
Linear collider 
studies 

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

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

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

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

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

Physics with low energy antiprotons 

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

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

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

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

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

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

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

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

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

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

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

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

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

(Photo Orsay) 

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

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

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

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

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

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

T h e re la t ive ly h igh ra te o f kaon 
p r o d u c t i o n in p r o t o n - a n t i p r o t o n a n ­
n ih i la t ions s h o u l d p rov ide a sou rce 
o f kaons w h i c h c o m p a r e s f avou rab l y 
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