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The 17917 A4 isotopes were produced in the fusion-evaporation reaction ‘8Keion beam with a°®Ru
target. For'’?Au the proton andv emission from the ground state were observed for the first time and the
decay of the isomeric state was measured with improved accuracy. In addition, the det@pjuwivas
measured with high statistics. A new-emitting nucleus’™Hg and the previously knowr’Hg and
167.168,169.178t jsotopes were also studied. The ground-state proton emission was identified for a new proton
emitter 176T| using the fusion-evaporation reaction 6Kr ions with a19%Pd target. The previously known
proton emitter!”’Tl and a-decaying nucleud’®Hg were also identified in this reaction. The fusion products
were separated in-flight using a gas-filled recoil separator and implanted into a position-sensitive silicon
detector. Identification of the nuclei was based on position, time, and energy correlations between the implants
and subsequent decays.
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I. INTRODUCTION the first time. In addition, the decay properties of a number

Proton radioactivity provides a unique possibility to probe©f neutron-deficient 7plat|num and mercury isotopes, includ-
nuclear structure far from stability. The measured protorind the new isotopé’*Hg, have been studied.
separation energies test the validity of different mass formu-
lae on the edge of the nuclear landscape beyond the proton II. EXPERIMENT
drip line. The proton emission probability is extremely sen-
sitive to the energy and to the angular momentum of the In the present work, thé’°Au and 1’TI isotopes were
emitted proton. This offers possibility to deduce the structurgoroduced in thep3n-evaporation channel from the fusion
of the state involved in the proton emission by comparing theeactions of®Kr ions with °®Ru and'°%Pd targets, respec-
experimental proton half-life to theoretically predicted val- tively. As a side product of thé’’Au measurement, a new
ues. The known proton emitting nuclei above Me82 neu- mercury isotope!’*Hg was produced in therdevaporation
tron shell closure are predicted to be nearly spherighl channel. The ion beam was produced from enric&d gas
The decay properties of these spherical proton emitters atgy the ECR ion source and was delivered to the target by the
well described by various theoretical modé¢3]. In de-  K=130 MeV cyclotron of the Accelerator Laboratory at the
formed nuclei, below the closdd=82 neutron shell, proton Department of Physics of the University of Jyvaskyla
emission can be used to estimate the degree of nuclear de}YFL). The average beam intensities were approximately
formation, see Ref§4—6], and references therein. 5pnA and 8pnA int’°Au and 6Tl experiments, respectively,
The orbitals available for the proton emission in neutron-measured in a Faraday cup in front of the target. The total
deficient nuclei in the 64Z2<82 region are the nearly de- beam-on-target times were 90 h and 37 h, respectively.
generates,,, ds/», andh,,,, orbitals[2,7]. For oddZ evenN Seven bombarding energies, varying from 361 MeV to
proton emitting nuclei, above th=82 shell closure, the 391 MeV in the middle of th&Ru target with a thickness of
ground-state proton emission is deduced to originate fron500 ug/cn? and an enrichment of 96.52% were used in the
the 7rs,, orbital [2,8,9. Correspondingly, the isomeric pro- *’°Au measurement. In thé’®TI measurement three bom-
ton emission of these nuclei is deduced to originate from thdarding energies, varying from 380 MeV to 389 MeV in the
ahy 1), orbital. middle of the enriched'®®Pd target with a thickness of
Unlike in odd-even nuclei, in odd-odd proton emitters, 800 ug/cn? were used. Fine adjustment of the primary-
above N=82 and for 64<Z<82, the ground-state proton beam energies of 380 MeV, 395 MeV, and 405 MeV &r
emission is deduced to originate from thed;, orbital  ions with charge states of 1516', and 16, respectively,
[2,10-13, but the isomeric proton emission is deduced towas performed using a set of carbon foils in front of the
originate from thewh,q/, orbital similarly to the odd-even target. Energy losses in the beam window, degrader foils,
nuclei. The emergence of theds,, orbital below thers,,,  target, and also in the helium filling-gas of the separator were
orbital in odd-odd proton emitters was explained by the cou<alculated using the SRIM2000 cofiE5].
pling of the 7ds,, proton with thevf,,, neutron[2]. Accord- Fusion-evaporation residues were separated in-flight from
ing to Nordheim’s strong rul§l3,14 the state which has the the primary-beam particles and other reaction products using
lowest spin of the multiplet is dropped well below the otherthe JYFL gas-filled recoil separator RIT[16]. The sepa-
states in this configuration. rated residues were focused and implanted into a position-
In the present work, the ground-state proton emission o$ensitive silicon strip detector at the focal plane of the sepa-
the odd-odd nuclet’®Augy, and*"®Tl4s has been identified for rator. Prior to implantation the residues passed through two
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e e ahvismmw . L LA ¢ M- region of typical proton emission energy, between 1 and
D) oo 2.5 MeV is reduced considerably as can be seen in &. 1
300 A" Ad i The measured time-of-flight between the gas counters com-
> bined with the implantation energy in the silicon detector
g was used to separate the candidate fusion-evaporation prod-
S 200 ] ucts from scattered beam particles and transfer products. The
£ 71y 8 A" N quadrant silicon detectors behind the primary silicon detector
S 107 10, / 7 were used to veto energetic protons amgarticles which
Au MJUWh/ 1 were able to punch through the position-sensitive silicon de-
0 . ~rA | OUUREUUPIFERDAENIN WY 1, WY, I tector. The focal-plane detector system is described in more

1000 2000 3000 4000 5000 6000 7000 8000 detail in Refs[17,18.

Energy [keV] The pressure of the helium filling-gas in RITU was

) . 1.5 mbar. The gas volume of the separator was separated
FIG. 1. (a) The energy spectrum observed in the silicon detector

_ - from the high vacuum of the cyclotron beam line by a
and \{etogd wrgg the gas counters and punch though detector.slln t ,ug/cmz carbon foil. The common gas volume of the gas
reaction "*Kr+*Ru. (b) The same data after requiring a position . o< \as filled with 3.0 mbar of isobutane and was iso-
and time correlation with the implanted evaporation residues Wlthlr’iated from the separator gas volume and the silicon detector
a search time of 10 ms an@) with an additional requirement of . ; -
subsequend decay in the same position within 200 ms search timehlgh vacuum by 120Lg/cn12 m.ylar fOIIS. T.he silicon detec-
and with decay energy between 6200 and 7200 keV. tors were cooled to 253 K using glrculatlng cpolar!t: .

The implanted evaporation residues were identified using
multiwire proportional avalanche counters, placed 330 mnthe method of position and time correlation with the subse-
and 20 mm in front of the silicon detector, providing energy-quent mother and daughter decays in the silicon detector
loss and time-of-flight signals. The position-sensitive silicon[19,20. For y and x-ray detection at the focal plane, a
detector of thickness 30pm and of area 8% 35 mn? was  Compton-suppressed Nordball-type germanium detector
horizontally divided into 16, 5-mm wide position-sensitive with 40% relative efficiency was placed adjacent to the sili-
strips. The vertical position resolutigfull width) was better con detector.
than 500um for implantations of fusion-evaporation resi- The a-decay energies measured in the silicon detector
dues anda decays and approximately 10@0n for proton  were calibrated using well-knowa activities produced dur-
emissions in each strip. In the correlation procedure, the fuling the experiments. The-active nuclei and the correspond-
width of the position window was approximately 10@n ing « energiesEEef used for the calibration are shown in
in the vertical direction. Two quadrant silicon detectors ofTable I.

area 60<60 mn? and thickness 45@m were placed ap- The energies of the emitted protons are far away from the
proximately 5 mm behind the position-sensitive silicon de-a-decay energies. In addition, the contribution of the pulse
tector. height defect and the energy of the recoiling daughter

The energy-loss signals of the gas counters were used taucleus to the signal is different for protons amgarticles
separate the particle decays in the silicon strip detector frorm a silicon detector. Therefore, the final calibration of proton
the implantations of scattered beam particles and evaporati@nergies was performed using the previously measured pro-
residues. The gas counter placed 20 mm in front of the siliton energies of’*Au and*’’Tl [2,9]. The data used for pro-
con detector was also used to detectdtgarticles emitted in  ton energy calibration are shown in Table II.
the backward direction and only depositing part of their ki- The energy resolution in the totatparticle energy spec-
netic energy into the silicon detector before escaping from ittrum sum of all 16 strips was measured to be 23 keV for the
By vetoing the escaped particles, the background in the 65506) keV %Pt « peak. For proton emission the energy
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TABLE Il. Data used for proton energy calibration. low-energy background extending down to 600 keV and cut
by the electronic threshold is caused Bydecays. Figure
Nucleus Egef (keV) Reference 1(b) shows the same data after requiring a position and time

correlation with the preceding implantation of an evaporation

171, . L. . . .

mAUg 144417 Bl residue within a search time of 10 ms. This selection sup-
Au™ 16926) (2] presses effectively the longer-lived activities. Also the low-

7Em 195810 [9 energy background is suppressed so that another proton de-

cay peak can be observed. Figurg)lshows the data after
the further requirement that the decay is followed byaan
decay in the same position within a search time of 200 ms
resolution was measured to be 20 keV for the X69ReV  gnd with ana-decay energy between 6200 and 7200 keV.
TAu™ proton peak. Decay peaks assigned t&°Au and "*Au in Fig. 1(c) were
Since some of the activities measured in the present workjentified and separated using the decay properties of the
are quite short lived, it is worth mentioning that the deadsubsequent daughter activities.
time of the Qata acquisition system used in the experiments Two-dimensional mother and daughter decay energy plots
was approximately 1s. of correlated decay chains of the type implantation—-mother
decay—daughter decd¥#R—p,,/ an—ay) are shown in Figs.
2(a) and 2b). Figure 2a) shows the correlated decay chains
IIl. RESULTS AND DISCUSSION where the proton emission of the mother nucleus is corre-
A. Reaction 78Kr+ %Ru lated with thea decay of the daughter nucleus. Figui@®)2
shows the correlated decay chains consistingradecays.
The energy spectrum of all decay events from tAér Maximum search times of 10 ms and 200 ms were used for
+98Ru reaction observed in the silicon strip detector and vemother and daughter decays, respectively.
toed with the gas counters and the punch through detectors is As can be seen in Figs.(& and 2b), several mother
shown in Fig. 1a). The spectrum is dominated by the activi- decays are correlated strongly with two daughter activities
ties produced in fusion-evaporation channels involving thewvhich have clearly differente-decay energies. By studying
evaporation of two or more charged particles. The effect othe decay properties of the daughter activities it was ob-
vetoing escaped particles can be seen as a valley betweerserved that the daughters which have lowetecay energies
1 and 2.5 MeV. At the bottom of the valley a proton peakrepresent ther decays of the granddaughter activities. Since
originating from the decay of’?Au™ can be observed. The in the present work it is attempted to avoid correlations with
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FIG. 2. Two-dimensional plot of the mother and daughter decay energies of correlated decay chains of the fyp&kR =4 observed
in the "®Kr+ %®Ru reaction(a) Correlations where the proton decay of mother nucleus is followed by decay of the daughter nucleus

(ER-pm—ag). (b) Correlated decay chains fer decays(ER—py,—ag). Maximum search times for the mother and daughter decays were
10 ms and 200 ms, respectively.
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escapeda particles the mother decay can easily correlateemitted from *"*Au. In addition, the analysis fot’%Pt is
directly with thea decay of the granddaughter nucleus. Thisbased on thé’?Au part of the experiment wheféAu nuclei
happens if then particle from the daughter decay escapeswere not produced in considerable quantities.
from the silicon detector and the half-lives of the nuclei in  The isomeric state if’*Au correlates directly also with
the decay chain are short compared to the search times useble decay of the granddaughter nucleus withnatlecay en-
In the present work the probability that arparticle deposits ergy ofE,=59983) keV. As an additional confirmation qua-
all its kinetic energy in the silicon detector is approximatelydruple correlated full-energy decay chains were also
0.55. Correlations where the mother decay correlates directlyearched for. From these decay chains a half-lifeTg§
with the granddaughtes decay can also be used as an ad-=200(20) ms was established f3f%0s. The obtained values
ditional confirmation in the identification of the mother are in good agreement with the previous resulig
nucleus. However, the final identification of the mother de-=60006) keV andT;;,=2207) ms [23] (The 1%%0s « peak
cay is based on the triple correlatéeR —d,,—dg) full-energy  was used for the calibration, see Tabje |
decay chaingd,, andd, represent the mother and the daugh-  The previously measured proton energies*6u and
ter decays, respectivelyln addition, quadruple correlated 7*T|™[2 9] were used for the final proton energy calibration
(ER-d,—dy—dyy full-energy decay chains were also of the present worksee Table I)i. After the calibration a
searched for in some cas@ly, corresponds to granddaughter proton energy of E;=16946) keV and half-life Ty,
decay. =1.135) ms were obtained for the proton emission from the
11/2 isomeric state ot”*Au. Correspondingly, a proton en-
ergy of E,=143712) keV and half-lifeT,,=(22"3) us were
established for the proton emission from the %1 gtound
1. The proton decay of"Au state. The decay properties are in good agreement with the
previously measured results wi),=16926) keV and Ty,
=1.0210) ms for the proton emission from the 1I/%o-
meric state[2] and E,=144417) keV and T1,2=(17f2) US
for the proton emission from the 173round state of’*Au
[9]. J%the recent in-beam-ray spectroscopic measurement
; ; e - of Au [21] a somewhat shorter half-life ofTy,
g:?)ﬁrzw(c?) V;te;teeld?: t{?ﬁ_toﬁﬁg'”ﬁjefgg;" t;f]g%@ay;fé:e :1.9149) ms was obtained for the decay of the 11/8o-
=65493) keV and half-life T,,=14.36) ms were deter- meric state and for the decay of the 1/@round state a

. — 7 .
mined from 749 ERp,,— ay correlated decay chains for the 10N9er half-life of Ty,=(3725) us was given.
daughter activity of groug”?Au™ in Fig. 2@a). Correspond- Figure 3a) shows the ERpy,—aq correlated proton en-

ingly, the a-decay energy of,=65484) keV and half-life €'Y Spectrum fof"*Au where thea decay of*"%Pt is de-
T,,=13(2) ms were obtained from 62 ERps,—ay corre- manded as a daughter decd&w-decay energy between

lated decay chains for the daughter activity of gréfiAu®. 6475 keV and 6610 kel The time distributions of the de-

. L2 in the proton peaks are shown in the inset panel. Figure
The decay properties of the daughter activities in both group ays in .
are in good agreement with the-decay properties oF,, g(b) shows the corresponding spectra for thedecay of

_ _ 7 7Au. In the correlation ther decay of'%’Ir is demanded as
—655C16)_k<_av andTl’Z_. 1.4'7(5) ms reported fof Pt [22] a daughter decaya-decay energy between 6345 keV and
By combining the statistics of both groups ardecay en- 6460 ke\j
ergy of E,=65493) keV and half-lifeT;,,=14.26) ms were '
obtained fort’%pt. _ _ 2. The a decay of\7*Au

A large number of'’%Pt nuclei were also produced di- o o
rectly in the present experiment as can be seen in Figs. 1 The daughter activity of groupAu™ in Fig. 2b) was
and Xb). An a-decay energy oE,=65492) keV and half- |dent|f|ed to originate from ther decay of the 11/2iso-
life T,,=14.002) ms were determined for the-decay peak Meric state inr. An a-decay energy OE,=63942) keV
of 7%t in Fig. Ab), being in good agreement with the pre- and half-life T,,=25.18) ms were .determmed from
vious valueg22] ("%t a peak was used for the calibration, 1151 ER-y—aq correlated decay chains. The decay prop-
see Table ).A search time of 500 ms was used for ER;  erties are broadly consistent with the previous results with
correlations and the half-life was determined by fitting to theEo=64105) keV andT,,=30.220) ms[2]. The a decay of
exponential decay curve. It should be noted that part of thé *Au correlates strongly also with the decay of the grand-
ER-a,, correlated decays df%Pt are not necessarily direct daughter nucleus'®Re with an a-decay energy ofE,
products of the fusion-evaporation reaction, siht®t is the ~=59113) keV. Using quadruple correlated full-energy decay
proton emission daughter nucleus BfAu. If the proton chains a half-life ofT,,=26040) ms was obtained for the
emitted in the decay df!Au escapes from the silicon detec- granddaughter decay. The results are comparable with the
tor, the decay of 7Pt correlates directly with the implanta- previous values oft,=59205) keV and T;,=2145) ms
tion of the recoil. This would affect the half-life observed for obtained for'®Re™ [2].
17%pt. However, in the present case the effect of these events An a-decay energy ofE,=69954) keV and half-life
is negligible, since the number &f%Pt « decays is approxi- T;,,=1.0713) ms were obtained for the decay bfAu™ us-
mately a hundred times larger than the number of protoning the ER-«w,,— a4 correlated decay chains shown in Fig.

B. The decay of*"Au

Two previously known states decaying by proton emis-
sion in 1"*Au [2,9,21 were observed in the present work.
The identification of!”*Au was confirmed by ERpy,—ay
correlated decay chains as shown in Figa)2

The daughter activities of group$'Aud and *"*Au™ in
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FIG. 3. Proton andr-particle energy spectra and time distributions for the decayS'8iu. (a) The (ER-py,—ay) correlated proton
energy spectrum fot”!Au where thea decay of'’%Pt is demanded as a daughter decay. Search times of 10 ms and 200 ms were used for
mother and daughter decays, respectively. The time distributions &f%e™ and1"*Au? proton emissions in ERpy,— aq4 correlated decay
chains are shown as the solid line and the filled area, respectively, in the inset panel. For the time distributions a longer search time of 50 ms
was used for the mother activity. The dotted lines represent the time distributions of the events in radioactivgl@¢eatfs half-lives of

T.12=1.09 ms and;,=22 us. (b) The corresponding spectra for thedecay of the isomeric state #iAu. In the correlation, ther decay
of 187r™ is demanded as a daughter decay.

2(b) (The 1"*Au™ o peak was used for the calibration, see proximation calculation through the real part of a Becchetti-
Table ). The results are in good agreement with thdecay  Greenlees optical model potentif24]. The experimental
of the 11/2 isomeric state wittE,=69966) keV andT;» spectroscopic factor 08>P'=0.237) was obtained forA¢
=1.0210) ms reported in Ref{2]. =0 proton emission from the 17Zround state if"*Au. The
value is in good agreement with the theoretical value of
Sale=0.22 predicted by the low-seniority shell model calcu-
Figure 4 shows the decay scheme obtained*féu in  lations for Au isotope$2]. The present value is also consis-
the present work. The half-life of;,=1.093) ms for the  tent with the previous experimental resgit?'=0.26323[9].
11/2 isomeric state was obtained by combining the statisCorrespondingly, the spectroscopic factor $§fP=0.132)
tics of the proton emission and the decay. The decay optained forA¢=5 proton emission from the 117 2someric
scheme agrees with the earlier results discussed in more dgrate is slightly lower than the theoretical prediction and the
tail in Refs.[2,9]. The data shown fot®"Ir are taken from previous experimental value 6°=0.193) [2]. The major
Ref. [2]. . . ot . difference between the experimental spectroscopic factors
FigTrlleaﬁ)ép'?'gm:r”?l/vz‘::cetgzgﬁg#ecjag;ﬁ Oihgv\\;ch ap_originates from the slightly different proton and decay
' branches of the 11/2state obtained in the present and the
previous work. In the present analysis a branch ofX).&r

3. Decay scheme of’*Au

171Au the « decay of the 11/2state in the daughter nucled®r
[2] was used. The-decay hindrance factors, shown in Table
Ly 25803 keV 1.09) ms IV, were determined according to thzelz method of Rasmussen
w \ E~1694(6) keV [25] and normalized to the decay of?1%Po. Thea decay of
172" [ OkeV 223 U5 \ b,=0.34(4) the 11/2 isomeric state int”?Au shows an unhindered¢
F,~6995(4) keV i::)-”(z) =0 character with a hindrance factor of 0(8D This is in
b,=0.66(4) agreement with the previous conclusi@j that the spins and
167 e 80 ST ey \ 170pt parities of the initial and the final states in thedecay of
Ir $7=0.23(7) o IAYM to 167rM are the same.
- 175302 keV / A=0 The excitation energy of 2%83) keV for the 11/2 state
by Oy in 17*Au was determined using the proton emiss@@walues

(based on the proton peaks used for the calibration, see Table
FIG. 4. Decay scheme df*Au. Data for1¢7r are taken from Il). The result is in good agreement with the previously es-
Ref. [2]. tablished value, 2506) keV [9].
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TABLE lIl. Proton emission data obtained in the present work. The theoretical proton emission half-lives
T‘ll‘,’zKB were calculated using the WKB barrier transmission approximation with the real part of the optical
model potential given by Becchetti and Greenl¢24]. The electron screening correction to the proton
emission energy was taken from RE35).

Nucleus E, (keV) bp TP, Proton orbital ~ TYWKB St
Si/2 5.1us 0.237)
171py9 143712 1 (223) us dsj 39.2us 1.86)
hy1/2 63.4 ms ~2880
S1/2 36.3ns  ~1.1x10°
iaym 16946) 0.344) 3.2(4) ms dayp 271 ns ~8.5x107°
hy1/2 400.8us 0.132)
Su2 3.0us 0.0093)
170049 146312)  0.8910) 321(70) us dao 22.9us 0.07120)
hy1/2 37 ms 11540)
Si/2 16.3 ns ~1.5%x10°
170y 17436) 0.585) 1064100 us dajr 122ns  ~1.1x10%
hy1/2 180 us 0.173)
S1/2 1.9 ns ~6.4x107°
177|m 195412)  0.5520) (290339 ws dan 13 ns ~4.6X 1078
hy1/2 16.1us 0.063)
S1/2 1.49 ms 0.2@0)
1761)9 125§418) ~1 (5239 ms dajo 11.2 ms 2.715)
h11/2 175s ~2400

TABLE IV. The measuredr-decay properties. The hindrance factors and reduced widths are calculated from measured values by using
the method of Rasmussén5] and normalized to the decay of?'2Po. In the calculation, thA¢ values were taken to be zero for eaeh
decay. Thea-decay properties taken from literature references are also shown for comparison. Half-lives are given in millisecond unless
otherwise stated.

E.(keV) T12(m9) lrel.(%0)
Nucleus This work Literature This work Literature This work Literature Reference HF 62 (keV)
177rm 7472711) 748713  (16079us  23Q40)us 4520) 498) [9] 0.99% 70199
171Hg 748812) (5939 us 0493 1701
172Hg 736%14)  735q12)  0.329% 0.259:3% [29] 0.9%9 o
173g 719213)  721%(11) 0.59'54% 0.9355% [29] 0594  13073%°
170pym 71076) (61759 us 425) 1.6(3) 40(6)
170Au9 7001(10) (286759 us 11(10) 1.3(12) 51(48)
17pym 69954) 69966) 1.093) 1.0210) 66(4) 54(4) [2] 0.806) 80(6)
167py 69797) 698810) 0993 0.7(2) [22] 0.953 80139
168p¢ 68204) 683210) 2.1(2) 2.04) [22] 0.617) 10511
169p¢ 66913) 669423) 7.02) 5(3) [23] 0.796) 82(6)
170pt 65492) 65506) 14.02) 14.75) [22] 0.51(4) 127(6)
166 pm 65454) 6561(5) 14.312 15.1(9) 98.2458) [2] 1.2(2) 55(10)
16879 655111)  65626) 1722 10.1(22) 93.1(29) [2] 1.552 45'%
167)ym 63942) 641Q5) 25.78) 30.220) 80(10) [2] 0.623) 104(4)
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FIG. 5. Proton and-particle energy spectra and time distributions for the decay&°ati. (a) The ER -p,,— aq correlated proton energy
spectrum fort"?Au where thea decay of'6%Pt is demanded as a daughter decay. Search times of 10 ms and 200 ms were used for mother
and daughter decays, respectively. The time distributions of ™ and7%Au9 proton emissions in ERp,— a4 correlated decay chains
are shown in the inset panel. For time distributions a longer search time of 50 ms was used for the mother activity. The dotted lines represent
the time distributions of the events in radioactive decgh8 with a half-life of T;,,=617 us andT,,»,=286 us for the isomeric and for

ground-state decay, respectively) The corresponding spectra for thedecays of-"’Au. In the correlation, ther decay of'®8r is demanded
as a daughter decay.

C. The decay of'"°Au seen in Fig. 2a). Using quadruple correlated full energy de-
cay chains amv-decay energy oE,=61785) keV and half-

1. Th ton d £70A
© profon decay of AU life T,,,=80(20) ms were obtained for the granddaughter

Two states decaying by proton emission were assigned t . : )
170Ay in Fig. 2a). The identification was based on the ER ecay. The values are in agreement with the results estab

—po—ay correlated decay chains lished for thea decay of'%®0s above and in Ref23)].

The ddaughter activities of grc;ub7°Au9 and 7°Au™ in A pr70t0n energy ofE,=17436) keV and half-life Ty,
Fig. 2a) were identified to originate from the decay of the :(590%%%) pus were established for the mother activity of
ground state in 1Pt. An a-decay energy of E,  9roup~"Au™in Fig. Aa). The results are in good agreement
=6691(4) keV and half-life T;,=(6.57) ms were deter- With the previous experimental values Bf,=17359) keV
mined from 104 ER p,,—ay correlated decay chains for the andT;,=(570"320) us[26]. Based on ER py,—aq correlated
daughter activity of groug’%Au™ in Fig. 2@). Correspond- decay chains a proton energyBf=146311) keV and half-
ingly, an a-decay energy oE,=66895) keV and half-life life Tl,Z:(ZSC{ig) us were obtained for the mother activity
T1,=(6.455 ms were obtained from 50 ERpr—aq corre-  of group 1°Au in Fig. 2a). Further discussion about the
lated decay chains for the daughter activity of grddffAu?. decay scheme is given later in Sec. Il C 3.

The characteristics of both decays are in agreement with the Figure §a) shows the ERp,,— ¢4 correlated proton en-
a-decay properties oE,=669823) keV andT;,,=5(3) ms  ergy spectrum fot’?Au demanding ther decay of'%%Pt as a
reported for'®%Pt [23]. By combining the statistics of both daughter decaya-decay energy between 6630 keV and
groups ana-decay energy oE,=66904) keV and half-life 6750 ke\j. The time distributions of the proton emissions in
T1,=(6.599 ms were obtained fot®%pt. ER-py,—ay correlated decay chains faf?Au™ and *7°Au9

A large number of'®Pt nuclei were also produced di- are shown in the inset panels of Figap Figure §b) shows
rectly in the present work as can be seen in Figb) and  the corresponding spectra for thedecay of'’°Au. In these
2(b). Based on ERw,, and ER-u,—ay correlated decay correlations thex decay of*®r is demanded as a daughter
chains, starting with the decay of!*®Pt, ana-decay energy decay(a-decay energy between 6510 keV and 6580 keV
of E,=66913) keV and half-life T;,,=7.0(2) ms were ob-

tained for'®%Pt in agreement with previous resul3] (The 2. The & decay of "*Au

16%t o peak was used for the calibration, see Tableln Two a-decaying states were assigned %GAu in Fig.
addition, thea-decay energy oE,=61753) keV and half-  2(b). Identification of the mother decays was based on ER
life T,,,=77(3) ms obtained for the daughter nucletf0s  -a,,—a4 correlated decay chains, where the previously
are broadly consistent with the previous valués, known « decays of'®8r were observed as the daughter de-
=61887) keV andT,,,=71(3) ms[23]. cay. In order to distinguish the isomeric and the ground-state

Also the proton emission df?Au correlates directly with  « decays, longer decay chains were also searched for. The
the « decay of the granddaughter nuclett&s, as can be final connections between the proton-emitting and the
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a-decaying states in"°Au were based on the half-life and 170 Au
the Q-value examination to be discussed later in Sec. 11l C 3.

The daughter activity of group’’Au™ in Fig. 2(b) was -
identified to originate from the isomeric high-spin state in (9" 28200 keV 61740 ps
1681, An a-decay energy oE,=65454) keV and half-life
T1,2:(14.$1j§) ms were determined from 75 ERvy—ay

E,=1743(6) keV
b,=0.58(5)
$750.17(3)

+50

2) /[ 0keV 28630 s

correlated decay chains. The decay properties are broadl E.~7107(6) keV A5
consistent with the previous results reported wi) l1)1;)1462((3?)) S“—:g(;(;iﬂ)()»kev 169
=65615) keV and T,,=15.19) ms [2]. In addition, the 16611. A=0 HF=13(12) / Pt o)

mothera decay of group "’Au™ correlates directly with the M0 lasa(n) kev
a decay of the granddaughter and even the great-y) 171.5(61)keV b,=0.89(10)
granddaughter nuclei®Re™ and *°°Ta™, respectively[see ) 4,0y $™0.071(20)
Fig. 2(b)]. Based on the quadruple-correlated full-energy de- A=2

cay chains, am-decay energy of,=61125) keV and half- E,~1316(8) keV EZ669103) keV

life T,,=(74'13) ms were obtained for the third generation >\

decay of groupt’®Au™. The results are in good agreement E=1145(8) keV 165()3 o)

with the values ofE,=611645) keV and T,,,=84.662) ms A2

given for thea decay of'®Re™ [2]. In addition, thea-decay FIG. 6. Decay scheme df°Au. Data shown for®9r are taken

energy ofE,=60487) keV obtained for the decay of°Ta™  from Ref. 2.
is in good agreement with the previous experimental result

E,=60485) keV [2]. Among thea decays, a state with am-decay energy of
An a-decay energy ofE,=71076) keV and half-life  E_=71076) keV was observed with a half-life consistent
T1,=(655'9) us were established for the mother decay ofwith the proton radioactivity of the isomeric state wily
group *"°Au™ in Fig. 2b) based on ERay,~aq correlated  =17436) keV. Correspondingly, the half-life of the weak
decay chains. Justification for the assignment to an isomerig-decay branch withE,=700110) keV is in good agree-
state is discussed later in Sec. Il C 3. ment with the half-life of the ground-state proton emission
An a-decay energy off,=655X(11) keV and half-life  with E,=146312) keV. In addition, the decay chains start-
T1,=(179) ms were determined from 6 ERr,—~ag COITe-  ing with the E,=71076) keV andE,=700110) keV a de-
lated decay chains for the daughter activity of gratfAu?  cays were observed to feed the isomeric and the ground state,
in Fig. 2b). The decay properties are broadly consistent withrespectively, in the daughter nucletfr. Further, the iso-
the a decay of the ground state #9r reported withE,  meric and the ground-state decay chains can be clearly dis-
=65626) keV andT;;=10.122) ms in Ref.[2]. In addition,  tinguish based on the decay properties of the granddaughter
two of the correlated triple chains were correlated with thirdnucleus'®?Re.
generationv decays of the granddaughter nuclé®&e. The Using the measure®-values for the proton emission of
observeda-decay energy oE,=608117) keV and half-life 179y and'®9r [2] and for thea decay of'®%Pt, it is possible
T1,2:(120f§8°) ms are consistent with the previous resultsto estimate thex-decay energies of the ground state and the
E,=60865) keV andT;,,=10713) ms [2] reported for the isomeric state in*’°Au. The resultinga-decay energies of
ground-stater decay of'67Re. 700415) keV between the ground states and 711 keV
An a-decay energy ofE,=700110) keV and half-life  between the isomeric states 1#°Au and '%dr are in good
T1,=(310'%2% ms were obtained for the mother activity of agreement with the observeddecay energies.
group’?Au’ in Fig. 2Ab). Based on the decay chain and the Consequently, thea decay with an energy ofE,
discussion in Sec. Ill C 3 the mother activity is concluded to=700%10) keV ~and proton emission  with E,
originate from the ground state 6f°Au. =146312) keV are concluded to originate from the ground
state of*’°Au. Combining the statistics of the proton emis-
sion anda decay a half-life ofT1,22(286ff’18) uS was ob-
tained for the decay of the ground state. Taking into account
Figure 6 shows the decay scheme obtained'f8u in  the number of ERp,/an—ay correlated decay chains and
the present work. The data shown f§fr are taken from branches in the daughter nuclgb,=0.93%29) for the
Ref. [2]. ground state in'®8r [2]] « decay and proton emission
As discussed in the previous sections, two proton emittindoranches ofb,=0.11(10) and b,=0.8910), respectively,
and a-decaying states were identified for th€Au nucleus.  were obtained for the ground-state decay GAu.
Both of the proton radioactivities were observed to feed the Correspondingly, ther decay withE,=71076) keV was
ground state of'®%Pt. Based on this observation, it is con- concluded to originate from the isomeric state at
cluded that the proton emission with an energy Bf  28210) keV along with theE,=17436) keV proton emis-
=146312) keV originates from the ground state &f°Au.  sion. Combining the statistics of the proton emission and the
Correspondingly, based on ti@values, the proton emission « decay, a half-life offy,,=(617"39) us was obtained for the
with E,=17436) keV was assigned to originate from an iso- decay of the isomeric state #’Au. Based on the number of
meric state at 2820) keV in 17%Au. ER-pn/ am—ay4 correlated decay chains the branches of

3. Decay scheme of"®Au
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=0.41(6) andb,=0.596) were obtained for the decay of the Table IV). The preliminary spin and parity assignments are
isomeric state. Arv-decay branch ob,=0.982458) for the  shown in Fig. 6.
isomeric state in the daughter nuclé@8r [2] was taken into
account.
Table 1ll shows the results obtained for the proton emis- D. The e decay of*"Hg and *"*Hg
sion of ’°Au. The experimental partial half-lives of the pro- A new a-decaying isotopel’Hg and the previously

ton emissions are compared to the WKB approximated halfknown ?Hg isotope [29] were produced via 18 and
WKB

lives Ty~ for a proton emission frons,,, d3;, andhyy,  2n-fusion evaporation channels in the bombardment of the
orbitals. 9%Ru target with the’®Kr ion beam. The identification of the

The low-seniority shell-model calculation introduced in isotopes, shown in Fig.(B), was based on ERa;,— oy COI-
Ref. [2] predicts that the spectroscopic fac&?° for proton  related decay chains where thedecays of the correspond-
emission in Au isotopes is 0.22. Comparing the measurethg daughter nuclei 167169t or granddaughter nuclei
and calculated proton half-lives in Table Ill the ground-state'63.1690s were observed to follow the motherdecay. Since
proton emission in"?Au can be explained with tha¢=2  the167Pt and!%8Pt isotopes were also produced directly in the
transition. This indicates that the proton is emitted from thepresent experiment their decay properties were first estab-
mdg, orbital similarly as observed for the ground-state pro-lished more precisely using the decay chains marked for
ton emission in thex-decay daughter nucled$dr [2]. The  them in Fig. 2b).
experimental spectroscopic factor $¥**=0.07120) for the Based on 134 ERea,,—ay correlated decay chains an
ground-state proton emission #i°%Au is a little lower that a-decay energy ofE,=68204) keV and half-life T,
the calculated valug®'°=0.22, but this is typical for thds), =2.1(2) ms were obtained for the mother decay aRg
proton emission. It has been observed that the one=31Q3) keV andTl,Z:(Zl.S_*f'?) ms for the daughter decay
dimensional semiclassical WKB approximation which worksof the group®®Pt in Fig. z{b).'The results are comparable

well for the proton emission frors,, andhy;, orbitals, un-  ith the previous experimental valueds,=683210) keV
derestimates the half-life for the proton emission from thegnq T,,=2.0(4) ms for 1%t and E,=631510) keV and
da» orbital. The proton emission from ttdy,, orbital is suc- T,,=27(4) ms for 640s reported in Ref{22]. Also in Ref.
cessfully described by a particle-vibration coupling model[23] comparable values ofE,=63217) keV and Ty,

approach introduced in Reff27,28. . -21(1) ms are reported for the decay of'6“Os.
The proton emission from the isomeric state'ifAu can An a-decay energy ofE,=69797) keV and half-life

be explained by &\¢=5 transition corresponding to proton _ 0. .

emission from therhy,, orbital. This indicates that also the Tlfz‘(?é?;og_) r‘rlls We[Je oFbtalr;]ed for the mzt_herddecahy of the

structure of the isomeric state #°Au is similar to the iso- 3"0UP tin Fig. ab). For the corresponding daug tgr ac-
tivity an a-decay energy of,=64966) keV and half-life

meric state in then-decay daughter nucleu$8r [2]. The L (9.3°2 ‘ -
experimental spectroscopic factor 8P*'=0.173) for the Ty2=(9. _1_§) ms were established. Thg analysis is based on
ER-a,,— a4 correlated decay chains. The results are

isom.er!c proton emission is in agreement with the theoreticaf)7 dl istent with th - . al val ‘
prediction as well as the previous experimental resEif" roadly consistent with the previous experimental values o
E,=698810) keV and T,,=0.72) ms for *Pt and E,

~0.21[26].

The [a-Gglecay hindrance factors fd®Au are shown in =651410) keV and T;,=5.56) ms for 1%0s reported in
Fig. 6 and Table IV. The hindrance factors of (L3 and Ref. [22]. In addition, in Ref.[23] cpmparable values are
1.6(3) obtained for thex decay of the ground state and the reported for thea decay of'*Os with E,=651219) keV
isomeric state, respectively, reveal their unhindered chara@nd Ty,=(12'7") ms.
ter. This is in agreement with the conclusions based on the One triple-correlated full-energy-decay chain and three
proton emission discussed above that the structures of tH&ple-correlateda-decay chains where the particle from
ground states and the isomeric states, respectivef/%%u  the daughter decay has escaped the silicon detector were ob-
and thea-decay daughter nucleu$8r are similar. Thus, served for'’Hg in Fig. 2b). The a-decay properties of the
based on the configurations given f&%9r in Ref. [2],  daughter nucleus and thedecay energy of the granddaugh-

[ 7dg/ovf7/2],- and[7hy1,0f7,2]e+ configurations can be sug- ter nuclei were observed to agree with the decay properties
gested for the ground state and the isomeric state, respe@t ‘*Pt and*®Os obtained above.
tively, in 17%Au. Based on the decay chains andecay energy ofg,

The proton emissions and the proton-neutron configura=736114) keV and half-life T;,=(320'37) us were estab-
tions in 17%Au can be used to deduce the spin and parity ofished for'”Hg. The results are in good agreement with the
the ground state in the daughter nucléd®t. If it is as-  previous experimental result witk,=735012) keV and
sumed that the/f,, neutron orbital characterizes the statesTy/,=(250°330) us [29]. The event with a daughter-decay
observed in*’°Au, the same orbital represents the neutronenergy of approximately 6000 keV in Fig(l8 is not taken
configuration in the daughter nucleus. This would lead to thénto account in the analysis, since the lifetime of the mother
spin and parity assignment of 772or the ground state in decay in this decay chain is approximately thirteen times
16%t, This tentative result is consistent with the 7A&sign-  longer than the lifetimes of the mother activities in the other
ment of the ground state i#°0s[2]. The spins and parities decay chains. In addition, the energy of the daughtdecay
of the ground states of these nuclei have to be the sameépes not agree with the knowndecays existing in the decay
since the states are connected by an unhinderéecay(see  chain starting with thex decay of'"?Hg.

054323-9



H. KETTUNEN et al. PHYSICAL REVIEW C 69, 054323(2004)

Three triple-correlated full energg-decay chains were 50 . . . LI LIS T
observed for a new-active isotopet’*Hg in Fig. 2b). In 19 | |75py
addition, twoa decays, most likely originating frorh’*Hg, > 7 wipe | e ]
were observed to correlate directly with the granddaughter 2 , | Au i
(1%%09) a decay. The decay chain where thedecay energy = | 7 Au |
of the daughter activity is approximately 6450 keV was not £ 2 s -
taken into account in the analysis since the half-life of the § ; »10 I?” 1
mother decay is on the order of hundred times longer thar-. 10 Hg
the half-life of the mother decays in the other decay chains. ™ 1, “/\N) /A‘”’Hg
Two morea-decay events with a decay energy and a half-life 0 B)' T T T T T T T T
consistent with thel”Hg events in the correlated decay ] WA“ " Au ]
chains mentioned above were observed to correlate only witt 2 2.5 P 7
the preceding recoil. By taking into account all these sevenj 20 174Ptl75Pt Hg ]
events am-decay energy oE,=748812) keV and half-life 5 1 "Au
T1,=(5939) us were obtained for the decay of théHg £ 7] Pt g
isotope. 810 20 ™1 y .

The hindrance factors and reduced widths for thele- S 054 "Hg ]
cays of1"Hg and’Hg were calculated and are shown in . j / :
Table IV. The values indicate that both of thedecays can O’O.Q)"""""""'"""""""""""'_
be associated with an unhinderAd=0 transition. 0] N

> 5] ey —
. . . g 96 ﬁ 4_- 1778 177,ym T _
E. Cross sections in the reactior/®Kr+ %Ru = Tl / Tl

In the following a transmission of 40% was used for the g ? ] \ / \ i
RITU separator and the bombarding energies are giveninthc g 2 8
middle of the target. O] ]

For YlAu the highest total production cross section of 1
approximately 1.lub was obtained at the lowest bombard- 1000 2000 3000 4000 5000 6000 7000 8000
ing energy of 361 MeV. This corresponds to a compound Energy [keV]

nucleus'’Hg excitation energy of approximately 46 MeV.
The cross section is comparable with the previous values of FIG. 7. (a) Energy spectrum observed in the silicon detector and
2 ub and 0.6ub at the bombarding energies of 359 MeV vetoed with the gas counters and punch though detectors in the
and 363 MeV, respectivelj2,21]. For 17°Au the maximum  reaction"®Kr+1%2Pd. (b) The same data after requiring a position
cross section of approximately 90 nb was obtained at a borrend time correlation with the implanted evaporation residues within
barding energy of 386 MeV. a search time of 50 ms an@) with an additional requirement of
Since thel’'Hg and’?Hg isotopes were obtained as side sfubsequenp decay in the same position within a 500 ms search
products of the experiment the bombarding energies were ndfne and with a decay energy between 65007000 keV.

Op“f.“'zed for them. Thus, t_he maximum_ production CIOSSphroduced in fusion-evaporation channels involving an evapo-
sections were not necessarily reached. Hérg a produc- ration of charged particles. As in tH8Kr+ %Ru experiment,

tion cross sectio_n of approximately 4 nb was measured at th@,q effect of the vetoed escapedarticles is clearly visible
lowest bombarding energy of 361 MeV. In Rg29] a cross i Fig. 7(a). Figure 7b) shows the same data after requiring
section of 9 nb was measured applying the saffier 5 position and time correlation with the preceding recoil
+9%Ru reaction but using 10 MeV lower excitation energy of event within a search time of 50 ms. Figuree)7shows the

the compound nucleus. Thus, the maximum production yieldjata after a further requirement that the decay is followed by
for the 1"Hg isotope was not reached in the present workan « decay in the same position, within a search time of
For the production of*Hg the highest cross section of ap- 500 ms and with am-decay energy between 6500 keV and
proximately 2 nb was obtained at the lowest bombarding en7000 keV. The decay peaks of the evaporation products of
ergy. Since the excitation energy of the compound nucleughe p2n- and p3n-channels!’*Tl and 17Tl respectively, are
was only 10 MeV higher than the optimum energy for thevisible in the spectrum. The final identification of the previ-
production of 2Hg in the X channel[29] the optimum  ously known isotope!’’TI [9] and a new proton-emitting
bombarding energy for the production of théHg isotope in  nucleus’6TI were based on the ERps,/ apy— ay correlated

the 3 channel cannot differ too much from the one used. decay chains shown in the two-dimensional mother and
daughter decay energy plots in Figga8and 8b). In the
plots the maximum search times of 50 ms and 500 ms were

i 78 10
F. Reaction "r+ 9%d used for the mother and daughter decays, respectively.

The energy spectrum of all decay events from tAiér
+102pd reaction observed in the silicon detector and vetoed G. The decay of""TI
with the gas counter and the punch-through detectors is A few decay chains originating from the decay of the
shown in Fig. 7a). The spectrum is dominated by activities isomeric state int’’TI were observed in the present work.
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FIG. 8. Two-dimensional plot of the mother and daughter decay energies opER— ay correlated decay chains observed in the
78r+192pd reaction(a) Shows the correlations where the proton emission of mother nuclei is followed dbylacay of the daughter nuclei
(ER—pm—ay). (b) Shows the correlated-decay chain§ER -a,,— ag4). Maximum search times for the mother and daughter decays were
50 ms and 500 ms, respectively.

The decay chains starting with either a proton omaslecay =195810) keV and T,,,=23040) us reported forl’TIM

are identified in Figs. @& and 8b). The identification was [9]. In the analysis the event with the mother decay energy of
based on the ERpr,/ o — g COrrelated decay chains where approximately 1880 keV close to the group was not taken
the « decays of "*Hg or 1"*Au™ were observed to follow the into account since the decay time of the mother activity is

parent proton andr decay, respectively. For an additional approximately 150 times longer than that of the others in the
confirmation the granddaughter decays were also searchegloyp.

for. It should be noted that this part of the experiment was
dedicated to the production 6f°TI and thel’ Tl isotope was
obtained as a side product. Thus the statistics*féFl is
limited and the identification of the ground-state decay was
not attempted.

2. The a decay of'"'TI

The daughter activity of the grodg’TI™ in Fig. 8b) was
identified to originate from the decay of the isomeric state
1. The proton decay o Tl in 13Au. The present results witk,=672511) keV and

An a-decay energy of,=672510) keV and half-ife  Tv2=(123) ms agree with the previous resultE,

T,,=(19"53) ms were obtained for the daugh o =67324) keV andT,=(12"3) ms given for'”3Au™ [9]. In

12 M ghter activity of > 2 T ’
group *TIM in Fig. 8@a). The results are broadly consistent addition, two of th'e'decay c.halns were correlated with the
with the previous values 0E,=675020) keV and Ty, granddaughter activity, consistent with the decay properties
=18(10) ms reported fof®Hg [23]. In addition, three of the Of the isomeric state iR®4r [9]. Based on the decay chain it
decay chains were correlated with the granddaughter decay@s concluded that the mother activity of the group origi-
showing ana-decay energy oE,=631314) keV and half- nates from thex decay of the isomeric state_ iHTI. The
life T,,=(100"339 ms consistent with the decay properties @-decay energy of,=747211) keV observed in the present
of E,=63144) keV and T;,=96(3) ms given for'’%t in ~ work is broadly consistent with the previous resi,
Refs.[23,3Q. =748713) keV [9]. On the other hand, the half-life df;,

The mother decay was identified as proton emission from=(95ﬁ§8) s obtained for the decay is somewhat shorter than
the isomeric state ih’Tl. Thus, the proton line was used for the corresponding half-life obtained from the proton emis-
the proton energy calibration of the experiments as given irsion above and given in Ref9]. However, since the other
Table Il. The decay properties of the mother activity with anproperties of the decay chain correspond to the previous re-
energy of E,=195412) keV and a half-life of Ty,  sults it was concluded that the mother decay does indeed
:(21@%30) us are consistent with the previous resuits originate from thea decay of the isomeric state #Tl.
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176T1 h;1/» proton orbitals is assumed. Thus the proton half-lives
calculated using the WKB approximation should be shorter
(45 529 ms than the measured values. However, the assumption of nearly
E —1258(18) keV qlegenera_\te o_rbitals does_n(_)t necessarily hold in th_e case of
b:NI light thallium isotopes. This is because the energy difference
§7P=0.20(20) between the low- and high-spin states associated jth
A0 andhy4,, proton orbitals, respectively, is quite large. For ex-
175 ample in the lightest previously known thallium isotope
H 170, the energy difference between the states is approxi-
(7/2°,9127) g ! gy PP
’ mately 800 keV[9].

Based on the experimental spectroscopic factors presented
in Table Il the proton emission observed f&f°TI most
) ) likely originates from thes;;, proton orbital. Thus, the ob-

3. Spectroscopic and hindrance factors fofTI™ served proton emission represents the decay of the low-spin

By combining the statistics obtained from the protonstate which can be associated with the ground-state configu-
emission and ther decay, a half-life ofT;,=(1607) us  ration in light thallium isotopes.
was obtained for the isomeric stateifTI. Using the num- No a-decay branch was observed fdfTl. The « energy
ber of correlated decay chains branches pf0.4520) and of the ground-state decay can be estimated using the ob-

— ; served proton energy and the mass information available for
b,=0.5520) were derived for thex decay and the proton 1"Hg and!"?Au [32] (see also the mass excess examination

emission, respectively. The experimental spectroscopic fag- ; )

tors S>P for the proton emission are shown in Table Ill.qcnoﬁggbg?]alh;ejt? ftﬁg iiffi)i/f: n;srglilrr?{ngl—;?ﬁ5?nﬁr\1{1ered
Based on the results it is concluded that the proton emissio&ko transition to tﬁe ground state &FAu. This suggests
corresponds to &¢=5 transition from therh,4/, orbital as that the proton emission and the decay fr'om the ground
concluded earlier in Ref9]. The experimental spectroscopic state of\®T| should show almost equal strengths. However
factor pbtained in .the present WOERXPL:O.OG(?) Is consis- the half-life estimate for’7eTl is not accurate due to the
tent with the previous experimental res@t®=0.03410) uncertainties in the mass information. In addition, the
[9]. However, both of the results are somewhat lower tha’bround—stateu decay of 76Tl may feed an excited state in
the theoretical value 0.11 predicted by a low-seniority sheII-mAu which would lengthen the partial half-life of decay.
model calculatior[2]. A more detailed discussion of the ex- Th’e high-spin state should be fed more strongly than the
perimental spectroscopic factorsifiTl is presented in Ref. low-spin state in the heavy ion fusion reaction. However, the
[9] (see glso Sec. lllH)2 The hindrance factqr and the re- decay of a possible high-spin state'f§T| where the protoh
duced width for thew decay(see Table IV indicate an un- can be expected to be emitted from fag,, orbital was not

FIG. 9. Decay scheme fdr°Tl.

hinderedA{=0 character for the transition. observed. The reason is most probably the half-life which is
too short to be detected with the data acquisition system used
H. The decay of 76Tl in the present experiment. In addition, a possibility)efay
. deexcitation of the state cannot be excluded.
1. The proton decay of °TI By taking into account the dead time of the data acquisi-

Based on the properties of eight ER- oy correlated  tion system(approximately 15us) it is possible to estimate
decay chains in Fig. (8), the daughter activity of group the lowest limit for the excitation energy of the high-spin
176719 was identified to originate from the decay of!”Hg.  state. Since no proton emission was observed frorh;aa
The observed--decay energy of,=688010) keV and half-  proton orbital it can be estimated that the half-life of the state
life Tllzz(7j‘21) ms are comparable with the previous experi_should be at least three times shorter than the dead time.
mental resultsE,=689711) keV and T1/2:(13f2) ms [31]. Baged_on the WKB approx.imatio_n the lowest Iimit_ fo_r the
A decay energy ofE,=125§18) keV and half-life Ty, excitation energy of the high-spin statproton emission

=(5.239 ms were established for the corresponding motheffom anhuy; orbital) is approximately 950 keV, when a5

activity. Based on the properties of the decay chains th&PPer limitfor the half-life and a spectroscopic factor of 0.11
mother activity is concluded to originate from the proton were assumed. The estimated lower limit for the excitation

emission of'7®T] to the ground state of’*Hg. energy is in agreement with the excitation energy observed
for 711 [9].
The observation of the ground-state proton emission from
an s, orbital in 76T| differs from that observed for the
Figure 9 shows the decay scheme obtained for the decdighter odd-odd proton emitting nuclét®Ta[11], 15°Re[12],
of 7®TI in the present work. Only one decay branch was®8r [2], and*"Au (Sec. lll C 3. In these nuclei the ground-
identified. The experimental proton half-life is compared tostate proton emission has been deduced to occur frdgpa

2. Decay scheme of °Tl

calculated proton half-liveé"l",’zKB for the proton emission proton orbital which was suggested to be coupled td-an
from s,5, s/, andhy 4, proton orbitals in Table Il neutron. In’®Tly there are two orbitals/f;, and vhy,,

The low-seniority shell-model calculatid@] predicts that available for the odd neutron. By coupling these neutrons
the spectroscopic factad®2 for a proton emission in Tl with a proton in thews,, orbital the [7s;,vf7/0]5- 4~ and
isotopes is 0.11 when near degeneracy betveggrds,, and  [7sy,vhgls-5- configurations are obtained, respectively.
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Since the coupling properties of the odd proton and the odihg daughter nuclei. A mass excess of —8EHD) keV was
neutron in such neutron-deficient Tl isotopes are not vergiven for'"®Hg in the recent mass evaluation of Awdial. in
well known, no definitive conclusion about the ground-stateRef. [32]. Combining this value with the proton emissign
spin and parity assignment could be drawn based on thealue measured fot’®Tl, a mass excess of 56820) keV
present data. However, the change in the ground-state protatias obtained forl’®TI. In Ref. [22] a mass excess of
configuration int”®TI compared to the lighter odd-odd proton -7140600) keV was derived foté’Pt. This value leads to a
emitters may indicate that thehg, orbital plays a role in the  mass excess of 296800 keV for "'Hg. A mass excess of
ground state of "°TI. . -12 65@310) is given for'®%Pt in Ref.[32]. Combining this
The proton emission of’T| can be used to estimate the yajye with the ground-state proton emissiQrvalue a mass

possible spin and parity assignment of the ground state of thgycess of -387@10keV is deduced fot7Au.
daughter nucleus Y™Hg. If  [#Syofypls-4  OF

[7S1/2vNg)214- 5- CcONfiguration is assumed for the ground state V. SUMMARY

in 17°TI the odd neutron in thé,, or hy, orbital gives the

assignment of 7/2or 9/2, respectively, for the ground state  In the present work the decay properties of neutron-
of 1"g. The suggested configurations are consistent wittleficient Pt, Au, Hg, and Tl nuclei were measured. For the
the tentative level scheme &f'Hg [33], where a 7/2 as-  Proton-emitting'’’Au nucleus, the ground-state proton emis-
signment is suggested for the ground state and 9é2a  Sion and thex decay were observed for the first time, and the
low-lying excited state at 77 keV. The tentative spin anddecay properties of the isomeric state were measured with
parity assignments of the ground state&’ffTl and17®Hg are ~ improved accuracy. The decay of the proton-emitttfitiu

also shown in Fig. 9. nucleus was used for the energy calibration and measured
with high statistics. In mercury isotopes thelecay of a new
I. The a-decay of17Hg isotopel’*Hg was observed and the decay properties of the

previously known'”?Hg and!”®Hg isotopes were also mea-

Five ER—ay—qq correlated decay chains were observedsyred. Ground-state proton emission was identified for the
to originate from the decay of'”*Hg in Fig. 8. Thea-decay  new thallium isotopé7Tl. As a side product of the measure-
energy of E,=719213) keV and half-ife Ty,  ment the decay of the proton-emittid§’Tl nucleus was de-
=(590'75) us obtained in the present work are broadly con-tected. In addition, the decay properties of neutron deficient
sistent with the previous experimental resultg, 167,168,169,178¢t jsotopes were remeasured.
=721111) keV and T1,,=(9303%) us [29]. The a-decay A WKB barrier transmission approximation was used to
properties of the subsequent daughter activity wi)  calculate the proton emission probabilities. The experimental
=669311) keV and T1,2:(13f}11) ms are broadly consistent spectroscopic factors were compared to values predicted by a
with the « decay of1°%Pt (see Sec. Il C 2 and Table )V  low-seniority shell-model calculation assuming a near de-
confirming the identification of"*Hg. generacy of thes,;,, ds;, andh,y,, proton orbitals. As a re-

The hindrance factor and reduced width of thedecay sult, the proton orbitals of the parent nuclei involved in the
are shown in Table IV. The values are consistent with arproton emission were deduced. A change in the ground-state

unhinderedA¢=0 transition. proton configurations in odd-odd nuclei betwe¥fAu and
17671 is suggested. The results illustrate the sensitivity of the
J. Cross sections in the reactiorf8r+ 10%pd proton emission and the variety of spectroscopic information

. . _ ) that can be obtained via proton emitting nuclei beyond the
A maximum production cross section of approxmatelyprotOn drip line.

3 nb was obtained for th¥°Tl isotope at a bombarding en-
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