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E1 RADIATIVE STRENGTH FUNCTION
FOR GAMMA-DECAY AND PHOTOABSORPTION
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Photoabsorption cross sections and y-decay strength function are calculated and compared with experimental data to
test the existing models of dipole radiative strength functions (RSF) for the middle-weight and heavy atomic nuclei.
Ready-to-use tables of giant dipole resonance parameters with their errors are prepared. Systematics for GDR energy
and width are given. It is shown that the phenomenological closed-form models with asymmetric shape can be used for
overall estimates of the dipole RSF in the y-ray energy region up to about 20 MeV, when GDR parameters are known or

their systematics can be adopted.
1. Introduction

Gamma-emission is one of the most universal
channels among the nuclear de-excitation processes
which accompanies any nuclear reaction. The
average probability for a y -transition can be

described through the use of the radiative strength
functions [1 - 4].
Dipole electric y -transitions (E1) are dominant,

when they occur simultaneously with transitions of
other multipolarities and types. Therefore we focus
here on the dipole RSF. The average dipole radiative

width T, per unit of the gamma-ray energy interval
is determined by dipole y -decay (downward)

strength function fEl in the following way

_1:51(E7) P(U)

3E;  p(U-E,)

(M

where p(U) is the total density of the excited states
in heated nuclei at initial excitation energy U
(initial temperature T ); E is the y -ray energy.
The dipole photoexcitation (upward) strength
function f, and the total photoabsorption cross-

section o, are related by the following equation
5 =
o (E,)=3E,(=nc) f (E,). )

In this contribution, some phenomenological and
semiclassical models of E1 RSF [3, 4, 5] are
investigated. For this purpose, experimental photo-
absorption and gamma-decay data are compared
with theoretical calculations.

2. Main features of the tested RSF models

Different models are used to describe the dipole
RSF. Tested semiclassical approach with moving
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surface MSA [5] is based on solving the kinetic
Landau - Vlasov equation for finite system with a
moving surface [6]. In this case, the nuclear
response function (and the RSF) consists of two
terms, namely a volume component that is related to
the shift of proton and neutron fluids in the nuclear
interior and a surface component due to vibrations of
mutually non-penetrating neutron and proton
spheres.

The absorption of dipole gamma-rays in the
E, <20 MeV energy region is mainly governed by

excitation of the isovector giant dipole resonance
(GDR). Therefore the phenomenological expressions
of the RSF for nuclei in this energy range (see [2, 3]
and reference therein) have a Lorentzian-like shape.
The different phenomenological expressions of
dipole RSF for photoabsorption and gamma-decay

are presented [2 - 4]. Specifically, dipole RSF I?El
for photoexcitation of cold nuclei within standard

Lorentzian model (SLO) and the modified
Lorentzian model (MLO) can be presented in the

following form (in units of MeV™)

fe,(E,)=8.674-10"" znjarrr x

E, 7 (E)
X P a— T ®)
(Eyz_Efz) +[Ff(Ey)'EJ

where n =1 in spherical nuclei and n =2 in axially
deformed nuclei; I', and E, are width and energy

of the GDR (in MeV); o, is the peak photo-
absorption cross section (in mb); I:r(Ey) is an
energy-dependent “width” that is equal to the GDR
widthat E, =E, and T, =T, (E, = E, ).

The phenomenological models of the RSF are
different in the expressions for l:r(Ey), which
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reflects the description of the collective state
damping. In the SLO model, the width fr (Ey) is

taken as an energy-independent quantity equal to the
GDR width I',. The width shape is similar to the
fragmentation component of the collective excitation
width (one-body dissipation) and corresponds to the
nucleon collisions with a moving surface of the self-
consistent mean-field. In this case, the contribution
of nucleon collisions in the nuclear interior is not
included [7]. If the excitation energy is not too high
and E, ranges from zero up to the GDR energy, the

width I:r(Ey) within MLOI1 approach has the
following form [4]

F(E a(E, +U;)=aU, for y —decay,
' ( V) ]a E,, for photoabsorption,

where a=1I,/E,, if the normalization condition
I, = I:F(Ey =E,) is adopted.

3. Calculations and discussion

In this section, we compare results of the
calculations within SLO, MLO and MSA approach
with experimental data. The expressions for the
phenomenological RSF both photoabsorption and
gamma-decay within SLO and MLOI1 depend on
GDR parameters E,, I', and o,. We obtain these
parameters from a fit of the theoretical
photoabsorption cross sections within the MLO1 and
SLO models to the experimental and evaluated data,
and then we use the GDR characteristics for
calculation of the RSF for gamma-decay.

In line with Refs. [4, 8, 9], dipole photo-
absorption cross-section o, is taken to be equal to

the total photoabsorption cross-section O'(]/, abs).
If experimental or evaluated data on O'( 7, abs) for

given nuclei is absent in data base, then the total

cross section is approximated by the total
photoneutron cross section a( 7, sn)
og, =o(y, abs)=zo(y, sn)=
(&)

=o(y, Inx)+o(y, 2nx)+o (7, 3nX)+..+o(y, F),

where 0(}/, F) is the total photofission cross

section and 0(7, Nnx) the a sum of all cross

sections leading to the ejection of N neutrons, i.e.
0(7, Nnx):a(;/, Nn)+0'(7/, Nn p)+0'(}/, Nna)+... .
The relationship (5) is realized with a good
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accuracy in rather heavy nuclei due to small
contributions of the photo-charged-particle reaction

cross sections to G(}/, abs). Experimental data on

o(y, sn),

photoabsorption, 0'(}/, abs), cross sections are

total  photoneutron, and total

taken from the international nuclear data library
EXFOR (http://www-nds.iaea.org/exfor/).

For some nuclei the EXFOR data base does not
contain experimental information on photoneutron

cross section, therefore 0(}/, Sn) is estimated by
using the total photofission cross section 0(}/, F),

0'(7, lnX),

inclusive

sections

and the

photoneutron Cross

0(}/, 2nx), 0(}/, 3nx)
photoneutron yield cross section 0( 7, Xn) which

includes the multiplicity of neutrons emitted in each
reaction o(y, xn)=o(y, Inx)+
+2c7(}/, 2nX) + 30(;/, 3nx) +..+ 170'(7/, F) , with
v for the average multiplicity of photofission
neutron. Errors of estimated cross are found with
help of the procedure that is similar to one described
in ref. [4].

In order to obtain more reliable GDR parameters,
the deuteron photodisintegration cross section,

event:

Oop (Ey ) , 1s extracted from total photoabsorption
The
Oop (Ey ) , 1s taken according to Ref. [10].

cross  section o(y, abs). component,

An adjustment is performed by the least square
method minimizing the y” - value:

2 : i{o-theor (E“ ) e (E%i )Jz

£ TNCN 40, (E,.)

. (6)

par =1

where o, (E”) is the theoretical cross sections

theor

calculated with eq. (2), (3) at y -ray energy E ;,

o (Ey,i) the experimental cross section and

exp

Ao

exp

(E%i) the corresponding statistical error, and

N the total number of data points; N .. is the

par
number of parameters deduced from the fit (the
value N, =3 or N, =6 is used for spherical or

deformed nuclei respectively). Note, two types of
errors are used for estimated and evaluated data. The
first type errors equal to ten percent of the cross

section: Ao, (Ey,i ) =0.1-0,, (E%i). The second
type errors are linearly dependent on energy:
Ao, (Ey’i ) = 5(E”)-acxp (Ey,i ) , Where 5(Ey’i) is
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the relative error. We assumed that relative errors
should be minimum near the resonance energy and
maximum near tails, and we take the energy
dependence of the relative error in spherical nuclei
in the triangular shape

S(E,) =6, +b|E, -E,

; (7

and trapezoidal shape for deformed nuclei

Sn +D(E, —E,). E, <E,,
8(E,) =16, E, <E, <E,, (8)
8w +0(E,~E, ), E,>E,,.

Hear, 0, =0.1, E, , E,, are energies of first and

b= (5max ~ Opin )/(Erl a E%' ) ’

where relative error at the first presented value of
experimental gamma-ray energy o, =0.5.

The Dbest least square minimization was
performed  using the  MINUIT  package
(http://wwwasdoc.web.cern.ch/wwwasdoc/minuit/mi
nmain.html). Errors (standard deviations) of GDR

second resonance,

parameters are calculated by the use of MINOS
procedure of the MINUIT code.

With the use of the obtained GDR energies and
widths, we looked for their systematic in the forms

E, =aA"’ +a,A"" MeV), T, =a,E,""" (MeV),
€))

where a,, a,,a, are parameters of systematic, A is

a mass number and E, is defined by the equestion

E,.. |5 0.1,
E, =4(E,+2E,)/3, B, <1,
(2E, +E,,)/3, B, > 1.

(10)

Here, E, equal to energy of resonance peak for

spherical nuclei and mean energy in deformed nuclei
with quadrupole deformation parameter f,. The

results of the fitting and y” -values renormalized on

v -values for parameters obtained in [8] are
presented in epy Table.

Parameters and »° deviations for width and energy systematic within SLO and SMLO models

Model a, a, a, Xe X 20 2
SLO | 27.469 = 0.009 22.063 = 0.004 0.02691 = 0.00004 0.82, 0.93

SLOg, 312 20.6 0.026 = 0.005 1

MLO 28.690 £ 0.010 21.731 = 0.004 0.02769 = 0.00003 0.99, 0.79

Comparisons of GDR energies and widths with systematic are presented in Fig. 1

T T T T T T
50 100 , 150 200

254

20 4 MLO

I';, MeV

N T T T
50 100 A 150 200

Fig. 1. Comparisons of energy (left panel) and width (right panel) within MLO1 (SMLO) model with systematics:
circles — systimatics; squares — results of fitting with estimated errors.

The calculations were done for 120 nuclei. For example, the results for photoabsorption cross section on
12012491 as well as their comparison with experimental data are shown in Fig. 2. Gamma-decay E1 + Ml
strength function on ''®Sn as well as its comparison with experimental data is shown in Fig. 3. For
calculation of the M1 RSF, the method from [3] was used.
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Fig. 2. Photoabsorption cross section for '2°Sn, left panel, and '**Sn, right panel. Curves: solid line — MLO;
dot line — SLO; dash line — MSA; points — experimental data. Experimental data is taken from [11].

1 O-D T T T T T T T

Fig. 3. Gamma-decay strength function RSF for ''®Sn.
Curves: solid line — MLO; dot line — SLO; open points —
experimental data. Experimental data is taken form [12].

It can be seen that the different predictions are in
rather close agreement in a range of j-ray energies
around the GDR peak. Overall comparison of the
calculations within different simple models and
experimental data shows that MLO1 approach with
asymmetric shape of the RSF provides a unified and
rather reliable simple method to estimate the dipole
RSF both for j~decay and for photoabsorption over

a relatively wide energy interval ranging from zero
to slightly above the GDR peak, at least, when GDR
parameters are known or GDR systematics can be
safely applied to. Otherwise, the semi-classical MSA
seem to be more adequate to describe the dipole
photoabsorption RSF in spherical nuclei of medium
mass.

It can be noted that different variants of the
MLOI1 approach are based on general relations
between the RSF and the nuclear response function.
Therefore they can potentially lead to more reliable
predictions among simple models. However, the
energy dependence of the width is governed by
complex mechanisms of nuclear dissipation and is
still an open problem.

Reliable experimental information is needed to
better determine the temperature and energy
dependence of the RSF, so that the contributions of
the different mechanisms responsible for the
damping of the collective states can be further
investigated.

This work is supported in part by the
IAEA(Vienna) under IAEA Research Contract
No. 12492.
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E1 PAJIAIUMHI CUJIOBI ®YHKIIi TAMMA-PO3IALY TA ®OTOMNOIIMHAHHSA
B. A. Inwoiixo, O. 1. JaBunoBcska, 1. M. Kagenko, €. B. Kyaiu, O. M. I'op6auenko

3a JI01IOMOrOI0 TIOPIBHSIHHS PO3PaxyHKIB IepepiziB (OTONMOrIMHAHHS Ta pajialliiHUX CHIIOBHX (YHKIIH ramma-
po3naay 3 eKCIEpUMEHTAIbHUMH JaHUMH OIPOTECTOBAHO IPOCTI MOJEl ONMCY IMIIOIBHUX pPaiallifHUX CHIJIOBHX
GyHKIIM U1 cepemHIX Ta BaXKHX aTOMHHMX sjep. BH3HaueHO 3HAa4YeHHS NapaMeTpiB TiraHTChKUX AWUIOIBHUX
pesonancis (I'’IP) Ta ix mnoxmOku. OtpumaHo cucreMaTwky maist eHeprii ta mumpun [JIP. Ilokasano, mo
(heHOMEHOJIOT19HI MOJIeli aCHMETPHYHOTO BUTIISAY AJISL ONKCY TUTONBHUX pamiallifHIX CHIIOBHX (DYHKIIH € HaiOLIpII
HaJIHHUMHY TS OI[IHKU JWTONBHHUX pafiamiiHUX CHIIOBUX (DYHKINH B iHTepBalli eHeprid ramMa-kBaHTiB 10 20 MeB,
akmo Bimomi mapamerpu ['JIP un cucremMaTuku A HAX.

E1 PAJJUAIIUOHHBIE CUJIOBBIE ®YHKIIUN TT'AMMA-PACIIAJA U ®OTOMNOI'JIOIIEHUSA
B. A. ILinwoiiko, O. U. NaBbinosckasi, U. H. Kagenko, E. B. Kyanu, A. H. I'opdayenko

C noMouIplo CpaBHEHUS pacyeTOB CeueHMH (hOTOMOTJIONIEHHS U PaIMallMOHHBIX CHIIOBBIX (pyHKIMIT raMMa-pacnaa
C OKCIIEPUMEHTAIbHBIMU TAHHBIMU MPOTECTUPOBAHBI POCTHIE MOJIETN ONUCAHUS JUMOJIbHBIX PAIMAIMOHHBIX CUJIOBBIX
(hyHKIMI B CPETHUX W TSKEIBIX aTOMHBIX sipax. HaleHsl mapaMeTpsl TUTAaHTCKUX TUIONBHBIX pe3oHaHcoB (['/IP) u
ux norpemHocTd. [logyyeHa cucreMaTHKa SHEPruil M LIMPUH TUTAHTCKUX AMIONbHBIX pe3oHaHcoB. [lokazaHo, 4uTo
(heHOMEHOJIOTHYEeCKHe MOJIENId aCHMMETPUYHOTO BHJIA TSI ONFCAHUS IUTIOIBHBIX PAJHAallMOHHBIX CHJIIOBBIX (DYHKIUH
SBIISIOTCS. HanOOJIee HaJe)KHBIMU MPU OIICHKE TUIONBHBIX PaTUAllMOHHBIX CHIIOBBIX (PYHKIUI B WHTEpBAJIE SHEPTHA
ramma-kBaHToB 110 20 M»aB, ecniu n3BectHbI apameTpsl I'JIP wim ux cucTeMaTHKH.
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