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Abstract Radioactive sources of the monoenergetic low-
energy conversion electrons from the decay of isomeric
83mKr are frequently used in the systematic measurements,
particularly in the neutrino mass and dark matter experi-
ments. For this purpose, the isomer is obtained by the decay of
its parent radionuclide 83Rb. In order to get more precise data
on the gamma-rays occuring in the 83Rb/8>™Kr chain, we re-
measured the relevant gamma-ray spectra, because the pre-
vious measurement took place in 1976. The obtained inten-
sities are in fair agreement with the previous measurement.
We have, however, improved the uncertainties by a factor of
4.3, identified a new gamma transition and determined more
precisely energies of weaker gamma transitions.

1 Introduction

83mKr is formed by the decay of 83Rb (half-life 86.2 4 1 day)
via electron capture (EC). Approximately three quarters of
83Rb decays result in the isomer 83myg (7 » = 1.83 h). It fur-
ther decays by the cascade of the 9.4 and 32.2 keV nuclear
transitions to the 83Kr ground state. Due to the low energy
and high multipolarity (E3 for the 32.2 keV transition) of
the transitions, the intense conversion electrons are emit-
ted. These monoenergetic electrons are extensively used for
the calibration and systematic measurements in the neutrino
mass experiments (KATRIN, Project 8) [1,2], dark matter
experiments [3,4] and also in the ALICE and COHERENT
projects [5,6]. In all these experiments the 83Rb is deposited
into a suitable substrate, from which the daughter 83™Kr
emanates. The last primary data on the gamma-ray intensities
in 83Rb decay were published several decades ago, see [7,8].
The recent compilation and evaluation of the relevant data
are available in the Nuclear Data Sheets (NDS) [9]. In the
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frame of our development of the 8*™Kr sources for the neu-
trino project KATRIN, see [10, 11], we also re-measured the
gamma-ray spectra present in the 83Rb decay.

2 Measurement

Rubidium isotopes were produced at the NPI CAS Rez
cyclotron TR-24 in the reactions "Kr(p,xn)33-8+86Rb using
a pressurized gas target. The target filled with pure natural
krypton at pressure of 10 bar was bombarded with 23 MeV
protons at 45 nwA beam current. The production yields of
83Rb, $4Rb and 8°Rb isotopes amounted to approximately
150, 90 and 25 MBq per one hour of the bombardment.
The activity was extracted from the irradiated target by its
thorough washout by water. Resulting aqueous solution was
concentrated by evaporation and used for the activity depo-
sition into the tungsten furnaces. The furnaces were then
delivered to HISKP, where the gamma sources were prepared
by the implantation of the separated 3*Rb ions with energy
of 8 keV into the 0.5mm thick Highly Oriented Pyrolytic
Graphite (HOPG) substrate. The 83Rb activity in the sources
was about 3 MBq. Another type of the source was prepared
in the NPI by evaporation of the rubidium isotopes solution
pipetted on the 2.5 pm thick mylar foil. For the spectra acqui-
sition, two gamma-ray detectors were used: an Ortec HPGe
detector with the relative efficiency of 24.1 % and the energy
resolution of 1.9 keV at 1.33 MeV, and a low energy Can-
berra SiLi detector with the diameter and thickness of 10.1
and 5 mm, respectively, and the energy resolution of 180 eV
at 5.9 keV. Both detectors were equipped with a beryllium
window. The Canberra spectrometric chains were used for
the signal processing: amplifier 2025 and multichannel ana-
lyzer Multiport II controlled with the Genie 2000 software.
The ADC gain conversion was set at 8192 and 4096 channels
for the HPGe and SiLi detector, respectively. The distance
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between the detector Be window and the measured source
was set to 240 and 45.7mm for the HPGe and SiLi detec-
tor, respectively. In order to reduce the sum peaks of the
intense 83Rb gamma-rays with the energies of 520.4, 529.6
and 552.5 keV with the accompanying strong krypton K X-
rays, the nickel foil of 20 pm thickness was applied on the
HPGe Be window. The measured spectra were analysed with
the DEIMOS32 software [12].

The energy and detection efficiency calibrations were per-
formed using the standards of »Fe (EFX type), and '33Ba,
152Ey and 24! Am (all three EG3 type) provided by the Czech
Metrology Institute (CMI). Since the calibration sources are
encapsulated in the polymethylmethacrylate (PMMA) and
polyethylene, the attenuation of the gamma-rays in these
materials was also measured to take it into account in the
efficiency calibration. The efficiencies, measured with each
standard separately, were normalized using the certificated
activities supplied by CMI and the corresponding half-lives.
The dependence of the efficiency ¢(E) on the gamma-ray
energy E was x >-fitted using the 5 parameter formula e (E) =
> pi [ln(E+p4)]i wherei = 0, 1, 2, 3. The efficiency of the
HPGe detector was calibrated in the low (26-244 keV) and
high (244-778 keV) energy regions with the uncertainties of
2.5 and 0.9 %, respectively. In the case of the SiL.i detector,
the efficiency was determined with the uncertainty of 2 %
in the energy region of 5.9-33 keV. The normalized x> was
close to 1.

In Figs. 1 and 2, examples of the 33Rb gamma-ray spec-
tra measured with the HPGe and SiLi detectors, respectively,
are displayed. Contamination lines present in the measured
spectra were mainly caused by the terrestrial background.
Terrestrial background lines were identified by measuring
the spectra without the 83Rb source. The other contamina-
tions were induced by the 83Rb source itself. In the case of
the SiLi spectrum, the weak X-ray lines of Cr, Fe, Cu and
Au elements (present in the detector material), were induced
by the fluorescence effect, and the Si X-ray escape peak at
10.9 keV was visible. Moreover, the pile-up effect of the
9.4 keV line and Krypton 12.6 and 14.1 keV X-rays pro-
duced weak spectral peaks in the energy range of 22-27 keV.
Finally, the effects of the detector dead-layer [13] and the
Compton scattering [ 14] produced the line tailing apparent on
the low energy side of the strong Krypton X-ray lines. The Pb
X-rays were also present in the case of the HPGe spectra due
to lead detector shielding. The measured gamma-ray energies
and intensities are summarized in Table 1. The gamma-ray
energies were determined with the HPGe detector in the spe-
cial measurements of 8*Rb source together with the >?Eu or
133Ba standards, the gamma-rays of which were used for the
calibration of the energy scale. The weak gamma transitions
with the energies of 128.3 and 562.03 keV, respectively, were
less distinct in the spectra acquired with the standards due to
the additional Compton background. That is why the spectra
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Fig. 1 Spectrum of 33Rb acquired with the HPGe detector. The y -lines
which belong to the $3Rb decay are marked by their energies in keV.
The multiple lines denoted as Pb-KX are due to the fluorescence effect
in the detector Pb shielding. The contamination lines are marked by
black points

with the sole 83Rb source were used in their evaluation. For
the energy calibration, suitable gamma lines from the back-
ground and stronger 33Rb lines, the energy of which was
determined previously by us, were employed. Our energies
of the three strongest gamma lines in the 8°Rb decay agree
well with the very precise values in [9] which were adopted
from [15]. The energies of the remaining lines are slightly
lower (by 0.1-1.0 keV) and were obtained with better pre-
cision in comparison with those in [8,9]. We observed all
gamma-rays presented in [9] except for the 237.19 keV for
which the upper limit of its relative intensity of only 0.0011
was estimated. We are not able to observe it due to the pres-
ence of the intense 238.632(2) keV gamma line of 212pp [16]
from the 232Th decay chain. In contrast, we observed the
227.35(5) keV gamma line that is missing in [9]. The previ-
ous NDS review for A = 83 [17] listed this transition with
the relative intensity of 0.03. The line was clearly visible in
the spectra taken with our two different implanted sources.
The half-life of this weak line was also determined to be of
90(+21, —12) days, which agrees well with the 83Rb half-
life of 86.2(1) days. This transition also fits very well into
the decay scheme between the nuclear levels 798.5 and
571.1 keV, see Fig. 3.

After implantation of 3°Rb, the amount of the daughter
83mKr nuclei in HOPG substrate increases and within several
83mKr half-lives, the equilibrium is achieved. The amount of
83mKr starts then to decrease practically with the half-life of
the parent 33Rb. The possible emanation of the 8*™Kr out of
the substrate may reduce the measured intensities of the 9.4
and 32.2 keV $3™Kr gamma transitions (the decaying 8™ Kr
nuclei find themselves outside the detection sensitive solid
angle). Therefore we accomplished the measurement of the
83mKr retention in the implanted source. For this purpose,
the HOPG substrate with the implanted source was placed
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Fig. 2 The low energy spectrum of 83Rb acquired with the SiLi detec-
tor. Besides the two gamma-rays resulting from the decay of its daughter
83mKr, the krypton K X-rays are present. The spectral lines caused by
the fluorescence, escape and pile-up effects are also indicated

on the top of a closeable cylindrical chamber. The bottom
part of the chamber was equipped with a thin PMMA win-
dow allowing the detection of the gamma-rays with the SiLi
detector. The chamber design is further described in [19].
Using the 32.2 gamma-ray rates measured with the chamber
closed and open at the fixed distance of the HOPG substrate
from SiLi detector, the retention of 83MKr in the substrate was
determined to be 0.974(19), thus, some emanation occurs.

Table 1 The measured $*Rb gamma-ray energies and relative intensi-
ties related to the 520.4 keV transition (100 %). The total conversion
coefficients and the transition intensities of the 83Rb decays based on

The relative intensities of the 9.4 and 32.2 keV gamma
transitions were corrected for the measured retention value.
Our uncertainties of the gamma-ray intensities are on average
smaller by a factor of 4.3 than previously published values.
In our 3Rb decay scheme (Fig. 3), the feedings of the 83Kr
levels by the electron capture and the log f'¢ values are listed.
The feeding was calculated as the normalized difference of
the transition intensities de-exciting and feeding the given
level. An assumption on the feeding of the Kr ground state at
alevel of 2.542.5 % according to [9] was taken into account.
The total intensity of the 32.2 keV transition, representing the
number of 83™Kr nuclei produced per 100 83Rb decays, is
76(3) %. In contrast to [9], our analysis demonstrated non-
zero feeding of 4(3) % of the krypton isomeric state from the
EC decay.

3 Conclusion

We have re-measured the gamma-ray spectra observed in the
83Rb/B3Kr decay chain by means of HPGe and SiLi detec-
tors. The values of the gamma-ray intensities are close to
those in the previous paper [9]. Nevertheless, their uncer-
tainties have been improved by a factor of 4.3 on average.
The feeding of the 3Kr levels from the EC decay with the
relevant log ft values have also been determined. For the
first time, we have observed the non-zero feeding of the iso-

the level feeding (see Fig. 3) are also present. In the last two columns,
the energies and intensities from [9] are listed for comparison

Energy E, (keV) y-ray relative Multipolarity ** Total conversion Transition Energy y-ray relative
intensity coefficient o, intensity (%) E, (keV) [9] intensity [9]
9.4057 (6)* 13.1 (6) MI1+E2 16.3 (2) 98 (4) 9.4057 (6) 13 (3)
32.1516 (5)* 0.090 (3) E3 1950 (30) 76 (3) 32.1516 (5) 0.08 (1)
118.91 (5) 0.032 (2) (M1+E2) 0.3(2) 0.018 (3) 119.32 (9) 0.032(5)
128.3 (1) 0.006 (2) [MI1+E2] 022 0.0030 (9) 128.6 (1) 0.0030 (5)
227.35 (5) 0.017 (2) (E1) 0.0081 (1) 0.0073 (8) - -
- - - 237.19 < 0.0011
520.397 (2) 100.0 (9) E2 0.00283 (4) 435 (4) 520.3991 (5) 100 (5)
529.591 (4) 65.1 (6) (M1+E2) 0.00191 (3) 28.3 (3) 529.5945 (6) 66 (3)
552.547 (4) 355() (E1) 0.00076 (1) 15.4 (1) 552.5512 (7) 36 (2)
562.03 (6) 0.016 (1) (M2) 0.00499 (7) 0.0071 (5) 562.17 (7) 0.019 (2)
648.58 (1) 0.197 (2) E2 0.00150 (2) 0.0853 (9) 648.97 (5) 0.19 (1)
680.69 (3) 0.062 (1) [E1] 0.00047 (1) 0.0269 (6) 681.18 (7) 0.07 (1)
789.105 (3) 1.51(1) (M1+E2) 0.00088 (1) 0.653 (6) 790.15 (4) 1.47 (4)
798.516 (5) 0.548 (5) E2 0.00086 (1) 0.248 (2) 799.37 (5) 0.53(2)

* The energies for the 9.4 and 32.2 transitions are adopted from [9]
** The total conversion coefficients were calculated with the software available in [18]. In the calculations, the transition multipolarities from [9]
were used. For the 227.3 and 562.0 keV transitions, not indicated in the reference, the values of E1 and M2, respectively, were used as the most

probable values
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Fig. 3 Decay scheme of 83Rb. The spin and parity assignment, half-
lives and most multipolarities were adopted from [9]. The log ft values
were calculated according to [20]

meric state at the level of 4 =3 %. Moreover, the 227.35 keV
gamma transition has been measured and recommended to be
introduced into the 8*Rb decay scheme. The gaseous 33™Kr,
whose monoenergetic electrons have widely been used for the
systematic physical measurement, is produced in the 76(3) %
of the 33Rb decays.
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