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Neodymium isotopes

Five of seven naturally occurring neodymium isotopes are potentially alpha unstable

isotope
abundance 
(%)

decay mode,
Q (keV) T1/2 (exp), y T1/2 (theor), y

143Nd 12.173 , 530.5 > 21017 [1] 1.01079  3.51092

144Nd 23.798 , 1901.3
g.s. to g.s.: = 2.29(16)1015 [2] 2.31015  5.01015

to 1st excited 140Ce 2 (1596.2 keV) 
level: 

7.810121  9.510121

145Nd 8.293 , 1574.1 > 11017 [1, 3] 2.21022  4.91023

146Nd 17.189 , 1182.1

g.s. to g.s.:  2.01034  4.01034

to 1st excited 142Ce 2 (641.3 keV) 
level: > 1.61018 [4]

5.81077  8.51077

148Nd 5.756
, 599  6.11070  1.11071

2, 1011.5  3.010172  1.110183 [5, 6]
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Int. J. Mod. Phys. E 24 (2015) 1550043.
[5] V.I. Tretyak, Spontaneous double alpha decay: First experimental limit and prospects of investigation, Nucl. Phys. At. Energy 22 

(2021) 121.
[6] K.P. Santhosh, T.A. Jose, Theoretical investigation on double- decay from radioactive nuclei, Phys. Rev. C 104 (2021) 064604.
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Experiment

Total mass of all samples m(Nd2O3) = 2381 g

Ultra-low background HPGe-detector system GeMulti located at the depth 
of  3600 m of water equivalent underground at the STELLA facility 
of the Gran Sasso underground laboratory of the INFN (Italy).

Passive shield:
low-radioactive copper 10 cm thick
20 cm layer of lead

The Plexiglas box with the detector was flashed by high-purity 
nitrogen gas to eliminate environmental radon.

The live time of the measurements is 51237 h.

The experiment was mainly devoted to studies of
22 decay of 150Nd to excited levels of 150Sm.

1. Nd2O3 source samples
2. two of four coaxial HPGe detectors (225 cm3 each)
3. aluminium cup of the detector system endcap
4. copper walls of the endcap
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 and 2 decays accompanied by  quanta

 quanta appear in  decay in the following cases:
1) if an excited level of a daughter nucleus is populated, with subsequent emission of 

deexcitation ;
2) if daughter nucleus is unstable and decays further with emission of ;

 decay:
● 143Nd  139Ce  139La
● 144Nd  140Ce
● 145Nd  141Ce  141Pr
● 146Nd  142Ce
● 148Nd  144Ce  144Pr  144Nd

2 decay:
● 148Nd  140Ba  140La  140Ce

In the cases 143Nd, 145Nd and 148Nd, daughter Ce isotopes are unstable and decay with 
emission of ’s.
144Nd and 146Nd decays can be observed (in our approach) only in the case of decays to 
excited Ce level.
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Energy resolution

1. detector 1 FWHM dependence
2. detector 2 FWHM dependence
3. energy resolution in the sum spectrum of all 

detectors
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Search for  decays of 143Nd, 145Nd, 148Nd

nuclide,
decay channel

energy 
(keV) lim S T1/2 (y)

143Nd,  165.9 29 > 1.41020

145Nd,  145.4 37 > 6.21019

148Nd,  133.5 24 > 2.21019

129.1 (228Ac)

140.9 (?) 143.9 (230Th)

154.0 (228Ac)

energy (keV)

co
un

ts
 / 

0.
5 

ke
V

det 2 spectrum

133.5 (148Nd)

145.4 (145Nd)

165.9 (143Nd) 182.2 (226Ra)
185.7 (235U)

μ ( )keV σ ( )keV S

129.1 0.82 -94 ± 45

133.5 0.82 -74 ± 46

140.9 0.82 32 ± 46

143.9 0.81 -2 ± 47

145.4 0.81 -49 ± 47

154.0 0.81 29 ± 44

165.9 0.80 -54 ± 43

N – number of nuclei
t – time of measurements
eff – efficiency (calculated with EGSnrc)
 – yield of  quanta
lim S – number of events that can be excluded with some    
            confidence level

χ 2 /ndf =130.18 /110=1.18

Data measured over 51237 h 
by detector 2 with low 
energy threshold

lim T 1 /2=
ln 2⋅N⋅t⋅eff⋅η

lim S
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Search for  decays of 144Nd

energy (keV)

co
un

ts
 / 

0.
5 

ke
V

1495.9 
(228Ac)

1501.6 (228Ac)

1509.2 (214Bi)

1512.7 (212Bi)

1538.5 and
1543.3 (214Bi)

1557.1 (228Ac)

1596.2 (144Nd)

1588.2 (228Ac)

1583.2 (214Bi)

1592.5 (208Tl) 
and

1594.8 (212Bi)

1580.5 (228Ac)

Nuclide μ ( )keV σ 
( )keV S

144Nd 1596.2 1.16 3  8

212Bi 1512.7 1.14 29  9

208Tl 1592.5 1.16 83  10

228Ac 1588.2 1.16 200  12

214Bi

1509.2 1.14 222  12

1538.5 1.14 59  10

1543.3 1.15 58  10

lim S = 17  lim T1/2 (144Nd)  = 8.9  1021 y

Ce8258
140

0+

2+

0.0

1596.233

stable

0.0910 ps

Nd8460
144

0.00+

2.291015 y
Qα=1903.2100 %

?%
? y
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Search for  decays of 146Nd

energy (keV)

co
un

ts
 / 

0.
5 

ke
V

661.7 (137Cs)

lim S = 45  lim T1/2 (146Nd)  = 3.3  1021 y

Nuclide μ ( )keV σ ( )keV S

146Nd () 641.3 0.93 -8  33

Ce8458
142

0+

2+

0.0

641.28264
1.
28
5

E
2

10
0

 51016 y

5.56 ps

Nd8660
146

0.00

Qα=1182.1

?%

?%

stable ?
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energy (keV)

co
un

ts
 / 

0.
5 

ke
V 661.7 (137Cs)

665.4 (214Bi)

696.5 (148Nd)

703.1 (214Bi)

Search for  decays of 148Nd

Nuclide μ (keV) σ (keV) S

148Nd () 696.5 0.93 32  25

lim S = 73  lim T1/2 (148Nd, )  = 9.1  1018 y

energy (keV)

co
un

ts
 / 

0.
5 

ke
V

2204.1 (214Bi)

2185.7 (148Nd)

lim S = 17  lim T1/2 (148Nd, )  = 1.2  1019 y

Nuclide μ (keV) σ (keV) S

148Nd () 2185.7 1.34 8  5
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Search for 2 decays of 148Nd

energy (keV)

co
un

ts
 / 

0.
5 

ke
V

537.3 (148Nd (140La))
569.7 (207Pb)

energy (keV)

co
un

ts
 / 

0.
5 

ke
V

487.0 (148Nd (140Ce))

511.0 (ann)
510.8 (208Tl)

lim S = 37  lim T1/2 (148Nd, 2)  = 3.4  1020 y lim S = 130  lim T1/2 (148Nd, 2)  = 1.9  1020 y

Nuclide μ (keV) σ (keV) S

148Nd (2) 537.3 0.92 -25  36

Nuclide μ (keV) σ (keV) S

148Nd (2) 487.0 0.92 60  43
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Summary

Decay Q (Q2) 
(keV)

Transition
(energy of level 
(keV))

Energy of
-quanta 
(keV)

best 
previous 
limit
T1/2, y

this work
T1/2, y 
(preliminary)

theor. estimations
T1/2, y

 decay

143Nd  139Ce 530.5 7/2    3/2   (g.s.) 165.9 > 21017 > 2.81019 1.01079 — 3.51092

144Nd  140Ce 1901.3 0    2 (1596.2) 1596.2  > 8.91021 7.810121 — 9.510121

145Nd  141Ce 1574.1 7/2  7/2 (g.s.) 145.4 > 11017 > 6.11019 2.21022 — 4.91023

146Nd  142Ce 1182.1 0    2 (641.3) 641.3 > 1.61018 > 3.31021 5.81077 — 8.51077

148Nd  144Ce 599 0    0   (g.s.) 2185.7  > 1.21019 6.11070 — 1.11071

2 decay

148Nd  140Ba 1011.5 0    0 (g.s.) 537.3  > 3.41020 3.010172 — 1.110183
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Conclusions

1) The search for alpha decays of naturally occurring neodymium isotopes was 
realized with low-background HPGe gamma spectrometry.

2) The obtained T1/2 limits for 143Nd, 145Nd and 146Nd  decay were improved by 2-
3 orders of magnitude compared to current best limits.

3) For the first time T1/2 limits were set for 144Nd  decay on the first excited 140Ce 
level 1596.2 keV and  and 2 decays of 148Nd.

4) Theoretical predictions of 145Nd  decay is just 3-4 orders higher than 
experimental limit. So there are several ways to rich this predictions, for 
example, increase the sample mass with enriched 145Nd, increase the detection 
efficiency and decrease background. 
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Back-up slides
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2 decay possibility
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2 decay possibility (refs)
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Decay scheme of 143Nd and 144Nd

La8257
139

7/2+

5/2+

0.0

165.857616
5.
85
75

M
1

10
0

stable

1.499 ns

Ce8158
139

0.03 /2+

Qϵ=264.6

5.10−7 %

100 %
137.641d

Ce8258
140

0+

2+

0.0

1596.23315
96
.2
10

E
2

10
0

stable

0.0910 ps

Nd8460
144

0.00+

2.291015 y
Qα=1903.2100 %

?%
? y

143Nd  143Ce

144Nd  140Ce
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Decay scheme of 145Nd and 146Nd

14
5.
44
33

M
1+

E
2

10
0

Pr8259
141

5/2+

7/2+

0.0

145.4434

stable

1.85 ns

Ce8358
141

0.07/2

Q
β =583.5

30.0 %

70.0 %

302.504 d

Ce8458
142

0+

2+

0.0

641.28264
1.
28
5

E
2

10
0

 51016 y

5.56 ps

Nd8660
146

0.00

Qα=1182.1

?%

?%

stable ?

145Nd  141Ce

146Nd  142Ce
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Decay scheme of 148Nd

Pr8559
144

0

1

0.0

133.515213
3.
51
5

M
1

17
.5

17.28 min

7 ps

Ce8658
144

0.00

Q
β =318.7

76.5 %

19.6 %

284.893 d

Nd8460
144

0

1

0.0

2185.68221
85
.6
62

M
1

0.
69

5

2.291015 y

Pr8559
144

0.00

Q
β =2997.5

97.9 %

1.05 %

17.28 min

1.04 %
4.51 ps

2 696.51369
6.
51
0

E
2

1.
34

9

148Nd  144Ce
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Decay scheme of 148Nd 2 decay

148Nd  140Ce  140Ba

La8357
140

3

0

0.0

581.07353
7.
26
1

M
1

24
.6

8

1.67858 д

7 пс

Ba8456
140

0.00

Q
β =104724.7 %

12.752 д

40%43.81321

0.52 нс

Ce8258
140

0

3

1596.24

2412.0281
5.
8

M
1+

(E
2)

24
.4

стабільний

La8357
140

0.03

Q
β =3760.2

 0%

43.9%

1.67858 д

20.2%
3.47 нс

4 2083.2648
7.
0

E
2

47
.7

0.0

5.9%2 15
96
.2

E
2

10
0

1.3 пс
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