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Abstract
The electromagnetic form factors of nucléons appear dominated by vector mesons at

momentum transfers smaller than ~ 1 GeV/c. It is therefore expected that measurements
of <-^uantities involving the electromagnetic form factors of nucléons embedded in nuclei will
be sensitive to changes in vector meson properties arising from their interaction with the
medium. Longitudinal and transverse response functions measured in quasi-elastic (e,e'p)
reactions provide such data for two very different operators, the charge and the current
densities. We show that a decrease of vector meson masses in the medium, consistent with
present expectations about chiral symmetry restoration in rmclei, produces the quenching
observed in the longitudinal response of light systems (3He, 4He) and part of this quenching
for heavier nuclei (40Ca) where nuclear correlations are expected to generate an additional
suppression of the longitudinal response. The transverse response is almost unchanged, in
agreement with the data. Difficulties in extracting very quantitative information on the
in-medium behaviour of vector mesons from (e, e'p) data are pointed out.



1. INTRODUCTION

The behaviour of vector mesons inside nuclei is still very much unknown. And yet
vector mesons, such as p-mesons, can be copiously produced inside nuclei. If produced
in heavy nuclei at sufficiently low energies, p-mesons will also decay inside nuclei and
their decay products certainly carry information on their in-medium properties. However
the dominant decay modes of vector mesons involve pions which interact strongly with the
nuclear medium, so that this information will get lost through rescattering and absorption.
To study the in-medium behaviour of vector mesons, it is therefore necessary to observe
decay modes involving only leptons and photons which are immune to strong interactions.
The e+e~ decay mode of vector mesons appears especially suited for such measurements.
The advent of large angle dilepton detectors should make such experiments possible but
the data presently available1' have too large error bars to be meaningful.

In the absence of accurate data on the e+e~ decay of vector mesons inside nuclei, we
have followed a different approach and studied instead the in-medium coupling of space-
like photons to nucléons in the momentum range for which vector dominance has been
established.2' Vector dominance means that the 7-ray couples to the nucléon by converting
first into a vector meson, a p-meson for the isowctor part of the current and an o;-meson
for the isoscalar part.

Following the approach of Brown and Rho,3' we have assumed that vector meson
masses scale in the medium like the nucléon mass and studied the consequences of that
assumption for the electromagnetic form factors of bound nucléons. We have used recent
data4"6' on longitudinal and transverse response functions obtained at the Saclay Linear
Accelerator by performing a Rosenbluth separation in (e,e'p) reactions. This separation
makes it possible to test two very different operators, the charge density through the longi-
tudinal response and the current density through the transverse response. The longitudinal
response is sensitive to the in-medium u;-meson mass through the ta-meson propagator in
the form factor. The transverse response is sensitive to the in-medium p-mass through the
p-meson propagator and to the in-medium nucléon mass through the velocity operator in
the isovector magnetic moment. We have interpreted the data obtained on three nuclei :
3 He, 4He and 40Ca. For these three nuclei, it has been observed that the longitudinal
response is smaller than expected from the independent particle model using free nucléon
form factors while the transverse response agrees roughly with the prediction of the inde-
pendent particle model.4"6' The suppression of the longitudinal response depends on the
target nucleus. It is of ~ 10 % for 3He,4) of ~ 20 % for 4He 5' and of ~ 30 % for 40Ca c>
for momentum transfers in the range 300 < q < 700 MeV/c. In view of our discussion, the
error bars are large, particularly for q > 500 MeV/c, and the magnitude of the suppression
of the longitudinal response is very sensitive to the particular treatment of the final state
interaction of the outgoing proton. These data are therefore useful to study a qualitative
effect but not sufficiently accurate to allow very quantitative comparisons and detailed
conclusions. It is also important to stress that, if there are many experimental evidences
for the one-body nature of the longitudinal response, it is not the case for the transverse
response where multinucleon processes seem to play an important role throughout the dip
and A regions.7' This limits the validity of the conclusions one can draw from data on the



transverse response involving too large energy transfers.

We recall briefly in Section 2 the motivations for studying the behaviour of vector
mesons in the nuclear medium and our prescription for the density dependence of the p-
and u- meson masses. The longitudinal and transverse response functions obtained in
(e, e'p) experiments are presented and discussed in Section 3. Our model for the nucléon
electromagnetic from factors is described in Section 4. Numerical results for the longitu-
dinal and transverse responses in 3He, 4He and 40Ca are given in Section 5. We conclude
by a few remarks in Section 6.

2. IN-MEDIUM BEHAVIOUR OF VECTOR MESONS

The primary reason for studying the behaviour of vector mesons inside nuclei is the
recent suggestion that vector meson masses could be order parameters for chiral symmetry
restoration, 8^

The QCD vacuum can be thought of as a condensate of quark-antiquark pairs which
causes a spontaneous breakdown of chiral symmetry and the appearance of Goldstone
bosons. When the baryon density or the temperature increases, the value of the condensate
decreases, chiral symmetry is progressively restored and the Goldstone bosons decouple.
The value of the quark condensate < qq > is the order parameter for chiral symmetry
restoration.

Studies of chiral symmetry restoration as function of temperature and baryon density
indicate that this phenomenon occurs very differently in these two variables.9^ As function
of temperature, chiral symmetry is restored quite suddenly at the critical temperature
(Tc a: 150 — 170 MeV).9'10^ As function of baryon density, chiral symmetry is restored very
progressively in such a way that sizeable effects associated to chiral symmetry restoration
are expected at nuclear matter density (po) eventhough the transition is predicted to take
place at much higher densities (pc ~ 3 — 4po)-9in^

Model calculations have also shown that the pion decay constant /„• behaves like an or-
der parameter for chiral symmetry restoration.9' It follows from the in-medium Goldberger-
Treiman relation 12* and the property that both the axial and pion-nucleon coupling con-
stants are renormalized in the medium by A-hole states, that the nucléon mass scales like
fn and behaves therefore also like an order parameter for chiral symmetry restoration,
at least around nuclear matter density.8^ The property that the nucléon effective mass at
nuclear matter density is ~ 15-20 % smaller than the free nucléon mass is a first indication
of partial chiral symmetry restoration.

It has been argued by Brown and Rho8' on the basis of the approximate chiral and
scale invariances of QCD that not only the nucléon mass but also vector meson masses
scale like fv in the medium and behave therefore as order parameters for chiral symmetry
restoration. It is the purpose of this work to test this proposition which would have as
remarkable consequence that the structure of the QCD vacuum at finite baryon density
could be related to measurable quantities, the masses of vector mesons in nuclei.



Our basic assumption is therefore

where m*(p) denotes in-medium masses at density p and m the corresponding free masses.
At nuclear matter density, we take

mN\Po) _ n o o\= U.B (*)

and extrapolate linearly from p0 to zero by

^^ = 1 - 1.176 p(fm-3) (3)
m

for all masses (TTI = m NI ffiu, ^^)-

3. LONGITUDINAL AND TRANSVERSE RESPONSE FUNCTIONS
MEASURED IN (e,e'p) REACTIONS

The electromagnetic response of nuclei is expected to be described by quasifree nucléon
processes beyond the kinematic region where nuclear excitations dominate, i.e. for energy
and momentum transfers larger than the Fermi values. The single nucléon picture in
this regime is confirmed by the missing energy spectrum obtained in (e, e') reactions which
displays a quasi-elastic peak around u = g2/2mjv, a quasi- A peak and structures associated
to higher resonances, compatible with one-body kinematics. We will come back to the
limitations of that picture mentioned in the introduction later in this section.

Therefore, (e, e'p) experiments with electron kinematics close to the quasi-elastic peak
are expected to probe the electromagnetic structure of bound nucléons. The kinematics
of (e, e'p) reactions is shown in Fig. 1. We will discuss experiments4"6' performed in the
coplanar geometry. By this, we mean that the angle between the electron reaction plane
defined by the three vectors (fc', k, q) and the hadronic reaction plane (p',pjs, q) is zero. The
angle between q and p' is further taken to be zero. In this geometry, the cross section, in
the Born approximation for the electromagnetic part and in the impulse approximation for
the nuclear part, depends only on two structure functions which characterize the nuclear
response to transverse and longitudinal photons respectively. We have

ifi

in which



-T^S
is the photon longitudinal polarization,

-g» (1-

is the flux of virtual photons with longitudinal polarization Ç., S? and Sf are distorted
spectral functions which take into account the proton final state interaction. The quantities
&T and OL are the elementary transverse and longitudinal cross sections for a bound proton.
We use the notation T and L for the products atS® and caSf respectively.

It is important to emphasize the uncertainties in the determination of ai and CT
arising from distortion effects. It is of course only the product of the distorted spectral
functions by the bound nucléon cross sections which is determined from experiment. The
proton optical potential in the final state leads to a sizeable suppression of the cross section.
If neglected or underestimated, this reduction could result in too small values of crT or ff^,
as found for example by comparing plane wave and distorted wave impulse approximation
analyses in 4He.8^ Attempts to derive quantities that are as independent as possible from
the distorted spectral functions include plotting appropriate ratios of cross sections.6^

A second important limitation to the interpretation of crT and aL as bound nucléon
cross sections comes from the experimental evidence for many-body contributions to the
transverse response.7'13^ This effect has first been observed in total cross sections for (e, e')
reactions. Such data are shown in Fig. 2 for 12C, 58Ni and 208Pb.14' They display three
"regions" : the quasi-elastic peak around LJ — q* /2m w , mostly given by direct one nucléon
emission processes, the A-resonance peak associated to pion production and decay through
the A-resonance on one nucléon and a "dip" region in between where the cross section
does not go to zero. Calculations have shown that the dip region cannot be understood
by one-body processes, that an important fraction of the cross section in this region can
be explained by two nucléon emission arising from meson exchange currents and that
these meson exchange processes contribute also substantially in the A-région.13^ These
calculations have also shown that, to first order, meson exchange currents contribute only
to the transverse response. That the cross section is dominantly transverse in the kinematic
region where two-body currents are important is clear from the data displayed in Fig. 3,
where the transverse and longitudinal responses measured in the 40Ca (e, e1} reaction have
been separated.15' The dip and A regions are obviously features of the transverse response.
The important consequence of this discussion is that the interpretation of OT as reflecting
the electromagnetic structure of a bound nucléon is valid only for energy transfers chosen
on the low energy side of the quasi-elastic peak.

We present now the data obtained for 40Ca6), 4He5) and 3He.4)

We show in Fig. 4 the longitudinal and transverse responses in 40Ca divided by the
independent particle prediction (with free space nucléon form factors) and normalized by



the ratio of the transverse response at qo = 560 MeV/c over the independent particle model
prediction for that quantity.6* From the inclusive data of Fig. 3, this normalizing factor
should be close to unity and the data points of Fig. 4 should represent the q—dependence
of the longitudinal and transverse responses for a bound proton in 40Ca divided by the
independent particle expectation. From Fig. 4, the longitudinal cross section for a bound
proton in 40Ca appears smaller by about 30 % than the independent particle prediction.
Due to large error bars, it is not possible to identify a momentum dependence. The
transverse cross section appears compatible with independent particle expectations. The
distorted spectral functions being very similar for both the longitudinal and transverse
responses,15^ the ratio of the longitudinal over the transverse response may be a more
distortion independent quantity. This ratio normalized to single particle predictions is
shown in Fig. 5. Only the experimental points located on the low energy side of the quasi-
elastic peak have been taken into account in the determination of this ratio to reflect single
nucléon properties.

The quantity plotted for 40Ca in Fig. 5 is shown for 4He in Fig. 6 (from Réf. 5). The
inclusive 4He (e, e') data of Dytman et al16* indicate that the transverse response is well
described around the quasi-elastic peak by single nucléon calculations1 T' for momenta in
the range 400 < q < 600 MeV/c. The data of Fig. 6 are therefore expected to reflect mostly
the reduction of the longitudinal response observed in inclusive (e,e') data.16' Again, the
error bars are too large to establish a q—dependence even though the reduction seems
larger around q = 400 MeV/c. The average reduction is of the order of 20 percent. It is
also remarkable that the transverse response divided by shell-model predictions does not
show any q—dependence.5^

Preliminary data on the GL/VT ratio divided by single particle expectations for the
3He(e, e'p) reaction4' indicate that the average reduction is of the order of 10 percent,
suggesting that the quasifree description works better than for 4He and 40Ca. In view of
the preliminary character of the data, we have quoted this average effect only in Fig. 7.
More details about the data points can be found in Réf. 4.

The comparison of the 3He and 4He results is especially interesting to study density
dependent effects. This is illustrated in Fig. 8 where the matter densities of 3He and 4Hc
are shown.18' In the central region, the density of 4He is of the order of 50 percent higher
than the density of 3He.

4. IN-MEDIUM ELECTROMAGNETIC FORM FACTORS IN THE TWO-
PHASE MODEL OF THE NUCLEON

Following the approach of Brown and Rho,3' we describe the nucléon by a two-phase
chiral model, i.e. a quark core surrounded by a non-pcrturbative meson cloud (or soliton
cloud). The two phases are connected by chirally invariant boundary conditions at the
core radius.19'

This description relies on the Cheshire Cat Principle20' which implies that QCD can
be bosonized at low energy. The structure of the nucléon can therefore be described



equivalently in terms of meson degrees of freedom or in terms of quarks and gluons. At
very low energy, only light mesons are expected to play a role in bosonized QCD. When
the energy increases, heavier and heavier mesons should become important. It is then
more economical to introduce quarks explicitly in the description of the nucléon and to
use two-phase models.

Of particular interest for the calculations presented in this paper is the fractionization
of quantum numbers between both sectors. The fraction of baxyon number, hypercharge,
strangeness, spin and isospin contained in the quark core of the nucléon as a function of
the bag radius is shown in Fig. 9 for the chiral hyperbag model of Park and Rho19' which
we shall use.

The coupling of photons to nucléons in such picture will result from two mechanisms :
a direct coupling to the quark core and a coupling through vector mesons to the soliton
cloud.19' A study of the large tensor coupling of the p-meson to the nucléon, about twice
the vector dominance value, suggested that, for t2 = q2 — a;2 = 0, the photon-nucleon
coupling is about half to the quarks and half to the cloud.21^ With increasing spacelike
momentum, the photon couples more and more to the quarks.

The electromagnetic form factors entering the calculation of the longitudinal and
transverse responses will read therefore3^

F^(q2) = «frTJ# V) + «{ftfr V), (7)

in which L and T refer to longitudinal and transverse quantities, Fg(q2) and FM(?Z)
are bag and meson cloud form factors, a,g and O.M represent the bag and meson cloud
amplitudes. It is expected that ag and a M will also be functions of q2. At very low photon
momenta, the nucléon will appear mostly as a soliton (bosonized QCD involving only
the SU(3) Goldstone bosons in this case19)) and for large enough momenta, photons will
couple directly to the quarks. To simulate this behaviour, we have used the prescription
summarized in Table 1. We have assumed that at q — 0 the bag radius R is zero (i.e. the
nucléon appears as a soliton) while for transfers q £ 2 GeV/c, the photon couples entirely
to the quarks. We have used a simple extrapolation between these two extreme situations
to define the q—dependence of the ag and O.M amplitudes : we assume that the quark
core radius increases linearly from 0 to 1 fm when the momentum transfer goes from 0 to
2 GeV/c. To show the sensitivity of our results to this rather arbitrary prescription, we
have repeated all calculations with q—independent amplitudes in two limiting situations, a
soliton without quark core (ag = 0, a M = 1) and the 50/50 coupling suggested in Réf. 21
(ag = aj^ = 5). The longitudinal response is sensitive to the charge density. The charge
fractionates as the baryon number between the quark and meson sectors21^ and therefore
the amplitudes ajj and a^ can be deduced from the curve labeled "baryon number" in
Fig. 9. From the numbers quoted in Table 1, it is clear that the longitudinal response is
largely dominated by the coupling to the soliton cloud through vector mesons until q ~ 400
McV/c. Both sectors become of comparable importance for q ~ 800 - 900 MeV/c and
the quark sector dominates for q > I GeV/c. The transverse response is sensitive to the
current density and isovector in nature. The amplitudes a|J and a^ will therefore be given
by the fractionization of the isospin quantum number. From Fig. 9, we see that even for



rather large bag radii, the isospin is lodged mostly in the soliton cloud. For 0 < q < I
GeV/c, aj is always less than 0.25 (see Table 1).

We shall use the expressions introduced in Réf. 3 for the bag and meson form factors
and J-AfC?2)- The bag form factor is given by

in which A2 is related to the bag radius by21)

£ - !*• <•>
The meson form factor is given by the product of a hadronic form factor times the vector
meson propagator,

A2- m2
(10)

in which A2 is a cut-off for which we assume the form A2 = 2m2/ 3\ my is the mass of the
w— meson in the isoscalar channel (longitudinal response) and the mass of the p— meson in
the isovector channel (transverse response). FM(<?} is the free meson form factor. In the
medium, it becomes

in which the density dependence of my is given by Eq. (3) and where we have used

The longitudinal response measures the charge density and therefore the operator
is just 1. The transverse response measures the current density and the corresponding
operator is of the form

where /zy is the isovector magnetic moment given by

-/in)
(13)

= = ( A * p -
2

= 2.353 .

In the medium, the nucléon mass is modified according to Eq. (3), leading to an effective
increase of the strength associated to the isovector transverse operator. The in medium
transverse response will therefore be sensitive to the density dependence of the p— meson
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and nucléon masses while the in medium longitudinal response depends on the density
dependence of the LJ—meson mass.

5. NUMERICAL RESULTS

We have calculated the ratio of the in medium longitudinal and transverse responses
with the in medium form factors defined in Section 4 over the same quantities obtained
with free electromagnetic form factors for 40Ca, 4He and 3He, This ratio compares directly
to the experimental data displayed in Figs. 4-7.

This calculation has been done by integrating the density dependent longitudinal and
transverse form far sors defined in Eq. (17) over the target matter densities p(f) derived
from electron scattering data.18* More precisely, we compute

(T)L)m medium J #f p(f )F*L<T(p, q2)O*L<T(p)

(T,I)/"e / d3f p(f)FL<T(q*)OL<T ( '

in which FL'T(q2) is given by Eq. (7), F*L<T(p,q*) is obtained by replacing in Eq. (7)
the meson form factor F^T(f] by the in-medium quantities defined by Eq. (11), 0L =
OL* = 1, OT is given in Eq. (12) and Or*(p) is obtained from Eq. (12) by replacing m/v
by m*N(p) according to Eq. (3).

Our results are displayed in Figs. 4-7 with three sets of values for the bag and meson
cloud amplitudes aB' and a^ . In all four figures, the solid line is the result of the
q—dependent prescription given in Table 1, the dashed and the dot-dashed lines are results
of q—independent amplitudes corresponding to a purely solitonic nucléon (OB = 0, a M = 1)
and to a 50/50 coupling (03 = O-M = f ) respectively.

In all calculations, we have neglected the quark bag contribution to the transverse
response. This should be a very good approximation because the amplitude Og is small in
all cases considered in this work. It becomes somewhat larger for bag radii of the order of
0.5-0.6 fm. However, this corresponds to the situation for which the chiral angle 0 is ?r/2.
For this value of the chiral angle, the quark wave functions are roughly constant inside
the bag, the quark velocities are small and the magnetic couplings are nearly zero.21^
Therefore, in all cases, the neglect of the quark magnetic coupling should lead to a very
small error in the transverse response.

We discuss first the results obtained for 40Ca. The curves drawn in Fig. 4 show that
over the whole range of momenta covered by the data, the density dependence of the
w—mass given by Eq. (3) leads to a reduction of the longitudinal response compared to
shell model predictions with free electromagnetic form factors, and this for the three sets
of bag and meson cloud amplitudes used in the calculations. This reduction is clearly
largest in the pure soliton case for which the effect of the coupling through vector mesons
is maximum.

The error bars are too large to make definite statements but nevertheless, it seems that
the reduction of the longitudinal response obtained through a density dependent w—meson



mass is smaller than the experimental effect. This is consistent with various calculations
of particle-hole and two-particle - two-hole correlations which indicate that for sufficiently
heavy nuclei these correlations can produce an additional suppression of the longitudinal
response of the order of 10-15 % .22)

The transverse response is rather flat in agreement with the data. The neglect of
the small quark magnetic coupling increases slightly the slope obtained in the transverse
response for q > 500 MeV/c. Taking this coupling into account would flatten somewhat
the transverse response in this momentum range and bring it in even closer agreement
with the data points. The small decreasing slope in the transverse response is a general
feature of our model.

The trends discussed above are confirmed by the ratio L/T divided by shell-model
predictions shown in Fig. 5 for 500 < q < 700 MeV/c.

Our results for 4He and 3He (displayed in Figs. 6 and 7) indicate that the density
dependence of £/T, arising from the difference in matter density when going from 4He to
3He (see Fig. 8), is in remarkable agreement with the data. The L/T ratio normalized
by shell-model predictions is typically of the order of 0.8 for 4He and 0.9 for 3He. Our in
medium form factors produce in 3He rather precisely half the suppression obtained in 4He.
Too large error bars for the higher momentum transfers and the still preliminary character
of the 3He data make it difficult to discuss the q—dependence of the suppression ; it is
important to recall also that the correction for the proton final state interaction introduces
further uncertainties in the interpretation of the data. Nevertheless, the relative change in
going from 4He to 3He within the same analysis is very indicative of a density dependent
effect. Preliminary data on the dcuteron23^ show that the observed L/T ratio is compatible
with independent particle predictions with free form factors and tend therefore to confirm
the density dependence of the suppression of the longitudinal response. Another indication
for such dependence comes from very preliminary data15) on the 40Ca (e,e'p) reaction
which suggest that the L/T ratio divided by shell-model predictions is smaller for protons
ejected from the lsl/2 shell (i.e. from the interior, denser region) than for protons ejected
from the Ip and Id shells (i.e. from a less dense region, closer to the surface).

One may wonder whether the scaling effects that we have been considering are not
part of meson-exchange current contributions that appear in the standard treatment where
one starts with an effective Lagrangian defined at zero density and accounts for medium
effects by perturbative corrections. We believe that they are not. As argued in the second
paper of Réf. 8, the effect considered here is associated with the scale change of the QCD
vacuum in the presence of matter density, hence inherently nonperturbative, and cannot
be fully accounted for by a few radiative correction diagrams starting from the zero-density
vacuum. Within the framework of Réf. 8, meson-exchange currents should be recalculated
using the effective Lagrangian, with due account of the vacuum structure already included
in the theory (e.g. to avoid double counting).
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6. CONCLUSION

We have investigated the behaviour of vector mesons in nuclei through the study
of electromagnetic form factors of bound protons in a kinematic regime where vector
dominance has been established.

We have shown that for two different operators, the longitudinal and transverse re-
sponses associated to the charge and current densities, the thesis of Brown and Rho3)

that both vector meson masses and the nucléon mass scale like /„. with increasing baryon
density is compatible with the data. It produces a suppression of the longitudinal response
while the transverse response is very close to shell-model predictions. It is particularly
encouraging that the theoretical prediction that the reduction in the longitudinal response
for 3He is about half the value obtained for 4He is borne out by the data. For a heavier
nucleus such as 40Ca, we produce only half of the measured suppression of the longitudinal
response. If one adds the additional reduction arising from nuclear correlations, the whole
effect can be understood.

Uncertainties in the (e, e'p) data arising from corrections due to the final state inter-
action of the outgoing proton with the residual nucleus and from possible deviations of the
response from a one-body operator make it difficult to draw definite conclusions from our
analysis. Future observations of the e+e~ decay of vector mesons with large acceptance
lepton detectors should provide a much more direct way of establishing their in medium
behaviour.
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TABLE CAPTIONS

Table 1 : Contributions of the quark bag (O.B) and of the meson cloud (OM) to the elec-
tromagnetic form factors involved in the longitudinal (<TL) and transverse (cr<r)
responses respectively ; q is the momentum transfer and R the radius of the quark
bag.
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FIGURE CAPTIONS

Figure 1 : Kinematics of (e, e'p) reactions in the quasi-elastic region.
Figure 2 : Cross sections for (e,e') reactions on 12C, 58Ni and 20BPb. The data are from

Réf. 14. The dotted curve is the quasi-elastic contribution, the dot-dashed curve
the meson exchange contribution, the dashed curve the pion production contri-
bution and the solid curve the total (from Réf. 13).

Figure 3 : Transverse and longitudinal response functions for the (e, e') reaction on 40Ca
(from Réf. 15). The solid line is an independent particle calculation.

Figure 4 : q—dependence of the transverse and longitudinal cross sections for a bound pro-
ton in 40Ca divided by independent particle expectations (from Réf. 6). For more
details on the data, see text and Réf. 6. The bracketed points are taken in kine-
matic conditions corresponding to the dip region and therefore excluded from the
one-body analysis. The theoretical curves are obtained with density dependent
vector meson masses using the prescription for the g-dependence of the nucléon
structure described in Section 4 (solid line), a soli ton without quark core (dashed
line) and a model where the photon coupling is 50 % to the quarks and 50 % to
the soliton cloud (dot-dashed line).

Figure 5 : q—dependence of the ratio of the longitudinal to transverse responses for a bound
proton in 40Ca normalized by independent particle predictions (from Réf. 6). The
meaning of the theoretical curves is the same as in Fig. 4.

Figure 6 : Same as Fig. 5 for 4He. The different symbols correspond to different missing
momenta pm (pm is the momentum of the undetected system). The open squares,
the closed squares and the closed triangle correspond to pm = 30 MeV/c, 90
MeV/c and 190 MeV/c respectively (from Réf. 5).

Figure-7 .: Ratio of the longitudinal to transverse responses for a bound proton in 3He nor-
malized by independent particle predictions. The average experimental effect of
a 10 % reduction is indicated by a full horizontal line at (L/LSM)/(T/TSM) =
0.9 (from Réf. 4). The meaning of the theoretical curves is the same as in Fig. 6.

Figure 8 : Matter densities of 3He and 4He (from Réf. 18).

Figure 9 : Fraction of the baryon number, hypercharge, strangeness, spin and isospin con-
tained in the bag versus the bag radius for the nucléon (from Réf. 19).
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