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Abstract 
A fiber-based Cherenkov beam loss monitor (CBLM) 

consisting of large core (600μm), long (50 m) multimode 
fibers, has been developed as an long-range detection tool 
for the BEPCII: primarily designed for radiation safety in 
order to limit the dose outside the shielding of the ma-
chine, this monitor also serves as an tool to measure beam 
profile with the wire sccaner. In this paper, principal of 
operation, instrumentation and programming of these 
CBLMs are discussed. Some results of beam loss and 
beam profile measurement with these CBLMs are also 
presented. 

INTRODUCTION 
Beam loss monitor systems (BLM systems) are an es-

sential part of linear accelerators and storage rings. They 
allow the understanding of beam loss mechanisms and 
provide an option for an emergency shutdown. A proper 
understanding of beam loss events can improve machine 
performance, which consequently reduces also the radia-
tion level for the used accelerator components. Common 
beam loss system, like ionization chamber, combination 
of scintillator and photo multiplier and PIN photo-diodes 
etc. they do not cover the complete sections of the accel-
erator, and have an insufficient position and time resolu-
tion. Optical fibers offer the possibility to monitor beam 
losses over long distances in real time, with good position 
accuracy and sensitivity at a reasonable cost [1-5]. Be-
sides, the CBLM can also do a transverse beam profile 
diagnostic together with wire scanners based on the emis-
sion and detection of Cherenkov radiation. In this paper 
principal of operation, instrumentation and programming 
of CBLM at BEPC II linac are described shortly. Some 
results of beam loss and beam profile measurement with 
the CBLM are also presented. 

PRINCIPLE OF CBLM 
Electrons that are not captured in the storage ring hit 

the vacuum chamber wall and produce secondary elec-
trons outside the vacuum chamber. Secondary electrons 
that run through quartz fiber generate Cherenkov light 
provided the energy of the electrons is high enough. The 
basic idea behind the CBLM is to detect the Cherenkov 
radiation (CR) generated in optical fiber. Some of the 
Cherenkov photons propagate through the fiber and can 
be detected by PMT [6-7]. As shown in Fig. 1, a PMT at 
both ends of the fiber is used for the detection of a light 
pulse. With one loss point (Fig. 1), the source position is 

determined by measuring the arrival time of the Cheren-
kov light (t1 and t2 in the figure) using simple arithmetic 

x=[L+(t1-t2)vf]/2                                            (1) 

where vfiber is the speed of light propagation in a glass 
medium, which is equal to 2/3 the speed of light in a vac-
uum (vc). 

  

Figure 1: Scheme of beam loss monitor. 

EXPERIMENTAL SET-UP 
The experiments were carried out at the BEPC II linac, 

which has a maximum electron energy and repetition rate 
of 2 GeV and 50 Hz respectively. We selected all-silica, 
step-index large-core optical fibers, manufactured by 
OFS Furukawa (parts number:CF01493-14). Main char-
acteristics of the fibers we used were listed in Table 1. 
The core diameter is a good compromise between the 
irradiation sensitivity and a required bandwidth. A black 
nylon buffer shields the fiber against the ambient light. 
The fiber was installed along the outer wall of the vacuum 
chamber (Fig. 2). 

 

Table 1: Main Characteristics of the Fibers 

Maker Core(μm) Index Length(m) 
OFS 600 step 50 
 

Table 2: Specification of H10721-01 

Type Spectral 
response 
(nm) 

Rise time 
(ns) 

Optimum 
wavelength
(nm) 

H107 
21-01 

230-870 0.57 300-600 

 

 ___________________________________________  
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Figure 2: Black cables mounted on the side of the vacuum 
chamber are the optical fibers for the loss monitor. 

The photomultiplier chosen was the Hamamatsu 
H6780-02 equipped with a FC adapter (FC connectors 
have a typical insertion loss below 0.3 dB). Main charac-
teristics of the fibers we used were listed in Table 2. 

BEAM LOSS DETECTION 
The measurement set up for CBLM installed at BEPC 

II linac was shown in Fig. 3. The signals from the photo-
multiplier tubes (PMTs) set at both end of the fiber are 
read out with an oscilloscope. A trigger signal from the 
accelerator master oscillator is used as time reference. 
Typical curves of the Cerenkov light generated in the 
optical fibers over 50m length during routine operation at 
BEPC II are shown in Fig. 4. Both PMTs (upstream and 
downstream PMT) have obvious peaks. This indicates 
that the linac have natural beam losses within the 50m 
length during its operation.  There are two OTR screens 
within the 50m length of the linac. To evaluate the posi-
tion detection accuracy of the CBLM, No. 1 and No. 2 
OTR screen were inserted respectively and caused an 
artificial  beam loss. The signals in both PMTs were 
shown in Fig. 5 and Fig. 6. Compared with Fig. 4, the 
peaks generated by the No. 1 and No. 2 OTR screen were 
easy to identify.  The location of the OTR screen can be 
calculated by the time difference between the maximum 
peak of the light pulse based on formular 1. 

 

 
 

Figure 3: Scheme of the CBLM installed at BEPC II linac. 

 
Figure 4: Typical curves of the Cerenkov light in BEPC II 
linac. 

 

 
Figure 5: Peaks generated by No .1 OTR screen. 

 

 
Figure 6: Peaks generated by No. 2 OTR screen. 

We calculated the position of No. 1 and No. 2 OTR 
screen. Unfortunately, compared with their actual location, 
there were a few meters error in the calculation results. 
This may be caused by the interference of the linac natu-
ral beam losses during routine operation. If the location of 
the natural beam loss is near the OTR screen, the signals 
generated by the beam loss may overlap on the oscillo-
scope, and caused the error in the calculation results. 
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BEAM PROFILE MONITOR 
Beam profile measurement is an essential part of the 

beam diagnostic. A new beam profile monitor was con-
structed by combining a wire scanner (WS) type beam 
scraper and CBLMs. The length of fiber used here is 20m. 
The type of fiber and PMT are the same as mentioned in 
Table 1 and 2. By detecting the beam loss generated 
by  wire Scanner(Fig. 7), the beam profile can be aquired. 
The advantage is that multiple wire scanners can share 
one CBLM. The beam profiles measured with the new 
monitor were shown in Fig. 8. 

 

 
Figure 7: Beam loss generated by  wire Scanner. 

 

 
Figure 8: Beam profile measured with WS and CBLM. 

SUMMARY 
We have developed a fiber-based Cherenkov beam loss 

monitor (CBLM) in BEPC II linac. Using this CBLM, 
both natural beam losses and artificial beam loss can be 
detected. The locations of the OTR screens were calculat-
ed by the time difference between the maximum peak of 
the Cherenkov light on oscilloscope. But compared with 
their actual location, there were a few meters error in the 
calculation results. This may be caused by the interfer-
ence of the linac natural beam losses during routine op-
eration.  

Besides, a new beam profile monitor was constructed 
by combining a wire scanner (WS) and CBLM. Beam 
profiles of different directions were measured successful-
ly with the new monitor. 

The performance of the CBLM system is not satisfacto-
ry in the experiment. In the future, we will repeat the 
beam loss detection experiment in other sections of the 
BEPC II linac and the storage ring. The CBLM system 
will be improved. 

ACKNOWLEDGMENT 
The authors would like to thank the staff at Key Labor-

atory of Particle Acceleration Physics & Technology, for 
their expertise and the operation of their facilities. 

REFERENCES 
[1] X.M. Marechal, Y. Asano, T. Itoga, “Design, Development 

and Operation of a Fiber-based Cherenkov Beam Loss 
Monitor at the SPring-8 Angstrom Compact Free Electron 
Laser”, Nuclear Instruments and Methods in Physics Re-
search A, 2012, 672 32-45. 

[2] T. Obina and Y. Yano, “Optical Fiber Based Beam Loss 
Monitor for Electron Storage Ring”, in Proc. 2nd Int. 
Beam Instrumentation Conf. (IBIC'13), Oxford, UK, Sep. 
2013, paper WECL1, pp. 638-643.  

[3] F. Wulf and M. Körfer, “Local Beam Loss and Beam Pro-
file Monitoring with Optical Fibers”, in Proc. 9th Europe-
an Workshop on Beam Diagnostics and Instrumentation 
for Particle Accelerators (DIPAC'09), Basel, Switzerland, 
May 2009, paper WEOA01, pp. 411-417.  

[4] X.-M. Maréchal, Y. Asano, and T. Itoga, “Beam Based 
Development of a Fiber Beam Loss Monitor for the 
SPring-8 X-FEL”, in Proc. 9th European Workshop on 
Beam Diagnostics and Instrumentation for Particle Accel-
erators (DIPAC'09), Basel, Switzerland, May 2009, paper 
TUPB29, pp. 234-236.  

[5] S. Mallows, E. B. Holzer, and J. W. van Hoorne, “Fiber 
Based BLM System Research and Development at 
CERN”, in Proc. 52nd ICFA Advanced Beam Dynamics 
Workshop on High-Intensity and High-Brightness Hadron 
Beams (HB'12), Beijing, China, Sep. 2012, paper 
THO3C05, pp. 596-600.  

[6] T. Obina and Y. Yano, “Optical-Fiber Beam Loss Monitor 
for the KEK Photon Factory”, in Proc. 1st Int. Beam In-
strumentation Conf. (IBIC'12), Tsukuba, Japan, Oct. 2012, 
paper TUPA10, pp. 351-354.  

[7] Yu. Maltseva, F. A. Emanov, A. V. Petrenko, and V. G. 
Prisekin, “Distributed Beam Loss Monitor Based on the 
Cherenkov Effect in Optical Fiber”, in Proc. 6th Int. Parti-
cle Accelerator Conf. (IPAC'15), Richmond, VA, USA, 
May 2015, pp. 1004-1006. doi:10.18429/JACoW-
IPAC2015-MOPTY034 

 

10th Int. Particle Accelerator Conf. IPAC2019, Melbourne, Australia JACoW Publishing
ISBN: 978-3-95450-208-0 doi:10.18429/JACoW-IPAC2019-WEPGW063

WEPGW063
2624

Co
nt

en
tf

ro
m

th
is

w
or

k
m

ay
be

us
ed

un
de

rt
he

te
rm

so
ft

he
CC

BY
3.

0
lic

en
ce

(©
20

19
).

A
ny

di
str

ib
ut

io
n

of
th

is
w

or
k

m
us

tm
ai

nt
ai

n
at

tri
bu

tio
n

to
th

e
au

th
or

(s
),

tit
le

of
th

e
w

or
k,

pu
bl

ish
er

,a
nd

D
O

I

MC6: Beam Instrumentation, Controls, Feedback and Operational Aspects
T03 Beam Diagnostics and Instrumentation


