A DISTRIBUTED BEAM LOSS MONITOR BASED UPON
ACTIVATION OF OXYGEN IN DEIONISED COOLING WATER
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ABSTRACT

= \We propose a novel beam loss
detection scheme whereby
activation of deionised cooling
water is used to observe
elevated radiation around the
APS storage ring.

= Based on radioactivation of
oxygen within deionised cooling
water by gamma rays above 10
MeV and neutrons above 15
MeV.

[1].

= | osses would be detected using
a gamma ray detector monitoring
deionised water flow out of the
accelerator enclosure.

MONITOR LAYOUT

= Essentially, deionised water for the storage
ring is served by a centralised ‘primary’
system, which distributes water to multiple
‘'secondary’ systems around APS. The
connection between the primary and
secondary systems are illustrated
schematically in Fig. 1 below.
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Figure 1: Schematic illustration of primary and secondary water
systems. With approximately one secondary system per machine
sector, detectors can be placed at each connection to the primary
circuit to provide segmented coverage of the entire ring. Short
flexible hoses supply and return water from individual accelerator
and front-end components.

= \We are principally interested in the ‘secondary’
circuit, supplying water to the accelerator
magnets.

= \We propose a novel detection scheme
whereby activation of deionised cooling water
IS used to observe elevated radiation around
the APS storage ring.

» Based on radioactivation of deionised cooling

water by gamma rays and neutrons above
about 10 MeV.

= | osses detected using a gamma ray detector
monitoring deionised water flow out of the
enclosure.
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= \We propose a novel detection
scheme whereby activation of
deionised cooling water is used
to observe elevated radiation
around the APS storage ring.

health.

= A few principal activation
reactions of light nuclel In

consider the

160(”, p) 16N.

* Properties of both reactio
summarised in Table 1 [3

= Cooling water activation of
deionised water at light source
facilities does not present a
significant hazard to human

deionised cooling water may be
usable as a distributed loss
monitor [2]. In particular, we

reactions'®0(y,n)*°0 and

, 4],

MOTIVATION THEORY

= [n order to diagnose accelerator
faults, protect people and
equipment, ionising radiation
monitors (‘loss monitors’) have
been used as diagnostics for
accelerators all around the world

Table 1: Properties Of Radioactivation Reactions In
Water.

Reaction Threshold Half-life Ref.
(MeV) )

150y, n)*°0 15.67 124 [3], Table
XXXlla
°0(n,p)*°N 10.4 7.13 [4]

= We would plan to detect gamma rays
as decay products of these reactions.

= 1°0 decays via positron emission to

15N, Positron annihilates with an
electron to produce a pair of 511 keV
gamma ray photons [9].

NS areé a Disintegration of *°N emits gamma

ray photons of energy 6.13 MeV
(68.8%) and 7.12 MeV (4.7%) [4].

WATER MANIFOLDS PROPOSED EXPERIMENT

= A photo of the system within the tunnel is
illustrated in Fig. 2 [6].
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Figure 2: Photo of the APS storage ring within the accelerator enclosure
[6]. Prominent in this image are the flexible tubing (aqua) serving
individual accelerator components, connected to the water manifold at
the ceiling. The fire sprinkler piping (painted red) is also visible along the
ceiling. [Adapted under CC BY-NC-SA 2.0 license from Ref. [6].]
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* [n order to maintain pressure along the
secondary circuit, diameter of deionised water
piping gradually reduces from 4" to 1"
diameter along a sector.

= Distribution manifold is more than 1 m away
from the centreline of the accelerator.
Radiation field at this location is estimated to
be four orders of magnitude lower than near
the accelerator centreline [7].

SUMMARY OUTLOOK REFERENCES

*= We propose a staged experimental plan to test
the feasibility of the concept.

= \WWe anticipate that this could be used to
provide a segmented, distributed loss monitor
system covering the accelerator components
closest to locations where radiation is
generated.
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* We consider a proposed experiment using the
APS storage ring. Propose positioning a
gamma ray detector outside the accelerator
enclosure at the locations indicated in Fig. 1.

= Assume a staged approach. Initially, one might
use a handheld survey meter to determine a
proposed detector location along the water
line, in particular as it relates to shielding of the
accelerator enclosure.

= A comparison of a few different sectors around
the ring could be instructive. For instance, we
could compare the storage ring injection
straight to a sector on the other side of the
ring.

= Compare the performance of such a detector
to existing point detector loss monitors
(Cherenkov loss monitors, area radiation
monitors).

= Expect that activation of cooling water
provides benefit in having a detection scheme
that effectively ‘flattens the curve’ of a full
electron beam loss. Expect that mixing of
water within the pipe will spread out the
volume of activated water as it arrives at a
detector. A complementary and different way to
measure the full energy deposited at different
locations around the ring.

[1] K. Wittenburg, “Beam Loss Monitors”, in Proc. CAS - CERN Accelerator School:
Beam Instrumentation, Tuusula, Finland, Jun. 2018, arXiv:2005.06522 [physics.acc-
ph]. doi:10.48550/arXiv.2005.06522

[2] F. Masukawa, Y. Nakane, Y. lIwamoto, H. Nakashima, “Estimation of Radioactivity
Produced in Cooling Water at High-Intensity Proton Accelerator Facility”, Nucl.
Technol., vol. 168, pp. 680-684, 2009. doi:10.13182/NT09-A9289

[3] W. P. Swanson, “Radiological Safety Aspects of the Operation of Electron Linear
Accelerators”, International Atomic Energy Agency, Vienna, Austria, Technical
Reports Series No. 188 (STI/DOC/010/188), Feb. 1979.

[4] T. Nishitani, K. Ebisawa, S. Kasai, C. Walker, “Neutron activation system using water
flow for ITER”, Rev. Sci. Instrum., vol. 74, pp. 1735-1738, 2003.
doi:10.1063/1.1534398

[5] F.Ajzenberg-Selove, “Energy levels of light nuclei A = 13-15", Nucl. Phys. A, vol.
523, pp. 1-196, 1991. doi:10.1016/0375-9474 (91) 90446-D

[6] Argonne National Laboratory, Advanced Photon Source storage ring, Apr. 2007.
https://www.flickr.com/photos/advancedphotonsource/5936640399/.
Adapted under CC BY-NC-SA 2.0 license:
https://creativecommons.org/licenses/by-nc-sa/2.0/.

[7] H.J. Moe, “Radiological Considerations for the Operation of the Advanced Photon

Source Storage Ring — Revised”, Argonne National Laboratory, Lemont, IL, USA,
Rep. APS Note LS-295 (Rev. 1), Sep. 1997. doi:10.2172/795063

Argonne &

NATIONAL LABORATORY



