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Cross - sec t ions  a re  presen ted  for  the "e las t ic"  p roces se s  "y + p ~ po + p and ~ + p ---" ~b ° + p at 8.5 GeV. 
The inelas t ic  contr ibut ion to po and q~o photoproduction f rom hydrogen was e l iminated by requi r ing  a 
proton recoi l  in coincidence with the pa i r - s pec t r ome te r .  Detailed mass - f i t s  were made to the rho data 
using a Sgding in te r fe rence  model to obtain the final "e las t ic"  c ros s - sec t i ons .  

M e a s u r e m e n t s  of pO and  q5 ° p h o t o p r o d u c t i o n  
f r o m  h y d r o g e n  u s i n g  " c o u n t e r "  t e c h n i q u e s  [ 1 - 3 ]  
fo r  d e t e c t i o n  of the  v e c t o r  m e s o n  d e c a y  p r o d u c t s  
a l o n e  a r e  s u b j e c t  to  u n c e r t a i n t y  due to the  un-  
known " i n e l a s t i c "  c o n t r i b u t i o n  to the  p r o d u c t i o n  
p r o c e s s e s .  We h a v e  u s e d  a p r o t o n  r e c o i l  hodo-  
s c o p e  in  c o i n c i d e n c e  wi th  t he  p a i r - s p e c t r o m e t e r  
d e s c r i b e d  p r e v i o u s l y  [1], to e l i m i n a t e  the  i n e l a s -  
t i c  p r o c e s s e s .  T h e  s c i n t i l l a t i o n  c o u n t e r  h o d o -  
s c o p e ,  wi th  a n  a n g u l a r  r e s o l u t i o n  of + 25 m r a d ,  
w a s  p l a c e  b e l o w  the  h y d r o g e n  t a r g e t ,  t he  p a i r  
s p e c t r o m e t e r  b e i n g  t i l t e d  v e r t i c a l l y  to v a r y  the  
p r o d u c t i o n  a n g l e  f r o m  0 ° to a m a x i m u m  of 0.083 
r a d i a n s .  T h e  q~o and  pO p r o d u c t i o n  a z i m u t h s  
w e r e  d e t e r m i n e d  by s p a r k - c h a m b e r  r e c o n s t r u c -  
t i o n  of the  t r a j e c t o r i e s  of t he  d e c a y  m e s o n -  
p a i r s .  C o p l a n a r i t y  of the  r e c o i l  p r o t o n  and  
v e c t o r  m e s o n  was  t he  c r i t e r i o n  f o r  t w o - b o d y  
p r o d u c t i o n  ~:~. T h e  e f f i c i e n c y  of the  c o u n t e r  
h o d o s c o p e  was  m e a s u r e d  a t  the  v a r i o u s  a n g l e s  
u s i n g  a n  a d d i t i o n a l  l a r g e  s c i n t i l l a t i o n  c o u n t e r  
b e l o w  the  h o d o s c o p e .  In e a c h  c a s e  the  e f f i c i e n c y  
w a s  equa l  to the  e x p e c t e d  " g e o m e t r i c a l "  e f f i -  
c i e n c y  of 95~o to w i t h i n  +2%. At  the  h i g h e s t  a n g l e s ,  
f o r  r h o  p r o d u c t i o n ,  a s h e e t  of l e a d  was  u s e d  to 
s h i e l d  the  h o d o s c o p e  f r o m  sof t  r a d i a t i o n .  At  
t h e s e  a n g l e s  the  p r o t o n  k i n e t i c  e n e r g i e s  w e r e  
s u f f i c i e n t  to a l l ow  t h e m  to p e n e t r a t e  the  l ead .  A 
c o r r e c t i o n  of 3.5% w as  n e c e s s a r y  to a c c o u n t  fo r  
n u c l e a r  a b s o r p t i o n  of the  p r o t o n s  in t he  l e a d  fo r  
t h e s e  da t a .  

:~ Work supported by the National Science Foundation. 
~:~ Supported by Bundesmin i s t e r ium ftir Wissenschaff t  

and Bildung. 
P r e s e n t  address :  Phys ika l i sches  Insti tut  der  
Univers i tae t  Bonn, Germany.  

: ~  A Monte-Car lo  calculat ion of the coplanar i ty  , 
d is t r ibut ion for production of (N +vec to r  meson) 
gives a FWHM of ~ 1.2 rad ian ,  where the recoi l  
proton is detected. 

R h o - p r o d u c t i o n  in c o i n c i d e n c e  wi th  r e c o i l  
p r o t o n s  was  m e a s u r e d  at  ( t )  = - 0.076 GeV 2, 
- 0 .181 GeV 2, - 0 .377 GeV 2 and  - 0 .515 GeV 2, a t  
an  a v e r a g e  e n e r g y  E p  = 8.47 GeV. T h e  p i o n - p a i r  
m a s s - s p e c t r u m  was  m e a s u r e d  a t  e i g h t  v a l u e s  
b e t w e e n  ( m ~ )  = 500 MeV and  910 MeV at  e a c h  
of the  a b o v e  a n g l e s .  T h e  m a s s  s p e c t r u m  at  0 ° 
w i thou t  the  p r o t o n  c o i n c i d e n c e  was  a l s o  m e a s u r e d .  
T h e  i n e l a s t i c  f r a c t i o n  a t  e a c h  m a s s  i s  s h o w n  in 
t a b l e  1 a s  a f u n c t i o n  of <t). S m o o t h  e x t r a p o l a t i o n s  
a r e  u s e d  to o b t a i n  t he  i n e l a s t i c  c o n t r i b u t i o n  at  
0 °. A l l  subsequent  data r e f e r r e d  to below are 
the "elast ic"  data a f t e r  subtracl ion o f  the ine las -  
t ic contribution. 

Fig.  1 s h o w s  the  s l o p e  p a r a m e t e r  b of the  
c r o s s - s e c t i o n  d2(~/dtdm in  t he  u s u a l  e x p r e s s i o n  
A exp (bt), as  a f u n c t i o n  of t he  m a s s  <rnu~>. D a t a  
f r o m  the  SLAC h y d r o g e n  b u b b l e  c h a m b e r  ex -  
p e r i m e n t  [4] a r e  s h o w n  fo r  c o m p a r i s o n .  T h e  b -  
v a l u e  at  <muu> = m p  m a y  b e  c o n s i d e r e d  to be  the  
s l o p e  of t he  " p u r e "  r h o ,  s i n c e  a l l  D r e l l - t y p e  
and  i n t e r f e r e n c e  t e r m s  v a n i s h  at  t h a t  poin t .  
(See be low . )  

T h e  m a s s - s p e c t r u m  a t  e a c h  t was  s e p a r a t e l y  
fitted using the S~ding model [5] for the inter- 
ference between rho- and Drell-type amplitudes 
for pion-pair photoproduction. The Drell ampli- 
tude was calculated using the pion-nucleon total 
cross-section at t = 0, and the relative t-depen- 
dence of the Drell cross-section was left free as 
a coefficient, D. The Drell amplitude includes a 
factor which avoids "double-counting" of the rho 
[6] J. The rho cross-section is obtained from 
these fits, where fixed values rnp = 770 MeV, 
F o = 130 MeV were used as standard values, as 
averages from previous work [7] :~. Fig. 2 shows 

~ The explicit  factor  mult iplying the Drell  amplitude 
is (m~ - m2) / (m~-m2 + imF (m)). 
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Tab l e  1 
I ne l a s t i c  f r a c t i o n  ~ in pO pho top roduc t ion .  M o m e n t u m  t r a n s f e r  i s  in GeV 2, 

<rn~.> ~(t = -0 .076)  ~(t = -  0.181) ~(t  = - 0.377) ~(t = - 0.515) 

29 May 1972 

495 0.08 ± 0.08 0.52 ± 0.15 0.58 ± 0.15 0.65 ± 0.10 
609 0.05 ± 0.05 0.28 ± 0.07 0.37 ± 0.10 0.56 ± 0.11 
658 0.10 ± 0.05 0.25 :L 0.05 0.28 ± 0.06 0.24 ± 0.07 
708 0.01 =~ 0.05 0.09 ± 0.03 0.26 ± 0.06 0.35 ± 0.05 
758 0.04 ± 0.05 0.15 ± 0.04 0.24 ± 0.04 0.23 ± 0.03 
809 0.10 :~ 0.06 0.21 ± 0.03 0.28 ± 0.08 0.25 ± 0.03 
858 0.0 ± 0.10 0 . 2 6 ±  0.10 0.43 ± 0.14 0.40 ± 0.15 
911 0.33 ± 0.30 0,44 ± 0.30 0,31 ± 0.30 0.20 ± 0.20 
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Fig .  1. The  s lope  p a r a m e t e r  b(GeV -2) as  a func t ion  of 
the  m a s s  <rn 7r?r). Data  f r o m  the SLAC h y d r o g e n  bubble 

c h a m b e r  [5] a r e  shown  fo r  c o m p a r i s o n .  

the mass - spec t r a  and resultant  fits to the data :~. 
The t-dependence of the elastic rho c ross -  

section is shown in fig. 3(a). The best fit to the 
data using the expression 

da /d t  (#b /GeV 2) = A e x p  (bt) 

i s  g i v e n  by  t h e  v a l u e s  A = (98 ± 6) # b / G e V  2, 

b = (7 .4  ± 0 .5 )  G e V  - 2  a t  ( E > ~  = 8 .5  G e V .  ( T h e  
e r r o r  in  b i n c l u d e s  a s y s t e m a t i c  e r r o r  o f  ± 2 %  
in  t h e  e n e r g y ) .  ~ T h e s e  v a l u e s  do n o t  d i f f e r  

rn = 7 7 0  MeV F = 130 MeV have  been  c h o s e n  a s  p , P. 
" s t a n d a r d "  v a l u e s  m c o m p a r i n g  r e s u l t s  of v a r i o u s  
r h o - p h o t o p r o d u c t i o n  e x p e r i m e n t s .  

:~ The  da ta  w e r e  a l so  fit  u s i n g p - ¢ o  i n t e r f e r e n c e  
p a r a m e t e r s  f r o m  pub l i shed  data .  (For  r e c e n t  
v a l u e s ,  s e e  re f .  [8].) The  r e s u l t s  of  t h e s e  f i t s  did 
not d i f fe r  s i g n i f i c a n t l y  f r o m  the  r e s u l t s  quoted he r e .  
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s i g n i f i c a n t l y  f r o m  p r e v i o u s  v a l u e s  o b t a i n e d  in  
c o u n t e r  e x p e r i m e n t s  [1 ,  3] t h a t  i n c l u d e d  i n e l a s t i c  
c o n t a m i n a t i o n .  T h e  s l o p e  p a r a m e t e r  b g i v e n  
a b o v e  d i f f e r s  f r o m  t h e  S L A C  b u b b l e - c h a m b e r  
r_~sul t  a t  9 .3  G e V :  b = (6 .5  ± 0 .3 )  G e V  - 2 ,  o b t a i n e d  
u s i n g  t h e  S 0 d i n g - m o d e l  f o r  e x t r a c t i o n  of t h e  r h o  
c r o s s - s e c t i o n s .  W e  h a v e  a l s o  f i t t e d  t h e  d a t a  
w i t h  t h e  e x p r e s s i o n  d a/dt ( l~b/GeV 2) = 
A e x p  (b l t  + b 2 t 2 ) ,  t h e  r e s u l t s  b e i n g  

A -- ( I i0  + 8) ~b/GeV 2 , 

b I = (9.0 ± 0.8) GeV -2 , 

b 2 = (3.2 + 1.6) GeV -4 . 

Fig. 3(b) shows the re la t ive  t-dependence of 
the Drell c ross -sec t ion  as obtained from the 
mass-spec t rum fitting. The data have been 
normalized to unity at t = 0. The smooth curve 
is the predicted t-dependence given by the ex- 
pression 

D(t) = D O e x p  ( 9 . 0 t +  2 . 4 t  2) 

w h e r e  t h e  e x p o n e n t i a l  f a c t o r  i s  t h e  t - d e p e n d e n c e  
o f  p i o n - n u c l e o n  e l a s t i c  s c a t t e r i n g  [9] ,  a n d D  o i s  
a n o r m a l i z i n g  c o n s t a n t  s u c h  t h a t  D ( 0 )  = 1.0 .  T h e  
t - d e p e n d e n c e  o f  t h e  d a t a  i s  in  e x c e l l e n t  a g r e e -  
m e n t  w i t h  t h e  t h e o r y .  T h e  a b s o l u t e  m a g n i t u d e  of  
t h e  D r e l l  c r o s s - s e c t i o n  o b t a i n e d  f r o m  t h e  d a t a  
i s  l e s s  t h a n  t h e  p r e d i c t e d  v a l u e  by  a f a c t o r  
(0 .82  ± 0 .22) .  T h i s  f a c t o r  i s  s e n s i t i v e  to t h e  r h o  
s h a p e  a n d  w i d t h .  T h e  e n t i r e  ~ - p a i r  p h o t o p r o d u c -  
t i o n  in  t h e  r e g i o n  o f  t h e  r h o - m e s o n  a p p e a r s  to 
b e  w e l l - d e s c r i b e d  b y  t h e  t h e o r y :  in  p a r t i c u l a r ,  
t h e  s k e w i n g  of  t h e  m a s s - s p e c t r u m  t o w a r d s  l ow  
m a s s e s ,  a n d  t h e  r e d u c e d  s k e w i n g  a t  l a r g e  t .  

W e  r e m a r k  t h a t  in  v i e w  of  t h e  c u r r e n t  i n -  
t e r e s t  in t h e  v a r i a t i o n  o f  t h e  s l o p e  o f  t h e  r h o -  
p r o d u c t i o n  c r o s s - s e c t i o n  w i t h  q2  (in e l e c t r o -  

: ~  Th i s  va lue  for  b is l ower  than  the  va lue  8.1 GeV -2  
p r e s e n t e d  at  the  C o r n e l l  c o n f e r e n c e  [8] due to an  
upward  c o r r e c t i o n  in o u r  m e a n  ene rgy .  Th i s  was  
due to the  v a r i a t i o n ,  o v e r  ou r  a p e r t u r e ,  of  the  
c r o s s  s e c t i o n  which  is  we igh t ed  t oward  high e n e r g y .  
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of the fit descr ibed  in the text: Long d a s h e s - r h o  
ampli tude squared ,  shor t  fash ampli tude 
squared,  and dashes  and d o t s - r h o - D r e l l  c ross  t e rm.  
The solid curve is the fit to th data ,  the sum of the 
above t e r m s  convoluted with tl mass  acceptance of 

the spec t rome te r .  

s p e c t r u m .  T h i s  i s  i d e n t i c a  to the  a p e r t u r e  u s e d  
in the  p r e v i o u s  ~ ° - p r o d u c t '  e x p e r i m e n t s  of 
t h i s  ~ rouo  [2] a t  t h i s  e n e r g y .  Fig .  3(c)  s h o w s  
t~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  fo r  t he  " e l a s t i c "  
t w o - b o d y  r e a c t i o n  ~, + p ~ p + (~ o b t a i n e d  by 
e l i m i n a t i n g  t h e  i n e l a s t i c  f r a c t i o n  d e s c r i b e d  a b o v e  
T h e  da t a  p o i n t s  i n c l u d e  d a t a  f r o m  re f .  [2], w i th  
t he  i n e l a s t i c  c o n t r i b u t i o n  e l i m i n a t e d  u s i n g  ~(t). 
T h e  p o i n t s  a t  0 ° a r e  o b t a i n e d  by  e x t r a p o l a t i n g  
the inelastic fraction in table 2, giving ~(0 °) = 
0.14 + 0.08. The t-dependence of the combined 
data may be characterized by the following ex- 
pression: 

(dcr/dt) gb/GeV 2 = (2.85 + 0.20) exp (5.4 + 0.3)t. 
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Fig. 3. (a) The t-dependence of the "elast ic" rho c r o s s -  
section. The smooth curve is a fit to the data of the 
form (dCr/dt) = A exp (bt). OJ) The t-dependence of the 
Drell cross-section, as obtained from the mass  fits. 
The smooth curve is the t-dependence of pion-nucleon 
elast ic  scat ter ing.  The data and curve have both been 
normalized to unity at t = 0. For  convenience, in this 
plot, all of the factors  in the theoret ical  express ion  
for the Drell  c ross  sect ion have been factored out of 
the data except the factor  for elast ic  pion-nucleon 
scat ter ing.  (c) The t-dependence of the "elast ic" ~b ° 
c ros s - sec t ion .  Data from ref.  [2] have been included, 
af ter  correct ion for the inelast ic contribution. The 
smooth curve is an exponential fit to the combined data 

as descr ibed in the text. 

Table 2 
Inelastic fraction in ~b photoproduction. 

t (GeV 2) 

-0.17 0.16 ± 0.04 
-0.33 0.14 ± 0.05 
-0.46 0.19 ± 0.08 
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We would l ike  to po in t  out tha t  the  o b s e r v e d  
i n e l a s t i c  f r a c t i o n  (14%) i s  l a r g e  enough  to a f f ec t  
s u b s t a n t i a l l y  the  p o l a r i z a t i o n  o b s e r v e d  in a 
p r e v i o u s  e x p e r i m e n t  [10]. If, f o r  e x a m p l e ,  t he  
i n e l a s t i c  c o m p o n e n t  i s  p o l a r i z e d  o p p o s i t e l y  to 
the  e l a s t i c ,  the  l a r g e  a s y m m e t r y  (0.55 ± 0.13) 
r e p o r t e d  p r e v i o u s l y  [10] can  be u n d e r s t o o d  
wi thout  invok ing  n o n - d i f f r a c t i v e  b e h a v i o u r  in the  
e l a s t i c  p r o d u c t i o n .  

T h e  a u t h o r s  w i s h  to thank  Don Yenn i e  fo r  
s e v e r a l  i l l u m i n a t i n g  d i s c u s s i o n s .  
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