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A total absorption spectrometer, constructed and briefly operated
at the on-line isotope separator OASIS at Lawrence Berkeley Labo-
ratory, has been moved and installed at the on-line mass separator
of GSI Darmstadt. At GSI, the spectrometer has been used for 3-

decay strength function measurements of nuclei in the vicinity of
1006y and '46Gd.
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1 Introduction

Although total absorption ~-ray spectrometry was introduced over 25 years
ago, it remains a powerful tool to study decavs processes followed by low-
itensity ~v-transitions. This disintegration pattern is often encountered for
B-decays far from stability: here the decay encrgy windows are large and high-
lving states in the daughter nucleus can be fed. In many cases, most of the
3-feeding goes to regions of high level density. The individual ~y-transitions
deexciting these levels are generally too weak to be efficiently detected in high-
resolution experiments using standard P Ge detector setups. In contrast, high
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detection efficiency can be obtained with large Nal(Tl) crystal spectrometers.
One of the important applications of total y-ray spectroscopy is the determi-
nation of 3-decayv strength functions S, especially for Gamow-Teller decays
in the vicinity of closed-shell nuclei {1]. The relatively poor energyv resolution
of Nal(Tl) (as compared to Ge) can then be accepted, since in order to de-
termine the gross structure of S3(GT) it is generally sufficient to measure the
3-feeding distribution 3(F) over rather wide energy intervals (e.g. 100 keV).

In the following, the coupling of a large, Z-selective Nal(Tl) total absorption
spectrometer to the on-line mass separator at GSI Darmstadt is described. The
individual detector components are presented together with the spectrometer’s
light-pulser based stabilization system. The performance of the spectrometer
relative to similar detectors is brieflv discussed.

2 Technical description

2.1  TAS set-up at the GSI on-line mass separator

After the shutdown of the SuperHILAC at the Lawrence Berkeley National
Laboratory, a Total Absorption Spectrometer (TAS) [2] constructed and brief-
ly operated at the OASIS on-line separator was shipped to GSI, together with
beam line components, collection chamber and transport tape system. In order
to accomodate the spectrometer at the GSI on-line mass separator [3], a special
air-conditioned hut was constructed above the floor level of the experimental
hall. The cooled environment helps minimize the influence of temperature
changes in the experimental hall on the spectrometer performance. Fig. 1
shows the spectrometer in its present location, while a schematic view of the
setup is presented in Fig. 2. The separator central beam line has been extended
to deflect the mass separated beam 90° upwards by means of an electrostatic
mirror. Electrostatic Einzel- and quadrupole lenses allow to focus the beam
onto the implantation point inside the collection chamber. Alternatively, the
beam can be redirected by means of an electrostatic deflector to a separate
measurement position (on the ground floor) equipped with a collection tape.
Here, the composition of the secondary beam can be periodically checked using

HPGe detectors, usually in parallel with background measurements performed
in the TAS, see below.

Radioactive sources are produced by implanting the mass separated beam into
a plastic tape. The sources are then transported to the center of TAS (which is
in air) via a differential pumping system. The pressure increases from <107°
mbar in the separator beam line to <107° mbar in the collection chamber,
which is then connected to atmospheric pressure via a series of narrow slits



(1.7 mm? rectangular cross section, 105 mm long): <10~? mbar after the first
slit, <10 mbar after the second, and finallv atmospheric pressure.

To minimize the contributions from external radioactivity, the bottom and side
surfaces of the main crystal are shielded with lavers of lead (5 cm) and borax
(7.5 cm). The total rate from room background and cosmic ravs amounts to
600 counts per second. The contribution from beam-induced radiation (mainly
from (n, ) reactions), which shows the same time structure as the pulsed UNI-
LAC beam (see Fig. 3). can be suppressed, e.g., by interrupting the measure-
ment during the beam pulses. The background has to be measured periodically
throughout each experiment: this can conveniently be done in parallel to the
source composition checks at the complementary HPGe detector station. The
beam distribution between the two setups can be varied from 1:1 to 1:10, as
defined by the importance of the background measurements.

2.2 The TAS detectors

The TAS is shown schematically in Fig. 4. The main component is a large
(0356 mmx356 mm) Nal(Tl) crystal for the detection of y-rays. Extending to
the center of this “main crystal”, a cylindrical well (051 mm x203 mm) drilled
along the detector’s symmetry axis allows the insertion of a separate detector
assemnbly. In addition to guiding rolls for the tape transporting radioactive
sources into the center of the TAS, the standard assembly consists of two
(018 mmx0.5 mm or @18 mmx 1.0 mm) silicon energy-loss detectors for 3-
particles and a small ((J16 mmx10 mm) cryogenically cooled germanium X-
ray detector, see the insert in Fig. 4. The radioactive sources are positioned
in the center between the two Si counters. A (043 mmx 150 mm) Nal(TI)
“plug” crystal, optically decoupled from the main crystal, completes the near
4m geometry. Complementary (plastic) absorbers can be introduced to prevent
positrons from penetrating into the main crvstal.

The volume of the TAS described here is larger by a factor of 10.0, 5.6 and
2.3 than the spectrometers described in Refs. [5], [6], and in [7], respectively.
(The effects of crystal volume on detector performance are discussed below.)
A severe limitation of the previous instruments was the lack of Z identification
that might lead to the superposition of spectra from different isobars. This is
remedied in the present setup by requiring coincidences with the characteristic
X-rays following EC decay recorded in the Ge detector, allowing simultaneous
and independent study of the EC strength distributions of several isobars in
the same experiment.

If the radioactive sample is of high purity, also the 3% component of the
decay can be extracted from the v-ray spectrum measured in the Nal(TI)



detectors in coincidence with signals from the Si detectors. In addition, the
top Si counter together with the Ge detector may serve as an AE-E §-particle
telescope. By gating on a strong 5-line in the Nal(T1) spectrum, the 3 energy
spectrum associated with that particular level can be obtained and used for
determination of the endpoint energy and Qg value.

The essential electronic components are shown in Fig. 5. The Nal(Tl) light
output 1s collected by 12 active-base photomultiplier tubes (PMTs): eleven
coupled to the bottom of the main crystal and one to the plug detector. Each
PMT base is connected to a computer controlled high voltage supplv via two
inputs: the first defines the operating point and the second allows fine control
of the gain. The desired total absorption spectrum is obtained by summing
the twelve anode outputs (in hardware and/or in software). A second anode
output of each PMT is connected to individual ADCs and forms part of the
stabilization svstem described below.

2.8 TAS gain stabilization

To maintain the gain matching between the individual PMTs and avoid am-
plification shifts due to, e.g., temperature and count rate changes, the PMT
outputs are continuously monitored and stabilized relative to a light-pulser
reference circuit operated at a frequency of 0.5-1 kHz. The output from an
amplitude- and color-stabilized light pulser (LP) is transferred to the detector
via six randomized-fiber bundles: five to the main crystal and one to the plug.
A seventh optical cable is connected to a separate Nal(T1) crystal that serves
as a reference for the light pulser itself. This (376 mmx76 mm) “reference
detector”, which was manufactured from the same Nal(Tl) material as the
main TAS crystal to assure similar optical and temperature responses, is read
out via an equivalent PMT. The LP amplitude is continuously compared to a
¥-line from a long-lived isotope (i.e.. the 2.506 MeV sum peak of °Co) placed
in the centre of the reference detector, using a feedback system with two par-
allel digital stabilizers. The light output of the pulser is, in general, chosen to
be in the range of 5-13 MeV equivalent photon energy absorbed in the main
Nal(Tl) crystal.

The TAS stabilization procedure is carried out continuously by a dedicated
computer (IBM PC 386) which uses custom software and hence does not
interfere with the measurements. The output of each PMT is recorded in
separate ADCs strobed by the light pulser. After a suitable number of light
pulses have been recorded (typically 10%), the LP peak centroids are evaluated
by the computer and compared to stored reference values. Correction voltages
are calculated and superimposed on the high voltages of the individual PMTs
to increase or decrease their gain as required. One correction cycle for all



PMTs takes about 60 s. During operation the gain-control voltages of all PMTs
are displaved graphically as functions of time on the PC screen. This useful
feature allows the PMT performance and stability to be easily monitored,
e.g., to ensure that the TAS is not overloaded by excessive count rates. (The
maximum count rate is (2-4)x 10" s™', depending on the average y-ray energy.)

3 TAS performance

For an ideal 100% efficient total absorption spectrometer, the 3-feeding dis-
tribution 3(£) is proportional to the y-intensity distribution v(£). In a real
finite-volume detector, however, the peak detection efficiency is <100%, and
consequently the response function of the detector becomes dependent on de-
tails of the deexcitation pattern of the nucleus for a given excitation energy.
Thus, a measured v distribution can only be uniquely unfolded into 3(E) if
the complete level scheme of the daughter nucleus is known. Since this is in
general not the case, several approximations, mainly based on statistical model

assumptions, have been used in the past [4,5].

The large volume of the TAS Nal(Tl) crystal (= 35 liter!) results in a total
detection efficiency of >89% and a photopeak efficiency of >55% for monoen-
ergetic photons between 0.2 and 5.0 MeV. (For the energy interval from 0.3
to 1.5 MeV, the values are >95% and >66%, respectively.) As a consequence,
the total detection efliciency approaches 100% for high multiplicity events
while, unfortunately, the photopeak efficiency diminishes rapidly. Therefore
knowledge of the multiplicity is essential for the successful unfolding the total
absorption spectra. Fig. 6 clearly shows the effect of the large efficiency: here
the X-ray gated energy spectrum of the '*¢Tm j3-decay as measured with the
TAS is compared to data obtained by Gadea et al. [8] with a smaller total
absorption spectrometer. It is evident that, in contrast to the previous mea-
surement, already the uncorrected spectrum obtained with a larger detector
clearly resembles the shape of the underlying feeding distribution curve.

Another prerequisite for the data evaluation is detailed knowledge about the
response function of the spectrometer to (monoenergetic) y-rays over the full
energy range. In order to map out this response function, measurements of
“simple” calibration sources like 137Cs, 24Na, %6Sc, %°Co, and ®¥Y have been
carried out. For energy ranges not covered in this way, the response func-
tion has to be sirnulated. Since a reliable simulation of the detector response
over the full energy range is essential for the deconvolution procedure that
transforms the experimental TAS spectrum into the corresponding 3-decay
intensity distribution, the performance of three simulation codes are currently

being compared: EGS4 [9], GEANT [10], and Sigma [11].



4 Summary and Outlook

A total absorption spectrometer originally designed, constructed and briefly
operated at LBL, has been coupled to the GSI on-line mass separator. To our
knowledge, this TAS outperforms previouslv used instruments since it com-
bines the high detection efficiency of the very large Nal(Tl) crystal with a
high-resolution Ge X-ray detector as well as Si positron detectors. The mea-
surements performed so far indicate that total absorption spectrometry is
still a powerful method for 3-strength determination which cannot be ecas-
ilv replaced even by modern HPGe detector arrays. On the other hand, the
deconvolution of TAS data requires detailed knowledge on the deexcitation
patterns of the decays studied, and thus both techniques, i.e., high-resolution
and total absorption spectroscopy remain complementary.

Up to now, several experiments have been performed with an emphasis on
B-strength studies of nuclei in the vicinity of '°°Sn (193-197n) and “6Gd
(METH2O" 130Ho279 and 1% Tm). Making use of the high X-ray-~v-ray coin-
cidence efliciency of the TAS, the spectrometer has also been used successfully
in an off-line pilot experiment aimed at measuring bremsstrahlung emitted in
the EC decay of ""La. In the near future the 3-strength studies around '®Sp
and ""°Gd will be continued. Further off-line studies are also planned.
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Figures

Fig. 1. The TAS in its present location. Note the collection chamber with its differ-
ential pumping system on the left, spectrometer (inside its lead and borax shiclding)
in the center, and part of the readout electronics to the right. (Photo: A. Zschau,

GS1)



—-—‘_I Transport tape

p—————

A

\
N

Differential
pumping
;
Y i
*

=
>

N

1 % Tape transport
1: é system UP
Electrostatic i é
quadrupole | | g
: %
v ]
1
'
L)
'
[ ]
[}
[
H
Einzel-lens :
I: I Mass-separated
= beam

A

Gl L L L L LD LRI LY L L) X
*

.

Electrostatgc
mirror (90 ")

HPGe

Source composition
detector p

monitoring setup
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