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In this paper we discuss the inner-workings of the thallium-activated NaT detector and its

ability to resolve spectra. Additionally, we analyze a sample spectrum of 60Co and ‘3TCs

produced by an Amptek GAMMA-RAD5 Nal detector and calculate its energy resolution. It is

found that at the identified spectral lines of .662 [Mev] from cesium and the 1.1 7and 1.33 [Mev]

lines from cobalt, the energy resolutions are 7.6%, 5.1%, and 4.9% respectively. This provides

proof that energy resolution decreases with increasing gamma ray energy.

I. Introduction

Measuring different regions of the
electromagnetic spectrum requires different
instrumentation to produce good results. For
gamma ray spectroscopy, the sodium iodide
detector, an inorganic scintillation counter, is
one of the most common ways to measure
spectral lines that exist in the x-ray/gamma
region.

Detecting gamma-rays is not a direct
process as these rays do not have an intrinsic
charge°. Because of this they do not create
ionization or excitation of the medium they
are passing though directly. What we can
measure is the byproduct of their interaction
with the electrons of the material.

Gamma radiation interaction with the
medium can occur in one of three ways:
photoelectric absorption, Compton
scattering, and pair production. In
photoelectric absorption, a photon
disappears upon collision with an electron
and the electron gains kinetic energy equal

to:

Where hv is the energy of the gamma
photon and Eb is the binding energy of the

liberated electron. Because gamma photons
are very energetic, this interaction is
favorable in gamma ray spectroscopy as the
electrons new energy is comparable to that
of the incident gamma ray.

In Compton scattering the photon is

not absorbed by the electron but is
rebounded or “scattered” depending on the
incidence angle. The photon only loses a

fraction of its initial energy, which is gained

by the electron and follows the equation’:

Ee- = hv-hv’ = hv ((hv/moc2)/(1-
cos(angle))/( 1 +(hv/moc2)(1 -cos(angle)))).

Pair production, in summary, is when

a gamma ray turns into an electron-positron

pair when in the presence of the electric

field near the nuclei of the absorbing
material. Because positrons are not stable,

they will annihilate into two .511 Mev

photons. Sometimes the detector will pick

up one or both of the relatively high energy

photons. Keep in mind that this only occurs
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Ee- = hv- Eb



when the gamma photon has sufficient
energy—that is when its energy is greater or
equal to the mass of the electron-positron
pair.

[1. Experimental Apparatus/Method

The NaT detector consists of two
main parts. The first component is the
sodium iodide crystal, which serves as the
medium the gamma-rays travel through. The
crystals are activated with impurities like
tha1lium2,which through several processes
are able to interact with the photo-electrons
created by the gamma radiation to produce
light or “scintillations” in the visible blue
region—approximately 420 nm.

The second main component is a
photomultiplier tube, or PMT, which serves
to amplify these scintillations. A PMT

consists of a photocathode followed by a
series of dynodes (typically 6-10) and
ending with acOllêëtiOn a Ode2.The blUe

photons produced from thallium strike the
photocathode, and through the photoelectric
effect, eject electrons. The electrons are then

guided by an accelerating high voltage
towards the first of the several dynodes. One

electron colliding with a dynode produces
about 5 to 10 more electrons. All electrons
produced via the dynodes are then collected

by the anode and is registered as a pulse,
which is read by a pulse height analyzer

(PHA) or other appropriate equipment.

One may be wondering on how the

detector is able to differentiate between

different gamma-ray energies. The answer is

simple. Because higher energy gamma-rays

are made of higher energy photons, the

crystal they travel through absorbs more

energy. The result is that more blue photons
are created and that the overall effect is that

the final pulse height is proportional to the
incident gamma ray energy absorbed in the
crystal.

Although rare, there are situations
that arise when two gamma rays arrive at the
detector at the same time. When this
happens, a pulse of energy equal to the sum

of both rays appears on the spectrum. In our
spectrum, as you shall see in the next
section, there is no case where this happens.

To see this effect, one can change the gain of

the electronics and count for long periods of
time.

III. Data
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Above is the gamma spectrum for

Cs’37 and Co60. The graph was produced by

running a program (for this graph about 10

minutes) that records the number of times

(the count) a certain energy level was

measured. Each channel is assigned a certain

energy level making the channel

proportional to the energy. Using this
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property and the known spectral lines of the

two samples, we identified the two righ

spectral lines of 1.17 and 1.33 Mev

belonging to cobalt, and the single left line

of .662 Mev of cesium.

Left of the .662 Mev spectral line

one should notice a large amount of “noise”.

This noise is caused by the electrons

undergoing Compton scattering, or those

created through pair production. These

electrons, you may recall, do not have as

much energy as the electrons which

underwent photoelectric absorption, and

thus, are located in the left portion of our

spectrum.

IV. Analysis

Energy resolution of each spectral line was

calculated by the following formula:

R=f/E

where f is the full width half maximum and

E is the channel number at the center of the

spectral line. These turned out to be 7.6%

at .662 Mev, 5.1% at 1.17 Mev, and 4.9% at

1.33 Mev—these are consistent with the

specifications of this Amptek model’3.

Although more spectral lines would support

this further, these energy resolutions suggest

that with increasing gamma ray energy we

achieve lower energy resolution.

V. Conclusion

Nal scintillation counters can be

successfully used in the gamma region to

measure unknown spectral lines. These

detectors consist of two main parts: the NaT

thallium-activated crystal and a PMT. The

crystal absorbs high energy gamma photons

and converts them into blue scintillations.

The scintillations are amplified through the

PMT, which are then easily measureable by

computer programs or electronics. A

program then counts the amount of times it

measures a certain energy level and records

it to a specific channel. After a short amount

of time, a graph similar to the one provided,

can be made from this information.
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