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1. Introduction

Vector meson dominance of the electromagnetic current connects the observables
of reactions induced by real or virtual photons with those of re;ctions induced
by vector mesons. In order to derive the relations between these processes, the
current field identity between the electromagnetic current and the fields of
the vector mesons is supplemented with certain smoothness assumptions for the
variation of amplitudes at high energies under extrapolation in the vector me-
son mass k2 from the mass shell to k2 = 0 or to spacelike values. The require-

ment that these smoothness assumptions should be formulated t,2

3,4a,b

for suitably
chosen invariant amplitudes has recently led to interesting new results
for the specific reactions yN » 7N and #N - VN: Indeed, it has been shown that
current conservation and the assumption of no dynamical mass dependence of the

Ball invariant amplitudes 3 on the vector meson mass at high energies, allow

to sucessfully predict transverse and longitudinal vector meson production from

real (transverse) photoproduction. A natural extension of this procedure led

to the discussion 3 of longitudinal and transverse amplitudes for single pion
production by virtual spacelike photons, and it has been possible to also
successfully predict 6 this reaction from real photoproduction. Clearly, the
main new point in this formulation of vector meson dominance for photonreac-
tions, is the connection between longitudinal and transverse vector meson ampli-
tudes, and thus the prediction of the 1ongitu&ina1 vector meson amplitudes from
the transverse real photon amplitudes. Massive vector mesons in the reaction

VN ; 7N thus behave much like real photons in yN + 7N: It is the same number
of independent amplitudes i.e. dynamical degress of freedom which governs the
behaviour of massless photons and massive vector meson in their reactions at

high energies,

It is an interesting question to investigate whether the procedure of predic-
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ting longitudinal from transverse amplitudes from current conservation and mass
independence of invariant amplitudes may be generalized successfully from single
, . 3,4,6 . . . . .
plion production to other reactions. From the experience with single pion
production it is quite obvious that current conservation and mass independence
of the invariant amplitudes for arbitrary vector meson reactions VA + B, (A, B
any hadrons) will always lead to restrictions between the independent amplitu-
des. It is by no means obvious, however, that these relations do hold experimen-

tally, and it will therefore be of great interest to investigate other reac-

tions.

In this paper we shall consider wA(1236)photo- and electroproduction, i.e. the
reactions
N - mA()236) (la)

Yreal

Yvirt.N + 1A {1236) (1b)

which via vector meson dominance are related to

VN - %A (2)

o . ‘o .
where V stands for p , w, ¢.We want to emphasize, that within this procedure
no crossing assumptions are necessary in addition to vector meson dominance,

when relating longitudinal and transverse electroproduction to photoproduction.

This is in contrast to previous investigations where in order to directly relate
the cross section for the photoproduction reaction (la) to the cross section for

a vector meson reaction measurable in the laboratory, namely

N > VA (3)
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simple crossing porperties, i.e. line reversal invariance, have been assumed .
Discrepancies found 8 s when comparing cross section for (l1a) with cross section
from (3) multiplied with the appropriate vector meson photon coupling constants
as determined in e+e-annihilation, may thus not uniquely be ascribed to a failure
of vector meson dominance, but may rather be dﬁe to the additional assumption

of line reversal invariance. Indeed, a recent calculation ? within the elec-
tric Born term model, shows a considerable change in the cross section when
passing from yp s At to the line revérsed reaction ﬂ+p -+ pOA++, thus suppor-
ting the hypothesis that it is mainly line reversal invariance and not the vector
meson dominance assumption, which led to discrepancies with experiment. Good
agreement with vector meson dominance predictions has been found for recent

11 . + 0 ,
measurements . on wA electroproduction, Yoi p + 7 m A, where weaker crossing

irt
assumptions have been used only, thus supporting the hypothesis that vector do-
monance is able to reproduce at least the gross features of the data with reaso-
nable accuracy. The reactions (1) are thus good candidates to investigate the

consequences following from the assumption of no dynamical vector-meson mass de-

pendence of suitably chosen invariant amplitudes for the vector meson veactions(2).

In section 2 a set of kinematic singularity free amplitudes is introduced for

VN + nA and the consequences from current conservation and mass independence of
the invariant amplitudes are exploited. In section 3 we shall consider simple
Born term modelslz. It will be shown that for sufficiently high energy the cho-
sen invariant amplitudes in Born term models indeed fulfil the smoothness require-

ments under mass extrapolation, which have been assumed in section 2. In sectlon

, . . 13,14 .
4 we briefly review a Born term model with absorptive corrections *°7, which

will be used as a parameterization of the real photoproduction data. In section
5 numerical predictions, as they follow from smoothness of the invariant vector-
meson amplitudes and current conservation are made for mA electroproduction

from wA photoproduction. Comparison with the presently available data shows



qualitative agreement with the data, A discussion of our results is given in

section 5.2. Some summarizing remarks are found in section 6.

2. Invariant Amplitudes, Smoothness Assumptions

The process VN - wA (Fig. 1) is described by the amplitude
SV T uv
=T, = u () T ule) e () (4)

The momenta of the incoming nucleon of mass m and outgoing A of mass M have
been denoted by P, and pz,respectively, with p? = m2, pg = M2. The momentum of

the incoming vector-meson is denoted by ku and ‘the produced pion of mass yu has

the momentum 4,5 e, with e, k¥ = 0 denotes the polarization vector of the in-
coming vector meson and u(p]) and un(pz) denote the spinors of the nucleon and

A, respectively.

v . . . . . , .
" may be expanded in terms of a set of kinematic singularity free invariant

amplitudes, which are chosen as in ref. 9:

a8

™Y =

2 2 v
B, (W,t,k) IE (5)

P S

=1

e have introduced the usual variables

2 2 2
W =8 = (p1+k) = (p2+q) ’

e = G0’ = )" (6)

\ 2 - v
As we shall extrapolate in the vector meson mass k , we have explicitly indi-

cated that the invariant amplitudes will in general contain a dependence ©On k.
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to a conserved current, i.e. we have

5~ B -B

2,1 |
k“(; B,

16
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(8)

mé, but for arbitrary values of k2 =

eq. (8) amplitudes Bi(s,t,kz) fulfil the

(9)




reducing in the number of independent invariant amplitudes to 12. On the vector
2 2 .

meson mass shell k° = my the restrictions (9) are quite irrelevant, as the 12

helicity amplitudes can be expressed by the 12 invariant amplitudes, B, to B

] 12°

The corresponding relations are given in Appendix 1.

Equations (9) become important, however, when considering the amplitude (4), or
the corresponding helicity amplitudes(see Appendix 1), for k2 # mé, especially

2 .
for k= = 0. Current conservation (8) then guarantees the vanishing of the longi-

. , 2
tudinal amplitudes, for k" = 0 as from (8) the longitudinal amplitudes Ffulfil

Rl . 1
glong o prplome o 2 L [Tl mé}-] , (10)
v K k]

The factor Vii is, of course, also obtained directly, if (9) is substituted into
the expressions for the longitudinal helicity amplitudes in Appendix 1. Substi-
tuting (9) into the expressions (AT) for the transverse helicity amplitudes, the
number of invariant amplitudes appearing in the transverse helicity amplitudes
in the limit of k2 = 0 is reduced to the correct numter of 8, which number coin-

cides with the number of independent helicity amplitudes as obtained from pari-

. . 2
ty invariance for k = 0.
Let us consider now the photoprocess yN - A, where y may be a real or a virtu-
al photon. Using vector meson dominance of the electromagnetic current, we have

2
em ]
i

C Y
eVT (yN+mA) = )

e TV (VN+1A), (1)
2 v
v 2yv (k —mv)

where the right hand side has to be evaluated at the four momentum squared k
of the real or virtual photon Y using appropriate smoothness assumptions for

. . 2
the VN -+ mA amplitude, when varying k .



We shall assume that for sufficiently high energies the dynamics of the vector

meson induced reaction is in good approximation independent of the vector meson
2, . . . 2 .

mass k , i.e. the invariant amplitudes Bi(s,t,k ) are assumed to be independent

2 ,
of k at large s and fixed t, such that

s + t - m2 - u2 > m2 +ik2[ . (12)
v
The current conservation conditions (9) consequently become a set of 8 equa-
tions, reducing the number of independent invariant amplitudes for VN -uA to 8.
The expressions for the helicity amplitudes under this constraint are simply
obtained by eliminating four amplitudes (e.g. B], B5, BB’ Bti) according to the

equations now following from (9):

1 2 1 2 2,
Bl —2' (U t) + B2 Z‘ (28‘2[!1 +t-u ) = (0
) 2 ] 2 2 »
B3 E-(u -t) + B4 Z—(Zs-Zm +t-p) + 35 = 0
1 2 2 _
B6 Z-(2s 20 +E-p7) + B]1 = 0
B 1 (25'-'2m2+t—u2) + B, +B , =0, (13)
74 8 12

Hence the assumption of mass independence of the dynamics contained in the in-
variant amplitudes Bi together with current conservation led us to a descrip-
tion of the vector meson induced reaction in terms of only 8 invariant amplitu-
des, The helicity amplitudes of reaction (2) after elimination of Bl’ BS’BS’BII

by egs.(13) then have the general structure

v A i 2, v

31 00 = K % )1 ho (556, By (s,1), (14a)
v 2 v

X1 a1 g ayt aer (858K By (5,00, (14b)



where the Sum runs over
i=2,3,4,6,7,9,10,12 ({ # 1,5,8,11) (tbe)

and a;.A (S,t,kz) are kinematical coefficients. A)) denote the helicities of

the A and the nucleon, respectively, Explicitly, from (14b,c) the eight invariant
amplitudes Bi(s’t) may be expressed in terms of the transverse helicity ampli-
tudes fx',lil’ and after substitution into the longitudinal amplitude in (lé4a)

one obtains expressions for the longitudinal amplitudes in terms of the trans-

verse ones. In the high energy approximation equ, (12) for the coefficients

a , equations (14) are given explicitly in Appendix IT.

1
}\',,Mi
With (11) we now obtain from (14) for reactions induced by real or virtual

spacelike photons

B em\ZJ ] 2
fA',Ao (ygp A = ) 2y, (k%'mi) koo»
. %ai',)\o (s,t,k%) B‘i’ (s,t), (15)
emi 1
fl',hil (YvirtN+“A) B g 2Yv (k2_m3) *

i 2, v
; al',lij {s,t,k”) Bi (s,t).

Introducing the invariant amplitudes for the photon reaction with real photons

Bi by
B, = ] 50— B (s,t), (16)
v

we have with mp# m and even mp = m¢ for the small ¢ contribution
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2
m .
2 2
Nom8) = PV ok” ] 31 o (5:6,KDB; (s,
1

£, (v, .
Ao Mvire (k2_m2)
p
2
mp i 2
Exte 1 Oyipe®™™) = —5—= L ay, o, (5,668, (s,0). (a7
— (k -mp) 1 -

As only 8 invariant amplitudes appear in these equations (compare equs,(14) ),

the knowledge of the 8 independent transverse helicity amplitudes (directly from

experiment, if available, or from a model calculation, if no complete set of

experiments has been performed) for real photoproduction k2 = 0.

£, (o) = - § al (s,t,0) B, (s,t) (18)
)\ ,Ail i_#l,s,B,l! A ,A.it i »

will allow us to predict transverse and longitudinal electroproduction from
real photoproduction by substituting the 8 invariant amplitudes appearing in
(18) into (17). Also, from (16) and (i4), longitudinal and transverse amplitu-
des for the strong interaction process poN + TA may be predicted from a know-

ledge of the isovector photoproduction amplitudes in (18).

So far we have retained the kinematical k2 dependence in the coefficients
ai,’Au » although we have been considering the high energy approximation with
kz independence of the amplitudes Bi(s,t). Explicit calculation shows that the
coefficients ai, for large s, i.e. if eq.(12) holds, are actually independent
of kz, as may be seen in the Appendix II. As we are using s-channel helicity
amplitudes, we thus have the result that for sufficiently large é, the trans-
verse s—channel helicity amplitudes are independent of k2 and the longitudinal

. 2
ones are independent of k2 apart from the overall factor /.tk . The formu-

lation of vector meson dominance in terms of mass independence of the invari-




ant amplitudes Bi of eq.(5), is thus consistent with the ansatz used previ-

ously IO), namely

2
" k2 e v
' 0 Oyire®™™ = =53 D5 o (WPTA)
(K"=-m”) m v Ty
p p
2
mp e v
et Oyipe™) = == Lo £y 5, (Vb1h) (19)
- (k —mp v —

3. The Smoothness Assumptions in Born Term Models

In this chapter we shall briefly demonstrate that the smoothness assumptions

made for the invariant amplitudes in chapter 2 are fulfilled in simple Born

term models.

A model, which in the region of very small values of the momentum transfer

lt]@ p2 correctly describes the dip structure observed in the photonreaction

Yp - At , i1s the minimal gauge invariant extension 12 of simple one pion
exchange (GIOPE model) and is based on the diagrams of Fig.2. Only the orbital
current part of diagrams b and ¢ is taken into account. Replacing the photon by
a po meson with universal coupling fp = ZYD to the hadrons, one obtains a
model for sN - poN, which has been compared with some experimental data in

ref. 9. The agreement with the measured po density matrix elements is good,and
in the region of small |t| = uz, there is even agreement in the normalization
of the cross section. The electric Born term model thus is not completely un-

realistic at least within the narrow forward region of small -t,

Explicitly, the contributions from the diagrams a, b, ¢, d of Fig., 2 for pop >

- 4 )
7 &  are given by
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. (eq) = ~qyH
=2 - £ ;:%E u, (p) (k=07 ulp))

=
|

- (ep )
b= £ £ a ) uep)

=
n

(ep,)
2t 2 - u
T =-f « f Z—7=— u (p.)a u(p,)
c SR ut2 1

= . - H
Ty = £+ £ou(py) e ulp) (20)
. + 4 , 2 -2

where f is the 7 pA  coupling constant (f" /47 = 18.9 GeV "), The total tran-
sition amplitude in the Stichel-Scholz model is constructed to have only
isospiﬁ I =1 in the t—channel and is then given by:

T=T ~41 -27 47 (21)

a 4 b 4 "¢ d

An extension of this model which drops this restriction and is applied also to
+ ., :
Yp 2% is done in ref. 13.

From expressions (20) and (21) the invariant amplitude Bg are easily computed

to be
S R S
: t "uz 4 s—m2 4 u-*M2
ff F f
e _1 _» 3 P
By = 3 7 *73 5 (22)

e et e - - -
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o 2
B —

37 2
B =t ¢

4 6 7 8 9 10 tl - Ti2 (22)

From current conservation (9) one obtains

o TEf P o

Bi3 =3 Bly = Byg = ©
t-u

o 5

Bs = = . (23)
-y

From (22) and (23) we now see that the postulated smoothness assumptions for
the amplitudes BE in this particular Born term model (20) hold, as long as
(u—Mz) is insensitive against extrapolation in the vector meson mass from

2 2

k™ = m_ to k2 < 0, at constant s and t. This is the case for sufficiently large

s such that eq.(12) is fulfilled.

One can furthermore show that smoothness in k2 under the condition (12) even
holds for a more general electric Born term model, in which the full electric

coupling of the baryons and the full baryon propagators are taken into account,
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4. Born Term Model with Absorption Corrections as Parameterization of Photo-

production

In section 2 we have shown that vector meson dominance with current conserva-—
tion and mass independence of the invariant amplitudes allows to express longi-
tudinal vector meson and virtual photon amplitudes in terms of transverse real
photon helicity amplitudes. In order to thus obtain numerical predictions for
electroproduction, as no complete set of polarization measurements has been
made for photoproduction so far, a model for the transverse real photoproduc—

tion amplitudes is necessary as a parameterization of the photoproduction data,

. s T . .
A reasonable description of the yp +7 A photoproduction cross section at 2.8

and 4.7 GeV photon energy for ’tl 2 0.3 GeVZ/c2 is obtained, if the Born term

14

12 . , , . 1 . . .
model ~ described in section 3 is supplemented 3 with absorption corrections.,

In the spirit of the vector meson photon analogy, the absorptive corrections in
. . s . . -+t

ref, 14 have been applied to the ingoing and outgoing states in yp + m A by

multiplying the spin J partial wave helicity amplitude with the factor (q = cms

momentum of ingoing or outgoing system)

1
2 12 )

1
2 2
i t out

1.2 1.2
{1 - Ci exp (- (J- EJ /ZAin q n)} . {I—Cout exp (~{(J- 5) /2AOu

The slope parameters Ain’ Aout have been assumed to be the same as measured for
2

Compton and elastic 7p scattering, respectively, i.e. Ain =6 GeV -, A

out

8 GeVbz. For the absorption parameters Cin = COut = 0.8 has been assumed as

in ref. 14, It turns out to be very important to take into account the finite
width of the A. This was done by expressing the wNA coupling_f by the 7N

mass dependent decay width I‘(s1T = invariant mass squared of the #N

N)’ (SﬂN

——————— e
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system) then multiplying the cross section with a Breit Wigner form 15 and

integrating over the w+p mass range using the (3,3) phase shifts. The curve

. -+, . .
obtained 14 for %% (ypm At ) is shown on Fig. 3, in order to clearly state

the starting point of our VDM predictions for electroproduction.

5. Predictions for mA Electroproduction and Comparison with Experiment

In the one photon exchange approximation the cross section for mhA electropto—

duction from nucleons may be written as

do - 4] w2_m2 i y
AWl dk 2deds s2m? Emike i - e

x [%—(dxx+oyy) + ¢0°° - ecos 2¢ %{cyy -oxx) +
¥ V2e(i+e) cos b 001 (25)

where ¢ is the angle between the electron plane defined by the three momenta
of the ingoing and outgoing electrons, and the hadron plane defined by the
three momenta of the outgoing pion and A. The convention used for the defini-
tion of-the normals to these two planes and for the angle ¢ is the same as in
ref. 10 . E is the energy of the incident electron. The polarization parame-

ter £ of the virtual photon is given by

2
g=[1+2(1+—(£5-E—'—)—-—tan2%)}"i, (26)
k
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where E' is the energy and & the laboratory scattering angle of the outgoing

X 2

electron. The quantities o (k™, Wz, t), cyy(kz, Wz, t), ete, are bilinear in

the amplitude for production of 7A from nucleons by virtual photons, e.g.

o™* = % a} f;\{'x (kz,wz,t) ff.}\ (kz,wz,t)
X'
1
2= ——— [&] =35 [C @-m7a®)  @wmiad] 2 (27)

64t k] %s

X, ¥y O referring to linear polarization states of the virtual photon. The in-
dices x and y correspond to linear polarization in and perpendicular to the
wA plane and O denotes longitudinal polarization with respect to the cms. of the

outgoing 7 and A (compare alsc ref. 10),

, . XX .
For completeness we give the relation between ¢ etc. and the conventional
quantities used in ref. 1]

6 F = (0 +57Y)

fele]

o]
mn
Q

= 1 XX Yy
o > (c”"-0"7)

T
and

Oy = _oxo’ (28)
as our choice 1o of the angle ¢ differs from the one in ref. I1 by 180°. The

normalization is such that 9, at q2 = 0 corresponds to the unpolarized photopro-

duction cross section do/dt integrated over the azimuthal production angle,

e e e e e
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We now make use of the parameterization of the 7mA real photoproduction helicity
amplitudes in the Born term model with absorption corrections, which was re-
viewed in section 4, in order to predict electroproduction from photoproduction.
Inserting this parameterization of the helicity amplitudes into eq.(18), we nu-
merically solve for the invariant amplitudes Bi(s,t) (i = 2,3,4,6,7,9,10,12),
Substituting the-resulting amplitudes into egs.(17) yields the predictions for
the longitudinal and transverse virtual photoproduction amplitudes resulting
from vector dominance and smoothness of the invariant amplitudes. In computing
039 O and oy from (28) the finite width of the A was taken into account in
the same way as described for the case of photoﬁroduction in chapter 4., This

finite width correction lowers the (uncorrected) theoretical value of the cross
section by roughly 30 Z,

A comparison with the experimental data(]}) on Y . . P > 10 is shown on
figures 4 and 5. From these figures, it is seen that qualitative agreement with
the data is achieved only., In particular, the prediction for the longitudinal
part o, seems to be too low,

The discrepancies on figs. 4 and 5 are somewhat surprising in view of the rather
good agreement of VDM predictions with wta® electroproduction, which has recent-
ly been found by two of the present authors !0. In ref, 10 the model has been

formulated in terms of s channel helicity amplitudes. The predictions for %Y

from photoproduction thus coincide* with the predictions of the present work.

* The variation of the phase space factor a in eq,(27) with k2 has been taken into
account here in contrast to previous work 10 and results in a small(10-20 %)

decrease of % in comparison with ref. 10.
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The longitudinal cross section, however, has been predicted from the ratio of

o L, o . . + ++ . p
the p  density matrix elements produced in % p » p%a"" - assuming line

P
11
reversal invariance for this ratio and no I = 2 exchange contribution ~ by
2
using the —55 extrapolation procedure and taking the normalization from photo-
m
P
production. Let us discriminate between different possible explanations for

the differences of the results between this and the previous work !0:

(1) There is the possibility that vector meson dominance as formulated previ-
ously for the s channel helicity amplitudes is correct, whereas the longitu-
dinal transverse connection as implied by smooth invariant amplitudes does not
hold. In view of the close connection between smoothness of the transverse
helicity amplitudes and of the invariant amplitudes, it seems that this possi-

bility is a somewhat remote one, however,

, 10 , ,
(2) Also, that previous agreement 1s fortuitous and a consequence of a
fortuitous interplay of a violation of crossing and smoothness seems rather

remote.

(3) Assuming that previous results 10 are not fortuitous and excluding possi-
bility (1), one is inclined to believe that shortcomings in the parameteri-
zation of photoproductién in terms of the absorptive GIOPE model used as input
to the present.work, are the reason for larger discrepancies as seen on figs.
4 and 5, Indeed, although no better model for A photoproduction is available
at present, and the unpolarized cross section is reasonable well reproduced

by the GIOPE with absorption, there are discrepancies in some of the density
matrix elements r4 of the A and in the recently measured asymmetry parameterI
As all the helicity amplitudes are important for the prediction of the longi-
tudinal amplitudes in terms of the transverse ones, discrepancies may well re-

sult from discrepancies between theory and experiment for the photoproduction

e . et e e e e oy e oo,
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(4) No attempt has been made in this work to study the dependence of the re-
sults obtained from smoothness on the choice of the invariant amplitudes.Smooth-
ness of the s channel helicity amplitudes and of the invariant amplitudes in
simple Born term models most probably do not uniquely determine the set of in-

variant amplitudes to be used,

In order to clarify the situation from the theoretical side, while keeping in
mind this last mentioned possibility, work along the lines of point 3, namely
a better parameterization of photoproduction, seems to us most likely to

yield improved predictions, Also, let us keep in mind that we are using vector
meson dominance at quite low energies, and from the experimental side, further
mh electroproduction data at higher energies and higher kz, a measurement of

different charge states, and finally longitudinal transverse separation would

be most valuable.

6, Summarizing and Concluding Remarks

l. Generalizing results obtained in simple Born term models (section 3), we
assumed that the chosen kinematic singularity free invariant ampiitudes for
the reaction VN + 7A at sufficiently high energies are independent of the
vector-meson mass kz. From this assumption we obtained the result that the
transverse s channel helicity amplitudes for VN - %A are also independent
of the vector meson mass at sufficiently high energies. The longitudinal
amplitudes are independent of the vector meson mass k2 apart from a factor
&:E originating from current conservation., These results are consistent

with the formulation of vector meson dominance in terms of s channel heli-
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city amplitudes used previously 7’!0.

From current conservation and vector-meson mass independence at high ener-
gies of the invariant amplitudes we obtained restrictions, reducing the
number of independent invariant amplitudes from 12 to 8. The longitudinal
vector meson reaction amplitudes e.g. for pN > 7A may thus be obtained
from the transverse ones, which are related to the isovector photoproduc-
tion amplitudes by multiplication with the usual coupling constant. Quite
similarly, longitudinal electroproduction is obtained from transverse real

photoproduction.

. . ) . + 0
A comparison with experiment has been carried through for Yoirt P> T A,
. 11 , .
where some experimental work has come out recently, A parameterization
of the real (transverse) photoproduction data by a Born term model with ab-

12,13,14 has been used as input, leading to a predic-—

sorption corrections
tion for transverse and longitudinal electroproduction. No parameter has
been introduced in going from photo~ to electroproduction, The model repro-
duces the data only qualitatively., The possible reasons for this discrepancy
are summarized at the end of chapter 5, Further experimental material for

. o + ++ - , . ,
the reactions ep » eA'n , eA 7 , particularly at higher energies, would be

of great value in order to test the vector meson dominance model based on

smoothness in the photon mass of the invariant amplitudes; .

A further test of the model is of course provided by comparing predictions
obtained from yN + 7A with data on 7N » VA, using a model for photoproduc-
tion which allows to explicitly perform the crossing transformation from

the s channel to the u channel, This test has not yet been carried through,

B R Y



5. In summary: The general results for VN -+ 7A and ¥ (

.....2]_

real

. .} N> nA are in com—
virt

real

virt) N + #N: Smoothness with respect to the

plete analogy to VN =+ 7N and ¥ (
s channel helicity frame, if smoothness is required for a specific set of
kinematic singularity free invariant amplitudes, which fulfil smoothness

in simple Born term models., The status as regards the specific prediction

of longitudinal and transverse wtA° electroproduction is not as satisfactory

as in single pion production, but this may be a reflection of the less

reliable input photoproduction model for the case of wA production.
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Appendix I

The s-channel helicity amplitudes in terms of the imvariant amplitudes

for the process o°N + mA have the following form:

Transversal:

N. ?;:ng a SinaéQ C“%) {11_[(2‘33-’34) kg cmlg - Bl - (%°°2++&ﬁr)(3? %20‘”2-? +Bg) +
+260B, (8, +27) ~B,¢ T}

31" 2 {n LB B kg sire - BT+ (B, + 26.) (B, % sifg - By}

f
.{3‘,’3,%,,, = 502 {9, [(2B5-B,) hoee@ - By T - (kom_ + £ (B; & asg;::nse)}

3,44 = S0 Q@ L, [(-2B3+B,) Rosiie ~Bg ] + (B + 8g. ) (B, &ysur'e - B, ) -
[ B (g, + R0y + Bag. ]

N. %;,34 =& sin%{sivf% {my[(2B3 ~B R ?@ - Bsd ~ (£ + bg.) (B g c?0 4By 3+

+200 Q. BB, (B, + By, ) + B ] L w2 on [§V5(-2B, +B,)+

+(-2B3 1+ B g (g + 2 E,wo0) + 2B E, 1~ (fom, + %5 VB, 5+

+9 (g +kEwo)B, + 2B T} -2 £V [ By (Gg 4% )= B,f, )+

+ (gt Bhcmo) [ B, (Bpshy ) - B, @]}}

\'d

N-0-g, 44 =% 5in'Q cm%.{-*ﬁ- {3V (-28,+B,)+ (-2B5+ B, ) g (89 + #E, «wa) +

£2B E, T4 (Bome + REL B, V5 + Byg (Bug + & Ejcmo) + 2133%37; +

b [ 2By -B) Rger'e - Bs] ~ (Bup, + 8F,) (B byor® +gg>}
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N.{EV ,,_;: 5inQ cw'“g{nh[(—ZB?&B#)ﬁgsinzg’ -Bsl + (%oqz_«rﬁ?,)(jg? 2o s;n‘*zg ﬂjgg)—
-4 {“?: [dds C2B B )+ (2B3+By)g (Bog + BE, coo) + 2B E, J+
t (e + 86, ) B gVE + Brg (Bog + 8E, o) + 23, E2§}
N'%\;,%«! =% we}é{ﬁ.s.‘n‘% {,% [4Vs (—2’81 +B,) + (-2'33#84)9_(%“2 +&E,cn0) +
+2Bs B, § + (Rem. +%f_)[’86 Vs + B9 (Bog + £E,cme) + 28, E;L]} -
__% {2‘@"[-'89 (Bofy + 9242+)+Bﬂ§__] + (£,9 + R 6, covo) [‘Bw(gof.ﬁf &y, )+
£ Bag- T - @ {m [(2B,-B,) Ry sin®@ + By 1~ (Bum, + &g,),

. (B?‘«’ei sinzg - By )} - 2% S{'ni_z(? [qu (%, fq +%"2-) - :B,qg £+ ]}

Longitudinal:

N. ?\%&o= V2 o @ sm;;).;y’_l? {—«3_[33%(2%0@@—%‘20)”135,:21%[& (§ 1 E,) + 98, conl) -
- Bk, ] 4 (&, +%§4)[ Bek, + Byda[f (75 + 52:2)+<z€z°cose]] +
+R0-Bofmg + B, (&, + %o§+)3}

N-?Yg,go = V2 wmQ-sin’ Q AE {“I+ [Bs& (9%, w0 ~%y,) - B, d&[& (F+E)+ sk, c00] -

T Bsted - (B s 85 ) B 40 [0 +E,) + sBocomo] +B,8 ] -

e L-Buf,ud + B, (R 4 Rg )]

A" - _ i Cd)g 4

22

+ (4% +E,2w0)[ By (By, -~ 0%, o) + 1B, (805 +E) +2%0W@)J +
+ By (3% + E, 8, cw0)] + (o +%’Q§+)[ %(&(VE4 E;) +98, Cw@)[BQQYg +
+ By (981 B ane)) + By (0% + E, &ocoo)] ~mg ?_ ['893\54—

+ By (g% + E, 2 cm(a)] + (%ﬁz+ + %"?‘*)[’_B’Hif"" 'Bm (2%0 ¥ Ez%w@ﬂ}

v
L R il e e R
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f-;,g»o =-/% G—:J%gf;? {“14,[2"5 [B,(kg, - 98, o)t 4B, (20F+E,)+ 0%, cw0)] +
4 (g +5, 8 wwo) [ B, (Re, -9k w6) +1 B, [4 (V5 +E,)+ 0% c0] ) +
+ By (ok + Eyfo e )] + (%om_ +?e§_) [% (% (VE+E,) + 9%, m@) By 9Vs +
+ By (08t Bk awo)] + By (ak v Ebocno) I -mi £, [B, 97 + By,

v
, (9%0 + Ez%fm@)] + (%ql_ + %, g_) [B_“ Vs + B, (9%, + E,& w@)]}“yig f%,éo

In fJ\, A A,u,2' denotes the helicity of the nucleon, the pion and the 4,
)

respectively. The other gquantities are: € the c.m.s., scattering angle in the

s-channel,kl,q the incoming and outcoming ~.m.s, momentum, respectively;

ko is the energy of the photon, E2 that one of the A in the c.m.,s.. Finally

the following abbreviations are used:

A,
qe= (E4MICE+m) 2 &g N=L(E+m) (E + M) T

£+ = L(E,+M) £ 9(E4+m)

where El is the energy of the nucleon in the c.m.s.
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Appendix II :

For completeness we shall give below also the helicity amplitudes for s + «

where we eliminated in addition four invariant amplitudes (here B,, B

1 5?
BS’ B]') by the smoothness equations (13):
NPy g = 2 as@ B (Mo . megp 4 ap sMB,, }
N‘?é.%ff:ma%-‘g{g—mjtéf}?s t dm, 3B, +48B, +sB }
NAG s - Qi@ S {48 4B, o M5B, +oB FmB,}
N ?YE,A-,{=SMQ s {£B, +45B, +£+MsB, +MB }
N ?2’%43 J_s‘“%)%{_ :ansl (eie) 2—%%135__“"”84 4M -
"By =258, -2m By}
Nfoigt g snf el s e v Mo o5 (10 o) By~ B
Bs +—§—*I2}
N.f:i,y :“é_@?—ii{; (:;}B + L——B +—§L(«L +m+)8 +_ M TSEBG +
+€§—ﬁ; +-Ji—89 +r; o +S{1- B }
Nﬁ\fa,a-r“ﬁﬂn@m@- sxfs—{ fM &- ) Ba g Bs + 2B 2B, + 2B, +15;2}
N-F\ééo -2 «s'Q sQ s me{ Bym, +E By 52 Ba 1 2m B+ 4B}
N-{’%,go*‘ﬁ ws@, 5‘“@ V"( m?)z s + 268, + 5 S sMB; + 258, 4 dm, . ’B,Q}
Miso = Phte T 2 (25 m (a5,
+ SF(86+B7)+ (39+B4o)+T (Mm, +1) B, }

v . A 2, 2
N-fng,go = —N._'Esuﬂ-%) mwzg{ " (;c}) + S(’BS{—%'B,'_)—é (dm- M)’Bé4—

\'4
+_9$: MB? + 25 (BQ+B4(?)+ li‘mB,‘ng“:l\lf_—; £%;%G

m, = Mim
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Figure Captions

Fig, | The process VN + 1A, where V denotes a vector meson.
Fig. 2 Lowest order Feynman diagrams for the process VN - 7mA

s . . =, tF .
Fig, 3 Comparison of theory and expetriment for m A photoproduction .

The experimental points are taken from ref. 14. The curve is
the prediction of the gauge~invariant OPE model with absorp-

tion corrections.

Fig. 4 Comparison of theory and experiment (ﬂ+ﬁ0 electroproduction)
2
for 9 + E0ps Oyps O VS, t tmin for s = 5.5 GeV',
k2 = -0.5 GeV2/c2, e = 0,75

The data are from ref. 11,

Fig. 5 Comparison of theory and experiment (H+A0 electroproduction)
2 2
for 9y + €015 Ops Op  VS. k™ for s = 5.5 GeV™, ¢ = 0,75
=t . = -0.05 GeVZ/c2
min

The data are from ref., 11,
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¢ Photoprod. JBallamet al.
——theoretical prediction

yp AT

p,,, =2.8 GeV/c

-0l -0.2 .03 t[GeV?/czl

Fig. 3



" {Electroprod,,C.Driver et al.
theoretical prediction
——-—theoretical prediction for oy
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{ Photoprod.Boyarski et al.

+ 20
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Gev ’YV'”'p 2, » § Electroprod.C.Driver et al. s =55 GeV?
o\ t-tmin=-005GeV7/c § Electroprod. CDriveretal.
Oy +E0 i extrapolated from s =4.84 GeV “ to
. h s=55 GeV?
\ —theoretical prediction
43 ———theoretical prediction for o,
8 !
6-
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2_
0702 T hs <06 | -08 | KAGevi/c?)
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i
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