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[57) ABSTRACT

A scintillation based radiation detector for the com-
bined detection of thermal neutrons, high-energy neu-
trons and gamma rays in a single detecting unit. The
detector consists of a pair of scintillators sandwiched
together and optically coupled to the light sensitive face
of a photomultiplier tube. A light tight radiation pervi-
ous housing is disposed about the scintillators and a
portion of the photomultiplier tube to hold the arrange-
ment in assembly and provides a radiation window
adjacent the outer scintillator through which the radia-
tion to be detected enters the detector. The outer scintil-
lator 1s formed of a material in which scintillations are
produced by thermal-neutrons and the inner scintillator
1s formed of a material in which scintillations are pro-
duced by high-energy neutrons and gamma rays. The
light pulses produced by events detected in both scintil-
lators are coupled to the photomultiplier tube which
produces a current pulse in response to each detected
event. These current pulses may be processed in a con-
ventional manner to produce a count rate output indica-
tive of the total detected radiation even count rate.
Pulse discrimination techniques may be used to distin-
guish the different radiations and their energy distribu-
tion.

6 Claims, 1 Drawing Sheet

A statutory invention registration is not a patent. It has
the defensive attributes of a patent but does not have the
enforceable attributes of a patent, No article or advertise-
ment or the like may use the term patent, or any term
suggestive of a patent, when referring to a statutory in-
vention registration. For more specific information on the

rights associated with a statutory invention registration
See 35 UHSHCI- 157i
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HIGH-EFFICIENCY SCINTILLATION DETECTOR
FOR COMBINED OF THERMAL AND FAST
NEUTRONS AND GAMMA RADIATION

This mnvention, which is a result of a contract with
the U.S. Department of Energy, relates generally to the
art of radiation detection for detecting neutrons and
gamma radiation and more specifically to scintillation
based radiation detection.

BACKGROUND OF THE INVENTION

There are several applications such as space research,
health physics, and subcriticality experiments where
there is a need for a high-efficiency radiation detector
that is sensitive to neutrons over a wide energy range
and gamma radiation. The need for such a detector
arises from various requirements including physical
limitations, cost effectiveness, and simplicity.

SUMMARY OF THE INVENTION

In view of the above need, it is an object of this inven-
tion to provide a high efficiency single radiation detec-

tor which can he used to detect both thermal and fast
neutrons and gamma radiation.

Other objects and many of the attendant advantages
of the present invention will be obvious to those skilled
in the art from the following detailed description taken
In conjunction with the drawing.

In summary, the invention pertains to a scintillation
based radiation detector for detecting both thermal and
fast neutrons and gamma radiation including a first
scintillator responsive to thermal neutrons, a second
scintillator responsive to fast neutrons and gamma radi-
ation arranged in a sandwiched assembly optically cou-
pled to the light sensitive face of a photomultiplier tube.
A portion of the tube and the scintillators are enclosed
within a light tight, radiation pervious housing. Radia-
tion entering through a front window formed by the
housing first interacts with the first scintillator which is
formed of a material having a thickness sufficient to
stop all thermal neutrons while allowing fast neutrons
and gamma radiation to pass therethrough into the sec-
ond scintillator which has a thickness sufficient to stop
a large fraction of the fast neutron and gamma radiation.
Scintitlations produced in both scintillators are detected
by the photomultiplier tube which produces current
pulses at a rate corresponding to the total detected
radiation event rate. These pulses may be processed in a
conventional manner to provide a readout of the total
combined radiation events detected. Pulse shaping dis-
crimination can be used to distinguish the fast neutrons,
thermal neutrons, and gamma rays. In addition, the

energy spectra of the fast neutrons and gamma rays may
be measured.

BRIEF DESCRIPTION OF THE DRAWING

The single FIGURE is a schematic diagram illustrat-
Ing a scintillation detector made in accordance with the
present invention for detecting both thermal and fast
neutrons and gamma radiation.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring now to the drawing, a detector 5 made in
accordance with the present invention is shown. The
detector includes a thin glass scintillator 7 responsive to
thermal neutrons and optically coupled to a thick plas-
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tic scintillator 9 responsive to high-energy neutrons and
gamma rays. The plastic scintillator is optically coupled
to the light sensitive face 11 of a photomultiplier tube 13
by means of a light coupling lens 15. The lens 15 is
formed with a flat front face which is disposed against
the back side of scintillator 9 and a concave back sur-
face which is disposed against the light-sensitive, con-
vex face surface 11 of the photomultiplier 13. The scin-
tillators 7 and 9 are assembled in a sandwiched arrange-
ment with the lens 15 using an optical coupling com-
pound, such as a silicone based compound No. C-20057
available from the Dow Corning Corporation, Midland,
Mich., between each element and the face 11 of the
photomultiplier 13. This arrangement is held in assem-
bly by means of a rectangular, light-tight housing 17
which surrounds the scintillators 7 and 9 and a portion
of the outer, opaque magnetic shield 19 of the photo-
multiplier tuhe assembly. The assembled detector ar-
rangement 1s inserted into the aluminum housing with
the outer scintillator 7 against the front portion of the
housing forming a radiation pervious detector window
21 through which the radiation to be detected enters the
detector. The housing is held in place against the photo-
multiplier assembly by means of a hack cover plate 23
having a central opening which fits about the rearward
extending neck portion 25 of the housing 17 in a press fit
arrangement against a foam rubber spacing and insult-
ing collar 27. The collar 27 is shaped to compress
against the shoulder portion 29 of the photomultiplier
shield 19 and form a light tight fit between the housing
and the tube shield 19 when the cover 23 is attached to
the housing wall portion, as shown. An additional foam
rubber spacing collar 31 may be inserted between the
shield 19 and the tube body 13 at the shoulder region to
prevent displacement of the shield 19 relative to the
tube body 13.

The output of the photomultiplier tube, availahle at a
rear connector 33 of the tube, consists of current pulses
produced at a rate corresponding to the total combined
radiation event count rate and an amplitude propor-
tional to the energy of the detected radiation event.
This output may be connected to a pulse processing
system to count or store the pulse information as in a
conventional detection system. For example, the output
may be connected through a broadband amplifier 35 to
one 1nput of a fast discriminator 37. The amplitude of
the pulses from the amplifier is compared to a reference
voltage applied to the reference voltage input of the
discriminator 37 and produces an output count pulse for
each input pulse which exceeds the reference voltage
threshold. The discriminator reference is typically set at
a voltage which eliminates the counting of noise pulses
produced in the photomulitiplier 13. The count pulses
from the discriminator may be registered in various

ways as by feeding the pulses directly to a display pulse
counter 39 or storing the pulses in digital form in a

computer based analyzer for later analysis.

Referring again to the scintillators 7 and 9, the partic-
ular scintillating materials used may vary as long as the
requirements of detection for each medium is met. Spe-
cifically, the first scintillator 7 must be formed of a
material having a large thermal neutron cross-section

‘and a thickness sufficient to absorb all thermal neutrons

of the radiation to be detected while allowing high-en-
ergy neutrons and gamma rays to pass therethrough.
Similarly the second scintillator 9 must be formed of a
material having a large cross-section for high-energy
neutrons and gamma rays and sufficient thickness to
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absorb these radiations. Thus, it will be seen that a scin-
tillation is produced in the first scintillator 7 for each
detected thermal neutron and a scintillation is produced
in the second scintillator 9 for each high-energy neutron
or gamma ray detected. The light pulses produced hy
scintillations in each scintillator are optically coupled to
the photomultiplier to produce output current pulses
indicative of the total combined radiation detection
rate.

In the illustrated emhodiment, the first scintillator 7 s
formed of an optical quality glass doped with lithium at
a concentration of at least 7.5% which has been en-
riched in lithium-6 (6L.i) to at least 95%. This scintillator
is 5.9 inches square and 5 mm thick. A scintillator of this
type is manufactured hy the Levy West Co., a British
company, and available through the BICRON Corp.,
Newherry, Ohio. It is identified as a glass scintillator,
Type KG2 and is available in the size specified above.
The second scintillator 1s formed of an appropriate
organic plastic scintillating material having a large
cross-section for high-energy neutrons and gamma rays.
One such scintillator is the Model No. BC-420 plastic
scintillator available from BICRON Corp. This plastic
scintillator has a 6-inch square cross-section and is 4
inches thick, which is sufficient for the detection of
high-energy neutrons and gamma rays. Other plastic or
liquid scintillators such as NE 213 may also he used for
the second scintillator which is responsive to both high-
energy neutrons and gamma ray radiations.

In the arrangement shown the thicker plastic scintil-
lator 9 also serves as a light guide for guiding the light
pulses produced by scintillations occurring in the front
glass scintillator 7 to the photomultiplier face 11. The
photomultiplier used is a standard 3-inch nominal diam-
eter tube size.

Tests of the above described detector were made
using calibrated sources of neutrons and gamma rays to
determine the detector efficiency, or efficiency factor,
1.e. the number of counts produced per unit number of
radiations that impinge upon the detector. Thermal
neutrons having energies up to 0.2 eV are detected with
‘an efficiency of =95%, those up to 1 eV with an effi-
ciency of =75%, and those up to 4 eV with an effi-
ciency of =50%. Fast neutrons having energies of fis-
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sion neutron spectrums in the range of from 0.2 to 5 45

MeV were detected with detector efficiency factors of
at least 11%. Gamma radiation from a source having an
energy of 0.66 MeV was detected with a detector effi-
ciency factor of at least 15%. |

Thus, 1t will be seen that a highly efficient detector
has been provided for the combined detection of both
thermal and fast neutrons and gamma radiations in a
single detector. In the past, individual detectors have
been required to detect each type of radiation. The dual
scintillator detector may be used for any application
where high efficiency is required. It has considerable
advantage over conventional detectors for detecting all
energies of neutrons and gamma rays from fission reac-
tions or accelerator targets. The detector is extremely
valuable where physical limitations near or inside ex-
perimental facilities prevent the positioning of multiple
detectors.

Although the invention has been illustrated by means
of a specific embodiment, it will be obvious to those
skilled in the art that various modifications and changes
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may be made therein without departing from the spint

and scope of the invention as set forth in the claims

appended hereto.

We claim:

1. A radiation detector for the combined detection of
thermal neutrons, high-energy neutrons and gamma ray
radiations, comprising:

a first scintillator means disposed to receive said radi-
ations entering said detector through an entrance
area thereof for producing scintillations in response
to thermal neutrons absorbed therein and allowing
sald high energy neutrons and gamma rays to pass
therethrough;

a second scintillator means disposed adjacent said
first scintillator means to receive said high-energy
neutrons and gamma rays passing through said first
scintillator means for producing scintillations
therein in response to high-energy neutrons and
gamma rays absorbed therein and optically cou-

- pled to said first scintillator means for guiding light
pulses therethrough generated by said scintillations
produced in said first scintillator means;

a photomultiplier tube having a light sensitive face
optically coupled to satd second scintillator means
for receiving light pulses generated by said scintil-
lations produced in said first and second scintillator
means and producing current pulses at an output
thereof in response to each of said generated light
pulses indicative of the total combined radiation
count rate; and

a light-tight housing disposed about said first and
second scintillator means and said light sensitive
face of said photomultiplier and having a radiation
pervious window therein forming said enirance
area of said detector.

2. The radiation detector as set forth in claim 1

wherein said first scintillator means includes a ©Li

doped glass scintillator having sufficient thickness to
absorb said thermal neutron radiation.

3. The radiation detector as set forth in claim 2
wherein said second scintillator means includes an or-
ganic plastic scintillator having sufficient thickness to
absorb both said high-energy neutrons and said gamma
ray radiations.

4. The radiation detector as set forth in claim 3 fur-
ther including an optical coupling lens disposed be-
tween said second scintillator means and said light sensi-
tive face of said photomultiplier tube and wherein said
first and second scintillator means and said coupling
lens are serially aligned in a sandwiched assembly be-
tween said radiation entrance window of said housing
and said light sensitive face of said photomultiplier tube.

5. The detector as set forth in claim 4 wherein said
housing is disposed about a portion of said photomulti-
plier tube in a light tight arrangement to hold said first
and second scintillator means and said optical coupling
lens in assembly against said light sensitive face of said
photomultiplier tube.

6. The detector as set forth in claim 5 further includ-
Ing recording means responsive to said current pulses at
the output of said photomultiplier tube for recording

said pulses as an indication of the total detected radia-

tion count rate.
x X * * *
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