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Abstract. Beta decay of ﬁssion products is at the origin of decay heat and antineutrino
emission in nuclear reactors. Decay heat represents about 7% of the reactor power during
operation and strongly impacts reactor safety. Reactor antineutrino detection is used
in several fundamental neutrino physics experiments and it can also be used for reactor
monitoring and non-proliferation purposes. 92,93 Rb are two ﬁssion products of importance
in reactor antineutrino spectra and decay heat, but their β-decay properties are not well
known. New measurements of 92,93 Rb β-decay properties have been performed at the
IGISOL facility (Jyväskylä, Finland) using Total Absorption Spectroscopy (TAS). TAS
is complementary to techniques based on Germanium detectors. It implies the use of a
calorimeter to measure the total gamma intensity de-exciting each level in the daughter
nucleus providing a direct measurement of the beta feeding. In these proceedings we
present preliminary results for 93 Rb, our measured beta feedings for 92 Rb and we show
the impact of these results on reactor antineutrino spectra and decay heat calculations.
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1 Introduction
In reactor cores, beta decay of ﬁssion products is at the origin of the emission of a large amount of
electron antineutrinos. About 1021 neutrinos per second are emitted from a 1 GWel power reactor.
This makes reactors a powerful source for neutrino oscillation experiments and suggests the possibility of using this massive ﬂux for applied purposes such as fuel or reactor monitoring. Indeed the
reactor antineutrino ﬂux depends on fuel composition and reactor power [1, 2]. Motivated by an interest shown by the International Atomic Energy Agency in this idea [3], the scientiﬁc community
started to actively explore this possibility with several dedicated experiments [4].
The beta decay of ﬁssion products is also at the origin of the decay heat which is about 7% of the reactor power during operation and the only source of energy when the reactor stops, generating strong
safety constraints.
Both antineutrino spectra [5, 6]) and decay heat [7] can be calculated using the summation method
which consists in summing the contribution to the desired quantity (decay heat or antineutrino energy)
from each ﬁssion product present in the reactor core at a certain moment. In both ﬁelds, the advantage
of this calculation respect to integral measurements is its usefulness in making predictions for future
reactors. This is also an essential feature for safety and non-proliferation applications.
This method uses present nuclear data bases as input data for ﬁssion yields and decay data (energy
spectra). Thus the precision of these data bases is extremely important for these calculations. One
known problem aﬀecting beta decay data bases is the so called "Pandemonium eﬀect" [8], which
arises from the diﬃculty that can occur in constructing nuclear level patterns for complex decays using Germanium detectors, especially when transitions are of high-energy or in regions of high level
density, leading to a distortion in the reconstructed beta decay feeding.
The decays of 92,93 Rb are not well known in the data bases and they are candidates for the "Pandemonium eﬀect". They have been selected [9] because they are major contributors to the antineutrino
spectra. Moreover 92 Rb is indicated as priority 2 in decay heat calculations for the U/Pu cycle and
priority 1 for the Th/U cycle [10, 11] .
In this paper we will present new preliminary results for the beta decay properties of 92,93 Rb obtained
with TAS measurements and we will discuss the impact of these results on antineutrino spectra and
decay heat calculations.

2 Total Absorption Spectroscopy (TAS) measurements of 92,93 Rb
A total absorption spectrometer should detect the de-excitation gammas emitted by the daughter
nucleus after beta decay with an eﬃciency as close as possible to 100 %. The detection of the
total gamma cascade allows for directly measuring the energy of the level fed and then the feeding
probability can be deduced from the energy spectrum acquired during the experiment by solving the
so called "inverse problem" d = R × f , where d is the measured energy spectrum, R is the detector
response and f is the feeding to the excited levels in the daughter nucleus [12, 13].
92,93
Rb have been measured at the IGISOL facility of the Jyväskylä University (Finland) [14] which
is equipped with the double penning trap JYFLTRAP system [15], allowing for very precise selection
of ﬁssion products. The TAS detector consisted of 12 BaF2 crystals arranged in a compact geometry
as shown in [16]. Each crystal is observed by a photomultiplier tube converting the scintillation light
into an electrical signal proportional to the detected energy. The gamma detection eﬃciency is about
80 % at 5 MeV. A beta detector has been placed in the centre of this spectrometer, facing the source
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Figure 1: (a) Upper panel: Comparison between cleaned raw data (black continuous line) and reconstructed spectrum (blue dotted line) from beta feeding after solving the inverse problem for 92 Rb.
Lower panel: Residues between the two curves of the upper panel. (b) Comparison between the beta
feeding from [9] in bleu continuous line and the feeding extracted from ENSDF data base [18] in red
dotted line for 92 Rb. The g.s. feeding of 92 Rb from [9] is 87.5 ± 2.5 % instead of the 95.2 ± 0.7 %
reported in ENSDF. Figures are from [9].

implantation zone. This means that the background can be reduced by making coincidences between
the beta event and the following gamma emission from the levels in the daughter.

3 Data analysis
Raw data from the experiment have been cleaned of contaminants. Thanks to the purity of the beam
provided by the Jyväskylä facility and to the beta coincidence arrangement described before, the only
contaminants were produced by the daughter nucleus decay and the pile-up. These contaminants have
been subtracted as described in [9] for 92 Rb. In the case of 93 Rb, its daughter nucleus, 93 Sr, has a
neutron emission branch with 1.39 % probability. Both gamma and neutron contaminants have been
reproduced and subtracted as described in [17].
The resolution of the inverse problem to obtain the feeding distribution from these cleaned data has
been performed using a maximisation expectation algorithm based on the Bayes theorem and combined with a χ2 minimisation [13]. For 92 Rb, the spectrum obtained from the feeding estimated with
the inverse problem resolution is shown in ﬁgure 1a in blue dotted line and compared with the clean
experimental spectrum in black continuous line (ﬁgure from [9]). The lower panel of this ﬁgure shows
the residues between the two curves. The same analysis procedure has been applied to 93 Rb as shown
in [17].

4 Results and impact on the antineutrino spectrum and decay heat
calculations
Figure 1b shows the comparison between the beta feeding calculated as described in the previous
section (blue continuous line) and the feeding extracted from the ENSDF data base [18] (red dotted
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Figure 2: Comparison between the beta feeding from [17] in blue and the feeding extracted from
ENSDF data base [18] in red for 93 Rb.







Figure 3: Ratio between antineutrino spectra for 235,238 U and 239,241 Pu calculated with the new TAS
data for 92,93 Rb and with previous data from Rudstam et al. [20].

line) for 92 Rb (ﬁgure from [9]). The ground state (g.s.) feeding of 92 Rb from this work is 87.5 ± 2.5
% instead of the 95.2 ± 0.7 % reported in ENSDF.
Preliminary results for 93 Rb are shown in ﬁgure 2 and [17]. The results of this analysis (blue) are in
quite good agreement with the data from ENSDF data base (red) that already contains results from
previous TAS measurements for this nucleus from Greenwood et al. [19].
Figure 3 contains the ratio between the antineutrino spectra calculated with and without these new
data and emitted by 235,238 U and 239,241 Pu isotopes. The spectra without these data are calculated as
described in [6] using Rudstam’s [20] results for 92,93 Rb. More details about the calculation of the
spectra can be found in [9].
From ﬁgure 3 we can see that, as predicted in [9], the main impact of these data is in the 4-8 MeV
region, with a maximum variation around 7-8 MeV of 6% for 235 U, 5% for 239 Pu, 3% for 241 Pu and

08006-p.4

WONDER-2015

2.5% for 238 U.
The impact of these two nuclei shown in ﬁgure 3 underlines the importance of TAS measurements if
we want to improve the calculation of reactor antineutrino spectra through the summation method.
Regarding decay heat calculations, our measurements give a mean energy for the emitted gamma
spectrum of 464.2 keV and for the emitted beta spectrum of 3.50 MeV. Mean values from ENDF7.1.1 (g.s. to g.s. feeding 95.2 %) are 170 keV for the mean gamma energy and 3.63 MeV for mean
beta energy [21]. This is mainly due to the change of g.s. to g.s. feeding from 95.2 % to 87.5 % and
goes in the direction of increasing the decay heat component released by gammas and reducing the
component due to beta particles. This nucleus is important for 235 U, for which summation calculations
are less in agreement with Tobias’ compilation [22] as shown in [23].
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