - I N - L I N E 
14 po les) of f re en 2 hau teu r s d i f fe ren tes i 'u t i ­
l i sa t ion o p t i m u m d e repa r t i t i on de b o b i n e s 
et d ' e q u i p e m e n t d e c o n t a c t s . Ce re la is peut 
e t re e q u i p e d e max . 4 CONTACTS DE 
TRAVAIL R h o d i u m , ou 2 inverseurs-
r h o d i u m , ou 2 c o n t a c t s d e t rava i l mou i l l es 
au m e r c u r e et sans pos i t i on de m o n t a g e p r e -
f e ren t i e l l e . Hau teu r d u r e l a i s : 

5 m m = 1 — 2 c o n t a c t s d e t r ava i l - r hod ium 
10,5 m m = 1 — 2 c o n t a c t s d e t rava i l avec b o -

b ine hau te res i s tance , resp . 
3—4 c o n t a c t s d e t r a v a i l - r h o d i u m , 
1—2 i n v e r s e u r s - r h o d i u m , ou 
1 - 2 c o n t a c t s d e t rava i l mou i l l es 

au m e r c u r e . 
Les re la is a hau te r e s i s t a n c e son t s p e c i a l e -
men t a d a p t e s pour le t e c h n i q u e d e s c i r cu i t s 
i n t eg res IC. 

Depuis 25 ans 
ERNI+Co. Elektro-lndustrie 
CH-8306 Bruttisellen/Zurich 

Tel. 01/931212 
Telex 53699 

•NET 
Un groupe de niveau europeen 
dans 
la prestation de services 
Nettoyage industriel 
Nettoyage d'ateliers, bureaux, laboratoires, cliniques 
Hygiene, disinfection, desinsectisation, deratisation 
Prestations de main-d'ceuvre 
Manutentions 

Office nouveau du nettoyage 0I\IET 
13008-MARSEILLE 
75-PARIS 
GENEVE 
74-ANNECY 
01-SAINT-GENIS 

12 bis, boulevard Pebre 
4 et 6, rue du Buisson - Saint-Louis-X e 

55/57, rue Prevost-Martin 
6, avenue de Mandallaz 
Route de Geneve 

tel. (91) 732850 
tel. (1) 20815 57 
tel. 25 7888 
tel. (50) 454641 
tel. (50) 41 1207 

Fournisseur du CERN a Geneve, du CEA a Marcoule, Pierrelatte, La Hague, 
du CEN a Grenoble, de I'OMS, de I'ONU et de I'UIT a Geneve. 
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same light here 

! 111 \ \ I 

^^^^ 

more electrons here 

conventional 
photomultipliers 
with unconventional 
efficiencies 
T h e s e n e w P h i l i p s t u b e s a r e d i r e c t r e p l a c e m e n t s 
f o r t h e t y p e s y o u ' r e p r o b a b l y u s i n g r i gh t n o w . * 
T h a t ' s w h a t w e m e a n by c o n v e n t i o n a l . 

T h e i r c a t h o d e s e n s i t i v i t i e s , h o w e v e r , a r e 
a n y t h i n g bu t . T y p e X P 2000 g i v e s 100 m A / W a n d 
t h e X P 2030 is s p e c i f i e d a t 115 m A / W . 
T o d a t e t h a t ' s t h e h i g h e s t c o n v e r s i o n e f f i c i e n c y 
o n t h e m a r k e t . 

M o r e o u t p u t f o r t h e s a m e l i gh t i n p u t c o u l d 
g i v e a c o m p e t i t i v e a d v a n t a g e . M o r e o v e r o u r 
p r i c e s a r e c o m p e t i t i v e , so t h i s i m p o r t a n t e x t r a 
p e r f o r m a n c e is m o r e o r l ess a b o n u s . 

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

XP 2000 XP 2030 

Spectra l response type D type D 

Useful pho toca thode d iameter 44 m m 68 mm 

Quantum ef f ic iency at 400 nm 31 % 35,6 % 

Gain at 1.5 kV 2,5 x 1 0 5 2,5 x 1 0 5 

Pulse height resolut ion for Cs 7,5 % 7 , 5 % 

* type XP 2000 is a direct replacement for types 8053, 4523 and 9655; 
type XP2030 for types 8054 and 4524. 

For m o r e i n f o r m a t i o n o n t h e s e n e w t u b e s p l u s an 
u p d a t e d p r o d u c t s u r v e y of t h e e x t e n s i v e 
P h i l i p s r a n g e w r i t e to : 

Philips Industries, Electronic Components and 
Materials Division, Eindhoven - The Netherlands 

Distributed and sold in the U.S.A. by : Amperex Electronic Corporation 
230 Duffy Avenue, Hicksville N.Y. 11802 

In Canada : Philips Electron Devices 
116 Vanderhoof Avenue Toronto 17 - Ontario 

P H I L I P S Electronic 
Components 
and Materials 

PHILIPS 
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Chez Alfa-Laval, 
chague jour 

nos ingenieurs realisent 
des installations 

thermiques. 
Consultez-nous, 
nous pouvons 
certainement 

vous rendre service. 

Alfa-Laval est d votre service 
pour toute etude de procede. 

Les materiels unitaires de Genie 
Chimique produits ou diffuses par le 
Groupe Alfa-Laval : 
- echangeurs thermiques, filtres 
- separateurs centrifuges 
- evaporateurs 
- sechoirs a lit fluidise 
- sechoirs par atomisation 
- pompes et accessoires (vannes au-
tomatiques, etc.) peuvent etre integres 
dans une chaine complete vous of-

frant des garanties de fonctionnement 
et de respect de votre produit. 

Les ingenieurs Alfa-Laval peu­
vent etudier votre probleme de pilote 
ou de production industrielle suivant 
desmethodes originaleseteprouvees. 
Des appareils sont disponibles pour 
essais en usine. Une station experi-
mentale situee a Nevers permet des 
essais d'orientation ou de product ion. 

Les problemes de corrosion sont 
souvent resolus par I'utilisation de 
materiaux nobles. 

Des installations completes met-
tant en jeu des materiels de separation 
et thermiques sont realisees a Nevers. 

Une installation Alfa-Laval c'est 
la combinaison d'ingenieurs qualifies 
e tde materiels perfectionnes produits 
et assembles dans de grandes unites 
modernes de production. 

O C ALFA-LAVAL 
d^partement thermique 

62-70 rue Yvan Tourgueneff 
78380 Bougival - T6\. 977.02.20 
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R A D I O P R O T E C T I O N 

P O R T A B L E P O L Y R A D I A M E T E R 

I P A B 7 1 Ref. 500 

Self-powered, waterproof, warning 

E L E C T R I C A L C H A R A C T E R I S T I C S 

- High vol tage : can be regulated from + 200 to 
2200 V o l t s 

- Ranges: 10 - 100 - 1000 - 1 0 0 0 0 c p s 
- Accuracy : better than 5 % 
- Limit operat ing tempera ture : - 10° C + 50° C 
- D iscr iminator threshold : 1 vol t 
- Equivalent c a p a c i t i e s : GM - PM - 0 . 6 p F 

CPA - BF3 - semi conductor 
detectors 0 .04 pF 

C O U N T I N G 

E L E C T R O N I C C O U N T I N G S C A L E 

E. C . S . 1 Ref. E.521 

Portable, self-powered, six decades 

E L E C T R I C A L C H A R A C T E R I S T I C S 

- Pre t ime: 1 - 10 - 100 - 1 0 0 0 s {accuracy 1 0 - 3 ) 
- Resolut ion t ime : < 5 us f requency> 200 KHz) 
- Input p u l s e s : pos i t i ve or nega t ive ,dura t ion^100ns 
- Threshold a d j u s t e m e n t : 0.1 a 10 V 
- Input impedance: 1000XI 
- Working temperature range : - 10° C to + 50° C 

O N a r d e u x 
85 Bd Gabriel Peri 92240 MALAKOFF - 656-65-35 + 

Us ine : 37600 Loches - FRANCE 

I f 

c o r r e l a t o r 
c o u l d t a l k 
it w o u l d 

say . . . 

Decay rate reveals molecular properties of materials 

Location of peak allows measurement and control of flow 
velocities and propagation time 

Chamber pressure characteristics point up jet engine com­
bustion problems 

These quotations, and many more, are delivered 
by this unique all digital, high speed processing 
instrument. It performs auto and cross correla­
t ion, signal averaging, and probability, density 
and distr ibution analysis in real t ime. 

The 400 point 
SAI-43A has a 
minimum A t of 
0.2 /xsec (5MHz 
sampling rate) 
and800precomp-
utation delay points, linear and exponential averaging, digi­
tal bin markers and readout. Full digital input circuitry for 
photon counting applications is available. For those applica­
tions requiring only 100 point analysis, the new improved 
SAI-42A is available. 
Let the SAICOR Correlators tell their own story. Call (516) 
234-5700 for a demostration or detailed technical data. 

Honeywell 
SIGNAL ANALYSIS OPERATION • TEST INSTRUMENTS DIVISION 
595 Old Wil lets Path, Hauppauge, New York 11787 • 516/234-5700 
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amplificateurs et preamplificateurs 
en "couches minces" 

pour compteurs proportionnels 
multifils 

or 
Mcaiel 

DEPARTEMENT PHYSIQUE ET MECANIQUE 
MICROELECTRONIQUE - SERVICE COMMERCIAL 

41 , rue Perier - 92120 MONTROUGE - Tel. 253.37.90 - Telex : 27 431 F 
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C U R R E N T U N I T L I S T 
IME4601 

N E 4 6 2 6 
N E 4 6 0 9 
N E 4 6 5 5 
N E 4 6 3 2 
N E 4 6 0 7 
N E 4 6 1 0 
N E 4 6 1 1 
N E 4 6 1 2 
N E 4 6 1 3 
N E 4 6 1 4 
N E 4 6 1 5 
N E 4 6 1 6 
N E 4 6 1 7 
N E 4 6 1 8 
N E 4 6 1 9 
N E 4 6 2 2 

N E 4 6 2 3 
ISIE4624 
ME 4629 
IME4630 
N E 4 6 3 4 
N E 4 6 3 5 
N E 4 6 4 3 
IME4644 
N E 4 6 4 5 
N E 4 6 4 6 
N E 4 6 4 7 
N E 4 6 4 8 
N E 4 6 4 9 
IME4650 
N E 4 6 5 1 
N E 4 6 5 2 
N E 4 6 5 6 
N E 4 6 5 7 
N E 4 6 5 8 
IME4660 
N E 4 6 6 4 
N E 4 6 6 5 
N E 4 6 6 6 
N E 4 6 6 8 
N E 4 6 6 9 
N E 4 6 7 2 

N E 4 6 7 4 
N E 4 6 7 5 

Bin , w i red for preferred "1 for 12 s ingle 
vol tages on ly / m o d u l e s 
Power Cont ro l Panel 
Power Supp ly ± 24V ± 12V 
Power Supp ly ± 24V ± 12V ± 6V 
Bin Extender 
Ratemeter ( l inear - logar i thmic) 
Stretcher 
Scaler 5-decade 
Timer 6 -decade 
Scaler 7 -decade 
Linear Gate 
Linear Delay 
T im ing Discr iminator 
Print Cont ro l , for use w i t h serial pr inters 
Mixer, e ight input 
Fast Co inc idence Uni t 
Digi ta l Ratemeter 
Op t ion 1 (ana logue linear chart recorder 
ou tpu t ) 
Op t ion 2 (ana logue semi - logar i thmic 
recorder ou tpu t ) 
Integral Discr iminator 
Clock 
H igh Vol tage Dis t r ibut ion Un i t 
Ampl i f ie r /Ana lyser 
Fast Ampl i f ie r 
Fast Discr iminator 
Linear Interface 
Fast Logic 
T ime Converter 
High Vol tage Supp ly , up to 5 m A 
Rejector 
Restorer 
Scaler 6-decade 
Nanosecond Delay 
Coinc idence An t i -Co inc idence 
Digi tal C lock 
Ana logue Subt rac t ion Uni t 
Research Ampl i f ie r 
Ampl i f ie r 
H.V. U n i t , u p t o 5 k V 
Energy Analyser 
Scan Speed 
Scan Posit ion 
Charge Sensit ive Ampl i f ie r 
Ana logue Processor 
Linear Ratemeter 
Opt ion 1 (A larm Circui t ) 
Pulse Generator 
Charge Ampl i f ie r Discr iminator 

The Nuclear Enterprises NIM range 
has outstanding system capability. Its 
flexibility is continually being increased 
by the addition of new units and the 
extension of facilities in existing 
modules. The range has all the 
excellent performance and charac­
teristics to meet experimental 
requirements with high resolution in 
semiconductor detectors, high speed 
measurements, anti-coincidence tech­
niques and timing analysis. Units are 
compatible with CAMAC, permitting 
experiments to be computer controlled. 
The advice of Nuclear Enterprises 
design engineers is freely available in 
the selection of units to suit your 
particular system requirements. 
Write for Bulletin 65 
or telephone 031 -443 4060. 

NUCLEAR 
ENTERPRISES 
LIMITED 
SIGHTHILL , E D I N B U R G H EH11 4EY, S C O T L A N D 
T e l e p h o n e : 031 -443 4060 
Cab les : Nuc lea r , E d i n b u r g h T e l e x : 72333 
Bath Road, Beenham, Reading RG7 5PR, England. 
Tel: 073-521 2121 . Telex: 848475. 
Cables: Devisotope, Woolhampton. 
Associate Companies 
Nuclear Enterprises GmbH Schwanthalerstrasse 74, 
8 Munchen 2, Germany. Tel: 53-62-23. Telex: 529938. 
Nuclear Enterprises Inc., 935 Terminal Way, San Carlos, 
California 94070. Tel: 415 593 1455. Telex: 348371. 

High Energy & Nuclear Equipment S.A., 
2 Chemin deTavernay, Grand-Saconnex, 1218 Geneva. 
Te l : (022) 98 25 82/3 Telex : 23429. 
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Nuclear transmutation 

We are there, wherever there is research 
Into the peaceful uses of nuclear energy 

KRUPP steel in t he serv ice of m a n . KRUPP steel 
in the service of research. KRUPP steel in phys ics, 
chemis t ry , mecl icine and b io logy. We do a lot in these 
f ie lds . 

We supp ly magne ts fo r acce lera tors , spect ro­
meters and beam t ranspo r t , w i th fo rged or lamina ted 
poles and yokes, rough or f i n i shed , as ind iv idua l com­
ponents or fu l l y assemb led . The mater ia l used is our 

" M i n i m u m R A " specia l low-carbon m i l d s tee l , res is tant 
t o age ing and f ree f r o m impu r i t i e s . Wi th a m i n i m u m 
spread of i nduc t i on , " M i n i m u m R A " comb ines h igh 
permeab i l i t y and low coerc ive fo rce . Any quest ions? 
Our spec ia l is ts are ready and w i l l i n g t o answer t h e m . 

FRIED. KRUPP HOTTENWERKE AG, D-463 BOCHUM 
WEST GERMANY 

@ ) KRUPP STEEL for fheworid of tomorrow 

Double bending magnet 
\ for beam transport 

made of KRUPP STEEL 
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Nos photomultiplicateurs s'adaptent a votre probleme particulier. 

Un champion 
de grande envergure 

XP 2230 
bruit < 600 c.s"1 

ecart type de la 
distribution . 

du temps de transit : I 
0,35 ns I 

Les photomultiplicateurs XP 2230 de R.T.C. permettent la detection 

en photoelectron unique, en lumiere Cerenkov, en carbotrimetrie. 

Les XP 2230 de R.T.C. disposent du meilleur rapport rapidite/bruit et 

peuvent etre utilises avec des scintillateurs rapides. 

Ainsi la detection en physique nucleaire 

progresse avec R.T.C. 

R.T.C. cest aussi Toptronique. 

RT.C. LA RADIOTECHNIQUE - COMPELEC -130, av. Ledru-Rollin 
75540 - PARIS CEDEX11, tel. 357.69.30. 
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N O W A N Y LABORATORY 
CAN AFFORD T O M A K E ITS 

O W N LIQUID HELIUM 

CTi's new Model 1204 Hel ium Liquefier/ 
Refrigerator was des igned especia l ly 
for the laboratory with a growing re­
quirement for l iquid hel ium or cont inu­
ous cool ing of superconduct ing mag­
nets. It answers the need of research 
centers that have always wanted a 
rel iable in-house supply of l iquid he­
lium, but felt that hel ium l iquefiers were 
too expensive. 

The Model 1204 is a "compac t " ver­
sion of the CTi Model 1400 Hel ium 
Liquefier/Refrigerator, widely used 
throughout the world in university, in­
dustrial and government laboratories. It 
is a rel iable and inexpensive system 
that can provide up to 5 liters per hour 
of l iquid helium or 15 watts of refrigera­
tion at 4.5°K without liquid nitrogen pre-
cooling. Its opt ional, integral purifier 
and gas col lect ion system al lows reuse 
of helium gas recovered from exper i ­

ments. The Model 1204 is capable of 
both intermittent service and cont inu­
ous, around-the-clock duty without 
operator attendance. 

And . . . its cost is low (less than many 
scientif ic instruments commonly found 
in the laboratory). 

F E A T U R E S 

• Hands-off, semiautomatic operation 
• No foundation required (The Model 
1204 can be moved easily) • Simple to 
install and operate • Proven design, 
standard components • Quiet, v ibra­
tion-free • Liquefies directly into any 
storage or experimental dewar • 
Simple, preventive maintenance twice 
a year (The user can do it) • Parts and 
service avai lable wor ldwide • Built and 
guaranteed by the world's leading man­
ufacturer of helium liquefiers 

A companion system, the new Model 
1220 Hel ium Refrigerator, is avai lable 
to provide 75 watts of continuous-duty, 
c losed-cyc le cool ing at 20°K for hydro­
gen recondensing, target cool ing, and 
cryopumping appl icat ion. 

Write or calI CTi today for complete 
technical and pr ice data on the new 
economical hel ium l iquefier/refr igerator 
that any laboratory can afford. And ask 
about CTi's complete line of c losed-
cycle refrigerators, l iquid nitrogen gen­
erators, dewars, and other cryogenic 
accessories. 

C R Y O G E N I C S A G 
CH-8052 Zurich • Glattalstrape 18 
Telefon 48 4680 • Telex 53899 
Subsidiary of CRYOGENIC TECHNOLOGY inc. 
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