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When the director of this famous summer school invited me to this beautiful site to
give a talk, I suggested "Recent Developments in Generalized Vector Dominance". But
Professor Zichichi translated into "Is Vector Dominance still Alive?".Thus I will attempt
to convince you that the subject is alive by describing to you some new results recently
obtained within the framework of what we called "0ff-Diagonal Generalized Vector
Dominance". At the end of my talk I might explicitly come back to the question posed by
the title of this lecture.

1. @90, § DOMINANCE AND HADRONLIKE BEHAVIOUR OF THE PHOTON
J f
1)

as a convenient starting point for the ensuing discussion of Generalized Vector Dominance.

Let me begin by briefly reminding you of the basic ingredients of_g?cd,é dominance

+ - Pl .
As has been well known for about seven years, e e annihilation below 1.1 GeV c.m.
energy is dominated by production of the vector mesons y",w and + . Photons of the

correct mass can thus make transitions into vector mesons. Conversely, to every hadronic

interaction containing a vector meson V, say A + B = V + C(I), there exists a correspond-
ing reaction A + B -.»e+e_ + C(I1), in which the vector méson is replaced by an e+e- pair.
The e+e_ pair appears as a strong maximum in the vicinity of the mass of the vector meson
V, which maximum may be described by a Breit Wigner formula or a pole at the mass ?ﬂv,of
the vector meson V' in the zero width approximation. What we are interested in now is,

. . . 2 ] .
what happens, if the timelike virtual photon of mass squared g =-»07€;1n reaction (II)
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{or rather in the time reversed reaction e e + C—% A + B) is replaced by a real or a

spacelike one with four momentum squared qzik 0 (reaction III)
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Let us first look at the transverse helicity amplitude for JTq2'> 0) + C—» 4 + B,
Assuming that the photon interacts exclusively via the vector mesons ~§, ag,¢ with the
hadronic target (saturation of the electromagnetic current by the P,w’,¢ fields) and
moreover that the q2 dependence is solely given by the vector meson poles {(smoothness), we

. . . ¢ i .
arrive at the well known basic relation of fl si.’,? dominance
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which connects the transverse helicity amplitudes for photon induced processes with the
ones for their hadronic counterparts, For the longitudinal amplitude current conservation

has to be taken into account in addition when requiring smoothness, leading to
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where the factor 7ﬂ;z/07%§ assures vanishing of the photon amplitude for q —& 0. The

deominarnt part in (1) and (2) is the j? contribution, as according to the gquark model
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- which relation is rcughly consistent with experiment.
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Equations (1) and (2) imply that the same features should be observed experimentally
as g functicon of the kinematic variables in photon induced reactions as are found to be
present in hadron hadron interactions, more precisely, in vector meson induced hadron re-
actions. Photons should show hadronlike behaviour at high energies, i.e. for c.m.

energies squared W2;§> qz.

First of all, for real photons (q2 = 0) hadronlike behaviour has been well established.
In fact, ten years of photon hadron physics in the multi GeV energy range ﬁay be summariz-
ed by stating that photons do behave hadronlike. As it is the primary aim of this lecture
to discuss deep inelastic scattering within the framework of vector dominance, a detailed

1)

discussion of the experimental evidence for hadronlike behaviour cannot be given here,

Let me just remind you that it has become standard terminology to subdivide photon in-

duced reactions into "elastic"

YN gl eIV Sl N = g, $IV

and "inelastic¢" ones
’ o O,
N - TN, 1A T — gV, pa

in order to stress the strong similarity between these reactions and their hadronic

2)

counterparts. Real photons also show shadowing in their reactions with complex nuclei
as a further characteristic feature for hadronlike behaviour. Qualitatively and semi-

. 2 . . .
quantitatively g~ = O photon induced reactions may thus be understood on the basis of

-?1 “4{F dominance as formulated in (1) and (2).

For virtual spacelike photons (qzjr 0), single exclusive channels like.fp and CA’:?b
production are in at least semiquantitative agreement with the predictions from (1) and
(2). For the most recent detailed discussion of the empirical evidence for hadronlike

3

behaviour for real and virtual photons let me refer to Sakurai's 1973 Erice lecture .

. . . . o
As 1s well known by now to everyone in the audience, I suppose, simple J>;L¢}t#
dominance is completely inadequate as soon as we look at the q° dependence of the total
photoabsorption cress section from nucleons, or equivalently, the nucleon structure

functions'wj and v%%.lKeeping in mind the fruitfulness of the concepts of vector

dominance and hadronlike behavicur on the qualitative and semiquantitative level for
e

q @& 0, it appears as a fundamental question whether these notions, perhaps in appropriate
. . . 2 . .
generalization, are also relevant and useful in the large q  scaling region as explored

in deep inelastic electron scattering.

Some insight into the role of vector mesons in the scaling region of deep inelastic

4)

scattering may most simply be obtained by looking at the pp induced part of the total
. o

. ; 2 2
photoabsorption cross section on protons for moderately large q 22 | GeV™, where never-
theless the precocious scaling behaviour of the structure function owz has set in. The

jf'induced part of the transverse photoabsorption cross section G;; is given by
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At q2 = 0, in photoproduction, the y’ induced part of the cross section amounts to about
3) 6) coupling 5"2/4}; = 0.64 Z 0.06 and the measuredy)

37' photoproductlon cross section. The fall off with the f propagator squared of

o f ®rmdiiced | 8)

66 7, as obtained from the measured

is supported by the experimental results on Y electroproduction. The
role of 3’ (J 4 in deep inelastic ep scattering is best seen by looking at the trans-—

verse part of the proten structure function 2.1"

NSy w(w—i‘l q* &/
PMor o, ) =520 ()

at fixed ¢o(or rather &J'EW /q + 1 =04+ M /q Jas a function of q2 in the large (0
region, where vector dominance considerations are most likely to be relevant. The data on
fig. 1 nicely show the precocious onset of scaling, which goes away completely, however,
as soon as the ‘f;w‘,f 41)_ndu(:e:d parts of vﬂz are subtracted. On fig. 1, we have also

indicated, what happens , 1f besides j,w{,% a realistic f (1600) gontrlbutlon is sub-
tracted. Due to the higher mass of thef meson, the fall-off with ¢ of thef contribu-
tion to G"’ is considerably slower. Although at q2 = 0 the j? contribution is only about
1/8 of the f contribution, ‘ro and f become comparable as soon as ¢ is equal to about
w2 to3 GeVz. The lesson learnt from fig. ! apparently is that the low lying vector
mesons form an integral part of the scaling phénomenon. Even though the fgtd/tf contribu-
tiors to y'wz taken by themselves alone would clearly give rise to 52:1 nonscaling structure
function, which would rapidly tend to zero at fixed gz for large q°, these contributions
are nevertheless essential for the early onset of scaling. This observation may suggest
building up the virtual Compton forward amplitude in terms of vector state forward
scattering, inclAuding all hadronic 1 states produced in e'e” annihilation. Thus we are
rather naturally led to Generalized Vector Dominance (GVD). Moreover, i1f scaling is ex—
plained alternatively in terms of unobservable pointlike constituents, such a description
(from fig. 1) should apparently be viewed as being in some sense dual to an approach

based on observable hadronic vector states.,

2. GENERALIZED VECTOR DOMINANCE: THE DIAGONAL MODEL AND ITS PROBLEMS

Motivated by the qualitative and semiquantitative success of f’?‘ﬂ{i dominance for
2 . . 2
q % 0, let us keep the point of view that the q° dependence observed in deep inelastic
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electron scattering is due to the propagation of vector states. Thus in Generalized Vector
. »9,10) . . .
Dominance we start from a representation for the imaginary part of the transverse

virtual forward Compton amplitude, or rather for S; , of the form

{ m* F(W, mtm'P)m'*

ok 2.
W) = | ey (e ey A A *

The spectral weight function _P(W' ml'm"ycontains the product of the coupling of the
photon to the vector state of mass m and the imaginary part of the forward amplitude for

vector state nucleon scattering V(m)N —3» V(m" )N Besides J?/Jv'? more massive contributions

m

rJ

are tsaken into account in the integral (5), which contributions, due to their higher
mass, as discussed in chapter 1, become increasingly important with increasing spacelike

1)

2 . . . . . .
g . Well known qualitative lifetime arguments based on the uncertalnty principle,
suggest that (5) (together with the mentioned interpretation of the spectral weight

functiondF ) should hold best for values of the photon energy Y and of q2 fulfilling

.z.‘ .- r
- - LR, (6)
(q + an)
R being the radius of the nucleon ;2’V1,/ﬂ# . Relatlon (6) implies large values of
A= i!"ha/q or 61) W*bf/? - which characterize the kinematic region where Pomeron ex-—

change is presumably dominant in the forward Compton amplitude.

It is an immediate consequence of the GVD picture that the final states of e+e—
annihilation should also appear diffractively produced in ep scattering at any fixed qz,
if only the center of mass energy W is sufficiently large such that u)‘ is large, say
;Ji_,, 10 or even zu';;: 50. A compariscon of the final state in e+e_ annihilation with
diffractive vector state production, e.g. by measuring the spectrum of massive e+e- pairs
produced by real or virtual spacelike photons on nucleons in the forward direction in the
100 GeV energy range, thus allows a rather detailed test of the GVD approach as regards
qualitative and quantitative features.

5,9)

The quantitative model for electron nucleon scattering developed by Sakurai and
myself more than two years ago (and also the model of ref. 12 described by Greco at this
school) is based on the diagonal approximation of (5). Motivated mainly by the experimental
observation that hadronic diffraction dissociation amplitudes are smaller than elastic ones,

(5) is simplified by neglecting off-diagonal transitions in the masses of the vector



states, i.e. by writing
?’(\‘v//m% ‘WI'Z') — j(W} mzjf(wlﬂ ?Miz . (N

The representation for (,. then reads

r

’ / v, m*
6. (W, 9%) = [ gﬁ{fmf}’l" ®

(< . . . , . . + -
The‘fvéq,? contribution to the spectral weight function in (8) is known from e e

annihilation {couplings ¢ ) and vector meson photoproduction and is simply given by
v L

' ' fﬁl;; 3 el B Son taf
g(w,ma) =;Z et $(m*-mk) ) S (w)

. o~ 2N - i 9
=S R_d(fm":_ "MV)G,)"’P (W),

1§r being the percentage of the total photoproduction cross section induced by the vector

meson V as determined 3) from vector meson photoproduction, G & 0.66, ¥ 20,07, .‘:p’_‘.' 0.05,
The higher mass contribution to G;: in the model by Sakurai and myself is described by a

+ - .
continuum, which starts at the mass ﬁ71;51.4 GeV at which e e annihilation becomes

appreciable 13 beyond J’f&v",a#

?{W m ) t,‘:',";“n"g‘ O (m*=m; ) (W) (10)

f; being determined from pneotoproduction to be y“ 20.22. Upon substituticn of (9) and

3)

m—
(e ]

with the data for r'T and the transverse part of

E)]

{10) inte {(8), quantitative agreement

¥W, is obtained for large LO‘ . The model has been extended to also describe the small

gt region by introducing a physically motivated tmin correction factor. For details, also

as regards the treatment of the longitudinal photoabscrption cross section and the neutron

5,9) o)

. .y . . . 1
to proton ratio I have to refer to the original literature and previcus reviews .

Let me just show you a comparison with experiment of the transverse part of ;HJZ for ep

scattering on fig. 2 and of REG;/Ei;on.fig. 3.

Even though the model presented so far is gquantitatively successful in describing
electron nucleon deep inelastic scattering, there are some problems connected with our

Ansatrz (10) for the continuum contrlbutlon fvl /’hﬂy , which problems became increasingly

- 14)

serious, when measurements of e e annihilation became available at increasingly higher

. . . , . . t
energies., In fact, the continuum generalization of (9) simply reads 3)
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and P/ui/*myfrom (10), which Ansatz is necessary for scaling of v‘wzqu , then
yields %,d_ p,t s )A-_,Is, prov1ded °1‘vp is assumed to be constant, i.e. mdependent of the
vector meson mass m. An e e annihilation cross section decreasing as :I./s is clearly

ruled out nowadays, however, when even the 4/ scaling law is in doubt beyond 3.5 GeV

c.m. energy (see fig. 4). Worrying about the approximate constancy of G_ < b from
3.5 GeV to 5 GeV later, with G‘,’,o._’a‘i/‘s the correct spectral weight funCthnjt\/ﬂ.IMy

s most simply obtained, if G‘;, A.j_/myls assumed. Such an assumption for the hadronic
cross section as a function of the vector meson mass has mainly been advocated by Grecolz).
I find it intuitively somewhat disturbing, however, that a strong interaction cross section
should so violently depend on the mass of the incoming particle. From e.g. simple quark
model arguments one would rather expect the cross section to be vector meson mass in-
dependent. Moreover, there are more serious objections against simply assuming (5' ~ 1/‘"7

which objections I am going to describe next.

In fact, the assumption (;;; A 1/!?1?— corresponding to strongly decreasing diagonal

contributions to the forward Compton amplitude, makes the validity of the diagcnal approxi-

mation (8) doubtful. This is most simply seen by e.g. comparing the fNP"’fNP

(N =0, 1, ..., introducing a discrete Veneziano spectrum cof vector mesons) contribution
to the virtual forward Compton amwplitude with the fo—p-—-p F P term. Due to the en-

hancement of the _Po coupting relative to the a/ photon coupling (by a factor »m
J—

Vet sk
stronger than J./m" for t = 0 in order to be negligible compared w1th the diagonal

_})M’P - v ’F’ term, which by assumption behaves as /.L]frr] LY 1/1'4 behaviour of the
O ' litud 1d 1
3,_5,}C ’ﬁ’,F amplitude wou imply

Y, s if
»uj,fs ), the i1maginary part of the -.-’ f’“-afu,f*amplltude would have to fall

dé‘:‘-’ 5 A - A - i ~ 6
£ (3p=5it)~ ]

fo'; the hadronic diffraction dissociation reaction _Po?i""_,*jv P . The behavicur (12} cannot

be compared directly with the empirical diffraction disscciation law found to be valid in



KP—’ Xp,
(‘ﬂ"/r).-a,\/?))/v 4./7‘)1 (13)

dm"-
as in f’o‘r) -U?”'P the spin of the vector meson is conserved, while in e -QXP the spin
of the system X is not restricted. Nevertheless, it seems difficult to imagine that spin
projection will reduce the power law behaviour in (13) to a fall off stronger than :./m‘f
as required according to (12). If e.g. the number of spin states populated in n‘.‘P-,XP
were to increase linearly with m2, spin projection would reduce the :l/'m"behaviour to 1/1’19,
still appreciably larger tham (12), Thus from the magnitude observed for diffraction
dissociation amplitudeé like )!I}oﬁxp, it seems unlikely that off-diagonal contributions
to the forward Compton amplitude can be neglected, if at the same time the diagonal
hadronic amplitude .P‘VP--DJ’”P is‘ assumed to strongly decrease (~:l.[m:;) with increasing
mass of the vector state. Moreover, if a decreasing hadronic cross section is taken

literally for the lowest lying vector meson already, i.e.

Z

F o - _ m N= 1,
Oﬁ"P = (}0’}0_‘)’-77;% ! ( O, / )' (14)

then we prédict (in the diagonal framework) for f"(IGOO) production

'2
rrrl

’n’? !/ 0.01, (15)

| P

& (pps )[4 (B”P"f?)"

where the e+e* annihilation result 13) r:’/tﬂz- =(4,1t ﬂ.g‘f';)‘f;z/hhas been used. Ex—

perimentally, however, one finds 8)

o g

dlf (f; ‘PJ’J’ y /f [JVP"’J f’) 7. (16}

Thus it seems natural and almost compelling to drop the diagonal approximation and the
\3 }Oﬂ"’d/m/\f law, which it engenders and to rather start from the more general non—
d1agonal representation (5) for the imaginary part of the transverse Compton amplitude or
O
[y

T ,
tions correspond to interference terms between different incoming vector mesons. Such terms

A . - P . -
, and retain a constant mass independent cross sectlon '-.3? P Off-diagonal transi-
” n

i
__r_jl
Hi
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are not necessarily positive. They may thus allow the incorporation of the 1/s law for
ete” annihilation, while keeping Ea;,_ vector meson mass independent, cancelling the
logarithmic divergence due to the d{:gonal terms by destructive interference. A simple
quantitatively successful model along this line of thought has recently been developed 16)
by Fraas, Read and myself. The model explicitly demonstrates that scaling in the space-
like region in ep scattering may be derived from a scaling annihilation cross section
Ef}t_’l nu:ijs and vector meson mass independent vector meson absorption cross sections
T , 1f destructive interference due to off- -diagonal transitions of reasonable magni-—
tude is taken into account. Let me turn next to a description of this model. Subsequently
we will discuss how the results for the spacelike region of ep scattering are expected to
be modified, if most recent results on e+e— annihilation, indicating constancy of the cross

. Z .
section for 12 £ g K525 GeV”, are taken into account.

3. GENERALIZED VECTOR DOMLNANCE: A MODEL WITH INCLUSION OF OFF-DIAGONAL TRANSITIONS

1t is our aim to develop a quantitative model for deep inelastic electron nucleon
scattering within the framewocrk of the non-diagenal representation (5), first of all con-
centrating on the large a;‘ diffraction region., The vector state photon couplings are to

+ - g . . . .
be taken from e e annihilaticn. Using reasonable assumptions on the underlying vector
2

state nucleon interaction in addition, the q° dependence of deep 1nelast1c scattering is to
be predicted.

6)

The model by Fraas, Read and myself, mainly for technical reasons, has been formu—

lated in terms of a discrete Veneziano type spectrum of vector mesons with masses

')’?7,3'—“—7 W?;’(l + l—ﬂf’/]l N=0,1, )

2)

. 1
The couplings of the photon to the vector mesons V. are chosen to decrease as :1/1?“3

N

-

A — “i. '?":E

-3 = Ay = !
5, 8 ML

(18)

Al

the normalisation being given by the coupling to the lowest lying vector meson, f?‘bﬁff’)’
which coupllng thus sets the scale for the couplings of the higher ones, much in the spirit
7)

of Sakurai's "new duality" P as ﬂqﬂx;znmasures the total strength of transition of the

photen to the hadronic vector state VN

/
LY (- SR B (s} _ ds
TEL A Ll VeV D E, , (19)
/L e t ¢
N SR N N

+ - k) 0 + -
because of (18) and the equal spacing rule (17), the total e e annihilation cross section
into hadrons is to decrease as 1/s when averaged over the vector meson peaks. In the narrow

. . . — =
width approximation we in fact obtain for U (e ¢—m.s hadrons)
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A

where the level spacing ,J, is chosen tobe . = 2. As seen on fig. 4, (20) describes the
data reasonably well as long as ‘fgftﬁa3.5 GeV. The couplings (18) may thus be used as &
starting point for the prediction of the q2 dependence of the total photoabsorption cross
section for spacelike values of qz..The,modifications induced by the approximate constancy

ofE%;ﬂayreyond 3.5 GeV will subsequently be discussed in chapter 4.

Next let us specify the hadron physics required for a formulation of a model for the
virtual forward Compton amplitude. As mentioned, we will assume the vector meson nucleon
forward amplitude VNp-—y va , or rather the total vector meson nuclecn cross section
to be independent of the mass of the wvector meson VN
region. This assumption is in agreement with what one would expect from most naive quark

8)

in the high energy diffraction
model arguments and is also quite in line with results ! on the absorption of multipion
systems in complex nuclel. Next we will have to specify the diffraction dissociation
amplitudes from the lowest lying state Vo to higher ones VN ,

Vop.ﬁy-VNp , N=1, 2, ...y 21
and more generally the amplitudes

Vp—> VP 5 (NN, . (22)

which enter the forward Compton amplitude as off-diagonal transitions. The only hint from

) :

] . |
experiment is the observed power law

A g Xio)n - - -
j?ﬂ" (?Lp-a X}o)m ,Lf/Wlx 23)

for pion diffraction dissociation, which law would have to be appropriately modified to

20)

have actually been

z)ff

take spin conservation inte account. Exploratory calculationms
carried out by generalizing the-i]?h?behaviour (23) to a power law (h_[vn leaving the
power p as a parameter and summing over all diagonal and off-diagonal contributions
VNp-A) VN,p to the forward Compton amplitude. The essential features as regards inclusion
of off-diagonal terms may be most simply seen, however, by taking intc account transitions
to next neighbors only, V,’P(—-) VAN-{P besides the diagonal ones. These next neighbor
off-diagonal terms are to be considered as “effective" terms, describing in a global way
the effect of summing over all off-diagonal cont¥ibutions of the kind

VdiiﬂrVN,p (N' = N+1, Nf2, v++). A can be shown under rather general conditions, the
sum over infinitely many terms VNp(-’Vﬁ,p (N' = N+t, N+2 ,..) is in fact equivalent to
taking into account next neighbor transitions only. So let me describe to you the simple

. ; . : . X 16
model with inclusion of next neighbor transitioms only, which has been constructed ) by
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Fraas, Read and myself.

Denoting then the ratic of the first off-diagonal to diagonal (t=0) transition

amplitude as

o= Topesguar | Topopp

we obtain the isovector photon part of the transverse virtual photoabsorption cross

section by writing down the ﬁv -9_’&,, fh’ "’.ﬁf'ri and f#f-i"’fﬂ contributions to the
imaginary part of the forward Compton amplitude and summing over N:

(T=1)

6-. (V‘//‘?Q):q‘”lD de(ﬁﬁ 14- 2 )f"
r ‘ JP ?o,hfzt? Jg} ﬁ? +’73V)r
(25)
L frag 1 ’7’712;4.

i — 2C, :
(5m) N TN (9%,

Clearly, for Cy & 0 we recover diagonal GVD requiring (with (18) ) G:?}';;PN 1 /Wzs'

for convergence and scaling. As mentioned, the model is to be constructed such that this
logarithmic divergence is cancelled by introducing negative off-diagonal terms. Therefore
a minus sign has been introduced in front of the off-diagonal term in (25), for definite-
ness assuming CN to be real and positive (and smaller than 1}, and the sign of the

coupling to alternate (i.e.&”a«(*l)N, N=20, I, ...}
N

The ratip Cy of first off-diagonal to diagenal transition is not very well known ex-—
perimentally, except for the fact that CN for N=0 has to be smaller than 1. Also, although
in cur Ansatz (25) we have explicitly taken inte account next neighbour transitions only,
as mentioned, CN should rather be thought of as an effective transition standing for the

- - ’, > - -
combined effect of all “PH.?DQ' qj’nr(nz N+!) contributions. Anyway, let us suppose a

power law for CN’ written with the real parameter ds as

1+2d"
Cy = const (mN/mN+I) . ‘ . | (26)

which for large N gives (neglecting order l/m;)
C.. = const(m_/ ) (I—&lmZ/ 2) 27
N f s TS o/ ™’ - ‘

Then the sum in (25) turns out to be convergent, provided the constant in (26) and (27)

is chosen to be /2, Thus inserting {(18) and (27) into (25), the result of the summation

is easily-calculated to be
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Nl g 2 ‘:’2*’1-(1*@')/”?}’1_, 9 a7 e (28)
R P 1 (cf"'i- mff) ,jm;—f »1!?’7"/
4
{2

where s (21 is the derivative of the digamma function \f.(z)
F o(z) ¥
* -____ 4,4 4 (...._“
y )= W»’ (mfz"’a " TIE e

Our result (28) contains two parameters, the level spacing -4. , which from »

(;"Te+e1-u) ﬂadronS) has been fixed to be .} = 2, and the parameter cr', which according
to (26) and (27) determines the magnitude of the effective hadronic diffractieon dissocia-
tion with spin conservation. 4§~ is obtained from the normalization of E;;tm photoproduc-
tion at q2 = (. Generalizing (28) by taking into account the isosealar contribution and

" evaluating at q2 = 0 we have

!

{11—45}‘ (30)

- ' . o~ o AT
\) {hf 6’ "'o OJ"T: «Tc(g ‘?j:‘"ro ;g; :3“173 "|‘" i’}? b¢f)

From the mentioned empirical result that ?/ u) saturate photoproduction at q2 = 0 only
up to approximately 78 7, we obtain ( ﬁ.f-d} AvO 78 or d 2 0,28, Introducing (c*Tllnto

(28), our final result for Y%, may be written as

+

2

W e irafm /- I
o {A{4+3/+9 ./’7"7; 4 1)/.1.1-.,1 ,“‘m:_) 6:

1\ 4 +q2/fm‘,§ “,%me*’ v //{(1+5)

"w :’ /; = (31}

. + - iy s . ~ . .
As ,1 has been fixed from e e annihilation and ¢ from the normalizatien teo photopro-

duction, the q2 dependence in (31) is predicted without free parameters.

Asymptotically for q%~9 o0 » with (29), Qz; becomes

! 2 4 Yy
o (MG 6’!"‘“_,' N N (32)

where
—— o 4~JQ.J‘ 3o vl . Y, il
m = e Y 2 0, 60m, = .36 Gl 33
oy ! f d
2+ 2
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2 . . . .
The 1/q” dependence in (32) corresponds to scaling of the transverse contribution to the
structure function v, given in (4). The asymptotic behaviour (32) suggests a simple

interpolation formula as an approximation to (31), which formula reads

N |

oo (W, ’il/\ il Oy

v 1 /= 3 o » 34
TN t/q f,)y’?.) 3";0 (34)

Even though (31} may easily be evaluated numerically from the tables for :f )/2) formula
(34) is obviously mwuch simpler and in fact agrees with (31) within 2 Z (around q =3 GeVz,
where deviations from (31) are largest). It is amusing to note that the simple pole formula
(34), which is equivalent to (31), had previocusly been shown 4) to describe extremely well

the data for the transverse part of L’WZ in the 60‘3{,8 region. From eyeball fits to the

——3 — -

data 1™ had been obtained to be 4m12 = (0.611)2 = 0.37 GeVz, compared w1thrn%5 0.36 GeV2

as calculated in the present model by adjusting the magnitude of diffraction dissociation

(d“) by requiring the correct normalization of G:;. at q2 = O to the photoproduction cross

3), the pole formula (34) implies that the modified
2) 0 = faM ;;,1(0 ot}

scallng variable Lt/“, ( V-4 |+ is a good seallng variable, provided

™ 35 CL%'. In the fits to the data, at low and high values of ca) s a2 has been found2 )

to be O.37;E;a2,$i0.42 Gev? in good agreement with our calculated value of 5?§2= 0.36 Gev?.

section. Also, as remarked by Sakurai

Agreement with the data for (S;. and the transverse part of wW, for large 40‘ is ex-

2
plicitly displayed on figures 5 and 6 (curve a).

Let us add a remark at this point on the connection between our final result (34) and
the diagonal model defined by using the diagonal approximaticn {(8). The simple pole formula
(34) first arose in the diagonal model. It is obtained from (8), if we substitute '

£oor 2] ;,:;:,’3‘-’,‘, 2 ==
p{w, mt) = = ( llt
“ m

70 - (35)

This Ansatz according to (11) with <5 UJ.;ﬂnvjjgcorresponds to a decreasing vector state
proton cross section Q?i; 4»1]‘ 1r . Destructive interference from off-diagonal terms
in the forward Compton amplitude thus may appear equivalent in practice to a decreasing
vector mescn nucleon cross section within the diagonal Ansatz (8). Such a statement of
equivalence is misleading, however, as this equivalence is lost, as soon as exclusive
channels, like 590 electroproduction, are considered. There is an additional difference
between the diagonal and the off-diagonal model as regards the mass parameter m. In the
diagonal model, as formulated with a continucus spectral weight function, the mass m
appears as an effective thresheld for e+e_ annihilation. It is adjusted to the data such
that the correct q2 dependence is obtained. In the off-diagonal model, I have described,
the mass m, which determines the asymptotic behaviour of f;;: and i’bﬁijr( a;large) is
actually calculated just by requiring the virtual photoabsorption cross section {;; to
reduce to the correct empirical value of (‘Ih at q2 = 0. As mentioned, the q2 dependence
(for largel4» ) within the off-diagomal model described, is thus predicted without a free

parameter.
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Within the non-diagonal framework we have concentrated so far on the large LL)‘
diffraction region. The extension to the smalligf region may be accomplished in a way -

9)

identical to the procedure used in the case of the diagonal model. The isospin 1 ex—
change in the t-channel necessary for the y. over p ratio is attributed to higher mass
vector mesons,and a physically motivated tmincorrection factor takes care of the threshold

behaviour for &'—% 1.

4. DO RECENRT e+e_ ANNTHTLATTION DATA IMPLY VIOLATIONS OF SCALING IN DEEP INELASTIC
ELECTRON SCATTERING?

Up to now we have assumed that e+e_ annihilation shows scaling behaviour
G'(e+e_-—9 hadrons}a- 1(5 . Even though this seems roughly true for e+e— c.m. energies less
than about 3.5 GeV (s £ 12 GeVz), recent CEA and SPEAR data indicate approximate constancy
of C;Te+e_._, hadrons) for 124 5 £ 25 Gev?. Iwai and myself have recently attempted 22)
te quantitatively estimate the effect of this constant behaviour of e'e annihilation on
deep inelastic scattering in the large éJ' diffraction region within the off-diagonal

model just described.

For the purpose of predicting the effect on ep scattering, the constant behaviour of
+ - L . . . . .
e e annihilation 1s simply parameterized by assuming constancy of the vector meson

photon couplings

1

d . -7 “1 -Tr!o ;oL A = AS Y

s =eonsl= 2y 28, (M ENER,, (36)

Y, Sy My ’

L
within a restricted range N]'é-N é'Nz. The values of Nl and N2 are given by the lower and
upper bound in s for which e+e— annihilation 1s assumed to be constant i.e.
- + . -
84,2 :W]Z.fi-l'l. A< ) . As indicated by the ete data, S, 212 Gev® will be adopted.
- (=R Y i,l 23) i

;;1-4bc?o is not excluded apriori, but unitarity bounds tell us that the present

. —— - - . ..
[ ~ = 7 - - .
behaviour of \"erf-:thODSt » and R = “gpr, by .“’l','a const. r s cannot go on indefinitely, but

should rather change below s #1700 GeV . The value of s, will thus be left as an open

2
parameter to be specified later for our numerical estimates. For s 2 s, we assume
e f’n -
%3!,-'-% - ’1‘. 3 and accordingly put
‘ . Vo p
1 . Y .
S L AL Nz N, (37)
D A T T =L
N o A Af

-1

J—
Substituting then (18), (36) and (37) into the expression (25) for %27,, doing the summation

and simplifying by expanding theﬁ? and 'f" functions, we obtain 22)
v ‘--—'2_, am——y 2‘ Z - % =
5~ N a4 [ m ™, 9t ) Vyp
)7‘1'. ,{.’1/...‘—-/:“*"*1”_;-#5 t - At 71"_:, ~ = L S-%)(%)
R -, - o [ i o ____{-___’
(1 i 4 Ly / (’ < A ™)
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-
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where ‘,-','1'2' as in (34) is given by thqz'# 0.61 wr" .

As a side remark, let me say that ome may convince oneself that (38) may also be ob-
tained w1th1n the diagonal model, if again one assumes that @& Vv effectively decreases

as 4—1"’1;;

Let us now discuss the physical 1mp11cat10ns of our result (38). Quite tr1v1a11y, for

the limiting case 5| =8, we have (e e-—-, h)rvils for arbitrary s , and consequently 6;
in (38) reduces to the scaling expression (34). If we assume S, ® 8, corresponding to a
constant e e annihilation cross sectlon for s, < s ....52, from (38) and (4), scaling will
be violated approximately linearly in q for q° & XSy 2 scaling limit being reached for

q ,>'> s, only, when the log term becomes negligible. For s 22 12 Gevz, as indicated by the

data, 512/31 = (.03, and thus the slope of the scale breelxking term is quite small as long
as s, is only moderately large. Thus from the empirical fact that the onset of approximate
constancy of G’(e e—-a hadrons) is at about 3.5 GeV only, we expect scallng viclations in
deep inelastic ep scattering to be moderately large for not too large spacelike q2 (keep~
ing s, finite). As a numerical example, in fig. 6 (curve (b) ), I first of all show you
the result obtained for VWZT from constancy of G‘(e+e_—-—-9 hadrons) in the CEA SPEAR range
of 12 GeV2 £ s £25 Gev . Scaling violations become more dramatic as soon as s, is raised
to e.g. s, = 50 Gev? {corresponding to RE & (e e_-—-ly h)/ G’-;q;“—- A~ 10 at {-’ 7 GeV).

In fact, the corresponding curve {(c) on fig. 6 may be considered to be at variance with
the plotted SLAC-MIT data as available in the low q2 region. Thus, if our results are
taken literally on the quantitative level, and not as an indication of qualitative trends
only, one may even be bold enough to infer that G~(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,
\"'I’]"i-;— will eventually scale, the scaling limit being enhanced approximately by a factor

52/51 compared with the result obtained from G"(e+e:—~25 h)'v:.[!.g:

2 G- /20 32 1
VW-:T' s i (W - PR (39)
- ¢ Ta =4 ('.L + .._-.m -y
) 1
Fer 52-;: 25 GeV2 and s1 12 C.eV2 (SPEAR range) the enhancement factor is about 2, the

scaling limit being reached at qzi_l‘g'-_ 100 GeV2 only, however,

If instead of (e e _-; hadrons) ~~ const. we assume a fall-off somewhat weaker than
/s, e.g. :1!’-;5 » which may also be compatible with available data, the corresponding
scaling violations in deep inelastic scattering are also present, but are somewhat

smaller, depending, of course, on the values of s, and s, . As regards the longitudinal

l 2
photoabsorptlon ecross section ‘a, , not considered so far, we have estimated that even
5
with i“ (e e-—-9 hadrons) being constant for sll- s ..¢-_- SZ’ the prediction ) for the ratio

5‘:: -:)T~ A ;41,. b? /n-, remains essentially unchanged. We thus expect an additional small

f

logarithmic violation of scaling, when instead of the transverse part the whole structure

function le is taken intoc consideration.
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24)

Within the framework of GVD, we are thus led to conjgcture' that positive violations
of scaling, approximately linear in qz, are to be expected in the large wo'diffraction
region of ep scattering as a consequence of the approximate constancy of e+e_ annihilation
in the CEA SPEAR energy range. As regards the magnitude of w' , values of h£z>10 are
certainly required. Well known qualitative lifetime arguments would suggest 24) even
larger values, {U‘? 50 to fully see the -effeet. Should scaling vieolations of roughly the

magnitude we are predicting not be confirmed in future experiments at large AJ’

, such a
situation would seem to be difficult to understand within the framework of GVD. Even

2. . . . X .
though the general concept that the q dependence in deep inelastic scattering is due to

the propagation of vector states, i.e.

2 afins Al vt} aa,id
GO Iw qll_-.- ( n_ gV ) dm v’ (40)

Ty J_{fqz+ '1"12)(ql+m‘l)

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 e+e_ annihilation
cross section. Thus even though the detailed off-diagonal model 1 have presented to you
may seem somewhat specific, I am trather convinced that positive scaling violations will be

found at large values of go‘.

Experimentally, tests of scaling for large gtj‘ require lepton beam energies in the
100 GeV range presently available at FNAL. It is of great interest in connection with our
conjecture that an indicaticn of a positive violarion of scaling of roughly 20 % for
pdiﬁ'ﬂ and 5 GeVzﬁj qzﬁﬁ 10 GeV2 has actually been reported 25) quite recently as a first
result of the FNAL muon beam experiment. In this experiment a muon beam is scattered from
an iron target. The.result of the experiment is shown on fig. 7. The figure shows the
ratic of the 130 GeV measurement to the result to be expected on the basis of the SLAC
measurements, 1f these are fitted by a scaling expression. Unity of the ratio would mean
that scaling is valid. Due to the kinematics of inelastic lepton scattering, the lowest
q2 bin in fig. 7 belongs to a rather large average value of gy X 20, while in the
highest q2 bin the average ) 1s equal to &¢u:= 2.5 only. The point of relevance to us
is the lowest q2 point, which shows a violation of scaling of about 20 Z (upper part of
the figure}, which viclation of scaling vanishes, if the high ¢y data points are ex—

cluded (lower part of the figure). These data thus indicate scaling violations of the

same sign and roughly of the magnitude expected from our estimates.

5. VECTOR MESON ELECTROPRODUCTION: OFF-DIAGONAL TRANSITIONS AS A MODEL FOR
"PHOTON SHRINKAGE" -

The influence of off-diagonal transitions should be visible in diffractive production

; + - . 3
of hadronic vector states (or e e pairs) by virtual photons. Fraas, Read and myself have

26)

recently quantitatively analysed the simplest case, production of the lowest lying

0 ] . . . . C e
vector mesons g;iwﬁip . Higher mass contributions in the initial photon state may affect
IS TP
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the q2 dependence of the cross section ytﬁht’1a—a t/rj at £t = 0 (i.e, extrapolated to )
t = 0) and may also lead to a change of the slope of the t distribution with increasing q°,
if diffraction dissociation processes of the kind ‘f;1ﬂ-?ﬁur0have a t—dependence differing
from the one for the elastic reactmn ﬁ,’P—-’Fof) Both effects should be visible in [Zf,uﬂ _
electroproduction. For details I have to refer to ref. 26. Let me just briefly summarize

the main results.

Let us again assume a Veneziano type spectrum of vector mesons and vector meson photon
couplings 1!’5:‘{1:(1/3;2)(,”,‘7:!’4” z) as in (18). The constancy of Gg-,-‘:-;,h for higher
energies does not bother us here, as transitions iji,10 ﬁif@?o for very 1a?ge N will be
strongly suppressed. To keep the Ansatz as general as possible not only an effective next
neighbor transition is taken into account, as in Compton scattering, but the summation
over a series of vector mesons (N = 0,1,2,...} in the initial state is actually carried

through, assuming a power law Ansatz for the hadronic amplitudes of the form

2p+d

T HP2T_ rpﬁ?""ﬁ?’( Mo { N— 1,2,

For p =0 one obtains the empirical diffraction dissociation law dﬁi‘/dmz/v r 3 /’W)l from

(41)

{23). Actually p has been left as an open parameter in the calculatiom, p = 1/2 or p =1
being reasonable choices. Only numerical results, but not the functional q2 behaviour,
depend on the choice of p. With the mentioned photon couplings and the diffraction
dissociation law (41), the sum of poles in the Ansatz for vector meson production may be
carried out analytically for arbitrary p. Referring to ref. 26 for details, let me just
give the final result, which may be approximated by the simple formula (valid in the

%
region of (,._)‘E"_ 10)

t=0 Y =y T=0
0‘8’ U gad ‘qreafj tih?‘ - L )
0 (W )= e : =0), (42)
o &Y {9 2%+ 7”'5)* l qv.‘ﬂ‘.l 0{ (‘/ L 4

The t = 0 production cross section for e.g. Ta,af)f) thus behaves as a simple pole
squared 1n q2, just as in domlnance, except for the value of the mass parameter 1n

The effect of the off-diagonal transitions consists in replacing the‘f mass ﬂi? by the
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effective mass 'ﬁ/q . The numerical value of 4% depends upon the-sign chosen for the photon
vector meson couplings and the power p in the diffraction dissociation Ansatz (41). For
the alternating sign assumption made in chapter 3, one obtains ‘}Aﬁ < rmf corresponding to a
suppression of the cross section relative to simple J?o dominance. As the exact diffraction
dissociation behaviour (i.e. the power p) is not known, *yﬂ;u cannot be exactly predicted.
Realistic values of q?i should roughly lie between ’Y/‘;"ll et C’/‘;‘; ")n’l;' P:O) and

7

ﬁ?i > o7 Wlf ! ( r= 24— , however. The experimental data ~actually show a some~

what faster fall-off in q than expected from simple f’ dominance and thus support our
result (42) with m<|’”f, as obtalned with the alternating sign assumption. We have
accordingly suggested 26 that future accurate data be fitted by varying qy| (rather than

the power of the q2 dependence),

In order to extend the calculations of the effect of off-diagonal transitions to
values of t # 0, the t-distribution for diffraction dissociation w1th spin conservation,

fp’P ""ﬁu"P , has to be known. Empirically, processes like pp —3 pN* and T ~» H,lf)

1
show ?,28) steeper slopes than the corresponding elastic reactions. Indeed, a recent

analysis of diffraction dissociation ir pp—s pX at 12 and 24 GeV shows slopes 28) b

as large as .16 GeV_2 for Mi{ 2 GeV2 with a rapid drop at larger masses Mx to or

slightly below the elastic pp slope b =9 GeV2 in this energy range. Motivated by this
26)

empirical evidence, we conjectured that a slope change relative to the corresponding

elastic reaction is a genuine effect of diffraction dissociation quite independent of the
projectile particle and thus also present in ﬁ,p—aﬁ,p . The effect of steeper slopes
of J"”P "”._PNP on ‘F electroproduction is then qualitatively evident. For t = 0 we have
a suppression of the cross section ("m._‘;yjf relative to diagonal vector dominance, as
discussed. For ]t,' > 0, however, due to the steeper slopes of off-diagonal transitionms,
the suppression effect rapidly vanishes with increasing -t, thus yielding a flattening of

26)

slope with increasing values of q2. Realistic numerical calculations show that slopes

b for j:-° production by virtual photons may well drop from values of 6 to 8 GeV—2 for

photoproduction, q2 =, to values of 4 to 6 GeV2 for qzm sm;‘, the main slope change
with q2 being expected for small values of -t £ 0.2 GeVz. Referring to ref. 26 again for
details, let me show you the result of a calculation with inclusion of off-diagonal

transitions in comparison with recent DESY-data on fig. 8.

Qff-diagonal transitions of reasomable magnitude thus allow for suppression effects

in e ,/ ”" gv ""IP, at t = 0 of an estimated magnitude of approximately 30 % to 50 % at
q 2 1.5 Gevz, and moreover may yield a flattening of slope b with increasing q2 from
bE6 to 8 GeV*2 at q2 =Ctob&d to 6.Ge‘~7*2 for ng 2.5 GeVz‘. In concluding this
chapter, let me add a more general remark concerning slope changes with increasing q2. A

flattening of slope with increasing q  in vector mesen electroproduction has first been

29)

conjectured by Cheng and Wu in analogy to results from QED calculations. Lightcone

30}

. . 2
arguments have been added and photon shrinkage with q seemed to appear as a rather

universal property of spacelike photons. Such a universal property, once verified in vector
. . 3 . .

meson production, would then allow one to draw ) far-reaching conclusions for other

photan induced processes, as, e.g. t® electroproduction. We think that our interpretation

of a possible slope change by linking it with properties of hadronic diffraction
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dissociation is less universal, but perhaps more realistic, Clearly, whether similar
"radius type" effects also appear in different reactions, if once verified accurately in
vector meson electroproduction, is in our interpretation very much dependent upon the

hadron dynamics of the specific reaction under consideration.

6. SUMMARIZING CONCLUSIONS

Let me finally briefly summarize the main points, which have been made. This may im-—

plicitly also answer Zichichi's question, as given by the title of this lecture.

1. The concept of hadronlike behavicur as formulated by S;.,Jic*domlnance is qualita-
tively and semiquantitatively successful in photoproduction and low q° exclusive electro-
production in the multi GeV energy range. This has essentially been our starting point.
Due to lack of time, we referred to previous reviews for a discussion of the empirical

evidence for hadronlike behaviour.

2. From fig. 1 we learnt that the low lying vector mesons form an integral part of
the scaling phenomenon, at least in the large w' region. Without the.ffuﬁé induced parts
of the cross section scaling can no longer be precocious. This observation naturally
suggests building up the forward Compton émplitude in terms of vector state forward
scattering, including higher mass states, i.e. the GVD approach. As an immediate gualita-
tive consequence, diffractively produced vector states of arbitrarily high mass should be
observed in electroproduction at any'q2 provided the available energy is sufficient such
that w' is large (oo';:!O or even » 50}. Thus looking for higher mass vector states,
beyond 3}11~ 4’ j? (1600) in diffractive production will be an important experimental test
of the model. An unambiguous way to convince oneself of the correctness of the basgic
features of the model would clearly be the isolation of further vector mesons, which might

be buried in the Frascati e e annihilation continuum.

3. Our discussion in chapter 2 showed that off-diagonal contributions (in mass) to the
forward Compton amplitude should actually be taken into account. By including such terms,
a quantitative model for vPﬁ; has been constructed, valid in the large ;g?'region.
Scaling for the transverse part of vbﬁi follows from scaling of the total e+e_ annihila~-
tion cross section G‘T%ﬁjiqh)avhifs and reasonable assumptions on the hadron physics.
Precocity of scaling is naturai in such a model. The mass whlch sets thescalehas actually
been computed to be slightly smaller than the j? mass, x O, 6Mf

4. As a reflection of the observed constancy of S‘[tfb‘ah)for 12 § <25 Gev? scaling
violations at large w! in deep inelastic scattering should be found. Even though the
detailed quantitative model calculations within the off-diagonal framework I have present-
ed to you may seem somewhat specific, I am rather convinced that scaling violations of
roughly the magnitude predicted in fig., 6 will be isolated experimentally. In fact, first

indications have been observed as shown on fig. 7.
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5. Finally, we have seen in chapter 5 that off-diagonal transitions are strong enough
to yield observable effects in electroproduction of even the lowest lying vector mesons
g?qué. Of f-diagonal transitions may in fact be responsible for "photon shrinkage type"

effects.

6. I have hardly discussed the small &G‘region of deep inelastic scattering, apart
from briefly mentioning the toia effect. At present I believe it may be reasonable 32) to
start from the GVD representation ( 5 ), even for small Ld', disregarding anomalous

1

’ 2
singularities. For this region in g the qvf%yn'§JVbehaviour of the spectral weight

function?( M’l t)ui')mu)is mainly relevant. I conjecture that the behaviour of‘f in this

. . . + - P . + =
region should be related to inclusive e ¢ annihilation, e e ..-» pX, and hope to come

back to this peint in the near future.
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Fig. 1.

Fig, 7.

Fig. 8.

FIGURE CAPTIONS

The transverse part of the proton structure function as a function of q2 for
fixed w' (from ref. 4). For the purpose of the discussion given here curves (a),
(b} and (e¢) only are important. Curve (a) fits the data. Curves (b) and (c) show,
what happens, if the p® induced part and the ( f‘-o- f‘(l()oo) ) induced parts,
respectively, are subtracted.

GVD predictions for the transverse part of 9% {(from ref. 9).
The ratio Rz G;[GT'_ according to GVD (from ref. 5).

The total e+e annihilation cross section compared with GVD ( == ) according to
(20). Data from references 13 and 14. Also indicated is the modified Behaviour
(=+~.-) resulting from the couplings (36) and (37), which couplingg are used to
quantitatively estimate the effect of approximate constancy of §(e e--ph) on ep
scattering (from ref. 22).

Off-diagonal GVD prediction according to -(343 for the transverse virtual photo-
absorption cross section on prgtons, On. (W,q°), as a functipn of the virtual
photen four momentum squared q° (from ref. 16).

Off-diagonal GVD prediction for the transverie part of the proton structure
function WwW, at fixed+ag_ as a function of q°, Curve (a) is obtained from
scaling behaviour of e e annihilation. Curves (b) and {c) show the violations
of scaling expgcted in the large ' region as a reflection of the approximate
constancy of e e annihilation for sd.ﬁs ‘_’-.-Sz,(Fig. from ref. 22).

FNAL muon beam results (from ref. 25). Ratio of 150 GeV yields to the yields
expected on the basis of the SLAC-MIT data (assuming scaling). Ratio is unity,
if scale invariance holds.

_?o electroproduction data 27 compared with vector dominance predictions
obtained with inclusion of off-diagonal terms (from ref. 26).
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