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Abstract
We propose a novel beam loss detection scheme whereby

activation of deionised cooling water is used to observe ele-
vated radiation around the APS storage ring. This is based
on radioactivation of oxygen within deionised cooling water
by gamma rays above 10 MeV and neutrons above 15 MeV.
Losses would be detected using a gamma ray detector moni-
toring deionised water flow out of the accelerator enclosure.
We anticipate that this could be used to provide a segmented,
distributed loss monitor system covering the accelerator com-
ponents closest to locations where radiation is generated.

INTRODUCTION

Particle accelerators are designed to produce beams of col-
limated ionising radiation. Consequently, when lost, these
beams produce showers of particles, including ionising radi-
ation. In 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 [1].

Loss monitors can be classified a number of ways. They
can be passive and integrate total dose over a long period
of time (typically up to months), or have an active detector
readout that provides close to real-time measurement of the
radiation. They can also be classified as either a point detec-
tor (detecting the radiation at a single point), or distributed
(detecting radiation over some larger area or distance) [2, 3].
A long ion chamber loss monitor was also designed for the
Advanced Photon Source (APS) [4, 5].

The Advanced Photon Source (APS) has Cherenkov loss
monitors [6]. Several fibre-based distributed loss monitors
have also been tested in the Particle Accumulator Ring and
at Storage Ring insertion devices [7]. Both of these systems
are fast: able to detect losses within a single turn of the APS
storage ring.

We propose a novel detection scheme whereby activa-
tion of deionised cooling water is used to observe elevated
radiation around the APS storage ring. This is a tech-
nique proposed for detection of neutrons at the International
Thermonuclear Experimental Reactor (ITER) [8]. In the
present work, we summarise the relevant theory, we de-
scribe deionised water circuits for the APS storage ring,
briefly discuss the time-resolution of the system, and outline
a proposed experiment using the APS storage ring.
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ence, Office of Basic Energy Sciences, under Contract No. DE-AC02-
06CH11357.
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THEORY
Cooling water activation is routinely considered as part of 

the safety assessment of accelerators [9, 10]. Such analyses 
readily show that activation of deionised water at light source 
facilities does not present a significant hazard t o human 
health.

Monitoring of cooling water for fission and fusion reac-
tors is not new [11–15]. In particular, it appears that there 
are a few principal activation reactions of light nuclei in 
deionised cooling water that may be usable as a distributed 
loss monitor [16].

In particular, we consider the reactions 16O(𝛾, n)15O and 
16O(n, p)16N. The reaction 16O(𝛾, n)15O was assessed as 
the principal radioactivation nuclide present in the APS 
deionised water system during accelerator operation [17]. 
The reaction 16O(n, p)16N appears to be important for re-
actors, with principally a neutron flux. But this reaction 
may be relevant at high-energy electron storage rings such 
as APS [16]. Properties of both reactions are summarised 
in Table 1 below [8, 18].

We would plan to detect gamma rays as decay products 
of these reactions. 15O decays via positron emission to 15N. 
The positron annihilates with an electron to produce a pair of 
511 keV gamma ray photons [19]. The disintegration of 16N 
emits gamma ray photons of energy 6.13 MeV (68.8%) and 
7.12 MeV (4.7%) [8]. In the absence of energy threshold 
discrimination, it appears that activity resulting from 15O 
may dominate a measured count rate [13, 16].

DEIONISED WATER CIRCUITS 
AT THE ADVANCED PHOTON SOURCE 

STORAGE RING
Several water circuits are available to measure [20]. Es-

sentially, deionised water for the storage ring is served by 
a centralised ‘primary’ system, which distributes water to 
multiple ‘secondary’ systems around APS. At APS, there is 
approximately one secondary system per sector. It appears 
that there are two circuits of interest: one is the deionised 
water that goes into the accelerator enclosure to cool ac-
celerator components, and the other circuit is used to cool 
the magnet power supplies. Additionally, there is also an 
aluminum deionised water circuit which could be consid-
ered. We are principally interested in the ‘secondary’ circuit, 
supplying water to the accelerator magnets. The connection 
between the primary and secondary systems are illustrated 
schematically in Fig. 1 below.

In order to maintain pressure along the secondary circuit, 
the diameter of the deionised water piping within the accel-
erator tunnel gradually reduces from 4” to 1” diameter along 
the length of a sector. For a given loss event, this could
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Table 1: Properties of Radioactivation Reactions in Water

Reaction Threshold (MeV) Half-life (s) Ref.
16O(𝛾, n)15O 15.67 123 [18, Table XXXIIa]
16O(n, p)16N 10.4 7.13 [8]

Supply

Return

Sector

Insertion Device

Primary Circuit

Secondary Circuit
Detector

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.

result in irradiation of a different fraction of the volume of
water in the system, based on the longitudinal location of the
loss event. However the distribution manifold is relatively
far from the centreline of the accelerator – more than 1 m
away – at which distance the radiation field at this location
is estimated to be four orders of magnitude lower than near
the accelerator centreline [17]. Hence the tapering of pipe
diameter is in effect negligible. A photo of the system within
the tunnel is illustrated in Fig. 2 below [21].

The fire sprinkler water circuit (red piping in Fig. 2) was
additionally considered. However the water in such circuits
is not routinely moving, and so does not flow past a detector
located at a single point. Even in the event of activation of
the sprinklers, the water is only flowing into the accelerator
enclosure, and so is not useful for this diagnostic purpose.

TIME-RESOLVED MEASUREMENTS

In principle, with enough information about the water
flow velocity and the path of the water, one can make time-
resolved measurements using this apparatus. This was par-
ticularly important for the implementation of the detector in
fusion experiments, such as ITER [8].

We assume that using the water circuits for the storage ring
rather than a dedicated plumbed line results in a complicated
water circuit for which it is difficult to reconstruct the loss
point and time from a single monitor. Perhaps machine
learning algorithms can shed light on this problem.

Our principal goal is to obtain coverage of the accelerator
with radiation monitors. If fast (< 1 s) time-resolved mea-

Figure 2: Photo of the APS storage ring within the accelera-
tor enclosure [21]. 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. [21].]

surements are needed, other approaches such as a fibre-based
beam loss monitor may be better suited [7].
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PROPOSED EXPERIMENT
We consider a proposed experiment using the APS storage

ring. We propose positioning a gamma ray detector outside
the accelerator enclosure at the locations indicated in Fig. 1.

We assume that a staged approach would be taken to ex-
periments. 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.

A few types of loss studies may be instructive as initial
examples. We may want to compare the performance of such
a detection scenario to existing point detector loss monitors
(Cherenkov loss monitors, area radiation monitors), as well
as handheld survey instruments. In particular, we consider
using various horizontal corrector magnets to steer the beam
to create losses along a single storage ring sector (‘painting’
the losses longitudinally along a sector).

Additionally, we expect that the activation of cooling wa-
ter provides a benefit in having a detection scheme that ef-
fectively ‘flattens the curve’ of a full electron beam loss.
Essentially, we expect that mixing of water within the pipe
will spread out the volume of activated water as it arrives
at a detector. This may provide a complementary and dif-
ferent way to measure the full energy deposited at different
locations around the ring.

SUMMARY
We propose a novel detection scheme whereby activa-

tion of deionised cooling water is used to observe elevated
radiation around the APS storage ring. This is based on ra-
dioactivation of deionised cooling water by gamma rays and
neutrons above about 10 MeV, and detected using a gamma
ray detector monitoring water flow out of the enclosure. We
outlined the deionised water distribution for the APS storage
ring, and propose a staged experimental plan to test the fea-
sibility of the concept. We anticipate that this could be used
to provide a segmented, distributed loss monitor system cov-
ering the accelerator components closest to locations where
radiation is generated.
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