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First identification of -ray transitions in °Te
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Gamma-ray transitions i’ Te have been identified for the first time. The experiment, which utilized the
recoil decay tagging technique, was performed at the accelerator laboratory of the University of Jyvaskyla,
Finland. Prompt gamma rays produced®fiNi(°Cr,3n)'%Te" reactions were detected by the JUROGAM
y-ray spectrometer. The gamma rays belonging%@e were selected based on the recoil identification
provided by the RITU gas-filled recoil separator and the GREAT focal plane spectrometer. A first excited state
at 90 keV, tentatively ofy;;, character, is proposed.
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[. INTRODUCTION This leads in typical experiments to a population of a multi-
10 . . . tude of different reaction channels. The nuclei of interest are
T'he nUCIeUSWOS%.'S preg'Cted to be th'e heaviest often the most weakly populated and the corresponding
particle-bound self-conjugatN=2) doubly magic nucleus v-ray spectra must therefore be extracted from a largay
and its properties have therefore been the subject of lon 5ackground arising from more abundantly populated chan-
standing attention in nuclear structure physics. Experimentg.((eIS using selective tagging techniques. The existence of an
information on single-particle energies and residual interacisland of a radioactivity for the very neutron-deficient Te, |
tions with respect to thé°’Sn core are of vital importance Xe. and Cs isotopes is in this context very helpful. These

for dteHstlrsg ntliclear moz_eli, €9, trﬁlatlws;qc dmear! flﬂﬂiN characteristicx (or protor) decays can be used as a tag for
and Hartree-Fock] predictions In this exotic domain. INeu- entifying excited states in specific nuclei using the highly
trons and protons near the Fermi level here occupy identic

. ) - elective recoil decay taggindRDT) technique[7,8]. This
orbitals, and neutron-proton correlatiofesg., the possibility - . : 7
g . . article presents the firsg-ray spectroscopic study 6f"Te.
of T=0 neutron-proton pairingare therefore particularly im- P skray sp P y

portant. An emergence of collective phenomena is also ex-
pected, enhanced by the interactions between neutrons and Il. EXPERIMENTAL DETAILS

protons in similar orbits near the Fermi level. For the nucleus ;
e, the valence particles relative to th&Sn core are The experiment was performed at the JYFL accelerator
52 | G55 P . facility at the University of Jyvaskyld, Finland. TH&Cr
predicted to occqpydthedg,z and 13|7/2 S“bShﬁ"S' gnd_ '”Lolf' ions, accelerated by the JYFL K130 cyclotron to an energy
mation on its excited states complements that obtained fro it
e.9.19%5n 3] and2%5Sn [4]. Recently, an astrophysical inter-nbf 187 MeV, were used to bombard a target consisting of
9. . _ - Y phy: two stacked self-supporting foils of isotopically enriched

est in studying this region of the nuclear chart has emergefbg_s% 58Ni The targets were of thickness 5@@/cn? and
due to its predicted role in stellar nucleosynthésise, e.g., 40 ug/cn?, respectively. The average beam intensity was

; H 107
[5] for a popular review In particular, “'Te has been pre- 4 4 hnA during 5 days of irradiation time. The reaction chan-
dicted by Schatzt al. to constitute the end point of the o of interest. °Te. was populated via the fusion-

astrophysicalrp-process due to a closed Sn-Sb-Te CyC|eevaporation reactiorPeNi(52Cr, 3n)'°Te". Prompt y-rays

preventing heavier elemgnts from formifgg. , were detected at the target position by the JUROG#kby
_ _Ir_l recent years, a rapid development of expenmenta_l se Spectrometer consisting of 43 EUROGAM] type escape-
sitivity has spawned a large experimental effort on studies o uppressed high-purity germanium detectors. The germa-

the very neutron-deficient nuclei near the closed shell at nium detectors were distributed over six angles relative to

=50. As the proton drip-line is approached, the barriers in'the beam direction with five detectors at 158°, ten at 134°,

hibiting the emission ofw particles and protons decrease. ten at 108°, five at 94°, five at 86°, and eight at 72°. In this
configuration, JUROGAM had a total photopeak efficiency
of about 4.2% at 1.3 MeV.
*Email address: hadinia@nuclear.kth.se The fusion-evaporation products were separated in flight
"Present address: Florida State University, Tallahassee, FL 32308om the beam particles using the gas-filled recoil separator
*Present address: Australian National University, Canberra ACTRITU [10,1] and implanted into the two double-sided sili-
0200, Australia. con strip detectoreDSSSD$ of the GREAT[12] focal plane
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spectrometer. The GREAT spectrometer is a composite de ' ' ' ' '

T T

tector system containing, in addition to the DSSSDs, a mul- Sl AT L 17 Te(1)Search time : 10 ms,
tiwire proportional avalanche count@éMWPAC), an array of 2500 - Te |
28 Si PIN photodiode detectors, and a segmented planar G 300 M .
detector. During this experiment, a Euroball clover detector% 2000 -
was located at the focal plane and used in conjunction withed [ 1500
GREAT. Each DSSSD has a total active area of 602 5
X 40 mn?t and a strip pitch of 1 mm in both directions yield- 2
ing in total 4800 independent pixels. O ]

The signals from all detectors were recorded indepen- 1071 (2)
dently and provided with an absolute “time stamp” with an 190 108
accuracy of 10 ns using the total data readOtbDR) [13] Te
acquisition system. Spatial and temporal correlations of re-

I~ Searchtime:7s
ol ,

3200 4000

coil implants and their subsequemtdecays were performed — e e %
offline using theGRAIN [14] and TSCAN [15] software pack- E (keV)
ages. o

. The RDT technique prOVide$ high Conﬁden(,:e, correlatipn FIG. 1. Energy spectrum fost-decays occurring within 10 ms

In cases Wh‘?"? the decay half-life and the re90|l ,'mplantat'o%f a recoil implantation in the same pixel of the DSSSD. Thiine

rate are syfﬁmently Iovy to prevent multiple hits in the pixel itributed to the ground-state decay'8fTe (°"Te(1)) dominates

\1/\é|7th|n a given correlation time. The 3.1 ms half-lif&6] of  \ith a weaker decay brangh’’Te(2)) assigned to the same nucleus
Te is short enough to allow clean correlations, even ahnd an« line corresponding to the longer-lived decay'@ire. The

high implant rates, and long enough to survive the @55 inset shows a spectrum sorted with a correlation time limit of 7 s.

flight time through the separator. In the present experimentrhe large background of this spectrum is due to the long correlation

the near-symmetric reaction proved challenging for thetime (note the offset in the ordinate axis

RITU separator and an overlap of the spatial distribution of

the recoiling fusion products with that of the beam particlesFig. 2. Also here the time difference between a recoil implant

was difficult to eliminate. In order to minimize the number of and itsa decay was limited to 10 ms and in addition a gate

beam ions deposited in the DSSSDs, a carbon charge resat the 3.862 Me\x energy was set to select th&Te chan-

foil (40 ug/cn?) was placed immediately downstream of the nel. In Table I, we have listed the energies and relative in-

target and the recoil distribution was centered close to théensities of they-rays associated witH'Te.

right-hand edge of the DSSSDs. Recoil discrimination was The only y-ray transition for which internal conversion

also possible at the focal plane using energy loss and timenight be expected to contribute significantly to the total tran-

of-flight measurements employing the GREAT MWPAC andsition probability is the 90 keV transition. Assuming it has

implantation detector. M1 charactelsee below, the internal conversion coefficient

would be around 0.98, which indicates that about 50% of the

intensity is converted. Due to the lack of sufficient statistics

1. RESULTS
The ground state df"Te a decays with 7(80)% branch- O T
ing ratio [17] and has a 3.1 ms half-lif¢16]. The 1°Te I
ground state t0'®Sn ground statea-decay Q-value is a5 20 g -
4.012 MeV[18], corresponding to am-particle kinetic en- F 10 a
ergy of 3.862 MeV. An additional weak0.5%) «-decay 20| 5 .

branch to the first excited state #°Sn at 168 keV was
observed recently by Seweryniadt al. [19]. The recoil-
correlateda energy spectrum from the present experiment is
shown in Fig. 1. The time difference between a recoil im-
plant and itse decay is limited to 10 ms, corresponding to
three half-lives of°’Te. The nuclei in this mass region pre-
dominantly decay byB-emission and the only-decaying
nuclides produced with any significant cross sections in the
present experiment ar@’'%re, the isotopd®Te having a 0 200 400 00 300

much longer half-life of 2.1 $17]. With a maximum corre- Ey(keV)

lation time of 10 ms, only one strong peak, with an energy

consistent with the decay 6f'Te, appears in the spectrum.  FiG, 2. Recoil decay taggegtray spectrum from the decay of
In addition, one may discern a small peak at the energy ofxcited states it°Te. The spectrum has been produced using a
the weak decay branch to the first excited stat€38n. With  search time limit of 10 ms between a recoil implant and a subse-
longer correlation timegup to seconds the a peak corre-  quenta decay in the 3.862 MeV energy gate. Contamination lines
sponding to the decay 6féTe was more prominent. A recoil-  arising from the strongest reaction chanfi&Ni(3°Cr, 3p)*%%In [21],
decay taggedy-ray energy spectrum fol’Te is shown in  are indicated by filled circles.
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TABLE |. Gamma rays assigned {8’ Te. Gamma-ray intensi- 250f - " T T T T T N
ties (statistical uncertainties are given within parenthgses ad- ~ | : 51%
justed for detector efficiencies and normalized to the intensity of the E 200+ .
strongest transition in the spectru®0 keV). = |
& 150 4
Energy(keV) Relative intensity%) § |
= 1001 107, |
90.34) 100123 '§ A
482.17) 19(14) ‘S so- .
542.68) 19(14) |
of i
556.28) 1914 5'3 . 5'5 . 5'7 . 5'9
571.85) 38(19) N
631.39) 7423 FIG. 3. Energy systematics for the first excited 7 4fates in the
668.16) 5219 very neutron deficient S¢rircles and Te(triangleg isotopes. The
676.44) 90(23) data are from the present work and Ré&4,22,24,25,2p
688.67) 62(23)
693.99) 38(19)
721.04) 90(23) these states with theh, ,,, isomeric state ift*'Te [25]. The

energy systematics of the first excited states in the lightest
odd-neutron Sn and Te isotopes are shown in Fig. 3. The
for a y-y-coincidence analysis, it was not possible to con-energy of the first excited 7/2state in the light odd-N Te
struct a firm level scheme fd°’Te. However, considering isotopes decreases from an excitation energy of 117 keV in
the energy and intensity relationships between the stronge$t'Te [25] to 98 keV in1%Te [24,26,27. This trend contin-
observedy-rays, we tentatively propose that the 721 keV ues with our placement of the first excited state'ifie at

line deexcites &9/2") state to the(5/2") ground state, 90 keV. It is interesting to note that the opposite trend is
whereas the 631 keV line deexcites the same state to a firgbserved for the odd-N light Sn isotopg28]. For the Sn
excited(7/2+) state at 90 keV. The 90 keV transition, which isotopes, the tendency of increasing ¥ BXcitation energy

is the most intense of the observeeays, would then con-  as a function of decreasing neutron number is, however, bro-
nect this(7/2") state with the(5/2) ground state. This sce- ken for1%%sn with the observation of the first excitég/2")
nario is supported by the observation of Schartdil. of two  gstate at 168 ke\[3]. This behavior can be explained within
a-decay lines at 3‘11;‘190) keV and 358(B0) keV associated  he framework of standard shell model calculations. Consid-
with the decay of*"Xe [20]. Schardtet al. reported that ering the quite different energy systematics of thg states

§g7esea decays were time correlated with the characteristiG, e jsotopic chains of the light Te and Sn nuclei, the effect
Te a decay, although it was not clear whether these decayﬁoints to a strong influence from neutron-protamp) re-

; ; 107
proceeded from two isomeric states riXe to °'Te or from sidual interactions. The excitation energy of thg state as

+ 111, ¢ + 107 H
Opjszzitiv'(ikxﬁ tge?rﬁglﬁzgzza;g&f t(-)reiﬁigr“grjgtt ?;ézg twa function of neutron number may be expected to be quite
P ' P ensitive to not only the overall np interaction strength but

a-decay lines as fine structure in the decay of thie : : ) . :
ground state, the lower-energy branch populating the firs?lso to the detailed properties of the np interaction. This

excited 90 keV state it®Te tentatively inferred from the issue deserves_ further attention3 both from a theoret!cal and
present data. The difference in thedecay energies mea- fro_m an e>_<per|mental _perspec.nve. From the experimental
sured by Schardet al. then corresponds to an excitation point of view, more mformgtlon on the very neutron-
energy of 100+60 keV, which is in agreement with the d€ficient Sn and Te isotopes is clearly needed.

- ; . As mentioned in the Introduction, Schatral. have sug-
90 keV ener roposed here for the first excited state in '
071 gy prop gested that the isotop@‘Te forms the end point of the as-

trophysicalrp-procesg6]. Their results are based on exten-
sive reaction network calculatiori80] for various hydrogen
IV. DISCUSSION burning _scenarios on the surface of acgreting heutron stars.
The available experimental data on excited states in the nu-
The ground states of the previously studied lightest odd-Aclei of interest for these calculations are quite limited and
Te isotopesi®Te and'!'Te, have been tentatively assigned nuclear level densities were modeled schematically using a
to have spin-parity 5/2[22,23. These states were inter- Fermi gas approach. The experimental identification of low-
preted as being built on @, configuration whereas the first lying excited states if°Te and neighboring nuclei should
excited states are tentatively assigned tobe7/2*, and are  provide valuable input for further studies of thg-process
predicted to be predominantly gf,, parentaggsee[22,23  path. In particular, our proposed placement of the first ex-
and refs. therein These spin assignments are based on syssited state int%Te at a mere 90 keV above the ground state
tematics and IBFM calculationg24] as well as on the ex- should be relevant to further studies of tHéTe(y, @)'%%Sn
perimentally deduced multipolarities of-rays connecting reaction rate.
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