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The giant resonances in °Li nucleus were investigated basing on the electro-nuclear experimental data and by means

of the bin multipole analysis. As a result the Coulomb excitation and the multipolarities of transitions in °Li at
excitation energies € = 4.31; 5.65; 15.80; 17.98 MeV and for sum of resonances at € = 24.78, 24.89, 26.60 MeV were
determined. Furthermore new resonance of the nucleus at ¢ = 10.3+ 0.4 MeV and with multipolarity A = 0 or 2 was

discovered.

PACS: 25.30.Fj, 27.20.4n, 24.30.Cz

1. INTRODUCTION

The giant resonances (GR) in nuclei were actively
investigated both by means inelastic electron scatter-
ing and using other probe particles. However, when
the results of the investigations for A > 90 nuclei has
systematical character, in the case of light nuclei the
giant resonances experimental data are scarce (see,
for instance, reviews [1, 2]). It’s necessary to say,
that the interpretation of GR as the collective exci-
tation of nucleus becomes conditional in the case of
light nuclei. Though, the usage of this term for light
nuclei are proved to be correct, because above the nu-
cleon threshold the excited levels of these nuclei have
the energy width of order 1 MeV or more, as well as
GR in the case of A > 90 nuclei.

As for nuclei close to the lightest, the investiga-
tions of excited states of these nuclei at energies above
the nucleon or cluster threshold are of particular in-
terest from the point of view of the astrophysical
problems (the nucleosynthesis inside the stars) and
for the theory of the controlled thermonuclear fusion.
6Li nucleus is one of such nuclei.

According to paper [3], the excited levels
of SLi nucleus are placed at excitation energies
€=2.0...6.0MeV and form 18.0...27.0 MeV. In
modern database [4] GR at ¢ =15.80 MeV and at
£=21.5, 23.0 MeV are present in the table of SLi nu-
cleus ”adopted levels”. However, in the author’s [4]
opinion, the information about these levels is not re-
liable. It’s necessary to say, that in the inelastic elec-
tron scattering experiment the 6Li nucleus levels were
investigated up to excitation energy ¢ = 5.5 MeV
only. And the excitation nature (magnetic, transver-
sal electric or Coulomb transitions) and the transi-
tion multipolarities (\) are only known for first four

excited levels of °Li nucleus [3, 4, 5].

The aim of the present paper is the investigation
of GR. properties of SLi nucleus in wide excitation
energies region basing on the electron scattering ex-
periment.

2. EXPERIMENT AND DATA
PROCESSING

The experimental spectra of inelastically scat-
tered by SLi electrons were obtained at the linear ac-
celerator LUE-300 of NSC KIPT. The investigation
of the quasi-elastic scattering (QES) of electrons was
the primary goal of these measurements. Therefore
the energy resolution of the equipment was chosen
1.4% for increasing of the count-rate statistic. The
chemical purity of the lithium target was better than
99.9%, and the isotope composition was 5Li - 90.5%
and “Li - 9.5%. The details of the equipment and the
experiment can be found elsewhere [7, 8].

Five spectra of scattered electrons were used
for the investigation of GR in °Li at initial en-
ergy Ey = 259.0 MeV and scattering angle
6 = 34° 10, 40°30’, 47° 00, 53°20', 60° 30'.

Each measured spectrum have been corrected for
the radiative effects according to formulas of the work
[9]. At the same time we measured 5Li(e, ¢’)-spectra
and elastic electron scattering by 12C nuclei. These
data and precise data of elastic electron scattering by
12C nuclei from work [10] were used for the normal-
ization procedure of measured spectra SLi(e, /). As
a result the scattered electron spectra were obtained
in the excitation energies region ¢ = 3...38 MeV.

For the further analysis the spectra were divided
into successive bins of equal excitation energy inter-
vals and averaged. They were 0.5 MeV in the range
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e=23...18 MeV and 1.0 MeV at e = 18...38 MeV.
Then the double—differenti%l cross-sections of in-
elastic electron scattering (ng—gE)mel were used for
calculation of differential form factors:
d?o

Fli(q,e) = (m)inel/UMott . (1)

Here o0t is the electron scattering cross-section by
point nucleus with nuclear charge Z.

B Zfe2 2. cos?(6/2) 1
TMott = (2E0> sin(6/2) n’ @)

where (3) are determined by least-square fitting and
correspond to transitions of multipolarity A.

The highest multipole term in the sum (4) was
A = 3, as the multipolarities A > 3 give small
contribution to the form factor in the region under
study ¢ = 0.75...1.30 fm~!'. The example of the
bin multipole analysis of differential form factor for
g; = 18 MeV is shown in Fig.3.

As a result of the approximation of experimental
values of F'%, (g, €) by expression (4) we obtained the
dependences $xy=1,2,3(¢) in the range ¢ = 3... 38 MeV

where e is the electron charge, n = 1 + 2Eysin? (0/2)/M(Fig-4)- Then these (x-dependences were analysed

is the kinematical correction, M is the nucleus mass.
The effective 3-momentum transferred to nucleus is
written as

0
q=[4~E0-(Eo—w)-sin2§+w2]1/2-§,

where w is the transferred to nucleus energy, £ takes
into account the distortion of the electron wave by the
electrostatic field of nucleus. Note that the formula
shown here is from ref.[11]

and < 72 >1/2 is the root mean square radius.
The obtained differential form factors of °Li nu-
cleus are shown in Fig.1.

3. DIFFERENTIAL FORM FACTOR
ANALYSIS

The obtained differential form factors of SLi nu-
cleus contain the information both about excited lev-
els and QES of electrons by nucleon of nucleus. In
the case of levels characteristics study the QES con-
tinuum is background. One of the correct methods
of taking into account of this background is the bin
multipole analysis, modernized in the work [6]. This
approach is used by us for data analysis.

Within Helm framework the squared form factor
F3(q) for Coulomb transition with multipolarity A is

F{(q) = jx(qR) - exp(—q*g?), (3)

where jx(qR) is Bessel spherical function of order A,
and model parameters R and g correspond to nucleus
under study.

The only Coulomb transition in °Li nucleus, for
which form factor was measured, is the excited level
at e = 2.18 MeV and A = 2. To obtain the R and g
values the approximation of this °Li excited level data
from [12, 13] by expression (3) was made. The derived
parameters are R = 0.43 fm~! and g = 1.35 fm™!,
and the fitting result is shown in Fig.2.

Then differential form factors Fj; (g, ;) for each
bin corresponding to the same excitation energy ¢; is
assumed to be the sum

3
A=1

by Gaussian sum fitting. Let us consider in detail
the Bx-dependences analysis.

There are two well-visible picks at ¢ = 4.5 MeV
and € = 18.8 MeV in the [;-dependence. They were
fitted by Gaussians with all free parameters. Notice,
the experimental energy resolution was taken into
consideration in the width parameter, as here and be-
low. The obtained at ¢ = 18.8 + 0.8 MeV pick corre-
sponds with the known level at ¢ = 17.98 M eV within
the limits of experimental errors (see the schema of
SLi nucleus levels from [4] in the left part of table).

There aren’t Coulomb transitions with multipo-
larities A = 1 near the excitation energy 4.5 MeV,
and magnetic transitions are suppressed under our
experimental conditions. Hence, it may be assumed,
that the obtained at ¢ = 4.5 MeV pick can be ex-
plained by electrons QES on a-cluster of 5Li (in this
excitation energy region the same process was ob-
served in works [12, 14]).
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Fig.1. The differential form factors of SLi
nucleus obtained for initial energy of electrons
Ey =259.0 MeV
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Fig.2. The form factor of % Li nucleus excited state
at e = 2.18 MeV and A = 2. The data of work [12]
are shown as full circles, and data of [13] are open
circles. The solid line shows the fitting result by
expression (3) of these data
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Fig.3. The bin multipole analysis of differential
form factor fore; = 18 MeV. The experimental data
are shown by points, the contributions of particular
multipolarities are dashed lines, their sum is solid
line, the confidence intervals of each multipolarities
A are shaded areas

The most rich structure is in the [y—o—
dependence. To analyse this dependence we
fix the energy position of Gaussian maxima
at: e=4.31MeV (well known C2 transition);

30

€ = 5.65, 15.80 MeV (levels for which C2 transitions
are possible). The height was the only fitting parame-
ter in each Gaussian function, while values of energy
position and width are taken according to [4].

To describe the dependence [3(g) in the range
€= 25...40 MeV Gaussian function with all free pa-
rameters was used. This peak gives us energy depen-
dence of the electron QES by nucleons of nucleus as
in works [6, 15] in the same energy region.

Such sum of Gaussian functions can’t describe
data near ¢ = 10 MeV . Therefore one more Gaussian
with all free parameters was added to sum used for
approximation of energy dependence (2(¢).

To analyse dependence [3(g) three Gaussians
with all free parameters are sufficient. The maxi-
mum at € = 8.3 MeV reflects the electron QES by a-
cluster as maximum at € = 4.5 MeV in dependence
B1(e). Maximum at ¢ = 33.8 MeV can be consid-
ered as electron QES by nucleons of nucleus. Near
excitation energy € = 24.9 M eV three levels with the
possible A = 3 multipolarity of Coulomb transitions
are: at ¢ = 24.78; 24.89 and 26.60 MeV and with
energy width I' = 5...9 MeV. Therefore obtained at
these excitation energy maximum can be one of them
or their sum.

There are results of our analysis of (i 2 3(¢)-
dependences in table.

4.5 18.8

! T

10 15 20 25 30 35 40

3x10*

2x10*

1x10*

Fig.4. The ¢ dependence of adjustable parameters
B for X =1, 2 and 3. The experimental data are
shown by points, the contributions of particular
picks are dashed lines, their sums are solid lines



4. CONCLUSION

The excitation energy range above 5.5 MeV
wasn’t investigated earlier in (e, e’)—experiment.
The multipolarities and transition types of °Li lev-
els at ¢ = 15.80,17.98 MeV were determined in this
energy range (see table). The multipolarity of level
at € = 5.65 MeV can be A = 0 or 2 (though we ob-
serve this maximum in the energy dependence fs(¢),
but we can’t unambiguously identify its multipolar-
ity. This is the weakness of the (e, ¢/)—experiment
method.) The maximum at ¢ = 24.9 MeV repre-
sents transition with A = 3 to one of the levels

e =24.78, 24.89, 26.60 M eV or is their sum.

The maximum at ¢ = 10.3 £ 0.4 MeV was ob-
served and its statistical error is 18%. We interpret
this pick as excited state in °Li nucleus with tran-
sition multipolarity A = 0 or 2 (ambiguity of mul-
tipolarity determination as in the case of level at
e =5.65 MeV).

Reasoning from our experimental conditions the
observed levels has Coulomb nature of excitation.

In future the investigation of GR of 5Li nucleus
will be carried out basing on spectra measured in
wider range of scattering angles.

Levels of nucleus 5Li

€, r, = Possible Observed Observed in present work

MeV | MeV M\ [ErpA| M | FE e,MeV [ T,MeV | ELA [0S %

3.56 | 8E-6 | 0T 1 1

4.31 1.3 2t 1,3 2 27 4.3 1.3 2 9

537 | 054 [ 27| 1,3 2 1

5.65 1.5 | 17 1 0,2 5.6 1.5 0, 2 18
10.3+ 0.4 | <1.0 | 0,2 18

15.80 | 17.8 | 3* 3 2,4 15.80 17.8 2 7

1798 | 3.0 | 2~ 2 1,3 18.8+0.8 3.0 1 43

21.5 0~ 1

23.0 12.0 | 47 3,5 4

2478 | 6.8 |37 | 2,4 3

24.89 | 53 | 4~ 4 3,5 24.94+1.0 6 3 29

26.60 | 87 | 2™ 2 1,3

The spin and parity of the ®Li nucleus ground state are J™ = 1. The possible multipolarities ()

and transition types (M — magnetic and Er,, — electricals transverse or longitudinal) are determined

from spins and parities of ground and excit ed states of the nucleus. The levels positioned above

€ = 5.5 MeV weren’t earlier investigated in (e, e')-experiment. In the present work first determined

the characteristics are printed in bold type. The 0S is the relative error of picks square in the

energy dependences (i (g).
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VICCJIEJOBAHUE TUTAHTCKUX PESOHAHCOB SI/IPA °Li B
JINATIA30OHE IIEPEJAHHBIX UMIIVJIBCOB ¢ = 0,75 — 1,30 v
C IIOMOIIbBIO ITOJIOCKOBOTO MVJIBTUIIOJIHLHOTO AHAJIN3A

n.c. Tumuwenxo, A.FO. Byxu

Ucnonp3yst maHHbIe 9JIEKTPOSIEPHOrO IKCIEPUMEHTA U MPUMEHSIA METOIUKY TOJOCKOBOTO MYJIBTUIIONb-
HOT'O aHAJIN3a, ObLIM NCC/IEI0BAHBI THTAHTCKIE Pe30HaHCH spa Li. B pesyabrare ompeiesenn! KyJIOHOBCKASA
IPHUPOJIA U MYJILTHIIOIBEHOCTH IIEPexoIoB B sype SLi npu sHeprusx Bo3byxaenns € = 4.31; 5.65; 15.80; 17.98
M5B u gy cymmbr pesonancoB npu € = 24.78, 24.89,26.60 M»sB. Kpowme Toro, 6611 00HApYKEeH HOBBIN ypo-
Benb 1pu € = 10.3 £ 0.4 MsB ¢ myaprunonsnocrsio A = 0 min 2.

JTOCJIII?KEHHS TITAHTCHKNX PE3OHAHCIB S/IPA °Li B
JTIATIA30HI IIEPEJAHUX IMITVJIBCIB ¢ = 0,75 — 1,30 dm~!
3A JJOIIOMOTOIO IIOJIOCKOBOT'O MYJIBTUIIOJIbLHOTO AHAJII3Y

I.C. Timuenro, O.FO. Byxu

B pob6orti, BukoprucToBy09n JaHi €JIeKTPOSIEPHOrO €KCIIEPUMEHTY Ta 33 JOIIOMOTOI0 TOJI0OCKOBOTO MYJILTH-
HOJIBHOTO aHAJI3Y, IIPOBEIEHO JOCIiI7KeHHs TiraHTChKUX pe3oHaHciB sapa SLi. Ak pesynprar 3maiimeHo Ky-
JIOHIBCHbKY HPHPOJLY Ta MyJIbTUIOILHOCTI mepexois B aapi CLi, mo posramosani mpu eHeprisx 36y1xKeHHs
€ = 4.31; 5.65; 15.80; 17.98 MeB ra mjist cymu pesonancis npu € = 24.78, 24.89, 26.60 MeB. Kpim Toro, 6ysio
BustBjIeHO HOBHi piBers mpu € = 10.3 + 0.4 MeB 3 mysnbrunossaictio A = 0 abo 2.
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