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Abstract

The quenching of the scintillation light of Bap2 crystals is described in the
framework of Birks law for light charged particles in the energy range of 20 - 100
A MeV. Based on the recently published data the analysis yields a value of Birks
constant equal to 1.8 ± 0.3 mg MeV"1 cm~2 and a scintillation efficiency equal
to 0.79 ±0.05 MeV«

Detectors made of a barium fluoride (BaFa) crystal have recently become popular
in the spectroscopy of photons and light charged particles at intermediate energies.
They offer a good energy resolution, subnanosecond timing, pulse shape discrimina-
tion, high density and radiation hardeness. Since the discovery of the fast component
of BaF2 scintillation light [1] significant knowledge of this scintillation material has
been gathered in the past few years (for a recent review, see Ref.[2]).

It is well known, that the amount of scintillation light produced by particles of
the same energy decreases for heavier particles. This is also the case for BaF2 and
it was noticed very soon while studying the background spectrum. In this spectrum
numerous a-lines from intrinsic radioactivity appear with light yields corresponding
to photon energies that are smaller by a factor of about 3.7 [3, 4, 5] than the known
a-energies.

The description of the effect of quenching of the light yield for highly-ionizating
particles can be based on Birks theory [6], which relates the light yield dL to the
energy loss dE by the following equation:

dE
( 1 )

where &s is Birks constant and 5 is the scintillation efficiency. The total light yield
produced by a particle is given by the integration of equation (1) from the initial
energy down to zero energy. Recently, new data on the light yield of BaFj have
been obtained by Lanzano et al. [7] in the energy range of several tens A MeV.
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The authors of paper [7] decided to fit their data with a power law Ea/Z~' with
fitted values of a=1.167 and 7=0.464. In this Letter the description of their data is
presented in the framework of Birks formula (Eq.l) and the values of kg and 5 for
BaF2 are extracted.

The light yield L versus kinetic energy E0 data shown in Fig.5 of Ref.[7] for
protons, a-particles, 7Li and 9Be ions were fitted using the following formula:

f° dE
= a- —JJT

JEO 1 + fcfl
(2)

with kg , a and b treated as free parameters. It was assumed that the values of kg
and 5 are the same for these light particles. The light yield data of Ref.[7] are in
arbitrary units, so a is the relative scintillation efficiency and b is the offset of the
data, as used in the power-law fit of Ref.[7j. The best fit value of the 6-parameter
equals 98.2, very close to 101.6 reported in Ref.[7]. For Birks constant parameter
the fit provided a value of 1.8 ± 0.3 mg MeV""1 cm"2. This value is almost an
order of magnitude smaller than that of most plastic scintillators (for example, kg
= 13.1 mg MeV-1 cm~2 for NEI02 [8]). The experimental values of the light yield
differ from the fitted ones by less than 2.3% (average value). The comparison of the
experimental data to the calculated light yield is shown in Fig.l; the normalization
of the light yield axis will be discussed below.
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Figure 1: Light output (in electron-equivalent energy) of BaF2 scutillator for pro-
tons (circles), a-particles (squares), 7Li (diamonds) and 9Be (triangles). The data
are of Ref.[7] while the lines result from the integration of Birks law (Eq.l).
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The verification of the obtained result can be provided by a comparison of the
calculated light yield with the experimental absolute values (in units of electron-
equivalent light yield, MeVee) measured by Murakami et al. [9] for protons up to
60 MeV and o-particles up to 100 MeV. For the high energy data of Ref.[9], which
overlap with those of Ref.[7], the ratios of the absolute experimental light yield to the
integrals of Birks law (Eq.l) with 5=1 have been evaluated. This ratio equals to the
scintillation efficiency parameter. Values of this parameter are plotted in Fig.2. The
scintillation efficiencies for protons and a-particles are very close (slightly higher for
protons) and roughly constant in this energy range with a mean value equal to 0.79
± 0.05 MeVee MeV'1. This value was then used to assign absolute values to the
light yield data of Ref.[7] plotted in Fig.l. Results shown in Fig.2 indicate that the
same values of ka and 5 can be used in Eq.l for the light charged particles discussed
in this Letter. Calculations of the light yield of heavier ions on the example of the
1 60 data of Ref.[9] show, that the experimental light yields are underestimated by
about 60%. This can be explained by the lower value of Birks constant for heavier
particles, as already observed for CsI(Tl) scintillators by Stracener et al. [10].
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Figure 2: Scintillation efficiency 5 calculated as ratio of the absolute light yield data
of Ref.[9] to the integrals of Birks law (Eq.l) with 5 = 1. The open and full circles
correspond to protons and a-particles, respectively. The mean value is shown by a
dashed line.
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In summary, a good description of the light yield of BaF2 scintillators for light
charged particles have been obtained within the simple Birks theory in the energy
range of 20-100 A MeV. In this energy-and-mass region Birks constant equals 1.8 ±
0.3 mg MeV-1 cm-2 and the scintillation efficiency equals 0.79 ± 0.05 MeV« MeV'1.
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