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The new experimental Coulomb sums values of °Li and 'Li nuclei have been obtained at momentum transfers range
¢=0.750 +1.000 fm™ and ¢ = 0.750 + 1.125 fm’", respectively, extending significantly the earlier reported momentum transfers
range of Coulomb sums for these nuclei. The dependence of the °Li and "Li Coulomb sums on the momentum transferred is shown to
differ substantially from same dependences for all the other investigated nuclei. It is suggested that the observed feature of the °Li
and 'Li Coulomb sums is related to a strong clusterization of these nuclei. The parameter gp corresponding to the value of the
momentum transferred, at which the Coulomb sum ceases to grow and remains constant for larger momentum transfers, is
introduced. The values of the parameter g, for the lithium isotopes nuclei were obtained (qp(7Li) =1.20+0.10fm™ and qp(7Li) =135
+0.10 fm™), which are much lower than qp of *He, '*C, **Ca, **Ca and *°Fe nuclei (gp=2 fm™"). The graph represented the gp values
of the nuclei as a function of the isolation parameter x, which characterizing the degree of nuclear clusterization, is constructed. The
obtained graph shows the explicit proportionality of the g, dependence from the parameter x and predicts the g, value for the
Coulomb sum of the *Be nucleus not yet measured.

KEY WORDS: Coulomb sum, lithium isotopes, light and medium nuclei, nuclear clusterization, cluster isolation parameter x

MPOSB KJIACTEPIBALII SIIEP B KYJOHIBCHbKHUX CYMAX
0.10. Byku, 1.C. Timuenko
Hayionanvuuii Hayxoeuii Llenmp «Xapxiecokuti ¢oizuxo-mexuiuHuil iHcmumymy»
eyn. Akademiuna, 1, m. Xapxis, 61108, Ykpaina

OTPUMaHO HOBi EKCIICPHMEHTANbHI 3HAYEHHS KYNOHIBCHKHX cyM smep °Li Ta 'Li B miamasoHi mMepesaHMX iMIyJbciB
¢=0,750+ 1,000 ¢m™' ta ¢ = 0,750 + 1,125 ™', BiAmOBiAHO, 5IKi CYTTEBO POSLIMPIOIOTE JiaNa3oH 10 ¢ paHilre omyGIiKOBAHHX
KYJIOHIBCBKUX CyM IuX szep. [lokazaHO, IO 3aJIeXKHICTh KYJIOHIBCHKAX CyM BiJl IEPEIaHOro IMITYJIbCY i30TOMIB JITIFO iCTOTHO
BIZIPI3HSAIOTHCS BiJ TAKUX K€ 3aJIEKHOCTEH JUIS BCiX IHIINX sifep. BHCIOBIEHO NMpHIyIIEeHHS PO Te, IO BHABIEHAa OCOONMBICTH
KyJoHiBChKHX cyM saep °Li Ta 'Li moB's3aHa 3 CHIBHO KiacTepialiero mux ajaep. BeeeHo napamerp qp, IO BiINIOBiIa€ 3HAYEHHIO
NIepeJaHOTO0 IMITYJIBCY, HPH SKOMY KYJIOHIBCbKAa CyMa IIEPECTaE POCTH, 1 3aJIMIIAETHCS HE3MIHHOIO NpH Oi'MBbIIMX HepenaHux
imMmynbcax. OTpUMaHO 3HAYEHHS MAPaMEeTPy ¢, VIS AAEP i30TOMIB JIiTiI0 (qp(7Li) =1,20£0,10 fm™ Ta qp((’Li) =1,35%0,10 fm™), sxi
3HAYHO HIDKYi, HDK ¢, IS Aep *He, '*C, *°Ca, **Ca 1a *°Fe (gp =2 fm™). ITo6ynoBaso rpadik, Ha SKOMY 3HAUECHHS qp HU3KH S1€p
HaBeZleHI AK (QYHKIS IapaMeTpy BiOCOOJICHOCTI X, IO XapaKTepu3ye CTyMiHb iX kimacrepizamii. Lleil rpadik mokasye sBHY
HPOHOPUiHHICT MiXK BETHYHHOIO g, Ta TAPAMETPOM X Tepedadac 3HaUEHHs g, JUIs 1€ He BUMIPAHOI KylOHIBCHKOT cymu s1pa Be.
KJIFOUYOBI CJIOBA: kynoHiBcbKa cyMa, i30TOIH JIiTi0, JIETKI Ta Cepe/IHi siapa, KiacTepisallis sapa, IapaMeTp BiocobIeHOCTi X

MPOSABJIEHUE KJIIACTEPU3ALNU AJEP B KYJIOHOBCKUX CYMMAX
A.1O. Byku, U.C. Tumuyenko
Hayuonanvuvii Hayuneiii Llenmp "Xapvrosckuil pusuxo-mexnuueckutl uncmumym’
ya. Axademuueckas, 1, . Xapvkos, 61108, Ykpauna

Iomydensl HOBBIE SKCIEPUMEHTATbHBIE 3HAYCHHS KyTOHOBCKHX CyMM sgep 'Li u 'Li B JMamas’oHe NEepeAHHBIX HMITYIbCOB
¢=0,750 = 1,000 fm™ u ¢ = 0,750 + 1,125 fm™", coOTBETCTBEHHO, KOTOPBIE CYIICCTBEHHO PACIIMPSIOT IHATA30H 10 ¢ paHee
OITy OJINKOBAHHBIX KYJIOHOBCKHX CyMM JTHX sijiep. [lokazaHo, 4To 3aBHCHMOCTD KYJIOHOBCKHX CyMM OT IIepeJaHHOTO UMITyJIbCa sAep
Li u "Li cylecTBeHHO OTIMYAETCA OT TAKMX 3aBHCHMOCTEH UIA BCeX APYrHX sjep. BBICKAa3aHO NpEIIONOXKEHHe O TOM, YTO
0OHApYKEHHAs 0COBEHHOCTH KYIOHOBCKHX CyMM sutep °Li 1 'Li cBsi3aHa ¢ CHIbHOI KiacTepusaleii STuX suep. Beeaén mapamerp
qp, COOTBETCTBYIONIMH 3HAYEHMIO MEPEJAHHOTO HMITYNIbCa, MPHU KOTOPOM KYJNOHOBCKAs CyMMa MepecTaéT pacTd M OCTaércs
HOCTOSIHHOM MK GOJBIINX NEpelaHHbIX UMITYJIbcax. [ToTyueHs! 3HaueHus TapaMeTpa g, I SAep U30TOMOB IMTHUS (qp(7Li) =120+
0,10 fm™ u qp(C'Li) =1,35+0,10 fm™"), KOTOpbIE 3HAUNTETLHO HIXKE, HYeM gp A1Ep *He, '*C, “Ca, *8Ca u *°Fe (gp=2 fm™). Ioctpoen
rpa¢uk, Ha KOTOPOM 3HA4YEHHS ¢, pAAa sAjaep NpeacTaBieHbl Kak (QyHKIHA mapameTpa 0060COOIEHHOCTH X XapaKTepH3YIOIIero
CTENEHM MX KJIAaCTEPU3alUU. DTOT rpadMK MOKa3bIBAET ABHYIO PONOPIMOHAILHOCTh BEJIUYMHBI ¢, OT HAPAMETPA X M MPECKA3bIBACT
3HAYEHHE ¢, IV €€ HE M3MEPEHHOM KyJIOHOBCKOH CyMMBI Spa °Be.
KJIFOYEBBIE CJIOBA: KylnOHOBCKas CyMMa, W30TONBI JIMTHS, JIETKHE W CpeNHHE SApa, KIacTepu3auus sapa, IapaMeTp
000CO0TIEHHOCTH X

s

In the double-differential cross-section for electron scattering by the nucleus, (d°c/dQdw), the contributions from
the electron-nucleus interaction may be separated by means of longitudinal and transverse components of the
electromagnetic field. Accordingly, these contributions are called the longitudinal and transverse response functions
Ri(q,) and R1(g,®), respectively. According to [1], the double-differential cross-section is related to the response
functions by the equation
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where ®, ¢, O = (¢° - ®*)"* are, respectively, the energy, 3-momentum, 4-momentum transferred to the nucleus by the

incident electron of initial energy E, and scattered by the angle 0; om(Eo,0) = e*cos® (0/2)/[4 Ey* sin*(6/2)] is the Mott
cross-section; e is the electron charge.

In the treatment of the experimental data, one must take into account the influence of the nuclear electrostatic field
on the incident electron. For this purpose, the correction AE, is introduced into the definition of the 3-momentum
transfer g = {4 (E, + AE,) [(Ey + AE,) — 0] sin’(6/2) + »”}""%. The correction AE, is given by k(3/2) Ze*/R, where R is the
radius of the equivalent homogeneous distribution. According to [2], for electrons scattered by light nuclei to the
continuum region the coefficient & is equal to 0.8.

The experimental data on the longitudinal functions R;(¢,®) are generally represented as Coulomb sum

Ry (g,
S, (q)= J‘L@)zd(ﬂ’ )

~ N o (2N N ( A2\ P oy S
where [GE (Q )J =7Zn [GE (Q )J +?[GE (Q )J . Here, ®,;, being the lower limit of integral (2), corresponds

to the energy transfer of the elastic electron scattering peak, and the superscript “+” excludes the contribution of this
peak to the integral; N and Z denote the number of neutrons and protons in the nucleus, respectively; 7 =
[1+0%/(4M?)] x [1+0*/(2M*)]™" is the correction for the relativistic effect of nucleon motion in the nucleus; M is the

proton mass; G£ and G are the charge form factors of the proton and the neutron, respectively.

For all the nuclei studied, the behavior of Sy (¢) with variations in the momentum transfer is similar in its character.
With an increase in g, the S;(g) increases until at a certain momentum transfer value denoted as g, the SL(q) takes on
constant values forming the function S (¢g) plateau. For almost all preV1ously studied nuclei we have g, = 2 fm™. By way
of illustration, Fig. 1 shows the experimental S; (¢) values for the *He nucleus [3, 4, 5].

The authors of papers [6,7] have determined S;(¢) values for the °Li nucleus, and have found that the behavior of
the function differs from the usual one (Fig. 1). It can be seen that the S;(q) functlon reaches the plateau at g, ~ 1.4 fm™',
this being much earher in ¢ than in the case with *He and other nuclei. In the "Li case, in the measurement range g =
1.250 + 1.625 fm™ [8], the function S;(g) is constant within the experimental error and is equal to unity. It means that if
the Si(g) value is lower at certain momentum transfers, then it will reach the plateau range at g, < 1.3 fm™'. Thus, the
data of [8] do not specify g, for the "Li nucleus, but restrict the upper value of this quantity. The authors of works [7, 8]
have put forward the hypothesis that a comparatively low g, value in the ®’Li case may be due to the Coulomb sum
manifestation of clusterization peculiar to the nuclei under discussion.

However, on a more rigorous approach to the problem of relationship between the g, value and nuclear

clusterization it should be noted that this hypothesis is

actually based only on the experimental qg value of the
1.25 - S, (9) SLi nucleus. As regards the 9 value of 'Li, from the
data of [8] it follows that it is not higher than that of
1.00 L {,Jf X % °Li, and it is not improbable that it may be substantially
¥ i i } lower. The last version would be in contrast with the
B é # proposed hypothesis, because if the g, value is related
0.75 s to the clusterization (and the nuclei °Li and 'Li are
% i close in the degree of clusterization), then the g, values
0.50 | . of these nuclei should also be little different from each

e other.
% : The aim of the present article is checking the
S hypothesis for the relationship between the nuclear
clusterization and the momentum transfer value g, . For
PRRPRRIRSS S R S S PSSR thepurposeltlsnecessary a) to determine the g, value

0.0 0.5 1.0 1.5 ) 2.0 2.5 3.0

for the 'Li nucleus b) to define more exactly the g,

value for the °Li nucleus; c) to obtain the g, values for
Fig. 1. Coulomb sums of “He and ®Li nuclei. Full circles - the previously investigated nuclei.

“He [3, 4. 5], diamonds — °Li [6], full asterisks — °Li [7].

g. fm’
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THE EXPERIMENT AND TREATMENT OF THE MEASURED DATA
The measurements, from which the present S;(q) values were determined, were carried out at the experimental
facility SP-95 with the use of the electron beam from the NSC KIPT electron linear accelerator LUE-300. The electron
beam of monochromaticity between 0.4% and 0.6%, and of energies ranging from 104 to 259 MeV, was incident on the
SLi (or 'Li) target, the isotopic enrichment of which in the nuclide of interest was determined to be 90.5% (or 93.8%),

1.25 1.25
5,(9) '5,(9) 1]
1.00 |- } % 1.00 |
T ril
1
| : | ;
0.75 - o 075 | L
| g .
0.50 | 0.50 F *
0.25 0.25 -
N B R B I B N B
0.0 0.5 1.0 1 1.5 2.0 0.0 0.5 .o, 15 2.0
q, fm’ g, fm
Fig. 2. Coulomb sum of "Li. Full squares — "Li [8]; Fig. 3. Coulomb sum of °Li. Full circles— °Li [7];
open squares - 'Li (present data). open circles - °Li (present data).

respectively. The measurements were performed at electron scattering angles from 34.2° up to 160°. For momentum
analysis of scattered electrons we have used the spectrometer that had the second-order double focusing in vertical and
horizontal planes [9]. Electrons in the focal plane of the spectrometer were registered by the 8-channel scintillation
Cherenkov counter [10]. The description of the facility has been given in several publications [7,8,11,12].

The experiment was designed so that the response functions at several constant 3-momentum transfer values with
¢ ranging from 0.750 to 1.625 fm™, and also, the Coulomb sums corresponding to these functions, could be obtained
from the measurements. It should be mentioned that the most complicated and labor-consuming stage in these
experiments is the processing of the measurement results for yielding the response functions and the Coulomb sums.
Taking into account the long duration of the processing, the work was planned so as to obtain first the data measured at
the highest ¢ values, and then to process the data corresponding to lower momentum transfers. One of the advantages of
this approach was the point that if the processing of a part of the experimental data yielded the physical data of prime
interest, they could be discussed and submitted for publication at once, without waiting for the final processing of the
whole body of initial measured data.

At the previous stage of measured data processing, we have obtained in this way four S;(¢) values for 'Li at ¢ =
1.250 ... 1.625 fm™ [8], and five S (¢) values for °Li at ¢ = 1.125 ... 1.625 fm™ [7].

By the present time, in addition to the above-given values, we have obtained S;(¢) values for "Li at ¢ = 0.750 ...
1.125 fm™ (Fig. 2), and preliminary S (¢) values for °Li at ¢ = 0.750 ... 1.000 fm™ (Fig. 3).

NUCLEAR CLUSTERIZATION AND THE COULOMB SUM

To analyze the relationship between the momentum transfer g, and the nuclear clusterization, the g, value
determination must be formalized using a certain simple procedure, which will be applied to the experimental Sy (g)
values of the nuclei under consideration. We define g, as the momentum transfer that corresponds to the point of
intersection of two straight lines, one of which (horizontal) approximates the Si(g) values on the plateau of Si(g) as a
function of ¢, and the other line approximates the Si(¢) values before reaching the plateau formation, starting from S =
2/3xS8p, where Si , is the Si(g) value on the plateau. The given definition of the momentum transfer g, is exemplified
by the Si(¢) for the *He nucleus (Fig. 4).
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Fig. 4. Coulomb sum of *He. Full circles — *He
[3,4,5]; horizontal and inclined lines — data fitting; the
intersection of the lines determines the g, value.
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Fig. 6. Momentum transfer ¢, versus the isolation
parameter x for different nuclei. The straight line represents the
data fitting by the linear dependence.

Fig. 5. Momentum transfers g, for different nuclei
with atomic mass A.

We apply this definition of ¢, to all the nuclei
having the atomic mass 4 > 4, for which a sufficient
amount of experimental S;(¢g) data is available known.
These are the data of the present work and of our
previous works on the nuclei ®’Li [6, 7, 8], *He [3] and
2C [13]. Besides, from [5], we have used the
experimental Sy (g) data obtained at the Saclay and Bates
Laboratories for *He, '>C, *Ca, 48Ca, Fe. The
momentum transfers g, derived from these data are
shown in Fig. 5. It can be seen that the g, values of the
nuclei “He, *°Ca, **Ca, *Fe are grouped at g, =
(1.9...2.1) fm™, and in the case of °Li and 'Li — at qp =
(1.20...1.35) fm™. For the '>C nucleus we have qp =
1.65 fm™. The momentum g, grouping of the nuclei,
observed in Fig. 5, corresponds to their distribution over
the isolation parameter x'. The first-group nuclei are not
clusterized, whereas the second-group nuclei are
strongly clusterized. For example, for the °Li nucleus,
the parameter x varies between 0.3 and 0.4 [6,14,15],
while for 'Li we have x = 0.5 [14]. With this approach,
we arrive at understanding of the intermediate value
(between the two groups) g, = 1.65 fm! of the "*C
nucleus, which is clusterized substantially less than the
nuclei of the lithium isotopes. For the '*C nucleus, the
parameter x ranges from 0.7 to 0.8 [14].

Let us consider the momentum g, as a function of
the parameter x. For this purpose we put the isolation
parameter of the nuclei *He, “’Ca, **Ca, *°Fe to be equal
to 1.0. As is obvious from Fig. 6, the x dependence of g,
is close to linear, this being in agreement with the result

" The isolation parameter of the nuclear cluster “x” defines the degree to which the clusters are formed within the nucleus [14]. The x
value varies from x = 1 (shell model, e.g., *He) to x = 0 (limiting case of the nuclear clusterization model).
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of fitting the straight line to all the data with the least y;* value. Note that the observed dependence displays a high
sensitivity of g, to the x value. After refinement of qp(x)Z/ , this feature of the function considered might be used for
determination of x from the g, value. However, because of the laborious procedure of obtaining experimental Coulomb
sums, this method would be hardly applicable in practice.

RESULTS AND CONCLUSIONS

The results of the present work can be summarized as follows.

A. Experimental S (¢) values of the nuclei °Li and 'Li have been obtained at momentum transfers ¢ = 0.750 ...
1.000 fm™ and ¢ = 0.750 ... 1.125 fm™, respectively. This has essentially extended the range of the measured
S1.(g) towards ¢ values lower than those investigated in [7, 8].

B. Using the Si(g) data of the present work and of works [6-8], the momentum transfer ¢, has been determined
for the "Li nucleus (g, = 1.20 + 0.10 fm™), and has been redetermined more exactly for the SLi nucleus (gp =
1.35+0.10 fm™). The analysis of the available literature data on the Coulomb sums for “He, 2C, *Ca, *Ca
and *°Fe has yielded the gy values for the mentioned nuclei (Fig. 5).

C. The momentum transfers g, of nuclear lithium isotopes have been found to be much lower than those in the
case of other nuclei.

The comparison of the present experimental data with the data obtained elsewhere for a number of nuclei has

demonstrated the validity of the hypothesis as to the effect of nuclear clusterization on the Coulomb sum of the nucleus.

The effect manifests itself in the observable proportionality of the momentum transfer g, to the isolation parameter

x, which characterizes the degree of nuclear clusterization. The hypothesis under discussion is also supported by the
Coulomb sum measurement data for the *Be nucleus at ¢ = 0.8 ... 1.7 fm™, from which the momentum g, of this
nucleus can be derived. Since the parameter x = 0.6 [14], related to the *Be nucleus, lies between the x values of the
nuclei of lithium isotopes and the ones of '*C, then, according to the proposed hypothesis, its momentum transfer qp
should also lie between the g, values of the mentioned nuclei, i.e., in the range from 1.3 fm™” to 1.6 fm™.
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