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Abstract 
During operation, the LHC high power RF equipment, 

such as klystrons, circulators, waveguides and couplers 
have to be protected from damage caused by electromag-
netic discharges. Once ignited these arcs grow over the 
full height of the waveguide and travel towards the RF 
source. The burning plasma can cause serious damage to 
the metal surfaces or ferrite materials. 

The LHC arc detector system is based on the optical de-
tection of the discharge through small apertures in the 
waveguide walls. The light is guided by means of an opti-
cal fibre from the viewing port to a photo diode. 

Experience shows that some of the currently used opti-
cal fibres suffer from x-ray induced opacity. The sensors 
are also exposed to the radiation produced by secondary 
showers coming from the high intensity beams which, if 
not treated properly, can cause frequent spurious trips. 

In the second half of the paper we present a number of 
improvements to the design, measurements with optical 
parameters from real arcs and a fibre-less version of the 
detector with redundant detectors for critical environ-
ments. 

INTRODUCTION 
In the operation of high power RF systems, occasion-

ally electromagnetic discharges occur in the power distri-
bution system. Once ignited these arcs grow over the full 
height of the affected waveguide and travel towards the 
RF source. The burning plasma can cause serious damage 
to the metal surfaces or ferrite materials. Therefore, RF 
equipment such as klystrons, circulators, waveguides and 
couplers has to be protected. 

Although the protection system merely consists of a de-
tector for the light emitted by the arc in order to rapidly 
shut down of the RF source (or the beam) [1], the design 
and operation in the environment of a particle accelerator 
poses a number of challenges such as radiation hardness, 
redundancy, availability and reliability.  

THE LHC WAVEGUIDE ARC DETECTOR 
The design of the current LHC arc detector is based on 

optical detection of the discharge through small apertures 
in the waveguide walls. Direct or scattered light imping-
ing on the viewing port is guided by an optical fibre to a 
photo diode [2]. The amplified signals from two diodes 
are fed to an arc detector logic box where the signals are 
compared with a threshold value which triggers an RF 
interlock. Every detector is equipped with a test lamp 
allowing for remote verification of the system (Figure 1). 
The two individual signals can be processed using AND 
or OR logic to obtain an interlock. 

The specifications for the LHC arc detector were based 
on the successful arc detection system used in LEP [3]: 
Detection of arcs with a minimum illuminance of 2 lx and 
maximum delay of 2 μs. The LHC design took advantage 
of the recuperated LEP optical fibres featuring an inner 
diameter of 4 mm  cut to pieces of 70 cm length. 

Measurements on the actual LHC arc detectors showed 
a reliable detection of an illuminance of few lux (typ. 5 to 
10) in few microseconds (typ. 1 to 5). The transmission of 
the interlock signal to the control system cutting the RF 
introduces another delay of a few microseconds. 

In LHC there are total 160 arc detectors, each RF line is 
equipped by 10 arc detectors installed in the critical loca-
tions in the waveguide system (straight waveguide sec-
tions, circulator, ferrite load, cavity ceramic window). 
The view fields of several detectors overlap allowing for 
the detection of arcs before they travel along the 
waveguide and potentially damage sensitive equipment 
like ferrite circulators or a high power RF loads. 

Figure 1: Current LHC arc detector design. 

EXPERIENCE FROM LHC OPERATION 
Shortly after the LHC RF system was commissioned, 

the high sensitivity and short reaction time paid off when 
the detectors started to trip regularly just above the circu-
lator in one of the RF lines. After careful inspection it was 
found that the detector was seeing continuous micro arc-
ing on a poorly manufactured waveguide flange leaving a 
small gap along the waveguide. No trips were observed 
after the flange was re-machined. Thanks to the fast and 
reliable arc detector system no RF power equipment was 
damaged due to arcing in the waveguide since the LHC 
start up in 2008. 

Experience has also shown that optical fibres installed 
close to the LHC cavities suffer from x-ray induced deg-
radation to the opacity, which renders the detector blind 
over time. Therefore, all fibres have to be frequently 
checked and replaced. However, the procurement of new 
radiation hardened fibres is difficult and costly due to the 
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