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Abstract By also taking into account off-diagonal contributions to the virtual forward Compton
amplitude, scaling 1n ep scattering 1s obtained from scaling of the total cross section for ete™
anmhilation nto hadrons The arameter hich sets the scale for the q2 dependence 1n ep
scattering 1s calculated to be m< ~ 0 61 m ~0 36 GeV2

As has been shown almost two years ago [1]* generalized vector dominance
(GVD) quite successfully quantitatively accounts for the data on deep melastic elec-
tron nucleon scattering. There 1s, however, one principal feature within this ap-
proach, which became more and more unsatisfactory as progressively higher energy
data on ete~ — hadrons became available these showing roughly a 1/s law 1n the
Frascati [3] range, and an even slower fall off for c.m. energies v/s beyond about
3.5 GeV has been reported by CEA [4] and more recently by the SLAC-LBL col-
laboration at SPEAR [5]. The problem, as discussed n [1], with a 1/s law for
ete— anmihilation 15 that 1n the usval diagonal form of GVD (1 e. neglecting off-
diagonal diffraction dissociation type terms Vp - V'p, where V and V' are distinct
vector states) 1t would seem to imply a I/m%, behaviour for the vector meson pro-
ton total cross section oy, . Otherwise, 1. with a mass-independent vector state
nucleon cross section, logarithmic divergences and strong violations of scaling, linear
1n g2, are encountered.

The requirement of a 1/m?2 behaviour ** for the vector meson nucleon total
cross section may be somewhat disturbing, however, if one believes strong inter-

* Sec also ref. [2] for related work

** The 1/m? law has 1 particular been advocated by Greco [2] Contrary to some statements n
the hiterature, especially 1n {6], Sakura1 and one of the present authors did not advocate a 1/s<-
dependence m ete™ anmhllanon as a necessary consequence of diagonal GVD Rather 1t was
pointed outn [1] thata 1/s2 law within the diagonal framework would be the simplest pos-
sibility, keeping in mind alternative ones as e g 0 4. ~ 1/s together with the Bjorken’s jet
picture [7] or some kind of “effective” 1/m law ¢ g 1 the shadowing paper [8] and in [9]
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action cross sections to be roughly of the same order of magnitude and not depen-
ding too much upon the mass of the mcident particle. More importantly, when a
1/m?2 law 1s assumed for the mass dependence of the imaginary part of the vector
state nucleon forward scattering amplitude, the justification for the neglect of off-
diagonal contributions to the imaginary part of the virtual forward Compton ampli-
tude becomes intolerably weak. In fact, with a 1/m? law, extremely small ampli-
tudes for hadronic diffraction dissociation (e.g for pop < pyp, N = 1, thinking of

a discrete series of vector meson states V=0, 1, 2, .. .) would still be sufficzently
large to yield contributions to the Compton amplitude of the same order of mag-
nitude as the ones from diagonal (oxp = pyp) terms Even 1f the diffraction disso-
clation forward amphtude fore.g pgp = pyp V=1,2, ..)were to fall off as
rapidly as 1/m3 3, 1ts contribution to the Compton amphtude (due to the enhance-
ment of the pgy coupling relative to the ppy coupling by a factor my/m,, following
from g ote— 1 /s), would still be comparable 1n magnitude to the dlagonal PND
PND contribution A 1/m3 behaviour for the diffraction dissociation amplitude
would mmply a diffraction dissociation cross section da/dm2 ~ 1/m6 for pgp = onp.
This cannot be compared directly with the do/dm?2 ~ 1/m2 behaviour observed [10]
In pp and mp collisions, as there the diffractively produced states also contain spins
larger than the spin of the incident particle. Nevertheless, from a reasonable increase
of the average spin of the produced states with increasing mass we would expect the
spin conserving part to be larger than given by the strong de/dm2~1/m6 law If, for ex-
ample, the number of spin states available for population were to increase hnearly with
m2, one might expect do/dm? ~ 1/m* for the spin conserving part Clearly, a small
fraction of the total diffractive cross section found experimentally * would be suffi-
cent to yield contnibutions to the Compton amplitude larger than the diagonal ones
wrth a conjectured oy, p l/m%, law. Thus 1t seems inconsistent to require OVyp
1/m?,, while at the same time keeping the diagonal approximation. Furthermore

ifa l/m & law 15 taken literally already for the lowest mass vector mesons, 1.e.

then for p"'(1600) photoproduction one expects

[do/dz (vp > p"p)] /do/dt(yp > pOp] = (x2/v2) (m /m .)* ~0 01,
where the e*e— annihilation result [3] y 2, |an = 411 3)72/411 has been used 1n
addition Expenmentally one finds [11]

[do/de(yp > p"p)] /[do/dt(yp > p°p)] ~0.14

Thus it seems natural and almost compelling to drop the diagonal approximation
and the oy, VP 1/m? ' 1aw which 1t engenders and to start rather from the more

* Off-diagonal contributions to the Compton amplitude could be ruled out, if diffraction disso-

ctation would show a dip at 7 = 0 Experimentally no indication for such a behaviour has been
found [10].
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Fig 1 The imaginary part of the virtual forward Compton amplitude or the total virtual photon
absorption cross section in GVD

general non-diagonal representation [1] for the imaginary part of the transverse
Compton amplitude or o and retain a constant mass-independent cross section
OV P Off-diagonal transitions correspond to interference terms (compare fig. 1) be-
tween different incoming vector mesons. Such contributions are not necessarily posi-
tive. They may thus allow the incorporation of the 1/s law for e*e— annihilation
while keeping oy P vector meson mass independent, cancelling the loganthmic di-
vergence through destructive mterference Indeed, we shall present a simple model
that includes negative off-diagonal contributions of reasonable magnitude and allows
denvation of scaling 1n the spacelike region from a 1/s behaviour of ete— —> hadrons
and a vector meson mass-independent hadronic cross section. The effect on the g2
dependence 1n the spacelike region of a possible violation of the 1/s law as indicated
by CEA [4] and SPEAR [5] data will be discussed elsewhere [12] As these devia-
tions occur at ete— ¢ m energes larger than 3 5§ GeV, one expects them to be vi-
sible as violations of scaling 1n the spacelike region at larger values of g2 than
have been explored [13] so far in the diffractive large w' =1 + W2/q2 > 8
region, for which our considerations are expected to be relevant without further
corrections.

To formulate off-diagonal GVD *, for definiteness let us assume a Veneziano
type spectrum of vector mesons

m%, =m2(1+\V), N=0,1, . , )

m, being equal to the p0 (w, ¢) mass. For the photon vector meson couplings, we
assume for the Nth vector meson [2] of 1sospin 7 = 1 (analogously for I = 0)

Ly = (Uv2) (mlfm), @)

whuch 1n the usual narrow width approximation leads to a 1/s behaviour for e*e— —>
hadrons, the magnitude ** of the cross section being about 2 5 times the u pair pro-
duction cross section 1f one chooses the level spacing A =2 Fig. 2 shows reason-

able agreement with the data throughout the Frascati energy range For the vector mes-

* Off-diagonal terms have also been considered 1n ref [14] 1n a non-scaling model
**Seeeg ref [15]
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on hadron interaction, as mentioned, we will assume oy, p to be mass independent
The Ansatz for the (off-diagonal) diffraction dissociation amplitudes should be mo-
tivated from the mentioned power law for do/dm?, appropnately modified to ac-
count for spmn conservation. For the purpose of the most stmple model calculation
to be presented in this work, we will consider (effective) contnbutions due to tran-
sittons pp < py+1 P to next neighbours only.

Denoting the ratio of the first off-diagonal to the diagonal (¢ = 0) transition am-
plitude as

CN =TPNP”PN+IP/TPNP - PNP’ (3)
we thus obtain the 1sovector photon part of the transverse virtual photon absorp-
tion cross section by writing down the py = on, pv = py+1 and py+1 = py con-
tributions to the imaginary part of the forward Compton amplitude and summing
over N

oo 2 2
m m
= N 1 1 N
Ug 1)(W,£12)= o 20 an ':——- 3 3 ] I: 5 TR
4% N=0 7N q +mN q +mN 7N
2
m
——ZCN 1 N+1 } @)
2 2 Y
q +mN+1 N+1
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Clearly, for Cy =0 we recover diagonal GVD requiring (with (2)) Tonp "~ l/m%/
for convergence and scaling As mentioned, we attempt to cancel the loganthmic
divergence by the mtroduction of negative off-diagonal contributions Therefore
we have mtroduced a minus sign 1n front of the off-diagonal term, for definiteness
assuming Cyy to be real and positive (and smaller than 1), and the sign of the ypy
coupling to alternate * (1e « (—-1)V,N=0,1,2, )

The ratio Cyy of first off-diagonal to diagonal transition 1 not very well known
expenimentally, except for the fact {10] that Cy for N =0 has to be smaller than
1. Also, although 1n our ansatz (4) we have explicitly taken into account next
neighbour transitions only, Cy should rather be thought of as an effective transi-
tion ** standing for the combined effect of all pyp ¢ p,p (n >N + 1) contributions
Anyway, let us suppose a power law for Cyy, written with the real parameter & as

C,, = const. (mN/mNH)HN, )

which for large NV gives (neglecting order l/m?v)

C,, = const (mpyfmy ) (1-8X mg /mjzv) (6)

Then the sum 1n (4) turns out to be convergent, provided the constant in (5) and
(6) 15 chosen to be 3. Thus inserting (2) and (6) 1n (4), the result of the summation
15 easily calculated to be

2 2 2 2
_ 1 [a” t+M1+8)m 2 q° +m
o, "Diwa?) =5 o [————” Ay =)o

2 % N 2, .2
p @ +mp) mp )\mp

where ¢(1)(z) 1s the denvative of the digamma function ¥ (z)

oo

V@ =@d) v@ = T 1 +0*~ (1) +(1/225)+0 . ®

Asymptotically, for g2 = °°, o1 becomes

o=V W)~ L0 ©)

the 1/g2 behaviour corresponding to scaling of the transverse part of vW, ~q2ort.
Thus with the inclusion of off-diagonal transitions (or equivalently by taking into

* Negative signs seem also to be requured for the nucleon form factors Alternating signs and
relation (2) have been obtained as well 1n quark model calculations [16]
** This point of view 1s quite consistent with our investigations of models in which p,p < oip
transitions with arbitrary n,m > 0 are taken into account {17].
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account interference between different vector mesons) we have been able to derive
scaling 1n the spacelike region from a 1/s behaviour 1n the time-like one, while still
keeping the reasonable assumption of a constant (mass independent) vector meson
nucleon cross section

Generalizing to include the 1soscalar parts and evaluating (7) at g2 =0, where
ot has to reduce to the total photoproduction cross section ¢,;,, we have

yp (W)=a1r(7;2 % +ty 2o +'y;2 Ogp) (1 +6), (10)

w wp
and may now write our final result in terms of Oyp

A +8)+ 2 1+q%/m?
or(W,q )——[ ( 2) i g > v (w‘;\ /m”)] v (11)
1+q /mp am

o
Asymptotically this becomes

or W)~ /a*) o, (12)
with
m2 = [(1 +28)/(2 +26)] mg (13)

The only free parameter introduced, §, which fixes the magmitude of the off-
diagonal transitions, may now be determined from the normahzation (10) at q2
0. Empmcally 0V, w, ¢ saturate [18] the total photoproductlon cross section up
to 22% *.1e.(1 +8)~1 =0 78 and 6 =0 28 The mass scale n m? , determining the
normahzatlon of the asymptotic cross sectlon o1, may then be computed from
(13) and 1s obtamed to be /% = 0.61 m =036 GeV2.

Although (11) may easily be evaluated numerically from the tables for y(1D(z),
1t 1s advantageous to give a much simpler formula for o, which for A= 2 appr0x1-
mates (11) extremely well, the error being at most 2% (around g2 =3 m where
deviations from (11) are largest) This approximate formula for (11) reads

m 2

o..(W, 2)—-
T (¢* +rn2)

(14

with m? = 0.61 m> as calculated from (13).

* This number 1s determined from vector meson photoproduction assuming diagonal vector
dommnance It 1s not significantly changed in the off-diagonal model, as photoproduction
of pO, w, ¢ at ¢ = 0 1s hardly changed by taking into account off-diagonal terms

** This approximative formula 1s good for A = 2 In general (11) depends on A, although the q
=0 and g“ - °° hmits.are independent of A

2
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Fig. 3 Off-diagonal GVD prediction (from (14)) for the transverse virtual photon absorption
cross section on protons, oT(W, g<), as a function of the virtual photon for momentum squared
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1s the off-diagonal GVD prediction calculated from (14) The data points have been com-
puted [9] (see tefs. [9] and [1] for details) from the measured 6°, 10° and 18° data [13].

It 1s amusing to note that the simple pole formula (14) which 1s equivalent to
(11), had previously [9] been shown * to describe extremely well the data for the
transverse part of ¥W5 1n the w’ 2 8 region From eyeball fits to the data m? had

* The simple pole formula (14) first arose {9] 1 the diagonal model justified from an effec-
ve oy, ~ 1/my; law as a working hypothesis Putting 1n off-diagonal terms thus may ap-
pear equivalent 1n practice to an effective 1/mf; law We cannot adovcate such a point of
view, however, as this equivalence 1s lost for other physical processes, € g pO electroproduc-
tion
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been obtained to be m? = (0.611)2 =037 GeV2, compared with m? = 0 36 GeV2
as calculated 1n this paper. Also, as remarked by Sakurat [15], the pole formula (14)
implies that the modified scaling vanable ww = (2Mp +b2)/ (g2 + a?) of Ruttenberg
and Rubinstein [19] is a good varable, provided their parameter g2 = m? In the fits
[20] of the data a2 has been found to be 0.37 <42 <0 42 1n good agreement with
our calculated value of 72 = 0.36 GeV2. Agreement of (11) and (14) with the data
1s explicitly displayed 1n figs.3 and 4.

Concerning the small longitudinal part of the total cross section og, let us just
remark that inclusion of off-diagonal terms 1s straightforward, no novel features
arse, and the conclusions of ref [1] for the ratio R = og/oT are substantially un-
changed.

From our ansatz (5), we note that diffraction dissociation, as exemplified by a
single, effective off-diagonal term parametrized with Cp, increases with N, becoming
a constant fraction of the elastic reaction. This feature seems a necessary one for
convergence and scaling We have checked that a constant, NV independent Cy gives
a loganithmucally divergent non-scaling expression except for the singular point
Cy = 3. for which case the result 1s convergent, but also non-scaling with a leading
term proportional to (1/g%) In (q2/m%).

To summarize, we are proposing a simple model for nelastic ep scattering in the
large w' diffraction region based upon off-diagonal GVD The model accounts for
scaling behaviour for spacelike g2 for the transverse part of W, from a 1/s scaling
law for the total cross section e¥e— = hadrons. The only free parameter intro:
duced 1s related to be magnitude of hadronic diffraction dissociation and 1s adjusted
to yield the correct normalization to the total photoproduction cross section at
g2 =0. We obtamned excellent quantitative agreement with experiment, and in fact
dertved the correct numerical value for the mass parameter m? ~ 0 61 m% ~( 36
GeV?2, which sets the scale for the g2 dependence and had previously been ob-
tained from fits to the data Precocity of scaling follows naturally from the small-
ness of m?

Although we have thus stressed the numencal success of the model, and which
indeed 1s not dissatisfying, we do not necessarily adhere too strictly to the speci-
fic way we have introduced off-diagonal transitions. It has been our main point
to show by means of a constructive example that inclusion of mterference be-
tween different vector states within the incoming photon allows us to obtain sca-
ling 1n the spacelike regton for ep scattenng from scaling in ete— = hadrons,
while keeping the vector meson nucleon cross section independent of the vector
meson mass. Deviations from the 1/s behaviour 1n e*e— anmhilation, above 3.5
GeV ¢ m energy as recently indicated [5] are expected [12] to also show up as
violations of scaling for sufficiently large spacelike g2. Further tests of off-dia-
gonal GVD can be obtained from photo- and electroproduction of vector mesons.
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and H. Fraas) would hke to thank Professors H. Joos, G. Weber and H Schopper
for several visits to DESY, while this work was completed
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