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Abstract
.. . ‘ . 6. . 6. .
Coincidence cross sections for the reactions "Li(e,e'p) ‘and Li(e,e'd) have

been measured in the region of guasi-elastic scattering. Using incident electrons

2

>

of 2.5 and 2.7 GeV, the four—-momentum transfers to the proton were 6.6 fm
10.0 frrf_2 and 11.6 fm_z. The proton ceoincidence data agree with shell medel
distributions assuming a Woods—Saxon po;ential and including short range nucleon-—
nucleon correlations. The best fit to the deuteron coincidence data is obtained
with a cluster wéve.function for the p-nucleons and a harmonic oscillator wave
function for the s—nuclecons taking into account the déuteron yvield from the s-
shell. The ratio of the deuteron crdss section from 6Li divided by the elastic

e-d-scattering cross éection'depends only slightly on the four—momentum transfer

and has a value of ~2.



1. Introduction

The advantages of using electrons instead of strongly interacting particles as
probes in nuclear structure studies are
- a well known basic interaction
-~ a small distortion of nuclear structure by the incoming and outgoing
electron. In quasielastic processes only a heavy recoil particle suffers

noticeable final state interactiom.

Investigating the special problem of short-range correlatiomns (SRC) of nucleons
inside a nucleus, we can expect the following effects in connection with quasi-

elastic electron scattering processes:

a) The nucleon momentum distribution given by the nuclear shell model 1s
modified in its high-momentum part * 200 MeV/c, since for nucleon—nucleon
distances < 1 fm short-range correlatioms introduce an interaction mnot

included in the usual shell model descriptionl.

b) Two-particle emission is possible in a process caused by one-particle inter-
action - for instance by electron scattering assuming the one-photon exchange
approximation. The emission of two nucleons after absorption of a virtual
photon is improbable in the frame of the simple shell model, since the nucleons

are assumed to move independently.

In looking for these effects the size of the probe should be comparable with that
of the object to be analysed and the intéraction time should be short enough to
exclude nuclear rearrangement effects. These requirements are fulfilled by elec-
trons in the GeV-range. We chose the (e,e'p)-reaction channel (quasi-elastic

scattering with outgoing protons) for the determination of the momentum distri-



bution of the protons inside a 6Li nucleus. In the simultaneously measured
(e,e'd)-reaction channel, we restricted our measurements to the same quasi-
elastic scattering kinematics as used in the (e,e'p)-case, i. e., we considered
coincidence evenfs kinematically corresponding to free e—-d-scattering. The re-
sulting deuteron production rate and the momentum distribution of p-n pairs in
Li should yield information about nucleon-nucleon interactions by comparison
with models. A measurement of single-~particle binding energies was not planned
because of the finite enefgy resolution due to the primary beam and the electron
spectrometer. 6Li has been chosen as target nucleus for the following reasons:

- the final state interactions should be relatively small,

~ the narrow nucleon-momentum distribution allows the separation of

deuterons from protons in our experimental arrangement,

~ the existence of a (a+d)-cluster structure is well known.

The previous quasi-elastic (e,e'p)-measurements were primarily concerned with
P q ’ y

2-4,46

single particle binding energies . After the preliminary publication of the

. . 47 . . . .
data of this experiment ', other angular and momentum distributions obtained from

> and 0.7 GeV 6 were also published. In addition, momentum

8

6Li(e,e'p) at 1.2 GeV
distributions have been obtained from quasi-elastic (p,2p)- 2,7 and (n ,7 p)-
experiments. Information about two-hole excitations of the residual nucleus and

the momentum distributions of p-n pairs inside a nucleus has been obtained from

the following reactioms: (y,pn) (e.g. ref. 9), (7 ,2n) ]O’Il, (W+,2p) 12,13 a
Ap,pd) 14_18. Recently preliminary results of a 6Li(e,e'd)—experiment at 0.5 GeV

nd

19
have been published -

'We now present a short description of the apparatus (Sec. 2), the data analysis
-and the corrections (Sec. 3), a comparison with theoretical models (Sec. 4.1 and

4.2, for protons and deuterons respectively), and our conclusions are then

surmarized (Sec. 5).



2. AEEaratus

Electrons with a known energy E were scattered from a solid Li-target (alter-

natively from a liquid H,- or Dz—target) and detected at an angle Oe. Coincident
recoil particles (protons and deuterons) were detected by a counter hodoscope. By
analysis of the electron momentum and the mass as well as angle and energy of the
recoil particles it was possible to determine all other kinematic parameters. The

experimental arrangement has been previously described in detailzo_27.

A slowly ejected electron beam was produced by the Deutsches Elektronen—Synchro-
tron (DESY) with energies of 2.5 GeV or 2.7 GeV and an energy resolution of about
+

+ 0.5 7. The intensity of this incident electron beam was monitored by a secondary

emission monitor and a totally absorbing Faraday cup.

The lithium target was a solid plate (95.6 % 6Li, A4 7Li by volume) oriented
45° to the incident beam directiomn. Thus the effective thickness was (5.7 *0.3) mm,
corresponding to 3.8 ° 10_3 radiation lengths. The target was placed in a scatter—
ing chamber with Kapfon H windows of 0.125 mm thickness. In addition, dry He-gas

continually flowed through the scattering chamber.

The electron spectrometer contained a magnet with a homogeneous field (DESY MB
magnet), followed by a series of four wire—spark chambers, three scintillation

counters and a shower counter to distinguish electrons from background particles.

The horizontal aperture of the spectrometer was 1.57° resulting in a solid angle
acceptance of 0.695 - 10_3 sr. The momentum acceptance was *20 % with a mean mo—

mentum resolution of 0.6 Z.

The recoil particles were detected by a three plane scintillation counter hodos-

cope. In the first (second) plane twelve counters, each 432 mm x 36 mm x 10 mm,



were aligned horizontally (vertically). The third plane consisted of four thick
quadrant counters, each 216 mm x 216 mm x 50 mm. This counter hodoscope covered
an aperture of 31° x 31° which was subdivided by the first two planes into 144

elements, each 2.57° x 2.57°.

The information stored in the spark chamber ferrite core readout system, the
digitized counter pulse heights and additional data concerning charge, dead time
and accidental coincidences collected in scalers were processed by 100 MHz—elec-
tronics and transferred on-line to a CDC-1700 computer. Simultaneously, the pro-
per function of the entire apparatus could be controlled by programs which moni-
tored the spark chamber efficiencies, the counter pulse height spectra and the

momentum spectra of scattered electroms.

According to the momentum transfer criteria of section 1 we chose the sets of
kinematic parameters listed in table 1. For convenience the corresponding

squared four-momentum transfers, scattering and recoil angles and energies of
protons and deuterons are presented for the case of elastic e-p—and e-d-scat-

tering.

3. Evaluation of Data

The broadening of the quasi-elastic peak due to the Fermi-momenta of the nucleons
made it difficult to separate the deuterons from the large low—-energy tail of the
protons. Therefore, it was necessary to use a differential method, comparing for
every recoil particleits set of pulse heights in the three counter planes with
those of calibration energies from the elastic e-p- and e~d-scattering. The total
energy loss of particles stopped in the third plane permitted a discrimination

between protons and deuterons. Other particles, like tritons and a-particles had



too little energy to be detected. Background particles, such as pions, nucleons
and low-energy-electrons were rejected by pulse height discrimination. Low-energy-

y¥-quanta were absorbed by a 0.5 mm thick lead foil in front of the hecdoscope.
The following corrections have been taken into account for every event:

1) Long-time drifts in the counter pulse heights (typically 5 %2 - 15 %)
2) Light-absorption in the scintillators (max. 7 %)
3) Difference of the light yield from protons and deuterons
" . " 28
{"quenching effect")
4) Energy loss in target, air and lead foil
5) The flux variation of the inmeident electrons due to the Fermi motion

of the target particles {(typically 5 %)

The whole separation method has been checked experimentally by applying it to

measurements of the elastic e-p- and e—d-scattering.

From the comparison with these data we obtained an identification efficiency of
about 85 % for protons in the energy range 30 - 330 MeV, and about 65 7 for deu-

terons in the range 45 — 145 MeV, depending slightly on the particle energy.

The total systematic error for the proton cross sections amounts teo *8 %, obtained
from quadratic addition of all uncertainties of counter and spark chamber effi-
ciencies. The corresponding systematic error for the deuteron measurements is

£20 %, reflecting the error in the subtraction of "background deuterons’ simu-
lated by othef particles. Additionally, the error in the absolute cross section
scale is *7 Z, arisingrfrom térget, incident beam, solid angle and dead time un-

certainties.



4., Results and Comparison with Theoretical Models

Experimental results for outgoing protons and deuterons are represented in fig. |

and fig. 2, respectively. All results are tabulated in ref. 29. From the measured

fourfold differential cross sections we obtained by integration over two variables
within the range of experimentally accessible angles and energies the following

double differential cross sections:

2) d?a b) a%g & d?o
d dE' dit dE. df2  df.
e e 1 e 1

where E', Qe refer to the scattered electrons and

E., Qi (i = p,d) refer to the recoil protons and deuterons.

d) In addition, we have calculated the distribution P(qR) of the recoil

including the phase space factor qu,

nucleus momenta ag
- > > . (13 . n .

where 9 = 9q - ki is the "missing’ momentum of the recoil nucleus,
v_) -
q 1s the three momentum transfer and
+ L ] + -
ki (i = p,d) are the momenta of the recoiling particles.

The error bars in figs. | and 2 include both the statistical and the systematic

errors. The energy, angular and momentum resolutions have been determined expe-
rimentally (by elastic e~p- and e-d-scattering) and are given by the dotted
curves in figs. 1 and 2. The largest contributions to the resolution tresult from
the angular aperture of the electron spectrometer and from the energy width of
the incident beam. The arrows give the calculated position of the free e-p- and

e-d-scattering, respectively.

Because it was not possible to perform radiative corrections by "unfolding" our

experimental spectra, we used the inverse method. Starting from theoretical Fer-



mi-momentum distributions we calculated threefold differential cross sectioﬁs30.
By applying the inverse of the usual radiative corrections31 to the threefold
differential cross sections and then integrating, we were able to obtainm a the-
oretical "radiated" double-differential cross section which could then be com-
pared with our uncorrected experimental points. A similar procedure was used to
calculate a momentum distribution to be compared with P(qR). The corresponding
double-differential cross sections with the radiative effects not included (which
will be used in sec. 4.2. in comparison with elastic e-d—scattéring) were also
calculated for those "radiated" cross sections which give a best fit to the data

(dashed curves in figs. ! and 2).

Al — —— — A e m—— o m— — A e s m—— —_— e -

A possibility to analyse the data is given by the Jastrow model of short range
correlations. In fig. 1 the proton data are compared with shell-model calcula-
tions which include short-range nucleon—nucleonrcorrelationssz, where a Woods-
Saxon potential was used. The parameters were obtained from elastic electron-
nucleus scattering. The binding energy in the s-shell was assumed to be 22.7 MeV,

33

in the p-shell 4.7 MeV™~. The correlation is parametrized by Qoo representing

the exchanged momentum between otherwise independently moving nucleons. Although

there is no strong dependence on the parameter I the best agreement is ob-

2

tained using 4. ~ 300 MeV/c, yielding a ¥x“ per degree of freedom of about 1.

This value of q. coineides with those used in calculations of the absorption

rate of pions in 16O and the 6 34,33

Li(y,p) reaction . The effect of the short-
range nucleon-nucleon correlations is illustrated in fig. 3: If we admit corre-
lations with q, = 300 MeV/c, the theoretical momentum distribution P(qR) . qé

is increased for g ? 200 MeV/c and yields better agreement with the experiment.



Although we were not able to separate the s- and p-shells of 6Li, the parameters
of the momentum distributions used here (105 MeV/c at 1/e of the maximum for the
s—shell and 71 MeV/c for the half-distance between the p—shell maxima) are in
very good agreement with the (e,e’p)-date of Antoufiev et al.5 at 1.18 GeV and

of Hiramatsu et al.6 at 700 MeV. Earlier measurements of (p,2p)-quasi-elastic
scattering7 yield a comparable s-shell parameter, but yield for the p-shell para-

meter a value of ~ 40 MeV/c.

If we assume the plane wave impulse approximation, i. e. no distortion of the
initial and final electron and proton waves, it is justified to equate the
"missing momentum" qp with the negative value of the Fermi-momentum of the:
moving target nucleon. Calculations for the even heavier nucleus 12C show that
for outgoing proton energies z 100 MeV the shapes of the distributions are only
slightly changed by final state interaction in the region of high momenta

(qR 2 200 MeV/c) 30 and that mainly a cross section reduction occurs®. This
final state absorption can be characterized by a nuclear "transparency" for
outgoing protons as shown in fig. 4. The experimental points are obtained by
dividing the number of proton coincidences by the proton contribution to the
-quasi—elastic peak found in the single arm eventszg. This proton contribution

to the peak was calculated using the Rosenbluth formula with scaling law, dipole
fitr and GEN = 0. The results are compatible with optical-model calculations of
Jacob and Maris37 and following de Carvalho et al.38, using total nucleon-nucleon -

cross sections of 23.5 — 29 mb.

Another indication of the decrease in final state interactions with increasing
proton energy is given by the number of true (e,e'2p)-events as determined in
the present experiment. The ratio between the number of two-proton and one-proton
events decreases from (9.0 *0.5) - 1075 at E, =138 MeV to (6.5 *0.5) - 1073

at E_ = 241 MeV.
1%
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The emission of deuterons from 6Li in the kinematic regionm of quasi-elastic scat-
. . . . 6. .
tering has usually been described by a cluster—configuration (a+d) for the "Li-

. . . 4
ground state39. The corresponding wave function can be written

by = Bu(xg) t 3(xy ¢ (D)
Li
with ¢u’ @d internal o and d wave functions,
2(r) wave function of the relative motion.

Assuming Gaussian shapes for ¢ , @d and ©® and using parameters obtained from

. , . . 41
Coulomb scattering, a ground state momentum distribution results:

, _ci qz 2
e(q) ~ Y (a; +b; q%) e
i=0,1,2
with a_ = =7.500 n3/2 b_ = 10.900 /2 = 2.170 fm
a, = 2.360 fm3 /2 by, = - 0.239 fm’ /2 ¢, = 1.050 fm?
ay = ~1.449 372 b, = 0.534 fm' /2 ¢, = 1.073 fm?.

In addition to the process 6Li(e,e'd) 4He(g.s.), (interpreted as emission from
the p-shell), we were able to detect a possible emission of two s—shell nucleons
leaving excitations of the residuél nuclear system up to ~ 80 MeV, because our cut
in the total energy spectrum is 70 — 80 MeV below the peak maximum. In the simplest
case, the combination of two s-shell nucleons in a harmonic oscillator potential
yields a momentum distribution of Gaussian shape. We chose a width of 210 MeV/c

9,18

FWHM for this distribution, a separation energy of 1.47 MeV for deuterons from

the p-shell, and if two s-shell nucleons are emitted, an excitation energy of the
residual nucleus of 30 MeV ]]. Having included the experimental cuts in angles and

energies, we obtained the best agreement with the data by assuming the ratio for the



.....‘l‘l....

4 .
number of deuterons for 'He left in the ground state compared to the number of

deuterons when the nucleus is left in any possible excited state up to ~ 80 MeV
is 1 ¢ 1.1 at 10.4 fm._2 (fig. 2). This ratio also has the value ! : 1.1 at

12.2 fm_2 in contrast to 1 : 0.9 at 6.8 fmﬁz.

Optical model calculations for deuterons with outgoing energies ~ 40 MeV have
shown that it is justified to use the plane wave impulse approximation and to
neglect the final state distortion effects as we have done in our calculations

42
of the shapes of the distributions displayed in fig. 2 -

In fig. 5 the effective number of deuterons emitted from 6Li is presented:

®Li)

ml o
50 @
[u

e
d dcd

& @
e

9)

do
where Eﬁi (6Li) is the integrated double differential cross section for quasi-

. .. 6.
elastic emission of deuterons from Li (see end of sec. 4.),
corrected for experimental cuts, and

do4 . . . . 25,43
LB (DZ) is the well known elastic e-d scattering cross section“”? —.
e

The errors in fig. 5 are mainly systematic, but also include errors due to the

experimental cuts,

The result is a nearly qz—independent value of Nd ~2 for excitations up to
~ 80 MeV, enclosed by the cluster-model predictions of Kudeyarow et 31.40. In the
lower limit (8.s. of the residual nucleus), the number of effective deuteron clusters

should be 1.1, in the upper limit (g.s. plus all excitations of the residual nucleus)



this value was predicted to be 4.2. An alternative description by Jeremieaa éal—
culates the probability for two nuclear nucleons in shell model states to be
scattered like a free deuteron. This is a special way of introducing nucleon—
nucleon correlations. The final-state absorption is included by an eikonal
approximation with the real part of the potential set equal to 65 MeV and the
imaginary part, W,» set equal to 10 MeV or 12.5 MeV. Although the precision

of the data does not allow to distinguish between these values pf Ws it is
clear that the theoretical predictions are in very good agreement with the ex-

perimental data.

Fig. 6 gives the ratio of the number of emitted deuterons to that of the emitted

protons, depending on the square of the four-momentum transfer, -q2. The curves
represent the published datazs’43 for the form factors squared,

) )
Gz(qz) _dljemp (for protomns); G2(q2) = lditferd {(for deuterons)
P (do d do

\d§ /Mott (dQ Mott

. . 2, 2 2,.2 . o s .

and their ratio Gd(q )/Gp(q ) for @e = 13.8°. The experimental points,

dcd 6 do 6 ﬁ D
R = | —— ("Li) =& Cu |- F=E
dﬂe dﬂe Nd * Dy

are obtained from the measured rates for deuteron and proton emission from 6Li,
the effective numbers of target particles per nucleus, ﬁi’ and the final-state
transparencies, Di' (ﬁp = 3, Dp is taken from fig. 4, Nd = ﬁd . Dd from
fig. 5).

The agreement of the experimental deuteron to proton ratios with the curve

" for the emission of deuterons

Gﬁ(qz)/Gé(qz) illustrates that the "form factor
from 6Li has essentially the same qz—dependence as the form factor for elastic

e-d-scattering. This interpretation of figs. 5 and 6 assumes a nearly constant
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final-state absorption of the deuterons in the energy range of this experiment.

The widths of the deuteron momentum distributions and the effective numbers of
deuterons for the ground-state process and excitations of the residual nucleus
are presented in addition to comparisons with other reactions in table 2. The
distribution used for the (e,e’'d) AHe(g.s)—part of our data has also been used
for description of the (p,pd)-data of Alder et al. at 590 MeV. It exhibits suf-
ficient agreement with the (a,2a)-data at 104 MeV and excellent agreement with

both (W—,nn)—experiments and the (ﬂ+,pp)*data at 76 MeV.

The (p,pd)-data at energies < 155 MeV and the preliminary (e,e’'d)-data at

515 MeV show smaller widths. This difference is presumably due to the strong
absorption of the outgoing low—energy deuterons, and additionally in the (p,pd)-
case, due to the distortion of the incoming and outgoing proton waves. The value
of 210 MeV/c, used in our calculation of the distribution with excited residual
nuclei, agrees well with the result of ~ 226 MeV/c obtained in the (1 ,nn)-ex-

periment of Calligaris et al.

- The value of K, determined by this experiment, which includes excitations up
to ~ B0 MeV, agrees within the errors with all (W+,pp)“data and the (p,pd)-mea-
surement at 590 MeV (energy of the outgoing deuterons ~ 210 MeV), in spite of
the different reaction mechanism. The values obtained from (p,pd)-measurements
at 670 and 1000 MeV are larger than our values, perhaps because the outgoing

deuterons with energies of ~ 580 MeV and ~ 900 MeV, respectively, are less

affected by final-state absorption.

5. Conclusions
. . . . 6. . '
We summarize the results of the quasi-elastic scattering process Li(e,e'p)

as follows:



1) As expected, the spectra of the scattered electrons and protons and the angu-
lar distributions show a broadening due to the Fermi motion of the nucleons
in the initial 6Li—nucleus and a shift of the peak maximum due to the nucleon

binding energy.

2) These data are well described by shell-model wave functions that include short
range nucleon-nucleon correlations. Although no definite conclusion can be
drawn, a better agreement with the data for Fermi-momenta qR z 200 MeV/c 1is
obtained if the correlatians are described by a momentum exchange between the

nucleons of q_ ~ 300 MeV/c.

3) With increasing energy of the outgoing protomns, the nuclear transparency in-
creases and the probability for the emission of two nucleoms decreases, re-

flecting the influence of final-state interactions.

6. .
For the process Li(e,e'd), the energy spectra of the scattered electrons and
deuterons, the deuteron angular distribution, and the momentum distribution of

the residual nuclei can all be consistently described as follows:

1) Cluster-wave functions for the p~shell nucleons and harmonic-oscillator wave
functions for the s-shell nucleons with relative weights of about 1 : 1 yield

the best fit.

2) The effective number of deuterons, given by the cross section for quasi-elastic
emission of deuterons from 6Li, divided by the elastic electron-deuteron
scattering cross section, turns out to be about 2, independent of the square
of the four momentﬁm trangfer. The effective number of deuterons estimated by

. 44 ., . .
Jeremie is in good agreement with the experiment.
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3) Because the effective number of deuterons is essentially constant, . we can also
conclude that the "form factor" for the quasi-elastic emission of deuterons

from 6Li shows the same qzwdependence as the elastic electron-deuteron scat-

tering from factor.
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Figure Captions

Fig. 1 Proton coincidence data at E = 2.7 GeV, Oe = 13.8°

a) Double-differential cross section as a function of the

energy of scattered electoms.

b) Double~differential cross section as a function of the

proton energy.

c) Protonrangular distribution. The area enclosed by the

experimental points is normalized to 1.

d) Momentum distribution P(qR) of the residual nucleus,
computed using the data a) - ¢), normalized to 0.95 at
20 MeV/c. In the impulse approximation, this distribution
is identical with the Fermi-momentum distribution of the

nuclear protons.

Fig. 2 Deuteron coincidence data at E = 2.7 GeV, @ = 13.8°.
e

Parts a) - d) as in Fig. 1, replacing protons by deuterons.

The curve d) is normalized to 1 at O MeV/c.

Fig. 3 Momentum distribution P(qR) . qﬁ of the residual nucleus
at E = 2.7 GeV, ©_ = 13.8° (cf. Fig. 1d).
The curves represent a pure shell-model calculation and a wave
funetion including correlations with a momentum exchange
= 300 32 ..
q, = MeV/c (Blum™“). The effects of radiation and experi-

mental cuts are included in the theoretical curves.



- . 6. .
Fig. &4 Transparency for protons from the reaction Li(e,e'p) as
a function of the proton energy. The curves are calculations

using an optical model.

Fig. 5 The effective number of deutercns Nd; defined as ratio of
the deuteron emission differential cross section from 6Li
to the elastic e-d scattering differential cross section,
as a funcfion of the square of the four momentum transfer. For
comparison, a result from the best fit to the spectra (fig. 2)

and various theoretical models are presented.

Fig. 6 Ratio R of the detected deuterons to the detected protons,
corrected for the effective numbers of deuteron and protom
target particles and for the final-state transparencies. The
curve labeled Gé/Gg is a best fit to the published data for

free deuterons and protomns.

Wt BB DR LR LR IR W N IR R E L ] e e



References

1)
2)
3)

4)

5)

6)

7)

8)

9
10)

11)

12)

M.G. Huber, Annales de Physique 5 (1970) 239

G. Jacob, Th.A.J. Maris, Rev. Mod. Phys. 38 (1966) 121

U. Amaldi jr., Suppl. Nuovo Cimento Sexr. I, 5 t1967) 1225

A. Malecki, P. Picchi, Riv. Nuovo Cimento II (1970) 119

Yu.P. Antoufiev, V.L. Agranovich, V.S. Kuzmenko, P.V. Sorokin,
Physics Letters 42B (1972) 347

H. Hiramatsu, T. Kamae, H. Muramatsu, K. Nakamura, N. Izutsu,

Y. Watase, Physics Letters &44B (1973) 50
M. Riou, Rev. Mod. Phys. 37 (1965) 375

T. Berggren, H. Tyren, "Quasi~free Scattering" in: Annual Review of
Nuclear Science (Ed. by E. Segre, G. Friedlander, H.P. Noyes)

Vol. 16 (1966) p. 153

Yu.D. Bayukov, L.S. Vorobyev,'V.M. Kolybasov, G.A. Leksin, V.L. Stolin,

V.B. Fedorov, V.D. Khovansky, Yaderm. Fiz. 17 (1973) 916
B. Mecking, Thesis Bonn 1972 and UNIV BONN PIB 1-155 (1972)
H. Davies, H. Muirhead, J.N. Woulds, Nucl. Phys. 78 (1966) 663

F. Calligaris, C. Cernigoi, I. Gabrielli, F. Pellegrini,

Nucl. Phys. Al126 (1969) 209

G. Charpak, G. Gregoire, L. Massonnet, J. Saudinos, J. Favier, M. Gusakow,

M. Jean, Physics Letters 16 (1965) 54

G. Charpak, J. Favier, L. Massonnet, C. Zupancic, in: International Nuclear
Physics Conference, Gatlinburg, Tennessee, Seﬁtember 12 = 17, 1966

(Ed. by R.L. Becker, New York and London 1967, p. 465)



13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

_20_

T. Bressani, G. Charpak, J. Favier, L. Massonnet, W.E. Meyerhof,

C. Zupancic, Nucl. Phys. B9 (1969) 427
D.W. Devins, B.L. Scott, H.H. Forster, Rev. Mod. Phys. 37 (1965) 396

C. Ruhla, M. Riou, J.P. Garron, J.C. Jacmart, L. Massonnet,

Physics Letters 2 (1962) 44

C. Ruhla, M. Riou, M. Gusakow, J.C. Jacmart, M. Liu, L. Valentin,

Physics Letters 6 (1963) 282

J.C. Alder, W. Dollhopf, W. Kossler, C.F. Perdrisat, W.K. Roberts, P. Kitching,

G.A. Moss, W.C. Olsen, J.R. Priest, Phys. Rev. C6 (1972) 18

L.S. Azhgirei, Z. Cisek, 0.D. Dalkarov, Z.V. Krumshtein, Yu.P. Merekov,
Z. Moroz, Ngo Quang Ziu, V.I. Petrukhin, A.I. Ronzhin, G.A. Shelkov,

DUBNA JINR-P-1-6308 (1972)

R.J. Sutter, J.L. Friedes, H. Palevsky, G.W. Bennett, G.J. Igo, W.D. Simpson,
G.C. Phillips, D.M. Corley, N.S. Wall, R.L. Stearns, Phys. Rev. Letters 19

(1967) 1189

J.P. Génin, J.Julien, R. Letourneau, A. Mougeot, J. Rambaut, C. Samour, in:
Proc. of the International Conference on Nuclear Structure Studies Using
Electron Scattering and Photoreaction, Sendai, 12~15 Sept. f972, p. 439, and
J. Julien, C. Samour, G. Bianchi, P. Duval, J.P. Genin, R. Letourneau,

A. Mougeot, M. Rambaut, Contributed Papers to the Fifth Int. Conference on

High Energy Physics and Nuclear Structure, Uppsala, June 18 - 22, 1973, p. 171
S. Galster, J. Gbrres, G. Hartwig, H. Klein, J. Moritz, W. Schmidt-Parzefall,
H. Schopper, Nuecl. Instr. Meth. 46 (1967) 208

W. Schmidt- Parzefall, KFK-Report 769 (1968)

S. Galster, G. Hartwig, H. Klein, J. Moritz, K.H. Schmidt, W. Schmidt-

Parzefall, H. Schopper, D. Wegener, Nucl. Instr. Meth. 76 (1969) 337

R T I DRI PO IR P ST T R} A L S PR RN L T R T R L S R LT T



23)

24)
25)

26)

27)

28)

29)

30)

30

- 21 -

S. Galster, G. Hartwig, H. Klein, J. Moritz, K.H. Schmidt, W. Schmidt-

Parzefall, D. Wegener, J. Bleckwenn, KFK-Report 963 (1969)

H. Klein, Thesis Karlsruhe 1970

K.H. Schmidt, Thesis Karlsruhe 1970 and Internal Report DESY F23-70/1 (1970)
J. Moritz, Thesis Karlsruhe 1970'and Internal Report DESY F23-71/1 (1971)

5. Galster, G. Hartwig, H. Klein, J. Moritz, K.H. Schmidt, W. Schmidt-
Parzefall, D. Wegener, J. Bleckwenn, DESY Report 71/44 (1971 and

Phys. Rev. D5 (1972) 519
J. Bleckwenn, Thesis Karlsruhe 1971 and Internal Report DESY F23-71/2 (1971)

J. Bleckwenn, H. Klein, J. Moritz, K.H. Schmidt, D. Wegener, Nucl. Phys. B33

(1971) 475
G.T. Wright, Phys. Rev. 91 (1953) 1282
T.J. Gooding, H.G. Pugh, Nucl. Instr. Method. 7 (1960) 189

F.H. Heimlich, Thesis Freiburg/Brsg. 1973 and Internal Report DESY F23-73/1

(1973)
W. Weise, Nucl. Phys. A 193 (1972) 625
V. Devanathan, &#nn. Phys. 43 (1967) 74

L.W. Mo, Y.S. Tsai, Rev. Mod. Phys. 41 (1969) 205

32) B. Blum, Thesis Erlangen—Niirnberg 1972

B. Blum, M.G. Huber, to be published

33) L.R.B. Elton, A. Swift, Nucl. Phys. A94 (1967) 52

34) K. Chung, M. Danos, M.G., Huber, Physics Letters 29B (1969) 265

35) W. Weise, Physics Letters 38B (1972) 301



- 22 =

36) C.D. Epp, T.A. Griffy, Phys. Rev. Cl1 (1970) 1633
37) G. Jacob, Th.A.J. Maris, Nucl. Phys. 31 (1962) 139

38) H.G. de Carvalho, J.B. Martins, O.A.P.‘Tavares, R.A.M.S. Nazareth,

V. di Napoli, Notas de Fisica XVII (1971) 217
39) K. Wildermuth, W. McClure, Springer Tracts in Modern Physics, Vol. 41 (1966)

40) Yu.A. Kudeyarov, I.V. Kurdyumov, V.G. Neudatchin, Yu.F. Smirnov,

Nucl. Phys. Al63 (1971).316
41) I.V. RKurdyumov, Thesis Moskau 1971
V.G. Neudatchin, private communication
42) T.A. Griffy, R.J. Oakes, H.M, Schwartz, Nucl. Phys. 86 (1966) 313

43) S. Galster, H. Klein, J. Moritz, K.H. Schmidt, D. Wegener, J. Bleckwenn,

Nucl. Phys. B23 (1971} 221
44) H. Jéremie, Physics Letters 40B (1972) 311
45) E. Velten, Thesis Karlsruhe 1969

46) A. Bussiére, A. Gillebert, J. Mougey, Phan Xuan Ho, M. Priou, D. Royer,
I. Sick, Contributed Papers to the Fifth Int. Conference on High Energy

Physics and Nuclear Structure, Uppsala, June 18 - 22, 1973, p. 170

47) F.H. Heimlich, E. Rdssle, M.Ksbberling, J. Moritz, K.H. Schmidt, D. Wegener,
D. Zeller, J.K. Bienlein, J. Bleckwenn, H. Dinter, DESY-Report 71/55 (1971)
and Proc. of the Int. Conference on Photonuclear Reactions and Applications,

Asilomar (Calif.) 1973, p. 8 A6

TR TR M PP TP p I TE MM U FYRVEPET T U T EN E R SV LI T Tt



23 -

*Afaat1loedsax f3utieljleos

UoI93nap-uodljasTa ITI]SE]D

2yl pue uojoid-uoi1jo9fd OIISBI9 9Yl 03 I9jFea v.am pue w.aa ‘.1 ‘zb - Jo sanyea ayg
L(3/A%9) 190

AR 971 PR ARD LG Nlam [N o 51 ASD [T
2(®/A29) 0%°0

AW 80! 9L A9D 65°C _my %ol o87El APD [T
z(d/A2D) LZ°0

AW 1L o¢ 9L ARD E¥°T Nlam 8'0 o ¢l ARD §°¢

3

Pg Pa W zb- 2] q
£3aoue a13ue SUCAIID D IaJsueIy a1due A8xvud
uois)inap uoxaanap pai931EDS wA3UAMOW-INoJ Fuiaalieos uoijoele
11029y TToo9y Jo ABasujg ayz jyo aaenbg uoaloaTy Juapiouy

STUO0IDVIND(Q :

2 (®/429) S0

ASH 1% o07€9 A®D 9%°¢ Nlﬁw 9Tl o SI ABD L°T
z(2/499) 6£°0

APRH L[0T o679 APD 6%°C Nlﬁw 0°0l1 o3¢l APD 72
z(P/A29) 9770

AP BEI o689 ARD 9E°¢C NIEw 9'9 o ¢l A9 6°F

d E)

3 0 R zP- 0 |
£3a2ua or8ue SU013D3T® 1275uURIY ar3ue A319u9
‘uojoxd uojoad poie33edSs N IUSWOW~INO J SutisljeDs uo130ai?
11099y 110999 Jo £3aouy ay3 jo zaenbg uoI3291q Jua2pIougl

suo03lo
sxojemeied oIjpwSUTY [ 21981




- 24 -

AW 06 o031 dn
ASH 07 ©3 dn

AP 0g ©2 dn sucI3ielToxe

4%
¥
<=

%
&

<

}iom sTY3 w71 3 1 $0°1x C°C
jiom STUI  LI'1 ¢ 1 2l70% 12T 012 7Z1 00.T
yiom STIUL 2670 1 [ #9°0% 671 012 Al 004¢
(61) *1e 39 urudy *‘g°r 09~ G16 Aw.m.mvﬂgo
(1) ‘1e 38 TUBSS?AE 'L gu.Gl ¢ 1 seaenel T 1=€° 1 [*1-8°0 TLT-16S
(z1) *1e 1@ Yediey)d ‘o wC 31 AN 70 6T 1~ 9 Aaa.+=uﬂqo
(11) *1® 3° STIBBTTIBD *d gut’l * | 977~ 9Z[~ 3891 3®
(o) ‘1e 39 s?3taBQ 'H 01'05 L£°0 0gi~ 3591 3® ﬁacﬁupvﬂu@
(s%) ua3lT2A "3 E11-€L %01 ﬁamﬁavﬂmo
(81) *1® 39 I833ng [y 7~ 0001
(£1) °Te 3@ 12118yzy 'S°1 Gl'0s T9°€ 0.9
(a1) ‘1B 39 I3PIV D'l 45870 ¢ | 26" 1~ 90°'0: 08°0 v 3 %l 065
(s1) *1® 3@ BIYyny 2 Gl'0x 1£°0 €9 GGl
(%1) *1® 1@ SUTAR(q 'M'Q L0°0 Lis 99 G*og A@a.mvﬂqo
(°/AK) (@/AW) (A®H)
P .
*2X3) ' N SUOTIBRITIXD P+ AW 06~)®H s+3)oH A8aoua
$90UR19J9Y "M.m.wwvz A+ .m.mvvz (*s'8)' N ( 103 Emhm f Mom mmzm j— uoTIvedY
17 WOoIF UOISSTW® UODTINN-OMAL 7 2149elL

9



T 914

3\>m§m:m1_u:z 'S3d 40 zohzmzoz V71 319NV NOLONd
007 00€ ooN 0oL 06 08 0L +09 .09
o - T — o 10
: m . 7
m ]
= <
1. < m
150 7 105
= =
u— o,
S S
40l | 102
(ANS) SNOLO¥d 40 ADd3N3 (ARD) mzomhow._m 40 AD¥3INS
00% 00€ 00Z 00l O L7 97 97 %t €7 T
T L T - 0 D“.c T - T T 0 Dvu
N n m . ] Q
kY ] B | 8
uolINjosa) [RIUAWILIAAXS | % 1 & 1 _mm
5 \ -9 = -9 <
c:m:muma ] m&i __, M ] T 1 £
EwE:maxmm \ ] W - | m
o O w00l (do'9)r1y | €
5/ASW 00E = °b"winig oo & ¢ 2 2y “o_mm
SAIND pajlly ~




ASIE!

(3/A3W) SNITINN S3Y S0 WNLINIWONW av1° 379NV NO¥3LN3a
2_: E_Hm 002 001 cc 06 oo_e o0L o08 00§ 0
P ’ “ HIR 1
>
= =
(] IQN —
(A2W) SNOY3LN30 40 EE_E _(A29) SNO¥LIZTI 40 ADYINY
SN om_ E: co [t 97 st vt €l N.Nc
o] S "/ 1 a
uoljnjosal TS * 1 =
jejuawadxa 1T 9 | TR
Buiayyeas p-a a3y | mE: MP.._ ".. 1.2.. W.
wawadxa ¢ 1 = ._, _ 1 =
uoljeipes b ] m., a vV )
WN0UIIM 3AIND PARY -\ | ' & Vo l &
W o0z = S0l =
3AIN) paply — e = N-Ew.*.c— :u_o.m_ _._m =



RELATIVE UNITS

+ MISSING MOMENTUM DISTRIBUTION

| SLite,e'p)  10.0 fm™
- E =27GeV
I | Be=138°
101 T | '
: nocorrelations }radiative
i , effects
i 1q,. = 300 MeV/c included
- { experiment
'—f{
J
10"t
_ |
\\
a0 \
o'l :
- {
]0-2llli.lllllllll|l|lll|lllll —

0 100 200 300 400 500
MOMENTUM OF THE RESIDUAL NUCLEUS q(MeVic)

£i 2
HIN R



f7'914

(AW) AOY3N3 NOLOYd
00€ 002 0ol 0
_ I I

juswiiiadxa w &
>
Silejy pue goder 1o 2
(g 10} 2beI2AR &
suojo.d m_fhr/llli1|ll1l..q_ltli1... llllllll 2
‘|81 oyjeade) ap — — — ———— ——— I — M — 2
suojold dj_—=—— l.% 11111111111111111 M
| | P,
* Q
-0l

Mg NI
SNOLOY¥d 40 NOILJE0SHV



5k . ’
_Kudeyarovetal. . ____ _
Lk all excitations
experiment,excitations up to 80MeV
3 -
. -1-
Jeremie best fits
o Wo - 12,5 MeV =
= | ®
- ~<L ®
OV g S
W, =10 MeV N
Kudeyaroveta. -~ B
1~ g.s. of
residual nucleus
] | |
0 5 10 15

FOUR MOMENTUM TRANSFER-gZ ( fm )

FIGDO



10

RELATIVE UNITS
o,

10

IIIIIII | I S |

T

lllllll

¥

IIIIII]

SLi(e,e'd):OLileep)

Gp
protons
{experiment
dOdige v  ~
d_Qe(GL') Np‘Dp _(ﬁ
- . 2
doo (6. .\ N.. GH
gre L) Na-De
Np’d = effective number of
target particles in5Li
D, 4=transparencies for p and d 2
1 Gd
deuterons

i i | L ] L H 1 | { 1 1 1 |

0

FIG,6

5 10 15

FOUR MOMENTUM TRANSFER -q’( fm2)



	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33

