
SUMMARY OF THE SECOND INTERNATIONAL 
WORKSHOP O N PLASMA FOCUS AND 
RELATED PHENOMENA, MOSCOW, USSR, 
SEPTEMBER 21-23, 1981 

INTRODUCTION 

A b o u t 3 0 fo re ign a n d 75 Sovie t sc ient is ts f r o m 10 
c o u n t r i e s t o o k p a r t in th i s S e c o n d I n t e r n a t i o n a l W o r k s h o p 
o n Dense Plasma F o c u s ( D P F ) . T w e n t y - f o u r pape r s were 
p r e s e n t e d a n d th i s f ina l d o c u m e n t was deve loped d u r i n g 
a f ive-hour in tens ive d iscuss ion. P r e s e n t a t i o n s r e p r e s e n t e d 
m o r e t h a n 4 0 ins ta l la t ions of DPF- l ike faci l i t ies in 15 
coun t r i e s . 

STATEMENTS ABOUT DPF PHYSICS 

Scaling Laws 

In a very large range of energies ( f r o m 10 k J t o t h e 
m a x i m u m o p e r a t i o n a l ene rgy achieved t o d a t e o f 7 0 0 
k J ) , t h e phys ics of t h e D P F is invar iant . T h u s , p lasma 
behav io r , as well as t h e energy d i s t r i b u t i o n of par t ic les 
p r o d u c e d , is obse rved t o b e subs tan t i a l ly i n d e p e n d e n t of 
t h e energy . F o r n e u t r o n o p t i m i z e d regimes, t h e n e u t r o n 
yield scales as t h e f o u r t h p o w e r o f t h e p i n c h cu r r en t . 
H o w e v e r s o m e d ivergence f r o m th i s scaling law occurs 
a t h igh energies ( > 6 0 0 k J ) , a p p a r e n t l y d u e t o u n c o n t r o l l e d 
a n d p o o r l y u n d e r s t o o d p h e n o m e n a occu r r ing du r ing ear ly 
s tages o f t h e d ischarge . 

T h e use of h igh vol tages has n o t d e m o n s t r a t e d a n y 
in t r ins ic v i r tue u p t o n o w , b u t th i s can al low, at h igh 
b a n k energies , a p r o p e r e lect r ical a n d gas -dynamica l m a t c h -
ing. H o w e v e r , u l t r a h igh vol tage t e c h n o l o g y ( 1 0 0 t o 1 0 0 0 
k V ) has n o t y e t b e e n app l ied t o t h e D P F . 

Neutron Production 

S u b s t a n t i a l p rogress has b e e n m a d e in t h e u n d e r s t a n d i n g 
of n e u t r o n p r o d u c t i o n . Converg ing e x p e r i m e n t a l ev idence 
p o i n t s t o t h e fo l lowing m o d e l : m o s t n e u t r o n s are d u e t o 
t h e i n t e r a c t i o n b e t w e e n re la t ively l o w dens i ty ( 1 0 1 7 t o 10 1 8 

c m " 3 ) p l a sma s t r u c t u r e s a n d m e d i u m energy ( < 1 0 0 - k e V ) 
ions c o n f i n e d f o r a l ong pe r iod of t i m e in a se l f -sus ta ined 
m a g n e t i c c o n f i g u r a t i o n . F u r t h e r e x p e r i m e n t a l w o r k , such 
as i m p r o v e d t i m e a n d space r e so lu t i on o f t h e n e u t r o n 
source , is r equ i r ed f o r a f ina l assessment o f t h e m o d e l . 

H igh energy d e u t e r o n b e a m s ( > 3 0 0 k e V ) p lay o n l y 
a m i n o r ro le in n e u t r o n p r o d u c t i o n . H o w e v e r , t he r e is 
a d i rec t t i m e co r re l a t ion b e t w e e n t h e o c c u r r e n c e of mic ro-
t u r b u l e n c e s a n d t h e o u t s e t of n e u t r o n p r o d u c t i o n . 

Beam Production 

Presen t e x p e r i m e n t a l obse rva t ions ru le o u t t h e possi-
b i l i ty of us ing a D P F as an ion b e a m g e n e r a t o r t o dr ive 
pel le t i m p l o s i o n s d u e t o t h e re la t ively low b e a m e f f i c i ency , 
large b e a m divergence , large energy sp read , a n d an u n f a v o r -
able scaling as a f u n c t i o n of p i n c h c u r r e n t . H o w e v e r , f o r 
i n t ense e l ec t ron b e a m g e n e r a t i o n , m e d i u m energy devices 
have s h o w n in t e re s t ing p r o p e r t i e s , inc lud ing a h igh overal l 
e f f i c i ency , f avo rab le scal ing (/beam ~^pinch) 5 a n d a re la t ively 
small d ivergence of t h e e x t r a c t e d b e a m . E x p e r i m e n t s a t 

h igh energy levels are n e e d e d t o f u r t h e r assess t h e a t t rac t ive-
ness of us ing D P F in th i s f a sh ion . 

A New Class of Experiments 
Several p lasma f o c u s devices of t h e c o n v e n t i o n a l o r 

t h e h y p o c y c l o i d a l t y p e can b e c o m b i n e d t o p r o d u c e long-
lived p lasmas . T h e behav io r of such sys t ems a t h igh energy 
levels m u s t be inves t iga ted in o r d e r t o assess t he i r p o t e n t i a l 
f o r use in var ious f ie lds of f u s i o n a n d t e c h n o l o g y . 

STATEMENTS ON PRESENT PROGRAMS 

A l m o s t all D P F act ivi t ies were r ep re sen t ed a t t h e 
w o r k s h o p . A m a j o r i t y of t h e D P F g r o u p s are l oca t ed in 
univers i t ies b u t a f e w large g r o u p s are in f u s i o n l abo ra to r i e s 
( K u r c h a t o v , Lebedev , F rasca t i , P o l a n d , e tc . ) . T h e un ivers i ty 
g r o u p s have genera l ly j u s t i f i ed the i r p r o g r a m s in t e r m s 
of bas ic s tudies . Howeve r , g r o u p s in f u s i o n l abo ra to r i e s 
face t h e p r o b l e m of de f in ing the i r goals in t h e genera l 
f r a m e w o r k of n a t i o n a l f u s i o n p rog rams . T h e e x c h a n g e 
o f i n f o r m a t i o n b e t w e e n var ious l abo ra to r i e s appea r s satis-
f a c t o r y . T h e c o o r d i n a t i o n of act ivi t ies has b e e n very 
success fu l in s o m e speci f ic cases, b u t shou ld b e f u r t h e r 
enlarged. 

STATEMENTS ON FUTURE PROGRAM 

B e f o r e c o n s t r u c t i n g m u l t i - m e g a j o u l e devices, it is 
necessary t o o v e r c o m e d i f f i cu l t i e s m e t at ~ 7 0 0 k J . F o r 
th i s p u r p o s e , several ins ta l l a t ions a t , o r s l ightly above , 
t h e m e g a j o u l e level shou ld b e available. C o n s i d e r a t i o n of 
large devices shou ld be c o n t i n u e d . T h e i m p l e m e n t a t i o n 
of a c o o r d i n a t e d e x p e r i m e n t a l , t heo re t i c a l , a n d c o m p u -
t a t i o n a l e f f o r t t o ana lyze t h e d i f f i cu l t i e s at th is level is 
u rgen t ly n e e d e d . 

I t is necessary t o deve lop an e x t e n d e d set o f d iagnost ics , 
in pa r t i cu la r , f o r t h e n e u t r o n - p r o d u c i n g phase . Specia l 
a t t e n t i o n m u s t be pa id t o l ow energy ions ( < 1 0 0 k e V ) 
a n d t u r b u l e n c e in t h e D P F . 

T h e possible c o m b i n a t i o n o f t h e D P F w i t h o t h e r ex te r -
nal pulsed sources shou ld b e inves t iga ted f u r t h e r . 

T h e p o t e n t i a l use of t h e D P F f o r f u s i o n app l i ca t i ons 
was discussed. Advan tages i nc lude h igh Q, f avorab le scaling, 
a n d s impl ic i ty . D r a w b a c k s are p r e sen t t r o u b l e s a t 7 0 0 
k J a n d t h e lack of a c red ib le r e a c t o r c o n c e p t u a l design. 

O n e proposal t o a t t a c k t h e l a t t e r p r o b l e m was t o 
c rea te a r e a c t o r design g r o u p in t h e U S S R . 

Po t en t i a l uses o f t h e D P F in o t h e r t echno log ie s t h a t 
w e r e cons ide red , such as p rov id ing a p o w e r f u l n e u t r o n 
sou rce (e.g., app l i ca t ions of pu lsed sources in phys ics a n d 
t e c h n o l o g y ) , w o u l d r equ i r e a m a j o r d e v e l o p m e n t f o r h igh 
f l uences app l i ca t ions . O t h e r app l i ca t ions n o t e d i n c l u d e 
laser p u m p i n g and var ious med ica l app l i ca t ions . Poss ible 
app l i ca t ion of b e a m gene ra t i on t o iner t ia l c o n f i n e m e n t 
f u s i o n appea r s t o be l imi ted t o e l ec t ron b e a m s . Use of 
t h e D P F f o r phys ics and t ra in ing is o f obv ious in te res t 
f o r univers i t ies and has t h e advan tage of p r o d u c i n g an 
in t e res t ing p lasma at l o w cos t . 

In conc lus ion , it appea r s t h a t energy p r o d u c t i o n shou ld 
b e t h e m a j o r goal of large D P F groups . I n t e r n a t i o n a l colla-
b o r a t i o n in t h e D P F c o m m u n i t y is n o w in a f avorab le 
s i tua t ion . This m a y m a k e it poss ible ( and des i rable) t o 
p r o p a g a t e t h e e x c h a n g e of d iagnos t ics a n d t e c h n o l o g y 
b e t w e e n g roups . 
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THE NEXT WORKSHOP 

I t was dec ided t o h o l d t h e T h i r d W o r k s h o p o n P lasma 
F o c u s in 1 9 8 3 in A a c h e n , F e d e r a l R e p u b l i c of G e r m a n y , 
a f t e r t h e E l e v e n t h E u r o p e a n C o n f e r e n c e o n C o n t r o l l e d 
F u s i o n a n d P lasma Physics . H. He ro ld will serve as t h e 
c o n f e r e n c e execu t ive . 

O. Krokhin 
N. Kalachev 

A c a d e m y of Sc ience 
P. N . L e b e d e v Phys ics I n s t i t u t e 
L e n i n s k y P r o s p e k t 5 3 
M o s c o w , U S S R 

J a n u a r y 5, 1 9 8 2 

Editor's Comment: The Plasma Focus Workshop sum-
marized here was held in conjunction with the Tenth 
European Conference on Controlled Fusion and Plasma 
Physics, Moscow, USSR, September 16-19, 1981. This 
summary was prepared by Professor O. Krokhin, executive 
for the workshop and Dr. N. Kalachev, scientific secretary. 
A significant effort in the elaboration of this summary 
was put forth by the chairman of the closing session, 
Dr. C. H. Maisonnier. A brief comment on the conference 
itself appeared earlier in Nuclear Technology/Fusion, 
2,135 (1982). 

SUMMARY OF THE U.S.-JAPAN WORKSHOP 
ON DRIFT WAVE TURBULENCE, 
AUSTIN, TEXAS, JANUARY 11-15, 1982 

This w o r k s h o p w a s held at t h e Univers i ty of T e x a s a n d 
was o rgan ized b y t h e I n s t i t u t e f o r F u s i o n S tud ies ( I F S ) 
u n d e r t h e a g r e e m e n t b e t w e e n t h e U n i t e d S ta t e s and J a p a n 
f o r t h e e x c h a n g e of i n f o r m a t i o n in t heo re t i c a l p l a s m a 
phys ics . T h e r e were a p p r o x i m a t e l y 3 0 invi ted sc ien t i f ic 
p a r t i c i p a n t s : 6 f r o m J a p a n and 2 4 f r o m t h e Un i t ed S ta tes . 
T h e r e w e r e six sessions w i t h f o r m a l p r e s e n t a t i o n s a n d t w o 
sessions f o r i n f o r m a l d iscuss ions of k e y issues in t h e p r o b -
lem of d r i f t wave t u r b u l e n c e and a n o m a l o u s t r a n s p o r t . 

T h e r e were t w o m a j o r goals of t h e w o r k s h o p . T h e f i rs t 
goal was t h e c o n t i n u i n g e f f o r t t o i d e n t i f y t h e m o r e p laus ib le 
a n o m a l o u s t r a n s p o r t m e c h a n i s m s t h a t t a k e place in h igh 
t e m p e r a t u r e m a g n e t i c c o n f i n e m e n t sys tems . T h e s econd 
goal was t h e e x c h a n g e o f r e cen t resu l t s b e t w e e n theo r i s t s , 
c o m p u t e r s imula t ion i s t s , and e x p e r i m e n t e r s . Lead ing scien-
t i s t s r ep r e sen t i ng these t h r e e a p p r o a c h e s ( t h e o r y , exper i -
m e n t , and s imu la t i on ) m a d e p r e s e n t a t i o n s reviewing t h e 
s t a te -o f - the -a r t in the i r respect ive areas. F r o m these p resen-
t a t i ons , a genera l sense of u n d e r s t a n d i n g emerged as a 
p r i m a r y p r o d u c t of t h e w o r k s h o p . S o m e of t h e p r o b l e m s 
r e p o r t e d a n d issues discussed were t h e fo l lowing . 

T h e e x p e r i m e n t e r s r e p o r t e d improved r e s o l u t i o n in t h e 
k, co space of t h e measu red f l u c t u a t i o n s , e x t e n s i o n of t h e 
f l u c t u a t i o n m e a s u r e m e n t s t o n e w mach ines , a n d measu re -
m e n t s o f m a g n e t i c f l u c t u a t i o n s in low t e m p e r a t u r e exper i -
m e n t s . T h e o r i s t s p r e s e n t e d a l t e rna t ive e x p l a n a t i o n s f o r t h e 
c h a r a c t e r o f t h e f l u c t u a t i o n spec t ra based o n r e n o r m a l i z e d 
d r i f t wave t u r b u l e n c e t heo r i e s and t h e so lu t i on of n o n l i n e a r 
diss ipat ive sys t ems exh ib i t i ng in t r ins ic c h a o t i c behav io r . In 

c o n t r a s t t o t h e weak ly co r re l a t ed t u r b u l e n c e theor ies , t h e 
J a p a n e s e emphas i zed t h e i m p o r t a n c e of large-scale corre-
la ted s t r u c t u r e s such as convec t ive cells and sol i tons . A n 
i n t e r m e d i a t e p o i n t of view of t h e t u r b u l e n c e was i n t r o d u c e d 
b y a t h e o r y con t a in ing a large n u m b e r o f r a n d o m l y dis t r ib-
u t e d so l i tons f o r m i n g an ideal gas of s t rongly co r re l a t ed 
ob j ec t s . S i m u l a t i o n s were p re sen t ed b y t h e J a p a n e s e of t h e 
col l is ions b e t w e e n d r i f t wave sol i tons . A t h e o r e t i c a l p i c t u r e 
c o n t a i n i n g s t rong phase space co r r e l a t i ons called " c l u m p s " 
gave an a l te rna t ive f o r m u l a f o r t h e f l u c t u a t i o n s p e c t r u m . 

S imu la t i ons o f d r i f t wave t u r b u l e n c e above ( s t rong 
g rad ien t s ) a n d b e l o w ( w e a k g rad ien t s ) t h e ion c y c l o t r o n 
f r e q u e n c y a n d t h e measu red t r a n s p o r t o f pa r t i c les and 
t h e r m a l energy w e r e r e p o r t e d b y J a p a n and t h e Un i t ed 
S ta tes . A n e w s imu la t ion t e c h n i q u e o f f e r i n g t h e poss ibi l i ty 
o f g rea t ly e x t e n d e d p a r a m e t e r var ia t ions and long t i m e r u n s 
w a s also p r e s e n t e d . 

Discuss ions o n t h e f o r m u l a s f o r a n o m a l o u s t r a n s p o r t 
c en t e r ed o n t h e f ac t t h a t , n o t w i t h s t a n d i n g t h e i m p o r t a n c e 
o f empir ica l scaling laws t ha t syn thes ize large a m o u n t s of 
e x p e r i m e n t a l d a t a b y a pa r t i cu la r p a r a m e t e r i z a t i o n , t h e 
a p p r o a c h of charac te r iz ing t h e c o n f i n e m e n t b y a f o r m u l a 
f o r t h e g loba l energy r e p l a c e m e n t t i m e TE is an overs impl i -
f i c a t i o n of t h e issue s ince t r a n s p o r t , a t o m i c phys ics , and 
h e a t i n g m e c h a n i s m s are in te r re la ted in p o w e r ba lance . T h e 
t h e r m o d y n a m i c p r o p e r t i e s of a n o m a l o u s t r a n s p o r t w e r e 
a n a l y z e d . 

In a d iscuss ion session, t h e q u e s t i o n was d e b a t e d as t o 
w h e t h e r it is n o w t imely to assemble t h e p resen t d i f f e r en -
t i a t ed areas of k n o w l e d g e r e p r e s e n t e d at th i s w o r k s h o p i n t o 
an in teg ra ted d a t a base giving t h e p r e s e n t u n d e r s t a n d i n g in 
t h e f ield of a n o m a l o u s t r a n s p o r t . A l t h o u g h no consensus 
was a p p a r e n t o n th is issue, t h e r e was a s e n t i m e n t in t h e 
d i r e c t i o n t h a t t h e p resen t u n d e r s t a n d i n g m a y well b e 
s t ronger t h a n genera l ly real ized. It is also clear, h o w e v e r , 
t h a t m a n y n e w a n d d i f f i cu l t p r o b l e m s c o n t i n u a l l y emerge , 
and the i r so lu t ions will change o u r u n d e r s t a n d i n g of t h e 
p r o b l e m of a n o m a l o u s t r a n s p o r t . 

T h e p roceed ings of t h e w o r k s h o p a re available as I F S 
R e p o r t # 5 3 . 

Wendell Horton 
Univers i ty of Texas a t A u s t i n 
I n s t i t u t e f o r F u s i o n S tud i e s 
A u s t i n , T e x a s 7 8 7 1 2 

F e b r u a r y 16, 1982 

REPORT O N THE FOURTH SYMPOSIUM O N 
THE PHYSICS AND TECHNOLOGY OF 
COMPACT TOROIDS, LIVERMORE, 
CALIFORNIA, OCTOBER 2 7 - 2 9 , 1981 

T h e F o u r t h S y m p o s i u m o n t h e Physics and T e c h n o l o g y 
of C o m p a c t T o r o i d s was h o s t e d b y L a w r e n c e L i v e r m o r e 
Na t iona l L a b o r a t o r y ( L L N L ) . A t t e n d e e s , n u m b e r i n g 80 , 
hea rd 10 review pape r s in t h r e e m o r n i n g p l e n a r y sessions, 
and i n t e r ac t ed in t w o a f t e r n o o n p o s t e r sessions w h e r e s o m e 
4 5 c o n t r i b u t i o n s were p r e s e n t e d . T h e r e were seven par t ic i -
p a n t s f r o m overseas, inc luding six sc ient is ts f r o m J a p a n 
and o n e f r o m the Fede ra l R e p u b l i c of G e r m a n y . I m m e -
dia te ly fo l lowing the s y m p o s i u m , a t w o - d a y j o i n t U.S.-
J a p a n w o r k s h o p o n c o m p a c t t o r o i d research was he ld . 
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