




Measuring electroweak interference 

T h e del icate in ter ference e f fec t s o f 
w e a k and e lec t romagne t i c in terac­
t i o n s p rov ide a v i ta l check o n cur ren t 
gauge t h e o r y ideas w h i c h uni fy the 
e lec t romagne t i c and w e a k f o r c e s . 

First resul ts on th is in te r fe rence 
measu red in e l ec t ron -pos i t r on ann i ­
h i la t ion w e r e p resen ted at last y e a r ' s 
con fe rence in Bonn (see O c t o b e r 
1 9 8 1 issue, page 3 5 0 ) . S ince t h e n , 
n e w da ta have been co l lec ted by all 
expe r imen ta l g r o u p s w o r k i n g at t he 
PETRA s to rage r ing at DESY. T h e 
s ta t i s t i cs are n o w m u c h i m p r o v e d , 
ma in ly due t o the h igher even t ra tes 
ach ieved at PETRA. M u c h o f t he i m ­
p r o v e m e n t can be a t t r i bu ted t o the 
m in i -be ta f ocus ing s y s t e m (see 
J u l y / A u g u s t issue, page 2 3 7 ) w h i c h 
t r ip led the avai lable l um inos i t y . 

N e w e l e c t r o w e a k in te r fe rence re­
su l ts have n o w been pub l i shed by 
the J A D E and T A S S O groups.. In a d ­
d i t i o n , CELLO and M a r k - J p r e s e n t e d 
pre l im inary n e w resul ts at the recent 
par t ic le phys ics mee t i ng o f the Ger­
m a n Physical Soc ie ty at Kar ls ruhe. 
A l l t hese resul ts measure the p r o ­
duc t i on o f l ep ton pairs in e l ec t r on -
p o s i t r o n annih i la t ion. 

T i ny e l e c t r o w e a k in te r fe rence ef­
f e c t s (about 0 . 0 1 per cent ) have 
been seen in a t o m i c phys i cs exper i ­
m e n t s and at S L A C in po lar ized e lec­
t r o n sca t te r i ng . H o w e v e r acco rd i ng 
t o the cur rent ly a c c e p t e d gauge t h e ­
o r y ideas, the s t r eng th o f the w e a k 
f o r c e increases as the square o f the 
m o m e n t u m t rans fe r red in the inter­
ac t i on . T h e earl ier s tud ies i nvo l ved 
on ly smal l m o m e n t u m t rans fe rs . 
H o w e v e r in e l ec t ron -pos i t r on ann ih i ­
la t ion the m o m e n t u m t rans fe r red is 
t he s u m o f tha t o f the co l l id ing pa r t i ­
c les . A t PETRA, th is a t ta ins a s igni f ­
icant f rac t i on o f the p red i c ted m a s s 

The large cylindrical drift chamber being 
replaced in the coil of the superconducting 
magnet of the CELLO experiment at PETRA 
in readiness for the next experimental run. 

(Photo DESY) 

The JADE detector at the PETRA ring at 
DESY, surmounted with concrete slabs of 
muon filter. 

(Photo E. & P. Hamburg) 
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The experimental groups at the PETRA 
electron-positron ring are now horning on 
the electroweak asymmetries seen in the 
production of lepton pairs. This shows 
some of the angular distributions which 
have been observed. 
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o f t he Z ° , the neutral carr ier o f the 
w e a k in te rac t ion . 

A t l o w e r col l is ion energ ies, say 
less than 2 0 GeV, e lec t rons and p o ­
s i t rons annihi late main ly t h rough a 
o n e - p h o t o n s ta te o f def in i te par i ty 
and the annih i lat ion p roduc t s shou ld 
the re fo re be d is t r ibu ted s y m m e t r i ­
cal ly abou t the beam axis. A t h igher 
energ ies , t he Z ° is also avai lable as 
an annih i la t ion channe l , and i ts inter­
fe rence w i t h the o n e - p h o t o n m e ­
chan i sm g ives rise t o the o b s e r v e d 
a s y m m e t r i e s . A t PETRA energ ies , 
t hese e f f ec t s , measured in angular 
d i s t r i bu t ions o f pairs o f m u o n s and o f 
tau l ep tons , a t ta in the 10 per cen t 
level . In pr incip le similar e f fec ts 
shou ld a lso be present in hadron ic 
f inal s ta tes . 

A n i m p o r t a n t comp l i ca t i on is due 
t o the emiss ion and exchange o f a d ­
d i t ional p h o t o n s ( ' radiat ive co r rec ­
t i ons ' ) . Such p rocesses in t roduce 
a s y m m e t r i e s by themse l ves and ca l ­
cu la t ions s h o w tha t t hey shou ld 
a m o u n t t o a f e w per cent . T h e y f a ­
v o u r f inal s ta tes in w h i c h the electr ic 
charge main ta ins its or iginal d i rec­
t i on (pos i t ive a s y m m e t r y ) . T o take 
accoun t o f th i s , exper imenta l i s ts 
have used the fo rmu lae der ived by 
Berends and Kle iss, w h o calculate 
the requ i red co r rec t ions t o the s ingle 
p h o t o n m e c h a n i s m t o th i rd o rder in 
q u a n t u m e lec t rodynamics . Future re­
su l ts w i l l a lso have t o take accoun t o f 
w e a k e f fec ts . 

g r o u p p a r t i c l e c o l l i s i o n a s y m m e t r y t h e o r y 
p a i r s e n e r g y (per c e n t ) (per 

c e n t ) 

CELLO m u o n s 3 4 . 2 - ( 6 .4 ± 6 .4 ) - 9 . 1 
CELLO taus 3 4 . 2 - ( 1 0 . 6 ± 5.4) - 9 . 2 
J A D E m u o n s 3 3 . 5 - ( 1 1 . 8 ± 3 .8) - 7 . 8 
M a r k - J m u o n s 3 4 - ( 8 .4 ± 2 .9) - 9 . 5 
T A S S O m u o n s 3 4 . 2 - ( 16 .1 ± 3 .2) - 9 . 2 
T A S S O taus 3 4 . 2 - ( 0 .4 ± 6 .6 ) - 9 . 1 

A l t h o u g h these special a s y m m e ­
t r ies are d iscernab le , to ta l particle^ 
p roduc t i on ra tes ( s u m m e d over the 
ful l angular range) s h o w no measura ­
ble e f fec ts and c lose ly f o l l o w the pre­
d ic t ions o f q u a n t u m e lec t ro - and 
c h r o m o d y n a m i c s f o r lep ton and 
quark (hadron) p roduc t i on respec­
t i ve ly . Hadron -p roduc t ion w o u l d be 
b o o s t e d as the Z ° is app roached and 
it is expec ted tha t th is shou ld be­
c o m e not iceab le even at the up ­
g raded PETRA energ ies schedu led in 
the nex t t w o years . The present to ta l 
c ross -sec t i on da ta a l ready p rov ide a 
l o w e r l imit on the Z° mass . 

The measu red a s y m m e t r i e s are 
p resen ted in the a c c o m p a n y i n g t a ­
ble. Sys tema t i c er rors have been 
careful ly s tud ied by all g roups w h o 
presen t conv inc ing a rgumen ts t o 
s h o w tha t the i r m u o n ident i f icat ion 
and in par t icu lar thei r charge ass ign ­
m e n t s are co r rec t . W i t h 17 GeV 
m u o n s , the d is tances w h i c h have t o 
be measu red are smal ler than 1 m m 
and a con fus ion o f s ign canno t be 
exc luded . Smal l d e f o r m a t i o n s in the 
big w i r e c h a m b e r s used t o measure 
curva ture cou ld a lso in t roduce ar t i f i ­
cial a s y m m e t r i e s . Exper iments use 
d i f fe rent s c h e m e s t o con f i rm thei r 
m e a s u r e m e n t s . 

The under ly ing t h e o r y l ooks in 
g o o d shape , bu t as the exper imenta l 
e r rors are pared d o w n , in terest ing 
imp l i ca t ions beg in t o emerge . A l ­
ready a Z ° m a s s o f less than 5 0 GeV 
can be con f iden t l y exc luded . The re­
sul ts are g iv ing a p r e v i e w o f the elec­
t r o n - p o s i t r o n annihi lat ion resu l ts 
f r o m higher energy mach ines , no t 
least at PETRA i tsel f , w h e r e a s y m ­
m e t r y e f fec ts are expec ted t o be 7 0 
per cent b igger at higher avai lable 
col l is ion energ ies . 
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Progress on r.f. superconducting cavities 

For m a n y years research and d e v e l ­
o p m e n t has been g o i n g o n w h i c h has 
a i m e d t o p r o d u c e s u p e r c o n d u c t i n g 
cav i t ies f o r use in r ad io f requency 
(r.f.) acce lera t ing s y s t e m s . T h e a ims 
o f th i s w o r k are ra ther o b v i o u s . First­
ly , s u p e r c o n d u c t i n g cav i t ies can 
have energy losses s o m e hund red 
t h o u s a n d t i m e s less t han in t he c o n ­
ven t i ona l c o p p e r wa l l cav i t i es . Se­
c o n d l y , s u p e r c o n d u c t i n g cav i t ies 
can a l l o w higher acce le ra t ing f ie ld 
g rad ien ts . C o m p a r e d t o c o n v e n t i o n ­
al cav i t ies w h e r e the g rad ien t is 
usual ly c lose t o 1 M V per m e t r e , 
s u p e r c o n d u c t i n g cav i t ies can g ive 
o v e r 3 M V per m e t r e in c . w . m o d e . 

T h e s e a d v a n t a g e s have a t t rac ­
t i o n s in t w o areas. For e l e c t r o n - p o s i ­
t r o n s to rage r ings w i t h h igh ene rgy 
c o n s u m p t i o n , l ike LEP f o r CERN, the 
on l y accep tab le w a y t o reach the 
peak ach ievab le energ ies s e e m s t o 
be v ia a s u p e r c o n d u c t i n g r.f. s y s t e m . 
T h u s it is unl ikely t ha t LEP energ ies 
w i l l c l imb b e y o n d the Phase I level o f 
5 0 GeV w i t h o u t t he ins ta l la t ion o f 
s u p e r c o n d u c t i n g cav i t ies . (Because 
o f t he need t o c o m p e n s a t e f o r t he 
h igh level o f s y n c h r o t r o n rad ia t ion at 
LEP energ ies , the r.f. l osses in t he 
acce le ra t ing cav i t ies b e c o m e the 
m a j o r sou rce o f ene rgy c o n s u m p t i o n 
ra ther t han the s to rage r ing m a g ­
nets . ) A l t e rna t i ve l y , f o r an ex is t ing 
s t o r a g e r ing o f f i xed s ize, such as 
PETRA at DESY or PEP at S t a n f o r d , 
t he on ly w a y t o g o t o h igher energ ies 
is t o ach ieve high acce le ra t ing g r a ­
d ien ts in t he r.f. cav i t ies w h i c h w o u l d 
aga in lead t o the use o f a s u p e r c o n ­
d u c t i n g s y s t e m . 

T h e s e in te res ts have b e c o m e 
m o r e p r o m i n e n t recent ly as e lec t ron 
s t o r a g e r ing energ ies have inc reased 
and as a resul t m o r e resou rces are 
be ing app l ied t o research and d e v e l ­
o p m e n t p r o g r a m m e s . W e c o n c e n ­
t ra te here on p r o g r e s s re la ted t o 
s t o r a g e r ings leav ing as ide the c o n ­
t r i bu t i ons w h i c h have c o m e f r o m 

w o r k o n l inear acce le ra to rs and r.f. 
sepa ra to r s . 

A t Corne l l , a t e s t s u p e r c o n d u c t i n g 
cav i t y w a s insta l led in t he e lec t ron 
s y n c h r o t r o n as ear ly as the m i d 
1 9 7 0 s (see June issue 1 9 7 6 , page 
2 1 9 ) . It w a s an e leven cell 'mu f f i n t i n ' 
s t ruc tu re w h i c h gave encou rag ing 
resu l ts bu t w a s t r oub led by such 
p r o b l e m s as mu l t i pac t ing and sur­
face c o n t a m i n a t i o n . W i t h t he recen t 
p r o p o s a l t o bui ld the CESR II 5 0 GeV 

A single cell superconducting r.f. cavity at 
CERN mounted for insertion into its cryostat. 
Note the spherical structure (developed at 
Wuppertal) which has eliminated 
multipactor, and the line of temperature 
mapping resistors on the outside (left). This 
mapping device has made it possible for 
the first time to identify with precision the 
local regions where losses occur. Tests 
with such single cells have considerably 
advanced the understanding of 
superconducting r.f. cavity behaviour. 

(Photo CERN 3.12.79) 
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A 'geographical' map of a single cell array 
obtained by temperature monitoring. The 
'mountains' are regions of increased r. f. 
losses (two ridges due to electron loading 
and an isolated peak at a region with 
strongly increased r.f. loss). 

s t o r a g e r ing at Corne l l , t he w o r k has 
been t a k e n up again in earnes t . T h e 
mu f f i n t in s t ruc tu re is be ing re ta ined 
and a n e w t e s t in the ex is t ing CESR 
s t o r a g e r ing is imm inen t . 

Kar ls ruhe has a lso had a long t r a ­
d i t i on in s u p e r c o n d u c t i n g r.f. and is 
p repar ing a t e s t ins ta l la t ion in t he 
PETRA s to rage r ing at DESY. A c y ­
l indr ical cell s t ruc tu re is be ing used in 
w h i c h f ie ld g rad ien ts o f 2 . 5 M V / m 
have been rel iably ach ieved in b e n c h 
t e s t s at 5 0 0 MHz . DESY is bu i ld ing 
up a g r o u p t o w o r k on th is t o p i c w i t h 
a v i e w t o h igher energ ies and l o w e r 
ene rgy c o n s u m p t i o n in PETRA ope r ­
a t i on . 5 0 0 MHz cav i t ies have a lso 
been a d o p t e d by the KEK L a b o r a t o r y 
in J a p a n w h o s e in teres t is re la ted t o 
t he T R I S T A N s to rage r ing . First re­
su l ts w e r e r epo r t ed in the Janua ry 
1 9 8 1 issue (page 16) and 6 .5 M V / m 
has recent ly been ach ieved in a s in ­
gle cel l . 

In t he c o n t e x t o f t he LEP p ro jec t , 
CERN s ta r t ed a feas ib i l i ty s t u d y in 
1 9 7 9 . T h e w o r k has been car r ied ou t 
in assoc ia t i on w i t h European Un iver ­
s i t ies — Geneva , G e n o a , Paris and 
W u p p e r t a l — and in c lose c o n t a c t 
w i t h DESY and Kar lsruhe. T h e W u p ­
per ta l exper ience w a s par t icu lar ly 
helpfu l ( they have the i r o w n super ­
c o n d u c t i n g l inac p ro jec t in co l l abo ra ­
t i on w i t h D a r m s t a d t ) . W i t h i n CERN, 
exper t i se has been avai lable in w o r k ­
s h o p techn iques (thin shee t me ta l 
w o r k , e lec t ron b e a m w e l d i n g , braz­
i ng , sur face t r e a t m e n t s , e lec t ron m i ­
c r o s c o p y ) and in r.f., c r yogen i c and 
v a c u u m techno log ies . 

T w o f a c t o r s have been par t icu lar ly 
i m p o r t a n t . First ly the a d o p t i o n o f t he 
spher ica l des ign has v i r tua l ly re­
m o v e d the p h e n o m e n o n o f mu l t i -
pac t ing (an e lec t ron resonance phe ­
n o m e n o n in cav i t ies , caus ing losses 
and b r e a k d o w n ) . A l s o the spher ica l 
shapes are easy t o mach ine (sp in­
n ing f r o m shee t n iob ium) and t o sur­
face t r ea t , w h i c h w o u l d help t o keep 

c o s t s reasonab ly l o w in subsequen t 
m a s s p r o d u c t i o n . 

T h e s e c o n d f a c t o r has been the 
use o f a t e m p e r a t u r e m a p p i n g dev ice 
w h i c h can m o n i t o r t e m p e r a t u r e s lo­
cal ly all o v e r the cav i t y . Th is has 
m a d e it poss ib le f o r the f i rs t t i m e t o 
' s e e ' (by iden t i f y ing the pos i t i on o f a 
t e m p e r a t u r e rise) w h e r e losses in the 
cav i t y are t a k i n g p lace. These losses 
are due t o e lec t ron em iss ion or are 
poo re r qua l i ty reg ions o f the cav i t y 
g iv ing r.f. l osses w h i c h can lead t o 
b r e a k d o w n . 

T h e p r o b l e m o f e lec t ron em iss i on 
has been m a s t e r e d by he l ium ion 
spu t t e r i ng at tow t e m p e r a t u r e . W i t h 
th i s sou rce o f loss r e m o v e d , the re­
g ion o f r.f. l oss can be local ized and 
'den ta l su rge ry ' can be used t o c lean 
up the su r faces in the a f fec ted re­
g ions ( r emov ing i ron inc lus ions , 
d u s t , e tc . ) . 

Us ing t hese t echn iques , s ingle cell 
p e r f o r m a n c e has increased t o g ive a 

A four cell structure being prepared for its 
cryostat. First performance was encouraging 
and further tests to improve voltage 
gradient and the Q-factor are scheduled 
soon. 

(Photo CERN 311.12.80) 

v o l t a g e g rad ien t o f 6 . 5 M V / m w i t h a 
Q f a c t o r o f 3 x 1 0 9 (wh ich co r re ­
s p o n d s t o l osses o f a b o u t 5 W / m at 
a g rad ien t o f 3 M V / m ) . A f ou r cell 
s t ruc tu re gave 2 . 8 M V / m and a Q o f 
1.7 x 1 0 9 on i ts f i r s t t es t . Th is per­
f o r m a n c e w a s n o t pushed fu r the r 
s ince a t t en t i on has been c o n c e n ­
t r a t e d o n t h o r o u g h unde rs tand ing o f 
t he p h e n o m e n a o c c u r r i n g rn srngte 
cel ls . H o w e v e r n o w tha t th is under ­
s t and ing s e e m s t o be sa t i s f ac to r y , 
a t t en t i on is re tu rn ing t o mul t ice l l 
cav i t ies . 

In a d d i t i o n , t he i n t roduc t i on in to 
t he cav i t y o f all t he necessa ry fac i l i ­
t ies w h i c h w i l l be needed f o r o p e r a ­
t i o n in a s t o rage r ing has been p r o -
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Polarization Workshop 

gress ing w e l l . T u n e r s , h igher o rde r 
m o d e coup le rs , p o w e r input c o u p l ­
ers and c r y o s t a t des igns have been 
t r i ed and are ready f o r app l i ca t ion in 
an actua l cav i t y . 

T h e nex t ma jo r s t e p is t he ins ta l la­
t i o n o f a f i ve cell cav i t y in PETRA at 
DESY, p robab l y at t he e n d o f th i s 
year . Th i s cav i t y , 1.5 m l o n g , w i l l be 
a m o n g s t the b igges t ever t e s t e d in 
an actua l s to rage r ing e n v i r o n m e n t . 
T h e r e is a lso in te res t in hav ing a 
s u p e r c o n d u c t i n g r.f. uni t ins ta l led in 
LEP f r o m the ear ly d a y s o f o p e r a t i o n 
s o as t o p repare the w a y f o r the s u b ­
sequen t c o n v e r s i o n t o reach h igher 
energ ies . In genera l the re is m u c h 
g rea te r o p t i m i s m than the re w a s a 
f e w years ago t ha t the p r o b l e m s o f 
s u p e r c o n d u c t i n g r.f. are u n d e r s t o o d 
and are be ing m a s t e r e d . 

Polarization specialists (left to right), Klaus 
Steffen, Jean Buon and Bryan Montague 
at the DESY Workshop. 

(Photo DESY) 

A W o r k s h o p on Polar ized E lec t ron 
A c c e l e r a t i o n and S to rage (PEAS) 
w a s held at DESY f r o m 2 2 - 2 7 
M a r c h , one o f a ser ies s p o n s o r e d by 
the In ternat iona l C o m m i t t e e f o r S y m ­
pos ia o n High Energy Spin Phys ics o f 
w h i c h the Cha i rman and m o v i n g 
sp i r i t is A l a n Kr isch f r o m M ich igan . 

T o p i c s w e r e c o n c e n t r a t e d a round 
po lar ized e lec t ron and p o s i t r o n 
b e a m s in e l ec t ron -pos i t r on and e lec­
t r o n - p r o t o n s to rage r ings. Th is w a s 
v e r y app rop r i a te s ince DESY, the 
h o s t L a b o r a t o r y , has b o t h recent 
success w i t h po lar ized b e a m s in 
PETRA and has the HERA e lec t ron -
p r o t o n p ro jec t under ac t ive s t u d y . 

S o m e 4 5 par t i c ipan ts rep resen t ing 
a b o u t t w e n t y ins t i tu tes t o o k pa r t , 
a b o u t one - th i rd o f t h e m c o m i n g f r o m 
the U S A , Canada , Japan and the 
USSR. Near ly th i r t y papers w e r e p re ­
s e n t e d , a b o u t half o f t h e m in p lenary 
s e s s i o n s , ind icat ing the h igh level o f 
in te res t and ac t i v i t y in the f ie ld . 

A f t e r t he t rad i t iona l i n t r oduc t i ons 
and w e l c o m e by V . Soerge l , D i rec to r 
o f DESY, and Gus V o s s , Cha i rman 
o f t he Organiz ing C o m m i t t e e , t he 
W o r k s h o p t o o k o f f w i t h a l ively re­
v i e w o f phys i cs w i t h po lar ized e lec­
t r o n and p o s i t r o n b e a m s by Richard 
T a y l o r o f S L A C . Descr ib ing his reac­
t i o n t o g iv ing th is ta lk as ' ra ther l ike 
an a the is t be ing asked t o say g race 
at d inne r ' , he never the less s h o w e d 
t ha t in te res t ing resu l ts had been o b ­
ta ined in t he pas t w i t h po lar ized 

b e a m s and w o u l d no d o u b t con t i nue 
t o be o b t a i n e d in the fu tu re . 

T h e ma in sub jec ts w e r e d i v ided 
in to f ou r g r o u p s , each under t he 
gu idance o f a convene r . Polar izat ion 
m e a s u r e m e n t s and resu l ts , depo la r ­
izers and o the r re la ted t o p i c s w e r e 
t a k e n care o f by Roy S c h w i t t e r s (Har­
va rd ) , beam-tTeam depo lar iza t ion by 
Ernest Couran t (B rookhaven) , s ing le-
b e a m depo la r i za t i on , r esonances 
and co r rec t i on p rocedu res by Jean 
Buon (Orsay) and sp in man ipu la t ion 
w i t h r o t a t o r s and 'S iber ian S n a k e s ' 
by Klaus S te f fen (DESY). Each c o n ­
vene r gave an i n t r o d u c t o r y r e v i e w o f 
his f ie ld in p lenary sess ions o n the 
f i r s t d a y , in o rde r t o p rov ide s ta r t i ng 
p o i n t s f o r t he subsequen t w o r k i n g 
g r o u p ac t iv i t ies . 

In v i e w o f t he n u m b e r o f papers 
and d i s c u s s i o n s , paral lel sess ions 
w e r e inev i tab le , m u c h t o the regre t 
o f m a n y pa r t i c ipan ts . A l t h o u g h a va l ­
iant e f fo r t w a s m a d e by the c o n v e n ­
ers t o min imize the over lap o f p re ­
sen ta t i ons and d i scuss ions , it w a s 
no t poss ib le t o f o l l o w all t o p i c s in 
de ta i l . A br ie f r e v i e w o f p rog ress and 
p lans w a s the re fo re g iven by e&ch 
c o n v e n e r eve ry m o r n i n g . The last 
day o p e n e d w i t h deta i led s u m m a r i e s 
by the c o n v e n e r s o f the resu l ts o f 
the i r w o r k i n g g r o u p s f o l l o w e d by a 
panel d i scuss ion o f t hese resu l ts in 
t he c los ing sess i on . 

A p r imary c o n c e r n o f the S c h w i t ­
te rs w o r k i n g g r o u p w a s the p r o b l e m 
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Participants at the recent Polarization 
Workshop held at DESY. 

o f measur ing the po lar iza t ion o f 
s t o r e d e lec t ron and p o s i t r o n b e a m s 
at h igh energy . The a rgon laser po lar -
ime te r has p r o v e d success fu l at 
SPEAR and PETRA and it w a s c o n -
f o r t i n g t o see it c o n f i r m e d as e m i ­
nent ly su i tab le f o r the h igher ene rgy 
ranges o f LEP and HERA. W i t h 
a s t anda rd 8 0 W (peak) cav i t y -
d u m p e d laser the po lar iza t ion in LEP 
cou ld be measu red t o 1 per cen t in a , 
m inu te or less. For HERA w i t h 2 1 0 
bunches the laser w o u l d run c o n t i n ­
uous ly at 5 W . B remss t rah lung and 
s y n c h r o t r o n rad ia t ion b a c k g r o u n d 
shou ld p resen t no p r o b l e m because 
o f the h igh energy o f the C o m p t o n 
b a c k - s c a t t e r e d p h o t o n s . For th is 
s t u d y Roy S c h w i t t e r s n o m i n a t e d M . 
Preger (Frascati) 'Hero o f the W o r k ­
s h o p ' f o r s tay ing up unti l f ou r in t he 
m o r n i n g w o r k i n g ou t C o m p t o n 
c r o s s - s e c t i o n s w i t h a p o c k e t ca lcu ­
la to r ! A l t e rna t i ve po la r ime te rs w e r e 
c o n s i d e r e d bu t , at least up t o LEP 

energ ies , t he C o m p t o n sca t te r ing 
m e t h o d is p re fe r red . 

W i t h all t he p r o b l e m s o f ob ta in ing 
po lar ized b e a m s it m a y s e e m s t range 
tha t depo lar izers cou ld be o f in teres t . 
H o w e v e r , as J u . Sha tunov (Novos i ­
b i rsk) r e m i n d e d , the con t ro l l ed use 
o f an ar t i f ic ia l ly - induced sp in r e s o n ­
ance has p r o v i d e d h igh-prec is ion 
m e a s u r e m e n t s o f severa l par t ic le 
m a s s e s in V E P P - 2 M . T h e y plan t o 
measure the g y r o m a g n e t i c a n o m a l y 
(g-2) o f t he e lec t ron and the p o s i t r o n 
t o a b o u t 1 0 " 8 in VEPP-4 by th is 
m e a n s . 

W h a t is fasc ina t ing f o r h igh ene rgy 
r ings is t he poss ib i l i t y o f ad iabat ic 
sp in reversa l o f one o f the b e a m s 
(e lec t rons or pos i t rons ) by m e a n s o f 
a pu lsed depolar izer - l ike dev ice . T h e 
pr inc ip le has been d e m o n s t r a t e d ex­
per imenta l l y in V E P P - 2 M and f i rs t 
e s t i m a t e s ind icate tha t it m i g h t be 
feas ib le in LEP. E lec t roweak t h e o r y 
p red i c t s supp ress i on o f w e a k inter­

ac t i ons w i t h fu l ly po lar ized e lec t ron -
p o s i t r o n b e a m s in the no rma l (zero-
hel ic i ty) s t a t e ; sp in reversa l o f one 
spec ies shou ld doub le the w e a k in ­
t e rac t i on c r o s s - s e c t i o n . M u c h m o r e 
s t u d y w i l l , h o w e v e r , be necessary t o 
es tab l i sh the feas ib i l i t y o f th is c o n ­
t ro l l ed sp in - f l i pp ing techn ique . 

Polar ized p r o t o n s in HERA s e e m 
feas ib le bu t need fu r the r phys i cs j us ­
t i f i ca t i on . N e w ideas are requ i red t o 
m a k e internal po la r ime te rs f o r p r o ­
t o n s , s ince the C o m p t o n c ross - sec ­
t i ons are a round a mi l l ion t i m e s 
smal le r t han f o r e lec t rons . A l t e r n a ­
t i ve po lar iza t ion m e t h o d s f o r e lec­
t r o n s w e r e a lso d i s c u s s e d . 

T h e depo la r i za t ion o f co l l id ing e l ­
e c t r o n - p o s i t r o n b e a m s by the s t r o n g 
and non- l inear f o r c e s o f the b e a m -
b e a m in te rac t ion has been a sub jec t 
o f m u c h c o n c e r n s ince the ear ly ex­
pe r imen t s o n SPEAR. It w a s the re ­
f o r e encou rag ing f o r Cou ran t ' s 
w o r k i n g g r o u p t h a t a f e w w e e k s p re -
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v ious l y PETRA had sus ta ined po lar ­
ized b e a m s a round the 8 0 per cen t 
level w i t h no loss o f po lar iza t ion in 
co l l i s ion and w i t h a respec tab le lumi ­
nos i t y o f 3 x 1 0 3 0 per c m 2 per s. 

A n i m p o r t a n t fea tu re o f t he PETRA 
exper ience is t ha t po lar iza t ion can be 
ma in ta ined w i t h co l l id ing b e a m s up 
t o levels o f cur ren t w h e r e the b e a m 
beg ins t o b l o w up ver t i ca l l y , a f ter 
w h i c h depo la r iza t ion se ts in p r o g r e s ­
s ive ly w i t h increas ing b e a m cur ren t 
and b e a m size. Th is d e m o n s t r a t e s 
exper imen ta l l y the cor re la t ion be ­
t w e e n sp in and o rb i t behav iou r p re ­
d i c t ed theore t i ca l l y by A . K o n d r a t e n -
k o (Novos ib i r sk ) . 

It appears l ikely t ha t s o m e o f th is 
depo lar iz ing e f fec t is due t o t he pu re ­
ly l inear par t o f the in te rac t ion caus ­
ing a ' sp in m i s m a t c h ' , and t ha t s o m e 
deg ree o f co r rec t i on m igh t be feas i ­
b le. The re w a s cons ide rab le d i scus ­
s ion a round the poss ib i l i t y o f app l y ­
ing ' sp in t r a n s p a r e n c y ' c o n d i t i o n s , 
p r o p o s e d by K. S t e f f e n , t o t he inter­
ac t i on po in t in o rde r t o reduce the 
l inear e f fec t . Non- l inear r esonances 
w e r e d i scussed and a l t hough the re is 
l i t t le n e w t o repo r t , a be t t e r under ­
s tand ing o f the theore t i ca l w o r k f r o m 
Novos ib i r s k w a s o b t a i n e d . 

T h e Buon w o r k i n g g r o u p a d ­
d r e s s e d a n u m b e r o f p r o b l e m s c o n ­
nec ted w i t h r ing impe r fec t i ons and 
int r ins ic p roper t i es o f s t o rage r ings . 
M o s t o f the depo lar iz ing e f f ec t s are 
re la ted t o a quan t i t y i n t r oduced by 
the Novos ib i r sk g r o u p w h i c h has 
been the sub jec t o f m u c h d e b a t e . In 
recent t i m e s it has been cal led the 
' sp in c h r o m a t i c i t y ' o r t he ' sp in d i s ­
p e r s i o n ' w h i c h d o no t adequa te l y 
desc r ibe i ts nature . T h e W o r k s h o p 
p r o v i d e d the occas ion f o r c lar i fy ing 
de f in i t i ons and K o n d r a t e n k o ' s p r o ­
posa l o f ' sp in -o rb i t coup l i ng f unc ­
t i o n ' w a s accep ted as p rec ise , if 
c u m b e r s o m e , t e r m i n o l o g y . 

E lec t ron s to rage r ings a b o v e 
10 GeV require spec ia l co r rec t i on 

s c h e m e s f o r o rb i t e r rors and ver t ica l 
d i spe rs ion in o rder t o supp ress har­
m o n i c s near the sp in p recess ion f r e ­
quency . Encourag ing p rog ress on 
b o t h exper imen ta l and theore t i ca l 
f r o n t s has been m a d e . The t h e o r y 
and s imu la t ion o f the co r rec t i on p r o ­
cedu re , w h i c h ra ised the po lar izat ion 
level in PETRA f r o m 2 0 t o 8 0 per 
cen t , w a s desc r i bed by R. S c h m i d t 
(DESY). P ro ton mach ines w e r e no t 
f o r g o t t e n and E. Grorud (Saclay) re­
p o r t e d o n the co r rec t i on m e t h o d at 
S A T U R N E w h i c h p e r m i t t e d the suc ­
cess ive c ross ing o f seven sp in re­
s o n a n c e s ( some w i t h c o m p l e t e ad ia -
bat ic sp in reversal) w i t h an overa l l 
r educ t i on o f po lar iza t ion f r o m 8 0 t o 
7 4 per cen t . 

E r ro r -co r rec t ion p rocedu res are 
n o w we l l a d v a n c e d and have re­
su l ted in a n e w techn ica l j a rgon — 
'sp in m a t c h i n g ' t o ach ieve ' sp in 
t r a n s p a r e n c y ' as m e n t i o n e d a b o v e . 
Sp in -ma tch ing cons t ra in t s on o rb i t 
pa rame te r s p r o p o s e d by A . Chao 
(SLAC) and K. Y o k o y a (KEK) have 
been e x t e n d e d by S te f fen and by S. 
H o l m e s (Columbia) . T h e y are n o w 
t en in n u m b e r ( referred t o by Chao as 
' the t en c o m m a n d m e n t s ' ) bu t ap ­
pear t o be qu i te feas ib le if app l ied 
on ly t o t he ha rmon ics near the sp in 
f r equency . A n e w p roposa l by Y o ­
k o y a app l ies s imi lar pr inc ip les t o t he 
co r rec t i on o f sp in resonances d r i ven 
by b e t a t r o n osc i l la t ions and s h o w s 
great p r o m i s e . 

Th is w o r k i n g g roup a lso c o n s i ­
de red the increased energy sp read o f 
t he b e a m at h igher energ ies , w h i c h 
g ives r ise t o s y n c h r o t r o n satel l i te re­
s o n a n c e s . M o r e s tud ies are requ i red 
bu t at p resen t it appears tha t spec ia l 
measu res m a y be necessary a b o v e 
5 0 t o 6 0 GeV , such as Siber ian 
Snakes o r d ipo le -oc tupo le w i g g l e r s 
t o reduce the tai ls o f the energy d i s ­
t r i bu t i on . 

T h e S te f fen w o r k i n g g r o u p e x a m ­
ined the requ i remen ts o f sp in m a t c h ­

ing f o r r o t a t o r s and Siber ian Snakes . 
Ro ta to r s are requ i red t o tu rn the d i ­
rec t ion o f po lar iza t ion paral lel t o t he 
b e a m at the in te rac t ion p o i n t s , in 
o rde r t o p r o v i d e long i tud ina l po la r i ­
za t ion at t he d e t e c t o r and t o res to re 
it t o the or ig inal d i rec t ion o n the o the r 
s ide . S iber ian Snakes are s imi lar bu t 
reverse the d i rec t ion o f t he po lar iza­
t i o n v e c t o r ; the i r p u r p o s e is t o m a k e 
t he sp in f r e q u e n c y essent ia l ly inde­
p e n d e n t o f ene rgy , t hus r e m o v i n g 
m a n y resonance p r o b l e m s . 

B o t h dev i ces i n t roduce subs tan t ia l 
ver t ica l bend ing and require carefu l 
sp in m a t c h i n g t o avo id depo la r i za ­
t i o n e f f ec t s , espec ia l ly in the p re ­
sence o f t he quan t i zed s y n c h r o t r o n 
rad ia t ion . Th i s s e e m s t o be per fec t l y 
feas ib le bu t i m p o s e s ex t ra c o n ­
s t ra in ts in t he r o ta to r sec t i ons . 

A n in te res t ing p roposa l by K o n -
d r a t e n k o o f c o m b i n i n g r o ta to r s w i t h 
po lar iz ing w i g g l e r s cou ld enhance 
t he overa l l po lar iza t ion o f a s t o rage 
r ing w h i l s t reduc ing the space re­
qu i red f o r t he ro ta to r . The pract ica l 
imp l i ca t ions o f th is w i l l require d e ­
ta i led s t u d y . 

T h e overa l l imp ress ion o f t he 
W o r k s h o p w a s one o f a cons i de ra ­
b ly i m p r o v e d unde rs tand ing o f sp in 
resonance e f f ec t s and the poss ib i l i ­
t ies f o r the i r c o r r e c t i o n . T h e v i ta l in ­
t e res t in po lar ized e lec t rons f o r e lec­
t r o n - p o s i t r o n p ro jec ts has no d o u b t 
had an in f luence on the inc reased 
par t i c ipa t ion in t hese s tud ies . For e l ­
e c t r o n - p o s i t r o n s to rage r ings , earl ier 
p e s s i m i s m o n the feas ib i l i ty o f po lar ­
ized b e a m s at h igher energ ies w a s 
no e n c o u r a g e m e n t f o r the i r imp le ­
m e n t a t i o n bu t t he recent d e v e l o p ­
m e n t s shou ld redress tha t s i t ua t i on . 
S o m e p r o b l e m s remain t o be s o l v e d 
and m a n y deta i ls have t o be w o r k e d 
o u t bu t the o u t l o o k f o r po lar ized e lec­
t r o n and p o s i t r o n b e a m s is def in i te ly 
hea l thy . 

(We are grateful to Bryan Monta­
gue for this report.) 
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W i t h the la test ser ies o f h igh ene rgy 
p ro jec t s ( ISABELLE 4 0 0 GeV p r o ­
t o n - p r o t o n s to rage r ings , UNK 5 T e V 
f i xed ta rge t p r o t o n s y n c h r o t r o n and 
LEP 5 0 - 1 3 0 GeV e l ec t r on -pos i t r on 
s t o rage r ing) , rpany peop le be l ieve 
t ha t w e are see ing the f inal gene ra ­
t i on o f conven t i ona l mach ines . Th i s 
is no t because the acce le ra t ion o r 
b e a m s to rage m e c h a n i s m s i nvo l ved 
have reached s o m e techn ica l l imi t 
(on the con t ra r y t hey s e e m capab le 
o f ex tens ion t o c o p e w i t h sti l l i n ­
c reas ing energies) bu t because w e 
are runn ing in to the l imi ts o f w h a t 
Bur t Richter cal ls ' f iscal feas ib i l i t y ' 
due t o the size o f the mach ines . C o n ­
s t ruc t i on and opera t i ng c o s t s w o u l d 
b e c o m e ex t reme ly d i f f icu l t t o c o n ­
f r o n t . 

Th i s real izat ion has p r o v o k e d c o n ­
cern abou t app rop r ia te research and 
d e v e l o p m e n t on nove l acce le ra t ion 
t echn iques . A HEPAP s u b - c o m m i t ­
tee in the U S A , cha i red by M a u r y 
T igne r , i ssued a 'cal l t o a r m s ' in 
1 9 8 0 t o ensure suf f ic ient a t t en t i on 
f o r such long- range acce le ra to r re­
search even in hard f inancia l t i m e s . In 
Europe , ECFA is t ak ing up the s a m e 
t h e m e in organ iz ing a Con fe rence in 
O x f o r d in S e p t e m b e r o f th is year (see 
page 151) . 

F rom the phys i cs s ide a s imi lar 
p lea has c o m e f r o m A b d u s Sa lam 
(see ' A m e s s a g e f r o m gauge t h e o ­
r i es ' , O c t o b e r issue 1 9 8 1 , page 3 4 7 ) 
s ince he w a s w o r r i e d tha t t he ene rgy 
reg ime f o r in te res t ing phys i cs is 
m o v i n g b e y o n d w h a t can be expe r i ­
men ta l l y i nves t i ga ted . Sa lam in par­
t icu lar m e n t i o n e d the ex t r eme l y h igh 
vo l t age g rad ien ts avai lable in laser 
b e a m s as one o f the poss ib le rou tes 
t o a n e w high energy reg ime . T h e 
p o w e r dens i t ies and s t r o n g e lectr ic 
f ie lds in laser b e a m s have led t o s p e ­
cu la t ion ove r m a n y years as t o the i r 
app l i ca t ion in acce lera t ing par t ic les 
t o h igh energ ies . 

In o rder t o g ive m o r e d i rec t ion t o 

th is area o f research in the U S A , a 
W o r k s h o p o n 'Laser Acce le ra t i on o f 
Par t ic les ' w a s held at Los A l a m o s 
f r o m 1 8 — 2 3 February br ing ing t o ­
ge ther s o m e s i x t y phys ic i s ts and e n ­
g ineers w i t h exper t i se in the f ie lds o f 
acce le ra to rs and o f lasers. 

Severa l dev i ces f o r us ing laser 
f ie lds have been p r o p o s e d and t hey 
can be c lass i f ied in three b road ca te ­
gor ies — ' fa r - f ie ld ' acce le ra to rs 
(such as the pr inc ip le o f inverse f ree 
e lec t ron lasers) , ' m e d i a ' acce le ra to rs 
( w h i c h , f o r e x a m p l e , use the inverse 
C h e r e n k o v e f fec t o r laser -cont ro l led 
p lasma w a v e s ) , and 'near - f ie ld ' ac­
ce le ra to rs (using a loaded gu id ing 
s t ruc tu re such as cav i t ies or g ra t ­
ings) . T h e s e d i f fe ren t app roaches 
c o m e f r o m the fac t tha t a par t ic le 
c a n n o t be acce le ra ted by t h e a b s o r p -
t i on o f s ingle p h o t o n s (because o f 
m o m e n t u m conserva t ion ) and thus 
s o m e o the r e lemen t has t o inter­
vene . 

In t he ' fa r - f i e ld ' t y p e a par t ic le 
m o v e s in the s a m e d i rec t ion as a l ight 
w a v e and s l ight ly s l owe r . It expe ­
r iences a t ransve rse f ie ld w h i c h is 
a l m o s t cance l led by the magne t i c 
f ie ld in the o p p o s i t e d i rec t ion . If, 
h o w e v e r , the part ic le o rb i t can be 
m o d u l a t e d , f o r examp le , by s ta t ic 
undu la to r m a g n e t s , the magne t i c 
f ie ld t r a n s f o r m s t ransve rse in to l on ­
g i tud ina l ene rgy and the par t ic le w i l l 
be con t i nuous l y acce lera ted (or de ­
ce le ra ted if in the o p p o s i t e phase) . 
Th i s is t he inverse o f the f ree e lec t ron 
laser m e c h a n i s m . 

Th is t y p e (and re lated ' t w o - w a v e ' 
acce lera tors ) w e r e d i scussed at t he 
W o r k s h o p and it s e e m e d clear t ha t 
t h e y are n o t approp r ia te f o r ve r y h igh 
energ ies . T h e y invo lve subs tan t ia l 
dev ia t i ons f r o m st ra ight - l ine m o t i o n 
w h i c h b e c o m e s increasingly d i f f icu l t 
at h igh energ ies and the rate o f acce l ­
e ra t ion fa l ls . T h e y cou ld , h o w e v e r , 
c o p e w i t h energ ies o f a f e w GeV and 
handle ve r y h igh (k i loamp) cu r ren ts . 

T h e a b o v e l im i ta t ion d o e s no t ap ­
ply in the ' m e d i a ' t y p e o f laser acce l ­
e ra to r w h e r e acce lera t ing f ie lds are 
c rea ted by polar iz ing med ia . A n ex­
amp le is t he inverse Cherenkov ef­
f e c t w h e r e e x p e r i m e n t s have a l ready 
been carr ied o u t at S tan fo rd (re­
p o r t e d by R. Pantel l) . T h e y ope ra te 
by hav ing laser*l ight c ross a b e a m o f 
e lec t rons in a gas cell at the Cheren­
k o v ang le . Electr ical b r e a k d o w n in 
the gas is be l ieved t o l imit t he peak 
acce lera t ing f ie ld t o severa l hund red 
M V / m and acce le ra to rs o f up t o 5 0 
GeV w e r e d i s c u s s e d . Mul t ip le sca t ­
te r ing and rad ia t ion in the gas m a y be 
a p r o b l e m w h e n a iming f o r h igh ener­
g ies . 

A n o t h e r acce lera t ing m e c h a n i s m 
rel ies on t he ' p o n d e r o m o t i v e ' f o r c e 
p r o d u c e d by laser b e a m s in a p lasma 
(the t y p e o f f o r ce assoc ia ted w i t h 
rad ia t ion pressure) p roduc ing m o v ­
ing bunches o f e lec t rons . The co l lec­
t i ve e lec t ros ta t i c f ie ld o f the elec­
t r o n s is t hen used t o accelerate par­
t i c les . In t he ' p o n d e r o m o t i v e s n o w -
p l o w ' p r o p o s e d by W . Wi l l i s , h igh 
ene rgy p r o t o n s are in jec ted in to t he 
e lec t ron bunch w h i c h is k n o w n t o 
t rave l in a s h o r t w a v e packe t o f laser 
l ight t r ave rs ing a p l asma . T . Ta j ima 
and A . D a w s o n emphas ize the acce l ­
e ra t ion o f e lec t rons p i cked up f r o m 
the high ene rgy s ide o f the t he rma l 
tai l in the p l a s m a , and acce le ra ted 
ac ross the b u n c h . C o m p u t e r s imu la ­
t i ons o f t hese e f fec ts w e r e p re ­
s e n t e d by Ta j ima and D. Sul l ivan and 
an e x p e r i m e n t us ing a p o w e r f u l C 0 2 

laser w a s desc r i bed by C. J o s h i , in 
w h i c h acce le ra t ion o f m o r e than 1 
M V w a s o b s e r v e d in g o o d agree­
m e n t w i t h t he s imu la t ions . 

A g o o d var ia t ion o n th is s c h e m e 
w a s desc r i bed by Ta j ima in w h i c h 
the beat w a v e s c rea ted by t w o near­
by laser w a v e l e n g t h s are used in ­
s tead o f t he s h o r t w a v e packe t . T h e 
s n o w p l o u g h e f fec t is m o s t e f f ic ient 
w h e n the w a v e l e n g t h o f the bea ts is 
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m a t c h e d t o the w a v e l e n g t h o f the 
p l asma w a v e s . J o s h i s h o w e d resu l ts 
o f an expe r imen t in w h i c h a c a r b o n 
d iox ide laser w a s run at t w o f r e q u e n ­
c ies t o c reate the beat w a v e and the 
p resence o f the p lasma w a v e w a s 
ver i f ied by T h o m p s o n sca t te r i ng o f 
laser l ight . Sul l ivan s h o w e d a m o v i e 
o f a s imu la t ion o f t ha t m e c h a n i s m in 
w h i c h acce lera t ing g rad ien ts o f 5 0 
G V / m w e r e d e v e l o p e d . T h e phys i cs 
o f t hese p rocesses is in te res t ing bu t 
it o b v i o u s l y rema ins t o be d e m o n ­
s t r a t ed tha t p l asmas can be su f f i ­
c ien t ly we l l con t ro l l ed . 

T h e 'near - f ie ld ' t y p e o f laser acce l ­
e ra to r can be t yp i f i ed by acce le ra t ion 
us ing the long i tud ina l f ie ld a s s o ­
c ia ted w i t h evanescen t w a v e s near a 
g ra t i ng . A s imp le w a v e w o u l d have 
acce lera t ing g rad ien ts fa l l ing t o ­
w a r d s zero as the ve loc i t y ap ­
p roaches tha t o f l ight bu t a s u b s t a n ­
t ial acce lera t ing f ie ld cou ld be re­
ta ined b e t w e e n t w o g ra t i ngs a f rac ­
t i o n o f a w a v e l e n g t h apar t o r by a 

s ing le-gra t ing i l luminated by c o m p o ­
s i te laser w a v e s . R. Palmer pu t f o r ­
w a r d th is la t ter poss ib i l i t y w h i c h 
m i g h t resul t in acce lera t ing g rad ien ts 
o f 1 G e V / m . H o w e v e r the acceler ­
a ted cu r ren ts are l ikely t o be smal l 
(perhaps on ly 1 0 4 par t ic les per 
bunch) c o m p a r e d t o the c o n v e n t i o n ­
al l inac. 

T h e s imi lar i ty b e t w e e n a g ra t ing 
and a l inac w a s exp lo red . Th is led t o 
cons ide ra t i on o f an o p t i m u m w a v e ­
length — longer w a v e l e n g t h s a l l o w 
h igher cu r ren ts bu t the b r e a k d o w n 
f ie lds assoc ia ted w i t h longer pu lse-
leng ths is l owe r . M . T igner w o r k e d 
ou t t ha t t he o p t i m u m m a y lie in t he 1 
t o 10 m m reg ion . Sui table h igh p o w ­
er lasers have no t been d e v e l o p e d in 
th is reg ion bu t th is cou ld change w i t h 
the a d v e n t o f , f o r examp le , the f ree 
e lec t ron laser. 

T h e w o r k i n g g r o u p s u rged tha t t he 
l imi ts on acce lera t ion in gas in g ra t ing 
s t ruc tu res be measured as a f u n c t i o n 
o f w a v e l e n g t h and tha t fu r the r exper ­

imen ts o n acce lera t ing g rad ien ts in 
p l asmas be carr ied ou t . T h e W o r k ­
s h o p s u m m a r y w a s p resen ted by J . 
L a w s o n and the p roceed ings wi l l ap ­
pear in a b o u t six m o n t h s . 

The re are s o m e t o p i c s o f bas ic 
phys i cs conce rn ing the in te rac t ions 
o f laser f ie lds w i t h par t i c les , p l asmas 
and mater ia ls w h i c h clear ly need 
fu r the r s t u d y and the road t o real izing 
t he great po ten t ia l o f laser acce le ra­
t o r s is sure t o be a hard one . Nev­
er the less e m e r g i n g f r o m the W o r k ­
s h o p w a s a recogn i t i on o f the g rea t 
po ten t ia l w h i c h ex is ts and the iden t i ­
f i ca t ion o f laser -dr iven acce le ra to rs 
as a spec i f i c f ie ld f o r i nves t iga t ion 
and s y s t e m a t i c d e v e l o p m e n t . T h e s e 
m a t t e r s , a m o n g o t h e r s , w i l l be re­
v i e w e d in t he ECFA Con fe rence on 
nove l par t ic le acce lera t ion t echn i ­
ques at O x f o r d in S e p t e m b e r . 

( W e are gra te fu l t o J o h n L a w s o n , 
A n d y Sess ler and Bill Wi l l i s f o r p r o ­
v id ing us w i t h i n fo rma t i on f r o m 
w h i c h th is ar t ic le is d r a w n . ) 

50 years of positrons 
Th i s year m a r k s the 5 0 t h ann i ve rsa ry 
o f one o f t he ma jo r l a n d m a r k s o f 
m o d e r n phys i cs — the d i s c o v e r y o f 
t he p o s i t r o n , t he a n t i m a t t e r c o u n t e r ­
par t o f t he e l ec t ron . T h i s p r o v i d e d 
t he f i r s t ev idence f o r a n t i m a t t e r , and 
it w a s a lso u n p r e c e d e n t e d f o r t he 
ex i s tence o f a n e w par t ic le t o have 
been p red i c ted by t h e o r y . T h e p o s i ­
t r o n and the c o n c e p t s beh ind it w e r e 
t o radical ly change our p ic tu re o f Na ­
tu re . It led t o t he rap id a d v a n c e m e n t 
o f ou r u n d e r s t a n d i n g , cu lm ina t i ng 
s o m e f i f t een yea rs later w i t h t he f o r ­
mu la t i on o f q u a n t u m e l e c t r o d y n a m ­
ics as w e n o w k n o w it. 

In a d d i t i o n , t he pas t half c e n t u r y 
has seen p o s i t r o n s d e v e l o p f r o m a 
cu r ios i t y in to one o f the m a j o r t o o l s 
— in e l e c t r o n - p o s i t r o n co l l iders — 
f o r t o d a y ' s par t ic le phys i cs research . 
If t he l ist o f p r o p o s e d n e w h igh ener ­
g y p ro j ec t s is any th ing t o g o b y , t h e y 
w i l l con t i nue t o be exp lo i t ed f o r a 
l ong t i m e t o c o m e . 

(Odd ly e n o u g h , th is year is a lso t he 
f i f t i e th ann ive rsa ry o f ano the r m a j o r 
m i l es tone in par t ic le phys i cs — t h e 
d i s c o v e r y o f t he n e u t r o n . T h i s w e 
shal l be re tu rn ing t o later th i s year . 
But it is c lear t ha t in v i e w o f t h e s e 
t w o m a j o r a d v a n c e s , 1 9 3 2 c o u l d 

Sketch of the first positron event, seen by 
Carl Anderson in 1932 in his cloud chamber 
exposed to a magnetic field of 15 kilogauss. 
A 63 MeV cosmic ray positron entered the 
chamber from below, lost energy in the 
central lead plate, and emerged again in 
the top half of the chamber. The difference 
in track curvature between the two halves 
of the chamber showed that the particle 
was definitely moving upwards. 
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Paul Dirac, whose theory of the electron 
set the scene for the discovery of the 
positron 50 years ago. 

we l l be c i ted as the d a w n o f par t ic le 
phys ics . ) 

It w a s o n 2 A u g u s t 1 9 3 2 t h a t Carl 
A n d e r s o n , w o r k i n g at Cal i forn ia In ­
s t i t u te o f T e c h n o l o g y , s a w a c o s m i c 
ray even t in his d e t e c t o r t h a t he 
da red t o p r o p o s e as be ing due t o a 
pos i t i ve l y cha rged e l ec t ron . In f a c t 
th is w a s no t t he f i r s t t i m e t h a t any ­
o n e had seen such e f f ec t s — t a n t a ­
l izing h in ts o f pos i t i ve e lec t rons had 
been g l i m p s e d up t o s e v e n yea rs 
be fo re by S k o b e l t z y n , Roches te r , 
Feather , Me i tne r , t h e Jo l i o t -Cu r ies , 
Mi l l i kan and o t h e r s , inc lud ing A n d e r ­
s o n h imsel f . A l t h o u g h pos i t i ve e lec­
t r o n t r a c k s had p r o b a b l y been e n ­
c o u n t e r e d , n o b o d y had ever i den t i ­
f i ed o n e as s u c h . 

On t he theore t i ca l s ide , t he p o s i ­
t r o n s t o r y un fo l ded largely t h r o u g h 
the gen ius o f Paul Dirac. N o t c o n t e n t 
w i t h his beaut i fu l n e w f o r m u l a t i o n o f 
non- re la t i v is t i c q u a n t u m m e c h a n i c s , 
Dirac had begun t o g rapp le w i t h t h e 

cha l lenge o f e l ec t r odynam ics and 
spec ia l re la t iv i ty . In 1 9 2 8 he p u b ­
l ished t he e lec t ron equa t ion w h i c h 
n o w bears his n a m e . 

A s we l l as rep roduc ing all t ha t had 
g o n e b e f o r e , t he n e w equa t ion had 
s o m e t h i n g e lse. It appea red t o say 
t ha t e l ec t rons cou ld have nega t i ve , 
as we l l as pos i t i ve k inet ic ene rgy . 
Dirac a rgued t ha t th is ' s e a ' o f n e g a ­
t i ve ene rgy e lec t rons is no rma l l y ful l 
e x c e p t f o r occas iona l unoccup ied 
s t a t e s , o r ' h o l e s ' . In an e l e c t r o m a g ­
net ic f i e ld , such a hole w o u l d ac t as 
t h o u g h it has o p p o s i t e e lect r ic 
charge t o a no rma l e lec t ron . A t f i r s t , 
Dirac p r o p o s e d tha t t hese pos i t i ve 
cha rges w e r e the p r o t o n s o f a t o m i c 
nuc le i , m u c h heavier t han the e lec­
t r o n s . H o w e v e r th is appea red t o 
b o t h e r h i m , as t he s y m m e t r y o f t he 
t h e o r y s u g g e s t e d s t r ong l y t ha t t he 
t w o so lu t i ons o f t he equa t ion shou ld 
have t he s a m e m a s s . 

W h e n t he p r o t o n d r o p p e d ou t o f 
t he runn ing , Dirac in 1 9 3 1 bo ld l y 
p o s t u l a t e d t he ex is tence o f an as ye t 
unseen ' an t i e l ec t r on ' . Because o f i ts 
a f f in i ty f o r o rd ina ry e lec t rons , th is 
w o u l d be d i f f icu l t t o f i nd in o rd ina ry 
m a t t e r , bu t cou ld pe rhaps be p r o ­
d u c e d in i n te rac t ions invo lv ing hard 
g a m m a rays . T h e s tage w a s se t f o r 
A n d e r s o n ' s d i s c o v e r y . 

For s o m e t i m e A n d e r s o n t h o u g h t 
t ha t he had been see ing pos i t i ve 
e l ec t r ons , bu t had no p roo f . T h e v i ta l 
ingred ien t in his n e w expe r imen t w a s 
a lead p la te , s l ight ly m o r e than a c e n ­
t i m e t r e t h i c k , m o u n t e d ac ross his 
c l oud c h a m b e r . Th is w a s sub jec ted 
t o a magne t i c f ie ld o f 15 k i l ogauss . 
C o s m i c ray par t ic les pass ing t h r o u g h 
the me ta l p la te w o u l d lose ene rgy , 
leav ing t he p la te in a t i gh te r cu rve 
than t h e y w e n t in . Th is gave the 
d i rec t i on o f m o t i o n o f a cha rged par­
t ic le in t he magne t i c f ie ld . Prev ious ly 
it had n o t been clear w h e t h e r e lec­
t r o n - t y p e t r a c k s w e r e due t o an o r d i ­
nary e lec t ron go ing one w a y o r a 

pos i t i ve e lec t ron m o v i n g in t he re­
ve rse d i rec t i on . 

A f t e r pa ins tak ing w o r k , A n d e r s o n 
f o u n d an e v e n t w h i c h he p r o p o s e d 
as a ' p o s i t r o n ' cand ida te (the n a m e 
w a s A n d e r s o n ' s o w n c o n t r a c t i o n f o r 
' pos i t i ve e lec t ron ' ) . Th i s w a s a bo ld 
m o v e s ince the pos i t i ve ly cha rged 
t r ack i nvo l ved Vvas due t o a s t ray 
c o s m i c par t ic le w h i c h in f ac t had e n ­
t e r e d the c h a m b e r f r o m b e l o w ! 

Th i s w a s indeed a c o u r a g e o u s 
s t e p t o t a k e at t he t i m e , as a l t hough 
t he par t ic le had been p red i c ted by 
Di rac, th is theo re t i ca l w o r k w a s n o t 
ye t un iversa l ly k n o w n and m a n y c o n ­
t e m p o r a r y au thor i t i es d id no t s u b ­
sc r ibe t o t h e s e ideas a n y w a y . 

S o o n A n d e r s o n had o b t a i n e d 
m a n y m o r e p o s i t r o n t r a c k s , and s u p ­
p o r t i n g ev idence c a m e f r o m P.M.S. 
B lacke t t and G.P. Occhial in i w o r k i n g 
w i t h the i r n e w l y - d e v e l o p e d Geiger 
coun te r - t r i gge red c loud c h a m b e r , 
w h o s h o w e d t h a t the p o s i t r o n w a s 
indeed the Dirac an t ie lec t ron . 

A n t i m a t t e r had been d i s c o v e r e d , 
bu t phys i cs had t o w a i t unt i l 1 9 5 5 , 
w i t h t he s igh t ing o f t he a n t i p r o t o n 
(also p red i c t ed b y Dirac) at t he Ber­
ke ley B e v a t r o n , f o r a g l impse o f 
ano the r an t ipar t i c le . 
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Around the Laboratories An unusual 'exploded' view of the detectors 
at Intersection 8 of the CERN Intersecting 
Storage Rings. On the right the 
superconducting magnets of the 'low-beta' 
insertion are just visible. On the left, a wall 
of uranium-scintillator hadron calorimeter 
stands ready to be moved into position. 
Another wall of uranium calorimeter is seen 
near the roof. Centre, half of the inner 
cylinder of drift chambers has been drawn 
back. 

(Photo CERN 306.1.82) 

CERN 
All routes to 
Intersection 8 
T h e high luminos i t ies and e leva ted 
co l l is ion energ ies avai lable at t he 
CERN In te rsec t ing S to rage Rings 
(ISR) p rov ide g o o d c o n d i t i o n s f o r 
s t udy i ng the behav iour o f the rare 
h igh t r ansve rse m o m e n t u m reac­
t i ons in w h i c h the quark c o n s t i t u e n t s 
o f co l l id ing had rons c o m e in to c lose 
c o n t a c t . 

W h i l e higher co l l is ion energ ies are 
n o w avai lable f r o m the SPS p r o t o n 
a n t i p r o t o n col l ider ( 2 7 0 G e V on 2 7 0 
GeV c o m p a r e d w i t h the ISR's 3 1 
GeV on 3 1 GeV) , t he luminos i t ies are 
as ye t l o w (some 1 0 2 7 c m " 2 s" 1 ) by 
ISR s tanda rds (in the 1 0 3 1 range) . 
Th i s m e a n s tha t the ISR sti l l p r o ­
v ides a g o o d hunt ing g r o u n d f o r rare 
e v e n t s . 

W i t h th is in m i n d , a b ig phys i cs 
p r o g r a m m e is under w a y at ISR Inter­
sec t i on 8 , w h i c h is f i t t ed w i t h a un i ­
que s u p e r c o n d u c t i n g ' l o w - b e t a ' in ­
se r t i on t o squeeze the b e a m s and 
ach ieve luminos i t ies severa l t i m e s 
h igher t han t h o s e avai lable in o the r 
i n te rsec t ions (see M a r c h 1 9 8 1 issue, 
page 5 9 ) . 

A t the hear t o f the n e w d e t e c t o r s 
is the 3 0 0 t o n Ax ia l Field M a g n e t 
(AFM) o f the B r o o k h a v e n / C a m ­
br idge / CERN / C o p e n h a g e n / Lund / 
Queen M a r y Col lege / Pennsy lvan ia / 
Ru ther fo rd / T e l - A v i v g r o u p , w i t h an 
inner cy l indr ica l a r r angemen t o f dr i f t 
c h a m b e r s s u p p l e m e n t e d by u ra­
n ium-sc in t i l la to r had ron ca lo r ime t r y 
and a large ar ray o f C h e r e n k o v 
c o u n t e r s (aeroge l , h igh p ressure and 
l o w pressure f reon ) . 

T h e p rev ious t enan t w a s a l iquid 
a rgon ca lo r imete r se t -up ( A t h e n s / 
B r o o k h a v e n / CERN) w h i c h b lazed a 
trai l f o r th is k ind o f d e t e c t o r and car­
r ied ou t s o m e c o m m e n d a b l e phy ­
s i cs , inc lud ing the f i rs t s y s t e m a t i c 

s t u d y o f the s ingle p h o t o n s ar is ing 
f r o m qua rk -g luon in te rac t ions . For a 
wh i l e t he l iquid a rgon and A F M c o n ­
f i gu ra t i ons t o o k da ta t o g e t h e r , bu t 
n o w the l iquid a rgon uni ts have been 
r e m o v e d , and their p lace t aken by an 
add i t iona l u ran ium-sc in t i l la to r ha­
d r o n ca lo r ime te r wa l l . 

In t he cur ren t ISR run , j e t s o f pa r t i ­
c les can be in te rcep ted o n th ree 
s ides in the uran ium and the recoi l 
par t ic les p i cked up in the C h e r e n k o v 
c o u n t e r s o n the f o u r t h s ide. In a f e w 
m o n t h s , the Che renkov ar ray wi l l 
a lso be r e m o v e d , mak ing w a y f o r a 
f o u r t h u ran ium wa l l . Th is wi l l p rov i de 
g o o d c o n d i t i o n s f o r t r i gger ing o n 
h igh t o ta l t r ansve rse energy t o scan 
f o r s igns o f je t p r o d u c t i o n , w h i c h 
s e e m s t o be fuzzy at l o w e r t r a n s ­
ve rse energ ies . 

N e w dr i f t c h a m b e r s have been in­
s ta l led in the ve ry f o r w a r d reg ions , 
b e y o n d the s u p e r c o n d u c t i n g d i -
po les , t o measure high m o m e n t u m 

p r o t o n s assoc ia ted w i t h cent ra l par­
t i c les . T h e y w i l l be used t o search f o r 
n e w had rons such as b o u n d g luon 
s ta tes ( 'g luebal ls ' ) . 

W i t h t he p ioneer l iquid a rgon ca lo ­
r ime te rs n o w g o n e , t he spi r i t o f s in ­
gle p h o t o n phys i cs carr ies on at In­
t e r sec t i on 8 w i t h a n e w s t u d y by an 
A t h e n s / Bonn / B r o o k h a v e n / CERN 
/ M o s c o w / Novos ib i r sk g r o u p us ing 
t w o ar rays o f 6 0 0 s o d i u m iod ide 
b l o c k s w i t h v a c u u m p h o t o d i o d e 
readou t m o u n t e d ins ide the ma in 
u ran ium ca lo r imete r . Data s a m p l e s 
have been t a k e n w i t h the f i rs t ' c r y s ­
ta l w a l l ' m o u n t e d inside the n e w e s t 
s lab o f u ran ium ca lo r imete r . A n o t h e r 
ar ray w i l l be insta l led later th is year 
w i t h the f o u r t h wa l l o f u ran ium. 

M o r e i n f o rma t i on on s ingle p h o t o n 
p r o d u c t i o n c o m e s f r o m a hexa ­
gona l u ran ium-sc in t i l l a to r inser t ion 
m o u n t e d ins ide the f o r w a r d c o n e o f 
t h e m a g n e t , 1.7 m a w a y f r o m the 
in te rsec t ion po in t a long the b e a m . 
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One of the new arrays of sodium iodide 
blocks for measurements on single photons, 
mounted on one of the inside walls of the 
uranium hadron calorimeter of the 
experiment at Intersection 8 of the CERN 
Intersecting Storage Rings. 

(Photo CERN 449.2.82) 

'Classical' jet patterns seen at the CERN 
Intersecting Storage Rings using high 
transverse momentum single particle 
triggers. 

Th is versat i le range o f d e t e c t o r s is 
e f f ic ient ly exp lo i t ed by e m p l o y i n g 
CERN-des igned m i c r o p r o g r a m m a b l e 
p r o c e s s o r s f o r c o m p l e x t r i gger 
dec i s ions and even t f i l te r ing . 
T w o 'ESOP' p r o c e s s o r s r econs t r uc t 
t r a c k s on- l ine and se lect par t ic les 
sa t i s f y ing var ious k inemat i c requ i re­
m e n t s , o r m a t c h i n g local ized ene rgy 
d e p o s i t e d in the ca lo r imete r . In para l ­
le l , a ve r y fas t ana logue c o m p u t e r 
ana lyses the ca lo r imete r s ignals and 
is p r o g r a m m e d t o se lec t e v e n t s 
based on par t ic le t y p e and on the 
level and t o p o l o g y o f the ene rgy de ­
p o s i t e d . D i f ferent paral lel t r i gge rs , 
each w i t h a typ ica l se lec t i v i t y at the 
1 0 6 leve l , p rov ide da ta f o r severa l 
e f fec t i ve ly i ndependen t s tud ies . 

Th i s impress ive ar ray o f appa ra tus 
cou ld s o o n g o on t o p r o d u c e s o m e 
in te res t ing n e w phys ics resu l ts at t he 
ISR, n o w in to i ts s e c o n d decade o f 
o p e r a t i o n . 
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Classic jets 
Searches f o r part ic le j e t s con t inue . 
Exper imen ts are l ook ing f o r we l l de ­
f i ned sp rays o f seconda ry par t ic les 
by co l lec t ing all the t ransve rse m o ­
m e n t u m o f the par t ic les p r o d u c e d in 
h igh energy co l l is ions (see p rev ious 
s to r y ) . 

M e a n w h i l e ' c lass ica l ' je t s tud ies at 
t he CERN In tersect ing S to rage Rings 
con t inue t o look at the m o m e n t u m 
f l o w in se lec ted rare even ts in w h i c h 
s ingle large t ransve rse m o m e n t u m 
par t ic les act as t r i ggers . A l t h o u g h 
such even ts shou ld represen t on ly a 
smal l f rac t ion o f t o ta l je t p r o d u c t i o n , 
t h e y have a part icular ly c lean s igna ­
ture and can be used t o s t u d y as­
pec t s o f je t phys ics . 

These single part ic le t r i ggers co l ­
lec ted at the ISR appear t o dr ive a 
we l l de f ined m o m e n t u m f l o w . A t y p i ­
cal resul t is s h o w n here ( top d iagram) 
in an even t samp le f r o m the A n n e c y / 
CERN / Col lege de France / Do r t ­
m u n d / Heide lberg / W a r s a w g roup 
us ing the Spl i t Field M a g n e t de tec ­
to r . It c o m e s f r o m abou t a t h o u s a n d 
s ingle part ic le t r i ggers (w i th t r ans ­
ve rse m o m e n t u m grea ter than 
4 GeV on the t r igger s ide t o g e t h e r 
w i t h a recoi l ing par t ic le g rea ter than 
2 GeV on the ' a w a y ' s ide) . The t r i g ­
ger par t ic les t h e m s e l v e s have been 
r e m o v e d , and the resul t c lear ly 
s h o w s the c lus ter ing o f the a c c o m ­
pany ing par t ic les . These e f fec ts are 
in te rp re ted as be ing due t o g luons 
exchanged b e t w e e n pairs o f qua rks 
in the col l id ing p r o t o n s , and the sub ­
sequen t ' had ron iza t i on ' o f the de ­
f l ec ted quarks . 

The b o t t o m f igure s h o w s a s imi lar 
s a m p l e , th is t ime w i t h n o n - o p p o s i t e 
s ingle part ic le t r i ggers ( m o m e n t u m 
a b o v e 2 GeV) and a c c o m p a n y i n g 
par t ic les w h i c h t o g e t h e r appear t o 
car ry no ' f l avour ' (charge, s t range ­
ness , e tc . ) . Th is je t pa t te rn is t h o u g h t 
t o ar ise f r o m a d i f fe rent c lass o f inter­

ac t i on in w h i c h a g luon is exchanged 
b e t w e e n a quark o f one p r o t o n and a 
g luon a c c o m p a n y i n g the o the r p r o ­
t o n . One je t is t hus due t o the h a d r o n ­
izat ion o f a quark and the o ther t o t he 
hadron iza t ion o f a g luon . Such inter­
ac t i ons invo lve the ce lebra ted ' th ree 
g luon v e r t e x ' in w h i c h th ree f ie ld par­
t ic les m e e t at a s ingle space - t ime 
po in t . Such in te rac t ions are t h o u g h t 
t o be ve ry character is t ic o f the gauge 
t h e o r y descr ib ing the under ly ing 
q u a r k / g l u o n in te rac t ions . 

M o r e deta i led resul ts on the 
m o m e n t u m and q u a n t u m n u m b e r 
s t ruc tu re o f t hese je ts and c o m p a r i ­
s o n w i t h theore t ica l ca lcu la t ions are 
e x p e c t e d s o o n . 

KEK 
First photons from 
factory 
T h e ' P h o t o n Fac to ry ' ( synch ro t ron 
rad ia t ion research faci l i ty) be ing bui l t 
at the KEK Labora to ry in Japan had a 
success fu l f i rs t ser ies o f t e s t s in Feb­
ruary and M a r c h . 

The Fac to ry cons is t s o f a 2 . 5 GeV 
e lec t ron linac (of to ta l length 4 5 0 m) 
and a s to rage r ing (50 m x 7 0 m 
oval ) . Cons t ruc t i on s ta r ted in Ap r i l 
1 9 7 8 and the f i rs t quar ter o f the l inac 
w a s c o m p l e t e d in Ju ly 1 9 8 1 g iv ing 
5 0 0 M e V b e a m in the f i rs t t es t . Injec­
t i on in to t he s to rage r ing s ta r ted o n 8 
February th is year and the linac w a s 
able t o supp ly a 2 . 2 GeV b e a m o f 5 5 
m A t w o days later. 

The f i rs t t u rn w a s o b s e r v e d on 18 
February and m o r e than 10 tu rns 
w e r e ob ta ined on 2 7 February. M o r e 
s tab le coas t i ng b e a m w i t h a l i fe t ime 
o f 1 2 0 (is w a s ob ta ined w i t h o u t r.f. 
o n 5 M a r c h and r.f. acce lera t ion w a s 
app l ied o n the same day . Beam accu ­
mu la t ion reached 5 m A at 1.57 GeV 
o n 9 M a r c h and 6 .2 m A at 2 .5 GeV 
t w o d a y s later. 

M a x i m u m b e a m accumula t ion w a s 

t r ied on 18 M a r c h and m o r e than 1 0 0 
m A at 1.68 GeV w a s o b t a i n e d , w h e n 
the increase per pulse o f in jected 
b e a m w a s 2 0 m A / p u l s e . A t p resen t , 
t he v a c u u m o f the s to rage r ing is 
abou t 10~ 8 t o r r w i t h o u t b e a m and 
1 0 " 6 w i t h b e a m . Th is is main ly due t o 
the fac t t ha t bak ing o f the v a c u u m 
s y s t e m has no t been d o n e and c o o l ­
ing w a t e r and d i s t r i bu ted p u m p s are 
sti l l o f f . Four beaml ines are a l ready 
p r o v i d e d f o r e x p e r i m e n t s , w h i c h w i l l 
s ta r t s o o n . 

ORSAY 
Prototype LEP 
pre-injector 
F r o m the ve ry beg inn ing o f the LEP 
e lec t ron -pos i t r on col l ider p ro jec t , ef­
f ic ient p e r f o r m a n c e o f the e lec t ron 
gun and the buncher w h i c h f o r m the 
f r o n t - e n d o f t he LEP pre- in jec tor has 
a l w a y s been regarded as a pr io r i ty . 
T h e t w o ma jo r reasons f o r th is are 
t ha t the re lat ive ly sho r t s t o r e d - b e a m 
l i fe t imes o f severa l hours necess i ta te 
sho r t LEP f i l l ing t ime (of the o rder o f 
2 0 minutes) and tha t a l l owance m u s t 
be m a d e f o r t he c o m p l e x i t y o f the 
LEP in ject ion s y s t e m w h i c h wi l l t e n d 
t o reduce the overa l l e f f ic iency o f 
par t ic le t r a n s m i s s i o n . 

Since the p o s i t r o n b e a m is p r o ­
d u c e d f r o m the impac t o f the elec­
t r o n s on the conve r t e r t a rge t , i ts in ­
t ens i t y is d i rec t ly p ropo r t i ona l t o the 
in tens i ty o f the e lec t ron b e a m , bu t it 
is a lso a f fec ted by the qual i ty o f the 
bunch ing . A h igh gun cur rent and an 
ef f ic ient buncher are the re fo re es ­
sent ia l t o ob ta in an e lec t ron b e a m o f 
t he requ i red dens i t y and in tens i ty . 
A n o t h e r f a c t o r is the em i t t ance o f 
t he e lec t ron b e a m w h i c h de te rm ines 
the size o f the s p o t on the conve r t ­
er. 

( C o m p u t e r s imu la t ion o f the d y ­
nam ics o f an in tense b e a m f r o m the 
gun c a t h o d e t o i ts ex i t f r o m the 
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The prototype LEP pre-injector now being 
tested at Orsay. 

(Photo Orsay) 

buncher is not easy, and the results 
should, in any case, be treated with a 
degree of caution. In the absence of 
any reliable experimental results, it 
was decided to complement the con­
siderable amount of work being un­
dertaken in this field, notably at Or­
say, by constructing an experimental 
linac front-end compatible with the 
LEP Project, in Phase 1 at least. In 
addition, it would be an invaluable 
early source of information on ma­
chine performance, permitting im­
provements to be planned for a later 
phase of the project. The experimen­
tal equipment would therefore re­
quire a complete set of monitoring 
devices to precisely assess the initial 
conditions of electron acceleration. 

The pre-injector research pro­
gramme was included in the original 
Orsay / CERN collaboration agree­
ment which was drawn up in May 
1979. After tendering, the contract 
for the design and construction of 
the 100 kV 20 A triode gun and the 
20 to 30 MeV buncher was awarded 
to the Compagnie Generate de Radio­
logic (CGR), while Orsay takes re­
sponsibility for the r.f. power source, 
forthe monitoring equipment, for on-
site installation of the experimental 
assembly and for the measure­
ments. Installation has now been 
completed and acceptance tests for 
the various parts of the equipment 
are being carried out. 

The gun cathode is made of po­
rous tungsten with incorporated ox­
ides and is heated indirectly, while 
the grid is made of molybdenum. The 
cathode, the grid and their asso­
ciated circuits (the filament heating 
circuit and the modulator respective­
ly) are operated at a constant maxi­
mum voltage of 100 kV. Except 
when the short current pulses are 
being applied, the grid is maintained 
at a constant potential in relation to 
the cathode, which has the effect of 
blocking cathode emission. The av-

erage flow of current from the ca­
thode and of the pulses crossing the 
anode aperture can be measured 
using a cylindrical electrode. 

The specification for the gun and 
the modulator stipulated that the cur­
rent pulses should have widths vari­
able from 3 to 18 nanoseconds using 
4 shapers (3 to 6 ns, 6 to 10 ns, 10 
to 14 ns and 14 to 18 ns). For80kV, 
the maximum peak current 
guaranteed by the manufacturer is 

10 A, as compared to the current 
predicted for 90 to 100 kV of the 
order of 20 A. To date, however, 
peak currents at the anode exit of 
14.5, 17 and 20 A have been ob­
tained for 80, 90 and 100 kV respec­
tively. One of the major problems so 
far encountered has been the va­
cuum conditioning of the gun. 

The CGR MeV type buncher con­
tains the following components: a 
pre-bunching assembly consisting of 
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Computer displays from an optical readout 
Cherenkov ring imaging detector developed 
for a Fermilab experiment showing the 
rings produced by a single particle (right) 
and by ten events. 

a th in cav i t y w i t h a c o n s t a n t f ie ld o f 
2 . 6 M V / m f o l l o w e d by a dr i f t s p a c e , 
and a per iod ic s t ruc tu re ope ra t i ng in 
s ta t i ona ry w a v e s in 2 TT /3 m o d e and 
cons i s t i ng o f cav i t ies w h o s e he ight 
is p ropo r t i ona l t o the average ve loc ­
i ty o f the bunches . One in each g r o u p 
o f th ree cel ls has a zero f ie ld s t r e n g t h 
and d o e s no t con t r i bu te t o the acce l ­
e ra t ion p r o c e s s . Given tha t t he m in i ­
m u m cell he ight m u s t be c o m p a t i b l e 
w i t h the co r rec t r.f. f r e q u e n c y , t hese 
cel ls have been reduced t o the i r s i m ­
p les t f o r m so as t o keep the bunch ing 
sec t i on as sho r t as poss ib le . So l ­
eno ids loca ted a round the cav i t y 
a s s e m b l y p rov ide magne t i c f o c u s i n g 
o f 2 . 5 kG. 

Dur ing pre l iminary t e s t s , a s h o r t 
pu lse o f 15 A at t he buncher ex i t w a s 
m e a s u r e d f o r a pulse o f 2 0 A at t he 
gun ex i t . For a t r a n s m i t t e d b e a m o f 
8 A , the phase ex tens ion m e a s u r e d 
at m id -he igh t w a s 1 2 ° , a va lue w h i c h 
agrees re lat ive ly c lose ly w i t h t he s i ­
mu la ted resu l ts w h e r e the range w a s 
e s t i m a t e d t o be b e t w e e n 1 0 ° and 
2 0 ° depend ing u p o n ope ra t i ng c o n ­
d i t i ons . 

Once pre l im inary t e s t s have been 
c o m p l e t e d , it is h o p e d t ha t t he n e w 
e q u i p m e n t wi l l g o in to rou t ine ser­
v ice as a v i ta l sou rce o f i n f o r m a t i o n 
o n pre- in jec t ion f o r t he LEP Pro jec t . 
But in v i e w o f the 2 4 M e V a l ready 
o b t a i n e d , it can be said t ha t t he f i r s t 
s t e p s t o w a r d s LEP energ ies have a l ­
ready been a c h i e v e d ! 

FERMILAB 
Striking it RICH 

T h e Ring Imag ing Che renkov (RICH) 
techn ique is rapid ly ga in ing g r o u n d 
(see M a r c h issue, page 4 9 ) . A n o t h e r 
examp le o f i ts app l ica t ion is ORCID 
— Opt ica l Readout Che renkov I m a g ­
ing D e t e c t o r — w h i c h has been 
t e s t e d in the M e s o n A r e a at Fermi ­
lab. 

Th is d e t e c t o r , d e v e l o p e d by Barry 
Rob inson at the Un ivers i t y o f Penn­
sy l van ia , uses t w o spher ica l m i r ro rs 
t o f o c u s and reduce Che renkov l ight 
p r o d u c e d in 1 m o f heavy gas at 
a t m o s p h e r i c p ressure t o sharp r ings 
w h o s e radius d e p e n d s on the Cher­
e n k o v angle and w h o s e pos i t i on de ­
pends on the angle o f the par t ic le 
em i t t i ng the l ight. T h u s , l ight f r o m 
severa l s e c o n d a r y par t ic les in an in ­
t e rac t i on can be assoc ia ted w i t h the 
par t ic les em i t t i ng it w i t h l i t t le a m b i ­
gu i ty . 

The r ings are d e t e c t e d w i t h a 
4 0 m m d iame te r m ic ro -channe l p la te 
image intensi f ier . Further in tens i f i ca­
t i on o f the image is d o n e by an 
18 m m image intensi f ier . Final ly, t he 
in tens i f ied s p o t o f l ight f r o m each 
p h o t o e l e c t r o n p r o d u c e d at the f i rs t 
image intensi f ier fal ls on a p h o t o ­
e lectr ic ar ray. Each o f the 8 0 0 0 0 
usefu l s i tes on the dev ice is read ou t 
and d i sc r im ina ted . 

T e s t s s o fa r have s h o w n an aver ­
age o f a b o u t 10 p h o t o e l e c t r o n s per 
par t ic le w i t h a d i spe rs ion o f a b o u t 5 
per cen t o f t he 4 7 mr l imi t ing Cheren­
k o v ang le . S ince each p h o t o e l e c t r o n 
rep resen ts an essent ia l ly i ndepen ­
d e n t m e a s u r e m e n t o f the C h e r e n k o v 
ang le , th is angle is k n o w n t o less 
t h a n 1 mr . " fh is reso lu t ion shou ld a l ­
l o w p i o n / k a o n separa t ion b e t w e e n 
the p ion C h e r e n k o v coun te r t h r e s h ­
o ld at th i s index o f re f rac t i on , a b o u t 4 
G e V , and w h e r e k a o n s a p p r o a c h the 
l imi t ing ang le , at abou t 3 5 GeV. 

Fur ther t e s t s and ca l ib ra t ion are 
con t i nu ing . It is e x p e c t e d tha t the 
d e t e c t o r w i l l be avai lable f o r a ma jo r 
par t o f an expe r imen t t o s t u d y h igh 
t r ansve rse m o m e n t u m hadron ic in­
t e r a c t i o n s , car r ied ou t by an A r -
g o n n e / Fermi lab / Lehigh / Pennsy l ­
van ia / Rice / W i s c o n s i n g r o u p . 

STANFORD 
Five times X 
A s we l l as de lv ing in to f inance and 
f u n d i n g , S L A C Di rec to r Pief Panof-
s k y in his t rad i t iona l annual 'S ta te o f 
S L A C a d d r e s s exp la ined h o w th is 
year is a k ind o f mul t ip le ann iversary 
f o r t he Labo ra to r y . 

' W e are p lann ing f o r w h a t I l ike t o 
call t he " F i v e t i m e s X " ann iversary 
ce lebra t ion o n 1 4 - 1 5 A u g u s t . M a n y 
o f the e v e n t s assoc ia ted w i t h l inear 
e lec t ron acce le ra to r h i s to ry at S t a n ­
f o r d and at S L A C occu r red in mu l t i ­
p les o f f i ve -year in terva ls . For e x a m ­
ple the f i rs t s ign i f icant da te in th i s 
h i s to ry is 1 9 4 7 (35 years a g o , 
X = 7 ) , w h e n the f i rs t e lec t ron b e a m 
ever acce le ra ted by a l inear acce le ra­
t o r w a s p r o d u c e d under the insp i red 
leadersh ip o f Bill Hansen . Th is w a s 
t he or ig inal M a r k I acce le ra to r , and 
i ts f i rs t success fu l ope ra t i on resu l ted 
in pe rhaps the br ie fes t S ta tus Repor t 
ever s u b m i t t e d t o a g o v e r n m e n t 
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s p o n s o r i n g agency (the Of f ice o f 
Naval Research) : t he ent i re c o n t e n t 
o f the repor t w a s " W e have acce ler ­
a ted e l e c t r o n s . " 

The re f o l l o w e d the d e v e l o p m e n t 
o f the M a r k II and M a r k III acce le ra ­
t o r s at w h a t are n o w the Hansen 
Labora to r i es o f Phys ics o n the S t a n ­
f o r d c a m p u s , and the success o f 
t h e s e mach ines led t o t en ta t i ve p lan­
n ing f o r a V e r y Big Mach ine o f th is 
k i n d . In Ap r i l 1 9 5 7 (25 years a g o , X 
= 5 ) , th is resu l ted in the s u b m i s s i o n 
t o severa l federa l g o v e r n m e n t a g e n ­
c ies o f a " P r o p o s a l f o r a T w o - M i l e 
E lec t ron A c c e l e r a t o r " . T h e m a ­
ch ine w a s k n o w n local ly as " P r o j e c t 
M " , o r " T h e M o n s t e r " , and the p r o ­
posa l w a s the f i rs t f o r m a l s t e p t a k e n 
t h a t eventua l l y led t o the c rea t ion o f 
S L A C . 

Five years later, in Ap r i l 1 9 6 2 
( 2 0 years a g o , X = 4 ) , a c o n t r a c t f o r 
t he c o n s t r u c t i o n o f S L A C w a s s igned 
b e t w e e n S tan fo rd Un ive rs i t y and 

w h a t w a s then the A t o m i c Energy 
C o m m i s s i o n . Th is w a s f o l l o w e d a 
f e w m o n t h s later by the f o r m a l 
g r o u n d - b r e a k i n g ce remon ies o n the 
p resen t S L A C s i te . 

T h e S L A C linac ach ieved i ts des ign 
ene rgy o f 2 0 GeV in January 1 9 6 7 
(15 years a g o , X = 3 ) . First ful l ope r ­
a t ion o f the l inac, w i t h a b e a m 
t h r o u g h the ful l t w o mi les , had been 
ach ieved dur ing the lat ter par t o f 
1 9 6 6 . Shor t l y a f t e r w a r d s the f i r s t 
i m p o r t a n t phys i cs resul ts began t o 
c o m e ou t o f t he ear ly S L A C exper i ­
men ta l p r o g r a m m e . 

1 9 7 2 w a s a lso a red- le t ter year in 
S L A C ' s h i s to ry , f o r th is w a s the year 
t ha t the SPEAR s to rage r ing f i rs t be ­
gan ope ra t i ng . T h a t w a s 10 years 
a g o (X = 2 ) . It is w o r t h no t i ng t ha t 
m a n y par t ic le phys ic i s ts cons ide r 
SPEAR t o be the m o s t success fu l 
s ingle phys i cs t o o l t ha t has ever 
been bui l t . (I t e n d t o agree! ) 

So 1 9 8 2 is indeed a mul t ip le ann iv ­

e rsary o f all t hese even t s t ha t have 
m a d e h i s to ry in t he annals o f par t ic le 
phys i cs . If t he SLC pro jec t is au tho r ­
ized f o r c o n s t r u c t i o n in Fiscal Yea r 
1 9 8 4 as w e n o w h o p e , t hen it m a y 
we l l beg in ope ra t i ng in 1 9 8 6 . Per­
haps i ts f i rs t ma jo r d i s c o v e r y w i l l 
o ccu r in 1 9 8 7 , s o tha t our in terval o f 
f i ve years b e t w e e n great even ts can 
be m a i n t a i n e d ! ' 

Aerial view of the SLAC site, perhaps soon 
to look even more complicated if the 
proposed linear collider project (SLC) is 
given the go-ahead. 

(Photo SLAC) 
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People and things 
Spanish Minister of Industry and Energy 
Ignacio Bayon Marine (left) was among the 
party of Spanish officials which visited 
CERN earlier this year and informed CERN 
Director General Herwig Schopper (right) 
that Spain once more wishes to become 
a CERN Member State. Spain was a member 
of CERN from 1961 to 1968. 

(Photo CERN 289.2.82) 

On people 

Sharing the prestigious Wolf Prize 
for Physics are Freeman Dyson, 
Gerard't Hooft and Viktor Weiss-
kopf, an illustrious trio whose work 
spans three generations of modern 
physical theory, and quantum field 
theory in particular. Together their 
contributions range from Weiss-
kopf's early activity in the 1930s, 
through Dyson's major role in the 
formulation of modern quantum 
electrodynamics, to 't Hooft s key 
developments which led to the 
revival of field theory in our current 
understanding of particle behav­
iour. The prize was presented at 
the Israeli Knesset in March. 

Fermilab Director Leon Lederman 
has been chosen by the American 
Academy of Achievement as a 
'Giant of Accomplishment' from 
the US' great fields of endeavour 
and will receive the Academy's 
'Golden Plate Award' during the 
21st annual SaluW to Excellence 
weekend to be held in New Orleans 
from 24-26 June. 

The Academy is a non-profit 
organization dedicated to the inspi­
ration of youth through annual tri­
butes to outstanding achievements 
in science, the arts, commerce, 
sport, entertainment and public 
service. Previous recipients of the 
Golden Plate Award include writer 
Isaac Asimov, gene-splicing pio­
neer Herbert Boyer, Sheldon Gla-
show, Linus Pauling, Jonas Salk, 
Glenn Seaborg, Edward Teller and 
Sam Ting from the field of science, 
together with Olivia de Havilland, 
Clint Eastwood, Ray Charles, Henry 
Fonda, Helen Hayes and James 
Stewart from the world of enter­
tainment, and many other celebri­
ties. 

Meetings 

The 1982 Summer Workshop on 
Proton Decay Experiments will be 
held from 7— 11 June at Argonne 
National Laboratory. Its purpose 
is to bring together experimenters 
and theorists with an active inter­
est in the next generation of proton 
decay experiments. Further infor­
mation from David Ay res, High 
Energy Physics Division, Building 
362, Argonne National Laboratory, 
9700 South Cass Avenue, Ar­
gonne, Illinois 60439, USA. 

A Workshop will be held at Los 
Alamos from 19—22 July to dis­
cuss the LAMPFII project for a 
rapid cycling 16 GeV synchrotron 
providing 1013 protons per pulse. 
It would provide a wide range of 
secondary beams and would cover 
a wide physics programme. The 
goal of the Workshop is to discuss 

both the accelerator and the phy­
sics programme to prepare the 
way for a formal proposal later 
this year. Those interested in at­
tending should contact Alice Hor-
pedahl, Mail Stop H831, Los Ala­
mos National Laboratory, Los Ala­
mos, New Mexico 87545 USA. 

The challenge of attaining ultra 
high energies 

This is the title of a meeting to 
review limitations and possibilities 
in particle acceleration to ultra high 
energies, organized jointly by ECFA 
and the Rutherford Laboratory. It 
will be held at New College, Ox­
ford, UK, from 27-30 September. 

Existing accelerator techniques 
are approaching limits set by size 
and cost. The meeting will examine 
these limits and look for other ap­
proaches offering the promise of 
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The CERN Auditorium was packed on 
24—25 March to hear first presentations 
of candidate experiments for the LEP 
electron-positron collider. 

(Photo CERN 327.3.82) 

attaining energies far beyond the 
present horizon. 

The topics for discussion will 
include the use of high electric 
fields generated in plasmas, exter­
nal fields in short wave r.f. linacs, 
and laser illuminated gratings. 

Speakers will include Abdus 
Salam, John Lawson, Gus Voss, 
Andy Sessler, Maury Tigner, CI au­
dio Pellegrini and James Bjorken. 
The aim is to interest people in 
the challenge of overcoming the 
formidable technological barriers 
between energies attainable with 
present acceleration methods and 
the vast unexplored territory to­
wards 100 TeV. 

Attendance is by invitation, as 
numbers are limited. Applications 
and requests for further information 
should be sent (by 25 June) to Ian 
Corbett, Rutherford Appleton Labo­
ratory, Chilton, Didcot, 0X11 OQX, 
UK. 

Wynn Evans 

The death of Wynn Evans and his 
wife Kathleen in a car accident on 
13 March has shocked his many 
friends. His research activities 
started with cosmic ray work in 
the late 1940s and over the years 
he made many significant contri­
butions to cloud chamber and bub­
ble chamber techniques. Indeed 
his great strength lay in the tech­
nical aspects of particle physics 
and his ability to see how to con­
struct apparatus that could be both 
elegant and reliable. When the 
28 GeV Proton Synchrotron started 
at CERN he was responsible for 
the construction and installation 
of the 1.5 metre British hydrogen 
bubble chamber. For many years 
he ran the Film Analysis group at 
Liverpool and was recently in­
volved in the preparations for holo­
graphic systems. He was also an 

Gunter Wolf of DESY, Chairman of the 
CERN LEP Experiments Committee. 

(Photo DESY) 

outstanding teacher. He will be 
sorely missed by his colleagues. 

Touschek legacy 

A moving tribute to the life and 
work of the late Bruno Touschek 
has been prepared by Edoardo 
Amaldi and published as a CERN 
'Yellow Report' entitled 'The Bruno 
Touschek Legacy' (number CERN 
81-19). It includes an account of 
his pioneering work in the early 
1960s on electron-positron stor­
age rings which led to the con­
struction of the first operating ring, 
ADA, at Frascati. 

TRISTAN and ISOLDE 

In our story on the first operation 
at Brookhaven's High Flux Beam 
Reactor of the TRISTAN on-line 
isotope separator (December 1981 
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The Senate of the City of Hamburg recently 
presented the Hamburg Parliament with a 
development plan for the Bahrenfeld region 
which included the tunnel for the proposed 
HERA electron-proton collider. North 
German TV took the opportunity to 
interview Wolfram Schott of the DESY 
Directorate. 

(Photo DESY) 

issue, page 450), how silly of us 
to overlook that TRISTAN is the 
natural partner to any ISOLDE. 
According to the legend of chival­
ry, Tristan, a prince of ancient Bri­
tain, became involved in a tragic 
romance with the Irish princess 
Iseult. Through the ages, the saga 
has been the inspiration for numer­
ous poems, and is now of course 
immortalized in Wagner's music 
which uses the more Germanic 
name, Isolde. In addition, the 
Brookhaven TRISTAN (a dubious 
acronym for Terrific Reactor Irra­
diation System To Analyse Nuclei) 
first went into operation at a reac­
tor at Ames Laboratory, Iowa, way 
back in 1966, just before the com­
missioning of the ISOLDE on-line 
isotope separator at the CERN 600 
MeV synchro-cyclotron. 

Theoretician P. Fayet of Paris explaining 
the implications of supersymmetries at the 
recent German Physical Society meeting 
at Karlsruhe. Behind him is Hans Joos of 
DESY. The meeting also heard a report on 
the measurements of electroweak 
asymmetries at the PETRA electron-positron 
ring at DESY (see page 135). 

(Photo E. & P. Hamburg) 
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sere 

SCIENCE AND ENGINEERING RESEARCH COUNCIL 

R U T H E R F O R D A P P L E T O N L A B O R A T O R Y 

High Energy Experimental Physicists 
There are vacanc ies f o r Research A s s o c i a t e s t o 
w o r k w i t h expe r imen ta l g r o u p s in h igh ene rgy 
phys ics . Groups f r o m the Ru the r fo rd A p p l e t o n 
Labo ra to r y are w o r k i n g on e x p e r i m e n t s at CERN, 
DESY and SLAC. 

Cand ida tes shou ld in genera l be less t h a n 2 8 
years o ld . A p p o i n t m e n t s are m a d e f o r 3 years , 
w i t h poss ib le ex tens ions o f up t o 2 years . RAs 
are based e i ther at t h e acce le ra to r l abo ra to ry 
w h e r e the i r expe r imen t is c o n d u c t e d , o r at RAL 
d e p e n d i n g on t he r equ i r emen ts o f t h e expe r i ­
men t . W e have in add i t i on h o m e - b a s e d p r o g r a m ­
mes on d e v e l o p m e n t o f d e t e c t o r s , m i c r o p r o c e s ­
so r s y s t e m s , e tc . M o s t e x p e r i m e n t s inc lude UK 
un ive rs i t y pe rsonne l w i t h w h o m par t i cu la r l y c lose 
co l l abo ra t i ons are m a i n t a i n e d . 

Please w r i t e f o r an app l i ca t i on f o r m t o : 

R e c r u i t m e n t O f f i c e , R 2 0 
R u t h e r f o r d A p p l e t o n L a b o r a t o r y 
C h i l t o n , D i d c o t O x f o r d s h i r e 0 X 1 1 O Q X 
E N G L A N D . 

ELECTRONICS 
ENGINEER 

A un ique o p p o r t u n i t y ex is ts in H igh Energy Phy­
sics & Geo logy f o r an ind iv idua l w / a BSEE & a 
m i n i m u m o f 4 yrs . re la ted exper ience . M u s t have 
k n o w l e d g e o f ana log & d ig i ta l c i rcu i t s , c o m p u t e r 
ope ra ted s y s t e m s & PC boa rd des ign . N I M , 
C A M A C & PDP 11 o r V A X exper ience he lp fu l . 
Respons ib i l i t ies invo lve c o m p u t e r i n te r fac ing & 
des ign ing & t e s t i n g o f ana log & d ig i ta l c i r cu i t r y 
& s y s t e m s . 

Qual i f ied cand ida tes reply in c o n f i d e n c e w / s a l a r y 
h i s to ry t o : 

S u p e r v i s o r o f E m p l o y m e n t 
P o s i t i o n N o . 8 2 1 0 9 

C A L T E C H 
P a s a d e n a , C A . 9 1 1 2 5 
E q u a l O p p o r t u n i t y 
E m p l o y e r M / F / H 

T R I U M F 
MESON RESEARCH FACILITY 
University of Alberta 
Simon Fraser University 
University of Victoria 
University of British Columbia 

Competition No. 320-022 

CONTROL SYSTEM ENGINEER 
TRIUMF has a position available for a Control System Engineer. The TRIUMF accelerator control system comprises a number of 
mini and micro computers interfaced to the accelerator using the IEEE 583 CAMAC standard. The system controls high current 
and high voltage power supplies, stepping motors, a large and complex vacuum system, and a 2 MW RF transmitter. The Control 
System Engineer will assume responsibility for the maintenance and improvement of all aspects of the existing system, as well as 
the specification, design and implementation of new subsystems. An ability to identify developing system problems, and to recom­
mend and coordinate corrective procedures is required. The successful candidate should have at least five years' experience in the 
design and application of digital and analogue electronics to process control and data acquisition systems. The position will be at a 
senior level and the salary will be commensurate with experience. 

Please reply in writing, outlining qualifications and experience to: 

TRIUMF Personnel (Competition No. 320) 
c/o Employee Relations Department 
University of British Columbia 
No. 100 - 6253 N.W. Marine Drive, 
Vancouver, B.C. V6T 2A7 

Applications will be accepted within one month from the date of this issue. We offer equal employment opportunities to qualified 
male and female applicants. 
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