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Recoil decay tagging ofy rays in the extremely neutron-deficient nucleus'®?0Os
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The neutron-deficient nucled§?0s, produced in thé%Cd(>8Ni, 2n) reaction, has been studied using the
JUROGAM y-ray spectrometer in conjunction with the RITU gas-filled separator and the GREAT focal plane
spectrometery-ray transitions int%?0s have been assigned for the first time through the application of the
recoil decay tagging technique. The excitation energy of thet@e and the tentative energy of thiesgate are
discussed in terms of the systematic energy trends aBl#&? shell gap is approached.
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Recent experiments employing selective tagging techprotons[11]. A similar trend for the yrast structures of the
niques[1,2] have established excited states in the transitionaN=_84 isotones up t°*Yb has been successfully reproduced
osmium isotopes fromt®4-150s [3—6] and revealed funda- by shell model calculations incorporating experimental two-
mental changes in the underlying nuclear structure approachtpody matrix elementgl1], but few experimental data are
ing the closed shell a&i=82. The yrast spectra of this isoto- available on heavier neutron-deficient nuclei. The residual
pic chain reflects the evolution from the deformed regimeproton-neutron interaction is expectgd] to be stronger for
near the neutron midshel(N=104) through coexisting the very neutron-deficient nuclet&0s and the extension of
shapeg7,8] to structures associated witasoft rotors[3,4] ~ experimental studies towards nuclei near NreZ=82 shell
and weakly deformed vibrational nuclg,6]. In the light — 9aps and the proton drip line is vital for constraining models
(Ng86) osmium isotopes' the IOW—Spin yrast states are exWthh a!m to _descrlb.e the |nterp|.ay. between shell S.trUCtUre
pected to be based on configurations formed by coupling th@Nd residual interactions at the limits of nuclear existence.
spins of aligned valence nucleons. For example, the low-spi 6@5 papgr (;_eports the I:rst obslerv_auon;efay ]Er?n3|}|ons_|n .
structure of theN=86 isotone<6W [9] and *Hf [10] up to s and discusses the results in terms of level excitation

. 5 - . energy systematics.
6" are formed byw(f7)* excitations while the 8state may Investigating the structure of heavy nuclei near the proton

be formed by either thex(f7;,hg) or v(he;2)* configura- drip line with fusion evaporation reactions is exceedingly
tions. Similar yrast structures are expected in the heavier gitficult. The principal obstacle in the investigation of exotic
=86 isotones, such d8%0s. Indeed, changes in the position yclei like 15%0s is related to the difficulty of separating
of the vhy,, orbital are manifested in the yrast spectra asrays originating from the nucleus of interest populated at
variations in the excitation energy of thé 8tate. For the extremely low cross sections from the almost overwhelming
even-evergeDy to 7¢Os isotones witiN=88, the 8 state is  background ofy rays arising from heavy-ion induced fission.
found to exhibit lower excitation energies for low&mnuclei.  The application of the recoil decay taggi(RDT) technique,
At N<86, recent experimen($,9] have established that an where prompty rays are correlated with the subsequerir
inversion in this trend occurs with highef” &xcitation en-  proton decays of the nucleus of interest, has overcome these
ergy for the lowelZ isotones. This inversion is interpreted as |imitations and made possible-ray spectroscopy on the
being caused by a lowering of thé, state due to an in- shore of nuclear stability.
creasingly attractive proton-neutron interaction between the The present experiment was performed at the Accelerator
mhyy, and vhy,, states with the pairwise addition ¢k,  Laboratory of the University of Jyvaskyla. Excited states in
1620s were populated using tH€%Cd(>8Ni, 2n) reaction at a
bombarding energy of 270 MeV. THE%Cd target was a self-
*Also at Department of Physics, Royal Institute of Technology, supporting foil of nominal thickness 9Q@g/cn? and 96%
S-106 91 Stockholm, Sweden. Present address: Department tgotopic enrichment. The average beam intensity provided by

Physics, Florida State University, Tallahassee, FL 32306. the K130 cyclotron was 6 pnA. Promptrays were detected
"Present address: Department of Physics, University of Yorkat the target position by theUROGAM y-ray spectrometer
Heslington YO1 5DD, United Kingdom. consisting of 43 EUROGAM-type escape-suppressed germa-
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nium spectrometeréESY [12]. The ESSs were distributed 5000
over six angular positions relative to the beam direction with
five ESSs at 158°, ten at 134°, ten at 108°, five at 94°, five at
86°, and eight at 72°. The total photopeak efficiency of the
JUROGAM array was measured to be 4.2% at 1.3 MeV.

The recoiling fusion-evaporation residues were separated 2000 +
from fission products and beam by tRau gas-filled recaoill
separator{13,14 and deposited in theREAT spectrometer 1000
[15] at the focal plane. TheREAT spectrometer is a compos-
ite detection system comprising a multiwire proportional
counter and silicon and germanium detectors. At the focal
plane, recoiling nuclei were distinguished from the residual «
scattered beam by energy loss and time of flight methods 50§
using theGREAT multiwire proportional counter and implan-
tation detector. ThesREAT implantation detector comprises
two double-sided silicon strip detectqi®SSSD, each with
an active area of 60 mm40 mm and a thickness of
300 um. A strip pitch of 1 mm in both directions gives a
total of 4800 pixels, giving a detector of high granularity.
Each strip was gain matched and calibrated using known
a-decay lines from the embedded fusion products. All detec-
tor signals were passed to tkeREAT total data readout ac- 0 200 400 600 800 1000
quisition systen16] where they were time stamped with a E. (keV)
precision of 10 ns to allow accurate temporal correlations 4
between recoil implants and their subsequent radioactive de-

cays. . . . . . to 7600 keV, measured within 8 ms of a recoil implantation in the
The RDT technique provides high-confidence Correlatlon§ame pixel of the DSSSD. The inset shows the decay curve gener-

between prompty rays and subsequent radioactive decaysyteq by noting the time difference between a recoil implant and a
under the optimal conditions of short decay half-lives ands,psequent®?0s a decay. This decay curve is also correlated with
high branching ratios. The neutron-deficient nuclé#®s is  the characteristier decay of the daughter nucledw. The solid

a knowna emitter and is ideally suited to exploitation by the jine represents a fit to the data of an exponential functibnA

RDT technique with recent measurements yielding a decay-ray energy spectrum correlated with the characteristic
half-life of 1.92) ms and an estimated branching ratio of 6614 keVa decay of'620s. The search time for correlations was
99% [17]. Temporal and spatial correlations were performedimited to 8 ms. The Os x rays are indicated and the strongeay
offline using theGRAIN software packaggl8]. A spectrum transitions are labeled to the nearest keV.

showing a decays observed up to 8 ms following a recaoil

implantation in the DSSSD is shown in Figial The char- and as such is assigned as the-20" transition. Figure @)
acteristic 1%°0Os « decay, measured in this experiment asshows the variation of 2state excitation energy in the even-
661412) keV, is consistent with previous measurementsN osmium isotopes from the neutron midshellNst 104 to
[17,19,2Q and well resolved from the other short-lived the lightest known isotope}®®Os. The transition towards
decays. The reaction cross section for theekit channel near-spherical shapes with greater neutron deficiency is sup-
leading t0!6%0s was estimated as 400 nb. The inset of Fig.ported by trends in the*2state energies of the evéhiso-

1(a) shows the decay curve corresponding to the time differ-

ence between atf?Os implant and its subsequentdecay.

In order to select®0s decays uniquely an extra correlation
was demanded with the characteristidlecay of the daugh-
ter, 18 [E,=64453) keV, half-life 1.5(2) ms[17]], with
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FIG. 1. (a) Spectrum showing decays, in the region 6200 keV

TABLE I. Transition energies and relative intensitiesyfays
assigned t0'%?0s obtained from ther tagged singlesy-ray spec-
trum. The asterisk indicates a doublet in tey-y analysis.

a search time of 3 ms. Analysis of the decay curve yields a Transition energykeV) Relative intensity
half-life of 2.1(1) ms, which is consistent with the previous 198.91) 34(6)
measurementl7,19,2Q. A spectrum showingy rays corre- 270.32) 14(4)
lated with the characteristi€®?Os a decay within a search 342.92) 195)
time of 8 ms is shown in Fig. (b), and the energies and 375'32) 23(6)
relative intensities are recorded in Table I. o

The y-ray spectrum in Fig. (b) is complex and it is dif- 584.129) 73(14)
ficult to order the low-lying states. Indeed the complexity of 685.22) 76(15)
the spectrum reflects the close proximity ‘6fOs to theN 699.87) 64(16)
=82 shell gap where the angular momentum of low-lying 706.13) 100(19)
excited states is generated via the spin alignments of indi- 715.q4) 28(8)
vidual valence nucleons. However, relative intensity mea- 788.75) 61(13)

surements show that the 707 kewray is the most intense
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FIG. 2. (a) Variation in 2" excitation energy as a function of oD
neutron number for Os isotope®) A total Routhian surface calcu- 8004+—+ Y, ' ' ;
lated for the(parity 7, signaturex) =(+,0) configuration in*6?0s at 84 86 8 90 92
zero rotational frequency. The energy difference between contour Neutron Number

lines is 100 keV. FIG. 4. The variation of excitation energy of &tates as a

o ) ) function of neutron number for the evehisotones from Dy to Os.
topes which increase with decreasing neutron number. Totalhe data are taken from the present work and Refs.

Routhian surfac€TRS) calculations[21] at zero rotational [4-6,9,10,17,23-25
frequency predict a minimum with average deformation pa-

rameters 0f3,=0.097, 5,=0.003, y=-7.7% see Fig. @), being the 2— 0" transition. A meaningful angular correla-

which is consistent with this interpretation. - ; :
. tion analysis of the data was not possible due to the low level
A total of 3370a(1%?09-correlated y-y coincidences of statist?;s P

were collect_ed during the present experiment. These were Assuming that these four transitions have stretcEed
analyzed using thescLersoftware packagf2] in order to o aracter and form the yrast sequence and in the order 707,
deduce the yrast structure éf20s. A y projection of the 700, 584, and 199, then the excitation energy of thewdd
a(**%09)-correlatedy-y coincidence matrix is shown in Fig. g+ giates'is consistent with the smoothly varying change in
3(&). Figure 3b) shows a spectrum of rays in coincidence o systematics of the region as tNe82 shell gap is ap-
with either the 707 or 199 keV transition. Despite the 10w yrqached. Clearly more coincidence data are required to con-
level of statistics in these data the 707, 700, 584 andim this assumption and assign all the transitions that are
199 keV transitions are found to be in coincidence and thggied in Table | firmly in the level scheme &$%0s. The 8
707 keVyray is the most intense, which is consistent with it g¢51e s tentatively assigned to have an excitation energy of
2190 keV, regardless of the order of the yrast transitions. It
is then interesting to speculate on the excitation energy
trends for the 8 states for the even-even isotones from Dy to
Os withN=92; see Fig. 4. The tentative &xcitation energy
for 1620s continues the trend of decreasing energy as a func-
tion of increasingZ and reinforces the interpretation of an
increasingly attractive proton-neutron interaction between
the why1» and vhy,, states as théN=82 shell gap is ap-
proached.

In summary,y-ray transitions in the lightest known os-

mium isotope'®?0s have been observed in a recoil-decay
4 tagging experiment. The excitation energy of thestate has
been established as 707 keV, which is interpreted as a con-
tinuation of the trend towards near-spherical shapes as the
2 N=82 shell gap is approached. This is consistent with the
predictions of TRS calculations of a low deformation shape.
. A modest coincidence analysis has been used to speculate

f
200 400 600 800 100 about_ the structure of the yrast sequence up toFﬁilrth_er
experiments with greater statistics are required to confirm the
yrast sequence above thé fate.
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FIG. 3. (a) Total projection of the'5?0s a-correlatedy-y coin-
cidence matrix. The search time for correlations was limited to  The authors wish to extend their thanks to the crew at the
8 ms. (b) Transitions in coincidence with the 707 or 199 keV Accelerator Laboratory at the University of Jyvéaskyla for
transitions. their excellent technical support. This work has been
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