PR

..

o

P e i

MARTIN BARIET

g

3 uyhb 00706872 &

Il

ORNL/TM-10115

OAK RIDGE
MATIOMNAL
LABORATORY
| | Evaluation of Thin CaF» {(Eu) Scinfiliator

for Detecting Tritium

| M. M. Chiles

DRERATED BY | |
RAATI MARIETTA ENERGY SYETIMS, W0

EOH TRE UNITED STATES
DEPAATMENT OF ENERGY



Printed in the United States of America. Available from
Nationa! Technicai Information Service
U.S. Departmant of Commerce
5285 Port Hoya! Road, Sprinafield, Virginia 22161
NTIiS price codes--Frinted Copy: AD2 Microfiche AQ]

(4

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neiither theUnited States Government nor any agency
therect, nor any of their empioyees, inakes any warranty, expiess or implied, or
assuriies any legal liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process discivsed, or
represents thatits use wouid notinfringe privately ownad rignis. Beference herein
to any specific commercial product, process, or service by trade name, trademaik,
manufacturer, or otherwise, does not neceszarily constitute or imply its
endorsement, recemimenaation, or favoring by the Unitad States Gevernment or
any agency therest. The views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States Governimnent cr any agency

thereof




Instrumentation and Controls Division

EVALUATION OF THIN CaF, (Eu) SCINTILLATOR
FOR DETECTING TRITIUM

M. M. Chiles

Date Published: October 1986

Work performed for the
Space and Naval Warfare System Command,
Nucleonics Division under Interagency
Agreement DOE No. U40-531-75,
Navy No. NOOO3986WREFO19

Prepared by the
OAK RIDGE NATIONAL LABORATORY
Oak Ridge, Tennessee 37831
operated by
MARTIN MARIETTA ENERGY SYTEMS, INC.
for the

U.S. DEPARTMENT OF ENERGY

under Cortract No. DE-AC05-840R21400

ORNL/TM-10115

MARTIN MARIETTA ENERGY SYSTEms LIBRARICS

WL

3 4456 OO70572 g






TABLE OF CONTENTS

ACKNOWLEDGMENTS & & ¢ v ¢ o 4 o o ¢ « o ¢ s o o
ABSTRACT . & v v ¢ v o ¢ o o o o o o s & o o o o
1. INTRODUCTION . & . & ¢ o & o o o o o o o s o
2. DESCRIPTION OF THE SCINTILLATOR . . . . . . .
3. DESCRIPTION OF COINCIDENCE ELECTRONICS . . . .
B, TRITIUM TESTS .« &+ ¢ v v o v v o v v o s o o s

5. RATIONALE FOR ESTIMATING THE BETA ACTIVITY ON
 THE SCINTILLATOR . . « + ¢« v ¢« ¢ ¢ v o o« o & &

6. CONCLUSION . & & o v o o s o s s o s o o o » s

REFERENCES . o v ¢ o ¢ ¢ o s o s o o o o o o o« » o

iii

PAGE

vii

10






ACKNOWLEDGMENTS

I wish to express thanks and appreciation to the following persons
for their help and contribution to this project: M. L. Bauer for
assigning the project to me and his continued support and technical
discussions; C. E. Fowler, Jr., for deposition of the scintillator on
the glass plates; V. C. Miller for designing the scintillator and
source-mounting cans; R. A. Todd for his assistance with assembling the
coincidence electronics; and W. L. Bryan for funding from the NAVY/ORNL

RADIAC development program.






ABSTRACT

The primary objective of this project was to investigate the
feasibility of using a CaF,(Eu) scintillator for detecting low-energy
beta particles from tritium, A procf-of-principle detector was designed
for flowing tritium-spiked nitrogen gas across the surface of a thin
scintillator, which was optically coupled between two low-noise
photomultiplier tubes. Electronics for operating the two
photomultiplier tubes'in coincidence eliminated most of the tube noise
pulses and allowed detection of the small pulses from the low-energy

tritium beta particles.
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1. INTRCDUCTION

The primary objective of this project was to investigate the
feasibility of using a previously suggested CaF,(Eu) scintillator for
detecting tritium (%®H)!. 1In order tc evaluate the usefulness of
CaF,(Eu) for this appliéation, it was necessary to first determine its
counting sensitivity for low-energy bteta radiation from tritium. The
maximum energy beta particles from tritium is 18 keV, and the average
energy is about 6 keV, making it very difficult to discern small
electronic pulses from these low-energy particles in the presence of the
rnoise pulses generated in the photomultiplier tubes. This situation is
improved by using a coincidence circuit to generate'a gate pulse only
when a pulse from both tubes occurs simultaneously, hence rejecting most
of the tube noise pulses. After determining the counting sensitivity, a
detector of adequate size to detect 1071? Ci/uL in air (which is the
goal set by the Navy's RADIAC program) can be designed,

In order to simplify the initial proof-of-prineciple detector and
test equipment setup, a beta source was prepared by depositing a small
amount of °°Ni on a flat aluminum plate. After the source was dried, a
thin (0.00015 in.) mylar film was placed over the plate and glued around
the edgés tb contain the radioactive material. This was a much more
convenient source to handle during preliminary tests than tritium, which
is in a gaseous state at room temperature. The preliminary data from
the ®°Ni source (maximum beta energy of 66 keV and average energy of
17 keV) indicated that the lower—energy beta particles from tritium can

be detected using this technique.

2. DESCRIPTION OF THE SCINTILLATOR

The optimum thickness of CaF,(Eu) to absorb the maximum energy beta
particles from tritium and yet not absorb enough energy from background
gamma photons to generate a detectable pulse is approximately 920 ug/cm?

(ref. 2). A scintillator was prepared by evaporating CaF,(Eu) onto both



flat surfaces of a 2-mm-thick pyrex glass plate. The layer of
scintillator deposited on the glass plate had an area density of

900 ug/cm? on one side and 1000 ug/cm?® on the other side, which is near
the desired optimum thickness.

One conceptual design! for a tritium monitor consists of several
glass plates (light guides) coated with CaF,(Eu) arranged in parallel
with approximately 0.25-in. spacing with two low-noise and high-gain
photomultiplier (PM) tubes optically coupled to opposite edges of the
glass plates as shown in Fig. 1. In order to investigate this concept,
a glass plate was coated on 6né side with CafF,(Eu). This plate was used
to determine the fraction of light lost when the tﬁbes are coupled to
the edges of the light guides compared to the light when coupled to the
flat side. Pulse amplitude measurements were made both while the glass
plate was optically coupled directly on the flat face of one PM tube and
while one edge of the plate was coupled to the PM tube. The ratio of
the average pulse amplitudes with the scintillator flat on the face of
the tube and exposed to the ®3Ni source compared with the average pulse
amplitude with the edge of the scintillator and glass plate coupled to
the tube was 2.6. Pulse amplitude spectra for both arrangements are
shown in Fig. 2. This measurement indicates that a significant portion
of light is lost when tubes are coupled to the edge of the light guide;
but by using high~gain, low-noise PM tubes and coincidence electronics
(which will be explained later), sufficient signal is still available to
detect the low-energy beta particles when tubes are coupled to the edges.
This arrangement allows a large area of scintillator to be coupled to
fairly small PM tubes, whereas if the scintillator was coupled flat on

the tube, a very large PM tube would be required.



3. DESCRIPTION OF COINCIDENCE ELECTRONICS

The inherent dark-noise pulses from a photomultiplier tube are
about the same amplitude as some of the smallest pulses generated in
CaF,(Eu) by low-energy beta particles. The majority of these randomly
occurring, undesirable noise pulses eén be eliminated by using two
photomultiplier tubes to view the same scintillator and operating them
in coincidence mode, whereby only a simultaneous pulse from both tubes
will be recorded. A block diagram of the system is shown in Fig. 3.
The fraction of total events counted in the coincidence operation ‘
depends on the resolving time allowed in the coincidence unit for the
two pulses to coincide and supply a gate pulse to the multichannel
analyzer. The resolving time of 2.0 us gave best efficiency in these

measurements.

4, TRITIUM TESTS

A different scintillator assembly was designed to allow nitrogen
gas spiked with tritium (tritiated methane) to flow through the
scintillator cell as beta particles interact with the CaF,(Eu).

Figure 4 illustrates the design. A photograph of a pulse-height
spectrum from tritium-spiked gas is shown in Fig. 5. The two parameters
to be considered in estimating the sensitive volﬁme of the flow cell

are range of the beta particles and area of the scintillator. The area
of the scintillator used is 18.6 cm?, but the range varies with the
energy of the beta particles (discussed in the following section). Beta
activity of the 3H-spiked nitrogen gas tested was 2.6 nCi/mL, and with
optimum electronic adjustments, the count rate in céincidence operation

was about 21 counts/s.



5. RATIONALE FOR ESTIMATING THE BETA ACTIVITY ON THE SCINTILLATOR

In order to calculate an approximate beta exposure to the
scintillator from the tritium-spiked gas, the beta energy distribution
from tritium and the range of the beta particles were investigated. A
tritium spectrum shown in Fig. 6 and reported by Curran, Angus, and
Cockroft?® was selected as Pepfesentative of the beta energy distribution.
This distribution was divided into three energy brackets centered on '
values of energies for which published range data are available. The
three energy brackets selected are 5 + 3 keV, 10 + 2 keV, and ‘

15 + 3 keV, covering an energy span of betas from 2 to 18 keV. An
éstimated 20% of the betas have energy <2 keV and after‘light losses
will not generate a sufficient pulse in each PM tube to be counted in
the coincidence mode. Therefore, detectable beta activity >2 keV energy
is estimated to be 80% of the total.

A population or percentage of beta activity in each energy bracket
was estimated from the spectrum curve to be as follows: approximately
48% of the total beta population is in the energy bracket of 2 to 8 keV,
about 20% is in the bracket of 8 to 12 keV, and about 12% is in the
remaining bracket of 12 to 18 keV. These values along with the range of
the median energy beté particles of each bracket are listed in Table 1.

By summing the products of the area of the scintillator (18.6 cmé),
the depth of penetration and the beta activity in each bracket, an
estimated number of betas striking the scintillator can be calculated
for each bracket: 8, 11.5, and 14, respectively.

Therefore, total betas estimated to reach the scintillator
= 8 + 11.5 + 14 = 33.5 betas/s.

Thé integral counts from flowing the tritium-spiked nitrogen gas
through the experimental detector was 21000 counts/1000 s. Hence, the
detector counted approximately 62.7% of>the betas that were estimated to

contact the scintillator.



Table 1. Beta activity in energy brackets

Energy brackets

(keV)
2-8 8-12 12-18

Median energy (keV) 5.0 10.0 15.0
Median range (csda)¥® in nitrogen (mg/cm?) 0.085"% 0.2857 0.5857
Median projected range (~1/2 median range)S 0.043 0.142 0.292
Penetration depth in nitrogen (cm) 0.037 0.124 0.254

(median projected range/density at 23°C)
Fraction of total beta activity in bracket 0.48 0.20 0.12
Beta activity in bracket dis/s/mL 6.0 19.0 11.5

(tritium concentration = 2.6 nCi/mL)
Only 50% of betas will penetrate the 23.0 9.5 6.0

thickness of sample listed above f/s/mL

(by definition of median range)
Geometry fraction--only 50% of betas 11.5 5.0 3.0

migrate toward scintillator, therefore,
specific activity in direction of
scintillator = 8/s/mL

*¥*csda:  Continuous slowing-down approximation.

6. CONCLUSION

The CaF,(Eu) scintillator in conjunction with the coincidence

technique used in this investigation is a very stable and simple method

for detecting low-energy beta radiation. 1In this feasibility

experiment, most of the beta particles contacting the scintillator were

detected, thus it is obvious that the only parameter that can be

increased to improve the sensitivity is the area of the scintillator.

In order to detect low activity of 107!'? Ci/mL in air with 10% accuracy

Wwithin 2 min., a very large area (2 m?) detector will be required.
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Fig. 1. Conceptual design for several glass plates
coated with scintillator optically coupled between two
photomultiplier tubes.

Fig. 2. Pulse amplitude
spectra with scintillator flat
on the face of the tube
(upper-right curve) compared
with the spectra with the edge
of the scintillator coupled to
the face of the tube (lower
curve.)
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Fig. 3. Block diagram of the electronics for a detector assembly
using two photomultiplier tubes. The tubes are coupled to opposite
edges of the scintillator and operate in coincidence mode to prevent
pulses occuring outside the scintillator from being counted.
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Fig. 4. Gas flow cell for testing 3H
sensitivity. The pyrex plate is coated
with CaF,(Eu) on both sides and in the
center of the cell; the edges are coupled
to two photomultiplier tubes.



Fig. 5. “Pulse-height
spectrum from the tritium-spiked
gas.
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Fig. 6. Beta energy spectrum of tritium.

Source: S. C. Curran, J. Angus, and A. L. Cockroft,
"Investigation of Soft Radiations-II: The Beta
Spectrum of Tritium," Department of Natural
Philosophy, University of Glasgow, Philosophical
Magazine 40, 1949,
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