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DOUBLE BETA DECAY OF *'Nd TO THE FIRST EXCITED 0* LEVEL OF %Sm:
PRELIMINARY RESULTS

The double beta decay of *°Nd to the first excited 0* level of *Sm (Ee = 740.5 keV) has been investigated with
the help of the ultra-low-background setup consisting of four HP Ge (high-purity germanium) detectors (~225 cm?®
volume each one) at the Gran Sasso underground laboratory of INFN (Italy). A highly purified 2.381-kg sample of
neodymium oxide (Nd;Os3) was used as a source of y quanta expected in the decays. Gamma quanta with energies
334.0 keV and 406.5 keV emitted after deexcitation of the 0;* 740.5 keV level of *°Sm are observed in the coincidence
spectra accumulated over 16375 h. The half-life relatively to the two neutrino double beta decay ***Nd — *Sm(0,*) is
measured as T,, = [4.7**}(stat) + 0.5(syst)] - 10" Y, in agreement with results of previous experiments.

Keywords: double beta decay, ***Nd, low counting experiment.

1. Introduction

The double beta (2) decay is a spontaneous
transformation of (A, Z) nucleus to (A, Z + 2), which
can occur in two main modes. In the two neutrino
(2v) mode, allowed in the Standard Model of particle
physics (SM), the emitted electrons are accompanied
by two (anti)neutrinos. The 2v2pB decay, being a
second-order process in perturbation theory, is the
rarest process observed in nature with half-lives in
the range ~ 10'® - 10**y [1 - 3]. In neutrinoless
double beta decay (0v2P) no neutrinos are expected.
Therefore, this process is forbidden in the SM due to
the lepton number violation by two units.
Nevertheless, 0v23 decay is predicted in many SM
extensions [4 - 9] where the neutrino is expected to
be a Majorana particle (neutrinos and antineutrinos
are equal) with non-zero masses [10]. The evidence
of a finite neutrino mass was obtained in many
experiments where the effect of neutrino oscillations
was observed (see e.g. [11] and references therein).
While the oscillation experiments are sensitive to the
squared neutrino mass eigenstates difference,
investigations of Ov2p decay is the only realistic way
to determine the absolute neutrino mass

scale and the neutrino mass hierarchy, to test the
lepton number conservation, the nature of neutrino
(Dirac or Majorana particle) and many other effects
beyond the SM.
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Fig. 1. A simplified decay scheme of **Nd — 5Sm(0;*)
2B decay [17]. The energies of the levels and of the
emitted y quanta are in keV (relative intensities of y
guanta are given in parentheses in %).

The nuclide *°Nd is one of the most promising
among the 35 naturally occurring 2f~ isotopes [1]
thanks to the one of the highest energy release
Qpp = 3371.38(20) keV [12] and a high natural
isotopic abundance 6 = 5.638(28) % [13]. The 2v2p
decay of ™Nd to the ground state of *Sm
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(a simplified decay scheme of *°Nd is presented in
Fig. 1) was measured in several direct experiments
in the range of Ty = (0.7 - 1.9) - 10 y [14 - 16].

level of *°Sm was observed too with the half-life
values Ty, = (7-14) - 10®y [18 - 21]. A summary
of all the experiments where this specific decay was

In addition to the 2B decay of **°Nd to the ground
state, the transition to the first 0* 740.5 keV excited

Table 1. Summary of the investigations of the 2v2B decay of 1°°Nd to the first 0* 740.5 keV excited level of °Sm

detected is given in Table 1.

Short description T, 10¥y Year [Ref.]
Modane underground laboratory (4800 m w.e.), HP Ge 400 cm?®, 3046 g of 14°5 2004 [18]
Nd,Os (6 = 5.638 %), 11321 h, 1-d spectrum -
Re-estimation of the result [18] 13.3%¢ 2009 [19]
Modane underground laboratory (4800 m w.e.), NEMO-3 detector, foil with
57.2 g of 1 Nd,03 (8 = 91.0 %), 40774 h, energies of e and v, tracks for e 7.1+1.6 2013 [20]
(preliminary result)
Kimballton Underground Research Facility, 2 HP Ge (~304 cm? each one), 10.7+6 2014 [21]
50 g *°Nd,03 (5 = 93.6 %), 15427 h, coincidence spectrum 26
Gran Sasso underground laboratory (3600 m w.e.), 4 HP Ge (~225 cm? each
one), 2381 g of Nd,O3 (8 = 5.638 %), 16375 h, sum of 1-d spectra, 473 This work
coincidence spectrum

N o t e. The statistical and systematic uncertainties of the Ty, values, given in the original papers, are added in
squares. The result of the NEMO-3 experiment is not published yet and is given only as preliminary one.

2. Experiment
2.1. Purification of Nd203

The sample of high purity Nd2Os, produced by a
Soviet Union industry in the 70-s, utilized in
previous experiment [18], was additionally purified
by using combinations of chemical and physical
methods [22, 23]. First, the neodymium oxide was
dissolved in high purity hydrochloric acid:

Nd;0s + 6HCI — 2NdCl; + 3H,0. 1)

Partial precipitation from the acidic solution was
obtained by increasing the pH level up to 6.5 - 7.0
with ammonia gas. The procedure was realized for
co-precipitating of Th and Fe impurities, taking into
account that hydroxides of these elements precipitated
at a lower pH level than the neodymium oxide.

To realize liquid-liquid extraction, the solution
was acidified with diluted hydrochloric acid down to
pH ~ 1. The liquid-liquid extraction method is based
on extraction of compound from the solvent A to the
solvent B, when A and B are not miscible. The
neodymium chloride was dissolved in water (phase
A), while a solution of phosphor-organic comple-
xing compound tri-n-octyl-phosphine oxide (TOPO)
in toluene was used as a solvent B.

Elements with a higher oxidation preferably
move to the organic phase with a higher distribution
level in comparison to elements with a lower
oxidation. Thus, this method allows to separate
elements with different oxidation states [24]. This
process can be written as

NdCIS(Th, U)(aq) + nTOPO(org) i

The liquids were mixed together over 5 min, then
the solutions were completely stratified in 30 min. The
purified NdCl; was separated using separatory funnel.
The amorphous neodymium hydroxide was obtained
from the solution by using gaseous ammonia:

NdCl; + 3NH;z + 3H,0 — Nd(OH)s| + 3NH4CI. (3)

The purified Nd>Os was obtained from the hydro-
xides by high temperature decomposition:

2Nd(OH), —%°€ »Nd,0, +3H,0.  (4)

The yield of the purified material was ~90 %.
2.2. Low-background measurements

The experiment is carried out deep underground
(~3600 mw.e.) at the STELLA facility of the Gran
Sasso underground laboratory [25]. The Nd>Os sample
with a total mass 2.381 kg, pressed into 20 cylindrical
tablets 56 + 1 mm in diameter and 16 + 0.5 mm of
thickness, was installed in the GeMulti ultra-low-
background HP Ge gamma-spectrometer with four
germanium detectors with volumes of 225.2, 225.0,
225.0 and 220.7 cm®. The detectors are assembled in a
cryostat with a cylindrical well in the centre. The
detectors are shielded by radiopure copper (10 cm)
and lead (20 cm). The whole setup is enclosed in a
Plexiglas box flushed with high-purity nitrogen gas to
remove radon.
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The data acquisition system of the spectrometer
records the time and the energy of the events
occurring in each detector and it allows to study the
coincidence between the detectors. The energy scale
and resolution of the HP Ge detectors were
measured at the beginning of the experiment with
?’Na, ®Co, *Ba, *¥'Cs and #*Th y-sources. Then the
individual spectra were transformed to the same
energy scale by using background gamma peaks
with energies 609.3, 1120.3 and 1764.5 keV (***Bi),
351.9 keV (***Pb), 911.2 keV (*®Ac), 1460.8 keV
(“°K) and 2614.5 keV (*®TI) using the algorithm
described in [26]. As a result, the gamma peaks

positions in the cumulative spectrum deviate from
their table values [27] by less than 0.2 keV. The
final energy resolution in the cumulative spectrum
gathered with the Nd,O3 sample over 16375 h can be
described by the following function:

FWHM = \/2.7(5) +0.0025(5)- E, , where FWHM

and E, (energy of y quanta) are in keV.

The cumulative energy spectrum accumulated
with the Nd,O3; sample over 16375 h is shown in
Fig. 2 together with the background spectrum
measured without samples during 7862 h [28].
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Fig. 2. The energy spectrum measured over 16375 h with the 2.381-kg Nd,O3 sample (top)
and the background spectrum collected for 7862 h (bottom). Energies of gamma quanta are given in keV.

3. Results and discussion
3.1. Radioactive contaminations of the Nd2Oz sample

As it was described in Sec. 2.1, the neodymium
oxide sample was purified to remove residual conta-
mination of the material, particularly by potassium,
radium and lutetium. The radioactive contaminations
of the neodymium oxide before and after the purifi-
cation were measured in the STELLA facility by
using the ultra-low-background HP Ge detector
GePaolo with a volume of 518 cm®. The detector is
shielded with radiopure copper (5cm) and lead
(25 cm). The whole setup is flushed by a high-purity
nitrogen gas to remove radon and its progeny. The
energy resolution of the spectrometer was about
2 keV for 1333 keV y quanta of ®°Co. The sample,
sealed in a thin polyethylene film, was placed
directly on the endcap of the detector. In both the
spectra, measured with the Nd»O3 sample and in the
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background one, there are y peaks that can be
ascribed to “°K, *¥Cs, ®°Co, and radionuclides from
the 2®U and #2Th chains, while the gamma peaks at
1435.8 keV (**®La) and 306.8 keV (Y®Lu) were
observed only in the data accumulated with the
Nd.Os; sample due to contamination of the material
by lanthanum and lutetium. The estimation of
radionuclides content in the Nd,Os sample is
summarized in Table 2.

The peaks of *8La and ®Lu are observed also in
the cumulative spectrum gathered with the GeMulti
setup (Fig. 3). Taking into account the areas of the
peaks (Sso7 =919+ 112 counts and Siszs=100 +
+ 16 counts) and the detection efficiencies (2.29 and
1.24% for 307 and 1436 keV, respectively,
calculated with the help of the EGSnrc simulation
package [29]), the activities of ***La and *®Lu in the
sample are estimated as 0.057(9) and
0.29(4) mBg/kg, respectively.
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Table 2. Radioactive contamination of the Nd2Oz before and after purification [22, 23] and the present study

Chain Nuclei Activity, mBg/kg
Before purification After purification Current measurements
K 16+8 <37 <18
1¥7Cs <0.80 <0.53 <0.04
78y 1.1+04 0.7+04 0.29 +£0.04
138 g — — 0.057 +£0.09
282Th 228Ra <21 <26 <03
228Th <13 <1.0 <04
2%y 2%y <17 <13 <13
238y 24Th <28 <46 <54
26Ra 15+ 0.8 <18 <1.9

N ot e. Upper limits are given at 90 % C.L., the measured activities are given at 68 % C.L.
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Fig. 3. Parts of the cumulative energy spectrum accumulated over 16375 h with the 2.381-kg Nd,O3
sample by the GeMulti detector in the energy regions of y peaks 307 keV (*5Lu, top) and 1436 keV (**®La, bottom).

3.2. Two neutrino 2f decay of **°Nd to the O, level
of 159Sm

Parts of the cumulative energy spectrum gathered
with the Nd,O3 sample in the energy intervals 310 -
355 keV and 380 - 425 keV are shown in Fig. 4. One
can see that there are no evident peaks with energies
334.0 and 406.5 keV in the experimental data. Thus,
we can set only a lower limit on the half-life of **°Nd
relatively to the 2B decay to the first 0" excited level
of °Sm by using the following equation:

. In2-¢-N -t

I|mT1/2 = W y (5)
where ¢ is the full absorption peak detection
efficiency of the 4 HP Ge detectors to the y quanta
with the energy of interest (calculated as 2.24 and

2.42 % for 334.0 and 406.5 keV, respectively, with
the help of the EGSnrc simulation package [29]), t is
the time of measurements, N is the number of ***Nd
nuclei in the sample (4.80 - 10%%), lim S is the number
of events that can be excluded with a given
confidence level (C.L.).

The values of lim S were obtained from the fit of
the experimental data in the energy intervals where
the peaks are expected. The model of background in
the energy interval of the 334.0 keV peak consists of
a straight line (to describe continuous background),
the peak searched for with energy 334.0 keV, and
the gamma peaks due to the *®Ac (328.0, 332.4 and
338.3 keV). The energy resolution of the peaks was
bounded taking into account the dependence of the
energy resolution on energy for y quanta measured
in the cumulative energy spectrum (see Sec. 2.2).

98 ISSN 1818-331X NUCLEAR PHYSICS AND ATOMIC ENERGY 2018 Vol. 19 No. 2




DOUBLE BETA DECAY OF *°Nd

Z ] 332478
v} ] 3324, Ac "
- 1200 ] 338.3, LLBAC
g 328.0, Ac 351.9, “Pb
E : 334.0
2 1000+
o
800
600 o T T I L
310 320 330 340 350
800+
2 405.7, "B
-4
W 2
= 7004 401.8, *"Rn
Z 406.5
g 27
z 409.5, ®Ac
g 6004 |
500
400

380 390

—
400

—
410 420

Energy, keV

Fig. 4. The energy spectrum of the 2.381-kg Nd,O3 sample in the energy region of y peaks 334.0 keV (upper panel) and
406.5 keV (lower panel). The fits of the data by the models of background (see text) are shown by solid lines. No
evidence for the gamma's associated with the 2 decay of 1°°Nd to the 0,* 740.5 keV excited level of *°Sm have been

observed.

The areas of the y peaks of *Ac were bounded
according to their relative intensities (2.95, 0.40 and
11.27% for 328.0, 3324 and 338.3 KkeV,
respectively), while the detection efficiency was
assumed to be constant in the energy interval of the
fit. The fit of the data in the energy interval 315 -
345 keV gives an area of the peak searched for
122 + 76 counts (the result of the fit is shown in
upper panel of Fig. 4), that is no evidence for the
effect. A value of limS was estimated using the
procedure proposed by Feldman and Cousins [30] as
lim Sz34 = 247 counts at 90 % C.L., which allowed to
set a half-life limit Ty, > 5.6 - 10" y.

A similar model was constructed to estimate
limS for the peak expected at energy 406.5 keV.
The model, in addition to a straight line and the peak
searched for, included peaks of **°Rn (401.8 keV),
214Bj (405.7 keV) and ?®Ac (409.5 keV). The areas
of 405.7 and 409.5 keV peaks were bounded taking
into account the areas of intensive peaks of #“Bi
(609.3 keV) and #®Ac (338.3 and 911.2 keV), their
relative intensities and the detection efficiencies.
The fit of the energy spectrum in the energy interval
395 - 415 keV (lower panel in Fig. 4) provides an
area of the effect searched for 78 + 68 counts, that
again gives no evidence of the effect. Using the
recommendations in [30] one can obtain an excluded
effect lim Ss0s = 190, which corresponds to a half-
life of T12>7.9-10°y at 90 % C.L.

A two-dimensional energy spectrum of coinci-
dences between two detectors (events with a

ISSN 1818-331X SAAEPHA ®I3UKA TA EHEPTETHKA 2018 T. 19 Ne 2

multiplicity 2) accumulated over 16375 h with the
Nd»Os sample is shown in Fig.5 (left panel). By
fixing the energy of events in one of the detectors to
the energy of y quantum that is expected to be in a
cascade, a signal with energy corresponding to the
other y quanta in cascade are expected. An example
of such coincidence is shown in Fig. 5 (right panel).
The energy spectrum obtained in coincidence with the
energy 609 + 5 keV (**“Bi) in one of the detectors is
shown in the right top panel. In the spectra there are
peaks due to 2“Bi with energies 768.4, 1120.3 and
1238.1 keV. The energy spectrum accumulated in
coincidence with energy 2615+5keV (*®TI) is
reported in right bottom panel. A gamma peak
corresponding to the 2Tl decay with the energy
583.2 keV is clearly visible in the data.

Fixing the energy of one of the detectors to the
expected energy of y quanta emitted in the 23 decay
of *°Nd to the 0; 740.5 keV excited level of **°Sm
(334.0 or 406.5keV, with the energy window
+1.4xFWHM), the coincidence signals at the
supplemental energy (406.5 or 334.0 keV,
respectively, Fig. 6) have been observed. The area of
each peak was estimated as 5.7*3% counts (using the
procedure proposed in [30]). Taking into account the
detection efficiency calculated for this y cascade
(4.3 - 107*) the obtained half-life of *°Nd to the 0;
7405keV  excited level of ¥Sm s
Ty, =477 -10% y.
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Fig. 5. The two-dimensional energy spectrum of events with multiplicity 2 accumulated in the coincidence mode (left
panel). The coincidence spectra when the energy of one detector is fixed as (609 + 5) keV (?**Bi, top) or (2615 + 5) keV
(%°8T1, bottom) (right panel). The spectra were obtained considering 16375 h of data gathered with the 2.381-kg Nd.Os
sample.
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Fig. 6. The coincidence energy spectra accumulated over 16375 h by the GeMulti set-up with the 2.381-kg Nd,O3
sample, when the energy in one detector is fixed to the energy interval where y quanta from the decay
Nd — *°Sm (0}, 740.5keV) : 406.5 keV + 1.4xFWHM (top), 334.0 keV + 1.4xFWHM (middle), are expected. The
bottom spectrum shows a random coincidence background in the energy range of interest when energy of events in one

of the detectors was taken as 375 keV = 1.4xFWHM (no y quanta with this energy are expected neither in the 23 decay
of *Nd nor in the decays of nuclides that are radioactive contamination of the Nd,Os sample or the set-up).

The systematic uncertainties are due to the 740.5 keV excited level of **°Sm:
uncertainty of the Nd,O3 sample mass (0.04 %), the

isotopic abundance of ***Nd in the sample (0.5 %), T, = [4.7743(stat) £ 0.5(syst)] - 10 y (6)
the live time (0.5 %), and the detection efficiency
(10 %) [28]. Summing the systematic uncertainties The half-life is in an agreement with the results

in squares, one can obtain the following half-life of  of all the previous experiments (see Table 1 and
*ONd relatively to the 2v2B decay to the first 0* Fig. 7).
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Fig. 7. The half-lives of 5°Nd relatively to the two
neutrino double beta decay transition to the first excited
0* level of 1°Sm measured in the experiment [18] (1), in
the re-estimation of the experiment [18] in [19] (2),
NEMO-3 experiment (preliminary result) [20] (3),
measurements in the Kimballton Underground Research
Facility [21] (4), current work (5).
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4. Conclusions

Investigations of the double beta decay of **°Nd
to the first 0* 740.5 keV excited level of **°Sm are in
progress at the Gran Sasso underground laboratory
(Italy). The experiment utilizes a four-crystals ultra-
low-background HP Ge spectrometer to detect y
guanta emitted in the cascade following the decay of
1ONd in a 2.381-kg sample of highly purified Nd;Os.
In the data collected over 16375 h y quanta with
energies 334.0 and 406.5 keV are observed in
coincidences between two detectors. The obtained
half-life is T, = [4.7"75(stat) £ 0.5(syst)]-10* y in
an agreement with the results of previous
experiments. The experiment is presently running to
increase the statistics in order to improve the half-
life value accuracy.

REFERENCES

1. V.I Tretyak, Yu.G. Zdesenko, Tables of double beta

decay data — an update. At. Data Nucl. Data Tables
80 (2002) 83.

2. R.Saakyan, Two-Neutrino Double-Beta Decay.
Annu. Rev. Nucl. Part. Sci. 63 (2013) 503.

3. A.S. Barabash. Average and recommended half-life
values for two-neutrino double beta decay. Nucl.
Phys. A 935 (2015) 52.

4. J.Barea, J. Kotila, F. lachello. Limits on Neutrino
Masses from Neutrinoless Double-3 Decay. Phys.
Rev. Lett. 109 (2012) 042501.

5. W. Rodejohann, Neutrinoless double-beta decay and
neutrino physics. J. Phys. G 39 (2012) 124008.

6. F.F.Deppisch, M. Hirsch, H.Pis. Neutrinoless
double-beta decay and physics beyond the standard
model. J. Phys. G 39 (2012) 124007.

7. S.M.Bilenky, C.Giunti. Neutrinoless double-beta
decay: A probe of physics beyond the Standard
Model. Int. J. Mod. Phys. A 30 (2015) 1530001.

8. S.Dell'Oro et al. Neutrinoless Double Beta Decay:
2015 Review. AHEP 2016 (2016) 2162659.

9. J.D.Vergados, H.Ejiri, F.Simkovic. Neutrinoless
double beta decay and neutrino mass. Int. J. Mod.
Phys. E 25 (2016) 1630007.

J. Schechter, JW.F. Valle. Neutrinoless double-3

decay in SU(2)xU(1) theories. Phys. Rev. D 25
(1982) 2951.

F. Vissani. Solar neutrino physics on the beginning
of 2017. Nucl. Phys. At. Energy 18 (2017) 5.

V.S. Kolhinen et al. Double-B decay Q value of
1%Nd. Phys. Rev. C 82 (2010) 022501.

J. Meija et al. Isotopic compositions of the elements
2013 (IUPAC Technical Report). Pure Appl. Chem.
88 (2016) 293.

V. Artemiev et al. Half-life measurement of 5°Nd
2B2v decay in the time projection chamber
experiment. Phys. Lett. B 345 (1995) 564.

A. De Silva et al. Double B decays of Mo and

10.

11.

12.

13.

14.

15.

ISSN 1818-331X SAAEPHA ®I3UKA TA EHEPTETHKA 2018 T. 19 Ne 2

150Nd. Phys. Rev. C 56 (1997) 2451.

R. Arnold et al. Measurement of the 2vBp decay
half-life of 'Nd and a search for OvBp decay
processes with the full exposure from the NEMO-3
detector. Phys. Rev. D 94 (2016) 072003.

S.K. Basu, A.A. Sonzogni. Nuclear data sheets for
A =150. Nucl. Data Sheets 114 (2013) 435.

A.S. Barabash et al. Double-beta decay of °°Nd to
the first 0* excited state of °Sm. JETP Lett. 79
(2004) 10.

A.S. Barabash et al. Investigation of B3 decay in
150Nd and “8Nd to the excited states of daughter
nuclei. Phys. Rev. C 79 (2009) 045501.

S. Blondel. Optimisation du blindage contre les
neutrons pour le démonstrateur de SuperNEMO et
analyse de la double désintégration béta du
néodyme-150 vers les états excités du samarium-150
avec le détecteur NEMO-3. PhD thesis, LAL, Orsay,
France, LAL 13-154 (2013).

M.F. Kidd et al. Two-neutrino double-B decay of
150Nd to excited final states in **°Sm. Phys. Rev. C
90 (2014) 055501.

0.G. Polischuk et al. Purification of lanthanides for
double beta decay experiments. AIP Conf. Proc.
1549 (2013) 124.

R.S. Boiko. Chemical purification of lanthanides for
low-background experiments. Int. J. Mod. Phys. A
32 (2017) 1743005.

N.A. Danilov et al. Exhaustive removal of thorium
and uranium traces from neodymium by liquid
extraction. Radiochem. 53 (2011) 2609.

M. Laubenstein et al. Underground measurements of
radioactivity. Appl. Radiat. Isotopes 61 (2004) 167.
V.l. Tretyak. TS2 — interactive system for one-
dimensional spectra processing. Preprint KINR-90-
35 (Kyiv, 1990).

R.B. Firestone et al. Table of Isotopes. 8" ed. (New
York, 1996) and CD update (1998).

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

101


http://dx.doi.org/10.1006/adnd.2001.0873
http://dx.doi.org/10.1006/adnd.2001.0873
http://dx.doi.org/10.1146/annurev-nucl-102711-094904
http://dx.doi.org/10.1016/j.nuclphysa.2015.01.001
http://dx.doi.org/10.1016/j.nuclphysa.2015.01.001
http://dx.doi.org/10.1103/physrevlett.109.042501
http://dx.doi.org/10.1103/physrevlett.109.042501
http://dx.doi.org/10.1088/0954-3899/39/12/124008
http://dx.doi.org/10.1088/0954-3899/39/12/124007
http://dx.doi.org/10.1142/s0217751x1530001x
http://dx.doi.org/10.1155/2016/2162659
http://dx.doi.org/10.1142/s0218301316300071
http://dx.doi.org/10.1142/s0218301316300071
http://dx.doi.org/10.1103/physrevd.25.2951
http://dx.doi.org/10.1103/physrevd.25.2951
https://doi.org/10.15407/jnpae2017.01.005
http://dx.doi.org/10.1103/physrevc.82.022501
http://dx.doi.org/10.1515/ci-2016-3-415
http://dx.doi.org/10.1515/ci-2016-3-415
http://dx.doi.org/10.1016/0370-2693(94)01609-g
http://dx.doi.org/10.1103/physrevc.56.2451
http://dx.doi.org/10.1088/1742-6596/598/1/012015
http://dx.doi.org/10.1016/j.nds.2013.04.001
http://dx.doi.org/10.1134/1.1675911
http://dx.doi.org/10.1134/1.1675911
http://dx.doi.org/10.1103/physrevc.79.045501
https://tel.archives-ouvertes.fr/tel-00855279/document
https://tel.archives-ouvertes.fr/tel-00855279/document
https://tel.archives-ouvertes.fr/tel-00855279/document
https://tel.archives-ouvertes.fr/tel-00855279/document
https://tel.archives-ouvertes.fr/tel-00855279/document
https://tel.archives-ouvertes.fr/tel-00855279/document
http://dx.doi.org/10.1103/physrevc.90.055501
http://dx.doi.org/10.1103/physrevc.90.055501
http://dx.doi.org/10.1063/1.4818091
http://dx.doi.org/10.1063/1.4818091
http://dx.doi.org/10.1142/s0217751x17430059
http://dx.doi.org/10.1142/s0217751x17430059
http://dx.doi.org/10.1134/s1066362211030076
http://dx.doi.org/10.1016/j.apradiso.2004.03.039
https://www.wiley.com/legacy/products/subject/physics/toi/
https://www.wiley.com/legacy/products/subject/physics/toi/

A.S. BARABASH, P. BELLI, R. BERNABEI ET AL.

28. P.Belli et al. New observation of 2p2v decay of photon transport, NRCC Report PIRS-701, Ottawa,
10Mo to the 0F level of Ru in the ARMONIA 2003.
experiment. Nucl. Phys. A 846 (2010) 143. 30. G.Feldman, R. Cousins. Unified approach to the
29. |. Kawrakow, D.W.O. Rogers, The EGSnrc code classical statistical analysis of small signals. Phys.
system: Monte Carlo simulation of electron and Rev. D 57 (1998) 3873.

0. C. Bapa6am, I1. Bexni?®, P. Bepuageii>®, P. C. Boiiko*®, ®. Kannena®, B. Kapauuiosno’, P. Yepy.ni??,
®. A. Janesuu’, A. Jli Mapko??, A. Inuikirri®?, JI. B. Kacneposuu**, P. B. Koouues’, B. B. Koouues®,
C. I. Konosanos!, M. Jlay6enmreiin’, /I. B. IToga*°, O. I'. Moanimyk*, B. I. Tperax®, B. I. FOmaTos!

Y HII] «Kypuamoscoruii incmumymy, Incmumym meopemuunoi i excnepumenmanshoi gizuxu, Mockea, Pocis

2 HIAD, siodinenns y Pumi « Top Bepzamay, Pum, Imanis
3 Pumcoruii ynieepcumem «Top Bepzamay, Pum, Imanis

4 Incmumym adepnux docnioxcens HAH Yxpainu, Kuis, Yxpaina

® Hayionanonuil yrisepcumem 6iopecypcis i npupodoxopucmyeannsa Ykpainu, Kuis, Yxpaina
8 HIA®, 6i00inenns v Pumi, Pum, Imanis
" Hayionanvua nabopamopis I pan-Cacco, Accepoci, Imanis

8 Pumcoxuii ynisepcumem «Jla Canienyay, Pum, Imanis

® [lenmp sdepnoi pizuxu ma mamepiarosnascmea, Opce, Ppanyis

*BimnosiganeHuii aBTop: dkasper@kinr.kiev.ua

MOJABIMHUMN BETA-PO3IAJL °Nd HA NNEPLIU 0 3BY[)KEHUI PIBEHb 5°Sm:
NOINEPEJHI PE3YJIbTATH

[onsiitamit 6era-posnazn *°Nd na 36ymxenuii 0;* piBens nouipaboro sapa °Sm (740,5 keB) 6ys10 nociifkeHo B
HU3bKO(OHOBIH ycranosui 3 4-ma HP Ge nerektopamm (06’eM koskHoro =225 cm®) y migsemniit HarioHanbHiit
naboparopii I'pan Cacco (HamionansHuii iHCTUTYT sinepHOi Qisukw, Itamis). [ns BUMiproBaHb OyB BHKOPHUCTaHHMN
3pa3ok MMOOKO oumiieHoro okcuay Heomumy Nd»Oz macoro 2,381 kr. B ekcriepuMeHTanbHHX CHEKTpax 30iriB Mix
JBOMa JeTeKTopaMHu, oTpuMaHuxX 3a 16375 rox BUMIpIOBaHb, CIIOCTEpIralOThes y-KBaHTH 3 eHeprismu 334,0 Ta
406,5 xeB, 1m0 BUIPOMIHIOIOTECS TPH TIEPEXOi sapa 150Sm i3 30ymkenoro piBas 017, 740,5 keB Ha ocHOBHHII cTaH.
Ilepion  mamiBposmamy sapa °'Nd  BigHocmo  posmagy Ha  O;*  36ymkeHmii  piBeHb  CTaHOBHTB
Tyo =[4,775(cTar) £ 0,5(cuct)] - 10" poKiB, IO y3roIKy€eThes 3 JAHUMH HOIEPEHIX eKCIIEPHMEHTIB.

Kniouosi crosa: monsiiiamii 6eta-po3mnar, 150N, HU3bKO(OHOBHH EKCIICPUMEHT.
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JIBOMHOM BETA-PACITIAJL “°Nd HA IEPBBIH 0* BO3BYKJIEHHBIA YPOBEHbD %°Sm:
MPEJABAPUTEJIBHBIE PE3YJIbTATHI

JBoitnoii 6Gera-pacnan °°Nd na Bo30yxnennsrii 01" yposens nouepnero siapa °Sm (740,5 k>B) 6b11 nccnenosas B
Hu3kodoHoBoil ycranoBke ¢ 4-ma HP Ge pmerextopamu (06bem kaxporo ~225cm®) B moazemuoii HarmoHanbHOM
naboparopun I'pan Cacco (HaunonansHblii HHCTUTYT siaepHOW Gu3uku, Wrtamust). s u3MepeHuid ObI MCIOJIB30BaH
oOpazer; riyoboko ounmieHHoro oxcuaa Heogmma Nd2Os maccodt 2,381 kr. B aKclepUMEHTaJBHBIX —CIIEKTpax
COBMAJICHUH MEXAY IBYMS JECTEKTOPaMH, IMOJydeHHbIX 3a 16375 4 n3amepennii, HaOMOAAIOTCS Y-KBAaHTbI C SHEPTUSIMU
334,0 u 406.5 k3B, KoTOpBIE M3TyUarOTCs TIpH Niepexozie aapa *°Sm uz Bosbyxnennoro cocrosuus 017, 740,5 k3B Ha
oCcHOBHOE coctosiHue. Ilepuon momypacnana sapa Nd ornocurensHo pacmana na 017 BO3GYXIEHHBIH YPOBEHbD

cocrasisier Ty, = [4,7*15(crar) £ 0,5(cuct)]- 10" ner, uto cornacyercst ¢ AAHHBIMU APYTHX KCIEPHMEHTOB.

Kniouesvie cnosa: nBoitHol OeTa-pacman, 150N, HU3KO(OHOBHIH SKCIIEPUMEHT.
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