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Determination of the Detector’s Operating Voltage

In setting up nuclear instruments, it is often desirable to establish an
operating point that will provide maximum stability over long periods of
time. In order to select an operating point of maximum stability, plateaus are
sought in a counting curve. The qualitative features of a counting curve can
be traced by a simple measurement of the detector counting rate as a function
of Voltage. And the Voltage is often selected to lie at a point of minimum
slope on this counting curve [8]. Figure 1 shows the electronic set-up to
determine the operating voltage for the two detectors.

Figure 1. Electronic Set- Up for Plateau Curve Determination

The source to be used in this set up is 'Co itself. The nurpber O_flcgurﬁ
registered in the scaler after 60 seconds shall be ref:orded which w'ltls nfaxi-
peated with an increase in the applied uniformly incremented tg 1 i
mum allowable voltage. The counting curve will be genel.‘ated 111 Pe e
the log of counts per unit time in the scaler against the a'pphe‘_i ;,10 ﬁite.a uin
best choice for the operating voltage is the middle portion Oft ’ :te is less
the counting curve since it is in this voltage that the counting T

sensitive to changes in the applied voltage.

Energy Spectra Determination

C—
anode conne
To generate the energy spectra by the two detectors, the e NIM

to
tors for the output signal in the two detectors must be connectte; Automated
(Nuclear Instrumentation Modules) and the CAMAC (Com%‘%us ed t0 alloW
Measurement and Control) systems which were properly ad)
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energics of interest to pass thru the systems, The amplifiers gain and the
discriminators threshold voltage are set to the minimum. The energy spectra
generated by the two detectors can be viewed in the monitor of a PC using
the available Fortran program on histogramming .

Energy Calibration Curve Determination

An encergy calibration curve is generated by making a plot of the en-
ergy peaks of interest of radioactive sources with the corresponding ADC
count where these peaks are located. Sources of the same type of radiation
and with energics as close as possible to the desired energy range must be
chosen. A minimum of two points is needed to perform a calibration.

TDC Calibration Curve Determination

When a timing system such as the TDC has been chosen, there is a
need to calibrate this system to have a measure of system linearity and reso-
Jution. A method to do this is to use a single source to drive the stop and start
channels. To be able to make a proper lifetime measurement, it is necessary
to calibrate the TDC (Time to Digital Converter). The slope of this curve
will be the time resolution of the TDC. Again MS Excel can be used to

generate this curve.

III Results and Discussions

Signals from the two Detectors

To find out if the two assembled detectors are working properly, the
signals from the anode of each detector are viewed in the oscilloscope. De-
tector A gives an output signal of 32 mv and detector B gives an output
signal with an amplitude of 32 mv. These signals are the results of adjusting
the amplifiers gain to the minimum. It was found out that the two detectors
are in good working condition. Figure below shows the assembly of the two

detectors.
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Figure 2. Assembly of the two detectors

Plateau Curves of the two Detectors

These plots were generated using Co*’ as the source. Figure 3 shows
the counter plateau curve for detector A. It can be seen that the lower the
discriminator’s threshold voltage the greater the number of counts an@ th‘z
higher the discriminator’s threshold voltage the lower the counts.‘Th‘.S !
because signals with low amplitudes are being discriminated gy
nator and only those signals with amplitudes compatible with @C dlscount-
nators threshold voltage are allowed to pass through and counted 1 th(fi ;;_
ing system. It can also be observed that the counter plateau for
threshold voltage can be set to 1700 V. . observed

Likewise, for detector B, the plateau curve shown .in fig.418
at higher discriminator’s threshold voltage. The operating ¥

this detector is 1300 V.
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Figure 3. Counter Plateau Curve for detector A
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Figure 4. Counter Plateau Curve for detector B
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Pedestal Counts Removal

The two ADC channels contained data without any input s;

ing into them. To remove unwanted signals generated by the twolinal o
no radioactive source (*’Co) was used in between the two detectoeteCtors’
blies and the spectra generated by the two detectors were viewed in ther ass§m_
of the personal computer. These unwanted signals were removed by?OmFor
of commands in the fortran macro for the final acquisition of energy (Si:asrtxres
bution and the time distribution. Figures 5 and 6 give the spectra for thle
unwanted signals generated by the two detectors.
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Figure 5. Signal from Detector A without source
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Figure 6. Signal from Detector B without SO
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Energy Spectra Calibration Curve

To determine the energy of the particles generated by each detector,
known sources such as Ba 133 and Cd 109 were used. These sources were
used because energy peaks of ineterest are closer to ’Co. To generate the
energy calibration curve, the ADC counts at the peak of the spectra for each
detector were plotted with the energy peak of interest of known sources. A
figure 7 is the energy spectrum of these sources using detector A. For !33 Ba,
the mean value of the ADC count is 816.7 ADC. The standard energy equiva-
lent to this peak is 80 keV. For 109 Cd, the mean value of the ADC count is
88 keV. Using these values, the energy calibration curve is generated and is
shown in Fig. 8. The slope of this curve is found to be 10.407 ADC counts/
keV. The mean value of the energy distribution found in fig.7 is 1221 ADC
counts. Dividing this value by 10.407 ADC counts/keV, then a calculated
value of 117.32 keV is obtained, an energy spectrum which is just very near
to 122 keV.

Data from adetco.txt

Counts

Figure 7. Energy Spectra from Detector A

The energy with the highest peak in figure is found to be almost 122 keV.
This was calculated by taking the mean value of 1151 and divides it with
value of the slope from the energy calibration curve.
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Energy Calibration Curve for
Detector A
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Figure 8. Energy Calibration Curve for Detector A

Likewise taking the mean value of the highest peak in detector B and divide

it with the slope from the energy calibration curve, was found to be very near
14 keV.

Energy Calibration Curve for Detector B
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Figure 9. Energy Calibration Curve of Detector
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Figure 10. TDC Calibration Curve

Figure above is the calibration curve generated from calibrating the TDC.

After constraining the curve to pass through the origin, the slope gave out a
value of 1.794 nanoseconds/TDC counts.

Measured Lifetime

Figure below is the final set-up for the acquisition of the mean lifetime
of the 14 keV state. In this set up, the signals coming from the two detectors
with the proper macro in fortran can be immediately viewed in the monitor
of the personal computer. The proper commands in the macro were also in-
cluded to remove unwanted signals. The NIM module responsible for the
acquisition of energy spectra data is the ADC (Analog to Digital Converter).
To determine the time distribution of the 14 keV state, signals coming from
detector A are fed into the start input of the TDC (Time to Digital converter)
and the signals coming from detector B are fed into the stop input of the
TDC. When signals are detected from these inputs, a single pulse is given
out with the corresponding TDC count. Using the slope of the TDC calibra-
tion curve, The TDC count will have its corresponding time. In this set-up,
all the energies from both detectors were all allowed to pass through. It is in
the final data that the selection process is being made. The TDC count is
taken when particles falling in the range of the 122 keV and the 14 keV are
selected.
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Figure 11. Actual Set-Up for Lifetime Measurement
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Figure 12. Energy Spectra from Detector A using the Lifeti
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Figure 13. Energy Spectra of Detecior B using rthe Liferime Ser-Up

Using the exponential function for radioactive decays, measurements made
on October 7-9, gave a mean lifetime of 140.2 =19.18 ns. while a measure-
ment done on October 16, 2000 gave a mean lifetime of 142.8 = 35.27 ns

with a good parameter fit 0f 20.17/12=1.72 and 42.03/12=3.50 respectively.
The accepted experimental value is 141 ns.
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Figure 14. Mean Lifetime Measured on (a) October 7-9, 2000 (b) October
16, 2000 and (c) Nov.1, 2000 '

YV Conclusions

In this study, we found out that the mean lifetime of the 14 keV state 1111
the transition of ¥ Co " Fe measured from October 7, 2000 to Novembﬁf1 X
2000 was 140.6 +8.3 which agrees well with an international accepted V&t
of 114 ns.

It is found that the Nuclear Instruments available at the IIT- ighat
ratory are capable of measuring mean lifetimes of nuclear states w'ts tis
less than a second with values which are within the acceptable hr:lihé high
also found out that the two Nal(Tl) crystal scintillators can detecsources 0
and low energies for ’Co as the source of radiation. Using otherdiation, the
radiation such as Cd 109 , Ba 133 and Mn 54 as sources of ra
energy calibration curve for the two detectors were generated-
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Lifetime Measurement of the
14keV State in the Nuclear
Decay of ’Co(EC) to >'Fe

MERLITA C. GARCIA
ROSARIO L. RESERVA
ANGELINA M. BACALA, Ph.D.

Abstract

The beta decay of *’Co to *"Fe undergoes two modes. In this research the
mode which leads to hvo excited states for *’Fe is taken into consideration. The
de-excitation of the second excited state 1o the first excited state gives off a 122
keV gamma ray photon while the de-excitation of the first excited state to the
ground state gives off a 14 keV gamma ray photon. In this decay mode the emis-
sion of the gamma photons are in cascade and are then considered to be coinci-
dent. Lifetime measurement uses the principle of the method of coincidence

The detection of these two energies are made possible by the assembly of rwo
different sizes of scintillation detectors. The scintillators used are Sodium
lodide(Nal) doped with Thallium. To detect the 122 keV gamma photon, a 2" in
diameter by 2" thick scintillator is being used and to detect the 14 keV gamma
photon, al”in diameter by .25 " thick scintillator is being used. Using the Nuclear
[nstrumentation Modules (NIM) such as amplifiers, gate generators, delays etc
and the Computer Automated Measurements and Control(CAMAC) modules such
as the Analog to Digital Converters(ADC) and the Time to Digital
Converters(TDC) with their proper calibrations, and using a macro in fortran,
the energy spectra of the particles of interest incident on these detectors can be

03 MERLITA C. GARCIA teaches physics and other sciences at Ateneo de Zamboanga
University, Zamboanga City. This paper was an output of her Masteral study at MSU-IIT

and was presented during the Annual MAEP General Assembly i November 2000 at
Cagayan de Oro City. ROSARIO L. RESERVA and Dr. AGELINA M. BACALA faculty

members of the Physics Dept., College of Science & Mathematics, MSU-IIT
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viewed in the monitor of a personal computer and the time between the detection
of these two energies can also be determined.

The ADC spectra are analyzed using the ROOT data analysis system for
histogramming and fitting. In the acquisition of the ADC data, unwanted counts
JSound in the ADCs are removed. Once the TDC data is at hand, it is converted 1o

time by multiplying the data with the slope of the TDC calibration curve. In tak-
ing the lifetime data to be analyzed, TDC data is selected which corresponds to
the selected ADC I data(122 keV particles) and the selected ADC 2 data (14 keV

particles). The mean lifetime of the 14 keV state of *’Fe is determined by plotting
the dist-ibution of the time between the detection of the gamma ray of these two

energies. Using the ROOT suite of programs, an exponential fit is made to the

TDC time distribution and the mean lifetime of the first excited state of “’Fe is
then calculated.

Keywords: beta decay,energy spectra, NIM, CAMAC

I. Introduction

sense of feeling of danger. But despite the danger, radiation has
proved very useful in the service of mankind. The benefits that
came to mankind are immensed as compared to the harmful effects.

There are several kinds of radiation and one of them which is very use-
ful in nuclear medicine is gamma radiation. The use of gamma radlgtlon n
the diagnosis and therapy of cancer are some of the well known benign fea-
tures of radiation in our life [1].

Radioactive elements such as 2Na, ¥Co, ®Co and "*’Cs are some ofthe
main sources of gamma radiation. Each of these sources fouows a betahiz;
cay scheme that leads to the population of the excited state in the daug i
nucleus. The excited states in the daughter nucleus have a shorter averag
lifetime. Deexcitation takes place through the emission of a gamma ray Ptt‘;:
ton whose energy is essentially equal to the difference in energy between
initial and final nuclear states [1].

The nuclide ’Co, an unstable nucleus is often used as a 50
tion in many experimental techniques in nuclear physics. This 18
goes the third kind of beta decay known as electron capture (EC
keV level of 7Fe [2]. Figure 1 below shows the beta decay scheme

[3].

W hen the thought of radiation comes into our minds, it generates

urce of radia”
otope under”
) to the 136
for *'CO
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The decay of 136 keV level of *’Fe can occur by one of the two princi-
pal modes: by a 136 keV gamma directly to the ground state or by branching
through the 14 keV level to the ground state. The 136 keV(y,) gamma branch
occurs 11% of the time. The 122 keV gamma(y,)is 87% abundant. The 14
keV level de-excites most of the time by internal conversion[4]. In the decay

scheme of ’Co, we can see that the gamma ray photon of 122 keV(136-14)
is produced each time the 14 keV state becomes populated. After sometime
the 14 keV state will decay to the ground state giving off the v, ray [3].

Nuclear Decay

The nucleus of an atom is made up of a number of nucleons(protons
and neutrons). The atomic number of the nucleus is determined by the num-
ber of protons and this will tell us the kind of element we are dealing with.
The mass of the nucleus which is denoted by A is given by the total number
of protons and neutrons: A=Z+N. A nuclide is a nuclear specie with a par-
ticular Nand Z. This is also known as an isotope. A nuclide is designated as
,Eor just E where E is the symbol for the element. Ifa large number of
nuclides decay with the same process then the number of decays per unit
time will be proportional to the number of nuclides present that is

-dN = ANdt (1)

where % is a proportionality constant. This equation can easily be integrated
to give ‘

N(t) = Noe™ )

Where N is the number of nuclides present at t = 0. Usually what is mea-
sured is the number of decays per unit time. This is commonly called as the

count rate. This is given by the time derivative of the equation given above
or

d_N = ANgeM = _(d_N) OC~M (3)
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Taking the logarithm of this equation gives

dN dN
log)o(-—— )= logio(-—— )o-Atlogie  (4)
dt dt

This means that the count rate (-dN/dt) versus t will result in a straight line
with slope -Alog e.The half life is defined as the length of time required for
half of the original number of nuclides to decay. Therefore,

l Np = Nge™ (5)
5 2

or
tyr = (In 2)/A = 0.693/A, (6)

The mean life is given by:

[(@n 1 doye
tonean = = 7
j (dN /dt)dt
0
this can be written as;
1 o
lIIICJH = e J’dN (8)
No ?
then we can have
— j the™ dt )
0
Integrating this gives:
tlllC-!ll = l = {l ! 2 (] 0)
A 0.693

The half life for the first excited state of ’Fe is found to be 98 ns[3)-
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The nuclear decay of *” Co leads to a doubly excited 7 Fe nucleus in a
highly excited environment. The nucleus relaxes in (wo steps, : the second
excited state, which has a lifetime of 12 ns decays with the emission ofa 122
keV gamma-quantum to the first excited state. The lifetime of the latter is
141 ns and it’s decay produces a 14.4 keV photon that can be used for
Mossbauer spectroscopy. The 14.4 keV level of the *Fe nucleus is populated
only 12 ns after the electron capture decay of *7 Co [5].

I Experimental Design and Set-up

Assembly of Two Detectors

Two detectors are needed to detect for the 122 keV gamma ray and the
14 keV gamma ray. To assemble the detector which will detect the 122 keV
gamma ray, a bigger Nal(Tl) crystal scintillator with the dimension of 2” in
diameter and 2” thick is purchased from OE Technologies in La Madera,
New Mexico, USA. Using an OKEN 6262A optical grease,this crystal will
then be attached to a HAMAMATSU H1161/RA7880 photomultiplier tube
(PMT) whose maximum operating voltage is 2500 Volts. After the attach-
ment, they will be wrapped neatly with a black light shicld and electrical
tape. Likewise, to detect for the 14 keV gamma ray , a thinner Nal(TI)
crystal scintillator with a dimension of 1”” in diameter and .25 thick is avail-
able and can be purchased from Hilger Crystals in the United Kingdom. This
crystal will be attached to a HAMAMATSU H3171 photomultiplier tube
whose maximum operating voltage is 1500 Volts. Again using optical grease
and a light shield and black tape they can be attached and wrapped neatly [9].

The H1161/RA7880 PMT has two anode connectors which can give
identical output signal while the H3171 PMT has only one anode connector
for the output signal. To determine wether the PMT has been properly as-
sembled and in good working condition, the output signal must be viewed in
an oscilloscope. In this research, a two channel digital oscilloscope is being
used.
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