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Origin of the anomalous population of long-lived isomers in oddA Te isotopes

V. Bondarenko
Nuclear Research Center, LV 2169 Salaspils, Latvia

J. HonZ#ko and 1. Tomand|
Nuclear Physics Institute, 250 6&R Czech Republic

D. Bucurescu
Institute of Atomic Physics, Bucharest, Romania

T. von Egidy, J. Ott, W. Schauer, H.-F. Wirth, and C. Doll
Physik-Department, Technische Universitéiinchen, D-85748 Garching, Germany
(Received 10 September 1998; published 6 July 1999

The anomalously high activation yield of the 11/2%omeric states in odé- Te isotopes in ther( y),
(v,n), and (y,y') reactions could be understood by the funneling of the initial gateway states through the
lowest isolated 5/2 state. The peculiar deexcitation mode is governed by favit@dE?2 transitions inside
the family of negative-parity states built in accordance with IBFM calculations by a coupling of the dominant
1h,,, and P configurations to the neighboring bosonic even-even ¢&@556-28189)04907-9

PACS numbsfs): 21.10—k, 23.20.Lv, 27.60t]|

It has been known for a long time that the nuclear iso- Enhanced isomer population of Te isotopes besides reso-
meric states can be populated by different ways. In any caseant photoabsorption has also been established after the irra-
the isomer population must proceed through the initial chandiation with thermal and resonance neutr¢8®] as well as
nel with a more or less broad energy and spin distributiorin the (y,n) reaction[10]. The initial state in thermal neu-
depending on the process. The following depopulationyby tron capture is not related to ground state due to the acciden-
transitions has been traditionally described in terms of statistal character of the capture state wave function. The spin of
tical cascades with transition probabilities which depend orthe initial state in the case of thermal neutron capture on
the level density and the energy of a given cascade. Gene@ven-even targets is 172 For the (y,n) reaction spin bins
ally, this mechanism works well excluding some cases wher@re restricted to values of 1/2—5/2. Initial channels for both
the isomer populations are too large manifesting nonstatistiatter reactions lie at energies about 6—7 MeV.
cal effects. The anomalous high-spin isomer population in the Te re-

The very large cross section for the population of isomerdJion cannot be caused by any reason connected with level
in the (y,y') reaction through an initial channel ef2—4 density or spin parameters. It hqs to be due .to peculiarities of
MeV has recently attracted interdat-5]. To a large degree  ? cascades at the final stage of isomer feeding. Therefore the

the interest in this topic has been motivated by research tos—:utq'?.s Olfbthﬁ Ie}tter Cou'ﬁ be fprca[rrr]nsmg d for tre%gtlons% W'tth
wards determining the feasibility of a-laser whose pump- statistical behavior as well as for the understanding ot gate-

ing would rely on the deexcitation of long-lived isomers. ' oY> In the resonant photoabsorption process.
9 . y . g . ) The question arises which intermediate states are contrib-
In this context one of the interesting objects are the

) . ) . ; uting to the energy transfer and how far the nuclear struc-
longest-lived isomers in odé-Te isotopes. Thex,y’) €X- a5 are responsible for the peculiar decay mode of these
C|tat|l(;n functions of the isomer yieltFTe™ (T12=119.7d  giates. The purpose of the present Brief Report is to propose
and '#Te" (T,,=58 d [2] have several discrete excitation cangdidates for gateways which could shed light on the
energies. This means that photoexcitation of the 118d-  mechanism of the anomalous population of the isomers. Spe-
mers from the target state with the spin of 1/@roceeds by cial attention is dedicated to the identification of the impor-
resonant absorption through isolated initial states with a narant nuclear structures which could be responsible for the
row spin bin<3/2. Moreover, as was emphasized by thepeculiar deexcitation mode. The investigation is based on
authors of Ref[2], no consistent description could be ob- spectroscopic studies of the radiative capture of thermal neu-
tained by assuming broad absorption through densely spacéans and thed,p) reaction on doubly even Te isotopes.
levels. There have been few attempts to explain the structure Thermal neutron capture studies &t 24?§e were per-
of gateways on microscopic badi§,7,5. In general, the formed at the light-water reactor LWR-15 aeRusing a
resonant absorption in each case proceeds through the agkutron guidg11] and semiconductor detectors. Tellurium
mixtures of the ground state configuration while admixturessamples enriched to 88.4, 92.4, and 99.3 %44fTe, 12*Te,
to the wave function in intermediate states permitting dipoleand 1?®Te, respectively, were used in singlgray and
or collective E2 transitions from higher phonon even-even yy-coincidence measurements. The energy calibration was
core configurations are responsible for the branching to thenade relative to low- and high-energy transitionsfiTe
isomer. [12], %6Cl [13] and prominent background lines &f, ¢°Co,
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FIG. 1. The example of the background-subtracted coincidence 13+ £9¥ ¥ __V ¥ y Y0 .0, m}éw(%_zog
spectra gated on the three lowest transitions terminating on th §§ '
11/2" isomeric states it?*Te. Peaks are marked by their energies 125 -5 =
, T 2 o BT
in keV. 9 BB
5__ 2252
e e
etc. Relative intensities were determined from special Ra an (302)——_360&555‘3‘-& 25500 11 j=1
3CI(n,y) measurements. Theyy-coincidence measure- ?llzzjs_—/\@“gggo%gg:"?‘ 21
ments were undertaken with two 22% HPGe and 12% | W nean BuaReT T =3109
Ge(Li) detectors; in the case of°Te two 22 and 28 % HPGe 3723 aﬁmﬂﬁ — ; 31957
detectors were used. Coincidence spectra were obtained of 3222 % g‘ﬁ"”r : 1700 =
line by setting gates on primary and secondary transitions g‘é’g; :
one of them is presented in Fig. 1. L : 1319 1=
. ! I
The (d,p) measurements were performed at the Munich . X ‘yvllvly ! r v {071
tandem accelerator with the high resolution Q3D magnetic . $¢ v | i
spectrographfull width at half maximum (FWHM) ~5 Lﬁ § §i 787 /123
keV]. Enriched targets of the same quality as in thermal neu- 7/2 , % ! 525 =
. . . 1 1
tron capture studies on thin carbon foils were used. Spectr 92| ! 8{ , 351 =5
in each case were measured at least up to 3 MeV excitatio 131/22: > - 35 0—"6"1"6_'5"'2:?
172 .1 02 2,
energy. s QH1S,,
The level schemes have been deduced from the prese Tn =)
complex studies in combination with the available data from Te Famg\m_gﬁ’;‘e So
the NSDF. Evidence of population in the nucleon transfer .- Ao XD EFSDOD D Y
X . . . 3/2—'——;85'::\40“3582,‘9,‘—0:0 T 2381~ ]1[:1
reactions or of primary feeding in thermal neutron capture 3¢ _Eg:gg'agggioox—m“"“ 23795360 a
reaction, or at least one deexciting transition supported by 'gg———-;cg “g’g*—N""‘_ == =
coincidence relation were the main arguments for the inclu- 3- ¥ o 204007 J=1+(3)
sion of levels in the scheme. New levels were introduced if
they were confirmed in three or more independent gates 03/2.:*@ Sy 1560
sum-coincidence spectra with sufficient statistics. Spin-parity g g o]
assignments and limits are derived from all available data 52~Z2133 A }%%%
For levels populated by primary transitions thevalues are T8° N E
assumed to be 172or 3/2°. For levels not populated by ,,-$ 20 o] 3 Y 760k =3
primary transitions it is assumed that M2 (or higher mul- 3 Cl
tipolarity) transitions are observed. iz 9 465
Three fragments of the levels schemes relevant to th1111/2+v < 18100 —5
scope discussed here are shown in Fig. 2. One notes a stri 3/ 8 =
ing similarity of the three schemes in which only branchings 34 6 %
to the family of negative parity states connected to the iso- Rel. intensity (6=307)
mer and the ground state are shown. A clue to the under-
standing of the anomalous feeding of the I1/omeric FIG. 2. Partial level schemes showing the feeding of the 11/2

states in the studied Te isotopes give the newly establishegomeric states int**Te (top), **°Te (middle), and **°Te (bottom.
5/2° states at 862, 1071, and 1221 keV in nuclei with masd he linewidths of the transitions is proportional to the intensity of
numbersA=123, 125, and 129, respectively. These funneldhe ¥ transition. Transitions to the positive-parity states besides the
effectively collect “statistical rain” of y cascades from 9round states are not given.
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many high-lying states. In the case of th&*'?Te nuclei Thus, the configurations of the lowest 5/2and 3/2
about 55% of the whole intensity accumulated in the iso- States are mainly those ofta,/, quasiparticle whose spin is
meric 11/2 goes through these 5/2states. The lowest- antialigned with that of the first 4 state of the core. Prelimi-
lying 3/2" states are also important deexciting directly to thenary calculations for**Te show a similar situation.
low-lying 7/2" states byE2 transitions in each isotope. The ~ Summarizing, the specific decay mode of the discussed
role of the 5/2 state at 1221 keV in the isomer population in States could be understood if the mutual exchange dfithe
12%Te slightly decreasegabout 43% but the role of the andpsp, piz components both for the initial and final states
neighboring partner 7/2state at 1162 keV increasésbout take place. A coupling of the neutron wave functions with
26%). At the same time many high-lying 3/2 and 1/2 statesthe wave functions of the even-even core gives some prefer-
depicted in Fig. 2 show significant branchings to the groundence for they deexcitation inside the negative-parity states.
state. For this reason they might be considered as unknowhhe percentage of the main and minor components may be
earlier gateways in the resonant photoabsorption process @ifferent in each state forming specificbranchings. There-
least in a low energy regioE<3 MeV. fore experimentally observed branchings provide an excel-
Further information on the wave function content of thelent possibility for testing the quality of calculated IBFM
observed states gives the analysis of thep] data. The wave functions. A detailed analysis is still in progress and
corresponding spectroscopic strengths are plotted on th&ill be published in forthcoming papers.
right hand side in Fig. 2. Besides the 11/2tates all other ~_Returning to the photoabsorption data, the seven states in
low-lying states of negative-parity 9/2and 7/2 are only ~ “>’Te, namely, at 1345, 1759, 1808, 1978, 2021, 2129, and
weakly populated ind,p). The 5/2 states are entirely ab- 2197 keV could be responsible for the first plateau in the
sent in @d,p). There is no evidence that they were observed 7,Y'") €xcitation function given in Fig. 3 of Ref2]. The
in any other nucleon transfer reaction in neighboring nucleifurther rise of the excitation curve at 2.8 MeV can be caused
Thus we may conclude that the structure of these states Ry the states at 2622 and 2725 keV.
complicated. Both expectedfg, and 2, single particle The (y,7") excitation function(Fig. 3 of Ref.[2]) for the
components are of minor importance. The next group ofopulation of the neighboring?Te™ provided less details at
negative-parity states is populated byl transitions which 10w energies. Error bars representing the upper level for the

are spread over an excitation energy of 2—3 MeV indicatingictivation yield at energies below 4 MeV do not exceed the
wide fragmentation of the 8y, and 3y, single-particle ackground base line due to the experimental difficulties of
strengths /2 V2 measuring they ray of a strongly converted transition at 35

As an attempt to reach a more detailed understanding I*ev. The first significant increase of the activation yield

the structures of negative-parity states we performed IBFM- rik?osnpl)afctehget\;\;i?] t4.r§eaar;iriln51e'\r/1|tesv mfh (Iasc:)l?z;/ropga:l?ﬁa
calculations with the even-evefTe) cores and the boson- 9 P ) P

fermion interaction strength parameters close to those usegrzﬁﬁltesa;wi;hngesgfzggizzp:ﬁ:linp:ccet;(;?nSh(;V\t/Eemlll;g' 2
for the isotonic Xe and B#14,15. Quasiparticle energies y 9

and shell occupancies have been calculated with a standafgPMer 9oes through the 5/atate at 1071 keV. In this case

12
BCS procedure starting from the 50-82 shell single—particlecontrary to**Te only the lowest 3/2 states at 1700, 1957,

: ; : d 2315 keV show appreciabld,p) population byl = 1
levels provided by Ref.16]. Besides level energies] 1 and and 2« :
E2 transitions have been also calculated, with effective bo'_tran_snlons[l?]. This means that other 17_2and 3/Z states
son charge andy factor chosen such as to describe thehavmg smglp strength could not be considered as u_nportant
B(E2;2/ —07) value and the magnetic moment of thi 2 gateways in the ¥,y') process. The whole experimental

Py : (d,p) distribution of thel = 1 strength above 2.5 MeV in
state from the coré*“Te; fermion charge ang factors were 125Te does not correlate with the behavior of the primary’s
chosen according to the prescriptions used in Réf$,15. b y

With these calculations, the enhanceé@ transitions from tran§|t|()lr213 in the 1, ) reaction. It should be emph§5|zed
. that in *?°Te an overlapping oh,, andp wave functions

the 9/2',7/2",5/2,3/2" states, of about the same magni- ;o\ o smaller than if®Te. Therefore the deexcitation

tude as those for the partici€ore multiplets, are repro- attern in'%Te shows less preference to the own negative-
duced; also, the branching ratios for these states are reasc%érity states P 9

ably well described. The calculated 5/2tate in?*Te has i | lation of the lona-lived Te i

he main configuration 88.0%42h,,+6.7%2 ®f e anomalous population of the long-lived Te isomers
t 9 D73 4 =2 could be understood based on the present comprehensive
whereas the 3/2 state, as_somated to the experimental statE(n,y) and @d,p) studies. The principal reason for this phe-
at 1345 keV can also be interpreted as a member ofiff)e  nomenon is connected with the peculiar deexcitation mode
family, having a rather similar structure: 87.5%@hy1,  of the intermediate states through the lowest isolated 5/2
+6.3%2 ®fy,. It should be emphasized that the experi-state. In the frame work of the IBFM this keystone state
ment indicates an additional small, but sizaplerave com-  represents a mixture of thenl,,, neutron wave function as a
ponent in this state. Very similar configurations have beemain component with a minor 8 component which are
obtained for the states of'*Te. Besides the first coupled with the even-even bosonic core. These structures
9/27,7/27,5/27,3/2" states which can be readily assigned tobeing fragmented between many high-lying levels enhance
the experimentally observed ones, the calculated 1¢2el  significantly the y transitions inside the family of the

is predicted at 1.5 MeV above the parent Il&ate. negative-parity states. The direct proof of suggested gate-
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