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1. INTRODUCTION

The main goal of Nuclear Physics is the study of the structure and the

dynamics of complex systems made of strongly interacting hadrons. As for any

complex systems, the problem is to know:

- What are the relevant degrees of freedom;

- What picture is the best suited to the scale of the probe.

The extensive study of nuclei with hadronic probes, as well as with

electromagnetic probes, has led us to an economical and consistent picture

of nuclei made of nucléons, which interact by exchanging mesons. It relies

on the description of baryons as a small core, of radius 0.5 fm, surrounded

by a meson cloud which is polarized by the vicinity of the other baryons. We

have also reached a good understanding of intermediate energy reactions,

induced in few body systems, in terms of complex combinations of elementary

processes, which can be independently single out by a judiciable choice of

the kinematics and the probe. Up to now, there is no need to explicitely

introduce quark degrees of freedom. Of course, there is no doubt that

ultimately nuclei are made of quarks. But, in this picture, they are hidden

in the various meson-baryon coupling constants and form-factors. At which

scale will they start to show up is still an open question.

The internal structure of hadrons has been revealed by reactions induced at

very high energies. Here, asymptotic freedom allows to compute pertubatively

the interaction between quarks, and to understand the short range structure

of hadrons. On the contrary, at lower energies, and larger distances, the

non pertubative nature of QCD prevents to use the traditional methods of

field theories. Inspired by QCD, phenomenological models have been taylored



to reproduce the static properties of hadrons, but they encounter some
problems when dealing with their dynamical properties or their interactions.

A consistent theory of the hadron structure, valid at short as well as long
distances, is still missing.

To day, Intermediate Energy Nuclear Physics is precisely concerned with the
non pertubative low energy limit of QCD. The relevant distances are small

with respect to the usual nuclear scale, but large with respect to the

characteristic distance between quarks. Four main topics are relevant:

- The study of nuclei at short distance (smaller than the nucléon

radius) will allow us to understand the interplay between the hadron
substructure and the nuclear structure.

- The use of the nucleus as a laboratory will provide us not only with
a way to study the interaction of unstable particules (baryonic or

mesonic resonances for instance) or the hadronisation of quarks in the

nuclear medium, but also with a filter to select some part of the wave
function of hadrons, or hadronic systems, when they propagate in the

nuclear medium.

- The creation of new flavors (strangeness, charm) in nuclei will

provide us with a powerfull tag to follow the propagation of the

corresponding quark, and to study new degrees of freedom of nuclear
matter.

- The study of spin observables will allow us to reveal interferences
between non pertubative and pertubative QCD amplitudes.

High p- reactions are a powerful tool to undertake the study of these four
research axes. Since they probe distances comparable to hc/p_, they offer us

with a way to study the short range behavior of hadronic matter. When p_ is

large enough it is possible to factorize hard processes, where the photon
couple directly to a single quark, and soft processes, which have to be

described by non pertubative QCD. In some sense, these reactions look like

quasi-free, nucléon or electron, scattering on nuclei (which have led to the
determination of the nuclear wave functions), and they are expected to

provide us with constraints on the wave functions of hadrons and the
response function' ••f the nucléon as well as the nucleus.

In this talk I will restrict myself to two of these topics, which are



related: the study of the short range behavior of the nucleus, and the use

of the nucleus as a filter. I will put a special a emphasis on photon

induced reactions, since this Is the main topics of this worshop, but I will

also deal with hadron induced reactions. I will start explaining how to
disentangle and determine the various components of the nuclear wave

function. I will review the evidences of hard scattering processes in

reactions induced by real photons as well as by hadrons, on free nucléons,

with a special emphasis on spin observables. I will try to foresee what

remains to be done with a free nucléon target, and what new perspectives

will be opened by the study of the same reactions in the nuclear

environment. I will conclude with a discussion on the relevant energy

ranges.

2. THE NUCLEUS AT SHORT DISTANCES.

2.1. The nuclear wave function.

The extensive study of nuclei with the (e.e'p) reaction has provided us with

a good knowledge of the nucléon momentum distribution up to 300 MeV/c for

heavy nuclei 1, and 500 MeV/c for few body systems 2. Modern nucléon-nucléon

potentials, as the Paris one 3 or the Argonne V14 one 4, lead to a fair

agreement to existing data, provided that Final State Interaction (FSI) and

Meson Exchange currents (MEC) are fully taken into account. Their long range

part is described by the exchange of one meson, and their intermediate

range part by the exchange of two mesons. But, below 0.8 fm, their short

range part is parametrized in a phénomènelogical way.

Hybrid models have oeen developped to overcome this difficulty: the short

range part is described by the exchange of one gluon between quarks. The

work of Yamauchi et al. s is the most advanced attempt in that direction.

The potential is of the form:

V(r) = VQ(r) f(r) + VM(T) (1 - f(r) )

where VQ(r) is the local approximation of the one gluon exchange potential

beetwen quarks, Vu(r) is the one and two meson exchange potential (which
M

coincides with the Paris one at distances larger than 0.8 fm), and f(r) is a

cut-off function. The wave function is expanded on a cluster basis, and the

dynamical equations are solved in the framework of the Resonating Group

Method (RGM). The antisymmetry between quarks and the orthogonality between

each components are fully taken into account.



For instance the deuteron wave function takes the form:

VD = *NN * *AA * *CC

where %„„ and *.. are respectively the projections on clusters which have
the same quantum numbers as the nucléon and the A. The hidden color

component *„_ is made of colored clusters, and is orthogonal to the nucléon
and the A components. Although there are several equivalent ways to expand

the two nucléon wave function, this is the most natural expansion, since the

nucléon component dominates. This appears clearly in Fig.1: the nucléon
component 2,... is almost the same as the Paris one, and the small components

X.. and xc- are of the same order of magnitude and contribute mainly at
short distances.

The most direct way to disentangle each component is to project the wave

function on given asymptotic states. Obsiously, (e,e'N) and (e.e'NN)
reactions single out the %*,., component: the charge operator is scalar and

couples it directly to the asymptotic NN state. The (e.e'A) or the (e,e'AA)

reactions single out the A component of the nuclear wave function. But care
must be taken î,hat A can also be created by the probe. Since this A creation

mechanism occurs mainly in the transverse part of the current , its coulomb

part, which couples directly to the charge of the A existing in the nuclear
wave function, has to be selected. This requires either a

tranverse-longitudinal separation, via the Rosenbluth method 2, or the

determination of the spin observables 6 which are proportional to the
interferences between the transverse and the longitudinal components of the

electromagnetic current.

The determination of the nucléon and the resonance sectors of the nuclear

wave function will be a major part of the research program of a high

intensity CW electron accelerator in the energy range 4-6 GeV. The physics
case is well documented 2'7 and implies to cirry out transverse-longitudinal

separation, to perform coincidence experiments out of the plane and to
determine the various spin observables. Since the high momentum components
of the wave function will be probed, high p- events will have to be

detected.

The study of the hidden color component is not straightforward, since its

symmetry does not correspond to the symmetry of any asymptoptic physical
state. It requires quark rearrangement mechanisms in order to connect
colored clusters and colorless particles, as depicted in Fig.2 for instance.
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Figure 1

The various components of the deuteron wave function as computed in the

hybrid model of Yamauchi et al.5
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Figure 2

The two extreme couplings of a photon to a nuclear system.



They involve a hard interaction between the incoming photon and a quark.

What are the evidences of such hard processes in the photon-nucleon

interaction? What is the relevant energy range?

2.2. Hard mechanisms in photon induced reactions.

While below E = 1 GeV the total absorption cross-section of a photon by a
7

nucléon is dominated by the creation of the various baryonic resonances,

above 1 GeV it is flat and almost constant when the energy increases. This

is the domain of the Vector Dominance Model (VDM), the exchange of Regge

trajectories, and hard scatterings of the photon constituents with the
quarks of the nucléon.

Fig. 3 clearly exhibits the main components of the cross section of the

simplest channel, the yp-tfm reaction . At forward angles (t - 0), it is

dominated by the exchange, in the t channel, of the pion Regge trajectory,

and falls down very quickly when t increases. At backward angles (t large, u

* 0), it is dominated by the exchange, in the u channel, of the nucléon

Regge trajectory, and falls down very quickly when u increases (or t

decreases). Around 90°, where both t and u are large, the angular

distribution exhibits a plateau, whose the variation with the squared total

energy s is:

d<r -8
— (90°) « s a

dfl

This behavior is a signature of a hard interaction between the photon and

the quarks inside the nucléon (Fig. 4). Why ?

The basic assumption 9 is that it is possible to factorize the soft and the

hard scatterings which occur between the constituents of the photon and the

hadrons. For instance, the repeated soft interactions between the quarks

insure the cohesion of the target nucléon, and govern the hadronisation of

the quarks In the final state, or the coupling of the photon to a quark pair

(free or interacting as a vector meson). In these soft mechanisms the

typical length is:

CUT <* R E/m

where R Is the average distance of propagation of a free quark in the rest

frame of a hadron (comparable to the radius of the core of this hadron) and

E/m is the Lorentz dilatation factor.
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Figure 3

The cross section of the reaction Yp ->• mr* is plotted against the momentum

transfer |t| = |(k -k )2 , for selected values of the incoming photon energy

Ey. Adapted from réf.
8.
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Figure 4

The various diagram, for hard scattering between the photons and the nucléon

constituents : VDM hard scattering (left), point like photon coupling (cen-

ter), VDM multiple scattering Landshoff mechanism (right), when the blob

stand for iterated gluon exchange. In each case the characteristic power law

is indicated.



On the contrary a single hard scattering between two quarks leads to the

emission of fast particles with large transverse momentum p». The

corresponding interaction length is of the order of:

CUT » hc/p_

The factorisation between hard and soft processes implies that:

CUT « CUT

In other words, the struck quark must escape quickly the volume of

interaction and hadronize far away. To set the order of magnitude, if p- = 1

GeV/c and R * 0.5 fm, then cAt * 0.2 fm and cAT * 4 fm for pions or 0.7 fm

for protons. Above p_ = 1 Gev/c the factorization procedure is expected to

be good.

The cross section is therefore made of two parts. The soft mechanisms are

highly non pertubative, involve the hadron wave functions and set the norm

of the cross section. The hard mechanisms can be treated in a pertubative

way (high p-), and govern the variation of the cross section with the

energy. For instance, if the total energy Vs is larger than the mass of each

hadron involved in the reaction (v's » m), the only scale in the problem is

the energy Vs and dimentional scaling arguments lead to:

d<r 1 1
— « -JM|2 = -8 f(t/s)
dt s s

This power law comes also from the high energy limit of the Feynman diagram

in Fig. 4, by counting the powers of q2 of the propagators of the far

off-shell quarks. In Fig.3 both p-, (or t) and Vs are large, since Vs = 2.1

GeV when E = 2 GeV, Vs = 2.9 GeV when E = 4 GeV and Vs = 3.9 GeV when E =
7 y Q

7.5 GeV. It is also worthwhile to note that such a pertubative analysis

leads also to a fair account of the cross section of hadron pair

production in yy Interaction in tha same kinematical range (p_ * 1 Gev/c and

2 £ Vs £ 3 GeV).

Further evidences of hard mechanisms come from the analysis of the yp-»p<j and

3rp-»A+*Ji~reactions n, of which the cross sections are plotted on Fig. 5 in

the energy range 3 * E a 5 GeV. In both cases the step decrease of the

cross section, when u increases, is due to the exchange of the nucléon, or

the A, Regge trajectory for the yp-»p«, or the yp-»A TT , reactions
respectively. When u increases, and above u « 0.5 (GeV/c)2, the cross

section is flatter, depends weakly on the momentum transfer u, and scales as
_Q

s . The data can be reproduced assuming that two components dominate the

cross section:



do- d<r

— = —du du Regge

s

—
0

2a<u '-2 do-
•f —

du Hard

s
—
so -

-8

where the powers are characteristic of the corresponding Regge trajector_Q

(2a(u)-2) or the hard mechanism (s ). The data do not require any phase
between the two amplitudes and the values of the Regge and the hard cross

sections are plotted on Fig.5. It is remarkable that the hard cross section

is the same in the two reactions and does not depend on the transfer u.

To close this list, it worthwhile to note that significant departures from

the prediction of the Vector Dominance Model ocur, for high values of the

momentum transfer t, in the photoproduction of vector mesons on nucléon

targets (see réf. for an extensive discussion). The yp-»p0 channel is

particularly appealing, since the 0 meson is identified by its decay ~

besides the P state of the kaon pair, the study of its S state reveals also

interesting interference patterns. The study of these channels may provo to

be useful to determine the strange sector of the wave function of hadrons.

2.3 High p_ reactions in nuclei.

To study short range quark rearrangement mechanisms in nuclei, one must

select kinematics where at least two nucléons are active and where hard

scatterings have already been observed in reactions induced on free

nucléons.

A possible example would be the comparison between the reactions ?D-»A IT n

and arp-»A IT . The value of the transverse momentum of the emitted A must

be large in order to sign a hard scattering and the momentum of the neutron

must be large enough in order to suppress the quasi-free mechanism (where

the neutron is spectator). Of course many other reactions can be studied as

for instance the simplest, the 9rD-»pn reaction when the proton is emitted

at 90°, or the yD-»A u~ and the yD+pnw reactions for high values of pT-

However, detailed and extensive theoretical studies remain to be done in

order to unravel those quark rearrangement mechanisms from more trivial

nuclear effects, as Final State Interactions for instance. As at lower

energies 2, Gauge Invariance of the electromagnetic current will be a

powerfull way to link the various reaction mechanisms and the various short

range parts of the nuclear wave function.



.300
?00

too

§ 50

g
IT 200

**
100-

20-

0 0 - 0 2 -0< - 0 8 - 0 8 -10 - I 2 -14 -16
uIGeV/c'l

\
f

V- '''1GeV

\ I I—|—T—r—T—i—i—i—j—
0 -4 -a -12 -16 - 2 0

u lGeV/c)2

200-fr.
100-

50-

20-

10-

5

•3 100-1

Dl 3•

50-

20-

10-

5-

•i a) s?a ' component 3.5 GeV

- *A '*n~ Ihtsexpenment

b) s3 component 3 5 GeV

( 1 ~\ T I f 1 T f T T ' I ' I '

2 0 -2 -4 -6 - 8 - 1 0 - 1 2 - 1 4 - 1 6

u IGeV/c)'

Figure 5
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reaction cross section are plotted against the momentum transfer |u| =
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On the experimental si^e, a CW electron beam is necessary to perform these

experiments. The reactions yp->A++n~ and yp-»pw were studied u with a tagged

photon beam of 10 y/s (due to the low duty factor, 5%, of the Daresbury

machine). A continuous electron beam allows to increase this figure by more

than one order of magnitude and to reach a few 10 y/s. The experiments on a

free nucléon target can be performed with a higher accuracy and at higher

values of p_. A systematic study of high p_ reactions induced by photons on

nuclear targtts can be undertaken.

To summarize, an intense tagged photon beam, in the energy range 2 s E ^ 8
u

GeV, will open up a new domain of research and allow to study the short

range properties of nuclear matter, by means of high p- quark rearrangement

mechanisms.

3. THE NUCLEUS AS A FILTER.

3.1 Beyond Petubative QCD.

Pertubative QCD (PQCD) and dimentional counting rules have led to a good

understanding of an impressive number of reactions induced between hadrons

at high energy and high momentum transfer : hadron form factors, pair

production in yy scattering, compton scattering, or hadron scattering.

However, deviations systematically occur.

For instance, at 90° the nucléon-nucléon scattering cross section dcr/dt

behaves as s , as predicted by PQCD, but exhibits oscillations around this

mean value (Fig. 6). Ralston and Pire 14 call this pattern "color

oscillations" They explain it as an interference between the hard one gluon

exchange pertubative amplitude and the resummation of the triple gluon

exchange higher order graph (Landshoff mechanism). While the former occurs

at short distances, the latter involves the full size of the nucléon.

3. 2 Spin observables.

Since PQCD is chirality conserving, the leading-twist contributions to

scattering amplitudes are helicity conserving : one cannot flip the

helicity of a single quark, although one can reverse the helicity of a

gluon. It predicts vanishing polarizations or asymmetries, and definite

values for spin transfer observables (in which the helicity of at least two
quarks are reversed). Experiments completely rule out these simple

11
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Figure 6

The values of the product S10 -7?» for the proton proton elastic scattering
GC

at 90°, are plotted against the total c,m. square energy s. Adapted from

réf."*.
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Figure 7

The values of the analysing power of the reaction pp -> pp are plotted

against the transverse momentum p_ of the scattered proton. Adapted from

ref.ir.
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predictions 16, and show evidences for Interferences between the

leading-twist PQCD amplitude and higher-twist or non-pertubative QCD

amplitudes.

Two examples of helicity nonconserving observables are the analysing power

In pp scattering and the density-matrix element p. , in the n p->p p
reaction. The analysing power 17, measured in pp scattering at •s = 7.35

GeV, exhibits an oscillatory pattern when p_ varies from 0 to 2 GeV/c, and

rises quickly up to A = 0.24 ± 0.08 when PT= 2.54 GeV/c (Fig. 7). in

contrast with the PQCD prediction. The non vanishing value 1B p. « =0.32 ±

0.10 measured at 90° for incident pion momentum 9.9 GeV/c (Vs =4.4 GeV, p_

* 3 GeV/c) contradicts also PQCD. The analysis of these data led G. Farrar19

to conclude that the amplitude of higher twist helicity nonconserving

mechanisms should not exceed about 1/10 to 1/3 of the leading-twist

amplitude in that energy and momentum range. They are revealed in spin

observables, but do not drive the mean behavior of the unpolarized cross

sections.

The high degree of polarization of the A emitted in the pp-»K pA reaction

(Fig. 8) is also a puzzle in the framework of PQCD. Fujita and Susuki 20

explain it as the result of the interference between the one gluon exchange

hard process and a non pertubative multigluon exchange mechanism, which they

parametrize by an effective pole in the t channel. This picture leads to a

good accounting of the experimental data, polarization as well as
unpolarized cross section, in a wide range of energies when p_ is about 1

GeV/c.

The variations 21 with the incoming proton momentum of the spin transfer

coefficient ANN, in proton-proton elastic scattering at 90°, are plotted on

Fig.9. While PQCD predicts a constant value around A™ = 0.3, the

experimental values exhibit large variations and reach a maximum, ANN= 0.6,

when pLab = 11.75 GeV/c (Vs = 4.9 GeV, PT= 2.2 GeV). To overcome this

difficulty Brodsky and de Teramond 21 have added two resonant contributions

to the PQCD amplitude. They are also able to reproduce the oscillatory

pattern of the unpolarized cross-section (Fig.6). It turn out that the first

resonance lies close to the pA threshold (pLab = 1-26 Gev/c, /s = 2.17 Gev)

and the second lies close the charm threshold (PLab=12 GeV/c, Vs =4.93 GeV).

Whether they are real resonances or whether they simulate a threshold effect

is still an open question.

13
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Figure 8

The values of the polarization of the A, emitted in the reaction pp -> K* Ap,

are plotted against its transverse momentum p™, for two extreme values of

the incoming energy : T = 300 GeV (left) and T = 1 2 GeV (right). The curve

is the prediction of Fujita et al.20. Adapted from réf.20.
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Figure 9

The values21 of the spin transfer coefficient ANN> in the pp -»• pp elastic

scattering at 9 = 90°, are plotted against the incoming proton momentum.

The curve is the result of the model of Brodsky and de Teramond22. Adapted

from réf.22.
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Although these non-pertubative mechanisms have been added In an ad-hoc way

to fit the spin observables, they do not dominate the unpolarized

cross-sections, which still obey a scaling behavior. It is very likely that
the large values of the measurea spin observables is the'hint of possible

interferences between a hard scattering dominant mechanism, which occurs at

short distances In the interacting hadrons, and a non-pertubatlve mechanism
or a higher-twist contribution, which involve the full size of the hadrons.

How can the nuclear medium help us in disentangling these two components of
the reaction amplitudes?

3.3 The nucleus as a filter.

In exclusive processes (as elastic scattering for Instance), high p_

mechanisms select the part of the hadronic wave function which has a small

extension. On the one hand, high p_ mechanisms implies a small impact

parameter between the quarks. On the other hand, the outgoing hadrons must

emerge intact: during the interaction the momentum transfer is shared

between all the quarks and the size of the hadrons must be comparable to the

volume of interaction. They eventually evolve to their normal size when they

reach their asymptotic states. If such an interaction occurs in a nucleus,

as for instance in quasi elastic nucléon-nucléon scattering, such a small

sized configuration of the nucléon is expected to travel almost freely in

the nucleus. On the contrary, its normal sized configuration should be

attenuated by multiple scatterings on the other nucléons. The nucleus damps

the non pertubative mechanisms, which involve the full size of the nucléons,

but filters the pertubative mechanisms, which occur at short distances. This

picture is at the basis of color transparency ' ' , and leads to the

paradox that PQCD would be more valid in a nucleus than in reactions

involving free nucléons!

It has been confirmed by a recent experiment where the cross-section of

quasi-free proton-proton scattering at 90* has been measured in various

nuclei (Fig. 10). Up to p. . = 10 GeV/c, the transparency (ratio of the pA

quasi-free to the pp elastic scattering cross-section scaled by the number

of protons) increases from a small value compatible with a normal nuclear
attenuation (as computed in a Glauber formalism) to a value five times

higher. However, it drops down to a small value compatible again with a

normal attenuation at Pjab = 12 GeV/c. It turns out that this variation of

the transparency occurs close to the charm threshold, where also the spin

correlation coefficient ANN is large (Fig.9J. A more striking feature
 2? is

15



1

0.5
>
o3»c_
UJ<r
<3
a
«n _ „
z 0.2
<
K

O.I

1 1 ' '

. o 6 GeV/c A l u m i n u m
• • IOG«V/c
- x (2 GeV/c 11

.
| •
•

o i TY i 1
I T

h .1 T
T

1

I

^
• T.

1 1
\r

11 1
1 T

'

50

b
•o

0 5 10 15
INCIDENT MOMENTUM (G«V/c)

5 75 10 !25

Lab M o m e n t u m

Figure 10

On the left part of the figure, the values25 of the transparency coefficient

(ratio T = <j(pA) /Zo(pp)), are plotted against the value of tne incoming

proton laboratory momentum (adapted from réf.26). On the right part of the

figure, the values of the product of the transparency T and the nucléon-

nucléon cross section, scaled by S10 as in fig. 6, are plotted against the

incoming proton momentum (adapted from réf.27).

*^_
X

w
o
X

^

b-l-S"̂ b
5

u
01 *

1000

500

1000

500

1000

500

100

• \ 'I.P «V
\ =90» q'=0

• **^^ -.
*i <?— 022GtV'/c1'

I»., " in}i
; i r q'.-fljscfV'A1;

: î - •:
•

i i q :-O.I5GtV /c •

^ , '^Jl 1
0 0.5 1.0

Itl [GeVVc2!

W = 2550 MeV
Itl = 0.35 GeV2 ^
Itl = 1.0 GeV2 if

0 0.5 1.0

q2 [GeVVc2]

Figure 11

On the left part of the figure, the value29 of the cross section of the

reaction p(e,e'n°)p is plotted against the momentum transfer t, for Diffe-

rent values of the squared mass q2 of the exchanged virtual photon. :n the

right part, the variation of the cross section is plotted against q 2, for

two values of the transfer t : a low value t = 0.35 (GeV/c)2 and a l

value t = 1 (GeV/c)2. Adapted from réf.29.
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that th"1. product of the elementary pp cross section by the transparency

(Fig,10) behaves as s" . The oscillation of the nuclear transparency

compensates the oscillation of the free pp cross section. In other words the

oscillations of the elementary pp cross section (Fig.6), have disapeared:

the nucleus filters away much of the stuctures beyond PQCD, which involve

the full size of the nucléon.

Clearly further tests of this idea are needed. Quasi-free electron

scattering could be a complementary way to study color transparency, since

the electron nucléon elastic scattering amplitude is free of interferences

with resonant or Landshoff effects. The rise of the color transparency T

toward unity should be free of oscillations. Spin observables, in hadron as
well as in electron scattering, could also be very useful, since they allow

to study in more details how the nuclear medium could affect the

interferences between pertubative and non pertubative mechanisms. In this

respect, self analysing reactions, as (e.e'p) or (e.e'A) induced by

polarized electrons, are paticularly promising.

What is the relevant energy and momentum range?. In hadron induced

reactions, these interferences between soft and hard processes occur in the

the range of momentum transfer 1 s p_ s 3 GeV/c. In the (e.e'X) quasi-free

reaction this corresponds to a range of values of the virtual photon squared

mass 1 s Q2 s 9 (GeV/c)2 and energy 0.5 s w = Q2/2m s 4. 5 GeV. This range of

energy and momentum transfer is achievable with a 8 to 10 GeV machine.

4. FROM REAL TO VIRTUAL PHOTONS.

Most of the evidences of hard processes, which I reviewed, come from hadron

or real photon induced reactions. Except for the case of electroproduction

of vector mesons 28, the experiments performed with virtual photons are very

scarce. However, they open two new axes of research. On the one hand, they

allow to go far from the domain of validity of the Vector Dominance Model

(VDM) and to reach the domain where the photon behaves as a point like

object. On the other hand, they allow to determine the coulomb part of the

cross section, which vanishes at the photon point.

Due to quantum fluctuations, a photon can convert, for a short time, into a

vector meson (p, u, #) which subsequently scatters on a nucléon. The

characteristic propagation length of this meson is:
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2hcw
cAt = 1 1

Q + <

where m is its mass, and o> and Q are respectively the energy and tne

squared mass of the virtual photon. To set the order of magnitude, for a

real photon of energy E = 4 GeV (u = 4 GeV and Q2 = 0) cut = 3.2 fm, while
2 2for a virtual photon of squared mass Q = 1 (GeV/c) and w = 4.5 GeV (same

Vs as a real photon of E = 4 GeV) the vector meson lifetime drops down to
9

cut = 1.2 fm. At high energy, a virtual photon is more point like than a

real photon: above Qa = 1 (GeV/c)2, the coupling of a virtual photon with a

nucléon is expected to differ from the coupling of a real photon.

Such a point like coupling of the virtual photon seems to occur for smaller

values of its squared mass, provided that the momentum transfer (t or p_) is

high enough. This is apparent in Fig.11 where the variation, with the

momentum transfer t = (k - k )2 for selected values of Q2, of the cross
29 TQsection of the p(e,e'ir )p reaction is compared to the cross section of

the p(y,n°) reaction, at the same value of the total c.m. energy i/s = 2.55
GeV. Below t = 0.7 (GeV/c) , the cross section decreases exponentially when

2 2 —2 2
t increases and decreases as (Q + m ) when Q increases, as expected

from VDM. Above t = 0.7 (GeV/c)2, the virtual photon cross section is flat

and is almost constant when either t or Q2 vary. This is the hint of the

onset of hard mechanisms of a point like object. Clearly the rectricted

domain of momentum (t and Q ) and energy Vs, covered by this experiment,

must be extended to confirm this picture and get a better understanding of

pion electroproduction on a nucléon. Nevertheless, this is a good example of

an exclusive reaction induced by electrons: besides the energy u and the

squared mass Q2 of the exchanged virtual photon (which are the only

kinematical variables accessible in inclusive electron scattering), the

transverse momentum p_ (or t) of the detected hadron is an important

variable. Its variations open up the possibility to reveal and map out

different mechanisms.

Virtual photons allow also to determine the coulomb part of the cross

section, where the physics Is different than in the transverse part (which

looks like the real photon absorption cross section for small values of t).

For instance, PQCD predicts a vanishing coulomb cross section: indeed the

measured ratio R = <F./<F-, between the longitudinal and transverse part of

the cross section, vanishes x for large values of Q2. However it is

significantly different from zero when Q2 decreases, in the range Q2 s 5

(GeV/c)a. This is a signature of higher order corrections to PQCD, as higher
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twists for instance.

Traditionally the separation between the longitudinal and the transverse
parts of the cross section is performed with the Rosenbluth method. It

requires a high energy of the incoming electron for the measurement at the

most forward angle. Furthermore, to pin down the small contribution of the

coulomb amplitude to the cross section, a perfect control of the accuracy,

not only stastistical but also systematical, is mandatory. An alternative

way 6, to overcome these difficulty, would be to measure the various spin
transfer observables which depend on the interference between the coulomb

and the transverse amplitudes. The two advantages of this method are: i)

such a measurement does not require to be performed at forward angle of the

scattered electron: the energy of the incoming electron beam can be lower

than in the Rosenbluth method; ii) only relative measurements (in which only

the spin of the electron or of the target is flipped) are necessary: the

sources of systematical errors are minimized.

For achieving this goal, the energy of the incoming electron would not be

much more higher than the energy of a real photon beam (see section 2.3). A

continuous beam of polarized electrons of energy E_ = 8 to 10 GeV will allow

to study exclusive electron induced reactions in the range of c.m. energy 2

£ i/s * 3 GeV (for the yp system), of squared mass of the virtual photon 0 £

Q2 £ 4 (GeV/c)2 and of transfer momentum 0 £ t £ 10 (GeV/c)2 (or

equivalently 0 s PT s 3 GeV/c). For instance, if v's = 3 Gev, Q
2 = 4 (GeV/c)2

and E_ = 8 GeV, then u = 6 GeV and the electron scattering angle is 6 = 29°:

the energy of the scattered electron, E' = E_ - u = 2 GeV, is large enough

to prevent large radiative corrections.

Higher electron energies could be justified by the study of two topics which

lie outside the scope of this talk: the study of charm production in nuclei,

and the study of quark hadronisation mechanisms in nuclei. In both cases, it

must be demonstrated how an electron beam will complement the various

available hadron beams, and to what extent the small electromagnetic cross

section will allow to undertake a systematic research programme. For

instance the charm threshold Is 8.2 GeV, for the yp system. At E = 13 GeV
Q

the charm photoproduction cross section is only of the order of \0 nb, while

at E = 300 GeV it is close to 600 nb. It could be likely that the study of
9

charm production in nuclei would better be carried out with very high energy

electron beams or hadron beams (protons or antiprotons).
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5. CONCLUSION.

Three ranges of momentum and energy are relevant to study the behavior of

hadronic matter at Intermediate and short distances.

In the range of c. m. energy /s s 2 GeV (in the yp system) and momentum

transfer p_ s 1 GeV/c, nuclear reactions induced by electrons and hadrons

allow the study of the properties of the nucléons, the A, the lightest

hyperons (A and Z), and their resonances in nuclei as well as in free space.

They also allow the study of the nucléon and the resonance components of the

nuclear wave function. Few Gev polarized proton beams (as the 3 GeV intense

beam of Saturne for instance) and polarized electron C.W. beams ( as the

4 GeV intense beam of CEBAF 32 for instance) cover this kinematical region.

In the range of momentum transfer 1 s p_ a 3 GeV/c and total c.m. energy 2 £
/s s 4 GeV, leading twist pertubatlve mechanisms dominate the cross section,
although spin observables reveal large interferences with smaller
contributions due to higher twist or non pertubative mechanisms. A
consistent body of experiments shows that high p-, reactions, induced either

by real photons or hadron beams, are driven by hard scatterings, when both
the transfered momentum and energy are large enough to be far from the

domain of the Vector Dominance Model or Regge pole exchange.

A more systematic study, with a special emphasis on spin observables, of
these hard mechanisms in the free nucléon will lead to a better
understanding of the interplay between pertubative and non pertubative
processes, and lead to strong constraints on the wave functions of hadrons.

High p_ reactions provide us with the way of disentangling the hard

interaction of the probe with the quarks of the target, which can be treated
in a pertubative way, and the soft interactions between the quarks inside
the probe or the target, which insure their cohesion and determine their

wave functions.

Their study in the nuclear medium enlarges the dynamical domain in two
related ways. On the one hand, quark rearrangement mechanisms allow to
determine the short range part of the nuclear wave function, and to single

out its hidden color component. On the other hand, the nucleus acts as a

filter: if the momentum transfer is large enough, the nuclear medium damps
the non pertubative mechanisms, which involve the full size of the hadrons,

and selects the hard mechanisms, which occur at short distances inside the

interacting hadrons.
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This is the domain of hadron and electron beams of intermediate energy. On

fixed targets, an intense 15 to 2u GeV polarized proton beam, or an intense
8 to 10 GeV polarized electron beam, will cover the relevant range of

momentum and energy transfer. Colliding beams could also be an alternative

solution: for instance, 3+3 GeV/nucleon beams of nucléons or light ions, or

an electron beam colliding against a light ion beam. Several possibilities

are open and must be investigated.

At higher energies (v's > 5 GeV) and momentum transfer (p_ > 4 GeV/c), one

enter far into the pertubative QCD regime, where the relevant topics are the

study of the logarithmic evolution of the nuclear structure functions and

the study of the structure of multi-jet events.

While Europe is well equipped in the highest energy range (HERA or CERN for

instance), only Saturne covers, with hadronic probes, the lower part of the

energy domain. The two major projects, which will allow to study hadronic

matter at low and intermediate energies, will be located in North-America.

The 4 GeV electron machine CEBAF 32 is already under construction in USA,

and the funding of the 30 GeV proton machine KAON 33 is actively discussed

in view of a construction on the TRIUMF site in Canada.

Therefore there is room for a major project in Europe. This could be a 8 to

10 GeV electron machine, with an intense polarized continuous beam. In a

step by step construction scheme, it could usefully compete with CEBAF and

supercede the PEGASYS 34 project (higher duty factor and external beams).

On the theoretical side, most of the evidences of hard processes which I

reviewed rely on the dlmentional analysis of pertubative QCD, and a

phenomenological treatment of the non pertubative mechanisms. Although such

an approach has been very useful to set the order of magnitude and define

the relevant range of momentum and energies, a full quantitative theoretical

treatment is still badly needed. This is a formidable challenge, which will

become more exciting when new experimental data will be gathered.
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