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Proton emission from the odd-odd nuckéfTm and **Lu has been reinvestigated by means of the recoil
mass spectrometer. In th&°Tm study, the strongest proton transitions at 1.12 MeV and at 1.19 MeV have been
assigned to the decay df®Tm (T,,=200+10 ms) and to thé*®STm decay T,,,=80+ 10 ms), respec-
tively. Three new proton lines were identified at 0.89 MeV, 0.94 MeV, and 1.01 MeV. The observed decay
pattern has been interpreted by using spherical estimates of emission probabilities. The dét&Ey& b to
the vs;,, **Er ground state and to excited neutron states originating fronelthg, orbital are reported. This
work represents the first observation of fine structure in proton emission from an odd-odd nucleus%nuthe
study, the proton energy and half-life valuesiy=1277+8 keV andT,,,=39"§ us for the decay of**"Lu
were obtained with better precision, but no evidence for fine structure in the proton emission was found.
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I. INTRODUCTION nuclear structure: the probing of neutron single-particle

. . . daughter states.
Proton-emission studies provide the best means currently =2 iar work on *46Tm [15] had resulted in the identi-

available to explore nuclear structure beyond the proton driication of two proton transitions: an intense one at
line. In the last decade, the construction of new recaoll masg§119+5 keV (T,,=235-27 ms) and a weaker one at
spectrometers together with the development of double-sided189+5 keV (T,,=72+23 ms). Several considerations
silicon strip detectors and advances in signal processing havaotivated our reinvestigation of th&®Tm proton decay to
led to an explosion of work on proton emittdis—3]. The  search for fine structure. Calculations following the
angular momentum dependence of the proton-emission rat®acroscopic-microscopic model presented in Re8] sug-
enables the mapping of single-particle proton states througgested the existence of low-lyingvithin 250 ke\) neutron

the study of spherical emitters. This dependence even mak&sz2: dai2, andhyy; states in the daughter nucletfSEr, thus
it possible to infer the structural composition of proton- MaKing the population of such states by proton-emission en-
emitting states in deformed nuclet—10] ergetically feasible. As Fig. 1 shows, the experimental level

The observation of fine structure in the proton—emissionSyStematICS for the less exoti=77 isotones confirm this

from oddA nuclei has provided another access point toSXpectation, indicating theds, and vhyy, states at about

100—-200 keV and 200-300 keV, respectively, above the

nuclear structure information. Such measurements oq/sl,z ground state. Furthermore, the formation of states in the

63 Eleg (11], éélHOM_ [12], and %gsTm,?G, [13] resulted in @ 5447 oddN parent nucleus by configuration mixing from
more detailed description of the emitting state’s wave funcymong the multiple ways single-particle neutron and proton
tion (see, e.g., Ref49,14]) and allowed the deformation of gpitals can couple enhances the prospect that proton-
the nuclear potential to be estimated based on the measurgghission can populate some of the expected low-lying ex-
energy of the 2 state populated via the proton transition. cited neutron states.

In an experiment performed at the Holifield radioactive  The reinvestigation of*Tm was accompanied by an ex-
ion beam facility(HRIBF) at Oak Ridge National Labora- periment to search for fine structure in the neighboring odd-
tory, we have observed a new instance of fine structure imdd proton-emitter °%u. The two proton transitions
proton-emission—proton  transitions from an odd-odddetected for!®%u were already assigned in earlier work
nucleus*®Tm populating neutron excited levels in its even- as originating from the®®®SLu [17-19 and the **"Lu
Z, oddN daughter**Er. This observation extends the ap- decay19].

plication of proton-emission studies to yet another realm of
Il. EXPERIMENTAL PROCEDURES AND RESULTS

FOR fTm

*Present address: National Superconducting Cyclotron Labora- We produced“*®Tm via thep3n reaction channel using a
tory, Michigan State University, East Lansing, Ml 48824. beam of °®Ni on a ®Mo target of thickness 0.91 mg/ém
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FIG. 1. Synopsis of the experimentally determined level system- | b) deep implantation
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The beam was delivered at an energy of 292 MeV and with 10 L
an intensity of 10 particle nA from the HRIBF 25-MV
tandem accelerator. The total beam-on-target time was
about 72 h. 1L

We used the HRIBF recoil mass spectromékivIS) [20]
to separate ions recoiling from the target and deliver mass
A= 146 ions for implantation into a double-sided silicon strip
detector(DSSD [21]. To minimize the possibility of losses  FIG. 2. Mass 146 decay events which follow ions implanted into
in the spectrometer, a thin carbon foil was placed 10 cnDSSD pixels within a 1-s time window. A Cu foil is used to reduce
downstream from the target position at the front of the RMSthe energy with which ions are implanted for the data presented in
to reestablish the charge state equilibrium for any recoilga) but not in (b). The a-escape background from shallowly im-
reaching the foil that may have decayed by internal converplanted ions masks the proton peaks, while that from deeply im-
sion[22]. The RMS was set to accept recoils with a centralplanted ions does not. Differences in the settings of the mass baffles
energy of 90 MeV and was run in the converging mass mod#&sed at the RMS focal plane account for the different patterns of
to deliver mass 146 recoils in two charge states’ 2&d  peaks in the figure.
27", to the DSSD. Baffles at the focal plane were used to
block most recoils from masses other than 146 from reaching
the DSSD. The RMS transmission efficiency for this type of DSSD was either~20 MeV (shallow implantatioh or
reaction is typically about 5%. ~60 MeV (deep implantationdepending on whether or not

A multiwire, gas-filled, position sensitive avalanche a 2.3-mg/crf-thick Cu foil was used between the PSAC and
counter(PSAQ was used in front of the DSSD at the RMS DSSD to reduce the energy of the recoils. Decay events in
focal plane. The PSAC not only provided mass identificationwhich a particles escaped from the surface of the DSSD
of the recoils based on their observed positions, but it alsgand, hence, deposited only part of their energy into the de-
distinguished between decay and low energy implantationecton provide the main source of background for the obser-
events in the DSSD by whether or not these events appear&ation of proton emission in the experiment. In the case of
in coincidence with signals from the PSAC. shallow implantation, this background peaks near 1

The 60um-thick DSSD covered an area ok#4 cnf and ~ MeV—on top of the proton transitions—as Fig(a® illus-
consisted of 40 horizontal and 40 vertical 1-mm-wide stripstrates. In the case of deep implantation, this background
This strip arrangement creates 1600 independent pixels idepeaks at a higher energy and interferes much less with the
tified by position; the time and energy of implanted ions andproton transitions as Fig.(B) shows. The background from
their subsequent decays by proton ar emission are recoils implanted more deeply shifts to higher energy be-

1.0 2.0 3.0 4.0 5.0
Energy (MeV)

recorded. cause the escaping particles can deposit a larger portion of
Signals from the DSSD were processed by using analotheir energy before they exit the surface of the DSSD.
electronics provided by the University of Edinburp3]. The overall gain in counts obtained in the two strong pro-

This system features Silena analog to digital converters witlon peaks from this experiment was about an order of mag-
FERA readout. Use of this setup for observing proton activnitude over the previous worKL5]. This gain resulted from
ity at the RMS focal plane—particularly its effectiveness for extending the running time by a factor of 4, doubling the
observing short-lived activities with half-lives down to a few beam current used, and the collection of two charge states of
microseconds—has been discussed previosli,24,25. mass 146 at the focal plane.

The energy with which recoils were implanted into the Figure 3a) shows the mass 146 decay events observed in
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400 ; . ; . ; . ; . TABLE I. The energy, half-life, and intensity of proton transi-
tions assigned to the decay &fTm. There is no evidence for
aop [ 2 Mass 146 decays “E1 ] proton transitions on the microsecond time scale. Background
aparticles events from randomly correlated escapparticles lead to the large
£ TN error bars on the preseffiy;, and intensity measurements. The en-
3 200 1 ons ] ergy spectra were calibrated using the known 1119-k&¥m pro-
© ton transition and the 4607-ke¥ line from >Ho [see Fig. 8)].
100 | o, - .
by L Energy(keV) Ty, (M2 Typ(M9P®  Intensity (counts®
1o T T 889+ 10 190+ 50 110+ 30
70 F' b mass 146 protons E 936= 10 80+ 30 21535
60 £ 112 Mev 1 101415 110+50 200+ 80
9 S0F e Lot e L9 NeV i 1119+5[15]  200+10  235-27 3590+ 130
540 F E 1189+ 5 [15] 80*+10 72£23 490+ 50
3 30k 0.94 MeV ]
20 E 0.89 MeV ] &/alues based on the deep implantation subset of the data.
bvalues from[15].
10 ¢ n r'fl.- “Values based on the entire data set, with a 0-400 ms time window
10 T ARAALAAALL AL AL A A A M A i for correlation between the recoil implantation and the decay signal.
¢) mass 147 protons
" W lines. Some contamination from thHéTm proton transition
% sl 106 Mev i shows up in the mass 146 decay data because the baffles at
o ' the focal plane did not completely block the mass 147 re-
coils. It is clear that the new transitions arise neither from
escape eventgproton or a particle nor from mass 147
0 , , , , ILL , I contamination.
0.6 0.8 1.0 1.2 1.4 Table | presents the experimental proton energies, half-
Energy (MeV) lives, and intensities from our study together with previously

reported values. Figure 4 displays the level scheme we pro-

FIG. 3. Data from runs where no Cu foil was used to degradepose for46Tm based on the arguments which follow,
the energy of the ions implanted into the DS&Ieep implantation '

(a) Mass 146 decay events which follow implantation events within L6y
a DSSD pixel within a 100-ms time window. Thepeaks above 4 lll. DISCUSSION OF m RESULTS
MeV result from isotopic impurities in the targéb) An expanded A. Level systematics

view of the data from(a) showing the five'*Tm proton transitions. ) .
() Mass 147 decay events within a 200-ms time window. The ItiS possible to understand the lowest states'fTm and

A=146 andA=147 spectra were obtained by gating on the respecits proton decay daughtet*Er by using an elementary
tive mass positions recorded by the PSAC. single—particle shell model. F#=69, N=77 145Tm, there
are five proton particles above tle=64 subshell and five
neutron holes below thsl=82 shell. In this region of iso-
the DSSD from the deep implantation data within the firsttopes, the same three single-particle orbitals lie close to the
100 ms after the arrival of a recoil. The peaks above 4 Me\fermi surface for both protons and neutrosg;, ds,, and
are from thea decay of heavier nuclei. These nuclei origi- h11,. Coupled neutron and proton quasiparticles make up
nate from isotopic impurities within the target and reach thethe ground state and low-lying metastable states in odd-odd
DSSD because they or their predecessors have mass-t&Tm. The experimental information on the sequence and
charge ratios similar to those of the mass 146 recoils. energies of the single-particle states from nearby nuclei
Figure 3b) provides an expanded view of the low energy should indicate the most likely composition of the parent and
data from Fig. 8a). In addition to the two previously re- daughter state wave functions.
ported proton lines at 1.12 and 1.19 MeV frdfffTm decay, Figure 1 presents the experimental level systematics for
three new transitions are observed at 0.89, 0.94, and 1.0the neutron-deficient odd- N=77 isotones, which are rel-
MeV. The new peaks appear in both the deep and shallowvant for understanding the single-neutron structure of even-
implantation data. The previous study dfTm proton-  Z, oddN *Er. The configuration with as,,, neutron out-
emission is consistent with our observation of new transiside the even-even core minimizes the total energy and forms
tions: there is some evidence of peaklike structures on th#éhe ground state for these nuclei. The stable trend in energies
background from proton escapes below the strongest 1.1frmed by the lowest excited states resulting from tiokg,,
MeV line (see Fig. 1 of Ref[15]). Figure 3c) shows the and wh;;, orbitals suggests a similar level structure
mass 147 decay events occurring within a time window offor 4%€r.
200 ms following the arrival of a recoil at the DSSD. The A survey of oddA Tm isotopes in the vicinity of-*Tm
4Tm proton line is clearly distinct from the new*Tm indicates the behavior of the active odd-proton orbitals. In
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FIG. 4. Partial decay scheme illustrating the proton decay*®f™Tm. The level energies are labeled in MeV. The placement of the

1.01-MeV transition is discussed in the text.

both 14°Tm [13,24 and #"Tm [26,27), a dominantrh,,,,

mixing and soft triaxial shapes for these nuclei and is con-

configuration for the lowest energy odd-proton orbital is sug-sistent with sudden shape changes anticipated for nuclei in

gested by the presence of dmn,, proton-emitting level
which has been interpreted as the ground state.fGm,
decay and in-beam studigll7,18,27 reveal a proton-
emitting d, excited state at 60 keV; if®'Lu, representing
the “*Tm+a” system, the proton-emittingly, excited
state is known at 77 keV above theh,,, ground statg¢25].
In the heavier Tm isotopes at=82, 84, and 86see Fig. 3
in Ref.[25]), an1™=1/2" level is observed within 50 keV

above thewhyy, orbital and has been interpreted as the

7731/2 State.

The data on nearby evel-Tm isotopes may be used to
suggest the quasiparticle configurations to be expected f
states in*Tm. A 7h,,vh;1,, coupling has been attributed
to the observed,,=5.2 ms,| "=10" state in**Tm [28]; a
mwhq1ovS1», coupling is reported for theT,,=2.22 s,
I"=6" level[29], 671 keV below the 10 state. In the pro-
ton unbound(but not proton-emitting nucleus **8Tm, only
the (97,10",11%) why,vhyy, State has been observed

[30]—likely because high-spin states are yrast and, thus, al
predominantly populated in heavy ion fusion-evaporation re

actions. The lower-spinrhy,,vs,, state in 8Tm, likely
with weaker direct population, was not detected in R&d).

A recent papef31] on less exotic odd-odtN=77 iso-
tones of*6Tm, 14?Th, and'*Ho discusses the states result-
ing from the why1vrhy1» coupling. These states were ob-

served above the states originating from the coupling of the

hy1» proton with thes,;;, or ds, neutron. Thel "=(7"),
whyqovhqq State lies 340 keV above tHE=(57) state in
142Th and 56 keV above theé = (6") state in'*Ho. In both

nuclei these two states, of positive and negative parity, are

isomeric. The work of Refl.31] supports large configuration

this vicinity [32]. Sudden changes in the level sequences
could, in principle, also occur at**Tm; however, in the
interpretation of the present data, we follow the experimental
level systematics of the heavier Tm isotopes andNke77
odd-A nuclei.

B. Proton-emission rates and structure of**Tm states

Table Il lists the proton rates expected for different orbit-
als as calculated, assuming that the protons tunnel through a
barrier based on a spherical potenfiaB]. For the sake of
simplicity, we first consider just the relative intensities of the

%roton lines in calculating possible wave function composi-

tions; we include the3-decay probability later in our final
discussion.

TABLE Il. The expected proton partial half-live§,,, corre-
sponding to the observed proton energies for the proton orbitals
ossibly active in'*®Tm. The listed values were calculated using

the spherical approach of R¢B3]. The Ty, estimates include the

vacancy factorai? of 0.75, 0.79, 0.985, and 0.65 for the orbitals
S1/2, d3/2, f7/2, andhn/z, respeCtiVe'y.

E, (keV) PredictedT,;, (ms)
S12 dap 210 hi1p
889 43 360 1900 1100000
936 7.4 62 330 190000
1014 0.54 4.5 23 13000
1119 0.024 0.2 1.0 570
1189 0.0039 0.032 0.16 87

034330-4



NEUTRON SINGLE-PARTICLE STATES POPULATED. .. PHYSICAL REVIEW 68, 034330 (2003

1. The 1.12-MeV and 1.19-MeV proton transitions Interpreting the 0.94-MeV transition as the emission of a

The strongest proton transition at 1.12 MeV most IikerA€ =2 proton requires 24% of thedg,vhy,,, configuration
originates from the decay of the state based on th&nd 76% of themhy,,;vs,, component in the emitter wave
whyywhyy, configuration, which would be dominantly funcyon. In fact, the daEa do not ru!e out the presence of both
populated in the fusion-evaporation reaction formiigrm. ~ @dmixtures to the (8,5°) state, with bothA¢=0 andA¢
The observed energy and half-life is consistent withae =2 Protons populating me lowest energy level originating
=5 emission of arhyy, proton. Thus, the spectatoh,,,  [10M thevhyy, orbital in Er.

component in the!éTm state determines the configuration _Having themhyyzvs,, component of the 80-ms state re-
of the level populated if*Er. placed by themwh,,,vds, configuration is less likely since

The energy and half-life of the 1.19-MeV line is consis- the ¥S1 orbital should be below theds, one(see Fig. 1
tent with aA¢ =5 transition, i.e., therh,,, orbital should be A small admixture cannot_be excluded, _h_owever. The result-
strongly present in thé**Tm wave function. An obvious "9 A¢=5 proton with a transition energy of
interpretation for this more weakly populated level is the ~100—200 keV below the one at 1.19 MeV, see Fig. 1,
(57,67) why,vs,, State resulting from the coupling of the Would populate the excited state originating from by,
lowest energy orbitals available. Thef=5 proton transi- qrpltal_. T_he intensity of such a.transmon is below the sensi-
tion from this configuration would populate the,, ground  tVity limit of the present experiment.
state of *%Er. Thus, since we expecdt®Tm to preserve the
level structure from the heavier Tm isotopes, the 1.19-MeV
line represents the ground-state to ground-state decay. The observed half-life of the weakest observed proton line
The A¢=5 character of the 1.12- and 1.19-MeV transi-at 0.89 MeV suggests that it originates from tAg,,
tions was recognized already in the first observation of=200 ms state. This line can be interpreted dsfa= 3 pro-
146Tm proton radioactivity within the framework of a simple ton transition resulting from the admixture to the emitter
spherical calculatiof15]. A very recent interpretation of the wave function, in which therf-, orbital coupled to the 2
same data within a particle-vibration coupling model alsocore vibration replaces theh,,,, orbital in the rhy,,vhy 1),
lists the 7rh,,/, orbital as the origin of the emitted protons part of the wave function. A 3-4% admixture of the
[34]. Neither work, however, deduced the configurations ofzf,.,®2% configuration to the dominanth,,,®0" part of
proton-emitting states, the energy of the isomeric state relahe wave function was recently reported for the neighboring
tive to the ground state, or the proton separation energgroton-emitter’*Tm based on the observation of fine struc-
of 148sTm, ture in the proton-emissiofil3,34,35. The ratio of these
¥5Tm wave function components varies from 1I®4] to
2. New proton transition at 0.94-MeV 1:18 in the spherical approach presented in RES]. The

The half-life of the new transition at 0.94 MeV matches MeNSity ratio of the 0.89-MeV and 1'.12'M%V lines can be
the value for the 1.19 MeV line. We therefore assign botheXpI"’“ned based on a wave function with 28% admixture

transitions to the decay of a single 80-ms staté4fm. of [mf7®2" Jvhuy, together with a[mhy 00" Jvhiy,

4
The energy and angular momentum of the emitted protorl(f(imdpgniﬂt og ggol\ljlt ?/O%' tTheI_daugthter sta.tté tﬁEr, popu- f
strongly influences the probability of tunneling through the atec by the 0.69-VieV proton fine at an excilation €nergy o

barrier. The fact that the two proton transitions are compaf183 keV, would originate from the 1172vh,,, bandhead at

rable in intensity and yet have a fairly large energy dif'fer-250 keV.
ence(253 ke indicates a mixed wave function of the par-
ent state—with the energy difference being compensated by
a large difference in the proton orbital angular momentum Because of the uncertainty in the measured half-life of the
arising from different components of the emitting state.weak transition at 1.01 MeV, we cannot infer its origin un-
Since thes,;,, ds,, andhyy,, single particle orbitals have ambiguously. We thus discuss only options for the placement
very similar energies for both protons and neutrons, admixef this transition in the decay scheme shown in Fig. 4.
tures to the dominantrhq,ovS;, component of the wave (1) The 1.01-MeV line originates from the 200-ms
function for the (6,57) state are likely. Configurations hq,vhqqs State. Its small intensity of-6+2% compared
leading to the samE™ and consistent with the emitted 0.94- to the most intense transition at 1.12 MeV can be understood
MeV proton having a low orbital angular momentum are as arising from thé\ ¢ =5 emission to a state associated with
possible—namely, ws;prhi1, (A€=0) and wds,rhqiy,  the vhyy, orbital. Spherical WKB calculationg33] predict
(A€=2). ~4% for the intensity ratio oA ¢ =5 transitions at 1.01 and
Interpreting the 0.94-MeV transition as the emission of al.12-MeV. The transition betweemh,,,vh;1,, 1*®"Tm and
A¢=0 proton requires a small 4% admixture of thea level at 0.36 MeV associated with the,;,, orbital in
mS1,vh11/, cONfiguration to the dominating 96%h,,,,v8,,  *%Er is the most likely placement for the 1.01-MeV line.
component of the ground-state wave function. This interpre- (2) The 1.01-MeV transition originates from the 80-ms
tation leads to the level scheme shown in Fig. 4 with thestate. AA¢=5 transition from a possiblerh,;,,rds, com-
0.94-MeV line populating the sameh,,,, level as the 1.12- ponent and populating thed,,, state in*%Er can be ruled
MeV transition. In theN=77 isotones, thé¢"=11/2" level  out because of the strong dependence of the tunneling prob-
is the lowest energy state originating from thie,,,, orbital.  ability on energy. Scaling from the observed intensity of the

3. New proton transition at 0.89 MeV

4. New proton transition at 1.01 MeV
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1.19-MeV transition, only about three counts are expecte®ur observation of fine structure in the proton-emission from
for the 1.01-MeV line even assuming an unrealistically large'*®sTm to thes,,, andh,,, neutron states if*Er does not
fraction of 50% for thewh,;,,vd;, component in the wave differentiate between these options. There is, however, a lack
function. However, as in the case of the 0.94-MeV transitionof evidence for a 0.18-MeV isomeric transition between the
the 1.01-MeV line could result from small admixtures of high-spin "Tm and %STm. A 0.18-MeV E3 transition
mS12vh11/2 OF Td3ovh 15 t0 the wave function, and itwould (e g., between 8 and 57) in “Tm would have a long
populate thevhyy, state in *“*Er via either aA¢=0 or a  palf.iife of about 400 ms, while aM2 transition(e.g., be-

A ¢ =2 transition. For example, the 1.01-MeV line could rep-yyveen 7° and 5) would be much faster, with a lifetime in

resent tkheAf=l4%Etranshiftlionhto the lowest 1172”?11/2 State  he microsecond regime. This fact suggests that a spin dif-
at 175 keVin r, while theA¢=0, 0.94-MeV liné popu- (o ance of at leash | =3 exists between the ground and iso-
lates a 9/2 or second 11/2 level at 253 keV. Such a sce- meric states. Thus foF*®STm and 8™ m, the|™ options

nario would require a wave function composition of aboutare 5 and at least 8, respectively, or 6 and at least 9.

94% 7Th11/27/51/2, 2% 7Td3/21/h11/2, and 4% 7T31/2Vh11/2 to . .
account for the observed relative intensity ratio of about The mhyvhyy, State for heavier odd-odd Tm isotopes

5:2:2 for the 1.19, 1.01, and 0.94 MeV lines.A¥ =0 and  @PP€ars to be coupled 1= 10*_[28,3(],1\2vhile IW:1(47+)
A€=2 are assumed for the 1.01- and 0.94-MeV transitionsh@s Peen proposed for tie=77 isotones *Tb and 4,H°
respectively, the 80-ms state wave function has a 76%31- The observatlonlff the 1.12 Me¥|=5 proton line,
mhy1,,vS1, component deexciting via the 1.19-MeV line, a from the 7whyovhyy), " Tm to the vhy,, state, does not
0.2% S, ,vh11, cOmMponent deexciting via the 1.01-MeV distinguish t_x_etween these pOSS|b|I|t_|es. However, the weaker
line, and a 24%mda,vh;,,, component deexciting via the Al=3 transition atQ.89 Me\( most I|I§ely populates the 0.48-
0.94-MeV line. Note that in this scenario, which requires aMeV excited state in***Er with a spin below 11/2. Such
possible 175-keV state i*Er, there would be an additional States with 7=7/2" and 9/2" have been detected about 100
1.05-MeV proton transition from the 200-mi4%"Tm to this 0 200 keV above the'hy,;, bandhead in thé\=77 odd-
level. Such a weak 1.05-MeV line cannot be detected in thénass isotones including neighborin®Dy [37,38. The
presented experiment because of the presencé*@im  emission of anf;, proton from the 8[mf;,®2"Jvhyy,
contamination. component oft“®"Tm can populate a 9/2state at 0.48 MeV

(3) The 1.01-MeV line originates from a new low-spin in **Er. For an initial spin of*™"Tm abovel "=8", the
positive parity state if“Tm. Such a state with"=1+ has  population of a**Er state withl>9/2 would be required.
been reported in the odd-odd= 77 isotones up ta***Th, The existence of such a state at 0.48 MeV is not supported
but has not been identified so far in the neighboring heaviePy the available level systematics for neighboring nuclei.
odd-odd Tm isotopes. A low-spin, positive parity state wouldHigher-spin states, with=13/2" andI"=15/2" as well as
result from the coupling o§ andd protons and neutrons with @ secondl "=11/2" state, have only been observed about
possible spin values of 0, 1, 2, and 3. The decay would b400 keV and higher above thehy;, bandhead. Therefore,
restricted toA¢=0 or A¢=2 proton transitions populating the proposed spin and parity assignmentsl&re(8") and

" 12 . . (5 146m 1469 i

Sy, OF v, levels in “5Er. The weak intensity of the 1.01- |7=(57), for “**"Tm and ***°Tm states, respectively.
MeV line could be explained by the low direct population of
the emitting state in a heavy ion reaction. Its half-life, how- 7. B decay of!4695mm
ever, should be in the range from 0.5 ifmure A¢=0) to )
about 20 ms—a much longer observed value would not al- Finally, we comment on theg decay of the proton-

low for this interpretation. emitting states. As with the neighboring nuclei, tHéTm g

A more precise determination of the decay pattern for thél€cay should be governed by the allowed Gamow-Teller

1.01-MeV proton line is essential for the interpretation of (GT) spin-flip transformation of thé,, proton into arhg/,
this transition. neutron. Partiaj3-decay half-lives of around a few hundred

milliseconds can be expected—consider, for example, the
T,,=220 ms value predicted fo¥**Tm [39]. Hence, for the
longer-lived isomeric state3 decay represents a substantial
Proton+y (p-y) coincidence data would help to confirm part of the decay width, while for the shorter-lived ground
the present decay scheme presented in Fig. 4. It should hgate, proton-emission dominates. The proposed structure of
noted, however, that theh,;,, bandhead in**Er is most  the lower-spin*Tm state could be complemented with a
likely a long-lived isomeric state. The 0.94 activity as-  zh,, ,vd, component which is “proton-emission inactive”
signed to the 11/2 vhyy, state in**%Er [36] could actually  and therefore does not change the relative proton intensities,
be thes decay from the 253-keV level in Fig. 4. If so, the but does contribute to the GB decay. For the higher-spin
only p-y coincidences available involve the weak protonstate, the observed proton-emission rates indicate that the
lines at 0.89 and 1.01 MeV. It is clear that the countingsh,,,, orbital dominates; thus, th@ decay channel may

statistics must be increased substantially to obs@vg  make a significant contribution to the observed half-life.
events.

5. Proton-y coincidences

6. Spin assignments fof46%5™m IV. REINVESTIGATION OF %%.u DECAY
There are two options for the coupling of the,,, ands,, We have also reinvestigated the decay of the neighboring
nucleons in the ground state éfTm: 1”7=5" or I"=6".  odd-odd proton-emittet*°Lu to search for evidence of fine
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V. SUMMARY
60 AT (recoil, decay ) 1261(4) keV
50 <25ms 1501y (g.s.) We have observed three new transitions in the proton-
40 1233(3) kev emission from¢Tm, at 0.89 MeV, 0.94 MeV, and 1.01
BlLu(gs) MeV, which populate excited states #°Er. The half-lives

of the two previously observed transitions, at 1.12 MeV and
1.19 MeV, were remeasured with better precision to be
200=10 ms and 8& 10 ms, respectively.

counts / 5 keV
w
o

0 We have shown that within a basic spherical picture it is
AT (recoil, decay ) 1277(8) keV possible to understand these transitions both in terms of
> 8| <150ps 1oL daughter states based on neutron single-particle orbitals as
Z o6 well as how these orbitals couple with proton single-particle
> orbitals to form the proton-emitting states M®Tm. The
€ 4 resulting decay scheme reveals that the 200-ms isomeric
8 - level is at 0.18 MeV above the 80-ms ground staté§Tm.
o TR NI The [ 7hy1,® 0" ]vhyy, configuration dominates>90%)
600 800 1000 1200 1400 1600 1800 the high-spin (8) isomer, while a small admixture

(<10%) of the[ 7f;,®2"vhyy, configuration is respon-
sible for the proton-emission fine structure from this state
(the 0.89-MeV ling. The low-spin (5) ground state is pri-
FIG. 5. The energy spectra of proton events collected within 25marily composed90%) of the coupling of therhy;,, and the
ms (upper pangland 150us (lower panel after the implantation of ~ Sy, Orbitals, and has a small “mirror” admixturgt%) of
A=150 andA=151 recoils into the DSSD. the ms;orhqq» configuration which is responsible for the
proton-emission fine structulghe 0.94-MeV ling. Alterna-
tively, the fine structure from this state could also be ex-
plained as resulting from the coupling of another positive
parity proton orbitakrds, to the samén,;,, odd neutron, and
would thus require a presence of at least 20% of this com-
éonent in the wave function. The “proton inactive” but

proton energy (keV)

structure in the proton transitions. THE%u nuclei were
produced as in our earlier wofli9] using a 292-MeV°&Ni
beam on a 0.54-mg/ch®Ru target. As in thé*Tm experi-
ment, a thin charge reset foil was placed 10 cm behind th

target to restore the charge state of recoiling ions which ma |k-3|e cta(l)ylgg Crc;gfé?::rﬁfﬁgs-rozhvlvagoftﬂ;?o?V-?ﬁ/ez (IjseZ:JSge q
have been altered by isomeric deexcitations involving con- y P ’

version electron$20,22. An observed increase in the yield decay scheme places thé,y, orbital 0.25 MeV above the

4
of 150"y proton events compared to our earlier wotg], 512 ground state of “Er. . T
where no charge reset foil was used, suggests the presence ofTh(.a data on proton.—em|SS|on from the short—ll Lu
a few-nanosecond isomeric level on the deexcitation pat ere improved. No evidence, however, for fine structure was
leading to *®"Lu [22]. The new measurement was per- u_lr_‘ﬁ b . i i th L
formed with two other modifications compared to the previ- f ‘;gr sedrvatlon 0 mef strl;]ctuf_re n the rl? roton-emission
ous work[19]: (1) a converging solution for the RMS optics rom - = 1m emonstrates for the first time that a p“’“’!‘ ra-
[20] resulted in the collection of>%u ions in two charge dloa_ctlwty study can b_e used to probe the neutron single-
states instead of one; arf@) less restrictive constraints on particle level structure in the daughter nucleus.
the ions reaching the DSSD led to a small fraction of neigh-
boring **sLu activity (E,= 1233 keV) showing up in the
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