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Abstract—Gamma-ray linear attenuation coefficient values of Pb, Fe and Al absorber materials were investi-
gated. A fast coincidence timing measurement spectrometer was used for this purpose differently from other
traditional spectrometers. A solid point 22Na positron source was utilized for the annihilation radiations.
Obtained results were compared with those of XCOM program and literature values.
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INTRODUCTION
As it is known, gamma-ray attenuation coefficient

of an absorber material is a crucial parameter espe-
cially in gamma radiation shielding. For this purpose,
a large number of studies for determining the gamma
attenuation coefficients of various materials such as
dental materials [1], glass [2–4], concrete [5] and
solutions [6] etc. have been introduced in the litera-
ture.

If a monoenergetic gamma photon beam with I0
intensity collides with a target of thickness x, the number
of photons passing through the target, I(x), is given by

(1)
where μ – is the linear attenuation coefficient of the
target material. This quantity changes with the atomic
number and density of the material.

Logarithm of both sides of the above equation gives

(2)
The slope of the graph of natural logarithm of the

intensity versus target thickness gives the linear atten-
uation coefficient.

A coincidence measurement is used to detect cer-
tain types of radiation, to accept the pulses from a sin-
gle type of particle, to choose the particles coming
from a specific direction, and to eliminate the undesir-
able events. Timing coincidence means register two
events simultaneously with a timing procedure out of a
large group of events [7].

The objective of the presented work is to investigate
and suggest a different method that can be described as
fast coincidence timing method for determining

gamma-ray linear attenuation coefficients of the
materials differently from the traditional slow energy
method [8].

MATERIALS AND METHODS

A solid point 22Na source with the activity of ∼5 Ci
was used. It was positioned 3 cm far away from the
detectors i.e. amidst of both detectors.

Two cylindrical plastic scintillation detectors that
have Saint Gobain BC-420 type plastic scintillators
(2 inch diameters and 2 inch heights) combined with
Hamamatsu R1828-01 type photomultiplier tubes
(PMTs) were utilized. The outputs of the detectors
were connected to fast timing preamplifiers P. Their
outputs were sent to constant fraction discriminators
CFD through timing filter amplifiers TFA. The latter
provide noise reduced and amplified signals. Positive
outputs of the CFD were forwarded to universal coin-
cidence unit U to generate a coincident signal for lin-
ear gate LG to perform its input. Fast negative outputs
of the CFD were connected to time to amplitude con-
verter TAC for its “start” and “stop” inputs. This
device generates a timing output that is proportional to
the time interval between its “start” and “stop” sig-
nals. The output of the TAC was sent to LG to trigger it
via its “enabled” input. Thus, LG gave a coincidence
output triggered by timing signals. LG output was
finally connected to a counter which can be adjusted
its recording time by a timer (Ti). The experimental
setup was shown in Fig. 1.

Pb, Fe and Al absorber materials with the dimen-
sions of 10 × 10 cm were used to determine their atten-
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uation coefficients. These materials were chosen in
particular to test the performance of the setup through
high, middle and low density-materials.

The absorber materials in increasing thicknesses
from 0 to 1 cm with the increments of 0.1 cm (i.e. each
absorber has 1 mm thickness) were placed between the
source and the stop detector to generate a timing out-
put by the TAC. Each measurement with the acquisi-
tion time of 60 s was repeated three times for each
absorber thickness. Background counts were also
recorded three times in the same acquisition time and
then averaged. As in the conventional method, each
measurement was then subtracted from the averaged
background counts. Finally, mean value of the deter-
mined attenuation coefficients for each material was
calculated according to Eq. (2) and tabulated.

Constant fraction discrimination timing method
was followed in the presented coincidence setup. In
constant fraction timing method, the input signal to
the constant fraction shaping circuitry is delayed, and
a fraction of the undelayed pulse is subtracted from
input signal. A bipolar timing pulse is generated, and
its zero-crossing is detected and used to produce an
output logic pulse [9]. Further information about the
method can be found in the literature [7, 10, 11].

The timing method will ensure the detection of
annihilation photons only and prevent the chance

coincidences by this way, enhancing the detection per-
formance. This is the main conception for the pre-
sented setup.

The signal shape of LG output can be seen in Fig. 2.
The coincidence spectrum was also given in Fig. 3
when a multichannel analyzer (MCA) was connected
to LG output instead of the counter. It can be stated
from this figure that the presented setup succeeded in
recording the coincident events only.

RESULTS AND DISCUSSION

Gamma-ray linear attenuation coefficients of
materials wanted to be determined using a different
method in this work. For this, unlike the traditional
ones that use slow energy signals, a coincidence mea-
surement setup which utilized from the fast timing sig-
nals was used.

Experimental coefficient values were determined
from Eq. (2). In addition, these coefficient values were
also calculated by XCOM [12] program for the com-
parison of the experimental values.

Whole results obtained from experiment and
XCOM were compared with the literature values as
seen in Table 1.

Fig. 1. Experimental setup. PS – power supply; St Det –
start detector; Sp Det – stop detector; – preamplifier; T –
timing filter amplifier; C – constant fraction discrimina-
tor; U – universal coincidence; TAC – time to amplitude
converter; LG – linear gate; Ti – timer.
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Fig. 2. LG output signal shape.

Fig. 3. MCA spectrum of LG output.
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According to the obtained results in the Table, it
can be concluded that the introduced timing coinci-
dence setup was successful in determining the gamma-
ray linear attenuation coefficient. The advantage of
this setup, in addition, was the fact that the setup
accepted only annihilation photons by discarding the
any type of radiation such as background, scattered,
backscattered etc. through a time of f light measure-
ment.

Consequently, it was revealed that the gamma-ray
linear attenuation coefficient of an absorber material
could be determined through a different method by
the presented study.
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Table 1. Comparison of the obtained linear attenuation coefficients for 511 keV-energy gamma photons

Material Density, g/cm3
Linear attenuation coefficients, cm–1

Experimental XCOM [12] Literature (for 500 keV) [13]

Pb 11.34 1.6376 ± 0.0081 1.6466 1.6443
Fe 7.87 0.6380 ± 0.0183 0.6422 0.6501
Al 2.70 0.2228 ± 0.0025 0.2244 0.2268
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