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Dependence of isomeric ratios on the energy of gasrimthe reactiof*°Te(y,n)***™%e 9Te in
the dipole resonance energie range have been igatest. Obtained experimental results have

been compared with TALYS-1.0 calculations.
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Photonuclear reactions in the energy
region from the particle emission threshold up
to the energies higher then Giant Dipole
Resonance (GDR) are the important source of
information for basic nuclear physic and
nuclear astrophysics. One of the directions is
the investigation of the GDR decay features
with the determination of the possibilities of
the daughter nuclei formation in the selected
guantum states. These studies are more
effective and precise if daughter nuclei have
isomeric levels with half-lives long enough to
separate in time the processes of irradiation
and measurement to provide satisfactory
background conditions [1].

The aim of this work is to study the
isomeric ratio (IR) (the ratio between the
yields of the metastable n\yand ground Y
states  population d=¥Yy in the
130Te(y,n)***™ e reaction.

Isomeric sates in all even-odd daughter
nuclei from {,n) reactions on Te isotopes

have spin-parityd,r =11/2 . Here, isomeric
single quasiparticle statesl’ =11/2 are

formed by 1k, shell and ground states — by
20312, 2p12 shells. After E1-gamma absorption
even-even target nuclei have spin-parity equal
to 1. It is obvious, that having same initial
conditions the behavior of isomeric ratios
with the change of mass number A will
depend on the change of activation levels
structure and reaction mechanism.

Isomeric and ground states population
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yields were carried out using the
Bremsstrahlung beam of the M-30 microtron
at the Department of Photonuclear Processes
IEP of NAS of Ukraine. Main features of the
microtron are described in Ref. [2]. Energy
change of the accelerated electrons in the
microtron was done in two ways: in wide
range — by the change of waveguides i.e. the
change of the orbits; within the limits of the
waveguide — by the change of the magnetic
field. A 0.5 mm thick tantalum disk was used
as bremsstrahlung target. The mean current of
beam electrons was /A and was controlled

by the secondary emission monitor. Energy of
accelerated electrons was determined by
nuclear magnetic resonance method with
measurements of the intensity of the magnetic
field inside the accelerator. Glassy tellurium
oxide TeO, samples with diameter of 25 mm
and 8-10 g mass were used as the targets.

Gamma spectrum of the irradiated targets
were measured by the HPGe-detector with
175 cni volume and 3 keV energy resolution
fore the 1332 keV cobalt-6@line. The time
of irradiation was 2 hours.

Investigations of the isomeric ratio
dependence on the maximum Bremsstrahlung
spectra energy were carried out in the energy
region 8 - 18 MeV with the stepAE =
0:5 MeV. The measurements of the isomeric
ratios in every energy point were divided into
two stages. After the irradiation and cooling
during 2-3 hours (to reduce the dead time of
the registering device) the measurements of
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the'*%Te ground state were carried out. Then, for 2 hours tellurium target is shown on
after 4 days measurements were renewed for Fig. 1. Heren is the number of an analyzer

the long term observation of'**™e channel, andN is the number of pulses in this
metastable state decay. That helped us to get channel. First spectra (Fig. 1a) was obtained
rid of interfering influence of th&,=700 keV after 2 hours of cooling and 90 min
line from*°Te decay. measuring, second (Fig. 2a) «oE6 days,

A sections of the experimental gamma-  tyneas20 hours.
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Fig. 1. A sections of the experimental gamma-spettirom irradiated tellurium target.

Following spectroscopic characteristics of the those states, the energy of the registered
2%Te: the spin parityd = of the ground and gamma-transitionE, and the gn)-reaction
taken from Ref [3, 4] (see Table).
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Table
Spectroscopic characteristics of nuclei **Te
J” Bn, MeV T1/2 Eiso Ey
99re | 1y - 33.6days | 105keV | 696 keV
N 8.4 69.6 min | - 459 keV

Branching coefficient p in th&°™Te decay is
equal to zero, thus the isomeric ratio can be
defined as the ratio between independent
yields Ynand Yy

A @ f
d=Ym/Y :Cﬁg@ (1)
o N, A,8.%,
Omg = Emg Kmg omg Here, &mg — the
photoeffectivity of photons registration from

isomer and ground states decay,zk— the
target’'s self-absorption coefficients of the
analytical lines; omg — the intensities of
analytical gamma-lines.C = C1C2 -
coefficient for taking into account the pulses
superposition and registration errof$ng —
the numbers of pulses in the photopeaks of
the isomeric and ground stateg;qf— time-
dependent function:

frng =[L—€XpEA, b IEEXPEA, b Y1 exptA, e )

Here,Am g — the decay constantg;, ttcool tmeas— times of irradiation, cooling and measurement.
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Fig. 2. Experimental isomeric ratios for tHele(y,n)***™Te reaction.

Obtained experimental isomeric Yyield

ratios  d=Y,/Yy for the reaction
130Te(y,n)**™%e are plotted as dots in the
Fig. 2.

The solid curve in the Fig.2

demonstrates the results of experimental data following

approximation by the least-square method
with Boltzmann curve
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d=A+(B-A)/[L+ exp(EA_EEO N

(2)

Here, A, B, i, andAE; are fitting parameters.
The best agreement was reached with the
parameter values:
A=0.3966+0.0062, B=-0.0242+0.01113,
Eo=14.4278+0.1088\E;=1.6949+0.11824.
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It can be seen from the analyses of the
low-lying levels in the'**Te nuclei that state
with E = 760.0 keV and™3/, is the most
probable candidate for the activation level.
Isomeric level can be feed from this state with
pure E2 transition. Thus, evaluated effective
threshold of thé*°Te(y,n)***™Te reaction will
be near ~9.5 MeV.

Obtained experimental values of the
isomeric ratio (solid curve in Fig. 2) together
with the values for the total cross-section of
the §,n) reactions on>%Te taken from the
literature [5, 6] allowed us to calculate the
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cross-section of tH&Te(y,n)***™Te reaction
(dots in Fig. 3). This a single-peak curve with
maximumo = 97.945.0 mb at the 15.0 MeV
energy. Solid line in Fig. 3 represents the
results of approximation by the Lorenz curve:
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Best agreement was reached with following
parameterssp=98.0+1.4 mb,Ey=15.18+0.03
MeV, T'p1=3.49+0.08 MeV.
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Fig. 3. The cross-section of the metastable staties**’Te(y,n)***"Te reaction.

Results of the™%Te,n)'*™re reaction
cross-section calculation done with TALYS-
1.0 code are plotted in Fig. 3 with a chain
line. The followed calculation scheme was
used: target nucleus j(4\;) with spin-parity
(&, m) absorbs incident photon with the
energy E After that the compound state with
all possible spin-parities combination, (d.)
is formed. Total photoabsorption cross-section
was calculated. The decay of the excited
nucleus was treated in the framework of two
different mechanisms: preequilibrium and
statistical. In our case the percentage of the
preequilibrium processes was changing from
zero at the energly,=10 MeV to 6.8% E,=15
MeV) and to the 19%HK,=20 MeV). Hauser-
Feschbach method [8] was used for statistical
part of the calculation. Neutron emission with
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the population of the particular levels in the
daughter nucleus was calculated with
transmission coefficients; Trom the optical
model. Energies and spectroscopic features of
the nuclear levels up to the 3 MeV excitation
energy were taken from the RIPL-3 data base.
For the energies higher then 3 MeV energy
spectra was treated as continuous and was
divided into 50 energy bins. For the
calculations of the decay into the continuous
spectra region effective (weighted)
transmission coefficient was used. Levels
density were calculated with two different
models: back-shifted Fermi-gas model [9] and
combinatorial model based on the Skyrme-
Hartri-Fock-Bogoljubov deformed nucleus
model [10]. The last one takes into account
the parity dependence. Calculation with both
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approaches for levels density determination calculated and experimental values exist.
gave almost the same results. Calculated Possible reason of this disagreement can be
curve is drawn in the Fig.3 with a chain line.  found in underestimation of the

It can be seen the discrepancy between preequilibrium processes role.
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BUBYEHHSI ®OTO3BY’KEHHS I30MEPHOT'O CTAHY
Y 3oTonmy Te B PEAKIIII (y,n)

B.M. Ma:;ypl, .M. Cumouxo’, 3.M. Biran®, T.B. HOJITOp)KI/IIlI)KaZ

Yncruryr enexrponnoi ¢isukn HAH Vipainn, 88017 M. Vikropox, Byir. Vaisepcurerchka, 21
2Y>Kropo/:[c1>1<1/1171 HaionansHui yHiBepcuteT, 88000,Vxropon, Byn. Bomommna, 54
E-mail: nuclear@email.uz.ua

B obGmacti eHepriif TiraHTCHKOTO TUMOIBHOTO PE30HAHCY JOCIHIHKEHO 3aJIe)KHICTh 130MEpHUX
Bi[HOLICHh BHXONIB BiX eHeprii ramMma-kBaHTiB B peakiii —oTe@,n)**™Te. Oxepsxani
EKCIIEPUMEHTAJIbHI PE3YJIbTaTH MOPIBHIOIOTHCS 3 PO3paxyHKaMHu MPOBEJCHUMH 3a JOTIOMOTOI0
nporpamuoro makera TALYS-1.0.

Kniouosi crosa: GoTosaepHi peakiiii, i30MepHi BiJHOIIEHHS, IIepepi3.

V3YYEHUE ®OTOBO3BYKIEHUS U3OMEPHOTO
COCTOSTHUA Y/, M30TOIMA **Te B PEAKIIUAM (y,n)

B.M. Ma3ypl, .M. CI/IMO‘IKOl, 3.M. BnraHl, T.B. HOJITOp)KI/IIIKaHZ

lI/IHCTI/ITYT anekTponnoi ¢pusukun HAH Yikpaunsr, 88017 1. Yxropon, yin. YauBepcuterckas, 21
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B o0macth SHepruii THUTAHTCKOTO THITONBHOTO pE30HAHCA WCCIIEMOBAHO 3aBHCHMOCTH
M30MEPHBIX OTHOIICHHMiI BBIXOJOB OT JHEPrMHM raMMa-KBAaHTOB B peakmmm —oTe(y,n)?*™Te.
[Moy4eHHbIe SKCIIEPUMEHTAIBHBIC PE3YIIBTATEl CPABHUBAIOTCS C PacueTaMH, MPOBCASHHBIMHU C
MOMOIIBIO porpammHoro makera TALYS-1.0.

Kniouesvie crnosa: GhotosiiepHbie peakiuy, K30MEPHbIE OTHOINICHUS, CEYCHHE.
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