
CERN 
LEAR arrives 

T h e CERN a n t i p r o t o n p r o j e c t , a l rea­

d y w i t h a f ine l ist o f a c h i e v e m e n t s t o 

i ts c red i t , n o w has n e w m u s c l e s t o 

f lex . T h e LEAR L o w Energy A n t i p r o ­

t o n Ring in the S o u t h Hall o f t he PS is 

n o w ca te r ing f o r a large ar ray o f 

e x p e r i m e n t s , p r o v i d i n g a n t i p r o t o n 

b e a m s o f an in tens i ty and qua l i ty 

never be fo re ach ieved . T h e s e s t u ­

d ies cou ld tu rn ou t t o be no less f ru i t ­

fu l t h a n the i r h igh ene rgy c o u n t e r ­

pa r t s at t he SPS. 

LEAR is the last m a j o r phase o f 

CERN's a n t i p r o t o n p ro jec t as init ial ly 

p lanned . W h e r e a s e x p e r i m e n t s at 

t h e SPS and the ISR invo lve acce ler ­

a t ing the a n t i p r o t o n s supp l i ed 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 n t i p r o ­

t o n s f o r l o w energy e x p e r i m e n t s are 

ins tead d e c e l e r a t e d , f i r s t in t h e PS 

p r o t o n s y n c h r o t r o n and s u b s e ­

quen t l y in LEAR, d o w n t o v e r y l o w 

m o m e n t a . 

Dur ing t h e e x c i t e m e n t o f t h e la tes t 

h igh ene rgy p r o t o n - a n t i p r o t o n r u n , 

LEAR quie t ly supp l ied l o w ene rgy 

p r o t o n t e s t b e a m s t o the expe r i ­

m e n t s be ing p repa red d o w n s t r e a m . 

T o w a r d s the end o f J u l y , LEAR re­

ce i ved i ts f i rs t schedu led s u p p l y o f 

l o w energy a n t i p r o t o n s . Initial per ­

f o r m a n c e w a s e n c o u r a g i n g , and in a 

f e w hect ic d a y s , t h e e x p e r t s read ied 

t h e mach ine f o r a c t i o n . 

T h e LEAR ' r i n g ' l o o k s in f a c t m o r e 

l ike a square , w i t h f o u r long s t ra igh t 

sec t i ons and m a g n e t s at each co r ­

ner. Its 7 8 m pe r ime te r is o n e - e i g h t h 

t ha t o f t he ne ighbour ing PS r ing . It 

exp lo i t s ul t ra s l o w (s tochas t ic ) ex­

t r a c t i o n , a n e w techn ique d e v e l o p e d 

at CERN, in w h i c h carefu l ly c o n t r o l l e d 

r.f. no ise is used t o d r i ve par t ic les 

s m o o t h l y t o w a r d s the e x t r a c t i o n re­

s o n a n c e in o rder t o a v o i d spi l l i r reg­

ular i t ies due t o r ipp le . Pre l iminary 

t e s t s at t h e PS severa l years a g o 

p r o m i s e d w e l l , bu t in init ial LEAR 

o p e r a t i o n 3 0 8 M e V / c a n t i p r o t o n s 

w e r e n u d g e d o u t o f the r ing at t he 

rate o f 3 0 0 0 0 0 per s e c o n d f o r f i f ­

t e e n m i n u t e s — jus t one a n t i p r o t o n 

in the s t o r e d b e a m left t he r ing in 

eve ry th ree r e v o l u t i o n s ! 

J u d g e d b y the n u m b e r o f exper i ­

m e n t s l ined up in i ts exper imen ta l 

hal l , LEAR is a l ready a great s u c c e s s . 

It has a t t r a c t e d m o r e than 2 5 0 p h y ­

s ic is ts , f r o m s o m e 5 0 ins t i tu tes in 

CERN M e m b e r S ta tes and t h e U S A , 

Canada , Israel , Poland and the 

USSR. 

In sharp c o n t r a s t t o t h e nuc leon -

nuc leon c a s e , w h e r e the l o w energy 

in te rac t ion has been char ted in d e ­

ta i l , nuc leon-an t inuc leon da ta is re la­

t i ve ly th in o n the g r o u n d . C o m p a r i ­

s o n o f nuc leon-nuc leon and n u c l e o n -

an t inuc leon (and nuc leus-nuc leon 

and nuc leus-ant inuc leon) da ta w i l l 

p r o v i d e f m p o r t a n t n e w ins igh ts in to 

hadron ic (and nuclear) f o r c e s , w h i l e 

i nves t i ga t i on o f t h e annih i la t ion m e ­

c h a n i s m c o u l d cons ide rab l y e x t e n d 

our k n o w l e d g e o f quark behav iour . 

Cer ta in ly LEAR s h o u l d help clear up 

t h e s p e c t r o s c o p y o f l o w energy n u ­

c leon -an t inuc leon resonances o r 

b o u n d s t a t e s , w h e r e c o n t r o v e r s y 

has raged f o r yea rs . 

Each o f the init ial 4 9 pu lses g i ven 

t o t h e LEAR e x p e r i m e n t s c o n t a i n e d 

a l m o s t as m a n y l o w energy a n t i p r o ­

t o n s as t h e t o t a l n u m b e r g iven t o l o w 

energy a n t i p r o t o n phys ics exper i ­

m e n t s in the 2 8 yea rs s ince the par­

t ic le w a s d i s c o v e r e d . A t th is ra te , t h e 

eager ly a w a i t e d phys ics resu l ts 

shou ld n o t be far a w a y . 

The crowded experimental hall at CERN's 
LEAR Low Energy Antiproton Ring. Judging 
by the number of physicists it has attracted 
— over 250 from 50 institutes — LEAR is 
a major success. First physics results are 
eagerly awaited. 

(Photo CERN 1.5.83) 
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Fixed objectives 

A f t e r the e x c i t e m e n t o f t h e p r o t o n -

a n t i p r o t o n col l ider run (see S e p t e m ­

ber issue, page 2 4 7 ) , t he SPS Super 

P ro ton S y n c h r o t r o n re tu rned on 

14 Ju ly t o the j o b it had been bui l t f o r 

— de l iver ing h igh energy b e a m s o f 

p r o t o n s t o f i xed t a r g e t s . 

H o w e v e r th is t i m e it w a s d o i n g it 

w i t h a d i f fe rence. T h e par t ic les f r o m 

the SPS serve t w o d is t inc t exper ­

imenta l a reas, one t o t h e w e s t o f the 

s i te , and the o the r t o the n o r t h . For 

f i ve years a f ter it c a m e in to o p e r a ­

t i o n in 1 9 7 6 , the ma in hall in the 

W e s t Exper imenta l A r e a used 4 0 -

2 0 0 GeV s e c o n d a r y b e a m s der i ved 

f r o m p r o t o n s e x t r a c t e d f r o m an in­

t e r m e d i a t e SPS f la t t o p at 2 5 0 GeV. 

M a x i m u m mach ine energy (usually 

4 0 0 GeV) w a s l im i ted t o the be t te r 

sh ie lded N o r t h Exper imenta l A r e a 

and t h e W e s t A r e a neut r ino b e a m . 

W h i l e the SPS w a s opera t i ng as a 

col l ider , t he p r imary W e s t A r e a ta r ­

ge t w a s p laced u n d e r g r o u n d , t h u s 

enabl ing the main W e s t A r e a t o p r o ­

f i t f r o m the ful l energy o f t h e m a ­

ch ine. Old beaml ines , c lad in 5 0 0 0 0 

t o n s o f c o n c r e t e and 5 0 0 0 t o n s o f 

i ron sh ie ld ing , w e r e d i s m a n t l e d , and 

o v e r 2 k m o f n e w beaml ines in ­

s ta l led , con ta in ing over 2 8 0 m a g ­

ne ts and quadrupo les . 

W h i l e th is w a s go ing o n , add i t iona l 

r.f. e q u i p m e n t w a s insta l led in t h e 

SPS i tsel f t o b o o s t i ts no rma l peak 

ope ra t i ng energy f r o m 4 0 0 t o 

4 5 0 GeV. H o w e v e r initial 1 9 8 3 f i xed 

ta rge t ope ra t i ons c o n c e n t r a t e d a 

f i r m conso l i da t i on o f 4 0 0 GeV run­

n ing be fo re s t e p p i n g up t o 

4 5 0 GeV. 

One ma jo r ob jec t i ve f o r the re­

v a m p e d W e s t A r e a is t o p r o v i d e ex­

tens i ve t e s t faci l i t ies f o r the exper i ­

m e n t s t o be buil t f o r CERN's b ig n e w 

LEP e l e c t r o n - p o s i t r o n r ing . In th is 

w a y , the c o m p o n e n t s o f t h e c o m ­

plex d e t e c t o r s can be a s s e m b l e d and 

t a k e n t h r o u g h their paces wh i l e the 

mach ine i tsel f is sti l l under c o n s t r u c ­

t i o n . 

T h u s the W e s t A r e a n o w p r o v i d e s 

s imu l taneous b e a m s f o r phys i cs and 

f o r t e s t i n g appara tus . T h e i n c o m i n g 

p r o t o n b e a m hi ts a p r imary t a r g e t , 

and is spl i t in to t w o main c o m p o ­

n e n t s , one o f w h i c h del ivers h igh 

energy p ions and e lec t rons t o the 

large O m e g a d e t e c t o r , n o w res i ted . 

T h e o the r s e c o n d a r y b e a m is 

fu r ther d i v ided in to th ree by s e p t u m 

m a g n e t s . T w o of these b ranch 

b e a m s hit s e c o n d a r y ta rge ts t o p r o ­

v ide t w o te r t ia ry e l e c t r o n / h a d r o n 

t e s t b e a m s . T h e th i rd s e c o n d a r y 

b ranch b e a m can ei ther be used f o r 

phys ics (H3 beam) , or t o p r o v i d e a 

th i rd te r t ia ry t es t b e a m . 

T h e f i rs t rec ip ient o f t he H3 b e a m 

is the b ig W A 7 5 exper imen t (Bari / 

Brussels / CERN / Dubl in / J a p a n / 

L o n d o n / R o m e / Tur in) l ook ing f o r 

s igns o f beau ty par t ic les. T h e inter­

ac t ions in a th i ck emu ls ion ta rge t are 

p i n p o i n t e d w i t h the help o f s i l icon 

m i c r os t r i p d e t e c t o r s s a n d w i c h i n g 

the emu ls ion ta rge t , p lus d o w n ­

s t r e a m w i r e c h a m b e r s . T h e exper i ­

m e n t is in te res ted in d e c a y s p r o d u c ­

ing m u o n s . Other par t ic les are re­

m o v e d b y a th ick metal l ic a b s o r b e r , 

and t h e m u o n s are m e a s u r e d in a 

large s u p e r c o n d u c t i n g m a g n e t 

m o v e d in f r o m the Nor th A r e a . T h e 

e m u l s o n w i l l be scanned us ing the 

n e w l y d e v e l o p e d au tomat i c t e c h ­

nique (see June issue, page 184 ) . 

A n o t h e r beau ty search us ing s o ­

ph is t i ca ted emu ls ion t e c h n i q u e s , 

th is t i m e concen t ra t i ng o n the c h a r m 

s igna tu re , is be ing carr ied ou t b y a 

CERN / Genoa / Mi lan / M o s c o w / 

Paris / R o m e / Santander / Va lenc ia 

t e a m us ing the O m e g a d e t e c t o r . 

Other e x p e r i m e n t s l ined up f o r the 

b ig O m e g a d e t e c t o r cove r p h o t o p r o -

d u c t i o n ( long a specia l i ty at O m e g a ) , 
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Physics 
monitor 

t he s t u d y o f d i rec t p h o t o n s and a 

search f o r exo t i c p h e n o m e n a ( 'glue-

bal ls ' ) . 

ARGONNE 
IPNS reaches 
500 million pulses 

A s br ief ly r e p o r t e d last m o n t h 

(page 2 6 8 ) , the Rapid Cyc l ing S y n ­

c h r o t r o n (RCS) o f A r g o n n e ' s In tense 

Pulsed Neu t ron Source (IPNS) 

reached 5 0 0 mi l l ion pu lses in M a y , 

de l iver ing a to ta l o f 1 0 2 1 p r o t o n s in 

on ly 4 3 w e e k s o f o p e r a t i o n . T h e 

RCS a c c e p t s 5 0 M e V negat ive hy­

d r o g e n ions f r o m the o ld ZGS l inac, 

s t r i ps and acce lera tes t h e m t o 4 5 0 -

5 0 0 M e V , and d i rec ts the e x t r a c t e d 

b e p m t o a uran ium ta rge t p r o d u c i n g 

spa l la t ion neu t rons . 

T h e mach ine s t a r t e d o p e r a t i o n in 

1 9 7 7 as the p r o t o n sou rce f o r the 

p r o t o t y p e pu lsed neu t ron sou rce 

Z ING-P ' , t h e n o p e r a t e d f r o m 1 9 8 1 

unt i l t he p resen t f o r the IPNS. It is 

n o w de l iver ing up t o 2 . 5 x 1 0 1 2 p r o ­

t o n s per pulse (12 m i c r o a m p aver­

age) at 4 5 0 M e V in 1 0 0 n s - w i d e 

pu lses at 3 0 Hz. A c c e l e r a t i o n losses 

are l o w ( 1 2 - 1 7 % d i f fe rence b e t w e e n 

b e a m in jec ted and o n ta rge t ) and 

avai labi l i ty e x c e e d s 9 0 % . T h e pre­

sen t h igh cur rent resu l ts f r o m c o n t i n ­

uous i m p r o v e m e n t s in h a r d w a r e , 

b e a m c o n t r o l , and m o s t s ign i f i can t ly , 

ins ta l la t ion o f a n e w , high cur ren t 

nega t i ve h y d r o g e n ion s o u r c e . 

T h e IPNS is the w o r l d ' s m o s t in ­

t e n s e pu lsed spa l la t ion neu t ron 

s o u r c e and is used in c o n d e n s e d 

m a t t e r research . 2 5 % o f the acceler­

a t o r t i m e is d e v o t e d t o f a s t - n e u t r o n 

(about 1 M e V ) rad ia t ion d a m a g e s t u ­

d ies at t he Ef fec ts Faci l i ty and 7 5 % 

t o t h e s l o w neu t ron (less t h a n 1 eV) 

N e u t r o n Sca t te r ing Faci l i ty. High e n ­

e rgy and med ica l t e s t b e a m s run p a -

rasi t ical ly . 

IPNS has o p e r a t e d as a nat ional 

user fac i l i ty s ince N o v e m b e r 1 9 8 1 , 

w i t h e x p e r i m e n t t i m e a l located by a 

Scient i f ic P r o g r a m C o m m i t t e e . A s 

the cur rent leader in th is n e w gener­

a t ion o f neu t ron sources f o r l o w e n ­

e rgy neu t ron research , it has a t ­

t r a c t e d w o r l d w i d e a t t e n t i o n . T o 

d a t e , 3 0 7 p r o p o s a l s have been p r o ­

c e s s e d , bu t on ly half cou ld be ac­

c e p t e d due t o b u d g e t - i m p o s e d l imi ­

t a t i o n s o n opera t i on (about 

2 6 w e e k s per year) . 

I n s t r u m e n t a t i o n at the th i r teen 

s l o w neu t ron b e a m s and f ive i r radia­

t i o n fac i l i t ies p rov ides capabi l i t ies 

tha t s ign i f i cant ly e x t e n d the range o f 

l o w energy neu t ron s tud ies b e y o n d 

tha t p r o v i d e d by research reac to rs 

(until n o w the ma ins tay o f th is re­

search) . Each capi ta l izes o n e i ther 

the pu lsed fea tu re o f source o p e r a ­

t i o n or the fac t tha t the m o d e r a t e d 

neu t ron s p e c t r u m is especia l ly r ich in 

' e p i t h e r m a l ' (less than 0 . 1 eV) neu­

t r o n s . Future p r o s p e c t s are espec ia l ­

ly exc i t ing s ince there is s c o p e w i t h i n 

acce le ra to r and neu t ron sou rce t e c h ­

n o l o g y f o r at least t w o o r d e r s o f 

m a g n i t u d e i m p r o v e m e n t in in tens i ty . 

Pro jec ts t o p rov ide higher in tens i ty 

are we l l under w a y e l s e w h e r e ; at 

the Ruther fo rd L a b o r a t o r y , f o r e x a m ­

ple, the SNS is e x p e c t e d t o c o m e on 

line next year , u l t imate ly de l iver ing 

a b o u t th i r t y t i m e s the p resen t IPNS 

in tens i ty . 

The two techniques for producing 
holograms in big bubble chambers. Above, 
in the 'two-beam' method, the laser beam 
is split into a low power reference beam 
which passes directly to the photographic 
emulsion, and a higher intensity component 
which goes into the bubble chamber and 
is reflected back. Below, in the 'in-line' 
method, the laser beam diverges through 
a specially designed lens. A small fraction 
of the light goes directly to the chamber's 
fisheye window to form the reference beam. 
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