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Abstract

In order to meet the requirements of daily maintenance
of CSNS/RCS, the transverse collimation system was de-
signed to concentrate the uncontrollable beam loss in this
region. Based on physical parameters, considering the pro-
cessing technology, the area was rationally arranged. At
present, the beam collimation system has been running
with no mechanical failure for nearly three years, and it
plays an active role in beam power boost and beam loss
control, which proves that the structural design of the sys-
tem is reasonable.

LAYOUT OF THE TRANSVERSE
COLLIMATION SYSTEM

The design of the CSNS/RCS transverse collimation sys-
tem adopts a secondary collimation system which include
one primary collimator and four secondary collima-
tors 1, 2].

As the only "hot" point of RCS, the beam loss in the
transverse beam collimation region is particularly large.
According to the physical design requirements, the primary
collimator will be replaced at the upgrade program, now it
was designed with a beam loss energy of 100 MeV and a
power of 624 W, while the four secondary collimators
won’t be replaced at the upgrade program, so they were
designed with a beam loss energy of 400 MeV and a total
power of 8 kW. The average was about 2 kW each. Accord-
ing to the requirements of radiation protection, under the
premise of ensuring the mechanical structure and equip-
ment installation permit, increase the local concrete shield-
ing as much as possible. Figure 1 shows the residual dose
of the collimator system after 100 days operating. The lat-
eral shielding of the primary collimator is 50 cm iron +
20 cm concrete, and the lateral shielding of the secondary
collimator is 60 cm iron + 65 cm concrete [3].

According to the overall mechanical layout, the trans-
verse beam collimation area includes 3 ion pumps, 4 beam
loss monitoring probes, 1 primary collimator and 4 second-
ary collimators, and all the scrapers and absorbers are mov-
able. Considering the design and processing technology is-
sues, the four secondary collimators are designed into two
structures. Among them, the secondary collimator 1 is one
structure, and the following three secondary collimators
use the same structure, and the middle area uses vacuum
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Pipe connection. In order to reduce the possibility of sys-
tem maintenance as much as possible, it is necessary to
place vulnerable components such as motors, encoders, ion
pumps and other components on the outside of the shield-
ing wall. Among them, the moving parts such as motors
and mobile platforms are selected from radiation resistant
products, and the displacement sensor LVDT is selected for
transmission. The cable is an ordinary sensor with a radia-
tion-resistant cable. Figure 2 shows the layout of transverse
collimation system.
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Figure 1: Residual dose of the collimator system which had
been operating 100 days after 4 hours shutdown.
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Figure 2: Overall layout of transverse collimation system.

OPERATION STATUS OF THE
TRANSVERSE COLLIMATION SYSTEM

The effect of the transverse beam collimation system in
controlling beam loss was not obvious in the initial stage
of beam adjustment, therefore, the system was not used. It
was used till December 2018 as shown in Fig. 3. According
to the physical condition of beam adjustment, the beam
loss was mainly concentrated on the primary collimator,
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the secondary collimator 1 and the secondary collimator 2.
Figure 4 shows the secondary collimator 1 and the second-
ary collimator 2. The monitoring results of all the stop tem-
perature sensors. Figure 5 shows the monitoring results of
the dose rate in the collimator area after the collimator has
been shut down since its use.
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Figure 4: Temperature record of first two secondary colli-
mators’ absorbers.
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Figure 5: Dose rate distribution of collimation system af-
ter CSNS shutdown.

In the initial stage of the use of the collimator, the in-
duced radioactivity generated in the area after the CSNS
shutdown gradually increased with the beam power in-
crease. In March 2020, the CSNS beam power reached
100 kW, and the maximum dose rate of the induced radio-
activity in the local area exceeds 2 mSv/h. Through opti-
mization of the magnet and collimators, and also narrowed
the holes for the motor transmission shaft in the concrete
shield of the collimators as shown in Fig. 6, at present, the
induced radioactivity generated in this area is less than
1 mSv/h. Because the current shielding thickness of the
primary collimator is smaller than that of other areas, the
measured value of the induced radioactive dose rate after
shutdown is higher than that of other areas.
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Figure 6: Change the holes of concrete shielding before
(left) and after (right).

During the use of the transverse beam collimation sys-
tem, the displacement sensor in the secondary collimator
failed one after another. First, the sensor of the secondary
collimator 1 failed, followed by the next two secondary
collimators, Fig. 7 shows comparison of rotary encoder and
displacement sensor of partial absorbers. Combining the
different power deposition conditions on the different col-
limator stoppers during the beam adjustment process, it is
determined that the main reason for the damage of the sen-
sor is the radiation caused by the particles outside the pre-
determined track deposited on the absorbers. For the dis-
placement sensors are inside the concrete shielding, they
were difficult to be changed, the state of the absorbers will
be monitored only by rotary encoders which installed after
the motors.
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Figure 7: Comparison of rotary encoder and displacement
sensor of partial absorbers.

THERMAL ANALYSIS OF THE SECOND-
ARY COLLIMATOR’S ABSORBER

According to the difference of temperature sensors of
different blocks in the process of beam adjustment, the
temperature distribution of the blocks under different
power loads has been analysed, Fig. 8 shows the tempera-
ture of the absorbers with different beam power deposition.
The analysis results can provide a theoretical reference for
beam adjustment.

TUPAB194

Content from this work may be used under the terms of the CC BY 3.0 licence (© 2021). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI

@

1863 @



12th Int. Particle Acc. Conf. IPAC2021, Campinas, SP, Brazil JACoW Publishing
ISBN: 978-3-95450-214-1 ISSN: 2673-5490 doi:10.18429/JACoW-IPAC2021-TUPAB194

120

80

=
o

60

40

20 | —@—maximum temperature of absorber with different beam loss depostion

—8— temperature of the absorber's text point with different beam loss depostion

0

20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200

depostion beam loss (W)

Figure 8: Temperature of the absorbers with different beam
power deposition.

CONCLUSION

The transverse collimation system is now under stable
operation status, and it should be monitored for a long pe-
riod.
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