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The a decays of the two neutron-deficient nuctéfHg and*"*Hg were observed for the first time using the
8Kr(°%®Ru,2n) and 8Kr(*®Ru,) reactions, respectively. The reaction products were dispersed according to
their mass-to-charge state ratios in the Argonne Fragment Mass Analyzer and implanted in a double-sided
silicon strip detector, where their subsequent decays were studied using spatial and time correlations between
implants and decays. A half-life of 25D§3°) ws and an energy of 736I2) keV were deduced for the
decay of "?Hg. In Y"Hg the half-life was measured to be 0.986) ms and the corresponding energy is
7211(11) keV. In addition, the half-life and energy of thedecay of'"4Hg were measured more precisely. The
reduced widths deduced for these Hg isotopes indicate that the observed decays correspond to unhindered
Al=0 transitions. Theyr-decayQ values are compared with the values calculated using mass tableslizy Mo
and Nix, and by Liran and Zeldes. The latter mass tables show better agreement with the data.
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PACS numbgs): 23.60+e, 21.10.Dr, 21.10.Tg, 27.76q

Within the last several years, a wealth of new informationof shape-coexistence between the near-spherical ground state
on nuclei located at and beyond the proton drip line hasand the excited well-deformed prolate structure!ifi*’Hg
become available in the region of the nuclidic chart between3,4]. In addition, Nilsson-Strutinsky calculations predict that
the closed proton shelE=50 andZ=82. Much of this  the light Hg isotopesN<98) should exhibit an excited su-
work has been directed at the identification of new protorperdeformed minimum with8,=0.5—0.56[5] which could
emitters in oddZ nuclei ranging from'*®Eu (Z=63) to  pe populated at high spins.

'8%Bi (2=83) [1]. In addition, studies of the--decay prop- The light isotopes of Hg studied in this work were pro-
erties of proton-rich nuclei has yielded complementary infor-y,ceq using beams dfKr and 8%Kr, from the ATLAS su-
mation on nuclei lying at the edges of stability. For example,nerconducting linear accelerator at Argonne National Labo-

lmeas?retmt;e_lr):s Gf-decaytenerglefstﬁnd Ilfet|mets fg.r frqm_th? ratory, impinging on a 0.4 mg/chthick %Ru isotopically
ine of stability represent one of the means to discriminate, . ' 4 target. The®Ru target was placed on a

between different mass formulas. The growing uncertainty o ; . : .
different models when moving towards the proton-drip Iinegla'; g(gfr?fntehr']fk_ﬁ: §8?<Cr|€92%uwmhI)C?ef:gt?:ntg? Zet?;:qugrr:?

is reflected in an increasing spread of predicted masses an .
a-decayQ values gsp P ergy of 375 MeV was used to producé®Hg, while 1"*Hg
: i O (96 i

In this Rapid Communication, we report on the identifi- Was populated in thé’kr(**Ru,3n) reaction at a beam en-
cation of the two new isotope&’Hg and "*Hg by their  €ray of 400 MeV. Using the same beam-target combination,
respectivea decays. In addition, the half-life and energy of but a lower beam energy of 375 MeV!*Hg was populated
the a decay of 17*Hg have been measured with higher pre-Via the two-neutron evaporation channel. The summary of
cision. Prior to this work'”Hg was the lightest known Hg the reactions used in the present work is shown in Table I.
isotope[2]. It should also be noted that there has also been Evaporation residues from the fusion reactions listed
renewed interest in the study of excited states in the light Hgbove were separated from the beam and dispersed according
isotopes. Recent measurements have examined the evolutittihtheir mass-to-charge state rati{Q) using the Argonne

TABLE |. The properties of the light Hg isotopes studied in the present work. The cross sections were
estimated assuming a 10% FMA efficiency. A screening correction of 29.7 keV was added to the deduced
a-decayQ values. The haIf-Iivest{‘,%s") and reduced widths&®) were calculated using the prescription of
Rasmussefl2]. Further details are given in the text.

Reaction EXy o E, Q. tip them &
[MeV] [nb] [keV] [keV] [ms] [ms] [keV]
9Ru(®Kr,2n)"*Hg 37 330 7066(8) 7262(8)  1.9"%% 2.4 9217)
9Ru(®Kr,3n) " *Hg 50 15 7211(11)  7411(11) 09353 0.86 6725
9Ru("8Kr,2n)"?Hg 36 9 7350(12)  7555(12) 0.25'935  0.33 9655
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FIG. 1. Energy spectra ok particles measured in the DSSD FIG. 2. Energy spectra o& particles measured in the DSSD
using the%Ru+ "8Kr reaction at 375 MeV{a) all decays;(b) de-  using the®Ru+8%Kr reaction at 400 MeV(a) all decays;(b) de-
cays following mass 172 residues within 40 rf;decays followed cays following mass 173 residues within 40 r(@;decays followed
by 6.83 MeV %%t « particles within 100 ms. by 6.7 MeV %%t « particles within 100 ms.

Fragment Mass AnalyzéFMA) [6]. After passing through a o . o ) )
position sensitive parallel grid avalanche counteGAC) ground visible at higher energies in Figur@Qis associated
placed at the focal plane of the FMA for tihé/Q measure- with implant events for which the focal plane detector did
ment, the residues were implanted into a double-sided silicoROt register a heavy residue, leading to the misinterpretation
strip detectorDSSD) placed about 40 cm behind the focal Of this event as a decay. Figi? presents decays which took
plane. The front and back surfaces of the4t cn?, 60 um place within 40 ms after the implantation of mass 173 resi-
thick DSSD were each divided into 40 strips. The front anddues. The spectrum is dominated by twdines correspond-
back strips were orthogonal to each other, effectively dividing to *"*Au and **Pt (corresponding tp2n and 2pn chan-

ing the detector into 1600 independent pixels. Using spatial€ls, respectively A group of a particles with energies in
and time correlations, the implants were linked with theiréxcess of 7 MeV can be seen as well in Figh)2 Seven
Subsequen]‘a or proton decays and with decays of their of these events were found to be followed within 100 ms
daughter and granddaughter nuclei. The DSSD strips werdy « particles with energies of about 6.7 MeV, correspond-
gain-matched using 24Cm-2%Pu « source and the sum of ing to the knowna decay of '*Pt [11,7] [see Fig. Z)].

all strips was also calibrated using knownactivities pro- ~ This leads to an unambiguous assignment of this group to the
duced in the ®Kr+%Ru reaction, namely®0s, 16%0s, decay of a new isotope’™Hg. Based on the properties

174 172py 171py 171y and 172Au. The energies of these ~ Of these seven events, an energy of 1211LkeV and half-

lines were adopted from Reff7] and references therein, ex- life of 0.93("0:3) ms were extracted for the: decay of

cept for 17’Au where the data were taken from RE8]. In  *"*Hg.
order to measure lifetimes every event was time stamped and The results of théKr +%°Ru experiment at 375 MeV are
half-lives were fitted to the distribution of times betweenshown in Fig. 3. The topmost panel shows the total decay
correlated implant and decay events using the maximunspectrum whereas Fig(l® contains only decays following
likelihood method 9]. mass 174 implants within 40 ms. The decays which were
Figure Xa) presents the energy spectrum of all decaygollowed within 100 ms by 6.55-MeVw particles, corre-
detected in the DSSD using th&Kr + %Ru reaction at an sponding to the decay of%Pt[7], are shown in the bottom
energy of 375 MeV. In Fig. () only decays correlated panel. The line at=7 MeV visible in all three spectra cor-
within 40 ms with implanted mass 172 residues are shownresponds to ther decay of 1"%1g. From the present data a
The spectrum is dominated by strong lines corresponding tdecay energy of 7068) keV and half-life of 1.9C8;§) ms
the & decay of'"?Au and "%t (corresponding to filn and  were deduced, based on the 31 observed events. These re-
2p channels, respectively In addition, an isolated group sults agree well with the previous measurement of 7059
consisting of three events is visible above 7 MeV in Fig.keV and 2.1{(3% ms reported in Ref[2]. However, the
1(b). These three events are also present in Hg\. Which  statistical errors are smaller since only four events assigned
contains decays followed within 100 ms hyparticles cor-  to "4Hg were observed in Ref2].
responding to the decay df%t[10] (E,~6.83 MeV), and It should be noted that the number of observed daughter
thus are assigned to the decay of the previously unknow®t « particles correlated with the decay b¥Hg, 1"*Hg, and
isotope 1"Hg. Based on these three events an energy of’*Hg, respectively, is consistent with a 100%-decay
735012) keV and a half-life of 250{35) us were deduced branch in 1%8Pt, 1%t, and ’%Pt. Table | summarizes the
for the @ decay of1"Hg. experimental results obtained for light Hg isotopes, including
The decay spectrum measured for t#&Kr+°Ru reac- the estimated cross sections fo131"fHg. The FMA effi-
tion at 400 MeV is shown in Fig.(3). The significant back- ciency necessary to estimate cross sections was not
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) ] The open squares represent data, includingdiaecayQ values
FIG. 3. Energy spectra of particles measured in the DSSD for 17217317{ig deduced in this work. The filled circles and tri-

using the**Ru+®Kr reaction at 375 MeV{a) all decays;(b) de-  angles represent-decayQ values calculated using mass tables by
cays following mass 174 residues within 40 r@;decays followed | jran and Zeldes and by Mer and Nix, respectively.
by 6.55 MeV %Pt « particles within 100 ms.

measured, but an assumed value of 10% should givet N=96, and significantly underpredict ti, values for
cross sections accurate to within a factor of 2. The nuclethe lightest known Hg isotopegby about 600 keV for
172Hg and "™Hg were produced with cross sections of 9 "?Hg).

nb and 15 nb, respectively. The cross section for populating In Ref.[8], a mass excess of 16300(33) keV was de-
"Hg is 330 nb, i.e., one order of magnitude higherduced for'”Pt, by following the decay chain down #5%Ho,
than for 1Hg and "Hg. It is also about one order of a nucleus with a measured md4s). Based on the assump-
magnitude higher than the cross section reported in Rekjon that the observedy decay of Y*Hg connects to the
[2], where *"Hg was produced as an6evaporation ground state of 1%t the mass excess of’Hg is
channel. —6607(34) keV. In the recent mass evaluation of Audi and

The a-decay half-lives can be calculated using the RaSWapstra [17] mass excesses of—11150(360) and
mussen methofll2]. In this method, the decay constants  _ 12650(310) keV were estimated féf%Pt and 16%Pt, re-

factorized into the reduced widi? and the barrier penetra- spectively. These values combined with taelecayQ val-

tion factor P according to the formulax = 6%- P/h, whereh ues deduced in the present work give estimated mass ex-

is Planck’s constant. The barrier penetration factor is Calcuéesses of-1170360) keV and—2810310 keV for 173

lated using the WKB approximation to extraét. Alterna- 1734 . 9

tively, 2*?Po reduced width can be used to calculate the hatf@nd ~"Hg, respectively. . .

life (th,és"). Calculated half-lives and reduced-decay qully, the cross §ectlons for prqducmg these Hgllsotopes
are quite small. While the predictions by Nazarewicz of a

widths for the light Hg isotopes are shown in Table I. L . . .
: . . 7217317 new superdeformed region in the light Hg isotopes are in-
The partial3 decay half-lives predicted fot Hg are triguing, the population cross sections are too low for

Sézlusé %r2e4 ;[' Izggt ?\,\?05 (fr dé?gpgftxgmﬁiiu?:ﬁgnth;S?ha n”z‘”‘Hg to allow for a proper search for superdeformation
the measured half-lives3-decay branchegs were neglected ih these nuclei using even the most powerful exisgngay
The reduceda-decay widths deduced fol’217317f4g are arrays such as Gammasphere. However, low spin states in

17 -

very close to the reference value of 70 keV obtained for ﬂ:gsirnem%v;rhmtrzafztca s of two new isotone<?Hg and

212p0 and other eveA-Hg isotopes. This indicates that these 173Hg were o)l;’served for);he first time. and [t)hedecgay of

ﬁogscays can be associated with=0 unhindered transi- "44g was studied with improved accuracy. The reduced

> . . a-decay widths indicate Al=0 character for the observed

Figure 4 compares th@ values for the light Hg isotopes wansitions. Thex-decayQ values deduced fob’217317fig

in the mass range 172-180, including the values obtained ' . :

for 1721731744 in the present work, with those calculated are reproduced very well using the mass tables of Liran and

using mass tables by Liran and Zeldds], obtained usin Zeldes, whereas values calculated using mass tables by Mo
9r - y ’ YSING 101 and Nix deviate from the data with decreasing neutron
a semiempirical shell-model mass formula, and byllkto

and Nix [15], obtained using macroscopic-microscopic number,

calculations. As can be seen from Fig. 4, the Liran and

Zeldes Q, values fit the experimental data rather well, The excellent support of the ATLAS operating staff is
even though they overpredict somewhat tQe, values greatly appreciated. This work was supported by the U.S.
for the lightest Hg isotopedN=92,93). In contrast, the cal- Department of Energy, Nuclear Physics Division, under
culations by Mdler and Nix overpredict theQ, value of  Contract Nos. W-31-109-ENG-38, DE-FG02-94-ER40834,
18%Hg by about 400 keV, approach the experimental valuesind DE-FG02-96-ER40983.
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