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Abstra t

Ex ited states of the nu leus 104 Pd was investigated experimentally via the 96 Zr(13 C,5n) rea tion at beam energies of 51
and 58 MeV, using the Euroball IV γ -ray spe trometer in onjun tion with the Diamant harged parti le array. On the basis
of γγγ - oin iden e data two non yrast low-lying positive-parity
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bands were identied, whi h were assigned to soft γ -vibrational
ex itations.
I. Introdu tion

Low-lying as ades built on the se ond 2+ state have been observed in
several Pd and Ru isotopes in the A ≈ 100 mass region. Re ently, su h a
stru ture has been identied also in 102 Ru and it was interpreted as a quasi-γ
band asso iated with γ -soft triaxial deformation, whi h might be onned in
a region away from axial symmetry [1℄. Sin e the nu lear stru ture of 104 Pd
shows similar hara teristi s than that of 102 Ru having only 2 protons less,
the existen e of a quasi-γ band is expe ted also in the studied nu leus. In a
re ent experiment aimed at studying the andidate hiral stru tures in the
rhodium isotopes around A∼104 by in-beam γ -spe tros opy we olle ted a
signi ant amount of data also on 104 Pd, making it possible to extend its
band stru ture.
II. Experimental methods and results

Ex ited states in 104 Pd were populated using the 96 Zr(13 C,5n) fusionevaporation rea tion at beam energies of 51 and 58 MeV. The 13 C beam,
provided by the Vivitron a elerator at IReS, Strasbourg, impinged on a
sta k of two targets, ea h of thi kness 558 µg/ m2 and enri hed to 86%
in 96 Zr. The emitted γ rays were dete ted by the Euroball IV dete tor
array [2℄ equipped with 15 luster [3℄ and 26 lover [4℄ omposite Ge dete tors. The luster dete tors were pla ed at ba kward angles, while the lover
dete tors were positioned in two rings at an average angle of 90◦ relative
to the beam dire tion. The γ rays were measured in anti- oin iden e with
light harged parti les in order to eliminate the ontaminants from rea tion hannels produ ed by evaporation of protons and α-parti les from the
109 Pd ompound nu lei. The dete tion of harged parti les was performed
by means of the highly e ient Diamant array whi h was onsisted of 88
CsI dete tor elements [5℄.
The data obtained from the Ge dete tors were sorted o-line into a 3dimensional histogram. The γ -ray energies and relative intensities, as well
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Figure 1: The partial level s heme of 104 Pd obtained in the present work.
Width of the arrows are proportional to the intensity of the transitions.
The energy of the ex ited states and the gamma transitions are in keV.
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as their oin iden e relations were derived from the γγγ - oin iden e ube.
Information on the multipolarities of transitions with su ient intensity
was extra ted from an analysis of dire tional orrelation of oriented nu lei
(d o) ratios [6℄. The multipolarity assignments were further supported by
dedu ing the ele tromagneti hara ter of the transitions by measuring the
linear polarization of the γ rays. The level s heme shown in Fig. 1 was
onstru ted using the Eγ − Eγ − Eγ oin iden e relations, as well as energy
and intensity balan es. The pla ement of the known transitions is onsistent
with the previous work [7℄.
In addition to the already known ex ited states, there appeared two new
rotational-like stru tures, bands 2 and 3. The 1265 keV γ ray linking the
lowest-lying state in band 3 to the yrast band has been observed by Grau
et al. and a stret hed M1 multipolarity has been assigned to it [7℄. On the
basis of our experimental data we onrmed the position of this transition
and the I π =3+ spin-parity of its initial state at 1821 keV. Using the observed
oin iden e relations a new band was built on this state up to an ex itation
energy of Ex ≈4.3 MeV. Based on the quadrupole hara ter of the 624, 824
and 991 keV γ rays, we propose 5+ , 7+ and 9+ spin-parity values for the
levels at 2445, 3269 and 4259 keV. The yrare 2+ and 4+ states have been
identied by Grau et al. [7℄. Our oin iden e data onrm the previous
pla ements of the 1342, 786, 741, 1527 and 759 keV transitions, and make
it possible to extend the as ade by three levels and to onne t to band 1
and 2 by several transitions. The obtained stret hed E2 and quadrupole
multipolarities of the 1342, 1527 and 741 keV γ rays are in a ordan e with
the 2+ and 4+ spin-parities of the states at 1342 and 2083 keV, thus, we
adopt those values to them.
On the basis of the d o and linear polarization analysis, stret hed E2
and quadrupole hara ters are dedu ed also to the 1354, 914 and 1026 keV
transitions, respe tively, suggesting unambiguous I π =6+ , 8+ and 10+ values
for the states at 2678, 3593 and 4619 keV. The spin-parity assignments in
band 2 and 3 are further orroborated by the ∆I =1 (233, 361, 666 keV γ
rays) and the ∆I =0 (371, 428, 759 keV γ rays) dipole natures of the linking
transitions.
Further details of the experimental analysis an be found in Ref. [8℄.
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III. Dis ussion

The levels of the non yrast low-lying positive-parity stru ture were grouped into a γ -band whi h is built on the se ond 2+ state of 104 Pd. The band
assignment is based on the observed de ay pattern and on the similarities
with the stru ture of 102 Ru. A distin tion between ex itations in a γ -soft
and a γ -rigid potential an be dedu ed from the energy sequen e in the γ band and an be expressed in the odd-even spin energy staggering fun tion
S(I, I − 1, I − 2) =
E(I) + E(I − 2) − 2E(I − 1)
.
=
E(2+
1)

In the ase of a triaxial rigid rotor this staggering gives positive values
for even spins and negative ones for odd spins. For a γ -soft rotor it has an
opposite phase, the values fall below 0 for even spins and above 0 for odd
spins.
The experimental odd-even spin energy staggerings dedu ed for these
bands are displayed in Fig. 2 together with the values extra ted for 102 Ru [1℄
and other Palladium isotopes with available data [9, 10℄. The resulted phase
of the staggering is the same in all displayed nu lei. In the ase of 104 Pd
the S(I, I − 1, I − 2) values vary between the negative values of −0.23 and
−0.53 for even spins and they fall between the positive values of 0.17 and
0.62 for the odd spins. A ordingly to the obtained odd-even spin energy
staggerings in 104 Pd, we an rule out the rigid triaxial rotor s enario and
assign a γ -soft hara ter to this nu leus. It is worth to note that although
the values obtained for 104 Pd are in the same order of magnitude as in
102 Ru, 108 Pd and 110 Pd, there seem to be some dieren es. For lower spins
the staggerings are larger for the heavier Palladiums than for 104 Pd, while
they in rease at higher spins of 104 Pd unlike 102 Ru. These behaviours might
indi ate an in reased γ -soft hara ter in 108,110 Pd at lower spins ompared
to 104 Pd, while the latter might have a more γ -soft shape at higher spins
than 102 Ru.
IV. Summary
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Figure 2: Experimentally observed odd-even spin energy staggerings in the
non yrast low-lying positive-parity band in 104 Pd ompared to the values of
the quasi-γ band in 102 Ru, 108 Pd and 110 Pd. The lines between the symbols
are drawn to guide the eye.
Medium-spin states of 104 Pd were studied via the 96 Zr(13 C,5n) rea tion using the Euroball IV γ -ray spe trometer oupled with the Diamant array for the dete tion of harged parti les. The non yrast low-lying
positive-parity bands were interpreted as ex itations asso iated with γ -soft
deformation on the basis of their energy staggering as a fun tion of spin.
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