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Abstract. Lifetime measurements for the 2] levels of '%Er and '®2Yb were obtained in 37 /¢ decay at the
Yale Moving Tape Collector by fast electronic scintillation timing of 3%+ coincidences.

PACS. 21.10.Re Collective levels — 21.10.Tg Lifetimes — 27.70.4+q 150 < A < 189

Advanced fast electronic scintillation timing (FEST)
techniques developed by Mach, Moszyniski, Gill, and col-
laborators [1-4] in the late 1980s constitute a valuable
complement to other lifetime measurement techniques,
making possible measurements for levels populated in (-
decay with lifetimes as short as several ps. These tech-
niques are based upon electronic timing of the interval
between [(-particle emission and subsequent 7-ray decay,
making use of the AF signal from a thin slice of fast plastic
scintillation material for 8 detection and the fast ultravi-
olet component of scintillation light from BaF, [5] for v
detection. A coincidence with an additional «-ray detected
in a Ge detector can be used for cascade selection, either
when the energy resolution of the BaFs detector is insuf-
ficient to isolate the «-ray of interest in singles or when it
is necessary to choose specific y-ray feeding paths for the
lifetime measurement.

The FEST method was originally designed for use
with neutron-rich nuclei provided by reactors or ISOL-
type sources, but it has also been successfully applied to
the study of proton-rich nuclei [6-8], as in the present
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measurements. Challenges associated with measurements
on proton-rich nuclei include the presence of delayed coin-
cident background radiation from A1 annihilation, with a
time profile which extends into the ns range and is strongly
dependent upon detector geometry and absorber materi-
als [9], and competition from electron capture, in which
no emitted B+-particle is available for timing [10].

Nuclei in the transitional rare-earth region (N ~ 90)
exhibit a wealth of interesting collective phenomena. Over
the course of the transition from spherical to axially sym-
metric deformed shape, the nature of the low-lying excita-
tions changes from vibrational to rotational, with accom-
panying changes in the 2% level energy and B(E2) ob-
servables. A full suite of information on such transitional
nuclei must include lifetime information on excited states.
The purpose of this paper is to report lifetime measure-
ments for the 2] levels in 12Yb and '%2Er obtained by
the FEST method.

Measurement of the 2 level lifetime of 1%2Yb was car-
ried out in 87 /e decay at the Yale Moving Tape Collec-
tor [11,12]. Parent '2Lu nuclei were produced through the
reaction 147Sm(1°F, 4n)'%2Lu at a beam energy of 95 MeV,
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using an ~ 7 pnA beam provided by the Yale ESTU tan-
dem accelerator incident upon a 1.8 mg/cm? 98% isotopi-
cally enriched target. The unreacted primary beam nuclei
were stopped by a 3 mm diameter gold plug 7 cm down-
stream of the target. In contrast, the fusion-evaporation
product nuclei, which were emitted from the target with
a much wider angular distribution [11], largely bypassed
the plug and were embedded into a 16 mm Kapton tape
1.5 cm further downstream, which carried the collected
activity to a shielded detector area. The '2Lu parent nu-
cleus decays to '%2YDb with a half-life of ~ 1.4 min [13].
The tape was advanced at 125 s intervals.

The measurement was performed using an integrated
multidetector array for 77 coincidence spectroscopy
and fast (7 scintillation timing measurements. Three
Compton-suppressed segmented YRAST Ball Clover
HPGe detectors [14] and one LEPS detector were posi-
tioned about the source in close geometry, with an ar-
ray photopeak efficiency of 1.1% at 1.3 MeV. This array
provides ~+ angular correlation and Compton polarime-
try capability [15]. Fast timing (-particle detection was
accomplished with a disk of NE111A plastic scintillation
material (1.3 cm diameter and 3 mm thick) coupled to a
Photonis XP2020 photomultiplier tube and covered only
by a thin (20 gm) aluminum foil to minimize the energy
loss of (-particles entering the detector. Fast timing ~-ray
detection was carried out with a BaFs crystal in the shape
of a conical fustrum (1.91 c¢cm forward diameter, 2.54 cm
length, and 2.54 cm rear diameter) [16] coupled using Vis-
casil silicone fluid [17,18] for transmission of the fast ul-
traviolet scintillation light to a quartz-windowed Photo-
nis XP2020Q photomultiplier tube. The voltage divider
chains for both photomultiplier tubes were modified to
provide timing signals from the ninth dynode [19]. The
tape carrying the activity passed through the detector
area under vacuum inside a flat aluminum transport duct
(1.3 cm x 3.8 cm rectangular cross-section), allowing the
scintillation detectors to be placed facing each other across
the tape with minimal separation, with (-particles exiting
through a 51 pm polypropylene vacuum window [20].

Data were acquired in event mode with a Ge singles
(or higher fold) or plastic scintillation detector trigger, us-
ing a VME-based acquisition system with readout by an
Intel/Linux front end computer. In 79 h, the experiment
yielded 1.2 x 108 plastic-BaF, coincidence events, includ-
ing 1.5 x 10° Ge-plastic-BaF5 triple coincidence events.

The fast timing electronics followed the principles of
refs. [1,2]. Timing discrimination was carried out us-
ing Tennelec TC454 constant fraction discriminators with
minimal (3 cm) external wire delays. The plastic-BaFs rel-
ative timing was measured using an Ortec 567 TAC, cali-
brated using known delays. Only signals in the AFE peak
for BT -particles traversing the plastic scintillator (with a
threshold energy of ~ 500 keV) were used in the analy-
sis [2].

The 167 keV 2] — 0] ~-ray transition in 1°2YD is by
far the most intense observed transition in the 8T -decay of
16214 (fig. 1(a)). Consequently, a high-statistics measure-
ment of its decay time can be carried out from the full
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Fig. 1. Spectra from the ®*Yb measurement. (a) Clover and
BaF, detector energy spectra coincident with 87 AFE signals,
showing the 167 keV 2 — 07 and 321 keV 41 — 2 ~-ray
transitions as well as 511 keV annihilation radiation. (b) Mea-
sured time distribution for the 167 keV BaF, detector v-ray
time signal relative to the 81 time signal, together with the fit-
ted T = 618 ps decay curve (heavy line). The prompt response
curve (dotted) is shown for comparison (see text).

plastic-BaFy coincidence data (fig. 1(a)), without it be-
ing necessary to require triple coincidences with a feeding
~-ray transition detected in the Ge detector. The plastic-
BaFs time spectrum obtained for ~ 167 keV energy depo-
sition in the BaFs detector contains both a prompt back-
ground from partial-energy deposition by higher-energy
~-rays from '92Yb and a small delayed background from
partial-energy deposition by 511 keV annihilation ~y-rays.
The time distribution obtained for a 10%-width energy
gate on the 167 keV transition in the BaFy detector with
a local background subtraction is shown in fig. 1(b). The
prompt timing response at this energy (obtained using vy
coincidences from %°Co decay, with Compton energy depo-
sition in both timing detectors, shifted [2] so that the time
response centroids at higher energies coincide with those
for prompt Compton events in the 152Yb data) is shown
for comparison in fig. 1(b). The decay time of the transi-
tion deduced using the slope method is 618(19) ps, where
the uncertainty accounts for both statistical and system-
atic (including background subtraction walk [3]) contribu-
tions. Corroborating results were obtained, but with larger
statistical uncertainties, using time spectra gated on spe-
cific feeding ~-ray transitions detected in the Ge array as
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Fig. 2. Spectra from the '®?Er measurement. (a) Clover and
BaFs detector energy spectra from Clover-plastic-BaF3 triples
events, 102 keV 2 — 07 and 227 keV 4 — 27 ~-ray transi-
tions as well as 511 keV annihilation radiation and backscatter
(see text). (b) Measured time distribution for 102 keV ~-ray
detection in the BaF, detector relative to the A time signal,
shown with the fitted 7 = 2.2 ns decay curve (heavy line). The
prompt response curve (dotted) is shown for comparison (see
text).

well as on 511 keV annihilation radiation detected in the
Ge array (which selects events in which the partner annihi-
lation v-ray does not enter the BaF, detector, providing a
reduced background for the 167 keV ~-ray). For all analy-
ses, the slope was obtained by a Gaussian-error-weighted
least-squares fit of the time spectrum, sufficiently com-
pressed [1] to provide a deduced lifetime stable against
counting fluctuations, over a range of time channels ex-
cluding the prompt region and extreme tail region.

The decay time of the 167 keV transition can be in-
terpreted directly as the lifetime of the 2] level it de-
populates, due to comparatively short decay times of the
higher-lying feeding transitions. Approximately 10% of
the 3T -coincident feeding of the 27 level comes through
the 321 keV 4] — 2] transition (fig. 1(a)), and so the
15.3(14) ps lifetime of the 4] level [13] introduces a small
feeding delay to the population of the 2 level; however,
the contribution of this delay to the effective lifetime (re-
ciprocal of the logarithmic slope of the decay curve) for
the 167 keV transition is much less than 1 ps in the time
region used for the analysis.
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Table 1. Values for the lifetimes of the first-excited 27 states
in '%2Yb and '%2Er as determined by various methods in prior
experiments and in the present work.

Nuclide T Ref. Method
(ps)
162y, 633(53) [21] Recoil conversion
electron shadow
577(19) [22] Recoil Doppler

618(19) Present

1625 1.69(14)x 103 (23] Electronic timing

1.96(6)x10% & [24] Coulomb excitation

2.2(4)x 103 Present

(*) Deduced from the reported B(E2;07 — 27) value using a total
electron conversion coefficient of 2.76(8) [13].

Measurement of the 27 level lifetime of 62Er was
carried out in a similar configuration of the Yale Mov-
ing Tape Collector. Parent '%2Yb nuclei were produced
through the reaction »>Gd(*2C, 5n)%2Yb at a beam en-
ergy of 86 MeV, with an ~ 20 pnA beam incident
upon a 5 mg/cm? 99.8% isotopically enriched target. The
162Yh parent nucleus decays with an 18.9 min half-life
through B+ /e decay to '26Tm, which in turn decays
with a 21.7 min half-life to %2Er [13], and so the tape
was advanced at ~ 1 h intervals. Data were acquired in
event mode with a Ge singles (or higher fold) trigger us-
ing the YRAST Ball FERA/VME data acquisition sys-
tem [14], yielding 5.3 x 105 Ge-plastic-BaF triple coinci-
dence events in 100 h.

The lifetime of the 2] level in '%2Er is deduced, by
a similar analysis, from (7 coincidences involving the
102 keV 2] — 07 transition. The decay of %26Tm to
162Er proceeds predominantly by electron capture, with
a B3T-decay fraction of only ~ 6% [25]. Since in the vast
majority of decays only ~-rays are present, the detection
of true 3t AEF signals in the plastic scintillation detector
competes with a substantial background of y-ray Compton
scattering interactions in the plastic scintillator depositing
energies in the same energy range. Detection of the corre-
sponding Compton-scattered v-rays in the BaFy detector
gives rise to a strong coincident backscatter peak in the
BaFs energy spectrum (fig. 2(a)). However, the 102 keV
21 — 0f transition is largely resolved from the backscat-
ter peak in the BaFs spectrum (fig. 2(a)), and the time
spectrum from the backscatter events is essentially prompt
(with an excess flight time of only ~ 100 ps relative to
prompt v-rays), so this background has little influence on
the lifetime measurement. The time distribution obtained
for a 30%-width energy gate on the 102 keV transition in
the BaFy detector with a local background subtraction is
shown in fig. 2(b). The lifetime deduced using the slope
method is 2.2(4) ns. The larger relative uncertainty ob-
tained for this lifetime compared to the lifetime in '62Yb
is a result both of lower statistics and uncertainties in the
local background subtraction in the BaFy detector due to
the adjacent backscatter peak.

The values for the lifetimes of the 2] levels in 1%2Yb
and '02Er obtained in the present work are summarized
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in table 1. These are similar to values determined by var-
ious methods in prior experiments, also shown in table 1.
The B(E2) values deduced from the data indicate mod-
erate deformation of these nuclei, as expected from the
nuclear-structure evolution in this region [26]. The fast
electronic scintillation timing method in an accelerator en-
vironment is suitable for the study of low-lying states in
transitional and deformed nuclei populated in ST -decay
and constitutes part of the Yale Moving Tape Collector
program investigating the evolution of nuclear structure
in the A ~ 100 and A =~ 160 regions.

This work was supported by the US DOE under grants DE-
FG02-91ER-40609 and DE-FG02-88ER-40417 and contract
DE-AC02-98CH10886, the German DFG under grant Pi 393/1,
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