
t h e HERA e l e c t r o n - p r o t o n Co l l i de r 
n o w u n d e r c o n s t r u c t i o n at t h e 
G e r m a n DESY L a b o r a t o r y in H a m ­
b u r g w i l l a t ta in e n e r g i e s fa r be­
y o n d t h o s e c u r r e n t l y used t o 
p r o b e nuc le i w i t h l e p t o n b e a m s . 

T h u s t h e T o p i c a l C o n f e r e n c e o n 
t h e Q u a r k S t r u c t u r e o f M a t t e r he l d 
in S t r a s b o u r g a n d K a r l s r u h e f r o m 
26 S e p t e m b e r t o 1 O c t o b e r w a s 
espec ia l l y i n t e r e s t i n g . T h e f i r s t 
m e e t i n g t o be j o i n t l y o r g a n i z e d by 
t h e Soc ie te Frangaise de P h y s i q u e 

(SFP) a n d t h e Deu tsche Phys ika -
l ische Gese l l scha f t (DPG) a n d 
b r i n g i n g t o g e t h e r 160 pa r t i c i pan t s , 
it e m p h a s i z e d t he in te r faces be­
t w e e n par t i c le phys i cs , m e d i u m 
e n e r g y phys i cs a n d nuc lear p h y s ­
ics. These are be ing s t r e n g t h e n e d 
because of t h e g r o w i n g in te res t in 
t h e q u a r k s t r uc tu re o f m a t t e r , a n d 
it w a s i n te res t i ng t o see t ha t t h e 
researchers f r o m d i f f e ren t f i e l ds 
w e r e no t in any w a y i so la ted . 

Hos t i n s t i t u t i o n s w e r e t h e Par l ia­

m e n t a r y A s s e m b l y o f t h e C o u n c i l 
o f E u r o p e a n d t h e loca l Cen t re de 
Recherches Nuc lea i r es in S t ras ­
b o u r g a n d t h e U n i v e r s i t y in Kar ls ­
ruhe . C o - c h a i r m e n o f t h e 
O r g a n i z i n g C o m m i t t e e w e r e H. 
M e y e r f r o m W u p p e r t a l , p r e s i d e n t 
o f t h e pa r t i c le p h y s i c s d i v i s i o n o f 
t h e DPG, a n d M a u r i c e J a c o b f r o m 
CERN, c u r r e n t l y p r e s i d e n t o f t h e 
SFP. 

By Maurice Jacob 

Nuclear truth 

There is no single 'true'pic­
ture of the nucleus. Instead, 
there are many alternative 
pictures, all equally 'true' 
within their own regions of 
validity. A relative newcomer 
on the scene, but no less 
'true' than the others, is the 
description in terms of the 
quarks and g/uons which are 
the constituents of the nu-
cleons and other particles in­
side nuclei. Summing up at 
the Conference on Nuclear 
Physics with Electromagnetic 
Probes, held in Paris earlier 
this year, Tor/eif Ericson of 
CERN showed just how many 
facets there are to the nuclear 
'truth'. 

Torleif Ericson - the many truths of nuclear 
physics 

W h a t is t h e ' c o r r e c t ' w a y t o v i e w 
t h e nuc leus? S h o u l d w e v i e w it as 
a s y s t e m o f i n t e r a c t i n g n u c l e o n s 
or as a s y s t e m o f i n t e r a c t i n g q u a s i -
par t ic les? Is it m o r e v a l i d t o d is ­
cuss it in t e r m s o f pa r t i c le degree? 
of f r e e d o m ? Is it n o t m o r e ' f u n d a ­
m e n t a l ' t o a s s u m e t h a t t h e n u ­
c leus is a s y s t e m o f qua rks? W h a t 
is r i gh t? W h a t is t h e ' t r u t h ' ? 

In m a n y a reas o f p h y s i c s , t h e r e 
are a l t e r n a t i v e p i c t u r e s , co r res ­
p o n d i n g t o a w h o l e s p e c t r u m of 
v i e w p o i n t s w h i c h d e p e n d o n t h e 
f r a m e w o r k a n d t h e sca le . It al l de ­
p e n d s o n h o w o n e looks at t h e 
p r o b l e m s a n d o n w h a t is e m p h a ­
s ized . N u c l e a r p h y s i c s is espec ia l l y 
w e l l - e n d o w e d w i t h a l t e rna t i ve de ­
s c r i p t i o n s . 

N e a r l y c lass ica l m o d e s o f co l lec­
t i ve nuc l ea r e x c i t a t i o n s have been 
i n v e s t i g a t e d f o r a l o n g t i m e , bu t 
e v e n in t h i s w e l l e x p l o r e d f i e l d 
t h e r e are s t i l l n e w f ea tu res . A p re ­
d i c t i o n m a d e a f e w y e a r s a g o t h a t 
in a d e f o r m e d n u c l e u s p r o t o n s 
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Electron scattering experiments give this 
striking distribution for a single nucleon in 
a high density nuclear region. 

a n d n e u t r o n s c o u l d bea t a g a i n s t 
each o t h e r in a sc isso r - l i ke m o d e 
c o r r e s p o n d i n g t o a m a g n e t i c d i -

o l e e x c i t a t i o n has n o w b e e n 
seen . A t t h i s l eve l , nuc le i a p p e a r 
l ike c h u n k s o f p r o t o n - n e u t r o n m a t ­
ter . 

H o w e v e r e l e c t r o n s c a t t e r i n g ex­
p e r i m e n t s have in recen t y e a r s 
c lea r l y d e m o n s t r a t e d h o w i n d i v i d ­
ua l n u c l e o n s c o n t r i b u t e t o nuc l ea r 
s t r u c t u r e (see M a r c h 1984 i ssue , 
p a g e 64). T h u s it is a lso t r u e t h a t 
nuc le i cons i s t o f n u c l e o n s e v e n in 
t h e i r denses t r e g i o n s , e n a b l i n g 
m a n y f e a t u r e s t o be e x p l a i n e d in 
t e r m s o f t w o - n u c l e o n i n t e r a c t i o n s 
caused by t h e e x c h a n g e o f s i n g l e 
b o s o n s . 

M o r e t h a n e i g h t y y e a r s a f te r i ts 
d i s c o v e r y by R u t h e r f o r d , t h e h u m ­
b le a l pha pa r t i c le is s t i l l an i n v a l u ­
ab le s o u r c e o f nuc lea r i n f o r m a t i o n . 
C o n v e n t i o n a l l y t h o u g h t o f as t h e 
m o s t sphe r i ca l a n d s y m m e t r i c a l o f 

al l nuc le i , t h e a lpha has n o w been 
f o u n d i ns tead t o be a d e f o r m e d 
n u c l e u s ! 

O the r d i scove r i es s h o w t h e l i m i ­
t a t i o n s o f e x p l a n a t i o n s in t e r m s o f 
t w o n u c l e o n i n t e r a c t i o n , d e m a n d ­
ing t h r e e - b o d y f o r ces , w h i l e fu r ­
t h e r c lues s h o w c lear l y t h a t a 
p i c tu re o f nuc le i as iner t n u c l e o n s 
has de f i n i t e l i m i t a t i o n s . 

For a l o n g t i m e it w a s tac i t l y as­
s u m e d t h a t t h e nuc leus is a sys ­
t e m o f non - re la t i v i s t i c n u c l e o n s . 
H o w e v e r in t h e past f e w yea rs 
t h e r e has been inc reas ing specu la ­
t i o n t h a t t h e c o m p o n e n t n u c l e o n s 
are i ns tead re la t iv is t i c (see J u n e 
i ssue , p a g e 183), a n d n o w o n e 
c lear case o f re la t i v i t y has been 
seen in l o w e n e r g y nuc lea r p h y s ­
ics ( p h o t o d i s i n t e g r a t i o n o f t h e 
d e u t e r o n ) . 

A n o t h e r w e l l es tab l i shed nuc lea r 
phys i cs p i c t u re i n v o l v e s e x p l a i n i n g 
e v e r y t h i n g in t e r m s o f t h e phys i cs 

o f p i o n s , n u c l e o n s a n d n u c l e o n 
i soba r (de l ta) r e s o n a n c e s . A c c u ­
m u l a t e d e v i d e n c e s h o w s t h a t t h e 
n u c l e o n r e s o n a n c e is a ' t r u e ' n u ­
c lear c o m p o n e n t . T h e r e is in a d d i ­
t i o n c lea r -cu t e v i d e n c e f o r m e s o n 
e x c h a n g e c u r r e n t s . 

T h e s e var ic fus w a y s o f l o o k i n g at 
nuc lea r p h y s i c s in t e r m s o f n u ­
c l e o n s a n d r e s o n a n c e s i n t e rac t i ng 
v ia m e s o n s are q u i t e success fu l 
a n d are u n d e r l i n e d b y m a n y ex­
p e r i m e n t s w i t h o u t a n y recou rse t o 
t h e q u a r k s a n d g l u o n s w h i c h are 
t h e c o n s t i t u e n t s o f n u c l e o n s , 
p i o n s , etc. Par t ic le p h y s i c s s h o w s 
t ha t f i e l d t h e o r y w i t h q u a r k s a n d 
g l u o n s w o r k s v e r y w e l l : f o r n u ­
c l e o n s it has e v e n been p o s s i b l e 
t o m a p t h e d i s t r i b u t i o n o f t h e di f ­
f e r e n t q u a r k s . T h e cen t ra l q u e s t i o n 
is : h o w d o q u a r k s a n d g l u o n s 
m a n i f e s t t h e m s e l v e s a n d w h a t c r i ­
te r ia f o r a c c e p t a b l e e v i d e n c e 
s h o u l d w e use? W h a t are t h e 
' s m o k i n g g u n ' e x p e r i m e n t s f o r n u ­
c lear qua rks? 

W e m u s t o b v i o u s l y a i m f o r 
' c l e a n ' s i t u a t i o n s w h e r e a l t e rna t i ve 
e x p l a n a t i o n s are u n l i k e l y o r , be t ­
te r , s u p p r e s s e d . U n l e s s o t h e r ex­
p l a n a t i o n s can be r u l e d o u t , w e d o 
no t w a n t t o h a v e 10 per cen t ef­
fec ts as e v i d e n c e . S i r D e n y s W i l k ­
i n s o n has d e f i n e d t h e p r o b l e m in 
t h e f o l l o w i n g t e r m s : ' W e m u s t n o t 
be t e m p t e d i n t o m i s t a k i n g a d e m ­
o n s t r a t i o n o f c o n s i s t e n c y b e t w e e n 
nuc lea r b e h a v i o u r a n d e x p e c t a t i o n 
based o n an exp l i c i t i n v o l v e m e n t 
o f q u a r k s f o r a p r o o f o f t h a t i n ­
v o l v e m e n t . W e g a i n n o t h i n g u n ­
less t h o s e d e s c r i p t i o n s b r i n g us an 
e n h a n c e d u n d e r s t a n d i n g o f n u ­
c lear s t r u c t u r e a n d t r a n s i t i o n s . ' 

T h e n o w - f a m o u s E M C Ef fect 
( va r i a t i on o f n u c l e o n q u a r k s t ruc ­
t u r e w i t h t h e s u r r o u n d i n g nuc lea r 
e n v i r o n m e n t ) p r o v i d e s t h e m o s t 
spec i f i c e x a m p l e o f a q u a r k e f fec t 
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in nuc le i . In a q u a r k d e s c r i p t i o n o f 
d e e p ine las t ic m u o n s c a t t e r i n g , t h e 
q u a r k d i s t r i b u t i o n f o r a n u c l e o n i n ­
s ide a nuc leus d i f f e rs f r o m tha t f o r 
a f ree n u c l e o n . Is t h i s c h a n g e d d i s ­
t r i b u t i o n p r o d u c e d by q u a r k - a n t i -
q u a r k pa i rs s h o w i n g up as p i o n s , 
o r by t h e n u c l e o n b i n d i n g , o r is it 
a g e n u i n e n e w ef fec t o n t h e q u a r k 
level l i nked to i nc i p i en t q u a r k de -
c o n f i n e m e n t f r o m t h e n u c l e o n s as 
t h e q u a r k ' b a g ' ge ts b i gge r? 

It is i m p o r t a n t t o res t r ic t s u c h 
poss ib i l i t i es by e x p l o i t i n g al l t h e 
n e w i n f o r m a t i o n w e can f i n d . T w o 
nove l p o i n t s c a m e up d u r i n g t h i s 
c o n f e r e n c e : f i r s t A . W . T h o m a s o f 
A d e l a i d e d r e w a t t e n t i o n t o t h e i m ­
p o r t a n c e o f n u c l e o n b i n d i n g in t h e 
E M C Effect a n d a d v o c a t e d t ha t t h i s 
be f u r t h e r e x p l o r e d . S e c o n d , t h e r e 
w a s a c o n s i d e r a b l e d i s c u s s i o n o n 
t h e e x p e r i m e n t a l r es t r i c t i ons o n 
n u c l e o n s w e l l i n g i ns ide nuc le i . 

N e w data f r o m w i d e a n g l e e lec­
t r o n sca t t e r i ng o n a l u m i n i u m 27 
s u g g e s t s t h a t t h e n u c l e o n s w e l l s 
by less t h a n a b o u t f i ve per cen t , 
s ince t h e a s s u m p t i o n o f a n o r m a l 
n u c l e o n size w o r k s v e r y w e l l . 
H o w e v e r t h e de ta i l ed ana l ys i s w a s 
q u e s t i o n e d so a n y f i r m c o n c l u s i o n 
is p r e m a t u r e ; w e e a g e r l y a w a i t t h e 
f i na l ana lys i s . E lec t ron sca t t e r i ng 
spec ia l i s ts c o n s i d e r f i ve per cen t 
s w e l l i n g a g e n e r o u s u p p e r l i m i t , 
bu t t h i s s t r o n g res t r i c t i on c o m e s 
f r o m l i gh t e l e m e n t s . 

F ina l ly , m a g n e t i c m o m e n t s in 
nuc le i sca le w i t h t h e q u a r k bag ra­
d i us a n d are t h e r e f o r e sens i t i ve t o 
n u c l e o n s w e l l i n g in nuc le i . W h i l e 
t h e de ta i l ed re la t i on is less t r a n s ­
pa ren t , spec ia l i s ts ins is t t h a t m o d i ­
f i ca t i ons o f m a g n e t i c m o m e n t s o n 
t he 5-10 per cen t leve l w i l l cause 
havoc . A l l o f t hese p o i n t t o a s m a l l 
n u c l e o n s w e l l i n g , w h i l e t h e E M C 
Effect e x p l a n a t i o n needs a b o u t 15 
per cen t o r even m o r e . T h e s i t ua ­

t i o n is f u r t h e r c o n f u s e d by t h e 
ana lys i s o f quas ie las t i c e l ec t ron 
sca t te r i ng o n c a r b o n 12. A t l o w 
e n e r g y re lease t he re s e e m s to be 
e v i d e n c e f o r an inc reased n u c l e o n 
size. 

A l t h o u g h t he re is no a n s w e r t o 
t h e q u e s t i o n o f n u c l e o n s w e l l i n g 
at p resen t , t h e issue is n o w ap­
p r o a c h e d in a va r i e t y o f w a y s , i n ­
d e p e n d e n t o f t he EMC Effect. In 
t he f u t u r e w e expec t t h e r e f o r e re l i ­
ab le l im i t s f r o m d i f f e ren t ap­
p roaches res t r i c t ing t he t heo re t i ca l 
e x p l a n a t i o n s o f t h e EMC Effect. 

T h e issue of h o w to f i n d ev i ­
dence f o r qua rks in nuc le i w a s ex­
a m i n e d by an expe r t p a n e l , bu t 
w i t h i n c o n c l u s i v e resu l ts . T h e b ig 
S t a n f o r d l inac n o w p r o b e s t h e 
d e u t e r o n d o w n to d i s t a n c e s ' o f 
a b o u t 0.2 f m , a fac to r t w o be t te r 
t h a n be fo re . A t t h i s leve l , t h e ex­
p e r i m e n t c lear l y is sens i t i ve t o de ­
ta i l ed f ea tu res w e l l o n t h e level o f 
t he s t r u c t u r e in any qua rk desc r i p ­
t i o n . M o s t l ike ly , t he d e u t e r o n 
e l e c t r o d i s i n t e g r a t i o n and t h e 
t h r e e - n u c l e o n f o r m fac to r at t h i s 
level are e v e n bet ter s y s t e m s t o 
s t u d y such e f fec ts , and w e can 
n o w expec t t h e m . 

S e c o n d , t h e s y s t e m of hype r -
nuc le i a n d nuc lear phys ics w i t h 
s t r a n g e par t i c les s h o u l d p r o v i d e a 
h a p p y h u n t i n g g r o u n d . S ince 
l a m b d a a n d s i g m a h y p e r n u c l e i can 
be r e g a r d e d as nuc lear s y s t e m s 
w i t h c o n t r o l l e d a n d t a g g e d i m p u r i ­
t i es , t h e y are a r ich sou rce of 
phys i cs . In par t i cu la r , t h e s t r a n g e 
q u a r k can be d i rec t l y ' o b s e r v e d ' . 

A t h i r d a p p r o a c h to q u a r k p h y s ­
ics uses re la t iv is t i c heavy ions . 
T h e idea is t o squeeze so m u c h 
e n e r g y d e n s i t y in to an i n te rac t i on 
v o l u m e tha t a phase t r a n s i t i o n t o a 
q u a r k - g l u o n p l a s m a d e v e l o p s . 
T h e r e are g o o d theo re t i ca l reasons 
t o be l i eve t ha t such an ef fect 

s h o u l d occu r , a l t h o u g h t h e a c c o m ­
p a n y i n g b a c k g r o u n d m i g h t o b ­
scu re t h e o t h e r w i s e spec tacu la r 
s i gna l . Th i s m e a n s t h a t l o w e n e r g y 
e x p l o r a t i o n o f q u a r k phys i cs w i l l 
be a v e r y i m p o r t a n t c o m p l e m e n t 
to t h e h i g h e n e r g y re la t i v i s t i c ap­
p r o a c h . 

T h e cha rac te r i s t i c f e a t u r e o f 
e l ec t r on m a c h i n e s is t h e i r ab i l i t y 
t o i so la te exac t f ea tu res . For t h i s 
reason t h e h e a v y i on a p p r o a c h 
a n d t h e e l e c t r o n a p p r o a c h are n o t 
r iva l o n e s b u t c o m p l e m e n t a r y . It is 
by a c o m m o n a t tack by t h e s e 
m e a n s t h a t w e h o p e t o es tab l i sh 
q u a r k f i e l d t h e o r y as a nuc lea r 
' t r u t h ' as w e l l . 

In c o n c l u s i o n , as w e e x a m i n e 
t he p h y s i c s o f nuc le i o n v a r i o u s 
leve ls w e f i n d m a n y ' t r u t h f u l ' de ­
s c r i p t i o n s . T h e s e are no t c o n t r a ­
d i c t o r y t o each o t h e r ; each o f 
t h e m is i n v a l u a b l e f o r o u r unde r ­
s t a n d i n g o f nuc le i i ns ide i ts o w n 
r e g i o n o f v a l i d i t y . It is cha rac te r i s ­
t ic t h a t each o f t h e a p p r o a c h e s 
uses a w e a l t h o f d e t a i l e d k n o w l ­
e d g e , f o r i n s tance f r o m par t i c le in­
t e r a c t i o n s , w h i c h is q u a n t i t a t i v e l y 
i n c o r p o r a t e d in t h e a p p r o p r i a t e 
' t r u t h ' . T h e m a n y n e w d e v e l o p ­
m e n t s p r e s e n t e d at t h i s con fe r ­
ence bear a m p l e w i t n e s s t o t h e 
m a n y ' t r u t h s ' in nuc lea r phys i cs . 
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