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Abstract

We conjecture that there is breaking of scaling in the large w region
in deep inelastic electron scattering as a reflection of the approxi-
mate constancy of o(e+e_ + hadrons) observed from about 3.5 to 5 GeV

c.mMm, energy.
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A quantitative model for inelastic ep scattering has recently been de-
veloped] based on "0Off-diagonal Generalized Vector Dominance', a version of
Generalized Vector Dominance (GVD)Z, in which diagonal (Vp = V'p with masses
my = mv.) as well as off-diagonal (mv+ mV,) contributions to the virtual
photon forward Compton amplitude are taken into account. The model successfully
describes the data on inelastic ep scattering in the large w' (w' 2 10)
diffraction region. Scaling for ep scattering is derived from scaling for the
total e e annihilation cross section U(e+e" -+ hadrons) ~ 1/s and reasonable
hadron physics: the vector meson ﬁroton total cross section Oy P has been
assumed to be independent of the mass of the vector meson VN ?N = 0,1,004),
and the diffraction dissociation type terms VNp > VN.p (N + N') have been

introduced such that they are compatible with our knowledge on diffraction

dissociation in hadron hadron interactions.

In the present paper we wish to draw additional consequences from the
model of ref. 1 by taking into account recent e'e” annihilation results3’4,
which indicate a breakdown of the simple 1/s scéling lawv for o(e+eh + ha-
drons) as soon as the c.m. energy becomes larger than roughly 3.5 GeV in the
c.m. system. The calculation to be presented is exploratory in the spirit of
predicting whét we should possibly expect*I in the spacelike region as a re-

flection of the approximate constancy of ee” annihilation beyond 3.5 GeV.

Let us start by recalling the essential features of the model recently

proposed, referring to ref. | for details. Working with a Veneziano type spec~
trum of vector states Yy with masses
m§ = mg(l + AN), N=0,1, .., (N

(mo =m being equal to the p°(w,¢) mass, neglecting the difference between
these masses subsequently), by taking into accoung diagonal (VNp > VNp) as
well as (effective) off-diagonal contributions (VNp +> VN+!p) to the imagi-
nary part of the virtual Compton forward amplitude, the transverse virtual pho-

toabsorption cross section GT(w,qz) is given by

o,(W,q2) = Y amoy (2)
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> in this expression is (the absolute value of) the vector meson photon
v,N

coupling, CN denotes the ratio of off-diagonal to diagonal vector meson

nucleon forward amplitude,

Cy = Ty o /T > (3)
N VNP Vg P VP Vyp
for which the Ansatz
1424 mN m2
CN = const. N = const. (1 - 6)— (4)
+1 #] "]

has been adopted!. For definiteness CN > 0 was assumed. The minus sign in

(2) originates from l/yN - (—1)N and yields destructive interference bhe-

tween different ingoing vector mesons as an essential feature of the model.

The calculations for inelastic ep scattering in ref. | were based on the

. + -
scaling law o(e e = h) . 1/s. Consequently, the vector meson photon coup~

lings in (2) have been assumed to be given by5

i 1w
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which Ansatz yields c(e+e_ > h) = ﬁlL—o + =-22,5 g + =, if the level spacing A
/\YZ uu ¥

p -
is chosen to be A = 2. This magnitude of U(e+e + h), and the energy de-

pendence of the cross section are quite consistent with experiment as long as
/s € 3.5 GeV (see fig., 1). With the couplings (5), convergence of the total
cross section (2) and correct normalization to photoproduction (g? = 0) de-
terminel the constants in (4) to be const., = 1/2 and & = 0,28, and the q2

dependence is predicted as

o 2

m
0p(W,q%) = ——— o_ (W) (6)
T @ +m2 P
with
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corresponding to precocious scaling of the transverse part of the structure

function vw2



Wy E : 12 q? op, (w' 210, q* 2 0.5 GeV?) . (8)
T
Let us explore now the consequences for the spacelike region of the appro-
ximate constancy of U(e+e_ + h) as observed at CEA and SPEAR beyond 3.5 GeV
c.m. energy. We thus assume U(e+e— » h) ~ const, for $] S8 2 8y and
The limit s, + «@, corresponding to an inde-

2
finitely rising R = (e e = h)/o 4 -, 1is not excluded a priori, but a dis-

o(e+e_ + h) ~ 1/s for

+ ®

cussion of its implications will be far beyond the scope of this work, As is

easily verified, constancy for s{

0(e+e“ -+ h) for s > S {see fig. 1) are realized within our scheme by simply

is <8, and scaling behaviour of

requiring
1 1 mg :
—~ = const, = —E- — for Nl <N ;:Nz (9)
YN Y0 mN]
and
1 1 m§ mg
—= = = — = for N > N,, (10)
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where N!,2 is related to Sl,2 by |2 = mo(] + ANi,Z). With (5) for

s
> >
N <N, and (9) and (10) for N, =N =N, and N 2 N,, respectively, the summa-

tion of expression (2) yields

1+8 2 |
GT(w’qz) B V=p°zm ¢ %% GVP{ (—X_ A2m2)( XE) * X%Eg(¢'(xl)'¢ (Xo))

L3
O LG+ Dy -ve e —) (3 +6+ -——-) (—-— - )—{'7>+ T (0 G0 (x))) ]
O

zilow

za:\:

2 ¢ 148 q? | q?
(3 *Azmg)g"m“g‘a“'(xzﬂ}’ - an
!

.{..

i

where we have introduced the notation



= 2 2 2

Xg = (g% + m2)/amd,
= 2 2 2

x, = (g% + le)/hmo, (12)
= 2 2 2

Xy E (g% + mNz)/lmo,

and where ¥(z) and ¥'(z) denote the digamma function and its derivative

respectively
W(z) = %lnf(z) - 1nz--2—]£+0(2]§),
(13)
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With the asymptotic expansibns (13), the expression (10) for o, simplifies

T

considerably. Evaluating o, at ¢2 = 0 and equating to OYP determines §,

T
which is found to differ insignificantly for not too large values of s, from
the result of ref. 1, & = 0.28. The final result following from (I1) may then

. %
be written as

2 W w aas, R
GT(W,q ) = ( Effrﬁﬁf +-§— In EEH:"ET'OYP/(I +'g? 1n E;) N (14)

1

where m?= 0.61 mg as given in (7).

Let us discuss the physical implications of our result (14)., Quite tri-
vially, for the limiting case 8y = 8, we have 0(e+e_ -+ h) ~ t/s for arbitra-
ry s, and consequently O in (14) reduces to the scaling expression (6). If
we assume s, s, corresponding to a constant e'e  annihilation cross sec-

tion for s; < s

8y, from (14) and (8), scaling will be violated approximate-

N A —

ly linearly in q° for q? s Sy, @ scaling limit being reached for q2>> Sy
only, when the log term becomes negligible. For sy = 12 GeV?, as indicated by
the dataB’a, E?/sl = 0.03, and thus the slope of the scale breaking term is
quite small as long as s& is only moderately large. Thus from the empirical
fact that the onset of approximate constancy of 0(e+e_ -+ hadrons) is at about
3.5 GeV only, we expect scaling violations in deep inelastic ep scattering to be
moderately large for not too large spacelike q? (keeping S, finite)., As a
numerical example, in fig. 2 (curve (b)), we first of all show the result ob-

tained for W from constancy of 0(e+e" ~+ hadrons) in the CEA SPEAR range

2T



of 12 GeV? < s < 25 GeV2, Scaling violations become more dramatic as soon as
= 5 2 g
. . , + -
o 1s raised to e. g. S, = 50 GeV? (corresponding to R = o(e e - h)/

/0u+u“ ~ 10 at “g;-§=7 GeV). 1In fact, the corresponding curve (c)} on fig., 2

may be considered to be at variance with the plotted SLAC-MIT data as available

s

in the low g% region. Thus, if our results are taken literally on the quantita-—
tive level, and not as an indication of qualitative trends only, one may even
be bold enough to infer that 0(e+e_ >+ h) should after all start to go down as

1/s not too far beyond the presently explored region. As long as S, is finite,

v, will eventually scale, the scaling limit being enhanced approximately by a
. , + -
factor szls1 compared with the result obtained from o(e e > h) ~ 1/s:
s
o b 2 1
iy MZamoYp(th) > = S (15)

(1+—S—|1n;'l-)

For S, £ 25 Gev? and s 2 12 Gev? (SPEAR range) the enhancement factor is
about 2, the scaling limit being reached at ¢ = 100 GeVZ only, however. As
mentioned, a discussion of the hypothesis that o(e+e“ -+ h) stays constant,

i. e, 85 * =, corresponding to an indefinitely rising ratio 0(e+e_ > hadrons)/

/0u+u_, is certainly far beyond the scope of this work.

Experimentally, tests of scaling for large w' require lepton beam ener-

gies in the 100 GeV range presently available at FNAL. It is of great interest
in connection with our conjecture that an indication for a positive violation of
scaling of roughly 20 7 for w' > 9 and 5 GeV2 5 g% s 10 GeV2 has actually
been reported quite recently as a first result from the FNAL muon beam experi-
ment7.

Let us add a few additional remarks concerning our result. If instead of
0(e+e- + hadrons) ~ const. we assume a fali-off somewhat weaker than /s,
e. g. 1//s, which may also be compatible with available data, the correspond-
ing scaling violations are also present, but are somewhat smaller, depending, of
course, on the values of s. and 8o« As regards the longitudinal photoabsorp-

1

tion cross section ¢ not considered so far, we have estimated that even with

S »
+ - s . .

o{e & - hadrons) being constant for $] £ 8 < 89, the pred1ct10n2 for the

ratio OS/UT " 1n qzlmg remains essentially unchanged. We thus expect an addi-

tional small logarithmic violation of scaling when instead of the transverse

part the whole structure function Vi, is taken into consideration.



Thus summarizing, within the framework of GVD, we are led to conjecture
that positive violations of scaling, approximately linear in g2, are to be
expected in the large w' diffraction region%3 of ep scattering as a consequence
of the approximate constancy of e'e” annihilation in the CEA SPEAR energy range.
Indications for such an effect may have been found in the FNAL muon beam experi-
ment7. Should scaling violations of roughly the magnitude we are predicting not
be confirmed in future experiments at large w', sucﬁ a situation would seem
to be difficult to understand within the framework of GVD. Even though the ge-
neral concept that the g” dependence in deep inelastic scattering is due to the

propagation of vector states, i, e.

2 2 12 12 2 12
GT(W,qQ) = n° p(m®,m' <, W) m'* dm® dm ’ (16
(¢ + m?)(q? +.m'2)

would clearly not be affected, a rather artificial cancellation between hadronic
vector state nucleon amplitudes would have to be invoked to cancel the large
coupling of the photon to higher mass states reflected in the constancy of the

CEA SPEAR ete” annihilation cross section.
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Footnotes

*| The results to be presented quantitatively in this paper have been qualita-
tively indicated in ref. |, While in the precess of writing up the present
communication, we obtained a preprint be H,T, Nieh (ITP-SB-79-22, Stony
Brook) in which the conjecture of breaking of scaling is put forward in a

way closely related to our reasoning.

2 One may convince oneself that the q? dependence in (14) (as well as in {6))
is derivable within the diagonal formulation® of GVD by introducing a
Oy p ~ l/m§ laws. Such a decreasing cross section may thus appear to be
equivalent to introducing destructively interfering off-diagonal terms.
Assuming a %y o~ ]/mﬁ behaviour seems at variancet, however, with the
diagonal approximation. Moreover, the mentioned equivalence is lost, as soon

. . ) . .
as exclusive processes are considered, as e. g. p° electroproduction.

3 Well known qualilative lifetime arguments based on the uncertainty principle
suggest that values of w' »>> 50 may actually be necessary to fully see the

. . .+l
scaling violation predicted in Fig,2 (see e.g. Nieh, loc.cit Y.
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Figure Captions

Fig. 1 The ete” annihilation cross section as a function of the c.m. energy.
The data are from ref. 8. The theoretical curves show the GVD predic-
tion and its modification to fit the approximate constancy from /g;
to Vs, 1in order to estimate its influence on deep inelastic ep scat-

2
tering.

Fig. 2 Predictions for the transéerse part of sz as a function of q2
at fixed*3 w' for different assumptions on ete” annihilation.
The data points have been computed9 from the measured 60, 10° and 18°
datalo with a model? for GS/UT, which is consistent with the sepa-

ration data available.
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