
Linear colliders 
At the recent Linear Collider Workshop at 
the Stanford Linear Accelerator Center 
(SLAC) - left to right Pisin Chen of SLAC, 
Kaoru Yokoya of KEK (Japan), Norman Kroll 
of UC San Diego and Ron Ruth of SLAC. Be­
low - Karl Brown of SLAC with Joel Le Duff 
and Michel Davier of Orsay. 

(Photo SLAC) 

From N o v e m b e r 2 8 t o December 9 , 
the S t a n f o r d Linear A c c e l e r a t o r 
Center h o s t e d an In ternat iona l 
W o r k s h o p on Nex t Genera t ion Li­
near Col l iders . T h e a t t e n d a n c e , in­
c lud ing de lega t ions f r o m CERN, 
Frascat i ( I taly), KEK (Japan) , L iver-
m o r e (US), Novos ib i r sk (USSR), 
D r s a y (France) and S L A C i tsel f re­
f l ec ted the in ternat iona l in te res t in 
th is n e w a p p r o a c h t o h igher 
energ ies . 

The w o r l d ' s expe r t s o n l inear 
co l l iders had c o m e t o learn f r o m 
recent exper ience w i t h t he S t a n f o r d 
Linear Col l ider (SLC), t o d i scuss 
the i r research and d e v e l o p m e n t 
p r o g r a m m e s , and t o c o m p a r e 
n o t e s on the des ign o f poss ib le 
n e w mach ines . S L A C D i rec to r Bur­
t o n Richter o p e n e d the t w o - w e e k 
conc lave w i t h a r e c o m m e n d a t i o n 
tha t the var ious i n te res ted g r o u p s 
o f acce le ra tor phys i c i s t s poo l the i r 
ta len ts and co l labora te o n the 
R & D necessary f o r t he nex t l inear 
col l ider . 

Subsequen t p lenary speake rs 
ou t l i ned the cur ren t s ta te o f k n o w l ­
edge in such areas as des ign pa ra ­
m e t e r s , d a m p i n g r ings and 
s o u r c e s , acce le ra to r s t r u c t u r e s , 
b e a m d y n a m i c s , i n s t r u m e n t a t i o n 
and c o n t r o l , r ad io f requency p o w e r 
s o u r c e s , and f inal f o c u s d e s i g n . 

In his 'S t rugg le f o r High L u m i ­
n o s i t y ' ta lk , Rober t Palmer o f 
B r o o k h a v e n and S L A C exp la ined 
the th ink ing beh ind the T e V Linear 
Col l ider (TLC). Th i s 7 / 8 k i l o m e t r e , 
1 T e V col l ider i n tended f o r t he 
S L A C s i te m u s t p r o d u c e the 
1 0 3 3 - 3 4 c m - 2 S - 1 luminos i t i es re­
qu i red f o r e l e c t r o n - p o s i t r o n phys i cs 
in th is ene rgy range. 

T h e n W o l f g a n g Schnel l ou t l i ned 
the cho ices m a d e by t he CERN 
t e a m des ign ing i ts CLIC l inear c o l ­
l ider, a 2 T e V mach ine t o g ive 1 0 3 3 

l um inos i t y and a poss ib le increase 
in a mu l t i bunch m o d e . Acce le ra t i ng 
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sec t i ons w o u l d be p o w e r e d by a 
s u p e r c o n d u c t i n g dr ive linac runn ing 
in paral lel . 

A l exande r Sk r i nsky desc r i bed 
the Sov ie t VLEPP p ro jec t , inc lud ing 
the 1 T e V e l e c t r o n - p o s i t r o n l inear 
co l l ider schedu led f o r c o n s t r u c t i o n 
at S e r p u k h o v in t he m i d - 1 9 9 0 s . 
Mazakasu Y o s h i o k a d i s c u s s e d pa ­
rame te rs f o r the Japan Linear Co l ­
l ider (JLC) and s u m m a r i z e d the ex­
tens i ve d e v e l o p m e n t u n d e r w a y at 
KEK. 

W o r k s h o p par t i c ipan ts t h e n 
b r o k e up in to smal ler g r o u p s f o r a 
w e e k o f in tens ive d i scuss ions on 
areas o f specia l i n te res t , r e c o n v e n ­
ing f o r the f inal t w o days o f s u m ­
m a r y ta lks f r o m the va r ious w o r k ­
ing g r o u p s . 

One o f the m o s t s ign i f i cant re­
su l ts t o e m e r g e c a m e f r o m the 
2 6 - s t r o n g g r o u p cons ide r i ng f inal 
f o c u s des igns . In d i scuss ions w i t h 
Va le ry T e l n o v o f Novos i b i r s k , Pisin 
Chen o f S L A C recogn ized tha t c o ­
herent e l ec t r on -pos i t r on pair p r o ­
d u c t i o n - by beams t rah lung p h o -
l o n s in te rac t ing w i t h t he magne t i c 
f ie ld o f the o the r bunch - m a y g e n ­
erate in to lerab le b a c k g r o u n d s in the 
su r round ing d e t e c t o r . For TLC 
b e a m s w i t h 1 0 1 0 par t ic les per 
b u n c h , the cohe ren t p r o d u c t i o n 
d o m i n a t e s the incoheren t by abou t 
a f a c t o r o f 2 0 0 . W h a t ' s m o r e , 
b a c k g r o u n d par t ic les are gene ra ted 
w i t h t he same charge as the o p ­
p o s i n g b e a m , s o tha t t h e y can re­
ce ive a subs tan t ia l t r ansve rse k ick . 

The cohe ren t pair p r o d u c t i o n 
rate can f o r t una te l y be con t ro l l ed 
by reduc ing the magne t i c f ie lds o f 
t he b e a m s . Th is can be a c c o m ­
p l ished by reduc ing the charge d e n ­
s i ty per b u n c h , w h i c h in tu rn re­
qu i res increas ing the n u m b e r o f 
bunch c ross i ngs per s e c o n d in o r d ­
er no t t o lose l um inos i t y , o r by in ­
c reas ing the aspec t rat io o f t he 
b e a m s . A l l o w i n g a larger exhaus t 

po r t f o r the pairs ( th rough the f inal 
f o c u s quadrupo les ) m a y requi re use 
o f a larger c ross ing angle than p re ­
v ious ly an t i c ipa ted - 6 0 mi l l i radians 
ins tead o f 3 - w h i c h m a y require 
the so-ca l led ' c rab c r o s s i n g ' des ign 
t o reta in luminos i t y . W h a t e v e r t he 
even tua l o u t c o m e , all se ts o f pa ra ­
m e t e r s a d v o c a t e d in t he var ious l i ­
near co l l ider des igns w i l l have t o 
be r e v i e w e d and rev ised t o t ake 
a c c o u n t o f th is pa i r -p roduc t i on 
p h e n o m e n o n . 

O the r g r o u p s had s ign i f i can t , if 
less s ta r t l i ng , resu l ts t o repor t . 
T h o s e phys ic i s t s w o r k i n g on 
d a m p i n g r ings agreed tha t w i g g l e r 
m a g n e t s w e r e an a t t rac t i ve m e a n s 
o f p roduc i ng l o w - e m i t t a n c e b e a m s 
rap id ly - pe rm i t t i ng h igher repe t i ­
t i on ra tes . The f a v o u r e d acce le ra to r 
s t ruc tu re is the d i sk - l oaded w a v e ­
gu ide w i t h an iris radius o f 2 0 per­
cen t o f the r.f. w a v e l e n g t h -
2 - 6 c m in the des igns be ing c o n ­
s i de red . For mu l t i bunch ope ra t i on 
(many bunches per r.f. f i l l , as in t he 
S L A C des ign and as an a d d - o n f o r 
CLIC) s l o t t ed s t ruc tu res are needed 
t o d a m p the t ransve rse r.f. m o d e s 
tha t w o u l d o t h e r w i s e cause b e a m 
b reakup . BNS d a m p i n g (December 
1 9 8 8 , page 13) w a s a favou r i t e 
m e t h o d a d v o c a t e d t o con t ro l 
g r o w t h o f t ransverse tai ls on the 
b u n c h e s . 

One o f the key p r o b l e m s t o be 
s o l v e d is in the r.f. p o w e r sou rces 
needed t o dr ive the l inear co l l iders . 
No cur ren t so lu t i ons s imu l taneous l y 
m e e t all the requ i remen ts o f peak 
p o w e r , Repetit ion ra te , e f f i c iency 
and c o s t , a l though the f i rs t t h ree 
have been d e m o n s t r a t e d s e p a ­
rate ly . 

A l t h o u g h the p resen t se ts o f de ­
s ign pa rame te rs appear d i ve rse , 
t he re are c o m m o n p r o b l e m s tha t 
w i l l benef i t f r o m co l labora t ion on 
R & D, as under l ined in the w o r k i n g 
g r o u p s . For examp le , o n g o i n g c o l ­

labora t ion b e t w e e n KEK and S L A C 
has bene f i t ed r.f. p o w e r sou rce 
and acce le ra to r s t ruc tu re d e v e l o p ­
m e n t , as we l l as f inal f o c u s d e s i g n . 

One poss ib le in ternat iona l co l la ­
bo ra t i on is t he Final Focus T e s t 
Beam be ing cons ide red f o r S L A C . 
Th i s beaml ine w o u l d take the b e a m 
s t ra igh t ahead f r o m the end o f t he 
l inac and use T e V linear co l l ider o p ­
t i cs sca led d o w n t o 5 0 GeV t o p r o ­
duce in tense , s u b m i c r o n b e a m 
s p o t s . O p t i c s , c o m p o n e n t s , i ns t ru ­
m e n t a t i o n and p rec is ion a l i gnmen t 
t echn iques cou ld be t e s t e d . 

In s u m m a r y , w o r k s h o p organ izer 
E w a n Pa te rson o f S L A C o b s e r v e d 
tha t the p r o b l e m o f beams t rah lung 
pair p r o d u c t i o n had a l ready 
ushered in a ' n e w w a v e ' o f l inear 
co l l ider f ash ions . Mu l t i bunch o p e r a ­
t i o n , s l o t t e d acce le ra to r s t r u c t u r e s , 
large c ross i ng ang les , c rab c r o s s ­
ing , w i g g l e r s in d a m p i n g r ings , and 
BNS d a m p i n g w e r e all ' i n ' n o w . 
Co l l ima to rs in the f inal f o c u s w e r e 
dec ided ly o u t , and the need f o r 
m o r e r.f. p o w e r has no t c h a n g e d . 
' C o m p l e m e n t a r y l inear co l l ider de ­
s igns are ve r y i m p o r t a n t ' , Pa te rson 
a d d e d , ' because w e learn f r o m 
e v e r y b o d y ' s d i f fe ren t p r o b l e m s . ' 

From Michael Riordan 
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