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3NeKTPOBO36YXK/AEHHe THCAHTCKHX MYI/IbTHIONLHbIX
pe30HaHCOB B 907,

B paMKax HmoMyMHKPOCKONHYECKOH MoOJe/lH H3ydaercd 3JeKTpOBO36YHK—
fleHHe YpOBHeHl I'HaHTCKOr'o pe3oHaHca B 90Zr. Boiuucnenus MPOBOAHJIHCE
KaK B OOHOGOHOHHOM NPpPHO/HXEHHH, TAK H C y4eToM ¢parMeHTallHd YpPOBHei.
PeaymeraTel 0GOHX BBLIYHCI/IEHHA COr'JlacylTCs B npefesiaX 2KCIEpHMeHTAalbHbIX
omn6ok. C 3THMH Xe nMapaMeTpaMH BLIYHC/AEHO NdppepesHuHanbHOe CedeHHe
HAxafimero 2% YPOBHA. Y AOB/EeTBOPHTE/IbLHOE COrlacCHe C 3IKCNepHMeHTOM
B WHAPOKON oGnacTH anepHbIX BO30YXAeHHN H 3JIeKTPOHHBLIX NepedaHHbIX
EMITYIbCOB NOATBEPXAae€T KOPPeKTHOCTb paccMaTpPHBAeMONl MOITy MHKPOCKO—
NHYeCKOi MoaenH.
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Electroexcitation of Giant Multipole Resonances in 90z

The electroexcitation of giant multipole resonances in 907

is studied within the semimicroscopic model. The calculations were
performed using both the one-phonon approximation and fragmenta-
tion procedure., Both calculations are well within experimental
errors, The same parameters were used to calculate electron
scattering on the lowest 2t level, A satisfactory agreement demoi-
strates the validity of the treated model in a broad interval of
nuclear excitations and electron momenta transfer,

The investigation has been performed at the Laboratory
of Theoretical Physics, JINR,
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1. INTRODUCTION

A possibility of the adequate theoretical desc-
ription of the nuclear giant multipole resonances is
of great interest. One of the powerfull tools for this
purpose is an inelastic electron scattering’/l’. These
experiments give enough information for the deter-
mination of the nuclear transition density., On the
other hand, it can be calculated using a specific
nuclear model, So, there is a possibility to check
this model,

In the present work the nuclear charge transi-
tion densities of the giant E1 and E2 resonances in
907r are calculated in the framework of the well-
known semimicroscopic model’2/.Using these den-
sities the differential inelastic electron cross sec-
tions are obtained within the phase analysis me-’
thod’3’ First the calculations were performed using
the one-phonon approximation, At the latter stage
the level fragmentation was taken into account. The
fragmentation results in 10-15% decreasing of the
one-phonon differential cross sections, although both
are within the experimental errors. The same set of
parameters was used to describe the electron exci-
tation differential cross section of the lowest 2%
level. A reasonable agreement with experiment
supports the universality of the treated model
(i.e., its applicability for both small and large excita~
tions).



2. ONE-PHONON APPROXIMATION

The transition density, corresponding to the
excitation of the level with the angular momentum L
is -

pL(r)'dFr”QL”Wi >,

where

dLu(r)- é<a ]OLMJB >a; ag

0 -3 20T, £
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Here ¥; , ¥, are the wave functions of the initial
and final nuclear states, Using the RPA method one
easily obtaines the transition density for the one-
phonon state, The calculational results for some

of the most strong levels are presented in fig., 1,

In the same figure the densities of the Tassije hyd-
rodynamical model are drawn, which were used in
ref.”% to fit the electroexcitation of the E1 giant re-
sonance with an energy of 16,65 MeV and E2 reso-
nance with an energy of 14,0 MeV. These calcula-
tions’ show that the maximum of the dipole transition
density is shifted relatively to the quadrupole one by
about 0.5 fm to the large radii, The model under
consideration reproduces this result remarkably
well, The observed E2 resonance is described by
the two one-phonon levels: E; =13.7 MeV and E o™
= 14.0 MeV (fig. 2). The excitation form factors
squared for these levels, their sum, and experimen-
tal data are plotted in the left side of fig, 3. Where-
as in the right side similar results are given for
the E1 resonance, One observes an excellent agree-
ment with the experimental data, Note that the cal-
culational procedure did not contain any fitting pa-
rameters. All parameters of the used semimicrosco-
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Fig, 1, Transition densities for the strongest one-

- + . e
phonon 1= and?2 levels of the giant resonanc
region in Zr. The numbers near the curves' are the
energy (in MeV) of these levels, The. .sohd curves
are phenomenological transition densities of t.he'
Tassie model applied in ref,”? to the description
of the giant resonances in the treated+nucleus‘.
The transition density for the lowest 2 level is
drawn for comparison,
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Fig. 2, The strengths of the El and E2 transitions
calculated in ref.”4 in one-phonon approximation

(at the top) ard by using the fragmentation procedure
(at the bottom).

pic model (the average field, pairing, isoscalar and
isovector constants) were exactly the same as in
ref, /4 The parameters of the ground state density
were taken from the electron scattering experiments.

3. THE FRAGMENTATION EFFECTS

The quasiparticle-phonon interaction results in
the fragmentation of the one-phonon states. The wave
function of the excited state is given by’/4/.

v + Aiii + +

‘PV(JM) {.?Ri(J)QJM1+ ,\f)‘zD’\ziz(J)[Q)ﬁl‘ﬂ . Q)‘E&12 }JMN‘O ,
ile

where Q+JMiis the creation phonon operator, The se-
cular equation for the energies and the coefficients
R and D may be found in ref.”?. These calculations
show that the giant E1 resonance composed in the
one-phonon approximation from seven levels in the
energy interval from 14 to 18 MeV, is spreaded over
few tens of levels, whereas two levels of the E2
resonance are spreaded over a large number of
states in the interval from 14 to 18 MeV. The cal-
culations of the transition densities and form fac-
tors for such a great amount of levels require too
much computer time, The situation is happily saved
due to the fact, that one-phonon levels giving the
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Fig, 3. Form factors squared for the strongest one-
phonon levels of the giant E1 and E2 resonances,
The upper curves were obtained when all the le-
vels of the giant resonance region were taken into
account, The experimental data are from ref,”5’ .



main contribution to the giant resonance have ap-
proximately the same (up to normalization) transition
densities (fig., 1). As the transition density of the
fragmented state is a linear combination of the one-
phonon densities, the form (not the magnitude) of the
transition densities is the same for all fragmented
states. After these preliminaries the differential
cross section for the excitation of the giant reso-
nance is equal to

2
d“ o do
dQdw ( 40 )mb(EL'w)' (3-1)
where ( :3 )a) is the differential cross section of

the strong level nearest to the energy . Calcula-
tions show that all strong levels of the giant reso-
nance have approximately the same (up to normali-
zation) differential cross-sections (form factors), This
is shown in fig. 3.,b(EL,0w) is the strength function
of the giant resonance

1 B;(EL)A
bEL, @)= — 3 1 .
EL, ») P (w—wi)2+A2/4

This quantity may be obtained without calculating
the energies and the wave function for each of the
individual levels’% There are additional arguments/S/
in favour of (3.1). These are due to the fact, that
the details of the transition densities structure are
not very important for distances less than L/q .y
(where L is transition multipolarity, Qpay IS the
greatest momentum transfer observed in experiment),
Finally, note that (3.1) assumes the equality of the
electron energy losses for energy level, contributing
to the giant 1esonance, As the average electron
energy is about 100-200 MeV and the average width
of the giant resonance is about 4 MeV, this assump-
tion practically is fulfilled, Summing in (3.1) over all
levels in the interval from 12 to 16 MeV for the
quadrupole giant resonance and in the interval from
14 to 18 MeV for the dipole one, one obtaines the

differential inelastic electron cross sections (fig. 4)
These cross-sections taking into account the frag-
mentation effects, are not very far from the one-
phonon cross-sections, Both are within the experi-
mental errors. Quantitatively, this is illustrated in
Table 1, where the total reduces probabilities (cal-

culated with or without fragmentation) are presented

for every energy interval. In the same Table one
may find the B(E2)value for the lowest 2V leve] 74/,
The angular distribution of the electrons, scattered

by this level is shown in fig, 5
data are taken from ref,”9

The experimental
. Although the parameters

of the given model were the same as for the giant
resonance region, the agreement with experiment

is quite satisfactory,
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Fig, 4. Form factors squared for the El and E2
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Table 1
" 3B(EL) 3 B(EL) 3B(EL)
AE (MeV) 1ph approx. with fragm. exp.
1~ 13-15 19.6 18 17+5
2%+ 12-16 1085 955 990+ 300
ot 2.186 540 450 720+ 90
-3
10 90
Zr
i * 2486 MeV
o |
[Ty
N BFig, 5 . Form
10 factor squared
of the lowest
2t 1evel in 07,
The parameters
of the semimic-
roscopic model
are the same as
for giant reso-
nance region,
The experimen-
tal data are
m.: from ref, /9/,
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4, CONCLUSION

The present calculations show the validity of
the considered semimicroscopic model for very
broad interval of the nuclear excitations and elect-
ron momentum transfer. Its correctness for the desc-
ription of the electromagnetic transition probabili-

; . /107
ties was clearly demonstrated earlier in ref. .
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