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Abstract. The energy centroids and integrated strengths of Gamow-Teller transitions in the S% and
electron-capture decay are analyzed for nuclei whose proton number Z and neutron number NN are restricted
to 44 < Z <50 and 50 < N < 58. The analysis is based on data measured both with high-resolution v-ray
spectrometry and total y-ray absorption techniques. The dependence of the considered quantities on the
relative neutron excess are established after taking into account the effects due to the Coulomb interaction
and mean-field level occupancies. An extrapolation of this dependence to the lightest known tin isotopes
is used to estimate the decay characteristics of 1°°Sn and '°*Sn. The values extrapolated for the half-lives
of 1°°Sn and '°'Sn agree with experimental data. Using the extrapolated values together with shell model
predictions, the @Q values for the electron-capture decay of '°°Sn is evaluated. The quenching factor for 5+
and the electron-capture decay of the nuclei under consideration here is established to be 0.56(2) with a

possible weak dependence on N — Z.

1 Introduction

Investigation of 3 decay remains hitherto the only source
of experimental data on spin-charge-exchange excitations
in nuclei far from stability. The 87 and electron-capture
(EC) decay in very neutron-deficient nuclei proceeds dom-
inantly by the allowed decay of the Gamow-Teller (GT)
type. The decay rate of this disintegration mode is defined
by the response to the field

ga/Vix oty (1)

where o and ¢4 are the spin and isospin operators, t |p) =
|n), respectively, and g4 is the nucleon axial weak-coupling
constant. Summation over nucleons is implicitly included.
If the 1 and/or EC partial intensity () to individual
levels in the daughter nucleus is known, the corresponding
reduced probability, B(GT4 ), can be evaluated from the
expression

B(GTy) = 3860 - I3/ ft s, (2)

® e-mail: batist@pnpi.spb.ru

where 1/, is the half-life of the decaying nucleus. The
function f, which takes atomic and lepton phase-space
effects into account, is tabulated, e.g., in ref. [1]. The con-
stant g4 = 1.27gy is included in the numerical factor given
in (2). Thus the reduced probability B(GT4) in (2) is de-
fined as

B(GT,) = [lot.[2/(2J; +1). (3)

J; is the spin of the initial state. Note that the B(GT,),
evaluated according to (2) and defined in (3), corresponds
to the standard definition of the reduced probability of the
allowed GT decay [2] and is thus given in units of g% /4.

We shall use the symbols Bgr for B(GT.) strength
integrated over the window accessible to EC decay (Qrc
window) and Bgr for the total sum. In case of Bgr with
reference to experiment, it needs some suppositions con-
cerned the strength distribution outside of the experimen-
tally accessible energy region.

Many experiments have shown that the GT strengths
observed are much smaller than those predicted by the
simple shell model in the independent particle approxima-
tion. For taking into account the proton-neutron (PN) cor-
relations which are partly responsible for the suppression
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(see, e.g., ref. [3]), the model space has to be complete
in the sense that every [-orbit is presented by all four of
its spin-isospin partners. Calculations of the reduced GT
probabilities in the full model space were performed for a
series of nuclei in the p-, sd- and fp-shells [4-6]. The sup-
pression of the measured reduced GT probabilities relative
to those calculated in the full model space (higher-order
suppression [3] or quenching) was found to have a regu-
lar character, i.e. the ratio between the observed strength
and that calculated in the full space is the same for nuclei
with the same valence shells. An extension of the analy-
sis to heavier nuclei with inclusion of PN correlations is
hindered by the very fast increase of the dimension of the
configuration basis.

The present analysis deals with neutron-deficient nu-
clei whose proton number Z and neutron number N are
restricted to 44 < Z < 50 and 50 < N < 58. In this nu-
clear region, shell model calculations can be performed in
the truncated model space that does not include the pro-
ton orbits above the closed shell Z = 50. This model space
enables one to reproduce the shape of the GT strength dis-
tribution. However, the strength cannot be properly nor-
malized because the PN correlations are only partly taken
into account, and the value of suppression (reduction fac-
tor) does not show a regular behaviour. Therefore, it seems
reasonable as a first step to disregard PN correlations and
to use, as reference values for the systematics of summed
GT; strengths, an estimate of the bare total strength Bty
obtained in the independent particle approximation (see

e.g. ref. [3]),

jpvj"n.

where n;,, n;, are the occupancy coefficients of the proton
and neutron mean-field orbits j, and j,,, respectively, and
bj,—j, is the reduced probability for the GT transition of
one particle from the orbit j, to the orbit j, which belong
to the same spatial states.

In the nuclear region under consideration, protons
partly or completely fill the gg /5 orbit. As the neutron gg /o
orbit is filled the Pauli principle allows only the spin-flip
transformation mgg /o — vgr/2 which means that summa-
tion of (4) is reduced to one term. Note that the (N, Z)-
dependence of BY is defined solely by the occupancy co-
efficients of orbits, which in this case are those with 7gg /o
and vgy/, signature. Therefore, provided that the higher-
order reduction factor in the region under consideration
is approximately constant, the (Z, N)-dependence of the
ratio Bar/BEy (bare reduction factor) is affected by the
correlations in the full model space.

The spin-flip transformation of nucleons j, — j, forms
the GT, states in the daughter nucleus. As the neutron
excess (N — Z) decreases, the GT state, in general be-
ing highly fragmented, moves down compared to the par-
ent state. Correspondingly an increasing part of the total
strength lies within the Qgc window, thus becoming ac-
cessible to the 31 decay. For very neutron-deficient nuclei
the main part of the strength turns out to lie within the
QEC window.

However, the task of a reliable measurement of the
strength located at high excitation energy of the daugh-
ter nucleus faces a difficulty, the so-called Pandemonium
problem [7,8]. The problem concerns the experimental un-
derestimation of the intensity of + transitions following
the 3 decay to highly excited states of the daughter nu-
cleus. Because of the large density of levels fed by 5 decay,
the g-delayed v radiation is strongly fragmented. There-
fore, a substantial fraction of the intensities of the individ-
ual v transitions may well lie below the sensitivity limit
of a detector. The difficulty is even more severe due to
the cascade character of the v de-excitation path. Thus
the use of high-resolution (HR) germanium detectors for
measuring intensities of individual §-delayed ~-rays and
deducing an intensity balance often yields unreliable re-
sults, except maybe for the even-even nuclides with their
relatively small Qgc values.

A suitable tool for measuring the [-intensity distri-
butions is the total absorption =y spectroscopy [9]. This
method uses a large scintillator for v-ray detection, being
characterized by an efficiency close to 100% and an accep-
tance close to 4. Such a detector is capable of recording
cascades of (-delayed 7-rays rather than single + tran-
sitions, and therefore allows one to restore the entire (-
intensity distribution, including weak 3 transitions to the
high-lying excited states in the daughter nucleus.

Making use of the Total Absorption Spectrometer
(TAS) [10], the EC and 1 intensity distributions for some
nuclides, “southeast” of 1°°Sn, including odd and odd-odd
ones, have been measured [11-20]. In particular, the TAS
data have supplemented experimental results on 87 de-
cay (here and in following we use a denotation 8% for
both EC and positron emission modes of a decay) that
were previously restricted mainly to even-even nuclides.
Data obtained with TAS have been partly systematized
in ref. [16], where a monotonous isotopic dependence of
Bgr for the tin isotopes was demonstrated and applied
for predicting Bgr for 1°°Sn. In the present analysis we
use a considerably extended set of experimental data, in-
cluding those obtained with the HR technique.

The aim of the present work is to derive approxima-
tions characterizing the strength functions of the 3% de-
cay, namely the energy centroids (see sect. 2.1) and the
summed strength (see sect. 2.2) as a function of Z, N. In
sect. 2.3 we give an estimate of the higher-order reduc-
tion factor of the summed strength for the nuclear region
under consideration. This extends the corresponding data
derived earlier for the region of p-, sd- and fp-shell nu-
clei [4-6]. The approximation derived in sect. 2 is used
in sect. 3 to extrapolate the systematics to the lightest
known tin isotopes, i.e. 19°Sn and '°'Sn. The appendix
contains a discussion of previously unpublished TAS re-
sults obtained for the 37 decay of the ground state and a
low-spin isomer of 199Ag.

In the following we use the notation “isotopic depen-
dence” for both the proper isotope dependence, i.e. the
dependence on the mass number of the nuclei under con-
sideration, and for the dependence on the nucleon compo-
sition of nuclei with different Z and A, which is expressed
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by the asymmetry parameter I = (N — Z)/A. The symbol
Bar without superscript is used for the summed exper-
imental GT, strengths, the symbol BEL for values es-
timated by the independent-particle approximation, and
the symbol BES, for predictions of calculations in the full
model space. We would like to specify that the notation
“full model space” is used here for the model space which
is truncated though, but in which every l-orbit is repre-
sented by all four spin-isospin components.

The code OXBASH [21] was used for the shell model
calculation supplementing experimental data.

2 Energies and strengths of GT states

Experimental data for the energy centroids and the
summed strengths of GT states, measured in the 87 decay
of the nuclides with 44 < Z < 50, 50 < N < 58 are listed
in table 1. Included are data for nuclei whose 37 decay
was investigated with the TAS and/or HR technique. The
HR data were accepted here only for even-even nuclei to
diminish the above-mentioned problem of a possible loss
of B feeding to high-lying states in the daughter nucleus.

As the upper limit of the integration is the Qgc value,
the experimental data compiled in table 1 are correspond-
ingly restricted. In accordance with an agreement done
in sect. 1 concerning denotations of the reduced proba-
bilities, we use the symbols Bgt and Eqt for values cal-
culated within the Qgc window, and Bgt and Egr for
values which are tentatively obtained without this restric-
tion. The values of Bgr presented in table 1 were recal-
culated from the original data if new values of Qgc have
been issued meanwhile. The uncertainties of the integrated
strengths, measured by TAS, result from the uncertainties
of the Qgc values and from effects owing to insufficient
data on the y-ray branchings [22].

Experimental GT strength distribution for some sil-
ver isotopes are displayed in fig. 1 as examples. The
figure clearly suggests that almost the whole resonance
structure occurs within the Qgc window. In the frame-
work of the shell model these resonances are ascribed
to coherent spin-flip mgg/2 — vg7/o transformations of
paired nucleons, accompanied by pair breaking (seniority
change év = 2). The corresponding bare GT state in the
daughter nucleus can be considered as a particle-hole pair
[1/97/27('99_/12]1+ with spin-parity and isospin S™1 = 171,
added to the parent state. For even-even parent nuclei
this resonance exhausts the GT strength in the Qgc win-
dow. In the odd-odd and odd parent nuclei the transfor-
mations of the unpaired gg/, proton-particle and/or the
unpaired g7/ neutron-hole give rise to components of the
strength with dv = 0, situated below the collective dv = 2
state. The GT strength of such single-particle transitions
is relatively weak, being suppressed by a transfer of the
strength to the high-energy resonant structure (see e.g.
ref. [3]).

Following ref. [23], we define the energy of the GT
state, EqT, with reference to the decaying parent state,

Ear = Ex — Qre, (5)

L Ag 972"

E (MeV)

Fig. 1. GT; strength distributions measured with TAS for the
decay of 9798190 Ao n the upper panel, the region defined by
statistical uncertainties for the high-energy tail of distribution
for °"Ag is indicated. For the '°°Ag decay the distributions
for the ground state (solid line histogram) and isomeric state
(dotted line histogram) are presented.

where £x is the centroid of the strength distribution in
the daughter nucleus. Correspondingly,

Ecr = Ex — Qgc. (6)

In order to estimate the possible losses of the in-
tegrated strengths and corresponding shifts Eqr — Egr
we made use of predictions of the many-particle shell
model. The OXBASH calculation was performed in the
7T(Z?1/2799/2)’ V(d5/2797/27d3/2,81/27h11/2) model space,
with 3Sr taken to be an inert core. The interaction de-
noted in the following as “96C” [24] was used. Due to
computing time restrictions, only 16 values of ESM and
EEM were calculated in the nuclear region under consider-
ation here, namely 100:101,102,103,104g, 1100,1027y, 98,100(1
97,98,99 A g 96.97.98P( and 24 Ru, including the 7 ones inves-
tigated with TAS and the 5 ones with the HR technique.

A numerical interrelation between the values of ES),
EEM and the ratio BEM /BEM was estimated by using the
“averaged” strength distribution shown in fig. 2. This was
done by summing the individual strength distributions,
each of them being normalized to unity and shifted in
energy in order to get all centroids at the same energy.
For convenience, the interrelations were approximated by
functions of Egr that are applicable for Eg1 < —0.3 MeV

eq = Ear — Ear = ki - exp(Egr/dy),
fq = Bar/Bar ~1—ks-exp(Ear/da),

with k1 = 0.6, d; = 1.12, and ke = 0.394, d2 = 0.95.
Applying this to the experimental results, the corre-
sponding distribution averaged over the experimental TAS
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Table 1. Integral characteristics of the 5+ decay of nuclei used
in the present analysis. Listed are the summed GT strengths
Bar, the centroids of the excitation energy of GT4 distribu-
tions EX7 and the energies of GT4 states Eacr = Ex — Qrc.
Values of Quc are taken from ref. [25] except for those marked
by .

Nuclide Bar Ex Ber @rc
(MeV)  (MeV)  (MeV)
198Gn [26]*  1.33(5) 0.73 —1.34  2.075(19)
1068n 27 2.12(20)  1.12 —2.14  3.256(15)°
19580 [19] 2.63(35)  3.76 —2.54  6.299(19)°
10460 [18] 2.7(3) 1.40 —3.12  4.515(60)
19380 [17] 3.4(5) 4.11 -3.52  7.635(300)
1029y (18] 4.2(8) 1.78 —4.00  5.780(70)
106Tn 13 1.4(3) 5.43 —1.10  6.526(11)
105Tn [13] 1.7(2) 3.35 —1.34  4.849(13)
10410 [13] 2.1(3) 5.94 —1.84  7.796(8)
1031 [13] 2.4(3) 3.81 —2.20  6.014(14)°
1921 [15) 4.7(10) 6.41 —2.57  8.968(108)
1007 [14] 3.9(9) 6.54 —3.44  10.08(23)
192¢qd [28]"  1.55(16)  0.91 —1.68  2.587(8)
1000d [29]*  2.29(26)  1.23 —2.66  3.890(67)
%Cd [30]*  2.90(22) 185 —3.58  5.420(40)
100 A e 1.7(2) 5.72 —1.36  7.078(76)
100m A ge 1.35(20)  5.75 —1.34  7.093(76)
BAg [12] 2.7(4) 6.05 —2.19  8.239(63)
9T Ag [11] 2.97(40)  4.21 —2.77  6.980(110)
%Pd [31] 1.22(12)  0.68 —1.20  1.873(24)
9%Pd [32]*  2.12(16) 1.26 —2.24  3.500(14)
“Ru [33]"  1.05(15) 0.74 —0.85  1.586(13)

% Measurement performed by means of the high-resolution technique.
® Data evaluated by using data from ref. [34].
¢ See appendix.

1.0
%’ 0.8
go
— 0.6¢
= 04f
o
o 0.2
003 !
E- EGT,MeV

Fig. 2. Averaged normalized strength distributions obtained
by summing individual normalized strength distributions from
experiment (solid curve) and theoretical OXBASH calculations
(dashed curve). The averaged experimental distribution was
obtained by using only TAS data. Theoretical data were used
according to the list of nuclides presented in the text of sect. 2
with the exception of °°Sn and '°!'Sn. The resulting distri-
butions were smoothed over energy intervals of 250keV. The
suppression over the high-energy wing of the averaged exper-
imental distribution is connected with the difference between
Eat and Egr.

qr
SE, |
(MeV) o |
3t
40
Eer 1L
MeV) |
2L c e O
I 2 4
3L g L ° J
_4k ® i
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Fig. 3. Isotopic dependence of the average energy of GT4
states. Filled and empty circles indicate values measured by a
total absorption spectrometer and high-resolution germanium
detectors, respectively. Uncertainties are only shown if exceed-
ing the size of the data symbols.

data was derived as shown in fig. 2. One can see that a
distinction is not so strong to put an interdict on the appli-
cation of the theoretical interrelation to experiment data.

2.1 Approximation of energies of GT_ States

The isotopic dependence of the experimental Eqt values
is shown in the lower panel of fig. 3. The large scattering
of the data is mainly due to the Z-dependence of the dif-
ference d Ec between the Coulomb energies the daughter
and parent nuclei. Taking § E¢ into account, the isotopic
dependence of Egt —d E¢ can be approximated by a linear
function of the asymmetry factor I = (N — Z)/A (see the
upper panel of fig. 3),

gGT :ao—i—al-l—l—SEC:I:eZ:I:eN,
Eor =~ Eqr = a1 — (8)

GT = EgT = ¢aT — €q.
Here and in the following, symbols with a tilde sign desig-
nate functions that approximate the corresponding vari-
able. The parameters ez and ey were included in the fit-
ting procedure in order to take the dependence on Z and
N parities into account, the + signs indicating an appli-

cation to either even or odd numbers of Z and N. The
Coulomb staggering was taken in the form
0Ec = ac((Z —1)/AYS —49/100'/9). (9)

Thus, § E¢ presents simply a variable part of the Coulomb
energy, being scaled so that the correction vanishes for
1008, The power of the A-dependence of 0 E¢ was taken
as 1/6 in accordance with that of the orbital radius in
the oscillator single-particle potential [2]. The parameters
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Table 2. Parameters (in MeV) obtained by approximating
the experimental and calculated energies of GT4 states by
egs. (8), (9). In the row denoted MSRD, the mean square-
root deviations between the experimental and approximating
values are presented (see text).

Experiment Shell model
ao —4.975(52) —5.280(24)
a 51.5(10) 72.4(10)
ac —0.512(30) —0.233(22)
eN —0.011(20) 0.061(11)
ez —0.078(19) 0.017(11)
MSRD 0.070 0.040

of the approximation (8), (9) obtained by the fit are pre-
sented in table 2. The uncertainties of parameters cor-
respond to the one standard deviation. The values of e,
in the second formula of eq. (8) are defined by eq. (7)
for an g7 value calculated according to first formula of
eq. (8).

Note that in the upper panel of fig. 3, the symbols
corresponding to the gt — dE¢ values obtained by HR
measurements systematically lie below the approximat-
ing line. This may suggest that the effect is related to a
systematic deficiency of the HR method and that the fit
can be improved by introducing a correction of the HR
data, Eqr — Egr + 0Eur, with § Egr being the aver-
age down-shift of the g-strength functions deduced from
HR measurements compared to those from TAS. However,
the deficiency of the HR data vanishes if the dependence
of the GT energy on the Z parity is taken into account.
It is important to note that the effect of Z parity remains
if only TAS data are fitted. Hence the methodical effect
apparent in the HR data is obviously due to the fact that
they have been restricted to even-even nuclei. For com-
pleteness the N-parity parameter ey was also included
in the fit but the effect turned out to be negligible (see
table 2).

The mean square-root deviation (MSRD) between
approximating (8), (9) and experimental Egr values
amounts to 70 keV. As the uncertainties of the latter data
are not well defined, the weights for the fitting procedure
were taken from the uncertainties of the corresponding
QErc values unless they were less than MSRD. In the lat-
ter case MSRD was assumed for the weights. The aver-
age uncertainty in predicting the energies of GT, states
within the interval 0.02 < I < 0.08 was estimated to be
90keV. This result was obtained as a square-root sum of
MSRD and a value defined by the matrix of uncertainties
of all parameters.

The energies ESM can be approximated by eqs. (8), (9),
using the parameters presented in table 2. Both exper-
iment and shell model calculation show a fairly linear
isotopic effect. Allowing for a nonlinearity by addition of
quadratic and cubic terms in I does not improve the ac-
curacy of the fit.

Note that the Z, N parity effect (parameters ez and
ey in table 2) is relatively weak in both the experimen-
tal and theoretical GT energies. This observation is in
agreement with the expectation that the Z, N parity de-
pendence of GT, energies owing to pairing energy is sup-
pressed because the main component of GT strength is
due to transitions with the same change of seniorities,
dvy = 0v, = 1, independent of the seniority of the decay-
ing state. However, note that parity parameters derived
from experimental and theoretical data have the opposite
signs. Therefore the experimental parity dependence of
GT energies cannot be consistently ascribed to an effect
of the pairing energy. It should be noted also a quantita-
tive disagreement in the slopes of the isotopic dependen-
cies of GT, energies and Coulomb corrections, character-
ized by the parameters a; and ac, respectively (see ta-
ble 2). This may be connected with a correlation between
different parameters, caused by the restricted number of
nuclides involved in analysing both experimental and cal-
culated data.

We note that the here applied interaction 96C was
adjusted without use of any data on GT distributions.
Therefore, the deviations mentioned above might be con-
sidered to represent a moderate agreement. In particular,
for the group of 12 nuclides for which a direct compari-
son of calculated and measured GT energies is available,
the average difference between these quantities was found
to be

0 = (F3™M(GT) — E(GT)) = 105keV,
with a mean-square deviation of

(ESM(GT) — 6 — E(GT))?)Y2 = 210keV.

2.2 Approximation of the integral GT strength

In order to derive the isotopic dependence of the suppres-
sion of the GT strength we took as a reference the val-
ues calculated in the independent-particle approach (see
eq. (4)). The latter does not include PN correlations. As-
suming that the occupancy coefficients n;,, n;, for nuclei
with Z < 50, N > 50 change about linearly with Z and
N, eq. (4) can be rewritten as

. sp 160 2 —Zy N— Ny
Bar ~ Bar = = 50 — Zo 50 — Ny (10)
The numerical factor 160/9 was obtained by substitut-
ing in (4) the values b; ., = 16/9 and (2j, + 1) = 10
corresponding to the dominating transformation mgg /o —
vg7/2. The denominator in (10) implies that at Z = 50
the proton occupancy coefficient of the gg/5 orbit reaches
a value of 1.0, and that there is no blocking of the neu-
tron orbit g7/5 at N = 50. The parameters Zy and Ny were
found from the fit to the occupancy coefficients evaluated
from the calculation with Model 96C to be

Zo = 39.2

Ny = 69.4. (10a)
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Fig. 4. Upper panel: reduction of the summed experimental
(circles) and theoretical (squares) GT strength relative to the
prediction of the independent-particle model (10). The experi-
mental Bor /Bt data shown as filled and empty circles stem
from TAS and HR experiments, respectively. The theoretical
data displayed as filled and empty squares represent results ob-
tained from the SMMC calculation [37,38] and the schematic
QRPA calculation, respectively (see sect. 2.3). Lower panel:
higher-order reduction factor /9 (see sect. 2.3).

The isotopic dependence of the measured summed
strength BgT can be seen from fig. 4, where the ratios
Bgr/BE; are displayed as a function of the (N — Z)/A.
By taking into account the fraction of total strength situ-
ated within the Qgrc window, defined by (7), we approxi-
mated the isotopic dependence of the reduction factors r
by

f(]) =70 +7"1 'I,

Bar = #(I) - BEy,
Bar ~ Bar - fy,
ro = 0.293(11),

r = —1.72(18).

The function 7(I) determined from the fit thus ap-
proximates the isotopic dependence of the bare reduction
factor

r:BGT/BNg)T,

We have excluded the Bgr value of 1°2In from the fit as
it turned out to be about a factor of 1.6, i.e. about 3
standard deviations, above the approximating line.
Similar to the observation made for the gt values
from fig. 3, the symbols corresponding to the reduction
factors derived from HR data systematically lie under the
smooth approximating line drawn in fig. 4. A correspond-
ing fit shows that the HR data are on average 17(3)%

(12)

lower than the TAS data reduced to the same values of I.
Moreover, the fit reveals that neither Z nor N numbers
parity effects are less than 5%. Therefore, this deficiency
of the HR data suggests either a methodical effect or one
typical for even-even nuclei to whom the HR data have
been restricted. The former explanation does not seem to
be convincing since our fit does not detect any noticeable
effects of Z and N pairing. The latter interpretation is
in agreement with the theoretical estimate of the loss of
(-decay strength due to the limited sensitivity of the HR
technique [35]. In any case, we conclude that the values
of the summed strengths derived from the HR technique
are underestimated. In the following treatment, these data
were thus taken after dividing them by a factor of 0.83.

With such a correction, (11) provides an accuracy cor-
responding to an unweighted relative MSRD value of 8%.
Taking into account the uncertainty of the parametriza-
tion, the accuracy of predicting Bgr within the interval
of the asymmetry factor I considered is about 9.5%. The
weights for the fitting procedure were chosen according to
the uncertainties presented in table 1 and were assumed
to be 10% for cases where they are below this value. A fit-
ting criterion y? of 0.4 was obtained which indicates that
the uncertainties used were overestimated.

The parameter r; defines the explicit isotopic depen-
dence of the bare reduction factor. It indicates that the
effects of level occupancy and blocking do not exhaust the
(Z, N)-dependence of Bgt. This property was expected
for the suppression of the charge-changing strength. How-
ever, the observation of an explicit isotopic dependence
contradicts the (Z, N)-dependence that has been estab-
lished by a previous systematics of the summed B(GT5.)
values measured in spin-charge-exchange (n,p) reactions
on nuclides of the mid f-shell [36]. In the latter case, an
expression Bar, ~ Zyal(b — nya) turned out to be suffi-
cient for the description of the (Z, N)-dependence, with
Zval and ny, being the numbers of valence protons and
neutrons (see eq. (2) in ref. [36]). In contrast with g+
decay, the summed GT, strength measured in (n,p) re-
actions is not restricted by the Qgc window. Therefore,
though the accuracy of this approximation is not given in
ref. [36], the speculation lies close at hand that a supple-
mentary isotopic dependence of the approximation Bgr
may have been introduced by an incomplete correction
of the undetectable component of the strength that lies
at excitation energies above the Qgc window. However,
the argument against this suspicion is that a variation of
the factor f, within reasonable limits does not make the
parameter ry vanish.

2.3 Higher-order reduction

With the aim of dividing the bare reduction factor into
the components owing to correlations within and out of
the “full model space”, we tried to perform a theoretical
estimate of the BFS values (see sect. 1). For this purpose
it is necessary to add proton orbits above the magic gap
Z = 50 to the model space which was used in sect. 2.1
for calculating the isotopic dependence of Egr. A direct
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diagonalization in the region of nuclei under consideration
is not feasible. Therefore we used the Bg% values, obtained
from the shell model Monte Carlo method (SMMC) in
the full oscillator shell 7v(0g, 1d, 2s) [37,38]. The resulting

B(Fﬁr values of the N = 50 isotones *4Ru, ?°Pd, **Cd and

1008 are shown in fig. 4 in a manner similar to that used
for the corresponding experimental data. Thus we defined
the ratios
Fs FS /3IP
r° = Bgr/Bar-

In refs. [37,38] the BES. values have been presented af-
ter being multiplied by a factor (1/1.26)% which is not
included in the data shown in fig. 4. Since the oscilla-
tor gds-shell does not include the 2p; /o and Ohg /o, orbits
which are part of the space of model 96C, the param-
eters Zy and Ny being substituted in (10) were fitted
by performing a calculation in the model space 7(gqg /2),
V(d5/27g7/2, d3/27 51/2)-

The four symbols corresponding to the theoretical ra-
tios rFS for isotones with N = 50 in fig. 4 can be con-
nected by a straight line. This, however, may be due to the
smooth dependence on Z at constant N. In order to fur-
ther study this effect we estimated the suppression of the
summed GT strength for some more even-even nuclides
in the framework of the schematic QRPA. The calculation
were produced in the same model space which was used
for the SMMC calculation. The factorized spin-isospin ef-
fective interaction was used in both the particle-hole and
particle-particle channel. The amplitudes of the interac-
tion were taken as the free parameters and chosen by fit-
ting the summed strength of “4Ru, *°Pd, °3Cd and '%°Sn,
calculated with QRPA, to the corresponding SMMC val-
ues. Note that we do not pretend to describe the core
polarization effects in the framework of this approach but
merely use it to formally interpolate the SMMC results.
The isotopic dependence rFS of the expanded set of nu-
clides remains to be smooth, and can be approximated,
with an accuracy of 3%, by a quadratic function of I,

P8 ~ 7S = 0.594(16) — 5.54(80)1 + 19.4(90)1%.  (13)
The reduction factor r¥S represents a theoretical estimate
of the effect of PN correlation in the space of the main
shell (0g, 1d, 2s). Neglecting contributions of the 2p; /5 and
0h11/2 orbits to PN correlations, the ratio of experimental
reduction, r, to the theoretical one,

q=r/iS (14)
can be considered to yield an estimate of a quenching fac-
tor or factor of suppression, caused by the restriction of
the model space to the main shell. The ¢ values obtained in
this way are displayed in the lower panel of fig. 4. The aver-
age value of ¢ for the interval 0.02 < (N—-2)/A < 0.075, g
is 0.56(2), with uncertainty corresponding to the one stan-
dard deviation. A formal fit allows for a relative g variation
of (5£10)% within the interval 0.02 < (N—Z2)/A < 0.075.
Eliminating the correction f; decreases the value of the
quenching factor by about 6% and forces it on a slightly
decreasing slope with increasing I.

Table 3. Properties of 1°°Sn and '°*Sn derived by extrapo-
lating systematics. The uncertainties of the extrapolated Egr
and Bgt values are estimated by taking into account the un-
certainties of the parameters of the approximations and the
mean square-root deviations from the approximating func-
tions. The Qec values are calculated according to (5) as
Qrc = Ex — Egt. The uncertainties of Qrc are estimated
by taking into account the uncertainties of the extrapolated
Egt values and those of the shell model predictions of Ex,
the latter ones being assumed to be about 200 keV.

1OOSI,l 101SIl
5/2F¢ 7/2t ¢
Ect (MeV) —5.065(105) —4.530(90)
Ber 5.21(60)" 4.91(50) 4.29(40)
t/a (s)°7 0.84(17) 1.52(35) 1.56(35)
Ex (MeV)* 2.23 4.09 4.39
Qrc (MeV) 7.29(23) 8.62(22) 8.92(22)

@ Spin and parity assumed for the ground state.

b Corresponding value log ft = 2.87(5).

¢ Calculated using extrapolated Eqt and Bgr values.

d Experimental t1 /5 of 1008n: 0.949:54 s [39], 0.559:39 s [40]; experimen-
tal t; /o of 1°7Sn: 1.9(3) s [17].

€ Shell model prediction (see text).

3 Extrapolation to °°Sn and !%'Sn

The systematics (8) and (11) can now be used to estimate
FEgr and Bgr values for the lightest known tin isotopes
1008y and '°'Sn. In general, distant extrapolations be-
yond the interval 0.02 < (N — Z)/A < 0.075to N = Z
are ambiguous as an approximating function deduced for
a limited interval may fail when applied far beyond it. In
particular, the addition of a quadratic on the (N — Z)/A
component to the functions approximating the experimen-
tal data does not improve the fit but leads to a significant
increase of uncertainties of the predictions obtained by
extrapolations. Therefore, we estimate the uncertainties
stemming from a possible nonlinearity of the approxima-
tions by using the corresponding uncertainties which were
derived from the fitting of E3) and r¥S. These values were
summed in quadrature to the uncertainties of the predic-
tion which are 90keV for Egr and 9.5% for Bgr (see
sects. 2.1 and 2.2). Note that for the isotopes being con-
sidered here the corrections according to (7) are negligibly
small.

The values of Bar and Egt for 1°°Sn and '°'Sn, ob-
tained by extrapolating the dependences (8) and (11)
are listed in table 3. The extrapolated Bgt value of
5.21(60) for °°Sn can be compared with the value of
5.8 obtained as SMMC prediction [37,38]. The latter one
was re-scaled by taking into account the quenching fac-
tor ¢ = 0.56, evaluated in sect. 2, instead of the fac-
tor (1/1.26)2 = 0.63 used in refs. [37,38]. Within the
respective uncertainties the extrapolated Egr value of
—5.065(105) MeV agrees reasonably well with the exper-
imental estimate of the 3 end-point energy of '°°Sn, i.e.
Ear = —(3.4707 +1.022) MeV [39]. Table 3 contains also
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the values of 1 5 obtained by using the extrapolated Bgr
and Eqgt data obtained in the present work. The Qgc val-
ues presented in table 3 were determined according to (5)
as Qec = Ex — Egt, where values of Ex were calculated
in model 96C.

In the case of the '99Sn decay, only one state with
spin and parity 17 in the daughter nucleus '°°In can be
built in the space of model 96C. Therefore, the calculated
value of t;,5 of this “superallowed” BT decay is defined
directly by the extrapolated values Bgr and Egt. The
agreement between the extrapolated t;,, value of 100Gy
and the experimental result [39] is satisfactory.

The shell model predicts in '°'Sn two low-lying lev-
els with spins and parities 5/2% and 7/2%. In the case of
the 7/2% assignment, the Bgr is suppressed by a factor
7/8 due to blocking. Moreover, the distribution of the 57-
decay intensity for the 1°*Sn decay has a nonzero width.
Therefore, the ¢/, value deduced from Bgr and Egt ex-
trapolations depends on the shape of the GT distribution
(see discussion in ref. [20]). Therefore, the calculated value
of t1/5 somewhat depends on which of the two states,
either 5/2 or 7/2%, is the ground state of 19'Sn. The
comparison between extrapolated and experimental ¢/,
of 1018n (see footnotes in table 3) does not yield a prefer-
ence for the spin/parity assignment of the °1Sn ground
state. Thus this analysis does not allow one to shed light
on the conflicting assignments of 5/2% obtained by prompt
7 spectroscopy [41] and of (7/27) deduced from a %°Te
a-decay study [42].

4 Summary and conclusion

The analysis presented here shows that in the region of
nuclides where the 87 decay is dominated by the transfor-
mations mgg /o — Vg7 /2 the residual isotopic dependence of
the energies of GT states and their summed GT reduced
probabilities can be approximated by linear functions of
the relative neutron excess (N — Z)/A. This conclusion is
based on the assumption that the effects of Coulomb in-
teraction and the occupancies of single-particle mean-field
states are separated. The energy of GT states is fairly
well reproduced by the shell model calculation performed
in a truncated model space with the interaction 96C.

As far as reduced probabilities are concerned, the de-
duced isotopic dependence of the GT strength, supple-
mented to that related to the level occupancies, can be
considered to be an experimental manifestation of the ef-
fect of nucleon correlations. A comparison of experimental
and theoretical reduced probabilities for the 3% decay of
nuclides with 44 < Z < 50 and 50 < N < 58 leads to the
following conclusions: a) the isotopic dependence of the
experimental resonance strength is reproduced by a shell
model calculation in the full gds model space, and b) the
restriction of the basis configurations to the full gds model
space leads to the quenching of the GT strength whose
value was found to be ¢ = 0.56(2).

This extends the sequence of quenching factors derived
from data on the § decay of the p-, sd- and fp-shell nu-
clei, which were found to be 0.670(22) [4], 0.59(3) [5] and

0.554(22) [6], respectively. This means that the quenching
factors in 3 decay moderately decrease with increasing
shell number.

It is interesting to compare the quenching in g decay
with that inherent to the GT resonance excited in spin-
charge-exchange reactions on stable target nuclei. In the
latter case the quenching factor is defined as B(GT) for
the main component of the GT resonance related to the
sum-rule strength of 3 (N — Z). In particular, the quench-
ing of the GT resonance in (*He,t) charge-exchange reac-
tion on tin isotopes was found to be 0.63(3) [43], which
breaks the above-mentioned tendency and differs from the
values obtained for 3 decay of pf- and g-shell nuclei. This
indicates that there is probably a relatively weak isotopic
dependence of the higher-order reduction of B(GT) that
becomes apparent if one proceeds from neutron-deficient
to stable nuclei. This supposition does not contradict the
estimate of the isotopic dependence of the higher-order
reduction factor derived in this work.

New measurements of decay properties of nuclei near
1008y which are being planned or have recently been per-
formed (see, e.g., [44]) will hopefully yield improved data
and thus shed more light on the physics questions ad-
dressed in this paper.

The authors would like to thank K. Burkard and W. Hiiller
for their contribution to the development and operation of the
GSI on-line mass separator. One of us (LB) acknowledges the
warm hospitality offered to him by the Max Planck Institute
for Nuclear Physics, Heidelberg.

Appendix A. GT, strength of ground state
and isomer of 100Ag

The GT distribution for the decay of the 2 min, (5)*
ground state of 1°Ag was first measured [45] by using
a detector with a relatively small sensitive volume which
was about five times less than that of TAS. Later-on this
decay was reinvestigated with TAS as a by-product during
the study of '%In. Beside the decay of the ground state,
the decay of the 2.2 min, (2)T low-spin isomer of °°Ag
was investigated. A particular aim of the measurement
was to compare the strength functions of the decay of the
ground state and isomer.

Heavy-ion reactions mainly feed the ground state
rather than the isomer of '"YAg. The mass-separated
A = 100 beam was purified as described for the A = 96
beam in ref. [46]. The isomer 1" Ag was obtained as a
daughter from decay of '°°Cd. In addition to °°9Cd, the
mass-separated A = 100 beam in this mode contained
an appreciable amount of '°°9Ag ions. The decomposi-
tion of the registered TAS spectra was necessary to select
the spectrum of '™ Ag. For this purpose, we used strong
peaks in the TAS spectra that can be reliably related to
the decay of the 1999Cd, 199Ag and 199 Ag, respectively.
Moreover, the difference in the change of the intensities of
theses activities as a function of irradiation/measurement
time was used for the decomposition. The ground and
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isomeric state have close values of 1,5 but the 100m A o
activity contains a component populated by the decay of
100Cqd which has a half-life of 40s. The technique of re-
constructing the 87 and EC intensity distributions was
described in detail in ref. [22].

The observation of almost equal energy centroids for
the GT strengths of '°°Ag and " Ag is in agreement
with TAS data obtained in the rare-earth region [47,48].
This confirms the assumption of a relatively weak effect
of unpaired nucleons on the collective GT state. The
rather significant discrepancy obtained for the Bgr values
of 199Ag and 99" Ag is most probably due to the poor
quality of the data on the latter decay.

Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which
permits any noncommercial use, distribution, and reproduction
in any medium, provided the original author(s) and source are
credited.

References

1. N.B. Gove, M.J. Martin, Nucl. Data Tables A 10, 205
(1971).

2. A. Bohr, B.R. Mottelson, Nuclear Structure, Vol. 1 (Ben-
jamin, New York, 1969).

3. LS. Towner, Phys. Rep. 155, 263 (1987).

4. B.H. Wildenthal, M.S. Curtin, B.A. Brown, Phys. Rev. C
28, 1343 (1983).

5. W.T. Chou, E.K. Warburton, B.A. Brown, Phys. Rev. C
47,163 (1993).

6. G. Martinez-Pinedo et al., Phys. Rev. C 53, R2602 (1996).

7. J.C. Hardy et al., Phys. Lett. B 71, 307 (1977).

8. J.C. Hardy, B. Jonson, P.G. Hansen, Phys. Lett. B 136,
331 (1984).

9. C.L. Duke et al., Nucl. Phys. A 151, 609 (1970).

10. M. Karny et al., Nucl. Instrum. Methods Phys. Res. B 126,
411 (1997).

11. Z. Hu et al., Phys. Rev. C 60, 024315 (1999).

12. Z. Hu et al., Phys. Rev. C 62, 064315 (2000).

13. M. Karny et al., Nucl. Phys. A 690, 367 (2001).

14. C. Plettner et al., Phys. Rev. C 66, 044319 (2002).

15.
16.
17.
18.
19.
20.
21.
22.

23.

24.
25.

26.

27.
28.
29.
30.
31.
32.
33.

34.
35.

36.
37.
38.

39.
40.
41.
42.

43.
44.

M. Gierlik et al., Nucl. Phys. A 724, 313 (2003).

M. Karny et al., Eur. Phys. J. A 25, s01, 135 (2005).

O. Kavatsyuk et al., Eur. Phys. J. A 25, s01, 211 (2005).
M. Karny et al., Eur. Phys. J. A 27, 129 (2006).

M. Kavatsyuk et al., Eur. Phys. J. A 29, 183 (2006).

O. Kavatsyuk et al., Eur. Phys. J. A 31, 319 (2007).
B.A. Brown et al., MSU-NSCL Report No. 1289 (2004).
J.L. Tain, D. Cano-Ott, Nucl. Instrum. Methods Phys.
Res. A 571, 719; 728 (2007).

A. Juodagalvis, D.J. Dean, Phys. Rev. C 72, 024306
(2005).

H. Grawe et al., to be published (2010).

G. Audi, O. Bersillon, J. Blachot, A.H. Wapstra, Nucl.
Phys. A 729, 3 (2003).

V.P. Burminsky, O.D. Kovrigin, Izv. Akad. Nauk SSSR,
Ser. Fiz. 45, 710 (1981).

. Barden et al., Z. Phys. A 329, 319 (1988).

. Keller et al., Z. Phys. A 339, 355 (1991).

. Rykaczewski et al., Z. Phys. A 332, 275 (1989).

. Plochocki et al., Z. Phys. A 342, 43 (1992).

. Rykaczewski et al., GSI-90-62 (1990).

. Rykaczewski et al., Z. Phys. A 322, 263 (1985).

. Eichler, G. Chilosi, N.R. Johnson, Phys. Lett. B 24,
140 (1967).

A. Martin et al., Eur. Phys. J. A 34, 728 (2007).

B.A. Brown, K. Rykaczewski, Phys. Rev. C 50, R 2270
(1994).

S.E. Koonin, K. Langanke, Phys. Lett. B 326, 5 (1994).
D.J. Dean et al., Phys. Lett. B 367, 17 (1996).

S.E. Koonin, D.J. Dean, K. Langanke, Phys. Rep. 278, 1
(1997).

K. Stimmerer et al., Nucl. Phys. A 616, 341c (1997).

D. Bazin et al., Phys. Rev. Lett. 101, 252501 (2008).

D. Seweryniak et al., Phys. Rev. Lett. 99, 022504 (2007).
I.G. Darby et al., contribution to the &th Interna-
tional Conference on FEzotic Nuclei and Atomic Masses
(ENAMO08), September 7-13, 2008, Ryn, Poland.

K. Pham et al., Phys. Rev. 51, 426 (1995).

T. Faestermann et al., contribution to the 5th Interna-
tional Conference on Exotic Nuclei and Atomic Masses
(ENAMO08), September 7-13, 2008, Ryn, Poland.

HRRP> AT

. L. Batist et al., Z. Phys. A 351, 149 (1995).
46.
47.
48.

L. Batist et al., Nucl. Phys. A 720, 245 (2003).
A. Algora et al., Phys. Rev. C 68, 034301 (2003).
A. Algora et al., Phys. Rev. C 70, 064301 (2004).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


