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1. INTRODUCTION 

One challenging problem in modern nuclear physics is to understand how the 
internal structure of the nucléon interferes with the dynamics of nucléons in a 
nucleus. The point of view of traditionnal nuclear physics is to separate 
completely: 

- the motion of nucléons in the nucleus, described by a wave function. 

- the internal structure of the nucléons, described through form factors. In 
the standard approach, free nucléon form factors are used together with some 
minimal prescription to take into account off-shell effects. 

This conventionnal wisdom is nowadays questionned. On the one hand, a 
deformation of nucléons in the nucleus has been proposed as an explanation to 
the EMC effect and to anomalies observed in the quasi-elastic response 
functions. On the other hand, possible effects of quark antisymm?trization have 
been investigated in recent theoretical works. 

The purpose of this paper is to review the present stat is of data in 
quasi-elastic electron scattering, to connect them with recent theoretical 
developments and to outline some future directions of research not accessible to 
present electron facilities. 

2. QUASI-ELASTIC ELECTRON SCATTERING. INCLUSIVE MEASUREMENTS. 
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Figure 1. Kinematics of electron scattering 
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Notations for kinematics are depicted in Pig. 1. In the kinematical region 

to ~ Q2/2MW electron scattering from nuclei is known as essentially a quasi-free 

process. This conviction is grounded on a vast amount of experimental data 

covering a momentum transfer range from 0 to 12 fm"1. 

2.1 Low Q 2 inclusive data. 

Fifteen years ago things appeared clear. The simple Fermi gas model by E. 

MONIZ et al./l/ accounted for the gross features of the 1971 Stanford data. One 

of the major achievements of the eighties was the experimental ceparation of the 

transverse and longitudinal response functions R, and RL by the Rosenbluth 
technique in inclusive (e,e') measurements up to a* .3 GeV2. Various nuclei: 3He. 
3H, 1 2 C , *°Ca, * 8Ca , 5 6 F e , 2 3 8 U have been studied at Saclay and Bates /2-V. 

Except in the case of A=3 nuclei, conventionnel calculations (Indépendant 

particle models • Schrodinger formalism • free nucléon form factors) 

overestimate the longitudinal structure function by 20 to bQ%. As a consequence 
the Coulomb Sum Rule (CSR) is not saturated even at the highest momenta reached 

in these experiments (Fig. 2). This missing strength is a puzzling problem and 

several explanations have been proposed to explain it. Some of them are reviewed 

in this article. A popular one, first given by J. NOBLE /5/ is that the radius 

of the proton would get larger when embedded in the nuclear medium, thus 

quenching its electromagnetic form factors. 
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Figure 2. The Coulomb Sum Rule measured in Saclay experiments /S/ for 3He (®), 
1 2C C),k0Ca (9>),li6Ca (o) and 56Fe (•) compared to DE FOREST /37/. 



2.3 High Q 2 data. Y-scaling 

In 1975, G. WEST /6/ suggested that a scaling variable, called y, could be 

used in quasi-elastic electron scattering. This y-scaling phenomenon was 

experimentally demonstrated in 1979 from data on 3He measured at SLAC up to 

100 fm - 2/7/ and their analysis by I. SICK et al./8/. Basically, the y-scaling is 

expressed by the relation: 

a(q,0))/aeH(q) du = F(y)dy 

where a e N is the elementary electron-nucleon cross-section. The scaling variable 

y is somehow linked to the momentum component of the nucléon parallel to the 

virtual photon momentum q but there are still discussions on the best choice for 

this variable and on the domain of validity of the y-scaling. 

From a recent SLAC experiment, the onset of scaling and its dépendance with A 

where studied into more details /9/. The y-scaling is now a well established 

phenomenon in the low energy side of the quasi-elastic peak for momenta much 

above the nucleus Fermi momentum. It is interpreted as reflecting the quasi-free 

nature of the scattering process in that kinematical region. Moreover it has 

been pointed out by I. SICK /10/ that using in a < ( | either electromagnetic form 

factors or a mass of the nucléon reseated by more than 2 or 1% destroys the 

scaling. This statement, reinforced by the new SLAC data, appears a strong 

indication that, at least in the large q domain, the nucléon electromagnetic 

form factors are unlikely to be modified by large factors as advocated to 

explain the quenching of the longitudinal response function at low momenta. 

3. QUENCHING OF LONGITUDINAL STRUCTURE FUNCTION: PROPOSED EXPLANATIONS 

Quasi-elastic electron scattering is usually described in the framework of 

Impulse Approximation. This approximation assumes that the nucléon 

electromagnetic current J^ is the superposition of individual one-body currents: 

^ - £ jJLU) 

The target nucleus is described as a sum of indépendant nucléons. The 

elementary nucléon current j^ is the free nucléon one with some prescription to 

take into account off-shell effects. It is commonly believed that the kind of 

prescriptions given by T. DE FOREST /ll/, which obey gauge invariance, let 

little ambiguity in the choice of the current operator. 

Several explanations have been proposed to explain a possible break-down of 

Impulse Approximation in quasi-elastic scattering. 



3.1 Collective effects 

When the wave length of the virtual photon is larger than the internucleon 
distance, collective effects are expected to occur. They have been treated in 
the framework of semiclassical RPA theory. Using a semi-phenomenological 
particle-hole interaction, W.H.ALBERICO et al./12/ account fairly well for the 
rather flat shape of the longitudinal response at small momenta. This flatness 
is due to the splitting of the ph force into two isospin channels: the isovector 
(T=l) part is essentially repulsive whereas the isoscalar part (T=0) becomes 
attractive at the surface of the nucleus. 

However they do not account for the magnitude of the response unless the 
radius of the proton be Increased by 13% in 1 2 C and 20% in k0Ca and 5 6Fe ! 

3.2 Ground state NN correlations 

Going beyond the indépendant particle picture by using more realistic ground 
state wave functions is a difficult undertaking. Models are available for 3 H and 
3He from Faddeev equations /13/t and for A » 3,U nuclei and infinite nuclear 
.matter from variational calculations /l4/. Such solutions have been used by 
R.SCHIAVILLA et al./15/ to study the pair distributions and structure functions 
in these systems. In order to learn about the dépendance of such quantities on 
the number of particles, they calculated them for droplets of atomic helium 

liquids, containing 4 to 2<I0 atoms and found a rather smooth behaviour. 
3He data are found in good agreement with these calculations. For heavier 

nuclei, the general tendancy is a spreading out of the longitudinal strength out 
of the quasi-free peak arising from a coupling of 2p-2h states to lp-lh states. 
This effect tends to explain why part of the strength is missing in the 
longitudinal sum rule when the integration is restricted to the quasi-free peak. 
The agreement with the data at low w does not suggest any necessity to modify 
the nucléon form factor but rather to refine the treatment of 2p-2h 
contributions which affect the large w part of the structure function. 

3.3 Distortion of the electromagnetic wave 

Distortion of the incoming and outcoming electron wave in the nuclear Coulomb 
potential is usually accounted for by using an effective momentum transfer. A 
second effect is the focusing of the electron wave. Calculations adapted from 
phase-shift codes are not quite reliable for quasi-elastic scattering because of 
the large number of multipoles involved. More refined ones are in progress /16/ 
and there are propositions to check them by experiments comparing e* and e" 
quasi-free scattering. 



3.4 Hesonic Exchange Currents and N* excitation 

The contribution of Hesonic Exchange Currents to the longitudinal response 
has been recently discussed by B.DESPLANQUES /HI. Using some constraints given 
by the charge form factors of 3H and 3He , he produces estimates around 
Q 2 « 6 f m~2 of three possible contributions to a quenching of R L: 

- The one-pion exchange "pair term": 4% 
- The two-pion exchange - correlated (a-exchange): 3% 

- uncorrelated : k% 

- The N* Roper resonance: 5%* This number tends to indicate that the Roper 
resonance, believed to be the first radial excitation of the nucléon is likely 
to play a significant role in nuclear charge properties. 

These preliminary results ?nd their connection with the swelling nucléon 
picture certainly desserve further deepening. 

3.5 Relativistic effects. Dirac phenomenology 

Field theoretic descriptions of nucleonic spinor fields interacting with 
mesonic fields, basically a scalar field a and a vector field w originate in 
WALECKA's work /18/,.further developped by SEROT /19/ who incorporated in this 
picture the IT and p mesons. This Dirac phenomenology has achieved many successes 
in accounting for a large variety of nuclear phenomena, especially those 
involving spin observables. Schematically: 

1. The nucléon motion is described by the Dirac Equation. 
2. The mean field is built from the strongly attractive scalar a comportant 

(Vs 3 -400 MeV) and the strongly repulsive vector u component (V0 a 300 MeV). 
Terms in V g - V 0 which appear in the small components of the Dirac spinor tend 
to double their free space value, thus increasing the coupling to negative 
energy states. Roughly speaking, the nucléon is dressed with nucléon-antinucleon 

pairs which modify its electromagnetic properties. In quark language however, it 
is not clear why such a 3P~3h excitation should play a more important role than 
the mesonic lp-lh excitations of the nucléon. 

In electron scattering this relativistic effect could manifest at two levels: 
- the nuclear wave function, which should come out of relativistic mean-field 

calculations. 
- the nucléon current, for which a new prescription must be defined. 
Several attempts to calculate inclusive response functions on l 2 C and *°Ca 

have been developped /20-21/ in a relativistic Hartree approximation. They do 
not seem to fully solve the problem of accounting simultaneously for transverse 
and longitudinal structure functions. 



3.6 Change in nucléon electromagnetic structure 

3.6.1.Size of the nucléon, QCD and quantum mechanics 

Changing the size of the nucléon in the nuclear medium has become a popular 
exercize for theorists. Change of a single length or mass scale appeared an 
elegant way to bring a unified explanation to high energy (EMC effect) and low 
energy (quenching of quasi-free structure function) phenomena. A solution to 
this problem from QCD first principles is presently far out of reach and some 
amount of phenomenology is unavoidable. 

On the other hand the concept of size of a complex hadronic object like the 
nucléon must be handled carefully and is now currently believed to be probe 

dependent. In several models the baryonic size (distribution of baryon number) 
of the nucléon appears different from its electromagnetic size (distribution of 
charge density). See for instance WEISE's paper in these proceedings. The 
quantity studied through electron scattering characterizes the coupling of a 
virtual photon to an extended charged object. 

A general quantum mechanics argument developped recently by N. OKA and 
R.D. AMADO /22/ helps to connect a large class of dynamical models of the 
nucléon. They show that the swelling of the nucléon is a direct consequence of 
the attractive nature of the nuclear potential and must emerge from any model 
which accounts for this attraction. 

3.6.2 The pionic model 

A change in the peripheral structure of the nucléon, namely its pion cloud, 
appears a natural interpretation to its size increase. A physical origin of such 
an effect has been proposed by M. ERICSON and M. ROSA-CLOT /23/. The occurence 
in a nucleus of low energy electric dipole excitations would result in a large 
increase of the electric polarisabllity of the nucléon (by a factor of 3) and a 
significant increase of its charge radius ( A <R|> a< .5fm2).However they say 
nothing about higher momenta of the charge form factor q 2 expansion so that the 
magnitude of such an effect is difficult to estimate in the kinematical 
conditions of the experiments. Whether such a distortion of the pion cloud 
affects the magnetic radius is not known. 



3-6.3 Models of the nucléon 

A wide class of aodels addressed the problea of a change of the confineaent 
size of quarks in the nuclear environment. Most of the» /24-27/ succeed to 
produce a size increase consistent with the rescaling arguaent proposed by F. 
CLOSE et al./28/ for the EMC effect. However soae calculations within the Skyrae 
soli ton framework /29/ or the quark cluster aodel /30/ produce different 
predictions. 

At this point it is clear that further experimental work is needed. A refined 
study of the coupling of photons to bound nucléons would bring additionnai 
inforaation. This is the goal of a new generation of exclusive aeasureaents in 
the quasi-elastic region. 

4. SINGLE OUT ONE-NUCLEON KNOCK-OUT. NEW (e.e'p) MEASUREMENTS. 

4.1 Basic principle 

A specific way to study the coupling of a photon with a nucléon bound in a 
nucleus is to isolate in the nuclear structure functions the one-nucleon 
knockout mechanism. Detection in coincidence (e.e'p) experiments of the 
scattered electron and a knocked-out proton allows to determine the missing 
momentum pm and missing energy E B. In PWIA, p a * -p is the momentum of the 
initial proton on its shell and the six-folded cross-section factorizes: 

d6a/dnedfipdEdp - Ka # p S ( E - l P J 
where: 

- K is a phase-space factor 
- S(E a,p B) is the spectral function of the nucleus. Selecting E a and p a in a 

given range allows to sample protons with a given binding energy and to select 
regions with different nuclear densities. 

- a%9 is the off-shell electron-proton cross-section. 
Interference terms in the (e.e'p) cross-section vanish in the so-called 

"parallel kinematics"( p'^q) and there remains a Rosenbluth like expression for 

The transverse and longitudinal part of the structure function are extracted, 
as in inclusive experiments, by performing two measurements: one at a forward 
and one at a backward angle. Since the spectral function is not known, 
informations on <r have to be extracted from ratios, such as a L (q2)/crT (q 2), 
°i,(<lî )/°*L(q|). ^(qîJ/ovtqf )i where the spectral function is eliminated. 



4.3 Main difficulties 

There are (at least) two difficulties in extracting reliable information on 
the bound nucléon current from these (e.e'p) experiments: 

- The first one is experimental. A typical 30% effect in the L/T ratio 
aanifests through a 5 to 10% effect in the ratio backward/forward. To be sure 
that such an effect shows up requires a control of the experimental parameters 
(efficiencies, phase space, target thickness,—) at the percent level! 

- The second one is theoretical. It is known that the distortion of the 
outgoing in the nuclear potential destroys the simple PWÎA fnetnrf nation. 
However, measuring ratios helps: calculations in DWIA /31/ show that 
uncertainties on the Final State Interaction are much lower on ratios of 
distorted cross-sections than on the cross-sections themselves. 

4.4 Results 

Such measurements have been undertaken at Saclay, NIKHEF and Bates. Two 
classes of results have been reported: 

- Studies of the ratio ojo^. In NIKHEF data /32-33/, the lp knockout in 1 2 C 
and the lp and Is knockout in 6Li have been singled out. The Saclay data on *°Ca 
/3V have been averaged over a 60 MeV range of missing energy but they go up to 
higher momenta ( 10 fm~ 2). All these results are consistent with the inclusive 
measurements: the ratio o"L/o"T measured in the exclusive (e.e'p) channel is 
smaller by 20 to 30% than the Impulse Approximation prediction. These results by 
themselves appear compatible with the hypothesis of a swollen nucléon. To get 
more specific information on the form factors of the bound nucléon it is 
necessary to study the Q2 behaviour of the cross-section. 

- Q2 behaviour of the cross-section. This kind of studies have been carried 
out at Saclay on *°Ca, up to 15 fffl"2 for the transverse (magnetic) part and up 
to 10 fm'2 for the longitudinal (Coulomb) part /3V. These data do not suggest a 
large modification of the electromagnetic form factors of the bound proton. In 
terms of magnetic radius, an upper bound of 5% increase looks reasonnable. Data 
for the Coulomb part are not accurate enough to definetely rule out an increase 
of the electric radius. 



5. CONCLUSIONS. OPENED PROBLEMS. 

Obviously we are not at the end of the story! 

From quasi-elastic scattering there are now increasing evidences against a 

nucléon swollen by «ore than a few percent. The nucléon is probably too soft in 

those models which predict a 15-20% radius increase. Following OKA and AMADO 

/22/ a constraint for the aodeis could be the position of the first monopole 

excitation of the nucléon, naaely the Roper N*(lM0) resonance. Soae increase of 

the charge radius cannot be ruled out, but it appears a low q phenomenon 

difficult to disentangle fro» collective effects. 

On the other hand, the quenching of the longitudinal structure function is 

now confirmed by exclusive measurements and reaains a puzzling problem. 

It is clear that a deeper understanding of the two-body effects is badly 

needed. The nature of the two nucléon subsystea in nuclear aatter is actually 

not known, especially when they lie at distances smaller than 1 fa. Short range 

correlations, quark antisymmetrization, deformation of the nucléon, are likely 

to be intertwinned problems and address the fondamental question of the relevant 

degrees of freedom to describe strong interacting aatter, especially at short 

distances /35/> 

To answer this question, a powerful method would be to single out all the 

components of the nuclear structure functions in exclusive experiments, covering 

a much larger part of the (q2,œ) plane than present experiments. The two-body 

density could be measured through (e.e'NN) coincidence experiments. On the other 

hand the role of the resonances of the nucléon beyond the A in nuclear dynamics 

is unknown. For instance data on the excitation of the Roper resonance in nuclei 

would be of primary interest. 

Such experiments are out of reach of present electron facilities. They 

require at the same time energy and duty cycle. A multi-GeV continuous wave 

electron facility has been recognised as a powerful tool to deepen our 

understanding of nuclear short range dynamics and to explore the transition 

between the "classical" description of nuclear matter in terms of baryons and 

mesons, and the high energy domain /here fundamental constituants, quarks and 

gluons, are expected to play an explicit role. But this question is addressed 

somewhere else in these proceedings /36/. 
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