
m a s s energy (TeV range) , bu t one 
p rov id i ng l um inos i t y a round 1 0 3 2 per 
c m 2 per s. It m u s t be a l inear mach ine 
t o avo id the bu rden o f ene rgy loss by 
s y n c h r o t r o n rad ia t ion . T h e W o r k ­
s h o p the re fo re c o n c e n t r a t e d on n e w 
t e c h n o l o g i e s w h i c h m i g h t o p e n up 
the poss ib i l i t y o f m u c h h igher ene rgy 
e l ec t r on -pos i t r on co l l iders at s ign i f i ­
can t l y reduced cos t . T o ge t t he h igh 
l um inos i t y , b e a m f o c u s i n g w i l l need 
t o be s t ronge r than used up t o n o w 
and abi l i ty t o handle s u b - m i c r o n size 
b e a m s has no t ye t been d e m o n ­
s t r a t e d . H o w e v e r S t a n f o r d w i l l be 
c o n f r o n t i n g a c o m p a r a b l e cha l lenge 
in a f e w yea rs ' t i m e at t he S L A C 
Linear Col l ider. 

T h e in ter re la t ion b e t w e e n the var ­
ious pa ramete rs t ha t can be s p e ­
c i f ied fo r such a mach ine is qu i te we l l 
u n d e r s t o o d and a l ist o f needs , in 
o rde r t o ach ieve m u c h h igher ener­
g ies w i t h g o o d l um inos i t i es , can 
the re fo re be w r i t t e n d o w n . T h e y in ­
c lude be t te r qual i ty par t ic le s o u r c e s , 
w a y s t o sus ta in b e a m qua l i t y , m u c h 
be t te r e f f ic ienc ies in c o n v e r t i n g 
p o w e r ' f r o m the wa l l p l u g ' t o p o w e r 
in the b e a m , h igher acce le ra t ing 
f ie lds . . . T h e last o f t hese requ i re ­
m e n t s has been rece iv ing m o s t a t ­
t e n t i o n so far in the search f o r n e w 
techn iques bu t , s o m e w h e r e a long 
the l ine, the o the rs w i l l need ser ious 
a t t en t i on a lso . 

A t the W o r k s h o p , t he t echn iques 
w e r e cons ide red under severa l h e a d ­
ings . 'Near f i e l d ' dev i ces inc lude i m ­
p r o v e m e n t s t o the c o n v e n t i o n a l l inac 
w h e r e w o r k is u n d e r w a y f o r e x a m p l e 
at S t a n f o r d and N o v o s i b i r s k . The re 
is par t icu lar in terest ( to push up the 
acce le ra t ing f ie lds b e y o n d t he 
1 0 0 M e V per m a l ready ach ieved) in 
g rea t l y i m p r o v e d p o w e r s o u r c e s . A n 
in te res t ing d e v e l o p m e n t has 
e m e r g e d in a p ro jec t f o r 1 T e V co l l i d ­
ing l inacs w h i c h has w i d e par t i c ipa ­
t i o n f r o m ins t i tu tes in J a p a n . T h e y 
are w o r k i n g on a n e w t y p e o f r. f. 

p o w e r sou rce cal led a laser t ron a i m ­
ing f o r 10 G W . 

Other near f ie ld s c h e m e s are t w o -
b e a m acce le ra to rs (under s t u d y at 
Berkeley) and w a k e f ie ld acce lera­
t o r s (DESY). T h e y b o t h act as t r ans ­
f o r m e r s t a k i n g energy f r o m a c o m ­
para t ive ly l o w energy , h igh cur ren t 
b e a m and pass ing it t o w h a t be ­
c o m e s a l o w cur ren t , h igh energy 
b e a m . Severa l s t ruc tu res f o r t w o -
b e a m s c h e m e s are be ing d e v e l o p e d 
and a w a k e f ie ld s t ruc tu re shou ld be 
ready fo r t e s t s nex t year . A n e w idea 
in th is c a t e g o r y c o m e s f r o m Bob 
Palmer at B r o o k h a v e n w h o has i m a g ­
ined b e a m pass ing t h r o u g h a s t ruc ­
tu re m a d e o f sp ray d rop le t s ' p l a s m a -
f i e d ' by laser rad ia t ion . T e s t s w i t h 
ar rays o f synch ron i zed j e t s s h o w e d 
remarkab le d rop le t pos i t i ona l r egu ­
lar i ty bu t , as one par t i c ipan t e legant ­
ly pu t i t , ' t he techn ique is f raugh t w i t h 
po ten t ia l d i f f i cu l t ies ' . 

'Far f i e l d ' dev i ces , such as t he 
inverse f ree e lec t ron laser, d o no t 
s e e m t o have gone far . It l o o k s as if 
s y n c h r o t r o n rad ia t ion e f fec ts kil l 
t hese ideas. 

' M e d i a ' dev i ces w e r e the ones t ha t 
s t i r red up m o s t exc i t emen t at t he 
O x f o r d m e e t i n g and tha t e x c i t e m e n t 
is st i l l a l ive. The essence o f t he 
s c h e m e is t o beat t w o laser w a v e s 
t o g e t h e r , c rea t ing ve ry h igh acceler ­
a t ing f ie lds in a p lasma. T h e p r o d u c ­
t i on o f such beat w a v e s has been 
d e m o n s t r a t e d as has the feas ib i l i t y 
o f s o m e par t ic le acce le ra t ion . M a n y 
cen t res are i nvo l ved in theore t i ca l 
and expe r imen ta l w o r k a n d , t h o u g h 
the re are c lear ly m a n y p r o b l e m s 
ahead , no th i ng has been e n c o u n ­
t e red so far t o d a m p the h igh e n t h u ­
s i a s m . 

It w a s imp ress i ve at t he W o r k s h o p 
t o see the rate at w h i c h in teres t in 
n e w acce le ra t ion techn iques has 
t a k e n ho ld . In the t w o years s ince the 
real izat ion b e c a m e s t r o n g tha t c o n ­
ven t iona l acce le ra to rs are h i t t ing up 

aga ins t t he s t o p s , a lot o f t h i nk ing 
has g o n e in to t he sub jec t . A t Frascat i 
it w a s even m o r e imp ress i ve t o see 
tha t expe r imen ta l c h e c k s on th is 
t h ink ing are a lso u n d e r w a y . 

Local equilibrium 

From 3 -6 S e p t e m b e r the First Inter­
nat iona l W o r k s h o p on Local Equi l i ­
b r i um in S t r o n g In te rac t ion Phys ics 
t o o k p lace in Bad -Honne f at t he Phy­
s ics Cent re o f t he German Physical 
Soc ie ty . 

The re are c o m m o n p h e n o m e n a 
and m e t h o d s in d i f fe ren t ene rgy re­
g i m e s o f s t r o n g in te rac t ion phys i cs 
(nuclear and par t ic le phys ics) w h i c h 
are in t ima te ly l inked w i t h local equ i ­
l i b r ium, a c o n c e p t fami l iar in m a c r o ­
scop i c p h y s i c s , bu t less popu la r in 
m i c r o s c o p i c phys i cs . T h e s imp les t 
examp le f r o m e v e r y d a y life is a s y s ­
t e m in w h i c h the t e m p e r a t u r e is n o n ­
u n i f o r m . Such a s i tua t ion is h o w e v e r 
a lso m e t in nuclear and par t ic le phy ­
s ics in t he p h e n o m e n o n o f ' h o t 
s p o t s ' (see M a r c h 1 9 7 9 issue, page 
2 4 ) . But local equ i l ib r ium has a m u c h 
w i d e r range o f app l i ca t i ons . T h u s 
such t o p i c s o f h igh cur ren t in teres t 
as phase t rans i t i ons and qua rk -g luon 
p l a s m a , as w e l l as the app l icab i l i ty o f 
h y d r o d y n a m i c a l and s ta t is t i ca l m e t h ­
o d s in genera l , w h i c h are so usefu l 
w h e n the n u m b e r o f par t ic les and 
deg rees o f f r e e d o m are large, as is 
the case in s t r o n g in te rac t ion phy ­
s i cs , are d i f f icu l t t o conce i ve w i t h o u t 
the ex i s tence o f local equ i l ib r ium. 

T h a t is p r o b a b l y the reason tha t 
th is w o r k s h o p , c o n v e n e d by D. 
K. S c o t t (Mich igan) and R. M . W e i n e r 
(Marburg) cou ld a t t rac t so m a n y 
leading e x p e r t s f r o m all ove r t he 
w o r l d . 

A n u m b e r o f t a l ks c o v e r e d the ex­
pe r imen ta l and theore t i ca l i nves t iga ­
t i on o f t he ' h o t s p o t s ' e f fec t , b o t h in 
h igh energy par t ic le phys i cs and in 
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Some of the participants at the First 
International Workshop on Local Equilibrium 
in Strong Interaction Physics, which took 
place in September at Bad-Honnef, West 
Germany. 

i n te rmed ia te energy nuclear phys i cs . 
In th is last d o m a i n th is e f fec t has 
b e c o m e one of t he ma in t o o l s o f 
i nves t i ga t i on , be ing used by s o m e 
researchers even f o r ' a p p l i c a t i o n s ' , 
l ike the s t u d y o f phase t r ans i t i ons . 
A s a poss ib le m e c h a n i s m f o r t he fo r ­
m a t i o n o f ho t s p o t s in nuclear m a t ­
te r , so l i t ons w e r e s u g g e s t e d . 

Great in teres t cen t red o n the large 
f l uc tua t i ons o b s e r v e d by t he CERN 
U A 5 expe r imen t s t u d y i n g p r o t o n -
a n t i p r o t o n co l l i s ions at 5 4 0 GeV c o l ­
l is ion energy in the n u m b e r o f p r o ­
d u c e d secondar ies in n a r r o w ( rapid i ­
ty) in te rva ls , w h i c h w e r e r e p o r t e d by 
K. B o c k m a n n (Bonn). T h e q u e s t i o n 
w h e t h e r t hese f l uc tua t i ons are on ly 
o f s ta t is t ica l nature or w h e t h e r t h e y 
are due t o ho t s p o t s in qua rk -g l uon 
p l asma , as s u g g e s t e d by L. V a n 
H o v e (CERN), has ye t t o be a n ­
s w e r e d . Simi lar f l uc tua t i ons in p r o ­
ton -nuc leus reac t ions at 3 0 0 GeV 
labo ra to ry energy w e r e r e p o r t e d f o r 

the f i rs t t i m e at th is m e e t i n g by 
E. M . Fr iedlander (Berkeley) . 

T h e de te rm ina t i on o f s izes and l i fe­
t i m e s of sou rces (hot spo ts? ) b o t h in 
nuclear and par t ic le phys i cs w a s 
ano ther t o p i c o f d i scuss ion . T h e 
m e t h o d used fo r th is d e t e r m i n a t i o n 
is again insp i red f r o m m a c r o s c o p i c 
phys i cs , be ing essent ia l ly equ iva len t 
t o the in te r fe rence m e t h o d used f o r 
t he m e a s u r e m e n t o f radi i o f s t a r s ; 
t he role o f p h o t o n s (light) is p layed in 
m i c r o s c o p i c phys ics by m e s o n s , nu ­
c léons or l ight nucle i . A n i m p o r t a n t 
p iece o f ev idence fo r ' ho t s p o t s ' in 
nuclei at i n te rmed ia te energ ies re­
p o r t e d by Gelbke (Michigan) re fe r red 
t o the fac t t ha t t he in ter fe rence ( t w o -
b o d y cor re la t ions) e f fec t is o b s e r v e d 
on ly f o r t he high energy p r o t o n s , 
c o n f i r m i n g thus tha t t he em i t t i ng 
sou rce is indeed ' h o t ' . Simi lar obse r ­
va t i ons w e r e repo r ted earl ier at h igh ­
er energ ies in heavy ion co l l i s i ons ; 
t he s a m e in ter fe rence m e t h o d w a s 

used t o d e t e r m i n e the f reeze-ou t 
dens i t y o f nuclear ma t te r . 

T h e ana logy b e t w e e n a s t r o n o m y 
and par t ic le phys i cs g o e s h o w e v e r 
m u c h fu r ther . L ight b e a m s can be 
b o t h cohe ren t ( laser-l ike) and chao t i c 
( incoherent ) and the s a m e dual i ty is 
e x p e c t e d t o ho ld f o r m e s o n i c f i e lds , 
t o o . Th is m a y have i m p o r t a n t imp l i ­
ca t i ons f o r our unde rs tand ing o f 
s t r o n g in te rac t ion d y n a m i c s , be ing 
poss ib l y c o n n e c t e d w i t h the ex is t ­
ence f o r e x a m p l e o f g luon or quark -
an t iquark c o n d e n s a t e s in hadron ic 
and p ion c o n d e n s a t e s in nuclear 
ma t te r . 

T h e recen t m e a s u r e m e n t s in e lec­
t r o n - p o s i t r o n reac t ions f r o m DESY 
r e p o r t e d by P. M â t t i g and f r o m S L A C 
r e p o r t e d by G. Go ldhaber s h o w 
s t r o n g ev idence tha t a ve ry large 
a m o u n t o f cohe rence (over 9 0 per 
cent) charac ter izes the p ion f ie lds in 
t hese reac t i ons . Th is ev idence is 
n o w based on t w o i ndependen t ex ­
pe r imen ta l f a c t s : the Bose-E ins te in 
t w o - b o d y co r re la t i ons and the mu l t i ­
p l ic i ty d i s t r i bu t i ons o f secondar ies . 

A s a po in t o f h is tor ica l in teres t it 
shou ld be m e n t i o n e d tha t t he Bose -
Einste in co r re la t i on e f fec t d i s c o v ­
ered by G. Go ldhaber , S. Go ldhaber , 
Lee and Pais and k n o w n as the GGLP 
e f fec t had i ts 2 5 t h ann iversary at th is 
w o r k s h o p . G. Go ldhabe r ' s r e v i e w 
ta lk (p resen ted by P. Mat t ig ) s u m ­
mar ized t he sub jec t b o t h in par t ic le 
and heavy - i on phys i cs . 

T h e re la t ionsh ip b e t w e e n had ron 
p r o d u c t i o n in e l ec t r on -pos i t r on and 
h a d r o n - h a d r o n reac t ions in genera l 
w a s the sub jec t o f severa l t a l ks . 
W h i l e Barshay (Aachen) t r ea ted th is 
re la t ionsh ip f r o m the po in t o f v i e w o f 
t he i m p a c t pa ramete r . P lumer et a l . 
(Marburg) i n t r oduced the ine last ic i ty 
d i s t r i bu t i on as an a l te rna t i ve , w h i c h 
has the a d v a n t a g e tha t it is no t 
d e p e n d e n t on g e o m e t r i c cons ide ra ­
t i ons and is d i rec t l y access ib le t o 
m e a s u r e m e n t s . Th is phys ica l quan t i -
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t y has i m p o r t a n t imp l i ca t i ons in t he 
in te rp re ta t ion o f many -pa r t i c l e p r o ­
duc t i on p r o c e s s e s , s ince it appea rs 
t ha t t hese p r o c e s s e s d e p e n d on t he 
actua l energy d e p o s i t e d in to the s y s ­
t e m rather t han the t o ta l avai lab le 
energy . Th is ine las t ic i ty , w h i c h is 
a lso re la ted t o the lead ing par t ic le 
e f fec t in hadron ic i n te rac t i ons , can 
be d e t e r m i n e d even t by even t in ha­
d ron ic in te rac t ions and re la ted t o t he 
behav iour in e l e c t r o n - p o s i t r o n reac­
t i o n s at t he app rop r i a te ene rgy . 

One in te res t ing app l i ca t i on o f t he 
ine last ic i ty d i s t r i bu t i on d i s c u s s e d at 
Bad-Honne f is a poss ib le exp lana t i on 
o f t he cor re la t ion b e t w e e n t he aver­
age t ransve rse m o m e n t u m o f 
secondar ies and the mu l t ip l i c i t y 
w i t h i n Landau ' s h y d r o d y n a m i c a l 
m o d e l . Th is is a sub jec t o f h igh cur­
rent in terest s ince it m a y be c o n ­
nec ted w i t h a phase t rans i t i on t o 
qua rk -g luon p lasma . W h i l e so far 
th is co r re la t ion w a s k n o w n on ly in 
p r o t o n - p r o t o n (ISR) and p r o t o n - a n t i -
p r o t o n (CERN Coll ider) r eac t i ons , at 
Bad-Honne f , M â t t i g p r e s e n t e d f o r 
t he f i rs t t i m e expe r imen ta l resu l ts on 
th is e f fec t in e l e c t r o n - p o s i t r o n reac­
t i o n s . 

T h e m e e t i n g , s p o n s o r e d by t he 
Deu tsche F o r s c h u n g s g e m e i n s c h a f t , 
w a s a success . It cer ta in ly c lar i f ied 
severa l i m p o r t a n t p r o b l e m s c o n ­
nec ted w i t h local equ i l ib r ium in 
s t r o n g in te rac t ion phys i cs and 
b r o u g h t up n e w resu l ts and v i e w ­
po in t s . T h e p roceed ings are be ing 
pub l i shed by W o r l d Sc ient i f i c . 

(From Richard Weiner) 

Muon-catalyzed fusion 
revisited 

A nega t i ve m u o n can induce nuclear 
f u s i o n in the reac t ion o f d e u t e r o n and 
t r i t o n nuclei g iv ing a he l ium nuc leus , 

a neu t ron and an emerg ing nega t i ve 
m u o n . T h e m u o n f o r m s a t i gh t l y -
b o u n d d e u t e r o n - t r i t o n - m u o n m o l e ­
cule and fus ion f o l l o w s in a b o u t 
1 0 ~ 1 2 s. T h e n the m u o n is f ree again 
t o induce fu r the r reac t ions . T h u s the 
m u o n can serve as a ca ta lys t f o r 
nuclear f u s i o n , w h i c h can p r o c e e d 
w i t h o u t t he need fo r the high t e m p e r ­
a tu res w h i c h are needed in the c o n ­
f i n e m e n t and inert ial f us ion 
s c h e m e s . A t r o o m t e m p e r a t u r e , up 
t o 8 0 f us i ons per m u o n have recent ly 
been o b s e r v e d at the L A M P F m a ­
chine at Los A l a m o s , and it is c lear 
tha t th is n u m b e r can be e x c e e d e d . 
T h e s e and o ther resu l ts w e r e p re ­
sen ted at a s u m m e r W o r k s h o p on 
Muon -Ca ta l yzed Fusion held in J a c k ­
s o n , W y o m i n g . A p p r o x i m a t e l y f i f t y 
sc ien t i s ts a t t e n d e d f r o m A u s t r i a , Ca­
nada , India, I ta ly, J a p a n , S o u t h A f r i ­
ca , W e s t Ge rmany , and the Un i ted 
S ta tes . T h e W o r k s h o p i tsel f is s y m ­
bol ic o f t he rev iva l o f in te res t in th is 
sub jec t . 

M u o n - c a t a l y z e d (p ro ton -deu te ron ) 
f us ion w a s f i rs t o b s e r v e d in 1 9 5 6 by 
Luis A l va rez and co l leagues in hy­
d r o g e n bubb le chamber e x p e r i m e n t s 
at Berke ley , bu t the e f fec t had been 
p red i c ted as early as 1 9 4 8 by 
F. C. Frank and A . D. Sakha rov . Fo l ­
l o w i n g a br ief f lur ry o f in teres t in t he 
m i d - 5 0 s , in te res t w a n e d f o l l o w i n g 
p red i c t i ons o f , at m o s t , on ly a f e w 
f us i on cyc les dur ing the m u o n l i fe­
t i m e . 

M u o n ca ta lys is has rece ived re­
n e w e d a t t en t i on dur ing the pas t six 
years or so pr imar i ly because o f t he 
w o r k o f t he Sov ie t t heo r i s t L. I. Pono -
marev and his co l leagues , w h o have 
d e v e l o p e d a m o d e l o f resonan t f o r ­
m a t i o n o f t he m u o n mo lecu les . In th is 
m o d e l , a smal l neutra l t r i t o n - m u o n 
a t o m can pene t ra te a D 2 or DT m o l e ­
cule and t h e n link w i t h a deu te ron t o 
f o r m a d e u t e r o n - t r i t o n - m u o n m o l e ­
cular ion w i t h o u t b reak ing up the e l ­
ec t ron ic hos t mo lecu le . T h e ion 

se rves as one o f t he nuclear cen t res 
o f t he e lec t ron ic mo lecu le . T h e ener­
gy re leased as t he ion f o r m s m u s t be 
a b s o r b e d by the v ib ra t i on and ro ta ­
t i on o f t he e lec t ron ic mo lecu la r c o m ­
plex. Th i s m u o n - m o l e c u l a r f o r m a t i o n 
p r o c e s s d e p e n d s on the ex is tence o f 
a v e r y l oose ly b o u n d exc i ted s ta te o f 
t he mo lecu le . O b s e r v a t i o n s o f ve r y 
rap id mo lecu la r f o r m a t i o n ra tes 
(about 1 0 9 per s) and p r o n o u n c e d 
d e p e n d e n c e o f t ha t rate on the t e m ­
pera tu re o f t he d e u t e r o n - t r i t o n m ix ­
tu re lend s t r o n g s u p p o r t t o th is e x o t ­
ic m o d e l . 

T h e f ie ld is n o w bu rgeon ing w i t h 
e x p e r i m e n t s at D u b n a , Gatch ina , Los 
A l a m o s , V a n c o u v e r , and Zur i ch . Eff i ­
c ient m e a n s o f p r o d u c i n g m u o n s in a 
d e d i c a t e d fac i l i t y are be ing d is ­
c u s s e d (for e x a m p l e , us ing rad io - f re ­
q u e n c y quad rupo le p re -acce le ra to rs 
and neu t ron - r i ch pro jec t i les and tar ­
ge ts ) . Based o n recent d e v e l o p ­
m e n t s , severa l pa r t i c ipan ts o f t he 
W o r k s h o p b r o a c h e d the sub jec t o f 
p o w e r p r o d u c t i o n by m e a n s o f 
m u o n - c a t a l y z e d f u s i o n . Ev ident ly , 
th is l o n g - s t a n d i n g d r e a m o f h igh e n ­
e rgy phys i c i s t s w i l l be r e - e x a m ­
ined . 

Fur ther i n f o r m a t i o n on the W o r k ­
s h o p can be o b t a i n e d f r o m the 
organ izer , S t e v e n J o n e s , Idaho Na­
t iona l Eng ineer ing Lab . , P.O. Box 
1 6 2 5 , Idaho Fal ls, ID 8 3 4 1 5 . 

Shower Simulation 

A three-day meeting on the 
Simulation of Hadronic and 
Electromagnetic Showers 
will be held in the CERN Coun­
cil Chamber beginning on 
Tuesday 29 January 1985. 
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