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Thinking on experiments 
at LEP 

From 1 6 - 2 0 J u n e s o m e 3 5 0 p h y s i ­
c is ts g a t h e r e d at t h e Un i ve rs i t y o f 
Uppsa la in S w e d e n t o t ake a f i rs t 
l ook at t h e cha l l enges o f ca r r y ing o u t 
e x p e r i m e n t s at t h e p r o p o s e d large 
e l e c t r o n - p o s i t r o n s t o r a g e r ing, LEP, 
at C E R N . The m e e t i n g w a s o r g a n ­
ized by the Un ive rs i t y and t he Euro ­
pean C o m m i t t e e fo r Fu tu re A c c e l e r -

ors, ECFA. T o r d Ekelôf w a s S c i e n ­
t i f i c Sec re ta ry of t he Con fe rence and 
he lped t o pu t t o g e t h e r th is br ie f 
r e p o r t he ld over f r o m our S e p t e m ­
ber issue w h i c h a l ready c o n t a i n e d 
l eng thy repor ts f r o m t h e large in te r ­
na t i ona l con fe rences on h igh ene rgy 
phys ics and acce le ra to rs . 

A n ear ly look at t he e x p e r i m e n t a l 
p r o g r a m m e t o be m o u n t e d on a n e w 
h igh energy fac i l i t y is necessary 
because of t he ve ry l ong t i m e s c a l e 
n e e d e d fo r t h e p repa ra t i on o f large 
and c o m p l e x d e t e c t i o n s y s t e m s , and 
because the evo lu t i on o f t h e e x p e r i ­
m e n t a l p r o g r a m m e can have an 
i m p a c t on aspec ts o f t h e m a c h i n e 
and , obv ious ly , e x p e r i m e n t a l hal l 
des ign . For examp le t w o m e e t i n g s at 

r renia in I ta ly se t t h e scene fo r 
e x p e r i m e n t a t i o n a t t h e CERN S P S 
4 0 0 G e V p r o t o n s y n c h r o t r o n . 

T h e Uppsa la Con fe rence w a s , 
h o w e v e r , ra ther p re -T i r ren ia in s ty le 
and a i m . It t r i ed t o look at t h e d i f fe r ­
en t ' f r o n t - l i n e ' e x p e r i m e n t a l t e c h n i ­
ques and the i r su i tab i l i t y f o r t h e 
pa r t i cu la r c o n d i t i o n s of LEP, a n d t o 
iden t i f y t e c h n i q u e s w h i c h w o u l d 
bene f i t f r o m m o r e research and 
d e v e l o p m e n t so as t o be m o r e t h o r ­
o u g h l y m a s t e r e d by t h e t i m e t h e LEP 
p r o g r a m m e takes shape. T h e bene f i t 
o f t he Uppsa la Con fe rence w a s par ­
t i cu la r l y no t i ceab le in t h e a b s e n c e 
fo r m a n y years of w h a t used t o be a 
regu lar ser ies o f ' I n t e r n a t i o n a l C o n ­
f e rences on I n s t r u m e n t a t i o n fo r 
H igh Energy Phys ics ' . T h e last in t h i s 
ser ies w a s he ld at Frascat i in 1 9 7 3 
and at Uppsa la t he re w a s m u c h ta l k 
o f t r y i n g t o rev ive s o m e so r t o f re ­

gu la r ' e x p e r i m e n t a t i o n ' mee t i ngs . 
T h e Uppsa la Con fe rence w a s or ­

gan ized in t h e f o r m of p lenary ses ­
s ions w i t h o p e n i n g ta lks i n t r o d u c i n g 
t h e m a c h i n e a n d t h e k n o w n phys ics 
in te res ts . (As b a c k g r o u n d the re 
w e r e a lso t h e w r i t t e n repor ts p re ­
pared by t h e ECFA LEP W o r k i n g 
G r o u p cha i red by A n t o n i n o Z ich ich i 
and t h e ECFA W o r k i n g G r o u p on 
H igh Energy Phys ics Ac t i v i t i e s in t h e 
CERN M e m b e r S ta tes cha i red by 
J o h n Mu lvey . ) These w e r e f o l l o w e d 
by i nv i ted papers on spec i f i c t op i cs 
— Par t ic le i den t i f i ca t i on , C a l o r i m e -
t ry , T r a c k c h a m b e r s p e c t r o m e t e r s , 
Da ta hand l i ng , Fu ture d e v e l o p m e n t s 
and LEP d e t e c t o r se t -ups . The re 
w e r e c o n c l u d i n g r emarks f r o m Er-
w i n Gaba thu le r . S u p p o r t i n g th i s 
w e r e pos te r sess ions w h e r e over 
s ix ty p resen ta t i ons w e r e m a d e (a 
n u m b e r w h i c h in i tsel f speaks fo r t h e 
phys ics in te res t in LEP). These p o s ­
te r sess ions w e r e ve ry popu la r and it 

Symbol used at Uppsala to convey what the 
'International Conference on Experimentation 
at LEP' was all about. It is expected that a 
high proportion of the experimental 
programme at the proposed large electron-
positron storage ring will be given to the 
study of the postulated W and Z bosons. 
The diagram shows the coupling of the Z° 
to a V\rW~ pair. 

w a s d i f f i cu l t t o d rag the i r aud ience 
a w a y a n d back t o t h e p lenary ses ­
s ions . T h e y g e n e r a t e d l ively i n fo rma l 
d i scuss ions and e n c o u r a g e d t h e p re ­
s e n t a t i o n o f n e w ideas as w e l l as 
t e s t e d t e c h n i q u e s . 

T h e f o l l o w i n g t op i cs e m e r g e d as 
requ i r i ng f u r t h e r a t t en t i on . Pos i ­
t i ona l a c c u r a c y : s o m e t e c h n i q u e is 
n e e d e d t o ar r ive at a m e a s u r e m e n t 
accu racy a l ong t h e w i r e s of dr i f t 
c h a m b e r s w h i c h reaches t he s a m e 
p rec is ion as is ach ievab le in t h e 
d i r e c t i o n s t r ansve rse t o t h e w i r e s 
( 1 0 0 t o 2 0 0 | im ) . Part ic le i den t i f i ­
c a t i o n : f i rs t ly , t i m e of f l i gh t m e a s u r e ­
m e n t s need t o be t i g h t e n e d up f r o m 
t h e p resen t l y ach ieved 2 0 0 ps re­
g ion , us ing sc in t i l l a to rs , t o s o m e 
5 0 ps, us ing fo r e x a m p l e Pes tov -
t y p e spark gaps . Second ly , t h e p r o ­
d u c t i o n o f an ae roge l w i t h a re f rac­
t i ve index as l o w as 1 .006 w o u l d 
he lp Che renkov m e t h o d s of par t i c le 
i den t i f i ca t i on . (The p resen t l o w e r 
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Proposed detector design for LEP, which 
emerged from the Les Houches Summer 
Study in 1978 and subsequent work. Inside 
the solenoid coil is the inner charged particle 
detector of 1.8 m radius, surrounded by an 
electromagnetic shower detector. The flux 
return yoke serves as hadron calorimeter 
and muon filter. 

l im i t of t he index is a r o u n d 1.02.) 
Th i rd ly , it is i m p o r t a n t t o d e m o n ­
s t ra te in p rac t i ce t h a t t h e Che renkov 
r ing i m a g i n g t e c h n i q u e can be used 
fo r par t ic le i den t i f i ca t i on w i t h h igh 
m o m e n t u m par t i c les and fo r large 
so l id ang le d e t e c t o r s ( app roach ing 
4 n). Four th ly , t h e prec ise reso lu t i on 
o f t he energy loss t e c h n i q u e , d E / d x , 
needs m o r e s tudy . A t p resen t m a n y 
of t h e d e t e c t o r s us ing th i s t e c h n i q u e 
are reco rd ing s o m e 4 0 per cen t 
h igher er rors in the i r m e a s u r e m e n t s 
t h a n expec ted . M o r e e f fo r t shou ld 
a lso be g iven t o t he poss ib le a d v a n ­
tages o f p ressur iz ing t he gas and of 
c o u n t i n g t he p r ima ry ion iza t ion c lus ­
ters . 

In t h e area of ca l o r ime t r y , i m ­
p r o v e m e n t s in energy reso lu t i on are 
des i rab le b o t h in m e a s u r e m e n t s of 
e l e c t r o m a g n e t i c par t i c les (p resen t l y 
at bes t 1 0 per cen t over t h e square 
roo t of t he ene rgy exp ressed in GeV) 
and , par t icu lar ly , o f had rons (pre­
sen t l y at bes t 5 0 per cen t over t h e 

square roo t of t h e energy exp ressed 
in GeV) . The re is a lso a need t o 
i m p r o v e t h e g ranu la r i t y of t h e d e t e c ­
to rs , f o r e x a m p l e by us ing i m a g i n g 
t e c h n i q u e s . 

For da ta co l lec t ion and ana lys is , 
t he re is a need fo r n e w m e t h o d s in 
t h e m o n i t o r i n g and con t ro l o f huge 
d e t e c t i o n s y s t e m s us ing , fo r e x a m ­
ple, laser b e a m s and f ib re op t i cs . T h e 
use of d i s t r i bu ted s y s t e m s w i t h 
m a n y c o m p u t e r s d e d i c a t e d t o s p e ­
c i f ic tasks ( ra ther t han a m o n o l i t h i c 
app roach ) looks t o be t he w a y t o go 
at all levels of con t ro l and da ta c o l ­
lec t ion in very c o m p l e x e x p e r i m e n t s . 
The re is a lot of in te res t in e s t a b l i s h ­
ing s t a n d a r d s t o be used t h r o u g h o u t 
t h e da ta hand l ing s y s t e m ( f r om t h e 
t r i gge r t o t h e o f f - l ine ana lys is p r o ­
g rams) . A p a r t f r o m o the r a d v a n ­
tages , th is w o u l d ease t he pa r t i c i pa ­
t i o n in large e x p e r i m e n t s o f sma l l 
g r o u p s f r o m Univers i t ies . 

The t i m e s c a l e in w h i c h s o m e o f 
th i s w o r k shou ld be done w a s i nd i ­

c a t e d by H e r w i g Schopper , CERN 
D i rec to r Genera l des igna te . In 1 9 8 1 
t he re w i l l be t h e f i rs t cal l fo r p r o p o ­
sals. T h e f i rs t approva ls can 
e x p e c t e d in t h e course o f 1 9 8 2 so 
t h a t t e a m s can beg in c o n s t r u c t i o n o f 
the i r d e t e c t i o n s y s t e m s fo r ins ta l la ­
t i o n du r i ng 1 9 8 3 - 8 5 . Expe r imen ts 
c o u l d t h e n s ta r t in 1 9 8 6 . Only f o u r 
i n te rsec t i on reg ions w i l l be env i s ­
aged in i t ia l ly and dec is ions w i l l be 
needed on h o w m a n y e x p e r i m e n t s 
t o m a n o e u v r e in to these hal ls and t o 
ge t an o p t i m a l m ix of large m u l t i p u r ­
pose a p p a r a t u s and sma l l spec ia l ­
ized se t -ups . T h o u g h t shou ld be 
g i ven t o t h e a d o p t i o n of ex is t ing 
p r o v e n s y s t e m s t o LEP cond i t i ons . 
T h e d i s t r i bu t i on of t he da ta ana lys is 
b u r d e n s h o u l d a lso no t be over ­
l ooked . A l l in al l , t he re are qu i t e a f e w 
t h i n g s t o be d o n e be fo re 1 9 8 6 w h e n 
e l e c t r o n - p o s i t r o n b e a m s cou ld s ta r t 
co l l i d ing in LEP. 
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The Argonne ZGS in retrospect 

The early stages of construction of the ZGS 
ring. The Injector Building, Lab and Office 
Building, and Shop and Assembly Building 
(on the right) are already looking civilized. 

J u s t over a year ago, on 1 O c t o b e r 
1 9 7 9 , t h e Zero G r a d i e n t S y n c h r o ­
t r o n (ZGS) at A r g o n n e Na t i ona l 
Labo ra to ry acce le ra ted i ts last pu lse 
o f p ro tons . T h e acce le ra to r , w h i c h 
o p e r a t e d fo r a b o u t s i x teen years , 
p layed an i m p o r t a n t role in c la r i f y ing 
t h e na tu re of had ron ic i n te rac t i ons 
d u r i n g t he per iod w h e n th i s w a s o f 

a n t r a l in te res t in phys ics . 
T h e p roduc t i ve l i f e t ime o f t h e 

m a c h i n e c o u l d have been longer b u t 
b u d g e t res t r i c t ions , a r is ing f r o m t h e 
des i re t o push t h e ene rgy f r on t i e r 
a h e a d in a t i m e of c o n s t a n t overa l l 
f u n d i n g , resu l ted in t h e c los ing d o w n 
o f l o w e r energy p r o g r a m m e s . Real 
sc ien t i f i c obso lescence w a s never at 
issue. The po lar ized p r o t o n p r o ­
g r a m m e , t o w h i c h t h e m a c h i n e had 
been d e d i c a t e d du r i ng i ts last e i gh t ­
een m o n t h s of o p e r a t i o n , w a s p r o ­
d u c i n g su rp r i s ing and i m p o r t a n t 
i ns igh ts in to t he e f fec ts of sp in at 
b o t h l o w and h igh energ ies . S im i l a r ­
ly, t he e x p e r i m e n t a l p r o g r a m m e 
us ing t h e unpo la r i zed b e a m w a s p r o ­
d u c i n g in te res t ing resu l ts t o t h e 

nd . 
T h e beg inn ings of t he Z G S can be 

t r a c e d t o 1 9 5 3 , w h e n a g r o u p o f 
A r g o n n e sc ien t i s t s b e g a n t o s t u d y 
t h e des ign of poss ib le h igh ene rgy 
acce le ra to rs . A n u m b e r o f s c h e m e s 
w e r e cons ide red and in 1 9 5 6 t h e 
A t o m i c Energy C o m m i s s i o n (AEC) 
se t s o m e genera l gu ide l i nes a b o u t 
t h e p a r a m e t e r s and c o n s t r u c t i o n 
schedu le — t h e resu l t w a s a 
1 2 . 5 G e V p r o t o n acce le ra to r us ing 
zero g rad ien t m a g n e t s w i t h ve r t i ca l 
f o c u s i n g be ing p rov i ded by t h e edge 
f ie lds o f t he oc tan t s . In 1 9 5 7 t h e 
des ign w a s a p p r o v e d and c o n s t r u c ­
t i o n f u n d i n g w a s au tho r i zed . 

T h e Z G S w a s c o n c e i v e d t o be a 

The ZGS complex in its heyday. The 12 foot 
bubble chamber area is at lower right. An 
experimental hall is upstream of the chamber 
and other halls are on the opposite side of 
the ring. 
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The 12 foot hydrogen bubble chamber at 
Argonne where the use of large 
superconducting magnets was pioneered. 
The ZGS beam entered from the left. The 
tank in the foreground contained liquid 
helium for cooling the magnet while it was 
in operation. 

reg iona l fac i l i t y t o p rov ide a p o w e r f u l 
research capab i l i t y f o r t h e un i ve rs i ­
t ies in t h e M i d w e s t o f t h e U n i t e d 
S ta tes . The B e v a t r o n in Ca l i fo rn ia 
and the C o s m o t r o n , la ter t o be f o l ­
l o w e d by t h e A G S , in N e w Y o r k 
p r o v i d e d g o o d fac i l i t i es fo r h igh 
ene rgy phys ics on t h e w e s t and east 
coas ts , respect ive ly . T h e Z G S m o r e 
t h a n fu l f i l l ed th i s m i ss i on and w a s 
s e m i n a l in f o s t e r i n g n e w research 
g r o u p s at m a n y ma jo r un ive rs i t i es 
t h r o u g h o u t t h e cen t ra l U n i t e d 
S ta tes . 

I ts use w a s , o f cou rse , no t re ­
s t r i c t ed t o M i d w e s t g r o u p s a n d over 
t h e years 2 7 6 e x p e r i m e n t s w e r e 
p e r f o r m e d by users f r o m 8 4 i n s t i t u ­
t i ons in t he U S A and m a n y o the r 
coun t r i es . The c lose i n te rac t i on w i t h 
t h e un ive rs i t y c o m m u n i t y t h r o u g h 
t h e Z G S Users G r o u p , f o u n d e d in 
1 9 5 8 , and t h e s y s t e m fo r t h e 
app rova l of p r o p o s e d e x p e r i m e n t s 
se rved as a m o d e l f o r o t h e r Labo ra ­
to r ies . In par t icu lar , t h e user p h y s i ­
c is ts had a s t r o n g vo i ce in d e t e r m i n ­
ing f u t u r e d i rec t i ons of t h e research 
p r o g r a m m e , and t h e y c o l l a b o r a t e d 
w i t h A r g o n n e sc ien t i s t s and e n g i ­
neers in t he des ign and c o n s t r u c t i o n 
o f m a n y k inds of n e w research too ls . 
T h e des i re of un ive rs i t y phys i c i s t s t o 
have a m o r e f o r m a l m e a n s of p a r t i ­
c i pa t i ng in t he m a n a g e m e n t o f 
A r g o n n e led t o t h e f o u n d i n g o f t h e 
A r g o n n e Un ive rs i t i es A s s o c i a t i o n , 
w h i c h n o w p lays an i m p o r t a n t role in 
f o r m u l a t i n g A r g o n n e po l i cy and in 
t h e peer r e v i e w of i ts sc ien t i f i c p r o ­
g r a m m e s . 

The re w e r e a n u m b e r of p ioneer ­
ing aspec ts at t he Z G S t h a t b e c a m e 
s t a n d a r d f ea tu res fo r acce le ra to rs in 
la ter years . One of t h e m o r e no tab le 
w a s t h e heavy use of e x p e r i m e n t a l 
areas se rved by ex te rna l p r o t o n 
b e a m s in w h i c h severa l e x p e r i m e n t s , 
se t up in ser ies, c o u l d t a k e da ta 
s imu l t aneous l y . T h e mu l t i p l i c i t y o f 
s i m u l t a n e o u s e x p e r i m e n t s w a s 

f u r t h e r inc reased by t he d e v e l o p ­
m e n t o f p r o t o n b e a m sp l i t t i ng . Du r ­
ing t h e peak years as m a n y as t e n 
s i m u l t a n e o u s e x p e r i m e n t s w e r e 
p r o v i d e d w i t h par t ic les . 

In add i t i on t o t h e acce le ra to r i tself, 
a fu l l c o m p l e m e n t of e x p e r i m e n t a l 
e q u i p m e n t w a s bui l t . In t h e ear ly 
days par t i c le separa to rs , Che renkov 
coun te r s , s p e c t r o m e t e r m a g n e t s , a 
m e s o n f o c u s i n g ho rn fo r t h e neu t r i no 
b e a m and an array of bubb le c h a m ­
bers w e r e b r o u g h t in to ope ra t i on . 
T h e f i r s t bubb le c h a m b e r w a s t h e 3 0 
inch h y d r o g e n chambe r , bu i l t by a 
co l l abo ra t i on of M i d w e s t un i ve rs i ­
t ies , no tab l y W i s c o n s i n and Purdue. 
Th is c h a m b e r had supe rb reso lu t i on 
w i t h g o o d op t i c s and a 3.2 T m a g ­
net ic f ie ld . It w a s one of t he m o s t 
re l iab le ever bui l t , t a k i n g over t e n 
m i l l i on p i c tu res du r i ng i ts ope ra t i on 
in t h e sepa ra ted beaml i ne . I ts exper ­
i m e n t s cove red t h e w h o l e range of 
S U 3 s p e c t r o s c o p y i nduced by p ion . 

kaon and a n t i p r o t o n b e a m s . A f i rs t 
a t t e m p t t o p rov ide a po lar ized p r o ­
t o n b e a m w a s also car r ied ou 
here. 

T h e 3 0 inch c h a m b e r m o v e d t o 
Fe rm i lab in 1 9 7 1 , w h e r e it p rov i ded 
t h e f i rs t bubb le c h a m b e r s tud ies o f 
h igh ene rgy co l l i s ions and is st i l l 
o p e r a t e d occas iona l l y . T w o o the r 
c o n v e n t i o n a l bubb le c h a m b e r s f o l ­
l o w e d t h e 3 0 inch in to o p e r a t i o n at 
A r g o n n e , t h e 2 0 inch N o r t h w e s t e r n 
Un i ve rs i t y h e l i u m bubb le c h a m b e r 
and t h e 4 0 inch M i c h i g a n Un ive rs i t y 
heavy l iqu id bubb le chamber . 

T h e f i r s t p rac t i ca l d e m o n s t r a t i o n 
o f s u p e r c o n d u c t i n g m a g n e t s c a m e 
w i t h t h e o p e r a t i o n at t h e Z G S of a 
1 0 inch h e l i u m bubb le c h a m b e r in 
1 9 6 7 . T h e m a g n e t w a s bu i l t w i t h 
t w i s t e d cab le m a d e of s u p e r c o n d u c ­
t o r d e v e l o p e d at A r g o n n e . Du r i ng 
t h e f i r s t e x p e r i m e n t a l run 4 7 6 0 0 0 
p i c tu res w e r e o b t a i n e d in a 2 5 day 
pe r iod . M o s t w e r e of s t o p p i n g n e g a -
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The final entry in the ZGS logbook on 1 
October 1979: '0900 Beam is off. ZGS is 
off. ' The first entry in the logbook dates 
back to 13 August 1963. 

t i ve kaons in h e l i u m fo r t h e 
A r g o n n e / C a r n e g i e M e l l o n c o l l a b o ­
ra t i on t h a t had bu i l t t h e c h a m b e r . 
Th is s u p e r c o n d u c t i n g m a g n e t is 
n o w on d isp lay at t he S m i t h s o n i a n 
I ns t i t u t i on in W a s h i n g t o n . 

N e u t r i n o phys ics w a s a l w a y s c o n ­
s ide red a p r i m e area o f research f o r 
t h e m a c h i n e , and in J u n e 1 9 6 4 a 
p roposa l w a s s u b m i t t e d t o t h e A E C 
t o bu i ld a 12 f o o t h y d r o g e n b u b b l e 
c h a m b e r as a s imp le t a r g e t f o r n e u ­
t r i no b e a m s . A p p r o v a l w a s g i ven t h e 
f o l l o w i n g J a n u a r y and in J u n e 1 9 6 5 
it w a s dec ided t o use a s u p e r c o n -

uc t i ng m a g n e t . Desp i te t h e i n n o v a -
ve na tu re o f m a n y s y s t e m s of t h e 

c h a m b e r , t h e f i rs t p i c tu res w e r e 
t a k e n in S e p t e m b e r 1 9 7 0 . W h e n t h e 
c h a m b e r w a s c losed d o w n in 1 9 7 8 , 
c lose t o 7 m i l l i on p i c tu res had been 
o b t a i n e d fo r s e v e n t e e n d i f f e ren t 
e x p e r i m e n t s . A l t h o u g h t h e career o f 
t h e 1 2 f o o t c h a m b e r has e n d e d , t h e 
p ionee r i ng s u p e r c o n d u c t i n g m a g n e t 
l ives on as par t o f t h e n e w H igh 
Reso lu t i on S p e c t r o m e t e r be ing c o n ­
s t r u c t e d at PEP by an A r g o n n e / 
Berke ley / Ind iana / M i c h i g a n / Pur-
d u e / S L A C co l l abo ra t i on . 

T h e p rod ig ious a m o u n t o f f i l m 
be ing p r o d u c e d by t h e A r g o n n e b u b ­
ble c h a m b e r d e m a n d e d rap id ana l y ­
ze fter pushing the button to turn off the ZGS 
a year ago, Ron Martin (left), who was 
Director of the Accelerator Research 
Facilities Division for many years, addressed 
the group gathered in the Main Control Room 
to witness the shutdown. 

sis and th is p r o b l e m w a s s u c c e s s ­
fu l l y a t t a c k e d by t h e c o n s t r u c t i o n o f 
a ser ies of ' P O L L Y ' m e a s u r i n g 
dev ices us ing t h e n e w idea of c lose 
i n te rac t i on b e t w e e n an on- l ine c o m ­
pu te r and t h e opera to r . 

A n o t h e r v isua l dev ice , a s t r e a m e r 
c h a m b e r , w a s bu i l t by an I l l i n o i s / 
A r g o n n e co l l abo ra t i on and c a m e 
in to o p e r a t i o n in 1 9 7 2 . A ser ies o f 
e x p e r i m e n t s w a s c o n d u c t e d on 
b a c k w a r d p r o d u c t i o n of m e s o n s , as 
w e l l as s tud ies of p i on -p ion e last ic 
and ine las t ic sca t t e r i ng . 

A s i m p l e bu t w e l l eng inee red 
s p e c t r o m e t e r w a s bu i l t t o s t u d y 
m e s o n s p e c t r o s c o p y ( the sp l i t A 2 

w a s used t o se t t h e scale o f accu racy 
n e e d e d ! ) . T h e resu l t ing de tec to r , 
ca l led the Ef fec t ive M a s s S p e c t r o ­
m e t e r (EMS) , b e c a m e t h e f o c u s o f 
e x p e r i m e n t s in m a n y o the r areas of 
phys ics . D u r i n g i ts e igh t years o f 
o p e r a t i o n it w a s used fo r 2 1 expe r i ­
m e n t s , near ly hal f o f t h e m w i t h t h e 

po la r i zed p r o t o n b e a m . In 1 9 7 5 t h e 
b e a m l i n e f e e d i n g t h e E M S w a s 
rebu i l t us ing s u p e r c o n d u c t i n g m a g ­
ne ts and , in i ts n e w f o r m , w a s oper ­
a t e d rou t i ne l y fo r f ou r years . A t t h e 
t i m e of i ts c o m m i s s i o n i n g , it w a s t h e 
on l y s u p e r c o n d u c t i n g beam l i ne in 
ex is tence . 

T h e need fo r w i d e r ranges o f 
m e a s u r e m e n t s in sp in phys ics led t o 
t h e d e v e l o p m e n t o f po la r ized ta r ­
ge ts . B e g i n n i n g in 1 9 6 5 w i t h a s i m ­
ple t a r g e t (us ing a l a n t h a n u m m a g ­
n e s i u m n i t ra te c rys ta l f o r an expe r i ­
m e n t t o m e a s u r e t h e sp in and par i ty 
o f t h e N * ( 2 1 9 0 ) resonance in p i o n -
p r o t o n e last ic sca t te r ing ) a p rog res ­
s ion o f t a r g e t s w e r e des igned and 
c o n s t r u c t e d at A r g o n n e . The m o s t 
recent , PPT- IV, w a s used w i t h t h e 
po la r i zed p r o t o n b e a m to m e a s u r e 
n ine obse rvab les w h i c h a l l o w e d t h e 
d e t e r m i n a t i o n o f t he f i ve p r o t o n -
p r o t o n s c a t t e r i n g amp l i t udes . For 
par t of t h i s p r o g r a m m e a l o n g i t u d i ­
nal ly po la r i zed t a r g e t w a s used 
t o g e t h e r w i t h a l ong i tud ina l l y po lar ­
ized b e a m . 

T h e Z G S i tsel f u n d e r w e n t c o n ­
s t a n t i m p r o v e m e n t du r i ng i ts l i fe ­
t i m e . D e v e l o p m e n t of d iagnos t i c 
dev i ces p r o v i d e d be t te r u n d e r s t a n d ­
ing o f b e a m charac te r i s t i cs . A n e w 
se t of v a c u u m c h a m b e r s , m a d e of 
t i t a n i u m and i n c o r p o r a t i n g po le - face 
w i n d i n g s t o t r i m t h e m a i n gu ide f ie ld , 
w e r e bu i l t a n d ins ta l led . The resu l t ­
ing s i m u l t a n e o u s s l o w ex t rac ted 
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Members of the Accelerator Research 
Facilities and High Energy Physics Divisions, 
along with others involved in ZGS operation, 
on the last day of ZGS running. 

(Photos Argonne) 

b e a m s to b o t h ex te rna l p r o t o n 
e x p e r i m e n t a l a reas had ve ry g o o d 
spi l l qua l i ty . A n i n tens i t y i m p r o v e ­
m e n t p r o g r a m m e w a s based on 
nega t i ve h y d r o g e n ion c h a r g e -
exchange in jec t ion a n d t h e use o f a 
rap id -cyc l i ng boos te r in jec tor . Even ­
tua l l y , nega t i ve h y d r o g e n ion in jec­
t i o n a lone a c c o u n t e d f o r t h e record 
Z G S in tens i t y o f 7 x 1 0 1 2 p r o t o n s per 
pu lse ach ieved d u r i n g t h e last n e u ­
t r i no run in 1 9 7 7 . 

T h e d e v e l o p m e n t o f rap id cyc l i ng 
s y n c h r o t r o n s led t o t he c o n s t r u c t i o n 
of a 5 0 0 M e V m a c h i n e in i t ia l ly 
i n t ended as t h e Z G S boos te r . It is 
n o w in rou t ine use as a pu l sed s l o w 
n e u t r o n sou rce a n d serves a large 
c o m m u n i t y of sc ien t i s t s fo r c o n ­
d e n s e d m a t t e r s tud ies . 

In t h e or ig ina l des i gn of t h e Z G S , 
cons ide ra t i on w a s g i ven t o t h e p o s ­
s ib i l i t y of acce le ra t i ng po la r i zed p r o ­
t o n s and in 1 9 7 0 th i s idea w a s t a k e n 
up aga in , s ince by t h a t t i m e a p r a c t i ­
cal po lar ized p r o t o n s o u r c e had been 
d e v e l o p e d fo r nuc lear phys i cs . Th ree 
years la ter t h e f i rs t po la r i zed p r o t o n s 
w e r e in jec ted and a c c e l e r a t e d t o 
6 GeV. W i t h th i s a c h i e v e m e n t t h e 

Z G S b e c a m e a un ique sou rce o f h igh 
ene rgy po la r ized p ro tons . 

T h e acce le ra to r also d e v e l o p e d a 
sp l i t pe rsona l i t y — o p e r a t i n g f o r a 
n u m b e r of m o n t h s in t h e c o n v e n ­
t i ona l (unpo lar ized) m o d e and t h e n 
s w i t c h i n g t o ope ra t i on w i t h po la r ­
ized p ro tons . Th is a l t e rna t i ng s y s t e m 
c o n t i n u e d unt i l M a r c h 1 9 7 8 , w h e n 
t h e Z G S b e c a m e d e d i c a t e d e x c l u ­
s ive ly t o po lar ized b e a m ope ra t i on . 
In t he fa l l o f 1 9 7 8 po lar ized d e u t e -
rons w e r e acce le ra ted t o 12 G e V 
y ie l d i ng an e f fec t i ve 6 G e V po la r i zed 
n e u t r o n b e a m . T h e po lar ized p r o t o n 
b e a m in tens i t y and po la r i za t ion w e r e 
s tead i l y i m p r o v e d and d u r i n g t h e last 
m o n t h s o f Z G S o p e r a t i o n a b e a m 
ene rgy o f 1 1.75 G e V and an i n t e n ­
s i t y o f severa l 1 0 1 0 p r o t o n s per pu lse 
w e r e ach ieved w i t h a po la r i za t ion o f 
7 0 per cen t . 

In add i t i on t o i ts c o n t r i b u t i o n s t o 
h igh ene rgy phys ics , t h e Z G S p r o ­
g r a m m e , w h i c h w a s on ly a par t o f 
t h e ac t i v i t i es in a large research 
Labora to ry , has had sp in -o f f i m p a c t s 
o n a range of t echno log ies . M a n y 
ski l ls and dev ices d e v e l o p e d fo r t h e 
needs of h igh ene rgy phys ics 

research have been t rans fe r red ove r 
t h e yea rs t o o the r p r o g r a m m e s at 
A r g o n n e . The s u p e r c o n d u c t i n g m a g ­
ne t g r o u p b e c a m e exper t in bu i l d ing 
m a g n e t s f o r m a g n e t o h y d r o d y n a m -
ics, acce le ra to r phys ic i s ts are w o r k ­
ing on c o n t r o l l e d t h e r m o n u c l e a r 
f u s i o n , t he so lar ene rgy p r o g r a m m 
is d e v e l o p i n g a n o n - i m a g i n g l igh t 
c o n c e n t r a t o r f i rs t bu i l t f o r a C h e r e n -
k o v coun te r , and t h e nega t i ve 
h y d r o g e n ion in jec t ion t e c h n i q u e is 
c ruc ia l t o t h e success o f t he In tense 
Pu lsed N e u t r o n Sou rce . A ma jo r 
n e w p r o g r a m m e t h a t g r e w o u t o f t h e 
acce le ra to r ac t i v i t ies is heavy ion 
f u s i o n w h i c h is n o w under in tense 
d e v e l o p m e n t . It is c lear t h a t t h e 
energ ies and ta len ts t h a t c rea ted 
and exp lo i t ed t he Z G S w h i l e at t h e 
s a m e t i m e look ing fo r n e w areas t o 
exp lo re , c o n s t i t u t e an inva luab le 
resource fo r o t he r h igh t e c h n o l o g y 
p r o g r a m s . 

T h e research p r o g r a m m e s of t h e 
A r g o n n e h igh ene rgy phys ics g r o u p s 
are be ing c o n t i n u e d us ing Fermi lab , 
PEP, and L A M P F . In add i t i on t h e 
exper t i se in acce le ra to r t e c h n o l o g y 
is b e i n g b r o u g h t t o bear on p r o b l e m s 
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of a n t i p r o t o n coo l i ng and co l l ec t i on 
a t Fermi lab and t h e cha l l enge of 
acce le ra t i ng po la r i zed p r o t o n s on 
t h e B r o o k h a v e n A G S . 

Th is ar t ic le p rov ides on l y a ske le ta l 
p i c tu re o f t he ac t i v i t i es c e n t r e d 
a r o u n d t h e Z G S . N o t h i n g has been 
sa id o f t h e m a n y peop le w h o d e d i ­
c a t e d a g o o d f r a c t i o n o f t he i r ca reers 
o t h e p r o g r a m m e and i ts a c h i e v e ­

m e n t s but , a t t h e S y m p o s i u m on t h e 
H is to ry o f t h e Z G S he ld in S e p t e m ­
ber 1 9 7 9 at A r g o n n e , it w a s appa r ­
en t t h a t all o f t he pa r t i c i pan t s w e r e 
p r o u d of the i r assoc ia t i ons w i t h t h e 
Z G S and v i e w e d i ts pass ing w i t h 
regre t . T h e p r o c e e d i n g s o f t h e s y m ­
p o s i u m , pub l i shed by t h e A m e r i c a n 
I ns t i t u te o f Phys ics (A IP C o n f e r e n c e 
P roceed ings No. 6 0 ) , p rov ide a 
g raph i c v i e w of t h e Z G S era, r ang ing 
f r o m po l i t i ca l c l i m a t e s t o sc ien t i f i c 
and t echn i ca l a c h i e v e m e n t s . 

Schematic drawing of the 7 GeV VEPP-4 
storage ring configuration at Novosibirsk. 
The linac is powered by a gyrocon and feeds 
a synchrotron, known as B-4, with both 
electrons and positrons. The previously 
existing storage ring VEPP-3 is used to boost 
the energy before transferring the particles 
to VEPP-4. There are three beam collision 
regions in series in the same straight section. 
The central position is occupied by the 
magnetic detector MD-1 which is part of 
the magnetic lattice. The detector OLYA is 
in another. 

NOVOSIBIRSK 
VEPP-4 begins 
experiments 

T h e 7 G e V e l e c t r o n - p o s i t r o n s t o rage 
r ing V E P P - 4 at t h e Ins t i t u te o f 
Nuc lea r Phys ics , Novos ib i rsk , has 
b e e n b r o u g h t in to ac t i on at l o w ener ­
g ies (up t o 3 G e V per beam) and has 
s t a r t e d e x p e r i m e n t s in t h e J / p s i par ­
t i c le m a s s reg ion . The m a x i m u m 
l u m i n o s i t y ach ieved so far is 3 x 1 0 2 8 

per c m 2 per s a t 1.85 G e V w i t h 
cu r ren t s of 0 . 8 5 m A per b e a m . 

V E P P - 4 uses a m o d i f i e d c o n f i g u ­
ra t ion o f t h e V E P P - 3 s to rage r ing as 
in jector . V E P P - 3 is o p e r a t e d as a 
boos te r and is f e d by t he B-4 s y n ­
c h r o t r o n at an energy o f 3 5 0 M e V 
o p e r a t i n g at 1 pu lse per s e c o n d . T h e 
s y n c h r o t r o n rece ives e lec t rons and 
pos i t r ons a t 7 M e V , pos i t r ons c o m ­
ing f r o m a c o n v e r t o r b o m b a r d e d 

w i t h 4 5 M e V e lec t rons f r o m a h igh 
cu r ren t l inac. T h e l inac is p o w e r e d by 
a g y r o c o n ( the n e w t e c h n i q u e o f 
p r o d u c i n g r.f. p o w e r i nven ted at 
Novos ib i r s k w h i c h w a s desc r i bed in 
ou r J u l y 1 9 7 7 issue, page 2 3 1 ) 
o p e r a t i n g at 3 0 M Hz w i t h a p o w e r o f 
6 0 M W a n d pu lses of 1 1 ms . 

T h e V E P P - 4 r ing i tsel f has t w o 
arcs o f m a g n e t s o f 4 5 m rad ius 
a r r anged in s u c h a w a y as t o leave 
t w o s t r a i gh t sec t i ons , one 4 0 m long 
(used fo r i n j ec t i on and r.f. cav i t ies) 
and one 5 5 m long (used fo r t h ree 
b e a m co l l i s ion reg ions in ser ies). T h e 
cen t ra l co l l i s ion reg ion w i l l have a 
m a g n e t i c de tec to r , M D - 1 , w i t h 
t r ansve rse m a g n e t i c f ie ld w h i c h is 
pa r t of t h e m a g n e t i c la t t i ce of t h e 
r ing . M D - 1 w i l l be ins ta l led t o w a r d s 
t h e e n d of t h i s yea r and in i t ia l ope r ­
a t i on has b e e n car r ied o u t w i t h o the r 
m a g n e t s in i ts p lace. One of t he o the r 
co l l i s ion reg ions has the d e t e c t o r 
ca l led O L Y A a l ready ins ta l led and it 
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The magnetic detector MD-1 with the upper 
part of the magnet removed. It is hoped to 
complete the detector and install it in VEPP-4 
before the end of the year. 

(Photos Novosibirsk) 

is th is d e t e c t o r w h i c h has been used 
in t h e f i rs t e x p e r i m e n t s . 

T h e r.f. s y s t e m fo r t h e m a i n r ing 
w i l l a lso use a g y r o c o n and it is 
de lays in b r i ng ing th i s un i t i n to 
ac t i on w h i c h have l i m i t e d in i t ia l 
o p e r a t i n g energ ies t o t h o s e co r re ­
s p o n d i n g t o t he J / p s i mass , s ince 
t h e a l te rna t i ve ex is t i ng r.f. p o w e r 
sou rces cou ld no t c o p e w i t h t h e 
s y n c h r o t r o n rad ia t i on at energ ies 
near 7 GeV. It is h o w e v e r e x p e c t e d 
t o push t h e energy per b e a m t o 
5.5 G e V be fo re t h e end of t h e year 
and t h u s carry o u t a de ta i l ed s t u d y of 
t h e ups i lon m a s s reg ion . T h e f i rs t 
e x p e r i m e n t s have i nc luded ve ry p re ­
c ise m e a s u r e m e n t s of t he psi and psi 
p r i m e par t ic le m a s s e s us ing t h e 
t e c h n i q u e d e v e l o p e d on V E P P - 2 M 
w h e r e t h e K and ph i m e a s u r e m e n t s 
w e r e i m p r o v e d a lso us ing t h e O L Y A 
d e t e c t o r (see J u n e 1 9 7 7 issue, page 
1 9 2 ) . T h e t e c h n i q u e uses t h e reso­
nance depo la r i za t i on of e l ec t r on and 

pos i t r on b e a m s , po lar ized in V E P P -
3, t o g ive an abso lu te ene rgy of 
ca l i b ra t i on t o be t te r t h a n 1 0 ~ 4 . T h e 
resu l t i ng da ta g ives t h e J / p s i m a s s 
as 3 0 9 6 . 9 3 ± 0 . 0 9 M e V and t he psi 
p r i m e m a s s as 3 6 8 6 ± 0.1 M e V , an 
i m p r o v e m e n t in accu racy by a f a c t o r 
of m o r e t h a n t w e n t y . 

DARMSTADT 
Heavy ion beams for 
the future 
A n e w fac i l i t y t o p rov ide h igher 
ene rgy b e a m s of> heavy ions has 
been d e s i g n e d at GSI D a r m s t a d t . It 
cons i s t s essent ia l l y of add ing a 
s y n c h r o t r o n t o t he upg raded ex is t ing 
U N I L A C l inear m a c h i n e so as t o 
m o v e t h e peak energy up t o 1 4 G e V 
per nuc léon . The n e w m a c h i n e goes 
by the n a m e of S IS fo r S c h w e r l o n e n 
S y n c h r o t r o n . 

T h e in te res t in heavy ion b e a m s is 

w i d e s p r e a d fo r research in to m a n y 
aspec t s of nuc lea r and a t o m i c p h y ­
s ics as w e l l as rad iob io logy and 
rad io the rapy . T h e l inear acce le ra to rs 
Supe rh i l ac at Berke ley and U N I L A C 
at D a r m s t a d t are n o w p rov id ing 
b e a m s of m a n y t ypes o f ion up t o 
1 0 M e V / a m u . For very re f ined ex­
p e r i m e n t s in th i s energy range t h e 
3 0 M e V t a n d e m s at Da resbu ry and 
Oak R idge are c o m i n g in to ac t i on . 
T h e y w i l l be j o i n e d by c y c l o t r o n s at 
Caen ( G A N I L ) , a t M i c h i g a n and p o s ­
s ib ly at M u n i c h (SUSE) . 

T h e c o n v e r t e d p r o t o n m a c h i n e s — 
t h e D u b n a S y n c h r o p h a s o t r o n , t h e 
Berke ley Beva lac and S a t u r n e II at 
Sac lay — e x t e n d t h e ene rgy as h igh 
as 3 .5 G e V / a m u t h o u g h fo r a m o r e 
l i m i t e d range of ions at p resent . For 
t h e f u t u r e t he re are p roposa ls at 
T o k y o ( the N u m a t r o n s y n c h r o t r o n 
and s t a c k i n g r ing) and , t o cover an 
ene rgy range up t o 2 0 G e V / a m u , at 
Berke ley ( the V E N U S pro jec t a l l o w ­
ing co l l i d ing b e a m s — see D e c e m b e r 
issue 1 9 7 9 , page 4 0 6 ) , at D u b n a 
( the Nuk lo t r on ) and at D a r m s t a d t 
( the S IS) . 

For S I S it is h o p e d t o deve lop ion 
sou rces t o p rov ide cu r ren ts as h igh 
as 1 0 m A , s t r i pp ing of f e lec t rons t o 
p r o d u c e h igh ly cha rged s ta tes w h i c h 
are m o s t usefu l fo r acce le ra t ion . T h e 
i n jec ted cu r ren t s in to t he u p g r a d e d 
U N I L A C , used as in jec tor fo r t h e 
s y n c h r o t r o n , are hoped t o p rov ide 
t w o or t h ree o rders of m a g n i t u d e 
h igher ion b e a m in tens i t ies t h a n p re ­
sen t l y ob ta inab le . 

For t h e s y n c h r o t r o n r ing, c o n v e n ­
t iona l m a g n e t s w e r e se lec ted ra ther 
t h a n s u p e r c o n d u c t i n g because of 
t h e f as te r ra te at w h i c h t h e y can be 
pu lsed . T h e r ing, a l m o s t 8 0 0 m d i a ­
mete r , w i l l have 1 2 8 b e n d i n g m a g ­
ne ts and 8 0 quad rupo les . The b e n d ­
ing m a g n e t s w i l l be of t h e w i n d o w -
f r a m e t y p e capab le of a peak f ie ld o f 
1.8 T. T h e v a c u u m w i l l be d o w n t o 
1 0 ~ 1 1 t o r r so as t o re ta in the i n t e n -
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s l t y w i t h all ion cha rge s ta tes . T h e r.f. 

s y s t e m w i l l have 12 cav i t i es w h i c h 

w i l l need t o cover f r e q u e n c i e s f r o m 

0 . 8 3 t o 7.6 M H z t o cove r t he ene rgy 

range fo r all t y p e s o f ion. 

A n upg rade of U N I LAC t o p rov ide 

peak energ ies up t o 2 5 M e V / a m u 

and h igher in tens i t i es is a l ready 

unde r w a y . Th is w i l l se rve a lso t o 

I m p r o v e i ts su i tab i l i t y as an S IS 

in jector . C o n s t r u c t i o n o f p r o t o t y p e 

S I S m a c h i n e c o m p o n e n t s has 

s t a r t e d . 

KARLSRUHE/ 
JÛLICH 
SNQ project 
For a b o u t a year a s t u d y has been 

under w a y in t h e Federa l Repub l i c o f 

G e r m a n y (par t i cu la r ly at t h e nuc lea r 

research cen t res o f Ka r l s ruhe and 

J u l i c h bu t w i t h pa r t i c i pa t i on f r o m t h e 

Un ivers i t i es , i ndus t r y and o t h e r re ­

sea rch cen t res such as S I N and 

CERN) t o des ign an acce le ra to r f a c i l ­

i ty f o r research w i t h neu t rons . It is 

n o w n as S N Q ( S p a l l a t i o n s - N e u -

t ronenque l l e ) and a p re l im ina ry d e ­

s ign repor t has been issued. 

Research w i t h n e u t r o n s has 

m o v e d t o acce le ra to r -based fac i l i ­

t ies in recen t years s ince th i s is t h e 

on l y feas ib le rou te t o h igher n e u t r o n 

f l uxes t h a n can be o b t a i n e d f r o m 

nuc lear f i ss ion reac to rs . T h e h igh 

f luxes , b o t h q u a s i - c o n t i n u o u s and 

pu lsed , are requ i red fo r e x p e r i m e n t s 

in t he phys ics of c o n d e n s e d ma t te r , 

c h e m i s t r y , b io logy and med i c i ne , 

and t he re are s o m e app l i ca t i ons in 

nuc lear and par t i c le phys ics , in par ­

t i cu la r fo r neu t r i no expe r imen ts , as 

w e l l . 

T h e s e research in te res ts have 

been re f l ec ted in t he n u m b e r o f p r o ­

j e c t s w h i c h have been p roposed . Los 

A l a m o s has a n e u t r o n l abo ra to ry at 

t h e 8 0 0 M e V L A M P F p r o t o n l inac 

and a s to rage r ing is be ing bu i l t t o 

ex tend t he n e u t r o n research p o s s i ­

b i l i t ies. F rom nex t J u n e pu lses w i l l be 

ava i lab le f o r t he p r o d u c t i o n of n e u ­

t r ons f r o m t h e 5 0 0 M e V s y n c h r o ­

t r o n in t h e B S F Boos te r S y n c h r o t r o n 

Faci l i ty at KEK. A t A r g o n n e , phys ics 

w i t h n e u t r o n b e a m s began in 1 9 7 8 

on t h e Boos te r w h i c h had been 

i n t e n d e d fo r t h e Z G S , and t he IPNS 

In tense Pulsed N e u t r o n Sou rce is 

be ing p repa red (see S e p t e m b e r 

issue 1 9 7 8 , page 3 0 1 ) . A t Ru the r ­

f o r d an 8 0 0 M e V p ro ton s y n c h r o ­

t r o n is be ing bu i l t as the S N S S p a l ­

la t ion N e u t r o n Sou rce (see M a y 

issue 1 9 7 6 , page 1 7 0 ) , t o rep lace 

t h e N I M R O D p r o t o n s y n c h r o t r o n . 

T h e goa l of t h e des ign s t u d y in 

G e r m a n y is a neu t ron sou rce w i t h 

t i m e - a v e r a g e d t h e r m a l f l uxes c o m ­

parab le w i t h t h o s e of a h igh f lux 

f i ss ion reac to r and w i t h t i m e s t r u c ­

t u re o p t i m i z e d fo r t h e r m a l n e u t r o n 

sca t t e r i ng . P ro ton pu lses w i t h 

0 .5 m s pu lse w i d t h and 1 0 0 pu lses 

per s e c o n d w e r e spec i f i ed fo r t h e 

S N Q . For th is reason t he s t u d y se t ­

t l ed o n a 1.1 G e V p r o t o n l inear 

acce le ra to r as the re is n o w c o n f i ­

d e n c e in t h e feas ib i l i t y of h igh i n t e n ­

s i ty , h igh ene rgy l inacs. The p o w e r 

r e q u i r e m e n t s and par t ic le losses 

s h o u l d be l o w e r t h a n in an e q u i v a l ­

en t s y n c h r o t r o n . T h e l inac is 5 5 0 m 

long and has t w o in jec to rs so as t o 

have a sou rce in reserve. T h e f i rs t 

seven acce le ra t i ng t anks are o f 

A l va rez s t r uc tu re , each 12 m long , 

o p e r a t i n g a t 1 0 8 M H z t o g ive an 

o u t p u t ene rgy o f 1 0 5 M e V . The rest 

of t h e l inac cons i s t s of 6 4 t a n k s o f 

d isc and w a s h e r s t r uc tu re o p e r a t i n g 

at 3 2 4 M H z . It is h o p e d to ach ieve a 

peak o u t p u t cu r ren t of 1 0 0 m A and 

an ave rage cu r ren t of 5 m A . 

A s an o p t i o n fo r shor te r pu lses o f 

even h igher in tens i ty , a ' c o m p r e s s o r 

r i ng ' is env i saged t o s tack t he pa r t i ­

c les a n d t h e n s e n d t h e m to t h e 

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

g le t u r n e jec t i on . A r ing of 6 0 m 

d i a m e t e r has been s tud ied t o ca te r 

f o r h igh space charge , t o s tack t h e 

t ra ins o f i n c o m i n g par t ic les f r o m t h e 

l inac a n d t o e jec t a c o m p r e s s e d 

pu lse c lean ly . 

Schematic drawing of the components of 
the proposed SNQ spallation neutron source 
now under study in the Federal Republic of 
Germany. A 1.1 GeV linac (1 ) would feed 
an experimental hall (2), the neutron 
production target (3) and the neutron hall 
(4), with, as an option, a compressor ring 
(5) and possibly a second target for the 
production of short high energy pulses. 
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A CERNVPadua/Rutherford/Sussex 
collaboration is to carry out an experiment 
at the high flux reactor at the Institut Laue-
Langevin (ILL), Grenoble, to look for the 
neutron-antineutron transitions predicted by 
some grand unified theories. It will use the 
HI 8 cold neutron beam, seen here in use 
for a previous experiment by a Bayreuth 
team looking for neutron electric charge. 
The HI8 beam exit is on the right. 

(Photo ILL) 

A lot of s t u d y has g o n e in to t a r g e t 
des ign t o m i n i m i z e p r o b l e m s o f heat 
and m a i n t e n a n c e , and t o m a x i m i z e 
t h e f lux of n e u t r o n s p r o d u c e d by 
spa l la t i on . T h e resu l t i ng des ign has a 
lead t a r g e t w h e e l r o t a t i n g b e t w e e n 
w a t e r m o d e r a t o r s . 

S tud ies are c o n t i n u i n g and a f ina l 
repor t is e x p e c t e d in M a y 1 9 8 1 . 

CERN/ILL 
Looking for neutron-
antineutron 
oscillations 
CERN is one of t h e pa r t i c i pan t s in a 
n e w e x p e r i m e n t w h i c h i l l us t ra tes 
w e l l a t r end in phys i cs t h i n k i n g . 
Recen t l y it has b e c o m e c lear t h a t t h e 
c o n t i n u a l ques t t o s imp l i f y our d e ­
sc r i p t i on of Na tu re cou ld be o n t h e 
ve rge o f a ma jo r n e w b r e a k t h r o u g h . 
W i t h t h e once sepa ra te t heo r i es o f 

w e a k and e l e c t r o m a g n e t i c p h e n o m ­
ena n o w appa ren t l y un i f ied , t h e o r e t i ­
c ians are b e c o m i n g bo lder and are 
p r o p o s i n g a m b i t i o u s ' g r a n d un i f i ca ­
t i o n ' s c h e m e s w h i c h e n c o m p a s s 
b o t h t h e s t r o n g and t h e e l e c t r o w e a k 
i n te rac t i ons (see N o v e m b e r 1 9 7 8 
issue, page 1 1 6) . 

One o u t c o m e of t hese la tes t p r o ­
posa ls is t h a t t h e p ro ton , t rad i t i ona l l y 
c o n s i d e r e d a s tab le par t ic le , c o u l d in 
f a c t be uns tab le (see M a y 1 9 7 9 
issue, page 11 6) , and e x p e r i m e n t s 
are under w a y t o pu t t h e g r a n d 
un i f ied t heo r i es t o t h e t es t by l ook ing 
fo r s igns of p ro ton decay (see M a y 
issue, page 1 1 4 , w h e r e inc iden ta l l y 
t h e p ro jec t in a U t a h s i lver m i n e 
s h o u l d have been a t t r i b u t e d t o Har ­
v a r d / P u r d u e / W i s c o n s i n and no t 
H a r v a r d / P e n n s y l v a n i a / W i s c o n s i n ) . 

A s t h e p r o t o n is t h e l i gh tes t 
b a r y o n , i ts ins tab i l i t y w o u l d m e a n 
t h e end of ba ryon n u m b e r as an 
abso lu te conse rva t i on law. Exact 

c o n s e r v a t i o n l a w s in phys ics , s u c h 
as t h o s e of ene rgy m o m e n t u m and 
e lec t r i c cha rge , are the resu l t o f deep 
s y m m e t r i e s . H o w e v e r no s y m m e t r y 
has ye t been f o u n d t o a c c o u n t f o r t h e 
a p p a r e n t c o n s e r v a t i o n of b a r y o n 
n u m b e r , and phys ic i s ts are j us t i f i ed 
in l ook ing fo r i ts v i o la t i on . 

T o th i s end , s o m e n e w par t i c le 
phys ics e x p e r i m e n t s are leav ing 
the i r t r ad i t i ona l s t a m p i n g g r o u n d s at 
h igh ene rgy acce le ra to rs . P ro ton 
decay s tud ies are be ing m o u n t e d 
d e e p u n d e r g r o u n d , and n o w a n e w 
t y p e of expe r imen t , l ook ing fo r a 
d i f f e ren t m a n i f e s t a t i o n of b a r y o n 
n o n - c o n s e r v a t i o n , is s chedu led fo r 
t h e h igh f lux reac to r at t h e I ns t i t u t 
Laue -Langev in (ILL), Grenob le . 

It has been s u g g e s t e d t h a t t h e 
n e u t r o n a n d i ts an t ipa r t i c le cou ld 
mix . W h i l e th i s is i nconce ivab le in 
c o n v e n t i o n a l t e r m s , it is a l l o w e d in 
g r a n d un i f i ed s c h e m e s in m u c h t h e 
s a m e w a y (a l t hough f o r d i f f e ren t 
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reasons) t h a t t h e t w o neu t ra l kaons 
( w h i c h also are m u t u a l an t ipa r t i c les ) 
can mix in w e a k i n te rac t i ons . Th is 
w o u l d m e a n t h a t par t i c le s t a t e s c o n ­
t a i n b o t h n e u t r o n and a n t i n e u t r o n 
c o m p o n e n t s g i v ing , in p r inc ip le , a 
c o n t i n u a l osc i l l a t i on b e t w e e n n e u ­
t r o n s and a n t i n e u t r o n s w i t h a d e f i ­

ne cyc le t i m e . T h e n e w e x p e r i m e n t , 
be car r ied o u t by a C E R N / 

P a d u a / R u t h e r f o r d / S u s s e x c o l l a b o ­
ra t i on , w i l l look fo r s igns o f s u c h 
n e u t r o n - a n t i n e u t r o n t r ans i t i ons . 

Cu r ren t g r a n d un i f i ed t h e o r y 
d o g m a g ives a p r o t o n l i f e t ime o f t h e 
o rder o f 1 0 3 1 years , w h i c h imp l i es 
t h a t n e u t r o n - a n t i n e u t r o n osc i l l a ­
t i o n s cou ld t a k e p lace over a cyc le o f 
a b o u t a year, a l t h o u g h m u c h sho r te r 
osc i l l a t i on t i m e s c a n n o t ye t be ru led 
ou t . 

N e u t r o n s (and t h e r e f o r e a n t i n e u ­
t rons) car ry no e lec t r ic cha rge , b u t 
n e u t r o n s and a n t i n e u t r o n s have 
equa l bu t o p p o s i t e m a g n e t i c m o ­
m e n t s . T h u s n e u t r o n s a n d a n t i n e u ­
t r o n s have d i f f e ren t energ ies in a 
m a g n e t i c f i e ld , w h i c h w o u l d s u p -

ess any m ix ing . In o rde r no t t o spo i l 
t h e osc i l l a t ions , t h e e x p e r i m e n t has 
t o be car r ied o u t in a ve ry l o w m a g ­
ne t i c f ie ld . Because of t h e d i f f e ren t 
i n te rac t i on p rope r t i es o f n e u t r o n s 
and a n t i n e u t r o n s w i t h ma t te r , t h e 
sea rch also has t o be ca r r ied o u t in a 
h igh v a c u u m . 

In add i t i on , t h e e x p e r i m e n t re ­
qu i res a h igh f lux of n e u t r o n s , t o ­
g e t h e r w i t h a long o b s e r v a t i o n t i m e 
f o r any g i ven neu t ron . Th is led t h e 
e x p e r i m e n t e r s t o c h o o s e a b e a m l i n e 
us ing co ld neu t rons . Reac to r co re 
c o n d i t i o n s p rov ide h igh f lux, b u t t h e 
large average t e m p e r a t u r e o f t h e 
n e u t r o n s res t r i c ts t h e o b s e r v a t i o n 
t i m e . O n t h e o the r h a n d , loss o f 

The high energy instrumentation of the 
future? A water-cooled 'Fastbus' crate built 
for an experiment at Brookhaven. 

(Photo Brookhaven) 

c o h e r e n c e on t h e w a l l s and t he l o w 
dens i t y o f u l t r a - co ld neu t rons w o u l d 
reduce t he sens i t i v i t y of e x p e r i m e n t s 
us ing n e u t r o n s to rage vesse ls , 
w h i c h w o u l d o t h e r w i s e appear a t ­
t r ac t i ve p ropos i t i ons . 

T h e ILL co ld n e u t r o n b e a m w i l l be 
passed t h r o u g h a 3 m e t r e v a c u u m 
c h a m b e r , magne t i ca l l y sh ie lded by 
t h ree c o n c e n t r i c layers of m u m e t a l 
t o m i n i m i z e e f fec ts due t o t h e ea r th ' s 
m a g n e t i c f ie ld ( the res idual f i e ld is 
e s t i m a t e d t o be s o m e 1 0 ~ 4 gauss) . 
A n y a n t i n e u t r o n s w o u l d be d e t e c t e d 
by t o ta l abso rp t i on in a l e a d / s c i n t i l -
la tor s a n d w i c h — the ann ih i l a t i on o f 
an a n t i n e u t r o n w o u l d re lease s o m e 
2 G e V of ene rgy and p r o d u c e p a r t i ­
c les. T h e a p p a r a t u s is housed in a 
2 0 c m th i ck i ron b lockhouse , and an 
a n t i c o i n c i d e n c e c o u n t e r m i n i m i z e s 
s t ray even ts f r o m c o s m i c rays. 
Fur ther c o s m i c ray sh ie ld ing is p r o ­
v i ded by t h e conc re te and s tee l c l a d ­
d i ng o f t h e ILL reac to r and expe r i ­

m e n t a l hal l . The e x p e r i m e n t is s c h e ­
d u l e d t o beg in r u n n i n g in Oc tobe r . 

S o m e o f t h e pa r t i c i pan ts in t h e 
c o l l a b o r a t i o n are used t o w o r k i n g at 
nuc lea r reac to rs , w h i l e o the rs have 
a pa r t i c le acce le ra to r b a c k g r o u n d . 
Th i s unusua l c o m b i n a t i o n o f sk i l ls 
g a i n e d f r o m b o t h h igh energy and 
l o w ene rgy s tud ies is w e l l - s u i t e d 
t o a sea rch w h i c h , if success fu l , 
w o u l d t r a n s f o r m n e w phys ics t h i n k ­
ing i n to e x p e r i m e n t a l fac t . 

BROOKHAVEN 
Catching the Fastbus 
T h e d e v e l o p m e n t of s t a n d a r d in ter ­
f ace t e c h n i q u e s , l ike C A M A C , has 
been one o f t h e b ig sp in -o f f suc ­
cesses in h igh ene rgy phys ics . H o w ­
ever desp i t e C A M A C ' s w i d e s p r e a d 
use in h igh ene rgy phys ics and in 
l abo ra to r y i n s t r u m e n t a t i o n in gener ­
al , it has b e c o m e ev iden t in recen t 
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Group photograph taken on 16 July at the 
first successful operation of the BOOM 
meson line. 

(Photo T. Yamazaki) 

years t h a t s o m e t h i n g else is requ i red 
w h i c h o f fe rs inc reased speed , scope 
and f lex ib i l i t y t o c o p e w i t h t h e m o r e 
s t r i ngen t d e m a n d s of n e w expe r i ­
m e n t s . 

The Fastbus da ta acqu i s i t i on sys ­
t e m has e m e r g e d as one o f t h e 
lead ing c o n t e n d e r s t o inher i t t h e 
C A M A C man t l e . A f i rs t app l i ca t i on , 
us ing fas t i n t eg ra ted c i rcu i t s , has 
been i m p l e m e n t e d at B r o o k h a v e n in 
an e x p e r i m e n t (us ing ove r 2 0 0 s c i n ­
t i l l a t ion coun te rs ) w h i c h looks fo r 
de l i ca te s y m m e t r y b reak ing e f fec ts 
in kaon decays (see J u n e issue, page 
1 5 6 ) . First o p e r a t i o n has been sa t i s ­
f ac to ry . 

The r e q u i r e m e n t s o f t h e da ta 
acqu is i t i on s y s t e m are s imi la r , bu t 
no t iden t ica l , t o t h o s e of a c o m p u t e r . 
T h e Fas tbus so l u t i on , a l t h o u g h 
based on c o m p u t e r bus (data p a t h ­
w a y ) des ign , has been ta i l o red t o 
m e e t t he needs o f h igh e n e r g y p h y ­
sics. 

It is very q u i c k — in f a s t e s t m o d e a 
3 2 - b i t w o r d can be t r a n s m i t t e d in 
s o m e t h i n g l ike 4 0 n a n o s e c o n d s . It is 
s e g m e n t e d so t h a t m a n y d i f f e ren t 
p rocesses can be hand led s i m u l t a ­
neous ly , and can be c o n f i g u r e d t o 
su i t a w i d e va r ie t y of e x p e r i m e n t s . 
S ing le s e g m e n t s can a c c o m m o d a t e 
sma l l e x p e r i m e n t s w h i l e m u l t i p l e 
s e g m e n t s can be b r o u g h t t o g e t h e r in 
large n u m b e r s fo r b ig e x p e r i m e n t s or 
ma jo r de tec to rs . 

Over 4 x 1 0 9 s t o r a g e l oca t i ons are 
ava i lab le , and t h e c o m p u t e r - l i k e 
a rch i t ec tu re of t h e s y s t e m m a k e s 
i n te r fac ing t o c o m p u t e r s easy, so 
t h a t ra ther t h a n t a k i n g t h e da ta t o 
t h e c o m p u t e r , t h e c o m p u t e r can be 
b r o u g h t t o t h e da ta . 

M o d u l e s bu i l t so fa r at B r o o k -
haven inc lude a da ta p rocessor , an 
in te r face t o an ex te rna l PDP-1 1 
c o m p u t e r , co i nc i dence la t ches w i t h 
3 n a n o s e c o n d reso lu t i on (p rov id ing 
t h e m a i n inpu t p a t h fo r e v e n t data) , a 
scaler , a m ic roc lock , a 6 0 n a n o s e c ­

o n d m e m o r y and a p r e d e t e r m i n e d 
t i m e m o d u l e fo r s ynch ron i za t i on and 
i n p u t / o u t p u t hand l ing . 

W i t h t h e adven t of Fastbus, i ts 
des igne rs can fo resee s y s t e m s w i t h 
c o m p u t e r - s e t pa rame te rs , and ex­
p e r i m e n t s w i t h c o m p u t e r - c o n t r o l l e d 
t r i gge r logic. Th is cou ld have a ma jo r 
i m p a c t on expe r imen ta l p rocedu re . 

TOKYO/KEK 
Muon BOOM 
T h e M e s o n Sc ience Labo ra to ry o f 
t h e Un ive rs i t y q f T o k y o has c o m ­
p le ted a pu lsed m e s o n fac i l i t y at t h e 
KEK boos te r . The T o k y o Labora to ry 
w a s se t up in 1 9 7 8 t o p r o m o t e 
m e s o n research and t h e f i rs t task , 
under t h e leadersh ip of Ken N a g a m -
ine w i t h H. N a k a y a m a and J . I m a z a -
to , has been t o c o n s t r u c t a s u p e r c o n ­
d u c t i n g m u o n channe l at t h e KEK 
5 0 0 M e V boos te r s y n c h r o t r o n . T h e 

fac i l i t y goes under t h e n a m e of 
B O O M and p r o d u c e d i ts f i rs t m u o n s 
o n 1 6 Ju ly . 

T h e channe l is o f s im i la r des ign t o 
t h e m u o n channe l at S I N bu t w i t h 
s o m e d i f f e ren t fea tu res . It has a 
s u p e r c o n d u c t i n g so leno id p r o d u c i n g 
a f ie ld o f 5 T in a 12 c m bore , 6 m 
long . T h e cy l indr ica l i ron y o k e is at 
r o o m t e m p e r a t u r e reduc ing c o o l -
d o w n t i m e t o 4 .5 K t o 3 0 hours . T h e 
co i ls are c o o l e d by m e a n s of a s ing le 
superc r i t i ca l hea t exchanger bu i l t on 
t h e s ide of t h e re f r igera to r co ld box 
t o s imp l i f y t h e c r yos ta t s t r u c t u r e o f 
t h e so leno id . T h e so leno id has been 
o p e r a t i n g s tab ly and rel iably. 

B a c k w a r d m u o n s are e x t r a c t e d 
f r o m t h e so leno id and pass t h r o u g h 
an a c h r o m a t i c b e a m t r a n s p o r t s ys ­
t e m . A sma l l b e a m s p o t is t h e n 
poss ib le w i t h o u t co l l ima t i on . In p r e ­
l im ina ry t u n i n g a b e a m spo t o f 5 c m 
d i a m e t e r w a s ob ta i ned . T h e KEK 
b o o s t e r has an unusua l t i m e s t r u c -
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Layout of the new BOOM pulsed meson 
facility set up by the Meson Science 
Laboratory of the University of Tokyo using 
the KEK 500 MeV Booster. 

t u r e — 5 0 ns pu lses every 5 0 m s — 
w h i c h g ives ex t rao rd ina r i l y sha rp 
n e s o n pu lses f r o m B O O M . T h e 

in tens i t i es are 1 0 5 pos i t i ve m u o n s 
per pu lse or 2 x 1 0 6 per s e c o n d . T h e 
nega t i ve m u o n in tens i t i es are a f a c ­
t o r o f f ou r d o w n . T h e ave rage i n t e n ­
s i t y is l im i t ed by t h e p r o t o n b e a m 
in tens i t y in t he boos te r , 6 x 1 0 1 1 

p r o t o n s per pu lse, b u t is a l ready 
c o m p a r a b l e t o m u o n f l uxes at ex is t ­
ing m e s o n fac to r ies . T h e i n s t a n t a ­
neous in tens i t y p r o d u c e d by a b o o s t ­
er b u n c h , c o r r e s p o n d i n g t o 1 0 1 1 

pos i t i ve m u o n s per s e c o n d , is u n i ­
que . 

T h e pu lsed na tu re of B O O M is 
w e l l - s u i t e d t o t h e s t u d y of d e l a y e d 
p h e n o m e n a over a l ong t i m e s c a l e 
s ince w i t h t h e sha rp m u o n pu lses 
t he re is v i r tua l l y no b a c k g r o u n d . For 
e x a m p l e a m u o n to e l ec t ron decay 
t i m e s p e c t r u m as long as 1 0 JIS can 
be o b t a i n e d . Th is w a s ach ieved in a 
p re l im ina ry run w i t h o u t any c o l l i m a ­

to r or sh ie ld . N o r m a l l y such 
m e a s u r e m e n t s are d i f f i cu l t because 
of t h e unavo idab le c o n s t a n t b a c k ­
g r o u n d of m u o n s and of va r i ous 
sou rces of b e a m - p r o d u c e d e lec­
t rons . 

T h e i m p o r t a n c e of s l o w re laxa t ion 
o f m u o n sp ins has been recogn ized 
in a ser ies of e x p e r i m e n t s o f t h e 
T o k y o g r o u p at T R I U M F. The B O O M 
fac i l i t y is e x p e c t e d to be ideal fo r 
such pu rposes . Fu r the rmore , due t o 
t h e e x t r e m e l y sma l l d u t y f a c t o r 
( 1 0 ~ 6 ) it o f fe rs un ique o p p o r t u n i t i e s 
t o app ly e x t r e m e ex terna l cond i t i ons , 
s u c h as r.f. f ie lds and laser pu lses. 

B O O M w i l l be used fo r expe r i ­
m e n t s a f te r O c t o b e r of th is year. It is 
h o p e d t h a t it w i l l no t on ly be used by 
J a p a n e s e phys ic is ts , bu t w i l l a lso 
c o m p l e m e n t t he w o r l d ' s ex is t ing 
m e s o n fac to r i es . Proposa ls or c o m ­
m e n t s t o assure t h e m o s t e f fec t i ve 
and p r o d u c t i v e use of B O O M s h o u l d 
be c o m m u n i c a t e d t o T o s h i m i t s u 

Y a m a z a k i , P ro fessor of Phys ics at 
t h e Un i ve rs i t y of Tokyo . The J a p a ­
nese t e a m is a lso eager t o sus ta in i ts 
p resen t ove rseas ac t i v i t ies us ing 
h igh i n tens i t y c o n t i n u o u s b e a m s at 
t h e m e s o n fac to r i es . 

CERN 
Sigma clocks tick 
ideally 
T h e e x p e r i m e n t car r ied ou t a t CERN 
in t he H Y B U C ve ry h igh f ie ld 
h y d r o g e n bubb le c h a m b e r severa l 
years a g o has y ie lded ano the r p iece 
o f i n f o r m a t i o n f r o m its s t udy of 
s i g m a par t i c les . It has s h o w n no 
obse rvab le c h a n g e in t h e expec ted 
l i f e t ime of t he s i g m a desp i te t h e 
par t i c le expe r i enc ing average d e c e l ­
e ra t i ons in t he c h a m b e r l iqu id of up 
t o s o m e 1 0 1 5 g. T h e c lock d i c t a t i n g 
t h e par t i c le l i f e t ime t i cks a w a y ' i d e ­
a l ly ' regard less of t h e acce le ra t i ons 
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Installation of the HYBUC very high field 
bubble chamber, where the behaviour of 
sigma particles has shown that despite 
strong decelerations, the special theory 
of relativity holds good. 

(Photo CERN 178.10.70) 

and is in per fec t a g r e e m e n t w i t h t he 
ca l cu la t i on f r o m spec ia l re la t iv i ty . 

Th is resul t cou ld be a n t i c i p a t e d by 
s i m p l y consu l t i ng t h e Par t ic le Data 
Tab les w h i c h c o n t a i n m e a s u r e ­
m e n t s of s i g m a l i f e t imes b o t h in 
' f r ee f l i g h t ' and in nuc lea r e m u l s i o n 
w h e r e t h e y exper ience s t r o n g d e c e l ­
e ra t ions . T h e m e a s u r e m e n t s agree 
t o w i t h i n a f e w per cen t . A l s o t h e g -2 
e x p e r i m e n t at CERN m e a s u r e d 
m u o n l i f e t imes in c o n d i t i o n s w h e r e 

t h e m u o n s w e r e exper ienc ing t r a n s ­
verse acce le ra t ions , as t h e y o r b i t e d 
t h e s t o rage ring,>of 1 0 1 8 g. A g a i n no 
c h a n g e c o m p a r e d w i t h t he a n t i c i ­
pa ted l i f e t imes w a s d e t e c t e d . T h u s 
b o t h l ong i tud ina l and t r ansve rse 
acce le ra t i ons over the m e a s u r e d 
range d o no t measu rab l y a f fec t par ­
t i c le c locks , w h i c h t i ck at a r h y t h m 
d i c t a t e d by the i r ve loc i t y . 

T h e H Y B U C resul t w a s repo r t ed in 
t h e 17 J u l y issue of ' N a t u r e ' . 

T h e e x p e r i m e n t obse rved s o m e 
1 2 0 0 0 0 s i g m a s sub jec t t o dece le r ­
a t i ons rang ing f r o m 0.5 t o 5 x 1 0 1 5 g 
w i t h i n s t a n t a n e o u s va lues as h igh as 
1 0 2 2 g. T h e s i g m a s w e r e in t h e 
2 0 0 - 6 5 0 M e V m o m e n t u m range 
w h i c h is app rop r i a te fo r s t u d y i n g 
poss ib le dece le ra t i on e f fec ts s ince 
t h e ave rage l i f e t ime is t h e n a s i gn i f i ­
can t f r a c t i o n ( 4 0 per cen t in t h e case 
of t h e nega t i ve s i g m a s and 2 1 per 
cen t in t he case of t he pos i t i ve s i g ­
mas) o f t he d i s tance t h e par t i c les 
c o u l d t rave l be fo re t h e y c a m e t o rest. 
The re w a s no measu rab le va r ia t i on 
of t h e l i f e t imes as a f u n c t i o n o f t h e 
va r i a t i on of t h e l ong i tud ina l dece le r ­
a t i on , t o w i t h i n an accu racy o f a f e w 
per cen t . 

SIN 
First beam from 
medical channel 
T h e f i r s t nega t i ve p ion b e a m f r o m 
t h e S I N P io t ron (see S e p t e m b e r 
1 9 7 7 issue, page 2 8 5 ) w a s ex­
t r a c t e d on 2 2 J u n e . Th is large 
a c c e p t a n c e ang le s u p e r c o n d u c t i n g 
p ion c h a n n e l has been d e s i g n e d and 
c o n s t r u c t e d as a ded i ca ted cance r 
t h e r a p y fac i l i t y . 

T h e in i t ia l p e r f o r m a n c e ind ica tes 
t h a t t h e b e a m g e o m e t r y and i n t e n ­
s i t y a l ready a p p r o a c h des ign spec i f i ­
ca t i ons . T h e un ique c o n f i g u r a t i o n o f 
s i x ty p ion b e a m s c o n v e r g i n g t o an 
i socen t r i c ' h o t s p o t ' w i l l a l l o w t h e 
rad io the rap i s t s t o t r ea t c o m p l e x 
t h r e e - d i m e n s i o n a l t u m o u r v o l u m e s 
by m e a n s of d y n a m i c s c a n n i n g ; 
e i ther m o v i n g t h e pa t ien t (and t h e 
t u m o u r v o l u m e ) a b o u t t he i socen t re 
( raster scan) or c h a n g i n g b e a m 
m o m e n t u m and o p e r a t i n g ind iv idua l 
b e a m sl i t s h u t t e r s (r ing scan) . 

P re l im inary m e a s u r e m e n t s i nd i ­
ca te t h a t t h e p ion dose ra te is 
a p p r o x i m a t e l y 1 4 0 r a d s / m i n fo r a 
s p o t o f 4 4 m m in all d i m e n s i o n s w i t h 
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Radiograph of two sectors, each of fifteen 
beams of negative pions, stopping in a lucite 
cylinder. The central spot is the overlapping 
of contaminating electrons and muons from 
the thirty beams. The target material was 
beryllium, the pion momentum 170 MeV, 
the diameter of the lucite cylinder 46.7 cm 
and the diameter of the film 34.8 cm. 

a be ry l l i um t a rge t o f 3 0 m m leng th 
in a w a t e r p h a n t o m of 4 6 . 7 c m d i a ­
mete r . Th is assures t h a t pa t i en t 
t r e a t m e n t t i m e s w i l l be w i t h i n rea ­
sonab le l im i ts . M e a s u r e m e n t s o f 
b e a m op t i cs to da te i nd i ca te m i n o r 
abe r ra t i ons w h i c h are unde r f u r t h e r 
s tudy . T h e p e r f o r m a n c e o f t h e t a r g e t 
assemb ly , t h e h e l i u m c o o l i n g sys -

m, t he m a g n e t coi ls , and t he s l i t 
s h u t t e r s are all sa t i s fac to ry . 

A p ion ra te m e t e r ( the p ion ' c lock ' ) 
is a lso p e r f o r m i n g w e l l . It w i l l be 
used as t h e basis f o r t h e de l i ve ry o f 
t h e t r e a t m e n t dose t o t he pa t ien t . 

If all p roceeds w e l l , it is a n t i c i p a t e d 
t h a t t h e f i rs t pa t i en ts w i l l be t r e a t e d 
be fo re t h e end of t h e year. Th i s f i r s t 
c l in ica l phase m u s t be p r e c e d e d by 
f u r t h e r d o s i m e t r y and by r ad i ob i o ­
log ica l expe r imen t s . T h e in i t ia l t r e a t ­
m e n t s w i l l be g iven t o pa t i en t s w i t h 
mu l t i p l e super f i c ia l and s u b c u t a ­
neous t u m o u r me tas tases , s im i la r t o 
t h e in i t ia l c l in ica l phase of t h e p ion 
t h e r a p y fac i l i t y at T R I U M F (see J u l y 
issue, page 2 0 0 ) . The rea f t e r d e e p -
ly ing a d v a n c e d m a l i g n a n t t u m o u r s 

/ i l l be t r e a t e d . Po ten t ia l in i t ia l s i tes 
f hc l ude t u m o u r s o f t he b ladder , u t e ­
rus, r e c t u m , panc reas and l iver. 

A C A T scanne r spec ia l l y a d a p t e d 
f o r t r e a t m e n t p l ann ing is a l ready 
o p e r a t i n g at t he nea rby C a n t o n H o s ­
p i ta l o f A a r a u . Pat ien ts can be re fer ­
red f r o m t h r o u g h o u t S w i t z e r l a n d as 
w e l l as f r o m ab road . 

Now complete is the 1500 ton magnet for 
the UA1 experiment at the SPS proton-
antiproton collider at CERN. 

(Photo CERN384.7.80) 
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People and things 
As reported in our June issue, page 154, 
there is new interest in the use of holography 
for photographing events in bubble 
chambers. Tests at CERN with the small 
BIBC bubble chamber have given a most 
beautiful demonstration of the abilities of 
the technique. The photograph is just one 
event picked from a hologram taken with a 
140 GeV negative pion beam and BIBC filled 
with freon. The bubble diameter is only some 
8 /urn and the total length represented in 
the picture is only about 1 mm. 

On people 

Sidney Drell, deputy director and 
executive head for theoretical phy­
sics at SLAC, has received the 1980 
Leo SzilardAward for Physics in 
the Public Interest from the Amer­
ican Physical Society. The award 
cites his 'outstanding contribution 
to the formulation of national policy 
through the application of physical 
principles'. 

As well as his high energy phy­
sics work, Drell has worked for 
many US government agencies, 
including the President's Science 
Advisory Committee, the US Arms 
Control and Disarmament Agency, 
the Office of Science and Techno­
logy Policy, the Office of Technology 
Assessment and the National Secur­
ity Council. After having worked 
there earlier in his career, Drell 
rejoined Stanford in 1956, and has 
since remained there. 

Among the tributes to CERN theo­
rist Rolf Hagedorn on the occasion 
of his 60th birthday is the dedica­
tion of a book entitled 'Hadronic 
matter of extreme density'. Edited 
by N. Cabibbo and L. Sertorio, the 
book reviews a Workshop on this 
subject held at Erice, Sicily. It is 
fitting that it should be dedicated 
to Hagedorn who has done some 
of his outstanding work on the 
subject of the study of matter at 
high density and high tempera­
ture. 

The rapid cycling bubble chamber, built at 
Rutherford, being assembled at CERN where 
it is to be used with the European Hybrid 
Spectrometer. Seen here are Ken Quinton 
of Rutherford (foreground), Ron Newport 
of Rutherford (background, right) and Alain 
Hervé of CERN. Working on the piston are 
Jorge Costa and Jeff Thomas of Rutherford. 
This major new detection system for the 
North Experimental Area is scheduled to be 
ready when the SPS restarts next year after 
its long shutdown. 

(Photo CERN 131.8.80) 
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John Warren, first director of the 
TRIUMF Laboratory, retired this 
year as physics professor at the 
University of British Columbia. To 
mark the occasion, many of his ex-
students and colleagues gathered 
in Vancouver recently at a meeting 
held in his honour. 

After coming to the University 
British Columbia in 1947, he 

was responsible for the design and 
construction of the first accelerator 

in Western Canada, a 3 MeV Van 
de Graaff. His efforts to get a 
higher energy machine succeeded 
in 1968 when the TRIUMF meson 
factory was funded. 

Although he has retired from 
teaching, he is still active in the 
TRIUMF experimental programme 
and has become involved in the 
Knowledge Network Institute (TV 
University) of British Columbia. One 
sideline activity is apple growing, 

John Warren: from physics to apples 

and among his 30 000 trees are 
reputed to be a few direct descen­
dants of the tree influential in the 
formulation of the theory of gravity. 

Letters from Pau/i 

Now available is the first volume 
to be published of Pauli's scientific 
correspondence * It contains some 
240 letters written to or by Wolf­
gang Pau/i during the years 
1919-1929. It is based on the Pau/i 
Letter Collection of over 2000 origi­
nals or copies gathered together 
largely through the initiative of Mrs. 
Pau/i, with the support of collea­
gues, and which is now held at 
CERN. The period covered by this 
volume covers what is frequently 
considered to be the go/den period 
of physics', and two subsequent 
volumes now in preparation will 
cover the years 1930-1939 and 

Seen here being manoeuvred into position 
in interaction region 6 at PEP is the 100 ton 
superconducting magnet coil trucked 
overland from Argonne (see April issue, 
page 57). The magnet has now been installed 
inside its iron yoke and instrumentation is 
being added for the High Resolution 
Spectrometer Experiment at PEP. 

(Photo Joe Faust) 
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Preparing the CERN exhibition in the splendid 
Gothic Hall of the University Centre at 
Louvain. 

(Photo CERN 249.8.80) 

1940-1949 respectively, with all 
correspondence arranged chrono­
logically. This collection of letters 
well illustrates the motivation and 
thinking of a scientist whose achiev­
ements and qualities cannot be 
gauged from his published papers 
alone. The correspondence displays 
to the full Pauli's stimulating ideas, 
his clear guidance and his famed 
critical powers. 

* Wolfgang Pauli— Scientific 
Correspondence with Bohr, Einstein, 
Heisenberg etc. Volume 1:1019-1929, 
Edited by A. Hermann, K. v. Meyenn, VF. 
Weisskopf, Published by Springer-Verlag (in 
German). 

Physics in Belgium 

In the July/August edition of 'Euro-
physics News', J. Lemonne, past 
President of the Belgian Physical 
Society and Belgian delegate to the 
CERN Council, reviews physics ac­
tivities in Belgium to mark the fif­
tieth anniversary of the Society. 

CERN has a presence in Belgium 
for six weeks from the beginning 
of September. On the initiative of 
R. Gastmans of the Instituut voor 
Theoretische Fysica at the Katho-
lieke Université it Leuven, an exhibi­
tion of CERN's work is taking place 
at the University. 

Particles emerging from a collision of two 
alpha particles (with a combined collision 
energy of 126 GeV) as seen by the drift 
chambers of the Axial Field Spectrometer 
at the CERN Intersecting Storage Rings. The 
alpha particle run at the end of July went 
well, as would be expected at the ISR, but 
what is striking is the high multiplicity of 
the emerging particles. A large number of 
events, like the one shown here, record over 
forty particles emerging from a collision. 
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Cancel your liquid 
helium order . . . 
Get a HELIPLEX™ 
refrigerator. 

77K 

20K 

4.5K 6 ^ 

Forget about the cost of l iquid he l ium and 
the bother of handl ing it. Wi th the H E L I P L E X 
Model CS-308 closed-cycle refrigerator you get 
stable temperatures d o w n to 3.7K. 

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

The H E L I P L E X 308 refrigerator has a conve­
niently small cold end (the refrigerator is only 
3 5 " high). This makes it useful for a variety of 
research and industrial applications wi th a selec­
t ion of temperature controllers, interface designs 
and radiat ion shields available. 

For more informat ion, write or call Advanced 
Products Department, A i r Products and Chem­
icals, Inc., Box 2802 , A l len town, PA 18105. 
(215) 398-8419. 

UNIVERSITY 
OF 

LIVERPOOL 
Department of Physics 

E X P E R I M E N T A L 
or S E N I O R E X P E R I M E N T A L OFFICERS 

1 Recen t g r a d u a t e t o w o r k in H igh Energy Par­
t i c le Phys ics G r o u p . S o m e k n o w l e d g e of For t ran 
essent ia l . T h e success fu l c a n d i d a t e w i l l be 
expec ted t o v is i t t h e CERN Labora to r ies in 
Geneva . 

2 P r o g r a m m e r / S y s t e m s A n a l y s t t o assist w i t h 
t h e exp lo i t a t i on o f m u l t i - u s e r w o r k s t a t i o n , based 
on c o u p l e d G.E.C. 4 0 8 5 c o m p u t e r s , w h i c h has 
access t o t h e S . R . C . ' s large ins ta l la t ions at 
Ru the r f o rd and Da resbu ry Labora to r ies . A degree 
or equ i va len t is essent ia l . 

Sa lar ies a c c o r d i n g t o age and exper ience on t h e 
sca le fo r Expe r imen ta l O f f i ce rs ( £ 4 4 0 2 - £ 7 4 1 0 
p.a.) or Sen io r Expe r imen ta l O f f i ce rs ( £ 5 0 5 2 -
£ 8 7 6 9 p.a.) . 

A p p l i c a t i o n f o r m s m a y be o b t a i n e d f r o m T h e 
Regis t rar , T h e Un ive rs i t y , P.O. Box 1 4 7 , L iver­
poo l L 6 9 3 B X . Eng land Q u o t e Réf. R V / 5 1 6 / C C . 

UNIVERSITY 
OF 

GENEVA 
A post-doctoral appointment is avail­
able at the Department of Nuclear 
Physics for a young physicist wi th 
some experience in high energy 
physics. 

The candidate would join one of the 
research groups of the department at 
CERN. The appointment is limited to 
five years. 

Applicants should submit resume and 
list of publications to the 

Directeur du Département 
de Physique Nucléaire 
et Corpusculaire 
Ecole de Physique 
1211 Geneva 4 
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E L E C T R O N I Q U E Genève 

S c i e n t i f i c I n s t r u m e n t a t i o n 

is l o o k i n g f o r a 

Sales engineer 
T h e s u c c e s s f u l c a n d i d a t e w i l l h a v e : 

- u n i v e r s i t y o r e q u i v a l e n t t r a i n i n g 
in e n g i n e e r i n g . 

- s e v e r a l y e a r s ' e x p e r i e n c e in C A M A C s y s t e m s . 
- p o s s i b l e e x p e r i e n c e in f a s t e l e c t r o n i c s , 
- f l u e n t E n g l i s h , p r e f e r a b l y a l s o w i t h 

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

p e r s o n a l s t a n d a r d s . 

I n r e t u r n , w e o f f e r : 

- w o r k w i t h t h e m o s t a d v a n c e d e q u i p m e n t . 

- a s t i m u l a t i n g a t m o s p h e r e a n d 
a n a g r e e a b l e s t a f f . 

- a s s i s t a n c e w i t h a n a p p l i c a t i o n f o r a C p e r m i t , 
i f d e s i r e d . 

A p p l i c a t i o n s s h o u l d b e s e n t t o 
S E N E L E C T R O N I Q U E 
3 1 , a v e n u e E . - P i c t e t , 1 2 1 1 G e n e v a 1 3 , 
S w i t z e r l a n d . 

TRIUMF 
(A research fac i l i t y l o c a t e d o n t h e U B C c a m p u s ) 

TRIUMF Theoretical Position 
A p p l i c a t i o n s are i nv i t ed fo r a n e w pos i t i on in t h e 
T R I U M F T h e o r y G r o u p . Th is p o s i t i o n w i l l be a t t h e 
Research S c i e n t i s t level (equ iva len t t o A s s i s t a n t 
or A s s o c i a t e Pro fessor ) , and sub jec t t o sa t i s fac ­
t o r y p e r f o r m a n c e , w o u l d lead t o a p p o i n t m e n t 
w i t h o u t t e r m . C a n d i d a t e s s h o u l d have p r o v e n 
t h e o r e t i c a l research ab i l i t y , w i t h pub l i ca t i ons a n d 
p o s t - d o c t o r a l expe r i ence in areas re levan t t o t h e 
T R I U M F p r o g r a m , a n d in pa r t i cu la r in e l e m e n t a r y 
pa r t i c le and nuc lea r phys i cs . A w i l l i n g n e s s t o 
i n te rac t w i t h e x p e r i m e n t a l g r o u p s is essent ia l . 

Please rep ly in w r i t i n g t o : 

Dr. J.T. S a m p l e , Di rector 
( C o m p e t i t i o n N o 2 3 1 } 
T R I U M F 
4 0 0 4 W e s b r o o k M a l l , U B C C a m p u s 
V a n c o u v e r , B. C. V 6 T 2 A 3 

A p p l i c a t i o n s w i l l be a c c e p t e d unt i l 1 5 t h 
D e c e m b e r , 1 9 8 0 . Please a t t a c h c u r r i c u l u m v i t ae , 
n a m e s o f t h r e e re fe rees a n d l ist o f pub l i ca t i ons . 

T R I U M F o f fe rs equa l e m p l o y m e n t o p p o r t u n i t i e s 
t o qua l i f i ed m a l e and f e m a l e app l i can ts . 

The 
new 

Volker Craigs 
are 

here 

EERNI 

ERNI + Co. 
Elektro-lndustrie 
8306 Bruttisellen 
Tel. 01/833 33 33 

VC 4 0 4 

the attractive universal terminal 
with the many possibilities 
further economy-pr iced 

NEW 
— knife-sharp writ ing on 

the no-glare 
green P31 screen 

— new keyboard 
— steel sheet covering 
compare the prices 
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Automate 

your 

laboratory 

Our 8030 CONCEPT system for total process 
control is an economical solution to your most 
demanding needs in laboratory automation. 
Here is everything you need - a powerful micro­
computer system, compatible software, process 
interface modules, accessories - all in a single 
package ready to set up and operate. Because it is 
modular, the CONCEPT can be configured for 
use wi th virtually any instrument found in the 
scientific environment - spectrometer, chromato-
graph, analyzer, detector, scanner, processor, 
microprobe - you name it. A wide selection of 
interface modules insures all the sensitivity and 
precision you need for consistent and accurate 
measurement. 
These benefits reduce your operating costs: 

• Flexible Interfacing. Choose from hundreds of 
standardized I/O modules designed to the cost-
saving ANSI/IEE-583 standard for computer auto­
mated measurement and control (CAMAC). 

• Maximum Uptime. Increase your process uptime 
with proven design concepts and reliability. Your 
8030 CONCEPT has a full two-year warranty. 

• Economical Expansion. Automate an entire research 
installation as efficiently as a single experiment. 
Modularity and standardization permit limitless 
expansion with minimal expense. 

• Minimum Installation Costs. Move your CONCEPT 
system quickly and easily into your process environ­
ment. Distributed data acquisition and control 
reduces your interface wiring costs, while screw 
termination panels permit fast, error-free field wiring. 

P l e a s e c o n t a c t u s f o r a d d i t i o n a l i n f o r m a t i o n 

Kinetic Systems International S.A. 
D e p t . C C 7 8 0 * 6 Chemin de Tavernay * 1 2 1 8 Geneva, Switzerland * Te l . ( 0 2 2 ) 9 8 4 4 4 5 * Telex 2 8 9 6 2 2 
KineticSystems Corporat ion • 11 Maryknoll Drive * Lockport, Illinois 60441 * Tel. 815 838 0005 * TWX 910638 2831 
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The Proven Kicker Switch 
For more than ten years EEV has been supplying thyratrons used 

to energise kicker magnets. These tubes are installed and working 
successfully in every major High Energy Nuclear Physics Laboratory 
in the world. 

Hundreds of thousands of hours of reliable service have been 
achieved and are substantiated by recent reports. 

Copies of these along with tube data and technical information 
can be obtained from Roger Snelling at Chelmsford, 
telephone (0245) 61777 ext:428. 

EE/ THYRATRONS 

ENGLISH ELECTRIC VALVE CO LTD, CHELMSFORD, ESSEX CM1 2QU, ENGLAND. TEL (0245) 61777. TELEX 99103. GRAMS ENELECTICO CHELMSFORD 
A MEMBER OF THE GEC GROUP 
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XP2008 
and XP2012 
contribute in UA1 and UA2 
ppCERN experiments with 

A c o m p l e t e r a n g e of m o d e r n PMTsfor industry a n d physics ^Jt^lbïllty 

cathode n u m D e r stability pulse resolution LinOdl^llV 
PMT 1 of 1 linearity 1 3 7 C s 

0 type stages 16h/0,3uA 1-0,1uA (mA) D R A i t l f 
(mm) (%) (%) (%) l i P D \ l f l ^ y 

X P 2 0 0 8 3 2 s u p e r A 1 0 1 1 2 0 0 8 ^^A l lCSicSt t f^ndf 
X P 2 0 1 2 3 2 bialkali 1 0 1 1 2 0 0 7,2 W l W W W I I W f 
X P 2 2 0 2 4 4 bialkali 1 0 1 1 2 0 0 7,4 | — 
X P 2 2 1 2 4 4 bialkali 1 2 1 1 2 5 0 7,5 nQSOlWHOIl 
X P 2 0 3 0 7 0 bialkali 1 0 V B 0,5 0 ,8 4 0 * ) 7,2 _ 

XP20501 1 1 0 | bialkali I 1 0 V B | 1 | 1 | 40 * ) | 7,5 | ECOilOlKlV 
*) with a specially tailored bleeder 

Matching the BBQ emission 
spectrum (BBQity), these PMTs 

meet the most criticat parameter 
for system resolution: GAIN STABILITY. 

We've set the standard for over 20 years 

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

PHILIPS Electronic 
Components 
and Materials 

PHILIPS 



Nouveau: Analyseur logique 7600 
Hautes performances/facile à utiliser/économique 

• 16 ou 32 canaux 
• Horloge interne 100 MHz 
• Double mémoire 4096 bits 

• 7 modes de visualisation 
• Grand écran 23 cm 

• Dialogue avec \'ooérateur 

Kt^^:: • Programmable via interface 

Une démonstration vous convaincra. 

Toutes ces caractéristiques sont réunies dans cet instrument Demandez notre notice technique 
"""^•^K^^S^^K % Schlumberger Instrumentation SA y 

1 0 0 7 L a u s a n n e # t e | . 021/277718 

J C I H | | | | - r i | ' p i J 8040 Zurich, Tel. 01/528880 SRL2315 

ACRYLIC scintillators: 

range of inexpensive 

altustipe 
scint i l la t ing mater ia ls 

Exists in sheets and th ick blocks 

Bo th t h e sc in t i l l a t i ng and t h e W . L . S . ( W a v e Leng th Sh i f te rs ) A L T U -

STIPES are t h e resul t o f a c lose co l l abo ra t i on b e t w e e n t h e French 

A t o m i c Energy C o m m i s s i o n (D. Ph P. E . / S T I P E ) and attulOT 
C o r p o r a t i o n , t h e ma jo r French p r o d u c e r of acry l i c res ins altuglas 

altulor 
G r o u p C D F C H I M I E — T O U R G A N — Cedex 1 3 — F. 9 2 0 8 2 — Te lex : N O R S O 6 1 0 8 0 4 

P A R I S LA D É F E N S E 2 — F R A N C E 
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CAMAC 
The 16 bit CAMAC Computer Systems 

from SEN ELECTRONIQUE 

feature: 
* either completely stand-alone systems 

with STACC 2107 Stand Alone CAMAC Computer 
or 

* smart front-end processors and spy systems 
with ACC 2099/ACC 2103 and CC 2089 A2 or SCC 2115 L2 
Controllers. The cycles are interleaved with the parallel or serial 
CAMAC branch cycles. This feature allows extended front-end 
processing facilities and real-time debugging without any 
modification to the existing software. 
As many ACC 2099 can be connected as required for 
multiprocessing programming. 

in both cases 

* 16 bit TMS 9900 microcomputer 

* up to 23 CAMAC slots free for user's modules 

* many interfaces available: 
RS 232 C, floppy disc, etc... 

* high-level powerful NODAL interpreter 
EPROM resident or disc resident with automatic bootstrap 
and disc-file support. 

* more user's space for application programs 
than in most mini-computer controlled CAMAC systems. 

* and a very competitive price. 

STACC S y s t e m s consist of : 

— 1 CPC 2057S f u l l - w i d t h w e l l p r o v e n s i l en t C A M A C Crate 
— 1 CC 2089 A 2 A 2 Cra te C o n t r o l l e r o r 1 SCC 2115L2 L2 Crate C o n t r o l l e r 

a n d 
—- 1 CC 2 0 9 9 / 2 1 0 3 A u x i l i a r y Cra te C o n t r o l l e r w i t h 16K-16 b i t R A M , u p t o 8K E P R O M , 

T T Y a n d RS 232C in te r faces 
o r 

— 1 STACC 2107 S t a n d - A l o n e C A M A C C o m p u t e r w i t h 16K-16 b i t R A M , u p t o 12K E P R O M , 
T T Y a n d RS232C in te r faces 

— 1 dua l d r i v e 2.4 M b y t e i n t e l l i g e n t f l o p p y d isc con t r o l l e r , 
o p t i o n s i n c l u d e : 
— RP 2114 d u a l b y t e u n i v e r s a l E P R O M p r o g r a m m e r 
— CI 2092 t r i p l e h i g h s p e e d b u f f e r e d RS 232C in te r face 
— HPIB in te r face 
— etc... 

SEN 
France: ORTEC Sari; 7, rue des Solets; Tel. (1) 6872571 - Tlx 202553F, F-94 RUNGIS - G e r m a n y : SEN ELEKTRONIK 
GmbH; Brandstucken 1 1 ; Tel. 041 802046 - Tlx 2163705d, D-2000 HAMBURG 53 - DIDAS Digital System; Radspielstrasse 8; 

Tel. 089 916710 - Tlx 529167d - D-8000 MÛNCHEN 81 - S w i t z e r l a n d : SEN ELECTRONIQUE SA; CP 39 ; 

Tel. (022) 442940 - Tlx 23359ch - CH-1211 GENÈVE 13 - SEN ELEKTRONIK AG; Austrasse 4 ; Tel. (01) 9455103 ; 

Tlx 58257ch - CH-8604 VOLKETSWIL - Un i ted K ingdom : SEN ELECTRONICS LTD; London Street; Chertsey; Tel. 

9328.66744-GB - KT168AP SURREY-OFFICES THROUGHOUT THE WORLD. 

Headquar te rs : 
SEN ELECTRONIQUE S.A. ; Avenue Ernest-Pictet 31 ; Tel. (022) 442940 - Tlx 23359ch - CH-1211 GENÈVE 13. E L E C T R O N I Q U E 



W . W . PDSCHER i 
CH -1143 Apples 

Téléphone 021/77 3711 
Télex 24 259 f isch - ch 
Switzer land 

FISCHER electric connectors with 
self-locking satisfy the most exacting 
requirements of modern technolo­
gies, such as nuclear research, 
atomic energy, space research, etc. 
Their main characteristics are: 
- robust construction and 

high precision 
- dependable operation, self-locking 
- simple keying 
- simple and trouble-free mounting 
- reliable positioning on different 

elements guaranteed by two 
half-shell shaped metallic guides 

- high quality insulation, 
normally of P.T.F.E. 

- pressure tight and high vacuum 
sealed designs 

- sealed models resistant to 
radiation up to 1 0 8 Rad. and 
temperatures from 
- 60 to + 1 50 °C 

- construction with ceramic 
insulating material resistant to 
radiation and to high temperatures 

- special connectors for 
thermocouples 

FISCHER connectors with self-
locking can now be supplied in 8 
different sizes and come in a very 
wide range: 
- coaxial connectors for 

high frequencies 
- coaxial connectors for 

high voltages 
- multiple connectors 
- multiple connectors for 

high voltages 
- compound connectors: 

high frequency and low voltage 
- connectors for thermocouples 
- connectors for Camac-Modules 

Certain connectors for thermo­
couples can be supplied with con­
tacts of special materials, e.g. 
chromel, alumel, iron, constantan, 
copper, etc. 

Rapid and reliable construction of 
special connectors. 

Residual leakage: Connectors with CERAMIC insulating 
< 1 0 - 9 m bar. I. sec.-1 material resistant to radiation and to 

high temperatures 



Is there water 
in dry air or gas? Now you can 
have the answer fast, exact 
and automatically. 

Nothing could be simpler. 
1. Switch on. 
2. Place fingertip over outlet 
3. Chamber head rises. 
4. Read dial. 
No more Thermometers -
Graphs-Pumping -
cooling - recoating or 
mathematical gymnastics. 

The Shaw Automatic Dewpoint Meter 

Look at these unique 
features: Battery check 
switch-dial readings on air 
or gas irrespective of flow 
ra te- Automatic dry down 
and calibration - Portable-
Government tested for safe 
use in hazardous areas. 

G*Pelectronic Ltd 

Bernerstrasse 1 82 
CH 8064 Zurich/Switzerland 

Tel. : 01 / 6 4 32 31 P. Euler 
64 45 55 

Telex: CH 54806 GPEL 

Heraeus 
is your contact for 

Beryllium 
Foil 
Sheet 
Vacuum hot pressed block 
Machined parts 
Fabricated components 
Radiation windows 
Single crystals 

W. C. Heraeus GmbH - Produktbereich Verfahrenstechnik 
Postfach 1553 - D-6450 Hanau - Telefon 06181/360535 
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• i m m e d i a t e a v a i l a b i l i t y suisse Romand: Tél. 022-76 38 46 

let your I 
do the 

readino 
TheShaw 

I Automatic 
K j Dewpoint 
j^j Meter is unique. 



NORD 

renforce le système 
d'ordinateurs décentralisé 

Un système informat ique décentral isé pour Norsk Data est 
fondé sur une relat ion homme-mach ine , dont l 'axiome de 
base est que tout besoin de capacité de calcul est local. Nos 
systèmes d'ordinateurs sont ainsi adaptés aux besoins locaux 
c o m m e support et outi l dans la product ion, la recherche et 
l 'administration. 

La possibilité de connecter plusieurs sys tèmes locaux indé­
pendamment de leur emplacement permet la communicat ion 
entre systèmes et la créat ion de puissants réseaux d'ordina­
teurs. 

Les systèmes N O R D sont ent ièrement modulaires. Chaque 
matériel ou logiciel peut être développé et adapté aux besoins 
qui évoluent sans que des unités coûteuses deviennent super­
f lues. Nos sys tèmes s'étendent du mini-ordinateur 16 bits aux 
complexe d'ordinateurs 32 bits avec une capaci té de mémoire 
virtuelle de 4,3 G-octets pour les données c o m m e pour les 
instructions. 

Nos dépliants d' information sur le N O R D 100, NORD 500, et 
sur le trai tement décentral isé des données en relèvent les pos­
sibilités et les avantages. 

Les ordinateurs N O R D - é lément fondamenta l d'un traite­
ment efficace des données. 

' Norsk Data sari, » Le Brévent », Avenue de Jura, 01210 
Ferney-Voltaire 

Oui , je veux en savoir plus sur le sys tème Nord 
de trai tement « élargi » des données. 

Nom_ 

Entreprise_ 

Adresse_ 

Téléphone, 
I 

••••••• •••• •••••••• 
••••••••• 

•••••••• ••••••• 
Norsk Data 

Siège : 

Paris : 

« Le Brévent », Avenue du Jura, 01210 Ferney-Voltaire 
Tél. : (50)408576 
120 Bureaux de la Colline, 92213 Saint-Cloud 
Tél. : (1)6023366 

NORD - Une alternative à étudier 
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PRECISION 
PHOTOMULTIPLIER 
TUBES 
FOR HIGH ENERGY 
PHYSICS 

Pulse Height Distribution 
For Photo and Dark For Dark Only 

40 

30 

O Wavelength: 800nm| | 
•{g- Illuminated Area: 3mm dia. 
£ Measuring Time: 4 minutes 

Photoelectron Pulse: 5000cps , 

Q -
Photo + 

Dark 

Dark 

'0.6 

Single Photon PHD 

Multi Photon PHD 

0 50 100 150 200 250 0 50 100 150 200 250 
Pulse Height (channel number) Pulse Height (channel number) 

R943-03—A photon count ing PMT wi th a GaAs (Cs) 
photocathode which is ideal for plasma or laser fusion 
diagnost ics and f luorescent spectroscopy. The R943-03 
provides a typ ica l dark count rate of 10 counts per 
second (at -20°C) and a 2.2 nanosecond rise t ime. 

R 1 3 9 1 — A 5 " hemispher ical PMT 
providing good quantum eff iciency, 

t iming characterist ics and light 
acceptance signif icantly greater 
than 2iu sol id angle. 

ANGLE (Degrees) 
0 

20 

200 400 600 800 
Pulse Height (Channel Number) 

R1262—A GaAsP high gain first dinode PMT 
capable of excellent single and mult i -photon 
discr iminat ion. 

100 50 0 50 100 

LIGHT ACCEPTABILITY OF R1391X 
• • measured »—<> calculated 

Pulse Response 

R1294X—A MicroChannel 
Plate PMT for use in high 
magnetic field environments 
offering 350 picosecond rise 
t ime and excel lent gain 
stabil i ty beyond 10_1 cou lomb 
accumulated charge. The 
R1294X also provides 
immuni ty to after-pulsing. 

R647—A1/2 " end-on 
photomult ipl ier 
workhorse for 
CAT scanners 
and the ideal choice 
when high density 
detector packing is 
required. 

Take advantage of Hamamatsu's state-of-the art hemispherical photomult ipl ier tubes for precise 
detect ion of Cerenkov l ight in photon decay or neutrino-type experiments. Use our more tradit ional 
end-on PMT's in calorimeter, hodoscopeand plasma applications. 

C A L L OR W R I T E FOR L ITERATURE 

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

International Offices in Major Countries of Europe and Asia. 
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Successfully tested flat cable with 
fully transposed solid diffusion 
A15-Nb 3 Sn superconductors 
with high current densities 
and for application at high 
flux densities. 

Copper stabilization in 

New for 1980 B-Range 
New range of LEMO miniaturi­
zed connectors with single 
key or twin polarisations keys. 
Solder or crimped contacts. 
This new range of connectors 
has from 2 to 80 contacts 
suitable for screened or un­
screened cables between 1,5 
and 25mm overall diameter. 

The keying system prevents 
mismating. 

Many keying variations increase 
versatility and prevent cross-
mating. 

Normalized cr imping tools to 
MIL-M 22520 may be used. 

Alternative crimp contacts for quick 
assembly: a major advantage. 

Electrotechnique • CH-1110 Morges-Suisse 
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VACUUMSCHMELZE GMBH 
Gruner W e g 3 7 , D - 6 4 5 0 Hanau, Tel.: ( 0 6 1 81 ) 3 6 2 - 1 

IVACRYFLUXNS 
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(left to right) 
4625 — clock giving preset t ime and multiscaler 

operation 
4658 — spectroscopy amplifier 

4699 

4698 

The versatility of the NE 4694 NIM 1024-channel Analyser 
can now be greatly enhanced by the NE 4698 Integrator and 
NE 4625 Clock. And, for full spectrometer facilities, just add the 
NE4658 Amplifier and NE 4660 High Voltage. 

display facilities in NIM module 

integration of selected region and partial 
data output 

1024-channels, 1 0 5 - 1 counts per 
channel 

4694 

4660 — high voltage supply 

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

25, Chemin François-Lehmann, 1218 Grand Saconnex, -dk* 
Genève. Tel. (022) 98-16-61/62. Telex 289066. ym/ 
Nuclear Enterprises Ltd. 
Sighthill, Edinburgh EH 11 4YE, Scotland. Tel. 031-443 4060. 
Telex 72333. Cables: Nuclear, Edinburgh. 
Nuclear Enterprises GmbH, Schwanthalerstrasse 74, 
8 Munchen 2, Germany. Tel. 53-62-23. Telex 529938. 
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Projets 
exécutés 
sur mesure... 
Dési rez-vous dép lacer des charges de 0,1 
j u s q u ' à 1 0 0 0 t onnes? A u c u n p rob lème 
pour n o u s ! Nous pouvons le fa i re 

Haefely Today 

Particle Accelerators 
High-Voltage DC Power Supplies 
Irradiation Systems 

for Research, Radiotherapy and Industry 

T h i r t y years ago, Hae fe ly bu i l t the f i rs t i o n and elec­
t r o n accelerators f o r h igh and u l t ra -h igh voltages 
a l though requirements at tha t t ime were extremely 
sophist icated. 
Today , Haefe ly is w o r k i n g on ever more ambi t ious 
projects and has become a rel iable par tner w i t h ex­
perience i n a w ide f i e ld o f act iv i t ies: • D C acceler­
ators f o r ions and electrons up to 4 M e V • H i g h -
power electron accelerators f o r indus t r ia l rad ia t i on 
processing, design o f complete i r r ad ia t i on systems 
• E lec t ron accelerators w i t h u l t ra -h igh s tab i l i ty o f 
the accelerat ing vol tage f o r h igh-vo l tage electron 
microscopy • N e u t r o n generators f o r cancer therapy 
and indus t r ia l appl icat ions • H igh-vo l tage dc gener­
ators w i t h h igh o u t p o u t power • H igh-vo l tage dc 
power supplies f o r pulsed load or w i t h h igh ou t pu t 
vol tage stabi l i ty • M o d u l a r h igh-vo l tage dc gener­
ators 

Send fo r our b rochure en t i t l ed : * 'Haefe ly T o d a y " 

@ 60 kW electron accelerator 
in a paint curing facility 

(B) Cancer therapy system with 
fast neutrons 

© 850 kV injector power 
supply 

© 4 5 0 kV/3.5 mA modular 
high voltage DC power 
supply 

Emile Haefely & Co Ltd Basel 
P.O.Box 
CH-4028 Basel/Switzerland 
Telephone 061/41 18 17 
Telex 62 469 ehb ch 

HAEFELY 

sans aut re avec nos e i e m e n i s ae 
levage à b roches l iv rab les en 
uni tés normal isées de 0 .5 , 2 .5 , 
1 0 , 1 5 , 2 0 , 2 5 , 5 0 e t 1 0 0 t 
de charge de levage. Modè les 
à b locage a u t o m a t i q u e 
rég lab les pour une du rée à 
dé te rminer . M a r c h e 
synchronisée aussi en cas 
de p lus ieurs un i tés 
Longueur de b roche 
j u s q u ' à 8 m. Rayon 
d'act ion de - 5 0 °C 
jusqu 'à 150°C . 
Vi tesses de 
levage m i n i m a 
poss ib les. 
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Nous fou rn i ssons en ou t re : 
Engrenages con iques , 
accoup lemen ts , a rbres de 
j onc t i on , pal iers ve r t i caux , 
souf f le ts à pl is pour la 
p ro tec t ion des b roches . 

Ipfaffsilberblaul 
P F A F F - S I L B E R B L A U W I N D E N U N D H E B E Z E U G E A G 

Furtbachstrasse 364 8107 Buchs/ZH Tel. (01) 84414 66 



Diamond Tools for all purposes 
Our speciality 
Diamond turning and milling tools for non-ferrous metals 
and plastics 
CBN-Tools 

Other products 
Special diamond tools for the watch and jewellery industries 
Oiamond-tipped dressing tools 
Diamond wheels and grinding pins- Diamond sawing wheels-
Diamond files and burs 
Hardness testers - Glass cutters and diamond scribers 
Custom-designed tools - Tool-bit repolishing work 
Precise, top-quality work. First-class references 

VOEGELI & W I R Z LTD CH-2502 Bienne/Biel 
Diamond cutting and lapping works Gurzelenstr. 16 
Phone: 032/41 21 81 
Telex: 349 195 diam ch 

NIHE 
National Institute for Higfier Education Dublin 
Fbius JScdsumta urn Aixloideachas Baik Âtha Ctiath 

Applications are now invited for appointment to the following 
positions within the faculty of Engineering and Design. 

Lecturers in 
the School of 
Electronic Engineering 

The major course to be conducted initially will be a first 
degree in Electronic Engineering. In common with the 
Institute's other courses, it is expected that the graduates 
of this programme will assist in providing the high-level 
skills which the Government's expansion programme will 
require. 

QUALIFICATIONS 
Candidates will normally be highly qualified academically. 
They should preferably hold a higher degree or professional 
qualification, with industrial, business, academic and/or 
research experience, ideally in one or more of the following 
areas :- Digital Electronics, Automatic Control and/or 
Communications. 

SALARY SCALES (Under Review) 
£8,812- £11,942. 

Application forms and further details are available from: 
National Institute for Higher Education, 
1 Lower Grand Canal Street, Dublin 2, Ireland. 
Telephone'.Dublin 765175. 

NEW 
CONDUCTIVE PLASTIC 
16 mm MODULAR POT. 
MODEL 91/92 
• Single and dual assemblies 
• Metal bushings with / 8 " or 

VA" 0 plastic shafts 
• Terminals designed to accept 

also wire wrapping and std. 
in-line mini connectors 

• Extended rotational life at 
very low CRV 

• Power rating: 0,5 Watt at 
70 °C (for linear tapers) 

Do you need a high quality 
industrial grade modular pot? 
Send today for details on the 
amazing model 91/92 family. 

P O U R N S 
Bourns (Schweiz) AG 6340 Baar 
Tel. 042 / 33 33 33 Telex 78 722 
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CALORSTAT-
Soufflets miniatures et 

soufflets à diaphragme 
f lex ib les - résistant à la pression - f iab les - éprouvés 
• en laiton, tombac, bronze, béryllium, acier chrome-nickel, 

monel, nickel et autres matériaux 
• Fabrication: - soufflets miniatures - dits «électro-déposes» 

réalisés par procédé électrolytique 
(exempt de soudures) 

- soufflets â diaphragme - dits «soudés» 
réalisés par soudure à l'arc électrique sous 
atmosphère protectrice 

DN pour soufflets miniatures: 1 -100 mm 
DN pour soufflets â diaphragme: 7 - 500 mm 
pour la technique de mesure et de réglage, le vide, la tech-^ 
nique nucléaire et de l'étanchéité, armatures, micro­
mécanique, etc. 

Représentants généraux pour la Suisse et la Principauté du Liechtenstein 

JT) Angst+Pfister 
' Votre partenaire dans tous les cas 

1219 Genève-Le Lignon 
52-54 , route du Bois-des-Frères 
Téléphone 022 96 4211 
8052 Zurich • Thurgauerstrasse 66 
Téléphone 01 5 0 2 0 2 0 

WE ROUTINELY BUILD THE UNIQUE 
Scattering chambers, sliding window target 
chambers, beam collimators, spectrometer slits 
and... something for you? 

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

4003 7th Terrace S., St. Petersburg, Florida 33711 U.S.A. 
Phone:(813) 821-6759 

Advertisements in CERN COURIER 
All advertisements are published in both English and French 
editions. Second language versions accepted without extra 
charge. 

Space 
(page) 

Actual size (mm) 
wid th by height 

184 x 267 

184 x 130 
88 x 267 

88 x 130 

Cost per insertion (Swiss Francs) 

1 
insertion 

1300 

700 

380 

insertions 

1200 

650 

350 

10 
insertions 

1100 

600 

320 

1200 SwF 

1450 SwF 
2050 SwF 
1 st of month of cover date 

Supplement for 
one colour 
Covers : 
Cover 3 (one colour) 
Cover 4 » » 
Publication date 
Closing date for 
positive films and copy 1 st of month preceding cover date 

The cost of making films and of trans­
lation for advertisements are charged 
in addition 

Screen (offset) 60 or 54 Swiss ( 1 50 English) 
Advertisements cancelled after 1 st 
of month preceding cover date will 
be invoiced 

Advertising space is limited to 50% of contents and insertions 
are selected on a strict first-come first-served basis. 
All enquiries to : 

Micheline FALCIOLA / CERN COURIER - CERN 
1211 Geneva 23 Switzerland 
Tel. (022) 8 3 4 1 0 3 Telex 2 3 6 9 8 
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ccnn COURIER 

A unique advertising medium for 
scientific and technical equipment 

CERN COURIER is t h e i n te rna t i ona l l y recogn i zed 
n e w s magaz ine of h igh ene rgy phys ics . D i s t r i b u t e d 
t o all t h e ma jo r Labora to r i es of t h e w o r l d ac t i ve 
in th is d y n a m i c f ie ld of f u n d a m e n t a l research , it is 
c o m p u l s i v e read ing fo r sc ien t i s t s , eng ineers , a d ­
min is t ra tors , i n fo rma t ion med ia and buyers. W r i t t e n 
in s imp le l anguage and pub l i shed s i m u l t a n e o u s l y 
in Engl ish and French it has b e c o m e t h e na tu ra l 
c o m m u n i c a t i o n m e d i u m fo r par t i c le phys i c i s t s in 
Europe, t he U S A , t h e S o v i e t U n i o n , J a p a n — eve ry ­
w h e r e w h e r e t he f u n d a m e n t a l na tu re o f m a t t e r is 
s tud ied . 

Pub l ished f r o m C E R N , S w i t z e r l a n d , it a lso has 
c o r r e s p o n d e n t s in t h e Labora to r ies of A r g o n n e , 
Berke ley , B r o o k h a v e n , Corne l l , Fermi , Los A l a m o s 
and S t a n f o r d in t h e U S A , D a r m s t a d t , D E S Y and 
Kar ls ruhe in G e r m a n y , Orsay and Sac lay in France, 
Frascat i in I taly, Da resbu ry and R u t h e r f o r d in t h e 
U.K. , S I N in S w i t z e r l a n d , D u b n a and Novos ib i r s k 
in t h e U S S R , KEK in J a p a n , T R I U M F in Canada and 
Pek ing in China. 

The annua l e x p e n d i t u r e on h igh energy phys i cs 
in Europe is a b o u t 1 0 0 0 m i l l i on S w i s s f rancs . T h e 
expend i t u re in t h e U S A is a b o u t $ 3 0 0 m i l l i on . 
The re is s imi la r e x p e n d i t u r e in t h e Sov ie t U n i o n . 

CERN C O U R I E R is t h e w a y in to all h igh ene rgy 
phys ics research Labora to r ies . If y o u have a 
m a r k e t in th i s f ie ld , t h e r e is no surer w a y t o m a k e 
y o u r p r o d u c t s k n o w n t h a n by adve r t i s i ng in C E R N 
C O U R I E R . 

All enquiries to: 
Advertising Manager 
Micheline Falciola 
CERN COURIER 
CERN 
CH - 1211 GENEVA 23 
Tel. (022) 83 41 03 
Telex 236 98 

ENCOVOX 

Le téléphone «mains libres» 
des PTT 

(Modèle 150 avec clavier normalisé PTT, 
pour une meilleure commutation automatique 

parole-écoute et l'atténuation des bruits) 

Pour que le chef de service, 
la secrétaire, 

le mandataire et tous les autres 
«gros utilisateurs» 

puissent téléphoner et travailler 
plus facilement, commodément 

et efficacement ou organiser 
une conférence téléphonique. 

Ericsson SA 
Télécommunications 

1022 Chavannes-Renens 2, rue de la Mouline 
Tél. 021/35 45 21 

Le service clientèle de votre Direction 
d'arrondissement des téléphones (tél. 13/113) 

ou les installateurs concessionnaires 
des PTT de votre région vous fourniront 

tous les renseignements utiles. 
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POUR TOUS VOS PROBLEMES [TIQGRini 
DES DISJONCTEURS •• 
ET DES POSTES PENSEZ A UHLILEO 
MAGRINI GALILEO V ia L. M a g r i n i , 7 - 24100 B E R G A M O (ITALIA) 
T e l e f o n o / P h o n e : (035)235.444 - T e l e g r a m m i / C a b / e : M A G R I N I GAL ILEO B E R G A M O - Te lex : 301535 M A G G A L I 

Thermomètre digital et 
contrôleur de température 
- 1 0 0 à + 300°C 

Contrôleur de 
température PTC 

• Con t rô leu r de p réc is ion 

pour bouc les de t e m p é r a t u r e 

• C o m m a n d e et i nd i ca t i on 

en °C ou K 

• Con t rô lé p a r b u s - I E C 

m 

fc3L 

ROHDE&SCHWARZ 

Thermomètre 
digital PTM 

• I n s t r u m e n t de préc is ion 

avec cap teu rs en p la t ine 

• I nd i ca t i on en°C ou K 

• Con t rô l é par bus- l EC 

Représentat ion générale 
et service 
pour la Suisse 

ROSCHI 3 0 0 0 Berne 3 1 , P.O.B. 63 

Télécommunication SA Té léphone 031 4 4 2 7 1 1 
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LIQUID 
SCINTILLATORS 
FOR NUCLEAR PHYSICS 

minntronics co., inc. 

8 KByte 
Cache Memory 
for PDP-11/34, 
11/35 and 11/40 
Mod. 
8034P/8040P 
Unique Features: 
- Increases CPU 

speed to maximum 
( 2 0 - 5 0 % overall 
improvement) 

- Total hardware and 
software 
compatibility 

- Large, efficient 
8 KByte data 
storage capacity 

- Advanced parity error checking circuitry 
- Programmable control/status register (CSR) 
- Adjustable minimum/maximum address limits 
- "Growability" automatically grows with addi­

tional main memory (no further adjustments) 

WTEAraftCft 

m 
WVt 8 ERROR 

$ 

m 
, CACHE QN tlttf 

mmm 
t*cm hit 

r • 
DMA AGliViTY 

jsxxywpiGll 
ADCOMPAG, Steinwiesenstr3, CH-8952Schlierei 

A 
Schlieren^B^ 

Computer-Systeme/ 
. Komponenten 
k t 01/730 48 48 Telex 58657 

Klaasing-Reuvers 
DC/DC Converters 

Among 157 standard units 
there is also the model for you 

input range 5 ... 48 V 
output range 5 ... 24 VDC, 300 mA... 4 A 
regulation 0,05 ... 1 % 
ripple & noise 1 ... 30 mV 
efficiency up to 85% 
quality input filter & isolation 

Klaasing - Reuvers is the No. 1 european 
manufacturer of DC/DC converters and 
mini modular power supplies. 

Ask for catalogue, wallchart, price list. 
Preferential items ex stock Zurich. 

The Nuclear Enterprises range includes standard liquid scintillators for 
external detection of radiation, loaded liquids for neutron and gamma detection, 
and for pulse shape discrimination applications. Liquid scintillators are available 
in bulk form or encapsulated in cells or tanks with reflector. 

LIQUID SCINTILLATOR TANKS 
Nuclear Enterprises can supply liquid scintillation tanks for anti­

coincidence counting, gamma ray spectrometry, fast neutron spectrometry, etc. 
Special attention is paid to light collection factors, leak testing, scintillator stability 
and oxygen removal facilities. 

BA1 CELLS 
All Nuclear Enterprises liquid scintillators are available encapsulated in 

glass cells of appropriate composition. 'Bubblefree' aluminium BA1 cells are 
produced with white reflector and glass windows. Standard sizes with internal 
diameters 50 to 125mm and internal lengths 50,75,125 and 150mm. 
Special non-standard sizes on request. 

Dewald AG 
Seestrasse 561 

8038 Zurich 
Tel. 01. 451300 
Telex: 52012 

For full details c o n t a c t : 

N U C L E A R 

E N T E R P R I S E S 
m ^ L I M I T E D 
Sighthill, Edinburgh EH11 4EY, Scotland.Tel. 031-4434040 
Telex 72333. Cables: Nuclear, Edinburgh 
Nuclear Enterprises GmbH. Schwanthalerstrasse 74, 
8 Miinchen 2. Germany. Tel. 53-62-23 Telex 529938. 
NE. Nuclear Enterprises 
25, Chemin Francois-Lehmann, 1218 Grand Saconnex, 
Geneve Tel. (022) 98-16-61 /62 Telex 289066. 
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V C 4 1 5 2 

VT 52 compatible 
the profitable alternative 
Spezial 

— available with printer port 
— seperate keyboard 
— no-glare screen 

available in different colours 

a price comparison is worthwhile 

The 
new 

Volker Craigs 
are 

here 

POLYRADIAMETER 

MIP10 

• 4 R A N G E S : 1 0 , 1 0 0 , 1 0 0 0 , 1 0 0 0 0 0 s " 1 

• 5 P R O B E S : 
• S M IB M :Soft p from 30 KeV 
iSMIBG : P from 250 KeV 

Ï from 10 KeV 
• SMIG :V from 30 KeV 
• SMIX:Xfrom 5 KeV 
• SMIA ^eff iciency 40 % ( 2 3 9 Pu) 

Battery life : 40 h with batteries or 
accumulator set 
light : 2,1 kg 
outputs : scaler 
printer 

MEASURER 

MCB1 

nardeux Commercial office : 
17, rue Paul Bert 
92120 MONTROUGE (FRANCE) 
Tél. .655.24.29 

Head office : 
ZI La Vallée du Parc 
37600 LOCHES (FRANCE) 
Tél. : (47) 59.32.32. - Télex : 750 808 F 
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Model 4416 

16 channe l 
D iscr iminator I 

• 200 M H z 

• Updat ing 

or burstguard ff||J 

• Programmable 
threshold 

• Programmable 
mask 

• General test 
input 

• General fast 
veto input 

.Target 

LêCroy 

lete line of remotely progra 

based logic modules, 

IfiCroy EUROPEAN 
PRODUCTS DIVISION 

W ^ H H e a d q u a r t e r s : 81 , av. Louis-Casaï, 1216 Cointrin-Geneva, Switzer land; 
^ H B n f l H ( 4 1 2 2 ) 98 97 97. Of f i ces : Les Ulis, France, 907 38 97; Heidelberg, W. 

'*m Germany, (06221)28 192; Hambourg, W. Germany, (040)54 27 13; 
H I J K H Weathley, Oxford, England, (08677)3540; New York, (914)425-0412; 
^llçSIWB N e w

 England, (603)483-8755; Chicago, (312)626-6726; Palo alto, 
JM^m^B (415) 856-1806. Representatives throughhout the world. 

Model 4508 

Dual 8 x 8 
Fully prog. 
Logic Unit 

• 2 independent 
sect ions 

• 8 in/8 out 
per sect ion 

• Programmable 
for A N Y Logic 
function 

• 100 M H z 

Input pattern 
C A M A C readable 

• F ixed propagat ion 
t ime 

Precision -
Power-
Supplies 
Stability up to 10" 6/8h 
up to 150kV, up t o 2 0 0 0 0 A , up to600kW 

sr-flat-
primary switched 

F L O W M E T E R S 

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

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

type 1100 

Heraeus lenses, mirrors. 
Quartz glass cuvettes, hatches, 

disks, prisms, 
rods, tubes 

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

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

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

Oer l i koners t rasse 8 8 
Te l . 0 1 / 3 1 1 4 0 4 0 
8 0 5 7 Zu r i ch 



Uranium. Yesterday it was used for colour. 
Today ifs a vital source of energy. 

In the nineteenth cent ury 
uranium was introduced into glass 
for colouring and ceramics for 
decoration* 

Then they found other ways 
of colouring glass. And people 
had little further use lor uranium. 

That's a very good reason 
today for choosing uranium as a 
source of energy, instead of fossil 
fuels which are needed for 
transport and as a raw material for 
fertilisers, insecticides, 
pharmaceuticals, plastics and other 
important products. 

BNFL has already produced 
enough uranium fuel elements and 
uranium oxide fuel pins to save 
five hundred million tons of coal or 
two thousand two hundred million 
barrels of oil from fossil fuel reserves. 

ItsBNR.swavotlillinjitho 
energy^ap, 

British Nuclear tels limited, Risley, 
WamngtonWA36AS 

•
K ICTf the heart of nuetear power 



-500mm-

ÈÈÉÊÈÈiÊÈÊÈÈii 

Stesalit resolves your 
individual problems 
in fiberglass and carbon fiber 
construction 
— for science 
and advanced technic. 

Frames for 
proportional chambers 
spark chambers 
drift chambers 
coasting boxes for Cerenkov counters. 
Parts and profile material 
of all types, also in combination 
wi th carbon fiber. 
Upon request parts 
can also be laminated 
wi th copper or aluminium foi l . 

Stesalit AG 
Kunststoffwerk 
CH-4249 Zullwil SO 
Telefon 061-800601 
Telex 63182 03.003 

LeCroy's System 2285A.... 

the d o - e v e r y t h i n g ADC 

High energy physics exper iments have made ever-
increasing demands on ADC's used for event recor­
d ing. This has led to the development of the LeCroy 
System 2280, a series of low-cost, high-density 
ADC's. Because all exper iments are different, the 

I 
• Low power—504 channels per standard CAM AC 

crate. 
• Fast clear— to 2 counts out of 4095 in 1.5 /*sec.* 
• Excellent linearity—typically ± 0 . 1 % of reading 

±0.25 p C * 
• Automatic data compacting—speeds readout of 

large detector arrays. 
• Automatic pedestal subtraction—via the 2280 

system processor. 

*For 12-bit, 10 count/pC operat ion. 

LfiCroy 

2285A system al lows the user to select performance 
to fit each need. The unit offers 24 current-
integrating ADC's per #1 CAMAC module. The circuit 
design is so versati le that a wide range of operating 
condi t ions can be selected. 

ynamic range 12 or 15 bits—by specifying the 
ppropriate 2280 system processor, 
djustable gain—via unique voltage programming 

mode. 
High sensitivity mode—30 fC/count. 
nput coupling—AC or DC by provision on the cir-
uit board. 

For complete detai ls, wr i te or call your local LeCroy 
sales o f f i ce : 

LeCroy Research Systems, Corp.; 700 South Main Street, Spring Valley, N.Y. 
10977 (914) 425-2000, TWX 710-577-2832. International Offices: Geneva, 
Switzerland; Heidelberg, W. Germany; Orsay, France; Wheatley, Oxford, 
England. 
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The cryogenic 
gas bearing 
turboexpander 
which does not need 
outside support 
(unlike others-. .) 

Usual gas bearing systems depend 
on an external source oi pressur­
ized gas. We have succeeded 
in developing a self-supporting 
autonomous system. 
The shaft floats on gas cushions 
created by its own rotation. It 
spins—amazingly—at several hun­
dred thousand rev/min without the 
slightest wear. Neither bearing 
gas nor seal gas have to be di­
verted from the process. Controls 
are fewer and simpler. 
A story too fantastic to believe ... 
but true: 
Our turboexpander is at the heart 
of dozens of cryogenic plants 
around the world. 

Sober Brothers Limited 
CH-8401 Winterthur, Switzerland 
Cryogenics Department 
Telephone 052 8137 28/8138 23 
Telex 76165 

SULZER 


