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Radiation Shielding Design of CSR

SU You-Wu? LI Wu-Yuan LI Zong-Qiang ZHENG Hua-Zhi ZHU Xiao-Long

(Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China)

Abstract The construction of CSR (cooling storage ring) which includes a main ring (CSRm) and an exper-

imental ring (CSRe) will be finished at the end of 2005. Heavy ions of carbon to uranium will be accelerated
up to 900MeV /u and 400MeV /u at intensity of 10° pps. The HIRFL (heavy ion research facility in Lanzhou)

will be used as the injector. For the shielding design of CSR, the secondary neutrons due to the ion beam loss,

their spectra and angular distributions were estimated based on the experimental results. The dose equivalent

outside the shielding surface and in the surrounding environment and the neutron skyshine dose equivalent

were also estimated in this study. The experimental result, neutron yield, spectrum and angular distribution

for 400MeV /u 2C+4Cu reaction were used for estimating the source term of shielding design. Tt is found that

the most important environmental radiation impact component of CSR is the skyshine neutrons.
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1 Introduction

CSR is a heavy ion accelerator build in Lanzhou,
using the HIRFL as the injector. The designed energy
of CSR was 900MeV/u for *2C, and 400MeV /u for
2387J, and the maximum beam lost occurred at the pri-
mary target, it is: for 900MeV /u '2C, 4.4 x 107ion/s.
Fig. 1 gives the overall layout of HIRFL-CSR.

For radiation protection of high-energy heavy-ion
accelerator, the secondary neutron produced from
beam loss is most important. But the lack of the
data of neutron production makes the problem more
complex.

In this report, the following problems are dis-
cussed.

1) Secondary neutron production by heavy ion
bombardment;

2) Dose equivalent at the thick shield surface;

3) Skyshine dose equivalent which is important to

the external exposure of nearby population.
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Fig. 1. Overall layout of HIRFL-CSR.
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2 Neutron yields, spectra and angular

distributions

The main problem of radiation protection for
heavy ion accelerator is cause by secondary neutrons,
which are produced from bombardment of heavy ion
on thick targets. The secondary neutrons have the
following characters.

1) Promptness, when the accelerator is shut down,
secondary neutron will not emit immediately.

2) The secondary neutrons are obviously divided
into two components: the high-energy neutrons from
nuclear cascade process and the low energy neutrons
from evaporation process. The high-energy neutrons
are strongly peaked in the forward direction and the
low energy neutrons are more isotropic.

3) Significant numbers of neutrons are emitted
with energy higher than the incident energy per nu-
cleon and a few of them even can reach about twice
the energy.

4) The yields of secondary neutron obviously in-
crease with the projectile energy per nucleon, when
the incident energy per nucleon is the same, the yields
are increased with incident particle atomic mass, and
the effect of the atomic mass of target is not very
important.

For low and intermediate-energy heavy ion reac-
tion, the secondary neutron yields can be calculated
in different projectile-target combination with the dif-
ferent projectile energy. But for the high-energy reac-
tion (E > 100MeV /u), the data of secondary neutron
are very insufficient. In this report, different methods
are used to estimate the secondary neutron yields and

angular distributions.
2.1 Calculation from neutron multiplicity
The total neutron yields can be express by:
Y(T>Ty)=M(T>Ty)xF . (1)

Here, F' is the nuclear interaction fraction; M is the
neutron multiplicity, which can be calculated from
Madey’s reportm.

As for neutron angular distribution, M. M. Bai-

. . . . . - [2
bier gives a semi-experimental formula, which is!?:

(AN/d2)o = 2.y 0<10°
T (2)

2.5
dN/dQ=7Y-e’9/9° 10° < 6 < 120°

Here, Y is the total neutron yield and 6, = 28°;
Table 1 gives the calculated results.

Table 1. The calculated neutron yields of
900 MeV/u *C4Cu reaction using Barbier
method. (n/sr-s)

angular energy 0° 30° 60° 90°

> 100MeV 8.14 0.598 0.2 0.07

> 50MeV 10.24 0.75 0.258 0.086

2.2 Analysis of new measurement result

In 1998, the neutron fields of 100, 180, and
400MeV /u 2C+Chu reaction were measured by Naka-
mura et al.” with TOF method. The result shows
that the neutron yields of intermediate-energy heavy-
ion reaction are increased approximately with the in-
creasing of the square of projectile energy per nu-
cleon. Assuming the results are the same while the
energy rises to 900MeV /u, then we could estimate the
neutron data of 900MeV /u **C+Cu reaction from the
measured results. Table 2 gives the neutron yields of
900MeV /u 2C+Cu reaction.

Table 2. The calculated neutron yields of 900
MeV /u *2C+Cu reaction based on measured
(n/sr-s)
angular energy 0° 7.5° 15° 30° 60° 90°

> 100MeV 46.2 139 54 207 0.017 4x1073
< 100MeV 4.88 3.3 238 1.82 0.78 0.55
5< En<10MeV 0.71 0.70 0.60 0.64 0.33 0.31

results.

3 Dose estimation at thick shielding

surface

3.1 Shielding calculation

For a point source, the neutron dose equivalent

rate outside the shielding could be expressed as:

1
H:T—2~J~Y(9)~C-B-e”3'd“ . (3)
And for a even line source, it is:
J/
H= EY(EJ}C-B-(Y’““A . (4)

Where,
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r is the distance between the reference point and
the neutron source;

J is the beam loss;

J’ is the beam loss per unit length on the even
line source;

Y (0) is the secondary neutron yields;

C is the neutron flux-effective dose conversion fac-
tor;

p is the density of shielding material;

d is the shielding thickness;

A is the neutron attenuation lengthy in shielding.

The build-up factor B takes into account the dose
contribution of low energy neutron produced in the
shield. Fig. 2 gives the neutron dose equivalent rate
outside the shielding.

Assuming the beam line is an even line source,
the shielding thickness could be calculated from ex-
pression (4) for CSRm, it’s very little because of low

beam loss rate; and for the CSRe, it is 99cm.
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Fig. 2. Neutron dose equivalent outside the

shielding. (900MeV/u 2C+Cu, r = 600cm,
beam intensity=1 x 10%ion/s).

3.2 Skyshine

Because the Skyshine neutrons are very important
for public expose dose, it must be taken into account.
In our case, because the roof shielding of CSR’s tar-
get room is very thick, this problem is not very seri-
ous. Calculation indicates that the maximum an-
nual public dose equivalent caused by skyshine neu-
trons of CSR is no more than 1/5 of the dose limit of

national standard.

4 Shielding configurations

Three shielding configurations are used in CSR,
they are movable shield for beam tunnel, beam
dumper for target room and labyrinths for people to
come in and go out of the tunnel (Fig. 3, Fig. 4 and
Fig. 5). In the case of beam line shielding calcula-
tion, we assume the beam line is an even line source.
This is not necessarily the case however, beam loss
may occur at some important parts, especially in one
point totally. So 1.2m reinforced concrete shielding is
used in the roof and the sideward of the beam tunnel,
this thickness is the same as that of the target room,
so the dose rate will not exceed the upper limit even

in the most serious situation.

Fig. 3. Movable shielding of CSR (cm). (rein-
forced concrete density p=2.5g/cm?).

RC Fe

Fig. 4. Beam dumper(cm).

beam direction

Fig. 5. Labyrinth.
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