
A tribute: the discovery 
of proton constituents 
by Jack Steinberger 

cata lys is us ing n e w s tab le par t i ­
c les , w i t h all i ts imp l i ca t ions f o r 
p o w e r gene ra t i on , t o p r o s p e c t i n g 
f o r oil and minera ls us ing neu t r ino 
b e a m s . 

Part ic le phys i cs is c lear ly a par­
t icu lar ly f ru i t fu l sou rce o f sp in -o f f 
at eve ry level f r o m sho r t t e r m f e e d ­
back t o indus t ry t h r o u g h t o the 
seed ing o f w h o l e n e w t e c h n o l o -

ies. Th is success ar ises f r o m the 
fac t the f ie ld is c o n c e r n e d w i t h 
f u n d a m e n t a l sc ience and s t r e t ches 
high t e c h n o l o g y t o the l imi t . Pre­
d i c t i on is no to r i ous l y unrel iable bu t 
h i s to ry d e m o n s t r a t e s h o w f re ­
quen t l y d i scover ies w h i c h have 
been regarded at the t i m e as u t te r ­
ly r e m o t e f r o m any k ind o f app l i ­
ca t ion have t u rned ou t t o be o f 
the g rea tes t pract ica l i m p o r t a n c e . 
W e have no reason t o bel ieve tha t 
t he fu tu re wi l l be d i f fe ren t . 

Jack Steinberger (left), seen here with Klaus 
Tittel. 

It is sometimes profitable to 
turn away from the preoccu­
pations of current research 
to relive the discoveries of 
yesteryear. Last year, the 
retirement of Wolfgang 
('Pief') Panofsky as Director 
of the Stanford Linear Accel­
erator Center was marked 
by a special ' Pief-fest' when 
friends and colleagues from 
all over the world paid tribute 
(see November 1984 issue, 
page 389). 

One of the speakers was 

Jack Steinberger of CERN, 
who described the scientific 
achievements made with 
SLAC's electron beams and 
their context in current think­
ing. This extract from his talk 
covers the realization that 
the proton, far from being 
an indivisible particle, has a 
definite composite structure. 
As with most physics break­
throughs, this did do not 
happen overnight, at least 
for most people. 

' W e honou r ' P i e f Pano fsky be­
cause w e are his f r i ends , and w e 
recognize and admi re his c o n t r i b u ­
t i ons t o phys i cs and t o soc ie ty . 
A m o n g these ach ievemen ts is the 
c rea t ion o f the S tan fo rd Linear 
Acce le ra to r Center (SLAC). Under 
the d i rec t ion o f Pief, S L A C has 

b e c o m e a great L a b o r a t o r y , a f o ­
cus and cen t re f o r par t ic le phys ics 
and phys i c i s t s . A n d S L A C can 
congra tu la te i tsel f on t w o f u n d a ­
men ta l d i scove r i es , one o f w h i c h 
I w i l l cove r . T h e s e successes are 
no t on ly t o the c red i t o f the exper ­
imen te rs respons ib le , bu t a lso in 
large measure t o the cred i t o f Pief, 
as fa the r o f the L a b o r a t o r y , as 
d i rec to r , as gu ru , and as a par t ic i ­
pan t . In our early days Pief and I 
had the p leasure o f w o r k i n g t o ­
ge ther , in the days w h e n in teres t ­
ing phys i cs cou ld be d o n e in a f e w 
w e e k s by one or t w o peop le . 

Before e m b a r k i n g on the s t o r y 
o f the e lec t ron sca t te r ing exper i ­
m e n t s at S L A C w h i c h are r e s p o n ­
sible f o r our unde rs tand ing o f nu­
c léon s t ruc tu re , it is necessary at 
least t o m e n t i o n the e lec t ron sca t ­
te r ing e x p e r i m e n t s p e r f o r m e d here 
at S t a n f o r d by H o f s t a d t e r and co l ­
leagues and w h i c h f o u n d the nu­
clear f o r m f a c t o r s . 

A m o n g the ear l iest inelast ic lep-
t o n - h a d r o n e x p e r i m e n t s w e r e 
t h o s e o f Pano f sky and o the rs on 
e l e c t r o p r o d u c t i o n o f p ions at the 
S t a n f o r d Un ive rs i t y 8 0 0 M e V linear 
acce le ra to r in the m id 1 9 5 0 s . In 
the l ight o f s u b s e q u e n t d e v e l o p ­
m e n t s , one o f the m o r e in te res t ing 
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resu l ts w a s the real izat ion tha t it 
is o f greater in teres t t o de tec t the 
( inclusive) f inal e lec t ron than the 
p r o d u c e d p ion , the m e t h o d f o l ­
l o w e d p rev ious ly . 

In the ear ly s ix t ies the energy o f 
e lec t ron b e a m s w a s increased by 
a f ac to r o f t e n , t o 6 GeV w i t h the 
t u rn -on o f the Cambr i dge E lec t ron 
A c c e l e r a t o r (CEA) and o f the 
Deu tsches E lek t r onen -Synch ro t ron 
(DESY). The inelast ic e lec t ron sca t ­
te r ing w o r k then cen t red on the 
d y n a m i c s o f the p r o d u c t i o n o f b a -
ryon resonances . 

Des ign o f the S L A C 2 0 GeV and 
8 GeV s p e c t r o m e t e r s began s o o n 
af ter cons t r uc t i on o f the t w o - m i l e 
2 0 GeV e lec t ron acce le ra to r had 
s ta r ted in 1 9 6 1 . These mass i ve 
and ve ry carefu l ly des igned ins t ru ­
m e n t s ref lect the fac t t ha t f r o m 
the beg inn ing o f the p ro jec t it w a s 
an t i c ipa ted tha t inc lusive sca t te r i ng 
w o u l d p lay a d o m i n a n t role in the 
expe r imen ta t i on at th is mach ine , 
charac ter ized by high in tens i ty and 
smal l du t y cyc le . 

The discovery of proton consti­
tuents 

Inelast ic m e a s u r e m e n t s at S L A C 
began in the s u m m e r o f 1 9 6 7 . T h e 
f i rs t i m p o r t a n t resu l ts w e r e pre­
sen ted at the V ienna m e e t i n g in 
1 9 6 8 , s h o w i n g w h a t happens 
w h e n e lec t ron b e a m s p robe deep 
inside nuc léons . K inemat ic d e p e n d ­
ence of the reac t ion rate is qui te 
f la t , in m a r k e d c o n t r a s t t o the 
f o r m - f a c t o r d e p e n d e n c e o b s e r v e d 
f o r elast ic sca t te r ing and resonance 
p r o d u c t i o n . Jus t such resu l ts had 
h o w e v e r been p red i c ted by 
J . D. B jo rken f o r nuc léons w i t h ' e l ­
e m e n t a r y c o n s t i t u e n t s ' in 1 9 6 7 . 
T o quo te t w o o f his s e n t e n c e s : ' I 
a lso th ink the p r o b l e m s ra ised here 

are qui te f u n d a m e n t a l , dea l ing , in 
w h a t s e e m s t o be a d i rect w a y , 
w i t h the ques t i on o f w h e t h e r there 
are any ' e lemen ta ry c o n s t i t u e n t s ' 
w i t h i n the nuc léon . Use o f the lep-
t o n as a p robe is a unique and 
poss ib l y p o w e r f u l w a y o f a t t ack ing 
the p r o b l e m ' . 

Pano f sky , in his r appo r teu r ' s ta lk 
at the V ienna mee t ing s a i d : ' T h e r e ­
fo re theore t i ca l specu la t ions are 
f o c u s e d on the poss ib i l i t y tha t 
these da ta m igh t g ive ev idence on 
the behav iour o f po in t l i ke , cha rged 
s t ruc tu res w i t h i n the nuc léon . ' 
H o w e v e r , the unders tand ing o f the 
impac t o f these early resul ts at the 
t ime o f the V ienna Confe rence w a s 
no t ye t clear. Recall ing later the 
c l imate o f t h o s e d a y s , R. Tay lo r 
w r o t e in 1 9 8 0 : 'Even by the t ime 
o f the L ive rpoo l Con fe rence in 
1 9 6 9 m a n y eminen t t heo r i s t s be­
l ieved tha t ' V e c t o r D o m i n a n c e ' 
w a s the m o s t sensib le exp lana t ion 
o f th is deep sca t te r ing . The c o n ­
f i rma t i on o f B jo rken ' s con jec tu re 
w a s gradual rather than a s u d d e n 
even t on a g iven da te . 

It w a s p robab l y R. Feynman w h o 
w a s the f i rs t t o see the mean ing 
o f these f i rs t resul ts in the w a y 
t hey are p resen t l y u n d e r s t o o d . 
B jo rken reca l ls : ' F e y n m a n v is i ted 
S L A C in the m ids t o f the f i rs t 
( 'sca l ing ' ) da ta p resen ted at V i e n ­
na. He had been do ing the pa r ton 
m o d e l f o r had ron -had ron co l l i s ions 
and ins tan t ly (overn ight) recogn ized 
w h a t w a s beh ind the n e w ideas, 
and w e n t b e y o n d w h e r e I had gone 
(at least in s o m e d i rec t ions) . A f t e r 
he left , M a n n y Paschos and I d id 
our paper on pa r tons . I e x p e c t e d 
Feynman t o w r i t e s o m e t h i n g on 
his o w n , and w a s t o o shy t o s u g ­
ges t a jo in t paper or call h im up 
and d i scuss w h a t t o d o . Feynman 
in tu rn d i d n ' t w r i t e up his ideas 
unti l la ter . ' 

For mo r ta l s the apprec ia t ion 

c a m e m o r e gradual ly . A t the Kiev 
Con fe rence in 1 9 7 0 , m o r e da ta 
w e r e s h o w n , p resen ted in a n e w 
w a y . T h e f ac t t ha t the p r o t o n c o n ­
ta ins quas i - f ree po in t l i ke c o n s t i ­
t u e n t s w a s f inal ly es tab l i shed and 
a c c e p t e d . ' 

J.D. Bjorken—predicting the outcome of 
experiments with electron beams probing 
deep inside nucléons. 
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