
Murray Gell-Mann — attacking deep 
issues. 
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The success o f any w o r k s h o p 
or con fe rence d e p e n d s u p o n the 
p lann ing and t h o u g h t t ha t g o e s 
in to the o rgan iza t i on , and on the 
pa r t i c ipa t ion . T h e Q u a n t u m C o s ­
m o l o g y W o r k s h o p w a s f o r t u n a t e 
t o a t t rac t a large n u m b e r o f ex ­
t r eme l y t a len ted peop le . A f t e r a l l , 
t he a im w a s t o t r y t o f i nd ou t w h y 
and h o w the Un ive rse w a s c rea ted 
— no t a sub jec t f o r t he fa in t o f 
hear t . 

Part o f the success o f t he m e e t ­
ing w a s the pa r t i c ipa t ion and c o n ­
t r i bu t i on o f M u r r a y Ge l l -Mann . Re­
cen t l y , w i t h J i m Hart le o f the 
Un ive rs i t y o f Cal i forn ia at Santa 
Barbara , he has been a t t ack i ng 
deep issues at t he f o u n d a t i o n o f 
q u a n t u m mechan i cs w h i c h m u s t 
be a d d r e s s e d in the c o n t e x t o f 
c o s m o l o g y . He o p e n e d the con fe r ­
ence w i t h the o b s e r v a t i o n t ha t 
' c r a c k p o t s d o doub le d a m a g e t o 
t he f ie lds t hey popu la te by s p r e a d ­

ing m i s i n f o r m a t i o n and by p re ­
ven t i ng ser ious peop le f r o m d o i n g 
hones t resea rch . ' 

Q u a n t u m mechan i cs con ta ins 
sub t le t ies w h i c h are amp l i f i ed as 
one de lves in to t he v e r y ear l iest 
i ns tan ts o f the Big Bang . In o r d i n a ­
ry t e x t b o o k q u a n t u m m e c h a n i c s 
t he s ta te o f a s y s t e m is in f luenced 
by the o b s e r v e r ; in t he ear ly Un i ­
ve rse w h o p lays the role o f 
o b s e r v e r ? 

Ge l l -Mann and Hart le p r o p o s e 
t ha t th is d i c h o t o m y b e t w e e n o b ­
server and s y s t e m ar ises on ly 
w h e n one res t r i c ts a t t en t i on t o a 
f e w o f the inf in i te deg rees o f f r ee ­
d o m o f t he w o r l d ; i ndeed it is 
m o r e than a prac t ica l necess i t y 
t ha t one d o e s s o . T h u s in any ana ­
lysis o f t he ear ly Un ive rse as a 
q u a n t u m mechan ica l s y s t e m in 
w h i c h o n e t r a c k s a s u b s e t o f t he 
ful l inf in i te deg rees o f f r e e d o m 
there w i l l be e f fec t i ve o b s e r v e r s , 

t e r m e d IGUs ( In fo rma t ion Gather ing 
and Ut i l izat ion S y s t e m s ) by Gel l -
M a n n , ac t ing t o d i s tu rb t he s ta te 
o f the s y s t e m , bu t ar is ing sel f-
cons i s t en t l y w i t h i n the larger 
f r a m e w o r k o f t he inf in i te n u m b e r 
o f phys ica l deg rees o f f r e e d o m . 

A n o t h e r no tab le c o n t r i b u t o r w a s 
Y a k o v Z e l ' d o v i c h , one o f the b e s t -
k n o w n and m o s t r e s p e c t e d o f S o ­
v ie t phys i c i s t s . Dur ing his long and 
d i s t i ngu ished career in phys i cs and 
c h e m i s t r y he has m a d e i m p o r t a n t 
c o n t r i b u t i o n s t o t he idea o f a 
' q u a n t u m b i r t h ' o f t he Un ive rse . 
A l o n g w i t h A lexe i S t a r o b i n s k y 
(also a t t end ing ) , he p r e s e n t e d a 
h is tor ica l pe r spec t i ve o f t he i m p o r t ­
ant c o n t r i b u t i o n s o f S o v i e t p h y s i ­
c i s t s t o q u a n t u m c o s m o l o g y . 

One o f the m o s t or ig ina l and t a l ­
en ted m i n d s in phys i cs b e l o n g s t o 
S t e p h e n H a w k i n g . Fermi lab w a s 
lucky t ha t H a w k i n g ' s s e c o n d v is i t 
t o the Lab w a s dur ing the W o r k ­
s h o p . In add i t i on t o his ta l k , t he 
w o r k s h o p bene f i t ed f r o m S t e p h ­
e n ' s d e e p and p r o f o u n d q u e s t i o n s 
and o b s e r v a t i o n s . H a w k i n g re­
c o u n t e d t ha t his d i s c o v e r y o f t he 
e v a p o r a t i o n o f b lack ho les f o l ­
l o w e d c o n v e r s a t i o n s w i t h Z e l ' d o ­
v i ch . H a w k i n g and Z e l ' d o v i c h had 
m u c h t i m e t o g e t h e r at F e r m i l a b ; 
pe rhaps s o m e t h i n g equal ly p r o ­
f o u n d w i l l resul t . 

Neutron riches 

One la t te r -day phys i cs i nnova t i on 
at t he venerab le Berke ley Beva lac 
(wh i ch in i ts or ig ina l B e v a t r o n f o r m 
c a m e in to ac t i on in 1 9 5 4 ) has been 
t he p r o d u c t i o n o f h igh ene rgy 
b e a m s o f exo t i c i s o t o p e s . Pro­
d u c e d w h e n nuc lear b e a m s hit a 
t a r g e t , t he i s o t o p e s are f i l te red 
magne t i ca l l y and fu r the r ident i f ied 
by ve loc i t y and e lect r ic charge 
m e a s u r e m e n t s . 
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Japanese t e a m s p lay a p r o m i ­
nent role in th is w o r k , par t o f t he 
f ru i t fu l J a p a n - U S J o i n t P r o g r a m m e 
f o r High Energy Phys ics . 

F rom m e a s u r e m e n t s o f t he in ter ­
ac t ion ra tes o f a range o f t hese 
i s o t o p e s , phys i c i s t s w e r e able t o 
deduce the e f fec t i ve nuc lear radi i . 

W h i l e the p rope r t i es o f re la t ive ly 
s tab le i s o t o p e s agree w i t h 
m e a s u r e m e n t s m a d e us ing e lec t ron 
b e a m s , the ve ry neu t ron - r i ch n u ­
c leus l i t h ium-11 ( three p r o t o n s and 
e ight neu t rons) appea rs t o be m u c h 
larger than ne ighbour ing i s o t o p e s , 
sugges t i ng tha t s o m e t h i n g n e w is 
happen ing . 

On the nuclear 'd r ip l ine ' , l i t h ium-
11 is sa tu ra ted w i t h n e u t r o n s and 
is the heav ies t dr ip l ine nuc leus 
ye t s tud ied in deta i l . In add i t i on t o 
t he i n f o rma t i on f r o m the Beva lac 
s tud ies , l i t h ium-11 p rope r t i es 
(mass , decay m o d e s , s p i n , m a g ­
net ic m o m e n t ) have been m e a s ­
ured in e x p e r i m e n t s at CERN. 

Back in 1 9 7 2 , A . M igda l o f M o s ­
c o w s u g g e s t e d t ha t a pair o f neu ­
t r o n s , a l t hough incapab le o f b i n d ­
ing t o g e t h e r una ided , cou ld per ­
haps s t i ck t o g e t h e r w h e n a nuc leus 
is a r o u n d . T h e smal l b ind ing ene rgy 
( 1 9 0 ± 1 1 0 keV) o f t he f inal l i ­
t h i u m - 1 1 neu t ron pair , and t he f a c t 
t ha t l i t h i um-10 c a n n o t s t i ck t o ­
ge the r , s u g g e s t e d t o Gregers 
Hansen o f A a r h u s (p resen t l y at 
CERN) and Bjorn J o n s o n o f C h a l m ­
ers Un ivers i t y o f T e c h n o l o g y , G o t e -
b o r g , t ha t l i t h ium-11 cou ld be 
l o o k e d at as a ' q u a s i - d e u t e r o n ' 
w i t h a l i th ium-9 co re loose ly c o u ­
p led t o a d i neu t ron . (The d e u t e r o n , 
cons i s t i ng o f a p r o t o n and a neu ­
t r o n , is the t e x t b o o k e x a m p l e o f 
a loose ly b o u n d nucleus.) 

A c c o r d i n g t o th i s m o d e l , t he 
w e a k b ind ing b r ings a b o u t a ' n e u -
t r on i za t i on ' o f the nuclear su r face , 
w i t h the l i th ium-9 co re s u r r o u n d e d 
by a neu t ron ha lo. It is th i s halo 

w h i c h pushes ou t the nuc lear ra ­
d ius , and an es t ima te agrees w i t h 
t he va lue measu red at Berke ley . 

Th i s s u g g e s t s t ha t o the r nuclei 
at o r near the neu t ron dr ip line 
shou ld s h o w in te res t ing behav iou r . 
T h e nuclei are so loose ly b o u n d 
tha t even a ve ry so f t i n te rac t ion 
w o u l d r e m o v e the neu t ron pa i rs . 

A d d i t i o n a l expe r imen ta l i n f o r m a ­
t i on c o m e s f r o m the French G A N I L 
heavy ion acce lera tor l ook ing at 
the reac t ion ra tes o f neu t ron - r i ch 
nuclei f r o m ca rbon t o m a g n e s i u m . 
T h e GANIL w o r k s h o w s t h a t t he 
a b s o r p t i o n radius increases rap id ly 
w i t h neu t ron excess ra ther t han 
w i t h a t o m i c (p ro ton) number . 

Th i s shou ld a lso p rov ide a d d e d 
research value f o r the SIS heavy 
ion s y n c h r o t r o n n o w under c o n ­
s t ruc t i on at the D a r m s t a d t heavy 
ion L a b o r a t o r y (GSI), schedu led t o 
b e c o m e opera t iona l in 1 9 8 9 , 
w h e r e a s p e c t r o m e t e r f o r w o r k 
w i t h f as t b e a m s o f rad ioac t i ve ions 
is f o r e s e e n . 

The projectile fragmentation mass separator 
planned with the siS/ESR heavy ion 
complex now being built at the GSI 
Darmstadt Laboratory. It follows a scheme 
used first at the French GANIL heavy ion 
machine, with an initial magnetic field 
removing the primary beam, and an 
absorber introducing an additional nuclear 
dependence, so that the second dipole can 
select specific nuclei. 

DETECTORS 
High resolution 
streamer chamber 

T h e p r o d u c t i o n o f par t ic les c o n ­
ta in ing heavy qua rks us ing had ron 
b e a m s p r e s e n t s severe cha l lenges 
because o f t he l o w p r o d u c t i o n 
ra tes and the t o p o l o g i c a l c o m p l e x ­
i ty o f t he e v e n t s . T h e s e p r o b l e m s 
are espec ia l l y seve re in t he h a d r o -
p r o d u c t i o n o f ' b e a u t y ' (b) quark 
s y s t e m s w h e r e p r o d u c t i o n ra tes 
are a b o u t one par t per mi l l ion o f 
t he t o t a l i n te rac t ion rate and a t y p i ­
cal e v e n t has f i ve separa te in ter­
ac t i on ve r t i ces . 

A p r o m i s i n g a p p r o a c h is the use 
o f a a s t r e a m e r c h a m b e r w i t h a 
se t t i ng e r ro r (per s t reamer ) o f 
s o m e t en m i c r o n s and a t w o - t r a c k 
reso lu t i on in t he 3 0 - 5 0 m i c r o n 
range. Such a c h a m b e r w o u l d 
se rve as t r i ggerab le high reso lu t ion 
ve r t ex d e t e c t o r w i t h exce l len t pa t ­
t e rn r ecogn i t i on and high rate c a p a ­
bi l i ty . Even w i t h c o n s e r v a t i v e as ­
s u m p t i o n s a b o u t the p r o d u c t i o n 
ra te , s a m p l e s o f 5 0 0 B m e s o n pair 
e v e n t s per e x p e r i m e n t appear rea­
sonab le . T h e t o p o l o g i c a l r e c o n ­
s t r u c t i o n capab i l i t ies o f the s t r e a m ­
er c h a m b e r w o u l d mean tha t near ly 
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