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INTRODUCTION 

The i n e l a s t i c  s c a t t e r i n g  of e l e c t r o n s  was shown t o  be a u s e f u l  

technique f o r  s tudying  atomic s t r u c t u r e  by Franck and Hertz.  By 

s tudying  t h e  energy spectrum of s c a t t e r e d  e l e c t r o n s  t h e y  were 

a b l e  t o  measurethe e x c i t a t i o n  spectrum of  atoms. I n  t h e  terminology 

of modern h ieh  energy .phys ics ,  t h i s  would now be c a l l e d  missing 

mass spectroscopy. . 
t 

The a p p l i c a t i o n  of t h i s  method t o  t h e  s tudy of t h e  proton and 

1 i t s  e x c i t e d  states w a s  begun by Panofsky and A l l t o n  and was 

extended by Hand . These au tho r s  s tud ied  t h e  e x c i t a t i o n  of t h e  2 

pion-nucleon (nucleon e x c i t e d  s t a t e ) .  a t  a mass of 1240 MeV and 

wi th  quantum numbers, 1=3/2, ~ = 3 / 2 +  up t o  a momentum t r a n s f e r  

q2-18 f -2  (0.7(BeV/~)~). Hand failed t o  f i n d  ev idence  of e x c i t a t i o n  

of o t h e r  resonances.  

I n  t h i s  work, t h e  e x c i t a t i o n  of t h e  1240 MeV resonance i s  

q2+0 fermi -2 s t u d i e d  up t o  a momentum t r a n s f e r  

and t h e  e x c i t a t i o n  of t h e  resonances a t  masses of 1512 MeV, 1690 MeV 

and 1920 MeV are observed. These are compared wi th  such t h e o r e t i c a l  

c a l c u l a t i o n s  as are a v a i l a b l e .  There is good agreement except 

for t h e  e x c i t a t i o n  of t he  resonance a t  1512 MeV which is t o o  g r e a t  

t o  be understood. 

( ? . 6 1 ( B e V / ~ ) ~ )  
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KINEMATICS AND ONE PHOTON EXCHANGE 

Throughout t h i s  paper w e  w i l l  use a n o t a t i o n  c l o s e  t o  t h a t  

2 of Hand 

diagram of Fig.  1. A t  t hese  momentum t r a n s f e r s ,  e l a s t i c  s c a t t e r i n g  

Some of t h e  kinemetic q u a n t i t i e s  are c l e a r  from t h e  

is bel ieved  t o  proceed p r imar i ly  by one photon exchange. 

t h e r e f o r e  reasonable  t o  assume t h a t  t h e  i n e l a s t i c  s c a t t e r i n g  also 

It is 

proceeds by one photon exchange. Then t h e  c r o s s  8 e c t i o n  

s c a t t e r i n g  can be shown t o  be sepa rab le  . 2 

2 M* - M - q2/2H 2M K = 9, 

f o r  i n e l a s t i c  
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The r e l a t i o n  between K and M is independent of t h e  4-momentum 

2 2 t r a n s f e r  q . A t  q PO (photoproduct ion)J  K i s  t h e  labora tory  photon 

energy. For e l ec t rop roduc t ion  i t  is t h e r e f o r e  c a l l e d  t h e  v i r t u a l  

photon energy. 

I n  t h e  metric used here,  t h e  square of t h e  4-momentum t r a n s f e r  

is p o s i t i v e  f o r  s c a t t e r i n g :  

2 

If we use q u a n t i t i e s  i n  t h e  c e n t r e  of mass of t h e  outgoing nucleon 

system M* we f i n d  t h e  f o u r t h  component of t h e  4-vector  q 

Me - l? - q 2 / 2 M *  
QO = 2M* 

. . _  . . .  

.'. . .. . .  .- . .. . __ . 

. . .  whereas; i n  t h e  labora tory :  

. I  
. .  

. . )  

2 
E - + .  q2/2M 

40 2 M  

.- . . .  -. 

The normalizat ion of t h e  r f a c t o r s  is such t h a t :  

3 

4 

5 
t... 

@ which is t h e  photoproduction c r o s s  s e c t i o n  a t  t h e  photon energy K. 

The r f a c t o r s  have t h e  dimensions of t h e  number of v i r t u a l  photons 
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p e r  BeV s t e r a d i a n .  

2 The experimental  a i m  is t h e r e f o r e  t o  determine uT(q , K) and 
2 2 

C f 0 h  , K) over a range of values  of q and K. ( O r ,  equiva len t ly ,  

.. . . .  

APPARATUS 

The experiment w a s  done concur ren t ly  wi th  the  experiments on 

elastic e l e c t r o n  pro ton  and q u a s i e l a s t i c  e l e c t r o n  deuteron 

s c a t t e r i n g  previous ly  r epor t ed  3'4 and used t h e  s a m e  apparatus .  

The e l e c t r o n s  from t h e  i n t e r n a l  beam of t h e  Cambridge 

E l e c t r o n  Acce le ra to r  impinged .. on a l i q u i d  hydrogen t a r g e t ;  t h e  

s c a t t e r e d  e l e c t r o n s  passed through. a quadrupole spectrometer  onto 

a s c i n t i l l a t i o n  counter  bank. A t h re sho ld  Cerenkov counter  and a 

shower counter  helped t o  d i s t i n g u i s h  e l e c t r o n s  from pions.  

could be de t ec t ed  by knock on (s-e s c a t t e r i n g )  

i n  t h e  Cerenkov counter  and by 

counter .  

Pions 

charge exchange i n  t h e  shower 

Figs. 2 and 3 are ver t ical  and h o r i z o n t a l  schemes of t he  

experimental  se tup .  The l i q u i d  hydrogen t a r g e t  was contained i n  a 

ver t ical  c y l i n d e r  of Mylar o r  Dupont H - f i l m  which was centered  about 

3/4" i n s i d e  t h e  equ i l ib r ium o r b i t  of t h e  c i r c u l a t i n g  beam. A t  t he  
. I  . .  . . I  
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end of t he  a c c e l e r a t i o n  cyc le  t h e  r .f .  w a s  turned o f f  and the  

e l e c t r o n s  s p i r a l e d  inward u n t i l  they penet ra ted  t h e  t a r g e t .  

i n c i d e n t  f l ux  was monitored by a quantameter and an ion chamber 

The 

which observed t h e  forward Bremsstrahlung from the  e l e c t r o n  beam 

h i t t i n g  t h e  t a r g e t .  

The s c a t t e r e d  e l e c t r o n s  passed through a s i n g l e  quadrupole 

magnet w i th  a c e n t e r  plug and were focussed along a h o r i z o n t a l  

l i n e .  
:iC. ;,,, + ;i \ II ! I r'. 

Severa l  long t h i n  sci-ntA4de-eor counters  w e r e  arranged 

p a r a l l e l  t o  t h i s  l i n e  thus  making a v a i l a b l e  s e v e r a l  momentum 

acceptance b i n s  simultaneously.  A f t e r  t h e s e  " s l a t "  counters, as they 

were c a l l e d ,  was a gas Cerenkov counter  which was used a s  a thresh-  

hold counter  t o  d i s t i n g u i s h  e l e c t r o n s  from heavier  charged 

p a r t i c l e s .  F i n a l l y ,  t h e r e  w e r e  two l a r g e  P 1: counters  , 

t h e  l a t t e r  of which was used as a shower counter to d i s t i n g u i s h  

t h e  high energy s c a t t e r e d  e l e c t r o n s  from low energy knock-on 

e l e c t r o n s  and pions.  

3c;fiyI J \ c I J t a n .  

r 

An e l e c t r o n  w a s  counted when t h e  fo l lowing  condi t ions  were met. - 

C7* had t o  r e g i s t e r  i n  c7a Or 'sb' 
Counters C 1' '8' and e i t h e r  CsaJ 

coincidence which meant a charged p a r t i c l e  had crossed  t h e  median 

Such p lane  of t h e  quadrupole magnet somewhere between Cs and C 
7'  

h 

an w 
i n  

event  w a s  c a l l e d  a fou r fo ld  count.  A count from C w a s  deaanded 

coincidence wi th  t h i s ;  such an event  w a s  c a l l e d  a f i v e f o l d .  A 

9 

- . . . . . - . - .  
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count from t h e  Cerenkov counter  i n  coincidence wi th  a f i v e f o l d ,  

opened a g a t e  t o  thepulse  he ight  ana lyzer  t o  r ece ive  t h e  output 

If t h e  s i g n a l  from t h e  shower counter  10. 
from t h e  shower counter  C 

was above t h e  b i a s  l eve l  set  f o r  i t ,  then  the  coincidence of f i v e -  

f o l d  p lus  Cerenkov p lus  Cl0, c a l l e d  a s l a t  d r i v e  s i g n a l ,  was 

produced. 

coincidence wi th  t h e  s l a t  d r i v e  s i g n a l ,  an  e l e c t r o n  count was 

If a s la t  counter ,  i . e . ,  counters  C t h r u  C6, r e g i s t e r e d  i n  2 

' r e g i s t e r e d  i n  the  appropr i a t e  momentum bin .  

This  appara tus  has been descr ibed  i n  g r e a t  d e t a i l  i n  Ref. (3 )  
.... 

and ( 4 ) .  

spectrum follow. 

Some a d d i t i o n a l  d e t a i l s  of importance f o r  t h e  i n e l a s t i c  

Spectrometer ' .Ca l ibra t ion  

The magnetic f i e l d  g r a d i e n t  and e f f e c t i v e  length  of t h e  

quadrupole magnet as a f u n c t i o n  of  c u r r e n t  were suppl ied  t o  an 

accuracy of 0.2% by Paul  Cooper, Jr. 
r c rn tu  u n  er\ 

These w e  measure& by a 

long f l i p  c o i l  and by Hall probe . .  measurements. . 

a t i o n  of t h e s e  p o i n t s  w a s  t h e  b a s i s . f o x  c a l c u l a t i n g  t h e  curve of 

of s c a t t e r e d  energy focussed a t  a d i s t a n c e  of 63" from t h e  f a c e  of t h e  

magnet ( t h e  c e n t e r  of C4 i n  Fig. 3) vs .  t h e  c u r r e n t  through t h e  

megnet. 

A g r a p h i c a l  i n t e r p o l -  

This  curve was r e c a l i b r a t e d  by not ing  t h e  p o s i t i o n  of t he  



, e l a s t i c  peak as a func t ion  of t he  spectrometer  c u r r e n t .  The 

r e c a l i b r a t e d  curve shows t h a t  t he  magnet d i d  not  s a t u r a t e  as 

r a p i d l y  as t h e  i n t e r p o l a t i o n  of Cooper's d a t a  would suggest .  

A t  t h e  foca l  po in t  of 63y t he  average percentage  change 

.7l8$ per  inch .  i n  momentum is 

Now t h e  s l a t  counters  ( C  t h r u  C6 in Fig 3) were 1.5" wide 2 
i n  

about 1.1% for dp/p. 

(1/16") t h e  s la ts  de tec t ed  p a r t i c l e s  ou ts ide  t h i s  momentum b i t e .  

t h e  d i r e c t i o n  of momentum r e s o l u t i o n  and t h i s  corresponds t o  

However, because of t h e i r  f i n i t e  he ight  

So, i n  order  t o  compute t h e  momentum reso is l t ion  proper ly ,  t he  

e f f i c i e n c y  of t h e  s la t  counters  must be  taken  i n t o  account .  The 

method is as fo l lows .  Take , a  p o r t i o n  of t h e  spectrum which i s  

r e l a t i v e l y  f l a t .  L e t  N equal t h e  number of b ins  i n  which counts 

are a c c e p t e d .  Suppose t h e r e  are really n counts  pes  b in .  Then 

Nn is t h e  i d e a l  t o t a l  number of counts .  L e t  f be' t h e  f r a c t i o n a l  

over lap  on one s i d e  of a s l a t ' i n t o  t h e  next  b in .  

t h e  sum of t h e  actual s la t  counts;  le t  T equa l  t h e  t o t a l  i n  peak, i . e .  

t h e  number of events which t r i g g e r e d  any o r  a l l  of t h e  slats 

s imultaneously.  

Let S equal  
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Then we have Nn( 1+2f) = SS 

and Nn+  n2f = T  

hence 2f = N(S - T ) / ( h T  - S). 
Then 1.084% times (1 + 2f) is t h e  a c t u a l  dp/p f o r  t h e  s l a t s .  

This  method impl ies  no more than about a 5% er ror  i n  t h e  

momentum b i t e  pe r  s la t .  

I 

\ 

T h e  counter  bank tilt 

6 

The ssmall but  f i n i t e  angular  acceptance of t h e  spectrometer  

l ed  t o  a spread i n  t h e  energy of s c a t t e r e d  e l e c t r o n s .  

experiment t h e  s la ts  were & & e u & a - e e  

8 7 -  so  t h a t  all t h e  e l a s t i c  events  would appear i n  

During t h e  
hKd a-Lh.3, hor\~on.TJ -@O~-L 

one s l a t  ( n e g l e c t i n g  r e s o l u t i o n  function aaad r a d i a t i v e  t a i l s  for t h e  

p r e s e n t ) .  t h a t  all 

i n e l a s t i c a l l y  s c a t t e r e d  e l e c t r o n s  of t h e  same value of K appeared i n  

t h e  same s l a t .  

The same tilt of the  counter  bank also insured  

We see t h i s  from a kinematic c a l c u l a t i o n  as 

fo l lows .  
E - _  e:.-, n 

. . _  

aE ', 
- a  E - K  

E ' ae E' - 
i +  (1 - COS e )  1 + L (1 - COS e )  

E - s i n  8 . M  
E 
M .  

de. - E -  
e dE' . 

1 + - (1 - COS e )  E s  .. 
'I 



which i s  independent of E '  and K f o r  cons t an t  E .  

Fig. 4 showti t h e - c a l c u l a t e d  r e s o l u t i o n  of t h e  spectrometer 

compared wi th  t h e  measured e l a s t i c  s c a t t e r i n g .  

Pion Rejec t ion  
. ... . 

High energy pions have a mean f ree  path of about e i g h t  inches i n  
z 

lead and could,  t he re fo re ,  be counted i n  the  spectrometer  no t  only 

by t r a v e r s i n g  t h e  spectrometer according t o  t h e  design,  but  also by 

p e n e t r a t i n g  t h e  s h i e l d i n g  and t h e  c e n t r a l  plug. The background of 

t hese  pions w a s  very l a rge .  

Pions could count i n  t h e  th reshold  Cerenkov counter  by t h e i r  

knock on e l e c t r o n s  - p a r t i c u l a r l y  i f  they  had penet ra ted  t h e  

absorber .  They could count i n  t h e  shower counter  by cahrge 

exchange. It was i m p o r t a n t . t o  ensure t h a t  pions were not  being 

d e t e c t e d  i n  t h i s  experiment.  

In  t h e  elastic s c a t t e r i n g  experiment' abso lu t e  c r o s s  sec t ions  . 
were measured. Accordingly, i t  w a s  necessary t o  d e t e c t  small pulses  

i n  t h e  Cerenkov counter  and shower counter  t o  ensure t h e i r  

e f f i c i e n c y .  

s o  t h a t  only events  wi th  l a r g e  pulses  i n  both the shower counter  

Only r e l a t i v e  measurement were needed i n  t h i s  work 

and Cerenkov counter  were included.  

. . .  
~ 

. . .  - :  
.- '! 

.: . . .  . ,  
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1" A lead f i l t e r  of 2 Pb ( 3  r a d i a t i o n  l e n g t h s )  was i n s e r t e d  i n  

t h e  s c a t t e r e d  beam near  t h e  t a r g e t  a t  each momentun s e t t i n g  of t he  

spectrometer .  

emerge w i t h  ene rg ie s  greacer  than  one h a l f  of t h e  i n c i d e n t  energy; 

s i n c e  we only s tud ied  e l e c t r o n s  from h a l f  t h e  e l a s t i c  s c a t t e r e d  

energy upwards, t h i s  f i l t e r  e f f e c t i v e l y  removes t h e  e l e c t r o n s .  

ever ,  high energy pions are reduced by only 1%. 

It w a s  v e r i f i e d  t h a t  t h i s  f i l t e r  indeed leaves  t h e  pions by 

observing t h e  background without  t h e  Cerenkov counter ,  o r  shower 

counter ,  o r  a t  a momentum s e t t i n g  above t h e  e l a s t i c  peak where only 

pions p e n e t r a t i n g  the  s h i e l d i n g  o r  s c a t t e r i n g  of f  t h e  pole  t i p s  

could count .  

of t h e  f i l t e r . -  We w e r e , h e r e f o r e ,  a b l e  t o  show t h a t  t h e  background 

of pions w a s  always less than  1% of t h e  t o t a l  counts  and 

With t h i s  thickness ,  no*more than  l$ of t he  e l e c t r o n s  

How- 

The background was hardly a f f e c t e d  by t h e  presence 

u s u a l l y  c l o s e  t o  zero.  

of t h e  mass 1512 MeV resonance a t  8 4 O 0  and q2 = l(€3eV/c)2 t h e  

When we t r i e d  t o  observe e x c i t a t i o n  

background as determined by t h e  l ead  f i l t e r  was t o o  l a r g e  and t h e  

et tempt was abandoned. 
I O  



Radiat ive Correc t ions  

This  has been c a l l e d ,  i n  t h e  pas t ,  t h e  c o r r e c t i o n  f o r  wide angle  

bremsstrahlung. 

r a d i a t i v e  c o r r e c t i o n  c a l c u l a t i o n .  

We prefer t o  regard i t  as p a r t  of a gene ra l  

Although t h e  most thorough d i scuss ion  of r a d i a t i v e  processes  

5 i s  t h a t  of Bjorken , an e a s i e r  procedure t o  fol low i s  descr ibed  by 

6 Perez-y-.Jorba . Experimentally we measure a c r o s s  s e c t i o n  

U ( % J  E f )  = dda,(dfldEf) f o r  f i n d i n g  a s c a t t e r e d  e l e c t r o n  of 
REa66 
mea- 

energy E,. We are i n t e r e s t e d  i n  a hypo the t i ca l  c r o s s  s e c t i o n  which 

w e  would measure i f  t h e r e  were no r a d i a t i v e  processes .  E lec t rons  

r a d i a t e  both  before  and a f te r  s c a t t e r i n g .  Thus, CJ meas : E i  , E f )  

inc ludes  c o n t r i b u t i o n s  f r o m  Q (Ei,  E ' )  0 f (where E f ' >  E f )  weighted 

E ) for r a d i a t i o n  of a photon of KA(Ef , I 

f by a r a d i a t i o n  ke rne l  
--- - . . .... 

( r a d i a t i o n  af ter  s c a t t e r i n g ) .  S imi l a r ly ,  t h e r e  I energy Ef .. Ef* 
. .  . 

i s  a t e r m  i n  uo(E;, E f ) f o r ( E i ) E i l )  which i s  due t o  r a d i a t i o n  before  

sca t te r . ing . '  There i s  a l s o ,  t h e  usua l  Schwinger. c o r r e c t i o n  which 

,corresponds.  t o  i n e l a s t i c  . .  e v e n t s .  ao(Ei,.. Ef) wi th  r a d i a t i o n  . . .  out of 

t h e '  d e t e c t o r  bin:width A .  

.- . . 
. .. . .  

. ... 

. .  

.. . . .  . 

According t o  t h e  Perez-y-Jorba recipe the re fo re ,  



. 
. .... 

A 

. .-. . 
. 

. .. 
e .  

. - .  

where 

r a d i a t i n g ;  (1  - 6 )  i s  t h e  Schwinger c o r r e c t i o n  t e r m ;  K i s  t h e  

ao(Ei, E f )  is t h e  c r o s s  s e c t i o n  f o r  s c a t t e r i n g  without  

B 
r a d i a t i o n  k e r n e l  f o r  r a d i a t i o n  before  s c a t t e r i n g ;  K t h a t  f o r  

r a d i a t i o n  a f t e r  s c a t t e r i n g .  

peaking approximation us,ing t h e  formula developed by L. N. Hand . 

A 

These K's are c a l c u l a t e d  i n  t h e  

2 

8 

E f Here 6 i s  given by 2ar ('(fn - - I2 (& 2 - m .lr AE 

9 

Here A is t h e  bin width a t  t h e  d e t e c t o r .  
e 

We must a l s o  add a small ( 5 % )  a d d i t i o n  t o  KA, K and 6 for B 
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t h e  r ea l  phys ica l  r a d i a t o r s  p re sen t  i n  the  experiment.  

Thus t o  eva lua te  the  co r rec t ed  c r o s s  s e c t i o n  (I ( E  E ) w e  0 i' f 
. 

' f r o m  E up t o  t he  e l a s t i c  Ef f must know uo(EiJ E I) a t  a l l  va lues  of f 

,. i ', E ) a t  a l l  va lues  of El' from s c a t t e r i n g  va lue  and uO(Ei E f 

down t o  t h e  e l a s t i c  s c a t t e r i n g  value.  The c o r r e c t i o n  thus becomes 

a n  t t e ra t ive  procedure.  

This  is made c l e a r  by r e fe rence  t o  F i g .  ( 5 ) .  T h i s  i s  a kinematic 

Clear ly ,  
. _  

diagram of t h e  i n c i d e n t  energy versus  t h e  s c a t t e r e d  energy. 

a l l  e las t ic  s c a t t e r i n g  events  l i e  on a l i n e  on t h i s  p l o t .  

even t s  a l l  l i e  t o  the  l e f t  of t h i s  l i n e  - wi th  smaller 

I n e l a s t i c  

E f o  

When we cons ider  th? determina t ion  of t he  c o r r e c t i o n  f o r  a 

Ef in t h i s  p l o t ,  w e  see t h a t  t h e  l i n e  i n t e g r a l s  of Ei' p o i n t  J 

Eq. (8)  are t h e  h o r i z o n t a l  and ver t ica l  l i n e s  i n  t h i s  f i g u r e .  Now, 

s i n c e  w e  need t o  know uo(Ei, E ) a t  every po in t  on t h e  line, we see  f 

we must know 

befo re  we may s'tart t h e  i t e r a t i o n .  

umeas(Ei, E f )  a t  a l l  p o i n t s  i n  t h e  shaded region 

ao(EiJ Ef)  is c l e a r l y  known f o r  e las t ic  s c a t t e r i n g  by using t h e  

form f a c t o r s  f rom R e f .  (3 ) ;  f o r  . i n e l a s t i c  s c a t t e r i n g  it may be 

determined a t  any momentum t r a n s f e r  and K using d a t a  f o r  lower 

momentum t r a n s f e r s  and lower K. For t h e  eva lua t ion  we  must 



.. 
8 

j r  

A 

i n t e r p o l a t e  between known po in t s .  This  is done using E q .  (1) f o r  

t h e  i n e l a s t i c  o r  e l a s t i c  s c a t t e r i n g  and i n t e r p o l a t i n g  the  e l a s t i c  

f o r m  f a c t o r s  according t o  R e f .  ( 2 )  and t h e  i n e l a s t i c  c r o s s  s e c t i o n  

Q according t o  t h e  formula G w 2 ( q )  

chosen from t h e  t w o  known po in t s  a t  t he  end of the  i n t e r p o l a t i o n  

range. This procedure approximates t h e  expected t h e o r e t i c a l  

2 e  where the  value of  ,f is T 

behaviour of t h e  cross s e c t i o n .  

The' r a d i a t i v e  c o r r e c t i o n s  have been evaluated using d i f f e r e n t  

b i n  s i z e s  A ;  and using s l i g h t l y  d i f f e r e n t  r a d i a t i o n  ke rna l s  K. 

The r e s u l t s  are i n s i g n i f i c a n t l y  

Attempts were made t o  c a l c u l a t e  

Kg 

5 according t o  t h e  recipe of Bforken 

d i f f e r e n t .  

A 

t he  r a d i a t i v e  c o r r e c t i o n  

However, t h e  r e s u l t s  gave o 
0 

1.1 a con t ra ry  t o  phys i ca l  i n t u i t i o n  and t o  t h e  Perez-y-Jorba meas 

c a l c u l a t i o n  which g ives  B CI 0.9 B a T h e  two methods should . o  weas 

be equ iva len t  (see.Appendix I )  though t h a t  or' Bjorken i s  harder  t o  

apply.  We fee l  t h a t  our a t t empt s  t o  calczlate wi th  t h e  Bjorken r e c i p e  

were s u b j e c t  t o  an  unknown source of e r r o r  and should t h e r e f o r e  be 

ignored. 

1 .  



. 
4 

' 1  \. 

- 15 

TREATMENT OF DATA 
- .  . ... 

-. . - ._ . . 

Two p r i n c i p a l  s u b t r a c t i o n s  are t o  be made on the  raw d a t a  

.v iz . ,  

Sub t rac t ion  of de t ec t ed  -pions i n  the  s c a t t e r e e d  beam w a s  c a r r i e d  

t a r g e t  w a l l  s c a t t e r i n g  and t h e  r a d i a t i v e  c o r r e c t i o n s .  

out  by t h e  lead f i l t e r  technique descr ibed above and was always small .  

E lec t rons  a r i s i n g  from charge synmetric processes  ( e .g . ,  Da l i t z  p a i r s )  

were s u b t r a c t e d  of f  by observing t h e  p o s i t r o n  cross s e c t i o n  a t  

va r ious  p o i n t s  a long  the  s p e c t r a .  This s u b t r a c t i o n  w a s  a l s o  small. 

The s u b t r a c t e d  counts  had t o  be correc,ted f o r  t h e  shower counter  

e f f i c i e n c y  a t  t h e  p a r t i c u l a r  b i a s  and energy of t h e  e l e c t r o n .  These 

e f f i c i e n c i e s  were measured by observing the  shower counter  spectrum 

f o r  e l a s t i c a l l y  s c a t t e r e d  e l e c t r o n s  at comparable .energies .  

False kinematic coincidences such as that  diagramed i n  Fig. ( 6 )  

were suppressed by demanding a s i g n a l  from one of t h e  slat counters .  

The r e c i p e  followed then  was: 

1. T o  o b t a i n  t h e  counts  from hydirogen a lone  af ter  w a l l  

s u b t r a c t i o n .  

2. To m b t r a c t  counts  w i t h  t h e  f i e l d  reversed .  

3 .  ' T o  c o r r e c t  for background pions using the lead f i l t e r . ,  

4. To normalize t h e  i n e l a s t i c  count ing r a t e s  t o  an abso lu te  

c r o s s  s e c t i o n  by comparing them wi th  t h e  e l a s t i c  counting 
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I 1 ,  

5. To correct f o r  shower counter  e f f i c i e n c y  

6. To compute t h e  r a d i a t i v e  corrections - * ! ,  
- *  - 1  

, I  

Targe t  Wall Background 

The f r a c t i o n  of e l e c t r o n s  s c a t t e r e d  from t h e  t a r g e t  wall  va r i ed  , I  

'I i 

from 1% t o  2% 'of t h e  t o t a l  s c a t t e r i p g .  This  frac 

mined by measurihg the  d i s t r i b u t i o n  of t h e  beam acros,  

using 'the beam c i p p e r  as descr ibed  in.  Ref. .' (3 ) ;  from 

deduce d i r e c t l y  t h e  .Trac t ion  of bremsstrahlung f rom t h e  

%. 

, 
. .. . -  

2 .  

The c a l c u l a t i o n  then  proceeds as fol lows.  
i 

L e t  N be t h e  number of counts  f o r  a given run, Q .  t h e  charge 

c o l l e c t e d  by t h e  quantameter acd 

More p rec i se ly ,  let .  N equal t h e  number of p o s i t r o n  counts  i n  . . 

R=N/Q t h e  counts p e r  u n i t  charge.  
._ .. 

Ii 
t h e  reversed  f i e l d  s u b t r a c t  equal t h e  number of posi t ron-  counts 

* .  4? i n  t h e  reversed  f i e l d  runs. 

H - f i l m  ( t a rge - t  wall scaq te r ing ) .  L e t  Q equal  t h  
1. H 

quantameter c s t r ah lung  in t h e  hydrogen, 

be the  QH 

QH+QM 
Let- - 

f r a c t i o n  of bremsstrahlung f o r  ~2 
This  G i s  obtained from a knowledge of t h e  shape of t h e  
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target cup and measurements of the amount of bremsstrahlung as a 

function of the amount of target exposed to the beam. 

Note then that the raw counting rate Ro is given by: 
+ - + NH+ + s- + N " M 

ROP QH + QM 
10 

- + 
NM + NM 

% =  QM 

+ + + + 'M 
R =  

QH + QM 0 

And the reversed field for the target wail alone is 

. ,  
. . .  

The number that is wanted is 

11 

Solving for this in terms of the measured quantities, we obtain 

13 

14 



Consider t h e  t w o  l i m i t i n g  c s ses :  

16 

+ I n  p r a c t i c e  t h e r e  i s  no t  much d i f f e r e n c e  s i n c e  R i s  always about 
0 

5% o r  less of  R . 
0 

The c o r r e c t i o n  i s  l i s t e d  as a m u l t i p l i c a t i v e  c o r r e c t i o n  and 

inc ludes  t h e  c o r r e c t i o n  t o  t h e  monitoring a s  w e l l  a s  t h a t  due t o  

scat ter  from t h e  w a l l s .  This  'somewhat d i s g u i s e s i t s  r e a l  f o r m  

. which we t h e r e f o r e  now d i scuss .  From E q .  (17 )  w e  no te  t h a t  

when G~0.9 (go$ of t h e  bremsstrahlung f r o m  hydrogen which i s  t r u e  . 

f o r  E - 5 , B e V )  and %=Ro, w e  have l@ o f t h e  s c a t t e r s  due t o  t he  

, t a r g e t  w a l l s  y e t  t h e  m u l t i p l i c a t i v e  c o r r e c t i o n  i s  near  u n i t y .  The 

c o r r e c t i o n  d i f f e r s  f r o m  u n i t y  when t h e  f r a c t i o n  of events  

s c a t t e r e d  from t h e  t a r g e t  w a l l s  i s  d i f f e r e n t  from t h e  f r a c t i o n  of  

t h e  bremsstrahlung f r o m  t h e  walls. 

Absolute Normalization 

The d a t a  was taken i n  such a way t h a t  abso lu t e  c ros s  sec t ions  

were obtained.  I n  t h i s  paper w e  do not  d i scuss  the  d e t a i l s  of s o l i d  



2 0  

angle  determinat ion,  monitoring, e t c .  which a re  f u l l y  t r e a t e d  i n  

Ref. ( 3 ) .  For convenience, t he  d a t a  c o n s i s t i n g  o f  a s e t  o f  values  

of R were normalized t o  t h e  e l a s t i c  c ros s  s e c t i o n s  measured i n  Ref. ( 2 )  

by t h e  formula: 
Q 

1 I - 
e l a s t i c  AEf 

d2 B 

dridEf 

( R e f .  2 )  

18 

where AEf i s  t h e  b i n  width.  

DATA 

The d a t a  are presented i n  Tables  I, Ii, and T I I a t  i n c i d e n t  

e n e r g i e s  ( E i )  of 2.358, 2.988 and 4.874 BeV r e s p e c t i v e l y .  The 

-0 l abo ra to ry  s c a t t e r i n g  angle  (63) i s  31. i n  each case .  

contains t h e  values of the scattered 

energy a t  which e l e c t r o n s  were de tec t ed .  This  s c a t t e r e d  energy, 

Ef . 
The column headed 

f 

is t h e  c e n t r a l  energy of t h e  d e t e c t i o n  b in .  The a c t u a l  b i n  Ef , 
widths were .0157, .0146 and .0144 t i m e s  Ef f o r  Tables  I, I1 and 

I11 r e s p e c t i v e l y .  For each t a b l e ,  t h e  t h i r d  e n t r y  f o r  Ef i s  t h e  

e l a s t i c  s c a t t e r e d  energy. 

The column he2ded.R con ta ins  t h e  observed counting r a t e ,  
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e l e c t r o n  events  per  quantameter count,  f o r  e l e c t r o n s  s c a t t e r e d  

from t h e  hydrc-gen f i l l e d  mylar cup. 

The column headed ST con ta ins  t h e  c o r r e c t i o n  f a c t o r  t o  be 

a p p l i e d  because of t a r g e t  cup s c a t t e r i n g .  I t  i s  computed, using 

Ei. (15 )  and i s  equa l  t o  %-Do 
The c o l m n  headed RAD con ta ins  t h e  c o r r e c t i o n  f a c t o r  t o  be 

app l i ed  because of r a d i a t i v e  c o r r e c t i o n s .  This  i s  computed using 

t h e  Perez-y-Jorba r e c i p e  and i s  equa l  t o  I n  

p r a c t i c e ,  t h e  d a t a  f o r  CT w a s  g r a p h i c a l l y  smoothed and thus  i n t e r -  
obs 

.020 BeV.  AEf v i z .  E f J  
po la t ed  f o r  equa l ly  spaced va lues  o f  

w a s  about  t h e  same s i z e  as t h e  b i n  width,  and AEf This  va lue  of 

was small enough t o  show t h e  strgcture of t h e  resonances.  Then f o r  

was Co'aobs t h e  c o r r e c t i o n  f a c t o r  Ef 
each of t hese  va lues  of  

ob ta ined  and this f a c t o r  was t hen  i c t e r p o l a t e d  (linearly) t o  t h e  
.. 

column. "f t h a t  appears  i n  t h e  Ef a c t u a l  va lue  of 

The coluinn headed IJ coiitains t h e  f i n a l  va lue  of  t he  non- 
n 0 

and i s  expressed dL u 
dndE, r a d i a t i v e  i ne l a s t i c  c r o s s  s e c t i o n  

A -32 2 i n  10 c m  /BeV - Steradian .  

The colunn headed A .contains  ~ r ~ a n & r d - d w & ~ - o n  

~ C L Q ~ S - L ~ 4 ~  , t h e  s t a t i s t i c a l  - f * J ? - M - i ~ ~  . L '  

/ o  pe7ct7d. 
e r r o r b  These are l i s t e d  s e p a r a t e l y  f r o m  t h e  sys temat ic  e r rors  

x 
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60 t h a t  t he  shape of t h e  spectrurt-1 can be e a s i l y  seen.  

The fo i lowing  sys temat ic  e r r o r s  a i s6  appear .  These, however, 

w i l l  no t  produce spur ious  peaks. 

For t h e  r a d i a t i v e  co r rec t ions ,  we  expect  t h e  e r ro r  t o  

va ry  from 5% f o r  t h e  1238 resonance t o  a3out 15% f o r  t h e  m o s t  

i n e l a s t i c  r eg ions .  The e r r o r  comes from the  peaking approxi- 

mation used and w e  have es t imated  p e s s i m i s t i c a l l y  t h e  uncer- 

t a i n t y  a t  t h e  h igher  resonances s i n c e  t h e  c o r r e c t i o n  depends on 

p rev ious ly  c o r r e c t e d  d a t a  and a l s o  on i n t e r p o l a t e d  co r rec t ed  

d a t a .  

An e r r o r  of  5% i s  ass igned  t o  t h e  type of energy b i n  width 

de te rmina t ion  as d iscussed  near  E q .  ( 16-a) v i z . ,  t h e  overlapping 

of t h e  s l a t  counters .  

The uncertainty resulting f r o m  t h e  hysteresis of the magnet 

.. .. is less than  1%. ~ . . .  

The r e m i n h g  c o n t r i b u t i o n  t o  t h e  sys temat ic  ’ e r r o r  i s  the  

u n c e r t a i n t y  i n  t h e  measured e las t ic  c r o s s  s e c t i o n  s e c t i o n s  used t o  

normalize t h e  i ne l a s t i c  d a t a .  These were g iven  as 8$, 8.5$, and 

14% for . Ei= 2.358, 2.988, arid 4.874 3eV, y i e l d i n g  f o r  t h e  

t o t a l  sys temat ic  e r r o r s  1:s t o  l@> 11% t o  1% and 16% t o  22%. 

\- 

i 



Normalizing f a c t o r s  ( c f .  E q .  (18)) were found t o  be 

where WE ,== AE 
d c  I k 

A f '  X convenient ly  expressed as F = z k b s  1 Re p7E 

r e s p e c t i v e l y .  57.9 and - 21.4 6.21 - The va lues  of  F a r e  - 
Ef ' Ef Ef 

An a d d i t i o n a l  error  of a t  iliast 0 . 5  1.7as int rcduced i n t o  the  

b i n  width by a v e r a g h g  over t h e  f i v e  s l a t s  a f t e r  a given energy 

b i n  was centered  on each i n  turn ,  because the  t i l t  of t h e  s l a t  

counters  t o  t h e  perpendicular  t o  t h e  magnet a x i s  was neglected 

. 

and because t h e  d i s p e r s i o n  i n  energy w a s  approximated by a 

cons t an t ,  v i z .  - A E f  - - .00718 p e r  inch.  
E f  AEf 

This  va lue  of - p e r  inch  was t h e  average f o r  t h e  
E f  d 

d i s p e r s i o n  through a d i s t a n c e  of s i x  inches centered  about t h e  

c e n t r a l  s l a t  and w a s  t h e  same f o r  e f f e c t i v e  lengths  of t h e  magnet 

of 54, 53 and 52 inches.  

That t h e  e f f e c t  of t h i s  error on the  r e s o l u t i o n  funccion is 

n e g l i g i b l e  can e a s i l y  5e seen by superimposing f i v e  r e s o l u t i o n  

func t ions ,  each simiiar t o  Fig.(b)ar?d d isp laced  one a f t e r  t h e  

o t h e r  by .l5$. 

* Figures  (g3 (gI9 arid @)'show t h e  d i f f e r e n t i a l  c r o s s  s e c t i o n s  as 

func t ions  of scaz te red  energy f o r  i n c i d e n t  energ ies  of 2 . 3 5 8 ,  

2.988 and 4.874 BeV r e s p e c t i v e l y  and s c a t t e r i n g  angles  o f  3 i0  
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before  r a d i a t i v e  c o r r e c t i o n s  have bee2 mxie, i . e .  o n l y  the  -E-O-LH& 

t a r g e g c o r r e c t i c n s  have been app l i ed .  
Ly,/;/ 

The r a d i a t i v e  co r rec t ion ,  

i n  t h e  form 
"observed 

do t t ed  l i n e .  

G non- rad ia t ive )  i s  represented  by the  

The G f ac to r ) '  as w e d  i n  Eq. (16 )  f o r  the  t a r g e t  w a l l  

s c a t t e r i n g  c o r r e c t i o n  had t h e  va lues  0.670, 0.760, and 0.890 

f o r  t h e  t h r e e  inciderit  energ ies  r e s p e c t i v e l y .  

Other da t a ,  shown i n  Table I V  were taken inc luding  t h e  

M9=1238 MeV resoaacce on ly  both a t  31° and a t  90'. These a r e  

presented as averages over t h e  resonance; averaged over an 

i n t e r v a l  A K = l 5 O  MeV, cen tered  on K=325 MeV. 

ExcLtstion of t h e  , M*=E38 resonance 
. . _  . 

. .  . . 
... . . 

The most obvious f e a t u r e  of t t e . s c a t t e r e d  e l e c t r o n  spec t r a ,  

* 
a f t e r  t h e  e las t ic  s c a t e e r i n g  i t s e l f ,  i s  che peak a t  t h e  mass 

MeV. This  i s  w e l l  known, has been t h e  o b j e c t  of previous s t u d i e s  

and w i l l  now be d iscussed .  A t rea tment  based on r e l a t i v i s t i c  

d i s p e r s i o n  re ' iat ions of  t h e  photoproductiori of t h i s  resonance was 

M =1238 
-. 

/ 

7 
I f i r s t  presenzed by Cnew,  Goldberger, LOW a d  N m 5 u  (CGLX). T h i s  
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was l a t e r  extended t o  e l ec t rop roduc t ion  by F u b i r i ,  Nazhu and 

Watagin (F?ikr) and f u r t h e r  refined by Zagurg and .!idler . 8 10 

The CGLN theory  assumes t h a t  t h e  ( 3 ,  3 )  resonance dominates 

t h e  d i s p e r s i o n  i n t e g r a l s  and t h e  resonance p c s i t i o n  i s  taken from 

experiment. Then a n  e f f ec t ive  range r e l a t i o n  i s  obtained f o r  t h e  

resonant  P phase s h i f t  and t h e  small S, D and non-resonant P phases 

are  der ived .  The theory  w a s  app l i ed  f i r s t i y  to-J;F nucleon s c a t t e r i n g  
p i m  - 

and then  t o  photoproducticn.  FNW, us ing  a s t a t i c  mode l ,  extended the  

theory  t o  e l ec t rop roduc t ion .  

I n  i t s  simple form, t h e  theory had only a q u a l i t a t i v e  success .  

2 A modified form was f i r s t  used by Hand e Ziand recognized t h a t  t h e  

r e l a t i o n  between p ion  nucleon s c a t t e r i n g  ar,d photoproduction i s  

more d e f i n i t e  t h s n  o the r  f e a t u r e s  of t h e  theory  and took pion 

nucleon phases € m m  t h e  experiment. Thereby, he achieved h e  f i r s t  

good success  of :he theory  i n  f i t t i n g  t h e  t o t a l  c r o s s  s e c t i o n s  w i t h  

no f ree  pa rane te r s .  

More r e c e n t l y  iiGh1er” has r e t a i n e d  t h e  3orn t e r m s  and the  

resonant  ampli tude and neglected t h e  c o n t r i b u t i o n  of t h e  small phases 

which c a l c u l a t i o n  w a s  i n  any case open to ques t ion .  H e  obtained 

good f i t s  t o  d i f f e r e n t i a l  cross s e c t i o n  and p o l a r i z a t i o n  da ta ,  

except  nea r  @=ao where the  smil  terns a r e  important. Adler  follows 
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t h e  treatmenz of tZ&hier and extends i t  t o  e l ec t rop roduc t ion .  The 

r e s u l t s  are eqGivalent  t o  those  of Hsnd, b u t  he uses  a b e t t e r  a p p r o x i -  

mation f o r  e l e c t r q p r o d u c t i o n  than  t h e  s t a t i c  m d e l  of F W  and his 

r e s u l t s  d i f f e r  s l i g h t l y  a t  high momentum t r a n s f e r s .  

The r e l a t i o n  between photoproduction and pion nucleon s c a t t e r i n g  

i n h e r e n t  i n  CGLN and e x p l o i t e d  by Hand, Hohier and now Zagury and 

Adler ,  was foreshadowed i n  a theorem due to F e r m i  and Watson 

t h a t  t h e  phase of t h e  photoproduction ampli tude must be t h e  same as 

t h a t  of t h e  pior; nucleon s c a t t e r i n g  ampli tude u n t i l  i n e l a s t i c  channels 

i n  t h e  s c a c t e r i n g  opea up. Th i s  ho lds  only f o r  t h e  f i r s t  (M = 1238 MeV) 

resonance; t h e  h ighe r  resonances show g r e a t  i n e l a s t i c i t y  and a n  equiv- 

a l e n t  r e l a t i o n  has not been found. 

12 The i s o b a r  model of Gourdiri and SaLin , extended t o  photoproduc- 

1-3 t i o n  by L x 5 z t o n  i s  s G p e r f i c i a i l y  dir'ferext. The r e s u l t s  a r e ,  

howeverp equiyaIeEto  The mcdef a u t c m t i c a l i y  sa t i s f ies  t h e  Fermi-  
I 

Watson theorem and t h e  parameters are fic;ked t o  p ion  nucleon 

s c a t t e r i n g .  Likewise, i n e l a s t i c i t y  limits i t s  use fu lness  t o  t h e  

- .  

f i r s t  resonance. 
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An examination of t h e  equat ions of FhW show t h a t  the  

dominant pa r t  of t h e  e l ec t rop roduc t ion  amplitude i s  ir . leed the  

resonant ( 3 ,  3 )  term. The p r i n c i p a l  v a r i a t i o n  i s  accordin5 t o  

t h e  f.ormula, 

w i th  a sl$.ght f a l l  o f f  a t  higher  momentuq t r a n s f e r s .  

d e t a i l s  of t h i s  f a l l .  o f f  t h a t  k d l e r  and Zagury improve on 

(It i s  i n  t h e  

FNW.) 
2 2 

Now G (q ) i s  not  completely determined. i l l tnough GMp(q ) PN 
i s  measured by t h e  e l a s t i c  c r o s s  s e c t i o n s  concGmitant t o  t h i s  

experiment,  G (q ) . i s  q u i t e  p o o r l y  known a t  high momentua 

t r a n s f e r s .  

w e l l  approximated by a "4 pole  f i t "  

e l a s t i c  e l ec t ron -p ro ton  .,datal5 suggest t h a t  G may be l o w e r  t h a n  

2 
Mn 

The b e s t  guess a v a i l a b l e  i s  t h a t  t h e  f o r m  f a c t o r s  a r e  

14 . Some mare r e c e n t  

KP 
suggested by t h i s  4-pole  f i t .  , 

Figures  (lo)# (ll), and (D)  show t h e  abso lu te  d i f f e r e n t i a l  

. .  



ii 
c r o s s  s e c t i o n s  f o r  the resonance M =E38 MeV conpared t o  

Ad le r ' s  theory.  (Adler  and Zagury agree  s o  i t  i s  o n l y  necessary 

t o  compare t o  one of them). 

c a l c u l a t e d  curve - a f a c t  a l r eady  noted by Hand a t  lower 

The d a t a  l i e  3G$ t o  10% above t h e  

2 , 

momentum transfers.  However, w e  cons ider  agreement t o  t h i s  

accuracy a t  t h e s e  hign momentum t r a n s f e r s  as a remarkable 

triumph of theory.  

There seems t o  be a s h i f t  i n  t h e  2 o s i t i o n  of  t h e  peak towards 
G 

higher  va lues  of M from t h e  1220 MeV p red ic t ed  by t h e  theory 

( t h e  t h e o r e t i c a l  peak i s  - not  a t  t h e  mass 

i s  about 

c a l i b r a t i o n  was checked ( t o  b e t t e r  rhan 0.5%) wi th  e l a s t i c  

1238 i.ieV). This  shift 

1 
2$ i n  M" and w e  b e l i e v e  i t  i s  l a r g e l y  rea l .  The magnet 

s c a t t e r i n g  (M-938 KeV)  and w e  b e l i e v e  t h e  magnet's e f fec t ive  length  

and field g r a d i e n t  t o  be reproducible t o  

as  func t ions  of the magnet c u r r e n t .  

0.4% and 0 . s  r e s p e c t i v e l y  
... 

We could i n t e r p r e t  t h e  comparison of theory  and experiment a5 

a measure of 



k 

must be increased  30% from the  &-?a le  fit. 2 
GMn G ( q  ) is f ixed ,  

The t h e o r i e s  a l l  p r e d i c t  t h a t  t h e r e  i s  1-10 e l e c t r i c  quadmpole  

e x c i t a t i o n  of  t he  resonance, bu t  t h e r e  is evidence f o r  a j - 55 

admixture of  t h e  e l e c t r i c  quadrupole w i t h  t he  m g a e t i c  L ip f i l e  

e x c i t a t i o n .  T h i s  evidence comes from t h e  a q u l a r  distribution of 

r e c o i l  protons i n  T photoproduction a t  resonance using 

po la r i zed  photons 

s c a t t e r i n g ,  t he  angular  d i s t r i b u t i o n  of t n c  p r o t m s  i n  

MP 

0 

16 and the  equiva len t  experiment with e l e c t r o n  

coincidence wi th  e l e c t r o n s  s c a t t e r e d  i n e l a s t F c a l i y  from protons 

. _  e x c i t i n g  t h e  resonance. 

Associated wi th  t h e  e l e c t r i c  quadrupole e x c i t a t i o n  m u s t  

be some l o n g i t u d i n a l  e x c i t a t i o n .  

angular  d i s t r i b u t i o n  nethod, . just  as 

T h i s  can be separa ted  by an 

and G mzy be separa ted  i n  M GE 

elastic s c a t t e r i n g  . 
2 2 -2 

Hand already showed thzt $,/G < 0.3 a t  q =5 f By use Of T 
0 our measurements a t  0=90 

u as shown i n  Table V. We plot G and a a g a i n s t  q i n  Fig.  ( 1 3 )  

and Fig. ( 1 4 )  toge ther  with the thecry; (a /  2nd solid line f o r  

(Tabie  W), we can put  upper limits on 

2 
0 0 T 

Our data is nowhere near p r e c i s e  enough to f i n d  the expected 
OT 

value  of u from t h e  known e l e c t r i c  quadrupole e x c i t a t i o n .  0 

. __ . . . .- - --*-- -. 



General Theory  c5 Resmance ExcitaCicn 

3 Although t h e  t h e o r y  of e x c i t a t i c n  02 t h e  resonailce a t  iyi =I238 HeV 

~n pion nucleoa  i s  good, AG srzch theory  e x i s t s  f o r  h igher  resonances.  
.. h 
L# s c a t t e r i n g ,  i n e l a s t i c  channels  are cpei-~ and t h e r e  i s  considerable  

i n e l a s t i c i t y  ir, Che scattering a-iiiplitrzde. The  Fe-mi-Watson 'cheorein 

does no% t h e n  &ipp?j 2nd a d i spe r s io r r  theory  s ~ c h  as t h a t  of CGLN 

cannot e a s i l y  be j u s t i f i e d .  

Some g e n e r a l  s t a t e n e n t s  can, hob7everj h e  r i d e  about  t h e  e x c i t a -  

t i o n  of r e s o n a x e s ,  ~ h e s e  ere weti kmwn i n  the  realm of nuc lea r  

We heze r e fe r  t o  a review 19 phys ics  and are exzens ive ly  used. 
- G  l i  paper by 'Barber ., Izl the riaclear phjjsies prcbleia t h e  approximation 

i s  u s u a l l y  made of no nsciear recoil (20- elementary particles this 

out in the IaboraE~ory regereme frame- The r e s u l t s  derived are  

v h l i d  i n  t h e  lostg wevelength 1 F d t  qr 6 1 where r i s  t h e  i n t e r -  

a c t i o n  r a d i u s  - which is p r e s m e d  t o  be e? "be o r d e r  of t h e  nuc lea r  

r ad ius ,  r e I n  e ieDentary  p a r c i c l e  physics t h e  resuits der ived  

i n  t h e  l o n g  wavefength Iizit are scxnetimes c a l l e d  th re sho ld  cond i t ions  

0 

and we are u s u a i l y  fer: froa q r  << 1. 

The c a l c u l a t i o n  of cT ir,volves che s q m r e d  m t r i x  element 
A 

@;+ 

. .  . 
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30 
... . 

20 

where p ( r )  is an  i n t e r a c t i o n  d e n s i t y  which i s  non-zero only f o r  

r <ro  and q i s  t h e  3 dimensional momentum t r a n s f e r .  
Iv 

The f u l l  c a l c u l a t i ~ n ~ ~  y i e l d s  for magnetic t r a n s i t i o n s  of 

o rde r  f (sometimes c a l l e d  abnormal p a r i t y  t r a n s i t i o n e )  : 

21 

and f o r  e lectr ic  t r an . s i t i ons  of o rde r  'e  ( o f t e n  c a l l e d  normal 

p a r i t y  t r a n s i t i o n s )  except  monopole. 

. .  . .  

Bjorken and Walecka2' d e r i v e  similar formulae f o r  u T inc luding  

22 



A 
nuc lea r  r e c o i l .  However, they  f i n d :  

23 

I n  t h e  s t a t i c  model and long wavelength l i m i t  t h i s  i s  t h e  same as Eq. ( 2 1  

* 2 
= K f o r  M * e  M and q 0. 

QO 
because 

We note  t h e  k inemat ica l  r e l a t i o n s h i p :  

24 

This  makes it irmnaterial which i n i t i a l  o r  f i n a l  nucleon system 

r e f e r e n c e  frame w e  use f o r  E$. 2 1  and 22 provided K is measured i n  

2 i 

t h e  same frame. A t  q P 0 

P 1  25 

E q .  (23) depends on t he  fo l lowing  theorems:(Ref.  20)  
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. .  

and 
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where Me,, E F ~  and LfL are t h e  m g n e t i c ,  e l e c t r i c  and - 
l o n g i t u d i n a l  mul t ipo le  c o e f f i c i e n t s  respec t i v e  l y  . 

When qo = 0, i t  c a n ' b e  shown t h a t  a l l  t h e  Ly+ vanish:' thus  - 1 
t h e  behaviour f o r  small I %*I breaks down and it  is not  known E 
what t h e  t h e o r e t i c a l  r a t i o  of ulon$qrans i s  e 

n 

= -0pj- 
For c u r i o s i t y ' s  sake, t h e  r a t i o s  of ulong/utrans according 

t o  va r ious  p r e s c r i p t i o n s  are g iven  f o r  three p o i n t s  of i n t e r e s t  

+2 as i n  Table  VI. Likewise, t h e  behaviour of qo and qo 
2 

2 f u n c t i o n s  of q i s  shown i n  Fig.  15. 

The formulae given above f o r  t h e  long wavelength l i m i t  

( t h r e s h o l d  c o n d i t i o n )  c e r t a i n l y  do no t  apply  t o  our case  where 

One 141 r -1 (and do not  even apply  w e l l  f o r  nuc lear  p h y s i c s ) .  

must mu l t ip ly  t h e  Eq. (21)and (22) by some a r b i t r a r y  form f a c t o r .  

A$ f i r s t  s i g h t ,  i t  is -not clear t h a t  w e  have achieved anything by 

t a l l  t h i s  manoevringi w e  s t a r t e d  w i t h  an  a r b i t r a r y  f u n c t i o n  
2 2 2  

uT(q , K). and s t i l l  have a n  a r b i t r a r y  f u n c t i o n  F (q , K). 
But t h e  form f a c t o r  is now expected t o ' b e  c h a r a c t e r i s t i c  

of t h e  nucleon s i z e .  If we r e f e r  back t o  Eq. (20 )  

- ,  

. .  . 

. .  
. . .  ' 

I .  ., 

. .  
. .  . 

. .  
. .  . .  

. . .  . 
I . .  

- .  . .  . .  . .  
. .  

. .  . .  . , , .  
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w e  may guess t h e  i n t e r a c t i o n  d e n s i t y  t o  be equal  t o  t h e  nucleon 

s ize .  This  may be approximated ( R e f .  ( 3 ) )  by an  exponent ia l  

which i s  t h e  Four i e r  t ransform of t h e  form f a c t o r :  l - A r  
0 

according to ,  - 

28 

For t h e  magnetic d i p o l e  t r a n s i t i o n  t o  

we f i n d  t h a t  

M*= I238 MeV, f o r  example, 

The r e l e v a n t  form f a c t o r  is. c l e a r l y  t h e  magnetic vec to r  form factor 

2 G ( q  ) and we f i n d  t h e r e f o r e  t h e  r e c i p e  of Eq. (19) which w e  

found earlier w a s  t h e  dominant term i n  t h e  F W  d i s p e r s i o n  theory 

c a l c u l a t i o n ,  bu t  n o t  i nc lud ing the  kinematic f a c t o r s  included by 

Adler 

Mv 

For t h e  o t h e r  resonances,  - t h e  theory is less c e r t a i n  f o r  many 
. .  

reasons.  A t  t h e  s ta r t  of t h i s  work, resonances were known a t  Mu= . 
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intown from pion nucleon scattering and photoproduction. Since then, 
18 phase shift analyses of pion nucleon scattering have shown the 

existence of other resonances superimposed at these energies. The 

disentanglement of their contributions to photoproduction has not 

been performed and it would be harder for electroproduction (for 

which there is less data). We shall proceed to analyse the data 

on the supposition of only these two (old) resonances - plus a 
background.- and endeavor to derive what information we can. 

As we shall see, no amount of contribution of the new resonances 

\ 

8 

. . .  

can affect a peculiarity of the excitation at M*=1512 MeV. 

Another uncertainty is what form factor to use for these 

resonances. 

the magnetic form factor is probably appropriate since the magnetic 

form factor is the MW given to the transverse elastic form factor. 

- should involve G (q ) and But a transition g0.a state of .IT 

For a resonance dominated by transverse excitation 

2 
MS 

2 
not G w ( q  ; )*  NOW, L. 

2 2 2 . , .  . 
’ GMS(q ‘MP(-q 1. + GMn(q 

30 

-2 E&,& * . GHp(Q 2 ) 0.1 Gm(Q2)l ’ .  

GMS 
3g therefore involves a subtraction of two numbers of the same 
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I t  * 

o r d e r  of magnitude and is very poorly known. For t h e  long i tud ina l  
+ *  . . _. 

1 e x c i t a t i o n  t o  1 = 5 state,  probably G' (9) becomes important ES 

and t h e  electric form f a c t o r s  are hard ly  known a t  a l l  a t  t h e  

momentum t r a n s f e r s  of i n t e r e s t  here .  For t h e  sake of d e f i n i t e n e s s  

and f o r  no o t h e r  reason, we have chosen t o  compare our r e s u l t 8  

t o  G ( q  ) as f o r  t h e  ~*-1238 MeV case. Table  VI1 shows how 

t h e  form factors GEsv and GEv might change f o r  two f i t s  which 

2 
Mv 

2 
are no t  f a r  from known d a t a  ( b u t  no te  t h a t  a t  q - 4( B ~ V / C ) ~  t h e  

I 

1-parameter f i t  (Eq. 27) does no t  f i t  t h e  d a t a  t o  which t h i s  

experiment is normalized. ) I 

Breit-Wigner F i t s  and Mult ipole  F i t s  

Oc* s ize  CrF 
The problem arises a t h e  resonant  c o n t r i b u t i o n  

' ' . ' d c d t u e  40 
' ---the non-resonant c o n t r i b u t i o n .  For t h e  f i r s t  

1 
resonance t h e r e  is enough understanding t o  know t h a t  - 4 of t h e  

photoproduction c r o s s  s e c t i o n  a t  t h e  peak is non-resonant.  

We can  see t h i s  most e a s i l y  from t h e  s ta tement  t h a t  t h e  t r a n s -  

0 ition I y + P + P .+ T 

c o e f f i c i e n t s  is twice t h e  resonant  'cros-s s e c t i o n  i n  

is e n t i r e l y  resonant ,  and from Clebsch-Gordan 

+ 
. Y + p + n + K 

' Y e t  t h e s e  two c r o s s  s e c t i o n s  are e x p e r i m n t a l l y  equal,  hence there 
' 

-7  
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1 is a non-resonant background in 

total y absorption cross section. 

Y + P+ n + 7’ equal to 6 of the 

The non-resonant part falls somewhat faster with increasing 

momentum transfer than the resonant part and probably is small 
2 -2 at q ,go f . In the detailed comparison with theory made earlier 

for the first resonance, the non-resonant background is, of course, 

included 

The crude separation of the resonances discussed below 
e 

is based on the assumption that the widths remainthe same as 

the value at q PO, and is therefore somewhat arbitrary. 

of these reservations, and those discussed earlier, we still 

2 
In view 

endeavor to make some physical interpretation of the data. 

After the 

Perez-y-Jorba 

estimated from 

radiative corrections were carried out by the 

method, the resonant part of the scattering was 

the shapes of ‘the resonances. In trying to 

determine whether or not a resonance exists, only the statistical 

errors in Figs. (16), (17), and (18) 

radiative, solid target, and shower efficiency corrections give 

smooth curves. 

a priori, for each 

are significant because the 

The full width at half height was calculated . .  . . . .  
of the four resonances, (N*( 1238), N*( 1512), 

’ N*( 1688), and N*(1920) and for each of the three incident 
. . . . . . . .  

. .  ” . . . . .  . .  
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2 d u  

dErd" 

energ ies ,  (2.~58~ 2 488 and 

and 185 MeV r e spec t ive ly .  

The s c a t t e r e d  ene rg ie s  

'1 I 

31 . L  A ?/4 C .  

- )2 + r 2/4 
= 

(Ef  I Eres resonant  

4.874 BeV) assuming widths  of 130, 140, 145, 

.. . 

and widths a t  which these  resonances 

were expected t o  be observed were c a l c u l a t e d  from kinematics.  

t h e s e  were added i n  quadra ture  t h e  width of t h e  e las t ic  peak 

( L e . ,  a t  corresponding inc iden t  ene rg ie s )  

experimental  width of each resonance a t  each i n c i d e n t  energy. 

Half of t h e  resonant  c o n t r i b u t i o n  w a s  then  assumed t o  be 

To 

t o  o b t a i n  t h e  expected 

8 

t h e  d i f f e r e n c e  between t h e  c r o s s  s e c t i o n  a t  t h e  peak of t h e  

resonance and t h e  average of t h e  c r o s s  sec t ion ,  a ha l f -wid th  

e i t h e r  s i d e  of t h e  peak. 

The crudeness of t h i s  method in t roduces  large u n c e r t a i n t i e s  which 

have been es t imated  t o  be anywhere from a f a c t o r  of 1- 4 t o  a f a c t o r  

I 

L 

These amplitudes are shown i n  Table V I I I .  

1 
t 

. .  

' . .  
- : _. 

,- . 
. .  . ._ ,i; ., .. .i , . , . . .  

. . .  1 :. , !','.. .' . . . .) . ..:, . . ,  . 
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! l l  r = ; - A  
*f ._ : ,  4 .. 

I : . .  . .  
. .  ' 

permits us to use the peak amplitude in estimating the multipole 

i 

da I resonant 

f i t s .  

The non-resonant contribution to the scattering was then assumed 

to be what was left after the contributions of the four resonances 

.. ;,were removed. ,F$gs.  ( 16)J (l7), and (18) show the inelastic spectrum 
. . .  

. .  . .  
: .  after radiative corrections (the. points- with the bars), the . . .  . .  

+ p  + ia+ + 2a- + ( u s 0 )  

+ n  + W+ + 2r' 
. . .  . . . . . . .  . . . .  . . .  

. .  . .  

. .  . .  . . .  . . .  
. .  

. .  . . . .  .* . . . .  . . . . .  I .  . 
. .  . .  

. .  . .  
. . .  

>.-. 

. . . .  . . . . .  . .  
. .  

. %  

, .  
L .  

-. . ,. 

. - - __ . -. - ~. 
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For some purposee it is more convenient t o  use the cross  sec t ion  

over r e e  onance 
in tegra ted  over the  resonance, i . e . ,  

Accordingly the  valuee of 

33: : 

are given in Table IX. 

The values  of T 

from the  da t a  i n  Table 

u used i n  the  mult ipole  f i t s  were obtained 

VI11 and the  following formulas: 

For N*(l238) and N*('1920), according t o  Eq. (1) and the r u l e  ' 

34 



- . .  . . 40 : :  : . .  , . . .  : *  . . . . . .  

2 The va lues  f o r  uT ( q  , K) t hus  obtained are given i n  Table IX. 

As a tes t  of Eq. (21)  and (22) t h e  va lues  o f h e  logari thm of 

U I) 1 f o r  cons t an t  H . - are p l o t t e d  a g a i n s t  t h e  logar i thm of a 

The r e s u l t s  are shown i n  F ig .  ( 2 0 ) ,  (21 )  and ( 2 2 ) .  

By r eason  of the previous ly  i n d i c a t e d  arguments about change 

i n  angular  momenta, i s o t o p i c  sp in ,  and p a r i t y ,  we expect  t h e  

e x c i t a t i o n  of t h e  resonances t o  go as i n d i c a t e d  by t h e  dashed l i n e s .  I 

Comparison of t h e s e  assignments w i th  Fig.  (20), (21)  and 

(22) shows r a t h e r  remarkable agreemekt cons ide r ing  t h e  

approximations t h a t  e n t e r e d  i n t o  t h e  c a l c u l a t i o n s .  A poss ib l e  
. _" 

> 
d e v i a t i o n  e x i s t s  a t  1512 where t h e  e l e c t r i c  d i p o l e  e x c i t a t i o n  

p r e d i c t i o n  does no t  s imultaneously f i t  t h e  photoproduction and 
t 

e l e c t r o p r o d u c t i o n  data. 

electric monopole and d i p o l e  e x c i t a t i o n .  

The new resonances would,be e x c i t e d  by 

Poss ib l e  teaeons  for 
I) 

' .., t he .  diecre.pancy 'are t h e  replacement of. qo by K (use 'of .  Eq.. (22)  '...; 

. .  

. . .. . .  . .  

i n s t e a d  of GEs. . . .  

Conclusions and Specula t ions  

The excitation of . t h e  resonances a t  MeV agrees  
:". 

I - \  >,. E 
reaoonably wi th  theory and f u r t h e r  work can  i d e n t i f y  d e t a i l s .  A 

s e p a r a t i o n  of uo and uT by measurements of t h i s  type Q: by the distributio 
t 
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. .  , 

. e 1 '  
. . .  . w  . .  

.. . . . . .  
. .  , : .  

, .  I . .. 

ive information 

sonances should confirm the 

important r o l e  i n  

eeonances. 

t ideas,  these  should be of high 

( r o t a t i o n a l  s t a t e s )  of the 

y should then stand out 

duction because 

ncrease has i t s  l i m i t s j  t h e .  . 

roduction should r e a l l y  be considered . .  

n. But a naive 
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Bjorken writes 'down a formula relat ing u me88 ( E i ,  Ef) and 

A-1 

b i l i t y  of an e l e c t r o n  of energy E 
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where A i s  the b in  e iee  a8 in the Perez y Jorba recipe. 

E' -A 
r i .  ,Ef+& 

A-4  

A-5  

s id lar l y  : 

+ 



' +, . .  
' I .  ,?, . ... .. . . , .. ' 2; I, 8. 

A l s o  

: -  _. . 

45 

note that:  

1.1 -)+ EfMAX 0 p 2 )  - [i + 6en 
Ef 

w e  drop a l l  terms' i n  62 and higher, w e  have 

A-7 

+ 0 ( 6 ) - 2 ]  
Ef 

A-8  
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We no te  here  that an a d d i t i o n a l  c a l c u l a t i o n  us ing  t h e  

. .  Perez y Jorba r e c i p e  wi th  a b i n  s i z e  AE = . O l  BeV gave t h e  sa1118 

r e s u l t s  as t h e  c a l c u l a t i o n  wi th  AE = .02 BeV. 

We a l s o  no te  t h a t  a c a l c u l a t i o n  us ing  t h e  Perez y Jorba 

r e c i p e  w i t h  Bjorken's r a d i a t i o n  k e r n e l s  i n s t e a d  of Hand's g ive  

c o r r e c t e d  c r o s s  s e c t i o n s  which d i f f e r  by less than  1s from t h e  

quoted results. A comparison of t h e  r a d i a t i o n  k e r n e l s  f o r  t h e  

two cases (Table A-I) 'shaw t h a t  t h e  d i f f e r e n c e s  are 

unimportant. A t  f irst  s i g h t ,  t h e  d i f f e r e n c e  of t h e  Bjorken 
1 

z r e c i p e  i n  t h e  f i r s t  l i n e  seems i n c o n s i s t e n t  w i t h  equat ion  



21 d ;
 

2 R e 

4
 

pc 

ii z P; 9 a
 

D4 W
 

R
 . e
 

d Q
) 

P
 

a
 

r
l 
0
 

c3 

2 J
 5 4 V
 

a
 

c3 e . 

k
 

... 
e 
n

 
CD 
I

n
 

m
 

r
l 

m
 

cu 
rr\ 

U
 

='I rl ;
 

.Q
 

a
 e
 

OD 
h

 
d

 
P

I 

0" B s r
l 

4
 

M
) 

a
 

U
 

a
 

-d
 

a
 

9
 

3i z & 
-2

 
C

 
r
l 

P
 
3
 

a
 

m
 e
 

e
 

n
 

n
 

\o
 
m

,
 

r
l 
u
.
 

.
.

I
 

e
.

 
OD 
A

 
d
 

pc 
c; pz 
:
 

4
) 

.
.

 
4
 

k
 

o
) 

rl 
cc & 

cn 
0

 
Ir\ 
:
 

,
.

 
.

.
 

. '. 
r ... ; .......... 

, 
.:.

 
W

 
. 

Q
 

Y
 

k
 
g 

. :.' 

.. 

.. 
.. 

... 

3
,
.
 

... 
&

 
Y

 

. 
. 

a
0
0
\
 



. .  . . L  

. .  . .  
, . ,  . . 

. : I  

, .  

. .  . . .  
1 . -  

. .  . .  . 
. ., 

. . -  
. .  

. .  
. .  - .  . .  

. .  

. r .  . . . . . :  . 
.. . . ,  

. -  - .  
. . .  

. .  
. .  . I. . . .  

.: .... . . .  . .  
. . .  - .  . 



. .  

. . . _. 







9 . -  R 
0,853 0,268 

0.841~ : 0,203 

0,835 0,221 

0.826 0,219 

0.817 0,194 

0,808 . 0,209 

0,799 0,200 

. .  

. .  
, 'Table I 

' i .  

. S T  
0,673 

1 . 026 
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Table I1 (Cont.)  

1.258 0,611 1.102 0.832 

1.24Lk 0.601 1.096 0.845 

1.231 0,609 1 098 0.020 

1,217 0.579 1.085 0.009 

1.20/& 0.577 1.082 .0,811 

1,191 0.556 

1.178 0.571+ 

. 1,165 0.575 , 

1.152 0,568 

1.072 0.004 

1 077 

0 i.iko 0.563 1.065 0 774 

1.128 0,562 1.061 - 0 778 
1.115 0.528 1 0143 0.764 

1.1@3 0,600 .. a .  1.074 0.772 

- 

c A 
3.22, . 3  
3.34 3 

2,88 3 
2.89 3 

I 

2.88 3 
2.72 3 . 5  

2.78 4.0 

2.72 lc.8 

2.68 5.5 
2.71 5.5 
2 119 5.5 
2.99 6 

6 2,68 , .  

2.75 I .  6 

; 2.69 . 5.2 
. .  

. .  
. .  . 

1.050. . 0,721' . - ' .  2.65 l:.. t _ . .  5.2 
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R 
1 . 000 ' 0,533 

0.989 @,I488 

4 
5.5 
6 .  
6 

1 002 0,671 2,25 

1.025 0 . 657 2.30 

0,995 0*651c 2,20 

0,995 0.645 2.21 

0,998 0 . 6145 2.31 

0.993 0.637 . 2.30 

0,952 0 . 6142 2.03 

6 
6 
6 

6 

6 

6 

6 

6 

6 

0,621 2 .  Olc 

0,973 ' .  . o . h ~ o '  2.27 

0.927 0.603 1.85 ' 

,. 0.956 . .  

0.998 , '0.612 2.55 

2.06 

2. j1-2 

. .  
6 0.576 

i .  0.867 , 0.517. 0.985 . . 0.590 

0.538 ' . 0.858 0,472 ". . .  0.951. . 

. E  

0.877 -. 0.472 .. .. _ '  0.956 
... 

. .  . 
. .  

I .I . _. . 

6 
6 .  1.97 

1.85 6 
6 
6 .  

6 .  

6 '  . .  

6 
' 6  
6 '  

. . .  
. .  

1 
I 
i .  

. .  
. .  

- I  

. . . . .  _ ' '  
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' .  . 
I .  
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Table 11 (Cont.)  

0.778 0.443 0.905 0 . 1400 1.55 6 

0,761 ~ 0.373 

0.753 0.317 0.826 0.379 '1.19 6 
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8 TABLE IV 

Different ia l  Cross Section 

2 PT d '  ' 
dndEr i n  10-%cm2/BeV - stefddian 

\ 

Averaged over AK I 150 MeV centered on K P 325 MeV 

3 lo 

measurement 

4 .93  

measurement 

. 1.24 

90° 

21.4f -2  ' 855 

no measurement 

.236 

no measurement 

no 

25. gf -2 

35 3fW2 

40. lfw2 

no 

. ' : ,  
. . : .  . . . .  , 

. . .  
. < . I  

.. . .  
. . . . . .  . .  
... . .  

. . .  . : ., .. 

. .  . .  . .  1 . .  . 

. . .  

. .  

. .  

* .  . 
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TABLE V ’  
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prescription 

TABLE VI 
. . .  

s2=?. 797 1.31 3-30 ( BeV/c )2 

0.797 

! 
0.295 

. 1  

. . . . .  . .  

1.18 2.96 

' 0.312 0.262 

601.0 4.12 

. .  
. -  . .  

. .  . .  
. . "I 

.~ . . .  
.I . . 

.. . . . * _ .  ' .  . 
:' . . . . .  . . .  , . . . . .  . .  

.. * ..... 
,. . . :.. , . .  
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TABLE V I 1  

2 
q 

( B e V / c ) *  

0 996 

1.55 

3.61 

0.791 

1.31 

3.30 

0.649 

1.138 

3.06 

- . 0.424 

Comparison of Form Factors  

0.o-joo 

. 0.00861 

0 . 000730 

0.0494 

0.0152 . 

0 000972 

0.0750 

0.0217 

0.00126 
. I  

' . 0.154 '- 

_ .  0.0461 

-. . o.oo1go - 

. .  

0.0319 

0.0114 

~0.0012 
.. 

'0.0515 

.. 0.0171 . 

. ~0.00160 

. .  

0.0751 

* 10.0237 

0 .. 00 19 

-. 

.. . . 

-. . I  

i 

0.. 0477 .:. ' 

- - ~ O 0 . O O ? 7  _ .  . 

' t  

. ! .  

. -  
:I I 4 . pole 
.. i 
;( R e f  a 14) . .  

. . j  . 

0.0462 

0. 0265 

-0.0059 

0.0689 

0.0254 

-0.0051 

0.0921 

0.00352 

-0.0042 

.. 0.1516 

. 0.0648 

-0.0022 

4 pole 

0.0716 

0.0312 

0.00637 

0.1010 

0.0445 

0.00760 

0.1370 

* 0.0570 

0.00897 

0.2344 

0.0981 

- 0.01156 

- 1 parameter 



TABLE VI11 

Resonance 

Areas under the Resonances, A F  

Incident 
Energy . -  I . 2.358 2.988 ' 4.874 (BeV) 

( loo3cm2/sterad) 

1.238 . 

1.512 

1.688 

1.920 

' ' .  - .  . -. - 
. ~ ... 

0.09 
.. . 

. o/r* 
0.04 W (upper limits 

+ I  w. 

-lq,-=-and 
----- =ese curve- t6-t 

_.-.-- ./--- 

rcgfEering i s  known to be too high. . .  by';, 
. . . 

. :> . 

... . . , _  .. . * I  . .  . I  

. . - .  . .  , . _ _ _ _ _  . . . . ,  - 
. I . * _  : :.;..! * '  . .  . :, , I ,  . .. 

1 
. 1 .  
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63.' TABLE IX 
. '  

2 ( q  K )  as extracted from E q .  (35) and (36) trans "Theore t i ca  1" u 

. .  . . . .  

. .  . .  
' . .: i , ' <  
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TABLE X 

. .  
. .  

I . . .  . .  

l a t  'Order Biuitipole Dependance . .. . . .  of Resonances . -  . . .  

. .  
. : 

. .  power of q 
. .  . 

. . - / I . , ,  , .  , . 4 . .  . .. . , . . .  . . .  , . ..: , ,. . , ... , : . .  , . . .  , . .  . . . .  
' 3 .: 

. .  : . . . .  - ,  . 
. .  . . .  . .  

. '  i ) '  ' .  
. .  . .  . 

1 ' ,  
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Fig. . 4  

Captions t o  F igures  

A diagram t o  a i d  i n  understanding the  kinematics of 

i n e l a s t i c  ep s c a t t e r i n g .  

Layout of t h e  experimental  appara tus .  

Arrangement of counters showing a s y p i c a l  e l e c t r o n  

t r a j e c t o r y  

Comparison of t h e  c a l c u l a t e d  and measured r e s o l u t i o n  

f u n c t i o n  of t h e  spectrometer ,  

A kinematic diagram r e l a t i n g  t h e  inc iden t  and f i n a l  

e l e c t r o n  ene rg ie s  showing t h e  r eg ion  t h a t  must be 

measured t o  make a r a d i a t i v e  c o r r e c t i o n .  

I l l u s t r a t i o n  of a process  t h a t  could produce a fa lse  

count  if care is n o t  taken. 

Spectrum of i n e l a s t i c a l l y  s c a t t e r e d  e l e c t r o n s  f o r  e=31° 
and Ei=2.358 BeV ( d a t a  of Table 11). The dashed l i n e  

shows the radiative correction a p p l i e d .  
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