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This may be t r ans l a t ed  in t e r m s  of the par t i a l  
wave ana lys i s  by the following equations:  

6 (10) F o r ~ / l = - l :  P= JTT~_+J~T3_  
2 2 

f 4 = - $ r T ~  +JvT~_ (11) 
2 2 

2 j 7  For  771 = +1: d= -$rT~_  - T3_ (12) 
2 2 

g= J~T ._  - ~/~ T3 , (13) 
2 2 

where p, fi d and g a re  the ampl i tudes  of the pa r -  
t ia l  waves.  In this way we obtain for the ra t io '  s: 

For  7/1 -1: i P / f t  = 1.8 +0.9 (14) 
= -0 .5  

For  71 = +1: I d /g l  : 0.65±0.17 (15) 

So the data of table 1 imply that f and g can 
not be neglected  compared  with p and d r e spec t ive -  
ly. This is  not s u r p r i s i n g  although in the par t i a l  
wave ana lys i s  for (spin 0 + spin ½) sy s t ems  higher 
waves a re  usua l ly  suppressed .  This effect need 
not n e c e s s a r i l y  be expected here,  s ince one deals  
with a (spin } + spin 0) sys tem.  In the (0, ½) sys -  
tem only one pa r t i a l  wave is  defined for  total  an-  
gular  momen tum ~ and given par i ty ,  in the (0, ~) 
sy s t em these quantum n u m b e r s  allow for two pa r -  
t ia l  waves.  

In this ana lys i s  it  has been assumed,  following 
A r m e n t e r o s  et al . ,  that i n t e r f e rence  effects with 
the background can be neglected.  The s m a l l n e s s  
of the odd momen ta  in table 1 suppor ts  this ap- 
proach.  Then one can use these data to say some-  
thing about the par i ty  of the Y~(1765). For  this  
purpose one needs some model  of the in terac t ion .  

If the ma t r ix  e lement  is  a s sumed  to be the same 
for decay into a wave l or l+ 2, the las t  one will 
s t i l l  be suppressed  by the centr i fugal  b a r r i e r ,  
ce r t a in ly  for low values  of the momenta  of the 
outgoing par t i c les .  In r eac t ion  (1) the value of the 
momentum is 1.3, expressed  in the pion r e s t -  
mass ,  which is a l ready  a r e l a t iv i s t i c  value for 
the outgoing pion. So a potential  model  for the in-  
t e rac t ion  is not expected to be good. If we adopt 
an e mp i r i c a l  fo rmula  as given by Lichtenberg [3] 
and many others :  

F ~  k [  (kn)2 / l (16) 
[1 + (kR) 2) ' 

in which R is  of the order  of an inve r se  pion mass ,  
we get for the ra t ios  (14) and (15) a value 2 if 
kR = 1 and a value 1.25 if kR = 2. This favours  
the minus  s ign of ~/1" 
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F o r  two-p ion  photoproduct ion,  the i n t e r f e r ence  between/90 produc t ion  and the "Dre l l  m e c h a n i s m "  is 
shown to sh i f t  the appa ren t  rho  m e s o n  m a s s  by about  25 MeV. This  can explain the m a s s  shif t  e x p e r i -  
menta l ly  observed for po production. 

~, + p ~ p O + p  (1) 
Recent ly  s eve ra l  exper imen t s  have been done 

on photoproduction of the neu t ra l  rho meson  [1-4] at photon energ ies  
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of a few GeV. In al l  of these,  the m a s s  value 
at which the rho meson  peak appeared  was found 
to be 25 to 35 MeV lower than the usua l ly  ac-  
cepted value [5] of 765 MeV. It is  the purpose  of 
this  note to show that there  exis t s  a na tu ra l  ex- 
p lanat ion for this  m a s s  shift,  as being due to an 
in t e r fe rence  effect. 

Our bas ic  assumpt ion  is  that the ampli tude of 
reac t ion  (1) is  maihly  absorpt ive .  This may be 
jus t i f ied  by the obse rva t ion  that the cha rac t e r i s t i c  
fea tures  of reac t ion  (1) r e s e m b l e  those of e las t ic  
di f f ract ion sca t te r ing ,  namely  a nea r ly  energy-  
independent  total  and forward  d i f ferent ia l  c ross  
sect ion da/dt ,  and a momen tum t r a n s f e r  d i s t r i -  
bution s i m i l a r  to that of diffract ion sca t t e r ing  
[1-3]. We do not have to s~ ,c i fy  the detai led 
mechan i sm  of the r eac t ion  but, in addition to 
the rho product ion p roper  (fig. la) ,  we cons ider  
"Dre l l - type"  p r o c e s s e s  [6, 7] in which a v i r tua l  
pion is  d i f f r ac t ion - sca t t e r ed  on the proton 
(fig. lb ,  c), and which give a n o n - r e s o n a n t  back- 
ground. The in t e r f e r ence  between these cont r i -  
but ions wil l  be shown to produce an apparent  
shift  in the m a s s  of the rho meson  of about 25 
MeV. The sign of the shift  cannot be predicted;  
it depends, in pa r t i cu l a r ,  on the s ign of the p ~  
coupling constant .  

According to our  assumpt ion,  we make the 
following phenomenological  Ansatz for the rho 
product ion ampli tude:  

Tp(s,  t) = ~ icF(s) exp(½at) , 

where s = (k+p) 2, t = (p' _p)2 (see fig. 1 for nota-  
tion), and F(s)  = ½(s- m 2) i s  the flux factor.  The 
exponential  dependence on the f o u r - m o m e n t u m  
t r a n s f e r  is,  according  to the exper imen t s  [1-3], 
s i m i l a r  to that found in p ion-nuc leon  diffract ion 
sca t te r ing ,  with a ~ 8 GeV-2. The no rma l i za t ion  
factor  c is  r e l a t ed  to the total  rho product ion 
c ros s  sect ion by 

I 1 
a 

c ~ ~~ ~p(s) e x p ( a M i n  It I) ~ 

and is approximate ly  independent  of s. 
One can now wri te  down a ma t r ix  e l emen t  for 

product ion of a (~+y-) pa i r  via  an in t e rmed ia te  po 
meson  state:  

5 1 
M 1 = -~/2(2y) -2 (koDoqloq2oP'o)-a g p ~  Tp(S, t) X 

x -i ""L u~-(q'k)J (qlu-q2 ) ' 

where w = q2 = (ql +q2 )2 and ~ = mpF(O~). The 
pTr~ coupling constant  g p ~  is  r e l a t ed  to the width 
r(m 2) of the rho meson.  We also take [e.g.8] 

mpf¼~- m~ 71 i 

For  the Drel l  d i ag rams  (figs. lb ,  c), the ma t r ix  
e l emen t  is 

3 5 X %) 
M 2 + M  3 = -2-~(2y)-~ e(koPoqloq20~o) -~ e (k) X 

with s 1 = (p' +q12)2 , s 2 = (/~ +q2) 2, t 1 = (q l "  k)2 
and t 2 = (q2" k) . Here,  the ampl i tudes  T . ( s ,  0 
for e las t ic  ~r!p diffract ion sca t t e r ing  enter .  Using 
the opt ical  theorem,  they may be wr i t t en  

e p(~at) , T~.(s,t) = i F~N(S) x x 

where a±(s) are the total  y+p c ross  sec t ions ,  and 

F N(s) = (mN+,b) 1½ [s-  (m N- ,b)2] ½ . 

If now the value of the total  rho product ion c ross  
sect ion ap(s) is  taken f rom exper iment ,  then the 
ma t r ix  e l emen t  M 1 + M 2 + M 3 cor responding  to 
fig. 1 is  completely  known, apar t  f rom the s ign 
of g p ~  and the s ign of Im Tp(s, t). After squar ing  
and pe r fo rming  the po la r iza t ion  average ,  one a r -  
r i ves  at a d i f ferent ia l  c ros s  sect ion which is  a 
sum of s ix t e r m s ,  namely  the three  quadra t ic  
t e r m s  and three in t e r f e rence  t e r m s .  By in tegra t -  
ing over  the appropr ia te  v a r i a b ~ s  one gets the 
c r o s s  sect ion as a function of ¢o~, the m a s s  of 
the (y+~-) sys tem.  

Fig. 2 shows the r e s u l t  for a photon energy  of 
koLAB = 4 GeV. In this example,  the p a r a m e t e r s  
used a re  m =765 MeV, F ( m 2~=124  MeV, ~ = P P 
13/~b and ~+~ = 35 mb. The D r e l l  graphs  were 
calcula ted in the Coulomb gauge in the cen te r -o f -  
momen tum sys tem.  

The f i r s t  d iagram,  M1, alone gives an approxi- 
mate Bre i t -Wigner  c ros s  sec t ion  with a max imum 
at 765 MeV. The Dre l l  d i ag rams  M 2 and M 3 pro-  
duce a smooth background, r e p r e s e n t i n g  a total  
c r o s s  sect ion of about 6 ~b. They also in t e r f e re  
with the imag ina ry  par t  of M1, yielding a rapid ly  
vary ing  cont r ibut ion  in the v ic in i ty  of the rho 
mass .  This r e su l t s  in a skewing and shif t ing of 
the peak. The s ign of the in t e r f e rence  t e r m s  is  

* The features mentioned suggest a diffraction pro- 
duction mechanism. A model along these lines has 
been discussed by Berman and Drell [10]. It is at 
least in qualitative agreement with the experimen- 
tal observations on reaction (1). 
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Fig.  1. Diagrams  cor responding  to the th ree  m a t r i x  e l e -  
men t s  M 1, M 2 and M 3 for  the p r oce s s  7 + p  --~ ? r++y-+p.  

s u c h  t h a t  a d o w n w a r d  s h i f t  r e s u l t s  i f  I m  Tp(s, t) 
> 0 a n d  if  gpyy h a s  t he  s a m e  s i g n  a s  t he  c h a r g e  
of the  p ion .  The  m a x i m u m  i s  t h e n  s h i f t e d  to  
750 MeV,  a n d  the  m e a n  v a l u e  of t he  p o i n t s  a t  
h a l f  m a x i m u m  b e c o m e s  740 MeV,  s o  t h a t  a n  e f -  
f e c t i v e  s h i f t  of t he  p e a k  of a b o u t  25 M e V  w i l l  b e  
o b s e r v e d .  

T h e s e  r e a u l t s  do no t  d e p e n d  c r i t i c a l l y  o n  t he  
p h o t o n  e n e r g y ,  s i n c e  the  t h r e e  a m p l i t u d e s  c o n -  
s i d e r e d  h e r e  h a v e  a s i m i l a r  s d e p e n d e n c e .  W e  
do no t  w o r r y  a b o u t  p o s s i b l e  m o d i f i c a t i o n s  to  
m a k e  the  a m p l i t u d e  g a u g e - i n v a r i a n t  [9] b e c a u s e  
the  e s s e n t i a l  r e s u l t  w i l l  r e m a i n  u n c h a n g e d .  

An  o b v i o u s  f u r t h e r  c o n t r i b u t i o n  to r e a c t i o n  (1) 
i s  g i v e n  b y  the  o n e - p i o n - e x c h a n g e  m a t r i x  e l e -  
m e n t  [10,  11] *. I t s  s i z e  c a n n o t  b e  c a l c u l a t e d  b e -  
c a u s e  t he  p ~ r  c o u p l i n g  c o n s t a n t  i s  u n k n o w n .  T h e  
e x p e r i m e n t s  [1 -3 ]  i n d i c a t e ,  h o w e v e r ,  t h a t  i t s  
c o n t r i b u t i o n  i s  c o m p a r a t i v e l y  s m a l l .  F u r t h e r -  
m o r e ,  a f t e r  s u m m i n g  o v e r  p o l a r i z a t i o n s  t h e r e  
a r e  no  i n t e r f e r e n c e  t e r m s  b e t w e e n  t he  a m p l i t u d e s  
c o n s i d e r e d  h e r e ,  a n d  t he  o n e - p i o n - e x c h a n g e  a m -  
p l i t u d e .  It  i s  t h e r e f o r e  no t  l i k e l y  to a f f e c t  o u r  
c o n c l u s i o n s .  

I wou ld  l ike  to  t h a n k  P r o f e s s o r  G. K r a m e r  a n d  
D r s .  E .  L o h r m a n n ,  P .  S t i c h e l  a n d  G. Wolf  f o r  h e l p -  
fu l  d i s c u s s i o n s .  

According to Soloviev [12] a lso in photoproduct ion 
+ y ~ y + v on pio~s the rho  meson  peak should 

appear  shif ted towards lower  m a s s  values .  Ex tend-  
ing the a rgument  to v i r tua l  pions,  one expects  a 
s i m i l a r  shi f t  in case  of a one-pion-exchange  m e c h a -  
n i sm  for  reac t ion  (1). 

> 40- '~ 

0 

"-  

.Q \ . . . .  

-~0" 

Ml1" Tr (GeV) 

Fig. 2. Cross  sect ion as a function of the (~+~) m a s s .  
Curve Ca) gives the contr ibut ion of M 1, while (b} shows 
the contr ibut ion of M~. and M 3 and the i r  mutual  in t e r -  
fe rence  t e rm ,  and (c)-that of the in te r fe rence  t e r m  be-  
tween M 1 and M2, and between M 1 and M 3. The full 

curve  is the sum of all s ix t e r m s .  
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