
INTRODUCTION
The Super Cryogenic Dark Matter Search

(SuperCDMS) is an experiment that looks for dark
matter, specifically weakly interacting massive
particles (WIMPs) via nuclear recoils with germanium
and silicon atoms. [1] These nuclear recoils result in
the emission of Gamma rays which can be detected
using a NaI detector. However, if any neutrons enter
the NaI detector directly, they produce a signal which
is similar to that of the gamma ray described above.

Therefore, there is a need for a neutron shield
to be placed around the NaI detector so that the
events observed in the NaI detector at the required
energy level can be attributed to a WIMP interaction
and not a neutron.

EXPERIMENTAL OBJECTIVES
1. To determine the appropriate material that can

be used to create an efficient neutron shield
2. To create an efficient container for holding the

material and surround the cylindrical NaI
detector while minimizing cost

BORON AS A NEUTRON SHIELD
In choosing the right material to create a

neutron shield, it is favorable to use a compound
with a high neutron capture cross section. Boron
compounds are a suitable option since B-10 has a
relatively high capture cross section of 3840 barnes
for thermal neutrons.[2] Furthermore, many
compounds of Boron are available inexpensively, such
as Borax, and it is also possible to dope polymers
with B-10. Additionally, since on the absorption of a
neutron by B-10 an alpha particle is released, it
doesn’t interfere with our setup since alpha particles
will not travel far enough to be detected by the NaI
detector.[3]

The easy availability of inexpensive materials
with B-10, combined with its ability to not create
additional signals makes materials with B-10 a
suitable substance to create a neutron shield for the
NaI detector.

SHIELDING EFFICIENCY
In order to determine the most suitable Boron

compound to be used as a neutron shield, the theoretical
shielding efficiency, η of different Boron compounds was
calculated. In our experiment, η is defined as 1 minus the
ratio of the number of neutrons detected by the NaI detector
after shielding to the total number of neutrons incident on
the shield. The total number of neutrons can be estimated in
an experimental setup if we know the rate of neutron
emission of the radioactive source being used. The theoretical
shielding efficiency was calculated for Boron loaded Paraffin,
Boron Nitride Ceramic and Borax Anhydrate and Decahydrate.

Figure 1: Plots for Shielding Efficiency for (a) Boron doped Paraffin, (b)
Boron Nitride Ceramic (c) Anhydrous Borax Powder and (d) Decahydrate
Borax Powder . While graphs (b), (c) and (d) plot the shielding efficiency vs
thickness of the shield, graph (a) plots shielding efficiency against % wt.
doping of B-10 in Paraffin.

While Boron Nitride Ceramics would have been a good
option, they cost upwards of thousands of dollars for the
dimensions of the NaI detector. Paraffin would need at least
2.5% by wt. doping of Boron to have theoretical near perfect
shielding. Borax powder, however, would be an ideal material
since it’s available inexpensively and can provide near perfect
theoretical shielding efficiency at a thickness of 1.5cm.
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Shielding efficiency vs thickness of Boron doped Paraffin
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SHIELD DESIGN
In order to create a 1 cm – 2 cm thick shield of Borax powder
around the NaI detector, an efficient design for the enclosing
container was to be created. Since the calculation of the
shielding efficiency assumed the materials to be tightly packed
around the detector, this container would need to have a filling
mechanism that would maintain a high packing density
uniformly around the cylinder. It was determined that the above
requirement would be satisfied by 3D Printing the shield in two
parts. A cylindrical shell with a cavity would be printed first,
filled in with Borax powder and then a ring would be printed
and glued to shell using epoxy to seal the container.

CONCLUSION
The experiment found that Borax powder is an inexpensive
material that can be used to create a neutron shield for the NaI
detector with a near perfect theoretical shielding efficiency for
a thickness of a few centimeters. An efficient design of a
container to hold the Borax powder was found to be a 3D
printed two-part cylindrical shell. Further investigation with this
experiment is required in which shields of thickness between 1
– 2 cm can be printed and the theoretical predictions for
shielding efficiency are verified experimentally.

Figure 2: A computer model of the proposed design for 
the shield. The radius and height of the cylinder are 
dependent on the size of the NaI detector itself while 
its thickness is derived from the shielding efficiency 
calculations


