UDC 530.145; 539.1;539.18

O. YU. KHETSELIUS
1. I. Mechnikov Odessa National University

ADVANCED MULTICONFIGURATION MODEL OF DECAY
OF THE MULTIPOLE GIANT RESONANCES IN THE NUCLEI

It is presented an advanced generalized multiconfiguration approach to describe a decay of high-
excited states (the multipole giant resonances), which is based on the mutual using the shell models
(with extended basis) and microscopic model of pre-equilibrium decay with statistical account for
complex configurations 2p2h, 3p3h etc. The new model is applied to an analysis of the reaction (un)

on the nucleus “Ca.

1. INTRODUCTION

As it is well known, the multipole giant resonances
are the highly excited states of nuclei, which are in-
terpretive as the collective coherent vibrations with a
participance of large number of nucleons [1-8]. Ex-
perimentally, the multipole giant resonances are man-
ifested as the wide maximums in the dependence of
cross-section of the nuclear reactions on the incident
particle energy r in the spectrum of incident particles.
A classification of the multipole giant resonances as
the states of collective type is usually fulfilled on the
quantum numbers of vibration excitations: entire an-
gle momentum (J) and parity = (J* ). The multipole
giant resonances are observed in the spectra of major-
ity of nuclei and situated ,as a rule, in the continuous
spectrum of excitations in a nucleus (with width of or-
der of several MeV). Two main theoretical approaches
to a description of the multipole giant resonances are
usually used [1-5]. In the phenomenological theories
it is supposed that the strong collectivization of states
allows to apply the hydrodynamic models to the de-
scription of vibrations of the nuclear form and volume.
The microscopic theory is in fact based on the shell
model of a nucleus. It is well known different versions
of the quasiparticle-phonon model of a nucleus, de-
signed for describing littlie-quasiparticle components
of the wave functions for low, intermediate and high
excitation energies (see [2,3,6]). In the simple inter-
pretation an excitation of the multipole giant reso-
nances is the result of transition of the nucleons from
one closed shell to another one, i.e. the multipole gi-
ant resonances is the result of the coherent summation
of many particle-hole (p-h) transitions with the nec-
essary corresponding momentum and parity.

As a rule, the multipole giant resonances are situ-
ated under the excitation energies, which exceed the
thresholds of emission of the particles from a nucleus.
Studying the multipole giant resonances decay channels
allows to reveal the mechanisms of its forming, con-
nection with other excitations etc. The interaction of a
nucleus with external field with forming the multipole
giant resonances occurs during several stages. There is
a production of the p-h excitation which is correspond-
ing to the 1p-1h states over the Fermi surface (the first
stage). Then the excited pair interacts with nuclear
nucleons with the creating another 1p-1h excited state
or two p-h pairs ( 2p-2h state; second stage). Then the
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3p-3h and more complicated states are created till the
statistical equilibrium takes a place. The full width of
the multipole giant resonances is provided by the di-
rect decay to continuum (I'") and decay of the 1p-1h
configurations on more complicated multi-particle
(T'“) ones. The mixing with complex configurations
leads to the loss of the coherence and creating states
of the compound nucleus. It’s known that an account
of complex configurations has significant meaning for
adequate explanation of the widths, structure and de-
cay properties of the multipole giant resonances (see
[2-5]). Here we present generalized multiconfiguration
model to describe a decay of high-excited states, which
is based on the mutual using the shell models (with
limited basis) and microscopic Zhivopistsev-Slivnov
model [5] of the pre-equilibrium decay with statistical
account for complex 2p2h, 3p3h configurations etc.
The model is applied to analysis of reaction (un) on
the nucleus “Ca. The comparison with experimental
and other theoretical data is presented.

2. GENERALIZED MULTICONFIGURATION
MODEL OF THE MULTIPOLE GIANT
RESONANCES DECAY

The multipole giant resonances are treated on
the basis of the multiparticle shell model. Process of
creation of the collective state (of the multipole giant
resonance) and an emission process of nucleons are
described by the diagram in fig.1.

Here Vu is effective Hamiltonian of interaction,
resulted in capture of muon by nucleus with trans-
formation of proton to neutron and emission by anti-
neutrino. Isobaric analogs of isospin and spin-isospin
resonances of finite nucleus are excited. The diagrams
for photonuclear reactions look to be analogous; I,
is the full vertex part (full amplitude of interaction,
which transfers the interacting p-h pair to the finite
npnh state. The full vertex I" I',is defined by the
system of equations within quantum Green function
modified approach [3,5].

All possible configurations are divided on two
groups: i). group of complicated configurations “n,”
which must be considered within shell model with
account for residual interaction; ii). statistical group
“n,” of complex configurations with large state den-
sity p(n,E)>> and strong overlapping the states
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G >>D_>D_ (D, is an averaged distance between
states w1th 2n excnon G _is an averaged width). Ma-
trix elements of bond <n|V|n > are small and charac-
terized by a little dispersion. To take into account a
collectivity of separated complex configurations for
input state a diagonalization of residual interaction on
the increased basis (ph,ph+phonon, ph+2 phonon) is
used. All complex configurations are considered with-
in the pre-equilibrium decay model by Feschbach-
Zhivopistsev et al [5] with additional account of “n

group configurations. The input wave functions of the
multipole giant resonances for nuclei with closed or
almost closed shells are found from diagonalization of
residual interaction on the effective 1plh basis [9-15].
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Fig. 1. Diagram of process for production of the collective
state (multipole giant resonances) and emission of nucleons (or
more complex particles).

Statistical multistep negative muon capture
through scalar intermediate states of compound nu-
cleus is important. Intensities of nucleon spectra can
be written by standard way [1,2]. In particular, an in-
tensity of nucleonic spectra is defined as follows:
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Here / is the orbital moment of the emission nu-
cleon, fis its energy; B, is the bond energy of nucleon
in the compound nucleus; A, (E,,Jn) is probability of
u-capture with excitation of the state 0, (E Jr) with
energy EH spin J and parity ©. In opp051teness to stan-
dard theories [2,5], we take into account an interfer-
ence between contributions of separated “dangerous”
configurations. From the other side, above indicated
features of the statistical group of configurations arte

not fulfilled for the “dangerous” configurations. How-
ever, the value T ~(n,) for some dangerous configura-
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tion is weakly dependent upon the energy. Indeed,
configuration #, is the superposition of the large num-
ber of configurations, i.e. [2]:

‘<n1 |1n ,n+l |n+1>‘2
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n+l

n+l

Generally, the expressions for the n-step contribu-
tion to the emission spectrum are modified as follows:
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Supposing the input state is isolated, in formalism
of the input ph-states one could write as follows:
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The other technical details of the presented ap-
proach can be found in refs. [2,4,5, 15,16,18].

3. RESULTS AND CONCLUSION

The wave functions of the input state {¢, } in the
reaction “Ca (un) are calculated within the shell
model [12,15,18]. As one could wait for that a col-
lectivity of initial input state leads to significant de-
creasing Ff. The separation into groups n, and n, is
naturally accounted for the 2p2h configuration space
[2,18] and the contribution of configurations “ph +
phonon” and weakly correlated 2p2h states is revealed
[4,5,16]. A probability of transition to the “danger-
ous” configurations Z2p2h is defined by the value of
matrix element:

|< (Pin (ph’ JTE’ E) | IphA,Zth | (P(2p2h’ JTC, E) >|2

and additionally by density p(2p2h,Jr, E) for statistical
group n,. The contribution of weakly correlated 2p2h
configurations is defined by the following expression:

Fijh =21 << [pthZh |>|2> P2pan
The residual interaction has been chosen in the
form of Soper forces (see [5]):
V=g,(l-a+o-c,G,)A(r,r,),

where g /(4nr’)=-3 MeV, a.=0,135.The phonons have
been considered in the collective model and calcula-
tion parametersin the collective model and generalized



random phase approximation are chosen according to
ref.[4,5]. The phonons contribution is distributed as
follows: 2* (E=3,9 MeV; 3=0,075)~ 42%, 3 (E=3,736
MeV, 3=0,345)~8%, 5 (E=4,491 MeV, =0,216)~3%
etc. with growth of the phonon moment.

Our theoretical results are compared with experi-
mental data and other calculation results [2] in fig.2,3.
In the range of 5-13MeV the experiment gives the in-
tensity ~10% from the equilibrium one. As it has been
shown earlier (c.f.[4,5], the 1-, 2- states do not give the
significant contribution. However, these states exhaust
~80% of the intensity of the p-capture. This fact is
completely corresponding to results [16] and indepen-
dently to the data from ref. [5] and ref. [19].

The analysis shows also that only an accurate mu-
tual account for 0%,1* 2*,3* and more high multipoles
(plus more less correct microscopic calculation of
rj” (Jm, E), the input and 2p2h states, separation of
the 2p2h space n configurations n and n, etc.) allows
to fill the range of high and middle part of the spec-
trum. Preliminary estimates show that an agreement
between theoretical and experimental data is more
improved in this case, especially, in the high energy
part of the spectrum.
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Fig. 2. The comparison of the calculated spectra (curve 1)
with experimental data (curve 3) [20] and theoretical data from
the Zhivopistsev-Slivhov model (curve 2) [5].
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Fig. 3. The mutual account of the 0%, 17, 2+, 3%, 4, 5 — mul-
tipoles: the curve 1 — the present paper; the curve 1 is correspond-
ing to the pre-equilibrium and direct part of the spectrum and the
curve 3 is corresponding to the equilibrium part (see text).
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ADVANCED MULTICONFIGURATION MODEL OF DECAY OF THE MULTIPOLE GIANT RESONANCES IN THE
NUCLEI

Abstract
It is presented an advanced generalized multiconfiguration approach to describe a decay of high-excited states (the multipole giant

resonances), which is based on the mutual using the shell models (with extended basis) and microscopic model of pre-equilibrium decay
with statistical account for complex configurations 2p2h, 3p3h etc. The new model is applied to an analysis of the reaction (u'n) on the
nucleus “Ca.
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VYIK 530.145; 539.1;539.18
0. I0. Xeyeauyc

YCOBEPHIEHCTBOBAHHASI MHOT'OKOH®UTI'YPAIITMOHHAS MOJEJb PACITAIA MYJIBTUIIOJIbHBIX
TUTAHTCKHX PE3OHAHCOB B AAJIPAX

Pe3iome
PazpabotaH ycoBepIlIeHCTBOBAaHHBII 00OOIICHHBIT MHOTOKOH(DUTYPAIIMOHHBIN TOIXOM IS ONTMCAHMS pacriana BHICOKO BO3-

OY>XIEHHBIX COCTOSIHUI (MYJIBTUITONIbHBIC TUTAHTCKUE PE30HAHCHI) siep, KOTOPbIi 6a3upyeTcsl Ha OHOBPEMEHHOM MCIOJIb30BAHUU
000J104eYHOI MOIeNN (C pacCIIMPEHHBIM 6a3MCOM) U MUKPOCKOTTMYECKOM MOJIENN MPeIpaBHOBECHOTO paciaaa CO CTaTUCTUIECKUM

YYETOM CJIOXHBIX KOHpurypauuii tuna 2p2h, 3p3h u apyrux. HoBblii moaxon MCHob30BaH Ui aHaIM3a peaklMu (1n) Ha siape
“Ca.

KioueBble ciioBa: MyJbTUIONBHBIE TUTAHTCKME PE30HAHCHI, 00001IEHHAss MHOTO-KOH(MUTYpallMOHHAsI MOJIEN b, peakuus ([t n)

Ha sape “Ca.

YK 530.145; 539.1;539.18
0. I0. Xeyeniyc

YIOCKOHAJIEHA BATATOKOH®ITYPAIIIMTHA MOJIEJb PO3IIALY MYJABTAUNIOJHLHUX TITAHTCHKHUX
PE3OHAHCIB B A1PAX

Pesiome
Po3BUHYTO ymockoHaslieHUii y3araJbHeHUI 0arato KOHQirypauiitHUil Mmiaxin uisi omucy po3nanay BUCOKO 30YIKEHMX CTaHiB

(MyJIBTUIIOJBHI TiIraHTChKi pe30HAHCH) sIep, sIKa 0a3yeThCsl HA OMHOYACHOMY BUKOPMCTaHHI 000JI0HKOBOI MOEi (3 pO3IIMPEHUM
0a3ucoM) Ta MiKpOCKOMIYHOI MOZIeJIi MpeIpaBHOBICHOTO pO3Iajy i3 CTAaTUCTUYHUM ypaxyBaHHSIM CKJIaIHUX KOHbirypauiii tumy 2p2h,
3p3h Ta iHmwmx. HoBuii miaxin BUKOpUCTaHO T aHai3y peakiiii (un) Ha siapi “Ca.
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Ko11040Bi cj10Ba: MyJIBTUTIONBHI MrAHTCHKI pe30HAHCH, y3araibHeHa 6araToKoHbirypaliitHa Moziesb, peakilis (1 n) Ha sapi “Ca.



