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The experimental response functions of “Li nucleus at effective 3-momentum transfers ¢ = 1.250; 1.375; 1.500 and

1.625 fm ™! are presented. The longitudinal response functions were used to evaluate the Coulomb sum values. The

Coulomb sums for °Li obtained by us earlier were applied to analyze these data. The Coulomb sums of lithium

isotopes were compared with the well-known Coulomb sums values of the other nuclei.

PACS: 25.30.Fj, 27.20.4n

1. INTRODUCTION

The longitudinal (Rp) and transverse (Rr) re-
sponse functions represent the spectra of scattered
electrons separated into longitudinal and trans-
verse components respectively according to polariza-
tion of electromagnetic-interaction field. The rela-
tion between the response functions (RF) and the
doubly differential electron-scattering cross section
(d?0/dQdw), according to ref. [1], can be written as
d?o

dQdw (0, Eo,w) / (o0(0, Eo)) =

4

‘3751 Rp(q,w) + Rr(qw), (1)
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where FEy is the initial energy of elec-
tron scattered through the angle 6 with the
transfer of energy w, effective 3-momentum
q==¢-{4Ey[Ey — w] sin2(9/2) + w2}1/2 and  4-
momentum g, = (¢ — w?)'/? to the nucleus in-
volved; oy (0, Ey) = Z%e* cos®(0/2)/[AEZ sin*(0/2)]
is the Mott cross section, e is the electron charge.
The correction & takes into account the distortion
of the electron wave by the electrostatic field of nu-
cleus. According to [2], this correction is written
as &€ =1+ 1.33Ze?/(Ey < r? >'/2), where Z and
< r? > are, respectively, the charge and r.m.s. ra-
dius of the nucleus.

At the present time the theoretical calculations of
Ry /p-functions are rather difficult and exist only for
nuclei with A < 4. Therefore, the experimental data
are presented as RF moments, which are compered
with calculation by the sum-rule approach. The mo-
ment of RF have the following form

1 [* Rr/r(q,w)
S (q) = */ — 7 " dw, 2
T/L( ) VA w:l nG2(Qﬁ) ( )
where n is the moment number, G (qi)
is the electric form factor of the proton;
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n=1[1+q,/(4M?)] x [1 +q2/(2M?)]"" is the cor-
rection for the relativistic effect of nucleon motion
in the nucleus; M is the proton mass; w; means
that the bottom boundary of the integration domain
is the energy transferred that corresponds to elastic
scattering of the electron from the nucleus. But the
integral does not include the elastic scattering form
factor.

Usually the Rp-function moment with n = 0 is
obtained from the measurements of RF. It is named
Coulomb Sum (CS) and denoted as Sg(q).

The investigation of the CS isotopic differences of
6Li and "Li nuclei was the original aim of our mea-
surements. However, as the result of the processing
of only part of the experimental data, the interest-
ing features of "Li CS values were discovered. The
present paper deals with these CS features.

2. EXPERIMENTAL DATA

The spectra of electrons scattered by "Li nuclei
were obtained at the linear accelerator LUE-300 of
NSC KIPT at initial energy Ey = 129 to 259 MeV
and scattering angles 6 = 60°30" to 94°10’, # = 160°.
The range of the measurements of the 3-momenta and
energies transferred to nuclues are shown in Fig.1.

The experimental equipment and the measure-
ment method have been described in refs. [3, 4]. The
data processing and the error analysis were performed
as in refs. [4, 5]. In regard to the last we note that
this question has been given some consideration in
the paper, because the errors of the experimental RF
and, consequently, the errors of CS significantly de-
pend on the systematical errors of the absolutization
of the measured cross sections. Then, before and after
the measuring of each spectrum of electrons scattered
by “Li, the measurements of the '2C ground state
form factor were carried out. The absolutization of
the measured "Li(e, €’) cross sections was performed
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through the comparison of these data and the partic-
ularly precise values of >C form factor from ref. [6].
At the same time the correction obtained in ref. [7]
was applied to data of ref. [6]. As additional veri-
fication the comparison of the measured during the
experiment “Li ground state form factor and its mag-
nitude from ref. [8] was done.
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Fig.1. The transferred 3-momenta and energies
of the electron scattered spectra. The solid lines
label the measured at @ = 160° spectra, the dashed
lines show the measurements at 0 60°30" to
94°10’, the dotted lines are the constant values of the
transferred 3-momenta, at which the RF are obtained

As a result of the data processing through the us-
age of eq. 1, the Ry, -function values for "Li nucleus
at ¢ = 1.250...1.625 fm~! were obtained. For in-
stance, RF at ¢ = 1.375 fm™! is present in Fig.2. It
is evident from Fig. 2 that to determine experimen-
tally CS, it is essential that RF should be integrated
to w = oco. For this purpose RF were extrapolated by

Ri(q,0) x 10%, MeV!
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the function R oc w™® (see refs. [9, 10]) to the region
where the measurements are impossible. The value
a = 2.4540.15 of the “Li longitudinal RF was found
by the method of ref. [11]. The obtained in such a
way CS values are shown in Fig. 3. The shown in the
figure errors are statistical.

First of all the characteristic feature of these data
is that the average value of "Li Sr(q) is equal to
1.018 + 0.025 + 0.029 (the first error is statistical,
and the second is systematical) at the transferred
3-momenta region ¢ 1.375...1.625 fm~!, while
for nuclei with Z > 1 Sp(q) it is less than 0.8 at
q = 1.5 fm™! (see, for instance, ref. [12]). To con-
sider this phenomenon it is necessary to make sure of
its validity. In this connection we note the following:

e At the same time, when the electron scattered
by 7Li spectra were measured, we carried out
the measurements of *He(e,e’) spectra. The
obtained from these data CS of *He were in
good agrement both with experimental Bates
and Saclay data, and with theoretical calcula-
tions (see ref. [5]). Consequently it seems to be
improbable that the gross error is present in “Li
data.

e Simultaneous with “Li the measurements of
SLi(e, ') spectra were carried out. From gen-
eral considerations the CS of lithium isotopes
should not differ significantly. In spite of the
fact, that not all 6Li data have been processed,
some estimations of °Li CS may be done. At
q = 1.25 fm~! this estimation showed that the
CS values of the lithium isotopes are close (see
Fig. 4).
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Fig.2.The longitudinal and transverse "Li response functions at ¢ = 1.375 fm~'. The solid lines

show the extrapolations of RF (see the text)
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Fig.3.The " Li Coulomb Sums obtained
in the present paper

e Before the measurements with SLi and "Li we
had carried out the first measurements with
6Li [13]. The SLi CS from ref. [13] are de-
noted as o;(¢q) and in the term of o;(q) the
modern determination of CS can be written
as Sp.(q) = 01(q)/G?*(¢*). °Li CS values from
ref. [13] transformed in the same way are shown
in Fig.4'.

It is evident from Fig. 4 that all available data for
lithium isotopes CS data are agree with each other. It
is the basis to consider the reliability of the obtained
"Li CS values as sufficiently authorized.

3. DISCUSSION AND CONCLUSIONS

The SL(q) dependence shapes for A > 2 nuclei
(with the exception of the lithium isotopes) are sim-
ilar with each other: at transferred 3-momentum re-
gion g = 0...2 fm~" the smooth rise with the increas-
ing q is observed, and at ¢ > 2 fm~! Sp(q) it is equal
to constant value (plateau is obtained). Let us denote
Sp(q) in the plateau region as Sy mqe. The value
Sp,maz is equal to 1.0 for A < 3 nuclei [16, 17]. In
the case of all investigated in Bates and Saclay nuclei
A > 4 the St maq values decrease with the increase of
atomic number: from 0.9 £ 0.03 for *He to 0.5...0.6
for 208Pb (the effect of the Sum rule quenching)?. As
an illustration the straight line approximation of the
experimental CS values of *He is showed in Fig. 4.
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Fig.4.The comparison of Coulomb sums of 7Li,
SLi and *He nuclei. The CS wvalues of "Li are
labeled as full circles, open stars show SLi CS from
ref. [13], full star shows the ®Li CS walue which
is obtained from the data measured simultaneously
with "Li data. The solid line shows the *He data
approzimation: at q < 2 fm~' the calculations
of works [14] and [15] are in good agrement with
each other; at ¢ > 2 fm~' straight line shows the
approzimation of the CS wvalues obtained in Bates
and Saclay labs [15]

As it is seen from Fig.4 the S, (¢) dependencies of
lithium isotopes and *He ones differ from each other
and, as was mentioned, from other nuclei. Let us dis-
cuss the following features of lithium nuclei CS value.

e The Si(q) dependence is equal to constant
value already at ¢ = 1.25 fm™!, but in the
case of other nuclei the it is equal to constant
value only at ¢ ~ 2 fm~!. This phenomenon
is probably explained by the fact that lithium
isotopes are very cauterized, while there are in-
vestigations of noclustered nuclei only in the

systematic of Sr.(q).?

e Reasoning from the observed tendency of the
SL.maz decreasing with the growth of atomic
number, in the case of lithium isotopes the
S1.maz < 0.9 could be expected, but St maee =
1.0 was obtained. On the other hand the sum
rule quenching (57, maee < 1.0) can be explained
by the nucleon modification inside the nuclear
matter which have the density bigger than some

1Tt is necessary to say, that the characteristic features of 7Li CS values discussed here may be observed in the Li CS values
also. However, in 1977, when ref. [13] was published, the obtained 6Li CS values were nothing to compare with. At that time
the systematical data of CS values for the various nuclei were absent. The systematics appeared as a result of Bates and Saclay

works only after 1979.

2Notice, that the attempt to solve the problem of the Sum rule quenching via introduction the corrections into the exper-
imental data was made in ref. [18]. Thus in this work the Sp, mqe values of 12C, 40Ca and %6Fe nuclei were observed to be
closed 1, we think that work [18] is mistaken. The same conclusion was made by authors of ref. [19].

3Using the results of the measurements of the 6Li S, (q) the clusterization parameter of this nucleus was obtained in ref. [13]
and its value was agreed with the result using the (e, e’c) measurement data from ref. [20]. If in the case of lithium the
S1(¢q) dependence plateau begins at ¢ = 2 fm ™1, the clusterization should be absente, as can be concluded from V.D. Efros

calculation [13].
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11.

critical value (see, for instance, ref. [21]). Fol-
lowing this hypothesis, let us view the relation
between Sp, e and the nuclear matter den-
sity in the nucleus center (pg). For A < 3
nuclei Sy, maez is equaled 1.0 and pg < 0.15
nucleon/fm? and for the investigated A > 4 nu-
clei (besides ®7Li nuclei) SL,maz is less than
1.0 and po > 0.15 nucleon/fm3. In case of 57Li
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KVYJIOHOBCKHUE CYMMGBI SIJTPA "Li IIPU
NEPEJAHHBIX 3-IMIIVJIBCAX ¢ = 1,250 — 1,625 m !

A.KO. Byxu, H.I. Illeguenxo, U.C. Tumuenxo

B macrosmieii paboTe IOTyYeHbI SKCIIEPHIMEHTAIbHbIC (DYHKIME OTK/INKA Aapa ' Li mpu 3¢hdeKTHBHBIX
HepeJanueIX 3-uMiryibcax ¢ = 1,250;1,375;1,500 u 1,625 ¢dm~!. Jannble mo IpogoIbHON (DyHKIME OT-
KJIMKA WCIIOJIb30BAHBI JIJIsI OIPE/IeIeHNs] 3HAYEHUN KYJIOHOBCKON cyMMbl. /lJist aHam3a 9Tux JaHHBIX ObLIN
IpIMEHeHbI 3HAUeHNsT KyJIOHOBCKON cyMMEI °Li, mostyuenubre Hamu panHee. KyTOHOBCKIE CyMMBI H30TOIOB
JINTUSI CPABHUBAJINCH C U3BECTHBIMU 3HAYEHUSIMU ITON BEJUIUHBI JIPYTUX SIIED.

KYJIOHIBCBKI CYMMU APA “Li ITPU
NNEPEJAHHUX 3-IMIIVJIbCAX ¢ = 1,250 — 1,625 pm !

O.K0. Byxu, M.I. Illeguenxo, I.C. Timuenxo

B poboTi oTpEMaHO eKcIepuMeHTa bHI ByHKI Biaryky aapa 'Li mpu edpdeKTHBHUX IepejaHHHX 3-
inmyapcax ¢ = 1,250;1,375;1,500 ta 1,625 oy L. Ipomonsmi ¢yHKNil BiAryKy Gyim BHKOpHCTaHi s
o0YnCcIeHHs 3HAYEHb KYJOHIBCHKOI cymu. [yt aHammsy Iux JaHuX 3aJlydeHi 3HAYEHHS KYJIOHIBCHKUX CYM
spa SLi, sxi 6ymu orpuMani namu pamimte. Kysoniseski cymu i3oronis surito 6yam mopisHsHI 3 BimomMuyu
3HAYEHHSIMU ITi€T BEJIMUUHU 1HITUX SIJIEP.
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