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Vector-Meson-Dominance Predictions on Inelastic Electron-Proton Scattering
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We present predictions of the (recently proposed) vector-meson-dominance model for inelastic electron-
proton scattering in a manner that can be compared directly with forthcoming experimental data. For
large scattering angles (8= 18'—34'), a spectacular variation is predicted in d'o/dQdE' as a function of the
missing mass or q, in sharp contrast with the published 6' data, which exhibit a very weak q dependence.
We also give our vWs and (ifs/v)WL as functions of v/q'.

ECENTLY one of us' proposed a model of high-

energy inelastic electron-proton scattering based
on vector-meson dominance. In this paper we point out
some of the more striking features of the Inodel in such
a manner that a direct comparison can be made with
forthcoming experimental data.

The model of Ref. 1 predicts that, in the diffraction
(or "continuum") region, the Hand cross sections ar and
O.g measurable in inelastic electron-proton scattering are
given (in the notation of Ref. 1) by

a r(q', v) =pmlr'/(q'+mvs) ]'o„(E),
as(q', v) =$mv'/(q'+mv')]'

(1)
&&(q'/ ')(E/ )'&(E),.(E)

fE=v —q'/2m„= (s —m, ')/2m, ],
where the parameter $ characterizes the ratio of the
total pp cross sections with different helicities:

((E) ~ iX=0)/~ (X=+Il

In Ref. 1 the vector-meson mass mar is set to the p-
nieson mass, but in this paper we treat it as a variable
parameter to simulate possible contributions from
higher-mass states.

The cross sections appearing in Eq. (1) are related to
the double-differential cross section for inelastic electron-
proton scattering in the laboratory system as follows:

cf a/(MdE'= Fr(ar+errs),

Wl = (E/4lr sn) a r,
Ws ——(E/4sr n)Lq /(q +v ))(or+a s) .

The quantity that is directly measured in the SLAC-
MIT experiment' (still in progress) is d'a/dQdE', with
the incident energy E and the scattered electron angle
g fixed; as the final electron energy E' ( =E v) is varied, —
q' and the missing (hadronic) mass Qs also vary:

q' =2EE'(1—cosg),

s =2m„(E E')+mv' q'. — —(5)

In Figs. 1(a,)—1(d) we present our theoretical predic-
tions on d'o/ Odd E'as a function of gs and also of q' for
typical values of E and 0 at which measurements have
been (or are being) made. ' The total hadronic cross sec-
tion o»(E) is assumed to take a constant value of 125
pb throughout, even though recent direct measureInents
appear to suggest a slow decrease in a.»(E) between
E=3 and 15 Gev. Three different assumptions are
made on mv and f:

(i) & =1, mv ——m„
(ii) (=2, mv ——m„

(ill) )=1, mrr=mr.

Walecka form factors 8 2 and 8'2.

d'o u' cos'(-', ft)

dfME' 4E' sin4( —',0)

)&['Ws(q', v)+2 tan'(-,'ft) Wl(q', v)], (3)

IC E'
rr=

27r2 q2 Jf

s=1/@+2(1+vs/qs) tans(rg)]

Equation (2) can also be written in terms of the Drell-

* Supported in part by the U. S. Atomic Energy Commission.
f Present address: Physics Department, Brookhaven National

Laboratory, Upton, N. Y. 11973.' J. J. Sakurai, Phys. Rev. Letters 22, 981 (1969). Vector-
meson-dominance models for inelastic electron-proton scattering
have also been considered by S. Berman and W. Schmidt (unpub-
lished) and by G. A. Piketty and L. Stodolsky, in Proceedings of
the Topical Conference on Weak Interactions, CERN Geneva,
1969, p. 75 LCERN Report No. 69-7 (unpublished) j.

All the assumptions are compatible with the 6 data (the
only published data) within accuracies of about 30'%%uo,

provided the missing mass is in the continuum region;
an example of this is shown in Fig. 1(a) for E=13.5
GeV.

As already emphasized by the experimentalists of
Ref. 2, the most striking feature of the 6 data is the
absence of a strong q dependence in the continuum

'The status of the SLAC-MIT experiment as of the summer
of 1968 is summarized in W. K. H. Panofsky, in Proceedings of the
Fourteenth International Conference on High-Energy Physics,
Vienna, 196$ (CERN, Geneva, 1968),pp. 36—37. See also L. W. Mo
and Y. S. Tsai, Rev. Mod. Phys. 41, 205 (1969).' We have actually calculated our predictions for every angle
and energy at which measurements have been (or are being) made.
They are available upon request.
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Fro. 1. Predictions on the double-di8erential cross section (with or„=125Pb): (a) 8=6 0', &=13.51 GeV;
(b) 8=10.0', L&'=13.51 GeV; (c) 8=18.0', R=13.29 GeV; (d) 8=34.0', L'"=15.00 GeV.

region. %e predict that this feature still persists in the
10 data as long as q is restricted to be greater than 1

(GeV/c)', as seen, for instance, from Fig. 1(b).However,
for the larger-angle data (18o, 26, and 34o) a com-

pletely different picture is predicted to emerge. The
double differential cross section d'o/dQdE' for, equiv-
alently, the unseparated inelastic form factor 8's+2
Xtan'(-', 8)W&) varies so rapidly with the missing mass
or q' that we must plot it on a logarithmic scale. As an
example, we may look at our predictions for 8=34,
&= 15 GeV LFig. 1(d)];the double-differential cross sec-
tion is predicted to drop by three orders of magnitude
between g'=0, ps=5.4 GeV and g'=16 (GeV/c)',
ps=2. 5 GeV.

One of the most important predictions of our model is
the large ratio of the longitudinal to the transverse
cross section implied by Eq. (1):

os'"p)/or (V', ~) =4"/~r')5%)(1 —I'/2~")' (6)

As is well known, os and o.r can be separated by making
a generalized Rosenbluth plot, in which we plot against
e the quantity o.&+so 8 measured at different angles but
at. fixed values of q' and v. Ke present in Fig. 2 our
theoretical predictions on or+sos at q'=4 (GeV/c)'
and ps=3 GeV. As is clear from Fig. 2, cross sections
measured to accuracies of about 15'Po should be able to
discrimate various assumptions we may make on t and
'PPS Pe

The dimensionless quantity vS'2 has been an object
of intense theoretical speculations in recent months. In
our model it is given by

1 / 1
vWs ——(m '/4 'n)(It/ )

1+(qs/v') (1+(nr v'/q')

XEE(E)(&/~)'+~v'/Phoria(&) (7)
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high-energy behavior based on the gauge-field algebra. '
Not, ice, however, that our vt/Vj does possess a nontrivial

8jorken limit:

0.20—
vs i

&1 &~oO 0/Q2 tlrlit&E'

= (mv'o, v/4-7r'n) (v/q') '(1 f '/—2m, v) . (9)0.15
CL

o
q2 (GeqgC )2

0.6
I, 0.36 Ke would like to suggest that, upon completion of

the experiment, the data be 6tted to our theoretical

predictions using three different prescriptions:
I.5,0.24

2, 0.18
0.10

(i) Set mr =m„and let $ be a variable parameter.

(ii) Set )=1 and let mv be a variable parameter.

(iii) Let both mv and $ be variable parameters.

4, 0.090
0.05

8,0.045

It ln.ay, of course, turn out that the effective mass of the

vector meson seen in inelastic electron-proton scatter-

ing is g'-dependent, e.g. , mv'=m ' at q'=1(GeV/c)'
and mv'=2m ' at q'=10 (GeV/c)'. After all, we are

applying vector-meson dominance up to absurdly high

values of g' (viz. , g'=30m, ').
Note added i rl, proof. The 6' and 10' data of the SLAC-

MIT group are now published; E. D. Bloom et at. ,

Phys. Rev. Letters 23, 930 (1969); M. Breidenbach

ef al. , ibid. 23, 935 (1969). A detailed comparison with

our model will be presented. elsewhere. More recently

preliminary results on 0.8-0-z separation based on the

larger angle data have been reported: See, e.g. , R. E.
Taylor, in Proceedings of the 1969 International

Symposium on Electron and Photon Interactions at
High-Energies, University of Liverpool, 1969 (un-

published). At q'=4 (GeV/c)' and ps= 2, 3, 4 GeV,
it appears that o q/o. z &0.5, in disagreement with our

predictions. It is possible that our model based on

diffraction scattering works better when s))q'.
It is a pleasure to thank Dr. L. %. Mo for informing

us of the energies and angles at which experimental data
are being taken.
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' C. G. Callan, Jr., and D. J. Gross, Phys. Rev. Letters 22, 156
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