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ABSTRACT

In this study, the de;'ay of "9Ere*™ py positron emission, electron capture, ahd .Bodelayed proton emission
was investigated. Gamma rays associated with 1>Er™ decay were placed in a decay scheme on the basis
of 1y- and xy-coincidences and half-life. We assigned 121 ¥ rays deexpit_ing 91 levels in '“fHo to 89:1:02 s
YEr™ decay. The ms,, single-particle state in "9H9 was observed to occur at 49.0-keV above the mh,
ground state. A (3.540.7)% IT decay branch and a (0.180.07)% B-delayed proton decay branch were
determined for‘ ml?r”f. decay. Three additiopal Y rays were assigned to 442 s '49Er§ decay and a (74£2)%
B—de_layt;d proton decay branch was determined. Measured EC/_B" ratips to proton emitting states in “9:Ho>
resulted in a (Qgc-S, ¥=7.0237 MeV for ‘495rg decay and a S,,=1.4.+&€ MeV for 'ngq. The B—delayed
proton spectrum from M"’bEr" consisted of a highly structured compo;xent corresponding to the deexcitation
of levels between 4-5 MeV in '“Ho and a structureless compone;nt;szo'rresponding to decay from higher
levels. The B-strength function for M9Er8*m decay is discussed in terms of single-particle shell model
structure, weak coupling to the 148Dy core, and decay of mh, |, protons across the shell closure to the vhm'

neutron orbital.

* On leave from University of Helsinki, SF00180, Finland

' On leave from Soreq Nuclear Research Center, Yavne 70600, Israel



1. INTRODUCTION

The decay of “5Er#*™ continues our studies of odd-mass; N=81 nuclei which have included '45Gde*" 12,
MIDys+m 34, and 1S1¥p5*™ 5, The first studies of “Er were reported by Toth er al$ and Schardt ef al
who measured f-delayed proton activity. Schardt er al.” also constructed a partial decay scheme for
149g,8+m  and Toth et al® preSentcd a bartiai IT and B-decay scheme for "Er¢ *’;‘. In this paper we
present a more extensive Qecay scheme witﬁ identification of the ¢x;itqtion energy of the ns, n single parti-
»clc level with respect to the nth | n ground state. The absolute EC+p* IT ) #nd the delayed proton branching

intensities from '*Er& and '“’Er™ are reported here. We also compare the experimental results with the
predictions of a simple single-particle plus weak-coupling model.

II. EXPERIMENTAL METHODS

Both “PEré and “Er™ were produced by the ®Ni(®Mo,2pn) reaction with 259 MeV *Ni ions
accelerated in the Lawrence Berkeley Laboratory SuperHILAC. The beam energy at the center of the tar-

get was calculated to be 242 MeV. Products recoiling from the target were mass separated with the OASIS
facility’ on-line at the SuperHILAC. Isobars simultaneously present in the sources included 19T,

- "Ho#*™, 19Dy, and *TH™. Sources we& collected on a programmable moving tape for fixed intervals of
4, 16, and. 160 s and transported to a counting station. A Si particle AE-E telescope and a hyperpure Ge
detector faced the radioactive layer, while a 1-mm thick plasﬁc scintillator and an n-type Ge detector with a
relative efﬁciéncy of 52% were locéted on the other side of the collector tape. In additibn, a 24% n-type
" Ge detector, oriented 90° with respect to the two other Ge detectors, was placed —4.5 cm from the radioac-
tive source. A schematic diagram of the detector configuration is shown in Fig. 1. Coincidences between
particles, y rays, x-rays, and positrons were recorded in an event-by-event mode; all.-events were tagged
with a time signal for half-life determination. Singles wc:rej also taken with the x-ray and 52% detectors in
a multispectrum mode in which the tape cycle was divided into eight équal intervals. " All detectors were

calibrated for absolute efficiency and energy with standard sources of %Ga, 'Eu, *Ra, and »'Am.



Analyses of singles data were performed with the y-ray peak fitting code SAMPO'? and coincidence data

were ana]yied using software described in references 11-13.

HI. EXPERIMENTAL RESULTS
A. y-ray data

A total of 126 y rays were assigned to the EC+B* decay of 'Er#*™ and two y fays,pre\'riously assigned to
MS£rm IT decay were confirmed®, The Y-ray energies and intensities are listed in Table I. A y-ray singles
spectrum, corresponding to the 16 s data, is shown in Fig. 2. These y rays were assigned to '°Er on the
basis of coincidences with Ho K x-rays or other known ¥ rays and by half-life. In'addition; Table I lists the

relative intensities of Ho K x-rays observed in the hypérpure Ge detector. From the decay scheme and this
data, we derived the relative intensities I(EC)=5101-140 and I(B*j=550:tl40 with respect to I_{(l 171
keV)=100. The total electron-capture intensity was calculated from the Ho K x-ray intensity assuming a
7.4% contribution from internal .conversion. The fluorescence yield was taken as ©,=0.943", and
Iecylecuory=0-835". The total B* decay intensity was calculated from the y*(511 keV) intensity

corrected annihilation-in-flight'®. The annihilation intensity associated with 2 Er8 +m decay was derived
from a multi-component half-life analysis of the annihilation peak. The absolute normalization of y-ray
intensities was calculated from the measured EC+B* intensity which was apportioned between 'Er™ and
149gre deéays as described in section IV. Coincidences between all three Ge detectors were analyzed and
are summarized in Table II. A y-ray spectrum in coincidence with the 171.5-keV y-ray is shown in Fig. 3.
Conversion electrons. were not measured, however K conversion coefficients for the strong, more con-
verted transitions were calculated from the summing intensity for Ho K x-rays with y rays. For the Mpym
IT transitions the K conversion coefficients were derived from sum intensities in the singles spectrum, and
for transitions in '*’Ho they were derived from sum intensities in the Ho K x-ray coincident gate, neglect-

ing the contribution from high-energy transitions. These results are summarized in Table III.



B. Proton data

Proton events Qew identified with the Si particle AE-E telescope. Spectra of all protons and the protons in
coincidence with positrons are shown in Fig. 4. The total proton spectrum can be characterized as narrow
peaks superimposed on a continuous distﬁbution. These peaks were not wider than the experimental reso-
- lution (~35 keV fwhm) but we cannot rule out the possibility that some peaks may represent close lying
.multipleis. The resolved proton peak energies are shown in Fig. 4 and the intensities in Fig. 5. The posi-
tron coincident proton spectrum also has the pronounced structure but the continuous component is
strongly suppressed. We interpret this result as indicating that the structured proton decay arises from lev-
els where the B-decay energy is high and the level density is low, while thé cbnltinuous prbton spectrum is
presumed to arise mainly from levels with lowér B-decay energies where the level density is too high to
resolve individual transitions. Several y rays in 18Dy were observed in coincidence with the protons and
are summarized in Fig. 5. The intemiﬂ of the protons from M9Ere™m was 5.240.6 relative to I(1171

keV)=100. From the coincidence and singles proton intensities, we determine that for delayed proton

decay the total EC/B*=0.8340.04.
C. Half-life determination

The half-life of "’Er™ was determined by following the decay of the stmnger Y-rays during thé 16-s tape
cycle. A constant-rate pulser peak was included in the spectrum for dead-time correction which proved
negligible. The half-life data points were fit by a least-sduares procedure with a single component .using
the computer code CLSQ'”. From an analysis of the strongest y-ray transitions, we havé adopted a
weightéd average half-life for Er™ of 8.9+0.2 sec. This value is lower th_an the previous value of
10.8£0.6 sec of Schardt ef al.” but is consistent with 9£1 s from Toth er al%. The half-life of “Er® could
" not be determined directly because it was produced weakly in the reaction and decayed in approximate
equilibrium with 'Er™ decay. We have shown in section IV that (63£7)% of the protons were from

M9Er8 decay. Analysis of the growth and decay of the 16 s proton data is consistent with t ,2<8 s for

“5Ere. The half-life of '*'Yb# is 1.640.1 s* which should be systematically lower than the M9Er® half-life.



From the Eré decay scheme, described in section IV, assuming equilibrium with “’Er™ IT decay, a
half-life of 412 s is obtained. This value is consistent with both limits and has been adopted for the follow-

ing discussion.
D. Determination of Qsc v

The Qg values for 'Er&*™ decays have been determined in two ways. Fx:om the intensity of x-rays and
annihilation in coincidence with the 4699.6-keV transition, assuming negligible feeding from higher-lying
levels, we determine that EC/B*=0.6840.34 to the 4.7-MeV level deexcited by that transition (see section
IV). This corresponds to a decay energy of 4.4°5; MeV'? to that level an a to@ Qec=9.107 MeV. Alter-
natively, the value of (QEC—SP) can be calculated from the ratio of intensities in the total and poSitron-
coincident proton spectra. This ratio is proportional to (EC+B*)/B*. The 2653-, 2850-, 3105-, and 3909-

R exp_Rth )2
2

exp

keV proton groups were analyzed by a x? analysis where_x2=2 and R, and R, are the

experimental and theoretical (EC+B*)/B* ratios for each proton group. The x> minixﬁization of the decay
energy is shown in Fig. 6 from which we determine with a 90% confidence limit that (Qgc-S, )=7.0.ﬁf
MeV. From Wapstra et al.'® systematics, §,=1.1710.21 MeV imply_ing Qrc =8.240.5 MeV. This value is
consistent with the first value if we assume that the protoﬁ groups are associated with '*Er# decay and the
4699.6-keV y-ray with '“9Er™ decay. From these two measurements and the “Er™ excitation energy of
0.74 MeV we determine that Sp=1.4f(}.'8 MeV which is consistent with the value from systematics'®. For
the following discussion we have adopted Q,;C=8.4_"(‘,’_'49 MeV for Eré decay. This value is coihpamblg to

8.65 MeV calcu]afed from the masses of Liran and Zeldes'® which are generally reliable in this mass

region.

IV. Decay Schemes

The decay scheme for '“’Er™ is shown in Fig. 7. This scheme was constructed on the basis of coincidence



data and intensity balances. The transitions deexciting the levels at 220.5, 564.4, and 1001.2 keV were pre-
viously reported by Toth et al.? and are confirmed here. We also observe a new 780.7-keV transition from
the 1001.2-keV level. A possible transition deexciting the 564.4-keV level to the ground state would be
overwhelmed by the intense annihilation peak. No 563-keV Ho K surh peak is observed in the 52%
detector so we have set an upper limit on the 515.4-keV y-ray intensity of 12% of the 11.71.0-keV y-ray
intcnsfty. The excitation energy of the 1/2+ isomer in 1491/10 with respect to the 11/2- ground stz;te was
determined as 49.0£0.1 keV. This is established by coincidences between the 171.5-, 343.9-, and 436.7-
keV y rayS with transitions of 1208.5, 1225.8, 1267.9, 1320.4, 1468.1, and 1492.3 keV. The coincident
transitions deexcite levels that also directly populate the 11/2- ground state and determine the energy of the
7/2+ state at 1001.2-keV. Additional Qeak transitions feeding the 1001.2-keV level were similarly placed
on the basis of energy sums. Levels deexcited by this pattern are restricted to having J*=9/2- if they are .

directly fed by beta decay.

The isomer '“Er™ decays by both IT and EC+B* modes. The IT decay proceeds via a
630.5(M4)—111.3(M1) cascade analogous to the lighter N=81, odd-A isotone;. The IT decay scheme is
shown on Fig. 5. We have chosen to normalize the IT branch to the 111.3-kéV @sition intensity because
the 630.5-keV transition is partially obscured by an impurity from '“Ho decay. To obtain the relative
intensity of mé 19Erm EC+B* decay branch, the total observed EC+B* feeding must be corrected for the
“9Er& contribution. Assuming that the ground-state decay is in approximate equilibrium with the IT decay

and the 111.3-keV Y-ray is M1 (o._=1.99) we determine that (4.8£1.0)% of the total observed EC+f*
tot

decay is associated with '*Er® decay and "Er™ decays by IT (3.540.7)% and EC+B* (96.510.7)%. The

beta feedings in Fig. 7 are calculated from intensity balances and are presﬁmed to be upper limits due to

unobserved additional y-ray feedings from higher levels. About 89% of the M9Er™ decay intensity can be
accounted for by the IT decay and the qbscrv_ed “Ho ground-state y-ray feeding. The remaining 11%
unplaced intensity can be divided between unobserved beta feeding to the ground state and to the contin-
uﬁm of levels above 5 MeV where proton emission is observed. For "’Dy™ decay? the analogue transi-

tion has logfr>6.5. Assuming this value, we expect <5% feeding to the ground state with the remainder



~

feeding higher levels.

From the yp coincidence data we propose the B-delayed proton decay scheme for “’Er™ in Fig. 5. Proton
decay from '°Er™ is hindered to the 0* ground state of 43Dy by the angular momentum mismatch. Less
hindered channels for proton décay to excited states in 8Dy do not open until nearly 2 MeV above S,.
Con.versely, protoﬁ decay from “9Er® to the 18Dy gmund state is not expected to be hindered while popﬁ-
lation of the 2* level at 1.7 MeV in 8Dy should not compete strongly due to the additional excitation
energy. We have performed statistical model calculations?’ which predict about 24% of the “SE/™

delayed-proton decay to the l“t;Dy ground state and less than 1% of the 49,8 decay to the 2* level. |
Assuming the statistical model value for the ground-state feeding from '“’Er™, with an uncertainty of iO%
in that branching intensity, aﬂd that all of the '*8Dy excited state feeding is associated with '49Er;" decay,
we determine that (37£7)% of the observed protons are assdciated with PEr™ decay. From this prbtdn

intensity we determine a (0.18+0.07)% B-delayed proton branch for °Er™ decay.

A decay scheme for 'Er$ is given in Fig. 5. ‘A level at 1797.4-keV has also Seen associated with the
decay of 9Er¢ on the basis of coincidence between the 171.5-keV y-ray and the 1233- and 1577.9-keV y-
rays, and the observation of an intense 1748.4-keV uan‘sition that is.coincident with Ho K x-rays. Nearly
all of the beta feeding from **Er# decay appears to go to the 1797.4-keV level although its low logft prob-
ably indicates unobserved Y-ray feeding from higher levels. The intensity through the 220.4-keV iéi'el is
nearly balanced suggesting that no other levels are strongly fed. From the systematics of the lighter N=81
odd-A decays we expect little feeding to the 49.0- or 220.4-kev levels. The decay scheme has been nor-
malized to the sum of the transition intensities deexciting the 1797.4-keV level and the proton intensity
apportioned to 1%Er# decay. As described in the previous paragraph, (63%7)% of the B-delayed protons -
are associated with '°Er8 decay. This corresponds to a (742)% proton branch. Nearly 20% of the P-
delayed protons assigned to the decay of '**Er# are associated with resolved proton groups. The remainder
are in the continuous proton spectrum which deexcite levels up to over 8 MeV in “Sto. In Fig. 5 the pro-

ton decaying group excitation energies are calculated from the measured energies assuming S,=1.4 MeV.



The statistical model?! predicts that I, /T, should vary from 5000 to 50 for levels at 4-5 MeV in “Ho.

The limit for detecting a Y ray of 4-5 MeV is about 6% per "YEr® decay and no Y-ray deexcitation from the

proton-emitting levels was identified. This is consistent with I“yl I‘"’ varying from <30 for the 4100-keV

level to <13 for the 5370-keV level. The intensity is nearly balanced through the 3/2+ level in "’Ho indi-

cating that there is little direct Y-ray depopulation of the proton emitting levels. We conclude that l‘7 is

much smaller than predicted because proton emission is a simple process which is not expected to be

significantly hindered

V. DISCUSSION
A. Electron Captum/Positron decay

The level structure in "’Ho can be described by a simple weak-coupling plus shell-model description -

analogous '*Eu’. In this description the low-lying levels of *’Ho are assumed to be single-particle shell
model states and levels at higher excitations are explained by weak coupiing of levels in the even-even
148Dy core with these single-particle states. The residual interactions are assumed to be small so that the

individual couplings cluster around the energy of the core plus single-particle states. The T, o, TS, n

nd,,,, nd. .., and ng.n single-particle shell-model proton states are at 0, 49.0, 220.5, 564.4, and 1001.2 keV.

320 s

)*(vh,, ' —(xh, )’ is very hindered. The analo-

3
llIZ)

For "Er™ decay, the allowed EC+B* transition (mh,,

gous logft values for l“7Dy’" 2 and 5Gd™ decays? are >6.5 and >7.4 respectively. These allowed transi-

tions are hindered, in part, due to the nearly full vh p Orbital.

Levels between 1.2- and 3.5-MeV can be described by weak coupling of the single-particle shell-model -
states to levels in the 14“’Dy core. For decay to these levels, the odd particle acts as a spectator so the decay
is analogous to that of "*®Ho to the core. This is illustrated in Table IV where simplified decay data for the

N=81 odd-A nuclei and their core nuclei are compared. For “YEr™ and ®Ho the decays populate two

level groupings near 1.6 MeV (2%, 3°) and 2.6 MeV (4%, 57, 6*, 7). The experimental logft values and reso-
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nance energies are similar for both decays consistent with the weak-coupling description. The energies of
the 'Ho groups are both about 160-keV lower than the 148Dy groups. This probably represents the aver-
age residual interaction for the 9/2-,11/2-, and 13/2- couplings. A one-to-one' correspondence between

weak- coupled states and experimentally ébserved levels is impractical due to the large number of possible
couplings. However, 9 levels with J*=9/2", 11/2", 13/2" and 6 levels with J*=9/2*, 11/2*, 13/2* between 1-2
MeV are expected. Fifteen levels are oﬁserved in that region. Wilson et al* have reported levels in "Ho
at 1380- and 1560-keV to which they assigned J* values of (15/2+) and>(15/2-) respectively. These levels
appear to be too strongly populated by decay to have such high spins, however, observation in a heavy-ion -
reaction is probably consistent with J=13}2 for both levels. In addition, only one level near 1.75 MeV with
J®<3/2* is expected. That level can be represented by the 3/2* componen.t of the (s, n)'x2" configuration
and is probably the 1797.4-keV level populated by 149Er¢ decay. Similar configurations near 1.8 MeV are

strongly populated by '**Gd® and ”7Dyg 7 decays and are summarized in Table IV.
Po; y

Between 3.8-.and 5.1-MeV of excitation in '*Ho 25 levels were populated by '°Er™ decéy with logft
values as low as 5.6. About 11% of the total bet;a decay was placed to this region with an aggregate
logft~4.8. Thi; large transition strength is associated with the th | —vh,, spin-flip transition. The split-
ting of this »tmnsiti(‘m strength among many levels can be explained, in part, by the 27 i)ossib]e couplings of
)! three quasiparticle configurations leading to J*=9/2", 11/2", 13/2" and also

the resulting nth (vh

12¥0en(Vhy

by configuration mixing. Similar structure has been observed by Alkhazov er al.?® in the decay !4’ Dy&*™

where logft=3.9 to the region near 4.8 MeV in "¥'Th. An analogous mh,, rz""h\m transition has been

observed in 'Tb™ decay®® with a logfr=4.3. Six level groups from 4.1-5.4 MeV were observed with
9Ere decay. This decay should also be dominated by the 1th1.1 j—Vhg, spin-flip transition. In this case

| (nh,, /2)3(vh9,2)‘VSl ,, three quasiparticle configurations are populated. Three 1/2%, 3/2* 'states can be con- -
structed from this configuration and 21 additional three quasiparticle states can be constructed if the third

particle is vd, ,, vd,,, or vg, n From the proton decay intensity to this region we infer a logft~4.2 which is

comparable to "3Gd#?* and "'Dy#” decays summarized in Table IV.



L)

11

About 11% excess decéy intensity remains which probably populates levels at high excitation energies in
49110, This intensity is apparently divided among many levels because no resolved high-energy ¥ rays
were observed. If we assume that this decay populates an average levei at 5 MeV, we obtain an effective
logft=4.5. This strength‘combined with the resolved feeding to levels below 5 MeV in **Ho is épmparable
to that observed in '¥'Dy™ decay. It is remarkable that both the 1/2+ and 11/2- N=81 odd-A decays popu-
late the region near 4.8 MeV in the daughter with 10gft~4. This confirms ihat the mth, ,—vh,, uansitién is‘.
dominant in both decays with the odd neutron acting as a spectator. Similar beta strength to high excitation
in the daughter can be alsé be inferred from the delayed proton speétra of the odd-odd N=81 nuclei
14817, 1507y, and 1527 25._. In these odd-odd .decay.s separate Tth, ,2—-)vh9,2 spin-flip tmnsitioné are possible
corresponding to decay of either an odd proton or a paired proton. The former transition populates two-
quasipartjcle levels analogous Vto those described in th; previous paragraph, and the latter transition leads to
a fouf—quasipanicle configurations which.lie about 2-MeV higher. Because only a singlt;. 7h,, 1, Proton can
decay to. :the: ldw..er c.onﬁguration. while several paired protons 'can decay to the higher configuration, the
transition probability to the ‘highcr configuration ig expected to be lméer. Tﬁe number of possible cou-
plings in the four-quasiparticie configuration is so large that no single configuration would be expected to
carry sufﬁciént strength‘to be experimentally resolved. The situation in the odd-A N=81 isotones is dif-
ferent because our simp]e picture assumes that all protons are paired. Decéy to thé three quasiparticle
configuration might be expected to dominate because the higher five-quasiparticle states requifé the break-
ing of two mh | n pairs. If, however, we assume that the mh,, 2 proton pairs are strongly coupled, then the '
higher seniority final state configurations can be readily populated. This would explain the significant beta
strength to levels above ~6 MeV inferred from the delayed proton decay. Similar couplings have been

described for f, n shell nuclei®*?, For 147Dy"' decay Alkhazov et al®® have observed nearly constant beta

strength, with logft~4.6 to the region from 5.4 to 6.6 MeV in "¥'Th. Decay to this higher excitation region

is probably dominated by the five-quasiparticle structure.
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B. Delayed proton decay

The proton spectra from '’Eré and "Er™ are markedly different. This difference arises for two principal
reasons. First, the energetics of the two decays are not the same. Levels populated by allowed Gamow-
Teller '*Er# beta decay can deexcite via L=0 proton decays to the ground state of *¥Dy. Thus, proton
emission becomes important near 4.0 MeV of excitation in *’Ho. Conversely, L=0 proton emission from
levels fed By M9Er™ beta decay populates levels near 2-MeV iﬂ 148Dy, and 1.4 is required for the transi-
tion to the ground state of Dy, VIn this case, proton emission does not wcoﬁe significant until higher
excitation energies in '**Ho. Second, the proton emitting levels near 4-MeV in “ho, populated by 19,8
decay, have much smaller y-ray widths than the comparable levels pppu]ated by "PEr™ decay. The differ-

ence in the y-ray widths for these decays can be explained by simple nuclear structure considerations. Both
beta decays are characterized by the (1:hll n)‘—)(nh” ,2)3(vh%)‘ spin-flip transition. For 19, m decay the
remaining odd neutron is in the vh . orbital and can deexcite by the unhindered (vhy,)'(vh, )"

—(vh /2)'2 M1 transition which competes favorably with proton decay. For '“°Er# decay the remaining

odd neutron is in the vs, , orbital and the recoupling of the two neutrons is severely retarded. In that case

R

proton decay will be enhanced with respect to y-ray deexcitation as is observed. The level density near 4-5
MeV, populated by Er™*8 decay, in “°Ho is low enough to create fine structure in the delayed proton
spectrum. This is true for both decays, however the arguments outlined above show why the structured
delayed proton emission from “?Er™ decay is strongly suppressed. The level density at higher excitations

in "YHo is much larger so fine structure is no longer expected for protons originating from that region.
This was observed in both decays. Similar results were also measured in the decays of MIpy&+m 7 and

15lypm+€3, In those decays the structured protons were associated with the low-spin decay and the protons

from the isomer decay were unstructured.
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TABLE L Transition energies, level assignments, and relative intensities for YEr™*# decay.

E(keV)* Level l’(rel)"‘ E(keV)* Level. L(rel)"‘ E(keV)* Level I’(rel)"‘
HoK o 1374 1602010 16020 124 " 391353 2913.6 31
Ho K o 2425 1605070 26074 -2 _ 293576 29357 21
HoKg, 70 15 164897 16489 435 203939 29393 135
HoKyp, 212 1%2.14 26773 63 ggs;.gs 336;.5 21
- 92 17069 354 7783 29718 31
}??‘-g:"’ 1277.1 - -3 173532 17353 40¢ . - 299233 29923 42
33 113 122 1748411 17974 364 299675 29967 42
163.190 17658 4 176581 17658 - 384 300114 30011 2
17151 2205 76°9 1824010 28250 ~05 . 3005.03 30050 31
172.4° 10 1552.1 -3 182893 18289 72 3049.03 30490 52
222.0010 1601.9 ~6 1913.070 29136 -08 g?g;-gs’ g(l)g;g 0395
323.8°10 1601.9 317 1991.010 29923  ~6 23 = 2
327.1970 17069 ~3 199743 19975 82 317495 31;4.9 21
3439, 5644 698 2000010 3001.1 ~3 322624 32262 21
35097 15309 82 2004010 30050 ~4 - 3263.13 32631 31
380.9 ! 1552'1 72 207192 20719 3 330583 33058 157
413050 14151 21 - 2124010 31253 -~0.7 332524 33252 105
43671 10012 427 213505 21350 42 333843 33384 31
e ’ 2148.72 21487 62 353638 35363 21
630.5%2 7414 (36) 217751 21775 193 379506 37951 21
780.77 1001.2° 2972 220003 22092 52 3828.212 38283 1.0s
82642 19975 72 22197 22219 142 388555 38856 53
851.05 14151 31
" : 222692 22269 122 4003.14 40032 094
1045.6° 10 2321.7 42 226721 22672 712 4037.213 40373 0.32
1171.07 1171.1 10010 227745 38293 42 408635 40864 21!
1183.72 1183.7 62 229765 22973 42 4235910 42360 053
119455 1415.1 62 231762 23176 163 438597 43860 095
120855 2209.2 31 232177 23217 203 441343 44135 42
122582 22269 93 232682 23268 114 443384 44339 24
1233.0'10 17974 -2 236832 23683 122 444133 44414 3
126795 22672 42 238132 23813 63 455248 45525 052
1277.11 12771 263 246942 24693 113 4616.75 46168 0.84
1295.010 22973 21 249195 24927 63 462233 46224 42
132045 2321.7 683 249945 24994 37 464554 46456 21
1367.010 23683 -~0.8 251252 25125 82 465204 4652.1 21
1380.17 1380.1 343 258042 25804 62 4661.62 46617 42
144885 24500 84 259144 25914 52 4676.64 46767 21
1468.15 24693 147 260741 26074 153 4699.62 4699.7 153
149235 24927 42 263334 26333 21 4706.0° 10 4706.1 126
153097 15309 47s 271483 27148 42 474993 47500 1.15
155221 1552.1 193 2804.55 2804.5 105 482285 48229 042
1560.1 7 1560.1 323 282494 28249 72 4851.09 4851.1 0.7«
157793 17974 103 2851211 2851.2 31 5079.1% 10 5079.2 ~1.3
1581.62 29967 73 290174 29017 21 5098.6% 10 5098.7 ~1.3

* Assigned to'*Er™ decay except where noted. )

® Intensity relative to Iy( 1171.0)=100. For the x-rays, an additional systematic uncertainty of 15% shquld be added.
¢ For absolute intensity per 100 decays of WSgpm, multiply by 0.097 20.

4 Only observed in coincidence; intensity derived from coincidence data.

¢ includes I =73 from 149Er8 decay.

* from "YEr™ IT decay.

& Also observed with "’ Ho decay; intensity suitably divided.

" Transition partially obscured by an impurity.

! Transition assigned to 149Ers decay; for absolute intensity per 100 decays multiply by 2.02.
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TABLE I1. vy Coincidence Resuits

Gate Coincident ¥ rays

Ho K x-rays  172,(324),327,344,360,381,413,437
781,826,851,1171,1184,1194,1208
1268,1277,1320,1367,1380,1448,1468
1531,1552,1560,1578,1582,1602,1649
1676,1707,1735,1748,1766,(1824),1829
1997,2072,2149,2178,2209,2222,2227
2267,2298,2318,2322,2327,2381,2469
2513,2580,2591,2607,2633,2715,2936
2966,2978,2992,2997,3005,3049,4413
4441,4652,4662,4700,4706,5079,5099

ErK x-rays 111,630

111 630

172 344,437,781,851,1194,1208,1226,1268
1295,1320,1448,1468,1492,1577,1582
1605,1676,1824,1913,1991

344 -171,413,437,781,851,1194,1208,1226

.1233,1268,1448,1468,1492,1605,1676

1991,2004

437 171,344,413,1226,1295,1320,1448,1468
1492,1582,1605,1991,2000,2004

630 111

781 171

1171 106,360,381,826

1277 324,1046

1380 172,222,327

1602 163,(171,344,427)




19

TABLE HI. Experimental and theoretical conversion coefficients

' - Ox(theory)® Adopted
E, Oy (expt) El E2 Ml - M2 M3 M4 Muitipolarity
1113  1.8240.11 020  0.82 1.82 13.6 63.1 268 M1
171.5 0578007 0064 0.252 0492 275 11.8 48.8 M1
3439 0.1440.03" 0011 0034 0074 0272 0841 256 - M1
436.7 ) ) 0006 0018 0040 0130 0357 0.965 M1
630.5 027+0.03 0.003 0008 0017 0047 0.110 0.248 M4

* F. Rosel, H.M. Fries, K. Alder, and H.C. Pauli, At. Data and Nucl. Data Tables 21 ,91(1978).

® From the 171.5+Ho K x-ray sum peak in the Ho K x-ray coincidence gate. The sum of the K conversion
coefficients is most consistent with both transitions assigned as M1.
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TABLEIV. Systematics of N=81 Beta Decays

Dominant core configuration®

253 4*5,6%7T (vh,)

Transition E.® logft | E;® logft | E.® logft
[ T®Erm 5T¥H, 1523 52 | 2498 50 | 4530 4.4
W2 190, 1797 >4.2 4700 4.2
ot 548Dy | 1682 ~5.5 | 2653 ~4.9 | 4300 <5.1
14T, m 147y, 1482 52 | 2260 49 | 4800 39
¥pys 147TH 1763 5.0 4100 -~3.7
loTpe+m 14664 | 1971 ~54 | 2841 46 | 4730 45
145G d8 -%Ey 1819 54 4500 4.4

MWpye+m 4140, | 1660 49 | 2450 5.1 ‘

*Core configuration that is coupled to the &ts, , or the th, |, odd proton

in the daughter nucleus.

. PIntensity weighted average excitation energy of the core-coupled
configurations populated by beta decay.

0
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FIGURE CAPTIONS

" FIG. 1. Arrangement of detectors surrounding the mass separated products collected with the fast cycling

tape system at OASIS.

FIG. 2. Gamma-ray singles spectrum taken with the 52% Ge detector during the 16-s tape cycle. Back-
ground, counted after the experiment, has been subtracted. The spectrum is plotted in 0.64 keV per chan-

nel intervals.

FIG. 3. Gamma rays in coincidence with the 171.5-keV gate. The gate was set in the HPGe detector and
coincidences for all tape cycles are displayed in the 52% Ge detector. The spectrum is plotted in 1.3 keV

per channel intervals.

FIG. 4. Beta-delayed proton spectrum (a) and prbtons in coincidence with positrons (b). Positron coin-
cidences were defined by an event in the 1-mm plastic scintillator. The spectrum is plotted in 9.2 keV per

channel intervals.

FIG. 5. Beta-delayed proton decay schemés for 9Er™* and décay schemes for '*Er™ IT decay and
9Er¢ electron capture/positron decay. The y-ray energies in 8Dy are taken from K.S. Toth, D.C. Sousa,
J.M. Nitschke, and P.A. Wilmarth, Phys. Rev. C 37, 1198(1988), and the intensities are given per 100 pro-
ton decays. The intensities shown for *’Er™ IT decay and '*’Eré8 EC+B* decay are shown on an absolute
scale. The spectrum of proton energies is overlaid, to scale, on the *Ho level diagram.~ Level energies
corresponding to the proton group energies have been recoil corrected and were calculated assuming
Sp,=1.4 MeV. The beta feedings to the proton groups reflect only the proton intensity and are not corrected

for gamma-ray deexcitation.

FIG. 6. Fit to Qgc—S, for decay to levels associated with structured proton decay. The experimental

p*/(B*+EC) is compared to the theoretical ratio for various Qc—S,, values plotted on the abscissa.

FIG. 7. Decay scheme for *Er™ decay. The level energies are calculated from a least-squares fit of the

recoil corrected y-ray energies to the level scheme.
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