
i ng , our abi l i ty t o mee t the schedule 
o f comp le t i ng all cons t ruc t i on ac t iv i ­
t ies by the end o f 1 9 8 6 depends cr i ­
t ical ly on push ing as hard as poss ib le 
our cur rent research and deve lop ­
m e n t p r o g r a m m e des igned t o so lve 
the technica l p r o b l e m s . Thus w e are 
f aced w i t h the dual t ask o f advanc ing 
th is e f fo r t rapid ly wh i le at the same 
t ime opera t ing our faci l i t ies w h i c h 
suppo r t b o t h our phys ics p r o ­
g r a m m e and tha t o f m a n y o ther ins t i ­
t u t i ons in the Un i ted S ta tes and 
ab road . 

W e hope t o schedule the break- in 
in to the S L A C s t ruc tu re and jo in ing 
the SLC r ing t o tha t s t ruc tu re dur ing 
our regular s u m m e r s h u t d o w n , s im i ­
lar t o the p rocedure w h i c h w e exe­
cu ted w i t h PEP. Once th is break- in 
and junc t ion has been successfu l ly 
accomp l i shed , the technica l in terac­
t i on b e t w e e n the SLC and the o n g o ­
ing S L A C act iv i t ies wi l l cons is t ma in ­
ly o f car ry ing ou t t es t s in the l inear 
acce lerator and mak ing ma jor rev i ­
s ions t o i ts insta l la t ions and con t ro l 
s y s t e m . These i m p r o v e m e n t s are 
necessary t o have the SLC live up t o 
i ts expec ta t i ons , bu t wi l l at the same 
t ime imp rove the pe r fo rmance o f the 
2-mi le linac in i ts o w n r ight . 

H o w e v e r , th is is no t al l . In add i t ion 

t o g iv ing the green l ight on the SLC, 
the Pres ident 's budge t a lso p rov ides 
fund ing f o r t w o o ther impo r tan t n e w 
p r o j e c t s : a very substant ia l g r o w t h 
in synch ro t r on radiat ion faci l i t ies and 
an o f f -ax is in jector tha t w i l l make it 
poss ib le t o generate l o w energy 
b e a m s in linac End S ta t ion A fo r nu ­
c lear-s t ructure phys ic is ts and o the rs 
need ing beams of energy no greater 
than 3 GeV. A t the same t ime the 
o f f -ax is in jector w i l l make it poss ib le 
t o inject in to the SPEAR e lec t ron -
pos i t ron r ing w i t h o u t hav ing t o p o w ­
er the ent i re accelerator . A s a resul t 
o f th is n e w scheme it m igh t we l l be 
poss ib le in the fu ture t o opera te 
SPEAR (and there fore s y n c h r o t r o n 
rad iat ion exper iments) t oge the r w i t h 
the l o w energy p r o g r a m m e in End 
S ta t ion A dur ing the s u m m e r 
m o n t h s , w h e n w e are highly re­
s t r i c ted in the use o f e lectr ic p o w e r . 
Th is shou ld great ly increase our 
schedul ing f lex ib i l i ty , in part icular 
once SLC b e c o m e s opera t iona l . 

S tan fo rd Synch ro t ron Radiat ion 
Labora to ry is p lanning t o expand i ts 
opera t ions substant ia l ly over the 
nex t f e w years . SSRL and S L A C are 
each independent laborator ies re­
po r t i ng t o the S tan fo rd Un ivers i ty 
admin is t ra t ion , w i t h each de te rm in ­

ing i ts o w n p r o g r a m m e under t\ 
general pol ic ies o f the Univers i t 
SSRL, a l though an independent lab< 
ra to ry , depends on a re imbursab 
basis o n S L A C fo r technica l suppc 
in m a n y areas. A s SSRL expand 
ques t i ons are raised w h e t h e r th 
t y p e o f re lat ionship wi l l con t inue 
serve the needs . A c c o r d i n g l y , t l 
P rovos t has jus t appo in ted a cor 
m i t tee under the cha i rmansh ip 
S idney Drel l , Depu ty Di rec tor 
S L A C , t o make r e c o m m e n d a t i o n s < 
the long- range fu ture re lat ionship b 
t w e e n SSRL and S L A C . 

A l l th is means tha t S L A C s ta f f v 
be invo lved in three ma jor c o n s t n 
t i on act iv i t ies — the SLC, the o f f -a : 
in jector , and w h a t e v e r help w e c 
g ive SSRL in connec t i on w i t h t 
SPEAR upgrad ing p r o g r a m m e 
s u p p o r t o f s ynch ro t ron radiat i 
w o r k . None the less , the ongo ing p 
t i d e phys ics p r o g r a m m e wi l l con t 
ue w i t h h ighest pr ior i ty . Th is c o m 
nat ion genera tes a major load 
S L A C ' s technica l and admin is t ra t 
s ta f f s , and I hope tha t the con f ide r 
w h i c h the g o v e r n m e n t has s h o w r 
us in g iv ing us the green l ight on al 
t hese ven tu res wi l l be v ind ica ted 

Fast work 
One of the m o s t impress ive aspec ts 
o f the initial ev idence f o r W part ic les 
(see March issue, page 4 3 ) w a s h o w 
fas t the ev idence e m e r g e d f r o m the 
m a s s o f co l lec ted da ta . Th is w a s 
under l ined by Leon Lederman in his 
conc lus ion at the recent Rome co l ­
l ider phys ics w o r k s h o p . 

The 1 9 8 2 per iod o f p ro ton -an t i -
p r o t o n co l l is ions in the CERN SPS 
r ing f in ished on 6 December . In the 

t w o m o n t h run , the big U A 1 and U A 2 
expe r imen ts had each been e x p o s e d 
t o s o m e 1 0 9 co l l is ions. By the t ime o f 
the Rome col l ider w o r k s h o p (12 J a n ­
uary) , the exper imen te rs had been 
able t o en joy Chr is tmas and t o c o m b 
thei r recorded da ta f o r the handfu l o f 
examp les o f lone high t ransverse 
m o m e n t u m e lec t rons ' ba lanced ' by 
m iss ing energy. These even ts are 
exp la ined as the decays o f charged 

w e a k b o s o n s in to an e lec t ron an 
neut r ino . 

These high energy pro ton-ant ip 
t o n col l is ions are ex t reme ly cc 
p lex, p roduc ing sp rays o f second 
par t ic les . H o w e v e r on ly a smal l fr 
t i on are o f immed ia te phys ics in 
es t , and jud ic ious t r igger ing gre 
ass is ts the subsequen t da ta hand 
and t ime ly ex t rac t ion o f phys ics 
su i ts . 
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Schematic of the readout system for one 
of the 6 000 sense wires in the UA 1 central 
detector. Output from the fast digitizing 
system is stored in a circular 128 16-bit 
word buffer. 

The UA 1 system 

T h e d e t e c t o r o f t he U A 1 exper i ­
m e n t has a l m o s t ful l so l id angle c o v ­
e rage , w i t h a ser ies o f d e t e c t o r s p r o ­
v id ing par t ic le t r a c k i n g , e l e c t r o m a g ­
net ic and hadron ca lo r ime t r y (energy 
depos i t i on ) , m u o n iden t i f i ca t ion and 
magne t i c ana lys is . 

The t r igger ing s y s t e m is ac t i va ted 
by a pulse p r o d u c e d by the ap ­
p roach ing p r o t o n and a n t i p r o t o n 
bunches . Th is pulse s ta r t s a t ime -o f -
f l igh t m e a s u r e m e n t w h i c h ensures 
tha t the o u t g o i n g par t ic les or ig ina te 
w i t h i n the de tec to r , re jec t ing back ­
g r o u n d at the t r igger level . In add i ­
t i o n , t w o fas t p r o c e s s o r s dec ide if 
t he da ta is t o be read ou t be fo re the 
nex t co l l id ing bunch ar r ives . One p r o ­
cesso r can be p r o g r a m m e d t o se lec t 
e v e n t s w i t h spec i f ic pa t t e rns o f e n ­
e rgy depos i t i on in t he ca lo r ime te rs . 
T h e o the r p i cks ou t m u o n s or ig ina t ­

ing f r o m the in terac t ion (rather than 
the decay o f o ther par t ic les) . 

A m o r e prec ise m u o n se lec t ion is 
p lanned f o r fu tu re runs , us ing the 
F A M P m i c r o p r o c e s s o r s y s t e m . But 
th is s e c o n d level t r igger m a y c o v e r 
m a n y bunch c ross ings . A l s o on- l ine 
f i l te r ing o f the da ta is env i saged us ­
ing the 168E m i c r o p r o c e s s o r (see 
J a n u a r y / F e b r u a r y 1 9 8 0 issue, page 
4 5 0 ) , t o reduce the a m o u n t o f da ta 
w h i c h has t o be w r i t t e n t o t a p e . 

M o s t o f the even t da ta c o m e s 
f r o m the cent ra l de tec to r , cons i s t i ng 
o f a large ar ray o f dr i f t c h a m b e r s w i t h 
image readou t . The fas t d ig i t iz ing e l ­
ec t ron i cs samp les the w i r e pu lses 
(energy loss and t rack pos i t ion) and 
dr i f t t i m e s eve ry 3 2 ns and o v e r 4 JIS. 
For each even t , th is p r o d u c e s abou t 
1.6 M b y t e s o f prec ise d ig i ta l in for ­
m a t i o n , s t o r e d in a t e m p o r a r y buf fe r 
m e m o r y . 

Initial da ta reduc t ion is hand led by 
a C A M A C crate inc luding a specia l 

r eadou t p r o c e s s o r i nco rpo ra t i ng 
c o m p l e m e n t a r y m i c r o p r o c e s s o r s t o 
handle da ta f o r m a t t i n g and con t ro l 
f u n c t i o n s . T h e number - c runch ing m i ­
c r o p r o c e s s o r is ex t r eme l y f as t , wh i l e 
t he o the r is user - f r iend ly and we l l 
supp l i ed w i t h in te r faces . Each o f t he 
1 1 0 c ra tes hand les 6 0 w i r e s . 

In f a c t the da ta p rocess ing p o w e r 
o f the readou t p r o c e s s o r s y s t e m is 
m o r e than an o rde r o f magn i t ude 
larger t han a large conven t i ona l c o m ­
pu te r and is we l l able t o reduce the 
i n c o m i n g p r ima ry i n f o rma t i on t o s i m ­
ple c o o r d i n a t e s (dri f t t i m e , w i r e n u m ­
ber , t r ack p o s i t i o n , etc.) t o abou t 
1 0 0 0 0 0 b y t e s per even t . 

W i t h such a large and c o m p l e x 
d e t e c t o r , e q u i p m e n t m o n i t o r i n g is 
a lso e x t r e m e l y i m p o r t a n t . T h u s 
ano the r v i ta l f u n c t i o n o f the readou t 
p r o c e s s o r is t o w a t c h f o r ma l func ­
t i o n s and t a k e app rop r ia te ac t ion s o 
t ha t p rec ious runn ing t i m e is no t los t . 
A lot o f e m p h a s i s is p laced on para l ­
lel p r o c e s s i n g . 

A f t e r c o m p a c t i o n , the da ta is read 
ou t t o 2 0 0 C A M A C c ra tes in a m o ­
bile c o n t r o l r o o m . Data co l lec t ion 
uses the CERN ' R o m u l u s / R e m u s ' 
m e t h o d , based on b ranch d r i ve rs 
and c ra te con t ro l l e r s , l ink ing the 
c ra tes in a t ree- l ike s t ruc tu re , car ry ­
ing the da ta s t r e a m t o a s ingle b ranch 
dr iver . 

A rou te r uni t can s w i t c h the da ta 
b e t w e e n t w o separa te ver t ica l h igh ­
w a y s , pe rm i t t i ng add i t iona l da ta ac­
qu is i t ion and m o n i t o r i n g s u b s y s ­
t e m s . S U P E R C A V I A R m i c r o c o m p u t ­
ers (see M a y 1 9 8 0 issue , page 112) 
run m o n i t o r i n g and d isp lay p r o ­
g r a m s . 

A t th is leve l , paral lel da ta acqu is i ­
t i o n t a k e s a b o u t 5 m s . Data reduc­
t i on t a k e s a b o u t 15 m s . Full e l ec t ron ­
ics dead t i m e is f r o m 2 0 t o 3 0 m s , 
p e r m i t t i n g a m a x i m u m o f 3 0 e v e n t s 
per s e c o n d t o be a c c e p t e d at th i s 
s t age . 

A f t e r th is paral lel r eadou t , the da ta 
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is m e r g e d in to f i ve b ranches and 
passed t o the main con t r o l r o o m , 
one hundred me t res d o w n l i n e . Be­
f o r e pass ing in to the da ta acqu is i t i on 
c o m p u t e r , a s y s t e m o f rou te rs w i t h 
bu f fe r m e m o r y a l l o w s da ta t o be 
passed t o d i f fe rent s y s t e m s . 

U A 1 on- l ine c o m p u t i n g is based 
o n t w o pairs o f No rsk Data 1 0 0 / 5 0 0 
16 and 3 2 bi t mach ines . In a d d i t i o n , 
t w o H e w l e t t Packard m i n i c o m p u t e r s 
p rov i de specia l f u n c t i o n s and S U -
P E R C A V I A R m i c r o s l ook a f ter equ ip ­
m e n t con t ro l and m o n i t o r i n g . The re 
is a l ink t o the ma in CERN c o m p u t e r 
cen t re . Of f - l ine, a V A X 11 d r i ves a 
M e k a t e k in terac t ive g raph ic d i sp lay , 
runn ing the spec ia l ly d e v e l o p e d 
MERLIN s y s t e m . 

T h e No rd 1 0 0 runs a mu l t iuser , 
mu l t i t ask ing v i r tua l m e m o r y ope ra t ­
ing s y s t e m , and a CERN-deve loped 
package (DAS) c o n t r o l s all a s p e c t s 
o f da ta t a k i n g , read ing the C A M A C 
and w r i t i n g the da ta t o t a p e . T h e 
p o w e r f u l 3 2 - b i t No rd 5 0 0 uses t he 
N o r d 1 0 0 as a f r o n t e n d , and carr ies 
o u t ful l even t analys is o f samp le ev ­
en ts and accumu la t i on o f exper ­
imenta l s ta t i s t i cs , as we l l as p r o v i d ­
ing on- l ine even t d i sp lays , such as 
the one on the cove r o f our J a n u a r y / 
February issue. 

A t cur rent t r igger ra tes o f a b o u t 
one even t every t w o s e c o n d s , the re 
is no p r o b l e m w i t h t a p e w r i t i n g . Th i s 
w o u l d b e c o m e a b o t t l e n e c k if sever ­
al even t s per s e c o n d w e r e be ing re­
c o r d e d . Further real t i m e da ta reduc­
t i on wi l l be poss ib le us ing the CERN-
bui l t 168E m i c r o p r o c e s s o r s in t he 
e x t e n d e d t r igger s y s t e m . 

In the 1 9 8 2 run , s o m e 1 0 9 p r o t o n -
a n t i p r o t o n co l l is ions resu l ted in da ta 
f r o m s o m e 1 0 6 e v e n t s be ing re­
c o r d e d o n tape . Th ree t y p e s o f t r i g ­
ger — hadron j e t s , e lec t rons and 
m u o n s , all at h igh t r ansve rse m o ­
m e n t u m — w e r e run in paral le l , w i t h 
less than 10 per cen t dead t i m e . T h e 
da ta f i l led 1 0 0 0 magne t i c t a p e s . 

W h i l e the expe r imen t w a s runn ing , 
specia l t a p e s w e r e w r i t t e n per iod i ­
cal ly t o ex t rac t the m a s s o f ca l ibra­
t i on c o n s t a n t s f o r the d i f fe rent par ts 
o f the de tec to r . These c o n s t a n t s 
w e r e used in the subsequen t analy­
sis o f the r a w da ta . The e lec t ron t r i g ­
ger and se lec ted je t t r igger da ta w e r e 
ana lysed wh i l e the expe r imen t w a s 
runn ing w i t h typ ica l l y a f e w d a y s de ­
lay. T h e remain ing m u o n and je t t r i g ­
ger da ta are be ing w o r k e d o n at 
CERN, Ru ther fo rd and Sac lay , s ta r t ­
ing again f r o m the s tockp i l e o f 1 0 0 0 
r a w da ta t a p e s . 

In the of f - l ine analys is o f the e lec­
t r o n t r i gge rs , U A 1 da ta w a s f i rs t 
sub jec ted t o a f i l ter p r o g r a m t o t i gh t ­
en up the t r i gger cr i ter ia and r e c o n ­
s t ruc t w i t h prec is ion w h a t happened 
in the ca lo r ime te rs . Us ing the re­
duced da ta s a m p l e , o ther p r o g r a m s 
hand led the recons t ruc t i on o f even t s 
in the cent ra l de tec to r and app l ied 
fu r ther f i l te r ing and checks . 

The UA2 detector, designed to study the 
properties of the hadronic jets and the 
leptonic decays of weak bosons produced 
in the high energy proton-antiproton 
collisions in the CERN SPS ring. 

(Photo CERN 293.3.82) 

Final ly, f r o m a samp le o f a f e w 
hund red e v e n t s exam ined v isual ly 
us ing the MERLIN s y s t e m , 3 9 ser i ­
o u s cand ida tes rema ined and six o f 
t hese w e r e d e e m e d t o be ' c l ean ' . 

Of f - l ine, a d i f fe ren t ly f i l te red da ta 
samp le w a s ana lysed i ndependen t l y 
on the bas is o f m iss ing t r ansve rse 
ene rgy (expec ted t o be due t o an 
inv is ib le neu t r ino ) , and p r o v i d e d the 
s a m e six f inal e v e n t s . 

The UA2 experiment 

T h e U A 2 d e t e c t o r is des igned t o 
l ook at hadron ic j e t s and the decays 
o f the w e a k b o s o n s . 2 4 0 indiv idual 
lead-sc in t i l la tor and i ron-sc in t i l la tor 
s a n d w i c h coun te r s are c lus te red 
a round the co l l i s ion reg ion , and the 
f o r w a r d and b a c k w a r d c o n e s c o n ­
ta in add i t iona l lead-sc in t i l la tor coun t ­
ers f o r e lec t ron iden t i f i ca t ion , and 
magne t i c s p e c t r o m e t e r s t o measure 
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the asymmet r i c charge d is t r ibu t ions 
expec ted f r o m the lepton ic decays o f 
W b o s o n s . 

The exper imen t bene f i t ted f r o m 
t h o r o u g h initial t es t i ng and f r o m the 
f i rs t SPS col l ider run in 1 9 8 1 . Dur ing 
the big run at the end o f last year , 
cont inua l tes t ing and ca l ibra t ion en ­
sured tha t every th ing w a s in g o o d 
shape , and a l l owed rapid in te rp re ta ­
t i on o f the co l lec ted da ta . 

The t r igger logic is ga ted by the 
t im ing pulses f r o m the SPS, and f i rs t 
level event se lec t ion is based on the 
a m o u n t and the c lus ter ing o f energy 
depos i t i on . The fas t ha rdw i red elec­
t ron ics d o e s th is w i t h no apprec iab le 
dead t i m e . In the 1 9 8 2 run , abou t a 
mi l l ion t r iggers w e r e a c c e p t e d , o f 
w h i c h abou t 2 0 per cent w e r e o f the 
t y p e w h i c h cou ld con ta in e lec t rons . 

The da ta f r o m these even ts (about 

10 K b y t e s per event) goes t o t he 
e x p e r i m e n t ' s V A X 1 1 / 7 8 0 c o m p u t ­
er, w h i c h p rov ides on- l ine capabi l i ­
t ies f o r equ ipmen t t es t i ng , ca l ibra­
t i on and mon i t o r i ng , even t acqu is i ­
t i o n , d isp lay , w r i t i ng t o t a p e , e tc . 

A l l accep ted even ts w e r e co l ­
lec ted on tape f o r subsequen t o f f ­
line analys is . In add i t i on , abou t f i ve 
per cent o f the da ta , conta in ing p o ­
tent ia l ly the m o s t in terest ing e v e n t s , 
w e r e s t o r e d on an addi t ional t ape . In 
th is w a y the resul ts w e r e examined 
day by day f o r sugges t ions o f the 
w e a k b o s o n s . The full t r igger samp le 
w a s used f o r the main of f - l ine analy­
s is . 

Of f - l ine, separate p r o g r a m m o ­
du les , deal ing w i t h d i f ferent par ts o f 
the de tec to r , make fo r rapid analys is 
o f the da ta . In the search f o r the high 
t ransverse m o m e n t u m e lec t rons . 

the ca lo r imeter data w a s f i rs t sub ­
j ec ted t o a soph is t i ca ted analys is . 
Th is se lec ted ou t 3 6 3 even ts , w h i c h 
w e r e t hen e x p o s e d t o the ful l p o w e r 
o f the of f - l ine p r o g r a m s . A s a resul t , 
t he handfu l o f cand idate even ts w a s 
ob ta ined w i t h i n a f e w days o f the end* 
o f the run , and p resen ted publ ic ly in 
January . No f inal v isual se lec t ion 
w a s necessary . W i t h i n a f e w w e e k s 
o f the end o f the run , all da ta on the 
p r o d u c t i o n o f hadron je ts w a s p r o ­
c e s s e d , and deta i led phys ics analy­
sis in ful l s w i n g . 

The U A 2 da ta acquis i t ion and 
analys is s y s t e m is no t be ing pushed 
t o i ts l imi ts and cou ld a c c b m m o d a t e 
higher p r o t o n - a n t i p r o t o n in terac t ion 
ra tes w i t h o u t t o o m u c h t roub le . 
There are no immed ia te plans t o en ­
hance the t r igger s y s t e m . 

ECFA responds to its title 
The European C o m m i t t e e f o r Future 
Acce le ra to r s , ECFA, is pay ing c lose 
a t ten t ion t o the ad jec t ive ' f u tu re ' in 
i ts t i t le w i t h t w o ma jo r deve lop ­
m e n t s t o prepare f o r part ic le phys ics 
in the years t o c o m e . These w e r e 
d i scussed at the Plenary M e e t i n g o f 
ECFA in December . 

The f i rs t is , hopefu l ly , f o r the 
fa i r ly near fu tu re and conce rns the 
high energy e lec t ron -p ro ton col l id ing 
b e a m mach ine , HERA, w h i c h has 
been p r o p o s e d f o r cons t ruc t i on at 
the DESY Labora to ry (see page 9 0 ) . 
ECFA, t oge the r w i t h DESY and NIK-
HEF (the A m s t e r d a m Labora to ry ) , 
are organiz ing a W o r k s h o p w i t h the 
t i t le 'Exper imenta t ion at HERA ' , t o 
be held in A m s t e r d a m 9 - 1 1 June . 
Th is is a f o l l o w - u p t o the W u p p e r t a l 
Mee t i ng on 'Phys ics w i t h Col l iders ' 
held in Oc tobe r 1 9 8 1 (see January 
issue 1 9 8 2 ) . 

The W o r k s h o p wi l l d iv ide i ts sub ­
jec t under six headings — T e c h n o l o ­
gy fo r d e t e c t o r s . Requ i rements on 
in te rsec t ion reg ions . De tec t ion o f 
p h o t o p r o d u c t i o n and smal l p h e n o m ­
ena . De tec t ion o f charged and neu­
tral cur rent even ts and measu remen t 
o f s t ruc tu re f unc t i ons . De tec t ion o f 
exot ic par t ic les . Use o f ex is t ing de ­
t e c t o r s . 

The s e c o n d deve lopmen t invo lv ­
ing ECFA is a m o v e t o p r o m o t e ac­
ce lera tor phys ics research in Europe 
w i t h an eye on the very long t e r m 
fu tu re . The need t o s t imu la te re­
search on n e w m e t h o d s o f part ic le 
acce lera t ion f o r the mach ines w h i c h 
cou ld be needed t o tack le the phy ­
s ics o f the next century emerged 
clearly f r o m the Conference at Ox­
f o r d on T h e Chal lenge o f Ul t ra-h igh 
Energ ies ' w h i c h w a s s p o n s o r e d by 
ECFA and organ ized by the Ruther­

f o r d A p p l e t o n Labora to ry (see De­
c e m b e r 1 9 8 2 issue, page 4 0 4 ) . It is 
a lso a conce rn o f the Internat ional 
C o m m i t t e e f o r Future Acce le ra to r s , 
ICFA, w h i c h cons ide rs the p r o b l e m s 
o f part ic le acce lera tors in a w o r l d ­
w i d e c o n t e x t . 

J o h n M u l v e y , the Chai rman o f 
ECFA, p repared a paper (ECFA/ 
8 2 / 6 4 rev.) on the sub jec t ( f rom 
w h i c h the rest o f th is art ic le is largely 
drawn), , w h i c h w a s endo rsed by 
ECFA at i ts December mee t i ng . He 
f i rs t l is ted severa l t echno log ies 
w h i c h m igh t con t r ibu te t o p rog ress 
up t o near the end o f the cen tu ry . 
Supe rconduc t i ng r.f. cav i t ies o f fe r 
t he p r o s p e c t o f accelerat ing g ra ­
d ien ts o f up 10 M V per met re and 
cou ld help LEP t o reach energ ies o f 
up t o 1 2 0 GeV w i t h acceptab le p o w ­
er c o n s u m p t i o n . Copper r.f. cav i t ies 
in l inear acce le ra to rs have been 
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