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CERN, the European Organizat ion 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 quest ions 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 adjo in 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 we l l as f rom CERN itself 
take part in the experiments and it is 
estimated that some 1500 physicists 
draw research material f rom CERN. 

The CERN Laboratory I site covers 
about 80 hectares almost equal ly 
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 1000 Fel lows 
and Scienti f ic Associates. Twelve Euro
pean countr ies contr ibute, in proport ion 
to their net nat ional income, to the 
CERN Laboratory I budget, w h i c h totals 
391.1 mi l l ion Swiss francs in 1974. 

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 
400 GeV, is being constructed. CERN 
Laboratory II also spans the Franco-
Swiss frontier w i t h 41 2 hectares in France 
and 68 hectares in Switzer land. Its b u d 
get for 1974 is 227.1 mi l l ion Swiss francs 
and the staff totals about 350 plus 10 
Scientif ic Associates. 

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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The new particles 

A n y o n e in t o u c h w i t h t h e w o r l d o f 
h i g h energy phys ics w i l l be w e l l 
awa re of t h e fe rmen t c reated by t h e 
n e w s f r o m B rookhaven and S t a n f o r d , 
f o l l o w e d by Frascati and DESY, o f 
t h e ex is tence o f n e w par t ic les. Bu t 
n e w par t ic les have been unea r thed in 
p ro fus ion by h igh energy acce lera tors 
d u r i n g t h e past t w e n t y years. W h y t h e 
exc i t emen t over t h e n e w d iscover ies? 

A brief answer is t ha t t h e par t ic les 
have been f o u n d in a mass reg ion 
w h e r e t h e y w e r e c o m p l e t e l y u n 
expec ted w i t h s tab i l i t y p roper t ies 
w h i c h , at th is s tage of t h e g a m e , are 
c o m p l e t e l y inexp l i cab le . In th is ar t ic le 
w e w i l l f i rst desc r ibe t h e d iscover ies 
a n d t h e n d iscuss s o m e of t h e s p e c u l a 
t i o n s as t o % w h a t t he d iscover ies m i g h t 
m e a n . 

W e b e g i n at t he B r o o k h a v e n N a 
t i ona l Labora to ry w h e r e , s ince t h e 
S p r i n g o f th i s year, a M I T / B r o o k h a v e n 
t e a m have been l o o k i n g at co l l i s ions 
b e t w e e n t w o p ro tons w h i c h y i e l ded 
( a m o n g s t o ther t h i ngs ) an e lec t ron 
and a pos i t ron . A series o f expe r imen ts 
o n t h e p r o d u c t i o n o f e l e c t r o n - p o s i t r o n 
pairs in par t ic le co l l i s ions has been 
g o i n g o n fo r a b o u t e igh t years in 
g r o u p s led by Sam T i n g , m a i n l y at t h e 
DESY s y n c h r o t r o n in H a m b u r g . T h e 
a im is t o s t u d y s o m e of t h e e lec t ro 
magne t i c features o f par t ic les w h e r e 
e n e r g y is man i fes t in t h e f o r m of a 
p h o t o n w h i c h mater ia l izes in an 
e l e c t r o n - p o s i t r o n pair. The e x p e r i 
men ts are no t easy t o d o because t h e 
p robab i l i t y tha t t h e co l l i s i ons w i l l 
y i e ld such a pair is ve ry l o w . The 
d e t e c t i o n sys tem has t o be capab le o f 
p i c k i n g o u t an event f r o m a m i l l i on 
or more o ther t ypes o f event . 

It w a s w i t h l o n g exper ience o f 
s u c h p rob lems b e h i n d t h e m tha t t h e 
M I T / B r o o k h a v e n t eam led by T i n g , 
J . J . A u b e r t , U.J . Becker and P.J. B iggs 
b r o u g h t in to ac t i on a de tec t i on sys tem 
w i t h a d o u b l e arm spec t romete r in a 
s l o w e jec ted p ro ton b e a m at t h e 
B r o o k h a v e n 3 3 GeV s y n c h r o t r o n . 

T h e y used beams of 28 .5 GeV b o m 
bard ing a be ry l l i um target . T h e t w o 
spec t romete r arms span o u t at 15° 
e i ther s ide o f t he i nc iden t beam d i rec 
t i o n and have magne ts , Che renkov 
coun te rs , m u l t i w i r e p ropo r t i ona l c h a m 
bers, sc in t i l l a t i on coun te rs and lead 
glass coun te rs . W i t h th is array, it is 
poss ib le t o iden t i f y e lec t rons a n d p o s i 
t r ons c o m i n g f r o m the same sou rce 
and t o measure the i r energy . 

From a b o u t A u g u s t , t h e rea l izat ion 
t ha t t h e y w e r e on t o s o m e t h i n g i m 
por tan t began s l o w l y t o g r o w . The 
spec t romete r w a s t o t t i n g up an u n 
usua l l y large n u m b e r o f events w h e r e 
t h e c o m b i n e d energ ies o f t he e lec t ron 
and pos i t ron w e r e equa l t o 3.1 GeV. 
Th is is t h e classic w a y o f s p o t t i n g a 
resonance. A n uns tab le par t ic le , w h i c h 
breaks up t o o q u i c k l y t o be seen itself, 
is i den t i f i ed by a d d i n g up t h e energ ies 
o f more s tab le part ic les w h i c h emerge 
f r o m its decay . L o o k i n g at m a n y 
in te rac t ions , if energies repeated ly add 
up t o t he same f i gu re (as o p p o s e d t o 
t h e o ther poss ib le f igures all a r o u n d 
i t ) t hey ind ica te tha t t he measured 
par t ic les are c o m i n g f r o m t h e break 
up o f an unseen par t ic le w h o s e mass 
is equa l t o t h e measured s u m . 

The t e a m w e n t t h r o u g h ex t raor 
d ina ry c o n t o r t i o n s t o check the i r 
appara tus t o be sure tha t n o t h i n g w a s 
b ias ing the i r results. The par t ic le 
d e c a y i n g in to t he e lec t ron a n d p o s i 
t r on t h e y w e r e measur ing w a s a 
d i f f i cu l t o n e t o s w a l l o w . T h e ene rgy 
reg ion had been scoured before , even 
if no t so t h o r o u g h l y , w i t h o u t a n y t h i n g 
b e i n g seen. A l so the resonance w a s 
l o o k i n g ' n a r r o w ' — th is means t ha t 
t he energy sums w e r e c o m i n g o u t at 
3.1 GeV w i t h great p rec is ion rather 
t h a n , for examp le , s p a n n i n g f r o m 2.9 
t o 3.3 GeV. The w i d t h is a measure of 
t he s tab i l i t y of t he par t ic le ( f r o m 
He isenberg 's Unce r ta in t y Pr inc ip le 
w h i c h requires o n l y tha t t h e p r o d u c t 
o f t h e average l i fe t ime and t h e w i d t h 
be a c o n s t a n t ) . A n a r r o w w i d t h means 

tha t t h e par t ic le l ives a l ong t i m e . N o 
o ther par t ic le o f such a heavy mass 
(over th ree t imes the mass o f t h e 
p r o t o n ) has a n y t h i n g l ike t ha t s tab i l i ty . 

By t h e e n d of Oc tober , t he t e a m 
had a b o u t 5 0 0 even ts f r o m a 3.1 GeV 
par t ic le . T h e y w e r e keen t o ex tend 
the i r search t o t h e m a x i m u m mass 
the i r de tec t i on sys tem c o u l d p in d o w n 
( a b o u t 5.5 GeV) bu t w e r e p r o d d e d 
i n to p r in t m i d - N o v e m b e r by d ramat i c 
n e w s f r o m t h e o ther coast of Amer i ca . 
T h e y bap t i sed t h e par t ic le J w h i c h is a 
let ter c lose t o t h e Chinese s y m b o l fo r 
' t i n g ' . F rom t h e n o n , t h e expe r imen t 
has had t o p pr ior i ty . Sam T ing sa id 
t ha t t h e D i rec to r o f t he Labora to ry , 
George V i n e y a r d , asked h im h o w 
m u c h t i m e o n t h e m a c h i n e he w o u l d 
need — w h i c h is no t t h e w a y s u c h 
conve rsa t i ons usua l l y g o . 

T h e appa r i t i on o f t h e par t ic le at t h e 
S tan fo rd L inear Acce le ra to r Center o n 
10 N o v e m b e r w a s n o t h i n g shor t of 
sha t te r ing . Bur t R ichter descr ibed it as 
' the mos t exc i t i ng and f ran t ic w e e k - e n d 
in par t ic le phys ics I have ever been 
t h r o u g h ' . It f o l l o w e d an u p g r a d i n g o f 
t he e l e c t r o n - p o s i t r o n s torage r ing 
S P E A R d u r i n g t h e late Summer . 

Un t i l J u n e , SPEAR w a s ope ra t i ng 
w i t h beams of ene rgy up t o 2.5 GeV 
so t ha t t h e to ta l ene rgy in t he co l l i s ion 
w a s up t o a peak o f 5 GeV. The r ing 
w a s shu t d o w n d u r i n g the late S u m 
mer t o insta l l a n e w r.f. sys tem a n d 
n e w p o w e r supp l ies so as t o reach 
a b o u t 4 .5 GeV per beam. It w a s 
s w i t c h e d o n aga in in Sep tember a n d 
w i t h i n t w o days beams w e r e o rb i t i ng 
t h e s to rage r ing aga in . O n l y th ree o f 
t h e f o u r n e w r.f. cav i t ies w e r e in 
ac t i on so t ha t t h e beams c o u l d o n l y 
be taken t o 3.8 GeV. W i t h i n t w o w e e k s 
t h e l u m i n o s i t y had c l i m b e d to 5 x 
1 0 3 0 c n r r 2 s - 1 ( t he l um inos i t y d ic ta tes 
t h e n u m b e r o f in te rac t ions t he p h y s i 
c ists can see) a n d t i m e began to be 
a l l oca ted t o exper imenta l teams t o 
b r i ng the i r de tec t i on sys tems in to 
t r i m . 
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The detection system of the experiment at 
Brookhaven which spotted the new particle. 
It consists of two symmetrical spectrometer arms, 
20 m long. In the foreground in each arm are 
three magnets. They are followed 
by Cherenkov counters (looking 
like cement mixers) to identify particles (in 
addition to Cherenkovs in the magnets) and, 
finally, multiwire proportional chambers 
which determine precise particle positions. 
(Photo Brookhaven) 

Sam Ting telling the new particle story in an 
auditorium packed with an enthusiastic 
audience at CERN on 21 November. 

It w a s t h e B e r k e l e y / S t a n f o r d t eam 
led by Richter , M . Per l , W . C h i n o w s k y , 
G. G o l d h a b e r a n d G .H . Tr i l l i ng w h o 
w e n t i n to a c t i o n d u r i n g t h e w e e k - e n d 
9 - 1 0 N o v e m b e r t o check back o n 
s o m e ' f u n n y ' read ings t h e y had seen 
in J u n e . T h e y w e r e us ing a de tec t i on 
sys tem c o n s i s t i n g o f a large so leno id 
magne t , w i r e chambe rs , sc in t i l l a t i on 
coun te rs a n d s h o w e r coun te rs , a lmos t 
c o m p l e t e l y s u r r o u n d i n g o n e of t h e 
t w o in te rsec t ion reg ions w h e r e t he 
e lec t rons a n d pos i t rons are b r o u g h t 
in to h e a d - o n co l l i s i on . 

D u r i n g t h e f i rs t series o f measure
men ts w i t h S P E A R , w h e n it w e n t 
t h r o u g h i ts e n e r g y paces, t h e c ross-
sec t i on (or p robab i l i t y o f an in ter
ac t i on b e t w e e n an e lec t ron and p o s i 
t r on o c c u r r i n g ) w a s a l i t t le h igh at 
1.6 GeV b e a m ene rgy (3 .2 GeV c o l l i 
s ion ene rgy ) c o m p a r e d w i t h at t h e 
n e i g h b o u r i n g b e a m energ ies. The 
J u n e exerc ise, w h i c h gave t h e f u n n y 
read ings , w a s a l o o k over th is energy 
reg ion aga in . Cross -sec t ions w e r e 
measured w i t h e lec t rons and p o s i 
t rons at 1.5, 1.55, 1.6 a n d 1.65 GeV. 
A g a i n 1.6 GeV w a s a l i t t le h igh bu t 
1.55 GeV w a s even more pecul iar . In 
e igh t runs , s ix measuremen ts agreed 
w i t h t h e 1.5 GeV data w h i l e t w o w e r e 
h igher ( o n e of t h e m f ive- t imes h ighe r ) . 
So , o b v i o u s l y , a g rem l i n had crept 
i n to t h e appara tus . W h i l e m e d i t a t i n g 
d u r i n g t h e t r ans fo rma t i on f r o m 
SPEAR I t o S P E A R I I , t h e g reml in w a s 
l o o k e d fo r b u t n o t f o u n d . It w a s t h e n 
t h a t t h e s u s p i c i o n g r e w tha t b e t w e e n 
3.1 a n d 3.2 GeV co l l i s ion energ ies 
c o u l d lie a resonance . 

D u r i n g t h e n i g h t o f 9 - 1 0 N o v e m b e r 
t h e h u n t b e g a n , c h a n g i n g t he beam 
energ ies in 0.5 M e V steps. By 1 1 . 0 0 
a.m. S u n d a y m o r n i n g t h e n e w par t ic le 
had been u n e q u i v o c a l l y f o u n d . A set 
of c ross -sec t i on measurements a r o u n d 
3.1 GeV s h o w e d tha t t h e p robab i l i t y 
o f i n te rac t i on j u m p e d by a fac to r o f 
t en f r o m 2 0 t o 2 0 0 nanobarns . In a 
s tate o f e u p h o r i a , t he c h a m p a g n e 
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The famous detection system at the SPEAR 
storage ring at Stanford, which already has the 
high hadron production rate to its credit, now 
adds the identification of new particles. 
(Photo SLAC) 

Below is the dramatic signal of the 3.1 GeV 
particle as seen at SPEAR. The vertical axis 
measures the cross-section in nanobarns for 
producing hadrons (in other words the 
probability that an interaction between an 
electron and positron will take place producing 
strongly interacting particles). Along the 
horizontal axis is the energy showing that the 
probability jumps a hundred times at 3.1 GeV. 

w a s c racked o p e n and t he t e a m began 
ce leb ra t i ng an i m p o r t a n t d i scovery . 
Gerson Go ldhabe r ret i red in search o f 
peace and qu ie t t o w r i t e t h e f i n d i n g s 
fo r immed ia te p u b l i c a t i o n . 

W h i l e he w a s a w a y , it w a s d e c i d e d 
t o po l i sh up the data by g o i n g s l o w l y 
over t h e resonance a g a i n . The beams 
w e r e n u d g e d f r o m 1.55 t o 1.57 a n d 
eve ry th i ng w e n t crazy. The i n te rac t i on 
p robab i l i t y soared h ighe r ; f r o m a r o u n d 
2 0 nanoba rns the c ross -sec t i on j u m p 
ed t o 2 0 0 0 nanoba rns and t h e de tec to r 
w a s f l o o d e d w i t h events p r o d u c i n g 
hadrons . Pief Panofsky , t h e D i rec to r o f 
S L A C , arr ived and paced a r o u n d 
i n v o k i n g t h e De i t y in ut ter a m a z e m e n t 
at w h a t w a s be ing seen. Gerson 
G o l d h a b e r t hen emerged w i t h h is 
paper p r o u d l y a n n o u n c i n g t h e 
2 0 0 nanoba rn resonance a n d had t o 
star t aga in , w r i t i n g ten t imes mo re 
p roud l y . 

W i t h i n hours o f t he S P E A R meas 
u remen ts , t he t e l e p h o n e w i res across 

t he A t l a n t i c w e r e h u m m i n g as in fo r 
m a t i o n enqu i r ies and rumou rs w e r e 
e x c h a n g e d . A s s o o n as it b e c a m e 
clear w h a t had h a p p e n e d , t h e Euro 
pean Laborator ies l ooked t o see h o w 
t h e y c o u l d c o n t r i b u t e t o t h e e x c i t e 
men t . The o b v i o u s cand ida tes , t o be 
in o n t h e act qu i ck l y , w e r e t h e e lec 
t r o n - p o s i t r o n s torage r ings at Frascat i 
and DESY. 

From 13 November , t h e e x p e r i 
men ta l t eams on t he A D O N E s to rage 
r ing ( f r o m Frascati and t he IN FN sec
t i ons o f t h e Univers i t ies o f Nap les , 
Padua , Pisa and Rome) began t o 
search in t h e same energy r eg i on . 
T h e y have de tec t i on sys tems fo r 
th ree exper imen ts k n o w n as g a m m a -
g a m m a ( w i d e so l id ang le de tec to r 
w i t h h i gh e f f i c iency for d e t e c t i n g 
neut ra l par t i c les ) , M E A (so leno ida l 
magne t i c spec t romete r w i t h w i d e g a p 
spark chambers and s h o w e r d e t e c 
to rs ) a n d b a r y o n - a n t i b a r y o n ( c o 
axia l h o d o s c o p e s o f sc in t i l la to rs cove r 

i ng a w i d e s o l i d ang le ) . The A D O N E 
opera to rs w e r e ab le t o j ack t he beam 
ene rgy u p a l i t t le above its no rma l 
peak o f 1.5 GeV and o n 15 N o v e m b e r 
t h e n e w par t ic le w a s seen in all th ree 
d e t e c t i o n sys tems. The data c o n f i r m e d 
t h e mass a n d t h e h i gh s tab i l i ty . The 
expe r imen ts are c o n t i n u i n g us ing t h e 
c o m p l e m e n t a r y abi l i t ies o f t he de tec 
to rs t o ga the r as m u c h i n f o rma t i on as 
poss ib le o n t h e nature o f t h e par t ic le . 

A t DESY, t h e D O R I S s torage r ing 
w a s b r o u g h t i n to ac t i on w i t h t h e 
P L U T O a n d D A S P de tec t i on sys tems 
desc r ibed later in th i s issue o n 
page 4 2 7 . D u r i n g t h e w e e k - e n d o f 
2 3 - 2 4 N o v e m b e r , a clear s igna l at 
a b o u t 3.1 GeV to ta l ene rgy w a s seen 
in b o t h de tec to rs w i t h P L U T O measur 
i ng even ts w i t h m a n y e m e r g i n g h a 
d r o n s a n d D A S P measur ing t w o 
e m e r g i n g par t ic les . The angu la r d i s 
t r i b u t i o n o f e las t ic e l e c t r o n - p o s i t r o n 
sca t te r ing w a s measured at 3.1 GeV, 
a n d a r o u n d i t , a n d a d i s t i n c t c h a n g e w a s 
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Hadron production events at 3.1 GeV from: 

1. The gamma-gamma group on the AD ONE 
storage ring at Frascati where a large spark 
chamber array spots an event giving at least 
three charged particles plus an electromagnetic 
shower (bottom right) 

2. The PLUTO detector on the DORIS storage 
ring at DESY where three projections of an 
event with five charged particles are displayed 
together via the computer. 

1. 

seen. The detec tors are n o w c o n 
cen t ra t ing on measur ing b ranch ing 
rat ios — the re lat ive rate at 
w h i c h the part ic le decays in d i f fe rent 
w a y s . 

In the mean t ime , SPEAR II had 
s t ruck aga in . On 21 November , a n 
o ther par t ic le w a s seen at 3.7 GeV. 
Like the f i rst it is a very n a r r o w reso
nance ind ica t ing t he same h igh s tab i l 
i ty. The Berke ley /S tan fo rd team have 
ca l led the part ic les psi ( 3 1 0 5 ) and 
psi ( 3 6 9 5 ) . 

N o - o n e had w r i t t en the rec ipe for 
these part ic les and tha t is part of w h a t 
al l t he exc i tement is abou t . A t th is 
s tage, w e can o n l y specu la te a b o u t 
w h a t t hey m i g h t mean . 

First of a l l , fo r t he past year, s o m e 
t h i n g has been expec ted in t he h a d r o n -
lep ton re la t ionsh ip . The lep tons are 
par t ic les, l ike the e lec t ron , w h i c h w e 
bel ieve do no t feel t he s t rong fo rce . 
Thei r in teract ions, such as are i n i 
t ia ted in an e lec t ron -pos i t r on s torage 
r i ng , can p roduce hadrons (or s t rong 
fo rce part ic les) via the i r c o m m o n 
e lec t romagnet i c features. O n the basis 
of the t heo ry tha t hadrons are bu i l t 
up of quarks (a theo ry w h i c h has a 
g r o w i n g w e i g h t of exper imenta l s u p 
por t — see Oc tober issue, page 3 3 2 ) 
it is poss ib le t o ca lcu la te relat ive 
rates at w h i c h t he e lec t ron -pos i t r on 
in terac t ion w i l l y ie ld hadrons and the 
rate s h o u l d decrease as the energy 
goes higher. The results f r o m the 
Cambr idge bypass and SPEAR a b o u t 

2, 

a year ago s h o w e d hadrons be ing 
p roduced m u c h more pro fuse ly t han 
these pred ic t ions . 

W h a t seems to be the inverse o f th is 
observa t ion is seen at t he CERN 
In tersect ing Storage Rings and the 
4 0 0 GeV synch ro t ron at t he Fermi Lab. 
In in teract ions be tween hadrons , 
such as p r o t o n - p r o t o n co l l i s ions , lep 
t o n s are seen c o m i n g of f at m u c h 
h igher re lat ive rates than c o u l d be 
p red ic ted . A re the n e w part ic les 
beh ind th is had ron - l ep ton mystery? 
A n d if so, h o w ? 

Other specu la t ions are tha t the 
part ic les have n e w propert ies t o add 
to t he fami l iar ones l ike charge sp in , 
p a r i t y . . . A s the comp lex i t y of par t ic le 
behav iou r has been uncovered , names 
have had to be selected to descr ibe 
d i f ferent aspects. These names are 
l i nked , in t he mathemat ica l desc r ip 
t i on of w h a t is g o i n g o n , t o q u a n t u m 
numbers . W h e n part ic les in teract , t he 
q u a n t u m numbers are genera l ly c o n 
served — the propert ies of the part ic les 
g o i n g in to t he in teract ion are carr ied 
a w a y , in some perhaps very d i f ferent 
c o m b i n a t i o n , by the part ic les w h i c h 
emerge. If there are n e w proper t ies, 
t hey also w i l l in f luence w h a t in ter
ac t ions can take place. 

To exp la in w h a t m igh t be h a p p e n 
i n g , w e can cons ider t he p roper ty 
ca l led 's t rangeness ' . This w a s as
s igned t o part ic les l ike the neutra l 
kaon and lambda to exp la in w h y t hey 
w e r e a lways p roduced in pairs — the 

s t rangeness q u a n t u m number is t hen 
conserved , t he kaon car ry ing + 1 , t he 
lambda car ry ing — 1 . It is because the 
kaon has s t rangeness tha t it is a very 
stable par t ic le . It w i l l no t readi ly 
break up in to o ther part ic les w h i c h d o 
no t have th is proper ty . 

T w o n e w proper t ies have recent ly 
been i nvoked by t he theor is ts — 
co lou r and cha rm . Co lour is a s u g 
gested p roper ty of quarks w h i c h 
makes sense of t he stat ist ics used t o 
ca lcu la te the consequences of the i r 
ex is tence. Th is g ives us n ine basic 
quarks — three co lou red var iet ies of 
each o f t he th ree fami l iar ones. Charm 
is a sugges ted p roper ty w h i c h makes 
sense of some observa t ions c o n c e r n 
ing neutra l cur rent in teract ions (d i s 
cussed b e l o w ) . 

It is t he remarkab le s tab i l i ty of the 
n e w part ic les w h i c h makes it so 
at t ract ive t o i nvoke co lou r or charm. 
From the measured w i d t h of t he 
resonances t h e y seem to l ive for 
abou t 1 0 ~ 2 0 seconds and do not decay 
rap id ly l ike all t he o ther resonances in 
the i r mass range. Perhaps t hey carry 
a n e w q u a n t u m number? 

Un fo r tuna te l y , even if t he n e w 
part ic les are c o l o u r e d , s ince they are 
f o r m e d e lec t romagne t i ca l l y t hey 
s h o u l d be able t o decay t he same w a y 
and the sums d o no t g ive thei r h i gh 
stabi l i ty . In a d d i t i o n , t he sums say 
tha t there is no t e n o u g h energy a round 
for t h e m to be bu i l t up of cha rmed 
cons t i tuen ts . The answer may lie in 
n e w proper t ies bu t no t in a w a y tha t 
w e can easi ly ca lcu la te . 

Yet ano ther poss ib i l i t y is tha t w e 
are, at last, see ing the in termedia te 
b o s o n . Th is par t ic le w a s p roposed 
m a n y years ago as an in termediary of 
the w e a k fo rce . J u s t as the s t rong 
force is c o m m u n i c a t e d be tween ha 
d rons by pass ing mesons a round and 
the e lec t romagne t i c fo rce is c o m 
mun i ca ted b e t w e e n charged part ic les 
by pass ing p h o t o n s a round , it is 
t h o u g h t t ha t t he w e a k fo rce c o u l d also 
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The 400 GeV 
synchrotron 
taking shape 

act via the exchange of a par t ic le 
rather t han 'at a po in t ' . 

W h e n it w a s be l ieved tha t the w e a k 
in terac t ions a lways i nvo l ved a c h a n g e 
of electr ic charge b e t w e e n t he l ep ton 
g o i n g in to the in terac t ion and t he 
lep ton g o i n g ou t , t he in te rmed ia te 
boson (o f ten referred to as t he W par
t i c le ) w a s a lways env isaged as a 
charged part ic le. The CERN d iscovery 
o f neutra l currents in 1 9 7 3 revealed 
tha t a charge change b e t w e e n t h e 
lep tons need not take p lace ; there 
c o u l d also be a neutral vers ion o f t he 
in termedia te boson (o f ten referred t o 
as the Z par t ic le) . The Z part ic le can also 
be t reated in the theory w h i c h has had 
encou rag ing success in un i t i ng t he 
in terpre ta t ions of t he w e a k and e lec t ro 
magne t i c forces. 

Th is w o r k has taken the Z mass in to 
the 7 0 GeV reg ion and its appearance 
a round 3 GeV w o u l d damage some of 
t he beaut i fu l features o f t he reun i f i 
ca t ion theor ies. A s t rong c lue c o u l d 
c o m e f r o m look ing for asymmetr ies 
in t h e decays of the n e w part ic les b e 
cause, if t hey are of t he Z var iety , 
par i ty v io la t ion shou ld occur . 

1 9 7 4 has been one of t he mos t 
fasc ina t ing years ever exper ienced in 
h igh energy physics. St i l l ree l ing f r o m 
the neutra l cur rent d iscovery , t he 
year began w i t h the SPEAR hadron 
p r o d u c t i o n mystery , c o n t i n u e d w i t h 
n e w h igh energy i n fo rma t i on f r o m the 
FermiLab and the CERN ISR, i n c l u d 
ing the h igh lep ton p r o d u c t i o n rate, 
and f in i shed w i t h the d iscovery o f 
t he n e w part ic les. A n d all th is aga inst 
a b a c k g r o u n d of fever ish theore t i ca l 
ac t i v i t y t r y i ng to keep pace w i t h w h a t 
t he n e w accelerators and s torage r ings 
have been uncove r ing . 

Dr. J.B. Adams, Director General of CERN 
Laboratory II, escorting distinguished visitors 
from the Soviet Union through the large assembly 
hall. He is in conversation with Prof. N.N. Bogo-
lubov, Director of Dubna. On the right is one 
of the stacks of SPS quadrupole focusing 
magnets awaiting installation in the machine 
tunnel. 

Cons t ruc t i on of the 4 0 0 GeV p ro ton 
synch ro t ron , the SPS, has reached t he 
sat is fy ing stage whe re parts of t he 
mach ine are c o m i n g together . A f te r 
the years o f des ign , of p lac ing 
cont rac ts and of manu fac tu r i ng and 
tes t ing separate c o m p o n e n t s , w e are 
n o w seeing these c o m p o n e n t s be ing 
assembled t o look l ike an accelerator. 

W h e n all is comp le te in 1976 , w e 
w i l l have a synchro t ron 2.2 k m in 
d iameter instal led in a tunne l aver
ag ing some 5 0 m b e l o w g r o u n d . It w i l l 
cons is t of more than 1 0 0 0 magne ts 
( bend ing magnets , quad rupo le f o c u s 
ing magnets and cor rec t ion e le
men ts ) . A peak f ie ld of 1.8 T in the 
b e n d i n g magne ts w i l l ho ld p ro tons 
accelerated t o an energy of 4 0 0 GeV. 
Beam w i l l be taken f r om the ex is t ing 
CERN p ro ton synchro t ron at an energy 
a round 10 GeV and accelerated in the 
SPS by t w o t rave l l ing w a v e cavi t ies 
opera t ing at 2 0 0 M H z . The accelerated 
p ro tons can then be e jec ted for 

exper iments t o t he Wes t ( in 1976 ) and 
Nor th ( in 1 9 7 8 ) Exper imenta l Areas. 

W e have f o l l o w e d the progress of 
the major events in the c iv i l eng ineer 
ing p r o g r a m m e as they have occur red 
and preparat ions for exper iments w e r e 
descr ibed in t he November issue. 
Here w e descr ibe progress on the 
cons t ruc t i on of some of the mach ine 
c o m p o n e n t s : 

Magnets galore 

Dur ing 1 9 7 4 impressive stacks o f 
b e n d i n g magne ts and quadrupo les 
g r e w in the large assembly hal l . Over 
3 0 0 d ipo les ( 2 2 5 of t ype A , 75 o f 
t ype B ) , 1 0 0 quadrupo les and m a n y 
smal ler co r rec t ion magnets w e r e at 
one t ime heaped up after assembly 
and tes t ing a w a i t i n g thei r t u rn to be 
w h e e l e d in to t he t u n n e l . Insta l la t ion 
in t he t u n n e l began in November and 
is p roceed ing at an average rate of 
f i ve magne ts per day. By the end of t he 
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year a fu l l sextant 's w o r t h o f magne ts 
( 1 4 0 of t h e m ) w i l l be insta l led a r o u n d 
1 k m of t he c i rcumference . S ince t h i s 
is faster t han the p r o d u c t i o n rate, t h e 
ins ta l la t ion is n o w n i bb l i ng at t h e 
magne t s tacks and g radua l l y l iber
a t ing space in the assembly hal l 
aga in . 

M a g n e t p r o d u c t i o n con t i nues 
reasonab ly sat is factor i ly . A l m o s t al l 
t he steel sheet for the magne t yokes 
has been passed t o t he manu fac tu re rs 
and is of exce l lent qua l i t y . W i t h over 
12 0 0 0 t ons de l i vered , t he average 
coerc i v i t y has been ma in ta ined w i t h i n 
0 . 0 0 2 oersted of t he n o m i n a l va lue . 
We l l over half the yokes have been p r o 
d u c e d , c o m f o r t a b l y mee t i ng de l ivery 
schedu les and des ign spec i f i ca t ions . 

The scene is a l i t t le less c o m f o r t a b l e 
o n b e n d i n g magne t co i ls and q u a d r u -
po les . The co i ls are of t w o t ypes and 
up t o n o w t h e y have been p r o d u c e d 
by t w o d i f fe rent manufac tu re rs . Type A 
have c o m e t h r o u g h in q u a n t i t y fo r 
assembly at C E R N . Type B are fu r the r 
b e h i n d and b o t h manufac tu re rs w i l l 
a t tack th is t ype as f r o m ear ly nex t year. 
A b o u t half t he quad rupo les have 
arr ived and it is impo r tan t tha t t he 
p r o d u c t i o n rate is ma in ta ined so as t o 
retain a reasonable s tack f r o m w h i c h 
t o d r a w as ins ta l la t ion proceeds. 

M a g n e t s are g o i n g d o w n t h e t u n n e l 
at t he rate o f f i ve per day. ( A spasm 
of fever ish ac t i v i t y t o ca tch up o n 
s o m e lost t ime ac tua l l y o n c e pushed 
th is as h igh as s ix teen in a d a y ) . T h e y 

w e r e s tacked in g roups of 2 5 a c c o r d i n g 
t o the i r magne t i c proper t ies and t h e 
a im is t o even o u t these proper t ies 
a round the r ing . This is d o n e by a l w a y s 
t r y i ng t o have the overal l proper t ies o f 
each d a y ' s - w o r t h of magne ts the same 
by se lec t ing f r o m a m o n g the g roups . 
It is impor tan t , there fore , no t t o run 
t he s tack t o o l o w so as t o avo id 
near ing the e n d of ins ta l la t ion w i t h a 
c l u t c h of i ncompa t i b l e magne ts in 
reserve. 

M a n y of t he specia l magne ts — 
en la rged quad rupo les for t he e jec t ion 
reg ions, co r rec t ion d ipo les t o he lp 
establ ish t he beam orb i t at i n j ec t i on , 
sex tupo les for con t ro l of c h r o m a t i c i t y 
etc... are c o m i n g t h r o u g h w e l l a n d are 
p rov i ng t o be o f g o o d qua l i t y . 

Ins and outs 

Yet more magne ts are i nvo l ved in 
b r i ng i ng beam t o the S P S , in i n jec t i on 
and e jec t ion sys tems and in t a k i n g 
accelerated beam t o the exper iments . 

The i npu t end is g o i n g s m o o t h l y . 
A l m o s t all t he b e n d i n g magne ts and 
f o c u s i n g quad rupo les , w h i c h w i l l si t 
in t he t unne l TT10 w h i c h d ips d o w n 
f r o m the PS- ISR b e a m - l i n e t o t he 
level o f t he u n d e r g r o u n d s y n c h r o t r o n , 
are o n si te and sat is fac tor i ly tes ted . 

W i t h i n t he r ing itself k icker magne ts 
and s e p t u m magne ts fo r i n jec t ion and 
e jec t i on sys tems are a m o n g s t t he 
t e c h n o l o g i c a l l y most d i f f i cu l t c o m 
ponen ts o f t he mach ine . A s s e m b l y 
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of t h e k ickers s tar ted in November and 
w i l l c o n t i n u e , under pressure, t h r o u g h 
o u t t he next year. Their p o w e r 
supp l ies w h i c h , as t he name k icker 
sugges ts , p rov ide a sharp cur rent pu lse 
t o t he magne ts so as t o k ick p ro tons 
of f o n s o m e d i f fe rent t ra jectory , have 
been des igned a n d t he f i rst mode ls 
tes ted . T h e y i nvo l ve a pulse f o r m i n g 
n e t w o r k and s w i t c h e s w i t h a ceramic 
d e u t e r i u m - f i l l e d thy ra t ron in paral lel 
w i t h a l ine o f th ree ign i t rons . The 
thy ra t ron ensures t he rap id cur rent rise 
w h i l e t he i gn i t rons take the bu lk of t he 
cur ren t after a f e w mic roseconds . 

The p o w e r supp l ies w i l l p rov ide 
pulses o f m a n y t h o u s a n d s of amps fo r 
up t o 2 4 [ is and such l ong pulses have 
no t been easy t o ach ieve. Further 
t r icks have been p layed w i t h t h e p o w e r 
s u p p l y fo r t h e k icker t o send p ro tons 
in to a beam d u m p d u r i n g tests of t he 
acce lerator or w h e n p rob lems occur . 
A beam o f 1 0 1 3 par t ic les at 4 0 0 GeV is 
equ iva len t t o over half a mega jou le 
of ene rgy a n d t h e d u m p has t o take 
th is w i t h o u t t o o great local hea t ing . 
The d u m p s w i l l cons is t o f a cast i ron 
cy l indr i ca l shel l f i l l ed w i t h a copper 
and a l u m i n i u m core and the d u m p e d 
beam w i l l be spread over the core as 
m u c h as poss ib le by pass ing it t h r o u g h 
a r is ing m a g n e t f i e ld . The d u m p k icker 
s u p p l y w i l l a lso t ry t o he lp spread t he 
beam by a d d i n g a 2 0 % osc i l la t ion on 
t o p o f its 10 kA , 25 IAS pulse. S u c h 
pulses have been ach ieved bu t t hey 
are hard o n t he p o w e r s u p p l y c o m -
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The SPS goes round the bend. Installation in the 
machine tunnel has progressed to the stage 
where a full arc of magnets can be seen 
disappearing around the curve of the ring 
tunnel. Only six more kilometers to go. 

This array of bed-springs sits on top of 
condensers in the pulse forming network 
which will power the fast kicker magnets used 
in getting protons in or out of the SPS. The 
network is charged to 60 kV and sends out 
pulses of 4 kA for 25 [is with a rise-time of 
100 ns. In operation, the condensers and their 
bed-spring inductances are in a bath of oil. 
Fourteen of them will be located in service 
buildings around the SPS ring and will send 
their pulses to magnets as far as 250 m away. 

ponen ts and l i fe t ime tests are n o w 
be ing carr ied ou t . 

The e lect rostat ic septa, w h i c h w i l l 
use a t h i n cur ta in of t u n g s t e n w i res 
(0 .15 m m in d iameter w i t h a 1.5 m m 
spac ing ) t o sh ie ld p ro tons st i l l o rb i t i ng 
t he r ing f r o m pro tons b e i n g e jec ted 
t o w a r d s t he exper iments , have been 
fu r ther deve loped du r i ng t he year. A n 
a l u m i n i u m ox ide (pe ra luman) ca thode 
has g i ven bet ter vo l t age h o l d i n g 
character is t ics t han t he t i t a n i u m t ype 
( 1 3 0 kV per c m compared w i t h 1 0 0 kV 
per c m or less d e p e n d i n g on the 
pressure) . The ox ide layer is, howeve r , 
more easi ly d a m a g e d by e lect r ica l 
b r e a k d o w n and it has b e c o m e i m p o r 
tan t t o s top ions p r o d u c e d in the 
reg ion o f t he o rb i t i ng beam f r o m 
en te r ing the gap b e t w e e n t h e w i res and 
the ca thode w h e r e t hey can in i t ia te 
b r e a k d o w n . Clear ing e lec t rodes to 
co l lec t these ions w i l l there fore be 
insta l led above and b e l o w the o rb i t i ng 
beam. 

M o s t o f t he related c o m p o n e n t s — 
the sep tum magnets , beam m o n i 
tors , spl i t ter magne ts , targets . . . 
are on schedu le . A n in tense year 's 
w o r k is ahead t o have t h e m ready in 
l ine w i t h the general ins ta l la t ion 
p rog ramme. 

The r.f. system 

The rad io f requency acce le ra t ing sys
t e m had its fair share o f d i f f i cu l t ies in 
t h e f i rst half o f 1 9 7 4 — no t in t he 
esoter ic w o r l d of t he r.f. p o w e r a m p l i 
f iers, etc. bu t in t he seeming l y more 
m u n d a n e w o r l d o f w e l d i n g and braz ing 
o f t he cavi t ies. T w o cav i t ies w i l l be 
insta l led in the accelerator r i ng , each 
cons is t i ng of f i ve t ank sec t ions w i t h 
each sec t ion hous ing e leven dr i f t 
tubes . W e l d i n g a round t h e pos i t i ons 
w h e r e t he dr i f t t u b e s tems are a t tached 
t o t he t ank and braz ing o f t h e coppe r 
dr i f t t ube assembl ies t o ' t h e requ i red 
accurac ies and qual i t ies p roved very 
d i f f i cu l t . 

By n o w w e seem t o be on t o p of 
these prob lems. A comp le te t a n k 
sec t ion has been de l ivered a n d t h e 
dr i f t t ubes insta l led. Four more sec
t i ons , t o comp le te the f i rst cav i ty , are 
expec ted soon and all is ready t o test 
t h e m under r.f. p o w e r early in 1 9 7 5 . If 
th is goes w e l l , t he cav i ty w i l l be 
l owe red t o the t unne l in Ap r i l and be 
f o l l o w e d by its t w i n late summer . 

M a n y associated c o m p o n e n t s — 
v a c u u m w i n d o w s , coup le rs t o l ink 
the cavi t ies t o the r.f. p o w e r t rans 
miss ion l ines, t he l ines themse lves 
( toge ther w i t h thei r ceramic d iscs) and 
t e rm ina t i ng loads have been de l i v 
ered. 

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 H z f r o m an 
ampl i f ie r us ing f i ve 125 k W p o w e r 
tubes . A l l t he c o m p o n n e n t s fo r p o w 
er ing the f i rst cav i t y are n o w be ing 
assembled . T w o fur ther p o w e r a m p l i 
f iers w i l l be bu i l t leav ing o n e spare 
w h i c h c o u l d eventua l l y be used t o 

p o w e r a t h i rd cav i t y if th is is requi red 
in a f u tu re d e v e l o p m e n t of t he acce l 
erator. 

The en thus iasm for r.f. systems oper 
a t ing at 2 0 0 M H z is ex tend ing also t o 
t h e PS in its role as in jec tor fo r t h e 
SPS . Labora to ry II is cons t ruc t i ng a 
sys tem w i t h f o u r cavi t ies fo r ins ta l la 
t i o n in t h e PS w h e r e m o d u l a t i n g t he 
beam at 2 0 0 M H z w i l l make it easier 
t o s t udy its behav iou r as it arrives at t he 
SPS us ing t he same un i ts tha t w i l l 
m o n i t o r t h e beam t h r o u g h o u t t he 
acce lera t ion cyc le . It is p robab le tha t 
t h e r.f. sys tem in t he PS w i l l go fu r ther 
t h a n th is and ac tua l l y impose a b u n c h 
s t ruc tu re at 2 0 0 M H z before t h e 
p ro tons set o f f fo r t he SPS. This w i l l 
ease the ' cap tu re ' p rob lem for t he r.f. 
sys tem of t h e b ig mach ine and p r o b 
ab ly reduce rad ia t ion p rob lems due t o 
los ing par t ic les. Co l l ec t i ng u n b u n d l e d 
par t ic les can be d o n e in a more c o n 
t ro l led w a y w i t h i n the PS t han in t he 
SPS. 
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A section of an r.f. cavity which will 
accelerate protons in the SPS. A novel 
feature of the machine is that the technique 
of acceleration is similar to that used in 
linear accelerators—hence the line of drift tubes 
along the axis of the cavity. Five of these sections 
will make up one cavity and two cavities will 
be installed initially. 

The control room of the SPS. Three of the 
consoles (the one on the left and the outer 
ones behind) will be able to call any or all of 
the machine components under control. The 
centre console will carry the safety controls 
and alarms. The computers, which will link the 
consoles to the accelerator hide behind the 
wall on the right. It is hoped to have one 
console completely equipped by the end of the 
year for tests and further development of the 
control system, which is the most advanced and 
versatile of any accelerator yet built. 

A great deal of w o r k is also i nvo l ved 
in the var ious con t ro l e lements l i nked 
t o opera t ion of t he r.f. sys tem in t h e 
SPS. They have to gather i n f o r m a t i o n 
o n beam behav iou r and te l l t he r.f. 
w h a t t o d o t o keep t he behav iou r 
g o o d . W e have c o m e a l ong w a y s ince 
t he f a m o u s feedback c i rcu i t bu i l t i n to 
a Nescafe t i n w h i c h he lped so m u c h 
in b r i ng ing on the PS in 1 9 5 9 . In t r ica te 
c o m p o n e n t s and c i rcu i t ry w i l l make 
versat i le con t ro l poss ib le (v ia an 
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i n te rmedia te f r equency o f 10.7 M H z ) 
at t he SPS, regardless of w h e t h e r w e 
are hand l i ng in tense beams, w e a k 
beams, s ing le bunches , e t c . . . 

A m o n g t h e p i c k - u p e lec t rodes i n 
v o l v e d , a w i d e band vers ion has been 
t r ied on t he PS and has w o r k e d very 
w e l l . They have been deve loped t o 
take s igna ls f r o m 1 0 0 Hz to 5 G H z 
and m i g h t even be ex tended t o d.c. by 
rep lac ing t he co -ax ia l e lec t rodes by 
b e a m cur rent t ransformers. It is t h e 

f i rst t ime s u c h p i c k - u p s have been 
b r o u g h t i n to e f f i c ien t opera t ion at 
very h i gh f requenc ies at C E R N . 

Under controls 

Rema in i ng in t h e d o m a i n of con t ro l s 
— t h e assembly o f t h e con t ro l sys tem 
for t h e w h o l e m a c h i n e is one of t he 
mos t d a u n t i n g aspects of t h e pro ject . 
Qu i te apart f r o m t h e soph is t i ca ted 
features, l ike t h e ex tended abi l i t ies in 
t he use o f c o m p u t e r s , ins ta l l ing t h e 
hund reds o f mi les of cab le , needed fo r 
m o n i t o r i n g and con t ro l l i ng t he myr iad 
c o m p o n e n t s , a n d m a k i n g t he tens 
of t h o u s a n d s o f c o n n e c t i o n s cor rec t ly 
is an impress ive exerc ise in log is t ics in 
itself. A b o u t 1 7 5 k m of cab le have 
been la id in t h e f i rst sex tant o f t he 
m a c h i n e t o be ins ta l led a n d , at t h e 
peak pe r i od , an average of one 
c o n n e c t i o n every ten seconds w i l l 
have t o be made and tes ted . 

A l l t w e n t y - f o u r N O R D - 1 0 c o m 
puters , w h i c h w i l l take care of t he 
con t ro l f u n c t i o n s , have been de l ivered. 
A n add i t i ona l o n e to l ook after t he 
N o r t h Exper imenta l Area w i l l arr ive 
in February. T h e y are pe r fo rm ing w e l l 
and t h e recent ones have been pass ing 
the i r accep tance tests w i t h i n abou t a 
w e e k of reach ing C E R N . These c o m 
puters have p roved so successfu l t ha t 
t h e y are n o w f i n d i n g the i r w a y in to 
o ther parts o f C E R N also. 

M a n y of t h e m have been spr ink led 
a r o u n d t he Labora to ry II s i te in the i r 
des t ined pos i t i ons , fo r examp le in t he 
aux i l ia ry b u i l d i n g s near t he access 
shaf ts 2 and 3, a n d have been used in 
the f i rst tests o n t h e message t ransfer 
sys tem. S igna ls have been b o u n c e d 
a r o u n d t o c h e c k t h e spec i f ied per for 
m a n c e ( less t h a n one unde tec ted 
error in 1 0 1 1 b i ts t ransferred) a n d , in a 
test , a lmos t 1 0 1 0 b i ts have been pass
ed w i t h o u t p r o b l e m . A b o u t half o f t he 
C A M A C e q u i p m e n t fo r t he in ter face 
w i t h t h e c o m p u t e r s has arr ived ( m u c h 
of it is a l ready ins ta l led) and modu les 

4 2 2 



CERN News 

fo r t he mu l t i p lex sys tem are c o m i n g 
t h r o u g h t o schedu le . 

For t he c o m p u t e r p rog rammes , an 
imp roved vers ion o f t he c o m m a n d 
language has been deve loped . It is 
n o w poss ib le t o s w i t c h p rograms and 
data b e t w e e n t he compu te rs w i t h 
s imp le s ta tements fed t o a compu te r . 
The emphas is on p r o g r a m m i n g has 
m o v e d to p r o d u c i n g t he specia l 
p rograms w h i c h are l inked to t he 
spec i f ic mach ine c o m p o n e n t s . Th is 
c o u l d have been a very d i f f i cu l t j o b bu t 
t he bas ics imp l i c i t y o f the c o m p u t e r c o n 
t ro l t echn iques w h i c h have been w o r k 
ed o u t shou ld make it poss ib le t o cover 
all t he specia l requ i rements rapid ly . 

A t t he con t ro l desks w h i c h are n o w 
be ing bu i l t up , t he remarkab le a b i l 
i t ies of t h e sys tem b e c o m e ev ident . 
It is poss ib le t o p ick o u t a mach ine 
se t t ing fo r mod i f i ca t i on or any c o m p o 
nent fo r deta i led inves t iga t ion via a 
t o u c h screen (see Apr i l issue, page 
1 1 7 ) . For examp le , f r o m an in i t ia l 
set o f legends w r i t t e n on t he screen by 
t he c o m p u t e r it is poss ib le t o cal l t he 
r.f. su i te o f programs. The c o m p u t e r 
t hen wr i tes a list o f r.f. f u n c t i o n s on 
ano ther screen and a more deta i led set 
o n the t o u c h screen. Set t ings related t o 
a par t icu lar r.f. f u n c t i o n can t h e n be 
s u m m o n e d a n d , f ina l ly , t he opera tor is 
l inked t o it v ia a con t ro l k n o b . 

To check the opera t ion o f t he beam 
mon i to rs o f t he SPS, a beam cur rent 
t ransformer , ion iza t ion beam scanner 
and secondary emiss ion m o n i t o r have 
been insta l led on the 2 8 GeV s y n 
ch ro t ron and in t h e W e s t Exper i 
menta l Hal l in co l labora t ion w i t h t h e 
PS D iv i s ion . They are l i nked t o 
N O R D - 1 0 compu te rs . The tests w e r e 
very successfu l w i t h the ab i l i t y t o z o o m 
in on a par t icu lar p iece o f t h e i n f o r m a 
t i o n c o m i n g f r om the mon i to r , v ia t he 
con t ro l compu te r , p rov i ng a n e w asset 
in s t u d y i n g beam behav iour . 

It w i l l no t be very l ong before these 
mon i t o r s are l ook i ng at p ro tons over 
ten t imes more energet ic . 

High intensities 
with the PS 
A s cons t ruc t i on o f t he 4 0 0 GeV 
synch ro t ron progresses in Labora 
to ry I I , t he p ro ton synch ro t ron of 
Labora tory I prepares for its task as 
in jector . For th is , it must be capab le 
o f acce lera t ing , t o 10 or 14 GeV, a 
beam w i t h an in tens i ty of 1 0 1 3 p ro tons 
per pulse. 

In the course of a mach ine d e v e l o p 
men t per iod on 7 November a beam of 
9.3 x 1 0 1 2 p p p w a s accelerated. Th is 
test s h o w e d no unexpec ted p h e n o 
m e n o n related t o the h igh in tens i ty 
and gives g o o d g r o u n d fo r be l iev ing 
tha t the PS w i l l break the 1 0 1 3 barrier 
w i t h o u t major d i f f i cu l ty . 

Du r i ng the h igh in tens i ty r un , t h e 
teams m a n n i n g the accelerators i n 
vo l ved ( the 5 0 M e V Linac, t he 
8 0 0 M e V Booster and the p ro ton 
synch ro t ron i tself) had to t u n e up t o 

n e w per fo rmance levels. The L inac, 
w h i c h under norma l opera t ion p r o 
v ides pulses o f 5 0 m A , w a s requi red 
t o raise 8 0 m A . This is n o w easier 
f o l l o w i n g mod i f i ca t i ons t o the b u n -
cher, w h i c h g ives a dens i ty in t he 
cent re of t he beam of 11 m A / m m / 
mrad . Despi te the very del icate c o n 
t ro l needed , par t icu lar ly w i t h the r.f. 
sys tem, t he s tab i l i t y o f t he Linac beam 
remained exce l len t , bo th f r o m pu lse 
t o pulse and w i t h i n a pulse. 

The Boos ter has made m u c h p r o 
gress s ince it last fea tured in our pages 
(see v o l . 14 , page 2 5 1 ) . It has reached 
intensi t ies o f 1.3 * 1 0 1 3 p p p , bu t t he 

An exhibition was organized in November to 
present the work of maintenance and 
improvement which is needed for the three 
hundred magnets of the beam-lines in the PS 
experimental halls. This service has been in action 
about four years aiming to achieve the highest 
possible reliability taking into account such 
features as aging effects due to radiation and 
maintenance difficulties in radiation 
environments. 
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beam w a s st i l l t o o large t o be c o m 
fo r tab l y in jec ted in to the PS. A t h i g h 
in tens i ty , space charge ef fects p roduce 
a d o w n w a r d dr i f t and spread of t h e 
be ta t ron f requenc ies ; resonance l ines 
are crossed by the part ic les lead ing t o 
beam b l o w up. By appropr ia te l y 
p r o g r a m m i n g the w o r k i n g p o i n t du r i ng 
the acce lerat ion cyc le , it has been 
poss ib le t o m in im ize th is p h e n o m e n o n 
o f increased emi t tance by s teer ing 
c lear o f t he mos t dangerous reso
nances and the ver t ica l em i t tance at 
8 0 0 M e V has been reduced . 

In add i t i on , a more soph is t i ca ted 
m e t h o d of d a m p i n g the l ong i t ud ina l 
instabi l i t ies (see v o l . 14 , page 2 5 1 ) 
has been deve loped . Rear rangement 
o f t he part ic les w i t h i n a b u n c h is 
i n d u c e d by exc i t i ng ( t w i c e d u r i n g t he 
acce lera t ion cyc le ) t he beam at a 
f r equency d o u b l e tha t o f t he s y n c h r o 
t r on f requency . 

These improvemen ts gave a 
8 0 0 M e V beam w i t h the requ i red 
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emi t tance fo r in jec t ion in to the PS. 
Further improvements w i l l , however , 
be requ i red t o ob ta in perfect r e c o m 
b ina t i on o f t h e bunches du r i ng t he 
t ransfer process and t o adapt t he beam 
even better t o the acceptance of t he PS. 

It w a s t he f i rst t ime tha t t he PS had 
received so intense a beam and t he 
mach ine set t ings w h i c h w e r e t hen 
made w i l l be op t im ised in the course 
o f c o m i n g deve lopmen t per iods. The 
t r i cky po in ts are the compensa t i on o f 
resonances at in jec t ion (ma in l y s e x t u -
po le fo r w h i c h 3 2 n e w sex tupo le cor 
rec t ion lenses have been insta l led) 
and the p r o g r a m m i n g of t he w o r k i n g 
po in t as a f u n c t i o n of t ime in order t o 
reduce beam b l o w up du r i ng t he 
accelerat ion cyc le . 

Cross ing t rans i t ion w i t h the a id o f 
t he gamma- t rans i t i on j u m p sys tem 
(see vo l . 14 , page 10) w a s p r o b l e m -
free. A s pred ic ted theore t ica l ly , a 
smal l increase in emi t tance w a s meas
ured , bu t th is shou ld be e l im ina ted 

7. An oscilloscope picture of the spot produced 
by the extracted beam in the synchro-cyclotron 
hall. 

2. The radial beam intensity distribution in the 
synchro-cyclotron near the extraction channel 
as seen by a new secondary emission detector. 

The electromagnetic septum channel of the 
600 MeV synchro-cyclotron extraction system 
prior to its installation in the accelerator. The 
first tests of extraction from the rebuilt machine 
yielded more intense beams. 

w h e n the quad rupo les receive the i r 
faster p o w e r supp l ies w h i c h are n o w 
be ing bu i l t . It w a s possib le to d a m p 
the co l lec t i ve instabi l i t ies of the beam 
by means of oc tupo les and t o ach ieve 
fast e jec t ion at 1 0 G e V / c w i t h 9 3 % 
e f f i c iency w i t h o u t par t icu lar ly re f ined 
ad jus tments . 

M u c h remains t o be d o n e to ob ta in a 
beam of t he i n t e n s i t y a n d q u a l i t y requir 
ed by t he SPS bu t t he results ach ieved 
in th is test are ve ry e n c o u r a g i n g . 

Extraction in action 
The f i rst s tages o f t he r e - c o m m i s 
s ion ing o f t he CERN 6 0 0 M e V s y n 
c h r o - c y c l o t r o n , f o l l o w i n g its p r o g r a m 
me o f imp rovemen ts , we re repor ted in 
the Oc tober issue page 3 3 4 . A t tha t 
t ime , t o reduce t h e comp l i ca t i ons for 
the in i t ia l tests, t h e ex t rac t ion system 
w a s no t in ac t i on . It w a s b rough t on 
for t he f i rs t t i m e o n 2 0 November and 
hea l thy ex t rac ted p ro ton beams w e r e 
rap id ly ach ieved . 

Beam emerged at t he very f i rst 
a t t emp t a n d , after a f e w deve lopmen t 
runs, t he e jected beam in tens i ty w a s 
measured as be ing a round 3 0 0 n A 
(2 x 1 0 1 2 p r o t o n s ) . Th is is w i t h the 
r.f. sys tem pu lsed at one s ix teenth of 
its des ign repet i t ion rate ( to l imi t i r ra
d ia t i on o f t he mach ine w h i l e master ing 
the beam) and cor responds to 5 ^ A 
w h e n the r.f. is g o i n g fu l l blast. The 
3 0 0 n A ob ta i ned so far are a l ready 
three t imes t he in tens i ty of t he 
ex t rac ted beam before the rebu i ld and 
w e l l o n t he w a y to the n e w des ign 
f igu re of 7 piA. 

Dur i ng these tests, it p roved pos 
sib le t o ob ta in nove l i n fo rmat ion on 
the behav iou r of t he sp i ra l l ing beam 
w i t h i n t he accelerator. The c o m b i 
na t ion o f t he magne t i c f i e ld , the r.f. 
f ie ld and the c loseness of t he beam 
orb i ts usua l ly makes it ex t remely d i f f i 
cu l t t o d r a w any c lean in fo rmat ion 
abou t w h a t t he beam is d o i n g in a s y n 
c h r o - c y c l o t r o n . A n e w m e t h o d , us ing 
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Views of streamers in hydrogen. The gas in the 
chamber has a small impurity content (0.5 % 
methane and 0.1 x 10~4 % of sulphur 
hexafluoride), the pressure was 500 ton and 
gave about 1.5 streamers per centimetre along 
the particle track. The track is about 10 cm long. 

1. Taken parallel to the electric field showing 
the length of the streamers (3 to 8 mm in 
the chamber). 

2. Taken perpendicular to the electric field 
showing the diameter of the streamers (0.3 to 
1 mm) in the chamber 

This is not the usual way a camera is 
pointed in BEBC. This photograph is taken 
from inside the 3.7 m European bubble 
chamber looking up at the ports where 
cameras normally peer into the chamber to see 
particle tracks. The chamber is now a/most 
completely reassembled after the repairs to the 
magnet and tests will begin again soon. 

t he secondary emiss ion t e c h n i q u e 
w i t h very t h i n fo i ls at an ang le t o t h e 
sp i ra l l ing beam, is g i v i n g g o o d data 
w h i c h w i l l be very he lp fu l in o p t i m i z i n g 
the ex t rac t ion e f f ic iency. 

Hydrogen streamer 
chamber 
S o m e n e w results have recent ly been 
ob ta i ned in the d e v e l o p m e n t o f h y d r o 
gen streamer chambers . S u c h c h a m 
bers c o u l d have par t icu lar advan tages 
fo r some exper iments — t h e y retain 
the qual i t ies of ' c o n v e n t i o n a l ' s t reamer 
chambers (espec ia l ly t he ab i l i t y t o be 
t r iggered to record o n l y t he events o f 
interest) w h i l e serv ing also as t h e 
target . In terac t ions w i t h p ro tons in t h e 
hyd rogen (and neu t rons if deu te r i um 
is used) can be observed in a s imi lar 
w a y t o in terac t ions in a h y d r o g e n 
b u b b l e chamber . 

W o r k has begun aga in in the Track 

Chambers D iv is ion in co l l abo ra t i on 
w i t h the Orsay bubb le chamber g r o u p . 
A f e w years ago , t he poss ib i l i t y o f 
o b t a i n i n g streamers in hyd rogen w a s 
inves t iga ted at A r g o n n e ( v o l . 10 , 
page 2 8 3 ) at Dubna and at C E R N 
(vo l . 10 , page 2 2 8 ) . First t racks at l o w 
pressure (0 .4 a tmospheres) w e r e 
ach ieved at CERN in 1971 (Nuc lea r 
Inst. I l l , 1 9 7 3 , 4 8 5 - 4 9 5 ) . The n e w 
w o r k has imp roved the per fo rmance . 

The f i rst e f for t w a s to repeat t he 
earl ier resul ts us ing the ex is t ing smal l 
s t reamer chamber (9 x 21 x 2 6 c m 3 ) 
and to ex tend the per fo rmance t o 
a tmospher i c pressure. A M a r x gener 
ator capab le o f very h igh vo l tage ( u p 
t o 2 M V ) has been made and is used 
w i t h a n e w con ica l B lum le in l ine (o i l 
insu la ted) t o p roduce very shor t 
( abou t 6 ns) h igh vo l tage pulses o n 
t h e chamber e lect rodes. The h igh 
vo l tages d e m a n d great care in t h e 
cons t ruc t i on of t he chamber t o avo id 
b r e a k d o w n p rob lems and th is has 

been ach ieved by carefu l cho i ce o f 
shapes and mater ia ls and by ensur ing 
sc rupu lous c lean l iness. 

Better qua l i t y t racks are ach ieved 
w i t h pressures u p t o 0.8 a tmospheres 
in a m ix tu re c o n t a i n i n g less t han 1 % 
impur i t ies ( m a i n l y me thane ) . The tests 
i nvo lve us ing an image in tens i f ier 
deve loped in t h e ISR Div is ion at C E R N . 

Part ic le t rack pho tog raphs are o b 
ta ined w i t h h i gh contrast . The st rea
mers are 0.3 t o 1 m m in d iameter and 
5 t o 8 m m l o n g and of even qua l i t y 
f r o m st reamer t o streamer. The neces
sary f i e ld g rad ien t t o f o r m the streamers 
is a b o u t 5 4 kV per c m at 0.8 a t m o s 
pheres w i t h a pu lse o f 6 ns w h i c h is 
c lose t o t h e theore t i ca l p red ic t i on . 

There are s o m e techn ica l d i f f i cu l t ies 
st i l l t o be o v e r c o m e bu t it is be l ieved 
tha t t h e c o n s t r u c t i o n of a large h y d r o 
gen st reamer chamber c o u l d n o w be 
c o n f r o n t e d if i t seemed t o be t he 
appropr ia te de tec to r fo r some par t i 
cu lar exper imen ts . 
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Around the Laboratories 

The DORIS storage rings at an intersection 
where the electron and positron beams orbiting 
in their separate rings are brought together for 
colliding beam studies. 

DESY 
Experiments start at 
DORIS 
D O R I S , the 3.5 GeV e lec t ron -pos i t ron 
s torage r ings o f t he Deutsches Elek-
t ronen Synch ro t ron , DESY, has begun 
regular opera t ion for co l l i d i ng beam 
exper iments . S ince beams w e r e f i rst 
s tored in December 1 9 7 3 , there has 
been a hard s t rugg le t o ho ld d o w n the 
c o m p l e x and versat i le mach ine . C o m 
miss ion ing con t inues and has so far 
resul ted in a l um inos i t y of 1 0 3 0 c r r r 2 s - 1 

at an energy o f 2 GeV. This l um inos i t y , 
w h i c h is ob ta ined w i t h s tored e lec t ron 
and pos i t ron currents of abou t 2 5 0 m A 
and a beam li fe o f abou t f ou r hours , 
is used for phys ics runs. 

Un l i ke the other e lect ron co l l i d i ng 
beam mach ines in th is energy range, 
D O R I S is a d o u b l e r ing mach ine , 
c o n f i n i n g the t w o beams in r ings one 
o n t o p of t he other and in tersect ing at 

t w o po in ts w i t h a smal l ver t ica l 
c ross ing angle . This makes it poss ib le 
t o co l l ide e lect rons not on l y w i t h p o s i 
t rons bu t also w i t h e lect rons or p r o 
tons . E lec t ron-e lec t ron co l l i s ions are 
a rather c lean source of t he so -ca l l ed 
g a m m a - g a m m a react ions, w h i c h also 
occu r in e lec t ron -pos i t ron co l l i s ions 
b u t t hen have to be separated f r o m 
the events c o m i n g f r o m s ing le p h o t o n 
exchange . Th is mode of opera t ion is, 
therefore, an impor tan t part of t h e 
exper imenta l p rogramme. In add i t i on , 
p ro tons w i l l be accelerated in the 
DESY synchro t ron and stored in o n e 
of t he D O R I S r ings, p rov id ing e lec
t r o n - p r o t o n co l l i s ions for mach ine 
s tud ies on t he s tab i l i ty of in tersect ing 
e lec t ron and p ro ton beams and maybe 
also for some phys ics exper iments . 

The separat ion o f the beams in the 
d o u b l e r ing permi ts opera t ion w i t h 
m a n y bunches o rb i t i ng the r ings 
po ten t ia l l y enhanc ing the l um inos i t y at 
m e d i u m and lower energies. U n f o r t u -

nate ly , p rob lems have to be ove rcome 
ar is ing f r o m m u l t i b u n c h instabi l i t ies 
in a s ing le beam. The m a x i m u m s ing le 
beam currents s tored in D O R I S so far 
are 0.8 A o f e lec t rons and 0.35 A of 
pos i t rons. In i t ia l ly , t he currents we re 
l im i ted by several instabi l i t ies der iv ing 
f r o m the e lec t romagne t i c in teract ion 
o f t he beam w i t h its env i ronmen t and 
lead ing t o t ransverse or l ong i tud ina l 
b u n c h osc i l la t ions o f g r o w i n g a m p l i 
t ude . In terac t ions w i t h parts of t he 
v a c u u m vessel a n d , especial ly, w i t h 
h igher resonance modes in the r.f. 
acce lera t ing cav i t ies we re ident i f ied 
and par t ia l ly cu red . In the cavi t ies, t he 
three mos t dangerous resonances 
we re s t rong ly d a m p e d by inser t ing 
c o u p l i n g antennas. Th is s ign i f i can t ly 
improved beam s tab i l i t y and current . 

A n o t h e r c lear ly ident i f ied p h e n o 
m e n o n is t he so -ca l l ed 'head- ta i l 
e f fect ' . In th is instab i l i ty , t he part ic les 
in t h e f ron t o f a b u n c h recurrent ly 
exc i te be ta t ron osc i l la t ions o f t he 
part ic les in the rear. S ince the i r roles 
are e x c h a n g e d du r i ng every half s y n 
ch ro t ron osc i l l a t ion per iod , a c c o m 
pan ied by a per iod ic var ia t ion of be ta 
t r on f requency , t h e osc i l la t ion a m p l i 
t ude g r o w s exponen t ia l l y and leads t o 
los ing t he b u n c h . A w e l l k n o w n 
remedy cons is ts in remov ing th is 
var ia t ion o f be ta t ron f requency by 
sex tupo le magne ts . T o d o th is p r o 
per ly in D O R I S , a n e w f ocus i ng 
scheme w a s des igned . It no t on l y 
cured the head- ta i l e f fect bu t also 
reduced t he beam w i d t h and great ly 
imp roved in jec t i on and s tab i l i ty o f t he 
beams. 

The D O R I S r ings are f i l led at 2 GeV 
by in jec t ion f r o m the 7.5 GeV DESY 
synch ro t ron w h i c h operates at 5 0 Hz 
and t ransfers e lec t rons and pos i t rons in 
any preselected pulse t o pulse 
sequence w h i l e us ing the remain ing 
pulses fo r exper imen ts at t he synch ro 
t r on . In jec t ion e f f i c iency has risen t o 
b e t w e e n 5 0 and 8 0 % w i t h t he n e w 
beam op t i cs , o w i n g t o a smal ler beam 
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One of the large detection systems, PLUTO, 
at DORIS. A good impression of the super
conducting solenoid can be obtained from the 
picture. The surrounding iron yoke is pulled 
back on each side of the beam intersection 
region. 

(Photos DESY) 

dispers ion at t he in jec t ion po in t . In a 
f e w mon ths , n e w l y e q u i p p e d t ransfer 
channe ls w i l l permi t in jec t ion also 
at h igher D O R I S energies. M e a n w h i l e , 
the energy can be raised in the s torage 
r ing w i t h o u t basic p rob lems. Beams 
of more than 1 0 0 m A have been car
r ied to 3.2 GeV and a smal ler beam 
current t o 3.45 GeV. 

In its present f o r m , D O R I S is e q u i p 
ped fo r an energy of 3.5 GeV. There 
w i l l be three 5 0 0 M H z r.f. k lys t ron 
t ransmi t ters per beam, each de l iver ing 
a p o w e r of 2 5 0 k W . T w o of these are 
n o w operab le and the th i rd is near ing 
c o m p l e t i o n . A l l bend ing and f o c u s i n g 
magnets are capab le of be ing ener
g ized up to 5 GeV and the cor re 
s p o n d i n g magnet p o w e r s u p p l y w i l l be 
insta l led early in 1975 . Howeve r , t he 
present r.f. sys tem w i l l carry the beams 
up to abou t 4 .2 GeV on ly . N e w acce l 
erat ing uni ts of h igher s h u n t i m p e 
dance are be ing prepared for ra is ing 
t he energy fur ther . 

For t he exper iments , t w o large 
comp lemen ta r y de tec t ion systems 
have been instal led and tes ted in t he 
s t ra ight sec t ions : a magne t i c spec t ro 
meter o f large so l id ang le and m e d i u m 
m o m e n t u m reso lu t ion , ca l led P L U T O , 
and a d o u b l e arm magne t i c spec t ro 
meter of h igh m o m e n t u m reso lu t ion 
over a smal ler so l id ang le , ca l led 
D A S P. 

The P L U T O magne t is a 2 T super 
c o n d u c t i n g so leno id 0.4 m in d iameter 
and 1 . 1 5 m l o n g , tha t is coax ia l t o t he 
beams and enc losed in a 9 0 t steel 
yoke . To min im ize the e f fec t o n t h e 
s tored beams, t w o add i t i ona l super 
c o n d u c t i n g co i ls are inco rpora ted in 
t he yoke c o m p e n s a t i n g the in tegra ted 
f ie ld a long the beam axis. Tests at fu l l 
magne t exc i ta t ion have demons t ra ted 
tha t t he f ie ld does not d i s tu rb s to rage 
r ing opera t ion . The sys tem fo r t h e 
de tec t ion o f m u l t i p r o n g events ma in l y 
cons is ts o f s ix teen concen t r i c c y l i n 
dr ica l p ropor t iona l chambers w i t h 
w i res spaced 2.5 m m apart . The p re 

ampl i f ie rs fo r the 17 0 0 0 w i res are 
p laced be tween the cryosta t and 
magne t yoke w h i l e the main ampl i f ie rs 
are 2 0 m a w a y and are read in to a 
P D P 1 1 / 4 5 computer . Events are pre
se lected by hardware log ic , t hen fu r 
ther reduced by t he PDP t o less t han 
ten per second , and f ina l l y eva lua ted 
by an I B M 3 7 / 1 6 8 compute r . Outer 
m u o n counters are f o rmed by arrays o f 
p ropor t i ona l coun te r tubes p laced in 
t h e i ron yoke . The so l id ang le o f t he 
assembly is 9 4 % of 4 -K s te rad ; t he 
m o m e n t u m reso lu t ion is abou t 5 % at 
1 GeV over 6 5 % of 4 TU. 

D A S P permi ts h igh prec is ion m o 
m e n t u m measurement in c o n j u n c t i o n 
w i t h g o o d part ic le iden t i f i ca t ion in a 
restr ic ted so l id angle . Its p r imary 
interests are t w o - b o d y and q u a s i - t w o -
b o d y react ions, inc lus ive react ions 
and g a m m a g a m m a processes. D A S P 
has a large aperture magne t o f var iab le 
geome t r y o n ei ther s ide o f t he in ter
ac t ion po in t . W i t h a gap he igh t o f 
9 0 c m , the to ta l so l id ang le for m a g n e t 
ic analysis is 2 x 0 .39 sterad and t he 
in tegra ted f ie ld is 1.8 T m p rov id i ng a 
m o m e n t u m reso lu t ion o f 0 . 8 % at 
3 G e V / c . 

Tracks are measured in f r on t o f t he 
magne t t o w i t h i n ± 0.5 m m by p ropor 
t i ona l chambers and beh ind t he m a g 
net to v / i t h in ± 0.25 m m b y spark 
chambers . A t i m e - o f - f l i g h t pa th o f 
4 .7 m be tween inner and outer s c i n 
t i l l a t i on counters permi ts separat ion 
o f p ions and kaons up t o an energy o f 

1.8 GeV. Of t h e so l id ang le no t used 
fo r m o m e n t u m analysis, abou t 11 s te 
rad are covered by an inner de tec tor 
tha t measures t rack d i rec t ion and d i s 
t i ngu i shes b e t w e e n gammas , e lec
t rons and hadrons . It consis ts of s c i n 
t i l l a t i on , p ropor t i ona l and s h o w e r 
coun te rs t i g h t l y enc los ing the beam 
p ipe. The to ta l w e i g h t of t he magne t 
is 5 0 0 t, p lus 3 0 0 t for m u o n counters . 
Data t a k i n g and check ing is done w i t h 
a P D P 1 1 / 4 5 c o m p u t e r w h i c h sends 
t h e events v ia a d i rect l ink t o t he 
cent ra l c o m p u t e r fo r s torage and fu r 
ther o n - l i n e process ing . 

B o t h P L U T O and D A S P are in t he 
r u n n i n g in phase at present. M e a s u 
rements o f m u l t i p r o n g hadron ic events 
are i n tended w i t h P L U T O , w h i l e D A S P 
invest igates t h e va l id i ty of q u a n t u m 
e lec t rodynamics and s tud ies the p i o n , 
kaon and p ro ton s ing le part ic le spectra, 
c o m p l e t i n g t he deep inelast ic e lec t ron 
scat te r ing exper iments w h i c h s t rong ly 
sugges ted a compos i t e nature of t he 
nuc l eon . 

FERMILAB 
Electrons and photons 
from protons 
The Fermi Na t iona l Acce lera tor L a b o 
ratory b r o u g h t t he w o r l d ' s h ighest 
energy e lec t ron and p h o t o n beams 
in to ac t ion at t he end of October . In 
t h e f i rst test run , e lec t ron energies 

427 



w e r e taken t o 2 2 5 GeV pass ing t h e 
4 5 GeV beam of Se rpukhov . 

The e l e c t r o n / p h o t o n beam is set 
up in the Pro ton Exper imenta l Area 
w h e r e the e jected p ro ton beam f r o m 
t h e synch ro t r on is d i rec ted o n t o a 
t h i n bar o f bery l l i um 3 0 c m l o n g . 
A m o n g the spray of par t icu les p r o 
d u c e d in t h e in te rac t ions in th is 
t a r g e t there is c o p i o u s p r o d u c t i o n o f 
neut ra l p ions w h i c h decay rap id ly in to 
t w o pho tons . The par t ic le spray is 
passed t h r o u g h a magne t w h i c h 
bends of f all t he charged par t ic les 
leav ing t h e neutra ls , i n c l u d i n g t h e 
p h o t o n s , t rave l l ing in the d i rec t i on 
t h e y w e r e in i t ia l ly p r o d u c e d . 

The n u m b e r of neu t rons in th i s 
neut ra l beam is h i gh and t h e p h o t o n 
beam is there fore no t su i tab le fo r use 
at th is s tage. It passes o n t o a sheet o f 
lead w h e r e t he p h o t o n s 'mater ia l ize ' 
i n to e lec t rons and pos i t rons . A series 
o f f i f teen b e n d i n g magne ts take t h e 
e lec t ron f l ux and select o u t and f o c u s 
e lec t rons o f a par t icu lar m o m e n t u m . 
Care has t o be taken tha t t h e a l l -
pene t ra t ing m u o n s f r o m the in i t ia l 
cha rged par t ic le in te rac t ions c a n n o t 
ge t in a m o n g s t the e lec t rons. The 
pure , monoenerge t i c e lec t ron beam 
can t h e n be used on a second t h i n lead 
p late w h e r e t h e y radiate p h o t o n s 
w h o s e energies can be ' t a g g e d ' by 
measur ing the resu l t ing e lec t ron 
energ ies. 

A n exper iment t o measure to ta l 
c ross -sec t ions is us ing t he t a g g e d 

p h o t o n beam. The p h o t o n in tens i ty is 
a b o u t 1 0 5 per second f r o m a 1 0 7 per 
s e c o n d e lec t ron beam. These beams 
o p e n up a n e w h igh energy range of 
exper iments . The e lec t ron energy w i l l 
be taken t o 3 0 0 GeV or h igher and t h e 
beam intens i t ies w i l l increase w h e n 
t he Pro ton Exper imenta l Area r e g u 
lar ly receives 5 x 1 0 1 2 or more f r o m 
the accelerator . 

The accelerator has been ope ra t i ng 
very re l iably w i t h 3 0 0 GeV beam i n 
tens i t ies above 1 0 1 3 per pu lse. T h e 
ope ra t i ng e f f i c iency du r i ng a m o n t h 
o f schedu led t ime for h i gh energy 
phys ics reached 7 2 % d u r i n g w h i c h 
2.3 x 1 0 1 8 p ro tons w e r e fed t o e x p e 
r iments . 

MOSCOW/ 
SERPUKHOV 
8 m streamer chamber 
The w o r l d ' s largest st reamer chambe r 
has recent ly been bu i l t at t he M o s c o w 
Phys ica l Eng ineer ing Ins t i tu te ( M P E I ) 
and used in t h e exper iment t o search 
fo r mechan i sms of m u o n p r o d u c t i o n in 
n u c l e o n - n u c l e o n co l l i s ions ( l o o k i n g 
f o r t h e in te rmedia te b o s o n , m u o n pairs, 
etc.) at the S e r p u k h o v 7 6 GeV p r o t o n 
synch ro t ron ( I H E P ) . The exper imen t 
is a co l l abo ra t i on b e t w e e n M P E I a n d 
IHEP led by B. Do lgoshe in , V. D a v i -
d e n k o , V. K i r r i l o v - U g r u m o v a n d 
S. S o m o v . 

Sketch of the 8 m streamer chamber 
constructed at the Moscow Physical 
Engineering Institute for an experiment at 
Serpukhov. 

The c h a m b e r d imens ions are 8 m 
l o n g , 1 m h i g h a n d 1.2 m deep w i t h 
t w o 5 0 c m in te r -e lec t rode gaps. T o 
s top t h e m u o n s , po l ye thy lene plates 
( 1 0 t o n s , 4 0 0 g e m - 2 ) are inserted 
ins ide t h e chamber . These plates, each 
6 0 m m th i ck , are s a n d w i c h e d by 1 2 0 
st reamer c h a m b e r cel ls — hermet ica l ly 
sealed p last ic boxes f i l led w i t h a n e o n -
he l i um gas. A gas cyc l i ng sys tem is 
used t o keep t h e n e o n - h e l i u m gas 
very pure ( o x y g e n and n i t rogen c o n 
ten t less t h a n 1 0 ~ 4 ) . A m e m o r y t ime of 
10 |JLS, w h i c h is necessary t o record 
decay e lec t rons , is ach ieved by a d d i n g 
smal l quan t i t i es o f f reon or su lphu r 
hexa f luo r ide t o t he n e o n - h e l i u m 
mix tu re . 

The h i gh vo l t age e lec t rode at t he 
cent re o f t h e chambe r and the earth 
e lec t rode enc los i ng t he chamber , f o r m 
a pseudo -coax ia l t ransmiss ion l ine 
w i t h an i m p e d a n c e o f 3 3 ohms . The 
vo l t age pulses are p roduced by a 
specia l B lum le in l ine charged by t w o 
M a r x generators . Pulse shap ing is 
ach ieved by d i scha rg ing the B lumle in 
o n t o t h e e lec t rodes via a h igh pres
sure spark g a p t r iggered by x - rays 
( 1 0 0 kV, 3 0 ns ) . 

A f te r t h e passage of a m u o n 
t h r o u g h t h e s t reamer chamber , a f i rst 
h igh vo l t age pu lse o f 3 0 0 kV and 4 0 ns 
du ra t i on w a s app l i ed . Electron m u l t i 
p l i ca t ion a l o n g t h e m u o n t rack w a s 
ten t o a h u n d r e d . The de lay t ime b e 
t w e e n the passage of t he m u o n and 
t he app l i ca t i on o f t he second h igh 
vo l t age pu lse (o f 8 0 0 kV amp l i t ude 
and 2 0 ns du ra t i on ) w a s 6 us. Du r i ng 
th is t i m e 9 0 % o f s t opped m u o n s 
decayed in t h e chamber . A s a result o f 
t he app l i ca t i on o f t w o h igh vo l tage 
pulses, t he t rack f o r m e d by a m u o n w a s 
br ighter t h a n t h e t rack f o r m e d by an 
e lec t ron . The br igh tness o f m u o n and 
e lec t ron t racks c o u l d be c h a n g e d by 
va ry ing t he a m p l i t u d e o f t he f i rst 
pu lse. 

The st reamer chamber is p h o t o 
g raphed b y f o u r cameras via image 
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Pieces from photographs taken in the streamer 
chamber showing 

1. Muon tracks 

2. A muon-electron decay 

in tensi f iers w h i c h g ive g o o d p ic tures 
w i t h a mean streamer leng th o f 5 m m . 
The chamber w a s exposed t o a m u o n 
beam w i t h an average m u o n m o m e n 
t u m of 2.5 GeV. Polar ized m u o n s w e r e 
p roduced in an internal coppe r target 
at 9° t o the inc iden t p ro ton beam. 
They t rave l led a long t he st reamer 
chamber , s topped and decayed in t he 
po lye thy lene plates and the po lar iza
t i o n w a s measured by de tec t i ng t he 
asymmet ry in the m u o n - e l e c t r o n d e 
cays. 

A to ta l o f 1 0 5 p ic tures have been 
ob ta ined and deta i led analys is o f t he 
data are in progress. 

European Science 
Foundation 
Scient is ts f r o m s ix teen na t i ons* as
semb led in St rasburg o n 18 and 
19 November for t he f i rst p lenary 
session o f t he European Sc ience 
Founda t i on w h i c h is n o w c o m p l e t e 
w i t h s tatutes, b u d g e t and seat — 
a l t h o u g h permanent o f f ices w i l l no t 
be avai lab le for a f e w more weeks . 
Th is w a s the cu lm ina t i on of a year 's 
hard w o r k by the f o u n d i n g c o m m i t t e e 
under its president Prof. H. Cur ien 
f o l l o w i n g in i t ia t ives taken in S c a n d i 
navia and in the C o m m i s s i o n of t he 
European Commun i t i es . 

The Founda t i on b r ings toge the r 
de legates f r o m the nat iona l au tho r 
i t ies o rgan iz ing research and t he 

gove rnmen t sponsored academies so 
tha t bo th the admin is t ra t ion o f re
search and its sc ient i f ic apprec ia t ion 
are represented. The f i rst of f icers of 
the Founda t i on ind icate immed ia te l y 
th is scope w i t h , as President, Sir 
Br ian F lowers , phys ic is t , and as 
V ice-Pres iden ts — Prof. 0 . Reverd in , 
a hel lenist represent ing the human i t i es 
and Dr. P. Riis, med ic ine . The Secre
tary General is Dr. F. Schne ider o f t he 
M a x Planck Inst i tu te , M u n i c h . 

The pr inc ipa l ob jec t ives o f t he 
Founda t i on are to assist and encou r 
age coopera t ion in basic research 
and t o p r o m o t e the mob i l i t y of 
research worke rs . This f i rst mee t ing 
s h o w e d the many areas w h e r e a 
w o r t h w h i l e con t r i bu t i on c o u l d be 
made and demons t ra ted t he act ive 
spi r i t o f in ternat iona l coopera t i on tha t 
is a l ready fami l iar t o h igh energy 
physic is ts . To beg in w i t h , three t op i cs 
have been s ing led ou t fo r immed ia te 
s t udy — as t ronomy, w h i c h is pa r t i cu 
lar ly t op i ca l as proposals are be ing 
prepared at present in m a n y Weste rn 
count r ies fo r expens ive fac i l i t ies ; ar
chaeo logy , w h e r e recent d e v e l o p 
ments in research techn iques can be 
w i d e l y exp lo i t ed ; socia l sc ience e th ics , 
w i t h par t icu lar reference to w h a t is 
b e c o m i n g k n o w n as genet ic eng ineer 
ing . Other sub jec ts w h i c h may c o m e 
up for early s tudy are the mathemat i ca l 
educa t i on of physic is ts and space 
research. 

Sir Br ian, at the press con fe rence 

w h i c h f o l l o w e d the session, laid stress 
on t he newness o f t he o rgan iza t ion 
and t he absence of any pre-estab l ished 
p lans o f h o w the w o r k w i l l be tack led . 
He also stressed tha t t he Founda t i on 
is no t w a n t i n g t o ' take over ' any 
ex is t ing in te rna t iona l o rgan iza t ions or 
interfere w i t h t he w a y they are run . 
The F o u n d a t i o n expects t o be c o n 
su l ted by g o v e r n m e n t s w h e n major 
p ro jec ts are be ing cons idered and he 
bel ieves it w i l l a l l o w proposals t o be 
exam ined in a broader con tex t t han 
had genera l ly been the case in t he 
past. 

* The t w e l v e M e m b e r States o f 
C E R N : Aus t r ia , Be lg i um, Denmark , 
France, Ge rmany (Federal Repub l i c ) , 
Greece, I ta ly, Nether lands, N o r w a y , 
S w e d e n , Sw i t ze r l and , Un i t ed K i n g d o m 
p lus I re land, Por tuga l , Spa in and 
Yugos lav ia . 

DARESBURY ~ 
Playing tunes on NINA 
The Daresbury 5 GeV e lect ron 
s y n c h r o t r o n , N I N A , has recent ly been 
mod i f i ed by a d d i n g pairs of q u a d r u -
po le magne ts in f ou r of t he mach ine 
s t ra ight sec t ions t o con t ro l f o c u s i n g 
c o n d i t i o n s t h r o u g h o u t t he acce lera
t i o n cyc le . Prev ious ly , t he beam 
f o c u s i n g at i n jec t i on had t o be d i f ferent 
t o t ha t at h i g h energy. 

The radial and ver t ica l Q va lues 
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( the number of beta t ron osc i l la t ions 
o f t h e beam part ic les per revo lu t ion in 
the radial and vert ical p lane) are a 
measure o f the f ocus ing . Best in jec
t i o n cond i t i ons we re ob ta ined w i t h 
Q values c lose t o 5.5 and the beam 
w a s d is tu rbed by passing t h r o u g h 
resonances as the f ocus ing decreased 
t o Q values of abou t 5.2 at h i gh 
energy. The quadrupo les con t ro l t he 
Q values g i v i ng a better h igh energy 
va lue and prevent ing beam loss. They 
also prov ide the change of Q neces
sary t o set up the th i rd in tegra l 
resonance w h i c h is used fo r a sepa
rated f u n c t i o n ext ract ion sys tem. 

A n impor tan t feature o f t he sys tem 
is t he h igh f lex ib i l i t y of con t ro l . The 
N I N A operator uses an in teract ive 
g raph ics te rmina l w h i c h is o n - l i n e t o 
the Laboratory 's central compu te r , t o 
d r a w in t he required values o f radial 
and ver t ica l Q du r i ng accelerat ion as 
t w o curves on graphs o f Q against 
t ime tha t are presented on the ter 
m ina l . The central I B M 3 7 0 ca lcu la tes 
t he w a v e f o r m s tha t need t o be app l ied 
t o the quadrupo les t o p roduce these 
va lues and checks tha t t he magne t 
p o w e r supp l y rat ings are no t exceeded. 

A f te r d isp lay ing the vo l tage w a v e 
fo rms t o the operator , t he data are 
t ransmi t ted t o a PDP 1 1 / 0 5 c o m 
puter, w h i c h is p rog rammed t o store 
the i n c o m i n g in fo rmat ion and t hen t o 
cyc le in s tep w i t h the N I N A acce lera
t i o n cyc le . Separate w a v e f o r m s fo r 
t he F and D quadrupo les are requ i red 

and each is made up of f ive hund red 
ten b i t w o r d s . The t w o w a v e f o r m s are 
fed t o the p o w e r suppl ies in 9 ns at a 
repet i t ion rate of 53 Hz. 

A novel des ign w a s necessary for 
t he p o w e r suppl ies s ince t hey are 
required t o f o l l o w any w a v e f o r m , 
w i t h i n the m a x i m u m rat ings, g e n e 
rated by the computer . The c i rcu i t uses 
t ransistor banks s w i t c h i n g in class C 
t o vary the supp ly o f energy f r o m cur 
rent car ry ing induc tors t o capac i tors , 
t he vo l tages o f w h i c h are app l ied t o 
the quadrupo les . Feedback c i rcu i ts 
ma tch these vo l tages to the compu te r 
generated wave fo rms , vo l tage con t ro l 
be ing preferable w h e n a magne t is 
be ing pu lsed. 

The quad rupo le magnets use fo rced 
air c o o l i n g , so as t o have smal ler 
more economica l magnets , avo id ing 
t he p rob lems of wa te r coo l i ng in a 
s t randed c o n d u c t o r co i l . A n o t h e r nove l 
t echn ique w a s used in the magne t 
cons t ruc t i on — th in glass c l o t h , p re-
impregna ted w i t h epoxy resin, b o n d s 
t he lamina t ions in to the magne t b locks . 

The system is n o w in opera t ion and 
t he measured shi f ts in Q have been 
as expec ted . 

EPIC 
storage ring project 
The UK Sc ience Research Counc i l met 
t o w a r d s the end of November t o c o n s i 
der several pro jects in t he f ie lds of 

A graph of the NINA Q values in the vertical 
(Qv) and radial (Qr) planes during the 9 ms of 
acceleration. The dashed lines, below, indicate 
the situation before installation of the programmed 
quadrupoles. The full lines, above, show the 
effect of the quadrupoles which enable 
resonances, causing beam loss, to be avoided. 

research for w h i c h it is responsible. In 
h igh energy phys ics the t op i c of 
interest is t he p roposed cons t ruc t ion 
of EPIC, a 14 GeV e lec t ron-pos i t ron 
s torage r ing . 

The Counc i l recogn ized the s t rong 
sc ient i f ic case fo r t he pro ject ( p r o b 
ab ly g i ven a mos t t ime l y jo l t by the 
n e w part ic le d iscover ies in the U S A ) 
and encou raged fur ther studies. 
M o n e y is be ing p rov ided for more 
deta i led des ign w o r k on t he mach ine , 
i n c l ud i ng the cons t ruc t i on of mode l 
magnets and r.f. c o m p o n e n t s and for 
a t h o r o u g h si te survey. The project 
w i l l be pu t f o r w a r d again in 1 9 7 5 and 
w i l l be re -examined in the l igh t of t he 
m o n e y tha t t he Counc i l t hen has 
avai lable t o a l locate t o pure research 
projects and of t he needs o f o ther 
branches o f sc ience. 

EPIC (Elect ron Posi t ron Intersect ing 
Comp lex ) w a s descr ibed in ou t l i ne 
in v o l . 13 page 3 7 3 and a fat pro ject 
descr ip t ion w a s pub l i shed at t he 
Ruther ford Laboratory in September 
( report no . R L - 7 4 - 1 0 0 ) . It is in tended 
to succeed the 8 GeV pro ton synch ro 
t r o n , N I M R O D , at Ruther ford and the 
5 GeV e lec t ron synch ro t ron , N I N A , 
at Daresbury as the base for the h igh 
energy phys ics p rog ramme w i t h i n the 
UK. It is at present conce ived as a 
s ing le r ing mach ine , 2.2 k m in c i r c u m 
ference, cons t ruc ted in a tunne l c lose 
t o the loca t ion of N I M R O D at Ruther
fo rd . The N I M R O D bu i ld ings w o u l d 
be used as m u c h as possib le t o house 
the l inacs and N I N A (b rough t d o w n 
f r om Daresbury) w h i c h w o u l d serve as 
a 4 .8 GeV Booster. 

The Counc i l u rged fu l l consu l ta t ion 
on the pro jec t w i t h the rest of t he 
European h igh energy phys ics c o m 
mun i t y . S u c h consu l ta t ions were , of 
course, a l ready under w a y bu t t hey 
w i l l n o w be ex tended w i t h an open 
inv i ta t ion f r o m t h e Ruther ford Labo
ratory t o al l the i r co l leagues in Europe 
to d iscuss co l labora t ion in any stage 
of t he cons t ruc t i on a n d / o r exp lo i ta t ion . 
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POUR LULTRA-VIDE 
une nouvelle generation 
de roulements a billes 

- - ^ p ^ ^ dont les elements - bagues, billes et 
• - f y * ^ V ^ T ^ cages a billes - permettent pratique-

j y ^ -̂ V ment d'eviter le soudage de contact 
/ 4 \ t V * v que favorisent I 'ULTRA-VIDE et les 

MC f H A U T E S T E M P E R A T U R E S , et d'as-
I 1 ^ ?*> . surer une longevite particulierement 
vi / • , < V «- remarquable grace: 

a la grande durete des chemins de 
billes, 
aux billes adaptees a ('application et 
a la cage de nature autolubrifiante. 

* *•* 

Tableau de durees de vie comparatives dans I'ULTRA-VIDE 
Duree en heures 
a 3 0 0 0 t / m i n > 0 1000 2000 3000 4000 

i i t I 

Roulements 
standard 

Nouvelle 
generation 
de roulements 
R M B 

en haute temperature = 4 5 0 ° C: duree minimum 1000 h. 

en vide propre a 2 0 ° C: duree minimum 4000 h. 

en ultra-vide a 2 0 ° C: duree plus de 5000 h. 

N o m b r e d e tours • 0 1,8.10 3,6.10 5,4.10 7 ,2 .10° 9.10 
Note : Ces valeurs, realisees en laboratoire, n'engagent pas R M B 

Roulements Miniatures SA # Eckweg 8, Tel. 032 414721, CH-2500 Bienne (Suisse) 



PERSONNEL 
TO MEET YOUR TEMPORARY REQUIREMENTS 

S C I E N T I F I C E N G I N E E R I N G 
ELECTRONICS 

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

& Tracers 
ENGINEERS 
TECHNICIANS 
INSPECTORS 
WIREMEN 
ELECTRICIANS • 
MAKERS 
MAKERS 

Electronics 
Mechanical 
Electronics 
Electronics 
Electronics 

Electro-mechanical 
Hydraulics 

Mechanical 
Mechanical 
Mechanical 

— Prototype Production 
MECHANICS — FITTERS — TOOL-

MILLERS — WELDERS — INSTRUMENT 
TURNERS — GRINDERS — SHEETMETAL 

WORKERS — MACHINE OPERATORS 

SECRETARIES 
TYPISTS — Shorthand • Audio • Copy — CLERKS — 

TELEPHONISTS — TELEX OPERATORS 
Many of our staff are bi-lingual and multi-lingual 

BENNEY ELECTRONICS L I M I T E D 
PERSONNEL DEPARTMENT 

P. O. BOX 26 EASTLEIGH HAMPSHIRE ENGLAND 
Telephone: Chandler's Ford (04215) 66764 & 2643 

Telex: Harmsworth ELGH 477096 

Representative in Geneva: Mme A. Borowski Tel. 31 9 4 1 2 
Contractors to H M . Government & European Establishments 

If you're planning progress 

SEED M E S S - U N D ® 
REGELTECHNIK 

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

Universa l mounting through separat ion of 
sett ing unit and circui t -board control ler 

M. K.JUCHHEIM GMBH & CO • D-64 FULDA 
Telefon 0661/831 Telex 04-9701 
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Thyratron CX1171B. 

When you have an inverse voltage 
problem then you have an interest 
in EEV's double-ended thyratron. 

Conventionally, the thyratron 
has been a triggered unidirectional 
switch. EEV has now designed, 
constructed and successfully run 
new triggered hydrogen thyratrons 
capable of conducting in both 

directions without affecting the' 
hold off voltage. 

These new double-ended tubes 
are available in both 3in. and 4%in. 
ceramic bodies - 2,3 or 4 gaps. 

Can we discuss our ideas and 
your problems with you? Please 
contact our hydrogen thyratron 
engineers at Chelmsford. 

EE Vand M- OV know how 
THE M - 0 VALVE CO LTD, Hammersmith, London, England W6 7PE.Tel: 01-603 3431 .Telex: 234356.Grams: Thermionic London, ^ j r * ^ 

ENGLISH ELECTRIC VALVE CO LTD, Chelmsford, Essex, England CM1 2QU.Tel: 0245 61777.Telex: 99103. Grams: Enelect ico Chelmsford. ^43C 

NbTi 
High Field Superconductor 
VACRYFLUX 

5001 
S i n g l e c o r e c o n d u c t o r s f o r m a g n e t s o f h i g h h o m o g e n e i t y . 

M u l t i f i l a m e n t c o n d u c t o r s w i t h c i r c u l a r o r r e c t a n g u l a r 
c r o s s - s e c t i o n c o n t a i n i n g 60 t o 3721 t w i s t e d s u p e r c o n 

d u c t i n g f i l a m e n t s w i t h s m a l l e s t d i a m e t e r s o f 10 {x ( p h o t o g r . ) 
f o r d y n a m i c a p p l i c a t i o n . 

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

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

VACUUMSCHMELZE 

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

BOOKS ON 
NUCLEAR 

APPLICATIONS 

STP 529 Effects 
of Radiation on 
Substructure and 
Mechanical Properties 
of Metals and Alloys 
548 Pages, Hard Cover, S 49.50 
PCN 04-529000-35 

STP 551 Zirconium in 
Nuclear Applications 
526 Pages, Hard Cover, S 44.50 
PCN 04-551000-35 

\ 

DS52 Nuclear 
Reactor Neutron 
Energy Spectra 
220 Pages, Soft Cover, S 26.00 
PCN 05-052000-35 

DS54 Radiation 
Effects Information 
Generated on the 
ASTM Reference 
Correlation-Monitor 
Steels 
84 Pages, Soft Cover, $ 9.75 
PCN 05-054000-35 

ASTM members are allowed a 20% 
discount. Member number must be 
provided. 5% foreign shipment wil l 
be added as wil l local sales tax. 

American Society for Testing and 
Materials 

1916 Race Street 
Philadelphia, Pa. 19103 

W h e n is a Power Supply Not a 
Power Supply? 

R« 

L. REFERENCE 
-_ ( i n p u t ) 

PROPORTIONING ^ V O L T A G E 
R E S I S T O R S - ^ f FEEDBACK 

vAAA 

3> L0AD< 

Power Operational Amplifier/Power Supply 

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

• Bring vol tage feedback and it w i l l regulate vol tage 
• Bring feedback f rom your load and the power 

supply is a servo amp. 

Bipolar Operat ional Power Supply 

+ 1 5 V t o - 1 5 V @ 2 0 amps 
+ 36 V t o - 3 6 V@ 1.5 amps 

36 V to - 36 V @ 5 . 0 amps 
+ 7 2 V t o - 7 2 V @ 1 . 5 a m p s 
+ 72 V to - 72 V@ 5.0 amps 

Please ask for detailed documentation 

Kontron Electronic AG 4 
Bernerstrasse 169,8048 Zur ich, Telefon 01 62 82 82, Telex 57439 S ft 

Technical Rubber 
and Plastic Goods 
This is your 
address : 

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

Ask for free literature by sending this coupon 
• hose catalogue 
• hydraulic hose catalogue 
• air hose catalogue 
• o-rings and seals catalogue 
• rubber sheeting sample book 
• power transmission elements 
• rubber and plastics profiles 
• protective rubber gloves 
• MAAGinform periodical 
• dielectric materials 

Name 

Department 

Internal telephone No_ 

I Special interests 

I Signature _Date_ 

We have special radiation resistant rubber compounds that give 
unique service - please contact us for hoses, profiles, sheets, 
seals, cables. 
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come through THOMSON-CSF storage units 
• TV image freeze 

• XY, Standard TV or slow scan access 
• Electronic Zoom • Full grey scale 

AH applications dealing with our single or double-ended recording storage 
tubes, can be achieved with the adequate unit: 

REFERENCE RACK FEATURES APPLICATIONS 

TH 7501 19"-2 units Zoom x 4 
Integration adjustment provided 

TV image freeze 

TH 7502 19"-3 units Simultaneous write and readout. 
Provision for controlled decay. 

Standard and slow-scan TV 

TTV 3900 19"-4 units Sequential erase, write and read Multipurpose. Read 
and/or write access: 
standard or slow-scan TV, 
random. 

TH 7500 19" - 5 units Two trace widths in 
black or white 

Remotely addressed XY 
write and TV readout, 

THOMSON-CSF 
G R O U P E M E N T TUBES ELECTRONfQUES / 8, RUE CHASSELOUP-LAUBAT 

75737 PARIS CEDEX 15 / FRANCE / T E L (1) 566 70 04 
Germany - THOMSON-CSF Elektronenrdhren GmbH / Am Leonhardsbrunn 10 / 6 FRANKFURT/MAIN / TeJ. (0611) 70 20 99 

Italy - THOMSON-CSF Tubi Elettronici SRL / Viale degli Ammiragii 71 / ROMA / Tel. (6) 3814 58 
Japan - THOMSON-CSF JAPAN K.K. / Kyosho Building /1.9.3. Hirakawa-cho / Chiyoda-ku / TOKYO f 102 / Tel. (03) 264 6341 

Sweden - THOMSON-CSF Elektronror AB / Box 27080 / S 10251 STOCKHOLM 27 / Tel. (08) 22 58 15 
United Kingdom - THOMSON-CSF Electronic Tubes Ltd / Bilton House / Uxbridge Road / Ealing / LONDON W 5 2TT / Tel. (01) 579 5511 / Telex : 25 659 

U.S.A. - THOMSON-CSF Electron Tubes Inc / 750 Bloomfield Avenue / CLIFTON NJ 07015 / Tel. (201) 779 1004 



Five new low-cost 
lab computer systems 
with a big heart. 



Powerful low-cost systems. That's 
Digital's DECLAB-11/10 system family. Five 
generous hardware/software packages 
designated A through E. Priced from only 
S.Fr. 48.000 (S.Fr. 44.000") to S.Fr. 
119.000 (S.Fr. 107.000"). Capable of han
dling the research jobs you're likely to 
encounter without having to develop gd-
ditional programs. And fully compatible 
so they'll expand as your needs grow. 

Powerful low-cost heart . That's Digi
tal's performance-proved 16-bit PDP-11/10 
CPU. The heart of the systems. Now at a 
new low price. With 8K words of memory, 
line frequency clock, power fail and auto 
restart serial line unit and paper tape 
software, just S.Fr. 24.800 (S.Fr. 21.000"). 
With 16K words, just S.Fr. 31.000 (S.Fr. 
27.000"). 

W i d e hardware range. The DEC
LAB-11/10 family gives you a wide 
range of hardware options. So you can 
choose the right system to meet your 
price/performance needs. All systems 
include the PDP-11/10 processor with 16K 
words of memory. With a choice of paper 
tape, magnetic cassette or cartridge 
magnetic disk drive storage. And a hard
copy teleprinter or DECwriter. 

Plus Digital's new AR-11 one-module 
real-time analog subsystem. The AR-11 
features a 16-channel multiplexer, 10-bit 
analog-to-digital converter, programmable 
real-time clock and display controller. Or, 
if you want a more comprehensive analog 
subsystem, you can choose our LPS 
laboratory peripheral system. 

active dialogue. The library can be used 
in conjunction with Digitals RT-11 and 
CAPS-11 cassette programming systems. 
In addition, BASIC and FORTRAN com
pilers are available. 

Digital . Gets to the heart of your 
needs. 

r — — — — — — — — — — — — — — — i 

• Please send me complete infor- • 
• mation about Digitals five new • 
I DECLAB-11/10 laboratory systems. I 

I Name I 

I Position I 

| Company | 

• Address i 

J Telephone • 

. R \ • _ I R -
 : J_- -| Digital Equipment Corporation | 

| International (Europe), | 
I 81, route de I Aire, . i 
• CH-1211 Geneva 26, C I 
• Tel. (022) 42 79 50. si 
L — _ — _ J 

Off ices in Read ing , L o n d o n , B i r m i n g h a m , Br is to l , Manches te r , 
Ed inburgh , M u n i c h , Ber l in, C o l o g n e , Frankfur t , H a m b o u r g , 
Hannover, Stu t tgar t , V ienna , S t o c k h o l m , Os lo , C o p e n h a g e n , 
Hels ink i , Paris, Grenob le , U t rech t , Brussels, Geneva, Zu r i ch , 
M i lan , Tur in. 

Lab-oriented so f tware . User pro
grams for the DECLAB-11/10 systems are 
developed using Digital's unique Appli-
cations-11 library. A package of laboratory 
applications modules subdivided into five 
categories: data processing, data display, 
data analysis, data acquisition and inter-

t a 
" S p e c i a l p r ice for nonp ro f i t - o r i en ted e d u c a t i o n a l , med i ca l 
and research inst i tu t ions. 



Powerful 
partnership... 

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

experience in higly stabilized DC power supplies 
Brentford of England and Hazemeyer, former ly Smi t N i jmegen, of the Nether lands have poo led their 
vast experience in DC power suppl ies for nuclear and plasma research. W i t h their background of h u n 
dreds of instal lat ions all over the w o r l d Brent ford/Hazemeyer power suppl ies can prov ide ou tpu ts f rom 
1 kW to 20 M W . 

S h o w them your latest requirements and get the benefi t f rom this un ique poo l ing of power bra inpower. 

Examples: 
• H igh ly stabi l ized DC power suppl ies for currents up to 20 kA and vol tages up to 2 kV are power ing 

amongst others bend ing - and focuss ing magnets for part icle accelerators in Geneva ( C E R N ) , H a m 
burg (DESY) , Harwel l (Ruther ford Laboratory) , Daresbury ( N I N A ) . 

• Pulsed power suppl ies are p roduc ing large magnet ic f ields in septum magnets. 
• Accurate ly contro l led power suppl ies are charg ing capaci tor banks for plasma physics exper iments. 
• High vo l tage rectif iers are supp ly ing pulsed ionsources up to 6 M W . 
• Heavy current rectif iers are generat ing large magnet ic f ie lds in Z coi ls to stabi l ize toro ida l plasmas. 

Hazemeyer 
Hazemeyer B.V. RT - depar tment 
P.O. Box 23 , Hengelo , 
Ho l land, 
Teleph. 0 5 4 0 0 - 62723 
Telex 4 4 8 9 2 

Brentford 
Brent ford Electric L imi ted Manor 

Royal , Crawley, West Sussex RH 10 2QF 
England, 

Te leph. : Crawley (0293 ) 27755 
Telex 87252 

The power sect ion of a 185 vo l t 1100 ampere 
Brent ford /Hazemeyer h ighly stabi l ized DC power supply. 
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• N E T 

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'oeuvre 
Manutentions 

Office nouveau du nettoyage ONET 
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, 
de I'OMS, de I'ONU et de I'UIT a Geneve. 

the n e w revolut ionary non-sl ip 

DUST 
COLLECTION 
M A T S 
for clean rooms 

a new developed material w h i c h does drastically away 
w i t h these old sticky, cost ly and unreliable mats. 

• highest eff iciency • economic 
• unl imited dust trap life 
• no expensive and crit ical recondi t ion ing 

(just w ipe off w i t h a we t sponge) 
• dust gets visible • not pressure sensit ive 
• non-s l ipp ing • resistant to acids, solvents 

ask for a free sample 

DIPL. I IMG. ERNEST SPIRIG 
CH8640 RAPPERSWIL, POBox160 SWITZERLAND 
phone 055 /27 44 03 telex 75400 

IMAIMOLITE 
8 - 11 - 18 ns bis 10 kHz 
nano-Kurzzeitblitzlampen fur Tropfchenforschung, 
Stosswellenrohr, Uberschallkanal, Ballistik, 
Schatten- und Schlierenaufnahmen. 

IMAIMO T W I N 
Nanolite-Doppelbljtzgerat 1 [is -1 s Blitzabstand. 
TWIN-Kamera 9 x 1 2 nach Scheimpflug! 

Platzende Seifenblase -
Zwei 18 ns Nanolites 90° versetzt. 

I M P U L S P H Y S I K G m b H 
2 Hamburg 56 (Rissen) Sul ldorfer Landstr. 400 
Te l . (040) 81 21 51 / FS 0 2 1 8 9 514 f f id 
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Semtech W 
high voltage silicon rectifiers 

„Kilovolt-Stac" 
KILOVOLT-STAC is designed for all standard single and 
polyphase rectifier circuits including use in power-
supplies for X-ray generators. 

Corona-free KILOVOLT-STAC rectifier specifications 
include: 

PIV: 12,5/18/25/33/45/50/66/75/100/150&200KV 

Average Rectified Current, @ 25°C: 
0,1/0,2/0,3 &1,0A 

VF: @ 100mA at 25°C: 
56, 84,112,126,168, 252 and 336 V 

Dimensions: 1"J0 x 4,5"; 1"0 x 6,63"; 1"0 x 8,75" 

For complete details contact: 
BOURNS (Schweiz) AG Baarerstrasse 8 6301 Zug 
Tel. 042 23 22 42 Telex 78 722 

4 4 0 



Commercial 
uranium 

just another metal? 
Twice as dense as lead, 

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

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

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

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

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

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

B N F L j B r i t i s h N u c l e a r F u e l s L i m i t e d 
Risley, Warrington, WAS 6AS 
Telephone: Warrington 35953 

BNF5 ffU 
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The World of 
TITANIUM 

W h a t do you k n o w about T i tan ium? This versatile 
metal combines strength w i t h l ightness and e c o n o m y . 

T i tan ium has m a d e a w o r l d of di f ference in so m a n y 
industrial appl icat ions. 

Shou ldn ' t you be using it ? Find out by contact ing 

metallbodio LTD., 
P.O. BOX 296 STEINENTORSTR. 20 , C H - 4 0 1 0 BASLE 
TEL. 061 23 89 53 TELEX 62 2 7 0 

Agents for 
T I T A N I U M METAL & ALLOYS L IMITED, 

2 METAL EXCHANGE BLDS., L O N D O N , E.C.3. 

Entreprise de peinture 
Suisse 
Moyen-Orient 
Espagne-ltalie 
Afrique du Nord 
He de la Reunion 
Belgique 
C.E.R.N. - GENEVE 

Prezloso International S.A. 
Siege social : 

15, avenue Victor Hugo 
7 5 - P A R I S 1 6 e 

Direction administrative : 

B.P. N° 2 
SA INT-CLAIR DU RHONE 
3 8 3 7 0 Les Roches de Condrieu 

Tel. (74) 85 53 07 
85 52 28 

Telex: 9 0 4 0 4 F 
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NEW SEN FADC 2068 
A/D CONVERTER 

faster conversion speeds 
for less strain on your pocket 

2 [is for 10 bits, 4.5 //s for 12 bits. These are the con
version speeds you get from SEN'S new FADC2068 
A/D Converter for an investment of under 9,000 
Swiss francs. 

Packaged in a double-width standard 
CAMAC module, the device is primar
ily designed for people running fast 
processes or events who need high- 1 

speed real time digital signal proces
sing, e.g. in high energy physics (pro
portional wire chambers) or in oil 
refining and chemical processing 
(crackers, etc.). 

Sample and hold with aperture 
from the SEN FADC2068 is less than 
50 ns.. . with less than 5 ns available 
as an option. The unit uses DMA in 
conjunction with the crate controller 
2023, and can be directly connected 
to a SEN 2046 to provide a 128-word 
buffer memory and digital window. 

The FADC2068 uses a successive 
approximation technique with fixed errors 
on certain channels modified by linearity cali
bration provided with each unit. 

Here are the specifications: 

+10V, 0 - + 1 0 V DC coupled 
other ranges on request 
internal on end of positive 
or negative slope, range 
OO to 1V / / /S rise time 

less than 50 ns 
300 ns + read time 
(min. 1 CAMAC cycle) 

10 or 12 bits 
analog, external, internally 
DC subtracted from input signal 
analog offset range: +10 V 
digital, added internally to 
conversion 
result: value is 
given through a CAMAC 
command 
2 / /s/con version 10 bits 
4.5//s/conversion 12 bits 
2 complete interfaces are 
implemented: 
a) through CAMAC crate 

controller and dataway 
b) through SEN 2046 

Digital Window Discrimi
nator, acting as a dis
criminator and buffer for 
12816-bit numbers. 
(25 p. Cannon connector) 

a) integral: 1,5 10-3 
b) differential: 2.5% over 

99% of full scale. The 
statistical correction de
livered with each 
module allows a differ
ential linearity of better 
than 0.5% over 100% of 
the channels to be reached. 

< 65ppm/°C (after 1 hour 
warm-up time) 
+1 LSB 
adjustable over +1 LSB for zero 

and +1 LSB for gain 

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

31, av. Ernest-Pictet, 1211 GENEVE 13, Suisse-
Case postale 39 - Tel. (022) 44 29 40 - Telex 23359 CH 

SEN ELEKTRONIK AG, ZURICH, Suisse -
Tel. (01) 86 5103 - Telex 58257 CH 

SEN ELEKTRONIK GmbH, HAMBURG, Germany -
Tel. 04103 6282 - Telex 2189 548 D 

I'd like more information on S E N ' S new F A D C 2 0 6 8 A / D Converter 

| | send me a specif icat ion sheet with application notes 

| | send me a S E N man w h o can not only tell me about the new F A D C 2 0 6 8 A / D Converter but who makes 
sense talking applications, too! 

I'm interested in a high-speed A / D Converter for 

. (brief description of process or event here please) 

Name 

Company/Institution 

Address 
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R e c t i f i e r - V o l t a g e R e g u l a t o r 

• Max. input vol tage: 40 V r r r 

60 V dc 

• Max. current: 6 A 

• Power loss: max. 80 W 
( T c = 25 °C) 

• Load regulation 0 - 1 0 0 % , 
max. 0.03 % 

or 

Prices: 
1-9 Fr. 114.- each 
10-49 Fr. 98 . - each 
50-99 Fr. 94 . - each 
> 100 Fr. 89 . - each 

• Stability: 0.1 %/ 
1000 hours 

• Temperature 
coefficient: 
< 0.015 %/ °C 

• Thermal 
resistance : 
2 ° C / W 

Type Output voltage 

M R 1 2 to 7 V dc Voltage adjustable by built-in 
M R 2 7 to 33 V dc cermet pot 

M R 3 2 to 7 V dc Externally programmed 
M R 4 7 to 33 V dc voltage 

Dimensions 87x50x25 'mm W e i g h t : 270 g 

Telemeter Electronic AG 
8027 Zurich Tel. 01 25 7872 

1I1U9IIR 
Circuits imprimis 

PJ 
Av. de Provence 20 - 1007 Lausanne/Suisse 

Tel. (021) 256666 - 65 Telex 25640 

fiiBiiin9iriiiiHiiyHBit»ii 

L O W C O S T 
CAMAC 

N E W BHT 231 

NON- INDICAT ING 
BRANCH TERMINATOR 
EX. STOCK 950.00 F.S. 

CUT SYSTEM COST 

INSTRUMENTATION 
EMPTY MODULES 
BRANCH H IGHWAY CABLES 

SEMRA BENNEY 
(ELECTRONICS LTD.) 
BRICKFIELD LANE, 
C H A N D L E R S FORD, EASTLEIGH 
H A M P S H I R E , UK, S 0 5 3 DP 
TEL. ( 0 4 2 1 5 ) 6 1 1 4 7 & 5 4 7 7 
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FLUKE INFORMATION 

Nouveau multimetre 
digital 
Fluke 8000 A 

• 26 gammes 

• O, AC, DC, courant et tension 

• 3,5 digit ( ± 2 0 0 0 digits) 

• resolution: 100piV D C + A C ; 1 0 0 n A D C + A C ; 0,1 CI 

• precision en DC: 0,1 % sur 1 annee 

• options avec accumulateurs ou sortie BCD 

• Prix Fr. 995.— 

Demandez la documentation complete 

Kontron Electronic AG 
Bernerstrasse169,8048Zur ich, Telefon 01 62 82 82, Telex 57439 

P E A R S O 
Very High Voltage 

PULSE 
TRANSFORMERS 

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

PEARSON ELECTRONICS, INC . 
4 0 0 7 Transpor t St., Palo A l t o , Cal i forn ia 9 4 3 0 3 , U . S . A . 

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

TUBE FITTINGS 

0-

1 /16" TO 1 " O.D. / 3 M M TO 12 M M 
H I G H V A C U U M — PRESSURE — 

TEMPERATURE — CRYOGENICS.. . 

DISTRIBUTOR FOR SWITZERLAND 

M A T K E M I AG 
4 1 0 6 Therwil 
Erlenstrasse 27 
Telefon 061 / 73 48 22 
Telex 62 4 4 0 

The tapered slabbing and reaming drill is 
economical and very useful 

DRILLFILE 
special drill 

for t he e c o n o m i c a l m o u n t i n g o f car aerials and car 
radios, car ca l l i ng un i ts as w e l l as t e l e c o m m u n i c a t i o n 
dev ices D R I L L F I L E is r e c o m m e n d e d b y lead ing f i rms 
all over t he w o r l d . In its measuremen ts D R I L L F I L E 
a c c o m m o d a t e s al l requ i rements . 

T IPSWITOOL 
1564 DOMDIDIER/Switzerland 

DIGITAL CASSETTE TAPE TRANSPORT 

• t w o m o v i n g parts 
• 15 ,000 hour M T B F 
• un ique l y s imp le 
• l o w p o w e r 
• cons tan t tape speed 
• cons tan t tape tens ion 
• l o w error rate less t h a n 1 in 10 7 b i ts 
• easi ly in ter faced t o D T L or T T L log ic 
• guaran teed cassette in te rchangeab i l i t y 

T e c h n i q u e M o d e r n e E lect ron ique S.A. 

1 8 4 4 V i l l eneuve Tel . 021 / 6 0 2 2 41 
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Nos photomultiplicateurs s'adaptent a votre probleme particulier. 

Un champion 
degrande 
envergure 

XP 2230 
bruit < 600 c.s"1 

ecart type de la 
distribution 

du temps de transit: . 
0,35 ns s; */» 

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. 

o 

R.T.C. c'estaussi I'optronique. Z 

R.T.C. LA RADIOTECHNIQUE - COMPELEC -130, av. Ledru-Rollin 
75540 - PARIS CEDEX11, tel. 355.44.99 
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The 
no-nonsense 

Gate Generator 
JLSLr ^ 222 
DUAL GENERATOR j 

How often have your experiments been hampered by 
gate generator deadtime . . . or by a gate generator 
unable to drive a bin gate . . . or by a gate generator 
incompatible with signal level requirements? 

The new Model 222 Dual Delay Gate Generator 
eliminates the problems you've had with other gate 
generators and takes the nonsense out of system 
t iming. 
Deadtimeless operation permits immediate retrigger-
ing at any range setting after output returns to its 
quiescent level. 
Precise gate width resettabiiity is made possible by 
a front-panel voltage monitor point. 
Flexible Start/Stop inputs respond to either NIM or 
TTL signals. 
Separate "OR" input permits an external signal to 
extend the preset gate and delay interval. 
Output range of < 100 ns to > 11 seconds satisfies 
virtually any experimental requirement. 
Compact packaging requires only a fract ion of pre
viously needed bin space, further reducing per chan
nel costs. 
A bin gate driver in each channel can drive the bin 
gates in its own and several external bins. 

Shorter setup time, fewer cabl ing problems, lower 
cost, higher event efficiency, and subsequently high
er statistics are all a direct result of the previously 
unavailable features that have been incorporated 
into the Model 222. For further information on the 
gate generator that does it a l l , call or write the LRS 
Particle Physics Division or your local LRS Sales 
Office. 

L R S 
LECROY RESEARCH SYSTEMS CORP.; 126 N. Rte. 303; West N 
U.S.A.); (914) 358-7900; TWX: 710-575-2629. LECROY RESEARCH 
TEMS SA; 81 Avenue Louis-Casai; 1216 Cointrin-Geneva, Switzerland; 
(022) 34 39 23 - LECROY RESEARCH SYSTEMS LTD.; 74 High Street, 
Wheatley, Oxfordshire 0X9 1XP, U.K.; (08677) 3540 • CANBERRA ELEK-
TRON1K GMBH; 6000 Frankfurt/Main 70; Geleitstrasse 10, West Germany; 
(0611) 624074 • APTEC ENGINEERING LTD.; 312 Dolomite Drive; Downs-
view, Ontario, Canada; (416) 661-9722 • 

OFFICES THROUGHOUT THE WORLD 


