
Nuclear Physics B86 (1975) 125-141. North-Holland Publishing Company 

COMPARISON OF EXCHANGE MECHANISMS IN nN -+ oN 
AND PION PHOTO- AND ELECTROPRODUCTION 

A.C. IRVING* 
Cern, Geneva 

Received 23 September 1974 
(Revised 5 November 1974) 

Abstract: Rho-, photo- and electroproduction are compared and contrasted from a t-channel 
exchange point of view. A common exchange mechanism is evident. Systematic differences 
associated with the variable mass of the vector particle are found - in particular, the mass 
dependence of the non-pole-like contributions is reminiscent of that seen in higher mass 
resonance production. Naive vector meson dominance arguments which do not allow for 
these mass-dependent effects are shown to disagree both qualitatively and quantitatively 
with the data. We emphasize the implications of this, and similar studies, for an understand- 
ing of absorption effects in two-body scattering. 

1. Introduction 

Theoretical and phenomenological studies of small angle resonance production 
[ 1-6]  from a t-channel exchange point of view have shown that exchange mecha- 
nisms can have a dependence on both the mass and the quantum numbers of ex- 
ternal particles. The similar quantum numbers of the produced resonances in 
7r-p-+(p°,  fo, gO)n allow the isolation of effects dependent on mass. The pheno- 
menological decrease (with increasing mass) of the ratio of natural to unnatural 
pairty exchange [5, 7] is qualitatively described by dual theories, but a similar de- 
crease in the ratio of cut (background) corrections to n exchange is not clearly un- 
derstood. This decrease in the absorptive corrections is also present in the p-wave 
component of 7r-p -+ 7r+lr-n when studied as a function of mass [5]. In this paper 
we investigate the evidence for the mass dependence of exchange mechanisms in 
p-production (q2 ~ m 2 2 + = m p )  , 7r- photoproduction (q2 = 0) and 7r -+ electropro- 
duction (q2 < 0). 

p-production data is simply described by a three-component exchange model 
[6, 8] viz. ~r and A 2 t-channel exchanges with s-channel cut corrections. Since the 
same quantum numbers are exchanged, charged pion photoproduction data may 
be analogously decompgsed and the resulting components examined for mass de- 
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pendence. We use data on both s- and t-dependence to disentangle the components. 
Although high-energy ~r-electroproduction data is as yet sparse, it provides impor- 
tant information on the q2 dependence of exchange components. 

The processes under consideration may be linked numerically by the vector do- 
minance model (VDM) [9]. By a critical examination of the available data we iso- 
late those features of the model's failure which are due to mass dependences in 
the exchange mechanism, and those which stem directly from the vector meson 
dominance assumption itself. 

Sect. 2 contains a discussion of our model for vector production and the con- 
straints due to gauge invariance. The salient features of the data and our interpre- 
tation of them, are presented in sect. 3. Concluding remarks are in sect. 4. 

2. Model for vector production 

We consider the process 

/r-P ~ P °n , (2.1) 

7N ~ 7rN, (2.2) 

where (2.2) represents lr + and ~r- photo-(electro-)production processes averaged to 
remove the isoscalar-isovector interference contribution. Since the isoscalar part is 
expected to be negligible at small -t, we can assume (2.1) and (2.2) to be dominated 
by the same exchanges and being related by time-reversal, to have the same helicity 
structure. The basic model we use is already described in the literature [6]. We sum- 
marize briefly the formalism. 

2.1. Helicity structure 

Process (2.1) has as measurable combinations of (s-channel) helicity amplitudes 

o 0 =Poodo/dt = [P 0 I 2 = I /~ l  2 + I~+_12 , 

O l = ( P l l - O l _ l ) d a / d t =  I e  1 2= IP~+I 2+ IP~- 12 , 
- ( 2 . 3 )  

tTl+ =(011 +Pl-1)d°/dr= !P+I 2=  !P+++I z +  1 4 _  12 , 

vC2Re Ploda/d t  = R e ( P ~ _ ~  +P~+_/~+*). 

po and P-(P+) represent unnatural (natural) parity exchange asymptotically. 
For (2.2) the most commonly quoted observables are 

o u = o ( 1 - z ) =  I P _ I  2 , a t = o ( l + Z )  = IP+I 2 , (2.4) 



where 

o = ~(o" + d )  
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(2.5) 

is the unpolarized differential cross section and Z the polarized photon asymmetry. 
When the photon in (2.2~ is virtual, i.e. in 7r electroproduction, the measurables 

are: 

= ( P l l + e P o o ) d o / d t = ~ [ l P +  12 + I P  12] +e[Po 12 , 

a T = - P l _ l d O / d t  = ~[ l e_  1 2 -  IP+ 12] , (2.6) 

o I = v ' 2 R e  Plodo/dt  = Re [PLP°~ + P+_P~+*] , 

where e (~< 1) is an experimentally known kinematical quantity. 

2.2. Exchange model 

Our exchange model may be summarized 

/~+ o = 7 1 " + _  , 

/'~_ = rr~_ + C ,  

/~+_ =A+_ + C ,  

~ +  o t,/7--~lt' = 7r+_ 

P ~  = rr ; _  VS-nm/ t' , 

P+++ = A ++ , 

(2.7) 

where rr+_° is the dominant s-channel rr Regge-pole exchange contribution para- 
metrized exactly * as in ref. [6] : 

o , / 7  1 
rr+_ c c ~  I q[  , [q[  = ( m 2 )  ~ = [q 21 -~ (2.8) 

~ 2 - t  

Cis  a cut correction to the zero net helicity flip (n = 0) amplitude and A:~-_ the A 2 
exchange contributions, again parametrized as in ref. [6]. The ratio 

rr+_/n °_ = 2x/~-7/ lq [ (2.9) 

and the factor [ q [ in eq. (2.8) are those suggested by the dual model [3, 6] which 
specifies the basic t-channel helicity 0 and 1 n-exchange residues. This is further 
discussed in the next paragraph. 

2.3 .  Gauge invariance 

It  is well known that single ~r exchange in process (2.2) 

* The nucleon non-flip w-exchange contributions ~ ,  P-7+ are included so as to give the correct 
small - t  behaviour at non-asymptotic energies. 
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+ 
O 

7r+_ ~ ~ q2 t_la2 

tz2-t Iql 

2 X / ~  Iq I 
_ 

q2+t-/a2 

(2.1o) 

does not by itself satisfy gauge invariance. A simple and economical means of 
assuring this to add nucleon exchange Born terms as in the electric Born term mod- 
el [ 10, 111 

po ccx / r~q2+t -k t2  [1 t-/~2 1 
+- / az - t  Iq I -R(q2)  " ~  ' q2 + t_/.L2 _1 

pf_ ~ - - 1  [ -2{ +R(q2)(t-#2)] , (2.11) 
/22-t 

p~+_ o: - R ( q 2 ) ,  

where R(q 2) = Fl(q2)/Fn(q 2) is the ratio of nucleon to pion form factors [ 11]. 
Since R(0) = 1, the gauge invariance condition 

/~+_ "~ Iql  (2.12) 

is satisfied. This model satisfactorily describes many features of photo- and electro- 
production data at small - t  and low energies. 

A result formally identical to (2.11) (with R(m 2) = 1) is given by the Williams 
model of absorbed n exchange in vector production [12]. In this model, as with 
the gauge invariant Born term model, the gauge invariance mechanism in P~+_ is 
closely correlated with that which yields the non-pole corrections (cut) in P-+. 

In the dual model prescription for Reggeized rr exchange (egs. (2.8) and (2.9)), 
the additional t-channel helicity one coupling [3] is just such as to make the lr 
(Regge) pole contribution gauge invariant by itself, leaving the cut correction C in 
P+_ essentially unconstrained. We note that these three approaches all imply a i~+_ 
behaviour like (2.8) rather than (2.10), but we choose to use the dual model pre- 
scription because of its theoretical and phenomenological attractiveness [6]. In 
fact, the correction C deduced in phenomenological applications to o-production 
is very similar to the Williams prescription (2.11). 

2.4. Direct channel and exchange models 

Exchange models have enjoyed almost unrivalled success in describing resonance 
production processes above 3 GeV/c. To a large extent this is because duality ideas, 
so successful for 0- ½+ scattering processes, do not easily accommodate exchange 
of more than one naturality (as in rr-p ~ o°n). Furthermore, it is not possible to 
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build up the sharp t-structure of  n exchange from a finite set of equivalent reso- 
nances. Any realistic s-channel resonance model must therefore add in some t- 
channel exchange and so suffers problems with possible double counting. The elec- 
tric Born term model, if restricted to zr and nucleon exchange diagrams, cannot 
describe the structure which is seen in [P+ 1 2 for I t [ 2> 0.1 GeV 2 and which is 
ascribed to A 2 exchmlge in a t-channel model. 

We therefore consider it useful to extend the Regge t-channel description to in- 
clude charged pion photoproduction and electroproduction, a domain hitherto 
dominated by the Born term class of  models. 

3. Mass-dependent effects in the  data 

The application of  models like that of sect. 2 in p-production is well discussed 
in the literature [6, 8]. We briefly review the main features with reference to the 
sample data* shown in fig. 1 (helicity-one components only). 

3.1. p-production (q2 = m 2) 

The helicity-zero lr exchange contribution is fixed by the [ P0 [ 2 data. Knowing 
the 7r_/Tr 0 ratio (e.g. eqs. (2.9)), the cut contribution C is fixed by a knowledge of 
IP_ 12 and Re p 10- Since phase coherence, 

2(Replo  )2(d°/dt)2  = [P0 [2 [p_ 1 2 (3.1) 

is approximately satisfied in p production [ 15], the measurable Re PlO yields little 
extra information (not shown in fig. I). Finally, the C/A 2 exchange separation is 
made using [P+ [ 2 

The dip in [P_ [ 2 (zero in Re Pl0) at - t  ~ g2 is interpreted as a cancellation 
between C (dominant at small - t )  and lr_ (dominant at larger - t ) .  This mecha- 
nism is exhibited in eqs. (2.11) which, for unnatural parity exchange, are equiv- 
alent to our model at small - t  [eqs. (2.7)]. The shoulder structure in [P+ [ 2 near 
- t ~  0.2 GeV 2 is interpreted as a similar interference between C andA 2 but a 
phase difference prevents the complete cancellation as seen in i P  12. Confirma- 
tion of  this interpretation is given by p - w  interference phase information and 
by the observed c%ff of  [p+[2 [6]. 

3.2. Photoproduction (q2 = O) 

The sample data shown in fig. 1 show great similarity with p production data at 

* The p production (2.77 GeV/c [13, 14] and 17.2 GeV/c [15, 14] ) and photoproduction data 
(3.4 GeV [16, 17] and 16 GeV [18] ) have been linearly interpolated to obtain a common set 
of reference t-values. The energies were chosen such as to span a significant range and to facil- 
itate comparison with available (low-energy) data on ~r electroproduction. 
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Fig. 1 The natural and unnatural parity exchange helicity-one (s-channel) cross sections for 
7r-p --* p°n (at PL = 2.77 [ 13], 17.2 [ 15] GeV/c) and ~,N --* lrN (at E,,/= 3.4 [ 16, 17], 16 [ 18] 
GeV). As in all subsequent figures, the data is shown interpolated at standard t-values. To aid 
comparison, the photoproduction data (an average of 7r + and 7r- photoproduction) has been 

2 (~- 350). multiplied by the VDM factor '7p/~rez 

nearby energies. There is, of  course,  no  hel ic i ty  zero c o m p o n e n t  at  q2 = 0 (gauge 
invariance) bu t  the observables IP_  1 2 and IP+ 1 2 have c o m m o n  features  at  
q2 = m 2 and q2 = 0, viz. a forward spike and shoulder  or dip at t = - 0 . 2  GeV 2 
in IP+ 1 2; forward spike and deep dip at  - t  ~ 0.02 GeV 2 in ~PI  2. Closer s tudy  
shows [ 11, 16, 19] ,  however ,  that  the na tura l /unna tura l  par i ty  ra t io  is s ignif icantly 
higher  in the p h o t o n  process.  This emphas ized  in fig. 2 where we show 
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Fig. 2. A comparison of the polarized photoproduction asymmetry data, X = (o-L-all)/(oi+a[I), 
with the analogous data for ~r-p -~ p°n. Data sets in the neighbourhood of 3 and 16 GeV de- 
monstrate the strong energy dependence of this quantity. The curves represent the fit of our 
model. 

o±-o rl IP+ 12 IP_ 12 Pl-1 
2; - - -  - - - -  (3.2)  

o±+o ' IP+ I 2 + IP_ I 2 P l l  

2 and q2 = 0. I t  is clear tha t  no single (q2 independen t )  mode l  such as the for q2 = mp 

electr ic Born term model  :~ or Williams mode l  can describe bo th  o f  these. 
In view of  the discussion of  the previous paragraphs,  a p robable  exp lana t ion  of  

this difference is that  (a t  least for I t [ ~< 0.2 GeV 2) the cut  C is larger at  q2 = 0. 
The effect  of  this would  be to cancel 7r more  comple t e ly  in I P _  12 so giving a 
smaller result  for Itl i> 0.02 GeV 2 and reduce the cancel la t ion with ~'2 in IP+I 2 
y ie ld ing a larger result  for Itl ~ 0.2 GeV 2. At  still larger - t ,  the poss ibi l i ty  of  an 
increased A 2 con t r ibu t ion  at q2 = 0 giving increased a symmet ry  ~ ,  is no t  ex- 
c luded o f  course.  

Fu r the r  conf i rmat ion  o f  the above exchange decompos i t ion  may  be sought  in 
a s tudy  of  energy dependence .  In ref. [6] i t  was shown h o w  the rapid rise of  
Oteff( I P+ 12) at  - t  ~ 0.2 GeV 2 is associated with the t ransi t ion f rom I C 12 to 
Re(A2C* ) dominance  o f  IP+ I 2. In fig. 3 this rise is exh ib i t ed  by  the quan t i t y  
Serf( IP+ I 2)-Oteff([P_l)  2 for q2 = rn 2 a n d q 2  = 0:~:~. 

This model is already known [9, 17] to inadequately describe the photoproduction asym- 
metry for ~ t/> 2/z 2. At smaller - t ,  since any reasonable strength of "cut" (or nucleon 
Born term) gives ~ = 0 at t = 0 followed by a very rapid rise with - t ,  the photoproduction 
data has never provided a stringent test of this model. 

~t~ We study the ratio IP+I2/IP 12 to reduce the effects of normalization uncertainties in the 
data. %ff(IP_l 2) is expected to be similar in both cases [~ a~r(t); Itl ~ 0.1 GeV2]. 
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Fig. 3. The quantity aeff(lP+l 2) -aeff(IP_l 2) for p and photoproduction calculated from the 3 
and 16 GeV data sets. The dotted and solid curves, respectively, show the predictions of simple 
Regge pole exchange and of our P production model [6]. 

2 It  is unclear to what extent quanti- Also shown is our model prediction for q2 = rap. 
tative information may be extracted from this comparison, since the corresponding 
quantity extracted from 6--17 GeV/c/9 production data (fig. 2 of  ref. [6]), while 
qualitatively the same, lies higher than our model (not lower as here). Such a strong 
energy dependence between 3 and 6 GeV/c indicates that, while exchange mecha- 
nisms are already in evidence, 3 GeV is not a sufficiently asymptotic energy for a 
detailed study of effects crucially dependent on a Regge behaviour (e.g., a prediction 
of  IP+ I / I P  [ 2). It is, however, to be expected that effects due to q2 dependence 
of  exchange components will nonetheless be observed whatever the energy. Fig. 2 
shows this to be the case. 

3.3. Electroproduction (q2 < O) 
In 7r electroproduction IP+ 12 and IP_ 12 are not directly measurable (see eq. 

(2.6)). However, the crucial feature of our interpretation, the cut/it cancellation, is 
observable in a I - x / 2  Re Pl0 do/dt just as for p production. If  the deduced trend 
towards larger C/lr found in going from q2 = m 2 to q2 = 0 were to continue for 
q2 < 0, we expect the zero in o I to move out from - t  ~ 0.02 GeV 2 towards larger 
- t  (see fig. 4(b)). This is what is observed in the data [20] shown in fig. 4(a). 

The electric Born term model predicts [ 10] the position of  the zero in o I to be es- 
sentially independent of q2 (at - t  ~ /a  2) and so contradicts the data [20].  Likewise, 
simple vector dominance applied to 7r-p-+p°n data predicts the zero to be at 
- t ~ / *  2 [21].  
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Fig. 4. (a) The longitudinal/transverse interference cross section GT (~-X/~ Re PlO do/d/) for rr + 

• 2 2 L . 
electroproductlon for - q  = 0.26, 0.55 and 0.75 GeV [20]. (b) Model amphtude components 
(moduli shown) demonstrating the q2 dependence of the cut C (eqs. (3.3) and (3.4) of the text) 
which is capable of explaining the ,o-, photo- and electroproduction data• The arrows indicate 
the zero position of P_ at each value ofq 2 and may be directly compared with the zero ob- 
sezved in a I (part (a)). 

I f  the phase-coherence condit ion (3.1) were well satisfied in the (rather low- 
energy) data, a complete decomposit ion into Po, P+- could be made. Unfortunately 
the low statistics of  the data and inherently small I P_  [ 2, do not  allow this to be 
meaningfully performed. However, if  [ P  [ 2 is indeed small, as suggested by our 
model and the q2 = 0 data for I t [ >~/a 2, eqs. (2.6) allow a separation of  the dom- 
inant IPo ] 2 [20].  A comparison of IP  o ] 2 at q2 = m 2 and q2 < 0 will be made 
in subsect. 3.6. P 

3.4. Quantitative model 

An illuminating way to exhibit  the difference between amplitudes at q2 = 0 and 
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Fig. 5. The ratio of photoproduction to 0-production cross sections scaled to a common energy 
(see text). The comparison is made for natural and unnatural parity exchange at 3 and 16 GeV. 
The model fit at 16 GeV (prediction at 3 GeV) is shown by a solid (dotted) curve. The chain- 
dotted line is the value expected from vector dominance. 

q2 = m 2 is to plot the ratio of photoproduction and o-production cross sections 
for natural and unnatural parity exchange. In fig. 5 we show these ratios at 3.4 
and 16 GeV :~. For comparison, a line has been drawn at the value suggested by 
naive vector dominance - -  2.85 X 10 -3  using 3,2/47r = 0.64 [22]. The changes 
in behaviour of IP+ 12 and ~P_ 12 are clearly seen. With reference to the vector do- 

minance line, the natural parity ratio is larger than expected, while for 
0.02 < - t  < 0.3 the unnatural parity is much smaller. In a previous paragraph we 
explained how a cut increasing with _q2 can account for this at Itl <~ 0.2 GeV 2. 

2 2 At larger - t ,  the vector dominance arguments are tenable for IP+ I~/Ie+ I o only if 
A2/Tr is also allowed to increase with __q2. 

Three uncertainties associated with VDM applications are often discussed. 
(a) What value of'),2/47r should be used [23] ? This problem in no way affects 

our arguments since the VDM violations seen in fig. 5 are typically 200% rather 
than 20% effects. 

~t The P data have been scaled (~ s -2) to the same c.m. energy as the corresponding "7 data and 
have been normalized to include the resonance tails. Uncertainties in normalization prescrip- 
tion are, in effect, equivalent to redefining ~'2/4~r for the purposes of this Work. 

/J 
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(b) In which helicity frame should the comparison be made [9] ? We would ar- 
gue that the similar small - t  structure seen, in ]P_ ]2 and [P_ 2 
ison is most favourably made in the s-channel. [P [ 2 rapidly ]° 

sugges ts  the compar- 
• loses this structure 

when rotated to other frames. 
(c) How important are higher mass vector mesons [24] ? In the small q2 region 

under discussion, only low mass ( ~  1600 MeV) mesons are expected to affect vector 
dominance calculations. In particular, since we are concerned mainly with n ex- 
change and its associated cuts, the most  important  corrections would be from a low- 
mass p'  vector meson decaying into 27r. The evidence for such a resonance is at 
best inconclusive [25]. Until mass, width, and branching ratios of suitable candi- 
dates are established, this question remains open. 

The full curves in fig. 5 show the result of  allowing the magnitude and slope of 
the cut, and magnitude of the A 2 contribution to vary as a function o f q  2 while 
fitting the data for 7r-p -+ p°n  at 17.2 GeV/c and 7N -+ rrN data at 16 GeV *. The 
broken curve gives a subsequent prediction for the corresponding 3.4 GeV ratios. 
For this fit the cut and A 2 magnitudes at q2 = 0 were augmented by the factor 
1.4 (compared with q2 = m 2 [6] ) and the cut t-dependence made flatter by e 0"5t. 
The t-dependence of the data (fig. 5) indicate that A 2/n and C/¢r increase approxi- 
mately proportionately. For convenience we use the same factor for each. 

Some comments on these results are in order. 
(a) The ratio [ P  2 2 I,r/[P_ [p is seen to tend to the vector dominance value for large 

- t  ( >  0.5 GeV2). In our model this is interpreted as being due to the dominance of  
[ P  12 by I n  [2 which is independent o f q  2. 

(b) The increase of  the ratio A2/Tr (with _q2)  is an effect which is seen in studies 
of  higher mass resonance production [5, 7] where it may be understood in a dual 
theory approach [ 1 - -3] .  

(c) An increase of the ratio C/Tr is also found in production processes over a 
large range o f q  2. Particularly relevant to the present study is the observation of 

2 0.40 to 0.85 GeV 2 [26]. this effect in P-wave zr+Tr - production from q2 = m~Tr = 
",/ p 

(d) The maximum of the r a t io  O"i+/(71+ seen near --t = 0.2 is interpretable as 
being due to the flattening of the cut with _q2. 

Fig. 4(b) shows the 7r contribution t o p  together with the cut contributions 
determined (at ~ 16 GeV) from the p and photon data. I f  we regard the okdata  
of  fig. 4(a)** as evidence of  P_ possessing a zero in - t  at 0.05 GeV 2 for q~ = 
-0 .26  GeV 2, at 0.08 for q2 = 0.55 GeV 2 and at 0.12 for q2 = - 0 . 7 5  GeV 2, we 
may deduce the mass dependence of the cut for spacelike q2 to be approximately 
as shown by the dotted lines. A simple P2arametrization of the cut, which describes 
the observed behaviour between q2 = rnp and q2 = -0 .75  GeV 2 and is consistent 
with the (large) positive q2 behaviour (c), is 

* We apply VDM to our model amplitudes rather than to cross sections so that in practice the 
2 2 ratio of  flux factors k~r/k3, modifies multiplicatively the simple factor 7ra/3, ~ discussed in the 

text. 
** We do not expect isoscalar/isovector interference to alter this discussion of zr + electroproduc- 

tion data since it is restricted to small - t  (< 0.1 GeV 2) and concerns unnatural parity for 
which no appreciable interference is seen in photoproduction as discussed later• 
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Fig. 6. The quantity (a~+-a&)/(a~+ + o~) measuring the isoscalar/isovector interference in 
charged 7r photoproduction at 3.4 [16, 17] and 16 [18] GeV. The shaded region represents 
the analogous quantity estimated from vector-meson production data [27] (see text). 

C bc t = gce , (3.3) 

where 

gc(q2)/gc(m2a) = 1.40+(q2 /m2)(1 - 1.40), 

b c(q2)/b c(m2o) = 0.93-(q2 /m20)(1-0.93 ). 

(3.4) 

3.5. Isoscalar/isovector in terference 

The photoproduction processes 7P ~ lr+n and 7n -* l r -p  have unequal cross 
sections (a + and o - )  in the presence of  isoscalar/isovector interference. For ex- 
ample, simple VDM would predict 

¢ ~ i~ + ~ ~l 2 , o- ~ to - ~ ~l 2, (3.5) 

where p(co) represents the amplitude for l r -p -*  p°n(w°n) .  So far we have con- 
sidered 

o = ~(o + + o - )  = Ipl 2 + (1/2.8)21co12 ~ Ipl 2 . (3.6) 

Although there is little evidence of o+/o - 4= 1 for unnatural parity exchange [16],  
the ratio oT/o~is well known to grow appreciably above unity as - t  increases 
beyond 0.02 GeV 2 [ 16, 18]. In fig. 6 we show (o~-o;) / (a+l  + a~) which in VDM 
language (eq. (3.5)) is 
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a~-o~- 2(1/2.8) I~/pl ~ cos 

a +o; 1 +(1/2.8)216o/pl 2 

1 • 2 1 0 1 ~ c o s ¢  ~2.-8 

(3.7) 

and ¢ [6] are, respectively, the coherence and phase angle between the natural 
parity p and oo amplitudes. For comparison we show the bounds on the analogous 
interference quantity extracted :~ from K - p  -+ K*°n and K+n -+ K*°p data at 
4 GeV [27],  viz. 

1 al+(KA'4)-oI+(KN) 1 

2.---8 0l+(~N)+Ol+(KN) X ~ . 8  " 2 ] p l ~ C ° S ¢ '  (3.8) 

where 

x = 1 + I¢o/pl 2 (3.9) 
1 + (1/2.8)21¢o/pl 2 

is a correction factor which allows for non-negligible contributions from Iw/p[ 2. I t  
is seen that the observed isoscalar/isovector interference is larger than expected at 
4 GeV. The effect is largest at large - t .  Since in this region the interference term 
is certainly not smaller at q2 = 0 than at q2 - - mp 2 (assuming vector dominance) 
one may conjecture that the p exchange contribution to 6o production increases 
at least as fast with _q2 as does A 2 exchange in p production. 

3. 6. Helicity-zero components 

Gauge invariance demands that IPol 2 in electroproduction vanish as q2 when 
q2 _> 0. Apart from this, the only q2 dependence which VDM predicts in electro- 
production cross section is that due to the p meson propagator [11] : 

aq,(q2) =~ m2 ~2~og 

oo(m2) \m2-q  2] 72 . (3.10) 

In fig. 7 we show the quantity ^'r o % / o  o which is the ratio ofhelicity-zero cross 
sections with the VDM factor (3.10) divided out. It  is plotted, as a function o f q  2 
at two t-values. One notices that (a) there is a residual q2 dependence roughly con- 
sistent with the gauge invariance factor [qZ[[m2 and (b) the electroproduction data 
[20] are rather larger than VDM expectation. ~oint (b) might be regarded as evi- 
dence for the necessity to include higher mass vector mesons in vector dominance 

:~ The K*, P and to production data for natural parity exchange is in accord with SU(3) sym- 
metry expectation [27]. 
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VDM FOR HELICTY ZERO 

• - t  =0.05 GeV 2 
. • - t=0 .10  GeV 2 - 

%0 Iq21 

~ 0  

0 I i ~ 
- 0 . 8  - 0 . 6  - 0 . 4  - 0 2  0 

q2 GeV 2 

Fig. 7. The rat io  o f  lr + elect~oproduct ion and p product ion  bel ic i ty  zero components. To aid 
with VDM, the factor (m~/(m2~-q2))27ra/~/p 2 (see eq. (3.10) of text) has been di- compazison 

vided out and the data scaled by s -:~ to" ~ ' a  common energy. Also shown is the gauge invariance 
expectation (at small q2) for this quantity (Iql2/m2p). 

comparisons at appreciable values of Iqt 2. As regards exchange mechanisms, we do 
not anticipate sstrong mass-dependent effects in IPol/lql itself - -  our model at- 
tributes it to pure pion exchange. 

Higher statistics charged pion electroproduction data would enable a detailed 
amplitude analysis to be made (see subsect. 3.3). Further progress could then be 
made in studying the validity of the widely used vector meson dominance hypo- 
thesis, and also in finding the connection (if any) between the mass-dependent 
effects noted here and those seen in resonance production processes. 

3. 7. Origin o f  q 2 dependent absorption effects 

We have shown that it is meaningful to describe P, photo- and electroproduc- 
tion at small - t  in terms o fn  exchange (well behaved as a function o fq  2) and a 
cut correction C(q 2) which increases systematically as q2 varies from + m 2 to - m  2. 
Little is known theoretically concerning the precise dynamical origin of the cut 
corrections observed in two-body scattering. One intuitively appealing approach 
is to ascribe them to s-channel absorptive effects and to calculate them as a con- 
volution of the pole-exchange amplitude and the corresponding elastic amplitude. 
Such calculations are known to give only qualitatively correct results and are cer- 
tainly wrong in details [8]. 

In real or virtual n photoproduction the relevant diffractive amplitude could be 
taken as that of/9 electroproduction - -  final state absorption due to rrN elastic 
scattering would lead to no extra q2 dependence. A general result of such absorp- 
tion models is that the cut at t = 0 is given by 

Co: A -g, 
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Fig. 8. The impact parameter transforms (f~/~S-fd~LTJn(b~C-#)fn(t)) of the amplitude com- 
ponents ofP (q 2) which are shown in fig. 4(b). Solid (dotted) curves show the values at q~ = 
mp(0). Also shown is the b transform of the double helicity flip (n = 2) component of~r ex- 
change. 

where A is the diffractive ampli tude at t = 0 and B its slope in t. While there is ex- 
per imental  [28] and theoretical [29] evidence that  B(q 2) probably  decreases with 
_ q 2 ,  A(q2)  is certainly a more strongly decreasing funct ion  of  - q 2 1 3 0 ] .  Any  over- 
all increase in C(q 2) would therefore have to come from considering the coupling of  
other  intermediate  inelastic states (high mass vector mesons) as a funct ion  of  q2. 
A quant i ta t ive absorpt ion model  for these effects is no t  feasible. 

In impact  parameter  (b) space, the ampli tude P manifests considerable ab- 
sorpt ion at small b as compared to the ~r-pole con t r ibu t ion  itself. Fig. 8 shows the 
componen t s*  7r_(b), C(b) and  their resul tant  P_(b) at q2 = m 2 and q2 = 0. As 

* These are b-space transforms of the t-space quantities of fig. 4(b). Note that ~r_(b) and P ( b )  
contain (unequal) contributions from both net helicity flips, n = 0 and 2. P_(b) shows a max- 
imum near b = 1 fermi in analogy with what is known of n = 0 vector exchange amplitudes 
[31]. The n---0 component ofP (b) does not. 
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C(q 2) becomes stronger and flatter in t-space, the degree of absorption increases 
and extends to larger b. Unfortunately, quantitative discussion of the amplitudes 
at small b ~ould require knowledge of the large - t  behaviour, in particular the 
cut slope. Nonetheless the qualitative remarks made here are independent of our 
precise model for the t-dependences. Unabsorbed rr exchange, rr_, gives a large 
central (small b) component in b space, while no(b ) is already peripheral (maxi- 
mum around 1 fm). It therefore seems the case that the interaction becomes more 
peripheral as the vector particle becomes progressively lighter. 

The photon-hadron interactions are known to become increasingly point-like 
at large _q2. Deep inelastic phenomena bear witness to this. By "increasingly point- 
like" we mean that the collison no longer resembles that between extensive hadrons 
which both have structure. It is therefore reasonable to suppose that absorptive 
phenomena in two-body scattering which depend on the hadronic nature of the 
colliding objects will reflect this transition from a hadron-like photon (at q2 ~ m2), 
to a point-like photon at large space-like q2. 

4. Conclusions 

We have demonstrated the value of examining O, photo- and electroproduction 
from a common t-channel point of view. The following observations are made. 

(a) p production (q2 = m2), photoproduction (q2 = 0), electroproduction 
P 

(q2 ~ 0) data give evidence of a common t-channel exchange mechanism -- rr, A 2 
pole exchange with s-channel absorption. 

(b) There is direct experimental evidence for a strong q2 dependence of the ab- 
sorption corrections (cuts) required to fit the data. The cuts apparently increase 
with _q2, an effect previously noted in higher mass resonance production 
(q2 = m2r). 

(c) If the vector dominance model (VDM) is to be valid for the natural parity 
exchange amplitudes, the ratio A2]Tr must be an increasing function of _q2. This 
increase is also observed in higher mass resonance production and qualitatively un- 
derstood in dual theories. 

(d) The observed isoscalar/isovector interference in natural parity exchange 7r 
photoproduction is larger than expected (through VDM) from O and co vector 
meson production. 

(e) The helicity-zero cross section in 7r electroproduetion is significantly larger 
than expected from P production via gauge invariance and VDM. 

(f) VDM applied without due regard to mass-dependent effects in the exchange 
mechanism has been shown to give qualitatively and quantitatively incorrect results. 

(g) The increase of absorption with _q2 is conjectured to be related to the tran- 
sition of the photon from hadron- to point-like behaviour. Whether this effect, in 
fact, is associated with the special properties of the photon or is a more general 
geometrical attribute of hadrons is of considerable importance in an understanding 
of two-body interactions. 
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