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Abstract—The distributed beam-loss monitor based on the Cherenkov radiation in an optical fiber installed
on the e–e+ Injection Complex at the Budker Institute of Nuclear Physics is considered. Monitor parameters
are optimized based on a numerical model and experimental data. For a 45-m-long quartz fiber (with a core
diameter of 550 μm) and a microchannel plate photomultiplier as a signal detector, a spatial resolution of less
than 1 m is achieved. Software for processing photodetector signals, which allows the real-time monitoring
of the distribution of beam loss along the entire beam line, is developed.
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INTRODUCTION
Diagnostics of beam losses is important at all stages

of charged particle accelerator operation, from its
setup and start-up to the optimization of losses in real
time during its normal operation. For the last two
decades, a distributed beam-loss monitor based on the
Vavilov–Cherenkov radiation in an optical fiber has
been an alternative to local sensors. Along with many
other accelerator centers [1, 2], this method of using
optical fibers as a beam-loss diagnostics system was
also developed at the Budker Institute of Nuclear
Physics (BINP) SB RAS for the e–e+ Injection Com-
plex [3]. This monitor can be used both in single-flight
beam transfer channels and in a storage ring.

This report describes the requirements for the
beam-loss monitor on the e–e+ Injection Complex at
BINP. The results of the monitor operation with opti-
mized parameters are presented. We also demonstrate
software that allows configuring the beam passage in
the accelerator in real time.

1. EXPERIMENTAL SETUP 
AND MONITOR REQUIREMENTS

The injection complex, which provides high-
energy electron and positron beams for the two collid-
ers at BINP SB RAS, consists of two consecutive lin-
ear accelerators with an energy of 300 and 500 MeV, a
storage ring, and extraction channels, with the subse-
quent beam transportation to consumers. In the
2018/2019 season, the complex operated at 400 MeV
with an injection frequency of 2 and 5 Hz for electrons
and positrons, respectively. The frequency of

extraction from the storage ring reached 1 Hz. In the
storage ring with a perimeter of 27.4 m, the beam cur-
rent is 20–40 mA, and the beam duration is less than
1 ns. The typical amount of beam losses during trans-
port reaches 50%, so a standard system for monitoring
beam losses is required.

The main requirements for a fiber-optic beam-loss
monitor on the injection complex are (a) high spatial
resolution of at least 1 m, which is determined based
on the distance between the magnetic elements of the
accelerator; (b) the resistance of the fiber to ionizing
radiation, allowing the monitor to be operated at doses
up to 103 Gy; and (c) optimal cost of components.

As a result of testing various types of optical fibers,
photomultipliers (PMTs), and analog-to-digital con-
verters (ADCs), a monitor with optimal parameters
was selected. The fiber length was 45 m. Among opti-
cal fibers, the optimal choice in terms of the spatial
resolution, resistance to ionizing radiation, and cost is
a quartz fiber with stepped profile of refractive index
(SPRI) and a core diameter of 550 μm. To achieve the
best spatial resolution of the monitor, the light signal
should be registered at the end of the fiber opposite to
the direction of the electron beam. Owing to its fast
response and high gain, the PMT based on the micro-
channel plate (MCP) is the optimal choice as a photo-
detector. Finally, the ADC should have a bandwidth of
at least 200 MHz and a sampling rate of at least
500 M sample/s.

2. EXPERIMENTAL DATA
To monitor the distribution of electron beam

losses, a fiber-optic loss monitor was installed in the
594
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Fig. 1. Electron beam losses in the injection channel from the storage ring recorded at the two ends of the optical fiber: (blue) end
located opposite to the beam direction and (red) end located along the beam direction.
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extraction channel of the storage ring. The quartz
multimode optical fiber with SPRI (FG550UEC,
Thorlabs) selected for the monitor had the following
parameters: the core/cladding diameter was 550/600 μm,
NA = 0.22, and the maximum attenuation coefficient
was 0.01 dB/m. The calculated dispersion value for
this fiber is 0.19 ns/m. The MCP-PMT (JSC “Katod”,
Novosibirsk) photodetector has a rise time of 0.5 ns
and a duration (halfwidth) of the anode current pulse
of at least 1.5 ns; the maximum of the sensitivity range
of the photocathode corresponds to the maximum of
the Cherenkov radiation spectrum (300–900 nm).

Figure 1 shows the distribution of electron-beam
losses in the output channel from the storage ring
obtained at the two ends of the optical fiber. Register-
ing a signal propagating in the direction opposite to
the direction of the beam provides information about
places of three significant beam losses. The signal
from the opposite end gives information about a single
loss, peak D, which is a combination of overlapping
losses B and C. Peak A characterizes the typical loss in
the region of the beam injection near the septum mag-
net SM. The half-width of peak D is 3.8 m at a length
of the fiber segment of 31 m. For comparison, the
half-width of peak B is 0.9 m at a length of 19 m. Thus,
compared to the signal co-propagating to the beam,
the counterpropagating signal provides four times bet-
ter spatial resolution of the beam-loss monitor. Con-
sidering the difference in gain coefficient of PMTs, the
signal intensity is an order of magnitude lower in this
case. Both of these conclusions are in good agreement
with the results of analytical calculations and numeri-
cal modeling.
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3. SOFTWARE

Software developed for processing the monitor sig-
nals allows adjusting the accelerator operation in the
real-time mode by tracking the distribution of beam
losses along the accelerator structure. To determine
the location of the beam loss, the program recalculates
the arrival time of the ADC signal in the longitudinal
coordinate. Since it was decided to use the counter-
propagating light signal, the time-to-coordinate con-
version coefficient is approximately c/(n + 1), where
n is the refractive index of the fiber core. To obtain a
more accurate distribution of losses, the noise
recorded in the absence of the beam is subtracted from
the signal and square spline interpolation is applied.
For the visual tracking of losses, the signal recorded
with the previous set of parameters of the magnetic
system can be saved and superimposed on the results
of current measurements.

Figure 2 shows a program window, which allows
overlaying the measurement result with the accelerator
structure and with the result of previous measurement,
as well as controlling the voltage applied to the PMT.
The data in Fig. 2 illustrate the typical distribution of
beam losses in the process of adjusting the electron
beam injection. In all cases there are beam losses at the
point (after the septum magnet SM) of its injection
from the storage ring. All data were obtained at the
same voltage applied to the PMT. The distribution
shown in gray corresponds to the “torsion” of the
magnetic correction of the 3M5 and 5M4 dipoles. The
loss distribution corresponding to the optimized beam
transport is shown in blue.
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Fig. 2. View of the window displaying the analysis results: (gray) distribution of the beam losses caused by magnetic correction of
dipoles in the process of adjusting the electron beam injection and (blue) distribution of the beam losses at optimal adjustment.
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CONCLUSIONS

The results of the parameter optimization of the

fiber-optic beam loss monitor installed on the e–e+

Injection Complex at BINP SB RAS are presented.
For a 45-m-long quartz fiber (with a core diameter of
550 μm) and an MCP-PMT device as a photodetec-
tor, a spatial resolution of the monitor of less than 1 m
was achieved. Software for processing photodetector
signals has been developed which allows adjusting the
accelerator operation in real-time.
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