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p-decay energies of neutron rich tin, antimony and tellur-
ium isotopes with mass number A=128 and 130 were
measured. The results obtained are discussed within the
framework of earlier measurements. Additionally nucle-
ar masses deduced from the experimental Qg-values are
compared with mass formulae predictions.

PACS: 21.10.Dr; 27.60. +]j

1. Introduction

About two decades ago first systematic studies were per-
formed to experimentally determine total f-decay ener-
gies of tin, antimony and tellurium nuclei in the vicinity
of the doubly magic nucleus '*2Sn. All these studies had
been performed using plasma type ion sources at OSIRIS
and TRISTAN [1-5]. In general mass-values, which can
be deduced from Qg-values, of nuclei far away from the
region of f-stability are of considerable interest for the
understanding of the r-process in the nucleosynthesis,
for the testing of theoretical mass-formulae and for decay
heat calculations. But furthermore, since most of the nu-
clei investigated here are p-decaying from different
isomeric states which at present are known not to be
interconnected by internal transitions, Q-measurements
offer the posibility to get information about properties
of these states, which especially in the case of '*°In, are
of importance for determinations of shell model parame-
ters in this region.

From a study of the cumulative yields and the
isomeric ratios performed at OSTIS [6] it became evi-
dent, that for indium isotopes in the mass range
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123 £ A <129 at odd mass numbers high spin states and
at even mass numbers low spin states are preferentially
fed. At mass 4=130 a quantitative expression has not
yet been given, but the experimental results obtained
indicate, that the relative feeding of the low spin state
is even stronger as compared to ?%In where it was deter-
mined with 66% . Due to the chemical selectivity of the
high temperature ion source, samples of the most neu-
tron-rich isotopes are not disturbed by isobaric contami-
nants with higher Z, known to be much more abundant
in the fission of 23°U. Secondly, in both isobaric chains
investigated, the strength of different isomers of tin, anti-
mony and tellurium depend through f-decay relations
only on the yields of the corresponding indium isomers,
whereas plasma type ion sources approximately repro-
duce the isomeric yields of these nuclei obtained after
thermal neutron induced fission of 233U. Of course, both
experimental procedures offer advantages. But since we
applied a production mechanism, known to produce
highly pure samples of indium radionuclides, we started
a series of yy- and fy-measurements aiming to improve
the knowledge about these near-to-closed-shell nuclei,
acquired during the past 18 years. Here we report on
the results of the 0 -measurements.

2. Experimental procedures

Qy-measurements on indium isotopes and their f-decay
daughters with masses A =128 and 130 were performed
at the on-line mass separator OSTIS installed at the
high-flux reactor in Grenoble with measuring periodes
of 1 and 5 days, respectively. The separator was equipped
with a high-temperature ion source [7] providing
sources of indium from thermal neutron induced fission
of 235U with a contamination from neighbouring masses
of about 10™%,

Listmode formatted ffy-coincidence matrices were re-
corded on a PDP-11 based data-acquisition system sam-
pling signals from a high precision Ge(HP)-4 E-(Gas) -
telescope [8] correlated in time to events from a 40%
Ge(HP) y-detector. Both detectors were mounted under
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an angle of 180 degrees at distances of approximately
3.0 cm and 5.0 cm relative to a fixed mylar tape on which
the mass separated indium ions were collected. To reduce
the y-background competing with the radiation from the
decay of about 600(200) ions per second of *28In(**°In)
at the measuring position, the whole detector set-up was
shielded with lead.

3. Data-evalnation

For the energy calibration of the Ge(HP)-f-detector we
used y-sources in the range from 0.5 to 3.3 MeV and
for energies up to 9.3 MeV the background radiation
from neutron capture of iron and nickel. The energy
loss of the electrons in the AE-Gas detector system is
known to be 21(1.5) keV [8]. This error together with
the influence of the detector response (5 keV) [9], the
nonlinearity (1 keV) and quantizing uncertainty (2 keV)
of the 12 bit-ADC and the calibration error (1.0 keV)
result in a systematic error of 10.5 keV. The effects of
amplification instabilities and pile-up effects have proven
to be negligible.

In a first step the f-spectrum coincident to the y-line
of interest was obtained after subtraction of a peak- and
a background-window taken from the pBy-coincidence
matrix. Since in many cases this procedure does not to-
tally compensate background effects, in a second step
a constant or a linear function was subtracted from the
spectrum. In a third step the Fermi-Kurie parameter

|/ N/FPW was calculated where N is the electron intensi-
ty obtained by unfolding the measured spectrum with
the detector response function [9], P and W the relativis-

Table 1. Q,-values of f-spectra coincident with different y-gates at
mass A=128, The level and gate energies are due to the results
obtained in [13]

Gate Level  Fit-range E, 0P
[keV] [keV] [keV] [keV] [keV]
1281n(3%) 42973 4297.3  2100-4500 4650 8950 (120)
3519.6 3519.6 3500-5500 5440 8960 (200)
5379 26422 3500-5000 6050 8690 (450)
1089.2 2258.1 4200-6100 6200 8460 {450)
21042 21040 5800-6600 6770 8870 (240)
9350 21040 5800-6800 6880 8980 (280)
1168.7 1168.7  6500-7400 7620 8790 (350)
128In(87) 19739 4065.6 2400-5100 5160 9225 (170)
1867.2  3958.7 2400-5200 5250  9210(130)
10672 42429 2500-5100 5120 9360 (250)
1054.8 42429  2400-4900 4950 9190 (200)
2572 23780 4200-6600 6750 9130 (400)
1288n 0* 630.5 8334  200- 380 428 1261 (23)
5573 635.1 300- 550 627 1262 (23)
4823 6351  300- 600 625 1260 (20)
4044 6351  300- 600 620 1255 (25)
128gp(5*)  753.9 18113  1700-2500 2590 4400 (50)
7423 1811.3 17002600 2570 4380 (50)
3140 18113 1600-2400 2590 4400 (40)

Table 2. Qg-values of S-spectra coincident with different y-gates at
mass A=130. The level and gate energies are due to the results
obtained in [13]

Gate Level  Fit-range E, Qp

[keV] [keV] [keV] [keV] [keV]
B301p(17) 12210 1221.2  7000-8200 8530 9750 (200)
41199  4500-5500 5880 10000 (150)
19052 41199 4000-5600 5770 9890 (150)
2091.6 41199 2000-5600 5630 9750 (250)
1301h(5) 408.1 24924 4300-7300 7510 10000 (250)
7744 19956 5300-7700 7700 9700 (300)
130[(107) 22591 42059 4000-5000 5960 10170 (170)
130Gn 0* 1925 697.1 1130-1400 1429 2126 (56)
1042.5  840-1140 1120 2163 (40)
2292 10425 750-1100 1112 2155 (22)
316.5 10425  900-1100 1123 2166 (60)
4346 6971  800-1300 1403 2100 (30)
779.9 10425  600-1100 1112 2155 (18)
1308y 7- 144.8 1043.8 2500-2900 2990 4030 (160)
311.5 1043.8  1800-2650 2900 3940 (110)
899.0 1043.8 18002900 2905 3950 (60)
1305 (5%) 348.5 1981.5 2300-2750 2780 4760 (220)
369.8 2832.8 1000-2150 2230 5060 (100)
6477 24629 2100-2500 2520 4980 (150)
697.5 23303 2200-2650 2720 5050 (110)
749.1 27651 1000-1950 2070 4840 (150)
816.5 2449.6 1700-2450 2530 4980 (60)
920.5 27356 1300-2200 2210 4950 (100)
9422 25751 1900-2350 2500 5070 (320)
1017.6  2832.8 1300-2100 2120 4950 (35)
1046.5 1886.1 1900-2900 3350 5240 (450)
1102.3 27356 1000-2150 2210 4945 (55)
1199.8 2832.8 1000-2000 2120 4950 (60)
1308h(87) 3033 24042 1500-2400 2470 4870 (400)
330.8 2146.1 1800-2650 2700 4850 (170)
4554 35364 900-1400 1540 5080 (90)
9349 3080.9 1300-1800 1820 4900 (220)
1443.8  3544.7 700-1200 1300 4850 (200)

tic electron momentum and energy, respectively, and F
is the Fermi function. In many cases the resulting f-
spectra are rather complex, since they are composed by
different branches, that means f-transitions populating
excited levels of higher energy connected to the low lying
level by p-cascades. In the Kurie presentation these
branches are linear in energy, therefore, in the last step
a weighted least squares fit to the high energy branch
gave the Eg-value and, by adding the level energy, the
total f-decay energy was obtained. If the linear function
obtained in the first fit is subtracted from the data, the
procedure can be repeated to determine end point ener-
gies of low energy branches. As can be seen from Table 2,
this was done in the case of the 1221 keV and 193 keV
y-transitions. The various fit-ranges are listed in Tables 1
and 2. In a few cases it ended well below the E; value
due to background problems mentioned above. The total
error for each gate is given as the sum of the fit- and
the systematic-error. Qg-values are calculated from the
different Ej-values as weighted mean.



Table 3. Summary of experimental Q, values obtained in this work
compared with earlier results

Qs 0, (lit) Ref.
[keV] [keV]
A=128
In(8") 9230 (90) 9390 (220) [3]
9330 (30) [10]
In(3*) 8910 (90) 9310 (160) [3]
8990 (50) [10]
Sn0* 1260 (15) 1290 (40) [2]
1270 (30) (121
Sh(s") 4395 (30) 4390 (40) (2]
A=130
In(17) 9880 (90) 9300 (500) [4]
10120 (180) (5]
10170 (50) [10]
In(5™) 9880 (200) 10730 (150) [5]
10610 (50) [10]
In(107) 10170 (170) 10320 (90) [5]
10250 (30) [10]
Sn 7" 3955 (50) 4000 (310) [2]
Sn 0" 2145 (15) 2190 (30) [2]
Sb(8") 4990 (70) 5900 (300) [1]
Sbh(5*) 4960 (25) 5020 (100) [2]

4. Results on 4=128

In Table 1 the results of all y-gates specific to the A =128
nuclei investigated are shown. Table 3 compares these
results with the experimental Qg-values from literature.
In general the agreement is good. The Q -value of 1**Sn
reported by Aleklett et al. [3] seems to be overestimated,
since the value reported recently by Fogelberg et al. [10]
is close to our result. The Qg-value of ***Sn was found
to be 1260(15) keV. This result is based on f-spectra
coincident to four y-transitions placed according to the
decay scheme of [11]. Three transitions originating from
the decay of the (5%)-state in *28Sb were used to deter-
mine the Qg-value of this nucleus to be 4395(30) keV
which is in agreement with the result obtained in [2].
Hindered by the weakness of all transitions following
the decay of the (8 7)-state we did not attempt to deter-
mine the difference between the isomeric- and ground-
state of this nucleus which is expected to be less than
20 keV [2].

5. Results on A=130

All E;-values obtained in the present work are compiled
in Table 2. In Table 3 the derived Qg-values are pre-
sented together with previously published results.

5.1. Qg-value of *°In

The calculation of Qg-values of the (17)-, (57)- and
(107)-states of 3°In is based on the evaluation of 3,
2 and 1 y-coincident f-spectra, respectively. In the case
of the (17 )-isomer the 1221 keV- and 4120 keV-states,
interconnected by strong y-transitions are preferentially
fed by f-decay and thus, as can be seen from Fig. 1a,
a low- and high-energy component in the f-spectrum
coincident to the 1221 keV-transition was fitted. Analo-
gous to the data presented in [5] Fig. 1b contains f-
spectra coincident to the 1221 keV- and 1905 keV-transi-
tions, assigned to the (17 )-isomer, and the 2259 keV-
transition, assigned to the (10~ }-isomers, respectively. As
can be seen from the lower part of Table 3 experimental-
ly determined p-decay energies of **°In differ considera-
bly. Although the error bars of the f-decay energies ob-
tained in our measurement are larger than those re-
ported by Fogelberg et al. [5] and [10], the comparison
between all these investigations shows that the decay
energies from the (10 7)-states are consistent within the
error bars, but the relative energies of the (17)- and the
(5" )-states obtained differ from 0 keV by about 0.8 MeV.
Taking into account the results shown in Table 2 one
finds, that with the exception of the 1221 keV-transition
Eg-values of the two negative parity isomers are below
6 MeV, whereas both transitions assigned to the
(5%)-isomer have Eg-values above 7.5 MeV. Comparing
Fig. 1 with the f-spectrum coincident to the 1221 keV-
transition shown in [5] the difference between the
Qg-values of the (5 *)-isomer obtained by Fogelberg et al.
and us can be explained as due to different encrgy cali-
brations for electrons with energies above 6 MeV, taking
into account that the energy calibration of the detector
system has been performed up to an energy of 4 MeV,
respectively 9.3 MeV by Fogelberg et al. [5] and us. Nev-
ertheless, this conclusion ignores that Fogelberg et al.
base the Qg-value of the (5*)-state on three additional
y-transitions with Eg-values up to 6.3 MeV. Therefore
further experiments have to be performed to get unambi-
guous information about the energetic distance and the
ordering of the three f-emitting states in **“In.

5.2. Qg-value of '3%Sn

Already in one of the first publications on the decay
of 13°In [4] it became evident that the 4*-member of
the groundstate band of '*°Sn is placed above the
7~ -state, which becomes isomeric, since transitions to
all lower lying levels (which have spins I £2, n= +) are
strongly forbidden. According to the fact that the
7~ -state lies 1947 keV above the ground state of 3°Sn
[12] we calculated from our data, that in '3°Sb the
(8 ")-state is placed 137(52) keV above the (5% )-state and
that the Qg-value of **°Sn is thus 2145(15) keV. Con-
cerning the 193 keV-transition, Table 2 contains two en-
tries, which are due to a low-energy and a high-energy
branch originating from p-decay to the 1043 keV- and
the 697 keV-states, respectively.
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5.3. Qg-value of "*°Sb

To confirm this result we additionally calculated the en-
ergy of both states relative to the ground state of the
even-even nucleus **°Te. As can be seen from Fig. 2 we
placed the (5%)-isomeric state in 3°Sb 4960(25) keV
above the ground state of 3°Te which is in good agree-
ment with the value of 5020(100) keV reported by [2].
From 5 y-coincident f-spectra we obtained a decay ener-
gy from the (8 7)-state of 4990(70) keV yielding a differ-
ence between the isomeric and the ground state of
30(75) keV which is consistent with the value of
137(52) keV mentioned above. The strong 732 keV tran-
sition was not taken into account since from yy-coinci-
dence data this transition was found to belong also to
the level scheme of '*°Sb populated from the decay of
the 77 -state in '3°Sn [13]. From [1] a Qs-value of
5900(300) keV for the decay from the (8 7)-state was re-
ported which is about 0.9 MeV above the value deter-
mined in our work.

In the discussion about the origin of this discrepancy
one has to take into account, that the precision of S-
decay energies obtained from Qg-measurements firstly
depends on the energy of the f-transition, since the high-
er the f-decay energy is, the higher the total number
of events in the spectrum has to be. Secondly, it depends
on the energy of the coincident y-transition, since the
lower the energy of the gate is, the more important the
influence of electrons coincident to compton scattered
y-rays becomes. Furthermore, the latter effect depends
on the endpoint energy of the S-transition. For example
the background handling in the f-spectra coincident to
409 keV 7y-ray following the decay of *3%In was straight
forward, since at encrgies above 6 MeV clectrons coinci-
dent to scattered y-rays did not contribute. Instead, in
the case of the transitions following the decay of the
negative parity state in 13°Sb it was not possible to dis-
tinguish between contributions of electrons coincident
to scattered y-rays and a possible high energy compo-
nent. Due to the weakness of these y-transitions only
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Table 4. Summary of experimental mass excesses M., obtained for antimony, tin and indium isotopes with masses 4 =128 and 130

and comparisions with different mass formulae predictions M, 4

Nuclide M M

exp

exp Mpred [MCV]

[MeV]
[14] [15] [16]

[17] [18] [19] [20] [21] [22]

1zssb
IZSSH
1281n
13OSb
130Sn
13OIn

—84.60 (0.03) —048 —0.44 021
—83.34 (0.03) —0.14 —0.03 0.06
—74.43 (0.10) 0.15 0.08 0.50
—82.39 (0.03) —0.46 —041 0.06
—80.24 (0.03) —0.05 —0.05 —0.26
—70.36 (0.10) —0.04 ~0.03 0.78

0.19 —0.06
-0.08 0.06
0.28 0.13
011 —0.03
-0.35 —0.18
0.59 —-0.05

—0.04
—0.54

-0.57 —0.11 —0.41
—032 —0.05 —0.01
—0.08 —-0.12 —0.02 0.01
—0.50 —0.28 0.15 —0.35
—-0.78 0.01 —0.14 —0.11

029  —020  —018  —0.06

47

4350 (78)

4960 (25)

Mo L SO g
130 14

Fig. 2. Schematic summary of f-decaying states and decay energies
of tin, antimony and tellurium nuclei with mass 4 =130

the branches with Eg-values which are shown in Table 2
could unambiguously be identified. It should be noted
though that the E, value for '*°Sb(87) results from sub-
traction of an intense background component.

As consequence, the continuation of this discussion
has to be based on further experimental data. On the
other side it has become obvious, that to reinvestigate
the decay of the negative parity state in **°Sb not neces-
sarily very strong sources have to be used, but that con-
tributions from other B-decaying nuclei with high energy
electrons have to be carefully suppressed.

6. Calculation of nuclear masses

Starting from that member of an isobaric chain, whose
mass is known, the masses of isobars further away from

the line of f-stability are determined by adding measured
total f-decay energies. Based on the masses of the stable
tellurium isotopes [14] in Table 4 the mass excesses of
antimony, tin and indium isotopes with masses 4 =128
and 130 are compared with mass formulae predictions
based on empirical models [15, 18, 20-22], the liquid
drop model with shell corrections [16], the finite range
droplet model [17] and the infinite nuclear matter model
[19]. Although restricted to a limited number of experi-
mental data the comparison allows to test mass formulae
predictions for nuclei far away from the line of f-stability
but also near a doubly closed-shell nucleus. To classify
the individual models one finds from a comparison of
the experimental and the calculated mass values of the
different indium, tin and antimony nuclei that for both
the A=128 and 130 nuclei a predictive quality better
than 0.2 MeV is only achieved by four models. The mod-
els of Dussel et al. [15] and Masson et al. [22] reproduce
the mass values of tin and indium nuclei with masses
A=128 and 130 within this limit but fail in estimating
the values for the antimony nuclei, whereas the models
of Comay et al. [18] and Jénecke et al. [21] show an
agreement for all 6 nuclei investigated. On the other side
one has to take into account the character of the different
models and that due to the inherent procedure of the
empirical mass formulae the extrapolation by a few nuc-
leons is always rather good.

For financial support of this work the authors are indebted to
the Bundesministerium fiir Forschung und Technologie.
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