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Non-conservative physics 

Participants at the recent International 
Colloquium on Matter Non-Conservation at 
Frascati were able to tour the excavations 
for the new Gran Sasso underground 
laboratory near Rome. 

A n e w ser ies o f in ternat ional phys ics 
mee t i ngs g o t under w a y last year 
w i t h the Internat ional Confe rence on 
Baryon Decay and Nuc leon Stabi l i ty 
( ICOBANS), held in B o m b a y . T h e 
con fe rence ser ies con t i nued in J a n 
uary th is year in Frascat i , I taly. H o w 
ever the g r o w i n g scope o f th is k ind 
o f phys ics m o t i v a t e d the Frascat i 
con fe rence organizers t o change the 
name t o I n te rna t i ona l Co l loqu ium on 
M a t t e r Non -Conse rva t i on ' (ICO-
M A N ) . The mee t ing w a s s p o n s o r e d 
by INFN, Frascat i . 

A s we l l as ge t t i ng the la test n e w s 
f r o m searches f o r p r o t o n decay , the 
1 0 0 or so phys ic i s ts w h o m e t in t he 
beaut i fu l Vi l la Tusco lana heard re
p o r t s o f searches f o r neu t ron -an t i -
neu t ron osc i l la t ions , f o r neut r ino 
masses and neut r ino osc i l la t ions , 
and f o r magne t i c m o n o p o l e s . There 
w e r e also s ta tus repo r t s o n t e s t s o f 
l ep ton conse rva t i on and poss ib le 
doub le beta decay , and s u m m a r i e s 
o f recent p rog ress in neut r ino as t r o 
n o m y . 

Other than pure aes the t i cs , there is 
no phys ics reason w h y ba ryon n u m 
ber (the s u m o f neu t ron and p r o t o n 
like part ic les) has t o be c o n s e r v e d . 
The p r o t o n does no t necessar i ly 
have t o live fo r ever . But ove r the 
yea rs , pass ive expe r imen ts m o u n t e d 
deep underg round had s tead i ly 
pushed the l imi ts on p r o t o n s tab i l i ty 
h igher and higher, and m o s t peop le 
t h o u g h t tha t a s tab le p r o t o n w a s a 
safe bet . 

P ro ton stabi l i ty b e c a m e open t o 
ques t i on w i t h the d e v e l o p m e n t in re
cen t years o f the ' g rand uni f ied t h e o 
r ies ' (GUTS) w h i c h a t t e m p t t o ex tend 
the success fu l syn thes is o f e lec t ro 
magne t i c and w e a k f o r ces t o inc lude 
s t r o n g in terac t ions as we l l . The un 
s tab le p r o t o n is a sp in -o f f p red ic t ion 
f r o m th is w o r k . Using the la test pa ra 
me te r s f r o m exper imen t , the l i fe t ime 
c o m e s ou t t o be abou t 1 0 3 0 years . 
Th is s t ra ins the ingenui ty o f exper 

imenta l is ts because it means tha t 
hundreds o f t o n s o f ma t te r have t o 
be a m a s s e d t o s tand a chance o f 
see ing a f e w p r o t o n decays per 
year . 

Cand idate p r o t o n decay even ts 
have been f o u n d in t w o searches (the 
Kolar Gold Fields exper iment in 
Sou th India and the NUSEX f ine
gra ined ca lo r imeter in the M o n t -
Blanc road tunnel ) . A t Frascat i , ne i th 
er the Indian nor the Mon t -B lanc ex
per imen t had any n e w p r o t o n decay 
cand ida te even ts t o repor t , so tha t 
the g lobal samp le o f cand ida te ev
en ts had no t changed s ince last 
yea r ' s in ternat ional phys ics con fe r 
ence in Paris (see Oc tobe r 1 9 8 2 is
sue, page 3 1 2 ) . 

First resul ts f r o m the g iant 1MB (Ir-
v i n e / M i c h i g a n / B r o o k h a v e n ) exper i 
m e n t us ing 8 0 0 0 t o n s o f pur i f ied 
w a t e r , m o n i t o r e d by 2 0 4 8 p h o t o 
t u b e s , in an Ohio salt mine cou ld 
repor t no p r o t o n decay cand ida tes in 

the speci f ic pos i t r on and neutral p ion 
decay m o d e f r o m 8 0 days o f run
n ing. If th is negat ive resul t ho lds up 
af ter m o r e da ta t a k i n g , it w i l l have 
ser ious imp l i ca t ions f o r the theo re t i 
cal m o d e l s used t o pred ic t the p r o t o n 
l i fe t ime. 

Th is expe r imen t w e n t live last year 
af ter a hero ic s t rugg le t o s t o p leaks in 
the p last ic liner w h i c h con ta ins the 
w a t e r . The liner has n o w been en 
c losed in c o n c r e t e , and dur ing the 
insta l la t ion o f the de tec t i ng equ ip
m e n t , va luable ass is tance w a s p ro 
v ided by d ivers f r o m the Un ivers i ty 
o f M ich igan . 

Ef for t in the search f o r p r o t o n de 
cay is measu red in k i lo ton years (the 
m a s s o f the de tec to r t i m e s the run
ning t ime ) , and severa l o f the big 
expe r imen ts have ye t t o go l ive. The 
feel ing is tha t it w i l l t ake a bit longer 
be fo re enough k i lo ton years can be 
a m a s s e d t o p rov ide reliable meas 
u remen ts o f p r o t o n stabi l i ty . 
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First customer for the CERN 28 GeV proton 
synchrotron when it came back in action 
after its winter break was the new beamline 
for the low energy neutrino oscillation 
experiments (see December 1982 issue, 
page 413). 

(Photo CERN 387.2.83) 

In add i t i on t o the 1MB e x p e r i m e n t , 
wa te r - f i l l ed d e t e c t o r s are be ing d e 
v e l o p e d by a Harvard / Purdue / W i s 
cons in t e a m in a U tah sal t m ine and 
by a Japanese t e a m in t he K a m i o k a 
p ro jec t . Bo th t hese are measu red in 
k i l o tons . A n earl ier expe r imen t by a 
B r o o k h a v e n / Pennsy lvan ia t e a m 
used a ' s m a l l ' ( 3 0 0 ton ) d e t e c t o r , 
and a b igger p ro jec t has been p r o 
p o s e d . 

Ca lo r imeter t e c h n i q u e s , such as 
used by the Kolar and NUSEX t e a m s , 
are a lso be ing e m p l o y e d by a French 
p ro jec t in t he Frejus alp ine tunne l . 
Th is 1 . 5 k i l o t o n e x p e r i m e n t , e v e n 
tual ly t o be t en t i m e s b igger than the 
NUSEX s t u d y , cou ld g o l ive w i t h 
5 0 0 t o n s o f d e t e c t o r later th is year . 
A smal l p r o t o t y p e e lec t ron ic de tec 
t o r (30 tons ) has been used by an 
A r g o n n e / M i n n e s o t a / O x f o r d t e a m 
in the Soudan mine in M i n n e s o t a , and 
a larger ve rs ion (1 k i lo ton) is p lanned 
(see J a n u a r y / F e b r u a r y 1 9 8 2 issue. 

page 6 ) . A t least one d e t e c t o r in the 
severa l k i lo ton range wi l l be insta l led 
in the n e w in ternat ional l abo ra to ry 
be ing bui l t in the Gran Sasso m o u n 
ta ins in Italy (see J u l y / A u g u s t 1 9 8 2 
issue, page 2 2 4 ) . 

If ba ryon number is no t c o n s e r v e d , 
neu t rons and an t i neu t rons cou ld 
mix . (Such par t ic le-ant ipar t ic le m ix 
ing a lso occu rs , bu t f o r ve r y d i f fe ren t 
r easons , w i t h neutra l kaons . ) A n ex
pe r imen t has been c o n s t r u c t e d at 
t he reac to r o f the Inst i tu t Laue-Lan-
gev in (ILL) in Grenob le by a CERN/ILL 
t e a m , and o ther p ro jec ts are a f o o t in 
the US and the USSR. A s y e t , no ev i 
dence f o r neu t ron -an t ineu t ron m ix 
ing has been f o u n d . 

Grand uni f ied theor ies have a lso 
g iven add i t iona l impe tus t o searches 
f o r poss ib le vest ig ia l m a s s e s o f the 
neu t r ino , long t h o u g h t t o be a m a s s -
less par t ic le . The neut r ino m a s s l im
i ts are s l o w l y be ing pushed d o w n 
w a r d s . There are h igh h o p e s tha t t he 

n e w l o w energy neut r ino bear 
CERN wi l l p rov ide i m p o r t a n t ne \ 
f o r m a t i o n (see D e c e m b e r 198 -
sue , page 4 1 3 ) . 

T h e ex is tence o f magne t i c ITH 
po les is ano ther ques t w h i c h 
been g iven a d d e d impe tus by re 
theore t i ca l s tud ies . It w a s Dir 
q u a n t u m e lec t r odynam ics w h i c h 
pu t the idea on the m a p , bu t t h e o 
are n o w say ing tha t there shoulc 
be m o n o p o l e s left ove r f r o m the 
t ial 'B ig Bang ' w h e n the Univ 
w a s f o r m e d . 

A range o f m o n o p o l e searches 
under w a y or be ing d e v e l o p e d , 
the re have been no pos i t i ve res 
s ince Cabrera at S tan fo rd s a w hij 
s ignal last year (see July /Au< 
1 9 8 2 issue, page 2 2 0 ) . In t he m 
t i m e , fu r ther m o t i v a t i o n has o 
f r o m the 'Rubakov Ef fec t ' in w 
magne t i c m o n o p o l e s cou ld ca ta 
p r o t o n decay . 

It w i l l be in te res t ing t o mor 
p r o g r e s s in t hese phys i cs pro j 
w h i c h p rov ide a re f resh ing chanc 
e m p h a s i s f r o m the b ig exper imi 
at acce le ra to r Labora to r ies . Th< 
te res t in th is f ie ld w a s a lso un 
l ined by the recent US m e e t i n g w 
d i scussed a m o n g o the r t h ings 
poss ib i l i t y o f se t t i ng up a US nat i 
u n d e r g r o u n d phys ics l abo ra to ry 
M a r c h issue, page 4 9 ) . 

(We are grateful to Don Cund) 
supplying us with information 1 
the ICOMAN meeting.) 
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Confidence at SLAC 

Preparations for the new linear collider at 
SLAC. Here a precision alignment team 
check a raft of magnets in the new Damping 
Ring. Beam has now been carried round 
the ring. 

(Photo Joe Faust) 

S L A C Di rec tor ' P i e f Pano fsky had 
reason t o be en thus ias t ic w h e n he 
gave his t rad i t iona l 'S ta te o f S L A C 
speech earl ier th is year . A l t h o u g h at 
the t ime the US Pres iden t ' s b u d g e t , 
even f o r f iscal year 1 9 8 3 (wh ich be 
gan on 1 Oc tobe r 1 9 8 2 ) , had no t ye t 
been passed by C o n g r e s s , the n e w s 
is fa r f r o m b a d . A t a t i m e w h e n US 
publ ic sec to r spend ing is be ing cu t , 
h igh energy phys i cs cou ld have 
c o m e o f f a lot w o r s e . In par t icu lar , 
t he S L A C Linear Col l ider (SLC) p r o 
jec t has been r e c o m m e n d e d by the 
Pres ident f o r au thor iza t ion in f isca l 
year 1 9 8 4 . SLC w o u l d p rov ide 
1 0 0 G e V energ ies by m a k i n g elec
t r o n and pos i t r on b e a m s f r o m a l inac 
col l ide h e a d - o n , ra ther t han us ing the 
conven t i ona l s to rage r ing so lu t i on . 
(See Janua ry /Feb rua ry 1 9 8 2 issue, 
page 8.) 

T h e m o s t exc i t ing par t o f the Pre
s i den t ' s budge t is tha t it r e c o m 
m e n d s author iza t ion t o c o m m e n c e 
c o n s t r u c t i o n o f the S L A C Linear Co l 
l ider in f iscal year 1 9 8 4 . It spec i f i ca l 
ly r e c o m m e n d s tha t $ 4 0 mi l l ion be 
app rop r i a ted f o r th is f i rs t year o f 
c o n s t r u c t i o n . Th is is ve r y c lose t o 
the a m o u n t w h i c h w e had r e q u e s t e d . 
The re fo re , shou ld the Cong ress f o l 
l o w the Pres iden t ' s r e c o m m e n d a 
t i o n s , w e can say t ha t the s p e e d w i t h 
w h i c h w e can ge t SLC c o n s t r u c t i o n 
w o r k under w a y wi l l be l im i ted m a i n 
ly by our abi l i ty t o p e r f o r m , rather 
t han by any externa l f inancia l l im i ta 
t i o n . 

Happi ly w e shou ld be able t o m o v e 
ahead w i t h the SLC c o n s t r u c t i o n 
qu i te rapid ly once the nex t f isca l year 
beg ins in Oc tobe r 1 9 8 3 , p r o v i d e d , o f 
cou rse , tha t the Cong ress has indeed 
ac ted favou rab l y . In c o n t r a s t t o t he 
s i tua t ion w h i c h s o m e o f y o u r e m e m 
ber in respec t t o the PEP r ing , w e wi l l 
be able t o c o m p l e t e th is f isca l year , 
t ha t is be fo re O c t o b e r 1 9 8 3 , t he de 
ta i led des ign o f the va r ious 'c iv i l 

w o r k s ' w h i c h are needed t o house 
the SLC. T h a n k s t o the w o r k o f our 
eng ineers , s t eady p rog ress has been 
m a d e in p repar ing f inal des ign d r a w 
ings f o r t he SLC tunnel and the junc 
t i on o f t hese tunne ls in to the S L A C 
b e a m s w i t c h y a r d . T h u s , if t h ings g o 
as p lanned , w e wi l l issue c o m p e t i t i v e 
b ids t o the cons t ruc t i on indus t ry 
even be fo re the end o f th is f iscal year 
t o be able t o get a running s ta r t o n 
the w o r k by th is fa l l . 

W e a lso have been in g o o d c o m 
mun ica t i on w i t h our ne ighbours . W e 
have in f ac t made severa l ma jo r 
mod i f i ca t i ons o f the SLC layout in 
r esponse t o conce rns exp ressed in 
va r ious mee t i ngs w i t h c o m m u n i t y 
o rgan iza t ions deal ing w i t h the p o s 
sible impac t o f the SLC insta l la t ion 
o n the .su r round ing c o m m u n i t y . I a m 
happy t o repor t t ha t the cur rent de 
s ign appears acceptab le t o a l m o s t 
e v e r y o n e . W e have s u b m i t t e d an En
v i r onmen ta l Impac t A s s e s s m e n t , 

and af ter t he changes m e n t i o n e d , 
have rece ived a 'F ind ing o f No S ign i 
f i can t I m p a c t ' by the Depa r tmen t o f 
Energy. A l l th is means tha t w e are 
no t an t i c ipa t ing tha t env i ronmen ta l 
c o n c e r n s w i l l impede the c o n s t r u c 
t i on in any w a y . I can assure our 
ne ighbou rs tha t w e can bui ld t he SLC 
w i t h o u t caus ing t h e m any p r o b l e m s . 
Let m e no te t ha t SLC is a j o b rough ly 
one-ha l f t he magn i t ude o f PEP. 

T h e SLC is techn ica l ly an e x t r e m e 
ly d i f f icu l t bu t a lso impo r t an t and ex
c i t ing unde r tak ing . It p ioneers a n e w 
d i rec t ion t o ob ta in ve ry h igh energy 
e l ec t r on -pos i t r on co l l is ions and at 
the s a m e t i m e g ives phys ic i s t s f r o m 
m a n y ins t i tu t ions a n e w t o o l t o reach 
w h a t is cur ren t l y be l ieved t o be the 
m o s t cr i t ical energy reg ion in w h i c h 
n e w p h e n o m e n a are e x p e c t e d . 

J u s t because the t e c h n o l o g y t o 
reach b o t h a n e w rea lm o f energy at 
m o d e r a t e c o s t and t o d o phys i cs 
research w i t h the SLC is so cha l leng-
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i ng , our abi l i ty t o mee t the schedule 
o f comp le t i ng all cons t ruc t i on ac t iv i 
t ies by the end o f 1 9 8 6 depends cr i 
t ical ly on push ing as hard as poss ib le 
our cur rent research and deve lop 
m e n t p r o g r a m m e des igned t o so lve 
the technica l p r o b l e m s . Thus w e are 
f aced w i t h the dual t ask o f advanc ing 
th is e f fo r t rapid ly wh i le at the same 
t ime opera t ing our faci l i t ies w h i c h 
suppo r t b o t h our phys ics p r o 
g r a m m e and tha t o f m a n y o ther ins t i 
t u t i ons in the Un i ted S ta tes and 
ab road . 

W e hope t o schedule the break- in 
in to the S L A C s t ruc tu re and jo in ing 
the SLC r ing t o tha t s t ruc tu re dur ing 
our regular s u m m e r s h u t d o w n , s im i 
lar t o the p rocedure w h i c h w e exe
cu ted w i t h PEP. Once th is break- in 
and junc t ion has been successfu l ly 
accomp l i shed , the technica l in terac
t i on b e t w e e n the SLC and the o n g o 
ing S L A C act iv i t ies wi l l cons is t ma in 
ly o f car ry ing ou t t es t s in the l inear 
acce lerator and mak ing ma jor rev i 
s ions t o i ts insta l la t ions and con t ro l 
s y s t e m . These i m p r o v e m e n t s are 
necessary t o have the SLC live up t o 
i ts expec ta t i ons , bu t wi l l at the same 
t ime imp rove the pe r fo rmance o f the 
2-mi le linac in i ts o w n r ight . 

H o w e v e r , th is is no t al l . In add i t ion 

t o g iv ing the green l ight on the SLC, 
the Pres ident 's budge t a lso p rov ides 
fund ing f o r t w o o ther impo r tan t n e w 
p r o j e c t s : a very substant ia l g r o w t h 
in synch ro t r on radiat ion faci l i t ies and 
an o f f -ax is in jector tha t w i l l make it 
poss ib le t o generate l o w energy 
b e a m s in linac End S ta t ion A fo r nu 
c lear-s t ructure phys ic is ts and o the rs 
need ing beams of energy no greater 
than 3 GeV. A t the same t ime the 
o f f -ax is in jector w i l l make it poss ib le 
t o inject in to the SPEAR e lec t ron -
pos i t ron r ing w i t h o u t hav ing t o p o w 
er the ent i re accelerator . A s a resul t 
o f th is n e w scheme it m igh t we l l be 
poss ib le in the fu ture t o opera te 
SPEAR (and there fore s y n c h r o t r o n 
rad iat ion exper iments) t oge the r w i t h 
the l o w energy p r o g r a m m e in End 
S ta t ion A dur ing the s u m m e r 
m o n t h s , w h e n w e are highly re
s t r i c ted in the use o f e lectr ic p o w e r . 
Th is shou ld great ly increase our 
schedul ing f lex ib i l i ty , in part icular 
once SLC b e c o m e s opera t iona l . 

S tan fo rd Synch ro t ron Radiat ion 
Labora to ry is p lanning t o expand i ts 
opera t ions substant ia l ly over the 
nex t f e w years . SSRL and S L A C are 
each independent laborator ies re
po r t i ng t o the S tan fo rd Un ivers i ty 
admin is t ra t ion , w i t h each de te rm in 

ing i ts o w n p r o g r a m m e under t\ 
general pol ic ies o f the Univers i t 
SSRL, a l though an independent lab< 
ra to ry , depends on a re imbursab 
basis o n S L A C fo r technica l suppc 
in m a n y areas. A s SSRL expand 
ques t i ons are raised w h e t h e r th 
t y p e o f re lat ionship wi l l con t inue 
serve the needs . A c c o r d i n g l y , t l 
P rovos t has jus t appo in ted a cor 
m i t tee under the cha i rmansh ip 
S idney Drel l , Depu ty Di rec tor 
S L A C , t o make r e c o m m e n d a t i o n s < 
the long- range fu ture re lat ionship b 
t w e e n SSRL and S L A C . 

A l l th is means tha t S L A C s ta f f v 
be invo lved in three ma jor c o n s t n 
t i on act iv i t ies — the SLC, the o f f -a : 
in jector , and w h a t e v e r help w e c 
g ive SSRL in connec t i on w i t h t 
SPEAR upgrad ing p r o g r a m m e 
s u p p o r t o f s ynch ro t ron radiat i 
w o r k . None the less , the ongo ing p 
t i d e phys ics p r o g r a m m e wi l l con t 
ue w i t h h ighest pr ior i ty . Th is c o m 
nat ion genera tes a major load 
S L A C ' s technica l and admin is t ra t 
s ta f f s , and I hope tha t the con f ide r 
w h i c h the g o v e r n m e n t has s h o w r 
us in g iv ing us the green l ight on al 
t hese ven tu res wi l l be v ind ica ted 

Fast work 
One of the m o s t impress ive aspec ts 
o f the initial ev idence f o r W part ic les 
(see March issue, page 4 3 ) w a s h o w 
fas t the ev idence e m e r g e d f r o m the 
m a s s o f co l lec ted da ta . Th is w a s 
under l ined by Leon Lederman in his 
conc lus ion at the recent Rome co l 
l ider phys ics w o r k s h o p . 

The 1 9 8 2 per iod o f p ro ton -an t i -
p r o t o n co l l is ions in the CERN SPS 
r ing f in ished on 6 December . In the 

t w o m o n t h run , the big U A 1 and U A 2 
expe r imen ts had each been e x p o s e d 
t o s o m e 1 0 9 co l l is ions. By the t ime o f 
the Rome col l ider w o r k s h o p (12 J a n 
uary) , the exper imen te rs had been 
able t o en joy Chr is tmas and t o c o m b 
thei r recorded da ta f o r the handfu l o f 
examp les o f lone high t ransverse 
m o m e n t u m e lec t rons ' ba lanced ' by 
m iss ing energy. These even ts are 
exp la ined as the decays o f charged 

w e a k b o s o n s in to an e lec t ron an 
neut r ino . 

These high energy pro ton-ant ip 
t o n col l is ions are ex t reme ly cc 
p lex, p roduc ing sp rays o f second 
par t ic les . H o w e v e r on ly a smal l fr 
t i on are o f immed ia te phys ics in 
es t , and jud ic ious t r igger ing gre 
ass is ts the subsequen t da ta hand 
and t ime ly ex t rac t ion o f phys ics 
su i ts . 

8 2 CERN Courier, Apri l 1 



Schematic of the readout system for one 
of the 6 000 sense wires in the UA 1 central 
detector. Output from the fast digitizing 
system is stored in a circular 128 16-bit 
word buffer. 

The UA 1 system 

T h e d e t e c t o r o f t he U A 1 exper i 
m e n t has a l m o s t ful l so l id angle c o v 
e rage , w i t h a ser ies o f d e t e c t o r s p r o 
v id ing par t ic le t r a c k i n g , e l e c t r o m a g 
net ic and hadron ca lo r ime t r y (energy 
depos i t i on ) , m u o n iden t i f i ca t ion and 
magne t i c ana lys is . 

The t r igger ing s y s t e m is ac t i va ted 
by a pulse p r o d u c e d by the ap 
p roach ing p r o t o n and a n t i p r o t o n 
bunches . Th is pulse s ta r t s a t ime -o f -
f l igh t m e a s u r e m e n t w h i c h ensures 
tha t the o u t g o i n g par t ic les or ig ina te 
w i t h i n the de tec to r , re jec t ing back 
g r o u n d at the t r igger level . In add i 
t i o n , t w o fas t p r o c e s s o r s dec ide if 
t he da ta is t o be read ou t be fo re the 
nex t co l l id ing bunch ar r ives . One p r o 
cesso r can be p r o g r a m m e d t o se lec t 
e v e n t s w i t h spec i f ic pa t t e rns o f e n 
e rgy depos i t i on in t he ca lo r ime te rs . 
T h e o the r p i cks ou t m u o n s or ig ina t 

ing f r o m the in terac t ion (rather than 
the decay o f o ther par t ic les) . 

A m o r e prec ise m u o n se lec t ion is 
p lanned f o r fu tu re runs , us ing the 
F A M P m i c r o p r o c e s s o r s y s t e m . But 
th is s e c o n d level t r igger m a y c o v e r 
m a n y bunch c ross ings . A l s o on- l ine 
f i l te r ing o f the da ta is env i saged us 
ing the 168E m i c r o p r o c e s s o r (see 
J a n u a r y / F e b r u a r y 1 9 8 0 issue, page 
4 5 0 ) , t o reduce the a m o u n t o f da ta 
w h i c h has t o be w r i t t e n t o t a p e . 

M o s t o f the even t da ta c o m e s 
f r o m the cent ra l de tec to r , cons i s t i ng 
o f a large ar ray o f dr i f t c h a m b e r s w i t h 
image readou t . The fas t d ig i t iz ing e l 
ec t ron i cs samp les the w i r e pu lses 
(energy loss and t rack pos i t ion) and 
dr i f t t i m e s eve ry 3 2 ns and o v e r 4 JIS. 
For each even t , th is p r o d u c e s abou t 
1.6 M b y t e s o f prec ise d ig i ta l in for 
m a t i o n , s t o r e d in a t e m p o r a r y buf fe r 
m e m o r y . 

Initial da ta reduc t ion is hand led by 
a C A M A C crate inc luding a specia l 

r eadou t p r o c e s s o r i nco rpo ra t i ng 
c o m p l e m e n t a r y m i c r o p r o c e s s o r s t o 
handle da ta f o r m a t t i n g and con t ro l 
f u n c t i o n s . T h e number - c runch ing m i 
c r o p r o c e s s o r is ex t r eme l y f as t , wh i l e 
t he o the r is user - f r iend ly and we l l 
supp l i ed w i t h in te r faces . Each o f t he 
1 1 0 c ra tes hand les 6 0 w i r e s . 

In f a c t the da ta p rocess ing p o w e r 
o f the readou t p r o c e s s o r s y s t e m is 
m o r e than an o rde r o f magn i t ude 
larger t han a large conven t i ona l c o m 
pu te r and is we l l able t o reduce the 
i n c o m i n g p r ima ry i n f o rma t i on t o s i m 
ple c o o r d i n a t e s (dri f t t i m e , w i r e n u m 
ber , t r ack p o s i t i o n , etc.) t o abou t 
1 0 0 0 0 0 b y t e s per even t . 

W i t h such a large and c o m p l e x 
d e t e c t o r , e q u i p m e n t m o n i t o r i n g is 
a lso e x t r e m e l y i m p o r t a n t . T h u s 
ano the r v i ta l f u n c t i o n o f the readou t 
p r o c e s s o r is t o w a t c h f o r ma l func 
t i o n s and t a k e app rop r ia te ac t ion s o 
t ha t p rec ious runn ing t i m e is no t los t . 
A lot o f e m p h a s i s is p laced on para l 
lel p r o c e s s i n g . 

A f t e r c o m p a c t i o n , the da ta is read 
ou t t o 2 0 0 C A M A C c ra tes in a m o 
bile c o n t r o l r o o m . Data co l lec t ion 
uses the CERN ' R o m u l u s / R e m u s ' 
m e t h o d , based on b ranch d r i ve rs 
and c ra te con t ro l l e r s , l ink ing the 
c ra tes in a t ree- l ike s t ruc tu re , car ry 
ing the da ta s t r e a m t o a s ingle b ranch 
dr iver . 

A rou te r uni t can s w i t c h the da ta 
b e t w e e n t w o separa te ver t ica l h igh 
w a y s , pe rm i t t i ng add i t iona l da ta ac
qu is i t ion and m o n i t o r i n g s u b s y s 
t e m s . S U P E R C A V I A R m i c r o c o m p u t 
ers (see M a y 1 9 8 0 issue , page 112) 
run m o n i t o r i n g and d isp lay p r o 
g r a m s . 

A t th is leve l , paral lel da ta acqu is i 
t i o n t a k e s a b o u t 5 m s . Data reduc
t i on t a k e s a b o u t 15 m s . Full e l ec t ron 
ics dead t i m e is f r o m 2 0 t o 3 0 m s , 
p e r m i t t i n g a m a x i m u m o f 3 0 e v e n t s 
per s e c o n d t o be a c c e p t e d at th i s 
s t age . 

A f t e r th is paral lel r eadou t , the da ta 
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is m e r g e d in to f i ve b ranches and 
passed t o the main con t r o l r o o m , 
one hundred me t res d o w n l i n e . Be
f o r e pass ing in to the da ta acqu is i t i on 
c o m p u t e r , a s y s t e m o f rou te rs w i t h 
bu f fe r m e m o r y a l l o w s da ta t o be 
passed t o d i f fe rent s y s t e m s . 

U A 1 on- l ine c o m p u t i n g is based 
o n t w o pairs o f No rsk Data 1 0 0 / 5 0 0 
16 and 3 2 bi t mach ines . In a d d i t i o n , 
t w o H e w l e t t Packard m i n i c o m p u t e r s 
p rov i de specia l f u n c t i o n s and S U -
P E R C A V I A R m i c r o s l ook a f ter equ ip 
m e n t con t ro l and m o n i t o r i n g . The re 
is a l ink t o the ma in CERN c o m p u t e r 
cen t re . Of f - l ine, a V A X 11 d r i ves a 
M e k a t e k in terac t ive g raph ic d i sp lay , 
runn ing the spec ia l ly d e v e l o p e d 
MERLIN s y s t e m . 

T h e No rd 1 0 0 runs a mu l t iuser , 
mu l t i t ask ing v i r tua l m e m o r y ope ra t 
ing s y s t e m , and a CERN-deve loped 
package (DAS) c o n t r o l s all a s p e c t s 
o f da ta t a k i n g , read ing the C A M A C 
and w r i t i n g the da ta t o t a p e . T h e 
p o w e r f u l 3 2 - b i t No rd 5 0 0 uses t he 
N o r d 1 0 0 as a f r o n t e n d , and carr ies 
o u t ful l even t analys is o f samp le ev 
en ts and accumu la t i on o f exper 
imenta l s ta t i s t i cs , as we l l as p r o v i d 
ing on- l ine even t d i sp lays , such as 
the one on the cove r o f our J a n u a r y / 
February issue. 

A t cur rent t r igger ra tes o f a b o u t 
one even t every t w o s e c o n d s , the re 
is no p r o b l e m w i t h t a p e w r i t i n g . Th i s 
w o u l d b e c o m e a b o t t l e n e c k if sever 
al even t s per s e c o n d w e r e be ing re
c o r d e d . Further real t i m e da ta reduc
t i on wi l l be poss ib le us ing the CERN-
bui l t 168E m i c r o p r o c e s s o r s in t he 
e x t e n d e d t r igger s y s t e m . 

In the 1 9 8 2 run , s o m e 1 0 9 p r o t o n -
a n t i p r o t o n co l l is ions resu l ted in da ta 
f r o m s o m e 1 0 6 e v e n t s be ing re
c o r d e d o n tape . Th ree t y p e s o f t r i g 
ger — hadron j e t s , e lec t rons and 
m u o n s , all at h igh t r ansve rse m o 
m e n t u m — w e r e run in paral le l , w i t h 
less than 10 per cen t dead t i m e . T h e 
da ta f i l led 1 0 0 0 magne t i c t a p e s . 

W h i l e the expe r imen t w a s runn ing , 
specia l t a p e s w e r e w r i t t e n per iod i 
cal ly t o ex t rac t the m a s s o f ca l ibra
t i on c o n s t a n t s f o r the d i f fe rent par ts 
o f the de tec to r . These c o n s t a n t s 
w e r e used in the subsequen t analy
sis o f the r a w da ta . The e lec t ron t r i g 
ger and se lec ted je t t r igger da ta w e r e 
ana lysed wh i l e the expe r imen t w a s 
runn ing w i t h typ ica l l y a f e w d a y s de 
lay. T h e remain ing m u o n and je t t r i g 
ger da ta are be ing w o r k e d o n at 
CERN, Ru ther fo rd and Sac lay , s ta r t 
ing again f r o m the s tockp i l e o f 1 0 0 0 
r a w da ta t a p e s . 

In the of f - l ine analys is o f the e lec
t r o n t r i gge rs , U A 1 da ta w a s f i rs t 
sub jec ted t o a f i l ter p r o g r a m t o t i gh t 
en up the t r i gger cr i ter ia and r e c o n 
s t ruc t w i t h prec is ion w h a t happened 
in the ca lo r ime te rs . Us ing the re
duced da ta s a m p l e , o ther p r o g r a m s 
hand led the recons t ruc t i on o f even t s 
in the cent ra l de tec to r and app l ied 
fu r ther f i l te r ing and checks . 

The UA2 detector, designed to study the 
properties of the hadronic jets and the 
leptonic decays of weak bosons produced 
in the high energy proton-antiproton 
collisions in the CERN SPS ring. 

(Photo CERN 293.3.82) 

Final ly, f r o m a samp le o f a f e w 
hund red e v e n t s exam ined v isual ly 
us ing the MERLIN s y s t e m , 3 9 ser i 
o u s cand ida tes rema ined and six o f 
t hese w e r e d e e m e d t o be ' c l ean ' . 

Of f - l ine, a d i f fe ren t ly f i l te red da ta 
samp le w a s ana lysed i ndependen t l y 
on the bas is o f m iss ing t r ansve rse 
ene rgy (expec ted t o be due t o an 
inv is ib le neu t r ino ) , and p r o v i d e d the 
s a m e six f inal e v e n t s . 

The UA2 experiment 

T h e U A 2 d e t e c t o r is des igned t o 
l ook at hadron ic j e t s and the decays 
o f the w e a k b o s o n s . 2 4 0 indiv idual 
lead-sc in t i l la tor and i ron-sc in t i l la tor 
s a n d w i c h coun te r s are c lus te red 
a round the co l l i s ion reg ion , and the 
f o r w a r d and b a c k w a r d c o n e s c o n 
ta in add i t iona l lead-sc in t i l la tor coun t 
ers f o r e lec t ron iden t i f i ca t ion , and 
magne t i c s p e c t r o m e t e r s t o measure 
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the asymmet r i c charge d is t r ibu t ions 
expec ted f r o m the lepton ic decays o f 
W b o s o n s . 

The exper imen t bene f i t ted f r o m 
t h o r o u g h initial t es t i ng and f r o m the 
f i rs t SPS col l ider run in 1 9 8 1 . Dur ing 
the big run at the end o f last year , 
cont inua l tes t ing and ca l ibra t ion en 
sured tha t every th ing w a s in g o o d 
shape , and a l l owed rapid in te rp re ta 
t i on o f the co l lec ted da ta . 

The t r igger logic is ga ted by the 
t im ing pulses f r o m the SPS, and f i rs t 
level event se lec t ion is based on the 
a m o u n t and the c lus ter ing o f energy 
depos i t i on . The fas t ha rdw i red elec
t ron ics d o e s th is w i t h no apprec iab le 
dead t i m e . In the 1 9 8 2 run , abou t a 
mi l l ion t r iggers w e r e a c c e p t e d , o f 
w h i c h abou t 2 0 per cent w e r e o f the 
t y p e w h i c h cou ld con ta in e lec t rons . 

The da ta f r o m these even ts (about 

10 K b y t e s per event) goes t o t he 
e x p e r i m e n t ' s V A X 1 1 / 7 8 0 c o m p u t 
er, w h i c h p rov ides on- l ine capabi l i 
t ies f o r equ ipmen t t es t i ng , ca l ibra
t i on and mon i t o r i ng , even t acqu is i 
t i o n , d isp lay , w r i t i ng t o t a p e , e tc . 

A l l accep ted even ts w e r e co l 
lec ted on tape f o r subsequen t o f f 
line analys is . In add i t i on , abou t f i ve 
per cent o f the da ta , conta in ing p o 
tent ia l ly the m o s t in terest ing e v e n t s , 
w e r e s t o r e d on an addi t ional t ape . In 
th is w a y the resul ts w e r e examined 
day by day f o r sugges t ions o f the 
w e a k b o s o n s . The full t r igger samp le 
w a s used f o r the main of f - l ine analy
s is . 

Of f - l ine, separate p r o g r a m m o 
du les , deal ing w i t h d i f ferent par ts o f 
the de tec to r , make fo r rapid analys is 
o f the da ta . In the search f o r the high 
t ransverse m o m e n t u m e lec t rons . 

the ca lo r imeter data w a s f i rs t sub 
j ec ted t o a soph is t i ca ted analys is . 
Th is se lec ted ou t 3 6 3 even ts , w h i c h 
w e r e t hen e x p o s e d t o the ful l p o w e r 
o f the of f - l ine p r o g r a m s . A s a resul t , 
t he handfu l o f cand idate even ts w a s 
ob ta ined w i t h i n a f e w days o f the end* 
o f the run , and p resen ted publ ic ly in 
January . No f inal v isual se lec t ion 
w a s necessary . W i t h i n a f e w w e e k s 
o f the end o f the run , all da ta on the 
p r o d u c t i o n o f hadron je ts w a s p r o 
c e s s e d , and deta i led phys ics analy
sis in ful l s w i n g . 

The U A 2 da ta acquis i t ion and 
analys is s y s t e m is no t be ing pushed 
t o i ts l imi ts and cou ld a c c b m m o d a t e 
higher p r o t o n - a n t i p r o t o n in terac t ion 
ra tes w i t h o u t t o o m u c h t roub le . 
There are no immed ia te plans t o en 
hance the t r igger s y s t e m . 

ECFA responds to its title 
The European C o m m i t t e e f o r Future 
Acce le ra to r s , ECFA, is pay ing c lose 
a t ten t ion t o the ad jec t ive ' f u tu re ' in 
i ts t i t le w i t h t w o ma jo r deve lop 
m e n t s t o prepare f o r part ic le phys ics 
in the years t o c o m e . These w e r e 
d i scussed at the Plenary M e e t i n g o f 
ECFA in December . 

The f i rs t is , hopefu l ly , f o r the 
fa i r ly near fu tu re and conce rns the 
high energy e lec t ron -p ro ton col l id ing 
b e a m mach ine , HERA, w h i c h has 
been p r o p o s e d f o r cons t ruc t i on at 
the DESY Labora to ry (see page 9 0 ) . 
ECFA, t oge the r w i t h DESY and NIK-
HEF (the A m s t e r d a m Labora to ry ) , 
are organiz ing a W o r k s h o p w i t h the 
t i t le 'Exper imenta t ion at HERA ' , t o 
be held in A m s t e r d a m 9 - 1 1 June . 
Th is is a f o l l o w - u p t o the W u p p e r t a l 
Mee t i ng on 'Phys ics w i t h Col l iders ' 
held in Oc tobe r 1 9 8 1 (see January 
issue 1 9 8 2 ) . 

The W o r k s h o p wi l l d iv ide i ts sub 
jec t under six headings — T e c h n o l o 
gy fo r d e t e c t o r s . Requ i rements on 
in te rsec t ion reg ions . De tec t ion o f 
p h o t o p r o d u c t i o n and smal l p h e n o m 
ena . De tec t ion o f charged and neu
tral cur rent even ts and measu remen t 
o f s t ruc tu re f unc t i ons . De tec t ion o f 
exot ic par t ic les . Use o f ex is t ing de 
t e c t o r s . 

The s e c o n d deve lopmen t invo lv 
ing ECFA is a m o v e t o p r o m o t e ac
ce lera tor phys ics research in Europe 
w i t h an eye on the very long t e r m 
fu tu re . The need t o s t imu la te re
search on n e w m e t h o d s o f part ic le 
acce lera t ion f o r the mach ines w h i c h 
cou ld be needed t o tack le the phy 
s ics o f the next century emerged 
clearly f r o m the Conference at Ox
f o r d on T h e Chal lenge o f Ul t ra-h igh 
Energ ies ' w h i c h w a s s p o n s o r e d by 
ECFA and organ ized by the Ruther

f o r d A p p l e t o n Labora to ry (see De
c e m b e r 1 9 8 2 issue, page 4 0 4 ) . It is 
a lso a conce rn o f the Internat ional 
C o m m i t t e e f o r Future Acce le ra to r s , 
ICFA, w h i c h cons ide rs the p r o b l e m s 
o f part ic le acce lera tors in a w o r l d 
w i d e c o n t e x t . 

J o h n M u l v e y , the Chai rman o f 
ECFA, p repared a paper (ECFA/ 
8 2 / 6 4 rev.) on the sub jec t ( f rom 
w h i c h the rest o f th is art ic le is largely 
drawn), , w h i c h w a s endo rsed by 
ECFA at i ts December mee t i ng . He 
f i rs t l is ted severa l t echno log ies 
w h i c h m igh t con t r ibu te t o p rog ress 
up t o near the end o f the cen tu ry . 
Supe rconduc t i ng r.f. cav i t ies o f fe r 
t he p r o s p e c t o f accelerat ing g ra 
d ien ts o f up 10 M V per met re and 
cou ld help LEP t o reach energ ies o f 
up t o 1 2 0 GeV w i t h acceptab le p o w 
er c o n s u m p t i o n . Copper r.f. cav i t ies 
in l inear acce le ra to rs have been 
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An important preliminary to the achievement 
of higher energy electron/positron beams 
is the mastery of superconducting r.f. 
cavities. An important step in this direction 
is the tests with the Karlsruhe/CERN/DESY 
cavity seen here being installed in position 
in the PETRA ring at DESY. 

(Photo DESY) 

p u s h e d t o s o m e 1 0 0 M V per m and 
cou ld e x t e n d the energ ies o f l inear 
co l l id ing b e a m s c h e m e s under s t u d y 
at S t a n f o r d and Novos ib i r sk . Super 
c o n d u c t i n g m a g n e t s s e e m t o have 
been m a s t e r e d at las t , and n o w a 
push t o h igher f ie lds cou ld o p e n up 
h igher ene rgy ranges f o r p r o t o n 
s y n c h r o t r o n s w i t h a g i ven r ing s ize. 
A n o t h e r a p p r o a c h t o h igher p r o t o n 
energ ies , if t he r ing size is n o t c ruc ia l , 
cou ld be t o g o f o r m i n i m u m c o s t 
acce le ra to r c o m p o n e n t s such as s u -
per fer r ic m a g n e t s (see O c t o b e r 
1 9 8 2 issue, page 3 3 2 ) . 

T h e a b o v e list c o n c e r n s essen t ia l 
ly ex tens ions o f p resen t acce le ra to r 
t e c h n o l o g y bu t even w i t h t hese ex
t e n s i o n s , l imi ts o f s ize, c o s t and 
p o w e r requ i remen ts are l ikely t o be 
reached by the end o f t he cen tu ry . 
Radical ly n e w ideas , such as w e r e 
ra ised at the O x f o r d Con fe rence , 
shou ld t hen t ake ove r bu t a pe r i od o f 
s o m e f i f teen years cou ld p r o v e an 

aw fu l l y s h o r t t i m e t o deve lop t h e m 
f r o m the i r p resen t r a w s ta te t o an 
acce le ra to r techn ique w h i c h can be 
used in p rac t i ce . A t p resen t v e r y f e w 
resources are be ing ass igned t o a d 
v a n c e d acce le ra to r research and d e 
v e l o p m e n t and there is the a d d e d 
p r o b l e m t h a t , f o r s o m e yea rs , y o u n g 
peop le have no t been a t t r ac ted t o 
acce le ra to r phys i cs . 

A t a m e e t i n g in Paris in Ju l y , ICFA, 
t o g e t h e r w i t h a n u m b e r o f l abo ra to ry 
d i r e c t o r s , c o n f r o n t e d these p r o b 
lems and inv i ted the Labora to r ies t o 
par t i c ipa te in an in ternat iona l ly c o o r 
d ina ted p r o g r a m m e o f acce le ra to r 
research and d e v e l o p m e n t . In the 
cou rse o f 1 9 8 3 , ECFA wi l l p r o m o t e 
the cause o f acce lera tor research . 
Ind iv iduals o r g r o u p s w i t h p ro jec ts in 
th is f ie ld are a s k e d t o i n f o rm ECFA. A 
d i scuss ion m e e t i n g wi l l be held in t he 
near fu tu re and a W o r k s h o p m a y be 
o rgan ized later in the year (wh ich 
w o u l d a lso be p repa ra to ry f o r an 

ICFA W o r k s h o p p lanned f o r Japan in 
M a y 1 9 8 4 ) . 

A c c e l e r a t o r S u m m e r Schoo l s have 
been launched in the U S A (at Fermi -
lab in 1 9 8 1 and S t a n f o r d in 1 9 8 2 ) , 
and an A c c e l e r a t o r Schoo l has been 
es tab l i shed at CERN under the lead
ersh ip o f Kjell J o h n s e n (see M a r c h 
issue, page 6 0 ) . CERN h o p e s t o ex
t e n d the c o n c e p t o f the Schoo l in c o l 
l abora t ion w i t h M e m b e r S ta te Labor 
a to r ies and un ivers i t ies , so tha t in 
add i t i on t o c o n c e n t r a t e d cou rses 
and re la ted pub l i ca t ions it w i l l have a 
con t i nu ing f u n c t i o n t o p r o m o t e 
k n o w l e d g e o f acce le ra to r t e c h n o l o 
gy . 

A n o t h e r m o v e at CERN t o br ing 
y o u n g phys i c i s t s in to t he f ie ld is t he 
open ing up o f m o r e Fe l l owsh ips , 
severa l o f w h i c h w i l l be spec i f ica l ly 
ass igned t o acce le ra to r research . 
Th is d e v e l o p m e n t w i l l be carr ied o u t 
in c lose co l l abo ra t i on w i t h research 
ins t i tu tes in t he M e m b e r S ta tes and it 
is h o p e d tha t s imi lar m o v e s w i l l be 
m a d e in t h e M e m b e r S ta tes . 

S u m m i n g u p , ECFA encou rages 
con t i nued w o r k o n s u p e r c o n d u c t i n g 
r.f. cav i t ies w i t h h igh p r io r i t y , in v i e w 
par t icu lar ly o f t he needs at LEP, and 
v i g o r o u s d e v e l o p m e n t o f h igh f ie ld 
s u p e r c o n d u c t i n g m a g n e t s , and o f 
the poss ib i l i t y o f a 10 t o 2 0 T e V p r o -
t o n - a n t i p r o t o n o r p r o t o n - p r o t o n c o l 
l ider in t he LEP tunne l . (The bu i ld ing 
o f a s u p e r c o n d u c t i n g r ing f o r HERA 
w o u l d p r o v i d e i m p o r t a n t f i rs t exper i 
ence in Europe.) T h e e f f o r t s o f ICFA 
t o p r o m o t e acce le ra to r research are 
s t r ong l y s u p p o r t e d and the var ious 
m o v e s in Europe , w h i c h are c i ted 
a b o v e , t o e x t e n d acce le ra to r k n o w l 
edge and a t t r ac t y o u n g phys i c i s t s 
are w e l c o m e d . 
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GANIL starts up 

View of the GANIL cyclotron hall during 
the assembly period. The injector cyclotron 
can be seen in the foreground with the two 
separate sector cyclotrons in the 
background. 

A f t e r six years o f c o n s t r u c t i o n , the 
French GANIL (Grand Acce le ra teu r 
Nat ional d ' l ons Lourds) mach ine at 
Caen recent ly came on s t r e a m , ac
ce lerat ing a 5 0 n A b e a m o f a rgon 
ions t o an energy o f 4 4 M e V / n u -
c leon . ( 1 0 0 n A b e a m s are n o w han
dled.) T o d a y ' s phys ics in te res ts 
amp l y con f i rm the th ink ing beh ind 
the launching o f the GANIL p ro jec t 
t en years ago . 

G A N I L ' s m a x i m u m energy var ies 
f r o m abou t 1 0 0 M e V / n u c l e o n f o r 
l ight ions like ca rbon d o w n t o 
10 M e V / n u c l e o n f o r u ran ium. For 
each t y p e o f i on , it can supp ly b e a m 
f r o m the m a x i m u m avai lable energy 
d o w n t o abou t 5 M e V / n u c l e o n . 

GANIL is based on a sequence o f 
th ree cyc lo t rons opera t i ng at t he 
s a m e f requency . The main d i f f icu l ty 
w i t h heavy ion acce lera t ion is tha t 
the par t ic les have t o be suf f ic ient ly 
ionized f o r acceptab le e f f ic iency o f 
the acce lera tor and m a g n e t s y s 
t e m s . The f i rs t t w o c y c l o t r o n s p r o 
v ide enough energy t o ensure a large 
loss o f per ipheral e lec t rons (the e l 
ect r ic charge is mul t ip l ied on average 
by 3.5) w h e n they pass t h r o u g h a 
ca rbon s t r ipper , be fo re be ing acce l 
e ra ted in the th i rd c y c l o t r o n . 

Cyc lo t rons 2 and 3 are o f the sep 
arate sec to r t y p e , p rov id ing g o o d ra 
dial and ver t ica l b e a m f o c u s i n g , and 
w i t h an in ject ion radius o f app rox i 
ma te ly 8 5 c m and e jec t ion radius o f 
3 m , are v i r tual ly ident ica l . T h e rat io 
b e t w e e n the radii is app rox ima te l y 
t he same as the f ac to r by w h i c h the 
ion charge is mul t ip l ied dur ing pas 
sage t h rough the s t r ipper . Cyc lo t ron 
No . 1 , the cyc lo t ron in jec tor , is c o n 
s iderab ly smal ler and m a y be re
ga rded as the cent re o f c y c l o t r o n 
No . 2 , bu t loca ted ou ts ide t o i m 
p rove access t o the ion source . Cy
c lo t rons 2 and 3 mul t ip ly energy by 
13 .6 and 12 .3 respec t i ve ly . A 
change in GANIL ' s o u t p u t energy 
the re fo re invo lves ad jus tmen t o f the 

ent i re mach ine including the sou rce , 
cyc l o t r on f ie lds , r.f. f requency and 
the t rans fe r line e lements b e t w e e n 
the cyc l o t r ons . Th is p rocedure is 
s impl i f ied by the con t ro l c o m 
pu te rs . 

The ma jo r change t o the or ig inal 
1 9 7 5 p ro jec t is t ha t , in the in te res ts 
o f beam usage , it w a s dec ided t o 
have ve ry smal l phase ex tens ions , 
so tha t the f l a t - t opp ing cav i t ies , used 
t o reduce energy d ispers ion and t o 
p rov ide c o m f o r t a b l e phase accep t 
ance , are no longer requ i red. A 
phase c o m p r e s s i o n p rocess w a s 
evo l ved t o reduce the natural energy 
d ispers ion by a f ac to r o f b e t w e e n 2 
and 2 .5 wh i le conserv ing adequate 
phase accep tance . A n a lpha-shaped 
s p e c t r o m e t e r w a s added t o measure 
ou tpu t energy d ispers ion and reduce 
it t o a m i n i m u m o f ± 5 x 1 0 ~ 4 . 

A l t h o u g h GANIL is a c lassical m a 
chine us ing t r ied and t e s t e d t e c h 
n iques , i ts var ious c o m p o n e n t s have 

p resen ted a number o f techn ica l 
cha l lenges. 

T h e or ig inal p ro jec t inc luded the 
insta l la t ion o f t w o a l ternat ing injec
t o r s , bu t on ly o n e , a c o m p a c t cyc lo 
t r o n w i t h f la t po les , has so far been 
bui l t . The PIG-type ion source re
qui res f r equen t rep lacement , , but i ts 
a u t o m a t e d insta l la t ion and remova l 
and to ta l v a c u u m re- res tab l i shment 
can be accomp l i shed in less than an 
hour. A l l t y p e s o f ions c o m p l e t e 
14 o rb i t s in the c y c l o t r o n . The m a x i 
m u m vo l t age on the dee is 9 0 k V . 
T h e cent ra l g e o m e t r y o f the cyc lo 
t r o n w a s s tud ied on a specia l ly c o n 
ve r t ed m o d e l o f the CERN synch ro 
c y c l o t r o n . It is cur rent ly de l iver ing 2 
x 1 0 1 2 charge 4 a rgon ions per sec
o n d , in an emi t tance o f 4 5 % m m 
mrad ian w i t h an energy d ispers ion o f 
6 x 1 0 ~ 3 . 

The s e c o n d cyc l o t r on in jector , 
cur ren t ly under c o n s t r u c t i o n , w i l l d i f 
fe r on ly in i ts ECR M in ima f i os - t ype 
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General layout of GANIL 

Experiments 

sou rce , n o w being bui l t at the Cent re 
d 'E tudes Nucleaires at Grenob le . T h e 
source wi l l natural ly be loca ted ou t 
s ide the c y c l o t r o n , in to w h i c h ions 
w i l l be in jected axial ly. Th is t y p e o f 
sou rce has t w o a d v a n t a g e s : it has a 
ve r y long life c o m p a r e d w i t h the PIG 
s o u r c e s , w h i c h have t o be t r ea ted 
af ter s o m e th i r t y hours o f o p e r a t i o n , 
and it p rov ides charge s ta tes pe rm i t 
t i ng cons tan t ope ra t i on at the max i 
m u m magne t i c f ie ld i m p o s e d by the 
s t r ipper . Th is means tha t t he m a x i 
m u m energy o f 1 0 0 M e V / n u c l e o n 
can be conse rved d o w n t o i r on , t ha t 
t he energy o f the sem i -heavy ions 
can be doub led and t ha t u ran ium can 
be ob ta ined at 18 M e V / n u c l e o n . 

Each separa te sec to r c y c l o t r o n 
cons i s t s o f 4 magne t i c s e c t o r s : t w o 
r.f. cav i t ies in the ' va l l eys ' b e t w e e n 
the s e c t o r s , the in ject ion and e jec
t i on s y s t e m s and the d iagnos t i c s y s 
t e m s . The fou r sec to r s c o m p l e t e 
w i t h coi ls w e i g h 2 0 0 0 t o n n e s and 
c o n s u m e 1 M W . The magne t i c f ie ld 
in the sec to rs m u s t ensure i s o c h r o n 
ous t ra jec to r ies . Because o f the re la
t i v i s t s co r rec t i on , the f ie ld c o n f i g u 
ra t ion m u s t be mod i f i ed f r o m one 
energy t o another . Bo th t he sec to r s 
and the main coi ls are the re fo re f i l led 
w i t h shee ts o f w i n d i n g s , each c o n 
s is t ing o f 15 so-ca l led i soch ron i sm 
co i l s , in ser ies on the fou r s e c t o r s , 
and o f six i ndependen t co r rec t i on 
co i ls . The coi ls o f the shee ts o f w i n d 
ings , c o m p o s e d o f py ro tenax c o n 
d u c t o r s , are sealed in an enve lope 
and the w h o l e a s s e m b l y is l oca ted 
inside the v a c u u m chamber . T h e 
c o n d u c t o r s are f i t t ed in to g r o o v e s 
f o l l o w i n g the t ra jec to r ies , a nove l 
fea tu re on ly poss ib le w i t h a numer i 
cal ly con t ro l led mach ine . 

T o ob ta in a clear unde rs tand ing o f 
t he m a g n e t s at d i f fe ren t f ie lds and 
d i f fe rent cur ren ts in the co r rec t i on 
co i l s , 2 0 0 f ie ld m a p s o f 3 6 0 0 0 
po in t s each w e r e p repa red us ing a 
Hall p robe . 

The m a g n e t sec to r s , bui l t by A l s -
t h o m A t l an t i que o f Be l for t , cons i s t o f 
e ight hor izonta l laminat ions w i t h o u t 
b o n d i n g , each we igh ing no m o r e 
than 6 0 t o n n e s so as t o min imize 
handl ing d i f f icu l t ies. The polar b lock 
cons i s t s o f 2 po les o f 2 5 t o n n e s 
each . T h e air gaps are p rov i ded by 
th ree spacers and are l inked t o the 
y o k e s by th ree c ross - f rames cut t o 
size af ter t e s t f i t t i ng at the w o r k s (hy-
pers ta t ic m e t h o d ) . Under the e f fec ts 
o f the magne t i c f ie ld , each spacer 
bears an add i t iona l pressure o f 2 0 0 
t o n n e s and is c o m p r e s s e d t o be 
t w e e n 2 and 10 m m . Th is induces 
relat ive m o v e m e n t b e t w e e n the 
m a g n e t s and the chamber w h i c h is 
a b s o r b e d by specia l ant i f r ic t ion de 
v ices (bronze m ic ro ball bear ings in a 
t e f l o n / l e a d mat r ix ) . 

The t w o ident ical v a c u u m c h a m 
bers w e r e des igned at GANIL , in c o 
ope ra t i on w i t h an engineer s e c o n d e d 
f r o m CERN, and built by Neyrp ic at 

Grenob le . T h e y are one-p iece m e 
chanical ly w e l d e d assembl ies w i t h 
an average d iamete r o f 9 m and a 
height o f 4 . 5 0 m. The main j o in t s 
w e r e mach ined af ter all w e l d i n g had 
been c o m p l e t e d , necess i ta t ing ve ry 
large mach ine t o o l s . T h e chambe rs 
are m a d e o f s ta in less s tee l chosen 
f o r i ts non -magne t i c qual i t ies and i ts 
l o w ou t -gass ing rate. Each w e i g h s 
5 7 t o n n e s and has a sur face area o f 
2 3 0 m 2 . The w e l d i n g w a s checked 
by s w e a t i n g at the w o r k s . Each 
c h a m b e r w a s carefu l ly c leaned u p o n 
de l ivery at Caen , f o l l o w i n g i ts t r ans 
po r ta t i on by w a t e r v ia the Rhone and 
the St ra i ts o f Gibral tar . 

T h e c h a m b e r s w e r e des igned us 
ing ' f in i te e l emen t ' c o m p u t e r c o d e s 
s o as t o min imize f lange d e f o r m a t i o n 
dur ing es tab l i shmen t o f the v a c u u m . 
T o i m p r o v e v a c u u m qual i ty , meta l 
seals w e r e used w h e r e poss ib le in 
p re fe rence t o e las tomer o n e s , as 
t h e y are far less p rone t o d e f o r m a -
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t i on . T h e v a c u u m requi red t o acceler
ate the beam w i t h o u t loss (bet ter 
than 1 0 ~ 5 Pascal :1 a t m = 1 .013 x 
1 0 5 Pascal) is m o s t cr i t ical in t he f i rs t 
separa te sec to r cyc lo t ron (SSC) and 
is ach ieved us ing seven c ryogen ic 
p u m p s at 2 0 K, w i t h o u t a l iquid n i t ro 
gen sc reen , each w i t h a p u m p i n g 
speed o f 2 0 0 0 0 l / s f o r s t e a m and 
10 0 0 0 1 / s f o r h y d r o g e n . W h e n air 
en te rs , the pressure c l imbs t o 1 0 ~ 4 

Pascal (wh ich is enough f o r the r.f. 
p o w e r in the cavi t ies) w i t h i n t w o 
hours . A f t e r f i ve hours , t he pressure 
reaches 5 x 1 0 ~ 5 Pascal , w h i c h a l 
l o w s ions t o be acce lera ted w i t h a 
loss o f on ly 2 0 % . 

GANIL incorpora tes seven r.f. cav 
it ies ( t w o on each SSC, one on each 
cyc lo t ron in jector and a cav i t y ac t ing 
as a buncher ha l f -way b e t w e e n the 
in jector cyc l o t r ons and the f i rs t SSC) 
w h i c h can be tuned t o any f r equency 
w i t h i n the 6 . 4 t o 13 .8 MHz range. 
Thei r nove l t y lies in thei r c o m p a c t 

ness , made poss ib le by the use o f 
removab le capac i t i ve panels , replac
ing the bu lky qua r te r -wave lines nor
mal ly used . T h e y w e r e buil t by SEIV 
in Paris f o l l o w i n g var ious t echno log i 
cal s tud ies at GANIL and technica l 
research by CGRMEV. 

The m a x i m u m vo l tage on the dee 
at the in ject ion radius var ies f r o m 
b e t w e e n 1 0 0 t o 2 5 0 k V , depend ing 
on the opera t ing f requency . A s the 
resonance rat io var ies f r o m 8 5 0 0 t o 
14 0 0 0 , b e t w e e n 5 6 and 7 8 k W per 
cav i ty is requi red t o ob ta in the max i 
m u m vo l tage . The cavi t ies opera te in 
con t i nuous w a v e m o d e at a vo l tage 
stabi l ized at ± 1 0 - 4 . The tun ing o f 
each cav i ty and the phase regulat ion 
o f one cav i ty w i t h respec t t o the o t h 
ers is guaran teed t o w i th in ± 0 .1 o f a 
degree . The c o p p e r c leaning t e c h 
n iques used have made poss ib le a 
ve ry l o w rate o f ou t -gass ing and no 
di f f icul t ies w e r e encoun te red in 
pass ing the mu l t i pac to r areas. 

The acce lera tor is con t ro l led by a 
M I T R A 125 c o m p u t e r and 15 J C A M 
10 m i c r o p r o c e s s o r s l inked by a C A -
M A C n e t w o r k . M o s t o f the 3 0 0 s t a 
bi l ized p o w e r supp l ies and s tepp ing 
m o t o r s used are l inked d i rect ly t o the 
centra l M l T R A 125 c o m p u t e r v ia the 
C A M A C . 

(We intend to publish a further arti
cle, describing the physics at GANIL, 
in a forthcoming edition.) 

Operating principle of the new French GANIL 
heavy ion accelerating complex, showing 
how energy and ion charge are 
progressively increased. 
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Around the Laboratories 

The two halves of the first complete 
six metre-long coil for a superconducting 
magnet for the proposed HERA ring. 

(Photo DESY) 

DESY 
HERA clearer 

T h e Federal German M in i s t r y o f Re
search and T e c h n o l o g y has t aken a 
f undamen ta l po l icy dec is ion rega rd 
ing the fu tu re o f the HERA e lec t ron -
p r o t o n s to rage r ing p r o p o s e d f o r 
DESY. For the 1 9 8 4 budge t p lans 
and the f inance p r o g r a m m e fo r 
1985—7, it has been dec ided t o 
m a k e adequate a r rangemen ts t o a l 
l o w f o r HERA cons t r uc t i on . 

Th is dec is ion has been t a k e n in 
par t icu lar t o permi t DESY t o con t inue 
nego t ia t i ons w i t h fo re ign coun t r ies 
o n thei r par t ic ipa t ion in HERA, as th is 
is seen as an impo r tan t aspec t o f the 
p ro jec t . M o s t o f t hese con t r i bu t i ons 
are env isaged as mater ia ls and c o m 
p o n e n t s f o r the s to rage r ing and f o r 
expe r imen ts . 

The G o v e r n m e n t o f the Ci ty o f 

Hamburg w e l c o m e d the Federal 
G o v e r n m e n t ' s dec is ions . The DESY 
budge t is f i nanced normal ly by the 
Federal G o v e r n m e n t and the City o f 
Hamburg in t he rat io 9 t o 1 . For 
HERA, s o m e specia l a r rangemen ts 
m igh t be requ i red. The basic as 
s u m p t i o n is tha t HERA wi l l c o s t 6 6 0 
mi l l ion d e u t s c h m a r k s at January 
1 9 8 1 pr ices . A s s u m i n g an annual 
inf lat ion rate o f f i ve per cen t , th is w i l l 
g r o w t o 9 6 0 mi l l ion ove r the seven 
years o f HERA cons t ruc t i on . The Ci ty 
o f Hamburg had dec ided m u c h earl ier 
t o unde rwr i t e 10 per cent o f the ini
t ial ly es t ima ted c o s t , but th is cou ld 
be inc reased. 

W h i l e the Ci ty o f Hamburg has a l 
ready inc luded these expenses in 
prov is iona l budge t i ng , the Federal 
G o v e r n m e n t w i l l include the requi red 
initial HERA f inance in 1 9 8 4 if t w o 
cond i t i ons are sat is f ied — fo re ign 
par t i c ipa t ion has t o be d e e m e d su f f i 
c ient , and the agreement w i t h the 
City o f Hamburg on the add i t iona l 
c o s t s has t o be def in i te ly se t t l ed . 
The chances o f fulf i l l ing these requ i 
remen ts s e e m qui te g o o d . In the 
mean t ime all p repara t ion w o r k a l 
ready author ized is being carr ied ou t 
acco rd ing t o schedu le , par t icu lar ly 
t he d e v e l o p m e n t o f the s u p e r c o n 
duc t ing m a g n e t s f o r the p r o t o n 
r ing. 

A t DESY, the g o o d n e w s f r o m the 
Federal G o v e r n m e n t w a s a c c o m p a 
nied by severa l o the r happy HERA 
even ts . T h e f i rs t c o m p l e t e six me t re -
long coi l f o r a HERA bend ing m a g n e t 
m a d e o f supe rconduc t i ng w i r e w a s 
p r o d u c e d b y a w i n d i n g mach ine and 
assemb l ing dev ice buil t and instal led 
at DESY. There w a s also a mee t i ng 
o f w o r k i n g g r o u p s prepar ing the A m 
s t e r d a m ' W o r k s h o p on Exper imen
ta t i on at HERA ' , t o be held f r o m 
9—11 J u n e , organ ized jo in t l y by 
DESY, ECFA and NIKHEF. On 2 5 
February , a hundred enthus ias t ic 
par t i c ipants (plus a lot o f in te res ted 

DESY people) g r o u p e d in to six t e a m s 
d i scussed spec i f ic p r o b l e m s . The 
g r o u p s w e r e led by A . M in ten (Tech
no logy ) , W . Bartel ( In tersect ion re
g ions ) , J . Engelen (Pho top roduc t i on , 
smal l m o m e n t u m t rans fe r ) , E. L o n g o 
(Currents , s t ruc tu re func t i ons ) , 
R. Cashmore (Exot ics) and M . Holder 
(Exist ing de tec to r s ) . A s e c o n d jo in t 
mee t i ng o f the w o r k i n g g roups is 
schedu led f o r 2 5 Ap r i l . 

STANFORD 
Physics archaeology 

Recent resu l ts f r o m high energy 
m u o n expe r imen ts at CERN (see N o 
v e m b e r 1 9 8 2 issue, page 3 6 2 ) ind i 
ca te t ha t there is a s ign i f icant d i f fer
ence b e t w e e n the nuc leon 's quark 
s t ruc tu re (s t ructure func t i ons ) , ex
t r ac ted f r o m da ta ob ta ined f r o m 
muon-s tee l and muon -deu te r i um 
deep inelast ic sca t te r ing exper i 
m e n t s . N o w the same e f fec t has 
been o b s e r v e d in da ta f r o m deep ine
last ic e lec t ron sca t te r ing Exper iment 
E-87 or ig inal ly p e r f o r m e d at S L A C in 
1 9 7 2 . Th is d i f fe rence exh ib i ts a k ine
mat ic var ia t ion w h i c h is o p p o s i t e t o 
tha t e x p e c t e d f r o m Fermi m o t i o n ef
f e c t s . A recent ' bag m o d e l ' es t ima te 
by R. Ja f fe (MIT) , m o t i v a t e d by these 
resu l ts , s u g g e s t s tha t the quark d is 
t r i bu t ions in t he nuc leon b e c o m e 
d i s t o r t ed in t he nucleus v ia m e c h a n 
i sms such as s ix -quark s ta tes . 

A c o m p a r i s o n b e t w e e n the s t ruc 
tu re f unc t i ons o f nuc leons b o u n d in 
steel ve rsus t h o s e o f nuc leons 
b o u n d in t he deu te ron is impo r tan t 
no t on ly as a basic phys ics ques t i on , 
but a lso because high s ta t i s t i cs 
m u o n and neut r ino high energy sca t 
te r ing expe r imen ts util ize heavy nu 
clear t a rge t s . Nuclear co r rec t ions 
can a f fec t the in te rpre ta t ion o f the 
s t ruc tu re f unc t i on resul ts w h e n c o m 
pared t o the p red ic t ions o f Q u a n t u m 
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Comparison of recent results with high 
energy muon beams at CERN (European 
Muon Collaboration — EMC) with 
resurrected data using electron beams at 
SLAC (E87). The ratios of reaction rates 
on iron and deuterium from the two 
experiments show similar behaviour, at 
variance with simple ideas. This effect is 
now being interpreted as possible evidence 
for six-quark states in nuclei. 

C h r o m o d y n a m i c s (QCD), especia l ly 
w h e n da ta f r o m d i f fe rent t a rge t 
nuclei have been c o m b i n e d in such a 
c o m p a r i s o n . 

Three o f the phys ic i s t s w h o 
w e r e invo lved in t he S L A C exper i 
m e n t (A . Bodek f r o m Roches te r , J . I. 
F r iedman f r o m M I T , and D. H. Co
w a r d f r o m SLAC) real ized tha t the E-
8 7 e m p t y ta rge t da ta (wh ich w e r e 
used or ig inal ly t o sub t rac t t he ta rge t 
wa l l con t r i bu t i ons f r o m the l iquid hy

d r o g e n and l iquid deu te r ium ta rge t 
data) cou ld be used t o ver i f y the 
in te res t ing e f fec ts o b s e r v e d at CERN 
in the s tee l / deu te r i um s t ruc tu re 
f unc t i on ra t io . 

The r a w e m p t y ta rge t da ta w e r e 
o n an o ld d isc backup tape m a d e 
w h e n IBM 2 3 1 4 disc d r ives w e r e 
used as par t o f the S L A C Tr ip lex 
c o m p u t e r s y s t e m . Because the c o m 
puter s y s t e m has undergone s ign i f i 
cant changes in the pas t t en yea rs . 

the b a c k u p tape cou ld no longer be 
read at S L A C . H o w e v e r the c o m p u t 
er s y s t e m at A r g o n n e sti l l had a f e w 
rarely used 2 3 1 4 d isc uni ts and an 
ope ra t i ng s y s t e m able t o m a k e t h e m 
w o r k . T h e .1972 da ta w a s thus re
c o v e r e d . 

T h e luck o f the phys ics a rcheo lo -
g is ts c o n t i n u e d . The ent rance and 
exi t wa l l s o f the o ld e m p t y t a rge t s 
had been saved and pas ted in t he 
e x p e r i m e n t ' s log b o o k s . A s a resul t , 
a n e w and m u c h m o r e accurate 
m e a s u r e m e n t o f the nuc leon dens i t y 
in t he s ta in less s teel t a rge t w a s 
m a d e . T h u s the rat io o f s teel t o d e u 
te r i um s t ruc tu re f unc t i ons has been 
d e t e r m i n e d w i t h an es t ima ted s y s t e 
mat i c er ror o f ± 1.1 per cen t . 

T h e resu l ts s h o w a s ign i f icant di f
fe rence b e t w e e n the s teel and d e u 
te r i um deep inelast ic c ross -sec t i ons 
per nuc leon (and thus b e t w e e n the 
s teel and deu te r i um quark s t ruc tu re 
func t ions ) and are cons i s ten t w i t h 
t he CERN European M u o n Co l labora
t i on resu l ts in the reg ion o f k inemat ic 
ove r lap . T h e behav iour o f the resul ts 
f o r m o m e n t u m f rac t ion (x) less than 
0 . 8 is o p p o s i t e t o tha t expec ted f r o m 
Fermi m o t i o n e f fec ts . H o w e v e r the 
S L A C resul ts sugges t tha t a b o v e 
0 . 8 , t he e f fec ts o f Fermi m o t i o n be 
c o m e d o m i n a n t . 

In the qua rk -pa r ton m o d e l , t he 
s t ruc tu re f unc t i ons ref lect the m o 
m e n t u m o f the quarks in the nu 
c leon . T h u s the resul ts indicate tha t 
t he quark m o m e n t u m d is t r ibu t ions in 
t he nuc leon b e c o m e d i s t o r t ed in the 
p resence o f o the r nuc leons in the 
nuc leus. In v i e w o f these resu l ts , t he 
Roches te r / M I T / S L A C expe r imen t 
ers have begun the fu r ther analys is o f 
ano the r S L A C exper imen t in w h i c h 
an a lumin ium e m p t y ta rge t w a s used 
and w h i c h c o v e r e d a k inemat ic re
g ion ex tend ing t o cons iderab ly l o w e r 
va lues o f x . 

If t he nuclear d i s to r t i ons are inter
p re ted as ev idence f o r s ix -quark 
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s t a t e s , t hen the resu l ts s u g g e s t t ha t 
s t a n d a r d th ree -quark bags beg in t o 
coa lesce even at no rma l nuclear d e n 
s i t ies . Th is m a y imp ly t ha t qua rk -
g luon p l a s m a s , w h i c h are e x p e c t e d 
t o f o r m in h igh energy heavy ion c o l 
l i s ions , m a y occu r at l o w e r dens i t i es 
t han p rev ious ly e x p e c t e d . 

BEIJING 
First 10 MeV 
proton beam 

C o n s t r u c t i o n o f t he Bei j ing P ro ton 
Linac (BPL) w a s c o m p l e t e d at t he 
end o f last year at t he Ins t i tu te o f 
H igh Energy Phys ics o f the Chinese 
A c a d e m y o f Sc iences . A f t e r init ial ly 
a d j u s t m e n t s it began t o p r o d u c e p r o 
t o n b e a m o f 10 M e V w i t h in tens i ty 
14 m A (w i t hou t bunchers ) . 

Th i s P ro ton Linac w a s or ig inal ly 
p lanned as the f i rs t sec t i on o f t he 

in jec tor o f Bei j ing Pro ton S y n c h r o t o n 
(BPS) w h i c h w a s cancel led later in 
1 9 8 1 . H o w e v e r cons t ruc t i on o f the 
linac c o n t i n u e d . M o s t o f t he equ ip 
m e n t f o r t he Linac w a s c o m p l e t e d 
in 1 9 8 0 - 1 9 8 1 , t hen instal led and 
se t up in 1 9 8 2 . The pre in jec to r , a 
7 5 0 k e V C o c k c r o f t - W a l t o n , began 
t o ope ra te o n 3 0 June . The l o w ener
gy b e a m t rans fe r s y s t e m and the 
acce lera t ing cav i t y w a s c o m p l e t e d 
later. 

Nex t s t ep is t o raise the b e a m ener
gy t o 3 5 . 5 M e V by add ing s o m e 
cav i t y sec t i ons and by use o f ava i l 
able 5 M W r.f. p o w e r supp ly . Th i s 
l inac w i l l be used t o p roduce s o m e 
i s o t o p e s f o r med ica l use and f o r neu
t r o n cancer t he rapy research . It is 
e x p e c t e d t o g o in to ope ra t i on in 
1 9 8 5 . 

The Beijing Proton Linac at the Institute of 
High Energy Physics of the Chinese 
Academy of Sciences, which has now 
produced 10 MeV proton beams. 

BROOKHAVEN 
Improved heavy ion 
beams 
The B r o o k h a v e n T a n d e m V a n de 
Graaf f has p r o v i d e d a large var ie ty o f 
heavy ion b e a m s f o r m a n y years . 
T h e list o f avai lable pro jec t i les has 
been s tead i ly increas ing a n d , t o 
da te , 6 5 d i f fe ren t i so topes have 
been acce le ra ted . A l s o , the energ ies 
have inc reased ove r the yea rs , 
t h a n k s t o m a n y large and smal l ac
ce lera tor i m p r o v e m e n t s , the last o f 
w h i c h have led t o rel iable ope ra t i on 
at v o l t a g e s in excess o f 16 M V f o r 
the ma in acce lera tor . Ion b e a m s 
f r o m a nega t i ve te rmina l mach ine 
o p e r a t e d at - 1 1 M V can be used t o 
in ject the ma in T a n d e m acce lera tor 
and th is c o m b i n a t i o n is n o w rough ly 
equ iva len t t o a s ingle 1 9 M V t a n 
d e m . 

M u c h higher heavy ion energ ies 
are o n the B r o o k h a v e n hor izon . A 
c y c l o t r o n has been d e s i g n e d , based 
o n a large ex is t ing r o o m - t e m p e r a t u r e 
m a g n e t . Th i s c y c l o t r o n w o u l d mu l 
t ip ly t he t a n d e m energ ies by a p p r o x 
imate ly a f a c t o r o f 2 0 . T o ge t re lat iv
ists heavy i ons , there is a p roposa l 
t o in ject t he b e a m s f r o m th is cyc l o 
t r o n in to the A l t e rna t i ng Grad ient 
S y c h r o t r o n (AGS) , w h i c h cou ld ac
cep t heavy ions up t o iod ine w i t h o u t 
any v a c u u m i m p r o v e m e n t s . S o m e o f 
the l ighter b e a m s such as o x y g e n o r 
su lphur cou ld be in jec ted d i rec t ly 
f r o m the t a n d e m s . 

T a n d e m V a n de Graaff acce lera
t o r s are we l l k n o w n f o r the i r exce l 
lent DC b e a m qua l i ty and s tab i l i t y , 
bu t a lso f o r t he f ac t t ha t in tens i t ies 
are l o w c o m p a r e d t o b e a m s norma l l y 
in jec ted in to h igh energy acce lera
t o r s . T h e s e mach ines accep t in
j e c t e d cur ren t on l y f o r a smal l f rac 
t i on o f t he acce le ra t ion p e r i o d : the 
A G S , f o r i ns tance , can accep t the 
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View of the two model Tandem Van de 
Graaff accelerators at Brookhaven. The 
machine in the background can be used as 
a-11 MV injector for the main accelerator 
which has recently attained operation at 
terminal voltages in excess of 16 MV. This 
combination is now roughly equivalent to 
a single 19 MV tandem. 

(Photo Brookhaven) 

input beam dur ing 2 0 0 [ isec out o f a 
2 sec per iod , or 1 part in 1 0 4 o f the 
t ime . 

Could one operate the t a n d e m 
w i t h a pulsed beam many t imes more 
intense than the normal DC b e a m s , 
and thus use it t o inject heavy ions 
into the AGS? In pr incip le, th is 
seems poss ib le because the capac i 
tance o f the accelerator s t ruc ture 
should tend t o preserve the vo l tages 
suff ic ient ly dur ing shor t t imes , even 

w h e n the charg ing and vo l tage d is t r i 
but ion s y s t e m s w o u l d be to ta l ly in
capable o f susta in ing t h e m on a DC 
basis. There cou ld wel l be other 
p rob lems w h e n very large beam 
burs ts t raverse the accelerat ion 
tubes , opera ted close t o their max i 
m u m vo l tage gradients . For in
s tance, it is easy t o imagine h o w 
b r e a k d o w n s or instabi l i t ies cou ld be 
t r iggered. 

Deve lopment w o r k received a 

b o o s t w i t h Roy M idd le ton ' s (Univer
s i ty o f Pennsylvania) n e w M A R K VII 
spu t te r ion source w h i c h puts ou t 
over 2 0 0 \iA f o r a var ie ty o f negat ive 
i o n s ; an increase o f more than one 
order o f magn i tude over o lder 
sources . In ge t t ing ready fo r beam 
tes ts at B rookhaven , it w a s soon 
f o u n d tha t th is source cou ld easily be 
pulsed by puls ing the high vo l tage on 
the centra l e lec t rode, w i t h o u t a f fect 
ing the beam qual i ty o r energy. Be
t w e e n pulses a l o w intensi ty DC 
beam is ex t rac ted and used fo r t u n 
ing the accelerator and the beam 
t ranspor t . 

The resul ts w i t h the t a n d e m w e r e 
even bet te r than expec ted . Instanta
neous intensi t ies w e r e t w o orders o f 
magn i tude larger than normal DC 
beams. Even at ten pulses per sec
ond the 2 3 0 j isec beam burs ts are 
shor t enough tha t the average 
beams w e r e we l l b e l o w the acceler
a tor capabi l i t ies. For instance, in the 
case o f sulphur 3 2 a 170 JIA nega
t ive beam w a s in jected and the to ta l 
ins tantaneous accelerator ou tpu t 
current w a s 9 0 0 JIA, o f w h i c h 
2 4 0 j i A (27 part ic le j iA ) w a s in the 
m o s t abundant charge s ta te . The 
opera t ion o f the accelerator w a s 
comple te ly no rma l , and the meas
ured b e a m qual i ty w a s excel lent. 
F rom these resul ts one can conclude 
tha t even higher intensi t ies cou ld be 
ob ta ined . The very g o o d beam qual
i ty w o u l d a l low many more turns t o 
be in jected in to the A G S than is cus
t omary . Th is , t oge the r w i t h the n o w 
d e m o n s t r a t e d heavy- ion intensi t ies 
f r o m the t a n d e m s , p rov ides a large 
safe ty marg in t o assure tha t oxygen 
intensi t ies o f 4 x 1 0 1 0 part ic les per 
pulse can be reached. For iodine 
beams , w h i c h require the cyc lo t ron 
boos te r , the in tensi ty w o u l d be 1 0 9 

part ic les per pulse. 

Beyond A G S in ject ion and beams 
at 15 G e V / n u c l e o n , people have 
looked at poss ib le in ject ion o f heavy 
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The lid comes down on one of the four 
'tanks' of the injector linac of the Spallation 
Neutron Source at the Rutherford 
Laboratory. Negative hydrogen ion beams 
were accelerated to design energy of 
70 MeV in the linac for the first time in 
January. 

(Photo Rutherford) 

ions in to the p r o p o s e d Col l id ing 
Beam Acce le ra to r . There appear t o 
be no technica l p r o b l e m s invo lved in 
accep t ing A G S heavy ion b e a m s — 
passage o f heavy ion b e a m s t h r o u g h 
t rans i t ion dur ing acce lera t ion can be 
a c c o m m o d a t e d by all p resent ly c o n 
s idered CBA des igns . The range o f 
heavy ion beams w i t h reasonable lu
minos i t ies tha t w o u l d b e c o m e avai l 
able is t ru ly impress ive — invo lv ing 
cen t re -o f -mass energ ies o f o rder 
1 0 5 GeV. 

RUTHERFORD 
SNS injector 
achieves 70 MeV 

In January the Spal la t ion Neu t ron 
Source pro jec t reached one o f i ts 
'm i l es tones ' w i t h the f i rs t acce lera
t i on t o 7 0 M e V o f a negat ive h y d r o 
gen ion b e a m by the in jector l inac. 

Th is f o l l o w e d the success fu l c o m 
miss ion ing o f the last o f the f ou r 
accelerat ing cav i t ies t o ful l r.f. acce l 
erat ing f ie ld level. A 10 M e V b e a m , 
f i rs t p roduced in Apr i l 1 9 8 2 , w a s re
es tab l ished f r o m the f i rs t t ank and 
the beam energy w a s ra ised t o 
3 0 M e V w i t h the ope ra t i on o f the 
s e c o n d tank . In an t ic ipa t ion tha t the 
f inal cr i t ical i tems o f equ ipmen t cou ld 
be instal led in t i m e , an opera t iona l 
run w a s qu ick ly schedu led f o r an at 
t e m p t t o opera te all f ou r t a n k s and 
achieve the des ign energy . The hard 
w o r k o f an enthus iast ic c r e w w a s 
r e w a r d e d as the energy reached 
7 0 M e V . 

A l t h o u g h eve ryone is de l igh ted 
w i t h th is resul t , m u c h remains t o be 
done before the SNS p roduces neu
t r o n s in 1 9 8 4 . The b e a m t r a n s p o r t 
line t o the s y n c h r o t r o n has t o be 
insta l led, in parallel w i t h c o m p l e t i o n 
o f the synch ro t ron r ing , pr ior t o in jec
t i on and accelerat ion s tud ies later 
th is year. 

The ta rge t s ta t ion o f steel and c o n 
crete is be ing cons t ruc ted ready t o 
receive i ts uran ium ta rge t a round 
Easter t ime 1 9 8 4 . The i ns t rumen ts , 
on w h i c h the exper imen ts wi l l be car
r ied ou t , are be ing des igned and buil t 
and s o m e o f t h e m are be ing t e s t e d 
on the Harwel l l inac. 1 9 8 4 shou ld 
see the s tar t o f the exper imenta l p ro 
g r a m m e and hence, t w e n t y years 
af ter the s tar t o f N imrod and six 
years af ter i ts s h u t d o w n , a n e w ac
ce lerator , the SNS, wi l l be in o p e r a 
t i on at Ruther fo rd . 

W i t h the SNS, sc ient is ts f r o m the 
UK and e l sewhere wi l l have un 
equal led faci l i t ies f o r s tudy ing the 
s t ruc ture and proper t ies o f so l ids 
and l iquids. Th is is o f in terest t o a 
w i d e range o f d isc ip l ines, f r o m b io 
chemis t r y t h rough med ic ine , me ta l 
lurgy and p last ics t echno logy t o so l id 
s ta te phys ics . The SNS is a t t rac t ing 
w o r l d - w i d e in terest and an agree
m e n t has recent ly been s igned w i t h 

the Bhabha A t o m i c Research Centre 
in India f o r the p rov is ion o f an ins t ru
men t f o r use on the SNS. Discus
s ions are be ing held w i t h simi lar or
ganizat ions in Germany and Italy. 

UPPSALA 
Second 
renaissance 
of g-2 ring 

A magne t r ing f r o m CERN is t o m o v e 
t o Uppsa la t o serve in ye t ano ther 
area o f phys i cs . It is the r ing c o n 
s t ruc ted f o r the high prec is ion meas 
u rement o f the g -2 (anomalous g y r o -
magne t i c rat io) o f the m u o n in the 
m i d - 7 0 s . T h e unpreceden ted prec i 
s ion o f th is measu remen t remains 
one o f the bes t con f i rma t ions o f 
q u a n t u m e lec t rodynamics . 

In 1 9 7 6 it w a s dec ided t o use the 
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g-2 magne t f o r the In i t i a l Coo l ing 
Exper imen t ' , ICE. The circular con f i 
gura t ion w a s changed t o inc lude fou r 
s t ra igh t sec t ions w i t h the m a g n e t s in 
the co rners o f the quadran t . Th i s re
bui l t r ing w a s used t o deve lop t w o 
s c h e m e s fo r coo l ing par t ic le b e a m s 
— s tochas t i c c o o l i n g , i nven ted at 
CERN by S imon van der Mee r and 
e lec t ron coo l i ng , i nven ted at N o v o s i 
b i rsk by Gersh Budker . 

A t CERN the coo l ing o f a n t i p r o t o n s 
has been a major success . T h e y have 
been used in the h ighest energy ex
pe r imen ts at the SPS col l ider and wi l l 
s o o n be used at LEAR in t he l o w 
energy range. The coo l i ng techn ique 
a lso ho lds p rom ises f o r the m o r e 
conven t iona l par t ic les o f l o w energy 
phys ics . A t Indiana Un ivers i t y a p ro 
posa l t o bui ld a coo l i ng r ing f o r p ro 
t o n s and o ther l ight ions w a s pre
sen ted t w o years ago . It has recent ly 
been a p p r o v e d and the r ing wi l l be 
bui l t dur ing the nex t 3 t o 4 years and 

c o n n e c t e d t o an ex is t ing cyc l o t r on 
f o r 2 0 0 M e V p r o t o n s and o ther l ight 
ions . 

Dur ing the second half o f 1 9 8 2 , it 
w a s p r o p o s e d tha t the m a g n e t s o f 
the ICE r ing , w h i c h is no longer oper 
a t i ve , cou ld be m o v e d t o the Univer
s i ty o f Uppsa la and c o n n e c t e d t o the 
synch ro - cyc l o t r on at the Gusta f 
W e r n e r Inst i tu te (see S e p t e m b e r 
1 9 8 2 issue). The p roposa l a lso e n 
v i sages a supe rconduc t i ng cyc l o t r on 
w i t h a K o f 8 0 0 in tended pr imar i ly f o r 
heavy ions . (The K value o f a cyc lo 
t r o n mul t ip l ied by the cha rge - to -
m a s s rat io squared g ives the energy 
per nucleon.) W i t h the ex is t ing K 2 0 0 
l ight ion c y c l o t r o n , the ICE r ing and 
the K 8 0 0 acce lera tor , an insta l la t ion 
w o u l d be c rea ted tha t shou ld remain 
c o m p e t i t i v e f o r many years . L ight 
and heavy ions can be used in the 
conven t iona l w a y or in jected in to the 
coo le r r ing w i t h internal t a rge t s . 

The acce lera tor s i tuat ion in S w e 

den has been under inves t iga t ion f o r 
m a n y years . W h e n n e w p r o s p e c t s 
w e r e o p e n e d up by the avai labi l i ty o f 
the ICE r ing , the M in is t ry asked re
p resen ta t i ves f r o m the acce lera tor 
labora tor ies in Uppsa la , S t o c k h o l m 
and S tudsv i k t o rev iew the s i tua t ion . 
Th is r ev i ew resu l ted in the p roposa l 
s u b m i t t e d in N o v e m b e r 1 9 8 2 . The 
loca t ion o f the insta l lat ion is p r o 
p o s e d f o r e i ther Uppsa la , in the v ic in 
i ty o f the T a n d e m Acce le ra to r Labo 
ra to ry and the Gustaf W e r n e r Inst i 
t u te or in S t o c k h o l m , l inked t o the 
Research Inst i tu te f o r Phys ics . 

The S w e d i s h budge t , p resen ted in 
January 1 9 8 3 , con ta ined approva l 
f o r phase I o f the p r o p o s a l , name ly 
t he recons t ruc t i on o f the ICE r ing and 
i ts connec t i on t o the Uppsa la s y n 
c h r o - c y c l o t r o n . For phase II , w h i c h is 
basical ly the K 8 0 0 c y c l o t r o n , there 
w i l l be fu r ther s tud ies on the b u d g e t , 
the o rgan iza t ion , the Nord ic in terest 
f o r the p r o p o s e d acce lera tors and 
the f inal l oca t ion . A dec is ion is ex
pec ted ear ly in 1 9 8 4 . 

T h e d e v e l o p m e n t in S w e d e n is an 
examp le o f h o w advanced t e c h n o l o 
gy at CERN can be t rans fe r red back 
t o a M e m b e r S ta te . The use o f 
coo led ion b e a m s and o f internal tar 
ge ts shou ld o p e n a n e w era o f high 
prec is ion nuclear phys ics . M o m e n 
t u m reso lu t ion one or t w o o rde rs 
o f magn i t ude be t te r than so far 
ach ieved , m e a s u r e m e n t s in a n e w 
backg round - f r ee env i r onmen t , and 
unpe r tu rbed recoi ls f r o m ex t reme ly 
th in t a rge t s are s o m e o f the in teres t 
ing fea tu res o f th is p r o p o s e d w a y o f 
s t udy i ng in te rac t ions at l o w and in
t e rmed ia te energy . 

(We are grateful to Sven Kullander 
for providing this information.) 

Rebuilding the muon storage ring of the 
'g-2' experiment at CERN for ICE — Initial 
Cooling Experiment. Now the idea is to 
move the ring to Sweden for a third 
incarnation. 

(Photo CERN 282.11.77) 
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One of the mass-separated beams at 
UNIS0R is examined by a newly installed 
laser optical spectroscopy system, used 
to determine precisely the hyperfine 
structure of atomic levels resulting from 
the interaction of the nucleus with the 
atomic electrons. These measurements 
enable the researchers to determine nuclear 
properties such as the spins of odd-mass 
nuclei. 

(Photo Oak Ridge) 

OAK RIDGE 
Exotic nuclei 
at UNISOR 

Three n e w ion sources have been 
deve loped f o r p roduc t i on o f exo t i c 
nuclei at the UNISOR fac i l i ty at Oak 
Ridge t o ex tend the range o f nuclei 
w h i c h can be s tud ied . A the rma l i on 
izat ion source wi l l reach t e m p e r a 
tu res in excess o f 3 0 0 0 C , a 2 2 0 0 C 
source wi l l opera te in e i ther a p lasma 
or a the rma l ionizat ion m o d e and a 
h o l l o w - c a t h o d e ion source w i l l be 
used w i t h a recent ly deve loped he
l ium-gas je t s y s t e m . UNISOR, the 
Un ivers i ty I so tope Separa to r at Oak 
Ridge, is a d iv is ion o f Oak Ridge A s 
soc ia ted Univers i t ies , a c o n s o r t i u m 
o f main ly sou theas te rn US un ivers i 
t ies . Establ ished as a user g roup in 
1 9 7 1 , it is s u p p o r t e d by t en m e m b e r 
univers i t ies and the US Depa r tmen t 
o f Energy. 

Researchers s tudy neu t ron -de f i 
c ient exot ic nuclei . By measur ing the 
decay p rocesses o f these rad ioac
t ive i so topes , phys ic is ts o f t en ge t 
i n fo rma t ion w h i c h can be used t o 
de te rm ine the va l id i ty o f nuclear 
m o d e l s and w h i c h can s o m e t i m e s 
lead t o the d i scove ry o f n e w s t ruc 
tura l e f fec ts . 

The w o r k is c o m p l e m e n t e d by 
w o r k at B r o o k h a v e n ' s T R I S T A N o n 
line mass separa to r w h e r e neu t ron -
r ich i so topes are p r o d u c e d at the 
High Flux Beam Reactor (see D e c e m 
ber 1 9 8 1 issue, page 4 5 0 ) . Other 
faci l i t ies such as ISOLDE at CERN use 
high energy reac t ions t o p roduce 
b o t h neut ron- r ich and neu t ron -de f i 
c ient i so topes . 

UNISOR in te rcep ts b e a m s o f 
heavy ions f r o m the Oak Ridge iso
ch ronous cyc lo t ron and n e w 2 5 M V 
t a n d e m . The neut ron-de f ic ien t nuclei 
are c rea ted w h e n the heavy ions co l 

lide w i t h t a r g e t s , usual ly o f s o m e 
metal l ic fo i l such as tan ta lum or 
t u n g s t e n . Because o f the large linear 
m o m e n t u m o f the ions , the p roduc t 
nuclei recoi l ou t o f the ta rge t , t yp i ca l 
ly in to a graph i te catcher m o u n t e d in 
the wa l l o f an ion source . The nuclei 
t hen d i f fuse in to the ion source . Ion 
sources used in the past ope ra ted in 
the range o f 1 0 0 0 - 1 8 0 0 C . W i t h the 
n e w sou rces , reaching as high as 
3 0 0 0 C, m a n y o f the i so topes m o r e 

di f f icul t t o vapor ize wi l l be access i 
ble. 

In the hel ium je t s y s t e m , p roduc t 
nuclei w i l l be s t o p p e d in hel ium gas 
and p u m p e d in to the ho l l ow -ca thode 
ion sou rce , e l iminat ing the need fo r a 
ca tcher and the t ime necessary f o r 
vapor i za t ion . A s a resul t , nuclei tha t 
are ex t reme ly shor t - l i ved and more 
o f t h o s e di f f icul t t o vapor ize can be 
co l lec ted . 

T h e nuclei are ex t rac ted in to the 
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People and things 

separa to r w h e r e a sec to r m a g n e t 
and def in ing sl i ts se lect spec i f ic 
m a s s e s f o r s t udy . The b e a m s o f 
nuclei are co l lec ted by s imp le t r ans 
po r t s y s t e m s w h i c h use con t i nuous 
l oops o f c o m m o n 8 - t rack record ing 
t ape . The nuclei are t r a n s p o r t e d t o 
va r ious de tec to r s f o r energy spec t ra 
and t im ing m e a s u r e m e n t s o f g a m m a 
rays . X - r a y s , conve rs i on e lec t rons , 
and alpha and be ta par t ic les . 

S e p t e m b e r 1 9 8 2 m a r k s the t e n t h 
ann iversary o f the f i rs t ope ra t i on o f 
UNISOR and dur ing th is f i rs t decade 
ove r 5 0 nucl ides w e r e inves t i 
g a t e d . 

One impo r tan t con t r i bu t i on has 
been the d e m o n s t r a t i o n o f nuclear 
shape coex is tence in e v e n - m a s s iso
t o p e s . Th is w o r k w a s s t imu la ted by 
the ISOLDE op t i ca l - pump ing exper i 
m e n t s w h i c h ind ica ted sudden shape 
changes b e t w e e n ad jacent mercu ry 
i so topes . The UNISOR g r o u p f o u n d 
pro la te and near ly spher ica l nuclear 
shapes coex is t ing in mercu ry 1 8 4 
and 1 8 6 . 

Researchers a lso n o t e d nonaxia l ly 
s y m m e t r i c (triaxial) d e f o r m e d nu 
clear shapes in the g o l d - m e r c u r y -
tha l l ium reg ion . W o r k w i t h o d d -
m a s s tha l l ium and go ld i s o t o p e s a lso 
revealed the deep in t rus ion o f s ing le-
part ic le s ta tes f r o m higher she l ls , in
d ica t ing tha t the c lassic nuclear shell 
m o d e l gaps are acc identa l fea tu res 
o f w h e r e the val ley o f s tab i l i ty l ies. 

Other w o r k has p r o v i d e d conf i r 
ma t i on fo r s imp le co re -coup l ing 
m o d e l s and has a lso d e m o n s t r a t e d 
tha t the s t ruc tu re o f go l d nuclei can 
be we l l rep resen ted by the super -
s y m m e t r i c c lass i f ica t ion s c h e m e o f 
the In teract ing Boson -Fe rm ion A p 
p rox ima t i on . 

(This information was kindly sup
plied by Russ Manning.) 

On people 

New President of the American 
Physical Society is Robert Marshak 
of Virginia Polytechnic Institute 
and State University. Former Fer-
milab director Bob Wilson is Vice-
President to become President-
Elect in 1984 and President in 
1985. 

Among the UK Institute of Physics 
awards this year are the 
Guthrie Medal and Prize to Jeffrey 
Goldstone and the Charles Vernon 
Boys Prize to Roger Cashmore. 

At MIT since 1977, Jeffrey Gold-
stone is one of the major architects 
of the complex structure of spon
taneous symmetry breaking which 
lies at the heart of modern particle 
theory. Oxford experimentalist 
Roger Cashmore receives his 
award for his many original and 
outstanding contributions to phy
sics. Recently he has played a 
prominent role in the TASSO ex
periment studying electron-positron 
annihilation at the PETRA ring at 
DESY. 

Professor Theodoros Kouyoumze-
lis, representative of Greece to the 
CERN Council for some thirty 
years, retired from CERN affairs 
last December. He has played a 
fundamental role in the relations 

Last December, Professor Theodoros 
Kouyoumzelis (centre) with members of his 
family, met the Greek community at CERN 
to mark the occasion of his retirement from 
CERN affairs after some 30 years as 
Greece's representative to CERN Council. 

(Photo CERN 255.12.82) 

between Greece and CERN, and 
he is also largely responsible for 
the flourishing of nuclear and high 
energy physics in Greece. As pro
fessor at Athens, he devoted a 
large part of his time in teaching 
and in spreading the message of 
nuclear and high energy physics, 
in addition to his considerable 
scientific contributions, centred on 
the Raman effect. The number of 
established Greek physicists who 
at some time or another came un
der his influence is ample testimo
ny of his success. 

CBA progress at Brookhaven 

The last week in February was one 
of the most encouraging yet in the 
history of Brookhaven's Colliding 
Beam Accelerator project (which 
used to be called ISABELLE). On 
25 February, a full cell of the stor
age ring magnet lattice (consisting 
of six bending and two focussing 
magnets) was powered and 
reached the design field of 5.2 T, 
corresponding to 400 GeV beams. 
A few days earlier, a production 
series of eight bending magnets 
was completed, with all magnets 
providing not only the required 
peak field but also the required 
field quality. The decision has been 
taken that the Laboratory will con-
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12 April marks the seventieth birthday of 
Venedikt Dzhelepov, Director of the 
Laboratory of Nuclear Problems at the Joint 
Institute for Nuclear Research, Dubna, USSR. 

tinue to propose a 400 on 
400 GeVproton-proton colliding 
beam machine of high luminosity 
(2 x 1032 cm~~2 s~1), using two 
separate magnet rings. 

Inverse picobarn party at PEP 

Luminosity in the PEP electron-
positron ring at SLAC has been 
steadily increasing in recent 
months. At the beginning of the 
year, average integrated luminosity 
rose above 700 inverse nanobarns 
per day. 1000 inverse nanobarns 
(one inverse picobarn) looked 
possible. In keeping with an old 
PEP tradition of celebrating mile
stones, SLAC Technical Director 
Burt Richter said: 'When we get 
an inverse picobarn in a day, we'll 
shut down the linac and PEP and 
have a party.' 

For some weeks this goal was 
elusive, with efforts frustrated by 
many equipment problems. During 
the second week of February the 
luminosity started to climb. On 
12 February the barrier was 
cracked with 1.005 inverse pico-
barns and the next day, a Sunday, 
it was shattered with 1.030. Peak 
luminosity has been increased to 
2 x 1031 cm~2 s~1. One inverse 
picobarn per day corresponds to 
a running average luminosity of 
1.2 x 1031 over a twenty-four hour 

period. 
With everything going so well, 

it seemed a pity to shut down the 
machines, but SLAC had a great 
inverse picobarn party on 
17 February. 

Meanwhile at DESY, the PETRA 
electron-positron ring has other 
things on its mind, with high ener
gy being the main goal (see March 
issue, page 53). 

1.2 mA at LAMPF 

At the end of an eight-month pe
riod with currents at 600-700/iA, 
the LAMPF proton linear accelera
tor at Los Alamos had a demon
stration run with an average cur
rent up to 1.2 mA at 10.5 per cent 
duty factor. The accelerator easily 
handled the 11.4 mA peak current. 
The adequate performance of the 
beam stop and a number of target 
cell components at LAMPF's de
sign current of 1 mA in the meson 
area was also shown. 

In the week preceding the de
monstration, the production beam 
current was increased to 800jiA 
and the duty factor from 9 to 10.5 
per cent. Reliability remained high. 
Concurrent delivery of 25 nA of 
polarized negative ions at 800 MeV 
was also achieved a few weeks 
earlier, nearly doubling the polar

ized beam current routinely avail
able in the nucleon areas. A five-
month shutdown has now begun 
which will be used for upgrading 
experimental areas and the instal
lation of an improved transition 
region in the accelerator. 

Daresbury Nuclear Structure Facility 

1983 started well for the new Nu
clear Structure Facility (NSF) at the 
Daresbury Laboratory in the UK. 
With stable operation at 18 MV, 
first major experiments have been 
carried out by scientists from Liv
erpool, Manchester, Copenhagen 
and Daresbury. 

The NSF is a tandem electro
static generator producing beams 
of heavy ions. Construction began 
back in 1974 and the 70 m con
crete tower housing the accelerator 
is now a prominent local landmark. 
It is designed to operate initially 
near 20 MV, but the ultimate de
sign goal of 30 MV is on the cards. 
The voltage will be slowly in
creased over the coming months 
as the evacuated accelerator tube 
becomes conditioned. 

In principle the NSF can produce 
virtually all ion beams from hydro
gen to uranium with good energy 
and spatial definition and over a 
range of energies. In commission
ing and in the initial experiments, 
the beams have included oxygen 
(16 and 18), sulphur (32, 34 and 
36), titanium 48 and calcium 48. 
Already three experiments have 
been completed with the TESSA 
(Total Energy Suppression Shield 
Array) gamma ray detector, and 
initial results show how increasing 
nuclear rotation affects the nuclear 
structure. 

More instrumentation is being 
prepared to extend the range of 
experiments. 
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During a recent visit to Japan, CERN Director 
General Herwig Schopper visited the KEK 
Laboratory. Touring the Accumulator Ring 
tunnel for the new TRISTAN project, he 
was accompanied (left) by KEK Director 
T. Nishikawa, and (behind, left to right) by 
German Embassy Scientific Counsellor 
H. Schunck, and S. Ozaki and Y. Kimura. 

(Photo KEK) 

Meetings 

The 6th High Energy Heavy Ion 
Study and the 2nd Workshop on 
'Anomalons' will be held at Berke
ley from 28 June to 1 July. The 
meeting will cover recent develop
ments in the study of high energy 
nucleus-nucleus collisions, and the 
current status of the anomalous 
mean free path effect for projectile 
fragments. Further information 
from the Chairman of the Organiz
ing Committee for this meeting, 
Lawrence Berkeley Laboratory, 
Berkeley, California 94720. 

2000th patient at Cyclotron 
Laboratory 

The Harvard Cyclotron Laboratory 
(HCL) recently treated its 2000th 
patient with proton beams. Spe
cialized techniques for treating 
large and small tumours have been 
developed over the last 21 years, 
exploiting physical properties of 
the beam so the greater part of 
the radiation effect is concentrated 
in the tumour while minimizing the 
effect on healthy tissue. This im
proved dose distribution has al
lowed treatment of lesions adja
cent to vital structures such as the 
spinal cord, the optic nerve and 
the brain. 

Treatment of tumours in the 
head began in 1961. Irradiation of 
the pituitary gland was developed 
first. More recently, treatment of 
disorders known as arteriovenous 
malformations has been added to 
the expanding list of successful 
applications. These lesions are 
frequently inoperable and not well 
managed by other forms of treat
ment. 

Malignant eye tumours known 
as choroidal melanomas have been 
treated since 1975 in collaboration 

with E. Gragoudas with excellent 
follow-up results of the proton 
beam for this type of tumour. In 
1972 the HCL staff developed 
apparatus for treating larger 
tumours elsewhere in the body. 
Treatments were started in 1974. 

At present, HCL has treated 
more patients than any other lab
oratory in the world engaged in 
heavy charged particle radiation 
therapy and, over the years, has 
contributed a number of innova
tions subsequently adopted at oth
er radiation facilities. The Labora
tory employs fourteen people un
der the direction of A.M. Koehler. 
The cyclotron was used for phy
sics research in the 1950s but was 
converted for medical applications 
in the 1960s when funding and 
interest in this region of physics 
tapered off. However occasional 
physics research projects are still 
undertaken. 

HCL is now supported almost 
entirely by fees charged for the 
irradiation services, and by some 
funding from the US National Can
cer Institute. Acceptance of 
charges for two types of treatment 
by major medical insurance com
panies is evidence that proton irra
diation is now considered accepted 
medical practice. Plans for eventual 
replacement of the 33-year-old 
machine are proceeding slowly, 
hampered by inadequate finance. 
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ITALY AT CERN 
39 ITALIAN COMPANIES: LATEST EQUIPMENTS 

AND KNOW-HOW 

22-25 MARCH 1983 

FIAT TTG 
Via Cuneo , 2 0 
10152 - TORINO 
t e l . 0 1 1 / 2 6 0 0 1 
te lex 2 2 1 0 5 0 F I A T T G I 

Production Line: 

- Des ign and manu fac tu r i ng o f the mechan ica l and 
e lec t romechan ica l main c o m p o n e n t s o f the nuclear 
s t e a m supp ly s y s t e m : Reactor in terna ls , con t ro l 
rod dr ive m e c h a n i s m s , con t ro l r o d s , mechanica l 
par ts o f fuel e l e m e n t s , p u m p s , specia l va l ves and 
dev i ces , fuel s t o rage and haul ing s y s t e m s , exper 
imenta l and t es t i ng l o o p s . 

St ructura l and p ip ing eng ineer ing serv ices . 

Core hold-down locking device for PEC Reactor (prototype). The 
PEC (Prova Elementi Combustibili=Fuel Element Testing) facility 
consists of a sodium-cooled 118-MWth fast-type reactor in 
erection at the ENEA Centre of Brasimone (Bologna, Italy). 

FATA EUROPEAN GROUP 
S.S. 2 4 k m 12 
10044-PIANEZZA (Torino) 
t e l . 0 1 1 / 9 6 7 3 3 3 3 
te lex 2 1 2 1 3 6 F A T A EU I 

Production Line: 

Engineer ing des ign and ful l ass is tance f r o m the p lan
ning s tage t o the s y s t e m f inal se t t i ng u p : 
— Internal mater ia l handl ing s y s t e m s 
— A u t o m a t e d w a r e h o u s i n g s y s t e m s 
— Robot ized w e l d i n g s y s t e m s f o r b o d y w o r k l ines 
— Iron and steel f o u n d r y e q u i p m e n t 
— Light-a l loy f o u n d r y e q u i p m e n t 
— S y s t e m s f o r the p r o d u c t i o n o f p las t ics c o m p o 

nents 
— A l u m i n i u m rol l ing and conve r t i ng s y s t e m s 
— Cable t r a n s p o r t s y s t e m s f o r pe rsons and g o o d s Goods handling system. 
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P. POGLIANO 
dei F.Hi. POGLIANO 
Via Passo Buole, 160 
10135 - TORINO 
te l . 0 1 1 / 6 1 2 0 3 4 
telex 2 2 0 0 3 9 PPEFTO I 

Production Line: 

- Si lver-plated a luminium bars 

- Busbar t runk ing 

- Electric cabins 

- Civil and industr ial p lants 

- Cable t racks 

- Electronic plants Busbar trunking systems. 

DESSALLES E BORZINO 
Via Casale 21 
10099 - SAN MAURO TORINESE (Torino) 
te l . 0 1 1 / 8 2 2 4 1 2 4 
telex 2 2 0 5 2 4 

Production Line: 

- Electric cables 

- Rubber, x lpe, hypa lon , f ire resistant PVC insulated 
fo r l o w or med ium w o r k i n g vo l tage up t o 3 0 k V 
radet 

GILARDINI 
Divisione Flexider 
C.so Romania, 5 0 1 
10154 TORINO 
te l . 0 1 1 / 2 3 9 2 
telex 2 2 1 3 2 9 GILATO I 

Production Line: 

- Flexible Meta l hoses 

- Expansion jo in ts 

- Pipe hangers 

- Be l lows Metal bellows for expansion joints. 

CERN Courier, April 1983 101 



SOC. CAVI PIRELLI 
P.zza Cado rna , 5 
20124 MILANO 
t e l . 0 2 / 8 5 3 5 1 
te lex 3 1 0 1 3 5 PIREMI I 

Production Line: 

— LV , HV p o w e r cab les , t e l e c o m m u n i c a t i o n and spe 
cial app l i ca t ions cab les 

- A f u m e x (R) f i re re tendan t cab les w i t h l o w em iss ion 
o f s m o k e and t o x i c f u m e s 

— Retox (R) f i re re ta rdan t cab les w i t h l o w em iss ion o f 
co r ros i ve f u m e s 

- FP 2 0 0 f i re res is tan t cab le 
- Opt ica l f iber cab les 
— Cable accessor ies 

Expor t sales o rgan iza t ion by 
CABLEXPORT S . p . A . 

SERVOCAVI 
Via Polver iera , 4 4 / 4 6 
20026 - NOVATE MILANESE (Milano) 
t e l . 0 2 / 3 5 4 4 5 9 8 
te lex 3 1 0 1 3 5 PIREMI I 

Production Line: 

W i d e range o f j o i n t s su i tab le f o r any k ind o f p o w e r 
cab les as we l l as i ndoo r and o u t d o o r te rm ina ls up t o 
3 0 k V : 
T a p e d jo in t s / In jec ted t y p e j o i n t s / Cast resin j o i n t s / 
S l ip -on te rmina ls / T a p e d te rm ina ls / Porcela in t e r m i 
nals / T r a n s f o r m e r p lug- in c o n n e c t o r s / T e l e c o m 
jo in t s 

Expor t sales o rgan iza t ion b y : 
CABLEXPORT S . p . A . 

Medium voltage terminals and medium voltage joint suitable for 
extruded or impregnated paper cable. 

CEAT CAVI 
L.go Regio Parco , 9 
10100 TORINO 
t e l . 0 1 1 / 2 6 0 8 1 
te lex 2 2 1 6 0 3 C E A T I 

Production Line: 

P o w e r , t e l e c o m m u n i c a t i o n and con t ro l cab les , such 
a s : 
- L V - M V and H V p o w e r cab les 
- Radiat ion res is t ing cab les 
- Non f i re p ropaga t i ng cab les 
- Non tox i c and l o w s m o k e gas evo lu t i on cab les f o r 

specia l app l i ca t ions 
- Opt ica l f iber cab les 
- Cable accessor ies 

Expor t sales o rgan iza t ion b y : 
CABLEXPORT S .p .A . 
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C.A.E.N. — Costruzioni 
Apparecchiature 
Elettroniche Nucleari 
Via Aure l ia S u d , 3 9 
55049 - VIAREGGIO 
t e l . 0 5 8 4 / 4 6 1 1 0 
te lex 5 0 0 4 5 4 BBI- I -CAEN 

Production Line: 

— Soph is t i ca ted e lec t ron ics f o r h igh ene rgy phys i cs , 
in part icular f as t e lec t ron ics i ns t rumen ts in b o t h 
n im-camac s t a n d a r d , h igh vo l t age s y s t e m s , m i c r o 
p rocesso r based in ter face s y s t e m s f o r research 
and indus t ry 

ELETTRONICA 
SAN GI0RGI0-ELSAG 
Via H e r m a d a , 6 
16154 - GENOVA SESTRI P. 
te l . 0 1 0 / 6 0 0 1 1 
te lex 2 7 0 6 6 0 ELSAG I 

Production Line: 

— Process Con t ro l S y s t e m s 

— Recogn i t ion S y s t e m s 

— Robo t i cs 

— Mu l t i p rocesso r f o r p r o c e s s con t ro l s y s t e m s 

TELETECNICA 
Via G. M a t t e o t t i , 6 
06028 - SIGILLO (Perugia) 
t e l . 0 7 5 / 9 1 7 1 2 0 
te lex 6 6 0 1 7 6 IND PG I TELETECNICA 

Production Line: 

— Bat te ry charg ing rect i f iers 

— P o w e r supp l ie rs 

— A C - D C conve r t e r s 

— Smal l p o w e r DC-CC and D C - A C conve r t e r s 

Double manual programmable logic unit. 

Data acquisition system. 

Rectifier for hermetically sealed PB-CA battery charging and for 
teletransmission plants feeding. 
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r idge, f i l t e rp resses , p r o c e s s f i l t ra t ion Vacuum drum filter. 

BEMARI 
Via di Santa Cos tanza , 2 7 
00198 - ROMA 
t e l . 0 6 / 8 3 1 3 8 2 7 
te lex 6 8 0 3 9 4 U N G R A N I 

Production Line: 
Control and protect ion of open areas 
Each system is created to guarantee the observation of anomalous 
circumstances in due t ime and in particular: a preliminary analysis of 
the topographic boundaries / classifying areas in vital, reserved or in 
public access zones, thereby diversifying the degree of control and 
protect ion / verification of the various degrees of reliability of the 
existent systems available on the market / diverse solutions for the 
realization of plants wi th different methodologies so as to give the 
client a wider choice. 
The fundamental aspects of security system are: high reliability / 
absence of false alarms. 
The system is basically composed of the fol lowing par ts : sensor-
bearing fencing / closed-circuit television equipment (CCTE) / peri-
metral lighting installation / centralized alarm and control system Fence protection system. 

BOCCHIOTTI 
Soc . per I ' lndustr ia E le t t ro tecn ica 
P.zza Dan te , 8 
16121 - GENOVA 
t e l . 0 1 0 / 5 8 9 4 4 1 
te lex 5 7 1 2 5 5 IBOCO I 

Production Line: 

— W i r i n g duc t s (Duc tasys tem) 

- Insta l la t ion (Conducta) 

Thanks to the possibilities of assembling and its wide range of 
channels, this system of trunkings offers complete installation 
solutions. 
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I.M.E.S.A. 
V. le de l l ' lndust r ia 
60035-JESI (Ancona) 
te l . 0 7 3 1 / 2 2 2 8 4 
te lex 2 2 2 3 5 2 IMESA 

Production Line: 

— Modu la r l o w tens ion s w i t c h b o a r d s 

— Modu la r p re fabr ica ted m e d i u m vo l tage s w i t c h 
board 1 0 - 2 0 - 3 0 k V 

— Copper -a lumin ium bus-bars 

— Stee l -copper pales 

— A u t o m a t i c p o w e r f ac to r co r rec t ion bat ter ies Low voltage switchboard of distribution. 

OFFICINE ELETTROTECNICHE 
COLOMBINI 
Via R. Sanzio 
20010 -INVERUNO (Milano) 
t e l . 0 2 / 9 7 8 6 0 2 3 
te lex 3 3 4 3 7 8 COLTRA I 

Production Line: 

- Three-phase oil i m m e r s e d t r a n s f o r m e r s , 5 0 t o 
5 0 0 0 k V A up t o 6 0 k V Oil immersed transformers 

OFFICINE GALILEO 
Via A . Einste in, 3 5 
50013 - CAMPI BISENSI0 (Firenze) 
te l . 0 5 5 / 8 9 5 0 1 
te lex 5 7 0 1 2 6 GALILE I 

Production Line: 

- High v a c u u m c o m p o n e n t s ECO JET 63 diffusion pump with 'Manifold' valve group. 
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SACE 
Costruzioni Elettromeccaniche 
Via Ba ion i , 3 5 
24100 -BERGAMO 
t e l . 0 3 5 / 3 9 5 1 1 1 
te lex 3 0 1 6 2 7 SACEBG I 

Production Line: 
- LV moulded case standard circuit breakers 
- LV moulded case circuit breakers w i th high breaking capacity 
- LV moulded case current limiting circuit breakers 
- LV moulded case circuit breakers wi th earth fault protection 
- LV air circuit breakers 
- LV circuit breakers for specific uses 
- Disconnecting switches and load-break switches for M.V. 
- MV minimum oil circuit breakers (indoor and outdoor types) 
- MV sulphur hexafluoride circuit breakers (indoor and outdoor) 
- MV magnetic air circuit breakers 
- A-enclosures for MV circuit breakers 
- LV switchboards 
- MV switchboards MV magnetic air circuit breaker — DIARC series. 

S.C A.L 
Soc. Costruzioni 
Apparecchiature Industrial! 
Via Europa , 7 
24040 - SUISI0 (Bergamo) 
t e l . 0 3 5 / 9 0 1 1 4 2 
te lex 3 0 1 3 5 0 S C A N 

Production Line: 

— Pressure vesse l s , heat exchange rs , c o m p o n e n t s 
f o r nuclear p lant Components for nuclear field. 

S0PIN -
Societa per I'lnformatica 
Via del Sera f i co , 2 0 0 
00142 - ROMA 
t e l . 0 6 / 5 4 7 7 
te lex 6 1 4 1 3 2 SOPINR I 

Production Line: 

- S o f t w a r e app l i ca t ion s y s t e m s . I n fo rma t i on s y s 
t e m s . Off ice A u t o m a t i o n . 

- Secur i ty S y s t e m s ( compu te r c o m p u t e d ) , badge 
readers f o r en t rance and a t t endance c o n t r o l , v i d e o 
te rm ina l , f o r A r a b i c speak ing coun t r ies t o o . 

Badge reader S 300 in conjunction with concentrator Unit 
S400. 
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S.I.T.A.I. S.p.A. 
Via Valsesia, 2 /8 
28077 PRATO SESIA (Novara) 
tel. 0 1 6 3 / 8 5 0 2 2 1 
telex 200198 TUBIVAL I 

Production Line: 
Tubes and pipes in austenitic stainless steel. 
Electric fusion welded pipes and tubes / size up to 323,9 mm (12") 
O.D. / E.F.W. pipes, size up to 1500 mm O.D. / Seamless tubes for 
heat exchangers / Casing and filters for water wells 

NUOVA C.M.C. 
Via Asiago, 244 
21042 - CAR0NN0 PERTUSELLA (Varese) 
tel. 0 2 / 9 6 5 0 6 0 1 
telex 320494 TUBCMC I 

Production Line: 

Tubes and pipes in austenitic stainless steel. 
E.F.W. pipes size up to 800 mm O.D. / Precision tubes for pumps 
and dairy / Shaped pipes, furniture pipes / Structure pipes 

VALVOMETAL 
13018- VALDUGGIA (Vercelii) 
tel. 0 1 6 3 / 4 7 4 4 1 
telex 200058 VALTUB I 

Production Line: 
Casted and forged valves in carbon, alloy, stainless steel and special 
alloys / ANSI, AS IM, ; ASME, DIN, BS standards / 
Gate-Globe-Check (hand or electric actuated) 

MAXNOVO ITALIA 
28060 SAN PIETRO MOSEZZO (Novara) 
tel. 0 3 2 1 / 3 9 9 7 0 1 
telex 200306 Maxnov I 

Production Line: 
Machine tools, special machinery. 
Hand & Electric actuators by MAXIDER division: Piping prefabrica
t e / Flanges, fitt ings 

A GROUP OF COMPAGNIES 
MANUFACTURING MORE THAN 25.000 TONS 

IN STAINLESS STEEL (OF WHICH 18.000 IN PIPES). 

(To coordinate a direct touch with different branches, 
please contact: Telex 200058 VALTUB I, Attn. Holding Services) 
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CONSORZIO ELETTRIMPEX - GISI 
Consortium of enterprises 
for the development of export 
in the electronic and electrotechnic sector 

NUOVA FIMA 
Via C. Battisti, 59 
2804S - INVORIO (Novara) 
tel. 0 3 2 2 / 5 5 1 9 5 / 6 
telex 2 0 0 0 6 6 FIMA I 

Production Line: 

Pressure gauges / Thermometers / Thermostats / Pressure 
switches 

Stainless steel safety 
§ gauges. 

SAE 
Societa Applicazioni Elettroniche 
Siliprandi F.lli, Chiesa & C. 
Via Lario, 16 
20159 -MILANO 
Tel. 0 2 / 6 8 3 7 8 3 
telex 3 1 4 3 4 3 SAELAR I 
Production Line: Analog and digital electronic instrumentation for 
temperature, pH, conductivi ty, etc., recorders, indicators, control l
ers, primary elements, control panels; complete systems. 

Control panels of SAE 
manufacture for glass 
container plant. 

SPRIANO 
Via Olivari, 9 
20131 - MILANO 
tel . 0 2 / 2 5 0 0 5 4 1 
telex 321547 SPRIAN I 

Production Line: 

Industrial instrumentat ion: pneumatic transmitters, recorders, 
pneumatic controllers, programmers, control panels, pneumatic 
control valves, pressure gauges, thermometers, level indicators, 
liquid in-glass thermometers, accessories 

Force-balance pneumatic 
temperature transmitter 
mod. SG 71. 
Range - 75/ +550°C. 
Compensated for elevation, 
barometric pressure and 
ambient temperature. 
In the production can be 
activated the quality 
assurance system. 

TERMOFAS C.T.C. 
Via Masaccio, 12 
20149 - MILANO 
tel. 0 2 / 4 3 0 7 5 5 
telex 3 1 6 6 4 4 FASINT I 

Production Line: 

RESISTANCE TEMPERATURE DETECTOR 

Manufacturing of sensor for industrial, nuclear and research appli
cations / Thermoelement specialists / Calibration laboratory for 
thermocouples and resistance temperature detectors 

Resistance temperature 
* detectors. 

ASA 
Via Torquato Tasso, 29 
20099 - SEST0 SAN GIOVANNI (Milano) 
tel. 0 2 / 2 4 7 0 5 0 0 
telex 3 1 2 5 3 8 ASA I 

Production Line: Flow-indicators, f low transmitter for any kind of 
gas or liquid automatic f l ow regulations 

190S M6-..00-I4 

All metal constructed 
asameters for high 
pressures and 
temperatures, with 
magnetic coupling reading 
extension. Also available 
with maximum and 
minimum photo-cell alarms. 
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A.P.I. 
SMALL INDUSTRIES ASSOCIATION 

TORINO 

ATLA 
Lavorazioni Meccaniche Aeronautiche 
Via Padana Infer iore, 4 4 
10023 CHIERI (Torino) 
te l . 0 1 1 / 9 4 7 2 3 4 6 

Production Line: 
Spark erosion (E.D.M.) / Heat treatment under vacuum / Furnace 
breazing under vacuum-inert gas / Heat vacuum equipments con
struction 

CERRAT0 
Via Manzoni, 8 
10092-BEINASC0 (Torino) 
tel. 0 1 1 / 3 4 9 8 9 9 5 
telex 221109 APITO I 

Production Line: Resting or suspended bridge cranes w i t h hoisting winch or tackle up t o 
V FEM class / Portal cranes / Jib cranes w i t h capacity up to 5 0 0 0 kg wi th manual or 
electric rotation / Construction of intallations for material t ransport and storage, manual, 
semi-automatic or automatic travelling lifts fo r high-bay warehouses complete w i th store 
input and output conveyors / Oleodynamic lifting p lat forms, t ippers / Motor-dr iven clutch 
roll conveyors step-by-step chain conveyors 

E.E.D. — European Electronic Design 
Via Brandizzo, 178 
10088 VOLPIAN0 (Torino) 
tel. 0 1 1 / 9 8 8 2 7 7 8 
telex 214489 EED TO I 

Production Line: 
Peripheral computer units / Magnetic data recording systems / 
Interface of computer RAM - I/O - / Video Alpha-Numeric and 
graphic / Multiplexing of data to 32 MHz / Interface between up to 
16 bit and network eternet / Minicomputers 16 bit designed in 
bit-slice 

C.P.M. — Impianti Industrial! 
Via S. Luigi, 4 
10092 -BEINASC0 (Torino) 
tel. 0 1 1 / 3 4 9 7 2 2 2 
telex 224415 CPSI TO I 

Production Line: 

Internal handling system / Lifting plants / Soundproofing systems 
/ Steel structures for industrial uses / Air conditioning plants 

DEMA 
Via Macello, 14 
10060 - BURIASC0 (Torino) 
tel. 0 1 2 1 / 5 6 1 2 8 
telex 211556 DEMATO I 

Production Line: 
Belt conveyors, slat conveyors, apron conveyors wi th metallic, 
hinged or overlapping pans / Overhead or floor monorail or tw in-
rail conveyors / Gravity, power or power-frictional roller con
veyors / Platform elevators / Self moving trucks / Electrified 
monorails 

DEMO ARMADI RACKS 
C. so Lombardia, 52 
10099 - S. MAUR0 T0RINESE 
tel. 0 1 1 / 2 4 4 3 5 2 / 6 / 9 
telex 213279 

Production Line: 
International standard 1 9 " size cabinets / Card baskets and con
tainers wi th international DIN 4 1 4 9 4 standards and consoles 
entirely made in aluminium 

G.M.G. — Officina Meccanica 
Strada dei Boschi, 14 
10092 - BEINASC0 (Torino) 
tel. 0 1 1 / 3 4 9 9 2 8 0 
telex 221109 API TO RIF 817 

Production Line: 

Prototypes / Test productions / Spare parts / Precision produc
tions in small quantities / Automatic devices 

ILMAS 
Via Bruno Buozzi, 6 
10090 - CASCINE VICA (Torino) 
tel. 0 1 1 / 9 5 9 2 4 7 2 
telex 221109 API TO I 

Production Line: Mechanical high precision w o r k for the aeronautical industry by machin
ing centres and numerical control / Galvanic t reatments as cadmium plating, alodyne, 
chromic anodic oxidat ion, black oxidat ion, stainstill passivation / Pickling and painting / 
Dimensional tests in air-conditioned room / Non-destructive test as penetrating inspec
t ion, magnetoscope, hardness test , nital 

MG IMPIANTI 
Via Salvador Allende, 8 
10032 - BRANDIZZO (Torino) 
tel. 0 1 1 / 9 1 3 8 4 0 9 

Production Line: 
Switchboards (carpentry and wiring), MT-BT, distribution, auto
mation, programmable static control / On-site and shop assembly 
/ Electric and electromechanic maintenance 

PRIMA ELECTRONICS 
Strada Carignano, 4 8 / 2 
10024 - M0NCALIERI (Torino) 
tel. 0 1 1 / 6 4 4 1 4 4 
telex 212163 
Production Line: Small and medium series of electronic products belonging to very 
complex systems / Cards and Modules: processing units, memories, peripherical inter
faces, logical in -put /out -put , analog input /output , axis control units, power units, power 
supplies, racks and cabinets / Complete Systems: one axis numerical controls for auto
matic paint mixer, t w o axis numerical controls for optical metrology, three axis numerical 
controls for industrial sewing machines, four axis numerical controls for measuring robot , 
six axis numerical controls for welding robot , p.l.c. fo r automatic warehouses, test ing 
units for cards and electronic systems / Last three years p roduc t ion : over 1000 systems 
and over 15 .000 units 
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C o m p u t i n g G r o u p L e a d e r 

The Swiss Institute for Nuclear Research has a vacancy for the position 
of group leader for their modest ly sized computing group. Proven 
leadership ability together w i th considerable experience of computing in 
a scientific environment is required. The institute has a V A X 11 /782 
central computing facility plus many PDP-11 's used for data acquisition. 
The primary functions of the group are in the real t ime data acquisition, 
distributed intelligence and network areas. The scientific work ing lan
guage is English, but a knowledge of German is helpful. 

Applications including a CV should be sent t o : 

Personnel Department, SIN, CH-5234 Villigen/Switzerland 

T h e Nat ional S y n c h r o t r o n L ight Source 
Depa r tmen t at B r o o k h a v e n Nat iona l L a b o 
ra to ry has an o p e n i n g f o r a 

POSTDOCTORAL 
RESEARCH ASSOCIATE 

Ph. D. t o w o r k o n theore t i ca l and numer ica l 
s tud ies o f laser acce le ra t ion o f par t ic les 
and f ree e lec t ron lasers . Current w o r k in 
c ludes an e x p e r i m e n t t o s t u d y f ree e lec
t r o n lasers ope ra t i ng in an e lec t ron s t o r a g e 
r ing. 

T h e a p p o i n t m e n t is f o r t w o yea rs , w i t h a 
poss ib le th i rd year ex tens i on . A p p l y t o : 

Dr. C. Pellegrini, National Synchrotron 
Light Source Department Bldg. 725B, 
Brookhaven National Laboratory, As
sociated Universities, Inc., Upton, L.I., 
New York 11973, eoe/mf. 

b n i 
(ID HDD 

An equal opportunity employer, m/f. 

Brookhaven National Laboratory 
Associated Universities Inc. 

RUTHERFORD APPLETON LABORATORY 

HIGH ENERGY PHYSICS 
RESEARCH ASSOCIATES 

There are vacanc ies f o r Research A s s o c i a t e s t o 
w o r k w i t h exper imen ta l g r o u p s in high energy phy 
s ics. Groups f r o m the Ruther fo rd A p p l e t o n Labora 
t o r y are w o r k i n g on e x p e r i m e n t s at CERN, DESY and 
S L A C . 

Cand ida tes shou ld no rma l l y be less than 2 8 years 
o ld . A p p o i n t m e n t s are m a d e f o r 3 years , w i t h p o s 
sible ex tens ions o f up t o 2 yea rs . R A s are based 
ei ther at the acce le ra to r l abo ra to ry w h e r e thei r ex
per iment is c o n d u c t e d , o r at R A L depend ing on the 
requ i rements o f the expe r imen t . W e have in add i 
t ion h o m e - b a s e d p r o g r a m m e s o n d e v e l o p m e n t o f 
d e t e c t o r s , m i c r o p r o c e s s o r s y s t e m s , e tc . M o s t ex
pe r imen ts include UK un ivers i t y personne l w i t h 
w h o m part icular ly c lose co l labora t ions are ma in 
ta ined . 

Please w r i t e f o r an app l i ca t ion f o r m quo t i ng V N 0 4 5 
t o 

Recruitment Office, R20, 
Rutherford Appleton Laboratory, 
Chilton, Didcot, Oxfordshire 0X11 OQX, 
ENGLAND. 

THE PENNSYLVANIA STATE UNIVERSITY 

EXPERIMENTAL 
HIGH ENERGY PHYSICS 

The Depa r tmen t o f Phys ics is seek ing cand ida tes 
f o r a tenure - t rack pos i t i on o f A s s i s t a n t Pro fessor in 
Exper imenta l High Energy Phys ics s ta r t ing in the 
1 9 8 3 - 8 4 academic year . 
Cand idates shou ld have an es tab l i shed record o f 
research a c c o m p l i s h m e n t s and expec t t o w o r k ini
t ial ly in con junc t i on w i t h the o n g o i n g research ef
f o r t at Penn S ta te . 
Current research p ro jec ts include prec is ion 
m e a s u r e m e n t s o f l o w - e n e r g y an t inuc leon-nuc leon 
in terac t ions at BNL and CERN and high energy 
hadronic in te rac t ions at Fermi lab. 
A desire and ap t i tude f o r teach ing o f unde rg rad 
uate and graduate s t u d e n t s is essent ia l . 
Send app l i ca t ions , inc lud ing a cur r icu lum v i tae and 
names o f at least f ou r re fe rences , t o 

Gerald A. Smith, 
Head, Department of Physics 
Box B, 104 Davey Laboratory, 
University Park, PA 16802, 
by July 1 , 1983. 

The Pennsy lvania S ta te Un ivers i t y is an a f f i rmat ive 
ac t i on /equa l o p p o r t u n i t y emp loye r . 
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High Gain di 70% SER 
New XP2262 facilitates multiplier noise discrimination 

A c o m p l e t e r a n g e o f f a s t 2 ' P M T s f o r p h y s i c s a n d i n d u s t r y 

PMT 
number 

of 
stages 

tr 
(ns) 

t w 

(ns) 
* t 

(ns) 
At C e 
(ns) 

pulse 
linearity 

(mA) 

X P 2 2 6 2 1 2 2 ,0 3 , 0 0 , 5 0 0 , 7 0 2 5 0 

X P 2 2 4 2 B 6 1,6 2 ,4 - 0 , 7 0 3 5 0 

X P 2 0 2 0 1 2 1,5 2 ,4 0 , 2 5 0 , 2 5 2 8 0 

X P 2 2 3 0 1 2 1,6 2 ,7 0 , 3 5 0 , 6 0 2 8 0 

High sensitivity bialkali 44 mm diameter cathode 

t r = anode pulse rise time for a 
delta light pulse 

t w = anode pulse duration FWHM 
for a delta light pulse 

= transit time spread for single 
electron mode 

A W = transit time difference 
centre-edge 

XP2262 replaces XP2232. 

*SER = Single Electron Resolution 

Other fast tubes: 
3/4" PM1911 3" PM2312 
1" PM2982 5" XP2041 

Philips Industries 
Electronic Components and 
Materials Division 
Eindhoven, The Netherlands 

We've set t h e s t a n d a r d f o r over 2 0 y e a r s 
PHILIPS Electronic 

Components 
and Materials 

P H I L I P S 



Gaz techniques 
Gaz purs 
Gaz ultra-purs 
Gaz speciaux 
Melanges de gaz 

A I ( C 5 H 5 ) 3 C 3 H 6 Kr 
A r C 3 H 8 N H 3 

A s H 3 C 4 H 6 N O 
B C I 3 C 4 H 8 N 0 2 

B F 3 C 4 H 1 0 N 2 

B 2 H 6 C 4 H 1 4 N 2 0 
C F 4 C 4 H 1 6 N 2 0 4 

C H 4 C 5 H 1 2 Ne 
( C N ) 2 C 6 H 1 4 o 2 

C O C 7 H 1 6 P F 5 

C O C I 2 CIF3 P H 3 

C O S C l 2 S F 6 

c o 2 D 2 S 0 2 

C 2 H 2 G e H 4 S e H 2 

C 2 H 4 HBr S i H 2 C I 2 

C 2 H 4 0 HCI S i H 4 

C 2 H 6 H 2 X e 
C 3 H 4 H 2 S Z n ( C 2 H 5 

He e t c . 

Technical Gases 
High Purity Gases 
Ultra High Purity Gases 
Special Gases 
Gas mixtures 

Technische Gase 
Reine Gase 
Hochreine Gase 
Spezialgase 
Gasgemische 

E q u i p e m e n t s p o u r la m ise en ceuvre de gaz. Equ ipemen ts c r yo techn iques . 
E q u i p m e n t s f o r m a n i f o l d ins ta l la t ions a n d l o w pressure gas h a n d l i n g . Cryogen ic e q u i p m e n t s . 
Gasve rso rgungsan lagen und A r m a t u r e n . K ryo techn i sche A p p a r a t e . 

G r o u p e Gaz spec iaux 
G r o u p Spec ia l Gases 
G r u p p e Spez ia lgase 

Documentation • ( required 

Visit(e)/Besuch 
desiree 

• { erwiinscht 
I 

N a m e / N o m 

Fi rma/Ets. 

Tel 

Garba 
Adresse. Bern 0 3 1 5 3 2 2 2 2 

Zu r i ch 0 1 4 4 2411 
Geneve 0 2 2 2 9 6 1 6 6 

J 



NOW! Constant Fraction 
Timing at 100 MHz 

INPUT DYNAMIC RANGE 

The n e w TENNELEC TC 4 5 3 Constant Fract ion D isc r im ina to r 
operates up to 100 MHz w i t h a w a l k spec i f ica t ion tha t 
canno t be matched. 

For s ignals near th resho ld and over a 100:1 dynamic range, 
the TC 4 5 3 has near ly 3 0 % less w a l k t h a n o ther 
commerc ia l l y avai lable cons tan t f rac t ion d isc r im ina to rs (See 
Figure.) 

Th rough a un ique des ign , the t r igger ing f rac t ion may be 
changed by the user. T w o " f r ac t i on m o d u l e s " are provided 
w i t h the TC 4 5 3 so tha t 2 0 % or 4 0 % f rac t ions can be user 
se lected. Other f rac t ions are avai lable upon request . 

For more in fo rmat ion on th is or any o ther i ns t rumen t among 
TENNELEC's extensive product l ine, w r i t e or cal l us at 
any t ime . 

TENNELEC 
601 Turnpike, Oak Ridge, Tennessee 3 7 8 3 0 

USA 
Telephone 615-483-8405 /TWX 810-572-1018 

— r I N C . 

Platanenstrasse 178, D 8 0 2 8 Taufkirchen 
West Germany 

Telephone 0 8 9 / 6 1 2 4010 
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Read these specs carefully — 
you have never seen anything like it 
5 V , 7 A a t 8 2 % f r o m 6 T E 

This line of Sipmospowered SMPS fills the void between the many 
25 W and 50 W products on the market. It features a variable pulse 
frequency regulation up to 150 kHz, which enables the so far highest 
efficiency available, 8 2 % by 5 V. For the 12 /15 and 2 4 V version 
the efficiency reaches 8 4 % and 8 6 % . 

In the multiple output execution, for instance 5 V 4 A , ± 12 V 0,6 A , 
loads between 2 0 % and 1 0 0 % may be carried wi th a cross regulation 
of less than 1 % for every 1 0 % variation. 

The Switchpac 35 is power boosted so that 5 V 7 A may be used 
short-term up to 12 A , the 12 V 3 A to 5 A and the 24 V 1,5 A to 
2,5 A. 

It is important to distinguish between the OLTRONIX power boost 
concept and simple uncontrolled temperature derating. A power boost 
unit is able to give i ts,maximum output at any normal work ing tem
perature, only the time varies. So the 5 V 7 A unit may be loaded to 
11 A indefinitely at an ambient of 30° C as well as to 9 A at 40° C. But at 
50° C it will automatically reduce its output after 3 minutes if loaded 
to 12 A. 

The hold-up time is typically 30 ms. The S W 35 is 30 .48 mm wide and 
is built according to DIN 4 1 4 9 4 : 5 , VDE 0 8 7 1 , 7 3 0 , 8 0 4 and 806 . 
Warranty is 2 years. 0 V P , remote sense, on /o f f control , V and R pro
gramming are standard, powerfai l optional. 

The mechanical design includes anodized aluminium which provides 
good heat dissipation and a rugged structure. 

OVP, voltage and current adjust are available on the front panel, as well 
as a green LED « power on» indicator. 

^LTRQNIX 
Labor AG 

Grillenweg 4 , C h - 2 5 0 4 BIEL, Switzerland 
Telephone (032) 42 4 4 45 - Telex 3 4 6 3 7 

SELF-EXTINGUISHING AND CHLORINE-FREE CABLES 

M fiamm 
CABLES AUTOEXTINGUIBLES ET S A N S CHLORE 

S O C I E T E A N O N Y M E D E S ' 

C P I B L E R I E S S l T R E F I L E R I E S 

D E C D S S O N P Y 

V e n t e par C A B L E X S. A . B.P. 456 ,111 o MORGES, T « . 021 p 109 8 1 , "rsiex 458 171 
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WHATEVER YOUR 
LOGGING PROBLEM 

ORION HAS THE ANSWER. 

A SIGNIFICANT CLAIM 
FROM SOLARTRON 

Orion measures thermocouples, 
resistance bulbs, strain gauges, flow 
meters, status switches, event inputs, 
binary and BCD data, and provides 
energisation and conditioning for virtually 
any type of transducer or input. 

Easy to use menu selected facilities 
include standard and user defined 
conversion equations, limit, threshold and 
significant change alarms, max/min, mean 
and standard deviation statistics. 

Up to 600 channels and scan 
speeds to 500 points/second can be 
configured to carry out eight independent 
logging activities - or they can be inter
related to provide powerful event driven 
logging and control functions. 

The integral magnetic tape 
cartridge and strip printer, together with 
GPIB, RS232 and RS422 interface options, 
make Orion ideal for stand-alone or 
computer linked systems for both 
laboratory and plant operation. 

And for all this performance Orion is 
still extremely competitively priced. 

To find out more, phone or write to 
the address below. 

—The Solartron Electronic G r o u p -
U S A : - 1 7 9 7 2 S k y P a r k C i r c l e , S u i t e F . I r v i n e C A 9 2 7 1 4 
T e l ( 7 1 4 ) 6 4 1 - 7 1 3 7 

UK : - F a r n b o r o u g h , H a m p s h i r e , G U 1 4 7 P W T e l 0 2 5 2 - 5 4 4 4 3 3 

GERMANY:- A m K i r c h e n h o l z l 1 5 , 8 0 3 2 G r a f e l f i n g , M u n c h e n 
T e l 0 8 9 - 8 5 4 - 3 0 7 1 

F R A N C E : - 1 R u e N i e u p o r t , 7 8 1 4 0 V e l i z y - V i l l a c o u b l a y 
T e l 3 - 9 4 6 - 9 6 5 0 

SWEDEN:- Vesslevagen 2 - 4 , B o x 9 4 4 , S - 1 8 1 0 9 , L i d i n g o 
T e l 0 8 - 7 6 5 - 2 8 5 5 

SWITZERLAND:- B a d e n e r s t r a s s e 3 3 3 , 8 0 4 0 Z u r i c h 
T e l 0 1 - 5 2 8 8 8 0 

[ SOLARTRON 

Schlumberger 

SIGNIFICANTLY FROM 
SOLARTRON 
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HOCHREUTINER & ROBERT S.A. 
2301 La Chaux-de-Fonds Serre 40 Tel. (039) 23 10 74 

FONDERIE DE METAUX PRECIEUX 
Alliages de metaux precieux 
Sels d'or — d'argent — de platine et de palladium 
Contacts en metaux precieux et tungstene 
Bi-metaux sous forme de rivets — bandes et tubes 
Couples thermo-eleetriques en platine/platine-rhodie 6 — 10 — 
13 et 30 % 
Capteurs de temperature avec thermocouple ou thermosonde 
Thermosondes a resistance de platine et a couche mince 
Appareils de laboratoire en platine et alliages 
de metaux precieux 
Alliages divers pour I'industrie electronique 
(fils, pnMormes, sputtering targets) 
Brasures electroniques de qualite «vide» 
Brasures a I'argent, au cupro-phosphore, 
a I'aluminium et soudobrasures 
Recuperation et achat de metaux precieux contenus dans les 
dechets industriels (contacts usages, circuits imprimes, vieux 
bains, etc.) 

Media filtrant du filtre 
Luwa pour poussiere fine 
type FP: papier fibre de 
verre. 

Succursales, licencies et representations dans plus de 60 pays. 

Luwa 
Luwa SA 
Filtres + Equipement de Protection 
Kanalstrasse 5,8152 Glattbrugg, Telephone 01/8101010 

SYSTEME 5700 
UN PRODUIT 
"HAUTE PERFORMANCE" 
T R A N S M I S S I O N D E D O N N E E S 
A N A L O G I Q U E S P A R F I B R E 
O P T I Q U E 

• L 'exper ience cons iderab le de D M C dans le d o m a i n e des conver t isseurs U/F et 
F/U est pr imordia le pour la real isat ion de ce sys teme de t ransmiss ion . 

• Tres s imple d ' e m p l o i , ces deux " p e t i t s " m o d u l e s sont relies par un cable 
f ibre op t ique d o n t la l o n g u e u r peut a t te indre 2 K m sans ( 'uti l isation de 
repet i teurs . 

Dynamic 
Measurements 
Corp. 

MODUIATOR/SA 
KONIZSTRASSE 1 9 4 / 3 0 9 7 BERN-LIEBEFELD 
TEL(031)5922 22 
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GENERATEUR B A S S E S 
FREQUENCES TYPE SPN 

R O H D E & S C H W A R Z 

# Gamme de f requence 1 Hz... 1,3 MHz 

# Haute stabi l i te (synthet iseur) 

# Tens ion de sor t ie 1mV. . . 10V 

# Signal s inusoidal et rectangulaire 

# Tres faible d is to rs ion 

# Impedance interne commutab le 

# W o b b u l a t i o n l in / log 

# Compat ib le au Bus E C 

/ t i S ^ . 3 0 0 0 Berne 3 1 
Representation generale R O S C H I Case posta le 6 3 
et service V \ J b ^ . Telex 32 137 
pour la Suisse T e l e c o m m u n i c a t i o n S A Telephone 0 3 1 4 4 2 7 1 

Aufres mode/es p o u r J 0 0 0 ef 5 0 0 0 V 

Les po/nte positik du METRISO: 
• Fonctionnement sur piles 9 Isolement 0,45, 200MOhm 
• R6s/stance 0 . . . 4 O h m • Tension 0... 600VCA/CC 
• Protection contre les surcharges 9Test rapide par temoin. 

METRAWATT 
AG f u r Messapparate 
Felsenrainstrasse I CH-8052 Z u r i c h Tel . 01-302 35 35 

Our 21 sets of 
regulated power supplies 
work on a 24 hours basis 
to supply most of the parts 
of the cyclotron of 
Louvain-la-neuve. 

100W to 500kW;to±1.10"5 

some since 1975. 

tel. (02) 520 45 76 
telex 22 674 b 

rue doct De Meersman, 37, B1070 Bruxelles 
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C r - e a i t i i v e E l e c t r o n i c S y s t e m s S A 

Do you need the smartest ACC processor? 
faster than a bit- slice processor? 

running any PDP-11 standard software? 
..then consider the new front—end processor from CES. 

Super ACC 2180 Family 

t CPU card providing: 
- 16/32-bit, 200ns-cycle DEC J-ll - Auxiliary Crate Controller logic 
- 64k 16-bit dual-port tetory - tixed EPROM/static RAH configuration 
- RS 232C interface - interval titer 

I front- panel 8 bus provides for extension cards eg, 
- coprocessors - tenory extensions 
- crate controllers 

I extensive use of CMOS technology for low-power requirements 

The ACC 2180 is a single board CAHAC aodule built around Digital Equipment's latest 16/32-bit iicoprocessor, 
the J-ll. This microprocessor is the iost advanced in the PDP range; it's principal features are : 

- PDP 11/70 perfonance 
- multiplexed d^t& and address buses with a 32-bit internal data path 
- on-chip memory tanagtent to address up to 4 Mbytes tetory 
- full instruction set 
- 46 floating-point instructions,standard feature 
- extended instruction set,standard feature 

The memory bank is a iull dml-port memory, i.e. it can be accessed independantly from CAHAC or froi the 
CPU.The structure is such that the 64 K-16Bit memory can be tailored to user's requirement by nixing EPRQHS 
and RAHs. The CAHAC addresses are i e t o r y tapped to ensure software compatibility with existing systeis and 
for maximum throughput. The ietory, CAHAC, peripherals and other resources are controlled by a PAL-based 
logic to ensure the fastest response time. This solution also renders the systet extremely easy to "tune". 

This processor is particularly suited to applications where forterly a host processor was required,such 
as floating-point data manipulation, or where previously only bit-slice processors have been fast 
enough. 

The ticroprocessor bus is accessible on the unit's front-panel in 022-bus fort, providing easy connection of 
additional cards, such as peripheral controllers, i e t o r y extension cards, attached processors, etc. 

The tost important feature is that any PDP software can be executed in the ACC 2180 so long as it can be 
loaded into the ACC 2180's memory. The memory size and its flexibility in EPROH/RAH partitions renders 
the systet extremely versatile. The unit can be used either as a runtite systet without needing any 
additional systet device, such as under HRRT-11 or RSX-ilS, or as a development systet with systet 
devices attached to the O-bus output, under RT-11, RSX-ilH, RSX-11H+, etc. Application prograts tay be 
written in any DEC-supported language including the latest real-tite concurrent ticro-power PASCAL. 

At CES, tomorrow's systems are available NOW 

For tore information contact us, or your local CES representative: 

1213 Petit-Lancy 1 70,route du Pont-Butin Case Postale 122 
Tel:(022) 92 57 45 Telex: 421320 CES-CH 

Belgium: Canberra Positronika Tel:(54)321611 
North America: Klotz Eng. Vancouver Tel:(604)4647401 
France: AB+B Tel:(76)905540 
South Bertany: Silena Tel:(060)554021 

Switzerland 

CREAIIVE ELECTR0H1C STSIEMS 
Netherlands: Canberra Positronika Tel:(040)416355 
Japan: Toyo Corp. Tel:(03)2790771 
North Sertany: PCP Tel:(040)802046 



J 

Wm^> A + D P R O D U C T S S A 
2502 Bienne r. Albert Anker 23 

Tel. 032 23 63 12 / 23 55 82 Telex. 34834 ADPRO 

C I M Modules 
A + D PRODUCTS manufactures currently CERN 

Instruments Modules (CIM) and compatible 
POWERSUPPLIES for use with the CERN chassis 

system 8905 

, J >~»-', 

TABLE of available models 
MODEL VOLTAGE RANGE CURRENT LIMIT SIZE 
151/ 5V 2A 4,8. . 5,5 V 2,1 A 3H X 1 L 
152/ 5V 5A 4,8. . 5,5 V 5,25 A 3HX2L 
153/ 5V 5A 4,8. . 5,5 V 5,25 A 5HX2L 
154/ 5V 10A 4,8. . 5,5V 10,5 A 5HX2L 
155/ ±15 V ±1 A ±12. .±17V ±1,05A 3HX2L 
156/ ±15 V ±1 A ±12. .±17V ±1,05A 5H X 2 L 
157/ 24 V 2 A 23,8. . 25V 2,1 A 3HX2L 
158/ 24 V 2A 23,8. . 25V 2,1 A 5 H X 2 L 
159/ 24 V 5 A 23,8. . 25V 5,25 A 5HX2L 
Please contact us for additional information 

We also represent for Switzerland: 
Delta Elektronika BV (NL) 
Wallis Electronics L td (UK) 
E/M Electronic Measurements Inc. (USA) 

C 1E 

THE NOISELESS 
PRECISION OP-AMP'S 

ULTRA LOW NOISE 
TIGHT OFFSET VOLTAGE 
ULTRA STABLE v/s TEMR 
WIDE BANDWIDTH 
HIGH GAIN 
FOR PRECISION-
INSTRUMENTATION AND 
AUDIO APPLICATIONS 

120 

S 8 0 

CO 40 
O 
2 0 
LU 
O 

< -40 
b 
O -80 

-120 

11 SEC/DIV 

IkHiLuilttiiLnui 

0.1 Hz TO 10 Hz PEAK-TO-PEAK NOISE 

PLEASE CONTACT YOUR NEAREST 
BOURNS REPRESENTATIVE 

PRECISION MONOLITHICS INC. 
Santa Clara, California, USA 
A Subsid iary of Bourns Inc. 
EUROPEAN HEADQUARTERS 
Bourns AG, 6340 Baar, Switzerlanc 

New! 
A n a l o g l i g h t - g u i d e t r a n s m i s s i o n 

Rated a n d actual values (2 channels); Resolution 
a n d stability 1 x 1 0 4; Option 5 x 1 0 5; V 2 4 inter
section. 
A / D converter offset: type 1 0 u V ; Transmission: 
serial, 9 6 0 0 b a u d ; Analog limit frequency: 
1-channel 8 H z , 2-channel 4 Hz. 

C o n s t a n t - o u t p u t p o w e r s u p p l y u n i t s 
E.g.: 0 - 3 k V d . c , 0 - 2 0 0 m A , 0 - 1 0 0 W ; 
Stability 1 x 1 0 4. 

H . v . c a p a c i t o r c h a r g e r s 
for s a w t o o t h operation u p to 1 0 0 kV. P o w e r u p 
to 2 0 , 0 0 0 Joules/s; Charging rate u p to 2 0 0 Hz. 

C a s s e t t e p o w e r s u p p l y u n i t s 
1 8 types, 1 0 0 V to 3 0 kV. 
Ou t p u t p o w e r 3 0 a n d 6 0 W . 
Stability a n d ripple 1 0 3, Option 1 0 5. 

P l u g - i n m o d u l e s 
3 0 a n d 6 0 W u p to 3 0 k V ; Stability 1 x 1 0 3. 

H . v . p l u g c o n n e c t o r s 
Coaxial u p to 3 0 0 k V d.c. with cable. 

HeinzingER 
HappingerStr.71 
8200Rosenheim 
Tel, 08031/64141 

R e g e l - u n d M e B t e c h n i k Telex:05 25777 I 
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GREAT BOOKS IN PHOTOSENSITIVITY... 
EVERYTHING YOU NEED TO KNOW TO SELECT THE RIGHT PHOTOSENSITIVE DEVICES-IN 10 VOLUMES. SEND FOR THEM TODAY! 
Send today for the compendium of photosensitivity knowl
edge. Described in detail is the world's most complete line of 
photosensitive devices — Hamamatsu's! You'll have at your 

fingertips the precise information you need to specify the right 
device for the right spectral response and application! 

PHOTOMULTIPL IER T U B E S FOR 
EVERY NEED This 56-page catalog 
details 18 PMT characteristics including 
spectral response, luminous sensitivity, 
ground polarity, dark current and hys
teresis for the most complete line of 
head-on and side-on types, 1/2"-20" in 
diameter. Selection guide with specifi
cations and dimensional outlines help 
you make the best choice. 

PHOTOTUBES - UVtrons, Vacuum 
Type, Gas-Fi l led, Biplanar This 12-
page catalog includes a selection guide, 
spectral response charts, dimensional 
outlines and specification charts for 
more than 40 head-on and side-on 
phototubes, UV detectors, vacuum 
phototubes, gas-filled and biplanar 
phototubes. 

LIGHT SOURCES - High Light Out
put, Stability, Low Noise, Long Life 
This 12-page catalog provides photos, 
specifications, dimensional outlines, in
put to output characteristics and other 
specifications and characteristics for 
hollow cathode and deuterium lamps, 
electrodeless discharge lamps, image 
pickup tubes, and more. 

PHOTOMULTIPL IER T U B E S FOR 
SCINT ILLATION COUNTING AND 
HIGH ENERGY PHYSICS This 16-page 
catalog provides a quick reference of 25 
PMT's V2" to 5" in diameter. Performance 
characteristics and replacement infor
mation are detailed. 

PHOTOCELLS—Silicon, PIN Sil icon, 
GaAsP This 32-page catalog provides 
information about linearity, response 
time, leakage current vs. reverse volt
age, and complete specifications 
for 69 UV to IR and visible to IR 
photocells. 

VIDICONS - Visible, IR, UV, X-Ray 
This 24-page catalog provides a cross 
reference of vidicon types and typical 
applications in addition to dimensional 
outlines, application photos and com
plete specifications. 

PHOTOCONDUCTIVE CELLS CdS, 
CdSe This 16-page catalog describes 
performance characteristics and speci
fications of over 45 photoconductive 
cells. 

OPTOISOLATORS Single and multi
element LED-CdS optoisolators, LED 
phototransistors, Lamp CdS and opto-
interrupters are described. Photos and 
diagrams illustrating physical charac
teristics and complete specifications are 
provided in this 12-page catalog. 

Call or write to receive one 
or all ten catalogs. 

SPECIALTY L A M P S A N D POWER 
SUPPLIES This 16-page catalog de
scribes a wide selection of lamp types 
including mercury lamps, germicidal 
lamps, grid lamps, and other specialty 
lamps and power supplies. A Special 
Lamps Request Form which allows you 
to specify your requirements for lamps 
not commonly available is included. 

HAMAMATSU INFRARED DETECTORS 
— PbS and PbSe Cells, InAs Cell, 
Photon Drag Detector This 14-page 
Hamamatsu Infrared Detector Catalog 
features its quantum-type detectors 
which offer fast response time and 
high sensitivity. Extensive diagrams, 
graphs and a glossary accompany 
performance specifications. 

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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LeCroy's System 1440 is a no nonsense solution for large scale Photomultiplier high voltage 
applications. It provides up to 256 separate high voltage power supplies which can be computer 
programmed and monitored. 

No fancy displays or complex con
trols. Programming commands are 
simple. Subassemblies and HV sup
plies plug-in. 
No Nonsense means Reliability. 
Simplicity yields reliability. The 
256 HV supplies are based on the 
field-proven HV4032A supplies. 
No Nonsense means Performance. 
Each supply offers up to 2.5 mA at up 
to 2500 V. The 1440 System provides 
up to 1500 W. 
No Nonsense means Economy. 
Low cost and high reliability make the 
1440 System a unique value. 

Simplicity, reliability, performance, 
and economy are essential for large 
scale Photomultiplier High Voltage 
applications. The System 1440 meets 
all four requirements and offers more. 
Contact your local sales office for ad
ditional details. 

LeCroy 
7 0 0 S . M a i n S t r e e t , S p r i n g V a l l e y , N.Y. 10977 , (914) 4 2 5 - 2 0 0 0 ; L i v e r m o r e , C a l i f o r n i a , (415) 4 4 9 - 8 2 2 6 ; G e n e v a , 
S w i t z e r l a n d , ( 0 2 2 ) 9 8 9 7 9 7 ; H e i d e l b e r g , W e s t G e r m a n y , (06221) 2 8 1 9 2 ; L e s U l i s , F r a n c e , (6) 9 0 7 . 3 8 . 9 7 ; R o m e , 
I ta ly, (396 ) 4 1 2 - 5 2 2 4 ; B o t l e y , O x f o r d , E n g l a n d , ( 0 8 6 5 ) 7 2 7 2 7 5 . R e p r e s e n t a t i v e s t h r o u g h o u t t h e w o r l d . 



0 3 . 0 0 3 E 

We provide easily built-in 
safety in Know-how. 

Stesalit resolves your individual 
problems in 

_ f i b e r g l a s s 
c o n s t r u c t i o n 

for science and advanced 
technic. 
Please request detailed infor
mation. Mr H. Mauch will be glad 
to advise you personally. 
We offer a range that is based 
on 25 years' experience and 
know how through successful 
collaboration with field specia
lists. 

Stesalit AG 
Kunststoffwerk 
CH-4249 Zullwil/SO 
Telefon 061/80 06 01, Telex 63182 £ 

Q_ 
O3 

Eiskalte Kalte sicher lagern in Speicher- und Transportbehaltern fur 

Flussigstickstoff bis -196°C Flussighelium bis-269°C 

Je nachdem, wieviel Flussigst ickstoff 
Sie b rauchen, konnen Sie Behal ter 
von 251 bis 3001 Inhalt auswah len . 
Al le Behal ter zeichnet aus : druck loses 
Sys tem, ex t rem ger inger Kalteverlust, 
an alle Sys teme anzuschl ieBen. 
Rol len machen die Behal ter leicht 
fahrbar. 
Und dazu ein Jahr Garant ie . 

Unser Flussigst ickstof f -Service 
liefert die Kalte frei Haus. 

Fur Laborexper imente , innerbetr iebl iche 
Transpor te s tehen Behalter von 301 

bis 5001 zur Wah l . Als Zw ischen -
speicher konzipiert gibt es 2501 bis 

20001 groBe Behalter. 
Je nach Anwendungszweck druck los 

oder in Druckausfuhrung bis 6 bar. 
Al len geme insam ist die erstk lassige 

Bauweise : Super iso l ierung, abgas -
gekuhl te Strahlungsschi lde, fahrbar, 

Edelstahl (kleine Behalter auch in 
A lumin ium) . 

Ebenfal ls ein Jahr Garant ie . 

Spez ia l fahrzeuge s ichern die 
Versorgung in der Bundesrepubl ik 

Deutsch land. 

Gase + Kalte SchweiBen + Schneiden 
M E S S E R G R I E S H E I M / 7 V 
Messer Griesheim GmbH d 2.2030 W • j 
Homberger StraBe 12 • 4000 Dusseldorf 1 ^^^m 
Telefon (0211) 4 30 31 
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ElMAC's 4CW300,000G Power Tetrode. 
A new generation of high-performance 
power tubes. 

E l M A C ' s 4 C W 3 0 0 , 0 0 0 G c o m 
b i n e s al l t h e d e s i r e d f e a t u r e s 
t r a n s m i t t e r d e s i g n e r s l ook for : 
h i g h peak p la te cu r ren t , l o w g r id 
e m i s s i o n , l ow in te rna l c a p a c i 
t a n c e s a n d l o w in te rna l i nduc 
t a n c e . T h i s is t h e f i r s t o f a n e w 
g e n e r a t i o n o f h i g h p e r f o r m a n c e 
p o w e r t u b e s fo r LF, HF, V H F a n d 
pu l se serv ice . 

L a s e r f a b p y r o l y t i c 
g r a p h i t e g r i d s 

T h e c o n t r o l g r i d a n d s c r e e n 
s t r u c t u r e s o f t h e 4CW300 ,000G 
a r e p r e c i s i o n - c u t b y a l a s e r 
b e a m . Each e l e m e n t is m o n o 
l i th ic a n d c o m b i n e s e x t r e m e l y 
l o w c o e f f i c i e n t o f e x p a n s i o n 
w i t h l ow s t r u c t u r a l i n d u c t a n c e . 
T h e s e f e a t u r e s p e r m i t t h e 
4 C W 3 0 0 , 0 0 0 G t o h a v e a v e r y 
h i g h t r a n s c o n d u c t a n c e — 1 0 6 

m i c r o m h o s — a n d a l l o w e f f i 
c ien t , h i g h - f r e q u e n c y o p e r a t i o n . 

R u g g e d m e s h f i l a m e n t 
T h e E I M A C m e s h f i l a m e n t pro
v i d e s e x c e p t i o n a l l y h i gh peak 
p la te c u r r e n t a n d p e r m i t s l ow 
p l a t e v o l t a g e o p e r a t i o n . T h i s 
l eads t o p o w e r s u p p l y e c o n o m y , 
m a k i n g t h e 4 C W 3 0 0 , 0 0 0 G t h e 
e c o n o m i c c h o i c e for 300 K W A M 
b r o a d c a s t se rv ice or l ong -pu l se 
s w i t c h serv ice , e a c h o f w h i c h 
d e m a n d s a r e s e r v e o f p e a k 
e m i s s i o n . 

I m p r o v e d a n o d e s t r u c t u r e 
E l M A C ' s m u l t i - p h a s e c o o l i n g 
t e c h n i q u e p rov ides h i gh p la te 
d i s s i p a t i o n t o e x t r a c t h e a t 
even l y a n d q u i c k l y f r o m t he an
o d e , c o n t r i b u t i n g t o l ong t u b e 
l i fe a n d o p e r a t i n g e c o n o m y . 
E I M A C e x p e r t i s e 
E l M A C ' s e x p e r t i s e in e l e c t r o n 
b a l l i s t i c s py ro l y t i c g r id p roduc 
t i o n , t h e r m o d y n a m i c s a n d cir
c u i t t e c h n i q u e s c o m b i n e t o 
b r i ng t o m o r r o w ' s t u b e s fo r to

day 's t r a n s m i t t e r d e s i g n s . M o r e 
i n f o r m a t i o n is a v a i l a b l e f r o m 
Var ian E I M A C . Or t he neares t 
Var ian E l e c t r o n Dev i ce G r o u p 
s a l e s o f f i ce . 
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