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Inauguration of PETRA 

A m i d p o m p and pr ide, Europe 's 
n e w e s t h igh energy m a c h i n e w a s 
of f ic ia l ly i naugu ra ted at DESY, H a m ­
bu rg , on 2 6 Apr i l , w h e n G e r m a n 
Bundesp ras iden t W a l t e r Schee l 
h a n d e d over t he PETRA e l e c t r o n -
pos i t ron s to rage r ing t o t h e sc ien t i f i c 
c o m m u n i t y . 

The c e r e m o n y w a s a t t e n d e d by 
ep resen ta t i ves o f t h e PETRA users 

f r o m all over the w o r l d , and DESY 
D i rec to r H e r w i g Schoppe r , i n t r o d u c ­
ing t h e p roceed ings , e m p h a s i z e d 
h o w the n e w mach ine a l ready ca te rs 
f o r a large in te rna t iona l c o m m u n i t y 
o f phys ic is ts . 

Federal G e r m a n Research M i n i s ­
te r Vo l ke r Hauf f p o i n t e d o u t h o w t h e 
2 .3 k m c i r c u m f e r e n c e m a c h i n e had 
been c o m p l e t e d in reco rd t i m e , w i t h 
j us t 2 1 A years sepa ra t i ng g r o u n d ­
b reak ing and the s to rage o f t he f i rs t 
b e a m s . 

J e a n Tei l lac, Pres ident o f CERN 
Counc i l , spoke o f t he p resen t 
h a r m o n y and s ta tus o f European 
h igh ene rgy phys ics resu l t ing f r o m 
2 5 yea rs ' ac t iv i t ies at CERN and t h e 

np ress i ve p rogress at DESY. 
^ In an ar t i cu la te address , EPS 
Pres ident A n t o n i n o Z ich ich i unde r ­
l ined m a n ' s c o n s t a n t s t rugg le t o 
u n d e r s t a n d the w o r l d a r o u n d h i m , 
and hoped t h a t t he esoter ic desc r i p ­
t i on w e n o w have o f t he s t r u c t u r e o f 
m a t t e r w o u l d one day be c o m ­
prehens ib le t o everyone . 

Beh ind t h e g l a m o u r and t h e l ights , 
PETRA had been runn ing f o r the pas t 
f e w days a t 1 3.7 G e V per b e a m and 
t h e f i rs t hadron ic reac t ions at th is 
ene rgy m o n i t o r e d . Th is w a s i ts f i rs t 
expe r imen ta l run w i t h 3 2 r.f. cav i t ies 
in ac t i on , and the r e m a i n i n g 3 2 cav ­
i t ies requ i red t o a t ta in m a x i m u m 

Jean Teillac, President of CERN Council, 
speaks at the official inauguration of the 
PETRA electron-positron storage ring at 
DESY. 

(Photo DESY) 

b e a m ene rgy o f 19 G e V per b e a m 
are s c h e d u l e d t o be insta l led la ter 
th i s year. 

B e a m l um inos i t y is sti l l fa r f r o m 
t h e des ign f i gu re o f an average 1 0 3 1 

per c m 2 per s, bu t s teady p rog ress is 
be ing m a d e w i t h b e a m hand l ing 
t e c h n i q u e s and peop le are c o n f i d e n t 
t h a t th i s f i gu re is w i t h i n reach . 
Present l um inos i t i es are a r o u n d t h e 
5 x 1 0 2 9 mark . 

Progress d e p e n d s on t a m i n g t h e 
op t i cs requ i red t o c o n c e n t r a t e t h e 
b e a m in t he co l l is ion areas, bu t l u m i ­
nos i t y cou ld be g iven ano the r boos t 
t h r o u g h a p lan t o instal l ' m i n i - b e t a ' 
q u a d r u p o l e s t o squeeze t he b e a m 
even fu r ther . W h i l e t he n o r m a l l o w -
be ta quad rupo les are severa l m e t r e s 
f r o m t h e in te rac t i on reg ions, a d d i ­
t i ona l m a g n e t s cou ld be p l a c e d 
r igh t up aga ins t t he de tec to rs . 

Even w i t h on ly hal f t h e r.f. cav i t ies 
ins ta l led , t h e p resen t co l l is ion ener ­
g ies o f up t o 3 0 G e V cou ld be w i t h i n 

t h e rea lm o f h idden ' t o p ' (or w h a t ­
ever a s ix th q u a r k m i g h t be cal led) , 
w h e r e a n e w heavy qua rk and its 
an t i qua rk cou ld f o r m b o u n d s ta tes 
l ike t he ps ions and t he ups i lons seen 
at l o w e r energ ies . In t h e f e w even ts 
seen so fa r a t 2 7 . 4 GeV, no t race o f 
n e w qua rk f l avou rs has been seen, 
bu t t hese are ear ly days . 

A p a r t f r o m t h e d e t e c t o r s a l ready 
a s s e m b l e d (PLUTO, CELLO, J A D E , 
M A R K - J and T A S S O ) , t he re are 
p lans t o use t w o m o r e in te rsec t ion 
reg ions as ye t unexp lo i t ed . These 
reg ions have longer s t ra igh t sec t ions 
t h a n t h o s e so fa r in use, and w o u l d 
be g o o d f o r po la r iza t ion exper i ­
m e n t s . 

W h i l e e x p e r i m e n t s can p lan fo r 
n e w heavy qua rks , mo re lep tons , 
H iggs par t ic les , etc., t he re is a l w a y s 
t h e c h a n c e t h a t s o m e t h i n g c o m ­
p le te ly n e w w i l l be revea led, and in 
conc lus ion Research M in i s te r Hau f f 
w i s h e d t h e e x p e r i m e n t a l t e a m s t h a t 
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Low energy antiprotons 

add i t i ona l s t roke o f luck o f t en neces ­
sary fo r sc ient i f i c b r e a k t h r o u g h s . 

W i t h t he PEP s to rage r ing at S t a n ­
f o r d de layed (see page 1 5 0 ) , Europe 
s e e m s fo r t he m o m e n t t o have 
s to len t he e l e c t r o n - p o s i t r o n thunder . 
H o w e v e r PEP wi l l in jec t a t h igher 
energy and there st i l l cou ld be a 
c lose race. 

The d e v e l o p m e n t of b e a m coo l ing 
t e c h n i q u e s has opened the doo r t o 
h igh ene rgy p r o t o n - a n t i p r o t o n c o l ­
l id ing b e a m techn iques w h i c h on ly a 
f e w years ago w o u l d have s e e m e d 
imposs ib le . Bu t as d e m o n s t r a t e d by 
a recen t m e e t i n g in Kar ls ruhe at 
w h i c h m o r e t h a n one hund red p h y s i ­
c is ts f r o m all over Europe pa r t i c i ­
pa ted , in te res t is also g r o w i n g in t h e 
poss ib i l i t y o f exp lo i t ing coo l i ng t e c h ­
n iques t o p roduce l o w energy a n t i -
p r o t o n b e a m s over a t h o u s a n d t i m e s 
m o r e in tense t h a n ex is t ing sources . 
A t t he Kar ls ruhe m e e t i n g , p roposa ls 
fo r t hese sources w e r e desc r ibed 
and t h e phys ics poss ib i l i t ies o u t ­
l ined. 

N u c l e o n - n u c l e o n sca t te r i ng at l o w 
energ ies has been s tud ied in deta i l 
over t he years , bu t da ta on t he l o w -
energy nuc l eon -an t i nuc l eon channe l 
is re la t ive ly ske tchy . S t r o n g in te rac ­
t i ons ar ise in b o t h nuc l eon -nuc leon 
and nuc leon -an t i nuc l eon channe ls 
t h r o u g h m e s o n exchanges , and t he 
c o n t r i b u t i o n s in t he t w o channe ls 
are l inked by G-par i ty . H o w e v e r fo r 
t h e nuc l eon -an t i nuc l eon channe l , an 
add i t i ona l ' ann ih i l a t i on ' c o n t r i b u t i o n 
c o m e s f r o m the c rea t ion and ann ih i ­
la t ion o f qua rk pairs, and the re­
a r r a n g e m e n t of t he res idual quarks . 

A t l o w energ ies , n u c l e o n - a n t i n u ­
c leon i n te rac t i ons are d o m i n a t e d by 
these ann ih i l a t i on p rocesses w h e r e 
t h e ba ryons d isappear and p roduce , 
f o r examp le , m e s o n s or e l e c t r o n -
pos i t ron pairs. These ann ih i la t ion 
reac t ions occu r w h e n the par t ic le 
and an t ipar t i c le are very c lose t o 
each o the r and n e w resul ts cou ld 
reveal m o r e o f the in terna l s t r uc tu re 
o f the nuc leon . The s t u d y o f e lec ­
t r o n - p o s i t r o n p roduc t i on , fo r e x a m ­
ple, cou ld help d e t e r m i n e t he d i s t r i ­
b u t i o n o f charges and cu r ren ts 
caused by the m o v e m e n t o f t he 
qua rks ins ide the nuc leon . 

A t l o w energ ies , t he va r ie ty o f 
poss ib le ann ih i la t ion reac t ions is 

l im i ted , so t h a t the n u m b e r o f 
s e c o n d a r y par t i c les is manageab le , 
a n d t h e y are w e l l separa ted . In th is 
w a y f e w w o u l d avo id de tec t i on and 
t h e even ts w o u l d be c o m p l e t e l y 
de f i ned . S t u d y o f these p rocesses 
cou ld p rov ide deep ins ight in to t he 
s t r u c t u r e o f nuc leons and t he 
d y n a m i c s o f qua rk in te rac t ions . 

A t l o w energ ies , the nuc leon 
an t i nuc l eon s y s t e m prov ides a 
b r idge b e t w e e n the rea lms o f 
nuc lear phys ics — o f ten (but no t 
a lways ) non- re la t i v i s t i c w i t h n u ­
c leons be ing v i e w e d as e l e m e n t a r y 
par t i c les — a n d quark phys ics — a 
re la t iv is t ic p i c tu re of c o m p o s i t e n u ­
c leons . 

B o t h t he qua rk a n d the nuc lear 
phys ics p i c tu res p red ic t as ye t 
unseen s ta tes in t he n u c l e o n - a n t i n u ­
c leon channe l . Nuc lea r phys ics says 
t h a t n a r r o w s ta tes shou ld be f o r m e d 
b o t h above and b e l o w the n u c l e o n -
an t i nuc l eon t h resho ld — and the 
reg ion j us t above th is t h resho ld has 
ye t t o be exp lo red . 

The qua rk m o d e l says t h a t as w e l l 
as t h e f am i l i a r hadrons , o the r s ta te 
c o n t a i n i n g m o r e quarks are poss i ­
ble, and shou ld t u r n up in expe r i ­
m e n t s (see O c t o b e r 1 9 7 8 issue, 
page 3 4 9 ) . S igns o f these so-ca l led 
' b a r y o n i u m ' s ta tes have been seen, 
bu t m o r e da ta is requ i red be fo re a 
c lear p i c tu re can emerge . 

S t u d i e s us ing l o w energy an t i p ro ­
t o n s t h u s cou ld t h r o w n e w l ight on 
nuc lea r po ten t i a l s and quark mode l s 
and he lp l ink t hese t w o c o m p l e m e n ­
ta ry p i c tu res of par t ic le behav iour . 

T h e s c a t t e r i n g expe r imen ts of 
h igh energy phys ics have f r equen t l y 
been c o m p a r e d t o t r y i ng to under ­
s t a n d t h e in t r i ca te m e c h a n i s m o f a 
w a t c h by s m a s h i n g t w o w a t c h e s 
t o g e t h e r and e x a m i n i n g t h e f r a g ­
m e n t s — hard ly t he best w a y o f 
lea rn ing a b o u t w a t c h e s , bu t if t h e 
w a t c h e s are ve ry d i f f i cu l t t o pr ise 
o p e n , t he re is l i t t le cho ice . 

PLUTO results 
As the English edition of our 
May issue was to going to 
press, we heard that an experi­
ment with the PLUTO detector 
at PETRA had seen signs of 
the production of three gluons 
in upsilon decays, and the 
story was printed on 
page 108. We later learned 
that the data was collected 
last year when PLUTO was 
still working with the DORIS 
storage ring. Although there 
was time to correct the story 
in the French edition, the Eng­
lish edition had already been 
printed in Europe and was 
distributed with a correction 
slip. (A correction was printed 
as stop press in the North 
American edition.) Later it 
became clear that the evi­
dence is inconclusive, as 
other mechanisms can repro­
duce the three-jet pattern seen 
in the upsilon decays, and 
cannot yet be taken as confir­
mation of the gluon picture 
of inter-quark forces. 
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W i t h s t r o n g i n te rac t i ons the re is 
ano the r o p t i o n open t h r o u g h t he 
s t u d y of spec ia l s ta tes , s u c h as the 
so-ca l led 'exo t ic a t o m s ' , in w h i c h t he 
orb i ta l e lec t rons of eve ryday a t o m s 
are rep laced by heav ie r nega t i ve l y -
cha rged par t ic les s u c h as p ions , a n t i -
p r o t o n s or hyperons . 

A t o m s are held t o g e t h e r by e lec­
t r o m a g n e t i c fo rces , and the i r e lec­
t r o m a g n e t i c p roper t i es can be a c c u ­
ra te ly p red ic ted . H o w e v e r in exot ic 
a t o m s , t he a r t i f i c i a l l y - i n t roduced 
nega t i ve par t ic les are m u c h heav ier 
t h a n the i r e lec t ron c o u n t e r p a r t s and 
pass c lose t o the nuc le i , w h e r e t h e y 
in te rac t t h r o u g h t h e s t r o n g fo rce . 
Th is add i t iona l e f fec t sh i f ts t he 
p roper t ies of the a t o m f r o m the pure 
e l e c t r o m a g n e t i c p red i c t i on , and p r o ­
v ides a m e a n s o f m e a s u r i n g s t r o n g 
in te rac t ions . 

In con t ras t w i t h m a n y h igh ene rgy 
sca t t e r i ng expe r imen ts , t hese de l i ­
ca te e f fec ts can be f o l l o w e d in deta i l , 

and enab le t he in t r i ca te m e c h a n i s m s 
of s t r o n g i n te rac t i ons t o be e x a m ­
ined d i rec t ly . W h i l e th is app roach 
po ten t ia l l y has a lot t o of fer , t he 
requ i red s ta tes are never the less 
d i f f i cu l t t o ob ta in and observe in 
quan t i t y , a n d prec is ion m e a s u r e ­
m e n t s are d i f f icu l t . 

H o w e v e r w i t h s to red a n t i p r o t o n 
b e a m s ava i lab le t h a n k s t o coo l ing 
t echn iques , t he in tens i ty o f par t ic les 
w i t h w e l l - d e f i n e d m o m e n t u m cou ld 
be inc reased by a f a c t o r o f at least a 
t h o u s a n d , p r o m i s i n g a p len t i fu l 
supp ly o f exo t ic s ta tes . 

The s t u d y o f exot ic a t o m s has so 
far been res t r i c ted t o a t o m s at rest, 
bu t w i t h n e w sources of l o w - e n e r g y 
an t i p ro tons , l ight an t i p ro ton i c a t o m s 
cou ld be p r o d u c e d in f l igh t , so t h a t 
Dopp le r sh i f t s cou ld be exp lp i ted t o 
m a k e m o r e prec ise m e a s u r e m e n t s . 

T h r o u g h cha rge exchange , an 
in tense sou rce o f an t i p ro tons cou ld 
a lso f u rn i sh a usefu l supp ly o f a n t i -

neu t rons . These par t ic les cou ld a lso 
be used t o inves t iga te poss ib le n e w 
resonances and b o u n d s ta tes w i t h ­
o u t t he c o m p l i c a t i o n s o f e lec t ro ­
m a g n e t i c e f fec ts and w i t h s imp l i f i ed 
isosp in s t r uc tu re , so p rov id ing a ve ry 
c lean sou rce o f l o w energy da ta . 

A n o t h e r poss ib i l i t y is t o col l ide 
b e a m s o f l o w ene rgy p ro tons and 
an t i p ro tons . Th is o p e n s the doo r t o 
c h a r m s p e c t r o s c o p y , bu t w o u l d be 
able t o e x a m i n e all k inds o f mesons , 
in c o n t r a s t w i t h t h e t rad i t i ona l e lec­
t r o n - p o s i t r o n a p p r o a c h w h i c h can 
on ly d i rec t l y p r o d u c e t h e vec to r (spin 
one, nega t i ve par i ty ) par t ic les c o u ­
p led t o t he p h o t o n . 

W h i l e b ig m a c h i n e s s t ra in t o a t ta in 
h igher ene rgy d o m a i n s , our k n o w l ­
edge of par t i c le i n te rac t ions at l o w 
energ ies a r o u n d t h e n u c l e o n - a n t i ­
nuc leon t h r e s h o l d st i l l has a lot o f 
gaps, w h i c h need t o be f i l led. Th is 
n e w i n f o r m a t i o n w o u l d c o m p l e m e n t 
t h a t f r o m h igher energy pro jec ts . 

Informal discussions at the recent Karlsruhe 
Workshop on Physics with Cooled Low 
Energy Antiprotons. Left to right, A. Citron 
of Karlsruhe, G. Plass of CERN and 
L. Hoffmann of CERN. 

(Photo Karlsruhe) 
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Around the Laboratories 

A sector of the Berkeley-Stanford 18 GeV 
electron-positron storage ring, PEP. 
Completion of the ring is now expected in 
November. 

(Photo SLAC) 

STANFORD 
PEP beams scheduled 
for November 
The c o n s t r u c t i o n o f t h e bu i ld ings fo r 
t he B e r k e l e y - S t a n f o r d 1 8 G e V e lec­
t r o n - p o s i t r o n s to rage r ing, PEP, c o n ­
t i nues t o feel t he e f fec t o f t he ve ry 
w e t Cal i fo rn ian w i n t e r o f 1 9 7 7 - 7 8 . 
The f i rs t ma jo r c o n t r a c t o r f o r c o n ­
ven t i ona l c o n s t r u c t i o n ( conce rned 
w i t h the tunne l l i ng and e x p e r i m e n t a l 
hal ls) has been m o n t h s late in t he 
c o m p l e t i o n o f bu i ld ings . Because of 
t he t i gh tness of t he overa l l schedu le , 
th is de lay is sp read ing t h r o u g h o u t 
t he rest o f t he c o n s t r u c t i o n . 

The suppo r t con t rac to r , t he m e ­
chan ica l and e lec t r i ca l c o n t r a c t o r s 
and t he c o n t r a c t o r s ins ta l l ing t e c h n i ­
cal c o m p o n e n t s are all t he re fo re late 
and , a l t hough s o m e t i m e has been 
m a d e up, it n o w does no t s e e m 
poss ib le t o have all t h e ins ta l la t ion 

c o m p l e t e by t he ta rge t da te of 
1 Oc tober . The techn ica l c o m p o ­
nen ts w i l l be ready fo r ins ta l la t ion 
w e l l in advance but , because on ly 
l im i ted a m o u n t s o f ins ta l la t ion w o r k 
can go on at t he s a m e p lace at t he 
s a m e t i m e , no t all t he r ing w i l l be 
c o m p l e t e d by October . 

T h e p lan n o w is t o have a c o n s i d ­
erab le f r ac t i on o f t he r ing ready t o 
rece ive b e a m w h e n the S L A C l inac 
c o m e s back on ear ly in O c t o b e r a f ter 
i ts s chedu led s u m m e r s h u t d o w n . In 
th is w a y b e a m can be b r o u g h t in to 
t he r ing and the w h o l e in jec t ion 
s y s t e m can be checked as w e l l as 
s e g m e n t s o f each s u b s y s t e m of t he 
s to rage r ing. P o w e r suppl ies , c i rcu i ts 
and genera l s y s t e m s can t h e n be 
t e s t e d and any necessary d e b u g g i n g 
can be done . 

The n e w schedu le cal ls f o r c o m ­
p le t ion o f all ins ta l la t ion by 15 N o ­
v e m b e r . W i t h g o o d luck the re cou ld 
be s o m e i m p r o v e m e n t on t h a t da te . 

bu t g o o d luck w i t h conven t i ona l 
c o n s t r u c t i o n c o n t r a c t o r s has no t 
been t h i c k on t he g r o u n d and it 
s e e m s real is t ic t o expec t c i r cu la t ing 
b e a m in PEP in late N o v e m b e r . 

Plans and schedu les f o r ins ta l la ­
t i on of e x p e r i m e n t s are u n c h a n g e d , 
t h o u g h t he later ava i lab i l i ty o f t h e 
hal ls p u t s a t i g h t squeeze on t h e 
e x p e r i m e n t e r s t o be f in i shed on t h e 
n e w schedu le . 

FERMILAB 
Structure function 
of pions 
The qua rk p i c tu re p rov ides a b e a u t i ­
fu l l y s imp le c lass i f i ca t ion o f t he huge 
n u m b e r o f s t r ong l y i n te rac t ing p a r t i ­
c les w h i c h have been d i scove red in 
h igh energy co l l is ions. S o fa r all 
obse rved had rons can be exp la ined 
as e i the r ba ryons c o m p o s e d of t h ree 
qua rks or m e s o n s c o m p o s e d o f 
q u a r k - a n t i q u a r k pairs. A l t h o u g h f ive 
spec ies , or f l avours , o f quarks are 
needed t o c o m p o s e all t he k n o w n 
had rons , t he m o s t c o m m o n par t ic les 
( the p r o t o n , neu t ron and p ion) 
requ i re on ly t w o f lavours , usual ly 
n a m e d up (u) and d o w n (d). These 
qua rks car ry cha rges w h i c h are a 
f r a c t i o n o f t h e cha rge on t he e lec t ron 
as f o l l o w s , u = + 2 / 3 and d = - 1 / 3 . 
N u c l e o n s and cha rged p ions have 
t he s imp le s t r u c t u r e : p = uud , n = d d u , 
T I + = ud, and n~ = Qd. 

In m o s t i n te rac t i ons t he an t i qua rk 
in t h e p ion does no t be t ray its ex is t ­
ence in a s t r i k ing manner . H o w e v e r 
qua rks can ann ih i la te e l e c t r o m a g n e -
t ica l ly w i t h an t i qua rks t o f o r m v i r tua l 
p h o t o n s , w h i c h t h e n can crea te a 
pair o f m u o n s . Th is process, f i rs t 
p r o p o s e d by Drel l and Yan , is 
c o m p l e t e l y ana logous t o t he p r o d u c ­
t i o n of m u o n pai rs in e l ec t r on -pos i ­
t r o n ann ih i l a t i ons . The c ross -sec t i on 
is p ropo r t i ona l t o t he square of t h e 
qua rk cha rge and the re fo re a large 
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Graph of the pion structure function obtained 
from a Chicago / Princeton experiment at 
Fermilab. Their results are in excellent 
agreement with predictions of the quark 
model. 

cha rge a s y m m e t r y is p red i c ted in t he 
T T + versus n~ i nduced m u o n p r o d u c ­
t i o n . 

T h e m o s t d r a m a t i c p red i c t i on is 
ve ry s imp le — p ions con ta i n a n t i -
qua rks and p ro tons do not , so p ions 
shou ld be m u c h m o r e e f fec t i ve t h a n 
p r o t o n s in p roduc ing m u o n pairs o f f 
nuc lear ta rge ts . P roduc t i on of m u o n 
pai rs by p ro tons is no t exac t l y zero 
because all had rons are s u r r o u n d e d 
by a c loud , or sea, o f q u a r k - a n t i q u a r k 
pairs. H o w e v e r t hese sea qua rks 
have very sma l l p robab i l i t i es o f 
hav ing su f f i c ien t m o m e n t a t o p r o ­
d u c e h i g h - m a s s m u o n - p a i r s . 

In a recent e x p e r i m e n t a t Fermi lab , 
a g r o u p f r o m Ch icago and Pr ince ton 
Un ivers i t i es f o u n d d r a m a t i c d i f fe r ­
ences in t he e f fec t i veness o f p ion 
and p r o t o n b e a m s in p r o d u c i n g 
m u o n pairs. The resu l ts are b e a u t i ­
fu l l y exp la ined by the ex is tence of an 
an t i qua rk in t he p ion bu t no t in t h e 
p r o t o n . T h e y d e m o n s t r a t e t h a t t he 
quarks , and m o r e i m p o r t a n t l y , t he 
an t iquarks , have d i s t i nc t d y n a m i c a l 
p roper t i es and hence are m o r e t h a n 

ist e legant m a t h e m a t i c a l s t r u c ­
t u r e s express ing t h e s y m m e t r i e s o f 
f u n d a m e n t a l i n te rac t ions . 

The e x p e r i m e n t used t he large 
Ch icago cyc l o t r on m a g n e t spec ­
t r o m e t e r t o measu re t he m u o n s . 
B e a m s o f p ions and p r o t o n s in ter ­
a c t e d in a t a rge t w h i c h w a s f o l l o w e d 
by a 3 m i ron sh ie ld t o abso rb all 
par t ic les excep t m u o n s . The d i rec ­
t i ons and m o m e n t a o f t h e m u o n s 
pene t ra t i ng t he sh ie ld w e r e m e a s ­
ured by m a n y p lanes o f p ropo r t i ona l 
and spark c h a m b e r s . 

In t he course o f t he expe r imen t , 
t h e mass s p e c t r u m o f m u o n pai rs 
w a s m e a s u r e d over m a n y o rde rs o f 
m a g n i t u d e o f c ross -sec t i on . A t 
masses b e l o w 4 GeV, o t h e r p r o ­
cesses, inc lud ing s t r o n g p r o d u c t i o n 
o f v e c t o r m e s o n s , can c o n t r i b u t e and 
t o tes t t he qua rk p i c tu re t h e expe r i ­
m e n t e r s s tud ied t h e m a s s in terva l 

f r o m 4 t o 8 .5 GeV, w h e r e no vec to r 
m e s o n s have been f o u n d . In th is 
reg ion t he m a g n i t u d e of t he c ross -
sec t i on is cons i s ten t w i t h t h a t f o r 
q u a r k - a n t i q u a r k ann ih i la t ion . 

For m u c h o f t he e x p e r i m e n t a 
ca rbon t a r g e t w a s used, w h i c h 
con ta ins equa l n u m b e r s o f neu t rons 
and p ro tons , and hence equa l n u m ­
bers o f u and d quarks . There fo re , t h e 
c ross -sec t i ons fo r m u o n - p a i r p r o ­
d u c t i o n by pos i t i ve p ions (dd a n n i h i ­
la t ion) s h o u l d be a qua r te r o f t h a t by 
nega t i ve p ions (uu ann ih i la t ion) . T h e 
e x p e r i m e n t e r s f o u n d a large a s y m ­
m e t r y cons i s t en t w i t h the p red i c ted 
va lue . 

In c o m p a r i n g p ion and p ro ton 
b e a m s , t h e Ch icago Pr ince ton da ta 
w e r e c o m p a r e d w i t h the p ro ton da ta 
of t he C o l u m b i a / Fermi lab / S t o n y 
B rook g roup . A t pair masses a r o u n d 
1 0 GeV, p ions w e r e f o u n d t o be a 
h u n d r e d t i m e s m o r e e f fec t i ve t h a n 
p ro tons in m a k i n g m u o n s ! O the r 

m o r e sub t le f ea tu res , such as t he 
angu la r d i s t r i bu t i on o f the m u o n s in 
t h e rest f r a m e o f t h e v i r tua l p h o t o n , 
also agree beau t i fu l l y w i t h t he 
p ic tu re o f q u a r k - a n t i q u a r k ann ih i l a ­
t i on . 

W i t h all t he conc lus i ve ev idence 
t h a t s u c h ann ih i l a t i on is respons ib le , 
t he m u o n - p a i r p rocess can ac tua l ly 
be used t o X - r a y t he p ion , or m o r e 
prec ise ly , t o m e a s u r e t he m o m e n ­
t u m d i s t r i bu t i on o f t he quarks and 
an t i qua rks ins ide it. The p ro ton ' s 
qua rk s t r uc tu re has been de te r ­
m i n e d m o r e d i rec t l y by deep ine las­
t ic l e p t o n - p r o t o n sca t t e r i ng , in w h i c h 
a v i r tua l p h o t o n sca t te rs o f f t he 
qua rks in t h e t a r g e t p ro ton . M e a s u r ­
ing t he m o m e n t u m d is t r i bu t ion o f 
t he s c a t t e r e d l ep ton t h e n de te r ­
m ines t h e qua rk m o m e n t u m d i s t r i ­
bu t i on , or s t r u c t u r e f u n c t i o n . B e ­
cause t h e p ion l ives on ly 1 0 " 8 s , 
s im i la r m e a s u r e m e n t s f o r the p ion 
are no t poss ib le . 
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Observation of a charmed lambda in 
emulsions at the SPS. The initial interaction 
of a neutrino, which produces the charmed 
lambda, takes place in the emulsion at point 
A. At point B the lambda decays giving three 
charged tracks which are subsequently 
picked up in the BEBC photograph below. 

The Ch icago / P r ince ton da ta ind i ­
ca te t h a t the s t r uc tu re o f t h e p ion is 
ve ry d i f fe ren t t o t h a t o f t he p r o t o n ; 
t he qua rks in t he p ion have a p r o b a ­
bi l i ty o f abou t (1 - x) o f ca r ry ing a 
f r ac t i on x of t he p ion ' s m o m e n t u m , 
w h e r e a s in t he p r o t o n t he s t ruc tu re 
f u n c t i o n is a p p r o x i m a t e l y (1 - x ) 3 . 
Hence the p ion 's qua rks are m u c h 
m o r e b road ly d i s t r i bu ted in the i r 
m o m e n t a . Th is is cons i s ten t w i t h 
f e w e r va lence qua rks sha r ing the 
m o m e n t u m in t he p ion . 

In ca lcu la t ing h o w m u c h o f t he 
p ion 's m o m e n t u m is car r ied by t h e 
quarks , the e x p e r i m e n t e r s f i nd t h a t 
4 0 per cen t is m i s s i n g ! A s imi la r 
resul t per ta ins t o t h e p r o t o n , and is 
ascr ibed to t he neu t ra l q u a n t a 
(g luons) of t he s t r o n g i n te rac t i on . 
The abso lu te m a g n i t u d e o f t he 
m u o n - p a i r c ross -sec t i on g ives a f ina l 
i m p o r t a n t resu l t : a f u r t h e r p rope r t y 
of quarks , k n o w n as co lour , s u p ­
presses t he p red i c ted m u o n - p a i r 
c ross -sec t i on by a f a c t o r o f t h ree 
f r o m w h a t it w o u l d be if co lou r is no t 
t aken in to accoun t . The Ch icago / 
P r ince ton m e a s u r e m e n t s are c o n ­
s is ten t w i t h th is supp ress ion and 
prov ide a c o n f i r m a t i o n o f th is s o m e ­
w h a t e lus ive concep t . 

The d e m o n s t r a t i o n by th i s exper i ­
m e n t and o the rs t h a t t he Dre l l -Yan 
p rocess g ives a ve ry accu ra te des ­
c r ip t ion of q u a r k - a n t i q u a r k ann ih i l a ­
t i on has i m p o r t a n t eng inee r i ng ap ­
p l ica t ions . The n e w p r o t o n - a n t i p r o -

t o n and p r o t o n - p r o t o n co l l id ing 
b e a m m a c h i n e s be ing deve loped at 
CERN, B r o o k h a v e n and Fermi lab 
d e p e n d on qua rk -an t i qua rk ann ih i l a ­
t i on t o p roduce the ve ry mass ive 
(abou t 8 0 GeV) i n te rmed ia te vec to r 
bosons of t he w e a k in te rac t ion . 
T h e m e a s u r e m e n t s s h o w t h a t f eas i ­
ble ra tes o f p r o d u c t i o n can be 
e x p e c t e d and t he so fa r ve ry s u c ­
cess fu l t heo r i es w i l l t he re fo re s o o n 
be c o n f r o n t e d w i t h ano the r tes t . 

CERN 
Some more 
charming results 
Desp i te severe b a c k g r o u n d p r o b ­
l ems a n d a s t rugg le w i t h poor e m u l ­
s ion qua l i t y , s o m e m o r e in te res t ing 
resu l ts have e m e r g e d f r o m the 
hybr id e x p e r i m e n t on c h a r m e d pa r t i ­
c les ca r r ied o u t at t he SPS by t h e 
A n k a r a / B r u s s e l s / C E R N / D u b l i n / 
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Preliminary results from experiment R806 
at the CERN ISR showing the ratio of the 
single direct photon yield to neutral pion 
production. The open circle at a transverse 
momentum of 2.5 GeV comes from an 
earlier run utilizing internally converted low 
mass electron pairs. The results show that 
above 3 GeV transverse momentum, the 
single photon contribution becomes 
increasingly evident. 

/ U C L / O p e n Un ive rs i t y / Pisa / 
R o m e / Tur in co l l abo ra t i on . (Their 
f i rs t c h a r m e d par t i c le even t w a s 
repo r ted in t he M a r c h issue, page 
17.) 

T h e y used an e m u l s i o n - b u b b l e 
c h a m b e r - c o u n t e r d e t e c t i o n s y s t e m 
t o ident i fy c h a r m e d had rons and t o 
o b t a i n a va lue fo r t h e c h a r m e d p a r t i ­
c le l i fe t ime. The f ine deta i l w h i c h it is 
poss ib le t o ex t rac t f r o m e m u l s i o n s 
gave the l i fe t ime f r o m m e a s u r e ­

m e n t s o f t h e sho r t c h a r m e d par t i c le 
t rack . The bubb le c h a m b e r (BEBC) 
and c o u n t e r c o m b i n a t i o n , ident i f ied 
e m e r g i n g par t i c les in such a w a y as 
t o po in t t o t h e reg ion of the e m u l s i o n 
w h e r e a c a n d i d a t e even t had occu r ­
red. Th is avo ided the near imposs ib le 
t ask of s cou r i ng t he fu l l e m u l s i o n 
s tack t o f i nd t he sho r t t r acks o f 
in teres t . 

Four c h a r m e d par t ic le even ts have 
n o w been iden t i f i ed w i t h t he s y s t e m 

exposed t o t h e SPS neu t r i no b e a m , 
b r i ng ing t h e w o r l d t o ta l t o f i ve 
( inc lud ing the f i rs t one seen at 
Fermi lab — see D e c e m b e r 1 9 7 6 
issue, page 4 2 7 ) . Us ing m e a s u r e ­
m e n t s o f t r ack l eng th , the l i fe t ime o f 
c h a r m e d had rons is c o m i n g ou t at 
a b o u t 5 x 1 0 " 1 3 seconds w h i c h is as 
e x p e c t e d f r o m p resen t t heo re t i ca l 
ideas. 

One beau t i f u l even t has been fu l l y 
iden t i f i ed as invo lv ing the p r o d u c t i o n 
o f a c h a r m e d l a m b d a par t ic le , w h i c h 
decays in to a p r o t o n (seen v ia e last ic 
p r o t o n - p r o t o n sca t t e r i ng in BEBC) a 
pos i t i ve p ion a n d a nega t i ve kaon 
( iden t i f i ed v ia a m o m e n t u m m e a s ­
u r e m e n t o n i ts t r a c k in BEBC) . The 
m a s s o f t h e c h a r m e d l a m b d a , 
d e d u c e d f r o m these obse rva t i ons is 
a b o u t 2 .3 G e V and its l i fe t ime 
7 x 1 0 " l 3 s . 

Direct single photons 
W h i l e w e st i l l have m u c h t o learn 
a b o u t t he behav iou r o f quarks , 
t h e y are neve r the less e lec t r i ca l l y -
c h a r g e d par t i c les w h i c h like any 
o the rs s h o u l d g ive o f f e l e c t r o m a g ­
net ic rad ia t ion (pho tons ) w h e n d i s ­
t u r b e d . T r a c k i n g d o w n th is rad ia t ion 
in t h e debr is of h igh ene rgy co l l is ions 
is no t easy, b u t s o m e resul ts are n o w 
avai lab le f r o m an A t h e n s / B rook -
haven / CERN / Sy racuse co l l abo ra ­
t i on w o r k i n g at t he CERN In ter ­
sec t i ng S t o r a g e Rings ( ISR). 

Th is e x p e r i m e n t or ig ina l ly p lanned 
to s t u d y t h e p r o d u c t i o n of e l e c t r o n -
pos i t ron pai rs and p rov ided t he f i rs t 
ev idence seen at CERN fo r t he 
p r o d u c t i o n o f ups i lons (see J a n u a ­
r y / F e b r u a r y 1 9 7 8 issue, page 15 ) . 
The d e t e c t o r used l i t h ium fo i l t r ans i ­
t i on rad ia to rs t o ident i fy e lec t rons 
and a l iqu id a rgon ca lo r ime te r t o 
m e a s u r e e lec t ron and p h o t o n ener ­
gies. 

By a s imp le r e a r r a n g e m e n t of t h e 
appa ra tus , t he g r o u p w a s able t o 
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The second example of the production of 
charmed mesons by a neutrino beam in the 
BEBC bubble chamber working at the CERN 
400 GeV Super Proton Synchrotron in an 
experiment by an Aachen / Bonn / CERN / 
Munich / Oxford collaboration (the first 
example was published in our November 
1978 edition, page 394). Energy-momentum 
conservation shows that there are no missing 
neutral particles to be taken into account. 
A charmed D*+ meson is produced which 

decays to give another charmed meson, this 
time the D°. The K~ track which 
characterizes the D° decay has 1.4 GeV 
momentum and normally would be too fast 
to be identified before it left the chamber, 
but by sheer good fortune the kaon hits a 
proton head on (see top left) and bounces 
back, eventually coming to rest. Then it 
undergoes a characteristic series of 
interactions (see insert) with the production 
of hyperons. 

t r ans fe r i ts a t t e n t i o n d u r i n g a spec ia l 
run t o t he search f o r s ing le p h o t o n s . 
T h e e lec t ron d e t e c t o r s w e r e re­
m o v e d and t he c a l o r i m e t e r m o v e d 
f u r t h e r a w a y f r o m t h e p r o t o n - p r o t o n 
co l l i s ion reg ion t o i m p r o v e t h e reso ­
lu t ion o f n a r r o w l y s e p a r a t e d p h o t o n 
pairs c o m i n g f r o m the decay o f 
neu t ra l p ions or e ta m e s o n s . 

No rma l l y t he p h o t o n s seen in h igh 
energy co l l is ions are t h e pai rs f r o m 
these m e s o n decays , bu t t he ob jec t 
o f the search w a s t o look fo r lone 
p h o t o n s . 

A l t h o u g h the m e s o n s decay in to 
pai rs o f pho tons , one or o t h e r o f t h e 
p h o t o n s m i g h t escape d e t e c t i o n , or 
t he p h o t o n s m i g h t no t be su f f i c ien t l y 
sepa ra ted fo r t h e pair t o be reso lved 
in to t w o s ignals. 

A f t e r a care fu l ana lys is t o e s t i m a t e 
t he level o f even ts w h i c h cou ld s i m u ­
late s ingle p h o t o n p r o d u c t i o n , the 
resu l ts s h o w l i t t le ev idence fo r s ing le 
p h o t o n s b e l o w 3 G e V t ransve rse 
m o m e n t u m . H o w e v e r above 3 GeV 
t h e s ing le p h o t o n c o n t r i b u t i o n b e ­
c o m e s inc reas ing ly ev iden t . 

Th is in i t ia l ev idence f o r t he e lec­
t r o m a g n e t i c rad ia t ion o f qua rks 
needs t o be c o n f i r m e d , bu t w i l l 
sure ly p rov ide fue l f o r t heo r i s t s 
eager t o ex tend t h e app l i ca t i ons o f 
q u a n t u m c h r o m o d y n a m i c s . 

Hunting the Centauro 
E q u i p m e n t is n o w be ing p repa red fo r 
an expe r imen t , c o d e n a m e d U A 5 , by 
a Bonn / Brusse ls / C a m b r i d g e / 
S t o c k h o l m co l l abo ra t i on a t t h e SPS 
p r o t o n - a n t i p r o t o n col l ider . W h e n 
co l l id ing b e a m e x p e r i m e n t s beg in in 
1 9 8 1 , in a re la t ive ly sho r t t i m e th is 
expe r imen t shou ld be able t o a m a s s 
su f f i c ien t da ta t o m a k e a genera l 
su rvey o f t he b e h a v i o u r o f hadron ic 
co l l is ions at th is n e w energy range. 

W h i l e o the r e x p e r i m e n t s at the 
co l l ider w a n t t o snare t he e lus ive 
i n t e rmed ia te b o s o n s o f w e a k in ter -
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Computer simulation of a high multiplicity 
event in the streamer chamber being built 
by a Bonn / Brussels / Cambridge / 
Stockholm collaboration for an experiment 
at the SPS proton-antiproton collider. While 
such events would be bread-and-butter for 
this experiment, the team is hoping to 
glimpse the unexplained 'Centauro' events, 
seen so far only in cosmic ray experiments, 
with an abundance of charged particles, but 
a dearth of neutrals. 

ac t ions , t he U A 5 t e a m hopes t o 
p h o t o g r a p h examp les o f t he ' C e n ­
t a u r o ' even ts seen be fo re on ly in 
h igh energy c o s m i c ray s tud ies . 

In these even ts (see S e p t e m b e r 
1 9 7 7 issue, page 2 8 9 ) , e x t r e m e 
ene rgy c o s m i c ray i n te rac t i ons in t he 
upper a t m o s p h e r e are seen t o g ive 
unexpec ted l y large n u m b e r s o f 
cha rged par t ic les , bu t w i t h l i t t le s ign 
o f any assoc ia ted neut ra ls . 

The p r o d u c t i o n o f a b o u t a h u n d r e d 
cha rged par t i c les w i t h f e w , if any, 
a c c o m p a n y i n g * neu t ra ls is t o ta l l y 

j j n l i k e any th i ng k n o w n at p resen t 
acce lera tor energ ies . Ex t rapo la t ion 
o f f am i l i a r l abo ra to ry behav iou r p re ­
d i c t s a m e a n mu l t i p l i c i t y o f a b o u t 
3 0 cha rged par t ic les , and a b o u t hal f 
th i s n u m b e r of neu t ra ls . 

W i t h t he SPS p r o t o n - a n t i p r o t o n 
pro jec t , l abo ra to ry energ ies w i l l f o r 
t he f i rs t t i m e reach t h e range w h e r e 
Cen tau ros cou ld t u r n up, and p h y s i ­
c is ts are a g o g t o see w h e t h e r th i s 
nove l behav iou r can be r e p r o d u c e d 
in t he labora tory . 

The c o s m i c ray s tud ies ind ica te 
t h a t Cen tau ros cou ld m a k e up a f e w 
per cen t o f t h e t o ta l ine las t ic c ross -
sec t i on , and even w i t h t h e reduced 
l um inos i t i es o f in i t ia l co l l ider o p e r a ­
t i ons , su f f i c ien t d a t a in pr inc ip le 
c o u l d be co l l ec ted in a f e w days 
runn ing at reasonab le e f f i c iency t o 
t u r n up m a n y e x a m p l e s o f Cen tau ro 
even ts . Even if none are f o u n d , th is 
in i t ia l su rvey shou ld be ab le t o m a p 

t h e b road ou t l i nes o f hadron ic in ter ­
ac t i ons in th i s n e w energy range. 

T o s t u d y t he h igh energy co l l i ­
s ions, the e x p e r i m e n t w i l l use t w o 
s t r e a m e r c h a m b e r s , each 6 m long, 
1.25 m w i d e and 0 .5 m h igh , one 
above and one b e l o w the SPS b e a m 
pipe. The d e t e c t o r w i l l be t r i gge red 
by ex te rna l sc in t i l l a to r h o d o s c o p e s 
a r o u n d t h e b e a m pipe e i ther s ide o f 
t h e m a i n de tec to r , and lead g lass 
p la tes ins ide t h e cen t ra l d e t e c t o r w i l l 
c a t c h t h e p h o t o n s f r o m neut ra l p ion 
decay. Th is con f i gu ra t i on shou ld 
p ick up near ly all t he co l l is ion 
p roduc t s . 

The s t r e a m e r c h a m b e r w i l l ope r ­
a te in t h e ava lanche m o d e w i t h an 
i n tended i n te r - t rack reso lu t ion o f 
2 m m , us ing image in tens i f ie rs t o 
recprd da ta on f i lm in six cameras . 
Four o f t hese , w i t h i n d e p e n d e n t 
s te reo v i e w s , w i l l b e t w e e n t h e m 
cover t h e w h o l e chambe r , w h i l e t w o 
b a c k u p c a m e r a s w i l l have w i d e r 
ang le cove rage . 

T o enab le it t o be ins ta l led in t he 
SPS as qu i ck l y as poss ib le , t he 
e q u i p m e n t is f i rs t t o be t e s t e d o u t at 
t he I n te r sec t i ng S to rage Rings 
( ISR) , w h e r e if all goes we l l it m i g h t 
a lso be ab le t o record da ta f r o m the 
f i rs t ISR p r o t o n - a n t i p r o t o n co l l i ­
s ions. A s t r e a m e r c h a m b e r exper i ­
m e n t has a l ready been car r ied o u t at 
t he ISR, and the exper ience ga ined 
s h o w e d t he use fu lness o f a s im i la r 
e x p e r i m e n t cove r i ng m a x i m u m sol id 

ang le a t t he S P S col l ider. 
C o s m i c ray s tud ies s h o w t h a t 

C e n t a u r o s o c c u r at a typ ica l ene rgy 
o f 1 0 0 0 T e V (1 T e V = 1 0 0 0 GeV) . 
T h e 2 7 0 G e V co l l i d ing b e a m s in t h e 
SPS are equ i va len t t o a f i xed t a rge t 
ene rgy o f 1 5 5 TeV , w h i c h m a y jus t 
m iss t he Cen tau ro range, a l t h o u g h 
t h e exac t t h r e s h o l d is no t k n o w n 
w i t h any ce r ta in ty . 

A t m o s p h e r i c e x p e r i m e n t s a lso 
repor t so -ca l led ' m i n i - C e n t a u r o ' 
even ts a t l o w e r energ ies ( d o w n t o 
2 5 0 T e V ) w h e r e t h e cha rged pa r t i ­
cle mu l t i p l i c i t y is m u c h less (abou t 
1 5 par t ic les) , bu t w i t h neut ra l pa r t i ­
c les st i l l consp i cuous l y absent . If 
U A 5 m isses t h e b ig Cen tauros , t h e n 
the re m i g h t st i l l be lots o f m i n i -
Cen tau ros t o be caugh t . 

W h a t e v e r t h e o u t c o m e , t h e SPS 
co l l ider w i l l ce r ta in l y ex tend ou r 
k n o w l e d g e o f h igh energy in te rac ­
t i ons , b u t it w o u l d be remarkab le if 
ou r p resen t u n d e r s t a n d i n g st i l l ho lds 
g o o d w h e n labo ra to ry energy is 
inc reased by a f a c t o r of near ly a 
hund red . 

Photons for the North 
N o w t a k i n g shape in (or ra ther 
under ) t h e N o r t h Exper imen ta l A r e a 
at CERN is an u n d e r g r o u n d hall t o 
house e x p e r i m e n t s us ing h igh i n t e n ­
s i ty b e a m s at t h e h ighes t ava i lab le 
energ ies f r o m t h e SPS p ro ton s y n ­
c h r o t r o n . 

T h e f i r s t e x p e r i m e n t t o be a p ­
p r o v e d f o r th i s ' cave ' w a s a h igh 
reso lu t i on s t u d y o f m u o n pair p r o ­
d u c t i o n by an Ecole Po ly techn ique / 
S t r a s b o u r g / ETH Zur i ch co l l abo ra ­
t i on , us ing a p ion b e a m of up t o 1 0 1 0 

par t i c les per pu lse. 
Th is e x p e r i m e n t w i l l n o w be j o ined 

in t h e u n d e r g r o u n d hal l by a CERN / 
L o n d o n / Orsay / Sac lay / S o u t h ­
a m p t o n co l l abo ra t i on s t u d y i n g h igh 
ene rgy h igh in tens i t y p h o t o p r o d u c -
t i on . It w i l l use a n e w Broad Band 

CERN Courier, June 1 9 7 9 1 5 5 



Elect ron / Pho ton b e a m (cal led 
'BEG') t o ach ieve t h e h ighes t poss i ­
ble f lux o f h igh ene rgy p h o t o n s w i t h 
m i n i m u m hadron c o n t a m i n a t i o n . 

In BEG, e lec t rons are p r o d u c e d (as 
e l ec t r on -pos i t r on pairs) f r o m t he 
g a m m a rays resu l t i ng f r o m t h e 
decay of neut ra l p ions . A l l cha rged 
seconda ry par t i c les p r o d u c e d f r o m 
t h e p r ima ry SPS p r o t o n b e a m are 
s w e p t a w a y by a m a g n e t i c f ie ld . The 
e lec t rons are m a g n e t i c a l l y se lec ted 
by a b road band channe l cove r i ng 
1 0 0 t o 3 0 0 GeV, and p roduce 
p h o t o n s as b r e m s s t r a h l u n g in a 
rad ia tor . Th is t e c h n i q u e g ives exce l ­
lent pur i ty , as n e u t r o n s and neut ra l 
kaons are insens i t i ve t o t he m a g ­
net ic se lec t ion , and h igh in tens i ty , as 
near ly all h igh ene rgy e lec t rons are 
accep ted . By m e a s u r i n g t h e ene rgy 
lost by each e lec t ron as it c rosses t he 
radiator , a rough ind i ca t i on (accura te 
t o a b o u t 1 GeV) o f t h e energy o f 
each p h o t o n can be o b t a i n e d . 

The co l l abo ra t i on w i l l use p h o t o n s 
f r o m abou t 5 0 t o 2 0 0 GeV, and t he 
h igh in tens i t y and pur i t y o f the b e a m 
w i l l m a k e it a un ique t oo l f o r exp lo r ­
ing rare p h o t o p r o d u c t i o n p r o ­
cesses. 

The p roposed d o w n s t r e a m d e t e c ­
t o r is a t w o - m a g n e t s p e c t r o m e t e r 
w i t h m u l t i w i r e p ropo r t i ona l c h a m ­
bers as cha rged par t i c le de tec to r s . 
C o m p l e t e cove rage o f e l e c t r o m a g ­
net ic ca lo r ime te rs up t o 3 0 0 m r a d 
and a f o r w a r d m u o n f i l te r p rov ide 
g o o d lep ton and p h o t o n d e t e c t i o n . A 
mu l t i ce l l Che renkov c o u n t e r i den ­
t i f ies hadrons . 

M o s t o f t he i n s t r u m e n t a t i o n a l ­
ready exists, fo r i ns tance O L G A , t he 
array o f lead g lass b locks fo r d e t e c t ­
ing f o r w a r d p h o t o n s . Th is is a l ready 
in use w i t h t he O m e g a s p e c t r o m e t e r 
in the W e s t Expe r imen ta l A r e a , and 
is por tab le e n o u g h t o be able t o 
a l te rna te b e t w e e n e x p e r i m e n t s in 
t h e N o r t h and t h e W e s t . W i t h t h e 
charac te r i s t i cs o f t h e d e t e c t o r s 

J. Piffaretti from Neuchatel University works 
on the neutral pion spectrometer at LAMPF. 
The spectrometer, the first of its kind, is 
now in operation for physics. 

(Photo Los Alamos) 

w e l l k n o w n f r o m prev ious expe r i ­
m e n t s , d a t a t a k i n g shou ld be able t o 
c o m m e n c e as soon as t h e n e w 
N o r t h A r e a u n d e r g r o u n d hall is 
c o m m i s s i o n e d . 

The m a i n a im of t he e x p e r i m e n t is 
t o s t u d y t he C o m p t o n sca t t e r i ng o f 
h igh energy p h o t o n s on t h e qua rk 
c o n s t i t u e n t s of had rons and the 
resu l ts cou ld p rov ide va luab le in for ­
m a t i o n on t he na tu re o f t he quarks . 

LOS ALAMOS 
Physics from neutral 
pion spectrometer 
The w o r l d ' s f i rs t h igh reso lu t i on 
neu t ra l p ion s p e c t r o m e t e r o p e r a t e d 
at t h e L A M P F 8 0 0 M e V p r o t o n l inac 
at t he e n d o f last year. A s a r e w a r d 
f o r s o m e f ive years of des ign and 
c o n s t r u c t i o n ef for t , i ts bu i lders o b ­
served , f o r t he f i rs t t i m e , severa l p ion 
cha rge exchange ana log t rans i t i ons . 

The s p e c t r o m e t e r also gave angu la r 
d i s t r i bu t i ons f o r p ion -nuc leus charge 
exchange t o spec i f i c nuc lear s ta tes 
and c o n f i r m e d earl ier, puzz l ing 
m e a s u r e m e n t s o f p ion reac t ions on 
c a r b o n - 1 3. 

A l t h o u g h t h e d e t e c t i o n of neu t ra l 
p ions w i t h h igh reso lu t ion has long 
been recogn ized as basic t o t he 
s t u d y o f p i on -nuc leus in te rac t ions , 
t h e p r o b l e m of s i m u l t a n e o u s l y o b ­
ta i n i ng g o o d p ion energy reso lu t ion 
and large so l id ang le had no t been 
so lved . A t L A M P F , t w o large pos i ­
t i o n and energy sens i t i ve p h o t o n 
de tec to r s , w h i c h are t he hear t o f t he 
s p e c t r o m e t e r , m a k e poss ib le t he 
prec ise o b s e r v a t i o n of p h o t o n pai rs 
f r o m neu t ra l p ion decays . The spec ­
t r o m e t e r b e c o m e s par t i cu la r ly p o w ­
er fu l w h e n c o u p l e d t o an in tense 
m o n o c h r o m a t i c p ion b e a m such as 
is n o w ava i lab le at L A M PF and o the r 
m e s o n fac to r i es . 

The s imp les t t y p e of p ion cha rge 
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e x c h a n g e sca t t e r i ng invo lves t r a n s i ­
t i ons b e t w e e n nuc lear isobar ic a n a ­
log s ta tes w h i c h o c c u r in n e i g h b o u r ­
ing isobars. These s ta tes have t h e 
s a m e spat ia l and sp in w a v e f u n c ­
t i ons bu t d i f f e ren t n u m b e r s o f 
p r o t o n s and neu t rons . Un t i l late last 
year , t he on ly p ion cha rge exchange 
reac t ion s tud ied in de ta i l w a s t h a t on 
a nuc leon (negat ive p ion and p r o t o n 
g o i n g t o neut ra l p ion and neu t ron ) . 
S tud i es o f t r ans i t i ons on nuc le i are 
s ign i f i can t s ince t h e y are t h e m o s t 
d i rec t w a y o f d e t e r m i n i n g t he iso-
v e c t o r c o m p o n e n t o f t he p i o n -
nuc leus i n te rac t i on . 

Prior t o t he L A M P F m e a s u r e ­
m e n t s , ques t i ons rega rd ing a b s o r p ­
t i o n and mu l t i p le s c a t t e r i n g o f p ions 
in heavy nuc le i had led t o d i f fe r ing 
op in ions on w h e t h e r isobar ic ana log 
s ta tes in a heavy nuc leus , s u c h as 
lead, w o u l d even be v is ib le above t h e 
b a c k g r o u n d o f o t he r s ta tes . D i rec t 
m e a s u r e m e n t of t he neu t ra l p ion 
s p e c t r u m is the on ly feas ib le m e a n s 
o f a n s w e r i n g th is q u e s t i o n s ince 
rad iochemica l m e t h o d s , recoi l n u c ­
l e u s de tec t i on and decay p r o t o n 
d e t e c t i o n are v i r tua l l y imposs ib le fo r 
heavy nuc le i . 

T h e spec t ra , m e a s u r e d in late 
1 9 7 8 , c lear ly s h o w t h e s ta tes s t a n d ­
ing o u t at ve ry f o r w a r d sca t t e r i ng 
ang les on the l ight t a r g e t s (hyd ro ­
gen , l i t h ium, ca rbon and a l u m i n i u m ) 
and it w a s par t i cu la r l y exc i t i ng t o see 
t h e peak fo r heavy t a r g e t s ( n i ob ium. 

z i r c o n i u m , t i n and lead). The a t o m i c 
n u m b e r and energy d e p e n d e n c e s o f 
t h e c ross -sec t i ons are in qua l i t a t i ve 
a g r e e m e n t w i t h t he p red ic t i ons o f a 
s imp le theo ry . 

A n angu la r d i s t r i bu t i on fo r t he 
reac t ion on he l i um w a s o b t a i n e d fo r 
l abo ra to ry ang les ou t t o 8 0 ° at an 
ene rgy o f 2 0 0 M e V . It f i t s w e l l w i t h 
ear l ier m e a s u r e m e n t s at larger a n ­
g les w h i c h d e t e c t e d t he recoi l 
nuc leus ra ther t h a n the neu t ra l p ion . 
T h e absence o f a d i f f rac t ion m i n i ­
m u m near 6 0 ° suppo r t s the t h e o r e ­
t ica l p red i c t i on o f a large c o n t r i b u ­
t i on f r o m charge exchange w i t h a 
sp in f l ip . 

The n e w s p e c t r o m e t e r w a s a lso 
used t o s t u d y the p ion s ing le charge 
exchange reac t ion on ca rbon , w h i c h 
has been a m y s t e r y s ince nq t h e o r e ­
t ica l ca l cu la t i on c o m e s w i t h i n a 
f a c t o r o f t w o of t he c ross -sec t i ons 
m e a s u r e d rad iochemica l l y on car­
b o n - 1 3 a f e w years ago. The exper i ­
m e n t a l c ross -sec t i on fo r exc i ta t i on 
o f t he isobar ic ana log s ta te is near ly 
c o n s t a n t at 1 m b b e t w e e n 7 0 and 
2 5 0 M e V . A l l t heo re t i ca l ca l cu la ­
t i ons ind ica te a d ip near 1 5 0 M e V 
re f lec t ing the p i o n - n u c l e o n reso­
nance at 1 8 0 M e V w h i c h g ives 
s t r o n g abso rp t i on and mu l t i p le sca t ­
te r i ng o f the p ions w i t h i n the 
nuc leus . 

In t hese f i rs t s p e c t r o m e t e r m e a ­
s u r e m e n t s , t he energy d e p e n d e n c e 
o f t he cha rge exchange sca t t e r i ng 

s h o w s t he s a m e sor t o f d i sag ree ­
m e n t w i t h t h e o r y as d id t he rad io ­
c h e m i c a l d a t a . The d i f fe rent ia l 
c ross - sec t i ons agree w i t h t h e o r y a t 
l o w energ ies b u t are a f a c t o r o f t w o 
larger in t h e resonance reg ion . 

The s p e c t r o m e t e r w a s deve loped 
by phys ic is ts f r o m Los A l a m o s , Te l 
A v i v Un ive rs i t y and Case W e s t e r n 
Reserve Un ive rs i t y . It cons i s t s o f 
t w o large p h o t o n de tec to rs , ar ­
ranged t o f a v o u r de tec t i on of s y m ­
met r i c p h o t o n pairs. Each p h o t o n is 
c o n v e r t e d in to an e l ec t ron -pos i t r on 
pair in one o f t h ree 0.7 rad ia t ion 
l eng th ac t i ve lead g lass conver te rs . 
The cha rged par t i c le t ra jec to r ies are 
d e t e r m i n e d by t h ree p lanes of m u l t i -
w i r e p ropo r t i ona l c h a m b e r s beh ind 
each conver te r . The d is tance be ­
t w e e n the t a r g e t s and conve r te r is 
t yp ica l l y 1 m and t he open ing angle 
b e t w e e n the t w o p h o t o n s is de te r ­
m i n e d t o an accu racy of 5 mr. 

T h e energy o f each p h o t o n is 
m e a s u r e d by an array o f t o ta l 
a b s o r p t i o n lead g lass Che renkov 
d e t e c t o r s beh ind t he ac t ive c o n v e r t ­
ers. B o t h t he ene rgy reso lu t ion and 
t h e so l id ang le represen t cons ide r ­
able i m p r o v e m e n t s over p rev ious 
neu t ra l p ion de tec to rs . The th in 
conve r t e r s and the g o o d energy 
reso lu t i on of t h e lead g lass e l e m e n t s 
w e r e t he key f a c t o r s in th is ach ieve ­
m e n t . 

In t he f i rs t runs, t he reso lu t ion w a s 
2 .5 M e V . Fur ther d e v e l o p m e n t is 
e x p e c t e d t o g ive a subs tan t ia l l y 
i m p r o v e d ene rgy reso lu t ion and n e w 
poss ib i l i t ies w i l l t h e n open up fo r t he 
s t u d y of nuc lear s t r uc tu re us ing p ion 
s ing le charge exchange . It w i l l be 
i n te res t i ng t o see h o w the m y s t e r y 
of t h e f la t ene rgy d e p e n d e n c e of t h e 
c a r b o n - 1 3 t r ans i t i on is reso lved. 

An on-line spectrum of positive pion 
scattering on the heavy nucleus zirconium-90 
giving a neutral pion (detected in the neutral 
pion spectrometer) and niobium-90. An 
analog state is clearly visible above the 
background. 
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A genera/ view of the U-400 isochronous 
cyclotron recently brought into action for 
heavy ion physics research at Dubna. 

(Photo Yu. Tumanov) 

DUBNA 
Isochronous cyclotron 
in operation 
A t t he end of D e c e m b e r 1 9 7 8 , a 
n e w heavy ion acce le ra to r c a m e in to 
ope ra t i on at t he J o i n t I ns t i t u te fo r 
Nuc lea r Research in D u b n a . It is a 
4 m i soch ronous c y c l o t r o n , k n o w n 
as U - 4 0 0 . The acce le ra to r w a s 
des igned and c o n s t r u c t e d by an 
in te rna t iona l t e a m o f sc ien t i s ts , 
eng ineers and t e c h n i c i a n s w o r k i n g 
unde r G. Flerov and Y u . O g a n e -
syan . 

The n e w acce le ra to r is des igned t o 
a l l o w a w i d e range o f research in 
heavy ion phys ics . In par t icu lar , it w i l l 
be used fo r e x p e r i m e n t s c o n c e r n e d 
w i t h t he syn thes i s and s t u d y o f the 
phys ica l and c h e m i c a l p roper t i es o f 
u l t ra -heavy e l e m e n t s ( beyond e le­
m e n t 1 0 8 ) . The e l e m e n t s w i l l be 
p r o d u c e d in nuc lear reac t i ons w i t h 

par t ic les of m a s s n u m b e r g rea te r 
t h a n 4 0 , inc lud ing t he rare i so topes 
c a l c i u m - 4 8 , c h r o m i u m - 5 4 and z inc -
7 0 . 

The acce le ra to r w i l l a lso be used 
fo r s tud ies of t he in te rac t ion m e ­
c h a n i s m s of c o m p l e x nuc le i , t he 
p rope r t i es of nucle i r e m o t e f r o m 
s tab i l i ty , s o m e top ica l p r o b l e m s in 
a t o m i c phys ics and t he q u a n t u m 
e l e c t r o d y n a m i c s of u l t r a - s t rong 
f ie lds. 

W h e n des ign ing the acce lera tor , 
spec ia l a t t en t i on w a s d e v o t e d t o 
o b t a i n i n g in tense b e a m s o f ions o f 
e l e m e n t s in t he f i rs t half o f t he 
per iod ic tab le . The des ign w a s n a t u ­
ral ly o p t i m i z e d t o ensure s imp l i c i t y 
o f c o n s t r u c t i o n , h igh re l iabi l i ty and 
l o w runn ing cos ts . Fo l l ow ing an 
analys is of t he va r ious a l te rna t i ve 
t ypes o f mach ine , t he c y c l o t r o n w a s 
se lec ted . Th is t e c h n i q u e fo r acce ler ­
a t i ng heavy ions is in keep ing w i t h 
t he t r ad i t i on of t he J I N R Nuc lea r 

Reac t i ons Labora to ry w h e r e t he 
U - 4 0 0 p ro jec t w a s deve loped . 

I m p o r t a n t m i l es tones in twen ty 
years o f research at t he Nuc lea r 
Reac t ions Labora to ry w e r e : t he d e ­
v e l o p m e n t of a rc - t ype ion sources , 
t h e c o n s t r u c t i o n and ope ra t i on of 
t h e c o n v e n t i o n a l U - 3 0 0 cyc lo t r on 
(in serv ice s ince 1 9 6 0 ) , t he U - 2 0 0 
2 m i soch ronous cyc lo t ron c o m m i s ­
s ioned in 1 9 6 8 , w h i c h se rved as a 
hal f -s ize p r o t o t y p e fo r U - 4 0 0 , t he 
c o n s t r u c t i o n o f t he U - 3 0 0 - U - 2 0 0 
t a n d e m - c y c l o t r o n w h i c h gave acce l ­
e ra ted ions o f xenon , k r yp ton and 
g e r m a n i u m . 

The dec is ion t o c o n s t r u c t U - 4 0 0 
w a s t a k e n by the Sc ien t i f i c Counc i l 
o f J I N R in 1 9 7 4 . The f i rs t c o m p o ­
nen ts w e r e p r o d u c e d in Ju l y 1 9 7 5 
and ins ta l la t ion w a s c o m p l e t e d in 
A u g u s t 1 9 7 8 . In N o v e m b e r w o r k 
began on t he b e a m and a m o n t h 
la ter par t i c les w e r e b r o u g h t t o t he 
ou te r rad ius o f t he cyc lo t r on and 

1 5 8 CERN Courier, June 1 9 7 9 



A beam of argon-40 ions in the cyclotron 
chamber. On the left can be seen the light 
coming from fine tungsten filaments in the 
path of the ion beam; on the right the light 
coming from the ion source. 

e jec ted . The acce le ra to r w a s ent i re ly 
c o n s t r u c t e d by J I N R w h i c h he lped 
speed its c o m p l e t i o n . 

The 2 0 0 0 t o n m a g n e t o f t h e 
c y c l o t r o n has separa te se ts o f c o n ­
ven t i ona l s tee l l am ina t i ons and w a s 
m a n u f a c t u r e d in t he ac tua l hall o f 
t h e cyc l o t r on . It is d e s i g n e d t o ob ta i n 
a h igh f ie ld (2.1 3 T) in t h e gap. On 
t h e ou te r rad ius of t h e c y c l o t r o n 
(1 8 0 c m ) the ene rgy o f t h e acce le r ­
a ted ions is a b o u t 7 0 0 ( Z 2 / A 2 ) M e V / 
nuc leon . 

T h e az imu tha l va r ia t i on in t he f ie ld 
is p r o d u c e d by f o u r pa i rs o f sec to rs 
v i t h a f ie ld f r o m 2.7 T at t he c res t t o 
1.6 T in t he val ley. Th is ensures 
s t r o n g f o c u s i n g up t o an ene rgy o f 
3 3 M e V / n u c l e o n . T h e i soch ronous 
shape of t he m e a n f ie ld is ach ieved 
by s t e p p e d annu la r s h i m s and by 
c u r r e n t - c o r r e c t i n g coi ls . 

The r.f. s y s t e m is c o m p o s e d o f t w o 
co-ax ia l resona to rs , c h a r g e d by t w o 
Dees ex tend ing over an ang le o f 4 2 ° , 
and loca ted in t w o o p p o s e d d ips. 
Over t h e ent i re f r e q u e n c y range o f 6 
t o 1 2 M H z , t he po ten t i a l on t he Dees 
is a p p r o x i m a t e l y 1 0 0 k V . S u c h a 
s y s t e m makes it poss ib le t o acce le r ­
a te t he ions on t he s e c o n d , th i rd and 
f o u r t h h a r m o n i c s o f t h e r.f. The aver ­
age p o w e r of t he r.f. is a b o u t 
3 0 k W . 

V a c u u m is m a i n t a i n e d in a v o l u m e 
of 2 5 m 3 by seven oil d i f f us ion 
p u m p s . T h e y ach ieve 2 x 1 0 ~ 6 t o r r 
and it is env i saged t h a t th i s w i l l be 

i m p r o v e d t o 5 x 1 0 7 t o r r by i nco rpo ­
ra t ing coo led sur faces . 

B e a m e jec t ion is by the c h a r g e -
exchange m e t h o d p roposed by Y u . 
O g a n e s y a n and o the rs in 1 9 6 4 . A s 
ions pass t h r o u g h a th in ca rbon fo i l 
t h e y increase the i r charge , lead ing t o 
a s t r o n g radia l ins tab i l i ty in the i r 
m o t i o n . Desc r ib ing a rapid ly w i d e n ­
ing spi ra l in an axial ly n o n - u n i f o r m 
f ie ld , t he par t ic les e m e r g e f r o m the 
acce le ra to r . A g radua l va r ia t ion in 
t he ion ene rgy is ach ieved by m o v i n g 
t h e fo i l ac ross t he radius. If it is 
m o v e d az imu tha l l y b e a m s of ions o f 
va ry i ng energ ies can be d i rec ted at 
t h e ta rge t , l oca ted in a f i xed pos i ­
t i on . 

Th is m e t h o d w a s i nves t i ga ted in 
1 9 6 5 on t he CEVIL cyc l o t r on at 
Orsay and w a s f i rs t used on t he 
U - 2 0 0 c y c l o t r o n at D u b n a to ex t rac t 
he l i um ions and ob ta in a g radua l 
ene rgy va r ia t i on f r o m 2 7 to 4 1 M e V . 
The m e t h o d w a s la ter used fo r heav ­
ier ions up t o neon . In U - 4 0 0 , t w o -
revo lu t i on e jec t ion is e m p l o y e d p r o ­
v id ing t h ree b e a m s s i m u l t a n e o u s l y 
w i t h cha rges d i f fe r ing by a va lue o f 
one or t w o . 

U - 4 0 0 is equ ipped w i t h in tense 
ion sou rces of t h e a rc - t ype , w i t h 
radial in jec t ion ( the p o w e r o f t he arc 
in a 1 m s pu lse, w i t h a du t y f ac to r o f 
0 . 2 5 is up t o 5 0 k W ) . It is p lanned t o 
deve lop ion sources based on t h e 
laser and o the r pr inc ip les . 

In D e c e m b e r 1 9 7 8 a b e a m of 
a r g o n - 4 0 ( + 4 ) ions w a s ob ta i ned 
w i t h an in tens i t y o f 8 x 1 0 1 3 pa r t i ­
c les per pu lse and an energy of 
5 M e V / n u c l e o n . The f i rs t exper i ­
m e n t s are due t o beg in soon . The 
b e a m in tens i t y and energy w i l l t h e n 
be inc reased and t h e range of acce l ­
e ra ted par t ic fes e x t e n d e d ; t h e 
e jec ted b e a m t r a n s p o r t s y s t e m s w i l l 
a lso be d e v e l o p e d and t he exper i ­
m e n t a l areas e q u i p p e d . 

T h e U - 4 0 0 c y c l o t r o n p ro jec t is 
based on t h e d e v e l o p m e n t s in 
acce le ra to r t e c h n o l o g y and nuc lear 
phys i cs o f m o r e t h a n t w e n t y years 
exper ience in t h e Nuc lear Reac t ions 
Labo ra to ry o f t h e J o i n t I ns t i t u te 
fo r Nuc lea r Research at Dubna . I ts 
e x t e n d e d ab i l i t ies shou ld he lp t h e 
research t o n e w a c h i e v e m e n t s . 

Schematic drawing of two-revolution ejection 
of a beam of ions from the U-400 cyclotron 
chamber using the foil stripping technique 
proposed at Dubna. 
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Plan of the KEK Laboratory in Japan. The 
existing buildings around the 12 GeV proton 
synchrotron are blocked in and the location 
is shown of the 2.5 GeV Photon Factory, 
being built for synchrotron radiation 
research, and of the proposed TRISTAN 
storage ring complex. 

JAPAN 
Progress at the 
KEK Laboratory 
T h e KEK Labora to ry in J a p a n is 
ex tend ing its research fac i l i t ies w i t h 
t h e add i t i on of t h ree spec ia l i zed 
expe r imen ta l a reas at t he B o o s t e r o f 
t h e p r o t o n s y n c h r o t r o n , t h e c o n ­
s t r u c t i o n o f a ' P h o t o n Fac to ry ' fo r 
s y n c h r o t r o n rad ia t ion w o r k and , 
hopefu l l y , in t h e f u t u r e a large 
s to rage r ing c o m p l e x ca l led T R I S ­
T A N . 

A t t h e p r o t o n s y n c h r o t r o n i tself, 
s ince N o v e m b e r o f last year , s l o w 
ex t rac ted b e a m s have been ava i l ­
able at energ ies up t o 12 G e V and 
are f eed ing t w o n e w kaon b e a m l i n e s 
c o n s t r u c t e d du r i ng the 1 9 7 8 s h u t ­
d o w n . The p r o t o n b e a m in tens i t ies in 
t he M a i n Ring have reached 2 x 1 0 1 2 

p r o t o n s per pu lse at a pu lse repe t i ­
t i on rate of one pu lse a b o u t every 
t w o seconds . 

The in tens i ty inc reases have f o l ­
l o w e d a hard s t rugg le , par t i cu la r l y in 
t h e 5 0 0 M e V B o o s t e r w h i c h ex­
c e e d e d its des ign in tens i t y o f 
6 x 1 0 1 1 p r o t o n s per pu lse (opera t ­
ing at 5 0 Hz) fo r t h e f i rs t t i m e at t he 
end o f N o v e m b e r last year . It had 
been exper ienc ing cons ide rab le 
losses i m m e d i a t e l y a f te r in jec t ion 
and at t he end o f t he acce le ra t i on 
cyc le . The la t ter p r o b l e m w a s so lved 
by the ope ra t i on o f sex tupo le and 
o c t u p o l e co r rec t i on m a g n e t s and t he 
in jec t ion p r o b l e m w a s so lved by 
add ing m o r e r.f. s t a t i o n s and inc reas­
ing t h e r.f. acce le ra t i ng vo l tage . 
A d d i n g m o r e re f ined a d j u s t m e n t of 
t h e r.f. cyc le has g i ven the des i red 
Boos te r p a r a m e t e r s and it is n o w 
f e e d i n g n ine pu lses per cyc le t o t he 
M a i n Ring. 

The rema inde r o f t he Boos te r 
pu lses are to be used t o f eed th ree 
expe r imen ta l areas w i t h 5 0 0 M e V 
p ro tons . The f i rs t is a n e u t r o n area 

w h e r e a u r a n i u m or t u n g s t e n t a rge t 
is expec ted t o y ie ld s o m e t w e n t y 
n e u t r o n s per inc iden t p r o t o n fo r 
n e u t r o n d i f f rac t ion expe r imen ts . 
Typ ica l expec ted f luxes are 1 0 1 3 fas t 
n e u t r o n s per pulse, 1 0 1 6 co ld n e u ­
t rons , 1 0 1 5 t h e r m a l n e u t r o n s and 
0.5 x 1 0 1 5 ep i t he rma l n e u t r o n s per 
c m 2 per s. 

The second area w i l l be used fo r 
med i ca l app l i ca t ions . N e u t r o n s w i l l 
be used fo r cancer the rapy . Pro tons , 

a f te r be ing s l o w e d t o 2 0 0 M e V , w i l l 
be used fo r p r o t o n rad iography . The 
t h i r d area w i l l be used fo r m e s o n 
research and a s u p e r c o n d u c t i n g 
m a g n e t is under c o n s t r u c t i o n t o 
cap tu re m o r e par t ic les so as t o b r ing 
t he f luxes nearer to t hose exper i ­
enced at t he m e s o n fac to r ies . S o m e 
1 0 4 m u o n s per c m 2 per s are an t i c i ­
pa ted . 

The Pho ton Fac tory w a s a u t h o r ­
ized last year at a cos t o f 1.65 x 1 0 1 0 
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y e n o f w h i c h 8 x 1 0 9 y e n is f o r t he 
c o n s t r u c t i o n o f a 2 .5 G e V e lec t ron 
l inac and s to rage r ing. The s y s t e m is 
s c h e d u l e d t o c o m e in to ope ra t i on fo r 
s y n c h r o t r o n rad ia t ion research in 
1 9 8 2 w i t h s to red b e a m s of up t o 
5 0 0 m A in a 1 8 7 m d i a m e t e r r ing. 
T h e r ing w i l l be e q u i p p e d w i t h w i g g l -
ers t o ex tend the rad ia t ion s p e c t r u m 
^nto t h e reg ion o f hard X - rays . 

E lec t rons and pos i t r ons f r o m the 
l inac cou ld a lso be ava i lab le f o r t h e 
T R I S T A N s to rage r ing c o m p l e x 
w h i c h is the Labo ra to ry ' s b ig p ro jec t 
f o r t h e fu tu re . A t u n n e l o f 2 k m 
c i r c u m f e r e n c e w i l l f i t on t h e ex is t ing 
s i te and it is i n tended t o house th ree 
r ings. One w o u l d serve fo r e l e c t r o n -
pos i t ron , phys ics up t o energ ies o f 
2 0 GeV. A s e c o n d w o u l d be a supe r ­
c o n d u c t i n g r ing, w i t h m a g n e t i c 
f ie lds up t o 4 .5 T, t o ho ld 3 0 0 G e V 
p ro tons . The th i rd w o u l d ac t as in te r ­
m e d i a t e r ing cove r i ng t h e 12 t o 
1 0 0 G e V range fo r p ro tons , s ince 

in jec t ion at 12 G e V in to t he super ­
c o n d u c t i n g r ing w o u l d no t be reas­
onab le . 

Obv ious ly , w i t h such a comp lex , 
e l ec t r on -pos i t r on , e l e c t r o n - p r o t o n 
and p r o t o n - p r o t o n co l l id ing b e a m s 
are feas ib le . Qu i te a lot o f e m p h a s i s 
is be ing g i ven t o t h e e l e c t r o n - p r o t o n 
o p t i o n at t h e m o m e n t s ince in jec tors 
fo r t h o s e t w o r ings a l ready exist or 
are under c o n s t r u c t i o n at t he Labo ­
ra tory . 

Research w o r k at KEK s t a r t e d in 
1 9 7 7 , b u t is n o w we l l under w a y , 
and as p resen t d e v e l o p m e n t s and 
cu r ren t p lans c o m e t o f r u i t i on , a 
v i g o r o u s p r o g r a m m e shou ld e m e r g e 
in t h e years t o c o m e . 

Aerial view of the Japanese KEK High Energy 
Physics Laboratory. The 12 GeV proton 
synchrotron, centre, serves two experimental 
halls, the smaller one at the bottom of the 
picture housing the 1 m bubble chamber, while 
the larger is the scene of counter experiments. 

(Photo KEK) 

SAC LAY 
Rejuvenated 
SATURNE 
To g ive f resh phys ics life t o t he 
S a t u r n e s y n c h r o t r o n at Sac lay, p re ­
v ious ly used t o acce le ra te p ro tons t o 
3 GeV, it has e n d u r e d a ma jo r rebu i ld 
t o acce le ra te heavy ions and t o 
p rov ide b e a m s o f a qua l i t y a p p r o ­
pr ia te fo r nuc lea r phys ics exper i ­
m e n t s . S o m e m a j o r des ign fea tu res 
of S a t u r n e II a re : acce le ra ted ions 
rang ing f r o m p r o t o n s t o a rgon 
( inc lud ing po la r i zed p ro tons and 
deu te rons ) , i n tens i t y of 2 x 1 0 1 2 

p ro tons , h igh qua l i t y e jec ted b e a m 
w i t h par t i c les avai lab le s i m u l t a ­
neous ly f r o m t w o ex t rac t i on b e a m -
l ines, fas t and f lex ib le t u n i n g fo r t h e 
d i f fe ren t ion spec ies . 

P ro tons w e r e acce le ra ted in t he 
rebu i l t m a c h i n e on schedu le in Ju l y 
1 9 7 8 and the f i rs t e jec ted b e a m 

CERN Courier, June 1 9 7 9 1 6 1 



People 
and things 

appea red in N o v e m b e r . Par t ic les 
have n o w been p rov ided fo r the 
nuc lear phys ics p r o g r a m m e at l o w 
in tens i ty . A l t h o u g h 2 x 1 0 1 2 p r o t o n s 
have been in jec ted and t r a p p e d , on ly 
5 x 1 0 1 1 par t ic les are usua l ly i n ­
j e c t e d per pu lse and less are f e d t o 
t he e x p e r i m e n t s in o rde r t o re ta in 
b e a m qual i ty . S o m e se t t l i ng o f the 
g r o u n d has led t o a g r o w t h in the 
m a x i m u m dev ia t i on f r o m t h e ideal 
c losed orb i t . Th is s h o u l d be c leared 
w h e n all t he co r rec t i on lenses are 
b r o u g h t in to ope ra t i on . Long i tud ina l 
ins tab i l i t ies a lso appear and , t o 
reduce t h e m , t he l ong i tud ina l i m p e ­
d a n c e is be ing inc reased and f e e d ­
back co r rec t i ons are be ing c o n s i ­
de red . In M a r c h p e r f o r m a n c e w a s 
i m p r o v e d to a l l o w 6 x 1 0 1 1 par t i c les 
t o be acce le ra ted w i t h o u t l o n g i t u ­
d ina l ins tab i l i t ies appea r i ng . 

One ex t rac t i on channe l has been 
in ope ra t i on so far, us ing t he one 
th i rd in teger resonance , and the 
s e c o n d is due t o c o m e in to ac t i on in 
J u n e . Ex t rac t ion e f f i c iency has so far 
been l o w e r t h a n e x p e c t e d ( 5 5 % 
c o m p a r e d t o 8 0 % ) . 

Encourag ing resu l ts have been 
ach ieved w i t h t he n e w pre- in jec to r , 
n a m e d Cryebis, w h i c h w i l l supp l y t he 
heavy ions. The ion sou rce has g iven 
5 x 1 0 9 n i t r o g e n - 7 ions and 3 x 1 0 9 

argon ions per pulse. Polar ized 
p r o t o n s and d e u t e r o n s w i l l be 
o b t a i n e d f r o m t h e s a m e sou rce 
us ing an a t o m i c je t o f t h e Sac lay 
t ype . 

The pe rcen tage t r a n s m i s s i o n of 
par t i c les f r o m t h e sou rce t o t he 
e x p e r i m e n t s is l o w at p resen t ( 3 % ) 
t h o u g h v a c u u m i m p r o v e m e n t s 
shou ld br ing t h e n u m b e r of par t i c les 
de l i ve red t o t he t a r g e t s t o 1 0 8 per 
pu lse. A f u r t h e r i m p r o v e m e n t of a 
f a c t o r o f t en is be i ng p u r s u e d v ia t he 
add i t i on o f an a c c u m u l a t o r r ing, 
ca l led M i m a s , f ed by f ive t o t e n 
pu lses. Part ic les w i l l t he re be acce l ­
e ra ted t o 5 M e V per nuc leon be fo re 

in jec t ion in to t he Sa tu rne II r ing. 
M i m a s w i l l need a v a c u u m be t te r 
t h a n 1 0 ~ 1 0 to r r and w i l l be able t o 
hand le par t ia l ly s t r i pped ions. 

The range o f nuc lear phys ics f ac i l ­
i t ies a r o u n d Sa tu rne II w i l l be a m o n g 
the f i nes t in the w o r l d . Four soph i s ­
t i ca ted s p e c t r o m e t e r s have been 
bu i l t or are near ing c o m p l e t i o n , 
k n o w n as SPES 1 t o 4 . SPES 1 
o p e r a t e d on Sa tu rne I w i t h 6 x 1 0 " 5 

m o m e n t u m reso lu t ion up t o m o ­
m e n t a o f 1.7 G e V / c . SPES 4 carr ies 
the m a x i m u m m o m e n t u m up t o 
4 G e V / c , SPES 3 c o n c e n t r a t e s on 
large so l id angle and SPES 2 ( n o w 
o p e r a t i n g at CERN) is a reduced 
ve rs ion of SPES 3. O the r i ns t ru ­
m e n t s w i l l inc lude a s u p e r c o n d u c t ­
ing so leno id , f o r s tud ies invo lv ing 
sp in o r i en ta t i on , and po lar ized ta r ­
ge ts . In add i t i on t o nuc lear phys ics 
the re w i l l be expe r imen ts in med i ca l 
rad iography , as t rophys ics and rad io -
b io logy. 

The Sac lay phys ic is ts are happy t o 
see the i r re juvena ted m a c h i n e a l ­
ready g iv ing t en t i m e s t he par t ic le 
i n tens i t y in t he s a m e e m i t t a n c e as 
the o ld m a c h i n e w i t h m u c h i m p r o v e ­
m e n t st i l l poss ib le . The fac i l i t ies and 
the ex ten t of the expe r imen ta l 
p r o g r a m m e p rom ise an i n te res t i ng 
f u tu re . 

To praise CESR 

On 1 April, six months ahead of 
schedule, electrons were injected 
into the 8 GeV electron-positron 
storage ring, CESR, at Cornell. Two 
weeks later beam was accumulated 
at an energy of 5.5 GeV. We hope 
to have the full story in our next 
issue. 

Willi Haeberli and Roy Middleton 
received the 1979 Bonner Prize for 
Nuclear Physics at the April meeting 
of the American Physical Society. 
The citation read 'for their unusual 
contribution to the development 
and use of ion sources for charged 
particle accelerators in both basic 
and applied fields'. 

Hybrid emulsion specialist Eric Bur hop retires 
(see page 166). 
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The 160 MeV synchro-cyclotron at Harwell 
was closed down on 30 March after thirty 
years of operation. Construction began in 
1946 under Gerry Pickavance, later Director 
of the Rutherford Laboratory, and operation 
continued under Basil Rose, Eric Taylor and 
Colin Whitehead. In its later years the physics 
potential was greatly increased by the 
acceleration of deuterons, alpha particles 
and helium ions. The photograph dates back 
to the construction days in 1948. 

ISA BELLE contract awarded 

The contract for the management 
and construction of the conventional 
facilities of the ISABELLE 400 GeV 
proton storage rings to be built at 
the Brookhaven Laboratory has 
been awarded to the New York firm 
of Ammann and Whitney. The con­
tract worth about $40 million, 
covers the construction of the ring 
tunnel, experimental halls and sup­
port services buildings. 

On 5 May a groundbreaking cere­
mony was held at the Synchrotron 
Radiation Centre of the University 
of Wisconsin-Madison for the build­
ing which will house the Aladdin' 
I GeV electron storage ring. Aladdin 
is to be used for research with 
synchrotron radiation, continuing 
the tradition established at 
Wisconsin with the Tantalus ring. 

Diversification at the Rutherford 
Laboratory passed another mile­
stone recently when the construc­
tion work for the new Electron 

earn Lithography Facility was com­
pleted and the electron beam pat­
tern generator delivered. Assembly 
and acceptance tests are now under 
way 

Speakers at the International Symposium 
in honour of Robert R. Wilson held at 
Fermilab in April. S. Chandrasekhar (left) 
spoke on beauty and the quest for beauty 
in science, taking as his keynote Keats' 
famous lines..."Beauty is truth, truth-beauty 
that is all ye know on earth, and all ye need 
to know." Wolfgang Paul (right) lovingly 
covered the very earliest days of accelerator 
history with fascinating slides of some early 
table top machines. Hans Bethe (below right) 
reminisced about Cornell and Los Alamos 
and Wilson's work at those places. He closed 
with a trenchant plea to return to a 
willingness to take chances while placing 
more reliance on our abilities to find 
solutions to the problems as they arose. 
Viki Weisskopf closed the formal programme 
with a perceptive talk on science and art. 
More than 450 guests attended the 
Symposium and proceedings will be 
published by Fermilab. 

(Photos Fermilab) 
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On a visit to CERN, the Polish Deputy 
Minister of Energy and Nuclear Power, 
J. Felicki, presented the Directors General 
with a bust of Madame Marie Sklodowska 
Curie on behalf of the physicists of Poland 
in appreciation of the research possibilities 
which CERN has made available over the 
years. 

(Photo CERN 375.3.79) 

Booster records 

Greatly helped by the quality of the 
beams from the new linac (see 
October 1978 issue, page 344), the 
CERN 800 MeV four-ring Booster 
has achieved several new records 
which bode well for the role it has 
to play with the PS in feeding the 
high energy machines in the coming 
years. 

The SPS is most interested in 
beam intensity and there the normal 
figure in the Booster has now been 
raised to 1.8x 1013 protons per 
pulse (80 per cent above the design 
value). The ISR are most interested 
in longitudinal phase density and 
previous Booster performance was 
already more than adequate. It is 
now improved to 6.4 x 1012 protons 
per eV per s and if the ISR were 
to be filled at this density it would 
correspond to proton currents of 
about 250 A! 

The coming antiproton accumu­
lator ring is most interested in linear 
charge density which is proportional 
to the number of antiprotons 
injected. The Booster now gives 
5 x W10 protons per metre (and an 
even higher value is achieved in the 
PS — see September 1978 issue, 
page 291). To illustrate what this 
implies — if the SPS could be filled 
with such a charge density, 3 x 1014 

protons would be circulating! The 
Booster has also preserved its heal­
thy record of reliability. In 1978 it 
fed protons to the PS for 98.5 per 
cent of the scheduled time with all 
four rings in action and picked up 
another 0.5 per cent with three 
rings in action. 

New British Prime Minister Margaret 
Thatcher during a visit to CERN in 1970 when 
Minister for Education and Science, seen 
here with, left to right Peter Standley, 
Bernard Gregory, then CERN's Director 
General, andEd oar do A maidi, at the time 
President of Council. 

(Photo CERN 399.9.70) 
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The Gargamelle heavy liquid bubble chamber, 
seen here being installed in 1976 to receive 
neutrino beams from the 400 GeV proton 
synchrotron, has come to the end of its 
days. Investigation of the chamber body, 
following the appearance of a crack which 
led to a propane leak in October of last year, 
has revealed other cracks and the decision 
has been taken not to attempt repairs. CERN 
thus says goodbye to one of its most famous 
detectors which was the scene of the great 
discovery of neutral currents in 1973. 

(Photo CERN 29.11.76) 

In a recent editorial, George L Trigg 
described as 'deplorable' the steady 
decline of the standard of writing 
in articles submitted for publication 
in Physical Review Letters. CERN 
COURIER makes no claim to be a 
paragon of written language style, 
and Trigg's exhortation — an extract 
is written here — is a salutary re­
minder to us all. 

1. Make sure each pronoun agrees 
with their antecedent. 

2. Just between you and I, the 
case of pronouns is important. 

3. Watch out for irregular verbs 
which have crope into English. 

4. Verbs has to agree in number 
with their subjects. 

5. Don't use no double negatives. 
6. Being bad grammar, a writer 

should not use dangling modi­
fiers. 

7. Join clauses good like a con­
junction should. 

8. A writer must not shift your 
point of view. 

9. About sentence fragments. 
10. Don't use run-on sentences 

you got to punctuate them. 
11. In letters essays and reports 

use commas to separate items 
in series. 

12. Don't use commas, which are 
not necessary. 

13. Parenthetical words however 
should be enclosed in commas. 

14. Its important to use apos­
trophes right in everybodys 
writing. 

15. Don't abbrev. 
16. Check to see if you any words 

out. 
17. In the case of a report, check 

to see that jargonwise, it's 
A-OK. 

18. As far as incomplete construc­
tions, they are wrong. 

19. About repetition, the repetition 
of a word might be real effec­

tive repetition — take, for 
instance the repetition of 
Abraham Lincoln. 

20. In my opinion, I think that an 
author when he is writing 
should definitely not get into 
the habit of making use of too 
many unnecessary words that 
he does not really need in order 
to put his message across. 

21. Use parallel construction not 
only to be concise but also 
clarify. 

22. It behooves us all to avoid 
archaic expressions. 

23. Mixed metaphors are a pain in 
the neck and ought to be 
weeded out. 

24. Consult the dictionery to avoid 
mispelings. 

25. To ignorant/y split an infinitive 
is a practice to religiously 
avoid. 

26. Last but not least, lay off 
cliches. 
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Gerard't Hooft demonstrates a topological 
phenomenon at the Einstein Centennial in 
Jerusalem with the help of a full cup of 
coffee. 

(Photos Judy Goldhaber) 

3. 

1 6 6 

4. 

On people 

On 10 April an informal dinner was 
held at University College London 
to mark the retirement of Eric 
Burhop. It was an occasion for his 
colleagues from the WA 17 colla­
boration working at CERN to wish 
him well. During the dinner, Jerzy 
Priewski announced that Eric Bur-
hop had been awarded an Honorary 
Doctorate at Warsaw University. 
Professor Burhop is a leading figure 
amongst high energy physics exper­
imenters in the UK and was, for 
example, a prime mover of the 
recent hybrid emulsion experiments 
which have given unique informa­
tion on charmed particles. 

Topological 'tHooft 

We are indebted to Judy Goldhaber 
for communicating to us the photo­
graphs of the beautifully choreo­
graphed sarabande of Gerard 
'tHooft, demonstrating an interest­
ing topological phenomenon (a dis­
placement which requires a 720 de­
gree turn, rather than the usual 
360 degree, to return to its initial 
state) using a full cup of coffee. 

The incident took place during 
the Einstein Centennial on 14-
29 March in Jerusalem which 
attracted many leading theoreticians 
from the field of particle physics 
— Murray Gell-Mann, Yuval 
Ne'eman, Steven Weinberg, Jogesh 
Rati, Feza Gursey, Sheldon Glashow, 
Haim Harari, Raul Gatto, Roger 
Dashen, Yoichiro Nambu, Harry 
Lipkin, CN. Yang, and Paul Dirac, 
who packed the lecture theatre with 
his talk on the early years of rela­
tivity. 

Gerard 'tHooft's trick had, inevi­
tably, many imitators whose degree 
of success brought joy to the hearts 
of the coffee barons of Brazil. 
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Experimental Medium 
Energy Physicist 

A pos i t i on is ava i lab le f o r an e x p e r i m e n t a l 
phys ic i s t w h o w i l l pa r t i c i pa te in e x p e r i m e n t s in 
par t i c le and nuc lear phys ics . He (or she) w i l l be 
a m e m b e r o f a g r o u p cu r ren t l y d o i n g expe r i ­
m e n t s w i t h t h e large p ion s p e c t r o m e t e r on t h e 
m e d i u m energy p ion b e a m of t he 6 0 0 M e V 
c y c l o t r o n fac i l i t y o f t h e S w i s s Ins t i t u te f o r 
Nuc lea r Research. 

T h e pos i t i on is ava i lab le f o r 3 years in i t ia l ly. 
T h e success fu l c a n d i d a t e w i l l have rece ived his 
PhD p robab ly w i t h i n t h e pas t f e w years . 

App l i ca t i ons , c o n t a i n i n g c u r r i c u l u m v i tae , 
c u r r e n t in te res ts a n d t h e n a m e s o f a t w o or 
t h ree re ferees shou ld be sen t t o : 

S I N , P e r s o n n e l D i v i s i o n , 
C H - 5 2 3 4 V i l l i g e n , S w i t z e r l a n d 

C o d e : 5 6 0 . 

Important Information 
Landolt-Bornstein 
6th Edition and New Series 
Numerical Data and Functional Relationships in 
Science and Technology. 
With the appearance of Volume IV Part 4 c 2 

Absorption in Fliissigkeiten von hohem 
Dampfdruck 
(Absorption in liquids of high vapor pressure) 
1979. Ca. 1120 pages. Cloth DM 980 ,—; ca. US $539.00 
ISBN 3-540-07940-8 

in the course of the current year, the 6th Edition of Landolt-
Bornstein will be complete. 

As you may know, Landolt-Bornstein is being continued as the 
New Series which is entirely in English. For many scientists in the 
fields of physics and chemistry, the work has proved to be 
indispensable for their research. 
In case you are not familiar with this standard work, we will be 
pleased to send you, free of charge, a copy of the Landolt-Bornstein 
Outline '79 and any further information you may require. As a rule 
Landolt-Bornstein is supplied on a subscription basis, however, 
individual volumes are also available, and further, it is possible to 
subscribe to the individual groups within the New Series: 

Group I Nuclear and particle physics 
Group II Atomic and molecular physics 
Group III Crystal and solid state physics 
Group IV Macroscopic and technical properties of matter 
Group V Geophysics and space research 
Group VI Astronomy, astrophysics and space research 

Springer -Verlag 
Berlin Heidelberg New York 
4005 Marketing, Heidelberger Platz 3, D-1000 Berlin 33 

fal ptirj 
ones. T 

tion. Get our 
our family. 

Check Electronic 
Designs Gold Book 
for location of the 

BNC representative 
nearest you, or 
contact Berkeley 

Nucleonics 
Corporation. 

B N C 
Berkeley Nucleonics Corp. 

1198C Tenth St. • Berkeley, CA, U.SA. 94710 • (415) 527-1121 
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The new TURBOVAC 360 - air cooled or water cooled - from LEYBOLD-HERAEUS 

works in any desired position 
The advanced features of the 
TURBOVAC 360 set new standards in 
turbomolecular pump design for 
entirely new applications. 
The special lubricating system, proved 
in the TURBOVAC 120, enables 
the TURBOVAC 360 to operate in any 
desired mounting position - with air 
cooling or water-cooling, as requ i red-
independent on the availability of 
cooling water. 
TheTURBOTRONIK soldid-state 
control unit is a 19"/2 rack mount. 

TURBOVAC 360 
for high performance in any mounting 
position, with air-cooling and little 
space requirement. L E Y B O L D - H E R A E U S 

Postfach 510760 • D-5000 Koln 51 

The TURBOVAC 360 features: 

• High performance in any mounting 
position 

• High pumping s p e e d -
compact design 

• Very low noise and vibration level 
• Water cooling or air cooling 
• Insensitive to accidental 

air admission 
• Reliable due to long bearing life. 
Pumping speed 
(volume flow rate) for N 2 . 340 Itr/sec 
Pumping speed for H 2 . . 340 Itr/sec 
Ultimate pressure . . . < 10~ 1 0 mbar 
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f t ° s e 

• i t £f^^ New Mass Storage Devices! 
ifl9 

How much crate space are you having to sacrifice to mass storage? 
14 Slots? 8 Slots? Or would you rather use only 1 or 2? 

O u r P r o m M o d u l e Type 1 6 4 3 p r o v i d e s t h i n n e r , f as te r a n d c h e a p e r m a s s s t o r a g e 

- U p t o 1 2 8 k - b y t e s o r 6 4 k - w o r d s in a s i n g l e m o d u l e w i d t h f o r u t i l i t y 
rou t i nes , p a r a m e t e r s , d a t a , e tc . 

- ^ 1 | i s access t i m e 

- C o m p a t i b l e w i t h m o s t ava i l ab le P r o m c h i p s ( 2 7 x x , b i -po la r , etc.) 

- P o w e r f u l f i l e - h a n d l i n g c a p a b i l i t y w i t h t h e s o f t w a r e d r i ve r f o r t h e n e w 
M a c a m a c * P r o m O p e r a t i n g S y s t e m (POS) f r o m Bore r 

- I n c o r p o r a t e d p o w e r - d o w n f ac i l i t y 

- S i m i l a r R A M m o d u l e w i t h p o w e r - f a i l p r o t e c t i o n a lso ava i lab le 

- M u c h c h e a p e r a n d s m a l l e r t h a n a f l o p p y - d i s k s y s t e m ; uses less c u r r e n t 
t o o ! 

* Macamac is the result of Borer integrating a micro­
processor into a Camac Crate Controller together with 
a powerful stand-alone operating system on Prom. 
It allows modular extension of hardware and soft­

ware up to multi-processor systems with communi­
cations networks. Macamac is available with high 
level real-time programming facilities in BASIC (on 
Prom) and many other software utilities. borer 

GH-4501 SOLOTHURN/SWITZERLAND Tel: 065/311131 Telex: 34228 B O R E R E L E C T R O N I C S A G 

362-1 S-8 
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HAS THE BROADEST SELECTION 
OF 
MONOLITHIC-D/A CONVERTERS 

FOR GENERAL APPLICATIONS, HIGH SPEED, LOW POWER, VOLTAGE, 
AND CURRENT, EVEN LOGARITHMIC AND ECONOMY! 

DIGITAL TO ANALOG CONVERTER 
VOLTAGE OUTPUT 
INTERNAL REFERENCE 
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DAC-01 6 BITS • • • • ± 0 , 4 ± 8 0 1,5 /us • 
DAC-02 10+SIGN • • • ± 0 , 1 ± 6 0 1,5//s • 
DAC-03 10 BITS • • ± 0 , 1 ± 6 0 1,5/iS o 
DAC-04 10 BITS • • • ± 0 , 1 ± 4 5 1,5yUS • 
DAC-05 10+SIGN • • • • ± 0 , 1 ± 3 0 1,5yUS 
DAC-06 10 BITS • • • • ± 0 , 1 ± 3 0 ^,5/us 

DIGITAL TO ANALOG CONVERTER 
CURRENT OUTPUT 
INTERNAL REFERENCE 

DAC-100 10 BITS ± 0 , 0 5 ± 1 5 375 ns o 

DIGITAL TO ANALOG CONVERTER 
CURRENT OUTPUT 
MULTIPLYING 

DAC-08 8 BITS • • • • • ± 0 , 1 ± 1 0 85 ns • 
SSS-1408A 8 BITS • • • ± 0 , 1 9 ± 2 0 250 ns • 
SSS-1508A 8 BITS • • • ± 0 , 1 9 ± 2 0 250 ns • 
SSS-562 12 BITS • ±0,005 ± 3 1,5 jus • 

f t i DAC-20 2 DIGITS • • • • • ± 0 , 2 5 ± 1 0 85 ns f t i 
SSS-562 3 DIGITS • + 0,01 ± 3 1,5 /^s • 

DIGITALTO ANALOG CONVERTER 
LOGARITHMIC 
(COMDAC®) 

DAC-76 12 BITS DYN. • • • • 1/2 STEP 500 ns • 
Second Source available: • direct O limited 

PMI IS A LEADING MANUFACTURER OF OPERATIONAL AMPLIFIERS, A/D/A CONVERTERS, 
VOLTAGE COMPARATORS, ANALOG SWITCHES, SAMPLE-AND-HOLD AMPLIFIERS, VOLTAGE 
REFERENCES! ALL PMI MODELS AVAILABLE IN MIL-STD-833 VERSIONS AND AS CHIPS. 

PRECISION MONOLITHICS INC. 
Santa Clara, California, USA 
A Subsidiary of Bourns Inc. 

EUROPEAN HEADQUARTERS 
Bourns AG, 6340 Baar, Switzerland 
Phone: 042 33 33 33, Telex: 78 722 
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MICRONA 
Nuclear Enterprises 
Micron ova-based 
Camac Computer 

Nuclear Enterprises Microna series of 
modules can be combined within a Camac 
crate to form a NOVA® structured computer 
complete with Dataway access. 

The 9081 Microna Processor is designed 
around Data Generals MicroNova t m 

microprocessor chip. It is configured 
complete with 16k RAM (9081 A) or 32k 
RAM (9081B), together with a PROM 
programmed for automatic program load. 
The Processor is connected to peripheral 
devices via a front panel serial I/O bus, and 
communicates with Camac via a 9089 
Microna Controller. A series of printed circuit 
mounted switches allows the 9089 to be 
used as a Crate Controller in stand-alone 
systems, or as an Auxiliary Controller 
connected to a type L2 or A2 Crate 
Controller via its rear panel connected 
Auxiliary Control Bus, in distributed systems. 
Furthermore, a whole series of 9089 
modules may be interconnected within a 
Crate via the ACB thus permitting 
multiprocessor configurations sharing the 
same Dataway, 

The controller is equipped with a 20mA 
serial interface in order to connect a system 
monitor device such as an ASR terminal or 
visual display unit. In simple configurations 
this keeps the initial system cost at a low 
level. 

I P o w e r f u l NOVA® a r c h i t e c t u r e a n d i n s t r u c t i o n se t 
w i t h 1 6 - b i t w o r d l e n g t h a n d i n t e g r a l h a r d w a r e 
m u l t i p l y / d i v i d e . 

I I n t e g r a l r e a l t i m e c l o c k a n d d a t a c h a n n e l . 
I S e r i a l f r o n t pane l I /O b u s access . 
I M u K i c r a t e c a p a b i l i t y . 
I S w i t c h e d C r a t e C o n t r o l l e r / A u x i l i a r y C o n t r o l l e r 

f a c i l i t y . 
I I n t e g r a l t e r m i n a l d e v i c e i n t e r f a c e . 
I I n t e g r a l L a m e n c o d e a n d i n t e r r u p t . 
I P r o g r a m l o a d f r o m l i n k - s e l e c t e d p e r i p h e r a l s . 

N U C L E A R 

S . A . A Division of EMI Technology S.A. 

N.E. Nuclear Enterpr ises S.A., 
25, Chem ln Frango is—Lehmann. , 
1218 Grand Saconnex. , Geneve. 
Tel: (022) 98-16-61/62. Telex: 289066. 

Associate Companies: 
Sighthill, Edinburgh, EH11 4EY, Scotland. 
Tel: 031-443 4060. Telex: 72333. 
Cables,—Nuclear Edinburgh. 
Nuclear Enterprises GmbH, 
Schwanthalerstrasse 74,8 Miinchen 2. Germany. 
Tel: 53-62-23. Telex: 529938. 
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H e l l o a g a i n f r o m D A N F Y S I K ! 

To all Photomultiplier and 
Multiwire-proportional Chamber Users 

Just a reminder about the Multichannel High Voltage 
Systems available from DAN FYS IK. 

* « Units now tested and approved by CERN » 

* MODEL 1130 4channe l -N IMun i t - 3o r6kV . 1 ) 

* MODEL 140 32 channel - 1 77 mm x 500 mm rack unit - 3 or 6 kV. 
MODEL 141 Computer/CAMAC interface with possibility to control up to 24 model 

140's. - Serial or parallel modes of operation. 
* MODEL 150 Recommended for 700 channels and up - basic system block 720 

channels in 2 m x 0.5 rack, 2, 3, or 6 kV. 
All units available with positive or negative voltage. 

DAN FYS IK Model 140 

• >m ^ I0> * r ^ 

mm 

For more information contact: Danfysik A/S, Jyllinge, DK-4000 Roskilde DENMARK 
Telephone; 03-388 150-Telex: 43 136 

or o n e o f ou r rep resen ta t i ves : 

P E A B O D Y S C I E N T I F I C , P.O. Box 2 0 0 9 , Peabody, M a s s a c h u s e t t s 0 1 9 6 0 , USA, T e l : ( 6 1 7 ) 5 3 5 0 4 4 4 . 

C R Y O P H Y S I C S SA, 3, Rue A n t o i n e Coype l , F - 7 8 0 0 0 Versai l les , France, T e l : 9 5 0 6 5 7 8 . 

D A I N I S E I K O S H A C O . L T D . , 3 1 - 1 K a m e i d o , 6 - c h o m e , K o t o - k u , T o k y o , J a p a n , T e l : 6 8 2 1 1 1 1 . 

S I L E N A , V ia N e g r o l i , 1 0 / A , M i l a n o , I ta ly , T e l : 7 4 9 0 5 6 5 . 

W E N Z E L E L E K T R O N I K , 8 M u n i c h 8 2 , W a r d e i n s t r . 3, W e s t G e r m a n y , T e l . : 0 8 9 - 4 2 1 0 9 1 . 

For C E R N , U n i t e d K i n g d o m a n d S c a n d i n a v i a c o n t a c t D A N F Y S I K A / S direct . 

1) The N11 30 is manufactured under licence by Wenzel Elektronik, Munich, West Germany. D A N F Y S I K 
J Y L L I N G E D E N M A R K 
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I n t roduc ing t h e n e x t s t a g e 
of t h e m o s t p o w e r f u l 
C A M A C Cont ro l l e r S y s t e m 
A C C 2 1 0 3 / C C A 2 2 0 8 9 

CAMAC 

ACC 2103 Auxiliary Crate Controller 
- 16 bit Texas T M 9900 m ic rocompu te r 

- 16 K 16 bit R A M direct ly addressable f r o m C A M A C at 1/xs/Word 

- up to 8 K EPROM for permanent programs 

- TTY and RS 232 C interfaces 

- built in L A M Grader 

- C A M A C modu le addressed as m e m o r y posi t ions for s imple so f twa re 

- p rog ramming in assembly language or high level language 

- C A M A C Read/Wr i te cycle less than 10 /uls in au tonomous m o d e 

- also compat ib le w i t h SCC-L2 and Nord 10-PIO Control lers 

CCA2 2089 A2 Parallel Crate Controller 
- fu l ly con fo rms to the n e w EUR 6500 specs 

- s ingle board const ruc t ion 

SYSTEM OPERATION 
The A2 Crate Control ler is a parallel Crate Control ler and includes all the same func­
t ions plus n e w contro l logic for local data handl ing using a microprocessor modu le 
(as ex. ACC 2103). The A2 provides access to the N and L lines via a rear panel 
connec to r for the Auxi l iary Crate Control ler placed in any normal stat ion. It also 
handles the remote / loca l access request conf l ic ts . Front-end data processing is 
governed by the ACC 2103 just as long as the man compu te r does not require 
access to th is part icular c ra te : However , w h e n this occurs , the local processor is 
re leased, its s tatus saved and the Branch Demand processed. Once the Branch 
Demand has been f i l led, control returns to the ACC 2103. 

Brief configuration guide 
- For s y s t e m s not requir ing permanent ly available high-level languages the 

ACC 2099 (single w id th ) is normal ly suf f ic ient . 

- to improve inpu t /ou tpu t and in te rsys tem commun ica t i on , the SEN CI 2092 
commun ica t i ons interface (high speed, mul t i -channel , bu f fe red, micro-processor 
control led) may be added. 

- fo r ful ly a u t o n o m o u s sys tems , a vers ion combin ing the features of the 
ACC 2103 and of a Crate Control ler wi l l be available short ly (Type STACC 2107 -
Stand A lone C A M A C Computer ) . 

F r a n c e : ORTEC Sar i ; 7, rue des Solets; Tel. (1) 687 2571 - Tlx 202553F, F-94 RUNGIS - G e r m a n y : SEN ELEKTRONIK 
G m b H ; Brandstucken 1 1 ; Tel. 041 802046 - Tlx 2163705d, D-2000 HAMBURG 53 - DIDAS Digital S y s t e m ; Radspielstrasse 8; 
Tel. 089 916710 - Tlx 529167d - D-8000 MUNCHEN 81 - S w i t z e r l a n d : SEN ELECTRONIQUE SA; CP 39; 
Tel. (022) 442940 - Tlx 23359ch - CH-1211 GENEVE 13 - SEN ELEKTRONIK A G ; Austrasse 4 ; Tel. (01) 9455103 ; 
Tlx 58257ch - CH-8604 VOLKETSWIL - U n i t e d K i n g d o m : SEN ELECTRONICS LTD; London Street; Chertsey; Tel. 
9328.66744 - GB - KT168AP SURREY - OFFICES THROUGHOUT THE WORLD. 

H e a d q u a r t e r s : 
SEN ELECTRONICS S.A.; Avenue Ernest-Pictet 31; Tel. (022) 442940 - Tlx 23359ch - CH-1211 GENEVE 13. ELECTRONIQUE 



La mesure est notre vocation 
Centralisation de mesures 
pour chaque budget 

Compact Logger 3430 (voir photo): Systeme centrali-
seur portable, batteries/secteur pour laboratoire ou pour 
mesures sur le terrain, disponible avec imprimante ou 
cassette, 
max. 30 entrees analogiques et 20 entrees digitales, 
linearisation pour thermocouples. 

Systeme 35: Systeme logger pilote par ordinateur 
(LSI-11), in terpreter BASAC IV, 
conditionnement pour tout type de capteurs tels que 
thermocouples, resistances thermometriques, jauges 
de contraintes ainsi que pour courants. 

Enregistreurs potentiometriques 
1 a 6 voies Y = fftj 

Une ligne complete d'appareils a hautes performances, 
execution de table ou pour montage en rack. Egalement 
disponibles en X/Y; caracteristiques typiques: 
precision 0,25%, 
gammes de mesure de 0,4 mV a 100 V, 
impedance d'entree > 6 0 MQ, filtres d'entrees 
commutables, offset automatique jusqu'a 15 echelles, 
synchronisme des voies par microprocesseur (option), 
temps de reponse <0 ,3 sec. 

Compteurs-frequencemetres universels 

Nouvelle famille serie 2615 (4 versions), 
frequences 120 MHz, 520 MHz ou 1,25 GHz, 
base de temps predeterminee, 
fonctions: frequences, periodes, intervalles de temps, 
quotient, totaliseur d'evenements, 
sortie transcription, 
inhibition (hold-off). 

Voltmetres numeriques a microprocesseur 
avec traitement «on line» des informations 

Modeles 7065/55 avec 61/2resp. 5Vi digits, 
conversion A/D par largeur d'impulsions, 
haute linearite et grande precision, 
3 fonctions: volts DC, volts AC, ohms, 
8 programmes «processing» sous controle horloge, 
a savoir: multiplication, % deviation, offset, quotient, 
max./min., limites, statistiques et temperatures, 
4 types d'interfaces: BCD, binaire, RS 232, IEEE 488. 

Schlumberger Messgerate AG, 8040 Zurich 
Badenerstrasse 333, Telefon 01.5288 80 
1007 Lausanne, 16, chemin du Reposoir, tel. 021.277718 Schlumberger 
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TEMPORALDISPERSER 
STREAK CAMERA SYSTEM 

PROVEN PERFORMANCE • 90-DAY DELIVERY 
FAST KINETICS APPLICATIONS LABORATORY 

Now you can measure picosecond 
phenomena with proven precision 
using the Hamamatsu temporal-
disperser. Leading laboratories 
across the world are using this 
streak camera system which de­
livers better than 10 picosecond 
time resolution and a dynamic 
range greater than 100. 

Some laboratories have been using 
their temporaldispersers day-in and 
day-out for more than four years. 

i i i 
1 t : - 4 i 

1 t : - 4 i 
— — 

J -

r -

-
LI 

V 

J -

r -

- - - -I 

LI 

V 

J -

r -

- - - -I 

J -

r -

4 Dp 3 -

J -

r -
! 

J -

r -

J -

r -
-4-

J -

r -
-4-

1 
1 

INTENSITY -
r! 

INTENSITY -

Fluorescence Decay of 
Erythrosin in Water 

Because the Hamamatsu TD Sys­
tem is pretested and ready to record 
an available signal, you can expect 
to have yours operating soon after 
delivery. Delivery now averages 
less than 90 days from order. 

Weak signal application and a fully 
interfaced readout system are pro­
vided. Our Fast Kinetics Application 
Laboratory is available to help you 
evaluate uses for the temporaldis-
perser streak camera system. 

Call or write for information. 

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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Thin-wall elliptical stainless steel vacuum vessels for the booster 
synchrotron of the new Synchrotron Radiation Source (SRS) at the Daresbury 

O Laboratory of the Science Research Council 

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

AVI [ A 
GROUPOF COMPANIES 

1 Avica Equipment Ltd. ; 

Mark Road, Hemel Hempstead, 
Hertfordshire. HP2 7DQ 
Telephone : Hemel Hempstead 64711 
Telex: 82256 

Avica International 
BP1 47 Principaute de Monaco 
Telephone: (93) 30-09-39 
Telex: 469 771 MC 

RICO-Gouttieres a cables 
Chemins de cables 

Elements fabriques en serie, disponibles 
de stock, prets a etre assembles selon le principe 
de la boite de construction, permettent 
des gains de temps importants dans 
I'etablissement des plans, dans les 
bureaux d'etudes, sur le chantier et a I'atelier. 

RIETH & Co. 
Fabrik fur Eisenkonstruktionen 
D-7312 Kirchheim-Teck 
Tel. (07021) 45051 
Telex 07267881 

Max Banninger AG 
8050 Zurich 
Nansenstr. 1 
Tel. 1/46 36 42 

CAMAC 50 OHM 

Fischer electric connectors, 50 Ohm, for Camac serie 
101 A004 (homologated by CERN-Geneva). These 
connectors show the same characteristics than all 
the well known FISCHER-Connectors with selflocking. 

W.W. PIISCHER 
INGfzNIEUR - MORGES CH - 1143 Apples 

Pat. pend. 

Telephone (021) 77 3711 
Telex: 24 259 f isch - ch 
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YOUR 
«« ,ER SUPPLY 

SWITCH M O D E & L I N E A R POWER SUPPLIES 

Build up your requirements from this comprehensive range 

tltfXM 
Genera l p u r p o s e 
b l o cks c o m p a t i b l e 
w i t h CERN 
s p e c i f i c a t i o n s 

m 15V u % I 

COMPACT DESIGN 
FEATURES:- 1 . 

2. 
3. 
4 . 

SWITCH MODE TYPES 
R A T I N G TYPE CASE 

5 V 1 0 A 07.61.24.150.0 A 
5 V 2 0 A 07.61.24.200.0 B 

24V 5A 07.61.24.400.0 B 

Voltage & Current Moni tor ing Points 
Inputs & Outputs via Burndy Connector 
Soft Start (Control led Inrush Current) 
Low Cost 

LINEAR REGULATOR TYPES 
R A T I N G 

5V 3A 
15V 1A 

± 1 5 V 0.5A 
24V 1A 

TYPE CASE 
07.61.24.100.0 A 
07.61.24.250.0 A 
07.61.24.300.0 A 
07.61.24.350.0 B 

CASE A B 

DIMENSIONS 11 OH X 85W X 120D 110H X 170W X 120D 

(Case dimensions in mil l imetres) 

PLUG IN LINEAR SUPPLIES 
NIM RACK SIZE 3H 1L 
R A T I N G 
5V 2A 

TYPE 
07.61.28.050.0 

NIM RACK SIZE 5H 2L 

NIM RACK SIZE 3H 2L 
R A T I N G TYPE 

5V 5A 07.61.28.053.0 
±15V 1A 07.61.28.085.0 

24V 2A 07.61.28.101.0 

A L S O A V A I L A B L E TRIPLE U N I T 
I N 5 H 2 L 5V 2.5A PLUS 

± 1 5 V 250MA 

NIM RACK SIZE 3H 4L 
5 V 1 0 A 07.61.28.059.0 

24V 5A 07.61.28.107.0 
ALSO A V A I L A B L E IN 3H 4 L 

30V 5A 

Belix also specialise in custom built power supplies 
Write or telex us for 
fur ther informat ion 
or quotat ion t o : 
Belix Co. L t d . 
175 Hook Road, 
Surbiton Surrey, England. 
Telephone 01-397 0921 
Telex 8951747 

R A T I N G 
5V 5A 
5V 10A 

± 1 5 V 1A 
24V 2A 
24V 5A 

TYPE 
07.61.28.056.0 
07.61.28.062.0 
07.61.28.088.0 
07.61.28.104.0 
07.61.28.110.0 

there 
is a 

difference 
when it comes to 

CRYOGENIC 
INSTRUMENTATION, 

SENSORS & SYSTEMS 
Only Lake Shore Cryotronics, Inc. pro­
vides state-of-the-art sensors, instru­
mentation and closed and open cycle 
refrigeration systems for virtually every 
cryogenic application. 

INSTRUMENTATION 
• Digital thermometers 1-400 ketvin 
• Digital thermometer/controllers 

1-400 kelvin 
• Ultra stable precision controllers 

1-400 kelvin 
• High stability fixed and program­

mable current sources 
• Liquid level readouts and controls 
• Vacuum regulator valves 

Model 329 
Vacuum Regulator Valve 

SENSORS 
• Germanium resistors <0.05 K to 100 K 
• Carbon glass resistors <1 K to 100 K 

(300 K ) 
• Silicon diode sensors 1 K to 400 K 
• GaAs diode sensors 1 K to 400 K 
• Platinum resistors 20 K to 900 K 
• Capacitance sensors <1 K to 300 K 
• Rhodium iron resistors 
• Chromel-gold/iron thermocouples 
• Hail generators 

SYSTEMS 
LTS-21 closed cycle refrigerator systems 
• ±.003 K to ±0.5 K stability 
• <10 K to 300 K temperature range 
• State-of-the-art instrumentation 
• Complete accessories 
CT-310-LHe continuous flow variable 
temperature cryogenic systems 
• <2 K to 300 K temperature range 
• State of the art instrumentation 
• Complete accessories 
• ±.003 K to ±0.5 K stability 

In Europe; Cryophysics 
Oxford, England 
(865) 722824 
Darmstadt, W. Germany 
(6151) 74081 

Geneva, Switzerland 
(22) 329520 

Versailles, France 
(1)9506578 

In North America: 
Leave it to . . . 

IRKE 5H0RE 
CRvoTRonics, int. 64 East Walnut St. Westerviile, Ohio 43081 

(614) 891-2243 Telex: 24-5415 Cryotron WTVL 
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(AUS) J O H N B A R R Y GROUP OF COMP. 
ARTARMON, N.S.W. SYDNEY TEL: 439 69 55 

( A ) L E M O S A GES. M.B.H. WIEN 
T E L ; (02 22} 63 92 27 

(B) C L 0 F I S S . P . R . L . 
OVERUSE 'BRUSSbL TEL : (02) 657 18 05 

(DK K N U D K A M U K A / S LYNGBY TFL • (01) 88 38 33 
(SF) O Y C H E S T E R A B HELSINKI 51 TEL: 73 57 74 
r p ) J U P I T E R S . A . CONSTRUCTIONS ELECTRIQUES 

PARIS TEL: (01) 705 39 68 
(D) L E M O S A GMBH PUTZBRUNN/MUNCHEN 

TEL: (089) 46 50 67 
(JND) A P L A B APPLIED ELECTRONICS P. LTD. 

BOMBAY TEL : 39 48 00 

(JL) R A C O M ELECTRONICS CO. LTD. 
^ TEL-AVIV TEL: 44 31 26 
C O L E M O I T A L I A S.R.L. MILAN TEL : (02) 73818 91 
(J") K . K . C O D I X TOKYO TEL: TOKYO 4 3 6 - 6 4 41/5 

ML G E V E K E ELEKFRONICA EN AUTOMATIE BV 
AMSTERDAM TEL.- (020) 80 28 02 

'.N H E N A C O A / S OSLO 5 TEL.: (02) 22 41 50 
E' ' C R E S A BARCELONA TEL : (03) 230 55 07 

(§)AB D . J . S T O R K 
SUNDBYBERG 1 TEL: (08) 28 92 15 

(§B) L E W O ( U . K . ) L T D . WORTHING/SUSSEX 
TEL : (09 03) 20 46 51 

(USA) L E M O U . S . A . INC. BERKELEY 
TEL.: 415 /548 -1966 
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STOCK LIST! 
SEFORAD 
After supplying many Custom made 
spectrometers which are operating 
successfully in many research centres all over 
the world, has expanded production and 
is now delivering 
OFF STOCK AT LOW PRICES 

We make high quality gamma and 
x-ray spectrometers: 
- Ge (Li) standard and true coaxials with relative efficiencies 

from 5 to 20% at 1.33 MeV 
- Ge (Li) and Si (Li) planars, thin window, with areas from 

10 to 1000 mm 2 

- Standard and OFB electronics 
- Pure germanium planars 

nucletron 
sa 

For further information please contact: 

11, ch. G.-de-Prangins 
CH-1004 LAUSANNE 

Tel.: (021)25 24 2 3 / 2 4 13 15 
Telex: 25 182 NUCLE CH 

Now is the time to call u s ! 
WE CAN ASSIST YOU IN: 

- Research and development under your specifications 
Adaptations, prototypes, « exotic » specialities 
- Software for mini and micro 

Lay-out for printed circuit 

OUR EXPERIENCE: 
- Automation, NC tool-machines, servo-systems 

- PDP8, PDP11, MC 6800, Z80 
- Medical instrumentation, nuclear equipment 

- Spectrometry: mass, X-Ray fluo, optical emission 
- Photomultipliers, image analysis, special 

photosensitive devices. 

Claude GILLIERON Electronics consultant 
CH-1111 Reverolle Phone: (021)77 33 12 
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1 1 i s o t e c , i n c 
Accessoires de cablage 
Accessoires de montage 
Composants electroniques 
Accouplements universels 
Accouplements de precision 

«SOUFFLEX» 
Cardans 
Joints Oldham 
Limiteurs de couple 
Travaux sur plans 

Verkabelunge-Zubehor 
Montage-Zubehor 
Elektronischer Bauteil 
Gelenkkupplungen 
Fallenbalg-Kupplungen 

«SOUFFLEX» 

A 

Wir ing accessories 
Mount ing accessories 
Electronic components 
Universal joints 
«SOUFFLEX» bel lows 

couplings 
Cardan couplings 
Oldham joints 
Torque limiters 
Quotat ions to customers' 

drawings 

Kardan-Kupplungen 
Oldham Kupplungen 
Einstellbare Rutschkupp-

lungen 
Sonder-Ausfi ihrungen nach 

Kundenwunsch 

C C E L 
3 5 - 3 7 , rue de la Mare, 7 5 0 2 0 PARIS FRANCE 

Tel. 3 6 6 4 7 2 6 + Telex 2 2 0 2 2 1 

Enr iched Stable Isotopes are n o w 
commerc ia l l y avai lable for 
indus t r i a l and research use. 
B i n a r y and t e r t i a r y m i x t u r e s of 
these gases can also be suppl ied. 

99.9% Helium-3 
70.+% Neon-20 
99.95% Neon-20 
99.9% Neon-22 

FOR FURTHER I N F O R M A T I O N C O N T A C T 

I N G E R M A N Y I N U.S.A. 

IC CHEMIKALIEN GMBH 
Sohnckestrasse 17 
8000 Mlinchen 71 

Tel. (089) 791 46 47 
Telex 5 212 206 

isotec, inc. 
1029 Senate Drive 

Centerville, OH 45459 
Tel. (513) 435-4680 

Telex 288 278 

MIC ROPIER RE s.a. 
R. de Trepillot, 25000 Besancon - Tel. (81) 8030 69 
Usine 3 facon avec meules diamant ou borazon: 
- A lumine fr i t tee - Toutes eeramiques - Corindons - Quartz - Silice 
- Carburesde: Tungs tene -S i l i c i um - Bore etc. 
- Materiaux £ a imants: Fer r i te -T icona l - Sammar ium - Cobalt 

Rectification 
Plane 
Centerless 
Cylindrique 
inter, et exter. 
Percage 
Filetage 
Rodage 
Polissage 
QUALITE 

PRECISION 

Depuis plusieurs 
dizaines d'annees, 
la societe 
MICROPIERRE 
est specialisee 
dans I'usinage 
au diamant 
de materiaux 
tres durs: 
saphir - rubis, 
destines a 
la bijouterie 
et a l'horlogerie. 

L'apparition de 
nouveaux materiaux 
a usage industriel 
justieiables des 
memes techniques 
d'usinage 
a conduit 
naturellement 
MICROPIERRE 
a etendre 
ses activites 
dans ce domaine. 
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• N E T 

Un groupe de niveau europeen 
dans 
la prestation de services 
Nettoyage industriel 
Nettoyage d'ateliers, bureaux, laboratoires, cliniques 
Hygiene, disinfection, desinsectisation, deratisation 
Manutentions 

Office nouveau du nettoyage ONET 
13008-MARSEILLE 
75-PARIS 
GENEVE 
74-ANNECY 
01 -SAINT-GENIS 

12 bis, boulevard Pebre 
4 et 6, rue du Buisson - Saint-Louis 
55/57, rue Prevost-Martin 
6, avenue de Mandallaz 
Route de Gex - zi BP 25 

tel. (91) 762850 
tel. (1) 607 9484 
tel. (022) 20 6848 
tel. (50) 514641 
tel. (50) 419133 

Fournisseur du CERN a Geneve, du CEA a Marcoule, Pierrelatte, Cadarache, 
La Hague, de I'ONU et de I'UIT a Geneve. 

SELF-EXTINGUISHING AND CHLORINE-FREE CABLES 

CABLES AUTOEXTINGUIBLES ET SANS CHLORE 

ID BBCa BQQ @ @ @ @ @ @ 

COSSONRY 

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

C R B L E R I E S & T R E F I L E R I E S 
D E C O S S D N R Y 
Ven te par C A B L E X S.A., B . P . 2 7 4 , 1 1 1 0 M O R G E S , Tel. 0 2 1 / 7 1 0 9 8 1 , Telex 2 5 7 8 4 
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If you need professional tantalum 
or plastic film capacitors 
we will help you 

C E L M Componeri t i Elet tronici Meridionale S.p.a. 
Via Nazionaledel le Puglie n° 177- 80026 CASORIA (Napol i )Te l . 081/75.99.033 PBX - Telex 710518-ITALY 

Flowmeters 

Ca l i b ra ted a n d n o n -
ca l i b ra ted i n s t r u m e n t s f o r 
l iqu ids a n d gas 

A v a i l a b l e f r o m o u r s t o c k 
in Z u r i c h 

Heraeus 
Quartz glass 

type 1100 

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

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

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

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

O e r l i k o n e r s t r a s s e 8 8 
Te l . 0 1 / 4 6 4 0 4 0 
8 0 5 7 Z u r i c h 

Klaasing-Reuvers 
Power your circuits 

with klaasing-reuvers modular 
encapsulated power supplies 

Ser ies 5 0 0 / 6 0 0 / 7 0 0 are c o m p l e t e l y c o m p a t i b l e 
w i t h i n d u s t r y s t a n d a r d s p e c i f i c a t i o n s b u t o f f e r 
y o u 4 0 0 0 V D C I/O i s o l a t i o n r a t i n g . 

Se r i es 4 0 0 a d d i t i o n a l l y o f f e r s y o u t h e a d v a n t a g e s 
o f c u r r e n t f o l d b a c k o u t p u t p r o t e c t i o n . 
Se r i es 8 0 0 are m a d e in s w i t c h i n g t e c h n i q u e t o 
save s p a c e a n d e n e r g y . 

A s k f o r y o u r c o p y o f t h e n e w c a t a l o g u e a n d p r i ce 
l ist . 

Dewald AG 
Seestrasse 561 

8038 Zur ich 

Dewald 
Tel. 0 1 . 4 5 1 3 0 0 
Telex: 52012 
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a u t o m a t e your p r o c e s s with.. 
eA V~ 0* 

m i c r o c o m p u t e r -
c o n t r o l l e d 

Whatever your application, you can 
choose from a variety of microcom­
puter-controlled systems utilizing the 
CAMAC (ANSI/IEEE-583) computer 
interface standard. 
Each of these systems can provide data 
acquisition, automated monitoring and 
control for scientific or industrial lab­
oratory automation and industrial 
process control. CAMAC systems give 
you a proven flexible system design, 
limitless expansion capabilities,a choice 
of standard I/O modules, computer 
independence, high-speed access of re­
mote points, and powerful distributed 
control. 

AVAILABLE SYSTEMS INCLUDE: 
• Disk development systems with 

Assembler, extended XYBASIC, 
and FORTH programming languages 

• ROM development systems with 
extended XYBASIC 

• Stand-alone systems programmed in 
Assembler, extended XYBASIC, or 
FORTH 

• Up to 62 development and stand­
alone systems interconnected by the 
CAMAC serial highway (IEEE 595) 

A KineticSystems CAMAC Microcom­
puter system offers you great flexibil­
ity. You can put the system together 
yourself, module by module, and 
write your own control software using 
XYBASIC, FORTH, or 8080 Assem­
bler. Or we can supply you a complete 
system package, with hardware and 
software tailored to your needs. 

NOTE THESE FEATURES 
Hardware 

• more than 100 types of CAMAC 
I/O modules from which to 

choose 
• convenient terminals for field 

wiring 
• CAMAC minicrate has 12 slots, 

self-contained power supplies, 
and up to two minifloppy disk 
drives 

• 32K memory expansion module 
(optional) 

• up to 32K bytes of memory with 
CPU 

• programmable real-time clock 
• DMA controller 
• hardware arithmetic (optional) 
• 8085 CPU 

Software 
• extended XYBASIC - lets you 

program in BASIC and execute 
CAMAC I/O commands in a very 
natural and straightforward way 

• FORTH - an interpretive language 
and operating system in one, de­
signed with simplicity and effec­
tiveness in mind 

• Macro Assembler 
• Editor 

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

KineticSystems International S.A. 
D e p t . C C 6 9 * 6 C h e m i n de T a v e r n a y * 1 2 1 8 G e n e v a , S w i t z e r l a n d * T e l . ( 0 2 2 ) 9 8 4 4 4 5 * T e l e x 2 8 9 6 2 2 

K i n e t i c S y s t e m s C o r p o r a t i o n * 11 M a r y k n o l l D r i v e * L o c k p o r t , I l l i n o i s 6 0 4 4 1 * T e l . 8 1 5 8 3 8 0 0 0 5 * T W X 9 1 0 6 3 8 2 8 3 1 
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f rom Laben: 

Battery i Gas cooled 
operated semiconductor m m m m m SCOUT* 
2K-M.CA • detector* 

a real portable spectroscopy system 
* Patented 

O f f i c i a l S o l e R e p r e s e n t a t i v e s f o r E u r o p e : 
• Nuclear Enterprises Ltd. - Edinburgh • Regulation Mesure S.P.R.L. - Bruxelles 
• ATOMIKA Technische Physik G m b H - Munchen • Intechmji N.V. - The Hague 
• J.&M. Iversen & Martens A/S - Copenhagen 

L f l B E n 
D I V I S I O N O F m o n T E D E L 
Via Bassini,15 /20133 MILANO, Italy 
Telephone: 23.65.551 / Telex. 312451 



To all those using photomultipliers with Nal(TI) or BBQ who 
want more response in the blue or green regions.... 

Take a look at th is 

EMI photomult ipl iers wi th the new Rubidium cathode 
show an improvement in blue sensitivity of typically 20% 
and a 50% improvement in green, compared wi th the 
standard bialkali cathode. Compare the spectral response 
characteristics of the enhanced bialkali wi th standard 
photocathodes and you'l l appreciate the improved 
photoelectron yield in the 400-650 nm region. 

A must for Nal (Tl) and BBQ users, the new tubes are 
also strongly recommended for low light level applications 
where the good dark count performance of the Rubidium 
cathode excells. 

For further informat ion on this new range of tubes, series 
9900, telephone R.A. Stubberfield on Ruislip (71) 30771 
extension 274. 300 400 500 

WAVELENGTH (NM) 

EMI Electron Tubes, Bury Street, 
Ruislip, Middlesex HA4 7TA, England. 
Telex 935261 EMIETG. 
Cables: Emitube, Ruislip, Middlesex. m ELECTRON 4» 
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time-of-flight 

made easy 
I n t r o d u c i n g t h e L e C r o y M o d e l 8 2 5 q u i n t 1 0 0 MHz t i m i n g d i s c r i m i n a t o r 
....It is the first practical solution to the demanding requirements for critical 
timing in high energy and nuclear physics experiments. 

The Model 825 is easy to understand and simple to use. In contrast to 
the conventional ADC/TDC per-channel scheme, the 825... 
• Eliminates software—to correct for time walk with pulse height. 
• Requires no ADC per channel—a substantial cost benefit. 
• Offers timing now—not after the experiment is over. 

Complex timing discriminators have been tried in the past. They have 
been difficult to set up and required constant monitoring. Conversely, 
the 825... 
• Requires no deiay cable—this saves money and eliminates the un­

reliability caused by faulty cable connections. 
• Easy to set up—the 825 is easy to understand and straightforward to 

set up. No cable cutting or mysterious trims. 
• Maximum versatility/minimum fuss—only two adjustments per 

channel: timing threshold and output width; two common adjust­
ments: amplitude threshold and logic delay. 
As indicated in the figure below, timing walk due to leading edge 

effects can greatly degrade time resolution. The 825 virtually 
eliminates this walk. In fact, a timing precision of <r = ±150psec 
can be achieved over a wide dynamic range of input amplitudes. 

The high input sensitivity of - 3 0 mV coupled with the 100 MHz per­
formance of the Model 825 make it a powerful instrument for time-
of-flight measurements as well as for critically timed coincidence 
applications. The Common Veto and crisp output shape add to the 
versatility of the unit. 

The Model 825 offers an exceptional density of 5 channels per 
module and an extremely low price. For further details call or 
write your local LeCroy office at one of the locations listed below. 

Fast leading-edge 
discriminator 

LeCroy Model 825 

500 1000 
Input Signal Amplitude (mV) 

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

Innovators in Instrumentation 

Headquarters: 700 S. Main St., Spring Valley, N.Y. 10977. Offices: Chicago, (312) 626-6726; New England, (603) 483-8755; New York, (914) 425-0412; Palo 
Alto, (415) 856-1806: Geneva, Switzerland, (022) 98 97 97; Heidelberg, W. Germany, (06221) 28192; Hamburg, W. Germany, (040) 54 2713; Paris, France, 
907.38.97; Wheatley, Oxford, England, (08677) 3540. Representatives throughout the world. 
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Stesalit resolves your 
individual problems 
in fiberglass and carbon fiber 
construction 
— for science 
and advanced technic. 

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

Stesalit AG 
Kunststoffwerk 
CH-4249 Zullwil SO 
Telefon 061-80 06 01 
Telex 63182 0 3 . 0 0 3 

JANNEY M E E T S T H E D E M A N D S O F T H E 
H I G H - E N E R G Y P H Y S I C S C O M M U N I T Y 

with Ultrahigh Purity, Ultrahigh Conductivity 
Wrought Copper Components 

Janney is the major source for ultrahigh-purity, 
wrought copper components for linear 
accelerators, vacuum tubes and superconductor 
cable used in high energy physics programs; 
programs which have stringent 
requirements for: 

• Ultrahigh Conductivity (98102% IACS) 

• Excellent Brazing Characteristics 

• Vacuum Integrity 

• Shaped Wrought Geometries 

• Experienced Metallurgical Control 

• Special Alloys 

J A N N E Y C Y L I N D E R C O M P A N Y 
Subsidiary of Pittsburgh Forgings Co. 
7 4 0 1 S t a t e R o a d , P h i l a d e l p h i a , P a . 1 9 1 3 6 U.S.A. 
P h o n e : ( 2 1 5 ) 6 2 4 - 6 6 0 0 T e l e x : 8 3 4 3 6 4 J a n n e y C y l . P H A . 
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Control tomorrow's 
neutral beam guns with 
today's EIM AC X-2062K. 

Excels in 
long pulse 
operation. 

EIMAC's new 
tetrode for accelerator switch 
ing and regulator service provides 
anode dissipation for 140 kV hold 
off at 50A for up to 30 seconds. Or up 
to 90A at 140 kV holdoff for short pulse 
service. Less than 3 kV forward drop of 
the X-2062K allows improved opera­
tion as a closed-loop voltage regula­
tor at terminal voltages up to 30 kV. 

Designed into Doublet III. 
In Doublet III, as well as in the 

Oak Ridge System, the X-2062K has 
been chosen to provide reliable fault 
protection of the neutral beam gun at 
very high current, with adjustable rise/ 
fall time and very rapid turn-off con­
trol. The X-2062K is also designed to 
allow flexible aging and conditioning 
of the neutral beam gun. Because it's 
programmable you have great flexibil­
ity in master control and protection 
circuits in your equipment. vanan 

Tomorrow's switch tube 
from EIMAC today. 

Get full details on the X-2062K 
from Varian, EIMAC division, 301 
Industrial Way, San Carlos, CA 94070. 
Telephone (415) 592-1221. Or contact 
any of the more than 30 Varian Elec­
tron Device Group Offices worldwide. 


