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Cover photograph: Hera is the central figure in this reproduction of the 
judgement by Paris of the quarrel between Heraf Athene and Aphrodite. 
HERA (Hadron Electron Ring Anlage) is again up for judgement as a 
proposed project at the DESY Laboratory which would be a very important 
element of Europe's future research facilities. By making high energy 
electron-proton collisions possible it would open up another range of 
physics complementary to that which will be studied at LEP. (Photo British 
Museum, courtesy of D.M. Wilson) 



HERA 
Proton-electron colliding beam project at DESY 

On 2 8 M a r c h the re w a s an O p e n 
Presen ta t i on at C E R N , o rgan ized by 
t h e European C o m m i t t e e f o r Future 
A c c e l e r a t o r s (ECFA), o f t he e l e c t r o n -
p r o t o n co l l id ing b e a m pro jec t , 
HERA, w h i c h is be ing p r o p o s e d at 
t he DESY Labora to ry . The Repor t o f 
t h e E lec t ron Pro ton W o r k i n g G r o u p 
o f ECFA ( the ' G r e e n B o o k ' , ECFA 
8 0 - 4 2 , DESY H E R A 8 0 / 0 1 ) w a s 

iso ava i lab le at t h e m e e t i n g . 
W h i l e no t a f o r m a l p roposa l , t he 

Repo r t has a de ta i led expos i t i on o f 
t he phys ics case fo r c o n s t r u c t i n g 
H ERA a n d a des ign o f t h e mach ine . It 
is a lso d i s t i ngu i shed by an o p e n i n g 
c h a p t e r w h i c h conveys t h e essence 
o f t h e p ro jec t in non-spec ia l i zed 
t e r m s so t h a t peop le in o the r d i sc i ­
p l ines can rapid ly u n d e r s t a n d t he 
j us t i f i ca t i on fo r H E R A and a p p r e ­
c ia te t h e ma jo r f ea tu res o f t he 
m a c h i n e and o f t he e x p e r i m e n t s 
w h i c h can be p e r f o r m e d w i t h it. 

The history of e-p proposals 

T h i n k i n g abou t e l e c t r o n - p r o t o n 
Hiding b e a m s da tes back t o DESY 

l e p o r t s in 1 9 7 2 - 7 3 . In t h e m i d - 7 0 s 
severa l p ro jec ts had e-p poss ib i l i t ies 
l i s ted as a po ten t i a l b o n u s — EPIC at 
Ru the r f o rd , PEP at S t a n f o r d , T R I S ­
T A N in J a p a n and I S A B E L L E in 
B r o o k h a v e n . In 1 9 7 7 Chr is L l e w e l ­
l y n - S m i t h and B jo rn W i i k spe l led o u t 
t he un ique phys ics abi l i t ies o f s u c h 
fac i l i t ies and reopened the d i scus ­
s ion . CERN e x a m i n e d the add i t i on o f 
an e lec t ron r ing at t he SPS ( the 
CHEEP pro jec t ) , Fermi lab had a s i m i ­
lar s t u d y and DESY cons ide red 
add ing a p r o t o n r ing at PETRA ( the 
PROPER pro jec t — w h i c h w a s f i rs t 
p r e s e n t e d at an ECFA S t u d y W e e k 
o rgan i zed by Ru the r f o rd in O c t o b e r 
1 9 7 7 ) . A year la ter ECFA c o n c e n ­
t r a t e d on a s t u d y o f PROPER c u l m i ­
na t i ng in a m e e t i n g at DESY in Ap r i l 
1 9 7 9 . T h e Proceed ings o f th i s m e e t ­

ing ( the ' R e d B o o k ' ) p resen ted a 
s t r o n g case fo r t he mach ine . 

I ts m a j o r conc lus ions w e r e : Elec­
t r o n - p r o t o n phys ics is ideal f o r t he 
s t u d y o f s t r o n g i n te rac t i ons ; it 
p rov ides un ique w i n d o w s in to s o m e 
areas o f phys ics no t access ib le in 
any o t h e r w a y . The p ro ton r ing cou ld 
bene f i t in t o p energy f r o m the use o f 
s u p e r c o n d u c t i n g m a g n e t s s ince it 
w a s fe l t t h a t t hese cou ld n o w be 
bu i l t w i t h con f i dence t o ach ieve 
f ie lds b e t w e e n 4 .5 and 5 T. The 
e lec t ron r ing shou ld be able t o s to re 
po lar ized b e a m s in o rder t o o p e n up 
s o m e o f t h e po ten t ia l phys ics . 
A p p r o p r i a t e de tec t i on s y s t e m s can 
be bu i l t and e x p e r i m e n t s can ex t rac t 
t he necessa ry i n f o rma t i on . The phy ­
sics is c o m p l e m e n t a r y t o w h a t can 
be ach ieved on LEP and o the r acce l ­
e ra to rs a n d s to rage r ings. 

M o s t i m p o r t a n t f o r t he subse ­
q u e n t e m e r g e n c e of the H E R A 
pro jec t w a s the rea l izat ion t h a t t he 
phys ics w o u l d be m u c h m o r e in ter ­
es t ing if t h e peak energ ies cou ld be 
p u s h e d h igher t h a n cou ld be 
ach ieved w i t h PROPER, g iven t he 
l im i ta t i ons i m p o s e d by t he PETRA 
s to rage r ing w h i c h w a s t h e n under 
c o n s t r u c t i o n . 

ECFA dec ided t o con t i nue t o s t u d y 
t he poss ib i l i t ies u n d e r t h e C h a i r m a n ­
sh ip o f U g o A m a l d i and f ou r s u b ­
g r o u p s w e r e set up, w i t h ex tens ive 
DESY i n v o l v e m e n t bu t w i t h p h y s i ­
c is ts f r o m m a n y o the r cen t res in 
Europe. T h e s u b - G r o u p s w e r e 
T h e o r y ( w i t h G. A l ta re l l i , J . Ellis, 
G. K r a m e r a n d C. L l e w e l l y n - S m i t h 
as conveno rs ) . M a c h i n e ( w i t h 
B. W i i k and E. W i l s o n ) , Exper imen ts 
( w i t h P. Dalp iaz, W . H o o g l a n d , 
H.E. M o n t g o m e r y , D. Perkins, 
P. Sôd ing , K. T i t te l and R. Tur lay) and 
S u p e r c o n d u c t i n g M a g n e t ( w i t h 
G. Hor l i tz ) . T h e n u m b e r o f phys ic is ts 
i nvo lved w a s a b o u t a hund red . DESY 
s ta r t ed t o cons ide r b o t h PROPER 
and the la rges t poss ib le r ing t h a t 

cou ld be bu i l t a t and a r o u n d t he 
DESY Labora to ry . F rom t h a t s t u d y 
e m e r g e d a r ing c i r c u m f e r e n c e o f 
6 .5 k m w h i c h has set t he peak pa ra ­
m e t e r s o f t h e H E R A pro ject . 

In O c t o b e r 1 9 7 9 t he DESY S c i e n ­
t i f ic Pol icy C o m m i t t e e dec i ded t o 
c o n c e n t r a t e on H E R A hav ing a peak 
p r o t o n ene rgy o f 8 2 0 G e V and a 
peak e lec t ron ene rgy o f 3 0 GeV. 

The physics confronting HERA 

T h e p resen t cand ida tes fo r N a t u ­
re 's m o s t e l e m e n t a r y par t i c les are 
t h e q u a r k c o n s t i t u e n t s o f had rons 
and t h e w e a k l y - i n t e r a c t i n g lep tons . 
A l l ev idence so fa r po in t s t o quarks 
and l ep tons be ing po in t l i ke w i t h no 
in te rna l s t r uc tu re , and the recen t 
successes o f t he un i f ied gauge 
t h e o r y o f w e a k and e l e c t r o m a g n e t i c 
i n te rac t i ons p rov ide c o m p e l l i n g ev i ­
d e n c e t o g r o u p t hese bas ic par t ic les 
in to s imp le mu l t i p l e t s (see fo r e x a m ­
ple J u l y / A u g u s t 1 9 7 8 issue, page 
2 4 6 ) . 

W h i l e so fa r t he re is m u c h c o n f i ­
dence in ou r p resen t ideas on un i f ied 
e l e c t r o w e a k in te rac t ions , exper i ­
m e n t s t o t e s t t h e m have real ly on ly 
s c r a t c h e d t h e su r face o f t he energy 
d o m a i n w h e r e the i r imp l i ca t i ons 
s h o u l d b e c o m e i m p o r t a n t . 

For examp le , t he m o m e n t u m 
t rans fe rs ach i eved in t he h ighes t 
ene rgy e x p e r i m e n t s car r ied o u t so 
fa r reach on ly a sma l l f r ac t i on o f the 
p red i c ted masses o f t he W and Z 
b o s o n s w h i c h are a s s u m e d t o car ry 
t he c h a r g e d a n d neu t ra l cu r ren ts 
respec t i ve ly o f t h e w e a k in ter ­
ac t ions . 

W i t h t h e W and Z bosons ye t t o be 
f o u n d , t he p r o p o s e d m e c h a n i s m s of 
w e a k i n te rac t i ons have st i l l t o be pu t 
t o t he tes t . U n d e r app rop r ia te c o n ­
d i t i ons ev idence c o u l d t u r n up fo r all 
so r t s o f u n e x p e c t e d n e w behav iour , 
such as add i t i ona l b o s o n s and n e w 



Aerial view of the DESY Laboratory with 
the present machines indicated. HERA would 
extend beyond the present site boundaries 
but, by tunnelling some 15 m down, its 
construction will have negligible impact on 
the surroundings. 

(Photo DESY) 

t ypes o f w e a k in te rac t i on , w h i c h 
w o u l d d e m a n d a radica l ove rhau l o f 
t he under l y ing theory . 

T o prov ide a f u r t he r lever on the 
s t r uc tu re of t h e e l e c t r o w e a k in te rac ­
t ions , e m p h a s i s is p laced on H E R A ' s 
capabi l i t ies f o r hand l ing po lar ized 
b e a m s . This w i l l m a k e poss ib le s t r i n ­
gen t tes ts on t he exac t f o r m of t he 
' h a n d e d n e s s ' w h i c h s e e m s t o p lay 
such an i m p o r t a n t role in w e a k in ter ­
ac t ions at l o w e r energ ies . 

H E R A w i l l be ab le t o exp lo re e lec­
t r o w e a k in te rac t ions under c o n ­
d i t i ons w h e r e t he w e a k and e lec t ro ­
m a g n e t i c par ts b e c o m e c o m p a r a b l e 
in magn i t ude . U n d e r t hese c o n ­
d i t ions , par i ty v io la t ion and o the r 
p h e n o m e n a w i l l o ccu r on a m u c h 
larger scale and be eas ier t o 
c o m p a r e w i t h t h e o r y t h a n t he de l i ­
ca te e f fec ts due t o e l e c t r o w e a k 
in te r fe rence seen at t o d a y ' s ener ­
g ies (see J u l y / A u g u s t 1 9 7 8 issue, 
page 2 4 5 ) . 

The LEP mach ine at CERN w i l l 
a lso p rov ide a vas t n e w te r r i t o ry t o 
exp lore these in te rac t ions . Ra ther 
t h a n dup l i ca t i ng phys ics resul ts , 
H E R A and LEP shou ld c o m p l e m e n t 
each o ther , w i t h H E R A as a h igh 
ene rgy sca t te r i ng too l , w h i l e LEP w i l l 
exp lo i t t h e d i f fe ren t m e c h a n i s m s of 
pa r t i c le -an t ipa r t i c le ann ih i la t ion . In 
par t icu lar , H E R A w i l l be a p a r t i c u ­
larly e f fec t i ve p robe of t he cha rged 
cu r ren t in te rac t ions . 

A s w e l l as exp lor ing the e lec t ro ­
w e a k fo rces , H E R A w i l l a lso open a 
un ique n e w w i n d o w on s t r o n g in ter ­
ac t ions . The h igh energ ies at H E R A 
w i l l v io len t l y shake hadron ' b a g s ' 
and p rov ide a n e w ins ight on t he 
c o n f i n e m e n t m e c h a n i s m w h i c h at 
p resen t - day energ ies appears t o 
lock quarks p e r m a n e n t l y ins ide 
hadrons . 

It w i l l o p e n up a n e w energy 
d o m a i n f o r the s tudy o f qua rks and 
t he g luon carr iers o f the in te r -quark 

fo rce . Probab ly m o s t in t r igu ing o f al l , 
t he re is t he poss ib i l i ty t h a t H E R A 
cou ld reveal a subs t ruc tu re ins ide 
t h e qua rks t h e m s e l v e s , an idea n 
n e w t o t heo re t i c i ans w h o f i nd 
e m b a r r a s s i n g to have so m a n y 
l ep tons and qua rks a round . 

His tor ica l ly , sca t te r i ng exper i ­
m e n t s us ing lep ton b e a m s have 
p layed a p r o m i n e n t role in t he 
d iscover ies o f t h e success ive layers 
in t he unde r l y i ng s t ruc tu re of ma t te r . 
M u c h ear l ier th i s cen tu ry , e lec t ron 
b e a m s ( the c lassic Franck and Her tz 
expe r imen ts ) revea led deta i ls o f 
a t o m i c s t r uc tu re . For ty years later, 
e lec t ron sca t t e r i ng s tud ies at S L A C , 
us ing energ ies mi l l ions of t i m e s 
greater , p r o b e d the nuc leus and s a w 
its in terna l s t ruc tu re . Finally, exper i ­
m e n t s at S L A C , CERN and Fermi lab 
us ing l ep ton b e a m s have in recen t 
years p r o b e d inside t h e nuc léon 
i tsel f t o reveal i ts cons t i t uen t quarks . 
Perhaps t he energ ies avai lable w i t h 



Diagram of HERA showing its relation to 
the existing PETRA ring which will be used 
in both electron and proton injection 
schemes. HERA has four long straight 
sections which could be used for colliding 
beam experiments. 

HERA, w h i c h w i l l enab le t he s t r u c ­
t u re o f m a t t e r t o be p r o b e d d o w n t o 
d i s t ances o f 1 0 " 1 6 c m , w i l l t ake th i s 

ory a s tep f u r t he r and f i nd ev idence 
f o r a s u b s t r u c t u r e o f quarks . 

W h i l e ou r p resen t p i c tu re o f p a r t i ­
c le i n te rac t i ons is appea l i ng , t h e 
d i f f e ren t i n te rac t ions o f phys ics st i l l 
appea r w i t h the i r o w n cha rac te r i s t i c 
s t r e n g t h s w h i c h c a n n o t easi ly be 
re la ted t o each o ther , and t h e 
o b s e r v e d masses o f par t i c les have t o 
be exp la ined . 

Q u e s t i o n s spr ing easi ly t o m i n d . 
A r e t he re m o r e q u a r k / l e p t o n m u l t i ­
p le ts t h a n the ones w e a l ready 
k n o w ? Do f ree qua rks ex i s t? A r e 
qua rks and lep tons real ly po in t l i ke or 
have t h e y s o m e inner s t r u c t u r e ? 
W h a t i n te rac t ions do t h e in te r ­
m e d i a t e bosons o f w e a k i n te rac t i ons 
have ? H o w do g luons behave ? A n d 
so on . 

H E R A is by fa r t he m o s t de ta i l ed 
m a c h i n e des ign t o e m e r g e fo r co l l i d ­

ing b e a m s o f l ep tons and hadrons . 
In p r inc ip le it shou ld be able t o 
d e t e c t n e w par t ic les of mass up t o 
1 5 0 GeV. Phys ics is far f r o m be ing a 
c losed book , and H E R A cou ld cer ­
ta in ly he lp a d d f resh pages. 

The machine design 

A s t u d y o f t he poss ib i l i t ies in t h e 
DESY Labora to ry reg ion fo r t h e 
c o n s t r u c t i o n o f H E R A resu l ted in a 
p roposa l o f a r ing 6.5 k m in c i r c u m ­
fe rence . The r ing w o u l d be t unne l l ed 
s o m e 1 0 t o 2 0 m b e l o w g r o u n d 
( w i t h a 7 per cen t t i l t o f t he p lane o f 
t h e m a c h i n e t o t ake a c c o u n t o f t he 
fa l l o f t he land f r o m no r th t o sou th ) 
and c o n s t r u c t i o n w o u l d cause neg l i ­
g ib le d i s t u rbance t o the u rban 
su r round ings . S o m e 8 0 per cen t o f 
t he land invo lved is ou ts ide t h e 
p resen t DESY si te boundar ies . 
W i t h i n t h e s i te H E R A w o u l d pass 
ad jacen t t o t he ex is t ing PETRA 

s to rage r ing w h i c h cou ld t h e n be 
used in b o t h e lec t ron and p r o t o n 
in jec t ion s y s t e m s . 

W i t h a r ing o f 6 .5 k m c i r c u m f e r ­
ence a peak p r o t o n ene rgy o f 
8 2 0 G e V cou ld be reached , p rov ided 
t h a t s u p e r c o n d u c t i n g m a g n e t s t o 
ach ieve 4 . 7 5 T can be bui l t . A l s o 
w i t h a r ing o f th is c i r c u m f e r e n c e , 
reasonab le p o w e r cos ts t o c o m p e n ­
sa te f o r s y n c h r o t r o n rad ia t ion losses 
se ts t h e peak e lec t ron energy at 
a b o u t 3 0 GeV. 

The r ing w o u l d have f ou r - f o l d 
s y m m e t r y w i t h f o u r s t ra igh t sec t ions 
3 6 0 m long w h e r e r.f. cav i t ies w o u l d 
be ins ta l led and w h e r e , o f course , t h e 
e x p e r i m e n t a l hal ls w o u l d be loca ted . 
The hal ls w i l l be 3 0 m a long t he 
b e a m d i rec t i on and 5 0 m w i d e 
(a l l ow ing f o r m a g n e t coo l i ng ins ta l ­
la t ions, e x p e r i m e n t a l con t ro l r o o m s 
and the poss ib i l i t y o f hav ing t w o 
d e t e c t i o n s y s t e m s w h i c h cou ld be 
m o v e d a l t e rna te l y in to t he r ing). 

The range o f e lec t ron energ ies 
w o u l d be f r o m 1 0 t o 3 0 GeV. The 
range o f p r o t o n energ ies w o u l d be 
f r o m 1 0 0 t o 8 2 0 G e V ( the l o w e r 
ene rgy be ing se t by t he l o w e s t f ie ld 
in t he s u p e r c o n d u c t i n g m a g n e t s 
w h e r e it is e x p e c t e d t h a t accep tab le 
f ie ld qua l i t y can be re ta ined) . 

T h e l u m i n o s i t y at the peak ener ­
g ies w o u l d be 0 . 3 5 x 1 0 3 2 . Th is is 
w i t h 2 2 4 b u n c h e s in each r ing and 
3 x 1 0 1 1 e l e c t r o n s , per b u n c h and 
0 . 3 5 x 1 0 1 1 p r o t o n s per b u n c h and 
us ing conse rva t i ve va lues f o r t h e 
p a r a m e t e r s t h a t are be l ieved t o l im i t 
t he l u m i n o s i t y — the so -ca l led 
b e a m - b e a m t u n e shi f t . The b e a m s 
w o u l d co l l ide a t a sma l l c ross ing 
ang le w h i c h has s o m e a d v a n t a g e s 
(such as he lp ing t o keep s y n c h r o t r o n 
rad ia t ion o u t o f t h e s u p e r c o n d u c t i n g 
coi ls) bu t w h i c h l im i t s t he a c c e p t a ­
ble b e a m t u n e sh i f t . A t t h e c ross ing 
reg ion t he m a g n e t con f i gu ra t i on is 
so a r ranged t h a t t h e t ransverse e lec­
t r o n po la r i za t ion is t r a n s f o r m e d in to 



l ong i tud ina l e lec t ron po la r i za t ion , as 
is requ i red t o m a k e use o f t he po lar ­
izat ion in t he expe r imen t s . 

The e lec t ron r ing is a l m o s t t h ree 
t i m e s t he size o f t h e ex is t ing PETRA 
r ing bu t ra ther t h a n be ing a d i rec t 
c o p y o f the PETRA des ign , H E R A 
has p ro f i t ed f r o m PETRA exper ience 
t o i nco rpo ra te s o m e i m p r o v e m e n t s . 
It is i n tended t h a t t he m a g n e t and 
v a c u u m c h a m b e r w o u l d be bu i l t as 
one un i t w i t h separa te ion p u m p s . 
T h e m a g n e t s w o u l d f o r m par t o f t he 
s y n c h r o t r o n rad ia t ion sh ie ld ra ther 
t h a n hav ing y o k e and coi l t o w a r d s 
t h e inside o f t he r ing. Organ ic 
c o m p o n e n t s w o u l d be avo ided and 
t h e exc i t i ng coi l w o u l d be a s ing le bar 
o f c o n d u c t o r r unn ing t h r o u g h all t he 
m a g n e t s in ser ies. A b o u t 6 4 0 b e n d ­
ing m a g n e t s , each 5 m long, w o u l d 
be d i s t r i bu ted a r o u n d the H E R A 
c i r cumfe rence . 

The p ro ton r ing w o u l d have super ­
c o n d u c t i n g m a g n e t s us ing n i o b i u m -
t i t a n i u m conduc to r , in w i r e o f t he 
Ru the r fo rd t ype , t o reach peak f ie lds 
o f 4 . 7 5 T. The des ign has been 
evo l ved in co l l abo ra t i on par t i cu la r l y 
w i t h phys ic is ts at Sac lay . There 
w o u l d be 6 4 0 d ipo les , 1 6 4 q u a d r u -
p o l e s a n d 8 0 spec ia l m a g n e t s fo r t he 
in te rac t ion reg ions. 

The d ipo les are des igned t o have 
w a r m bore (l ike t h e I S A B E L L E 
m a g n e t s ) because of an t i c i pa ted 
b e a m - i n d u c e d heat o f ove r 1 W per 
me t re . It w i l l a lso have w a r m i ron 
(l ike t he Fermi lab m a g n e t s ) in pa r t i c ­
u lar t o keep c o o l - d o w n t i m e s rea ­
sonab l y shor t . A spec ia l suspens ion 
s y s t e m fo r re ta in ing coi l pos i t i on 
( c o m p e n s a t i n g f o r m i s a l i g n m e n t s 
a n d t h e r m a l m o v e m e n t s ) has been 
deve loped i nco rpo ra t i ng sp r ing 
w a s h e r s w h i c h a l l ow ex te rna l a d ­
j u s t m e n t w i t h o u t w a r m i n g up t h e 
m a g n e t s . Re f r ige ra t ion s y s t e m s w i l l 
be insta l led at t he f o u r l ong s t ra igh t 
sec t i ons t o p u m p superc r i t i ca l he­
l i um at 3.8 K t h r o u g h t h e d ipo les . 

The crowded HERA tunnel with the mythical 
figure herself lending a mechanical hand in 
view of the manpower shortage. The proton 
ring sits above the electron ring and its 
installation would follow that of the electron 
ring. 

T h e rad io f requency s y s t e m s fo r 
t he t w o r ings w o u l d ope ra te at 
5 0 0 M H z fo r the e lec t ron r ing and 
2 0 0 M H z fo r t h e p r o t o n r ing. The 
e lec t ron r.f. un i ts have been chosen 
t o ope ra te at t he s a m e f r e q u e n c y as 
t h o s e o f PETRA w h e r e exper t i se 
ex is ts at D E S Y ; th i s w i l l a lso a l l ow 
k l ys t rons and w a v e gu ides t o be 
t r ans fe r red f r o m PETRA w h i c h w i l l 
no t need to reach its peak energ ies 
w h e n H ERA is in ope ra t i on . The peak 
r.f. p o w e r requ i red, t o f e e d a m a x i ­
m u m o f 1 9 2 cav i t ies ins ta l led in t he 
f o u r long sec t ions , w o u l d be 
13 .2 M W . 

T h e p roposed in jec t ion s y s t e m fo r 
e lec t rons (and pos i t rons) is o b ­
v ious l y based on t he ex is t ing m a ­
ch ines at t he Labora tory . The pa r t i ­
c les w o u l d f o l l o w the rou te of l inac, 
D E S Y s y n c h r o t r o n and PETRA s t o ­
rage r ing be fore be ing in jec ted in to 
H E R A at 1 4 G e V . The t o ta l f i l l ing 
t i m e t o bu i ld up t h e des ign in tens i t y 

is e x p e c t e d t o be a b o u t 1 0 m i n ­
u tes . 

For p r o t o n s a 5 0 M e V l inac w i l l 
have t o be bu i l t bu t it w i l l be poss ib ' 
t o use t h e DESY s y n c h r o t r o n a n a 
PETRA af te r ins ta l l ing add i t iona l r.f. 
s y s t e m s a n d by -passes t o avo id t h e 
e lec t ron r.f. cav i t ies in the s y n c h r o ­
t r o n . The m a g n e t s can be t a k e n h igh 
e n o u g h in PETRA to a l l o w p r o t o n 
acce le ra t i on t o 4 0 G e V be fo re in jec­
t i o n in to HERA. The f i l l ing t i m e w i l l 
be a b o u t 8 .5 m inu tes . 

Experimentation at HERA 

A look at t h e expe r imen ta l c o n ­
d i t i ons w h i c h w o u l d prevai l at H E R A 
have g iven con f i dence t h a t t he in te r ­
es t i ng phys ics cou ld be ex t rac ted . 
The poss ib le sources o f b a c k g r o u n d , 
w h i c h cou ld con fuse t he de tec to r s , 
are t r o u b l e s o m e bu t can be e l i m i ­
na ted or r educed t o a su f f i c ien t 
ex ten t . 



Cross-sections of the electron ring magnet 
(above) and the proton ring superconducting 
magnet (below). Both designs have novel 
features, described in the text. 

S y n c h r o t r o n rad ia t ion is a p r o b l e m 
and is a c c e n t u a t e d by t he i n t r oduc ­
t i on o f sha rpe r b e a m bends at t h e 
i n te rac t i on reg ions t o ach ieve t h e 
requ i red b e a m po lar iza t ion c o n ­
d i t i ons . Neve r the less the use o f co l l i ­
m a t o r s and spec ia l de tec to r des ign 
can con t ro l t he p r o b l e m . Col l is ions o f 
p r o t o n s and e lec t rons w i t h res idual 
gas mo lecu les in t he in te rac t ion 
reg ions can a lso be reduced or 
d i s t i ngu i shed f r o m t r ue co l l is ion 
even t s t o a su f f i c ien t ex ten t by us ing 
v e t o c o u n t e r s and app rop r i a te k ine -
ma t i ca l cu ts . 

T w o par t i cu la r d e t e c t o r s w e r e 
d e s i g n e d in ou t l i ne as be ing a p p r o ­
pr ia te f o r HERA. One w a s a ' neu t ra l 
cu r ren t d e t e c t o r ' based on de tec to r s 
ins ta l led in a large s u p e r c o n d u c t i n g 
so leno id . Th is d e t e c t o r w o u l d a im t o 
m e a s u r e t h e p a r a m e t e r s o f an 
e m e r g i n g l ep ton w i t h g rea t p rec is ion 
w h i l e w o r r y i n g less a b o u t t he co r ­
r espond ing je t o f hadrons . A l t e r n a ­
t i ve ly a ' c h a r g e d cu r ren t de tec to r ' 
based on a 4 n f i ne -g ra ined ca lo r i ­
m e t e r w o u l d g ive ve ry g o o d p rec i ­
s ion on the e m e r g i n g had rons and 
pay less a t t e n t i o n t o the lep tons . 

Costs and tim escales 

S ince the H E R A pro jec t has no t 
r eached t he s tage o f f o r m a l p r o p o ­
sal , t he an t i c i pa ted cos ts and t i m e -
sca les have no t y e t been spe l led o u t 
in g rea t de ta i l . Neve r the less s o m e 
i n f o r m a t i o n w a s g iven at t he 
2 8 M a r c h m e e t i n g and in t he ' g reen 
b o o k ' repor t , w h i c h is l ikely t o be 
ve ry c lose t o t h e f ina l f igures . 

T h e cos t o f t h e p ro jec t is es t i ­
m a t e d at a b o u t 6 0 0 mi l l ion 
D e u t s c h m a r k s o f w h i c h s o m e 
1 6 0 M D M is requ i red fo r t h e civi l 
eng inee r i ng w o r k and s o m e 
1 7 0 M O M f o r t h e s u p e r c o n d u c t i n g 
m a g n e t s . T h e ' n e w m o n e y ' w h i c h 
t h e DESY Labo ra to ry is l ikely t o be 
ask ing for , sp read over s o m e seven 



years of cons t ruc t i on , is b e t w e e n 
5 0 0 and 5 5 0 M D M . 

There is a p re l im ina ry e s t i m a t e 
t h a t abou t 4 0 0 peop le w i l l be 
invo lved in t he pro ject . DESY w o u l d 
l ike t o recru i t s o m e 7 0 add i t iona l 
staf f , s ince th is is t he n u m b e r w h i c h 
w o u l d be needed t o ope ra te t he 
add i t iona l fac i l i t ies l o n g - t e r m , and 
cou ld m o v e a l m o s t 2 5 0 peop le of 
t he ex is t ing s ta f f o n t o H E R A if it is 
au thor ized . 

The rema in ing e f fo r t of abou t 
1 0 0 people it is hoped can be f o u n d 
a m o n g s t po ten t ia l users of the 
mach ine f r o m ou ts ide the Labo ra to ­
ry, half w i t h i n t he Federal Republ ic of 
G e r m a n y and hal f e l sewhe re in 
Europe. Spec i f i c c o m p o n e n t s , such 
as the l inac, ion p u m p s y s t e m , etc... 
cou ld be f a r m e d o u t t o o the r Labo ra ­
tor ies , so t h a t the re is no need fo r 
peop le t o m o v e in large n u m b e r s t o 
DESY. 

It is hoped t h a t approva l o f the 

p ro jec t w i l l be f o r t h c o m i n g by m i d -
1 9 8 1 , f o l l o w i n g fu r t he r d iscuss ions 
b o t h inside and ou ts ide G e r m a n y , 
m o r e p ro to t ype w o r k and the p r e p a ­
ra t ion of a f o r m a l p roposa l . If th is 
au tho r i za t i on da te w e r e m e t it w o u l d 
be poss ib le t o br ing the e lec t ron r ing 
in to ac t i on in 1 9 8 6 and the p r o t o n 
r ing ( insta l led above t he e lec t ron 
r ing) t w o years later. 

It is obv ious t h a t s o m e e l ec t r on -
pos i t ron phys ics in t he e lec t ron r ing 
cou ld be possib le du r i ng the t w o 
years pr ior t o c o m p l e t i o n o f t he 
p r o t o n r ing. Howeve r , the re w o u l d 
be a g rea t deal o f mach ine phys ics t o 
be done w i t h the e lec t rons (per fec t ­
ing f eedback sys tems , mas te r i ng the 
po lar iza t ion techn iques) . A l s o the re 
m a y no t be m u c h to be ga ined f r o m 
e lec t ron -pos i t r on phys ics at ener ­
g ies up to 3 0 t o 3 5 GeV w h e n , fo r 
th is , LEP wi l l be able t o exceed t he 
H E R A pa ramete rs . The excep t ions 
m a y be the f i nd ing o f the t o p quark 

and a s t u d y o f the e l e c t r o m a g n e t i c -
w e a k in te r fe rence reg ion. N e v e r t h e ­
less, t he H E R A emphas i s is de f in i te ly 
on e l e c t r o n - p r o t o n phys ics . 

A n ECFA m e e t i n g f o l l o w i n g t h e 
expos i t i on o f t he H E R A pro jec t on 
2 8 M a r c h t o o k a p re l im inary look at 
t he p ro jec t and expressed its g rea t 
in te res t in the phys ics and t he 
m a c h i n e des ign . ECFA has a l w a y s 
s t a t e d t h a t t w o s ign i f i can t p r o j e c t 
are des i rab le in Europe to sus ta in t he 
h igh ene rgy phys ics c o m m u n i t y w i t h 
f r on t - l i ne research fac i l i t ies. The 
ECFA W o r k i n g G r o u p Repor t (des­
c r ibed in t he M a r c h issue, page 1 1 ) 
s h o w e d t h a t f ru i t fu l p r o g r a m m e s 
cou ld be m o u n t e d on bo th LEP and 
H E R A w i t h t he p resen t levels of 
f i nance and m a n p o w e r . H E R A is 
n o w be ing d iscussed in t he Euro­
pean h igh energy phys ics c o m m u ­
n i ty pr ior t o f o r m u l a t i n g an ECFA 
r e c o m m e n d a t i o n at i ts m e e t i n g 
schedu led f o r 9 May . 

Protons in a spin 
Sca t te r i ng e x p e r i m e n t s us ing po lar ­
ized b e a m s are a po ten t ia l l y r ich 
source of de ta i led i n f o r m a t i o n on 
par t ic le in te rac t ions . The s w a n - s o n g 
o f t he A r g o n n e Ze ro Grad ien t 
S y n c h r o t r o n be fore it shu t d o w n last 
year w a s the acce le ra t ion o f po lar ­
ized p ro ton b e a m s t o G e V energ ies . 
Exper imen ts w i t h t hese b e a m s 
y ie lded a ser ies of u n e x p e c t e d 
resul ts (see fo r examp le O c t o b e r 
issue 1 9 7 8 , page 3 4 7 and N o v e m ­
ber issue 1 9 7 9 , page 3 5 1 ) and th is 
success has p r o m p t e d B r o o k h a v e n 
and Fermi lab t o launch po lar ized 
p r o t o n b e a m p r o g r a m m e s fo r the 
near fu tu re . 

A f t e r s o m e th ree years o f s tudy , 
des ign and eva lua t ion , B r o o k h a v e n 
and the U S A D e p a r t m e n t of Energy 

have agreed on a p lan t o m o d i f y t he 
3 3 G e V A l t e rna t i ng Grad ien t S y n ­
c h r o t r o n t o a l l o w the acce le ra t ion o f 
po lar ized p ro tons . Because o f 
ISABELLE ' s heavy m a n p o w e r d e ­
m a n d s , phys ic is ts f r o m A r g o n n e , 
B rookhaven , M i ch igan , Rice and 
Ya le w i l l co l labora te in o r d e r t o m a k e 
these mod i f i ca t i ons . 

In s o m e sense the A G S polar ized 
b e a m pro jec t began at t he 1 9 7 7 
A n n A r b o r W o r k s h o p (see D e c e m ­
ber 1 9 7 7 issue, page 4 1 8 ) w h i c h 
c o n c l u d e d t h a t it m i g h t be poss ib le 
t o j u m p depo lar iz ing resonances at 
s t r o n g f o c u s i n g synch ro t rons . The 
1 9 7 8 B rookhaven S u m m e r S t u d y 
inves t iga ted in deta i l t he poss ib i l i ty 
o f po lar ized p ro ton acce le ra t ion in 
t he A G S and p roduced t he 'P re l im i ­

nary Des ign S t u d y and Cost Est i ­
m a t e ' . 

For t he pas t e igh teen m o n t h s the 
techn ica l feas ib i l i ty and overa l l i m ­
pac t o f t he p ro jec t have been ca re ­
fu l ly eva lua ted by B rookhaven . A l ­
t h o u g h the pro jec t has m a n y t e c h n i ­
cal ly cha l l eng ing p rob lems it ap ­
pears t h a t by 1 9 8 3 the A G S shou ld 
be able t o acce lera te abou t 1 0 1 1 

polar ized p r o t o n s / p u l s e to 2 6 GeV 
w i t h a po lar iza t ion of abou t 6 0 per 
cent . 

M u c h o f t he phys ics e n t h u s i a s m 
fo r po lar ized p ro tons c a m e f r o m the 
resu l ts at t h e A r g o n n e Z G S . Large 
and u n e x p e c t e d sp in -sp in f o r ces in 
h igh t ransverse m o m e n t u m p r o t o n -
p ro ton e last ic sca t te r i ng w e r e d is ­
cove red by t he M i c h i g a n / A r g o n n e 



g r o u p and these f o r ces m a y st i l l be 
g r o w i n g at the m a x i m u m t ransve rse 
m o m e n t u m va lues avai lab le at t he 

G S - 5 G e V 2 . Th is is no t u n d e r s t o o d 
tn t e r m s o f the genera l l y a c c e p t e d 
ve rs ion o f q u a n t u m c h r o m o d y n a m -
ics t h e o r y ( t hough the re are a l t e rna ­
t i ve ideas in l ine w i t h t he resu l ts , 
p r o p o s e d by a f e w peop le such as 
G. Prepara ta and J . So f fe r at CERN) . 
T h u s it s e e m e d i m p o r t a n t t o e x t e n d 
t he s t u d y o f sp in e f fec ts t o t h e A G S 
w h e r e va lues o f 1 0 t o 15 G e V 2 

cou ld be reached . S t u d y i n g these 
sp in -sp in fo rces shou ld he lp in 
u n d e r s t a n d i n g t he d i rec t q u a r k -
q u a r k i n te rac t i on . 

A l t h o u g h no p roposa ls are ye t 
be ing cons ide red f o r t h e po la r ized 
b e a m , severa l expe r imen ta l g r o u p s 
are a l ready s ta r t i ng t o p lan po la r ized 
b e a m p r o g r a m m e s . In f a c t a p r o p o ­
sal by a M i c h i g a n / A r g o n n e / 
B r o o k h a v e n / C o p e n h a g e n / M i a m i 
co l l abo ra t i on t o s t u d y sp in e f fec ts 

w i t h a conven t i ona l b e a m and a 
po la r ized t a r g e t has been a p p r o v e d , 
w h i l e a B r o o k h a v e n / M i n n e s o t a 
g r o u p is p ropos ing t o measu re large 
t r ansve rse m o m e n t u m elast ic sca t ­
te r i ng . The Ya le and M a s s a c h u s e t t s 
g r o u p s are each gear ing up the i r 
po la r ized p r o t o n ta rge ts , and t h e 
M i c h i g a n and Rice po lar ized t a r g e t s 
b o t h s e e m t o be m o v i n g e a s t w a r d . 

The b igges t p r o b l e m in acce le ra t ­
ing po la r i zed p r o t o n s at t he A G S w i l l 
be to m a n o e u v r e the p r o t o n b e a m 
t h r o u g h depo la r i z ing resonances 
w i t h o u t los ing all t he po la r i za t ion . 
U n f o r t u n a t e l y , t hese resonances are 
a b o u t t e n t i m e s w o r s e at the s t r o n g 
f o c u s i n g A G S t h a n at t he w e a k 
f o c u s i n g Z G S . Never the less t he 
s a m e t y p e o f resonance j u m p i n g 
s c h e m e w i l l be used and shou ld be 
success fu l , acco rd ing to depo la r i za ­
t i o n expe r t s such as E.D. Couran t . 

One o f t h e m o s t cha l l eng ing t e c h ­
nical p r o b l e m s w i l l be t o deve lop t he 

Layout of the Alternating Gradient 
Synchrotron at Brookhaven showing the 
major modifications that must be made to 
allow acceleration of polarized protons. It 
is hoped that a programme of polarized 
beam experiments will be possible from 
1983. 

pu lsed q u a d r u p o l e m a g n e t s requ i red 
t o j u m p t h r o u g h t h e e igh t ' in t r ins ic ' 
depo la r i za t i on resonances . The re 
w i l l be t w e l v e o f t hese quad rupo les , 
each w i t h a 1 | is r ise t i m e , c o m p a r e d 
t o t h e t w o Z G S quad rupo les , w i t h 
1 0 \is r ise t i m e s . The A G S q u a d r u ­
po les w i l l be c o n s t r u c t e d o f fe r r i te by 
M i c h i g a n , w h i l e B r o o k h a v e n w i l l 
c o n s t r u c t t h e 2 5 kV, 3 kA p o w e r 
supp l ies and A r g o n n e w i l l aid in t h e 
s y s t e m ' s des ign . 

T h e o the r m a j o r p r o b l e m is t h e 
po la r ized ion source . W h i l e t he 
1 0 0 j a A Z G S po lar ized p r o t o n ion 
sou rce cou ld be used , it w o u l d g ive 
an in tens i t y o f on ly a b o u t 2 x 1 0 1 0 

po lar ized p r o t o n s / p u l s e . A nega t i ve 
h y d r o g e n ion po lar ized sou rce is 
p re fe r red s ince t he A G S in jec t ion 
s y s t e m w i l l be c h a n g e d t o nega t i ve 
ions w i t h i n t h e nex t yea r ; A r g o n n e is 
c o n s t r u c t i n g s u c h a source t o g ive 
1 0 t o 1 0 0 | iA w i t h Ya le a id ing in i ts 
de ta i l ed des ign . Th is source shou ld 
resu l t in acce le ra ted b e a m in tens i ­
t ies o f a b o u t 3 x 1 0 1 0 t o 3 x 1 0 1 1 

po lar ized p r o t o n s / p u l s e . A r g o n n e 
and B r o o k h a v e n w i l l co l labora te on 
t he m o d i f i c a t i o n o f t he p reacce le ra -
t o r d o m e t o house the po lar ized ion 
sou rce . 

The ' i m p e r f e c t i o n ' depo la r i z ing 
resonances w i l l be avo ided us ing 
9 6 co r rec t i on d ipo le m a g n e t s a l ­
ready in t he A G S . These requ i re n e w 
p o w e r supp l ies w i t h c o m p u t e r c o n ­
t ro l t o p r o d u c e t h e necessary har­
m o n i c s t o m iss 4 7 d i f fe ren t r eson ­
ances . Th is s y s t e m w i l l be c o n ­
s t r u c t e d by B r o o k h a v e n w i t h so f t ­
w a r e a id f r o m Rice and M i c h i g a n . 

V a r i o u s p o l a r i m e t e r s m u s t be c o n ­
s t r u c t e d t o s t u d y depo la r i za t ion 
e f fec ts and t o m e a s u r e t he f ina l 
b e a m po la r i za t ion . These m e a s u r e ­
m e n t s requ i re ve ry c lose c o - o p e r a ­
t i on b e t w e e n acce le ra to r phys ic i s ts 
and e x p e r i m e n t e r s . A 2 0 0 M e V p o -
la r imeter , w h i c h is be ing bui l t a t 
Rice, w i l l m e a s u r e the le f t - r igh t 



a s y m m e t r y in p r o t o n - c a r b o n sca t ­
te r ing at the end of the l inac. M i c h i ­
gan is bu i ld ing an in ternal po la r i -
meter , to m o n i t o r t he po lar izat ion 
du r ing acce lera t ion , and a h igh 
energy po lar imeter , w h i c h w i l l g ive 
an abso lu te m e a s u r e m e n t o f the 
po lar izat ion by s tudy ing p r o t o n -
p ro ton elast ic sca t te r i ng f r o m a 
hyd rogen target . 

W h i l e all t he h a r d w a r e w o r k fo r 
the next f e w years w i l l concen t ra te 
on polar ized p ro tons fo r research at 
the A G S , it is hard t o f o rge t t ha t 
a round 1 9 8 6 the A G S w i l l b e c o m e 
the in jector fo r ISABELLE. Ernie 
Couran t has been s tudy ing the 
acce le ra t ion o f po lar ized p ro tons t o 
4 0 0 GeV in ISABELLE us ing the 
'S iber ian Snake ' s c h e m e . Th is novel 
idea fo r hand l ing depo la r iza t ion be ­
c o m e s easier as t he energy in ­
creases and, if it real ly w o r k s , the late 
1 9 8 0 s m igh t see exc i t ing s tud ies of 
sp in -sp in e f fec ts at co l l is ion ener­
gies o f up t o 4 0 0 GeV per b e a m . 

Fer mi lab: Polarized proton beam 

In N o v e m b e r 1 9 7 9 , approva l w a s 
g iven t o deve lop a po lar ized p ro ton 
b e a m at the Fermi lab 4 0 0 GeV 
synch ro t ron . Opera t ion is expec ted 
a round 1 9 8 3 open ing the w a y t o 
th is f ru i t fu l app roach t o phys ics at 
hundreds of GeV. Co l labora to rs in 
th is e f for t inc lude A r g o n n e , Fe rm i ­
lab, LAPP, Kyo to , Berke ley, Rice and 
the I tal ian INFN. 

The polar ized b e a m fac i l i t y w i l l be 
a jo in t pro jec t b e t w e e n A r g o n n e and 
the Fermi lab M e s o n D e p a r t m e n t . 
A r g o n n e w i l l have respons ib i l i t y fo r 
m o s t of t he techn ica l c o m p o n e n t s 
and wi l l cons t ruc t s ix teen n e w 
supe rconduc t i ng quadrupo les fo r 
the beaml ine . Conven t iona l d ipo les, 
f o rmer l y used at t he Z G S , w i l l be 
s h i m m e d and reused. Fermi lab w i l l 
be responsib le fo r the conven t i ona l 
cons t ruc t i on and fo r a n e w exper i ­

men ta l area bui l t as an ex tens ion of 
the M e s o n A rea . 

The par i ty -v io la t ing decay of 
l ambdas or an t i l ambdas w i l l be used 
to p roduce the polar ized p ro tons or 
an t ip ro tons . The b e a m wi l l cover an 
energy range f r o m abou t 5 0 t o 
3 5 0 G e V w i t h e i ther 4 0 0 or 
1 0 0 0 GeV pr imary p ro tons . W i t h 
s o m e rea r rangemen t it cou ld w o r k at 
8 0 per cent of the h ighes t p r imary 
m o m e n t u m avai lable f r o m the T e v a -
t ron . The average t ransverse p ro ton 
po lar izat ion at 2 5 0 GeV w i l l be 
abou t 4 5 per cent fo r an in tens i ty o f 
over 1 0 7 po lar ized p ro tons per spil l 
(us ing 3 x 1 0 1 2 p r imary p ro tons at 
4 0 0 GeV) . The in tens i ty per pulse 
w i l l be h igher w h e n the Teva t ron is in 
opera t ion . The Teva t ron w i l l a lso 
m a k e avai lable f luxes o f over 1 0 6 

polar ized an t ip ro tons at energ ies up 
t o 2 5 0 GeV. 

There wi l l be t w o basic m o d e s 
of opera t ion , one us ing the h igh 
m o m e n t u m end po in t of t he l a m b d a 
p roduc t i on s p e c t r u m and the o the r 
us ing a cor re la t ion b e t w e e n po la r i ­
za t ion and pos i t ion at a focus . The 
po lar izat ion can be reversed at shor t 
in terva ls and any d i rec t ion o f po la r i ­
za t ion can be ob ta ined at the exper i ­
m e n t by us ing a so-ca l led magne t i c 
sp in p recess ion snake. 

The polar ized b e a m fac i l i ty can be 
used to carry ou t an in tens ive 
p r o g r a m m e of expe r imen ts on spin 
e f fec ts in the p r o t o n - p r o t o n and 
p r o t o n - a n t i p r o t o n s y s t e m , up t o t he 
l im i t o f Fermi lab energies. It w i l l be a 
na tura l ex tens ion o f the p r o g r a m m e 
of h igh energy s c a t t e r i n g carr ied on 
at the Z G S . 

The f i rs t exper iment , a f ter the 
pa rame te rs of the b e a m have been 
es tab l ished, m a y be a s tudy of sp in 
e f fec ts at h igh t ransverse m o m e n ­
t u m by de tec t i ng neut ra l p ions 
p r o d u c e d us ing a t ransverse ly po lar ­
ized b e a m sca t te r ing f r o m a l iquid 
h y d r o g e n target . 

These m e a s u r e m e n t s cou ld t h e n 
be f o l l o w e d up us ing bo th a l ong i t u ­
d inal ly po lar ized b e a m and a po lar ­
ized ta rge t t o look at in te rac t ions 
b e t w e e n t he f u n d a m e n t a l c o n s t i ­
t u e n t s of t he p ro ton . Later exper i ­
m e n t s m i g h t measure a s y m m e t r i e s 
in je t p roduc t i on at large t ransverse 
m o m e n t u m . A n o t h e r f i r s t - round ex­
pe r imen t cou ld be the s tudy of t he 
sp in dependence o f t he rise of t he 
p r o t o n - p r o t o n to ta l c ross -sec t ion at 
h igh energ ies. Exper iments cou ld 
also be done t o help unders tand the 
e n h a n c e d par t ic le p roduc t i on f r o m 
nuc lear ta rge ts . Exper iments have 
also been d iscussed t o s t udy p r o ­
duc t i on o f p ions, d i - m u o n s and 
s t range par t ic les. 

M e a n w h i l e o ther exper imen ts us ­
ing po lar ized ta rge ts have p rov ided 
i m p o r t a n t ev idence fo r apprec iab le 
sp in e f fec ts a t h igh energy. S tud ies 
at bo th CERN and Fermi lab s h o w 
tha t t he po lar izat ion pa rame te r 
(wh i ch descr ibes the spin e f fec ts in 
p r o t o n - p r o t o n sca t te r ing) changes 
s ign t w i c e w i t h increas ing m o m e n ­
t u m t ransfer , hav ing an apprec iab le 
pos i t ive va lue in the region of t h 
second m a x i m u m in the e las t i c 
d i f ferent ia l c ross-sec t ion (2 G e V 2 

squared m o m e n t u m t ransfer ) . 



Nuclear extremes 

A n In te rna t iona l Con fe rence on Ex­
t r e m e S ta tes in Nuc lea r S y s t e m s 
(ESINS) w a s held in D resden f r o m 
4 - 9 February, w i t h t h ree h u n d r e d 
pa r t i c i pan ts f r o m t w e n t y coun t r i es . 
T h e Con fe rence w a s o rgan ized by 
t he Cent ra l Ins t i t u te f o r Nuc lea r 
Research , Rossendor f , and D resden 
Techn i ca l Un ive rs i t y t o r e v i e w p re ­
sen t k n o w l e d g e a b o u t nuc lear sys -
e m s under e x t r e m e cond i t i ons . 

The p r o g r a m m e — a m i x t u r e o f 
specu la t i ve ideas as w e l l as e s t a b ­
l ished k n o w l e d g e — cove red the 
f o l l o w i n g t o p i c s : c o m p r e s s i o n o f 
nuc lear m a t t e r in heavy ion co l l i ­
s ions , c rea t ion o f nuc lear c o m ­
p o u n d s in reac t ions at re la t iv is t ic 
energ ies , d y n a m i c s o f c o m p l e x n u ­
c lear s ta tes in deep ine last ic heavy 
ion reac t ions , nuc lear behav iou r at 
ve ry h igh sp in , p resen t s t a t u s o f 
c rea t i ng s u p e r h e a v y nuc le i and 
q u a n t u m e l e c t r o d y n a m i c s o f s t r o n g 
f ie lds , f o r m a t i o n o f p ion c o n d e n s a t e 
and c o r r e s p o n d i n g as t rophys i ca l 
t op i cs , m u l t i q u a r k s y s t e m s and 
quas inuc lea r n u c l e o n - a n t i n u c l e o n 
s ta tes . 

Heavy ions at relativistic energies 

High l i gh ts w e r e the recen t Ber ­
ke ley and D u b n a e x p e r i m e n t s w i t h 
re la t iv is t ic heavy ions. Us ing the 
J I N R 2 m p ropane bubb le c h a m b e r , 
ine last ic i n te rac t i ons o f c a r b o n n u ­
clei up t o energ ies o f 4 0 G e V w i t h 
t a n t a l u m and ca rbon nuc le i have 
been s tud ied . Events w i t h sequen t i a l 
co l l i s ions o f the pro jec t i le - l i ke f r a g ­
m e n t s in t he f o r w a r d d i rec t i on ind i ­
ca te t h a t t he pro jec t i le re ta ins i ts 
ind iv idua l i t y du r i ng the w h o l e p r o ­
cess, an obse rva t i on w h i c h w a s no t 
expec ted . 

T h e under l y ing d y n a m i c s o f th is 
p rocess ( for examp le , t h e role o f 
q u a r k s u b s t r u c t u r e in nucle i ) is no t 
ye t clear. S e m i - inc lus ive and exc l u ­
s ive m e a s u r e m e n t s , s u c h as are 

The logo of the International Conference on 
Extreme States in Nuclear Systems (ESINS). 
It is an artist's view of the penetration of a 
relativistic heavy ion through nuclear matter. 

p lanned w i t h t he An p last ic bal l 
d e t e c t o r n o w under c o n s t r u c t i o n by 
t h e Berke ley / D a r m s t a d t / M a r b u r g 
co l l abo ra t i on , cou ld uncove r t h e m e ­
c h a n i s m of these nuc leus -nuc leus 
co l l is ions. 

Shock waves 

N e w t h r e e - d i m e n s i o n a l f l u id 
d y n a m i c a l ca lcu la t ions f u r t he r 
s t r e n g t h e n con f i dence in t he c o n ­
cep t o f s h o c k w a v e c rea t i on in 
nuc l eus -nuc l eus co l l is ions. The peak 
in t he angu la r d i s t r i bu t i on a t t h e 
M a c h ang le fo r near ly cen t ra l co l l i ­
s ions o f n e o n on u r a n i u m has been 
qua l i t a t i ve l y c o n f i r m e d by recen t 
e x p e r i m e n t s of t he Frank fu r t g r o u p 
by se lec t i ng ou t h igh mu l t i p l i c i t y 
even ts . 

For i n t e r m e d i a t e i m p a c t p a r a m e t ­
ers, s h o c k w a v e d y n a m i c s p red ic t s 
t h a t t w o nuc lear res idues w i l l be 
k i cked apa r t in de f in i te az imu tha l 

n 

d i rec t i ons . Exper imenta l l y , th i s has 
been seen in t h e Berke ley co inc i ­
d e n c e m e a s u r e m e n t s . Th is looks l ike 
t he s ta r t o f t h e s tudy o f h igh ly 
c o m p r e s s e d nuc lea r ma t te r . 

Nuclear collectivity 

Severa l c o n t r i b u t i o n s d e m o n ­
s t ra ted t h a t g rea t p rogress has been 
m a d e in t he i nves t i ga t i on of nuc lear 
s t r u c t u r e a n d d y n a m i c s , and n e w 
f a c e t s o f ' nuc lea r co l lec t i v i t y ' are 
n o w unde r s tudy . 

The idea o f t h e p ion c o n d e n s a t e 
requ i red t h e ana lys is o f co r re la ted 

Discussion between ST. Belyaev of the 
Kurchatov Institute Moscow (at the 
microphone) and R. Bock of Darmstadt 
(right) after a talk on heavy ion reactions 
leading to extreme states in nuclear systems. 
Seated is P. Radvanyi of Saclay. 

(Photo Akademie der Wissenschaften der 
DDR) 



Around the 

par t i c le -ho le s ta tes w i t h d i f fe ren t 
p ion q u a n t u m n u m b e r s . Par t ic le-
hole i n te rac t ion m o d e s b e c o m e c r i t i ­
cal w h e n m o m e n t u m t rans fe rs are 
g rea te r t han t w i c e the p ion mass . 
S u c h exc i ta t ions can be i nves t i ga ted 
in p ro ton sca t te r i ng reac t ions on 
nuc le i . It is t o be h o p e d t h a t t he 
energy reso lu t ion requ i red t o do 
these expe r imen ts w e l l w i l l b e c o m e 
avai lab le in t he near f u tu re . N o 
expe r imen ta l ev idence o f p ion c o n ­
densa te in ac tua l nuc le i has ye t been 
f o u n d . 

Nuc lear ro ta t i ons are n o w s tud ied 
c lose t o the sp in reg ion , w h e r e r o t a -
t iona l l y i nduced f i ss ion se ts in. 
Re f ined g a m m a - g a m m a co inc i ­
dence t echn iques m a k e it poss ib le t o 
f i nd band in te rsec t ions a w a y f r o m 
t h e Yras t level by se lec t i ng t r a n s i ­
t i ons w i t h near ly equa l energ ies . 
M o s t o f these in te rsec t ions can be 
we l l u n d e r s t o o d f r o m t h e resu l ts of 
t he ro ta t i ng quas ipar t i c le mode l . 
V e r y in te res t ing i n f o r m a t i o n is ex­
pec ted to c o m e f r o m these s tud ies 
o f t he ro ta t iona l f i ss ion process . 

Extreme states in heavy ion 
collisions 

Recent e x p e r i m e n t s at D a r m s t a d t , 
us ing acce le ra ted u r a n i u m - 2 3 8 ions 
on a u r a n i u m - 2 3 8 ta rge t , gave a 
l o w e r l imi t f o r t he t i m e it t akes fo r 
t he t w o nuc le i t o b reak up (3 t o 
4 x 1 0 _ 2 1 s ) in a sequen t ia l decay 
(even fo r t he heav ies t i n t e rmed ia te 
s y s t e m s w i t h a t o m i c n u m b e r s 
g rea te r t han 1 10 ) . Th is shor t t ime , 
w h i c h is charac te r i s t i c o f deep 
ine last ic heavy ion co l l is ions, m a n i ­
f es t s i tself in a rap id ba lanc ing of the 

A rkadi Migdal (Moscow) speaking about 
phase transitions in neutron matter and 
dynamics of nuclear stars. 

(Photo Akademie der Wissenschaften der 
DDR) 

charge b e t w e e n the f r a g m e n t s . H o w 
is t h e charge t r anspo r t ed t h r o u g h 
t he neck of the doub le nuc lear 
s y s t e m as the f iss ion deve lops ? One 
poss ib le exp lana t ion is t he exc i ta t i on 
of t he i sovec to r g ian t d ipo le m o d e , 
rep resen t ing a long i tud ina l v ib ra t i on 
of the s y s t e m . 

S o m e e x t r e m e nuc lear s ta tes 
have a l ready lost the i r specu la t i ve 
cha rac te r and en te red in to t he rea lm 
of k n o w n p h e n o m e n a . N o w heavy 
ion phys ics has a lot o f o t he r n e w 
cha l l eng ing p r o b l e m s t o so lve. A s 
t h e f ie ld deve lops , c lose c o n n e c t i o n s 
b e t w e e n h igh energy par t ic le phys i ­
c is ts a n d l o w energy nuc lear phys i ­
c is ts are ve ry i m p o r t a n t and the 
ES INS Conference d id a lot t o 
s t r e n g t h e n these con tac t s . 

The help of L Munchow, one of the 
local organizers of the Conference, in 
preparing this report is much appre­
ciated. 

LOS ALAMOS 
New linac 
structure works 
One of t he p ro jec ts in t he A c c e l e r a ­
t o r T e c h n o l o g y Div is ion at Los 
A l a m o s is t h e des ign o f t he Fusion 
Ma te r i a l s I r rad ia t ion Tes t Faci l i ty 
(FMIT ) w h i c h is t o be bu i l t at 
Han fo rd . T h e concep t , w h i c h o r ig i ­
na ted at B rookhaven , is t o acce ler ­
a te a cu r ren t o f 1 0 0 m A of d e u t e -
rons to 3 5 M e V and s t r ip t h e m t o 
y ie ld a h igh f lux o f 1 4 M e V neu t rons . 
S u c h a f lux w i l l be e n c o u n t e r e d in 
f us i on reac to rs and can t hus be used 
t o i nves t iga te mater ia l p roper t ies f o r 
t he reac tors . 

A n idea t h a t Los A l a m o s dec ided 
t o t r y f o r F M I T e m e r g e d f r o m t h i n k ­
ing a b o u t a s imi la r p ro jec t in t he 
U S S R ( f r o m I.M. Kapch insk i o f ITEP 
and I. T e p l e k o v o f Se rpukhov ) . It t r ies 
t o respond , in one s t ruc tu re at t h e 
i npu t end o f t h e l inac, t o t he needs o f 
t he p re l im ina ry acce le ra t ion , b e a m 
f o c u s i n g and b e a m bunch ing . C o n ­
ven t i ona l s t r uc tu res requi re s e p a ­
rate s y s t e m s fo r all th ree f unc 
t ions .The idea is par t icu lar ly a t t r ac ­
t i ve fo r t he f i rs t s tage of a l inac 
w h e r e b u n c h i n g needs t o be 
ach ieved t o g ive the b e a m the r igh t 
f o r m to pass t h r o u g h a s u b s e q u e n t 
c o n v e n t i o n a l s t ruc tu re and w h e r e 
m a g n e t i c f ie lds have t o be re la t ive ly 
h igh t o ach ieve b e a m f o c u s i n g 
( w h i c h is ve loc i t y dependen t ) . 

The n e w s t ruc tu re goes under t he 
n a m e o f rad io f requency quadrupo le , 
RFQ. It has f ou r poles runn ing the 
leng th o f a v a c u u m tube w h i c h is f e d 
w i t h r.f. p o w e r . The po les are sca l ­
loped so t h a t t he t ips near t he b e a m 
are spaced f u r t h e r and f u r t h e r apar t 
as t he b e a m m o v e s a long t he tube . 
The sca l lop ing ach ieves e lec t r ic 
f ie lds w h i c h p roduce acce le ra t ion 
and b u n c h i n g . A l t e rna te pole t ips are 
nega t i ve and pos i t i ve t o p roduce 



Laboratories 

b e a m f o c u s i n g . Feed ing in a d.c. 
b e a m resu l ts in an acce le ra ted , 
f o c u s e d and b u n c h e d b e a m e m e r g ­
ing. 

A n RFQ has been bu i l t and w o r k e d 
w e l l i m m e d i a t e l y w h e n s w i t c h e d on . 
It is n o w i n tended t o i nco rpo ra te 
s u c h a s t ruc tu re in t h e F M I T and 
t he re are o the r app l i ca t ions , s u c h as 
acce le ra to rs in med ica l e n v i r o n ­
m e n t s , w h e r e t h e s imp l i c i t y and 
e c o n o m y of t he RFQ looks very 
a t t rac t i ve . 

BERKELEY 
Neutral beams 
A p r o m i s i n g t e c h n i q u e t o p rov ide 
add i t i ona l hea t i ng o f m a g n e t i c a l l y -
c o n f i n e d p l asmas in T o k a m a k f u s i o n 
reac to rs is t h e in jec t ion o f h igh 
ene rgy neut ra l a t o m s . The neu t ra l 
a t o m s shou ld be ab le t o p e n e t r a t e 
in to t he p l a s m a w i t h o u t be i ng 
d i s t u r b e d by t he p reva i l i ng f ie lds. 
O n c e in t h e p l asma , t h e y w i l l ionize 
a n d t r a n s m i t f u r t h e r ene rgy t o t h e 
ions in t h e p l asma t o increase t h e 
t e m p e r a t u r e t o t h e level necessa ry 
or f us i on reac t ions t o t a k e p lace. 

T h e T o k a m a k Fus ion Tes t Reac to r 
p ro jec t , TFTR, a t P r ince ton ( led by 
Paul Reardon , f o r m e r l y o f Fermi lab) 
p lans f o r f o u r neu t ra l b e a m in jec t ion 
s y s t e m s . The d e v e l o p m e n t o f s u c h 
in jec to rs has been ass igned t o t he 
L a w r e n c e Berke ley Labora to ry , in 
co l l abo ra t i on w i t h t h e L a w r e n c e 
L i ve rmore Labora to ry , unde r t he 
d i rec t i on o f W a l t e r H a r t s o u g h , a n d 
w i t h K e n o w Lou as p ro jec t manage r . 
T h e f i r s t success fu l o p e r a t i o n o f a 
h igh energy , h igh in tens i t y p r o t o t y p e 
has recen t l y been ach ieved a t Ber ­
keley. 

D e u t e r i u m b e a m s w e r e acce le r ­
a ted t o 1 2 0 keV in pu lses o f 0 .5 s 
d u r a t i o n p r o d u c i n g 7 M W of p o w e r . 
T h e d e v e l o p m e n t p r o g r a m m e s w i l l 
c o n t i n u e us ing sou rces o f pos i t i ve 
d e u t e r i u m ions ( the ' c o n v e n t i o n a l ' 

The neutral beam test facility at Berkeley. 
High energy, high intensity beams 
appropriate for Tokamak plasma heating 
have been achieved. 

(Photo Berkeley) 

rou te t o neu t ra l b e a m s v ia t r a n s m i s ­
s ion t h r o u g h a neut ra l i z ing v o l u m e o f 
d e u t e r i u m gas) a n d us ing nega t i ve 
d e u t e r i u m ions. H igher vo l tages , 
h igher cu r ren ts , longer pu lse d u r a ­
t i ons and s y s t e m re l iabi l i ty are all 
d e v e l o p m e n t goa ls . 

FERMILAB 
More on quark 
structure of hadrons 
The add i t i ve qua rk m o d e l has once 
aga in s h o w n i tsel f capab le o f 
exp la in ing a c o m p l e x p h e n o m e n a in 
an in tu i t i ve ly e legan t manner . A 
F e r m i l a b / Y a i e g r o u p e n g a g e d in an 
ex tens ive p r o g r a m m e of had ron 
(p ion , kaon a n d p r o t o n par t ic les a n d 



Elastic scattering cross-sections from a set 
of high statistics (about W6 events in the 
proton curve) for 200 GeV pions and protons 
at Fermilab, with the fitted curves for the 
quark model parameterization. Also shown 
is the single quark scattering diagram that 
is assumed to dominate. 

ant ipar t ic les) on p r o t o n elast ic sca t ­
te r ing a t t he M e s o n Labora to ry at 
Fermi lab has repor ted a s u b s t a n ­
t ia l ly s teeper and m o r e c o m p l e x 
m o m e n t u m t rans fe r d e p e n d e n c e o f 
d i f ferent ia l c ross -sec t ions t h a n ex­
pec ted . 

The pa rame te r t represen ts t h e 
squared f o u r - m o m e n t u m t rans fe r 
b e t w e e n t h e inc ident and f o r w a r d 
sca t te red par t ic le a n d t he ang le o f 
sca t te r ing is p ropor t i ona l t o t he 

square root o f t. In t he sma l l ang le 
reg ion ( w h e n t is less t h a n abou t 
0 .5 GeV) t he d is t r ibu t ion o f sca t ­
t e red par t ic les at h igh energ ies is 
rough l y exponent ia l in t. 

Dev ia t ions f r o m th is s imp le b e ­
hav iour have been k n o w n fo r s o m e 
t i m e , bu t no t the i r exac t f o r m and 
under l y ing nature. The F e r m i l a b / 
Ya le g r o u p measu red the dev ia t ions 
f r o m an exponent ia l behav iou r in a 
ser ies o f very precise expe r imen ts 

and f i nd t h a t a natura l exp lana t ion 
f o l l o w s f r o m the add i t i ve quark 
mode l . In t h e con tex t o f th i s m o d e l 
t h e y are able t o ex t rac t the radius o f 
t h e ' c l o t h e d quark ' in t h e p ro ton and 
p ion and f i nd it is b e t w e e n 0 . 3 5 and 
0 . 4 5 f m . 

The p r ima ry goal o f t he exper i ­
m e n t has been t o measure the in ter ­
fe rence o f t h e nuc lear and C o u l o m b 
fo rces by look ing at e last ic scat ­
te r ing of t he long- l i ved hadrons in 
t he very sma l l t reg ion (abou t 
0 . 0 0 2 GeV) w h e r e t hey are c o m p a r ­
able. 

The size o f the in ter fe rence is 
p red ic ted by d ispers ion re la t ions and 
i ts m e a s u r e m e n t tes ts m a n y o f t he 
under l y ing assump t i ons of s t r o n g 
in te rac t ion t h e o r y as we l l as t h e h igh 
energy behav iou r of to ta l c ross -
sec t ions . Hav ing a larger accep tance 
t h a n p rev ious s imi la r expe r imen ts 
a l l o w e d t he g r o u p t o d e t e r m i n e t he 
nuc lear pa r t w i t h h igh prec is ion over 
a m u c h larger t range. 

The conven t i ona l pa rame te r i za ­
t i o n o f t h e nuc lear par t p roved i n a d ­
e q u a t e ; t he da ta s h o w e d the t d i s t r i ­
b u t i o n b e c o m i n g very s teep at s m a l 
t. Th is p resen ted a ser ious p rob len i 
f o r t h e ex t rac t i on o f t he m a g n i t u d e 
o f t he C o l o u m b - n u c l e a r in te r fe rence 
e f fec t s ince it depended on t h e 
k n o w l e d g e o f t he f o r m of t he nuc lear 
part . It a lso ra ised the f u n d a m e n t a l 
ques t i on ' W h a t de te rm ines t h e 
sma l l t behav iou r o f nuc lear sca t te r ­
i ng? ' . 

A s ear ly as 1 9 6 5 , theor i s ts c o n ­
j ec tu red t h a t hadron sca t te r ing f r o m 
a p ro ton can be t h o u g h t o f as sca t ­
te r ing f r o m the indiv idual qua rks 
m u c h as w e v i e w sca t te r ing f r o m a 
nuc leus as t he s u m of sca t te r i ng 
f r o m the indiv idual nuc léons. The 
par t icu lar f o r m of th i s mode l , as 
deve loped by A. Bialas and his co l l a ­
bo ra to rs in K rakow , sees t h e g luon 
c loud as c lo th ing the po in t - l i ke quark 
and g i v ing it a size. The g luon c l oud is 



t r a n s p a r e n t t o t h e e l e c t r o m a g n e t i c 
and w e a k i n te rac t i ons o f l ep ton 
p robes b u t no t t o had rons . 

S m a l l ang le e las t ic h a d r o n s c a t ­
t e r i n g is t h e n seen as ma in l y a r is ing 
f r o m t h e sca t t e r i ng o f s ing le ' c l o t h e d 
qua rks ' . In the Bia las m o d e l , t h e 
express ion fo r t he t d e p e n d e n c e o f 
e las t ic s c a t t e r i n g c o n t a i n s j us t t h e 
p r o d u c t s o f p ro jec t i le a n d t a r g e t 
loarticle f o r m f a c t o r s t i m e s a s imp le 
exp ress ion c o n t a i n i n g on ly one p a r a ­
m e t e r — the size o f t h e ' c l o t h e d ' 
quark . T h e f o r m f a c t o r s s h o u l d 
c o r r e s p o n d t o t h e e l e c t r o m a g n e t i c 
f o r m f a c t o r s s ince t h e e l e c t r o m a g ­
ne t ic cha rge d i s t r i bu t i on is based on 
t h e d i s t r i bu t i on o f t h e po in t - l i ke 
qua rks . 

T h e Fermi lab / Ya le e x p e r i m e n t is 
exceed ing l y s imp le in concep t . T h e 
h a d r o n t ra jec to ry be fo re a n d a f te r a 
h y d r o g e n t a rge t is m e a s u r e d ve ry 
accura te ly . W i r e c h a m b e r s o f h igh 
reso lu t i on ( 6 5 jam) w e r e used so t h a t 
ang les cou ld be d e t e r m i n e d t o 
3 0 j i rad . 

D a t a w e r e co l l ec ted at m o m e n t a 
f r o m 7 0 t o 2 0 0 G e V e m p h a s i z i n g 

he sma l l t reg ion . T h e C o u l o m b 
nuc lea r in te r fe rence t e r m w a s ex­
t r a c t e d f o r all six o f t he long- l i ved 
had rons us ing the qua rk m o d e l p a r a ­
me te r i za t i on o f t h e nuc lea r par t . 

Excel lent a g r e e m e n t w a s f o u n d 
w i t h t h e p red i c t i ons o f d i spe rs ion 
re la t ions f o r all t he par t i c les (and 
w i t h t h e resu l ts o f an e x p e r i m e n t a t 
C E R N by a C l e r m o n t - F e r r a n d / 
Len ing rad / Lyon / Uppsa la g r o u p 
s t u d y i n g nega t i ve p i o n - p r o t o n in te r ­
ac t ions ) excep t f o r an a n o m a l y in 
p r o t o n - p r o t o n sca t t e r i ng . For t h e 
p r o t o n - p r o t o n case t h e Fermi lab / 
Ya le resu l t f o r t he C o u l o m b - n u c l e a r 
i n te r fe rence is subs tan t i a l l y la rger 
t h a n p red ic ted . It is a lso s u b s t a n ­
t ia l ly larger t h a n s im i la r m e a s u r e ­
m e n t s d o n e at t h e Fermi lab in te rna l 
t a r g e t area a n u m b e r o f yea rs ago. 
H o w e v e r if t he in te rna l t a r g e t 

g r o u p ' s d a t a is reana lysed w i t h t h e 
qua rk m o d e l pa rame te r i za t i on , t h e n 
t h e t w o resu l ts are in g o o d a g r e e ­
m e n t b u t b o t h are s o m e w h a t h igher 
t h a n the d ispers ion re la t ions w o u l d 
l ike. A m o r e care fu l reca lcu la t ion o f 
t h e p r o t o n - p r o t o n d ispers ion re la ­
t i o n s is n o w in order . 

CERN 
Steering particles 
by bent crystal 
A f e w m o n t h s ago, w e repo r ted 
s o m e d e v e l o p m e n t s at D u b n a in 
w h i c h h igh ene rgy p r o t o n b e a m s 
w e r e success fu l l y s tee red by pass ­
ing t h e m t h r o u g h ben t c rys ta ls (see 
N o v e m b e r 1 9 7 9 issue, page 3 5 6 ) . 
These e x p e r i m e n t s exp lo i ted s o -
ca l led ' p lanar channe l l i ng ' . 

In genera l , channe l l i ng can be axial 
as w e l l as planar. It occu rs w h e n a 
b e a m o f par t i c les is shone o n t o a 
c rys ta l l ine t a r g e t at an ang le t o a 
c rys ta l p lane (p lanar channe l l ing) or 
c rys ta l ax is (axial channe l l ing) w h i c h 
is less t h a n a cer ta in cr i t ica l va lue . 
For energ ies a r o u n d 1 0 G e V and 
g e r m a n i u m ta rge ts , th i s ang le is 
a b o u t 0 . 2 5 m r a d . 

U n d e r t hese cond i t i ons , co l l i s ions 
w i t h t a r g e t a t o m s b e c o m e c o r r e ­
la ted so t h a t a pos i t i ve l y - cha rged 
par t i c le is gen t l y s tee red a w a y f r o m 
t h e a t o m i c axis or p lane, w h i l e a 
nega t i ve l y - cha rged par t ic le is a t ­
t r a c t e d t o w a r d s t h e pos i t i ve nuc le i . 

In th is w a y t he nuc lear i n te rac ­
t i ons o f pos i t i ve par t ic les are s u b ­
s tan t ia l l y r educed , resu l t ing in a ve ry 
h igh level o f t r a n s m i s s i o n a long 
c rys ta l axes and p lanes. 

In add i t i on , t h e co r re la ted sca t t e r ­
ing f r o m a t o m s in c rys ta l axes a lso 
gen t l y s tee rs par t ic les , so t h a t t h e y 
e m e r g e a t an essent ia l ly una l te red 
ang le t o t h e axis, b u t u n d e r g o a z i m u -
tha l r o ta t i on . 

T h e ne t resu l t is t h a t an in i t ia l ly 

Intensity distribution of a small-angle 
scattered proton beam emerging from a 
germanium crystal 0.8 mm thick. The high 
intensity lines (dark areas) show the steering 
effect (channelling) produced by the atomic 
axes and planes in the crystal. 

paral le l b e a m t r a n s m i t t e d t h r o u g h a 
c rys ta l c o m e s o u t w i t h a r i ng -shaped 
d i s t r i bu t i on c e n t r e d a r o u n d the d i ­
rec t i on o f t h e axis — t h e ' d o u g h n u t 
e f fec t ' . 

One o f t h e ob jec t i ves o f a ser ies o f 
channe l l i ng e x p e r i m e n t s by an A a r -
hus / CERN / S t r a s b o u r g co l l abo ra ­
t i o n w a s t o see if axial channe l l i ng 
a lso c o u l d b e n d par t ic le b e a m s . 

In t hese s tud ies , a 12 G e V u n -
s e p a r a t e d b e a m o f p r o t o n s and p o s i ­
t i ve and nega t i ve p ions is used w i t h a 
s i l i con c rys ta l t a r g e t ben t m e c h a n i ­
ca l ly by a s i m p l e t h u m b s c r e w . A t 
app rop r i a te o r i en ta t i ons o f t h e c r ys ­
ta l , d r a m a t i c b e n d i n g e f fec ts are 
seen f o r t h e pos i t i ve l y - cha rged p a r t i ­
c les due t o a c o m b i n a t i o n o f axial 
f o l l o w e d by p lanar channe l l i ng . T h e 
p r o p o r t i o n o f t h e b e a m ben t is qu i t e 
h igh — a r o u n d 1 0 per cen t — w h i l e 
t h e m a x i m u m b e n d i n g ang le a t ­
t a i n e d so f a r is 5 4 m r a d . Th i s b e n d ­
ing is equ i va len t t o a m a g n e t i c f ie ld 



o f 1 2 0 T o r an e lec t r i c f i e ld o f 
4 x 1 0 1 0 V / m . A sma l l b e n d i n g 
e f fec t is a lso seen f o r t h e nega t i ve 
par t i c les in t he b e a m . 

W h i l e it is t o o ear ly t o say w h e t h e r 
p rac t i ca l app l i ca t i ons w i l l f o l l o w , 
t h e s e la tes t resu l t s s h o w t h a t t h e 
b e n d i n g o f b e a m s by c rys ta l s is m o r e 
c o m p l i c a t e d t h a n w a s f i r s t t h o u g h t . 
Th is opens up n e w areas in t h e s t u d y 
o f t h e i n te rac t i on o f c h a r g e d p a r t i ­
c les w i t h c rys ta l l i ne s t r uc tu res , es ­
pec ia l ly a t h ighe r b e a m energ ies , 
such as t h o s e ava i lab le at t h e SPS , 
w h e r e t he loss o f c h a n n e l l e d p a r t i ­
c les in t h e c rys ta l s h o u l d be c o n s i d ­
erab ly reduced . 

Tasting CAVIAR 
A recen t add i t i on t o t h e range o f 
o f f - t he -she l f e l ec t ron i cs e q u i p m e n t 
ava i lab le fo r phys i cs e x p e r i m e n t s is 
C A V I A R ( C A M A C V i d e o A u t o n o ­
m o u s Read -ou t ) — a m i c r o c o m p u t e r 
f o r the in te rac t i ve d e v e l o p m e n t , 
con t ro l and m o n i t o r i n g o f expe r i ­
m e n t s . 

The a p p a r a t u s w h i c h m u s t be 
deve loped f o r large phys i cs exper i ­
m e n t s cons is t s o f m a n y d i f f e ren t 
s u b s y s t e m s , r ang ing f r o m in t r i ca te 
d e t e c t o r r ead -ou t t o la rge-sca le 
m a g n e t con t ro l . The c o - o r d i n a t e d 
i n teg ra t i on o f t hese d i f f e ren t sys ­
t e m s in to a s ing le e x p e r i m e n t has 
been g rea t l y ass i s ted by t h e ava i la ­
b i l i ty o f e lec t ron i cs s t a n d a r d s such 
as C A M A C and t h e G P I B . 

C A V I A R has been d e v e l o p e d at 
CERN t o he lp eng inee rs a n d p h y s i ­
c is ts d e v e l o p i n g o r t e s t i n g expe r i ­
m e n t a l s u b s y s t e m s based o n 
C A M A C (or G P I B ) e q u i p m e n t . It is a 
c o m p l e t e s t a n d - a l o n e m i c r o c o m ­
puter , i n c o r p o r a t i n g a m i c r o p r o c e s -

The CA VIAR microcomputer, developed at 
CERN as a general-purpose tool for the 
interactive development of experimental 
systems using CAMAC and GPIB electronics. 

(Photo CERN 128.3.78) 

sor w i t h f l o a t i n g - p o i n t a r i t h m e t i c 
and f u n c t i o n p rocessor , a v i deo 
d isp lay w i t h g raph ics capab i l i t y , a 
C A M A C b ranch dr iver , a G P I B 
cont ro l le r , and casse t te and da ta 
c o m m u n i c a t i o n s in te r faces . T h e 
s t a n d a r d un i t i nco rpo ra tes 3 2 
K b y t e s of r a n d o m - a c c e s s m e m o r y 
a n d 2 9 Kby tes o f s y s t e m f i r m w a r e in 
read -on l y m e m o r y . 

C A V I A R f i r m w a r e inc ludes t he 
m i n i c o m p u t e r - c o m p a t i b l e i n te rp re -

Scattering of 12 GeV protons and positive 
pions transmitted through a 20 mm silicon 
crystal, bent through 20 mrad. The (111) 
crystal axis is lined up with the middle of 
the incident beam, and one (110) plane is 
initially horizontal. The lower spot 
corresponds to unbent beam, while the upper 
spot comes from particles bent through 
20 mrad by the (110) plane, initially 
horizontal. The strongly bent beams seen 
at 60° to the vertical come from the other 
two (110) planes. 

t e r B A M B I , w h i c h d e c o d e s a c o n v e r ­
sat ional language s imi lar t o BAS IC . 
T h r o u g h pre- run compi la t ion , B A M B I 
ach ieves execu t i on speeds sub 
s tan t ia l l y f as te r t h a n B A S I C inter­
p re te rs . 

T h e s y s t e m inco rpo ra tes a c o m ­
p rehens i ve range o f C A M A C a n d 
g raph ics cal ls , as w e l l as G P I B a n d 
casse t t e ope ra t i ons , da ta c o m m u n i ­
ca t i ons fac i l i t ies , a r ray -hand l i ng r o u ­
t i nes a n d a fu l l h i s t o g r a m l ibrary. 



The high accuracy superconducting magnet 
built at Rutherford for the European Muon 
Collaboration at CERN, seen here undergoing 
field measurement. 

(Photo Rutherford) 

C A V I A R w a s or ig ina l ly d e s i g n e d 
by Se rg io C i t to l in a n d Bruce Tay lo r 
f o r t h e Ini t ia l Coo l i ng Expe r imen t 

CE). Over 4 0 C A V I A R s are n o w in 
use, and the re is a g r o w i n g d e m a n d 
fo r th i s versat i le a n d p o w e r f u l d e v e l ­
o p m e n t too l fo r e x p e r i m e n t p r e p a r a ­
t i on . 

RUTHERFORD 
High accuracy 
superconducting 
magnet for CERN 
A s par t o f t he phys ics p r o g r a m m e of 
t h e European M u o n Co l l abo ra t i on at 
C E R N , a large po lar ized t a r g e t is t o 
be ins ta l led in t he 2 8 0 G e V m u o n 
b e a m in t he No r t h A r e a at t h e SPS . 
T h e t a rge t w i l l be used t o m e a s u r e 
t h e d e p e n d e n c e o f t h e m u o n in te r ­
ac t i on on the d i rec t i on o f a l i g n m e n t 
o f t h e ' f ree ' po la r ized p r o t o n s in t h e 
ta rge t . In o rder t o po lar ize t h e ta rge t . 

w h i c h is 1 m long and 5 0 m m 
d iame te r , a m a g n e t i c f ie ld o f 2 .5 T 
accu ra te t o one par t in 1 0 4 ove r t he 
t a rge t v o l u m e is requ i red . T e c h n o ­
logy D iv is ion at Ru the r fo rd , in co l l a ­
bo ra t i on w i t h t he Un ive rs i t y of L iver­
poo l , have bu i l t and t e s t e d a supe r ­
c o n d u c t i n g so leno id s y s t e m w h i c h 
m e e t s t h e s e requ i remen ts . 

The m a g n e t s y s t e m n o w de l i ve red 
t o CERN c o m p r i s e s a m a i n so leno id 
w i n d i n g and t w e l v e i ndependen t l y 
p o w e r e d t r i m m i n g so leno ids c o n ­
cen t r i c w i t h and spaced equa l ly 
a long t h e m a i n w i n d i n g . The m a i n 
so leno id is 1.6 m long, and has in ter ­
nal and ex te rna l d i a m e t e r s o f 2 0 0 
and 2 2 5 m m respect ive ly . M a d e o f 
1 m m d i a m e t e r N i o m a x w i r e , it has a 
s t o red ene rgy of 1 4 0 kJ and uses a 
cu r ren t o f 1 8 0 A w i t h a cu r ren t 
dens i t y o f 1 6 0 0 0 A / c m 2 . 

The m a g n e t s y s t e m has at least 
t w o i nnova t i ons i nco rpo ra ted in to i ts 
des ign . It e m p l o y s a coppe r bore 

t u b e no t on ly as a w i n d i n g m a n d r e l , 
bu t a lso t o m a k e t h e w i n d i n g s inher­
en t l y safe f r o m d a m a g e w h e n t h e 
s u p e r c o n d u c t o r goes n o r m a l . The 
t u b e ac ts as a s h o r t e d t u r n and 
causes the n o r m a l reg ion on 
q u e n c h i n g t o sp read rap id ly t h r o u g h 
t he w i n d i n g s so t h a t t h e m a g n e t ' s 
s t o r e d ene rgy is d i ss ipa ted un i f o rm l y 
t h r o u g h o u t t h e w i n d i n g mat r ix . 

N e w w i n d i n g t e c h n i q u e s w e r e 
deve loped t o g ive a s ign i f i can t 
i m p r o v e m e n t in t h e g e o m e t r i c to le r ­
ances o f t h e so leno ids . Th is i m ­
p r o v e m e n t is requ i red if t he accu ra te 
f ie ld spec i f i ed w a s to be ach ieved . 
The t e c h n i q u e invo lves w i n d i n g a 
layer and f i l l ing t he spi ra l va l ley 
f o r m e d by t h e r ound w i r e w i t h a 
res in c o n t a i n i n g f ine ly d iv ided a l u ­
m i n i u m ox ide. The excess resin is 
w i p e d off, a n d cu r i ng g ives a d i m e n -
s iona l ly accu ra te cy l inder on w h i c h 
the nex t layer o f the so leno id is 
w o u n d . 

The m a g n e t s y s t e m is a s s e m b l e d 
in a co ld ho r i zon ta l bore c r yos ta t 
capab le o f ho ld ing 7 5 I o f l iquid 
he l i um at a bo i l -o f f rate o f s o m e 
4 l / h r . T h e v a p o u r bo i led of f f r o m the 
c r y o s t a t is used p r imar i l y t o coo l t he 
cu r ren t leads b u t is also used t o coo l 
t he rad ia t ion sh ie ld . 

T h e m a g n e t s y s t e m has been 
supp l i ed t o CERN c o m p l e t e w i t h all 
t he requ i red i n s t r u m e n t a t i o n , i nc l ud ­
ing p o w e r supp l ies , q u e n c h d e t e c ­
t i on s y s t e m s , t e m p e r a t u r e and l iquid 
level m o n i t o r i n g , cu r ren t leads and 
sh ie ld f l o w c o n t r o l , f o r ced w a r m - u p 
and v a c u u m p u m p i n g . 

Be fo re de l i ve ry t o CERN the 
s y s t e m u n d e r w e n t fu l l m a g n e t i c and 
c r yogen i c t es t s and w a s f o u n d t o be 
subs tan t i a l l y w i t h i n t h e requ i re ­
m e n t s o f i ts spec i f i ca t i on . The f ie ld 
w a s f o u n d t o be accu ra te t o one par t 
in 1 0 4 over a v o l u m e s o m e 4 0 per 
cen t larger t h a n t h a t requ i red . 
Fur ther t es t s car r ied o u t at CERN 
have c o n f i r m e d the resul ts . 



Physics monitor 

Physics goes 
underground 
T o tes t t he n e w un i f i ca t i on t heo r i es 
o f phys ics , m a n y n e w p ro jec ts are 
be ing p repa red . T o h u n t t h e l o n g -
a w a i t e d i n t e r m e d i a t e b o s o n s o f 
w e a k in te rac t ions , e x p e r i m e n t s are 
be ing p repa red f o r t he p r o t o n - a n t i -
p r o t o n co l l ider a t C E R N . T o p u t t he 
n e w e l e c t r o w e a k t h e o r y real ly t o t h e 
tes t , t he LEP p ro jec t is be ing 
p roposed t o o p e n up a n e w ene rgy 
range w i t h ideal e x p e r i m e n t a l c o n ­
d i t i ons . 

A l t h o u g h t he e l e c t r o w e a k t h e o r y 
is no t ye t t e x t b o o k ma te r i a l , i ts 
recen t successes have m a d e t h e o ­
r ists c o n f i d e n t e n o u g h t o tack le 
' g rand un i f i ca t i ons ' t o m e r g e s t r o n g 
i n te rac t i ons w i t h t h e e l e c t r o w e a k 
fo rce . One o f t h e p red i c t i ons o f th i s 
n e w e s t t h e o r y is t h a t t he p r o t o n can 
d e c a y (see M a y 1 9 7 9 issue, 
page 1 1 6) . 

A c c o r d i n g t o t hese theo r ies , t h e 
p r o t o n has a l i f e t ime o f s o m e 1 0 3 1 

years , w h i c h m e a n s t h a t a m a n 
w o u l d have t o l ive f o r m o r e t h a n a 
c e n t u r y be fo re he c o u l d say t h a t 
t he re w a s a g o o d c h a n c e t h a t j us t 
one o f t he p r o t o n s in his b o d y had 
d i s i n teg ra ted . 

S u c h rare decays c a n n o t be 
d e t e c t e d us ing t r ad i t i ona l s c a t t e r i n g 
expe r imen ts . T o t r y t o d e t e c t t h e m , 
s o m e phys ic i s t s are t u r n i n g a w a y 
f r o m acce le ra to r Labora to r ies and 
look ing t o w a r d s spec ia l l y -equ ipped 
'pass ive ' e x p e r i m e n t s ins ta l led deep 
b e l o w g r o u n d t o m i n i m i z e t he 
e f fec ts o f c o s m i c rays. 

U n d e r g r o u n d e x p e r i m e n t s are n o t 
n e w , and s o m e ins ta l la t ions have 
been look ing f o r a l ong t i m e f o r s igns 
o f p r o t o n d e c a y a n d o t h e r unusua l 
p h e n o m e n a , w i t h no success (see 
D e c e m b e r 1 9 7 9 issue, page 4 1 5 ) . 
H o w e v e r w i t h t he t h e o r y n o w g i v ing 
an ind ica t ion o f t h e e x p e c t e d p r o t o n 

decay rate, expe r imen te r s can scale 
the i r appa ra tus t o op t im i ze the i r 
chances . 

One d e t e c t o r is be ing bu i l t by an 
I rv ine / M i c h i g a n / B r o o k h a v e n 
co l l abo ra t i on fo r an e x p e r i m e n t a l 
s i te 6 0 0 m e t r e s u n d e r g r o u n d in a 
sa l t m i n e on t h e shores o f Lake Erie. 
It w i l l con ta i n a C h e r e n k o v - t y p e 
d e t e c t o r cons i s t i ng o f 1 0 0 0 0 t o n s 
o f pure w a t e r m o n i t o r e d by 
2 4 0 0 pho tomu l t i p l i e r s . 

A n o t h e r d e t e c t o r is under c o n ­
s t r u c t i o n by a Harva rd / Pennsy l va ­
n i a / W i s c o n s i n g r o u p f o r use in a 
U t a h s i lver m ine . In th i s e x p e r i m e n t , 
p h o t o m u l t i p l i e r s w i l l be i m m e r s e d in 
a sma l l e r v o l u m e o f w a t e r . 

Desp i te be ing 6 0 0 m e t r e s unde r ­
g r o u n d , c o s m i c ray p r o d u c t s c o u l d 
st i l l pose p rob lems , a n d t h e expe r i ­
m e n t s p lan t o use add i t i ona l m e a n s 
t o f i l te r ou t t h e b a c k g r o u n d d u e t o 
h a d r o n s p r o d u c e d near t he d e t e c ­
to rs by c o s m i c rays. Th is can be d o n e 
e i ther by i n te rpos ing sh ie ld ing (Har ­
va rd / Pennsy lvan ia / W i s c o n s i n ) o r 
by us ing t h e ou te r reg ion o f t he 
d e t e c t o r i tse l f as a h a d r o n sh ie ld 
( I rv ine / M i c h i g a n / B r o o k h a v e n ) . 
The p r o t o n decays w o u l d g ive back -
t o - b a c k cones o f Che renkov l ight in 
t h e inner de tec to rs . 

In Europe, a nuc léon s tab i l i t y 
e x p e r i m e n t is be ing p repa red by a 
C E R N / Frascat i / M i l a n / To r i no 
co l l abo ra t i on and an in i t ia l ve rs ion o f 
a de tec to r , w e i g h i n g 1 5 0 t ons , w i l l 
be ins ta l led s o m e 3 0 0 0 m e t r e s 
b e l o w g r o u n d in a sha f t o f f t h e M o n t 
B lanc road t u n n e l w h i c h l inks France 
a n d I ta ly. Ins tead o f us ing a large 
h o m o g e n e o u s de tec to r , t h i s expe r i ­
m e n t p lans a f i ne l y -g ra ined a p p a r a ­
tus . A n o t h e r e x p e r i m e n t is be ing 
p l a n n e d by a French co l l abo ra t i on 
us ing t h e Frejus t u n n e l . In add i t i on , it 
is h o p e d t h a t s o o n a European 
e x p e r i m e n t w i l l be s t a r t e d us ing 
a p p a r a t u s w e i g h i n g severa l t h o u ­
s a n d tons . 

Giant magnetic 
monopoles 
T h e a p p a r e n t absence o f m a g n e t i c 
m o n o p o l e s in a w o r l d w h e r e t h e 
e q u a t i o n s o f e l e c t r o m a g n e t i s m are 
s y m m e t r i c w i t h respec t t o e lec t r i c 
a n d m a g n e t i c cha rge has l ong i n t r i ­
g u e d phys ic i s ts , and f r o m t i m e t o 
t i m e n e w theo r i es have g i ven f r e s h 
i m p e t u s t o t h e expe r imen ta l sea rch 
f o r f r ee m a g n e t i c charge . 

O n e m a j o r i ndus t r y a m o n g p r e ­
s e n t - d a y par t i c le t heo re t i c i ans is t h e 
sea rch f o r t h e ' g r a n d un i f i ca t i on ' o f 
t h e s t r o n g i n te rac t i ons w i t h t h e e lec ­
t r o w e a k f o r c e (see M a y 1 9 7 9 issue, 
page 11 6 ) . 

A s w e l l as s imp l i f y i ng t h e p i c tu re 
o f t h e f o r c e s at w o r k in Na tu re , t h e s e 
a m b i t i o u s theo r ies a lso a c c o u n t f o r 
t h e q u a n t i z a t i o n o f e lec t r ic c h a r g e 
a n d f ix t h e o t h e r w i s e f ree p a r a m e t e r 
in t h e e l e c t r o w e a k t h e o r y w h i c h 
re la tes t h e e lec t r ica l ly neu t ra l car r ie r 
par t i c les — t h e p h o t o n o f e l e c t r o -
m a g n e t i s m a n d t h e Z ° o f t h e w e a k 
neu t ra l cu r ren t . 

A n o t h e r sp in -o f f p red i c t i on o 
g r a n d un i f i ca t i on is t h e uns tab le 
p r o t o n , a n d e x p e r i m e n t s are n o w 
be ing p r e p a r e d t o sea rch f o r s igns o f 
p r o t o n d e c a y (see p rev ious ar t ic le) . 
In add i t i on , in t hese theo r i es t h e 
ex i s tence o f m a g n e t i c m o n o p o l e s 
c a n a lso be a rgued f r o m qu i t e 
genera l g r o u n d s . 

H o w e v e r t hese m o n o p o l e s are 
e x p e c t e d t o be e x t r e m e l y heavy, 
heav ie r even t h a n t h e b o s o n s t h a i 
are he ld t o be respons ib le f o r p ro ton 
decay , w h i c h are usua l ly a t t r i bu ted 
w i t h a m a s s o f 1 0 1 5 GeV , or 10-
g r a m s , m u c h heav ier even t h a n c 
b a c t e r i u m ! 

W h i l e s u c h supe rheavy mono -
po les d o n o t have m u c h imp l i ca t i o r 
f o r e x p e r i m e n t s a t acce le ra to rs , pre­
sen t o r p lanned , t h e y shou ld have 
been p r o d u c e d in t h e e x t r e m e te rn 



People and things 

pe ra tu res o f an in i t ia l ' B i g B a n g ' 
d u r i n g t he f o r m a t i o n o f t h e Un iverse . 
If t h e y w e r e indeed f o r m e d , s u c h 
p r imord ia l m o n o p o l e s s h o u l d st i l l be 
a r o u n d , and t h e con t i nua l n o n -
o b s e r v a t i o n of f ree m a g n e t i c cha rge 
in e x p e r i m e n t s p rov ides add i t i ona l 
cons t r a i n t s on t he theo ry . 

On people 

Volodya Gribov 

Both CERN Directors General were 
honoured in March. John Adams 
was awarded a Doctorate Honoris 
Causa by the University of Milan 
as 'originator and devoted construc­
tor of powerful accelerators which 
have made fundamental discoveries 
in elementary particle physics possi­
ble, in the framework of collabora­
tions of which he has always been 
a strong advocate'. Leon Van Hove 
received one of Belgium's highest 
honours — the Commandeur de 
l'ordre de Leopold — 'in recognition 
of many distinguished services in 
diverse fields and contributions to 
science and international collabora­
tion'. 

David A. Shirley has been appointed 
Director of the Lawrence Berkeley 
Laboratory with effect from 1 April, 
succeeding Andy S ess 1er, who an-

nounced last September his inten­
tion to return to physics research. 
Shirley, 45, has been from 1975 
associate director at Berkeley and 
Head of the Laboratory's Materials 
and Molecular Research Division. 

The Max Born Prize, awarded in 
alternate years to British and Ger­
man physicists, goes this year to 
Helmut Faissner of Aachen for his 
work in elementary particle physics. 

The 50th birthday of Volodya Gribov 
was celebrated on 25 March. He 
has had an important influence on 
particle physics theory leading the 
Leningrad school at Gatchina. His 
name is associated with many theo­
retical developments — the Frois-
sart / Gribov transformation and 
Gribov / Pomeranchuk singularity 
in Regge theory, Gribov reggeon 
field theory, Abramovich / Gribov / 
Kancheli cutting rules, Gribov / Lipa-
tov approach to deep inelastic pro­
cesses, Gribov ambiguity in gauge 
theory, etc. 

SLAC Summer Institute 

The eighth annual SLAC Summer 
Institute on Particle Physics is being 
held this year from 28 July to 
8 August. The topic is the weak 
interaction, covered first in a seven-
day school with formal lectures and 
discussion sessions on Gauge Theo­
ries of Weak Interactions (M. Velt-
man). Quarks and Leptons (H. Ha-
rari). Neutrino Reactions (F. Sciulli), 
Strange and Heavy Quark Decays 
(D. Hit/in) and Lectures on Detectors 
(D. Ritson). From 6-8 August, a 
topical conference will cover exper­
iments on heavy hadron decays, 
limits on decays of leptons and 
strange particles, technicolour and 
grand unification, neutrino scatter­
ing, and composite quark and lepton 
theories. Further information from 



The Vacuum Ultraviolet Section of the 
building at Brookhaven to house the National 
Synchrotron Light Source is now occupied. 
The first magnets of the VUV storage ring 
can be seen being moved into the building 
during a snowfall, under the supervision of 
Hank Hsieh — engineer responsible for their 
design and fabrication. The vacuum beam 
pipe has been installed together with the 
focusing magnets and much of the electrical 
equipment required to power them. A 
vacuum of the order of 1Ch8 torr was 
achieved in the completed chamber in tests 
prior to bakeout. 

(Photo Brookhaven) 

the co-ordinator of the institute, 

Ann Mosher, SLAC, P. 0. Box 4349, 

Bin 62, Stanford, California 94305, 

USA. 

Meetings 

From 23-27 June, an Intermediate 

Energy Nuclear Chemistry Work­

shop will be held at the Los Alamos 

Scientific Laboratory. Further infor­

mation can be obtained from B.J. 

Dr opes ky, Mail Stop 824, LASL, 

Los Alamos, New Mexico 87545, 

USA. 

From 9-12 September, a Euro-

physics Conference on Computing 

in High Energy and Nuclear Physics 

wil be held at Bologna. Further 

information is available from 

F James, CERN Division DD, 1211 

Geneva 23, Switzerland. 

Cold for ISABELLE 

The contract for the refrigeration 
system for the ISABELLE 400 GeV 
proton-proton storage rings at 
Brookhaven was awarded in March 
to Helix Technology Corp. for a sum 
of 6.5 million dollars. The helium 
refrigerator, to hold the 1100 ISA-
BELLE magnets at superconducting 
temperature, will be the biggest in 
the world. It must supply 55 kW at 

Beneath a canopy of European flags, an 
inauguration ceremony was held at CERN 
on 6 March for the STELLA project. STELLA 
will test high speed, large volume data 
transmission between high energy physics 
Laboratories using the OTS satellite of the 
European Space Agency (ESA). The project 
is supported by the European Economic 
Communities (EEC) and European PTTs. 
Speakers at the ceremony were, left to right: 
J.B. Adams (CERN Executive Director 
General), R. Gibson (ESA Director General), 
F. Braun (Director General, Internal Market 
and Industrial Affairs, EEC) and L. Van Hove 
(CERN Research Director General). 
Participants later saw a demonstration of 
the satellite link to the Rutherford Laboratory. 

(Photo CERN 105.3.80) 



POSITION OPPORTUNITY 

RESEARCH ASSOCIATES 
IN PARTICLE PHYSICS 

The INSTITUTE OF PARTICLE P H Y S I C S OF 
C A N A D A i nv i t es a p p l i c a t i o n s f o r Research 
A s s o c i a t e p o s i t i o n s . O p e n i n g s ex is t in t h e 
C a n a d i a n e x p e r i m e n t a l p a r t i c l e p h y s i c s g r o u p s 
l o c a t e d at C a r l e t o n , M c G i l l , O t t a w a , T o r o n t o a n d 
Y o r k Un ive rs i t i es . T h e s e g r o u p s are c o l l a b o r a t i n g 
in e x p e r i m e n t s a t F e r m i l a b a n d S L A C . 

A p p l i c a t i o n s i n c l u d i n g c u r r i c u l u m vi tae, t r a n ­
sc r i p t s and t h e n a m e s o f 3 re fe rees s h o u l d be 
s e n t t o : 

J . D . P R E N T I C E 
D e p a r t m e n t o f Phys i cs 
U n i v e r s i t y o f T o r o n t o 
T o r o n t o , O n t a r i o M 5 S 1 A 7 
C a n a d a 1 4 PHY$\<$& 

POSITION OPPORTUNITY 

RESEARCH SCIENTIST 
IN PARTICLE PHYSICS 

T h e INST ITUTE OF PARTICLE P H Y S I C S OF 
C A N A D A inv i t es a p p l i c a t i o n s f o r Research 
S c i e n t i s t p o s i t i o n s . A p p l i c a n t s s h o u l d have 
p r o v e n ab i l i t y in E x p e r i m e n t a l Par t i c le Phys ics . 
In i t ia l a p p o i n t m e n t s w i l l be f o r t h r e e yea rs 
f o l l o w e d by a r e v i e w w h i c h , if f a v o r a b l e , w i l l lead 
t o a c o n t i n u i n g ca ree r a p p o i n t m e n t . In i t ia l l y 
Research S c i e n t i s t s w i l l be e x p e c t e d t o j o i n o n e 
o f t h e ex i s t i ng I.P.P. c o l l a b o r a t i o n s a t Fe rm i l ab 
o r S L A C b u t t h e o p p o r t u n i t y t o i n i t i a te n e w 
e x p e r i m e n t s w i l l a l so ex is t . 

A p p l i c a t i o n s i n c l u d i n g c u r r i c u l u m vi tae, t r a n ­
sc r i p t s a n d t h e n a m e s o f 3 re fe rees s h o u l d be 
sen t t o : 

J . D . P R E N T I C E 
D e p a r t m e n t o f Phys i cs 
U n i v e r s i t y o f T o r o n t o 
T o r o n t o , O n t a r i o M 5 S 1 A 7 
C a n a d a 

55 K for the magnet heat shields, 
13.5 kW at about 3 K for the super­
critical helium to cool the magnets 
(a flow rate of 4 kg/s) and liquid 
helium to cool the power leads (a 
flow rate of 0.1 kg/s). Delivery is 
scheduled for mid-1982. 

Aesthetics and Science 

A limited edition of 'Aesthetics and 
Science ', a burgundy leather-bound 
volume containing the proceedings 
of the International Symposium in 
honour of Robert R. Wilson, held 
at Fermilab on 27 April 1979, has 
recently been published. Leonardo 
Da Vinci's inspired knot design 
is embossed in gold on the front 
and back covers of this small 
keepsake. The 120 page volume 
contains the complete texts of the 
Symposium speakers: L.M. Leder-
man on 'Wilson and Fermilab'; 
W. Paul on 'Early Days in the Devel­
opment of Accelerators'; S. Chan-
drasekhar on 'Beauty and the Quest 
for Beauty in Science '; H. Bethe on 
'Los Alamos and Cornell' and 

V.F. Weisskopf on 'Art and 
Science. ' The subject matter should 
appeal to a variety of interests and 
intellectual pursuits. The text is 
printed on heavy paper stock that 
displays the full page, black and 
white photographs to their best 
advantage. The price of this volume 
to honour Wilson on the occasion 
of his retirement from Fermilab is 
$20, and prepaid orders can be 
placed with Ms. Judy Ward, Fermi­
lab, P.O. Box 500, Batavia, IL 60510 
USA. 

Damping for stability 

Another step in the progress towards 
higher intensity, better quality 
beams from the CERN SPS has 
been taken with the recent intro­
duction of a 'Landau damping 
cavity' in the ring. The cavity is 
powered by two 225 kW amplifiers 
operating at 800 MHz, supplied 
by Valvo. The system worked so 
well in stabilizing the beam that, 
for some purposes, instabilities will 
have to be fed back in artificially I 

A second cavity is scheduled to be 
installed later this year. 
The technique of Landau damping 
is a general attack on a category 
of beam instabilities which removes 
the instabilities before they grow 
sufficiently large to harm the beam. 
It acts by introducing a slight spread 
in the number of oscillations indi­
vidual particles make on each turn 
around the machine. 
Octupoles (for the transverse direc­
tion) and cavities (for the longitudinal 
direction) are powered so as to give 
refined control, introducing just 
enough Q-spread to kill instabilities 
due to too small a Q-spread. 
The CERN cavity system has been 
tested and the instabilities under 
attack were cured. However the 
'brighter'beam now makes extraction 
more sensitive. A technique of 
introducing noise into the beam at 
extraction to give a smoother spill 
of particles to the experiments is 
now being considered. 



G M E L I N — Handbook of Inorganic Chemistry 
Uranium Supplement Volume A 1 

Uranium Deposits 
A n impor tant prerequisi te for the long-term use of 
nuclear energy is informat ion on u ran ium ore 
deposits from which u ran ium can be economically 
produced. In contrast to pe t ro leum and other fossil 
fuels, u ran ium has wide geographic distribution. 

This U r a n i u m Supplementary Vo lume A 1 of the 
Gmel in H a n d b o o k describes commercial ly significant 
u ran ium deposits. Unfor tunate ly , the informat ion 
currently available on deposits in the C O M E C O N 
countries is relatively sparse and imprecise, and they 
have not been included. T h e geology and mineral iza­
tion of the individual deposits are described in detail. 
Special at tent ion is paid to the concentra t ion and 
quanti ty of the deposits and to the economic aspects 
of working them. 

Since there has been no previous really comprehen­
sive description of the metal logeny and tectonic occur­
rence of u ran ium, or of the regions where u ran ium 
deposits occur, these par t icular aspects are covered in 
greater detail t han is otherwise cus tomary in the 
Gmel in Handbook . Li tera ture Closing Da te : 1979. 

Survey of Contents 
Target and Scope. Types of Deposits . Wor ld Reserves. 
U r a n i u m Product ion . Geograph ic Distr ibution of 
Deposits . Classification of U r a n i u m Deposits and . 
Ore-Forming Processes. Geologic Characterist ics of 
the Types of Economic Deposi ts . Grades and Reser­
ves. Potential Types of Deposi ts for Fu tu r e Resources. 
Geochronologic-Strat igraphic Positions of Uran ium. 
Influence of Paleocl imate and Paleoweather ing on 
the Format ion of U r a n i u m Deposits . Position and 
Succession of the Var ious Genera t ions of Deposi ts . 
Synopsis on the Fo rma t ion of U r a n i u m Deposits . 
Descript ion of Individual Deposits . 

1979. 74 illustrations. XVII I , 280 pages (in German) 
ISBN 3-540-93403-0 
Cloth D M 654 ,—; ca. US $366.30 
Price subject to change without notice 

At present the description of u ran ium and its com­
pounds is covered by 8 volumes of the Gmel in H a n d ­
book, and further volumes are in preparat ion. 

Springer-Verlag 
Berlin 
Heidelberg 
New York 

UNIVERSITY 
OF 

LIVERPOOL 
Department of Physics 

A p p l i c a t i o n s are i nv i t ed f o r t h e pos t o f Research 
A s s i s t a n t / S e n i o r Research A s s i s t a n t in t h e 
D e p a r t m e n t o f Phys ics . A p p l i c a n t s s h o u l d be 
e x p e r i m e n t a l phys i c i s t s w i t h research in te res ts 
in t h e f ie ld o f h igh ene rgy phys ics . Exper ience in 
e lec t ron i cs s y s t e m s w o u l d be a d v a n t a g e o u s . 
Cand ida tes m u s t be p repa red t o s p e n d a s u b s t a n ­
t ia l pa r t o f t he i r t i m e at C E R N Geneva . 

T h e a p p o i n t m e n t is f o r a m a x i m u m per iod o f t w o 
years and t h e in i t ia l sa la ry w i l l be a t a po in t o n 
sca le 1 A , o r 1 B o f t h e sa la ry sca les f o r research 
a n d a n a l o g o u s s ta f f a c c o r d i n g t o age, qua l i f i ­
c a t i o n s a n d exper ience o f t h e success fu l c a n d i ­
da te . 

A p p l i c a t i o n s , t o g e t h e r w i t h t h e n a m e s o f t h r e e 
referees, s h o u l d be rece ived no t later t h a n 1 5 t h 
M a y , 1 9 8 0 , b y T h e Regis t rar , The Un ive rs i t y , 
P.O. Box 1 4 7 , L ive rpoo l , L 6 9 3 B X , Eng land , 
f r o m w h o m f u r t h e r pa r t i cu la rs m a y be o b t a i n e d . 
Q u o t e Ref : R V / 9 6 5 / C C . 

Advertisements in CERN COURIER 
All advertisements are published in both English and French 
editions. Second language versions accepted w i thout extra 
charge. 

Cost per insertion (Swiss Francs) 

Space Actual size (mm) 

(page) width by height _ 

1 5 10 
insertion insertions insertion 

1 / i 184 x 267 1300 1200 1100 
1A 184 x 130 7 n n a v . n „ n n 

88 x 267 7 0 0 6 5 0 6 0 0 

1A 88 x 130 380 350 320 

Supplement for 
one colour 1 2 0 0 SwF 
Covers : 
Cover 3 (one colour) 1450 SwF 
Cover 4 » » 2 0 5 0 SwF 
Publication date 1 st of month of cover date 
Closing date for 
positive fi lms and copy 1 st of mon th preceding cover date 

The cost of making f i lms and of t rans­
lation for advert isements are charged 
in addit ion 

Screen (offset) 60 or 54 Swiss ( 1 50 English) 
Adver t isements cancelled after 1 st 
of month preceding cover date wi l l 
be invoiced 

Advert ising space is l imited to 50% of contents and insertions 
are selected on a strict f i rst-come first-served basis. 
Al l enquiries to : 
M i c h e l i n e F A L C I O L A / C E R N COURIER - CERN 
1 2 1 1 G e n e v a 2 3 S w i t z e r l a n d 
T e l . ( 0 2 2 ) 8 3 4 1 0 3 T e l e x 2 3 6 9 8 
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NewCAMAC 
DISPLAY DRIVER9093 

The Nuclear Enterprises new 9093 combines the intelligence 
of a microprocessor with 16K bytes of RAM to offer you a 

versatile graphics facility. 

Features: 
Composite Video Output 

Output to standard low cost 
625 line 50 field monitor 

128K Bit Picture Memory 
Dot bright up at any position on 

a 512 x 256 (xxy) matrix. 

Microprocessor 
1802 microprocessor with 

preprogrammed 2K bytes EPROM 
formats the picture memory in any 
combination of the standard 
programmed modes . 

Alpha Numeric Mode 
Characters can b e printed as 

24 rows x 80 columns. The 
module is equipped with a set of 
96 ASCII characters and cursor 
control. 

Point Plot Mode 
Points are plotted by specifying 

the x, y co-ordinates of the 
desired dot position on the screen. 

Line Mode 
A line can b e drawn between 

the current defined cursor position 
and specified co-ordinates. 

Erase and Reverse Video 
The total picture, points, or 

series of points may b e erased in 
the se lected mode. In the alpha 
numeric mode reverse video 
complements the character bright 
up. 

Colour Capability 
The module is equipped with 

line and frame synchronisation 
inputs and outputs in order to 
allow module interconnection. 
Thus three Display Drivers may 
b e coupled to a standard RGB 
colour monitor to display dots in 
one of eight programmed colours. 

How dnps it work? 

pre 
byt 
pic 
rea 
me 
mo 
syr 
Infc 
He] 
eve 
sec 

A division of EMI Technology 
S.A. N U C L E A R E N T E R P R I S E S 

25 Chemin Francois- Lehmann,1218 Grand Saconnex.Genève 
Tel: (022) 98 16 61/62 Telex 289066 

Nuclear Enterprises Ltd. Bath Road,Beenham,Reading RG75PR Tel:073~5212121 Telex:848475 

Nuclear Enterprises GmbH, Schwanthalerstrasse 74,8 Mùnchen2,Germany. Tel: 53 62 23 Telex:529938 

On receipt of a control byte the microprocessor format 
>gram executes a particular mode. When characters or 



renforce le système 
d'ordinateurs décentralisé 

U n s y s t è m e i n f o rma t i que décen t ra l i sé p o u r Norsk Da ta es t 
f o n d é sur une re la t ion h o m m e - m a c h i n e , d o n t l 'ax iome de 
b a s e est q u e tou t b e s o i n d e capac i té d e ca l cu l es t local . N o s 
s y s t è m e s d 'o rd ina teu rs son t a insi a d a p t é s a u x beso ins l ocaux 
c o m m e suppor t e t out i l d a n s la p roduc t i on , l a recherche et 
l 'admin is t ra t ion. 

L a possibi l i té d e c o n n e c t e r p lus ieurs s y s t è m e s locaux i n d é ­
p e n d a m m e n t de leur e m p l a c e m e n t p e r m e t l a c o m m u n i c a t i o n 
en t re s y s t è m e s et l a c réa t i on de pu i ssan ts r é s e a u x d 'o rd ina ­
teu rs . 

Les s y s t è m e s N O R D son t e n t i è r e m e n t modu la i res . C h a q u e 
matér ie l o u logic ie l p e u t ê t re d é v e l o p p é et adap té aux beso ins 
qu i évo luen t s a n s q u e d e s uni tés c o û t e u s e s dev iennen t supe r ­
f lues . N o s s y s t è m e s s ' é tenden t du m in i -o rd ina teu r 16 bi ts a u x 
c o m p l e x e d 'o rd ina teu rs 3 2 bits avec une capac i t é de m é m o i r e 
v i r tuel le de 4 ,3 G - o c t e t s pou r les d o n n é e s c o m m e pour les 
ins t ruc t ions. 

N o s dép l ian ts d ' i n fo rma t ion sur le N O R D 100, N O R D 5 0 0 , et 
sur le t ra i tement décen t ra l i sé d e s d o n n é e s e n re lèvent les p o s ­
sibi l i tés et les a v a n t a g e s . 

Les o rd ina teu rs N O R D - é l é m e n t f o n d a m e n t a l d 'un t ra i te ­

m e n t ef f icace d e s d o n n é e s . 

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

O u i , j e v e u x e n savo i r p lus sur le s y s t è m e N o r d 
d e t ra i temen t « é la rg i » d e s d o n n é e s . 

I 

Nom_ 

Entreprise_ 

Adresse_ 

Téléphone. 

•••• 
••#•••••• ••••• •••• 

•••••••• 
••••••••• •••••••• 

Norsk Data 

Tél. : (1)6023366 

NORD - Une alternative à étudier 

Siège : « Le Brévent », Avenue du Jura, 01210 Ferney-Voltaïre 
Tél. : (50)408576 

Paris : 120 Bureaux de la Colline, 92213 Saint-Cloud 

NORD 



W e a r e n o w m a n u f a c t u r i n g o u r o w n 

1 5 0 0 - P I K 

all t h e s t a n d a r d f e a t u r e s 
* f u l l y c o m p l i e s w i t h la test C A M A C spec i f i ca t i ons 

* opera tes f r o m 1 0 0 V , 1 2 0 V , o r 2 2 0 V (s t rap 
selectable) 

* t h i s fu l l -s ize c ra te has à 2 5 - s t a t i o n m u l t i l a y e r 
p r i n t e d D a t a w a y 

i t p o w e r s u p p l y a n d f a n un i t s are removab le f o r 
easy i ns ta l l a t i on a n d m a i n t e n a n c e 

* + 2 4 V , ± 1 2 V , ± 6 V DC o u t p u t s are p r o v i d e d 

* + 6 vo l t s source del ivers a f u l l 4 2 amperes 

i t p u s h - b u t t o n m e t e r i n g m o n i t o r s vo l tages a n d 
c u r r e n t loads f r o m al l sources 

o f f e r i n g y o u 

faster delivery 

maximum uptime 

easy maintenance 

faster service 

full two-year warranty 

a n d m o r e 
H o w d i d w e m a k e a g o o d C A M A C cra te be t te r? 

B y e m p l o y i n g m o d u l a r c o n s t r u c t i o n t echn iques 

in m a n u f a c t u r i n g o u r p o w e r s u p p l y and f a n 

un i t s . N o w . . . 

i t al l subassembl ies are m o d u l a r and p lugab le 

each s u b u n i t is separa te ly b u i l t and tes ted 
b e f o r e assembly 

i t i n d i v i d u a l par ts can be easily unp lugged 
a n d serv iced 

N o t o n l y does t h i s f a c i l i t a t e c ra te m a n u f a c t u r i n g 

and m a i n t e n a n c e , b u t i t also insures y o u r 

a p p l i c a t i o n a m a x i m u m o f u p t i m e . 

ic i nc ludes overvo l tage a n d c u r r e n t l i m i t i n g 

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

Kinetic Systems International S.A. 
Dep t . CC50 * 6 C h e m i n de T a v e r n a y * 1218 Geneva, S w i t z e r l a n d » T e l . ( 0 2 2 ) 9 8 4 4 4 5 » Te lex 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 Maryknoll Drive « Lockport, Illinois 60441 * Tel. 815 838 0005 * TWX 910 638 2831 

the 
[CAMAC] 

people 
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LINEAR-
POSITION TRANSDUCERS 
5 mm to 500 mm 

MODEL 5175 
High temperature +260° C capability 
Standard ranges: 25 / 50 /100 /150 mm 
Power rating: 1 Watt /25 mm at 40°C 

MODEL 5184 
Long life performance 
Standard ranges: 2 5 / 5 0 / 1 0 0 / 1 50 mm 
Power rating: 0,5 Watt at 75°C 

MODEL 5194 
Long travel unit 
Standard 
ranges: 200 / 300 / 400 / 500 mm 
Long life performance 

MODEL 5141 
Short travel 5 mm to 12 mm 

® 

B o u r n s ( S c h w e i z ) A G 

T e l . 0 4 2 / 3 3 3 3 3 3 

6 3 4 0 B a a r 

T e l e x 7 8 7 2 2 

ER1C0V0X 

Le téléphone «mains libres» 
desPTT 

( M o d è l e 150 a v e c c lav ie r no rma l i sé PTT, 

p o u r une me i l l eu re c o m m u t a t i o n a u t o m a t i q u e 

p a r o l e - é c o u t e e t l ' a t ténuat ion des bruits) 

Pour que le chef de service, 
la secrétaire, 

le mandataire et tous les autres 
«gros utilisateurs» 

puissent téléphoner et travailler 
plus facilement, commodément 

et efficacement ou organiser 
une conférence téléphonique. 

Ericsson SA 
Télécommunications 

1022 Chavannes-Renens 2, rue de la Mouline 

Tél. 021/35 45 21 

Le serv ice c l ientè le d e v o t r e D i rec t ion 

d ' a r rond i ssemen t des té léphones (tél. 13/113) 

o u les insta l la teurs concess ionna i res 

des PTT d e v o t r e r é g i o n vous f o u r n i r o n t 

tous les rense ignements uti les. 



MEASURE WEAK LIGHT 
FROM INDETERMINATE 
SOURCES WITH NEW 
HEMISPHERICAL PMT 

The new R1391X 5" hemispherical photomultiplier tube provides excellent 
sensitivity over the full 180°. 

We suggest that you test this new photomultiplier tube for measuring 
CerenKov radiation, for scintillation detection and other applications. 

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

HAMAMATSU 
H A M A M A T S U C O R P O R A T I O N * 420 SOUTH A V E N U E - MIDDLESEX, NEW J E R S E Y 08846 • P H O N E : 201 /469-6640 

International Offices in Major Countries of Europe and Asia. 

ANGLE (Degrees) 

LIGHT ACCEPTABILITY OF R1391X 
. . measured <>—<> calculated 



Talking about gases 
(no t j u s t a lot o f h o t air) 

Gases are a vital ingredient in any 
nuclear project - all the way from 
laboratory research to reactor 
construction and operation. And 
wherever you meet gases, you'll 
meet Messer Griesheim - providing 
top quality products and the 
equipment for getting the most out 
of them. That means the whole 
spectrum of high purity gases and 
liquid cryogenic gases, super-
insulated transport and storage 
vessels, fittings and fluid lines. Plus 
the sort of service our customers 
can depend on to stay cool when 
things start to get hot. If you want 
sound advice on gases and not just 
a lot of hot air, consult Messer 
Griesheim* for a cool, clear answer 
to your problem. 

Klaus Baumgartner 
Executive Technical Director 
Industrial Gases Division 

* R e p r e s e n t e d in S w i t z e r l a n d b y 
S c h w e i s s t e c h n i k A G 
L a n g w i e s e n s t r a s s e 1 2 , 8 1 0 8 D a l l i k o n / Z u r i c h 
T e l e p h o n e 0 1 / 8 4 4 2 7 1 1 

G a s e s + C r y o g e n i c s 
M e s s e r G r i e s h e i m 

M E S S E R G R I E S H E I M 

Industriegase 
HombergerStrasse12 • D 4000 Dusseldorf 1 
Telephone 0211/43031 Telex 8584979 mgd d 

- a member of the Hoechst group 2 .8022 



CAMAC MEMORIES FOR ALL PURPOSES 
Our wide range of solid-state modules can enhance your processor's performance with features like: 

• N o n - v o l a t i l e R A M s t o r e s 
have built-in battery back-up 

# P R O M s t o r e s u p t o 1 2 8 k - b y t e s 
accomodate all currently available types of chip 

• D i r e c t M e m o r y I n c r e m e n t o r M o d i f y f e a t u r e s 
for statistical data handling e.g. histograms, etc. 

# M u l t i - u s e r a c c e s s 
via front-panel and dataway 

• Fas t m e m o r y c y c l e s 
keep pace with Camac 

• D a t a c o m p r e s s i o n 
saves memory volume 

• P a r i t y c h e c k s a n d h a n d s h a k e 
ensure safe data handling 

• M a i l b o x m e m o r y w i t h u n l i m i t e d d e p t h 
for multiple-access multi-user organisation, non-volatile RAM 

^ * eitner/or 

b o r e r 
CH-4501 SOLOTHURN / SWITZERLAND 

TEL: 065 - 3111 31 TELEX: 34 228 

high quality 

R F - G E N E R A T O R S 
for all applications of 

INDUCTION HEATING 
a wide range of frequencies 6kHz -50MHz and power 
1 - 3 0 0 kW 

m 

available for 
melting 

W e bu i ld t he g e n e r a t o r 

y o u need. 

For m o r e i n f o r m a t i o n 

p lease w r i t e o r p h o n e t o 

evaporation 
crystal growing 

epitaxy 
RF-Sputtering 

FRITZ H Û T T I N G E R G m b H 

Po. Box 7 2 7 , D 7 8 0 0 F R E I B U R G 

W . G E R M A N Y 

Te l . ( 0 7 6 1 ) 8 2 0 5 1 , T lx 0 7 7 2 8 6 2 

Module type I 1624 1 6 2 5 1626 1627 1631 1632 1633 1 6 3 4 1 6 3 5 / 8 1635 /16 1641 1642 1 6 4 3 / 8 1643 /16 

Type of memory RAM RAM R A M RAM R A M RAM RAM RAM R A M R A M PROM PROM PROM PROM 

Size 16k 3 2 k 4 8 k 6 4 k 16k 3 2 k 4 8 k 6 4 k 3 2 k 16k 3 2 k 3 2 k 1 2 8 k 6 4 k 

Word length (bits) 16 16 16 16 16 16 16 16 8 16 16 16 8 16 

Access time (ns) 2 0 0 0 2 0 0 0 2 0 0 0 2 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 5 0 0 5 0 0 1 0 0 0 1 0 0 0 5 0 0 5 0 0 

Number of pointers 4 4 4 4 1 w / i R

 m / m

 m / m

 1 W / 1 R 1 1 1 1 1 1 

DMI (Direct Memory Increment) 

DMM (Direct Memory Modify) * * * # 

Automatic pointer increment • • • • • • • • • • • • 

Overflow buffer size (words) 6 3 6 3 6 3 6 3 6 4 6 4 6 4 6 4  

Data compressor op'n op'n op'n op'n 

Module width J 1 1 2 2 1/2/3 1/2/3 2 /3 2 / 3 1 1 1 1 1 1 

m o r e t h a n * 

55 
Years 1 



W . W . PDSCHER ing. 
CH - 1143 Apples 

Téléphone 021/77 3711 
Télex 24 259 fisch - ch 
Switzerland 

50 OHM MULTICOAXIAL CONNECTOR 

FISCHER electr ic connec to rs w i t h 
se l f - lock ing sat is fy the m o s t exac t ing 
requ i rements of m o d e r n t e c h n o l o ­
gies, such as nuc lear research, 
a tom ic energy, space research, etc. 
Thei r ma in charac ter is t ics are: 
- robust cons t ruc t i on and 

h igh prec is ion 
- dependab le ope ra t i on , se l f - lock ing 
- s imple key ing 
- s imple and t roub le - f ree m o u n t i n g 
- rel iable pos i t i on ing on d i f fe rent 

e lements guaran teed by t w o 
hal f -shel l shaped meta l l i c gu ides 

- h igh qua l i ty insu la t ion , 
norma l l y o f P.T.F.E. 

- pressure t i gh t and h igh v a c u u m 
sealed des igns 

- sealed mode ls res is tant t o 
rad ia t ion up to 1 0 8 Rad. and 
tempera tu res f r o m 
- 6 0 to + 1 5 0 ° C 

- cons t ruc t i on w i t h ce ramic 
insu la t ing mater ia l res is tant t o 
rad ia t ion and t o h igh t e m p e r a t u r e s 

- special connec to rs for 
t he rmocoup les 

FISCHER connec to rs w i t h self-
lock ing can n o w be supp l ied in 8 
d i f ferent sizes and c o m e in a very 
w i d e range: 
- coaxial connec to rs fo r 

h igh f requenc ies 
- coaxial connec to rs fo r 

h igh vo l tages 
- mu l t ip le connec to rs 
- mu l t ip le connec to rs fo r 

h igh vo l tages 
- c o m p o u n d connec to rs : 

h igh f requency and l ow vo l tage 
- connec to rs for t h e r m o c o u p l e s 
- connec to rs fo r C a m a c - M o d u l e s 

Certa in connec to rs fo r t h e r m o ­
couples can be supp l ied w i t h c o n ­
tac ts of special mater ia ls , e.g. 
ch rome l , a lume l , i ron , cons tan tan , 
copper , etc. 

Rapid and rel iable cons t ruc t i on of 
special connec to rs . 

CAMAC 50 OH 

TIGHT BUSHING 

Residual leakage: 
< 10- 9 m bar. I. sec. - 1 

Connec to rs wi th C E R A M I C insulat in 
mater ial resistant to radiat ion and t 
h igh temperatures 



Stesalit resolves your 
individual problems 
in fiberglass 
construction 
— for science 
and advanced technic. 
Frames for 
proportional chambers 
spark chambers 
drift chambers 
coasting boxes for Cerenkov counters 
space research 
and medical assistance. 
Such parts can also be 
manufactured in combination 
with carbon fiber. 

Stesalit AG 
Kunststoffwerk 
CH-4249 Zullwil SO 
Telefon 061-80 06 01 
Telex 63182 03.001 

•») 

LeCroy 

L o g i c p r o b l e m s ? 
Solve them with LeCroy's new ECLine, 
a complete line of remotely-programmable, 
high density, high speed, CAMAC based logic 
modules. 
Now available, The new E Q j n s model 4508 
High density: two eight-input/eight-output logic units in a single 

width CAMAC module. 
Programmability: ANY logical function. 
Constant delay: independent of the chosen logical function. 
Multiple modes: strobed and latched, strobed and shaped, 

overlap. 
Input pattern: stored and available as part of the data. 
ECL levels: complementary signals for input/output. 

Send us your block diagram, we will propose an E£Lm£ solution 
of lowest cost, maximum flexibility and minimum complexity. 

E U R O P E A N P R O D U C T S DSVISION 
Headquarters: 81, avenue Louis Casai, 1216 Cointrin-Geneva, Switzerland; (4122) 989797. Offices: Les Ulis, France, 
907.38.97: Heidelberg, W. Germany, (06221) 28192; Hamburg, W. Germany, (040) 542713; Wheatley, Oxford, England, 
(08677) 3540; New York, (914) 425-0412; New England, (603) 483-8755; Chicago, (312) 626-6726; Palo alto, (415) 856-1806. 

Representatives throughout the world. 



precision light guides 
Expertise in handling all types of scintillator material 

Backed by many years of experience, a leading UK manufacturer n o w offers 
their highly sophisticated and specialised service throughout Europe. 

Full design, manufactur ing and technical facilities available. 

For a fast and efficient service contact: 

Carville Limited, Station Road, Dorking, Surrey 
Tel: (0306) 81681 Telex: 859444 

precisiohcompohms 
for hociear research 6 hocuar power 

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

AVI EA 
GROUP OF COMPANIES 

Avica Equipment LtcL 
Mark Road, Hemel Hempstead, 
Hertfordshire. HP2 7DQ 

K I Telephone : Hemel Hempstead 64711 
Telex :82256 

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

All-stainless-steel th ick wa l l , 
rectangular sect ion ultra high 
vacuum vessel for the storage 
r ing of the Synchro t ron 
Radiat ion Source (SRS) 
at the Daresbury 
Laboratory of the Science | 
Research Counc i l . f 



Air is cheaper than water. 
W h y not use air for cooling 

the PFEIFFER TURBO*? 

Costs are just one of the reasons 
for this claim. Other advantages 
of air-cooling include improved 
and more comfortable operation, 
a greater degree of f lex ib i l i ty and 
ease of handling. 

There is, however, a great diffe­
rence between dream and reality. 
The way for the int roduct ion of 
air-cooled turbo-molecular 
pumps could only be paved after 
it was possible to develop a new 
drive system w i th a smaller 
degree of power loss and lower 
self-heating (even in the high 
pressure range) and by employ­
ing the latest in high-precision 
ball bearings to reduce f r ic t ion 
coefficients. Standard design 
water-cooled pumps can now be 
converted to the more simple 

fo rm of air-cooling in the batting 
of an eyelid. When non-permis­
sible heating levels are reached, 
the output of the drive electro­
nics can be readjusted. Air-cool­
ing is available for all PFEIF FER 

models, the TURBO 110, 270, 
510 and 2000. 

* T h e PFEIFFER TURBO is a turbo-
molecular pump which creates hydro­
carbon-free high and ultra-high va­
cuum at a constant volume f low rate 
for all gases between 10-2 and 10-9 
mbar 

A R T H U R PFEIFFER 
Vakuumtechnik Wetzlar GmbH 
Postfach 1280 
D-6334 Asslar 
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We called up 
elements to he 
the BK496 Ignîtron 

Water! 
We were developing ignitrons at 

Lincoln for capacitor discharge 
applications with a very large switching 
capability. The problem was, how to 
keep them cool. 

Well, despite existing systems, we 
realised we'd have to develop our own. 

The result is the unique water 
cooling system in use on EEV ignitrons, |J 
and a further result is the high level of M  
acceptability these tubes have won. 

For example, they are playing 
a major role at the One-Mega-Joule 
Test Facility at Culham Laboratory. 

The system uses a graded 
copper coil which provides maxi­
mum cooling at exactly the right 

point on the valve. Getting water to the 
right place at the right time, guarantees 
freedom from hot spots and sludge-free, 
efficient cooling. 

The BK496 has an extra large getter 
which can be reactivated at any time, 
resulting in a near-perfect indefinite 
vacuum, two long-life ignitors, a firing 
time of less than a microsecond and 
high voltage hold-off capability. 

The combination of high-
technology with practicality that led 
to the BK496 design is typical of the 
radical thinking of EEV Engineers. 

So is the maturity of judge­
ment born of over 30 years in 
this field. 

Find out more by getting in touch with us at Lincoln. 
Telephone Lincoln (0522) 26352 or write to us at 

Carholme Road, Lincoln, LN11SF, England. 

EEV 
ENGLISH ELECTRIC VALVE CO LTD, CHELMSFORD, ESSEX CM1 2QU, ENGLAND. TEL (0245) 61777. TELEX 99103. GRAMS ENELECTICO CHELMSFORD 

A MEMBER OF THE GEC GROUP 



Demandez nos catalogues gratuits 
Alimentations stabilisées (Vol. 1.) 
Composants de régulation (Vol. 2.) 

A LAMBDA 1 e r Constructeur mondial d'alimentations stabilisées 

• • E L E C T R O N I Q U E B.P. 77-91403 Orsay Cedex Tél. 012.14.87-Télex 691 617F. Veeclarr 



^ G O S S E N 

EH 
CERAMIQUES TECHNIQUES 

D E S M A R Q U E S T has been spec ia l i z ing in 
h i g h - p e r f o r m a n c e s i n te red ox ide c e r a m i c s 
s ince 1 8 0 4 . Examp les o f t h e w i d e range o f 
f ie lds in w h i c h w e w o r k a re : nuc lear phys ics , 
ae rospace , e lec t ron ics , m e c h a n i c a l eng inee r ­
ing and med ic ine . 
T h e p rocesses and e q u i p m e n t used in t h e 
m a n u f a c t u r e o f t h e s e c o m p o n e n t s invo lve 
a d v a n c e d t e c h n o l o g y , t o ensu re c o m p l i a n c e 
w i t h t h e m o s t s t r i n g e n t qua l i t y r e q u i r e m e n t s . 
Ou r qua l i t y assu rance serv ice , e q u i p p e d w i t h 
t h e m o s t u p - t o - d a t e i n s t r u m e n t s , superv i ses 
every s tage o f p r o d u c t i o n . 
B a c k e d by ou r exper ience and h igh ly e f f i c ien t 
p rocesses w e are ab le t o m a n u f a c t u r e 
M E T A L - C E R A M I C c o m p o n e n t s w h i c h fu l l y 
m e e t y o u r r e q u i r e m e n t s . 

DESIGN AND MANUFACTURE 
TO YOUR DRAWINGS 

AND SPECIFICA TIONS 

DIVIS ION 

mi 
CERAMIQUES TECHNIQUES 

Z o n e I ndus t r i e l l e N ° 1 

2 7 0 2 5 E V R E U X C E D E X 

T é l . : ( 3 2 ) 3 9 . 1 5 . 9 5 

T é l e x 1 8 0 5 7 3 F D E S C E R A 

INSTRUMENTS POUR LA TECHNIQUE 

DES PROCEDES INDUSTRIELS 

CONVERTISSEUR DE MESURE 

Pour des données 
électriques et non é lec­
triques telles que cou ­
rant, tension, puissance, 
cos. (p, fréquence, 
température, nombre 
de révolutions 

Exécutions spéciales possibles même pour de 
petites séries 

PERIPHERIE 

- Instruments encastrés, 
dimensions selon DIN 43700 
avec échelle quadrangulaire, 
profilée et circulaire 

- Instruments à panneau digital 
- Instruments avec index 

réglable 
- Relais électroniques de 

mesure 
- Régulateur à 2 et 3 points 

Service et livraison rapides 

APPAREILS DE MESURE 
ET DE TEST 

MESSUMFORMER-TESTER 
MU-T 

Combinaison d'instrument de 
lecture et de source pour 
mA = et mV = avec 
lecture digitale 

Autres appareils: 

multimètres 
enregistreurs 
contrôleurs d'isolement 
contrôleurs de conductance 

ULRICH MATTER S.A., 5610 WOHLEN 
Instruments é lec t r iques de mesure 
Té léphone (057) 614 54 / 6 28 34 



m i n n t r o n i c s co . , inc . 

8KByte 
Cache Memory 
for PDP-11/34, 
11/35 and 11/40 
Mod. 
8034P/8040P 
U n i q u e Fea tu res : 

- I nc reases C P U 

s p e e d t o m a x i m u m 

( 2 0 - 5 0 % overa l l 

i m p r o v e m e n t ) 

- T o t a l h a r d w a r e a n d 

s o f t w a r e 

c o m p a t i b i l i t y 

- La rge , e f f i c ien t 

8 K By te d a t a 

s t o r a g e c a p a c i t y 

- A d v a n c e d pa r i t y e r r o r c h e c k i n g c i r cu i t r y 

- P r o g r a m m a b l e c o n t r o l / s t a t u s reg i s te r (CSR) 

- A d j u s t a b l e m i n i m u m / m a x i m u m a d d r e s s l im i ts 

- " G r o w a b i l i t y " a u t o m a t i c a l l y g r o w s w i t h a d d i ­

t i ona l m a i n m e m o r y (no f u r t h e r a d j u s t m e n t s ) 

DIRECTORY £R«0R 

m 
mt & mam 

m 
PAR;Tv iHMLî 

m 
CACHE % . IV 

ft 

JKXXDMP1GÉX 
ADCOMPAG, Steinwiesenstr3, CH-8952Schlieren A 

Schlieren 

Computer -Système/ 
, Komponenten 
^ f 01/730 48 48 Telex 58657 

Wide Band, Precision 
CURRENT MONITOR 
With a Pearson current monitor and an oscillo­
scope, you can measure pulse or ac currents 
from milliamperes to kiloamperes, in any con­
ductor or beam of charged particles, at any 
voltage level up to a million volts, at frequencies 
up to 35 MHz or down to 1 Hz. 
This video monitor is physically isolated from 
the circuit. It is a current transformer capable of 
highly precise measurement of pulse amplitude 
and waveshape. 
Whether you wish to measure current in a 
conductor, an electron device, or a particle 
accelerator, it is likely that one of our off-the-
shelf models (ranging from Vi" to 10%" ID) 
will do the job. Contact us and we will send 
you engineering data. 

PEARSON ELECTRONICS, INC. 
4007 TRANSPORT ST. / PALO ALTO, CA 94303 

TELEPHONE (415) 494-6444 / TELEX 171 412 

Enregis t reur X / Y 1 - Y 2 Ifélec 

Ecart nul entre les courbes Y1 et Y2 

Vitesse 130 cm/s en Y et 110 cm/s en X 

Système modulaire 

Sensibilité 40 ̂ V/cm à 2 V /cm 

Dépassement nul en X et Y 

Format A3 

Dérouleur de papier en option 

ÊB&53 

Représentat ion générale 

et service 

pour la Suisse 

ROSCHI 3 0 0 0 B e r n e 3 1 ' P - 0 B - 6 3 

Télécommunication SA Téléphone 031 442711 



INFORMATIONS ABOUT OUR CAMERA 

NAME 

TITLE 

COMPANY 

ADDRESS _ 

CITY 

COUNTRY. 

CAMERA CRATE 

RADIATION RESISTANT VIDEO CAMERA 

R E F . C E R N ( C H ) , S A C L A Y ( F R ) , O R S A Y (FR) 

CONSTRUCTIONS 
ÉLECTRONIQUES ET MÉCANIQUES 
DU LÉMAN - C.E.M.E.L. 
Rue Leone de Joinville 
01 170 G EX FRANCE 
Tél. (50) 41 50 07 

avec 
notre n o u ^ e n 

sglstrez et traitez vos données 
ensemble Datastore/M'mate 

Voltmètre numérique 7066 
+ J\oparell à hautes performances 

^">hm. Sensibilité 100 nV, 
Mp h. jtespt;!.^. pour^ 
DC/AC/Ohm. Sensibilité 100 nv, 
choix du temps d'Intégration 
26 fonctions mathématiques Inclus 
évaluation polynomlnale 

*t Stockage des données (history file) 

Scrutateur 7010 
^16 voles de mesures {extensible S 

jusqu'à 256) ? 
# Commutation 4 pôles et garde per- » 

mettant notamment l'enregistrement 
de tensions, températures, etc. 

• Scrutateur également compatible 
*vec nos DVMs à \i? 7065 et 7065 



CAMAC 
The new communication giant: 
3 CI 2092 

from SEN ELECTRONIQUE 

* 3 indépendant RS232/20 mA channels 
in a single width CAMAC module 

* high speed data links (50 to 19200 bauds) 
* buffered operation (1 K byte) 
* no jumpers, but a powerful microprocessor for speed 

and data-format control through CAMAC 

description 

T h i s s i n g l e - w i d t h C A M A C m o d u l e c o n t a i n s 3 i n d e p e n d e n t c h a n n e l s w i t h h i g h 
s p e e d U A R T S a n d b u f f e r e d i n p u t s / o u t p u t s . 

It has been spec i f i ca l l y d e s i g n e d as t h e u n i v e r s a l i n te r face f o r m i c r o p r o c e s s o r 
c o n t r o l l e d C A M A C s y s t e m s w h e r e at least o n e h i g h s p e e d da ta l ink w i t h t he h o s t 
c o m p u t e r a n d o n e m e d i u m s p e e d da ta l ink w i t h local i n te r faces are essen t ia l . 

T h e use o f an i n te rna l m i c r o p r o c e s s o r p r o v i d e s s i g n i f i c a n t f l e x i b i l i t y a n d s p e e d o f 
o p e r a t i o n : i ts ro le is t o pass i n f o r m a t i o n f r o m t h e C A M A C b u f f e r s t o t h e i n p u t / 
o u p u t m e m o r y w o r k i n g w i t h t h e U A R T S , a n d t o c o n t r o l t h e da ta f l o w . 

S p e e d s a n d d a t a - f o r m a t are C A M A C p r o g r a m m a b l e t o a l l o w bes t u t i l i sa t i on o f t h e 
un i t . T r a n s m i s s i o n s t a n d a r d s are 2 0 m A c u r r e n t l o o p o r EIA RS 232 C, j u m p e r 
se lec tab le . O u t p u t s are s t a n d a r d 25 p in C A N N O N c o n n e c t o r s . 

F r o n t pane l Leds i nd i ca te t h e s ta tus o f t h e m o d u l e ( T r a n s m i t / R e c e i v e ) o n each 
c h a n n e l p l us O v e r r u n a n d T i m e - o u t are c o m m o n t o al l c h a n n e l s . A rear pane l 
t r i g g e r s i g n a l is ava i l ab le f o r D M A t r a n s f e r s y n c h r o n i s a t i o n . 

.applications 

— Crate t o c ra te c o m m u n i c a t i o n s 

— C A M A C / e x t e r n a l dev i ces i n te r f ac ing 

— F r o n t - e n d I /O p r o c e s s o r f o r In te l l i gen t Cra te C o n t r o l l e r s 

T h i s un i t is spec i f i ca l l y use fu l w h e n c o n n e c t e d w i t h o u r A C C 2 0 9 9 / A C C 2103 
A u x i l l i a r y Cra te C o n t r o l l e r s t o s p e e d - u p t h e I /O t r a n s f e r s w h e n p r o c e s s i n g t i m e 
is c r i t i ca l . 

— m a i n c o m p u t e r / I n t e l l i g e n t Crate C o n t r o l l e r l ink , e tc , etc. 

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

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

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

Tlx 58257ch - CH-8604 VOLKETSWIL - 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 GENÈVE 13. E L E C T R O N I Q U E 



Haefely Today 

Particle Accelerators 
High-Voltage DC Power Supplies 
Irradiation Systems 

for Research, Radiotherapy and Industry 

Thirty years ago, Haefely built the first ion and elec­
tron accelerators for high and ultra-high voltages 
although requirements at that time were extremely 
sophisticated. 
Today, Haefely is working on ever more ambitious 
projects and has become a reliable partner with ex­
perience in a wide field of activities: • DC acceler­
ators for ions and electrons up to 4 MeV • High-
power electron accelerators for industrial radiation 
processing, design of complete irradiation systems 
• Electron accelerators with ultra-high stability of 
the accelerating voltage for high-voltage electron 
microscopy • Neutron generators for cancer therapy 
and industrial applications • High-voltage dc gener­
ators with high outpout power • High-voltage dc 
power supplies for pulsed load or with high out put 
voltage stability • Modular high-voltage dc gener­
ators 
Send for our brochure entitled: "Haefely Today" 
® 60 kW electron accelerator 

in a paint curing facility 
(B) Cancer therapy system with 

fast neutrons 
© 850 kV injector power 

supply 
© 450 kV/3.5 mA modular 

high voltage DC power 
supply 

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

HAEFELY 

F L O W M E T E R S 

Cal ib ra ted and 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 and gas 

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

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 

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

D i a m o n d T o o l s f o r all p u r p o s e s 
O u r s p e c i a l i t y 
Diamond tu rn ing and mi l l ing too ls for non- fer rous metals 
and plastics 
CBN-Tools 

O t h e r p r o d u c t s 
Special d iamond tools for the watch and jewellery industries 
Diamond-t ipped dressing tools 
Diamond wheels and grinding pins - Diamond sawing w h e e l s -
Diamond files and burs 
Hardness testers - Glass cutters and diamond scribers 
Custom-designed tools - Tool-bit repolishing work 
Precise, top-qual i ty work. First-class references 

VOEGELI & W I R Z LTD 
D i a m o n d c u t t i n g a n d lapping wo rks 
Phone: 032 /41 21 81 
Telex: 3 4 9 195 diam ch 

C H - 2 5 0 2 B i e n n e / B i e l 
Gurzelenstr. 16 



laCroy L e C r o y M o d e l 4 2 9 0 S Y S T E M 
HIGH RESOLUTION DRIFT CHAMBER DIGITIZER 

E 

mm 

• 

• V E R Y H I G H D E N S I T Y 
• A N A L O G T E C H N I Q U E 
• S E L F C A L I B R A T I O N S C H E M E 

• BU ILT - IN TEST 
• C O M M O N T R I G G E R 
• S Y S T E M P R O C E S S O R 
• FAST D E C I S I O N P O S S I B I L I T Y 
• D I F F E R E N T I A L INPUTS 

U p t o 7 3 6 w i r e s p e r c r a t e 
A l l o w s b e s t p o s s i b l e r e s o l u t i o n 
M a k e s a n a l o g s y s t e m as u n i f o r m as d i g i t a l 
s y s t e m 
A l l o w s c o m p l e t e s y s t e m c h e c k o u t 
P e r m i t s c o m m o n s t a r t o r c o m m o n s t o p m o d e 
R e j e c t s u n w a n t e d d a t a a n d s p e e d s r e a d o u t 
P r o m p t o u t p u t o f h i t c h a n n e l c o n f i g u r a t i o n 
M i n i m i z e n o i s e a n d p e r m i t use w i t h t w i s t e d pa i rs 

T h e 4 2 9 0 is a c o m p l e t e o p e r a t i n g s y s t e m f o r m u l t i w i r e d r i f t c h a m b e r d a t a h a n d l i n g . 
I ts f l e x i b l e a n d s t a b l e d e s i g n i n c o r p o r a t e s a m o n o l i t h i c t i m e e x p a n s i o n a n a l o g 
T D C p e r c h a n n e l t o a c h i e v e e x c e l l e n t r e s o l u t i o n , h i g h d e n s i t y a n d l o w p o w e r 
d i s s i p a t i o n a t l o w c o s t . U p t o t w e n t y t h r e e 3 2 - c h a n n e l t i m e d i g i t i z e r m o d u l e s 
M o d e l 4 2 9 1 A c a n b e u s e d in a d e d i c a t e d C A M A C c r a t e w i t h a d r i f t c h a m b e r T D C 
c o n t r o l l e r M o d e l 4 2 9 8 o c c u p y i n g t h e c o n t r o l l e r p o s i t i o n o f t h e c r a t e . T h e 4 2 9 8 
c a n b e r e a d o u t v i a C A M A C u s i n g a D A T A B U S i n t e r f a c e M o d e l 4 2 9 9 . T h e 4 2 9 9 
o b e y s c o n v e n t i o n a l C A M A C p r o t o c o l a n d is t o b e l o c a t e d in a c r a t e o f t h e d a t a 
a c q u i s i t i o n b r a n c h . 

leCroy 
Worldwide: Geneva, Switzerland, (022) 989797; Heidelberg, W. Germany, (06221) 28192; 
Hamburg, W. Germany, (040) 542713; Paris, France, (1) 9073897; Wheatly, Oxford, England, (08677) 3540 
Spring Valley, N.Y., (914) 425 2000; Chicago, (312) 626.6726; New England, (603) 483.8755; 
New York (914) 425.0412; Palo Alto, (415) 856.1806 

P h y s i c s a n d 
C o n t e m p o r a r y N e e d s 
V o l u m e 3 
edited by Riazuddin 
Quaid-I-Azam Univers i ty , Pakistan 
S t r e s s i n g t h e a p p l i c a b i l i t y o f m o d e r n p h y s i c s t o s o c i e t a l 
n e e d s , Volume 3 o f Physics and Contemporary Needs 
e m p h a s i z e s t h e i m p o r t a n c e o f f u r t h e r i n g t h e s c i e n c e s , 
p a r t i c u l a r l y p h y s i c s , i n t h e d e v e l o p i n g n a t i o n s . T h i s 
v o l u m e p o i n t s o u t t h o s e a r e a s o f r e s e a r c h m o s t r e l e v a n t 
t o n a t i o n s w i t h l i m i t e d f a c i l i t i e s , a n d h e l p s b r i d g e t h e 
c o m m u n i c a t i o n g a p b e t w e e n p h y s i c i s t s i n d e v e l o p i n g 
a n d a d v a n c e d c o u n t r i e s . 582 p p . , 1979, $55.00 
($66 .00 /^34 .65 o u t s i d e US) 

C o m p u t e r T e c h n i q u e s i n 
R a d i a t i o n T r a n s p o r t 
a n d D o s i m e t r y 
edited by Walter R. IV e l s on 
CERN, Geneva, Swi tzer land and SLAC, Stanford, Cal i forn ia 
and Theodore M. Jenkins 
SLAC, Stanford, Cal i fo rn ia 
T h i s w o r k p r o v i d e s a c o m p r e h e n s i v e s u m m a r y o f n e w 
a d v a n c e s i n c o m p u t e r t e c h n i q u e s as t h e y a p p l y t o 
r a d i a t i o n p r o t e c t i o n a n d t o a r e a s o u t s i d e t h i s i m m e d i a t e 
field—including m e d i c a l p h y s i c s , d e t e c t o r d e s i g n i n 
h i g h - e n e r g y p h y s i c s , a c c e l e r a t o r c o m p o n e n t d e s i g n , a n d 
c o s m i c r a y p h y s i c s . Ettore Majorana International 
Science Series, Physical Sciences, Volume 3. 534 p p . , 
1980, $55.00 ($66.00 /£34.65 o u t s i d e US) 

S t r o n g a n d 
E l e c t r o m a g n e t i c 
I n t e r a c t i o n s o f 
E l e m e n t a r y P a r t i c l e s 
a n d N u c l e i 
edited by N. G. Basov 
Academy o f Sciences o f the USSR, Moscow 
translated from Russian by Harold H. McFaden 
T h e e l e c t r o m a g n e t i c i n t e r a c t i o n s o f e l e m e n t a r y p a r ­
t i c l es a n d n u c l e i c o m p r i s e o n e o f t h e m o s t s i g n i f i c a n t 
a reas o f r e s e a r c h i n m o d e r n p h y s i c s t o d a y . T h i s 
v o l u m e , e d i t e d b y a n i n t e r n a t i o n a l a u t h o r i t y i n t h e f i e l d , 
p r e s e n t s t h r e e a r t i c l e s o n t h e s e i n t e r a c t i o n s a t v a r i o u s 
e n e r g y s ta tes . P. N. Lebedev Physics Institutes Series, 
Volume 95. a p p r o x . 200 p p . , i l l u s . , 1980, $45.00 
($54.00/£28.35 o u t s i d e US) 

B THE LANGUAGE OF SCIENCE Plenum 
PUBLISHING CORPORATION 

227 W e s t 1 7 t h S t ree t , N e w Y o r k , N.Y. 10011 
I n U n i t e d K i n g d o m : B l a c k A r r o w H o u s e 
2 C h a n d o s R o a d , L o n d o n N W 1 0 6 N R , E n g l a n d 



CONTROLE NON PESTRUCIIF 
garantie de sécurité et de fiabilité 
• Contrôle d'étanchéité 

(Hélium, Ammoniac, Fréon, Hexafluorure de soufre) 

• Radiographie X et gamma 

• Ultra-sons 

• Magnétoscopie 

• Ressuages liquides pénétrants 

• Courants de Foucault (mono et multi-fréquences) 

\ Etudes, Essais, Assistance Technique, Formation 

• Montage, Contrôles dimensionnels 

• Essais d'installation, Reception, Inspection 

• Etablissement de cahiers des charges 

• Recette en usine 

• Travaux de laboratoire : (Métallographie, 

Essais chimie, Contrôles non destructifs) 

• Contrôles des matières premières 
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VARIAN p r e s e n t s 
the new 936-40 Porta-testtm. 

The only helium mass spectrometer leak detector 
not requiring liquid nitrogen... 

T h e V A R I A N 936 -40 P o r t a - t e s t 
is t h e s m a l l e s t a n d h a n d i e s t 
h e l i u m m a s s s p e c t r o m e t e r 
l e a k d e t e c t o r e v e r d e v i s e d , 
w i t h a s e n s i t i v i t y u p t o 
1 0 1 0 a t m c c / s e c . T h a n k s t o t h e 
V A R I A N C o n t r a - F l o w t m 

p r i n c i p l e , t h e 9 3 6 - 4 0 w o r k s 
w i t h o u t l i q u i d n i t r o g e n , e v e n 
in t h e m o s t c r i t i c a l w o r k i n g 
c o n d i t i o n s . A n d , i t i s a b l e 
t o d e t e c t g r o s s l e a k s in t h e 
r a n g e o f 1 a t m c c / s e c 
w i t h o u t r e q u i r i n g a t h r o t t l e 
v a l v e . 

...and weighing 
than 30 kg 

less 
T h e 936 -40 is c o m p a c t 

(50 x 35 x 21 c m ) a n d l i g h t w e i g h t 
( l ess t h a n 30 k i l o g r a m s ) . 

T h i s m e a n s e a s y l e a k d e t e c t i o n , 
e v e n in i n a c c e s s i b l e a r e a s . 

A n d , w i t h i t s h a n d y s ize , 
it is s i m p l e t o t r a n s p o r t . 

The 936-40 Porta-test 
from VARIAN. 
Made in Italy 

Var ian s p a 
V i a Var ian 54 
10040 Lein i (Torino) 
Tel . 011/9968086 

varian 



a NEW 
high voltage system 
from LeCroy...the HV4032A 
L e C r o y ' s n e w M o d e l H V 4 0 3 2 A is a c o m p l e t e m u l t i ­
c h a n n e l h i g h v o l t a g e s y s t e m c o n s i s t i n g o f 32 m i c r o ­
p r o c e s s o r - c o n t r o l l e d , r e m o t e l y - p r o g r a m m a b l e h i g h 
v o l t a g e s u p p l i e s . V o l t a g e s c a n be se t a n d m o n i t o r e d 
w i t h ± V2 vo l t p r e c i s i o n t h r o u g h t h e f r o n t p a n e l , f r o m + +. 

. . ,, . _ A 1 1 , ^ . . ' Panic button for protection 
a t e r m i n a l , Or t h r o u g h t h e Unit S C A M A C i n t e r f a c e , .against human error and the 
M o d e l 2132. T h e M o d e l H V 4 0 3 2 A is b a s e d u p o n t h e /unexpected , 
p o p u l a r , p roven HV4032 . It o f f e r s a l l o f t h e f e a t u r e s 
a n d p e r f o r m a n c e o f i t s p r e d e c e s s o r and more. 

High-performance d ig i ta l 
interface—rock-solid opera­
tion with 16 in a daisy chain, 
even in a noisy environment. 

Versatile I/O— the CAMAC 
and TTY of the HV4032 and 
more—improved TTY short­
hand, complete interlock 
reporting, software notch-
down, etc. 

High-power fans guarantee 
safe, cool operation even at 
full load. 

Fail-safe interlock clamps out­
puts to zero—essential near 
wire chambers using ex­
plosive gas mixtures. 

Human-engineered—easy to 
use, easy to understand. 

Built-in ADC—reads the ac­
tual voltage, NOT the demand 
setting. 

Continuous Memory elimi­
nates loss of voltage settings 
upon power failure or tem­
porary shutoff. 

H I G H - P E R F O R M A N C E 

3.3 kV posit ive or negat ive—any 
combinat ion of 4-channel suppl ies. 
Remarkable stabi l i ty typ ica l ly 50 
ppm/°C wi th low ripple even at the 
rated 2.5 mA output per channel . * 
E x c e l l e n t c a l i b r a t i o n a c c u r a c y 
factory-set to ± 0 . 1 % channel-to-
channel . 
Rear-panel adjustment per channel : 
± 0 . 7 5 % . 

*Up to 6.5 w a t t s / c h a n n e l , 200 w a t t s / c h a s s i s . 

IfiCroy 
RESEARCH S YSTEMS + 

t É M É I l 4 J j M f e ^ ^ M ^ 
C A M A C 

I N T E R F A C E 
M o d e l 2132 

A proven performer. 
C o m p a t i b l e w i t h the 
M o d e l s HV4032 and 
HV4032A. 
Inputs and outpu ts are 
both buffered 32 words 
deep. 
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Big Klystrons 
for 

Big Science. 
Only klystrons deliver the RF power at frequencies between 

300 and 1000 MHz needed for research in pure and applied physics. 

H i g h e s t c w p o w e r p e r un i t 
realised at DESY/PETRA and Cornell University/CESR 
600 kW cw at 500 MHz 
E f f i c ienc ies 
in operation 60%, demonstrated 70% 
C o m b i n e d o p e r a t i o n 
of 8 modified UHF TV klystrons at CERN/SPS 
4 5 0 k W c w a t 8 0 0 M H z . 

For this application Valvo delivered the complete RF power 
amplifier; BBC, Mannheim and Spinner, Munich were subcontractors. 
F u t u r e 
Progress in development will lead to still higher efficiencies and 
powers - 7] = 7 5 % / P q = 1000 kW at f = 350 MHz. 

^ 5 0 0 M H z / 6 0 0 k W c w 
Klystron YK1300 
mounted in its 
magnet frame 

8 0 0 M H z / 4 5 0 kW c w 
8 klystrons YK1198 
mounted in their 
magnet frames 

PHILIPS VALVO 


