
nIGISOL 2016

Measurement of n-induced Fission Yields

of tin and antimony

Technical Report

Mattera, A.

Abstract

The first run of neutron-induced fission yields measurement at IGISOL-4 was performed
from Friday December 9th to Monday December 12th, 2016.

After mass separation of the fission products with the dipole magnets, ions were implanted
on a movable tape and identified using γ-spectroscopy. Measurements were carried out using
a Canberra GC7020 70% coaxial p-type HPGe detector.

In this report some details of the detector calibration and of the analysis procedure will
be described.

1. Introduction

The experimental campaign for the measurement of fission yields at JYFL-ACCLAB/IGISOL
started on December, 5th. The first two days were dedicated to the tuning of the parameters
for the transport of ions through the elements of the beam-line (e.g. SPIG, Dipole magnet,
switch-yard, ...).

Selecting the best settings for optimum transport requires an amount of ions that allows
an easy detection at the online measuring stations and that can show significant changes in
current. To ensure that enough ions were present, in the first two days of the campaign fission
products produced in the 25 MeV proton1-induced fission of natU were detected. Detection

1Protons were delivered by the K130 cyclotron



of fission products in specific mass chains (A = 96, 131) was also used as a confirmation
that the ions were extracted from the fission ion guide with the expected efficiency and as a
reference to compare in the subsequent neutron-induced runs.

The neutron converter was installed on December, 9th. 30 MeV protons were delivered
again by the K130 cyclotron at a current of 10 µA

During the run, the potential of the extraction electrode was reduced from 30 kV (used
in the p-induced fission case) to 24 kV. As a consequence, settings for the B-field of the
dipole magnet — obtained during the preceding proton-induced fission run — had to be
re-calculated in order to properly select the desired mass chains.

After several hours of unsuccessful tuning of the beam-line parameters and acquisition of
γ spectra with few, hard-to-assign peaks (data files: 20161210_probably_background.CNF
- 20161210_probably_background7.CNF), a breakthrough at 16:22 on Saturday December,
10th marks the start of the actual data-taking.

From the logbook:

Beta count rate increased from 40 cps to 90 cps. Reason: Dima reset the
settings at SW after some playing.

2. Setup

The γ-spectroscopy setup is based on a Canberra GC7020 70% coaxial p-type HPGe
detecor, pointed at the implantation tape and operated in coincidence-mode with a plastic
scintillator (β-detector) that surrounds the tape itself. A pulse above threshold from a
β-decay activates the coincidence mode in the HPGe. The setup is shown in figure 1.

Energy calibration was performed using characteristic peaks from 60Co, 106Rh, 40K and 208Tl
(20161210_gamma_calibration_spectrum.CNF). An efficiency calibration was performed
afterwards using an 152Eu source (20161212_EuBa_calibration_2.CNF) and is discussed in
sect. 3.

3. Detector Efficiency Calibration

A relative efficiency calibration has been done using an 152Eu source. Data were acquired
for T =900 s (Live Time) and the areas of the characteristic γ-lines extracted using FitzPeaks.
The efficiency i for each energy was calculated as:

εi =
Ai
Ii(γ)

(1)

where Ai is the integrated number of counts of the peak at energy i, Ii(γ) is the intensity
of the γ-line at energy i.
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Figure 1: HPGe detector A pointed at the implantation tape surrounded by the plastic scintillator B .

was used to interpolate the data-points.
In eqn. 2, ε is the relative detection efficiency, E the energy of the photons. The best

values of the parameters obtained from the fit are:

a = −29.0 ± 0.2

b = 11.89 ± 0.05

c = −1.501 ± 0.007

d = (3.51 ± 0.09) × 10−2

e = (2.4 ± 0.1) × 10−3

f = (8.3 ± 1.2) × 10−1

The result of the fit, along with the efficiency data-points, is shown in figure 2.
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Figure 2: Calibration efficiency of the HPGe detector using the 152Eu source.

4. Data Analysis

This report will focus on the measurements performed in the heavy-mass region (A =
128-133). γ-spectroscopy measurements have been done also for masses A = 96-97 (1+/2+
ionization states), but data will be analysed at a later stage. As a routine in the data-
acquisition procedure, the implantation tape was moved after switching to new settings of the
dipole magnet (i.e. after changing mass), we can then expect very low cross-contamination
from different mass chains.

In most mass chains, not more than 2-3 elements can be recognised from the spectrum.
In some cases, isomeric states can be distinguished based on their characteristic γ-lines.

Table 1 shows an overview of the measurements and which nuclides were identified. The
color-coding tries to show how clearly each nuclide was identified in the spectra (from red =
’not seen’, to green = ’easily recognisable’; a white box signifies that that specific nuclide
(isomer) was not expected). Given the overall picture outlined in tab. 1, we focused our
attention only on those elements for which a more systematic study can be attempted. In
the following we will only discuss data for tin (Sn) and antimony (Sb).

The peaks were identified based on the information retrieved from nuclear data libraries.
Besides the energy, the most important quantity necessary to extract the integrated activity
over the measurement time are the intensities of the different γ lines. For some nuclides and
isomeric states, information from different sources are incomplete or contradicting.

Peak positions were selected based on the a-priori knowledge of the energy of the strongest
γ-lines of the nuclides of interest extracted from nuclear data tables (hence, the low counts -
compatible with background - in some of the peaks). The correction for the detector efficiency
has been introduced manually (i.e. without relying on the FitzPeaks built-in calibration),
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Table 1: Qualitative overview of the nuclides identified in the γ-spectroscopy measurement. The color-coding
tries to show how clearly each nuclide was identified in the spectra, from red = ’not seen’, to green = ’easily
recognisable’; a white box signifies that that specific nuclide (isomer) is not expected.

Element

Mass

Nr. 128 129 130 131 132 133

Cd-m
Cd

In-m
In

Sn-m IT

Sn
Sb-m

Sb HL HL

Te-m
Te
I-m

I

based on the fit discussed in sect. 3. Correction for the acquisition time (buildup and decay
of radionuclides) have been included in a subsequent step, once the integrated activity was
extracted for all nuclides.

In the following, we will report the decay data and the transitions used for the extraction
of the yields in each mass spectrum. In the tabs. 2-7, decay data labelled N , are obtained
from ref. [1] (National Nuclear Data Center); decay data labelled J are obtained from
ref. [2] (Japanese Atomic Energy Agency); decay data labelled K are obtained from ref. [3]
(Karlsruhe Nuclide Chart).

When more than one peak was visible for a certain nuclide, the weighted average

avgw =

∑
iAi(

1/σ2
i )∑

i(
1/σ2

i )
(3)

was used to obtain a value for the integrated activity.
When a peak was common to more than one nuclide (typically, ground and isomeric

states of a nuclide), it was not used in the analysis.
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Figure 3: Spectrum acquired for mass A = 128. T =7200 s

Table 2: List of the γ-lines used in the extraction of nuclides activities for A = 128.

Decay
Nuclide Iγ

Energy Area Eff Parent’s
data (keV) (counts) (%) decay

N 128Sn 0.59 481.8 29(18) 0.33 150(94)

N 128Sn 0.165 557.6 22(16) 0.31 430(320)

N 128mSb 0.89 313.5 222(42) 0.38 656(125)

N 128mSb 0.96 742.9 139(31) 0.26 552(123)

N 128mSb 0.96 753.6 127(26) 0.26 507(102)

Table 3: List of the γ-lines used in the extraction of nuclides activities for A = 129.

Decay
Nuclide Iγ

Energy Area Eff Parent’s
data (keV) (counts) (%) decay

N 129In 0.42 2118.6 15(13) 0.14 260(220)

J 129Sn 0.88 644.8 151(39) 0.28 607(157)

J 129mSn 0.46 1128.1 28(14) 0.20 298(150)
J 129mSn 0.09 1155.5 12(11) 0.20 710(658)
J 129mSn 0.52 1161.2 36(14) 0.20 348(134)

N 129mSb 0.62 433.4 131(30) 0.35 612(141)

N 129mSb 0.78 657.4 84(26) 0.28 381(118)

6



Energy (keV)
0 500 1000 1500 2000 2500 3000

# 
co

un
ts

0

10

20

30

40

50

60

70

80

A = 129

Figure 4: Spectrum acquired for mass A = 129. T =7200 s
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Figure 5: Spectrum acquired for mass A = 130. T =7200 s
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Table 4: List of the γ-lines used in the extraction of nuclides activities for A = 130.

Decay
Nuclide Iγ

Energy Area Eff Parent’s
data (keV) (counts) (%) decay

N 130Sn 0.67 191.6 275(62) 0.38 1092(247)

N 130Sn 0.195 228.4 92(32) 0.39 1219(429)

N 130Sn 0.161 743.3 30(21) 0.26 706(490)

N 130Sn 0.56 780 94(31) 0.25 663(218)

N 130Sn 0.137 434.2 48(26) 0.35 1005(559)

N 130mSn 0.23 144.2 26(23) 0.34 335(294)

N 130mSn 0.081 898.5 31(19) 0.23 1637(1022)

N 130Sb 0.78 330.7 176(39) 0.38 601(132)

N 130Sb 0.18 467.8 55(27) 0.33 918(444)

N 130Sb 0.19 934.4 27(20) 0.23 629(462)

N 130mSb 0.3 1018 72(28) 0.21 1123(431)
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Figure 6: Spectrum acquired for mass A = 131. T =7200 s
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Table 5: List of the γ-lines used in the extraction of nuclides activities for A = 131.

Decay
Nuclide Iγ

Energy Area Eff Parent’s
data (keV) (counts) (%) decay

J , K 131Sn 0.86 798.2 71(27) 0.25 332(125)

J 131mSn 0.32 303.9 65(31) 0.38 532(253)
J 131mSn 1.00 1226 37(19) 0.19 196(100)
J 131mSn 0.30 1228.7 22(19) 0.19 390(325)

N 131Sb 0.24 642 153(35) 0.29 2238(510)

N 131Sb 0.26 932.9 183(31) 0.23 3054(510)

N 131Sb 0.47 943.2 279(47) 0.23 2622(443)

N 131Te 0.69 148.7 440(52) 0.34 1852(219)

N 131Te 0.18 451.9 165(40) 0.34 2673(647)

N 131Te 0.05 1147.5 22(17) 0.20 2250(1692)
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Figure 7: Spectrum acquired for mass A = 132. T =7200 s
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Table 6: List of the γ-lines used in the extraction of nuclides activities for A = 132.

Decay
Nuclide Iγ

Energy Area Eff Parent’s
data (keV) (counts) (%) decay

N 132Sn 0.42 246.2 309(56) 0.39 1892(342)

N 132Sn 0.488 340 276(66) 0.37 1518(361)

N 132Sn 0.44 898.3 153(30) 0.23 1497(295)

N 132Sn 0.366 992.1 128(33) 0.22 1607(413)

N 132Sn 0.14 1238.5 51(23) 0.19 1938(866)

J 132Sb 0.139 103.1 13(11) 0.26 364(302)
J 132Sb 0.109 816.3 137(35) 0.25 5071(1314)
J 132Sb 0.141 989.3 131(34) 0.22 4249(1096)

J 132mSb 0.66 150 50(28) 0.35 218(120)
J 132mSb 0.13 496.1 34(43) 0.33 803(1020)
J 132mSb 0.18 1041.9 46(21) 0.21 1217(551)
J 132mSb 0.1 1166.9 32(21) 0.20 1625(1063)

N 32I 0.133 635.5 97(30) 0.29 2548(792)

N 32I 0.987 667.4 26(22) 0.28 94(81)
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Figure 8: Spectrum acquired for mass A = 133. T =3600 s
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Table 7: List of the γ-lines used in the extraction of nuclides activities for A = 133.

Decay
Nuclide Iγ

Energy Area Eff Parent’s
data (keV) (counts) (%) decay

N 133Sb 0.185 816.9 82(26) 0.25 1804(565)

N 133Sb 0.111 837 43(21) 0.24 1584(770)

N 133Sb 0.430 1096 177(30) 0.21 2009(337)

N 133Sb 0.125 2754.5 28(14) 0.12 1833(894)

N 133Te 0.624 311.5 727(80) 0.38 3062(337)

N 133Te 0.271 407.3 225(43) 0.35 2346(448)

N 133Te 0.107 1333.1 33(14) 0.18 1710(745)

N 133mTe 0.835 912.5 53(20) 0.23 277(101)
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5. From Activity to Fission Yields

Once the corrections for the detector efficiency and the γ-intensities have been applied, we
obtain a value of the integrated activity (i.e. total number of decays) over the measurement
time for each nuclide.

Depending on the half-life of the nuclides and their precursors, this value has a dif-
ferent significance and needs a different treatment. In general, what we try to extract is
the production rate (or yield), be it cumulative (including the precursors as a source) or
independent.

5.1. Order-0 approximation

If one assumes that the nuclide under study and its precursors are short-lived enough, the
first approximation is that they all reach saturation in a tiny fraction of the measurement
time.

If saturation is reached, the production rate equals the decay rate, so that just by
dividing the integrated activity (A) by the measurement time (T ), one can easily extract the
production rate, or yield (FY ):

FY = A/T (4)

Even if the measurement time was relatively long (2 hours in most cases), this simplification
is only applicable to a minority of cases (e.g. 131Sn, 131mSn, 133Sb).

5.2. Order-1 approximation

A more realistic approach is to assume that the saturation condition is reached at the
measurement start time only for the precursors of the nuclide under analysis.

With this approach, the integrated activity (A) becomes:

A =

∫
T

FY · (1 − exp(−λt)) dt = FY

[
T − 1 − exp(−λT )

λ

]
(5a)

so that the production rate (FY ) can be extracted as:

FY =
A

T − 1−exp(−λT )
λ

≈ A

T − 1/λ
(5b)

that becomes eqn. 4 for 1/λ � T .
This approximation is very convenient since one can extract FY (cumulative yields, in

this case) also for longer-lived nuclei, without any knowledge of the yield of the precursors,
as long as these precursors have short half-lives.

The simplification is valid for all isotopes of Sn and some isotopes of Sb. It is certainly
not valid for 128Sb (whose precursor 128Sn decays with a half-life of 59.1 min).
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5.3. Independent Yields of Sb

We measured the cumulative production rate of Sn: we can use this information to subtract
the contribution of precursors from what we measure from Sb and obtain independent fission
yields.

We have to be careful, because of the different transport efficiencies for Sn and Sb. If the
half-life is long enough, however, we can assume the the decays βSn→Sb happen on the tape
(i.e. after transport and element selectivity). The PR we have measured for Sn is the same
that will contribute to the increased activity of Sb caused by β-decay of Sn.

For each mass-chain, we can write two simplified equations:

dN tot
Sb = PRSb−fis + PRSb,Sn −NSbλSb (6a)

dNdec
Sb = PRSb,Sn −NSbλSb

= NSnλSn −NSbλSb
(6b)

where N tot
Sb is the total number of Sb nuclides, PRSb−fis is the production rate of Sb

nuclides through fission, PRSb,Sn is the production rate of Sb nuclides through decay of
the Sn precursors, λSb is the decay constant of Sb and Ndec

Sb is the number of Sb nuclides
produced in the decay of Sn precursors.

The integral of eqn. 6a over the measurement time T , equals the total Sb activity measured
with γ-spectroscopy. Eqn. 6b, can be solved to find the total number of decays measured in
the γ-spectroscopy run that correspond to Sb nuclei created in the decay of Sn precursors.
Subtracting this from the integral of eqn. 6a, we are able to extract the Independent Yields
of Sb.

Following the procedure outlined above, we can obtain Cumulative Yields for five isotopes
of Sn (128 to 132) and Independent Yields for six isotopes of Sb (128 to 133). Results will
be reported in a future publication.
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