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Cover photograph: not a 'golf-ball' for an electric typewriter but a view of 
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Around the Laboratories 

KEK 
TRISTAN approval 

In w h a t w i l l p robab l y be o n e o f t h e 
w o r l d ' s m a j o r n e w research cen t res 
f o r par t ic le phys ics , t h e e l e c t r o n -
pos i t r on phase o f T R I S T A N (T rans -

osab le R ing In te rsec t i ng S T o r a g e 
A c c e l e r a t o r s in N ippon ) has been 
a p p r o v e d by t h e J a p a n e s e g o v e r n ­
m e n t w i t h a f i ve -yea r c o n s t r u c t i o n 
p r o g r a m m e , beg inn ing i m m e d i a t e l y . 
T h e e s t i m a t e d t o ta l cos t o f t h e c o n ­
s t r u c t i o n a t KEK is a b o u t 7 .5 x 1 0 1 0 

y e n (abou t 3 5 0 mi l l i on do l lars) . T h e 
t o t a l KEK s ta f f at p resen t is a b o u t 
3 5 0 , a n d is e x p e c t e d t o r ise t o a b o u t 
6 8 0 in 1 9 8 5 . 

T h e p ro jec t invo lves an a c c u m u l a ­
t o r r ing a n d t h e m a i n T R I S T A N r ing . 
E lec t rons and pos i t rons acce le ra ted 
t o 2 .5 G e V by t h e l inac, p r imar i l y 
bu i l t f o r t h e Pho ton Fac to ry ( for 
s y n c h r o t r o n rad ia t ion research) , w i l l 
be in jec ted in to t he a c c u m u l a t o r 
r ing , w h e r e t h e y w i l l be s t o r e d , a c c e l ­
e ra ted up t o 8 G e V and t h e n in jec ted 
in to t h e T R I S T A N r ing. T o p r o d u c e a 
h igh in tens i t y pos i t r on b e a m , a n e w 
l inac w i l l be bui l t . 

T h e a c c u m u l a t o r r ing is s c h e d u l e d 
t o be c o n s t r u c t e d in t w o yea rs and 
used t o t es t d e t e c t o r s f o r e x p e r i ­
m e n t s at t h e m a i n r ing. In t he m a i n 
r ing , t he re w i l l be f o u r l ong s t ra i gh t 
sec t i ons (each 2 3 1 m long) , a n d 
t h r e e o f t h e m w i l l be used f o r co l l i d ­
ing b e a m expe r imen ts . T h e long 
s t ra i gh t sec t i ons are d e s i g n e d a lso 
f o r r.f. acce le ra t i ng s y s t e m s and f o r 
f u t u r e e l e c t r o n - p r o t o n co l l i d ing 
b e a m expe r imen ts . 

T h e a c c u m u l a t o r r ing w i l l be bu i l t 
4 .7 m b e l o w g r o u n d , a n d t h e m a i n 
r ing w i l l be a t a d e p t h o f 1 1 . 4 m. 
T h u s t h e ma in r ing t u n n e l w i l l be 
b e l o w t h e ex is t ing 12 G e V p r o t o n 
s y n c h r o t r o n bu i ld ings . Spec ia l p r o ­
b l e m s w i l l ar ise at t h e po in t w h e r e 

A plan of the KEK site, showing the position 
of the new TRISTAN ring, to be built over 
the next five years. 

TRISTAN parameters 

A c c u m u l a t o r 
R ing 

T R I S T A N 
Ring 

m a x i m u m ene rgy 8 G e V 3 0 GeV 
(pu lse m o d e ) 

c i r c u m f e r e n c e 3 7 7 m 3 0 1 6 m 
m e a n rad ius 6 0 m 4 8 0 m 
b e n d i n g rad ius 2 4 m 2 2 4 m 
r.f. f r e q u e n c y 5 0 1 M H z 5 0 9 M H z 
m a x i m u m c u r r e n t 1 2 0 m A ( 1 5 + 1 5 ) m A 
ene rgy l o s s / t u r n 1 5 M e V 3 2 0 M e V 

at 8 G e V at 3 0 GeV 
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Recent aerial picture of the Japanese KEK 
Laboratory. On the right can be seen the 
450 m-long electron linac for the Photon 
Factory. This will have an important role to 
play in the TRISTAN project now approved. 

(Photo KEK) 

t h e t u n n e l w i l l g o unde r t h e b e a m 
t r a n s p o r t l ine b e t w e e n t h e ex is t ing 
l inac a n d t h e boos te r , b u t f o r t u n a t e l y 
t h e r e are no pi les in t h e w a y . B o t h o f 
t h e t w o n e w t u n n e l s w i l l be c o n ­
s t r u c t e d by c u t - a n d - c o v e r d i gg ing , 
f as te r and cheape r t h a n t unne l l i ng . 

W i t h T R I S T A N in m i n d , t h e reor ­
gan iza t i on o f t h e Labo ra to ry is be ing 
d i scussed and dec is ions w i l l s o o n 
e m e r g e . H o w e v e r T R I S T A N c o n ­
s t r u c t i o n w i l l be car r ied o u t under 
t h e p resen t s c h e m e , w i t h t h e A c c e l ­
e ra to r D e p a r t m e n t and t h e Phys ics 
D e p a r t m e n t in cha rge o f t h e acce le r ­
a to r and t h e e x p e r i m e n t a l fac i l i t ies 
respect ive ly . 

CERN 
Antiproton 
synchrotron 
T h e a n t i p r o t o n pro jec t , s c h e d u l e d t o 
p rov ide t h e w o r l d ' s f i r s t co l l i s ions 
b e t w e e n in tense b e a m s of p r o t o n s 
a n d an t i p ro tons , c o n t i n u e s t o run 
a c c o r d i n g t o p lan. The la tes t s u c ­
cesses w e r e ach ieved f r o m 1 1 - 1 4 
February w h e n t h e 2 8 G e V p r o t o n 
s y n c h r o t r o n passed a n o t h e r m i l e ­
s t o n e in its r emarkab le career , 
b e c o m i n g the w o r l d ' s f i r s t a n t i p r o ­
t o n s y n c h r o t r o n . 

In tense pu lses o f a n t i p r o t o n s ( the 
des ign f i gu re is 6 x 1 0 1 1 a n t i p r o t o n s 
f r o m 2 4 hours o f s tack ing ) are p r o ­
v i d e d by t h e A n t i p r o t o n A c c u m u l a ­
t o r ( A A ) , w h i c h f i r s t c a m e in to ope r ­
a t i on last year (see S e p t e m b e r 1 9 8 0 
issue, page 2 3 5 ) . H o w e v e r it is t he 
PS w h i c h t akes t he a n t i p r o t o n s at 
3 .5 G e V f r o m t h e A A and acce le r ­
a tes t h e m t o 2 6 G e V f o r use e i the r in 
t h e ISR or f o r s u b s e q u e n t acce le ra -
t i o n in t he SPS. 

The TT6 beamline, recently completed and 
soon scheduled to supply the CERN 
Intersecting Storage Rings with antiprotons 
accelerated in the 28 GeV proton 
synchrotron. 

(Photo CERN 27.2.81) 
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For th i s , t h e PS has t o b e c o m e t h e 
w o r l d ' s f i r s t a n t i p r o t o n s y n c h r o t r o n . 
Tes t s w i t h a n t i p r o t o n s f r o m the A A 
s t a r t e d at t h e PS be fo re t h e Chr i s t ­
m a s break, a n d on 1 9 D e c e m b e r a 
3 .5 G e V a n t i p r o t o n b e a m w a s seen 
t o c i r cu la te in t he PS. Fur ther t es t s , 
t h i s t i m e us ing r.f. acce le ra t i ng c a v i ­
t ies , w e r e car r ied o u t a t t he end o f 

anuary, c u l m i n a t i n g o n 2 8 J a n u a r y 
w h e n a b a t c h o f 1 0 8 a n t i p r o t o n s w a s 
acce le ra ted t o 5 .4 GeV. 

In t h e t h i r d ser ies o f t es t s , in m i d -
February , f u r t h e r success w a s n o t 
l ong in c o m i n g w h e n a pu lse o f 5 x 
1 0 8 par t i c les , on ly t h e 3 4 t h a n t i p r o ­
t o n pu lse t o be supp l i ed by t h e A A , 
w a s success fu l l y acce le ra ted all t h e 
w a y t o 2 6 GeV. Th is f ea t w a s 
repea ted severa l t i m e s du r i ng t h e 
cou rse o f the nex t f e w days . 

T h e i l l - omened Fr iday 1 3 ran t r u e 
t o f o r m w h e n a record s tack o f 3 x 
1 0 1 0 a n t i p r o t o n s f r o m t h e A A w a s 
los t d u e t o a v a c u u m leak. H o w e v e r 

m o r e a n t i p r o t o n s w e r e soon o b ­
ta i ned and t h e cau t i ous t e a m w a i t e d 
unt i l t h e f i r s t hou r o f S a t u r d a y 1 4 
be fo re t r y i n g t h e nex t s tep - ex t r ac t ­
ing an a n t i p r o t o n b e a m and send ing 
it t o w a r d s t h e ISR. 

A 2 4 G e V a n t i p r o t o n b e a m w a s 
gen t l y ex t r ac ted f r o m the PS and led 
d o w n t h e recen t l y c o m p l e t e d T T 6 
t rans fe r t u n n e l , bu i l t t o a l l o w t he ISR 
t o be supp l i ed w i t h an t i p ro tons . T h e 
ISR w a s in f a c t unde rgo ing a rou t i ne 
s h u t d o w n , so b e a m cou ld on ly ge t as 
fa r as t h e v a c u u m in t he t rans fe r l ine 
w o u l d a l l ow . The f i rs t ISR a n t i p r o ­
t o n s are schedu led fo r t he nex t 
ser ies o f t es t s . 

T h a n k s t o t he e n t h u s i a s m o f all 
i nvo l ved , and s o m e ded i ca ted t e a m ­
w o r k , t hese ini t ia l a n t i p r o t o n a c c o m ­
p l i s h m e n t s have been ach ieved in a 
ve r y s h o r t t i m e and w i t h a re la t ive ly 
e f f i c ien t use o f t h e avai lab le a n t i ­
p ro tons . A l l th is augurs w e l l f o r t h e 
f u t u r e success o f t h e pro jec t . 

DESY 
Upsilon transitions at 
DORIS 

D a t a f r o m t h e D O R I S e l e c t r o n - p o s i ­
t r o n r ing a t DE§>Y has c o n f i r m e d t h a t 
t h e ups i lon p r i m e ( 1 0 . 0 1 GeV) is 
de f in i te ly an exc i t a t i on o f t h e ups i lon 
( 9 . 4 6 GeV) par t ic le . 

A f t e r hav ing been used f o r 
m e a s u r e m e n t s in t h e c h a r m energy 
reg ion in 1 9 7 4 - 1 9 7 7 , D O R I S w a s 
u p g r a d e d in ene rgy in 1 9 7 8 t o be 
able t o p r o d u c e t h e ups i lon ( 9 . 4 6 ) 
and ups i lon p r i m e ( 1 0 . 0 1 ) r e s o n ­
ances (see S e p t e m b e r 1 9 7 8 issue, 
page 2 9 8 ) . T h e lep ton ic decay 
w i d t h s o f t h e t w o resonances , as 
w e l l as t h e prec ise va lue o f the i r 
m a s s d i f fe rence , w a s m e a s u r e d a n d 
it w a s s h o w n t h a t t he ups i lon is 
i ndeed a b o u n d s y s t e m of t w o 
qua rks w i t h cha rge one - th i r d . 

F r o m O c t o b e r 1 9 7 9 t o M a r c h 
1 9 8 0 , D O R I S w a s used f o r a s e c o n d 
r o u n d o f ups i lon expe r imen ts . T h e 
ob jec t i ves w e r e : 
1 . T o m e a s u r e t he b ranch ing ra t io o f 
t h e ups i l on ' s decay in to m u o n s , so as 
t o o b t a i n t he t o t a l decay w i d t h . 
2 . T o ge t i m p r o v e d va lues fo r t h e 
resonance p a r a m e t e r s o f t he ups i lon 
p r ime . 
3 . T o o b t a i n f i rs t resu l ts on t h e t o p o ­
logy o f t h e ups i lon p r ime decays . 
4 . T o obse rve t rans i t i ons f r o m t h e 
ups i lon p r i m e t o t h e ups i lon. 

T h e b r a n c h i n g ra t io o f t h e ups i lon 
i n to m u o n s is 3 . 2 ± 0 . 8 ± 0 . 4 per 
c e n t ( the f i rs t e r ro r is s ta t i s t i ca l , t h e 
s e c o n d s y s t e m a t i c ) . Th is va lue, t o ­
g e t h e r w i t h t h e lep ton ic w i d t h , g ives 
t h e t o t a l decay w i d t h as 4 0 + 1 3 

A decay of an upsilon prime as seen by the 
LENA detector at the DORIS electron-
positron storage ring. The decay (seen 
looking along the beam) produces two 
muons, which penetrate the iron shielding, 
and two pions. The invariant mass of this 
muon pair corresponds to the upsilon. 
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The superconducting left bend, curving away 
towards the Fermilab Meson Laboratory. 

(Photo Fermilab) 

(-8) + 9 (-7) keV. Th is s h o u l d be 
c o m p a r e d w i t h t h e J / p s i t o t a l w i d t h 
o f 6 3 ± 9 keV. A s s u m i n g t h a t t he 
d i rec t hadron ic decays o f t h e ups i lon 
resonance p roceed v ia a t h r e e - g l u o n 
i n t e r m e d i a t e s ta te , t h e s t r o n g c o u ­
p l ing c o n s t a n t c o m e s o u t as 0 . 1 7 
+ 0 . 0 4 ( - 0 . 0 2 ) ± 0 . 0 1 , us ing l o w e s t 
o rde r q u a n t u m c h r o m o d y n a m i c s 
ca l cu la t i ons (QCD) . These va lues are 
an average o f resu l ts o b t a i n e d by t he 
D A S P - I I , LENA a n d P L U T O co l l abo ­
ra t ions . 

T h e LENA co l l abo ra t i on w a s 
f o r m e d in 1 9 7 9 as a C r a c o w / 
D E S Y / Er langen - N u r n b e r g / H a m ­
b u r g / M i c h i g a n S t a t e / Ca rneg ie -
M e l l o n / S a c l a y / T e l - A v i v co l l abo ra ­
t i o n w h i c h has n o w been j o i n e d by 
N i j m e g e n . The i r de tec to r , bu i l t by a 
D E S Y / H e i d e l b e r g co l l abo ra t i on , is 
w e l l - s u i t e d fo r p h o t o n d e t e c t i o n and 
e lec t ron iden t i f i ca t ion . T h e m u o n 
d e t e c t i o n s y s t e m w a s i m p r o v e d in 
1 9 7 9 . 

T h e L E N A co l l abo ra t i on has n o w 
o b s e r v e d t h e decay o f t h e ups i lon 
p r i m e in to an ups i lon a n d t w o p ions , 
t o g e t h e r w i t h t he s u b s e q u e n t decay 
o f t h e ups i lon . These e v e n t s have a 
c l e a r t o p o l o g y and s i gna tu re a n d can 
be k inemat i ca l l y f i t t e d . W i t h seven 
such events , the t w o - p i o n b ranch ing 
ra t io is f o u n d t o be 1 9 ± 8 per cen t . 
Th i s g ives t he par t ia l w i d t h o f t h e 
ups i lon p r i m e decay in to an ups i lon 
a n d t w o g luons ( w h i c h t h e n f r a g ­
m e n t in to a p ion -pa i r o r an e ta 
meson ) o f 1 0 ± 5 keV. T h e ra t io o f 
t h i s va lue t o t he c o r r e s p o n d i n g t w o -
g l u o n w i d t h o f t h e J / p s i ( 1 1 0 + 2 2 
keV) is 0 . 0 9 ± 0 . 0 5 , w h i c h agrees 
w i t h t h e Q C D p red i c t i on o f 0 . 1 1 . On 
t h e o the r hand one w o u l d expec t a 
ra t io near un i t y w i t h sca lar g luons . 

S im i l a r resu l ts f o r ups i lon p r i m e 
decay p a r a m e t e r s have a lso been 
o b s e r v e d and m e a s u r e d by t he 
C U S B e x p e r i m e n t at Corne l l . D a t a is 
a lso e x p e c t e d f r o m the CLEO expe r i ­
m e n t at Corne l l . 

FERMILAB 
Superconducting 
left bend goes 
into service 
A s w e repo r t ed br ief ly in t h e M a r c h 
issue (page 6 2 ) , t h e s u p e r c o n d u c t ­
ing ' le f t b e n d ' has n o w g o n e in to 
serv ice a t Fermi lab . The left b e n d 
e x t r a c t e d b e a m serves t h e M e s o n 
Labora to ry , one o f t he t h ree m a j o r 
ex te rna l areas at Fermi lab . T h e 
t w e n t y - o n e m a g n e t s t r i ng — m o r e 
t h a n f o u r h u n d r e d and f i f t y f e e t o f 
s u p e r c o n d u c t i n g m a g n e t s — is by 
fa r t h e largest s u p e r c o n d u c t i n g 
m a g n e t s t r i ng y e t p laced in o p e r a ­
t i o n f o r b e a m t ranspo r t . First o p e r a ­
t i o n o c c u r r e d in m i d - D e c e m b e r . By 
m i d - J a n u a r y s y s t e m o p e r a t i o n w a s 
a p p r o a c h i n g rou t ine and n o r m a l 
b e a m in tens i t y reques ts in t h e 
n e i g h b o u r h o o d o f 5 x 1 0 1 2 p r o t o n s / 

pu lse f o r t h e M e s o n Labora to ry w e r e 
be ing hand led w i t h ease. The s y s t e m 
is cu r ren t l y o p e r a t i n g at 4 0 0 G e V 
b u t t h e ins ta l led m a g n e t b e n d i n g 
p o w e r c o u l d b e n d t h e 1 T e V b e a m s 
o f t h e T e v a t r o n . T h e s y s t e m has 
s h o w n i tse l f capab le o f easi ly r e c o v ­
e r ing f r o m quenches . 

T h e n e e d f o r s u p e r c o n d u c t i n g 
ex te rna l b e a m l i n e s w i t h t h e Energy 
D o u b l e r has been ev iden t f r o m t h e 
ear l ies t days o f t h e pro jec t . The c o n ­
f i n e d b e a m t r a n s p o r t enc losures d o 
n o t p e r m i t l e n g t h e n i n g t h e b e n d i n g 
s t r i ngs t o ach ieve Doub le r energ ies . 
In 1 9 7 7 it w a s real ized t h a t a supe r ­
c o n d u c t i n g lef t b e n d w o u l d g ive s u b ­
s tan t i a l ene rgy sav ings even be fo re 
T e v a t r o n o p e r a t i o n began , and 
w o u l d g ive e x t r e m e l y use fu l o p e r a t ­
ing expe r ience w i t h s u p e r c o n d u c t ­
ing s y s t e m s . T h e U S D e p a r t m e n t o f 
Energy a g r e e d t o t h e ins ta l la t ion o f 
t h e lef t b e n d as an energy sav ing 
pro jec t . Russ H u s o n , head o f t h e 
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Don Ljung at the computer control console 
for the left bend. 

(Photo Fermilab) 

A c c e l e r a t o r D iv is ion , s p e a r h e a d e d 
t h e e f fo r t s t o ge t t h e p ro jec t unde r 
w a y . P ro to t ype t w e n t y - t w o f o o t 
Energy Doub le r m a g n e t s w e r e used 
s ince t h e y w e r e no longer n e e d e d 
a f te r t h e dec is ion w a s m a d e t o 
e m p l o y sho r te r t w e n t y - o n e f o o t 
m a g n e t s f o r t h e Doub le r . 

T h e dec is ion t o g o a h e a d on t h e 
lef t b e n d had i m p o r t a n t imp l i ca t i ons 
f o r t h e Labora to ry a n d par t i cu la r l y 
t h e M e s o n Labora to ry users . A n 
o p e r a t i n g e x p e r i m e n t w o u l d f i n d it 
d i f f i cu l t t o f ace t h e poss ib i l i t ies o f a 
s l o w t u r n - o n . Because o f t h e t i g h t 
cons t r a i n t s o f t h e t u n n e l it w a s n o t 
poss ib le t o m a i n t a i n t he o ld c o n v e n ­
t i ona l m a g n e t s t r i ng in p lace. 

A c t u a l ins ta l la t ion b e g a n in J u n e 
1 9 8 0 m a n a g e d by t h e A c c e l e r a t o r 
D iv i s ion b e a m s w i t c h y a r d g r o u p led 
by Roger D ixon . J a c k M c C a r t h y 
h e a d e d t h e eng inee r i ng e f fo r ts . C o n ­
t r i b u t i o n s t o t h e p ro jec t c a m e f r o m 
m a n y o t h e r g r o u p s in t h e Labora to ry . 

Ins ta l la t ion c o n t i n u e d t h r o u g h t h e 
long s u m m e r s h u t d o w n in paral le l 
w i t h a la rge-sca le p ro jec t t o upg rade 
t h e neu t r i no sh ie ld and assoc ia ted 
ins ta l la t ions . 

First b e a m w a s t r a n s p o r t e d 
t h r o u g h t h e s u p e r c o n d u c t i n g s t r i ng 
t o t h e F1 m a n h o l e h a l f w a y t o t he 
M e s o n t a rge t s on 12 D e c e m b e r . 
Later t h a t w e e k e n d the b e a m w a s 
t r a n s p o r t e d all t he w a y t o t h e M e s o n 
Labora to ry . A t t h a t s tage t h e re f r i ­
ge ra t i on w a s st i l l l im i ted , leav ing 
l i t t le f lex ib i l i t y t o cope w i t h m a g n e t 
q u e n c h e s . D u r i n g the f i rs t w e e k s , 
th i s r e d u c e d re f r igera t ion capac i t y 
gave rise t o s o m e s y s t e m re l iabi l i ty 
p r o b l e m s . The ini t ia l s teps w e r e 
t a k e n cau t i ous l y as the s w i t c h y a r d ' s 
exper t s learned t o hand le t h e b e a m 
in a poss ib ly de l i ca te s i t ua t i on . A t 
one po in t t h e fu l l acce le ra to r b e a m 
o f m o r e t h a n 2 x 1 0 1 3 p r o t o n s w a s 
acc iden ta l l y d u m p e d in to t h e supe r ­
c o n d u c t i n g s y s t e m w i t h o u t d a m a g ­

ing e f fec ts , d e m o n s t r a t i n g t h a t t h e 
s u p e r c o n d u c t i n g l ine can hand le t h e 
fu l l b e a m . 

By 1 J a n u a r y b e a m w a s be ing 
de l i ve red t o t h e t w o M e s o n Labo ra ­
t o r y t a rge t s . T h e s y s t e m t h e n began 
o p e r a t i n g m o r e or less s tead i ly , 
excep t f o r a f e w ear ly s h u t d o w n s t o 
insta l l add i t i ona l re f r ige ra t ion c o m ­
pressors a n d t h e r e b y increase t h e 
re f r i ge ra to r capac i t y . By late J a n ­
uary ins ta l la t ion o f add i t i ona l c o m ­
pressor capac i t y w a s c o m p l e t e . 
Early February s a w a f e w p r o b l e m s 
d u e t o v a c u u m c o n t a m i n a t i o n , bu t 
t h i s w a s qu ick l y c leared up and 
sa t i s f ac to r y o p e r a t i o n s r esumed . 

T h e c r yogen i c lef t bend uses 2 1 o f 
t h e 2 2 - f o o t - l o n g p r o t o t y p e doub le r 
d ipo les . W i t h a cu r ren t o f 1 5 0 0 A 
t hese g ive 1 5 k i l o g a u s s f o r 4 0 0 G e V 
o p e r a t i o n . Th is is su f f i c ien t t o p r o ­
d u c e t h e necessa ry t e n degree bend 
o u t t o M e s o n . T h e f ie ld requ i red at 
1 T e V is 3 7 k i logauss , w e l l w i t h i n 
t h e capab i l i t i es o f t he Doub le r m a g ­
nets . The n e w m a g n e t s t r i ng re ­
p laced 5 6 t e n - f o o t b e a m t rans fe r 
b e n d i n g m a g n e t s . T h e or ig ina l c o n ­
ven t i ona l q u a d r u p o l e s are st i l l in use. 
In genera l it is no t sens ib le t o conve r t 
w i d e l y s p a c e d q u a d r u p o l e s w i t h 
s u p e r c o n d u c t i n g e l e m e n t s in a 
b e a m t r a n s p o r t s i t ua t i on . 

T h e c r y o g e n i c s y s t e m fo r t h e 
s u p e r c o n d u c t i n g lef t bend cons is ts 
o f a p r o t o t y p e o f t he sate l l i te re f r i ­
ge ra to r f o r t h e doub le r coup led t o a 
4 2 0 f o o t t r ans fe r l ine s y s t e m . T h e 
sa te l l i te re f r igera tor , w i t h a w e t and 
a dry eng ine , or ig ina l ly had a m i n i ­
m u m c o m p l e m e n t o f t w o rec ip ro ­
c a t i n g c o m p r e s s o r s , each ra ted t o 
hand le 3 5 g r a m s per s o f he l i um at 
3 0 0 psi . A t h i r d s c r e w c o m p r e s s o r 
w a s a d d e d in J a n u a r y , w i t h an a d d i ­
t i ona l capac i t y o f 5 7 g r a m s per s. 
T h e s c r e w c o m p r e s s o r s are used f o r 
d o u b l e r sa te l l i te re f r igera tors . 

T h e q u e n c h recovery p roper t ies o f 
t h e s y s t e m are g o o d . The re is n o w 
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s o m e t h i n g l ike one b e a m - i n d u c e d 
q u e n c h per w e e k , usual ly f r o m m i s -
s tee r i ng t h e b e a m . O t h e r q u e n c h e s 
occas iona l l y o c c u r because o f re f r i ­
ge ra to r p r o b l e m s or c o m p r e s s o r 
t r ips . A t p resen t t he q u e n c h recovery 
t i m e is set by t h e des i re t o ga the r a 
large a m o u n t o f r e t rospec t i ve da ta 
w i t h t h e c o m p u t e r w h e n a q u e n c h 
occurs . Typ ica l l y t h e d a t a g a t h e r i n g 
t akes f i f t een m inu tes . U n d e r ' no r ­
m a l ' q u e n c h cond i t i ons t h e recovery 
t i m e , based on t h e r m o d y n a m i c l i m ­
its, is m u c h shor ter . 

T h e ent i re s y s t e m ope ra tes under 
a u t o m a t i c c o m p u t e r con t ro l . Co l lec ­
t i o n o f m o n i t o r i n g da ta is a u t o m a t i c , 
and the con t ro l s y s t e m is n o w a i m ­
ing fo r to ta l c losed loop con t ro l . 

O p e r a t i o n o f t h e M e s o n A r e a is 
rap id ly b e c o m i n g i n d e p e n d e n t o f 
any spec ia l s u p e r c o n d u c t i n g q u e s ­
t i ons . It is a f a c t t h a t t h e f i r s t w e e k of 
ope ra t i on w i t h t he s u p e r c o n d u c t i n g 
lef t bend w a s one o f t h e m o s t e f f i ­
c ien t w e e k s o f acce le ra to r ope ra t i on 
at Fermi lab ever. T h e n u m b e r of 
t u n n e l accesses t o se rv ice t h e left 
b e n d have no t been at all unusua l . 
On t h e o t h e r hand , f o r t h e f i rs t sev ­
eral w e e k s o f o p e r a t i o n it w a s 
necessary t o shu t M e s o n o f f f o r 
s h o r t per iods t o c o m p l e t e ins ta l l a ­
t i on . 

One n e w fea tu re o f o p e r a t i o n is 
t h e r e m o t e poss ib i l i t y o f re lease o f 
large quan t i t i es o f h e l i u m gas. A t 
p resen t , pe rsonne l car ry o x y g e n 
level m o n i t o r s as w e l l as m i n i - e m e r ­
gency air packs as a sa fegua rd . 

T h e p resen t left b e n d s y s t e m can 
hand le T e v a t r o n o p e r a t i o n w i t h on ly 
m i n o r mod i f i ca t i ons . A s im i la r r ight 
b e n d m u s t be bu i l t t o d i s t r i bu te p r o ­
t o n s t o t h e th ree P ro ton Labo ra to ry 

Smiles from Jan Lefevere (front left), Tom 
Sluijk and Project Leader Ron Fortune (rear) 
as the new NIKHEF (formerly IKO) super­
conducting solenoid reaches a current 
of WOO A, well above its design value. 

(Photo R. Spruit) 

t a r g e t s ta t i ons . Plans exist f o r t h i s 
p ro jec t in c o n j u n c t i o n w i t h t he T e v a ­
t r o n II p roposa l fo r t he c o n s t r u c t i o n 
o f t he Doub le r expe r imen ta l areas. 
N o s im i la r ins ta l la t ion is necessary 
f o r t h e N e u t r i n o l ine s ince it is 
s t ra igh t . 

Cr i t i cs s o m e t i m e s q u e s t i o n t h e 
ene rgy e c o n o m y of s u p e r c o n d u c t i n g 
ope ra t i on . The conven t i ona l m a g n e t 
left b e n d ope ra t i ng in a pu l sed m o d e 
requ i red an average p o w e r o f one 
M e g a w a t t at 4 0 0 G e V exc lus ive o f 
p o w e r supp ly and lead losses. T h e 
s u p e r c o n d u c t i n g bend uses s o m e ­
t h i n g l ike 2 0 0 k i l o w a t t s , m o s t l y f o r 
c o m p r e s s o r ope ra t i on . Th is is a ne t 
sav ings o f a f a c t o r of f ive . In m o r e 
d o w n - t o - e a r t h t e r m s it is su f f i c ien t 
p o w e r t o supp ly t h e needs o f a 
v i l lage o f severa l t h o u s a n d or t o save 
t e n t h o u s a n d barre ls o f oi l a year. 
T h e s e sav ings ex t rapo la te by f a c t o r s 
o f t h i r t y t o f i f t y f o r t he Energy 
Saver . 

NIKHEF 
Superconducting 
muon channel 
A t t h e end o f J a n u a r y , t he s u p e r c o n ­
d u c t i n g so leno id f o r m i n g t h e p r i nc i ­
pal e l e m e n f o f t h e m u o n channe l 
w a s success fu l l y b r o u g h t in to ope ra 
t i o n a t t h e 5 0 0 M e V e lec t ron l inac a i 
t h e D u t c h N I K H E F ( fo rmer l y IKO) 
Labora to ry . S tab le ope ra t i on w a s 
ach ieved at 1 0 0 0 A ( 1 5 per cen t 
ove r t h e des ign cur ren t ) w i t h a m e a n 
coi l t e m p e r a t u r e o f 4 .7 K. A t th i s 
cu r ren t t h e so leno id p rov ides an 
axial m a g n e t i c f ie ld o f near ly 6 T ove r 
a f ree e v a c u a t e d bore o f d i a m e t e r 
12 c m . 

The 5 m - l o n g so leno id is a c o p y o f 
t h e un i t s a l ready in ope ra t i on a t t h e 
S w i s s S I N Labora to ry , and w a s bu i l t 
by a p ro jec t g r o u p led by Ron For­
t u n e a n d w o r k i n g in c lose co l l abo ra -
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Assembly at the Rutherford Laboratory of 
the superconducting wiggler magnet 
designed for use at the new Daresbury 
Synchrotron Radiation Source. 

(Photo Rutherford) 

t i o n w i t h t he S I N Cryogen i cs Group . 
T h e p ro jec t w a s c o m p l e t e d w i t h i n a 
b u d g e t f i xed in 1 9 7 7 , a n d in a 
r emarkab l y sho r t t i m e , desp i t e m a n ­
p o w e r sho r tages . 

In t he a d v a n c e d des ign , s u p e r c r i t i ­
cal he l i um at 1 0 a t m o s p h e r e s a n d 
4 . 5 K is used t o coo l t h e 5 t o n 
a s s e m b l y o f s u p e r c o n d u c t i n g co i ls 
a n d i ron m a g n e t yoke , w i t h a c o o l -
d o w n t i m e o f seven days. Par t icu lar 
a t t e n t i o n w a s g iven t o t h e qua l i t y o f 

t h e r m a l rad iat ive and c o n d u c t i v e 
insu la t ion , so t h a t heat losses are 
less t h a n 2 0 W at t he o p e r a t i n g 
t e m p e r a t u r e . 

T h e so leno id w i l l be used t o t r a n s ­
po r t a m u o n - r i c h b e a m f r o m t h e p ion 
p r o d u c t i o n pi t in to t he m u o n expe r i ­
men ta l areas. In jec t ion and ex t rac ­
t i o n b e a m t r a n s p o r t sec t ions , us ing 
c o n v e n t i o n a l quad rupo le and b e n d ­
ing m a g n e t s , are under c o n s t r u c t i o n 
and w i l l be ins ta l led later th is year . 

RUTHERFORD 
Superconducting 
wiggler tested 

Elec t ron s t o rage r ings bui l t f o r p r o ­
d u c t i o n o f s y n c h r o t r o n rad ia t ion fo r 
use in m a n y areas of research are 
n o w in ac t i on at Daresbury and W i s ­
cons in and in t h e o f f i ng a t severa l 
o t he r Labora to r ies . A c lever w a y of 
e x t e n d i n g the i r use fu lness by ex ­
pand ing the rad ia t ion s p e c t r u m they 
can p rov ide has been t he i n t r oduc ­
t i o n o f w i g g l e r m a g n e t s . 

T h e s y n c h r o t r o n rad ia t ion w a v e ­
leng th peaks at a va lue d e p e n d e n t 
u p o n t h e rad ius o f cu rva tu re of t h e 
o rb i t i ng e lec t rons . The idea of t h e 
w i g g l e r m a g n e t is s imp ly t o bend t h e 
b e a m harder a t a loca t ion w h e r e 
rad ia t ion is t a p p e d of f (and t h e n 
w i g g l e t h e b e a m back aga in t o i ts 
s t o rage r ing o rb i t by an equa l and 
o p p o s i t e m a g n e t i c f ie ld) . The rad i ­
a t ion e m e r g i n g f r o m t h e sharper 
b e n d w i l l a l l o w expe r imen ts at 
sho r te r w a v e l e n g t h s . 

T h e f i rs t success fu l ope ra t i on o f a 
w i g g l e r in a s to rage r ing w a s at 
S t a n f o r d in S P E A R du r i ng 1 9 7 9 
(see M a y issue 1 9 7 9 , page 1 0 5 ) . 
N o w a n o t h e r f i rs t is on its w a y , 
cou r t esy o f t h e Ru the r f o rd Labo ra to ­
ry. They have bu i l t a w i g g l e r t o pro f i t 
f r o m t h e h igher f ie lds avai lable in 
s u p e r c o n d u c t i n g m a g n e t s . Th is 
w i g g l e r w a s success fu l l y t es ted in 
February . 

T h e m a g n e t is des igned fo r peak 
f ie lds o f 5 T (g iv ing a w i g g l e t o t h e 
b e a m w h i c h w i l l p roduce rad ia t ion o f 
usab le in tens i t y d o w n t o 0.1 a n g ­
s t r o m s ) . In t he test , 5.5 T w a s 
ach ieved a f te r on ly f i ve quenches . 
T h e w i g g l e r is des igned fo r use in t h e 
S y n c h r o t r o n Rad ia t ion Sou rce at 
Da resbu ry w h i c h c a m e in to ac t i on 
last yea r (see J a n u a r y issue, page 8 ) . 
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Panofsky's view of SLAC 

T h e space ava i lab le in t h e S R S l i m ­
i ted t h e size o f t h e w i g g l e r ' s c r yos ta t 
t o 1.2 m. The m a g n e t is bu i l t o f a 
ser ies o f 1 6 race t rack s u p e r c o n ­
d u c t i n g coi ls ins ide a l a m i n a t e d 
yoke . It w i l l be he ld at a t e m p e r a t u r e 
o f 4 . 3 5 K and i ts re f r ige ra to r is n o w 
be ing c o m m i s s i o n e d at Da resbu ry . 

A f t e r t h e tes t , t he w i g g l e r is be ing 
ins ta l led in a hor i zon ta l c r y o s t a t f o r 
sh i pp ing t o Daresbury . 

Pief Panofsky: 'innovate we must'. 

1 1 0 

A f t e r .the ups and d o w n s o f f u n d i n g 
w h i c h have bese t U S h igh ene rgy 
phys ics du r i ng t h e cu r ren t f i sca l 
year , S L A C D i rec to r Pief Pano fsky in 
his t rad i t i ona l ' S t a t e o f S L A C 
s p e e c h had t o c o n t e n d w i t h f u r t h e r 
unce r ta i n t i es in t he b u d g e t f o r t h e 
nex t f i sca l yea r ( w h i c h beg ins in 
Oc tobe r ) . 

He t h o u g h t it ' d i sappo in t i ng b u t 
no t un fo reseen ' t h a t t h e o u t g o i n g 
Pres iden t ' s b u d g e t (st i l l t o be 
r e v i e w e d by Congress) c o n t a i n s no 
exp l ic i t s u p p o r t f o r t h e p r o p o s e d 
S L A C Linear Col l ider (SLC, see 
D e c e m b e r 1 9 7 9 issue, page 4 0 3 ) . 
T o c o m p e n s a t e f o r th is , SLC re ­
sea rch and d e v e l o p m e n t e f fo r t s 
have been in tens i f ied . W h i l e in t h e 
cu r ren t f isca l yea r s o m e seven per 
cen t o f S L A C ' s ope ra t i ng f u n d s w e r e 
channe l l ed in to w o r k f o r t h e SLC, 
t h i s f i gu re is expec ted t o increase t o 
a b o u t t e n per cen t f o r t h e nex t f i sca l 
year . In add i t i on , a ' subs tan t ia l f r a c ­
t i o n ' o f ava i lab le cap i ta l w i l l be 
in jec ted in to t he SLC pro jec t . 

T u r n i n g spec i f ica l ly t o t h e SLC, 
Pano fsky s a i d : ' O n e w a y t o push th i s 
(energy) f r on t i e r f u r t h e r is t o rep lace 
s t o rage r ings w i t h s ing le -pass co l l i d ­
ers. In s u c h mach ines , e lec t rons a n d 
pos i t r ons are p r o d u c e d and acce le r ­
a ted , are b r o u g h t in to co l l i s ion on ly 
once , a n d are t h e n t h r o w n a w a y . If 
e v e r y t h i n g else here is equa l , t h e n 
th i s s e e m i n g l y w a s t e f u l p rocess 
c a n n o t be c o m p e t i t i v e w i t h s t o r a g e -
r ing dev i ces if t h e co l l i s ions o c c u r 
on ly re la t ive ly i n f requen t l y (say 1 0 
t o 1 0 0 t i m e s per second) . If, h o w e v ­
er, t he par t i c le dens i t y du r i ng co l l i ­
s ions is m a d e t o be e x t r e m e l y h igh 
by f o c u s i n g such b e a m s in to ' n e e ­
d les ' o f a t i ny d i a m e t e r (a sma l l 
f r a c t i o n o f t he d i a m e t e r o f a h u m a n 
hair) , t h e n t he reac t ion rate can 
b e c o m e respec tab le . T h u s t h e p lan is 
t o acce le ra te e lec t rons and p o s i ­
t r o n s in c o n c e n t r a t e d b u n c h e s in t h e 
S L A C t w o - m i l e l inac, t h e n gu ide t h e 

e l ec t rons a n d pos i t rons separa te ly 
i n to co l l i s ions at a s ing le po in t near 
t h e eas t b o u n d a r y o f ou r s i te . A n e w 
i n te rac t i on reg ion near t h a t b o u n ­
da ry w i l l be bu i l t t o a c c o m m o d a t e 
t w o d e t e c t o r s w h i c h can be p laced 
a l te rna te l y i n to t h e b e a m . 

Th i s n e w p ro jec t has t w o ob jec ­
t i ves . First, # i t w i l l m a k e poss ib le 
co l l i s ions at energ ies up t o a b o u 
1 0 0 G e V — essent ia l l y as h igh an 
ene rgy as t h a t access ib le t o LEP, b u t 
at ve ry m u c h l o w e r cost . A t t h e s e 
energ ies phys i cs is e x p e c t e d t o be 
ex t rao rd ina r i l y r ich. If t h i s m a c h i n e 
p e r f o r m s a c c o r d i n g t o t heo re t i ca l 
p red i c t i ons , rough l y 1 mi l l i on even ts 
f r o m n e w par t i c les can be logged per 
year . 

T h e s e c o n d ob jec t i ve o f t he SLC 
p ro jec t is at least equa l ly i m p o r t a n t , 
b o t h t o t h e f u t u r e o f S L A C and t h e 
f u t u r e o f h igh ene rgy phys ics 
t h r o u g h o u t t h e w o r l d . Th is is t he ro le 
o f t h e SLC as a p ionee r ing p r o ­
g r a m m e t o d e m o n s t r a t e t h e feas ib i l ­
i ty o f t h i s n e w c lass o f co l l iders , a n d 
t o e x a m i n e s o m e of t h e de ta i l ed 
p rope r t i es o f th i s n e w c lass o f 
mach ines . T h u s , shou ld t h e SLC g o 
f o r w a r d a n d be o p e r a t e d s u c c e s s ­
fu l l y , w e are l ook ing f o r w a r d no t on ly 
t o v i ta l e x p e r i m e n t a t i o n at 1 0 0 G e V 
co l l i s ion energ ies , b u t a lso t o t h e 
poss ib i l i t y o f s ing le -pass dev ices 
w h i c h c o u l d reach co l l i s ion energ ies 
m u c h h ighe r t h a n are concep tua l l y 
poss ib le by t h e n o w w e l l - e s t a b ­
l ished s t o r a g e - r i n g t echn ique . 

For t h e s e reasons, w e are n o w 
p r o c e e d i n g in tens ive ly w i t h d e v e l ­
o p m e n t o f t h e SLC techn ique . W e 
have j us t c o m p l e t e d ins ta l la t ion o f a 
n e w f r o n t e n d in t h e S L A C l inac, 
i nc l ud ing m o d i f i c a t i o n o f t he f i rs t 
3 0 0 f e e t o f t h e mach ine , w h i c h c o n ­
s t i t u t es t h e in jec t ion end o f t h e SLC. 
W e are a lso p l ann ing t o c o n v e r t t h e 
i n s t r u m e n t a t i o n o f a p p r o x i m a t e l y 
t h e f i rs t o n e - t h i r d o f t h e t w o - m i l e 
l inear acce le ra to r t o m a k e it m e e t 
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Bird's-eye view of SLAC, showing the layout 
of a new beam-dump experiment to search 
for neutral unstable penetrating particles. 
The detector, containing modules from an 
old Fermilab experiment, will be mounted 
on a hilltop near the SLAC site boundary, 
just north-east of PEP Interaction Region 2 
(IR2). 

(Photo SLAC) 

SLC s tandards . Du r i ng t h e nex t year , 
an a rch i t ec tu ra l - eng inee r i ng f i r m 
w i l l be h i red t o p r o d u c e t h e f ina l 
d r a w i n g s f o r t h e n e w t u n n e l s a n d 
hous ing fo r t h e mach ine , a n d w e are 
a lso g o i n g t o d o a large a m o u n t o f 
eng inee r i ng d e v e l o p m e n t on t h e 
o t h e r SLC c o m p o n e n t s . A l l o f t h i s is 
d e s i g n e d t o g ive us a f l y i ng s ta r t f o r 
even tua l au tho r i za t i on , bu t it is t o o 
ear ly y e t t o te l l w h e t h e r s u c h a u t h o ­
r iza t ion can be o b t a i n e d in t h e p r e ­
va i l i ng f inanc ia l c l i m a t e / 

T h e S L A C D i rec to r a lso c o v e r e d 
t h e h igh l igh ts o f t h e phys i cs p r o ­
g r a m m e (see also S e p t e m b e r 1 9 8 0 
issue, page 2 4 5 ) . 

'Cu r ren t l y t h ree o f ou r m a j o r 
d e t e c t o r s a t PEP — M a r k I I , M A C 
and DELCO — are fu l l y ope ra t i ona l 
and are in fu l l d a t a - t a k i n g o p e r a t i o n 
d u r i n g the o p e r a t i n g cyc le w h i c h w i l l 
t e r m i n a t e in J u n e , a n d t h e y w i l l 
r e s u m e phys ics d a t a - t a k i n g o p e r a ­
t i ons next fa l l . In add i t i on , t h e H igh 

Reso lu t i on S p e c t r o m e t e r (HRS) w i l l 
hope fu l l y be in phys ics p r o d u c t i o n by 
next fa l l , a n d un less there are s u b ­
s tan t ia l se tbacks , t he T i m e Pro jec­
t i o n C h a m b e r (TPC) de tec to r , w h i c h 
c o m b i n e s m a n y of t h e m o s t a d ­
v a n c e d fea tu res , w i l l be ins ta l led 
d u r i n g t h e next f isca l year . It is 
be l ieved t h a t t h e qua rk sea rch 
e x p e r i m e n t w i l l have f i n i shed its 
w o r k by t h i s s u m m e r , e i ther w i t h or 
w i t h o u t f i n d i n g quarks . T h u s by t h e 
next f isca l yea r t h e fu l l arsenal o f 
ma jo r PEP d e t e c t o r s w i l l be in p lace, 
and w e are eager ly look ing f o r w a r d 
t o hav ing the i r e n o r m o u s expe r i ­
m e n t a l po ten t ia l bear f ru i t in i m p o r t ­
an t phys ics resul ts . 

W e a lso expec t t h a t t h e M a r k III 
de tec to r , w h i c h is n o w be ing a s s e m ­
b led at S P E A R , w i l l be fu l l y o p e r a ­
t iona l t h i s fa l l . Th is m e a n s t h a t 
S P E A R w i l l aga in have t w o ma jo r 
de tec to r s ope ra t i ng , t h e Crys ta l Bal l 
and M a r k I I I . The energy reg ion 

access ib le t o S P E A R con t i nues t o be 
incred ib ly r ich in t e r m s of very 
i m p o r t a n t phys ics , and t he w o r k 
w i t h t h e Crys ta l Bal l du r i ng t he last 
yea r has a m p l y rea f f i rmed th is . It is 
t he re fo re g ra t i f y i ng t h a t du r i ng t he 
nex t f isca l y e a r b o t h in te rac t ion 
reg ions at S P E A R w i l l aga in be o c c u ­
p ied by p o w e r f u l i ns t rumen ts . 

W e are p lann ing t o con t i nue t o 
share t h e use o f SPEAR w i t h t h e 
S t a n f o r d S y n c h r o t r o n Rad ia t ion La ­
bo ra to r y (SSRL) on t h e s a m e basis 
as be fo re : one -ha l f o f t he runn ing 
t i m e o f S P E A R w i l l be used in s ing le -
b e a m o p e r a t i o n fu l ly ded i ca ted t o 
t he use o f t h e large m u l t i t u d e o f 
S S R L users. Du r i ng t he o the r hal f o f 
t h e t i m e , S P E A R w i l l run in t h e 
c o l l i d i n g - b e a m m o d e fo r h igh energy 
phys ics w o r k , w i t h S S R L t ak i ng da ta 
paras i t ica l ly . S S R L has been an ex­
t rao rd ina r i l y p r o d u c t i v e en terpr ise , 
and th i s sha red ope ra t i on has g rea t l y 
inc reased t h e oppo r t un i t i e s ava i -
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The Mark III shower counter being installed 
in its magnet in the assembly building 
adjacent to the SPEAR west pit. The detector 
is scheduled to be installed in the ring during 
the summer shutdown. 

(Photo Joe Faust) 

lable t o t h a t Labora to ry . A t t h e s a m e 
t i m e , s ince t he cos t o f s u p p o r t i n g 
S P E A R is sha red b e t w e e n S S R L a n d 
S L A C , th is has l i be ra ted f u n d s w h i c h 
have been sore ly n e e d e d f o r o p e r a t ­
ing t h e ba lance o f t he Labora to ry . 

Du r i ng t h e cu r ren t f i sca l year , t he 
L A S S la rge-ang le s p e c t r o m e t e r has 
r e s u m e d d a t a - t a k i n g a n d has l ogged 
l i teral ly t ens o f m i l l i ons o f even ts . 
T h e w o r k of L A S S w i l l p rov ide d e f i n ­
i t ive da ta on s o m e o f t h e f u n d a m e n ­
ta l i n te rac t ions of kaons w i t h nuc lear 
ma t te r . D u r i n g t h e nex t f isca l yea r 
L A S S w i l l no t ope ra te f o r a large 
a m o u n t o f t i m e , s ince m o s t o f t h e 
t i m e w i l l be requ i red t o ana lyse t he 
e n o r m o u s a m o u n t o f d a t a t h a t has 

Belo w,as ubharm onic b uncher for a newinjec tor 
being constructed at SLAC for studies of 
the generation and acceleration of large 
single electron bunches. This is part of the 
groundwork for the proposed SLAC Linear 
Collider (SLC) project. 

(Photo Joe Faust) 
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Linear collider 
studies 

Although the SLAC Linear 
Collider (SLC) project has yet 
to receive official funding, ini­
tial studies are already under 
way at SLAC, and a new front 
end for the two-mile linac is 
in the final stages of assem­
bly. Using a recently devel­
oped high current photoemis-
sion electron gun and a new 
subharmonic buncher together 
with a standard SLAC injector 
section, it is hoped that in­
tense bunches of electrons 
(containing over 7 0 7 0 particles 
per 30 pseconds) will be avail­
able for subsequent accelera­
tion in the main linac. 

been a c c u m u l a t e d . A l so , t h e S L A C 
Hyb r i d Bubb le C h a m b e r Faci l i ty has 
been o p e r a t i n g in a laser b a c k s c a t -
t e r e d g a m m a - r a y b e a m , a n d t hese 
runs have been ex t reme ly s u c c e s s ­
fu l . S o m e o f th i s w o r k w i l l c o n t i n u e 
in to t he nex t f isca l year. 

The re is a lso a b e a m d u m p expe r i ­
m e n t t h a t is cu r ren t l y be ing ins ta l led 
and t e s t e d w h i c h w i l l be ready fo r 
d a t a - t a k i n g nex t year. W h e n an 
in tense b e a m of h igh -ene rgy e lec ­
t r o n s s t r i kes a ta rge t , n e w par t i c les 
m i g h t be p roduced . A d e t e c t o r 
w e i g h i n g 2 0 t o n s is be ing ins ta l led 
on t h e e m b a n k m e n t near PEP In te r ­
ac t i on Reg ion 2 t o reg is ter such par ­
t ic les. Th is , l ike t he qua rk - sea rch 
expe r imen t , is one of t he ' l o n g s h o t ' 
e x p e r i m e n t s w h i c h S L A C is e n g a g e d 
in. In genera l , w e l ike t o ba lance ou r 
p r o g r a m m e b e t w e e n such ' l o n g 
s h o t s ' a n d 'sure th ings ' , w h e r e t h e 
e x p e r i m e n t s exp lo i t p h e n o m e n a 
w h i c h are a l ready k n o w n t o exist . 

A t th i s t i m e w e are no t qu i te sure 
w h e t h e r e x p e r i m e n t a t i o n in End 
S t a t i o n A w i l l r e s u m e next year. 
U n d e r f i nanc ia l p ressures w e had 
s u s p e n d e d End S t a t i o n A ope ra t i ons 
last year . T h e f ina l dec is ion w h e t h e r 
t o reac t i va te End S t a t i o n A w i l l 
d e p e n d u p o n w h a t n e w e x p e r i m e n ­
ta l p roposa ls f nay be accep ted , and 
u p o n t h e f inanc ia l ou t l ook of t h e 
Labora to ry o n c e the p roposed b u d ­
ge t has j u m p e d m o r e hurd les. ' 

In conc lus i on , Panofsky sa id t h a t 
c o n t i n u e d i nnova t i on w a s v i ta l d e s ­
p i te t h e unp red ic tab i l i t y of t he p re ­
sen t cou rse of h igh energy phys ics . 
' The w h o l e p rog ress o f th is f ie ld has 
been n u r t u r e d by a success ion o f 
n e w inven t ions . A s any one i n v e n ­
t i o n has run ou t o f s t e a m , a n e w one 
has f o l l o w e d , a n d it is t he resul t o f all 
t hese i nven t i ons t h a t has led h igh 
ene rgy phys ics t o t he success ion o f 
spec tacu la r reve la t ions of t he na tu re 
o f mat te r . ' 

Physics with low energy antiprotons 

Th is year , t h e CERN p r o t o n - a n t i p r o -
t o n p ro jec t shou ld bear f ru i t and 
e x p e r i m e n t e r s shou ld see t h e 
w o r l d ' s f i rs t co l l i s ions o f h igh i n t e n ­
s i ty b e a m s of an t ima t t e r . W h i l e t h e 
5 4 0 G e V co l l is ions in t h e S P S and 
t h e sea rch f o r t h e e lus ive i n t e r m e ­
d ia te bosons o f w e a k i n te rac t i ons 
w i l l be t h e na tura l f o c u s o f w o r l d 
a t t e n t i o n , at t h e o the r e n d o f t h e 
a n t i p r o t o n energy sca le , p r e p a r a ­
t i ons are under w a y w h i c h c o u l d a lso 
p rov ide a r ich harves t o f n e w p h y ­
s ics. 

T h e L o w Energy A n t i p r o t o n R ing 
(LEAR) , t o be c o n s t r u c t e d in t h e 
S o u t h Exper imen ta l Hal l a t t he PS, 
w i l l p rov ide in tense b e a m s of a n t i ­

p r o t o n s in t h e energy range 0.1 t o 
2 G e V (see J u n e 1 9 8 0 issue, 
page 1 5 0 ) . W h i l e n u c l e o n - n u c l e o n 
i n te rac t i ons have been s t u d i e d in 
deta i l ove r t h e years , da ta on l o w 
energy n u c l e o n - a n t i n u c l e o n in te rac ­
t i ons is less c o m p l e t e , a l t h o u g h 
s o m e f ine w o r k has been car r ied 
ou t . 

A s w e l l as p r o t o n - a n t i p r o t o n a n n i ­
h i la t ion and a n t i p r o t o n e last ic s c a t ­
t e r i ng , LEAR phys ics w i l l cover t h e 
s p e c t r o s c o p y o f p r o t o n i u m — a t o m s 
c o m p o s e d o f a p r o t o n a n d an a n t i ­
p r o t o n . LEAR cou ld a lso p rov ide a 
de f in i t i ve a n s w e r on b a r y o n i u m 
— s t a t e s e x p e c t e d on ce r ta in 
g r o u n d s t o be f o r m e d f r o m ba ryons 

and an t i ba ryons . In add i t i on , t he re 
w i l l be o the r m e s o n i c s ta tes t o look 
fo r in p r o t o n - a n t i p r o t o n ann ih i l a ­
t i ons , a n d t h e p roper t i es o f t he a n t i ­
p r o t o n i tsel f w i l l be accura te ly m e a s ­
ured . 

It is h o p e d t h a t t o g e t h e r t hese 
e x p e r i m e n t s w i l l enab le n u c l e o n -
nuc leon and n u c l e o n - a n t i n u c l e o n i n ­
t e r a c t i o n s t o be c o m p a r e d , p rov id ing 
a be t t e r u n d e r s t a n d i n g o f hadrons . In 
add i t i on , LEAR shou ld imp rove ou r 
k n o w l e d g e o f q u a r k behav iour , e s p e ­
cial ly t h r o u g h t he inves t iga t ion o f 
t h e d y n a m i c s o f t h e p r o t o n - a n t i p r o ­
t o n ann ih i l a t i on m e c h a n i s m . 

T e n e x p e r i m e n t s have been a p ­
p r o v e d f o r LEAR, inc lud ing f ou r re la -
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A plan of the LEAR low energy antiproton 
ring to be built in the South Hall of the CERN 
PS, showing the transfer lines and the 
experimental area. 

t i ve ly ma jo r ins ta l la t ions a n d f o u r 
s tud ies o f exo t ic a t o m s . T h e a l l oca ­
t i o n o f ava i lab le b e a m t i m e b e t w e e n 
t hese e x p e r i m e n t s has y e t t o be 
dec ided , bu t t h e a n t i p r o t o n y ie ld 
s h o u l d be so h igh t h a t s o m e d e t e c ­
t o r s w i l l have on ly a sma l l r equ i re ­
m e n t f o r b e a m t i m e , a l l o w i n g d i f fe r ­
en t e x p e r i m e n t s t o be m o u n t e d in 
para l le l , and w i t h a b e a m sp l i t te r 
a l l o w i n g s i m u l t a n e o u s o p e r a t i o n o f 
d i f f e ren t expe r imen ts . 

T h e f i rs t LEAR e x p e r i m e n t t o be 
a p p r o v e d invo lves an A n n e c y / Pa -
d o v a / Sac lay / T o r i n o co l l abo ra t i on 
f o r 'p rec is ion m e a s u r e m e n t s o f t h e 
p r o t o n 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 
in t h e t ime - l i ke reg ion , a n d v e c t o r 
m e s o j i s p e c t r o s c o p y ' . By l ook ing at 
t h e ann ih i l a t i on o f p r o t o n s and a n t i ­
p r o t o n s in to e l e c t r o n - p o s i t r o n pairs, 
phys ic i s ts can c o m p a r e t h e b e h a v ­
iour o f t he 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 o f t h e p r o t o n unde r t hese c o n ­
d i t i ons ( the t ime - l i ke reg ion) w i t h t he 

p rec is ion da ta o b t a i n e d f r o m e lec ­
t r o n - p r o t o n sca t t e r i ng ( the s p a c e ­
l ike reg ion) . Prev ious e x p e r i m e n t s at 
t h e C E R N PS and at l o w energy 
e l e c t r o n - p o s i t r o n r ings w e r e ab le t o 
m o n i t o r a b o u t one p r o t o n - a n t i p r o ­
t o n ann ih i l a t i on in to e lec t rons per 
day, b u t th i s e x p e r i m e n t hopes t o be 
able t o have t e n t h o u s a n d t i m e s th i s 
even t rate. In add i t i on , t h e e l e c t r o n -
pos i t r on s p e c t r u m cou ld be used t o 
s t u d y v e c t o r m e s o n s in t h e m a s s 
range b e l o w t h e J / p s i . 

A n o t h e r ma jo r LEAR e x p e r i m e n t 
w i l l be a s tudy o f p r o t o n - a n t i p r o t o n 
i n te rac t i ons in a h y d r o g e n gas t a r g e t 
by a CERN / Ma inz / M u n i c h / 
Orsay / T R I U M F / Zu r i ch g r o u p , 
a lso k n o w n as A S T E R I X ( A n t i p r o t o n 
S T o p Expe r imen t w i t h t R i g g e r o n 
Ini t ia l X - rays ) . The e x p e r i m e n t w i l l 
s t u d y p r o t o n i u m s p e c t r o s c o p y and 
p r o t o n - a n t i p r o t o n ann ih i l a t i ons in 
d i f f e ren t angu la r m o m e n t a , w i t h 
each even t hav ing da ta on b o t h t h e 

ini t ia l a t o m i c s ta te and t h e f ina l a n n i ­
h i la t ion p r o d u c t s . A n t i p r o t o n s w i l l be 
s t o p p e d in a h y d r o g e n gas t a rge t at 
a t m o s p h e r i c pressure . A l a rge -
a c c e p t a n c e l o w - t h r e s h o l d X - ray d e ­
t e c t o r o f nove l des ign (see M a r c h 
issue 1 9 7 9 , page 10) w i l l s u r r o u n d 
t h e t a r g e t a n d c o u n t X - r a y s e m i t t e d 
in t r ans i t i ons t o l o w - l y i n g a t o m i c 
levels. Final ann ih i la t ion p r o d u c t s 
w i l l be m e a s u r e d in t he D M 1 m a g ­
ne t ic d e t e c t o r p rev ious ly used in 
e l e c t r o n - p o s i t r o n co l l id ing b e a m ex­
p e r i m e n t s a t Orsay and n o w u p ­
g r a d e d w i t h g a m m a de tec to rs . T h e 
e x p e r i m e n t w i l l have g rea t l y i n ­
c reased ab i l i t ies f o r obse rv i ng any 
n a r r o w quas inuc lea r p r o t o n - a n t i p r o ­
t o n b o u n d s ta tes , a n d p rov ide v a l u a ­
ble c o m p a r i s o n s o f ann ih i la t ions 
w i t h d i f f e ren t angu la r m o m e n t a . 

A l s o rep resen t i ng a cons ide rab le 
e x p e r i m e n t a l e f fo r t w i l l be an e x a m ­
ina t ion o f p r o t o n - a n t i p r o t o n t o t a l 
c ross - sec t i ons and sp in e f fec ts in 
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The DM1 magnetic spectrometer being 
installed in its previous incarnation at the 
Orsay electron-positron ring. It is now being 
lengthened to accommodate further 
multiwire chambers ready for use by the 
'ASTERIX' collaboration at LEAR. 

(Photo Orsay) 

t h e resu l tan t e last ic a n d c h a r g e d 
t w o - b o d y p ion and kaon channe l s by 
an A m s t e r d a m / G e n e v a / L o n d o n 
( B e d f o r d and Q u e e n M a r y Col leges) 
/ Su r rey / T r ies te co l l abo ra t i on , 
us ing t h e LEAR b e a m o n a c o n v e n ­
t i ona l po lar ized ta rge t . Th i s is an 
a t t e m p t t o p iece t o g e t h e r t h e a n n i h i ­
la t ion m e c h a n i s m by l ook ing at s p e ­
c i f ic channe ls . W h i l e b a r y o n i u m is 
p resen t l y o u t o f f ash i on , it c o u l d 
m a k e a c o m e - b a c k , and th i s c o u l d be 

o n e o f t h e e x p e r i m e n t s t o see it. 
P rov ided a sou rce o f po lar ized a n t i ­
p r o t o n s can be o b t a i n e d , a n o t h e r 
poss ib le ob jec t i ve is t o look f o r sp in 
e f fec ts w i t h c o m p l e t e l y - d e f i n e d sp in 
s ta tes o f t h e i n c o m i n g par t ic les . A l s o 
cove r i ng s o m e o f th i s g r o u n d w i l l be 
a He ide lbe rg g r o u p s t u d y i n g t h e 
ene rgy va r i a t i on o f p r o t o n - a n t i p r o -
t o n t o t a l c ross -sec t i ons , e las t ic s c a t ­
t e r i ng , a n d t h e charge exchange p r o ­
cess p r o d u c i n g n e u t r o n s and a n t i -

neu t rons , d o w n t o very l o w ener ­
gies. 

A p rec is ion su rvey of t h e X - rays 
f r o m p r o t o n - a n t i p r o t o n (or d e u t e -
ron -an t i p ro ton ) exot ic a t o m s is t o be 
car r ied o u t by an A m s t e r d a m / B i r ­
m i n g h a m / Ru the r f o rd / W i l l i a m & 
M a r y co l l abo ra t i on . Us ing a gas t a r ­
ge t t o avo id S ta rk m ix i ng and 
ach ieve g o o d popu la t i on of l o w - l y i n g 
s ta tes , t h e a i m is t o look harder at t h e 
X - r a y s f r o m s imp le exot ic a t o m s t o 
search fo r t r ans i t i ons b e t w e e n l o w -
ly ing s ta tes . W h i l e s o m e of t hese 
spec t ra l l ines have a l ready been 
seen (see J u l y / A u g u s t 1 9 7 8 issue, 
page 2 5 7 ) , t h e l o w e s t - l y i n g t r a n s i ­
t i ons (g iv ing t h e h ighes t energy p h o ­
t o n s and c o r r e s p o n d i n g t o t h e 
L y m a n ser ies in o rd inary hyd rogen) 
have ye t t o t u r n up. 

T h e sea rch f o r t hese t rans i t i ons , 
w h i c h c o u l d p rov ide va luab le in fo r ­
m a t i o n on p r o t o n - a n t i p r o t o n fo rces , 
is a lso t h e a i m of a Kar ls ruhe g r o u p 
us ing a nove l t echn ique . A s u p e r c o n ­
d u c t i n g m a g n e t w i l l f i rs t m a k e t h e 
a n t i p r o t o n s ro ta te , bu t s u b s e q u e n t 
energy losses due t o co l l is ions in t h e 
ve ry l o w p ressure gas e n v i r o n m e n t 
w i l l m a k e t h e a n t i p r o t o n s spi ra l 
i n w a r d s . In t h i s w a y l o w energy 
a n t i p r o t o n s w i l l a c c u m u l a t e in t h e 
cen t ra l reg ion , equ ipped w i t h a 
s e m i c o n d u c t o r de tec to r . Th is t e c h ­
n ique c o u l d p rov ide n e w e x p e r i m e n ­
ta l oppo r t un i t i e s . 

A n o t h e r spec ia l i s t exo t ic a t o m 
g r o u p (Base l / Kar ls ruhe / S t o c k ­
h o l m / S t r a s b o u r g / Thessa lon ik i ) 
w i l l l ook at t h e charac te r i s t i cs o f 
a n t i p r o t o n i c a t o m s w i t h heav ier n u ­
cle i . Th is w i l l be an ex tens ion of t h e 
g r o u p ' s p rev ious w o r k on exo t ic 
a t o m s , e m p l o y i n g t h e d e t e c t o r a l ­
ready used in p rev ious e x p e r i m e n t s 
at S I N a n d at C E R N . 

T h e re la t ive ly h igh ra te o f kaon 
p r o d u c t i o n in p r o t o n - a n t i p r o t o n a n ­
n ih i la t ions s h o u l d p rov ide a sou rce 
o f kaons w h i c h c o m p a r e s f avou rab l y 
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w i t h n o r m a l seconda ry k a o n b e a m s . 
A CERN / IKO / Uppsa la co l l abo ra ­
t i o n p lans t o exp lo i t th is , t o g e t h e r 
w i t h t h e ready abso rp t i on o f t he 
kaons in t h e s a m e nuc le i w h i c h p r o ­
d u c e d t h e m , t o search f o r h y p e r n u -
clei . Su i tab le heavy nuc lea r t a rge t s 
w i l l be used in w h i c h t he h y p e r n u -
c lear decays p roduce f i ss ion , ra ther 
t h a n o the r e f fec ts . T h e f i ss ion p r o ­
d u c t s w i l l be d e t e c t e d by a recoi l 
d i s tance m e t h o d p rev ious ly used in 
t he s tudy of nuc lear i somers , and 
a l l o w i n g l i fe t imes t o be m e a s u r e d in 
t h e range 1 0 " 9 t o 1 0 " 1 1 s. 

A Padova g r o u p w i l l look at a n t i -
n e u t r o n p r o d u c t i o n , no t so m u c h as 
an e x p e r i m e n t in i tself, bu t m o r e t o 
inves t iga te t he feas ib i l i t y o f f u t u r e 
s tud ies at LEAR us ing b e a m s of 
an t i neu t rons . 

A ma jo r LEAR ins ta l la t ion , b e l o n g ­
ing t o a D u b n a / Frascat i / Padova / 
Pavia / T o r i n o co l l abo ra t i on , w i l l 
look at t h e in te rac t ions o f l o w energy 
an t ipa r t i c les and nuc lear t a rge t s 
us ing a s t r e a m e r c h a m b e r . Th is is 
t h e on ly e x p e r i m e n t us ing v isua l 
t e c h n i q u e s t o s t udy ann ih i l a t i on , and 
as such cou ld y ie ld i n te res t i ng 
resul ts . 

Toge the r , t hese e x p e r i m e n t s ac ­
c o u n t f o r s l ight ly ove r ha l f t h e ava i l ­
ab le f l oo r space f o r in i t ia l ope ra t i ons 
at LEAR. T o beg in w i t h , LEAR w i l l be 
used as a s t r e t c h e r r ing w i t h 
ex t r ac ted b e a m s . Fur the r s tud ies 
cou ld be poss ib le w i t h an in terna l 
gas ta rge t , and l o w ene rgy p r o t o n -
a n t i p r o t o n co l l id ing b e a m phys ics is 
ano the r op t i on . By t h e t i m e t h e fu l l 
expe r imen ta l p r o g r a m m e takes 
shape , t h e phys ics po ten t i a l cou ld be 
o u t o f all p r o p o r t i o n t o t h e m o d e s t 
size o f t he LEAR r ing, w i t h i ts c i r ­
c u m f e r e n c e o f on ly 7 8 m e t r e s , j us t 
o n e - e i g h t h t h a t o f t h e PS. 

Photons from quarks 

Quarks are e lec t r i ca l l y -charged par ­
t ic les , w h i c h l ike any o the rs , shou ld 
g ive o f f e l e c t r o m a g n e t i c rad ia t ion 
(pho tons ) w h e n exc i ted . B u t it is on ly 
in t h e last f e w years t h a t such rad i ­
a t ion has been obse rved . Th is rad i ­
a t i on p rov ides a very d i rec t w i n d o w 
on t he in te rac t ions of t he sma l l es t 
c o m p o n e n t s of mat te r . 

In t h e usual i n te rac t ions b e t w e e n 
had rons , p h o t o n em iss i on (by p a r t i ­
c les ra ther t h a n quarks) is c o m m o n 
e n o u g h , bu t as it is an e l e c t r o m a g ­
net ic p rocess , t he p h o t o n s are p r o ­
d u c e d less readi ly t h a n s t rong l y 
i n te rac t i ng mesons . In t h e v io len t 
reac t i ons (charac te r i zed by large 
t r ansve rse m o m e n t u m of t h e 
e m e r g i n g f r a g m e n t s ) w h i c h o c c u r 
w h e n t h e cons t i t uen t qua rks d e e p 
ins ide had rons c lash aga ins t each 

o ther , e l e c t r o m a g n e t i c e f fec ts are 
st i l l less c o p i o u s t h a n hadron ic ones . 
H o w e v e r t hese hadron ic p rocesses 
t yp ica l l y p r o d u c e ' je ts ' w h o s e m o ­
m e n t u m is s h a r e d by m a n y par t ic les . 
T h e p r o d u c t i o n levels o f p h o t o n s a n d 
one t y p e o f j e t par t ic le , say p ions , 
c o u l d be m o r e c o m p a r a b l e . Th is has 
n o w been es tab l i shed in severa l 
ca re fu l expe r imen ts . 

Th is q u a r k e l e c t r o m a g n e t i c rad i ­
a t ion is cha rac te r i zed by a s ing le 
p h o t o n w h i c h can be t r a c e d t o an 
ind iv idua l co l l i s ion p rocess (p re ­
s u m e d t o invo lve qua rks and g luons) . 
T h e ex t rac t i on o f th is s ing le p h o t o n 
s p e c t r u m f r o m the r a w expe r imen ta l 
d a t a is no t easy. Typ ica l l y it invo lves 
a care fu l s e q u e n c e o f success i ve 
s u b t r a c t i o n s in o rder t o iso late a 
s igna l w h i c h der ives only f r o m s ing le 
p h o t o n p r o d u c t i o n . 

S o fa r ev idence has been seen at 
Fe rm i lab by a F e r m i l a b / J o h n s H o p ­
k ins co l l abo ra t i on and at CERN by 
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t h ree e x p e r i m e n t s at t h e I n te r sec t ­
ing S t o r a g e R i n g s : A t h e n s / B r o o k -
h a v e n / C E R N / S y r a c u s e (see J u n e 
1 9 7 9 issue, page 1 5 3 ) , B r o o k h a v -
e n / C E R N / C o p e n h a g e n / L u n d / R u -
t h e r f o r d / T e l Av i v , and C E R N / 
C o l u m b i a / O x f o r d / R o c k e f e l l e r ( fo l ­
l o w i n g an ear l ier s tudy by A d e l p h i / 
B r o o k h a v e n / R o m e ) . 

M o s t o f t he p h o t o n s seen e m e r g ­
ing f r o m h igh energy sca t t e r i ng 
c o m e in pairs f r o m the decay o f 
neu t ra l m e s o n s (p ions or e tas) . Even 
p h o t o n pairs can fake s ing le p h o t o n 
s igna ls if one of t h e p h o t o n s e ludes 
t he d e t e c t o r or if t he t w o are so c lose 
t o g e t h e r t h a t t he d e t e c t o r c a n n o t 
reso lve t h e m . A l l t hese e f fec ts have 
t o be carefu l ly f i l t e red o u t o f t h e 
expe r imen ta l da ta . 

A bona f ide res idual s igna l o f s i n ­
gle p h o t o n s is a d i rec t p robe o f t h e 
behav iou r of had ron cons t i t uen t s . 
The basic in te rac t ion (quark s t r uck 
by g luon g iv ing qua rk p lus pho ton ) 

p rov ides an i m m e d i a t e lever on t h e 
d i s t r i bu t i on o f g luons in nuc lear m a t ­
ter , w h i c h o t h e r w i s e is access ib le 
on ly t h r o u g h more d i f f icu l t m e a s u r e ­
m e n t s o f f i ne s t ruc tu re . One p r o b l e m 
is t h a t comp l i ca t i ons may ar ise 
under t h e usual k inemat i ca l c o n ­
d i t ions . In par t icu lar , s ing le p h o t o n s 
m a y be p r o d u c e d by b r e m s s t r a h l u n g 
rad ia t ion f r o m quarks , a p rocess 
w h i c h is o f on ly pass ing in terest . 

A d d i t i o n a l c lues on t he unde r l y i ng 
q u a r k - g l u o n in te rac t ion m e c h a n i s m 
cou ld c o m e by look ing at t he co r re ­
la t ions b e t w e e n the s ing le p h o t o n s 
and the assoc ia ted secondary h a -
d rons . Th is s tudy is st i l l in its in fancy, 
a l t hough analys is of the charge ra t io 
o f t he p r o d u c e d p ions s e e m s t o 
s h o w t h a t it is an ' u p ' quark , 
f a v o u r e d by i ts charge and by i ts 
a b u n d a n c e in p ro tons , w h i c h recoi ls 
aga ins t t h e p roduced p h o t o n and 
p roduces a hadron jet . 

Fur ther expe r imen ts t o c o m p a r e 

t h e s ing le p h o t o n p roduc t i on by d i f ­
f e ren t par t i c les w o u l d m a k e usefu l 
con t r i bu t i ons . Expe r imen ts w i t h m e ­
son b e a m s , and in par t icu lar w i t h t he 
p r o t o n - a n t i p r o t o n co l l is ions soon 
schedu led fo r t he ISR, w i l l p rov ide 
n e w sou rces o f p h o t o n s and w i l l 
o p e n up t he s t u d y of g l uon je ts 
p r o d u c e d by q t j a rk -an t i qua rk ann ih i ­
la t ions. 

The world's biggest 
neutrino detector 
Since the i r d i scove ry in 1 9 5 3 , m o s t 
o f t he i n f o r m a t i o n on neu t r i nos has 
resu l ted f r o m neu t r i nos p r o d u c e d 
e i ther in t he f o r m of b e a m s at acce l ­
e ra to r Labora to r ies , or as a b y ­
p r o d u c t o f f i ss ion reactors . These 
neu t r i nos have p r o d u c e d s o m e of 
t h e m o s t i m p o r t a n t resu l ts in par t ic le 
phys ics (see fo r examp le M a r c h 
1 9 7 8 issue, page 5 9 ) . 

I n add i t i on t o t hese ter res t r ia l n e u ­
t r inos , t he re are a lso c o s m i c n e u t r i ­
nos, the s t u d y o f w h i c h is st i l l in i ts 
in fancy. Our k n o w l e d g e o f a s t r o n ­
o m y s t e m s f r o m obse rva t i ons us ing 
va r i ous k inds o f t e l escope t o scan 
t h e e l e c t r o m a g n e t i c rad ia t ion (v is i ­
ble l ight , rad io w a v e s , etc.) reach ing 
t h e ea r th f r o m ou te r space. A f t e r 
be ing c o n f i n e d f o r cen tu r ies t o t he 
v is ib le s p e c t r u m , in recen t years 
a s t r o n o m y w a s able t o m a k e great 
p rog ress f o l l o w i n g t he d e v e l o p m e n t 
o f large t e l escopes w h i c h cou ld 
m o n i t o r t h e sho r te r w a v e l e n g t h rad i ­
a t i on c o m i n g f r o m ou te r space. S i m ­
ilar, if no t g reater , advances cou ld be 
m a d e by bu i l d ing su i tab le neu t r i no 
te lescopes . 

T h e t r o u b l e w i t h neu t r i nos is t h a t 
t h e y are d i f f i cu l t t o in tercept . Even at 
h igh energ ies w h e r e t he neu t r i no ' s 
a f f in i ty f o r m a t t e r is cons iderab ly 

The aptly-named 'sea-urchin' optical sensor 
proposed for the DUMAND undersea 
neutrino detector project, A prototype has 
been built and tested. 

CERN Courier, Apri l 1981 1 1 7 



i nc reased, d e t e c t o r s have t o con ta i n 
t ens , hund reds or even t h o u s a n d s o f 
t o n s o f mate r ia l t o p rov ide a t a rge t 
w h i c h has a g o o d chance o f c a t c h i n g 
any. 

For neu t r i no a s t r o n o m y , one se r i ­
o u s add i t iona l p r o b l e m is p o s e d by 
t h e m u o n s p r o d u c e d by c o s m i c ray 
par t i c les s t r i k ing te r res t r ia l o r a t m o s ­
pher ic ta rge ts . A l t h o u g h m u c h less 
p e n e t r a t i n g t h a n neu t r i nos , h igh 
ene rgy m u o n s can pass t h r o u g h 
m a n y m e t r e s o f ea r th or rock. S o far, 
e x p e r i m e n t s t o d e t e c t c o s m i c n e u t r i ­
nos have usua l ly been se t up deep 
u n d e r g r o u n d in m i n e s t o m i n i m i z e 
c o n t a m i n a t i o n o f t h e n e u t r i n o da ta 
by such m u o n s . 

A very d i f fe ren t t y p e o f neu t r i no 
t e l escope is be ing i nves t i ga ted by an 
en thus ias t i c g r o u p based at H a w a i i . 
Ca l led D U M A N D (Deep U n d e r w a t e r 
M u o n a n d N e u t r i n o D e t e c t o r ) , it 
p lans t o exp lo i t t h e m o s t a b u n d a n t 
mate r ia l on the p lane t — s e a w a t e r — 
as a neu t r i no de tec to r . T h e in te rac ­
t i ons o f c o s m i c neu t r i nos a n d s e a -
w a t e r w i l l be m o n i t o r e d by unde r ­
w a t e r l ight sensors w h i c h p ick up t h e 
Che renkov rad ia t ion g i ven o f f by t he 
co l l i s ion p roduc ts . Th is rad ia t i on is 
b lue l ight, t o w h i c h t h e w a t e r a r o u n d 
H a w a i i is unusua l l y t r anspa ren t . The 
d e t e c t o r e l e m e n t s have t o be at a 
g rea t d e p t h t o ensure a d e q u a t e 
m u o n sh ie ld ing . 

A n o t h e r poss ib i l i t y f o r m o n i t o r i n g 
neu t r i no in te rac t ions is t o use a c o u s ­
t i c de tec to r s t o p ick up t h e t i ny shock 
w a v e s p r o d u c e d by t h e cascade of 
par t i c les p r o d u c e d in t h e neu t r i no 
co l l is ions. H o w e v e r it is t h o u g h t t h a t 
th i s t e c h n i q u e w o u l d on ly be e f fec ­
t i ve fo r neu t r i nos ca r ry ing m o r e t h a n 
a b o u t 1 0 1 6 e V , as o t h e r w i s e t he 
s o u n d o f t h e co l l i s ion w o u l d be lost 
in t he genera l b a c k g r o u n d noise. 

A s we l l as hav ing a larger d e t e c t o r 
v o l u m e and g o o d sh ie ld ing , D U ­
M A N D w i l l a lso be able t o t r a c k t he 
p rog ress o f t h e seconda ry par t ic les . 

espec ia l ly m u o n s , p r o d u c e d in t h e 
neu t r i no col l is ions. In th i s w a y t h e 
d i rec t i on o f t h e inc iden t neu t r i no 
c o u l d be d e d u c e d . A s w e l l as t r a c k ­
ing neu t r i nos reach ing t he d e t e c t o r 
f r o m above , D U M A N D w i l l a lso be 
able t o p ick up neu t r i nos f r o m b e l o w 
w h i c h w i l l have passed r igh t t h r o u g h 
t h e e a r t h ! 

A t th i s ear ly s tage , no f i r m c o n f i ­
g u r a t i o n f o r D U M A N D has a p ­
peared , b u t t he genera l idea is t o 
m o u n t s t r i ngs o f l ight sensors , w i t h 
un i t s s o m e 5 0 m apart , above t h e 
o c e a n bed at a d e p t h o f severa l 
k i l ome t res . The da ta w o u l d be f e d 
t h r o u g h cab les t o an o n - s h o r e c o m ­
puter . For th i s a m b i t i o u s pro jec t , t h e 
d e e p ocean bas in , r emarkab l y t r a n s ­
pa ren t w a t e r a n d local o c e a n o -
g raph ic exper t i se o f H a w a i i p rov ide 
s ign i f i can t advan tages . 

One t y p e o f op t i ca l d e t e c t o r be ing 
cons ide red fo r D U M A N D is n i ck ­
n a m e d ' sea -u rch in ' . It cons i s t s o f 
a hemisphe r i ca l p h o t o m u l t i p l i e r 
m o u n t e d inside a p ressu re -bea r ing 
g lass enve lope a n d v i e w i n g an ar ray 
o f ' sp ines ' , each abou t t w o m e t r e s 
l ong a n d f i l led w i t h f l uo resc i ng 
mate r ia l . A p r o t o t y p e sea -u rch in has 
been bu i l t a n d t e s t e d by t h e 
D U M A N D t e a m . 

T h e f i rs t D U M A N D tr ia ls , w h i c h 
c o u l d beg in th is year , w o u l d c o n c e n ­
t r a t e on m u o n s ra ther t h a n n e u t r i ­
nos. A s w e l l as t e s t i n g o u t t he op t i ca l 
senso rs under real cond i t i ons , t h e 
p lan is t o s u s p e n d a s t r i ng o f op t i ca l 
senso rs t o measu re t h e near -ve r t i ca l 
m u o n in tens i ty . A handy asset f o r 
th i s w o r k is t h e ava i lab i l i ty o f a 
dr i l l ing sh ip equ ipped w i t h a cen t ra l 
w e l l , t o w e r and w i n c h t o dep loy t h e 
d e t e c t o r s t r ing . 

In add i t i on t o th is t es t o f a m u o n 
d e t e c t o r s t r ing , i m m i n e n t p lans 
cove r t h e d e v e l o p m e n t o f larger 
p h o t o t u b e s and undersea cab les , 
i nc lud ing op t ica l f ib re da ta - l i nks . 

If a b ig D U M A N D assemb ly ge ts 

o f f t h e g r o u n d ( in to t h e sea I), it c o u l d 
m a r k t h e b e g i n n i n g o f a n e w era in 
a s t r o n o m y , a n d cou ld lead t o n e w 
d iscover ies a b o u t t h e f u r t hes t 
d e p t h s o f t h e un iverse. A m o d e s t 
level o f f u n d i n g is assured f o r s h o r t -
t e r m d e v e l o p m e n t s , bu t o n g o i n g 
w o r k a n d m o r e a m b i t i o u s p i lo t p r o ­
j e c t s wou ld * requ i re an inc reased 
level o f suppo r t . 
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People and things 

An irresistible photograph: at a StAC 
Christmas party. Laboratory Director Pief 
Panofsky was presented with a CERN T-shirt, 
which he promptly put on. With him in the 
picture are (left to right) Roger Gear hart 
playing a seasonal master of ceremonies 
role, J. J. Murray and Ed Seppi. 

On people 

Elected vice-president of the Amer­
ican Physical Society for this year 
is Robert E. Marshak of Virginia 
Polytechnic Institute and State Uni­
versity. He succeeds Maurice 
Goldhaberr who becomes president­
elect. The new APS president is 
Arthur Schawlow of Stanford. 

In the same elections, Columbia 
theorist Malvin Ruder man was 
elected to serve for four years 
as councillor-at-large. 

Gisbert zu Pulitz, Scientific Director 
of the Darmstadt Heavy Ion Linear 
Accelerator Laboratory and Profes­
sor of Physics at the University of 
Heidelberg, has been elected as the 
new Chairman of the Association 
of German Research Centres (Ar-
beitsgemeinschaft der Grossfor-
schungseinrichtungen in der Bun-
desrepublik Deutschland), succeed­

ing Herwig Schopper. The Associa­
tion includes the Julich and Karls­
ruhe nuclear research centres, 
DESY, and the Max Planck Institute 
for Plasma Physics as well as other 
centres in the technical and biome­
dical fields. 

Moves at Brookhaven 

Nick Samios, former chairman of 
Brookhaven's Physics Department, 
becomes the Laboratory's Deputy 
Director for High Energy and Nu­
clear Physics. Taking over from 
Samios as chairman of physics is 
Arthur Schwarzschild. Martin Blume 
becomes Associate Director for 
Low Energy Physics and Chemistry. 
His responsibilities will include the 
National Synchrotron Light Source. 

Meanwhile Brookhaven Senior 
Physicist Ernest Courant has been 
elected Fellow by the Council of 

Gisbert zu Pulitz 

the American Association for the 
Advancement of Science. 

LEP optimization 

The detail of the LEP electron-posi­
tron storage ring project continues 
to be studied so as to optimize the 
machine parameters from the point 
of view of performance and of cost. 
This optimization stays within the 
description of Phase I of LEP which 
was agreed by the Member States 
at the CERN Council meeting in 
June 1980 (see September 1980 
issue, page 255). 

Some of the latest work has con­
centrated on the location of the LEP 
ring in the context of potential tun­
nelling problems which could be 
encountered deep under the Jura 
mountains. A modified lattice and 
r.f. tune have been suggested which 
permit a reduction in the machine's 
circumference from 30 to 27 km, 
while keeping the performance pa-
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Physics attraction at Brookhaven at the end 
of January was a highly topical workshop 
on neutrino oscillations, organized by CERN 
Courier correspondent Neil Baggett (left), 
and Nick Samios (right). Between the 
organizers in the photograph are three of 
the workshop session chairmen, left to right 
Hugh Williams, Fred Reines and Charles 
Ba/tay. 

(Photo Brookhaven) 

rameters of the machine intact. In 
this way tunnelling risks can be 
considerably reduced. The optimi­
zation was well received at meet­
ings of the CERN Scientific Policy 
Committee, Finance Committee and 
Committee of Council at the end of 
February. More technical details 
will appear in a coming issue. 

New theory centre 
at Weizmann Institute 

The Weizmann Institute of Science 
in Israel has established the Albert 
Einstein Centre for Theoretical Phy­
sics with an endowment fund from 
the Federal Republic of Germany. 
Aimed at strengthening the ties and 
exchange of ideas between theore­
tical physicists from Israel and 
abroad the Centre plans to host 
postdoctoral fellows and visiting 
senior theorists. 

Winter institutes may also be set 
up, at which several people working 
in some specific area will spend 
several weeks together at the Insti­
tute. Subjects for these winter insti­
tutes will include particle physics. 

New SLA C computer 

After several years of planning, a 
major upgrade has now been de­
cided for the central computer sys­
tem at SLAC, presently based on 
IBM 360/91 and 370/168 ma­
chines. These will soon be joined 
by an IBM 3081 dual processor 
with 16 Megabytes of main me­
mory. The capacity of the new sys­
tem means that the 360/91 will 
probably be redundant this summer, 
two years ahead of the previous 
schedule. In addition to a new array 
of peripheral equipment, IBM 4341 
machines have been selected for 
small computer systems. All the 
new equipment is scheduled to be 
installed by May. 

March saw the publication of the 
100th volume of the journal Physics 
Letters B, which for many years 
has been the traditional channel for 
publication of many of the physics 
results obtained at CERN and other 
Laboratories. Physics Letters began 
publication in 1962, and in 1967 
the decision was taken to split the 
journal into A and B editions, with 
Physics Letters A covering general, 
atomic and solid state physics, and 
B dealing with nuclear, elementary 
particle and high energy physics. 

Fermilab Industrial 
Affiliates 

Fermilab has established an Indus­
trial Affiliate Programme designed 
to foster improved communication 
between the basic research carried 
out at Fermilab and in industry. The 
affiliate programme will acquaint 
the Industrial Associates with work 

at Fermilab through special semi­
nars and publications. It is hoped 
that the Laboratory Scientists and 
Engineers will also profit through 
more general contact with industrial 
technology. Areas where contact 
should be particularly fruitful include 
extremely fast electronics, digital 
and analogue data processing, 
'smart' triggers and microprocess­
ing, large cryogenic systems, super­
conductivity, high voltage r.f., par­
ticle optics, and particle detectors. 

The industrial affiliates include 
Bell Laboratories, Caterpillar Tractor 
Company, Chicago Bridge & Iron 
Company, Combustion Engineering 
Inc., Commonwealth Edison, Deere 
and Company, Digital Pathways 
Inc., General Electric Company, The 
Harshaw Chemical Company, Inter­
national Business Machines Corpo­
ration, State of Illinois, International 
Harvester, Kinetic Systems Corpo­
ration, Lester B. Knight and Asso-
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Two more Alvarez tanks have arrived at GSI 
Darmstadt and are presently being equipped 
with drift tubes and vacuum components. 
They will be installed into the linac tunnel 
later this year and will provide an additional 
46 MV acceleration voltage, enabling the 
effective energy of the UNI LAC accelerator 
to be doubled. 

(Photo GSI-A. Zschau) 

dates Inc., Litton industries, Nalco 
Chemical Company, Nuclear Data 
Inc., Raychem Corporation, Sar-
gentn-Welsh Scientific Company, 
Shell Development Company, 
Standard Oil Company (Indiana), 
Texaco Inc. and Westinghouse Cor­
poration. 

Basic research activities in parti­
cle physics can influence industry, 
as is well demonstrated by the im­
pact of modern applications of su­
perconductivity to magnets. The 
intensive R&D effort in supercon­
ductivity at particle physics Labora­
tories in the later 60s and the 70s 
has had a significant effect on the 
development of the fledgling super­
conducting alloy industry. The great­
est push to the industry came with 
the Fermilab decision to go ahead 
with the Energy Doubler/Saver. 

Although the requisite alloys were 
then available, the industrial capa­
bility for making wire and cable 

was marginal. When Fermilab com­
mitted itself to the Superconducting 
Energy Doubler, it gave a new lease 
of life to the struggling wire and 
cable industry. The decision in 1976 
to propose the construction of 1000 
superconducting magnets involved 
vastly more wire than had ever 
been produced. Companies like 
Teledyne Wah Chang, Intermagne-
tics General Corporation, Magnetic 
Corporation of America, New Eng­
land Electric, andAirCo developed 
improved superconducting alloys, 
wire, and cable. Fundamental requi­
rements in subnuclear physics led 
to an industrial capability in super­
conductivity. 

This capability could lead to appli­
cations in practical fusion power, 
superconducting transmission lines 
for efficient transport of electrical 
energy over long distances, and 
superstate, high-speed trains. Such 
trains, designed to go over 

300 mph, have been modelled at 
MIT. Full-scale trains are planned 
in Germany and in Japan. 

Super-strong magnetic fields have 
been proposed and tested in such 
diverse applications as iron ore 
separators, coal desulphurization, 
and water purification. They are 
employed in a wide variety of sur­
gical aides. Compact motors and 
generators are being made. In short, 
whenever strong magnetic fields 
of large currents are required, su­
perconductivity has potential appli­
cation. 

SLC Meeting 

A further indication of the commit­
ment of Stanford to the linear col­
lider project (SLC) is the organiz­
ation of a meeting on 25-27 March 
to inform the US high energy phy­
sics community of the progress of 
the project, to promote involvement 
in machine design and to indicate 
the experimental possibilities it will 
provide. The meeting is organized 
by the Laboratory and the SLAC 
Users Organization. It is hoped that 
working groups will be set up to 
tackle specific topics during the 
rest of this year (parametric design 
of detectors, review of detector 
technology, physics specifications 
for SLAC energies, polarization, 
logistics of having two detector 
systems, etc.). 

Baryon Conference Proceedings 

The Proceedings of the IVth Inter­
national Conference on Baryon Re­
sonances (Baryon 1980), held in 
Toronto in July 1980, are now avail­
able for sale in a paperbound vol­
ume containing almost a thousand 
pages of invited contributions on 
the status of baryon physics. The 
45 papers cover a wide range of 
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topics, including the experimental 
status of non-charmed resonances 
and their couplings in various chan­
nels, observations of charmed ba-
ryons and the experimental status 
of multiquark baryons and other 
exotics, as well as the most recent 
theoretical developments in each 
of these areas. Major topics are 
summarized in contributions by J. J. 
DeSwart, M. Ferro-Luzzi, D.P. Gopal, 
AJ.G Hey, R. Kelly, D.B. Meadows, 
and A. Yokosawa; the volume ends 
with a historical review by G. Zweig 
and the conference summary by 
HJ.Lipkin. 

The Proceedings may be ordered 
by sending a cheque for $40 (Ca­
nadian) payable to Baryon 1980 
Secretariat, Department of Physics, 
University of Toronto, Toronto, Ca­
nada M5S 1A7. 

The origins of the quark model 

A/though now firmly established 
as part of particle physics dogma, 
the quark model has had a some­
what chequered history. Before the 
discovery of the omega minus ba­
ryon in 1964, it had a particularly 
rough time. In an invited talk at last 
year's Baryon Conference in Toron­
to*, George Zweig of Caltech rem­
inisced about the early years of the 
model. 

He used a parable to describe 
the intellectual history of the model 
in its early days: 
Man asked God for a riddle, and 
God obliged: 
'What is green, hangs from a tree, 
and sings?' 
This, of course, was a very difficult 
question. 
So man asked God for the answer, 
and God replied: 
'A herring!' 

* 'Origins of the Quark Model' by George Zweig, also 
published as DOE Research and Development Report 
CALT-68-805. 

'A herring? But why is it green?' 
'Because I painted it green.' 
'But why does it hang from a tree?' 
'Because I put it there.' 
'And why does it sing?' 
'If it didn't sing you would have 
guessed it was a herring.' 

Describing personal landmarks 
in his early career, Zweig described 
as 'fantastic' a seminar given at 
Caltech by Gell-Mann on the 'Eight­
fold Way', the famous classification 
scheme for particles first published 
in preprint form in 1961. Although 
the discovery of the omega minus 
was at that time still three years in 
the future, Zweig thought that the 
classification into SU3 patterns was 
'obviously correct'. By building on 
the successes of the particle clas­
sification schemes and maintaining 
a 'basic commitment to reality', his 
ideas crystallized. 

Zweig's 'ace' model was des­
cribed in an 80-page CERN preprint 
issued early in 1964, while Murray 
Gell-Mann's thinking on quarks was 
first presented as a paper in Physics 
Letters (an unusual medium for 
Gell-Mann at the time) at about the 
same time. It was in this paper that 
Gell-Mann introduced the now uni­
versally-used name borrowed from 
Irish novelist James Joyce. 

Zweig spoke of his disappoint­
ment at the negative reaction of 
the theoretical physics community 
at the time to his model. One critic 
apparently described the ace model 
as the work of a 'charlatan'. The 
idea of hadrons containing smaller 
particles with fractional quantum 
numbers was somewhat unconven­
tional at the time. 

While free quarks have yet to be 
observed in high energy collisions 
and much still remains to be ex­
plained, the quark model is now 
one of the main pillars of our under­
standing. The tenacity of its early 
proponents has been vindicated. 

LEP proceedings 

The Proceedings from the Inter­
national Conference on Experimen­
tation at LEP, held in Uppsala, 
Sweden, 16-20 June last year, have 
now been printed. They are being 
published in two volumes as the 
April issue of the journal 'Physica 
Scripta'. Participants at the Confer­
ence will receive by mail one copy 
free of charge. Extra copies can be 
ordered from Physica Scripta, The 
Royal Academy of Sciences, Publi­
cation Department, S-10405 Stock­
holm, Sweden, at the price of 550 
Swedish Crowns (about 235 Swiss 
Francs) per copy (volumes 1 and 2). 
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Carleton University 
Ottawa, Ontario 

RESEARCH OFFICER IN HIGH ENERGY PHYSICS 
The position requires widespread expe­
rience at High Energy Particle Accel­
erators and an interest in state-of-the-
art research in fast electronics and 
detectors. The minimum qualification is 
a degree in Electrical Engineering or 
Engineering Physics wi th the equi­
valent of twelve years related expe­
rience including studies for advanced 
degrees. Salary range - $25 ,000 -
$35 ,000 . 

The Physics Department has an open­
ing for the position of Research Officer 
in High Energy Physics. The Research 
Officer performs the basic research 
required to develop detectors and asso­
ciated electronics for the elementary 
particle physics program. This person 
participates in the design, develop­
ment, construction and testing of ex­
perimental equipment used in particle 
physics experiments from initial 
concept to completion at the various 
accelerator laboratories. This includes 
work with off-campus experimenters 
at other Canadian universities. This 
person supervises technical staff 
employed in instrumentation research; 
assists graduate and senior under­
graduate students wi th their research 
projects, and instructs in the under­
graduate electronics laboratory. 

Interested persons should send resume 
and the names of three referees to: 

Dr. M.K. Sundaresan , Cha i rman 
D e p a r t m e n t o f Phys ics , 
Car le ton U n i v e r s i t y 
O t t a w a , Ontar io . K1S 5B6 
T e l e p h o n e (613) 2 3 1 - 4 3 3 8 

MECHANICAL ENGINEERS 
DESIGNERS 

The Cyclotron Institute at Texas A & M University is seeking 
engineers and designers to part icipate in the design, construc­
t ion, and operation of a superconduct ing cyclotron to be used 
for basic and applied research in nuclear science. 
The superconduct ing cyclotron, based on the design of the 
Michigan State University cyclotron now nearing complet ion, 
wi l l be coupled w i th the existing cyclotron at Texas A & M to 
produce an extremely powerful facil i ty for research w i th light 
and heavy-ion beams. Construct ion of the cyclotron wil l begin 
this spr ing; construct ion of the building addit ion required to 
house the new cyclotron is scheduled to begin in November. 
The expanded facil i ty is expected to be operational in 1 9 8 5 . 
The Cyclotron Institute needs talented engineers and design­
ers who wi l l be responsible for the design and construct ion 
of much of the state-of- the-art equipment required in this pro­
ject, and for continuously improving the facil i ty when it is in 
operation. These positions offer opportunit ies and challenges 
in many areas of advanced technology, such as cryogenics, 
vacuum systems, heat transfer problems, mechanical aspects 
of high voltage systems, large magnets, and precision compo­
nents. 
Positions are available immediately; the salary wil l be c o m ­
mensurate w i th qualif ications and experience. Texas A & M 
University provides generous fr inge benefits for its employees, 
including health insurance and ret irement programs. 

Interested individuals should send a resume to : 

D. H. Youngb lood , Director 
Cyc lo t ron Inst i tu te 
Texas A & M Universi ty 
Col lege S ta t ion , Texas 7 7 8 4 3 

A p p l i c a t i o n s w i l l be he ld in c o n f i d e n c e if s o r e q u e s t e d . 
T e x a s A & M U n i v e r s i t y s u p p o r t s equa l o p p o r t u n i t y 
t h r o u g h a f f i r m a t i v e a c t i o n . 

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

ELECTRICAL ENGINEER 
T h e c y c l o t r o n d e v e l o p m e n t g r o u p requ i res an e lec t r i ca l 
or e l e c t r o n i c s e n g i n e e r t o be a s s o c i a t e d w i t h t h e d e v e l ­
o p m e n t a n d i m p r o v e m e n t s o f t h e i n j ec t i on l ine a n d ion 
s o u r c e s f o r t h e T R I U M F c y c l o t r o n . 

T h e w o r k w i l l i n c l u d e : 

1) e v a l u a t i o n a n d s p e c i f i c a t i o n o f h i gh l y r e g u l a t e d h igh 
v o l t a g e p o w e r s u p p l i e s o r c u r r e n t p o w e r s u p p l i e s ; 
2 ) d e s i g n a n d t e s t i n g o f m a g n e t i c a n d e lec t r i c c o m p o ­
n e n t s a n d i ns ta l l a t i on o f h i gh v a c u u m a s s e m b l i e s f o r t he 
f o r m a t i o n a n d t r a n s p o r t o f t h e ion b e a m ; 
3 ) d e s i g n a n d c o n s t r u c t i o n o f e l e c t r o - m e c h a n i c a l d i a g ­
nos t i c e q u i p m e n t a n d o r g a n i z a t i o n o f c o n t r o l a n d d i s ­
p lays f o r t h e i n j ec t i on l ine. 
P rev ious e x p e r i e n c e in pa r t i c l e a c c e l e r a t o r s , or v a c u u m 
e q u i p m e n t o r r a d i o - f r e q u e n c y e q u i p m e n t w i l l be o f 
a d v a n t a g e . S a l a r y w i l l be c o m m e n s u r a t e w i t h exper t i se . 
P lease s e n d a c u r r i c u l u m v i t a e a n d n a m e s o f t h r e e ref­
e rees t o : 

T R I U M F A d m i n i s t r a t i o n ( C o m p e t i t i o n 2 6 6 ) 
c / o E m p l o y e e R e l a t i o n s D e p t . 
U n i v e r s i t y o f B r i t i s h C o l u m b i a 
1 0 0 - 6 2 5 3 N.W. Mar ine Drive 
V a n c o u v e r , B.C. V 6 T 2 A 7 

TRIUMF offers equal employment opportunit ies to qualified 
male or female applicants. 
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PRECISION ENGINEERING FOR INDUSTRY 

N u m b e r o f e m p l o y e e s : 7 0 

Design Office and Inspection Dept. on site 

Mechan i ca l s u b - c o n t r a c t i n g 
W e l d i n g s u b - c o n t r a c t i n g 
Cons t ruc t i on o f m a c h i n e s fo r t h e f o o d - p r o c e s s i n g indust r ies 
Des ign ing and bu i ld ing o f a u t o m a t i c s c r e w i n g un i t 
Bu i ld ing of spec ia l m a c h i n e s t o c u s t o m e r s ' spec i f i ca t ions 
M a n u f a c t u r e o f spec ia l i t ems fo r t h e nuc lear indus t ry and 
research cen t res . 

Lucien Durand Ltd.F 

T e l . : ( 7 5 ) 6 1 2 4 2 2 (several lines) 

-07210 BAIX T e l e x : 3 4 5 9 2 0 
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Many-Particle Physics 
by Gerald D. Mahan 
Indiana University 

Responding to the need for a standard reference on various 
aspects of solid-state physics, the present volume 
summarizes many theories in this area. Emphasis is placed 
on applications to real systems. A volume in Physics of 
Solids and Liquids. 1018 pp., illus., 1981, $85.00 
($102.00/£53.55 outside US) 

Foundations of Radiation 
Theoiy and Quantum 
Electrodynamics 
edited by A.O. Banit 
University of Colorado 

This volume offers insights into the various approaches of 
leading researchers, providing a unique comparative 
scrutiny of the basis of radiation theory. Topics addressed 
include radiation reaction in nonrelativistic and relativistic 
quantum theory, neoclassical radiation theory, and 
quantum beats. 230 pp., illus., 1980, $27.50 
($33.00/£17.33 outside US) 

Energy 
The Conservation Revolution 
by John H. Gibbons 
Office of Technology Assessment, Congress of the United States 

and William U. Chandler 
Environmental Policy Institute, Washington, D.C. 
" . . . a highly significant and informative examination of the 
prospects for energy demand and conservation . . . Gibbons 
and Chandler have not only clearly analyzed the problem. 
They have also set a realistic agenda that is a challenge to 
the nation." 

—Daniel Yergin, Co-editor, 
Energy Future: Report of the Energy Project 

at the Harvard Business School 
A volume in Modern Perspectives in Energy. 
approx. 275 pp., illus., 1981, $17.50 ($21.00/£11.03 
outside CIS) 

233 Spring Street, New York, M Y . 10013 
In United Kingdom: 88/90 Middlesex Street 
London E l 7EZ, England 
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T h e 1 1 Ser ies 
with the PFEIFFER TURBO* 

»n addition to individual pumps, 
fully-automatic turbo-molecular 
pumping units which are ready 
to connect have been available 
from the very beginning. 

The new 11 series comes in three 
sizes, with volume flow rates of 
110, 270 and 510 l/sec. for N2. 
All pumping units have the same 
basic design and consist of a 
frame, a 12 m 3 /h backing pump, 
an electronic drive system and a 
control unit. The PFEIFFER-
TURBO will be fitted to suit the 
desired volume flow rate. These 
extremely compact pumping 
units are designed to run on 
single-phase current (AC) and 

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

can therefore be operated with 
no trouble at all. In comparison 
to traditional high-vacuum 
pumping units, 11 series pumps 
are smaller in size, lighter in 
weight and lower in price. 

ARTHUR PFEIFFER 
Vakuumtechnik Wetzlar GmbH 
Postfach 1280 
D-6334 Asslar 
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A unique advertising medium for 
scientific and technical equipment 

CERN COURIER is the internationally recognized 
news magazine of high energy physics. Distributed 
to all the major Laboratories of the world active 
in this dynamic field of fundamental research, it is 
compulsive reading for scientists, engineers, ad­
ministrators, information media and buyers. Written 
in simple language and published simultaneously 
in English and French it has become the natural 
communication medium for particle physicists in 
Europe, the USA, theSoviet Union, Japan—every­
where where the fundamental nature of matter is 
studied. 

Published from CERN, Switzerland, it also has 
correspondents in the Laboratories of Argonne, 
Berkeley, Brookhaven, Cornell, Fermi, Los Alamos 
and Stanford in the USA, Darmstadt, DESY and 
Karlsruhe in Germany, Orsay and Saclay in France, 
Frascati in Italy, Daresbury and Rutherford in the 
U.K., SIN in Switzerland, Dubna and Novosibirsk 
intheUSSR, KEKinJapan, TRIUMF in Canada and 
Peking in China. 

The annual expenditure on high energy physics 
in Europe is about 1 000 million Swiss francs. The 
expenditure in the USA is about $ 300 million. 
There is similar expenditure in the Soviet Union. 

CERN COURIER is the way into all high energy 
physics research Laboratories. If you have a 
market in this field, there is no surer way to make 
your products known than by advertising in CERN 
COURIER. 

All enquiries to : 
A d v e r t i s i n g M a n a g e r 
M i c h e l i n e Fa lc io la 
C E R N C O U R I E R 
CERN 
C H - 1211 G E N E V A 2 3 
T e l . (022) 83 4 1 0 3 
Te lex 2 3 6 9 8 
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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 061-800601 
Telex 63182 03.001 

Af ter the portable instruments. 
Apres le portatif... 

in radiation protection 
en mat/ere de Radioprotection 

LE FIXE 
THE STATIONARY INSTRUMENTS 

IMARDEUX is a m o n g t h e f i r s t 
NARDEUX s'impose parmi ies tout premiers 

PERSONNEL D.A.T.R.... CONTROLEZ-VOUS 
PERSONNEL WORKING 
IN RADIATION FIELDS GET CONTROLLED 

COUNTERS 
COMPTEURS 
4 x 2 5 0 c m 2 

2 x 8 0 0 c m 2 

circulation de gaz 
gas circulation 

nardeux 
Commercial office in the PARIS area: 
Antenne commerciale, region parisienne: 
1 7, rue Paul-Bert, 9 2 1 2 0 Mont rouge - Tel. 6 5 5 2 4 2 9 
L A V A L L E E D U PARC, Z . I . , 3 7 6 0 0 LOCHES - France 
Tel. (47) 59 32 3 2 , telex 7 5 0 8 0 8 F 

Controleur 
mains-pieds a + (3y 

a + (3y hands and f e e t 
m o n i t o r 
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C A M A C 

R.W.C.C 2113 
READ WRITE C C. 

I I H 

R.W 8 D. 2112 
READ WRITE BRANCH DRIVER 

The Read/Write REMUS System 
CERN NP 283/NP 284 

by SEN Electronique 

* large ADC, TDC read-out systems 

* compatible w i t h R O M U L U S system 

* high data acquisition rates w i t h buffered 
D M A operations 

* versatile scan procedures 

Description 
These modules are intended for use in large systems 
where large numbers of similar type modules are to be 
read as a block and where a min imum amount of pro­
gram control is required. 

The controllers and branch drivers form a subsystem 
located within a normal CAMAC configuration. 
The data structure is defined by pointers (word counts) 
generated by the branch drivers, minimising software 
overheads. 

By using 40 word FiFos in controllers and branch drivers 
a high data acquisition rate is obtained and data acqui­
sition can occur before and during the opening of the 
DMA channel. All branches are activated simultaneously, 
hence slow modules e.g. ADCs wi th long conversion 
t imes can be situated in the farmost branches. Ideally, 
the process resolves to one of sequentially reading out 
the FiFos. 
Several read modes are available: 
Repeat Mode, Stop Mode, Adress Scan Mode and LAM 
Scan Mode. 

Some write facilities have been added to allow pedestal 
control in ADCs. 
The system is organised as a tree wi th branches and 
subbranches and can thus process data of very large 
systems. 

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



Nos 21 groupes 
d'al imentat ions s t a b i l i s e e s 
fonctionnent 24 h sur 24 
au cyclotron de 
Louvain-la-neuve 

100Wa 360kW, jusqu'a 1.10"5 

certaines depuis 1975' 

tel ( 02 )4250392 
medeMenin ,22-B1080 Bruxelles 

L 

ORGANISATION EUROPEENWE 
POUR LA RECHERCHE NUCLEAIRE 
EUROPEAN ORGANIZATION 
FOR NUCLEAR RESEARCH 

MOVING? 

Please remember to let us know 
in good time. All notices of 
change of address must be 
accompanied by old and new 
addresses. (Include label from 
magazine wrapper.) 

Any enquir ies regarding subscr ipt ions 
should be addressed t o : 

Monika WILSON 
CERN COURIER/CERN 
1211 Geneva 23 Switzerland 

Pour vos imprimes 
consultez 

les 

PRESSES CENTRALES 
LAUSANNE SA 

7 , r u e d e G e n e v e T e l e p h o n e 0 2 1 2 0 5 9 0 1 
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NOS PRODUCTIONS 
VEHICULENT LE MESSAGE 

DE NOS CLIENTS 
DANS TOUTE LEUROPE 

FILMS CINEMA ET VIDEO • DIAPORAMAS ETC... 
• A N T E N N E 2 
, BABOLA M A I L L O T W I T T 
• B B C 
. B E C T O N D I C K I N S O N 
. BLACK ET D E C K E R 
. CAISSE D E P A R G N E D E L Y O N 
. C A L O R 
. C A R N A U D ET F O R G E S D E B A S S E - I N D R E 
. C I A P E M ( T H O M S O N - B R A N D T ) 
. C G E E - A L S T H O M 
. C E R N 
, C O M I T E E U R O P E E N D U C H A R B O N 

ET DE L A C I E R ( C E C A ) 

quelques r6f6rences 
. C O M M I S S A R I A T A L E N E R G I E 

A T O M I Q U E 
. C O M P A G N I E E L E C T R O - M E C A N I Q U E 
. C O M P A G N I E N A T I O N A L E D U R H O N E 
. C O N T R O L D A T A 
. C R E D I T A G R I C O L E 
. D E L L E 
. D U P O N T DE N E M O U R S 

I N T E R N A T I O N A L 
. E D G - G D F 
. F O R G E S DE G U E U G N O N 
. F R A N C E R E G I O N 3 ( F R 3 ) 
. I N T E R N A T I O N A L P R O M O - S E R V I C E S 

, LES CABLES D E L Y O N 
. M A C O M E U D O N 
. I N S T I T U T M E R I E U X 
. M I L U P A D I E T E T I Q U E S 
. M I N I S T E R E D E L E Q U I P E M E N T 
. N O R M A C E M 
. R I C A R D 
. S E M A L Y 
. S . N . C . F . 
. S O C I E T E F R A N C A I S E D U T U N N E L 

R O U T I E R D U FREJUS 
. TF1 
. W H E E L A B R A T O R 

SOCIETE E U R O P E E N N E DE T E L E V I S I O N 
D ' I N F O R M A T I O N , DE C I N E M A 
s.a. au capital de 1 000 000 F 
28 -30 rue Va len t in Coutur ie r 69004 L Y O N 

Locataire-Gerant de 

(7 ) 829.99.10 

C O M P A G N I E L Y O N N A I S E DE C I N E M A 
s.a. au capital de 550 000 F 
274, cours Emile Z o l a 
69100 V I L L E U R B A N N E 

Space 
(page) 

Actua l size (mm) 
w id th by height 

Cost per insert ion (Swiss Francs) 
Space 
(page) 

Actua l size (mm) 
w id th by height 1 

insert ion 
3 

insert ions 
5 

insert ions 
10 

insert ions 

1 / 1 1 8 5 x 2 6 5 1 4 5 0 1 4 0 0 1 3 5 0 1 2 5 0 

1 / 2 1 8 5 x 130 
9 0 x 2 6 5 8 0 0 7 7 0 7 5 0 7 0 0 

1 / 4 9 0 x 130 4 5 0 4 2 0 4 0 0 3 9 0 

Advertisements in CERN COURIER 
All advert isements are published in both English and French 
editions. Second language versions accepted wi thout extra 
charge. 

Supplement for: 
— each additional colour 
— Covers: 
Cover 3 (one colour) 
Cover 4 (one colour) 
Publication date 
Closing date for 
positive f i lms and copy 

1 3 5 0 S w F 

1 6 0 0 S w F 
2 1 0 0 SwF 
1 st of month of cover date 

1 st of month preceding cover date 
The cost of making f i lms and of 
translat ion for advert isements are 
charged in addit ion. 

Screen (offset) 60 or 5 4 Swiss (1 50 English) 
Advert isements cancelled after 1 st 
of month preceding cover date wil l 
be invoiced. 

Advert is ing space is l imited to 5 0 % of contents and insertions 
are selected on a strict f i rs t -come f irst-served basis. 
These rates are effective for the year 1 9 8 1 . 

All enquiries to : 
Miche l ine F A L C I O L A / CERN C O U R I E R - C E R N 
1 2 1 1 Geneva 2 3 S w i t z e r l a n d 
Tel . (022) 8 3 41 0 3 Telex 2 3 6 9 8 
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Model 4415 Discriminator 
• 1 6 c h a n n e l s / # 1 C A M A C 
• 0.5 m V var iab le t h r e s h o l d 
• 40 M H z i n p u t ra te 
• C o m p l e m e n t a r y o r s ing le -

e n d e d i n p u t s 
• O u t p u t p r o g r a m m a b l e m a s k i n g 

Model 4448 Coincidence Unit 
• 48 c h a n n e l s / # 1 C A M A C 
• ECL levels in /ou t 
• A n a l o g s u m m i n g o u t p u t s 
• Fast c o m m o n g a t e 
• Fast c lear 

LeCroy Call or wr i te for deta i ls . 
81, avenue Louis Casai, 1216 Cointrin-Geneva, Switzerland; 98 97 97. Offices: 
USA, (914) 425-2000; Heidelberg, W. Germany, (06221) 28 192; Les Ulis, France, 
907.38.97; Botley, Oxford, England, 865 72 72 75. Representatives throughout 
the world. 

N Courier, April 1981 



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

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

Technische Gase 
Reine Gase 
Hochreine Gase 
Spezialgase 
Gasgemische 

A I ( C 5 H 5 ) 3 
C F 4 C 0 2 C 3 H 6 C 4 H 1 6 D 2 He N 2 0 S 0 2 

A r C H 4 C2H2 C 3 H 8 C 5 H 1 2 G e H 4 Kr N 2 0 4 S e H 2 

A s H 3 ( C N ) 2 C 2 H 4 C 4 H 6 C e H 1 4 HBr N H 3 Ne S i H 2 C I 2 

B C I 3 
C O C 2 H 4 0 C 4 H S C 7 H 1 6 

HCI N O 0 2 S i H 4 

B F 3 C O C I 2 C 2 H 6 C 4 H 1 0 C I F 3 H 2 N 0 2 P F 5 
X e 

B 2 H 6 C O S C 3 H 4 C 4 H 1 4 C l 2 H 2 S N 2 P H 3 

S F 6 

Z n ( C 2 H 5 

e t c . 
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