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ABSTRACT : 

Quasi-free scattering (e,e'p) experiments on light and medium nuclei performed at 
the Saclay 600 HeV Linear Accelerator are described. Interpretation of the measured 
spectral function in terras of single hole state momentum and energy distributions 
is discussed. A marked discrepancy with an energy weighted sum rule indicates the 
deviations from indépendant particle shell model and the need for a better theore
tical description of the reaction. 

I INTRODUCTION 

Coincidence measurements of the energy and momentum of the outgoing particles in 
single nucléon knock-out reactions provide the most direct method to study the sin
gle particle features of nuclei. Although the (p,2p) reaction have been the most 
extensively studied in the last twenty years |l|, it has been early pointed 121 ou£ 
that electrons would be better suited probes, as the electromagnetic interaction is 
well known and sufficiently weak so the first Born approximation (fig. 1) is essen
tially valid (negligible distortion effects on the electron waves). Omitting for 

the moment the final proton-nucleus interaction 
(PWBA), a coincidence measurement determines the 
initial proton momentum p, and the proton removal 
energy E which is the excitation energy of the 
residual nucleus relative to the target ground 
state. One has 

A(e,e'p)B 
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within PWBA, the coincidence cross section 
writes 13f 
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do 
Fig. 1. The quasi-free (e,e*p) 
prooeee in Plane Wave Born Ap
proximation (PWBA). 
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where do (P) Mft e, is the elastic electron-proton . cross section, with off-shell^corrections and.K a 
kinematical factor arising from the density of final states. S(p,E) is the nucleai 
spectral function, i.e. the joint probability to find a proton of given p and E in 
the target nucleus. 

Despite the simplicity of the process, the stnallness of the cross section - about 
four orders of magnitude lower than the corresponding (p,2p) one - explains the few 
existing data, listed in table I, It was a goal for the high intensity, t % duty 
cycle 600 MeV electron linac of Saclay to improve the situation, and my talk will 
be a brief review of our wotrk on the (e,c'p) reaction2. 



Table I 

(e,e*p) experiments 

Laboratory Incident 
energy (HeV) 

Energy 
resolution Nuclei J Reference 

Stanford 
1962-1964 

550 3 "H. sMe H 

Orsay 
1963-1965 

J M . 
*H C*3 

* 
Frascati I 
1963-1967 

500-780 10-12 «Be. "C 
" A l , "S 
"Ca, "As 

GO 

Frascati I I 
1972 

700 8 " C I CO 

Kharkov 
S972 

1200 9 B.C20] 

Dcsy 
1972-1973 

2700 «Li. »C 00 

Tokyo 
1970-1972 

700-750 7 • • 7 L i , »Be 
" C , *»Ca 
"V 

GO 

Saclay I 
1971-1972 

500 1.2 " C , " S i 
• W W 

Do] 

Saclay II 
1976 

500 0.9 2H, *Be 
" c , " o 

C22].C«] 

After showing briefly the experimental apparatu s (section II), I shall discuss the 
deuteron electrodisintegration (section III), the reaction mechanism and the appro
ximations in the data analysis for medium nuclei (section IV). The results in terms 
of momentum and energy distributions of hole states will be given in section V and 
an energy weighted sum rule discussed in section VI. To conclude, I shall indicate 
briefly the experiments now in progress or in project. 

II EXPERIMENTAL SET-UP FOR COINCIDENCE EXPERIMENTS 

Shown on fig. 2, it has been designed to meet the following conditions |ll| : 
- Large energy and angular acceptances. 
- Good separation energy and recoil momentum resolution. 
- Maximum shielding around the detectors and good background rejection. 

It consists of the two vertical spectrometers "600" and "900", the main characte
ristics of which being given in table 2. For each spectrometer, the detection sys
tem, the principle of which is shown in fig. 3, is composed of two multiwire pro
portional chambers (MWPC) and two arrays of plastic scintillation counters (or 
plexiglass Cerenkov detectors for the electron arm). The first MWPC -located at 
the focal surface - is used to define the energy of the analyzed particle. The se
cond one, its wires being parallel to the wires of the first one, permits to Jeter-
mine the scattering angle in the vertical direction where the angular acceptance of 
the spectrometer is large. Moreover, it allows a trajectory reconstruction giving 



• ^^^/>mm^ 
Fig, 2. The electron scattering facility of the Saclay Linear Accelerator. The 
"600" and "900" spectrometers rotate around a cannon vertical axis. The "900" de
flects the particles downwards into a pit, allowing for optimum shielding of the 
detectors. 

Table 2 

Main characteristics of the "600" and "900" spectrometers 

"600" "900" 

Average radius (cm) 140 180 
Average bending angle 153* 169*42» 
Maximum rigidity (MeV/c) 630 900 
Focusing single double 
Momentum acceptance - 30%, + 10% ± 5% 
Scattering angle range 34° - 146* 25' - 155* 
Maximum solid angle (msr) 6.8 4.8 
Momentum resolution 5 x |0"" 1.5 x 10"* 
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the exact time of flight of the parti
cle between the target and the detectors, 
thus improving the time coincidence re
solution (y 2.5 ns FWHM). This feature 
is very important, because the necessa
ry high intensity (y 10 uA on *v 200 mg/ 
cm2 targets) gives a high accidental/ 
true coincidence ratio (0.5 to 5). The 
overall energy and recoil momentum re-Isolutions are 0.8 MeV and 10 MeV/c (FWHM) respectively. Coincidence count
ing rates range from 200 to 5 000 events 
>er hour in standard operating conditions. 

Fig. ,?, Vvtnciple of particle detection 
in the "600" spectrometer (same for the 
n90rn). Too particles tewing the target 
with the same momentum but different 
vertical angles • yield signals on dif
ferent wires of the X chamber. On-line 
reconstruction of the trajectory, allows 
for a determination of the angle $ and 
of the path length of the particle. 

Ill ELECTR0DIS1NTEGRATI0N OF THE DEUTERON 

Let me start the discussion on the experimental results by the deuteron case. Ne
glecting final p-n interaction, the coincidence cross section takes the simple 
form : 

do 
de'dp' 

K. ̂ 2 |$(p)|2 «(E +E_) 
d« e, B 

(3) 

where E_ is the binding energy of the deuteron (2.26 MeV) and +(p) the deuteron 
wfive function in momentum space. 

The momentum density is a simple function of the radial wave functions u(r) and 
v(r) fo.r the S and D state respectively : 

|*(P)| 2 - IJ u(r) jQ(pr)r dr| 2 + |J »(r) J2<pr)r dr|2. 

For p > 250 MeV/c the density is given mostly by the D-state amplitude, the S state 
showing a minimum around 400 MeV/c, depending on the short range part of the N-N 
potential chosen. Thus, by measuring the (e,e'p) cross section in this region, one 
has a direct measurement of the D-state amplitude in momentum space. Together with 
other informations available on the D-state (deuteron quadrupole moment |l2|, asymp
totic normalisation J131>it gives an important constraint on the tensor part of the 
N-N force. The numbers for the D-state properties from the different potentials 
which will be referred to in the following are listed in table 3. 

Previous (p,2p) |l8,19| and (e,e'p) |20,2l| quasi-free scattering experiments on 
deuteron looking at the high momentum components indicated a strong departure from 
the theoretical predictions above * 200 MeV/c (fig. A). Whereas it was generally 
thought to be the result of strong fipfll state interactions in the (p,2p) case, in 
which the final relative n-p energy Ejjp was only a few MeV, the (e,e'p) result can
not be explained that way (Ejjp <v 160 MeV), nor by real pion production (e-e1^ 150 
MeV) 



Table 3 

Deuteron D-sta-e percentage (Pn)> asymptotic normalisation (o_) and quadrupole mo
ment (Q) from various N-N potentials. 

N-N Potential ? D P D Q Reference 

RHC 6.50 / 0.026 0.272 [U] 
RSC 6.47 0.026 0.280 00 
SSC 5.45 0.028 0.265 Û5] 

Paris 5.46 0.026 0.277 00 
HM2 4.32 0.026 0.287 03 

Experiment 0.027 ± 0.005 0.2875 ± 0.002 03]. 03 
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.The d(e,e*p)n coincidence cross section «fas recently measured at Saclay |22| using 
an undercooled liquid target. In each of the two different kinematics chosen to 
measure the "low" and "high" momentum components, the momentum transfer q and the 
relative it-p energy were kept constant - q » 450 MeV/c, EJJJ* » 55 MeV and q » 350 
MeV/c, E n_ • 120 MeV respectively -. Fig._̂ 5_̂ shows the experimental cross section as 
a function of the relative momentum p - |q-p| together with the result of a calcu
lation by Kingma and Dieperink J23*. The bound state wave functions is computed 

using Reid Soft core potential. 
-31 Final state interaction effects 
10 , • . are evaluated in the 1 • 0 state 

only, and found to be small, as 
expected from the large EJjjJ value 
oi 120 MeV. Meson exchange current 
contributions are also small, in
creasing the cross section in this 
momentum range. The data agree 
quite well with the theory, norma
lized with a factor of 0.77, which 
is not yet explained, as careful 
calibration measurements on a so
lid (3>2 target gave che same cross 
sections. The extracted momentum 
distribution is shown on fig. 6, 
compared to différent theoretical 
wave functions. Our data differ 
strongly from the previous experi
ments in that they do not exhibit 
any enhancement above 200 MeV/c. 
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Fig. 5. Experimental \22\ and the
oretical |23| cross section for 
the d(e,e'p)n reaction. The calcu
lation in PWBA use the ESC poten
tial with (full curve) and without 
(dotted) inclusion of the D-etate. 
Also shown are the contributions 
of final state interactions (I = o 
only, dashed) and meson exchange 
pair» term (dot-dashed). 

Experimental points are consistenly below the theoretical curves corresponding to 
the full S + D momentum distribution. Considering the always good signal to noise 
ratio (about I to 1) at the last point, and the slope of the predicted momentum 
distribution, it seems possible to extend these measurements up to *v 500 MeV/c, to 
cover the minimum in the S-ttate contribution. 

t 
J 

IV RESULTS ON MEDIUM NUCLEI : REACTION MECHANISM STUDÏ AND THE DWBA ANALYSIS 

Fart of the simplicity of the quasi-free process is lost on medium nuclei as the 
final state interactions (FSI) cannot be neglected. Thus the simple relation (1) 
between the recoil momentum and the initial nucléon momentum disappears, so as the 

factorization (cq. (2)) of the cross section (fig. 7). To have a simple 
idea of the effects of FSI, it is useful to separate them in two different types : 

a) the "clastic" FSI : the nucléon undergoes small angle, essentially elastic scat-
tering, or no scattering at all. The flux going into that channel is only about 
30 % of the total reaction flux for 100 MeV protons on a medium nucleus. The cor
responding corrections arc usually done by distorted wave calculations using opti-
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Recoil momentum (MeV/c) Fig. 6. Momentum distribution of the' 

\deuteron from the d(e,e'p)n reaction 
1221 compared with various theoreti
cal predictions. Above 300 MeV/c, 
the D-Btate contribution dominates. 

cal potentials (WBA). 

b) the "inelastic" FSI : in that case (70 % probabi
lity), the nucléon interacts strongly, loosing 
enough energy either to stay in the nucleus, or to 
reappear at lower energy leading to an undesirable 
background. Indeed, due to the larger phase space 
available, the corresponding strength is expected to 
be spread out over a such larger kinematical region 
than the quasi-free one. But we will see later that 
a better theoretical description of these «scatte
ring processes is needed, as their main 
contribution appears in the energy region where deep 
hole states are expected. 

The accuracy reached by the (e,e'p) experiments sti
mulated both theoretical and experimental studies 
on the reaction mechanism and the validity of usual ' 
DWBA treatment. Boffi et al. |2A( performed a com
plete calculation of the cross section without as

suming its factorization. Considering the expansion of the spectral function over 
a complete set of single particle states 

Fig. 7. The (e,e'p) procece 
including final state inte
ractions. 

S(p,E) - I P (E) ** (p) *ft (p) (4) 

file:///deuteron


the cross section, including FSI, writes 

da . » . - * • ^ - . n p (E) c (p.) c (p ) 
de'dp» oB a B « B B B 

(5) 

with 
C a ( pB> ' | d P * £ } " < M > M(e»,pVq ; e,p) *a(p) (6) 

M is the fully off-shell e-p scattering amplitude, x is the outgoing proton wa
ve which, in PWBA, reduces to 6 ($+<$-$*) so the integral vanishes. In usual DWBA, 
M is taken out of the integral and computed as in PWBA. Thus, one has 

„DWBA .* 
f 

rB' rB' (7) 
.D . where • Q is the so-called "distorted" momentum distribution. Then the cross section 

factorizes again 
.DWBA . 
de*d?» dO e, B 

(8) 

the second part not being the spectral function as in eq. (2) but some more compli
cated function depending upon the kinematics for the outgoing hadrons. 
Such approximations have been tested experimentally on 1 2 C at 500 MeV 1231 using 
two types of kinematics. 

In the "perpendicular kinematics" (fig. 8), where |p'| • |q|, both PWBA and DWBA 

• • • 1 2 C (e,e*p) 
'PARALLEL' KINEMATICS 

(o) p. stale 15<E<20MeV 
(b) s-sfate 30<E<50MeV 

U = 1 0 W * 1 5 MeV 
— U = 25 W = 2 0 M e V 

(GeVycf3 

< 0 $ $ 

i i I , 
-150100-SO 0 50 100150 •45O-100-5O 0 SO 100 « 0 

RECOIL MOMENTUM PR(M»V/C) 

Fig. 8. Teat of the (e,e'p) réaction mechanism in the "perpendicular" kinematics 
\2S\. Full curve : DlfBA calculation ucing Wooda-Saxon shaped optical potential 
vith depth V * iW. Dashed curve : WM calculation. 



predicts no change in the reduced cross section (i.e. the cross section divided by 
•K do/dfl .) when the two momenta p* and p rotate around the direction of q. The 
complete calculation gives about 15 Z asymmetry, however depending strongly upon 
the off shell corrections in the e-p amplitude. The experimental data indicate a 
* 10 Z assymmetry for the I p shell knock out, but with an opposite sign. However, 
the inclusion of a spin-orbit tern in the optical model used to compute the out
going proton wave gives also a 5 to 10 Z effect |25|. One must note, that, as in 
the case of the (p, 2p) reaction |27J, including a spin orbit distortion destroys 
the factorization of the cross section. 

In the "parallel kinematics" (fig. 9), the outgoing proton is measured in the di
rection of the transferred momentum. In such kinematics, distortion effects are ma
ximized, as they mainly change the outgoing proton momentum along its direction. 
The results show clearly that different optical potential parameters for the 1 p 
and 1 s state have to be used in a DUBA analysis. 

C(e,e'p) 
'PERPENDICULAR" KINEMATICS 

(o) p-slote 15<E<20MeV 
(b) s-slote 30<E<S0M»V 

Us 24.5 
: U = 0. 

W = 9.8 MeV 
W = 0 . 

-1SM0O-5O 0 50 D0150 -150-100-50 0 50 100150 
RECOIL MOMENTUM PR(M«V/C) 

Pig. 9. Same ae fig. 8 for the "parallel" kinematics. Full and dasher1, curve» cor
respond to different optical potential giving the beet fit to the J p and 1 8 state 
distributions respectively. 

V RESULTS ON MEDIUM NUCLEI : MOMENTUM AND ENERGY DISTRIBUTIONS OF HOLE STATES. 

a) I p-shell nuclei 

As typical results on 1 p-shell nuclei, fig. 10 and II show separation energy spec
tra within different recoil momentum bins for the 9Be(c,e'p) and 160(e,e'p) reac
tion» respectively. One can see that the I p hole strength is mainly concentrated 
in two or three peaks (for example in the ground state (lpl/2)"1 and 6.32 MeV state 
(Ip 3/2)"1 of 1 5N in the 1 6 0 case). The I s state shows up on the low momentum 
spectrum as a very wide bump, with a dijgymetrical shape, nnd peaked at an energy 
of 24 MeV in 9Be and 41 MeV in , 6 0 . This width indicates the failure of a pure in
dependent particle shell model description of the nucleus and has to be interpreted 



in terms of two-body interactions. 

iS(p,E) 

9Be (e,e'p) 

P(Mê c) 

10-50 

100-150 

150-200 
40 

EOleV) 

Fig. 10. Proton separation energy spectra for the 9Be(ete'p) reaction, within dif
ferent recoil momentum bins. The energy resolution of * 0.9 MeV allows to distin
guish different excited states of 9Li at low separation energy. Data have been cor
rected from radiative effects, but the overall absolute scale is arbitrary. 

Several attempts have been made recently to compute the spectral function from mi
croscopic theories |28—32| but most of the calculations are not in a stage where 
a direct comparison with the experimental data is possible. However, Orland and 
Schaeffer |32| have shown that it is possible to explain the general shape and the 
width of the hole states in a simple way. In their model, the nucleus is described 
as a Fermi gas with two body collisions. The width of the hole state, essentially 
given by the available phase space for those collisions, is energy dependent, which 
gives the asymmetric shape. The energy distribution P (E) of the o-hole state can 
be written as : 

r (E) 
p (E) = Ï 

a v2(E-E ) 2 + T r2(E) 

with 
(9) 

Î (E) C (WJ^I^ a F 

C being related to the nucleon-nucleon cross section in nuclear matter. Curves in 
fig. 12 show that this model provides a usefull parametrization of the data. 

The momentum distributions i'or the 12C(e;e'p) reaction and for two separation ener
gy bins corresponding to Ip and Is proton knock-out arc shown on fig. 13. A good 
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Fig. 11. Same as fig. 10 for the lsO(ese'p) reaction 
One Bees that thel*N ground state and 6.32 Me MeV excited state carry most of 

the strength of the lp hole state. (Ip L and lp £ hole respectively). 

fit to the data is obtained using single particle wave functions computed in a 
Woods-Saxon potential the parameters of which )33| being chosen to reproduce both 
elastic electron scattering and experimental separation energies. One sees that the 
fit is significantly better when distortion corrections are performed. However, as
suming 4 protons in the Ip shell, and 2 in the Is shell, the absolute theoretical 
momentum distributions in PWBA and DWBA are much larger than the experimental ones 
(see fig. 14). Of course the absolute normalisation of the DWBA curves depends 
strongly upon the volume integral of the imaginary potential, which can be varied 
in quite a large range without destroying th<; fit in fig. 13. Nevertheless, a 20 to 
30 X difference between theory and experiment is still unexplained. 

The sensitivity of the momentum distribution to various changes in the ground state 
wave function have been studied |34|. Fig. 15 shows the salient results for the Ip 
hole state in 1 2 C : 

a) The present accuracy of the data are sufficient to rule out the harmonic oscil
lator wave functions. 
b) The low momentum part of the momentum distribution is essentially sensitive to 
the r.m.s. radius of the orbit. 
c) Introduction of short range correlations effects by means of Jastrow factors |35 
scarcely affects the fit if one restores the r.m.s. radius. Much higher momenta ha
ve to be reached to see these effects, which is beyond the possibilities of pre
sent electron accelerators. 



Fig. 12. Comparison of the le hole -
strength distribution in 9Be, Ï2C and 
1 60. The theoretical curves correspond 
to the parametrization given in ref. \28\. 
The dashed line corresponds to the resi
dual nucleus ground state (reaction 
threshold) and the dot-dashed to the 
threshold for nucléon emission in the 
residual nucleus. The distance of the Is 
peak to this threshold does not seem to 
affect the shape of the observed reso
nance. 
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Fig. 13. Momentum diotributionB fen the 12C(e,e'p) reaction \3?,\ within two sepa
ration energy regiono corresponding to the lp (left) and Is (right) hole state. 
Woods-Saxon type diotvibutiona are fitted to the data by adjusting the absolute 
value. 
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Fig. 14. Same as fig. 13, but with the theore-., 
tioal distributions corresponding to 4 and 2 
yrotons in the lp and le state respectively. 
EfHmated uncertainty on the strength of the 
i... jinary potential lead to * 20 % uncertainty 
in the normalisation of the full curve (DWIA). 
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b) Heavier nuclei 

As the widths of the deep hole states have been seen to be at least 20 MeV, i.e. of 
the order or acre than their spacing, they strongly overlap. Thus the experimental 
data are analyzed by fitting the following expansion for the "distorted spectral 
function" of eq. (8) 

D < P \ v E) « i ?a(E) i # ; « , ;B>i* 
B a<F 

(10) 

Woods Saxon single particle wave functions are used to conpute the distorted momen
tum distributions, and the average , value of the energy distributions P (E) in dif
ferent energy bins are determined by the fit, which is generally good as seen for 
example on fig. 16 for the **°Ca(e,k'p) reaction. Fig. 17 shows the distributions* 
P (E) for 2 8Si, < , 0Ca and 5 8Ni. They exhibit the same dissymmetrical shape as for 
light nuclei. One can notice also the important splitting (y 16 MeV) of the Ip shell 
in 2 8Si. 
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Fig. 18. Momentum distributions within different separation energy bins for the 
H0Ca(ete'p)39K reaction \w\. The solid line ie a DWBA fit. 
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Fig. 17. Bole strength energy distribution from (e,e'p) reaction on 2ZSi,***Ca and 
58JK, from ref. \lO\. 

One may ask whether or not the Is hole state have been seen in these nuclei. Al
though a definite * » 0 type momentum distribution is observed above *v 50 MeV, the 
strength given by our procedure is very spread, and may extend to higher energies. 
Similar spectra (fig. 18) have been obtained by the Tokyo group |9|, but they 
extract the Is hole contribution by arbitrarily assuming gaussian shapes for P (B), 
Which seems not realistic. Moreover, one must think about possible contributions in 
this energy region of processes in which the outgoing proton reseatters on the re
sidual nucleus. Their contributions were evaluated by Nakamura et al. |9| are found 
to be small in the geometry of the Tokyo experiment. However, an estimation made 
at Saclay shows that at high separation energy they may dominate the experimental 
momentum distributions above 250-300 MeV/c (fig. 19). Better calculations in pro
gress along the lines of the intranuclear cascade model |36| indicates also a ra
ther large contribution |37|. 
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'Fig. 18. Proton separation energy spectra 
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fig. 13. Rescattering effects in the 12C 
(e,e*p) reaction. The dashed curve is the 
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The energy distributions Pa(B) have been used to compute occupation probabilities 
and mean separation energies. Their interpretation in terms of single particle 
energies, as obtained from microscopic theories, is a complicated subject out of the 
frame of this review. As an example, table 4 shows a comparison between experimen
tal separation energies from (p,2p) and (e,e'p), and single particle energies from 
RBHF 1381 and DDHF 1391 calculations, both giving smaller numbers for the inner 
shells. This may be another indication of multiple scattering background contribu
tions in the experimental values, which may explain the totally unrealistic occu
pation probability of the Is shell obtained from the (p,2p) data. 

'M 

Table 4 xaoie 4 
Proton occupation probabilities and mean removal energies for k0Cs from experiment 
and theory. 

Occupation 
._.. V.xpmrimmnr 

probabilities Energies (Me V) • V) • 

State C T S RBHF OS C T S RBHF DDHF 

2» 1.00 0.65 0.84 0,85 
' 

14 11.2 ± 0.3 10 10 
, d3/2 0.46 II 8 10 
ld J / 2 . 0.89 0.77 0.84 0.67 . 15 14.9 t 0.8 12 16 

, pl/2 
, p3/2 

1.00 1.70 0.95 0.83 0.8S 30 35 41 
26 

29 

28 

31 

Is (> 20) I.8S 0.75 0.82 0.84 51 58 (56) 48 47 

C : «£.[43] ; I s ref.QQ f S s .ef .Qo] ; RBHF t tef.jjs] ; OS : re*.[32j 
DDIIF : rcf.[39] 



VI BINDING ENERGY SUM RULE 

The measured spectral function have been used to compute the average kinetic <T> 
and separation <E> energies which were shown by Koltun 1401 to be related to the 
total binding energy per nucléon through an exact sum rule, provided only two-body 
interactions are considered 

A similar sum rule can be derived for protons only. Although a good agreement was 
found by Koltun in applying the sum rule to the (p»?p) data of James et al. |4l|, 
we observed a large discrepancy with our results corrected for FSI, as shown on 
table 5. A similar result for * 2C was found by the Tokyo group 191. Application of 
the sum rule to our uncorrected data (PWBA) gave the same discrepancy, indicating 
that it seems not to come from uncertainties in these corrections. The most proba
ble explanation was thought to be the existence of some strength of the spectral 
function outside the energy and momentum region covered by the data (i.e. E < 60 
MeV, p < 300 MeV/c). The new 160(e,e'p) data (table 6 ) show that * 12 Z of the 
measured strength is located above 60 MeV, contributing as much as 3.25 MeV to the 
sua rule. A crucial question for the study of the sum rule is to know how reliable 
could be an evaluation of the rescattering processes, which may be responsible for 
half of the strength in the region 60 < E < 100 MeV. 

Table 5 
Results of the binding energy sum rule 

E z/Z <T> <E> A SwBA Reference 

"Si 

"Mi 

- 6.9 

- 7.0 
- 6.7 
- 7.1 

16.9 
16.3 
17. 
16.6 
16.8 

23.4 
23.8 
24. 
27.8 
25.0 

- 2.9 (i 0.5) 
- 2.5 
- 3.1 (± 0.6) 
- 0.9 (± 0.5) 
- 3.6 (± 0.7) 

- 2.5 

- 3.3 
- I.I 
- 3.6 

Do] 
Do] 
Do] 

A_.«,. • no distortion corrections i 
rwoA : 
A Multiple scattering background contribution has been 
subtracted. Before subtraction, A » - 1.7 

Separation energy 
range 

Fraction of 
strength {%) <T> <E> AFWBA ADWBA 

0 * 60 
0 * 100 

88 
100 

14,4 
14.3 

25.2 
31..'. 

- 1.30 
1.93 

C- ».'0) 

Note ( A_,,„. must be considered as tentative! — — DWBA * 



CONCLUSION 
• 
Coincidence (e,e'p) experiments have been shown to provide a direct measurement of 
the nuclear spectral function, leading to energy and momentum distributions for sin
gle hole states. However, the smallness of the cross sections and the rather poor 
duty cycle of existing high energy electron linacs make these experiments difficult 
to perform with good statistical accuracy. Moreover, a quantitative interpretation 
of the data necessitates a better handling both of the reaction mechanism and the 
treatment of final state interactions. The experimental program at Saclay is now 
developping along the following lines : 
- the .study of very light nuclei. Fig. 20 shows preliminary results for the 3He(e, 
e'p) reaction. For this nucleus an "exact" spectral function can in principle be 
determined from 3-body calculations. 
- (e,e'p) measurements in kinematical regions where the quasi free processes are 
"not sufficient to explain the single arm (e,e*) cross section, like high energy 
transfer backwards angle electron scattering |42|. 
- Systematics on the 2s Id shell nuclei, where single hole states can be separated. 
- Investigation of the (e,e'n) reaction, expecially on light nuclei. 
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2S0J 
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II 

• 6, 

'Hele.fp) fc 530MtV 
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I p-ISOHtV/c 
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X7McVfp*p.n) 

«i»| f" , , |»*rt|i ' lViiw" > 
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Fig. 20. "Preliminary energy spectrum 
for the 3He(e,e'p) réaction around ISO 
MeV/c for the recoil momentum. Open 
circle pointe at low momentum indicate 
a different behaviour of the Z-body and 
3-body break-up intensity. 
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