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THE NUCLEUS EXCITATION BY ELECTRON INELASTIC SCATTERING
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It is supposed to describe the dipole resonance with the help of the shell model, and the quadrupole resonance — with the help of the
dynamic collective theory with the aim of the explanation of the simultaneous appearance of the giant dipole and quadrupole resonance in
nuclei at the inelastic electron scattering in experiment. Moreover, Tassi model is used for the oscillation of the surface of nucleus shell. The
matrix element of transition of excited nucleus is calculated in distorted-wave approximation. The form-factors of dipole and quadrupole
excitations had been calculated for °°Ni nucleus. The GDR and GQR energies and also deformation parameters at the proton and neutron

transition in nucleus are defined.

The inelastic electron scattering on the nuclei at the
different energies allows us to study comprehensively
angular, energetic, mass and other distribution of particles-
products, energy of final nucleus and canals of its decay. The
carried out analysis of these large body of data allows to
achieve the real information about nucleus construction.

In experimental works on the inelastic electron scattering
on the nuclei it is established, that the prominently expressed
maximums, which are called as giant dipole, quadrupole and
monopole resonances are observed in energetic and angular
dependencies of the cross-section of this process. Also
resonances of more high multipolarities are observed in some
nuclei [1].

The explanations of experiment data on the excitation
mainly of giant resonances were carried out in frameworks of
half-classis hydrodynamic and shell nuclear models. The join
development of both approaches allows us to describe not
only formation processes of giant multipole resonances at
inelastic electron scattering on nuclei, but the canals of the
decay of giant resonances in reactions with the emanation of
different particles.

After the appearance of giant resonances, the nucleus is
in the strongly excitated state, i.e. the nucleus heats. At the
taking away of the introduced excitation in evaporation form,
the nucleus emanates the separate nucleons and their |
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combinations. The nucleus with most probability emanates
the one nucleon, the nucleus with low probability emanates
two and more number nucleons and moreover, the process of
nucleus cooling is carried out.

The cross-sections of giant dipole and quadrupole
resonances for light and average nuclei are achieved by the
sum of emanated neutrons and protons.

The ratio of cross-sections of reactions with nucleon
emanations depends on structure of giant dipole resonance
(GDR) and giant quadrupole resonance (GQR), i.e. on width,
energetic state and resonance amplitude.

Thus, we can conclude, that detail definition of main
parameters of GDR and GQR (state, value and form) for
different nuclei allows us to do the right choice about decay
production of final nucleus.

That’s why we use the theory of distorted-wave high-
energetic approximation (DHEA), developed in [2] for the
inelastic electron scattering on nuclei with the aim of the
exact calculation of amplitude of process of inelastic electron
scattering on nuclei. The workings out this theory for real
type of charge densities show, that this theory works to a high
accuracy [3].

For the study of giant resonances the transition matrix
element is written in following form [2]:
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For the calculation of (1) the nucleus will be considered
as the system, consisting on the nucleon and core. Moreover,
nucleon transition on the one from high-excitated states will
reveal the effective electric charge, taking under the
consideration the relative movement of nucleon with mass
my, charge (1-7;)/2 and radius-vector X; and the core with
mass My (A-1), charge Z-(1-7,)/2 and radius-vector X, where
radius is vector of the inertion center of nucleus is expressed
as Ro={X, +me(A—l)}/ A.

Further, expressed in (1) the coordinates of particles
through relative coordinate of particle-shell, we have the

possibility to write the transition matrix element in the form
of sum of matrix element of single-particle transition
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and transition matrix element of nucleus core -
T = —47e” < f U D(x")p,., (x")ﬁiqxndx"‘i >
4)

! —_
Where X'=gX, X =&X, here X=X, X, defines
the relative state of nucleon and core
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-effective charge of nucleon,
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- effective electric charge of nucleus core.
- At the calculation of (3) the wave functions of beginning
and final states of nucleons are expressed in the form
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which are solutions of Schrodinger equation with oscillated
potential.

The Danos and Grainer dynamic collective theory

(DCT), joined with Tassi model [2], in which it is supposed,
that spherical core surface in excitated state deforms
vacillating with the aim of study of giant multipole
resonances in excited nucleus core. The elementary
excitations, appearing at the movement of protons relatively
neutrons, are carried out with the oscillation frequency of
surface of nucleus core.
In this theory the total proton (neutron) density are present in
the form of sum of equilibrium density and fluctuation
density, responsible for transitional part of density, which has
the form
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We obtain the following expressions for so-called

hardness parameter C; and mass parameter B, with the help
of DCT.
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Here &, , is parameter, defining the form of distribution

of nucleon density on the surface of nucleus core.
The radial multipole transitional density 0, #(x”)(/l =0)

has the form [2].
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The distribution of nucleon density in nucleus in
equilibrium state is chosen in Fermi function form:
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where ¢ =1.05A"* (Fm).

The final expression for the cross-section of inelastic
electron scattering is expressed through the given transition
probabilities
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The mechanisms of appearance of giant dipole and
quadrupole excitations are considered in “*Ni nucleus.

The subshells of different parity are in complex nuclei
inside the external shell, that’s why the transitions can be
between subshells inside the one shell and between subshells
of neighbour shells, i.e. the change of parity is need at the
single-particle dipole transition. That’s why in “°Ni nuclei, if
the final proton participates in single-particle transition, so
1 f% — 19 Y takes place, if final neutron participates, so

3P% - Zd%

The energy of single-particle level of harmonic oscillator
with spin-orbital interaction is defined with the help of
following known expression.

takes place.
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The oscillator parameter a is free at the calculation of

cross-section process.
The form-factors of dipole and quadrupole resonances in

hw,=141 MeV,

p-transition:  si®,=16.2 MeV,

deformation parameters o, = 0.19.
n-transition: ie, =20.1 MeV, fiw,= 10.3, ap = 0.16.

%Ni nucleus have been calculated for the electron scattering
with incident energy 200 MeV. Moreover, the nucleus
characteristics parameters at proton and neutron nucleus
transitions are defined correspondingly.

As it is seen, the values of energy of quadrupole
resonances, appearing in excited core, are less, than values of
energies of dipole resonances, obtained as in proton
transition, so in neutron one.
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M.M. MupadyTansi6oB
BO3BYXJIEHUE SIIEP HEYTIPYT'UM PACCESIHUEM DJIEKTPOHOB

C uenbio 00BSICHEHHS OJTHOBPEMEHHOTO IOSIBIICHUS B OKCIIEPUMEHTE TUTAHTCKHUX JUIMOJIBHBIX M KBaJAPYIOJIBHBIX PE30HAHCOB B APaX,
MIPU HEYNPYrOM pacCesHHU 3NIEKTPOHOB, TNpe/laracTcs AUMOJIbHBII PE30HAHC ONHUCHIBATH C MOMOIIBIO 000J0YEYHOI Mozjenu, a
KBaJpYyMOJIbHBI — IMHAMHYECKOH KOJUIEKTUBHOI Teopueil. Ilpu sToM mis koneOaHMS HMOBEPXHOCTH OCTOBA sApa MPUMEHSETCS MOJIEIb
Taccum. MaTpudHBIif 371€MEHT mepexofa BO30YKICHHOTO SApa BBUHCICH B HCKKEHHO BOJIHOBOM mpuOmmkeHnu. DopM-(paxkTops
THTAaHTCKOTO TUIMOJIFHOTO M KBAJAPYMOJIBHOTO BO30YKICHUH OBUTH pacCUUTaHBI UIs sAapa ONi. Omnpenenenst sHeprun ['IP u ['KP, a takxe
rapaMeTpsl JeopManuy IIpH IPOTOHHOM M HEHTPOHHOM Iepexo/iax B sape.

M.M. Mirabutalibov
ELEKTRONLARIN QEYRI -ELASTIKi SOPILMOSILO NUVOLORIN HOYOCANLASMASI
Tacriibada elektronlarin niiveden qeyri-elastiki sepilmesi zamani onlarda dipol ve kvadrupol neheng rezonanslarinin yaranmasinin
noazori izahi tobagali niive modeli vo dinamik kollektiv nezeriyye osasinda verilmisdir. Niive 6zeyinin sothinin rogsinin izahi ii¢iin Tassi

modelinden istifade olunmusdur. **Ni niivesinde yaranmis NDR ve NKR — n enerjisi, homginin hoyecanlasma zamani proton ve neytron
kecidlerinde deformasiya parametrlori toyin edilmisdir.
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