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An innovative monochromator shielding is designed and implemented for the cold neutron spectrometers XINGZHI
and BOYA operated by Renmin University of China at China Advanced Research Reactor. Via Monte Carlo simulations
and careful mechanical designs, a shielding configuration has been successfully developed to satisfy safety requirements of
below 3 uSv/h dose rate at its exterior, meanwhile fulfilling space, floor load and nonmagnetic requirements. Composite
materials are utilized to form the sandwich-type shielding walls: the inner layer of boron carbide rubber, the middle layer
of steel-encased lead and the outer layer of borated polyethylene. Special-shaped liftable shielding blocks are incorporated
to facilitate a continuous adjustment of the neutron energy while preventing radiation leakage. Our work has demonstrated
that by utilizing composite shielding materials, along with the sandwich structure and liftable shielding blocks, a compact
and lightweight shielding solution can be achieved. This enables the realization of advanced neutron scattering instruments
that provide expanded space of measurement, larger energy and momentum coverage, and higher flux on the sample. This
shielding represents the first of its kind in neutron scattering instruments in China. Following its successful operation, it
has been subsequently employed by other neutron instruments across the country.

Keywords: neutron scattering, cold neutron spectrometer, monochromator shielding, sandwich shielding

structure
PACS: 78.70.Nx, 75.25.—j, 29.30.Hs, 28.20.—v

1. Introduction

Neutron scattering instruments play significant roles in
many research areas, such as physics, chemistry, biology, and
engineering. To reduce the radiation levels of neutrons and
gamma rays outside the instruments, shielding is crucial in
neutron instrumentation. Specifically, the shielding of the
crystal monochromator is the bulkiest component in the en-
tire instrument, as it is exposed to the highest neutron flux. !}
Meanwhile, since the crystal monochromator selects neutron
energy by varying the Bragg scattering angle, the shielding
must be adjustable according to the desired neutron energy.
Moreover, there are usually additional requirements that need
to be satisfied, depending on the specific instrument details.
Thus, it poses significant technical challenges to design and
implement the monochromator shielding.

Concrete and steel are commonly used shielding materi-
als for neutron scattering instruments in China and across the
world.[>7] The practical advantages of these materials, such as
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their widespread availability and well-established manufactur-
ing processes, make them convenient choices for constructing
shielding structures. However, there is an increasing demand
for more advanced neutron instruments with improved speci-
fications. This necessitates the development of a compact and
lightweight shielding system, as it extends the space of mea-
surement, enlarges the energy and momentum coverage, and
increases neutron flux on the sample. Additionally, the shield-
ing of the crystal monochromator needs to be movable in co-
ordination with the selected neutron energy. This requires a
robust mechanical design to enable the continuous adjustment
of the shielding complex. The large volume and heavy weight
of concrete and steel have made them less favorable. Shielding
structures utilizing composite materials such as borated mate-
rial for neutron absorption and lead (Pb) for gamma, have been
applied in some cold neutron spectrometers such as SPINS at
the NCNR, MIRA and DNS at the FRM I, FLEXX at the BER
I, and IN12 at the ILL.[8-111 However, a detail guidance for
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such shielding design and implementation, including simula-
tion, choice of materials, key component manufacturing and
engineering, is lacking.

Two cold neutron spectrometers, XINGZHI and BOYA,
have been constructed in Beijing under the operation of

XINGZHI is a triple-axis
12]

Renmin University of China.
spectrometer with flexible polarization analysis capability,|
while BOYA is a multiplexing spectrometer featuring multi-
ple analyzer-detector channels. These spectrometers are based
at the 60 MW China Advanced Research Reactor (CARR),
which is designed to provide a thermal neutron flux of ap-

2.5~ and to accommodate a cold

proximately 8 x 10'* n-cm™
source installed inside the reflector.!'*! Both instruments are
stationed at the CARR neutron guide A (CNGA), which con-
sists of a 17 m long curved guide with a cut-off wavelength
of 2 A and a total length of 15.3 m long straight guides. The
straight guide has inner cross section that measures 30 mm in
width and 150 mm in height. The curved guide prevents direct
sight to the reactor source, effectively filters out fast neutrons
and gammas from the reactor and delivers only cold and ther-
mal neutrons to the instruments. XINGZHI is positioned at
the end of the straight guide, while BOYA is located second-
to-last.

For XINGZHI and BOYA, innovative shielding designs
are needed to fulfill the following requirements. (i) The radia-
tion level at the exterior of the shielding should be kept below
a dose rate of 3 uSv/h to ensure safety and minimize radi-
ation interference with nearby instruments. (ii) The shield-
ing has to be tunable in coordination with varying neutron
energy. (iii) The shielding must be compact to provide suf-
ficient space for continuous neutron energy adjustment from
2.5 meV to 19 meV. (iv) The shielding needs to accommo-
date a short monochromator-to-sample distance, ranging from
1.5 mto 1.9 m, to enable a higher neutron flux onto the sample.
(v) It is essential for the shielding to be nonmagnetic, enabling
the performance of high magnetic field experiments. (vi) Fi-
nally, the maximum allowed floor loading of 7 t/m? needs to
be complied.

Here the Monto Carlo simulation is used to guide the
shielding designs. A sandwich structure including 3 mm boron
carbide (B4C) rubber, 180 mm lead (Pb) and 100 mm bo-
rated polyethylene (BPE) is achieved. Compared with single-
material structure such as steel, this sandwich design is su-
perior in both space and weight, and fulfills all instrumental
requirements. This is incorporated with a robust mechani-
cal design with special-shaped liftable shielding blocks that
facilitate continuous change of neutron energy. It marks the
first implementation of neutron monochromator shielding in
China that has the sandwich structure and liftable segments.
Being compact and lightweight, the shielding design enables
neutron instruments to have larger energy and momentum cov-

erage and higher flux on the sample. The effectiveness of this
design has been verified and subsequently adopted by other
neutron instruments in China, such as HETU at the China Mi-
anyang Research Reactor.!!* Given its potential to guide fu-
ture shielding designs in neutron instrumentation, we are mo-
tivated to report design details in this paper. Note that almost
identical monochromator shielding designs have been adopted
for XINGZHI and BOYA, with minor variations based on their
locations along the neutron guide. So unless explicitly men-
tioned, they are not individually distinguished throughout the
paper. The following sections will present the Monte Carlo
simulations, mechanical designs, results and discussions se-
quentially.

2. Monte Carlo simulations
2.1. Model

The Monto Carlo code MCNP5 was used to opti-
mize the thickness of shielding materials and evaluate their
effectiveness.!!> The fluence-to-dose conversion factors for
neutrons and photons according to the ICRP Publication 74
were used.l' To simulate the neutron beam, a virtual neu-
tron source was placed inside the guide, located 700 mm
upstream of the monochromator. A homogeneous area dis-
tribution within the inner cross section of the guide and an
isotropic angular divergence of 0.9° were assumed for the vir-
tual source. The total neutron flux of 7.07 x 10° n-cm=2-s~!
and the wavelength distribution of the source were determined
from McStas simulations based on the current design of the
cold source of CARR.!!3]

The schematic model for the Monte Carlo simulation of
the monochromator shielding is depicted in Fig. 1. Highly
oriented pyrolytic graphite (HOPG) crystals with a thickness
of 2 mm (Panasonic Corporation, Japan) are used for the
monochromator. The HOPG crystals are mounted on 2 mm-
thick boron carbide (B4C) plates, which are supported by the
5 mm-thick aluminum frame. The monochromator center is
positioned 180 mm away from the exit of the neutron guide.
A cylindrical shielding is designed with a minimum inner cav-
ity of 250 mm in radius and 500 mm in height. A gap on the
shielding cylinder serves as the outlet for the monochromated
outgoing neutron beam.

The generation and scattering of neutrons and gammas
from the monochromator materials (Al, B4C and HOPG) are
the primary sources of radiation. To effectively shield against
neutrons, boron carbide is chosen as the inner shielding ma-
terial as it only generates secondary photons of 0.48 MeV
through the neutron capture reaction '°B(n,)’Li. In our
model, we applied a 3 mm-thick layer of boron carbide rubber
with a B4C concentration of 0.9 g/cm? to the inner surfaces
of the shielding. Then, additional materials that can absorb
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gamma rays and/or neutrons were explored. The evaluations
and comparisons of these materials are presented in the fol-
lowing sections.

(a) (b) B,C rubber
(3 mm)

]
]

BPE
(c) (d)
Aluminum (10 mm) Aluminum (10 mm)
e L2
HOPG (002)
(2 mm)

Aluminum
(5 mm)

B,C (2 mm)

e

Fig. 1. The schematic model for the Monte Carlo simulation. (a) Hori-
zontal and (b) vertical view of the monochromator shielding model. The
paths of the neutron beam from the guide to the monochromater, and from
the monochromater to the sample position are indicated by red arrows in
panel (a). The inner monochromator space has radius R; (250 mm) and
height H (500 mm). The radius (R) and thickness (7’) of shielding mate-
rials, varied in simulations, are labeled in the figures. (c) Horizontal and
(d) vertical view of the crystal monochromator model. Highly oriented
pyrolytic graphite (HOPG) crystals of 2 mm thickness are mounted on the
backplates (2 mm boron carbide for XINGZHI or 1 mm Si for BOYA)
supported by the aluminum frame.

2.2. Steel as the shielding material

Concrete was deliberately disregarded due to its signif-
icant space requirements. Steel takes less space and is also
a widely accessible shielding material. To evaluate the per-
formance of steel, simulations were conducted using stain-
less steel with various thicknesses ranging from 120 mm to
400 mm. There are no photoneutrons (fast neutrons) gener-
ated in stainless steel due to the high gamma-energy-threshold
for the photonuclear-effect in iron. Hence the dominant radi-
ation component outside the shielding is gamma radiation. In
order to maintain the gamma radiation level below 3 uSv/h
outside the shielding, a minimum thickness of 350 mm is re-
quired. This results in a total weight of 9.9 t, which exceeds
the floor load limit. Therefore, it is necessary to explore more
efficient shielding materials that can provide the desired level
of radiation protection while reducing the overall space and
weight of the shielding.

2.3. Lead as the shielding material

Lead (Pb) is proposed as the next shielding material for
gamma radiation. The simulated dose rates of gamma and
neutron radiation in the vicinity of the monochromator area

s 108
g
L
S
104
102
g
L
> 10°

—80—-40 0 40 80
z (cm)

—80—-40 0 40 80
z (cm)

Fig. 2. Distribution of the total gamma dose rate for various lead (Pb)
thicknesses of (a) 120 mm, (b) 180 mm, (c) 240 mm and (d) 300 mm.
The contour line in red represents the dose rate of 3 uSv/h. The color bar
denotes the radiation dose rate in units of pSv/h.

106

104

102

10°

—80—40 0
z (cm)

—80—-40 0 40 80
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40 80

Fig. 3. Distribution of the total neutron dose rate for various lead (Pb)

thicknesseses of (a) 120 mm, (b) 180 mm, (c) 240 mm and (d) 300 mm.

The color bar denotes the radiation dose rate in units of pSv/h.
for various Pb thicknesses are shown in Figs. 2 and 3, respec-
tively. In Fig. 2, the red line represents the 3 puSv/h limit. It
can be seen that the reduction of gamma radiation is obvious
when the Pb thickness increases from 120 mm to 180 mm. Be-
yond 180 mm, most areas outside the shielding remain below
the 3 uSv/h, except for the region surrounding the beam outlet
where the gamma dose rate reaches approximately 10 uSv/h.
This will be addressed later in the mechanical designs section.
Further increasing the Pb thickness beyond 180 mm does not
provide significant benefits. Hence a 180 mm layer of Pb is
deemed to provide a sufficient gamma shielding. Compared
to stainless steel, Pb requires a lower thickness (180 mm) and
less weight (4.56 t), making it a superior choice. However,
the neutron dose rate ranges from 10 uSv/h to 100 uSv/h (see
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Fig. 3), which exceeds the requirement of 3 uSv/h. This is
mainly attributed to the photonuclear effect of (¥, n) reactions
in Pb. These reactions have a low gamma-energy-threshold
(6.7 MeV) and generate fast neutrons. The simulations indi-
cate that neutrons with energies above 0.1 MeV dominate the
dose rate outside the shielding.

2.4. Lead and polyethylene as the shielding material

As Pb generates secondary fast neutrons, it is considered
to incorporate additional materials to slow down and shield
fast neutrons. Polyethylene is an excellent neutron modera-
tor due to its high concentration of hydrogen and lightweight.
And boron is widely used for absorbing thermal neutrons. So
borated polyethylene (BPE) with 5 wt.% B,0O3 is considered
as an extra layer of shielding material outside the Pb.

Figures 4 and 5 present the calculated distribution of neu-
tron and gamma dose rates when incorporating an additional
layer of BPE in thicknesses of 50 mm, 100 mm and 150 mm
outside the 180 mm Pb shielding. As shown in Fig. 5, the in-
clusion of BPE substantially reduces the neutron dose rate. To
achieve a neutron dose rate below 3 uSv/h outside the shield-
ing, a thickness of up to 100 mm is necessary. On the other
hand, the gamma level has a slight increase due to the (n, )
reactions occurring in the BPE. Fortunately, the gamma dose
rate remains below the 3 uSv/h threshold.

y (cm)

Fig. 4. Distribution of total gamma dose rate for various borated
polyethylen thicknesses (as outer shielding layer) of (a) 50 mm,
(b) 100 mm and (c) 150 mm outside the 180 mm Pb sheilding. The con-
tour line in red represents the dose rate of 3 pSv/h. The color bar denotes
the radiation dose rate in units of uSv/h.

106
—~ 10%
g
L
> 102
10°

Fig. 5. Distribution of total neutron dose rate for various borated
polyethylen thicknesses (as outer shielding layer) of (a) 50 mm,
(b) 100 mm and (c) 150 mm outside the 180 mm Pb sheilding. The con-
tour line in red represents the dose rate of 3 uSv/h. The color bar denotes
the radiation dose rate in units of uSv/h.
As a result, the sandwich shielding wall comprising an
inner layer of 3 mm boron carbide rubber, a middle layer of
180 mm Pb and an outer layer of 100 mm BPE is designed for

our monochromator shielding. The total mass of the sandwich

cylinder amounts to 4.99 t, and the total thickness is 280 mm.
It is significantly thinner and lighter, compared with the 9.9 t
and 350 mm steel shielding cylinder. All three materials used
in the shielding are nonmagnetic. This design successfully
meets the radiation protection requirements while satisfying
additional criteria including spatial constraints, floor load lim-
its, and the need for nonmagnetic materials.

3. Mechanical designs

The design view of the monochromator shielding is
shown in Fig. 6. The shielding consists of both stationary
shielding blocks and liftable shielding blocks, along with the
beam limiter group, the beam catcher (for XINGZHI only) and
ground supporters. As seen in the horizontal view in Fig. 6(b),
the shielded house exhibits a rectangular region measuring
270 mm x 540 mm enclosed by stationary shielding blocks,
and a semi-circular region with a radius of 292.5 mm, enclosed
by both stationary and liftable shielding blocks. The shield-
ing complex accommodates the crystal monochromator in the
center, which is aligned to the beam with an accuracy within
1 mm, and 180 mm away from the end of the neutron guide.
The lower portion of the housing space extends 480 mm below
the beam level, providing room for monochromater stages, in-
cluding motorized goniometers and positioning stages. The
upper portion extends 155 mm above the beam level, offering
space for the optional magnet guide field for polarized neutron
experiments (Figs. 6(c) and 6(d)).

Both stationary and liftable shielding blocks are con-
structed with three layers as recommended by the Monte Carlo
calculations: 5 mm-thick B4C rubber on the internal surfaces,
Pb layer encased in a stainless steel can in the middle, and
100 mm-thick BPE on the outside. The Pb-steel structure is
manufactured by pouring liquid Pb into stainless steel cans,
which are internally reinforced with ribs in the circumferen-
tial direction. This produces defect-free, space-saving, and
engineering friendly Pb shielding blocks. The dimensions of
the Pb layer vary slightly between the stationary and liftable
blocks. For the stationary block, the Pb layer is 175 mm in
thickness encased in a 10 mm-thick stainless steel can. For
the liftable block, the Pb layer is 180 mm in thickness en-
cased in a 2.5 mm-thick stainless steel can. The stationary
shielding consists of six blocks that are connected via stepped
joints, creating labyrinth-type gaps to minimize radiation leak-
age. The tolerances for the male and female stepped joints are
—0.5 mm to 0 and O to 0.5 mm, respectively. Consequently,
the labyrinth gap size ranges from 0 to 1 mm between adjacent
blocks with no direct line-of-sight paths through the shielding.

The 14 liftable shielding blocks are specially shaped and
collectively cover an arc of 126°. As illustrated in Figs. 7(a)
and 7(b), each individual block covers 9° with step joints span-
ning 1.75° on each side. This configuration allows for a win-
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dow opening of 7.25° when a single block is lifted. The tol-
erance for the mating edges shall be within 0.05°. Radially,
there is a 7 mm gap in the Pb layer between the mating blocks,
filled with 5 mm-thick B4C rubbers, and a similar 2 mm gap in
the BPE layer. These create labyrinthine gaps with the size of

(b) Horizontal cut

Beam limiter
group

2 mm radially and 0-0.5 mm tangentially. Each liftable block
has a weight of 60 kg and can be raised up to 250 mm using
a commercial pneumatic cylinder (Festo (China) Ltd., Model
DNC-5-250-PPV-ELH) and a pair of parallel guide rods, as
shown in Fig. 7(a).

(c) Vertical cut 1

(d) Vertical cut 2

Beam
catcher

Monochromator

Fig. 6. Design diagram of the monochromator shielding in (a) 3D perspective, (b) horizontal cut, (c) and (d) vertical cuts. The horizontal cut is at
the beam level, and the directions of two vertical cuts are indicated in panel (a). The monochromator and its stages, beam limiter group and beam
catcher (for XINGZHI only) are denoted. The beam level is represented by red dash lines, while the incoming and outcoming neutron beams are
depicted by blue arrows. The key distances and radii are marked with white numbers, in units of mm.

(a) (b)

Steel shell

Pneumatic
piston

Fig. 7. (a) Design diagram of the liftable shielding blocks and (b) the
horizontal cut. The actual photo of two steel-encased Pb blocks is shown
in the inset. (c) Design diagram of the beam limiter group and (d) the
horizontal cut. The lead and borated polyethylene are denoted by Pb and
BPE, respectively. The key distances and radii are marked by white num-
bers, in units of mm.

The Monte Carlo results in the previous section reveal
that the dose rates are high around the beam outlet. To fur-
ther reduce the radiation level around the outgoing beam path,
a beam limiter group is introduced. As depicted in Figs. 7(c)
and 7(d), the group consists of a BPE beam limiter and fan-
shaped shielding blocks made of PbggSb, and BPE. The BPE
beam limiter is a 12° tunnel that is inserted into the beam out-

let to transport and limit the neutron beam. It is surrounded by
a 180 mm-thick PbggSb; block and an outer layer of 100 mm-
thick BPE. Here the PbggSb, layer serves the same purpose as
the Pb layer in the stainless steel can. PbggSb, is mechanically
stronger and easier for manufacturing than pure Pb thus does
not need the additional stainless steel encasement. Noted that
Sb may cause a higher activation and therefore a higher de-
layed gamma dose rate after irradiation, we have limited the
use of PbogSby only in the beam limiter group, which is rel-
atively far away from the monochromator. Both PbggSb, and
BPE shielding blocks cover an arc of 54°, equaling to the total
angle of six liftable blocks. Step joints on their surfaces mate
with adjacent liftable and stationary shielding blocks, form-
ing labyrinth gaps to minimize radiation leakage. The group
is positioned on the axis connecting the monochromator to the
sample, and can be rotated by the rotation stage synchronously
with the rotation of the take-off angle of the monochroma-
tor. Thus when the desired neutron energy is selected at the
monochromator, 2 to 3 liftable blocks are elevated to open an
outlet window, and the beam limiter group is appropriately ro-
tated to shield the surrounding area. If needed, Soller collima-
tors can be installed inside the group for further collimating
the outgoing beam.

The entire monochromator shielding with a total weight
of 8550 kg is mounted on a stainless steel bridge with two
supports. The deformation and stress of the bridge are critical
for the rotation of the beam limiter group and the overall suc-
cess of the shielding complex. To ensure its structural integrity
and optimize the engineering design, finite element modeling
has been employed on the bridge and the two supports. The
bridge measured 2.22 m in length, 1.05 m in width and 0.56 m

057801-5



Chin. Phys. B 33, 057801 (2024)

in height from the floor. The optimized thicknesses of the plate
and the ribs are 20 mm and 15 mm, respectively. As shown in
Fig. 8, the maximum stress is 19 MPa, which is well below
the allowed ultimate yield strength. And the maximum defor-
mation is 0.07 mm, which satisfies the design requirements.
Two air pads on the arc plate of the bridge can stably support
the beam limiter group and move smoothly when changing
the monochromated neutron energy. It is noted that the simu-
lated stress and deformation can be further reduced by adding
chamfers and fillets to the model, which are employed during
the practical design and manufacturing of the rib parts.

S, Mises (a)
(Avg: 75%)

18.66 X 106

10.00 X 106

833.34 X 107
4.45 x 10°

a

magnitude (b)
70.63 X 107¢
64.74 X 1076
58.86 X 1079
52.97 X 1076
~ 47.09 X107

41.20 X 1079
.~ 35.31x10°°
29.43 X 1076
23.54 X 1076
17.66 x 10~°
11.77x10°°
8.89 x 1076

Fig. 8. (a) The Mises stress in the unit of Pa and (b) deformation in the
unit of m contoured on the bridge and the two supports simulated from
the finite element analysis. To better show the deformation, the structure
is deformed by a scale factor of 1000.

4. Result and discussion

During implementation, many engineering challenges
have been overcome. For example, the borated composite ma-
terials, boron carbide rubber and borated polyethylene, were
not readily available. Through the collaborative research and
development effort with domestic manufacturers, these mate-
rials have been stably produced and supplied. Furthermore, Pb
is too soft for drilling and fastening. The utilization of steel-
encased Pb and PbogSb; alloy has enabled space-saving and
engineering friendly Pb layers. Additionally, the liftable block
has undergone meticulous design considerations, including its
irregular shape and tolerances, to ensure the reliable motion
with neutron energy, and to form the labyrinth gaps that mini-
mize the radiation leakage. The successful resolutions of these
engineering challenges are crucial in bringing the shielding de-
sign to realization. And in the process, we have cultivated

domestic manufacturers with expertise in neutron instrument
shielding engineering.

Here, the photos of constructed monochromator shielding
for BOYA are provided. In Fig. 9(a), the crystal monochroma-
tor including Al frames and motorized stages can be seen in
the center of the shielded space. The three layer B4C/Pb/BPE
shielding structure with step joints and labyrinthine gaps is
visible. The beam limiter group that shields around the outgo-
ing beam is presented in Fig. 9(b), where two of the fourteen
liftable blocks are raised to allow the passage of the selected
neutrons. A shutter is placed outside the outlet, which is not
shown in the photos.

Vi
-
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stages

Fig. 9. The photographs illustrate the BOYA monochromator shielding dur-
ing its construction, showing (a) the partially installed and (b) the fully as-
sembled configuration. Key components are labeled for reference. The blue
arrow indicates the direction of the neutron beam in the neutron guide.

There are slight variations of the monochromator designs
for XINGZHI and BOYA instruments, based on their posi-
tion along the neutron guide. XINGZHI is located at the end
of the guide while BOYA is upstream of XINGZHI. Conse-
quently, at XINGZHI, most neutrons are stopped within the
monochromator shielding, whereas at BOYA, most neutrons
exit the monochromator shielding through the outgoing guide.
Therefore, a 2 mm B4C plate is used to back the HOPG (see
Fig. 1(c)) at XINGZHI, whereas a 1 mm Si plate is used at
BOYA. Additionally, a beam catcher is used at XINGZHI to
absorb the unscattered neutrons at the end of the guide (see
Fig. 6(b)) whereas it is unnecessary at BOYA. In terms of
radiation effects, the low-energy gamma radiation from neu-
tron capture in boron is decreased at BOYA. However, the
high-energy gamma radiation is increased from neutron ab-
sorption in Si. We conducted simulations to assess this effect
and determined that the current three-layer shielding scheme,
B4C/Pb/BPE, is effective for both instruments.

Upon completion of the construction, we have thor-
oughly surveyed the gamma and neutron dose rates outside the
shielding structure at CARR’s routine operation of 30 MW.
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The gamma dose rate is predominantly distributed around
0.5 uSv/h, varying depending on the specific location of the
measurement. The neutron dose rate is weaker and below
0.2 uSv/h at all our recorded locations. All together, the ra-
diation level satisfies the safety requirements and there is suf-
ficient margin even when CARR runs at its maximum power
of 60 MW in the future.

After years of operation, the sandwich structure utiliz-
ing composite shielding materials B4C/Pb/BPE, along with
the implementation of pneumatic liftable shielding blocks,
has proven to be successful. All safety and instrumenta-
tion requirements are fulfilled. The positive outcomes vali-
date the effectiveness of the design and implementation of the
monochromator shielding, which includes Monte Carlo simu-
lations, mechanical designs, material manufacturing and pro-
cessing methods, and the construction work. Subsequently,
this shielding design has been adopted by HETU instruments

at the China Mianyang Research Reactor.!!#]

5. Conclusion

The monochromator shielding for cold neutron spectrom-
eters XINGZHI and BOYA at China Advanced Research Re-
actor has been successfully designed and implemented. Dur-
ing the design process, not only the secondary gamma radia-
tion from (n, ) reactions but also secondary fast neutron ra-
diation from the photonuclear effect of (¥, n) reactions should
be taken into account. To effectively address the combined
tasks of neutron moderation, absorption, and gamma attenua-
tion, the three-layer sandwich shielding structure is achieved,
consisting of B4C rubber, Pb, and borated polyethylene. Com-
posed of stationary and liftable shielding blocks and beam lim-
iter groups, the shielding configuration is adjustable according
to the desired neutron energy. The design with composite ma-
terials is superior to single material structure such as concrete
and steel. The compact shielding structure not only effectively
reduces radiation levels, but also contributes to a larger energy
and momentum coverage and higher neutron flux. This shield-
ing, incorporating a sandwich three-layer structure and liftable
segments, represents the first of its kind and a pioneering de-
velopment among neutron instruments in China. As there is an
increasing number of proposals for neutron spectrometers, we
believe that our successful design and implementation of this
shielding system will contribute to the advancement of neutron
instrumentation.
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