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Yrast states of the proton drip line nucleus 1°°Sb
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Yrast states of:%Sb have been investigated in tA#e(®Ni, apn) reaction using in-beany-spectroscopic
methods and in thé°Cr(*®Ni,pn) reaction performing delayeg¢t and conversion electron studies. A new
isomeric state was found at 103 keV with,=232(21) ns. The number of states and transitions in the
proposed level scheme have been doubled. The experimental results are discussed within the framework of the
shell model [S0556-28189)08502-7

PACS numbgs): 21.10.Hw, 23.20.Lv, 27.68j, 21.60.Cs

. INTRODUCTION meric states in the neighborhood t°Sn by detection ofy
rays and conversion electrons from mass-analyzed recoils.
A theoretically and experimentally equally challenging di-

rection in nuclear spectroscopy is the study of nuclei close to A. In-beam experiment
the limits of stability. In heavy nuclei the location of the | the in-beam experiment neutron deficient nuclei were
proton drip line has been established in ke 100 and 150 produced by bombarding #'Fe target with a®Ni beam at
[1] regions. The nuclef®Sb and'®¥ are ground-state pro- 261 MeV. A 3.0-mg/cr-thick target was isotopically en-
ton emitters[2,3]. In the present work the structure of the riched to 99.9% and placed on a 21.8-mgfcwu backing.
next to drip line nucleus'®Sb has been investigated by The target was surrounded by three detector systems. The
y-spectroscopic methods. Prior to this study the only infor-evaporated charged particles were detected in 31 thin Si de-
mation on this nucleus was a cascade of fedrays, ob- tectors almost completely surrounding the target. Neutrons

served in a previous NORDBALL experimeft]. emitted from the compound nuclei were detected in a neu-
tron multiplicity filter consisting of 16 neutron detectors cov-
Il. EXPERIMENTAL METHODS AND RESULTS ering a solid angle of 1#4 downstream of the target posi-

tion. The Si-detector system, as well as the neutron

Two experiments were performed to investigate the strucmultiplicity filter, were described in Ref§5—8]. The four
ture of nuclei close to th&l=Z=50 shell closure. The first Ge cluster detectof®] were mounted upstream of the target
one was an in-beam measurement performed at the Tandgposition in a closely packed geometry with a common focus
Accelerator Laboratory of the Niels Bohr Institute using of the central capsules at 21 cm from the center of each
EUROBALL cluster detectors. Its aim was to obtain morecluster. To optimize the-ray detection efficiency, the target
information on the structure of nuclei ne#l’Sn by analyz-  position was moved 10 cm toward the Ge detectors along the
ing yy-coincidence relations and angular distributionsyof beam line. Each cluster contains seven Ge crystals. Totally
rays. The application of a rather wide time window of 474 ns25 of the 28 available crystals worked during the experiment.
made possible to search for medium-long isomeric states akhe setup had a photopeak efficiency of(3)% at 1.3 MeV,
well. The second experiment, performed at the Argonne Naaccording to a simulation performed with tleEANT code
tional Laboratory, was focused on a study of long-lived iso-10].
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FIG. 1. Sum of the gates set on the 119-, 216-, 727-, and 1090-keV trandifiorend the spectrum gated with the 103-ke\Mray
assigned ta'%sb (b).

The time reference signal was given either byyaay ticles, were sorted for the three detector angles. The intensity
hitting the neutron multiplicity filter or by a charged particle ratios R;=1,(135)/1 (12¢°) and R,=1,(135)/1 (10Q)
hitting one of the Si detectors. The trigger condition de-were used to determine the angular momenta transferred by
manded that at least oneray was detected in the Ge crys- the y rays. The ratios formed two groups with valuRs
tals at the same time as at least one neutron was identified o6n0.87, R,~0.75, and R;~1.03, R,~1.15, respectively,
line by the neutron multiplicity filter. Totally, 2810°  with relative errors of about 10% for the stronger transitions.
events were collected at a rate of .50 events/s with an The former group corresponds to stretched dipole and the
averagey-ray fold of 2.5. latter to stretched quadrupole transitions fprrays with

The coincidence events were sorted into a seEpE,  known multipolarity in 1°Sn, 1%8Sb, and!%Te. The two-
matrices, requiring different conditions on the number of de-dimensional plot of théR; and R, ratios, shown in Fig. 3,
tected charged particles and neutrons. In the data analysis theade it possible also to draw definite conclusions in the case
sum of the x1n- and lalpln-gated matrices were used.

y-rays were assigned to th€®Sb nucleus if they were in 3901

coincidence with the previously known transitidag. All y T 4t 3868
rays assigned t3°®Sb are shown in Fig.(&). The spectrum 3t 3566
was obtained by summing gates set on the 119-, 216-, 727-, o8 126 3380

and 1090-keV transitions. In Fig(l) the spectrum obtained
by putting the gate on the new 103-keV transition can be

seen. 2765y

The level scheme of%Sb shown in Fig. 2 was con- o W oast
structed mainly on the basis of they-coincidence relations. 2255 4 (10%)
The 103-keV transition, being in coincidence with the stron- 1946 10t 207
gest transitions in'°Sb, was proven to be delayed with a  — 7% 727 Q o 1768
half-life of 232 ns(see Sec. Il B while the other transitions z‘;@ 528 § (@ ol
were prompt. Therefore, the 103-kej}/ray was assigned to oo
the decay of the first excited state H°Sb. The cascade of 7t 1146
the four strongest transitions observed previously is R

placed on the top of the isomeric state. The yrast cascade is
continued by two additionay rays up to an excitation en-
ergy of about 4 MeV. The new transitions are put in order of
decreasing intensity. In addition to the yrast cascade, a side
branch connected to the levels at 438 and 1528 keV was
observed. Besides the transitions placed in the level scheme, 1%sb

y rays with energies of 424, 637, and 1404 keV were also . 5 Experimental and theoretical level schemes'$8b.

a_\SS|gned t0'%Sb on the basis of t_he:/y-commderjt_:e re_la- The widths of the arrows show the intensities obtained from the
tions. However, due to the_ low statistics their positions in thel:oincidence matrix. The unfilled part of the 103-keV arrow repre-
level scheme are uncertain. - sents the intensity of the conversion electrons for fE@emultipo-

The multipolarities of the observed transitions were deteryayity. The multipolarities of the transitions are also givBnmarks
mined by means of angular distribution ratios. The detectogipole transitions, an@ marks quadrupole transitions. All the spin
elements of the clusters created three rings~&t3%,  values are tentative. They are given relative to the assumed ground
~12®, and ~10Q relative to the beam directiony-ray  state spin "=2". The theoretical level scheme is calculated in the
spectra, gated with different combinations of detected parframework of the shell model.
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FIG. 3. Two-dimensional plot of the angular distribution ratios. FIG. 4. Back d subtract ¢ btained in th
The two kinds of dashed lines indicate the weighted average valuesff i - 4. bac gr?u1n_h Sltj. rac gd(-jray Spec ru?wfo alget IETOO €
for dipole and quadrupole transitions obtained from ratioy cdys of-iné experiment. The ime window was set from 9 1o ns

with known multipolarities. Thel%Sb transitions are labeled with after the recoiling nucleus hit the catcher foil. The time distribution
their energies given in ke\./ of the intensity of the 103-ke\y ray obtained in the in-beam ex-

periment(marked by circles and the time spectrum of the same
of weak transitions. Dipole character was assigned to th&ansition from the off-line experimerimarked by triangles are
119-, 216-, and 448-keV transitions, while the angular distri-shown as an inset.

bution ratios for the 727- and 1090-kejrays suggest quad- multipolarities are 0.18, 0.58, 1.51, and 5.81, respectively.

rupole nature. The spins of the states were assigned assURys s> muitipolarity can be assigned to the 103-keV tran-
ing that all observed transitions are stretched, and that thgjon. The half-life of the initial state of this transition was

spins increase with increasing excitation energy. determined from the time spectrum of the Ge detectors,
shown in the lower part of the inset in Fig. 4. The fit gives
B. A new isomeric state in'%°Sb t1,=230(30) ns for the half-life, in accordance with the re-

sult obtained from the time spectrum of the electron detec-
tors. The time distribution of the intensity of the 103-keV

ray obtained from the time spectrum of the Ge cluster detec-
Sors in the in-beam experiment can be seen in the upper part
of the insert in Fig. 4. From these data the half-life of the

Isomeric states of residual nuclei produced in fer
+%8Ni reaction on a 0.56-mg/chhick target at beam en-
ergy of 220 MeV were studied after separation using th
fragment mass analyzeiFMA) at the Argonne National

Laboratory[ll]._The FMA is set up so that every fou_rth isomeric state was measured to bg,=235(30) ns in
mass overlaps in the focal plane. In the present case it w

: or a<’§greement with the FMA data. Taking the weighted average
configured to allow nuclei wittA=94, 98, 102, and 106 0 1o measyred values a half-life bf,=232(21) ns was

btained f thei i o front of the focal bl r:Lf‘ssigned to the isomeric state at 103 keV. From the measured
;vasm% alnz d tr)oma glr_tr_)é)g |gns_:_n er%r:atgcto € 'IPhC: 2?(?& If life and the transition energy, &2 transition strength
S measur Yy a position-sensitiv r- recoli€st 2.8:3) W.u. can be deduced.

nuclei were stopped in the focal plane by a 3.6-mdkithick

Al foil. The typical flight time of a recoiling nucleus between
the target and the catcher foil was about 640 ns. Conversion
electrons from the decay of isomeric states were measured The experimental results were compared to a shell model
by five siliconp-i-n diodes forming five sides of a cube with calculation performed with the Ritsschil package using the
a size of 2.5 cm behind the catcher foil. The electron detecsame matrix elements as in our previous calculations of Sb
tion efficiency was about 15% in the 80-160-keV energyisotopes4,13]. Especially for the interaction, modified sur-
range. Four Ge detectors at3 cm from the center of the face delta interactiofMSDI) matrix elements were used
catcher foil, having a total photo peak efficiency of about 5%with strength parametefs,=A;=0.32 MeV and monopole

at 1.3 MeV, detected the delayedrays. Events were stored shiftsBy=—3B andB;=B with B=0.32 MeV. The model

on tape if at least one electron or oneray detector fired space comprised the neutrot,, g7, S10, and dsp
within 2 us after a heavy ion had passed through the mulshells, while protons were allowed only in tkle, and g,
tiwire proportional counter detectpt?2] placed between the states. The calculated yrast states are shown in Fig. 2 to-
slits and the focal plane. gether with the experimental data.

The background subtractegtray spectrum is shown in The ground state ot%Sb is expected to arise from cou-
Fig. 4. In the corresponding electron spectrum two lines wergling the odd proton to the odd neutron situated in dag
observed, th& and L conversion electron lines of the 103 state. In the shell model calculation the splitting of this mul-
keV transition. The total conversion coefficient obtainedtiplet is very compressed, all th€=0"-5" members of the
from the ratio of the electron intensity overray intensity — multiplet are below 310 keV, and their splitting can be ap-
was 1.82). The theoretical values fd&1, M1, E2, andM 2 proximated with an open up parabola characteristic for a

C. Discussion of the level scheme
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particle-hole multiplet. The energy splitting of thels;,vg,,  configurations with>55% weight. The (7) level at 886
multiplet is also fairly flat(spread over 290 kely and has keV corresponds to the yrast 7shell model state, with the
some staggering. Theds,, andgy, orbits are almost degen- dominating (~65%) mg-,rds, configuration calculated at
erate in1%'Sn, as extrapolated from a shell model analysis of~ 1150 keV.

the light Sn to Cd isotopefsl3]. As these orbitals are filled  ysing the effective proton and neutr@® charges from
simultaneously with increasing neutron number, the neutroRyrevious work [13], e,=17% and e,=1.44, the
guasiparticle states are mixtures of configurations with th%(E2;4+H2+) is calculated as 3.6 W.u., in fair agreement
odd neutron gs, or g7;) coupled to varying pairs of neu- ity the experimental value 28 W.u. The E2 strength
trons in theds; and gy orbits, respectively. Therefore, the qrgporates the configuration assignments of thé) (and
members of the multiplets are not well separated, and thfs4+) states to the sameds,vds, configuration, as major
parabolic shape is not well d_eveloped. The energy dlﬁerencﬁdmixtures of theg,, orbital would imply g/ ds/, Spin-

of the respective states varies from 110 keV 62" 10 gy E2 transitions, which are weak. A detailed inspection of
about 195 keV forl "=5". The mds,vds, configuration i  he shell model result reveals a dominating neutron contribu-
favored for I<5. According to the shell model, the o, o the reduced2 matrix element, which is responsible

77297, Multiplet can be approximated with an open ¢ the enhanced?, as observed earlier in the Sn isotopes
down parabola, and its highest spin member is the yrast 7 13].

state. The yrast 8,9", and 10 states are predicted to arise = |, the shell model calculation both of the multiplets

from broken ne_utron pair configurations. _ 7de,vds ), and wds gy, respectively, exhibit a low-lying
In the experimental level scheme there is a set of stateg+ giate, The assignments adopted in Fig. 2, and discussed
below 450 keV with a total spin Q|ﬁerence of 4. In a previ- ¢, far, explain why an excited’=1" is not populated in the
ous prompt spectroscopy experimgA] the 119-216-keV  yraqt cascade from high-spin states. On the basis of the ex-
ggscade, in analogy to a similarly tentative assignment ”éerimental data and in view of the uncertainties in the MSDI
°Sb [14], was assigned to a (§-(5)-(4") level se-  gpall model approach, it cannot be excluded that the ground

10 ;
quence. For'®’Sb from */EC decay datg15] it can be  giate isa 1 state, which would reduce the spins in Fig. 2 by
concluded that the ground state spiniis4. From the 0.6 | |y this case. tentative spin-parity  value$™

+0.2 s lifetime of thelOGSb gl’ound Staté].G] I<2 is ex- :(3+) (4+) (5+) (6+) (7+) and (9-0—) can be as-

pected for its spin. Although the shell model predict’sfd;r. _ signed to the states at 103, 319, 438, 886, 1528 and 2255
the ground state, due to the fIattgnmg of the_energy Sp!'tt'anev, respectively. The (1) state would be assigned to the
and the asymmetry in then multiplets, favoring low-spin  -4_ 4., configuration. The shell model description is

H H 10 _ o+
states energetically, going frotf®sh o °Sb, thel =2 somewhat worse than in the case with the assumption of a
state can be expected to cross tfie=4" level to become 2+) ground state.

the ground state. Consequently, tentative spin-parity values
I"=(4"), (57), (67), (77), (8%), and (10) can be
assigned to the states at 103, 319, 438, 886, 1528, and 2255
keV, respectively. With these assignments the wave func- This work was supported by the Swedish and Danish
tions of the (2°) ground state and the {4 state at 103 keV  Natural Science Research Councils, the Hungarian Fund for
are dominated by theds,vds;, configuration. The (5) and  Science Researdf©TKA Contract No. 20655 and by the
(6%) levels at 319 and 438 keV, respectively, are interpreted).S. Department of Energy, Nuclear Physics Divisi@on-

as members of therds;,vg,, multiplet. The wave function tract Nos. W-31-109-ENG-38 and No. DE-FG02-94-
of the above-mentioned shell model states contains thedeR49834.
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