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2, Level properties of 13%Hf and 1807,

The level schemes and radicaciive -decay of ®°Hf and i89Ta are
resented in fig 1 [1] In the nucleus 89Hf there is an izomenc level with
I™=87 and the cause for the isomerism is the hindrance by quantum number K
(the projection of the spin on the nuciear symmsiry axis; for y-transitions to
the states in the ground state rotational band with K=0. The isomeric state is
two-quasi particic one, arising because of the de coupling of two protons,
and has the configuration p[504] p[514]. The isomeric state of !SCHF decays
by a weak beta-decay branch (0.3 %) to the isomeric staie in !¥Ta (I™=9")}
-with the cenfiguration p{514] 6[624). Because of the big difference in the
spins of the 1someric and ground states (41=8) and because of the absence of
levels lying below the isomeric state and having close spin values, the nucleus
'$)Ta in ils isomeric state is practically stable (T,»>1013 y). it is present in
the natural Ta-isctope mixture in very small amcunts {(0.012 % or 4.1017
atoms in lg of Ta). This opens unique possibilities to carry out different
experiments using a target consisting of high-spin nuclei, for instance raturai
Ta-target or one enriched in !%Ta, One of these experiments is to study the
deexcitation of the '*Ta isomer using the inelastic scattering of y-quanta. The
results of such an experiment arc presented in this report. In this process, the
isomer captures a y-quant and subsequently by means of a y-cascade by-
passing the isomeric state deexcites to the ground state. This state (I7=1%), as
one can see from fig.1, decays to 'SOHf (K-capture) and to !30W (B-decay)
with a half-life convenient for measuring (8.1 h). -

It is quite probable that such a genetic relation in the decay chain of
the isotopes Hf-Ta-W with mass number A=180 plays an important role in
the nucleosynthesis In the strong fields of neutron and y-radiation, which
have existed, this relation must have manifested irself not only between the
ground, but also between the isomeric states of the cited nuclei. In connection
with this, the measurement of the cross sections for exciting the isomer in
'SUHY and deexciting the isomer in '3°Ta is of interest for astrophysics, too.
These cross sections will allow tc obtain new information necessary for
calculating the abundance of these isotopes in nature, and will also help tc
make conclusions aboui the conditions in which nucleosynthesis has taken
place (matter density, temperature).

3. Experiment and Data Analysis

The yields of the investigated isotopes in the ground (1%°Ta) and
isomeric ('®Hf) states were measiurad on the MT-25 microtron extracted
beam of the Flerov Laboratory of ivuclear Reactions, JINR. The description
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1. Introduction

Photo nuclear reactions at low and mean energies of y-quanta are of
important source of information on atomic nuclear structure. One of the
directions in researching y-quanta is measuring the probabilities of nucleus
production in separated quantum state. Such investigations will be the most
effective if the studied states are in isomeric relation with sufficiently large
half-lives so that to separate the irradiation processes and measurements with
time.

The great interest of investigation in (y,y’) reactions are connected
with the next facts. Firstly, since there are not Coulomb barrier and binding
energy for y-quanta, one can obtain excited nuclei both in the region above
nucleon threshold and below it. Secondly, the momentum being introduced
into nucleus by y-quantum is not varied with energy increase (it is 1A at
dipole absorption and 2# at quadruple one).

This characteristic property of population of high spin causes to that,
Isomeric Ratio (IR) is very sensitivity to the level density parameter and
possibility of radiative transition. In deformed nuclei reason of isomerism and
prohibition for y-quanta may be not only high differences of isomeric and
ground state spin, but and they projection on the symmetric axis (quantum
number K).

The aim of the present work is to investigate the reaction mechanism
leading to the excitation and deexcitation of high-spin isomers in the inelastic
Y-quanta scattering, and also the properties of the levels participating in these
processes. As objects of this investigation the nuclei !8Hf and !3°Ta were
chosen. These nuclei have one and the same mass number and also the same
spin difference between the ground and isomeric state (AI=8). At the same
time, their level structure is quite different (viz., the nucleus '%°Hf is odd-
even, while 1#9Ta is odd-odd with a great number of low-lying states with
high spins).
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Fig.1. Schematic level diagram of '**Ta and its daughter nuclei. The
initial photoexcitation of '*'Ta begins from the 9" isomer. The
deexcitation cascade leads finally to the g.s. whose electron
capture and beta decay, respectively, can be detected. For
180Hf the opposite process is realised - excitation of isomeric

state 8 begins from the ground state 17
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of this miciotron and its main characteristics are presented in the work 1z}
Llectron energy variaiion was effecte! in two ways: over a wide range -
transition from orbit to orbit, in the energy range up to 1.8 MeV - with
changing the magnetic field The cooled device of tungsten disk 2 mm in
thickness behind which there was locaied the aluminum electron absorber 30
mm in thickness was served as a bremsstrahilung target. The tungsten target
serves as a catcher of electrons passing through it in a time of each irradiation
and which was mcasured with the help of the electrical charge integrator.
Electron energy was determined by measuring the microtron magnetic field
with the method of nuclear magnetic resonance and by measuring the
frequency of accelerating electrical field. Instability of electron energy during
the experiment did not exceed S0 keV

The samples of tantalum (metallic disk 100 pm thick ) and Hf
(enriched isotopes - 99 3 2, ) were irradiated with incident energy below the
neutron binding energy. The photo excitation of In serve as a monitor
reaction as its cross section is known very well [3-6]. The experimental data
on the yield ratios for two gamma energies are presented in Tablel

The residual activity of the irradiated sampies was measured with the
help of Ge(Li) detector 60 cm? in volume and with the resolution of 3 keV
(for the line 1332 keV %0Co). The detector efficiency was determined by a set
of standard samples OSGI.

Table 1. The vields of 180myfisomer and 18074 ground state related to the
yield of '15Myy somer

Eq Y (180myyp Y (180T, Oing (115M]p)
— 1o-4 —

MeV v (11Smy,, Y (115myy,) mb.keV [6]
6.0 0.02(1) <i 1200

6.5 0.07(2) 5.0(1.5) 2100

7.0 0.17(4) 5.0(1.2) 3200

7.5 0.35(6) ‘ 42(8) 4400

8.0 0.36(6) 1600(100) 5700




Usually, in the experiments the current of accelerated electrons was -
20 pA, irradiation time - 5 hours, and measurement time - until collecting the
necessary count statistics ( as a rule, of some thousands of pulses in peak of
the measured y-line ) fig 2.
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Fig.2. A y-spectrum of P!Ta produced after the irradiation by with y-quanta
E,=7MeV.

4. Discussion

The investigation of the reaction (y,Y') at low energies (Ey <6 MeV)
has shown that the main role in photo-absorption and the subsequent
population of isomers is played by a relatively small number of activation
states with large partial width I'; [8,9]. For some nuclei, including '¥°Ta, the
integral excitation cross section of these states was found to be very large
[10, 11] The large cross section values may be connected with the following
factors - the big number of activation states, their widths and the transition
probability to the isomer (the isomeric ratio). The properties of these state are
scarcely investigated, thus making it difficult to judge of the importance of
any of the above factors.

A more definite conclusion can be drawn on the basis of cross sections
measured for the photo excitation of isomers in the region of the neutron
binding energy. At such energies level properties (density, total and partial



width) are known form neutron resonance studies. The results presented here
have been obtained in this energy region, too.

The fast tise of the isomeric yields with increasing the y-quanta energy
and the noticeable overrun above the values at E., < 6 MeV, obtained in ref,
[10, 11], show that the main contribution to the integral isomer excitation
cross section comes from the most highly lying states due to their high
density. It this case, the isomeric yield ratio corresponds to the ratio of the
integral cross sections. Because of this, on the basis of the measured isomeric
yield ratios and the known value of oy for the reaction 115In(y,y)115min
(Table 1), we can obtain the values for the integral cross sections for exciting
the '8°Hf isomer and deexciting the !20Ta - isomer. The obtained in this way
values for o are shown in Table 2. One can see the very large, more than a
factor of 104, difference in the reaction cross sections for '8°Hf and 180Tg,
independent of the fact that the spin difference for the isomeric and ground
states is the same (Al=8).

The known parameters of the states of the nuclei !15In, 130Hf and
'%0Ta, obtained from neutron resonance systematics [12,13], allow to
estimate the total photo-absorption cross sections, which in turn allows to
determine the IR. In the region of the neutron binding energy, the cross
section for photo-absorption, averaged over many levels, can be represented
as:

A 2L+1 T

o= ¢y
8t 2Ip+1 D

where A is the wavelength of the y-quanta, I and I; are the spins of ground
and isomeric states, respectively, I'; is the partial width for the gamma-
transition to the ground state, D is the average distance between the levels.
Assuming that the investigated nuclei have close values of I'; ~ 10-2 eV and
that the value of D is taken for one and the same excitation energy, and
taking into account the changes in D for the transition to the spins of the
excited levels in each nuclei, by using the relation (1) we can estimate the
photo-absorption cross section for the investigated nuclei. These cross
sections correspond to the known systematic [15]. The ratio of the cross
sections for exciting (or deexciting) the isomers and the obtained by the
above-mentioned procedure absorption cross sections, integrated over the
same energy range, can be considered as IR - they are presented in Table 2.
As in the case of the cross sections, ihe IR differ strongly for '80Hf and !80Ta.



Table 2. Intcgrated cross sections and IR at photo excitation of 180myf and

1807,

Eg 180mgys 18071,

Gint Om Sint Om

105 S

MeV mb.keV oh mb.MeV oQ
6.0 9.002(1) 0.616(5) <2
6.5 0.015(5) 0.07(2) 8(3) 0.20(7)
7.0 0.055(9) 6.18(3) 12{4) 0.25(8)
1.5 0.15(3) 0.30(6)
8.0 0.20(4) 0.32(6)

The IR for the deexcitation of '#9Ta is practically the same as in the
case of exciting the isomers when the change in spin is not large (al=3-4).
The large integral cross section of deexcitation of 180mTa makes it one of the
important candidates for the v-laser.

The observed difference may be the result of the different mechanism
of exciting the isomer in 'SHf and of deexciting the isomer #Ta. Fig3
represents the possible paths of the (v.y') reaction for the two nuclet. 1t is
probable that from the excited, after the v-capture, levels in '%¢Ta with spins
8%, 9t and 10" M1 - and E2 - transitions take place to levels {with close spin
values) of the rotational band buiit on the ground state of 180Ta (I"™=1%). The
quantum number K hindrance for these nuclei may be significantly weakened
duc to the high ievel dudsiiy in the odd-odd nucleus and to the mixing of
levels having differciit K values A similar weakening of the K - hindrance has
been observed, for instance, tor the transitions between the high-spin levels in
the nucleus !7#HE[14]. Such a path of deexcitation of the isomer can explain
the igh value of the IR obtained in the reaction ™M Ta(y v')1%Ta because the
decay of the levels of the retational band goes practically solely to the ground
state

In the case of the nucleus YHYE this way of populating the isomer is
impossible, as from the excited. atter the y-capture, level with [™=17 the
isomer is reached by a long v-cascade competing with the other decay
branches at each step such a path of oxciting the 1somer is connected wiich



the small IR. The observed IR in the reaction '80Hf{y,y')!somyf corresponds

to the calculated one on the basis of the statistical model using the program
EMPIRE [16].
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Fig.3. Excitation scheme of '*omYf and deexcitation of '8%MT3 at inelastic
scattering of y-quanta.

In summary, the above mentioned experiments demonstrate the large
influence of the level structure of the studied nuclei on the probability of
exciting the isomer - i.e. of the existence of rotational bands, the rotational
transition probabilities, the hindrance according to different quantum number

Finally, the authors would like to express their gratitude to Profs.
Yu.Ts. Oganessian, Yu.E. Penionzhkevich and N. Balabanov for their interest
in the present work and for useful discussions.
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Belov A.G. et al. E15-95-396
Excitation of the High-Spin "OHf Isomer and Deexcitation
of the "8%Ta Isomer in (Y. ¥) Reactions

The reaction mechanism of excitation and deexcitation of the high-spin isomers
18OHf(J "=87) and 180T, (J™=97) in inelastic gamma-quanta scattering was
investigated. Anomalously large integral cross section and isomeric ratio for 1301,

in comparison to '8OHf were obtained. Level properties influencing these relations
are discussed.

The investigation has been performed at the Flerov Laboratory of Nuclear
Reactions, JINR.
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