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Abstract

Within a programme of measuring QEC, QEC − Sp and Sp values of nuclei in the 100Sn region, the QEC value of 105Sn was determined to be 6230
(80) keV. This result was obtained by means of the total-absorption spectrometer at the On-line Mass Separator of GSI Darmstadt. Other decay
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-values of nuclei near 100Sn, measured at this facility by investigating positron, electron-capture, �-delayed proton as well as direct proton and
-decay, are also presented. The accuracy of these data ranges from 30 to 260 keV, is thus lower than that obtained by other methods but still
ufficient concerning most of the current nuclear-structure studies. Moreover, the determination of Q-values by means of decay measurements has
n unrivalled sensitivity.

2006 Elsevier B.V. All rights reserved.
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. Introduction

In recent years, some of the experimental results on decay Q-
alues, in particular those based on determining the end-point
f a � spectrum, have been shown to deviate from the accu-
ate data obtained by means of Penning traps. In most of the
ases, this deviation is apparently due to the fact that the rel-
vant decay work has underestimated the complexity of the
ecay pattern of heavy nuclei, known as the Pandemonium
roblem [1]. In principle, the determination of the end-point
f a (continuous) � spectrum involves folding a theoretical
potentially multi-component) spectrum with the response func-
ion of the detector and fitting the resulting spectrum to the
xperimental one. This procedure becomes particularly unre-
iable if the � feedings to particular daughter levels are deduced
rom high-resolution, low-efficiency spectroscopy of �-delayed

∗ Corresponding author at: GSI Darmstadt, Planckstraße 1, D-64291 Darm-
tadt, Germany. Fax: +49 6159 712433.

� rays. Even if the entire range of the spectrum is fitted1 the
end-point determination has a high chance of being erroneous
as �-intensity may have been missed by the high-resolution
data.

Thus measurements of Q-values by determining the endpoint
of � spectra have got a “bad reputation”. However, decay Q-
values can be determined in a way that avoids the problems men-
tioned above. We present in this paper experimental data which,
we believe, fulfil this quality criterion. They concern decay Q-
values and related mass or mass-difference data of nuclei in
the 100Sn region. The results were obtained by using the total-
absorption spectrometer (TAS) and other decay-spectroscopic
devices at the GSI on-line mass separator. The TAS is a high-
efficiency, low-resolution device, which is considerably less sen-
sitive to the Pandemonium problem than low-efficiency instru-
ments such as germanium (Ge) detectors. It allows one to directly
obtain the � feeding, thus avoiding the problem of missing
�-intensity of (almost all) low-efficiency measurements. More-

1 Fitting only the high-energy part of an experimental � spectrum, notably in
the form of a Fermi–Kurie plot, is one of the most common sources of errors in
E-mail address: E.Rockl@gsi.de (E. Roeckl). the resulting end-point energy or its uncertainty.
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over, by detecting characteristic X-rays and positrons (�+) one
can distinguish between the electron-capture (EC) and �+ com-
ponent of �-decay. As the ratio between the intensities of the
two components for a given � transition depends solely upon
the decay energy, the measurement of this quantity offers an
excellent method for determining Q-values of �+/EC transi-
tions. The TAS is thus well suited for measuring, e.g., QEC and
QEC − Sp values, Sp being the proton separation energy in the
�-decay daughter nucleus. The quantity QEC − Sp, energetically
characterizing �-delayed proton (�p) decay, is experimentally
accessible by detecting protons in the TAS.

After describing TAS including the ancillary detectors and
other relevant experimental techniques in Section 2, we shall
present a new measurement of the QEC value of the neutron-
deficient isotope 105Sn. This result will be discussed in Section
3 together with those on other QEC values from TAS-based mea-
surement on nuclei in the 100Sn region, that have already been
published elsewhere. This discussion as well as that on QEC data
obtained by other methods will not address nuclear-structure
aspects in detail even though they represent the motivation for
these studies. Instead we shall put the emphasis on the experi-
mental techniques and shall, e.g., explain why and how different
(parts of the) TAS data were used to deduce the QEC values for
the different isotopes of interest and give the main sources of
experimental uncertainties. In Section 4 we shall summarise the
results and give an outlook to the role of decay Q-value mea-
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collection, collection-counting or collection-decay cycles were
repeated until sufficient statistics was reached.

2.2. Total absorption spectrometer

The main part of the TAS [4] is a single NaI crystal with a
cylindrical well in its center, permitting the installation of aux-
iliary detectors and the insertion of the radioactive sources via
the tape transport system. The device is well suited detecting
the whole � cascade following �+, EC or �p processes. The
auxiliary detectors such as silicon (Si) and Ge detectors serve
for distinguishing between these different disintegration modes.
The tape was viewed by two 0.5 mm thick Si detectors. One of
them, abbreviated as “BOT Si”, viewed the tape from the “bot-
tom” side where the ions had been implanted. The other one,
abbreviated as “TOP Si”, was mounted at the opposite, i.e., “top”
side of the tape. Both Si detectors were used to detect positrons
and protons. In the case of the “TOP Si” detector the protons
suffered a major energy loss as they had to pass the tape. By
demanding coincidence between the two Si detectors we were
able to identify �+-related p� events (�+p). Close to the TOP Si
detector, a 2 cm3 Ge crystal, equipped with a thin beryllium win-
dow, was mounted which was used to measure �+ spectra or to
identify EC decay by recording characteristic X-rays. Separate
TAS measurements with longer collection-counting intervals
were performed in order to determine the isobaric contamination
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urements in comparison with mass measurements performed
y means of Penning traps and storage rings. While we restrict
urselves to presenting data from the 100Sn region, it should be
oted that the TAS has also been used to determine QEC values
f nuclei beyond 146Gd (see e.g., [2]).

. Experimental techniques used to determine QEC
alues

.1. Sample preparation

The nuclei of interest were produced by fusion–evaporation
eactions, stopped in a catcher inside an ion source of the on-
ine mass separator [3] and released as singly charged ions. After
cceleration to 55 keV and mass separation in a dipole magnet,
he resulting beam was implanted into a tape, which was operated
n two different modes. Firstly, it was positioned in the centre of
n array of charged-particle and � ray detectors and was regularly
emoved from the measuring position in order to avoid build-
p of long-lived daughter activities. In the recent measurements
iscussed here, three silicon-strip detectors were used for the
ormer and 17 Ge crystals for the latter purpose. Secondly, the
ass-separated beam of interest was collected on the tape for a

re-selected time interval, the resulting activity was then moved
nto the centre of the TAS where it remained during the measur-
ng interval. As an alternative to the moving-tape collector, the

ass-separated beam was implanted into a thin foil viewed by
silicon-detector telescope, with the beam being switched on

nd off in order to allow a half-life analysis. The latter device
as used for � spectroscopy. In all three-operation modes, many
nd to perform the corresponding correction of the experimental
ata.

.3. Determining QEC values from the endpoint of a β+

pectrum

As mentioned above, the determination of the endpoint of an
xperimental � spectrum from a fit to a theoretical one is a labori-
us procedure in case of the decay of heavy nuclei. Nevertheless
his method, abbreviated by the acronym “�+ spectrum” in the
ollowing, has been used to determine the QEC value of an isomer
f 70Br [5]. This experiment is characterised by the following
wo quality criteria, which are not fulfilled by most endpoint

easurements. Firstly, by using the TAS one and only one �-
ecay branch of the isomer was selected. This is an important
rerequisite for an endpoint-determination of a � disintegration
f a heavy nucleus, which generally has many components cor-
esponding to the population of different states in the daughter
ucleus. Secondly, the one-component �+ spectrum obtained
n this way was compared to a theoretical one, folded with the
esponse function of the Ge detector, in a fit that extended over
lmost the entire range of the experimental spectrum.

.4. Determining QEC values from EC/β+ ratios of β-decay

The ratio of EC and �+ intensities (IEC/I�+ ) plotted as
function of the excitation energy of the �-decay daughter

ucleus depends only on the QEC value. In order to experi-
entally deduce the latter quantity, the TAS is used to select
transitions or to measure the (entire) distribution of the EC

nd �+-intensity as a function of the excitation energy of the
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�-decay daughter nucleus. The excitation-energy dependent,
experimental IEC/I�+ ratio, properly corrected for the rele-
vant TAS efficiencies, is fitted by the corresponding theoretical
IEC/I�+ values, with the QEC value being the only free parame-

ter in a χ2 minimisation procedure. This method, which will be
characterised by the acronym “EC/�+”, requires a sufficiently
large EC decay component of the �-decay considered and hence
works best for high atomic number and not too high QEC values,
i.e., for mean-mass or heavy nuclei not too far from stability.

2.5. Determining QEC − Sp values from the EC/β+ ratios of
β-delayed proton decay

The decay Q-value of �p emission, QEC − Sp, can be deter-
mined by a method similar to that described in Section 2.4,
except that the ratio of the EC-delayed and �+-delayed proton
intensity (IECp/I�+p) is considered as function of the energy of
the protons emitted. The QEC − Sp value is the only free param-
eter in fitting the experimental IECp/I�+p distribution to theo-
retical one. This method will be characterised by the acronym
ECp/�+p. If Sp is known the QEC value can be deduced. If, on
the other hand, the QEC value is known, the ECp/�+p method
yields Sp. This method requires a sizable branching ratio for �-
delayed proton emission and is hence suitable for nuclei very
far from stability.
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Fig. 1. Spectrum of X-rays registered by the Ge detector of the TAS during the
A = 105 + 32 measurement. The data were obtained by demanding coincidence
with the NaI crystal and anticoincidence with the Si detectors. These conditions
reduce the probability of recording � rays, positrons, conversion electrons in the
Ge detector. Vertical lines indicate the gate used for selecting indium K� X-rays
and thus the EC component of the 105Sn decay.

period of 64 s. In this way the activity of 105Sn was favoured and
that of the contaminants was suppressed. In order to be able to
correct the data for contributions from contaminants, the latter
were measured in separate experiments with collection/counting
periods of 32/256, 64/256 and 64/512 s, respectively. The total
measurement time used to take A = 105 + 32 data amounted to
8 h for the main experiment on the 105Sn decay and 5.5 h for
measuring contributions from contaminants.

The TAS spectrum corresponding to the EC decay compo-
nent of 105Sn (TAS (EC)) can be obtained by detecting � rays in
the NaI crystal in coincidence with characteristic indium X-rays
registered in Ge detector. The relevant X-ray spectrum and gate
condition are shown in Fig. 1. In order to estimate the contribu-
tion of electron conversion of 105In transitions, we searched for
conversion electrons occurring in the 105Sn decay. This was done
by inspecting the BOT Si spectrum accumulated by demanding
coincidence with the above-mentioned indium X-ray gate This
spectrum, displayed in Fig. 2, shows a peak at about 650 keV
which is interpreted as being due to conversion electrons emit-
ted in the 674 keV transition de-exciting the1/2− isomer in 105In,
which is known to get a sizable feeding in the decay of 105Sn
(Kavatsyuk et al., to be published). However, the isomer has a

F
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. Results and discussion

.1. Determination of the QEC value of 105Sn

105Sn has recently been studied by means of in-beam and
-decay spectroscopy [6–11]. Such measurements allow one

o study high-spin levels in 105Sn and (low-spin) states in the
-decay daughter, 105In, respectively. Previous �-decay work

ncluded measurements of �-delayed � rays [12,13] and protons
14], yielding a half-life of 34 s for 105Sn [13] and evidence for
1/2−, 48 s isomer in 105In at an excitation energy of 674 keV

15]. However, the QEC value of 105Sn was not directly measured
o far, but inferred from a “mass loop” involving the known mass
xcess of 108Sn and the �-decay energy as well as the QEC − Sp
alue of 109Te [13].

105Sn was produced in the fusion–evaporation reaction
0Cr(58Ni, 1n2p). A 5.2 MeV/u 58Ni beam of about 40 particle-
A from the linear accelerator UNILAC impinged on an
nriched 50Cr target (4 mg/cm2, enrichment 97%). A FEBIAD-
3C ion source with ZrO2 catcher was used. High chemical

electivity for tin was achieved by adding CS2 vapour to the ion
ource. Using this technique about 60% of the 105Sn ion-output
s shifted to the 105Sn32S+ molecular side-band, thus suppress-
ng strongly the isobaric contaminants, i.e., 105In, 105Cd, 105Ag,
nd 105Pd [16]. After ionisation, acceleration to 55 keV and mass
eparation in a magnetic sector field, the A = 105 + 32 ions were
elivered to the TAS (see Sections 2.1 and 2.2).

Taking into account the half-life of 105Sn and those of the
ontaminants, the cycle of the transport tape (see Section 2.1)
as chosen to have a collection period of 32 s and a counting
ig. 2. Spectra measured by the BOT Si detectors for mass A = 105 + 32. The
ata were obtained by demanding coincidence with indium X-rays recorded by
he Ge detector.



M. Kavatsyuk et al. / International Journal of Mass Spectrometry 251 (2006) 138–145 141

Fig. 3. TAS spectrum representing the EC component of the 105Sn decay.

long half-life and the 650 keV line can thus be disregarded in the
search for promptly emitted conversion electrons discussed here.
Considering the structure occurring at about 900 keV in Fig. 2
to indicate a potential conversion-electron line we deduced an
upper limit of about 4 × 10−3 per 105Sn decay for the corre-
sponding �-intensity. This together with the positron-detection
efficiency of 82% [17] of the BOT and TOP Si detectors, used
for setting the anticoincidence condition when accumulating the
spectrum shown in Fig. 1, yield an upper limit of about 10−3 per
105Sn decay for a corresponding conversion-electron contribu-
tions to the indium K� peak and thus to the corresponding gate
(see Fig. 1) used for generating the TAS (EC) spectrum. There-
fore, the TAS (EC) spectrum displayed in Fig. 3 contains an
equally small admixture of conversion electron contributions,
which was neglected in the following evaluation.

To select the �+ component of the 105Sn decay (TAS (�+)),
coincidences were demanded between signals from the NaI crys-
tal and positrons registered in the BOT Si or TOP Si detectors.
Figs. 4 and 5 show the spectra accumulated in the latter two
detectors and the corresponding TAS (�+) spectrum, respec-
tively. However, in the case of selection of the �+ decay compo-
nent, the TAS (�+) spectrum resulting from applying the positron
gate had to be corrected for contributions from contaminants, as
described in the Ref. [17]. The resulting background-free TAS
(�+) spectrum is shown in Fig. 5.

In order to determine the �-intensity distributions for EC and
�

F
(
g

Fig. 5. TAS spectrum of the �+ component obtained for A = 105 + 32 by gating
on the Si TOP and Si BOT detectors (black-line histogram). The TAS spectrum
corresponding to the �+ decay of the 105Sn decay (shaded-area histogram) was
generated after subtracting of the isobaric contaminants.

population of selected 105In levels has to be assumed and fitted
to the experimental TAS (EC) and/or TAS (�+) spectra, with
the �-intensities of these levels being variable parameters. The
simulations were performed by using the Monte–Carlo tool kit
GEANT-4 [18] and the information on the 105Sn → 105In decay
scheme from the previous work [13]. As the latter data did not
yield a satisfactory fit to the TAS spectra, � feeding of addi-
tional excitation-energy intervals in 105In had to be introduced
(Kavatsyuk et al., to be published). Details on this procedure are
given in Ref. [17]. During the simulation, �-feeding of the 1/2−
isomer in 105In was taken into account. To determine the QEC
value of the 105Sn decay, the TAS (EC) and TAS (�+) spectra
were evaluated separately, yielding the two �-intensity distribu-
tions (IEC, I�+ ) shown in Fig. 6. The intensity scales of the IEC
and I�+ spectra were determined to reproduce a value of 0.420

(35) for the EC contribution to the 105Sn decay. The latter result
was obtained from the areas of the TAS (EC) and TAS (�+)
spectra, taking the gate efficiencies into account (Kavatsyuk et
al., to be published). The IEC and I�+ distributions, displayed in
Fig. 6, were used to deduce the dependence of the IEC/I�+ ratio

F
T
e
g
1

+ decay of the 105Sn, a set of TAS spectra corresponding to the

ig. 4. Spectra measured by the TOP Si (shaded-area histogram) and BOT Si
black-line histogram) detectors for mass A = 105 + 32. Vertical lines indicate
ate used for selecting �+ component of the decay.
ig. 6. Beta-intensity distributions obtained from independent analyses of the
AS (EC) and TAS (�+) spectra of 105Sn. The distributions shown in black are the
xperimental ones, with the hatched areas indicating the uncertainties. The light
rey curves represent the results of simulations. All spectra were normalised to
00% disregarding the experimentally determined EC/�+ ratio (see text).
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Fig. 7. Ratio of EC and �+ intensities 105Sn as a function of the 105In excitation-
energy from experiment (full circles with uncertainties) and from a fit that is
based on theoretical EC and �+ intensities (curve) and yields a QEC value of
6230 (80) keV.

upon 105In excitation energy, shown in Fig. 7. The IEC/I�+ val-
ues were averaged over excitation-energy intervals of 200 keV
in order to have sufficient statistics in each energy interval. By
using the theoretical fEC(QEC − E)/f�+ (QEC − E) ratios [19],
the normalised IEC/I�+ data were fitted, with the QEC value of
105Sn being the only free parameter, where E is the excitation
energy of daughter nucleus and f(E) the statistical rate function.
The fitting procedure yielded a QEC value of 6230 (80) keV for
105Sn. Details on the distribution of the total �-intensity and
of the Gamow–Teller strength of 105Sn, deduced from the TAS
data, will be discussed elsewhere (Kavatsyuk et al., to be pub-
lished).

3.2. Discussion of QEC values of nuclei in the 100Sn region,
obtained from TAS measurements

The experimental QEC value of 105Sn, determined in this
work, and other QEC, QEC − Sp and Sp values obtained by
TAS measurements are listed in Table 1. The data compiled in

Table 1 represent cases where the measurement either yielded the
respective mass data for the first time or considerably improved
their accuracy. The only exceptions are 103In and 105Sn where
the TAS-based results of 6040 (60) and 6230 (80) keV were of
comparable accuracy as the previous values of 6050 (20) [28]
and 6220 (80) keV [13], respectively. As already mentioned in
Section 3.1, the latter result used a mass loop between the mass
excess of 108Sn and the �-decay energy as well as the QEC − Sp

value of 109Te [13]. The QEC value of 105Sn, presented in this
work, confirms the mass and Q-values that were used in the loop
procedure. The TAS work on 104–107In [29] is not included in
Table 1, as in this case QEC data from the literature [30] served
to deduce the Gamow–Teller strength distributions.

In the following discussion of the data presented in Table 1,
particular emphasis will be put on experimental parameters such
as accuracy. For the physics motivation of the corresponding
experiments, which are related to investigating isomers [5,20],
the Gamow–Teller strength distribution [17,20–25], lifetimes of
proton-emitting levels [26] or other properties of excited levels
[26,27], the reader is referred to the published literature.

The following statements can be made concerning data listed
in Table 1:

• The experimental accuracy from 60 to 260 keV was sufficient
for meeting the physics requirements of the various works.

• The QEC values can be used to determine the mass of the

•

Table 1
Compilation of QEC, QEC − Sp and Sp values obtained by using TAS

Parent nucleus QEC value (keV) QEC − Sp (keV)

70mBr 12190 ± 70sta ± 40sys
9

9

9

1

1

1

1

1

1

1

S
in th

+ me
r

6Ag 11660 (240)a 6430 (60)
7Ag 6980 (110)
8Ag 8200 (70)
00In 10080 (230)b 5250 (130)
02In 8950 (120)
03In 6040 (60)
03Sn 7640 (70)c 5400 (100)
05Sn 6230 (80)
13Xe 8300 (150)
17Ba 8990 (260)e 8300 (250)

ee text for details.
a Result obtained by using the known Sp value of 96Pd and data on isomerism
b Result obtained by using the known Sp value of 100Cd [23].
c Weighted average between the value of 7660 (100) keV obtained by the EC/�

esult with the known Sp value of 103In [17].
d Result obtained by using the known QEC value of 113Xe [26].
e Result obtained by using the known Sp value of 117Cs [27].
parent nucleus, provided the mass of the daughter nucleus is
known. Assuming that the mass of the latter quantity is known
with better accuracy than the former, which is generally the
case, the relative accuracy of such mass determinations is of
the order 10−6 for the cases compiled in Table 1.
The sensitivity of TAS-based determinations of QEC and
QEC − Sp can be demonstrated by the example of 100In. An
accuracy of 130 and 230 keV, respectively, was obtained by
using a 100In beam intensity of 2 atoms/s during a measuring
time of 90 h [22].

Sp (keV) Method Reference

�+ spectrum Karny et al. [5]
ECp/�+p Batist et al. [20]
EC/�+ Hu et al. [21]
EC/�+ Hu et al. [22]
ECp/�+p Plettner et al. [23]
EC/�+ Gierlik et al. [24]
EC/�+ Karny et al. [25]
EC/�+, ECp/�+p Kavatsyuk et al. [17]
EC/total This work

690 (60)d ECp/�+p Janas et al. [26]
ECp/�+p Janas et al. [27]

is nucleus [20].

thod and the value of 7610 (110) keV obtained by the combining the (QEC − Sp)
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• Some of the data given in Table 1 are limited in accuracy,
simply because the measuring time of the related experiments
were too short. These results could easily be improved by
extending the counting time.

3.3. Determination of decay Q-values by other methods

We shall discuss three examples of direct charged particle
radioactivity of nuclei beyond 100Sn here, which allow one to
deduce decay Q-values, masses and separation energies. The
examples are taken again from work performed at the GSI
on-line mass separator, putting emphasis again on mass mea-
surements, their accuracy and sensitivity rather than on the other
underlying physics motivations, which are described in detail in
Refs. [31–33].

Firstly, the three �-decays in the chain 114Ba → 110Xe → 106

Te → 102Sn [31] do not only yield information on three impor-
tant mass differences of nuclei above 100Sn, hence on the
mass surface in this region of the chart of nuclides, but also
on the Q-value for 12C decay of 114Ba, the latter decay
mode being unobserved for such nuclei to date. The intensity
of the mass-separated 114Ba beam amounted to 4 atoms/min,
which due to the branching ratio of about 0.9% for �-
decay of this isotope, corresponds to a partial beam inten-
sity of 2 atoms/h. During a measuring time of 56 h the �-
decay Q-value of 114Ba was determined with an accuracy of
4
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mass measurements is of the order of 10−6. This is sufficient
for the physics aims of the corresponding experiments, which
include the determination of (i) the excitation energy of isomers,
(ii) the Gamow–Teller strength distribution, (iii) lifetime of
proton-emitting levels, and (iv) other properties of excited states
allowing one to check statistical-model calculations. Moreover,
the accuracy is sufficient for testing theoretical predictions of
atomic masses.

In view of the remarkable success of mass measurements
based on Penning traps and storage rings it lies close at hand
to predict that they will be the one and only method used for
determining nuclear masses and decay Q-values in the future.
In this context, it is interesting to compare the level of Q-
value or mass accuracy as well as the sensitivity reached by
Q-value experiments with the corresponding data from Penning-
trap measurements, taking the cases of 22Mg [35], 32Ar, 33Ar
[36], 72Kr [37], 74Kr and 74Rb [38] as examples. In these exper-
iments, the mass-excess values were obtained with uncertainties
between 0.27 and 4 keV, corresponding to relative uncertainties
of 1.4 × 10−8 and 1.2 × 10−7. On the one hand, the precision
achieved by trap measurements and required for the physics
cases underlying these studies is one to two orders of magnitude
higher than that reached in the above-mentioned Q-value mea-
surements. The latter data, however, are of sufficient accuracy for
meeting the requirements of the corresponding physics aims. On
the other hand, such Penning-trap measurements require inten-
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0 keV.
Secondly, the study of direct proton radioactivity of the (21+)

somer of 94Ag [32] has shown that the Q-value for this decay,
ith respect to the ground-state of the daughter nucleus 93Rh,

s 5780 (30) keV. Combining this result with the value of 890
500) keV [34], extrapolated from systematic trends for the pro-
on separation energy of 94Ag, the excitation energy of this
somer was estimated to be 6700 (500) keV. The intensity of
he mass-separated beam of the (21+) isomer of 94Ag amounted
o 10 atoms/min. As the branching ratio for each of the two
roton lines was found to be about 2/100 decays, they were
bserved at a partial beam intensity of 15 atoms/h. A measure-
ent time of 80 h was sufficient to reach a Q-value accuracy of

0 keV.
Thirdly, the observation of two-proton decay of the (21+)

somer [33] has yielded the proton separation energy in 93Rh
o be 2330 (100) keV. This corresponds to a 2σ deviation from
he value of 3630 (570) keV extrapolated from systematic trends
34]. Based on the above-mentioned intensity data for the direct
roton radioactivity of the (21+) isomer of 94Ag, the branching
atio of 5/1000 decays found for the two-proton emission cor-
esponds to a partial beam intensity of 3 atoms/h for this decay
ode of the isomer.

. Summary and conclusion

We have described the measurement of the QEC value of 105Sn
nd discussed this result together with other mass-differences
etermined for nuclei in the 100Sn region. All data have been
btained by using the TAS or other decay-spectroscopic devices
t the GSI on-line mass separator. The relative accuracy of the
ities of atleast 100 atoms/s [39]. This level is two orders of
agnitude higher than that of QEC determinations and some
ve orders of magnitude orders higher than that of experi-
ents based on detecting proton or � radioactivity. In addition

o the intensity of the radioactive beam of interest, its purity
s a key quantity. For Penning-trap measurements the intensity
f isobaric contaminants, including atoms or molecules of sta-
le isotopes, should not be higher than 103 times that of the
anted species (Herfurth, Private communication). Decay mea-

urements on mass-separated beams apparently suffer less from
sobaric contamination, in particular if they involve detection
f protons or � particles. The considerations described in this
aragraph represent a snapshot of the experimental situation
oday and do not take the potential of future improvements into
ccount.

All in all, for the time being decay spectroscopy is a valu-
ble technique for measuring masses of nuclei very far from
tability, including in particular nuclei beyond the proton drip
ine, and it seems as if it will continue to be one of the key
ethods of future nuclear-physics research. Due to its high

ensitive, it is well suited for studying the most exotic nuclei,
hich are produced at very low rates, including their decay
-values and masses. Moreover, decay studies yield infor-
ation beyond the mass, namely detailed data on transitions
ediated by the electromagnetic, weak and strong interac-

ion. The advantages of ion traps and the attractive features
f decay spectroscopy have recently lead to combining them
nto what was recently baptised “trap-assisted decay spec-
roscopy” [40]. We hope that the results presented in this work
re of interest to those intending to use this novel spectroscopic
ool.
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Keller, R. Kirchner, O. Klepper, E. Roeckl, D. Schardt, M. Huyse, G.
Reusen, P. Van Duppen, B.A. Brown, Nucl. Phys. A 581 (1995) 205.

[14] P. Tidemand-Petersson, R. Kirchner, O. Klepper, W. Kurcewicz, E.
Roeckl, E.F. Zganjar, Z. Phys. A 302 (1981) 343.

[15] D. De Frenne, E. Jacobs, Nucl. Data Sheets 68 (1993) 935.
[16] R. Kirchner, Nucl. Instrum. Methods B 204 (2003) 179.
[17] O. Kavatsyuk, O. Kavatsyuk, L. Batist, A. Banu, F. Becker, A. Blazhev,

W. Brüchle, K. Burkard, J. Döring, T. Faestermann, M. Górska, H.
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S. Rinta-Antila, J. Äystö, Eur. Phys. J. A 25 (2005) s01, 27.


	Decay Q-value of 105Sn and of other nuclei near 100Sn, measured at the GSI on-line mass separator
	Introduction
	Experimental techniques used to determine QEC values
	Sample preparation
	Total absorption spectrometer
	Determining QEC values from the endpoint of a beta+ spectrum
	Determining QEC values from EC/beta+ ratios of beta-decay
	Determining QEC-Sp values from the EC/beta+ ratios of beta-delayed proton decay

	Results and discussion
	Determination of the QEC value of 105Sn
	Discussion of QEC values of nuclei in the 100Sn region, obtained from TAS measurements
	Determination of decay Q-values by other methods

	Summary and conclusion
	Acknowledgements
	References


