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	 Scintillation properties of LiBr:Yb synthesized by the vertical Bridgman–Stockbarger 
method were investigated. Two emission peaks were observed at 415 and 450 nm under X-ray 
irradiation, which would be attributed to spin-allowed and spin-forbidden 5d–4f transitions of 
Yb2+, respectively. According to pulse height spectra, the highest light yield values (LY) were 
3500 photons/neutron and 1900 photons/MeV under 252Cf neutron and 137Cs γ-ray irradiation, 
respectively, and the α/γ ratio was 0.38. Although the LY was lower than that of the commercial 
Li-glass scintillator (GS20), the α/γ ratio was comparable to or higher than that of GS20.

1.	 Introduction

	 Neutron detectors have been used in security,(1) medicine,(2) and well-logging.(3) Since the 
September 11th terrorist attacks in 2001, the demand has rapidly increased in the security field to 
prevent nuclear terrorism and nuclear proliferation.(4) As conventional neutron detectors, 3He 
proportional counters have been utilized.(5) 3He is generated through the decay of tritium, and 
the depletion of 3He has become a major issue due to nuclear disarmament and the prohibition of 
nuclear testing.(6) Against this background, scintillators for neutron detection have been required 
as an alternative detector of 3He proportional counters. 
	 Scintillators are a type of phosphor that can convert ionizing radiation to numerous photons 
with low energy, and ionizing radiation can be detected by coupling scintillators with 
photodetectors. To date, scintillators have been developed in various material forms such as 
single crystals,(7–14) ceramics,(15,16) and glasses,(17–21) and single crystals have been mainly 
focused on because of their high light yield (LY). In scintillators for neutron detection, the 
following properties are required: high LY, large cross section for neutron capture, non-
hygroscopicity, and so forth. In addition, X- and γ-rays are generally generated in neutron 
irradiation fields. To reduce the sensitivity to X- and γ-rays, a small effective atomic number and 
a large α/γ ratio are required.   Thus far, many 6Li-based scintillators have been developed 
because of their high Q-value (4.78 MeV).(22–25) Among them, the following scintillators have 
been commercialized: LiF/ZnS:Ag,(26) Li-glass (GS20),(27) Cs2LiYCl6:Ce,(28) LiI:Eu,(29) and 
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LiCaAlF6:Eu.(30) However, these scintillators do not fully satisfy all the requirements, and new 
scintillators for neutron detection are required. 
	 LiBr is one of the promising hosts of scintillators for neutron detection because of its high Li 
concentration and small Zeff compared with LiI (Zeff = 34 for LiBr and 52 for LiI). Therefore, we 
focused on LiBr:Eu, and the scintillation properties were evaluated.(31) Although the 
luminescence due to 5d–4f transitions of Eu2+ was observed, the LY was 4600 photons/neutron 
(ph/n) under 252Cf neutron irradiation, which is lower than those of commercial scintillators for 
neutron detection. In addition, the decay time constant due to 5d–4f transitions of Eu2+ was 
relatively long. Therefore, we focused on Yb2+, which is known to show luminescence due to 
5d–4f transitions, similar to Eu2+, and there are two types of luminescence due to spin-allowed 
and spin-forbidden transitions.(32) In previous studies, Yb2+-doped scintillators have been 
reported to show high LY.(33–35) In addition, the decay time constants of several tens of ns have 
been reported in Yb2+-doped alkali halides.(36–39) Therefore, the scintillation properties of 
LiBr:Yb grown by the vertical Bridgman–Stockbarger method were evaluated in this study.

2.	 Experimental Methods

	 LiBr single crystals doped with 0.01, 0.03, 0.1, and 0.3% Yb were synthesized by the vertical 
Bridgman–Stockbarger method. LiBr·H2O (3N, High Purity Chemicals) and YbBr3 (3N, High 
Purity Chemicals) were mixed in the stoichiometric ratio. These powders were put into a quartz 
tube and dried at 300 oC for 3 h in vacuum to remove moisture. Then, the quartz tube was sealed 
using a gas burner(40) and grown in a Bridgman furnace (VFK-1800, Crystal Systems). The 
temperature of the furnace was 600 oC, and the pull-down speed was 5 mm/h. After growth, the 
quartz tubes were crushed to obtain the samples, and the obtained samples were polished to a 
thickness of 1–1.5 mm using sandpaper. Scintillation spectra under X-ray irradiation were 
measured using our original setup.(41) Scintillation decay profiles under pulse X-ray irradiation 
were obtained with an X-ray-induced afterglow characterization system.(42) To estimate LY, pulse 
height spectra were measured using a photomultiplier tube (PMT; R7600U-200, Hamamatsu 
Photonics) under 252Cf neutron irradiation.(41) Moreover, pulse height spectra were measured 
under γ-ray irradiation from a 137Cs source to evaluate the α/γ ratio. 

3.	 Results and Discussion

	 The appearance of all the samples is shown in Fig. 1. All the samples were colorless and 
transparent. Scintillation spectra under X-ray irradiation of LiBr:Yb are shown in Fig. 2, and the 
inset shows the scintillation spectrum of the 0.01% Yb-doped sample. The 0.01% Yb-doped 
sample showed almost the same spectral shape as the undoped LiBr.(31) In the undoped LiBr, the 
possible emission origins were considered to be self-trapped excitons or intrinsic luminescence 
such as lattice defects and oxygen impurities. Therefore, the emission origin of the 0.01% Yb-
doped sample was probably the same as that of the undoped one. In the other samples, two 
emission peaks were observed at 415 and 450 nm. The emission peaks at 415 and 450 nm could 
be ascribed to the spin-allowed and spin-forbidden 5d–4f transitions of Yb2+ because the 
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wavelengths were almost the same as those of NaCl:Yb,(37,38) CsI:Yb,(36) and KBr:Yb.(39) The 
emission intensity ascribed to spin-allowed transitions was considerably lower than that due to 
spin-forbidden transitions, and the relative intensity due to spin-allowed transitions decreased as 
the Yb concentration increased. The emission due to spin-allowed transitions was often observed 
in high local site symmetries in previous studies.(33,43) Owing to the distortion of the symmetries 
caused by Yb doping, the relative intensity of spin-allowed transitions possibly decreased. 
Scintillation decay profiles with different time ranges under pulse X-ray irradiation are 
illustrated in Fig. 3. Since the 0.01% Yb-doped sample did not show the luminescence due to 
Yb2+, scintillation decay curves were measured only for the other samples. From the results, the 
obtained decay time constants were 27–53 ns and  306–310 μs. The fast and slow components 
were typical values due to spin-allowed and spin-forbidden 5d–4f transitions, respectively, of 
Yb2+ in Yb-doped alkali halides.(36–39)

	 Pulse height spectra under neutron irradiation from a 252Cf source are presented in Fig. 4. 
GS20 was used as a reference sample; the LY of GS20 was reported to be 6000 ph/n.(25) The 
shaping times were 10 μs for LiBr:Yb and 2 μs for GS20. All the samples showed a clear neutron 
peak, and the LY was calculated by comparing the peak channel of the neutron peak and the 
quantum efficiency (QE) of PMT at emission wavelength with those of GS20. The QE, peak 
channel (252Cf-P), and LY are summarized in Table 1. The 0.03% Yb-doped sample showed the 
highest LY of 3500 ph/n among all the LiBr:Yb. The LY was lower than those of not only GS20 
but also all commercial scintillators for neutron detection. However, the LY might be 
underestimated because the decay time due to spin-forbidden transitions of Yb2+ was too long to 
completely shape all scintillation signals with the shaping time of 10 µs. Consequently, the LY 
would increase when measured with a longer shaping time. Pulse height spectra under 252Cf 
neutron and 137Cs γ-ray irradiation of the 0.03% Yb-doped sample and GS20 are shown in Fig. 5. 
A photoabsorption peak was observed in both the 0.03% Yb-doped sample and GS20.  Table 1 
shows the peak channel of the photoabsorption peak (137Cs-P), LY under 137Cs γ-ray irradiation, 
and α/γ ratio, assuming that an energy of 4.78 MeV in neutron capture was deposited. The LY 
values of the 0.03% Yb-doped LiBr and GS20 were calculated to be 1900 and 3600 ph/MeV, 
respectively. In addition, the α/γ ratio of the 0.03% Yb-doped LiBr was 0.38, which was 

Fig. 1.	 (Color online) Appearance of LiBr:Yb. Fig. 2.	 (Color online) Scintillation spectra under 
X-ray irradiation. 
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comparable to or higher than that of GS20. According to a previous report on LiBr:Eu,(31) the LY 
and α/γ ratio were 4600 ph/n and 0.37, respectively. Compared with LiBr:Eu, LiBr:Yb showed a 
lower LY, but the α/γ ratio was almost the same.

4.	 Conclusions

	 To develop new scintillators for neutron detection, the scintillation properties of LiBr:Yb 
were evaluated. Two emission peaks were observed at 415 and 450 nm, and decay time constants 
were 27–52 ns and 306–308 μs. The results indicate the emission origin to be spin-allowed and 
spin-forbidden 5d–4f transitions of Yb2+. According to the pulse height spectra, the highest LY 

Table 1
QE, peak channel (P), LY under 252Cf neutron and 137Cs γ-ray irradiation, and α/γ ratio.
Sample QE 252Cf-P (ch) LY (ph/n) 137Cs-P (ch) LY (ph/MeV) α/γ ratio
0.01% 38.53 538 2700 – – –
0.03% 31.02 558 3500 204 1900 0.38
0.1% 31.02 227 1400 – – –
0.3% 31.02 180 1100 – – –
GS20 38.53 1191 6000 467 3600 0.35

Fig. 3.	 (Color online) Scintillation decay profiles under pulse X-ray irradiation in the range of (a) ns and (b) ms.

Fig. 4.	 (Color online) Pulse height spectra of 
LiBr:Yb and GS20 under neutron irradiation from 
252Cf source. 

Fig. 5.	 (Color online) Pulse height spectra of 
LiBr:0.03%Yb and GS20 under 252Cf neutron and 
137Cs γ-ray irradiation.

(a) (b)
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values were 3500 ph/n and 1900 ph/MeV under 252Cf neutron and 137Cs γ-ray irradiation, 
respectively, and the α/γ ratio was 0.38. Although the LY was lower than that of GS20, the α/γ 
ratio was comparable to or higher than that of GS20. Since the decay time was too long to 
completely shape all the scintillation signals, the LY might improve when measured with a longer 
shaping time.
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