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ts of the 54Fe (315 MeV) + 92Mo rea
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oil mass spe
-trometer and studied with re
oil-delayed 
�
 
oin
iden
es. Five 
as
ading
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2316 W. Królas et al.In an experiment performed at the Holi�eld Radioa
tive Ion Beam Fa
il-ity at Oak Ridge National Laboratory we observed for the �rst time a 7 �sisomer in the drip line nu
leus 140Dy [1℄. The 140Dy ions were populated inthe 2p4n 
hannel of the 54Fe (315 MeV) + 92Mo rea
tion, and sele
ted by theRe
oil Mass Spe
trometer [2℄. The RMS a

eptan
e allowed us to 
olle
tthe re
oils produ
ed within a half of the nominal 1 mg/
m2 target thi
k-ness. The re
oils, separated a

ording to their mass A = 140 and 
hargeQ = +27, with the energy of 92 MeV (� 10%), were implanted in a passive
at
her pla
ed in the 
enter of the Clover Dete
tor Array for Re
oil De
aySpe
tros
opy whi
h 
onsisted of 5 segmented Clover Germanium dete
tors.A Multi
hannel Plate Dete
tor [3℄ provided a referen
e time for the re
oilimplantation and enabled a re
oil-delayed 
�
 
oin
iden
e study.We have identi�ed a new 
as
ade of 
-rays at 202, 364, 476, 550 and574 keV with a half-life of 7:0(5) �s 
orrelated with the implantation of thesele
ted A = 140 re
oils (see Fig. 1, left panel). The �ve 
 lines are in
oin
iden
e with ea
h other, and with Dy K X-rays, whi
h pla
es them inone 
as
ade in 140Dy.Basing on the intensities and energies of the transitions a level s
hemeshown in Fig. 1 (right panel) was 
onstru
ted. It resembles a rotationalband in a deformed nu
leus fed by an isomeri
 level. A 
omparison to thede
ay patterns of I� = 8� K isomers in the less exoti
 N = 74 even isotonesof 134Nd, 136Sm and 138Gd displayed in Fig. 1 shows striking similarity.This leads us to the interpretation of the isomeri
 level at 2166 keV as anI� = (8�) {�9=2�[514℄
�7=2+[404℄} K isomer de
aying via the 8+ ! 6+ !4+ ! 2+ ! 0+ 
as
ade belonging to the ground-state band in 140Dy. Our�ndings were re
ently 
on�rmed in an independent experiment [4℄.The isomeri
 level is pla
ed at an ex
itation energy 
lose to the 2150 keVpredi
ted in [5℄ for this two-quasineutron 
on�guration. A hindran
e perdegree of K-forbidness f� was determined to be 24.5(3), a value very 
loseto the ones found for less exoti
 N = 74 isotones displayed in Fig. 1. Thissuggests that the 
on�guration and properties of this K isomer in 140Dy arenot a�e
ted by the proximity of the proton drip line.We measured a 40 �b 
ross-se
tion (a

ounting for about 0.5 mg/
m2a
tive target thi
kness) for population of the 8� isomer. This value is 
om-parable with the 30 �b total 140Dy produ
tion 
ross-se
tion predi
ted bythe HIVAP 
ode [6℄ and indi
ates that major part of the high-spin statespopulated in the evaporation residue deex
ite via the 8� isomer.Su
h a sizable population of the isomer is surprising sin
e one wouldexpe
t more deex
itation strength to go through the ground state band thusbypassing the isomer. In 
ase of the neighboring N = 74 isotone 138Gd ithas been found that only a 1.4 % fra
tion of the evaporation residue 
rossse
tion populates the analog 8� isomer [7℄.
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Fig. 1. 140Dy 
 lines from the de
ay of the I� = (8�) isomer obtained from double
 
oin
iden
e data by adding �ve spe
tra gated on the labeled transitions � panel(a). Dysprosium K� and K� X rays in 
oin
iden
e with the sequen
e of �ve new
 lines from triple 
 
oin
iden
e data � panel (b). De
ay pattern produ
ed bydouble-gating on �ve transitions � panel (
). Systemati
s of the de
ay propertiesof I� = 8� isomers in Z � 60, N = 74 isotones and the proposed 140Dy levels
heme � right panel.To estimate the energy gap between the 8� isomer and the so far unob-served 10+ state in 140Dy we used the established ground-state band energiesto 
al
ulate the 10+ energy within a 
ranked mean �eld model [8, 9℄. Anapproximate value of 2200 keV for the 10+ energy was obtained [10℄, whi
hpla
es the 10+ state only 30 to 40 keV above the 8� isomer. This is similarto the relative pla
ing of 10+ in 138Gd where it has been found 33 keV abovethe 8� isomer [7, 11℄. The energy gaps between the 10+ and 8� states in140Dy and 138Gd are alike and 
an not explain the di�eren
e in the isomervs ground-state band population.Following the global systemati
s of the ground to the �rst-ex
ited 2+state transitions in even�even nu
lei of Raman et al. [12℄ the observed ex
i-tation energy of the �rst 2+ state gives a deformation parameter �2 � 0:234for 140Dy. This is a somewhat smaller quadrupole deformation than thepreviously anti
ipated values (see e.g. [5,13℄) but it is 
lose to the �2 = 0:25derived from the observed level s
hemes of 141gs;mHo [14℄.The experimental level s
heme of 140Dy provided reliable input for thepredi
tions of proton emission rates from 141gs;mHo. Moreover, the pre
iselyknown energy of 2+ state in 140Dy was an essential aid in the sear
h for a�ne stru
ture in 141Ho proton de
ay [15℄.



2318 W. Królas et al.Further experimental e�orts are needed to better understand the stru
-ture of drip-line nu
leus 140Dy. In-beam gamma spe
tros
opy studies shouldbe aimed at extending the ground state band above the 8+ level. For su
hstudies one should 
onsider the use of an
illary dete
tors e.g. 
harged parti-
le and neutron dete
tors for the sele
tion of weak rea
tion 
hannel. Also,it would be parti
ularly interesting to establish a K� = 8� band built ontop of the 8� isomer. In prin
iple this 
an be a

omplished with the isomerde
ay tagging te
hnique but the low 
ross-se
tion for 140Dy produ
tion isagain the limiting fa
tor.This work was supported by the U.S. D.O.E. through Contra
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