
LEP physics 

C o n s t r u c t i o n o f t he 2 7 k m LEP 
e l e c t r o n - p o s i t r o n Col l ider at CERN 
pushes re lent less ly f o r w a r d . Less 
ev iden t , bu t j us t as v i t a l , is t he 
w o r k f o r t he f ou r b ig d e t e c t o r s 
w h i c h w i l l be ready t o i n te rcep t 
LEP's f i rs t co l l id ing b e a m s t o w a r d s 
the end o f 1 9 8 8 (see M a y issue , 
page 1). Desp i te t h e s e d a y - t o - d a y 
"Veoccupations o f c o n s t r u c t i o n 
c«nd p repa ra t i on , t he u l t ima te a im 
o f th i s m a m m o t h p ro jec t is t o d o 
n e w phys i cs . 

T h e poss ib i l i t ies f o r o p e n i n g up 
n e w areas o f phys i cs f o r e x p l o r a ­
t i o n and m e a s u r e m e n t w e r e spe l led 
ou t in deta i l be fo re t he p ro jec t w a s 
a c c e p t e d by CERN Counc i l in 1 9 8 1 . 
H o w e v e r in t he m e a n t i m e t he W 
and Z par t i c les , the car r ie rs o f t he 
w e a k nuclear f o r c e , w e r e d i s c o v ­
e red at CERN in 1 9 8 3 , p r o v i d i n g 
d rama t i c c o n f i r m a t i o n o f e l ec t ro -
w e a k un i f i ca t ion . 

A t CERN and e l s e w h e r e , ev i ­
dence con t i nues t o accumu la te in 
f a v o u r o f t he Q u a n t u m C h r o m o d y -
nam ics (QCD) p ic tu re o f i n te r -quark 
*Qrces. T o g e t h e r , e l e c t r o w e a k un i -

j a t i o n and QCD are t h e t w i n p i l ­
lars o f the 'S tanda rd M o d e l ' o f 
t o d a y ' s phys i cs . 

E lec t ron -pos i t r on co l l i s ions at 
p resen t l y avai lable m a c h i n e s at 
t he German DESY L a b o r a t o r y in 
H a m b u r g and at S t a n f o r d in the 
US have revea led no s ign o f the 
l o n g - a w a i t e d s ix th ' t o p ' qua rk , t he 
b ig m iss ing l ink in t he S t a n d a r d 
M o d e l . H o w e v e r s o m e c lues are 
p r o v i d e d by the U A 1 e x p e r i m e n t 
w h i c h bene f i t s f r o m the h igher 
energ ies at CERN's p r o t o n - a n t i p r o -
t o n Col l ider. 

M e a n w h i l e t heo r i s t s have c o n ­
t i nued the i r e f f o r t s t o e x t e n d the 
S tanda rd M o d e l . No ev i dence f o r 
any o f t hese n e w ideas , s o m e o f 
t h e m ve ry appea l i ng , has been 
f o u n d , bu t t h e y w i l l s t a n d o r fal l 
by w h a t is f o u n d at LEP. 

Gunther W o l f , t hen cha i rman o f 
t he LEP Exper imen ts C o m m i t t e e , 
s u g g e s t e d t o J o h n Ellis and Rober ­
t o Pecce i , t he t w o t h e o r i s t s o n the 
C o m m i t t e e , tha t t he t i m e w a s r ipe 
f o r a fu r the r su rvey o f the phys i cs 
poss ib le w i t h the n e w mach ine . 
Five ma in areas w e r e iden t i f i ed , 
and w o r k i n g g r o u p s w e r e se t up 
con ta in ing expe r imen te rs f r o m 
the f ou r LEP co l l abo ra t i ons and 
t h e o r i s t s . 

T h e f i ve areas are — prec is ion 
s tud ies a round the Z (the carr ier 
o f the e lectr ica l ly neutra l par t o f 
t he w e a k nuclear f o r c e ) ; so -ca l led 
' t o p o n i u m ' cons i s t i ng o f a t o p 
quark b o u n d t o i ts an t i qua ry -
searches f o r n e w pa r t i c l es ; h igh 
ene rgy LEP running b e y o n d t he 
f o r e s e e n init ial level o f a r o u n d 
5 0 GeV per b e a m ; and Q C D and 
heavy quark phys i cs . 

Cal led 'Phys ics at LEP' , t he f i n d ­
ings o f the w o r k i n g g r o u p s have 
n o w been pub l i shed in t w o w e i g h t y 
t o m e s w h i c h shou ld se rve as a 
usefu l h a n d b o o k f o r the expe r ­
imen ta l i s t s once the da ta s t a r t s t o 
rol l in . 

Another breakthrough for the LEP 
electron-positron Collider at CERN. 

Z physics 

T h e w o r k i n g g r o u p c o m m i s ­
s i oned t o l ook at phys i cs a round 
the Z c a m e t o n u m b e r o f de f in i te 
c o n c l u s i o n s : 
— the m a s s and w i d t h o f t he Z 

peak shou ld be easi ly m e a s u r a ­
ble at LEP; 

— the use o f po lar ized (spin 
o r ien ted ) b e a m s is seen as a 
' na tu ra l ' r e q u i r e m e n t ; 

— in fer r ing t he n u m b e r o f t y p e s 
o f neu t r i no shou ld be e a s y ; 

— any n e w heavy par t ic les (fer-
m ions ) c o m i n g f r o m add i t iona l 
qua rk fami l ies shou ld have 
d e t e c t a b l e e f f e c t s ; 

— the e lus ive H iggs b o s o n (the 
s o u r c e o f m a s s in the e lec t ro -
w e a k t heo ry ) m i g h t remain so 
if t he par t ic le is heav ier t han 
a b o u t 5 0 G e V ; 

— the de l ica te f o r w a r d - b a c k w a r d 
a s y m m e t r i e s in th is s e c t o r 
shou ld g ive i m p o r t a n t p rec is ion 
m e a s u r e m e n t s . 
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After an epic journey from the Soviet Union 
by ship, barge and lorry, one of the modules 
for the magnet of the DELPHI experiment 
at LEP finally arrives at CERN. 

(Photo CERN 108.4.86) 

Toponium 

T h e s t u d y o f t he b o u n d s t a t e s 
o f t o p qua rks and the i r an t i qua rks 
is seen as an ideal l a b o r a t o r y f o r 
t he S t a n d a r d M o d e l , bu t a lo t d e ­
p e n d s o n j us t w h e r e t he s t a t e s are 
g o i n g t o be f o u n d . If t h e y fal l r ight 
o n t o p o f the Z near 9 3 G e V then 
a lot o f w o r k w i l l be requ i red t o 
unrave l t h e m . 

If t he t o p o n i u m g r o u n d s ta te 
t u r n s o u t t o be l ighter t han t h e Z 
(as U A 1 h in ts ) , cu r ren t e s t i m a t e s 
o f LEP p e r f o r m a n c e ind ica te t h a t 
it shou ld be poss ib le t o f i nd severa l 
h igher s t a t e s in e x p e r i m e n t s t a k i n g 
a f e w m o n t h s . 

If t o p o n i u m is h e a v y , it b e c o m e s 
m o r e d i f f icu l t t o m a n u f a c t u r e and 
i ts phys i cs b e c o m e s c o r r e s p o n d ­
ingly m o r e d i f f icu l t . 

T o p o n i u m phys i cs is seen as 
c o m p l e m e n t a r y t o Z p h y s i c s , p r o ­
v id ing inc is ive t e s t s o f m a n y cur ­
rent t heo re t i ca l ideas. 

New particles 

In the i r e f f o r t s t o un i fy all t he 
f o r c e s in Nature and t o co r re la te 
the i r v e r y d i f fe ren t s t r e n g t h s , t h e ­
o r i s t s have c o n j e c t u r e d m a n y di f ­
f e ren t n e w par t i c les . 

T h e w o r k i n g g r o u p e n t r u s t e d 
w i t h l ook ing at the imp l i ca t i ons f o r 
LEP o f t hese n e w par t ic les 
s t r e s s e d the i m p o r t a n c e in the i r 
v i e w o f the ' M a s s P r o b l e m ' — the 
or ig in o f m a s s in t he e l e c t r o w e a k 
s e c t o r t h r o u g h the 'H iggs m e c h a n ­
i s m ' . The i r r epo r t p r o v i d e s exper ­
imen te rs w i t h a c o m p r e h e n s i v e 
l is t ing o f m a n y o f t he p red i c t ed 
p rope r t i es o f t he H iggs and re la ted 
par t ic les and h o w t h e y m igh t be 
p i cked ou t f r o m the LEP d a t a , if 
t hey w e i g h less t han a b o u t 
1 0 0 GeV . 

Higher energies 

T h e t a s k o f t he f o u r t h w o r k i n g 
g r o u p w a s t o l ook in to the phys i cs 
imp l i ca t ions o f runn ing LEP b e y o n d 
the init ial ly p lanned level o f a b o u t 
5 0 GeV per b e a m . 

I n t he cou rse o f th i s s t u d y ' , the i r 
repo r t s t a t e s , ' i t b e c a m e ev iden t 
t o us t ha t t he phys i cs po ten t ia l o f 
runn ing LEP II ( i.e. h igher energ ies) 
is cons ide rab le , o f a level c o m p a r ­
ab le , if no t g rea te r , t o t ha t o f t he 
initial s tage o f LEP' . 

A s w e l l as o p e n i n g up the p o s ­
s ib i l i ty o f p r o d u c i n g n e w par t ic les 
(as l o o k e d in to by the th i rd w o r k ­
ing g r o u p ) , h igher energ ies c o u l d 
a lso f i nd ev idence f o r any deepe r 
subs t ruc tu re o f m a t t e r ins ide t he 
qua rks and l e p t o n s , c o n s i d e r e d as 
po in t l i ke and ind iv is ib le in t he 
S t a n d a r d M o d e l . T h e d i s c o v e r y o f 
a n e w layer o f m a t t e r w o u l d in 
i tsel f m a k e LEP a tu rn ing po in t in 
the h i s to ry o f phys i cs . 

In a d d i t i o n , h igher energ ies 

w o u l d exp lo re n e w areas o f t h e 
S tanda rd M o d e l , w h e r e the re are 
sti l l m a n y u n m e a s u r e d p a r a m e t e r s . 

In c o n c l u s i o n , t he g r o u p re i ter­
a tes ' i t is o f in te res t t o push t he 
b e a m ene rgy t o t he m a x i m u m 
poss ib le va lue ' . 

T h e i m p o r t a n c e o f h igher ener­
g ies at LEP has s t imu la ted a w o r k ­
s h o p o n th is phys i cs t o be held in 
A a c h e n f r o m 2 9 S e p t e m b e r t o 
1 O c t o b e r . (Further i n f o r m a t i o n 
f r o m W o r k s h o p LEP 2 0 0 , III. Phy-
s ika l isches Ins t i tu t R W T H A a c h e n , 
P h y s i k z e n t r u m , S o m m e r f e l d -
s t r asse , D - 5 1 0 0 A a c h e n , W e s t 
Germany . ) 

QCD and heavy quark physics 

The f i f t h w o r k i n g g r o u p under ­
l ined t he i m p o r t a n c e o f e l e c t r o n -
p o s i t r o n annih i la t ion as a w i n d o w 
o n quark d y n a m i c s , po in t i ng o u t 
the s u c c e s s e s o b t a i n e d at ex is t i ng 
( l ower energy) e lec t ron m a c h i n e s . 

T h e e x p e c t e d phys i cs a r o u n d 
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Around the Laboratories 

t he Z peak and the h igh e x p e c t e d 
Z y ie ld o f severa l mi l l ion a year 
( c o m p a r e d w i t h t he h u n d r e d or s o 
f o u n d in severa l yea rs at t he CERN 
p r o t o n - a n t i p r o t o n Col l ider) o p e n 
up deta i led QCD s tud ies . 

Th i s g r o u p a lso c o v e r e d p h o t o n -
p h o t o n co l l i s ions , w h e r e p h o t o n 
m e s s e n g e r par t ic les in te rac t w i t h 

ch o the r ra ther t h a n an e lec t ron 
o r p o s i t r o n t a rge t , p r o v i d i n g an 
add i t iona l phys i cs w i n d o w . 

A s we l l as p r o b i n g f o r t he t o p 
qua rk , LEP w o u l d o p e n up the 
s p e c t r o s c o p y o f t he f i f t h (beauty) 
q u a r k , o f w h i c h on l y t he sur face 
has been s c r a t c h e d s o far . 

Th i s cou ld p r o v i d e a f u r t he r 
b a t c h o f par t ic les w h i c h have u n ­
usual p rope r t i es under t he c o m ­
b ined CP o p e r a t i o n ( s w i t c h i n g par ­
t ic le t o ant ipar t ic le and lef t t o 
r igh t ) . CP v i o l a t i on , cu r ren t l y re­
s t r i c t ed t o t he neut ra l k a o n s , is 
n o t we l l u n d e r s t o o d . ' I t w i l l no t 
su rp r i se m a n y o f us if CP v io la t i on 
b e c o m e s the Ach i l l es heel o f t he 
S t a n d a r d M o d e l ' , t he g r o u p c o n -

*udes. 'LEP e x p e r i m e n t s are cer-
^mly we l l e q u i p p e d t o t a k e a im 

at t h a t ! ' . 
W h e n the da ta s t a r t s t o rol l i n , 

t he p r o n o u n c e m e n t s o f t he 'Phy­
s ics at LEP' s t u d y m a y re f lec t m o r e 
our cu r ren t i gno rance t h a n en l igh t ­
e n m e n t . But t ha t is w h y LEP is 
be ing bui l t — t o exp lo re t he 
u n k n o w n . 

Heavy ions 
CERN's venerable Linac 1, 
which normally provides 50 
GeV protons, accelerated in 
april a beam of oxygen 6+ ions 
to MeV (12.5 MeV/nucleon), 
the injection energy required 
for CERN's heavy ion research 
programme later this year. 
Meanwhile Brookhaven takes 
another step towards its long 
term project of a relativistic 
heavy ion collider (RHIC). In 
April, oxygen ions from the 
Tandem Van der Graaff were 
transferred to the AGS, Alter­

nating Gradient Synchrotron, 
the first time this venerable 
26-year old machine had seen 
anything other than proton 
beams. The heavy ion pro­
gramme will be helped by the 
advent of a Booster at the 
AGS (enabling, amongst other 
things, fully stripped ion spe­
cies beyond sulphur to be in­
jected into the AGS) for which 
construction has been autho­
rized (see January/February 
issue, page 21). A prototype 
magnet for the Booster is now 
under test. 

Inside the pressure vessel of one of 
Brookhaven s twin Van de Graaff machines 
which now provide heavy ions ready for 
acceleration in the Alternating Gradient 
Synchrotron. 
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