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Abstract: Rho-, photo- and electroproduction are compared and contrasted from a ¢z-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 f-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
7" p—>(p°, f°, g%)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 w exchange is not clearly un-
derstood. This decrease in the absorptive corrections is also present in the p-wave
component of 7~ p = 7" 7 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 (g% = m%, = mg), 7* photoproduction (g% = 0) and 7* electropro-
duction (g2 < 0).

p-production data is simply described by a three-component exchange model
[6, 8] viz. 7 and A, t-channel exchanges with s-channel cut corrections. Since the
same quantum numbers are exchanged, charged pion photoproduction data may
be analogously decomposed and the resulting components examined for mass de-
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pendence. We use data on both s- and #-dependence to disentangle the components.
Although high-energy m-electroproduction data is as yet sparse, it provides impor-
tant information on the g2 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 processv
m p~>p°n, (2.1)
YN >N, (2.2)

where (2.2) represents n* and 7~ photo-(electro-)production processes averaged to
remove the isoscalar-isovector interference contribution. Since the isoscalar part is
expected to be negligible at small -7, 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
0y =pgedofdr= | Py 12 =1P2 1% +|P2_|2,
0, =(py,—p, Ddofdt=|P_|?=|P_ |*+|P;_|?,
o1, =0y to,_dojde= P |?= |PL 12+ |PL_ |2,
VZRe p,odo/dt=Re(P Y} +P. F*).

(2.3)

PP and P~ (P*) represent unnatural (natural) parity exchange asymptotically.
For (2.2) the most commonly quoted observables are

o' =0(1-2)= |P_|2, o'=0(1+Z)=|P, |2, (2.9)



A.C. Irving nN— pN 127

where
o=1i@"+oY (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 7 electroproduction, the measurables
are:

7 =(py, tepgy)doldt =3[P, |2+ |P_1?] +elP)?,
op=—p, ydo/dt=3[|P_12-|P,|%], (2.6)
o =\/§Rep10do/dt= Re[P_ P> +P] PY*],

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

2.2. Exchange model

Our exchange model may be summarized

Py =m_ P =m0 Vit
P, =n,_+C, P =1, _Nty/t, (2.7)
P[_ =4, +C, P =4,

where 77 _ is the dominant s-channel 7 Regge-pole exchange contribution para-
metrized exactly * as in ref. [6]:

\/~t' 1
1 ==——|ql, lql=(m})=lq

2]
u2—t

Nl

(2.8)

C'is a cut correction to the zero net helicity flip (n = 0) amplitude and 44y the A,
exchange contributions, again parametrized as in ref. [6]. The ratio

=2 lal (2.9)

+

and the factor | ¢ | in eq. (2.8) are those suggested by the dual model [3, 6] which
specifies the basic #-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 7 exchange in process (2.2)

* The nucleon non-flip m-exchange contributions P, P, are included so as to give the correct
small —¢ behaviour at non-asymptotic energies.
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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, 11]

V=7 g? + 142 t-u?
Al IR |

+

M-t gl g2 +1—p?
_ 1 ,
P« [-2¢ +R(g})(-uD)] , (2.11)
u—t
P« -R(g?,

where R(¢q?) = Fl(qz)/F"(qz) is the ratio of nucleon to pion form factors [11].
Since R(0) = 1, the gauge invariance condition

P, _~ql (2.12)

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

A result formally identical to (2.11) (with R(m%) = 1) is given by the Williams
model of absorbed 7 exchange in vector production [12]. In this model, as with
the gauge invariant Born term model, the gauge invariance mechanism in £9_ is
closely correlated with that which yields the non-pole corrections (cut) in P;_.

In the dual model prescription for Reggeized 7 exchange (egs. (2.8) and (2.9)),
the additional f-channel helicity one coupling [3] is just such as to make the
(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 P§ _
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 p-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 074* scattering processes, do not easily accommodate exchange
of more than one naturality (as in 7~ p = p°n). Furthermore, it is not possible to
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build up the sharp #-structure of 7 exchange from a finite set of equivalent reso-
nances. Any realistic s-channel resonance model must therefore add in some ¢
channel exchange and so suffers problems with possible double counting. The elec-
tric Born term model, if restricted to m and nucleon exchange diagrams, cannot
describe the structure which is seenin | P, | 2 for |¢] >0.1 GeV? and which is
ascribed to A, exchange in a r-channel model.

We therefore consider it useful to extend the Regge #-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. 2in 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 = mi )

The helicity-zero m exchange contribution is fixed by the [Py | 2 data. Knowing
the m_/my ratio (e.g. egs. (2.9)), the cut contribution C is fixed by a knowledge of
iP_1? and Re p,q. Since phase coherence,

2Re pyg)* (dofd)? = | Py |2 1P_|? (3.1

is approximately satisfied in p production [15], the measurable Re p;, yields little
extra information (not shown in fig. 1). Finally, the C/4, exchange separation is
made using | P, | 2.

The dip in | P_ | 2(zeroin Re p;,) at —¢ ~ u? is interpreted as a cancellation
between C (dominant at small —¢) and n_ (dominant at larger —¢). This mecha-
nism is exhibited in egs. (2.11) which, for unnatural parity exchange, are equiv-
alent to our model at small —¢ [egs. (2.7)] . The shoulder structure in | P, | 2 near
—t=~ 0.2 GeV? is interpreted as a similar interference between C and A, buta
phase difference prevents the complete cancellation as seen in [P_|2. Confirma-
tion of this interpretation is given by p—w interference phase information and
by the observed agg of P, |2 [6].

3.2. Photoproduction (q% = 0)

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 = electroproduction.
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Fig. 1 The natural and unnatural parity exchange helicity-one (s-channel) cross sections for

7 p—>p%n (at pp =2.77 [13], 17.2 [15] GeV/c) and yN— 2N (at E, = 3.4 [16, 17], 16 [18]
GeV). As in all subsequent figures, the data is shown interpolated at standard z-values. To aid
comparison, the photoproduction data (an average of n* and n— photoproduction) has been
multiplied by the VDM factor 12/71'0: (= 350).

nearby energies. There is, of course, no helicity zero component at g2 = 0 (gauge
invariance) but the observables {P_ |2 and | 2, |2 have common features at

g = m2 and g% = 0, viz. a forward spike and shoulder or dip at £ = —0.2 GeV?

in | P, | %; forward spike and deep dip at —f ~ 0.02 GeV? in lP_|2. Closer study
shows [11, 16, 19], however, that the natural/unnatural parity ratio is significantly
higher in the photon process. This emphasized in fig. 2 where we show
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Fig. 2. A comparison of the polarized photoproduction asymmetry data, £ = (al—a")/(aivl-a"),
with the analogous data for #—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.

aJ- o' |P+|27|P_|2_p1_1 (32)
ol+0" P, 12+ 1P_|% pyy

for q2 = m% and q2 = Q. It is clear that no single (q2 independent) model such as the
electric Born term model ¥ or Williams model can describe both of these.

In view of the discussion of the previous paragraphs, a probable explanation of
this difference is that (at least for | ¢ | < 0.2 GeV2) the cut C is larger at g2 = 0.
The effect of this would be to cance] 7 more completely in |P_ |2 so giving a
smaller result for |¢t| =2 0.02 GeV? and reduce the cancellation with A2 in LP |2
yielding a larger result for |¢] < 0.2 GeV2. At still larger —¢, the possibility of an
increased A, contribution at q? = 0 giving increased asymmetry Z, is not ex-
cluded of course.

Further confirmation of the above exchange decomposition may be sought in
a study of energy dependence. In ref. [6] it was shown how the rapid rise of

(| Py | 2) at — = 0.2 GeV2 s associated with the transition from | C|2 to
Re(4 ZC* ) dominance of | P, | 2. In ﬁg 3 th1s rise is exhibited by the quantity
ogr( 1Py | 2)— e (IP_)? for g% = m? and g% = 0}

¥ This model is already known [9,17] to inadequately describe the photoproduction asym-
metry for ~ ¢t > 2u At smaller —¢, since any reasonable strength of “‘cut” (or nucleon
Born term) gives £ = 0 at ¢ = 0 followed by a very rapid rise with —¢, the photoproduction
data has never prowded a strmgent test of this model.
1 We study the rano 1P, / \1P_ | to reduce the effects of normalization uncertainties in the
data. aeff(lP | )1s expected to be similar in both cases [~ a,(1); Ifl = 0.1 GeVz]
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Fig. 3. The quantity aeff(lP+|2) —aeff(lP_lz) 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].

Also shown is our model prediction for q2 = m%. It is unclear to what extent quanti-
tative information may be extracted from this comparison, since the corresponding
quantity extracted from 6--17 GeV/c p 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 | P, |/|P_|2).Itis, however, to be expected that effects due to g2 dependence
of exchange components will nonetheless be observed whatever the energy. Fig. 2
shows this to be the case.

3.3. Electroproduction (¢? < 0)

In 7 electroproduction | P, |2 and |P_ |2 are not directly measurable (see eq.
(2.6)). However, the crucial feature of our interpretation, the cut/m cancellation, is
observable in o = V2 Re p10 do/dt just as for p production. If the deduced trend
towards larger C/m_ found in going from g2 = m? to g2 = 0 were to continue for
q2 < 0, we expect the zero in of to move out from —¢ & 0.02 GeV? 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 oy to be es-
sentially independent of g2 (at — = u2) and so contradicts the data [20] . Likewise,
simple vector dominance applied to 7~ p— p°n data predicts the zero to be at
—tmsu? [21].



A.C. Irving, aN - pN 133

POLE /CUT CANCELLATION

— T T T T T
-q%=026 GeV?
51- .
-tz
T N S S .

——
[N
AY

]}
A\
2\

——
——
|

Fa)
~
[
j=3
b
X
<
®

6"y p~mu*n) pb Gev?
o
T
|
— |
- |
|
+I
1
|
-+
|
|
|
|
|
\ A

-5 b
=
1 -q%=075 Gev2
o———— —_
-5 f i (a)
PR ST S DRI Y I R B
1 T T T T r T 7T v 17
:\\ /ql(Gevz) 1
08

06

04

AMPLITUDE (ARB. UNITS)

02 PR PR S R U I W (RN SV N T S T
0O 002 004 006 008 010 Q12 01
-t Gev?

Fig. 4. (a) The longitudinal/transverse interference cross section oy (= V2 Rep 10 do/dr) for nt
electroproduction for q2 = 0.26, 0. 55 and 0.75 GeV? [20]. (b) Model amplitude components
(moduli shown) demonstrating the q dependence of the cut C (eqgs. (3.3) and (3.4) of the text)
which is capable of explaining the p—, photo- and electroproduction data. The arrows indicate
the zero position of P_ at each value ofq and may be directly compared with the zero ob-
served in oy (part (a)).

If the phase-coherence condition (3.1) were well satisfied in the (rather low-
energy) data, a complete decomposition into P,, P, could be made. Unfortunately
the low statistics of the data and inherently small | P_ |2, do not allow this to be
meaningfully performed. However, if {2_ |2 is indeed small, as suggested by our
model and the ¢2 = 0 data for | 7| Zu2, egs. (2.6) allow a separation of the dom-
inant | P, |2 [20]. A comparison of | P, |2 atq? = mg and g2 < 0 will be made
in subsect. 3.6.

3.4. Quantitative model

An illuminating way to exhibit the difference between amplitudes at g2 = 0 and
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Fig. 5. The ratio of photoproduction to p-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.

q?= mg is to plot the ratio of photoproduction and p-production cross sections
for natural and unnatural parity exchange. In fig. 5 we show these ratios at 3.4
and 16 GeV i. For comparison, a line has been drawn at the value suggested by
naive vector dominance — 2.85 X 1073 using Y5 247 = 0.64 [22]. The changes
in behaviour of |P+|2 and |P_|? are clearly seen. Wrth reference to the vector do-
minance line, the natural parity ratio is larger than expected, while for
0.02 < —¢ < 0.3 the unnatural parity is much smaller. In a previous paragraph we
explained how a cut increasing with —g2 can account for this at |t| <0. 2 GeV?2.
At larger —t, the vector dominance arguments are tenable for IP+I / lP+ only if
A,/m is also allowed to increase with —q?2.

Three uncertainties associated with VDM applications are often discussed.

(2) What value of 7%/41r 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.

 The p data have been scaled (~ s“z) to the same c.m. energy as the corresponding y data and
have been normalized to include the resonance tails. Uncertainties in normalization prescrip-
tion are, in effect, equivalent to redefining '7p/4“ for the purposes of this work.
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(b) In which helicity frame should the companson be made [9]? We would ar-
gue that the similar small —¢ structure seen in |P_ | and |P_ |2 suggests the compar-
ison is most favourably made in the s-channel. [P_ I2 rapidly loses this structure
when rotated to other frames.

(c) How important are higher mass vector mesons [24]? In the small g2 region
under discussion, only low mass (< 1600 MeV) mesons are expected to affect vector
dominance calculations. In particular, since we are concerned mainly with 7 ex-
change and its associated cuts, the most important corrections would be from a low-
mass p’ vector meson decaying into 2. 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, contribution to vary as a function of q? whlle
fitting the data for 7~ p = p°n at 17.2 GeV/c and yN > 7N 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, magmtudes at g2 = 0 were augmented by the factor
1.4 (compared with g2 = mp [6]) and the cut z-dependence made flatter by e0-5¢.
The t-dependence of the data (fig. 5) indicate that A,/7 and C/n 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_ I%/IP_ I‘Z, 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
IP_12 by |7_|? which is independent of 2.

(b) The increase of the ratio A, /7 (with —g?2) 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/w is also found in production processes over a
large range of 2. Particularly relevant to the present study is the observation of
this effect in P-wave ntn— productlon from q*= m =0.40 to 0.85 GeV2 [26].

(d) The maximum of the ratio 01+/01+ seen near ~t = (.2 is interpretable as
being due to the flattening of the cut with —¢2.

Fig. 4(b) shows the 7 contribution to P_ together with the cut contributions
determined (at ~ 16 GeV) from the p and photon data. If we regard the o; data
of fig. 4(a)"* as evidence of P_ possessing a zero in —t at 0.05 GeV? for g2 =
—0.26 GeV2, at 0.08 for g2 = —0.55 GeV? and at 0.12 for g2 = —0.75 GeV2, we
may deduce the mass dependence of the cut for spacelike g2 to be approximately
as shown by the dotted lines. A simple parametrlzanon of the cut, which describes
the observed behaviour between g2 = m and g2 = —0.75 GeV? and is consistent
with the (large) positive g2 behaviour (c) is

* We apply VDM to our model amplitudes rather than to cross sections so that in practice the
ratio of flux factors & /k modifies multiplicatively the simple factor ma/y o discussed in the
text.

** We do not expect isoscalar/isovector interference to alter this discussion of #" electroproduc-
tion data since it is restricted to small —¢ (< 0.1 GeV?) and concerns unnatural parity for
which no appreciable interference is seen in photoproduction as discussed later.
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Fig. 6. The quantity (oJ_;_-ol_ )/(oJ;_+ oJ; ) measuring the isoscalar/isovector interference in
charged = 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=gceb°t , (3.3)
where
£,(a®)/g (m2)= 1.40+(q2|m2)(1-1.40),
(3.4)
b (@®)/b(m2)=0.93-(q*m2)(1-0.93).

3.5. Isoscalar/isovector interference

The photoproduction processes yp = 7' n and yn - 7~ p have unequal cross
sections (¢ and 0™) in the presence of isoscalar/isovector interference. For ex-
ample, simple VDM would predict

. 1 - 1
+ S SY ) 1

where p(w) represents the amplitude for 7~ p = p°n(w°n). So far we have con-
sidered

o=} +07)=1pi? +(1/2.8)%|wl|? ~|p)? . (3.6)

Although there is little evidence of ¢* /o™ # 1 for unnatural parity exchange [16],
the ratio aI/ o is well known to grow appreciably above unity as — increases
beyond 0.02 GeV2 [16, 18] . In fig. 6 we show (0]—0,)/(0] + 6] ) which in VDM
language (eq. (3.5)) is
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0I~0l_ 2(1/2.8) [w/pl Ecos ¢
- (3.7)
01'+0; 1+(1/2.8)%|w/pl?

1 w
~33 2I;I.§cosq>.

& and ¢ [6] are, respectively, the coherence and phase angle between the natural
parity p and w 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.

01, (RN) 0y, (KN)

1 1 w
£ xz——-zl,— tcosd, (3.8)
28 g, (KN)+o,(KN) 28 |p -
where
2
x= 1t/ (3.9)

1+(1/2.8)%|w/pl?

is a correction factor which allows for non-negligible contributions from Iw/plz. It
is seen that the observed isoscalar/isovector interference is larger than expected at
4 GeV. The effect is largest at large . Since in this region the interference term
is certainly not smaller at g2 = 0 than atg? = mf, (assuming vector dominance)
one may conjecture that the p exchange contribution to w production increases

at least as fast with —g2 as does A, exchange in p production.

3.6. Helicity-zero components
Gauge invariance demands that IPOI2 in electroproduction vanish as q% when

g%~ 0. Apart from this, the only g2 dependence which VDM predicts in electro-
production cross section is that due to the p meson propagator [11]:

2

2 2 2
07(‘1 ) _( mp ) bifed
q*/ 72

5 > —_ . (3.10)
op(mp) me—

In fig. 7 we show the quantity 67/0f which is the ratio of helicity-zero cross
sections with the VDM factor (3.10) divided out. It is plotted, as a function of g2
at two t-values. One notices that (a) there is a residual g2 dependence roughly con-
sistent with the gauge invariance factor [q2(/m?2 and (b) the electroproduction data
[20] are rather larger than VDM expectation. Point (b) might be regarded as evi-
dence for the necessity to include higher mass vector mesons in vector dominance

 The K*, o and w production data for natural parity exchange is in accord with SU(3) sym-
metry expectation [27].
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Fig. 7. The ratio of t electroproductlon and p productlon helicity zero components. To aid
comparison with VDM, the factor (mp/ (m g nalyp? (see eq. (3.10) of text) has been di-
vided out and the data scaled bys “toa common energy Also shown is the gauge invariance
expectation (at small g ) for this quantity (igql /m

comparisons at appreciable values of |g|2. As regards exchange mechanisms, we do
not anticipate sstrong mass-dependent effects in |P|/|q| 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 of q? dependent absorption effects

We have shown that it is meaningful to describe p, photo- and electroproduc-
tion at small —¢ in terms of 7 exchange (well behaved as a function of g?)and a
cut correction ((g2) which increases systematically as q? varies from + mg to —mg.
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 7 photoproduction the relevant diffractive amplitude could be
taken as that of p electroproduction — final state absorption due to 7N elastic
scattering would lead to no extra g2 dependence. A general result of such absorp-
tion models is that the cut at £ = O is given by

A
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n EXCHANGE IN b -SPACE

——— q’:mp’ _{
—_—— — — q2=0

~N

(ARB. UNITS )

AMPLITUDE

b (fm)

Fig. 8. The 1mpact parameter transforms (f/—¢'d/—t'J n(ON~ t') /,(#)) of the amplitude com-
ponents of P (q ) which are shown in fig. 4(b). Solid (dotted) curves show the values at q2 =
m (0) Also shown is the b transform of the double helicity flip (# = 2) component of 7 ex-
change

where A4 is the diffractive amplitude at ¢ = 0 and B its slope in #. While there is ex-
petlmental [28] and theoretical [29] evidence that B(qz) probablg decreases with
—q? A(q )is certamly a more strongly decreasing function of —¢“[30]. Any over-
all increase in C(q ) would therefore have to come from considering the coupling of
other intermediate inelastic states (high mass vector mesons) as a function of g2.
A quantitative absorption model for these effects is not feasible.

In impact parameter (b) space, the amplitude P_ manifests considerable ab-
sorption at small b as compared to the n-pole contrlbutlon itself. Fig. 8 shows the
components™ 7_(b), C(b) and their resultant P_(b) at g2 mg and g2 = 0. As

* These are b-space transforms of the #-space quantities of fig. 4(b). Note that n_(d) 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 # = 0 vector exchange amplitudes
[31]. The n=0 component of P_(b) does not.
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((q?) becomes stronger and flatter in #-space, the degree of absorption increases
and extends to larger b. Unfortunately, quantitative discussion of the amplitudes
at small b would require knowledge of the large —f behaviour, in particular the
cut slope. Nonetheless the qualitative remarks made here are independent of our
precise model for the t-dependences. Unabsorbed w exchange, w_, gives a large
central (small ) component in b space, while 7,(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 —g2. 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 g2 ng)
to a point-like photon at large space-like q

4. Conclusions

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

(a) p production (g2 m2) photoproduction (g2 = 0), electroproduction
(g2 < 0) data give evidence of a common t-channel exchange mechanism — 7, A,
pole exchange with s-channel absorption.

(b) There is direct experimental evidence for a strong g2 dependence of the ab-
sorption corrections (cuts) required to fit the data. The cuts apparently increase
with —g2, an effect previously noted in higher mass resonance production
(2 =m2,).

(¢) If the vector dominance model (VDM) is to be valid for the natural parity
exchange amplitudes, the ratio A,/m must be an increasing function of —q?. 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
photoproduction is larger than expected (through VDM) from p and w vector
meson production.

(e) The helicity-zero cross section in 7 electroproduction 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 —g2 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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