
Nuclear extremes 

A n In te rna t iona l Con fe rence on Ex­
t r e m e S ta tes in Nuc lea r S y s t e m s 
(ESINS) w a s held in D resden f r o m 
4 - 9 February, w i t h t h ree h u n d r e d 
pa r t i c i pan ts f r o m t w e n t y coun t r i es . 
T h e Con fe rence w a s o rgan ized by 
t he Cent ra l Ins t i t u te f o r Nuc lea r 
Research , Rossendor f , and D resden 
Techn i ca l Un ive rs i t y t o r e v i e w p re ­
sen t k n o w l e d g e a b o u t nuc lear sys -
e m s under e x t r e m e cond i t i ons . 

The p r o g r a m m e — a m i x t u r e o f 
specu la t i ve ideas as w e l l as e s t a b ­
l ished k n o w l e d g e — cove red the 
f o l l o w i n g t o p i c s : c o m p r e s s i o n o f 
nuc lear m a t t e r in heavy ion co l l i ­
s ions , c rea t ion o f nuc lear c o m ­
p o u n d s in reac t ions at re la t iv is t ic 
energ ies , d y n a m i c s o f c o m p l e x n u ­
c lear s ta tes in deep ine last ic heavy 
ion reac t ions , nuc lear behav iou r at 
ve ry h igh sp in , p resen t s t a t u s o f 
c rea t i ng s u p e r h e a v y nuc le i and 
q u a n t u m e l e c t r o d y n a m i c s o f s t r o n g 
f ie lds , f o r m a t i o n o f p ion c o n d e n s a t e 
and c o r r e s p o n d i n g as t rophys i ca l 
t op i cs , m u l t i q u a r k s y s t e m s and 
quas inuc lea r n u c l e o n - a n t i n u c l e o n 
s ta tes . 

Heavy ions at relativistic energies 

High l i gh ts w e r e the recen t Ber ­
ke ley and D u b n a e x p e r i m e n t s w i t h 
re la t iv is t ic heavy ions. Us ing the 
J I N R 2 m p ropane bubb le c h a m b e r , 
ine last ic i n te rac t i ons o f c a r b o n n u ­
clei up t o energ ies o f 4 0 G e V w i t h 
t a n t a l u m and ca rbon nuc le i have 
been s tud ied . Events w i t h sequen t i a l 
co l l i s ions o f the pro jec t i le - l i ke f r a g ­
m e n t s in t he f o r w a r d d i rec t i on ind i ­
ca te t h a t t he pro jec t i le re ta ins i ts 
ind iv idua l i t y du r i ng the w h o l e p r o ­
cess, an obse rva t i on w h i c h w a s no t 
expec ted . 

T h e under l y ing d y n a m i c s o f th is 
p rocess ( for examp le , t h e role o f 
q u a r k s u b s t r u c t u r e in nucle i ) is no t 
ye t clear. S e m i - inc lus ive and exc l u ­
s ive m e a s u r e m e n t s , s u c h as are 

The logo of the International Conference on 
Extreme States in Nuclear Systems (ESINS). 
It is an artist's view of the penetration of a 
relativistic heavy ion through nuclear matter. 

p lanned w i t h t he An p last ic bal l 
d e t e c t o r n o w under c o n s t r u c t i o n by 
t h e Berke ley / D a r m s t a d t / M a r b u r g 
co l l abo ra t i on , cou ld uncove r t h e m e ­
c h a n i s m of these nuc leus -nuc leus 
co l l is ions. 

Shock waves 

N e w t h r e e - d i m e n s i o n a l f l u id 
d y n a m i c a l ca lcu la t ions f u r t he r 
s t r e n g t h e n con f i dence in t he c o n ­
cep t o f s h o c k w a v e c rea t i on in 
nuc l eus -nuc l eus co l l is ions. The peak 
in t he angu la r d i s t r i bu t i on a t t h e 
M a c h ang le fo r near ly cen t ra l co l l i ­
s ions o f n e o n on u r a n i u m has been 
qua l i t a t i ve l y c o n f i r m e d by recen t 
e x p e r i m e n t s of t he Frank fu r t g r o u p 
by se lec t i ng ou t h igh mu l t i p l i c i t y 
even ts . 

For i n t e r m e d i a t e i m p a c t p a r a m e t ­
ers, s h o c k w a v e d y n a m i c s p red ic t s 
t h a t t w o nuc lear res idues w i l l be 
k i cked apa r t in de f in i te az imu tha l 

n 

d i rec t i ons . Exper imenta l l y , th i s has 
been seen in t h e Berke ley co inc i ­
d e n c e m e a s u r e m e n t s . Th is looks l ike 
t he s ta r t o f t h e s tudy o f h igh ly 
c o m p r e s s e d nuc lea r ma t te r . 

Nuclear collectivity 

Severa l c o n t r i b u t i o n s d e m o n ­
s t ra ted t h a t g rea t p rogress has been 
m a d e in t he i nves t i ga t i on of nuc lear 
s t r u c t u r e a n d d y n a m i c s , and n e w 
f a c e t s o f ' nuc lea r co l lec t i v i t y ' are 
n o w unde r s tudy . 

The idea o f t h e p ion c o n d e n s a t e 
requ i red t h e ana lys is o f co r re la ted 

Discussion between ST. Belyaev of the 
Kurchatov Institute Moscow (at the 
microphone) and R. Bock of Darmstadt 
(right) after a talk on heavy ion reactions 
leading to extreme states in nuclear systems. 
Seated is P. Radvanyi of Saclay. 

(Photo Akademie der Wissenschaften der 
DDR) 
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par t i c le -ho le s ta tes w i t h d i f fe ren t 
p ion q u a n t u m n u m b e r s . Par t ic le-
hole i n te rac t ion m o d e s b e c o m e c r i t i ­
cal w h e n m o m e n t u m t rans fe rs are 
g rea te r t han t w i c e the p ion mass . 
S u c h exc i ta t ions can be i nves t i ga ted 
in p ro ton sca t te r i ng reac t ions on 
nuc le i . It is t o be h o p e d t h a t t he 
energy reso lu t ion requ i red t o do 
these expe r imen ts w e l l w i l l b e c o m e 
avai lab le in t he near f u tu re . N o 
expe r imen ta l ev idence o f p ion c o n ­
densa te in ac tua l nuc le i has ye t been 
f o u n d . 

Nuc lear ro ta t i ons are n o w s tud ied 
c lose t o the sp in reg ion , w h e r e r o t a -
t iona l l y i nduced f i ss ion se ts in. 
Re f ined g a m m a - g a m m a co inc i ­
dence t echn iques m a k e it poss ib le t o 
f i nd band in te rsec t ions a w a y f r o m 
t h e Yras t level by se lec t i ng t r a n s i ­
t i ons w i t h near ly equa l energ ies . 
M o s t o f these in te rsec t ions can be 
we l l u n d e r s t o o d f r o m t h e resu l ts of 
t he ro ta t i ng quas ipar t i c le mode l . 
V e r y in te res t ing i n f o r m a t i o n is ex­
pec ted to c o m e f r o m these s tud ies 
o f t he ro ta t iona l f i ss ion process . 

Extreme states in heavy ion 
collisions 

Recent e x p e r i m e n t s at D a r m s t a d t , 
us ing acce le ra ted u r a n i u m - 2 3 8 ions 
on a u r a n i u m - 2 3 8 ta rge t , gave a 
l o w e r l imi t f o r t he t i m e it t akes fo r 
t he t w o nuc le i t o b reak up (3 t o 
4 x 1 0 _ 2 1 s ) in a sequen t ia l decay 
(even fo r t he heav ies t i n t e rmed ia te 
s y s t e m s w i t h a t o m i c n u m b e r s 
g rea te r t han 1 10 ) . Th is shor t t ime , 
w h i c h is charac te r i s t i c o f deep 
ine last ic heavy ion co l l is ions, m a n i ­
f es t s i tself in a rap id ba lanc ing of the 

A rkadi Migdal (Moscow) speaking about 
phase transitions in neutron matter and 
dynamics of nuclear stars. 

(Photo Akademie der Wissenschaften der 
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charge b e t w e e n the f r a g m e n t s . H o w 
is t h e charge t r anspo r t ed t h r o u g h 
t he neck of the doub le nuc lear 
s y s t e m as the f iss ion deve lops ? One 
poss ib le exp lana t ion is t he exc i ta t i on 
of t he i sovec to r g ian t d ipo le m o d e , 
rep resen t ing a long i tud ina l v ib ra t i on 
of the s y s t e m . 

S o m e e x t r e m e nuc lear s ta tes 
have a l ready lost the i r specu la t i ve 
cha rac te r and en te red in to t he rea lm 
of k n o w n p h e n o m e n a . N o w heavy 
ion phys ics has a lot o f o t he r n e w 
cha l l eng ing p r o b l e m s t o so lve. A s 
t h e f ie ld deve lops , c lose c o n n e c t i o n s 
b e t w e e n h igh energy par t ic le phys i ­
c is ts a n d l o w energy nuc lear phys i ­
c is ts are ve ry i m p o r t a n t and the 
ES INS Conference d id a lot t o 
s t r e n g t h e n these con tac t s . 

The help of L Munchow, one of the 
local organizers of the Conference, in 
preparing this report is much appre­
ciated. 

LOS ALAMOS 
New linac 
structure works 
One of t he p ro jec ts in t he A c c e l e r a ­
t o r T e c h n o l o g y Div is ion at Los 
A l a m o s is t h e des ign o f t he Fusion 
Ma te r i a l s I r rad ia t ion Tes t Faci l i ty 
(FMIT ) w h i c h is t o be bu i l t at 
Han fo rd . T h e concep t , w h i c h o r ig i ­
na ted at B rookhaven , is t o acce ler ­
a te a cu r ren t o f 1 0 0 m A of d e u t e -
rons to 3 5 M e V and s t r ip t h e m t o 
y ie ld a h igh f lux o f 1 4 M e V neu t rons . 
S u c h a f lux w i l l be e n c o u n t e r e d in 
f us i on reac to rs and can t hus be used 
t o i nves t iga te mater ia l p roper t ies f o r 
t he reac tors . 

A n idea t h a t Los A l a m o s dec ided 
t o t r y f o r F M I T e m e r g e d f r o m t h i n k ­
ing a b o u t a s imi la r p ro jec t in t he 
U S S R ( f r o m I.M. Kapch insk i o f ITEP 
and I. T e p l e k o v o f Se rpukhov ) . It t r ies 
t o respond , in one s t ruc tu re at t h e 
i npu t end o f t h e l inac, t o t he needs o f 
t he p re l im ina ry acce le ra t ion , b e a m 
f o c u s i n g and b e a m bunch ing . C o n ­
ven t i ona l s t r uc tu res requi re s e p a ­
rate s y s t e m s fo r all th ree f unc 
t ions .The idea is par t icu lar ly a t t r ac ­
t i ve fo r t he f i rs t s tage of a l inac 
w h e r e b u n c h i n g needs t o be 
ach ieved t o g ive the b e a m the r igh t 
f o r m to pass t h r o u g h a s u b s e q u e n t 
c o n v e n t i o n a l s t ruc tu re and w h e r e 
m a g n e t i c f ie lds have t o be re la t ive ly 
h igh t o ach ieve b e a m f o c u s i n g 
( w h i c h is ve loc i t y dependen t ) . 

The n e w s t ruc tu re goes under t he 
n a m e o f rad io f requency quadrupo le , 
RFQ. It has f ou r poles runn ing the 
leng th o f a v a c u u m tube w h i c h is f e d 
w i t h r.f. p o w e r . The po les are sca l ­
loped so t h a t t he t ips near t he b e a m 
are spaced f u r t h e r and f u r t h e r apar t 
as t he b e a m m o v e s a long t he tube . 
The sca l lop ing ach ieves e lec t r ic 
f ie lds w h i c h p roduce acce le ra t ion 
and b u n c h i n g . A l t e rna te pole t ips are 
nega t i ve and pos i t i ve t o p roduce 


