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A parton model is presented for single particle electroproductions with large electronic momentum- 
transfers. Two different asymptotic limits are discussed and related to two kinds of parton-mechanisms. 
Several testable predictions are made. 

The par ton  model is  now widely known for i ts  many pred ic t ions  in inc lus ive  deep inelas t ic  lepton- 
hadron p roces ses .  However,  it can also be applied to ce r t a in  exclusive r e a c t i o ~ w h e r e  the very  soft 
or  wee ** [1] pa r tons  play the dominant  role.  These  wees c a r r y  a f ract ion g/q ~ *** of the re levant  
had ron ' s  momentum in the infini te  momentum f rame.  Drel l  and Yah [2] encountered such wee par tons  
when they obtained a connect ion between large-Q2 elas t ic  ep sca t te r ing  and nea r - th r e sho ld  deep in-  
e las t ic  ep sca t ter ing .  

We have applied the approach of ref.  [2] in the f ie ld- theore t ic  par ton  model of Drel l  et al. [3] to the 
reac t ion  ep ~ e ' A B  (A, B hadrons) in the l imi t  of large Q2 ***. We obtain s t rong dynamical  r e s t r i c t i ons  
on ce r t a in  k inemat ic  va r i ab l e s  in appropr ia te  asymptot ic  l imi t s  and suggest definite asymptot ic  behav- 
io rs  on the par t  of a s t ruc tu re - func t ion  of in te res t  in those l imi ts .  The t ime l ines s  of this invest igat ion is 
under scored  by cu r r en t  exper iments  in p rog re s s  at the Cornel l  e l ec t ron - synch ro t ron  on p roces se s  such 
as ep~r , °p ,  pOp, ~+n, p+n, etc. at la rge  Q2. These can test  some of the theoret ica l  r esu l t s  obtained 
#ith the par ton  approach. In this le t te r ,  we br ief ly  repor t  the resu l t s  of our  #ork and br ing  out their  
physical  content.  The detai ls  a re  contained in a lengthier  publicat ion [4] #hich follo~vs. 

Relevant  notat ions for our  p roces s  a re  in t roduced in fig.1. The three  independent sca la r  va r i ab les  
can be taken to be Q2, v and K A where A is  the detected par t ic le .  We shall  a s sume ,  for convenience,  
that this  pa r t i c le  is  being detected close to the d i rec t ion  of the v i r tua l  photon in the labora tory ,  although 
the extension of our k inemat ic  d i scuss ion  to a different  geometry  of detection is  quite s t ra ightforward.  

If the az imuthal  angle,  made by PA in the plane pe rpend icu la r  to the di rect ion of the v i r tua l  photon, 
in tegra ted  away, we can write d i f ferent ia l  c ro s s  sect ions  as follows [5]: 

E " dQ2dudKAd3CT - 4not2E'  - Q  4e c~2(Q2, V, KA) COS2½ Oe + 2Q~l (Q2, u, KA) s i n 2 ½ 0 e ]  (1) 

The s t ruc tu re - func t ions  cb21,2 in eq. (1) a re  defined by [5]: 

P'PA 
Po ~ f d 3 p A  f d 3 p B  5 (KA-  ~-~--p } (2~)6 5(4) (p + q -PA -PB)(P[J~ [PA,PB)(PA,PB[Ju Ip) 
Mp spins 

qt.t qv 1 P_~q_ 
: ( - g p  + - ~ - )  ~'~21(O2, v, gA) M2p (P~ - . 1  q " ) (  p v - p ' q  u + -- q 2  qu)  ch;2(Q2, u, gA) (2) 

In eq. (2), J~ s tands for the hadronic e lec t romagne t  c u r r e n t  and ~ impl ies  that the in i t ia l  spins are  
spins 

averaged and the f inal  spins  summed.  Q42 2 is the s t ruc tu re  function about which we shall  be able to make 
any s ta tement .  

* Work supported in part by the National Science Foundation. 
** For a lucid discussion of the contrasting dynamical roles of wee and nonwee partons see ref. [1]. 

*** Here _Q2 is the leptonic momentum-transfer squared and I~ is a mass of the order of the transverse momentum 
cutoff seen in hadronic reactions. We shall sometimes use the notation m also for the latter. 
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E ~-~ E', k -'~ 

Proton ~ "  A 

~ ' B  (o) 

e' 

e q 

P°PA,B 
Q2=-q2>0' PB=P+q'PA ' ~A,B = M 

P 
= ~Mp ' 2Mp'V'Q2>(rIA+MB)2-Mp 2 

2 2 2 2 
Mp -Q +MA,B-MB, A = 2q.pA,B-2Mp(V-,CA,B) 

(b) 
Fig. 1. Notations: (a) Laboratory frame,  (b) covariantly. 

The two asymptotic limits of present interest are the following: (1) Fixed ~ limit - Here u ~ ~, 
Q2 _ ¢o with 2MpU/Q 2 _e w fixed (>I); K A is a free variable in this case with the restriction K̂  ~; u. 
(2) Fixed T A limit - Here u--oo, K A -  ~ with KA/V --- T A fixed(<l);  now Q2is a free variable that can 
have any large (for the patton-model to be valid) value with Q2 ~< 2 Mp u. The parton-analysis is per-  
formed in the infinite momentum frame (P ~ ~) of ref. [2] where 

p~ = (P + M2p/2P, O, O, P), q~ = (Mpv/P, q±, 0) and q2 = Q2 + O(i/p2).  (3) 

As explained in ref. [3], we can first take P ~o~ with q .  held fixed and then let q± go to infinity. The 
four-momenta of the final particles in this frame can be taken to be: 

p~ = (XjP+ (M 2+ b2j )/2XjP, kj±, XjP) , (4) 

where J can be either A or B and Xj and kji are unknown quantities. We now have: 

~ j - ~ p ' p j  Mp = ½ X j M p  + ( M 2 +  K 2 1 ) / 2 X j A I  p (5) 

On the o the r  hand, m o m e n t u m -  and e n e r g y - c o n s e r v a t i o n  imply  that  

X A + X B  = 1 , (6a) 

AA± + kB± = q i  ' (6b) 

Mp2+ 2MpV = ( M 2 +  h 2 ± ) / X A  + (M2 + b 2 ± ) / X B  (6c) 

E q s .  (5) and (6) a r e  su f f i c i en t  to d e t e r m i n e  X j  and kd± for  ou r  p u r p o s e s .  
The  k i n e m a t i c  r e s t r i c t i o n s  g iven  by the  p a r t o n  m o d e l  a r e  c o n s e q u e n c e s  of the  b e h a v i o r  of the  wee  

p a r t o n s .  The  p r e s e n c e  of w e e s  in e x c l u s i v e  r e a c t i o n s  fo l lows  f r o m  the  b a s i c  r e q u i r e m e n t  that  the  t r a n s -  
v e r s e  m o m e n t a  i n v o l v e d  in any had ron i c  v e r t e x  with p a r t o n s  r e m a i n  f in i t e  ( i .e.  unde r  a cutoff)  even  a s  
q~ - oo. The  point  unde r  c o n s i d e r a t i o n  can  be  i l l u s t r a t e d  by c o n s i d e r i n g  e l a s t i c  ep s c a t t e r i n g  ~ la  
D r e l l - Y a n  [2]. In the  P ~ ~o f r a m e  le t  the  i t h  p a r t o n  have  the f o u r - m o m e n t u m :  

p~ =[~?i P + (~2i + k2i±)/2~?i P ,  t(i± , n i p  ] , (7) 

w h e r e  0 < ni < 1, Iki± I < the  k± - cutoff ,  E ~7i = 1, . ~  k i = O. The  c o n s t i t u e n t ' a '  which  g e t s  e l e c t r -  
$ Z 

m a g n e t i c a l l y  s c a t t e r e d  (fig. 2a) c a r r y i n g  off a m o m e n t u m  ~ a  P + k a ±  + q ±  has  to c o m b i n e  with the  
u n s c a t t e r e d  hunch of m o m e n t u m  (1 - ~? a) P - k a± in the  r e d r e s s i n g  v e r t e x  to g ive  back  a f ina l  p h y s i c a l  
p r o t o n  of m o m e n t u m  p + q± .  R e l a t i v e  to the l a s t  m o m e n t u m ,  the  f i r s t  two can  be  w r i t t e n  as  ~?a(P + q i )  + 
(1 -~?a) q± + k a±  and (1 -~?a)(P  + q±)  - (1 -7?a) q± - h a ±  r e s p e c t i v e l y .  Hence ,  with r e s p e c t  to the  
m o m e n t u m  of the  f ina l  p ro ton ,  the  t r a n s v e r s e  m o m e n t a  at the r e d r e s s i n g  v e r t e x  can  be  f in i t e  (as qz  - ~o) 

only  if Wa ~ 1 - ~ q ~ l .  T h i s  m e a n s  that  only  ' a '  p a t t o n  is  nonwee  and the  r e s t  a r e  wees .  
q ±  ~oo  
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P 

t 
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(o) 
Virtual Photon 
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- V e r t e x  B 

A 

(c) 

----m.- Wee Parton 

B - V e r t e x  

P p 

r - o , - J .  ~ A  r- " o ' " ±  ~ A  

(b) (d) 

Fig.2. Parton descr ipt ions:  (a) large Q2 elast ic  ep scattering,  (b) Interaction between the electromagnetical ly scat-  
tered bunch in ep -~e 'AB,  (c) Asymptotic single part icle electroproduction in the fixed co limit. (d) same but in the 

fixed "r A limit. 

In the  r e a c t i o n  ep ~ e ' A B ,  s o m e  i n t e r a c t i o n  i s  n e c e s s a r y  * b e t w e e n  the  e l e c t r o m a g n e t i c a l l y  s c a t t e r e d  
p a r t o n  of m o m e n t u m  P s  = 77 a P  + q J + k ax  and  the  u n s c a i t e r e d  bunch  in o r d e r  to p r o d u c e  two f ina l  h a -  
d r o n s .  C o n s i d e r  a p a r t i c u l a r  type  of i n t e r a c t i o n  a s  shown  in fig. 2b. The  bunch (~ of p a r t o n s ,  p r o d u c e d  
at  the  A - v e r t e x ,  and  the  o r i g i n a l l y  u n s c a t t e r e d  bunch  ~ ,  p r o d u c e d  at  the  i n i t i a l  u n d r e s s i n g  v e r t e x ,  c o m -  
b ine  at  the  B - v e r t e x  to p r o d u c e  the  p a r t i c l e  B. S ince  t h e s e  a r e  t i m e - o r d e r e d  d i a g r a m s ,  e n e r g y  is  not 
c o n s e r v e d  at any of t h e s e  v e r t i c l e s  a l though  t h e r e  i s  o v e r a l l  e n e r g y - c o n s e r v a t i o n .  Let  × be  the  f r a c t i o n  
of P s  i m p a r t e d  to t he  p a r t i c l e  A at  the  A - v e r t e x ,  i . e .  P A  = X P s  + P '  o r  

PA = x(rl a p + q i )  + X k a  z + P '  , (8) 

w h e r e p ' . p s  = O a n d  p ' i s f i n i t e .  The  m o m e n t u m  (1 - q a ) P s  - P '  = (1 - X)(7?ap+ q±) + (1 - × ) k a x + p ' ,  
c a r r i e d  by the  bunch  (~, and the  m o m e n t u m  (1 - ~?a) p - k  a ± ,  be long ing  to the  bunch  t3, g ive  

PB = (1 - r/aX) P +  (1 - x)q.~ + X ka_, - P  ' (9) 

a t  the  B - v e r t e x .  C l e a r l y ,  the  r e q u i r e m e n t  of f in i t e  t r a n s v e r s e  m o m e n t a  with r e s p e c t  to P B  at  the  B-  
v e r t e x  can  be  m a i n t a i n e d  a s  qz ~oo  only if e i t h e r  1) 1 - X ~ ~tqT1, i .e .  the  bunch  (~ c o n s i s t s  of 

1 q ± ~  w e e  p a r t o n s  only ,  o r  if 2) 1 - q a  ~ m q ~  , i .e .  if the  bunch  ;'~ c o n s i s t s  s o l e l y  of wee  p a r t o n s .  The  
q ±  ~ " t 

f i r s t  a l t e r n a t i v e  c o r r e s p o n d s  to w e e - e x c h a n g e s  b e t w e e n  the  A -  and B-  x e r t i c e s  and in g e n e r a l  t h e s e  
w e e s  can  go f r o m  e i t h e r  v e r t e x  to the  o t h e r  ** ,  a s  shown  in fig. 2c. The  s e c o n d  p o s s i b i l i t y  c o r r e s p o n d s  

* This is because in the model of ref.[3] the absence of any pointlike behavior in elast ic  ep scaat ter ing is achieved 
by the requirement  that a single bare patton cannot make a transition to a physical part icle (see the discussion 
towards the end of the f i rs t  paper in ref.[3]). Thus we must have at least three final hadrons in order  to avaoid 
any interaction between the electromagnetical ly scat tered patton and the unscattered bunch. 

** Everything must, of course,  go forward with time. This can be insured by considering only the 'good' (p = 0.3) 
components of J ~ .  See the second paper in ref.[3].  

581 



V o l u m e  36B,  n u m b e r  6 P H Y S I C S  L E T T E R S  18 O c t o b e r  1971 

to  t he  c a s e  w h e n  a t  t he  i n i t i a l  u n d r e s s i n g  v e r t e x  on ly  the  ' a '  p a r t o n  i s  n o n w e e  and  the  r e s t  a r e  w e e s ;  in  
t he  g e n e r a l  s i t u a t i o n ,  of c o u r s e ,  s o m e  of t h e s e  w e e s  c a n  b e  a b s o r b e d  a t  t he  A - v e r t e x  a s  s h o w n  in  fig.  
2d. F ig s .  2c and  2d i l l u s t r a t e  the  g e n e r a l  d e s c r i p t i o n  of l e a d i n g  s i n g l e - p a r t i c l e  e l e c t r o p r o d u c t i o n  v i a  the  
two d i f f e r e n t  p o s s i b l e  p a r t o n  m e c h a n i s m s  a s  q i ~ co. 

C o n s i d e r  now the  s i t u a t i o n  p o r t r a y e d  in  fig.  2c.  L e t  t he  g r o u p  of w e e s  m o v i n g  f r o m  t h e  B - v e r t e x  to the  
A - v e r t e x  b r i n g  in  a t o t a l  m o m e n t u m  of (Xl  - 1 ) P s  + P l  to the  f o r m e r ,  w h e r e a s  t h o s e  go ing  f r o m  the  A -  
v e r t e x  to the  B - v e r t e x  t a k e  away  a t o t a l  m o m e n t u m  of (1 - × 2 ) × l P s  + p  2 f r o m  the  s a m e .  H e r e  

T 
×1  2 ~ 1 + ~ t l ,  2 q ~ . l ,  J l l ,  2 ~  k. t _ c u t o f f ,  P l , 2 " P s  = 0 a n d  P l , 2  a r e  f in i t e .  N o w e q s . ( 8 )  and  (9) 

' q±  .~ 

a r e  s t i l l  v a l i d  in  t h i s  m o r e  g e n e r a l  s i t u a t i o n  p r o v i d e d  we d e f i n e  × = Xl X2 ~ 1 + (p  1 - ~ 2)q  i 1 and  
' ~ - ~  {1 +(~i - P 2 ) q i  1 }  P'  = P l  - P2"  C o m p a r i n g  eq. (8) and  eq. (4) f o r  J = A,  we h a v e  /CA± q i  ~ ~ 

( k a i  + q z )  + f i n i t e  and  X A ~ 7/a{1 + ( ~ 2  - ~ t l )q~_ l} ,  i .e .  now 
q j_ - . ¢ o  

l i ra  k A i "  q i  _ O (  1__~ (lOa) \ q ± /  q.L ~,,o q i 
case 1 

"a+ o ( 1 )  l i r a  (lOb) 
q ±  ~oo 
c a s e  I 

E q s .  (10), s u b s t i t u t e d  in eq. (6c),  i m p l y  t h a t  

7/a = qxlim- co XA = 2 M p  - - - T +  O = -~- + O (11) 

case 1 

S i n c e  in t h i s  c a s e  7/a i s  s o m e  f in i t e  n u m b e r  in  t he  r a n g e  0 < 77 a < 1, eq. (11) s h o w s  t h a t  t he  p r e s e n t  
s i t u a t i o n  c o r r e s p o n d s  to t he  f ixed  w l i m i t .  Now eqs .  (10a) and  (11),  in  c o n j u n c t i o n  w i th  eq. (5) a n d  the  

r e l a t i o n  M p  2 - Q2 + M i  - M2B = 2 q .  PA - 2 M p  (v - KA) (v ide  fig.  1), l e a d s  to  t he  fo l lowing  r e s t r i c t i o n  

on  t he  f r e e  v a r i a b l e  K A of t he  f ixed  w l i m i t :  

l i m  - -  = l i m  - 1 + (12) 
w v ¢~ _Q2 

M o r e o v e r ,  if 0 A i s  t he  l a b o r a t o r y  a n g l e  b e t w e e n  P A  and  q ,  eq. (12) i m p l i e s  t h a t  * 

l im( l  -cos "A) =0(1/vv~) , 
(d 

i .e .  in  the  f ixed  w l i m i t  one  of the  f i na l  p a r t i c l e s  ( t a k e n  h e r e  to be  A) e m e r g e s  p r e d o m i n a n t l y  in  t he  
l a b o r a t o r y  d i r e c t i o n  of t h e  v i r t u a l  pho ton .  

T h e  s i t u a t i o n  i l l u s t r a t e d  in fig.  2d c a n  b e  d i s c u s s e d  in  a s i m i l a r  way.  In t h i s  c a s e  T/a ~ 1 - mq-i 1. 
C o m p a r i n g  eq. (8) a n d  eq. (4) f o r  J = A,  we now ge t  q ,  ~ co 

l i m  k A l  = X q ± + f i n i t e  , (13a) 
q ± - c o  
c a s e  2 

q]_ ~cO 

c a s e  2 

* In the fixed W limit,  the resu l t  - 2q  • pA Q-2 = 1 + O ( 1 / ' f ~  means  that in the laboratory,  as Q2 ~ co, we have 

-2Q-2{v K A - ~ / " ~ - ~  ~ cos 0A} = 1 + O{1/~/'~2). Since now KA/V = 1 + O(1/Y'v), af ter  expanding 

the square  root, we can write (1 + M~ 1 w KA) (1 - cos 0.4) = O(1/'¢rv) which immediately  leads to the des i red  

result .  In the fixed v A limit,  the resu l t  - M ~  1 v - l q  "PA = TA + O(1/~z~v) impl ies  that in the lab we have - M p  1 v -1 

{v K A -vFP ~ + Q2 ~ cos 0A} = T A + O( l /V~) .  Since now V2/2Mpu is 1 + O(1/~-p), binomial  expansions 

of the squa re - roo t s  give (1 - cos 0A) (1 + VMp 1) = O(1/V~v ) which again leads to the resu l t  claimed.  
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Substituted in eq. (5), eqs. (13) yield the r e su l t  

XA XQ 2 ( 1 ) 
l im - - -  J 'v q± ---, oo v 2Mpv + 0 

case 2 
On the o ther  hand, eq. (6c) and eqs. (13) lead to the re la t ion 

lira 2M-p-~ = I + O 
q± .-,oo 

case 2 

which, combined with eq. (14), implies that 

(14) 

(15) 

lira - X + O (16) 
q± ~oo v 
case 2 

Since X is  now a f ini te  number  in the range 0 < × < 1, this  ca se  c o r r e s p o n d s  to the fixed 7 A l imi t  
with X = TA. Eq. (15) is  the r e s t r i c t i on  on the f r e e  va r i ab le  Q2 in this l imit .  In analogy with eq. (12), we 
h e r e  have 

Hm q . p A / ( - M p v )  = ~'A + O ( 1 / J ~ )  
rA 

which imp l i e s  that once again * 

l ira (1 - cos e A) = 0 (1/',/~ ~I) 
"r A 

Moreove r ,  eqs. (13) now become:  

lira X A -- T A + O ( 1 / ~ Q  -~) , (17a) 
~A 

lira k A ±  = T A q± + f ini te (17b) 
TA 

The r e su l t s  on the asymptot ic  behav io r  o f q d  2 in the fixed w and r A l imi t s  can be attained once 
#e  unders tand the ro le  of the wee par tons  in governing these  l imi t s  and also in cont ro l l ing  the l a rge  Q 2 
behav io r  of the e l ec t romagne t i c  f o r m - f a c t o r  of any hadron. Take the fixed ¢o l imi t  f i r s t .  In fig. 2c, which 
d e s c r i b e s  the si tuation in this  l imit ,  the wees  a r e  exchanged between the A-  and B - v e r t i c e s .  Cons ider  
now the f igu res  co r respond ing  to fig. 2a fo r  t h e f o r m - f a c t o r s  FA,  B of the p a r t i c l e s  A, B (instead of the 
proton) and c o m p a r e  these  with fig. 2c. Suppose we a rgue  - as  D r e l l  and Yan did in ref.  [2] - that the 
leading q.  -dependence c o m e s  solely f rom the w e e - p a r t o n s  and nothing e lse .  Then the contribution to 
the leading q± -behav io r  in fig. 2c f rom a ce r ta in  configurat ion of l wee pa t rons  should be re la ted  to the 
contr ibut ions  to the f o r m - f a c t o r s  of A and B f rom the same wee par tons ;  the non-wee par tons  in fig. 2c 
would s imply affect  the dependence on the scal ing va r i ab l e  w. Since the f o r m - f a c t o r  of A(B) involves  
the square  of the ve r tex- func t ion  assoc ia t ion  with the A-(B- )  v e r t e x  while these  occur  once each in 
fig. 2c. we expect  the square  of the contr ibut ion f rom wee -pa t rons  to the s ingle pa r t i c l e  e l ec t rop roduc -  
tion ampl i tude  in the fixed w l imi t  to be propor t iona l  to the product  of the contr ibut ions  to the f o r m -  
f ac to r s  f rom the same  wees,  F u r t h e r m o r e ,  if this re la t ion is  t rue  for  each wee configurat ion,  we can 
infer  that it should be genera l ly  valid,  The a rgument  i s  desc r ibed  in deta i l  in ref .  [4] leading to the 
exact  r e su l t  which is :  

FA(Q 2) FB(Q2)  
limw spins~ (27r)q (pl j O ' 3 I p A ,  PB)<P B, PA 'JO'31P>, = p u (w)  

* For a spin-half baryon F 1 is meant and for a neutral particle the electromagnetic form-factor of its charged l-spin 
partner. 
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where u (w5 is  an unknown function of w. If the hadronic f o r m - f a c t o r s  a r e  all  taken * to fall  off with a 
un ive r sa l  power of Q-2 at l a rge  Q 2 , we can drop the subscr ip t s  in FA, B and wri te  the above equation 
a s :  

lira ~ (2r)q (p] jO,3 ip  A, p B ) d p B ,  PA iJO,3]p ) - IF(Q2)]2 u(w)  (18) 
w spins P 

Similar ly ,  for the fixed 7 A l imit ,  our  resu l t  in [4]: 

lira ~ (2n) q ( p ! j O , 3 i p A ,  PB) (pB ,PAiJO ,3 ' , p )  = [F(Q2)]2V(VA 5 , (195 
rA spins P 

where v (~-A) is an unknown function of 7 A. 
The conversion of eqs. (185 and (19) into statements on the behavior of c~ 2 can be made by taking 

Ix, v = 0,3 in eq. (2) and letting P go to ~. Using eqs. (4), (5) and (6), we then have 

1 "A'Mp 2 2 M A + k A i  Q'192:MpfdXAfTrdk2~ 5 ( X A -  2 - 2 < ~  ) 
0 

M 2 +(qj . -kA±)2  

1 2P(2~56 ~ <P]jO'3iPA,PB>(PB,PA]JO,3iP> 
spins 

For  the fixed w l imit ,  we can use eqs. (10a) and (185 in the above equation and obtain:  

1 Q2 P nd k2.L X A - X A M  p l~,~2=Si,pfdXA<5(XA-~f,,~)2X2-~f ~(2 ×AMp 2 2 _ M2 _ k21) 
0 

[F (V2) ]2u (w)  , 

or.  lira vow 2 = [F (Q2) ]  2 U(w). (20) 

where U(w) = [u(¢o)Mp/(2"¢ ¢o52 ] i s  an unknown function of ¢o. S imi lar ly ,  in the fixed 7 A l imi t  using 
eqs. (175 and (195, we 6btain:  

1 
lim"-id 2 = Mp f n d k  2 ,  fi(k 2 - 2 r A M  p XA) 2 M p T A 2 P  f d X  Af<T A -  X A) 
rA - ~ 0 

1 (1 3 1  

i 

or,  lim ~ 2  = [F(Q2)] 2 V(rA) (21) 
rA 

where V(1-A )= M p2,A v(1-A 5 [ M2A,.t7 2 _  ,,1 2 / ( 1 - ,  A 52' -1/2.2 i s  an  unknown function of TA. 
In conclusion,  let us r emark  that we have two kinds of pa r ton-mode l  r e su l t s  for s ing le -pa r t i c l e  

e lectroproduct ion in the fixed ¢o and fixed ~A l imi ts .  Eqs. (125 and (15) a re  k inemat ic  r e s t r i c t i ons  on the 
free var iab le  in each l imi t  that follow in a s t ra ighforward m a n n e r  from the fundamental  ingred ien ts  of 
the parton pic ture .  On the other  hand. eqs. (20) and (21) depend on ce r ta in  addit ional theoret ica l  a s -  
sumptions  which seem plaus ib le  in such a picture.  (For  a detai led d i scuss ion  of these assumpt ions  the 

* If large Q'2 elastic electron scattering of a hadron is controlled by the wee partons, one is inclined to expect the 
asymptotic form-factors of all hadrons to fall off with the same power of Q-2. This is the point of view that we 
shall adopt. A more detailed discussion will be found in ref.[4]. 
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r e a d e r  i s  r e f e r r e d  to o u r  f o r t h c o m i n g  l e n g t h i e r  p a p e r  [4].)  H o w e v e r ,  t h e  b a s i c  q u a l i t a t i v e  f e a t u r e  of 
eqs .  (20) and  (21),  n a m e l y  t h a t  u q d  2 o r  ch~ 2 ( d e p e n d i n g  on  t he  l i m i t )  s h o u l d  t end  to z e r o  a s  s o m e  p o w e r  
of Q - 2 ,  i s  i n e v i t a b l e  in any  s e l f - c o n s i s t e n t  p a t t o n  t r e a t m e n t  of  t he  p r o b l e m .  T h i s  c o n t r a s t s  wi th  t he  
p r e d i c t i o n  of  n o n t r i v i a l  s c a l i n g  f o r  w ' ~  2 in t he  f ixed  w l i m i t  f o r  t he  s p e c i f i c  p r o c e s s  ep -. e n p  + g i v e n  
b y  L e e  [61 in a m o d e l  b a s e d  on  t he  c u r r e n t - f i e l d  i d e n t i t y .  A n o t h e r  r e s u l t  to c o m p a r e  i s  t he  p r e d i c t i o n  
of  F r i s h m a n  e t  a l .  [7] ( f r o m  l i g h t - c o n e  d o m i n a n c e  c o n s i d e r a t i o n s )  t h a t  in the  f ixed  w l i m i t  u c ~ 2  s h o u l d  
b e h a v e  a s  * (Q2)-OtF2(w, T) w h e r e  ~- = - ( p  + q - PAl2  and  ~ i s  r e l a t e d  to t h e  d i m e n s i o n  of the  l e a d i n g  
f i e l d  in  t he  o p e r a t o r  p r o d u c t  e x p a n s i o n .  I t  s h o u l d  no t .  h o w e v e r ,  b e  l o n g  b e f o r e  t h e s e  r e s u l t s  a r e  c o n -  
f r o n t e d  wi th  e x p e r i m e n t  a t  C o r n e l l .  

T h e  a u t h o r  t h a n k s  D .R .  Y e n n i e  f o r  a r e m a r k  w h i c h  led  to t h i s  i n v e s t i g a t i o n .  He i s  e s p e c i a l l y  i n d e b t e d  
to T . - M .  Yan  f o r  m a n y  g u i d i n g  s u g g e s t i o n s .  

* In the scal ing region, if 0 A is taken ~ 0 ,  t~i,,q2 is proport ional  to T2/to with T 2 as defined in ref.[61 . It should be 
noted that our resu l t s  are  s t ronger  than those of F r i shman  et al. since we have the explicit  form fac tors  F A B(Q2) 
and specify that K A ~ v in the fixed ~o limit.  Moreover ,  l ight-cone dominance for exclusive p roces se s  - as' used 
in ref.[6] - involves the implici t  ad hoc assumption of the intensi t ivi ty of the amplitude to large var ia t ions  in the 
m a s s e s  of the final hadrons  (see the last  paragraph  of the second paper  quoted in ref.[61). 
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